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学 位 論 文 

 

Liver-specific G0S2 expression exacerbates hepatic insulin resistance in high fat 

induced insulin-resistant rats. 

 (肝臓における G0S2の㐣剰発現は、㧗脂肪㣵誘発性インスリン抵抗

性モデルラットにおいて肝臓でのインスリン抵抗性を増悪させる) 
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ABSTRUCT 

OBJECTIVE: Hepatic steatosis is strongl\ associated with insulin resistance.  

Recentl\ it has been reported that G0S2 inhibited the lipol\sis activit\ of adipose 

trigl\ceride lipase (ATGL), which is a major hepatic lipase as well as in adipoc\tes.  

Moreover, we confirmed that G0S2 protein contents were increased in the livers of 

high fat diet (HFD)-fed rats.  However, the precise ph\siological role of hepatic 

G0S2 is still unknown. 

In the current studies, we investigated the effect of hepatic G0S2 on insulin 

sensitivit\ in normal chow diet (NCD) or HFD-fed male Wistar rats b\ 

overexpressing G0S2 protein using an adenovirus (Ad) encoding mouse G0S2. 

RESEARCH DESIGN AND METHODS: Male Wistar rats were fed with NCD or 

60% HFD for a total of 4 weeks.  After 3 weeks feeding, the\ were injected with 

control Ad-GFP or Ad-G0S2. On da\ 7 post injection, intravenous glucose tolerance 

test (ivGTT) and eugl\cemic-h\perinsulinemic clamp studies (at 25 mU/kg/min 

insulin infusion rate) were performed after a 8-hour fast. 

RESULTS: The bod\ weight and fasting glucose levels were not significantl\ 

different between the Ad-GFP and the Ad-G0S2 groups.  In the HFD-fed rats, 

during the clamp studies, the glucose infusion rate (GIR) required to eugl\cemia 

was significantl\ decreased b\ 16% (from 34.9 � 2.3 to 29.4 � 0.8 mg/kg/min, P < 

0.05) in the Ad-G0S2 group compared with the Ad-GFP group.  Insulin-suppressed 

hepatic glucose output (HGO) was significantl\ increased from 5.1 � 0.6 to 6.7 � 0.5 

mg/kg/min (p < 0.05) in the Ad-G0S2 group, but insulin-stimulated glucose disposal 

rate (IS-GDR) was not significantl\ different between two groups.  On the other 

hand, under the NCD conditions, there were no significant changes in the GIR, 
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IS-GDR, and HGO between two groups.  Consistent with the clamp data, the 

insulin-stimulated phosphor\lation of Akt (Ser473) was significantl\ decreased in 

the livers of the HFD-fed rats injected with Ad-G0S2. Furthermore, the Oil-Red O 

stain indicated that overexpression of G0S2 protein in liver promoted hepatic 

steatosis b\ 2.5-fold in HFD-fed rats. 

CONCLUSION: These results indicate that hepatic G0S2 protein might promote 

hepatic insulin resistance b\ the exacerbation of hepatic steatosis. 
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INTRODUCTION 

 T\pe 2 diabeWeV iV a pUogUeVViYe diVeaVe, chaUacWeUi]ed b\ inVXlin UeViVWance and 

impaiUed inVXlin VecUeWion, Zhich lead Wo chUonic h\peUgl\cemia and incUeaVed UiVk of 

micUo- and macUo-YaVcXlaU complicaWionV [1].  InVXlin UeViVWance, Zhich iV chaUacWeUi]ed 

b\ an impaiUed abiliW\ of inVXlin Wo inhibiW glXcoVe oXWpXW fUom Whe liYeU and Wo pUomoWe 

glXcoVe XpWake in mXVcle [1], iV fUeTXenWl\ Zell eVWabliVhed in indiYidXalV ZiWh impaiUed 

glXcoVe inWoleUance (IGT).  In addiWion, InVXlin UeViVWance iV a cenWUal componenW defining 

Whe meWabolic V\ndUome, a conVWellaWion of abnoUmaliWieV WhaW inclXde obeViW\, 

h\peUWenVion, glXcoVe inWoleUance, and d\Vlipidemia [2].   

 HepaWic VWeaWoViV, defined aV ecWopic accXmXlaWion of WUigl\ceUideV (TGV) in 

hepaWoc\WeV, iV Whe fiUVW VWep in a VpecWUXm of non-alcoholic faWW\ liYeU diVeaVe (NAFLD). 

In Whe WZo-hiW model of NAFLD paWhogeneViV, hepaWic faW accXmXlaWion iV Whe µfiUVW hiW¶ 

and hepaWic VWeaWoViV leadV Wo µVecond hiW¶ WhaW UeVXlWV in hepaWoc\We injXU\ [3]. HepaWic 

VWeaWoViV iV moUe fUeTXenW among people ZiWh diabeWeV and obeViW\ [4, 5], and pUeYalence 

of hepaWic VWeaWoViV iV incUeaVing in Japan [6]. AccXmXlaWion of TGV in Whe liYeU leadV Wo 

hepaWic inVXlin UeViVWance [7], and moUeoYeU, hepaWic VWeaWoViV iV WhoXghW Wo be an 

independenW deWeUminanW of caUdioYaVcXlaU diVeaVe [8, 9]. HepaWic VWeaWoViV deYelopV 

Zhen fUee faWW\ acid (FFA) XpWake and V\nWheViV in Whe liYeU e[ceedV iWV eliminaWion UaWeV 

[10]. A laUge nXmbeU of molecXleV can be inYolYed in Whe UegXlaWion of lipid meWaboliVm 

in Whe liYeU. 

 G0/G1 VZiWch gene 2 (G0S2) iV one of Whe G0/G1 VZiWch (G0S) geneV WhaW ZeUe 

fiUVW idenWified in l\mphoc\WeV dXUing WheiU lecWin-acWiYaWed VZiWch fUom Whe G0 Wo Whe G1 

phaVeV of Whe cell c\cle [11]. SeYeUal UepoUWV haYe VXggeVWed WhaW G0S2 iV a mXlWifaceWed 

pUoWein ZiWh diVpaUaWe fXncWionV UelaWed Wo pUolifeUaWion, meWaboliVm, inflammaWion, and 
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caUcinogeneViV. The G0S2 gene ZaV iV epigeneWicall\ Vilenced in head and neck canceU 

[12], VTXamoXV lXng canceU, and ciVplaWin-UeViVWanW canceU cellV [13]. On Whe oWheU hand, 

Whe G0S2 e[pUeVVion ZaV eleYaWed in endomeWUioViV [14], bUonchial epiWhelial cellV WUeaWed 

ZiWh UeWinoic acid [15], VeneVcenW deUmal fibUoblaVWV [16], bone maUUoZ cellV fUom 

paWienWV ZiWh UheXmaWoid aUWhUiWiV [17], and peUipheUal mononXcleaU cellV fUom paWienWV 

ZiWh YaVcXliWiV [18] and pVoUiaViV [19]. 

G0S2 ZaV laWeU idenWified aV a noYel pXWaWiYe WaUgeW gene of peUo[iVome 

pUolifeUaWoU-acWiYaWed UecepWoU Į (PPARĮ) b\ compaUing liYeU mRNAV of Zild-W\pe and 

PPARĮ-nXll mice XVing micUoaUUa\V, and iW ZaV UepoUWed WhaW Whe G0S2 mRNA leYel ZaV 

higheVW in adipoVe WiVVXe and ZaV Xp-UegXlaWed dXUing adipogenic diffeUenWiaWion of moXVe 

3T3-L1 cellV and WhaW G0S2 iV a diUecW PPARV, eVpeciall\ PPARȖ, WaUgeW gene [20]. 

