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e A

ERER IRV TR FRA R CTH 5, 7 A U 1 TiE 2008 4025 2018 4
D 10 I TRIF 12%, F 3%DOFIE TSI L TH v | 2018 FFRFIZATH
I TWIZRD 56%, HiD 60%H3 LR T 5 & it 4TV D (Megan 2021),
ROBEFIC2DERE L T b EERZ LIIHVEOE#RTHY | IEFHORD
BRIV FIIAERE2SRRUCBE S 2 2 & A B L TV 2 & 2320 (Munoz—
Prieto B, 2018) 2%, EILE FIAERICHEIRCM BRI R, BSIRE R &%
Bl 42 L, EMIZ QL DIETICORND Z EnHEEN TS (Lavie
5. 2009 ; van der Klaauw & Faroogi. 2015 ; Megan 2021), & 5HI2, ATid
KNG 7 & VN T BE s & PRI AL, B & IS O BE &1 EH STV % (Dumas
& Brisson, 2020), ZHHDRBOTEHEOBEIL B MTBW TR OGN
FTER SN TR, ZLOMERMTHOITVND

B &1, AR E BRI RV B EABZ D ERETDHHD
T, BEJENMOEIZAR & IERER#LE T2 (Lvie B, 2009 ; van der
Klaauw and Farooqi, 2015), FEWGfifcIZIZ, B, @€, ~— 2 Bl
O 3FEEN D D, AEIEMIIREZ 3 LXF—Z R & L TERT 255,
B« X—V 2 BRI R X—Z B L CRIAT2 2N TED

(Harms & Seale, 2013 ; Kajimura & Saito, 2014), Z OEGEAIZIIMEIEA ¥
2RI (Uepl) 3SBEE- LT % (Echtay, 2007 ; Krauss, 2005), #&@AgIGHIAE
X, ¥ T RARNLRZ =T EO/NUE W OIE R BREAEIA L LTHbT
WA TH D (Harms & Seale, 2013 ; Kajimura & Saito, 2014;Wu &,
2009), FEEZBUIAIRE N LIRD D ORFEERHRIEZ LA SH R0, #&
BERARS/ NU BN N SRR BR B CIRIR 2 MEFRF T D BRICEHEC e D, £ DIFZDDIFH
FIZBWTH, BBLOEND G A L7 BERZIZIN O 23 7 KR O 2T 5t i



T D= DICB BRI L 2 BGEANVEZ /0D, T O DGR
FELTWD R, MET DIV, SRR OB RIC K 558 BVEA
IZE D IRIR LA A AEEE 725 (Harms & Seale, 2013 ; Kajimura & Saito,
2014), ZDZ &b E < OGS ENENIHIILIZ X 2 FIEE 2 BAEA DOFTFE)N
RT3 252 LT, BEBEVMEPREL TN B LTS (Kajimura &
Saito, 2014), b MIBWTH, LRI LGNS FELRVWEE
A BAVTWIZ, T FDG-PET IZ X D BRIRBIZERFICR A DO E MZB N T HIEHE
b U= RN FAES 5 Z & ¥ by o 7= (Harms & Seale, 2013 ; Kajimura &
Saito, 2014),

NERIAEE IZ BV TIE S & b L HUETEE & U CRABIRESSM T ORI 2
MAx B ERe MERTIHEHINTWS, LLINLIED DR EEs]
FEZFTZENDN- TS (Kajimura & Saito, 2014), TD7=8, Hiiz/eh
W& UCHEMGIEIZ B & 2 = R L F—HE A BN S 5 2 & CREG & R+
DHEPER SN TND, FEICLVLART br—LEWIRY 7=/ —LD ]
DIXAGNEVMIEZ S L Uepl LT LICE 0 BB A (R Z &
PEEINTEY (Wang B, 2015), 7V A hELTRERESNLTWVWD, L
L. A XICBWTIIER-CARIREEIZ BT~ 5 77U A MR —RHIT
T2, A XUZBW TR Tl elEiMias e ERERIZE A ERYETH
RN LR B3 T FUT U U ERFEIE A 5T D L by ONRIHERKIC Uepl
B L., RGN B 45 Z & (Sasaki &, 1998 ; Omachi 5, 2007)., Uepl
& BWP o 7 F VBT 5 —E OB FRICIEDOFABD 8 % Z & (Motomura &
2019) 72 ERHE STV EN, BIEA XOIEH A RE T 5 -0 O F LT RF

DOy ha— L EEEBNCEEAS Z ENL, L LERICIDESCEED 2 b

72—V I 2 ARE T 5 2 E IR ECH D, (Megan, 2021), = Z CHE



RIS IER L Uepl 213 U0 &4 2 IEMPERE s T O FH i~ L & 6

FERREDOBH A LN T L2 L2 AME L, 5 1 ETIIA X Uepl B T3E
BLUZOWT, 5 2 B TIEA X AARVIRIZI T 2 Rl G s 7 O J IS
WTTRRATE,



F1E A X Ucpl BIcTFRE
1 Fri

UepI 13X hay RUTITAEET DML 2 "7 ETH Y | T & DBE)
HEH SN TWD, IEMOMEETIE Uepl DMENMETFTLTNSZ L, Z8LT
b BT U722V MEIR T Uepl BEEIMLCTWD Z &, Uepl BB S~ T A
TIEAEG L7222 &7 E03hy> TuvA (Dalgaad ., 2001),
RN ORRIMIX, BB M, A, ~— 2 Bk 3
HAH D, AEIEVHIIENIESCE Ficofi LRSI RV —251 & LT
ST D, — . WBEMENMITE RSB ITICom Lo — 2L
LCHIHT % (Harms & Seale, 2013 ; Kajimura & Saito, 2014), ~—3=Jg
iR B R a2 FER IR 72 & 2 = 7 BRIc Bt b LI filaTh v | 18
BIEMIFRRIC =R L F—Z2 B E L CRIT 5 2 & TE 5 (Harms & Seale,
2013 ; Kajimura & Saito, 2014),
B« N— 2 IR BT DEGEAEIX, Ucpl 3R> T D, Uepl IX,
b R THBRICHEIET S 6 BIRE@ARLD # /37 Th 5 (Echtay,
2007 ; Krauss2005), I h=2> FU 7 TILEE ., BORNIMIIER Iz 7 |
CIREEARIX, FoF-ATPase I X D S 4L, 2 & 364 LT ADP & ERE Y L2
MO ATP DEREND, & TAD, faft « X—V 2GR D X 912 Uepl %
%< G ha vy RU T T, Uepl N7 v b RERE & IR 3 5 72
. FF=ATPase (8B 2 RO RIEKZ SN D, 71 b OBKIEFARN
MNEL D e, S hary P 7EERFARE S EDL~VVIRE S L5
WZREEANVE T2 0, 7'r b OESIEFERT vy vEZE LTEZLI
e F—3EE LTSS LB X BT 5 (Echtay, 2007 ;

Krauss, 2005),



A XTIEBT KT U U2 REFC L Atlsliiar®tld s 2 &0
HH>> T 5D (Omachi 5, 2008), LU AGIENERRZ 1L o &9 D450k
BT D Uepl BIEFHBUZ DWW TILD2 > TV, ¥ TIXEAAENHERIC
b Uepl BFAET D Z 030> THEY (Diao H, 2022), A XD HAENGHHFLAE
BRI © Uepl DAFAEL TWDDMNNTHONWTHE 1 ETIEHFHL Z LI L
Tzo EHI2A XD Uepl BART ORI AT 2~ 2 O3 E ENEETH 5 72
O, A XHROSKERE (. Ol 6. TP, B M. B B, R
&, G, EHE. BEIEN) O RNA ZBEA L. RT-PCREA MW T lUepl BT
FEHL L~V TG,



2 MKt ik
2-1 $18}
RYNCTERR LR L2V v ~ U A, 7y o @Rk, 8%n
BElo CERER L7=A X, a0 GlENfEkZ 6 H L,
ZYAGEN #: (7 A U 1) X W BEA L2 & — 27 L D, Dk, fli. AFlg. B, i,
R, ERE. BUE. R B, AEMENHIIEO RNA 2R L7,
AREBRIL, AR TFOMYIEREESORBEF TS UKRE S 1 200109~
2),
2-2 ik
2-2-1 RNA O3 X OVRT-PCR ¥512 £ % cDNA O /E#Y
FEMFEONENGIE, ISOGEN (= v R V=) T Fa b 3 —/LIHEn
total RNA ZHhitH L7, #itH L7= total RNA O¥2JE % Quantus™ Fluorometer %
FAVNT Quantus®RNA System 32 CTHIE L7z, SuperScript™ Il First-Stand
Synthesis System for RT-PCR(Thermo Fisher Scientific) % FV T cDNA % 1E
L=,
2-2-2  RT-PCR
TaKaRa Ex Taq® Hotstart Version(# 1 Z /34 A) D7 v k a— LIZHEV,
10ng @ total RNAIZFHY¥ 2% cDNA Z8l & L CTiTo 72, M 98°C 10 7
55C. 7=—U U 7E 308, MEMIE PS-GXL ZHWT72C 140t
v N 35 YA VIV DERMETIT o7z, WEMEAEIL 30 1 7 VDRMETIT o T2,
i, O, A, ATHE. B R, EAsm. BUE. RSE. BEfEN IR RNA (2

