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Abstract 

 

Background  

The presence of genetic variants in the uric acid (UA) transporters can be associated with 

hyperuricemia, and therefore with an increased risk of monosodium urate (MSU) crystal 

precipitation. The inflammatory process triggered by these crystals lead to cartilage damage 

which, in turn, could promote knee osteoarthritis (KOA). 

Objective 

To determine whether genetic polymorphisms of the UA transporters and its interactions 

are associated with KOA. 

Materials and Methods 

Two hundred forty-three unrelated Mexican-mestizo individuals were recruited for this case 

control-study. Ninety-three of them were KOA patients but without gout, and one hundred 

and fifty healthy individuals with no symptoms or signs of KOA were recruited as controls. 
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Forty-one single nucleotide polymorphisms (SNPs) involved in the UA transporters were 

genotyped with OpenArray technology in a QuantStudio 12K flex-System both cases and 

controls. 

Results 

After adjusting by age, gender, BMI and ancestry, significant associations were found for 8 

SNPs: rs1260326 (GCKR), rs780093 (GCKR), rs17050272 (INHBB), rs1471633 (PDZK1), 

rs12129861 (PDZK1), rs7193778 (IGF1R), rs17786744 (STC1) and rs1106766 (R3HDM2). 

With respect to gene-gene interactions, the pairwise interactions of rs112129861 (PDZK1) 

and rs7193778 (IGF1R); rs17050272 (INHBB) and rs1106766 (R3HDM2); rs1106766 

(R3HDM2) and rs780093 (GCKR); rs1260326 (GCKR) and rs17786744 (STC1); and 

rs17786744 (STC1) and rs1106766 (R3HDM2), make it possible to visualize the synergistic 

or antagonistic effect of their genotypes or alleles on KOA development.  

Conclusions 

Our preliminary results show that the common gene variants related with the UA transport 

are associated with KOA in the Mexican population. Further studies must be done to 

corroborate it. 

 

Keywords: Knee osteoarthritis, uric acid transporters, gene polymorphism, interactions, 

case-control study 

 

Introduction 

Osteoarthritis (OA) is the most common form of arthritis, but at same time, the least 

understood. Its etiology and pathogenesis include mechanical, metabolic, environmental, 

and mainly genetic factors, which generates different intermediate phenotypes. OA is 
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characterized by cartilage breakdown (the hallmark of the disease), joint space narrowing, 

and diverse changes in synovial membrane and subchondral bone, which may lead to 

chronic pain, joint swelling, deformity and whole joint abnormalities resulting in disability 

[1-6]. Likewise, the heritability studies in OA has allowed the identification of gene 

variants involved in the cartilage degradation without so far being able to explain in its 

totality this phenomenon [7]. OA has been commonly described as a non-inflammatory 

disease to distinguish it from ‘inflammatory arthritis’, such as rheumatoid arthritis (RA) or 

the seronegative spondyloarthropathies. However, inflammation is increasingly recognized 

as contributing to the symptoms and progression of OA [8].  

Uric acid (UA) is the end product of the metabolism of purine nucleotides that are the 

principal constituents of cellular energy stores, such as ATP, and components of DNA and 

RNA, and has been recognized as a risk factor in diseases such as heart failure, 

hypertension and renal disease [9,10]. In gout, hyperuricemia can lead to articular or 

periarticular deposition of monosodium urate (MSU) crystals which cause inflammation 

and cartilage damage [11]. Cartilage elements have been speculated to play a role in urate 

crystal formation. Several studies have explored the possibility that extracellular matrix 

proteins such as proteoglycans, collagens, chondroitin sulphate, phosphatidylcholine and 

other organic macromolecules like hyaluronic acid may play roles in crystallization 

possibly by promoting nucleation or increasing the growth rate of crystals [12-14]. 

Although, these studies do not explain how cartilage components might affect MSU 

crystallization, they provide some evidence that the presence of cartilage damage, whether 

occurring through mechanical trauma or due to OA or other joint-damaging processes, may 

contribute to the risk for localized gouty attacks. There is evidence that hyperuricemia and 

OA are associated, suggesting that there may be a causal link between the two. It has also 
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been shown that synovial fluid uric acid is associated with both radiographic severity and 

progression in knee OA [15]. From epidemiology, it has been noted that positive 

associations between UA concentration and OA exist, but these associations became 

insignificant when body mass index (BMI) was controlled as the confounder [12,16]. 

However, the phenotype of gout has been associated with OA after controlling for BMI 

[17-19]. 

On the other hand, several genes have identified that may be causally associated with 

elevated serum levels of UA, including SLC2A9/GLUT9, ABCG2, SLC13A3, SLC17A1, 

SLC17A3, SLC17A4, SLC22A11 (OAT4), SLC22A12 (URAT1) and SLC16A9 (MCT9), as 

well as the urate transport-related scaffolding protein PDZK1. Given the urate transporter 

activity of SLC2A9 and ABCG2 and the strong associations between their genetic variants 

and serum UA levels, these genes appear to be important modulators of UA levels and 

potential determinants of the risk of developing gout [20,21]. 

Due to the close relationship between gout and OA and the strong genetic component of 

both diseases, the aim of the present study was to find an association between genetic 

polymorphisms of UA transporters and knee OA (KOA). 

