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Objective: To investigate the correlation of the Vall09Asp polymorphism of the omentin-1
gene with the risk and severity of knee osteoarthritis (KOA) in a Chinese Han population.
Methods: This study enrolled 383 patients with primary KOA and 460 healthy controls. The
genotypes were determined by the detection of single nucleotide polymorphism. To explore
the interaction between omentin-1 gene polymorphism and obesity and age, the body mass
index (BMI) of 25 kg/m* and the age of 55 years old were preset as the cut-off value of
stratified analysis. Furthermore, enzyme-linked immunosorbent assay was used to determine
the levels of omentin-1, interleukin (IL)-1f, IL-6 in peripheral blood and synovial fluid and
the contents of IL-1fB, IL-6, metalloproteinase (MMP)-13 and collagen (COL)-II in the
supernatant of knee joint cartilage tissue.

Results: The Vall09Asp polymorphism of the omentin-1 gene showed no obvious correla-
tion with KOA. Compared with Asp/Asp genotype carriers with BMI <25 kg/m? and age <55
years old, Val109 allele carriers with BMI>25 kg/m* and age >55 years old had obviously
increased risk of KOA (adjusted OR = 1.416, p = 0.042; adjusted OR = 1.735, p = 0.038,
respectively). In the KOA group, only the omentin-1 levels were significantly lower in the
plasma and synovial fluid of Ala/Ala genotype carriers than in those of Asp/Asp genotype
carriers. Meanwhile, the proportion of patients with moderate—severe K-L Classification, the
levels of IL-1B, IL-6 in synovial fluid and the expression levels of IL-1f, IL-6 and MMP-13
in cartilage tissue significantly increased (p < 0.05). By contrast, the expression level of
COL-II in cartilage tissue significantly decreased (p < 0.05).

Conclusions: The Val109Asp polymorphism of the omentin-1 gene may not be the primary
pathogenic factor of KOA in Chinese. The Val/Val genotype can be regarded as a potential
biomarker for the risk of KOA progression.

Keywords: omentin-1, single nucleotide polymorphism, knee osteoarthritis, biomarker,
Chinese, obesity

Background

Osteoarthritis (OA), characterised by impairment in the normal synthesis and
degradation of articular cartilage, extracellular matrix and subchondral bone and
synovial inflammation and synovial fibrosis as well as inflammation and fibrosis of
the infrapatellar fat pad,' is a prevalent degenerative joint disorder caused by
mechanical and biological factors. It is the leading cause of pain and disability and
the primary factor for the decline of patients’ quality of life.* Knee osteoarthritis

(KOA) is the most common form of OA, which can bring intolerable pain to
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patients and requires frequent surgical treatment. At pre-
sent, it is well known that gender, age, trauma, joint injury,
excessive physical activity, obesity, and other factors are
the risk factors of KOA.> Recent genome-wide association
studies have demonstrated that genetic factors are also
involved in the development of OA.® Meanwhile, some
reports indicated a correlation between the polymorphism
of some genes and the incidence of KOA.”*

The incidence of obesity in Chinese significantly
increased in the past decades.” Obesity is a clinical man-
ifestation characterized by an abnormal increase in the
percentage of body fat to body weight due to the increase
in the volume and number of adipocytes in the body, and
excessive deposition of fat in some parts. Adipose tissue is
an active endocrine organ that produces a wide spectrum
of adipokines,'® which can regulate the functions of carti-
lage, synovium, bone and various immune cells in vivo,
thus playing an important role in maintaining the balance
of cartilage and bone growth.'"' Recent studies®'? have
found that the infrapatellar fat pad, as a small adipose
tissue, also secretes adipokines and pro-inflammatory
mediators inducing synovial inflammation, and seems to
act as an anatomo-functional unit with synovial membrane
contributing to OA onset and progression. In view of the
above interpretation, adipokines may be a key factor in the
pathogenesis of OA.

Omentin, produced and secreted primarily by visceral
adipose tissues, is a newly discovered anti-inflammatory
adipokine that is involved in disorders of blood vessels
and metabolism and in a variety of chronic inflammatory
diseases.'® It has two structural genes of omentin-1 and
omentin-2. Of these, omentin-1 is the major form of
omentin in the blood circulation."* Previous research
found that omentin-1 can participate in the pathogenesis
of obesity and related diseases owing to an increased
insulin sensitivity resulting from its stimulation on insulin-
mediated glucose uptake in human adipocytes.'> A recent
study has verified that omentin-1 can eliminate the inter-
leukin (IL)-1B-induced degradation of type II collagen and
aggrecan, the two main components of articular extracel-
lular matrix, in a dose-dependent manner,'® highlighting
a potential cartilage protection function of omentin-1.

Human omentin-1 gene is composed of eight exons and
seven introns. Random sequencing showed that the single
nucleotide missense mutation of Vall09Asp is located in
exon 4 of the omentin-1 gene. Published studies investi-
gated the relationship of the Vall09Asp polymorphism of
the omentin-1 gene with type 2 diabetes mellitus, chronic

inflammatory bowel disease, psoriasis, nonalcoholic fatty
liver disease, coronary artery disease, rheumatoid arthritis
and nutritional behaviour regulation.'” > Meanwhile,
a recent study®* has discovered that the omentin-1 level
in the peripheral blood and synovial fluid of patients with
primary KOA is closely correlated with the severity of
KOA and revealed that omentin-1 could be used as
a potential biomarker for the degeneration of primary
KOA. So far, the possible relationship of the genetic
variability of the omentin-1 gene with KOA remains to
be established.

