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susceptibility genes underlying aspirin hypersensitivity,
we further genotyped the two significant SNPsin 282 ATA
patients for comparison. In the AIA-ATA association
study, the INDO-SNP2 also showed a statistically signifi-
cant association with AIA {P=0.038) (Table 4), whereas an
association of the IL1R2-SNP10 with AIA was marginal
(P=0.073) with the same direction of genetic effect of the
associated allele on AIA susceptibility (Table 5). In con-
trast, no significant differences in allele frequencies at the
two SNPs were observed between CTR and ATA groups
(statistical data not shown). These SNP-based association
results indicate that the two SNPs in INDO and IL1R2 are
associated with the risk of aspirin hypersensitivity rather
than an asthmatic reaction in Japanese population.
Figure 3 shows D'~ and r*-based LD block structures in
the genomic regions around INDO and IL1R2, respec-
tively. We observed a strong LD (|D’|=0.98) between
INDO-SNP1 and -SNP2 in the INDO region. A highly
structured LD pattern, a major LD block structure
(ID’] >0.7) covered by IL1R2-SNP6 to -SNP11, was ob-
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Fig. 2. Real-time reverse transcription polymerase chain reaction (RT-
PCR} analysis validates expression differences for two genes, INDO and
IL1R2, in nasal polyps from aspirin-intolerant asthma (AIA) and chronic
sinusitis (CS) patients. Relative amounts of the respective genes in nasal
polyps (AIA, n = 10; CS, n = 4) were measured by real-time RT-RCR using
TagMan Gene Expression Assays. Y-axes indicate the log, relative
expression levels, normalized to the amount of GAPDH and relative to
the averaged expression levels in CS groups. The expression levels of
INDO and IL1R2 were significantly higher in AIA than CS nasal polyps
by the Welch #-test.

Table 4. Allelic association of INDO SNPs with AIA in Japanese population

served in IL1R2 (Fig. 3). Next, we conducted a haplotype-
based association study within the respective LD blocks
{Tables 6 and 7). We found that one haplotype of INDO, m/
m (double minor haplotype) at INDO-SNP1 and -SNP2,
was underrepresented in AIA with statistical significance
after multiple test correction with Bonferroni’s correction
(Table 6; x*=6.74, df = 1, corrected P=0.038), indicating
a protective effect of the m/m haplotype of INDO. One
haplotype of ILIR2, M/M/M (triple major haplotype) at
IL1R2-SNP6, -SNF 10, and -SNP11, showed a highly sig-
nificant difference between AIA and CTR (Table 7:
x*=8.94, df =1, corrected P=0.011), indicating that the
M/M/M haplotype represented a risk for ATA.

INDO encodes indoleamine 2, 3-dioxygenase, which is
a rate-limiting enzyme of tryptophan catabolism and is
expressed in various cell types such as fibroblasts, macro-
phages, and dendritic cells [26]. INDO activity is induced
by interferons (IFNs) and further enhanced by inflamma-
tory cytokines such as IL-1 [27] but suppressed by anti-
inflammatory cytokines such as TGF-p and IL-4 [28, 29].
INDO-induced tryptophan degradation in macrophages
results in inhibition of T cell proliferation [30], suggesting
that INDO plays an important role in the regulation of T
cell-mediated immune responses. Aspirin inhibits INDO
activity in stimulated peripheral blood mononuclear cells
indirectly, via its inhibitory effect on the production of
IFN-y [31]. Therefore, the functional disturbance of INDO
activity due to the INDO-SNP2 might play a role in the
pathogenesis of aspirin sensitivity or AIA. A possibility
remains that an unknown SNP in tight LD with the INDO-
SNP2 or on the m/m haplotype could serve as a bona fide
causality, which could prevent AIA induction by keeping
INDO activity normal. Further studies are needed to
resolve the functional significance of the INDO-SNP2
and the m/m haplotype in the genetic aetiology of AIA.

Interleukin 1 receptor type II {IL1R2) acts as a soluble
decoy receptor that inhibits IL-1 signalling [32]. The
inhibition of IL-1 binding to the receptor in human
monocytes results in a reduction of COX-2 activity but
not COX-1 activity [33]. As an imbalance in arachidonate

MAF AlA vs. CTR MAF  AlAvs. ATA
dbSNP - Alleles AIA CIR Odds ratio Corrected ATA

SNP no. Position* Localization [D Mm)' n=219 n=374 > (95%CI) P P n=282 x* P

INDO-SNP1 —1953  5'-upstream 1s3808606 T/C  0.414 0472 3.65 079 (0.62-1.01) 0.056 0.17 ND

INDO-SNP2 6202 intron4 157820268 C/T  0.101  0.163 847 0.58(0.40-0.84) 0.0036 0.011 0.145 429 0.038

INDO-SNP3 13994  intron9 153739319 A/G 0474 0436 163 1.17(0.92-1.49) 020  0.60 ND

*Numbers indicate the nuclectide position from the first nucleotide of exon 1.

"M and m denote major and minor alleles, respectively, at each SNP site.
Corrected P values were obtained using Bonferroni's correction.

MATF, minor allele frequency; AlA, aspirin intolerant asthma; CTR, non-asthmatic control; ATA, aspirin tolerant asthma; ND, not determined; SNP,

single nucleotide polymorphism.

© 2009 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 39 :972-981

— 219 —



AlA susceptibility genes base on expression profiling of nasal polyps 979

Table 5. Allelic association of IL1R2 SNPs with AIA in Japanese population

MAF AlA vs. CTR MAF AlA vs. ATA
dbSNP Alleles AIA CIR Corrected ATA
SNP No. Position® Localization  ID (Mfm)" n=219 n=374 x®  Odds ratio P Pt n=282 * P
ILIR2-SNP1 —6913 5'-upstream 1s4851519  C/T 0.272  0.219 427 1.34(1.01-1.76) 0.039 0.43 ND
IL1IR2-SNP2 —4381 5’—upst1‘eam 1s35789178 T/G 0.368 0.358 0.12 1.05(0.81-1.34) 0.73 1 ND
IL1IR2-SNP3  —3657 5'-upstream 1512467316 A/C 0299 0376 7.21 0.71(0.55-0.91} 0.0072 0.080 ND
IL1IR2-SNP4 3145 5'—upstream rs12468239 (/T 0.090 0.093 0.02 097 (0.64-1.47) 0.89 1 ND
ILIR2-SNP5 9147 intronl rs11691240 C/T 0.439 0479 1.73 0.85(0.67-1.08) 0.19 1 ND
ILIR2-SNP6 14513 intronl rs3755482 A/G 0.273 0.340 558 0.73(0.56-0.95} 0.018 0.20 ND
IL1IR2-SNP7 15413 intront 18719250 G/A 0.381 0318 473 1.32(1.02-1.69) 0.030 0.33 ND
IL1R2-SNP8 21335 intron3 152110562 C/T 0.179 0.193 032 0.91(0.67-1.25) 0.57 1 ND
IL1R2-SNP9 40304 3’-downstream rs4851531 T/C 0.462 0.408 3.16 1.25(0.98-1.59) 0.075 0.83 ND
IL1IR2-SNP10 42202 3'-downstream rs11688145 C(JA 0.244 0330 9.23 0.66 (0.50-0.86) 0.0024 0.026 0.296 3.22 0.073
ILIR2-SNP11 54346 3'-downstream rs7588933 A/G 0.186 0.206 0.70 0.88(0.65-1.19} 0.40 1 ND
*Numbers indicate the nucleotide position from the first nucleotide of exon 1.
"M and m denote major and minor alleles, respectively, at each SNP site.
iCorrected P values were obtained using Bonferroni's correction.
MAF, minor allele frequency; AIA, aspirin intolerant asthma; CTR, non-asthmatic control; ATA, aspirin tolerant asthma; ND, not determined
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Fig. 3. Linkage disequilibrium pattern of INDO and IL1R2. The gene structures of INDO (left) and ILI1R2 (right), together with positions of the 14 single
nucleotide polymorphisms (SNPs) examined, are shown. Pairwise LD coefficients, D’ and /%, were determined and expressed as a block structure. In the
schematic block, red boxes indicate a pairwise LD of |D'| > 0.9, pink 0.9 |D’| >0.8, and orange 0.83>|D’| >0.7; blue boxes indicate a pairwise LD of
0.8 *>0.7 and light blue 0.7 > r* > 0.5. Blank boxes represent |I'| <0.7 or r* <0.5.

metabolism is the usual pathogenesis proposed for AlA,
the elevated level of IL1R2 that inhibits the inflammatory
effects of IL-1a in the respiratory tract might well be
involved in the pathogenesis of AIA and the formation of
nasal polyps. Although IL1R2-SNP10 showed the stron-
gest allelic association with AIA (Table 5), the functional
impact of an SNP locating 3'-downstream of the gene is
currently unclear despite its up-regulated expression in
the AIA polyp (Table 3). There is also the possibility that
an unidentified functional SNP in LD with the IL1R2-
SNP10 could be a causality. Further genetic fine mapping

® 2009 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 39 :972-981

in IL1IR2 will be required to fully understand which
genetic variant contributes to the risk of AIA. The func-
tional impacts of the SNP and haplotype also require
further investigation.

