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Introduction. Genetic factors including the level of expression of the fingerprint of genes involved in the development of bones
and cartilage such as GDF-5 or ESR-𝛼 or CALM-1 are known to be strong determinants of the osteoarthritis (OA) in Caucasian
and Oriental populations. Because of high prevalence of OA in Indian population and availability of limited genetic data, we
determined whether similar genetic factors are involved in Indians as well.Methods. A case control study was carried out involving
500 patients of kneeOAand equal number of healthy controls. Genotyping analyses inwhole blood,mRNA, and protein expressions
in peripheral blood lymphocytes (PBLs) were performed using established protocols. Results. Our results showed a significantly
decreased level of mRNA and protein expressions for GDF-5, ESR-𝛼, and CALM-1 genes in PBLs of OA cases when compared
to healthy controls. The frequency of variant genotypes of these genes was also increased significantly in cases of OA compared
to controls. Conclusion. Our results demonstrated that the decrease in expression of GDF-5, ESR-𝛼, and CALM-1 in PBLs and
association of polymorphism in these genes may be important in predicting the severity and thereby the progression of OA in
Indian population.

1. Introduction

Osteoarthritis (OA), characterized by gradual loss of articular
cartilage in the joint, is a leading cause of disability among the
elderly people [1, 2]. Though the etiology and pathogenesis
of OA is largely unknown, OA is a chronic degenerative
condition of mobile joints, primarily a noninflammatory
disorder characterized by an imbalance between the synthesis
and degradation of articular cartilage leading to classic patho-
logical change of wearing away and destruction of cartilage
[3].Multiple risk factors including age, obesity, tissue injuries,
and gender are well established for OA [4]. It has been
reported that about 80% of population has radiographic
evidence of OA by the age of 65 years of which only 60%
were symptomatic [5, 6]. It is estimated that more than

30–40% of Indian population over 50 years suffer from OA
[7]. The prevalence and clinical severity of OA are reported
to be much higher in postmenopausal women, suggesting a
potential role of estrogen in the pathogenesis of OA [8].

Genetic factors such as growth differentiation factor-5
(GDF-5), amember of TGF-𝛽 superfamily, estrogen receptor-
𝛼 (ESR-𝛼), an important mediator of signal transduction
and calmodulin-1, and a ubiquitous Ca+ binding protein
which are involved in the development, maintenance, and
repair of bone and cartilage appear to be associated with
the etiopathogenesis of OA [8–10]. Sequencing studies have
shown that SNP in GDF-5 (C/T; rs143383) influences OA
susceptibility by reducing transcriptional activity leading to
decrease in cartilage synthesis [11]. Previous studies have
suggested an association between GDF-5 (C/T; rs143383)
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polymorphism and risk of knee OA in Caucasian and Ori-
ental population [9, 11–14]. Recent study from our laboratory
has also shown that polymorphism in UTR region of GDF-
5 (C/T; rs143383) plays an important role in development
of knee OA [13, 14]. Likewise, polymorphism in ESR-𝛼
is reported to be significantly associated with risk to OA
development. A significant increase in the frequency of A
allele (ESR-𝛼, rs2228480) in patients has been associated with
reduced cartilage formation that may lead to increased risk
to OA [15, 16]. Functional analysis has also indicated that the
variant allele (rs12885713) of CALM-1 reduces the expression
of the major cartilage matrix genes (Col 2a1 and Agc 1)
that enhances the susceptibility for osteoarthritis through
modulation of chondrogenic activity [17]. CALM-1 gene
polymorphism was reported to be significantly associated in
Japanese population with OA, while no such association was
observed in Han Chinese and UK population [10, 17, 18].

In contrast to Caucasians and Oriental populations, not
much data is available on the association of polymorphism
in GDF-5, ESR-𝛼, and CALM-1 with OA in the Indian
population. The present case control study was therefore
initiated to investigate the association of polymorphism
in GDF-5, ESR-𝛼, and CALM-1 gene with OA in Indian
population. As OA has been shown to be of multifactorial
origin, attempts were also made to explore the association
of genotype combination of ESR-𝛼, CALM-1, and GDF-5 in
modifying the susceptibility to OA. To study the functional
role of GDF-5, ESR-𝛼, and CALM-1 in OA, expression of
these genes was also studied in knee OA patients [19]. As
preliminary study from our laboratory has shown that GDF-
5, ESR-𝛼, and CALM-1 are expressed in peripheral blood
lymphocytes (PBLs), attempts were also made to investigate
the alterations in the expression of these genes in PBLs
isolated from healthy control and knee OA cases that would
help in identifying the role of expression of these genes in
development of OA.

