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Adrenergic receptor 02A (0:2A-AR) is up-regulated in osteoporotic bone osteoblasts. Previous research dem-
onstrated an association between polymorphism of a2A-AR gene and bone mineral density (BMD) as well as
bone turnover markers (BTMs) in the Slovenian population. The present study aimed to investigate the associ-
ation of rs1800544 polymorphism of c:2A-AR gene with BMD and BTMs in the Chinese elderly population with
osteoporosis (OP) or with osteoporotic fractures.

A total of 346 unrelated elderly individuals were recruited in the study. Rs1800544 polymorphism was deter-
mined by Snapshot technology. BTMs were determined by electrochemiluminescence. BMDs at lumbar spine
(LS) and proximal femur were measured with dual-energy X-ray absorptiometry (DEXA). Hardy-Weinberg equi-
librium and distribution of genotype frequencies were verified using the chi-squared test. Analysis of co-vari-
ance (ANCOVA) adjusted for confounding factors was performed to explore the relationship of rs1800544 poly-
morphism with BMD and BTMs in all participants and in subgroups.

The genotype distributions in all subjects and in subgroups conformed to Hardy-Weinberg equilibrium (P>0.1).
Distribution of genotype frequencies of subgroups showed no significant differences (P>0.05). Patients with
GG genotype in the fracture group had significantly higher serum BTMs level compared with those carrying
other genotypes (P<0.05). No significant association between rs1800544 and BTMs was detected in the elder-
ly population with OP. Comparison of BMD at each site in all participants did not show any significant differ-
ence in subgroups with CC, CG, and GG genotypes (P>0.05).

Rs1800544 polymorphism is associated with BTMs level in Chinese elderly individuals with osteoporotic frac-
tures, indicating the involvement of genetic variation of ®2A-AR gene in bone metabolism.
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Material and Methods

OP is a systemic skeletal disorder characterized by reduced
bone mass, disturbed microarchitecture of bone tissue, in-
creased bone fragility, and susceptibility to fractures [1,2]. The
condition is highly prevalent in postmenopausal women and
the elderly population. The morbidity burden attributable to
OP is liable to increase with population aging. The absolute
number of patients affected by OP in China is projected to in-
crease to 210 million by 2050. Osteoporotic fractures in el-
derly people are associated with a poor prognosis [3-5]. For
instance, mortality rates in aged patients who sustain hip frac-
tures may reach as high as 20% at 1 year. Hence, OP consti-
tutes a major public health problem [1,6]. The etiology of OP
is multifactorial; environmental, life-style, and genetic factors
have been shown to play a key role in its pathogenesis [7-10].
Genetic factors are believed to account for 60-80% of individ-
ual variance in BMD [11], which is a known predictor of the
risk of osteoporotic fractures [1, 12]. Estrogen receptor (ER)
gene [13,14], vitamin D receptor (VDR) gene [15,16], genes of
the RANKL-RANK-OPG system [17], and genes that regulate the
synthesis of transforming growth factor-p1 (TGF-$1) [18,19]
have been reported as potential determinants of bone mass
at the population level.

02A-AR is up-regulated in osteoblasts and plays a key role in
the development of OP. An animal study demonstrated that
female mice with the double adrenoreceptor removed present-
ed an increased bone density phenotype. A common polymor-
phism rs1800544 located in i2A-AR gene showed an associa-
tion with diverse phenotypes, including tobacco smoking [20],
adolescent personality [21], and olanzapine treatment [22]. In
addition, the association of a2A-AR gene polymorphism with
BMD as well as BTMs has been reported in the Slovenian pop-
ulation [23]. Mlakar et al. [23] revealed that carriers of GC gen-
otype of rs1800544 had a slightly higher BMD at LS as com-
pared to that in carriers of GG genotype in a cohort of 429
postmenopausal women. In addition, elderly men carrying GC
genotype had significantly higher serum C-terminal crosslink-
ing telopeptides of type I collagen than those with CC gen-
otype. Although the study SNPs were proven to be involved
in regulating bone metabolism, the conclusion may not apply
to other ethnicities and populations due to genetic variations
and diverse environmental factors.

