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Purpose: Osteoarthritis (OA) is a highly heritable joint disease. Genome-wide association studies have linked single nucleotide
polymorphisms (SNPs) within the collagen beta(1-O) galactosyltransferase 2 (COLGALT2) gene region, notably rs11583641 and
rs1046934, to OA risk. Their roles in Chinese populations, clinical phenotypes, and gene expression remains unclear.

Patients and Methods: This case-control study, 230 primary OA patients and 230 matched healthy controls were genotyped for
rs11583641 and rs1046934 using the TagMan assay. OA was diagnosed per American College of Rheumatology (ACR) and Kellgren-
Lawrence (K-L) grading. Logistic regression assessed independent associations with OA. COLGALT?2 expression in peripheral blood
mononuclear cells (PBMC) was measured by quantitative reverse transcription polymerase chain reaction (QRT-PCR).

Results: Allele and genotype distributions of rs11583641 and rs1046934 differed significantly between case and control groups
(P<0.025). Multivariate regression adjusted for age, sex, and BMI showed that rs11583641 and rs1046934 remained associated with
OA susceptibility (P<0.05). Cross-sectional subgroup analyses showed that rs11583641 polymorphism significantly associated with
disease duration (P<0.025) and imaging severity (P<0.025). COLGALT2 expression was higher in OA patients than controls (P<
0.05). Its expression associated with risk genotypes, with the same trend at both loci: highest in rs11583641 CC and rs1046934 AA
carriers, followed by CT and AC carriers, and lowest in TT and CC carriers.

Conclusion: This study provides additional evidence supporting the association of COLGALT2 SNPs with OA susceptibility in
a Chinese population. Cross-sectional subgroup analyses suggested that rs11583641 may be associated with severity-related clinical
phenotypes. Increased PBMC COLGALT?2 expression and its association with risk genotypes offer preliminary correlative evidence
warranting further investigation, as these findings may be influenced by systemic inflammation, leukocyte composition, or other
confounding factors. Further longitudinal and functional studies are required to clarify its clinical and biological significance. These
findings provide additional insights into the genetic and molecular heterogeneity of OA.
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Introduction

Osteoarthritis (OA) is a global health challenge that affects the bone health and quality of life of more than 600 million
people. Its characteristic articular cartilage degeneration, osteophyte formation and secondary synovial inflammation lead
to progressive pain and loss of function.'” According to the World Health Organization, about 528 million people
worldwide suffered from OA in 2019, an increase of 113% compared with 1990. Among them, knee OA is the most
common (about 365 million), and about 60% of the patients are women, about 73% of them are older than 55 years old,
and the number of patients with this disease will continue to increase.”* At present, clinical interventions mainly focus on
symptom relief, and there is no radical therapy that can reverse or delay the progression of the disease,” which indicates

that it is necessary to reveal the molecular pathogenesis of OA. The occurrence and development of OA are driven by
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factors such as age, obesity and injury. However, genetic studies have shown that genetic factors play a key role in the
pathogenesis of OA, and their contribution is estimated to be as high as 20%-60%." In recent years, a number of large-
scale genome-wide association studies (GWAS) and their meta-analysis have identified hundreds of risk-related genetic
loci (conservative estimates > 125) in different OA phenotypes/joints, and revealed the genetic heterogeneity of different
joint phenotypes. Among them, some studies further integrated multi-omics and functional evidence, prioritizing 77 high-
confidence effector genes, which promoted the research from statistical association to the analysis of key biological
processes and pathway mechanisms.®® However, the specific role of some of these genes, such as collagen beta(1-O)
galactosyltransferase 2 (COLGALT?2), in the pathogenesis of OA has not been systematically verified. In addition, the
correlation between COLGALT?2 and the clinical phenotype of OA remains unclear.

COLGALT?2 encodes collagen  (1-O) galactosyltransferase 2, which can transfer B-galactose to the hydroxyl lysine
residue of collagen molecules and participate in collagen glycosylation and extracellular matrix (ECM) assembly
homeostasis.” Kehayova et al found that the independent single nucleotide polymorphisms (SNPs) rs11583641 identified
by GWAS was associated with the risk of OA and was associated with the DNA methylation and expression level of
COLGALT2 in synovium, while rs1046934 did not show the same association. Importantly, the effect direction of
rs11583641 in the synovium of OA patients is opposite to that observed in cartilage. In synovial tissue, the risk allele of
rs11583641 is associated with higher DNA methylation levels and lower COLGALT?2 expression. In articular cartilage,
the expression of COLGALT?2 is up-regulated, showing tissue specificity. This tissue-specific, opposite-direction regula-
tion underscores the complexity of COLGALT?2 biology and emphasizes that the genetic risk of this locus may vary
depending on the tissue examined.

