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Abstract: This study was to explore the association of low-density lipoprotein receptor related protein 5 (LRP5) gene
polymorphism with bone mineral density (BMD), bone turnover markers and glycometabolism in postmenopausal
women with type 2 diabetes mellitus (T2DM) and/or osteoporosis (OP) in Shanghai. 354 unrelated Han Chinese
post-menopausal women were recruited from Shanghai and divided into 4 groups: OP group (n=90), T2DM group
(n=96), T2DM + OP group (n=90) and control group (n=78). The LRP5 genotypes were determined by DNA se-
quencing. The BMD was measured by dual-energy X-ray absorptiometry. The bone transformation indicators and
glycometabolism index (HbAlc and Fasting insulin) were also detected. The association of LRP5 polymorphism with
BMD, bone turnover markers and glycometabolism was evaluated. Result showed that, In OP group, the BMD of L, ,
was higher in patients with rs3736228 CC genotype than those with CT/TT genotypes (P<0.05). After adjustment
for age, body mass index (BMI) and years of menopause, rs3736228 polymorphism was still associated with BMD
of L, , (P<0.01). In the control group, HbA1c was significantly higher in patients with rs3736228 CC genotype than
those with CT/TT genotypes (P<0.05), but no significant difference was found after adjustment for BMI, age and
years of menopause (P>0.05). Thus, LRP5 gene is an impressionable gene in postmenopausal women with OP in
Shanghai. T2DM patients have a high BMD when compared with controls, which may be related to BMI and fasting
insulin (FINS). LRP5 genotype is not an impressionable gene in postmenopausal women with T2DM in Shanghai.
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Introduction

Both osteoporosis (OP) and diabetes mellitus
(DM) manifest as chronic metabolic syndrome
involving the whole body and can be affected
by the environment, gene and other factors.
Therefore, searching for osteoporosis and dia-
betes mellitus susceptibility genes has been an
important task for human genome research.

Low-density lipoprotein receptor-related pro-
tein 5 (LRP5) gene is a member of LDL receptor
family [1] and locates on chromosome 11913.4
[2, 3]. It was found initially during searching for
type | diabetes candidate gene by Hey et al [3]
and seeking the new osteoblast-related gene
by Dong et al [4]. As the receptor of Wnt ligand,
LRP5 plays an important role in Wnt signaling
pathway [5] and has an important effect for

blood glucose and blood lipid metabolism [6].
LRP5 can express in the insulin-secreting pan-
creatic B cells [7], and sugar tolerance is
impaired significantly due to decrease of glu-
cose-induced insulin secretion in LRP5 knock-
out mice [6]. Guo et al found that the single
rs498830 (SNP5-2) for LRP5 was associated
with BMI in Caucasian with diabetes [8]. Various
observations indicate that LRP5 is a potential
T2DM susceptibility gene.

Meanwhile, a decrease of BMD in human and
mice due to LRP passivation and mutation can
cause autosome recessive genetic disease-
osteoporosis-pseudoglioma syndrome (OPS)
[9]. In addition, LRP5 activation and mutation
can cause autosomal dominant high-bone-
mass trait [10]. These data suggest that LRP5
can regulate bone metabolism.
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Table 1. Clinical indicators at baseline in different groups (X £ S)

Groups OP T2DM OP + T2DM Control
Number (N) 90 96 90 78

Age (yr) 60.0 + 3.0 60.4 + 3.2 60.2 +3.3 60.5+2.7
menopausal period (years) 74+ 1.7 7.3+1.6 7.3+15 75+1.4
BMI (kg/m?) 205+ 1.7 242 + 1.7 21.4+1.8 21.8+1.5
TRACP-5b (U/L) 3.5+1.0 29+04 3.2+0.7 3.0+04
BALP (pg/l) 214+ 72 17.3 £ 5.6 17.3+5.5 15.8+4.4
HbAlc (%) 50+0.5 76+ 1.0 7.7+1.0 50+0.5
FINS (uU/ml) 6.6+1.6 15.2+5.4 9.2+1.2 6.5+1.7
L,, (g/m? 0.78 £0.10 1.03+£0.13 0.80 + 0.10 0.95+0.14
femoral neck (g/m?) 0.61 £ 0.08 0.76 £ 0.10 0.64 £0.11 0.73+£0.11