2. Materials and Methods

A case control study of 500 healthy controls with no sign of
knee OA and 500 patients suffering of knee OA was carried
out.The patients fulfilledAmericanCollege of Rheumatology
(ACR) clinical and radiographic criteria of OA [20]. Radio-
graphic findings of knee OA were classified into mild (KL
grade 2), moderate (KL grade 3), and severe (KL grade 4).
The Average Body Mass Index (BMI) was 23.39 ± 2.39 and
25.41 ± 3.23 in controls and cases, respectively. Among the
OA cases, 205 weremales and 295 females ranging from 40 to
72 years with mean age of 56.15 ± 9.33 and 55.67 ± 8.58 years
in males and females, respectively. In the controls, 224 were
males with mean age of 54.95 ± 8.09 years and 276 females
with mean age of 55.52 ± 9.04 years.

The protocol for research work was approved by the
Human Ethics Committee of King George’s Medical Univer-
sity, Lucknow. The protocol conforms to the provisions of
the declaration of Helsinki in 1995. Informed consent was
obtained from the study subjects for inclusion in the study.
Before the collection of blood samples, it was ensured that

subject anonymity was preserved.The control and cases were
asked to fill out the detailed questionnaire regarding their
occupation, socioeconomic status, medical history, lifestyle
habits, and so on.

3. DNA Isolation and Genotyping Studies

Approximately 1ml of blood was collected into citrate
containing tubes from all the subjects. DNA was isolated
from whole blood with the Flexi Gene DNA kit (Qiagen,
CA) following the manufacturer’s protocol. The method
of Southam et al. 2007 [9] was followed for identifying
and determining the rs143383 polymorphism in GDF-5. In
brief, the PCR reaction was digested with BSiE1 restriction
enzyme. Formation of two fragments (106 bp and 91 bp) and
three fragments (197, 106, and 91 bp) indicated the CC and
CT genotype respectively. Undigested PCR fragment was
indicative of the TT genotype.

Polymorphism inESR-𝛼 genewas detected by themethod
of Jin et al. 2004 [16]. In brief the PCR product formed
was digested with BtgI for identifying (rs2228480) polymor-
phism. The polymorphisms in CALM-1 were detected by the
established methods [10, 21]. Digestion of PCR product with
ApaLI or ApeKI led to the identification of polymorphism in
CALM-1 (rs12885713 and rs3814843). Third SNP of CALM-
1 (rs2300496) was detected by TaqMan assay using RT-PCR.
The reaction was performed using an ABI 7900 HT Fast Real
time PCR system (50∘C for 2 minutes, 95∘C for 10 minutes,
95∘C for 15 sec, and 60∘C for 1 minute, for 40 cycles) and
analyzed using an SDS RQ manager 1.2 software according
to the manufacture’s instruction.

For quality control, 10% of the samples were selected
randomly and regenotyped to provide further confirmation
of the results. These were found to be in 100% agreement.

3.1. RNA Isolation and Gene Expression Analysis by RT-PC.
Total RNA was extracted from whole blood with TRI-BD
(Sigma, USA) according to the manufacturer’s protocol. The
protocol utilizing TRI-BD reagent, a monophasic solution of
phenol and guanidium isothiocyanate, is an improvement to
the single-stepRNA isolation developed byChomczynski and
Sacchi in 1987 [22]. The ESR-𝛼, CALM-1, and GDF-5 mRNA
expression were quantified using reverse transcriptase-PCR.
Equal amounts of RNA were reverse transcribed using
the Superscript first-strand cDNA synthesis kit with Oligo-
dT (Invitrogen, USA) and diluted in nuclease-free water
(Ambion) to a final concentration of 5 ng/𝜇L. Expression of
housekeeping gene 𝛽-actin served as a control to normalize
values. Targets were detected and quantified in real time
using the ABI Prism 7900 sequence detector system (PE
Applied Biosystems; Foster City, CA, USA) and SYBR green
chemistry (Applied Biosystems, USA). Relative expression
was calculated using the ΔΔCt method.

