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Post — receptor signaling crosstalk between GH and insulin in non — catch

—up growth rats born small for gestational age

HUANG Ting — ting, DU Min - lian, LI Yan —hong, MA Hua — mei
( Pediatric Department, The First Affiliated Hospital of Sun Yet — sen University, Guangzhou 510080, China. E - mail ; szzx-
sums@ 163. com)

[ABSTRACT] AIM: To investigate the post — receptor mechanism of growth hormone (GH) resistance and insulin
(INS) resistance and their relationship in non — catch — up growth rats born small for gestational age (NCU — SGA) , based
on the post — receptor signalling cross — talk between GH and INS at PI3K signaling pathway. METHODS : NCU - SGA rat
model was developed by food restriction to pregnant dams. 4 weeks old male NCU — SGA rats were studied. Total and phos-
phate insulin receptor substrate — 1 (IRS - 1) and its downstream signal Akt levels in liver tissue were measured by Western
blotting or immunoprecipitation at baseline, post — stimulating of insulin, and pre — treatment with JAK2 ( post — receptor
signaling protein of GH) inhibitor AG490 then given insulin stimulation, respectively. RESULTS: (1) Expression levels
of total and phosphate IRS -1 No difference between NCU — SGA rats and normal control was observed (P >0.05). (2)
Expression levels of Akt ; At baseline, Akt was already activated in NCU — SGA rats compared to no Akt activation in nor-
mal control rats. However, post — stimulating of insulin, the increase level of phosphate Akt in NCU — SGA rats was re-
markably lower than that in control rats (P <0.01). When pre — treatment with JAK2 inhibitor to block GH signaling path-
way, the impaired Akt activity was significantly restored ( P <0.01) , which suggested that the signaling of GH uncouples
signal transduction from IRS -1 to Akt in NCU — SGA rats. CONCLUSION; Insulin resistance is related to impaired IRS
—1 — Akt signaling pathway in NCU — SGA rats. GH resistance mediates and aggrevates INS resistance by uncoupling sig-
nal transduction from IRS —1 to Akt via signaling cross — talk at post — receptor level between GH and INS. PI3K/Akt may
be the major site for this uncoupling.
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Fig 1 Convergence between insulin and GH signaling. The signaling crosstalk (represented by dotted lines) between GH and INS at
IRS -1 - PI3K - Akt pathway via JAK2 is thought to be important for the insulin — like effects of GH and may have a role in its

anti — insulin like effects.
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30 min J i & ¥k (5 & f1 5 Al SGA - INS
H) . ALFE)E BP 2B R ORFE T - 80 C £k,
HAmAREAR TG ESRIE
QAGAH K12 B, T 4 Aide ik RENEKE. &5
KITE G40 2 4 (@R (C-NS 4,6 ) Kk®
JESE S EH(C-INS 4H,6 ), 4035 SGA - NS
20 % SGA - INS #HAd[A .

4 FiEtFRNREERE

4.1 GH 43 CBAMRFEYIK GH Hiit& 51m
GH 7K A% ,24 h 57 12 h SR GH HEh & AT 48
HERHL R B A P IR B EPER GH 43, &[]

12 hjR GH HEHE 3 i OB AR S 23] O 80% Al
98% "', [, R 24 h JR GH HE 3 X Bt SGA Fl
WIEME B 1 GH 73,

24 h R GH HEitt 3. DU S S e i (RIA) %€
48 h jR GH Hfift S & (HEEER <9.5% , N EH
<6.5%),

24 h Jx GH HEitt % (pg/g) = 48 h GH Hitt &
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ZHRIRBEE G, A A - agarose beads 30 pL
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Fig2 Growth curves of NCU — SGA rats and AGA rats, body
weight and length were followed up to 4 weeks of age.
Both body weight and length of SGA rats were significant-
ly lower than those of AGA rats at birth ( < -3SD, P <
0.01), and they were persistently lower than —2SD with
follow — up to 4 weeks of age.

El2 SGA#RS5 AGA YRGE(LZE)RSK(HE)IE

Kk
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Tab 1 Body growth, GH/IGF -1, and INS sensitivity of SGA
rats and AGA rats(x £s)
Ttems/ groups NCU - SGA rats(n=15)AGA rats(n=7)
Oweek weight (g) 4.4+0.5° 6.8+0.6
4weeks weight (g) 62.7+12.4° 83.3+11.8
Oweek length (cm) 4.5+0.27 5.3+0.2
4weeks length (cm) 13.2+1.0" 15.3 0.5
Urine GH (ng/g) 1.02 £0.85 0.72 £0.55
IGF -1 (pg/L) 247.7 £57.9° 382.6 +62.2
Insulin (IU/L) 24.70 £9.57" 9.82+2.83
FPG (mmol/L) 5.40+0.32° 4.52+£0.71
ISI 2.24+0.58" 2.99 +0.33

*P<0.01 vs AGA rat.

