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RIEACFHAT W 75 36 NFERF, BEIRIGEAN G6PC. CCR2B. CTLA4 % 9/\%.5@4—(@@5m B L AT
7E W 72 R (P<0.05), HIXULILRIZE T R AR B R4 R HEAR 5. 36 MNEREH, R4S R IE 51
T A RA, BRI RENEERAERATZRANEE, RUERMER A LMk T2DM LAY B4y AT A g il PR
S EAR I S AL . DRI, I s e S T I S AR PR AR B AT DA B R IR R A, HLAERI R
TE B AR AR AT S R S W R iE T R AL B
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Comparison of gene expression between naturally occurring and
diet-induced T2DM in cynomolgus monkeys

JI Fang'?, JIN Li-Sha', ZENG Xiao-Ming?, ZHANG Xiu-Juan', ZHANG Yan-Chun?,
SUN Yun-Xiao', GAO Li-Hua®, HE Hong*, RAO Jun-Hua’, LIU Xiao-Ming'? PENG Bai-Lu'>"

(1. Guangdong Entomological Institute, Guangzhou 510260, China; 2. Guangdong Landau Biotechnology Co. Ltd, Guangzhou 510555, China;
3. Department of Cardiovascular, the Second Clinical Hospital of Jilin University, Changchun 130041, China; 4. China Shenzhen Futian
Chronic Diseases Control Hospital, Shenzhen 518048, China; 5. Southern Medical University, Guangzhou 510515, China)

Abstract: To explore pathological alteration of T2DM in cynomolgus monkeys, gene expression profiles of
peripheral blood leukocytes from spontaneous and diet-induced T2DM models was analyzed using quantitative real-time
PCR. Among 36 T2DM associated genes tested, 19 genes (including G6PC, CCR2B, CTLA4) displayed a similar
expression pattern in both spontaneous and diet-induced T2DM models and were significantly up-regulated or
down-regulated compared to controls. Interestingly, expression abundance of all up-regulated genes in the diet-induced
T2DM was stronger, although not significantly, than spontaneous models, indicating diet-induced T2DM in monkeys
should be a reliable research model for changes in gene expression. The characteristic gene expression pattern
obtained here may be useful for the clinical diagnosis of T2DM.

Key words: Type 2 diabetes mellitus (T2DM); Gene expression profile; Cynomolgus monkey
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I RCAE [P0 T4 &5 G 028 1 Ry 7™ 7 N SIS AR R 11
TSR A, h SR S R R S LI RIE )
BT, S PR AL S DA AN ] D ) R T
H o HAHE PRI 7T 2 R W A 5 5 %) (Babaya et al,
2010; Augstein & Salzsieder, 2009)#7Y  {H 1472
BANKWEG Kk R/, B3, Nk, IEAE
T PRI NLBE R L IF AIE IR Cr A B R b
PRIV () A2 55 N IARMBL, R I 1T 8 17 9 5 22 41K
AU S8 A RIS B, IR LA AR
0k IR i &8 7 5 SRE IR (Wagner et al, 2001), 42
HEATRE PR 2B M B2 25T 902 by FRARL R AR

IEH ) T2DM H KRR, 2 LR
T2DM [ 595 LI 21k 3%(Wang et al, 2004). K HE
WA, V52 30 H0 n] i S Wi R By 2
P MkETFE, B4 T2DM (Parillo & Ricardi, 2004;
Winzell & Ahren, 2004), HHLHI AT #E AT 25 05 17 R
WEET w1 RSy B 40 I ) il 5 70 3 s R 7
FOXA2.HNF1A [{JFIEFEAG, 51 B4t GnT-4a
(BRI MR B, FEU S B 41 ) Gk fg,
M5 | & 1B (Ohtsubo et al, 2011), T2DM 2 % 3
DRUAH G IR B2 s, R A R Rl OB AR AR 15
ST JFOERTERRAR L, EHARZ T2DM (1
FEGFN 2 —, 5 HA G R 2 50 R (1) &
AR BRI B R VR PR AR 71X U A
REERRIL FR B EZESR, EARWIFIHRIE.

