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Differential expression of six obesity-related genes with different
disease phases of T2DM in cynomolgus monkey
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Abstract: Type 2 diabetes mellitus (T2DM) is a metabolic disease with a strong genetic component that is very
prevalent in the world. The aim of this study is to investigate the association of a set of six obesity-related genes with the
different disease phases of T2DM in a model using middle or aged cynomogus monkeys. A total of 25 male monkeys were
used and fed with high-fat diet (15% lard). The disease development and progression of T2DM were monitored through the
levels of plasma glucose and lipid. The mRNA expression of 6 genes was evaluated using real-time PCR on monocyte
isolated from monkey peripheral blood. The 2-hour plasma glucose levels followed oral glucose tolerance test (OGTT)
were (11.06+6.05) mmol/L and (13.1242.89) mmol/L respectively (P<0.01), and the fasting plasma glucose level was
(7.58+1.56) mmol/L (vs controls, P<0.01), indicating that we developed successful the models of pre-diabetic and diabetic
disease in the cynomolgus monkey. Of the six tested genes, CDKN2B, IGF2BP2, and FTO genes were significantly
up-regulated with disease progression in T2DM. We found that the expression of /IGF2BP2 and FTO increased 65.92 and
4.30 folds in the developed T2DM. We conclude that the genes of CDKN2B, IGF2BP2, and FTO can be used as early
diagnostic and prognostic biomarkers in type 2 diabetes.
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DRI o 5 U BB ) 38 20 WA AT AN A2, [ I I R
R FEER . BE ANTAETEACE S, B
PRI I s 2 BB AF LI aH, BE TR,
Yang et al (2010)%F 71 [E 46 239 4™ A= A B R s 1 7
S5 RARW, T EDRE BRI AR R ik 9.7%, Bl PRIV T
A BRI 15.5%, FAGE: o R IR R S
Ok 9240 J I, JEAERZ o E BB R I 4
TF, HArABka R B 2.33 42, 1 HIE DUEE4E
Bk 700 J7 A AR . P, S TR PRI
RURIEE S e R R IR RORE, R SR )
TR, 2528 T2DM SRR A5 0 F %,
AR, Yang et al (2010)F) 3 2 i WA 8 PR (H A
LW R B E LN 57%, BRI B R O
Z0 DB PR B R (i 5.8%) , BB OB PR
2 AR VREAR METREAfR I 4 110 5 25 R R i A
DRI, S — PP i B AR VR Y FE T R Tt
SRS W — bl PR A DGR DR (1 R IR TE R R
S TR W S R I AT Ak T e e R AR O, AN IR BE IR
AR DCIE DR 1) mRNA 7K PAE R AN R AR ] 6
BA =R R, FRIB KT 178 4 v] LUAE S 54
W — ML TR R .

Ak, Bl R B R B R AN 5 3%,
FOR A EER AR 73 HT(GWAS) S SNP AR 1) K&
Re, T8 2 Pl R w2y LR, Wl CDKN2B,
CDKALI, IGF2BP2 Al FTO (Sladek et al, 2007;
Zeggini et al, 2007; Scott et al, 2007; McCarthy &
Zeggini, 2009; Steinthorsdottir et al, 2007). F:H,
CDKN2B fiT 9 Sk b, G e i 5 -
pl6INK4a, JEil cyclin D I CDK4 (35, #75
00 5, S B 40 PR 0 S PR (Duesing et
al, 2008). )<, CDKALI = B3 i A — AT i 5 R
JROZ AR, DT S o8 PR AUS:, AL 55 156 % 35 Uk
JaK(Alena et al, 2008). T IEJEIED FTO Yt 2-Hd
I R A% R L A, FLAE R B R
NP h B RIA, BZERESHIRY, HHEzY
AR P2 38 4% W /N 28 (Frayling et al, 2007; Dina et
al, 2007), 17 LI5S AERE. BMI AOCHE, LRI N
PAER L T D7 B B s I B 3 P B, e
(AR S A4 mT AR I0 G 7 R ORR, PRI 4 B IR B 32
P, MM S 250k R (Camilla et al, 2008; Freathy
et al, 2008). IGF2BP2(ik 5 #Ff/E KT 2mRNA
Si5EE 2N IGF2 R, HAERE SRR
B RAELEN, AR)LhS5ERARILFEEH,

SEMEEACEN, 5 T2DM 7 % (Rong et al, 2009; Van et
al, 2009). SOX4 Z: 55 JFE MR IR B FNJBE B 28 25 WA 1) 1A
W, 00 IRX3 WA A T B A B4 R
M FEAER e AMNEH, HEEEmiLES T2DM
(Ragvin et al, 2010). [tk Ak KT SOX4 Al
IRX3 S5EMRR G %, WL R RN, A
T TR LR A CIE R [ R IA =5 T2DM K
HERR (AR SSE, ASHIT 9% 0 b R 3 2 995 AN T et 34
6 MIEERER 1) mRNA KI& AT 8T, M A b
PRIV RS TR IS Wl