The core position of COLGALT?2 in the pathophysiology of OA and the complexity of its genetic associations have
been preliminarily revealed. However, the genetic distribution characteristics of its key SNPs (rs11583641 and
rs1046934) in different populations-especially in the Chinese population-and the independent verification of their
association with OA risk remain to be further studied. This study aimed to systematically evaluate the associations of
COLGALT2 rs11583641 and rs1046934 polymorphisms with osteoarthritis susceptibility and clinical phenotypes in
a Chinese population, thereby providing population-specific replication and extension of previous findings from
European cohorts. In addition, we explored the relationship between these variants and peripheral blood COLGALT2
expression to further investigate their potential biological relevance in OA.

Material and Methods

Enrolled Objects

This study collected subjects who visited the First Affiliated Hospital of Bengbu Medical University (2023—41). Finally,
460 participants were included, including 230 patients with confirmed primary osteoarthritis and 230 healthy controls.
The OA case group included patients with primary OA of the knee and hip. All cases were diagnosed according to the
clinical and imaging classification criteria of the American College of Rheumatology (ACR). Among them, the Kellgren-
Lawrence (K-L) grade of knee and hip OA cases was >2. According to K-L classification, patients with knee and hip OA
were further divided into imaging mild-moderate group (K—L=2) and severe group (K-L=3—4). Patients with rheumatoid
arthritis or other autoimmune diseases, cartilage dysplasia, infectious or post-traumatic osteoarthritis; previously received
joint replacement surgery; patients with severe systemic diseases (such as malignant tumors, severe heart, liver and
kidney dysfunction) were excluded.'® All individuals in the healthy control group had no clinical symptoms of pain,
swelling, tenderness or limited mobility of the corresponding joints, and, for the knees, and hip joints, the K-L grade was
confirmed by X-ray examination to be grade 0 or 1 (that is, there is no clear imaging OA evidence). At the same time, the
control group should have no history of autoimmune diseases and malignant tumors.'' "> To control for potential
confounding, controls were recruited to have a comparable age and sex distribution to the cases, as confirmed by
non-significant group differences (age: P = 0.66; sex: P = 0.709). The diagnosis of OA was independently confirmed by
two chief physicians. Both groups of people signed informed consent and were approved by the First Affiliated Hospital
of Bengbu Medical University Ethics Committee.
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Clinical Evaluation of OA

Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) was used to evaluate the clinical symptoms
and function of patients. The scale included three dimensions: pain (5 items), stiffness (2 items) and daily activity
function (17 items). All items were scored using the Likert scale (0—4 points). The higher the total score and the scores of
each subscale, the more severe the pain and stiffness, the more obvious the limitation of joint function.'*

SNP Site Selection and Genotyping

According to the previous literature,'>'® rs11583641 (located in COLGALT2) and rs1046934 (located in the adjacent
gene tRNA splicing endonuclease subunit 15 (TSEN1S5), but as a marker of independent OA risk loci, it has been
confirmed that the expression of COLGALT?2 is regulated by enhancer methylation) were selected for genotyping.

4 mL of fasting peripheral venous blood was collected and placed in an anticoagulant blood vessel containing ethylene-
diaminetetraacetic acid (EDTA). After collection, it was gently inverted and mixed (to avoid severe shock to reduce
hemolysis), and frozen at —80°C as soon as possible to avoid repeated freezing and thawing. Genomic DNA was extracted
from whole blood according to the instructions of the genomic DNA extraction kit (Qiagen, Hilden, Germany). DNA
concentration and purity were determined using a Varioskan LUX microplate reader (Thermo Fisher Scientific, Waltham,
MA, USA) (A260/A280 ratio between 1.8-2.0 is qualified), and qualified samples were used for subsequent analysis.