On the above basis, the present study explored the
relationship of the Vall09Asp polymorphism of the omen-
tin-1 gene with the risk of KOA. It also investigated the
changes in omentin-1 levels in the peripheral blood and
synovium fluid of the knee joint in patients with different
genotypes of KOA and their relationship with the severity
of KOA.

Methods

Objects of Study

The study included 383 Chinese Han patients (167 males
and 216 females, aged 45-68 years old) with unilateral or
bilateral primary KOA (KOA group) who were diagnosed
and treated in the First Affiliated Hospital of Anhui
Medical ~ University  from  January 2018  to
December 2019. All the enrolled patients with KOA met
the criteria of the American Rheumatic Association, had
typical symptoms and signs of KOA and X-ray signs of
osteoarthritis in accordance with Kellgren—Lawrence (K-
L) Classification.”> The course of KOA was 316 years.
Among the 383 patients with KOA, 186 cases received
knee joint cavity arthrocentesis and obtained knee joint
synovial fluid, and 78 cases were treated by knee arthro-
plasty. The major exclusion criteria were as follows: (i)
patients with ankylosing spondylitis, psoriasis or other
autoimmune diseases; (ii) patients with medical history
of knee injury or intra-articular infection; (iii) patients
with cardiovascular disease, chronic liver disease, dia-
betes, kidney disease, tumour and so on; (iv) patients
with acute and chronic infectious diseases; (v) patients
who received arthroscopic surgery of the knee in the past
6 months and steroid injection of the knee joint in the last
3 months and (vi) patients with obvious weight change in
recent 3 months. In addition, 460 healthy individuals (192
males and 268 females, aged 47-67 years old) who
received physical examination in the Health Management
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Center of our hospital during the same period were
selected as the normal control group (NC group). All
individuals in the NC group do not have joint pathology
in the knee, which was confirmed by interrogation, physi-
cal examination and knee imaging examination (X-ray or
MRI). In addition, they had no family history of OA,
tumour, other chronic inflammation or chronic history.
All participants were from the same race and region and
no genetic relationship was found between them by
genetic relationship investigation. The present study has
been approved by the Medical Ethics Committee of the
First Affiliated Hospital of Anhui Medical University, with
informed consent obtained from all participants.

All participants in this study completed a questionnaire
survey on lifestyle and personal disease history as
described in a previous study.”® It covered the participants’
smoking, drinking, occupation, sports activities, joint
trauma and injury history, drugs (such as antihypertensive
drugs, non-steroidal anti-inflammatory drugs (NSAIDs),
etc.) and family history of OA. Furthermore, general infor-
mation of enrolled participants were recorded, including
body weight, height, waist circumference, hip circumfer-
ence, systolic blood pressure (SBP) and diastolic blood
pressure (DBP), associated with the calculation of body
mass index (BMI) and waist hip ratio (WHR). The X-ray
films of all patients with KOA were classified and evalu-
ated based on the K-L classification system. For bilateral
KOA patients, the X-ray film of one side of the knee with
more serious disease was selected for classification and
evaluation. In accordance with the four imaging features
of joint space narrowing, osteophyte, subchondral sclerosis
and subchondral cyst, referring to previous studies,” KOA
was further classified as mild-moderate (K-L: 1-2) or
moderate—severe (K-L: 3—4).

Laboratory Test

After enrollment, all participants fasted for 10 h and took
venous blood from their elbows to anticoagulant tubes or
non-anticoagulant collection tubes in a fasting state from
8:00 to 8:30 the next morning. The collected blood sam-
ples after centrifugation were stored at —80°C for subse-
quent analysis. Plasma samples were used to measure
fasting plasma glucose (FPG), omentin-1, interleukin 1B
(IL-1B) and interleukin 6 (IL-6). Meanwhile, serum sam-
ples were prepared to determine total cholesterol (TCH),
triglyceride (TG), C-reactive protein (CRP) and other indi-
cators. Blood glucose and blood lipid were measured using
a fully automatic biochemical analyser (MODULE P800,

Roche, Switzerland). In specific, FPG was detected using
the glucose oxidase method, TCH and TG through
enzyme-linked colorimetry and CRP through latex-
enhanced immunoturbidimetric assay. In addition, the con-
centrations of omentin-1, IL-1f and IL-6 in the plasma and
synovial fluid of the knee joint were determined by
enzyme-linked immunosorbent assay (ELISA) in batches
every 6 months in accordance with the instructions of this
kit (Biovision Inc., USA) by Thermo Scientific™
Multiskan™ FC Microplate Reader (Thermo Fisher
Scientific, USA).