BT, ARFARH A B R ERRE SR
PEIY) T2DM 8RR, 43 A7 SLA0 a8 it 1 40 e rhopl
PRIGAH R FE DA R R AA B L, BRI P R R Y £ AH Ok
SEIRI R IE 1) 22 5 R W £ 5 5 AR B IR
AHOCHE PRI IR P50

1 #MR57F%

1.1 SKIg#ret

19 HE#E, hAe e R KIS0 Kk e i,
SERRT 11 a, o 7 A R PR DRI M R I
BEPiE(Wan et al, 201132, 7 HF & PERE IR 0
Mt 2R R s IR B (FLrh 40% 0 Rk U T I
WS 18 N HS]. T2DM M2 Wrbr & LA
F#sR: FPG=5.7 mmol/L HIFLEAELE, Bl &5+
WAGT), JRBEFHME. 5 g R FPG<3.60
mmol/L, Hfif & iEH, JRAEFITEJin etal, 2011). £
AR R GENR SR, P RRES e N TR B A
BT 4 CrRPETRLE, TR 2 . 2090 M0 R

HATECHI(1.6 mmol/L EDTA, 10 mmol/L KHCOs,
153 mmol/L NH4Cl, pH 7.4), Trizol X 74 &
Invitrogen 2 @), SYBR® Green %k} &% SYBR®
Premix Ex TaqTM 4 TaKaRa /A7), EasyScript
First-Strand ¢cDNA Synthesis SuperMix H TransGen
Biotech /A F] $#24it.

1.2 KWHE

12,1 AMEMLIMEHR S FA0E RNA $EHEL A
cDNA %  SEHAA T 12~14h J5, MBEHEKER
il 5 mL, JHFREMPUEE KH 5 25 mL 2040 M R
AT, VK EJRCE 30 min, )2 kBRI VR
59, B B ORI . RAT Trizol $EHX A 415
RNA(Puissant & Houdebine, 1990), #X )5 i i %t i
VKA RNA [iiE. BUKZ 0.5 pg RNA, H
EasyScript First-Strand cDNA Synthesis SuperMix ¥
RNA 15 5% % cDNA, 7545 1f] cDNA & 120 C
RAFEH

122 M AEMFRREI SRS E 12~14 h
J7, MBI 3 mL, S EE 30 min, SR)5 4
‘C,3000 1/ min 2.0 15 min, U F2 M5, BEEN
SE MG GLUCHZi#E). CHO (JH[EEE). TG(H
— i)~ HDL-C(/=% B l5 8 1)~ LDL-C(fiR % 5% i
FDRIR

123 BERAHSCER 5Pt Wit T 36 AN
PRIGAADCIE R A8 5 | 7 41, LA GAPDH
M YWHAZ N2, I RE BRI AH G EE IR A 2 1)
PCR =4 K- FBE$57E 180~250 bp 2. 1], 36 MK
FHORIERI U T« AR OCHE2R: ACE ACLY ., G6PC,
G6PD. PARPI. PRKAAI . PYGL; %4%%%: ADRB3.
CCR2B. CEACAM]I . CTLA4 . GCGR ICAMI . IL4R.
NSF.SELL .SLC2A4.SNAP23,TNFRSFIA . VAMPS3;
IYUANT-2%: INS. RETN. TNF. VEGF; f55#%
W& MAPKI4. PIK3C2D. PTPN. IKBKB; 5t
N¥3%: FOXGIB., FOXP3., NEURODI. PPARGCI .
SREBFI . TITFI; NEREAHRE 728: CDKN2B.
IGF2BP2.

124 Ot s PCREZM  H SYBR Green k%
HEAT PCR 7304, RNAKZR A 20 pL: 10 pL SYBR®
Premix Ex TagTM (2x), 0.4 uL PCR 1EJi]. [ [1] 514
(10 pmol/L), 2 uL cDNA # # (100 ng), 7.2
uLddH,0. %65 & PCR % (1) #iZs ! 95 °C, 30
s; (2) PCR J )% 95 °C, 5's; 60 C, 34's, 3L 40 MEIE;
(3) mlR L 1. 95 °C, 15 min; 60 °C, 1 h; 95 °C,
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15 min.

