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Abstract
Genetic variations in a disintegrin and metalloprotease 12 (ADAM12) gene may 
contribute to develop Osteoarthritis (OA) that is characterized by cartilage matrix 
degradation and osteophytes formation. Therefore, the aim of present study was to 
analyze the association between the ADAM12 gene variants and knee OA predisposi-
tion. Tetra‐primers ARMS‐PCR was employed, to genotype the ADAM12 gene pol-
ymorphisms (rs1044122 and rs1871054) in 400 knee OA patients and equal number 
of age-matched controls. The association between ADAM12 gene variants and OA 
susceptibility was estimated using the Chi-square, logistic regression, haplotypes 
and linkage analyses. A significant association of rs1044122 (genotype: χ2 = 18.94; 
P < 0.001, allele: χ2 = 19.10; P < 0.001) and rs1871054 (genotype: χ2 = 10.04; 
P = 0.007, allele: χ2 = 10.57; P = 0.001) was observed with increased OA suscepti-
bility. The variant genotype of rs1044122 increased OA risk more than twice [odds 
ratio (OR) 2.20; P = 0.001] and the risk was higher in females (OR 2.43; P = 0.001). 
The variant genotype of rs1871054 was perceived to almost double the risk in 
females (OR 1.97; P = 0.003). Moreover, a significant association of rs1044122 and 
rs1871054 under the additive genetic model (P < 0.001 and P = 0.002, respectively) 
was observed. The targeted ADAM12 gene polymorphisms, showed significant asso-
ciation with knee OA susceptibility. Females harboring the polymorphisms might 
be at risk. Besides, the haplotype CC of rs1044122 and rs1871054 in the ADAM12 
gene may double knee OA risk. These findings may help in determining the etiology 
of OA and recognizing the people at risk of developing knee OA.
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Introduction

Osteoarthritis (OA) is a prevalent degenerative joint disorder and the leading 
source of years lived with disabilities (YLDs) across the globe (Vos et al. 2015). 
In 2017 OA prevalence and incidence were estimated to be 303.1 million and 
14.9 million respectively, while YLDs was accounted to be 9.6 million (Safiri 
et  al. 2020). The prevalence of OA had been increased substantially over the 
past 20  years and would likely to be increased further (Holt et  al. 2011; Turk-
iewicz et  al. 2015). Moreover, OA occurrence also increased among younger 
people ≥ 15 years of age (Yu et al. 2015). Knee OA is the most common disor-
der with a gradual progression leading to disability. However, about 3.4% of the 
patients develop the accelerated OA in 4  years (Driban et  al. 2014, 2020). The 
joint disorder occurs by the articular cartilage degradation as a consequence of 
bone-on-bone friction in the joint area that causes pain and stiffness with move-
ment limitations. Various risk factors including age, female sex, excessive joint 
use, and obesity, contribute to OA development, and approximately 30% of OA 
risk is genetically determined (Valdes et al. 2010). Various Genome-Wide Asso-
ciation Studies (GWAS) have recognized that some single nucleotide polymor-
phisms (SNPs) showed an association with the reduced thickness of articular car-
tilage in the knee and hip OA patients (Casalone et al. 2018; Styrkarsdottir et al. 
2017).

A disintegrin and metalloprotease 12 (ADAM12) gene is a member of the 
ADAM family and one of the candidate genes associated with OA susceptibil-
ity (Wu et al. 2017). The ADAM family comprises more than 30 zinc-dependent 
proteases that are accountable for proteolytic activities, adhesion and intracellular 
signaling (Giebeler and Zigrino 2016). Similarly, the ADAM12 gene is responsi-
ble for the development of bones, proliferation of chondrocytes, and differentia-
tion of osteoclasts with a very critical role concerning both the normal physiol-
ogy and OA pathology (Okada et al. 2008). Therefore, the genetic investigations 
of the ADAM12 were carried out in various OA-centered studies encompassing 
diverse ethnic groups and populations (Hao et al. 2017; Poonpet et al. 2016).