 

Subjects and methods 

 

Subjects 

Two hundred forty-three unrelated Mexican-mestizo individuals from Mexico City were 

recruited for this case-control study. Ninety-three of them were KOA patients recruited 

consecutively from 2014 to 2016 period, both genders, from the outpatient rheumatology 

clinic of the Instituto Nacional de Rehabilitación “Luis Guillermo Ibarra Ibarra” (INR-
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LGII). The KOA diagnosis was based on the American College of Rheumatology (ACR) 

criteria [22], which included primary KOA with any symptoms, and radiographic signs of 

KOA according to the Kellgren-Lawrence (K-L) classification system (≥2); the clinical 

examination and radiographic evaluation were performed by a rheumatologist and a 

radiologist; and the gout diagnosis was excluded. One hundred and fifty healthy employees 

of INR-LGII with no symptoms or signs of KOA, or any other type of arthritis, or any 

painful condition of the joints, both genders, were recruited as controls. Participants were 

recruited through encouragement by management from human communication and human 

resources departments, and cleaning staff. In addition, control subjects were selected from 

those individuals with no personal or family history of KOA. The absence of KOA in 

controls was ruled out by radiograph examination. The presence of other forms of arthritis 

was an exclusion criteria and was verified by a rheumatologist, and those who were grade 

one or less (K-L) were considered. Those individuals with history of joint diseases, such as 

inflammatory arthritis (rheumatoid arthritis or any other autoimmune disease), 

microcrystalline arthropathies, post-traumatic or post-septic arthritis, poliomyelitis, skeletal 

dysplasia, were excluded.  

This study was approved by the Ethics and Research Committee of the Instituto Nacional 

de Rehabilitación (Ref. INR-18/13). All participants were >40 years and signed an 

informed consent; additionally, information on age, gender, weight, BMI, and birth place 

was obtained. The study was performed according the ethics principles for experiments 

involving humans stated in the Declaration of Helsinki. 

 

SNPs selection and genotyping 
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To establish the list of candidate genes, we performed a literature search in PubMed (with 

the data available until September 2017) to identify genes previously known to be 

associated with the UA transporters based on GWAS studies [21,23]. Specifically, we 

selected as candidates genes implicated in the molecular processes involved in UA 

transport (excretion and resorption). A total of forty-one single nucleotide polymorphisms 

(SNPs) from thirty-four genes involved in the UA transporters were genotyped in cases and 

controls (Table 1). To select the most representative SNPs by capturing the majority of 

genetic variations, SNP genotype information was downloaded from the HapMap database 

(http://www.hapmap.ncbi.nlm.nih.gov/) and the National Center for Biotechnology 

Information dbSNP database (http://www.ncbi.nlm.nih.gov/snp). SNPs were selected using 

the criterion of minor allele frequency (MAF) >10% for Mexican population (Table 1).  

Also, these SNPs should not be in linkage disequilibrium between each other. Since the 

Mexican-mestizo population is admixed, ancestry informative markers (AIMs) were used 

to assess whether any association could be confounded due to population stratification 

(Table 1). A panel of nine AIMs distinguishing mainly Amerindian, African, and European 

ancestry (δ>0.44) were genotyped [24,25]. 

Genomic DNA was isolated from peripheral blood white cells from all participants by 

using a commercial kit (QIAmp 96 DNA Blood Kit, Qiagen, Hilden, Germany). 

Genotyping was performed by using the OpenArray technology in a QuantStudio 12K flex 

System (Thermo Fisher Scientific). Genomic DNA samples were normalized at 50 ng/μL, 

and 2.5 μL of DNA were mixed with 2.5 μL of TaqMan OpenArray Genotyping Master 

Mix (Thermo Fisher Scientific) on 384-well plates. Mixes were loaded onto genotyping 

OpenArray plates previously loaded with the genotyping primers and probes, using the 

AccuFill System (Thermo Fisher Scientific). Amplification was carried out following the 
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manufacturer’s protocol. Results were analyzed using the TaqMan Genotyper v1.2 

software. 

 

Determination of biochemical parameters  

 

After collection of blood samples, the serum was separated and maintained at -80º C until 

use. Glucose, total cholesterol, and UA levels in both study groups, were measured using 

enzymatic–colorimetric methods (Diagnostic Systems, Germany). Quantification was 

performed in by spectrophotometry (iMark™, BioRad). 

 

Statistical analysis 

 

According to the variable type, cases and controls were compared using Student’s t test or 

Fisher’s exact test, when appropriate. Allelic and genotypic frequencies were estimated for 

all polymorphisms and compared between the controls and OA patients by Fisher’s exact 

test. In order to control the overall false-positive rate we only considered in the multivariate 

analysis the SNPs that had a statistically significant P-value in the Fisher’s exact test. The 

associations of each SNP with OA risk was evaluated by logistic regression models 

adjusted by age, gender, BMI and admixture, taking into account a co-dominant inheritance 

model for the SNPs. We also conducted this multivariate analysis using the allelic 

frequencies of the SNPs of interest. The potential effect of the SNPs that showed a 

significant association with OA were over the uric acid serum levels was evaluated by 

lineal regression models adjusting by age, gender, BMI and admixture. Hardy-Weinberg 

equilibrium (HWE) was calculated for each polymorphism using chi-square test. 
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Given that the Mexican-mestizo population derives mainly from Amerindian, African, and 

European (Spanish) populations, we used the STRUCTURE v2.3.4 software (Pritchard 

Lab, Stanford University, USA) to infer the genomic proportions of each k population (k=3) 

for each participant using the genotypes of the nine aforementioned AIMs. We included 

this information in the logistic regression models to adjust the associations found between 

the polymorphism studied and KOA by individual admixture. Additionally, we stratified by 

gender to evaluate the effect of the associated polymorphisms. Finally, to investigate the 

effect of gene-gene interaction on KOA, a multiplicative interaction variable was generated 

in a pairwise manner and introduced in the multivariate logistic regression as well the main 

effect of the two SNPs from which the interaction variable was created. All the statistical 

analyses were performed using the statistical package STATA v14.0 (StataCorp, Texas 

USA), and considering a 0.05 significance level. 

