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Abdeen, A., et al. (2022). "The active mouse rests within: Energy management among and within
individuals."Functional Ecology/a(n/a).

Abstract The relationship between daily exgy expenditure (DEE) and resting metabolic rate (RMR)
provides insight into how organisms allocate energy to maintenance versus energetically expensive
activities such as locomotor activity. Three models have been devised to describe energy management:
the allocation, independent and performance models, which, respectively, predict cRIMEESIope of

b<1, b=1 and b>1. Here, we took paired repeated metabolic and behavioural measurements in 51
female whitefooted mice to (a) evaluate which energy mgeaent models apply at the amongnd
within-individual levels and to (b) quantify the relationship between metabolic traits and two energetically
expensive behaviours. The MR slope was different at the amoengersus withirindividual levels,

with values supporting the performance and allocation models at the amand withintindividual levels,
respectively. Accordingly, the relationship between voluntary wheel running and RMR was positive at the
amongindividual level (=0.40£0.21), but negativat the within-individual level (b n ®19.40). To

our knowledge, this is the first study to simultaneously partition the relationship between RMR and
behaviour at the amongversus withirindividuals levels while determining which energy management
models apply at each of these levels. In doing so, we have identified a mechanism through which
compensation occurs at the withindividual level. A free Plain Language Summary can be found within
the Supporting Information of this article.

Cai, J., et al. (2022). "Skeletal muscle provides dmening microenvironment for transplanted
brown adipose tissue to maintain its effect to ameliorate obesity in ob/ob miEASEB Journab(1):
€22056.

Brown adipose tissue (BAT) tsplantation is a promising means of increasing wHmdy energy
metabolism to ameliorate obesity. However, the changes in BAT following transplantation and the effects
of the microenvironment of the recipient site on graft function have yet to be fullgratterized.
Therefore, we aimed to determine the effects of transplanting BAT from C57BL/6 mice into the dorsal
subcutaneous region or deep to the quadriceps femoris muscle of leeficient ob/ob mice.
Subcutaneously transplanted BAT lost features AfTBand demonstrated greater inflammatory cell
infiltration and more oil cysts 16 weeks following transplantation. By contrast, themsigzularly
transplanted BAT maintained features of BAT and was more highly vascularized. Interestingly, sub
muscular BATransplantation led to a significant increase in oxygen consumption and less inflammation
in subcutaneous fat, which was associated with kergn reductions in insulin resistance and body mass
gain, whereas the subcutaneous transplants failed after 16kae&hese results demonstrate that the
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beneficial effects of BAT transplantation depend upon the microenvironment of the recipient site. Skeletal
muscle may provide a microenvironment that maintains the inherent features of BAT grafts over a long
period oftime, which facilitates a reduction in obesity and improvements in glucose homeostasis.

Cakir, I., et al. (2022). "Histone deacetylase 6 inhibition restores leptin sensitivity and reduces obesity."
Nat Metah

The adipose tissuderived hormone leptin aadrive decreases in food intake while increasing energy
expenditure. In dieinduced obesity, circulating leptin levels rise proportionally to adiposity. Despite this
hyperleptinemia, rodents and humans with obesity maintain increased adiposity and sistarg to
leptin's actions. Here we show that inhibitors of the cytosolic enzyme histone deacetylase 6 (HDACG6) act
as potent leptin sensitizers and amtbesity agents in dieinduced obese mice. Specifically, HDAC6
inhibitors, such as tubastatin A, redudood intake, fat mass, hepatic steatosis and improve systemic
glucose homeostasis in an HDAd&pendent manner. Mechanistically, peripheral, but not central,
inhibition of HDACG6 confers central leptin sensitivity. Additionally, the@rgsity effect oftubastatin A

is attenuated in animals with a defective central leptirelanocortin circuitry, including db/db and MC4R
knockout mice. Our results suggest the existence of an Hégtated adipokine that serves as a leptin
sensitizing agent and reveal®KAC6 as a potential target for the treatment of obesity.

Girard, R., et al. (2022). "The transcription factor hepatocyte nuclear factor 4A acts in the intestine to
promote white adipose tissue energy storagBdture

¢KS GNIYAaONRLIIAZ2Y FIFOG2NI KSLI 4208iGS ydzOf SFNJ FI O¢
endodermal epithelia. Both HNF4A and HNF4G are redundant in the intestine and it remains unclear
whether HNF4A aloneoatrols intestinal lipid metabolism. Here we show that intestinal HNF4A is not
required for intestinal lipid metabolism per se, but unexpectedly influences whaolly energy
expenditure in dieinduced obesity (DIO). Deletion of intestinal HNF4A caused mibecome DIO
resistant with a preference for fat as an energy substrate and energetic changes in association with white
adipose tissue (WAT) beiging. Intestinal HNF4A is crucial for thdfated release of glucosiependent
insulinotropic polypeptide(GIP), while the reintroduction of a stabilized GIP analog rescues the DIO
resistance phenotype of the mutant mice. Our study provides evidence that intestinal HNF4A plays a non
redundant role in wholébody lipid homeostasis and points to a rRoellautonomous regulatory circuit

for body-fat management.

Grebenstein, P. E., et §2022). "Anatabine, Nornicotine, and Anabasine Reduce Weight Gain and Body
Fat through Decreases in Food Intake and Increases in Physical Actouiynal of Clinical

Obesity is a leading cause of preventable death in the United States. Currently approved
pharmacotherapies for the treatment of obesity are associated with rebound weight gain, negative side
effects, and he potential for abuse. There is a need for new treatments with fewer side effects. Minor
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tobacco alkaloids (MTAs) are potential candidates for novel obesity pharmacotherapies. These alkaloids
are structurally related to nicotine, which can help reduce yogight, but without the same addictive
potential. The purpose of the current study was to examine the effects of three MTAs (nornicotine,
anatabine, and anabasine) and nicotine on weight gain, body composition, chow intake, and physical
activity. We hypthesized that the MTAs and nicotine would reduce weight gain through reductions in
chow intake and increases in physical activity. To test this, male Sprague Dawley rats were housed in
metabolic phenotyping chambers. Following acclimation to these chand@tdo (subcutaneous (sc))
injections of saline, animals received daily injections (sc) of nornicotine, anabasine, anatabine, or nicotine
for one week. Compared to saliigiected animals that gained body weight and body fat during the
treatment phase, ijections of nornicotine and anatabine prevented additional weight gain, alongside
reductions in body fat. Rats receiving anabasine and nicotine gained body weight at a slower rate relative
to rats receiving saline injections, and body fat remained unchdng# compounds reduced the intake

of chow pellets. Nornicotine and nicotine produced consistent increases in physical activity 6-h post
AyeaSOiAz2ys gKSNBlLa FylolaaySQa FyR FylFidloAySQa
results show that shortterm, daily administration of nornicotine, anabasine, and anatabine has positive
effects on weight loss, through reductions in body fat and food intake and increases in physical activity.
Together, these findings suggest that MTAs are worthy ofhén investigations as antibesity
pharmacotherapies.

YETF1Z [ @2 S I-F ¢pRadrianergicirécdptobattigarion figh&rKRkthefmogenesis by
the futile creatine cycle.”

Noradrenaline is the primary physiological regulator of adipocyte thermogenesis in response to decreased
environmental temperaturel. However, the moleculactors and effector pathways that lie downstream

of noradrenalinestimulated thermogenesis are still not fully understood but are purportedly driven by
Olat R2gyad RBIBSYSREAO NBOSLII2NJ 6i ! wo F OUGAGEGA2Yd
mechanisms regulating Ucpl are weharacterized2, the transcriptional regulation of UgRdependent
thermogenesis is largely unknown. Here, we show that brown adipose tissue (BAT) is primed to respond
G2 SY@ANRYYSyYyidlf O2f RadréenedNBRANR NBIONALYIR ND 2020 NRWOY [ iy SRR
the expression of thermogenic genes of the futile creatine cycle3,4. Usirgpéatfic losof-function
Y2RStazx 6S NB@OSIH ¢ GKIFG 9. Ccax 9 wsirauated: tdrRcriptiddadl mh |
indudion of the futile creatine cycle in vivo. Through the application of chemogenetics, we demonstrate
that combinedfata St SOGA S Dha o OGADBFGISR o6& i1 wao yR Dh|
body energy expenditure to a greater extent thanher signaling pathway alone in a manner that is
dependent on the key effector protein of the futile creatine cycle, CKB3. Moreover, genetic and
LK NYF O2f 23A0Ft a0GdzRASE NBGSIt (i &timdlated dompoheat ofy S O S :
brown adipocyteintrinsic respiration and is thus critical for the full activation of noradrenaditimulated
thermogenesis. Thus, the futile creatine cycle is integrated into facultative and adaptive thermogenesis
OKNRdzZAK O22NRAYFGSR hm!w FYR i o!lw aA3aylrfAy3ao
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Mills, E. L., et a(2022). "Cysteine 253 of UCP1 regulates energy expenditure ardepexdent
adipose tissue inflammationCell Metabolisn84(1): 140157 e148.

Uncouplng protein 1 (UCP1) is a major regulator of brown and beige adipocyte energy expenditure and
metabolic homeostasis. However, the widely employed UCP1ofegsction model has recently been
shown to have a severe deficiency in the entire electron transgloain of thermogenic fat. As such, the

role of UCP1 in metabolic regulation in vivo remains unclear. We recently identified cy2&8nes a
regulatory site on UCP1 that elevates protein activity upon covalent modification. Here, we examine the
physiol@ical importance of this site through the generation of a UCP1 cysg&haull (UCP1 C253A)
mouse, a precise genetic model for selective disruption of UCP1 in vivo. UCP1 C253A mice exhibit
significantly compromised thermogenic responses in both maledemdles but display no measurable
effect on fat accumulation in an obesogenic environment. Unexpectedly, we find that a lack of C253
results in adipose tissue redox stress, which drives substantial immune cell infiltration and systemic
inflammatory pathobgy in adipose tissues and liver of male, but not female, mice. Elevation of systemic
estrogen reverses this mabgpecific pathology, providing a basis for protection from inflammation due to
loss of UCP1 C253 in females. Together, our results estabdishdGR1 C253 activation site as a regulator

of acute thermogenesis and selependent tissue inflammation.

Nelson, M. E., et 8f2022). "Systemtevel analysis of insulin action in mouse strains provides insight
into tissueand pathwayspecific interactions that drive insulin resistanc€€ll Metabolism

Skeletal muscle and adipose tissue insulin resistance are major drivers of metabolic disease. To uncover
pathways involved in insulin resistance, specifically in these tissues, we leveraged the metabolic diversity
of different dietary exposures and disceeinbred mouse strains. This revealed that muscle insulin
resistance was driven by gefg-environment interactions and was strongly correlated with
hyperinsulinemia and decreased levels of ten key glycolytic enzymes. Remarkably, there was no
relationshipbetween muscle and adipose tissue insulin action. Adipocyte size profoundly varied across
strains and diets, and this was strongly correlated with adipose tissue insulin resistance. The A/J strain, in
particular, exhibited marked adipocyte insulin resigtarand hypertrophy despite robust muscle insulin
responsiveness, challenging the role of adipocyte hypertrophy per se in systemic insulin resistance. These
data demonstrate that muscle and adipose tissue insulin resistance can occur independently and
underscore the need for tissuspecific interrogation to understand metabolic disease.

Wu, Q., et al. (2022). "Rrotective InterOrgan Communication Response AgainstLifeeatening
Malarial Anemia.bioRxiv

Anemia is a clinical hallmark and independent risk factor of malaria mortality, the disease caused by
Plasmodium spp. infection. While malarial anemia arises from paraiteced hemolysis, whether and

how host metabolic adaptation to malaria regulates anemia severity is less understood. Here we
demonstrate that reprogramming of organismal iron (Fe) metabolism by the kidneys is a central
component of the host metabolic respse regulating the pathogenesis of lifeeatening malarial
anemia. Renal proximal tubule epithelial cells (RPTEC) are the main cell compartment responsible for Fe
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storage and recycling during Plasmodium infection in mice. Transcriptional reprogrammRIgT&C
couples immune resistance to Plasmodium infection to renal Fe export via the induction of the cellular Fe
exporter SLC40Al/ferroportin 1. This integrated defense strategy is essential to deliver Fe to erythroblasts
and support compensatory erythroesis to prevent the development of |Hareatening anemia. Failure

to mobilize Fe from RPTEC causes acute kidney injury (AKI) and is associatedtinidatédaing anemia

in P. falciparuminfected individuals. These findings reveal an unexpected fdleeckidneys in the control

of organismal Fe metabolism and anemia severity during malaria.

Yang, X., et al. (2022)Cytochrome P450 epoxygenaderived EPA and DHA oxylipins 17,18
epoxyeicosatetraenoic acid and 19;8poxydocosapentaenoic acid promote BAT thermogenesis and
WATbrowning through the GPR120at Yh & A 3y I 'tFhod & Fuhdtian K ¢ | &

The mechanisms whereby fish oil rich in EPA and DHA promotes BAT thermogenesis and WAT browning
are not fully understood. Thus, this study aimed to investigate the effects of cytochrome P450 (CYP)
epoxygnasederived EPA and DHA oxylipins 17EWETE and 19,ZpDPE on BAT thermogenesis and
WAT browning and explore the underlying mechanism. Stromal vascular cells (SVCs) were subjected to
17,18EpETE or 19,ZBpDPE treatment and mice were treated with B¥ P epoxygenase inhibitor, the
GKSNXY23SyAO YIFNJ SN 3SySa 6SNBE RSGSOGSR IyR (KS
The in vitro results indicated that 17 -EpETE and 19,ZpDPE induced brown and beige adipocyte
thermogenesis, with increased ergssion of thermogenic marker gene UCPL1 in differentiated SVCs.
aSltysKAEt ST (KS SELINB&aaA2Yy 2F DtwmHAa | yR LIK2A&LK?Z2
GKSasS (g2 2E@fALAY&aAD |1 26SOSNE (KS AYyKAOAGdyRY 27
thermogenesis. In addition, in the presence of CYP epoxygenase inhibifePMH, EPA and DHA had no
effect on increasing UCP1 expression in differentiated SVCs. Consistent with the in vitro results, the in vivo
findings demonstrated that fish oil hath body fatlowering effects and no effects on enhancing energy
metabolism, iBAT thermogenesis and iWAT browning in mice fed HFD after intraperitoneal injection of
CYP epoxygenase inhibitor SB¥BA. Moreover, fish oil had no effect on the elevation ofRGEO
SELINBaaArAz2y yR OGAGIGARZ2Y 2F latyYh Ay A.! ¢ | YyR
SKF525A. In summary, our results showed that CYP epoxygetesed EPA and DHA oxylipins 17,18
EpETE and 19,8pDPE promoted BAT thermogenesid &/AT browning through the GPR12Ga t Y h
signaling pathway, which might contribute to the thermogenic and-ah#sity effects of fish oil.

AbuHalaka, D., et al. (2021). "Whole body metabolism is improved by hemin added to high fat diet
while counteracted by nitrite: a mouse model of processed meat consumption.” Food & Function.

Nitrites and nitrates are traditional food additives used as cuaiggnts in the food industry. They inhibit

the growth of microorganisms and give a typical pink color to meat. Besides the positive effects of nitrite

in foods, if present at high levels in the body, may induce hypoxia and contribute to the productian of p
carcinogenic secondary-htrosamines. This study investigated the wholedy metabolic effects of

hemin and nitrite added to a high fat diet as red and processed red meat nutritional models. Mice were
fed for 11 weeks with five different diets(1) contol diet (ND), (2) high fat diet (HFD) with 60% fat, (3)

HFD with hemin (HFD + H, red meat model), (4) HFD with hemin and nitrite (HFD + HN, processed meat
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model), and (5) HFD with hemin, nitrite, and secondary amine (HFD + Hhtos&mine generating
model)t and several metabolic parameters were determined and respiratory measurements were
performed. Mice fed with the HFD + H or HFD + HNN diet had a lower epididymal white adipose tissue
6S21¢0 Y 02Re& NIGA2 | yR f 23 SAJFD hlénél M ydditioR, buiz@slis S
demonstrated a relief in hepatosteatosis grade among the HFD + H and HFD + HNN diet fed mice. Nitrite
added to the HFD impaired the ability to use fat for energy, opposite to the effect of hemin. This study
shows thamitrite in addition to precarcinogenesis and hypoxia can impact metabolic disease progression
when added to meat

Alves, F. M., et al. (2021). "lrascumulation in skeletal makes of old mice is associated with
impaired regeneration after ischaemraperfusion damage.J Cachexia Sarcopenia Must¥?): 476

492.

¢

~

BACKGROUND: Oxidative stress is implicated in the insidious loss of muscle mass and strength that occurs

with age.However, few studies have investigated the role of iron, which is elevated during ageing, in age
related muscle wasting and blunted repair after injury. We hypothesized that iron accumulation leads to
membrane lipid peroxidation, muscle wasting, increasedceptibility to injury, and impaired muscle
regeneration. METHODS: To examine the role of iron irelgéed muscle atrophy, we compared the
skeletal muscles of -Bionth-old with 22 to 24-month-old 129SvEv FVBM mice. We assessed iron
distribution and tdal elemental iron using laser ablation inductively coupled plasma mass spectrometry
and Perls' stain on skeletal muscle crssstions. In addition, old mice underwent ischaemgperfusion

(IR) injury (90 min ischaemia), and muscle regeneration wassesk&d days after injury. Immunoblotting

was used to determine lipid peroxidation (4HNE) and-i@ated proteins. To determine whether muscle

iron content can be altered, old mice were treated with deferiprone (DFP) in the drinking water, and we
assessedts effects on muscle regeneration after injury. RESULTS: We observed a significant increase in
total elemental iron (+43%, P < 0.05) and lipid peroxidation (4HNE: +76%, P < 0.05) in tibialis anterior
muscles of old mice. Iron was further increased aftgury (adult: +81%, old: +135%, P < 0.05) and
associated with increased lipid peroxidation (+41%, P < 0.05). Administration of DFP did not impact iron
or measures of lipid peroxidation in skeletal muscle or modulate muscle mass. Increased muscle iron
coneentration and lipid peroxidation were associated with less efficient regeneration, evident from the
smaller fibres in crossections of tibialis anterior muscle24%, P < 0.05) and an increased percentage

of fibres with centralized nuclei (+4124%, P €50.in muscles of old compared with adult mice.
Administration of DFP lowered iron after IR injury (RBE%, P < 0.05 and POSML%, P < 0.05), but did

not translate to structural improvements. CONCLUSIONS: Muscles from old mice have increased iron
levds, which are associated with increased lipid peroxidation, increased susceptibility to IR injury, and
impaired muscle regeneration. Our results suggest that iron is involved in effective muscle regeneration,
highlighting the importance of iron homeostagismuscle atrophy and muscle repair.

Andersson, B., et al. (2021).“®cNAc cycling mediates energy balance by regulating caloric memory."
Appetite 165 105320.

Caloric need has long been thought a major driver of appetite. However, it is unclearavbatbric need
regulates appetite in environments offered by many societies today where there is no shortage of food.
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Here we observed that wildtype mice with free access to food did not match calorie intake to calorie
expenditure. While the size of a mlestfected subsequent intake, there was no compensation for earlier
under- or overconsumption. To test how spontaneous eating is subject to caloric control, we manipulated
Olinked betaN-acetylglucosamine (@IcNAc), an energy signal inside cells depahde nutrient access

and metabolic hormones. Genetic and pharmacological manipulation in mice increasing or decreasing O
GlIcNAcylation regulated daily intake by controlling meal size. Meal size was affected at least in part due
to faster eating speed. Wibut affecting meal frequency, -GIcNAc disrupted the effect of caloric
consumption on future intake. Across days, energy balance was improved upon incre&$edAZ levels

and impaired upon removal of-GlcNAcylation. Rather than affecting a perceiveddéor calories, ©
GIcNACc regulates how a meal affects future intake, suggesting H&EtRAc mediates a caloric memory

and subsequently energy balance.

FfFT 20 [®X SG Ffd o6uHnumoOd bHhDtwmyn A& I O2YLJR
adipocyte function and mediates the metabolic effects of the adiposgereted factot' Nature

Activation of thermogenic brown and beige adipocytes is considered as a strategy to improve metabolic
control. Here, we identify GPR180 as a receptor regulating brown and adigocyte function and whole

body glucose homeostasis, whose expression in humans is associated with improved metabolic control.
2§ RSY2yaiNYGS GKFG Dtwmyn A& y2a4G | Dt/ w odzi |
regulates the activity of the TGF NB OSLIi 2 NJ O2YLX SE (KNRdzAK {a! 50 LI
genetic and pharmacological tools, we provide evidence that GPR180 is required to manifest Collagen
triple helix repeat containing 1 (CTHRC1) action to regulate brown and beige adipatiyiey and

3t dzO02aS Kz2ySz2adlrairaod LYy GKAA 62N]l X 6S aK2g GKI(
signalling as an alternative axis to finme and achieve lovgrade activation of the pathway to prevent
pathophysiological response while cabinting to control of glucose and energy metabolism.

Beppu, L. (2021)he role of Blimgl transcriptional regulator in adiposesident Tregsd-
scholarship.pitt.edu.

Adiposeresident regulatory T cells are protectivganst local inflammatiomand are believed to play a
critical role in preserving insulin sensitivity and glucose tolerance. Although their basic markers and roles
have been studied, less is known about the transcriptional machinery regulating theiedifédion and
function. B lymphocyténduced maturation proteiril (Blimpl) is a transcriptional regulator known to be
involved in development, polarization, and maintenance of various immune cells including CD4+ T cells.
Using Blimgl reporter mice, we dicovered that Blimyd is constitutively expressed in a subset of visceral
adipose tissue (VAT) Tregs, and that BHmpVAT Tregs are phenotypically distinct from their Blimp
counterparts. We also found that Trepecific Blimgl deletion led to reduced5T2+ KLRG1+;1Q
producing VAT and inguinal adipose tissue (IAT) Tregs. Surprisingly, duringigded obesity, Blimj

Treg deficient mice gained less weight, had reduced body fat percentage, and exhibited improved insulin
sensitivity compared to Wd-type mice. Furthermore, this was accompanied by white adipocyte beiging.

It has previously been shown that1D can directly induce thermogenesis. Therefore, we repeated these
experiments utilizing mice with Tregpecific deletion of HLO and found that they phenocopied the Blimp

1 Treg deficient mice. In summary, these findings reveal that-ddggpcyte crosgalk can occur via a
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Blimp-1/IL-10 axis, and that the absence of Blithp Tregs increases white adipose tissue beiging and is
metabolically preective against dietnduced obesity.

Beppu, L. Yet al.(2021). "Tregs facilitate obesity and insulin resistance via a Blith 0 axis."JCI
Insight6(3).

Interleukin10 (I11:10) is a critical cytokine used by immune cells to suppress inflammation. Paradoxically,
immune celderived IE10 can driveinsulin resistance in obesity by suppressing adipocyte energy
expenditure and thermogenesis. However, the source-Gflhecessary for the suppression of adipocyte
thermogenesis is unknown. We show here that CD4+Foxp3+ regulatory T cells (Tregs)bstardiaiu
source of I£10 and that Treglerived IE10 can suppress adipocyte beiging. Unexpectedly,-3pegific

loss of IE10 resulted in increased insulin sensitivity and reduced obesity infaigtiet-fed male mice.
Mechanistically, we determined thdregspecific loss of the transcription factor Blifdpa driver of IL

10 expression by Tregs, phenocopied the Tpecific IEL0-deficient mice. Loss of Blirpexpression in
Tregs resulted in reduced ST2+KLRG1¥0)-Hecreting Tregs, particularly the white adipose tissue.
Blimp-1-deficient mice were protected from glucose intolerance, insulin resistance, andndieted
obesity, through increased white adipose tissue browning. Taken together, our data show that1Blimp
regulated IL10 secretion byTregs represses white adipose tissue beiging to maintain adipose tissue
homeostasis.

Bhandarkar, N. S., et §2021). "Adaptation of fuel selection to acute decrease in voluntary energy
expenditure is governed by dietary macronutrient composition inexiihysiol Ref(18): e15044.

In humans, exercismduced thermogenesis is a markedly variable component of total energy
expenditure, which had been acutely affected worldwide by CeNgdlpandemierelated lockdowns. We
hypothesized that dietary macrontgnt composition may affect metabolic adaptation/fuel selection in
response to an acute decrease in voluntary activity. Using mice fed-whmorthighfat diet (HFD)
compared to lowfat diet (LFDfed mice, we evaluated wholeody fuel utilization by metadlic cages
before and 3 days after omitting a voluntary running wheel in the cage. $ont (2448 h) HFD was
sufficient to increase energy intake, fat oxidation, and decrease carbohydrate oxidation. Running wheel
omission did not change energy intakeytlvesulted in a significant 50% decrease in total activity and a
~20% in energy expenditure in the active phase (nigghe), compared to the period with wheel,
irrespective of the dietary composition, resulting in significant weight gain. Yet, whileDnwheel
omission significantly decreased active phase fat oxidation, thereby trending to increase respiratory
exchange ratio (RER), in HFD it diminished active phase carbohydrate oxidation. In conclusion, acute
decrease in voluntary activity resulted ilmgitive energy balance in mice on both diets, and decreased
oxidation of the minor energy (macronutrient) fuel source, demonstrating that dietary macronutrient
composition determines fuel utilization choices under conditions of acute changes in eneyagnd.

Brierley, D. I., et a(2021). "Central and peripheral GLBystems independently suppress eatingat
Metab 3(2): 258273.
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The anorexigenic peptide glucagbke peptidel (GLPL) is secreted from gut enteroendocrine cells and

brain preproglucagon (RH neurons, which, respectively, define the peripheral and centratiGLP
systems. PPG neurons in the nucleus tractus solitarii (NTS) are widely assumed to link the peripheral and
central GLAL systems in a unified giorain satiation circuit. However, diceevidence for this hypothesis

is lacking, and the necessary circuitry remains to be demonstrated. Here we show that PPG(NTS) neurons
encode satiation in mice, consistent with vagal signalling of gastrointestinal distension. However,
PPG(NTS) neurons padinantly receive vagal input from oxytoaiaceptorexpressing vagal neurons,

rather than those expressing GllRPeceptors. PPG(NTS) neurons are not necessary for eating suppression
by GLPL receptor agonists, and concurrent PPG(NTS) neuron activatipnesges eating more potently

than semaglutide alone. We conclude that central and peripheralIG&ystems suppress eating via
independent gutbrain circuits, providing a rationale for pharmacological activation of PPG(NTS) neurons
in combination with GLR receptor agonists as an obesity treatment strategy.

Brown, M. R., et al. (2021). "Tirnestricted feeding prevents deleterious metabolic effects of circadian
disruption through epigenetic control of beta cell functio®£i Adw/(51): eabg6856.

Circadian rhythm disruption (CD) is associated with impaired glucose homeostasis and type 2 diabetes
mellitus (T2DM). While the link between CBdalr2DM remains unclear, there is accumulating evidence

that disruption of fasting/feeding cycles mediates metabolic dysfunction. Here, we used an approach
encompassing analysis of behavioral, physiological, transcriptomic, and epigenomic effects of CD and
consequences of restoring fasting/feeding cycles through tiesdricted feeding (tRF) in mice. Results
aK2¢ GKFG /5 LISNIdaNba 3Ifdz02aS K2YS2adlara G§KNRdz
circadian transcriptional and epigenetic idegtitin contrast, restoration of fasting/feeding cycle
prevented CBry SRAF SR ReéaFfdzyOliAzy o6& NBSadloftAakKAy3da OA
function, transcriptional profile, and reestablishment of proline and acidic amingacidbasic lacine

zipper (PAR bZIP) transcription factor DBP expression/activity. This study provides mechanistic insights
AyiG2 OANDFRAFY NB3IdzZ I GA2Yy 27F | OStf TFdzyQiAz2y Yy
T2DM.

Cao, E., et al. (2021). "Mesenteric lymphatic dysfunction promotes insulin resistance and represents a
potential treatment target in obesity.Nat Metab3(9): 11751188.

Visceral adipose tissue (Vpencases mesenteric lymphatic vessels and lymph nodes through which lymph
is transported from the intestine and mesentery. Whether mesenteric lymphatics contribute to adipose
tissue inflammation and metabolism and insulin resistance is unclear. Heréhove that obesity is
associated with profound and progressive dysfunction of the mesenteric lymphatic system in mice and
humans. We find that lymph from mice and humans consuming afaigtiet (HFD) stimulates lymphatic
vessel growth, leading to the forrtian of highly branched mesenteric lymphatic vessels that 'leak-HFD
lymph into VAT and, thereby, promote insulin resistance. Mesenteric lymphatic dysfunction is regulated
by cyclooxygenase (CGXand vascular endothelial growth factor (VEGRMEGF recdpr (R)3 signalling.
Lymphtargeted inhibition of CO using a glyceride prodrug approach reverses mesenteric lymphatic
dysfunction, visceral obesity and inflammation and restores glycaemic control in mice. Targeting-obesity
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associated mesenteric lymphatdysfunction thus represents a potential therapeutic option to treat
metabolic disease.

Cao, Y., et al. (2021). "Therapeutic evaluation and metabolic reprograming of isosteviol sodium in a rat
model of ischemic cardiomyopathyEuropean Journal of Pharm@logy911 174539.

Ischemia heart disease, one of the lethal cardiovascular diseases, irreversibly impairs cardiac function and
is recognized as the primary risk factor for mortality in industrialized countries. The myocardial ischemia
treatment still faces a considerable degree of increasing unmet needs. Isosteviol sodium (STVNa) and its
derivatives have been proven to effectively alleviate metabolic diseases, hypertension, and heart
hypertrophy. Little is known about how STVNa confers the cardioprogeasiffect during acute
myocardial ischemia (AMI). In the present study, a rat model of acuse@hentelevation myocardial
ischemia by left anterior descending (LAD) ligation was established. Compared to the AMI model group,
STVNa administration (4 mg/ktyvice a day) well preserved left ventricle function by ejection fraction
(45.10 +£ 10.39 vs. 73.64 +A3.15, p = 0.0013) and fractional shortening (22.946+28 vs. 44.00 +/

11.05, p = 0.0017). Further analysis shows thatdigde STVNa (4 mg/kgpsificantly improved the
hemodynamics in AMI rats, with LVSP (88.2512/78 vs 99.75 +5.10, p = 0.018), max dP/dt (2978.45

+/- 832.46 vs 4048.56 +827.23, p = 0.096), LVEDP (19.882+00 vs 22.26 +/3.21, p = 0.04) and left
ventricular relaxatia time constant (Tau) (0.030-#3.006 vs 0.021 +/0.004, p = 0.021). Mechanically,
STVNa administration retained the myocardial levels of phosphorylated AMPK, and CPT1b. Moreover,
STVNa significantly increased the total energy expenditure, and redutte@€éd accumulation through
mitochondrial oxidative phosphorylation, which was supported by the indirect calorimetry and cellular
energy analysis. Taken together, these findings suggest that STVNa is a potential cardioprotection agent
for ischemic cardimyopathy, likely through improving energy homeostasis, left ventricular
hemodynamics, and heart function.

Ceddia, R. P., et al. (2021). "Increased Energy Expenditure and Protection Framaiiet! Obesity in
Mice Lacking the cGM®8pecific Phosphodiestase PDE9Diabetesr0(12): 28232836.

Cyclic nucleotides cAMP and cGMP are important second messengers for the regulation of adaptive
thermogenesis. Their levels are controlled not only by their synthesis, but also their degradation. Since
pharmacologichinhibitors of cGMPspecific phosphodiesterase 9 (PDE9) can increase afephdent
protein kinase signaling and uncoupling protein 1 expression in adipocytes, we sought to elucidate the
role of PDE9 on energy balance and glucose homeostasis in vivowhticeargeted disruption of the

PDE9 gene, Pde9a, were fed nutriematched highfat (HFD) or lowat diets. Pde9a-(-) mice were
resistant to HFBnduced obesity, exhibiting a global increase in energy expenditure, while brown adipose
tissue (AT) had areased respiratory capacity and elevated expression of Ucpl and other thermogenic
genes. Reduced adiposity of Hfeld Pde9a {-) mice was associated with improvements in glucose
handling and hepatic steatosis. Cold exposure or treatment with -bdtenegic receptor agonists
markedly decreased Pde9a expression in brown AT and cultured brown adipocytes, while-Riafieg
exhibited a greater increase in AT browning, together suggesting that the-#&MP pathway augments
classical colihduced betaadrenergic/cAMP AT browning and energy expenditure. These findings
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suggest PDE9 is a previously unrecognized regulator of energy metabolism and that its inhibition may be
a valuable avenue to explore for combating metabolic disease.

Centanni, S. W., et ak@21). "The impact of intermittent exercise on mouse ethanol drinking and
abstinenceassociated affective behavior and physiologdicohol Clin Exp Res

BACKGROUND: Negative emotional states are associated with the initiation and maintenance of alcohol
use and drive relapse to drinking during withdrawal and protracted abstinence. Physical exercise is
correlated with decreased negative affective symptoms, although a direct relationship between drinking
patterns and exercise level has not been fully elugida METHODS: We incorporated intermittent
running wheel access into a chronic continuous accessputite choice alcohol drinking model in female
C57BL/6J mice. Wheel access was granted intermittently once mice established a preference for alcohol
over water. After 6 weeks, alcohol was removed (forced abstinence) and mice were given continuous
access to unlocked or locked wheels. Negative affketbehavior, home cage behavior, and metabolic
activity were measured during protracted abstinence. RESW\fié&el access shifted drinking patterns in

the mice, increasing drinking when the wheel was locked, and decreasing drinking when unlocked.
Moreover, alcohol preference and consumption were strongly negatively correlated with the amount of
running. An assesnent of negative affedike behavior in abstinence via the novelty suppressed feeding
and saccharin preference tests (SPT) showed that unlimited wheel access mitigated abstideced

latency increases. Mice in abstinence also spent more time sleehirigg the active dark cycle than
control mice, providing additional evidence for abstinefiwduced anhedoniaand depressiotike
behavior. Furthermore, running wheel access in abstinence decreased dark cycle sleep to comparable
alcohol and wheelnaivemice. Given the positive impact of exercise and the negative impact of alcohol
on metabolic health, we compared metabolic phenotypes of alcalistinent mice with and without

wheel access. Wheel access increased energy expenditure, carbon dioxide jmodacd oxygen
consumption, providing a potential metabolic mechanism through which wheel access improves affective
state. CONCLUSIONS: This study suggests that including exercise in AUD treatment regimens has the
potential to reduce drinking, improve &fftive state during abstinence and could serve as a- hon
pharmacological approach to prevent the development of an AUD intsgtindividuals.

Clart, L. M., et al. (2021). "Role of ERbeta in adipocyte metabolic response to wheel running following
ovariectomy."Journal of Endocrinolog®493): 223237.

Estrogen receptor beta (ERb), one of the two major estrogen receptors, acts via genomic ayahooric
signaling pathways to affect many metabolic functions, including mitochondrial biogenesis and
respiration. This study assessed the effect of ERb classical genomic activity on aeipecifie and

systemic metabolic responses to wheel runningreise in a rodent model of menopause. Female mice
lacking the ERb DN#inding domain (ERbDBDKO, n = 20) and WT (n = 21) littermate controls were fed a
high-fat diet (HFD), ovariectomized (OVX), and randomized to control (no running wheel) and exercise
(running wheel access) groups and were followed for 8 weeks. Wheel running did not confer protection
against metabolic dysfunction associated with HFD+OVX in either ERbDBDKO or WT mice, despite
increased energy expenditure. Unexpectedly, in the ERbDBDKO, gvbepl running increased fasting

insulin and surrogate measures of insulin resistance, and modestly increased adipose tissue inflammatory
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gene expression (P </=0.05). These changes were not accompanied by significant changes in adipocyte
mitochondrial respiration. It was demonstrated for the first time that female WT OVX mice do experience
exerciseinduced browning of white adipose tissue, indicated by a robust increase in uncoupling protein

1 (UCP1) (P </= 0.05). However, KO mice were completely registhis effect, indicating that full ERb
genomic activity is required for exercigeluced browning. The inability to upregulate UCP1 with exercise
following OVX may have resulted in the increased insulin resistance observed in KO mice, a hypothesis
requiring further investigation.

Collier, J. J., et al. (2021). "Paratire, but not myeloiecell, expression of interleukibalpha is required
for maintenance of insulin secretion and whole body glucose homeostdidetularMetabolism
44:101140PMID: 33285301; PMCID: PMC7772372.

Objective: The expression of the interleuldimeceptor type | (w0 A & Sy NAR OKSReld y LI
signifying that ligands activating this pathway are important for the tiheahd function of the insulin

secreting cell. Using isolated mouse, rat, and human islets, we identified the cytokine ILI & | KA =
inducible gene in response to-1R activation. In addition,4uh A & St S@FGSR Ay Y2dza
obesity and ¥pe 2 diabetes. Since less is known about the biology»flL NXB f -niiiA GRSy (13 yLQ NEF
tissue, our objective was to investigate the contribution efilt.  § 2  LI--célCFnBidniad ©verall

glucose homeostasis in vivo.

Methods: We generateé novel mouse line with conditional-ih | f £ St S& | yR &dzaSs]
mice with either pancreatior myeloid lineagespecific deletion of Hu " @

Results: Using this in vivo approach, we discovered that pancreatich(Iit R-E But not myeloidcel,
expression of Hm b -MOhL[[ &/ 4 was required for the maintenance of whole body glucose homeostasis

in both male and female mice. Moreover, pancreatic deletionoffL £ SR G2 AYLI} ANBR 13
with no change in insulin sensitivity. This obsdion was consistent with our finding that glucese
stimulated insulin secretion was reduced in islets isolated froma 'Lt R-Emice. Alternatively, H

mh [ &/dmace (male and female) did not have any detectable changes in glucose tolerance, regpirator
guotient, physical activity, or food intake when compared with littermate controls.

Conclusions: Taken together, we conclude that there is an important physiological role for pancreatic IL
mh G2 LINRPY2:GS 3f dz0248S K2 %thn2laSiR amyaa dafed ya da SR Ay 3
mass in vivo.

Collier J. J., et al. (2021)Ploglitazone Reverses Markers of Islet Beal DeDifferentiation in db/db
Mice While Modulating Expression of Genes Controlling Inflammation and Browning in White Adipose
Tissue from InsuliResistanMice and Human$ Biomedicines.0;9(9):1189

Obesity, insulin resistance, and type 2 diabetes contribute to increased morbidity and mortality in
humans. The db/db mouse is an important mouse model that displays many key features of the human
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disease. Herein, we used tldeug pioglitazone, a thiazolidinedione with insus@nsitizing properties, to
Ay@SaidAaridsS of 22R 3t dzO&h Ralth £h@ Bdtudity, antl geRe\ expreSstonlda 2 T
adipose tissue. Oral administration of pioglitazone lowered blood gtutegels in db/db mice with a
corresponding increase in respiratory quotient, which indicates improved whodly carbohydrate
utilization. In addition, white adipose tissue from db/db mice and from humans treated with pioglitazone
showed increased exprdss of glycerol kinase. Both db/db mice and humans given pioglitazone
displayed increased expression of UL Pa marker typically associated with brown adipose tissue.
a2NB2JFSNE -delis ffainNBdb inkeQredted with pioglitazone had greater exgien of insulin

and Nkx6.1 as well as reduced abundance of thaifferentiation marker Aldhla3. Collectively, these
findings indicate that four weeks of pioglitazone therapy improved overall metabolic health in db/db mice.
Our data are consistent withublished reports of human subjects administered pioglitazone and with
analysis of human adipose tissue taken from subjects treated with pioglitazone. In conclusion, the current
study provides evidence that pioglitazone restores key markers of metabolithleeal also showcases

the utility of the db/db mouse to understand mechanisms associated with human metabolic disease and
interventions that provide therapeutic benefit.

Cox, N., et al. (2021). i®-regulated production of PDGFcc by macrophages controls energy storage."
Science736550).

The mechanisms by which macrophages regulate energy storage remain poorly understood. We identify
in a genetic screen a platelderived growth factor (PDGF)/seular endothelial growth factor (VEGF)
family ortholog, Pvf3, that is produced by macrophages and is required for lipid storagebidfatells

of Drosophila larvae. Genetic and pharmacological experiments indicate that the mouse Pvf3 ortholog
PDGFcc,rmpduced by adipose tisstesident macrophages, controls lipid storage in adipocytes in a leptin
receptor and CC chemokine receptor type-idependent manner. PDGFcc production is regulated by
diet and acts in a paracrine manner to control lipid storagadipose tissues of newborn and adult mice.

At the organismal level upon PDGFcc blockade, excess lipids are redirected toward thermogenesis in
brown fat. These data identify a macrophadependent mechanism, conducive to the design of
pharmacological irgrventions, that controls energy storage in metazoans.

Dalbgge, L. S., et §2021). "Evaluation of VGF peptides as potential-abésity candidates in pre
clinical animal modelsPeptides

VGF is a peptide precursor expressed in neuroendocrine cells that is suggested # nole in the
regulation of energy homeostasis. VGF is proteolytically cleaved to yield multiple bioactive peptides.
However, the specific actions of \\@€rived peptides on energy homeostasis remain unclear. The aim of
the present work was to investitgthe role of VGHerived peptides in energy homeostasis and explore
the pharmacological actions of V@erived peptides on body weight in preclinical animal models.-VGF
derived peptides (NERE NERR, PGHb | HXZ t DI b-4 TLDRD ILWBB0, TLOK2, HHPM1,
AQEE30, and LQEQ9) were synthesized and screened for their ability to affect neuronal activity in vitro
on hypothalamic brain slices and modulate food intake and energy expenditure after acute central
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administration in vivo. In addition, thdfects of NERR, NERR, PGHNH2, TLQR1, TLQH2, and HHPD

41 on energy homeostasis were studied after chronic central infusion. NERGFNH2, HHP#1, and
TLQP62 increased the functional activity of hypothalamic neuronal networks. However, nottee of
peptides altered energy homeostasis after either acute or chronic ICV administration. The present data
do not support the potential use of the tested \V@€rived peptides as novel ardbesity drug candidates.

DiCarlo, G. E., et al. (2021). "Autissociated Variant in the SLC6A3 Gene Alters the Oral Microbiome
and Metabolism in a Murine ModelFront Psychiatryt2: 655451.

Background: Altered dopamine (DA) sighaling has been associated with autism spectrum disorder (ASD),
a neurodevelopmental contion estimated to impact 1 in 54 children in the United States. There is
growing evidence for alterations in both gastrointestinal function and oral microbiome composition in
ASD. Recent work suggests that rare variants of the SLC6A3 gene encoding thaspériter (DAT)
identified in individuals with ASD result in structural and functional changes to the DAT. One such recently
identified de novo mutation is a threonine to methionine substitution at position 356 of the DAT (DAT
T356M). The DAT T356M varids associated with ASlixe phenotypes in mice homozygous for the
mutation (DAT T356M(+/+)), including social deficits, hyperactivity, and impaired DA signaling. Here, we
determine the impact of this altered DA signaling as it relates to altered orabbiita, and metabolic

and gastrointestinal dysfunction. Methods: In the DAT T356M(+/+) mouse, we determine the oral
microbiota composition, metabolic function, and gastrointestinal (Gl) function. We examined oral
microbiota by 16S RNA sequencing. We measdmetabolic function by examining glucose tolerance and

we probed gastrointestinal parameters by measuring fecal dimensions and weight. Results: In the DAT
T356M(+/+) mouse, we evaluate how altered DA signaling relates to metabolic dysfunction and altere
oral microbiota. We demonstrate that male DAT T356M(+/+) mice weigh less (Wild type (WT) = 26.48 +/
0.6405 g, DAT T356M(+/+) = 24.143:A083 g) and have decreased body fat (WT = 14.80.6206%,

DAT T356M(+/+) = 12.72-%1.4160%). These mice diaplimproved glucose handling (WT = 32.60 +/
0.3298 kcal/g, DAT T356M(+/+) = 36.973A910 kcal/g), and an altered oral microbiota. We found a
significant decrease in Fusobacterium abundance. The abundance of Fusobacterium was associated with
improved ducose handling and decreased body fat. Conclusions: Our findings provide new insights into
how DAT dysfunction may alter gastrointestinal function, composition of the oral microbiota, and
metabolism. Our data suggest that impaired DA signaling in ASBasiated with a number of metabolic

and gastrointestinal changes which are common in individuals with ASD.

Enriquez, R. F., et al. (2021). "AgRP signalling negatively regulates boneJmass/"of
NeuroendocrinologB3(5): e12978.

The central nervousystem is an active and major regulator of bone structure and remodelling.
Specifically, signalling within the hypothalamus has been shown to be critical to ensuring that skeletal
functions align with whole body metabolic supply and demand. Here, weifgdeagoutirelated peptide
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(AgRP), an orexigenic peptide exclusivekgxpressed with neuropeptide Y (NPY) in the arcuate nucleus
(ARC) of the hypothalamus, as another critical player in the central control of bone homeostasis. Using
novel mouse models, &vshow that AgRP deletion leads to an increase in cortical and trabecular bone
mass as a result of an increase in bone thickness despite a lean phenotype, particularly in male mice.
Interestingly, male AgRP deficient mice display a significant decregse-opiomelanocortin (POMC)
expression in the ARC, but no change in NPY or CART expression, suggesting that the increase in bone
mass in AgRBeficient mice is unlikely to be a result of altered NPY signalling. This is consistent with the
observation thabone mass is unchanged in response to the specific deletion of NPY from AgRP expressing
neurones. By contrast, POMC expression in the ARC is significantly increased in female AgRP deficient
mice, although AgRP deletion results in altered respiratory exgdaatio regulation in response to-re

feeding after a fast in both sexes. Taken together, the present study identifies AQRP as being directly
involved in the regulation of bone mass and highlights the complexity intrinsic to the neuropeptide
regulation ofthe skeleton.

Erikson, C. M., et §2021). "Independent of differences in taste, BGnice consume less alcohol than
genetically similar B6J mice, and exhibit opposite polarity modulation of tonic GABA A R currents by
alcohol" NeuropharmacologyDec 20;206:108934

Genetic differences in cerebellar sensitivity to alcohol (EtOH) influence EtOH consumption phenotype in
animal models and contribute to risk for developing an alcohol use disorder in humans. We previously
determined that EtOH enhances cerebellar granuld ¢6C) tonic GABAAR currents in low EtOH
consuming rodent genotypes, but suppresses it in high EtOH consuming rodent genotypes. Moreover,
pharmacologically counteracting EtOH suppression of GC tonic GABAAR currents reduces EtOH
consumption in high alcohabnsuming C57BL/6J (B6J) mice, suggesting a causative role. In the low EtOH
consuming rodent models tested to date, EtOH enhancement of GC tonic GABAAR currents is mediated
by inhibition of neuronal nitric oxide synthase (nNOS) which drives increasedlae$ABA release onto

GCs and a consequent enhancement of tonic GABAAR currents. Consequently, genetic variation in nNOS
expression across rodent genotypes is a key determinant of whether EtOH enhances or suppresses tonic
GABAAR currents, and thus EtObBnhsumption. We used behavioral, electrophysiological, and
immunocytochemical techniques to further explore the relationship between EtOH consumption and GC
GABAAR current responses in C57BL/6N (B6N) mice. B6N mice consume significantly less EtOH and
achiewe significantly lower blood EtOH concentrations than B6J mice, an outcome not mediated by
differences in taste. In voltagdamped GCs, EtOH enhanced the GC tonic current in B6N mice but
suppressed it in B6J mice. Immunohistochemical and electrophysial@icies revealed significantly

higher nNOS expression and function in the GC layer of B6N mice compared to B6Js. Collectively, our data
demonstrate that despite being genetically similar, B6N mice consume significantly less EtOH than B6J
mice, a behavi@l difference paralleled by increased cerebellar nNOS expression and opposite EtOH
action on GC tonic GABAAR currents in each genotype.

Faber, C. L., et dR021) "Leptin receptor neurons in the dorsomedial hypothalamus regulate diurnal
patterns of feeding, locomotion, and metabolisnilife 10.

The brain plays an essential role in driving daily rhythms of behavior and metabolism in harmony with
environmental lightdark cycles. Within the brain, the dorsomedial hypothalamic nucleus (DMH) has been
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implicated in the integrative circadian control fgleding and energy homeostasis, but the underlying cell
types are unknown. Here, we identify a role for DMH leptin recept@ressing (DMH(LepR)) neurons in

this integrative control. Using a viral approach, we show that silencing neurotransmission i &R (
neurons in adult mice not only increases body weight and adiposity but also jakasaces diurnal
rhythms of feeding and metabolism into the light cycle and abolishes the normal increase {icyderk
locomotor activity characteristic of nocturnadents. Finally, DMH(Lep®&i)enced mice fail to entrain to

a restrictive change in food availability. Together, these findings identify DMH(LepR) neurons as critical
determinants of the daily time of feeding and associated metabolic rhythms.

Fang, H., etl. (2021). "The Role of Reduced Methionine in Mediating the Metabolic Responses to
Protein Restriction Using Different Sources of Protéwutrients.

Dietary protein restriction and dietary methionine restriction (MR) produce a comparable series of
behavioral, physi@gical, biochemical, and transcriptional responses. Both dietary regimens produce a
similar reduction in intake of sulfur amino acids (e.g., methionine and cystine), and both diets increase
expression and release of hepatic FGF21. Given that FGF21 isemtisdsmediator of the metabolic
phenotype produced by both diets, an important unresolved question is whether dietary protein
restriction represents de facto methionine restriction. Using diets formulated from either casein or soy
protein with matched reuctions in sulfur amino acids, we compared the ability of the respective diets to
recapitulate the metabolic phenotype produced by methionine restriction using elemental diets. Although
the soybased control diets supported faster growth compared to aadeised control diets, caselmased
protein restriction and soypased protein restriction produced comparable reductions in body weight and
fat deposition, and similar increases in energy intake, energy expenditure, and water intake. In addition,
the prototypical effects of dietary MR on hepatic and adipose tissue target genes were similarly regulated
by caseinand soybased protein restriction. The present findings support the feasibility of using restricted
intake of diets from various protein sources pooduce therapeutically effective implementation of
dietary methionine restriction.

Fang, H., et al. (2021). "Hepatic Nfe2l2 Is Not an Essential Mediator of the MeRifvefiotype
Produced by Dietary Methionine RestrictioUtrients.

The principal sensing of dietary methionine restriction (MR) occutwitiver, where it activates multiple
transcriptional programs that mediate various biological components of the response. Hepatic Fgf21 is a
key target and essential endocrine mediator of the metabolic phenotype produced by dietary MR. The
transcription factor, Nfe2l2, is also activated by MR and functions in tandem with hepatic Atf4 to
transactivate multiple, antioxidative components of the integrated stress response. However, it is unclear
whether the transcriptional responses linked to Nfe2l2 actiwatby dietary MR are essential to the
biological efficacy of the diet. Using mice with lhapecific deletion of Nfe2l2 (Nfe2l2fl/(Alb)) and their
floxed littermates (Nfe2l2fl/fl) fed either Control or MR diets, the absence of hepatic Nfe2l2 had no effect
on the ability of the MR diet to increase FGF21, reduce body weight and adiposity, and increase energy
expenditure. Moreover, the primary elements of the hepatic transcriptome were similarly affected by MR
in both genotypes, with the only major differere®ccurring in induction of the P4&&sociated drug
metabolism pathway and the pentose glucuronate interconversion pathway. The biological significance
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of these pathways is uncertain but we conclude that hepatic Nfe2|2 is not essential in mediating the
metabolic effects of dietary MR.

Gremminger, V. L., et d2021). "Skeletal muscle specifictochondrial dysfunction and altered energy
metabolism in a murine model (oim/oim) of severe osteogenesis imperfebtalécular Genetics and
Metabolism132(4): 244253.

Osteogenesis imperfecta (Ol) is a heritable connective tissue disorder with pagehtbiting bone
fragility and muscle weakness. The synergistic biochemical and biomechanical relationship between bone
and muscle is a critical potential therapeutic target, such that muscle weakness should not be ignored.
Previous studies demonstrateditochondrial dysfunction in the skeletal muscle of oim/oim mice, which
model a severe human type Il OIl. Here, we further characterize this mitochondrial dysfunction and
evaluate several parameters of whole body and skeletal muscle metabolism. We denmmstiaced
mitochondrial respiration in female gastrocnemius muscle, but not in liver or heart mitochondria,
suggesting that mitochondrial dysfunction is not global in the oim/oim mouse. Myosin heavy chain fiber
type distributions were altered in the oimilm soleus muscle with a decreas&3 to 50%) in type |
myofibers and an increase (+31%) in type lla myofibers relative to their wildtype (WT) littermates.
Additionally, altered body composition and increased energy expenditure were observed oim/oim mice
relative to WT littermates. These results suggest that skeletal muscle mitochondrial dysfunction is linked
to whole body metabolic alterations and to skeletal muscle weakness in the oim/oim mouse.

Hew, J. J., et al. (2021). "L.gwotein diet accelerates wand healing in mice posicute injury."Burns
Trauma9: tkab010.

Background: Wound healing processes are influenced by macronutrient intake (protein, carbohydrate and
fat). The most favourable diet for cutaneous wound healing is not known, althougphotgin diets are
currently favoured clinically. This experimental study investigates the optimal macronutrient balance for
cutaneous wound healing using a mouse model and the Geometric Framework, a nutrient modelling
method, capable of analyzing the indlual and interactive effects of a wide spectrum of macronutrient
intake. Methods: Two adjacent and identical fillickness skin excisions (1 cm(2)) were surgically created

on the dorsal area of male C57BL/6 mice. Mice were then allocated to one of 12regly diets that

varied in protein, carbohydrate and fat content. In select diets, wound healing processes, cytokine
expression, energy expenditure, body composition, muscle and fat reserves were assessed. Results: Using
the Geometric Framework, we shothat a lowprotein intake, coupled with a balanced intake of
carbohydrate and fat is optimal for wound healing. Mice fed ajwatein diet progressed quickly through
wound healing stages with favourable wound inflammatory cytokine expression and sigfhifica
accelerated collagen production. These local processes were associated with an increased early systemic
inflammatory response and a higher overall energy expenditure, related to metabolic changes occurring
in key macronutrient reserves in lean body ssaand fat depots. Conclusions: The results suggest that a
low-protein diet may have a greater potential to accelerate wound healing than the current clinically used
high-protein diets.
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Higgins, K. V., et al. (2021). "Integrative Longitudinal AnalySietibolic Phenotype and Microbiota
Changes During the Development of Obesikydnt Cell Infect Microbid1: 671926.

Obesity has increased at an alarming rate over the past two decades in the United States. In addition to
increased body mass, obesityofsen accompanied by comorbidities such as Type Il Diabetes Mellitus and
metabolic dysfunctiorassociated fatty liver disease, with serious impacts on public health. Our
understanding of the role the intestinal microbiota in obesity has rapidly advantedcent years,
especially with respect to the bacterial constituents. However, we know little of when changes in these
microbial populations occur as obesity develops. Further, we know little about how other domains of the
microbiota, namely bacteriophageopulations, are affected during the progression of obesity. Our goal

in this study was to monitor changes in the intestinal microbiome and metabolic phenotype following
western diet feeding. We accomplished this by collecting metabolic data and fecplesafar shotgun
metagenomic sequencing in a mouse model of -dheuced obesity. We found that after two weeks of
consuming a western diet (WD), the animals weighed significantly more and were less metabolically stable
than their chow fed counterparts. €Ehwestern diet induced rapid changes in the intestinal microbiome
with the most pronounced dissimilarity at 12 weeks. Our study highlights the dynamic nature of
microbiota composition following WD feeding and puts these events in the context of the mietataals

of the mammalian host.

Hong, H., etal. (2021)."REMv. b 32y A a(d { wipproduptiodidzhdcididBagesS a L |
through BMAL4dependent inhibition of inflammasomeBiochemicaPharmacol192:114701

The circadian clock plays an important role in adapting organisms to the daily light/dark cycling
environment. Recent research findings reveal the involvement of the circadian clock not only in
physiological functions but also in regulating inflammatory responses under pathological situations.
Previous studies showed that the tinod-day variance of leucocyte circulation and pnflammatory
cytokines secretion could be directly regulated by theckrelated proteins, including BMALL and REV

9 w. h  Ahgur dscillatian pattern. To investigate the molecular mechanism behind the regulation of
inflammation by the core clock components, we focus on the inflammatory responses in macrophages.
Using bme marrowderived macrophages from wild type and myeloid selective BMdibotkout mice,

we found that the production of inflammatory cytokines, particularilL = ¢ & RSLISY RSy (i 3
of the lipopolysaccharide (LPS) stimulation in macrophagesniRiuatogical activation of REVw . b g A (i K
SR9009 significantly suppressed the-ltii8ced inflammation in vitro and in vivo. Particularly, the effect

of SR9009 on inhibiting NLRP®@diated |km i | f8Rprodiuftion in macrophages was dependent on
BMAL1 exprssion. Further analysis of the metabolic activity in-tB&ed mice showed that knockout

of BMALL in macrophages exacerbated the hypometabolic state and delayed the recovery from LPS
induced endotoxemia even in the presence of SR9009. These resultnsieated an antinflammatory

role of REM w. h Ay -iBdyideirfl@nttnktidn, during which the secretion ofMli i K N2 dz3 K
NLRP3 inflammasome pathway inhibited by SR9009 was regulated by BMAL1.

Huen, S. C., et al. (2021). "Hepatic FGF21 preserves thermoregulation and cardiovascular function
during bacterial inflammation.Journal of Expémental Medicine218(10).
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Sickness behaviors, including anorexia, are evolutionarily conserved responses to acute infections.
Inflammationinduced anorexia causes dramatic metabolic changes, of which components critical to
survival are unique depending ¢me type of inflammation. Glucose supplementation during the anorectic
period induced by bacterial inflammation suppresses adaptive fasting metabolic pathways, including
fibroblast growth factor 21 (FGF21), and decreases survival. Consistent with thivailms, FGF21
deficient mice are more susceptible to mortality from endotoxemia and polybacterial peritonitis. Here,
we report that increased circulating FGF21 during bacterial inflammation is hepatic derived and required
for survival through the mainteance of thermogenesis, energy expenditure, and cardiac function. FGF21
signaling downstream of its obligate coreceptor, b&tatho (KLB), is required in bacterial sepsis.
However, FGF21 modulates thermogenesis and chronotropy independent of the adipredeain, and
hypothalamus, which are operative in cold adaptation, suggesting that in bacterial inflammation, either
FGF21 signals through a novel, undescribed target tissue or concurrent signaling of multiple KLB
expressing tissues is required.

Imai, N, et al. (2021). "Suppression of Fatty Acid Oxidation by Thioesterase Superfamily Member 2 in
Skeletal Muscle Promotes Hepatic Steatosis and Insulin Resistalepatblogy 75:154169

Thioesterase superfamily member 2 (Them?2) is highly expressed in oxidative tissues where it hydrolyzes
long chain fatty acyCoA esters to free fatty acids and CoA. Although mice globally lacking Them2{Them2
/-) are protected against dighduced obesity,insulin resistance and hepatic steatosis, lgpecific
Them2/- mice remain susceptible. To explore the contribution of Them2 in extrahepatic tissues, we
created mice with Them2 deleted in skeletal musctgli®m2/-), cardiac muscle (Chem2/-) or adpose

tissue (AThem2/-). When fed a higifat diet, SThem2/- but not GThem2/- or AThem2/- mice
exhibited reduced weight gain. OnlyTBemz2/- mice exhibited improved glucose homeostasis together
with improved insulin sensitivity in skeletal musclecreased rates of fatty acid oxidation in skeletal
muscle of SThem2/- mice were reflected in alterations in skeletal muscle metabolites, including short
chain fatty acids, branched chain amino acids and the pentose phosphate pathway. Protection from diet
induced hepatic steatosis inThem2/- mice was attributable to increased VLDL triglyceride secretion
rates in support of demands of increased muscle fatty acid utilization. These results reveal a key role for
skeletal muscle Them2 in the pathogenesisdit-induced obesity, insulin resistance and hepatic
steatosis.

Ip, C. K. (2021). "An optimized protocol for establishingranic stress model in miceSTAR Protoc
2(2): 100448.

Chronic stress has adverse consequences on many organ systems and physiological processes. However,
existing protocols show large variability in response and are not suitable for female micewel@reyvide

a stepby-step protocol for establishing a reliable chronic stress model in mice that can be used in a variety

of physiological settings. This protocol has been tested to be effective to produce a consistent response
to stress in several mousrains (C57BL/6J, 129X1/SvJ, B&pob/J) and both sexes. For complete
details on the use and execution of this protocol, please refer to Ip et al. (2019).
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Jeong, D. Y., et al. (2021). "Deficiency of Tristetraprolin Triggers Hyperthermia through Esphanci
Hypothalamic Inflammation.Iht. J. Mol. Sck2(7), 3328

Tristetraprolin (TTP), an RNbding protein, controls the stability of RNA by capturingridd elements

on their target genes. It has recently been identified that TTP serves as anflrtimatory protein by
guiding the unstable mRNAs of prdlammarbry proteins in multiple cells. However, it has not yet been
investigated whether TTP affects the inflammatory responses in the hypothalamus. Since hypothalamic
inflammation is tightly coupled to the disturbance of energy homeostasis, we designed thatcsturdy

to investigate whether TTP regulates hypothalamic inflammation and thereby affects energy metabolism
by utilizing TTHleficient mice. We observed that deficiency of TTP led to enhanced hypothalamic
inflammation via stimulation of a variety of pinflammatory genes. In addition, microglial activation
occurred in the hypothalamus, which was accompanied by an enhanced inflammatory response. In line
with these molecular and cellular observations, we finally confirmed that deficiency of TTP results in
elevated core body temperature and energy expenditure. Taken together, our findings unmask novel roles
of hypothalamic TTP on energy metabolism, which is linked to inflammatory responses in hypothalamic
microglial cells

Jiang, J., et al. (2021). "Endothelial BBSome is essential for vascular, metabolic, and retinal functions."
MolecularMetabolism53:101308

Obectives: Endothelial cells that line the entire vascular system play a pivotal role in the control of various
physiological processes, including metabolism. Additionally, endothelial dysfunction is associated with
many pathological conditions, includindpesity. Here, we assessed the role of the BBSome, a protein
complex composed of eight BardBtedl syndrome (BBS) proteins in endothelial cells.

Methods: We studied the effects of BBSome disruption in endothelial cells on vascular function, body
weight, ducose homeostasis, and the liver and retina. For this, we generated mice with selective BBSome
disruption in endothelial cells through Bbs1 gene deletion.