Since the chondrocytes maintain the equilibrium between the synthesis and 
degradation of cartilage extracellular matrix (ECM), the polymorphisms in 
ADAM12 gene in OA may enhance cartilage degradation process by disturbing 
the balance (Okada et al. 2008; Roy et al. 2004). In addition, the ADAM12 gene 
may contribute to the arthritis predisposition through osteophytosis that is related 
to bone remodeling and neochondrogenesis (Kerna et al. 2013). Osteophytes act 
as an indicator of the remodeling processes and reflect OA progression in affected 
joints. The rs1044122 represents synonymous polymorphism in the ADAM12 
gene, which showed a significant association with osteophytosis, predominantly 
in female cases of OA (Kerna et al. 2013). Besides, the intronic variant rs1871054 
may elevate the ADAM12 gene translation in bones and joints with progressive 
cartilage ECM degeneration (Lv et al. 2017). Though various studies have evalu-
ated the relationship between these SNPs of the ADAM12 gene and the proneness 
to knee OA in multiple ethnic groups, the obtained results are varying among 
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the studied populations. For instance, the rs1044122 has not shown any associa-
tion with OA susceptibility in various studies (Jung et al. 2019; Lou et al. 2014; 
Valdes et al. 2006; Wang et al. 2015; Yang et al. 2017). Similarly, the association 
of rs1871054 was not observed in the Caucasian population (Valdes et al. 2006). 
Besides, a meta-analysis confirmed the substantial contribution of rs1871054 to 
enhance knee OA exposure in the Chinese population (Lv et al. 2017). In addi-
tion, a meta- analysis based on 5048 OA cases and 6848 controls suggested that 
the rs1044122 and rs1871054 might have a strong association with the vulner-
ability to OA (Hu et  al. 2017). Hence, ADAM12 gene polymorphisms might be 
involved in developing OA through the excessive degeneration of articular car-
tilage and osteophytes development. The association analyses of the ADAM12 
gene polymorphisms with OA predisposition may provide an insight into OA 
research. Therefore, the study more precisely depicts the role of rs1044122 and 
rs1871054 in the ADAM12 gene for conferring knee OA predisposition in the 
local population.

Methods

The Studied Participants

The study enrolled 400 physicians-diagnosed patients with radiographic knee OA 
based on medical history, physical examination, and radiographic evaluation. The 
patients were aged over 30 years and visited the department of orthopedics, trauma, 
and reconstructive surgery, Jinnah Postgraduate Medical Center (JPMC), Karachi, 
Pakistan, from January 2016 to February 2019. The standards set by the American 
College of Rheumatology (ACR) comprise narrow joint space, osteophytes or bone 
spurs with OA symptoms including joint stiffness with pain, crepitus, tenderness 
and joint deformation (Ashford and Williard 2014). In the present investigation, the 
inclusion criteria used for primary OA were wide-ranged that included the associ-
ated signs, symptoms and Kellgren–Lawrence (K–L) system-based radiographic 
features of OA. Moreover, the patients who had a total knee joint replacement sur-
geries with K–L grade > 2 have also participated in the study, excluding the patients 
with fractures, chronic infections, and autoimmune disorders such as rheumatoid 
arthritis, polyarthritis and dysplasia. Each patient indicated the pain and symptom 
through a 10 cm visual analogue scale (VAS) and Western Ontario and McMaster 
Universities arthritis index (WOMAC). Age-matched 400 healthy individuals also 
have participated in the study as controls who never had the signs or symptoms of 
bone and joint disorders based on their clinical record and a detailed investigation by 
physiatrists.

Ethical review boards of The Karachi Institute of Biotechnology and Genetic 
Engineering (KIBGE) and JPMC have approved the research. The written informed 
consent from each participant followed a five ml venous blood sampling in the acid 
citrate dextrose (ACD) vacutainers. The processes involving human subjects fol-
lowed the ethical principles of human research and the Helsinki declaration of 1975, 
as reviewed in 2000.
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Genotyping

Genomic DNA in the study was extracted from the samples by the standard phe-
nol- chloroform technique (Sambrook et al. 1989). Construction of specific primers 
by Primer1 tool (http:// prime r1. soton. ac. uk/ prime r1. html) followed the rs1044122 
and rs1871054 genotyping in each sample using tetra-primers Amplification Refrac-
tory Mutation System- Polymerase Chain Reaction (ARMS-PCR) (Collins and Ke 
2012). The PCR primers and their relative amplicons’ sizes have been shown in 
Fig. 1A and B. The total volume of each PCR was 25 μl containing 250 ng DNA. 
For rs1044122, 016  µM forward inner (FI) primer (5′- TCC TCC CCT CCA CCG 
GTC T-3′), 0.3 µM reverse inner (RI) primer (5′-ACG CTA GGT GCA CGT TGG -3′), 
0.24 µM forward outer (FO) primer (5′-CTT CTA TTC CAG ATT TGG TGG GGT -3′), 
0.08  µM reverse outer (RO) primer (5′- CCA GGC ACC AAA CTA ACT GCTTT-3′) 
along with 200 μM dNTPs, 2.0 mM MgCl2, 1X (NH4)2SO4 buffer and one unit of 
Taq polymerase (MOLEQULEON, Auckland, New Zealand) were used. DNA was 
melted for 5 min at 95 °C following 35 rounds of DNA melting for 45 s at 94 °C, 