BWTIX 2 PCR #f7 -7,



3 AER



4EE

Ucpl (B ERBMIAAAICAAAE L. AEABMIIICIZFE L Ty, SRIAG
NENIHEARIZ W T Uepl AT DOFHBINRBO - Z LiE. 2 O AN/
\Z Uepl ZFgON—2 2 BifiRAZ < EENTND 2 L 2R LTV D,
=i 72 & Dlifias (2B W T HIME TH D08 Uepl BB FE O bivic, AL
mRNA 75 O Uepl 3815 T RHBZ AT 720, MR FFAICAFE L Tz %
B L TWDAREME S B X biILd, 4%ITHEMOREY AR o J7iE b BT
U Uepl BInTORBERGT T HLERDDL EEZEZBND, LML, 7y M
£ DG CILOMBHARRIC Uepl BWRBLLTNDHZ & DA ML AZ G| ZE
L7 DB ClE Uepl DFBLR T ha— A REC AL TWB 2 & Uepl /
TRy FTIE DAORRZR EDEA~DOZ A=V a3 e — LRI
ERRKEWZ o Tvd (Daorong B, 2022), ZDZ L XA XD
FHRE LIS ORI N TS Uepl BIGFRFEL TWDATREEM DN H Y . BHER
B> TN D ATHEME, TREBOFAESCKEICHE 5T 5 ATfMENRIE S LD,

10



8 2 A X AAfRMIRICI T 2 AR E R T R
1 Frim

1 E T A - X— Y 2 IR FF D Uepl BB T OFEBUZ DN THH,
A XD Uepl BAA 1T NREREMW) & AR TITRWI ENB R bl 52
EETITEE DN T DB A OIS A X OENHAE A BRI L. BRI Sy
b L BERRICBI D DMENEIS 1. 7T 4 B A v BEaiEIMIaR A & Bt &
2D (Uep) (2P 5 &I5F-. BUP o 7 /WIC D 5 8IaF DA R 23 Bia T
O e B & R TS DWW T T,

23 IR T OH TV DT DWW T A TLHT 2, TeliMIL & eI B 2
BRI DWTCIL, PR domain containing 16 (Prdml6)=<° Ppary . WeNiFEE K
B3 (Fasn) 72 EN D, Prdmnl6=° Ppar y 138t « ~— 2 g lifl~D 53k
FHHEAA v F L L TEERERZH O WEMENF TH D, Fasn TRF T x
VX —% R~ & BB LR B OEINCEET 2 & ST (Migita b,
2009), & BT, Fasn DEFEBUINEZOKICEAEG T 5L bFbN TS
(Migita B, 2009), BMP 7" LIdIBER AL OB M ~D /3 (LI B2 7R
BB M L SN TETD, Ppar y DERERIENCRE 535 Z & Tl -« X—
2 I~ Db AR Z L 3 dr > TE 72 (Chen ., 2018), Wik # /3
U8 Uep \ZUX Uepl Z 06D Uep2, 372 E b AFAEL TV D, Uepl 13tGE « N—
= AERGAIIRCAFAE UHERA A RBES 5 2 & CRWEAZ4T D —TJ7, Uep2. Uep3 13
W72 EITHAE L, TEMERESR DR AE 2 M2 THERNOI LS A — 2 %) S1EE
EHOTND EEZHNTWS (Vidal-Puig &, 2000), 75 1 Wb A 36
FRRD B3 W SN D HRVE L ORFRTH O . IENRIMIIZN 3 Wwsles & LT

BIEHSNTWD, 77 4 RAA ZiE Adipog, Leptin, INf-a 2 ENWd 5,

Adipoq . NEWGAIRA D &R RANC W SN HIZH D B, JER & Pl
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WIERRH IR T U, EBD RS 2, FURIEEH . SUBIRIN. HrEhRi

B E 2L TR e RBIZEENH D LB BN TV D (Ricei &
Bevilacqua, 2011), Leptin (ZNENGHHAED &3 S 4L, FUR FHBICEHEIEM L
THRSI 72 BRI X OSSR TTHEIC L D =k L F —{HETTHEEZ 725 L,
RSP B MO FIENC B 545, Lo LI EIT 45 &, Leptiniitth & 72
D RARBOREH bNMEZ R T L 212720 T ETEmICARD Z Do T
W5 (Ricei & Bevilacqua, 2011), TVF-a l3AENMARICRIE Lz~ 07 7 —
VbW EnD, GLUTA ODRBZMEId 52 & TA AU WPt 2 Rd 7
D, RIEVET T 4 BB A > EFHEN T D (Ricei & Bevilacqua, 2011),

. ABEFR DA X 29 BHOJEIGMINIZ BT D, ~N— 2 G
L R WA B3 5 3B s 1 O mRNA FEHL & PR L 72F2E 03 b 5
(Motomura H, 2019), ZODFEHR, KT 4 a7 a2 227 (BCS) & UCPI
EOBHEITONBRD o T23, Prdml6 & BP 3 7 )V O FIKOFBL & & 136
#H LTz (Motomura 5, 2019),
AWFFETIL 129 BADA X DRz FHEM - PWEBAEN, 2 5L LB B & s+ D 3
BLEZeHl L7z, S 5T, 129 BHO HITIXREFE 2R FIRCNEE 70 & OB A FFD
FEFIDNRAE L Tz izd, Bin 73 BLE LIEF ORISR ER Lo 7 a7
7 A& DR LT,
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2 BB L ik

2-1 #1%t

BRI RBE L2 R 129 88 (A A 110 BH, A A, 198H) A L7z (K
3o AADZE ATRHETAN OB IR A2 BRI L7223, 15 S FL R IR
BORBIER S E END, T 7 XERRIPNRERERE (81 5H) , AR (48
BH) CHBLTE (R, £, FBERREROI A G U T, MERZR
KRz /M (n=89), T (n=14), K (n=13) D 3IFEIZHIAL 7= (Salt &,
2017;Jimenez &, 2018) (£ 5), F7o., FEICHBWVTDH 2 RO TR
(n=44), 27%LLE 9RO A (n=36), 9mLL EDOER (n=49) @ 3 REIC
3FE LTz (Panek 5, 2020) (£ 6), WWMEIIRT a7 a2 ay
(BCS) 1ZH-D& 1~b DOH#iH CERERNHIE L7z, BCS 13 3 23 BRARMAR, FAR
AL D HEETWAEAETN LIS &, BEER LY Ko TWABAHT
N 5IZHTS< T & CHEGE & %3 (American Animal Hospital Association
2010), BCS2 (% 18 ¥, BCS3 1% 67 HH, BCS4 % 34 §H, BCS5 X 10 B TH 7=,
TN RAEL, KER (=), TAV D ray h—AN=x)b
(n=1), Nty bTF (0=2), E=2Z/1 (0=1), F—F—=a U — (n=1),
By A (=), RARTUVT =1, F¥ YT FTF ¥ — /L AAR=
) (n=1), FUY (=11), 2—F— (n=4), R—b=> (n=1), 4 7
Vyvaayl—AN=x)L 0=3), 77y ha—7 vy FL FJ——
(n=1), ZL>F TN Ry 7 (0=3), =T L R —s— (n=2), 7L —
Fr—y (=), AZVT 7= 0=2), Vv v 277 vkATIT
(n=1), HRT U7 (n=1), W=~ Xy 7 A7 F (n=1), fINK (=1),
777 K= hJ)—_— (n=5), v VF—X (n=2), S=FaT XV TR

YK (=18), R=F a7 vatut— (n=4), /—TF—27T7 V7T (n=1),

13



RAZ=7v (0=3), Y=y hT7 2V Rv—7FRv 7 (=1), R (n=10), &
—ZX— (n=2), BV FX—F—1F (n=1), bA 7 — KNV (n=20), FTA b
8=k (=1), =27 %—7U7 (=1), Iy 77X (0=17) ThHbDH, FK

DFEM(RFE, MR, RFEED YA X fERZIEFI DR BOIER D FiHi 21T 5
PRIBA E T2 IJORET: - BTN, Fiv. BCS, KE, Flm) 3R 1177,

Plids OV T IENAEARI T TR IR IR U 72, IR E720 B, e 7 1
[TBELE: - BTN, BB PAZE CRELE RN : 76 8, EBFIN : 381, MAEPAZE : 2
HH) Tholz, HEEOEGNT, M5 26 98 (LIRSS : 15 96, JEN5HE : 3 §A,
RS - 3 BE. ATHEESS c 2 98, U o8 2 BH, REMEE 1 8H) THRLE
< MEBLSA OB EIE, 228 (FEERE : 73, HLEREE 488, TERE
PR A BH, ~L=T 4 BH, fEEIMEREE 0 38H) Tholo, FEMEREUCEIL

ITEREE AT S BV RIS U, R & 1572, Bhiiibels CERI L 72 B IA Rk X

RNAlater D Ao 72F = —71ZT RNA ZECALBL A ATV, WERIRTE, KB~
Lo, REBRIT. MAKRFOBMEREESDKRBEBTVD GRRE S
200109-2)
2-2 ik

2-2-1 RNA Offit 3 JL U cDNA DAERK

Pk & OV TREIGARAR L, ISOGEN (= v R ¥— ) HnTrr ha—u
IZHEVY total RNA Z i L7-, i L7z total RNA OJRE % Quantus™
Fluorometer % JH T Quantus®RNA System #&#&(Z CHIE L7-, High—Capacity
cDNA Reverse Transcription Kit(Thermo Fisher Scientific)(ZJ ¥ cDNA %
fES, 2.5ng/ul total RNAIZHA9 5 K 512 cDNA A JREEAE K CTHR L 7=,
2-2-2 U 7 /LH A 5 RT-PCR

THUNDERBIRD® Next SYBR® qPCR Mix CRFE##KAi4) 36 & OF Thermal Cycler

14



Dice ® Real Time System TP800 (X 71 7 /3A A) Z VN, bng @ total R NA(Z
FH4 9% cDNA Z§5 & LT RT-qPCR 21T o7, EVZEME98°C 10F 55C, 7
==V U ZRE 308, MERIE PS-GXL ZHWT72C 14D+% v h% 35
YA I NDFRMETITo T,

RT-qPCR IZH W=7 T A ~—IIYRETIER LT, 7T A ~—DA Y IX
VAT FEAN A3 2 1ZF0Hk L7z,

B FORHARIT, ERIY U FURARIRILET AT 25 —F
L(Hprtl) OFBLEIIK L TEHLL, 2V 7V oFEs2 1 L LTkl
77

2-3  WERMEAT

BCS IZHBE % 5.2 R 12595 72912, SAS ver 9.4 (SAS Institute
2001) Z W T EILRMERINT, 27 v 70 A RiEZRIR LT, p<0.156 THE
=H0 EHE LT,