In conclusion, DNA microarray technology was used to
monitor global gene expression patterns specific to AIA
nasal polyp tissues to clarify the pathophysiology of AIA.
From the gene expression profile, candidate genes under-
lying AIA were selected and subjected to an association
study. We identified SNPs in INDO and IL1R2 that may
represent genetic susceptibility to AIA. This genetic study
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Table 6. Haplotype-based association of INDO with AIA

Haplotype frequency
Haplotype (INDO-SNP1/2)* Total AIA CIR 1 P Corrected P'
M/M (T/C) 0.552 0.591 0.531 3.75 0.053 0.21
m/M (C/C) 0.306 0.304 0.307 0.01 0.94 1
m/m (C/T) 0.141 0.105 0.161 6.74 0.0094 0.038
Global comparison 8.05 (df =3) 0.045 0.18

*M and m denote major and minor alleles, respectively, at each SNP site. The corresponding nucleotides at the respective sites are shown in parentheses.

fCorrected P values were obtained using Bonferroni's correction.

AlIA, aspirin intolerant asthma; CTR, non-asthmatic control; SNP, single nucleotide polymorphism.

Table 7. Haplotype-based association of IL1R2 with AIA

Haplotype frequency
Haplotype (IL1R2-SNP6/SNP 10/SNP 11)* Total AIA CTR $2 P Corrected P!
M/M/M (A/C/A) 0.494 0.552 0.458 8.94 0.0028 0.011
m/m/M (G/A/A) 0.277 0.243 0.299 4.03 0.045 0.18
M/M/m (A/C/G) 0.182 0.170 0.189 0.59 0.44 1
Global comparison 8.72 (df=4) 0.069 0.28

*M and m denote major and minor alleles, respectively, at each SNF site. The corresponding nucleotides at the respective sites are shown in parentheses.

TCorrected P values were obtained using Bonferroni’s correction.

AIA, aspirin intolerant asthma; CTR, non-asthmatic control; SNP, single nucleotide polymorphism.

represents only first-stage evidence of the association
because only Japanese individuals were included, and so
further replication in independent case-control samples is
required to confirm the role of INDO and IL1R2 genotypes
in the genetic risk for AIA. A pathophysiological link
between the two gene products is unclear and further
investigation is evidently needed. In addition, further
studies including functional analyses of the SNPs with
respect to how genetic variants are responsible for the risk
of AIA are also required for a full understanding of the
pathogenesis of AIA.
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ARTICLE INFO ABSTRACT
Article history: Growth hormone receptor gene (GHR) is one of the likely candidates for determining
Accepted 6 March 2009 morphological traits, because GH is a key regulator of bone growth. The genetic association
of GHR in exon 10 with mandibular ramus height has been found in different populations,
Keywords: Japanese and Chinese. On the other hand, two common isoforms of GHR, one full-length (fl-
Growth hormone receptor gene GHR) and the other lacking the extracellular domain encoded by exon 3 (d3-GHR), are
Mandible associated with differences in responsiveness to GH. The purpose of this study involving
Korean 159 Korean subjects was to study the associations between a GHR polymorphism (d3/fl-GHR)
Ethnicity that results in genomic deletion of exon 3 and craniofacial morphology, and to study the

associations between GHR genotypes in exon 10 and craniofacial morphology. Moreover, the
allelic frequencies in a multi-ethnic population (24 Han Chinese, 24 African-Americans, 24
European-Americans, and 24 Hispanics) in a GHR polymorphism (d3/fl-GHR) were compared
in this study. The five craniofacial linear measurements (cranial base length, maxillary
length, overall mandibular length, mandibular corpus length, and mandibular ramus
height) obtained from lateral cephalograms were examined as craniofacial morphology.
We found that the d3/fl-GHR polymorphism had no association for any measurements, and a
statistically significant association (P = 0.024) between the GHR polymorphisms P561T and
C422F in exon 10 and mandibular ramus height. Neither SNPs besides P561T and C422F
polymorphisms in exon 10 nor the measurements besides mandibular ramus height have
statistically significances. Both derived alleles at PS61T and C422F SNPs were highly
associated with only one haplotype, haplotype-4 in Korean population. As quantitative
haplotype association, the results showed a significant difference in mandibular ramus
height between individuals having one haplotype-4 and others without haplotype-4
(P = 0.028). Moreover, we found that the d3/fl-GHR polymorphism showed diverse frequency
in different population. Regarding GHR genotypes in exon 10, the present study mostly
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reflected the results obtained for a Japanese population, although our current study does not
replicate the correlation between the I526L polymorphism of GHR and mandibular ramus height
as was reported in a previous study of Han Chinese. The results of the present study suggest
that the GHR exon 10 SNPs, not d3/fl-GHR, contribute to changes in the mandibular ramus height

of Koreans.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Craniofacial morphology is a polygenic, quantitative trait that
is determined by genetic and environmental factors.” Studies
on similarities in craniofacial morphology between close
relatives have clarified that the genetic factors play an
important role in the determination of craniofacial morphol-
ogy.>® Furthermore, a comparison of monozygous and
dizygous twins has revealed a clear genetic influence on
craniofacial morphology.* Identifying the genetic susceptibil-
ity for specific craniofacial phenotypes would enable more
effective diagnosis and treatment of cranial malformations
such as mandibular prognathism.®

Recent advances in clinical genetics have increased the
fund of knowledge on genetic susceptibilities for craniofacial
phenotypes.®>” It has recently been reported that single
nucleotide polymorphisms (SNPs) of the growth hormone
receptor (GHR) gene are associated with mandibular height in
Japanese and Chinese populations.®° It has been reported that
the GHR polymorphism P561T in exon 10 is associated with
mandibular height in the Japanese population.®? Zhou et al.
found that the GHR polymorphism I526L in exon 10 is
associated with mandibular heightin the Chinese population,®
and they speculated that the discordance between Chinese
and Japanese populations is due to either a lack of power in
their experiments or a real difference between these popula-
tions. Considerable similarities have been observed in the
linkage disequilibrium (LD) pattern between the East Asian
populations (Korean, Japanese, and Han Chinese). The
patterns of haplotype structure and the haplotype frequencies
in the Korean population are very similar to those in the
Japanese and Han Chinese populations. In particular, the LD
patterns and haplotype frequencies of the Korean population
show high degrees of similarity with those of the Japanese
population,'®

A polymorphism of GHR (d3/fl-GHR) that results in
genomic deletion of exon 3 is associated with increased
responsiveness to growth hormone; i.e., children carrying at
least one d3-GHR allele show 1.7-2 times greater response to
growth hormone than do fl-GHR/fl-GHR homozygotes.!* This
common polymorphism of human GHR that results in
genomic deletion of exon 3 has recently been associated
with the degree of height increase in response to GH therapy
in French short children who were born small for gestational
age or with idiopathic short stature'?, as well as in German
Turner syndrome patients?? and Brazilian GH-deficient
children®®. It may be a clue to understanding the ethnic
difference of the association between GHR and mandibular
ramus height to determine the allelic frequencies in a multi-
ethnic population.

