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Analysis of cytosine adenine(CA) repeat polymorphism of
the IGF-1I gene and influence on serum IGF-I levels in
healthy children and adolescents

Myung Jin Ko, M.D., Tae Gyu Hwang, M.D.
Jeong Nye Lee, M.D". and Woo Yeong Chung, M.D.

Department of Pediatrics and Laboratory Medicine’,
College of Medicine, Inje University, Busan, Korea

Purpose : The aim of the present study was to investigate the role of polymorphic cytosine adenine
(CA) repeat of the IGF-I gene in the age-related alterations of serum IGF-I levels in healthy children.
Methods : Two hundred and forty three normal healthy children (136 boys; 107 girls) aged between
7 and 15 years were enrolled in the present study. The primers were designed to cover the
promoter regions containing the polymorphic CA repeat. Data were analyzed using GeneMapper
software, version 3.7. All analyses were performed using MEDCALC software packages.

Results: Deletion of 2 bp (G, A) following 3’ of CA repeat were observed in all Korean children.
The CA repeat sequences ranged from 17 to 23, and 19 CA repeat were the most common with an
alleles frequency of 39.3 percent. Considering genotypes, 63.8 percent of subjects were homozygote or
heterozygote for 19 CA repeat (192 bp allele), suggesting that this is wild type allele from which all
other alleles originated in Korean children. Homozygote for 19 CA repeat were 14.7 percent, hetero-
zygote for 19 CA repeat was 49.1 percent and 19 CA noncarriers totalled 36.2 percent. In 19 CA
repeat noncarriers, the mean height, weight and serum IGF-I level were lower compared with those
of 19 CA homozygous carriers, but statistically not significant. Correlations between serum IGF-I
level and age according to the IGF-I genotypes revealed statistically significant relationships in the
all groups, in the 19 CA repeat carrier group and, even in the noncarrier group.

Conclusions : There were no significant differences of the mean height, weight and serum IGF-I
levels among three different genotype groups. Also, there were no significantly different correlations
between 19 CA repeat polymorphisms and serum IGF-I levels, according to genotype. Our results
suggest that the IGF-1 19 CA repeat gene polymorphism is not associated with circulating IGF-I
levels in healthy children. (Korean J Pediatr 2006;49:1340-1347)
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3} Ho] &= Az AES xdeE Fo3d 9¥3S gdstn
At IGF-T1& W] 7] “
(autocrine) 7424 WAEY] (paracrine) 4 =&

AEel AEEH a35 yeldoh IGF-1 34 A%ds2E o
e 7% 2 edede dF vE S 9¥S e o
FEo IGF-12 6379 <l&dd Aoz Ashddl(Insulin-

like growth factor binding protein, IGFBPs)¥ A3%d He=
ol EA%T) o] FollAl IGFBP-3% 264719 ofn|4to=z
olfojx ol Buwlor yPF TR, AFsEEe] 2Hs
W= acid labile subunit®t Agste] 150 kDa ®dAE o &
o] HaA thrie) IGFe AgFy Y,

IGF-T F242ks 129 QA0 A48k, 6719 A& 270
o ZrwEz T 9ow °F 100 kilobase® ZL7]ott
Hl= 67]e] oo m ofofx AN, thi-Ee] IGF-T dAb=
ANE 1A AT IGF-1 A8 Hde 7o) 22 R
2 HEeo AAL alternative RNA splicing L2l differential
RNA polyadenylation &3 22 E53H<0 71de 93] 4=
t}* 7 A% (mature) IGF-1 $Efo]= 04 o 33} 404
il coding%‘jrg). Al
(UTR)®] 7WAIF-917F Z2RE 19 At F83% 88 g
b ARdol FHE AT Y IGF-T fd4e] 5 UTRY$ ¢l
cytosine-adenine dinucleotide(CA) repeat’} WHE-=& F-917F
o™, CA repeat WHE 3lgroll 7]Q1gt Zo] Zolo] <dt F3l
2 g dol EAlske, o] A vE@Ade] EF IGF-19]

