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Abstract: Osteoporosis is a systemic metabolic and serious skeletal disease commonly observed among the elderly.
Insulin-like growth factors (IGFs) are critical regulators for bone cell function. We estimated the role of IGF-I rs35767,
rs2288377 and rs5742612 polymorphisms in the susceptibility to osteoporosis in a population of China, and as-
sessed gene-environment interactions. A total of 346 patients with osteoporosis and 346 controls were enrolled.
Genotyping of IGF-l rs35767, rs2288377 and rs5742612 was amplified and performed with the polymerase chain
reaction-restriction fragment length polymorphism (PCR-RFLP) method. The TA and AA genotypes displayed elevated
risk of developing osteoporosis (TA vs TT: OR=1.54, 95% Cl=1.11-2.15; AA vs TT: OR=3.65, 95% CI=2.09-6.37).
Compared with TT individuals, individuals with the TA+AA genotype had a substantial increased susceptibility to os-
teoporosis (OR=1.80, 95% Cl=1.31-2.46). In recessive model, the AA genotype of rs2288377 displayed 2.89 folds
risk of osteoporosis (adjusted OR=2.89, 95% Cl=1.70-4.89). A significant negative interaction was found between
IGF-1 rs2288377 and BMD levels for femoral neck (r=-0.14, P<0.001), total hip (r=-0.09, P<0.001) and trochanter
(r=-0.13, P<0.001). In conclusion, we suggest that IGF-I rs2288377 polymorphism had a strong influence on osteo-
porosis susceptibility in this Chinese population.
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osteoporosis within the population is increas-
ingly recognized [5-8].

Introduction

Osteoporosis, a systemic metabolic and seri-
ous skeletal disease commonly observed am-
ong the elderly, is a public health problem
worldwide and associated with substantial
morbidity and socio-economic burden [1].
Osteoporosis can occur in both males and
females at any age, but this disease is most
common in older women. Osteoporosis would
increase bone fragility subsequently and is sus-
ceptible to fracture, and it could influence 75
million population over the world [2]. The devel-

Insulin-like growth factors (IGFs) are critical reg-
ulators for bone cell function, because of the
IGFs’ anabolic role in the skeleton [9, 10]. The
IGF system contributes to the local regulation
of bone formation, and about half of the basal
bone cell proliferation can be prevented through
activity of IGFs intrinsically produced by the
bone cells [10]. IGF-I is the target gene of estro-
gen, and it could influence the bone metabo-

opment of osteoporosis is correlated with vari-
ous environmental and lifestyle factors, such
as lack of physical activities, weight, calcium
and vitamin D, and long-term consumption of
alcohol drinking and coffee [3, 4]. Moreover,
the role of common genetic variation in deter-
mining the range of individual susceptibility to

lism through regulation the function of estrogen
[11]. Previous studies have indicated that IGF-I
expression is associated with bone formation
and bone loss [12, 13]. Single nucleotide poly-
morphisms (SNPs) can influence the gene
expression and function, participating in sus-
ceptibility to diseases [14].
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Figure 1. Electrophoresis of PCR products for IGF-1
rs2288377.

Currently, several studies have reported the
correlation between IGF-I polymorphisms and
susceptibility to osteoporosis, but the results
remains inconsistent due to different ethnici-
ties and gene-environmental interactions [15-
19]. However, few studies reported the gene-
environmental interaction between IGF-|
polymorphisms and environmental factors in
the development of osteoporosis. To provide a
more precise evaluation of such association,
we performed a 1:1 matched case-control
study to estimate the role of IGF-1 rs35767,
rs2288377 and rs5742612 polymorphisms in
the susceptibility to osteoporosis in a popula-
tion of China, and assessed the gene-environ-
ment interactions.

Subjects and methods

The study protocol was approved by the
Institutional Review Board of the First Hospital
of Shijiazhuang, Shijiazhuang, China. All sub-
jects involved in this study signed the informed
consent and agreed to participate in this study
voluntarily prior to enrollment.