1.2.5 %547 KH ABI StepOne Software v2.1
X9 E f PCR &5 RATHIL /0, BBRTEME 5
bR 225 . CT<8 Bk CT>35 . LLIEH o A
R RIRAL N BIRREAR, R 2722 %
FEDRIR ARG R IA B, AHOCHE S L MeantSE K7~ . H
B4 SPSS17.0 ' Independent Samples Test DA%
AVOVA 73 #t, P<0.05 W A7 B &M%, P<0.010
PIRERETE S i

2 LIGLER

2.1 BAMFEERBEROKRSKEFFEER

H ARG RBE PRI I R AE LA 12 50t
MRZHAH L, 1 R R ()R PR s A = 15 1t 6 A
OGTT 2 h IfiLH B i i (P <<0.05; 1 R F A= A H ]
B FIG 3 P Il s AR AN R, 230k (2.25+0.56)
mmol/L vs (1.89+0.38) mmol/L LA A (1.07+0.28)
mmol/L vs (0.86+0.2) mmol/L, 75 A& Lkl bR I M
JUECTET T 1G53 B T 2 0 AFDN NG IR [(14.35+4.32)

mmol/L  vs (1.89+0.38) mmol/L; (12.02+4.07)
mmol/L vs (0.86+0.2) mmol/L] {2 T (P<0.01).
H AR RO H i = BRI A R R T
22 BAMIFEEERRFEERSINE LR HMEB

WRFEXERNREES

B R AN R ROE PR £ A A it 11 40 b
FIOCHE R Ik W 2. S0 B4IAIEL, 36 N3t
R, B RIRALY G6PC. CCR2B. CTLA4 “% 19
AN FE R Rk B AR L 25 (P<0.05), 7ERE R 4,
X 19 ANFERIAEF KR B R R b () 20k
WX 5. ADRB3 M1 SREBF1 {EX} R 4H vh &k %
fiK, MAEHE IR A P —ErERIE, H,
ADRB3 FRiLHEE TREH, HiF R4 N B RAM
50%; 1M SREBFI ik M, iRk 4Rk EN A
KAL) 431 5, 25 535 (P<0.05). TEFTHTIH 36
ANFEEE Y, FR AR R RIS RS ST 3R,
R B R TN B B A R 40 B IR s A DG R TR 3R
BEERARE.

&1 EFAM T2DM AR EMRAIRL S MFE L IER LR

Tab.1 Anthropometrics and metabolic characteristics of controls and T2DM in the cynomolgus monkey

W5 35 H
Measurement items
Control macaques (n=5)

Naturally occurring diabetics (n=7)

I/ 3] Phase
X AL B A TR LR 4 PR MERE IR A

Diet-induced diabetics (n=7)

PRBLEEFR Anthropometric

38.85+6.13 47.71+13.71

I3 1 J5i 7K ¥ Fasting serum lipids (mmol/L)

AT JFR 1550 BMI (kg/m?) 39.81+3.79
JIH & #E CHO 1.89+0.38
Hu = TG 0.66+0.25
=% i 1) HDL 1.254+0.19
fR# G4t LDL 0.86+0.2
ik Plasma glucose (mmol/L)
I MK Fasting glucose 3.3+0.37
A i
BT 2 h I g 3.06£0.38

2h plasma glucose followed OGTT

2.25+0.56 14.3544.32%%1
1.18+0.24 2.442.18%¢
1.15+0.37 1.88+0.71
1.0740.28 12.02:44.07%%1
9.86+3.09%*1 8.95+1.2%%¢

14.43+4.42%%1 13.59+1.99%%1

Bl AP BIEEbRHERR; o Rl 0 I8R5 3 UM LLRS, 7257 W R 2%

Values are Means+SE; compared control group, the * and ** over bars indicate significantly different with P<0.05 and P<0.01, respectively.

