HLA-A gene polymorphisms contribute to
osteoporosis susceptibility in postmenopausal
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ABSTRACT. Osteoporosis is a common disease characterized by
low bone mineral density, deterioration in bone microarchitecture,
and increased fracture risk and is more prevalent in postmenopausal
women. HLA is a complex gene family; previous studies have shown
that it plays an important role in the pathogenesis of osteoporosis
among Japanese and Greek populations. Prompted by these findings,
this study was designed to explore the associations between HLA-A
gene polymorphisms and postmenopausal osteoporosis in the Han
Chinese population. The polymerase chain reaction-sequence-based
typing method was used for DNA genotyping at the HLA-A locus in
70 patients with postmenopausal osteoporosis and 73 healthy controls.
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We identified 17 HLA-A alleles in patients with postmenopausal
osteoporosis and 20 HLA-A alleles in control subjects. Furthermore, we
found that the frequency of the HLA-A* 02:07 allele was significantly
higher in patients with postmenopausal osteoporosis than in control
subjects (P = 0.023), and the relative risk was 4.065 (95% confidence
interval = 1.109-14.893). Our study provides supportive evidence for
the contribution of HLA-A gene polymorphisms to the susceptibility to
postmenopausal osteoporosis and suggests that HLA-A* 02:07 is likely
an important genetic risk factor for postmenopausal osteoporosis in the
Han Chinese population.
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INTRODUCTION

Osteoporosis is a major public health problem in rapidly aging populations, especially
in postmenopausal women (Pietschmann et al., 2009; Esfahanian et al., 2012; Gammage et al.,
2012; Mohammadi et al., 2014). It has been proven that osteoporosis demonstrates distinct age
and gender characteristics (Pietschmann et al., 2009; Gammage et al., 2012). This systemic
skeletal disease is characterized by reduced bone mass and microarchitectural deterioration
of the bone tissue, which give rise to increased bone fragility and susceptibility to nontrau-
matic fractures (Dodd and Rowe, 2013). Osteoporosis-induced fractures further lead to serious
consequences such as an increased risk of death, long-term nursing home care, or permanent
limitations in mobility and performance of daily living activities (Esfahanian et al., 2012; Lai
et al., 2013; Yang et al., 2013). Although osteoporosis has been studied for decades, its exact
etiology and pathogenic mechanisms remain inconclusive (Martinez-Maestre et al., 2013).

To date, a number of genes have been shown to be associated with bone mineral
density (BMD), and many studies have proven that genetic factors play an important role in
the pathogenesis of osteoporosis (Prockop, 1998; Theoleyre et al., 2004; Ozbas et al., 2012;
Yang et al., 2013; Athanasiadis et al., 2014; Boronova et al., 2014; Mohammadi et al., 2014;
Oei et al., 2014). The human leukocyte antigen (HLA) system is the most polymorphic im-
munogenetic system and is located on chromosome 6p21.3 (Schreuder et al., 2005). Currently,
more than 10,246 alleles have been identified in the HLA system (IMGT/HLA Database 3.18)
(http://www.ebi.ac.uk/imgt/hla/stats.html). The high degree of polymorphism of the HLA sys-
tem has made it valuable for disease-association studies, which have linked HLA alleles to
susceptibility to more than 100 diseases (Carrington and O’Brien, 2003; Noble et al., 2010;
Zhou et al., 2011).