AT ORBFEORAEBRIIE T V> OFBBMR TH A, p<0.05 THEZAD
D EHE LT,

JEFIOMER, fEEEIRRE, RFED Y A X1 &k 58I TR DO % SAS ver
9.4(SAS Institute 2001) ZHWNToH@mtr&24T - 72, 3 FHIC & 2 i,

Tucky—Kramer %% W THTU, p<0.05 THEZH Y EHIE LT,
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3 fER
Hprt BixF &2 MBI 1 & L ClEDMIasb - BEaEICED 5 23 FHO BT
RRBEELATL A LY 20BLWEHAEL R LICOF Pl T2 07
vy Uep3 T1H T NThole, Uepl DFBLENE D> 2 2 73T
BCS3 TH YV, FrAEERITIL/e o7 (X 5),
23 FEH DA T Z BNl b « BEREICBI D2 BT, 7T 4 RUA >, 1B
FERGREIE R & Uep (ZBE3 215 1-. BUP > 7 I IVICEb B iEE D 45D 7
TAY—ITHEL, FHE L2 (X6),
BCS @Ak, Bin T OMXIIEBIZ M ZS E U, #atic B 72 i A4k
AT D72DIZAT v T T A RiEE W TRE LTCRER. BCS & Uepl OFABS
IFRD HILIR Do T3, BCS 1X4EWR, Leptin, Opn3 & IEDFARE, Ppary & Fasn
EEOMBEEZR UTZ, T Leptin, Uep2 EIXIEDOFR, Ppary. Fabpd,
Fasn, Hsl, Insr, Adipog. BCS|ZBHT 28I+ D& ADMEZRLIL, &
B OMBIL, Uepl & Uep3 #Br< 21 MG TFITIZIEOFEBNED b,
#5 1 BT Ucpl \ZI1X Exon2 DAY T 2 "o 5 T LD ooTeny, 52 #CH
ELT Uepl IFHEREL TV A ANY 7 h 1 EBEEL TVt EX b oY
TR 2RWMAZENRTWDID, BMERELTAY T M1 EANTT b
2 DR ZFIARTAGR, 2 MR Z RO TR RO bz (K 11),
MEREZEN T DWW CEIR TR BLZ ik 95 & Ppary . Fasn, Adipog. InhBbIZ
BWTIIHEDO FNE L Uep2, Uep3 1 ZMED TR E - 7= (1% 7),
A AEHEIR AR WEAERR L, REBRE (0=48) O b, [EEA 5L
E (=26) &5, FEHREETho/e, 22T, T, EHERELIBGH L 02
T2, Ppary. Fasn OFSBLEIIEEE B EERE T . Leptin,

Uep2, Ucp3, InhpbIIEERECTEIHL TWDE I ENbhoT-, Adipog DFE

16



BT, AREZETRD bR oG CIRVWMEAIZ&H 72 (P = 0.06)
(X 8), fERREEFEBORE DL FIET, SBEERETIX Ppar v .
Fasn, Adipoq DIEBNMXL | Leptin, Uep2 DFEHNEmL 125 T EPRS NI
(K9), ROEKEIL, BV SR RRIZ B 2 {51, BIP &7 )L
BT DFBLEN B A 5 2 72> 123, Infa, Opn3 X KEIR O 53 /NR &

D FEBLED m o 72 (X 10)
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4EE

Hprt I FAMEEETE LT BEOBGTFRIEL - 2 A, &Y
020 NRIER LD Uepl T2H 27V, Ueps3 T1LH TN TH-o
2o Ucpl DIFENE -T2 2 Y2 T /UTHITBCS3 TH Y . FERIEER T
ol Uepl DFBLE &L ORIEIITAORBRRRH L Z LR~ T AT &
THE I TS (Kontani B, 2005 ; Cypess 5, 2009 ; Chen &, 2018), ¥
T DNENTHIRE DBFFEIZ BN T Uepl ZFH~_TAFEIT K D & BENENENG D Ucp1
FEHL A Hels U725 R 1500 (5 LA LD Uepl #3895 7 0%, ho w7 T e~
BHHhENMED - 72 2 EBHAE STV D (Chen 5, 2018), ZDZ &LV,
Ucpl DFEBLED 20 fFFEFE TIINRA IR IENIRBE IR+ Th D 2 L3R
iz, EDOREEE Uepl 3EVMETH AL BCS IR B 5 2 5 O DNIA RIEF
Bae L THETT 208N H D, Uep3 TaWIEBLZ R LITERNE, B Alla:
B Y O OSERIIE S T2, Uep3 ITTEMERESR DI A Z I L ARN OFR{L & A
—VEBSIENERDLOTHD, Up3 /) v 7T 7 v~ T AOEKHI ko
Y RUT T BEA b LRI K- THE SN HIEMERES (ROS) 72 & DPEAY)
INBEING 5 Z &L BB SN2 - T 5 (Vidal-Puig &, 2000), % 7= fE5E & B(b
A F L AOBR B HE STV D (Reuter 5, 2010) Z D, Uep3 DI HLHE
INiE B AR Y o SEOFAIZEHD LB LA N L RIZ X D OO A[REMEDN
REEND,

WKIZ BCS & e B LS T E & O BI A fesB 3 5 7 OIS E B ST 247
W, 23 FEE OB 2 NEMIa 1 - BERRICBI D D8I . TT a4 R A 2,
e EAEAIILIZAL & Uep (2B D851, BUP 7 F /VIZBD BI04
DHT IV —ITEE L, OBCS, Flin & BE{n T DOMBHO23 Ein M OBy
JTHRFET Lz, OBCS & Uepl DARBEIZEE® AL D > 7273, BCS 134F .

18



Leptin, Opn3 & EDFERE, Ppary & Fasn &L AOMBEZR LT, Fhnix
Leptin, Ucp2 LIZIEDFIRE, Ppary. Fabp4. Fasn, Hsl, Insr. Adipog, BCS
BT 2 BB T O—EEADFHBAE R Lz, 29 BHOA X xR/ T2 AT
FZECIL, Flp & Leptin 721X Uep2 DFRBEOMIIZIEOMBENH S = &
(Motomura &, 2019), E7-F#nT Adipog DIEHE L ADHENH D Z & 13 H
BT/ >TH Y (Ishioka B, 2007 4E ; Kawasumi &, 2014 4F) . 4% AR
DAERDPF DNz, BIP ¥ 7 T /BT 58 TR0 Prdml 6 13NERZ X 2 8 &
DIR TR ZNE TOMIETHH LN/ > TIY Moerma &, 2004 ; Felix-
Soriano B, 2021), MERIZ LY BUP > 7 F BT 857 CTh D Bupd 131
MU, AIk6 13D Uiz &35 ST % (Moerman 5, 2004), 7= BUP > 7
AT - X— 2 R b & 2 L (Tseng ©, 2008) , #Bfa « X—T =2
HENARRA A~ D SACFE BTN Prdnl6 BB TH H Z & HHE STV 2 (Seale
5. 2011), ANERIZAE D B ENEAIILOTEMAR NI BUP o 7 F WEHEDOIR T &
Prdnl6 DFBUK FICEKT 2 60 LB 2 v, £ OREFIMEIZLEN BCS 2350
THLOLEZ LD, ARIBCS I Prary. Fasn L EAOMBENRD Lz,
AR X AR A RS O s 0 & ARG D R RAL 2 R & 32528, B N TOHERIX
NERGRERR D AERAL S F 2R IR & B 2 5T 5 (Jernds &, 2006 ; Kubota
1999), £ LT, ZDOMEXRIM LIZNENMIIZ L V2 D Leptin ZFEH L TV D
ZELHEIN TV D (Jernds B, 2006 ; Kubota &, 1999), 4 [alA X Ok
(2 5 BCS oI, TENTHIDNE R Z > TR . DT Leptin 3
WLzt EZ DD, £7-. Ppary & Fans O IIIENHIE O IERALIZ 5
THHERIETH S Z ENRBIND,

@B FHOHBAIL, Uepl & Uep3 ZBr< 21 BinFFIZIEDOHBEN TR b

77o FATHFZETH BMP & 7 FNVDZ IR TH D ActRIB & Alk2, Bmpr2 &
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Alk3, ActRIIB & Prdml6, Alk2 'L Prdml631EDFIEANGRD ST Motomura
5. 2019), AREIBFEERIZZHN S DOBIRFITIXIEDFHBENGED b7,

AR DR BRI TITEHEFANIC L D b DR L h o Toid, R EDORBRIZK
2 BRI ERBL L 72 BB b & £ T 22 ORISR BRI 2 A X DT e 7 7
A NWVANEA R F OB E & ik U, MEREEIC W TR FRBLZ BT 5
L. Ppary. Fasn, Adipog, InhBbZIBWTITHED HFNE L . Uep2, Uep3 %
MED T @M T, Uepl, Ucp2. Ucp3lZEBWTIET v MTBWTHEFRLES T
bHHTA sy OBENRE SN TVWDS (Dalgaad H, 2001), LarL, Z
O DOBE TRBEHMEEIENT Lo NOMR TIIEEE RS ol 2 &
725 (Andreson &, 2020), HEMEZEIC X D2 BIRTRBUITFEENHDLDO0H L
AYAN