Patients and controls

In this study, 346 patients with osteoporosis
were enrolled, between January 2015 and June
2016, from the First Hospital of Shijiazhuang.
All patients were primarily diagnosed by the cri-
teria of the World Health Organization [20]. The
diagnosis of osteoporosis was defined as indi-
viduals with a T score of bone mineral density
(BMD) <-2.5 SD at the femoral neck without an
evidence of vertebral fractures, or those with a
T score of BMD<-1.5 SD at the femoral neck
with an evidence of more than two vertebral
fractures. Patients with intake of drugs disturb-
ing the balance of bone metabolism, and with a
history of any digestive system diseases affect-
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ing the nutrient absorption, were excluded from
this study.

Simultaneously, 346 healthy subjects, with
matched age (5 years) composition, were
enrolled from normal physical examination cen-
ter from the First Hospital of Shijiazhuang, and
they were considered as the control group.
Subjects who had a history of osteoporosis,
serious endocrine diseases and digestive sys-
tem diseases were excluded from the control
groups. Blood samples for DNA extraction were
obtained immediately after diagnosis of osteo-
porosis without any drugs adopt.

Determination of BMD

X-ray of the lumbar spine was used for all sub-
jects. BMD of the lumbar spine was measured
by dual-energy X-ray absorptiometry (Hologic®
QDR 1000, Siemens Medical Systems, Erlan-
gen, Germany) and determined by radiologists.
The BMD was calculated by dividing bone min-
eral content (g) by bone area (cm?) (g/cm?).

Collection of demographic and clinical charac-
teristics

The demographic and clinical variables of
investigated subjects were obtained from medi-
cal records, including sex, age, body mass
index (BMI), tobacco smoking and alcohol drink-
ing habits, and BMD levels.

Genotype analyses

Genomic DNA was extracted from peripheral
blood by TIANamp DNA Blood Mini Kit (QIAGEN
GmbH, Germany) following with the instruction.
Genotyping of IGF-I rs35767, rs2288377 and
rs5742612 was amplified and performed with
the polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) method
by two operators independently and blinded.
PCR-RFLP method was performed using the
PCR Thermocycle Instrument (MJ Research
Inc., St. Bruno, Canada). The pair of primers for
IGF-1 rs35767 was 5-AGCAGCTAGATTCACAG-
CA-3' and 5-TTATGTGAGCAGTAGATAAGAAGT-
GA-3’; for rs2288377, the primers were 5-TC-
ATGCTGGAACTTGACGTTG-3’ and 5-AGAACAG-
CAGAATGCAATCTGATTGTG-3"; for rsb5742612,
the primers were 5-GCGTAGTGTAGCTATTACT-
GACATCGAT-3' and 5-GTGACTGACTGTCTGTT-
AG-3'. Generally, DNA amplification was per-
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Figure 2. Sequencing of the PCR products for IGF-1 rs2288377.
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Figure 3. Electrophoregram of PCR products of diges-
tion for IGF-1 rs2288377. M: marker (DNA ladder);
lane 1 and 4: TC genotype; lane 2: TT genotype; lane
3: CC genotype.

formed in a 20-pL volume mixtures containing
10 pmol of each primer, 4.5 mmol/L MgCl,,
0.25 mmol/L of each dNTP, 1 pl Taqg poly-
merase, and 1.5 mmol/L buffer with a 94°C
initial denaturation for minutes; 35 amplifica-
tion cycles of 94°C for 30 seconds, 58°C for 30
seconds, and 72°C for 30 seconds; and a final
72°C extension for 7 minutes. The PCR prod-
ucts were analyzed in 3% agarose gel electro-
phoresis and observed under ethidium bromide
staining (Figures 1-4). Approximately 10% of
the samples were randomly selected for repeat-
ing for verification and validation. The repeated
results were 100% concordant.