Recently, the HLA system has been demonstrated to be involved in several bone meta-
bolic disorders such as rheumatoid arthritis and ankylosing spondylitis (Vignal et al., 2009;
Cauli et al., 2013; Cojocaru and Chicos, 2013; Djidjik et al., 2014). Furthermore, several
studies have demonstrated strong associations between certain HLA alleles and osteoporosis
susceptibility in the Japanese and Greek female populations (Tsuji et al., 1998; Douroudis et
al., 2007). For instance, Tsuji et al. (1998) investigated the association of HLA polymorphism
with peak bone mass (PBM) in order to elucidate the genetic background of bone metabo-
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lism in young Japanese women. They concluded that the HLA-A*24-B*07-DRB*(01 haplotype
might be a new genetic marker implicated with low PBM in healthy young Japanese women.
In addition, Douroudis et al. (2007) found that HLA-B7, -DR15, and -DQ6 (P = 0.026) were
associated with a lower BMD measured at the forearm; their study showed a significant as-
sociation between HLA alleles and bone mass loss in postmenopausal osteoporosis within the
Greek population. However, to the best of our knowledge, there are few studies concerning the
association of HLA gene polymorphisms and osteoporosis susceptibility in the Han Chinese
population. We previously investigated the relationship between HLA-B gene polymorphisms
and postmenopausal osteoporosis in the Han Chinese population and the results showed that
HLA-B* 35:01 was likely an important genetic risk factor for postmenopausal osteoporosis
susceptibility (Li et al., 2014). Therefore, the current study was designed to further explore
the possible contribution of the HLA-A gene, another major HLA gene in the class I locus, to
postmenopausal osteoporosis in the Han Chinese population.

MATERIAL AND METHODS
Subjects

The protocol of this study was approved by the Institutional Medical Ethics Commit-
tee of Xi’an Jiaotong University. Written informed consent was obtained from all subjects.
Participants were random unrelated women of Han Chinese ethnicity whose ancestors had
lived in the Shaanxi Province for at least three generations.

Each subject was examined clinically and detailed information such as age, meno-
pause, and history of osteoporotic fracture were collected. Women with a history of bone
disease, metabolic or endocrine disorders such as diabetes mellitus, hyperthyroidism, and any
systemic illness known to affect bone metabolism were excluded from the study. In addition,
women taking drugs that might influence bone metabolism, including calcium supplements,
or who were under treatment with drugs known to affect BMD were also ruled out from the
study. In total, 70 women (aged 50-65 years) with primary postmenopausal osteoporosis and
73 healthy aged-matched women (aged 51-65 years) were recruited.

Bone densitometry

Dual-energy X-ray absorptiometry (Lunar Corp., Madison, WI, USA) was used to
measure BMD at the lumbar spine (L1-L4) and femoral neck by two qualified radiologists
who were blinded to other medical data. BMD is reported was expressed in grams per square
centimeter (g/cm?) and as peak bone mass percentage in normal subjects (T-score). According
to the criteria of the World Health Organization, osteoporosis in postmenopausal women was
diagnosed when the T-score < -2.5 standard deviations.

Peripheral blood DNA extraction

For each subject, 2 mL peripheral venous blood was drawn into a sterile tube contain-
ing the anticoagulant ethylenediaminetetraacetic acid (EDTA) and stored at -20°C prior to
DNA extraction. Genomic DNA was extracted and purified from peripheral blood leukocytes
according to the manufacturer protocol (A004-1; Dinguo, Beijing, China).
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HLA-A genotyping

The polymerase chain reaction-sequence-based typing (PCR-SBT) method was used
for genotyping the HLA-A gene. As previously described (Zhou et al., 2012), PCR amplifica-
tions were accomplished on a GeneAmp PCR system 9700 system (Applied Biosystems, Fos-
ter City, CA, USA); then, amplified DNA fragments were purified and sequenced using ABI
PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kits (Applied Biosystems) in
an ABI 3730XL DNA Sequencer (Applied Biosystems) according to manufacturer instruc-
tions. Finally, genotypes were resolved to four digits according to the updated IMGT/HLA
database (3.15.0).

Statistical analysis

Hardy-Weinberg equilibrium (HWE) for the HLA-A locus was estimated using the Ar-
lequin software package version 3.5 (Laurent Excoffier, CMPG, Zoological Institute, Univer-
sity of Bern, Switzerland). Additionally, genetic parameters, including homozygotes (Hom),
heterozygotes (Het), power of discrimination (PD), polymorphism information content (PIC),
and probability of paternity exclusion (PPE), were assessed using the PowerStat Version 1.2
spreadsheet (Promega Corporation, Madison, WI, USA). In addition, the allele frequencies of
the HLA-A locus were calculated by direct counting using the SPSS13.0 software (SPSS Inc.,
Chicago, IL, USA).

Finally, genotypic associations related to the case-control study were analyzed using
SPSS13.0. The frequencies of the HLA-A alleles were compared between controls and patients
using the chi-square test or the Fisher exact test when the expected numbers were less than 5.
Furthermore, odds ratios (ORs) and 95% confidence intervals (CIs) were also calculated using
Cornfield’s approximation. P < 0.05 was regarded as statistically significant.