WIZHEFEIRABIC K 2 B A it Lo, BERE (n=48) @5 B JEEH 4
F (0=26,) ZhE®, EERBETH o/, T T, PR ERRE L 0%
T, Ppary. Fasn OFBEIIEEE I A~EERE TR, Leptin,
Uep2, Ucp3. InhfbIINEBEHETREIBLL TWD Z LN oTe, Adipog DFs
BUIMESEE TIRWEMIC D o 72, TR R & RRBOR O FEEET, £
PRHBETIL Ppar y . Fasn, Adipoq D3HIMEL | Leptin, Uep2 DIEHLHE <
DT ENIRENTL, InhfbDFBUL, EEEZAT 2R TIEIFEHN LATLHZ
EDVRB I NI, Inh FOIZHOWTITEIEAI 2 m 3% <, Jalifiia & OB
B OLEHRSRE DM NS % OMTERE TH D, T, EE LB, 77 1 A
A "OACOBRITER SN TWD, V7 F L, BZORE ZRET %
T FNMTIR D Z b b o TvD (Angelicei B, 2020), HE & JEE O BIR
T & CTHEBRES, HOLMOEE LA THND A XITBWTHER L TN

720,
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FIERORFEO R E SOBENT L 5 R THE, RO 2 E0M R B
D AsF, BMP &7 F VG DRB BB 2 5 2 12021203, Infa,
Opn3 VI KRIIR D J7H3 /IR K0 FEBLED mDr > T, Opn3 13 B LIS OFE 4 7oii

HIAEAE L TR 0 RIS bIAET 5 2 L3> T2 (Sato, 2020),
Opn3 /> 7T 7 b~ ZTEAER~ O 22 SIENIEETE T TH R Z
AL, AR URGMEEZ AT D Z L, EHIZm e x T U RIS K 2 EGEA
MOME T LT D Z &SN T 5 (Sato, 2020), b b TIEEMREHZ LV
HENG 2 Vs 2 e & &0 S T M TR R H 5 2 L2 b . 0pn3 241 L7z
SERITE DS REMHERR OO AR I AEASAE (A & 2 DR A 5. 2 T D AREER B 2 5
b, A Opn3 1ZBCS & & IEOMBZ R LTRY . KEK O J5 A3 e O i fE
\Z Opn3 N5 B% 52 DA[REMENA R E NS LIV WZ LR S,
b h DONEIZ BT 5 B T O WUFERIENTIZ S 2 AU A FiFFE (Loos & Yeo,
2022) (2 &> THEICEET 2B FiE SN TEY ., T 6 OB FHEHN
BB R Z 5 2 1o~ U 2O TELT 52 L bHMbATVND
(Yoganathan 5, 2012), 4% A XICTBWTH KRR ) LU A FEEENT &2
1TV, Z OfE RGO 7o 8 B EsT & RN 6 1 2 3BT 217 5 =
EVBMENZ 7200 Livzawy,
L ENL BCS & Uepl & OWIfE72BEIZFED Bz o7-, LA L BCS & Leptin
70— OBET EIIBEDNH 5 Z L0, WL OB TFOMITIZIEDH
BT AL, PERIRCHERERE, BERE, JGRE, BROROEIEIZ L D ZNRD 5
HBIETHHY . ZHDIEA X OO TR, TR AT 7= B R
T DIRE DI DIEFHIC /2D £ BTN D,
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Sugiyama Y, Shimokawa F, Sugiyama K, Kobayashi T, Yamashita Y, Kazama
K, Funaba M, Murakami M (2022) Relationships between the expression of
adipose genes and profiles of hospitalized dogs. Vet Res Commun

46:1239-1244.
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MEFSLOLHFEINTND, LLA XOMREEITIREFOa Y ha—
WV EEERNIHHD 2 E NN TH D, £ 2 THEL A XOEIHHEMRIZER L.
Uepl Z 1L C b & 5 BB E s 12DV TR, IR & fEER e o BE
WTHLMNZTHZ L E L,

1w, BIMEOP Co gL —2 L L TEAT HBE - X—Ta
NEWFHIRA AN D Uepl \ZHOW Tz, 5 HUHOEMRIZ 31T 5 A AR
D Uepl BARFFEHNZ DWW TIHANTZAER, A XTSI 5 Uepl O
REEPMOBHIEL D bE 2 ERNbh oz, o, A XOFMERICEIT 5
Uepl DFEBUZ DWW TIHRTAER, PE TSI T Cldre < DB 72 &
% < ORFET Uepl BFBLL TWDH Z & Uepl \ZI1X Exon2 ZRE LI AY 7~
ERBHDHZERDNoT, TNOEDZEXVAXD Upl 13~ T ART v M
ELIIRRDEMAER->TEBY ., Uepl OFIENEE « X— 2 BRI 225
EHXDHZENEZ LN,

5 2 TCIXEMWRBEIC TR ZAT O A X DT F 721X fig I 2 £ H
L. IE<elE A B 5 A5 23 i FORIBELZFH R Lz, TD
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BCS [ Z4F i & ITHIM U, Leptin=e Opn3 L IXIEDFIRE, Ppar v <° Fasn & 1368
DOHERH L Z B ohoTe, ZOZ Lid, MO IERILIZE Y Leptin

ORBLEOHIINM U2 &, F7c Prary & Fasn OFBLERCIE, IENHREOIE
KAIGIZH T DS T D L HER STz, A ENTREEFIN 720 CTidie < EgE
72 EDBFEBDTDITEME LTIERI DD S AN 28 H L 72 72 O PERIIOE B 72 & o
7u 77 A MG U TEGB T REEZ I Uiz, MERISOEBIC X DiEis 738
BOEE T L ZAHENBO BV, FrICHEE & IR OREIT e MIBWT
WRFERHEA TI D | RIS FLIE 1 TN BEEE & FEIXAL, Leptin <P Adipog 7%
EDEGOETICEEL TWD Z e biESNTWD, mib 2 EAIEE &
ZTNDHA XNZHBNT S LW ORBRIIS BRI REHRETH L L E X
Do Flo, MEEASRKEORE SITBWTHERFRELEIZENRD i,

ARFFENTA XD Uepl FEHL, Hx 275 Fe e F5 oA X OIRIHERRIZ I 1T 2 AL B
HIBR IOV TRET LR R, A XD Uepl 1% Exon2 KKV T v B3H 5

Z L. Uepl BIFIFA XOAAMEMHEMIC BRI L TWDL 2 Lhb, XD

Uepl 1M DOEMW) & ITRR DR A FF > TR, ZOZ &3l - X—T 2B
AR ORI B A 5 2 DR[REMER S D Z &b oz, UL Uepl & BCS

DOBEIFFRD ST Uepl 720 THERAE Z W92 Z LIFEE LW 2 L AVRE
Sz, —J7. Leptin7g ¥2 < O BEE R T 23 A X OG0B R & B L
TWBHZ &, Uepl, Uepd i< 21 BAn T TIXIEDHMENEO bl Z Lir
B, ABFFRIEA X DAL O T BT IA T T A B AR - TR E 0 72 8D D LAY
HHED B2 D,
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General overview

Canine obesity has been increasing in recent years and is an inducer of
various diseases such as arthritis and diabetes. Moderate exercise and
dietary restriction can eliminate obesity, but its management is difficult.
In humans, activation of brown fat cells has attracted attention as a new
method of obesity reduction, and deconjugated protein (Uep) I has been
reported to hold the key, but not many studies have been conducted in dogs

The expression of UCPI in adipose tissues of various animal species showed
high expression in dogs. Furthermore, the expression of UCPI in RNA from
various canine tissues revealed that UCPI is expressed in trace amounts in
tissues other than adipose tissue, such as brain and heart, and that there is
an exonZ variant of UCPI.

Adipose tissue was collected during surgery at a veterinary clinic, and the
expression of obesity-related genes in fat cells of a total of 129 dogs was
examined. We found that the body condition score (BCS), a measure of obesity,
was not a reliable multiple regression equation when used as the objective
variable; positive correlations were found between the expression levels of
most genes except Ucpl and 3 BCS increased with age and was negatively
correlated with the expression levels of Ppary and Fasn and with the
expression levels of Leptin and Opn3 showed a positive correlation.
Differences in expression were also observed between sexes and between
healthy and diseased groups.

These findings suggest that canine UCPI may differ from other animal
species, and that gene expression in canine adipose tissue in relation to
BCS, age, and tumor may provide a basis for elucidating the etiology of
canine obesity. We believe that the gene expression in canine adipose tissue
in relation to BCS, age, and tumor will provide basic knowledge for the

elucidation of the etiology of canine obesity.

25



HiEr
AMZEEEATOICHTEY, KK LEE L DDHITHTY, K ITBER LR
WL THIFER TR F LTORRAT KT T A IR E A BRI TR < K
HoOBEERLET,

FIARMREATIICHTZY . BRI T I1% W22 W T A K0 A
ffgeEE TSRk, EARICE HALE L B E T,
KBICRERBUC v vz bBVEEk: 1L a2
LLERGE  IREEAE, BILEBRER ¥ v 7 OERRICE S EHWZ LE
R

26



2 Z BN

Angelucci A, Clemmnti L,Alesse E (2020) Leptin in Tumor Microconvironment. Adv

Epo Med Biol 1259:89-112

Chen HJ, Thara T, Yoshioka H, Itoyama E, Kitamura S, Nagase H, Murakami H, Hoshino
Y, Murakami M, Tomonaga S,Matsui T, Funaba M (2018) Expression levels of
brown/beige adipocyterelated genes in fat depots of vitamin A-restricted

fattening cattle. J Anim Sci 96:3884-3896.

