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1) DNA 10m EDTA polypropylene tube
QIlAamp Blood Kit (Qiagen Inc., Smta Claita, Calif.) genomic DNA
. UV spectrophotometer 260 nm
—-20°C
2) Oligonuclectide primer
exon 3 exon 10 exon primer (Table J). primer

Table 1. Sequences of oligonucleotide primers for amplification of the growth hormone receptor gene

Primer Saquence
31 5'-GATGACTAATGGTTTTCTTCTC-3'
32 5'-GCTTAATTACACTAAAACATGG-3'
4-1 5'-CCCGGGATCCAGGATCACATATGACTCACCTG-3
4-2 5'-GGCCCTCGAGGTGTACTTTAGTAGGTACATCC-3'
5-1 5'-CCCGGGATCCTAAGCTACAACATGATTTTTGG-3'
5-2 5'-GGCCCTCGAGGCTTCCCCATTTATTTAGTCTA-3'
6-1 5'-CCCGGGATCCTATTAAATTGTGTCTGTCTGTG-3'
6-2 5'-GGCCCTCGAGAAAGAAAAGTCAAAGTGTAAGG-3'
7-1 5'-CCCGGGATCCTTGAGTTGTTGACTCTTTGGCC-3'
7-2 5'-GGCCCTCGAGAACTGTTATATTGACAAAAGCC-3
81 5'-CTAGTCGTAATTCTGAAAGCG-3'
82 5'-TGGAAATCTAAACAACTGGTAC-3'
9-1 5'-CCCGGGATCCTAAGCTTTTAAGATGTCAAAACC-3'
9-2 5'-GGCCCTCGAGTCAGGTGTTAATTAGTACTAGC-3'
10-1-1 5'-CCCGGGATCCGCTAATTCATTTAATTATTATG-3'
10-1-2 5'-GGCTGAGCAACCTCTGAGGTACCCT-3'
10-2-1 5'-GAGACTGATTTCAATGCCAATGACA-3'
10-2-2 5'-TGGGACATCCCTGCCTTATTCTTTT-3'
10-3-1 5'-ACCAGCAGGTAGTGTGGTCCTTTCC-3'

10-3-2

5'-GGCCCTCGAGTATTAAATACGTAGCTCTTGGG-3'




DNA synthesizer (Applied Biosystem B380, Dr. Foger city, CA, U.SA)

Exon 10 3 primer . exon
intron primer set”
exon 3 exon 8 primer Yamamoto  *° 2 primer
st . Leung ° .
3 (Polymerase Chain Reaction, PCR): genomic DNA
150 ng exon sense primer antisense primer
0L 10X PCR buffer, MgCl. 10
mmol/L, 4 0.2 mmol/L dNTPs (dATP, dGTP, dCTP, dTTP, Pharmacia, Biotech, Brussals,
Belgium), 2.5 units Tag DNA polymerase (Promega, Corporation, Madison, U.SA) 10 pmol/L
primer Gene Amp PCR system 9600 (Perkin-Elmer
Japan Corporation., Ltd., Urayasu Japan) . uC 5
initial denaturation 9U’C 30 denaturation, 55°C 1 anneding,

72°C 1 glongation 35
15% agarous ge .
4) DNA sequencing: agarous ge
QlAquick Gd Extraction kit (Qiagen Inc., Smta Clarita, Cdif.) DNA
. DNA sequencing  ALFwin Sequence Anadyser 2.10
(Amersham Pharmacia Bioech, Uppsaa, Sweden) ABI 3700 sequencer (Applied Biosystems
Division, Perkin Elmer Corp., Fogter City, Cadif)

dBSTAT (window version) t , chi-square

, .p 0.05
[1.

1

25 87 , 10 , 15
16 1 7 2 , 2 3
—249+0.49 , ,
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Table 2. Clinicd, auxologicd and biochemicd data from children with idiopathic short Saure

Age IGF- IGFBP-3
Case no. (years) Sex SMR HTSDS WTDS  MPHSDS (ngmL) (mgL)
1 110 M 1l —308 — 163 -0.77 207 548
2 134 F 11 —229 — 156 - 138 500 7.86
3 52 M I =272 —-041 —-025 46 3.87
4 85 F I —209 — 105 —0.08 193 6.32
5 56 M I —-2.16 —-121 - 104 68 521
6 109 F I —258 - 151 0.12 109 6.08
7 89 F I —-230 —048 —0.58 585 2.17
8 108 F I —242 — 144 —0.08 112 496
9 46 F I —2.69 — 163 — 168 129 7.38
10 51 M I —-3.18 — 165 —0.68 1337 NA
11 13.1 M 1l —225 0.03 — 100 316 6.73
© 108 M I —423 - 179 —0.60 1353 399
13 47 M I —223 —-121 —-121 90.2 NA
14 113 F 1l —2.18 —047 — 168 160.7 340
5 111 F 1l —2.37 — 107 — 128 406.0 3.8
16 56 M I —-291 - 154 —0.60 65.1 298
17 22 F 1l -2.10 — 148 — 108 290.3 143
18 6.3 F I —-220 —0.96 - 138 1205 274
19 17 M 1l —228 0.58 —-042 1892 3.72
20 56 F I —2.36 - 129 —0.08 1193 303
21 55 F I =270 - 178 —0.68 478 255
22 47 M I —222 - 151 —-042 955 3.16
23 10.6 F 1l —-200 —065 — 198 1908 397
24 43 F I —2.76 —-116 - 138 536 NA
25 13.1 F 11 —-202 —181 —-0.38 3H49 3.74
Tota 87+t43 10 15 —249+049 —115+061 —0.83+057 167.7+119.6 430+ 173

SMR, sexuad maurity ratings; HTSDS, height standard deviaion score; WTSDS, weight stendard deviation score;
MPHSDS, midparentd height standard deviation score; NA, not availdble

(Table 2).