Genotyping was performed by TagMan probe method with reference to other studies.'”'® Genotyping of rs11583641 and
151046934 was performed using a pre-designed TagMan™SNP Genotyping Assay (Assay ID: C_ 31273665 10 for
rs11583641, C_ 25937637 20 for rs1046934; Thermo Fisher Scientific). The PCR reaction system used TagMan
Universal PCR Master Mix (No AmpErase UNG, Applied Biosystems, Foster City, CA, USA) to perform amplification
and end-point fluorescence reading on a real-time fluorescent quantitative PCR instrument. Genotype calling was performed
automatically using the instrument’s genotyping analysis software. The genotyping call rate was 100% for both SNPs (all 460
samples successfully genotyped), and no missing genotypes were observed. For quality control, quality control was performed
according to the manufacturer’s standard operating procedures, and no samples were excluded due to typing failure. Finally,
the genotype of each sample was automatically determined by the genotyping analysis software supporting the instrument.

Quantitative Reverse Transcription Polymerase Chain Reaction (qRT-PCR)

The potential of blood-based biomarkers is well recognized.'® To explore whether COLGALT?2 expression in peripheral
blood reflects OA susceptibility and genetic regulation, we collected peripheral blood mononuclear cells (PBMC) samples
from all 460 participants (230 OA patients and 230 healthy controls). PBMCs serve as a practical surrogate tissue because
they are easily accessible, minimally invasive to obtain, and have been shown to capture systemic molecular signatures
relevant to OA pathogenesis.”*' Peripheral venous blood (EDTA anticoagulation) was collected from healthy controls and
OA patients. PBMC were isolated by Ficoll density gradient centrifugation within 2 h after blood collection and washed
twice with PBS and counted. RNA purity was confirmed by A260/A280 ratio. Subsequently, PBMC was immediately
added to the lysis buffer containing denaturant TRIzol for full lysis and stored at —80°C for later use. Total RNA was
extracted using TRIzol reagents (Invitrogen, Carlsbad, CA, USA) and DNase treatment was performed after extraction to
remove genomic DNA contamination. Equal amounts of RNA (500 ng per sample) were reverse-transcribed into cDNA
using a reverse transcription kit (Thermo Fisher Scientific). The relative expression level of COLGALT2 mRNA was
detected by SYBR Green real-time fluorescence quantitative PCR (Invitrogen). The Ct value was normalized by the internal
reference gene GAPDH, and the relative expression was calculated by the 272" method. Primer sequence details are
shown in Table 1. The primer sequence was only used for SYBR Green-based qRT-PCR. All samples were repeated 3 times.

Statistical Analysis

SPSS 22.0 was used for statistical analysis. Continuous variables were tested by ¢-test or Mann—Whitney U-test, and
enumeration data were compared by chi-square test. One-way Analysis of Variance (ANOVA) test was used for
comparison among multiple groups, and then Tukey‘s post hoc multiple tests were performed.””> The SHEsis online
platform is used for the Hardy-Weinberg equilibrium (HWE) test to verify the representativeness of the sample. Logistic
regression model was constructed to correct age, gender, body mass index (BMI), rs11583641, and rs1046934 as
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Table | Primer Sequences Used for qRT-PCR (Gene Expression Analysis)

Genotyping Forward (5'-3') Reverse (5'-3')

COLGALT2 TACTGCTCCTCTCCTCAGCC | AGAATACAGGCCCCGAGACT
GAPDH TTTTGCGTCGCCAGCC ATGGAATTTGCCATGGGTGGA

covariates, and odds ratio (OR) value and 95% confidence interval (CI) were calculated.” Joint location (knee or hip
OA) was not included as a covariate in the multivariate logistic regression analysis, as the primary aim was to evaluate
the overall genetic association with OA susceptibility in the combined OA cohort. Bonferroni correction was applied for
multiple comparisons in the following analyses: genotype and allele distributions, Hardy—Weinberg equilibrium (HWE)
testing, and the associations of genotypes with disease duration, K-L grade, and WOMAC score. After correction, the
statistical significance threshold was set at P < 0.025 (0.05/2). For other analyses, including clinical characteristic
comparisons, multivariate logistic regression analyses, and mRNA expression, a two-sided P < 0.05 was considered

statistically significant.

Results

Comparison of Clinicopathological Data Between Patients and Control Group

The basic information of the control group and OA patients included in this study is shown in Table 2 below. The age of
the two groups of subjects was compared by independent sample 7 test, and there was no statistical difference (P =0.66),
indicating that the age matching was good. In addition, there was no significant difference in gender distribution and
smoking ratio between the two groups (P > 0.05). However, the BMI of OA patients was significantly higher than that of
healthy controls (P = 0.006). In the included OA patient group, the severity of clinical symptoms and structural damage
was 51 points for the median (interquartile range) of the total WOMAC score; the average duration of the disease was
4.58 years. According to the K-L grading system, 130 of all OA patients were evaluated as mild to moderate (K-L2) by
imaging, accounting for 56.52% of all patients. There were more patients with knee osteoarthritis included in this study,

accounting for 67.83%.