2ol Q@ A 5 ek Fgol ANHA?.
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2o 54 A3k eSS e E AZRFHY T3 AEA
Azotel IGF-1 34 thdAd Alolo ot AaAde T3t
E A BaHgoUP® a2 dgagSe osie ol
Apdol s ek IGF-1 TR YE 344 oy
ol BF IGF-1 kol MAe Gl tig @A L
ATEL, ATA W AR & TG0 maEol go
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o IGF-1 ZEXH F474 97149L o
2 IGF-T 4 @Al &5 Nl
Alel | 3) IGF-1 f3Age] 7],
IGF-1¢] %%xo] nxE 9aks &
g 8 IGF-1 s&9te JadAE
g 7154 FaAdd e FHstas sk
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2002 2€5-H 20049 12€7bA] Ao Fabugel Ao}
gholl gl et e W] fske] g ob B HadE
gdew gk ol F A%E=E ARTS EFste] e
Win] dgke Fdk A9 HY SFad 22 dMA o,
R AR AR, AEAotR ol 2k B 7|e 71 AR] M
Wg 7k Bk AlLlskoith ek A AlSe] o) 1998\l
Alztel gh=raol w3 ARl o7iste] wolo wE Wyt Al
G 2xFHAL el Sop= Aop R WS ddEsh 2
Aol EgHE BE Lof B HAdE dFe® IGF-I FHA
FAbel oig Al el FolME wgkom Fihwnel Vg
FES(RB)9] AolE Faetdleh. HFHom Aol xF
A2 2438 o® Wl 1367, ook 10780l AR e &
E= TAIEE 15A17HA Sl
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2) €3 IGF-1°| &3

ATHEARE AFHE A FA dAEYst] HE w2
3 5 -700CE Y5 R&Ashin co, Seoul, Korea)dtth 5
IGF-1 s%+ IGF-I-D-RIA-CT kit(Biosource, Nivelles,
Belgium)& AH&3te] RIA WO R AR Al wet ZA 3
Atk

3) ME=2FE DNA 22|

o At A dolxl EDTA 7k Zxdod(o]st HE)d
A QIAamp® DNA Blood Mini kit(Quiagen, Germany)Z A}
43t DNAS FEsIth WA 15 mL Algzel 20 ul
QIAGEN Protease® ¥ 200 yL A& ¥ s 200 uL
&Fd ALS et 1523t vortex ¥ F 56°CollA 104

A

o A

I REEAIZI Z7E QAAIZ g SRS dEhe s Wa &2 &
ettt Alsd & QlAamp spin columns “FEHA|7] AL
e FulE AAE Z2A=HA 23 8,000 rpmelA 183 o
Attt 500 L 459 AW1S  QIAamp spin column®l %
I Al 8000 rpmellAl 1 #3F A4S oL 500 uL &Ed

AW2E Y] 14000 rpmolAl 3837+ AAAIHATE QIAamp spin
columns 1.5 mL Al@3el %713 200 uLe] ¢45d AE Ee
THFE WL 56TCIA 183F ¥HEA1ZL thE 8000 rpmelAl 1
F 94X A DNAE 343t

f o
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287 9 39 IGF-I CA repeat 32 th&dAdo] 5 IGF-1 v=d v X= &
4) IGF-1 7EXIC| HAIMLEEM GelolA 229 DNAZS Fd o2 &to] ABI PRISM BigDye-
IGF-1 +3dx= ¥ a2d48S(polymerase chain reac-  Terminator v3.1 Cycle Sequencing Kit(PE Applied Biosys-

tion, PCR) 2.2 FTE3}At) AlEAe] 471 Ee forward pri-
mer’t 5 -GCTAGCCAGCTGGTGTTATT-3'°]3  reverse
5'-ACCACTCTGGGAGAAGGGTA-3"o| A
A} 037]*10”' 947 A 984l $1X]5H= CA repeatss
2ZRE 95 Adedon FEA7|=E AAESTH
15 mM MgCly, 200 uM dNTP, 27} 04 M

forward primer %

primer%

reverse primer, 5-10 ng®l DNA, Taq
polymerase(Promega, USA) 1 unit® % &3] 50 yL=A &
ste] ARggth PCR ¥HE2 94T, 5T7J 7] MAANZ F
94T, 303 WA, 3L, 72°ColA 35
23 A3k 9HeE F 303 ]"6!;”}-]:'(‘[]72(310-\1_—2}
AgES Frheldoh whgo] FE¥E PCR AHE 5 ulol 6X
gel loading buffer(0.25% bromophenol blue, 0.25% xylene
cyanol FF, 30% glycerol) 1 ,uLE 5‘47}5}04 6% agarose gel
oA 100 V, 30&%F ©d719Fste] MEE wEEsnh