Fig. 1  A ADAM12 with rs1044122 showing the primers positions for T-ARMS-PCR with the amplicons’ 
sizes. B ADAM12 with rs1871054 showing the primers positions for T-ARMS-PCR with the amplicons’ 
sizes

http://primer1.soton.ac.uk/primer1.html
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primers annealing at 56 °C for 45 s, polymerization at 72 °C for 30 s and extension 
of the polymerization for 5 min at 72 °C.

For rs1871054, 0.16  µM FI (5′-CAG AGT AGC ACA GGC CCC C-3′) primer, 
0.3 µM RI (5′-ATT CCT TCC CAA GAA GCA CGA-3′) primer, 0.1 µM FO (5′-CAG 
AGA CAC CCT AGG GCC AAC-3′) primer and 0.1 µM RO (5′- CAA TTT CGG GAT 
GAA TCA TGACA-3′) primer along with 200  μM dNTPs, 1.7  mM  MgCl2, 0.85X 
(NH4)2SO4 buffer and one unit of Taq polymerase (MOLEQULEON, Auckland, 
New Zealand) were used. DNA was melted for 5 min at 95 °C before undergoing 35 
rounds of melting for 30 s at 94 °C, primer annealing for 30 s at 58 °C, polymeriza-
tion at 72 °C for 30 s, and elongation of the polymerization for 5 min at 72 °C. The 
amplicons were identified through 2.5% agarose gel electrophoresis with ethidium 
bromide stain (10 mg/ml), and a 100 base pairs (bp) DNA ladder, under UV expo-
sure of the gel documentation system (Gel Doc 2000, BioRad, California, USA). To 
validate the PCR results, 20 (5%) samples from the patients, and an equal number 
of the samples from controls, were randomly selected and sequenced. For sequenc-
ing, the DNA samples were subjected to amplification by the FO and RO primers of 
rs1044122 and rs1871054. The amplicons were filtered through the AccuPrep PCR 
purification kit, Bioneer (Korea), and sequenced from Bioneer (Korea) using ABI 
3130 genetic analyzer (Applied Biosystems, USA) with Big Dye™ terminator cyclic 
sequencing. Molecular evolutionary genetics analysis (MEGA) v6.0 was used to 
investigate the DNA sequences (Tamura et al. 2013).

Statistical Analyses

In addition to the descriptive statistics of the study variables, Pearson’s chi-square 
test was performed to analyze the categorical variables and to check the associa-
tion of clinicopathological characteristics in OA patients with the variant genotypes, 
employing SPSS Statistics v20 (IBM Corp., Armonk, NY, USA). Baseline quantita-
tive statistics are indicated as the mean ± standard error of the mean (SEM). Chi-
square goodness of fit test was applied to check the Hardy–Weinberg equilibrium 
(HWE). Univariate logistic regression analyses were employed to assess the strength 
of the relationship between ADAM12 gene polymorphisms and OA susceptibility 
by estimating the odds ratio (OR) with 95% confidence interval (CI) under various 
models of inheritance. For adjusted OR, multivariate logistic regression analyses 
were used after the adjustment of confounding variables comprising sex, age and 
body mass index (BMI) as covariates. For sex-based association analyses, the data 
were stratified based on gender. The correlation between the risk and number of the 
variant alleles was checked by the Cochran-Armitage (CA) trend test under the addi-
tive model of inheritance. Linkage disequilibrium (LD) between the rs1044122 and 
rs1871054 in the ADAM12 gene was predicted among patients of the OA and con-
trol group using the HaploView ver.4.2 software (https:// www. broad insti tute. org/ 
haplo view/ haplo view) (Barret et al. 2005). The PLINK ver.1.07 software (http:// zzz. 
bwh. harva rd. edu/ plink/ gplink. shtml) was employed to evaluate the haplotypes asso-
ciations with OA predisposition through the estimation of ORs and 95% CI (Purcell 
et al. 2007). P < 0.05 reflected statistically significant outcomes.