 

Results 

 

Characteristics of the study groups 

 

Demographic and clinical parameters of KOA and controls are outlined in table 2. Cases 

were older than controls (47.4±12.6 vs 40.9±12.0 years, respectively, p<0.001). Most of the 

patients were female in the study groups (77.4% female vs 22.6% male, p<0.01). A 

significant increase in BMI was observed in KOA patients when compared to the control 

group (29.0±4.3 vs 24.8±4.4 kg/cm2, respectively, p<0.001). None of the individuals from 

the control group had a BMI equal to or above 30. The biochemical parameters were higher 

in KOA with respect to controls, except for UA (glucose 101.6±27.4 mg/dL vs 88.4±43.2 
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mg/dL, respectively, p=0.005; total cholesterol 201.8±43.6 mg/dL vs 179.9±42.6 mg/dL, 

respectively, p<0.001; and uric acid 5.07±1.21 vs 5.55±1.84 mg/dL, respectively, p=0.021). 

The distribution of genotypes was consistent with HWE for all SNPs (P>0.05). With 

respect to ancestry parameters, Figure 1 shows the interquartile range of the three main 

components of the study groups, and shows that no were differences in the genetic structure 

(p>0.05).  

 

Association of the UA transporters variants with KOA 

 

After adjusting by age, gender, BMI and admixture in a logistic regression model, 

significant associations were found for 8 variants. The following genotypes and alleles 

were associated with protection against KOA: GCKR rs1260326 (T/T genotype OR=0.26, 

p=0.016, CI=0.09-0.77; and T allele OR=0.53, p=0.016, CI=0.31-0.89), GCKR rs780093 

(T/T genotype OR=0.21, p=0.015, CI=0.06-0.74), INHBB rs17050272 (A/A genotype 

OR=0.33, p=0.042, CI=0.12-0.96; and A allele OR=0.61, p=0.046, CI=0.38-0.99), and 

PDZK1 rs1471633 (C allele OR=0.52, p=0.018, CI=0.31-0.89). On the other hand, the 

following SNPs were associated with an increased risk of KOA: PDZK1 rs12129861 (A/A 

genotype OR=3.16, p=0.040, CI=1.05-9.52), IGF1R rs7193778 (C/C genotype OR=12.3, 

p=0.006, CI=2.09-72.9; and C allele OR=2.35, p=0.015, CI=1.18-4.67), STC1 rs17786744 

(G/G genotype OR=2.84, p=0.014, CI=1.24-6.51; and G allele OR=1.96, p=0.008, 

CI=1.19-3.23), and R3HDM2 rs1106766 (C/T genotype OR=3.49, p=0.008, CI=1.39-8.75) 

(Table 3).  

 

Association of the UA transporters variants stratified by gender 
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After adjusting by age, BMI and admixture in a logistic regression model, there was a clear 

association of the polymorphisms only in the female gender. Table 4 shows the distribution 

of the polymorphisms in both male and female. It is observed that the sense of OR values is 

maintained even when it is stratified by gender. However, this behavior is not reflected in 

the rs12129861 (PDZK1) polymorphism. 

 

Association of the UA serum levels with KOA 

 

After adjusting by age, gender, BMI and admixture in a lineal regression model, only the 

INHBB gene polymorphism (rs17050272) was associated with the serum levels of UA. We 

observed that the carriers of the minor allele homozygous genotype (A/A) had in average 

0.68 mg/dl (95% CI = 0.08 – 1.29, p=0.03) more of UA than the carriers of the G/G 

genotype. This association was also present in the allelic analysis, where the carriers of the 

A allele had in average 0.36 mg/dl (95% CI = 0.07 – 0.64, p=0.02) more UA than the 

carriers of the G allele. The other polymorphisms that we found associated with OA did not 

have a significant association with the levels of uric acid in the sample (Supplementary 

file 1). By stratifying and comparing by gender in KOA patients vs controls, it is observed 

that the significance is lost: female, 4.85 ± 1.15 mg/dl vs 5.20 ± 1.71 mg/dl, p=0.07, 

respectively; male, 6.23 ± 1.70 mg/dl vs 6.35 ± 1.88 mg/dl, p=0.41, respectively. 

 

Gene-gene interactions between the UA transporters variants and KOA risk 
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Gene-gene interaction analysis between UA transporters variants and the risk of developing 

KOA is represented on Figure 2. Depending on the genotype or allele of a variant 

interacting with another one, its effect can be synergistic, antagonistic or null on the 

estimated OR values. Starting from the A and G alleles of the PDZK1 rs112129861, it is 

observed that they have antagonistic and synergistic effect, respectively, on the C allele of 

the IGFR1 rs7193778 variant (p int=0.001). The GA genotype of the INHBB rs17050272 has 

a synergistic effect on the CT genotype of the R3HDM2 rs1106766 variant (p int=0.005) 

increasing the OA risk; whereas, the C allele of the R3HDM2 rs1106766 variant generates 

an antagonistic effect on the T allele of the GKCR rs780093 variant (p int=0.018) decreasing 

the OA risk. However, the C allele of the GCKR rs1260326 variant, generates a synergistic 

effect on the G allele of the STC1 rs 17786744 variant (p int=0.032) increasing the OA risk; 

in turn, the G allele of the STC1 rs 17786744 variant has an antagonistic effect on the T 

allele of the R3HDM2 rs1106766 variant (p int=0.004). On the other hand, a synergistic 

effect can be observed when the A allele of the STC1 rs17786744 variant interacts on T 

allele of the R3HDM2 rs1106766 variant (p int=0.004); in the same way, the A allele of the 

INHBB rs17050272 variant triggers a synergistic effect when interacts with T allele of the 

R3HDM2 rs1106766 variant (p int=0.002). Finally, the TT genotype of the IGFR1 

rs7193778 variant have a synergistic effect when interacts on the GA and AA genotypes of 

the PDZK1 rs112129861 variant (p int=0.042 and p int=0.002, respectively). 