IGF-1 3%k CA repeats% Ast7] 18k ABI Prism

)

3100 DNA sequncerE ©|83F49 DNAS 47|AES 439
t}. PCR %% Qoﬁf& E}—‘L Uz PCR 2H&g A9

gel 2745 Fehlo] 15 mL A@#
of &Zth GellA DNA +#2]+ QIAquick Gel Extraction
Kit(QIAGEN, Germany)E& AFH&3F9TE 200 mg agarose gel
xztol] 3w Gl &FY QGE AUFSRAL 50T 10¥3F E=E
gelol 73] =& w7pA] WA=t gelo] &Hd] Ko <k
ZA} vk @A o g Wt Geld T isopranonols
}et thd QIAquick columnel ZHAE < &
A71a AAZE Avrbd FA8ka 075 mLe] ¢5e) PEE
Wi oA X3s 9 Z2Z9rh QlAquick columng 1.5
mLA E o] &7 13,000 rpmelA] 183F 943k QPZ"“OH b2
olde oerEE AASIAY. QIAquick columne
#7139 EB(10 mM Tris-Cl, pH 85) =& T7FE 50
uL #7Fske] 13,000 rpmel A 18#3F 943te] DNAE
t}.

i s

tems, USA)E ©]&3}o] sequencing PCRS AAEHth & 20
uLE 7122 3k 5 X sequencing buffer 2 uL, Big DyeTM
Terminator 1 uL, 1.6 pM forward primer 1 uL, 6 uL °]W<]

Ags DNASH YRS H02 AYA 95°CoA 583t 28s

MAAAIZL & oAl 96°C 1023F ¥4, 50T 5x3F A% 60C 4%

% AFete HAE 253 whEd F Eo® 72T 1084 933}

At} o9} Zo]l A2 sequencing PCR AHES oleka2 A A3}

o] Azx3% 5 HiDi formamideE 10 uL 7Fsle] & o]
A

tlo R

ABI Prism 3100 DNA sequncerE ©]-&3}o] DNA2 97]
A8}Att CA repeats’t WHEE & 345 315k

<

5) IGF-1 38X} CA repeat9 heterozygotes £
Forward Al&Alel] &334 FAM(PE applied Biosystems,

USA)E F&ATIE A& Agstaie A9 PCR W% sda
A PCRE Aldgt), PCR AHES #7138t 1 Wies 27
2 R Add wgz @t 10 ple HiDi
Formamide®} 0.5 pL2l 500 LIZ size standard®} 2443t A
& ¥ e 95T, 597 WAAITIL Aol 51 BAEIT
Applied Biosystem 3730XL DNA analyzer® #7]9%& 24
33l GeneMapper Software version 3.7 °©]&3te] A8&
233}e] heterozygotes ©%-5 E1s}3Th

=]
RN

3. 8AF M

HH IGF-19] v&=F HiH
212k el fFRAE g "A IGF-
student’t test} two factor ANOVA analys1sa: /‘}*‘1 sho] &
Aatoitt tolel whe dH IGF-1 w=9 ¥kt §314% A
ol9] ¥ Spearman correlation coefficient® 213} th,
RE Aze] #4& MEDICALC Z2IJS olgatslon, &

AX AR FeoleEe P<0.05Z A

901 tcagagaaag aaaacacact ctggcacaca gactccctct gtcatacacacacacacaca
961 cacacacaca cacacacaca cacagaggtt tgagttatat ggaaaattcaaacaacagga

R L L LR L R L L L '-'

JI | || Nalla

Fig. 1.
986A) were noted in Korean children.
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Two base pair deletions following 3’ end of CA repeat(nucleotide 985G and
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1. CHAF EHOLOIAM IGF-1 Z22E FEXF HIIMYEN

Gl Aol 9 ArdE ddoR e IGF-1 ZERE
599 47199S Gene Bank? 5% Rdy) nlus] ¥ Ay
o5l Al FEHLEe|= G 9860 A FEHQE|E A 2
bp 719 Aol S-S FAASATHFig. 1).