In the present study, we aimed to investigate genotype dis-
tributions of rs1800544 in fracture and osteoporotic groups
and to explore the correlation of rs1800544 polymorphism in
the a2A-AR gene with BTMs and BMD in a cohort of elderly
people with osteoporotic fractures or with OP in China. The
findings would increase understanding of the influence of the
02A-AR gene on bone metabolism.

Participants

This prospective study enrolled a total of 346 unrelated partic-
ipants, including 183 patients with osteoporotic fractures and
163 patients with OP attending the Orthopedics Department,
the Gerontology Department, and the Endocrine Department
of Beijing University Shougang Hospital from December 2015
to May 2017. All participants were consecutive patients re-
cruited at the hospital. Participants with osteoporotic fractures
were considered the fracture group, which consisted of 126 fe-
males and 57 males (mean age 76.7+7.3 years). Subjects with
OP were regarded as the osteoporotic group, which comprised
104 females and 59 males (mean age 72.3+7.4 years). The os-
teoporotic group was the control group and the 2 groups were
matched by age, sex, and body mass index (BMI). Participants
with T-score at any site <-2.5 were considered osteoporot-
ic based on the World Health Organization (WHO) criteria. All
osteoporotic fractures occurred under low trauma in the last
week before enrollment. All subjects underwent clinical exam-
inations and routine biochemical tests to exclude patients who
had systemic or metabolic bone diseases, such as cardiovascu-
lar, hepatic, or renal disorders and secondary OP, instead of pri-
mary OP. None of the patients had previously taken any drug
known to interfere with bone metabolism in the last 2 years
(6 female participants in the fracture group had been treated
with estradiol valerate tablets (1-2 mg/d) or raloxifene hydro-
chloride tablets (60 mg/d) for 2—3years when they were diag-
nosed as having postmenopausal osteoporosis (PMOP) 5 years
before their enrollments. They had stopped treatment for more
than 2 years. None of the subjects in the osteoporotic group
had been treated with any drug affecting bone turnover, and
all of them were first diagnosed as having osteoporosis. The
research design conformed to the principles of the Declaration
of Helsinki. The study was approved by the Institutional Ethics
Committee. Participation in the study was purely voluntary and
written informed consent was obtained from all subjects pri-
or to their enrollment.

BTMs measurement

Blood samples of all subjects were collected from cubital veins
in the morning. Procollagen type | carboxy terminal peptide
beta special sequence (-CTX) and procollagen | N-terminal pro-
peptide (PINP) were measured with electrochemiluminescence
assay using kits from Roche Laboratory (Mannheim, Germany)
according to the manufacturer’s instructions.

Bone mineral density measurement

BMD at the femoral neck (FN), femoral trochanter (FT), Ward’s
triangle (WT), total hip (TH), and LS at the L2, L3, L4, and L2-L4
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Table 1. Characteristics of participants disaggregated by study group.

F
Variables ractures group

mean +SD
Age (years) 76.7+7.3
Female/male 126/57

B-CTX (ng/mL) 0.471+0.361
C ANPGgm) 5431263492
DL @em 07030162
 BMDL3@emd 071580159
 BMDWU@em) 069740190
 BMDL-UEem) 071240174
 BMDANGem) 06120133
 BMDWI@em) 042240238
. BMDFT@em) 053740129
 BMDTH@em) 072740203

Wang Q-F. et al.:
rs1800544, BMD, and BTMs
© Med Sci Monit, 2018; 24: 5102-5109

Osteoporotic group

mean SD P

72.317.4 0.237
""""""""""""""" oass o
"""""""""""" nesss 032
© oasaso20 o092
. assses9300 oo
C orasosss w0oo1
o7 o023
o3 o002
C oreso2ss w0oo1
~ oessoles o2
© oasio23 o34
C osesso216 w0oo1
C ozei02s3  oam