The purpose of this study is to characterise further the roles
of the d3/fl-GHR SNP of GHR and five SNPs in exon 10 of GHR in
159 Korean subjects with regard to craniofacial morphology,
and to define the allelic frequencies of d3/f-GHR in a multi-
ethnic population, which consisted of Han Chinese, African-
Americans, European-Americans, and Hispanics.

2. Material and methods
2.1.  Subjects

Genomic DNA samples and lateral cephalograms were
obtained for the group of 159 Korean subjects, which
comprised 100 men (age range, 20-49 years; mean age,
25.24 years) and 59 women {(age range, 18-58 years; mean
age, 24.39 years). The subjects were patients at dental
hospitals or volunteers from the Pusan area. All the
individuals were unrelated. Subjects who had congenital
disorders, such as cleft palate or general physical disease,
were excluded from the study. None of the subjects had
received orthodontic or orthopaedic treatment. The 159
Korean subjects were comprised of 87 Class I, 44 Class II,
and 28 Class III subjects.

In addition, DNA samples from 24 Han Chinese, 24 African-
Americans, 24 European-Americans, and 24 Hispanics without
craniofacial measurement data were obtained from the Coriell
Cell Repository (Camden, NJ, USA), and used only as reference
populations for the allelic frequencies of the exon 3-deleted/
full-length (d3/fl-GHR) polymorphism.**

The protocol used in this study was approved by the Ethical
Committee of Pusan National University, and all patients gave
their written informed consent to participate in the study
before DNA samples were taken.

2.2.  Genotyping and sequencing

For DNA sample collection, the inside of the mouth was
scraped with 10 strokes of a brush (MasterAmp™ Buccal Swab
DNA Extraction Kit; AR Brown Co. Ltd., Tokyo, Japan). Four
samples were collected from each subject. Genomic DNA was
obtained from these samples.

We screened the GHR codingregion for the five known SNPs
of exon 10, ? and for a polymorphic deletion of exon 3.'* The
analysed SNPs were C422F (dbSNP ID; rs6182), S473S (rs6176),
P477T (rs6183), I526L (rs6180), PS61T (rs6184), and d3/fl-GHR.
The dbSNP numbers are taken from the dbSNP database at the
NCBI (http://www.ncbi.nlm.nih.gov/SNP/).

Polymerase chain reaction (PCR) was performed according
to a standard protocol. To determine the GHR exon 10
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genotypes, PCR amplification was performed in the Gene Amp
9700 (Applied Biosystems, Tokyo, Japan) with a 10-uL PCR
reaction that contained 30 ng of genomic DNA, 200 uM of each
dNTP, 0.25U of Ex Taq (Takara, Otsu, Japan), and 0.1 uM of
each primer. The PCR involved initial denaturation at 95 °C for
1 min, followed by 40 cycles of 94°C for 30s and 72°C for
1 min. After removal of the remaining primers and dNTP using
ExoSAP-IT (GE Healthcare Life Science, USA), the products
were subjected to BigDye v1.1 sequencing in the ABI PRISM
3700 DNA Analyzer (Applied Biosystems). Polymorphisms
were identified using the Sequencer program (Gene Code Co.,
Ann Arbor, MI, USA). Each polymorphism was confirmed by
sequencing the nucleotides from both strands.

For the genotyping of d3/fl-GHR in exon 3, PCR was
performed using the G1, G2, and G3 primers (GenBank
accession no. AF155912) and the published method,* with
minor modifications. Briefly, we amplified the wild-type allele
(fl-GHR) using primer pairs G1 and G2, and the deleted allele
(d3-GHR) using the primer pairs G1 and G3 in separate 50-pl
PCR reactions. Amplified PCR products were electrophoreti-
cally analysed on a 1% agarose gel and stained with ethidium
bromide.

2.3.  Craniofacial measurements

The lateral cephalograms were traced and measured by a
single examiner (EH. K) using the Power Cephalo software
(ReazaNet Co., Tokyo, Japan). To determine the errors
associated with digitising and measuring, 30 radiographs
were selected randomly. The examiner repeated the digitising
and measuring 2 weeks later. A paired t test was applied to the
first and second measurements, and no error was found.
Cranial base length (nasion-seila; N-S), maxillary length (A’
PTM’), overall mandibular length (gnathion-condylion; Gn-
Co), mandibular corpus length (pogonion’-gonion; Pog’-Go),
and mandibular ramus height (condylion-gonion; Co-Go) were
measured.? ANB angle have been measured as this angle was
used for testing normal distribution. Body height was also
measured for all Korean subjects.

The Kolmogorov-Smirnov test was performed to assess the
body height and distribution pattern of craniofacial morphol-
ogy (ANB angle, a cephalometric measurement of the anterior-
posterior relationship of the maxilla to the mandible), and the
mean, median, standard deviation, skewness, and kurtosis of
each measurement were calculated.

2.4.  Haplotyping, LD analysis, and statistical analysis

Tests for Hardy-Weinberg equilibrium, and the allele and
genotype frequencies were all performed. The associations
between six GHR SNPs and craniofacial measurements were
analysed using the Mann-Whitney test. Quantitative haplo-
type analysis was tested for each Haplotype with One-factor
ANOVA or the Mann-Whitney test. All the analyses were
performed using the SPSS 10.0 (SPSS Inc., Chicago, IL, USA). A
P-value < 0.05 was considered significant.

The LD for all possible two-way combinations of SNPs was
tested using the D' and r? values.'>*® Haplotype block analysis
was conducted with the Gabriel and the Four Gamete
methods.”*® SNP haplotypes and their frequencies were

estimated by the maximum likelihood method with an
expectation-maximisation algorithm.*® The SNPAlyze 5.1
standard software (DYNACOM, JAPAN) was used to conduct
LD and haplotype block.

3. Results

Table 1 shows the frequencies of the six genotypes of GHR and
the relationships between these genotypes and six linear
measurements of body height and craniofacial morphology in
159 Korean subjects. For the distribution pattern and the
results of the Kolmogorov-Smirnov test, the heights and ANB
angles of the 159 subjects were found to reflect the normal
distribution (data not shown). Thus, the subjects of the present
study were presumed to represent a normally distributed
Korean population in terms of craniofacial morphology and
height. The Mann-Whitney U-test was used to identify
potential differences in measurements. Heterozygosity for
84735 and P477T (genotypes CT and CA, respectively) was
found in only three subjects. Therefore, statistical analysis
was not performed for $473S and P477T. The genotype-specific
association analysis revealed that only Co-Go (mandibular
ramus height) was significantly correlated with the P561T
(induced by C-to-A transversion) and C422F (induced by G-to-T
transversion) variants (P = 0.024).

The strength of the LD for each SNP pair was measured
using the D' and r? values (Fig. 1). The D' coefficient was almost
equal to 1 for almost all the pairs of SNPs in the Korean
population, which indicates that the gene is located in a single
LD block. The r? parameter, which measures the correlation
between alleles, showed that one of the SNP pairs was tightly

Pairwise LD for GHR (D' & rz)

d3fl

C422F

S473S

P477T

Fig. 1 ~ Plot of the D' values of the GHR polymorphisms in
159 Korean subjects. LD, Linkage disequilibrium.
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Table 2 - Estimated haplotype frequencies of six SNPs.

Haplotype Estimated common

haplotype frequenc

a3/ C422F S4735  P477T 1526L PS61T plotype frequency
Haplotype-1 fl G Cc C A Cc 0.4785
Haplotype-2 f G C C C C 0.2417
_Haplotype-3 d3 G C c A C 0.1214
Haplotype-4 d3 T C C C A 0.0738
Haplotype-5 a3 G 4 C o C 0.0533

Haplotypes constructed on the basis of genotypic data for six SNPs spanning the LD block covering GHR. Frequency of each haplotype within
the sample of 159 Korean individuals (nine haplotypes), listed in decreasing order. The three major haplotypes accounted for 85% of the

haplotypes in the sample.

correlated. LD analysis revealed that two SNPs, C422F and
P561T, were in complete LD.

Haplotype analysis, which was constructed with six
SNPs, showed that three major haplotypes accounted for
85% of the estimated haplotypes in the Korean population.
All the other haplotypes had frequencies of less than 10%
(Table 2).