3.2. Isolation of Lymphocytes and Protein Expression by West-
ern Blot. Lymphocytes were isolated from the blood by the
method described previously by Dey et al. 2005 [23]. In
brief after sonication peripheral blood lymphocytes (PBLs)
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isolated from case and control were used for immunoblotting.
The blood lymphocytes were separated by sodium dodecyl
sulfate–polyacrylamide gel electrophoresis (SDS–PAGE; 3%
stacking gel and 7.5% separating gel) and electroblotted
on Immobilon-P membrane (Millipore USA). The mem-
branes were incubated with the primary antibodies raised
against GDF-5, ESR-𝛼, and CALM-1 (1 : 1000 dilution) in
5ml of phosphate buffered saline containing 0.02% Tween-
20 and 0.02% sodium azide and PBST for 3 hours at
room temperature. The membranes carrying lymphocytes
were incubated with 1 : 2000 dilution of rabbit anti-rabbit
IgG-horseradish peroxidase (secondary antibody). Following
incubation, membranes were washed 5 times with PBST
(5–10min each) and then processed for detectionwith chemi-
luminescence substrate. The membranes were visualized on
VERSA DOC Imaging System (Model 1000, Bio-Rad, USA)
and quantitative analysis using Quantity One Quantitation
software (Bio-Rad). Prior to studying protein expression of
these genes, normalization of proteins in the lymphocyteswas
carried out using beta-actin antibody.

3.3. Statistical Analysis. Genotype or allele frequencies of
ESR-𝛼, GDF-5, and CALM-1 among cases and controls were
determined for Hardy–Weinberg equilibrium (HWE) using
standard chi square statistics. The haplotype analyses (hap-
lotype frequency estimation and pairwise linkage disequilib-
rium between the SNPs) were carried out using Haploview
(https://www.broad.mit.edu/mpg/haploview/). Using binary
logistic regressionmodels, the relationship of ESR-𝛼, CALM-
1, and GDF-5 gene polymorphisms with risk of OA was
determined. Combination between genotypes was also esti-
mated by conditional logistic regression. Student’s t-test was
employed to calculate the statistical significance between
control and case groups. All statistical analyses were per-
formed with the SPSS software package (version 16.0 for win-
dows; SPSS Chicago, IL).The power of the present test results
was >80% with 95% significance level analyzed by power
genetic association analysis software (https://dceg.cancer
.gov/bb/tools/pga).

4. Results

4.1. Genotype Analysis. Thedistribution of genotypes of ESR-
𝛼, CALM-1, and GDF-5 is summarized in Tables 1–3. The
genotype frequency of variant genotype of rs2228480 of ESR-
𝛼was increased in cases when compared to the controls.This
increase in frequency of variant genotype was significantly
associated with increased risks to knee OA. On gender-wise
stratification, a significant association was observed in the
females; further near to significant difference was observed
in the males.

An overrepresentation of variant genotypes of CALM-1
gene was found in cases when compared to the controls. The
prevalence of variant genotype of CALM-1 (rs 12885713) was
increased in cases (31.60%) when compared to the controls
(28.44%). Likewise the frequency of variant genotype of
rs2300496 was found to increase in the cases when compared
to the controls. The variant genotype of CALM-1 (rs3814843)

was also found to significantly increase in cases resulting
in increased risk to OA. On gender-wise stratification, this
polymorphismwas significantly associated in bothmales and
females. The frequency of TT genotype of GDF-5 (rs143383)
was also found to be significantly higher in cases (39.80%)
when compared to the controls (26.20%). The increase in the
frequency of TT genotypes in cases significantly increased
the risk for OA. When the cases were stratified on the basis
of gender, the frequency of TT genotype compared to CC
genotype was significantly increased in cases inmen (33.17%)
when compared to the controls (22.32%) that significantly
increased the risk to OA in male cases. In females too, the
frequency of TT genotype was higher in cases (44.40%) when
compared to the controls (29.34%).

Haplotype approach revealed that seven possible haplo-
types of CALM-1 were observed in both cases and controls
(Table 4). Haplotype of SNPs of CALM-1 gene was also found
to be associated with OA susceptibility. A significant increase
in the distribution of haplotype, TGC, carrying variant alleles
of all three polymorphisms (T-rs12885713 or G-rs3814843
or C rs2300496) was observed in cases when compared to
the controls. This increase in frequency of haplotype, TGC,
resulted in increased risk to OA.When the haplotype in cases
was stratified on the basis of gender, the frequency of TGC
haplotype was significantly increased in cases among men
that significantly increased the risk when compared to the
controls. In females, the frequency of TGChaplotypewas also
higher in cases when compared to the controls that increased
the risk to OA.This increase in risk was found to be relatively
lower in females when compared to the males.