BMI — body mass index; B-CTX — procollagen type | carboxy terminal peptide beta special sequence; PINP — procollagen | N-terminal
propeptide; BMD — bone mineral density; L2 — L2 vertebra; L3 — L3 vertebra; L4 — L4 vertebra; L2-L4 — L2-L4 vertebra; FN — femoral
neck; WT — Ward'’s triangle; FT — femoral trochanter; TH — total hip. All P values excluding age female and BMI were adjusted for age

and BMI by ANCOVA.

levels were measured in all participants by DEXA (QDR-4500;
HOLOGIG, Inc., Bedford, MA, USA). Additionally, body height
and weight were measured to calculate BMI (kg/m?). The in-
strument was calibrated daily in accordance with the manu-
facturer’s instructions. BMD values were expressed as grams
per cm?. The criterion used for diagnosis of OP was T-score at
the FN or LS <-2.5.

Genotyping

In the morning, 2 ml of fasting venous blood was collected in
EDTA-containing tubes, and genomic DNA was extracted from
peripheral blood leukocytes using the QlAamp DNA Blood Mini
Kit (Qiagen GmbH, Hilden, Germany). DNA was stored at —-80°C
until genotyped. Polymorphism of rs1800544 was determined
by Snapshot technology. The primers of rs1800544, including
upstream primer: 5’-TCTGTTCACAAAACATGGAATTAG-3’ and
downstream primer: 5’-AAGAGACTGATGACACCGTGACAG-3’,
were synthesized by Shanghai Biological Engineering Technology
Co., Ltd. Genotyping was completed by Beijing Microread Gene
Technology Co., Ltd. The sensitivity and specificity of the
Snapshot method, which was the best genotyping method ex-
cept for the criterion standard, direct sequencing, were 99.8%
and 99.9%, respectively.

Statistical analysis

Continuous variables are presented as mean + standard devia-
tion (S.D.) and categorical variables are expressed as frequen-
cies and percentages. Deviation from Hardy-Weinberg equilibri-
um for 2A-AR gene was estimated by chi-squared test. Value of
P>0.05 indicated HWEA. The Kolmogorov-Smirnov and Levene
tests were performed to examine normal distribution and homo-
geneity of variance, respectively. Categorical variables between
groups were tested by x? testing. Between-group differences
with respect to normally distributed continuous variables were
assessed with analysis of co-variance (ANCOVA) adjusted for
confounding factors. Those with respect to non-normally dis-
tributed variables were assessed with non-parametric Kruskal
Wallis test. P<0.05 was considered as statistically significant.
During the period of study design, according to related litera-
tures published and by the special software PASS 14, we found
that with a sample size of 97 osteoporotic fractures and 970s-
teoporosis cases, the study would have more than 80% pow-
er to detect a significant difference between BTMs levels and
BMD values. After data analysis and based on o, number, and
mean of each group, standard deviation of subjects, number
of covariate and R? we had 81.2% statistical power to con-
clude the statistically significant result by PASS 14.
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Table 2. Distributions of allele and genotype frequencies in the study population.

Allele

Genotype

Fracture group 137 (37.4%) 229 (62.6%) 30 (16.4%) 77 (42.1%) 76 (41.5%) 0.169

Control group 120 (36.8%) 206 (63.2%) 20 (12.3%) 80 (49.1%) 63 (38.6%) 0.482

Total 257 (37.1%) 435 (62.9%) 50 (14.5%) 157 (45.4%) 139 (40.1%) 0.600
Table 3. Association of rs1800544 genotype with BTMs and BMD in the study population.

Variables cc GG P
B-CTX (ng/mL) 0.464+0.282 0.464+0.335 0.465+0.296 0.908

 PINP(hg/m) 48157423547 51836136635 ! 530356290713 0353
 BMDL2(g/em)  0726:0254 071810226 0696:0249 0748
 BMDI3(g/em)  0747:0261 07261025  0714£0228 0483
 BMDL4(gm)  0727:0261  0719+0310 0704£0300 0837
 BMDL2-l4(gem)  0731:0254 072110278 0709:0261 0687
 BMDFN(g/m) 064410115 0630:0.172  0635:0192 o774
 BMDWT(gem)  0411:0162  0455:0.167  0475:0364 0438
 BMDFT(g/m)  0541:0099 05510151 05520162 0462
 BMDTH(gm)  0694:0167 07250149 0778:0274 0673

BTMs — bone turnover markers. All P values were adjusted for age and BMI by ANCOVA.

