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Abstract

Background: Vascular endothelial growth factor (VEGF) plays an important role in the regulation of bone mineral metabolism by stimulation of osteoblast
differentiation and survival.

Aims: We aimed to investigate the possible relation between bone mineral density (BMD) and VEGF gene 936 C>T and 2578 C>A single nucleotide polymorphisms
(SNPs) in postmenopausal Turkish women.

Study design: Prospective, cross sectional, case control study

Methods: This study included 333 postmenopausal Turkish women, of whom 137 were osteoporotic (lumbar spine T score < -2.5 SD) and 196 were nonosteoporotic
(lumbar spine T score > -1.5 SD). BMD measures were obtained using dual-energy X-ray absorptiometry. SNPs of the VEGF gene was examined by polymerase
chain reaction-restriction fragment length method.

Results: T'T genotype frequency of 936 C>T SNP of osteoporotic women was higher and AA genotype frequency of 2578 C>A SNP of osteoporotic women was
lower than those of nonosteoporotic women. There was no significant difference between osteoporotic and nonosteoporotic women for frequencies of genotypes
and alleles of two SNPs. For C(+936)T SNP; the mean height (p=0.007) and BMD (p=0.02) of TT genotype were significantly lower than those of CC and CT
genotypes. For C(-2578)A SNP; the mean weight and BMD of AA genotype were higher than those of CC and CA genotypes. VEGF 936 CT genotype (OR=7.58,
95% Cl=2.317 — 24.794, p<0.01) showed influence on lumbar spine BMD.

Conclusion: Phenotypic influence of heterozygous state of VEGF C936T polymorphism on our postmenopausal women is interesting. Extended population studies
are needed to discuss our results.

Introduction [12]. Several hormones which influence skeletal homeostasis have been
shown to regulate VEGF production locally [13,14]. And in this study
we aimed to investigate the possible relation between BMD and VEGF
gene 936 C>T and 2578 C>A single nucleotide polymorphisms (SNP)
in postmenopausal Turkish women.

Postmenopausal osteoporosis, multifactorial and polygenic bone
disease, is characterized by decreased bone mineral density (BMD) and
increased fracture risk [1]. BMD has strong genetic determination with
a high heritability of 50-80%. Population-based studies have identified
polymorphisms in several candidate genes that have been associated ~ Material and methods
with BMD [2,3]. The reduced BMD arises from the impaired balance
between bone formation by osteoblasts and resorption by osteoclasts
[1,4]. The vasculature and angiogenic factors play an important role This prospective, cross-sectional, case control study was conducted
in the regulation of BMD [4-8]. Vascular endothelial growth factor  with 333 postmenopausal Turkish women who attended the
(VEGF) is one of the angiogenic factors that induces endochondral
ossification and fracture healing [7,8]. VEGF has also been shown to
play a role in the regulation of bone mineral metabolism by stimulation  Correspondence to: Zehra Sema Ozkan, Kirikkale University School of
of osteoblast differentiation and survival [9]. In an animal model, it Medicine, Department of Obstetrics and Gynecology, Kirikkale, 71451, Turkey,
was suggested that impaired cartilage mineralization due to estrogen el +905053983219; E-mail: zehrasema@yahoo.com
deficiency was caused by reduced expression of VEGF [10]. In an in Key words: postmenopausal osteoporosis, VEGE bone mineral density,
vitro study it was observed that VEGF expression was increased with polymorphism
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estradiol treatment in osteoblasts [11]. Griffith et al. observed reduced  Received: November 20, 2016; Accepted: December 12, 2016; Published:
bone perfusion and decreased BMD in rats two weeks after ovariectomy  December 15, 2016
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Department of Nuclear Medicine of our hospital, between May 2009
and November 2009, after local ethical committee approval. The mean
age, postmenopausal period, weight, height and body mass index of
the study population were 57 + 7 years, 9 £ 6 years, 70 = 9 kg, 154
+ 5 cm and 29 + 5 kg/m? respectively. We organized this study with
two groups. The first group (n = 137) was osteoporotic women whose
lumbar spine T score was lower than -2.5 SD and the second group (n
= 196) was non-osteoporotic women whose lumbar spine T score was
greater than -1.0 SD. Careful physical examination and medical history
review were done for all participants. Baseline blood analysis for liver-
kidney function and fasting glucose were performed. The following
criterias were used for exclusion: previous ovary surgery, diabetes
mellitus, thyroid dysfunction, liver disease, any medication that affect
bone metabolism. There was no difference among participants for
ethnicity. Signed informed consents were taken during enrollment.