2. IGF-1 Z22F BRI 2E XS

IGF-1 A 7714 digfd27 #2HJAHTable 1).
CA repeat?] #¥+ 17%H 237k, 19 repeat’} 39.3%<]
HEZ 71 =90th d3 22+ 21 repeat’t 25.3% 5 24519
o1, 18 repeat™ 14.6% %tk =9l Aote] AP L 63.8%
7} 19 CA repeatE 3td 3-& 2702 7} §lojA, o] HAX}
Fe opAFelgn Ak oz ARE nigez 374
fFrAazxg o g ERstAde 36 (14.8%)2 19 CA repeat(192
bp allele) homozygous, 119%(49.0%)> 19 CA repeat he-
terozygous, 88%-2(36.2%) 19 CA repeat noncarrier®] <3ttt
FAAE 2 HHFAAe] EEE Hardy-Weinberg equilibrium

(P=0.6777)% w5kt

Table 1. Allele Distribution of the IGF-I Promoter Gene
Polymorphism in Healthy Children and Adolescents

Allele No. of Male Female Total

Length CA repeat (n=136) (n=107) (n=243)

188bp 17 23( 8.5%) 9( 8.9%) 42( 8.7%)
190bp 18 42(15.3%) 9(13.7%) 71(14.6%)
192bp 19 108(39.6%) 83(38.0%)  191(39.3%)
194bp 20 17( 6.2%) 20( 9.4%) 37( 7.6%)
196bp 21 71(26.1%) 52(24.4%)  123(25.3%)
198bp 22 11( 4.0%) 0( 4.7%) 21( 4.3%)
200bp 23 1( 0.3%) ( 0%) 1€ 0.1%)

Abbreviations : IGF-I, insulin-like growth factor-I; CA repeat,
cytosine—adenine repeat

Table 2. Comparison of the Mean Height, Weight, BMI and
Serum IGF-I Levels according to Genotype

19CA 19CA
Homozygous Heterozygous Noncarrier
(n=36) (n=119) (n=88)

Age 11.44£2.48 11.34£2.21 11.14+1.87
Sex 25:11 74:45 52:36
Height(cm) 140.44£14.92 140.35+14.12  138.00%£10.71
Weight(kg) 389+14.1 380125 36.8110.1
BMI(kg/mz) 16.23+7.73 17.28%+5.96 17.49*5.80
IGF-1 570.06 =207.91 52892+1196.01  526.7+177.67

Data are shown mean®S.D.
Abbreviation : BMI, body mass index
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T ME 7,

ARG w2 7] AF, BMIQ ¥]iE Table 29 2T
Table 2914 R Hke} o] 7]= 19 CA homozygousi®
140.44%14.92 cm, 19 CA heterozygousw 140.35+14.12 cm
2813 19 CA noncarrierol 4] 138.00+110.71 cm® Al Ale]
o f2J3k ztol7k AATHP>0.05). AFS 19 CA homozygous
T 389+14.1 kg, 19 CA heterozygous™ 38.0£125 kg 2
3 19 CA noncarriervol4 36.8+10.1 kg2 At Alolol] -
913k z}ol7t ¢tk BMI= 19 CA homozygousi 16.23%7.73,
19 CA heterozygoust 17.285.96 =123 19 CA noncarrier
ol A 1749458002 Al Atelol frolgk Zpol7t AT

H=, BMI Hlm

TR M2

FAAHe W 84 IGF-1 §% W= Table 29 2tk
Tableol Al ¥i= wke} o] dH IGF-1I ¥%E 19 CA homo-
zygoust 570.06£20791 ng/mL, 19 CA heterozygousw
528.92+196.01 ng/mL 1213 19 CA noncarriereol4 526.70
+177.67 ng/mL=E A= Abolell )3k xpol 7} g3t

83 IGF-1 =9 H|

5. wXXD Liojol E 3 IGF-1 =9
A

Azia| 2

] ‘ﬂi} o7t F7hgtel] wel IGF-1 5%
7} —57}0}t Trv4ff} g AHAAAE HERA E1r(r 05713; P<
0.0001, Fig. 2). F42ge] me dH IGF-1 s=ete] daa
AL B3R, 19 CA repeat carrier 501]7\1 *é%*.oﬂ A
o] o)z} Frlete uwhel IGF-1 527t S718te #9349
FABAE eI tHFig. 3A)(r=0.5910; P<0.0001). °1& Tt
Al 19 CA homozygousi(r=0.7181; P<0.0001)3 heterozy-