1 MBREFGE

1.1 SREEHHY

25 HE A th A p R A ST Ko de ik,
EWBIRT 9 %, KM BRIERTE, HIREE 16~
29°C, MR 50%~80%. SEHARF: HhEREX
[UGPIANS By R RS ) B 7419 1 ' =S e /A
$t, Trizol X7 H Invitrogen A A, SYBR®
Green % ¥l & SYBR® Premix Ex TaqTM i H
TaKaRa /A #] , REasyScript First-Strand cDNA
Synthesis SuperMix Hi TransGen Biotech 2 w] &4k,
IV A TAY) TREA Al Gk, 2040 B2 fd i
HATHCH(1.6 mmol/L EDTA, 10 mmol/L KHCOs,
153 mmol/L NH4C1, pH7.4) (Ma et al, 2007).
1.2 REHZE
121 SRR

2% WHO 2 Wibsite, AR P43 ZEAk M
PR IR L (OGTT) S 50 A S BR A 45 FLk Hi
PRIGBELBERE RN 53 4 AN (3R 1), BRd4h
WG b, HR &4 SRR E P S 15%5%
), PRIREY 18 AN H .
1.2.2 PROUEEAR S g AL AL TR AR

TG 12~14 h 5, HERRANEiZ 10
mg/kg RE R FEHEATRRIE, HHFREAR AR, K
JOM AR = T RN JOIR I R GRS T, IR i
fen Ak 2T K 0 R HE B ). AJEECR I3 mL
kL, BT T T, ST, i E 30 min, 3 220
xg, AP 15 min, W EIE, BEvANE GLU.
CHO (JH[E ). TG(H M =[E8). HDL-C(/#5 % )& g &
[1). LDL-CURZJENEE ).
123 OGTT £

SIS RAE T 12~14 h J5, %4 g/kg AT A% HE
HEATHER, FHAEHE MO mME 0. 30, 60,
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Tab.1 The standard definition with the different disease phases of T2DM model in the cynomolgus monkey

S i R A i
I 301 SHRAAE () Clinical indicators
Ph ’ The number of -
ase Monkey 25 LB FPG (mmol/L) e e S
Fasting glucose Glucose tolerance Urine glucose

X} Control group 5 FPG<3.96 1B [
BRIYIHA Initial phase 5 FPG<3.96 1E%H YAk
1R 1] Metaphase 5 3.96< FPG< 5.7 7 JEIKESZ 4 (IFG) YAk
IGARHTI Preclinical phase 5 FPG<5.7 BT I 57 (IGT) 1+ 2+
R3] Clinical phase 5 FPG=>5.7 HFFEA71E BT 55 5 (IGT) 3+

90. 120 min IMFE{E, JF7E 0. 120 min SREL 0.5 mL
AL, FH A0 B B 28 T S92 43 B k) 6 ) o e % 3%,
I MR B s 06 5 B b 5 BE AR 4e g, Ho
HOMA-IR = FPG x FINS/22.5; Si=1/(FPGXFINS);
i B 40 T RE R 2=FINS/FPG.
1.2.4 ARJEI 40 5 RNA $2HUM H: cDNA il 4%

TERAS T 12~14 h J5, KGRI 5 mL,
¥ 25 mL 2040 MR IR S, UK FIBCE 30 min,
WilE) 2 ok bR i AEURENR A, B 250 I AR 1 4
. 4R 548 Trizol (Invitrogen)$EHU 4k FE Il 19 41 Al
&L RNA (Puissant & Houdebine, 1990), H EasyScript
First-Strand ¢cDNA Synthesis SuperMix (TransGen
Biotech)#$ %) 0.5 ng RNA Je#5%4 cDNA, fiifd
cDNA T--20 ‘CIRA7E%H
1.2.5 BRI PCR 5| H¥cit Js 't g 7 PCR

Wk T 6 MR EE A 5178, IF
UL GAPDH #1 YWHAZ 4 ) Z(Sluimer et al, 2007),
FT A REJPEAH OGIE LR P9 22 (1) PCR P24 K B 34 4
180~250 bp i), F SYBR Green 44k} (TaKaRa)
X 6 ANFE R EAT 9% )6 52 B PCR 43HTT, [ WAK R K 20
uL: 10 uL SYBR® Premix Ex Taq™ (x2), 0.4 uL PCR
E T S 5149(10 pmmol/L), 2 pL cDNA A%45. (100
ng), 7.2 pLddH,0. %< 5E 5 PCR D ER: (1) FilAetk
95°C, 30's; (2) PCR XV 95°C, 5's; 60°C, 34 s, 3£ 40
MG (3) Rlfil k53 #7: 95°C, 15 min; 60°C, 1 h;
95°C, 15 min.
1.2.6  EdmAb B> 7