3 SGAHRBERES GH ZEEESESER
ERTR2ENER
3.1 thEfH % SGA - NS 20 .SGA - INS £ F
AG490 +INS 4 AT SR AE A I 4 JEIRET 35 8
Z/NT AGA 4,43 BT AGA 4y —4SD K% -3SD
AT (P <0.01) ;7 SGA 4.3 AR L LB E 2=
5(P>0.05) ;AGA - NS 20 % AGA - INS 44 2 4 ja){&
B GKMNYTLBEEER(P>0.05) %K 2,
3.2 IRS-1425 &G %5 SCA REMEESE
BG4 T AGA90 TiALHE ) IRS - 1 BER{LER
HESEEARRSERSNBALEEEZR(P >
0.05) , LK 3,
AGA

il

o AG490+INS
Baseline
INS

AGA group  SGA group
Western blotting of hepatocyte lysates of IRS — 1 in SGA
group and AGA group. Phospho/total IRS —1 ratio in the

basal state was set as 100% ; thus relative activity in SGA

Fig3

group was obtained from the comparison with AGA group,
expressed in percentage. Phospho/total IRS —1 ratio was
not significantly different between the SGA — NS, SGA —
INS, and SGA - AG490 + INS groups and the AGA
group (P> 0.05).

B3 SGARS5 AGARIRS-1BRUERSEZEAKT
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K2 £ SGA AR AGA AFKEHILE
Tab2 Body growth of the SGA — NS group, the SGA — INS
group, the AG490 + INS group, the AGA — NS group,
and the AGA - INS group(x +s. n=6)
SGA-NS  SGA-INS AG490+INS AGA-NS AGA-INS

rats rals rats rats rats
Oweek weight(g) ~ 4.4£0.5" 4.2:0.4" 4.3:0.3" 6.9£0.6 6.8£0.9
dwecks weight(g) ~ 62.7+12.4753.649.3" 55.3£9.7" 84.819.2 85.048.7
Oweek length(em)  4.5£0.2% 4.4£0.2% 4.5:0.2" 54202 5.410.2

dwecks length(cm)  13.2£1.07 13.0£1.1% 12.9:1.0" 15.0£0.5 15.30.5

*P <0.01 vs control.

3.3 Akt ZFEa kA ACGA REMKRETRRI
BRI Akt(p — Akt) {55338, M7EL TR 5 2
WEESREVIBIEIR, SCA AEERMRETEAR
BRBRAL Akt R3K, 8T RSB R RS p - Akt KPR
BEIEEAR T AGA ZH(P <0.01) ;T4 T AG490 i
ALFRRHNT GH ARG p - Akt SRR B B 2 B& B 2
BEfN(P <0.01) ,HARBEEE] AGA UK (P <
0.01),0LK 4,

AGA SGA
[ N L AY
o e p Akt
W s e e e AKt
INS - INS A+INS
g 1207 B AG490+INS 4
EZ 100F  pAsBaseline
= sor INS
2 60F
£ 40f
? 20F 3
SEN)
C group SGA group

Fig4  Western blotting of hepatocyte lysates of Akt in SGA
group and AGA group. In AGA group, no phosphoryla-
ted Akt was found at baseline level; phospho/total Akt
level after INS stimulation was set to be 100% . Relative
activity in SGA group was obtained from the comparison
with AGA group, expressed in percentage in SGA
group, Akt was mildly phosphorelated at baseline (13.
6% +2.1% ). After INS stimulation, the phospho/total
Akt level only increased to 57.0% +17.3% . When pre
— treatment with AG490 to block the cross — talk be-
tween GH and INS, the phospho/total Akt level in-
creased significantly, to 87.30% =+ 13.41% , but was
still less than that in the controls. *P < 0.01 »s AGA
group; *P < 0.01 vs SGA - INS group.