Statistical analysis

Data analysis started with descriptive statis-
tics, including mean = SD for continuous vari-
ables and frequency for categorical variables.
Comparisons of the categorical and continuous
variables between groups were analyzed by
student’s t-tests, Pearson’s chi-square (x?) or
Fisher's exact tests. Hardy-Weinberg equilibri-
um (HWE) of the IGF-1 rs35767, rs2288377 and
rs5742612 was evaluated by a goodness-of-fit
chi-square test. The association of IGF-I poly-
morphisms with the risk of osteoporosis was
evaluated using conditional logistic regression
analysis, with adjustment for potential con-
founding factors. Three dominant, co-dominant
and recessive genetic models were used for
analysis. The gene-environment interaction
was analyzed by Spearman correlation analy-
sis. The statistical software of SPSS Statistics
for Windows, Version 18.0. (SPSS Inc., Chicago,
USA) was applied for the analyses. An P<0.05
was used for all statistical tests.
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Results

The demographic information of 346 patients
with osteoporosis and 346 controls are shown
in Table 1. Both sex and age were well-matched
between patients and controls without signifi-
cant differences (P=0.86 and 0.21, respective-
ly). There were significant differences between
patients and controls in BMI (P=0.01), tobacco
smoking (P=0.03) and alcohol drinking
(P=0.004). BMD levels in L1-L4 vertebrae, fem-
oral neck, total hip and trochanter in patients
were significantly higher than those in controls
(All P<0.001).

The genotypes of IGF-l rs35767, rs2288377
and rs5742612 are shown in Table 2. The fre-
quencies of TT, TA and AA genotypes in patients
were significantly different from controls with
P<0.001. The genotype frequencies of rs35767,
rs2288377 and rs5742612 were not deviated
from HWE in both patients and controls (All
P>0.05) (Supplementary 1).

With polymorphism in co-dominant model, the
TA and AA genotypes of rs2288377 displayed
elevated risk of developing osteoporosis (TA vs
TT: OR=1.54, 95% CI=1.11-2.15; AA vs TT:
OR=3.65, 95% CI=2.09-6.37) (Table 3). Com-
pared with TT individuals, individuals with the
TA+AA genotype had a substantial increased
susceptibility to osteoporosis (OR=1.80, 95%
Cl=1.31-2.46). In recessive model, the AA geno-
type of rs2288377 displayed 2.89 folds risk of
osteoporosis (adjusted OR=2.89, 95% Cl=1.70-
4.89). However, we did not find significantly
association between rs35767 and rs5742612
polymorphisms and osteoporosis risk in all gen-
otype models.

We performed a gene-environment interaction
analysis between IGF-I rs2288377 polymor-
phism and demographic and clinical character-
istics in development of osteoporosis (Tables 4
and b5). We observed a significant negative
interaction between IGF-1 rs2288377 and BMD
levels for femoral neck (r=-0.14, P<0.001), total
hip (r=-0.09, P<0.001) and trochanter (r=-0.13,
P<0.001).

Discussion
Single-nucleotide polymorphisms (SNPs), the

most common mutations of DNA sequence
variation, could affect the functional roles of
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Table 1. Demographic and clinical characteristics of patients with osteoporosis and controls

Variables Patients N=346 % Controls N=346 % x?ortvalues P values
Sex

Females 254 73.41 256 73.99

Males 92 26.59 90 26.01 0.03 0.86
Age, years 68.86+9.33 69.83+9.17 0.79 0.21
BMI, kg/m?

<24 217 62.72 181 52.31

>24 129 37.28 165 47.69 7.66 0.01
Tobacco smoking habit

No 221 63.87 248 71.68

Yes 125 36.13 98 28.32 4.82 0.03
Alcohol drinking habit

No 213 61.56 249 71.97

Yes 133 38.44 97 28.03 8.44 0.004
BMD, g/cm?