LRI AlfEihZe 2. CT<8 B CT>35 &
ACT >13 [ |, ®f ¢t 5E 8 PCR &5 R EAT 4] 45>
B, FHRH 2702 T St A R DR o) T e
HHAH R SE R KA & (Livak & Schmittgen, 2001),
H ANOVA JELUIRIE T o AR FEREAS [m] iy 1 £ e
B PR 903 I JRE A DX 5 DRI 1) 08 222 S o T L 5 0T L2

(ARG 2Tk o DL B 4 IO A I B R Ok 2%,
WS RIS MR T 5 — DA ST X .

2 &4 R

2.1 R SRIHHEIS RS ¥E RS =B B89 LB

EE T2DM R AN [R] I AR 5 i 2B Ak
FRPRI LRI 2 Fros: BT RAAHEL, (AR
Pl R A 2R rh B A, 7 At By B 25 AN )R 38 o,
1M1 J PR N ) 55 BMIAE A0 44 B AR AUAN K, 1My i
Jiih TG A HDL b AN 2%, CHO 5 LDL e
O R R IA 22 55 6 25 (P<0.05), H. LDL e
W IR HT A SRR B 2 K T 14.62.
11.83 1 11.69 fi5; FPG {EIGIRIAE B KMH, A
(7.58+1.56) mmol/L, OGTT 2 h I BEZE I A iy 33 A1
Il R 39993 531 4 (11.06+6.05) mmol/L F1(13.12+2.89)
mmol/L, 23 & T AR {E(P<0.01); JiE k2% =1
(RINE R SRS )7 NI =S =1l 7 Nl o =9~ 1] &
Ko 5 ZIRPTEEL(HOMA-IR)-L5 4 FR 95 A 9 BEFE
SAEADE, TR PR HHIA 20 55 N AH; i e 5 25 U
H Si A S B At D Re i BN AR I, 7RI IR AR,
43514 0.0026 Fl 7.42(P<0.01).
22 BEBEINEMEMEEPERFIEEHECER

mRNA FRiXER

EENE T2DM R AN [ I 341 J i 1 40 ff
JEJHEAH DG HE Rl mRNA 1A S W14 3 s : CDKN2B.
IGF2BP2 FI FTO K3k 5t b 1) K A S 1,
TEI R Ik B e K8, Herh, IGF2BP2 Il FTO 113K
KPR RAL 65.92 F1 4.30 1%, 7 5tk B2
(P<0.01). IRX3 FI SOX4 {EX} FFEA P (PR R IE
ERAE, H CT {H535°4(36.071+0.98)F1(35.50 +
0.18), 1l GAPDH CT 18 4(22.48+4.67). Kk, #H
X TR IE =R m I BH T O, HEE R R IA =R
G AELAE 06 R0 1 e v 1) 4% A I I 45 21045 20k
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Tab.2 Anthropometrics and metabolic characteristics with the different disease phases of T2DM in the cynomolgus monkey

I3 Phase

W5 35 H Hof I R LT 4 Il A BT 3 I A
Measurement items Control group Initial phase Metaphase Preclinical phase Clinical phase

ABLEEAE Anthropometric

A Body weight (kg) 7.29+1.02 10.18+1.95%* 06.55+1.93 07.65+2.08 09.1242.70*

JEEH Waist circumference (cm) 37.80+3.83 48.30+5.95%* 39.70+5.29 40.40+7.96* 42.70+£9.44%**

MMEE o 9.90+1.14 11.80+1.30 10.40+1.14 09.90+1.78 11.90+2.48

Sagittal Abdominal circumference (cm)

PRI FHEAEH BMI (kg/m?) 39.75+4.83 42.41+13.24 42.24+538 49.61+17.41 49.78+11.51
M35 0 JFT/K V- Fasting serum lipids (mmol/L)

Him =8 TG 1.20+0.68 00.79+0.23 01.27+0.68 01.160.69 00.79+0.40

A EE CHO 2.07+0.35 04.14+0.59 10.57+5.21% 08.36+5.41 10.79+5.62*

% PR HDL 1.13+0.17 01.55+0.73 01.80+0.40 01.94+0.90 01.88+0.62

iK% B R A LDL 0.78+0.27 01.38+1.36 12.19+7.08* 10.01+8.65* 09.90+7.42%
ik Plasma glucose (mmol/L)