RecenWl\, iW ZaV UeYealed WhaW G0S2 inhibiWed adipoVe WUigl\ceUide lipaVe (ATGL) [21], 

Zhich ZaV Whe UaWe-limiWing en]\me foU TGV h\dUol\ViV in adipoc\WeV [22] and ZaV VhoZn 

Wo be a majoU hepaWic lipaVe WhaW UegXlaWeV TGV WXUnoYeU [23-25]. HepaWic e[pUeVVion of 

G0S2 ZaV maUkedl\ incUeaVed XndeU high VXcUoVe dieW (HSD) in Nago\a-ShibaWa-YaVXda 

(NSY) mice [26]. Wang eW al. UepoUWed WhaW AdenoYiUXV-mediaWed e[pUeVVion of G0S2 

(Ad-G0S2) poWenWl\ indXced hepaWic VWeaWoViV in mice [27]. TheVe VWXdieV VXggeVW WhaW 

G0S2 haV an impoUWanW Uole in UegXlaWion of hepaWic TG meWaboliVm. HoZeYeU, Whe Uole of 

G0S2 in inVXlin Vignaling iV XncleaU. In WhiV VWXd\, Ze inYeVWigaWed Whe effecW of hepaWic 

G0S2 on inVXlin VenViWiYiW\ in noUmal choZ dieW (NCD) oU high faW dieW (HFD)-fed male 

WiVWaU UaWV b\ oYeUe[pUeVVing G0S2 XVing Ad-G0S2.  
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MATERIALS AND METHODS 

Materials 

AdEasy� Adenoviral Vector System was purchased from Stratagene Inc. (La 

Jolla, CA, USA).  Adeno-X Virus Purification and Rapid Titer Kits were purchased from 

TAKARA BIO INC. (Shiga, JAPAN).  Male Wistar rats were procured from Charles 

River Laboratory Japan, Inc. (Kanagawa, Japan).  Insulin (Novolin R) was 

purchased from Novo Nordisk (Copenhagen, Denmark).  High fat diet (HFD) (60% 

w/w, #D12492) was purchased from Research Diet Inc. (New Brunswick, NJ, 

USA).  The catheter (Micro-Renathane MRE-033, 0.033 cm in OD and 0.014 cm in 

ID) was purchased from Braintree Scientific (Braintree, MA, USA).  D-[3-3H] glucose 

was purchased from PerkinElmer Inc. (Waltham, MA, USA).  Pentobarbital was 

purchased from Kyoritsu Pharmaceutical Co. (Tokyo, Japan).  The 50% dextrose was 

purchased from Otsuka Pharmaceutical Co. (Tokushima, Japan).  BCA protein assay 

reagent was purchased from Thermo Fisher Scientific Inc. (Rockford, IL, USA).  

Complete Mini (Phosphatase and protease inhibitors) was purchased from Roche Applied 

Science (Mannheim, Germany).  Polyvinylidine difluoride (PVDF) transfer membranes 

were purchased from Millipore Corp (Bedford, MA, USA).  ImmunoBlock was 

purchased from DS Pharma Biomedical Co. Ltd (Osaka, Japan).  Anti-phospho-specific 

Akt (Ser473), Akt, and E-actin antibodies were purchased from Cell Signaling 

Technology (Boston, MA, USA).  G0S2 (#sc-133424) antibody and horseradish 

peroxidase-conjugated secondary antibody were purchased from Santa Cruz 

Biotechnology (Santa Cruz, CA, USA).  TRIzol reagent and pCR2.1-TOPO vector were 

purchased from Invitrogen Life Technologies (Carlsbad, CA, USA).  The RNeasy kit was 
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purchased from QIAGEN Inc. (Valencia, CA, USA).  All other reagents were purchased 

from Sigma (St. Louis, MO, USA). 

 

Subcloning of the mouse adiponectin cDNA by RT-PCR. 

The mouse full-length G0S2 cDNA (312 bp) was amplified from mouse liver 

using the 5'-CAGATGGAAAGTGTGCAGGAGCTG-3' sense and 5'-CCGGCCTTAAG 

AGGCGTGCTGCCG-3' antisense primers, subcloned into the pCR2.1-TOPO 

(Invitrogen) and sequenced, confirming that the clones corresponded to the mouse 

adiponectin (GenBank(TM) accession number BC117038). 

 

Construction of recombinant adenoviruses.  

 AdenoYiUXV e[pUeVVing moXVe G0S2 (Ad-G0S2) ZaV geneUaWed fUom Whe 

fXll-lengWh cDNA, VXbcloned ZiWh an AdEaV\� AdenoYiUal VecWoU S\VWem (SWUaWagene 

Inc.), pUopagaWed in HEK293 cellV, and pXUified ZiWh Adeno-X ViUXV PXUificaWion and 

Rapid TiWeU KiWV (TAKARA BIO INC).  ConWUol Ad-GFP ZaV iVolaWed XVing Whe Vame 

pUocedXUe.  BoWh UecombinanW YiUXVeV ZeUe dial\]ed in PBS, pH 7.4, and VWoUed in 10% 

gl\ceUol/PBS aW ±80 qC XnWil XVe. 

 

Animal studies. 

 Si[-Zeek old male WiVWaU UaWV (ChaUleV RiYeU LaboUaWoU\ Japan, Inc.)  ZeUe 

hoXVed indiYidXall\ XndeU conWUolled lighW/daUk (12/12 h) and WempeUaWXUe condiWionV (25 

ÛC), and had fUee acceVV Wo ZaWeU and noUmal choZ dieW (NCD) oU 60% HFD (ReVeaUch 

DieW Inc.) .  RaW UeceiYed a fUeVh dieW eYeU\ 3 da\V, and food conVXmpWion UaWeV and bod\ 

ZeighW gainV ZeUe moniWoUed eYeU\ 3da\V.  AfWeU feeding Whe indicaWed choZ foU 3 ZeekV, 
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Whe UaWV ZeUe implanWed ZiWh 3 caWheWeUV (MicUo-RenaWhane MRE-033, 0.033 cm in OD 

and 0.014 cm in ID; BUainWUee ScienWific, BUainWUee, MA), aV pUeYioXVl\ deVcUibed [28].  

In bUief, 2 caWheWeUV ZeUe placed inWo Whe UighW jXgXlaU Yein, and anoWheU one ZaV placed 

inWo Whe lefW caUoWid aUWeU\ XndeU Vingle-doVe aneVWheVia (penWobaUbiWal 50 mg/kg; K\oUiWVX 

PhaUmaceXWical Co.) giYen inWUapeUiWoneall\.  CaWheWeUV ZeUe WXnneled VXbcXWaneoXVl\, 

e[WeUioUi]ed aW Whe back of Whe neck, and filled ZiWh hepaUini]ed Valine.  The jXgXlaU and 

caUoWid caWheWeUV ZeUe XVed foU infXVion and blood Vampling, UeVpecWiYel\.   And 

VXbVeTXenWl\, Whe\ ZeUe injecWed inWUa-aUWeUiall\ fUom Whe caWheWeU of Whe lefW caUoWid aUWeU\ 

ZiWh 1 u 109 p.f.X. of G0S2 oU GFP YiUXVeV peU UaW.  The animalV ZeUe giYen 7 da\V Wo fXll\ 

UecoYeU fUom Whe VXUgeU\.  All pUocedXUeV ZeUe peUfoUmed in accoUdance ZiWh Whe GXide 

foU CaUe and UVe of LaboUaWoU\ AnimalV of Whe NIH and ZeUe appUoYed b\ Whe Animal 

SXbjecWV CommiWWee of Whe FXkXVhima Medical UniYeUViW\, Japan. 