https://www.broadinstitute.org/haploview/haploview
https://www.broadinstitute.org/haploview/haploview
http://zzz.bwh.harvard.edu/plink/gplink.shtml
http://zzz.bwh.harvard.edu/plink/gplink.shtml
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Results

Participants Characteristics

A total of 800 participants (aged 31 to 70 years) were included in the study, com-
prising 400 knee OA patients and the same number of age-matched controls. The 
mean age of all participants was 49.79 ± 0.36 years, with no significant difference 
between the patients and controls (50.45 ± 0.49 versus 49.13 ± 0.53, respectively; 
P = 0.07). The case group comprised 312 (78%) females and 88 (22%) males while 
the control group comprised 300 (75%) females and 100 (25%) males and the dif-
ference was also statistically insignificant (χ2 = 1.00; P = 0.31). However, the mean 
BMI of patients (38.10 ± 0.45) was significantly higher than controls (26.10 ± 0.25; 
P < 0.001). The association of rs1044122 and rs1871054 genotypes with the clin-
icopathological features of knee OA, was investigated. None of the study vari-
ables showed a positive association with the genotypes of rs1044122 (Table 1) and 
rs1871054 (Table  2). The mean VAS score of patients was 6.31 ± 0.06, and the 
WOMAC arthritis index was 55.2 ± 0.75.

Tetra‐primers ARMS‐PCR and Sequencing

ADAM12 gene polymorphisms (rs1044122 and rs1871054) were genotyped in 
each DNA sample using the optimized tetra‐primers ARMS‐PCR protocol that 
revealed the wild- type TT, heterozygous TC, and the alternative CC genotypes for 
rs1044122 and rs1871054. An amplicon of 584 and 576 bp indicated the amplifica-
tion through the outer primers of rs1044122 and rs1871054, respectively. In the case 
of rs1044122, the amplification by FI and RO primers generated a 259 bp ampli-
con representing the wild-type TT genotype. Amplification by RI and FO prim-
ers generated a 361 bp amplicon representing the variant CC genotype. However, 
in the case of heterozygous TC genotype, three fragments of 584 bp, 259 bp and 
361 bp were observed. For rs1871054, amplification by RI and FO primers gener-
ated a 359 bp amplicon representing the wild-type TT genotype. Amplification by 
FI and RO primers generated a 257 bp amplicon representing the variant CC geno-
type. However, in the case of heterozygous TC genotype, three fragments of 576 bp, 
359 bp, and 257 bp were observed. Figure 2 shows the outcomes of tetra-primers 
ARMS-PCR for rs1044122 and rs1871054. The PCR results were cross-validated 
by re-genotyping the polymorphisms in 40 (5%) samples from the study popula-
tion after the random selection the results were identical both times. Additionally, 
the PCR findings were completely concordant with the results of sequencing. The 
representative electropherograms of sequences are shown in Fig. 3 (rs1044122) and 
Fig. 4 (rs1871054).

ADAM12 Gene Polymorphisms Association with Osteoarthritis Susceptibility

The Pearson chi-square test with 2 degrees of freedom revealed a significant 
association of rs1044122 (χ2 = 18.94; P < 0.001) and rs1871054 (χ2 = 10.04; 
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P = 0.007) genotypes with knee OA exposure. The distribution of rs1044122 and 
rs1871054 followed HWE in each of the study groups (Table 3). Assuming the 
minor allele of rs1044122 and rs1871054 as a risk allele, multiple inheritance 
models were employed in the study to investigate the association of the ADAM12 
genetic alterations with knee OA exposure. The variant alleles of rs1044122 and 
rs1871054 showed a statistically significant association with disease suscep-
tibility in the patients suffering from knee OA (OR 1.60, χ2 = 19.10; P < 0.001 
and OR 1.38, χ2 = 10.57; P = 0.001, respectively). The variant genotype of 

Table 1  Genotypic association analyses of rs1044122 in the ADAM12 gene with clinicopathological fea-
tures of knee OA

BMI body mass index, Obese BMI ≥ 25 kg/m2, χ2 Chi-square test, P-valuea was calculated using the Chi-
square test, C cytosine, T thymine

Clinicopathological characteristics Case (n = 400) TT TC CC χ2 value P−valuea

Obesity status
 BMI (< 25 kg/m2) 31 14 12 5 0.55 0.75
 BMI (≥ 25 kg/m2) 369 151 168 50