2N MR Fasting glucose 3.46+0.32 03.66+0.21 04.78+0.58* 04.12+0.67 07.58+1.56%*

ﬁ“ﬁi i : iﬁse followed OGTT 3.36+0.36 03.71£0.23 03.68+0.55 11.06+6.05%* 13.12+2.89%*
&% Serum insulin (pmol/L)

T % Fasting insulin 59.27+4.27 62.1245.18 78.28+5.16%* 70.7247.26%* 54.86+9.78
AL I8 %0 Derived indices

Jit i FAHTFREL HOMA-IR 9.10+0.93 10.13+1.28 16.58+1.69%* 14.19+1.55%* 18.74+6.92%*

Ji 8 EBUBHR R (Si, x107%) 0.49+0.06 00.41+0.09* 00.27+0.03%* 00.32:+£0.04%* 00.26+0.07**

I B AT AEFR %L FBCI 17.26+2.27 16.98+1.24 16.61+2.61 15.7142.13 07.42+1.67**

Holi ISF I £ bRERER R, - 0 FOR 2 5 A 2

Values are means £ SE; the * and ** over bars indicate significantly different with P<0.05 and P<0.01, respectively.

*3 BEET2DM FRAFHE 6 NMEMEREMEXNRILE

Tab.3 The relative expression of six obesity-related genes with the different disease phases of T2DM in the cynomolgus monkey

I (Phase)
oy N X BB RO ki ik
Control group  Initial phase Metaphase Preclinical phase  Clinical phase

JEJHESER Obesity associated gene

CDKALI iﬁﬁi‘iﬁiﬂiﬁ?ﬁ?ﬁ:j lr_el%]?;altory 1.40+0.48 N/A N/A 0.21 N/A

CDKN2B  Cyclin-dependent kinase 4 inhibitor B 1.03£0.29 03.04+0.83 04.33+0.34 05.08+1.66* 05.7843.52*

IGF2BP2  Insulin-like growth factor 2 mrnabinding protein 2 1.25+0.59 13.58+0.04* 32.87+8.89%* 61.02+9.25%* 65.92+4.39%*

FTO Fat mass and obesity associated gene 0.26+0.04 0.62+0.05 02.08+0.86* 04.15+1.54** 04.30+0.78**

IRX3 Iroquois homeobox N/A 1.40 0.71 1.00 00.64+0.24

SOX4 SRY-related high mobility group-box 4 N/A 2.21 1.75 1.00 00.86+0.03
WZHEF Positive control

GAPDH  Glyceraldehyde 3-phosphate dehydrogenase 1.13+0.47 00.99+0.16 00.94+0.11 00.98+0.13 00.96+0.12

YWHAZ Phospholipase A2 1.344+0.89 00.99+0.74 01.36+0.48 01.33+0.84 01.39+0.78

mRNA ik DO Al s o0 3R 7E i B PN R NVA BIOERU, om0 Bk 3 418 IR
Values are means = SE; the * and ** over bars indicate significantly different with P<0.05 and P<0.01, respectively. N/A, that is not available, indicates low

expression compared with the control group.
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ik, DA PR AT IR AT R 04 A 4 FEHESEA T 20 AT,
PSRRIk AR AN S . CDKALT R AEX IR
SR R FT A 20, 1 A0 A 2R F EAth iy A %
FKikEBL. NWSILIK GAPDH R YWHAZ A%}
KxENZZE 1, HHTAAEMEZE R, KR E
A E .

3 % i

R 40 A Pl o e RO SR s 1B AR (3.32
+0.59) mmol/L(Hao et al, 2010); 5% E ¥ FPG<4.4
mmol/L, ¥R FPG=5.6 mmol/L(LeRoith et al,
2004); F£22% HHif WHO XF AR BRI feBnis Wik
e, 856 AR S0 g5 B O BT A S ) 300 o e e 1
IMHEAE k) 2.96 mmol/L, H. & KAE K 3.96 mmol/L,
T B AT, R b, R 3+ g
W MBHE ST 45 % W] . FPG=5.7 mmol/L)#5E T
AR RETE B T2DM #2515 10 FPG A, RJI
FPG<3.96 mmol/L & S A% fe BB R i 155 R 471 1
FPG=5.7 mmol/L Alfa/&KM; FPG M~ TX B 5l IR
Wiz ), FLUBRTR 5 008 1R A b ], ol TR i o
i I B T8 T IEH . A, o FPG<S5.7
mmol/L, FCHE e 5 (1) 52 SN IR AR T .

o O L N4 TR AE T2DM RS2 47 399 L LA
I =, X AT BESE BT B AR B R R R
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