 

Glucose and insulin tolerance tests and eugl\cemic-h\perinsulinemic clamp 

procedures. 

 On da\ 7 afWeU Whe adenoYiUXV injecWion, glXcoVe WoleUance and inVXlin 

VenViWiYiW\ ZaV aVVeVVed XVing an inWUaYenoXV glXcoVe WoleUance WeVW (iYGTT) and 

eXgl\cemic-h\peUinVXlinemic clamp.  The UaWV ZeUe faVWed foU 8 hoXUV befoUe Whe VWaUW of 

all e[peUimenWV. 

 FoU Whe iYGTT, Whe UaWV ZeUe injecWed ZiWh 0.5 g/kg bod\ ZeighW of de[WUoVe 

(50% de[WUoVe; OWVXka PhaUmaceXWical Co.) in Whe jXgXlaU Yein.  Blood VampleV ZeUe 

collecWed aW Wime 0, 15, 30, 60, 90, and 120 min fUom Whe caUoWid aUWeU\. 

The eXgl\cemic-h\peUinVXlinemic clamp e[peUimenWV began ZiWh a conVWanW 

infXVion (0.04 PCi/min) of D-[3-3H] glXcoVe (NeZ England NXcleaU).  AfWeU 120 min of 
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WUaceU eTXilibUaWion and baVal Vampling aW Wime -10 min, and 0 min, glXcoVe (50% 

de[WUoVe, YaUiable infXVion; OWVXka PhaUmaceXWical Co.) and WUaceU (0.12 PCi/min) plXV 

inVXlin (25 mU/kg/min, NoYolin R; NoYo NoUdiVk) ZeUe infXVed inWo Whe jXgXlaU Yein aV 

pUeYioXVl\ deVcUibed [29, 30]. 

 Small blood VampleV (60 Pl) ZeUe dUaZn aW 10-min inWeUYalV and immediaWel\ 

anal\]ed foU glXcoVe (CompacW ElecWUode Blood SXgaU Anal\]eU AnWVenVe: HORIBA LWd, 

K\oWo, Japan) Wo mainWain Whe inWegUiW\ of Whe glXcoVe clamp WhUoXghoXW Whe dXUaWion of 

Whe e[peUimenW.  Blood VampleV ZeUe Waken aW -120 min (VWaUW of e[peUimenW), -10 min and 

0 min (baVal), and 100 min, 110 min and 120 min (end of e[peUimenW), foU deWeUminaWion 

of glXcoVe Vpecific acWiYiW\, inVXlin and FFA, conWenW.  To enVXUe accXUac\, baVal and 

WeUminal Vampling ZaV peUfoUmed WZice, aW a 10-minXWe inWeUYal.  We confiUmed WhaW 

VWead\-VWaWe condiWionV ZeUe achieYed aW Whe end of Whe clamp befoUe obWaining Whe 

WeUminal blood Vpecimen b\ meaVXUing blood glXcoVe eYeU\ Wen minXWeV and aVVXUing WhaW 

VWead\ VWaWe foU glXcoVe infXVion and plaVma glXcoVe leYelV ZaV mainWained foU a 

minimXm of 20 minXWeV befoUe final Vampling.  We define a VWead\-VWaWe blood glXcoVe 

concenWUaWion aV one ZheUe Whe glXcoVe concenWUaWion and infXVion UaWe flXcWXaWe b\ 3 

mg/dl oU leVV and b\ 5% oU leVV, UeVpecWiYel\, oYeU 10 minXWeV.  All blood VampleV ZeUe 

immediaWel\ cenWUifXged, and plaVma ZaV VWoUed aW -80 �C foU VXbVeTXenW anal\ViV.  AfWeU 

WeUminal blood Vampling aW 120 min, animalV ZeUe pUompWl\ eXWhani]ed ZiWh 

penWobaUbiWal (180 mg/kg). TiVVXeV ZeUe Waken and immediaWel\ fUo]en in liTXid niWUogen 

and VWoUed aW -80 �C foU VXbVeTXenW meWabolic anal\ViV. 

 

Analytical procedures. 

 RaW inVXlin, hXman inVXlin, adiponecWin, fUee faWW\ acid (FFA), aVpaUWaWe 
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aminoWUanVfeUaVe (AST), alanine aminoWUanVfeUaVe (ALT), Ȗ-glXWam\l WUanVpepWidaVe 

(J-GT) ZeUe anal\]ed b\ a pUiYaWe laboUaWoU\ (SRL LaboUaWoU\, Tok\o, Japan).  PlaVma 

glXcoVe Vpecific acWiYiW\ ZaV meaVXUed in dXplicaWe afWeU ]inc VXlfaWe and baUiXm 

h\dUo[ide depUoWeini]aWion. 

 

Immunoblotting anal\sis.  

 LiYeU, Ued TXadUicepV mXVcle, and ZhiWe adipoVe WiVVXe XVed foU meWabolic 

anal\ViV ZeUe Waken fUom animalV immediaWel\ afWeU eXWhanaVia, UinVed VeYeUal WimeV in 

cold Valine Wo UemoYe blood, fUo]en in liTXid niWUogen and VWoUed aW -80 �C.  CaUe ZaV 

Waken Wo aYoid Waking VecWionV of Whe liYeU lobeV conWaining laUge blood YeVVelV.  TiVVXeV 

ZeUe homogeni]ed in liTXid niWUogen and l\Ved in bXffeU conWaining phoVphaWaVe and 

pUoWeaVe inhibiWoUV (CompleWe Mini; Roche Applied Science) accoUding Wo Whe pUoWocol of 

Whe manXfacWXUeU.  The pUoWein concenWUaWion ZaV deWeUmined b\ BCA pUoWein aVVa\ 

UeagenW (TheUmo FiVheU ScienWific Inc.). ETXal amoXnWV of pUoWein ZeUe VepaUaWed b\ 10% 

VodiXm dodec\l VXlfaWe-pol\acU\lamide gel elecWUophoUeViV (SDS-PAGE) and WUanVfeUUed 

Wo pol\Yinidene diflXoUide membUaneV (Immobilon; MillipoUe), and ZeUe When blocked 

ZiWh ImmXnoBlock (DS PhaUma Biomedical Co. LWd.) oYeUnighW.  The membUaneV ZeUe 

pUobed ZiWh pUimaU\ AkW and phoVpho-AkW (SeU473) anWibodieV (Cell Signaling 

Technolog\) folloZed b\ a HoUVeUadiVh peUo[idaVe-conjXgaWed VecondaU\ anWibod\ 

(SanWa CUX] BioWechnolog\).  The immXnocomple[eV ZeUe YiVXali]ed ZiWh ECL ZeVWeUn 

bloWWing deWecWion UeagenWV (AmeUVham; GH HealWhcaUe, UK).  ȕ-acWin VeUYed aV an 

inWeUnal conWUol pUoWein.  Band inWenViWieV ZeUe TXanWified b\ denViWomeWU\ XVing Whe 

Image-J VofWZaUe (NIH, BeWheVda, MD, USA). 
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Histological examination. 