BMD measurement

Area BMD (g/cm?) at the lumbar spine L2-14 and total hip was
measured by dual energy X-ray absorptiometry (DEXA). Densitometers
were calibrated daily. The coefficient of variation for the BMD was
0.54%.

SNP genotyping

Genomic DNA was extracted from peripheral venous blood by
using the Wizard Genomic DNA Purification Kit (Promega, UK),
according to the manufacturer’s instructions. VEGF C(-2578)A and
C(+936)T single nucleotide polymorphisms (SNPs) were assessed. We
used the protocol described by previous researchers [15,16]. Primer
sequences and restriction products are shown in Figure 1. PCR cycling
conditions were as follows: 94°C for 5 minutes, 35 cycles for 30 seconds
at 94°C, 61°C for C(-2578)A, 62°C for C(+936)T, a final step at 72°C
for 10 minutes to allow for the complete extension of all PCR fragment.
PCR products were digested by Bgl II for C(-2578)A (rs6999947)
polymorphism, and Hsp92II for C(+936)T (rs3025039) polymorphism
at 37°C overnight, respectively. After digestion, digested products
were seperated on a 3% agarose gel which were visualised by ethidium
bromide.

Statistical analysis

Statistical analysis was performed by using the Statistical Package
for Social Science (SPSS) 16.0 (Inc., Chicago, IL, USA) version.
Results were presented as mean and standard deviation or number
and percentage, as appropriate. Differences between the means were
analyzed by Student’s t-test and Mann-Whitney U-test according
to the distribution of data. The significance of differences between
the two groups was assessed using X* test or Fisher’s exact test for
categorical variables, where applicable. For detecting lumbar spine and
total hip BMD of each SNP genotype, analysis of variance (ANOVA)
was performed. Hardy-Weinberg equilibrium was tested for each
genotyped SNP using chi-square statistics. Multinomial logistic

SNP Primer Sequences Restriction Restriction
enzyme product
RsG000047  (F):5" -GGATGGGGCTGACTAGGTAAGC 3" Bal I 324bp(C)
(-2578 C/A) (R): 5 -AGCCCCCTTTTCCTCCAAG-3 202+ 122bp(A)
Rs3025039  (F): ¥-AAGGAAGAGGAGAC TCTGCGC 3 Hsp92IT 198bp(C)
(#936 C/T)  R) T-TATGTGGGTGGGT GTGTCTACAG-3" 112+ 86bp(A)

Figure 1. Primer Sequences and Protocols.
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Table 1. Demographic characteristics of all women in the study.

Parameters T score <-2.5 | T score>-1.0 P value
m=137) (n=196)
Age (years) 58+7 57+7 0.15
Menopausal period (years) 9+7 86 0.06
Weight (kg) 70 + 10 71+9 0.08
Height (cm) 153+6 155+5 0.09
BMI (kg/m?) 29+5 30+5 0.23
Lomber BMD (g/cm?) 0.801 + 0.069 1.143 £0.263 <0.01
Smoking (%) 25 27 0.54
Alcohol consumption (%) 0.1 0.1 0.74
Daily calcium intake (mg) 1100 + 200 1150 =300 0.67

Note: Values are presented as mean + SD and percent. BMI= body mass index; BMD=
bone mineral density

Table 2. VEGF 936 C>T and 2578 C>A SNP genotype and allele frequencies.

T score <-2.5 | Tscore>-1.5 | Pvalue | OR 95% CI
n(%) n(%)
C936T genotypes
CcC 94 (68.6) 115 (58.6) 0.06 0.64 | 0.41-1.028
CT 27 (19.7) 74 (37.8)
TT 16 (11.7) 7 (3.6)
Total 137 (100) 196 (100)
C936 T alleles
C 215 (78.5) 304 (77.5) 0.26 0.85 | 0.64-1.025
T 59 (21.5) 88 (22.5)
Total 274 (100) 392 (100)
C2578A genotypes
CcC 46 (33.6) 63 (32.1) 0.78 0.93 | 0.589-1.491
CA 67 (48.9) 78 (39.8)
AA 24 (17.5) 55(28.1)
Total 137 (100) 196 (100)
C2578A alleles
C 159 (58) 204 (52) 0.38 0.54 | 0.45-1.120
A 115 (42) 188 (48)
Total 274 392

regression was employed to determine the variables which have
influence on BMD. In all examinations, a p value<0.05 was considered
as statistically significant. Power analysis of the study was performed
with program of G Power 3 and the power of our study was 81%.

