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[HBE] e FITALKEEZAR(CHR)ZEMNEBEFREAME(SNP) 5PENRARFEAERE/N(IS)BEHBEN XK.
F & RARPINRE,7E 199 #] 1SS BIL(ISS H) F1 469 Z HRIEHE BA (WHR4) P, % GHR EH 16 4~ SNP fil SH#H7EH 4
AR, A SNP L S (FREFEFSEERFRITFEN) 4T HEEE SNP i S EF A5 1SS R KR R L RS B
HKETF I(IGF-L)SEHXIERTEN R R, # 2 FEISSHMMBHAS, T 3 M SNP fiI & 6182 (P =0.027) ,rs4410646
(P =0.01) 0 rs10044169( P =0.024) , Ors6182(G /T) .7 T BHERXF,TT 1 GT X E A 1SS B KKK K (OR =0. 624,
95% CI:0.402 ~0.969,P =0.021) , @rs4410646 (A/C) :7£ C BHE AT AA X FEAFY 1SS ZH MK ML (OR =0.674,95% CI.;
0.475 ~0.958,P =0.016) ; %z f5 B9 K Logistics B B4 B, ICCEFR KSR, MF IGF-1 5EFEA AA (OR=1.011,
95% CI:1.002 ~1.020,P =0.018) #1 CA(OR =1.010,95% CI;1.001 ~1.019,P =0.037) #§3%; Il AA XFE A NS W, M 3§ IGF-1
5 FA CC A% (OR =0.989,95% CI:0.980 ~0.998,P =0.018) , Brs10044169( A/C) :7E C BHE R T ,CC 1 CA XFE A
1SS & AL B K (OR =0.649,95% CI1:0.424 ~0.993,P=0.027), ##% GHR EAKHENMSHWRERELFNPIREEZEER.A
2k GHR £F M 3 1~ SNP AL ST BE 5 ISS MR G REF X,
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[ Abstract] Objective To investigate the associations of single nucleotide polymorphisms ( SNP) of human growth hormone
receptor (GHR) with genetic susceptibility to idiopathic short stature (ISS) in Chinese Han populations. Methods Case-
control method was employed, and 199 children with ISS (ISS group) and 469 adults with normal weight ( control group)
were enrolled. Genotyping and comparison were performed in 16 SNP sites of GHR gene, positive SNP sites ( significant
differences in specific genotypic frequency) were screened, and the associations of genotypes of positive SNP sites with risks
of ISS and related clinical variables such as serum insulin-like growth factor 1 (IGF-1) were analysed. Results Three
positive SNP sites of rs6182 (P =0.027), rs4410646 (P =0.01) and rs10044169 ( P =0.024) were found in ISS group and
control group. For rs6182 (G/T), the risk of ISS of genotype TT and genotype GT decreased under T dominant mode (OR =
0.624,95% C1: 0.402 - 0.969, P =0.021). For rs4410646 ( A/C), the risk of ISS of genotype AA decreased under C
dominant mode (OR =0.674,95% CI: 0.475 - 0. 958, P = 0. 016). Multivariate Logistics regression analysis of this site
revealed that serum IGF-1 was related to genotype AA (OR =1.011,95% CI:1.002 -1.020, P =0.018) and genotype CA
(OR=1.010,95% CI:1.001 -1.019, P =0.037) with genotype CC as reference, and serum IGF-1 was related to genotype
CC (OR =0.989,95% CI: 0.980 —0.998, P =0.018) with genotype AA as reference. For rs10044169 ( A/C), the risk of
ISS of genotype CC and genotype CA significantly decreased ( OR =0.649,95% CI: 0.424 - 0.993, P =0.027) under C
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dominant mode.

Conclusion GHR plays a role in the growth promotion effect mediated by growth hormone, and 3 SNP

sites of human GHR gene may be related to genetic susceptibility to ISS.