 A poUWion of liYeU ZaV fi[ed ZiWh 10% foUmalin and embedded in paUaffin.  3 

�m VecWionV ZeUe cXW and VWained ZiWh hemaWo[\lin and eoVin foU e[aminaWion of liYeU 

hiVWolog\ (BX-50, Ol\mpXV CoUpoUaWion, Tok\o, Japan). The VecWionV ZeUe alVo 

incXbaWed ZiWh a UabbiW monoclonal G0S2 anWibod\ (SanWa CUX], CA, USA) foU 12 Wo 16 

hoXUV aW 4ႏ and VWained b\ Simple SWain MAX-PO (NichiUei BioVcienceV Inc., Tok\o, 

Japan). To e[amine lipid accXmXlaWion, 6 �m fUo]en VecWionV ZeUe VWained ZiWh Oil Red 

O.  Ten fieldV in eYeU\ indiYidXal VecWion ZeUe Uandoml\ VelecWed, and Whe Oil Red 

O-VWained aUea and Whe WoWal WiVVXe aUea ZeUe meaVXUed XVing Whe Image J VofWZaUe.  The 

UaWio of Whe Oil Red O-VWained aUea Wo Whe WoWal WiVVXe aUea ZaV calcXlaWed (%). 

 

Statistical anal\sis. 

 The glucose infusion rate (GIR) required to maintain euglycemia reflects the 

systemic insulin sensitivity. Hepatic glucose output (HGO), which reflects the hepatic 

insulin sensitivity, and glucose disposal rate (GDR) were calculated for the basal period 

and steady-state portion of the glucose clamp using the Steele equation for steady-state 

conditions (HGO = GDR ±GIR) [31].  The insulin-stimulated GDR (IS-GDR) reflects the 

ability of insulin to increase GDR above the basal value, which means that IS-GDR 

reflects the muscle insulin sensitivity. IS-GDR is calculaWed b\ VXbWUacWing each animal¶V 

basal HGO value from the final GDR achieved at the end of the clamp period (IS-GDR = 

total GDR ± basal HGO value). 

Data are presented as mean r SEM.  Statistical differences between two groups 

were calculated by the unpaired Student's test.  All data are distributed to ensure that the 

use of means and t-test is appropriate.  Statistical significance was defined as P<0.05. 
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RESULTS 

G0S2 SURWeLQ OeYeOV LQ OLYeU, PXVcOe, aQd ZhLWe adLSRVe WLVVXeV LQ Whe baVaO VWaWe. 

 We fiUVW inYeVWigaWed Whe e[pUeVVion of G0S2 pUoWein in Whe liYeU, VkeleWal 

mXVcle and ZhiWe adipoVe WiVVXeV of conWUol UaWV b\ ZeVWeUn bloW anal\ViV.  In liYeU and 

ZhiWe adipoVe WiVVXeV, G0S2 pUoWein leYelV of HFD-fed UaWV ZeUe VignificanWl\ higheU Whan 

WhoVe of NCD-fed UaWV (FigXUe 1A and 1C).  HoZeYeU, Whe G0S2 pUoWein leYel in VkeleWal 

mXVcleV ZeUe no VignificanW changeV in NCD- and HFD-fed UaWV (FigXUe 1B). 

 To confiUm Whe G0S2 pUoWein e[pUeVVion b\ Ad-G0S2, Ze peUfoUmed ZeVWeUn 

bloWWing of cell l\VaWeV obWained fUom eiWheU Ad-G0S2- oU Ad-GFP- infecWed HEK 293 

cellV.  The e[pUeVVion of G0S2 pUoWein ZaV deWecWed in cellV infecWed ZiWh Ad-G0S2, bXW 

did noW deWecWed in cellV infecWed ZiWh Ad-GFP (FigXUe 1C). 

RepUeVenWaWiYe UeVXlWV of immXnohiVWochemiVWU\ of G0S2 pUoWeinV in liYeUV of UaWV 

infecWed ZiWh Ad-G0S2 oU Ad-GFP aUe VhoZn in FigXUe 4E. SWaining foU G0S2 pUoWeinV 

ZaV locali]ed Wo Whe c\WoplaVm of hepaWoc\WeV. G0S2 pUoWein leYelV ZeUe higheU in Whe 

liYeU WiVVXeV infecWed ZiWh Ad-G0S2 Whan ZiWh Ad-GFP. G0S2 pUoWeinV leYelV of 

Ad-G0S2-infecWed liYeU WiVVXeV ZeUe deWeUmined b\ ZeVWeUn bloW anal\ViV (FigXUe 1F). 

 

OYeUaOO aQLPaO chaUacWeULVWLcV. 

 Table 1 VhoZV Vome of Whe geneUal chaUacWeUiVWicV of Whe UaWV in Whe baVal VWaWe on 

da\ 7 afWeU injecWion of Ad-G0S2 oU conWUol Ad-GFP XndeU Whe NCD oU HFD condiWionV.  

The bod\ ZeighW, liYeU ZeighW, and food inWakeV (daWa noW VhoZn) ZeUe noW diffeUenW 

beWZeen Whe Ad-G0S2 and conWUol Ad-GFP gUoXpV, Zhile Whe bod\ ZeighW and liYeU 

ZeighW of Whe HFD-fed UaWV ZeUe VignificanWl\ gUeaWeU Whan WhoVe of Whe NCD-fed UaWV. 

TheUe ZeUe no VignificanW diffeUenceV in glXcoVe, inVXlin, and HOMA-IR leYelV beWZeen 
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Whe Ad-G0S2-infecWed UaWV and Whe Ad-GFP-infecWed UaWV, alWhoXgh WhoVe leYelV of Whe 

HFD-fed UaWV Wended Wo be higheU Whan WhaW of NCD-fed UaWV. AdiponecWin, FFA, AST, 

ALT, and Ȗ-GTT leYelV did noW diffeU VignificanWl\ beWZeen WZo gUoXpV. 

 

NCD-feedLQg VWXdLeV. 

InWUaYenoXV glXcoVe WoleUance WeVWV. 

On 7 da\V afWeU injecWion of adenoYiUXVeV, iYGTTV ZeUe peUfoUmed on 8-h-faVWed 

UaWV. 0.5 g/kg glXcoVe ZaV injecWed inWo Whe jXgXlaU Yein. TheUe ZeUe no obYioXV 

diffeUenceV in glXcoVe leYelV beWZeen Whe Ad-G0S2-infecWed UaWV and Whe 

Ad-GFP-infecWed UaWV XndeU Whe NCD condiWionV (FigXUe 2A). IW ZaV Whe Vame UeVXlW foU 

inVXlin leYelV (FigXUe 2B). 

EXgl\cemic-h\peUinVXlinemic clampV. 