4 SGA R5 AGA R Akt i EE 5 M EAKT
5 I
TERILEE MR, B T A - iR
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T2 F PR 35 2 (set point) , Jt B g “ F2JF 46" (pro-
gramming) BL2 ", SGA [AMA & BLE 4 E A
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SEAHRBEE TR ERE (Reset) ; INE R
AR EAFER R BN SCA G ZBEERITH
AL . HRLEAE K AR, BB R Y
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1) S i SEBAR K RN, e 5 R R LA i e e
EMNTY . E)E, ERKEE(GH)/IGF - 1 FfES
FXAE K A AR B A AR R A K O E AR
fER. AL, MPRAERBEREERRNERKERM
JiE S IR 5K Z A A KRR MRS 1E
A RAEEEN,

IS B R NCU - SGA K, 24h JR GH HEjit
REEFNRALETEEZS,H GH TN A
KHEF - EFHH IGF - 1 WREBEM T, UEXLT
SGA R fE7E GH #i¥i, S RAE KB A X, FAET,
SGA T 4 F&HTE 1 B8 % INS #i, BRI =
i v 5 2 ILRE & TSI R RS IR WA R, DA b
TESEABE G G R B 7778 GH Al INS #31., A7EE
KA M & GH/IGF — 1 i1 INS ¥5% A= K AR A W
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AT EI SCA GRS m S EKFES5 24 h R
GH HEft R 2 EAHX, 128 CH A BB EES 5N 7
T SGA KRS EIEHT, X 5XF SGA JLE MG RIF5E
ZERIRE 3,

JiE 5 R 245 38 B 45 MAPK 342 1 PI3K &
7, HE B R AR A M A K A A, SIS
ORI EE W R B SRS R MRS A X,
Akt/PKB g PI3K 3@ ¥ Hh 5 3 H A W 3000 1 G 58 A
B40F . PBBK - Akt 38 B 5 Z AR SHR R A .
H AT R B AR BT AL E B SRS R 2k
ElESEIFHBEAE X", GH Zh)5 @K aiE
JAK2 - STAT5 \MAPK #i PB3K i@ %, GH 58 %
o IGF - 1 24 F M 32 1k BOR 8 IR — 28 (HIE 47
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GH LB HAR A K R H e AYER A (J0) A&,
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SR RN S RE7E 2R K FRE  EXRsg
SUFIRLE AT BB SGA MAR) GH #EPTFIR B R
YU E IME AR EERM, CAMRER GH 738
15 INS 245 38 B W BT i, 2 G 5 7% S
5T INS #kbi. 181 GH ILAE K B 7E RS 56
EREE RS INS RN E L, K N ES
AT PBKIEHE TR 7Eid BEFi5 GH HIBEIERE K
KA Pt 2 B, ZERIRES T AR IRS - PI3K 3 %
18 PEMOE BT X INS RN & TR,
AR 4R B8 SGA RAEREMIRET p - Akt
BF BEFRE, IR Ak CHE MRS, X ES R
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Akt 55 AL, PIBK - Akt 24 35 5 E AR
fﬁﬁﬁ%f%iﬁ% fi SGA B PI3K — Akt 38 % ) 52 47
BERHRS RN AEN FEZEFIHZ —.
JAK2 = GH Z K 5@ ir L E S &, il T
JAK2 {55 5 AT IR S BRI 45 R B, Akt X i
BFENEIR B E WE E B IR F X B4 K X IE
LT GHAGS A FEUNE T HBE S R HPT Akt LA
RETHEMEEE). HE, Ak W LIFFESER
IRS -1 X} S R N A RN A IER , IR geen
IRS -1 55 8 HB0E BT W15 58 B Ake #9155 18
BORASBAELR , FRZ N % (R B (uncoupling) . 45
JAK2 BHY I LB GH M2 m )5 , BB IR Akt B
BRAbTE LAk B2 B, 3278 B GH HEHT Ir BUm 32 1k
Ff%%ﬂi SR BB TSR RERE A, T PI3K — Akt
Al BB R (R R ) R B SSIL M. GH 3KPLET &
GH 43165 B Akt 4% f# (R IX A 7] fie 2 GH i fiF 4
APERS RN RIHZ—. B2, ZERE
KF SCA RS R MM Z IR EHRERPHEER
18 PI3K - Akt R B , T2 X R 5 &= H UG 1
IRS - 1 . PI3K K& Akt BFERALIE AL T &N LA R
R AR e 51E 5 SCA W AUR[FA K, EBE&H’J
9% 2 % FI AR IE ik SGA BRI R T A A 5%
GH i A= K AR I EL DU 45 1 AR K A1
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