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The timing of puberty onset varies greatly among individuals, and much of this variation is
modulated by genetic factors. This study aimed to identify the kisspeptin receptor (KISSTR)
gene variations and to investigate the associations between these variations and central
precocious puberty (CPP). Korean girls with CPP (n = 194) and their healthy controls

(n = 99) were included in this study. The entire coding region and the exon-intron
boundaries (exon 1 through 5) of the KISSTR gene were directly sequenced. Seven
polymorphisms were identified in the KISSTR gene. A missense change ¢.1091T>A, and an
intron variant ¢.738+64G>T showed significantly higher allele frequencies in CPP patients
than in controls (c.1091T>A: 30.7% vs. 22.2%, P=0.031; ¢.738+64G>T: 45.6% vs.

equally to this work.

35.9%, P=0.023). The missense variant (c.1091T>A) was a nonsynonymous
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INTRODUCTION

Human puberty is initiated by an increase in the amplitude and
frequency of pulses of gonadotropin-releasing hormone (GnRH)
after a quiescent period during childhood. The resurgence of
pulsatile GnRH release from specialized hypothalamic neurons
induces the secretion of gonadotropin by the pituitary gland,
which leads to gonadal maturation and the attainment of re-
productive capacity (1). Pubertal onset occurs across a wide
range of ages in normal, healthy adolescents and is influenced
by complex interactions among genetic, nutritional, environ-
mental, and socioeconomic factors (2). The genetic factors in-
fluence pubertal timing in 50%-80% of the general population
(3).

Precocious puberty is defined as the appearance of second-
ary sexual characteristics in girls younger than 8 years old and
in boys younger than 9 years old. Central precocious puberty
(CPP) is caused by the premature activation of the hypothalam-
ic-pituitary-gonadal axis. CPP occurs more frequently in girls
than in boys, and most of these cases are considered idiopathic
(4-6). Numerous studies have suggested that genetic factors play
important roles in CPP. Familial CPP can occur in up to 27.5%
of cases and segregation analysis has suggested autosomal dom-
inant transmission with incomplete sex-dependent penetrance
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polymorphism that induces amino acid substitution of p.Leu364His. The haplotype
CAGTGTC was detected more frequently in the CPP group (P = 0.042). The sequence
variants of the KISSTR gene can be inducible factors in the development of CPP. The
association between sequence variants and CPP should be validated by further evidence
obtained from larger samples of children with CPP.
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(7). Recently, mutations in MKRN3, the gene encoding mako-
rin RING-finger protein 3, have been shown to cause familial
CPP (8). However, the genetic determinants of CPP are largely
unknown.

Over the last decade, the kisspeptin/kisspeptin receptor (KISSIR)
signaling complex has emerged as a fundamental regulator of
puberty and reproductive function. KISSIR, one of the G protein-
coupled receptors, is a 398 amino acid protein going through
the membrane seven times and is activated by its ligand, kiss-
peptin. The receptor is expressed widely in the brain, pituitary
gland, and placenta (9). In 2003, two research groups indepen-
dently reported inactivating mutations of the KISSIR gene in
patients with idiopathic hypogonadotropic hypogonadism (IHH)
(10,11). These studies confirmed the critical role played by the
kisspeptin/KISSIR system in hypothalamic-pituitary-gonadal
axis activation. Navarro et al. (12) showed that binding to the G
protein-coupled receptor in hypothalamic GnRH neurons en-
ables kisspeptin to act as a powerful elicitor of GnRH-dependent
luteinizing hormone (LH) secretion. In our previous study (13),
we demonstrated that serum kisspeptin levels were significant-
ly higher in girls with CPP than in controls. The KISSI gene en-
coding kisspeptin and the KISS1R gene have recently been im-
plicated in the pathogenesis of sexual precocity in humans. Ac-
tivating mutations in KISSI and KISS1R were detected as genet-
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ic causes of CPP (14,15). Accordingly, it is assumed that genetic
variations in the KISSIR gene can lead to higher or lower risk of
CPP. However, few mutations in the KISSIR gene that cause CPP
have been identified in previous studies, with the exception of
the study mentioned above.

