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[ ZIBW H» V&I HBFEEE A2CHMGAD AR 350 E hFme ZHAEKREA F-1(GF-1) £ & B4 R 4D m
(ISS) BILR B E F AT Hoh, Fik #2021 F 9 AE 202356 A7 Bk a s REyBRERK S 115 4 1SS & ILSS
) ABFR AT S, B R 115 B EFILEE A TR, i A Ak &K T R R F AR HMGA2 & B rs1042725 & rs7968682
155 % A fiF IGF-1,54 & R A HMGA2 A B 5 & & )L A K ik £, Spearman 48 % i/\#fr HMGA2 A B % 51 5 & iF
IGF- 1. AK#ZZEXZ2 AR ZERAGZR y FREIMEAWAOR SR EZERARE AL, 1SS % & . A Kik FKT
B, EF A G L A5 A A 34.047.57.275,P<C0.05) ;1SS 28 HMGA2 4 B rs1042725 & rs7968682 4% & & B & 5 A
WM G 3TBEEF G FEL(P>0.05);ISS 4 IGF-1 /& T RBA, 2F A% 5 &L (:=5.000,P<0.05); %21 HMGA2 #
B rs1042725 45 5 CC AR A BN A KR EZ ST TT A CTAB R E L, ZF AL F &L (F A2 5 H 250.419,29.691, P <<
0.05); H 4 HMGAZ A A rs7968682 42 & R R A B A &)L A Kk £ £ F R4+ 5 &L (P>>0.05) ; HMGA2Z A B rs1042725 4 &

AL faE IGF-1. A k& FEEMEXG A A A 0.755,0.817,P<<0.05); R EAE AW B mH 44 CC AR AP E 4 OR A A
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B rs1042725 455 % Ak 5 ok IGF-1 A A Kk FH X ,rs1042725 42 5 CC AR A EH 4 Kk £ # &, 2 iF IGF-1 3 HMGA2 &
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Relationship of HMGA2 gene polymorphism with serum IGF-1 and its effect on
physical development indicators in children with idiopathic short stature
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[Abstract ] Objective To analyze relationship of high mobility group A2 (HMGA2) gene polymorphism with serum insulin-like
growth factor (IGF-1) and its effect on physical development indexes in children with idiopathic short stature (ISS). Methods A
total of 115 children with ISS (ISS group) who admitted to Maternal and Child Health Hospital of Guangxi Zhuang Autonomous
Region from September 2021 to June 2023 were selected as research subjects, and 115 normal children in the same period were
selected as control group.Baseline data, physical development indicators, polymorphisms of HMGAZ2 gene rs1042725 and rs7968682
loci,and serum IGF-1 level were compared between the two groups. And growth rate of the children with different HMGA2
genotypes was compared between the two groups.Spearman correlation analysis was used to analyze relationship of HMGA2 gene
polymorphism with serum IGF-1 level and growth rate. Interaction coefficient ¥ and interaction odds ratio (OR) were used to
analyze presence of interaction. Results The height and growth rate of the children in the ISS group were lower than those in the
control group,and the differences were statistically significant ( =34.047 and 57.275 respectively, both P <C0.05).There was no
significant difference in the genotype distribution frequency of rs1042725 and rs7968682 loci of the HMGAZ2 gene between the ISS