Table 2 Comparison of Clinical Data Between Control Group and OA Group

Characteristics Control, n=230 | OA, n=230 letlz P Value
Age, years (meanxSD) 62.14+8.68 64.91£9.48 0.441 0.66
Gender 0.139 0.709
Male 112 (48.70%) 108 (46.96%)

Female 118 (51.30%) 122 (53.04%)

Smoking 0.055 0.814
Yes 46 (20.00%) 44 (19.13%)

No 184 (80.00%) 186 (80.87%)

BMI (kg/m?) 10.260 | 0.006
<25 110 (47.83%) 80 (34.78%)

25-30 90 (39.13%) 100 (43.48%)

>30 30 (13.04%) 50 (21.74%)

WOMAC (median) - 51

Disease duration, years (mean+SD) - 4.58 + 3.03

K-L grade (%)

K-L2 - 130 (56.52%)

K-L3-4 - 100 (43.48%)

Location (knee, %) - 156 (67.83%)

Notes: P < 0.05 was considered significant.
Abbreviations: OA, osteoarthritis; BMI, body mass index; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index; K-L, Kellgren-Lawrence.
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Table 3 HWE Analysis of SNP Genotype in Control Group and OA Group

SNPs Genotype Control Ve P value OA Ve P Value
rsl 1583641 CcC 21 (9.13%) | 0.009 0.925 58 (25.21%) | <0.001 0.999
CcT 96 (41.70%) 115 (50.00%)
TT 113 (49.13%) 57 (24.78%)
rs1046934 AA 28 (12.17%) | 0.064 0.800 47 (20.43%) 0.016 0.899
AC 107 (46.52%) 115 (50.00%)
CcC 95 (41.3%) 68 (29.57%)

Notes: After Bonferroni multiple correction, P < 0.025 was considered significant.
Abbreviations: HWE, Hardy—Weinberg equilibrium; SNP, Single Nucleotide Polymorphism.

HWE Analysis

The genotype distributions of the two polymorphic sites of COLGALT2 were assessed for HWE. As presented in
Table 3, the P-values of the HWE test in the control group were all greater than 0.05 (P > 0.025), indicating that the
controls are representative of the general population and that there were no significant genotyping errors or population
stratifications. Additionally, the genotype distributions in the OA group also conformed to HWE (P > 0.025).

The Relationship Between COLGALT2 Gene Polymorphism and the Risk of OA

Next, we explored the relationship between these two polymorphisms and OA susceptibility (Figure 1 and Table 4). The
genotype distribution of rs11583641 was significantly different between the OA group and the control group (P <
0.0001). Compared with the control group, the frequencies of CC and CT genotypes in the OA group increased by
16.08% and 8.30%, respectively, while the frequency of TT genotype decreased by 24.35%. The allele frequency analysis
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Figure | Distribution of genotypes and alleles in controls and OA. (A) Genotype (Left) and allele (Right) distribution of rs|1583641. (B) Genotype (Left) and allele (Right)
distribution of rs|1046934.
Abbreviation: OA, osteoarthritis.
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Table 4 Allele and Genotype Frequencies of COLGALT2 Gene SNP Loci

SNP Genotype (%) Ve P Value Allele (%) Ve P Value
rs|158364| ccC CT TT 37490 | <0.001 C T 39.140 | <0.001

Control (n=230) | 21 (9.13%) | 96 (41.70%) | 113 (49.13%) 138 (30.00%) | 322 (70.00%)

OA (n=230) 58 (25.21%) | 115 (50.00%) | 57 (24.78%) 231 (50.22%) | 229 (49.78%)

rs1046934 AA AC ccC 9.574 | 0.008 A C 9.549 | 0.002

Control (n=230) | 28 (12.17%) | 107 (46.52%) | 95 (41.3%) 163 (35.43%) | 297 (64.57%)

OA (n=230) 47 (20.43%) | 115 (50.00%) | 68 (29.57%) 209 (45.43%) | 251 (54.57%)

Notes: After Bonferroni multiple correction, P < 0.025 was considered significant.
Abbreviation: SNP, Single Nucleotide Polymorphism.

also showed a significant difference (P < 0.0001): the C allele frequency in the OA group was 20.22% higher than that in
the control group, and the T allele frequency decreased by 20.22%. The above results suggest that the C allele is a risk
allele for OA, which is consistent with previous studies.**