The aims of our study were to evaluate the occurrence of ge-
netic variations, including mutations and single-nucleotide poly-
morphisms (SNPs), of the KISSIR gene in 194 girls with CPP and
to investigate the correlation between KISSIR gene variations
and CPP in Korean gitls.

MATERIALS AND METHODS

Subjects

Korean girls (n = 194) with idiopathic CPP were recruited from
our outpatient clinic at Korea University Ansan Hospital, Korea
between August 2012 and July 2013. The girls were diagnosed
with idiopathic CPP if the following criteria were met: 1) objec-
tive breast budding appearing before the age of 8 years, 2) ad-
vanced bone age (BA) at least 1 year ahead of the chronological
age (CA), 3) significantly higher peak LH values compared with
the cutoff value of 5 mIU/mL according to a GnRH stimulation
test conducted prior to the age of 9 years, and 4) a non-patho-
logical brain magnetic resonance imaging (MRI). All the sub-
jects showed normal brain MRI. BA was determined by a single
observer according to the Greulich and Pyle method, and sexu-
al maturity rating (SMR) was assessed by one pediatric endo-
crinologist according to the Tanner staging system.

The control group consisted of 99 healthy Korean girls who
were recruited as volunteers on the basis of a freewill question-
naire concerning their breast development after the age of 9
years.

Genetic analysis

Genomic DNA was extracted from peripheral leukocytes of the
study subjects using a DNA isolation kit (QIAamp DNA Blood
Maxi prep kit; Qiagen, Valencia, CA, USA). The entire coding
region and the exon-intron boundaries (exon 1 through 5) of
the KISSIR gene (GenBank accession No. NM_032551.4) were
amplified by polymerase chain reaction (PCR) with 12 pairs of
specific primers (Table 1). The PCR conditions were as follows:
initial denaturation at 94°C for 5 minutes, followed by 35 cycles
of denaturation at 94°C for 30 seconds, annealing at 60°C-65°C
for 30 seconds, initial extension at 72°C for 30-60 seconds, and
final extension at 72°C for 10 minutes. The PCR products were
purified using a MultiScreen384-PCR Filter Plate (Milipore, Bil-
lerica, MA, USA). The purified products were then sequenced
using a BigDye Terminator Cycle Sequencing Kit and an ABI
3730xl automated sequencer (Applied Biosystems, Foster City,
CA, USA). The sequencing primers were the same as those used
for the PCR amplification. Mutational analyses were performed

https://doi.org/10.3346/jkms.2017.32.1.108

Table 1. Primers used in the analysis of the KISS7R gene

Exons Primer sequences (5" to 3°)
Exon 1 Forward ~ CAGGAAACAGCTATGACCGTGGGCAGGGGAGGGAGT
Reverse TGTAAAACGACGGCCAGTACAGAGCCGGGTCCGAGA
Exon 2 Forward ~ CAGGAAACAGCTATGACCCTGGTCACTCGGACCAAGG
Reverse TGTAAAACGACGGCCAGTCGTCCCCACGTACGATCC
Exon 3 Forward ~ CAGGAAACAGCTATGACCGTATGTGCCTGAGTGTTCG
Reverse TGTAAAACGACGGCCAGTCTAGGCAGGCAGAGCTATT
Exon 4 Forward ~ CAGGAAACAGCTATGACCCAGGGTGGCTGGGTGAAC
Reverse TGTAAAACGACGGCCAGTCTGGACCCCTTGGGCTGT
Exon 5A  Forward ~ CAGGAAACAGCTATGACCGACAGCCCAAGGGGTCCA
Reverse TGTAAAACGACGGCCAGTCGTTGTCCTCCCCCAGGA
Exon 5B Forward ~ CAGGAAACAGCTATGACCGCTGAACCCGCTGCTCTAC
Reverse TGTAAAACGACGGCCAGTGTCTGGGTGACAGAATGAGACA

KISS1R = kisspeptin receptor.

using Phred, Phrap, Consed, and Polyphred 5.04 software (Uni-
versity of Washington, Seattle, WA, USA).