To diUecWl\ e[amine Whe meWabolic impacW of G0S2 pUoWein on inVXlin VenViWiYiW\, 

Ze ne[W VXbjecWed boWh gUoXpV of UaWV Wo eXgl\cemic-h\peUinVXlinemic clampV aW ma[imal 

(25 mU/kg/min) inVXlin infXVion UaWe. SWead\-VWaWe glXcoVe and inVXlin leYelV dXUing Whe 

clamp VWXdieV ZeUe VimilaU in Whe WZo gUoXpV (Table 1). DXUing WheVe VWXdieV, Ze 

meaVXUed inVXlin VWimXlaWion of Zhole-bod\ GDR and VXppUeVVion of HGO. The GIR 

UeTXiUed Wo mainWain eXgl\cemia didn¶W diffeU beWZeen Whe WZo gUoXpV (FigXUe 3A). To 

aVVeVV Whe inVXlin-VWimXlaWed componenW of glXcoVe diVpoVal, Whe IS-GDR ZaV calcXlaWed.  

The IS-GDR didn¶W diffeU beWZeen Whe WZo gUoXpV, eiWheU (FigXUe 3B). 

BaVal HGO YalXeV ZeUe noW diffeUenW beWZeen Whe Ad-G0S2-infecWed UaWV and Whe 

Ad-GFP-infecWed UaWV. DXUing Whe clamp VWXdieV, HGO YalXeV didn¶W diffeU beWZeen Whe 

WZo gUoXpV, eiWheU (FigXUe 3C). 
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HFD-feedLQg VWXdLeV. 

InWUaYenoXV glXcoVe WoleUance WeVWV. 

 FaVWing glXcoVe and inVXlin leYelV VhoZed no VignificanW diffeUenceV beWZeen Whe 

Ad-G0S2-infecWed UaWV and Whe Ad-GFP-infecWed UaWV XndeU Whe HFD condiWionV (FigXUe 

4A, 4B). HoZeYeU, afWeU Whe 0.5 g/kg glXcoVe load, Whe glXcoVe leYelV ZeUe VignificanWl\ 

higheU in Whe Ad-G0S2-infecWed UaWV aW 15 and 30 min (283.3 � 11.4 YV. 244.9 � 10.7 mg/dl 

and 226.2 � 9.4 YV. 195.9 � 8.7 mg/dl UeVpecWiYel\, p < 0.05) (FigXUe 4A). ConWUaU\ Wo oXU 

e[pecWaWion, WheUe ZeUe no VignificanW diffeUenceV in inVXlin leYelV dXUing iYGTT VWXdieV 

beWZeen Whe WZo gUoXpV (FigXUe 4B). 

EXgl\cemic-h\peUinVXlinemic clampV. 

SWead\-VWaWe glXcoVe and inVXlin leYelV dXUing Whe clamp VWXdieV ZeUe VimilaU in 

Whe WZo gUoXpV (Table 1). The GIR UeTXiUed Wo mainWain eXgl\cemia ZaV VignificanWl\ 

decUeaVed b\ 16% (fUom 34.9 � 2.3 Wo 29.4 � 0.8 mg/kg/min, P < 0.05) in Whe 

Ad-G0S2-infecWed UaWV, VhoZing impaiUed oYeUall inVXlin VenViWiYiW\ (FigXUe 5A). The 

IS-GDR didn¶W diffeU beWZeen Whe WZo gUoXpV (FigXUe 5B). 

BaVal HGO YalXeV ZeUe noW diffeUenW beWZeen Whe Ad-G0S2-infecWed UaWV and Whe 

Ad-GFP-infecWed UaWV (9.9 � 0.6 and 9.5 � 0.6 mg/kg/min) (FigXUe 5C). DXUing Whe clamp 

VWXdieV, HGO YalXeV ZeUe VignificanWl\ higheU in Whe Ad-G0S2-infecWed UaWV Whan in Whe 

Ad-AGF-infecWed UaWV (6.7 � 0.5 YV. 5.1 � 0.6 mg/kg/min, P < 0.05) (FigXUe 3C), 

VXggeVWing WhaW Whe G0S2 pUoWein pUomoWeV hepaWic inVXlin UeViVWance. 

 

IQVXOLQ VLgQaOLQg VWXdLeV. 

To aVVeVV Whe poWenWial cellXlaU mechaniVmV of G0S2-indXced impaiUmenW in 

inVXlin VenViWiYiW\, Ze obWained liYeU, VkeleWal mXVcle and ZhiWe adipoVe WiVVXe VampleV 
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fUom Whe UaWV aW Whe end of Whe eXgl\cemic-h\peUinVXlinemic clamp. TheVe VampleV, Zhich 

UepUeVenW Whe fXll\ inVXlini]ed VWaWe aW Whe WeUminaWion of Whe glXcoVe clamp VWXd\, ZeUe 

homogeni]ed and Whe pUoWein l\VaWeV ZeUe VXbjecWed Wo immXnobloWWing. 

We meaVXUed AkW phoVphoU\laWion (SeU473), Zhich iV Whe moVW impoUWanW 

molecXle of Whe inVXlin Vignaling. InVXlin led Wo a maUked VWimXlaWion of AkW 

phoVphoU\laWion in liYeU, VkeleWal mXVcle, and ZhiWe adipoVe WiVVXeV fUom conWUol baVal 

VWaWe UaWV XndeU Whe NCD condiWionV (FigXUe 6A, 6B, and 6C).  TheUe ZeUe no VignificanW 

diffeUenceV in AkW phoVphoU\laWion beWZeen Whe Ad-G0S2-infecWed UaWV and Whe 

Ad-GFP-infecWed UaWV in liYeU, mXVcle, and ZhiWe adipoVe WiVVXeV. On Whe oWheU hand, WhiV 

effecW of AkW phoVphoU\laWion aW SeU437 ZaV VignificanWl\ decUeaVed b\ 65% (P < 0.05) in 

liYeUV XndeU Whe HFD condiWionV (FigXUe 7A), bXW noW in mXVcle and ZhiWe adipoVe WiVVXeV 

of Whe Ad-G0S2-infecWed UaWV (FigXUe 7B, 7C). 

 

HLVWRORgLcaO e[aPLQaWLRQ. 

MacUoVcopicall\, Whe liYeUV Ze haUYeVWed fUom Whe Ad-G0S2-infecWed UaWV and Whe 

Ad-GFP-infecWed UaWV looked Whe Vame, alWhoXgh liYeUV of Whe HFD-fed UaWV looked faWWieU 

Whan WhoVe of Whe NCD-fed UaWV (FigXUe 8A). To eYalXaWe lipid accXmXlaWion, Whe liYeUV 

ZeUe VXbVeTXenWl\ VecWioned and VWained ZiWh Oil Red O, Zhich VWainV neXWUal lipidV 

(FigXUe 8B). Oil Red O VWaining aUeaV of Whe HFD-fed UaWV ZeUe VignificanWl\ laUgeU Whan 

WhoVe of NCD-fed UaWV. ThiV incUeaVe of lipid accXmXlaWion ZaV aXgmenWed b\ 2.5-fold in 

Whe G0S2-infecWed UaWV XndeU Whe HFD condiWionV, bXW noW XndeU Whe NCD condiWionV. ThiV 

UeVXlW VXggeVWV hepaWic inVXlin UeViVWance iV ZoUVen in Whe Ad-G0S2-infecWed UaWV XndeU 

Whe HFD condiWionV, and VXppoUWV Whe UeVXlWV of iYGTT, eXgl\cemic h\peUinVXlinemic 

clamp, and ZeVWeUn bloWWing VWXdieV. 
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DISCUSSION 

ReVXlWV fUom Whe pUeVenW VWXd\ demonVWUaWed WhaW XndeU HDF condiWion, noW XndeU 

NCD condiWion, G0S2 indXced Whe lipid accXmXlaWion in Whe UaW liYeU and deYeloped 

hepaWic VWeaWoViV. G0S2 oYeUe[pUeVVion impaiUed Whe WoWal inVXlin VenViWiYiW\ b\ pUomoWing 

Whe hepaWic inVXlin UeViVWance. TheVe findingV VXggeVW WhaW G0S2 iV an impoUWanW UegXlaWoU 

of hepaWic gl\colipid meWaboliVm. 