L,-L, vertebrae 0.92+0.089 0.97+£0.099 7.71 <0.001

Femoral neck 0.58+0.029 0.66+0.028 37.81 <0.001

Total hip 0.60+0.036 0.65+0.039 18.55 <0.001

Trochanter 0.53+0.038 0.61+0.044 24.42 <0.001

Table 2. Genotype distributions of IGF-I genetic polymorphisms between the two investigated groups

Genotypes Patients % Controls % X2 values P values P value for HWE
Patients Controls

rs35767

cC 154 44,51 152 43.93

TC 163 4711 157 45.38

T 29 8.38 37 10.69 1.1 0.58 0.12 0.71
rs2288377

T 118 34.10 164 47.40

TA 171 49.42 160 46.24

AA 57 16.47 22 6.36 23.38 <0.001 0.71 0.36
rs5742612

T 298 86.13 301 86.99

TG 30 8.67 35 10.12

GG 18 5.20 10 2.89 2.69 0.026 0.07 0.06

proteins in the signal transduction of visual,
hormonal, and other stimulants [21]. These
SNPs affect gene expression through modifying
DNA and transcription factor binding. In this
study, we identified and quantified the signifi-
cant association between IGF-I genetic poly-
morphisms and osteoporosis susceptibility
[22]. Our study suggested that TA and AA geno-
types of IGF-I rs2288377 were significantly
associated osteoporosis susceptibility in this
population.
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IGF-1 is an important regulator of proliferation,
cell differentiation and apoptosis [23]. One
experimental study has shown that IGF-I could
affect the cell proliferation and differentiation
of osteoprogenitor cells in normal rats, and
also increase osteogenic colony number, total
alkaline phosphatase (ALP) activity and total
mineralization in bone marrow ostoprogenitor
cells of normally loaded rats [24]. Moreover, the
low expression of IGF-I in serum is reported to
be associated with susceptibility to osteoporo-
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Table 3. Association between IGF-I genetic polymorphisms and risk of osteoporosis by logistic regres-

sion analysis

Genotypes Patients % Controls % ((:ggiz (?IT P values A?éu;iegl)CiR P values
IGF-I
rs35767 cC 152 475 156 48.75 1.0 (Ref.) 1.0 (Ref.) -
Co-dominant TC 136 42.5 131 40.94 1.03(0.75-1.42) 0.87 1.02 (0.74-1.42) 0.89
T 32 10 33 10.31 0.80(0.46-1.38) 0.42 0.71(0.47-1.41) 0.46
Dominant cC 152 475 156 48.75 1.0 (Ref.) 1.0 (Ref.) -
TC+TT 168 52.5 164 51.25 0.95(0.70-1.28) 0.72 0.94 (0.69-1.28) 0.70
Recessive TC+CC 288 90 287 89.69 1.0 (Ref.) 1.0 (Ref.) -
T 32 10 33 10.31 0.78(0.46-1.31) 0.34 0.79 (0.47-1.34) 0.38
rs2288377 T 125 39.06 157 49.06 1.0 (Ref.) 1.0 (Ref.) -
Co-dominant TA 145 45.31 138 43.13 1.49(1.08-2.06) 0.02 1.54 (1.11-2.15) 0.01
AA 50 15.63 25 781 3.59(2.07-6.20) <0.001 3.65(2.09-6.37) <0.001
Dominant T 125 39.06 157 49.06 1.0 (Ref.) 1.0 (Ref.) -
TA+AA 195 60.94 163 50.94 1.75(1.28-2.37) <0.001 1.80(1.31-2.46) <0.001
Recessive TA+TT 270 84.37 295 92.19 1.0 (Ref.) 1.0 (Ref.)
AA 50 15.63 25 781 290(1.73-4.86) <0.001 2.89(1.70-4.89) <0.001
rs5742612 T 264 82.5 275 85.94 1.0 (Ref.) 1.0 (Ref.)
Co-dominant TG 33 10.31 29 9.06 0.87(0.51-1.46) 0.59 0.89 (0.53-1.52) 0.67
GG 23 719 16 5.00 1.81(0.81-4.05) 0.15 1.91 (0.84-4.35) 0.12
Dominant T 264 82.5 275 85.94 1.0 (Ref.) 1.0 (Ref.)
TG+GG 56 17.5 45 14.06 1.05(0.68-1.64) 0.82 1.08 (1.31-2.46) 0.72
Recessive TC+TT 297 92.81 304 95.00 1.0 (Ref.) 1.0 (Ref.)
GG 23 7.19 16 5.00 1.79(0.81-3.98) 0.15 1.87 (0.83-4.25) 0.13