Hormone assays

The GnRH stimulation test was conducted to evaluate pubertal
status in all patients. Basal serum samples were obtained prior
to GnRH (Relefact® LH-RH 0.1 mg; Aventis Pharma, Frankfurt,
Germany) injection, and post-stimulation samples were acquired
30, 60, and 90 minutes after injection for measurements of LH
and follicle-stimulating hormone (FSH) levels. The hormone
levels were measured using a chemiluminescent microparticle
immunoassay (Abbott Laboratories, Abbott Park, IL, USA).

Haplotype construction and statistical analysis

The allele frequencies were compared between the patient and
control groups. Deviations from the Hardy-Weinberg equilibri-
um were tested by a comparison of observed and expected gen-
otype frequencies. When the significant difference of allele fre-
quencies between the patient and the control groups was found
for each polymorphism, the clinical characteristics and results
of the hormonal study were also compared between patients
harboring a certain polymorphism and those lacking that poly-
morphism. Haploview 4.2 was used to calculate linkage disequi-
librium (LD) (16) and standardized LD coefficient (D ") was plot-
ted. The IBM SPSS 20.0 Network version program (IBM, Armonk,
NY, USA) was used to perform statistical analyses, with P < 0.05
as the minimal level of statistical significance. Data were expressed
as the means + standard deviation (SD) or the standard devia-
tion score (SDS). Fisher’s exact test was used for data analysis.
The odds ratios for SNPs were calculated with respective 95%
confidence intervals (CIs).

Ethics statement

This study was approved by the Institutional Review Board of
Korea University Ansan Hospital, Ansan, Korea (IRB number
AS12131), and written informed consent was obtained from all
subjects and their parents.
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RESULTS

Clinical and hormonal characteristics of the study
population

In the patient group, the mean age at diagnosis was 8.08 + 0.77
years. The BA at diagnosis was 9.87 + 0.98 years, and the mean
difference from the CA was 1.79 + 0.74 years. The mean height
and body mass index (BMI) SDSs were 1.25 + 0.88 and 0.55 +
1.01, respectively. According to the results of the GnRH stimula-
tion test, the basal and peak LH levels were 0.62 + 0.70 I[U/L and
13.80 + 11.71 TU/L, respectively. The basal and peak FSH levels
were 3.13 + 3.54 IU/L and 15.12 + 6.95 IU/L, respectively. The
peak LH/FSH ratio was 1.02 + 0.82. The mean estradiol level
was 6.55 + 5.34 pg/mL, and the mean SMR stage at diagnosis
was 2.55 + 0.82 for breast development.

In the control group, the mean CA and BA were 10.03 + 0.58
and 10.55 + 1.43 years. The mean BA advancement was 0.42 +
1.13 years. The mean height and BMI SDSs were 0.65 + 1.18 and
0.70 + 1.11, respectively. Baseline characteristics and the results

Table 2. Baseline characteristics and results of hormone assays in the study population

Auxological parameters  Patients (n = 194)  Control (n = 99) Pvalue
Age, yr 8.08 £ 0.77 10.03 £ 0.58 < 0.001
Height, SDS 1.25 £ 0.88 0.65 £ 1.18 < 0.001
Weight, SDS 140 £ 1.25 117 £ 1.65 0.090
BMI, SDS 0.55 + 1.01 0.70 £ 1.11 0.350
MPH, SDS -0.25+£0.75 —-0.08 + 0.81 0.560
BA, yr 9.87 £ 0.98 10.55 £ 1.43 0.010
BA advancement, yr 179 £ 0.74 0.42 £1.13 < 0.001
SMR, stage 2.55 £ 0.82

Basal LH, IU/L 0.62 £ 0.70

Peak LH, IU/L 13.80 £ 11.71

Basal FSH, IU/L 3.13 £ 3.54

Peak FSH, IU/L 15.12 £ 6.95

Peak/basal LH 50.91 + 51.92

Peak LH/FSH 1.02 £ 0.82

Estradiol, pg/mL 6.55 + 5.34

Data are shown as the mean =+ standard deviation (SD).