Results: We found that endothelial csjpecific BBSome disruption causes endothelial dysfuncéen,
indicated by the impaired acetylcholifieduced vasorelaxation in both the aorta and mesenteric artery.
This was associated with an increase in the contractile response to thromboxane A2 receptor agonist
(U46619) in the mesenteric artery. Mechanistigalve demonstrated that mice lacking the Bbs1 gene in
endothelial cells show elevated vascular angiotensinogen gene expression, implicatingrrgioi@nsin
system activation in the vascular changes evoked by endothelial BBSome deficiency. Strikimigita our
indicate that endothelial BBSome deficiency increases body weight and fat mass and causes
hepatosteatosis along with alterations in hepatic expression of lipid metabab$ated genes and
metabolomics profile. In addition, electroretinogram and cpti coherence tomography analyses
revealed functional and structural abnormalities in the retina, evoked by absence of the endothelial
BBSome.

Conclusions: Our findings demonstrate that the BBSome in endothelial cells is required for the regulation
of vagular function, adiposity, hepatic lipid metabolism, and retinal function.
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Jing, Y., et al. (2021). "Effect et&l microbiota transplantation on neurological restoration in a spinal
cord injury mouse model: involvement of bragiut axis."Microbiome9(1): 59.

BACKGROUND: Spinal cord injury (SCI) patients display disruption of gut microbiome, and gut dysbiosis
execerbate neurological impairment in SCI models. Cumulative data support an important role of gut
microbiome in SCI. Here, we investigated the hypothesis that fecal microbiota transplantation (FMT) from
healthy uninjured mice into SCI mice may exert a nerotgetive effect. RESULTS: FMT facilitated
functional recovery, promoted neuronal axonal regeneration, improved animal weight gain and metabolic
profiling, and enhanced intestinal barrier integrity and GI motility in SCI micethtigighput sequencing
revealed that levels of phylum Firmicutes, family Christensenellaceae, and genus Butyricimonas were
reduced in fecal samples of SCI mice, and FMT remarkably reshaped gut microbiome. AlseateldT

SCI mice showed increased amount of fecal sbbdin faty acids (SCFAs), which correlated with
alteration of intestinal permeability and locomotor recovery. Furthermore, FMT downregulated IL
1beta/NFkappaB signaling in spinal cord and®éippaB signaling in gut following SCI. CONCLUSION: Our
study demonstrateshat reprogramming of gut microbiota by FMT improves locomotor and Gl functions

in SCI mice, possibly through the anfilammatory functions of SCFAs. Video Abstract.

Johnson, N. R., et al. (2021). "Sgecific life extension in tauopathy mice by CShRhRition causing
selective microglial depletion and suppressed pathogenesigRxiv

Microglia are a fundamental component of pathogenesis in many neurological conditions and have
specialized functions that vary by disease stage or specific pathology. Drugmtagsonystimulating

factor-1 receptor (CSF1R) to block microglial proliferation in preclinical disease models have shown mixed
outcomes, thus the therapeutic potential of this approach remains unclear. Here, we evaluated CSF1R
inhibitors in tauopathy rite using multiple dosing schemes, drug analogs, and longitudinal measurements
in the brain and plasma. In both spontaneous disease and in tau fibril inoculation models, we found a
regiondependent reduction in insoluble phosphorylated tau and replicaiompetent tau in mice
treated with CSF1R inhibitors. Surprisingly, despite greater drug exposure and microglial depletion in male
mice, we observed a rescue of aberrant behavior, reduced plasma neurofilament light chain, and
extended survival in female n@conly. Gene expression patterns in CSF1R inhitsgated tauopathy

mice reverted toward a normal wildtype signature, and in vivo imaging revealed suppressed astrogliosis.
However, we observed drug dosiependent upregulation of immediate early genegriale mice only,
indicating excitotoxicity, which may have masked functional benefits. Basifjent microglia in
tauopathy mice exhibited a ramified morphology similar to wildtype microglia but with greater territory
occupied per cell, and their transctgme was neither diseasassociated nor homeostatic, suggesting a
unique microglial subtype. Our data argue that complete or continuous microglial ablation is neither
required nor desired for neuroprotection, and that selective depletion of detrimentalppathy
activated microglia may be achieved by precise timing and dosing of CSF1R inhibitors. Importantly,
therapeutics targeting microglia must consider skpendent effects on functional outcomes when
weighing their translational potential for neurolagil disease.

Jones, A. A., et al. (2021). "Photoperiod Manipulation Reveals alliylen Component to Daily
Patterns of Ventilation in Male C57BI/6J Micéournal of Biological Rhythr3§(4): 346358.
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Obstructive sleep apnea is a common sleep disorder that incsedsk for cardiovascular disease and
mortality. The severity of sleegisordered breathing in obstructive sleep apnea patients fluctuates with
the seasons, opening the possibility that seasonal changes in light duration, or photoperiod, can influence
mechanisms of breathing. Photoperiod can have profound effects on internal timekeeping and can
reshape metabolic rhythms in mammals. While the daily rhythm in ventilation is largely shaped by the
metabolic rate, less is known about whether ventilatory rhythare altered in accordance with
metabolism under different photoperiods. Here, we investigate the relationship between ventilation and
metabolism under different photoperiods using whdledy plethysmography and indirect calorimetry.
We find that the dailytiming of ventilation is chiefly synchronized to dark onset and that light cues are
important for maintaining daily ventilatory rhythms. Moreover, changes in ventilatory patterns are not
paralleled by changes in oxygen consumption, energy expendituresspiratory exchange rate under
different photoperiods. We conclude that ventilatory patterns are not only shaped by the metabolic rate
and circadian timing but are also influenced by other lditiven factors. Collectively, these findings have
clinical inplications for the seasonal variations in slegipordered breathing found in individuals with
obstructive sleep apnea.

Kakall, Z. M., et a{2021). "Dynamic regional alterations in mouse brain neuronal activity following
shortterm changes in energy laice."Obesity (Silver Spring®(10): 16561663.

OBJECTIVE: Knowledge of the functional contribution to energy homeostatic control by different brain
areas is limited. This study employed a systematic approach to identify brain regions specifically
influenced by a positive energy balance.

METHODS: Thefas expression was mapped throughout the mouse brain after varying durations (24
hours to up to 14 days) of hight diet (HFD) exposure or after reversal from-dagy HFD to a chow diet.

In parallel, themetabolic and behavioral impacts of these treatments were examined.

RESULTS: A HFD elicited rapid and pronounced compensatory responses which were, however,
insufficient to overcome the impact of the positive energy balance. Rapid and dynamic respoa$es of
expression throughout the brain were seen over the course of HFD exposure, with some regions showing
linearlike responses and some regions exhibiting biphasic responses. The switch from HFD to chow
resulted in metabolic compensations mitigating tledéfects of the negative energy balance and a
heightened preference for sweet taste. Interestingly, this diet switch led to a signifidaatactivation in

the lateral hypothalamus, an area unresponsive to HFD intervention.

CONCLUSIONS: Plasticity existhe extended brain networks facilitating rapid adaptations dependent

on energy availability. Knowledge of these critical control points may provide novel antiobesity treatment
targets.

Kakhlon, O., et al. (2021). "Alleviation of a polyglucosan stategpeder by enhancement of
autophagic glycogen catabolisnEMBO Molecular MedicinE3(10): e14554.

This work employs adult polyglucosan body disease (APBD) models to explore the efficacy and mechanism
of action of the polyglucosareducing compound 1440G. APBD is a glycogen storage disorder (GSD)
caused by glycogen branching enzyme (GBE) deficiency causing accumulation of poorly branched glycogen
inclusions called polyglucosans. 144DG11 improved survival and motor parameters in a GBE knockin

22
PROMETHION" PROMETHION



List of Publications - Promethion metabolic and behavioral phenotyping system

(Gbe(ys/ys) APBD mouse model. 144DG11 reduced polyglucosan and glycogen in brain, liver, heart, and
peripheral nerve. Indirect calorimetry experiments revealed that 144DG11 increases carbohydrate burn
at the expense of fat burn, suggesting metabolic mobilizatiopadfiogenic polyglucosan. At the cellular

level, 144DG11 increased glycolytic, mitochondrial, and total ATP production. The molecular target of
144DG11 is the lysosomal membrane protein LAMP1, whose interaction with the compound, similar to
LAMP1 knockdownenhanced autolysosomal degradation of glycogen and lysosomal acidification.
144DG11 also enhanced mitochondrial activity and modulated lysosomal features as revealed by
bioenergetic, imagdased phenotyping and proteomics analyses. As an effective lysddargeting

therapy in a GSD model, 144DG11 could be developed into a safe and efficacious glycogen and lysosomal
storage disease therapy.

Kaur, S., et al. (2021). "Disruption of global hypothalamic microRNA (miR) profiles and associated
behavioralchaB S& Ay /It AF2NY AL YAOS 6t SNRPYé&alOdza Ot AT
| 2N¥V2ySa FyR X

Developmental exposure to endocrine disrupting chemicals (EDCs), e.g., bisphenol A (BPA) or genistein
(GEN), causes longstanding epigenome effects. MicroRNAs (miRs) regulate which mRNAs will be
translated to proteins and thereby serve as thal checkpoint in epigenetic control. Scant amount is
known, however, whether EDCs affect neural miRNA (miR) patterns. We aimed to test the hypothesis that
developmental exposure of California mice (Peromyscus californicus) to GEN, BPA, or both chemicals
influences hypothalamic miR/small RNA profiles and ascertain the extent such biomolecular alterations
correlate with behavioral and metabolic changes. California mice were developmentally exposed to GEN
(250 mg/kg feed weight, FW), GEN (250 mg/kg FW){tBR#/kg FW), low dose (LD) BPA (5 mg/kg FW),

or upper dose (UD) BPA (50 mg/kg FW). Adult offspring were tested in a battery of behavioral and
metabolic tests; whereupon, mice were euthanized, brains were collected and frozen, small RNAs were
isolated fromhypothalamic punches, and subsequently sequenced. California mice exposed to one or
both EDCs engaged in one or more repetitive behaviors. GEN, LD BPA, and UD BPA altered aspects of
ultrasonic and audible vocalizations. Each EDC exposure leddegeRrdent differences in differentially
expressed miR/small RNAs with miR,/miR146, and miR148a being increased in all female and male EDC
exposed groups. Current findings reveal that developmental exposure to GEN and/or BPA affects
hypothalamic miR/small RNA&xpression patterns, and such changes correlate with -iBB@ed
behavioral and metabolic alterations. miR146 is likely an important mediator and biomarker of EDC
exposure in mammals, including humans.

Kershaw, E. E., et al. (2021). "A murine model of the human CREBRFR457@iskesityant does not
influence energy or glucose homeostasis in response to nutritional stiekeS Om

Obesity and diabetes have strong heritable components, yet the genetic contributions to these diseases
remain largely unexplained. In humans, a missense variant in Creb3 regulatory factor (CREBRF)
[rs373863828 (p.Arg457GIn); CREBRFR457Q)] is strongtyatessavith increased odds of obesity but
RSONBIaSR 2RRa 2F RAF0SGSaod ! fGK2daAK GANIdz @&
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emerging evidence implicates it in the adaptive transcriptional response to nutritional stress downstream

of TORCJI1The objectives of this study were to generate a murine model with knockin of the orthologous
variant in mice (CREBRFR458Q) and to test the hypothesis that this CREBRF variant promotes obesity anc
protects against diabetes by regulating energy and glutmseeostasis downstream of TORC1. To test

this hypothesis, we performed extensive phenotypic analysis of CREBRFR458Q knockin mice at baseline
and in response to acute (fasting/refeeding), chronic ¢lamd highfat diet feeding), and extreme
(prolonged fasng) nutritional stress as well as with pharmacological TORCL1 inhibition, and aging to 52
weeks. The results demonstrate that the murine CREBRFR458Q model of the human CREBRFR457Q
variant does not influence energy/glucose homeostasis in response to thém®entions, with the
exception of possible greater loss of fat relative to lean mass with age. Alternative preclinical models
and/or studies in humans will be required to decipher the mechanisms linking this variant to human health
and disease.

Kesner, A. J., et §2021). "Sexdependentchanges in murine striatal dopamine release, sleep, and
0 SKI @A 2 NJ R dzNR -¢g-8trafiydidghiaabiydoSaBstinéncegbioRxiv

Withdrawal symptoms are observed upon cessation of cannabis use in humans. Although animal studies
have examined withdrawal symptoms following exposure to d@itatrahydrocannabinol (THC),
difficulties in obtaining objective measures of spontaneaughdrawal using paradigms that mimic
cessation of use in humans have slowed research. The neuromodulator dopamine (DA) is known to be
affected by chronic THC treatment and plays a role in many behaviors related to human THC withdrawal
symptoms. These syrtgms include sleep disturbances that often drive relapse, and emotional behaviors,
e.g., irritability and anhedonia. We examined THC withdrém@liced changes in striatal DA release and

the extent to which sleep disruption and behavioral maladaptation ifieshduring withdrawal in a mouse
chronic cannabis exposure model. Using a THC treatment regimen known to produce tolerance we
measured electrically elicited DA release in acute brain slices from different striatal subregions during
early and late THC dfirseence. Longerm polysomnographic recordings from mice were used to assess
vigilance state and sleep architecture before, during, and after THC treatment. We additionally assessed
how behaviors that model human withdrawal symptoms are altered by chfbHIC treatment in early

and late abstinence. We detected altered striatal DA release, sleep disturbances that mimic clinical
observations, and behavioral maladaptation in mice following tolerance inducing THC treatment. Sex
differences were observed in ndgrall metrics. Altered striatal DA release, sleep and affeletted
behaviors associated with spontaneous THC abstinence were more consistently observed in male mice.
To our knowledge these findings provide the first model of directly translatablepnecipitated cannabis
withdrawal symptoms, in particular, sleep disruption.

Kim, S., et al. (2021). "Osteoblastic glucocorticoid signaling exacerbatestdibt- induced bone
loss and obsity." Bone Re€(1): 40.

Chronic higkat diet (HFD) consumption not only promotes obesity and insulin resistance, but also causes
bone loss through mechanisms that are not well understood. Here, we fedwpitd CDL mice either

chow or a HFD (43% of engy from fat) for 18 weeks; HFBd mice exhibited decreased trabecular
volume (28%) and cortical thicknesd4.4%) compared to chofied mice. In HFEed mice, bone loss was

due to reduced bone formation and mineral apposition, without obvious effectsome resorption. HFD
feeding also increased skeletal expression of sclerostin and caused deterioration of the osteocyte
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lacunocanalicular network (LCN). In mice fed HFD, skeletal glucocorticoid signaling was activated relative
to chowfed mice, independerf serum corticosterone concentrations. We therefore examined whether
skeletal glucocorticoid signaling was necessary for-idéiiced bone loss, using transgenic mice lacking
glucocorticoid signaling in osteoblasts and osteocytes (HSD2(OBiP@icE). h HSD2(OB/OGY) mice,

bone formation and mineral apposition rates were not suppressed by HFD, and bone loss was significantly
attenuated. Interestingly, in HSD2(OB/O®&)nice fed HFD, both Wnt signaling (less sclerostin induction,
increased betacatenin expression) and glucose uptake were significantly increased, relative t@dibt
genotypematched controls. The osteocyte LCN remained intact infd&BISD2(OB/OGK) mice. When

fed a HFD, HSD2(OB/O@)nice also increased their energy expenditared were protected against
obesity, insulin resistance, and dyslipidemia. Therefore, glucocorticoid signaling in osteoblasts and
osteocytes contributes to the suppression of bone formation in H#eDmice. Skeletal glucocorticoid
signaling is also an impgant determinant of glucose uptake in bone, which influences the wiaoldy
metabolic response to HFD.

Kislal, S., et al. (2021). "Mismatch between obesogenic intrauterine environment asidtlpastnatal
diet may confer offspring metabolic advantag&es Sci Pradt(4): 450461.

Objective: Mismatch between a depleted intrauterine environment and a substielte postnatal
environment confers an increased risk of offspring obesity and metabolic syndrome. Maternal diet
induced obesity (MATOB) is associated with the same outcomese Bxperiments tested the hypothesis

that a mismatch between a nutriestch intrauterine environment and a lo¥at postnatal environment
would ameliorate offspring metabolic morbidity. Methods: C57BL6/J female mice were fed either a 60%
highfat diet (HP) or a 10% fat control diet (CD) for -déek prebreeding and during
pregnancy/lactation. Offspring were weaned to CD. Weight was evaluated weekly; body composition was
determined using EchoMRI. Serum fasting lipids and glucose and insulin toleranceaiesperformed.
Metabolic rate, locomotor, and sleep behavior were evaluated with indirect calorimetry. Results: MATOB
exposed/CBweaned offspring of both sexes had improved glucose tolerance and insulin sensitivity
compared to controls. Males had impravéasting lipids. Females had significantly increased weight and
body fat percentage in adulthood compared to geatched controls. Females also had significantly
increased sleep duration and reduced locomotor activity compared to males. Conclusionsedriaduc
dietary switch following intrauterine and lactational exposure to MATOB was associated with improved
glucose handling and lipid profiles in adult offspring, more pronounced in males. A mismatch between a
high-fat prenatal and lowfat postnatal envionment may confer a metabolic advantage. The amelioration

of deleterious metabolic programming by strict offspring adherence to a-fadwdiet may have
translational potential.

Korstanje, R., et al. (2021). "The Jackson Laboratory Nathan Shock Ceraet:afrgenetic diversity
on aging.'Gerosciencd3(5): 21292137.

Healthspan is a complex trait, influenced by many genes and environmental factors that accelerate or
delay aging, reduce or increase disease risk, and extend or reduce lifespan. Thushgdbkesrole of

genetic variation in aging requires an experimental strategy capable of modeling the genetic and biological
complexity of human populations. The goal of the The Jackson Laboratory Nathan Shock Center (JAX NSC)
is to provide research resotes and training for geroscience investigators that seek to understand the
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role of genetics and genetic diversity on the fundamental process of aging and diseases of human aging
using the laboratory mouse as a model system. The JAX NSC has availabldeeplielcharacterized
populations of aged mice, performs stadéthe-art phenotyping of ageelevant traits, provides systems
genetics analysis of complex data sets, and provides all of these resources to the geroscience community.
The aged animal resowgs, phenotyping capacity, and genetic expertise available through the JAX NSC
benefit the geroscience community by fostering cuttiedge, novel lines of research that otherwise
would not be possible. Over the past 15 years, the JAX NSC has transfornggdeagiarch across the
geroscience community, providing aging mouse resources and tissues to researchers. All JAX NSC data and
tools are publicly disseminated on the Mouse Phenome Database and the JAX NSC website, thus ensuring
that the resources generateghd expertise acquired through the Center are readily available to the aging
research community. The JAX NSC will continue to enhance its ability to perform innovative research using
a mammalian model to illuminate novel genotypbenotype relationshipsrad provide a rational basis

for designing effective risk assessments and therapeutic interventions to boost longevity and disease
healthspan.

Kotschi, S., et al. (2021). "NFERhddiated proteasome function protects from ferroptosidlfblecular
Metabolism101436

Objective: Ferroptosis continues to emerge as a novel modality of cell death with imptreaapeutic
implications for a variety of diseases, most notably cancer and degenerative diseases. While susceptibility,
initiation, and execution of ferroptosis have been linked to reprogramming of cellular lipid metabolism,
imbalances in iromedox homegatasis, and aberrant mitochondrial respiration, the detailed mechanisms

of ferroptosis are still insufficiently well understood.

Methods and results: Here we show that diminished proteasome function is a new mechanistic feature of
ferroptosis. The transgstion factor nuclear factor erythroi@, likel (NFE2L1) protects from ferroptosis

by sustaining proteasomal activity. In cellular systems, loss of NFE2L1 reduced cellular viability after the
induction of both chemically and genetically induced ferrompsihich was linked to the regulation of
proteasomal activity under these conditions. Importantly, this was reproduced in a Sedagtygtan
Spondylometaphyseal Dysplasia (SSMD) patienived cell line carrying mutated glutathione
peroxidase4 (GPX4), eritical regulator of ferroptosis. Also, reduced proteasomal activity was associated
with ferroptosis in Gpx4leficient mice. In a mouse model for genetic Nfe2l1 deficiency, we observed
brown adipose tissue (BAT) involution, hyperubiquitination of ferregaegulators, including the GPX4
pathway, and other hallmarks of ferroptosis.

Conclusion: Our data highlight the relevance of the NFp2atkasome pathway in ferroptosis.
Manipulation of NFE2L1 activity might enhance ferroptasikicing cancer theraps as well as protect
from aberrant ferroptosis in heurodegeneration, general metabolism, and beyond.

Krumm, C. S., et d021). "Inducible hepatic expression of CREBH mitigatesndieted obesity,
insulin resistance, and hepatic steatosis in mideurnal of Biological Chemis297(1): 100815.

Cyclic AMResponsive elemenbinding proten H (CREBH encoded by Creb3I3) is a transcription factor
that regulates the expression of genes that control lipid and glucose metabolism as well as inflammation.
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CREBH is upregulated in the liver under conditions of overnutrition, and mice globally ldekigene
(CREBH(-)) are highly susceptible to digtduced obesity, insulin resistance, and hepatic steatosis. The
net protective effects of CREBH have been attributed in large part to the activities of fibroblast growth
factor (Fgh21 (Fgf21), a taeg gene that promotes weight loss, improves glucose homeostasis, and
reduces hepatic lipid accumulation. To explore the possibility that activation of the GRERIHaxis could
ameliorate established effects of higat feeding, we generated an inducibteansgenic hepatocyte
specific CREBH overexpression mouse modeatTFg. Acute overexpression of CREBH in livers-aff ig

mice effectively reversed diehduced obesity, insulin resistance, and hepatic steatosis. These changes
were associated with ineased activities of thermogenic brown and beige adipose tissuesrifT Agnice,
leading to reductions in fat mass, along with enhanced insulin sensitivity and glucose tolerance.
Genetically silencing Fgf21 in-i§A mice abrogated the CREBté¢diated redwetions in body weight loss,

but only partially reversed the observed improvements in glucose metabolism. These findings reveal that
the protective effects of CREBH activation may be leveraged to mitigaténdigted obesity and
associated metabolic abnomtities in both Fgf2tependent and Fgf2independent pathways.

Ladyman, S. R., et al. (2021). "A reduction in voluntary physical activity in early pregnancy in mice is
mediated by prolactin.Elife

As part of the maternal adaptations to pregnancy, mice show a rapid, profound reduction in voluntary
running wheel activity (RWA) as soon as pregnaneghggeved. Here, we evaluate the hypothesis that
prolactin, one of the first hormones to change secretion pattern following mating, is involved in driving
this suppression of physical activity levels during pregnancy. We show that prolactin can acytedgsup
RWA in norpregnant female mice, and that conditional deletion of prolactin receptors (Prlr) from either
most forebrain neurons or from GABA neurons prevented the early pregriadaged suppression of
RWA. Deletion of Prlr specifically from the nadgireoptic area, a brain region associated with multiple
homeostatic and behavioral roles including parental behavior, completely abolished the early pregnancy
induced suppression of RWA. As pregnancy progresses, prolactin action continues to contrithgte t
further suppression of RWA, although it is not the only factor involved. Our data demonstrate a key role
for prolactin in suppressing voluntary physical activity during early pregnancy, highlighting a novel
biological basis for reduced physical ait§ivn pregnancy.

Lee, K., et al. (2021). "The miradlele of the CREBRF rs373863828 p. R457Q coding variant is
associated with reduced levels of myostatin in males: Implications for body compositiedRxiv

The minor allele (A) of the rs373863828 variant (p.Arg457GIn) in CREBRF is restricted to indigenous
LIS2 L) Sa 2F GKS t I OAFAO AaflyRa O0AYyOfdzRAY3a bSg »%
up to 25% in these populations. This allele assesiatith a large increase in body mass index (BMI) but

with significantly lower risk of typ@ diabetes (T2D). It is unclear whether the increased BMI is driven by
increased adiposity or by increased lean mass. Hence, we undertook body composition asadgdx<A

AY Myd &82dzy3a YSYy 2F an2NAR FyR tlF OATAO RSaoSyd 7
was associated with a trend toward increased relative lean mass although this was not statistically
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significant (p=0.06). Notably though thidete was associated with significantly lower circulating levels of

the muscle inhibitory hormone myostatin (p<0.05). This was further investigated in two Arg458Gin
knockin mouse models on FVB/Nj and C57BI/6j backgrounds. Supporting the human dataastgnifi
increases in relative lean mass were observed in male knockin mice. This was more significant in older
mice (p<0.01) where it was associated with increased grip strength (p<0.01) and lower levels of myostatin
(p <0.05). Overall these results providemnevidence that the rs373863828allele is associated with a
reduction of myostatin levels which likely contributes to increased lean muscle mass component of BMI,
at least in males.

Lee, S. M., et al. (2021). "Hepatocpecific Loss of PPARgamma Protelite From NASH and
Increases the Therapeutic Effects of Rosiglitazone in the Livell. Mol Gastroenterol Hepatafl(5):
1291-1311.

BACKGROUND & AIMS: Nonalcoholic steatohepatitis (NASH) is commonly observed in patients with type
2 diabetes, and thiazalinediones (TZD) are considered a potential therapy for NASH. Although TZD
increase insulin sensitivity and partially reduce steatosis and alanine aminotransferase, the efficacy of TZD
on resolving liver pathology is limited. In fact, TZD may activatexpgame proliferatoractivated
receptor gamma (PPARgamma) in hepatocytes and promote steatosis. Therefore, we assessed the role
that hepatocytespecific PPARgamma plays in the development of NASH, and how it alters the therapeutic
effects of TZD on the Bv of mice with dietinduced NASH. METHODS: Hepatosyiecific PPARgamma
expression was knocked out in adult mice before and after the development of NASH induced with a high
fat, cholesterol, and fructose (HFCF) diet. RESULTS: HFCF diet increased fmRAIRga@ssion in
hepatocytes, and rosiglitazone further activated PPARgamma in hepatocytes efddraiEe in vivo and

in vitro. Hepatocytespecific loss of PPARgamma reduced the progression ofiH#@Ed NASH in male

mice and increased the benefits dexd from the effects of TZD on extrahepatic tissues and- non
parenchymal cells. RNAseq and metabolomics indicated that HFCF diet promoted inflammation and
fibrogenesis in a hepatocyte PPARgarriependent manner and was associated with dysregulation of
hepdic metabolism. Specifically, hepatocydpecific loss of PPARgamma plays a positive role in the
regulation of methionine metabolism, and that could reduce the progression of NASH. CONCLUSIONS:
Because of the negative effect of hepatocyte PPARgamma in,Nifithition of mechanisms promoted

by endogenous PPARgamma in hepatocytes may represent a novel strategy that increases the efficiency
of therapies for NAFLD.

Lewis, J. E., et d2021). "Relaxin/insuldike family peptide receptor 4 (Rxfp4) expressing
hypothalamic neurons modulate food intake and preference in mig@RXxiv

Relaxin/insulidike-family peptide recepto#d (RXFP4), the cognatecemtor for insulinlike peptide 5
(INSL5), has previously been implicated in feeding behaviour. To explore Rxfp4 expression and physiology,
we generated Rxfp€re mice. Whole body chemogenetic activation (Dq) or inhibition (Di) of Rxfp4
expressing cells ugy designer receptors exclusively activated by designer drugs (DREADDSs) altered food
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intake and preference. Potentially underlying this effect, Rxdpgressing neurons were identified in
nodose and dorsal root ganglia and the central nervous systerading the ventromedial hypothalamus
(VMH). Singleell RNAsequencing defined a cluster of VMH Rxfaldelled cells expressing Esrl, Tacl and
Oxtr. VMHrestricted activation of Rxfpéxpressing (RXFP4VMH) cells using-BéVecapitulated the
whole body Ddeeding phenotype. Viral tracing demonstrated RXFP4VMH neural projections to the bed
nucleus of the stria terminalis, paraventricular hypothalamus, paraventricular thalamus, central nucleus
of the amygdala and parabrachial nucleus. These findings idéytiiythalamic RXFP4 signalling as a key
regulator of food intake and preference.

Li, D., et al. (2021). "Absence of CD47 maintains brown fat thermogenic capacity and protects mice
from agingrelated obesity and metabolic disordeBiochemical and BiopBical Research
Communication$75 14-19.

Brown and beige adipocytes burn energy to produce heat and could serve as a therapeutic target to
counteract metabolic diseases including obesity and type 2 diabetes. Aging is associated with reduced
brown fat mas and thermogenic capacity and a risk factor for metabolic diseases. Our previous studies
implicated a role for CD47 in regulating brown fat function and energy balance in young adult animals. In
this study, we further determined its role in natural agingated metabolic disorders. The results
demonstrated that aged CD47 deficient mice (under normal chow diet) had reduced body weight and fat
mass, and improved glucose tolerance as compared to aged wild type (WT) mice. Indirect calorimetry
result showed that food intake and total activity were comparable between two genotypes. However,
CD47 deficient mice had increased energy expenditure and better cold tolerance, accompanied by
increased white adipose tissue browning and wedlintained juvenile morphologgf brown adipose

tissue (BAT). Moreover, transcriptome (RBEY) and pathway enrichment analysis revealed that BAT
from aged CDA47 deficient mice had upregulated genes involving in mitochondria oxidative
phosphorylation, thermogenesis, fatty acid metabolisand valine, leucine and isoleucine (BCAA)
degradation, indicating the activated BAT status in aged CD47 deficient mice. Collectively, these data
suggest that blocking CD47 signaling protects mice from natural -agsuriated obesity and glucose
intolerance, partially though activation and expansion of the thermogenic machinery, further supporting
that CD47 maybe a potential target for aging related metabolic disorder.

Li, X., et al. (2021). "Cinnamomum cassitract promotes thermogenesis during exposure to cold via
activation of brown adipose tissueJburnal of Ethnopharmacolo@p6: 113413.

ETHNOPHARMACOLOGICAL RELEVANCE: Cinnamomum cassia (L.) J.Presl (Lauraceae), a widely
traditional Chinese mediae, is well known to exert hot property. It is recorded as dispelling cold drug in
ancient Chinese monographs, such as Synopsis of golden chamber published in Han dynasty. According to
Chinese Pharmacopoeia (2015), Cinnamomum cassia (L.) J.Presl (C)niasone functions of
dispersing cold, relieving pain, warming meridians and promoting blood circulation.
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AIM OF THE STUDY: The aim of this study is to evaluate the effect of Cinnamon extract (CE) on cold
endurance and the mechanism of thermogenesis #gtiv

MATERIALS AND METHODS: The improving effect of hypothermia were evaluated with body temperature
by infrared camera and muithermo thermometer. In vivo, the thermogenic effect was observed with
energy metabolism and substrate utilization. The activabf brown adipose tissue (BAT) was evaluated

with the histomorphology and expression of thermogenic protein. In vitro, the uncoupling effect on
mitochondrial was evaluated with Seahorse and fluorescent staining. The mechanism of thermogenesis
was exploed in brown adipocyte.

RESULTS: The body temperature and energy expenditure were significantly increased by CE
administration in cold environment. In morphology, lipid droplets were reduced and the number of
mitochondrial was increased. CE significanttyéased the norshivering thermogenesis via upregulating

the expression of thermogenic protein. In vitro, the uncoupling effect was obviously along with the
decreased mitochondrial membrane potential and ATP production. It was confirmed that the
thermogenssis effect was induced via lipolysis and energy metabolism. In addition, CE also alleviated
myocardium injury in the morphology in cold environment. Moreover, the major constituent was
identified as (1) coumarin, (2) cinnamic acid, (3) cinnamaldehydedarihfethoxy cinnamaldehyde.

CONCLUSIONS: The mechanism of improving cold tolerance was related to lipolysis and activation of BAT.
Meanwhile, we provided a kind of potential prevention methods for cold injury.

Li, Y., et al. (2021). "Food reward dependsTLR4 activation in dopaminergic neurons."
Pharmacological Researtf9 105659.

The rising prevalence of obesity and being overweight is a worldwide health concern. Food reward
dysregulation is the basic factor for the development of obesity. Dopamine (DA) neurons in the ventral
tegmental area (VTA) play a vital role in food rewarmll-like receptor 4 (TLR4) is a transmembrane
pattern recognition receptor that can be activated by saturated fatty acids. Here, we show that the
deletion of TLR4 specifically in DA neurons increases body weight, increases food intake, and decreases
food reward. Conditional deletion of TLR4 also decreased the activity of DA neurons while suppressing
the expression of tyrosine hydroxylase (TH) in the VTA, which regulates the concentration of DA in the
nucleus accumbens (NAc) to affect food reward. Meanwhile\/CreGFP mediated VTgpecific TLR4
deficient mice recapitulates food reward of DALR4KO mice. Food reward could be rescued by re
expressing TLR4 in VTA DA neurons. Moreover, effects oMmthainfusion of lauric acid (a saturated

fatty acid with12 carbon) on food reward were abolished in mice lacking TLR4 in DA neurons. Our study
demonstrates the critical role of TLR4 signaling in regulating the activity of VTA DA neurons and the normal
function of the mesolimbic DA system that may contributédod reward.

Li, Y., et al. (2021). "Thioesterase superfamily member 1 undergoes sticauipked conformational
reorganization to regulate metabolism in micé&lature Communication$2(1): 3493.
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In brown adipose tissue, thermogenesis is suppressedibgdterase superfamily member 1 (Theml), a
long chain fatty acyCoA thioesterase. Them1 is highly upregulated by cold ambient temperature, where
it reduces fatty acid availability and limits thermogenesis. Here, we show that Theml regulates
metabolism byundergoing conformational changes in response to ksdeenergic stimulation that alter
Theml intracellular distribution. Theml1 forms metabolically active puncta near lipid droplets and
mitochondria. Upon stimulation, Them1 is phosphorylated at tHefhinus, inhibiting puncta formation

and activity and resulting in a diffuse intracellular localization. We show by correlative light and electron
microscopy that Them1 puncta are biomolecular condensates that are inhibited by phosphorylation. Thus,
Them1l forns intracellular biomolecular condensates that limit fatty acid oxidation and suppress
thermogenesis. During a period of energy demand, the condensates are disrupted by phosphorylation to
allow for maximal thermogenesis. The stimutimipled reorganizationf Them1 provides finéuning of
thermogenesis and energy expenditure.

Liao, C. Y., et al. (2021). "The Autophagy Inducer Spermidine Protects Against Metabolic Dysfunction
During Overnutrition.'Journals of Gerontology. Series A, Biological Sciences adiddfl Sciences
76(10): 17141725.

Autophagy, a process catabolizing intracellular components to maintain energy homeostasis, impacts
aging and metabolism. Spermidine, a natural polyamine and autophagy activator, extends life span across
a variety of spees, including mice. In addition to protecting cardiac and liver tissue, spermidine also
affects adipose tissue through unexplored mechanisms. Here, we examined spermidine in the links
between autophagy and systemic metabolism. Consistently, daily injecfispermidine delivered even

at late life is sufficient to cause a trend in {gpan extension in wiltype mice. We further found that
spermidine has minimal metabolic effects in young and old mice under normal nutrition. However,
spermidine counterag highfat diet (HFDjnduced obesity by increasing lipolysis in visceral fat.
Mechanistically, spermidine increases the hepatokine fibroblast growth factor 21 (FGF21) expression in
liver without reducing food intake. Spermidine also modulates FGF21pnsaltissues, elevating FGF21
expression in subcutaneous fat, but reducing it in visceral fat. Despite this, FGF21 is not required for
spermidine action, since FgfZimice were still protected from HFD. Furthermore, the enhanced lipolysis

by spermidine ws also independent of autophagy in adipose tissue, given that adigpmessfic
autophagydeficient (Beclirlflox/+Fabp4cre) mice remained spermidia@sponsive under HFD. Our
results suggest that the metabolic effects of spermidine occur through systdraimges in metabolism,
involving multiple mechanistic pathways.

Lin, Y., et al. (2021). "The cheme@MKLR1 axis limits thermogenesis by controlling a beige
adipocyte/Il-33/type 2 innate immunity circuit.Sci Immunob(61).

IL-33-associated type 2 irate immunity has been shown to support beige fat formation and
thermogenesis in subcutaneous inguinal white adipose tissue (iWAT), but little is known about how it is
regulated in iIWAT. Chemerin, as a newly identified adipokine, is clinically associtienbesity and
metabolic disorders. We here show that cold exposure specifically reduces chemerin and its receptor
chemerin chemokindike receptor 1 (CMKLR1) expression in iIWAT. Lack of chemerin or adipocytic
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CMKLR1 enhances cetdluced thermogenic beigiat via potentiating type 2 innate immune responses.
Mechanistically, we identify adipocytes, particularly beige adipocytes, as the main source fiodraddd
IL-33, which is restricted by the chemer@MKLR1 axis via dampening cARKA signaling, theby
interrupting a feedforward circuit between beige adipocytes and type 2 innate immunity that is required
for coldinduced beige fat and thermogenesis. Moreover, specific deletion of adipocgiifihibits cold
induced beige fat and type 2 innate immeiresponses. Last, genetic blockade of adipocytic CMKLR1
protects against dieinduced obesity and enhances the metabolic benefits of cold stimulation in
preestablished obese mice. Thus, our study identifies the cher@WKLR1 axis as a physiological
negative regulator of thermogenic beige fat via interrupting adipasenune communication and
suggests targeting adipose CMKLR1 as a potential therapeutic strategy for obkgitgd metabolic
disorders.

Liu, C., et al. (2021). "Pharmacological treatmenh\WwiGF21 strongly improves plasma cholesterol
metabolism to reduce atherosclerosi€ardiovascular Research

Fibroblast growth factor (FGF) 21, a key regulator of energy metabolism, is currently evaluated in humans
for treatment of type 2 diabetes and nealcoholic steatohepatitis. However, the effects of FGF21 on
cardiovascular benefit, particularly on lipoprotein metabolism in relation to atherogenesis, remain
elusive.Here, the role of FGF21 in lipoprotein metabolism in relation to atherosclerosispieegit was
investigated by pharmacological administration of a i#f extended recombinant FGF21 protein to
hypercholesterolaemic APOEt2iden.CETP mice, a weditablished model mimicking atherosclerosis
initiation and development in humans. FGF21luegldd plasma total cholesterol, explained by a reduction

in nonHDLcholesterol. Mechanistically, FGF21 promoted brown adipose tissue (BAT) activation and
white adipose tissue (WAT) browning, thereby enhancing the selective uptake of fatty acids from
triglyceriderich lipoproteins into BAT and into browned WAT, consequently accelerating the clearance of
the cholesterolenriched remnants by the liver. In addition, FGF21 reduced body fat, ameliorated glucose
tolerance and markedly reduced hepatic steatosisatexrl to upregulated hepatic expression of genes
involved in fatty acid oxidation and increased hepatic Miglyceride secretion. Ultimately, FGF21
largely decreased atherosclerotic lesion area, which was mainly explained by the reductionrHiibhon
cholesterol as shown by linear regression analysis, decreased lesion severity, and increased
atherosclerotic plague stability index.FGF21 improves hypercholesterolaemia by accelerating triglyceride
rich lipoprotein turnover as a result of activating BAT dmdwning of WAT, thereby reducing
atherosclerotic lesion severity and increasing atherosclerotic lesion stability index. We have thus provided
additional support for the clinical use of FGF21 in the treatment of atherosclerotic cardiovascular disease.

Loenfelm, A., et al. (2021). "A New Zealand gréipped mussel oienriched higHat diet exhibits
beneficial effects on body weight and metabolism in mi&zitish Journal of Nutritiod259): 972
982.

To induce dieinduced obesity (DIO) in rodents, diethigh in saturated fat and/or carbohydrates are
commonly used. In the laboratory, standardised diets evolved over time without paying particular
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attention to the effect of fat composition on metabolic alterations. In the present study, customised high

fat diets (HFD) enriched with a combination of lard and different concentrations of New Zealand green
lipped mussel (Perna canaliculus) oil or MSC Hoki (Macruronus novaezelandiae, blue grenadier) liver oil,
important sources of +8 PUFA, in comparison witlsalely lardbased diet, were fed to lean and DIO male
C57BL/6 mice and their effects on metabolic parameters were monitored. Intriguingly, an isoenergetic
HFD containing 63 % of total fat in the form of mussel oil and only 28 % in the form of lard agnuat
HFDinduced body weight gain after 1 and 4 weeks, respectively. Consistently, changineearlahg:d

HFD to the mussel oil diet reduced body weight markedly even after mice had been exposed to the former
diet for 10 months. The weightducing effectof the diet was not caused by altered energy intake or
expenditure, but was associated with reduced visceral fat mass. Collectively, these data suggest a novel
weightreducing potential of greetipped mussel oil.

Lopes, N., et al. (2021). "Distinct metdilb programs established in the thymus control effector
functions of gammadelta T cell subsets in tumor microenvironmemiatire Immunology2(2): 179
192.

Metabolic programming controls immune cell lineages and functions, but little is known about
ganmmadelta T cell metabolism. Here, we found that gammadelta T cell subsets making either interferon
gamma (IFRgamma) or interleukin (I)7 have intrinsically distinct metabolic requirements. Whereas
IFNgamma(+) gammadelta T cells were almost exclusiveghgddent on glycolysis,-Il7(+) gammadelta

T cells strongly engaged oxidative metabolism, with increased mitochondrial mass and activity. These
distinct metabolic signatures were surprisingly imprinted early during thymic development and were
stably mainained in the periphery and within tumors. Moreover, gromoral [1-:17(+) gammadelta T cells
selectively showed high lipid uptake and intracellular lipid storage and were expanded in obesity and in
tumors of obese mice. Conversely, glucose supplementatidraeced the antitumor functions of IFN
gamma(+) gammadelta T cells and reduced tumor growth upon adoptive transfer. These findings have
important implications for the differentiation of effector gammadelta T cells and their manipulation in
cancer immunotheapy.

Luo, L., et al. (2021). "Glucocorticoid/Adiponectin Axis Mediates Full Activation eindolced Beige
Fat ThermogenesisBiomolecules 1(11).

Glucocorticoids (GCs), a class of corticosteroids produced by the adrenal cortex in response to stress, exert
obesitypromoting effects. Although adaptive thermogenesis has been considered an effective approach
to counteract obesity, whether GCs play aeroi regulating cold stresaduced thermogenesis remains
incompletely understood. Here, we show that the circulating levels of stress hormone corticosterone (GC
in rodents) were significantly elevated, whereas the levels of adiponectin, an adipokineatdinked to
coldinduced adaptive thermogenesis, were decreased 48 h post cold exposure. The administration of a
glucocorticoid hydrocortisone downregulated adiponectin protein and mRNA levels in both WAT and
white adipocytes, and upregulated thermogegiene expression in inguinal fat. In contrast, mifepristone,

a glucocorticoid receptor antagonist, enhanced adiponectin expression and suppressed energy
expenditure in vivo. Mechanistically, hydrocortisone suppressed adiponectin expression by antagonizing
PPARgamma in differentiated 3T2 adipocytes. Ultimately, adiponectin deficiency restored
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mifepristonedecreased oxygen consumption and suppressed the expression of thermogenic genes in
inguinal fat. Taken together, our study reveals that the GCs/adigonaxis is a key regulator of beige fat
thermogenesis in response to acute cold stress.

Luo, Z., et al. (2021). "Cajanolactone A, a Stilbenoid From Cajanus canjan (L.) Millsp, Prev&ats High
Diet-Induced Obesity via Suppressing Energy Intdkefit Fharmacoll2: 695561.

Cajanolactone A (CLA) is a stilbenoid isolated from Cajanus canjan (L.) Millsp with the potential to prevent
postmenopausal obesity. In this study, the effect of CLA onfaigtiet (HFDjnduced obesity in female
C57BL/6 mice wasvestigated. It was found that, treatment with CLA reduced the energy intake and
effectively protected the mice from HFHBduced body weight gain, fat accumulation within the adipose
tissues and liver, and impairment in energy metabolism. Further inveltigaevealed that CLA
significantly dowrregulated the expression of ORX, ORXR2, pMCH, and Gal in the hypothalamus and
antagonized HFRIihduced changes in the expression of UCP1;1Rtaha, Tfam, and Mfnl in the inguinal

white adipose tissue (iWAT); Caviedl, MT and UCP3 in the perigonadal white adipose tissue (pWAT);
and Pdhb, IRS2, Mttp, Hadhb, and Cptlb in the liver. CLA also protected the pWAT and liver from HFD
induced mitochondrial damage. However, neither HFD nor CLA showed an effect on the ioasgnof
adipose tissue (BAT) or the expression of UCP1 in the BAT. In summary, our findings suggest that CLA is a
potential drug candidate for preventing digtduced obesity, at least in females. CLA works most likely by
suppressing the hypothalamic expsésn of orexigenic genes, which leads to reduced energy intake, and
subsequently, reduced fat accumulation, thereby protecting the adipose tissues and the liver from lipid
induced mitochondrial dysfunction.

Luo, Z. H., et al. (2021). "Cajanolactone Aillaemoid from Cajanus cajan, inhibits energy intake and

fALIAMR aeyikSarakadz2Nlr 38T | yR LINR YBamSd Sy SNBé& SE
Pharmacother

Background: We had reported that cajanolactone A (CLA) from Cajanus cajastegeselently inhibited
ovariectomyinduced obesity and liver steatosis in mice, showing potential to prevent postmenopausal
obesity and fatty liver. In this study, thele of CLA in the regulation of energy and lipid homeostasis was
investigated.

Methods: Ovariectomized mice treated with CLA or vehicle for 12 weeks were performed a 48 h
monitoring for energy metabolism and food uptake. After that, hypothalami, perigan§oWATS),
inguinal (IWATs) and brown (BATSs) adipose tissues, livers, sera, and fecal and cecal contents were
collected and analyzed.

Findings: In Cltheated mice, we observed reduced food uptake; increased energy expenditure; inhibited
expression of axigenic genes (ORX, ORXR2, pMCH and Gal) in the hypothalami, of lipogenic genes (CD36,
SREBMOX [/ Kw9.t3X tt!w! 0 Ay (KS fABSNEZI FyR 2F Al
caveolinl) and livers (FSP27, Plin2 and PIin5); stimulated expresg§imetabolisrarelated proteins

(PATGL and Echsl) in the adipose tissues and of thermogenic protein (UCP1) in the inguinal WATS;
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increased BAT content; increased mitochondria in the pWATs and livers; inhibited angiogenesis in the
pWATS; and altered gut eriobiome diversity with an increased abundance of Bacteroides.

Interpretation: CLA prevents ovariectoAryduced obesity and liver steatosis via regulating energy intake
and lipid synthesis/storage, promoting UG&dpendent heat production, and protectinghe
mitochondrial function of hepatocytes and adipocytes. The improved gut microecology and inhibited
angiogenesis may also contribute to the aoltiese activity of CLA.

MacDonald, A. J., et §2021). "Astrocytes in the dorsal vagal complex are not activated by systemic
glucoprivation ad their chemogenetic activation does not elicit homeostatic glucoregulatory
responses in micébioRxiv

The dorsal vagal complex (DVC) is a brainstem site regulating diverse aspects of physiology including food
intake and blood glucose homeostasis. Astrocytes arpgited to play an active role in regulating DVC
function and, by extension, physiological parameters. Previous work has demonstrated that DVC
astrocytes directly sense hormones that regulate food intake and blood glucose and are critical for their
effect.In addition, DVC astrocytes in ex vivo slices respond to low tissue glucose. The response of neurons,
including catecholaminergic neurons, to low glucose is conditional on intact astrocyte signalling in slice
preparations suggesting astrocytes are possilthe primary sensors of glucose deprivation
(glucoprivation). Based on these findings we hypothesised that if DVC astrocytes act as glucoprivation
sensors in vivo they would both show a response to systemic glucoprivation and drive physiological
responsedo restore blood glucose. We found that 2 hours of systemic glucoprivation induced neither
FOS nor glial fibrillary acidic protein (GFM&Rhunoreactivity in DVC astrocytes, specifically those in the
nucleus of the solitary tract (NTS). Furthermore, wenftb that while chemogenetic activation of DVC
astrocytes suppressed food intake by reducing both meal size and meal number, this manipulation also
suppressed food intake under conditions of glucoprivation. Chemogenetic activation of DVC astrocytes
did notincrease basal blood glucose nor protect against indntinced hypoglycaemia. In male mice
chemogenetic DVC astrocyte activation did not alter glucose tolerance, in female mice the initial glucose
excursion was reduced, suggesting enhanced glucose ahmsurfpaken together this suggests that as a
whole-population DVC astrocytes do not function as glucoprivation sensors in vivo in mice. Instead, we
propose that DVC astrocytes play an indispensable, homeostatic role to maintain the function of
glucoregulabry neuronal circuitry.

Maharjan, B. R., et al. (2021). "Exercise induces favorable metabolic changes in white adipese tiss
preventing higHfat diet obesity."Physiol Rep(16): €14929.

Diet and/or exercise are cost effective interventions to treat obesity. However, it is unclear if the type of
exercise undertaken can prevent the onset of obesity and if it can act throiffghet effects on fat
depots. In this study we did not allow obesity to develop so we commenced thddtiglet (HFD) and
exercise programs concurrently and investigated the effect of endurance exercise (END) and high
intensity interval training (HIITon changes in cellular adipogenesis, thermogenesis, fibrosis, and
inflammatory markers in three different fat depots, on a HFD and a chow diet. This was to assess the
effectiveness of exercise to prevent the onset of obesituced changes. Mice fed withow or HFD
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(45% kcal fat) were trained and performed either END or HIIT for 10 weeks (3 x 40 min sessions/week). In
HFD mice, both exercise programs significantly prevented the increase in body weight (END: 17%, HIIT:
20%), total body fat mass (END: 46%8T: 50%), increased lean mass as a proportion of body weight (Lean
mass/BW) by 14%, and improved insulin sensitivity by 22%. Further evidence of the preventative effect of
exercise was seen significantly decreased markers for adipogenesis, inflamnaattbrextracellular

matrix accumulation in both subcutaneous adipose tissue (SAT) and epididymal adipose tissue (EPI). In
chow, no such marked effects were seen with both the exercise programs on all the three fat depots. This
study establishes the benefati effect of both HIIT and END exercise in preventing metabolic
deterioration, collagen deposition, and inflammatory responses in fat depots, resulting in an improved
whole body insulin resistance in HFD mice.

Martin, R. E., et al. (2021). "Maternal Oxglooe Treatment Results in Neurobehavioral Disruptions in
Mice Offspring.'eNeuro8(4).

Opioid drugs are increasingly being prescribed to pregnant women. Such compounds can also bind and
activate opioid receptors in the fetal brain, which could lead togkmrm brain and behavioral
disruptions. We hypothesized that maternal treatment with oxycodone (OXY), the primary opioid at the
center of the current crisis, leads to later neurobehavioral disorders and gene expression changes in the
hypothalamus and hippcampus of resulting offspring. Female mice were treated daily with 5 mg OXY/kg
or saline solution (control; CTL) for two weeks before breeding and then throughout gestation. Male and
female offspring from both groups were tested with a battery of behali@nd metabolic tests to
measure cognition, exploratoyke, anxietylike, voluntary physical activity, and sociommunication
behaviors. qPCR analyses were performed for candidate gene expression patterns in the hypothalamus
and hippocampus of OXY a®irL derived offspring. Developmental exposure to OXY caused socio
communication changes that persisted from weaning through adulthood. Such offspring also showed
cognitive impairments, reduced voluntary physical activity, and weighed more than CTL cautstelm

the hippocampus, prenatal exposure to OXY causeedependent differences in expression of genes
encoding opioid receptors and those involved in serotonin signaling. OXY exposure induced changes in
neuropeptide hormone expression and the epiggoaehodulator, Dnmt3a, in the hypothalamus, which
could result in epigenetic changes in this brain region. The findings suggest cause for concern that
consumption of OXY by pregnant mothers may result in permanent neurobehavioral changes in their
offspring.Further work is needed to determine the potential underpinning epigenetic mechanisms.

Tangseefa, P., Martin, S.K., Chin, P.Y. &G21).dThe mTORC1 complex in arsteoblasts regulates
whole-body energy metabolism independently of osteocadcBone Researcholume 9

Overnutrition causes hyperactivation of mTORIependent negative feedback loops leading to the
downregulation of insulin signaling and development of insulin resistance. In osteoblasts (OBs), insulin
signaling plays a crucial role in the control of systeglucose homeostasis. We utilized mice with
conditional deletion of Rptor to investigate how the loss of mMTORC1 function in OB affects glucose
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metabolism under normal and overnutrition dietary states. Compared to the controls, -tbdw

w LJG 2 NP2 6 b « bubsvatigll$ lesk flat mass and exhibited adipocyte hyperplasia. Remarkably, upon
feeding with highkfat diet, mice with preand postnatal deletion of Rptor in OBs were protected from
diet-induced obesity and exhibited improved glucose metabolism veitiel fasting glucose and insulin
levels, increased glucose tolerance and insulin sensitivity. This leanness and resistance to weight gain was
not attributable to changes in food intake, physical activity or lipid absorption but instead was due to
increasedenergy expenditure and greater wheb®dy substrate flexibility. RN#eq revealed an increase

in glycolysis and skeletal insulin signaling pathways, which correlated with the potentiation of insulin
signaling and increased insuliilependent glucose uptakan Rptorknockout osteoblasts. Collectively,
these findings point to a critical role for the mTORC1 complex in the skeletal regulation ofhwallyie
glucose metabolism and the skeletal development of insulin resistance.

Mavanji, V., et al. (2021). "Orexin in Dorsal Raphe Nucleus enhances Physical Activity and Energy
Expenditure."'The FASEB Jouri3&(S1).

Background Lateral hypothalamic (LH) orexin neurons modulate spontaneous physiigl @), and
energy expenditure (EE). Orexin deficiency results in weight gain, whereas heightened LH orexin sensitivity
results in obesity resistance. Orexins act on multiple brain sites, including the serotonergic dorsal raphe
nucleus (DRN), which rages excitatory projections from the orexin neurons. Our earlier studies show
presence of both orexil (OX1R) and orexihreceptors (OX2R) in DRN, and higher expression of OX1R
and OX2R in DRN of obesity resistant (OR) rats. We hypothesized that orBRiNienhances SPA and

EE. Secondarily, we hypothesized that DRN GABA (gammabutyric acid) signaling mediates the
effect of orexin on SPA and EE. Methods We manipulated orexin tone in DRN either by direct injections
of orexin A into DRN or by chemoggtit activation of LH orexin neurons in aged (~15 mo) ofresdrmice.

Mice were implanted with a guide cannula targeting DRN, and simultaneously prepared with the
stimulatory (hM3Dq floxed) designer receptors exclusively activated by designer drugs DRiEADIN

LH (N = 16). All mice recovered for 3 weeks to allow transfection of the DREADD virus, and randomly
assigned to saline or clozapineoXide (CNO, DREADD activator) treatment. Mice were transferred to
Promethion indirect calorimetry cages (SaBlestems International) to continuously monitor SPA and EE.
Body weight and food intake were measured daily. After acclimation, mice received either IP vehicle or
CNO (1 mg/kg) in a repeated measure design. Fifteen minutes prior to IP CNO or salines awriraal
AYFdZASR 6AGK SAGKSNI GKS D! . ! |32yAaiG YdzaOAY2f 6
L2t knouw >f0 2N @SKAOES Ayid2 5wbod Ly | aSLINIGS
injected into DRN without IP CNO injectjdo study the direct effect of DRN orexin on SPA and EE for 24h
postinjection. Results We found that DREADD activation of LH orexin neurons increases SPA and EE.
Manipulation of GABA receptors (by muscimol or bicuculline) in DRN did not affect oraxionne
activation induced enhancement of SPA. On the other hand,-DR& OXA enhanced SPA and EE in these
mice up to 4h postnjection, without affecting food intake. Conclusions These results support the idea
that OXA in DRN facilitates negative energyaiee by increasing physical activiiigluced energy
expenditure. In addition, these data suggest that the DRN is a prominent site modulatirgtiondkated

SPA and EE, and that modulation of DRN OXA is a potential strategy to mitigatdwgel reductios in

SPA and EE.

McCann, M. A., et a{2021). "Adipose expression of CREB3L3 modulates body weight during obesity."
Scientific reports
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We found the hepatic traription factor CyclidMP Responsive Element Binding Proteik&3
(CREB3L3) to be expressed in adipose tissue, and selectively downregulated in the more metabolically
protective subcutaneous adipose tissue in obese mice and humans. We sought tatelubil specific

role of this factor in adipose biology. CREB3L-3acific knockout mice were fed a hifdt diet to induce

obesity and metabolic dysfunction. Additionally, we injected adlpision aden@associated virus directly

into the subcutaneos inguinal adipose tissue of Adiponee@ne mice to create a depapecific
overexpression model for further assessment.-§@cific ablation of CREB3L3 enhanced weight gain and
insulin resistance following higfiat feeding, as faspecific knockout micexpended less energy and
possessed more inflammatory adipose tissue. Conversely, inguinal fat CREB3L3 overexpression deterred
diet-induced obesity and ameliorated metabolic dysfunction. Together, this study highlights the relevance
of CREB3L3 in obese pate tissue and demonstrates its role as a powerful body weight modulator.

Mercier, C., et al. (2021). "Diabetes Impaired Ischemiziced PDGF (PlatelBerived Growth Factor)
Signaling Actions and Vessel Formation Through the Activation of Scr Hom@&@ogyaning
Phosphatasdl.." Arterioscler Thromb Vasc B#l(9): 24692482.

Objective: Critical limb ischemia is a major complication of diabetes characterized by insufficient collateral
vessel development and proper growth factor signaling unresponsiveness. Although mainly deactivated
by hypoxia, phosphatases are importaplayers in the deregulation of proangiogenetic pathways.
Previously, SHP (Scr homology -2ontaining phosphatasé&) was found to be associated with the
downregulation of growth factor actions in the diabetic muscle. Thus, we aimed to gain further
understeinding of the impact of SHPon smooth muscle cell (SMC) function under hypoxic and diabetic
conditions.

Approach and Results: Despite being inactivated under hypoxic conditions, high glucose level exposure
sustained SHR phosphatase activity in SMC aimdreased its interaction with PDGFR (plateletived

growth factor receptorbeta, thus reducing PDGF proangiogenic actions. Overexpression of an inactive
form of SHPL fully restored PDGIRduced proliferation, migration, and signaling pathways in SMC
exposed to high glucose and hypoxia. Nondiabetic and diabetic mice with deletion-af §id€ifically in

SMC were generated. Ligation of the femoral artery was performed, and blood flow was measured for 4
weeks. Blood flow reperfusion, vascular density araduration, and limb survival were all improved while
vascular apoptosis was attenuated in diabetic Sd@€cific SHR null mice as compared to diabetic mice.

Conclusions: Diabetes and high glucose level exposure maintained &ttRity preventing hypaa-
induced PDGF actions in SMC. Specific deletion oLSHBMC partially restored blood flow reperfusion
in the diabetic ischemic limb. Therefore, local modulation of -SH#tivity in SMC could represent a
potential therapeutic avenue to improve the gangiogenic properties of SMC under ischemia and
diabetes.

Mills, E. L., et a(2021). "UCP1 governs liver extracellular succinate and inflammatory pathogenesis."
Nat Metab3(5): 604617.

Nonalcoholic fatty liver disease (NAFLD), the most prevaleet [pathology worldwide, is intimately
linked with obesity and type 2 diabetes. Liver inflammation is a hallmark of NAFLD and is thought to

38
PROMETHION" PROMETHION



List of Publications - Promethion metabolic and behavioral phenotyping system

contribute to tissue fibrosis and disease pathogenesis. Uncoupling protein 1 (UCP1) is exclusively
expressed in browmand beige adipocytes, and has been extensively studied for its capacity to elevate
thermogenesis and reverse obesity. Here we identify an endocrine pathway regulated by UCP1 that
antagonizes liver inflammation and pathology, independent of effects onitgb&ge show that, without

UCP1, brown and beige fat exhibit a diminished capacity to clear succinate from the circulation. Moreover,
UCP1KO mice exhibit elevated extracellular succinate in liver tissue that drives inflammation through
ligation of its cogate receptor succinate receptor 1 (SUCNR1) in -liesident stellate cell and
macrophage populations. Conversely, increasing brown and beige adipocyte content in mice antagonizes
SUCNRtilependent inflammatory signalling in the liver. We show that this LJ§iRcinateSSUCNR1 axis

is necessary to regulate liver immune cell infiltration and pathology, and systemic glucose intolerance in
an obesogenic environment. As such, the therapeutic use of brown and beige adipocytes and UCP1
extends beyond thermogenesia@dmay be leveraged to antagonize NAFLD and SUG&iRhdent liver
inflammation.

Mishra, I., et al. (2021). "Asprosireutralizing antibodies as a treatment for metabolic syndrome."
Elife

Background: Recently, we discovered a new glucogenic and centrally acting orexigenic hermone
asprosin. Asprosisielevated in metabolic syndrome (MS) patients, and its genetic loss results in reduced
appetite, leanness, and blood glucose burden, leading to protection from MS.

Methods: We generated three independent monoclonal antibodies (mAbs) that recognize unique
asprosin epitopes and investigated their preclinical efficacy and tolerability in the treatment of MS.

Results: Antasprosin mAbs from three distinct species loagtiappetite and body weight, and reduced
blood glucose in a dosgependent and epitopegnostic fashion in three independent MS mouse models,
with an IC50 of ~1.5 mg/kg. The mAbs displayed alif@lbf over 3days in vivo, with equilibrium
dissociationconstants in picomolar to low nanomolar range.

Conclusions: We demonstrate that aasprosin mAbs are duaffect pharmacologic therapy that targets
two key pillars of MS overnutrition and hyperglycemia. This evidence paves the way for further
development towards an investigational new drug application and subsequent human trials for treatment
of MS, a defining physical ailment of our time.

Funding: DK118290 and DK125403 (RO1; National Institute of Diabetes and Digestive and Kidney
Diseases), DK10252R(08; National Institute of Diabetes and Digestive and Kidney Diseases), Caroline
Wiess Law Scholarship (Baylor College of Medicine, Harrington Investigatorship Harrington Discovery
Institute at University Hospitals, Cleveland); Chao Physician Scientisi f8aylor College of Medicine);
RP150551 and RP190561 (Cancer Prevention and Research Institute of Texas [CPRIT]).
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Montgomery, M. K.et al. (2021). "Hexosaminidase A (HEXA) regulates hepatic sphingolipid and
lipoprotein metabolism in mice FASEB Journdb(12): e22046.