As shown in Table 2, both derived alleles at PS61T and
C422F SNPs were highly associated with only one haplotype,
haplotype-4 in Korean population. As quantitative haplotype

association, the results showed a significant difference in -

mandibular ramus height between individuals having one
haplotype-4 and others without haplotype-4 (P=0.028)
(Table 3).

We detected the d3/fl-GHR variant in all five populations
(Korean, Han Chinese, African-American, European-Ameri-
can, and Hispanic). The d3/fl-GHR genotype frequencies varied
among the populations (Table 4), with high frequencies d3-
GHR allele in African-Americans (47.9%) and European-Amer-
icans (31.3%). The remaining populations had d3/fl-GHR
genotype frequencies of 10-20%.

Table 3 — Haplotype association study of mandibular
ramus height (CD-GO).

Copynumber  n =  Mean  SD.  P-value
Haplotype-1 i : :
] 440714 5.8 0.99
1 B R &N R - R
2 ’ , 29 7170 81
Haplotype-2 e T
0 66 714 7.5 0.99
1 45 716 65
2 14 716 71
Haplotype-3 e ST :
0 92 & R A RO I X
1 33 72,5 61 -
Haplotype-4 ' ) :
0 104 721 " 70 '0.03°
1 21 68.4 6.8
Haplotype-5 :
0 119 714 71 0.54
1 6 726 53
' P<0.05.

4, Discussion

Several studies have succeeded in elucidating susceptibility
locus-related non-syndromic craniofacial morphology
because craniofacial morphology is strongly influenced by
genetic background.*® We demonstrate an association
between the P56IT and C422F SNPs (not located in exon 3)
of the GHR locus and mandibular ramus height in a Korean
population. In terms of haplotye, we found a significant
difference in mandibular ramus height between individuals
having one haplotype-4 (d3-T-C-C-C-A) and others without
haplotype-4 in the Korean population.

Comparisons of the facial morphologies of Korean chil-
dren with idiopathic short stature and growth hormone
deficiency have revealed common characteristics.?*?! Dis-
proportionate growth of the cranial base structures and jaws
results in facial retrognathia, which entails a proportionately
smaller posterior than anterior facial height in persons of
short stature with growth hormone deficiency.”* Children
who are in receipt of long-term GHreplacement therapy show
exaggerated growth of the craniofacial skeleton, especially
with respect to the height of the mandibular ramus.”** In a
comparison of children with Turner syndrome who received
recombinant human growth hormone treatment and a large
cross-sectional control group, Rongen-Westerlaken et al.**
have found a statistically significant increase in ramus
growth that is associated with mandibular ramus height
but not with mandibular body length, maxillary length or
anterior cranial base length. Moreover, in GHR knockout mice,
mandibular ramus height is significantly reduced,” and
disproportional skeletal growth is reflected by decreased
femur: crown-rump and femur:tibia ratios.?® Therefore, GHR
is suggested to have a site-, area- or region-specific effects.?’
On the other hand, growth hormone insensitivity syndrome
of genetic origin has been linked to many different mutations
of the GHR, and is associated with a wide range of severities of
clinical and biochemical phenotypes. Mandibular growth is
also influenced by multiple factors,*® among which hetero-
zygous GHR mutations appear to play a more or lessimportant
role, depending on the kind of mutation and on the overall
genetic make-up of the individual. Although there is
continuing interest in the functional importance of the
P56IT and C422F variants, their precise roles remain
unknown. The availability of an environmental factor (i.e.,
orthopaedic treatment) has made it possible to initiate
therapeutic trials on children with short ramus height.?’
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Table 4 - Allele distribution of d3/fl-GHR.

Korean "Han Chinese

African American European Americans Hispanic

(n=159) (%) (n = 24) (%) (n =24) (%) (n =24) (%) (n = 24) (%)
d3/fl-GHR fl 83.2 84.1 521 68.8 81.8
d3 16.8 159 47.9 31.3 18.2

The results of these trials, particularly with respect to the
differential effects of such therapy on subjects with or
without P561T/C422F will be of great interest.

Dos Santos et al.!* have recently reported an association
between the d3-GHR genotype and increased responsiveness
to high-dosage recombinant human growth hormone therapy
in short children without GH deficiency. In the present study,
the prevalence of the d3-GHR allele was found to be 15-50%.
The prevalence of the d3-GHR allele in persons of European
origin has been previously reported as 25-32%, with a
homozygosity frequency of 9-14%.1'%™ It has been specu-
lated that this supposedly very flexible region of the GHR
protein plays a role in the conformational changes that
occur during transactivation of the GHR dimer by GH.}
Nonetheless, in the present study, there was no association
between d3/fl-GHR polymorphism and craniofacial measure-
ments in a Korean population.

On an average, the allele frequencies for populations from
different continents differ by 16-19%, and for populations
within a continent, such as Koreans and Japanese, they differ
by 5-10%.% In that report, it was described that these
differences may be sufficiently large, even among the closely
related Korean, Japanese, and Chinese populations, to cause
substructural problems for case-control genetic studies of
complex traits. Despite, we analysed five SNPs in exon 10 of
the GHR gene in Korean subjects, and found an association
between the P561T and C422F polymorphisms of GHR and
mandibular ramus height, reflecting the results obtained for a
Japanese population.? Although a previous study of 95 Han
Chinese reported a correlation between the I526L polymorph-
ism of GHR and mandibular ramus height, our current study
with 159 unselected Korean subjects does not replicate this
finding. The reason of the discordance between Chinese and
Japanese/Korean populations remains still unclear. A haplo-
type-based study based on HapMap data is required to assess a
difference among Asian populations. The result of the present
study also raises the possibilities for a real difference between
these populations.

Information on ethnic differences in allele frequency of
disease-associated variants is important for better under-
standing of the pathologic mechanisms of polymorph-
isms.* We could not obtain craniofacial measurements in
other ethnic groups analysed. However, we found that the
d3/fl-GHR polymorphism showed diverse frequency in
different population. Craniofacial morphology has ethnic
differences.**>* It might imply the need for independent
studies of craniofacial morphology for GHR in each ethnic
group, and our work emphasises the importance of close
matching of ethnic groups, especially when craniofacial
morphology is examined.

Based on the present data, we conclude that there is a
significant association between the P561T and C422F poly-

morphisms of GHR (which are in LD) and mandibular ramus
height in a Korean population.

REFERENCES

1. Saunders SR, Popovich F, Thompson GW. A family study of
craniofacial dimensions in the Burlington Growth Centre
sample. Am J.Orthod 1980;78:394-403.

2. Lundstrom A. The importance of genetic and nongenetic
factors on the facial skeleton studied in 100 pairs of twins.
Trans Eur Orthod Soc 1954;30:92-107.

3. Hunter WS, Balbach DR, Lamphiear DE. The heritability of
attained growth in the human face. Am J Orthod 1970;58:
128-34.

4. Arya BS, Savara BS, Clarkson QD, Thomas DR. Genetic
variability of craniofacial dimensions. Angle Orthod
1973;43:207-15.

5. Yamaguchi T, Park SB, Narita A, Maki K, Inoue I. Genome-
wide linkage analysis of mandibular prognathism in Korean
and Japanese patients. ] Dent Res 2005;84:255-9.

6. Coussens AK, Van Daal A. Linkage disequilibrium analysis
identifies an FGFR1 haplotype-tag SNP associated with
normal variation in craniofacial shape. Genomics
'2005;85:563-73.

7. Lee DG, Kim TW, Kang SC, Kim ST. Estrogen receptor gene
polymorphism and craniofacial morphology in female TMJ
osteoarthritis patients. IntJ Oral Max Surg 2006;35:165-9.

8. Yamaguchi T, Maki K, Shibasaki Y. Growth hormone
receptor gene variant and mandibular height in the normal
Japanese population. Am J Orthod Dentofacial Orthop
2001;119:650-3.

9. Zhou J, Lu Y, Gao XH, Chen YC, Lu JJ, Bai YX, et al. The
growth hormone receptor gene is associated with
mandibular height in a Chinese population. J Dent Res
2005;84:1052~6.