Stages
 Early knee OA 40 14 17 09 2.95 0.22
 Advanced knee OA 360 151 163 46

Age groups
 31–40 (years) 82 36 29 17 6.99 0.32
 41–50 (years) 163 67 76 20
 51–60 (years) 98 40 45 13
 61–70 (years) 57 22 30 05

Knee
 Right 208 91 89 28 2.10 0.71
 Left 102 36 51 15
 Both 90 38 40 12

Family history
 Yes 287 117 131 39 0.17 0.91
 No 113 48 49 16

Menopause (females)
 Premenopausal (31–45 years) 128 52 54 22 3.62 0.45
 Menopause (46–55 years) 103 40 46 17
 Post menopause (56–70 years) 81 33 41 07

Parity (females)
 Nulliparous 40 13 22 05 5.19 0.26
 Monoparous/multiparous 234 95 100 39
 Single (not applicable) 38 17 19 02
 Osteophytes 348 143 158 47 0.22 0.89
 Sclerosis 121 47 56 18 0.46 0.79
 Meniscal injuries 126 51 59 16 0.31 0.85
 Joint deformation 40 14 17 09 2.95 0.22
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rs1044122 was found to increase the risk more than twice (CC versus TT: OR 
2.20, χ2 = 11.08; P = 0.001), as shown in Table 4. In addition, the genetic variant 
rs1044122 was perceived to have a significant association with increased knee 
OA predisposition under the co-dominant (TC versus TT: OR 1.74, χ2 = 13.36; 
P < 0.001), dominant (TC + CC versus TT: OR 1.83, χ2 = 18.01; P < 0.001), 
recessive (CC versus TT + TC: OR 1.71, χ2 = 5.57; P = 0.01), over-dominant(TC 
versus TT + TC: OR 1.50, χ2 = 7.91; P = 0.005), and additive (2CC + TC versus 
2TT + TC: OR 1.56; P < 0.001) models. The risk of OA was also observed to 

Table 2  Genotypic association analyses of rs1871054 in the ADAM12 gene with clinicopathological fea-
tures of knee OA

BMI body mass index, Obese BMI ≥ 25 kg/m2, χ2 Chi-square test P-valuea was calculated using the Chi-
square test, C cytosine, T thymine

Clinicopathological characteristics Case (n = 400) TT TC CC χ2 value P−valuea

Obesity status
 BMI (< 25 kg/m2) 31 09 15 07 0.77 0.67
 BMI (≥ 25 kg/m2) 369 87 175 107

Stages
 Early knee OA 40 11 18 11 0.30 0.86
 Advanced knee OA 360 85 172 103

Age groups
 31–40 (years) 82 22 29 31 7.67 0.26
 41–50 (years) 163 40 79 44
 51–60 (years) 98 20 53 25
 61–70 (years) 57 14 29 14

Knee
 Right 208 50 94 64 2.69 0.61
 Left 102 22 50 30
 Both 90 24 46 20

Family history
 Yes 287 71 129 87 2.79 0.24
 No 113 25 61 27

Menopause (females)
 Premenopausal (31–45 years) 128 33 54 41 6.06 0.19
 Menopause (46–55 years) 103 22 52 29
 Post menopause (56–70 years) 81 16 48 17

Parity (females)
 Nulliparous 40 13 19 08 3.61 0.46
 Monoparous/multiparous 234 49 115 70
 Single (not applicable) 38 09 20 09
 Osteophytes 348 83 169 96 1.44 0.48
 Sclerosis 121 26 56 39 1.35 0.50
 Meniscal injuries 126 38 63 35 0.51 0.77
 Joint deformation 40 11 18 11 0.30 0.86
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be conferred by rs1044122 after the adjustment for sex, age, and BMI under the 
dominant (TC + CC versus TT: OR 1.53; P = 0.03), and additive (2CC + TC ver-
sus 2TT + TC: OR 1.38; P = 0.02) inheritance models.

In females the minor allele of rs1044122 showed a significant association 
with OA under each model of inheritance and the variant genotype of rs1044122 
was found to confer comparatively higher disease risk (CC versus TT: OR 2.43, 
χ2 = 11.07; P = 0.001), shown in Table  5. The knee OA risk was also observed 
under the co-dominant (TC versus TT: OR 1.7; P = 0.03), dominant (TC + CC 
versus TT: OR 1.80; P = 0.01), additive (2CC + TC versus 2TT + TC: OR 1.53; 
P = 0.01), and allelic (C versus T: OR 1.58; P = 0.008) models of rs1044122 in 
females after the adjustment for sex, age, and BMI.