SDS = standard deviation score, BMI = body mass index, MPH = mid parental height,
BA = hone age, SMR = sexual maturity rating, LH = luteinizing hormone, FSH = follicle-
stimulating hormone.

Table 4. Clinical and laboratory characteristics in CPP patients with each polymorphism

of hormone assays in the study population are shown in Table 2.

Identified SNPs in KISSIR gene analysis

Concerning the genetic analysis, seven SNPs were detected in
the KISSIR gene (Table 3). One of these polymorphisms, ¢.*120C
>G, was previously identified in Chinese girls with CPP (17) and
was located in 3"'UTR. Moreover, the ¢.24A>G was a synonymous
polymorphism and was previously found in CPP girls (18,19). A
missense variant ¢.1091T>A was previously reported in Korean
girls with CPP (20) as well as in the study of another population
(18). It was a nonsynonymous SNP that induces amino acid sub-
stitution of p.Leu364His. We assessed this variant using three in
silico prediction algorithms, Polymorphism Phenotyping-2 (Poly-
Phen-2, http://genetics.bwh.harvard.edu/pph2/), Sorting In-
tolerant from Tolerance (SIFT, http://sift.jcvi.org/) and Muta-
tionTaster (http://www.mutationtaster.org/), and it was consid-
ered as a benign polymorphism in all three in silico analyses.
The c.-123C>T was located in 5 'UTR and the other three SNPs-
€.245-34G>A, ¢.505+42T>G, and ¢.738+64G>T- were intron vari-
ants. Six of seven polymorphisms except one intron variant (c.505
+42T>G) were identified in both the patient and control groups,
and the results fitted the expectation by Hardy-Weinberg equi-
librium. Although one intron variant (c.505+42T>G) was detect-
ed only in the CPP group, it did not induce an amino change
and did not appear to affect the activity of the KISSIR. Clinical
and laboratory characteristics in CPP patients with SNP are shown

Table 3. Polymorphisms of the KISS7R gene identified by sequencing (n = 293)

No.  Polymorphism  Location mBNA dbSNP ID MHF I Note
position samples

1 c.-123C>T Exon 1 39 rs3810423  0.061 5°UTR

2  C24A>G Exon 1 185 rs10407968 0.137  Synonymous

3 €.245-34G > A Intron 1 - rs117902808 0.177 -

4 ¢505+42T>G Intron 3 - rsb43723928 0.002

5 ¢738+64G>T |Intron4 - rs350131 0.423 -

6 ¢1091T >A Exon5 1,252 rs350132 0.278 p.Leu364His

7  ¢*20C>G Exon5 1,478 rs3746146  0.063 3°UTR

The positions of the polymorphisms are defined according to NM_032551.4.
KISS1R = kisspeptin receptor, MAF = minor allele frequency, UTR = untranslated re-
gion.

Time of diagnosis (yr) LH (mIU/mL) FSH (mlU/mL) Peak LH/FSH

No. SNP SMR :

CA BA Basal Peak Basal Peak ratio
1 c-123C>T - 7.8 9.2 2.5 0.5 11.8 2.6 16.8 0.77
2 C.24A/G Synonymous 7.9 9.6 24 0.4 10.8 2.8 15.4 0.77
3 €.245-34G > A - 8.1 9.8 2.8 0.8 15.4 3.7 15.9 1.07
4 €.505+42T > G 8.1 9.8 2.7 0.6 13.9 3.0 15.4 1.01
5 €.738+64G > T - 8.2 9.8 25 0.7 14.5 3.0 15.3 1.07
6 c.1091T > A p.Leu364His 7.9 98 2.4 0.3 11.9 2.3 189 0.94
7 ¢.*120C > G - 8.1 9.7 2.5 0.6 13.7 30 15.5 0.99

The positions of the polymorphisms are defined according to NM_032551.4. Data are shown as the mean value.
CPP = central precocious puberty, SNP = single-nucleotide polymorphism, LH = luteinizing hormone, FSH = follicle-stimulating hormone, CA = chronological age, BA = bone

age, SMR = sexual maturity rating.