Cypess AM, Lehman S,Williams G, Tal I, Rodman D, Goldfine AB, Kuo FC, Palmer
EL, Tseng YH, Doria A, kolodny GM, Kshn CR (2009) Identification and importance
of brown adipose tissue in adult humans. N Engl J Med 360:1509-1517

Daorong H, Heling F, Yuan Z, Dan L, Yuanwu M, Yuan Y, Lianfeng Z, Dan B (2022)
Uncoupling protein 1 Knockout aggravates isoproterenol—-induced acute

myocardial ischemia via AMPK/mTOR/PPAR vy pathway in rats. Transgenic Res
31:107-118

Dalgaad LT, Pedersen 0 (2001) Uncoupling protains : functional characteristics
and role in the pathogenesis of obesity and Type II diabetes.Diabetologia
44:946-965

Diao Z,Murakami M, Sato R, Shimokawa F, Matsumura M, Hashimoto O, Onda K, Shirai
M, Matsui T, Funaba M (2022) Identification and expression of bovine Ucpl
variants. Mol cell Biol 1867:159111

Dumas J,Brisson L (2021) Interaction between adipose tissue and cancer

cells : role of for cancer progression. Cancer Metastasis Rev 40(1):31-46

Echtay S K (2007) Mitocondrial uncoupling protains—whatis their physiological
role?. Free Radic Bio Med 43(10):1351-1371

Félix—Soriano E, Sainz N, Gil-Iturbe E, Collantes M, Fernandez-Galilea
M, Castilla-Madrigal R,Ly L,Dalli J,Moreno—-Aliaga MJ (2021) Changes in brown
adipose tissue lipid mediator signatures with aging, obesity, and DHA

supplementation in female mice. FASEB J 35:e21592.

27



Harms M, Seale P (2013) Brown and beige fat: development, function and

therapeutic potential. Nat Med 19:1252-1263.

Ishioka K, Hosova K, Kitagawa H, Shibata H, Honjoh T, Kimura K, Saito M (2007)
Plasma leptin concentration in dogs : effects of fody condition

score, age, gender and breeds. Res Vet Sci 82:11-15

Jernéas M, Palming J, Sjdholm K, Jennische E, Svensson PA, Gabrielsson BG, Levin
M, Sjogren A, Rudemo M, Lystig TC, Carlsson B, Carlsson LM, Loénn M (2006)
Separation of human adipocytes by size : hypertrophic fat cells display
distinct gene expression. FASEB J 20:1540-154

Jimenez AG, Winward J, Beattie U, Cipolli W (2018) Cellular metabolism and
oxidative stress as a possible determinant for longevity in small breed and

large breed dogs. PLoS One 13:e0195832

Kajimura S,Saito M (2014) A new era in brown adipose tissue biology :
molecular control of brown fat development and energy homeostasis. Annu Rev

Physiol 76:225-249

Kawasumi K, Kashiwado N, Okada Y, Sawamura M, Sasaki Y, Iwazaki E, More N, Yamamoto
I,Arai T (2014) Age effects on plasma cholesterol and triglyceride profiles

and metabolite concentrations in dogs. BMC Vet Res 10:57

Kontani Y, Wang Y, Kimura K, Inokuma KI, Saito M, Suzuki-Miura T, Wang Z, Sato
Y,Mori N, Yamashita H (2005) UCP1 defciency increases susceptibility to diet-—
induced obesity with age. Aging Cell 4:147-155.

Krauss S, Zhang C-Y,Lowell BB (2005) The mitochondrial uncoupling—protain
homologues. Net Rev Cell Bio 6(3) :248-261

Kubota N, Terauchi Y,Miki H, Tamemoto H, Yamauchi T, Komeda K, Satoh S, Nakano

R, Ishii C, Sugiyama T, Eto K, Tsubamoto Y, Okuno A, Murakami K, Sekihara

H, Hasegawa G, Naito M, Toyoshima Y, Tanaka S, Shiota K, Kitamura T, Fujita T, Ezaki
0, Aizawa S, Nagai R, Tobe K, Kimura S,Kadowaki T (1999) PPARvy mediates high—

fat diet—induced adipocyte hypertrophy and insulin resistance. Mol Cell

28



4:597-609.

Lavie CJ,Milani RV, Ventura HO (2009) Obesity and cardiovascular disease:risk

factor, paradox, and impact of weight loss. J Am Coll Cardiol 53:1925-1932

Loos RJF, Yeo GSH (2022) The genetics of obesity : from discovery to biology.
Net Rev Genet 23:120-133

Megan S (2021) Canine and feline obesity. Management Vet Clin Small Anim
51:653-667

Migita T,Ruiz S, Fornari A, Fiorentino M, Priolo C,Zador G, Inazaka F, Grisanzio
C, Palescandolo E, Shin E, Fiore C,Xie W, Kung AL, Febbo PG, Subramanian A, Mucci
L,Ma J,Signoretti S, Stampfer M, Hahn WC, Finn S, Loda M (2009) Fatty acid
synthase : a metabolic enzyme and candidate oncogene in prostate cancer. J

Natl Cancer Inst 101(7):519-532

Moerman E J, Teng K.Lipschitz DA, Lecka—Czernik B (2004) Aging activates
adipogenic and suppresses osteogenic programs in mesenchymal
marrostroma/stem cells : the role of PPAR-vy 2 transcription factor and TGF-

B /BMP signaling pathway. Aging Cell 3:379-389

Motomura M, Shimokawa F, Kobayashi T, Yamashita Y, Mizoguchi I, Sato Y, Murakami
Y, Shimizu I, Matsui T, Murakami M, Funaba M (2019) Relationships between
expression levels of genes related to adipogenesis and adipocyte function in

dogs. Mol Biol Rep 46:4771-4777.

Okamatsu-Ogura Y, Saito M (2021) Brown fat as a regulator of systemic
metabolism beyond thermogenesis. Diabetes Metab J 45:840-852.

Omachi A, Matsushita Y,Kimura K, Saito M (2008) Role of uncoupling protein 1 in
the anti—obesity effect of [ 3-adrenergic agonist in the dog. Res.Vet.Sci
85:214-219

Pederson B S,Bruun M J, Kristensen K, Richelsen B (2001) Regulation of
UCP1, UCP2, and UCP3 mRNA expression in brown adipose tissue,white aipose

tissue, and skeletal muscle in rats by estrogen. BBRC 288:191-197

29



Qian SW, Tang Y,Li X,Liu Y, Zhang YY, Huang HY, Xue RD, Yu HY, Guo L, Gao HD, Liu
Y,Sun X,Li YM, Jia WP, Tang QQ (2013) BMP4-mediated brown fat—like changes in
white adipose tissue alter glucose and energy homeostasis. Proc Natl Acad

Sci USA 110:E798-E807.

Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB (2010) Oxidative stress,
infammation, and cancer : how are they linked?. Free Radic Biol Med 49:1603-
1616

Ricei R,Bevilacqua F (2012) The potential role of leptin and adiponectin in

obesity : a comparative review. Vet J 191:292-298
SAS Institute (2001) SAS User’ s Guide: Statistics, Ver. 9.2. SAS Institute

Sasaki N, Uchida E,Niiyama M (1998) Anti-obesity effects of selective agonists
to the 3-adrenergic receptor in dogs. II. Recruitment of thermogenic brown
adipocytes and reduction of adiposity after chronic treatment with a 3 -

adrenergic agonist. J Vet Med Sci 60:465-469

Sato M, Tsuji T, Yang K, Ren X, Dreyfuss JM, Huang TL, Wang CH, Shamsi F,Leiria LO,
Lynes MD, Yau KW, Tseng YH (2020) Cell-autonomous light sensitivity via
Opsin3d regulates fuel utilization in brown adipocytes. PLoS Biol

18:e3000630

Seale P, Conroe HM, Estall J,Kajimura S, Frontini A, Ishibashi J, Cohen P, Cinti
S, Spiegelman BM (2011) Prdml6 determines the thermogenic program of

subcutaneous white adipose tissue in mice. J Clin Invest 121:96-105

Shigemizu D, Asanomi Y, Akiyama A, Mitsumori R,Niida S, Ozaki K (2022) Whole-
genome sequencing reveals novel ethnicity—specific rare variants associated

with Alzheimer’ s disease. J Mol Psychiatry 27:2554-2562

Tseng YH, Kokkotou E, Schulz TJ, Huang TL, Winnay JN, Taniguchi CM, Tran TT,
Suzuki R, Espinoza DO, Yamamoto Y, Ahrens MJ, Dudley AT, Norris AW, Kulkarni RN,
Kahn CR (2008) New role of bone morphogenetic protein 7 in brown

adipogenesis and energy expenditure. Nature 454:1000-1004.

30



Van der Klaauw AA, Farooqi IS (2015) The hunger genes:pathway to obesity.
Cell 161:119-132

Vidal-Puig AJ, Grujic D, Zhang CY, Hagen T, Boss O, Ido Y, Szczepanik A, Wade J,
Mootha V, Cortright R,Muoio DM, Lowell BB (2000) Energy metabolism in
uncoupling protein 3 gene knockout mice. J Biol Chem 275:16258-16266.

Yoganathan P, Karunakaran S,Ho MM, Clee SM (2012) Nutritional regulation of

genome—wide association obesity genes in a tissuedependent manner. Nutr

Metab (lond) 9:65.