RESULTS
HWE

Genotyping data from 70 women with primary postmenopausal osteoporosis and 73
healthy controls were included for analysis and no one was excluded due to uninterpretable
or missing data.

The alleles in the HLA-A locus were in compliance with HWE in both the postmeno-
pausal osteoporosis group (P =0.93239066) and in the controls (P = 0.35612644).

Genetic parameters

Hom, Het, PD, PIC, and PPE are genetic parameters for evaluating the polymorphisms
in a gene. A gene locus is considered highly polymorphic when its PD value is higher than 0.8,
its PIC is higher than 0.5, or its PPE value is higher than 0.5. As shown in Table 1, the PD, PIC
and PPE values were higher than the cutoff values mentioned above in both patients with post-
menopausal osteoporosis and in controls. Therefore, the HLA-A locus was highly polymorphic
in both patient and control groups.
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Table 1. Genetic parameters of the HLA4-4 locus in postmenopausal osteoporosis patients and controls.

Locus Group H, H, PD PIC PPE
HLA-A Patients 10.0% 90.0% 0.969 0.88 0.795
Controls 12.7% 87.3% 0.971 0.89 0.741

H,: horppzygotes; HE: heterozygotes; PD: power of discrimination; PIC: polymorphism information content; PPE:
probability of paternity exclusion.

HLA-A allele frequencies

Collectively, we found 17 high-resolution HLA-A alleles in 70 patients with post-
menopausal osteoporosis. The high-resolution genotyping distribution frequencies of
the HLA-A locus are summarized in Table 2. The nine most common alleles with a fre-
quency greater than 5% were HLA-A*11:01 (20.7%), A*¥02:01 (11.4%), A*24:02 (11.4%),
A*02:06 (7.9%), A*02:07 (7.9%), A*30:01 (7.1%), A*03:01 (6.4%), A*32:01 (5%),
A*33:03 (5%).

On the other hand, we detected 20 HLA-A alleles in 73 control subjects (Table 2).
HLA-A 11:01 (17.8%) was the most frequent allele, followed by A*02:01 (16.4%), A*24:02
(13.7%), A*01:01 (8.9%), A*03:01 (5.5%), A*30:01 (5.5%), A*31:01 (5.5%), and A*33:03
(5.5%).

Table 2. High-resolution genotyping distributions of HLA-A alleles in postmenopausal osteoporosis patients
and controls.

HLA-A Controls (N = 146 alleles) Patients (N = 140 alleles) P OR (95%CI)

N AF (%) N AF (%)
A*01:01 13 8.9 6 43 0.117 0.458 (0.169-1.114)
A*02:01 24 16.4 16 114 0.222 0.659 (0.332-1.295)
A*02:03 4 2.7 0 0 - -
A*02:05 1 0.7 0 0 - -
A*02:06 6 4.1 11 7.9 0.180 1.990 (0.715-5.535)
A*02:07 3 2.1 11 7.9 0.023* 4.065 (1.109-14.893)
A*02:11 1 0.7 0 0 - -
A*02:17 1 0.7 1 0.7 0.976 1.043 (0.065-16.841)
A*03:01 8 5.5 9 6.4 0.734 1.185 (0.444-3.164)
A*03:02 0 0 1 0.7 - -
A*11:01 26 17.8 29 20.7 0.533 1.206 (0.669-2.173)
A*11:02 4 2.7 2 1.4 0.439 0.514 (0.093-2.855)
A*24:02 20 13.7 16 11.4 0.563 0.813 (0.403-1.641)
A*24:04 0 0 1 0.7 - -
A*26:01 4 2.7 6 43 0.477 1.590 (0.439-5.757)
A*29:01 1 0.7 0 0 - -
A*30:01 8 5.5 10 7.1 0.583 1.308 (0.501-3.416)
A*31:01 8 5.5 6 43 0.621 0.761 (0.257-2.253)
A*32:01 3 2.1 7 5 0.437 1.765 (0.414-7.530)
A*33:01 1 0.7 0 0 - -
A*33:03 8 5.5 7 5 0.812 0.881 (0.311-2.499)
A*68:01 2 1.4 1 0.7 0.586 0.518 (0.046-5.777)

AF: allele frequency; OR: odds ratio; CI: confidence interval; *P < 0.05.

