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Diabetes-associated Genes Expression after High Energy Diet in
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Abstract: A total of 60 middle-age and aged (above 10 years) Cynomolgus Monkeys ( Macaca fascicularis)
with normal fasting plasma glucose (FPG) values (3.20 mmol/L < FPG < 5.50 mmol/L) were fed by high
energy diet for twelve months. After feeding, they were classified into two groups, normal FPG group and
induced high FPG group (FPG =5.50 mmol/L). Diabetes-associated gene expression profiles of peripheral

blood leukocytes of the two groups were analyzed using quantitative real-time PCR before and after high energy
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diet, respectively. The results showed that FPG and triglyceride (TG ) of induced high FPG group were

strikingly higher than normal FPG group (P <0.05), but there was no significant difference in high density

lipoprotein (HDL-C) , low density lipoprotein ( LDL-C) , cholesterol (TCHO) between the two feeding groups

(P>0.05). Among 36 diabetes-associated genes tested, 19 genes (including angiotensin I converting enzyme

(ACE) , phosphorylase, glycogen, liver ( PYGL), aquaporin 2 (AQP2)) displayed a similar expression

pattern between induced high FPG group and normal FPG group and they were significantly up-regulated or

down-regulated after high energy diet feeding ( P <0.05), while expression variation of all these 19 genes were

stronger in induced FPG group compared to normal FPG group. The expressions of ATP-citrate lyase (ACLY) ,

selectin-1. (SELL) , synaptosomal-associated protein 23 ( SNAP23) and syntaxin 4A (STX4) were significantly

different only in induced high FPG group (P <0.05).

Key words: Cynomolgus Monkey ( Macaca fascicularis) ; Type 2 diabetes mellitus (T2DM) ; Peripheral blood

leucocytes; Gene expression
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Cl,pH7.4)iR%],vK & 30 min,1 500 r/min
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Table 1 Statistical analysis of five blood biochemical indicators before and after high energy diet

H: b F5 5 Biochemical indicators ( mmol/L)

n . . o R R 5 4% 2 NI 2R T
AL Rk 5 I M ‘ , : b g
High density Low density
Group Phase Fasting plasma Cholesterol . . . . Triglyceride
lipoprotein lipoprotein
glucose (FPG) (TCHO) (TG)
(HDL-C) (LDL-C)
%51 Before
IEH LAE . . 4.25 +£0.57" 2.66 £0.58" 1.34 £0.43" 0.80 £0.31" 0.69 £0.21"
high energy diet
Normal FPG N _
S5 After . \ \
group(n =32) . . 4.66 £0.57" 10.24 £4.81" 2.07 £0. 67" 8.33 +4.87" 0.86 £0.42"
high energy diet
75 v I 4 %5 S i Before
. . . 4.39 £0.61" 2.58 +0. 56" 1.25 +0.39° 0.74 +0.32° 0.79 +0. 23"
Induced high high energy diet
FPG group %SG After \ . \ \ \
. . 7.27 £1.81" 8.6 +4.34" 1.90 £0. 55" 7.02 £4.94° 1.08 £0.47"
(n=28) high energy diet

7] — S B J5 A A R/NG 78 2R 2253 .3 (P <0. 05, Duncan’s %) o

The different small letter in the same column indicates significant difference (P <0.05, Duncan’s method).

2.2 SHEERFSIEBERFHEXEEN
mRNA RIEDH  mAEEEEH S5 ,36
PR AH OG5 PR A Az I 435 R (3R 2) SR, FE IE R
I A 2 R v IR 2 4 AT 22 A 23 S S A
TEVE SR G A2 S A (P <0.05) , o,
ACE %5 16 AL Rk AE W 4 35 &8 2 b,
PPKAG2 %5 3 A SE R KA TE 413 825 T M.
AR IE 8 M 28, 75 R I M 2 AR S T R Rk
Al W E K. V5 R ML A 4 ACLY ., SELL,
SNAP23 (STX4 K& X (1) 3% 35 7K V- 16 5 3 11l J5 A7
TER % 22 57 (P <0.05) 173X 26 JE ] 75 75 5 7
JE W IEH AR R AT EE R

3 9 i

2010 4 3 [ 4 R i P 2 1 2 B N S IR
W12 Wi bR dE: BE AL I 20 2 [ ( glycosylated
hemoglobin, HbAlc) = 6.5% &B{ =5 & Il ¥ =
7.0 mmol/LEY O AR ¥ i &f i 36 ( oral glucose
tolerane test, OGTT) 2 h Ifi# =11.1 mmol/L
SCA (R I A R B A fE g, L BE AL i A
=11. 1 mmol/L, Tixf T4 N R K23 ¥y b IR
W2 KPR | i B g8 — B A58, T ARk — 2 4R
T T 8 R0 TR ) ol L M PR A N R T
— BB AR, 10 Leroith %5 5 SURRARE (M.
mulatta ) #% PR J5 Ifil B € & = 5.6 mmol/L,
Wanger %5 fIF 57 4 W, 24 £ 88 % (9 10085 (1 3k

