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Abstract

BACKGROUND: Studies found that fetal growth restriction can lead to adaptive change of metabolism and redintegration of
hormones system, result in child development delay and insulin resistance after grow up. However, the molecule mechanism of
the variation during pathological process from fetal growth restriction to insulin resistance remains poorly understood.
OBJECTIVE: To explore the potential molecule mechanism of fetal growth restriction to insulin resistance, and to provide basis
for the early diagnosis and intervention on metabolic disease.

METHODS: SD rats were randomly divided into the fetal growth restriction group and normal control group. Rats in the former
group were prepared for fetal growth restriction models. The placenta protein was extracted from each group, and the protein
kinase activity and inhibitor on MAP kinase (MAPK) signaling pathway were analyzed by plication of specific anti-phosphorylation
antibody immunoprecipitation and Western blot.

RESULTS AND CONCLUSION: MAPK signal transduction pathway of ERK1/2, SAPK/JNK and Raf-1 protein kinase activity of
the fetal growth restriction group were obviously decreased than those of the normal control group (P < 0.05), but the p38MAPK,
MAP Kinase Kinases protein kinase activity in two groups did not change significantly (P > 0.05). In contrast, MAPK signal
transduction pathway inhibitors in the fetal growth restriction group were higher than that of the normal control group (P < 0.05).
The incidence of fetal growth restriction is closely related to abnormal MAP kinase signal transduction and apoptosis mechanism.
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W AL B [ B4 M (stress-activated protein kinase,
SAPK)/c-Jun 24 i 7K %ij ¥ 1 (c-Jun N-terminal kinase,
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TBST Wik o S KOGHINEN Y, B T Ko-dak
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MM w4 CRBEBRERTEE2~4 h, ks
GST-Sepharose A B lEFHER MG e PTiE M 5
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FEGEME, Bh/KZE5 min, Western blot73#1, LAB-actin
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Table 1 Comparison of extracellular signal regulated kinase 1/2

(ERK1/2) activity in two groups (xts, n=20)
Group ERK1/2 B-actin ERK1/2/B-actin
Fetal growth 194.75+13.812 1103.71+40.72 0.17+0.03°
restriction
Normal control 1 049.20+37.18 1 148.33+43.06 0.91£0.05

2P < 0.05, vs. normal control group

B-actin

1: fetal growth restriction group; 2: normal control group

Figure 1 Extracellular signal regulated kinase 1/2 (ERK1/2)
activity in two groups
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(0.24+0.05) % 1E % X} I £ (0.94+0.07) B 1. [& K (P <
0.05), W.K 2.

1 2 1 2 1 M
- - r -
48 000
1: fetal growth restriction group; 2: normal control group
Figure 2 Stress-activated protein kinase/c-Jun N-terminal

kinase activity in two groups

2 TR SIS P i I o-Juin B A S I

HER L p38MAPKE M #7: (LN LA 32 FRAT L4
(0.83+0.06) 1 1 & X} HE 21 (0.89+0.04) K Fil Jifi 48 41 21
P38MAPK A [ S 1 72 5 W 3 M (P > 0.05),
L3,

2 1 2 1 21 M,

128 000

1: fetal growth restriction group; 2: normal control group

Figure 3 Phosphorylation of p38 mitogen-activated protein
kinase activity analysis

K 3 iR p38 A 22 70 A WA B MRS 1 0 T
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24 Je)LARZIRAT AMAPKSE 54631842

Raf-1% B MBS E 1 A 47 i JL7E K 52 B 41 Raf-1/
B-actin j 0.130.06 , IF % *f f 41 Raf-1/B-actin Jy
0.84£0.08; KRl #4141 i Raf-128 18IS YEZE G )L
AR SZ BRAT AT A I 0 B Wl 3% PR {IG(P < 0.05), WL

%4,

73 000
e

1: fetal growth restriction group; 2: normal control group

Figure 4 Raf-1 protein kinase activity analysis

K 4 Raf-1 & E S

ERK1/2 #1 % 51 PD98059 . p38 #J & 5 SD203580 .
MKK1/280%131U0126 R MAPKZE (3 55 1 9347 MAPK/S
S RIER TP ERK 2407 p38HMHI. MKK1/2 4l
T FUAE NG L AE A 57 BR AT B 3 1E 5 0T 4 oK 1 5
FHE(P < 0.05); MAPKES (AT IG LA K52 FRAT Rl 41
RIIE 56 B2 22 G W B PR (P > 0.05), WLk2.