Results

Basic characteristics of participants

Patient characteristics are summarized in Table 1. We ana-
lyzed as separate groups the BMD and BTMs of women vs.
men. They had similar BTMs levels and BMD values (P>0.05).
Hence, they were analyzed as a single group. Statistically sig-
nificant between-group differences were observed with re-
spect to BMD at L2, L4, L2-L4, and FT (P<0.05 for all adjusted
for age and BMI by ANCOVA). Patients with osteoporotic frac-
tures were found to have higher average serum PINP and f3-
CTX levels than those with OP; however, the differences were
not statistically significant.

The distributions of allele and genotype frequencies

The distributions of allele and genotype frequencies in frac-
ture and control groups are described in Table 2. The genotype
distribution in the overall study population, and that in frac-
ture and control groups conformed to Hardy-Weinberg equi-
librium (P-values: 0.600, 0.169 and 0.482, respectively). On
genotyping for rs1800544 polymorphism, the frequency of G

allele accounted for 0.628 in our cohort of elderly individuals.
Furthermore, GC heterozygous individuals were more com-
mon (45.4%) than those homozygous for GG (40.1%) and CC
(14.5%). The rs1800544 genotype frequencies detected in the
fracture group were 16.4% CC, 42.1% GC, and 41.5% GG, re-
spectively. Which were similar to that in the osteoporotic group
with 12.3% CC, 49.1% GC, and 38.6% GG. However, no statis-
tically significant difference was observed in the distributions
of allele and genotype frequencies between the elderly peo-
ple with osteoporotic fractures and those with OP.

Association of rs1800544 with BTMs and BMD in the
study population

Elderly with GG genotype had higher BTMs levels than those
with GC and CC genotypes. BMD at LS in subjects with CC gen-
otype were higher than that in subjects with other genotypes.
However, the differences were not statistically significant (ad-
justed for age and BMI). No association of rs1800544 geno-
type with BTMs or BMD at any of the study locations was ob-
served in all participants (P>0.05 by adjusting for age and BMI
by ANCOVA) (Table 3).
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Table 4. Association of rs1800544 genotype with BTMs and BMD in fracture group.

Variables cc GC GG P
B-CTX (ng/mL) 0.475+0.334 0.474+0.393 0.479+0.343 0.656

C PNP(gm) 51747616241 53574141619 58418432713 0013
 BMDL2(g/em)  0719:0137 07140188 0684:0.154 0960
 BMDI3(g/em)  0740:0134  0721:0.164  0705:0174 0901
 BMDL4(gm)  0713:0120 071210257 0685:0155 0861
 BMDL-l4(gem)  0720:0124  0717:0.168 06930155 0971
 BMDFN(g/m)  0614:0102  0600:0.143 0605

 BMDWT(gem)  0371:0140 04150140 0445:0333 0794
 BMDFT(g/m)  0515:0084 05390130 05260132 0903
 BMDTH(g/m)  0674:0145 070740137 0746:0260 0601

All P value were adjusted for age and BMI by ANCOVA. * GG vs. CC P<0.001; GG vs. GC P=0.008; GC vs. CC P=0.236 by post hoc
Bonferroni test.

Table 5. Association of rs1800544 genotype with BTMs and BMD in osteoporotic group.