In order to investigate what is the association
of LRP5 gene with DM, OP and whether LRP5 is
related with T2DM with osteoporosis, our study
intended to use gene sequencing for explora-
tion the association of LRP5 gene polymor-
phism with bone mineral density (BMD), bone
turnover markers and glycometabolism in
patients with OP, T2DM patients with normal
bone mass and T2DM patients accompanied
by OP among the postmenopausal women in
Shanghai, thus having a in-depth understand-
ing of the pathogenesis of T2DM and OP, pro-
viding scientific and theoretical guidance for
the prevention and treatment of T2DM and OP.

Subjects and methods
Subjects

The T2DM was diagnosed according to the cri-
teria developed by WHO in 1999 [11] and OP
was diagnosed according to Guidelines for
Primary Osteoporosis from Osteoporosis and
Bone Mineral Disease Branch of Chinese
Medical Association [12]. A total of 354 unre-
lated Han Chinese post-menopausal women
were recruited from the Department of Internal
Medicine of Tongji Hospital from February
2009 to December 2011 from Shanghai. The
patients had a menopausal period of 7.40 +
1.52 years and were 60.26 + 3.07 year-old. The
mean BMI was 22.04 + 2.22 kg/m?2.

They were divided into 4 groups: OP group
(n=90), T2DM group (n=96), T2DM + OP group
(n=90) and G control group (n=78). Informed
consent was obtained from all patients, and
the whole protocol was approved by the ethics
committee of Tongji Hospital of Tongji
University. Exclusion criteria: patients using the
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drugs affecting bone metabolism (such as sex
hormones, parathyroid hormone, bisphospho-
nates, calcitonin, glucocorticoids hormones);
patients with a history of hyperparathyroidism,
multiple myeloma, rheumatoid arthritis and
other bone diseases; patients suffering from
T1DM, cancer or hematological diseases;
patients with a history of severe heart, lung,
liver, renal diseases, long-term heavy drinking
and smoking. The age, menopausal period
(years), height and body weight were recorded,
and the BMI was calculated. Fasting blood was
collected for the detection of indicators of glu-
cose, bone metabolism and genotyping.

Genomic DNA extraction

The genomic DNA isolation kit (Jin You, Anhui,
China) was used to perform the genomic DNA
extraction from venous blood (300 ul).

PCR for LRP5

The primers for LRP5 were designed and syn-
thesized in the Shanghai Biological Engineering
Technology Co., Ltd. The forward primer with
rs3736228 (p.Alal1330Val/c.3989C>T) was
5-GCTGGGCTGTTGATGTTTAGA-3' and the
reverse primer was 5-AGAGGCAAGGTTTTC-
CCATAA-3'. PCR conditions were as follows: pre-
denaturation at 94°C for 5 min, 35 cycles of
denaturation at 94°C for 30 s, annealing at
59°C for 45 s and extension at 72°C for 1 min,
and a final extension at 72°C for 10 min.

Gene sequencing

The sequencing of PCR products was done in
the Shanghai Biological Engineering Co., Ltd.
The PCR products were subjected to an auto-
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Table 2. LRP5 A1330V loci genotype distribution and allele fre-
quency

Fasting insulin (FINS): Radioim-
munoassay was done to mea-
sure serum FINS on the ratio-
nale of competitive binding
reaction. The normal range was
1.22~25.5 uU/ml. The automat-
ic biochemical analyzer was
applied for test. The intra-group

Groups N cC CT T Ve P
OoP 90 64 (71.1) 23 (25.6) 3(3.3) 0.95 0.622
T2DM 96 60 (62.5) 34(35.4) 2(2.08) 0.63 0.731
OP +T2DM 90 57 (63.3) 31(34.4) 2(2.2) 0.45 0.800
control 78 50(64.10) 25(32.05) 3(3.89)

Total 354 231 (65.25) 113 (31.92) 10 (2.82)

CV was <7%, and inter-group CV

matic ABI3730 sequencer, and the Chromas
software was used to analyze the results.