* 2 WHRAL p38 A7 4 M BRI R MM F S e g P &
TS P 7 AT
Table 2 Analysis of inhibitor activity in phosphorylation of p38
mitogen-activated protein kinase (MAPK) signaling
pathway (x&s, Nn=20)

Group PD98059 SD203580 U0126 MAPK

Fetal growth
restriction
Normal control 53.73+4.75 41.58+3.26

187.1747.122 157.29+9.03° 214.38+9.25° 135.7915.04

61.79£5.51  141.64+4.18

ap < 0.05, vs. normal control group
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FHUHBIAE 5 QAN 28 o 9206 38 i 364 45 L SD 4 il
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B SR T IE H R B2, B R IR e T STk DA
FIRANFFIG LA KA BRI R . BLHIRAL T rT RE.

SR EE R BN, R LA K2 BRAT U B 4 2 b
AL IERK1/2. SAPK/JNK X Raf-1 45 [ i i v i 5
B, TITERK12FMHI7) . p384MhIF]. MKK1/24 7
B BT X4 7RRaf-ERK-JNK-p38MAPK(E 5 il ik 2
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By 2Pt A0 M E T4k 52 204 o A AT A5 5 1)
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MAPK{& 516 S HLHI W5 LN E Sl % : ERK1/2,
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P38MAPKAE 5 % 3 % A2 44, A B G )L AR
52 R R A Jil 5 2R AT I AE AL B B A B, A iR L
Az K52 B T BB 5 BT A LRI 5T L R AT 2K ) T
By Ay T e it LA B R R R X

4 BSEAk

[1] Liu ZL, Liang K. Guowai Yixue Fuyou Baojian Fence. 2004;
15(6): 321-323.

U L R R i LA AR 27 5 19 B FARBUII L. [E AN 2 1 4 Ok
fi 453 #i,2004,15(6):321-323.

[2] Laviola L, Perrini S, Belsanti G, et al. Intra-uterine growth
restriction in humans is associated with abnormalities in
placental insulin-like growth factor signaling. Endocrinology.
2004;146(3):1498-1505.

[3] Vuguin P, Raab E, Liu B, et al. Hepatic insulin resistance
precedes the development of diabetes in a model of intrauterine
growth retardation. Diabetes. 2004;53(10):2617-2622.

[4] Pearson G, Robinson F, Beers Gibson T, et al.
Mitogen-activated protein (MAP) kinase pathways: regulation
and physiological functions. Endocr Rev. 2001;22(2):153-183.

[5] Sticker CJ, Arch JR, Cawthorne NA. Fetal origins of insulin
resistance and obesity. 2005. Proc Nutr Soc. 2005;64(2):
143-151.

[6] Soto IN, Mericq GV. Fetal growth restriction and insulin
resistance.New findings and review of the literature. Rev Med
Chil. 2005;133(1):97-104.

[7] Fowden AL, Forhead AJ. Endorine mechanisms of intrauterine
programming. Reproduction. 2004;127(5):515-526.

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH

(8]

[9]

[10]

(M

[12]

[13]

[14]

[18]

[16]

[17]

(18]

[19]

[20]
[21]

[22]

[23]

The Ministry of Science and Technology of the People’s
Republic of China. Guidance Suggestions for the Care and Use
of Laboratory Animals. 2006-09-30.

e N RIUHE B2 BORES. G T 05 L s K45 S e A
2006-09-30.

Yan YH, Li L, Yu LL, et al. Zhongguo Shiyan Dongwu Xuebao.
2007;15(1):44-45.

IO AE, A5 07, 6 I, 55 BT T = Sk 2. FGROK BUSEAY R ifF 5
[J1. 7 [ sz 56 sh ) 244], 2007,15(1):44-45.