Table 3



Table 3. Clinicd chaacterigics of children with idiopathic short stature and control

ISS Control
Number of suljects 25 30
Age (years) 87+43 10.6+2.7*
Sex (M/IF) Y15 1719
HTSDS —249+049 —0.89+0.67*
MPHSDS —0.83+057 —0.83+0.70
THDS —167+0.81 —0.06+0.86*
IGF-I (ng/mL) 167.67+ 11957 308.30+ 154.54*
IGFBP-3 (mg/L) 430+ 173 473+ 149
IGF-1/IGFBP-3 46.67+4241 69.10+ 31.03*

*: p 005 ISS vs. control; ISS, idigpathic short gtaure; HTSDS, height standard deviation score; MPHSDS,
midparentd height gandard deviation score; THSDS, target height standard devidion score

Table 4. The responses to growth hormone adminigration in children with idiopathic short stature

GH adminigtration

Before After
IGF-I (ng/mL) 24104+ 153.89 373.72+ 1700*
IGFBP-3 (mg/L) 5.84+ 151 652+ 192
IGF-I/IGFBP-3 4446+ 2173 60.26+29.58
*: p 005 before vs. dter growth hormone adminigtration
2.
25 13 | GF-I
|GF-I 241041 153.89 mU/L 4 |GF-I
373.72L 170.0 mU/L (o 0.05). IGFBP-3
5.84+ 151 mg/L 6.521+ 192 mg/L
. IGF- |GFBP-3 44462173 60.26+
2958 (Table 4).
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Fig. 1 Corrdation of delta IGF-I and ddta HTSDS. There was no significant
correlation between deta IGFI and ddta HTSDS after GH treaiment.
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Fig. 2. Corrdation of delta IGFBP-3 and delta HTSDS. There was no
sonificant correlation between delta IGFBP-3 and delta HTSDS after GH

treatment.
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Fig. 3. Electropherogram showing the DNA sequence of G168, which is guanine or heterozygous
in pogstion 3 of codon 168.
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Fig. 4. Electropherogram showing the DNA sequence of codon 526, which is adenine or cytosine or heterozygous
in position 1
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Fig. 5. Electropherogram showing the DNA sequence of exon 3 flanking region. Upper lane is the DNA sequence
reported previoudy and the lowe lane is the newly identified sequence.
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Fig. 7. Electropherogram showing the reverse DNA sequence of exon 8 flanking region.
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The children with idiopathic short stature are classified on the base of exclusion criteria
(dysmorphic features, endocrine diseases, chromosomal abnormalities, malnutrition and un-
derlying systemic illness). Short stature with normal or increased circulating growth hormone
and low IGF-l levels indicates that partia growth hormone insensitivity may play a role
in idiopathic short stature. As in Laron syndrome which growth hormone receptor defects
are responsble for the short dtature, some heterozygous defects of the growth hormone
receptor gene were reported in idiopathic short stature.

The present study was performed to investigate whether partia growth hormone insen-
stivity is observed in children with idiopathic short stature and whether partia growth
hormone insengitivity is related to growth hormone receptor defect.

Twenty-five children with idiopathic short stature were studied and 30 norma children
were enrolled as control. Anthropometric measurement and IGF-I generation test were
peformed. The growth hormone receptor gene was amplified by PCR, from
leukocyte-derived DNA and sequenced directly.

Despite increased IGF-I after growth hormone treatment, there was no significant corrda-
tion between ddta IGF-l and delta HTSDS, as well as between delta IGFBP-3 and delta
HTSDS indicating partial growth hormone insensitivity in children with idigpathic short
stature. When growth hormone receptor gene were analyzed, polymorphism was observed.
That is, adenine which is third base for 168th amino acid was guanine. Furthermore this
finding was observed in 100% of 55 children examined, which was quite higher incidence
compared to previous report from other country. The first base of 526th amino acid was
either adenine or cytosine ar heterozygous of adenine and cytosine, suggesting an occurrence
of 1526L variant. Deletions of one or two bases in flanking region of exon 3 and 8 were
confirmed in Korean, the same as it occurs in Jgpanese. There are differences in the
sequences of human growth hormone receptor gene among different ethnic populations. Wide



vaidaion of phenotype in idiopathic short gtature cannot clearly be explained by growth
hormone receptor gene aone. Vaiaion or polymorphism of growth hormone receptar gene
remains to be functionaly analysed.

In conclusion, idiopathic short stature might due to the partia growth hormone insen-
sitivity which is resulted by mutation of growth hormone receptor gene.
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