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ABSTRACT

Osteoporosis is a polygenic disorder and has been demonstrated to be associated with ~30 candidate genes, the
majority of which have also been implicated in the regulation of bone mineral density (BMD). Collagen type | plays
an important role in the bone matrix and is encoded by COL1A2 (collagen type | alpha 2)gene that may be a
potential candidate for osteoporotic fracture.This study aimed todetermine the distribution of COL1A2gene
(rs412777) polymorphismsusing a RFLP in in osteoporosis patients. The present results revealed There were
significant differences in COL1A2genotype(rs412777) frequencies between the cases and control. the genotypic
frequency of heterozygous A/C with homozygous A/A (OR=0.2298,95% Cl= 0.0613 -0.8614, P= 0. 0292). and the
genotypic frequency of homozygous variant C/C with the homozygous A/A(OR=0.9375, 95% CI=0.1326 -6.6285,
P=0.9484 ). There were no significant differences in C allele frequencies in patients as compared to the controls
inthe COL1A2gene (rs412777) polymorphism (OR=0.8759, 95% Cl =0.4911 -1.5621, P=0.6536).
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Introduction

Osteoporosis is a systemic bone disease mostly occurring in elderly individuals. In this disease,
disturbance in bone remodeling (bone resorption and formation) leads to a bone mass reduction, bone
fragility, and eventually, to fracture. Osteoporotic fracture may cause disability, decreased qual-ity of
life, and ultimately, mortality — it affects all aspects of the patient’s life [1]. There have also been
studies reporting the rate of this disease in a local region; for example, in 2009, an Iranian multi-
center study indicated that 70% of women and 50% of men aged >50 years suffered from
osteoporosis or osteopenia[2].Peak bone mineral density (BMD) as a major determi-nant of bone
strength achieved in early adulthood plays an important role in the prediction of osteoporotic fracture
in later life.1 In addition to many confirmed factors, such as race, sex, age, nutrition, hormonal status,
menopausal state, smoking, alcohol intake, and physical activity, there are many studies that support
the remarkable influence of genetic factors on bone strength. Studies show that up to 80% of BMD
variation is attributable to genetic factors [3,4].Collagen alters in the course of bone disease and is
involved in the pathogenesis of osteoporosis [5]. The collagen network plays an important role in bone
toughness and in age-related changes in bone quality [6]. It is observed that the age-related changes in bone
tissue result in a decreased resistance to fractures, a lowered bone strengthand flexibility, as well as an
impaired functioning of collagen fiber networks [7]. It has been shown that COL1A1 and COL1A2
candidate genes are important factors in osteopeniaand osteoporosis development and may influence
bone metabolism [8].COL1A2 polymorphism may be a genetic risk factor related to the development
of osteoporosis [9].0ver 85% of osteogenesisimperfecta (Ol) cases associates to mutations in
procollagen type | genes (COL1A1 or COL1A2), however, no hot spots were linked to particular
clinical phenotypes [10].
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Material and Methods
Ethical statement

Every volunteer has informed written consent. The ethics committee of the MOH and MOHSER in
Irag's ethical approval for scientific research has accepted this research.

Study Population

The study subjects comprised from 64 patients selected from Imam Al-Hussein Medical-City all
were female as patients group with age range (20-82 years). The control group study included 36
people apparently healthy that also were females with age range (20—71)years. All subjects in this
study were taken written consent before participation in this study .

DNA extraction and genotyping

DNA of blood was extracted and purified using extraction and purification kit from Geneaid
company (UK). The genotyping of the study groups was performed using the PCR-RFLP technique
after DNA extraction from blood samples.

The targeted sites of DNA were amplified using design specific primers which used to identify
COL1A2(rs412777), obtained from Macrogen company/south Korea . Forward primer: 5’-
GTTTCATCCGTGGCAGCATC -3°, and reverse primer: 5’- GACTGGACTGATTCGCAGGA -
3’.PCR was carried out in 20 pl reaction volumes containing 1 pl of each forward and reverse primer,
12.5 pl of Green Master Mix, 3 pl of Genomic DNA, and 2.5 ul of nuclease-free water to bring the
reaction volume up to 20 pul . Amplification was conducted in a thermocycler (Biometra, Germany)
with the following settings: 5 min pre-denaturation at 95°C; 30 cycles with denaturation for 20
seconds at 95°C, annealing for 30 seconds at 59°C, extending for 30 seconds at 72°C; and a final
extension of 5 min .