110  http://jkms.org

https://doi.org/10.3346/jkms.2017.32.1.108



OhYlJ etal. = KISSTR Gene Polymorphisms in CPP Girls

JKMS

Table 5. Allele and genotype frequencies of the KISS7R polymorphisms

Allele frequenc Genotype frequenc
SNP Group aueney Pvalue fype requency Pvalue
1 2 11 12 22

c.-123C>T CPP 363 0.936 25 0.064 0.672 170 0.876 23 0.119 1 0.005 0.753"
C=1,T=2 Control 187 0.944 11 0.056 88 0.889 11 0111 0 0.000

c.24A>G CPP 332 0.856 56 0.144 0.441 141 0.727 50  0.256 3 0.017 0.450*
A=1,6G=2 Control 174 0.879 24 0.121 76 0.768 22  0.222 1 0.010

.245-34G>A CPP 322 0.830 66 0.170 0.513 132 0.680 58 0.299 4 0.021 0.559*
G=1A=2 Control 160 0.808 38 0.192 64 0.647 32 0.323 3 0.030

€.505+42T7>G CPP 387 0.997 1 0.003 1.000 193 0.995 1 0.005 0 0.000 1.000*
T=1,6=2 Control 198 1.000 0 0.000 99 1.000 0  0.000 0 0.000

.738+64G>T CPP 211 0.544 177 0.456 0.023 60 0.309 91 0.469 43 0.222 0.006"
T=1,6=2 Control 127 0.641 71 0.359 37 0.374 53 0.535 9 0.091

c.1091T>A CPP 269 0.693 119 0.307 0.031 91 0.469 87  0.449 16 0.082 0.026*
A=1T=2 Control 154 0.778 44 0.222 60 0.606 34 0.343 5 0.051

¢.*120C>G CPP 362 0.933 26 0.067 0.590 169 0.871 24 0124 1 0.005 0.661*
C=1,6=2 Control 187 0.944 11 0.056 88 0.889 11 0111 0 0.000

KISS1R = kisspeptin receptor, SNP = single-nucleotide polymorphism, CPP = central precocious puberty.

*Pvalue for dominant model; 'P value for recessive model.

in Table 4. There were no specific clinical characteristics in the

patient with each SNP. l I I I I
Allele counts and frequencies in the two groups are shown in ||

Table 5. With Fisher’s exact test, the associations between the |

polymorphisms and the two phenotype groups were investigat- & 8 8 8 & & g

ed. Among the polymorphisms, two SNPs, ¢.738+64G>T and § '§r § E § % §

c.1091T>A, were detected significantly more frequently allele £ ® p 3 £

frequencies in the CPP group (c.738+64G>T, P = 0.023; ¢.1091T>A,
P =10.031). Using the T allele of the intron variant c.738+64G>T
as the reference, the odds ratio of the G allele for CPP was 1.501
(95% CI, 1.055-2.135). Also, using the A allele of the missense
variant c.1091T>A as the reference, the odds ratio of the T allele
for CPP was 1.548 (95% CI, 1.039-2.306). No differences were
found between the two groups in the frequencies of the other
five polymorphisms.

Clinical significance of ¢.1091T>A (p.Leu364His) and
¢.738+64G>T in CPP patients

Based on the finding that two SNPs, ¢.1091T>A and c.738+64G>T,
were detected more frequently in the patient group, we com-
pared the clinical characteristics and hormone values between
the two subgroups of these polymorphisms (c.1091T>A: the sub-
group with AA and the subgroup with A/T or T/T, ¢.738+64G>T:
the subgroup with TT or T/G and the subgroup with G/G). The
subgroups of each polymorphism were classified according to the
results of genotype frequencies (dominant model for c.1091T>A,
and recessive model for ¢.738+64G>T). Basal and peak hormone
levels, the LH/FSH ratio, and the auxological parameters at di-
agnosis—including CA, height, weight, BMI, mid parental height
(MPH), SMR, and BA advancement—did not differ between the
two subgroups of each polymorphisms in CPP patients. Data
was not shown.

https://doi.org/10.3346/jkms.2017.32.1.108

Block 1 (3 kb)
1

Fig. 1. LD plot for 7 SNPs in the KISS7R gene. The D" values that correspond to each
SNP pair are expressed as a percentage and shown within the respective square.
Squares without numbers represent D” values of 1.0, indicative of complete LD. The
7 SNPs constitute one haplotype block (Block 1).