Hexosaminidase A (HexA), a heterodimer consisting of HEXA and HEXB, converts the ganglioside
sphingolipid GM2 to GBI by removing a terminal fscetytd-galactosamine. HexA enzyme deficiency in
humans leads to GM2 accumulation in cells, particularly in neurons, and is associated with
neurodegeneration. While HexA and sphingolipid metabolism have been extensively iatesbiig the
context of neuronal lipid metabolism, little is known about the metabolic impact of HexA and ganglioside
degradation in other tissues. Here, we focussed on the role of HexA in the liver, which is a major regulator
of systemic lipid metabolismVe find that hepatic Hexa expression is induced by lipid availability and
increased in the presence of hepatic steatosis, which is associated with increased hepatic GM3 content.
To assess the impact of HEXA on hepatic lipid metabolism, we used an-asfeciated virus to
overexpress HEXA in the livers of highdiet fed mice. HEXA overexpression was associated with
increased hepatic GM3 content and increased expression of enzymes involved in the degradation of
glycated sphingolipids, ultimately drivinggtsngomyelin accumulation in the liver. In addition, HEXA
overexpression led to substantial proteome remodeling in cell surface lipid rafts, which was associated
with increased VLDL processing and secretion, hypertriglyceridemia and ectopic lipid acimnmuolat
peripheral tissues. This study established an important role of HEXA in modulating hepatic sphingolipid
and lipoprotein metabolism.

Mooli, R. G. R., et al. (2021). "Intestinal-HIPRegulates GL-PP Secretion via Lipid Sensing i@&lls."
Cellular and Molecular

Background & Aims

Compelling evidence shows that glucagike peptidel (GLPL) has a profound effect in restoring
normoglycemia in type diabetic patients by increasing pancreatic insulin secretion. Although L cells are
the primary source of circulating GilPthe current therapies do not target L cells to increase-GleRels.

Our study aimed to determine the molecular underpinnings bRGE secretion as an impetus to identify
new interventions to target endogenous L cells.

Methods

We used genetic mouse models of intestisecific overexpression of hypoxiaducible factor (HIFy h

and HIFHh 0 xKEfnL90XZ O2yRAIGAsHENMIIHF 2 & NB E [ARBERE2), gyl 2 T
intestinespecificHImh 1y 2071 24zl pYPOS (@1 K26 GKI G -HILIC NBAHdI I
GLP1 secretion.

Results

Our data show that intestinal HIF signaling improved glucose homeostasisliRl¢dependent manner.
Intestinal HIF potentiated GEP secretion via the lipid sensor-fiotein¢coupled receptor (GPR)40
enriched in L cells. We show that HiFF NX 3dz | §Sa Dt wnn Ay [cndu&btfa I
GLP1 secretion via ERK. idg a genetic model of intestirgpecific overexpression of HiFh = ¢S & K2
thatHIFH A & & dzf T A O A19eyels andatteAugtédidBdic@dBmetaljolic perturbations such

as visceral adiposity, glucose intolerance, and hepatic steatosis.,astlghow that intestinal Hif h
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signaling acts as a priming mechanism crucial for postprandiatniipiated GLRL secretion. Thus,
disruption of intestinal HHR ' R S O NBlIsecrétin, IBdding to glucose intolerance.

Conclusions
In summary, we she that intestinal HIF signaling, particularly #lf = NX3dzf | 6§ Sa GKS A
which is crucial for the lipithediated GLA secretion, and suggest that FHIFP A & | L2 G Sy G A |

induce endogenous GtPsecretion.

Morris, E. M., et al. (2021). "Reduced Liggecific PGCla Increases Susceptibility for Steyrh Diet
Induced Weight Gain in Male MicéNutrients 13(8).

The cetral integration of peripheral neural signals is one mechanism by which systemic energy
homeostasis is regulated. Previously, increased acute food intake following the chemical reduction of
hepatic fatty acid oxidation and ATP levels was prevented by comfrepatic branch vagotomy (HBV).
However, possible offsite actions of the chemical compounds confound the precise role of liver energy
metabolism. Herein, we used a hepatocyte PGC1la heterozygous (LPGC1a) mouse model, with associated
reductions in mitochondal fatty acid oxidation and respiratory capacity, to assess the role of liver energy
metabolism in systemic energy homeostasis. LPGC1la male, but not female, mice had a 70% greater high
fat/high-sucrose (HFHS) digtduced weight gain compared to wildtyf&/T) mice (p < 0.05). The greater
weight gain was associated with altered feeding behavior and lower activity energy expenditure during
the HFHS diet in LPGC1la males. WT and LPGC1la mice underwent sham surgery or HBV to assess whethe
vagal signaling wasvolved in the HFHBduced weight gain of male LPGC1a mice. HBV increased HFHS
induced weight gain (85%, p < 0.05) in male WT mice, but not LPGCla mice. These data demonstrate a
sexspecific role of reduced liver energy metabolism in acute-uiduced wéght gain, and the need for

a more nuanced assessment of the role of vagal signaling in&hortdietinduced weight gain.

Niraula, A., et al. (2021). "Prostaglandin PGE2 receptor EP4 regulates microglial phagocytosis and
increases susceptibility to diétduced obesity.bioRxiv

Background In rodents, susceptibility to dieinduced obesity requires microglial activation, but the
molecular components of this pathway remain incompletely defined. Prostaglandin E2 (PGE2) levels
increase in the mediobasal hypothalamus during high fat diet (HFD) feedintheaRGE2 receptor EP4
regulates microglial activation state and phagocytic activity, suggesting a potential role for microglial EP4
signaling in obesity pathogenesis.

Method: Metabolic phenotyping, as assessed by body weight, energy expenditure, glacasisulin
tolerance, was performed in microgispecific EP4 knockout (MEP4 KO) mice and littermate controls

on HFD. Morphological and gene expression analysis of microglia, and a histological survey of microglia
neuron interactions in the arcuate neels was performed. Phagocytosis was assessed using in vivo and
in vitro pharmacological techniques.

ResultsMicroglial EP4 deletion markedly reduced weight gain and food intake in response to HFD feeding.
In correspondence with this lean phenotype, insudensitivity was also improved in the Hfeld MGEP4
KO mice though glucose tolerance remained surprisingly unaffected. Mechanisticaltgefitieht
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microglia showed an attenuated phagocytic state marked by reduced CD68 expression and fewer contacts
with POMC neuron soma and processes. These cellular changes observed in the microglial EP4 knockout
mice corresponded with an increased density of POMC neurites extending into the paraventricular
nucleus.

ConclusionThese findings reveal that microglial Eftgnaling promotes body weight gain and insulin
resistance during HFD feeding. Furthermore, the data suggest that curbing microglial phagocytic function
may preserve POMC cytoarchitecture and PVN input to limit overconsumption duringhdiieed
obesity.

Nissinen, T. A., et d2021). "Muscle follistatin gene delivery increases muscle protein synthesis
independent of periodical physical inactivity and fastifg@SEB Journah(3): e21387.

Blocking of myostatin and activins effectively counteracts muscle atrophy. However, the potential
interaction with physical inactivity and fasting in the regulation of muscle protein synthesis is poorly
understood. We used blockade of myostatin and acti\og recombinant adenassociated virus (rAAV)
mediated follistatin (FS288) overexpression in mouse tibialis anterior muscle. To investigate the effects
on muscle protein synthesis, muscles were collected 7 days afterijédion in the nighttime or ithe

daytime representing high and low levels of activity and feeding, respectively, or after overnight fasting,
refeeding, or ad libitum feeding. Muscle protein synthesis was increased by FS288 independent of the
time of the day or the feeding status. Howes, the activation of mTORC1 signaling by FS288 was
attenuated in the daytime and by overnight fasting. FS288 also increased the amount of mTOR colocalized
with lysosomes, but did not alter their localization toward the sarcolemma. This study showsS2e# F

gene delivery increases muscle protein synthesis largely independent of diurnal fluctuations in physical
activity and food intake or feeding status, overriding the physiological signals. This is important for eg
cachectic and sarcopenic patients widduced physical activity and appetite. The FS288iced increase

in MTORCL1 signaling and protein synthesis may be in part driven by increased amount of mMTOR colocalized
with lysosomes, but not by their localization toward sarcolemma.

Ou, Y., et al. (2a3. "Baicalin improves podocyte injury in rats with diabetic nephropathy by inhibiting
PI3K/Akt/mTOR signaling pathwa@pen Med (Wars)6(1): 12861298.

Objective: To investigate the effect of baicalin on diabetic nephropathy (DN) rats and podocyits and
mechanism.

Methods: The rat models with DN were established by figgtand highsugar diet and intraperitoneal
injection of streptozotocin. The fasting blood glucose (FBG) and weight of rats in each group were
measured at 0, 1, 2, 3, and 4 weeks. ifHBochemical indicators, expression of inflammatory, and
antioxidant factors were measured using an automatic biochemical analyzer together with ELISA.
Hematoxylireosin staining and periodic aesthiff staining were used to observe the morphological
changes in the kidneys of rats in each group. Finally, the expressions of related molecules and
PI3K/Akt/mTOR signaling pathway proteins in renal tissues and podocytes were examineeRgyR|Rd
Western blot.
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Results: Compared with the DN group, the FB&waight, serum creatinine, blood urea nitrogen, total
cholesterol, triacylglycerol, microalbumin, and albumin/creatinine ratio were all significantly decreased in
the Baicalin treatment groups in a concentratidapendent manner. The levels of inflammatdactors

in kidney tissue and podocytes were decreased. In addition, the activities of lactate dehydrogenase and
malondialdehyde in tissue were decreased, while the superoxide dismutase was increased. The
pathological sections showed that glomerular athgpand glomerular basement membrane thickening
caused by hyperglycemia were improved in the Baicalin treatment groups. Meanwhile, baicalin inhibited
the downregulation of Nephrin and Podocin expressions and upregulation of Desmin expression caused
by DN, ad inhibited the expressions ofI3K, pAkt, and pmTOR proteins.

Conclusion: Baicalin slows down podocyte injury caused by DN by inhibiting the activity of PI3K/Akt/mTOR

signaling pathway.

Paraiso, I. L., et al. (2021). "Xanthohumol Pyrazole Derivatp®ves Dieinduced Obesity and
Induces Energy Expenditure in Higat DietFed Mice."ACS Pharmacol Trans| &&): 17821793.

The energy intake exceeding energy expenditure (EE) results in a positive energy balance, leading to
storage of excess engy and weight gain. Here, we investigate the potential of a newly synthesized
compound as an inducer of EE for the management of-iddiced obesity and insulin resistance.
Xanthohumol (XN), a prenylated flavonoid from hops, was used as a precursoefeyrthesis of a
pyrazole derivative tested for its properties on hifgit diet (HFDjnduced metabolic impairments. In a
comparative study with XN, we report that(8-(4-hydroxyphenyBl-methyl-1H-pyrazot3-yl)-5-methoxy
2-(3-methylbut-2-en-1- yl)benzenel,3-diol (XP) uncouples oxidative phosphorylation in C2C12 cells. In
HFDfed mice, XP improved glucose tolerance and decreased weight gain by increasing EE and locomotor
activity. Using an untargeted metabolomics approach, we assessed the effects ahdrdabn
metabolites and their corresponding biochemical pathways. We found that XP and XN reduced purine
metabolites and other energy metabolites in the plasma of ##Dmice. The induction of locomotor
activity was associated with an increase in inosimenophosphate in the cortex of Xreated mice.
Together, these results suggest that XP, better than XN, affects mitochondrial respiration and cellular
energy metabolism to prevent obesity in HF mice.

Park, B. S., et al. (2021). "Enhanced lipidzatiibn is coupled to the sickness responses triggered by
lipopolysaccharide.Biochem Biophys Res Commun

Sickness symptoms exerted via inflammatory responses occur in several infectious and chronic diseases.
A growing body of evidence suggests that altered nutrient availability and metabolism are tightly coupled
to inflammatory processes. However, the retatship between metabolic shifts and the development of

the sickness response has not been explored fully. Therefore, we aimed to evaluate metabolic phenotypes
with a mouse model showing sickness symptoms via systemic administration of lipopolysacchr@ide (L

in the present study. LPS injection elevated the lipid utilization and circulating levels of fatty acids. It also
AYONEB I &SR -hydréxybut@i@itl, a ke®rie body produced from fatty acids. We confirmed the
functional connectivity between utrient utilization and inflammatory responses and demonstrated
enhanced lipid utilization in the hypothalamus providing insights into hypothalamic control of sickness

43
PROMETHION" PROMETHION



List of Publications - Promethion metabolic and behavioral phenotyping system

responses. Collectively, these findings could help develop new therapeutic strategresitt@atients
with severe sickness symptoms associated with infectious and chronic human diseases.

Parker, A. M., et a{2021). "Characterisation of the Myocardial Mitochondria Structural and Functional
Phenotype in a Murine Model of Diabetic Cardiomyopatlfydnt Physiol2: 672252.

People affected by diabetes are at an increased risk of develdwiag failure than their nordiabetic
counterparts, attributed in part to a distinct cardiac pathology termed diabetic cardiomyopathy.
Mitochondrial dysfunction and excess reactive oxygen species (ROS) have been implicated in a range of
diabetic complicattns and are a common feature of the diabetic heart. In this study, we sought to
characterise impairments in mitochondrial structure and function in a recently described experimental
mouse model of diabetic cardiomyopathy. Diabetes was inducedweei-old male FVB/N mice by the
combination of three consecutiveaily injections of lowdose streptozotocin (STZ, each 55 mg/kg i.p.) and
highfat diet (42% fat from lipids) for 26 weeks. At study end, diabetic mice exhibited elevated blood
glucose levels and inajred glucose tolerance, together with increases in both body weight gain and fat
mass, replicating several aspects of human type 2 diabetes. The myocardial phenotype of diabetic mice
included increased myocardial fibrosis and left ventricular (LV) diasthisfunction. Elevated LV
superoxide levels were also evident. Diabetic mice exhibited a spectrum of LV mitochondrial changes,
including decreased mitochondria area, increased levels of mitochondrial coihiplexd compley/

protein abundance, and redad complex| oxygen consumption. In conclusion, these data suggest that
the low-dose STAigh fat experimental model replicates some of the mitochondrial changes seen in
diabetes, and as such, this model may be useful to study treatments that target itbehmndria in
diabetes.

Prins, K., et al. (2021). "Sex and Genotype Dependent Effects of a Restricted Access Dietin Ghrelin
Deficient Mice."Journal of the Endocrine Society

Ghrelin, a peptide hormone secreted by the stomach, stimulates both appetite and rewasadlisig. Its
deletion in mice results in poor recovery from metabolic challenges, like starvation, but does not affect
food intake or body weight. While sex differences in appetite and feeding behavior have been reported,
little is known about the role ofhrelin herein. To investigate this, we used a metabolic cage system to
continuously monitor responses of ghrelieficient (GKO) and wildtype (WT) mice to three different
diets. Male and female mice (5 weeks old) were housed individually in a Prometfstams (Sable
Systems, USA) and provided one of three diets for 9 weeks: RA, continuous chow with restricted access
to a Westernstyle diet (WD; 2h access, 3d/week) in the light phase; CA, continuous access to both diets;
CC, continuous chow. Glucose tolaca was assessed at week 7 by IPGTT,; food intake (kcal/g
bodyweight), energy expenditure and locomotor activity at week 8; body weight and body composition
(EchoMRI, USA) at week 9. On access days, RA mice ate up to 60% of their 24h intake duringabesWD ac
period. Following WD access GKO RA mice ate less chow than WT RA mice. Intriguingly, this compensatory
reduction in food intake by GKO mice occurred at different times for males and females. GKO RA males
ate 45% less chow in the dark phase immediaadigr WD access (p < 0.001). In contrast, this reduction

in food intake (30% less) did not occur until the following,-acoess, day in GKO RA females (genetype

sex: p < 0.05). Depending on diet, GKO mice showed differential regulation of energy axgeindibe
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light phase. Energy expenditure wasl@% higher in GKO than WT mice in the RA group on access days
and in the CA group. On natcess days, however, GKO mice in the RA group expended 13% less energy
than WT RA mice (p < 0.005). Regardlessetf ldicomotor activity in females was greater than in males

(p <0.001). However, GKO females in the RA and CC groups showed a marked 30% reduction in locomotor
activity compared to WTs (genotyjzex: p < 0.05). After nine weeks, neither sex nor genotyfects

were seen in body weight gain and composition of RA animals. CA females gained 17% more body weight
and had a 6.1% higher fat percentage than CA males (both p < 0.001). In the CC group body weight gain
did not differ, but GKO females had 3.1% matthan WT females (genotypex: p < 0.01). Glucose
tolerance (AUC) was similar in all groups. In conclusion, we demonstrated that ghrelin deficiency changes
the response to the three diets in a sdgpendent manner. Especially, restricted access to WD
differentially affected food intake timing and locomotor activity of male and female GKO mice. These
results add to the growing body of evidence that ghrslgnalings sexually dimorphic.

Queathem, E. D., et al. (2021). "White Adipose Tissue Depots Respond to Betasdiddrenergic
Receptor Activation in a Sexually Dimorphic and Depot Divergent Mar@elis10(12).

Beta3 adrenergic receptor activation via exercise or CL316,243 (CL) induces white adipose tissue (WAT)
browning, improves glucose tolerance, andueds visceral adiposity. Our aim was to determine if sex or
adipose tissue depot differences exist in response to CL. Daily CL injections were administered to diet
induced obese male and female mice for two weeks, creating four groups: male control, Im&en@le

control, and female CL. These groups were compared to determine the main and interaction effects of
sex (S), CL treatment (T), and WAT depot (D). Glucose tolerance, body composition, and energy intake and
expenditure were assessed, along with igenadal (PGAT) and subcutaneous (SQAT) WAT gene and
protein expression. CL consistently improved glucose tolerance and body composition. Female PGAT had
greater protein expression of the mitochondrial uncoupling protein 1 (UCP1), while SQAT (S, p < 0.001)
was more responsive to CL in increasing UCP1 (SxT, p = 0.011) and the mitochondrial biogenesis induction
protein, PPARgamma coactivator lalpha (PGC1lalpha) (SXT, p = 0.026). Females also displayed greatel
mitochondrial OXPHOS (S, p < 0.05) and adipongritain content (S, p < 0.05). On the other hand, male

SQAT was more responsive to CL in increasing protein levels of PGClalpha (SxT, p = 0.046) and adiponectir
(S, p <0.05). In both depots and in both sexes, CL significantly increased estrogen rettagtRbeta)

and glucoseelated protein 75 (GRP75) protein content (T, p < 0.05). Thus, CL improves systemic and
adipose tissuespecific metabolism in both sexes; however, sex differences exist in thesp&kific

effects of CL. Furthermore, across sexied depots, CL affects estrogen signaling by upregulating ERbeta.

Rahbani, J. F., et al. (2021). "Creatine kinase B controls futile creatine cycling in thermogenic fat."
Nature590(7846): 48485.

Obesity increases the risk of mortality because of meli@bsequelae such as type 2 diabetes and
cardiovascular disease(1). Thermogenesis by adipocytes can counteract obesity and metabolic
diseases(2,3). In thermogenic fat, creatine liberates a molar excess of mitochondripLAioRedly via

a phosphorylatiortycle(4)to drive thermogenic respiration. However, the proteins that control this futile
creatine cycle are unknown. Here we show that creatine kinase B (CKB) is indispensable for thermogenesis
resulting from the futile creatine cycle, during which iaffics to mitochondria using an internal
mitochondrial targeting sequence. CKB is powerfully induced by thermogenic stimuli in both mouse and
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human adipocytes. Adipocygelective inactivation of Ckb in mice diminishes thermogenic capacity,
increases predposition to obesity, and disrupts glucose homeostasis. CKB is therefore a key effector of
the futile creatine cycle.

Ramos, S., et al. (2021). "A HYPOMETABOLIC DEFENSE STRATEGY AGAINST PLASMODIUM INFEC
bioRxiv

Hypoglycemia is a clinical hallmark of severe malaria, thendéhal presentation of Plasmodium
falciparum infection of humans. Here we report that mice reduce blood glucose levels in response to
Plasmodium infection via a coordinated response whereby labile heme, an alarmin produced via
hemolysis, induces anorexénd represses hepatic glucose production (HGP). While protective against
unfettered immunemediated inflammation, organ damage and anemia, when sustained over time-heme
driven repression of HGP can progress towards hypoglycemia, compromising host eqpemngitire and
thermoregulation. This hypometabolic state arrests the development of asexual stages of Plasmodium
spp., which undergo pyknosis and develop mitochondrial dysfunction. In response, Plasmodium activates
a transcriptional program reducing itsirMence and inducing sexual differentiation towards the
production of transmissible gametocytes. We infer that malagaociated hypoglycemia represents a
trade-off of an evolutionarily conserved defense strategy restricting Plasmodium spp. from agcessin
host-derived glucose and balancing parasite virulence and transmission.

Regmi, P., et al2021). "Early or delayed timestricted feeding prevents metabolic impact of obesity
in mice."Journal of Endocrinolog?48(1): 7586.

Timerestricted feeding (TRF) initiated early during the dark phase prevents the metabolic consequences
of a highfat diet in rodent models. However, the metabolic consequences of delaying the initiation of
TRF, akin to breakfast skipping in humans, is unclear. We assigmeek®ld male C57BL/6J mice (n =

192) to chow or higfiat diet ad libitum (AL) for 4 weeks, befai@ndomization to continue AL or 10 h of

TREF, initiated at lights off (TRFe) dr dfter lights off (TRFd) for a further 8 weeks. Oral glucose tolerance
tests (1 g/kg), metabolic monitoring and body composition by echoMRI were performed, and tissues were
collected at six time points. TRF reduced weight and fat mass vs AL, with a greater reduction in TRFe vs
TRFd. TRF improved glucose tolerance and protected mice fronfigtidiet-induced hepatosteatosis vs

AL, with no difference between TRFe and TRFdinERfased the amplitude of Bmall, Cryl, Per2, Nampt,

and Nocturnin mRNA levels in liver. A phase delay in Bmall, Cryl, Per2, Reverbalpha, Nampt, NAD, Sirt1,
and Nocturnin was observed in TRFd. Thus, delaying TRF limited the weight benefit and induced a pha
delay in the hepatic clock, but improved metabolic health. Allowing more flexibility in when TRF is initiated
may increase the translational potential of this dietary approach in humans.
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Richard, A. J., et 4021). "Loss of STATS5 in adipocytes ia®es subcutaneous fat mass via-sex
dependent and depaespecific pathways.BioRxiv

The STAT (Signal Transducers and Activators of Transcription) family of transcription factors contributes
to adipocyte development and function. STAT5A and STAT5B are inducedadiipivgyte differentiation

and are primarily activated by growth hormone (GH). Studies in mice lacking adipocyte GH receptor or
STATS support their roles in lipolyaiediated reduction of adipose tissue mass. We have generated a
mouse model lacking bothTATS5 genes specifically in adipocytes (STAT5AKO). Notably, both sexes of
STAT5AKO mice have increased inguinal adipose tissue without any changes in gonadal fat mass. However,
both depots exhibit substantial differences in fat cell size. Study of STATBAK@Iso have revealed
GKFG DI Qa FoAfAGe G2 AYRdzOS AyadzZ Ay NBaraal yosS
reduce adipose tissue mass is STAT5 independent. Additional observations, which were not predicted,
indicate that the causes anregulation of increased fat mass in STAT5AKO mice ararsgxdepot
dependent.

Ritter, M. J., et a(2021). "Nuclear Receptor CoRepressors, NCOR1 and SMRT, are required for
maintaining systemic metabolic homeostasiglol Metab53: 101315.

OBJECTIVE: The nuclear receptor corepressor 1 (NCOR1) and the silencing mediator of retinoic acid and
thyroid hormone (SMRT, also known as NCORZ2) play critical and specific roles in nuclear receptor action.
NCORL1, both in vitro and in vivo spawfly regulates thyroid hormone (TH) action in the context of
individual organs such as the liver, and systemically in the context of the hypothadauifary-thyroid

(HPT) axis. In contrast, selective deletion of SMRT in the liver or globally hastshbiwplays very little

role in TH signaling. However, both NCOR1 and SMRT have some overlapping roles in hepatic metabolism
and lipogenesis. Here, we determine the roles of NCOR1 and SMRT in global physiologic function and find
if SMRT could play a c@@nsatory role in the regulation of TH action, globally.

METHODS: We used a postnatal deletion strategy to disrupt both NCOR1 and SMRT together in all tissues
at 89 weeks of age in male and female mice. This was performed using a tamioxifeible Cre
recombinase (UBCreERT2) to KO (knockout) NCOR1, SMRT, or NCOR1 and SMRT together. We used the
same strategy to KO HDAC3 in male and female mice of the same age. Metabolic parameters, gene
expression, and thyroid function tests were analyzed.

RESULTS: $gtisingly, adult mice that acquired NCOR1 and SMRT deletion rapidly became hypoglycemic
and hypothermic and perished within ten days of deletion of both corepressors. Postnatal deletion of
either NCOR1 or SMRT had no impact on mortality. NCOR1/SMRT KQCapiilg developed
hepatosteatosis and mild elevations in liver function tests. Additionally, alterations in lipogenesis, beta
oxidation, along with hepatic triglyceride and glycogen levels suggested defects in hepatic metabolism.
The intestinal function as intact in the NCOR1/SMRT knockout (KO) mice. The KO of HDAC3 resulted in
a distinct phenotype from the NCOR1/SMRT KO mice, whereas none of the HDAC3 KO mice succumbed
after tamoxifen injection.

CONCLUSIONS: The KO of NCOR1 and SMRT rapidly leadtctmtsigetabolic abnormalities that do
not survive- including hypoglycemia, hypothermia, and weight loss. Hepatosteatosis rapidly developed
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along with alterations in hepatic metabolism suggesting a contribution to the dramatic phenotype from
liver injury. Glucose production and absorption were intact in NCOR1/SMRT KO mice, demonstrating a
multifactorial process leading to their demise. HDAC3 KO mice have a distinct phenotype from the
NCOR1/SMRT KO nhglich implies that NCOR1/SMRT together regulate ticalipathway that is
required for survival in adulthood and is separate from HDAC3.

Rouabhi, M., et al. (2021). "BBSome ablation in SF1 neurons causes obesity without comorbidities."
Molecular Metabolism

Objectives

The hypothalamic ventromedial nucleus (VMH) plays a major role in metabolic control, but the molecular
mechanisms involved remain poorly defined. We analyzedr#éievance of the BBSome, a protein
complex composed of 8 Bard@iedl syndrome (BBS) proteins including BBS1, in VMH steroidogenic
factor 1 (SF1) neurons for the control of energy homeostasis and related physiological processes.

Methods

We generated micdearing selective BBSome disruption, through Bbsl gene deletion, in SF1 neurons
(SF1Cre/Bbsifl/fl). We analyzed the consequence on body weight, glucose homeostasis, and
cardiovascular autonomic function of BBSome loss in SF1 neurons.

Results

SF1Cre/Bbs1fl/fl mice had increased body weight and adiposity under normal chow conditions. Food
intake, energy absorption, and digestive efficiency were not altered by Bbs1 gene deletion in SF1 neurons.
SF1Cre/Bbs1fl/fl mice exhibited lower energy expandi particularly during the dark cycle. Consistent

with this finding, SF1Cre/Bbs1fl/fl mice displayed reduced sympathetic nerve traffic and expression of
markers of thermogenesis in brown adipose tissue. SF1Cre/Bbs1fl/fl mice also had lower sympathetic
nerve activity to subcutaneous white adipose tissue that was associated with a protein expression profile
that promotes lipid accumulation. Notably, despite obesity and hyperinsulinemia, SF1Cre/Bbs1fl/fl mice
did not exhibit significant changes in glucosestabolism, insulin sensitivity, blood pressure, and
baroreflex sensitivity.

Conclusions

Our findings demonstrate that the SF1 neuron BBSome is necessary for the regulation of energy
homeostasis through modulation of the activity of the sympathetic nensystem and that the SF1
neuron BBSome is required for the development of obeststed comorbidities.

Rusu, P. M., et al. (2021). "Dietary Essential Amino Acid Restriction Promotes Hyperdipsia via Hepatic
FGF21.Nutrients13(5).

Prior studies have reported that dietary protein dilution (DPD) or amino acid dilution promotes
heightened waterrtake (i.e., hyperdipsia) however, the exact dietary requirements and the mechanism
responsible for this effect are still unknown. Here, we show that dietary amino acid (AA) restriction is
sufficient and required to drive hyperdipsia during DPD. Our studiggnonstrate that particularly dietary
essential AA (EAA) restriction, but not RBAA, is responsible for the hyperdipsic effect of total dietary
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AA restriction (DAR). Additionally, by using diets with varying amounts of individual EAA under constant
total AA supply, we demonstrate that restriction of threonine (Thr) or tryptophan (Trp) is mandatory and
sufficient for the effects of DAR on hyperdipsia and that {oexived fibroblast growth factor 21 (FGF21)

is required for this hyperdipsic effect. Strigly, artificially introducing Thr de novo biosynthesis in
hepatocytes reversed hyperdipsia during DAR. In summary, our results show that the DPD effects on
hyperdipsia are induced by the deprivation of Thr and Trp, and in turn, via liver/hepatdesited
FGF21.

Santos, L., et al. (2021). "ScRd&Y Reveals a Role of Mammary Luminal Epithelium in Adipocyte
Adaptations."Journal of the Endocrine Society

Almost four decades of research suggest a dynamic role of ductal epithelial cells in adipocyte adaptation
in mammary gland white adipose tissue (mgWAT), but factors that mediate such communication are not
known. Here, we identify a complex intercellulapsstalk in mgWAT revealed by singkdl RNAseq
(scRNAseq) and comprehensive data analysis suggest that epithelial luminal cells during cold exposure
undergo major transcriptomic changes that lead to the expression of an array of genes that encode for
secreted factors involved in adipose metabolism such as Adropin (Enho), neuregulin 4 (Nrg4),
angiopoietinlike 4 (Angptl4), lipocalin 2 (Lcn2), milk fat globEBF factor 8 (Mfge8), Insulike growth
factor-binding protein 1 (Igfbpl), and haptoglobin (Hpp define the mammary epithelial secretome, we
O2AYy GKS LIKNIAS aYlIYY21AySaédo 28 gledifis tRanhsdriftdmicd dzNJ C
using eight different adipose scRMAQ datasets including Tabula Muris and Tabula Muris Senis. In situ
MRNA hybridization and ex vivo isolated mgWAT luminal cells show highly localized expression of
mammokines in mammary ducts. Trajectory inference demonstrates thatecgidsed luminal cells have
similar transcriptional profiles to lactation pestvolution (Pl), a phase defined by reappearance and
maintenance of adipocytes in the mammary gland. Concomitantly, we found that under cold exposure
female mgWAT maintains more adipogenic and less thermogenic potential than male scWAT and ex vivo
removal of lumirl epithelial cells from mgWAT markedly potentiates beige adipocyte differentiation.
Conditioned media from isolated mammary epithelial cells treated with isoproterenol suppressed
thermogenesis in differentiated beige/brown adipocytes and treatment of &kigpwn differentiated
adipocyte with mammokine LCN2 suppresses thermogenesis and increases adipogenesis. Finally, we find
that mice lacking LCN2 show markedly higher cidgendent thermogenesis in mgWAT than controls,

and reconstitution of LCN2 in the MEAT of LCN2 knockout mice promotes inhibition of thermogenesis.
These results show a previously unknown role of mammary epithelium in adipocyte metabolism and
suggest a potentially redundant evolutionary role of mammokines in maintaining mgWAT adiposity du

cold exposure. Our data highlight mammary gland epithelium as a highly active metabolic cell type and
mammokines could have broader implications in mammary gland physiology and lipid metabolism.
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Sinz, S., et al. (2021). "Effects of dietary grapeseed extract on performance, energy and nitrogen
balance as well as methane and nitrogen losses of lambs and goatBrdsh Journal of Nutrition

The influence of phenaich dietary grapeseed extract on performance, energy and N balance and
methane production was determined in sixteen lambs and thirteen goat kids (body weight 20-5 and 19-0
kg, 2 months of age, day 1 of study). Half of the animals received a concentraéénamy grapeseed
extract, and the others received concentrate without grapeseed extract (total extractable phenols
analysed 27 v. 9 g/kg dietary DM; concentrate and hay 1:1). Diets were fed for 7 weeks with 1 week for
determining intake, excretion and gasus exchange in metabolism crates and respiration chambers.
Overall, there was an adverse effect of the phenolic diet on apparent N digestibility and body N retention.
Faecal N loss as proportion of N intake increased while urinary N loss declined.eRelatiintake, total

N excretion was higher and body N retention lower in goat kids than lambs. Diets and animal species had
no effect on methane emissions. The saliva of the goat kids had a higher binding capacity for condensed
tannins (CT). Goat kids time phenolic diet had higher CT concentrations in faeces and excreted more CT
compared with the lambs (interaction species x diet P < 0-001). The lambs had overall higher (P < 0-001)
urinary phenol concentrations than the goat kids (2-19 v. 1-48 g/l)n@hative effect on body N retention

and lack of effect on methane emissions make the use of the extract in the dosage applied not appealing.
Species differences need to be considered in future studies.

Spitler, K. M., et a(2021)."Regulation of plasma triglyceride partitioning by adipaszived ANGPTL4
in mice."Sci Red 1(1): 7873.

Elevated plasma triglyceride levels are associated with metabolic disease. Aatjiefike protein 4
(ANGPTL4) regulates plasma triglyceride levels by inhibiting lipoprotein lipase (LPL). Our aim was to
investigate the role of adipocytspecific deficiency of ANGPTL4 in mice during high fat diet feeding.
Adipocytespecific ANGPTL4 dgént mice were fed a high fat diet (60% kCal from fat) for either 12 weeks

or 6 months. We performed plasma metabolic measurements, triglyceride clearance and uptake assays,
LPL activity assays, and assessed glucose homeostasis. Mice lacking adipB&teAhécapitulated the
triglyceride phenotypes of wholbody ANGPTL4 deficiency, including increased adipose LPL activity,
lower plasma triglyceride levels, and increased uptake of triglycerides into adipose tissue. When fed a high
fat diet (HFD), these ite continued to display enhanced adipose LPL activity and initially had improved
glucose and insulin sensitivity. However, after 6 months on HFD, the improvements in glucose
homeostasis were largely lost. Moreover, despite higher adipose LPL activity faiee lacking adipocyte
ANGPTL4 no longer had increased triglyceride uptake into adipose compared to littermate controls after
chronic highfat feeding. These observations suggest that after chronic-fagfeeding LPL is no longer
rate-limiting for triglyceride delivery to adipocytes. We conclude that while adipedgiéved ANGPTL4

is an important regulator of plasma triglyceride levels and triglyceride partitioning under normal diet
conditions, its role is diminished after chronic hiigih feeding.
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Stone, A. C,, et al. (2021). "Female Mice Are Protected from Metabolic Decline Associated with Lack of
Skeletal Muscle HuRBiology (Basel)((6).

Male mice lacking HUR in skeletal muscle (HuR)have been shown to have decreased gastrocnemius
lipid oxidation and increased adiposity and insulin resistance. The same consequences have not been
documented in female HUR@m) mice. Here we examine this sexually dimorphic phenotype. HUR(m

mice have an increased fat mass to lean mass ratio (FM/LM)vwelti controls where food intake is
similar. Increased body weight for male mice correlates with increased blood glucose during glucose
tolerance tests (GTT), suggesting increased fat mass in male HyRfite as a driver of decreased
glucose clearancddowever, HUR(M-) female mice show decreased blood glucose levels during GTT
relative to controls. HUR(#t) mice display decreased palmitate oxidation in skeletal muscle relative to
controls. This difference is more robust for male HuRR{ymice and mee exaggerated for both sexes at

high dietary fat. A higifat diet stimulates expression of Pgclalpha in HWRjrmale skeletal muscle, but

not in females. However, the lipid oxidation Pparalpha pathway remains decreased in +HiR¢ale

mice relative tocontrols regardless of diet. This pathway is only decreased in female HdRfite fed

high fat diet. A decreased capacity for lipid oxidation in skeletal muscle in the absence of HUR may thus
be linked to decreased glucose clearance in male but noafemmice.

Sullivan, Z. A, etal. (2021)."t ¢ OSf f a NX 3 dzZ I { Sutriénksensihgy/Sci€naell A y I f
371(6535).

The intestine is a site of direct encounter with the external environment and must consequently balance
barrier defeng with nutrient uptake. To investigate how nutrient uptake is regulated in the small
intestine, we tested the effect of diets with different macronutrient compositions on epithelial gene
expression. We found that enzymes and transporters required for teudhate digestion and absorption
were regulated by carbohydrate availability. The -tbgmand" induction of this machinery required
gammadelta T cells, which regulated this program through the suppression of inter22ikiroduction

by type 3 innate lymphd cells. Nutrient availability altered the tissue localization and transcriptome of
gammadelta T cells. Additionally, transcriptional responses to diet involved cellular remodeling of the
epithelial compartment. Thus, this work identifies a role for gardeita T cells in nutrient sensing.

11 ¢ OStfta tAYy]l AYYdzyAdGe (G2 ydzZdiNRGAZ2Y

DFYYl RStEG4GF o6+:10 ¢ OStftfta INB AYYdzyS OSftta .oSai
{dzA t AGLYy S tftd RAZO2OSNBR | LINBOA2dzate dzyNBSO213
small intestine (see the Perspective by Talbot and Littman). The researchers analyzed mice fed a high
carbohydrate versus a higtrotein diet and dserved remodeling of the small intestinal epithelium in
response to dietary carbohydrates. Nutrient availability triggered an epitlggtiahune cell circuit that

gl & NBIdZANBR F2NJ RAISAGA2Y | YR | 0a2 Nlleedsssidrif OF N
of a carbohydrate transcriptional program by limiting interleuRih production from type 3 innate
feYLK2AR OSffad ¢KSasS FAYRAy3Ia Yire |faz2 LINROARS
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Sun, Y., et al. (2021). "Mitochondrial TNAP controls thermogenesis by hydrolysis of phosphocreatine.”
Nature593(7860): 586585.

Adaptive thermogenesis has attracted much attention because of its ability to incregeengysnergy
expenditure and to counter obesity and diabetef)1 Recent data have indicated that thermogenic fat
cells use creatine to stimulate futile substrate cycling, dissipating chemical energy as heat(4,5). This model
was based on the supetoichbmetric relationship between the amount of creatine added to
mitochondria and the quantity of oxygen consumed. Here we provide direct evidence for the molecular
basis of this futile creatine cycling activity in mice. Thermogenic fat cells have robustphosgtine
phosphatase activity, which is attributed to tissnenspecific alkaline phosphatase (TNAP). TNAP
hydrolyses phosphocreatine to initiate a futile cycle of creatine dephosphorylation and phosphorylation.
Unlike in other cells, TNAP in thermogefaitcells is localized to the mitochondria, where futile creatine
cycling occurs. TNAP expression is powerfully induced when mice are exposed to cold conditions, and its
inhibition in isolated mitochondria leads to a loss of futile creatine cycling.ditian, genetic ablation of

TNAP in adipocytes reduces whaledy energy expenditure and leads to rajpidset obesity in mice, with

no change in movement or feeding behaviour. These data illustrate the critical role of TNAP as a
phosphocreatine phosphatage the futile creatine cycle.

Tangseefa, P., et al. (2021). "Th& ORC1 complex in posteoblasts regulates wholeody energy
metabolism independently of osteocalcirBone Re9(1): 10.

Overnutrition causes hyperactivation of mTORIependent negative feedback loops leading to the
downregulation of insulin signalirgnd development of insulin resistance. In osteoblasts (OBs), insulin
signaling plays a crucial role in the control of systemic glucose homeostasis. We utilized mice with
conditional deletion of Rptor to investigate how the loss of mMTORCL1 function in €&safflucose
metabolism under normal and overnutrition dietary states. Compared to the controls, bW ptorob{

/-) mice had substantially less fat mass and exhibited adipocyte hyperplasia. Remarkably, upon feeding
with highfat diet, mice with pre and postnatal deletion of Rptor in OBs were protected from éiet
induced obesity and exhibited improved glucose metabolism with lower fasting glucose and insulin levels,
increased glucose tolerance and insulin sensitivity. This leanness and resistancehbgagigvas not
attributable to changes in food intake, physical activity or lipid absorption but instead was due to
increased energy expenditure and greater whbtaly substrate flexibility. RNgeq revealed an increase

in glycolysis and skeletal insubignaling pathways, which correlated with the potentiation of insulin
signaling and increased insuliilependent glucose uptake in Rptknockout osteoblasts. Collectively,
these findings point to a critical role for the mTORC1 complex in the skeletahtiegubf wholebody
glucose metabolism and the skeletal development of insulin resistance.

Taylor, S. R., et al. (2021). "Dietary fructose improves intestinal cell survival and nutrient absorption."”
Nature597(7875): 263267.

Fructose consumption is lield to the rising incidence of obesity and cancer, which are two of the leading
causes of morbidity and mortality globally(1,2). Dietary fructose metabolism begins at the epithelium of

52
PROMETHION" PROMETHION



List of Publications - Promethion metabolic and behavioral phenotyping system

the small intestine, where fructose is transported by glucose transpdyee 5 (GLUT5; encoded by
SLC2Ab5) and phosphorylated by ketohexokinase to form fructps@dphate, which accumulates to high
levels in the cell(3,4). Although this pathway has been implicated in obesity and tumour promotion, the
exact mechanism that dres these pathologies in the intestine remains unclear. Here we show that
dietary fructose improves the survival of intestinal cells and increases intestinal villus length in several
mouse models. The increase in villus length expands the surface atlea gfit and increases nutrient
absorption and adiposity in mice that are fed a highdiet. In hypoxic intestinal cells, fructose 1
phosphate inhibits the M2 isoform of pyruvate kinase to promote cell surviigl(&enetic ablation of
ketohexokinase ostimulation of pyruvate kinase prevents villus elongation and abolishes the nutrient
absorption and tumour growth that are induced by feeding mice with Hiightose corn syrup. The ability

of fructose to promote cell survival through an allosteric metébdhus provides additional insights into

the excess adiposity generated by a Western diet, and a compelling explanation for the promotion of
tumour growth by higkructose corn syrup.

Terranova, M., et al. (2021). "Increasing the proportion of hazedean the diet of dairy cows
reduced methane yield and excretion of nitrogen in volatile form, but not milk yigdithal Feed
Science and Technolpg

Various feeds for ruminants have been identified that help to mitigate the greenhouse gas methane.
However, even when there has been success in suppressing absolute methane emissions, intake,
digestibility, and performance often decline in paedlideal dietary levels of effective feeds would reduce
methane production without affecting performangelated variables. Such favorable associative effects
have been demonstrated in vitro by combining a heglality forage with plants rich in phenols the
present study, the tanninich leaves of hazel (Corylus avellana) gradually replaced (from 0 to 820 g/kg) a
high-quality forage (dried alfalfa) in 20 types of experimental pellets fed to 26tmidte lactating cows.
Additionally, the cows were tea mixed basal ration and some concentrate. The proportion of hazel in
the 20 complete diets ranged from 0 to 400 g/kg dry matter. After 14 days of adaptation, 8 days were
used for intensive sampling of feces (including markers for determining digesetatiaet time), urine, and

milk. In addition, cows stayed for 2 days in og#rcuit respiration chambers. Hazel leaves reduced the
feed intake only slightly. Digestibility declined and mean digesta retention time was prolonged with
increasing hazel propodn, likely due to the lower feeding value of the hazel leaves compared to the
alfalfa. As aimed for, there were no significant effects on enemyected milk yield, body energy, and
body N retention with increasing hazel intake, even though methane @nistearly declined in absolute

term and per unit of digestible organic matter and tended to decrease per unit of energy corrected milk.
In addition, increasing hazel proportions strongly shifted N excretion from urinary N (which declined from
about 300 b 100 g/kg N intake) to fecal N. This could also be anticipated from the sharp decline in milk
urea concentration (from about 35 to 10 mg/dL). In conclusion, hazel leaves as a feed supplement for
dairy cows showed a high palatability within 3 weeks of firgdn dairy cows and great potential to
mitigate emissions of methane and nitrogen in volatile form at maintained production levels. No favorable
associative dosage effects seem to exist when combining tenctirhazel leaves with the higfuality
foragealfalfa in a different proportions to a mixed basal ration. However, the present study is one of the
few, where it was possible to mitigate noxious emissions of dairy cows by feeding a tannin rich feed
supplement without concomitant negative impactonthey A YI f Q&4 LISNF 2NX I yOS o
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Thorn, T. L., et al. (2021). "Metal transporter SLC39A14/ZIP14 modulates regulation between the gut
microbiome and host metabolismbioRxiv

Zinc (Zn) plays a critical role in maintaining intestinal homeostasis by regulating intestinal epittislial ce
host immune cells, and gut microbiome community composition. Deletion of metal transporter
Slc39al4/Zipl4 causes spontaneous intestinal permeability withglagle chronic inflammation, mild
hyperinsulinemia, and greater body fat with insulin resisgiin adipose, suggesting a role for ZHP14
mediated intestinal metal transport in regulating both intestinal homeostasis and systemic metabolism.
Here, we showed the function of ZIRfrkdiated Zn transport in the gut microbiome composition and
how ZIP14inked changes to gut microbiome community composition are correlated with changes in host
metabolism. Deletion of Zip14 generated-deficient epithelial cells and luminal content in the entire
intestinal tract; reduced bacterial diversity and Saccharomymevisiae (S. cerevisiae) overgrowth;
altered host metabolome; and shifted host energy metabolism toward glucose utilization. This work
provides evidence for the regulation of gut microbiome composition, host metabolome, and energy
metabolism by metal ansporter ZIP14.

van Beek, S. M. M., et al. (2021). "Prolonged betdnergic agonist treatment improves glucose
homeostasis in dieinduced obese UCRL{) mice."Am J Physiol Endocrinol Met880(3): B19-E628.

Prolonged supplementation with the betajonist clenbuterol improves glucose homeostasis in diabetic
rodents, likely via beta2drenoceptor (beta2AR}mediated effects in the skeletal muscle and liver.
However, since rodents have, in contrastaspecially diabetibumans, substantial quantities of brown
adipose tissue (BAT) and clenbuterol has affinity to bedadl beta3ARs, the contribution of BAT to these
improvements is unclear. Therefore, we investigated clenbutsretiated improvementsn glucose
homeostasis in uncoupling proteirdeficient (UCPX-)) mice, lacking thermogenic BAT, versusyifie

(WT) mice. Anesthetized WT and UGRLLC57BI/6 mice were injected with saline or clenbuterol and
whole body oxygen consumption was measiirFurthermore, male WT and UCPJ(C57BI/6 mice were
subjected to 14wk of chow feeding, higfat feeding, or higHat feeding with clenbuterol treatment
between weeks 13 and 17. Body composition was measured weekly with MRI. Oral glucose tolerance and
insulin tolerance tests were performed in week 15 and 17, respectively. Clenbuterol increased oxygen
consumption approximately twofold in WT mice. This increase was blunted in ¥ Rii¢e, indicating
clenbuterotmediated activation of BAT thermogenesisilighfat feeding induced diabetogenic
phenotypes in both genotypes. However, lawse clenbuterol treatment for 2 wk significantly reduced
fasting blood glucose by 12.9% in WT and 14.8% in UJ@Ph{ce. Clenbuterol treatment improved
glucose and insulitolerance in both genotypes compared with HFD controls and normalized tofeltbw
control mice independent of body mass and composition alterations. Clenbuterol improved whole body
glucose homeostasis independent of UCP1. Given the low human abundaB&yl pbeta2AR agonist
treatment provides a potential novel route for glucose disposal in diabetic humans.NEW & NOTEWORTHY
Improvements in whole body glucose homeostasis of rodents upon prolonged-bdtaBergic agonist
supplementation could potentiallyebattributed to UCP:mediated BAT thermogenesis. Indeed, we show
that acute injection with the betaZR agonist clenbuterol induces BAT activation in mice. However, we
also demonstrate that prolonged clenbuterol supplementation robustly improves wholedladgse and
insulin tolerance in a similar way in both DIO WT and UCPtice, indicating that betaAR agonist
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supplementation improves whole body glucose homeostasis independent of -i€iated BAT
thermogenesis.

van der Zande, H. J. P., et(@021). "Effects of a novel polyphenath plant extract on body
composition, inflammation, insulin sensitivity, and glucose homeostasis in obese miegrdational
Journal of Obesit¢#5(9): 20162027 .

BACKGROUND/OBJECTIVES: The worldwide prevalencesity, anetabolic syndrome and type 2
diabetes (T2D) is reaching epidemic proportions that urge the development of new management
strategies. Toturr63 is a novel, pladbased polyphenetich active principle that has been shown to
reduce body weight, fastm glycemia, glucose intolerance, and fatty liver index in obese subjects with
prediabetes. Here, we investigated the effects and underlying mechanism(s) of -B8tum metabolic
homeostasis in insuliresistant obese mice.

METHODS: Male C57BI6/J mice wierka highfat diet for 12 weeks followed by supplementation with
Totum63 for 4 weeks. The effects on whdledy energy and metabolic homeostasis, as well as on tissue
specific inflammation and insulin sensitivity were assessed using a variety of immiabmie
phenotyping tools.

RESULTS: ToteBB decreased body weight and fat mass in obese mice, without affecting lean mass, food
intake and locomotor activity, and increased fecal energy excretion and vidoolg fatty acid oxidation.
Totum63 reduced fastig plasma glucose, insulin and leptin levels, and improved wimdly insulin
sensitivity and peripheral glucose uptake. The expression of insulin receptor beta and theiimdhudied
phosphorylation of Akt/PKB were increased in liver, skeletal musclie wldipose tissue (WAT) and
brown adipose tissue (BAT). Hepatic steatosis was also decreased by-@tama associated with a
lower expression of genes involved in fatty acid uptake, de novo lipogenesis, inflammation, and fibrosis.
Furthermore, a signigant reduction in pranflammatory macrophages was also observed in epidydimal
WAT. Finally, a potent decrease in BAT mass associated with enhanced tissue expression of thermogenic
genes was found, suggesting BAT activation by T«#8m

CONCLUSIONS: Ousukts show that Totun®3 reduces inflammation and improves insulin sensitivity
and glucose homeostasis in obese mice through pleiotropic effects on various metabolic organs.
Altogether, plarntderived Totum63 might constitute a promising novel nutritionaupplement for
alleviating metabolic dysfunctions in obese people with or without T2D.

van Eenige, R., et 42021). "Cannabinoid type 1 receptor inverse agonism attenuates dyslipidemia
and atherosclerosis in APOEE8iden.CETP miceldurnal of Lipid &earch62: 100070.

Pharmacological blockade of the cannabinoid type 1 receptor, a G probeipled receptor expressed in
the central nervous system and various peripheral tissues, reversemdiated obesity and dyslipidemia
through the reduction ofdod intake and altered nutrient partitioning. This strategy is being explored for
a number of therapeutic applications; however, its potency for the treatment of atherosclerotic
cardiovascular disease via improvements in lipid metabolism remains undhemefdre, here, we aimed

to investigate whether inhibition of the endocannabinoid system can attenuate atherosclerosis
development through improvement of dyslipidemia. Lean, dyslipidemic female APQEidén.CETP
transgenic mice were fed a Westetype diet supplemented with or without the cannabinoid type 1
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receptor inverse agonist rimonabant (20 mg.kg body weightfay(1)) for up to 20 weeks. Plasma lipids
and bile acids were determined, and atherosclerotic lesions were scored in the aortic valee. regi
Rimonabant lowered plasma levels of triglyceride (F&89%) and nofHDL-C ¢19%) and increased HDL

C (+57%). These effects were explained by decreasedMEPtoduction-62%) and accelerated VL-DL

TG turnover accompanied by pronounced browning oftevisidipose tissue. In addition, rimonabant
attenuated reverse cholesterol transporB0%), increased plasma bile acid levels (+160%), and increased
hepatic cholesterol accumulation (+88%). Importantly, rimonabant markedly lowered atherosclerotic
lesion ste £64%), which coincided with decreased lesion severity (28% vs. 56% severe lesions) and which
strongly correlated with notDLC exposure (R(2) = 0.60). Taken together, inhibition of the
endocannabinoid system potently reverses dyslipidemia and prewthésogenesis, even in the absence

of obesity.

Wali, J. A., et a{2021). "Impact of dietary carbohydrate type and protesrbohydrate interaction on
metabolic health."Nat Metab3(6): 816828.

Reduced protein intake, through dilution with carbohydrate, extends lifespan and improvesfenid
metabolic health in animal models. However, with transition to industrialised food systems, reduced
dietary protein is associated with poor health outcomeshumans. Here we systematically interrogate
the impact of carbohydrate quality in diets with varying carbohydrate and protein content. Studying 700
male mice on 33 isocaloric diets, we find that the type of carbohydrate and its digestibility profoundly
shape the behavioural and physiological responses to protein dilution, modulate nutrient processing in
the liver and alter the gut microbiota. Low (10f&ptein, high (70%garbohydrate diets promote the
healthiest metabolic outcomes when carbohydrate comaps resistant starch (RS), yet the worst
outcomes were with a 50:50 mixture of monosaccharides fructose and glucose. Our findings could explain
the disparity between healthy, higbarbohydrate diets and the obesogenic impact of protein dilution by
glucosefructose mixtures associated with highly processed diets.

Wang, L., et al. (2021). "Adiponectin restrains ILC2 activation by AMHBlated feedback inhibition of
IL.-33 signaling.Journal of Experimental Medicir2d.82).

ILC2s are present in adipose tissue and play a critical role in regulating adipose theggisgdowever,

the mechanisms underlying the activation of adip@ssident ILC2s remain poorly defined. Here, we show
that 1-:33, a potent ILC2 activator, stimulates phosphorylation of AMPK at Thrl72 via TAKL1 in primary
ILC2s, which provides a feedbackam&nism to inhibit H33-induced NFkappaB activation and 413
production. Treating ILC2s with adiponectin or an adiponectin receptor agonist (AdipoRon) activated
AMPK and decreased-33-NFkappaB signaling. AdipoRon also suppressed-iodigced thermogaic

gene expression and energy expenditure in vivo. In contrast, adiponectin deficiency increased the ILC2
fraction and activation, leading to uggulated thermogenic gene expression in adipose tissue of cold
exposed mice. ILC2 deficiency or blocking fu@&ion by neutralization of the 183 receptor with anti

ST2 diminished the suppressive effect of adiponectin onricmidced adipose thermogenesis and energy
expenditure. Taken together, our study reveals that adiponectin is a negative regulatoR dfiticon in
adipose tissue via AMRHKediated negative regulation of-B3 signaling.
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Wang, Y., et al. (2021). "Mitochondrial protein IF1 is a potential regulator of gludi&ggoeptide
(GLP1) secretion function of the mouse intestiné\tta Pharmaceutica Sinica B

F1 (ATPIF1) is a nuclear D&coded mitochondrial protein whose activity is inhibition of the FAH®
synthase to control ATP production. IF1 activity remains unknown in the regulation df &dt®ity. In

this study, IF1 was examidén the dietinduced obese mice using the gene knockout-K€) mice. The

mice gained more body weight on a high fat diet without a change in food intake. Insulin tolerance was
impaired, but the oral glucose tolerance was improved through an increaG& i secretion. The KO
mice exhibited an improved intestine structure, mitochondrial superstructure, enhanced mitophagy,
reduced apoptosis and decreased adenine nucleotide translocase 2 (ANT2) protein in the intestinal
epithelial cells together with preseed gut microbiota. The data suggest that €@l Becretion was
enhanced in the obese HAO mice to preserve glucose tolerance through a signaling pathway of
ANT2/mitochondria/tcells/GLPL/insulin. IF1 is a potential mitochondrial target for inductionGifP1
secretion in kcells.

Wiede, F., et al. (2021). "PTP1B is an intracellular checkpoint that limits T cell and CAR Fwelbanti
immunity." Cancer Discovery

Immunotherapies aimed at alleviating the inhibitory constraints on Tcells have revolutionised cancer
management. To date, these have focused on the blockade of cell swfexkpoints such as PAD
Herein we identify proteiftyrosinephosphataselB (PTP1B) as an intracellular checkpoint that is
upregulated in T cells in tumors. We show that the increased PTP1B limits T cell expansion and cytotoxicity
to contribute to tumorgrowth. T cebspecific PTP1B deletion increased S%Aignaling and this enhanced

the antigeninduced expansion and cytotoxicity of CD8+ T cells to suppress tumor growth. The
pharmacological inhibition of PTP1B recapitulated the Froeliated repressin of tumor growth and
enhanced the response to PDblockade. Furthermore, the deletion or inhibition of PTP1B enhanced the
efficacy of adoptivelransferred chimerieantigenreceptor (CAR) T cells against solid tumors. Our
findings identify PTP1B as amtracellular checkpoint whose inhibition can alleviate the inhibitory
constraints on T cells and CAR T cells to combat cancer.

Wu, D., et al. (2021). "A novel peroxisome proliferadotivated receptor gammbgand improves
insulin sensitivity and promotes browning of white adipose tissue in obese nhilcg Metab 54:
101363.

OBJECTIVE: Nuclear receptor Peroxisome Prolifekatorated Receptor gamma (PPARgamma) is a
promising target for the treatment of tygw2 diabetes. The antidiabetic drug thiazolidinediones (TZDs) are
potent insulin sensitizers as full agonists of PPARgamma, but cause unwanted side effects. Recent
discoveries have shown that TZDs improve insulin sensitivity by blocking PPARgamma platisphaty

S273, which decouples the full agoniaissociated side effects. PPARgamma ligands that act through the
blockage of PPARgamma phosphorylation but lack the full agonist activity would be expected to improve
insulin sensitivity without TZBssociate side effects, however, chemicals that carry such traits and bind

to PPARgamma with higdffinity are lacking. Moreover, TZDs are known to promote wtatbrown
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adipocyte conversion and energy expenditure and appear to require their full agonism ondPRARg

for this activity. It is unknown whether a partial or rdZD agonist of PPARgamma is capable of promoting
browning effect. In this study, we developed a novel fi&dD partial agonist of PPARgamma and
investigated its function on insulin sensitivitgdawhite-to-brown conversion and energy expenditure in
diet-induced obese mice.

METHODS: A novel indddased chemical WO95E was designed via medicinal chemistry and tested for
PPARgamma binding and activity and for the effect on PPARgamma phosphorflisiamduced obese

mice were administered with WO95E for 4 weeks. Insulin sensitivity, glucose tolerance, body weight, fat
tissue weight, adipocyte size, morphology, energy expenditure, and expression levels of genes involved in
PPARgamma activity, thermenesis/browning, and TZ@lated side effects were evaluated.

RESULTS: WO95E binds to PPARgamma with high affinity and acts as a PPARgamma partial agonis
WOO95E inhibits PPARgamma phosphorylation and regulates PPARgamma phosphaolgtetiatent

genes. VO95E ameliorates insulin resistance and glucose tolerance in mice @hdiged obesity, with
minimal TZD usassociated side effects. We found that WO95E promotes wbierown adipocyte
conversion and energy expenditure and hence protects againsirtieced obesity. WO95E decreases

the size of adipocytes and suppresses adipose tissue inflammation. WO95E also suppresses obesity
associated liver steatosis.

CONCLUSIONS: WO95E improves insulin sensitivity and glucose homeostasis and promotes browning and
energy expenditure by acting as a novel PPARgamma phosphorylation inhibitor/partial agonist. Our
findings suggest the potential of this compound or its derivative for the therapeutic treatment of insulin
resistance and obesity.

Wu, R, et al. (2021). "m6A methylation promotes whiebeige fat transition by facilitating Hifla
translation."EMBO Report22(11):e52348.

Obesity mainly results from a chronic energy imbalance. Promoting browning of white adipocytes is a
promising strategy to enhance energy expenditure and combat obesigynétbyladenosine (m6A), the

most abundant MRNA modification in eukaryotefgys an important role in regulating adipogenesis.
However, whether m6A regulates white adipocyte browning was unknown. Here, we report that adipose
tissuespecific deletion of Fto, an m6A demethylase, predisposes mice to prevenfatigiet (HFD)
induced obesity by enhancing energy expenditure. Additionally, deletion of FTO in vitro promotes
thermogenesis and whitéo-beige adipocyte transition. Mechanistically, FTO deficiency increases the
mo6A level of Hifla mRNA, which is recognized by -m6ding proein YTHDC2, facilitating mRNA
translation and increasing HIF1A protein abundance. HIF1A activates the transcription of thermogenic
genes, including Ppaggcla, Prdm16, and Pparg, thereby promoting Ucpl expression and the browning
process. Collectively, thesesults unveil an epigenetic mechanism by which A@dlitated HIF1A
expression controls browning of white adipocytes and thermogenesis, providing a potential target to
counteract obesity and metabolic disease.
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Xirouchaki, C. E., et al. (2021). "Skdlatascle NOX4 is required for adaptive responses that prevent
insulin resistance.Sci Adw/(51): eabl4988.

Reactive oxygen species (ROS) generated during exercise are considered integral for tkg traaltimg

effects of exercise. However, the precise mechanisms by which exercise and ROS promote metabolic
health remain unclear. Here, we demonstrate tiskeletal muscle NADPH oxidase 4 (NOX4), which is
induced after exercise, facilitates R@®diated adaptive responses that promote muscle function,
maintain redox balance, and prevent the development of insulin resistance. Conversely, reductions in
skeletd muscle NOX4 in aging and obesity contribute to the development of insulin resistance. NOX4
deletion in skeletal muscle compromised exercise capacity and antioxidant defense and promoted
oxidative stress and insulin resistance in aging and obesity. Thgatbd adaptive mechanisms, oxidative
stress, and insulin resistance could be corrected by deleting the {d2@&ifying enzyme GPXor by
treating mice with an agonist of NFE2L2, the master regulator of antioxidant defense. These findings
causally linlNOX4derived ROS in skeletal muscle with adaptive responses that promote muscle function
and insulin sensitivity.

Xu, H., et al. (2021). "Pcpe2, a Novel Extracellular Matrix Protein, Regulates AdipeBydesitited
High-Density Lipoproten Uptake."Arterioscler Thromb Vasc B#l(11): 27082725.

Objective: To investigate the role of adipocyte Pcpe2 (procollagemdGpeptidase enhancer 2) in -8R
(scavenger receptor class ipdiated HDIC (highdensity lipoprotein cholesterol) uptakeand
contributions to adipose lipid storage.

Approach and Results: Pcpe2, a glycoprotein devoid of intrinsic proteolytic activity, is believed to
participate in extracellular proteiprotein interactions, supporting SB mediated HDIC uptake. In
publisted studies, Pcpe2 deficiency increased the development of atherosclerosis by reduditg SR
mediated HDAC catabolism, but the biological impact of this deficiency on adipocy®-8Rdiated HDL

C uptake is unknown. Differentiated cells from HdiPcpe2/- (Pcpe2/-) mouse adipose tissue showed
elevated SHI protein levels, but significantly reduced HDLUptake compared to Ldlr (control) adipose

tissue. SMBIFmediated HDIC uptake was restored by preincubation of cells with exogenous Pcpe2. In
diet-fed mice lacking Pcpe2, significant reductions in visceral, subcutaneous, and brown adipose tissue
mass were observed, despite elevations in plasma triglyceride and cholesterol concentrations. Significant
positive correlations exist between adipose masd Bape2 expression in both mice and humans.
Conclusions: Overall, these findings reveal a novel and unexpected function for Pcpe2 in modutating SR
Bl expression and function as it relates to adipose tissue expansion and cholesterol balance in both mice
andhumans.