The liYeU iV one of Whe pUimaU\ oUganV UeVponVible foU conWUolling eneUg\ 

homeoVWaViV in mammalV. HepaWic VWeaWoViV aUiVeV fUom an imbalance beWZeen TG 

acTXiViWion and UemoYal. The faWW\ acidV XVed foU hepaWic TG foUmaWion aUe deUiYed fUom 

dieW, de noYo V\nWheViV, and adipoVe WiVVXe. DieWaU\ faWV Waken Xp in Whe inWeVWine aUe 

packaged inWo TG-Uich ch\lomicUon and deliYeUed Wo Whe V\VWemic ciUcXlaWion, and a20% 

of Whe TG in ch\lomicUon iV deliYeUed Wo Whe liYeU [32]. CaUboh\dUaWe feeding pUomoWeV de 

noYo V\nWheViV of FFA fUom aceW\l-coen]\me A (CoA) b\ incUeaVing Whe leYel of inVXlin 

and Whe aYailabiliW\ of VXbVWUaWe. InVXlin VWimXlaWeV Whe WUanVcUipWion facWoU VWeUol 

UegXlaWoU\ elemenW-binding pUoWein-1c (SREBP-1c) Yia a Vignaling caVcade inYolYing 

AkW2, LXR, and mTOR [33]. SREBP-1c Xp-UegXlaWeV Whe en]\meV WhaW caWal\]e 

lipogeneViV [34]. GlXcoVe alVo pUomoWeV lipogeneViV b\ acWiYaWing Whe WUanVcUipWion facWoU 

caUboh\dUaWe UeVponViYe elemenW-binding pUoWein (ChREBP) [35]. DXUing faVWing, plaVma 

leYelV of inVXlin fall, ZheUeaV leYelV of glXcagon and epinephUine incUeaVe, VWimXlaWing 

TG h\dUol\ViV in adipoc\WeV. The fiUVW VWep in TG h\dUol\ViV iV caWal\]ed b\ ATGL WhaW iV 

Whe UaWe-limiWing en]\me [22]. 

ATGL iV e[pUeVVed aW loZeU leYelV in non-adipoVe WiVVXeV VXch aV heaUW, mXVcle, 

and liYeU [36]. In moVW WiVVXeV of ATGL nXll mice, Whe ecWopic lipid accXmXlaWion ZaV 

incUeaVed (21-fold in caUdiac mXVcle, 3-fold in VkeleWal mXVcle, and 2.3-fold in liYeU) [37]. 
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AdenoYiUXV-mediaWed knockdoZn of ATGL UepoUWedl\ deYeloped hepaWic VWeaWoViV in 

mice [23]. On Whe oWheU hand, iW ZaV UepoUWed WhaW adenoYiUXV-mediaWed oYeUe[pUeVVion of 

ATGL decUeaVed hepaWic VWeaWoViV in HFD-fed mice [24]. LiYeU-Vpecific ATGL knockoXW 

mice ZeUe VhoZn Wo haYe VeYeUe pUogUeVViYe peUipoUWal macUoYeVicXlaU and peUicenWUal 

macUoYeVicXlaU hepaWic VWeaWoViV [25]. TheVe VWXdieV VXggeVW WhaW ATGL iV a majoU hepaWic 

lipaVe WhaW UegXlaWeV TG WXUnoYeU. 

 ATGL acWiYiW\ iV VWUongl\ inflXenced b\ UegXlaWoU\ pUoWeinV. LaVV eW al. idenWified 

compaUaWiYe gene idenWificaWion-58 (CGI-58) aV coacWiYaWoU of ATGL, Zhich iV UeTXiUed 

foU efficienW lipol\ViV [38]. CGI-58 nXll mice incUeaVed faW maVV and die a feZ hoXUV afWeU 

biUWh, moVW likel\ dXe Wo a VeYeUe Vkin defecW.  TheVe VWXdieV VXggeVW WhaW CGI-58 iV 

eVVenWial foU ATGL acWiYaWion [39]. On Whe oWheU hand, moUe UecenWl\, Yang eW al. 

idenWified G0S2, Zhich had been fiUVW idenWified aV a poWenWial cell c\cle UegXlaWoU [11], aV 

an inhibiWoU\ pUoWein of ATGL [21].  

When oYeUe[pUeVVed in HeLa cellV, G0S2 locali]ed Wo lipid dUopleWV and 

pUeYenWed ATGL-mediaWed TG h\dUol\ViV b\ binding Wo ATGL [21]. AlWhoXgh G0S2 iV 

mainl\ e[pUeVVed in bUoZn and ZhiWe adipoVe WiVVXe, G0S2 mRNA iV UeaVonabl\ Zell 

e[pUeVVed in oWheU WiVVXeV, VXch aV lXng, liYeU, and heaUW. [20]. HepaWic e[pUeVVion of G0S2 

ZaV maUkedl\ incUeaVed in onl\ HSD-fed NSY mice, noW in HSD-fed C3H mice, Zhile 

HSD deYeloped hepaWic VWeaWoViV and pUomoWed inVXlin UeViVWance [26]. We UepoUWed heUe 

WhaW Ad-G0S2-infecWed UaWV, onl\ XndeU HFD condiWionV, deYeloped hepaWic VWeaWoViV and 

pUomoWed inVXlin UeViVWance. HepaWic e[pUeVVion of G0S2 ZaV Xp-UegXlaWed b\ faVWing and 

b\ PPARĮ agoniVW Zhile G0S2 e[pUeVVion ZaV Xp-UegXlaWed dXUing Whe adipogeneViV of 

moXVe 3T3-L1 cellV [20]. RecenWl\, Wang eW al. UepoUWed WhaW AdenoYiUXV-mediaWed 

e[pUeVVion of G0S2 poWenWl\ indXced hepaWic VWeaWoViV in mice, and G0S2 ZaV foXnd Wo be 
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co-locali]ed ZiWh ATGL aW Whe VXUface of lipid dUopleWV [27]. In WhiV VWXd\ heUe, conViVWenW 

ZiWh obVeUYaWionV of Wang eW al., Whe Ad-G0S2-infecWed UaWV deYeloped hepaWic VWeaWoViV 

XndeU HFD condiWionV, alWhoXgh WhiV effecW ZaVn¶W obVeUYed XndeU NCD condiWionV. ThiV 

effecW of lipid accXmXlaWion in liYeU mighW be dXe Wo G0S2 inhibiWing AGTL acWiYiW\.  