Wang S, Liang X, Yang Q,Fu X Rogers CJ, Zhu M, Rodgers BD, Jiang Q, Dodson MV, Du
M (2015) Resveratrol induces brown—like adipocyte formation in white fat
through activation of AMP-activated protein kinase (AMPK) a 1. Int J Obes
39:967-976

31



Xk X UF

1 STEEOBMITRIT S ARIBNMMBD Uepl FEBD R

32



K2 A XOEKBEHEITD Ucpl HHROLE

33



3 Ucpl BinF DIEERT

34



X4 Ucpl BoTDOHEET X/ BES

35



50 =

407 o}

30

20 = :

relative mRNA level

X5 £V r7LVORMNREBEFEAERE

BRI L 724 X OFERAIC 361F 2 85 7 I B & 4 i L 7=,

BTNV OBMLTRAEZ TR L, EHRAELY 20 (FLL EORBLEN
RO LNV T EBONA THA TWD, 20 (2L EORENED SiT-
YT NT Uepl, Ucp3 TR B, Ucpl 135R, Ucp313H TRLTWD,

36



Remuied Jiig aq) 10)

don pue

sisauabodipe umoiq

uonouny pue

" azaoy
1000°>
19620 b | | e
1000'> 1000 >
Y9590 689.°0 |1 % .,«asm
1000°> |1000> [1000'>
§955'0 |£899°0 |105.0 r i/
$000°> |1000°> 88«,88« o
L2090 (65420 [SY60 198040 |1 |
1000> |1000 > [1000°> | 1000> |1000 > oo
81$90 29140 /9960 (65040 (02160 |8 | | |
100> [1000°> [1000°> |1000°> [1000°> [1000> | o
B0LY'O (PZy0 |958%'0 BIECO [PEEYO €8Y0 |1 |
¥000°> [1000> (1000°> [1000'> 1000°> (1000°> (60000 as
LIBE'0 (@O6C0 (94150 62970 (9570 |11050 98SZO (L | . J
1000> G290°0 (€410 [S981°0 (SH21°0 (S544°0 2OVL0 (86100 i
SSPE0 PPLO |96Z1'0 E¥OL'0 9010 (45210 €9200 96810 b
¥£00'0 [1000> [1000°> |$800°0 [L000> |1000'> |S040'0 [¥S00'0 (Z8LE'0 200
68220 (62560 | 46290 2900 668E 0 95550 900Z0 |£L1Z'0 20400 |4 | |
69620 25500 |LZL0'0 50480 (200 |#250°0 CVSE0 €660 L2580 (16ZE0 10
12800 28710 |vivi 0 6100 €210 28910 S¥O00 PLOLO SI00- |12L00 b
§2000 '€£01°0 [1000°> |1000'> (#0000 [1000> |1000°> [4000°> 9IZL0 (96500 (€620 o
$IEZ0 L2400 (91160 6¥0C'0 (82420 |1Z6E0 ZVIE0 ZZEC'0 28200 (61510 €900~ |1 | |
1000'> |1000°> [1000°> [1000°> [1000'> (1000'> |1000°> [4000'> 66240 50000 $800'0 (¥6ES'0 —
4990 PS/9°0 (82600 #16¥0 |LPSO0 (1600 |PEBC0 [SEOC0 9040 |69Z0 15020 98¥00 (8 | : A
4000> [1000°> 100> [1000> [L000'> [1000> 1000 (400> (000 [€800'0 [£4¥90 (99200 (100> 1264 |
£598°0 |£909°0 |S67'0 0S50 66Z¥'0 |Zy¥¥0 14520 2060 SIEZ0 69020 89E00 SOL10 vSO b
1000°> [1000°> [1000'> |1000'> [1000°> [1000> |1000'> (L0000 (2400 |100D'> |Z9¥S'0 (92000 [1000'> |1000> oL
41280 5120 :;ﬁ.oSo 6250 99950 1260 95620 2640 g.o_qka.o 15620 [19550 [1E880 8 |
£000°0 20000 [1000°> [1000'> [L000'> [1000'> 100> [1000'> 68890 (98520 96+0'0 (2000 |1000'> SOLZ0 (92920 bodpy
16820 28920 |16190 |£51¥'0 (59890 58.38_3 LEE0 2600 26800 98510 1120 |Z650 14600 58900 b B
1000 0000 [1000> | _8ov 1000> [1000'> #0000 |1000> €4¥S0 -Sov_v!.oo 1000> 1000> #1040 S¥00'0 | 1000 > undey
ELPZ0 [£ELZ0 690 oL £201°0 0/900 |S460°0 |S5220 |8EEV'0 €8Y0°0 SESE0 (€100~ (95150 |SSEE0 26250 82220 [pSYO L . i
1000°> 1000> Soov,-ooov 1000°> 1000 > |1000"> [1000°> 1692470 [1000> Vouoﬂo 000 [1000'> _Sov 1000°> [£000°0 |12000 1161 n
19990 |1618°0 (2020 |19440 [119'0 |1912'0 EE0Y'D (25860 'S0Z1°0 [E10E'0 9001’0 52220 9650 51650 (59590 |vesz0 covza s |
§000'> |1000'> [1000°> |1000°> [1000'> [1000'> 1000'> | .Sowm_m.o;.osvﬁ:o $000'> [£000> (€000 [1000°> [1000'> [1000'> |1000'> sou
466%'0 91050 |9Z8'0 £265'0 SS¥8'0 |1¥6L0 YEEX D 60190 Y5010 96EE0 s:o SE0C0 |5199°0 122620 (€26C0 |£608'0 (26490 88EYO0 |} |
1000'> |1000'> [1000> [1000°> [1000'> [1000'> |L0DO™> [1000°> Z¥18'0 [¥Z00'0 [SL000 [1000> (1000'> |9€L0°0 [S¥¥O'0 [1000> [1000'> |1000'> |1000 > 5
L¥E0 [8E0  [90ZL'0 [248¥0 |¥OBL'0 $SEL0 (6L1E0 [1S00'0 98O0 |89EL0 |Z4HZ'0 SBOE'0 |66¥'0 6OFL O [19S1'0 £952°0 (88990 |£0CE0 6EL80 | |
80100 /50000 (1000 > (€400'0 |LO00'> |1000'> BE00'0 |1000'> L869'0 |LZ6L'0 |1000 > £208°0 |1000'> |\WZL'0 |96LL'0 |1000'> [£SE0'0 (2S00 |1000'> |1000'> o
96610 6920 |6€8E0 14520 (82050 (296€'0 |¥OZZ 0 [€Z/C'0 1€00- (5200 [BOIE0 ¥IO0- |£25€'0 8200 (8220'0 SZ49°0 |5581°0 (94540 95650 |£2690 |8 .
¥000'> |1000> (1000 |¥000> 000> (¥000'> €9400 [1000°> BEL0 (000> 22000 (1820 [+000> |1000'> (000> |4000°> (100> 1000 |K000'> 000> [1000> PO
819%0 1650 (97080 9950 [8282°0 [ZEVL'0 |¥B8L'0 |SIEX'0 |PZOLO |LSYY0 ¥ESTO 15800 |5269'0 [SPOXO 85870 |1EPI'0 (82680 |1829°0 (28240 (12990 |Z89¥0 |1
§6100 5200 (91000 22220 |L000> 90000 |1200°0 (80200 ¥BSZ 0 (52910 |£200°0 €ES90 |1000'> 6269°0 |428¥'0 |1000> [SBYE0 [L6YS0 1000 > 000> [1000 > [L000> P
£6810 £0¥1'0 9SYZ0 #9600 SL0E'0 #9920 |66CZ 0 (62710 6900 6010~ |LL620 9600~ (22¥0 10O~ 95010~ L6690 |LPLOO VL¥O'0 S9ESO 1901S'0 S6V90 ¥EBEO (L | | A
26260 SL5Z0 (6920 |L6SL'0 6EB6'0 (99820 2SBE0 8YO | HOELO 22040 SEIE0 S6EO0 (960 8IS0 €180 6EVLO 1000 > |LPOB'O 20BLO (SLS90 7090 0 [81ZL0 (3.0 0 o
LL00- 1600" |v8800 25200 20010 2800 6900" 65500 L200- 1LZL'0 ZLOC 61910 2000 9600+ [€100- 65200 22060 200~ £0200 |ISE00 B¥L O 8200+ €910~ b .
98000 59500 (Zp2Z0 O¥OL0 8200 [9IELO 59200 24810 62960 11000 | 150060 ¥¥50 (56000 SISE'0 (12060 11000 > 10500 WIPLO 91600 [¥00 0 1000 > [Z¥80 0 [1000°> (11100 o
2020~ |v91°0 (9800~ 8210~ |€21°0- |644°0- |v21 0 (9010~ |9¥O0- [SSZO |ZBOO- [BYOO [€0ZO- (9200 [LOO- |ZSEO- [Z95H'0 [9EL'0- |L9Z0- [90Z0- [80FO- (994 0- |2950- €220
@i-ﬁ&esﬁ_e! DIV | av | vou | aduur | 500 | 20on | 1don | 60 okupid 104 | oL bodpy aden | 1t | uses | pdoe | Medd | 508
L IL JL J

Aemyjed dng ay) 1oy don pue aunjodipe uoipuny pue

syusuodwod [eubis sisauabodipe umoliq uonenuasaylp ajioodipe

aunjodipe

sjuauodwoo |eubis

uonenuasaip aykoodipe

37



X6 A XDREHEMRICBIT 35 BEFOREEDBRME

23 B ORBEZ BN b EEEICE D 2EIEE . 7T 4 R4
. eI & UCPIZR b 58 a 1. BIP ¥ 7 FicBb 5B E O
4ODHT IV —IZHFEL., Tl L7,

EDOFHEIEAR (0. 05 < p < 0.10, p < 0.05) . BOFBIITH:AE(0.05 < p <
0.10, p < 0.05), HHEDPED NS THEIFXREATRLTNS,

38



Regulation of adipocyte differentiation Adipokine
15 and function 20-
T EE T
i>3 10, E 1.5+
< <
& & <
= = 1.0
(] ()]
= 0.54 =
0.0- 0.04
A P N S 5 & & & & N
< & " R & b & O & N & Qéq/
C reauat . | D _
egulation of brown adipogenesis BMP signal component
5- and Ucp 2.0
B 41 g
3 37
% 34 é *
E £1.0
2 21 2
® ©
% 1 * % 051
0 0.0
© > N & % P > < N N Q > i©
FONMNC N SN NG & N &S
]

T A XEVHERRICE T 5B TFRIABDOHRNIC L 5 &

A XOEMFRRIC I T 2 Bia &2 MR Tl L2/ R 2R LT 5,
Ppar y. Adipoq. Bmp4 XA AD I &L . Uep2, Ucp3 1T A ADIF3HEN L T
Y/