The variant genotype of rs1871054 was observed to increase the risk approxi-
mately twice (CC versus TT: OR 1.84, χ2 = 9.79; P = 0.002), as shown in Table 4. 
The minor allele of rs1871054 showed a significant association with knee OA 
risk under the co- dominant (TC versus TT: OR 1.42, χ2 = 4.42; P = 0.03), domi-
nant (TC + CC versus TT: OR 1.56, χ2 = 7.95; P = 0.005), recessive (CC versus 
TT + TC: OR 1.47, χ2 = 5.62; P = 0.01), and additive (2CC + TC versus 2TT + TC: 

Fig. 2  Genotyping of rs1044122 and rs1871054 in ADAM12 using tetra-primers ARMS-PCR. A 
A 259 bp PCR product in lanes including 1, 3, 5, 6, 8, 10, 12, and 13, represents the TT genotype of 
rs1044122. A 361 bp amplicon in lanes, including 4, 7, 11, and 14, shows the CC genotype. Amplifica-
tion of both 259 and 361 bp in lanes, including 2, and 9 indicate the TC genotypes for rs1044122. B A 
359 bp PCR product in lanes, including 1, 3, 7, 9, and10, represents the TT genotype of rs1871054. A 
257 bp amplicon in lanes, including 2, 5, 6, and 11, shows the CC genotypes. Amplification of both 359 
and 257 bp in lanes, including 4, and 8, indicate the TC genotypes for rs1871054. Lane M in A and B 
shows a 100 bp ladder. The 584 and 576 bp products in A, and B, respectively, are the internal control for 
the PCR
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Fig. 3  The electropherograms of sequences for rs1044122 in the ADAM12 gene. A Two different peaks 
within a trace show rs1044122. B A single red-colored peak shows the wild-type T allele. C A single 
blue-colored peak shows the variant C allele (Color figure online)

Fig. 4  The electropherograms of sequences for rs1871054 in the ADAM12 gene. A Two different peaks 
within a trace show the rs1871054. B A single red-colored peak shows the wild-type T allele. C A single 
blue-colored peak shows the variant C allele (Color figure online)
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OR 1.36; P = 0.002) models of inheritance. The genetic variant rs1871054 was 
perceived to be associated with knee OA risk in females under the co-dominant 
(TC versus TT: OR 1.47, χ2 = 3.95; P = 0.04), dominant (TC + CC versus TT: OR 
1.62, χ2 = 7.04; P = 0.008), recessive (CC versus TT + TC: OR 1.53, χ2 = 5.14; 
P = 0.02), additive (2CC + TC versus 2TT + TC: OR 1.40; P = 0.003), and allelic 
(C versus T: OR 1.41, χ2 = 0.93; P = 0.002) models as shown in Table 6. The vari-
ant genotype of rs1871054 was found to confer relatively higher disease risk in 
females (CC versus TT: OR 1.97, χ2 = 8.91; P = 0.003).

A weak linkage disequilibrium (LD) between rs1044122 and rs1871054 in the 
ADAM12 gene was observed (D′ = 0.56; r2 = 0.15) in the present study. Moreover, 
haplotype CC of the ADAM12 gene polymorphisms (rs1044122|rs1871054) showed 
the most significant association with increased susceptibility to knee OA (CC versus 
TT: OR 1.79; P < 0.001), as shown in Table 7.

Discussion

One of the main findings of the study includes the development of an efficient and 
economic tetra‐primers ARMS‐PCR protocol to genotype rs1044122 and rs1871054 
in the ADAM12 gene. The research might be carried out for the first time to examine 
the relationship between the ADAM12 gene variants and knee OA vulnerability in 
the local population of Pakistan.