DNA Extraction and Genotyping

A 5 mL volume of venous blood was drawn from all
participants to an ethylene diamine tetraacetic acid
(EDTA) anticoagulant test tube. Genomic DNA was
extracted using 5 mL whole blood samples using a DNA
separation kit (Bioteke, Beijing, China). Genotype detection
of the Val109Asp polymorphism of the omentin-1 gene was
performed by detection of single nucleotide polymorphism
(SNP). The forward primer was 5'-
GAGCCTTTAGGCCATGTCTCT-3' and the reverse primer
was 5-CTCTCCTTCTTCTCCAGCCCAT-3'. The primers
mentioned above were synthesised by DNA Technology
Company A/S (Takara Biotechnology (Dalian) Co., Ltd.,
China). PCR analysis was performed on Perform PCR
on PCR machine 310A (Hangzhou Longji
Scientific Instrument Co., Ltd.) in accordance with the

analysis

manufacturer’s instructions. The final relative volume was
20 pL, including 2 puL of primer, 1 pL of template, 10 pL of
taq master mix and 7 uL of ddH2O. The cycle conditions
were described as follows: first, pre-denaturation at 94°C
for 3 min, denaturing at 94°C for 30 s, annealing at 64°C
for 30 s, extension for 30 s at 72°C (14 cycles), then
denaturing again at 94°C for 30 s, annealing at 57°C for
30 s, extension for 30 s at 72°C, a final extension at 72°C
for 10 min. The PCR product was subjected to 2% agarose
gel electrophoresis, and the target bands of the same size
were cut out, and purified and recovered according to the
magnetic bead method of the Yinglaidun recovery kit. Then
use the Sanger sequencing experiment to measure the
results, and use the 3730 xl sequencer for sequencing.
DNA Sequencing analysis software was used to analyze
the sequencing results, Sequencing Analysis 5.2.0 software
was used for interpretation, and Sequencher 5.1 software
package was used for comparison analysis.
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A repeated test was conducted with about 5% samples
randomly to verify the accuracy of genotyping results. The
coincidence rate of all repeated samples was 100%.

Detection of IL-1p, IL-6, Matrix
Metalloproteinase 13 (MMP-13) and
Collagen-Il (COL-Il) in Articular Cartilage

of Knee Joint

Under a sterile condition, the articular cartilage (about
10 mm in diameter and 8 mm in thickness) collected
from 78 patients with KOA who underwent knee arthro-
plasty was sectioned, immediately placed into a mortar
containing liquid nitrogen, ground into homogenate and
then collected into 1.5 mL EP tubes. Each EP tube was
added with 1 mL of RIPA high-intensity protein lysate
(containing pepsin inhibitor, leucine inhibitor, trypsin inhi-
bitor and phosphatase inhibitor), placed on ice for 10 min
and then homogenised for 90 min. After centrifugation at
12,000 r/min for 30 min at 4°C, the supernatant was
collected into EP tubes separately and stored at —80°C
for further detection. The contents of IL-1p, IL-6, MMP-
13 and COL-II in the supernatant were determined by
ELISA in batches every 6 months in accordance with the
instruction of the kit (Biovision Inc., USA) by Thermo
Scientific™ Multiskan™ FC Microplate Reader (Thermo
Fisher Scientific, USA).

Statistical Analysis

SPSS 17.0 (SPSS, Chicago, IL, USA) was used for statis-
tical analysis. Measurement data in accordance with nor-
mal distribution were expressed as mean + standard
deviation (X#s), f-test was used for comparison between
the two groups, and one-way ANOVA was used for multi-
group comparison, and LSD #-test for further pairwise
comparison. Whereas non-normal data were expressed by
median with interquartile range (IQR) [M (P,s, P75)], non
parametric f-test was used for comparison between two
groups, Wilcoxon test was used for comparison among
three groups, Bonferroni method was used to correct o
(o), and Mann Whitney U-test was used for further pair-
wise comparison. The Chi-square test (x°) was used to
evaluate the Hardy—Weinberg equilibrium. Difference of
genotype and allele frequency between KOA patients and
healthy controls was compared by 2x2 table and standard
¥ test. Odds ratios (ORs) and 95% confidence intervals
(95% ClIs) were used to calculate the corresponding dis-
tribution of y” test. In addition, the correlation between

Vall09Asp polymorphism and KOA was analysed by
logistic regression analysis and a multiple regression
model was established to control the effect of other con-
founding factors. Statistical significance was considered at
a two-tailed P value of less than 0.05.

Results

Characteristics of the Participants

A total of 383 patients with KOA included 315 patients with
bilateral knee lesions and 68 patients with unilateral knee
lesions. No statistical differences were found in age, gender
composition, smoking, drinking, physical exercise, SBP, DBP,
BMI, WHR, FPG, TCH, TG and the levels of IL-1f and IL-6
in peripheral blood between the KOA and NC groups (p >
0.05). Moreover, the proportion of NSAIDs and CRP level
were significantly higher in the KOA group than in the NC
group (p< 0.05), but with an statistically reduced concentration
of omentin-1 in plasma [10.8 (7.2, 18.3) vs 19.2 (10.8, 28.7)
ng/L, p=0.028]. In addition, the median duration of KOA
symptoms was 42.5 months in this study, and 58.5% of
34 in with
K-L classification system. Detailed data are shown in Table 1.

patients were in grade accordance

Correlation Between Val| 09Asp
Polymorphism of the Omentin-1 Gene
and Risk of KOA

Agarose gel electrophoresis for PCR products of different
genotypes of the omentin-1 gene and the representative
results of different gene mutation types of the omentin-1
gene detected by SNP are shown in Figures 1 and 2,
respectively. In NC group, the genotype distribution of the
Vall09Asp polymorphism of the omentin-1 gene was in
with  the
(»>0.0001), Whereas, this gene polymorphism did not con-
form to the Hardy—Weinberg equilibrium (p<0.0001) in
KOA group. The results are shown in Table S1. Multiple

accordance Hardy—Weinberg  equilibrium

Logistic regression analysis revealed no significant correla-
tion of the Val109Asp polymorphism of the omentin-1 gene
with the incidence of KOA (p>0.05). In addition, the fre-
quency of Asp allele was lower in the KOA group (73.6%)
than in the NC group (76.7%), but the difference was not
statistically significant (»>0.05) (Table 2).