PCR products were electrophoresed in 1 percent agarose at 75 V using gel electrophoresis (cleaver
science — UK) and visualized with ethidium bromide. A gel documentation system (Cleaver
Scientific ~-UK) was used to take photos.

polymerase chain reaction-restriction fragment length polymorphism method (PCR-RFLP).

For COL1A2(rs412777) the PCR product was digested with 2 units of one of the specific
endonucleases (Pvul ) for 5-15min at 37°C , according to
manufacturer’sinstructions(Biolabscompany) .PCR and digestion products were analyzed by
electrophoresis in 1 percent agarose at 75 V using gel electrophoresis (cleaver science — UK) and
visualized with ethidium bromide.

Statistical analysis

All the statistical analyses were done with the SPSS statistical software (version 23; SPSS Inc.,
Chicago, IL), p<0.05 was considered statistically significant
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Results and Discussion

The genomic DNA (Fig.1) was extracted from the blood samples as a first step to amplify the target
region of COL1A2 (rs412777) gene.

Figure 1. The electrophoresis pattern of gnomic DNA extracted from blood samples of osteoporosis
patients and healthy control groups.
(Lane 1 -lane 10 refers to genomic DNA from blood samples; Electrophoresis conditions, 1% agarose,
75V, 20 mA for 1h, stained with ethidium bromide).

Genotyping of COL1A2 (rs412777) Gene Polymorphisms

For COL1A2 (rs412777) genotyping, the genomic DNA was amplified using specific primers and
accomplished by the Thermo-cycler apparatus under the optimal conditions .The results revealed that
the presence a single band (249bp) of the target sequence of COL1A2 (rs412777) gene in agarose gel

(Fig.2).

Figure 2. Agarose gel electrophoresis of an amplified product patterns of COL1A2 ( rs412777)
with specific primer.
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M: refers to DNA size marker; lanes 1 - 9 refer to PCR products of COL1A2 (rs412777) (273 bp) of
osteoporosis patients and healthy control groups. Electrophoresis conditions: 1% agarose concentration 1%; 75
V, 20 mA for 120 min. Staining method; precast ethidium bromide.

After that, the PCR products of the COL1A2 ( rs412777) target sequenceswere digested with
Pvull(5'CAG *CTG 3"restriction enzyme (Fig.3) to detect the rs412777 SNP in COL1A2 gene
(Fig. 3). The results of PCR-RFLP showed that the presence of three different genotypes as in figure
(3). the first A1/Al (CC) homozygous ,presents the expected 273bp fragment , the second Al/A2
(AC) demonstrated 273, 148 & 125 bp fragment. While the third A2/A2 (AA) demonstrated 148 &
125 bp fragments.

Figure 3. Electrophoresis patterns of allelotyping of COL1A2 (rs412777) gene of osteoporosis
patients and healthy control groups using Pvulenzyme by PCR-RFLP method

M: DNA ladder (50 bp); Lanes 3,4,5&6 refer to a homozygous allele (AA) had a two bands with 148&125
bpmolecular size; Lanes 1,2&8 refer to a heterozygous allele (AC) had 3 bands with 273,148&125 bp; Lanes
7,9 refer to a homozygous allele (CC) had a single band with 273 bp molecular size.

The Genotypes Distribution of rs412777 Polymorphisms with Allele Frequency in Control and
Case Groups.

The distribution observed in COL1A2 ( rs412777) genepolymorphism in cases group and control
group are showed in Table ( 1 ). The highest genotype in control group was heterozygote genotype
AC (86.1%) followed by AA homozygote genotype (8.3%), CC homozygote genotype (5.6%). In
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breast cancer disease , the highest genotype was heterozygote genotype AC (59.3%) followed by AA
homozygote genotype (25%), CC homozygote genotype (15.7%). Analyses showed significant
differences between cases and controls in the COL1A2 ( Pvul) polymorphism (AC vs AA:
OR=0.2298,95% CI=0.0613 -0.8614, P= 0. 0292). and no significant differences between cases and
controls in the COL1A2 ( Pvul) polymorphism (CC vs AA: OR=0.9375, 95% CI1=0.1326 -6.6285,
P=0.9484 ).