 

Discussion 

 

In the present work, we evaluated the role of common variants of uric acid transporters in 

susceptibility to KOA among a population of Mexican origin. It is well known that serum 
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UA levels above 6.8 mg/dL can contribute to precipitation of monosodium urate crystals in 

joints and/or adjacent tissue, triggering an acute gout attack and leading to a chronic stage 

with erosive articular deformity, which promotes osteoarthritis development [11,26]. Our 

findings become particularly relevant upon demonstrating that variants rs1260326 (GCKR), 

rs780093 (GCKR), rs17050272 (INHBB), and rs1471633 (PDZK1) in genes linked to UA 

transport were significantly associated with KOA development protection; whereas variants 

rs12129861 (PDZK1), rs7193778 (IGF1R), rs17786744 (SCT1), and rs1106766 (R3HDM2) 

were associated with a potential risk of developing KOA. From these resulting associations, 

we analyzed the gene-gene interactions and proposed potential synergic and antagonistic 

effects in KOA development.  

GCKR encodes the glucokinase regulating protein, which inhibits glucokinase in the liver 

and pancreas, playing a key role in glucose homeostasis [27]. Once glucose is 

phosphorylated by glucokinase, glucose 6-phosphate, NADPH, and ribose 5-phosphate are 

produced, the latter being a key precursor in the synthesis of purines, and hence, of UA. In 

the genome-wide association study (GWAS) performed by Köttgen et al. [23], and in the 

study conducted by Wang et al. [28], GCKR variants rs1260326, rs780093, and rs780094 

were identified with high UA levels in populations of European and Chinese origin, 

respectively. To date, no reports explain the role that GCKR plays in KOA patients. We 

evaluated the rs1260326 and rs780093 variants in KOA Mexican patients and we found 

that both, carriers of the homozygous genotype (T/T) and carriers of the minor allele (T), 

were associated with KOA development protection when compared to the control group, 

which leads us to believe that this gene is also involved in KOA development.  

The inhibin-activin pathway plays a role in several processes, like energy balance, 

apoptosis, swelling, hormone regulation, UA homeostasis, and it is also involved in 
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rheumatoid arthritis and OA [23]. Insulin is a powerful stimulator of inhibin-β B subunit 

[29], which is encoded by gene INHBB, but its role in UA transport has not been 

elucidated. In the study performed by Lu et al. [30] proved that OA patients have increased 

serum levels of inhibin-β B compared to healthy individuals. In our study, we evaluated the 

INHBB rs17050272 variant in KOA patients, and both carriers of the homozygous genotype 

(A/A) and carriers of the minor allele (A) were associated with KOA protection. In addition, 

we found that this polymorphism was associated with UA levels (Supplementary file 1). 

In this sense, it is worth mentioning that the majority of our samples were from women 

with KOA, so it was important to stratify and compare the UA values by gender. When we 

compared the levels of UA between KOA patients and controls, we observed that they were 

higher in the control group, even when they were within the reference values; however, by 

stratifying and comparing by gender, the significance is lost. Further studies that show the 

functionality of this polymorphism and how it affects uric acid levels will be necessary. 

We also evaluated variants in the human organic anion transporter 4 (OAT4), an organic 

anion/dicarboxylate exchanger in the renal proximal tubules. It features a specific protein-

protein interaction sequence in the C-terminal end, called PDZ (PSD-95/Discs Large/ZO-1) 

motif (S-T-S-L), with high affinity for transporting several molecules [31]. The scaffolding 

protein containing the PDZ domain (PDZK1) is encoded by PDZK1, and it may affect urate 

concentrations in the renal proximal tubules. Using a protein-protein interaction and 

miRNA analysis, Wang et al. [32] proved that several proteins, such as DSP, CSTA, IGF-1, 

IGFBP7, SDC1, and PDZ are associated with OA. We decided to evaluate variants 

rs1471633 and rs12129861 of PDZK1 gene, and we found carriers of the minor allele (A) of 

rs1471633 to be associated with KOA protection. However, carriers of the homozygous 

genotype (A/A) of variant rs12129861 had a higher risk of developing KOA. Higashino et 
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al. [33] evaluated PDZK1 variant rs12129861 in gout patients, and they found it was a risk 

factor for the disease. This background information suggests that PDZK1 is involved in 

KOA development through significant alterations in UA levels. 

It is well known that insulin-like growth factor 1 (IGF-1) is a powerful stimulant of 

extracellular matrix growth in chondrocytes, and there is a positive correlation between 

osteophyte formation and bone mineral density with high IGF-1 serum levels [34]. Once 

IGF-1 binds its high affinity receptor, IGF1R, homeostasis and glucose metabolism are 

regulated. In this study, we analyzed variants rs7193778 and rs6598541 of the IGF1R gene 

in KOA patients, and we found that both, carriers of the homozygous genotype (C/C) and 

carriers of the minor allele (C) of variant rs7193778, were associated with a higher risk of 

developing KOA; variant rs6598541 did not show a significant association. To date, no 

reports supporting these findings in KOA patients exist. However, variant rs6598541 is 

associated with risk in gout or hyperuricemia patients [23,35,36], which leads us to believe 

there are other factors at play that affect IGF1R for developing KOA.  

