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Introduction

Abstract

Background: The objective of this study was to compare the ge-
nomic features of TGF-B1 and MTHFR between patients with Oste-
oarthritis (OA) and healthy controls in Kanpur, India.

Methods: This study collected blood samples from 220 partici-
pants, including 100 OA patients and 120 healthy individuals, and
analysed them use genetic polymorphism analysis techniques. The
differences in the genetic makeup of TGF-B1 and MTHFR genes be-
tween the two groups were determined by using PCR techniques
and statical analysis.

Results: The results showed significant variations in the expres-
sion levels of the TGF-B1 gene in OA patients compared to healthy
controls, suggesting its potential role in the pathogenesis of OA.
However, the MTHFR 1298A>C SNP was not significantly associated
with OA disease in any genetic model, indicating that it is not as-
sociated with the pathogenesis of OA.

Conclusions: This study highlights the importance of further
research to investigate the underlying mechanisms of TGF-f1 and
MTHER, and its potential as a therapeutic target for the disease.

Keywords: Pathogenesis; Therapeutic targets; Genomic com-
parison; TGF-f1; MTHFR

Abbreviations: OA: Osteoarthritis; TGF-B1: Transforming
Growth Factor-beta 1; MTHFR: Methylenetetrahydrofolate Re-
ductase; SNP: Single Nucleotide Polymorphism; PCR: Polymerase
Chain Reaction; Cl: Confidence Interval; OR: Odds Ratio; BMI: Body
Mass Index; HAQ: Health Assessment Questionnaire; DAS-28: Dis-
ease Activity Score 28; CRP: C-reactive Protein; ECM: Extracellular
Matrix; K-L: Kellgren and Lawrence; VAS: Visual Analog Scale; ACR:
American College of Rheumatology; DNA: Deoxyribonucleic Acid;
PCR: Polymerase Chain Reaction; ARMS PCR: Amplification Refrac-
tory Mutation System Polymerase Chain Reaction; CT: Cytosine to
Thymine; AT: Adenine to Thymine; SNPs: Single Nucleotide Poly-
morphisms; BP: Blood Pressure

With more than 100 million people worldwide, Osteoar-
thritis (OA) is a prevalent rheumatologic disorder that usually
affects the joints of hands, feet, knees, and hips. The preva-
lence rates of knee OA range from 7.5% (in China) to 25% (in
northern Pakistan) and 22-39% in India, where it is the second
most common rheumatologic problem [1,2]. The degeneration
of cartilage occurs due to the direct rubbing of bones during
movement and it causes pain, discomfort, swelling, and loss of
motion [1,3]. Knee OA is worst affected in people aged 65 years
and above [4]. The exact pathogenesis behinds OA remains un-
clear, but it is believed that it is a multifactorial disease influ-

enced by both genetic and environmental factors. Several genes
have been implicated in the development of OA and it accounts
for more than 20% of OA's heritability. Most of them are located
in noncoding regions of the genome, where they are presumed
to regulate the expression of target genes [5,6]. Cartilage DNA
methylation changes in cis have been shown to correlate with
a large number of risk variants which indicate that epigenetics
may play a role in MTHER gene expression [1]. Among the ge-
netic factors, transforming growth factor-beta 1 (TGF-B1) and
Methylenetetrahydrofolate Reductase (MTHFR) are two impor-
tant genes that have been implicated in OA susceptibility and
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Control (01=120) 52 | 68 | 50.21|23.72 ders, cancer, and any other forms of arthritis. Finally, the study
OA (n=100) 37 | 63 | 5131|2201 31 | 92 | 42 | 442 was conducted in accordance with ethical standards, as it re-

Figure 1: Graphical representation of demographic characteristics
of healthy controls and patients.

progression [7]. Studies have shown that TGF-B1 signalling is
required for the formation of articular cartilage during early
joint development but may also be involved in joint destruction
[7]. Additionally, TGF-B has been implicated in abnormal bone
remodelling and cartilage degeneration in OA [8,9]. Genetic
variations of the MTHFR gene link to the incidence of spinal os-
teophyte formation [10]. However, studies report conflicting re-
sults on whether MTHFR gene polymorphism is associated with
early primary knee osteoarthritis or not [11]. The present study
is an important addition to the ongoing research on osteoar-
thritis, specifically by focusing on the Kanpur District of Uttar
Pradesh State in India. The primary objective of the study is to
investigate the association of TGF-B1 and MTHFR genes with OA
disease, as well as to explain the amplification of PCR and poly-
morphism of these genes. The results of this study are expected
to be useful for the pharmaceutical industry in developing new
medications for OA.