Determination of BMD

BMD was measured according to the Guideline
of International Society of Clinical Densitometry
[13]. All patients lied in supine position, and the
BMD of L2~4 and left femoral neck was mea-
sured. BMD was measured using dual-energy
X-ray absorptiometry (model Lunar DPX-IQ) by
the same technician. Machine calibration was
done once daily, and data were stored in the
database. The coefficient of variation (CV) of
the lateral L2~4 test was 0.49% and 0.66%,
respectively, and the three-year QC was lower
than 1%.

Detection of indicators for bone and glucose
metabolism

Serum tartrate-resistant acid phosphatase 5b
(TRACP-5b): The enzyme-linked immunosor-
bent assay (ELISA) was performed to detect the
serum TRACP-5b. In normal postmenopausal
women (41~81 years), the reference range was
2.34~4.04 U/L. The intra-group CV was
6.0~13.9%, and inter-group CV was 5.8~9.2%;
the recovery rate was 89.6~112.2%.

Serum bone alkaline phosphatase (BALP):
ELISA was done to detect serum BALP. In nor-
mal postmenopausal women (41~81 years),
the reference range was 12.5~22.4 ug/L. The
intra-group CV was 2.6~6.5%, and the inter-
group CV was 3.7~6.4%; the recovery rate was
90.1~100.9% (n=100); the range of standard
curve was 0.28~92.08 pg/L.

Glycated hemoglobin (HbAlc): High pressure
liquid chromatography was done to measure
serum HbA1c on an automated glycosylated
hemoglobin analyzer. The normal reference
range was 4.5~6.2%.
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was <8%.

Statistical analysis

The A1330V polymorphism and allele frequen-
cy of LRP5 gene were determined. The geno-
type distribution of genetic equilibrium was
compared with chi square test. Statistical anal-
ysis was done with SPSS version 17.0 for
Windows, and a difference with P<0.05 was
considered statistically significant. Clinical vari-
ables were expressed as mean + standard
deviation (SD, X % s). Data between groups
were compared with the independent t-test
(homogeneity of variance: t-test, and heteroge-
neity of variance: t'-test). The genotype, BMD,
bone metabolism and glucose metabolism
were compared with ANOVA after adjustment
for age, BMI and menopause period (years).

The clinical variables were expressed as mean
+ standard deviation (X + s); analysis of variance
was employed for the inter-group comparison
of measurement data, and non-parametric test
was used for non-normal distribution; ANOVA
was adopted for comparison of the difference
between genotypes in the four groups after
adjustment of age, BMI and menopause period
and BMD, bone metabolism with glucose
metabolism.

Results

Clinical indicators at baseline in different
groups

The age, menopausal period (years), BMI,
TRACP-5b, BALP, HbA1c, FINS, BMD of the lum-
bar spine and femoral neck in different groups
are shown in Table 1.

The age and menopausal period (years) were
comparable among 4 groups (P>0.05). The BMI
in OP and T2DM group was significantly differ-
ent from that in the control group (P<0.01), but
it was comparable between T2DM + OP group
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Table 3. Relationship between LRP5 gene polymorphisms

and lumbar BMD (X + S, g/cm?)

was comparable to that in Group A, B
and D (x>=0.95, 0.63 and 0.45,
respectively; P=0.63, 0.731 and 0.80

Groups CC CT/TT t P P’ )

op 0801 07+01 249 0016 0005  'esectively). The Cand T allele fre-

T9DM 102+014 104+013 053 0595 0678 quency distribution in the control
e o e ) ) group was also similar to that in OP,

OP+T2DM 0.81+0.09 0.80+0.11 0.79 0.430 0.752 T2DM and T2DM + OP group (X2=O69

control 0.96+0.13 0.94+0.15 0.80 0.428 0.496

0.099 and 0.04 respectively; P=0.41,

Table 4. Relationship between LRP5 gene polymorphisms

and FNBMD (X + S, g/cm?)