The STC1 gene encodes stanniocalcin-1 (STC-1), a homodimeric glycoprotein expressed in 

a wide variety of tissues with paracrine and autocrine functions in several physiological 

processes, including bone development, reproduction, wound healing, angiogenesis, and 

modulation of the inflammatory response [37]. It has been reported that, during osteophyte 

development in OA, expression levels of STC-1 and its homologue, STC-2, are higher 

when compared to healthy tissue [38]. We evaluated variant rs17786744 of the STC1 gene 

and we observed that both, the homozygous genotype (G/G) and the minor allele (G), 

confer risk for developing KOA; at the kidney level, STC1 has been associated with 

increased serum levels of uric acid [23]. This suggests that the STC1 gene and its protein 

produce an OA phenotype associated with osteophyte formation. 
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Lastly, we observed that heterozygote carriers (C/T) of variant rs1106766 of R3HDM2 are 

associated with a higher risk of KOA development. However, the biological mechanisms 

underlying the association of this variant with KOA are currently unknown. This variant 

has been reported to be associated with high urate levels, but its role in UA homeostasis has 

not been identified [39]. 

When we stratify by gender, we observe that the association is completely lost in the male 

group, and only remains in the female group. However, most of our patients with KOA 

were female so we did not observe any association of SNP with the male gender; it will be 

necessary to evaluate in larger samples to corroborate it. 

Finally, the gene-gene interaction analyses allow us to identify whether two or more 

variants affect the risk of developing certain disease in a synergic or antagonistic manner. 

Under this criterion, we obtained a new P-value associated with the effect or involvement 

of two variants, generating evidence of their combined role in KOA. In this sense, our study 

allowed us to identify five significant interactions (Figure 2) that make it possible to 

visualize the synergic or antagonistic effect of interactions between these variant pairs: 

rs112129861 (PDZK1) and rs7193778 (IGF1R), rs17050272 (INHBB) and rs1106766 

(R3HDM2), rs1106766 (R3HDM2) and rs780093 (GCKR), rs1260326 (GCKR) and 

rs17786744 (STC1), and rs17786744 (STC1) and rs1106766 (R3HDM2). The influence of 

each polymorphism could be lost if its related genes were examined individually, without 

considering potential interactions with other genes, especially those of related pathways. 

However, evaluating the gene-gene interactions not only increases the detection capability, 

but it also helps to understand the genetics behind the underlying biological and 

biochemical pathways of the disease. 
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It is worth mentioning that the study of genetic variants in complex diseases, such as OA, 

allows us to understand the physiopathology from a genetic standpoint. Nevertheless, it is 

common to find discrepancies among the results, particularly when the studies are 

conducted in populations with different ancestry. This may suggest the existence of 

differences not only in the genetic structure of the population, but in the triggering factors 

for developing OA, which could act as modifiers of the genetic factors susceptible to the 

disease. Moreover, the lack of replication is common and it could be due to differences in 

the study design, the phenotype, the examined populations, or the appearance of false 

positives in the study. However, we are aware of the limitations of our study. First, the 

number of samples must be increased, as well as the proportion in both genders must be 

same to achieve a higher statistical power; therefore, these preliminary results should not be 

interpreted as the lack of association between UA transporters and KOA in male. Second, 

there are more variants of the same gene that were not analyzed, as well as other genes of 

the UA transport system that were not considered and whose impact on OA development is 

unknown. Finally, our association study was limited to one population, so more studies in 

different populations are needed to support our findings, as well as to evaluate the 

functionality of the associated SNPs and be able to show evidence of whether they have a 

causal effect or not. 

 

Conclusions 

 

We analyzed 41 common variants associated with UA transport in Mexican KOA patients. 

Variants rs1260326 (GCKR), rs780093 (GCKR), rs17050272 (INHBB), and rs1471633 

(PDZK1) were significantly associated with a decrease in KOA development risk; whereas 
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variants rs12129861 (PDZK1), rs7193778 (IGF1R), rs17786744 (STC1), and rs1106766 

(R3HDM2) were associated with an increased KOA development risk. Furthermore, we 

used a gene-gene interaction analysis to visualize the synergic or antagonistic effect 

associated with KOA through five interactions with significant value. This way, it is 

possible to study different molecular mechanisms associated with these genes at the 

articular cartilage level and expand the knowledge base of OA physiopathology, as well as 

propose new therapeutic objectives. 
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Figure legends 

Figure 1. Interquartile range of the three main components of the study groups. 

 

Figure 2. Map of gene-gene interactions of common variants of uric acid and susceptibility 

to KOA development. Each line indicates the sense of the interaction of one polymorphism 

with another (genotype or allele); in each resulting interaction the p-value is shown. The 

color of each circle indicates whether a polymorphism is on a protection or risk zone. Each 

interaction generates a new OR-value.  
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Table 1. Single-nucleotide polymorphisms (SNPs) studied. 
 

Closest gene db SNP rs ID Chromosome position Location or type MAF in Mexican 
population 