Materials and Methods
Inclusion and Exclusion Criteria for Control and Subject

This study involved the selection of control subjects accord-
ing to strict criteria of inclusion and exclusion. The controls were
free of any clinical manifestations and radiological evidence of
joint pain, crepitus, or reduction of joint space on X-ray. Normal
healthy individuals were chosen from the medical college, de-
partmental staff, aged between 30 and 60 (50.21+2.10) years
with a male (89) to female (131) ratio of = 1:1.47. The selection
criteria for the study population were defined to include pa-
tients with OA in the knee joint. The radiological grading of the
Kellgren and Lawrence (K-L) score was used to screen OA pa-
tients. The evaluation of OA patients was conducted based on
three different criteria: the WOMAC (total=44.249.8) score, the
VAS (4.7£1.4) score, and the American College of Rheumatology
(ACR) classification. Only patients who met six or more criteria
were included in the study and these characteristics are knee
pain (asymmetrical) lasting more than six months, stiffness (less
than 30 minutes), swelling, cripitus, tenderness on the medi-
cal side of the joint, X-ray with more than one-third decrease
(Grade 11-78 and Grade 111-22) in joint space and/or presence of
osteophytes, and decreased range of motion in the knee joint.
Patients with normal ligament stability (anterior cruciate, pos-
terior cruciate) were included. The inclusion criteria for the di-
agnosis of OA also included the duration of symptoms (3.3+1.49
years), range of movements (0-140/42+20.2), VAS pain on
movement (4.7+1.4 cm) and WOMAC score of patients (difficul-
ty 31.0%8.1; pain 9.2+2.2; stiffness 4.2+1.3 and total 44.2+9.8),
which are depicted in Fig. 1. In the study, only normal weight,
BMI 23.72+0.78 for control and BMI 22.91+0.62 for the subject,
was selected. Within a range of 80-120, BP is considered normal
and was considered in this study [12]. To gather data regard-

ceived approval from the Institutional Ethics Committee (CS-
JMU/BSBT/BT/EC-20), and all patients, including both controls
and OA subjects, provided written informed consent.

DNA Isolation

DNA isolation from blood tissue was performed by using a
standard phenol-chloroform protocol [13]. Blood (600 ul) was
washed in TE buffer and centrifuged (20°C; 8500 rpm; 10 min)
[14]. The pellet was homogenized with SET buffer (pH 8) twice
and centrifuged (20°C; 8500 rpm; 10 min). This step was re-
peated twice; 1 ml TE buffer (pH 8), 600 pl 10% SDS and 5 pl of
20 mg/ml proteinase K were added to the pellet and incubated
overnight at 37°C [15]. Saturated phenol:chloroform:isoamyl
alcohol (25:24:1) was added to the tube, and the tube was cen-
trifuged at 20°C and 8500 rpm for 10 min. The supernatant was
removed, and the pellet was resuspended in sodium acetate
and chilled absolute alcohol and incubated for 2 hours. Centrif-
ugation at 4°C; 8500 rpm; 10 min was carried out [16]. The DNA
pellet was then washed twice with 70% alcohol and resuspend-
ed in TE buffer (pH 8) [17]. Finally, a 0.8% TAE agarose gel was
used to check the integrity of DNA [17]. The quantity and purity
of DNA were checked by measuring the OD at 260 nm [18,19].
The concentration of DNA was obtained by the following for-
mula: The concentration of DNA = o0 z6tnm % Dilution fscter ., The
quality and purity were confirmed by 0.8%agarose gel electro-
phoresis in 1X TBE buffer (Green & Sambrook, 2019; How Do |
Determine the Concentration, Yield and Purity of a DNA Sam-
ple?, n.d.).