Subsequently, we analyzed another OA-related COLGALT?2 locus rs1046934. The genotype distribution of this locus
was also significantly different between the two groups (P = 0.008). Compared with the control group, the frequencies of
AA and AC genotypes in the OA group increased by 8.26% and 3.48%, respectively, while the frequency of CC
genotype decreased by 11.73%. Allele frequency analysis also showed significant differences (P < 0.025): OA group
A allele frequency increased by 10.00%, C allele frequency decreased by 10.00%. This finding indicates that the
polymorphisms of rs11583641 and rs1046934 are associated with the susceptibility of OA.

The Correlation Between COLGALT2 Polymorphism and the Disease Duration of OA
To explore the cross-sectional association between genetic variation and disease duration, we divided OA patients into short
duration (<3 years) and long duration (> 3 years) groups based on the common clinical course threshold, and compared the
genotype distribution of rs11583641 and rs1046934 loci between the two groups. As shown in Table 5, the genotype
distribution of rs11583641 locus was significantly different between patients with short duration and long duration of
disease (P = 0.006). Compared with the short duration group, the frequencies of CC and CT genotypes in the long duration
group increased by 7.82% and 10.86%, respectively, while the frequency of TT genotype decreased by 5.65%.

For the rs1046934 locus, although the frequencies of AC and CC genotypes in the long duration group were 3.92%
and 8.70% higher than those in the short duration group, the difference in genotype distribution between the two groups
was not statistically significant (P = 0.254). These findings indicate that, in this cross-sectional analysis, the rs11583641
polymorphism is associated with longer disease duration, whereas rs1046934 shows no significant association with
disease duration.

Table 5 Correlation Between Different Genotypes of COLGALT2 Gene SNP
Locus and Duration of OA (n=230)

SNP Genotype | Long Duration | Short Duration 7 P Value
rs| 1583641 cC 38 (16.52%) 20 (8.70%) 10.250 0.006
CcT 70 (30.43%) 45 (19.57%)
TT 22 (9.57%) 35 (15.22%)
rs1046934 AA 24 (10.43%) 23 (10.00%) 2.742 0.254
AC 62 (26.96%) 53 (23.04%)
CcC 44 (19.13%) 24 (10.43%)

Notes: Long duration, indicating the duration of disease > 3 years; short duration, indicating the duration
of disease <3 years. After Bonferroni multiple correction, P < 0.025 was considered significant.
Abbreviations: SNP, Single Nucleotide Polymorphism; OA, osteoarthritis.
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Table 6 Correlation Between Different Genotypes of COLGALT2 Gene SNP
Loci and OA K-L Grade (n=230)

SNP Genotype | Mild-to-Moderate Severe X P Value
rsl 1583641 CcC 20 (8.70%) 38 (16.52%)
CT 50 (21.74%) 65 (28.26%) | 16.420 | <0.001
TT 40 (17.39%) 17 (7.39%)
rs1046934 AA 27 (11.74%) 20 (8.70%)
AC 55 (23.91%) 60 (26.09) 2.948 0.229
CcC 28 (12.17%) 40 (17.39%)

Notes: After Bonferroni multiple correction; K-L, Kellgren-Lawrence. Mild-to-moderate, K-L2; severe,
K-L3-4. After Bonferroni multiple correction, P < 0.025 was considered significant.
Abbreviations: SNP, Single Nucleotide Polymorphism; OA, osteoarthritis.

The Correlation Between COLGALT2 Polymorphism and K-L Classification of OA

To explore the relationship between genetic variation and OA imaging severity, we divided OA patients into mild-
moderate group (K-L2) and severe group (K-L3-4) according to Kellgren-Lawrence classification and compared the
genotype distribution of rs11583641 and rs1046934 between the two groups. The results showed that the genotype
distribution of rs11583641 was significantly different between the mild-moderate group and the severe group (P=0.0003).
Compared with the severe group, the frequencies of CC and CT genotypes in the mild-moderate group increased by
7.82% and 6.52%, respectively, while the frequency of TT genotype decreased by 10%. The genotype distribution of
rs1046934 was not statistically different between the two groups (P = 0.229). The frequencies of AC and CC genotypes
increased in the severe group (2.18% and 5.22%). The detailed data are shown in Table 6. These results indicate that, in
this cross-sectional analysis, the rs11583641 polymorphism is associated with imaging severity (K-L grade), whereas the
rs1046934 polymorphism shows no significant association with severity grading in this cohort.