PDZK1 rs1967017 1:145723645  Upstream gene variant 0.41 (C) 
PDZK1 rs1471633 1:145723739 Upstream gene variant 0.41 (C) 
PDZK1 rs12129861 1:145725689 Upstream gene variant 0.36 (A) 
TRIM46 rs11264341 1:155151493 Intron variant 0.61 (T) 
INHBB rs17050272 2:121306440 Upstream gene variant 0.35 (A) 
ORC4 rs2307394 2:148716428 Missense variant 0.53 (C) 
GCKR rs1260326 2:27730940 Missense variant 0.35 (T) 
GCKR rs780094 2:27741237  Intron variant 0.34 (T) 
GCKR rs780093 2:27742603 Intron variant 0.34 (T) 
MUSTM rs6770152 3:53100214 Intron variant 0.38 (G) 
SLC2A9  rs1014290 4:10001861 Intron variant 0.35 (G) 
PRKG2 rs10033237 4:82122787 Intron variant 0.63 (A) 
ABCG2 rs2231142 4:89052323 Missense variant 0.20 (T) 
SLC2A9  rs12498742 4:9944052 Intron variant 0.38 (G) 
LOC105379030 rs17632159 5:72431482  Intron variant 0.27 (C) 
SLC17A1 rs1165151 6:25821616 Intron variant 0.30 (T) 
SLC17A3 rs1165205 6:25870542 Intron variant 0.38 (T) 
SLC22A7  rs4149178 6:43272188 3' UTR variant 0.17 (G) 
RREB1 rs675209 6:7102084 Intergenic variant 0.52 (C) 
PRKAG2 rs10480300 7:151406005 Intron variant 0.11 (T) 
BAZ1B rs1178977 7:72857049 Splice region variant 0.13 (G) 
STC1 rs17786744 8:23777006 Intergenic variant 0.31 (G) 
ADRB3 rs4994 8:37823798 Missense variant 0.13 (G) 
HNF4G rs2941484 8:76478768 3' UTR variant 0.34 (T) 
A1CF rs10821905 10:52646093 Upstream gene variant 0.10 (A) 
SLC16A9 rs1171614 10:61469538 5' UTR variant 0.10 (T) 
SLC22A11 rs2078267 11:64334114 Non coding transcript exon variant 0.24 (T) 
SLC22A12  rs11231825 11:64360274 Synonymous variant 0.50 (C) 
SLC22A12  rs893006 11:64365796 Intron variant 0.48 (A) 
NRXN2 rs478607 11:64478063 Intron variant 0.13 (G) 
OVOL1 rs642803 11:65560620 Intron variant 0.70 (T) 
ATXN2 rs653178 12:112007756 Intron variant 0.23 (C) 
R3HDM2 rs1106766 12:57809456  Intron variant 0.47 (T) 
INHBC rs3741414 12:57844049  3' UTR variant 0.47 (T) 
UBE2Q2 rs1394125 15:76158983 Intron variant 0.17 (A) 
IGF1R rs6598541 15:99271135 Intron variant 0.42 (A) 
IGF1R rs7193778 16:69563890 Intergenic variant 0.11 (C) 
LOC105371356 rs7188445 16:79734987 Intron variant 0.16 (A) 
HLF rs7224610 17:53364788 Intron variant 0.31 (C) 
BCAS3 rs2079742 17:59465697 Non coding transcript exon variant 0.45 (C) 
QRICH2 rs164009 17:74283669 Intron variant 0.49 (A) 
     
AIMs     
DRD2 rs1800498 11:113291588 Intron variant 0.33 (A) 
- rs2862 15:35145553 Upstream gene variant 0.59 (C) 
- rs223830 16:57451971 Downstream gene variant 0.40 (C) 
CA10 rs203096 17:50011769 Intron variant 0.50 (T) 
CKM rs4884 19:45810035 Synonymous variant 0.58 (A) 
PRKCE rs281478 2:46400411 Intron variant 0.06 (C) 
- rs722098 21:16685598 Intergenic variant 0.58 (A) 
SAP30L rs3340 5:153831867 Intron variant 0.48 (C) 
- rs2695 9:82884577 Intergenic variant 0.60 (T) 
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MAF, minor allele frequency; AIMs, ancestry informative markers; Missense variant, a 
sequence variant that chances one or more bases, resulting in a different amino acid 
sequence, but where the length is preserved; Intron variant, a transcript variant occurring 
within an intron; Upstream gene Variant, a sequence variant located 5’ of a gene; 
Downstream gene variant, a sequence variant located 3’ of a gene; Synonymous variant, 
a sequence variant where there is no resulting change to the encoded amino acid; 
Intergenic variant, between genes; Non coding transcript exon variant, a sequence 
variant that chances non-coding exon sequence in a non-coding transcript; Splice region 

variant, a sequence variant in which a chance has occurred within 1-3 bases of the exon or 
3-8 bases of the intron. 
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Table 2. Demographic and clinical parameters in KOA patients and controls. 

Parameter Total (n=243) KOA (n=93) Controls (n=150) p

Age (years) 43.4±12.6 47.4±12.6 40.9±12.0 <0.001

BMI (Kg/cm2) 26.4±6.7 29.0±4.3 24.8±4.4 <0.001

Glucose (mg/dL) 93.1±38.8 101.6±27.4 88.4±43.2 0.005

Total cholesterol (mg/dL) 187.5±44.1 201.8±43.6 179.9±42.6 <0.001

Uric acid (mg/dL) 5.4±1.67 5.07±1.21 5.55±1.84 0.021

Gender    

Female (%) 188 (77.4) 81 (87.1) 107 (71.3) <0.01*

Male (%) 55 (22.6) 12 (12.9) 43 (28.7) 

Place of birth    

Mexico City 195 (80.2) 71 (76.3) 124 (82.7) 0.40*

Others states (central region) 48 (19.8) 22 (23.7) 26 (17.3) 

Data are expressed as mean ± SD. p-values were estimated using Student´s t test, α=0.05; 

p*-values were estimated using Fisher´s exact test, α=0.05. BMI, body-mass index, normal: 

18.5 – 24.9; overweight: 25.0 – 29.9; obesity: ≥30.0. Normal glucose values: 75 – 110 

mg/dL; total cholesterol: <200 mg/dL; uric acid: 3.5 – 6.7 mg/dL. Significant p-values are 

in bold. 
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Table 3. Genetic and allelic frequencies of SNPs studied in KOA patients and controls. 
Gene (SNP rs ID) KOA Controls OR (95% CI) p 

 N (%) N (%)   