Differences were also observed in the distribution of
combination of variant genotypes of ESR-𝛼, CALM-1, and
GDF-5 in cases when compared to the controls (Figure 1).The
combination of variant genotype of CALM-1 (rs12885713 or
rs3814843 or rs2300496) and GDF-5 (rs143383) was found to
be overrepresented among cases. The combination of variant
genotype of CALM-1 (rs12885713) and GDF-5 (rs143383)
or CALM-1 (rs3814843) and GDF-5 (rs143383) or CALM-1
(rs2300496) and GDF-5 (rs 143383) increased the risk (2.0- to
3.5-fold) in cases when compared to the controls. Likewise,
the combination of CALM-1 (rs12885713 or rs3814843 or
rs2300496) and ESR-𝛼 (rs2228480) also increased the risk (2-
to 6-fold) toOA. Significant increase in risk (1.81- to 2.93-fold)
was also observed in cases carrying combination of a variant
allele of ESR-𝛼 (rs2228480) and GDF-5 (rs143383).

4.2. Expression Study. Real time PCR was performed to
examine expression at themRNA level. Datawere normalized
against 𝛽-actin mRNA and expressed as mean ± SEM of the
control group.The levels ofmRNAexpression ofGDF-5, ESR-
𝛼, and CALM-1 were found to be significantly (𝑝 < 0.05)
reduced in OA cases when compared to controls (Figure 2).
We also carried out immunoblotting studies in PBLs to
determine the expression of these genes at the level of protein.
Our results showed similar reduction in the level of protein
expression for each gene (GDF-5, ESR-𝛼, and CALM-1)
in protein expression as the seen mRNA expression, when
compared to controls (Figures 3(a) and 3(b)).

https://www.broadinstitute.org/haploview/haploview
https://dceg.cancer.gov/tools/design/pga
https://dceg.cancer.gov/tools/design/pga
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Figure 1: Risk associated with GDF-5, ESR-𝛼, and CALM-1 geno-
type combinations in knee OA. Figure contains only significant OR
of genotype combination of various candidate gene in knee OA.
∗𝑝 < 0.05 is considered statistically significant.
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Figure 2: Quantitative real time PCR analysis was performed for
relative mRNA expression of genes involved in cartilage synthesis
and repair in control and case study. Quantitative analysis suggested
that expression of GDF5, ESR-𝛼, and CALM-1 genes downregulated
in case group compared to their respective control.𝛽-Actin served as
housekeeping gene for normalization. Values are expressed as mean
± SEM (𝑛 = 24). ∗𝑝 < 0.05 versus control.

5. Discussion

Based on our data from this study we report that ESR-𝛼,
CALM-1, and GDF-5 are polymorphic in Indian population.
The frequency of variant allele of rs2228480 polymorphism
of ESR-𝛼 gene is similar to that reported in Indian popula-
tion and Caucasians but significantly less than the Oriental

population [15, 24, 25]. The frequency of variant allele (T)
of rs12885713 polymorphism of CALM-1 gene was similar to
that reported in Caucasians [18, 26] but relatively higher than
the Oriental population [10, 17]. In contrast, low frequency
(2.3%) of variant allele (G) of rs3814843 polymorphism of
CALM-1 was observed in our population which is similar
to that reported in the Caucasians, though relatively higher
frequency of this minor allele is reported in the Oriental
population [21].The frequency ofminor allele (C) of the other
polymorphism of CALM-1 (rs2300496) and T allele of GDF-
5 was found to be similar to that observed in Oriental and
Caucasians population [9, 11, 13, 17].