group and the control group (P >>0.05).The serum level of IGF-1 of the children in the ISS group was lower than that in the control
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group.and the difference was statistically significant (z =5.000,P<C0.05).The growth rate of the children with CC genotype at the
rs1042725 locus of the HMGAZ2 gene in both groups was higher than that of the children with TT and CT genotypes,and the
differences were statistically significant (F =250.419 and 29.691 respectively,both P<C0.05).There was no significant difference in
growth rate of the children with different genotypes of the HMGA2 gene rs7968682 locus between the two groups (P>>0.05).The
polymorphism of HMGAZ2 gene rs1042725 locus was positively correlated with serum IGF-1 level and growth rate (+ =0.755 and
0.817 respectively,both P<C0.05).The interaction analysis showed that the OR value caused by non-CC genotype alone was 4.312,
the OR value caused by abnormal serum IGF-1 level alone was 2.095,and the OR value of the interaction between the two was
10.748,which met the super multiplication model.Because the interaction coefficient ¥ between the two was 1.626 (which was more
than 1) ,it suggested that serum IGF-1 had a positive interaction effect on the polymorphism of the HMGAZ2 gene rs1042725 locus
(P <C0.05). Conclusion The polymorphism of the HMGA2 gene rs1042725 locus is associated with serum IGF-1 level and growth
rate. The children with the CC genotype at the rs1042725 locus have a higher growth rate,and serum IGF-1 level has a positive
interactive effect on polymorphism of the HMGA2 gene rs1042725 locus, which satisfies the super multiplication model. This
finding may provide a new idea for etiology and personalized treatment of ISS.
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¥ & PR /NVE (idiopathic short stature, ISS) 24 ST QAR MR M A IR IEE = 10pg/L;
RN E R REE) 609 ~800, RAEKEFIL @R 3~12 %, HEBR bR HAR AR D BB SR L
LB BRI AL AL 2 S BB E /DN 5] RO KB IR 28 A HA PR S RS B B /INAE . O3 R R B 115
PRFR AT, 7™ H 5 00 R B0 RN . YT 1SS i IE H L FE AR Ry % BEZH T A 43 WA AR 0 . BF i AE
AL AF T 1SS B EALIR YT BT LT IR AR R FFEN 2RI L 1 M hrE 220, i
BOCHE K, EUE TR R R 95 A R 0 8 S WX R AR E A S 50T
1SS BPIAE G . R PR A 40 A 8L, TRsE B s Y 1.2 AR A E
BRI AL T 12 S Ek Y, ST RGEA
A2 (high mobility group A2, HMGA2) % X 45 & #%
/IMA DNA J5 RS Jn 5 55 48 il J 00 98 455 5C R DI Y
INFTFEAEN T 12q14-1509 ) SE4E R A 5T K
WoHMGAZ SR Z M iES 1SS A X, B
Z A KA F-1(nsulin-like growth factor-1,IGF-1) &
P K2 1 2R K P T L 4y L DY L MR A& D B s v (£ E
L R R R K K Thermo 2 F]) s 40 il VR A7 PR 37 ) (AL IR 3K %) 5 Tag

1.2.1 Tk &

SR ) 77 20 OB S8 AR 8 LM L RO R L B
Mo B AR AR,

1.2.2 HMGA2 A B % & tten

A 0fi A DNA £ B0 57 & (36 Thermo 2

G, SR % BT AR HMGAz  DNA USSR EIRAD.
SRS A5 U 1GF-1 19 R % AT 1SS #UL A RS S I UBE L Sl I A 21200 2
REIRI 0 0 R >, T AR e e p g BRI BL, 12 000rpm & Ly 60s, WA Buffer
VEL LM 1SS 4 BE ST A AL AT e YA TUUERLRRIR S I DNA SRR & 3R
P DNA, i 8 DNA %, — 20°C {f: £ % M. PCR J Ji
. (3 [E ABI, 3730 #1 PCR 1) ¥ ¢ rs1042725 K&

L X% 5775 rs7968682 i i WY Ak Kl i B, rs1042725 N 51 )

L1 SRS 4351k 5'-TCCTCTCCCTCTCTCTTTTCA-3,5'-
PEHL 2021 4E 9 H & 2023 4 6 A WM& AR CCTTAAGAACCTAGGAGCGACT-3", rs7968682
XA PR A B TG 19 115 f1] 1SS f& L (1SS 41) i iF PR RS 4 R 5'-TTGTATGATGCTT
GG WARRHE . OW L QK H R <5cm/4F, TTTCCTTGCA-3', 5-AGGAAAGCAAACACCT
B AR AR DR E Y E 2 M AREZ 0 3 A GATGGA-3";PCR J i ¥k : PCR X [ 2% ¥ ¥l 2p L
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KEK 15.3pL, LM RUES14 0.5 L ANTP &
W 0.5pL Taq BA W 0.2uL; )Y 4. 95°C Wi 48t
5min, 94°C 28 ¥ 30s, 58°C 1B K 30s,72°C #Ef# 30s,
35 MBI, 72°CHEAR Smin, B A nEE,
HL VK o 58 A0 AR SR AN | B e AR AN WL 58 58 D 2% 4
Y 5E PCR =4, ¥ PCR =¥y 2lifb, bl 74 (35 [
ABL, 2720 BD T, 38 i A [F K/ DNA 586 B B
i DNA &

1.2.3 IGF-1 # )

Wz i kR AR 2mL, 10em £ 42 3 000r/min B
> 10min, LA #§ BX %2 3% 35 (enzyme-linked immu-
nosorbent assay. ELISA) ¥l 1fi 35 1GF-1 7K, %5 14
FLIRE S AR BRI 100 L, A L A7 00 B 5 £L 43 531
1000 L A o & 85 W0 A4, B3, 37°C I E . A
100pL AR HUIE TAEW . IR &, Ve, N EgZS &
YA 00500 21k R BP 20 P A A0 4t