3 i i

W ARSCER 7R, TR AN T2DM B 3
Bm, AWFCTIERR 7 2 A AR R e R
JE Fh % (Wan et al, 2011). T2DM EE T B &
Bz aE AT, B TR A e, LRI
TG. LDL FI/MK % & JIE & [ (small low-density
lipoprotein, sLDL)Ft =, HDL [%f(Yang, 2004), H.

L7 Ak JEL I ) 7K 5 0 Rl O F B N 22 1 A
K(Mayer- Davis et al, 1999), AWFITH, 75k T #E
Ef CHO. LDL FI TG AN 1E % 41 8 3% Th i
(P<0.05), miflek el 2w EAEH . WA R,
e MW 5 v TR I, B S K A8 R AL 2
(Jia et al, 2007). HARKWIM EELE, HiE CHO
/K. TG M1 LDL WA FH i, Ui BRI L
Bl PR R AR IR AL S, AR IFA IR
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Tab.2 Relative expression quantity of T2DM-related genes between naturally occurring and diet-induced diabetes monkeys

) ARXT R IE
- - Wi GenBank J7-41 5 Relative expression quantity (RQ)
s M GenBank Accessi . - s _
Gene name acaque benBank Accession X HRZH H AT LR P9 4 PR MR IR AL

No.

Control group

Naturally occurring diabetics

Diet-induced diabetics

R EFSS Metabolic  enzymes

ACE
ACLY
G6PC
G6PD
PARP1
PRKAAL1
PYGL

NM_001135696
DQ147961
XM_001100750.2
XM_001095273
XM_001090628
C0O581780.1
XM_001102253

ZAA L WIES Receptors and transporters

ADRB3
CCR2B
CEACAMI1
CTLA4
GCGR
ICAM1
IL4R
NSF
SELL
SLC2A4
SNAP23

TNFRSF1A

VAMP3

SR P2 Secreted factors

INS
RETN
TNF
VEGF

NM._001044730.1
AF013958
NM_001712
AF344846
XM 001111894
NMO001047135
XM001093763
XM_001105450
NM_001042763
XM_001107391.2
AB172037
XM001118232
XM001095950

J00336
XM_001097265
MMU19850
XM001089925

{5555 S Signal transduction

MAPK14
PIK3C2B
PTPN
IKb

XM_001112423.2
AB172565
XM_001096053
XM_001087248

kK728 Transcription factors

FOXGI1B
FOXP3
NEUROD1
PPARGC1
SREBF1
TITF1

XM_001106922.2
NM_001032918.1
XM_001101024
XM_001105289
XM_001095392.2
XM_001089773

JEREIEE Obesity associated gene

CDKN2B
IGF2BP2

WZHEH Positive control

GAPDH
YWHAZ

XM001107263.1
XM_001087426

XR_010863
XM._001098275

1.54+1.75
1.04+0.34
1.27+0.94
1+0.04
0.84+0.61
1.38+1.4
2.09+2.23

N/A
1.05£1.45
1.05+0.35
0.99+1.22
1.65+1.74
0.96+1.24
1.96+2.12
1.18+0.67

1.742.22
1.11£0.59
1.72£2.11
1.67+1.92
1.71£2.22

N/A
1+0.1
1.6+2.02
N/A

1.04+0.28
1.29+1
1+0.1
N/A

N/A
1.26+1.1
1.59+41.32
2.78+3.78
N/A
1.2+0.89

1.38+1.38
1.04+0.29

1.03+0.26
1.04+0.34

3.4621.46
0.18+0.14%*
14.99+6.01%*7
0.19+0.15%*
1.22+1.12
2.37+0.9
6.7+3.66%1

1.05+0.35
10.07+3.15%%1
89.04+12.4%%7
11.93+1.69%%7
2.07+1.44
6.9142.9%
0.82+0.92
12.99+£0.3%%1
1.15+0.34
1.49+1 .34
0.87+0.82
1.180.62
0.53+0.23