H23A A A(11058) . BAAA(195H) Z2/r LTV 5,

ARG L - BREEICREI D D8I -, B: T T 4 WA v, C RN
B & UCPIZ B i B n+. D:BMP o 7 /Wb 5 iEis+

*: p<0. 05

sk p<0. 01

39



A Regulation of adipocyte differentiation B Adipckine
15+ and function 25
’ *
g 229
2 1.0 2
2 S 154
[id 74
E ok % £
o o 1.0
Z 0.54 =
© ©
2 2 051
0.0 0.04
A ) o S 5y & <> ch © N
& e I
c . | . D .
Regulation of brown adipogenesis BMP signal component
4 and Ucp 2.0-
* *
T T
3 31 2 159
2 =
DEC 2 % DEC 1.0
2 [
B 11 B 051
0- 0.0-
© N 9 % P O o © a > )
S & o Q Q S &N NS & { o as
3 < S S & 8 «§ 8
& o N S N & & ¥ ¥ S N ©

X8 A XDIEMMMICE T DB TFRBEBDORRER L B O LK

A X ORI 31T 2 fEERE L B OB In TR EE i LT,
Ppar v . JEWERIINEERE CIK< . Leptin, Ucp2. Ucp3. Inhfb D3EBLEITIEE
FEOHFBHEIML T,

M ERAE (103 8H) . BSEEERE (26 §H) 27~ L T\ 5,

A:ERARIE L - BREEICBI D D BIn T, B: T T 4 R A v, CHEEEIMIa
JERL & UCP I Bi& s+, D:BMP ¥ 7 LicBb 5 Efs T

% p<0. 05

wk: p<0. 01

40



Regulation of adipocyte differentiation

15- and function
2
o2 ]
=10
Z ok
E 4%
[«3]
2 0.54
o
o
0.0+
N < 3
S & & & & $

c Regulation of brown adipogenesis
25+ and Ucp
E, 2.04
2 3k
< 154
[0
1S
g 1.04
°
2 05
0.0-
© > N £ =]
N &
& ¥ 8

<

B Adipokine

2.0

®

T
1>J 1.54
<
&
= 1.0 ek
[}
2
D 05

0.0

& &> & o
\/Q'Q ?-b\q < Qo"

D BMP signal component

1.5+
2
2,0l
<,:1 0
=
o
[
[
Z0.5-
T
e

0.0-

Q hie © Q. s Qe
S & N & { o 5
& & v v v éﬁ $¥ %ﬁ

9 A XEEMERRICR T 2 B FREABDERER & KEBR O

A X ORI 1T 2 fEFERE E AR O BE TR EL L LT,
FAMEFERE (81 5H) . BAAEERE (U8 HA) /R L T\ 5D,
Ppary . Fasn, Adipoq DI ENERBEETIRL . Leptin, Ucp2 DR BLEITIE

ERETHIINL Tz,

A:fEREMIRE AL - BEREICRES D D815 1. B: 7T 4 R A >, C:H&tafsihMa
JEELE UCPIZE b 58 s+, D:BMP o 7 LIz 5 8 ia+

*: p<0. 05
*k: p<0. 01

41



Regulation of adipocyte differentiation Adipokine
15 and function

=]

0.5

relative mRNA level

0.0

C Regulation of brown adipogenesis
25 and Ucp .
oz 20 a 3 20
3 3
72 <
g 15 o T : J Z 15
E ; A4 L 3
210 b 1 = 7 210
® 1 _ s
®os i ] o5
0.0 - 00
K > N 9 «
&@ OQQ \30‘2 QoQ oc?

<

X 10 A X DRRHFHRRIZ BT 2 BB FREEDOBIKIZ L 5

A4 XOENRR BT DB FIEEA /N, Rl Ko 3 FEEORKE I
Sy Uiz, AR89 BR) . EAHR (14 8H) . FEARA KT (13 80) 2R L
TW5,

KIARNZ 72 HF8 Inf oy Opn3 DB ENEEIM L Tz,

A:fEREMIRE AL - BEREICRES D D BI5 1. B: 7T 4 R A >, C:H&afsiMa
JEEL L UCPIZE o 58 n+. D:BMP o 7 Vi 5 Ein+

a, b: LEOLFIZBIFTIEEETRP-T22 E&2FET, (p<0.05)

42



ALL UCP1 2748V~ Omitted UCP1

8 1.0

g 0.4
Var1+Var2 Var1+Var2
y=0.191x+0.049 y=0.183x+0.044
r2=0.908, P<0.001 r2=0.607, P<0.001

X 11 Ucpl BIFDODNAVT U M1 EARNYT b2 0OFEE
Uepl BIGF DRV T R 1L EARNUT U N 21T 2 IR ZBRWTHERE L TV,

43



#1 fEA L 129 BHOERIEEH

No Breed Sex Size Reason Category of disease Reason Age (yr])BWZ (kg) BCS
1 Akita Male Large Healthy Intestional obstruction by accidental ingention 23 330 3
2 American Cocker SpaFemale Small  Disease Tumor Mammary grand tumor 10.8 126 5
3 Basset Hound Female Medium Healthy Spaying 0.7 191 4
4 Basset Hound Female Medium Disease Female genital disea Pyometra 93 230 4
5 Beagle Female Medium Disease Tumor Mammary grand tumor 11.7 74 3
6 Border Collie Male Medium Disease Tumor Liver tumor 9.5 197 4
7 Borzoi Female Large  Healthy Spaying 0.8 305 3
8 Boston Terrier Female Small  Healthy Spaying 2.0 2.0 3
9  Cavalier King Charles Spanicl Female Small Healthy Intestional obstruction by accidental ingention 38 96 4

10 Chihuahua Female Small  Healthy Spaying 4.0 1.8 3
11 Chihuahua Female Small  Healthy Spaying 0.9 16 3
12 Chihuahua Female Small  Healthy Spaying 1.2 23 3
13 Chihuahua Female Small  Healthy Spaying 0.5 1.7 2
14 Chihuahua Female Small  Healthy Spaying 1.9 1.9 2
15 Chihuahua Female Small  Healthy Spaying 6.9 50 5
16 Chihuahua Female Small  Healthy Spaying 10.8 1.7 2
17 Chihuahua Female Small  Disease Female genital disease Pyometra 104 42 4
18 Chihuahua Female Small  Disease Tumor Liver tumor 8.6 53 5
19 Chihuahua Female Small  Disease Hernia Ventral hernia 5.2 4.0 4