The genotypes Val/Asp and Val/Val were combined for
analysis. According to the diagnostic criteria for obesity in
the Asia Pacific region issued by the World Health
Organization’” and previous studies,” a stratified analysis
was carried out in the KOA and NC groups with a BMI of
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Table | Selected Characteristics of the Patients with KOA and
Controls [(X+s), M (25%,75%), n (%)]

Characteristics KOA (n=383) NC (n=460) p-value
Age (year) 51.3x12.1 50.6x11.5 0.312
Gender

Male 167 192 0.683

Female 216 268
KOA symptoms 42.5 (18, 68.3) -
duration (months)
KOA location (%)

Unilateral cases 68 (17.8) -

Bilateral cases 315 (82.2) -
Smokers (%)

Current- 101 (26.4) 126 (27.4) 0.701

Ex- 27 (7.1) 29 (6.3) 0.658
Alcohol (%) 78 (20.4) 91 (19.8) 0.664
Physical exercise
(%)

Never 162 (42.4) 180 (39.1) 0.481

Occasional 105 (27.5) 113 (24.6) 0.372

Regular 115 (30.1) 167 (36.3) 0.296
NSAIDs (%) 136 (35.5) 4 (0.1) <0.001
SBP (mmHg) 128%1 | 12710 0.587
DBP (mmHg) 8210 80+9 0.321
BMI (kg/m?) 24.34+3.44 23.87+3.03 0.384
WHR 0.87+0.07 0.86+0.06 0.595
FPG (mmol/L) 5.45+0.31 4.97+0.21 0.202
TCH (mmol/L) 4.69+0.69 4.67+0.75 0.503
TG (mmol/L) 1.57£0.32 1.51£0.29 0.492
K-L grade

| 45 (11.7) -

2 114 (29.8) -

3 142 (37.1) -

4 82 (21.4) -
Plasma IL-1B (pg/ 0.7 (0.5, 1.4) 0.6 (0.3.0.9) 0.285
mL)
Plasma IL-6 (pg/mL) | 20.3 (15.3,26.8) | 15.2 (85, 21.1) | 0.078
Serum CRP (mg/L) 11.5(8.9,17.7) 6.2 (4.2,10.8) 0.036
Plasma omentin-| 10.8 (7.2,18.3) 19.2 (10.8, 0.028
(ng/L) 28.7)

Notes: Data are presented meantstandard deviations or numbers (%) or median
with interquartile range (IQR); Differences between two groups analyzed using the
independent sample t-test to analyze the normally distributed continuous variables,
using the non-parametric test to analyze the abnormally distributed continuous
variables. And using x? test to analyze the count data.

Abbreviations: KOA, knee osteoarthritis; NC, normal control; NSAID, non-
steroid anti-inflammatory drug; SBP, systolic blood pressure; DBP, diastolic blood
pressure; BMI, body mass index; WHR, weight hip ratio; FPG, fasting plasma
glucose; TCH, total cholesterol; TG, triglyceride; KL, Kellgren-Lawrence; IL, inter-
leukin; CRP, C-reaction protein.

25 kg/m? and a cut-off age of 55 years old. As shown in
Table 3, compared with Asp/Asp genotype carriers with
BMI < 25 kg/m?, obesity (BMI > 25 kg/m?) would increase
the risk of developing KOA in Asp/Asp genotype carriers
(adjusted OR = 2.564, 95% CI 1.085-5.317, p=0.033) and

significantly increase the risk of KOA in Vall09 allele
carriers (adjusted OR = 1416, 95% CI 1.018-7.072,
p=0.042). In addition, as listed in Table 4, compared with
Asp/Asp genotype carriers aged <55 years old, increased

age (age >55 years old) would increase the risk of devel-
oping KOA in Asp/Asp genotype carriers (adjusted OR =
1.283, 95% CI 1.492-9.186, p=0.046) and statistically
increase the risk of KOA in Vall09 allele carriers (adjusted
OR = 1.735, 95% CI 1.107-8.681, p=0.038).