1.3 M ERIEHR

ENTETSUR SN ON R TR =318 NN ¥
HFHE b5 @ B P4 HMGA2 £ rs1042725 K&
rs7968682 fii & 2 A ML ML IGF-1; O L& A [
HMGA2 H P 43 2L LA K3 @ 3 i HMGAZ2
HEHRZEMS M IGF- 1. A RKERER; @00

HMGA2 JE[H rs1042725 A7 5 2850 g 1IGF-1 %}
1SS A K AR5 H R

1.4 it % H %

K JH SPSS 27.0 B AF o3 Bl . 30 R
(o) A 43 e (00) o AT X0 K5 5 1H B BEORHRL Y
BEbRERE (x + s) R, 4L LR AT B SL BEAR ¢
K, 22 20 () LL 8R F B DR R Oy 22 3 B, it — 2D T
He#58 % F SNK-q ¥ % ; Spearman #3243 HMGA2
RN Z A M IGF-1 ., A K 8 56 14 A1 56 v 5 i
EHAE MR K y A HAE R AR L (odds ratio, OR)
Sy M HMGA2 5& B rs1042725 i 5 £ 245 M. i 3%
IGF-1 %F ISS AE K R i s HAEM, 4 v > 1.
<1.=1 B W35 53 Sl B TE 1) | 6710 28 BV B 658
HAEMLOR E/MF R TFW MK E OR {81
B 2331 g YRR 3 R R TR B R, 4 T 0k I R OR
E AT A—1 W AR AL, A 367K P<<0.05,

28R

2. MEARELZAR KIREXBEIRLE

ISSHGE AKERMLTXBH, ZRA ST
2 (r fE A 34.047.57.275, P <<0.05), I,
*1,

®1 FMAREZRAN BFEELFHERLEELxTs.n(00)]

Table 1 Comparison of baseline information and physical development indicators of

the children between the two groups [ x +s5,n(%) ]

Bk 1SS 4 (n=115) XL (n=115) X2/t P
AER 0.715 0.398
5 W T 91(79.13) 96(83.48)
£33 1] 24(20.87) 19(16.52)
51 0.435 0.510
% 59(51.30) 54(46.96)
kS 56(48.70) 61(53.04)
893 2.170 0.141
DU 103(89.57) 109(94.78)
E R 12(10.43) 6(5.22)
B0 b 1.783 0.182
i) 10(8.70) 5(4.35)
Wi 105(91.30) 110(95.65)
B i (em) 100.5645.39 121.874.00 34.047 <0.001
AR E (k) 20.79+4.28 21.0443.62 0.478 0.633
A KR (em/4F) 3.08+0.42 6.00+0.35 57.275 <0.001
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2.2 W4 HMGA2 EE M . MiF IGF-1 kbR
HMGA2 % rs1042725 ¥ 3 TT,CT, CC
SRR, rs7968682 A s A I ] TT.GT M Fih Ak
AL RS THH GG B, ] g '?ﬁﬁ%d’fhb)é%%ﬁ?éo
Pl HMGA2 B rs1042725 K rs7968682 fif i
PR RL ) B el 5 SE PR {3 £ Hardy-Weinberg ?fﬁf
(P>>0.05) , A RAF R FEARAR R, WL 2,
ISS 21 HMGA2 &N rs1042725 & rs7968682
V7 1 35 DR 0 43 A R 5 X B A 22 S B4 )

(P>>0.05);1SS 41 IGF-1 ik T Xf B4, 22 R A 4 it
23 Y (1 =5.000,P<C0.05), L% 3,

2.3 AE HMGA2 EES B BILERKERILE

Pl HMGA2 JEH rs1042725 i 5 CC 5 K A
BILEKBEES T TT M CT EHEBHEIL, ERAH
il # 8 X (F {54 %A 250,419, 29.691, P <<
0.05); i HMGAZ2 JE [ rs7968682 i s A 7] J [X
REILAERKER2EF LHEIT %8 X (P>0.05), 1L

x4,

F2 WHHMGA2 EFERERESELREGER/IR

Table 2 Theoretical and actual values of HMGA2 genotypes in the two groups (theoretical/actual)

HMGA2 [ rs1042725 fif i

HMGA2 A rs7968682 fif fi

21 53 %

TT CT CcC TT GT GG
1SS 44 115 76/75 37/38 2/2 90/87 24/28 1/0
XT e 20 115 76/80 37/34 2/1 90/82 24/33 1/0
X%/Pissy 0.020/0.990 1.359/0.507