Thamotharan M, Shin BC, Suddirikku DT, et al. GLUT4
expression and subcellular localization in the intrauterine
growth-restricted adult rat female offspring. Am J Physiol
Endocrinol Metab. 2005;288(5):E935-947.

Simmons R, Templeton L, Gertz Sl. Intrauterine growth
retardation leads to the development of type 2 diabetes in the
rat. Diabetes. 2001;50(10):2279-2286.

Ma XD, Chen BL, Xin XY. Zhongguo Fuyou Jiankang Yanjiu.
2007;18(2):151-152.

Lyl 2%, PR B, S DR R ) SR {5 e S AE iR LB BR
I I v a4y ek T 9, 2007,18(2):151-152.

Barr RK, Bogoyevitch MA. The c-jun N-terminal protein kinase
family of mitogenactivated protein kinases (JNK MAPKs). Int J
Biochem Cell Biol. 2001;33(11):1047-1063.

Ozanne SE, Olsen GS, Hansen LL, et al. Early growth
restriction leads to down regulation of protein kinase C zeta and
insulin resistance in skeletal muscle. J Endocrinol. 2003;177(2):
235-241.

[Reid GJ, Flozak AS, Simmons RA. Placental expression of
insulin-like growth factor receptor-1 and insulin receptor in the
growth-restricted fetal rat. J Soc Gynecol Investig. 2002;9(4):
210-214.

Ma H, Zhang HF, Zhang QJ, et al. Vasculoprotective effect of
insulin in the ischemic/reperfused canine heart: Role of
AKT-stimulated NO production. Cardiovasc Res. 2006;69(1):
57-65.

Reece EA, Ma XD, Wu YK, et al. Aberrant patterns of cellular
communication in diabetes-induced embryopathy Il.Apoptotic
pathways. Am J Obstet Gynecol. 2005;192(3):967-972.

Li M, Sun YY. Guowai Yixue Fuyou Baojian Fence. 2003;14(2):
65-67.

AR VK. RMIUE IR = HRB]. FE Ah R A I 4 AR A 43
2003,14(2):65-67.

ReeceEA, Ma XD, Dhanasekaran D. Aberrant patterns of cell
Lular communication in diabetes induced embryo pathy I:
membrane signaling. J Mater Fetal Med. 2002;11(4):249-253.
Resnik R. Intrauterine growth restriction. Obstet Gynecol. 2002;
99(3):490-496.

Huang TT, Qiu XS, Shen ZY, et al. Zhonghua Yufang Yixue
Zazhi. 2004;38(3):182-185.

T, /Nl TR 52, 55 2R R AN RORETAROK OB SR
FEMAL]. T AETRS BL % 2k, 2004, 38(3):182-185.

Liu Z, Cao W. p38 mitogen-activated protein kinase: a critical
node linking insulin resistance and cardiovascular diseases in
type 2 diabetes mellitus. Endocr Metab Immune Disord Drug
Targets. 2009;9(1):38-46.

Wolf G. Adult type 2 diabetes induced by intrauterine growth
retardation. Nutr Rev. 2003;61(5pt1):176-179.

REARREHES FE—

E2ZFa: TAEAAAFELRE (%5 NZ09143),
B LA BILT AAEKRZIRG MRS FRAAL
MAPKkinase 1z 5 43 #ui .

B R Z I RAEFWEEXFERERY 4L R
FIz . L&) RABIRABT A EARF Eh T S8y KA
B, FESIE R RS

F 75 /S R BAEAT)” RAAOKJE R I
LALR H 3 KA 4 04 22 R A B 695 BA .

I IRERI T ST E: Fixt 4 SD KR, £k
Fdn R T a At 5 AIKE A0 4 RA 5,

TG F IS LRI E: 25 B AR IE LA K FRAIK
i AR E LA K M By F K AE £ 454749 AL B B & B
AR, BT A ILA R R A AR T L9155
ST AE, ARG LA KRR KA . ZEME, HFH
YW A AT e R T TR AR AR B R F 5 B AR R IR &

9357