The Correlation Between COLGALT2 Polymorphism and the Total Score of
WOMAC in OA Patients

To evaluate the relationship between genetic variation and the severity of clinical symptoms, we analyzed the correlation
between different genotypes of rs11583641 and rs1046934 and the total score of WOMAC in OA patients. The results showed
that there were significant differences in WOMAC scores between different genotype groups of rs11583641 (P<0.025).
Compared with patients with CC genotype, the total WOMAC scores of patients with CT or TT genotype were significantly
lower (P < 0.001, Figure 2A). There was no significant difference in the total score of WOMAC between different genotypes
of rs1046934 (P>0.025, Figure 2B). This suggests that these two polymorphisms in the COLGALT2 gene region are not only

associated with OA susceptibility but also may affect the severity of clinical symptoms in patients.

COLGALT?2 Polymorphism is Independently Associated with OA

In order to further explore the factors independently associated with OA status, we conducted a multivariate logistic
regression analysis, in which gender and BMI grouping were used as categorical variables, the dominant model coding
variables of rs11583641 and rs1046934 were used as independent variables, and OA status was the dependent variable.
In the dominant model, rs11583641 used TT as the reference and CC + CT as the exposure group. CC was used as
a reference for rs1046934, and AA + AC was the exposure group. The reference BMI group was BMI < 25. As shown in
Figure 3 and Table 7, compared with the reference BMI group, the OA risk of BMI 25-30 was significantly increased
(OR = 0.371, 95% CI: 0.193-0.711, P = 0.003), and the OA risk of BMI > 30 was also significantly increased (OR =
0.433, 95% CI: 0.245-0.764, P = 0.004). In terms of genetic factors, the dominant model of rs11583641 is significantly
correlated with OA status (OR=0.347, 95% CI: 0.231-0.521, P < 0.001), indicating that individuals carrying at least one
C allele have a 0.347 times higher risk of OA compared to TT homozygotes (ie., significantly reduced risk); Rs1046934
also showed independent correlation (OR=0.574, 95% CI: 0.382-0.861, P = 0.007), indicating that individuals carrying at
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Figure 2 Correlation analysis between COLGALT?2 gene polymorphism and WOMAC score in OA patients. (A) Correlation analysis between rs| 1583641 and WOMAC
score in OA patients. (B) Correlation analysis between rs|1046934 and WOMAC score in OA patients. Standard error of the mean. ns, represents no significantly difference,
**P<0.01, ¥*P < 0.001. After Bonferroni multiple correction, P < 0.025 was considered significant.
Abbreviations: COLGALT?2, collagen beta(l-O) galactosyltransferase 2; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
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Table 7 Logistic Regression Analysis of Factors Independently Associated

with OA

Factor B SE Wald | df | OR 95% CI P Value
Age 0.007 | 0.013 | 0.289 | 1.007 | 0.981-1.033 0.591
Gender 0.266 | 0.235 1.273 | 1.304 | 0.822-2.069 0.259
BMI

25-30 -0.993 | 0.333 | 8.898 I | 0371 | 0.193-0.711 0.003
>30 —0.837 | 0.290 | 8349 I | 0.433 | 0.245-0.764 0.004
rs| 1583641 | —1.059 | 0.208 | 25.936 | | | 0.347 | 0.231-0.521 0.000
rs1046934 —-0.556 | 0.208 | 7.177 I | 0.574 | 0.382-0.861 0.007

Notes: P < 0.05 was considered significant.
Abbreviations: B, Bias; SE, Standard error; df, Degree of freedom; OR, Odds ratio; ClI,
confidence interval.

least one A allele are 0.574 times more likely to develop OA compared to CC homozygotes (ie., significantly reduced
risk). Gender and age did not show an independent association in this model (P > 0.05).