Xu, Y., et al. (2021). "Berberine modulates deacetylation of PPARgamma to promote adipose tissue
remodeling and thermogenesis via AMPK/SIRT1 pathviratyJ'Biol Sd7(12): 31733187.

Pharmacological stimulation of adipose tissue remodeling and thermogenesis to increase energy
expenditure is expected to be a viable therapeutic strategy for obesity. Berberine has been reported to
have pharmacological activity in adipose tissue to-abgsity, while the mechanism remains unclear.
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Here, we observed that berberine significantly reduced the body weight and insulin resistance-fathigh

diet mice by promoting the distribution of brown adipose tissue and thermogenesis. We have further
demonstated that berberine activated energy metabolic sensing pathway AMPK/SIRT1 axis to increase
the level of PPARgamma deacetylation, which leads to promoting adipose tissue remodeling and
increasing the expression of the thermogenic protein ICPhese findigs suggest that berberine that
enhances the AMPK/SIRT1 pathway can act as a selective PPARgamma activator to promote adipose tissue
remodeling and thermogenesis. This study proposes a new mechanism for the regulation of berberine in
adipose tissue and dadfs a great prospect for berberine in obesity treatment.

Yan, C., et al. (2021). "Periphesglecific Y1 receptor antagonism increases thermogenesis and
protects against dieinduced obesity. Nature Communication$2(1): 2622.

Obesity is caused by anlimlance between food intake and energy expenditure (EE). Here we identify a
conserved pathway that links signalling through peripheral Y1 receptors (Y1R) to the control of EE.
Selective antagonism of peripheral Y1R, via the-lm@in penetrable antagonidBIBO3304, leads to a
significant reduction in body weight gain due to enhanced EE thereby reducing fat mass. Specifically
thermogenesis in brown adipose tissue (BAT) due to elevated UCP1 is enhanced accompanied by
extensive browning of white adipose tissheth in mice and humans. Importantly, selective ablation of

Y1R from adipocytes protects against dieduced obesity. Furthermore, peripheral specific Y1R
antagonism also improves glucose homeostasis mainly driven by dynamic changes in Akt activity in BA
Together, these data suggest that selective peripheral only Y1R antagonism via BIBO3304, or a functional
analogue, could be developed as a safer and more effective treatment option to mitigatandieted

obesity.

Yin, C., et al. (2021). "Hypoxanthine Induces Muscular ATP Depletion and Fatigue vidtdaP2."
Physioll2: 647743.

Hypoxanthine (Hx), an intermediate metabolite of the purine metabolism pathway which is dramatically
increased in blood and skeletal muscle during muscle contraction and metabolism, is characterized as a
marker of exercise exhaustio However, the physiological effects of Hx on skeletal muscle remain
unknown. Herein, we demonstrate that chronic treatment with Hx through dietary supplementation
resulted in skeletal muscle fatigue and impaired the exercise performance of mice wiffecttray their

growth and skeletal muscle development. Hx increased the uncoupling protein 2 (UCP2) expression in the
skeletal muscle, which led to decreased energy substrate storage and enhanced glycolysis. These effects
could also be verified in acutegltment with Hx through intraperitoneal injection. In addition, muscular
specifically knockout of UCP2 through intrauscle tissue injection of adenovirassociated virus
reversed the effects of Hx. In conclusion, we identified a novel role of Hx ikélhetad muscular fatigue
mediated by UCR&8ependent mitochondrial uncoupling. This finding may shed light on the pathological
mechanism of clinical muscle dysfunctions due to abnormal metabolism, such as muscle fatigue and
weakness.
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Ying, L., et al. (2021'Macrophage LAMTORL1 Deficiency Prevents Dietary Obesity and Insulin
Resistance Through Inflammatidmduced Energy Expenditurdzfont Cell Dev Bi& 672032.

Here, we studied the metabolic function of LAMTOR1 from macrophages using LAMTOR1 maerophage
specific knockout (MKO) mice. LAMTOR1 MKO mice showed resistance -fattdgt (HFDjnduced
obesity, lipid steatosis, and glucose metabolic disorders, with elevated levels enfla)mmmatory
cytokines. The energy expenditure, oxygen consumption,@@@ production increased significantly in
HFDfed MKO vs. wildype (WT) mice. HE and immunohistochemistry staining showed a remarkable
CD68(+) Kupffer cell accumulation in the liver. Additionally, flow cytometry revealed that the proportion
of macrophagesand monocytes increased significantly in the liver of MKO mice. Of note, these
macrophages were probably derived from the bone marrow since the proportion of CD11b(+) cells as well
as the proliferative activity was also increased in the context of fenmaé marrow cells. In addition,

the Kupffer cells of both WT and KO mice were doylusitive for the M1 (CD86) and M2 (CD206)
markers. However, the expression of both M1 and M2 macrophetged genes was increased in the

liver of HFEfed KO mice. Muria primary hepatocytes and Kupffer cells were further isolated and
incubated with oleic acid for 24 h. The glucose output of primary hepatocytes from MKO mice was not
affected. However, decreased lipid tolerance was observed in LAM@€&IRIent Kupffer cé$. Overall,

our results suggest that LAMTORL1 deficiency in macrophages prevents obesity and metabolic disorders
via the accumulation of Kupffer cells in the liver and the consequent Aiplammation and increased
energy expenditure. Therefore, our reiprovide a new perspective for macrophadgerived LAMTOR1

in the context of systemic metabolism.

Yu, F., et al. (2021). "Deficiency of intestinal Bmall prevents obesity induced Hathiggding."
Nature Communication$2(1): 5323.

The role of inteshe clock in energy homeostasis remains elusive. Here we show that mice with Bmall
specifically deleted in the intestine (Bmall(iKO) mice) have a hormal phenotype on a chow diet. However,
on a highfat diet (HFD), Bmall1(iKO) mice are protected against ldpuweent of obesity and related
abnormalities such as hyperlipidemia and fatty livers. These metabolic phenotypes are attributed to
impaired lipid resynthesis in the intestine and reduced fat secretion. Consistentlytywédmice fed a

HFD during nighttima (with a lower BMAL1 expression) show alleviated obesity compared to mice fed ad
libitum. Mechanistic studies uncover that BMAL1 transactivates the Dgat2 gene (encoding the
triacylglycerol synthesis enzyme DGAT?2) via direct binding tebax B the pronater, thereby promoting
dietary fat absorption. Supporting these findings, intestinal deficiency ofeRealpha, a known BMAL1
repressor, enhances dietary fat absorption and exacerbates-iktitized obesity and comorbidities.
Moreover, smalimolecule targéing of REMERBalpha/BMALL by SR9009 ameliorates -iHfixed
obesity in mice. Altogether, intestine clock functions as an accelerator in dietary fat absorption and
targeting intestinal BMAL1 may be a promising approach for management of metabolic disehses

by excess fat intake.
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Zhang, L., et al. (2021). "Ninjin'yoeito modulates feeding and activity under negative energy balance
conditions via the NPY systeniNeuropeptides87: 102149.

The central and peripheral neuropeptide Y (NPY) system isafljitiovolved in feeding and energy
homeostasis control. Disease conditions as well as aging can lead to reduced functionality of the NPY
system and boosting it represents a promising option to improve health outcomes in these situations.
Here we show thalinjin-yoeito (NYT), a Japanese kampo medicine comprising twelve herbs, and known
to be effective to treat anorexia and frailty, mediates part of its action via NPY/peptide YY (PYY) related
pathways. Especially under negative energy homeostasis condiigiisis able to promote feeding and
reduces activity to conserve energy. These effects are in part mediated via signalling through the NPY
system since lack of Y4 receptors or PYY leading to modification in these responses highlighting the
possibility forcombination treatment to improve aging related conditions on energy homeostasis control.

Zhang, L., et al. (2021). "Lack of neuropeptide FF signalling in mice leads to reduced repetitive
behavior, altered drinking behavior, and fuel type selectiGtARSEBournal35(11): e21980.

Although best known for their involvement in modulating nociception, Neuropeptide FF (NPFF) group
peptides have been suggested to fulfil a variety of biological functions such as feeding, anxiety behaviors
and thermogenesis. Howey, evidence supporting these functions of NPFF is mostly pharmacological,
leaving the physiological relevance unaddressed. Here we examined the physiological impact of lack of
NPFF signalling in both genders using a Mpfifiouse model. NPFF expressilmthe mouse is restricted

to the spinal cord and brainstem while its cognate receptor NPFFR2 has wider distribution throughout the
brain. Both male and female Npff{) mice showed reduced repetitive behaviors evidenced in the marble
burying test and selfrooming test. A decrease in anxiglated behaviors in the Npff() mice was also
observe in the open field test and to a lesser degree in an elevated plus maze test. Moreover, both male
and female Npff{-) mice exhibited increased water intake rasug from increases in drinking size, rather

than number of drinking events. During a fastimfeeding challenge, Npff¢) mice of both genders
displayed alterations in reparatory exchange ratio that reflect a greater fuel type flexibility -/Npff{ce

were otherwise wiletype-like regarding body weight, body composition, feeding behaviors, locomotion

or energy expenditure. Together, these findings reveal the important physiological roles of NPFF signalling
in the regulation of anxietyelated and repétive behaviors, fluid homeostasis and oxidative fuel
selection, highlighting the therapeutical potential of the NPFF system in a number of behavioral and
metabolic disorders.

Zhang, M., et al. (2021). "INPP4B protects from metabolic syndrome and asdatigorders."
Commun Bio#(1): 416.

A high fat diet and obesity have been linked to the development of metabolic dysfunction and the
promotion of multiple cancers. The causative cellular signals are multifactorial and not yet completely
understood. Inthis report, we show that Inositol PolyphosphatePhosphatase Type 1l B (INPP4B)
signaling protects mice from di@duced metabolic dysfunction. INPP4B suppresses AKT and PKC
signaling in the liver thereby improving insulin sensitivity. INPP4B losssresthe proteolytic cleavage
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and activation of a key regulator in de novo lipogenesis and lipid storage, SREBP1. In mice fed with the
high fat diet, SREBP1 increases expression and activity of PPARG and other lipogenic pathways, leading to
obesity and na-alcoholic fatty liver disease (NAFLD). Inpp4p(male mice have reduced energy
expenditure and respiratory exchange ratio leading to increased adiposity and insulin resistance. When
treated with high fat diet, Inpp4b{-) males develop type Il diabetesd inflammation of adipose tissue

and prostate. In turn, inflammation drives the development of highde prostatic intraepithelial
neoplasia (PIN). Thus, INPP4B plays a crucial role in maintenance of overall metabolic health and protects
from prostateneoplasms associated with metabolic dysfunction.

Zhang, Y., et al. (2021)Tétrahydroxanthohumol, a xanthohumol derivative, attenuates Hegidiet-
AYRdAzZOSR KSLI GAO aidSlr.ORif@wa oe& FydlF3az2yAlAy3 tt! w!

We previously repded xanthohumol (XN), and its synthetic derivative tetrahyifd (TXN), attenuates

high-fat diet (HFDjnduced obesity and metabolic syndrome in C57BI/6J mice. The objective of the current
study was to determine the effect of XN and TXN on lipid accuioalat the liver. Norsupplemented

mice were unable to adapt their caloric intake to 60% HFD, resulting in obesity and hepatic steatosis;
however, TXN reduced weight gain and decreased hepatic steatosis. Liver transcriptomics indicated that
TXNmightantayy AT S f ALI2ASYA O tt! wi | OGA2Yya -ikdycedBraA2 d@ - b
cell differentiation concomitant with decreased expression of lipogenedted genes. A peroxisome

LINEE AFSNI G2NI F OGA DI G§SR NB OS Liassawdhavedyhat XN and TXNwindd O
G2 tt!w! GAGK |y L/ pn -1@tmésistrangérl ting olehid. Maldcail dotkigy S |
aAYdzZ FiA2ya RSY2yadN) GdSR G K I-lindingtdomaiyf pockeét. Ouor fiidiigé R~ A Y
areconsistentwk - b FyR ¢-b FOGAY3 & FyGlFr3z2yrada 2F tt

Zhou, B., et al. (2021). "Seruand glucocorticoidnduced kinase drives hepatic insulin resistance by
directly inhibiting AMPactivated protein kinase Cell Ref37(1): 109785.

A hallmark of type 2 diabetes (T2D) is hepatic resistance to insulin's gliosomeng effects. The serum

and glucocorticoidegulated family of protein kinases (SGK) is activatedndtream of mechanistic

target of rapamycin complex 2 (mMTORC?2) in response to insulin in parallel to AKT. Surprisingly, despite an
identical substrate recognition motif to AKT, which drives insulin sensitivity, pathological accumulation of
SGK1 drives inin resistance. Livespecific Sgkknockout (Sgkl(Lko)) mice display improved glucose
tolerance and insulin sensitivity and are protected from hepatic steatosis when fed dighidiet. Sgk1
promotes insulin resistance by inactivating Ali®ivated protén kinase (AMPK) via phosphorylation on
inhibitory site AMPKalpha(Ser485/491). We demonstrate that SGK1 is dominant among SGK family
kinases in regulation of insulin sensitivity, as Sgkl, Sgk2, and Sgk&nopl®ut mice have similar
increases in hepatiinsulin sensitivity. In aggregate, these data suggest that targeting hepatic SGK1 may
have therapeutic potential in T2D.
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Zhuang, A., et al. (2021). "SOD2 in skeletal muscle: New insights from an inducible deletion model."
Redox Bio#t7: 102135.

Metabolic conditions such as obesity, insulin resistance and glucose intolerance are frequently associated
with impairments in skeletal muscle function and metabolism. This is often linked to dysregulation of
homeostatic pathways including an increase in reaatixqggen species (ROS) and oxidative stress. One of
the main sites of ROS production is the mitochondria, where the flux of substrates through the electron
transport chain (ETC) can result in the generation of oxygen free radicals. Fortunately, seveaalisnesh

exist to buffer bursts of intracellular ROS and peroxide production, including the enzymes Catalase,
Glutathione Peroxidase and Superoxide Dismutase (SOD). Of the latter, there are two intracellular
isoforms; SOD1 which is mostly cytoplasmic, anB@ZS®hich is found exclusively in the mitochondria.
Developmental and chronic loss of these enzymes has been linked to disease in several studies, however
the temporal effects of these disturbances remain largely unexplored. Here, we induced a post
developrental (8week old mice) deletion of SOD2 in skeletal muscle (SMR®) and demonstrate that

16 weeks of SOD2 deletion leads to no major impairment in whole body metabolism, despite these mice
displaying alterations in aspects of mitochondrial abundana\aiuntary ambulatory movement. This

is likely partly explained by the suggestive data that a compensatory response may exist from other redox
enzymes, including catalase and glutathione peroxidases. Nevertheless, we demonstrated that inducible
SOD2 delebn impacts on specific aspects of muscle lipid metabolism, including the abundance of
phospholipids and phosphatidic acid (PA), the latter being a key intermediate in several cellular signaling
pathways. Thus, our findings suggest that pdstelopmentaldeletion of SOD2 induces a more subtle
phenotype than previous embryonic models have shown, allowing us to highlight a previously
unrecognized link between SOD2, mitochondrial function and bioactive lipid species including PA.

Bazhin, A. A., et a(2020). "A bioluminescent probe for longitudinal monitoring of mitochondrial
membrane potential.'Nature Chemical Biologh6(12):13851393.

aAl20K2YRNAIE YSYONIryS LRGSYGAIFIE opaYO A& | dzy Al
is known to play a central role in many human pathologies, such as diabetes mellitus, cancer and
LfT KSAYSNDE FyR t | M reppratBeyiésin, SitheSsiandSaveral applibeBobs of
mitochondrial OG A @ GF 6t S f dzOAFSNRAY oda! [0 | o0A2fdzYAySa
LX FaYl YSYONIYS LRAEGPHAKNOSBH N2 IA FERA YR inwWea. y A G2 N
We applied this new technology to evaluate theagh® f I G SR OKI y3aS 2F paY AY
nicotinamide riboside (NR) reverts agirejated mitochondrial depolarization, revealing another
important aspect of the mechanism of action of tipigtent biomolecule. In addition, we demonstrated
application of the MAL probe for studies of brown adipose tissue (BAT) activation afioMasive in vivo
FaaSaaySyd 2F npnaY Ay FyAYlFt OFyOSN Y2RStax 2LJS
underlying mechanisms and for discovery of effective treatments for many human pathologies. [Figure
not available: see fulltext.]

64
PROMETHION" PROMETHION



List of Publications - Promethion metabolic and behavioral phenotyping system

Beppu, L. Y., et g2020). "Tregs facilitate obesity and insulin resistance via a Blittyi0 axis."JCI
Insight

Interleukin-10 (I1:10) is a critical cytokine used by immune cells to suppress inflammation. Paradoxically,
immune celderived IL10 can drive insulin resistance in obesity by suppressing adipocyte energy
expenditure and thermogenesis. However, the source-dDihecessary for the suppression of adipocyte
thermogenesis is unknown. We show here that CD4 + Foxp3 + regulatory

Bhupana, J. N., et 42020). "Gas7 knockout affects PINK1 expression and mitochondrial dynamics in
mouse cortical neuronsFASEB BioAdvanc8): 166181.

il 1S t202Y202N) F OGAGAGRT +h H O2yadzYLWiA2ys |yl
t NBYSGKAZ2Yym/ O2yldAydz2dzas LI NFEESE YSGFo2fA0 LKS
AAE gAfRNGRLIS GyRIBSEYHOESThdy 2608818 2t RO X

Binyamin, D., et al. (2020). "The aging mouse microbiome has obesogenic characte@sticsrie
Medicine12(1).

Background: During aging, there is a physiological decline, an increase of morbidity and mortality, and a
naturd change in the gut microbiome. In this study, we investigated the influence of the gut microbiome
on different metabolic parameters in adult and aged mice. Methods: Fecal and blood samples from adult
(n =42, 106800 days) and aging (n = 32, 5880 days)mice were collected. Microbiome analysis was
done using QIIME2. Mouse weight and body composition were measured using NMR, and insulin and
leptin levels in the blood were measured with Mouse Adipokine Magnetic Bead Panel kit. Fecal microbiota
transplantaton experiments from adult and aged mice into young géree mice were carried out in

order to examine the effect of the gut microbiome of adult and aging mice on weight, body composition,
insulin, and leptin. Results: We demonstrate that the microbiorfresn adult and aged mice are
distinguishable. We also report changes in metabolic parameters as we observed significantly higher
weight and fat mass and low lean mass in aged compared to adult mice along with high insulin and leptin
levels in the blood. Thtransplanted gut microbiome from aged mice transferred part of the phenotypes
seen in aged mice. Fat body mass and insulin levels were higher in the mice who received feces from aged
mice than mice receiving feces from adult mice. In addition, they aarsumore food and had a higher
respiratory quotient compared to mice receiving adult feces. Conclusions: We conclude that aged mice
have a gut microbiota with obesogenic characteristics. In addition, the gut bacterial population itself is
sufficient to indice some of the manifestations of obesity.

Brierley, D. I., et a{2020). "Central and peripheral GLRBystems independently and additively
suppress eating.BioRxiv2020.2008.2003.23442732020.234408.234403.234427.

The anorexigenic peptide glucagbke peptidel (GLFL) is secreted from gut enteroendocrine cells and
brain preproglucagon (PPG) neurons, which respectively define the peripheral and centlasyaitéms.
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As peripheral satiation signals are integrated in the nucleus tractus solitd{its)( PPGNTS neurons are
assumed to link the peripheral and central G@LBystems, forming a unified GlLRyutbrain satiation

circuit. This hypothesis, however, remains unsubstantiated. We report that PPGNTS neurons encode
satiation in mice, consistent i vagal gastrointestinal distension signalling. However, PPGNTS neurons
predominantly receive vagal input from oxytocin recepéxpressing vagal neurons, rather than those
expressing GL:P receptors. Furthermore, PPGNTS neurons are not necessary fog eaippression
induced by the GL-P receptor agonists liraglutide or semaglutide, and semaglutide and PPGNTS neuron
activation additively suppress eating. Central and peripheral-IGk¥stems thus suppress eating via
independent gubrain circuits, hence FGNTS neurons represent a rational pharmacological target for
anti-obesity combination therapy with GtPreceptor agonists. ![Figure][1]</img> Graphical Abstract:
### Competing Interest Statement The FR + FMG laboratory receives funding from AstraZkndoa,

and LGM for unrelated research and FMG consults for Kallyope (New York). All other authors have nothing
to declare. [1]: pending:yes

Butler, M. C., et al. (2020). "Endocrine disruption of gene expression and microRNA profiles in
hippocampus and hypothalamus of California mice: Association of gene expression changes with
behavioural outcomes . Journal of Neuroendocrinolod32(5).

The hypothalamus and hippocampus are sensitive to early exposure to endocrine disrupting chemicals
(EDCs). Two EDCs that have raised particular concerns are bisphenol A (BPA), a widely prevalent chemical
in many common household items, and genistein (GEN), tofiigstrogen present in soy and other
plants. We hypothesised that early exposure to BPA or GEN may lead to permanent effects on gene
expression profiles for both coding RNAs (MRNAs) and microRNAs (miRs), which can affect the translation
of mRNAs. Such Efr@uced biomolecular changes may affect behavioural and metabolic patterns.
California mice (Peromyscus californicus) male and female offspring were developmentally exposed via
the maternal diet to BPA (gkg1l feed weight low dose [LD] and Bykg-1 feed weight upper dose

[UD]), GEN (258hgkg-1 feed weight) or a phytoestrogenfree diet (AIN) control. Behavioural and
metabolic tests were performed at 1&&ays of age. A quantitative polymerase chain reacttion analysis
was performed for candidate mRNAsd miRs in the hypothalamus and hippocampus. LD BPA and GEN
exposed California miagffspring showed sociocommunication impairments. Hypothalamic Avp, Esrl,
Kiss1 and Lepr were increased in LD BPA offspringl58ilRas elevated but milR81la was reduceih LD

BPA offspring. mi#R and miRL53 were increased in the hippocampi of LD BPA offspring, whereas GEN
decreased hippocampal miRa and miRL53 expression. Correlation analyses revealed neural expression

of miR153 and miRL81a was associated with so@ommunication deficits in LD BPA individuals. The
findings reveal a cause for concern such that developmental exposure of BPA or GEN in California mice
(and potentially by translation in humans) can lead to long standing neurobehavioural consequences.

Canpelj, D. G., et al. (2020). "Sodium nitrateszgoplementation does not exacerbate low dose
metronomic doxorubiciinduced cachexia in healthy mic&tientific Report40(1).

The purpose of this study was to determine whether (1) sodium nitrate (Shifment progressed or
alleviated doxorubicin (DOX)duced cachexia and muscle wasting; and (2) if a mabngcally relevant
low-dose metronomi¢LDM) DOX treatment regimen compared to the high dosage bolus commonly used
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in animal research, was sufficieistinduce cachexia in mice. Sieek old male Balb/C mice (n = 16) were
treated with three intraperitoneal injections of either vehicle (0.9% NacCl; VEH) or k@) over one

week. To test the hypothesis that sodium nitrate treatment could protect rggaDOXnduced
symptomology, a group of mice (n = 8) were treated witmMl NaNO3 in drinking water during DOX

(4 mg/kg) treatment (DOX + SN). Body composition indices were assessed using echoMRI scanning, whilst
physical and metabolic activity were assed via indirect calorimetry, before and after the treatment
regimen. Skeletal and cardiac muscles were excised to investigate histological and molecular parameters.
LDM DOX treatment induced cachexia with significant impacts on both body and lean mdss, an
fatigue/malaise (i.e. it reduced voluntary wheel running and energy expenditure) that was associated with
oxidative/nitrostative stress sufficient to induce the molecular cytotoxic stress regulator, nuclear factor
erythroid-2-related factor 2 (NRE). SNcotreatment afforded no therapeutic potential, nor did it
promote the wasting of lean tissue. Our dataakirm a cardioprotective effect for SN against DOX
induced collagen deposition. In our mouse model, SN protected against LDNh&WeXd cardiac firosis

but had no effect on cachexia at the conclusion of the regimen.

Campelj, D. G., et al. (2020). "The paradoxical effect of parp inhibiteit Bgp irinotecarAnduced
cachexia and skeletal muscle dysfunctidBdncerd2(12): £28.

Chemotherapyinduced muscle wasting and dysfunction is a contributing factor to cachexia alongside
cancer and increases the risk of morbidity and mortality. Here, we investigate the effects of the
chemotherapeutic agent irinotecan (IRI) on skeletal muscle mass and forasiith whether BGR5 (a
poly-(ADPribose) polymerasd (PARHR) inhibitor and heat shock protein éoducer) adjuvant therapy

could protect against IRhduced skeletal myopathy. Healthywiekold male Balb/C mice (n = 24;
8/group) were treated with sixniraperitoneal injections of either vehicle, IRl (30 mg/kg) or B&GP
adjuvant therapy (IRI+BGP; 15 mg/kg) over two weeks. IRI reduced lean and tibialis anterior mass, which
were attenuated by IRI+BGP treatment. Remarkably, IRl reduced muscle proteiassynithile IRI+BGP
reduced protein synthesis further. These changes occurred in the absence of a change in crude markers
of mammalian/mechanistic target of rapamycin (mMTOR) Complex 1 (mMTORCL1) signaling and protein
degradation. Interestingly, the cytoskedé protein dystrophin was reduced in both i&id IRI+BGP
GNBFGSR YAOSI 6KAf S L wL Hystidglycan, M&dedtiNgSigrificant fetn@delifgS O NJ
of the cytoskeleton. IRI reduced absolute force production of the soleus and extensor digitomgus

(EDL) muscles, while IRI+BGP rescued absolute force production of the soleus and strongly trended to
rescue force output of the EDL (p = 0.06), which was associated with improvements in mass. During the
fatiguing stimulation, IRI+B@FReated EDL mscles were somewhat susceptible to rupture at the
musculotendinous junction, likely due to B&p Q& OF LI OAGe G2 YFAYyGlFAy GK
within a weakened environment characterized by significant structural remodeling. Our paradoxical data
highlight that BGRL5 has some therapeutic advantage by attenuatinginBliced skeletal myopathy;
however, its effects on the remodeling of the cytoskeleton and extracellular matrix, which appear to make
fasttwitch muscles more prone to tearing during da@ction, could suggest the induction of muscular
dystrophy and, thus, require further characterization.
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Carreau, A. M., et al. (2020). "Bariatric surgery rapidly decreases cardiac dietary fatty acid partitioning
and hepatic insulin resistance through ieased intraabdominal adipose tissue storage and reduced
spillover in type 2 diabetesDiabetes69(4): 567577.

Reduced storage of dietary fatty acids (DFAs) in abdominal adipose tissues with enhanced cardiac
partitioning has been shown in subjects witipe 2 diabetes (T2D) and prediabetes. We measured DFA
metabolism and organ partitioning using positron emission tomography with oral and intravenous long
chain fatty acid and glucose tracers during a standard liquid meal in 12 obese subjects with Tr2D befo
and &12 days after bariatric surgery (sleeve gastrectomy or sleeve gastrectomy and biliopancreatic
diversion with duodenal switch). Bariatric surgery reduced cardiac DFA uptake from a median (standard
uptake value [SUV]) 1.75 (interquartile range £A3%7) before to 1.09 (1.@4..53) after surgery (P 5 0.01)

and systemic DFA spillover from 56.7 mmol before to 24.7 mmol over 6 h after meal intake after surgery
(P 5 0.01), with a significant increase in irdiladominal adipose tissue DFA uptake from {.84¢0.31]

before to 0.49 (0.2€0.59) SUV after surgery (P 5 0.008). Hepatic insulin resistance was significantly
reduced in close association with increased DFA storage indbttaminal adipose tissues (r 5 20.79, P 5
0.05) and reduced DFA spillove5(0.76, P 5 0.01). We conclude that bariatric surgery in subjects with
T2D rapidly reduces cardiac DFA partitioning and hepatic insulin resistance at least in part through
increased intraeabdominal DFA storage and reduced spillover.

Ceddia, R.,etal.f24 n 0 ® b L Y LI A MNAYbrakke bn edxdydosidenhances insulin action,
protects against dieinduced obesity, and promotes adipocyte browninigidRxiv

¢KS Di+ O2YLX SE AyKAOoAGA OSarA0tS SE20éi(24r4a oé
voltage gated calcium channels, and binding to SNAP25 in the SNAP Receptor (SNARE) complex. To de
convolute the role of each of these mechanisms in vivo, we have made a mouse with the second
YSOKIFyAaY RA&alFI0of SR® ¢KS {b!tuppo YdziltGA2y NBYRSN
gla dzZaSR (2 Ay@Sadaial GSHAP2ZKiSerakiryinJglitdse siidBated ifsulidi K S
AaSONBGA2Yy 6D{L{0O FyR 3f20Fft YSil 02 t-medatddhMuiiéna i I a A
2T D{L{ 6SNB y20 FfGiSNBR Ay {b!tuppoknpo YAOS® b
improvement in insulirsensitivity and were resistant to weight gain when challenged with a high fat diet
(HFD). Reduced food consumption in the early stages of HFD feeding were partly responsible for the
AYyLFLoAftAGe 2F {b!tuppokpo YAOS (& indlinhebiated@lcBi 2y
dzLJG F 1S AyiG2 6KAGS FRALRAS GAaadsS FyR AyONBFaSR
Oz2yaraitaSyid 6AGK Fy AYLIANBR FoAfAGe G2 NBOGFAYy S
mice are all metabolicall LINRPGSOGABST AYRAOFIGAY3I GKI-BNARIB I NN |
interaction may have a metabolic benefit.

Chang, Y-C., et al(2020).A common East AsiapecicALDH2 mutation causes obesity and insulin
resistance: therapeutic effect of reducing toxic aldehydes by ALDH2 activas@archsquare.com

Obesity and type 2 diabetes have reached pandemic proportion. In particular, the population with
diabetes is expcted to rise rapidly in East and South Asia. ALDH2 (acetaldehyde dehydrogenase 2,
mitochondrial) is the key metabolizing enzyme of acetaldehyde and other toxic aldehydes, such as 4
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hydroxynonenal (4HNE). A missense mutation, Glu504Lys of ALDH2 (deastdte ALDH2*2 allele) is
prevalent in 560 million East Asians, resulting in reduced ALDH2 enzymatic activity. We found that
Aldh2*2/*2 homozygous knoeh (KI) mice mimicking human Glu504Lys mutation were prone to develop
diet-induced obesity, glucose imlerance, insulin resistance, and fatty liver on a Higtrhigh-sucrose diet
compared with controls. The Aldh2 KI mice demonstrated reduced energy expenditure and
thermogenesis. Proteomic analyses of the brown adipose tissue (BAT) of the Aldh2 Kl miieel ide
increased 4HNEadducted proteins involved in fatty acid oxidation and electron transport chain. Fatty
acid oxidation rate and mitochondrial electron transport activity were reduced in the BAT of the Aldh2 K
mice, which explained the decrease in thmgenesis and energy expenditure.

Chelsea L. Faber, J. D. (2020). "Lestoeptor neurons in the dorsomedial hypothalamus regulate the
timing of circadian rhythms in feeding angetabolism in mice.bioRxiv25071): 19.

X 9y SNH& SELISY eeiitsiahd® obtaihed byyaZomputeedtrolled indirect calorimeter
System 196 (Promethion, Sable Systems, Las Vegas NV) with support from the Energy Balance Core of the
MpT bhw/ G GKS ! YyAGSNEAGE 2F 2FaKAYy3Id2y> Fa LINE

Cooke, D., eal. (2020). "Weight Loss and Concomitant Adipose Autophagy in Methi®asgicted
Obese Mice is Not Dependent on Adiponectin or FGR24€5ity28(6): 10751085.

Objective: Identifying novel approaches to combat obesity is important to improve headth $pwas
hypothesized that methionine restriction (MR) will induce weight loss in obese mice by reducing adipose
tissue mass caused by increased energy expenditure and reprogramming of adipose tissue homeostasis.
The roles of adiponectin (ADIPOQ) anddiibast growth factor 21 (FGF21) during weight loss in MR mice
were also tested. Methods: Diéttduced obese (DIO) male C57BL/6J (wild type), Adiefigient
(Adipogknockout [KQ]), Fgf2KO, and Adipoggf21 doubleKO mice were used. Following a switch t
high-fat control (DIGCF, 60% fat/0.86% methionine) or MR (M, 60% fat/0.12% methionine) diet,
physiological parameters were measured, and inguinal and perigonadal adipose tissues were examined.
Results: Obese mice subjected to MR showed loss of badght and adiposity, increased energy
expenditure, and improved glucose tolerance that were independent of the actions of ADIPOQ and FGF21.
MR induced reduction of circulating lipids, glucose, insulin, leptin, and insulin like growth factor 1 and
increa$ R-hyidroxybutyrate, ADIPOQ, and FGF21 concentrations. In fat, MR upregulated protein levels
of adipose triglyceride lipase, apoptosiglucing factor, lysosomassociated membrane proteins 1 and

2, autophagyrelated protein 5, beclirl, and light chai®B | and Il. Conclusions: MR reduction of adipose
tissue mass in obese mice is associated with elevated lipolysis, apoptosis, and autophagy and occurs
independently of the actions of ADIPOQ and FGF21.

69
PROMETHION" PROMETHION



List of Publications - Promethion metabolic and behavioral phenotyping system

Debruin, D. A, et al. (2020). "Exercise May AmelidreeDetrimental Side Effects of High Vitamin D
Supplementation on Muscle Function in Micddurnal of Bone and Mineral Resea88(6): 1092
1106.

Vitamin D is commonly prescribed to normalize deficiencies and to treat osteoporosis. However, the effect
vitamin D supplements have on skeletal muscle health is equivocal. Although vitamin D is known to play
a role in the various processes that maintain muscle integrity and function, recent studies utilizing high
bolus dose vitamin D supplementation has dentogted an increased risk of falls. Thus, the aim of this
study was to investigate the effects of high vitamin D supplementation on skeletal muscle function with
and without exercise enrichment. Feureek old C57BL/10 mice (n = 48) were separated into eithe
normal vitamin D (1500 1U/kg diet; unsupplemented) or high vitamin D (20,000 1U/kg diet; supplemented)
treatment groups. Each dietary group was further separated into interventional subgroups where mice
either remained sedentary or received exere@m@ichment for 8 weeks in the form of voluntary running.
Following the intervention period, whole body in vivo and ex vivo contractile analysis were performed.
High vitamin D supplementation decreased force production in the slateh soleus muscles of
sedentary mice (p <.01); however, exercise normalized this effect. Eight weeks of exercise did not improve
fatigue resistance of the extensor digitorum longus (EDL) or soleus muscles in unsupplemented mice, likely
due to low levels of activation in these mustlén contrast, fatigability was improved in the EDL (p <.01)
and even more so in the soleus (p <.001) in the supplemented exengisaEned group. Our data highlights

that increasing vitamin D levels above normal reduces postural muscle force as skersatetus. Thus,
unnecessary vitamin D supplementation may contribute to the increased risk of falls observed in some
studies. Interestingly, when vitamin D supplementation was combined with exercise, force production
was effectively restored, and fatiguesistance improved, even in muscles lowly activated. Regular
exercise may modulate the effects of vitamin D on skeletal muscle, and be recommended for individuals
receiving vitamin D supplements. © 2020 The Authors. Journal of Bone and Mineral Resddisitedu

by American Society for Bone and Mineral Research.

Deem, J., et al. (2020). "Calluced hyperphagia requires AgR&uron activation in mice £Life9.

To maintain energy homeostasis during cold exposure, the increased energy demands of thersimge
must be counterbalanced by increased energy intake. To investigate the neurobiological mechanisms
underlying this coldnduced hyperphagia, we asked whether ageetated peptide (AgRP) neurons are
activated when animals are placed in a cold envinent and, if so, whether this response is required for

the associated hyperphagia. We report that AgiRBron activation occurs rapidly upon acute cold
exposure, as do increases of both energy expenditure and energy intake, suggesting the mere perception
of cold is sufficient to engage each of these responses. We further report that silencing of AGQRP neurons
selectively blocks the effect of cold exposure to increase food intake but has no effect on energy
expenditure. Together, these findings establish ggblogically important role for AQRP neurons in the
hyperphagic response to cold exposure.
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DiTacchio, K. A., et al. (2020). "JARID1a Ablation in the Liver Alters Systemic Metabolism and
Adaptation to Feeding.Cell Report81(8).

The liver is a key gailator of systemic energy homeostasis whose proper function is dependent on the
circadian clock. Here, we show that livers deficient in the oscillator component JARID1a exhibit a
dysregulation of genes involved in energy metabolism. Importantly, we fiatrice that lack hepatic
JARID1a have decreased lean body mass, decreased respiratory exchange ratios, faster production of
ketones, and increased glucose production in response to fasting. Finally, we find that JARID1a loss
compromises the response di¢ hepatic transcriptome to nutrient availability. In all, ablation of hepatic
JARID1a disrupts the coordination of hepatic metabolic programs with wioalg consequences.

Dong, T. S., et al. (2020). "Intraperitoneal Treatment of Kisspeptin Suppregssgedand Energy
Expenditure and Alters Gastrointestinal Hormones in MiDégestive Diseases and Scien68$):
22542263.

Background: Kisspeptin is a neuropeptide that plays an integral role in the regulation of energy intake and
reproduction by actig centrally on the hypothalamgpituitarycgonadal axis. Our current study explores

for the first time the effects of a pharmacological treatment of intraperitoneal kisspefion murine
feeding behavior, respirometry parameters, energy balance, and noditahormones. Methods: Two
groups (n = 16) of ageand sexmatched C57BL/6 wiltype adult mice were individually housed in
metabolic cages and intraperitoneally injected with either kisspep@n(2nmol in 200ul of saline)
(10uM) or vehicle before th beginning of a darghase cycle. Microstructure of feeding and drinking
behavior, respirometry gases, respiratory quotient (RQ), total energy expenditure (TEE), metabolic
hormones, oral glucose tolerance, and lipid profiles were measured. Results:ritoagal treatment

with kisspeptinl0 caused a significant reduction in food intake, meal frequency, meal size, and eating
rate. KisspeptirlO significantly decreased TEE during both the dark and light phase cycles, while also
increasing the RQ during thdark-phase cycle. In addition, mice injected with kisspefifn had
significantly higher plasma levels of insulin (34%8nl vs. 106.4g/ml; p = 0.005), leptin (855g/ml

vs. 173.Jpg/ml; p = 0.02), resistin (9411ph/ml vs. 4116.%pg/ml; p = 0.001)and HDL (147@g/dl vs
97.1mg/dl; p = 0.04). Conclusion: A pharmacological dose of kisspgptinignificantly altered
metabolism by suppressing food intake, meal size, eating rate, and TEE while increasing the RQ. These
changes were linked to increasdevels of insulin, leptin, resistin, and HDL. The current results suggest
that a peripheral kisspeptin treatment could alter metabolism and energy homeostasis by suppressing
appetite, food intake, and fat accumulation.

Ehrlicher, S. E., et §2020). "Mitochondrial adaptations to exercise do not require Betliated
autophagy but occur with BNIP3/Parkin activatidRASEB Journadi(3): 46024618.

Understanding the mechanisms regulating mitochondrial respiratory foncnd adaptations to
metabolic challenges, such as exercise and high dietary fat, is necessary to promote skeletal muscle health
and attenuate metabolic disease. Autophagy is a constitutively active degradation pathway that promotes
mitochondrial turnove and transiently increases postexercise. Recent evidence indicates Bcl2 mediates
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exerciseinduced autophagy and skeletal muscle adaptions to training during-faigldiet. We
determined if improvements in mitochondrial respiration due to exercise trairengired Bcl2mediated
autophagy using a transgenic mouse model of impaired inducible autophagy (Bcl2AAA). Mitochondrial
adaptations to a treadmill exercise training protocol, in eitherfatvor highfat diet fed mice, did not
require BclZmediated autghagy activation. Instead, training increased protein synthesis rates and basal
autophagy in the BcI2AAA mice, while acute exercise activated BNIP3 and Parkin autophaigy di&gh
stimulated lipidspecific mitochondrial adaptations. These data demaatstr increases in basal
mitochondrial turnover, not transient activation with exercise, mediate adaptations to exercise and high
fat diet.

Ewbank, S. N., et al. (2020). "Chronic Gq signaling in AQRP neurons does not cause obesity."
Proceedings of the Natmal Academy of Sciences of the United States of Am&fi@84): 20874
20880.

Maintaining energy homeostasis requires coordinating physiology and behavior both on an acute
timescale to adapt to rapid fluctuations in caloric intake and on a chronic tinrescaegulate body
composition. Hypothalamic agouttlated peptide (AgRRxpressing neurons are acutely activated by
caloric need, and this acute activation promotes increased food intake and decreased energy expenditure.
On a longer timescale, AgRP nans exhibit chronic hyperactivity under conditions of obesity and high
dietary fat consumption, likely due to leptin resistance; however, the behavioral and metabolic effects of
chronic AgRP neuronal hyperactivity remain unexplored. Here, we use chentiogenemanipulate Gq
signaling in AgRP neurons in mice to explore the hypothesis that chronic activation of AQRP neurons
promotes obesity. Inducing chronic Gq signaling in AgRP neurons initially increased food intake and
caused dramatic weight gain, in regment with published data; however, food intake returned to
baseline levels within 1 wk, and body weight returned to baseline levels within 60 d. Additionally, we
found that, when mice had elevated body weight due to chronic Gq signaling in AgRP nemengy,
expenditure was not altered but adiposity and lipid metabolism were both increased, even under caloric
restriction. These findings reveal that the metabolic and behavioral effects of chronic Gq signaling in AQRP
neurons are distinct from the preuvisly reported effects of acute Gqg signhaling and also of leptin
insensitivity.

Flippo, K. H., et 82020). "FGF21 signaling in glutamatergic neurons is required for weight loss
associated with dietary protein dilutionScientific Report&0(1).

Alterations in macronutrient intake can have profound effects on energy intake and blodle
metabolism. For example, reducing protein intake increases energy expenditure, increases insulin
sensitivity and decreases body weight in rodents. Fibroblasttréagtor 21 (FGF21) signaling in the brain

is necessary for the metabolic effects of dietary protein restriction and has more recently been proposed

to promote protein preference. However, the neuron populations through which FGF21 elicits these
effectsdNB dzy {y26yd® | SNB>X ¢S Ri8onaiygluianateigts, but kot GABARRIE, S (i A :
neurons abrogated the effects of dietary protein restriction on reducing body weight, but not on
improving insulin sensitivity in both di@tduced obese and & mice. Specifically, FGF21 signaling in
glutamatergic neurons is necessary for protection against body weight gain and induction of UCP1 in
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FRALIR2AS GAaadzSa Faaz2O0Al G§SR ¢ ikioko eRpreSsioh iNGutamniteRgit S A v
neuronswas dispensable for the effects of dietary protein restriction to increase insulin sensitivity. In
addition, we report that FGF21 administration does not alter protein preference, but instead promotes
the foraging of other macronutrients primarily by suppsing simple sugar consumption. This work
provides important new insights into the neural substrates and mechanisms behind the endocrine control
of metabolism during dietary protein dilution.

Forney, L. A., et al. (2020). "Dietary Methionine Restriciigmals to the Brain Through Fibroblast
Growth Factor 21 to Regulate Energy Balance and Remodeling of Adipose Tiémsgty28(10):
1912-1921.

Objective: Restricting dietary methionine to 0.17% in mice increases energy expenditure (EE), reduces fat
deposition, and improves metabolic health by increasing hepatic fibroblast growth factor 21 (FGF21). The
goal of this study was to compare each of these responses in mice with the coreceptor for FGF21 deleted
in either adipose tissue or the brain. Methodsetlioninerestriction (MR) diets were fed to ageatched

cohorts of mice with the coreceptor for FGF21 deleted in either adipose tissue or the brain. The
physiological and transcriptional responses to MR were compared in the respective cohorts. Results:
Tissuespecific deletion of the FGF21 coreceptor in adipose tissue did not abrogate the ability of dietary
MR to increase EE and reduce fat deposition. Tispeeific deletion of the FGF21 coreceptor from the
brain produced mice that were unable to respaidhe effects of MR on EE or the remodeling of adipose
tissue. Conclusions: The increase in FGF21 produced by dietary MR acts primarily in the brain to produce
its physiological effects on energy balance. In contrast, the effects of MR on hepatic gesssapwere

intact in both models, supporting a mechanism that directly links detection of reduced methionine in the
liver to transcriptional mechanisms that alter gene expression in the liver.

Forney, L. A., et al. (2020). "Sexually Dimorphic Effe@setdry Methionine Restriction are
Dependent on Age when the Diet is Introduce@Besity28(3): 581589.

Objective: Restricting dietary methionine to 0.17% in male mice increases energy expenditure, reduces
fat deposition, and improves metabolic healthhe goal of this work was to compare each of these
responses in postweaning male and female mice and in physically mature male and female mice.
Methods: Methioninerestricted (MR) diets were fed to agmatched cohorts of male and female mice for

8 to 10 weeks beginning at 8 weeks of age or beginning at 4 months of age. The physiological and
transcriptional responses to MR were compared in the respective cohorts. Results: Dietary MR produced
sexually dimorphic changes in body composition in young growiimgads, with males preserving lean at

the expense of fat and females preserving fat at the expense of lean. The effects of MR on energy balance
were comparable between sexes when the diet was initiated after attainment of physical maturity (4
months), and retabolic and endocrine responses were also comparable between males and females after
8 weeks on the MR diet. Conclusions: The sexually dimorphic effects of MR are limited to nutrient
partitioning between lean and fat tissue deposition in young, growirgemntroduction of the diet after
physical maturity produced comparable effects on growth and metabolic responses in male and female
mice.
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Henneicke, H., et al. (2020). "Skeletal glucocorticoid signalling determines leptin resistance and obesity
in agingmice."Molecular Metabolisn¥2.

Objective: Aging and chronic glucocorticoid excess share a number of critical features, including the
development of central obesity, insulin resistance and osteoporosis. Previous studies have shown that
skeletal glucocoitoid signalling increases with aging and that osteoblasts mediate the detrimental
skeletal and metabolic effects of chronic glucocorticoid excess. Here, we investigated whether
endogenous glucocorticoid action in the skeleton contributes to metabolicudgtbn during normal

aging. Methods: Mice lacking glucocorticoid signalling in osteoblasts and osteocytes (HSD2@QB/OCY
mice) and their wiletype littermates were studied until 3, 6, 12 and 18 months of age. Body composition,
adipose tissue morphologykaletal gene expression and glucose/insulin tolerance were assessed at each
timepoint. Leptin sensitivity was assessed by arcuate nucleus STAT3 phosphorylation and inhibition of
feeding following leptin administration. Tissgeecific glucose uptake and ipdse tissue oxygen
consumption rate were also measured. Results: As they agedtypigdmice became obese and insulin
resistant. In contrast, HSD2OB/GtQYnice remained lean and insulgensitive during aging. Obesity in
wild-type mice was due to leptinesistance, evidenced by an impaired ability of exogenous leptin to
suppress food intake and phosphorylate hypothalamic STAT3, from 6 months of age onwards. In contrast,
HSD20OB/OCGtg mice remained leptirsensitive throughout the study. Compared to HSDZWBYtg

mice, leptinresistant wildtype mice displayed attenuated sympathetic outflow, with reduced tyrosine
hydroxylase expression in both the hypothalamus and thermogenic adipose tissues. Adipose tissue oxygen
consumption rate declined progressivelyaging wildtype mice but was maintained in HSD20B/a@gY

mice. At 18 months of age, adipose tissue glucose uptake was increadetddryHSD20B/O@y mice,
compared to wildtype mice. Conclusions: Skeletal glucocorticoid signalling is critical fdetledopment

of leptin resistance, obesity and insulin resistance during aging. These findings underscore the skeleton's
importance in the regulation of body weight and implicate osteoblastic/osteocytic glucocorticoid
signalling in the aetiology of aginglated obesity and metabolic disease.

| SNE ¢d YPE SiG fd O0HnHANOLD b5 A Sdl hddiation to NifHat K @ R NJ
diet-induced obesity.American Journal of Physiologindocrinology and MetabolisB186): E856
E865.

Dietary cabohydrates modulate metabolic and cell adaptation to hfghdietinduced obesity. Am J
Physiol Endocrinol Metab 318: EB8BB865, 2020. First published April 21, 2020;
doi:10.1152/ajpendo.00539.201Dbesity is associated with several chronic comorbigljtane of which

is type 2 diabetes mellitus (T2DM). The pathogenesis of obesity and T2DM is influenced by alterations in
diet macronutrient composition, which regulate energy expenditure, metabolic function, glucose
homeostasis, and pancreatic islet celblogy. Recent studies suggest that increased intake of dietary
carbohydrates plays a previously underappreciated role in the promotion of obesity and consequent
metabolic dysfunction. Thus, in this study, we utilized mouse models to test the hypothasidi¢tary
carbohydrates modulate energetic, metabolic, and islet adaptions to-faigtiets. To address this, we
exposed C57BL/6J mice to 12 wk of 3 eucaloric-fagtiets (60% calories from fat) with varying total
carbohydrate (120%) and sucrose %) content. Our results show that severe restriction of dietary
carbohydrates characteristic of ketogenic diets reduces body fat accumulation, enhances energy
expenditure, and reduces prevailing glycemia and insulin resistance compared with carbohyarate
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highfat diets. Moreover, severe restriction of dietary carbohydrates also results in functional,
morphological, and molecular changes in pancreatic islets highlighted by restricted capacity for cell mass
expansion and alterations in insulin secretagsponse. These studies support the hypothesis that
lowcarbohydrate/ higkfat diets provide antiobesogenic benefits and suggest further evaluation of the
effects of these diets on cell biology in humans.

Hew, J. J., et al. (2020). "Mouse models in buessarch: Characterisation of the hypermetabolic
response to burn injury.Burns46(3): 663674.

Objective: The aim of the study is to characterise burn induced hypermetabolism in a mouse model.
Summary Background Data: There are many mouse models ofifjurp currently available however,

their use in burns research is limited by the general assumption thatost hypermetabolism is
difficult to study in these models. Methods: Male Balb/c mice were subjected to either a small (1 cm2) or
large (4 cm2rontact burn. The hypermetabolic response to burn injury was determined by measuring
changes in basal energy expenditure. The hormonal and inflammatory mediators of hypermetabolism,
and the catabolic alterations secondary to hypermetabolism were also @eainResults: Podturn
hypermetabolism was induced in both models of small and large burn. However, large burns resulted in
prolonged wound healing, a more pronounced and sustained increase in basal energy expenditure, and a
greater stress and systemidlammatory response with profound catabolic consequences. Conclusions:
In the present study, we have successfully characterised the burn induced systemic hypermetabolic
response in a mouse model of small and large burn. These models may prove usefsefochers
studying the complex aetiology of hypermetabolism and interventions.

Holter, M. M., et al(2020). "Hepatocyte p53 ablation induces metabolic dysregulation that is
corrected by food restriction and vertical sleeve gastrectomy in mEASEB Jaual 34(1): 18461858.

P53 has been implicated in the pathogenesis of obesity and diabetes; however, the mechanisms and tissue
sites of action are incompletely defined. Therefore, we investigated the role of hepatocyte p53 in
metabolic homeostasis using khepatocytespecific p53 knockout mouse model. To gain further
mechanistic insight, we studied mice under two complementary conditions of restricted weight gain:
vertical sleeve gastrectomy (VSG) or food restriction. VSG or sham surgery was performidandiet-

fed male hepatocytespecific p53 wildype and knockout littermates. Shaoperated mice were fed ad
libitum or food restricted to match their body weight to VV®@erated mice. Hepatocytspecific p53
ablation in sharoperated ad libiturafed mice impaired glucose homeostasis, increased body weight, and
decreased energy expenditure without changing food intake. The metabolic deficits induced by
hepatocytespecific p53 ablation were corrected, in part by food restriction, and completely by VSG.
Unlike food restriction, VSG corrected the effect of hepatocyte p53 ablation to lower energy expenditure,
resulting in a greater improvement in glucose homeostasis compared with food restricted mice. These
data reveal an important new role for hepatocyte pB3he regulation of energy expenditure and body
weight and suggest that VSG can improve alterations in energetics associated with p53 dysregulation.
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Jais, A., et al. (2020). "PNOCARC Neurons Promote Hyperphagia and Obesity upasDiegh
Feeding.'Neuron 106(6): 10091025.e1010.

Calorierich diets induce hyperphagia and promote obesity, although the underlying mechanisms remain
poorly defined. We find that shoterm highfat-diet (HFD) feeding of mice activates prepronociceptin
(PNOGExpressing neurons in the arcuate nucleustloé hypothalamus (ARC). PNOCARC neurons
represent a previously unrecognized GABAergic population of ARC neurons distinct fresefinet

feeding regulatory AgRP or POMC neurons. PNOCARC neurons arborize densely in the ARC and provide
inhibitory synapticinput to nearby anorexigenic POMC neurons. Optogenetic activation of PNOCARC
neurons in the ARC and their projections to the bed nucleus of the stria terminalis promotes feeding.
Selective ablation of these cells promotes the activation of POMC neuromsHipD exposure, reduces
feeding, and protects from obesity, but it does not affect food intake or body weight under normal chow
consumption. We characterize PNOCARC neurons as a novel ARC neuron population activated upon
palatable food consumption to pronte hyperphagia.

Jian, C., et al. (2020). "Lawose Sorafenib Acts as a Mitochondrial Uncoupler and Ameliorates
Nonalcoholic SteatohepatitisCell Metabolisn81(5): 892908.e811.

Nonalcoholic steatohepatitis (NASH) is becoming one of the leading causes of hepatocellular carcinoma
(HCC). Sorafenib is the only filiste therapy for advanced HCC despite its serious adverse effects. Here,
we report that at an equivalent of approximdyeonetenth the clinical dose for HCC, sorafenib treatment
effectively prevents the progression of NASH in both mice and monkeys without any observed significant
adverse events. Mechanistically, sorafenib's benefit in NASH is independent of its cakioaaltargets

in HCC, but involves the induction of mild mitochondrial uncoupling and subsequent activation of AMP
activated protein kinase (AMPK). Collectively, our findings demonstrate a previously unappreciated
therapeutic effect and signaling mechamiof low-dose sorafenib treatment in NASH. We envision that

this new therapeutic strategy for NASH has the potential to translate into a beneficidlA&iH therapy

with fewer adverse events than is observed in the drug's current use in HCC.

Jin, S., etl. (2020). "Function of astrocyte MyD88 in highdiet-induced hypothalamic
inflammation."Journal of Neuroinflammatiofh7(1).

Background: A growing body of evidence shows that hypothalamic inflammation is an important factor in
the initiation of obedly. In particular, reactive gliosis accompanied by inflammatory responses in the
hypothalamus are pivotal cellular events that elicit metabolic abnormalities. In this study, we examined
whether MyD88 signaling in hypothalamic astrocytes controls reactin@sig and inflammatory
responses, thereby contributing to the pathogenesis of obesity. Methods: To analyze the role of astrocyte
MyD88 in obesity pathogenesis, we used astroepecific Myd88 knockout (KO) mice fed a Higihdiet

(HFD) for 16 weeks anjected with saturated free fatty acids. Astrocygpecific gene expression in the
hypothalamus was determined using rg¢ehe PCR with mRNA purified by the Rikag system.
Immunohistochemistry was used to detect the expression of glial fibrillary guioliein, ionized calcium
OAYRAY3I FTRFELII2N) Y2 SOdz S mX LIK2aLK2NEBfFGSR aAay
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melanocytestimulating hormone in the hypothalamus. Animals' energy expenditure was measured using
an indirect calorimetry systenResults: The astrocytgpecific Myd88 KO mice displayed ameliorated
hypothalamic reactive gliosis and inflammation induced by injections of saturated free fatty acids and a
longterm HFD. Accordingly, the KO mice were resistant to-teng HFBinduced olesity and showed

an improvement in HFihduced leptin resistance. Conclusions: These results suggest that MyD88 in
hypothalamic astrocytes is a critical molecular unit for obesity pathogenesis that acts by mediating HFD
signals for reactive gliosis andlarhmation.

Jing, Y., et al2020).Effect of fecal microbiota transplantation on neurological restoration in a spinal
cord injury mouse model: involvement of bragut axisresearchsquare.com

<p>Background: Spinal cord injury (SCI) patients dispdaypdion of gut microbiome and gut dysbiosis
exacerbate neurological impairment in SCI models. Cumulative data support an important role of gut
microbiome in SCI. Here, we investigated the hypothesis that fecal microbiota transplantation (FMT) may
exert aneuroprotective effect on SCI mice. </p><p>Results: We found that FMT facilitated functional
recovery, promoted neural axonal regeneration, improved animal weight gain and metabolic profiling,
and enhanced intestinal barrier integrity and GI motility. Higtoughput sequencing revealed that levels

of phylum Firmicutes, genus Blautia, Anaerostipes and Lactobacillus were reduced in fecal samples of SCI
mice, and FMT remarkably reshaped gut microbiome. Also,-tFddfed SCI mice showed increased
amount of feal shortchain fatty acids (SCFASs), which correlated with alteration of intestinal permeability

and locomotor recovery. Furthermore, FMT dovagulated Ikmi k-9 .C aA Iy |t Ay 3 A-y aLJR
. AA3AYILtfAY3a Ay 3Idzid f Kk LIH red Mpt repyoframining & guy midnobid & { dz
by FMT improves locomotor and Gl functions in SCI mice, possibly through tHeflantimatory
functions of SCFAs.</p>

Kelly, K. P. (2020Meal timing alone alters lipid oxidation rate without affecting corticoste in mice
and humansir.vanderbilt.edu

Page 1. Meal timing alone alters lipid oxidation rate without affecting corticosterone in mice and humans
By Kevin Parsons Kelly Dissertation Submitted to the Faculty of the Graduate School of Vanderbilt
Universii @ AY LI NIOAIFf FdzZ FAEEYSyld 2F GKS NBIjdzANBYSy

Krisko, T. I., et a{2020). "Dissociation of Adaptive Thermogenesis from Glucose Homeostasis in
Microbiome-Deficient Mice."Cell Metabolisn81(3): 592604.e599.

The gut microbiome contutes to metabolic health and disease in the host. Krisko and colleagues
demonstrate that the gut microbiome supports hepatic gluconeogenesis to maintain euglycemia, but that
this is independent from the regulation of energy expenditure and the adaptimertbgenic response to

cold or highfat feeding.
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Lee, N. J., et al. (2020). "Lack of NPY in neurotensin neurons leads to a lean pheiNgypgpeptides
80.

Neuropeptide Y (NPY) producing neurons in the arcuate nucleus (Arc) of the hypothalamus aialessen
to the regulation of food intake and energy homeostasis. Whilst they have classically been thought to co
express agoutielated peptide (AgRP), it is now clear that there is apnulation of NPY neurons in the

Arc that do not. Here, we show thatsaubset of AgRBegative, NPYositive neurons in the Arc also
express neurotensin (NTS) and we use anGFESine to investigate the function of this spbpulation

of NPY neurons. The lack of NPY in-plsstive neurons led to a marked reduction in faass and
bodyweight as well as a significant reduction in food intake in male NPYlox/lox; NTScre/+ mice compared
to controls. Despite the reduction in food intake, overall energy expenditure was similar between
genotypes due to concomitant reduction in agty in NPYlox/lox; NTScre/+ mice. Furthermore, cortical
bone mass was significantly reduced in NPYlox/lox;NTScre/+ mice with no evident alterations in the
cancellous bone compartment, likely due to reduced leptin levels as a result of their reduceditgdipos
Taken together, these data suggest that the-gapulation of Arc NPY neurons expressing NTS are critical
for regulating food intake, activity and fat mass but are not directly involved in the control of bone mass.

Lensu, S., et al. (20R®rebioticFaecalibacterium prausnitzii Prevent Dietluced Hepatic Steatosis in
Rats Targeting High Fareprints.org

X HPod LYRANBOG YSiGlIo2tA0 YSIFadaNBYSyia ¢KS AYR.
respiratory gases with oxygen, CO2 and capacitivater vapor partial pressure analyzer
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Lensu, S., et al. (2020). "Prebiotic xglmosaccharides ameliorate higat-diet-induced hepatic
steatosis in rats.Nutrients12(11): £23.

Understanding the importance of the gut microbiota (GM) in+adcoholic fatty liver disease (NAFLD) has
raised the hope for therapeutic microbes. We have shown that high hepatic fat content associated with
low abundance of Faecalibacterium prausnitzliimans and, further, the administration of F. prausnitzii
prevented NAFLD in mice. Here, we aimed at targeting F. prausnitzii by prebiotwiggkaccharides
(XOS) to treat NAFLD. First, the effect of XOS on F. prausnitzii growth was assessellenjt<OS was
supplemented or not with high (HFD, 60% of energy from fat) or low (LFD) fat diet for 12 weeks in Wistar
rats (n = 10/group). XOS increased F. prausnitzii growth, having only a minor impact on the GM
composition. When supplemented with HFDOX ameliorated hepatic steatosis. The underlying
YSOKIFIyAayYa Ay@2f @Sdaidatoy &id yhitbéhBndrikl SdspiratianONudlear magnetic
resonance (1 HNMR) analysis of cecal metabolites showed that, compared to the HFD, the LFD group had
a healther cecal shorthain fatty acid profile and on the HFD, XOS reduced cecal isovalerate and tyrosine,
metabolites previously linked to NAFLD. Cecal brandhedh fatty acids associated positively and
butyrate negatively with hepatic triglycerides. In carsibn, XOS supplementation can ameliorate NAFLD
by improving hepatic oxidative metabolism and affecting GM.
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Li, A. J., et al. (2020). "Repeated pharmacogenetic catecholamine neuron activation in the ventrolateral
medulla attenuates subsequent glucoreguat responses.Diabetes69(12): 27472755.