1000f
appE. r=0.5713:P<0.0001

800 |
700}
600}
500F
A00F
300F
200F
100

IGFI

z 4 6 g m 12 14 16 18
AGE

Fig. 2. Correlation between serum IGF-I level and age in
the whole study group(r=0.5713, P<0.0001).
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Fig. 3. Correlation between serum IGF-I level and age according to the IGF-I genotype in (A)
(r=0.5910; P<0.0001) 19 CA repeat carrier as a whole, (B)(r=0.7181; P<0.0001) homozygous carriers of
the 19CA repeat, (C) (r=0.5506; P<0.0001) heterozygous carriers of 19 CA repeat and (D)(r=0.5155; P<

0.0001) 19 CA noncarrier.
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Shs
%

gousi(r=0.5506; P<0.0001)o.2 ¥F3lo] FaaAAS
AR St BTl Fod AudArE 32EACHFig. 3B,
3C). ol#d #ol3k o] A#AIAAE 19 CA noncarriersol A

T sdatA #FEATHFEIg. 3D)(r=0.5155; P<0.0001).

i &t
dA IGF-1 5%t U5 e we} vefa xpo)r &4
s, §14 29l FaAdol BuEoel ) AAolE i
o7 3 d#o AFEA HE AdE B FHA AYE W
FAUA = EadAY, €% sE A9 50-60%AEE A

€l

i IGF-T #F37ke] 5
UTR ¥9lol 91xsts ZRREe FH2LES FA2 AL
71EAQ el e F 5 QU0 IGFT A TR
F9ell= CA repeat”} HH=
A Aol Aol o3t Ak vEAdo] EAgTE ARde] B
SHTHY. IGF-T AAF A2 2E 1 kb upstreamol] $14]
atar glojA EZmEE O] HApdEd] dTE

= ZEsa glem, o] frdA tEAel EF IGF-19] Ekel
dFe vA F dvhs FAol AZHARY. 2y O dF
Ao ol A%g SwAsHH RFORM IGF-1 ZEE

3

Z
B fd7 g@dAdel 71ed 243 J8dd gEirs o8

51 o
nE 4 9ds Ao
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Be =g

hE<
CA repeat®]

(i
o

=3
o RIE= W] upet thdatAl Biwo] 3l
T} CA repeat® F% 105E 2471A]9] BEXE 7px&=d|, W9l
9 A9 19 CA repeat(192 bp)7F 40-60%AHE=E A&}
M we ez wdom 17 rPw 19 CA repeat”} 41.2
%z 7bg wgrh 2Eu F3o 497E 20 CA repeat(194
bp)7b 363%%= 7+ RS 2 e,
American™& 18 CA repeat(190 bp)e] W=7} 326%= 7Hd
w=okth, @2o] A9E Kim 522 17 CA repeate ¥=7}
262%% 7Vg E=vha Buslgom 19 CA repeatts 14.3%%
v NiEs YERItta &9t
B Ao A= CA repeats 17H-E 2374#]9] &
tl, 19 repeat’} 39.3%¢] WIEE 71F =9t tgogE 9]
repeat’t 253%E ZFASII oM 18 repeat™ 14.6% ATt 17
el

2

=

=0
ST

African—

CA repeat= &%l EI3I9tL AEZ o] B43% A=
AA didwry HoE zZFelrh glglen, ojde] BiE Kim &
Pol waote] zole] iek W U & Fr} vk M
HAAg 2o]d2 Kim 59 AFolAE AA47] s tige
2 3ot 2 Ao e A P Aot @ HAWES gide
2 stk dolth a2y a BAWHY zpolef 7]1e 7)%A 9l
TAY TheAE s mATE = gtk dAZA BRaE o)
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oA ek AT Aol ﬂ{ grel 19 F& 20 CA
W