5.5 ~7.0 mmol/L | #% JC0] 58 4y b5 JR A5 , A< 5
L5 12 57 e O T = s 1 =
5.5 mmol/ L}y SE U IR 4, J5 28 OGTT FlJR
Wi 25 SR E — 2 06 TIE 2 4 W T AR A A PR
Fi gk hrE" . AW LI FPG > 5.5 mmol/L
KA B K AR R S TR0 e BB R
R, RIS R0 5 IS 1 5 A1 RN a0 s
e ML BEAH , B A H A o AR I, DR e R 35 7 24
TEE 00 A B0 I HS A2 £k 0 1R B PR 9 AR DG 36 A
RS RN AAEER L,

20 fiheg 70 AF AR AR E AR T 3K 2 W, Tl LA
FE i A L BT R B 8 7R 5 e R O 3 R Y R
A, DT X 2 Y IE B 00 5 4l 2 S R R 1 5
BEARE S W R . RE R A S T2DM
SRR A] TR S Y PN 5 R R e R DG D] AR
o gk M C5TB/6) /B ( Mus mus-
culus) 1 JAJ5 , Heas IR A (E € 2 3% LT, B8R
L 5% 235 A R R 5 A7 O A o A, R HORE AR AH
O FE PR+ 48 W [R) U5 55 A0 & L A (pddw-1) I
A 12 N 7L R (GLUT-2) 5 i Rk B
MBEBA ) BRRPI SRR T s
FLH 5 T2DM (1 5 J Pk A e B A O M, i Ik
K R % ( RAB4a) |, 76 HE b () 4 PR s S8 35 FN
/N R 7 A1 0 X 5% B % 3k ) mRNA 3R Gk
R ATV N-2 3 Tk Bt i sk A
F-HEE A (NSF) FE 4 R v H8 5 FIOBE PR s A5 20 A b
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Table 2 Relative quantity of diabetes-associated genes before and after high energy diet

&0

Gene

GenBank % %5

Accession No.

A X+ F 1k i Relative quantity

1EH IiLBE 4] Normal FPG group (n =32)

175 5 1B 20 Induced high FPG group (n =28)