[ Key words] idiopathic short stature; growth hormone receptor; single nucleotide polymorphism;

insulin-like growth factor 1; susceptibility
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KB K (growth hormone, GH) /IR B RHFAEKE F 1
(insulin-like growth factor 1,IGF-1)3i% AKEK X T
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hormone receptor, GHR) B ZME4 K E ERNER
HWHEF, GHR ZE B 51E CH ARG S 1E
(Laron &F-&1E ) F17 43 GH ABURE) 1SS, HET, B
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# ( single nucleotide polymorphism, SNP) 5 & 4 &/
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(recombinant human growth hormone ,thGH ) ¥7 3 3% ;
{Ei R JL GHR (8 HoAth 2 54 A A B iR iE
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WEZTEE % A2E GHR EF I 16 4~ SNP {7 s #4798 1
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FEHX 2001—2009 4E7E | ¥ 308 K2 R BB
e EBJLB LIS K 199 # 1SS BILIER ISS 4, K
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18 % , BB kA JE E18 3 (body mass index, BMI)
ERENRAEEEEN
1.2 F7g
1.2.1 KERIEHRTE WESSHERE ;SN n
HFIGF-l MBESEHAKE F4 & &H 3 (insulin-
like growth factor binding protein 3 ,IGFBP3) ; #7 GH
YR AR iHE BMIL, 5 & A5 #E 2 1t 4 (height
standard deviation score, HISDS) Fli& £ ¥ & & ( target
height, THt) ,
1.2.2 Bk EHE SNP i g Wi KEZHAT
%5 ( linkage disequilibrium ,LD) J#52 SNP KBS i@
/B4 SNP 4R A D KREMBEITA
SNP fi ;i . H E Fr HapMap $(4 £ (www. hapmap.
org, NCBI Build 36 ) 3548 GHR R H L F & 377 4
SNP fif i , # % 3R E Jb 5 iU & A B (Han Chinese in
Beijing, China, CHB)IF BEAY SNP Ji 1k 4B4745 SNP fiz
Ro BAME 16 MUALIRg SNP fi 1, B rs12515480,
36451620, 52940913, rs4410646., rs4489074 ., rs6887718,
1312233949 | 14242115 , 157701605 | 154242117 | 1310044169 ,
152972781 1312187996 , 156182 , rs6183 A1 12910875, 3% 4
APERB() >0. 8, F /N2 2 F 47 2 (minor
allele frequency, MAF) >0.05, GHR ZEH L 16 5
2 SNP fr R A LHE 1,
1.2.3 SNP f S EEAE R/ FlexiGen DNA #i
1A 7 & ( Qiagen, Cat. No. 51206 ) #lj3£ 4} FF Ifi. DNA
SNP #H A2V #il R A Nllumina AR W &EEEE 4
BV R 45 (GoldenGate™ H AR ) , B A ¥ 43 F [ & B 5 F-
&, HE Xt SNP L R AR S EE 51 o R4 IE
{1 PCR ¥ 3 E AT [ BF%F 1 000 4~ SNP fif s B
SIMET MG, BRT SALT ERREM
Gi—t, RMAM:95 CHAEH 3 min;95 CAEH
355,56 CiB 2k 35 5,72 C I 2 min, 3k 34 MEF;
72 CAFES,
1.3 Si¥hE

K SPSS 16. 0 R #HE TRt F . RE
MAF >0.01, 3%/ PLINK-doc-1. 04 St 43 ¥ 8k 44
47 Hardy-Weinberg 43 fi #2 5 . % HaploView 3 {4



-934 - EBEXEBRFFR(EFER)

Vol.31

AT E YA V4 (Linkage disequilibrium , LD ) Fil .44
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1 GHR EHE16 4 SNP i S &N H
Fig1 Diagram of 16 SNPs in GHR gene

2 5 R

2.1 ARFEE RS i) Hardy-Weinberg K25

ISS A%t BE4H GHR EE[H SNP fif s 2 H &I 43 7
B4 Hardy-Weinberg L4 (P >0.05) , BH AR
=
2.2 ISSHSXEANEARFR
1SS £H F1 %} B 40 -3 BMI 43 5% (16.37 £3.18)

kg/m” F1 (21.41 + 2.64) kg/m*, ISS 41 HiSDS %
3.03+0.90, Il 5 GH ¥ & 8 % (15.92 +9.23)
ng/mL, [fl ¥ IGF-1 3 (231.98 +154.99) ng/mL(n =
180) , 1l & IGFBP3 % (4 377.91 +1 509.63) ng/mL
(n=176),