Hindbrain catecholamine (CA) neurons are essential for elicitation of protective counterregulatory
responses (CRRs) to glucose deficit, including increased feeding and elevation of circulating
corticosterone, epinephrine, and glucose. Severe or repeatadcadent glucoprvation results in
attenuation of these CRRs and failure to correct glucose deficit, constituting a potentially lethal condition
known as hypoglycemiassociated autanomic failure (HAAF) that may occur in patients with diabetes on
insulin therapy. Recently, we demonstrated that selective pharmacogenetic activation of CA neuron
subpopulations in the ventrolateral medulla during mapglycemia elicits these CRRs in a-sfiecific
manner. In the present experiment, we examined the effectepfeated pharmacogenetic activation of

CA neurons in the A1/C1 cell group on subsequent elicitation ofifeggccorticosterone secretion, and
respiratory quotient. We found that this prior treatment attenuated these responses to subsequent
pharmacogeneticstimulation, similar to attenuation of these CRRs following repeated antecedent
glucoprivation. This suggests that functional impairment of A1/C1 CA neurons resulting from antecedent
glucoprivation may account, at least in part, for impairment of spe€fRRs critical for restoration of
normoglycemia in response to glucose deficit. Thus, a pharmacogenetic approach to selective activation
of key neural circuits could provide a means of identifying neuropathogenic mechanisms contributing to
HAAF.

Li,Y,8 I f® OHAHNOUD® HheKA2SA0GSNFasS {dz2ZaJSNFIFYAf& aSyo
to Regulate Metabolic Activity in Brown Adipose Tisstibg FASEB Jourrs(S1): 11.

Page 1. 1 Thioesterase Superfamily Member 1 Undergoes Sticnupsed Reorgnization to Regulate
Metabolism Yue Li 1,2 , Norihiro Imai 3 , Samaksh Goyal 1,2 , Hayley T. Nicholls 3, Tibor I. Krisko 3,
al Ky22N . [jFA m X

Lim, S. M., et al. (2020). "Sexually dimorphic response of increasing dietary intake of high amylose
wheat onmetabolic and reproductive outcomes in male and female mikieittients 12(1).

High amylose wheat (HAW) has a higher resistant starch content and lower glycaemic index than standard
amylose wheat (SAW), which may be associated with health benefits.tdthysasmed to determine the
effects of replacing SAW with HAW on metabolic and reproductive parameters in male and female mice.
Male and female C57BL/6 mice were randomly divided into groups (n = 8/group/sex) and fed either a
SAWG5 (65% SAW w/w; contrdthAW35 (35% HAW w/w), HAWS50 (50% HAW w/w) or HAW65 (65% HAW
w/w) diet for eight weeks. In male but not female, the HAW65 group had a lower abdominal
circumference, relative total fat mass, relative gonadal fat mass and plasma leptin concentration
compared b the HAW35 group. There were no differences in fasting blood glucose concentrations or
plasma concentrations of cholesterol, triglycerides or +aaterified fatty acids between groups in either
males or females. The HAd males had a higher testicularight and HAWWed females spent less time

in diestrus and a longer time in metestrus compared to the Séd\mice. Higher dietary intake of HAW
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appears to reduce abdominal fat deposition compared to the lower level of HAW in a sexually dimorphic
manner. Tle impacts on reproductive parameters in the HA& mice require further investigation.

Loehfelm, A., et al. (2020). "A New Zealand g#ggomed mussel oienriched higHat diet exhibits
beneficial effects on body weight and metabolism in mi&itishJournal of Nutrition

To induce dieinduced obesity (DIO) in rodents, diets high in saturated fat and/or carbohydrates are
commonly used. In the laboratory, standardized diets evolved over time without having paid particular
attention to the effect of facomposition on metabolic alterations. In the present study, customized high
fat diets (HFDs) enriched in a combination of lard and different concentrations of New Zealand green
lipped mussel (Perna canaliculus) oil or Hoki (Macruronus novaezelandigegtdnadier) liver oil,
AYLR2 NI Fyi( PpadydrsaiuBated fatt§ acidsyin comparison to a solely lard based diet were fed
to lean and DIO male C57BL/6 mice and their effects on metabolic parameters were monitored.
Intriguingly, an isocaloric HFD cairting 63% of the total fat in the form of mussel oil and only 28% in the
form of lard, attenuated the HFidduced body weight gain after 1 and 4 weeks, respectively. Consistently,
changing a lard enriched HFD to the mussel oil diet reduced body weigkedharven after mice had
been exposed to the former diet for 10 months. The weigdttucing effect of the diet was not caused by
altered energy intake or expenditure but was associated with reduced visceral fat mass. Collectively, these
data suggest a n@V weightreducing potential of greetipped mussel oil.

alaazys {® 2 & -cadin re§ulates riuscle glucose tnaasport kia actin remodelling and
M-cadherin binding.Molecular Metabolisn2.

Objective: Skeletal muscle glucose disposdbfing a meal is mediated through insubtimulated
movement of the GLUTFdontaining vesicles to the cell surface. The highly conserved scaffll@ G-SA Yy |
catenin is an emerging regulator of vesicle trafficking in other tissues. Here, we investigated the
Ay @2t @S Ychtghin insReletdl muscle insulitimulated glucose transport. Methods: Glucose
K2YS2adGlFaAa yR GNIYALRNI ¢l & xatediskhackod (BCARO)AY A
YAOS® ¢ K Satéhif defetidi an@ifutation df-catenin serine 552 on signal transduction, glucose
uptake and proteigprotein interactions were determined in {64Y & O OS t fadelin ihsyliR |
responsive binding partners were identified via immunoprecipitation coupled to fabelproteomics.

Reidzf Gay {1SftS0l t Y deitéhin Brpairdad@idkbady iGsulih SehslivithaRdfinsBirF |
dGAYdzZ F GSR 3t dz02aS dzZLJi 1S AyiG2 YdzaOftS AYRSLISYRSYy
catenin was phosphorylated at serine 552 mAktdependent manner, and in E84myc cells, mutation

2 F-cateninS552 impaired insulinduced actirpolymerisation, resulting in attenuated insulinduced

3f dz02aS GNI yalLl2 NI |cgiéhin Dds fodnd to intdlhcy/att Madberia ik & igsdlin |

R S LIS y R&shinS56hosphorylation dependent manner, and loss otitiherin in L&S4myc cells
attenuated insulirinduced actirpolymerisation and glucose transport. Conclusions: Our data suggest

0 K I-dateriin is a novel mediator of glucosansport in skeletal muscle and may contribute to insulin
induced actircytoskeleton remodelling to support GLUT4 translocation.
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McKenna, A. J. (202@Rapid evolution of starvation resistance in Drosophila: physiological and
molecular mechanismsgligitalscholarship.unlv.edu

Page 1. UNLV Theses, Dissertations, Professional Papers, and Capst829 Rapid Evolution of
Starvation Resistance in Drosophila: Physiological and Molecular Mechanisms Austin Joseph McKenna
c2ft2¢ (GKA&A YR X

Meese, S., etla(2020). "Methane emission, metabolism, and performance of Holstein dairy cows with
low, medium, and high lymphocyte proliferation during transitiodoturnal of Dairy Sciend®3(5):
4367-4377.

This study aimed to identify interactions between statdauftation (dry or early lactating) and immune
responder group (low, medium, or high) for energy metabolism traits as well as metabolic and
immunological traits in dairy cows. In early lactation, when the energy priority of cows shifts toward the
mammary ¢and, the energy available to be partitioned toward the immune system may differ among
individuals. The equilibrium between energy supply from feed, digestion, and body reserve mobilization
and energy expenditure with milk, immune system, methane, and pesattuction is delicate in this stage.
Seventeen Holstein cows entering their second to fifth lactation were kept under comparable feeding,
housing, and management conditions and were studied from 14 + 6 d before calving to 11 + 3 d after
calving. Feed iatkke, milk yield, body condition, blood metabolites, and cortisol as well as gaseous
exchange in respiration chambers were measured. The latter was used to quantify methane emission and
to calculate resting metabolic rate and heat production. Subsets oiddieukocytes and peripheral blood
mononuclear cells (PBMC) were monitored. Activation and proliferation of the PBMC in response to the
mitogen phytohemagglutinin anteand postpartum were assessed using the oxygen consumption rate
(24-h cell culture assgyand the 3(4,5dimethylthiazot2-yl)-2,5 diphenyl tetrazolium bromide (MTT)
assay (72h cell culture assay). Cows were classified based on the in vitro proliferative response of the
PBMC measured postpartum in low (n = 6), medium (n = 5), and high)(resp@nders. We found no
interaction of state of lactation with responder group for feed intake, milk yield, efficiency, metabolic
traits, and immune cell activation antand postpartum. However, after calving, leesponder cows
produced less methane peinit of body weight and per unit of energyrrected milk compared with the
other cows. This might be indicative of a low rumen fermentation intensity. Low responders might
therefore suffer from a lower availability of digestible energy in early laatadind not be able to sustain

the shift from immune cell activation to proliferation. If so, the selection of environmentally friendly low
methane emitters could promote phenotypes with a compromised immune response in the critical early
lactation.

Mooli, R. G. R., et al. (2020). "Sustained mitochondrial biogenesis is essential to maintain caloric
restrictionrinduced beige adipocytesMetabolism: Clinical and Experimenfidl7.

Background: Caloric restriction (CR) delays the onset of metabolic ancklapel disorders. Recent
studies have demonstrated that formation of beige adipocytes induced by CR is strongly associated with
extracellular remodeling in adipose tissue, decrease in adipose tissue inflammation, and improved
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systemic metabolic homeostasis.oWever, beige adipocytes rapidly transition to white upon CR
withdrawal through unclear mechanisms. Materials and methodsw8ek old C57BL6 mice were fed

with 40% CR chow diet for 6 weeks. Subsequently, one group of mice was switched back to ad libitum
chow diet, which was continued for additional 2 weeks. Adipose tissues were assessed histologically and
biochemically for beige adipocytes. Results: Beige adipocytes induced by CR rapidly transition to white
adipocytes when CR is withdrawn independent aflqpn-mediated mitophagy. We demonstrate that the
involution of mitochondria during CR withdrawal is strongly linked with a decrease in mitochondrial
biogenesis. We further demonstrate that beitgeg KA 1S FI G { NAR/agdniswitidsawatizlJ2 y
couldbe attenuated by CR, partly via maintenance of mitochondrial biogenesis. Conclusion: In the model
of CR, our study highlights the dominant role of mitochondrial biogenesis in the maintenance of beige
adipocytes. We propose that loss of beige adipocytes/updAR agonist withdrawal could be attenuated

by CR.

Morris, E. M., et al. (2020). "Difference in Housing Temperatueced Energy Expenditure Elicits
SexSpecific Dietnduced Metabolic Adaptations in MiceObesity28(10): 19221931.

Objective: The aim of this study was to test whether increased energy expenditure (EE), independent of
physical activity, reduces acute dieduced weight gain through tighter coupling of energy intake to
energy demand and enhanced metabolic adaptatiaiethods: Indirect calorimetry and quantitative
magnetic resonance imaging were used to assess energy metabolism and body composition-daging 7
high-fat/high-sucrose (HFHS) feeding in male and female mice housed at divergent temperatures (20°C
vs. 30°C)Results: As previously observed, 30°C housing resulted in lower total EE and energy intake
compared with 20°C mice regardless of sex. Interestingly, housing temperature did not impaet HFHS
induced weight gain in females, whereas 30°C male mice gainedweight than 20°C males. Energy
intake coupling to EE during HFHS feeding was greater in 20°C versus 30°C housing, with females greater
at both temperatures. Fat mass gain was greater in 30°C mice compared with 20°C mice, whereas females
gained less fat n&s than males. Strikingly, female 20°C mice gained considerably mémesfatass than

30°C mice. Reduced fat mass gain was associated with greater metabolic flexibility to HFHS, whereas fat
free mass gain was associated with dieduced adaptive thermagnesis. Conclusions: These data reveal

that EE and sex interact to impact energy homeostasis and metabolic adaptation to acute HFHS feeding,
altering weight gain and body composition change. (Figure presented.).

Morris, E. M., et al. (2020). "Reduced ki$pecific PGCla Increases Susceptibility for Stesr Diet
induced Weight Gain in Male MiceNutrients

The central integration of peripheral neural signals is one mechanism by which systemic energy
homeostasis is regulated. Previdysincreased acute food intake following the chemical reduction of
hepatic fatty acid oxidation and ATP levels was prevented by common hepatic branch vagotomy (HBV).
However, possible offsite actions of the chemical compounds confound the precise fnlerafnergy
metabolism. Herein, we used a hepatocyte PGC1a heterozygous (LPGC1a) mouse model, with associated
reductions in mitochondrial fatty acid oxidation and respiratory capacity, to assess the role of liver energy
metabolism in systemic energy honstasis. LPGC1a male, but not female, mice had a 70% greater high
fat/high-sucrose (HFHS) digtduced weight gain compared to wildtype (WT) mice (p < 0.05). The greater
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weight gain was associated with altered feeding behavior and lower activity energnditgpe during

the HFHS diet in LPGC1la males. WT and LPGC1la mice underwent sham surgery or HBV to assess whethe
vagal signaling was involved in the HFirtficed weight gain of male LPGC1a mice. HBV increased HFHS
induced weight gain (85%, p < 0.05) in e T mice, but not LPGC1la mice. These data demonstrate a
sexspecific role of reduced liver energy metabolism in acute-sigticed weight gain, and the need for

a more nuanced assessment of the role of vagal signaling inshortdietinduced weight ga.

Nas, A., et al. (2020). "Impact of energy turnover on fat balance in healthy young men during energy
balance, energetic restriction and overfeedinBritish Journbof Nutrition 123(1): 3040.

Body weight control is thought to be improved when physical activity and energy intake are both high
(high energy turnover (ET)). The aim of the present study was to investigate theestmoritmpact of ET

on fat balance durig zero energy balance (EB), energetic restriction (ER) and overfeeding (OF). In a
randomised crossover study, nine healthy men (BMI: 23-0 (SD 2-1) kg/m2, 26-6 (SD 3-5) years) passed 3 X
3 din a metabolic chamber: three levels of ET (low, medium and ptigkical activity level = 1-B4, 1-5

1.6 and 1-71-8) were performed at zero EB, ER and OF (100, 75 and 125 % of individual energy
requirement). Different levels of ET were obtained by walking (4 km/h) on a treadmill (0, 165 and 330
min). Twentyfour-hour macronutrient oxidation and relative macronutrient balance (oxidation relative

to intake) was calculated, and NEFA-R4nsulin and catecholamine secretion were analysed as
determinants of fat oxidation. During EB and OFh24t oxidation increasedith higher ET. This resulted

in a higher relative fat balance at medium ET (EB: +17 %, OF: +14 %) and high ET (EB: +23 %, OF: +17 ¢
compared with low ET (all P < 0-05). In contrast, ER led to a stimulatiorhda2dxidation irrespective

of ET (no ditfrences in relative fat balance between ET levels, P > 0-05). In conclusion, under highly
controlled conditions, a higher ET improved relative fat balance in young healthy men during OF and EB
compared with a sedentary state.

Nissinen, T. (2020). "Molea@uland physiological effects of muscle wasting and its treatment by
blocking myostatin and activinsJYU dissertations

Page 1. Tuuli Nissinen JYU DISSERTATIONS 341 Molecular and Physiological Effects of Muscle Wasting a
Its Treatment by Blocking Myaatn and Activins Page 2. JYU DISSERTATIONS 341 Tuuli Nissinen Molecular
FYR tKéaAazt23A0lrtf 9FFSOGa X

Pearson, G. L., et al. (2020). "Circadian desynchronization alters metabolic and immune responses
following lipopolysaccharide inoculation in male midgrain, Behavior, and Immuni88: 220229.

Metabolism and inflammation are linked at many levels. Sickness behaviors are elicited by the immune
system's response to antigenic stimuli, and include changes in feeding and metabolism. The immune
system is als regulated by the circadian (daily) clock, which generates endogenous rhythms, and
synchronizes these rhythms to the ligtiérk cycle. Modern society has resulted in chronic misalignment

or desynchronization of the circadian clock and the external enmeon. We have demonstrated that
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circadian desynchronization (CD) in mice alters metabolic function, and also affects both peripheral and
central immune responses following a lalese lipopolysaccharide (LPS) challenge. However, it is unclear
how this alteed immune response impacts sickness behaviors and metabolism following challenge. To
test this, we housed male mice in circadian desynchronizedh¢i@s light:16hours dark) or control (12

hours light:12hours dark) conditions fordd weeks. We then chalhged mice with LPS (i.p., 0.4 mg/kg)

or PBS and measured changes in body mass, feeding, drinking and locomotion using a comprehensive
phenotyping system. Plasma, liver, and brain were collected 36 Hpostilation (hpi) and inflammatory
messengers wereeasured via multiplex cytokine/chemokine array and gPCR. We find that recovery of
locomotion and body mass is prolonged in CD mice following LPS challenge. Additionally, at 36 hpi the
expression of several proinflammatory cytokines differ depending orrreulation lighting conditions.

Our findings add to the growing literature which documents how desynchronization of circadian rhythms
can lead to disrupted immune responses and changes in metabolic function.

Poteko, J., et al. (2020). "Methane emissiang milk fatty acid profiles in dairy cows fed linseed,
measured at the group level in a naturally ventilated housing and individually in respiration chambers."
Animals10(6): 1-18.

The present study evaluated the effects of linseed supplementation ghdgbiission and milk fatty acid
composition in dairy cows measured at the group level in an experimental dairy loose housing using a
tracer gas technique and individually in tied stalls and respiration chambers. Cows (2 x 20) were
maintained in two separatsections under loos@ousing conditions and received a diet supplemented
gA0K SEGNHZRSR fAyasSSR o[0 fALARE 6ud¢d 3IJil13Ibm RN
Subsequently, 2 x 6 cows per dietary group were investigated in dntieging sgtem and respiration
chambers. Substantially higher proportions of favorable milk fatty acids were recovered in L cows when
compared with C cows at the group level, making the analysis of bulk milk a suitable control instrument
for retailers. Linseed supginentation resulted in a slightly lower diurnal course of CH4 emission intensity
than the control at the group and individual levels. However, we found no more than a trend for a CH4
mitigating effect, unlike in other studies supplementing similar lindgad levels. Feed supplements in
concentrations that lead to a significant reduction in CH4 emissions must show whether the reduction
potential determined at the group and individual levels is comparable.

Qing, H., et al. (2020). "Origin and Functiostressinduced IE6 in Murine Models.'Cell182(2): 372
387.e314.

Acute psychological stress has long been known to decrease host fitness to inflammation in a wide variety
of diseases, but how this occurs is incompletely understood. Using mouse modelshowethat
interleukin6 (IL:6) is the dominant cytokine inducible upon acute stress alone. Sindsgible IL6 is
produced from brown adipocytes in a be®aadrenergiereceptordependent fashion. During stress,
endocrine |6 is the required instructivesignal for mediating hyperglycemia through hepatic

3f dz02y S23SySaras gKAOK A& ySOSaalNEB F2N FyidAaoOA
adaptation comes at the cost of enhancing mortality to a subsequent inflammatory challenge. These
findings provide a mechanistic understanding of the ontogeny and adaptive purposé aslh bona fide

stress hormone coordinating systemic immunometabolic reprogramming. Thislm@awn fatliver axis
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might provide new insights into brown adipose tissue astr@ssresponsive endocrine organ and
mechanistic insight into targeting this axis in the treatment of inflammatory and neuropsychiatric
diseases.

Rathinasabapathy, A., et al. (2020). "Expression of a Human Ca¥délitation in Mice Drives

Inflammatory and Metabolic Defe@ssociated Pulmonary Arterial Hypertensioitbntiers in

Medicine?.
Background: In 2012, mutations in Cavl were found to be the driving mutation in several cases of heritable
pulmonary arterial hypertension (PAH). Thasetations replaced the last 21 amino acids of Cavl with a
novel 22amino-acid sequence. Because previously only Cavl knockouts had been studied in the context
of PAH, examining the in vivo effects of this novel mutation holds promise for new understafidiveg
role of Cavl in disease etiology. Methods: The new 22 amino acids created by the human mutation were
knocked into the native mouse Cavl locus. The mice underwent hemodynamic, energy balance, and
inflammatory measurements, both at baseline and afeing stressed with either a metabolic or an
inflammatory challenge [lovdose lipopolysaccharide (LPS)]. To metabolically challenge the mice, they
were injected with streptozotocin (STZ) and fed a Haghdiet for 12 weeks. Results: Very little mutant
protein was found in vivo (roughly 2% of wtigpe by mass spectrometry), probably because of
degradation after failure to traffic from the endoplasmic reticulum. The homozygous mutants developed
a mild, lowpenetrance PAH similar to that described previgusl knockouts, and neither baseline nor
metabolic nor inflammatory stress resulted in pressures above normal in heterozygous animals. The
homozygous mutants had increased lean mass and worsened oral glucose tolerance, as previously
described in knockout®ovel findings include the preservation of Cav2 and accessory proteins in the liver
and the kidney, while they are lost with homozygous Cavl mutation in the lungs. We also found that the
homozygous mutants had a significantly lower tolerance to volurdpontaneous exercise than the wild
type mice, with the heterozygous mice at an intermediate level. The mutants also had higher circulating
monocytes, with both heterozygous and homozygous animals having higher pulmonary MCP1 and MCP5
proteins. The heterogyous animals also lost weight at an LPS challenge level at which thgpélchice
continued to gain weight. Conclusions: The Cavl mutation identified in human patients in 2012 is
molecularly similar to a knockout of Cav1. It results in not only metatieficiencies and mild pulmonary
hypertension, as expected, but also an inflammatory phenotype and reduced spontaneous exercise.

Regmi, P., et al. (2020). "Early or delayed tnesricted feeding prevents metabolic impact of obesity
in mice."Journal ofEndocrinology48(1): 7586.

Timerestricted feeding (TRF) initiated early during the dark phase prevents the metabolic consequences

of a highfat diet in rodent models. However, the metabolic consequences of delaying the initiation of
TRF, akin to brea&ét skipping in humans, is unclear. We assignea8&kold male C57BL/6J mice (n =

192) to chow or higfiat diet ad libitum (AL) for 4 weeks, before randomization to continue AL or 10 h of
TREF, initiated at lights off (TRFe) dr dfter lights off (TRFdr a further 8 weeks. Oral glucose tolerance

tests (1 g/kg), metabolic monitoring and body composition by echoMRI were performed, and tissues were
collected at six time points. TRF reduced weight and fat mass vs AL, with a greater reduction in TRFe vs
TREd. TRF improved glucose tolerance and protected mice fromfafghet-induced hepatosteatosis vs

AL, with no difference between TRFe and TRFd. TRF increased the amplitude of Bmall, Cryl, Per2, Nampt
, and Nocturnin mRNA levels in liver. Aphasedelgy . YIfm X / NBEmM I tSNH X wS§
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and Nocturnin was observed in TRFd. Thus, delaying TRF limited the weight benefit and induced a phase
delay in the hepatic clock, butimproved metabolic health. Allowing more flexibility in wheis Tirfated
may increase the translational potential of this dietary approach in humans.

Rodriguez Paris, V., et al. (2020). "Defining the impact of dietary macronutrient balance on PCOS
traits." Nature Communication$1(1).

Lifestyle, mainly dietary, tarventions are firsfine treatment for women with polycystic ovary syndrome
(PCOS), but the optimal diet remains undefined. We combined a hyperandrogenized PCOS mouse model
with a systematic macronutrient approach, to elucidate the impact of dietary amadrients on

the development of PCOS. We identify thaat optimum dietary macronutrient balance of a low protein,
medium carbohydrate and fat diet can ameliorate key PCOS reproductive traits. However, PCOS mice
display a hindered ability for their metabol system to respond to diet variations, and varying
macronutrient balance did not have a beneficial effect on the development of metabolic PCOS traits. We
reveal that PCOS traits in a hyperandrogenic PCOS mouse model are ameliorated selectively itly diet, w
reproductive traits displaying greater sensitivity than metabolic traits to dietary macronutrient balance.
Hence, providing evidence to support the development of eviddrased dietary interventions as a
promising strategy for the treatment of PCOSpecially reproductive traits.

S, L., etal. (2020). "A reduction in voluntary physical activity during pregnancy in mice is mediated by
prolactin."bioRxiv

X $KSSfad hdzNJ LIKSy2GeLIAy3a OF3ISa tp o0t NPYRIGHKAZ2Y X
wheel, while a saucer/low 76 profile wheel was used in the home cages. The upright wheel potentially
GFr18a Y2NB STF2NI G2 7171 X

Sandeman, L. Y., et al. (2020). "Disabling MNK protein kinases promotes oxidative metabolism and
protects against dieinduced obesity.'Molecular Metabolisn2.

Objectives: Dietlriven obesity is increasingly widespread. Its consequences pose major challenges to
human health and health care systems. There are MAP kingsmcting kinases (MNKSs) in mice, MNK1
and MNK2. Studies have demonstrated that mice lackitiger MNK1 or MNK2 were partially protected
against higkfat diet (HFD)nduced weight gain and insulin resistance. The aims of this study were to
evaluate the phenotype of mice lacking both MNKs when given an HFD, to assess whether
pharmacological inhitibn of MNK function also protects against dietluced obesity (DIO) and its
consequences and to probe the mechanisms underlying such protection. Methods: MatypaldNT)
C57BI6 mice or mice lacking both MNK1 and MNK2 (double knockout, DKO) weneHE® ar control

diet (CD) for up to 16 weeks. In a separate study, WT mice were also given an HFD for 6 weeks, after which
half were treated with the recentigdeveloped MNK inhibitor E¥ZD6 daily for 10 more weeks while
continuing an HFD. Metabolites ammther parameters were measured, and the expression of selected
MRNAS and proteins was assessed. Results-DRB(mice were almost completely protected from HFD
induced obesity. Higher energy expenditure (EE) in \KK mice was observed, which probabReets
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the changes in a number of genes or proteins linked to lipolysis, mitochondrial function/biogenesis,
oxidative metabolism, and/or ATP consumption. The MNK inhibitorZB6@lso prevented HFiDduced

weight gain, confirming that the activity of theINKs facilitates weight gain due to excessive caloric
consumption. Conclusions: Disabling MNKs in mice, either genetically or pharmacologically, strongly
prevents weight gain on a calofich diet. This finding likely results from increased energy uiidisa
involving greater ATP consumption, mitochondrial oxidative metabolism, and other processes.

Sharma, G., et al. (2020). "Preclinical efficacy of the GBEBRtive agonist G in mouse models of
obesity and diabetes Science Translational Medicia&(528).

Human obesity has become a global health epidemic, with few safe and effective pharmacological
therapies currently available. The systemic loss of ovarian estradiol (E2) in women after menopause
greatly increases the risk of obesity and metabolisfdnction, revealing the critical role of E2 in this
aSGhAYy3Id ¢KS alftdzit NB STFFSOGa 2F 9 FFNB GNY RAGA:
9wi ¥ gAGK GKS 02y Godpledizsirbgrryreceptor (BFER) st largaNaminSHesé,

we used ovariectomyand dietinduced obesity (DIO) mouse models to evaluate the preclinical activity of
GPERselective smalimolecule agonist & (also called Tespria) against obesity and metabolic dysfunction.
G-1 treatment of ovariectomizetemale mice (a model of postmenopausal obesity) reduced body weight
and improved glucose homeostasis without changes in food intake, fuel source usage, or locomotor
activity. G1-treated female mice also exhibited increased energy expenditure, lower faddyontent,

and reduced fasting cholesterol, glucose, insulin, and inflammatory markers but did not display feminizing
effects on the uterus (imbibition) or beneficial effects on bone healtli. i@atment of DIO male mice

did not elicit weight loss butnevented further weight gain and improved glucose tolerance, indicating
that G1 improved glucose homeostasis independently of its antiobesity effects. However, in
ovariectomized DIO female mice;1Gontinued to elicit weight loss, reflecting possible digferences in

the mechanisms of G action. In conclusion, this work demonstrates that GB&RBctive agonism is a
viable therapeutic approach against obesity, diabetes, and associated metabolic abnormalities in multiple
preclinical male and female modgel

Shay, D. A, et al. (2020). "Changes in nucleus accumbens gene expression acCongjaasifeex
suppression of spontaneous physical activity in aromatase knockout riloeniones and Behavior
121

Aromatase catalyzes conversion of testosterone tarafibl and is expressed in a variety of tissues,
including the brain. Suppression of aromatase adversely affects metabolism and physical activity behavior,
but mechanisms remain uncertain. The hypothesis tested herein was that whole body aromatase deletion
would cause gene expression changes in the nucleus accumbens (NAc), a brain regulating motivated
behaviors such as physical activity, which is suppressed with loss of estradiol. Metabolic and behavioral
assessments were performed in male and female sifte (WT) and aromatase knockout (ArKO) mice.
NAcspecific differentially expressed genes (DEGs) were identified with RNAseq, and associations between
the measured phenotypic traits were determined. Female ArKO mice had greater percent body fat,
reduced spataneous physical activity (SPA), consumed less energy, and had lower relative resting energy
expenditure (REE) than WT females. Such differences were not observed in ArKO males. However, in both
sexes, a top DEG was Pts, a gene encoding an enzyme ngdesseatecholamine (e.g., dopamine)
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biosynthesis. In comparing male and female WT mice, top DEGs were related to sexual
development/fertility, immune regulation, obesity, dopamine signaling, and circadian regulation. SPA
correlated strongly with Per3, age regulating circadian function, thermoregulation, and metabolism (r

' bndcnz t I dnnHOT gKAOK Ffaz2z O2NNBtIFGISR gAGK |
leads to gene expression changes in NAc, which may in turn result icadt@PA and related metabolic
abnormalities. These findings may have significance to-pastopausal women and those treated with

an aromatase inhibitor.

Shay, D. A, et al. (202@bhanges in nucleus accumbens gene expression accompasgesahic
suppression of spontaneous physical activity in aromatase knockout, miggpace.umsystem.edu

Aromatase catalyzes conversion of testosterone to estradiol and is expressed in a variety of tissues,
including the brain. Suppression of aromatase adversely affieetabolism and physical activity behavior,

but mechanisms remain uncertain. The hypothesis tested herein was that whole body aromatase deletion
would cause gene expression changes in the nucleus accumbens (NAc), a brain regulating motivated
behaviors suclas physical activity, which is suppressed with loss of estradiol. Metabolic and behavioral
assessments were performed in male and female tyife (WT) and aromatase knockout (ArkKO) mice.
NAcspecific differentially expressed genes (DEGs) were identifibdRNAseq, and associations between

the measured phenotypic traits were determined. Female ArKO mice had greater percent body fat,
reduced spontaneous physical activity (SPA), consumed less energy, and had lower relative resting energy
expenditure (REEhan WT females. Such differences were not observed in ArKO males. However, in both
sexes, a top DEG was Pts, a gene encoding an enzyme necessary for catecholamine (e.g., dopamine)
biosynthesis. In comparing male and female WT mice, top DEGs were relategexual
development/fertility, immune regulation, obesity, dopamine signaling, and circadian regulation. SPA
correlated strongly with Per3, a gene regulating circadian function, thermoregulation, and metabolism (r

' tndcnX t I &nnwithRdippyA(rGR.54; R =404). OB, Ardm@tRse ablation
leads to gene expression changes in NAc, which may in turn result in reduced SPA and related metabolic
abnormalities. These findings may have significance to-pastopausal women andhbse treated with

an aromatase inhibitor.

Shi, H., et al. (2020). "Dihydrotestosterone (Dht) enhances wound healing of major burn injury by
accelerating resolution of inflammation in micédternational Journal of Molecular Scien@17):
15.

Androgens have been known to inhibit cutaneous wound healing in men and male mice. However, in
children with major burn injuries, a synthetic androgen was reported clinically to improve wound healing.
The aim of this study is to investigate the role of dihydstbsterone (DHT) as a new therapeutic approach

in treating major burn injury. In the present study, mice received systemic androgen treatment post major
burn injury. Wound healing rate and body weight were monitored over 21 days. The serum level of
inflammatory cytokines/chemokines were measured using multiplex immunoassays. In addition,
splenocyte enumeration was performed by flow cytometry. Healing phases of inflammatien, re
epithelialization, cell proliferation and collagen deposition were also examimecksults, DHT treated

mice lost less weight and displayed accelerated wound healing but has no impact on hypermetabolism.
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Mice, after burn injury, displayed acute systemic inflammatory responses over 21 days. DHT treatment
shortened the systemic inflamatory response with reduced splenic weight and monocyte numbers on
day 14 and 21. DHT treatment also reduced wound infiltrating macrophage numbers. In conclusion, DHT
treatment facilitates local wound healing by accelerating the resolution of inflammdiigtmot through
alterations of postourn hypermetabolic response.

Skurski, J., et al. (2020). "Loss of iRhom2 accelerates fat gain and insulin resistanei@diucket
obesity despite reduced adipose tissue inflammatidvietabolism: Clinical anBxperimentall 6.

Background: Lowgrade inflammation and metabolic dysregulation are common comorbidities of obesity,
both of which are associated with alterations in iRhemagulated preinflammatory cytokine and
epidermal growth factor receptor (EGFRphd signaling. Objective: Our objective was to determine the
role of iRhom2 in the regulation of legrade inflammation and metabolic dysregulation in a murine
model of dietinduced obesity. Methods: Wild type (WT) and iRheteficient mice were fed nored

chow (NC) or a higfat diet (HFD) starting at 5 weeks of age for up to 33 weeks. Body composition, glucose
and insulin tolerance, feeding behavior, and indirect calorimetry were measured at defined time points.
Adipose tissue cytokine expression anflammatory lesions known as crowike structures (CLS) were
analyzed at the engboint of the study. Results: iRhoraficient mice show accelerated fat gain on a
HFD, accompanied by insulin resistance. Indirect calorimetry did not demonstrate changesrdgy e
expenditure or food intake, but locomotor activity was significantly reduced in HFD iRtieficint

mice. Interestingly, CLS, macrophage infiltration, and tumor necrosis factor (TNF) production were
decreased in adipose tissue from HFD iRhaefcient mice, but circulating cytokines were unchanged.

In inguinal and perigonadal fat, the EGFR ligand amphiregulin was markedly induced in HFD controls but
completely prevented in iRhora@eficient mice, suggesting a potentially dominant role of EGFR
dependat mechanisms over TNF in the modulation of insulin sensitivity. Conclusions: This study
elucidates a novel role for iRhom2 as an immumetabolic regulator that affects adipose tissue
inflammation independent of insulin resistance.

Spitler, K., et al. @0). "ANGPTL4 from adipose, but not liver, is responsible for regulating plasma
triglyceride partitioning.'bioRxiv

Elevated plasma triglyceride levels are associated with metabolic disease. Angicfioéetnotein 4
(ANGPTLA4) regulates plasma trigljde levels by inhibiting lipoprotein lipase (LPL). ANGRiHfitient

mice have decreased plasma triglyceride levels and increased adipose triglyceride uptake. ANGPTL4 is
largely expressed by adipose and liver; therefore, we generated adiposkliver specific ANGPTL4
knockout mice. Mice lacking adipose ANGPTL4 recapitulated the triglyceride phenotypes obadyle
ANGPTLA4 deficiency, whereas mice lacking liver ANGPTL4 had no triglyceride phenotypes. When fed a
high fat diet (HFD) mice deficient inipdse ANGPTL4 gained more weight, had enhanced adipose LPL
activity, and initially had improved glucose and insulin sensitivity. However, this improvement was largely
lost after 6 months on HFD. Conversely, lvkficient ANGPTL4 mice initially displayeddifferences in

glucose homeostasis, but began to manifest improved glucose tolerance after 6 months on HFD. We
conclude that adipose derived ANGPTLA4 is responsible for triglyceride regulation, while both -atipose
liver-derived ANGPTL4 may play &rm glucose homeostasis.
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Stone, A. (2020 he Effects of Skeletal Muscle Specific Cptlb Knock Out on Genetically Obese Ay
Mice, digitalcommons.Isu.edu.
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Sweet, D. R., et al. (2020). "Myeloid Kriplged factor 2 is a critical regulator of metabolic
inflammation.”"Nature Communication$1(1).

Substantial evidence imphtes crosstalk between metabolic tissues and the immune system in the
inception and progression of obesity. However, molecular regulators that orchestrate metaflammation
both centrally and peripherally remains incompletely understood. Here, we idengigloid Krippelike

factor 2 (KLF2) as an essential regulator of obesity and its sequelae. In mice and humans, consumption of
a fatty diet downregulates myeloid KLF2 levels. Under basal conditions, mgpkudic KLF2 knockout

mice (K2KO) exhibit increas feeding and weight gain. Hidat diet (HFD) feeding further exacerbates

the K2KO metabolic disease phenotype. Mechanistically, loss of myeloid KLF2 increases metaflammation
in peripheral and central tissues. A combination of {f@&ding, bone marrowransplant, and microglial
ablation implicate central and peripheral contributions to KZaKi@uced metabolic dysfunction observed.
Finally, overexpression of myeloid KLF2 protects mice fromihtiIded obesity and insulin resistance.
Together, these data &ablish myeloid KLF2 as a nodal regulator of central and peripheral metabolic
inflammation in homeostasis and disease.

Wang, D., et al. (2020). "LSD1 mediates microb&thbolite butyrateinduced thermogenesis in
brown and white adipose tissueMetabolism: Clinical and Experimenii#l2.

Objective: The gut microbiota regulates thermogenesis to benefit metabolic homeostasis at least partially
via its metabolite butyrate, and the underlying mechanisms of this regulation are still unclear. In this
study, we aim to investigate the role of Igsi specific demethylase (LSD1), a histone demethylase and
important regulator of thermogenesis, in mediating gut microbial metabolite butyrate regulation of
thermogenesis. Methods: The antibiotic cocktail (ABX) was administrated to deplete gut microbiota.
Adiposespecific LSD1 knockout mice (LSD1 aKO) were generated by crossinpxU&oiwith
adiponectincre mice and sodium butyrate and dietary fiber inulin was administrated througkgeraige.
Primary stromal vascular cells were isolated from adipéssues and differentiated to adipocytes for
studying butyrate effects on adipocyte thermogenesis. Results: The antibiotic cocktaitnjaBig)ed
depletion of the gut microbiota in mice downregulated the expression of LSD1 in both brown adipose
tissue (BAJand subcutaneous white adipose tissue (scWAT) in addition to uncoupling protein 1 (UCP1)
and body temperature. Gavage of the microbial metabolite butyrate in-#&ed mice reversed the
thermogenic functional impairment and LSD1 expression. The adgpesgfic ablation of LSD1 in mice
attenuated the butyratemediated induction of thermogenesis and energy expenditure. Notably, our
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results showed that butyrate directly increased the expression of LSD1 and UCP1 as well as butyrate
transporter monocarboxgte transporter 1 (MCT1) and catabolic enzyme -&yA mediurrchain
synthetase 3 (ACSM3) in ex vivo cultured adipocytes. The inhibition of MCT1 blocked the effects of
butyrate in adipocytes. Furthermore, the butyrateediated prevention of dieinduced obsaity (DIO)
through increased thermogenesis was attenuated in LSD1 aKO mice. Moreover, after gavagied HFD
mice with the dietary fiber inulin, a substrate of microbial fermentation that rapidly produces butyrate,
thermogenesis in both BAT and scWAT wiassiased, and DIO was decreased; however, these beneficial
metabolic effects were blocked in LSD1 aKO mice. Conclusions: Together, our results indicate that the
microbial metabolite butyrate regulates thermogenesis in BAT and scWAT through the activat®iDlo

Wang, Y., et al. (2020). "METTL3 is essential for postnatal development of brown adipose tissue and
energy expenditure in miceNature Communication$1(1).

Brown adipose tissue (BAT) undergoes rapid postnatal development angbtbtatts against cold and
obesity into adulthood. However, the molecular mechanism that determines postnatal development and
maturation of BAT is largely unknown. Here we show that METTL3 (a key RNA methyltransferase)
expression increases significantlyiimerscapular brown adipose tissue (iBAT) after birth and plays an
essential role in the postnatal development and maturation of iBAT.-dp&gific deletion of Mettl3
severely impairs maturation of BAT in vivo by decreasing m6A modification and exprafsBiam16,

Pparg, and Ucpl transcripts, which leads to a marked reduction imi@4iated adaptive thermogenesis

and promotes higHat diet (HFD)nduced obesity and systemic insulin resistance. These data
demonstrate that METTL3 is an essential regultitat controls iBAT postnatal development and energy
homeostasis.

Wang, Y., et al. (2020). "IF1 connects obesity and insulin resistance through mitochondrial
reprogramming in association with ANTBIbRXiv

IF1 (ATPIF1) is a nuclear D&isoded proteirwith an activity in the inhibition of catalytic activity of F1Fo

ATP synthase (ATPase), an enzyme for ATP synthesis in mitochondria. A role of IF1 remains unknown in
the metabolic disorder in obesity. In this study, IF1 was examined in theéndieted olese (DIO) mice

and a decrease in IF1 protein was observed in several tissues including the skeletal muscle, liver and
intestine in the absence of MRNA alteration. Significance of the reduction was investigated ink@ IF1
mice, in which insulin sensittyiwas improved in the absence of body weight alteration on Chow diet. On

a high fat diet (HFD), the HKIO mice gain more body weight as a result of enhanced fat tissue growth.
The energy expenditure and locomotion activity were decreased in the KO rticautvan alteration in

food intake. The increase in insulin sensitivity remained in the obese KO mice. The colon tissue exhibited
a resistance to the HFiDduced atrophy with less cell apoptosis and more secretion of-IGLP
Mitochondria exhibited an enhaxed ATP production and maximal oxygen consumption without an
alteration in the respiratory chain proteins. However, the ATP level was reduced in the fasting condition
in the muscle as well as the liver. Mitophagy was enhanced with elevated accumulatfRifi¥L and

Parkin proteins in the mitochondria. The protein abundance of ADP/ATP translocase 2 (ANT2) was
decreased in the inner membrane of mitochondria to account for the reduced apoptosis and enhanced
mitophagy. The data suggest that the IF1 reductionbesity leads to reprogramming of mitochondrial
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metabolism in a compensatory response to maintain the insulin sensitivity through-degufation of
ANT2 protein.

Williams, A. S., et al. (2020). "Disruption of Aceggdine Turnover in Muscle Mitochona@iPromotes
Insulin Resistance and Redox Stress without Overt Respiratory DysfunC@binMetabolisn81(1):
131-147.e111.

This study sought to examine the functional significance of mitochondrial protein acetylation using a
double knockout (DKO) mouseodel harboring musclspecific deficits in acet@oA buffering and lysine
deacetylation, due to genetic ablation of carnitine acetyltransferase and Sirtuin 3, respectively. DKO mice
are highly susceptible to extreme hyperacetylation of the mitochondniatgpme and develop a more
severe form of dieinduced insulin resistance than either single KO mouse line. However, the functional
phenotype of hyperacetylated DKO mitochondria is largely normal. Of the >120 measures of respiratory
function assayed, the ost consistently observed traits of a markedly heightened adgsjhe landscape

are enhanced oxygen flux in the context of fatty acid fuel and elevated rates of electron leak. In sum, the
findings challenge the notion that lysine acetylation causes braading damage to mitochondrial
quality and performance and raise the possibility that acbtgine turnover, rather than acetyysine
stoichiometry, modulates redox balance and carbon flux. Williams et al. show that double knockout (DKO)
mice harboringnusclespecific deficits in acetCoA buffering and lysine deacetylation are susceptible to
extreme mitochondrial hyperacetylation and insulin resistance. However, DKO mitochondria have normal
respiratory function and increased fat oxidation. The findirsgiggest that acetyysine turnover, not
stoichiometry, regulates mitochondrial fuel use.

Woodie, L. N., et a{2020). "Western dieinduced obesity disrupts the diurnal rhythmicity of
hippocampal core clock gene expression in a mouse madedih, Béavior, and Immunity8: 815
825.

Western diet (WD) feeding disrupts core clock gene expression in peripheral tissues and contributes to
WD-induced metabolic disease. The hippocampus, the mammalian center for memory, is also sensitive to
WD feeding, but Wwether the WD disrupts its core clock is unknown. To this end, male mice were
maintained on a WD for 16 weeks and diurnal metabolism, gene expression and memory were assessed.
WD-induced obesity disrupted the diurnal rhythms of whdiledy metabolism, marks of inflammation

and hepatic gene expression, but did not disrupt diurnal expression of hypothalamic Bmall, Npas2 and
Per2. However, all measured core clock genes were disrupted in the hippocampus after WD feeding and
the expression pattern of genes ingadted in Alzheimer's disease and synaptic function were altered.
Finally, WD feeding disrupted hippocampal memory in a-task timedependent fashion. Our results
implicate WDBinduced alterations in the rhythmicity of hippocampal gene expression iretindogy of
diet-induced memory deficits.

Woodie, L. N., et a(2020). "The physimetabolic effects of timeestricting liquid sugar intake to six

hour windows during the mouse active phase: The effects of active phase liquid sugar consumption."

Physiobgy and Behavid?23.
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Obesity is a major public health concern and overconsumption of unhealthy fats and sugary beverages
are contributing factors. Timeestricted feeding can reduce obesigsociated pathophysiological
parameters by limiting the time ddod consumption; however, the effects of tinmestricted sugary water
consumption are unknown. To examine whether liquid calorie restriction impacts metabolic health, we
measured metabolic parameters in mice provided liquid sugar at various intervahg dioe active phase.

The control (Con) group received tap water, the adlibitum fructplseose (ALFG) group received ad
libitumsugar water and the early fructoggucose (EFG) and late fructegleicose (LFG) groups received
liquid sugar during the firgtind last six hours of the active period, respectively. Each group was given free
access to chow. Zeitgeber time (ZT) notation was used to set all experimental time points to lights on as
ZT 0. The ALFG group exhibited elevated body and adipose tissuésveeigipared to the other groups

and increased hepatic steatosis compared to the Con group. The ALFG group consumed more calories
than the other groups during ZF14, indicating that this window may be critical in the promotion of
weight gain from liquidwsgar consumption. The EFG group exhibited higher levels of energy expenditure
than the Con and LFG groups during the first half of the active period {Z1);1Rowever, there was no
difference among the groups during the second half of the active pedA®d&23). In contrast, the EFG
group exhibited lower respiratory exchange ratio than other groups during the inactive period as well as
the second half of the active period, indicating that the EFG group had greater metabolic flexibility and
utilized lipics when carbohydrates from liquid sugar were not available. Additionally, the EFG group was
more insulin tolerant than the ALFG and Con groups. Our results support the hypothesis that time
restricted liquid calorie restriction aids in reducing the detrim@ninetabolic effects of sugary drink

consumption.
LdztyE |, ®X SG fd O0HnHNUD® HBOESNDAASTAYRAZOSR hm &
G§KNRdzZK h- DwMmRS LISy RtBe/EMBO RINFRRM.t F OO A G A2y dh

© 2020 The Authors. Publisheshder the terms of the CC BY 4.0 license Beneficial effects of resistance
exercise on metabolic health and particularly muscle hypertrophy and fat loss are well established, but
the underlying chemical and physiological mechanisms are not fully underskber®, we identified a
myometabolitemediated metabolic pathway that is essential for the beneficial metabolic effects of
resistance exercise in mice. We showed that substantial accumulation of the tricarboxylic acid cycle
Ay (i S NI Sktaglutarts acid(AKG) is a metabolic signature of resistance exercise performance.
Interestingly, human plasma AKG level is also negatively correlated with BMI. Pharmacological elevation
of circulating AKG induces muscle hypertrophy, brown adipose tissue (BAT) therrsisgemel white
adipose tissue (WAT) lipolysisvino. We further found that AKG stimulates the adrenal release of
adrenaline through xoglutarate receptor 1 (OXGR1) expressed in adrenal glands. Finally, by using both
lossof-function and gairof-function mouse models, we showed that OXGR1 is essential for AKG
mediated exercisénduced beneficial metabolic effects. These findings reveal an unappreciated
mechanism for the salutary effects of resistance exercise, using AKG as a systemically derived molecule
for adrenal stimulation of muscle hypertrophy and fat loss.
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Zhang, F., et al. (2020). "Dietary Supplementation of Lauric Acid Alleviates the Irregular Estrous Cycle
and the Impaired Metabolism and Thermogenesis in Female Mice Fed with-blidghiet (HFD)
Journal of Agricultural and Food Chemistry

Lauric acid (LA) has been implicated in the prevention/treatment of obesity. However, the role of LA in
modulating an obesityelated female reproductive disorder remains largely unknown. Here, female mice
were fed a control diet, highiat diet (HFD), or HFD supplemented with 1% LA. The results demonstrated
that the HFEinduced estrous cycle irregularity and the reduction of serum folBtlaulating hormone

(FSH) were alleviated by LA supplementation. Insipbs mechanisms, LA supplementation led to
significant increase in serum lipid metabolites such as sphingomyelin and lysophosphatidylcholine
containing LA (C12:0) and the improvement of glucose metabolism in mice fed HFD. Moreover, impaired
body energy m&abolism and weakened brown adipose tissue (BAT) thermogenesis dEdRidce were
improved by LA supplementation. Together, these findings showed that LA supplementation alleviated
HFDinduced estrous cycle irregularity, possibly associated with alteeedim lipid metabolites, improved
glucose metabolism, body energy metabolism, and BAT thermogenesis. These findings suggested the
potential application of LA in alleviating obesity and its related reproductive disorders.

Zhang, K. X., et §2020). "Violeflight suppression of thermogenesis by opsin 5 hypothalamic
neurons."Nature5857825): 420425.

The opsin family of @rotein-coupled receptors are used as light detectors in animals. Opsin 5 (also
known as neuropsinrdOPND5) is a highly conserved opsin that is sensitive to visible violet light1,2. In mice,
OPNS5 is a known photoreceptor in the retina3 and skin4 but is also expressed in the hypothalamic preoptic
area (POA)5. Here we describe a lighhsing pathway in wbh POA neurons that express Opn5 regulate
thermogenesis in brown adipose tissue (BAT). We show that Opn5 is expressed in glutamatergic warm
sensing POA neurons that receive synaptic input from several thermoregulatory nuclei. We further show
that Opn5 POAeurons project to BAT and decrease its activity under chemogenetic stimulation- Opn5
null mice show overactive BAT, increased body temperature, and exaggerated thermogenesis when cold
challenged. Moreover, violet photostimulation during cold exposurdedgisuppresses BAT temperature

in wild-type mice but not in Opnbiull mice. Direct measurements of intracellular cAMP ex vivo show that
Opn5 POA neurons increase cAMP when stimulated with violet light. This analysis thus identifies a violet
light-sensitive deep brain photoreceptor that normally suppresses BAT thermogenesis.

Zhang, L., et al. (2020). "Leptin signalling on arcuate NPY neurones controls adiposity independent of
energy balance or diet compositionlburnal of Neuroendocrinolod32(9).

Central action of the adipocyte hormone leptin via the neuropeptide Y (NPY) system is considered critical
for energy homeostatic control. However, the precise mechanisms for this control are still not clear. To
specifically investigate how leptin signafjimn the NPY neurone contributes to the control of energy
homeostasis, we generated an inducible aehriset NPY neuronspecific leptin receptor (Lepr) knockout
model and performed a comprehensive metabolic phenotyping study. Here, we show that the NPY
neurone subpopulation that is directly responsive to leptin is not required for the inhibition of fasting
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induced hyperphagia by leptin, although it is essential for the regulation of adiposity independent of
changes in energy balance or diet compositionth@rmore, under obesogenic conditions such as a-igh

fat diet, a lack of Lepr signalling on NPY neurones results in significant increases in food intake and
concomitant reductions in energy expenditure, leading to accelerated accumulation of fat mass.
Colectively, these findings support the notion that Legppressing NPY neurones act as the key relay
point where peripheral adipose storage information is sensed, and corresponding responses are initiated
to protect adipose reserves.

Zhang, X., et al. (202 "Sustained activation of autophagy suppresses adipocyte maturation via a
lipolysisdependent mechanism Autophagyl6(9): 16681682.

Dysregulation of macroautophagy/autophagy is implicated in obesity and insulin resistance. However, it
remains poorlydefined how autophagy regulates adipocyte development. Using adippseific
rptor/raptor knockout (KO), atg7 KO and atg7 rptor doukile mice, we show that inhibiting MTORCL1 by
RPTOR deficiency led to autophagic sequestration of lipid droplets, forntdtidkcontaining lysosomes,

and elevation of basal and isoprotererinbuced lipolysis in vivo and in primary adipocytes. Despite
normal differentiation at an early phase, progressive degradation and shrinkage of cellular LDs and
downregulation of adipogeic markers PPARG and PLIN1 occurred in terminal differentiation of rptor KO
adipocytes, which was rescued by inhibiting lipolysis or lysosome. In contrast, inactivating autophagy by
depletion of ATG7 protected adipocytes against RPTOR defidimhayed brmation of LBcontaining
lysosomes, LD degradation, and downregulation of adipogenic markers in vitro. Ultimately, atg7 rptor
double KO mice displayed decreased lipolysis, restored adipose tissue development, and upregulated
thermogenic gene expressioniinown and inguinal adipose tissue compared to RRA€fRient mice in

vivo. Collectively, our study demonstrates that autophagy plays an important role in regulating adipocyte
maturation via a lipophagy and lipolysiependent mechanism. Abbreviations:@#: autophagy related

TT .!1¢Y ONRsYy |RALRAS (A&d&adsST /9.t.k/k9.tiyY [/
diacylglycerol @cyltransferase 1; eWAT: epididymal white adipose tissue; iWAT: inguinal white adipose
tissue; KO: knockout; LD: lipid dropletARM1LC3/LC3: microtubuésssociated protein 1 light chain 3;
MTOR: mechanistic target of rapamycin kinase; MTORC1: mechanistic target of rapamycin kinase complex
1; PLIN1: perepilin 1; PNPLA2/ATGL: pafath]1 S LIK2aLK2ft ALJ aS R2YlIAy O2
peroxisome proliferator activated receptor gamma; RPTOR: regulatory associated protein of MTOR
complexl; TG: triglyceride; ULK1: #biclike kinase 1; UCP1: uncoupling protein 1; WAT: white adipose
tissue.

BAR2YS ¢ ad>s S RPN rRddicedchan@ediF &8li0osity andl suldwi |y
resistance.'Journal of Endocrinolog®451): 165178.

Loss of ovarian hormones leads to increased adiposity and insulin resistance (IR), increasing the risk for
cardiovascular and metabolic diseas@he purpose of this study was to investigate whether the
molecular mechanism behind the adverse systemic and adipose #gmafic metabolic effects of

20 NASOG2Ye NBIldZANBAE f2aa 2F aArAadylfAiAiy3a GKNROZDPK S
We examined ovariectomized (OVX) and ovatgctwild-i & LIS 0 2y¢dat I 0whY iy @Z I Yo R Y
female mice (age ~49 weeks; n 4 Z/group). All mice were fed a phytoestrogéee diet (<15 mg/kg)
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and either remained ovarintact (INT) or were OVatd followed for 12 weeks. Body composition, energy

SELISYRAGAINB T 3t dz024S G2t SNI yOST YR FRALRAS GA4&:
were ~25% fatter with reduced energy expenditure compared to¥igelil OKSR Lb¢ 2 ¢ O2vy i
mceol £t t f nodnamOd C2fft26Ay3 h+t-3I hYh YAOS RAR
AY LwX dzyftA{1S 2¢ FyR i YhX &dzZ33SaiA y-AdudeKrhetabofic2 a4 & 3
REATdzyQiA2y ® Ly FIF OGIAymE:t G KN dZAXKh 9WA OS yo MdKSD 3 o3&
NERdAzOSR FRALRaAGEE I RALRO&GES aAl Sz FyR Lw 6t § n
of increased adiposity and development of IR. Together, these findings challenge the paradignwthat

YSRAIFIGSa YSGlIo2ftA0 LINRBGISOGA2Y 2@0SNJ 9wi Ay |ttt a
2P0 NRFY K2N¥Y2yS 2342 9wi YIF& YSRAIFIGS LINRGSOGA OB

Adamovich, Y., et al. (2019). "Oxygen and Carbon Dioxide Rhythms Arga@itciadk Controlled and
Differentially Directed by Behavioral SignaSéll Metabolisn?9(5): 10921103.e1093.

Daily rhythms in animal physiology are driven by endogenous circadian clocks in part throeeyttivést

and feedingfasting cycles. Here, avexamined principles that govern daily respiration. We monitored
oxygen consumption and carbon dioxide release, as well as tissue oxygenation in freely moving animals
to specifically dissect the role of circadian clocks and feeding time on daily respirdte found that

daily rhythms in oxygen and carbon dioxide are clock controlled and thatréstected feeding restores

their rhythmicity in clocldeficient mice. Remarkably, ddiyne feeding dissociated oxygen rhythms from
carbon dioxide oscillationgyhereby oxygen followed activity, and carbon dioxide was shifted and aligned
with food intake. In addition, changes in carbon dioxide levels altered clock gene expression and phase
shifted the clock. Collectively, our findings indicate that oxygen andocadioxide rhythms are clock
controlled and feeding regulated and support a potential role for carbon dioxide in phase resetting
peripheral clocks upon feeding. Adamovich et al. show that the daily regulation of oxygen consumption
and carbon dioxide reles is regulated by the circadian clock. Tirastricted feeding restores oxygen

and carbon dioxide rhythms in clock mutants. Their findings also support a potential role for carbon
dioxide in phase resetting of peripheral clocks upon feeding

Balise, V. Det al.(2019). "Preconceptional, gestational, and lactational exposure to an unconventional
oil and gas chemical mixture alters energy expenditure in adult female nkigantiers in
Endocrinologyi (MAY).

Previous studies conducted in our laboratorywbdound altered adult health outcomes in animals with
prenatal exposure to environmentally relevant levels of unconventional oil and gas (UOG) chemicals with
endocrinedisrupting activity. This study aimed to examine potential metabolic health outcoriewfing

a preconception, prenatal and postnatal exposure to a mixture of 23 UOG chemicals. Prior to mating and
from gestation day 1 to postnatal day 21, C57BL/6J mice were developmentally exposed to a laboratory
created mixture of 23 UOG chemicals in matdrdrinking water. Body composition, spontaneous activity,
energy expenditure, and glucose tolerance were evaluatedmoiith-old female offspring. Neither body

weight nor body composition differed infdonth female mice. However, females exposed toah8 150
>3k 1 3IkRFEe ! hD YAE KIFIR t2¢6SNJ (d2dFt | yR NBadGAay3a &
020t Sy GKS wmMZpnn >3kk]13IkRI® ANRdzL) KFR 2SN (20
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lower resting energy expenditure. Femalesex@®R (2 GKS wmpn >3k 3IkRIF& 3IANP
FOGAGAGE Ay GKS REN)] O0edftSs IyR FSYIfS4&8 SELRA&SR
cycle. This study reports for the first time that developmental exposure to a mixture of &3dd€micals

alters energy expenditure and spontaneous activity in adult female mice.

Balise, V. D., et &2019). "Developmental Exposure to a Mixture of Unconventional Oil and Gas
Chemicals Increased RiSkking Behavior, Activity and Energy Expenditurgged Female Mice After
a Metabolic ChallengeFrontiers in EndocrinologiO.

Chemicals used in unconventional oil and gas (UOG) operations can act as endocrine disrupting chemicals
and metabolic disruptors. Our lab has reported altered energy expemdand activity in C57BL/6J mice

that were preconceptionally, gestationally, and lactationally exposed via maternal drinking water to a
laboratory-created mixture of 23 UOG chemicals from gestational day 1 to postnatal day Zhonti-

old female mice \ith no change in body composition. We hypothesized that allowing the mice to age and
exposing them to a high fat, high sugar diet might reveal underlying changes in energy balance. To
investigate whether aging and metabolic challenge would exacerbategli@aotype, these mice were

aged to 12 months and given a high fat, high sugar diet (HFHSD) challenge. Thedsy#tRBHSD
challenge increased body weight and fasting blood glucose in all mice. Developmental exposure to the 23
UOG mixture was associated@increased activity and neresting energy expenditure in the light cycle,
increased exploratory behavior in the elevated plus maze test, and decreased sleep in 12 month female
mice. Each of these effects was seen in the light cycle when mice are holesalactive. Further studies

are needed to better understand the behavioral changes observed after developmental exposure to UOG
chemicals.

Balland, E., et al. (2019). "Leptin Signaling in the Arcuate Nucleus Reduces Insulin's Capacity to
Suppress Hepee Glucose Production in Obese Mic€€Il Report26(2): 346355.e343.

Ballandet al. identify a molecular link between obesity and type 2 diabetes by demonstrating that, in
obesity, leptin signaling in the CNS impairs the regulation of hepatic glucose production, leading to
hyperglycemia.

Bax, E. N., et al. (2019). "Opposing dfexd Sequol supplementation on metabolic and behavioral
parameters in mice fed a higfat diet.” Nutrition Researcié4: 39-48.

Phytoestrogens, such as daidzein and genistein, may be used to treat various hetepmralent
disorders. Daidzein can bmetabolized by intestinal microbes teeguol. However, not all individuals
possess bacteria producing this metabolite, resulting in categorization of equol vs nonequol producers.
Past human and rodent studies have suggested that supplementation of thipazmd might yield
beneficial metabolic and behavioral effects. We hypothesized that administratioreqi@ to diet
induced obese male and female mice would mitigate potential-ghidticed metabolic and comorbid
neurobehavioral disorders. To test thiegsibility, we placed-veek-old C57 mice on a higfat diet (HFD)
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to mimic the diet currently consumed by many Western adults. Animals were randomly assigned to S
equol supplementation (10 mg/kg body weight) or vehicle control group. After 4 weeks omwith-br
without Sequol supplementation, metabolic and behavioral phenotyping was performed. Although the
initial hypothesis proposed that-&uol treatment would improve metabolic and neurobehavioral
outcomes, this supplementation instead exacerbated aspeof HFEInduced metabolic disease, as
indicated by suppressed physical activity in treated individuals, reduced energy expenditure in treated
males, and serum chemistry changes (hyperglycemia in treated individuals; hyperinsulinemia and
hypoleptinemia m treated males). Conversely-e§uol individuals exhibited less anxidige and
depressivdike behaviors, as evidenced by increased exploratory time in the elevated plus maze by
treated males and increased time spent mobile in the tail suspension eedrdated individuals. In
summary, Squol may be beneficial in mitigating depression and anxiety disorders in individuals, but for
indeterminate reasons, supplementation may worsen facets of metabolic disorders in obese individuals.

Beppu, L. Y., et g2019). "Blimpl in adipose resident Tregs controls adipocyte beiging and obesity."
bioRxiv

Crosstalk between the immune system and adipocytes is critical for maintaining tissue homeostasis and
regulating chronic systemic inflammation during dietduced obesity (DIO). How visceral adipose tissue
resident regulatory T cells (aTregs) signal to adipocytes in the visceral adipose tissue (VAT) is not
understood. Here we show that Trapecific ablation of the transcriptional regulator Blirhpesulted in
increased insulin sensitivity, decreased body weight and increaseedl Uec@mdipocytes in high fat diet
(HFD¥fed mice. Mechanistically, we demonstrate that Blihmdrives IELO production in Tregs, thus
suppressing beiging and energy expenditure in adipacyitdoreover, K10 mRNA expression positively
correlated with increasing body weight in humans. These findings reveal a surprising relationship between
aTregs and adipocytes in promoting insulin resistance during excessive caloric intake, placirt Blimp
regulated IL10 expression by aTregs at a critical juncture in the development of obesity and its associated
comorbidities in mice and humans.