Results

The demographic characteristics of the study population were
presented in Table 1. Lumbar spine BMD of osteoporotic and
nonosteoporotic women were 0.801 + 0.069 and 1.143 + 0.263 g/cm?
respectively.

The C(+936)T and C(-2578)A genotype frequencies of whole
population were respectively as follows: CC: 62.8%, CT: 30.3%, TT:
6.9%; CC: 32.7%, CA: 43.5%, AA: 23.7%. The C(+936)T and C(-2578)A
genotype and allele frequencies of two groups were presented in Table
2. There was no significant difference between groups for frequencies
of genotypes and alleles of two SNPs. But the frequency of homozygous
mutant TT genotype of osteoporotic women was higher than of
nonosteoporotic women; and frequency of homozygous mutant AA
genotype of osteoporotic women was lower than of nonosteoporotic
women. The frequencies of alleles were similar with Hardy- Weinberg
equilibrium (X2=2.2; p=0.4). Variance analyses, performed for each
genotype to determine the difference for the mean height, weight, BMI,
lumbar spine BMD were presented in Table 3. For C(+936)T SNP;
the mean height (p=0.007) and BMD (p=0.02) of TT genotype were
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Table 3. Variance analysis of genotypes.

936CC 936CT 936TT
Weight (kg) 71+ 13 72%12 67+ 16
Height (cm) 155+ 6! 155+ 6! 150 + 82
BMI (kg/m2) 29+5 30+5 29+ 6
Lomber BMD (g/cm?) 1.005 + 0.293! 1.022 +£0.214! 0.885 +0.176?

P value 2578CC 2578CA 2578AA P value
0.33 7111 71+ 14 73+ 13 0.66
0.007 154+6 155+6 156+ 6 0.26
0.81 304 29+£5 305 0.96
0.02 1.002 + 0.247 0.992 +0.243 1.021 +£0.328 0.21

Note: Values are presented as mean + SD. BMI= body mass index; BMD= bone mineral density. The differences between values are shown as superscript numbers.

Table 4. Multinomial logistic regression analysis of factors that have influence on lumbar spine bone mineral density.

Parameter OR
Age 1.02
Weight 1.01
Height 1.05
Menopausal period 0.87
Alcohol consumption 0.98
Daily calcium intake 0.95
VEGF 936 CC genotype 2.53
VEGF 936 CT genotype 7.58
VEGF 2578 CC genotype 0.57
VEGF 2578 CA genotype 0.56

significantly lower than those of CC and CT genotypes. For C(-2578)
A SNP; the mean weight and BMD of AA genotype were higher than
those of CC and CA genotypes.

Multinomial logistic regression analysis (Table 4) showed that
menopausal period (OR= 0.87, 95% CI= 0.805 - 0.944, p<0.01) and
VEGF 936 CT genotype (OR= 7.58, 95% CI= 2.317 - 24.794, p<0.01)
have had influence on lumbar spine BMD.

Discussion

In the present study we tested whether VEGF C936T and C2578A
SNPs influence lumbar spine BMD in postmenopausal osteoporotic and
nonosteoporotic Turkish women. While the frequency of VEGF 936
TT mutant genotype was high, frequency of 2578 AA mutant genotype
was low in osteoporotic women. VEGF 936 CT genotype showed
significant influence on lumbar spine BMD. Phenotypic influence of a
heterozygous state of VEGF C936T polymorphism is interesting. Costa
et al. [17] investigated VEGF C936T SNP on 252 postmenopausal
Caucasian women (136 osteoporotic and 116 nonosteoporotic). The
genotype distribution of their population were as follows; CC: 75.8%,
CT: 21.5% and TT: 2.7%. They reported no significant difference in
allele frequencies between osteoporotic and nonosteoporotic women.
The frequency of C936T genotype of our whole population showed
concordance with the results of Costa et al. [17].