Association of HLA-A alleles with postmenopausal osteoporosis

The comparison of sequence-based high-resolution HLA-A genotype distributions be-
tween the patients with postmenopausal osteoporosis and controls is presented in Table 2. As is
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shown, the frequency of the HLA-A* 02:07 allele was significant higher in patients with osteopo-
rosis than in the control group (P = 0.023); the relative risk was 4.065 (95%CI = 1.109-14.893).

Most previous association studies of HLA-A and bone-related diseases were based
on low-resolution (serotypes) of the HLA gene. To be compatible with previous studies, we
grouped our sequence-based high-resolution HLA genotypes to their associated serotypes ac-
cording to the classification of Holdsworth et al. (2009). As for A2, A24 was also reported to be
associated with bone diseases in previous populations; we therefore considered 42 and 424 as
candidate alleles in this study. Our results disclosed that no significant increase of HLA-4%24
allelic frequency was identified in the patient group when compared with controls, with OR
=0.871 (95%CI = 0.436-1.741; P = 0.695) (Table 3). Furthermore, there was also no signifi-
cant difference in HLA-A*2 allelic frequency between patients and controls, with OR = 1.023
(95%CI=0.609-1.719; P =0.931) (Table 3).

Table 3. Serotype (low-resolution typing) distributions of HLA-A alleles in postmenopausal osteoporosis

Serotype  DNA-based genotype Controls (N = 146 alleles) Patients (N = 140 alleles) P OR (95%CI)

A*2 A*02:01 40 (27.4%) 39 (27.9%) 0.931 1.023 (0.609-1.719)
A*02:03
A*02:05
A*02:06
A*02:07
A*02:11
A*02:17
A*24 A*24:02 20 (13.7%) 17 (12.1%) 0.695 0.871 (0.436-1.741)
A*24:04

OR: odds ratio; CI: confidence interval.
DISCUSSION

Osteoporosis, like other genetically complex diseases, is the product of the interac-
tions between genetic and environmental factors (Yang et al., 2013; Boronova et al., 2014).
Several studies have proven that genetic factors might play an important role in the pathogen-
esis of osteoporosis (Prockop, 1998; Theoleyre et al., 2004; Ozbas et al., 2012; Yang et al.,
2013; Athanasiadis et al., 2014; Boronova et al., 2014; Mohammadi et al., 2014; Oei et al.,
2014). With the rapid development of genome-wide association studies, an increasing number
of osteoporosis susceptibility genes are expected to be reported. However, their candidacy will
require further evidence from different populations (Yang et al., 2013). The purpose of the
present study was to investigate the relationships between HLA-A gene polymorphisms and
postmenopausal osteoporosis susceptibility in the Han Chinese population.

Our study is the first to explore the associations between HLA-A4 gene polymorphisms
and postmenopausal osteoporosis in the Han Chinese population using the PCR-SBT method.
HLA-A is a group of HLA that are encoded by the HLA-A locus, which is located at human
chromosome 6p21.3. HLA-A is ranked among the genes in humans with the fastest-evolving
coding sequence; the concomitant variation promotes genetic diversity in the population.
However, an important clinical risk factor in the pathogenesis of osteoporosis is the pres-
ence of genetic polymorphism in and around susceptibility genes and regions. The association
between HLA-A antigens and bone metabolic disorders has also been investigated in several
populations. For example, Huang et al. (2007) found that the frequency of the HLA-A*02:03
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allele was significantly higher in patients with osteoarthritis than in controls. In addition,
Tsuji et al. (1998) concluded that the HLA-4*24 allele frequency was high in patients with
low PBM and that the HLA-A*24-B*07-DRB*(1 haplotype could be considered a new ge-
netic marker associated with low PBM in healthy young Japanese women. However, we did
not detect significant differences of HLA-A*24 or HLA-A*02:03 allele frequencies between
patients and controls in our study population. Nevertheless, we found that the frequency of
the HLA-A* 02:07 allele was significantly higher in patients with postmenopausal osteo-
porosis than in the control group and the relative risk was 4.065 (95%CI = 1.109-14.893).
Our results present strong evidence that HLA-A* 02:07 might be involved in osteoporosis
susceptibility, indicating that HLA-A* (02:07 might be a major risk gene of postmenopausal
osteoporosis in Han Chinese population. We speculated that the conflicting results between
different populations might be attributed to differences in sample size, HLA typing method-
ology, ethnic background, and geographic variations. These could be due to the fact that the
distributions of HLA alleles and haplotypes show high variation in different ethnic groups or
even within the same ethnic group living in different geographical areas (Zhou et al., 2011).