The Expression Level of COLGALT2 in PBMC is Associated with Osteoarthritis and
Risk Genotypes

It has been reported that the expression of COLGALT2 can be detected in blood.*>*® Previous studies have shown that
there is a substantial overlap between the PBMC gene expression profile in OA and the local joint pathological pathways,
including inflammatory response, matrix remodeling, monocyte activation and immune aging-related changes, so it can
be used as an accessible indicator of systemic and joint-related disease activity.?”*® In order to verify whether the
expression level of COLGALT2 influences the pathogenesis of OA, we collected PBMC samples from patients and
controls and performed qRT-PCR detection. COLGALT?2 was highly expressed in OA group (Figure 4A, P < 0.001). At
the rs11583641 locus, COLGALT2 expression levels were highest in CC genotype carriers, followed by CT genotype
carriers (P < 0.001), with no significant difference observed between TT and CT genotype carriers (Figure 4B, P > 0.05).
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Figure 4 The expression level of COLGALT2 in PBMC was associated with OA and risk genotypes. (A) The expression of COLGALT?2 in PBMC of healthy control group
and OA group. (B) The expression of COLGALT2 in different genotype carriers of rs| 1583641 in PMBC of OA group. (C) The expression of COLGALT?2 in different
genotype carriers of rs1046934 in PMBC of OA group. Standard error of the mean. ns, represents no significantly difference, **P <0.01, ***P < 0.001. P < 0.05 was
considered significant.

Abbreviation: PMBC, peripheral blood mononuclear cells.
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The same trend was observed at rs1046934 locus, that is, AA genotype carriers had the highest expression level, AC
genotype was in the middle, and CC genotype was the lowest (Figure 4C, P < 0.001).

Discussion

In this study, we systematically analyzed the association of two independent single nucleotide polymorphisms
(rs11583641 and rs1046934) in the COLGALT2 gene region with OA risk, clinical manifestations, and disease duration
in a Chinese population. We also examined its expression level in PBMC, which to our knowledge has not been
previously reported in this population. Our results provide additional validation for previous studies and extend them by
demonstrating a broader clinical phenotype spectrum associated with this genetic locus in the context of OA
pathogenesis.

At the susceptibility level, the allele/genotype distribution of rs11583641 in OA group differed from that in healthy
controls. After adjusting for age, sex and BMI by multivariate logistic regression, the related genotypes remained
significantly associated with OA risk, which was consistent with Kehayova et al conclusion that rs11583641 was used as
an OA risk signal and provided functional genetic evidence in the European population®* It should be noted that the
associations observed in case-control studies may still be affected by unmeasured confounding (physical load, previous
injury, metabolic status, etc.) or selection bias. Therefore, they should be interpreted as “cross-population replicable
evidence of association” rather than direct evidence of causality.

Although it has not been reported that the A allele of rs1046934 is associated with OA risk, the A allele has been
shown to be involved in the regulation of COLGALT?2 expression, which supports its biological plausibility.'® In our
study, the allele frequencies of A and C in the rs1046934 locus were also significantly higher in the OA group than in the
healthy control group, and showed a certain independent effect in the regression model. This observation is consistent
with the possibility that rs1046934 may be associated with OA susceptibility, or that rs1046934 is highly co-inherited
with the true pathogenic variant on the genome, making it a risk signal in this study.?’ Haplotype/condition analysis and
other methods are still needed to further confirm the variation that truly drives the genetic association.*”

It is worth noting that after controlling BMI stratification, the two loci remained significantly associated, indicating
that the observed genetic effect of the COLGALT?2 locus is not solely attributable to environmental risks such as obesity.
The magnitude of association for rs11583641 was greater (OR=0.347), while the effect of rs1046934 was relatively mild
(OR=0.574), suggesting that independent genetic signals within the same gene region may differ in their degree of
contribution to OA susceptibility may be different. It should be emphasized that the regression model reveals a statistical
association, and its robustness still needs to be verified in a larger sample and longitudinal cohort. Moreover, whether
these variants directly influence COLGALT?2 expression and the ECM remodeling pathway remains to be further clarified
in combination with functional experiments.