10. Kim K], Lee HJ, Park MH, Cha SH, Kim KS, Kim HT, et al. SNP
identification, linkage disequilibrium, and haplotype
analysis for a 200-kb genomic region in a Korean
population. Genomics 2006;88:535-40.

11. Dos Santos C, Essioux L, Teinturier C, Tauber M, Goffin V,
Bougnéres P. A common polymorphism of the growth
hormone receptor is associated with increased
responsiveness to growth hormone. Nat Genet 2004;36:
720-4.

12. Binder G, Baur F, Schweizer R, Ranke MB. The d3-growth
hormone receptor polymorphism is associated with
increased responsiveness to GH in Turner syndrome
and short SGA children. J Clin Endocrinol Metab 2006;91:
659-64.

13. Jorge AA, Marchisotti FG, Montenegro LR, Carvalho LR,
Mendonca BB, Arnhold IJ. Growth hormone (GH)
pharmacogenetics: influence of GH receptor exon 3
retention or deletion on first-year growth response and final
height in patients with severe GH deficiency. ] Clin Endocrinol
Metab 2006;91:1076-80.

14. Pantel J, Machinis K, Sobrier ML, Duquesnoy P, Goosens M,
Amselem S. Species-specific alternative splice mimicry at

— 228 —



562

ARGCHIVES OF ORAL BIOLOGY 54 {2009) 556-562

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

the growth hormone receptor locus revealed by the lineage
of retroelements during primate evolution. J Biol Chem
2000;275:18664-9.

Taillon-Miller P, Bauer-Sardifia I, Saccone NL, Putzel J,
Laitinen T, Cao A, et al. Juxtaposed regions of extensive
minimal linkage disequilibrium in human Xg25 and Xq28.
Nat Genet 2000;25:324-8.

Thompson EA, Deeb S, Walker D, Motulsky AG. The
detection of linkage disequilibrium between closely linked
markers: RFLPs at the AI-CIII apolipoprotein genes. AmJ
Hum Genet 1988;42:113-24.

Gabriel SB, Schaffner SF, Nguyen H, Moore JM, Roy J,
Blumenstiel B, et al. The structure of haplotype blocks in the
human genome. Science 2002;296:2225-9.

Wang N, Akey JM, Zhang K, Chakraborty R, Jin L.
Distribution of recombination crossovers and the origin of
haplotype blocks: the interplay of population history,
recombination, and mutation. Am J Hum Genet 2002;71:
1227-34.

Excoffier L, Slatkin M. Maximum-likelihood estimation of
molecular haplotype frequencies in a diploid population.
Mol Biol Evil 1995;12:921-8.

Spiegel RN, Sather AH, Hayles AB. Cephalometric study of
children with various endocrine diseases. Am J Orthod
1971;59:362-75.

Kjelberg H, Beiring M, Wikland KA. Craniofacial
morphology, dental occlusion, tooth eruption, and dental
maturity in boys of short stature with or without growth
hormone deficiency. Eur J Oral Sci 2000;108:359-67.

Funatsu M, Sato K, Mitani H. Effects of growth hormone on
craniofacial growth. Angle Orthod 2006;76:970~7.

Forsberg CM, Krekmanova L, Dahllof G. The effect of growth
hormone therapy on mandibular and cranial base
development in children treated with total body irradiation.
Eur ] Orthod 2002;24:285-92.

Rongen-Westerlaken C, Vd Born E, Prahl-Andersen B, Von
Teunenbroek A, Manesse P, Otten Bj, et al. Effect of growth

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

— 229 —

hormone treatment on craniofacial growth in Turner’s
syndrome. Act Paediatric 1993;82:364-8.

Ramirez-Yanez GO, Smid JR, Young WG, Waters MJ.
Influence of growth hormone on the craniofacial complex of
transgenic mice. Eur J Orthod 2005;27:494-500.

Sjogren K, Bohlooly-Y M, Olsson B, Coschigano K, Tornell J,
Mohan S, et al. Disproportional skeletal growth and
markedly decreased bone mineral content in growth
hormone receptor —/— mice. Brioche Biopsy’s Res Common
2000;,267:603-8.

Graber TM, Vanarsdall RL, Vig KWL. Orthodontics: Current
Principles & Techniques. 4th ed. St. Louis: Mosey; 2005.
101-115.

Proffit WR. Contemporary orthodontics. 4th ed. St. Louis:
Mosey; 2000. 27-71.

Miller RD, Phillips MS, Jo I, Donaldson MA, Studebaker JF,
Addleman N, et al. The SNP Consortium Allele Frequency
Project. High-density single-nucleotide polymorphism
maps of the human genome. Genomics 2005;86:117-26.
Mori M, Yamada R, Kobayashi X, Kawaida R, Yamamoto K.
Ethnic differences in allele frequency of autoimmune-
disease-associated SNPs. ] Hum Genet 2005;50:264-6.
Miyajima K, McNamara Jr JA, Kimura T, Murata S, lizuka T.
Craniofacial structure of Japanese and European-American
adults with normal occlusions and well-balanced faces. Am
] Orthod Dentofacial Orthop 1996;110:431-8.

Ishii N, Deguchi T, Hunt NP. Craniofacial morphology of
Japanese girls with Class II division 1 malocclusion. J Orthod
2001;28:211-5.

Ishii N, Deguchi T, Hunt NP. Morphological differences in
the craniofacial structure between Japanese and Caucasian
girls with Class II Division 1 malocclusions. Eur J Orthod
2002;24:61-7.

Ioi H, Nakata S, Nakasima A, Counts AL. Comparison of
cephalometric norms between Japanese and Caucasian
adults in anteroom-posterior and vertical dimension. Eur J
Orthod 2007;29:493-9.



ORIGINAL ARTICLE

Further evidence for an association between
mandibular height and the growth hormone
receptor gene in a Japanese population

Yoko Tomoyasu,® Tetsutaro Yamaguchi,b Atsushi Tajima,® Toshiaki Nakajima,d Ituro Inoue,® and Koutaro Maki’
Tokyo and Isehara, Japan

Introduction: Craniofacial morphology has a significant genetic component. It has recently been reported that
single nucleotide polymorphisms (SNPs) in the growth hormone receptor gene (GHR) are associated with
mandibular height. To confirm these findings, we genotyped SNPs in healthy Japanese subjects, about 1.7
times the number analyzed in previous reports. Methods: By using 5 SNPs in exon 10 of the GHR, we studied
the relationships between genotypes and craniofacial linear measurements. The allelic frequencies in a multi-
ethnic population (Han Chinese, African American, European American, and Hispanic) were also observed.
Resuilts: There was a significant association between SNPs and mandibular ramus height (P = 0.029), con-
firming our previous report of an association between polymorphism P561T and mandibular ramus height.
Moreover, the SNP, C422F, was in linkage disequilibrium with P561T. Subjects with genotype CC of polymor-
phism P561T and genotype GG of polymorphism C422F had significantly greater mandibular ramus height
than those with genotypes CA and GT. Four of the 5 SNPs were found almost exclusively in Asians, with
the frequencies in other populations extremely small. Conclusions: Our results indicate that the GHR poly-
morphisms P561T and C422F are associated with mandibular ramus height in Japanese population and sug-
gest that the SNPs of the GHR associated with the Japanese are likely to be different in other ethnic groups.
This might partly explain the differing craniofacial morphology among different ethnicities. (Am J Orthod

Dentofacial Orthop 2009;136:536-41)

raniofacial morphology has a strong genetic
component, but it is also influenced by environ-
mental factors, making it complex to study. On
the other hand, growth hormones play a major role in the
growth and development of the craniofacial complex by
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directly and indirectly modulating the size and the angu-
lar relationships of the craniofacial structures,' and
growth hormone receptors are present in the mandibular
condyle with the molecular genetic analysis.>
Godowski et al® reported that the growth hormone
receptor gene (GHR) (*600946) has 9 exons that encode
the receptor and several additional exons in the 5-prime
untranslated region. The coding exons span at least 87
kilobase of chromosome 5. Exon 2 encodes the signal
peptide, exons 3 through 7 the extracellular domain,
exon 8 the transmembrane domain, and exon 9 and
part of exon 10 the intracellular domain. Reports have
shown a relationship between the GHR and idiopathic
short stature and Laron syndrome (growth hormone in-
sensitivity syndrome), marked by a characteristic facial
appearance. Kaji et al* identified compound heterozy-
gous GHR mutations in exon 10, associated with severe
growth retardation, Laron syndrome, and an undetect-
able serum growth hormone-binding protein. In a 53-
year-old woman and her 57-year-old brother with
growth hormone insensitivity syndrome, Milward et al®
identified a homozygous 22 base-pair deletion in
exon 10 of the GHR. Tiulpakov et al® described
a GHR mutation comprising a guanine deletion at
position 1776 in exon 10 in a patient with Laron
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syndrome. Interestingly, patients with growth hormone
receptor deficiency showed significantly decreased verti-
cal facial growth.”