Boucsein, A., et al. (2019). "Hypothalamic leptin sensitivity and health benefits ofdstréected
feeding aredependent on the time of day in male micEASEB JourndB(11): 1217512187.

Synchronization between biologic clocks and metabolism is crucial for most species. Here, we examined
the ability of leptin, important in the control of energy metabolism, taluce leptin signaling at the
molecular as well as the behavioral level throughout theh2dlay in mice fed either a control or a high

fat diet (HFD). Furthermore, we investigated the effects of thestricted feeding (TRF; a limitation of
HFD access tol6each day) on energy metabolism during different periods throughout thie @dy. In
control mice, molecular leptin sensitivity was highest at zeitgeber time (ZT)O0 (lights on), declining during
the light phase, and increasing during the dark phase. $imgty, leptin resistance in HF&d mice was

only present from the middle of the dark to the middle of the light period. Specifically, when TRF occurred
from ZT21 to ZT3 (when leptin resistance in H&tbmice was most profound), it resulted in a disiiopt

of the daily rhythms of locomotor activity and energy expenditure and in increased plasma insulin levels
compared with other TRF periods. These data provide evidence that leptin sensitivity is controlled by the
circadian rhythm and that TRF periods ni@y most efficient when aligned with the leptsensitive
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periodt Boucsein, A., Rizwan, M. Z., Tups, A. Hypothalamic leptin sensitivity and health benefits of time
restricted feeding are dependent on the time of day in male mi&SEB J. 33, 121712187 2019).
www.fasebj.org.

Burke, S.J., et dR019). "One week of continuous corticosterone exposure impairs hepatic metabolic
Tt SEAOATAGCDSENEYRR2EATHEANL §d 2y YR NBRdAzOSE LK@ 3
Journal of Steroid Bioemistry and Molecular Biolog)h95.

Clinical glucocorticoid use, and diseases that produce elevated circulating glucocorticoids, promote drastic
changes in body composition and reduction in whole body insulin sensitivity. Because -gteltaidd
diabetes $ the most common form of druipduced hyperglycemia, we investigated mechanisms
underlying the recognized phenotypes associated with glucocorticoid excess. Male C57BL/6 J mice were
exposed to either 100ug/mL corticosterone (cort) or vehicle in their dnmkvater. Body composition
measurements revealed an increase in fat mass with drastically reduced lean mass during the first week
(i.e., seven days) of cort exposure. Relative to the vehicle control group, mice receiving cort had a
significant reductionnri insulin sensitivity (measured by insulin tolerance test) five days after drug
intervention. The increase in insulin resistance significantly correlated with an increase in the number of
Kic T LJ2 &ckll§. M@r&over, the ability to switch between fusdurces in liver tissue homogenate
substrate oxidation assays revealed reduced metabolic flexibility. Furthermore, metabolomics analyses
revealed a decrease in liver glycolytic metabolites, suggesting reduced glucose utilization, a finding
consistent withonset of systemic insulin resistance. Physical activity was reduced, while respiratory
guotient was increased, in mice receiving corticosterone. The majority of metabolic changes were
reversed upon cessation of the drug regimen. Collectively, we contiiatiehanges in body composition

and tissue level substrate metabolism are key components influencing the reductions in whole body
insulin sensitivity observed during glucocorticoid administration.

Bising, F., et al. (2019). "Correction: Impact of enéugyover on the regulation of glucose
homeostasis in healthy subjects (Nutrition & Diabetes, (2019), 9, 1, (22), 10.1038/54138089%
6)." Nutrition and Diabete9(1).

Objective

Sedentary lifestyle increases the risk of type 2 diabetes. The aim of this study was to investigate the impact
of different levels of energy turnover (ET; low, medium, and high level of physical activity and the
corresponding energy intake) on glucose nimthsm at zero energy balance, caloric restriction, and
overfeeding.

Methods

{AEGSSY KSIfiKé AYRADGARdIZ & o6mo YSyI o 62YSys H
randomized crossover intervention under metabolic ward conditions. SubjectJr 88 SR o PR o A
days. Three levels of physical activity (PAL: low 1.3, medium 1.6, and high 1.8 achieved by walking at
n {YKK F2NJ nanZ o P ppX 2Nl o P mMmMa YAYy0 6SNB O2YL
balance (EB): 100% afergy requirement (Ereq); caloric restriction (CR): 75% Ereq, and overfeeding (OF):
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125% Ereq). Continuous interstitial glucose monitoringeftide excretion, and HOMAR, as well as
postprandial glucose and insulin were measured.

Results
Daylong glycem and insulin secretion did not increase with higher ET at all conditions of energy balance
69.3% /wX FYR hC0O3X RSALAGS | O2NNBaLRyRAy3At & KAIDF

G /wX REFEefz2y3a 3t eOSYAIOLS LD I'n dndnon 06 SINBR - SAG/Saydzt NISyR di
with low ET. HOMAR was impaired with OF and improved with CR, whereas ET had no effect on fasting
insulin sensitivity. A higher ET led to lower postprandial glucose and insulin levels under conditions of CR
and OF.

Conclusion
Lowintensity physical activity can significantly improve postprandial glycemic response of healthy
individuals, independent of energy balance.

Cakir, 1., et al. (2019). "Leptin receptor signaling in serfiressing neurons regulatesdy
temperature and adaptive thermogenesig€hdocrinologyl60(4): 863879.

Leptin signals to regulate food intake and energy expenditure under conditions of normative energy
homeostasis. The central expression and function of leptin receptor B (Lep®Rb)ban extensively
studied during the past two decades; however, the mechanisms by which LepRb signaling dysregulation
contributes to the pathophysiology of obesity remains unclear. The paraventricular nucleus of the
hypothalamus (PVN) plays a cruciakrisl regulating energy balance as well as the neuroendocrine axes.
The role of LepRb expression in the PVN in regard to the regulation of physiological function of leptin has
been controversial. The singleinded homolog 1 gene (Sim1) is densely expregstte PVN and in parts

of the amygdala, making Siatdre mice a useful model for examining molecular mechanisms regulating
PVN function. In this study, we characterized the physiological role of LepRb hexgiressing neurons

using LepRifloxed x SimLr mice. Simbpecific LepRbeficient mice were surprisingly hypophagic on
regular chow but gained more weight upon exposure to a{figgitiet than did their control littermates.

We show that Sim&pecific deletion of a single LepRb gene copy causedaksnlesurface and core body
temperatures as well as decreased energy expenditure in ambient room temperatures in both female and
male mice. Furthermore, colithduced adaptive (nonshivering) thermogenesis is disrupted in homozygous
knockout mice. A defectivéhermoregulatory response was associated with defective -gaiidiced
upregulation of uncoupling protein 1 in brown adipose tissue and reduced serum T4. Our study provides
novel functional evidence supporting LepRb signaling in Sim1 neurons in the mgufbody weight,

core body temperature, and coidduced adaptive thermogenesis.

Cedernaes, J., et al. (2019). "Transcriptional Basis for Rhythmic Control of Hunger and Metabolism
within the AgRP NeuronCell Metabolisn?29(5): 10781091.e1075.

The algjnment of fasting and feeding with the sleep/wake cycle is coordinated by hypothalamic neurons,
though the underlying molecular programs remain incompletely understood. Here, we demonstrate that
the clock transcription pathway maximizes eating during walkefss and glucose production during sleep
through autonomous circadian regulation of NPY/AgRP neurons. Tandem profiling ofcghcded
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ribosomebound mRNAs in morning and evening under dynamic fasting and fed conditions identified
temporal control of ativity-dependent gene repertoires in AgRP neurons central to synaptogenesis,
bioenergetics, and neurotransmitter and peptidergic signaling. Synaptic and circadian pathways were
specific to wholecell RNA analyses, while bioenergetic pathways were sebbctienriched in the
ribosomebound transcriptome. Finally, we demonstrate that the AgRP clock mediates the transcriptional
response to leptin. Our results reveal that tirnéday restriction in transcriptional control of energy
sensing neurons underliesgralignment of hunger and food acquisition with the sleep/wake state. The
central molecular clock aligns feeding with the sleep/wake state. Cedernaes et al. employ RNA sequencing
in AgRP neurons across different nutrient states, revealing -tfrday-deperdent enrichment of
circadian and bioenergetic gene networks. They discover that the behavioral and transcriptional response
to leptin varies from morning to evening, as the AgRP clock coordinates the leptin response and glucose
metabolism with arousal.

Clookey, S. L., et al. (2019). "Beta 3 adrenergic receptor activation rescues metabolic dysfunction in
female estrogen receptor alphaull mice."Frontiers in Physiologi(FEB).

Metabolic disease risk escalates following menopause. The mechanisat fally known, but likely
Ay@2t 3Sa NBRdAzOSR aAdylfAy3a GKNRddAK SaidNR3ISy NBOS
white adipose tissue (BAT and WAT). Objective: Test the hypothesis that uncoupling protein (UCP1)
activation mitigatesmeta 2 f A O Re&aFdzy OGA2y Ol dZASR o6& f2aa 2F &
2F 3ST FSYI S 9 whtype piiCe@ire ud at®& &nd fed ayMRstedsiylé Hgh

fat, high sucrose diet (HFD) or a normal {fatschow diet (NC) for 10 weekDuring the final 2 weeks,

iKSe8 NBOSAOSR RIAf&@ AyeaSOGAizya 2F /[ omMcIHpc 6/
(CTRL), creating eight groups: ¥WTRL, WL, K&TRL, and KCOL on HFD or NC; n gl18/group.
wSadzZ Gay 9 whdreracafdtadHFRdicKd adi@sity gain (P < 0.001) and insulin resistance

6t I nonncoO® /[ GNBFOGYSYyd AYLINR@SR Andutetrbdipysitya Sy a )
increase (P < 0.05). In both genotypes, CL increased resting energy éx@e(fli< 0.05) and induced

WAT beiging indicated by increased UCP1 protein in both perigonadal (PGAT) and subcutaneous (SQAT)
depots. These effects were attenuated under HFD conditions (P < 0.05). In KO, CL reduced HFD energy
consumption comparedtoCTBLt f ndnpo0d® wSYFNJlIo6fte&xX /[ AYyONBI a
and KO (P < 0.001), revealingmidiated changes in estrogen signaling may have protective metabolic
STFSOhaow /2yO0tdzarazyy /[ O2YLX SGiSteée uwlBErRiasbRa YS |
therapeutic target for treating metabolic dysfunction following loss of estrogen receptor signaling.

Coborn, J. E. (20LRole of sex and orexin in sleep disruption induced weight, @airr Obes Rep

Poor sleep time and quajitassociate with obesity in adults and women have a predisposition towards
greater weight gain with sleep restriction. However, the mechanisms contributing tespsmnific
sensitivity to weight gain following sleep loss remains unknown. Exposure to eméral noise is the

only method of sleep disruption (SD) known to date that reduces sleep time and quality, stimulates weight
gain and feeding and reduces distance traveled and energy expenditure (EE) (total and individual
components) in male rats. The eltive of this study was 1) validate the method of ndisduced sleep
disruption in female rats, 2) determine mechanisms underlying the response to noise in male and female
rats and 3) determine whether treatment with a sleep aid could block the effect®ise exposure
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independent of sex. Overall, findings from the study described in this dissertation demonstrate the
following: 1) chronic exposure to noise increases weight gain and feeding and reduces total EE due to
reductions in EE during spontaneousypical activity (SPA) and sleep without altering the length of the
estrous cycle in female rats; 2) stress is not the primary mechanism underlyingmidused weight gain

in either male or female rats; and 3) Suvorexant, a Federal Drug Administrabéy) gpproved dual
orexin receptor antagonist for insomnia, significantly ameliorates nmidaced increases in time awake
independent of sex but further exacerbates neieduced increases in sleep fragmentation for males
only. Collectively, these data Y& implications for future studies aimed to determine specific
sensitivity to weight gain following sleep loss. Furthermore, these data suggest that while Suvorexant may
ameliorate reductions in sleep caused by noise equally in the sexes, the drutpreagiifferential effects

on the weight gain due to SD since Suvorexant further worsened sleep quality in males but not females.
(PsycINFO Database Record (c) 2018 APA, all rights reserved)

Coborn, J. E., et al. (2019). "Neisduced sleep disruption ineases weight gain and decreases energy
metabolism in female ratsI'hternational Journal of Obesi#3(9): 17591768.

Background/objectives: Inadequate sleep increases obesity and environmental noise contributes to poor
sleep. However, women may be marginerable to noise and hence more susceptible to sleep disruption
induced weight gain than men. In male rats, exposure to environmental (i.e. ambient) noise disrupts sleep
and increases feeding and weight gain. However, the effects of environmentalarogdeep and weight

gain in female rats are unknown. Thus, this study was designed to determine whether noise exposure
would disturb sleep, increase feeding and weight gain and alter the length of the estrous cycle in female
rats. Subjects/methods: Femalats (12 weeks old) were exposed to noise for 17d (8 h/d during the light
period) to determine the effects of noise on weight gain and food intake. In a separate set of females,
estrous cycle phase and length, EEG, EMG, spontaneous physical activityeemdexpenditure were
recorded continuously for 27d during baseline (control, 9d), noise exposure (8 h/d, 9d) and recovery (9d)
from sleep disruption. Results: Noise exposure significantly increased weight gain and food intake
compared to females that sl¢pndisturbed. Noise also significantly increased wakefulness, reduced sleep
and resulted in rebound sleep during the recovery period. Total energy expenditure was significantly
lower during both noise exposure and recovery due to lower energy expendituniag spontaneous
physical activity and sleep. Notably, noise did not alter the estrous cycle length. Conclusions: As previously
observed in male rats, noise exposure disrupted sleep and increased weight gain in females but did not
alter the length of theestrous cycle. This is the first demonstration of weight gain in female rats during
sleep disruption. We conclude that the sleep disruption caused by exposure to environmental noise is a
significant tool for determining how sleep loss contributes to otyeisi females.
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Dodd, G. T., et 812019). "Intranasal Targeting of Hypothalamic PTP1B and TCPTP Reinstates Leptin
and Insulin Sensitivity and Promotes Weight Loss in Obe€igll'Report28(11): 29052922.e2905.

The importance of hypothalamic leptand insulin resistance in the development and maintenance of
obesity remains unclear. The tyrosine phosphatases protein tyrosine phosphatase 1B (PTP1B) and T cell
protein tyrosine phosphatase (TCPTP) attenuate leptin and insulin signaling and are elavdted
hypothalami of obese mice. We report that elevated PTP1B and TCPTP antagonize hypothalamic leptin
and insulin signaling and contribute to the maintenance of obesity. Deletion of PTP1B and TCPTP in the
hypothalami of obese mice enhances CNS leptohiagulin sensitivity, represses feeding, and increases
browning, to decrease adiposity and improve glucose metabolism. The daily intranasal administration of
a PTP1B inhibitor, plus the glucocorticoid antagonist RU486 that decreases TCPTP expressssesrepr
feeding, increases browning, promotes weight loss, and improves glucose metabolism in obese mice. Our
findings causally link heightened hypothalamic PTP1B and TCPTP with leptin and insulin resistance and
the maintenance of obesity and define a viaplearmacological approach by which to promote weight

loss in obesity.

Ferguson, A. L., et §2019). "Exposure to solar ultraviolet radiation limits dreduced weight gain,
increases liver triglycerides and prevents the early signs of cardiovasagasdiin mice Nutrition,
Metabolism and Cardiovascular Disea26(6): 633638.

Background and aims: Sunlight exposure is associated with a number of health benefits including
protecting us from autoimmunity, cardiovascular disease, obesity and diab&t@mal studies have
confirmed that ultraviolet (UVB radiation, independently of vitamin D, can limit dietiuced obesity,
metabolic syndrome and atherosclerosis. The aim of this study is to investigate whether exposure to the
UV radiation contained iaunlight impacts on these disease parameters. Methods and results: We have
trialled an intervention with solar UV in obese and atherosclerpgisie mice. We have discovered that
solarsimulated UV can significantly limit ditduced obesity and reducdleroma development in mice

fed a diet high in sugar and fat. The optimal regime for this benefit was exposure once a week to solar UV
equivalent to approximately 30 min of summer sun. Exposure to this optimal dose of solar UV also led to
a significant inease in liver triglycerides which may protect the liver from damage. Conclusion: Our
results show that the UV contained in sunlight has the potential to prevent and treat chronic disease at
sites distant from irradiated skin. A major health challenge giéamward will be to harness the power of

the sun safely, without risking an increase in skin cancers.

Freels, T. G., et al. (2019). "Vaporized cannabis extracts have reinforcing properties and support
conditioned drugseeking behavior in ratsbioRxiv

Recent trends in cannabis legalization have increased the necessity to better understand the effects of
cannabis use. Animal models involving traditional cannabinoieasigtiinistration approaches have been
notoriously difficult to establish and differees in the drug employed and its route of administration have
limited the translational value of preclinical studies. To address this challenge in the field, we have
developed a novel method of cannabis saffministration using responseontingent deliveryof
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@1 L32 NA-fet@iydropagnabinetich (CANTHC) or cannabidimh (CANCBD) complete cannabis
extracts. Male Sprague Dawley rats were trained to nosepoke for discrete puffs of CANTHC, CANCBD, or
vehicle (VEH) in daily of®ur sessions. Cannabis vapeinforcement resulted in strong discrimination
between active and inactive operanda. CANTHC maintained higher response rates under fixed ratio
schedules and higher break points under progressive ratio schedules compared to CANCBD or VEH, and
the number & vapor deliveries positively correlated with plasma THC concentrations. Moreover,
metabolic phenotyping studies revealed alterations in locomotor activity, energy expenditure, and daily
food intake that are consistent with effects in human cannabis udewusthermore, both cannabis
regimens produced ecologically relevant brain concentrations of THC and CBD and CANTHC
administration decreased hippocampal CBL1 receptor binding. Removal of CANTHC reinforcement (but not
CANCBD) resulted in a robust extinctiamdt and an increase in cirduced cannabiseeking behavior

relative to VEH. These data indicate that volitional exposure torfidh@annabis vapor has bona fide
reinforcing properties and collectively support the utility of the vapor-adiiinistratian model for the
preclinical assessment of volitional cannabis intake and cansalising behaviors.

Geller, S., et al. (2019). "TanycyRsgulate Lipid Homeostasis by Sensing Free Fatty Acids and
Signaling to Key Hypothalamic Neuronal Populations via FGF21 Seci@gabhmetabolisn80(4): 833
844.e837.

In obesity, the increased levels of circulating lipids induce metabolic dysfunttios, it is essential to
determine the mechanisms behind fat storage. Here, Geller et al. demonstrate thatdpedific glial
cells, the tanycytes, sense circulating lipid levels to regulate body fat storage via the production of Fgf21.

Girard, R.,ethi® OoHAM®MPUOLP® bl bCnh A& | (degsdentinsBidotzpic G2 NJ 2 F
polypeptide."Scientific Report9(1).

Mutations in the HNF4A gene cause MODY1 and are associated with an increased risk of Type 2 diabetes
mellitus. On the other handncretins are hormones that potentiate reductions in blood glucose levels.
Given the established role of incretirased therapy to treat diabetes and metabolic disorders, we
Ay@SaidAariSR | L2aairofS NB3Idz I G2 NB uosedebenderb i 6 S S
insulinotropic polypeptide (GIP), an incretin that is specifically produced by gut enteroendocrine cells.

I 2YRAGAZ2Y I RSEtSGA2Y 2F 1 bCnh Ay (KS gKZfedndAy i S:
| y¥nh € 2Et kf 2 Enmodels.pGitP. ekpressionyvgasiziedsured by qPCR, immunofluorescence
and ELISA. Gene transcription was assessed by luciferase and electrophoretic mobility shift assays.
Metabolic parameters were analyzed by indirect calorimetry and -@nakgy Xray absorptionetry.

Il bCnh ALISOAFAO RSESGA2Yy Ay GKS AydSadiaysS fSR (2
transcriptional activity in collaboration with GABAtranscription factor. Glucose homeostasis and
glucosestimulated insulin secretion remay SR dzy OKIF y3ISR Ay | bCnh RSFAO
production in these mice did not impact nutrition or energy metabolism under normal physiology but led

to a reduction of bone area and mineral content, a well described physiological consequence of GIP
RSTAOASYO@d hdzNJ FAYRAYy3Ia LRAYyG G2 | y20St NBIdzA |
functional impact on bone density.
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Hagele, F. A., et §R019). "Appetite Control Is Improved by Acute Increases in Energy Turnover at
Different Levels of Energy Balancéournal of Clinical Endocrinology and Metabolid(10): 4481
4491.

Background: Weight control is hypothesized to be improved when physical activity and energy intake are
both high [high energy turnover (ET)]. Objeeti The impact of three levels of ET on skert appetite

control is therefore investigated at fixed levels of energy balance. Design: In a randomized crossover trial,
16 healthy adults (25.1 + 3.9 y of age; body mass index, 24.0 = 3.2 kg/m2) sperdaitaeg protocols

for four times in a metabolic chamber. Four conditions of energy balance (ad libitum energy intake, zero
energy balance;25% caloric restriction, and +25% overfeeding) were each performed at three levels of
ET (PAL 1.3 low, 1.6 mediuamnd 1.8 high ET; by walking on a treadmill). Levels of appetite hormones
ghrelin, GLA, and insulin (total area under the curve) were measured during 14 hours. Subjective
appetite ratings were assessed by visual analog scales. Results: Compared wi higiv ET led to
decreased GI-P (at all energy balance conditions: P < 0.001) and increased ghrelin concentrations (caloric
restriction and overfeeding: P < 0.001), which was consistent with higher feelings of hunger (zero energy
balance: P < 0.001) axddsire to eat (all energy balance conditions: P < 0.05) and a positive energy balance
during ad libitum intake (+17.5%; P < 0.001). Conclusion: Appetite is regulated more effectively at a high
level of ET, whereas overeating and consequently weight gaitileely to occur at low levels of ET. In
contrast to the prevailing concept of body weight control, the positive impact of physical activity is
independent from burning up more calories and is explained by improved appetite sensations.

Haynes, V. R., etl. (2019). "Dysferlin deficiency alters lipid metabolism and remodels the skeletal
muscle lipidome in mice Journal of Lipid Researél)(8): 13501364.

Defects in the gene coding for dysferlin, a membrassociated protein, affect many tissues, inchagi
skeletal muscles, with a resultant myopathy called dysferlinopathy. Dysferlinopathy manifests postgrowth
with a progressive loss of skeletal muscle function, early intramyocellular lipid accumulation, and a striking
later replacement of selective muselby adipocytes. To better understand the changes underpinning this
disease, we assessed whdledy energy homeostasis, skeletal muscle fatty acid metabolism, lipolysis in
adipose tissue, and the skeletal muscle lipidome using young adult dysfefiaient male BLAJ mice and
agematched C57BI/6J WT mice. BLAJ mice had increased lean mass and reduced fat mass associated with
increased physical activity and increased adipose tissue lipolysis. Skeletal muscle fatty acid metabolism
was remodeled in BLAJ miaharacterized by a partitioning of fatty acids toward storage rather than
oxidation. Lipidomic analysis identified marked changes in almost all lipid classes examined in the skeletal
muscle of BLAJ mice, including sphingolipids, phospholipids, cholestelmost glycerolipids but,
surprisingly, not triacylglycerol. These observations indicate that an early manifestation of dysferlin
deficiency is the reprogramming of skeletal muscle and adipose tissue lipid metabolism, which is likely to
contribute to the progressive adverse histopathology in dysferlinopathies.
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Huang, W. C., et gR019). "Investigation of the effects of microbiota on exercise physiological
adaption, performance, and energy utilization using a gnotobiotic animal mdéeldtiers in

Microbiologyl0(AUG).

The wide diversity in gut microbiota that is found among individuals is affected by factors including
environment, genetics, dietary habits, and lifestyle after birth. The gastrointestinal tract, the largest and
most complicated inivo ecosystem, is a natural habitat for microbe colonization. Gut microbiota acts as
GYSiGro2t A0 2NHIyYyé¢ GKFG AYyGSNIOla sAGK (GKS KdzYl y
maintaining health. In addition to the above factors, microbiota dsiions/proportions are affected by
exercise and other forms of physical activity. However, diet, lifestyle, and nutritional supplementation
may impede the actual analytic relationship in practice. Therefore, the purpose of this study is to
understand the effects of several microbiota on physical fitness, exercise performance, energy
metabolism, and biochemistries using the concept of gnotobiote based on a-fgeemmodel. The
microbes Eubacterium rectale, Lactobacillus plantarum TWK210, and Clostridiurnidesc were
separately inoculated into gnotobiotic animal models. Fecal analysis was regularly done for the entire
duration of the experiment. The exercise capacities were measured repeatedly with and without aerobic
exercise training using an exhaustiwgiraming test. Various fatiguassociated biochemical variables,
including lactate, ammonia, glucose, lactic dehydrogenase (LDH), and creatine kinase (CK) were also
measured to assess physiological adaption. In addition, metabolic phenotype was appéedrtblvasal
metabolic rate, diet, behavior, and activities. Body composition, glycogen content, and histopathology
were further evaluated to assess the gnotobiotic effects. E. rectale engendered capacities, physiological
adaption, and physical activitiebdt were significantly better than other two microbes, possible due to
energy regulation and bioavailability. In addition, L. plantarum TWK210 and C. coccoides were found to
significantly increase the basal metabolic rate and to alter the body compositittheugh no exercise
capacity benefit was found in the gnotobiotic models. The E. rectale and L. plantarum gnotobiotic animals
all showed normal histological observations with the exception of the C. coccoides gnotobiote, which
showed the pathological olksvation of hepatic necrosis. The gnotobiotic model directly demonstrates
the interactions between microbes and hosts, which are especially relevant and applicable to the field of
sports science. This study supports the development of beneficial micrdioiotpplication to exercise

and fitness, which is an emerging area of health promotion.

Hurr, C., et al. (2019). "Liver sympathetic denervation reverses obadifiged hepatic steatosis."
Journal of Physiolody97(17): 45654580.

Key points: Noralcohdic fatty liver disease, characterized in part by elevated liver triglycerides (i.e.
hepatic steatosis), is a growing health problem. In this study, we found that hepatic steatosis is associated
with robust hepatic sympathetic overactivity. Removal of hapaympathetic nerves reduced obesity
induced hepatic steatosis. Liver sympathetic innervation modulated hepatic lipid acquisition pathways
during obesity. Abstract: Nealcoholic fatty liver disease (NAFLD) affects 1 in 3 Americans and is a
significant isk factor for typdl diabetes mellitus, insulin resistance and hepatic carcinoma. Characterized

in part by excessive hepatic triglyceride accumulation (i.e. hepatic steatosis), the incidence of NAFLD is
increasing; in line with the growing obesity epidac. The role of the autonomic nervous system in NAFLD
remains unclear. Here, we show that chronic hepatic sympathetic overactivity mediates hepatic steatosis.
Direct multiunit recordings of hepatic sympathetic nerve activity were obtained in high faimgatormal
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chow fed male C57BL/6J mice. To reduce hepatic sympathetic nerve activity we utilized two approaches
including pharmacological ablation of the sympathetic nerves and pHess#d hepatic sympathetic
nerve denervation. Dieihduced NAFLD was asgted with a nearly doubled firing rate of the hepatic
sympathetic nerves, which was largely due to an increase in efferent nerve traffic. Furthermore,
established high fat diehduced hepatic steatosis was effectively reduced with pharmacological or
phenolbased removal of the hepatic sympathetic nerves, independent of changes in body weight, caloric
intake or adiposity. Ablation of liver sympathetic nerves was also associated with improvements in liver
triglyceride accumulation pathways including fréstty acid uptake and de novo lipogenesis. These
findings highlight an unrecognized pathogenic link between liver sympathetic outflow and hepatic
steatosis and suggest that manipulation of the liver sympathetic nerves may represent a novel therapeutic
strategy for NAFLD.

Ip, C. K., et al. (2019). "Amygdala NPY Circuits Promote the Development of Accelerated Obesity under
Chronic Stress Condition€ell Metabolisn80(1): 111128.e116.

Neuropeptide Y (NPY) exerts a powerful orexigenic effect in the hyjaothes. However, extra
hypothalamic nuclei also produce NPY, but its influence on energy homeostasis is unclear. Here we
uncover a previously unknown feeding stimulatory pathway that is activated under conditions of stress in
combination with caloriedense food; NPY neurons in the central amygdala are responsible for an
exacerbated response to a combined stress and-Fagddiet intervention. Central amygdala NPY neuron
specific Npy overexpression mimics the obese phenotype seen in a combined stress afal-tigh

model, which is prevented by the selective ablation of Npy. Using food intake and energy expenditure as
readouts, we demonstrate that selective activation of central amygdala NPY neurons results in increased
food intake and decreased energy expédnre. Mechanistically, it is the diminished insulin signaling
capacity on central amygdala NPY neurons under combined stress arfdidibt conditions that leads

to the exaggerated development of obesity.

Johnson, H. M., et al. (2019). "Glucose maxtiansulin sensitivity via a hepatoportal mechanism in
high-fat-fed rats."Journal of Endocrinolog®41(3): 189199.

Poor nutrition plays a fundamental role in the development of insulin resistance, an underlying
characteristic of type 2 diabetes. We apreviously shown that higfat diet-induced insulin resistance

in rats can be ameliorated by a single glucose meal, but the mechanisms for this observation remain
unresolved. To determine if this phenomenon is mediated by gut or hepatoportal factors, \viatar

rats were fed a higifat diet for 3 weeks before receiving one of five interventions: Hagtmeal, glucose
gavage, higlglucose meal, systemic glucose infusion or portal glucose infusion. Insulin sensitivity was
assessed the following day in @mious animals by a hyperinsulinaeraigglycaemic clamp. An oral
glucose load consistently improved insulin sensitivity in HisggHed rats, establishing the reproducibility

of this model. A systemic infusion of a glucose load did not affect insulintisgpsindicating that the
physiological response to oral glucose was not due solely to increased glucose turnover or withdrawal of
dietary lipid. A portal infusion of glucose produced the largest improvement in insulin sensitivity,
implicating a role fothe hepatoportal region rather than the gastrointestinal tract in mediating the effect

of glucose to improve lipithduced insulin resistance. These results further deepen our understanding of
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the mechanism of glucosmediated regulation of insulin sensiity and provide new insight into the role
of nutrition in whole body metabolism.

Jurrissen, T. J., et §019). "Overproduction of endotheki impairs glucose tolerance but does not
promote visceral adipose tissue inflammation or limietabolic adaptations to exerciseAmerican
Journal of Physiology. Endocrinology and MetaboR4i7(3): E548E558.

Endothelinl (ET1) is a potent vasoconstrictor and proinflammatory peptide that is upregulated in
obesity. Herein, we tested the hypothesthat ETL signaling promotes visceral adipose tissue (AT)
inflammation and disrupts glucose homeostasis. We also tested if reducgds=a required mechanism

by which exercise ameliorates AT inflammation and improves glycemic control in obesity. Midlat

1) dietinduced obesity, AT inflammation, and glycemic dysregulation were not accompanied by
significantly increased levels of -ETin AT or circulation in wiltype mice and that endothelial
overexpression of ET and consequently increased -ETlevels did not cause AT inflammation yet
impaired glucose tolerance; 2) reduced AT inflammation and improved glucose tolerance with voluntary
wheel running was not associated with decreased levels df IBTAT or circulation in obese mice nor did
endothelial overexpression of EI impede such exercisaduced metabolic adaptations; 3) chronic
pharmacological blockade of HTeceptors did not suppress AT inflammation in obese mice but improved
glucose tolerance; and 4) in a cohort of human subjects withide wange of body mass indexes-ET
levels in AT, or circulation were not correlated with markers of inflammation in AT. In aggregate, we
conclude that E-IL signaling is not implicated in the development of visceral AT inflammation but
promotes glucose #tolerance, thus representing an important therapeutic target for glycemic
dysregulation in conditions characterized by hyperendothelinemia. Furthermore, we show that the
salutary effects of exercise on AT and systemic metabolic function are not contmgyémd suppression

of ET1 signaling.

Kaiyala, K. J. (2019). "Do Calorimetric Results in Mice Depend on the System Bein@bssith?"
27(5): 689689.

Indirect calorimetry is routinely used to assess energy expenditure, metabolism, and energy balance in
rodents, and currently multiple commercial systems are in use in the scientific comm@noitgidering

this diversity, do calorimetric results depend the system being used? In this issue of Obesity, Soto et
al. (1) address thisgmportant yet complex question in work comparing outcomes measured in the
Promethion and OxyMax systems. Although the systgmdormed quite similarly overall, enough
differences were observedo warrant comments, as these systems differ greatly in a disciplimere

even minor details are important (2,3) and because statisissales cloud some interpretations.

Disclosure: Dr. Kaiyalas collaborated on several occasions with Dr. John Lighton, President and Chief
Scientific Officer of Sable Systems International, manufacturer of the Promethion calorimeter system

Kaiyala, K. J., et al. (2019). "Validation of an equation for eneppnditure that does not require the
respiratory quotient."PL0oS Oné&4(2).
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Background :Energy expenditure (EE) calculated from respirometric indirect calorimetry is most accurate
when based on oxygen consumption (VO 2 ), carbon dioxide production (V& 23timated protein
metabolism (PM). EE has a substantial dependence of ~7% on the respiratory quotient (RQ, VCO 2 /VO 2
) and a lesser dependence on PM, yet many studies have instead estimated EE from VO 2 only while PM
has often been ignored, thus rading accuracy. In 1949 Weir proposed a method to accurately calculate

EE without using RQ, which also adjusts for estimated PM based on dietary composition.-Thetifd

utilizes the calorimeter airflow rate (FR), the change in fractional O 2 comcénr 2y o6pCh H 0
dietary protein fraction. The RQ@method has not previously been empirically validated against the
standard RQ + method using both VO 2 and RQ. Our aim was to do that. Methods: VO 2 and VCO 2 were
measured repeatedly in 8 mice fechayh protein diet (HPD) during exposure to different temperatures

(n = 168 measurements of 24h gas exchange). TheadpiBted RQ + equation was: EE [kcal/time] = VO

2 [L/time]x(3.853+1.081RQ) while the corresponding RQIlj dzt A2y g+ &Y 99. I' nd
Agreement was analyzed using the ratios of the-RERQ + methods along with regression and Bland
Altman agreement analyses. We also evaluated the standard equation using the dietary food quotient
(FQ) of 0.91 as a proxy for RQ (FQ + method). ReRalti®: analysis revealed that the mean error of the

RQ- method was only 0.11 + 0.042% while the maximum error was only 0.21%. Error using the FQ +
method was 4-and 1Gfold greater, respectively. Blandlitman analysis demonstrated that the RQ
method vey slightly overestimates EE as RQ decreases. Theoretically, this error can be eliminated
completely by imposing an incurrent fractional oxygen concentration at a value only slightly greater than
the atmospheric level. Conclusions: The Weir-fR@ method for calculating EE is a highly valid
alternative to the 'gold standard' method that requires RQ. The Rgproach permits reduced cost and
complexity in studies focused on EE and provides a way to rescue EE measurement in studies
compromised by faulty C® measurements. Practitioners of respirometry should consider adjusting EE
calculations for estimated protein metabolism based on dietary composition.

Kentish, S. J., et al. (2019). "Disruption of the light cycle ablates diurnal rhythms in gastraffeagai
mechanosensitivity.Neurogastroenterology and Motilitg1(12).

Background: Gastric vagal afferents (GVASs) respond to mechanical stimulation, initiating satiety. These
afferents exhibit diurnal fluctuations in mechanosensitivity, facilitatingifodake during the dark phase

in rodents. In humans, desynchrony of diurnal rhythms (eg, shift work) is associated with a higher risk of
obesity. To test the hypothesis that shift work disrupts satiety signaling, the effect of a rotating light cycles
on durnal rhythms in GVA mechanosensitivity in lean and Hfégldiet (HDFjnduced obese mice was
determined. Methods: Male C57BL/6 mice were fed standard laboratory diet (SLD) or HFDvEeks2

After 4weeks, mice were randomly allocated to a normalti@¥lL; 1zhour light: 12hour dark; lights on

at zeitgeber time [ZT] 0) or rotating light (Rkg&/ NL cycle,-day reversed light cycle [lights on: ZT12]
repeated) cycle for @eeks. At week 12, eight mice from each group were housed in metabolic cages.
After 12weeks, ex vivo GVA recordings were taken lab@r intervals starting at ZT0. Key Results-8BLD

and HFERL gained more weight compared to S\IDand HFDIL mice, respectively. Gonadal fat pad
mass was higher in SIH). compared to SHEL mice. IFSLBNL mice, tension and mucosal receptor
mechanosensitivity exhibited diurnal rhythms with a peak at ZT9. These rhythms were losRh SHED

NL, and HHRL mice and associated with dampened diurnal rhythms in food intake. Conclusions &
Inferences: GX diurnal rhythms are susceptible to disturbances in the light cycle and/or the obese state.
This may underpin the observed changes in feeding behavior.
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Li, H., et al. (2019). "Chronic stress induces hypersensitivity of murine gastric vagal afferents."”

Neurogastroenterology and Motilit§1(12).
Background: Stress exposure is known to trigger and exacerbate functional dyspepsia (FD) symptoms.
Increased gastric sensitivity to foodlated stimuli is widely observed in FD patients and is associated with
stress and psychological disorders. The mechanisms underlying the hypersensitivity are not clear. Gastric
vagal afferents (GVAS) play an important role in sensing-neésted mechanical stimulation to modulate
gastrointestinal function and food intake. Thstudy aimed to determine whether GVAs display
hypersensitivity after chronic stress, and whether its interaction with leptin was altered by stress.
Methods: Eighveekold male C57BL/6 mice were exposed to unpredictable chronic mild stress or no
stress (ontrol) for 8weeks. The metabolic rate, gastric emptying rate, and anxaetyg depressiotike
behaviors were determined. GVA mechanosensitivity, and its modulation by leptin, was determined using
an in vitro single fiber recording technique. QRTR wasgsed to establish the levels of leptin and leptin
receptor mRNA in the stomach and nodose ganglion, respectively. Key Results: The stressed mice had
lower body weight and food intake, and increased anxlidy behavior compared to the control mice.
The mechanosensitivity of mucosal and tensisensitive GVAs was higher in the stressed mice. Leptin
potentiated mucosal GVA mechanosensitivity in control but not stressed mice. The expression of leptin
MRNA in the gastric mucosa was lower in the stressed r@iceclusions and Inferences: In conclusion,
chronic stress enhances GVA mechanosensitivity, which may contribute to the gastric hypersensitivity in
FD. In addition, the modulatory effect of leptin on GVA signaling is lost after chronic stress exposure.

Maridas, D. E., et al. (2019). "Progenitor recruitment and adipogenic lipolysis contribute to the anabolic
actions of parathyroid hormone on the skeletoRASEB JournaB(2): 28852898.

Intermittent administration of parathyroid hormone (PTH) stimulatesé formation in vivo and also
suppresses the volume ofbonemarrowadipose tissue (BMAT). Incontrast, a gekirieted(CR) diet
causes bone loss and inducesBMATIin both mice andhumans.We used theCRmodel to
testwhetherPTHwould reduceBMAT inmiceby both iwitg cell fate and inducing lipolysis
ofmarrowadipocytes. Eighweekoldmicewere placedon a control (Ctrl) diet or CR diet. At 12 wk, CR and
Ctrl mice were injected daily with PTH (CR/PTH or Ctrl/PTH) or vehicle for 4wk.Two other
cohortswereCRand simultanasly injected (CR+ PTHorCR+Veh) for 4wk.CRmice hadlowbonemass and
increasedBMATIn theproximal tibias.PTHsignificantly increased bonemass inall cohorts despite calorie
restrictions. Adipocyte density and size were markedly increased with restrictiononiesalPTH reduced
adipocyte numbers in CR + PTH mice, whereas adipocyte size was reduced int@RiBdHhice. In
contrast, osteoblast number was increase®-8ld with PTH treatment. In vitro, bone marrow stromal

cells differentiated into adipocytesnd, treated with PTH, exhibited increased production of glycerol and
fatty acids. Moreover, in cocultures of bonemarrowadipocyte and osteoblast progenitors, PTHstimulated
the transfer of fatty acids to osteoblasts. In summary, PTHadministration toCRrmieasad bonemass

by shifting lineage allocation toward osteogenesis and inducing lipolysis of mature marrow adipocytes.
The effects of PTH on bone marrow adiposity could enhance its anabolic actions by providing both more
cells and more fuel for osteoblastiuring bone formation.
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Martin, A. M., et al. (2019). "The gut microbiome regulates host glucose homeostasis via peripheral
serotonin."Proceedings of the National Academy of Sciences of the United States of Ai&a):
1980219804.

The gut microlmme is an established regulator of aspects of host metabolism, such as glucose handling.
Despite the known impacts of the gut microbiota on host glucose homeostasis, the underlying
mechanisms are unknown. The gut microbiome is also a potent mediator edegived serotonin
synthesis, and this peripheral source of serotonin is itself a regulator of glucose homeostasis. Here, we
determined whether the gut microbiome influences glucose homeostasis through effects -oleigued
serotonin. Using both pharmaamical inhibition and genetic deletion of gdérived serotonin synthesis,

we find that the improvements in host glucose handling caused by antibiaticced changes in
microbiota compaosition are dependent on the synthesis of peripheral serotonin.

Matthew Morris, E., et al. (2019). "Divergent energy expenditure impacts mouse metabolic adaptation
to acute highfat/high-sucrose diet producing sexually dimorphic weight gain pattetnsRxiv

Objective Londerm weight gain can result from cumulative smakight increases due to sheterm

excess caloric intake during weekends and holidays. Increased physical activity may mediate weight gain
through increases in energy expenditure (EE) and reductions in energy balance. Current methods for
modulating mouseécE (e.g- exercise, chemical uncouplers, etc.) have confounding effects. However, it is
known that mouse EE linearly increases as housing temperature decreases below the thermoneutral zone.
Methods To determine how robust differences in baseline EE imfsdaly changes in weight and body
composition on lowfat and highfat, highsucrose (HFHS) diets, we performed indirect calorimetry
measurements in male and female mice housed at divergent temperatures (20°C vs. 30°C). Results As
expected, mice housed at03C haveD40% lower total EE and energy intake compared to 20°C mice
regardless of diet or sex. Energy balance was increased with HFHS in all grouf33®igreater
increases observed in 30°C versus 20°C mice. HFHS increased weight gain regardigsesaifite or

sex. Interestingly, no HFHI®luced weight gain differences were observed between females at different
temperatures. In contrast, 30°C male mice on HFHS g&i58&# more weight than 20°C males, &®D%

more weight compared to 30°C femalesH8ncreased fat mass across all groups Hat®higher gains
occurred in 30°C mice compared to 20°C mice. Females g3t less fat mass than males at both
temperatures. Conclusions Together, these data reveal an interaction betwieangent ambient
temperatureinduced EE and sex that impacted dieduced patterns of shofterm weight gain and body
composition.
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Miyano, C. A., et a(2019). "Severe thermoregulatory deficiencies in mice with a deletion in the titin
gene TTN.Journal of Experimental Biolog229).

Muscular dystrophy with myositis (mdm) mice carry a deletion in the N2A region ajehe for the

muscle protein titin (TTN), shiver at low frequency, fail to maintain body temperatures (Th) at ambient
temperatures (Ta) <34°C, and have reduced body mass and active muscle stiffness in vivo compared with
wild-type (WT) siblings. Impairedighring thermogenesis (ST) could be due to the mutated titin protein
causing more compliant muscles. We hypothesized thatstowering thermogenesis (NST) is impaired.

To characterize the response to cold exposure, we measured Th and metabolic ratd (WIRaiod mdm

mice at four nominal temperatures: 20, 24, 29 and 34°C. Subsequently, we stimulated NST with
noradrenaline. Manipulation of Ta revealed an interaction between genotype and MR: mdm mice had
higher MRs at 29°C and lower MRs at 24°C compared/Mitmice. NST capacity was lower in mdm mice
than in WT mice. Using MR data from a previous study, we compared MR of mdm mice with MR of
Perognathus longimembris, a mouse species of similar body mass. Our results indicated low MR and
reduced NST of mdm ngic These were more pronounced than differences between mdm and WT mice
owing to body mass effects on MR and capacity for NST. Correcting MR using Q10 showed that mdm mice
had lower MRs than siamatched P. longimembris, indicating that mutated N2A titiuges severe
thermoregulatory defects at all levels. Direct effects of the titin mutation lead to lower shivering
frequency. Indirect effects likely lead to a lower capacity for NST and increased thermal conductance
through decreased body size.

Miyano, CA., et al.(2019).Severe thermoregulatory deficiencies in mice with a deletion in the titin
gene TTNopenknowledge.nau.edu

Muscular dystrophy with myositis (mdm) mice carry a deletion in the N2A region of the gene for the
muscle protein titin (TTN), srer at low frequency, fail to maintain body temperatures (Tb) at ambient
temperatures (Ta) <34°C, and have reduced body mass and active muscle stiffness in vivo compared with
wild-type (WT) siblings. Impaired shivering thermogenesis (ST) could be due toutated titin protein

causing more compliant muscles. We hypothesized thatstinering thermogenesis (NST) is impaired.

To characterize the response to cold exposure, we measured Th and metabolic rate (MR) of WT and mdm
mice at four nominal temperat@s: 20, 24, 29 and 34°C. Subsequently, we stimulated NST with
noradrenaline. Manipulation of Ta revealed an interaction between genotype and MR: mdm mice had
higher MRs at 29°C and lower MRs at 24°C compared with WT mice. NST capacity was lower in mdm mice
than in WT mice. Using MR data from a previous study, we compared MR of mdm mice with MR of
Perognathus longimembris, a mouse species of similar body mass. Our results indicated low MR and
reduced NST of mdm mice. These were more pronounced than difiesdmetween mdm and WT mice

owing to body mass effects on MR and capacity for NST. Correcting MR using Q10 showed that mdm mice
had lower MRs than sizmatched P. longimembris, indicating that mutated N2A titin causes severe
thermoregulatory defects at allevels. Direct effects of the titin mutation lead to lower shivering
frequency. Indirect effects likely lead to a lower capacity for NST and increased thermal conductance
through decreased body size.
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Murphy, K. T., et al. (2019). "MAs receptor activastyws tumor growth and attenuates muscle
wasting in cancer.Cancer Researct®(4): 706719.

Cancer cachexia is a multifactorial syndrome characterized by a progressive loss of skeletal muscle mass
associated with significant functional impairment. Cagaexbs patients of their strength and capacity

to perform daily tasks and live independently. Effective treatments are needed urgently. Here, we
investigated the therapeutic potential of activating the "alternative" axis of the ramigiotensin system,
involving ACE2, angiotengjit+7), and the mitochondrial assembly receptor (MasR), for treating cancer
cachexia. Plasmid overexpression of the MasR or pharmacologic angiet&3irMasR activation did

not affect healthy muscle fiber size in vitro or iiwasbut attenuated atrophy induced by coculture with
cancer cells in vitro. In mice with cancer cachexia, the MasR agonist AVE 0991 slowed tumor development,
reduced weight loss, improved locomotor activity, and attenuated muscle wasting, with the majbrity
these effects dependent on the orexigenic and not antitumor properties of AVE 0991. Proteomic profiling
and IHC revealed that mechanisms underlying AVE 0991 effects on skeletal muscle invol28acmiR
regulated preservation of the fast, glycolytic fise MasR activation is a novel regulator of muscle
phenotype, and AVE 0991 has orexigenic, anticachectic, and antitumorigenic effects, identifying it as a
promising adjunct therapy for cancer and other serious muscle wasting conditions. Significance: These
findings demonstrate that MasR activation has multiple benefits of being orexigenic, anticachectic, and
antitumorigenic, revealing it as a potential adjunct therapy for cancer.

Park, B. S., et al. (2019). "B&tminoisobutyric Acid Inhibits Hypothalantidlammation by Reversing
Microglia Activation.'Cells8(12).

Betaaminoisobutyric acid (BAIBA), a natural thymine catabolite, is involved in the beneficial effects of
exercise on metabolic disorders. In particular, it has been reported to reverse thmmatory processes
observed in the peripheral organs of animal models of obesity. Therefore, this study aimed to investigate
whether BAIBA improves hypothalamic inflammation, which is also tightly coupled with the development
of obesity. We observed thatreatment with BAIBA effectively reversed palmitic airiduced
hypothalamic inflammation and microglial activation in vivo. Consistent with these findings, we confirmed
that BAIBA reversed body weight gain and increased adiposity observed in mice fedhigtifat diet.
Collectively, the current findings evidence the beneficial impacts of BAIBA on the imbalance of energy
metabolism linked to hypothalamic inflammation.

Penniman, C. M., et al. (2019). "Loss of FoxOs in muscle reveaBssekdifferences insulin
sensitivity but mitigates dieinduced obesity.Molecular Metabolisn80: 203220.

Objective: Gender influences obesiglated complications, including diabetes. Females are more
protected from insulin resistance after digiduced obesity, Wwich may be related to fat accumulation

and muscle insulin sensitivity. FoxOs regulate muscle atrophy and are targets of insulin action, but their
role in muscle insulin sensitivity and mitochondrial metabolism is unknown. Methods: We measured
muscle insuh signaling, mitochondrial energetics, and metabolic responses to af&ighiet (HFD) in

male and female musclgpecific FoxO1/3/4 triple knoebut (TKO) mice. Results: In male TKO muscle,
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insulinstimulated AKT activation was decreased. AKT2 protaima@RNA levels were reduced and insulin
receptor protein and IR8 mMRNA decreased. These changes contributed to decreased issuiulated

glucose uptake in glycolytic muscle in males. In contrast, female TKOs maintain normahneslidited

AKT phosphgtation, normal AKT2 levels, and normal glucose uptake in glycolytic muscle. When
challenged with a HFD, fat gain was attenuated in both male and female TKO mice, and associated with
decreased glucose levels, improved glucose homeostasis, and reducee migbgpteride accumulation.
Furthermore, female TKO mice showed increased energy expenditure, relative to controls, due to
increased lean mass and maintenance of mitochondrial function in muscle. Conclusions: FoxO deletion in
muscle uncovers sexually dimpdic regulation of AKT2, which impairs insulin signaling in male mice, but
not females. However, loss of FoxOs in muscle from both males and females also leads to muscle
hypertrophy and increases in metabolic rate. These factors mitigate fat gain antuatee metabolic
abnormalities in response to a HFD.

Rajasekaran, M., et al. (2019). "MCHReficiency enhances browning of adipose tissue via increased
M2 polarization."Journal of Endocrinolog?42(2): 92101.

Obesity is strongly associated with chromilammation for whi ch adipose tissue macrophages play a
critical role. The objective of this study is to identify monocyte chemoattractant pratéMCRL, CCL2)

as a key player governing MM2 macrophage polarization and energy balance. We evaluatety b
weight, fat mass, adipocyte size and energy expenditure as well as core body temperature of Ccl2
knockout mice compared with witype mice. Adipose tissues, differentiated adipocyte a nd bone
marrow-derived macrophages were assessed by gPCR, Wedtdranalysis and histochemistry. MQP
deficiency augmented energy expenditure by promoting browning in white adipose tissue and brown
adipose tissue activity via increasing the expressions of Ucpl, Prdm16, Tnfrsf9, Ppargcla, Nrfl and Th and
mitochondriaDNA copy number. MCPabrogation promoted M2 polarization which is characterized by
increased expression of Argl, Chil3, 1110 and KlIf4 whereas it decreased M1 polarization by decreased p65
nuclear translocation and attenuated expression of Itgax, TnfNwgR, leading to increased browning of
adipocytes. Enhanced M2 polarization and attenuated M1 polarization in the absence ofl P
independent. Collectively, our results suggest that the action of {l@AMacrophages modulates energy
expenditure by irpairing browning in adipose tissue.

Regué, L., et al. (2019). "IMP2 Increases Mouse Skeletal Muscle Mass and Voluntary Activity by
Enhancing Autocrine Insuliike Growth Factor 2 Production and Optimizing Muscle Metabolism."
Molecular andCellular Biolog@9(7).

Insulinlike growth factor 2 (IGF2) mRNA binding protein 2 (IMP2) was selectively deleted from adult
mouse muscle; two phenotypes were observed: decreased accrual of skeletal muscle mass after weaning
and reduced wheetunning actvity but normal forced treadmill performance. Reduced wheel running
occurs when mice are fed a hidgt diet but is normalized when mice consume standard chow. The two
phenotypes are due to altered output from different IMP2 client mMRNAs. The reducedifiecof IMP2

deficient muscle is attributable, in part, to diminished autocrine Igf2 production; basal tyrosine
phosphorylation of the insulin and IGF1 receptors is diminished, and Aktl activation is selectively reduced.
Dadloh A& RAAAPKAWKZARSIREF 6 §R { pddzodzyAld 2F Sdzl I NB 2
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is hyperphosphorylated. Protein synthesis is reduced despite unaltered mTOR complex 1 activity-The diet
dependent reduction in voluntary exercise is likely due to altered muscle bobsm, as contractile
function is normal. IMP2leficient muscle exhibits reduced fatty acid oxidation, due to a reduced
abundance of mRNA of peroxisome proliferakoO i A @ § SR NBOSLII2NI h ott! who
protein. IMP2deficient muscle fibrs treated with a mitochondrial uncoupler to increase electron flux, as
occurs with exercise, exhibit reduced oxygen consumption from fatty acids, with higher oxygen
consumption from glucose. The greater dependence on muscle glucose metabolism duréasedcr
oxygen demand may promote central fatigue and thereby diminish voluntary activity.

Regué, L., et al. (2019). "IMP2 Increases Mouse Skeletal Muscle Mass and Voluntary Activity by
Enhancing Autocrine Insuliike Growth Factor 2 Production and OptimizMuscle Metabolism."
Molecular and Cellular Biolo®®(7).

Insulinlike growth factor 2 (IGF2) mRNA binding protein 2 (IMP2) was selectively deleted from adult
mouse muscle; two phenotypes were observed: decreased accrual of skeletal muscle maseaiiag

and reduced wheetunning activity but normal forced treadmill performance. Reduced wheel running
occurs when mice are fed a hidgt diet but is normalized when mice consume standard chow. The two
phenotypes are due to altered output from differeiMP2 client mMRNAs. The reduced fiber size of MP2
deficient muscle is attributable, in part, to diminished autocrine Igf2 production; basal tyrosine
phosphorylation of the insulin and IGF1 receptors is diminished, and Aktl activation is selectivedglreduc
Daloh A& RAAAWMKADWKBERET  YE&R{po&dzodzy AG 2F Sdzl I NB 2
is hyperphosphorylated. Protein synthesis is reduced despite unaltered mTOR complex 1 activity-The diet
dependent reduction in voluntary exereigs likely due to altered muscle metabolism, as contractile
function is normal. IMP2leficient muscle exhibits reduced fatty acid oxidation, due to a reduced
abundance of mMRNA of peroxisome proliferaktoO G A @ § SR NBOSLII 2NJ h dtwth! wh 0
protein. IMP2deficient muscle fibers treated with a mitochondrial uncoupler to increase electron flux, as
occurs with exercise, exhibit reduced oxygen consumption from fatty acids, with higher oxygen
consumption from glucose. The greater dependencenmrscle glucose metabolism during increased
oxygen demand may promote central fatigue and thereby diminish voluntary activity.

Ruegsegger, G. N. (201Bxamination of nucleus accumbens mechanisms underlying the motivation
for physical activitymospace.msystem.edu

Physical inactivity, a primary contributor to numerous diseases including obesity, type 2 diabetes,
depression, and dementia, has reached pandemic levels worldwide. Alarmingly, the percentage of
individuals engaging in physical activity i land decreasing. Accelerometry data shows that > 90% of
adults fail to meet the U.S. Physical Activity Guidelines despite the excess of knowledge suggesting
exercise improves health. Therefore, beginning to understand the molecular mechanisms whiatcmflue
physical activity levels is imperative for the development of therapies to reduce sedentary behavior. The
work presented in this dissertation made use of three independent experimental paradigms in rats to test
the hypothesis that differences in the maimbic dopamine system associate with/cause changes in
voluntary physical activity. In the first study, rats selectively bred for high (HVR) or low (LVR) voluntary
wheel running distance were used to assess inherent differences in opioidergic sigredivagpih HVR
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and LVR, as well as the influence of dopamine on ofmoidced changes in voluntary wheel running.-Mu
opioid receptor expression and function was increased in the nucleus accumbens (NAc) of HVR compared
to LVR. Likewise, naltrexone injectiorcaeased dopamineelated mRNA expression in mesolimbic brain
regions and reduced wheel running in HVR, but not LVR. Finally, lesion of dopaminergic neurons in the
NAc prevented the decrease in running following naltrexone administration in HVR, suggestidgrgic
signaling requires downstream dopaminergic activity to influence voluntary running. In the second study,
the transgenerational effect of maternal Western diet (WD) on offspring voluntary wheel running was
assessed. Wheel running was increasedemale WD offspring from-4 weeks of age, but decreased
running from 1619 weeks of age, compared to offspring from chow fed dams. Thesspmgpéic changes

in wheel running are associated with the-ugnd downregulation of dopamine receptor 1 in théAc at

6 and 18 weeks of age, respectively, in WD female offspring, which in turn was negatively associated with
leptin receptor mMRNA in the ventral tegmental area. In the third study;rafgged influences on wheel
running were assessed in 8 and 14 wedtk rats. In addition to a &sim;60% reduction in running, RNA
sequencing revealed downregulations in networks related to cAhdiated signaling and synaptic
plasticity in the NAc from 8 to 14 weekil. The dowrregulations of these networks was mirrorég
reductions in dendritic spine density in the NAc from 8 to 14 westsAdditionally, intraNAc injection

of the Cdk5 inhibitor roscovitine, a known modulator of dendritic density and dopamine signaling, dose
dependently decreased wheel running. Désphe varying experimental models used in this dissertation,
these findings collectively suggest that alterations in dopaminergic signaling in the NAc associate with,
and influence, voluntary physical activity. (PsycINFO Database Record (c) 2019 rigbus adserved)

Sanford, D., et al. (2019). "An Intraperitoneal Treatment with Calcitonin -®efeted Peptide (CGRP)
Regulates Appetite, Energy Intake/Expenditure, and Metabolidournal of Molecular Neuroscience
67(1): 2837.

Calcitonin gengelated peptide (CGRP) is a-amino acid neuropeptide expressed both centrally and
peripherally. CGRP has been shown to be involved in arteriolar dilation, cardiovascular regulation, pain
transmission, migraine, and gastrointestinal physiology. Ourcurrenthe¥2® A & | AYSR G Yy
impact on appetite/satiety, body metabolism, and energy homeostasis. Our study investigated the effects

of a singledose intraperitoneal (IP) treatment with CGRP on food and water consumption, energy
expenditure, physicaldivity, respirometry, and a panel of plasma metabolic hormones in C57BI/6 wild

type (WT) mice. After a CGRP IP injection at adosemio2(10>a / Dwt>fAy2 Fnal f AySo =
reduction in food intake and metabolic parameters as RQ, VCORV@ 2 was observed. CGRjected

mice had also significantly lower total energy expenditure (TEE) with no changes in activity levels
compared to vehiclénjected controls. CGRP treatment in mice induced significantly lower plasma levels

of glucagon andeptin but higher levels of amylin. Our data show that a single dose of CGRP peptide
significantly decreased food consumption and altered calorimetric parameters and plasma metabolic
hormone levels, thus confirming that CGRP plays a pivotal role in thdatiem of appetite and

YSUlI o2t AaY® CdziidzNBE &G dzRA SA -terBnpattDOuddyanetabBlisniahd | y I |
its potential effects on appetite, obesity, and metabolic disorders.
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Shahmirzadi, A. A., et al. (2019). "Aldedoglutarate, an endgenous metabolite, extends lifespan and
compresses morbidity in aging mic@ioRxiv

The decline in early life mortality since the 1950s has resulted in dramatic demographic shift towards aged
population. Aging manifests as a decline in health, multpign dysfunction and increased vulnerability

to diseases, which degrades quality of life. A verity of genetic and pharmacological interventions, mostly
from nonvertebrate models, have been identified that can enhance lifespan. Whether these
interventions extend healthspan, the disease free and functional period of life, has only sometimes been
tested and is often a matter of debate. Human aging indices have been developed to assess elements of
functional decline with aging (e.g. sarcopenia, cognitive ction). However, corresponding
comprehensive indices in mice are seldom applied to aging studies. To probe the relationship between
healthspan and lifespan extension in mammals, we performed a series of longitudinal, clielealfnt
healthspan measureents. Metabolism and aging are tightly connected and specific perturbations of
nutrient-sensing pathways can enhance longevity in laboratory animals. Here we show that alpha
ketoglutarate (delivered in the form of a Calcium salt, CaAKG), a key metabaificaiboxylic (TCA) cycle

that is reported to extend lifespan in worms, can significantly extend lifespan and healthspan in mice. AKG
is involved in various fundamental processes including collagen synthesis and epigenetic changes. Due to
its broad rolesin multiple biological processes, AKG has been a subject of interest for researchers in
various fields. AKG also influences severatratpted processes, including stem cell proliferation and
osteoporosis. To determine its role in mammalian aging, weinidtered CaAKG in 18 months old mice

and determined its effect on the onset of frailty and survival, discovering that the metabolite promotes
longer, healthier life associated with a decrease in levels of inflammatory factors. Interestingly the
reductionin frailty was more dramatic than the increase in lifespan, leading us to propose that CaAKG
compresses morbidity.

Sharma, A., et al. (2019). "Impaired skeletal muscle mitochondrial pyruvate uptake rewires glucose
metabolism to drive wholéody leanness.gLife8.

Metabolic cycles are a fundamental element of cellular and organismal function. Among the most critical
in higher organisms is the Cori Cycle, the systemic cycling between lactate and glucose. Here, skeletal
musclespecific Mitochondrial PyruvatCarrier (MPC) deletion in mice diverted pyruvate into circulating
lactate. This switch disinhibited muscle fatty acid oxidation and drove Cori Cycling that contributed to
increased energy expenditure. Loss of muscle MPC activity led to strikingly det@diposity with
complete muscle mass and strength retention. Notably, despite decreasing muscle glucose oxidation,
muscle MPC disruption increased muscle glucose uptake and Wwbdiginsulin sensitivity. Furthermore,
chronic and acute muscle MPC deletiaccelerated fat mass loss on a normal diet after high fat diet
induced obesity. Our results illuminate the role of the skeletal muscle MPC as abduylecarbon flux
control point. They highlight the potential utility of modulating muscle pyruvatezatilbon to ameliorate
obesity and type 2 diabetes.
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Shi, M., et al. (2019). "The effects of supplementation with blueberry, cyagi@ -glucoside,
yoghurt and its peptides on obesity and related comorbidities in aid@iiced obese mouse model."
Journalof Functional FoodS6: 92-101.