Bone homeostasis is maintained by a balance between bone resorption by osteo-
clasts and bone formation by osteoblasts. This process is regulated by the immune system
and its imbalance often results in osteoporosis (Tanaka, 2013; Jianbo et al., 2014). Increas-
ing evidence suggests that immunological factors play an important role in the pathogenesis
of osteoporosis. Molnar et al. (2014) found that increased levels of IL-17A, which plays
an important role in the bone-resorption process, are involved in postmenopausal osteopo-
rosis. Additionally, Zhao (2013) reported that T-helper 17 cells are critical modulators in
the pathogenesis of estrogen-deficient osteoporosis and that therapeutic strategies targeting
IL-17 networks might be clinically useful in the treatment of postmenopausal osteoporosis.
The study of Kim et al. (2010) indicated that leukocyte common antigen-related (LAR) tyro-
sine phosphatase positively regulates osteoblast differentiation by modulating extracellular
signal-regulated kinase activation. LAR phosphatase could be used as a novel regulatory
target protein in many bone-associated diseases including osteoporosis. HLA-A is one of
the most important immunoregulatory genes, and our results further support the view that
polymorphisms in the HLA-A gene might further influence immune system involvement in
regulating bone homeostasis (Benasciutti et al., 2014).

Our study has several strengths: 1) Ethnic background and geographic variations are
extremely important factors affecting study results. China has 56 officially identified ethnic
groups, and the Han nationality constitutes approximately 92% of the Chinese population. In
the present study, we selected subjects from the same ethnic (Han nationality) and geographic
backgrounds (Shaanxi Province) to avoid the possible occurrence of selection bias. 2) Women
with conditions potentially causing secondary osteoporosis and women over the age of 65
years were ruled out from the present study to avoid the impact of senile osteoporosis. 3)
Samples were genotyped at random in the same laboratory. This is important for avoiding the
potential biases that can arise when samples are genotyped at different centers. 4) All samples
in the patient and control groups were in HWE at the HLA-A locus. In addition, we examined
Hom, Het, PD, PIC, and PPE, which are genetic parameters for evaluating the polymorphisms
in a gene. A gene locus is considered highly polymorphic when its PIC is higher than 0.5, its
PD value is higher than 0.8, or its PPE value is higher than 0.5. In our present study, the PIC,
PD, and PPE values were higher than the respective cutoff values. Therefore, the HLA-A data
obtained from our sample population were highly polymorphic, which is valuable for further
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genetic research. 5) The PCR-SBT method was used to examine the associations between
postmenopausal osteoporosis and HLA alleles. The PCR-SBT method is considered the gold
standard for high-resolution definition of HLA alleles (Woo et al., 2012). Previous HLA as-
sociation studies in osteoporosis were performed with low-resolution HLA serologic typing
by the PCR-sequence specific primers (PCR-SSP) method. The PCR-SBT method has much
higher accuracy and reliability than simple serological typing methods, and also facilitates the
standardization of the HLA-typing process.

In conclusion, our study provides supporting evidence for the contributions of HLA-A
gene polymorphisms to postmenopausal osteoporosis susceptibility in the Han Chinese popu-
lation. Our results suggest that HLA-A* 02:07 is likely an important risk factor for postmeno-
pausal osteoporosis and that it might play an important role in the pathogenesis of osteoporo-
sis. Given that different populations have different HLA polymorphisms, further investigation
of the relationships between various HLA genes and osteoporosis with larger sample size in
different ethnic samples is still necessary to confirm our findings.
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