1.32£1.12
0.73+0.31

7.18+3.83%1
1.05+0.42

4.25+2.89%1
1.94+0.93

39.24422.01%7
1.04+0.29

1.45£1.24
4.98+0.09%1
5.241.8%%1
7.5241.83%%1
1.04+0.28
0.44+0.13

5.8842.54%1
58.05+21.87%%7

1.07+0.6
1.1840.58

4.513.43
0.02+0%+ |
13.5746.81%%1
N/A
0.62+0.32
3.4842.08
4.9342.11

0.5+0.35]
10.2544.14%*1
106.324624.97%%1
10.49+2.91%*1
2.29+1.54
8.33+4.32%%1
2.6642.7
10.8942.44%%1
1.04+0.29
1.740.73
0.96+0.33
0.87+0.27
0.56+0.25

0.9£0.52
0.67£0.27

10.35.72%%1
1.29+0.57

5.42+1.59%%]
1.65+0.7

28.39+15.09%1
1.36+0.84*1

1.83+0.39
5.8843.3%%¢
4.5241.18%1
10.16£3.26%%1
3.5343.4
0.65+0.14

7.82+3.84**1
66.46+13.29**1

0.91£0.16
1.13+0.23

mRNA 34 i LUPIHEbRE R R, o fleoso 3 30R S AL, 725 BERNEE, NA BIEAUM. a. b 0I0n 5 ARAMLIL, %R BE

I e

Values are Means+SE; the * and ** over bars indicate significantly differences at P<0.05 and P<0.01 compared with the control group. N/A: not available,

indicates low expression. The a and b over bars indicate significant differences at P<0.05 and P<0.01 compared to naturally occurring diabetes.
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PEEE, M e e B SR, CHO M LDL ik
(14.35+4.32) nmol/L F1(12.02+4.07) nmol/L, 43
LK E B 6 5 R 11 £, SIEHAMEt, %=
SR (P<0.01). XKW, milEIRE AN T B0
PRI, T LA In S TR A 25 L, IR R I
FEM R A
TERATHFAREAI I, ATP FriF R
fi# W (ATP citrate lyase, ACLY) & gl IR & Bt # v
() OBl LG VS 1k T 4 JBE B 250 (Guay et al,
2007), T2DM F 4 [ 5 B 5 1 F mRNA 7K P45
1EH AN A (MacDonald et al, 2009). A5 H,
FRAMARA ACLY xR E &Y EFH KK
(P<0.01), Hrb AR ACLY Fik/KFpE 4 4
() 18%, M KA A HKAFRIEER 11%. 7T
NGt 4k 8q-pl2 ) ADRB3, F&—Ff4>4i T i iy
SN 1 B3 B R R A, LML
AR TR DA T A WA LA I, A R L B3
B EAR R AEZARB3AR) S, T A IR R A
FR R IE N # e AFTT ORI, AEREARS K BTG
HZh ADRB3 3215 & T B (Muzzin et al, 1991).
FEAMIS T, SMEIMLE ADRB3 KikEIRE N
e, HFERAN DB RKAD 50%, %758 &
(P<0.05) N[ B 70T 454 5 1 (SREBPs) s —
P B PR S R, FE S5 R IE A SRR
525 S AR (Felder et al, 2007). kAT
TR, AR, BERIGLLT) SREBFI 3Ri5 L,
Hrh, HRAMFIEEN BRAN 431 15, EZRE
FH(P<0.05). XL G KPS NRNE BEVmE S
BN A AR DG B S DRIV 1, I e AR 2= L
LAt 52 5 I R £ 5 T ) S TR 34, 5 R I 2%

S K
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HEPUAHSHIIN 7, W CDKN2B, CEACAMI (& k47t
JEAR SN BB 21 1), IGF2BP2(J 5 25 AEAE KA
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il CDK4 RIiE 2k, 8775 4 5, 52 o B 5% 40 i 1)
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