Bone vasculature plays an important role in bone remodeling. Bone
remodeling involve the interaction between angiogenic and osteogenic
pathways. This intimate relation between bone formation and
vascularization has been termed as angiogenic-osteogenic coupling
[18]. The formation of new blood vessels in the metabolically active
bone tissue is required for supplying nutrients, oxygen, growth factors,
cytokines and osteoblast and osteoclast precursors [19)] VEGF is an
endothelial cell survival factor and is required for effective coupling
of angiogenesis and osteogenesis [20,21]. Horner et al. [22] investigated
the weak expression of VEGF in the hypoxic region chondrocytes of
human neonatal growth plates which promoted the invasion of the
cartilage by metaphyseal vessels resulting in new bone formation. This
was pointed out in a study where blocked VEGF receptors resulted
in the suppression of vascular invasion of the cartilage and of bone
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95% Confidence Interval P value
0.963 — 1.100 0.42
0.714 - 1.419 0.96
0.766 — 1.450 0.74
0.805 - 0.944 <0.01
0.93 - 1.008 0.24
0.88 - 1.020 0.31
0.845-7.611 0.09

2.317-24.794 <0.01
0.281-1.193 0.13
0.284 - 1.130 0.11

formation (6). Investigators observed the increased protein expression
of VEGF in osteoblasts by dose- and time-dependent estradiol treatment
at in vitro conditions [23,24]. Inadequate blood flow has been linked to
osteoporosis [19]. Mice with VEGF-deficient osteoblastic lineage cells
demonstrate age-dependent loss of bone mass [25].

Ding et al. [26] investigated the relation between blood
supply and ovariectomy induced osteoporosis in a mice model.
Sixty mice were randomly divided into an ovariectomy group
(n=30) and a control group (n=30). Four weeks after ovariectomy,
immunohistochemically studied VEGF expression on tibial metaphysis
was significantly decreased. Neve et al. [27] studied in vitro differences
in VEGF production and expression of cultured human osteoblastic
cells derived from healthy donors and from osteoporotic subjects.
They observed that normal and pathological osteoblasts produced
and expressed VEGF and pathological osteoblasts produced a strong
angiogenic response greater than normal cells. Investigators indicated
that mice with conditional VEGF deficiency in osteoblastic precursor
cells manifested an osteoporosis-like phenotype characterized by
reduced bone mass and increased bone marrow fat [28]. A significant
decrease in blood vessel volume and expression of VEGF protein at the
distal femur was observed in ovariectomized mice [29]. Similarly, in
bone repair, numerous studies have shown that impairments in VEGF
signalling are associated with deficiencies in new bone formation [30-32].

A lot of stimulators can modulate VEGF production by bone
tissue including hormonal, mechanical and environmental influences.
Serum levels of VEGF were demonstrated to be higher in ovariectomy
performed mice compared to nonovariectomy performed mice. In
ovariectomy performed mice, trabecular bone volume of the femur
was reduced, and amount of osteoclasts was significantly rised. VEGF
antagonist treatment after ovariectomy blocked osteoclast increament
in mice [33]. In the study of Mao-wei et al., anti-hyperlipemic
medication (fluvastatine) was given in osteoporotic rats and it was
stated that fluvastatine can be effective in osteoporotic fracture healing
by increasing VEGF levels [34]. Researhers studied the effect of
VEGF on the recovery of bone drilling defects in rat femur delivered
with first-generation adenoviral vector. They injected virus into the
muscle layer surrounding the bone drilling defect and they followed
healing for 1, 2, and 4 weeks. VEGF over expression stimulated
periosteal cartilage healing [35]. Another researchers suggest that
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adenovirus-mediated VEGF gene transfer induces bone formation
by increasing osteoblast activity and may be useful for the treatment
of osteoporosis and other diseases that require efficient osteogenic
therapy [36].

In conclusion, in our population, TT mutant genotype of 936 C>T
polymorphism and AA mutant genotype of 2578 C>A polymorphism
did not show influence on BMD. But interestingly CT heterozygous
genotype of VEGF 936 C>T polymorphism showed interaction
with BMD. Of course our results must be discussed with expended
population studies and expression studies.
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