We reported first about an association between a sin-
gle nucleotide polymorphism (SNP) in exon 10 of GHR
and mandibular ramus height in Japanese subjects.® It
has recently been reported that the SNP in exon 10 of
GHR is also associated with mandibular height in Chi-
nese people,” and GHR is considered a possible genetic
marker for mandibular ramus height.'°

GHR polymorphism I526L is associated with man-
dibular height in Chinese people, and there might be an
ethnic difference in the association of GHR with
mandibular ramus height. In patients with Laron syn-
drome'"'? or idiopathic short stature,w']9 the associa-
tion of GHR is different depending on ethnicity. One
hundred Japanese subjects were used in our previous
study about the association between the SNP in the
GHR and mandibular ramus height; this association
was replicated with 95 Han Chinese. However
a larger-scale study with distinct ethnicities is required
to obtain a conclusive result,**>?

Therefore, in this study, we examined the association
between 5 SNPs in exon 10 of GHR and craniofacial mor-
phology in 167 normal Japanese subjects, and, to further
characterize the importance of the GHR locus, we exam-
ined the allelic frequencies of these SNPs in the GHR
in a multi-ethnic population of Han Chinese, African
Americans, European Americans, and Hispanics.

MATERIAL AND METHODS

Genomic DNA and lateral cephalograms were ob-
tained from 167 Japanese subjects, including 50 men
(ages, 20-49 years; average age, 35 years) and 117
women (ages, 18-58 years; average age, 29 years).
The men were the same set that we studied previously.®
The subjects were patients at dental hospitals and volun-
teers from the Tokyo metropolitan area. They were un-
related. Subjects with congenital disorders such as cleft
palate or general physical disease were excluded from
the study. None had received orthodontic or orthopedic
treatment.

Additionally, DNA samples from 24 Han Chinese,
24 African Americans, 24 European Americans, and
24 Hispanics with no craniofacial measurements were
obtained from the Coriell Cell Repository (Camden,
NIJ) and used only as reference groups for allelic fre-
quencies of the 5 SNPs in exon 10 of the GHR.

The protocol used in this study was approved by the
Ethical Committee of Showa University, and all patients
gave written informed consent to participate in the study
before blood samples were taken.
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To collect a sample for DNA analysis, the inside of the
mouth was scraped with 10 strokes of a brush (MasterAmp
Buccal Swab DNA Extraction Kit, AR Brown, Tokyo,
Japan). Four samples were collected from each subject,
and genomic DNA was obtained from these samples.

We screened the coding region of the GHR for pub-
lished polymorphisms and included 5 SNPs: C422F
(dbSNP ID; 136182), S473S (1s6176), P477T (rs6183),
1526L (rs6180), and P561T (rs6184).° The dbSNP num-
ber came from the dbSNP database of National Center
for Biotechnology Information (http://www.ncbi.nlm.
nih.gov/SNP/).-

Polymerase chain reaction amplifications were per-
formed according to a standard protocol. To determine
genotypes at exon 10 of the GHR, polymerase chain re-
action amplification was performed in a 10-uL polymer-
ase chain reaction volume containing 30 ng of genomic
DNA, 200 pmol/L of each dNTP, 0.25 units EX Taq (Ta-
kara, Otsu, Japan), and 0.1 pmol/L of each primer on the
Gene Amp 9700 (Applied Biosystems, Tokyo, Japan).
An initial denaturation was performed at 95°C for 1
minute, 40 cycles at 94°C for 30 seconds, and 72°C
for 1 minute. After removal of the remaining primers
and dNTPs by using ExoSAP-IT (USB Corp, Cleve-
land, Ohio), the products were subjected to sequencing
on the ABI PRISM 3700 DNA Analyser (BigDye, ver-
sion 1.1, Applied Biosystems).

Polymorphisms were identified with the sequencer
program (Gene Code Co, Ann Arbor, Mich). Each poly-
morphism was confirmed by sequencing nucleotides
from both strands.

For the craniofacial measurements, the lateral ceph-
alograms were traced and measured by 1 examiner (T.Y.)
using the computer software Power Cephalo (ReazaNet,
Tokyo, Japan), as previously described.® Briefly, we
measured cranial base length (nasion-sella), maxillary
length, overall mandibular length (gnathion-condylion),
mandibular corpus length (pogonion-gonion), and man-
dibular ramus height (condylion-gonion). Body height
was also measured in ail subjects.

The Kolmogorov-Smirnov test was used to assess
body height and the distribution pattern of craniofacial
morphology (ANB angle), and the mean, median, stan-
dard deviation, skewness, and kurtosis of each measure-
ment were calculated.

Statistical analysis

The associations between 5 SNPs in exon 10 of the
GHR and craniofacial measurements were analyzed by
using the Mann-Whitney test with SPSS software (ver-
sion 10.0, SPSS, Chicago, Ill). Tests for Hardy-Wein-
berg equilibrium, and the allele and genotype
frequencies were all done with this software.
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Fig. DNA sequence chromatograms of 5 SNPs in exon 10 of the GHR.

Table I. Allele distribution of 5 SNPs in exon 10 of the GHR

Japanese Han Chinese African American European American Hispanic

(n = 167) (n=24) (n = 24) (n=24) (n=24)

C422F G 94.1% 79.4% 100.0% 100.0% 100.0%
T 5.9% 20.6% 0.0% 0.0% 0.0%

54738 C 96.3% 97.3% 100.0% 97.5% 100.0%
T 3.7% 2.6% 0.0% 2.5% 0.0%

P477T C 98.7% 100.0% 100.0% 100.0% 100.0%
A 1.3% 0.0% 0.0% 0.0% 0.0%

I526L A 46.7% 38.2% 64.3% 58.3% 62.4%
C 53.3% 61.8% 35.6% 41.6% 37.5%

P5S61T C 94.7% 80.0% 100.0% 100.0% 100.0%
A 5.2% 19.9% 0.0% 0.0% 0.0%

Haplotypes were inferred, and haplotype frequen-
cies were estimated, by using the expectation-maximi-
zation method of haplotype inference in the Arlequin
computer program.**

RESULTS

For the distribution pattern and the results of the
Kolmogorov-Smirnov test, the height and the ANB an-
gle of the 167 subjects reflected normal distribution
(data not shown). Thus, these subjects were presumed
to represent a normally distributed Japanese population
for craniofacial morphology and height.

We detected 5 SNPs in the GHR in all 5 groups:
Japanese, Han Chinese, African American, European

American, and Hispanic (Fig). The frequencies varied
among them, as shown in Table 1.

Genotype-specific associations were examined with
the Mann-Whitney test and showed that only mandibu-
lar ramus height was significantly correlated with the
P561T and C422F variants (P <0.05, Table II).

Haplotype analysis, constructed with 5 SNPs,
showed 2 major haplotypes accounting for 85% of esti-
mated haplotypes in the Japanese group. All other hap-
lotypes had frequencies less than 10% (Table III).