It is widely acknowledged that type 2 diabetes mellitus (T2DM) is associated with obesity, insulin
resistance and hypertension. Cyani®®- -glucoside (C3G), an anthocyanin in blueberry, and peptides
with angiotensin cowmerting enzyme (ACE) inhibitory activity derived from yoghurt are potentially
beneficial for numerous health conditions including improving insulin resistance and glucose intolerance.
In this study, the synergistic/additive effects of combined suppleméaatwith blueberry and yoghurt,

and C3G and peptides were determined. Blueberry and yoghurt alone, and the combination of C3G and
peptides significantly reduced both systolic and diastolic blood pressure irindieted obese mice.
Yoghurt supplementationsignificantly reduced body weight, percentage body fat and improved
intraperitoneal glucose tolerance. Furthermore, peptides and the combination of peptides and C3G
resulted in a significant reduction of percentage body fat and improved intraperitonezigg tolerance.

As widely available, safe and nutritious foods, blueberry and yoghurt showed therapeutic potential in the
treatment of obesity, diabetes and hypertension.

Sinden, D. S., et §2019). "Knockout of th&-linked Fgf13 in the hypothalamic paraventricular nucleus
impairs sympathetic output to brown fat and causes obesBASEB JourndB(10): 1157911594,

Fibroblast growth factor (FGF)13, a nonsecretédinked, FGF homologous factor, is differentially
SELINB&4SR Ay I RALRO&GSE Ay NBalLkryasS G2 RASGZ &
Heterozygous Fgf13 knockouts fed normal chow and housed at 22°C showed hyperactivity accompanying
reducal core temperature and obesity when housed at 30°C. Those heterozygous knockouts showed
defects in thermogenesis even at 30°C and an inability to protect core temperature. Surprisingly, we
detected trivial FGF13 in adipose of wijghe mice fed normal chowand no obesity in adiposgpecific
heterozygous knockouts housed at 30°C, and we detected an intact brown fat response through
SE23Sy2dza o A2y Aald adAYdZ I GA2y>S adz33asSaday3a |
contrast, hypothalamispecific ablation of Fgf13 recapitulated weight gain at 30°C. Norepinephrine
turnover in brown fat was reduced at both housing temperatures. Thus, our data suggest that impaired
CNS regulation of sympathetic activation of brown fat underlies obesity andnthgenesis in Fgfl3
heterozygous knockouts fed normal chawsinden, D. S., Holman, C. D., Bare, C. J., Sun, X., Gade, A. R.,
Cohen, D. E., Pitt, G. S. Knockout of thieked Fgf13 in the hypothalamic paraventricular nucleus impairs
sympathetic output to bown fat and causes obesitfASEB J. 33, 115719594 (2019). www.fasebj.org.

Skinner, N. J., et gR019). "Chronic Light Cycle Disruption Alters Central Insulin and Leptin Signaling as
well as Metabolic Markers in Male Micd&ghdocrinology 60(10): 225-2270.

Recent evidence suggests that the circadian timing system plays a role in energy and glucose homeostasis,
and disruptions to this system are a risk factor for the development of metabolic disorders. We exposed
animals to a constantly shifting lithg environment comprised of al@our advance, occurring every 6

days, to chronically disrupt their circadian timing system. This treatment caused a gradual increase in body
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weight of 12 + 2% after 12 phase shifts, compared with a 6 + 1% increase inndarecontrol lighting
conditions. Additionally, after the fifth phase shift, light cydisrupted (CD) animals showed a reversal in
their diurnal pattern of energy homeostasis and locomotor activity, followed by a subsequent loss of this
rhythm. To invesgate potential molecular mechanisms mediating these metabolic alterations, we
assessed central leptin and insulin sensitivity. We discovered that CD mice had a decrease in central leptin
signaling, as indicated by a reduction in the number of phospheglsignal transducer and activator of
transcription 3 immunoreactive cells in the arcuate nucleus of the hypothalamus. Furthermore, CD
animals exhibited a marked increase in fasting blood glucose (269.4 + 21.1 mg/dL) compared with controls
(108.8 + 21.3 mydL). This dramatic increase in fasting glucose levels was not associated with an increase
in insulin levels, suggesting impairments in pancreatic insulin release. Peripheral hyperglycemia was
accompanied by central alterations in insulin signaling atlével of phospho Akt and insulin receptor
substrate 1, suggesting that light cycle disruption alters central insulin signaling. These results provide
mechanistic insights into the association between light cycle disruption and metabolic disease.

SolonBiet, S. M., et al(2019). "Branchea@hain amino acids impact health and lifespan indirectly via
amino acid balance and appetite contraNature Metabolisnil(5): 532545.

Elevated branchedhain amino acids (BCAAs) are associated with obesity and inssitance. How
long-term dietary BCAAs impact laliée health and lifespan is unknown. Here, we show that when dietary
BCAAs are varied against a fixed, isocaloric macronutrient backgroundetomgxposure to high BCAA

diets leads to hyperphagia, oligsand reduced lifespan. These effects are not due to elevated BCAA per
se or hepatic mammalian target of rapamycin activation, but instead are due to a shift in the relative
guantity of dietary BCAAs and other amino acids, notably tryptophan and threolmioreasing the ratio

of BCAASs to these amino acids results in hyperphagia and is associated with central serotonin depletion.
Preventing hyperphagia by calorie restriction or gfaiding averts the health costs of a hBICAA diet.

Our data highlight aole for amino acid quality in energy balance and show that health costs of chronic
high BCAA intakes need not be due to intrinsic toxicity but instead are a consequence of hyperphagia
driven by amino acid imbalance.

Soto, J. E., et gR019). "Comparizn of the Effects of Highat Diet on Energy Flux in Mice Using Two
Multiplexed Metabolic Phenotyping System@besity27(5): 793802.

Objective: Multiplexed metabolic phenotyping systems are available from multiple commercial vendors,
and each system atudes unique design features. Although expert opinion supports strengths and
weaknesses of each design, empirical data from carefully controlled studies to test the biological impact
of design differences are lacking. Methods: \Wilde C57BL/6J mice ofoth sexes underwent
phenotyping in OxyMax (Columbus Instruments International) and Promethion (Sable Systems
International) systems located within the same room of a newly constructed animal research facility in a
crossover design study. Phenotypes werarained under chow (2920%&d conditions and again after

4 weeks of 60% higfat diet (D12492) feeding. Results: Food intake, physical activity, and respiratory gas
exchange data significantly diverged between systems, depending upon sex of animals angplied.
Estimates of energy expenditure based on gas exchange in both systems accounted for a fraction of
consumed calories that was greater in males than females. Conclusions: Design differences quantitatively
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impact the assessment of metabolic endiqgs and thus the qualitative interpretation of various
interventions. Importantly, current multiplexed systems remain blind to multiple additional end points,
including digestive efficiency and selected forms of energy flux (nitrogenous, anaerobithatagcount

for a physiologically and/or pathophysiologically significant fraction of total energy flux.

Talton, O. O., et al. (2019). "Lean maternal hyperglycemia alters offspring lipid metabolism and
susceptibility to dieinduced obesity in miceBiology of Reproductiod0Q(5): 13561369.

We previously developed a model of gestational diabetes mellitus (GDM) in which dams exhibit glucose
intolerance, insulin resistance, and reduced insulin response to glucose challenge only during pregnancy,
without accompanying obesity. Here, we aimed to determine how lean gestational glucose intolerance
affects offspring risk of metabolic dysfunction. One cohort of offspring was sacrificed at 19 weeks, and
one at 31 weeks, with half of the second cohort placed bigkfat, highsucrose diet (HFHS) at 23 weeks.
Exposure to maternal glucose intolerance increased weights of f&eHSspring. Chowied offspring of

GDM dams exhibited higher body fat percentages at 4, 12, and 20 weeks of age. At 28 weeks, offspring of
GDM dams fed the HFHS but not the chow diet (CD) also had higher body fat percentages than offspring
of controls (CON). Exposure to GDM increased the respiratory quotient (Vol CO2/Vol O2) in offspring.
Maternal GDM increased adipose mMRNA levels of pesmaésproliferatoractivated receptor gamma
(Pparg) and adiponectin (Adipoq) in-@kek-old CDfed male offspring, and increased mRNA levels of
insulin receptor (Insr) and lipoprotein lipase (Lpl) invBdek-old male offspring on both diets. In liver at

31 weeks, mMRNA levels of peroxisome proliferadctivated receptor alpha (Ppara) were elevated in CD

fed male offspring of GDM dams, and male offspring of GDM dams exhibited higher mRNA levels of Insr
on both diets. Neither fasting insulin nor glucose tolaramwas affected by exposure to GDM. Our findings
show that GDM comprising glucose intolerance only during pregnancy programs increased adiposity in
offspring, and suggests increased insulin sensitivity of subcutaneous adipose tissue.
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Thakali, K. M., al. (2019). "Metabolic Consequences of Exposure to Maternal High Fat Diet in
Offspring."The FASEB Jourdd, 591-593.

The increased risk for obesity in offspring born to obes®hers may be driven by changes in energy
expenditure. To examine the effects of maternal high fat diet (HR@)ced obesity on offspring energy
expenditure, female C57BL6/J mice were fed a control (17% fat, TD95092) or HFD (45% fat,aD8811)
libitum for 12 weeks prior to and during pregnancy and during lactation. Female mice were bred with lean
male mice at 17 wk of age. At weaning, male offspring from control anddd/3 were randomized to

control (C) or HFD (H), providad libitum, generating 4 giups of offspring: CC, CH, HC, and HH, where

the first letter corresponds to maternal diet and the second to offspring pasdning diet. At 20 weeks

of age, energy intake and expenditure (EE) were assessed in male offspring over 48 h using the Promethion
Continuous Indirect Calorimetry system (Sable Systems). HFD consumption in offspring was associated
with reduced respiratory exchange ratio (RER, CC vs CH: 0.89+£0.02 vs 0.82+0.02; p<@D4), iHhE3e

was no effect of maternal HFD on offspring RER ¢G4€Cy p= 0.66; CH vs HH, p=0.54). To examine the
effect of maternal HFD on offspring energy expenditure, ANCOVA using offspring total body weight
(measured at the beginning of the indirect calorimety experiment) as a covariate for the 48 h recording
period (both light and dark cycles) was performed. When comparing the effect of maternal HFD in
offspring fed either a control diet (CC vs HC) or HFD (HC vs HH) postweaning, the covariate (offspring total
body weight) significantly predicted EE for both comparss(CC vs HC, p<0.05; HC vs HH, p = 0.05), while
there was no significant effect of maternal diet on EE. Offspring food intake (in both light and dark cycles)
was not altered by maternal HFD (CC vs HC, p=0.22; CH vs HH, p=0.21). Hedooffispring maternal

HFD had no effect on body weight at 20 wk of age (CC vs CH, 26.84+0.79¢g vs 28.91+1.03g, p=0.12), while
in HFDBfed offspring, males exposed to maternal HFD were significantly heavier than males from-control
fed dams (CH vs HH, 33.81+1.46¢g vs 38.424, p=0.04). The observed changes in RER indicate that
offspring postweaning HFD, but not maternal HFD, is associated with a shift in substrate utilization,
specifically with increased fat oxidation in response to pesaning HFD. In the context of teanal HFD,

the EE data suggest that offspring total body weight, and not maternal obesity may be driving offspring
changes in energy expenditure.

Trefts, E., et al. (2019). "Energy metabolism couples hepatocyte intia@gked kinase to liver
glucoregulation and postabsorptive responses of mice in ardegendent manner.American Journal
of Physiology Endocrinology and ktabolism316(6): E1118&1135.

Integrintinked kinase (ILK) is a critical intracellular signaling node for integrin receptors. Its role in liver
development is complex, as ILK deletion at E10.5 (before hepatocyte differentiation) results in
biochemical ad morphological differences that resolve as mice age. Nevertheless, mice with ILK depleted
specifically in hepatocytes are protected from the hepatic insulin resistance during obesity. Despite the
potential importance of hepatocyte ILK to metabolic heaithis unknown how ILK controls hepatic
metabolism or glucoregulation. The present study tested the role of ILK in hepatic metabolism and
glucoregulation by deleting it specifically in hepatocytes, using-#ogreystem that begins expression at
E15.5 (akr initiation of hepatocyte differentiation). These mice develop the most severe morphological
and glucoregulatory abnormalities at 6 wk, but these gradually resolve with age. After identifying when
the deletion of ILK caused a severe metabolic phenotypdepth studies were performed at this time
point to define the metabolic programs that coordinate control of glucoregulation that are regulated by
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ILK. We show that-6/k-old ILKdeficient mice have higher glucose tolerance and decreased net glycogen
syrthesis. Additionally, ILK was shown to be necessary for transcription ofchnitodriatrelated genes,
oxidative metabolism, and maintenance of cellular energy status. Thus, ILK is required for maintaining
hepatic transcriptional and metabolic programs tisastain oxidative metabolism, which are required for
hepatic maintenance of glucose homeostasis.

Wang, Z., et al. (2019). "Role of SOCS3 in POMC neurons in metabolic and cardiovascular regulation.”
American Journal of PhysiologRegulatoryintegrative and Comparative Physiold#6(4): R338
R351.

Suppressor of cytokine signaling 3 (SOCS3) is a negative regulator of leptin signaling. We previously
showed that the chronic effects of leptin on blood pressure (BP) and gluegs&ation are mediated by
stimulation of proopiomelanocortin (POMC) neurons. In this study we examined the importance of
endogenous SOCS3 in POMC neurons in control of metabolic and cardiovascular function and potential
sex differences. Male and female G&Bflox/flox/POM&re mice in which SOCS3 was selectively deleted

in POMC neurons and control SOCS3flox/flox mice were studied during a control diet (CD) efiatn high
diet (HFD) and during chronic leptin infusion. Body weight was lower in male and female
SOCS3flox/flox/POMCre than control mice fed the CD, despite similar food intake. Male
SOCS3flox/flox/POMCre mice exhibited increased energy expenditure. BP and heart rate were similar

in male and female SOCS3flox/flox/POMf@ and control mice fed th€D. HFBed male and female
SOCS3flox/flox/POMCre mice showed attenuated weight gain. HRBuced elevations in baseline BP

and BP responses to an-gt stress test were greater in female SOCS3flox/flox/ P@wCthan control

mice. Chronic leptin infien produced similar responses for food intake, body weight, oxygen
consumption, blood glucose, BP, and heart rate in all groups. Thus SOCS3 deficiency in POMC neurons
influences body weight regulation in the setting of CD and HFD and differentiallysaffecand energy
balance in a segpecific manner but does not amplify the dietary, glycemic, or cardiovascular effects of
leptin.

Yap, Y. W., et al. (2019). "Restriction of essential amino acids dictates the systemic response to dietary
protein dilution."” bioRxiv

Dietary protein dilution (DPD) promotes metabolic remodelling and health but the precise nutritional
components driving this response remain elusive. Here we demonstrate that dietary amino acids (AA) are
sufficient and necessary to drive the pemse to DPD. In particular, the restriction of dietary essential AA
(EAA) supply, but not neBAA, drives the systemic metabolic response to total AA deprivation.
Furthermore, systemic deprivation of Thr and Trp, independent of total AA supply, aredssibate and
necessary to confer the systemic metabolic response to both diet, and genetiaigport loss, driven

AA restriction. Thr is also potentially limiting in lpnotein diet fed humans, and dietary Thr restriction
(DTR) retarded the developmemtf obesityassociated metabolic dysfunction in mice. Liderived
fibroblast growth factor 21 was required for the metabolic remodelling with DTR. Strikingly, hepatocyte
selective establishment of Thr biosynthetic capacity reversed the systemic resporid@R. Taken
together, our studies demonstrate that the restriction of EAA are sufficient and necessary to confer the
systemic metabolic effects of DPD.
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Yap, Y. W, et al. (2019). "Restriction of essential amino acids dictates the systemic resportseyto die
protein dilution." bioRxiv

Dietary protein dilution (DPD) promotes metabolic remodelling and health but the precise nutritional
components driving this response remain elusive. Here we demonstrate that dietary amino acids (AA) are
sufficient and neessary to drive the response to DPD. In particular, the restriction of dietary essential AA
(EAA) supply, but not neBAA, drives the systemic metabolic response to total AA deprivation.
Furthermore, systemic deprivation of Thr and Trp, independent of #fasupply, are both adequate and
necessary to confer the systemic metabolic response to both diet, and genetia#gport loss, driven

AA restriction. Thr is also potentially limiting in lprotein diet fed humans, and dietary Thr restriction
(DTR) rearded the development of obesHsgissociated metabolic dysfunction in mice. Liderived
fibroblast growth factor 21 was required for the metabolic remodelling with DTR. Strikingly, hepatocyte
selective establishment of Thr biosynthetic capacity reverged systemic response to DTR. Taken
together, our studies demonstrate that the restriction of EAA are sufficient and necessary to confer the
systemic metabolic effects of DPD.

LdzZk ys &3 Ketoglutéridacid stimwath® nduscle hypertrophy datlloss through OXGR1
dependent adrenal activationBioRxiv

Beneficial effects of resistance exercise on metabolic health and particularly muscle hypertrophy and fat
loss are well established, but the underlying chemical and physiological mechanismmotafully
understood. Here we identified a myometaboliteediated metabolic pathway that is essential for the
beneficial metabolic effects of resistance exercise in vivo. We showed that substantial accumulation of
the tricarboxylic acid cycle intermediaS-ketoglutaric acid (AKG) is a metabolic signature of resistance
exercise performance. Interestingly, human plasma AKG level is also negatively correlated with BMI.
Pharmacological elevation of circulating AKG induces muscle hypertrophy, brown adfzose (BAT)
thermogenesis, and white adipose tissue (WAT) lipolysis in vivo. We further found that AKG stimulates
the adrenal release of adrenaline througtooglutarate receptor 1 (OXGR1) expressed in adrenal glands.
Finally, by using both lossf-function and gairof-function mouse models, we showed that OXGRL1 is
essential for AK@nediated exercisénduced beneficial metabolic effects. These findings reveal an
unappreciated mechanism for the salutary effects of resistance exercise, using AKG as aalgtemi
derived molecule for adrenal stimulation of muscle hypertrophy and fat loss.

Zaidi, M. (2019). "Compositions and methods for reducing adiposity by inhibiting fshifshiPatent
App. 16/317,35pW0 2018/022505 Al).

The perimenopausal transition in women is associated with increases in total body fat and decrements in
energy expenditure and physical activity, all of which impact quality of life. Late perimenopause in
particular is characterized by a sharp increaseisgeral adiposity, which coincides with the emergence

of disrupted energy balance and reduced physical activity.
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Perimenopause is also characterized by relatively stable estrogen and rising levels of follicle stimulating
hormone (FSH), which become eleah@as the ability to procreate ceases. FSH is a glycoprotein hormone
synthesized and secreted by the pituitary. It causes the synthesis and secretion of estrogen by interacting
with its receptor, the FSH receptor, on the follicular cell of the ovary. &strtevels, in turn, control FSH
release from the pituitary through a wethown feedback mechanism. Thus, when estrogen rises, FSH
falls. FSH has, however, never been implicated directly in causing an increase in adiposity. Accordingly,
there exists a nee@ to identify additional factors that contribute to increase in visceral adiposity and an
urgent need for treatments to reduce such.

Zecharia, D., et al. (2019). "Postnatal administratd leptin antagonist mitigates susceptibility to
obesityunderhigtF I & RA SG Ay YAmerisan Doarhal df Physiolan. Erglocrinology and
Metabolism317(5): E783&E793.

Perturbations in postnatal leptin signaling have been associated witredl®rsceptibility to dietnduced

obesity (DIO) under higfat-diet (HFD), albeit with contradicting evidence. Previous studies have shown

that alpha murine urokinasé @ LIS LJ F aYAy 23Sy FOGAGFG2NI 6ha!t! o
postnatal leptin surgeampared with their wild types (WTs) as well as lower body weight and food intake

dzy RSNJ NB3IdzAf | NI RASG o6w50d | SNB 68 SELX 2NBR ha!t!
postnatal leptin signaling with leptin antagonist (LA) on energy homeostader both RD and HFD. Feur

day2f R ha!t! LlzJa ¢SNB GNBFGSR 2y Tt G0SNYyIFGS RI&a
or 20 mg-dayl-kg1) and weaned into RD or HFD. Compared withiRDR h a! t | -F$ R SHa&! tl ICE
males showed higher energntake, even when corrected for body weight difference, and became
hyperinsulinemic and obese. Additionally, HFBR ha! t! YIfS& 3JIFAySR 02Re@
than their WTs mainly because of strain differences in energy expenditure. LA administtiatioot
FFFSOG aidNIAY RAFTFSNBYyOSa dzy RSNJ w5 odzii FGdSydz G
likely by mediating energy expenditure. Together with our previous findings, these results suggest that
halt!da fSLIWGAY & dzNB&ptidiy RoSobdkity Gnder WAD Ahigiighthg ®eNblei adz
leptin-related developmental processes in inducing obesity in a postweaning obesogenic environment, at
fSrad Ay halt! YIfSad ¢KAa &addzRé GKSNBTFT2NB ad:
developmental mechanisms of obesity and the efficacy of eldfidymanipulations via leptin surge axis in
attenuating DIO.

Zhang, F., et al. (2019). "Calcium Supplementation AlleviatesHdighietinduced Estrous Cycle
Irregularity and Subfertility Assotgé with Concomitantly Enhanced Thermogenesis of Brown Adipose
Tissue and Browning of White Adipose Tissdeurnal of Agricultural and Food Chemi€ii25):
70737081.

Obesity has been demonstrated as a disruptor of female fertility. Our previous stuohyed the
antiobesity effects of calcium on HF&J male mice. However, the role of calcium in alleviating
reproductive dysfunction of HFf2d female mice remains unclear. Here, we found that HFD led to estrus
cycle irregularity (longer cycle duration cushorter estrus period) and subfertility (longer conception
time, lower fertility index, and less implantations) in mice. However, the-id8lced reproductive
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abnormality was alleviated by calcium supplementation. Additionally, calcium supplementatianesd
activation/thermogenesis of BAT and browning of WAT in-f¢Dnice. Consequently, the abnormality

of energy metabolism and glucose homeostasis induced by HFD were improved by calcium
supplementation, with elevated metabolic rates and core tempemtin conclusion, these data showed

that calcium supplementation alleviated Hiftaluced estrous cycle irregularity and subfertility associated
with concomitantly enhanced BAT thermogenesis and WAT browning, suggesting the potential
application of calciunm improving obesityrelated reproductive disorders.

Zhang, W., et al. (2019). "GDF5 Promotes White Adipose Tissue Thermogenesis via p38 MAPK Signaling
Pathway."DNA and Cell Biolo®8(11): 13031312.

Growth differentiation factor 5 (GDF5) was reportedegulate brown adipogenesis; however, its effects

on insulin sensitivity, full metabolic syndrome spectrum, and the thermogenesis in subcutaneous white
adipose tissue (SWAT) have not been elucidated yet. We thus generated fattpiadidg protein 4
(Fabp4)}GDF5 transgenic (TG) mice and showed that GDF5 TG mice developed a relative lean phenotype
on a highfat diet (HFD) and showed increased insulin sensitivity. Over expression of GDF5 in adipose
tissues greatly promoted the thermogenic process in SWAT( S NJ cagadnift treati@nt. lo TG mice,
SWAT showed an important thermogenic effect as the thermogenic gene expression was markedly
increased, which was consistent with the typical features of beige adipocytes. Moreover, knockdown of
the protein GIF5 impaired browning program in sSWAT after thermogenic stimuli. Enhanced mitogen
activated protein kinase (MAPK)/activating transcription factor 2 (ATF2) signaling was also identified in
sWAT of HHEed GDF5 mice, and thermogenesis in mature adipocytascieaiby GDF5 protein could be
partly blocked by a p38 MAPK inhibitor. Taken together, our data suggest that GDF5 could improve insulin
sensitivity and prevent metabolic syndrome, the adaptive thermogenesis in SWAT could mediate the
obesity resistance effég of GDF5 in mice and partially resulted in the activation of the p38 MAPK signaling
pathway.

Alleleyn, A. M. E., et gdR018). "The effect of an encapsulated nutrient mixture on food intake and
satiety: A doubléblind randomized crosever proof of conept study."Nutrients10(11).

Activation of the intestinal brake by infusing nutrients into the distal small intestine with catheters inhibits
food intake and enhances satiety. Encapsulation of macronutrients, which protects against digestion in
the proximal gastrointestinal tract, can be a nmvasive alternative to activate this brake. In this study,

we investigate the effect of oral ingestion of an encapsulated casein and sucrose mixture (active) targeting
the distal small intestine versus a canitproduct designed to be released in the stomach on food intake,
satiety, and plasma glucose concentrations. Hiftye volunteers received the active and control product

on two separate test days. Food intake was determined during an ad libitum meadh%ftar ingestion

of the test product. Visual analogue scale scores for satiety and blood samples for glucose analysis were
collected at regular intervals. Ingestion of the active product decreased food intake compared to the
control product (655 kcal copared with 699 kcal, respectively, p < 0.05). The area under the curve (AUC)
for hunger was decreased (p < 0.05) and AUC for satiety was increased (p < 0.01) after ingestion of the
active product compared to the control product. Ingestion of an encapsdiai®tein-carbohydrate

mixture resulted in inhibition of food intake compared to a remcapsulated control product.
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Alvarez, B., et al. (2018). "Effects on Hedonic Feeding, Engrgyditxire and Balance of the Nen
opioid Peptide DYM2-17." Neuroscienc&71 337-345.

The dynorphin (DYN) peptide family includes opioid andainid peptides, yet the physiological role of

the non-opioid DYN peptides remains poorly understood. Recent evidence shows that administering the
non-opioid peptide DYM2-17 into the paraventricular hypothalamic nucleus (PVN) simultaneously
increased shorterm intake of standard rodent chow and spontaneous physical activity (SPA). The present
studies aimed to expand upon the mechanisms and role of-B¥N on food indke and energy
expenditure. Injection of DY:W2-17 in PVN increased SPA, energy expenditure and wheel running in the
absence of food. Repeated D217 injection in PVN increased shéetm chow intake, but this effect
habituated over time and failed tdter cumulative food intake, body weight or adiposity. freatment

with a CRF receptor antagonist into PVN blocked the effects ofAPYIN on food intake while injection

of DYNA217 in PVN increased plasma ACTH. Finally, as DYN peptidesrateasedwith orexin
peptides, we compared the effects of DR 17 to orexinA and the opioid peptide D¥A1-13 on food
choice and intake in PVN when palatable snacks and chow were availablé1£188electively increased
intake of palatable snacks. DWW®-17 and orexinA decreased palatable snack intake while oreXialso
increased chow intake. These findings demonstrate that the-owinid peptide DYM\2-17 acutely
regulates physical activity, energy expenditure and food intake without-teng effects on eergy
balance. These data also propose different roles of opioid;opmaid DYN and orexin peptides on food
choice and intake when palatable and npalatable food options are available.

Araujo, E. J. d. A., et §2018). "Sul208ls There Pe#iNeuroral Net in the Enteric Nervous System?"
Gastroenterologyl 54(6): S503.

All transcribed genes for PNN molecules are present in the GIT of mice, specifically HAS2, CD44, VCAN,
TNX, TNC, HAPLN1 and HAPLN4. However, these molecules do not build PNN ad descadlCNS,

since we found no WFA labelling. These results suggest that the composition and/or organization of PNN
in the ENS is different to the CNS.

Brown, J. D., et al. (2018). "Oleoylethanolamide modulates gluekimpeptidel receptor agonist
signaling and enhances exenditmediated weight loss in obese micéthericanJournal of
Physiology. Requlatory, Integrative and Comparative Physi8tt&jy): R595R608.

Longacting glucagoiike peptidel (GLPL) receptor (GLRR) agonists (GEFRA), such as exendin
(Ex4), promote weight loss. On the basis of a newly discdvanteraction between GL:P and
oleoylethanolamide (OEA), we tested whether OEA enhanced BARediated anorectic signaling and
weight loss. We analyzed the effect of GIHFOEA and Ex4+OEA on canonicatXR_Bignaling and other
proteins/pathways that cotribute to the hypophagic action of GURA (AMPK, Akt, mTOR, and
glycolysis). We demonstrate that OEA enhances canonical BlsRynaling when combined with GLP
but not with Ex4. GL-P and Ex4 promote phosphorylation of mTOR pathway components, but G#sA
not enhance this effect. OEA synergistically enhancediShRd Ex4stimulated glycolysis but did not
augment the hypophagic action of GLRr Ex4 in lean or diehduced obese (DIO) mice. However, the
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combination of Ex4+OEA promoted greater weigiss in DIO mice than Ex4 or OEA alone duringay7
treatment. This was due in part to transient hypophagia and increased energy expenditure, phenotypes
also observed in Exfeated DIO mice. Thus, OEA augments specificl®Mtimulated signaling but
appears to work in parallel with Ex4 to promote weight loss in DIO mice. Elucidating cooperative
mechanisms underlying Ex4+OmB&diated weight loss could, therefore, be leveraged toward more
effective obesity therapies.

Brown, J. D., et al. (2018). "Oleetylanolamide modulates glucagédike peptidel receptor agonist
signaling and enhances exendinmediated weight loss in obese micéterican Journal of
Physiology. Reqgulatory, Integrative and Comparative Physi8itijy): R595R608.

Longacting glucago-like peptidel (GLPL) receptor (GLRR) agonists (GEHRA), such as exenedn
(Ex4), promote weight loss. On the basis of a newly discovered interaction betweet &hdP
oleoylethanolamide (OEA), we tested whether OEA enhanced BARediated anorect signaling and
weight loss. We analyzed the effect of GLIH#FOEA and Ex4+OEA on canonicatXR _Bignaling and other
proteins/pathways that contribute to the hypophagic action of @BEA (AMPK, Akt, mTOR, and
glycolysis). We demonstrate that OEA enhan@®nical GLRR signaling when combined with GLP

but not with Ex4. GL-P and Ex4 promote phosphorylation of mTOR pathway components, but OEA does
not enhance this effect. OEA synergistically enhanced1ShRd Ex4stimulated glycolysis but did not
augmaent the hypophagic action of GLPor Ex4 in lean or diehduced obese (DIO) mice. However, the
combination of Ex4+OEA promoted greater weight loss in DIO mice than Ex4 or OEA alone ddayng a 7
treatment. This was due in part to transient hypophagia arateased energy expenditure, phenotypes
also observed in Extfeated DIO mice. Thus, OEA augments specifiel®Btimulated signaling but
appears to work in parallel with Ex4 to promote weight loss in DIO mice. Elucidating cooperative
mechanisms undeylng Ex4+OEfediated weight loss could, therefore, be leveraged toward more
effective obesity therapies.

Campisi, J., et al. (2018). "Transgenic mouse for determining the role of senescent cells in & cer."
Patent

This invention provides a transgenic mouse with a p16INK4a promoter sequence that controls expression
of a protein suchhat it is expressed preferentially in senescent cells. The protein either directly induces
apoptosis, or converts a prodrug to a cytotoxic compound. In addition, the mouse is injected with
syngeneic tumor cells, or has second transgene that causes tumdosm. Removing senescent cells

from the mouse may result in the formation of fewer tumors.

Carvalho, AL., et al. (2018). "High fat diet attenuates hyperglycemia, body compaosition changes, and
bone loss in male streptozotocinduced type 1 diabetic miceJournal of Cellular Physiolog$83(2):
1585-1600.

There is a growing and alarming prevalence ofsiyeand the metabolic syndrome in type | diabetic
patients (T1DM), particularly in adolescence. In general, low bone mass, higher fracture risk, and
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increased marrow adipose tissue (MAT) are features of diabetic osteopathy in idsiitient subjects.

On the other hand, type 2 diabetes (T2DM) is associated with normal or high bone mass, a greater risk of
peripheral fractures, and no change in MAT. Therefore, we sought to determine the effect of weight gain
on bone turnover in insulkdeficient mice. We ealuated the impact of a-@&eek highfat (HFD) rich in
medium chain fatty acids or lo¥at diet (LFD) on bone mass and MAT in a streptozotocin-{&dited

model using male C57BL/6J mice at 8 weeks of age. Dietary intervention was initiated after diabetes
confirmation. At the endpoint, lower nefasting glucose levels were observed in diabetic mice fed with
high fat diet compared to diabetic mice fed the low fat diet (RFD). Compared to euglycemic controls,

the STAFD had marked polydipsia and polyplaags well as reduced lean mass, fat mass, and bone
parameters. Interestingly, SF#D mice had higher bone mass, namely less cortical bone loss and more
trabecular bone than STAD. Thus, we found that a HFD, rich in medium chain fatty acids, protects
against bone loss in a TIDM mouse model. Whether this may also translate to TLDM patients who are
overweight or obese in respect to maintenance of bone mass remains to be determined through
longitudinal studies.

Chen, X., et al. (2018). "The diabetes gene and wnt pathway effector TCF7L2 regulates adipocyte
development and function.Diabetes67(4): 554568.

The gene encoding for transcription factofike 2 (TCF7L2) is the strongest type 2 diabetes mellitus
(T2DM) candidate gene discovered to date. The TCF7L2 protein is a key transcriptional effector of the
Whnt/b-catenin signaling pathway, which is an important developmental pathway that negatively
regulates adipogenesis. However, the precise role that TCFALiplthe development and function of
adipocytes remains largely unknown. Using a combination of in vitro approaches, we first show that
TCF7L2 protein is increased during adipogenesis i 3T@lls and primary adipocyte stem cells and that
TCF7L2 exprs®n is required for the regulation of Wnt signaling during adipogenesis. Inactivation of
TCF7L2 protein by removing the higiobility group (HMGpox DNA binding domain in mature
adipocytes in vivo leads to whelmdy glucose intolerance and hepatic inauksistance. This phenotype

is associated with increased subcutaneous adipose tissue mass, adipocyte hypertrophy, and
inflammation. Finally, we demonstrate that TCF7L2 mRNA expression is downregulated in humans with
impaired glucose tolerance and adipteyinsulin resistance, highlighting the translational potential of
these findings. In summary, our data indicate that TCF7L2 has key roles in adipose tissue development
and function that may reveal, at least in part, how TCF7L2 contributes to the patholagysof T2DM.

Christie, S., et al. (2018). "A rotating light cycle promotes weight gain and hepatic lipid storage in mice."
American Journal of Physiologastrointestinal and Liver Physiola@i/5(6): G932G942.

Processes involved in regulation of energy balance and intermediary metabolism are aligned to the light
dark cycle. Shifivork and higkfat diet (HFDjnduced obesity disrupt circadian rhythmicity and are
associated with increased risk of nonalcoholicyfditter disease. This study aimed to determine the effect

of simulating shift work on hepatic lipid accumulation in lean and HFD mice. C57BL/6 mice fed a standard
laboratory diet (SLD) or HFD for 4 wk were further allocated to a normal light (NL) gjaedh: 0609

1800) or rotating light (RL) cycle [3 days NL and 4 days reversed (lights ag0@@0)repeated] for 8 wk.

Tissue was collected every 3 h beginning at 0600. HFD mice gained more weight than SLD mice, and RL

128
PROMETHION" PROMETHION



List of Publications - Promethion metabolic and behavioral phenotyping system

mice gained more weight than NLiga. SLENL and HFDIL mice, but not RL mice, were more active, had
higher respiratory quotients, and consumed/expended more energy during the dark phase compared with
the light phase. Blood glucose and plasma cholesterol and triglyceride concentratiomeleated in

HFD and SERL compared with SEBL mice. Hepatic glycogen was elevated in HFD compared with SLD
mice. Hepatic triglycerides were elevated in $tlIDand HFD mice compared with $UD Circadian
rhythmicity of hepatic acetyCoA carboxylaseACACA) mMRNA was phase shifted inSBLRnd HFDL

and lost in HFBRL mice. Hepatic ACACA protein was reduced #R&lddd HFD mice compared with SLD

NL mice. Hepatic adipose triglyceride lipase was elevated ilNHFEidmpared with SEBL but lower in
RLmice compared with NL mice irrespective of diet. In conclusion, an RL cycle model of shift work
promotes weight gain and hepatic lipid storage even in lean conditions. NEW & NOTEWORTHY In this
publication we describe the effects of a rotating light cyclededl of shift work in lean and higfat diet-
induced obese mice on body mass, diurnal patterns of energy intake and expenditure, and hepatic lipid
storage. The data indicate that modeling shift work, via a rotating light cycle, promotes weight gain and
hepatic lipid accumulation even in mice on a standard laboratory diet.

Clayton, Z. (2018Y.he Role of Pik3rl in the Regulation of Adipose Tissue Insulin Sensitivity
scholarsbank.uoregon.edu

X C22R Lydr1S8 FYyR ¢20l f 9y S N#Haing8ystedS(FrévethidaNEaldle | a A
Systems, Las Vegas, NV), we measured cage behavior (food intake, water intake and activity), oxygen,
carbon dioxide and water vapor during the 1282 X

Clayton, Z. S. and C. E. McCurdy (2018). "$ont thermoneutralhousing alters glucose metabolism
and markers of adipose tissue browning in response to afaigtiet in lean mice.American Journal
of Physiology Regulatory Integrative and Comparative Physioldtfy4): R627R637.

Systemic insulin resistance andgpse intolerance occur with as little as 3 days of a-ffagldiet (HFD) in

mice and humans; the mechanisms that initiate acute insulin resistance are unknown. Most laboratories
house mice at 22°C, which is below their thermoneutral temperature (~308{&)sttess has been shown

to increase white adipose tissue (WAT) browning, alter lipid trafficking, and impair immune function,
whereas energy intake and expenditure decrease with increasing ambient temperature; importantly,
dysregulation of these parameate has been strongly linked to obesihduced insulin resistance.
Therefore, we compared acute changes in glucose metabolism and the metabolic phenotype in lean mice
in response to a control diet or HFD housed at standard vivarium (22°C) and thermon80f@)
temperatures. Glucose intolerance occurred following 1 or 5 days of HFD and was independent of housing
temperature or adiposity; however, the reduction in tisssecific glucose clearance with HFD diverged

by temperature with reduced brown adipogessue (BAT) glucose uptake at 22°C but reduced soleus
glucose uptake at 30°C. Fasting glucose, food intake, and energy expenditure were significantly lower at
30°C, independent of diet. Additionally, markers of browning in both BAT and inguinal sulmigaiaT,

but not perigonadal epididymal WAT, decreased at 30°C. Together, we find housing temperature has a
significant impact on the cellular pathways that regulate glucose tolerance in response to an acute HFD
exposure. Thus, even shddrm changes in ¢using temperature should be highly considered in
interpretation of metabolic studies in mice.
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Clayton, Z. S. and C. E. McCurdy (2018). "$#ont thermoneutral housing alters glucose metabolism
and markers of adipose tissue browning in response to la-taigdiet in lean mice.American Journal
of Physiology Reqgulatory Integrative and Comparative Physiol®if(4): R627/R637.

Systemic insulin resistance and glucose intolerance occur with as little as 3 days efa tigh(HFD) in

mice and humanghe mechanisms that initiate acute insulin resistance are unknown. Most laboratories
house mice at 22°C, which is below their thermoneutral temperature (~30°C). Cold stress has been shown
to increase white adipose tissue (WAT) browning, alter lipid tlafig, and impair immune function,
whereas energy intake and expenditure decrease with increasing ambient temperature; importantly,
dysregulation of these parameters has been strongly linked to obesityced insulin resistance.
Therefore, we compared ateichanges in glucose metabolism and the metabolic phenotype in lean mice

in response to a control diet or HFD housed at standard vivarium (22°C) and thermoneutral (30°C)
temperatures. Glucose intolerance occurred following 1 or 5 days of HFD and waariddapof housing
temperature or adiposity; however, the reduction in tisssgecific glucose clearance with HFD diverged

by temperature with reduced brown adipose tissue (BAT) glucose uptake at 22°C but reduced soleus
glucose uptake at 30°C. Fasting ghesdood intake, and energy expenditure were significantly lower at
30°C, independent of diet. Additionally, markers of browning in both BAT and inguinal subcutaneous WAT,
but not perigonadal epididymal WAT, decreased at 30°C. Together, we find housipgrédone has a
significant impact on the cellular pathways that regulate glucose tolerance in response to an acute HFD
exposure. Thus, even shddrm changes in housing temperature should be highly considered in
interpretation of metabolic studies in mice

Clookey, S. (2018strogen signaling and UCP1: exploring mechanisms to improve metabolic health
mospace.umsystem.edu

Page 1. ESTROGEN SIGNALING AND UCP1: EXPLORING MECHANISMS TO IMPROVE METABOLIC HI
Thesis presented to the Faculty of the Quate School at the University of Misso@olumbia In Partial
CdzZf FAEfE YSyild 2F GKS wSIdZANBYSyid F2NJ 6KS 5S3INBS X

Clookey, S. L., et al. (2018). "Increased susceptibility tead8b€iated metabolic dysfunction in UCP1
null mice."Journal of Endocrinolog®39%(2): 107120.

Premenopausal females are protected against adipose tissue inflammation and insulin resistance, until
loss of ovarian hormone production (e.g., menopause). There is some evidence that females have greater
brown adipose tissue (BAT) thermogerapacity. Because BAT mass correlates inversely with insulin
resistance, we hypothesized that increased uncoupling protein 1 (UCP1) expression contributes to the
superior metabolic health of females. Given that UCP1 transiently increases in BAT {ptoaiiiectomy

(OVX), we hypothesized that UCP1 may ebufferf -@¥diated metabolic dysfunction. Accordingly,
female UCP%knockout (KO) and WT mice received OVX or sham (SHM) surgeries at 12 weeks of age
creating four groups (n = 10/group), which were foléd for 14 weeks and compared for body weight
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and adiposity, food intake, energy expenditure and spontaneous physical activity (metabolic chambers),
insulin resistance (HOMKR, ADIPAR and glucose tolerance testing) and adipose tissue phenotype
(histology, gene and protein expression). Tway ANOVA was used to assess the main effects of
genotype (G), OVX treatment (O) and genotype by treatment (GxO) interactions, which were considered
AAIYATAOLY (G 6KSY t X ndnpd !/ t bolichespordsexSOVX hadSWR Sy C
Whereas OVahduced weight gain was not synergistically greater for KO compared to WT (GxO, NS), OVX
induced insulin resistance was significantly exacerbated in KO compared to WT (GxO fot R GMWA

0.05). These results sggst UCP1 is protective against metabolic dysfunction associated with loss of
ovarian hormones and support the need for more research into therapeutics to selectively target UCP1
for prevention and treatment of metabolic dysfunction following ovarian honentoss.

Cooper, M. A, et al. (2018). "Intrinsic Activity of C57BL/6 Substrains Associates wilatHjbt
Induced Mechanical Sensitivity in Micddurnal of Pain9(11): 12851295.

Pain is significantly impacted by the increasing epidemic of obesity and the metabolic syndrome. Our
understanding of how these features impact pain is only beginning to be developed. Herein, we have
investigated how small genetic differences among C57Bii¢& from 2 different commercial vendors

lead to important differences in the development of hifgtt diet-induced mechanical sensitivity. Two
substrains of C57BL/6 mice from Jackson Laboratories (Bar Harbor, ME; C57BL/6J and C57BL/6NIH), as
well as C57B6 from Charles Rivers Laboratories (Wilmington, MA; C57BL/6CR) were placed-fat high
diets and analyzed for changes in metabolic features influenced byfaigtiet and obesity, as well as
measures of painelated behaviors. All 3 substrains respondedhe highfat diet; however, C57BL/6CR

mice had the highest weights, fat mass, and impaired glucose tolerance of the 3 substrains. In addition,
the C57BL/6CR mice were the only strain to develop significant mechanical sensitivity over the course of
8 weeks. Importantly, the C57BL/6J mice were protected from mechanical sensitivity, which may be based
on increased physical activity compared with the other 2 substrains. These findings suggest that activity
may play a powerful role in protecting metabolic dgas associated with a hight diet and that these

may also be protective in paissociated changes as a result of a Haghdiet. These findings also
emphasize the importance of selection and transparency in choosing C57BL/6 substrainsratapaih
research. Perspective: Obesity and the metabolic syndrome play an important role in pain. This study
identifies key differences in the response to a highdiet among substrains of C57BL/6 mice and
differences in intrinsic physical activity that may uiefhce pain sensitivity. The results emphasize physical
activity as a powerful modulator of obesitglated pain sensitivity.

Cumnock, K., et al. (2018). "Host Energy Source Is Important for Disease Tolerance to \aiaeat"
Biology28(10): 16351642e1633.

Pathologic infections are accompanied by a collection of sieont behavioral perturbations collectively
termed sickness behaviors [1, 2]. These include changes in body temperature, reduced eating and
drinking, and lethargy and mimic behaviors affimals in torpor and hibernation [1,¢8]. Sickness
behaviors are important, pathogespecific components of the host response to infection [1,¢3].7In
particular, host anorexia has been shown to be beneficial or detrimental depending on the infigGtion

8]. While these studies have illuminated the effects of anorexia on infection, they consider this behavior
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in isolation from other behaviors and from its effects on host metabolism and energy. Here, we explored
the temporal dynamics of multiple sicke® behaviors and their effect on host energy and metabolism
throughout infection. We used the Plasmodium chabaudi AJ murine model of malaria as it causes severe
pathology from which most animals recover. We found that infected animals did become anorexic,
skewing their metabolism toward fatty acid oxidation and ketosis. Metabolism of fats requires oxygen for
the production of ATP. In this model, animals also suffer severe anemia, limiting their ability to carry
oxygen concurrent with their switch toward tgtacid metabolism. We reasoned that the combination of
anorexia and anemia would increase pressure on glycolysis as a critical energy pathway because it does
not require oxygen. Treating infected mice when anorexic with the glycolytic inhibiteofyglicose

(2DG) reduced survival; treating animals with glucose improved survival. Peak parasite loads were
unchanged, demonstrating changes in disease tolerance. Parasite clearance was reduced with 2DG
treatment, suggesting altered resistance. Cumnock etiatl that mice suffering from malaria face
metabolic challenges created by their symptoms. The mice become anorexic and try to burn fat, requiring
oxygen. The mice also become anemic, limiting oxygen transport. This suggests that glycolysis is a critical
energy pathway. Manipulation of glycolysis modulates survival of the infected mice.

Deem, J. D., et al. (2018). "Leptin regulation of core body temperature involves mechanisms
independent of the thyroid axisAmerican Journal of Physiologi¥ndocrinologynd Metabolism
3154): E55E564.

The ability to maintain core temperature within a narrow range despite rapid and dramatic changes in
environmental temperature is essential for the survival of fliegyg mammals, and growing evidence
implicates an impdant role for the hormone leptin. Given that thyroid hormone plays a major role in
thermogenesis and that circulating thyroid hormone levels are reduced in ldpfinient states (an effect
partially restored by leptin replaement), we sought to determi®@ (G KS SEGSyd (2 6KAO
thermogenesis is mediated by raising thyroid hormone levels. To this end, we 1) quantified the effect of
physiological leptin replacement on circulating levels of thyroid hormone in lggtiitient ob/ob mice,

and 2)determined if the effect of leptin to prevent the fall in core temperature in these animals during
cold exposure is mimicked by administration of a physiological replacement dose of triiodothyronine (T3).
We report that, as with leptin, normalization ofculating T3 levels is sufficient both to increase energy
expenditure, respiratory quotient, and ambulatory activity and to reduce torpor in ob/ob mice. Yet, unlike
leptin, infusing T3 at a dose that normalizes plasma T3 levels fails to prevent tHectakk aemperature
during mild cold exposure. Because thermal conductance (e.g., heat loss to theoemént) was
reduced by administration of leptin but not T3, leptin regulation of heat dissipation is implicated as playing
a uniquely important role inthermoregulation. Together, these findings identify a key role in
thermoregulation for leptinmediated suppression of thermal conduction via a mechanism that is
independent of the thyroid axis.

Desai, A., et al. (2018). "Regulation of fatty acid traffighkn liver by thioesterase superfamily member
1." Journal of Lipid Researéi§(2): 368379.

Thioesterase superfamily member 1 (Them1) is an@oy thioesterasthat is highly expressed in brown
adipose tissue, where it functions to suppress energy expenditure. Lower Theml expression levels in the
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liver are upregulated in response to hifdt feeding. Them1/ mice are resistant to dieaduced obesity,

hepatic statosis, and glucose intolerance, but the contribution of Theml in liver is unclear. To examine
its liverspecific functions, we created conditional transgenic mice, which, when bred to Them1/ mice and
activated, expressed Theml exclusively in the liveceMyiith liverspecific Theml1 expression exhibited

no changes in energy expenditure. Rates of fatty acid oxidation were increased, whereas hepatic VLDL
triglyceride secretion rates were decreased by hepatic Theml expression. When fedat kligh, Them1
expression in liver promoted excess steatosis in the setting of reduced rates of fatty acid oxidation and
preserved glycerolipid synthesis. Liaggrecific Them1 expression did not influence glucose tolerance or
insulin sensitivity, but did promote hepatituconeogenesis in higlat-fed animals. This was attributable

to the generation of excess fatty acids, which activated PPAR and promoted expression of gluconeogenic
genes. These findings reveal a regulatory role for Them1 in hepatocellular fatty afiakitngt

DiTacchio, K. A., et al. (2018). "Hepatic JARID1a ablation disrupts the transcription adaptation to
feeding and alters systemic metabolisrhidbRxiv

The liver is a key regulator of systemic energy homeostasis whose proper function is depemdeat
circadian clock. Here, we show that livers deficient in the oscillator component JARID1a exhibit a
dysregulation of genes involved in energy metabolism. Importantly, we find that mice that lack hepatic
JARID1a have decreased lean body mass, dedeaspiratory exchange ratios, faster production of
ketones and increased glucose production in response to fasting. Finally, we find that JARID1a loss
compromises the response of the hepatic transcriptome to nutrient availability. In all, ablation dichepa
JARID1a disrupts the coordination of hepatic metabolic programs with wioalg consequences.

Eggink, H. M., et al. (2018). "Chronic infusion of taurolithocholate into the brain increases fat oxidation
in mice."Journal of Endocrinolog?36(2): 8597.

Bile acids can function in the postprandial state as circulating signaling molecules in the regulation of
glucose and lipid metabolism via the transmembrane receptor TGR5 and nuclear receptor FXR. Both
receptors are present in the central nervous systéut, their function in the brain is unclear. Therefore,

we investigated the effects of intracerebroventricular (i.c.v.) administration of taurolithocholate (tLCA), a
strong TGR5 agonist, and GW4064, a synthetic FXR agonist, on energy metabolism. Waekbtbeni

effects of chronic i.c.v. infusion of tLCA, GW4064, or vehicle on energy expenditure, body weight and
composition as well as tissue specific fatty acid uptake in mice equipped with osmotic minipumps. We
found that i.c.v. administration of tLCA (fif O2y OSYy i N} GA2y Ay OSNBONERALJ
oxidation (tLCA group: 0.083 + 0.006 vs control group: 0.036 = 0.023 kcal/h, F = 5.46, P = 0.04) and
decreased fat mass (after 9 days of tLCA infusion: 1.35 £ 0.13 vs controls: 1.96 + 0.2308) PThese
changes were associated with enhanced uptake of triglyceatatéred fatty acids by brown adipose tissue

and with browning of subcutaneous white adipose tissue. l.c.v. administration of GW4064 (final
O2y OSYUGNY GA2Y Ay N SitddcaffeRt neiyyyiethboliErn, 8oklyRedmpesition nor bile

acid levels, negating a role of FXR in the central nervous system in metabolic control. In conclusion, bile
acids such as tLCA may exert metabolic effects on fat metabolism via the brain.
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Ehricher, S. E., et §2018). "Skeletal muscle autophagy remains responsive to hyperinsulinemia and
hyperglycemia at higher plasma insulin concentrations in ingabistant mice.'Physiological Reports
6(14).

Skeletal muscle autophagy is suppressed bulin, but it is not clear if such suppression is altered with
insulin resistance. We investigated if the inhibitory action of insulin on autophagy remains intact despite
insulin resistance to glucose metabolism. C57BL/6J mice consumed eitherfat I(MPo fat) diet as

control or highfat (60% fat) diet for 12veeks to induce insulin resistance. Followinglaobr fast, mice
underwent either hyperinsulinemieuglycemic, hyperinsulinemityperglycemic, or saline infusion to

test the effect of insulin on aophagy markers in the quadriceps muscle=8¢10 per diet and clamp
condition). Mice were anesthetized by sodium pentobarbital for tissue collection afteof2infusion.

Despite the higkat group having lower insuligtimulated glucose uptake, both lefat and highfat

groups had similar autophagosome abundance during hyperinsulinemic conditions. The lipidation of
microtubule-associated proteins 1A/1B light chain 3B (LC3II/LC3I) was decreased in hyperinsulinemia
versus saline control ®0.01) inlowft & o6bpm:> FlI Ky RNRBAHAK oOobnt>03 RSY
suppression of autophagy between diet groups. Mitochoneligdociated LC3Il was greater in the high

fat compared to the lowfat group (P=0.045) across clamp conditions, suggesting a greatatikadion

of autophagosomes with mitochondria. L6 myotubes were treated with insulin and rapamycin to
determine the role of mechanistic target of rapamycin complemTORC1) in insuimediated
suppression of autophagy. Inhibition of mMTORC1 blunted ttoirgee of LC3II/LC3I with insulin by 40%,
suggesting mTORCL1 partially mediates the insulin action to suppress autophagy. Collectively, autophagy
remained responsive to the suppressive effects of insulin in otherwise imgdistant and obese mice.

Evans, M. C., et al. (2018). "Leptin and insulin do not exert redundant control of metabolic or emotive
function via dopamine neuronstlormones and Behavid06: 93-104.

Leptin and insulin's hungesuppressing and activiggromoting actions on hypothalaimneurons are well
characterized, yet the mechanisms by which they modulate the midbrain dopamine system to influence
energy balance remain less clear. A subset of midbrain dopamine neurons express receptors for leptin
(Lepr) and insulin (Insr). Leptitopamine signaling reduces running reward and homecage activity.
However, dopaminespecific deletion of Lepr does not affect body weight or food intake in mice. We
hypothesized insulilopamine signaling might compensate for disrupted leflippamine signatig. To
investigate the degree to which insulin and leptin exert overlapping (i.e. redundant) versus discrete
control over dopamine neurons, we generated transgenic male and female mice exhibiting dopamine
specific deletion of either Lepr (Lepr KO), Inssr(KO) or both Lepr and Insr (Dbl KO) and assessed their
feeding behavior, voluntary activity, and energy expenditure compared to control mice. No differences in
body weight, daily food intake, energy expenditure or hyperphagic feeding of palatable ckosv w
observed between Lepr, Insr or Dbl KO mice and control mice. However, consistent with previous findings,
Lepr KO (but not Insr or Dbl KO) male mice exhibited significantly increased running wheel activity
compared to controls. These data demonstratattinsulin and leptin do not exert redundant control of
dopamine neurommediated modulation of energy balance. Furthermore, our results indicate neither
leptin nor insulin plays a critical role in the modulation of dopamine neurons regarding hedonicgeedin
behavior or anxietyelated behavior.

134
PROMETHION" PROMETHION



List of Publications - Promethion metabolic and behavioral phenotyping system

Farzi, A., et al. (2018). "Arcuate nucleus and lateral hypothalamic cart neurons in the mouse brain exert
opposing effects on energy expenditureLife?.

Cocaineand amphetaminegegulated transcript (CART) isdely expressed in the hypothalamus and an
important regulator of energy homeostasis; however, the specific contributions of different CART
neuronal populations to this process are not known. Here, we show that depolarization of mouse arcuate
nucleus (ArcCART neurons via DREADD technology decreases energy expenditure and physical activity,
while it exerts the opposite effects in CART neurons in the lateral hypothalamus (LHA). Importantly, when
stimulating these neuronal populations in the absence of C&Reffects were attenuated. In contrast,

while activation of CART neurons in the LHA stimulated feeding in the presence of CART, endogenous
CART inhibited food intake in response to Arc CART neuron activation. Taken together, these results
demonstrate ancexigenic but anabolic effects of CART upon Arc neuron activation, and orexigenic but
catabolic effects upon LHAeuron activation, highlighting the complex and nudpecific functions of

CART in controlling feeding and energy homeostasis.

Fletcher, JA., et al. (2018). "Fibroblast growth factor 21 increases hepatic oxidative capacity but not
physical activity or energy expenditure in hepatic peroxisome prolifedat@ i A @+ 6§ SR NB OS LJi ¢
coactivatorm bdeficient mice."Experimental Physiologh03(3): 408418.

New Findings: What is the central question of this study? Does a reduction in hepatic peroxisome
proliferator-l QG A @F G SR NB O®bJIi HMWIDY = O2 Kk OO R OK IiZ2 N3 S Sesistand & S NID
obese state, impair the ability of fibroblagtowth factor 21 (FGF21) to modulate metabolism? What is

the main finding and its importance? A deficitinhepatic RGC R2Sa y 24 O2YLINRBYAaS$s

to increase hepatic fatty acid oxidation; however, the effects of FGF21 to regulate-bdaytanetabolism

(i.e. total and resting energy expenditure), as well as ambulatory activity, were altered when hepatic PGC
mMh g1 & NBRdAzZOSR® ! 6aGNF OGY CAONRBOGfFAG AINBGgGK FI O
including increased metabolicuft and reduced hepatic steatosis, but the mechanisms responsible for
these effects remain to be elucidated fully. We tested whether a targeted reduction in hepatic peroxisome
proliferator-l O A @F G SR NI O Sl MIDY = 08 K O 0 K @ KdicdNdvEhSofesit, K 2 ¢ y
had a negative impact on the metabolic effects of FGF21. We infused FQRg1 @R & b m0 2 NJ & |
in chowfed wildtype (WT) and livespecific PG®&h KS G SNR T @8 D dziy A OfeeksF/2 NJ n
Administration of FGF21 lowered serunsulin and cholesterol (f).05) and tended to lower free fatty

acids (P=0.057). The LPGE" YA OS SEKAOAGSR NBRdzOSR 02YLX §(S K.
mh > a65npolI bbb M 02 YLI NBR  #481niol 32L 6E m ROPOO1)H whib was
normalized by FGF21 treatment (278819nmol3 L Kub m £0.001). FGF21 also increased hepatic
incomplete FAO by 12% in both groups and extramitochondrial FAO by 89 and 56% in WT amd'LPGC
mice, respectfully (B0.001), and lowered hepatic trigiglycerol by 340% (R<0.001). Chronic
treatment with FGF21 lowered body weight and fat mass @F05), while increasing food consumption
(P<0.05), total energy expenditure [7880.60 versus 6.60.39 kca(12K 0 b m Ay 200009YahddS T t
resting energy expenditure [540.89 versus 4.60.21kcal(12K 0 b M A Y 20005) Iht&eStinglt,

FGF21 only increased ambulatory activity in the WT mieed(B3), without a concomitant increase in
nonresting energy expenditure. In conclusion,haligh reduced hepatic P@Ch SELINB&&AA2Y
necessary for FGF21 to increase FAO, it does appear to mediate-if@k&dd changes in total and

resting energy expenditure and ambulatory activity in lean mice.
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Gabalski, A., et al. (2018). "Sul2@dreromedullin (ADM) Regulates Feeding Behavior, Energy
Balance and Metabolic Hormone Profil&astroenterology54(6): S503.

Introduction: Adrenomedullin (ADM) is a 52 amino acid peptide abundantly expressed throughout the
gastrointestinal tract, in which has been shown to inhibit gastric secretion and emptying as well as to
modulate intestinal mucosa absorption, circulation, healing and motility. Our aims are to investigate the
peripheral effects of ADM treatment on food and water intake, feeding bemawspirometry, energy
expenditure and metabolic hormones. Method(s): C57/BI6 wild type (16 males and 15 females), age and
sex matched mice (102 weeks old) were studied. Mice were fed a standard diet, temperature; humidity
and light/dark cycle were kembnsistent. Mice were divided in two groups; single housed in Promethion
metabolic cages (Sable Systems, Las Vegas, NV) and after 5 days of acclimation, parameters recording in
parallel was initiated. Nomnestricted and ad libitum access to food hopperdawater were allowed
throughout the study. Murine ambulatory activity and physical positions were detected with XYZ beam
arrays using a beam spacing of 0.25 cm. Respiratory gases were measured with an integrated fuel cell
oxygen analyzer, spectrophotometrCO2 analyzer, and capacitive water vapor partial pressure analyzer.
One group was injected intraperitoneally with a 10muM dose of ADM while the other group was injected
with saline as control. VO2, VCO2, Respiratory Quotient (RQ), as well as food andamgtumption,

total energy expenditure (TEE) and physical activity were measured continuously fercaurdgeriod

after each injection. Result(s): An ADM ip treatment with (10 muM in 200 mul of saline) in WT mice
significantly increased VH20 content it the metabolic cage during the post injectiorfi@ur light

cycle interval as compared to saline injected controls (245.85/78 vs. 69.98+4.63; p=0.001). The
respirometry data revealed a significantly higher VCO2 in the ADM injected mice (424.89/vs
368.6++ 12.67; p=0.01) during the 12 hour dark cycle post injection. No significant differences were
measured in food and water intake between the two groups. Plasma metabolic hormone measurements
in mice 1 hour post injection showed that ADM tredtanimals had lower levels of Ghrelin (670 vs.1301),
Glucagon (64.1 vs. 222.9) and Resistin (6988 vs.9622.2) in mice independant of sex. Conclusion(s): ADM
injected in WT mice significantly increases VH20 content. This is the first study to demonstt&Bkh
regulates energy balance, body metabolism and metabolic hormones.Copyright © 2018 AGA Institute. All
rights reserved.

GhamariLangroudi, M., et al. (2018). "Regulation of energy rheostasis by the melane8ortin
receptor.”" Science Advancei8).

Like most homeostatic systems, adiposity in mammals is defended between upper and lower boundary
conditions. While leptin and melanocortihreceptor (MC4R) signaling are required for defending energy
set point, mechanisms controlling upper and lower homatistboundaries are less well understood. In
contrast to the MCA4R, deletion of the MC3R does not produce measurable hyperphagia or
hypometabolism under normal conditions. However, we demonstrate that MC3R is required
bidirectionally for controlling respors to external homeostatic challenges, such as caloric restriction or
calorierich diet. MC3R is also required for regulated excursion from set point, or rheostasis, during
pregnancy. Further, we demonstrate a molecular mechanism: MC3R provides regutgiaty to
melanocortin signaling, acting presynaptically on agoeated protein neurons to regulate
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aminobutyric acid release onto anorexigenic MC4R neurons, exerting boundary control on the activity of
MC4R neurons. Thus, the MC3R is a critical rémutd boundary controls on melanocortin signaling,
providing rheostatic control on energy storage.