ARMS PCR

ARMS PCR is a relatively economical method for SNP geno-
typing involving a single PCR followed by agarose gel electro-
phoresis [21,22]. All reagents used for PCR amplification [23]
(dNTPs, Tag polymerase, PCR buffer and primers) were ob-
tained from Bangalore Genei (India), Genetix Biotech Asia Pvt
Ltd. and Fermentas (Lithuania). Cytosine to Thymine (CT) in
the transition dinucleotide repeat of TGF-B1 at positions 869
and 1298 (T869C and A1298C, respectively) positioned in the
signal sequence region of TGF-B1 is related to an elevated
prevalence of spinal osteophytosis and ossification of the pos-
terior longitudinal ligament [24]. The following primers were
used: forward primer 5'-CAAGCAGAGTACACACAGCA-3' and
reverse primer 5'-GATGCTGGGCCCTCTCAAGC-3' [25]. Further-
more, MTHER genotypes for dinucleotide Adenine-Thymine
(AT) repeats in humans are responsible for the production of
functional methylenetetrahydrofolate enzyme production
[21]. The polymorphism was genotyped with forward primer
5'-TGAACAGGTGGAGGCCAGCCTCT-3"' and reverse primer 5'-AG-
GACGGTGCGGTGAGAGTH-3' [26]. PCR conditions were used as
standardized in the lab. Polymorphic alleles were detected for
the MTHFR and TGF-B1 gene polymorphisms according to the
length of the PCR product, and three genotypes were assigned
to the individuals according to the positions of the dominant
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and recessive as follows: homozygous recessive genotype (CC),
heterozygous recessive (CA), and homozygous dominant (AA)
[27].

Results

The association between the TGF-B polymorphism and OA
susceptibility was assessed by the Odds Ratio (OR) with a 95%
Confidence Interval (Cl). The OR at 95% Cl for TGF-B C869T was
calculated for five genetic models: CC versus CT + TT in a domi-
nant model, TT versus CC + CT in a recessive model, CC versus
TTin a codominant | model, CC versus CT in codominant Il mod-
els and C versus T in the allelic model (Table 1). The ORs for the
C869T polymorphism were 17.6 (95% Cl: 8.01-38.18, p<0.0001)
in the dominant model, 1.85 (95% Cl: 0.92-3.72, P=0.1008) in
the recessive model, 39.11 (95% Cl: 14.74-103.69, p<0.0001) in
the codominant | model, 8.38 (95% Cl: 3.42-20.54, p<0.0001) in
the codominant Il model and 0.21 (95% Cl: 0.13-0.33, p<0.0001)
in the allelic model. These results indicate that the SNP TGF-B
869 C>T was significantly associated with OA disease in the
dominant model. The association between the MTHFR poly-
Table 1: Genotype and allele frequency distribution of the TGF -1
gene.

Control N | Patient . Pearson
Odds ratio = P value
(%) N (%) value
TGF B-1 gene -
TT | 88(74.6) | 10(14.3) 3.192
Genotypic <0.0001
o CcT 9(7.6) 40(57.1) (2.111- 74.307
distribution
cC 21(17.8) 20(28.6)  4827)
Allelic 185(78.4) | 60(42.9) 0.21
o <0.0001 48.870
distribution 51(21.6) | 80(57.1) @ (0.13-0.33)
MTHFR gene -
AA | 46(58.9) | 42(45.6) 1.611
Genotypic
e AC = 28(35.9) | 40(43.5) (0.989- 0.154 3.743
distribution
CC  4(5.1) 10(10.9) 2626)
Allelic 100(64.1) | 124(67.4) 0.74
o 0.2674 | 38.099
distribution C 36(23.1) | 60(32.6)  (0.46-1.21)

Table 2: Logistic regression analysis of the TGF -1 gene and MTHFR
gene.

Genetic Controls, N | Patients, N A P Pearson
Odds ratio
models (%) (%) value value
TGF B-1 gene -
Dominant 88(74.6) : 10(14.3) : 17.6
<0.0001 & 63.998
CC.CT+TT 30(25.4) 60(85.7) (8.01-38.68)
Recessive 97(82.2) : 50(71.4) : 1.85
0.1008 2.991
TT:CC+CT 21(17.8) 20(28.6) (0.92-3.72)
Codomi- 88(74.6): | 10(14.3): 39.11
<0.0001 @ 74.258
nant1CC:TT 09(7.6) 40(57.1) | (14.75103.69)
Codo-
i 88(74.6): | 10(14.3): 8.38
minant Il <0.0001 @ 25.417
21(17.8) 20(28.6) (3.42-20.54)
CC:.CT
MTHFR gene -
Dominant
46(59.0) : 42(45.7) : 1.71(0.93-
AA: AA 0.092 3.000
32(41.0) 50(54.3) 3.15)
+CC
Recessive
74(94.9): | 82(89.1):  2.26(0.68-
AA + AC 0.2631 | 27.530
04(5.1) 10(10.9) 7.5)
: CC
Codomi-
46(59.0): | 42(45.7): 2.74(0.8-
nant | AA: 0.150 3.000
04(5.1) 10(10.9) 9.39)
cc
Codomi-
46(59.0) : 42(45.7) : 1.96(1.05-
nant Il AA 0.0422 4.488
. AC 28(35.9) 50(54.3) 3.65)