X2/ P ssmaan 0.034/0.983

2.793/0.247

®3 WHHMGA2 EE S M Mm% IGF-1 k& [n(%),x £5]
Table 3 Comparison of HMGA2 gene polymorphisms and serum IGF-1level of

the children between the two groups [n (%), x +s]

HMGA2 £ rs1042725 43 55,

HMGA2 P rs7968682 fif i

2 ) 1% IGF-1(ng/mL)
TT CT cC TT GT GG

1SS 41 115 75(65.22) 38(33.04) 2(1.74) 87(75.65) 28(24.35) 0 164.79+19.58

X 1R 2 115 80(69.57) 34(29.57) 1(0.87) 82(71.30) 33(28.70) 0 179.03+23.44

X2/t 0.717 0.558 5.000

P 0.699 0.455 <<0.001

F4 AE HMGA2 EEHBBILERKER
k% (x £ 5,cm/4F)
Table 4 Comparison of growth rate among the children

with different HMGAZ2 genotypes (x £ s,cm/year)

HMGA2 H R FEB 1SS (n=115) X4 (n=115)
rs1042725 o7 & TT 3.0440.412 5.9740.39%
CT 3.1140.52° 6.044-0.48"
cc 4.204-0.38 6.382420.42
F 250.419 29.691
P <20.001 <0.001
rs7968682 17 A, TT 3.0940.36 5.9840.47
GT 3.05+0.38 6.06+0.50
t 0.819 1.250
P 0.413 0.213

E: 5 CCERM LR 2R A G E L,

2.4 HMGA2 EF & & M5 ME IGF-1. £ K&

HMGA2 J: ] rs1042725 i 5 2 545 i
IGF-1 A K 3 R IE# 5¢ (- fH 4391 2 0.755.0.817,
P<C0.05) L% 5,

x5 HMGA2 ZEEZAEMSME IGF-1 ERKERXER
Table 5 Relationships of HMGAZ2 gene polymorphisms

with serum IGF-1 level and growth rate

ML IGF-1 A R

HMGA2 3K
LM r P r P

rs1042725 {37 15 0.755 <<0.001 0.817 <<0.001

rs7968682 i & 0.079 0.624 0.033 0.769
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2.5 HMGA?2 R rs1042725 i 5 & &5 I F
IGF-1 3 1SS £ KEER MM L EIER 3

HphdE CC BEH A T8 OR 4 4.312, Huglh
M IGF-1 54 Fr 8 i OR i 0 2.095 , B # 58 H A%
A OR R 10,748, 22 HAE I OR fH KT M A
K IPAMATAE 9 OR A, 5 HMGA2 JE [ rs1042725

*6
Table 6

P Z A LT IGF-1 X} 1SS A= K il R 5 i 1) 58
LA FH W R A R AR R f T A A BVE R R AR
Y oA 1.626 > 1, & /x Il % IGF-1 X HMGA2 % A
rs1042725 1 i 22 25 P 19 8% B A IE 58 H5OAE
(P<C0.05) . L% 6,

HMGA2 EF rs1042725 fL & 75 5 IGF-1 X ISS&EKERZMAHZTEERS T

Interaction analysis of effects of polymorphisms at rs1042725 locus of

HMGAZ2 gene and serum IGF-1 level on growth rate of ISS children

HMGA2 FEP rs1042725 i &, B
T I3 IGF-1 IE % OR(95%CI) P y
CC H R 7Y B. 8
eg
& s 1.000 — — — —
2 w 2.095(1.033~4.248) 0.026 0.739 — —
e = 4.312(2.595~7.166) <<0.001 1.461 — —
& & 10.748(5.086~22.713) <<0.001 1.461 2.375 1.626
334 ATREE M T HRILS &2 5%, Weedon 51 2 iH

SRS RS N AR IR BEAS [ B2 B2 203 1SS I
AR B AN RS B R AR RCR 22 S L PR
JnagExE 1SS BYBFFE MR T2 T P T 5 RIS A AN R
BAENA TR A A EERE L,