GCKR (rs1260326)    
CC 40 (46.5) 27 (35.1) 1.00 Reference  
CT 34 (39.5) 34 (44.2) 0.69 (0.31 – 1.53) 0.371 
TT 12 (14.0) 16 (20.7) 0.26 (0.09 – 0.77) 0.016 

C 114 (66.3) 88 (57.1) 1.00 Reference  
T 58 (33.7) 66 (42.9) 0.53 (0.31 – 0.89) 0.016 

GCKR (rs780093)    
CC 41 (47.1) 33 (42.9) 1.00 Reference  
CT 40 (46.0) 32 (41.5) 1.12 (0.52 – 2.41) 0.757 
TT 6 (6.9) 12 (15.6) 0.21 (0.06 – 0.74) 0.015 

C 122 (70.1) 98 (63.6) 1.00 Reference  
T 52 (29.9) 56 (36.4) 0.63 (0.37 – 1.06) 0.082 
INHBB (rs17050272)    
GG 40 (44.9) 43 (33.6) 1.00 Reference  
GA 39 (43.9) 60 (46.9) 0.70 (0.35 – 1.41) 0.323 
AA 10 (11.2) 25 (19.5) 0.33 (0.12 – 0.96) 0.042 

G 119 (66.8) 146 (57.0) 1.00 Reference  
A 59 (33.2) 110 (43.0) 0.61 (0.38 – 0.99) 0.046 

PDZK1 (rs1471633)    
AA 42 (49.4) 36 (39.6) 1.00 Reference  
AC 43 (50.6) 48 (52.7) 0.53 (0.26 – 1.10) 0.091 
CC 0 (0.0) 7 (7.7) - - - 
A 127 (74.7) 120 (65.9) 1.00 Reference  
C 43 (25.3) 62 (34.1) 0.52 (0.31 – 0.89) 0.018 

PDZK1 (rs12129861)      
GG 39 (54.2) 49 (51.0) 1.00 Reference  
GA 17 (23.6) 40 (41.7) 0.44 (0.19 – 1.05) 0.065 
AA 16 (22.2) 7 (7.3) 3.16 (1.05 – 9.52) 0.040 

G 95 (66.0) 138 (71.9) 1.00 Reference  
A 49 (34.0) 54 (28.1) 1.36 (0.80 – 2.31) 0.256 
IGF1R (rs7193778)      
TT 57 (74.0) 92 (80.7) 1.00 Reference  
TC 11 (14.3) 20 (17.5) 0.68 (0.25 – 1.85) 0.462 
CC 9 (11.7) 2 (1.8) 12.3 (2.09 – 72.9) 0.006 

T 125 (81.2) 204 (89.5) 1.00 Reference  
C 29 (18.2) 24 (10.5) 2.35 (1.18 – 4.67) 0.015 

STC1 (rs17786744)    
AA 41 (51.9) 47 (47.5) 1.00 Reference  
AG 0 (0.0) 30 (30.3) - - - 
GG 38 (48.1) 22 (22.2) 2.84 (1.24 – 6.51) 0.014 

A 82 (51.9) 124 (62.6) 1.00 Reference  
G 76 (48.1) 74 (37.4) 1.96 (1.19 – 3.23) 0.008 

R3HDM2 (rs1106766)    
CC 12 (18.2) 33 (31.7) 1.00 Reference  
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CT 54 (81.8) 54 (51.9) 3.49 (1.39 – 8.75) 0.008 

TT 0 (0.00) 17 (16.4) - - - 
C 78 (59.1) 120 (57.7) 1.00 Reference  
T 54 (40.9) 88 (42.3) 1.14 (0.69 – 1.90) 0.595 

The multi-variable model was adjusted for age (continuous data), gender (male, female), 
BMI and admixture; KOA, knee osteoarthritis patients; OR, odds ratio; CI, confidence 
interval; Significant p-values are in bold. 
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Table 4. Distribution of the polymorphisms in both male and female. 
 Female Male 

Gene (SNP rs ID) OA Controls OR (95% CI) p OA Controls OR (95% CI) p
 N (%) N (%)  N (%) N (%)   