LD = linkage disequilibrium, KISS7R = kisspeptin receptor, D” = linkage disequilibri-
um coefficient, SNP = single-nucleotide polymorphism.

LD and haplotype analysis

LD was computed between every two SNPs to further analyze
the haplotype structure. Fig. 1 shows the LD plot constructed
using the 7 SNPs. The magnitude of LD between each SNP was
extremely high, with pair-wise D" values that were > 0.92. Five
haplotypes were constructed based on the LD plot and the re-
sults are shown in Table 6. Haplotypes with frequency less than
1% are not listed. The haplotype CAGTGTC was detected statis-
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Table 6. Results of the haplotype analysis

CPP (n = 194) Control (n = 99)
Haplotypes* : : Pvalue
Counts  Freguencies Counts  Frequencies
CAATTAC 64 0.165 38 0.323 0.415
CAGTGTC 117 0.302 44 0.222 0.042
CAGTTAC 147 0.379 89 0.450 0.099
CGGTGAC 30 0.077 13 0.066 0.609
TGGTGAG 25 0.064 11 0.056 0.672

CPP = central precocious puberty, SNP = single-nucleotide polymorphism.
*Haplotypes are designated according to the sequence of each SNP position as fol-
lows: rs3810423, rs10407968, rs117902808, rs543723928, rs350131, rs350132,
rs3746146.

tically significantly more frequently in the CPP group with amod-
erate P value (0.042). The other four haplotypes showed no dif-
ferences in frequencies between the patients and control groups.

DISCUSSION

In this study, we evaluated a population of 194 girls with CPP
for KISSIR gene mutations and polymorphisms, and we identi-
fied seven SNPs. Six polymorphisms except the intron variant
¢.505+42T>G were detected in both the CPP and control groups.
Two polymorphisms, ¢.1091T>A and ¢.738+64G>T, were found to
be statistically correlated to CPP. The missense variant (c.1091T>A)
was a nonsynonymous polymorphism that induces amino acid
substitution of p.Leu364His. The haplotype CAGTGTC was also
significantly associated with CPP patients.

The pulsatile GnRH secretion mediated through the kisspeptin/
KISSIR system appears to be a key event at the onset and dur-
ing progression of puberty (11,21). The timing of puberty varies
greatly among individuals and races, and much of this variation
is due to genetic factors. The genetic modulation of puberty is
assumed to arise from the additive effect of multiple genes (22).
Many researchers have tried to ascertain a molecular mechanism
of kisspeptin/KISS1R system associated with development of
CPP. Silveira et al. (15) by investigating 83 children with CPP re-
ported two novel KISSI missense mutations in 3 unrelated chil-
dren with CPP. Moreover, Ko et al. (23) identified one polymor-
phism (p.P110T) relevant to CPP in KISSI gene in 101 Koreans
girls with CPP and the polymorphism was suggested to exert a
protective effect. In our previous study, we demonstrated that
three KISSI polymorphisms were statistically correlated with
CPP, but could not find any clinical importance of these SNPs
(24). Recently, it was found that the KISSIR gene is relevant to
CPP pathogenesis (14). An autosomal dominant missense mu-
tation, Arg386Pro, in KISSIR, leading to prolonged activation of
intracellular pathways in response to kisspeptin, has been sug-
gested to cause CPP in an adopted girl. Since then, no other CPP
cases with activating KISSIR mutations have been reported. On
the other hand, a few KISS1R polymorphisms have been identi-
fied in CPP patients. Some researchers have found A/G synony-
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mous SNP (c.24A>G) in girls with CPP, but it did not seem to
have a pathogenic role in patients (18,19). The polymorphism
¢.*120C>G has been reported in Chinese girls with CPP and the
SNP was not statistically correlated with CPP (17). In the same
study, the missense mutation p.P196H in the KISSIR was also
identified in one patient, although functional study was not per-
formed (17). Moreover, a missense variant ¢.1091T>A has been
identified in studies of Korean girls with CPP and other ethnic
group (18,20). However, the researchers were unable to deter-
mine any disease associations with the SNP.