2.3 ERAGHrAIEYE SNP fi 8 i

EISSHSMBHKX B oM+, R GHR £
H3NHESNP g (FRERBSHMELEE
FASGIHFERE L), /4 7R 6182, r4410646 Fl
rs10044169(F 1) , 1SS 4 5% B4 16182 [ GG %
HEEISR R Ay 5K 84.4% 1 77.2% (x* =6.74,P =
0.027) ,rs4410646 () AA EFH BRI R 4551k 31.7%
F140.7% (x> =9.39,P =0.01),rs10044169 fJ AA
HEERISARASFH 82.9% 1 75.9% (x° =6.92,P =
0.024),

2.4 BEESH

LD Z+Hr K3 : GHR EH 3 M SNP i 53
AER—TBAFEEP,FABZTAINEEE
ZiXH (Block) (B 2), O Block 2: rs4410646 5
rs4489074(D’ =1, r* =0.07) ; @Block 3 :1rs10044169
5 152972781(D’ =1,r =0.10) ; @ Block 4 ;16182

5 1512187996 (D’ =1, F =0.19),
2.5 M SNP i SEREAYE ISS REKKK KR
ISS ZAFn%i B4 GHR ZH 3 M HM: SNP S 1 1Y
HEEMOGRRALR2, ZHFAHEROT,
Drs6182(G/T) : £ T BHEX T, TT #1 GT EE &
i 1SS &9 R B K& ik (OR = 0. 624 ,95% CI:0. 402 ~
0.969,P =0.021) , @rs4410646(A/C) :7E C B
AT ,AA EFEAI ISS R KKK (OR =0.674,
95% CI1:0.475 ~0.958,P =0.016) , 3 rs10044169
(A/7C) 7 C BHHEAT ,CCH CA EEEAEK ISS &
i KB &% (OR =0. 649,95% CI:0. 424 ~0.993,P =
0.027),

#£1 GHREHA3I /M HESNPAmEMSEAR
Tab 1 Location and genotypes of 3 positive SNP sites in GHR gene

SNP fi 5 SEfL E 3 ZHA
56182 Chr5 42754685 Exonl0 G/T
4410646 Chr5 42605399 Intron2 A/G
510044169 Chr5 42674743 Intron6 A/C

2.6 PHMESNP i m EEAE L ISS HXKEIREER
RF

BREFESNE R B P 14410646 E A
5 ISS BJ)LME IGF-1 REERENXRELAS
HEEX(F=3.046, P=0.050) (£ 3), MEMR
MZHE & Logistic FIIHAHERExR: ) CCEFA
RS W, ME IGF-1 5EFEA AA #1 CA %, miF
IGF-1 R BV EEe, B JLEEAN AA(OR =1.011,
95% CI;1. 002 ~1. 020, P =0.018) 1 CA (OR =1.010,

95% CI:1.001 ~1.019,P =0. 037 ) By ] gEtEfRR K., LA
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B2 GHREHES3 /M SNP {75 LD &4
Fig2 LD plot of 3 positive SNP sites in GHR gene

F2 ISSEMWEHEMAESNP IRHEERESIHRR(n)
Tab 2 Distribution of genotypes of positive SNP sites in ISS group
and control group (n)

a5 rs6182 rs4410646 rs10044169
TT + GT/GG CC + CA/AA CC +CA/AA
ISSH(N=199) 31/168 136,63 34/165

XA (N =469) 107,362 2787191 113,356

£ 3 rsdd10646 FEEEB S SSHXGEREENXFRE
Tab 3 Associations of different genotypes of rs4410464 with ISS-
related clinical variables

AA/CA/CC CC + CA/AA
EREE
F P t P
THt 0.773 0.463 -0.094  0.925
HiSDS 0.119 0.888 0.483 0.629
CH % R ig{s 0.831 0.438 0.901 0.369
& IGF-1 3.046 0.050 1.904  0.060
I3 IGFBP3 1.016 0.364 0.989  0.324

H: AA/CA/CCHE 3 EEBR B R HLEE; CC + CA/AA 1§ CC F1 CA
EAAS AAZHAALH.