GCKR (rs1260326)           
CC 31 (41.3) 17 (28.8) 1.00 Reference  9 (81.8) 10 (55.5) 1.00 Reference  
CT 32 (42.7) 29 (49.2) 0.74 (0.31 – 1.73) 0.49 2 (18.2) 5 (27.8) 1.72 (0.11 – 26.1) 0.69 
TT 12 (16.0) 13 (22.0) 0.32 (0.10 – 1.00) 0.05 0 (0.00) 3 (16.7) - - - 
C 94 (62.7) 63 (53.4) 1.00 Reference  20 (90.9) 25 (69.4) 1.00 Reference  
T 56 (37.3) 55 (46.6) 0.59 (0.34 – 1.00) 0.05 2 (9.1) 11 (30.6) 0.32 (0.05 – 2.12) 0.24 
GCKR (rs780093)           
CC 32 (42.1) 22 (37.9) 1.00 Reference  9 (81.8) 11 (57.9) 1.00 Reference  
CT 38 (50.0) 26 (44.8) 1.35 (0.59 – 3.09) 0.47 2 (18.2) 6 (31.6) 0.60 (0.05 – 6.14) 0.66 
TT 6 (7.90) 10 (17.3) 0.28 (0.07 – 1.00) 0.05 0 (0.00) 2 (10.5) - - - 
C 102 (67.1) 70 (60.3) 1.00 Reference  20 (90.9) 28 (73.7) 1.00 Reference  
T 50 (32.9) 46 (39.7) 0.71 (0.41 – 1.23) 0.22 2 (9.1) 10 (26.3) 0.39 (0.06 – 2.52) 0.32 
INHBB (rs17050272)           
GG 38 (48.7) 31 (35.2) 1.00 Reference  2 (18.2) 12 (30.0) 1.00 Reference  
GA 33 (42.3) 41 (46.6) 0.62 (0.28 – 1.33) 0.22 6 (54.6) 19 (47.5) 1.92 (0.22 – 16.5) 0.54 
AA 7 (9.00) 16 (18.2) 0.19 (0.05 – 0.65) 0.009 3 (27.2) 9 (22.5) 3.14 (0.26 – 37.8) 0.36 
G 109 (69.9) 103 (58.5) 1.00 Reference  10 (45.5) 43 (53.7) 1.00 Reference  
A 47 (30.1) 73 (41.5) 0.49 (0.29 – 0.84) 0.009 12 (54.5) 37 (46.3) 1.68 (0.52 – 5.43) 0.38 
PDZK1 (rs1471633)           
AA 36 (48.6) 26 (38.2) 1.00 Reference  6 (54.6) 10 (43.5) 1.00 Reference  
AC 38 (51.4) 35 (51.5) 0.60 (0.27 – 1.32) 0.21 5 (45.4) 13 (56.5) 0.31 (0.01 – 5.08) 0.41 
CC 0 (0.00) 7 (10.3) - - - 0 (0.00) 0 (0.00) - - - 
A 110 (74.3) 87 (64.0) 1.00 Reference  17 (77.3) 33 (71.4) 1.00 Reference  
C 38 (25.7) 49 (36.0) 0.54 (0.30 – 0.95) 0.03 5 (22.7) 13 (28.3) 0.64 (0.11 – 3.56) 0.61 
PDZK1 (rs12129861)           
GG 15 (23.1) 5 (6.90) 1.00 Reference  1 (14.2) 2 (8.70) 1.00 Reference  
GA 14 (21.5) 32 (43.8) 0.11 (0.02 – 0.43) 0.002 3 (42.9) 8 (34.8) 0.37 (0.00 – 65.2) 0.70 
AA 36 (55.4) 36 (49.3) 0.31 (0.09 – 1.04) 0.06 3 (42.9) 13 (56.5) 0.27 (0.00 – 34.2) 0.60 
G 44 (33.8) 42 (28.8) 1.00 Reference  5 (35.7) 12 (26.1) 1.00 Reference  
A 86 (66.2) 104 (71.2) 0.77 (0.43 – 1.35) 0.36 9 (64.3) 34 (73.1) 0.64 (0.10 – 3.84) 0.62 
IGF1R (rs7193778)           
TT 49 (72.1) 67 (81.7) 1.00 Reference  8 (88.9) 25 (78.1) 1.00 Reference  
TC 10 (14.7) 14 (17.1) 0.61 (0.21 – 1.81) 0.38 1 (11.1) 6 (18.8) 1.64 (0.10 – 26.0) 0.72 
CC 9 (13.2) 1 (1.20) 23.8 (2.34 – 242.2) 0.007 0 (0.00) 1 (3.10) - - - 
T 108 (79.4) 148 (90.2) 1.00 Reference  17 (94.4) 56 (87.5) 1.00 Reference  
C 28 (20.6) 16 (9.80) 2.64 (1.24 – 5.59) 0.01 1 (5.60) 8 (12.5) 0.98 (0.09 – 10.6) 0.99 
STC1 (rs17786744)           
AA 36 (52.2) 34 (47.9) 1.00 Reference  5 (50.0) 13 (46.4) 1.00 Reference  
AG 0 (0.00) 25 (35.2) - - - 0 (0.00) 5 (17.9) - - - 
GG 33 (47.8) 12 (16.9) 4.02 (1.51 – 10.6) 0.005 5 (50.0) 10 (35.7) 0.73 (0.09 – 5.73) 0.76 
A 72 (52.2) 93 (65.5) 1.00 Reference  10 (50.0) 31 (55.4) 1.00 Reference  
G 66 (47.8) 49 (34.5) 2.25 (1.29 – 3.92) 0.004 10 (50.0) 25 (44.6) 0.65 (0.16 – 2.60) 0.54 
R3HDM2 (rs1106766)           
CC 10 (17.5) 21 (28.4) 1.00 Reference  2 (22.2) 12 (40.0) 1.00 Reference  
CT 47 (82.5) 43 (58.1) 3.05 (1.12 – 8.30) 0.02 7 (77.8) 11 (36.7) 22.9 (0.89 – 588.0) 0.059 
TT 0 (0.00) 10 (13.5) - - - 0 (0.00) 7 (23.3) - - - 
C 67 (58.8) 85 (57.4) 1.00 Reference  11 (61.1) 35 (58.3) 1.00 Reference  
T 47 (41.2) 63 (42.6) 1.12 (0.64 – 1.96) 0.67 7 (38.9) 25 (41.7) 1.91 (0.43 – 8.40) 0.38 

The multi-variable model was adjusted for age (continuous data), BMI and admixture; OA, 
knee osteoarthritis patients; OR, odds ratio; CI, confidence interval; Significant p-values 
are in bold. 
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Supplementary file 1. Association of the UA serum levels with KOA 

INHBB rs17050272 β 95% CI p

Genotypes    
G/G Reference   
G/A 0.39 (mg/dl) -0.05 – 0.83 0.08 
A/A 0.68 (mg/dl) 0.08 – 1.29 0.03 

Alleles    
G Reference   
A 0.36 (mg/dl) 0.07 – 0.64 0.02

 
β = estimated average difference with respect to the reference value; CI = confidence 
interval. Carriers of the A/A homozygous genotype and A allele, increase the UA level at 
0.68 mg/dl and 0.36 mg/dl, respectively. Significant p-values are in bold. 
 