20 Chihuahua Female Small  Disease Lower urinary iract diesease  Bladder stones 9.8 30 3

21 Corgi Female Medium Healthy Spaying 0.9 121 4

22 Corgi Female Medium Disease Tumor Skin mass 11.8 200 5

23 Corgi Female Small  Healthy Spaying 0.6 10,0 3

24 Corgi Male Medium Disease Tumor Lipoma 153 16.6 4

25 Doberman Female Large Disease Tumor Splenic tumor 8.6 350 2

26 English Cocker Spaniel Female Medium Healthy Spaying 0.6 89 3

27 English Cocker Spaniel Female Medium Healthy Spaying 13 9.0 3

28 English Cocker Spaniel Female Medium Disease Tumor Mammary grand tumor 10.8 150 5

29 Flat Coated Retriever Female Large  Healthy Spaying 2.6 290 4

30 French Bulldog Female Medium Healthy Spaying 0.6 53 3

31 French Bulldog Female Medium Healthy Spaying 0.8 6.6 3

32 French Bu]]dug Female Medium Disease Digestive system disease  Gastric incision by accidental ingention 2.7 95 3
33 Golden Retriever Female Large  Disease Tumor Splenic angiosarcoma 6.3 230 3
34 Golden Retriever Male Large Healthy Castration 8.4 325 4
35 Great Dane Female Large  Healthy Spaying 34 433 2
36 Italian Greyhound Female Small  Healthy Spaying i3 52 3
37 Italian Greyhound Female Small  Healthy Spaying 0.8 33 2
38 Jack Russell Terrier Female Small  Healthy Spaying 4.1 62 4
39 Jack Russell Terrier Female Small  Healthy Spaying 2.0 82 4
40 Jack Russell Terrier Female Small Disease Tumor Lymphocytic plasmacytic enteritis 13.0 56 3
41 Japanese Terrier Female Small  Healthy Spaying 59 39 3
42 Kanin Hendax Female Small  Healthy Spaying 4.3 26 3
43 Kishu Female Medium Healthy Spaying 111 200 3
44 Labrador Retriever Female Large  Healthy Spaying 33 340 4
45 Labrador Retriever Female Large  Healthy Spaying 14 300 5
46 Labrador Retriever Female Large  Healthy Spaying 8.2 315 5
47 Labrador Retriever Female Large Disease Tumor Mammary grand tumor 111 203 4
48 Labrador Retriever Male Large Healthy Castration 0.5 177 3
49 Maltese Female Small  Disease Tumor Mammary grand tumor 10.7 34 3
50 Maltese Male Small Disease Digestivesystem disease  Gastric atony 10.3 35 3
51 Miniature Dachshund Female Small ~ Healthy Spaying 1.0 35 3
52 Miniature Dachshund Female Small ~ Healthy Spaying 54 6.6 4
53 Miniature Dachshund Female Small ~ Healthy Spaying 0.7 44 3
54 Miniature Dachshund Female Small  Healthy Spaying 0.7 4.7 4
55 Miniature Dachshund Female Small  Healthy Spaying 14.0 32 2
56 Miniature Dachshund Female Small  Disease Hernia Ventral hernia 15.6 36 3
57 Miniature Dachshund Female Small  Disease Tumor Mammary grand tumor 10.8 4.7 3
58 Miniature Dachshund Female Small  Disease Tumor Mammary grand tumor 14.4 45 3
59 Miniature Dachshund Female Small  Disease Tumor Lipoma 11.0 70 5
60 Miniature Dachshund Female Small  Disease Female genital disease Pyometra 95 50 3
61 Miniature Dachshund Female Small  Disease Hyperplasia Splenic nodular hyperplasia 15.6 4.0 2
62 Miniature Dachshund Female Small ~ Disease Tumor Mammary grand tumor 154 77 4
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63 Miniature Dachshund Male Small  Disease Digestive system disease  Gastric twist 12.3 6.6 3
64 Miniature Dachshund Male Small  Disease Digestive system disease  Gallibradder mucocele 14.2 65 3
65 Miniature Dachshund Male Small Disease Hyperplasia Splenic nodular hyperplasia 14.9 62 4
66 Miniature Dachshund Male Small Disease Hernia Cervical disc hernia 9.2 56 4
67 Miniature Dachshund Male Small Disease Tumor Lipoma 12.9 74 4
68 Miniature Dachshund Male Small  Disease Hyperplasia Splenic nodular hyperplasia 15.0 78 §
69 Miniature Schnauzer Female Small Healthy Spaying 1.3 4.0 3
70 Miniature Schnauzer Female Small Healthy Spaying 7.3 51 3
71 Miniature Schnauzer Female Small Healthy Spaying 0.9 65 4
72 Miniature Schnauzer Female Small  Disease Lower urinary tract diesease  Bladder stones 10.3 8.0 4
73 Mix Female - Healthy Spaying 4.5 40 3
74 Mix Female - Healthy Spaying 0.8 188 3
75 Mix Female - Healthy Spaying 0.8 45 3
76 Mix Female - Healthy Spaying 0.5 13.0 2
77 Mix Female - Healthy Spaying 12.8 93 3
78 Mix Female - Healthy Spaying 0.6 31 3
79 Mix Female - Healthy Spaying 12.9 10.0 3
80 Mix Female - Healthy Spaying 0.8 37 3
81 Mix Female - Healthy Spaying 39 24 3
82 Mix Female - Healthy Spaying 4.0 14.0 4
83 Mix Female - Healthy Spaying 4.8 50 4
84 Mix Female - Healthy Spaying 6.6 29 4
85 Mix Female - Healthy Spaying 0.7 28 2
86 Mix Female - Healthy Spaying 3.0 35 4
87 Mix Female - Disease Tumor Mammary grand tumor 9.9 45 3
88 Mix Male - Healthy Castration 0.5 26 2
89 Mix Male - Disease Hernia Inguinal hernia 10.9 124 4
90 Norfolk Terrier Female Small Healthy Spaying 6.5 42 3
91 Pomeranian Female Small Healthy Spaying 83 33 3
92 Pomeranian Female Small Healthy Spaying 1.0 36 4
93 Pomeranian Female Small  Disease Tumor Mammary grand tumor 12.7 56 4
94 Shetland Sheepdog  Female Small Healthy Spaying 8.6 83 3
95 Shiba Female Small Healthy Spaying 1.1 83 3
96 Shiba Female Small Healthy Spaying 0.8 74 3
97 Shiba Female Small Healthy Spaying 0.8 69 2
98 Shiba Female Small Healthy Spaying 0.6 70 3
99 Shiba Female Small Healthy Spaying 8.0 41 2
100 Shiba Female Small Healthy Spaying 10.5 63 4
101 Shiba Female Small Healthy Spaying 8.8 135 §
102 Shiba Female Small  Disease Female genital disease Pyometra 10.3 100 4
103 Shiba Female Small Disease Female genital disease Pyometra 6.9 90 3
104 Shiba Male Small Disease Lower urinary tract diesease  Bladder stones 3.7 100 3
105 Shih Tzu Female Small Healthy Spaying 1.0 49 4
106 Shih Tzu Male Small Disease Lower urinary tract diesease  Bladder stones and urethral obstruction 10.3 68 4
107 St. Bernard Female Small Healthy Spaying 1.1 1.9 3
108 Toy Poodle Female Small Healthy Spaying 0.6 32 3
109 Toy Poodle Female Small Healthy Spaying 15.0 23 3
110 Toy Poodle Female Small Healthy Spaying 1.0 29 3
111 Toy Poodle Female Small Healthy Spaying 1.0 36 3
112 Toy Poodle Female Small Healthy Spaying 0.6 4.0 3
113 Toy Poodle Female Small Healthy Spaying 0.5 1.9 2
114 Toy Poodle Female Small Healthy Spaying 1.0 54 3
115 Toy Poodle Female Small Healthy Spaying 16.8 37 3
116 Toy Poodle Female Small Healthy Spaying 53 30 3
117 Toy Poodle Female Small Healthy Spaying 1.7 1.0 2
118 Toy Poodle Female Small  Disease Tumor Mammary grand tumor 11.3 69 3
119 Toy Poodle Female Small  Disease Female genital disease Pyometra 12.0 33 3
120 Toy Poodle Female Small  Disease Tumor Mammary grand tumor 11.8 37 2
121 Toy Poodle Female Small  Disease Tumor Mammary grand tumor 9.8 34 3
122 Toy Poodle Female Small  Disease Tumor Mammary grand tumor 12.4 36 3
123 Toy Poodle Female Small  Disease Female genital disease Pyometra 13.3 2.2 2
124 Toy Poodle Female Small  Disease Tumor Mammary grand tumor 12.3 47 3
125 Toy Poodle Male Small Healthy Castration 0.8 36 2
126 Toy Poodle Male Small Disease Tumor B cell malignant lymphoma 3.8 38 3
127 Toy Poodle Male Small Disease Tumor Splenic hemangioma 14.3 6.6 4
128 White Shepherd Female Large  Healthy Spaying 1.1 306 3
129 Yorkshire Terrier Female Small Healthy Spaying 0.5 33 3

lyr: years, BW: body weight.
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£2 HHLE 2BEBEFOTSITA ~—DIREAT

Gene 5'-Primer 3'-Primer NCBI accession number
Actr2a AGCTGCTCAATGAGTACGTGGC CCTCGTTTTTCTGCACCAATGA XM 038426219
Actr2b AGGTGGAGCTCTGGCTCAT CCCTTGAGGTAATCCGTGA XM 038431913
Adipog AGAGATGGCACCCCTGGTGAAAA CAGTGTCACCCTTAGGACCAACAAGAC XM 038445379
Alk2 CGCCTTCCCTTCCCCTAGTATG CACAATGGTCCTCGTTCCCAC XM 038446783
Alk3 GGCCGACATCTACAGCTTTGGC GGATCGTTGGGCACCATATTG NM 001145150
Alk6 AAAGCTACGTCCCTCGTTCCC AGGGCTGTCAGTCTTGATGCAG NM 001145151
Bmp4 AGTAGGGCCAACACCGTGAG GGGATGTTCTCCAAATGTTICTT NM 001287170
Bmpr2 GTGCCGTCGCTCCTGTGGAC GCACATAGACGTTCCTGGTTCTGA XM_038447635
Fabp4 GGGTACCTGGAAACTTAGCTCCAG CCACTTTCCTGGTGGCGAAG XM _038441472
Fasn GTCCCCTCTGGTTCATCTGCTCTGGGA CTCACGAAGGCATGGACGATGTCG XM_038675370
Fgf21 GACAGCGGTACCTCTACACC AATGACCCCTGGCTTTAGGG XM_038653776
Hprtl AAGGACCCCTCGAAGTGTTG GCTTCCAAACTCAACTTGAACTCT NM_ 001003357
Hsl GGAGGAGTGCTTCTACGCTTAC GCATATCCGTTCCCCTGTCG XM 005616535
Igflr TCATCACGTGGCACCGTTAC TCCTGCCCATCATACTCCGTA XM 038661229
InhBb CTTCGCCGAGACAGATGGCCT GGTTGCCTTCGTTGGAGACG XM 038426021
Insr GGAACCCAATGGTCTGATCGTG CTCCAGAGCAAAATGCCTCC XM 038428732
Leptin GCTGTGCCAATCCGAAAAGT AATGAAGTCCAGACCAGCGA NM_001003070
Opn3 ACCTTTTTGCTAAATCAAGCACTGTAT TTGGCTGGTAGGTCCTTAGCAGG XM 038671508
Ppary CCTCTTCCATGCTGTTATGGGT CTGATTCCAAAGTTGGTGGGC NM_001024632
Prdml6  CAGCGGGGGCAGTGAGCAGG CCTTGGGGCACTGATCACACTTGTA XM _038666470
Tnfa ATGGCCTCCAACTAATCAGC CTTGGGGTTCGAGAAGATGAT NM_001003244
Uepl AATGTCATCATCAATTGTACGGAGC GCAACAAGAGCTGATAGGAAGTGGC NM_001003046
Ucp2 CCTCTCCCAATGTTGCTCGT CCCGAAGGCAGAAGTGAAGT NM_001003048
Ucp3 CCATCCGCATTGGCCTCTAT CTGGCCTGAAATCGGACCTT NM_001003047
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#£3 VTV T UinA XOMBEZED L

Male Female
n 19 110
Age (yr) 890 + 5.3 592 + 49 *
Body weight (kg' 11.04 + 9.2 841 + 84
BCS 3.5 £ 0.8 32 = 0.5

Mean + SD. *: P <0.05 vs. male dogs.

BCS:ATF 4 avsrsvavyRarf

F4 YUY T UinA XOEER L REBEOLE

Healthy Disease
n 81 48
Age (yr) 3.68 + 4 10.88 + 3.1 **
Body weight (kg) 892 + 9.5 8.58 = 6.7
BCS 3.1 £ 0.8 35 £ 0.8 *

Mean £+ SD. ¥ and **: P <0.05 and P < 0.01
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#£5 VPV T LI ROERRBIC L D HER

Young Middle Old
n 44 36 49
Age (yr) 085 = 03 ¢ 537 £ 213 b 1203 + 2.1 a
Body weight (kg) 7.52 + 7.7 b 1186 + 11.97 a 7.69 £ 54 ab
BCS 30 =+ 0.7 b 34 £ 08 a 34 £ 08 a

Mean + SD. a, b, ¢: P < 0.05.

26 VYT LIEROBROIHEREZEC X 5 HE

Small Medium Large
n 89 14 13
Age (yr) 6.84 + 5.2 6.21 + 5.5 449 + 3.6
Body weight (kg) 503 £ 25 ¢ 1372 £ 601 b 30.10 £ 6.7 a
BCS 32 £ 08 3.6 = 0.7 35 £ 1.0

Mean + SD. a, b, ¢: P < 0.05.
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