Ghielmetti, V., et al. (2018). "Food intake and energy expenditure in growing cats with and without a
predisposition to overweight.Journal of Animal Phidogy and Animal Nutritiod02(5): 14011410.

Overweight and obesity are multifactorial diseases caused by an imbalance in energy metabolism. An
underlying genetic predisposition is often a factor in these conditions. In the cat breeding family of the
Institute of Animal Nutrition at the Vetsuisse Faculty, University of Zurich, a segregating overweight
phenotype with a genetic contribution was observed. From this breeding family, 26 kittens were followed
from birth up to 8months of age. During this tim&od intake was measured using an automatic feeding
station, and energy expenditure was investigated using indirect calorimetry at the ages of 4remd.
Dualenergy Xray absorptiometry (DEXA) was performed and blood glucose, leptin and insulin were
measured at the ages of 4, 6 anan®nths. The kittens were also weighed daily for the firgtgzks of

life, every second day until weaning and once per week umtibBths of age. The body condition score
(BCS) was evaluated monthly between 2 amdd®iths of age. The main finding of this study is that a
predisposition to overweight is connected to a higher food intake early in life, with no significant
alterations in energy expenditure. The leptin blood levels were related to body fat percentage, alivdl ins
sensitivity did not seem to be affected.

Grandl, F., et al. (2018). "Evidence for increasing digestive and metabolic efficiency of energy utilization
with age of dairy cattle as determined in two feeding regimégimal12(3): 515527.

The changes taking place with age in energy turnover of dairy cattle are largely unknown. It is unclear
whether the efficiency of energy utilization in digestion (characterized by faecal and methane energy
losses) and in metabolism (characterized by uinel heat energy losses) is altered with age. In the
present study, energy balance data were obtained from 30 lactating Brown Swiss dairy cows aged
between 2 and 10 years, and 12 heifers from 0.5 to 2 years of age. In order to evaluate a possible
dependencef age effects on diet type, half of the cattle each originated from two herds kept at the same
farm, which were fed either on a foragmly diet or on the same forage diet but complemented with 5
kg/day of concentrate since their first calving. Durindads, the gaseous exchange of the animals was
guantified in opercircuit respiration chambers, followed by ard8y period of feed, faeces, urine and

milk collection. Daily amounts and energy contents were used to calculate complete energy balances. Age
and feeding regime effects were analysed by parametric regression analysis where BW, milk yield and hay
proportion in forage as consumed were considered as covariates. Relative to intake of gross energy, the
availability of metabolizable energy (ME) incredseith age. This was not the result of an increasing
energy digestibility, but of proportionately lower energy losses with methane (following a curvilinear
relationship with the greatest losses in mideélged cows) and urine (continuously declining). The
efficiency of utilization of ME for milk production (k I) increased with age. Potential reasons include an
increase in the propionatén-acetate ratio in the rumen because of a shift away from fibre degradation
and methane formation as well as lower uringeegy losses. The greater k | allowed older cows to accrete
more energy reserves in the body. As expected, offering concentrate enhanced digestibility,
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metabolizability and metabolic utilization of energy. Age and feeding regime did not interact sigiyfican
In conclusion, older cows seem to have digestive and metabolic strategies to use dietary energy to a
certain degree more efficiently than younger cows.

Huck, I. (2018Role of HNF4a in Liver Regeneration, Liver Cancer Pathogenesis and Global
Metabolism, kuscholarworks.ku.edu

t3S m® w2fS 2F I bCnh Ay [ADSNI wSIASYSNIr A2y [ A
Huck ©2018 lan Huck Submitted to the graduate degree program in Pharmacology, Toxicology and
¢ KSNI LISdzia 0a FyR X

Huck, I., et al(2018). "Hepatocyt& LISOA FA O KSLI G420e0S ydzOf SI NJ ¥t O3
decreases resting energy expenditure by disrupting lipid and carbohydrate homeosbasisxiv

| SLI G2080GS bdzOf S NJ CI Ol 2 NJhepatotyte diferentiationba@nrégilated &  NJ
expression of genes involved in lipid and carbohydrate metabolism including those that control VLDL
secretion and gluconeogenesis. Whereas previous studies have focused on specific genes regulated by

I bCnh A ysmyitSaveradl ele in whole body energy utilization has not been studied. In this study,

we used indirect calorimetry to determine the effect of hepatociitd JS OA FA O | b CntKORSE Sii
in mice on whole body energy expenditure (EE) and substitdization in fed, fasted, and high fat diet

01 C50 02y RAMOA Y #educed kegimgh EE during fed conditions and higher rates of

OF NDP2KE&RNI GS 2EARIFGAZ2Y 6AGK FLaGAYy3Id 1 bCnhYh YA
depletion despite ndOK I y3S Ay SySNHe& Ayil 1S FyR SOKREOS 2-
were able to upregulate lipid oxidation during HFD suggesting that their metabolic flexibility was intact.

| 26 SASNE 2y & KSLIKO aiCeeinbitedsigitfiCakediuttion in basalmetabolic rate

FYR alLlyidlyS2dza I OGAGAGE RdAZNAY3A 1 C5d /2yar&aiSyli
Yh &dzLJl12 NI a RSONBI &SR 3t dzO02y S$23SySaEKEaRFTR2RSONS
KO livers across #lSSRAY 3 O2yRAGAZ2Yyad ¢23ISGKSNE 2dzNJ RI G
dependence on dietary carbohydrates and endogenous lipids for energy during fed and fasted conditions
by inhibiting hepatic gluconeogenesis, hepatic lipid export, and fimaislipid absorption resulting in
RSONBIaSR ¢6K2tS o02Re SySNHeé& SELISYRAGINB® ¢KSaSs
metabolism and energy homeostasis.

Kentish, S. J., et al. (2018). "Timestricted feeding prevents ablation of diurndythms in gastric
vagal afferent mechanosensitivity observed in kighdiet-induced obese miceJournal of
Neuroscience38(22): 50885095.

Mechanosensitive gastric vagal afferents (GVAS) are involved in the regulation of food intake. GVAs exhibit
diurnal rhythmicity in their response to foeklated stimuli, allowing time of dagpecific satiety signaling.

This diurnal rhythmicity is ablated in higdi-diet (HFDInduced obesity. Timeestricted feeding (TRF)

has a strong influence on peripheral clockhis study aimed to determine whether diurnal patterns in
GVA mechanosensitivity are entrained by TRF. &igkt-old male C57BL/6 mice (N = 256) were fed a
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standard laboratory diet (SLD) or HFD for 12 weeks. After 4 weeks of diet acclimatizationzeheere

fed either ad libitum or only during the light phase [Zeitgeber time (£I2Por dark phase (ZT¢24) for

8 weeks. A subgroup of mice from all conditions (n = 8/condition) were placed in metabolic cages. After
12 weeks, ex vivo GVA recordings &/&ken at 3 h intervals starting at ZT0. HFD mice gained more weight
than SLD mice. TRF did not affect weight gain in the SLD mice, but decreased weight gain in the HFD mice
regardless of the TRF period. In SLD mice, diurnal rhythms in food intake wengely associated with
diurnal rhythmicity of GVA mechanosensitivity. These diurnal rhythms were entrained by the timing of
food intake. In HFD mice, diurnal rhythms in food intake and diurnal rhythmicity of GVA
mechanosensitivity were dampened. Loss nfrdal rhythmicity in HFD mice was abrogated by TRF. In
conclusion, diurnal rhythmicity in GVA responses to fosldted stimuli can be entrained by food intake.
TRF prevents the loss of diurnal rhythmicity that occurs in-id&iiced obesity.

Kwan, J. Ret al.(2018)."Obese Mice Are Protected From Increased Energy Intake in Response to
Voluntary Wheel RunningThe FASEB Jourrd@ 822-853.

Diseases of metabolism pose an increasing threat to public health that has led to greater demand for
effective treatments. Obesity is a highly prevalent niethc disease that afflicts over 100 million
Americans and increases the risk of developing diabetes and cardiovascular disease. Lifestyle
modifications that incorporate exercise are a standard prescription for obesity, but its effectiveness is
limited dueto variability in compliance and physiological adaptations (e.g. compensatory increases in
energy intake). Previous studies have shown that voluntary exercise fails to induce weight loss in high fat
fed mice, but little is known regarding the onset of mise. Here, we tested the hypothesis that chronic
overnutrition from high fat feeding will mitigate the compensatory increase in food intake that commonly
accompanies increased energy expenditure from voluntary exercise. Starting at 12 weeks of age, male
C57BL/6J mice were weight matched, singly housed and fed a chow (n=8) or high fat diet (HFD; 60%
calories from fat; n=6) for 4 weeks. At 18 weeks of age, mice were housed in a Promethion Metabolic
Analyzer to measure energy expenditure, food intake andsjgay activity. Experiments were performed

at 21°C with running wheels locked for four days then unlocked for the subsequent nine days. Body
composition was assessed both prior to and immediately following indirect calorimetry experiments.
Ethoscan (Sabl8ystems) analysis was performed to examine voluntary wheel running (VWR) distance,
duration and speed and measured the time and distance fewbtel activities (i.e. roaming and feeding).
HFfed mice were heavier (WT: 26.9 £ 1.1 vs. HF: 36.8 + 4.2@0b)xand had greater fat mass (WT: 3.5

+ 0.6 vs. HF: 11.1 + 3.1 g; p < 0.05) than efemslvmice prior to energy balance studies. VWR caused a
RSONBIasS Ay 6K2fS 062Reé 02¢Y bndo p nody @ad | CY |
b o &9 g; p < 0.05) in HF&d, but not in chowfed mice. VWR distance, duration, and speed were not
affected by diet. VWR increased energy expenditure (EE) with both diets equally, but energy intake (EI)
only increased in chovied mice. VWR decreased oviraff-wheel activity (OWA) regardless of diet.
These data demonstrate that 9 days of VWR cause weight loss ifedRfice but not mice fed a chew

diet. Because VWR did not vary between diets, the efficacy of VWR fieHFlice could instead be
attributed to resistance to specific behavioral compensations (i.e. increased food intake) that occur with
the introduction of VWR in lean mice.

139
PROMETHION" PROMETHION



List of Publications - Promethion metabolic and behavioral phenotyping system

Ladyman, S. R., et al. (2018). "Energy homeostasis and running wheel activity during pregtiency in
mouse."Physiology and BehavitB4: 83-94.

Pregnancy and lactation are metabolically challenging states, where the mother must supply all the energy
requirements for the developing fetus and growing pups respectively. The aim of the current study was
to characterize many aspects of energy homeostasis before and during pregnancy in the mouse, and to
examine the role of voluntary activity on changes in energy expenditure during pregnancy. In a secondary
aim, we evaluate measures of energy homeostasigdyregnancy in mice that successfully reared their
litter or in mice that went on to abandon their litter, to determine if an impairment in pregnéndyced
adaptation of energy homeostasis might underlie the abandonment of pups soon after birth.gDurin
pregnancy, food intake was increased, characterized by increased meal size and duration but not number
of meals per day. The duration of time spent inactive, predicted to indicate sleep behaviour, was increased
both early and late in pregnancy comparew fdre-pregnancy levels. Increased x + y beam breaks, as a
measure of activity increased during pregnancy and this reflected an increase in ambulatory behaviour in
mid pregnancy and an increase in rambulatory movement in late pregnancy. Energy expenditass
measured by indirect calorimetry, increased across pregnancy, likely due to the growth and development
of fetal tissue. There was also a dramatic reduction in voluntary wheel running as soon as the mice became
pregnant. Compared with successful pragoies and lactations, pregnancies where pups were
abandoned soon after birth were associated with reduced body weight gain and an increase in running
wheel activity at the end of pregnancy, but no difference in food intake or energy expenditure. Overall,
during pregnancy there are multiple adaptations to change energy homeostasis, resulting in partitioning
of provisions of energy to the developing fetus and storing energy for future metabolic demands.

Ladyman, S. R., et al. (2018). "Energy homeostasigianthg wheel activity during pregnancy in the
mouse."Physiology and Behavi®B4 8394.

Pregnancy and lactation are metabolically challenging states, where the mother must supply all the energy
requirements for the developing fetus and growing pupspectively. The aim of the current study was

to characterize many aspects of energy homeostasis before and during pregnancy in the mouse, and to
examine the role of voluntary activity on changes in energy expenditure during pregnancy. In a secondary
aim, we evaluate measures of energy homeostasis during pregnancy in mice that successfully reared their
litter or in mice that went on to abandon their litter, to determine if an impairment in pregndandyced
adaptation of energy homeostasis might underlie thigandonment of pups soon after birth. During
pregnancy, food intake was increased, characterized by increased meal size and duration but not number
of meals per day. The duration of time spent inactive, predicted to indicate sleep behaviour, was increased
both early and late in pregnancy compared to qpregnancy levels. Increased x + y beam breaks, as a
measure of activity increased during pregnancy and this reflected an increase in ambulatory behaviour in
mid pregnancy and an increase in rambulatory novement in late pregnancy. Energy expenditure, as
measured by indirect calorimetry, increased across pregnancy, likely due to the growth and development
of fetal tissue. There was also a dramatic reduction in voluntary wheel running as soon as the @ige bec
pregnant. Compared with successful pregnancies and lactations, pregnancies where pups were
abandoned soon after birth were associated with reduced body weight gain and an increase in running
wheel activity at the end of pregnancy, but no differencdéaad intake or energy expenditure. Overall,
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during pregnancy there are multiple adaptations to change energy homeostasis, resulting in partitioning
of provisions of energy to the developing fetus and storing energy for future metabolic demands.

Lantier, L, et al. (2018). "SIRT2 knockout exacerbates insulin resistance in hkigh fatce."PLoS One

13(12).

The NAD +dependent deacetylase SIRTZ2 is unique amongst sirtuins as it is effective in the cytosol, as well
as the mitochondria. Defining the role oftosolic acetylation state in specific tissues is difficult since even
physiological effects at the whole body level are unknown. We hypothesized that genetic SIRT2 knockout
(KO) would lead to impaired insulin action, and that this impairment would bsemed in HF fed mice.
Insulin sensitivity was tested using the hyperinsulinesuglycemic clamp in SIRT2 KO mice and WT
littermates. SIRT2 KO mice exhibited reduced skeletal muscle Hrsdiliced glucose uptake compared

to lean WT mice, and this impaient was exacerbated in HF SIRT2 KO mice. Liver insulin sensitivity was
unaffected in lean SIRT2 KO mice. However, the insulin resistance that accompafeesliftf was
worsened in SIRT2 KO mice. It was notable that the effects of SIRT2 KO were laagsbcidied from
cytosolic acetylation state, but were closely linked to acetylation state in the mitochondria. SIRT2 KO led
to an increase in body weight that was due to increased food intake in HF fed mice. In summary, SIRT2
deletion in vivo reduces muslinsulin sensitivity and contributes to liver insulin resistance by a
mechanism that is unrelated to cytosolic acetylation state. Mitochondrial acetylation state and changes
in feeding behavior that result in increased body weight correspond to the dieteeffects of SIRT2 KO

on insulin action.

Lark, D. S., et al. (2018). "Reduced nonexercise activity attenuates negative energy balance in mice
engaged in voluntary Exercis®labetes67(5): 831840.

Exercise alone is often ineffective for treating obesity despite the associated increase in metabolic
requirements. Decreased nonexercise physical activity has been implicated in this resistance to weight
loss, but the mechanisms responsible are uncleae §uantified the metabolic cost of nonexercise
activity, or "offwheel" activity (OWA), and voluntary wheel running (VWR) and examined whether
changes in OWA during VWR altered energy balance in-bwC57BL/6J mice (n = 12). Energy
expenditure (EE), emgy intake, and behavior (VWR and OWA) were continuously monitored for 4 days
with locked running wheels followed by 9 days with unlocked running wheels. Unlocking the running
wheels increased EE as a function of VWR distance. The metabolic cost ofeefferaitn traveled)
decreased with increasing VWRspeed. Unlockingthe wheelledtoanegativeenergy balance but also
decreased OWA, which was predicted to mitigate the expected changeinenergy bal@AéébyA novel
behavioral circuit involved repeated bouts WWR, and roaming was discovered and represented novel
predictors of VWR behavior. The integrated analysis described here reveals that the weight loss effects of
voluntary exercise can be countered by a reduction in nonexercise activity.

Lee, N. J., et a2018). "Osteoglycin, a novel coordinator of bone and glucose homeostisgiketular

Metabolism13: 30-44.
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Objective: The skeleton, which is strongly controlled by endocrine factors, has recently been shown to
also play an active endocrine role itsafpecifically influencing energy metabolism. However, much less

is known about this role. Therefore, we sought to identify novel endocrine factors involved in the
regulation of both bone mass and whebedy glucose homeostasis. Methods: We used transcripgom

and proteomic analysis of Y1 receptor deficient osteoblasts combined with the generation of a novel
osteoglycin deficient mouse model and performed comprehensive in vivo phenotype profiling, combined
with osteoglycin administration in wildtype mice ahdman studies. Results: Here we identify a novel
role for osteoglycin, a secreted proteoglycan, in coordinating bone accretion with changes in energy
balance. Using an osteoglycin knockout mouse model, we show that at a whole body level, osteoglycin
acts b suppress bone formation and modulate whole body energy supplies by altering glucose uptake
through changes in insulin secretion and sensitivity, as well as by altering food intake through central
signaling. Examining humans following gastric surgeryraedel of negative energy balance, we show

that osteoglycin is associated with BMI and lean mass as well as changes in weight, BMI, and glucose
levels. Conclusions: Thus, we identify osteoglycin as a novel factor involved in the regulation of energy
homeogasis and identify a role for it in facilitating the matching of bone acquisition to alterations in
energy status.

Lee, N. J., et al. (2018). "Central RANK signalling in NPY neurons alters bone mass in male mice."
Neuropeptidess8: 75-83.

RANKL signaltinknown to be important for the control of bone mass, has recently also been implicated
in the brain to control thermoregulation, however, it is not known which neuronal pathways are involved
and whether other aspects of energy homeostasis are also atfektere we show that selective deletion

of RANK from NPY neurons dovagulated NPY mRNA expression in the hypothalamus. While
comprehensive phenotyping of germlileduced NPY neuron specific RANK deficient mice revealed no
significant changes in physical metabolic parameters, adult onset deletion of RANK from NPY neurons
led to a significant increase in fat mass and a decrease in whole body bone mineral content and bone
mineral density. Intriguingly, when these conditional knockout mice were placedhogh fat diet, body
weight and fat mass did not differ to control mice. However, they were able to significantly increase their
bone mass to match their increased body weight, an ability that was lacking in control mice. Taken
together, results from thisstudy demonstrate that RANK signalling in NPY neurons is involved in
modulating NPY levels and through that matching bone mass to body weight.

Li, M. D., et al. (2018). "Adipocyte OGT governsidaiiced hyperphagia and obesityNature
Communication®(1).

Palatable foods (fat and sweet) induce hyperphagia, and facilitate the development of obesity. Whether
and how overnutrition increases appetite through the adiptsérain axis is unclear.-{inked betaD-
N-acetylglucosamine (@IcNA) transferase (OGT) couples nutrient cues teGIENAcylation of
intracellular proteins at serine/threonine residues. Chronic dysregulation d@BldDIAc signaling
contributes to metabolic diseases. Here we show that adipocyte OGT is essential for highifeduted
hyperphagia, but is dispensable for baseline food intake. Adipocyte OGT stimulates hyperphagia by
transcriptional activation of de novo lipid desaturation and accumulation-afd¢hidonyl ethanolamine
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(AEA), an endogenous appetiteducing canabinoid (CB). Pharmacological manipulation of peripheral
CBL1 signaling regulates hyperphagia in an adipocyte-d@@dndent manner. These findings define
adipocyte OGT as a fat sensor that regulates peripheral lipid signals, and uncover an unexpectsd adipo
to-brain axis to induce hyperphagia and obesity.

Luo, X., et al. (2018). "Expression of STING Is Increased in Liver Tissues From Patients With NAFLD and
Promotes Macrophag®&lediated Hepatic Inflammation and Fibrosis in Miggdstroenterology
155(6): 1971-1984.e1974.

Background & Aims: Transmembrane protein 173 (TMEM173 or STING) signaling by macrophage activates
the type | interferoamediated innate immune response. The innate immune response contributes to
hepatic steatosis and nealcoholic fatty Ner disease (NAFLD). We investigated whether STING regulates
diet-induced in hepatic steatosis, inflammation, and liver fibrosis in mice. Methods: Mice with disruption

of Tmem173 (STINGgt) on a C57BL/6J background, mice without disruption of this gertdsjc@md

mice with disruption of Tmem173 only in myeloid cells were fed a standard chow diet, dahidiet

(HFD; 60% fat calories), or a methioniaad cholinedeficient diet (MCD). Liver tissues were collected

and analyzed by histology and immunstioichemistry. Bone marrow cells were isolated from mice,
differentiated into macrophages, and incubated with fiénethylxanthenoned-acetic acid (DMXAA; an
activator of STING) or cyclic guanosine monophospjasatenosine monophosphate (cGAMP).
Macrophagesor their media were applied to mouse hepatocytes or human hepatic stellate cells (LX2)
cells, which were analyzed for cytokine expression, protein phosphorylation, and fat deposition (by oil red
O staining after incubation with palmitate). We obtained fivissues from patients with and without
NAFLD and analyzed these by immunohistochemistry. Resultgoddenchymal cells of liver tissues from
patients with NAFLD had higher levels of STING than cells of liver tissues from patients without NAFLD.
STINGgtnice and mice with disruption only in myeloid cells developed less severe hepatic steatosis,
inflammation, and/or fibrosis after the HFD or MCD than control mice. Levels of phosphoryaued\t
terminal kinase and p65 and mRNAs encoding tumor necrastigrfand interleukins 1B and 6 (markers

of inflammation) were significantly lower in liver tissues from STINGgt mice vs control mice after the HFD
or MCD. Transplantation of bone marrow cells from control mice to STINGgt mice restored the severity of
steatsis and inflammation after the HFD. Macrophages from control, but not STINGgt, mice increased
markers of inflammation in response to lipopolysaccharide and cGAMP. Hepatocytes and stellate cells
cocultured with STINGgt macrophages in the presence of DMKisdubated with the medium collected

from these macrophages had decreased fat deposition and markers of inflammation compared with
hepatocytes or stellate cells incubated with control macrophages. Conclusions: Levels of STING were
increased in liver tisges from patients with NAFLD and mice with Hfduced steatosis. In mice, loss of
STING from macrophages decreased the severity of liver fibrosis and the inflammatory response. STING
might be a therapeutic target for NAFLD.

Mantey, S. A., et al. (20185ul1207- The Bombesin Receptor Subtype3 (BRBgonist, MK5046,
Functions as an Allosteric Agonist in Rat, Mouse, Human but Varies in Basis for Allosterism."
Gastroenterologyl 54(6): S503.
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Mice were divided in two groups; single housed in Promethietainolic cages (Sable Systems, Las Vegas,
NV) and after 5 days of acclimation, parameters recording in parallel was initiated.

MartinezHuenchullan, S. F., et al. (2018). "Differential metabolic effects of constant moderate versus
high intensity intervatraining in highfat fed mice: possible role of muscle adiponectiftiysiological

Reportst(4).

Exercise regimens may have differing effects in the presence of obesity. In addition to being fat derived,
adiponectin has recently been described as a my®khat regulates insulin sensitivity, which may link to
exerciserelated metabolic benefits in obesity. Whether skeletal muscle adiponectin varies in different
exercise modalities is unclear. This study investigated the comparative effectsvafek@ ofendurance
constantmoderate intensity exercise (END) with high intensity interval training (HIIT), on metabolic
outcomes, including muscle adiponectin in a mouse model ofiddkiced obesity. Teweekold male
C57BL/6 mice were fed a hidgit diet (HFD)45% FAT) or standard CHOW diet ab libitum and underwent
one of three training regimes: (1) no exercise, (2) END, or (3) HIIT (8 boutsroh2vih eight periods

of rest of 2.5min) for 10weeks (3x 40 min sessions/week). Chefed mice acted as contral€ompared

with HFD alone, both training programs similarly protected against body weight gain=@8-2;
END=3712; HIIT=36+ 2 g), preserved lean/fat tissue mass ratio (HFID64+ 0.09; ENDB-0.34+0.13;
HIIT=0.33£0.13), and improved blab glucose excursion during an insulin tolerance test
(HFD=411+54; ENDB=350+£57; HIIT=320+ 66 arbitrary units [AU]). Alterations in fasting glycemia,
insulinemia, and AST/ALT ratios were prevented only by END. END, but not HIIT increased slsgletal m
adiponectin mRNA (1fbld; P<0.05) and increased protein content of high molecular weight (HMW)
adiponectin (3.%old), whereas HIIT induced a milder increase {2ld). Compared with HFD, neither
END nor HIIT altered circulating low (LMW) or h{gtMW) molecular weight adiponectin forms.
CdzNI KSNY2NB>X 2yt @& 9b5 LINBZSyY i SRO5NMREA lévEsdowrreayn NS 3 d
of muscle adiponectin. These data show that different training programs affect muscle adiponectin to
differing degees. Together these results suggest that END is a more effective regimen to prevent HFD
induced metabolic disturbances in mice.

Pei, Y., et al. (2018). "Regulation of adipose tissue inflammation by adenosine 2A receptor in obese
mice."Journal of Endoanology239(3): 365376.

Adenosine 2A receptor (A2AR) exerts amtiammatory effects. However, the role of A2AR in obesity
associated adipose tissue inflammation remains to be elucidated. The present study examined the
expression of A2AR in adipose tis®f mice with dieinduced obesity and determined the effect of A2AR
disruption on the status of obesHgssociated adipose tissue inflammation. WT C57BL/6J mice and A2AR
disrupted mice were fed a higlat diet (HFD) for 12 weeks to induce obesity andpase tissue
inflammation. In vitro, bone marrowlerived macrophages from A2A#RSsrupted mice and WT control

mice were treated with palmitate and examined for macrophage proinflammatory activation. Compared
with that of lowfat diet (LFDfed WT mice, A2ABxpression in adipose tissue of Hfeld WT mice was
increased significantly and was present predominantly in adipose tissue macrophages. The increase in
adipose tissue A2AR expression in HEdDmice was accompanied with increased phosphorylation states

of c-Jun Nterminal kinase 1 p46 and nuclear factor kappa B p65 and mRNA levels of interletloetdl)
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116 and tumor necrosis factor alpha. In A2diRrupted mice, HFD feeding induced significant increases in
adipose tissue inflammation, indicated by hemced proinflammatory signaling and increased
proinflammatory cytokine expression, and adipose tissue insulin resistance, indicated by a decrease in
insulinstimulated Akt phosphorylation relative to those in WT mice. Lastly, A2AR disruption enhanced
palmitate-induced macrophage proinflammatory activation. Taken together, these results suggest that
A2AR plays a protective role in obesitysociated adipose tissue inflammation, which is attributable to,

in large part, A2AR suppression of macrophage prainflatory activation.

Ravussin, Y., et al. (2018). "Evidence for aldptin System that Defends against Weight Gain in
Overfeeding.'Cell Metabolisn?8(2): 289299.e285.

Weight is defended so that increases or decreases in body mass elicit respondasdhagestoration of

one's previous weight. While much is known about the signals that respond to weight loss and the central
role that leptin plays, the lack of experimental systems studying the overfed state has meant little is known
about pathways defeding against weight gain. We developed a system to study this physiology and found
that overfed mice defend against increased weight gain with graded anorexia but, unlike weight loss, this
response is independent of circulating leptin concentration. larfad mice that are unresponsive to
orexigenic stimuli, adipose tissue is transcriptionally and immunologically distinct from fat of ad libitum
fed obese animals. These findings provide evidence that overfeddliluged obesity alters adipose tissue

and central responses in ways that are distinct from ad libitum obesity and activates-feptin system

to defend against weight gain. Following overfeeding, mice decrease food intake and return to their
previous weight. The signal or set of signals that uleléhis response is not known. Ravussin et al. have
developed a model to investigate overfeeding in mice and provide evidence for a-ieggipendent
system that defends against body weight gain.

Reber, J., et al. (2018). "NamvasiveMeasurement of Brown Fat Metabolism Based on Optoacoustic
Imaging of Hemoglobin Gradient£ell Metabolisn?7(3): 689701.e684.

Metabolism is a fundamental process of life. However, -imasive measurement of local tissue
metabolism is limited today by a deficiency in adequate tools for in vivo observations. We designed a
multi-modular platform that explored the relation betweeodal tissue oxygen consumption, determined

by labelfree optoacoustic measurements of hemoglobin, and concurrent indirect calorimetry obtained
during metabolic activation of brown adipose tissue (BAT). By studying mice and humans, we show how
videorate handheld multispectral optoacoustic tomography (MSOT) in the ¢AX® nm spectral range
enables nornvasive imaging of BAT activation, consistent with positron emission tomography findings.
Moreover, we observe BAT composition differences between healthlly diabetic tissues. The study
consolidates hemoglobin as a principal lafreke biomarker for longitudinal neimvasive imaging of BAT
morphology and bioenergetics in situ. We also resolve water and fat components in volunteers, and
contrast MSOT readoutsith magnetic resonance imaging data. Reber et al. employed-fedmimulti-
spectral optoacoustic tomography to nénvasively image BAT and WAT in mice and humans and resolve
BAT activation based on hemoglobin gradients. Thec9D0 nm spectral range ftiver enabled
identification of BAT composition using lipid and water signatures.
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Reichenbach, A., et al. (2018). "Carnitine acetyltransferase (Crat) in hsgiggng AgRP neurons
permits adaptation to calorie restrictionFASEB Journd®(12): 69236933

Hungersensing agoutielated peptide (AgRP) neurons ensure survival by adapting metabolism and
behavior to low caloric environments. This adaption is accomplished by consolidating food intake,
suppressing energy expenditure, and maximizing fat stor@getrient partitioning) for energy
preservation. The intracellular mechanisms responsible are unknown. Here we report that AQRP carnitine
acetyltransferase (Crat) knockout (KO) mice exhibited increased fatty acid utilization and greater fat loss
after 9 dof calorie restriction (CR). No differences were seen in mice with ad libitum food intake. Eleven
days ad libitum feeding after CR resulted in greater food intake, rebound weight gain, and adiposity in
AgRP Crat KO mice compared with wjlde controls, askKO mice act to restore pf€R fat mass.
Collectively, this study highlights the importance of Crat in AQRP neurons to regulate nutrient partitioning
and fat mass during chronically reduced caloric intake. The increased food intake, body weight gain, and
adiposity in KO mice after CR also highlights the detrimental and persistent metabolic consequence of
impaired substrate utilization associated with CR. This finding may have significant implications for
postdieting weight management in patients with metdicaliseases.

Rubin, J., et al. (2018). "Sul2li®w Rates of H. Pylori Eradication Testing and Cure Rates in Usual
Care."Gastroenterologyi 54(6): S503-S504.

. Mice were divided in two groups; single housed in Promethion metabolic cages (Sable Systems
+S31&4X b+x0 YR FGSNIp RIFeéda 2F FOOtAYIGAZ2YZ LI NI

Rubinow, K., et al. (2018). "Androgen receptor deficiency in monocytes/macrophages does not alter
adiposity or glucose homeostasis in male migesian Joural of AndrologyY((3): 276283.

Androgen deprivation in men leads to increased adiposity, but the mechanisms underlying androgen
regulation of fat mass have not been fully defined. Androgen receptor (AR) is expressed in
monocytes/macrophages, which aresident in key metabolic tissues and influence energy metabolism
in surrounding cells. Male mice bearing a-spikcific knockout of the AR in monocytes/macrophages (M
ARKO) were generated to determine whether selective loss of androgen signaling ingheseuld lead

to altered body composition. Wittype (WT) and MARKO mice (222 weeks of age, n = 12 per group)
were maintained on a regular chow diet for 8 weeks and then switched to afaigtiet for 8 additional
weeks. At baseline and on both thhegular chow and higfat diets, no differences in lean mass or fat
mass were observed between groups. Consistent with the absence of differential body weight or
adiposity, no differences in food intake (3.0 £ 0.5 g per day for WT mice vs 2.8 £ 0.4y fisrMARKO

mice) or total energy expenditure (0.6 = 0.1 Kcdl for WT mice vs 0.5 £ 0.1 Kcal fior MARKO mice)

were evident between groups during higét feeding. Liver weight was greater inARKO than that in

WT mice (1.5 £ 0.1 g vs 1.3 + 0.Oregpectively, P = 0.02). Finally;ARKO mice did not exhibit
impairments in glucose tolerance or insulin sensitivity relative to WT mice at any study time point. In
aggregate, these findings suggest that AR signaling specifically in monocytes/macrogbageasot
contribute to the regulation of systemic energy balance, adiposity, or insulin sensitivity in male mice.
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Sloan, D. K., et al. (2018). "Estrogen effects on oxytocinergic pathways that regulate food intake."
Hormones and Behavidi05: 128137.

Multiple stimulatory and inhibitory neural circuits control eating, and these circuits are influenced by an
array of hormonal, neuropeptide, and neurotransmitter signals. For example, estrogen and oxytocin (OT)
both are known to decrease food intake, but theechanisms by which these signal molecules influence
eating are not fully understood. These studies investigated the interaction between estrogen and OT in
the control of food intake. Rt / w & ( dzRA S & -&¢Badi@ benz8ake (ER)dted ratsshowed

a two-fold increase in OT mMRNA in the paraventricular nucleus of the hypothalamus (PVN) compared to
Oiltreated controls. Increased OT mMRNA expression may increase OT protein levels, and
immunohistochemistry studies showed that-EBated rats had rore intense OT labeling in the nucleus

of the solitary tract (NTS), a region known to integrate signals for food intake. Food intake measurements
showed that EB treatment reduced food intake, as expectedré&sBed rats lost weight over the course

of theexperiment, as expected, and HBated rats that received the highest dose of OT lost more weight
than EBtreated rats that did not receive OT. Finally, OT antagonist administered -tce&Bd rats
reversed the effect of EB on food intake, suggesting #sérogen effects to decrease food intake may
involve the oxytocinergic pathway.

Small, L., et al. (2018). "Thermoneutral housing does not influence fat mass or glucose homeostasis in
C57BL/6 mice Journal of Endocrinolog®389(3): 313324.

One major &ctor affecting physiology often overlooked when comparing data from animal models and
humans is the effect of ambient temperature. The majority of rodent housing is maintained at ~22°C, the
thermoneutral temperature for lightly clothed humans. Howevergerhave a much higher thermoneutral
temperature of ~30°C, consequently data collected at 22°C in mice could be influenced by animals being
exposed to a chronic cold stress. The aim of this study was to investigate the effect of housing temperature
on glucese homeostasis and energy metabolism of mice fed normal chow or ddtighbesogenic diet
(HFD). Male C57BL/6J(Arc) mice were housed at standard temperature (22°C) or at thermoneutrality
(29°C) and fed either chow or a 60% HFD for 13 weeks. The HFi3@tcfat mass and produced glucose
intolerance as expected but this was not exacerbated in mice housed at thermoneutrality. Changing the
ambient temperature, however, did alter energy expenditure, food intake, lipid content and glucose
metabolism in skeletl muscle, liver and brown adipose tissue. Collectively, these findings demonstrate
that mice regulate energy balance at different housing temperatures to maintain wiag glucose
tolerance and adiposity irrespective of the diet. Despite this, metalatifierences in individual tissues

were apparent. In conclusion, dietary intervention in mice has a greater impact on adiposity and glucose
metabolism than housing temperature although temperature is still a significant factor in regulating
metabolic parareters in individual tissues.
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Staffas, A., et al. (2018). "Nutritional Support from the Intestinal Microbiota Improves Hematopoietic
Reconstitution after Bone Marrow Transplantation in Micg€ll Host and Microb23(4): 447
457.e444.

Bone marrow transplatation (BMT) offers curative potential for patients with highk hematologic
malignancies, but the podtansplantation period is characterized by profound immunodeficiency. Recent
studies indicate that the intestinal microbiota not only regulates matdsxmunity, but can also
contribute to systemic immunity and hematopoiesis. Using antibimtediated microbiota depletion in a
syngeneic BMT mouse model, here we describe a role for the intestinal flora in hematopoietic recovery
after BMT. Depletion ofhie intestinal microbiota resulted in impaired recovery of lymphocyte and
neutrophil counts, while recovery of the hematopoietic stem and progenitor compartments and the
erythroid lineage were largely unaffected. Depletion of the intestinal microbiota r@daced dietary
energy uptake and visceral fat stores. Caloric supplementation through sucrose in the drinking water
improved postBMT hematopoietic recovery in mice with a depleted intestinal flora. Taken together, we
show that the intestinal microbiotaontribute to postBMT hematopoietic reconstitution in mice through
improved dietary energy uptake. Intestinal bacteria can exert effects on systemic hematopoiesis. Staffas
et al. show that the intestinal flora contributes to hematopoietic recovery afteneébanarrow
transplantation (BMT) through improved dietary energy uptake. The findings suggest possible clinical
intervention strategies for improved BMT outcomes.

Stroh, M. A., et a[2018). "NCB5O0R Deficiency in the Cerebellum and Midbrain Leads tdr&xedy
and Alterations in Thirst Response, Fasted Feeding Behavior, and Voluntary Exercise in Mice."
Cerebelluml7(2): 152164.

Cytosolic NADH-cytochrome-b5-oxidoreductase (NCB50R) is ubiquitously expressed in animal tissues. We
have previously reportethat global ablation of NCB50R in mice results in eambet lean diabetes with
decreased serum leptin levels and increased metabolic and feeding activities. The conditional deletion of
NCB5OR in the mouse cerebellum and midbrain (conditional knock k&, miice) results in local iron
dyshomeostasis and altered locomotor activity. It has been established that lesion to or removal of the
cerebellum leads to changes in nutrient organization, visceral response, feeding behavior, and body
weight. This study aessed whether loss of NCB50OR in the cerebellum and midbrain altered feeding or
metabolic activity and had an effect on serum T3, cortisol, prolactin, and leptin levels. Metabolic cage data
revealed that 16 week old male CKO mice had elevated respiratmrtyenits and decreased respiratory
water expulsion, decreased voluntary exercise, and altered feeding and drinking behavior compared to
wild-type littermate controls. Most notably, male CKO mice displayed higher consumption of food during
refeeding after a48-h fast. Echo MRI revealed normal body composition but decreased total water
content and hydration ratios in CKO mice. Increased serum osmolality measurements confirmed the
dehydration status of male CKO mice. Serum leptin levels were significantyeslém male CKO mice
while prolactin, T3, and cortisol levels remain unchanged relative totwile controls, consistent with
elevated transcript levels for leptin receptors (short form) in the male CKO mouse cerebellum. Taken
together, these findings gigest altered feeding response post starvation as a result of NCB50R deficiency
in the cerebellum.
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Treat, M. D., et al. (2018). "Extreme physiological plasticity in a hibernating basoendothermic mammal,
Tenrec ecaudatusJournal of Experimental Biolog®1(20).

Physiological plasticity allows organisms to respond to diverse conditions. However, can being
too plastic actually be detrimental? Malagasy common tenrecs, Tenrec ecaudatus, have many
plesiomorphic traits and may represent a basal placental mammal. Vébledted a laboratory
population of T. ecaudatus and found extreme plasticity in thermoregulation and metabolism, a novel
hibernation form, variable annual timing, and remarkable growth and reproductive biology. For
instance, tenrec body temperature (Thagnapproximate ambient temperature to as low as 12°C even
when tenrecs are fully active. Conversely, tenrecs can hibernate with Th of 28°C. During the active
season, oxygen consumption may varyf@kl with little or no change in Th. During the austral teim
tenrecs are consistently torpid but the depth of torpor may vary. A righting assay revealed that Tb
contributes to but does not dictate activity status. Homeostatic processes are not always linked, e.g. a
hibernating tenrec experienced@34%decrease heart rate while maintaining constant body
temperature and oxygen consumption rates. Tenrec growth rates vary but young maygfeld in
the 5 weeks until weaning and may possess indeterminate growth as adults. Despite all of this
profound plasticiy, tenrecs are surprisingly intolerant of extremes in ambient temperature (<8 or
>34°C). We contend that while plasticity may confer numerous energetic advantages in consistently
moderate environments, environmental extremes may have limited the succekdisinibution of
plastic basal mammals.

Wabhl, D., et al. (2018). "Comparing the Effects of-Pootein and HigiCarbohydrate Diets and Caloric
Restriction on Brain Aging in Mic&€€ll Report25(8): 22342243.e2236.

Calorie restriction (CR) increasdsdpan and improves brain health in mice. Ad libitum-fmetein, high
carbohydrate (LPHC) diets also extend lifespan, but it is not known whether they are beneficial for brain
health. We compared hippocampus biology and memory in mice subjected to 2086 E&®/ided ad

libitum access to one of three LPHC diets or to a control diet. Patterns of RNA expression in the
hippocampus of 1Bnonth-old mice were similar between mice fed CR and LPHC diets when we looked at
genes associated with longevity, cytokines\d dendrite morphogenesis. Nutriesensing proteins,
AyOf dzZRAYy3 {Lwe¢mMXI Y¢hwI FYyR tD/mh3X gSNB |faz2 AyT¥T:
and LPHC diets were associated with increased dendritic spines in dentate gyrus neurons. NRafed

LPHC diets had modest improvements in the Barnes maze and novel object recognition. LPHC diets
recapitulate some of the benefits of CR on brain aging. Calorie restriction (CR) and ad libiHpirat&m,
high-carbohydrate (LPHC) diets improve card@tabolic health in mice. Wahl et al. show that, like
healthspan, CR and LPHC diets positively affect hippocampus biology in mice by influencing hippocampus
gene expression, nutriergensing pathways, dendritic morphology, and cognition.
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Wang, B., et a(2018). "Effects of eucalyptus oil and anise oil supplementation on rumen fermentation
characteristics, methane emission, and digestibility in shedputnal of Animal Scien®&(8): 3460
3470.

The objective of this study was to evaluate antimethanoganiiwvity of eucalyptus oil (EUC) and anise oil
(ANI) in vitro and in vivo using sheep as a model. In vitro study was conducted using batch culture
technique, each of EUC and ANI were added at 0, 50, 100, 200, or 400 mg/L of fermentation media with
substrde containing 60% corbased concentrate and 40% hay (DM basis). Total gas production (GP)
linearly (P < 0.01) decreased with increasing ANI, whereas the GP was not affected with EUC addition.
Supplementation of ANI and EUC linearly (P < 0.01) decreatsdrtethane production and methane
proportion in total gas. Total VFA and ammenitogen (NH3 N) concentration linearly (P < 0.01)
decreased with increasing ANI supplementation. For the in vivo study, a replicated 3 x 3 Latin square
design was carriedut using six ruminal cannulated Du Han hybrid sheep (BW, 64.5 + 8.56 kg) with 22 d
of periods. Three treatments were control diet (consisted of 60% -based concentrate and 40%
Chinese wildrye hay), EUC (control diet supplemented with 0.5 g EUC/d mbr Aed ANI (control diet
supplemented with 0.5 g ANI/d per head). Each period consisted of 14 d for adaption and 8 d for sampling
and data collection. Supplementation of EUC and ANI had no effects on feed intake and apparent nutrient
digestibility. RumineNH3N concentration was greater with EUC (P < 0.01) and ANI (P = 0.03) than control.
Urinal allantoin output was less (P < 0.05) in sheep fed EUC and ANI than control animals. Methane
emission was less (P = 0.03) in sheep fed ANI than sheep fed EUCiesmaegncy of decrease for an
eduction in this parameter was found for sheep fed with ANI (P = 0.08) compared to control. The in vitro
results indicated a reduction of methane production with both EUC and ANI but in addpsadant
manner. Supplementatiorof ANI tended to reduce ruminal methane production without adversely
affecting rumen fermentation characteristics, nutrient intake, and digestibility, suggesting potential
inhibition of ruminal methane emission in sheep supplemented with ANI.

Wang, S.,al. (2018). "Supplementation of Pelleted Hazel (Corylus avellana) Leaves Decreases
Methane and Urinary Nitrogen Emissions by Sheep at Unchanged Forage |8i@ketific Reports
8(1).

This study is the first to quantify the effects of hazel (Coryledlava) leaves on methane and urinary
nitrogen emissions, digestibility, nitrogen and the energy balance of ruminants. Four experimental pellets
were produced with 0, 30% and 60% hazel leaves, the latter also with 4% polyethylene glycol. Hazel leaves
gradwally replaced lucerne. The diet was composed of the pellets and grass hay (80%: 20%). Six adult
sheep were allocated to all four treatments in a 6 x 4 crossover design. Including hazel leaves did not
affect the feed intake, but it decreased the apparergeftibility of organic matter and fibre, especially at

the high level. Methane emission was reduced by up to 25 to 33% per day, per unit of intake and per unit
of organic matter digested. Urinary nitrogen excretion decreased by 33 to 72% with increaslsgade

hazel leaves. The treatment with polyethylene glycol demonstrated that tannins in hazel leaves caused
significant shares of the effects. In conclusion, the current results indicated a significant potential of hazel
leaves as forage for ruminants toitigate methane and urinary nitrogen emissions. Even high dietary
hazel leaf proportions were palatable. The lower digestibility needs to be compensated with easily
digestible diet ingredients.
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Wilmanns, J. C., et 42018). "Metformin Intervention Preents Cardiac Dysfunction in a murine model
of Adult Congenital Heart Diseas®ibRxiv

Congenital heart disease (CHD) is the most frequent birth defect worldwide and the number of adult
patients with CHD, now referred to as ACHD, is increasing. Howexenechanisms whereby ACHD
predisposes patients to heart dysfunction are still unclear. ACHD is strongly associated with metabolic
syndrome, but how ACHD interacts with poor modern lifestyle choices and other comorbidities, such as
hypertension, obesityrad diabetes, is mostly unknown. Using a genetic mouse model of ACHD we showed
that ACHD mice placed under metabolic stress (high fat diet) displayed decreased heart function.
Comprehensive physiological, biochemical and molecular analysis showed thath&@kexhibited

early changes in energy metabolism that preceded cardiac dysfunction. Restoration of metabolic balance
by metformin prevented the development of heart dysfunction in ACHD mice. This study reveals that early
metabolic impairment reinforcesheart dysfunction in ACHD predisposed individuals and diet or
pharmacological interventions can be used to modulate heart function and attenuate heart failure and
may be an important avenue for intervention in ACHD.

Wilmanns, J. C., et §2018).Metformin Intervention Prevents Cardiac Dysfunction in a murine model
of Adult Congenital Heart Diseasmre.ac.uk.

Congenital heart disease (CHD) is the most frequent birth defect worldwide and the number of adult
patients with CHD, now referred to as ACHDincreasing. However the mechanisms whereby ACHD
predisposes patients to heart dysfunction are still unclear. ACHD is strongly associated with metabolic
syndrome, but how ACHD interacts with poor modern lifestyle choices and other comorbidities, such as
hypertension, obesity and diabetes, is mostly unknown. Using a genetic mouse model of ACHD we showed
that ACHD mice placed under metabolic stress (high fat diet) displayed decreased heart function.
Comprehensive physiological, biochemical and moleculatyaisashowed that ACHD hearts exhibited
early changes in energy metabolism that preceded cardiac dysfunction. Restoration of metabolic balance
by metformin prevented the development of heart dysfunction in ACHD mice. This study reveals that early
metabolic impairment reinforces heart dysfunction in ACHD predisposed individuals and diet or
pharmacological interventions can be used to modulate heart function and attenuate heart failure and
may be an important avenue for intervention in ACHD.

Woodie, L. N.,teal. (2018). "Restricted feeding for 9 h in the active period partially abrogates the
detrimental metabolic effects of a Western diet with liquid sugar consumption in midetabolism:
Clinical and Experiment8P: 1-13.

Background: Obesity is a majoulpic health concern that can result from diets high in fat and sugar,
including sugar sweetened beverages. A proposed treatment for di@tdced obesity is timeestricted

feeding (TRF), which restricts consumption of food to specific times of t#he@4cycle. Although TRF
shows great promise to prevent obesity and the development of chronic disease, the effects of TRF to
reverse metabolic changes and the development of NAFLD in animal models of a Western diet with sugary
water consumption is not know Objective: The objective of the current study was to evaluate the role
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of TRF in the treatment of obesity and NAFLD through examination of changes in metabolic and
histopathologic parameters. Methods: To better understand the role of TRF in the treatrhebesity

and NAFLD, we investigated the metabolic phenotype and NAFLD parameters in a mouse model of NAFLD
in which obesity and liver steatosis are induced by a Western Diet (WD):-&ahijbt of lard, milkfat and

Crisco with sugary drinking watdvlice were subjected to a sheterm (4weeks) and longerm (10

weeks) TRF in which food was restricted to 9 h at night. Results: Prior to TRF treatment, the WD mice had
increased body mass, and exhibited less activity, and higher average daytime engegditxe (EE)

than chow fed mice. Approximately @nd 10weeks following TFR treatment, WIOIRF had moderate but

not statistically significant weight loss compared to \AdDlibitum (WDBAL) mice. There was a modest but
significant reduction in the inguinaldipose tissue weight in both WERF groups compared to the WD

AL groups; however, there was no difference in epididymal and retroperitoneal adipose tissue mass or
adipocyte size distribution. In contrast, the diatluced increase in normalized liversiige weight, hepatic
triglyceride, and NAFLD score was partially abrogated in4veek WBTRF mice, while systemic insulin
resistance was partially abrogated and glucose intolerance was completely abrogated inteed VD

TRF mice. Importantly, Winduced metabolic dysfunction (substrate utilization, energy expenditure, and
activity) was partially abrogated by dnd 10week TRF. Conclusions: Our results support the hypothesis
that TRF aids in reducing the detrimental metabolic effects of consumingwitvBugary drinking water

but does not ameliorate obesity.

Zhang, Xand C. Paul (2018). "PZB4 Target Mitochondria Metabolism and Energy Expenditure in
Muscle Atrophy, Sarcopenia and Cachexixércise Biochemistry Revidyb).

Objective Muscle atrophy is a common and clinically important outcome of many diseases and
hospitalization bed rest. Mechanical unloading of skeletal muscles may result in a rapid loss of muscle
mass and mitochondria dysfunction. And the recovery from disuse muscle atrophy is usually complete in
young healthy adults but is delayed and often ingdete in older patients. However, the mechanisms
underlying poor recovery of aged muscle following disuse remain to be delineated. Recent evidence
suggests that mitochondrial energetics play an important role in regulation of muscle mass. To this end,
we employed multiple approaches to address the role of mitochondrial fundiwh metabolism in
muscle atrophy and sarcopenia. And we are also engaged to develop novel mitochangetzd
antioxidant peptides to mitigate this mitochondrialated functionaimpairment by ROS and improve the
recovery from muscle atrophy and cachexia. Methods Tail Suspension Hind Limb Unloading for adult mice
(6-month-old) and aged mice (224month old). Cardiometabolic PhenotypingMeasuremenbf fat and

lean mass (g) is accomplished using a LFOOINMR (Bruker, Madison, WI). Locomotor activity
measurements are obtained using a Promethion Mouse Multiplexed Metabolic System(Sable Systems
International, Las Vegas, NV).Mitochondrial Respirafespirometry assays were conducted using an
Oxygrapk2k (Oroboros Instruments, Innsbruck, Austria), Mitochondria H202 emission was measured
with Amplex Red reagent which reacts with H202 to produce the stable fluorescent compound resorufin.
Resorufin flucescence was monitored using a Fluorescerceontinuous, spectrophotometric assay was
utilized to measure mitochondrial calcium retention capacity (CRC) within soleus fiber buRNI&s.
Sequencing and InformatiddEGG Pathway and Upstream Regulator ysigml Realime Quantitative
PCRMultidimensional mass spectrometiyased shotgun lipidomics was employed to measure and
characterize the lipid patterns inmouse soleus muddetabolomics Acylcarnitines A panel of
acylcarnitines was quantitated by LC/ NS (Agilent 1290 HPLC/6490 triple quadrupole mass
spectrometer) Amino Acids. Quantitation of amino acids was achieved using LC/MS/MS (Agilent 1290

152
PROMETHION" PROMETHION



List of Publications - Promethion metabolic and behavioral phenotyping system

HPLC/6490 triple quadrupole mass spectrometer). Results Old mice have impaired early recovery of soleus
mass following unloading induced muscle atropnd mitochondrial function and metabolism does not
Improve during early recovery in aged Mi€gvergent metabolomic responseas found between adult

and aged Mice during unloading and recovery. Howevanscriptomic response to unloading and
reloading is similar in adult and aged Mice. Conclusions Here, we report that aged mice with low muscle
mass and low glucose clearance rate also display poor early recovery of muscle mass after disuse muscle
atrophy. Weused unbiased and targeted approaches to identify changes in energy metabolism gene
expression, metabolite pools and mitochondrial phenotype and show for the first time that persistent
YAG2O0K2YRNRI f R& & T dzy O Acxigaion and &lesfed HZAOP éndisRion oecur G & |
concomitantly with poor early recovery of muscle mass following a period of disuse in old mice.
Importantly, this is linked to more severe whdbedy insulin resistance, as determined by insulin
tolerance test. Our findings alsomhed cellular metabolic changes during muscle atrophy and sarcopenia
may induce higher production of oxygen radicals that play a significant role in the progression of age
related sarcopenia. These findings suggest that muscle fuel metabolism and mitoehamkrgetics

could be a focus for mining therapeutic targets to improve recovery of muscle mass following periods of
disuse. We are engaged to develop novel mitochontiaigeted antioxidant peptides to mitigate this
mitochondriarelated functional impament by ROS and improve the recovery from muscle atrophy and
cachexia. Gadministration of other targeted compounds walso promising to improve recovery from
muscle atrophy and cachexia.

Zhang, X., et al. (2018). "Impaired Mitochondrial Energ€&tlearacterize Poor Early Recovery of Muscle
Mass Following Hind Limb Unloading in Old MideLirnals of GerontologySeries A Biological
Sciences and Medical Scien@&10): 13131322.

The progression of agelated sarcopenia can be accelerated by iingeé recovery of muscle mass
following periods of disuse due to illness or immobilization. However, the mechanisms underlying poor
recovery of aged muscle following disuse remain to be delineated. Recent evidence suggests that
mitochondrial energetics plagn important role in regulation of muscle mass. Here, we report that@2
24-month-old mice with low muscle mass and low glucose clearance rate also display poor early recovery
of muscle mass following 10 days of hind limb unloading. We used unbiadeadrgeted approaches to
identify changes in energy metabolism gene expression, metabolite pools and mitochondrial phenotype,
FYR aK2g F2NJ GKS TFANBRG GAYS GKI G LISNAEA Gofidagon, YA (2
and elevated H 2 O Zwdssion occur concomitantly with poor early recovery of muscle mass following a
period of disuse in old mice. Importantly, this is linked to more severe wiadly insulin resistance, as
determined by insulin tolerance test. The findings suggest that radsel metabolism and mitochondrial
energetics could be a focus for mining therapeutic targets to improve recovery of muscle mass following
periods of disuse in older animals.

AnunciadeKoza, R. P., et al. (2017). "Bieduced adipose tissue expansiomrigigated in mice with a
targeted inactivation of mesoderm specific transcript (MedPLbS On#&2(6).

Interindividual variation of white adipose tissue (WAT) expression of mesoderm specific transcript (Mest),
a paternallyexpressed imprinted gene bel@nk y 3 (i 2hydiokase fold woiotein family, becomes
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apparent among genetically inbred mice fed high fat diet (HFD) and is positively associated with adipose
tissue expansion (ATE). To elucidate a role for MEST in ATE, mice were developed with gialpbdaad

tissue inactivation of Mest. Mice with homozygous (MestgKO) and paternal allelic (MestpKO) inactivation
of Mest were born at expected Mendelian frequencies, showed no behavioral or physical abnormalities,
and did not perturb expression of the Mektcusderived microRNA miRB35. MestpKO mice fed HFD
showed reduced ATE and adipocyte hypertrophy, improved glucose tolerance, and reduced WAT
expression of genes associated with hypoxia and inflammation compared to littermate controls.
Remarkably, calariintake and energy expenditure were unchanged between genotypes. Mice with
adipose tissue inactivation of Mest were phenotypically similar to MestpKO, supporting a role for WAT
MEST in ATE. Global profiling of WAT gene expression éeHEDNtrol and MstpKO mice detected few
differences between genotypes; nevertheless, genes with reduced expression in MestpKO mice were
associated with immune processes and consistent with improved glucose homeostasiteritzed
mesenchymal stem cells (EMSC) from MeGkghkice showed no differences in adipogenic differentiation
compared to control cells unless challenged by shRNA knockdown of Gpat4, an enzyme that mediates
lipid accumulation in adipocytes. Reduced adipogenic capacity of EMSC from MestgKO after Gpat4
knocldown suggests that MEST facilitates lipid accumulation in adipocytes. Our data suggests that
reduced dietinduced ATE in MESIEficient mice diminishes hypoxia and inflammation in WAT leading to
improved glucose tolerance and insulin sensitivity. Sincetivetion of Mest in mice has minimal
additional effects aside from reduction of ATE, an intervention that mitigates MEST function in adipocytes
is a plausible strategy to obviate obesity and t#diabetes.

Arguin, G., et al. (2017). "The loss of P2¢€éptor expression leads to increase intestinal glucose
transit and hepatic steatosisScientific Reportg(1).

In intestinal epithelial cells (IEC), it was reported that the activation of the P2X7 receptor leads to the
internalization of the glucose tresporter GLUT2, which is accompanied by a reduction of IEC capacity to
transport glucose. In this study, we used P2#ixnice to decipher P2X7 functions in intestinal glucose
transport and to evaluate the impacts on metabolism. Immunohistochemistry aeslyevealed the
presence of GLUT2 at the apical domain of P2rx&unum enterocytes. Positron emission tomography

and biodistribution studies demonstrated that glucose was more efficiently delivered to the circulation of
knockout animals. These findimgcorrelated with increase blood glucose, insulin, triglycerides and
cholesterol levels. In fact, P27 mice had increased serum triglyceride and cholesterol levels and
displayed glucose intolerance and resistance to insulin. Finally, 2mite devéoped a hepatic
steatosis characterized by a reduction of Acaca, Acach, Fasn and Acoxl mRNA expression, as well as for
ACC and FAS protein expression. Our study suggests that P2X7 could play a central role in metabolic
diseases.

Belenchia, A. M., et al. (2017). "In utero vitamin D deficiency predisposes offspring teitong
adverse adipose tissue effectddurnal of Endocrinolog?84(3): 301:313.

The ktal period represents an important window of susceptibility for later obesity and metabolic disease.
Maternal vitamin D deficiency (VDD) during pregnancy is a global concern that may havdastorg
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consequences on offspring metabolic health. We soutghtdetermine whether a VDD in utero
environment affects fetal adipose tissue development and offspring metabolic disease predisposition in
adulthood. Furthermore, we sought to explore the extent to which the VDD intrauterine environment
interacts with genéic background or postnatal environment to influence metabolic health. Eigigk

old PO female C57BL/6J mice were fed either a VDD diet or sufficient diet (VDS) from four weeks before
pregnancy (periconception) then bred to male Avy/a mice. Females weiietamed on the diets
throughout gestation. At weaning, Avy/a and a/a male F1 offspring were randomized fai¢isFD) or
high-fat diet (HFD) until 19 weeks of age, at which point serum and adipose tissue were harvested for
analyses. Mice born to VDD rda weighed less at weaning than offspring born to VDS dams but
experienced rapid weight gain in the four weeks post weaning, and acquired a greater ratio of perigonadal
(PGAT) to subcutaneous (SQAT) than control offspring. Additionally, these mice wersusaeptible to
HFDinduced adipocyte hypertrophy. Offspring of VDD dams also had greater expression of Pparg
transcript. These novel findings demonstrate that in utero VDD, an easily correctable but highly prevalent
health concern, predisposes offspritg longterm adipose tissue consequences and possible adverse
metabolic health complications.

Bunney, P. E., et al. (2017). "Orexin activation counteracts decreases in nonexercise activity
thermogenesis (NEAT) caused by Hagfhdiet." Physiology and Bekeor 176: 139148.

Overweight and obesity result from an imbalance between caloric intake and energy expenditure,
including expenditure from spontaneous physical activity (SPA). Changes in SPA and resulting changes in
non-exercise activity thermogenesiNEAT) likely interact with diet to influence risk for obesity. However,
previous research on the relationship between diet, physical activity, and energy expenditure has been
mixed. The neuropeptide orexin is a driver of SPA, and orexin neuron activibe gaanipulated using
DREADDs (Designer Receptors Exclusively Activated by Designer Drugs). We hypothesized that HFD
decreases SPA and NEAT, and that DRieAdaliated activation of orexin neuron signaling would abolish

this decrease and produce an increaseNEAT instead. To test these ideas, we characterized behaviors

to determine the extent to which access to a hifgih diet (HFD) influences the proportion and probability

of engaging in food intake and activity. We then measured NEAT following accd<d tmH following a
DREADD intervention targeting orexin neurons. Two cohorts of eoegimale mice were injected with

an excitatory DREADD virus into the caudal hypothalamus, where orexin neurons are concentrated. Mice
were then housed in continuous mdtalic phenotyping cages (Sable Promethion). Food intake, indirect
calorimetry, and SPA were automatically measured every second. For cohort 1 (n = 8), animals were given
access to chow, then switched to HFD. For cohort 2 (n = 4/group), half of the anieralgiven access

to HFD, the other access to chow. Then, among animals on HFD, orexin neurons were activated following
injections of clozapine-nxide (CNO). Mice on HFD spent significantly less time eating (p < 0.01) and more
time inactive compared to raé on chow (p < 0.01). Following a meal, mice on HFD were significantly more
likely to engage in periods of inactivity compared to those on chow (p < 0.05). NEAT was decreased in
animals on HFD, and was increased to the NEAT level of control animalsniglkstivation of orexin
neurons with DREADDs. Food intake (kilocalories) was not significantly different between mice on chow
and HFD, yet mice on chow expended more energy per unit of SPA, relative to that in mice consuming
HFD. These results suggest tthdFD consumption reduces SPA and NEAT, and increases inactivity
following a meal. Together, the data suggest a change in the efficiency of energy expenditure based upon
diet, such that SPA during HFD burns fewer calories compared to SPA on a standadtethow
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