Table 1. Genotype distribution and odd ratio of Rs412777 polymorphisms between the patients vs
healthy control

Genotype of Patients Control | Significance
O.R CI (95%)
rs412777 No.(%) No.(%) level
AA® 16 (25%) | 3 (8.3%)
AC 38 31 0.0292 0.0613 -
0.2298
(59.3%) (86.1%) 0.8614
CC 10 2 (5.6%) | 0.9484
0.1326 -
(15.7%) 0.9375
6.6285
Total No. 64 36
Allele Frequency | Frequency
A 0.54 0.51
C 0.46 0.49 0.6536
0.4911 -
0.8759
1.5621

P <0.05 ; OR=(95%CI); ® reference

The relationship between COL1A2 genotypes and osteoporosis is less well characterized than
that between COL1A1 genotypes and osteoporosis. A number of studies have found an association
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between GT-repeat polymorphisms, Msp I, Pvu IlI, and EcoR | of the COL1A2 gene and BMD
[11].Lindahl et al.,[11] discovered interactions between the COL1A2 gene and BMD in older men
from Sweden, the United Kingdom and Hong Kong (n=2004). Lau et al.,[12]found that Pvu Il and
EcoR I in the COL1A2 gene was associated with BMD in elderly men in Hong Kong, but they did
not find any association between these two SNPs and BMD in postmenopausal women. This study
also did not find associations between SNPs in COL1Al and COL1A2 genes and osteoporotic
fracture or BMD [13].

The analysis of Pvull polymorphism showed that in women with osteopenia the CC genotype had the
lowest body weight compared to other genotypes (p = 0.039). Pvull polymorphism and clinical
parameters in the group of women with osteoporosis had no statistically significant correlations. , the
COL1A2 polymorphism may be a genetic risk factor related to the development of osteoporosis
[9].0ver 85% of osteogenesisimperfecta (Ol) cases associates to mutations in procollagen type |
genes (COL1A1 or COL1A2), however, no hot spots were linked to particular clinical phenotypes. In
COL1A2 one mutation was identified in exon 22. Mutations of deletion type in COL1A1l that
resulted in Ol type | an effect neither on collagen type | secretion nor its intracellular accumulation
were detected. Also, a missense mutation in COL1A2 changing Gly>Cys in the central part of triple
helical domain of the collagen type | molecule caused Ol type Ill. It affected secretion of
heterotrimeric form of procollagen type I,Mutation in COL1A2 affected its incorporation to
procollagen type I [10]. No significant difference was observed between fracture and control groups
with respect to allele frequency or genotype distribution in 9 selected SNPs and haplotype. No
significant association was found between fragility fracture and each SNP or haplotype. The results
remained the same after additional corrections for other risk factors such as weight, height, and bone
mineral density,Our results show no association between common genetic variations of COL1Al and
COL1A2 genes and fracture, suggesting the complex genetic background of osteoporotic fractures
[14].

No statistically significant overall effect was found from the meta-analyses of any genetic model or
SNP (p > 0.06) [15]. The two studies that provided data for the COL1A2 Pvull (rs412777) analysis
presented conflicting results, with one reporting that the “PP” genotype halved fracture risk [16] , and
the other suggesting that the P allele (either PP or Pp genotype) increased fracture risk [17]. In the
combined analysis performed herein, these contradictory results lead to null effects, which found no
significant overall effect of the COL1A2 Pvull (rs412777) SNP with fracture risk. The results of the
studies may differ if two different proximal Pvull sites in the COL1A2 gene have been assessed, only
Blades et al. (2010) report the specific reference SNP number (rs412777); or if the intervention of the
study on calcium and vitamin D supplementation, Significant sub-group heterogeneity was observed
between sexes in the effect of the COL1A1 Sp1 (rs1800012), COL1A2 Pvull (rs412777), and ESR1
Pwvull (rs2234693) SNPs, highlighting the potential for sex-specific associations. Epidemiological
data suggest that fracture incidence is greater in males between the age 18 and 49 than females in the
general population [18].
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Conclusion
Based on the present statistical analysis, our studyshows significant association of COL1A2 (
rs412777) gene with the development of osteoporosis.
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