morphism and OA susceptibility was also assessed by the OR
with a 95% Cl. The OR at 95% CI for A1298C was calculated for
five genetic models: AA versus AC + CC in a dominant model,
CC versus AA + AC in a recessive model, AA versus CC in a codo-
minant | model, AA versus AC in a codominant Il model (Table
2) and A versus C in the allelic model (Table 1). The ORs for the
A1298C polymorphism were 1.71 (95% Cl: 0.93-3.15, P=0.092)
in the dominant model, 2.26 (95% Cl: 0.68-7.5, P=0.263) in
the recessive model, 2.74 (95% Cl: 0.8-9.39, P=0.150) in the
codominant | model, 1.96 (95% Cl: 1.05-3.65, P=0.042) in the
codominant Il model and 0.74 (95% Cl: 0.46-1.21, P=0.267) in
the allelic model. These results indicate that the SNP MTHFR
1298A>C was not significantly associated with OA disease in any
of the genetic models.

Discussion

TGF-B1 T869C SNP displayed a significant association for the
risk of development of OA in dominant and codominant mod-
els. The risk was highest in the dominant model (OR, 17.6), fol-
lowed by the codominant model-I (OR, 39.11). Together, these
results indicate that the heterozygous TC genotype has a great-
er risk of developing OA. This fact is well reflected in the geno-
typic distribution of TC in control and OA subjects. Thus, the
frequency of TC heterozygotes was higher in OA subjects (40%)
than in controls (0.75%). Similar results have been reported in
different populations [28]. The upregulation of the D-14 allele
in OA cartilage has been observed to hinder the synthesis of
cartilage-specific Extracellular Matrix (ECM) components such
as collagen and proteoglycans in chondrocytes by inhibiting
TGF-B signalling [29]. Changes in the MH2 protein interface
domain ultimately impact the three-dimensional structure of
the protein, which is crucial for Smad3 interactions necessary
for TGF-B signalling. This information was reported in studies
conducted by Tzavlaki et al. [29] and Che et al. [30]. Addition-
ally, our study suggests that TC heterozygotes are predisposed
to OA. For instance, a heterozygous carrier with OA in the first
degree of blood relatives should take the necessary steps to
safeguard him/her from potential OA complications. Further-
more, unlike TGF-B, the MTHFR A1298C SNP displayed no as-
sociation with the risk of OA development. For the A1298C
polymorphism in the MTHFR gene, the ORs were 1.71 (95%
Cl: 0.93-3.15. P=0.092) in the dominant model and 2.26 (95%
Cl: 0.68-7.5 P=0.263) in the recessive model. It is evident from
the results that the SNP in MTHFR was not significantly associ-
ated with OA disease in each of the models examined. A similar
trend has been reported in other populations [31]. However,
it is important to note that we have not tested other SNPs for
MTHFR in our subjects. Genotyping with other SNPs together
with this could provide further insight into the risk of the devel-
opment of OA.

Conclusion

In conclusion, this study compared the genomic features of
the TGF-B1 and MTHFR genes between OA patients and healthy
individuals in the Kanpur District of India. The findings showed
significant variations in the expression levels of the dominant
(CC:CT+TT) and codominant (I CC:TT and Il CC:CT) TGF-B1 genes
and allelic distribution in OA patients compared to the healthy
controls, indicating their potential role in the pathogenesis of
OA. SNP MTHFR 1298A>C was not significantly associated with
OA disease in dominant recessive or other genetic models, in-
dicating that it is not associated with the pathogenesis of OA.
These results highlight the importance of further research to
investigate the underlying mechanisms of TGF-1 and MTHFR
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in OA and their potential as therapeutic targets for the disease.
The study adds valuable insights to ongoing research on OA,
which is a significant public health concern worldwide, particu-
larly in the Indian population. The study findings may help iden-
tify potential biomarkers for the early detection and diagnosis
of OA and develop personalized treatment strategies.
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