Comeparison of Clinical Parameters
Among Different Genotypes in the KOA
and NC Groups

As shown in Table 5, no significant differences in mean age,
gender composition, SBP, DBP, BMI, WHR, FPG, TCH, TG,
IL-1P, IL-6 and CRP levels were found among carriers with
three genotypes in the KOA and NC groups, respectively
(p>0.05). In addition, no statistical differences in the propor-
tion of patients with K-L grade 1 and K-L grade 2 as well as
with K-L grade 3 and K-L grade 4 among carriers with three
genotypes in the KOA group (p>0.05). However, the
Vall09Asp polymorphism of the omentin-1 gene signifi-
cantly influenced the plasma omentin-1 level in the KOA
group. The plasma level of omentin-1 in Asp/Asp carriers
was significantly higher than that in Val/Val carriers (p=
0.027), but no significant difference was found in the plasma
level of omentin-1 between Asp/Asp and Val/Asp carriers as
well as between Val/Asp and Val/Val carriers (p > 0.05). In
the KOA group, the proportion of patients with moderate—
severe K—L grade in Asp/Asp carriers was significantly lower
than that in Val/Val carriers (p= 0.039). Nevertheless, no
statistical difference in the proportion of patients with mod-
erate—severe K-L grade was found between Asp/Asp and
Val/Asp carriers as well as between Val/Asp and Val/Val
carriers (p>0.05). In addition, no significant difference was
found in plasma omentin-1 level among carriers with the
three genotypes in the NC group (p>0.05).

Comparison of the Levels of Omentin-1,
IL-1B, IL-6 and CRP in Synovial Fluid and
Expression of IL-1f, IL-6, MMP-13 and
COL-ll in Cartilage Tissue Among

Different Genotypes in the KOA Group

As listed in Table 6, the Vall09Asp polymorphism of the
omentin-1 gene in the KOA group exerted a significant
impact on the levels of omentin-1, IL-1p, IL-6 and CRP in

Drug Design, Development and Therapy 2021:15

5079

Dove:


https://www.dovepress.com
https://www.dovepress.com

Chen et al

Dove

2000bp

Figure | Agarose gel electrophoresis for PCR products of different genotypes of the omentin-1 gene (334 bp). Val/Asp: Lane |, 3-6, 9, 12, 13, 16; Val/Val: Lane 10, | |; Asp/

Asp: Lane 2, 7, 8, 14, I5.

GCAGTCT

CAGACT CAGTCT

Figure 2 DNA sequence of omentin-| gene region showing omentin-1 polymorph-
ism in humans. DNA sequencing of the representative samples showing three
genotypes (A/A, A/T and T/T) in omentin-1 gene for Vall09Asp polymorphism.
Among them, A/A genotype (1) is Val/Val genotype, A/T genotype (2) is Val/Asp
genotype, T/T genotype (3) is Asp/Asp genotype. In the chromatogram Blue, Black,
Green and Red peaks show C, G, A and T nucleotides respectively. The highlighted
region in the chromatogram represents the site for Vall09Asp polymorphism.
Sample |: GCAGCAAAGCAGA/ACTACCC. Sample 2: GCAGCAAAGCAGT/
ACTACCC. Sample 3: GCAGCAAAGCAGT/TCTACCC.

synovial fluid. Compared with Val/Val carriers, Asp/Asp
carriers had statistically increased level of omentin-1 (p=
0.016), but with significantly decreased levels of IL-1B,

IL-6 and CRP (p=0.017, 0.024 and 0.033, respectively) in
synovial fluid. In addition, no significant difference in the
levels of omentin-1, IL-1f, IL-6 and CRP in synovial fluid
was found between Asp/Asp and Val/Asp carriers as well
as between Val/Asp and Val/Val carriers (p>0.05).

As presented in Table 7, the Vall09Asp polymorphism
of the omentin-1 gene in the KOA group also affected the
expression levels of IL-1p, IL-6, MMP-13 and COL-II in
cartilage tissue. In specific, the expression levels of IL-1p,
IL-6 and MMP-13 in cartilage tissue were significantly
lower in Asp/Asp carriers than in Val/Val carriers
(»=0.027, 0.036 and 0.032, respectively), but with
a highly increased expression level of COL-II (p =
0.025). Furthermore, no statistical difference in the expres-
sion levels of IL-1pB, IL-6, MMP-13 and COL-II in carti-
lage tissue was found between Asp/Asp and Val/Asp
carriers as well as between Val/Asp and Val/Val carriers
(p > 0.05).

Discussion
The findings of our study showed no significant difference
in the Vall09Asp polymorphism of the omentin-1 gene

Table 2 Logistc Regression Analysis of Association Between Omentin-1 Gene Vall09Asp Polymorphism and Risk of KOA [n (%)]

Variables | KOA (n =383) | NC (n=460) | Unadjusted Odds Ratios | p-value | Adjusted Odds Ratios (95% Cl) | p-value®
(95% ClI)
Genotypes
Asp/Asp | 226 (59.0) 282 (61.3) 1.000 (Reference) - 1.000 (Reference) -
Val/Asp 112 (29.2) 142 (30.9) 1.095 (0.841-4.825) 0.317 1.104 (0.789-5.274) 0.361
Val/Val 45 (11.8) 36 (7.9) 1.531 (0.698-3.915) 0.196 1.614 (0.705-4.926) 0.123
Alleles
Asp 564 (73.6) 706 (76.7) 1.000 (Reference) - - -
Val 202 (26.4) 214 (23.3) 1.136 (0.695-6.124) 0.282 - -

Note: *Adjusted for age, gender; BMI, WHR, TCH, TG, lifestyle characteristics.

