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5•研究背景

在哺乳动物中，胰岛素样生长因子(IGF)

有两种形式，即IGF-I和IGF-II。IGF-I在生长

轴介导的产后生长中起着关键作用，其表达

受生长激素GH的调控，而IGF-II的表达不受

GH的影响。在鱼类中，肝脏IGF-I和IGF-II产

生/分泌均受GH的调控。
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有研究表明，在鸡和老鼠的肝细胞中，

insulin可增强GH诱导的IGF的表达，但作

用机制尚不清楚，而在鱼类中类似研究得

出的结果确是可变的。因此，本文以草鱼

为研究对象，旨在探究insulin和GH对草

鱼肝细胞中IGF表达的协同作用机制。
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缩写：

GH:生长激素；

IGF:胰岛素样生长因子；

GHR:GH受体；

Ins R:胰岛素受体；

IGF1R:IGF-I受体；

MAPK:有丝分裂原活化蛋白激酶；

MEK ½:有丝分裂原活化蛋白激酶1/2；

ERK ½:细胞外信号调节激酶;

P38 MAPK:P38有丝分裂原活化蛋白激酶；

PI3K:磷酸肌醇3-激酶；

Akt:蛋白激酶B；

mTOR:雷帕霉素靶蛋白；

JAK 2:Janus激酶2；

STAT 5:信号转导和转录激活因子。
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1.以草鱼(1.8-2.1kg)为研究对象，分别用GH(10-1000ng/ml)和insulin(0.01-

100nM)孵育肝细胞24h，测定IGF的表达量。

2.分别用GH(300ng/ml)，insulin(10nM)与JAK2/STAT5，MEK1/2/ERK1/2，

PI3K/Akt/mTOR，P38 MAPK通路上关键酶的抑制剂共同孵育肝细胞24h，测定

IGF的表达量, 并测定MEK1/2，ERK1/2，Akt，P38 MAPK的磷酸化水平。

3.分别用GH(300ng/ml)，insulin(10nM)以及GH(300ng/ml)和insulin(10nM) 

共同孵育肝细胞6，12，24h，测定IGF的表达量；用GH(300ng/ml)和

insulin(0.01-100nM)共同孵育肝细胞24h，insulin(10nM)和GH(10-1000ng/ml)共

同孵育肝细胞24h，测定IGF的表达量。
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4.用insulin(10nM)孵育肝细胞15min，测定InsR的磷酸化水平；分别用

GH(300ng/ml)，insulin(10nM)以及GH(300ng/ml)和insulin(10nM)与InsR激活阻断剂

HNMPA(10μM) 共同孵育肝细胞24h，测定IGF的表达量。

5.分别用GH(300ng/ml)，insulin(10nM)以及GH(300ng/ml)和insulin(10nM)共同孵

育肝细胞0，30，60，90，120min，测定InsR，STAT5，Akt和 ERK1/2的磷酸化水平。

6.分别用GH(300ng/ml)，insulin(10nM)或GH(300ng/ml)和insulin(10nM)孵育肝细

胞15min，从肝细胞中制备膜蛋白，用免疫沉淀法检测InsR或GHR。

7.分别用GH(300ng/ml)，insulin(10nM)或GH(300ng/ml)和insulin(10nM)与

JAK2/STAT5，MEK1/2/ERK1/2，PI3K/Akt/mTOR，P38 MAPK关键酶抑制剂共同孵

育肝细胞24h，测定IGF的表达量。
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12•GH对IGF基因表达的调控作用

图1 (A) Effects of increasing doses of GH treatment (10–1,000 ng/ml) on IGF-I 

and -II mRNA expression. (B)  JAK2/STAT5, MAPK, and PI3K/Akt pathways 

in IGF-I and -II mRNA expression induced by GH.
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13•insulin对IGF基因表达的调控作用

图2 (A) Effects of increasing doses of insulin treatment (0.01–100 nM) on IGF-I and 

-II mRNA expression. (B) Insulin stimulation on protein phosphorylation of MEK1/2 , 