Knee OA is an extremely complicated joint disorder, contributed by a combina-
tion of multiple risk elements, including environmental factors, genetics, aging, and 
obesity (Khan et al. 2020; Sandell 2012). In humans, the ADAM12 gene, the can-
didate for knee OA susceptibility, is located at chromosome 10q26.3 and codes for 
ADAM12 protein that has structural and functional similarities with ADAMs (Gilpin 
et  al.  1998). There are two forms of ADAM12 protein. ADAM12-S is the small 
secreted form, and ADAM12 -L is the long membrane-attached form. ADAM12-
S peptide contains a protease, metalloprotease, disintegrin, and a cysteine-rich 
domain. In the long-form of ADAM12 protein, a cytoplasmic and transmembrane 
domain are also linked (Gilpin et al. 1998). Zymogen, an inactive form of ADAM12 
protein, has a prodomain preserving the metalloprotease activities in the dormant 
state, possibly via a cysteine switch (Loechel et al. 1998). The prodomain is chemi-
cally cleaved into an active ADAM12 protein revealing the proteolytic activities in 
the metalloprotease domain (Loechel et al. 1998; Springman et al. 1990).The acti-
vated ADAM12 protein plays an essential role to cleave insulin-like growth factor 
binding protein 5 (IGFBP-5) inside the cartilage ECM to discharge the IGF-1 from 
the IGFBP-5 complex (Okada et al. 2008). The proteolytic activities of ADAM12 
protein are highly susceptible to genetic variations. As a result, the lack of IGF-1, 
which is one of the growth factors for chondrocytes proliferation, may predispose 
the joint to its articular cartilage degeneration process and OA development (Poon-
pet et al. 2016).

The ECM of cartilage is well-maintained through the proliferation of chondro-
cytes. Under normal physiological conditions, chondrocytes uphold the balance 
between the development and deterioration of cartilage ECM, ensuring the articular 
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cartilage maintenance. In the case of ADAM12 genetic alterations, the equilibrium 
shifts towards the excessive degradation of cartilage through the overexpression 
of ADAM12 gene- encoded matrix-metalloproteinase, which leads to cartilage loss 
and OA (Okada et  al. 2008). The probable approaches of such genetic variations 
to overexpress the ADAM12 gene include the uncontrolled transcription process, 
translation of relative isoforms, or stabilization of the mRNAs (Pastinen et al. 2006). 
Although the genetic variants, including synonymous and intronic polymorphisms 
of the ADAM12 gene, do not change the protein composition, still the gene expres-
sion might be transformed through altering the mRNA level that may change the 
time intervals of the overall translational process. Additionally, genetic variations 
in the ADAM12 may change the translation rate or the protein maturation mecha-
nism (Bartoszewski et al. 2010; Kimchi-Sarfaty et al. 2007). In this way, the genetic 
polymorphisms may lead to the enhanced expression of the ADAM12 gene, which 
explains the increased mRNA level detected in the synovial tissues of OA patients 
(Kerna et al. 2013).

The synonymous polymorphism rs1044122 (c.2475T > C, p. Ala825Ala) at  21st 
exon of the ADAM12 gene represents the variation of Ala → Ala at 825th aminoacid 
residue in a single peptide of ADAM12. The polymorphism was found to be mainly 
associated with osteophytes development, predominantly in females (Kerna et  al. 
2013). In the recent analyses, rs1044122 has shown a statistically significant asso-
ciation with knee OA, similar to the previous studies (Hu et al. 2017; Kerna et al. 
2013). The variant genotype of rs1044122 has been observed to confer the risk more 
than twice in the current study, contrary to the Asian and Caucasian populations in 
which the genetic predisposition was not found (Yang et  al. 2017). Similarly, the 

Table 7  Association between haplotypes in the ADAM12 gene with knee OA susceptibility

Values in bold are statistically significant (P-value < 0.05)
Haplotype rs1044122|rs1871054, χ2 Chi-square test, OR odds ratio, P-valuea was calculated from the 
Chi-square test, C cytosine, T thymine

Group Haplotype Frequency (all) Fre-
quency 
(control)

Frequency 
(case)

χ2 Crude OR (95% 
CI)

P-valuea

All TT 0.4487 0.467 0.429 2.37 Reference 0.12
TC 0.2394 0.270 0.208 8.707 0.79 (0.61–1.03) 0.003
CT 0.06944 0.090 0.047 11.43 0.43 (0.25–0.74)  < 0.001
CC 0.2424 0.170 0.314 45.3 1.79 (1.39–2.32)  < 0.001

Female TT 0.44 0.466 0.417 3.11 Reference 0.077
TC 0.242 0.276 0.214 6.66 0.84 (0.63–1.12) 0.009
CT 0.069 0.092 0.051 8.32 0.50 (0.29–0.88) 0.003
CC 0.247 0.165 0.316 39.66 1.90 (1.42–2.55)  < 0.001