Variables cc GC GG P
B-CTX (ng/mL) 0.447+0.176 0.455+0.277 0.452+0.233 0.881
© PINP(g/m)  46694s33971 50205:31902 4668624655 | 08a2
 BMDL2(g/em) 073820227 0725:0342  0709:0331 0448
 BMDI3(g/em)  0751:0211  0736+0287 0723t0265 0565
 BMDL(g/m)  0729:0143 072210398 0719:0386 0785
 BMDL2-l4(gem)  0739:0174 072810269 0718:0324 o601
 BMDFN(g/m)  0667:0135  06530.189  0649£0219 0773
 BMDWT(gem?)  0435:0178 04740167 049580274 o601
 BMDFT(g/m)  0563:0116 05790177 055260198 0678
 BMDTH(gm)  0712:0218 07550199 07830297 053

All P value were adjusted for age and BMI by ANCOVA.

Association of rs1800544 genotype with BTMs and BMD
in the 2 groups

shown in Table 5. Comparison of BMD values at proximal fe-
mur and BTMs did not show any significant difference be-
tween osteoporotic patients with CC, GC, and GG genotypes.
The relationship between polymorphism of rs180054 in o.2A-
AR gene and BTMs and BMD among the elderly with osteopo-
rotic fractures is summarized in Table 4. Patients with GG gen-
otype in the fracture group had significantly higher serum PINP
levels as compared to that in patients with other genotypes
(P=0.013 adjusted for age and BMI by ANCOVA). In addition,

In summary, rs1800544 polymorphism was associated with se-
rum PINP level in the osteoporotic fracture group and was not
related to BTMs levels or BMD values in the osteoporotic group.

carriers with CC genotype had higher BMD at LS and carriers
with GG genotype had higher BMD at WT and TH. However,
the differences were not statistically significant (P>0.05 ad-
justed for age and BMI by ANCOVA). The association between
rs1800544 and BTMs and BMD in the osteoporotic group is

Discussion

OP is a polygenetic disorder [24,25]. Numerous genes, includ-
ing low-density lipoprotein receptor-related protein 5 (LRP5),
IGF-I, and VDR genes, have been shown to be involved in the
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regulation of bone metabolism [26-29]. A previous study dem-
onstrated the involvement of c:2A-AR gene in the neuro-endo-
crinal signaling pathways involved in bone metabolism [23].
Rs1800544 polymorphism of the a2A-AR gene was proven to
be associated with BMD-LS in postmenopausal women and
with mean serum CTX levels in the elderly. In the present study,
we explored the association of rs1800544 polymorphism of
the 02A-AR gene with BTMs and BMD in a cohort of elderly
people, including 121 patients with osteoporotic fractures and
114 osteoporotic subjects in China.

Statistically significant differences in BMD at L2, L4, L2-14,
and FT were observed between the fracture and osteoporot-
ic groups (P<0.05 adjusted for age and BMI by ANCOVA). This
was consistent with the reported association between lower
BMD and risk of osteoporotic fractures [30,31]. Patients with
osteoporotic fractures were found to have higher average se-
rum levels of PINP and B-CTX level as compared to that in pa-
tients with OP. The results were supported by published liter-
ature which suggested that subjects with fractures had higher
bone turnover rate [32-34]. However, the difference described
in the present study was not statistically significant.

The rs1800544 genotype frequencies observed in the study pop-
ulation were 14.5% CC homozygotes, 45.4% GC heterozygotes,
and 40.1% GG homozygotes, with 37.1% and 62.9% C and G
allele frequencies, respectively. The C and G allele frequen-
cy of rs1800544 described in HapMap are 45.7% and 54.3%.
No significant difference in allele and genotype frequencies
was found between our study and HapMap (P-allele=0.196,
P-genotype=0.800). However, genotype frequencies differed
from those reported in the Slovenian population [23]. The
distribution of rs1800544 genotype of 661 subjects, includ-
ing premenopausal women, postmenopausal women, elderly
men, and OP patients, evaluated by Mlakar et al. were as fol-
lows: CC413 (62.5%), GC 216 (32.7%), and GG 32 (4.8%), re-
spectively. In addition, the allele frequencies of the rs1800544
in the overall study population were different from those re-
ported earlier (72.8% C and 21.2% G). Gene mutation, popu-
lation migration, natural selection, and variations in ethnicity
and geographical regions may explain the marked differences
in distributions of genotype and allele frequencies observed
in the present study and in previous reports.