ERK1/2 , P38 MAPK, and Akt in carp hepatocytes. 

insulin孵育肝细胞15min

MEK1/2

ERK1/2

P38 MAPK

Akt
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图2 (C) PI3K/Akt, P38 MAPK, and JAK 2/STAT 5 pathways in IGF-I and -II mRNA 

expression induced by insulin.(孵育24h)
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15•GH和insulin相互作用对IGF基因表达的影响

图3 (A) Time course of GH alone (300 ng/ml), insulin alone (10 nM) and co-treatment 

with GH (300 ng/ml) and insulin (10 nM) on IGF-I and -II m RNA expression
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图3 (B) Dose dependence of increasing 

levels of insulin (0.01–100nM) on IGF-I 

and -II mRNA expression induced by 

GH treatment (300ng/ml). (C) As a 

reciprocal experiment, increasing levels 

of GH treatment (10–1000ng/ml) on 

IGF-I and -II mRNA expression induced 

by insulin (10nM) was also tested in 

carp hepatocytes. In dose-response 

studies, the duration of drug treatment 

was fixed at 24 h. 孵育24h

GH和insulin的相互作用对IGF的表达存在剂量性依赖。
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图4 Receptor specificity for insulin potentiation 

of GH-induced IGF-I and -II expression in carp 

hepatocytes. (A) RT-PCR for Ins Ra , Ins Rb , 

and IGF1R expression in carp hepatocytes (B) 

Insulin treatment on protein phosphorylation of 

Ins R in carp hepatocytes. (C) Blockade of Ins 

R activation on insulin potentiation of GH-

induced IGF-I and -II mRNA expression in 

carp hepatocytes. Hepatocytes were incubated 

for 24 h with GH alone (300 ng/ml), insulin 

alone (10 nM) or co-treatment of GH (300 

ng/ml) and insulin (10 nM) in the presence of 

HNMPA (10 µM), an inhibitor for Ins R 

activation.

InsR激活
抑制剂

孵育24h

InsR激活
抑制剂

Insulin受体特异性

孵育15min

GH和insulin的协同作用是通过激活InsR来增强IGF的表达



18•GH和insulin对IGF基因表达的协同作用机制

图5 Synergistic effect of GH and insulin on Ins R, STAT 5 , Akt, and ERK1/2 activation in carp 

hepatocytes. (A) GH enhancement of Ins R phosphorylation induced by insulin treatment. 

GH可增强 insulin-induced InsR的磷酸化

15min

5min
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图5 Synergistic effect of GH and insulin on Ins 

R, STAT 5 , Akt, and ERK1/2 activation in carp 

hepatocytes. (B) Insulin potentiation of STAT 

5 , Akt, and ERK1/2 phosphorylation induced 

by GH treatment. In these experiments, 

hepatocytes were exposed to insulin alone (10 

nM), GH alone (300 ng/ml) or co-treatment of 

GH (300 ng/ml) and insulin (10 nM) for the 

duration as indicated for Ins R phosphorylation.

GH和insulin的协同作用可增强STAT5，Akt和ERK1/2酶磷酸化。

STAT5

Akt

ERK

孵育0-120min

那么，是什么原因引起信号通路关键酶磷酸化增强的呢？膜受体

的相互结合可改变各自受体后的信号传导。
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IP:免疫沉淀

IB:蛋白质印迹

阴性对照

孵育15min，得到膜蛋白



21 JAK2 STAT5

孵育24h



22 MEK1/2 ERK1/2

孵育24h
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孵育24h

PI3K Akt



24

孵育24h

PI3K P38 MAPK
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1.GH可通过JAK2/STAT5、 MEK1/2/ERK1/2和PI3K/AKT/mTOR通路来上调IGF-I和

IGF-II的表达，而insulin则通过JAK2/STAT5、 MEK1/2/ERK1/2来上调IGF-I和IGF-II的

表达。

2. GH和insulin协同作用可通过受体蛋白相互作用和增强后受体信号来上调IGF-I

和-II的表达。



28

Thank You