Abbreviations: KOA, knee osteoarthritis; NC, normal control; BMI, body mass index; WHR, weight hip ratio; TCH, total cholesterol; TG, triglyceride.
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Table 3 Multivariable Linear Regression Analysis of Association Between Omentin-1 Gene Vall09Asp Polymorphism and Risk of KOA

Stratified by BMI

Genotypes BMI (kg/m?) | KOA NC Unadjusted Odds Ratios | p-value | Adjusted Odds Ratios | p-value®
(n=383) (n=460) | (95% CI) (95% CI)

Asp/Asp <25 71 137 1.000 (Reference) - 1.000 (Reference) -

Val/Asp+Val/Val <25 35 108 1.146 (0.502-3.972) 0.698 1.125 (0.496—4.183) 0.711

Asp/Asp 225 175 125 2.952 (1.264-6.104) 0.029 2.564 (1.085-5.317) 0.033

Val/Asp+Val/Val 225 102 90 1.583 (1.097-7.314) 0.037 1.416 (1.018-7.072) 0.042

Note: *Adjusted for age, gender; BMI, WHR, TCH, TG, lifestyle characteristics.
Abbreviations: KOA, knee osteoarthritis; NC, normal control; BMI, body mass index; WHR, weight hip ratio; TCH, total cholesterol; TG, triglyceride.

Table 4 Multivariable Linear Regression Analysis of Association Between Omentin-1 Gene Val|09Asp Polymorphism and Risk of KOA

Stratified by Age

Genotypes Age KOA NC Unadjusted Odds Ratios p-value | Adjusted Odds Ratios p-value®
(Year) (n=383) (n=460) | (95% CI) (95% CI)

Asp/Asp <55 52 153 1.000 (Reference) - 1.000 (Reference) -

Val/Asp+Val/Val <55 49 89 1.089 (0.683-2.529) 0.326 I.117 (0.582-3.361) 0.338

Asp/Asp 255 194 109 1.291 (1.754-8.562) 0.042 1.283(1.492-9.186) 0.046

Val/Asp+Val/Val 255 88 109 1.862 (1.132-7.297) 0.029 1.735 (1.107-8.681) 0.038

Note: aAdjusted for age, gender, BMI, WHR, TCH, TG, lifestyle characteristics.

Abbreviations: KOA, knee osteoarthritis; NC, normal control; BMI, body mass index; WHR, weight hip ratio; TCH, total cholesterol; TG, triglyceride.

between the KOA and NC groups. Compared with Asp/
Asp genotype carriers with BMI <25 kg/m* and age <55
years old, Vall09 allele carriers with BMI >25 kg/m* and
age >55 years old had significantly higher risk of KOA
accordingly. These results suggest that the incidence of
KOA may be increased owing to the interaction among
BMI, age and Vall09, although the Vall09Asp poly-
morphism of the omentin-1 gene may not play a critical
role in the pathogenesis of KOA in Chinese. In addition,
our study for the first time reported that the Vall09Asp
polymorphism of the omentin-1 gene might lead to sig-
nificant changes in the levels of omentin-1 in plasma and
synovial fluid of the knee joint. Moreover, patients with
Val/Val homozygote had more serious KOA, higher
expression of inflammatory factors in synovial fluid and
cartilage tissue and lower expression level of collagen.
Collectively, the Val/Val genotype of the Val109Asp poly-
morphism of the omentin-1 gene may be a potential bio-
marker for the risk of KOA progression.

Several previous studies found that the level of omen-
tin-1 in peripheral blood or synovial fluid is significantly
correlated with the incidence of KOA.2*73° However, few
studies focused on the correlation of the Vall109Asp poly-
morphism of the omentin-1 gene with the pathogenesis of

KOA. Previous reports’' indicated that the single

nucleotide polymorphisms of some genes are related to
the occurrence of KOA, which may be useful biomarkers
of KOA. In our study, the risk of KOA increased in Val/
Val genotype carriers (OR=1.614), but the difference was
not statistically significant (p=0.123). This result suggests
no significant correlation between Vall09Asp poly-
morphism and KOA in the Chinese Han population.
However, after adjustment for the common possible risk
factors of KOA, stratified analysis based on BMI and age
revealed that the obese participants with Vall09 allele
and older people had a significantly increased risk of
KOA (adjusted OR = 1.416 and 1.735, p= 0.042 and
0.038, respectively). Accordingly, the interaction of
Vall09Asp polymorphism of omentin-1 gene with BMI
and age may increase the risk of KOA in the Chinese Han
population. Splichal et al** revealed that the interaction of
Vall09 of the omentin-1 gene with BMI can reduce
insulin sensitivity, which has a negative correlation with
the occurrence of KOA.*? The above results strengthen
our findings.

So far, experimental data on the effect of Vall09Asp
mutation on omentin-1 protein expression and function are
lacking. In this study, no significant difference was found
among different genotypes, although the omentin-1 level
in the peripheral blood of Asp/Asp carriers was the highest
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Table 5 Comparison of Clinical Parameters of Different Genotypes in KOA Patients and Controls [(X£s), M (25%,75%), n (%)]

Variables/Group Genotypes p-value Intergroup Comparisons (p-value)
Val/Val Val/Asp Asp/Asp

Age (year) a b c

KOA 51.3x11.8 51.1x12.4 50.7+12.8 0.832 0.794 0.801 0.838

NC 50.6+10.9 50.8+12.1 49.9+11.2 0.801 0.812 0.748 0.783
Gender (Male/Female), n (%)

KOA 14/18 44/61 109/137 0.423 0.397 0.402 0.426

NC 24/31 59/80 109/157 0.395 0.402 0.328 0.371
SBP (mmHg)

KOA 12811 12911 128+10 0.794 0.763 0.692 0.801

NC 127£10 128+10 127£11 0.807 0.793 0.717 0.812
DBP (mmHg)

KOA 82+10 82+10 8311 0.771 0.807 0.735 0.729

NC 81+9 80+8 80+9 0.792 0.774 0.825 0.716
Body mass index (kg/m?)