To the best of our knowledge, this is the first study to com-
prehensively investigate the relationship of rs1800544 poly-
morphism of «2A-AR gene with BTMs and BMD in a cohort of
elderly subjects with OP and patients with osteoporotic frac-
tures. Elderly subjects carrying GG genotype had higher BTMs
levels than those in subjects with GC and CC genotypes. In
addition, BMD at LS in subjects with CC genotype was higher
than that in subjects with other genotypes.

CLINICAL RESEARCH

In this study, we also compared the association of rs1800544
polymorphism with BTMs and BMD of patients in the fracture
group and osteoporotic group. Interestingly, patients with GG
genotype in the fracture group had significantly higher serum
BTMs level compared with those carrying other genotypes
(P<0.05). In addition, carriers with CC genotype had higher BMD
at LS and carriers with GG genotype had higher BMD at WT
and TH. However, the between-group difference was not sta-
tistically significant (P>0.05). BTMs do not necessarily demon-
strate a significant change, in that the marker moieties may be
modulated by different metabolic pathways (e.g., renal or he-
patic), have different range of diurnal variation, and disparate
coefficients of variation for their assay [35,36]. Comparison of
BMD values at proximal femur and BTMs did not show any sig-
nificant difference between osteoporotic patients with CC, GC,
and GG genotypes. Conclusively, rs1800544 in 0i2A-AR gene
was related with serum PINP concentration in fracture group
and not associated to BTMs levels or BMD values in the osteo-
porotic group. Hence, we may conclude that rs1800544 SNP
has a significant role in the regulation of bone metabolism in
Chinese elderly people with osteoporotic fractures.

Our findings were inconsistent with a previous study[23].
Mlakar et al. determined that the 0.2A-AR gene played a cru-
cial role in the neuro-endocrine regulation of bone remodel-
ing. They reported higher BMD values at LS in postmenopausal
female carriers with rs1800544 polymorphism of the GC gen-
otype as compared to those carrying GG genotype (P=0.027).
In addition, average serum CTX level was higher in the el-
derly with GC genotype as compared to that in the CC geno-
type (P=0.012). However, mean serum CTX level in the elder-
ly with GC genotype was slightly lower compared to AA and
GG genotypes in the fractures group. Genetic variation large-
ly accounts for the discrepancy between the present and the
previous study. In addition, dietary calcium and vitamin D in-
take, lifestyles, physical activities, and exposure to sunshine
are responsible for the remarked difference observed in our
study and the previous data. Due to limited published litera-
ture on the association between the a2A-AR gene and bone
mass, more comparisons could not be performed.

There were several limitations in our study. Firstly, the sample
size in the study was modest, which limits the statistical pow-
er to detect subtle effects [24]. Secondly, we did not include
data on dietary calcium and vitamin D intake and life-style-re-
lated variables e.g., (alcohol intake, smoking, and physical ac-
tivity levels) in the analysis. Another limitation is that elderly
people without OP were not enrolled in the present study be-
cause there were too few participants with normal bone mass
or osteopenia, especially aged individuals above age 75 years
to match with the fracture or osteoporotic group by age and
BMI. However, the study population was ethnically homoge-
nous and subjects shared similar environment and lifestyles.
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Conclusions

In conclusion, a statistically significant association of rs1800544
polymorphism of the :2A-AR gene with BTMs but not BMD was
observed in a cohort of elderly subjects with osteoporotic frac-
tures, but no significant association between rs1800544 and
BTMs and BMD values was detected in the elderly population
with OP. Furthermore, our results suggest that the distribu-
tion of the rs1800544 genotype may show marked variability
between different ethnic groups and subjects from different
geographical regions. However, further functional studies are
required to investigate the effect of rs1800544 polymorphism
of the a2A-AR gene in the regulation of bone mass. In addition,
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the association between gene polymorphism and clinical effi-
cacy of anti-osteoporosis drugs requires further study.
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