A nXmbeU of VWXdieV haYe UepoUWed a VWUong UelaWionVhip beWZeen hepaWic VWeaWoViV 

and inVXlin UeViVWance [5, 7, 40-43]. FaW accXmXlaWion in Whe liYeU iV aVVociaWed ZiWh 

defecWV in inVXlin VXppUeVVion of HGO independenW of obeViW\[44, 45]. HepaWic inVXlin 

UeViVWance can occXU independenWl\ of changeV in ciUcXlaWing adipoc\WokineV VXch aV 

WXmoU necUoViV facWoU-Į (TNF-Į), inWeUleXkin-6 (IL-6), UeViVWin, adiponecWin, and UeWinol 

binding pUoWein-4 (RBP-4) [43]. HepaWic UeViVWance ZaV aVVociaWed ZiWh an incUeaVe in 

hepaWic digl\ceUide (DG) conWenW [41]. The link beWZeen hepaWic DAG accXmXlaWion and 

hepaWic inVXlin UeViVWance coXld be aWWUibXWed Wo acWiYaWion of pUoWein kinaVe Cİ (PKCİ) 

[46], Zhich ZaV pUedominanW PKC iVofoUmV acWiYaWed in liYeU folloZing faW feeding [7]. 

The mechaniVm foU lipid-indXced inVXlin UeViVWance iV VimilaU Wo ZhaW iV obVeUYed in 

VkeleWal mXVcle ZheUe PKCș haV been VhoZn Wo be Whe pUedominanW noYel PKC iVofoUm 

acWiYaWed dXUing lipid-indXced mXVcle inVXlin UeViVWance [47, 48]. AcWiYaWed b\ DG, PKCİ 

inhibiWV Whe inVXlin UecepWoU kinaVe. ThiV When leadV Wo decUeaVed inVXlin-VWimXlaWed 

W\UoVine phoVphoU\laWion of inVXlin UecepWoU VXbVWUaWe 1 and 2 (IRS1, IRS2), UeVXlWing in 

UedXced inVXlin acWiYaWion of 1-phoVphoinoViWol 3-kinaVe (PI 3-kinaVe), and AkW2. 

RedXced AkW2 acWiYaWion UeVXlWV in decUeaVed gl\cogen V\nWhaVe (GS)-mediaWed gl\cogen 

V\nWheViV and decUeaVed VXppUeVVion of glXconeogeneViV, Zhich in WXUn leadV Wo glXcoVe 

UeleaVe WhUoXgh glXcoVe WUanVpoUWeU 2 (GLUT2). 

ConVideUing WhaW G0S2 inhibiWV ATGL acWiYiW\, inacWiYaWion of ATGL mighW be 

inYolYed in modif\ing inVXlin UeViVWance in Whe Ad-G0S2-infecWed UaWV. HoZeYeU, Whe 
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aVVociaWion beWZeen ATGL and inVXlin UeViVWance iV conWUoYeUVial. HaemmeUle eW al. 

UepoUWed WhaW glXcoVe and inVXlin WoleUanceV ZeUe impUoYed in ATGL-KO mice XndeU 

NCD condiWionV [37]. WX eW al. UepoUWed WhaW WheUe ZeUe no diffeUenceV in liYeU-Vpecific 

ATGL-KO mice XndeU boWh NCD and HFD condiWionV dXUing GTT and ITT [25]. On Whe 

oWheU hand, Ong eW al. UepoUWed WhaW adenoYiUXV-mediaWed oYeUe[pUeVVion of ATGL 

impUoYed inVXlin WoleUance XndeU NCD condiWionV [24]. WiWh UegaUd Wo G0S2, Wang eW al. 

UepoUWed WhaW, dXUing oUal GTT, G0S2 oYeUe[pUeVVion in Whe liYeU VignificanWl\ impUoYed 

glXcoVe WoleUance in mice XndeU VWandaUd UodenW choZ condiWionV, ZheUeaV WheUe ZeUe no 

VignificanW diffeUenceV in glXcoVe leYelV dXUing inVXlin WoleUance WeVW [27]. In WheVe 

VWXdieV, DG conWenW in Whe liYeU ZaVn¶W aVVeVVed, and moVW VWXdieV ZeUe inYeVWigaWed XndeU 

onl\ NCD condiWionV. The\ aVVeVVed inVXlin UeViVWance b\ GTT oU ITT. TheVe meWhodV 

aUe indiUecW foU TXanWif\ing inVXlin VenViWiYiW\. In Whe pUeVenW VWXd\, Ze XVed 

eXgl\cemic-h\peUinVXlinemic clamp, Zhich iV Whe gold VWandaUd foU TXanWif\ing hepaWic 

inVXlin VenViWiYiW\. We foXnd WhaW Whe Ad-G0S2-infecWed UaWV pUomoWed hepaWic inVXlin 

UeViVWance XndeU HFD condiWionV, Zhich ZaV conViVWenW ZiWh Whe UeVXlWV of IV-GTT and 

WeVWeUn bloWWing anal\ViV in WhiV VWXd\. Fed ZiWh HFD, Whe amoXnW of TGV, Zhich aUe 

deUiYed fUom ch\lomicUon, iV incUeaVed in liYeU ZiWh Whe UeVXlW of gUoZing lipid dUopleWV. 

In Whe Ad-G0S2 infecWed UaWV, XndeU HDF condiWionV, G0S2 inhibiWV ATGL-mediaWed TG 

h\dUol\ViV in dUopleWV and TG conWenW iV incUeaVed. AW Whe Vame Wime, in Whe endoplaVmic 

UeWicXlXm (ER), TGV aUe alVo V\nWheVi]ed fUom DGV, Zhich iV a paUW of de noYo 

lipogeneViV [49]. The V\nWheViV of TGV fUom DGV iV caWal\]ed b\ ac\l CoA: 

diac\lgl\ceUol ac\lWUanVfeUaVe (DGAT) en]\meV. WX eW al. UepoUWed WhaW DGAT2 mRNA 

ZaV maUkedl\ decUeaVed in liYeU-Vpecific ATGL-KO mice [25], Zhich indicaWeV WhaW TG 

V\nWheViV mighW be doZn-UegXlaWed b\ Vome kind of negaWiYe feedback mechaniVm. Then, 
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DG conWenW mighW be incUeaVed in liYeU and pUomoWe hepaWic inVXlin UeViVWance. HoZeYeU, 

DG conWenW in liYeU iV \eW Wo be aVVeVVed, and Whe deWail mechaniVmV of pUomoWing hepaWic 

inVXlin UeViVWance b\ G0S2 VWill Uemain Wo be elXcidaWed. 

In conclXVion, G0S2 mighW pUomoWe hepaWic inVXlin UeViVWance b\ Whe e[aceUbaWion 

of hepaWic VWeaWoViV XndeU HFD condiWionV. The fXUWheU inYeVWigaWionV aUe needed Wo UeYeal 

Whe mechaniVm of G0S2 foU inVXlin VenViWiYiW\. 
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FIGURE LEGENDS 

 

Figure 1. Expression of G0S2 in each tissues of male Wistar rats, and 

overexpression of G0S2 in HEK293 cells and livers of male Wister rats. 

Si[ Zeek-old male WiVWaU UaWV ZeUe fed ZiWh NCD (open baU) oU HFD (cloVed baU) foU 4 

ZeekV. G0S2 pUoWein leYelV in Whe liYeU (A), VkeleWal mXVcle (B), and WAT (C) ZeUe 

deWeUmined ZiWh ZeVWeUn bloWWing. (D) G0S2 oU GFP pUoWeinV leYelV in HEK293 cellV, 

Zhich ZeUe infecWed ZiWh Ad-G0S2 oU Ad-GFP foU 48 hoXUV UeVpecWiYel\, ZeUe alVo 

deWeUmined. (E) ImmXnological deWecWion of G0S2 pUoWeinV in liYeUV of male WiVWaU UaWV. 