0.75 and 0.84, respectively).

LRP5 gene polymorphisms and BMD

Group cc CT/TT t P’ Due to the small number of patients
oP 0.62+0.77 0.61+0.10 0.364 0.718 0.901 with TT genotype in this study (N=10),
T2DM 0.76+0.11 0.76+0.10 -0.060 0.953 0.700 the patients with CT or TT genotype
OP +T2DM 0.643 +0.11 0.638+0.11 0.177 0.860 0.935 were compared with those with CC
control 074+010 0.72+012 0553 0582 0361  &enotype. In OP group, the lumbar

and control group (P>0.05). The TRACP-5b and
BALP in OP group were significantly higher than
those in the control group (P<0.01), but both in
T2DM group and T2DM + OP group were similar
to those in the control group (P>0.05). The
HbA1c and FINS in T2DM group and T2DM + OP
group were markedly higher than those in the
control group (P<0.01), while there were no
remarkable differences between OP group and
the control group (P>0.05). The lumbar BMD in
OP group and T2DM + OP group was dramati-
cally lower than that in the control group; the
lumbar BMD in OP, T2DM, and T2DM + OP
group was significantly different from that in
the control group (P<0.01). When compared
with the control group, the BMD of femoral
neck in OP and T2DM + OP group was signifi-
cantly reduced (P<0.01), while there was no
significant difference between T2DM and T2DM
+ OP group (P>0.05).

LRP5 gene polymorphism and allele frequency
distribution

In this study, genetic equilibrium test showed
that the LRP5 rs3736228 genotype distribu-
tion in OP, T2DM, T2DM + OP and the control
group were in line with the Hardy-Weinberg
equilibrium (OP group: x2=0.268, P=0.604;
T2DM group: x?=1.281, P=0.258; T2DM + OP
group: x?=0.891, P=0.345; the control group:
x?=0.03, P=0.954).

As shown in Table 2, Pearson Chi-Square distri-
bution frequency test revealed the CC, CT and
TT genotype distribution in the control group
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BMD in patients with LRP5rs3736228
CC genotype was significantly higher
than that in those with CT/TT genotype
(P=0.016). After adjustment for age, meno-
pausal period (years) and BMI, statistical differ-
ence was still observed (P=0.005). In T2DM,
T2DM + OP and the control group, the lumbar
BMD in patients with LRP5 A1330V CC geno-
type was comparable to that in patients with
CT/TT genotype (Table 3).

Note: P’: P value after adjustment for age,
menopausal period (years) and BMI.

In all groups, the femoral neck BMD in patients
with LRP5 rs3736228 CC genotype was similar
to that in patients with CT/TT femoral neck
BMD, even after adjustment for age, meno-
pausal period (years) and BMI (Table 4).

Note: P’ values represent the results after com-
parison between the two genotypes after
adjustment of age, menopausal period (years)
and BMI.

LRP5 gene polymorphisms and bone metabo-
lism

In all groups, the TRACP-5b and BALP were
comparable between patients with LRP5
rs3736228 CC genotype and patients with CT/
TT genotype.

LRP5 gene polymorphisms and glucose me-
tabolism

In the control group, the HbA1c in patients with
LRP5 gene rs3736228 CC genotype was signifi-
cantly different from that in patients with CT/TT
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(P<0.05), and after adjustment of age, BMl and
menopausal period (years), no correlation was
still found (P>0.05). In all groups, there was no
marked correlation between FINS and LRP5
rs3736228 polymorphism.