repeat 2] Ao A UeERt CA repeat
HiEE dE9 Mlyao ) EF—’@r vl AR ESH

IGF-T Z2RH 5919 47|Md 4 Ad= 9850 2wl
QEPIE G 9860 Al wEHEC]E A9 2 bp A&l T
wo] YRl ¢17] Mol A Azpst AT
IGF-1 ZgZelv IGF-1 #8838 713 5& }01]*15 2
141 wrg o] At Jare wAu A
2 A o] A9 AT wgo
“LLE}L Apel ZABE] Blotel A o] IGF- I«]
HlojEHolgh Aol AU IGF-T FHA
A Al WAE G dig A7Ee] Bl
A=A e Aso] wuHo]l Utk Vaessen 57&
CA noncarrieri*oll4] 19 CA homozygous ol Hl3] &4 A
<ol 215 g A%vkr HustEA, IGF-1 42 ZeRY 59
] 192 CA =4 94571 24 Ay 2HI Ao drfu F
A3kt 3 19 CA homozygousi# heterozygousi AFo]
o WrE ek vk sAvk. Z2elY Frayling 573
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Day 5%& IGF-1 Z2RE §42 tadAds 24 AEHE of
el wdo] glvka whhalglrh Vaessen 502 #e vl

o= g Arends 579 AT A= IGF-1 TEEH
2L ttggdol A& AT B A YASS <=
A, Aol% Dutch WZelXE IGF-1 F32 ttgde] IGF-1
o] gAML e i F4eAh te Velde 5
Dutch 178 o2 3t 19 CA, 20 CA W¥ F2Ak
FE oM ORE Rt "l #Ag Aol A, noncarriert
oAA opAF o HlE A ATl 200 gﬂE FrolstA #hoke
w, o]dl A UX]'oﬂ 5%%*0}‘}13% Hil
IGF-1 &3
7} §-<el O]i?} Zﬂ% TE UtheE HE FIsksih

IGF-1 fr3a v@4de] ¥F IGF-1 s&ol vAE 4ol
el M= =To] Utk Vaessen 52 Rotterdamell 75F3ah=
900 & o=z g AFtd ATelA 19 CA noncarrier
o4 19 CA homozygousi-ol Bla] &3 IGF-1 % 18%4+
viokom Wit g% folsiA Adrta F4stAh Rosen
e AR WMAFE A 1168 WA F ATolA 19
CA homozygousioll4l noncarrieri*ol H|3]l 84 IGF-1 %
7 oAl @Eker 19 CA  heterozygous oA+ non-
carrier ¥ Was|A HA IGF-1 $5E FUE o7t ¢l
gtk ol Ay Yols HAAM BAEs wx 2
A#e Aot B sk Jernstrom Ve Mz thE
o8 FAE 17A5E 3BA Alele] RS didoR g 4
Toll A AAAA HekelME 19 CA dHFALY] &4 A%
= #EAe] gloy, AT 9deks
EH’\Loi g 2AdAME 19 CA

AA4E st m Qe

i o iy

Horfo n 2 2 o

0o
3

nsEL

(2ot K

g5a Qe YEUL

noncarrier@olA 19 CA W¥
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ao vlE] dF IGF-1 §%7F dASHA %S RisHHA,
IGF-1 Z2RE F9] <9l estrogen response element®l] 7]

1% T"Z(conformational) W37t 7153 o] ®WIE o
3 4 S 7S AAEYTE Rietveld 52 Dutch =21
< gdez g AFelA, 19 CA homozygousilAl non-
carriere°l H|3l A IGF-1 =7} vi$ oA =drta

H skt 04? s 47 o2 EF3d2k9] homozy-
gousiFS Adste] BEAEASw], 19 CA homozygousirollA]
g3 IGF-1 s%7F 7P =%ken 19 CAY 20 CA homo-

AAY 20 CARTH 71 99
F&7F f9
o] A4l 19 CA carrier

zygous carrier@olA, 19 CART}
732 homozygouswoll Y3l Ztzre] @3 IGF-I
Sl okt AbdE Haussl

SR AR 19 CA wrh @S HEGAE Ak 2ol vl
folal A7 Atk AR AFSUA Awd W IGF-T
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T3 2] 390 IGF-1 CA repeat 32 tt@dAdo] 5 IGF-1 &

04.4

S H:IGF-1 Z2XE CA repeat 3z thdAo
IGF-Tskol vA= G W= dAHA &L daks
wawo] vy ARE Aol 9@ HAdE oY
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