The strength of linkage disequilibrium for each SNP
pair was measured by using D' and r2 values. The D’ co-
efficient was equal to or close to 1 for all pairs of SNPs
in the Japanese population, indicating that the gene is in
single linkage disequilibrium block (Table IV). The r2
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Table H. Relationship between 5 SNPs in the GHR and 6 linear measurements of body height and craniofacial
morphology in 167 Japanese subjects

Body height (cm) N-§ (mm) A'-PTM' (mm) Gn-Co (mm) Pog'-Go (mm) Co-Go (mm)

n  Mean SD P Mean SD P Mean SD P Mean SD P Mean SD P Mean SD P

C422F GG 135 t6le6 79 016 697 34 066 500 48 095 1229 ‘9.3 063 795 56 078 616 65 0.02%

GT 16 1646 102 693 44 499 3.1 1217 85 799 12 579 6.1
S4738 CC 137 1619 84 095 696 35 032 499 48 07t 1229 92 08 799 59 031 615 65 054

CT 11 1611 6.1 705 2.8 498 2.1 123.0 97 785 64 609 5.6
P47IT CC 146 1616 83 047 696 35 058 499 47 054 1227 9.1 015 798 6.0 023 613 64 0.17

CA 4 1638 9.1 69.5 4.8 513 35 1305 114 833 5.7 656 45
1526L AA 77 1627 88 047 695 35 056 501 32 006 1242 97 019 801 58 082 624 67 0.3

AC 44 1610 79 702 4.0 50.7 3.1 121.6 87 796 5.5 61.1 6.8

CC 32 1614 69 - 694 2.6 481 79 1214 17 795 638 597 54
P561T CC 135 1616 79 0.16 697 34 066 500 4.8 095 1229 93 063 795 56 078 616 65 0.02*

CA 16 1646 102 693 44 499 3.1 1217 85 799 172 579 6.1

N-S, Cranial base length; A’-PTM’, maxillary length; Gn-Co, overall mandibular length; Pog’-Go, mandibular corpus length; Co-Go, mandibular
rarnus height.
*P <0.05.

parameter that measures the correlation between alleles Table HI. Haplotypes constructed on the basis of geno-
showed that 1 SNP pair was tightly correlated (Table typic data for 5 SNPs spanning the linkage disequilib-
1V). Linkage disequilibrium analysis showed that 2 rium block covering exon 10 of the GHR

SNPs, C422F and P561T, were in complete linkage

Estimated common

disequilibrium. Haplotype C422F S473S P477T IS26L PS6IT haplotype frequency
1 W w w W w 0.5016

DISCUSSION 2 w w w v w 0.3548

The quantitative genetic aspects of mandibular mor- 3 v oW Wy v 0.0693
phology were explored in reference to an association 4 w v oWy W 0.0462
with the GHR polymorphisms in Japanese people, Haplotypes could be subdivided into 4 major haplotypes. Two major
with an examination of the differences in the allelic fre- haplotypes were present in the Japanese population.
quencies between ethnicities. Mandibular growth W, Major allele of each variation; v, minor allele of each variation.
greatly depends on cartilage growth and is a muitifacto-
rial phenomenon in which genetic disposition, nutrition, in other cases such as Laron syndrome'"'? and idio-
homeostasis, hormones, and growth factors interact.” pathic short stature.'*'® These differences might imply
The GHR plays an important role in cartilage growth, the need for independent studies of craniofacial mor-
which directly affects other features of growth and de- phology for the GHR in each ethnic group. The mandi-
velopment.”® In this study, we showed a relationship bles of Japanese subjects appear to be slightly smaller
between the P56IT and C422F variants at the GHR locus those of European Americans®’ or Caucasians. 3¢
and mandibular ramus height in Japanese subjects. Our work emphasizes the importance of close matching

‘We analyzed 5 SNPs of exon 10 of the GHR in Jap- of ethnic groups, especially when craniofacial morphol-
anese subjects and found an association between exon ogy is examined.
10 of the GHR polymorphisms, P561T and C422F, It has been hypothesized that an SNP outside exon
and mandibular ramus height. Even though a previous 10 could also affect the receptor function to influence
study of 95 Han Chinese reported a correlation between mandibular ramus height. Specifically, a polymorphism
the I526L. polymorphism of theGHR and mandibular ra- in the human GHR (d3/fi-GHR) resulting in genomic
mus height, our study with 167 Japanese subjects did deletion of exon 3 was reported.>’*> This common
not replicate this observation. The reason for this dis- polymorphism of the GHR is associated with increased
crepancy remains unclear, but we found widely discor- responsiveness to growth hormone: children carrying at
dant allele frequencies in exon 10 of the GHR between least 1 d3-GHR allele show a 1.7 to 2 times greater
some ethnic groups. However, we could not obtain cra- response to growth hormone than children with the
niofacial measurements in other ethnic groups. The as- fl-GHR/fl-GHR homozygote allele.* Further epidemio-
sociation of the GHR is different depending on ethnicity logic studies in Japanese and other populations are
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Table IV. Allelic correlations among exon 10 SNPs in
the GHR

C422F 54738 P477T I526L P56IT

DI

C422F

$4738 —1.000

P477T —1.000 —1.000

1526L 1.000 0.672 —1.000

P561T 1.000 —1.000 —1.000 1.000
2

C422F

54738 0.004

P477T 0.001 0.001

1526L 0.082 0.028 0.009

P561T 1.000 0.004 0.001 0.078

Pairwise linkage disequilibrium between GHR SNPs was measured
with 2 coefficients: D’ and 12 in Japanese people. The D’ parameter
is close to or equal to 1, indicating that few historical recombinations
have occurred in the locus. In contrast, the r2 coefficient, which mea-
sures the correlation between alleles, varies broadly. The linkage dis-
equilibrium analysis showed that P561 T and C422F were completely
linked with each other (|D'| = 1.000, r2 = 1.000).

required by genotyping other coding SNPs of the GHR
including the exon 3 deletion.

Although various environmental factors have been
found to contribute to the morphogenesis of the mandi-
ble, genetic factors play a substantial role.>* However,
few reports have examined the correlation between cra-
niofacial morphology and genotype, and our results suc-
cessfully reproduced the correlation between genotype
and mandibular ramus height.#%*3-¢ Sasaki et al'® re-
ported on a Japanese patient with ectodermal dysplasia
and proposed that the P561T variant could be a genetic
marker for mandibular growth. The clinical implication
for growing patients is the potential advantage to predict
mandibular ramus height growth by using DNA from
a simple cheek swab. The sample can be collected with-
out extensive training, potentially facilitating genetic
studies in dentistry. It would then be possible to predict
the orthopedic reaction before starting treatment, al-
though ethnic differences should be considered. This
genetic factor might be considered along with other fac-
tors associated with mandibular growth in treatment
planning for influencing mandibular height, such as
Herbst appliances,”’ functional appliances,*® head-
gear,39 and facemask therapy.40

We reported previously a genome-wide linkage
analysis with 90 Asian sibling pairs with mandibular
prognathism and mapped 3 chromosomal loci, includ-
ing 1p36, 6q25, and 19p13.2.%¢ The loci identified for
mandibular prognathism are different from the GHR lo-
cus on chromosome 5. In our study, we found no SNPs
with a relationship with mandibular corpus length or

American Journal of Orthodontics and Dentofacial Orthopedics
October 2009

overall mandibular length, and neither relationship
was found in the Chinese.” The gonial angle is strongly
affected by the masseter muscle, and overall mandibular
length is affected by the gonial angle.*"* The replica-
tion of these results with an independent data set should
facilitate better understanding of the development of
mandibular prognathism.

CONCLUSIONS

We confirmed an association between polymor-
phisms P561T and C422F that are in linkage disequilib-
rium, and mandibular ramus height using a larger
sample size than our previous report.® Subjects with ge-
notype CC of polymorphism P561T and genotype GG
of polymorphism C422F had significantly greater man-
dibular height than those with genotypes CA and GT.
Han Chinese, African Americans, European Americans,
and Hispanics have different frequencies in exon 10 of
the GHR compared with the Japanese. This knowledge
provides insight into the molecular pathways associated
with growth and development of the mandible, and
might be useful for orthodontic diagnosis and orthope-
dic treatment of the mandible.