Discussion

T2DM and OP are common geriatric diseases
and their incidences increase over age. Their
pathogeneses are complex and are usually
influenced by genetic and environmental fac-
tors. Multiple genes have been found to be
associated with T2DM and OP. Studies on
T2DM and OP-related genes mainly focus on
the regulation of calcium and phosphorus
metabolism by hormones and their receptors,
such as sex hormone receptor genes [14, 15]
and cytokine genes. In recent years, LRP5 gene
has attracted increasing attention. A large
number of studies [16-19] have reported the
association between LRP5 gene polymor-
phisms and OP, but the correlations of LRP5
gene polymorphisms with T2DM or T2DM com-
bined with OP are less reported.

The present study found that the LRP5
rs3736228 genotype distribution frequencies
were 65.3% in CC genotype, 31.9% in CT geno-
type, and 2.8% in TT genotype in post-meno-
pausal women of Shanghai, which were similar
to the findings in Greece [20] and the United
States [21]. However, a study from sub-Saha-
ran Africa indicated that the detection rate of
LRP5 gene allele presented with racial differ-
ences. Our study confirmed that the LRP5 gene
rs3736228 polymorphism was related to the
lumbar BMD in post-menopausal OP women:
lumbar BMD in patients with CC genotype was
higher than that in those with CT/TT genotype,
but there was no association between LRP5
gene rs3736228 polymorphism and femoral
neck BMD [22-25]. In T2DM or T2DM with OP
patients with normal bone mass, the BMD was
comparable between patients with CC and CT/
TT genotypes suggesting that LRP5 genotype
may not be a gene affecting BMD in T2DM
patients.

The present study revealed that TRACP-5b and
BALP (bone metabolic markers) were not asso-
ciated with LRP5 gene rs3736228 polymor-
phism, which was in accordance with findings
from the studies of Kruk et al and Anastasia et
al [26]. In addition, our findings also indicated
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that, in the control group, the HbA1c level in
patients with CC genotype was higher than that
in patients with CT/TT genotype, even after
adjustment for BMI, age and menopausal peri-
od (years). The FINS level was not associated
with LRP5 rs3736228 polymorphism. The
study of Zenibayashi et al [27] found that the
LRP5 rs3736228 polymorphism was not relat-
ed to HbAlc and insulin in Japanese patients
with T2DM. Jiang et al [28] found LRP5 gene
was not related to the fasting glucose in
Chinese Han women. These findings suggest
that LRP5 gene polymorphism may not predict
the change in glucose metabolism.

Our study indicated that the BMI in OP patients
was significantly lower than that in healthy con-
trol. Numerous studies have confirmed that the
body weight is an important protective factor
for OP within the appropriate range [29]. The
effect of weight on BMD may be attributed to
the bone under mechanical loading because
appropriate increase in weight may enhance
the bone mass under the mechanical load
accordingly, which is beneficial for the improve-
ment of bone strength and bone mineraliza-
tion; the increase in fatty tissues can increase
the amount of aromatase activity leading to an
increase in circulating estrogen.

Numerous studies have been conducted to
investigate the association between T2DM and
BMD, but findings are conflicting. In the load-
bearing parts such as the lumbar spine and
femoral neck, some studies have revealed that
the lumbar and femoral neck BMD of T2DM
patients was similar to that in healthy controls
[30, 31]. However, other studies revealed that
the lumbar and femoral neck BMD of T2DM
patients was higher than that in the control
group [32], and some showed contrary findings
[33]. Our study indicated that the lumbar BMD
of T2DM patients increased as compared to
controls.

Outlook

The relationship of LRP5 gene single nucleotide
mutations with OP and T2DM may affect its
binding to ligands and receptor signal transduc-
tion system, which then influence the occur-
rence and development of disease, but the spe-
cific pathophysiological mechanisms are still
unclear and the related studies are still need-
ed. T2DM and OP are both multifactorial dis-
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eases related to many candidate genes. In
future genetic studies on the basis of genetic
screening, the linkage disequilibrium should be
full considered between genes and gene inter-
actions. The molecular biology may help to
understand the role of candidate genes in dis-
ease and to choose a reasonable solution in
clinical practice to improve the therapeutic
effect on T2DM and OP, and reduce the morbid-
ity in T2DM and/or OP patients.
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