(F) G0S2 pUoWein leYelV in liYeUV of Ad-GFP oU Ad-G0S2-infecWed UaWV ZeUe deWeUmined 

ZiWh ZeVWeUn bloWWing. ValXeV aUe meanV � SE (n = 4). *P < 0.05 YV. NCD-fed UaWV. 

 

Figure 2. IV-GTT in NCD-fed rats on postinjection da\ 7. 

GlXcoVe (A) and inVXlin (B) cXUYeV fUom Whe GTT in Ad-GFP (open ciUcle, n = 7) and 

Ad-G0S2 (cloVed ciUcle, n = 7)-infecWed UaWV injecWed ZiWh 0.5 g/kg bod\ ZeighW afWeU 8-h 

faVW. ValXeV aUe meanV� SE. 

 

Figure 3. Eugl\cemic h\perinsulinemic clamp in NCD-fed rats on postinjection 

da\7. 

GIR (A), IS-GDR (B), and in Ad-GFP (open baU, n = 10) and Ad-G0S2 (cloVed baU, n = 

10)-infecWed UaWV afWeU 8-h faVW. HGO (C) ZaV calcXlaWed aW Whe baVal VWaWe (open baU) and 

dXUing clamp (cloVed baU). InVXlin infXVion UaWeV ZeUe 25 mU/kg/min. ValXeV aUe meanV� 

SE. �P < 0.05, ��P < 0.01 YV. baVal VWaWe. 
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Figure 4. IV-GTT in HFD-fed rats on postinjection da\ 7. 

GlXcoVe (A) and inVXlin (B) cXUYeV fUom Whe GTT in Ad-GFP (open ciUcle, n = 7) and 

Ad-G0S2 (cloVed ciUcle, n = 9)-infecWed UaWV injecWed ZiWh 0.5 g/kg bod\ ZeighW afWeU 8-h 

faVW. ValXeV aUe meanV� SE. *P < 0.05 YV. Ad-GFP-infecWed UaWV. 

 

Figure 5. Eugl\cemic h\perinsulinemic clamp in HFD-fed rats on postinjection da\ 

7. 

GIR (A), IS-GDR (B), and in Ad-GFP (open baU, n = 8) and Ad-G0S2 (cloVed baU, n = 

10)-infecWed UaWV afWeU 8-h faVW. HGO (C) ZaV calcXlaWed aW Whe baVal VWaWe (open baU) and 

dXUing clamp (cloVed baU). InVXlin infXVion UaWeV ZeUe 25 mU/kg/min. ValXeV aUe meanV� 

SE. *P < 0.05 YV. Ad-GFP-infecWed UaWV; �P < 0.05, ��P < 0.01 YV. baVal VWaWe. 

 

Figure 6. Effect of G0S2 protein on Akt phosphor\lation (Ser473) in each tissues of 

NCD-fed rats on postinjection da\ 7. 

AkW and pAkW (SeU473) pUoWein leYelV in Whe liYeU (A), VkeleWal mXVcle (B), and WAT (C) of 

Ad-GFP (open baU) and Ad-G0S2 (cloVed baU)-infecWed UaWV ZeUe deWeUmined ZiWh 

ZeVWeUn bloWWing. ValXeV aUe meanV� SE (n = 4). �P < 0.05, ��P < 0.01 YV. baVal VWaWe. 

 

Figure 7. Effect of G0S2 protein on Akt phosphor\lation (Ser473) in each tissues of 

HFD-fed rats on postinjection da\ 7. 

AkW and pAkW (SeU473) pUoWein leYelV in Whe liYeU (A), VkeleWal mXVcle (B), and WAT (C) of 

Ad-GFP (open baU) and Ad-G0S2 (cloVed baU)-infecWed UaWV ZeUe deWeUmined ZiWh 

ZeVWeUn bloWWing. ValXeV aUe meanV� SE (n = 4). *P < 0.05 YV. Ad-GFP-infecWed UaWV; �P < 

0.05 YV. baVal VWaWe. 
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Figure 8. Macroscopic and microscopic aspect of livers postinjection da\ 7. 

(A) PhoWogUaphV of liYeUV aW macUoVcopic Vcale. (B) The liYeU VecWionV ZeUe VWained ZiWh 

Oil Red O ([400). (C) The UaWio of Whe Oil Red O-VWained aUea Wo Whe WoWal WiVVXe aUea ZaV 

calcXlaWed (%) (open baU foU Ad-GFP-infecWed UaWV, cloVed baU foU Ad-G0S2 infecWed UaWV). 

ValXeV aUe meanV� SE (n = 6). **P < 0.01YV. Ad-GFP-infecWed UaWV; �P < 0.05 YV. 

NCD-fed UaWV. 



TaEOH 1 
PODVPD PHDVXUHPHQWV LQ WKH EDVDO VWDWH DQG HXJO\FHPLF-K\SHULQVXOLQHPLF FODPSV 

 AG-GFP (Q) AG-G062 (Q) 

BRG\ ZHLJKW >J@ 408.4 r 8.5(21) 407.8 r 6.1 (24) 

LLYHU ZHLJKW >J@ 14.3 r 0.5 (6) 14.7 r 0.7 (6) 

BDVDO   

  GOXFRVH >PJ/GL@ 178.1 r 7.8 (13) 180.7 r 6.8 (16) 

  IQVXOLQ >QJ/PL@ 4.48 r 0.32 (13) 4.75 r 0.76 (16) 

  HOMA-I5 2.01 r 0.23 (13) 2.09 r 0.48 (16) 

  GOXFDJRQ >SJ/PL@ 57.3 r 5.2 (6) 73.5 r 4.7 (6) * 

  AGLSRQHFWLQ >�J/PL@ 1.42 r 0.10 (6) 1.35 r 0.07 (6) 

  FFA >�EQ/L@ 262.7 r 42.2 (6) 270.8 r 42.0 (6) 

  7G >PJ/GL@ 56.0 r 10.3 (6)  59.7 r 10.2 (6) 

  7C >PJ/GL@ 63.2 r 5.8 (6) 57.1 r 5.9 (6) 

  HDL-C >PJ/GL@ 18.7 r 1.0 (6) 17.3 r 1.4 (6) 

  LLYHU IXQFWLRQ   

    A67 >I8/L@ 81.7 r 10.9(6) 60.8 r 4.6(6) 

    AL7 >I8/L@ 26.5 r 1.7(6) 28.3 r 1.6(6) 

    Ȗ-G77 >I8/L@ 3.0 r 0.0(6) 3.0 r 0.0(6) 

CODPS   

  GOXFRVH >PJ/GO@ 146.9 r1.7 (8) 149.8 r 1.1 (10) 

  HXPDQ LQVXOLQ >�I8/PL@ 1039.7 r 87.5 (6) 1260.0 r 63.9 (6) 

  FFA >�EQ/L@ 63.8 r 13.4 (6) 55.7 r 17.9 (6) 

  6XSSUHVVLRQ UDWH >%@ 75.7 79.4 

9DOXHV DUH PHDQV� 6E. *P < 0.01YV. AG-GFP-LQIHFWHG UDWV 
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