We thank Kozue Otaka for her expert technical
assistance.
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Genome-wide association database develdped in
the Japanese Integrated Database Project

Asako Koikel, Nao Nishida?, Ituro Inoue?, Shoji Tsuji4 and Katsushi Tokunaga2

The establishment of high-throughput single-nucleotide polymorphism (SNP)-typing technologies has enabled astonishing
progress to be made in genome-wide association studies (GWAS), and various novel genetic factors associated with complex
diseases have been discovered. Our organization has created a public repository database (DB) to achieve a continuous and
intensive management of GWAS data and to facilitate data sharing among researchers. In the GWAS DB, information on study
design, quality control protocols, allele frequencies, genotype frequencies and statistical genetic analysis results are stored as
publicly available data and can be accessed freely, whereas individual genotyping data and raw data are stored as restricted data
and can only be accessed with authorization. All data are presented by a graphic viewer, which is designed to be user friendly
for researchers who are not familiar with GWAS to accelerate disease-related studies. Furthermore, the DB allows users to
compare various study resuits obtained by different institutions and on different platforms. The same data are also managed as
a distributed annotation system to call up useful data from other DBs and to superimpose them on the GWAS data for help in
interpretation. The DB is accessible at https://gwas.lifesciencedb.jp/.
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INTRODUCTION
The accomplishment of sequencing of the entire human genome!*
and the HapMap project,® coupled with the development of cost-
effective high-throughput dense single-nucleotide polymorphism
(SNP)-typing techniques, have enabled a genome-wide exploration
of various complex disease-associated variants. Currently, the high-
throughput SNP-typing methods are expected to cover about 80% of
the human genome in linkage disequilibrium.* A number of large-
scale genome-wide cohort studies and case—control studies, such as
seven common disease GWAS by the Wellcome Trust Case Control
Consortium (WTCCC, 2007), have been planned, and some of them
are underway. So far, more than 100 loci of disease-related/causing
candidates for about 40 common diseases and traits have been
identified,” and some loci have led to new insights into pathophysiol-
ogy and etiological pathways. Because GWAS yields large amounts of
raw data and analysis results, the management of GWAS data has
become a matter of serious concern. Furthermore, more and more
grant-funding agencies, journal editors and research communities are
beginning to require the disclosure of GWAS data. Disclosure and data
sharing of GWAS data will primarily lead to the following three
possibilities: (1) meta-analysis using data sets produced in multiple
studies to find novel disease-related SNP candidates; (2) re-use
- of GWAS data combined with other experimental data, including
pathway data and expression data, to deepen the exploration of

each disease; and (3) development of methods to analyze and compute
genetic statistics. In the case of meta-analysis in particular, the
use of raw data is indispensable for quality control and for considera-
tion of population structures. Some studies have successfully
found additional disease-related SNP candidates on the basis of
meta-analysis.®’

The National Center for Biotechnology Information launched
the database (DB) of Genotype and Phenotype in the fall of 2006
as a centralized GWAS system to archive and distribute GWAS
data. Currently, results funded by the Genetic Association Information
Network and voluntarily submitted data have been accumulated. The
European Genotype Archive was created in the spring of 2008 as a
repository system for phenotype-genotype relationships, and results
primarily from WTCCC have been accumulated and redistributed. To
achieve a continuous and intensive management of GWAS data and
data sharing among researchers, we established a new DB that is
publicly available. This DB is expected to have an essential role in
providing easily accessible GWAS data to researchers in various
biomedical fields. Some disease-related SNPs are assumed to be
buried because of their insufficient P-values caused by an insufficient
number of case—control samples. It is possible that these SNPs will be
revealed by combining the GWAS analysis results with other data
possessed by users.

In this paper, we introduce the GWAS DB.
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MATERIALS AND METHODS

Database structure

The DB system consists of an internal GWAS DB and a public GWAS DB. For a
maximum of 1 year, or until the acceptance of publication, submitted data are
stored in the internal GWAS DB and can be accessed only by the research team
that submitted the data for greater convenience in data sharing among research
team members living in various locations. Currently, the DB systems are
implemented using mysql version 5.0 (http://dev.mysql.com/downloads/
mysql/5.0.html), and some of the statistical analysis results are also accumu-
lated in a distributed annotation system (DAS) server. A schematic drawing of
the GWAS DB is shown in Figure 1.

Data redistribution
through a review by
data access
committee

Submitted
raw data

In this DB, three types of data access, namely, (1) public access, (2) authorized
access accompanied by a data use application, and (3) authorized access
accompanied by a data use application and its review by a data access
committee, are possible. Principally, frequency data of genotypes and alleles
and statistical analysis results can be accessed freely. However, automatic access
and frequent access are restricted to prevent the release of frequency data of
genome-wide genotypes and alleles, as such a large volume of genotype/allele
data leads to the specification of whether the given genome is contained in the
case or in the control group, as reported previously.® These genome-wide
frequency data can be obtained by submitting a data use application to the data
access committee. For the use of genotype or raw data, an application that

Public access

DAS server

Raw data
Genotype data Data analysis |— Internal DAS server
archive server GWAS-DB
Restricted access Analysis —
results Restricted access limited
to members only

Submitted I
analyzed data

Figure 1 Schematic drawing of genome-wide association study (GWAS) database (DB) systems.

Table 1 Summary of database contents

Contents

Data sources

Statistics .
Frequencies of genotypes, alleles and haplotypes

Statistical genetic analysis
P-values and odds ratios on genotypic model and allelic model
P-values and odds ratios on trend model, additive model and recessive model
Permutation test results
Bonferroni's corrections and false discovery rate for muitiple testing using
Akaike information criterion
Hardy—Weinberg equilibrium test
Haplotype-based y2-test
Epistasis
Linkage disequilibrium parameters (2, D, Lod)

Other data
mRNA, amino-acid sequence of each gene
mRNA, genome-mapped position
SNP position and SNP kind (cSNP, sSNP, rSNP and so on)
OMiIM :
Copy number variation
Gene function
Microsateliite polymorphism
Manually curated disease-related mutation information

NCBI (http:/Avww.ncbi.nim.nih.gov/)

UCSC Hg. 18 (http://hgdownload.cse.ucsc.edu/)
NCBI (http:/Awww.ncbi.nim.nih.gov/)

NCBI (http:/Aww.ncbi.nlm.nih.gov/}

DGV (http://projects.tcag.calvariation/)

Gene ontology {http://Awww.geneontology.org/)
UCSC (http://hgdownload.cse.ucsc.edu/)

Journal of Human Genetics

— 237 —



describes the research purpose and lists the research team members must be
submitted to the data access committee. The data access committee deliberates
on whether the applicant’s research purpose meets the content of the consent
form. Only applicants approved by the review committee can use individual
genotype data and raw data in accordance with the data handling security rules
required by the data access committee and following data use restrictions on
the basis of informed consent.

Individual data and raw data are accumulated in the server in a secured
computer environment that is different from the public DB server. Only
authorized persons can access this server.

Data submission

In principal, both analysis results and unanalyzed data can be submitted. When
data have already been analyzed, the analyzed data are accumulated in this DB,
along with a detailed description of the analysis protocols. When data have not
been analyzed yet, they are analyzed in our site, and the resuits are accumulated
in this DB. When raw data are redistributable under certain conditions, they are
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also submitted with the contents of the consent form. All data must be
submitted with documents explaining the design of the study, as well as ethical
consideration.

Data cleaning for quality control

When data are submitted as individual data without analysis results, they
are analyzed as follows: (1) SNPs with a call rate <95% and samples with a
call rate <95% are removed. (2) SNPs, the Hardy—Weinberg equilibrium
test result of which in a control group is less than 0.001 or the minor allele
frequency of which is less than 0.05, are removed. (3) The principle
component analysis (PCA) of these case—control data, along with HapMap
data, is carried out using EIGENSTRAT? or other programs so that sample
outliers and samples with a possible ethnic mixture or a different ethnicity
are removed on the basis of the PCA result. Sample outliers in the plot of
heterozygosity versus call rate are also removed. The quantile-quantile plot
based on the allelic model is calculated and checked. When only genotype
frequency data are submitted, PCA and heterozygosity checks are skipped,
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Figure 2 Snapshéts of the genome-wide association study (GWAS) database. (a) Top page, {b) bird's-eye view, (¢} Manhattan plot, (d) region table and graph,
(e) disease-related gene/single-nucleotide polymorphism (SNP) lists {public data) and (f) SNP network based on epistasis.
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