‘Adjusted for BMI, tobacco smoking and alcohol drinking,

Table 4. Interaction between the rs2288377
and smoking, drinking and BMI in the risk of
osteoporosis

Variables rs2288377
Correlation coefficient P values
BMI -0.006 0.87
Tobacco smoking -0.032 0.40
Alcohol drinking 0.045 0.24

Table 5. Interaction between the rs2288377
and BMD levels in the risk of osteoporosis

Variables rs2288377

r P values
BMD for L -L, vertebrae -0.04 0.30
BMD for femoral neck -0.14 <0.001
BMD for total hip -0.09 <0.001
BMD for trochanter -0.13 <0.001

sis, and is also correlated with lower bone min-
eral density [25-28].

A major interest in human genetics is to distin-
guish genetic mutations that are functionally
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from those that contribute to diseases. Id-
entification of gene polymorphisms that influ-
ence the functions and expression of proteins
and relate to disease is an critical task. Cur-
rently, amino acid substitutions are responsible
for about 50% of the known gene lesions
responsible for genetically determined diseas-
es. SNPs that change the amino acids might
play an important role in affect the susceptibil-
ity to diseases [29]. Polymorphisms in IGF-I
could directly influence the expression of IGF-I,
and many epidemiologic studies have reported
the IGF-1 promoter polymorphisms could influ-
ence risk of many diseases through alteration
of gene expression [22, 30, 31].

For the correlation between IGF-I polymor-
phisms and susceptibility to osteoporosis, sev-
eral previous studies have reported contradic-
tory results [16, 19, 32-35]. Three studies have
shown that IGF-1rs35767 polymorphism signifi-
cantly influences the bone mineral density and
risk of osteoporosis among females [16, 19,
34]. Kim et al. reported that IGF-I 194-base
pair allele significantly affect the bone mineral
density among Korean females [32]. However,

Int J Clin Exp Pathol 2017;10(8):8443-8451
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Jiang et al. performed a large sample size study
in a Chinese population, but they did not find an
association between IGF-I gene and BMD varia-
tion among premenopausal in a Chinese popu-
lation [33]. In this study, we only observed a
correlation between IGF-I rs2288377 polymor-
phism and risk of osteoporosis, and a signifi-
cant interaction between IGF-I1 rs2288377 and
BMD levels in the Chinese population. There-
fore, results concerning the association of IGF-I
rs2288377 polymorphism with the risk of
osteoporosis are not consistent, principally
owing to the differences in environmental fac-
tors, ethnicity and genetic background.

Nevertheless, some limitations of this study
should be mentioned. First, only 346 patients
were enrolled. The relatively small sample size
might lead to a lower statistical power in this
study. Second, rs35767, rs2288377 and
rs5742612 was not the only polymorphisms in
IGF-1, and the comprehensive analysis among
SNPs needs to be carried out in future studies
to investigate their potential interactions.

In conclusion, we suggest that IGF-I rs2288377
polymorphism had a strong influence on osteo-
porosis susceptibility, and a negative interac-
tion between IGF-1 rs2288377 and BMD levels
for femoral neck, total hip and trochanter in this
Chinese population. Further multi-center and
well designed studies among different ethnic
groups are warranted to confirm our findings.
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