At the phenotypic level, rs11583641 showed a stronger statistical association with K-L grade (K-L2 vs K-L3-4) and
duration of disease, while rs1046934 was relatively weak. The statistical correlation is consistent with the possibility that
rs11583641 is associated with longer disease duration and higher imaging severity, but it still needs to be verified by
longitudinal follow-up: K-L mainly reflects the changes of imaging structure,’' the course of disease is easily affected by
the time of treatment, symptom threshold and memory bias,*” and there is a structural-symptom mismatch in OA.**** In
the future, structural progression rate (joint space narrowing, MRI structural score) and pain trajectory modeling should
be combined in a prospective cohort to evaluate whether rs11583641 is associated with subsequent structural changes.
We also observed that the two-locus genotype was associated with the total WOMAC score. When considered alongside
the mechanism evidence from Kehayova et al in cartilage tissue, where rs11583641 risk allele (C) was reported to up-
regulate COLGALT?2 expression by reducing enhancer methylation, it is plausible that such an expression change might
contribute to excessive collagen glycosylation and altered ECM mechanical properties, which in turn could correlate with
more severe pain and dysfunction.'®** However, it should be emphasized that the WOMAC association cannot directly
prove that altered expression is the mediating mechanism for symptom aggravation, because symptoms are also
influenced by multiple other pathways (eg., synovitis, bone marrow lesions, muscle strength, and psychological factors).
Subsequent cell and animal experiments are therefore still needed to test these hypotheses.
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This study observed that the expression of COLGALT2 mRNA in PBMC of OA patients was significantly up-
regulated and associated with risk genotypes. At rs11583641, the risk-related CC genotype was the highest. At
rs1046934, the risk-related AA genotype had the lowest performance. We speculate that the regulation of genetic risk
on COLGALT2 may have a certain “systemic explicitness”, and peripheral blood can partially reflect the overall
activation of ECM/repair-related pathways.*> At the same time, it is not excluded that the difference in peripheral
blood is mainly driven by inflammatory status or changes in the proportion of white blood cell subsets, and COLGALT2
is only an accompanying signal.*> Previous studies have shown that peripheral blood gene expression profiles are
associated with OA pain and progression and have certain predictive value,*® but also emphasize the need to control cell
composition and inflammation.*” In addition, the opposite expression patterns of COLGALT2 between genotype carriers
of rs11583641 and rs1046934 might reflect complex allele-specific regulatory mechanisms within this gene region, but
could also be related to the limited statistical power of the current sample size in subgroup analyses. Consequently, larger
and more prospective cohorts are needed to further validate these findings, and functional experiments are required to
elucidate the underlying molecular mechanisms.

Although Kehayova et al reported that rs11583641 regulates synovium in the opposite direction to cartilage,'” the
pattern we observed in peripheral blood is closer to the cartilage effect. This observation may reflect a shared/dominant
degeneration-repair transcription program, or could be attributable to difference in blood cell composition or disease
stage.*® In view of the significant tissue/cell type specificity of genetic regulation and even the opposite direction
effect,’”***! multi-tissue paired samples and single cell/deconvolution framework are still needed to further verify its
tissue origin and pathological significance.

However, this study has many limitations. The sample size is modest, and the relatively small numbers in certain
subgroups (eg., by K-L grade or disease duration) increase the risk of Type II errors, which may have masked weaker but
potentially true associations. The cross-sectional cannot establish causality or infer disease progression, and expression
analysis was limited to peripheral blood mRNA, lacking evidence from joint tissues or protein activity. In the future, the
association should replicate in a larger, multicenter Chinese population cohort, and longitudinal studies are needed to
assess whether rs11583641 is associated with imaging progression and joint replacement risk. We did not adjust for
PBMC subset composition (eg., by flow cytometry or transcriptomic deconvolution) nor measure inflammatory markers
such as C-reactive protein (CRP)/erythrocyte sedimentation rate (ESR). Therefore, the association between COLGALT2
expression and OA risk may be confounded. Future studies should incorporate cell-type enumeration and inflammatory
profiling. In addition, knee and hip OA cases were analyzed as a combined OA cohort, and joint location was not
included as a covariate in the regression model, which may have introduced site-related heterogeneity. Finally, the
potential utility of peripheral blood COLGALT?2 as a circulating marker for OA diagnosis, classification, or efficacy
monitoring remains to be systematically evaluated, and further mechanistic exploration will require cell and animal
experiments.

Conclusion

In summary, this study replicated significant associations between polymorphisms of rs11583641 and rs1046934 in the
COLGALT2 gene region and OA susceptibility in the Chinese population, thereby extending previous findings to an East
Asian cohort. Further stratified analysis indicated that rs11583641 was also associated with longer disease duration,
higher imaging severity (K-L grade) and heavier symptom burden (WOMAC), providing additional evidence for its
potential involvement in disease heterogeneity. At the same time, we detected elevated COLGALT2 mRNA expression in
PBMC, and its level was correlated with the dose of risk allele, which offers preliminary correlative evidence for the
systematic reflection of genetic risk and hints at its possible non-invasive biomarker value, pending validation in future
studies. Collectively, these results provide additional population-based validation for explaining the genetic heterogeneity
and clinical phenotype spectrum of OA, and lay a foundation for subsequent validation, fine-mapping and mechanistic
studies in larger samples and longitudinal cohorts.

Data Sharing Statement
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