Our data has shown significant alterations in the dis-
tribution of variant alleles of GDF-5, ESR-𝛼, and CALM-
1 in OA cases when compared to the controls. Similar to
the case control studies involving Caucasians and Oriental
people [9, 11, 16–18, 27], an increase in the frequency of
A allele (rs 2228480) was observed in OA patients when
compared with the controls. Significant increase in the
frequency of risk allele (T) of GDF-5 in cases of osteoarthritis
is consistent with previous report demonstrating association
of polymorphism inGDF-5withOA [9, 11].Meta-analysis has
also reported significant association ofGDF-5 polymorphism
with osteoarthritis [12]. Likewise, as reported in case control
studies with Caucasian and Oriental population [10, 17, 18],
our data indicating increase in the frequency of variant alleles
(T-rs 12885713 or G-rs 3814843 or C-rs2300496) of CALM-
1 gene has suggested association of CALM-1 polymorphism
with OA [17]. A minor increase in the T allele frequency
of (rs12885713) and significant increase in variant G allele
(rs3814843) in OA patients has further provided evidence for
the role of CALM-1 polymorphism increasing the risk to OA
in the cases.

As GDF-5, ESR-𝛼, and CALM-1 involved in the cell
signaling also contribute to cartilage formation and differen-
tiation [8, 11, 17, 28, 29], it is hypothesized that polymorphism
in these genes may reduce and disrupt the formation of
cartilage thereby increasing the risk to OA.The present study
demonstrating the reduced mRNA and protein expression of
GDF-5, ESR-𝛼, and CALM-1 in PBLs isolated from OA cases
has provided support to the radiological analysis indicating
reduced formation of cartilage as well as its disruption in
the knee OA cases. Though the data was not stratified with
respect to the polymorphism in these genes, it has been
shown that polymorphism in the GDF-5, ESR-𝛼, and CALM-
1may further decrease the activity of these genes [8, 11, 17, 28].
The decrease in the cartilage formation as evident by increase
in the number of cases with KL-3 or KL-4 grading in the OA
cases with the polymorphism in GDF-5, ESR-𝛼, and CALM-
1 has further shown that polymorphism in these genes may
result in decreased cartilage volume thereby enhancing the
risk to OA.

The frequency of the haplotype T-G-C (variant of all
three polymorphisms of CALM-1) was overrepresented in
the cases when compared with controls, resulting in 3.0-
fold increase in risk of OA. Gender-wise stratification also
demonstrated that the haplotype T-G-C increases the risk
to OA in females and males. Similar increase in risk to OA
was reported in a study involving a Japanese population [17].
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Figure 3: (a) Western blot analysis was performed to understand the protein level of GDF5, ESR-𝛼, and CALM-1 in control and case study.
(b) Bar diagram showing the relative protein density after normalization with 𝛽-actin. Relative protein density of GDF5, ESR-𝛼, and CALM-1
was significantly decreased in case study as compared to control group. Representative blots showing three samples from each group (control
and case). Values are expressed as mean ± SEM (𝑛 = 24). ∗𝑝 < 0.05 versus control.

Further evidence that the risk toOAmay be increased in cases
carrying more than one SNP was provided by our studies
indicating a much greater risk in cases carrying genotype
combination of ESR-𝛼 (rs 2228480) and GDF-5 (rs143383)
or CALM-1 (rs12885713, rs3814843, and rs2300496) and
ESR-𝛼 (rs2228480) or CALM-1 (rs12885713, rs3814843, and
rs2300496) and GDF-5 (rs143383) [17].

Interestingly, individuals with less severe knee OA (KL-
2 grade) showed the lesser magnitude of the decrease in
the expression of GDF-5, CALM-1, and ESR-𝛼 in peripheral
blood, when compared to the patients with KL-4 grade of
knee OA. Thus further validation of blood GDF-5, CALM-
1, and ESR-𝛼 expression with the radiological profile (KL
grade) of knee OA will help in developing peripheral blood
expression profiles of candidate genes as possible biomarkers
to monitor the onset and progression of OA.

In conclusion, the study demonstrates that polymor-
phism in genes involved in the development, maintenance,
and repair of bone and cartilage such as GDF-5, CALM-1,
and ESR-𝛼 modifies the susceptibility to OA. RT-PCR and
immunochemical studies demonstrating downregulation in
the expression of GDF-5, CALM-1, and ESR-𝛼 in the PBLs
isolated from OA patients have suggested involvement of
these genes in process of formation of disrupted cartilage in
OApatients. Relatively higher risk alteration in cases carrying
haplotype of variant alleles of CALM-1 gene and in cases
carrying the combination of variant genotypes of GDF-5
and ESR-𝛼 (rs2228480) or CALM-1 and ESR-𝛼 (rs2228480)
or CALM-1 and GDF-5 have demonstrated the importance
of genotype combinations and the role of haplotypes in
predicting the risk to OA.
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