Male TT 0.488 0.472 0.526 0.709 Reference 0.399
TC 0.225 0.255 0.151 3.66 0.45 (0.22–0.94) 0.055
CT 0.067 0.087 0.02 4.14 0.03 (0.00–1.05) 0.041
CC 0.219 0.185 0.300 4.63 1.40 (0.76–2.58) 0.031
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risk was not observed in the Chinese population (Lou et al. 2014; Wang et al. 2015). 
In the present study, rs1044122 conferred higher disease risk in females as com-
pared to males, similar to the Estonian population, revealing twice the disease risk 
conferred by the altered genotype of rs1044122 in females (Kerna et al. 2013). The 
knee OA risk was also increased under the dominant genetic model of rs1044122 
after sex, age, and BMI adjustment, contrary to the Asians and Chinese populations 
(Lou et al. 2014; Wang et al. 2015; Yang et al. 2017). The statistically significant 
knee OA association of rs1044122 under the dominant inheritance model of the cur-
rent research reveals that a single copy of the altered allele may increase knee OA 
exposure and both the heterozygous as well as homozygous variant genotypes of 
rs1044122 may confer the disease risk (Bush and Moore 2012; Clarke et al. 2011).

The rs1871054 (c.1154 + 145T > C), at the 11th intron of the ADAM12 gene, 
may enhance the gene expression in synovial joint leading to inflammation (Lv 
et al. 2017). A significant association of rs1871054 was reported in the Asians but 
not in the Caucasian population (Lv et al. 2017). The rs1871054 showed a positive 
association with advanced OA and osteophytes development, particularly in tibi-
ofibular joints of males with knee OA, suggesting the relationship to be sex-based 
and specific to the affected joint sites (Kerna et al. 2013). Besides, the rs1871054 
showed an insignificant association with OA in the Estonian and Caucasian popula-
tions (Valdes et  al. 2006; Kerna et  al. 2009). In the present study, rs1871054 has 
been found to elevate the disease risk, in concordance with the Asian and Chinese 
populations (Lou et al. 2014; Wang et al. 2015; Yang et al. 2017). The variant geno-
type of rs1871054 has elevated the risk about two times in females, while the vari-
ant allele of rs1871054 increased the risk about one and a half times in the present 
study, as reported in the Chinese population (Lou et al. 2014). An association under 
the dominant model of rs1871054 in females of the current investigation reveals the 
higher disease predisposition with mere a single copy of the altered allele (Bush 
and Moore 2012; Clarke et  al 2011). As the genotypic distributions of rs1044122 
and rs1871054 in both the cases and control groups have been in HWE, the risk 
conferred by the genetic alterations in the present analyses might be multiplicative 
(Clarke et al 2011). Moreover, a significant association of rs1044122 and rs1871054 
under the additive model of recent investigation reveals the constant knee OA risk 
increment for each copy of their variant allele (Bush and Moore 2012).

The analyses of the relationship between clinicopathological characteristics and 
the ADAM12 gene polymorphisms in knee OA patients have revealed insignificant 
associations in the present research. These findings disclose that the study variables 
may act as independent risk elements for disease development without any mutual 
effect. A strong LD between rs1044122 and rs1871054 in the ADAM12 gene was 
reported earlier (Lou et al. 2014).

However, in the current research, a weak LD between rs1871054 and rs1044122 
has been identified, in concordance with the previous study (Kerna et  al. 2013). 
These outcomes reveal that rs1044122 and rs1871054 in the ADAM12 gene may 
belong to different haploblocks, and their genetic risk assessments need separate 
evaluations. However, further investigation is still required to validate the findings 
of the present study and to clarify whether the variants of the ADAM12 gene predis-
pose the joint to the processes of cartilage degeneration and OA development.
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Conclusions

The rs1044122 and rs1871054 in the ADAM12 gene showed a statistically signifi-
cant association with knee OA susceptibility in the studied population of Pakistan. 
Females harboring the rs1044122 and rs1871054 might be at risk of OA develop-
ment. Besides, the haplotype CC of rs1044122 and rs1871054 in the ADAM12 gene 
may double the knee OA risk. The study findings might be useful for determining 
the etiology of OA and recognizing the people at risk of developing knee OA. The 
study outcomes may help in the development of knee OA biomarkers for reviewing 
the genetic exposure to the OA and manufacturing the personalized medications in 
the future. Hence, the study might be advantageous for developing better diagnostic 
and therapeutic interventions of knee OA.
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