3 i i
ISS BR—MmBEAE FERBRRZIHRE

B, ERNRERARGHEGHE/N, HAT,E
WINHR S R £ T GH/IGF-1 #j, X+ GHR R &%
JEEEFEISS ENE., GHR B4 A FZ k&
KERRA,ZH 630 MNEERBREMWRWAEEE
B, AERIX EEX BHX 3 M35, BIK
WEES GHEAMAR,FftE GH SR8 EAMAT
BEERERBEEN AER—KER; BRIX 24
ES%3ININEEX . GH 5% R GHR &5 ,# M E
EZREESRRRAMABERERKNEYFERNL,
GHREFEZZHEFERNXRE R XE,
GHR EH Ex3 & ( - B3GHR) M B H REHAAAE
KEEGCGCH) BIKITr RN EmERESRE,HER
AE. ALY BR 5% - d3GHR BAKEEH
= 4iE ( growth hormone deficiency, GHD ) & JL, HtSDS #f
MEEEESE GHD BR/NEFRRAMLRAR. HF
$RE®,thGH Xt4E4# - d3GHR ZH # 1SS & JL B /h
TG )LA B K97 3B, OF iR A L R iR 2 HAE
SR IFYRBMIEE . X Tumer A1 B ILHBF
5 R - d3GHR A %48 # thGH J7 40 F IF ¥
B, XEHEER GHR RN EZEH 5B NER
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RAGYITRZ A BB FE—ERRER,

E 4 BF52 " % GH/IGF-1 % 3% GHR %K
FEPI 8 MEEE M 150 4~ SNP i m 34T T KA Z
BHLSNERALRAERZIHEREFESMHR,
EHZEHREANTARMEHEES AR, MELRL
DERERE E-EBELFERBREREER
HMXEHE T, B GH/IGF-1 Bt 2 B E R i
WYEYER, AUTREEUHEREAREERESE
HEBEMXR, BT, BN HARLE X GHR By
SNP 5 By & Bk 1SS B9J5 Bl 4} B BF5E o

ABFFE AT 199 ) 1SS B )LFN 469 & IF % %
RE TR B AP, RIMAE A GHR EH Ex10
SNP fii i 16182 |, T % R #EH H WE/NDRE
R, Z &M EE T RES ISS WARABHE X, BT
rs6182 it F GHR Z E iy Ex10, %% GHR BEHM S
M0 NMEEBRRE(CERER, T-EXRER) , &
i JAK2 BBRBRALNZ A Tyr(469) , B BLH o] fEiE I %2
M GHR %4k J5 JAK2-STATSb & 5@ B, (7 GH 1k
AEBHRESENEAKES, BERENETH S
HINBETRBIE, BA—AMR I ZEANESE
HEMEE T X EEHETTHXSH, R GG &
HESKEWTHXHEMAX, BRAEHERR
. ZARERER TEHEMEREHFE 1SS RFEX
BAMBEK, SEAZXTMARNGEREETE , X#
EZRABSKENMEEREZRE R, BUHE
BAERE—-BHR,

FH4%E SNP fif & rs4410646 F1 1510044169 43 3l fir
F Im7 K Ini2, A5 E 5 14410646 7E C fER B
HEAT, HESEFHAGRER 1SS ZHEAE, M
BAFEREEAER ME IGF-1 K PEEEZR, X
BRI E EE Logistic A HERER: B CC
EEA KNS, AA CA ZEFA 5% &M 75 IGF-1
KA DL AA BRRAIHSH ,CC EF A 5 KKK
I IGF-1 K FH%, REFEHN—THE" %
981 ZBREHLA LN T HE B ILEHAT T 14410646 4
B 55KRA MEMXERRSEST XKL
B R I AR CC EE A 58K BMI K&
B ERMEEMX, ZERE" EBR.AET6.
THHEFIMANRELASRTHBEIAGHE A
BRNBNRE, ZERES GHR FHBEX W E
HESHRE—EBE LRBT &N,

B, ABRERER GHR 7 GH A+ R R4
KRN FEEZEEA, ARXGHR HERZEHS

ISS RIENBFTE—EHM KRR, HH 3 4 SNP L 7]
RES ISS MBS BEA R, Hb TAMANES
EMMEB/N, MBENSTERTEFE—ER/R
#,EF/H— P REFETREABR
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