KOA 23.98+3.82 24.18+3.42 24.47+3.38 0.524 0.387 0.641 0.402

NC 24.15+3.24 23.95+3.15 24.22+3.29 0.498 0.506 0411 0.528
Waist hip ratio

KOA 0.87+0.07 0.87+0.08 0.88+0.07 0.763 0.812 0.794 0.705

NC 0.86+0.07 0.86+0.07 0.87+0.06 0.797 0.824 0.756 0.785
FPG (mmol/L)

KOA 5.54+0.29 5.51+0.28 5.52+0.31 0.8l1 0.834 0.805 0.793

NC 4.97+0.19 5.11+0.21 4.98+0.23 0.705 0.724 0.695 0.701
Total cholesterol (mmol/L)

KOA 4.67+0.67 4.68+0.71 4.72+0.64 0.684 0.598 0.612 0.675

NC 4.64+0.75 4.66+0.72 4.68+0.78 0.725 0.734 0.687 0.761
Triglyceride (mmol/L)

KOA 1.56+0.29 1.62+0.33 1.56+0.31 0.637 0.607 0.598 0.642

NC 1.52+0.31 1.49+0.28 1.53+0.29 0.504 0.461 0.487 0.526
Omentin-1 (ng/L)

KOA 9.7 (72, 11.3) 11.5 (8.8, 14.9) 13.1 (9.8, 18.3) 0.041 0.101 0.097 0.027

NC 18.7 (16.2,20.3) | 20.7 (16.8, 24.5) | 22.1 (I5.1,28.7) | 0.108 0.124 0.098 0.083
IL-1B (pg/mL)

KOA 1.1 (0.8, 1.5) 0.9 (0.7, 1.3) 0.8 (0.6, 1.2) 0.187 0.161 0.212 0.155

NC 0.5 (0.3, 0.8) 0.6 (0.4, 0.9) 0.5 (0.3, 0.8) 0.412 0.394 0.402 0.525
IL-6 (pg/mL)

KOA 23.1 (18.3,26.5) | 20.6 (19.8,27.1) | 18.2 (15.8,23.4) | 0.097 0.143 0.107 0.075

NC 17.9 (12.5,21.7) | 153 (10.8, 19.2) | 13.6 (8.5, 17.5) 0.086 0.073 0.176 0.085
CRP (mg/L)

KOA 153 (11.4,18.1) 13.7 (10.4,16.3) 1.3 (8.7,15.1) 0.105 0.127 0.261 0.097

NC 6.8 (4.9, 9.8) 5.7 (3.1, 10.1) 49 (29,78) 0.113 0.149 0.202 0.084
K-L grade (1/2), n (%) 3/5 12/30 30/79 0.245 0.285 0.213 0.197
K-L grade (3/4), n (%) 14/10 39/24 89/48 0.198 0.204 0.172 0.189
K-L grade (3+4/1+2), n (%)

KOA 24/8 63/42 137/109 0.046 0.087 0.112 0.039

NC - - - - - - -

Notes: Data are presented mean * standard deviations or numbers (%) or median with IQR; Differences among three groups analyzed using one-way ANOVA to analyze
the normally distributed continuous variables, and LSD t- test for further pairwise comparison. Whereas, for non-normal data, Wilcoxon test was used for comparison
among three groups, Mann Whitney U-test was used for further pairwise comparison. And using 2 test to analyze the count data. Intergroup comparisons: a (Val/Val vs Val/
Asp), b (Val/Asp vs Asp/Asp), c (Val/Val vs Asp/Asp).

Abbreviations: KOA, knee osteoarthritis; NC, normal control; SBP, systolic blood pressure; DBP, diastolic blood pressure; IL, interleukin; CRP, C-reaction protein; K-L,
Kellgren—Lawrence.
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Table 6 Comparison of the Levels of Synovial Fluid Omentin-1, IL-1B, IL-6 and CRP Among Different Genotypes in KOA Patients [M

(25%,75%)]
Variables n Val/Val Val/Asp Asp/Asp P-value Intergroup Comparisons (P-value)
a b [
Omentin-1 (ng/L) 186 | 2.5(1.8,3.9) 4.1 (28, 6.2) 6.2 (3.9,73) 0.029 0.098 0.134 0.0l16
IL-1B (pg/mL) 186 | 6.3 (3.9,87) 4.4 (2.5, 6.6) 2.6 (1.2,5.1) 0.023 0.14 0.087 0.017
IL-6 (pg/mL) 186 | 49.5 (31.7, 652) | 36.5(22.9,53.9) | 30.8 (18.1,46.2) | 0.043 0.085 0.114 0.024
CRP (mg/L) 186 | 42.3 (27.1, 69.3) | 36.2(29.7,52.6) | 27.5(17.4,42.1) | 0.04] 0.105 0.072 0.033

Notes: Data are presented median with IQR; Wilcoxon test was used for comparison among three groups, Mann Whitney U-test was used for further pairwise comparison.
Intergroup comparisons: a (Val/Val vs Val/Asp), b (Val/Asp vs Asp/Asp), c (Val/Val vs Asp/Asp).