3. HMGA2 EE SN AR EZEHEN

T AP SF kTR R 0 B R A T ) S R 2D L 5l
A AR L 0 A IR G I i B 2 S M2 B KT,
HMGA2 Mgt 5 aE A E 1. i 5 Y ik s 45
Z 5 R B MR S A IS B R T Y, g
WK kB, HMGA2 3 H Z 858 K/ANA
O TEXS — BN Ry 2 Fl 1) 9 T it Al iR ATk PR 3kt A% o
5T & B, HMGA2 Je K 2 38 M o As 55 B & 35 A1
K, Takeshita % 438 , HMGA2 & £ 28 1%
JE RS AN [R) N RE B 0 R UL AR S, b rs1042725
e rsT968682 Air 5 114 B4 R 1 5 [K] 7Y %t B 155 A 5
AR AR 0 7 50 A o AR X85 SRR #E 7 #E H AR A
FEH Y, AR TR R NRE R S E AR, AR
gER LB, B4 HMGA2 J& [ rs1042725 i 45 CC
FER R B LA KRS T TT M CT S8 &L,
EZRAG ¥ X R HMGA2 #H rs1042725
F7 R 22 25 ME 5 A PR 3G K R A G, AN [R] A 3 K] 72

17

HMGA2 F£ K rs1042725 {3 15 8 —A> C 454y 3% K n] fifi
B ain 0.4~0.6cm; TAHSE " Hiuil . #H HMGA2
FEH rs1042725 {7 5 C 4507 3 R BB 3 18 K i R g
w4 5 Z AL, HHLE AT EE Sy HMGA2
LD rs1042725 7 45 CC K& P 7R A AR, 1 9 4 i )%
W A BRI (0 40 3 58 23 A R s TR X 1SS
3G T 3R AR T S, R AR B gE 45 R & B 1SS
H HMGA2 FEH rs1042725 K rs7968682 fir i 3 [H
RAMBE S BA R THEIF¥*E XL, 50 1
Takeshita % 45 AR [, 25 182 BF 58 40 & G A
) S B, IR T BE 5 MR 25 S A O, HMGA2 3 K
rs1042725 i 5 2 A 5 4 K HURIE A G, B k3R
T AR B2 A T A R A K R 5

3.2 HMGA2 EE &M 5 MiE IGF-1 X &

IGF-1 ZAEA MR 2 ik, 5 5 5 R 451 250,
e A RKEEIGF- 1 R ENERKE. 25
ILEMAKEE"™, AU R EBR,ISS 4
IGF-1 AR F X fa 4, 5 BE A e i ™ — 2, R IGF-1
5 ISS A G, T IR AR R B IO R A
FER 3 Wb o i RO BE S TIGF-1, IGF-1 3113
A 5 A KR PRI 3G 0 2R 1 BTA AL I R
U7 R A B AR, DU B B R AR SR
WREB . HMGA2 3 N rs1042725 i s 2 &M 5 1
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7 IGF-1 IEAH 6, 1 HMGA2 JE[H rs1042725 fif
M MEMAR 25 IGF-1 A& A, X 1T fig & H 5
ISS K HR I R Z —,

3.3 HMGA2 EFE & &M IGF-1 XF 1SS 1%
ABERREMNEEER

AR R  HMGA2 J& K 2 & 5 i 8 5 1,
AT IGF-1 AT ge Y . Aot 45 1 & 8L e
HMGA2 J£[H rs1042725 i g, Bl Al CC %6 R 1Y
FREUW OR Bk 4.312, LA IGF-1 58 Fr 8
OR {24 2.095, W H 3 HAEFHK OR {H4 10.748, 38
HAEH K OR {HRK TR RIMAFLER OR H, H
HTME S EAEMNNRLE v o 1.626> 1, 8 M1F
IGF-1 XF HMGA2 JE A rs1042725 7 5 2 25 M 3%
L EA TE 01 52 HAE HT HLH A2 AR FH R AR ofe AR
R, R HMGA2 3 rs1042725 i 5 2 540 | 1L i
IGF-1 Al &2 B g 1SS & 1 Kl R, &7 — P4
& HMGA2 3£ [H rs1042725 i &5 3 H R K 9k CC
AL E IGF-1 58 f 23 52w 1SS B A K
HOR R R T, R 6 AT 9 Vs IGF-1 58
AT T, FE HMGA2 3R rs1042725 i 5K £
PRI AT REAT B T 1SS A PEALIRYT .

25 F TR, HMGA2 3 rs1042725 ff S £ 2
PES MG IGF-1 J A K 3 HF ¢, rs1042725 i 5
CC A AU B 35 4B KB AT &, v IGF-1 %
HMGAZ2 $£H rs1042725 3 55 2 35 M 800 B A 1E
] 3¢ HAE F - W 2 A ofe B 7Y, 3 — & BT g S
ISS AN PR IR TR T — B S8 %

(&% k]
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