7551 Before

%55 After high

% S 1l Before high

725 After high

high energy diet energy diet energy diet energy diet
1R Metabolic enzymes
ACE NM_001135696 1.38 £1.23 12.56 +6.13 ™ 1.06 £0. 85 25.74 £16.49 ™
ACLY DQ147961 1.55+1.13 0.97 £0.75 0.98 £0. 57 0.24 +0.227
G6PD XM_001095273 0.78 0. 62 1.72 £0. 89 0.82 +0.41 1.76 £1.36
GSK3B XMO001110547 0.68 +0.49 1.68 +1.21 1.33 £0.78 1.88 +£1.26
IDE XM_001090017 1.33 £0.78 2.15+1.32 1.13 £0. 67 2.19 £1.87
PRKCB1 XMO001095880 1.29 +£0.79 0.81 0. 69 0.99 +0. 64 0.56 +0.78
PRKAA1 C0581780. 1 1.29 £1.02 2.88 +£2.41°" 0.97 +0.74 5.25+3.077
PRKAG2 AFO087875 1.28 £0.98 0.02 +0.01 ™ 1.45 £0.75 0.04 +0.03 ™
PYGL XM_001102253 0.89 +0.73 3.97 £2.74 ™ 1.61 £1.56 4.62 £2.377
ZAK I 18 F38 i 8 1128 Receptors, transporters and channels
AQP2 XM_001110572 2.65+2.19 30.65 £15.99 ™ 0.64 +0.58 71.86 +40.40 ™
CCR2B AFO013958 0.39 +0. 30 23.03 £11.49 ™ 0.34 +£0.29 27.73 £21.00 ™
CEACAM1 NM_001712 0.59 +0.45 16.89 £7.94 0.50 0. 58 46.20 £31.89 ™
CTLA4 AF344846 0.88 0. 71 9.98 +4.36™ 0.80 +0.61 8.92 £5.24™
ICAM1 NMO001047135 0.89 +0.76 4.56 +3.387" 1.20 £1.00 5.56 +4.06 "
NSF XM_001105450 0.91 +0. 63 19.46 £10.82 ™ 1.30 £0.75 11.07 £7.77
RAB4a XMO001082985 1.72 1. 04 0.39 +£0.35™ 0.95 +0.44 0.69 £0.42
SELL NM_001042763 1.05 £0. 64 1.09 £0.45 0.84 +0.33 2.87 +1.197
SNAP23 AB172037 1.08 £1.23 0.63 +0.55 1.32+0.92 0.43 +0.32"
STX4 XM_0011111716 0.65 +0.28 0.49 0. 38 0.84 +0.57 2.51+£2.07"
STXBP2 XM_001097163 3.23 £3.05 0.77 £0. 44 ™ 1.39 £0.99 0.31+0.21™
TNFRSF1A XM_001118232 1.42 +1.28 2.13 £1.98 1.79 £1.55 2.44 +1.89
VAMP3 XM_001095950 1.23 £0.62 2.02+1.63" 0.83 +0.40 2.75+1.99 ™
VAPA AB174175 1.58 £0.99 1.62 £0. 69 0.67 £0. 36 0.55+0.42
I I 2% Secreted factors
AGT XM_001107315 1.26 +0. 81 31.43 £18.57 ™ 1.64 +£1.08 45.07 £39.20 ™
IFNG NMO001032905 0.61 +0.57 0.55 +0.46 0.75 0. 61 0.64 £0.39
INS J00336 1.76 +1.08 3.09 £2.01 1.75 1. 54 2.76 1. 88
TNF NM_001047149. 1 1.09 £0. 25 1.17 £0. 88 0.91 £0.77 1.06 £0.99
{555 5 2% Signal transduction
IGFBP5 XM_001087426 1.87 £1.03 0.59 +0.43 0.67 £0.53 0.46 £0.45
PIK3C2B AB172565 1.48 £1.35 16.40 +13.69 ™ 1.58 +1.39 2.86 £2.03
PIK3R1 XM_001088964 0.92 +0. 64 0.43 +0.377 1.18 £1.09 2.43 £2.02
IkBa XM_001087248 0.62 +0. 53 0.05 +0.03 ™ 1.44 £0. 62 0.02 +0.01 ™
5 5 [T 2& Transcription factors
NEURODI XM_001101024 0.87 £0.71 17.45 £12.45™ 0.62 +£0.52 27.12 +15.72*
PPARGC1 XM_001105289 0.92 +0.48 14.04 +7.37 1.08 £0. 86 31.82 +18.60 ™
IGF2BP2 XM_001087426 0.81 +0.71 10.63 +7.22 " 1.24 1. 14 14.79 £11.45™
AEBEAH 5425 Obesity associated
CDKN2B XMO001107263. 1 0.83 +0. 64 3.67 +3.17™ 0.96 +0.74 7.29 £7.07
FTO XM_001092038. 2 1.35+1.27 2.48 +1.13 " 1.46 £1.16 3.59+2.027

“o TR s 3G FOR 5 4 F 2R AL R ATAR 22 ST B2 (P <0.05) R W3 (P <0.01),

The = and s

over bars indicate significantly different with P <0.05 and P <0. 01, respectively.
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J& 1 £ 20 e kK S R R . SNAP23 I
STX4 1 J2 5 19 i R B AH & 19 3L A, A7 e 18
SNAP23 #£ 2 RUBE JR 9% 8 & B 8% LN 19 mRNA
FIR KRR [ kKT 3 Th e Y STX4
TENE R I N (¥ & J8 28 402 0 40 J ot ¢ 4
rheah R EIH . ASHIEST L5 (8 4 22 Uk A1 x5
RN ORI IS SR S22 01 S S
mRNA 7KV | & B fE 8 8 e (37 i
HYyh A 4 A5 FE ACLY  SELL  SNAP23 |
STX4 W RIK K AEAE R FE 27 (P <0.05) ,{H

(F = AE 2 I B R0 A 09 IE B A 4 G 22 5.
X4 AL K BRE A s PR I AR &
JBR I 22 AR BT 7 T, XS PR AR 0 R A kR AR
HAREREMEM.

g5 FRT R AW S AE P 2 AR A P

S R Tt I £ FIOME PR 99 A DG 35 A1 1) 722 s = AH Bk
F ,UE W R AR GG S o b 2 AR B R R
PRI A% 48 A= A 48 bR B9 35 I, ln TCHO , HDL-C |
LDL-C 54 hin, Jt H & FPG B TF e, MO 44
B T2DM P 7E KUK 5 76 & g B G 15 5 0
X AL G5 AL bR TS T2DM 4 A JXURS: 1T Al
R 0, AR R 20 1) 3 SR K 7 b & BLAFS i If
WL e e A S TR 5 T2DM &A= & i v 1
H= ) ACLY SELL SNAP23 STX4 4 4~ 3L A Y
mRNA ik K1 AR Ak . X 228 5] hy ik
— F48 T2DM FLH] XU 7 —%%L\EEE’J
SR, A REES SR

2 £ x #t
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