In the present study, the seven polymorphisms were detect-
ed via the sequencing of the KISSIR gene. According to the cal-
culated statistical results, a missense variant c.1091T>A exhibit-
ed a statistical correlation with the phenotype (P = 0.031). This
polymorphism induced amino acid substitution of p.Leu364His.
This SNP was previously reported in a study of Korean CPP pa-
tients in 2011 (20) and the allele frequency in the study was 30.3%.
This result was slightly different to that in our study, in which
the allele frequency was calculated as 27.8%. Since both study
subjects had same ethnic background, the reason of this discrep-
ancy in the allele frequency is unclear. One possible reason is a
different sample size. In the previous study, the results showed
a similar allele frequency in patients (30.3%) and controls (30.8%)
(20). However, in our study, the allele frequencies were signifi-
cantly higher in the patients (30.7%) than in the controls (22.2%),
although the polymorphism c.1091T>A was identified in both
the patients and the controls. Our finding suggests that the mis-
sense variant ¢.1091T>A might affect the pathogenesis of CPP.
In order to evaluate the clinical significance of p.Leu364His, we
compared the clinical characteristics and hormone values be-
tween the subgroups with or without this SNP in the patient
group. However, no significant differences were observed be-
tween the two subgroups.

The intron variant c.738+64G>T also exhibited a statistical
correlation with CPP patients (P = 0.023). It was located in the
fourth intron with G to T substitution at nucleotide +64 and did
not result in any amino acid change. This SNP was not intro-
duced in previous studies concerning CPP. Although introns
are generally known as non-protein-coding sections in genes, it
can produce genetic and phenotypical variety by regulating or
facilitating the transposition of exons (25). Therefore, it can be
hypothesized that the polymorphism c.738+64G>T may affect
the gene expression of KISSIR relevant to the pathogenesis of
CPP in Korean girls. In the comparison of clinical parameters
and hormonal results, no significant differences were observed
between the subgroups with or without this SNP in the patient
group. More evidence will be necessary to confirm the associa-
tion between intron variant in the KISSIR and CPP.

In the current study, we have also identified a synonymous
SNP (c.24A>G) residing in exon 1 of the KISSIR gene. This SNP
was not correlated with CPP in our study. Since this variant in-
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duced a synonymous change, it did not appear to affect the ac-
tivity of the KISSIR. This polymorphism was previously identi-
fied by others in a population of male patients with IHH, although
no association with this disorder was found (26,27). It was also
detected in CPP patients in previous studies, but it did not seem
to have a pathogenic effect on CPP (18,19). These findings were
in accord with our results. However, this polymorphism has not
been recorded in a large population of Chinese girls (24 girls ran-
domly selected from 272 girls with CPP) (17). The discordance
in data between Korean and Chinese populations is partly due
to different scale of typed samples. Also, the genetic background
appeared to differ significantly, even though Koreans and Chi-
nese are both Asian.

We identified one LD block that consisted of seven SNPs. The
value of LD (D ") between each SNP was very high and five hap-
lotype were constructed using the LD block. The haplotype CAG-
TGTC was detected more frequently in the CPP group (30.2%)
than in the control group (22.2%) (P = 0.042). Our findings sug-
gest that the haplotype CAGTGTC contributes to pathogenesis
of CPP, although the Pvalue of 0.042 was not sufficiently signifi-
cant.

In conclusion, we have attempted to identify sequence varia-
tions of the KISSI1R gene associated with CPP in Korean gitls,
and have noted some possibilities that the sequence variants
within the KISSIR gene might be inducible factors in the patho-
genesis of CPP. A possible limitation of the present study was
that the sample scale was relatively small, and that P values were
not very significant. Therefore, larger scale studies are necessary
in order to clarify the association between the sequence varia-
tions of KISS1R and CPP.
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