Abbreviations: KOA, knee osteoarthritis; IL, interleukin; CRP, C-reaction protein.

Table 7 Comparison of the Expressions of IL-1 3, IL-6, MMP-13, Collagen-I and Collagen-Ill in Articular Cartilage of Knee Joint

Among Different Genotypes in KOA Patients [M (25%,75%)]

Variables n Val/Val Val/ Asp Asp/Asp P-value | Intergroup Comparisons (P-value)
a b c

IL-1B (pg/mL) 78 | 15.2 (7.9, 22.1) 12.7 (84, 19.2) 9.6 (4.2, 12.4) 0.033 0.102 0.098 0.027

IL-6 (pg/mL) 78 | 61.4(288,91.3) 53.8 (23.6, 75.9) 41.6 (22.7, 65.6) 0.042 0.086 0.152 0.036

MMP-13 (pg/mL) 78 | 1183 (27.7,55.2) | 92.8 (48.3, 134.6) | 78.1 (31.6, 103.4) 0.039 0.075 0.119 0.032

Collagen-Il (ng/mL) | 78 | 61.9 (28.7, 107.1) | 80.5 (39.3, 123.7) | 101.9 (56.8, 212.1) | 0.031 0.143 0.096 0.025

Notes: Data are presented median with IQR; Wilcoxon test was used for comparison among three groups, Mann Whitney U-test was used for further pairwise comparison.
Intergroup comparisons: a (Val/Val vs Val/Asp), b (Val/Asp vs Asp/Asp), c (Val/Val vs Asp/Asp).

Abbreviations: KOA, knee osteoarthritis; IL, interleukin; MMP, Metalloproteinase.

in the NC group. In the KOA group, the levels of omentin-
1 in the peripheral blood and synovial fluid of Asp/Asp
carriers were much higher than those of Val/Val carriers,
which was independent of obesity. Splichal et al*® reported
that the mean level of omentin-1 in the peripheral blood of
Asp/Asp homozygote carriers is 25% higher than that of
Val/Val homozygote carriers in the Central-European
population, which supports the findings in our study.
However, the causal relationship of the Vall09Asp poly-
morphism of the omentin-1 gene with KOA cannot be
determined based simply on the current results of this
study. This result remains to be confirmed by a cohort
study with a large sample size and further gene—protein
functional analysis.

In view of the results of the present study, Asp/Asp
genotype carriers and Val allele carriers in the NC group
had similar age, gender, blood pressure, obesity status,
blood lipid level and peripheral blood inflammatory factor
levels. In the KOA group, compared with Asp/Asp geno-
type carriers, Val/Val genotype carriers had significantly
higher expression levels of IL-1B, IL-6 and CRP in the
synovial fluid of knee joint cavity as well as IL-1f and IL-
6 in the articular cartilage. Meanwhile, we observed an

obvious increase in the expression of MMP-13, which can
degrade cartilage matrix, but an evident decrease in the
expression of COL-II, the main component in the articular
cartilage matrix, resulting in a significantly serious degree
of joint injury. Thus, KOA patients with Val/Val genotype
may have a more “dangerous” phenotype. With regard to
the above, findings of this study support that the
Vall09Asp polymorphism of the omentin-1 gene may be
a promising biomarker to indicate the progression and
severity of KOA.

Some studies have explored the value of omentin-1 in

128 docu-

evaluating the illness condition of KOA. Li et a
mented that KOA patients with a low level of omentin-1 in
synovial fluid may experience a more severe knee pain and
joint disability (according to WOMAC score) compared
with those with a high level of Omentin-1. Furthermore,
some studies have confirmed a negative correlation of
omentin-1 level in synovial fluid with the severity of
KOA indicated by X-ray.**>° All the aforementioned
findings support the reliability of our research. However,
additional studies also revealed no such clear correlation
between the concentration of omentin-1 in synovial fluid
and the severity of KOA.** It may be attributed to the
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presence of ethnic differences of the enrolled subjects, the
different inclusion criteria, the different analysis methods
and so on in different studies. In addition, accumulated
evidence has suggested that omentin-1 is a pleiotropic
protective adipokine that provides a special repair function
for articular chondrocytes. For instance, Li et al discovered
that omentin-1 can inhibit the expression of MMP-1,
MMP-3 and MMP-13 induced by proinflammatory factors
by blocking the activation of the JAK-2/STAT3 signalling
pathway and alleviate the degradation of the extracellular
matrix protein of primary chondrocytes.>> Moreover, Chai
et al verified in an in vitro study that omentin-1 can
prevent IL-1B-induced chondrocyte senescence by upregu-
lating SIRT1 expression.'® So far, the protective mechan-
ism of omentin-1 on chondrocytes remains to be further
explored. Consistent with other studies,”® our study also
found a significantly lower level of omentin-1 in the syno-
vial fluid than in the peripheral blood of patients with
KOA. Thus, the presence of other effector cells in patients
with KOA may influence the expression of omentin-1 in
knee joint cavity. Previous research’® revealed a complex
network regulatory relationship between adipokines and
OA development, which supports our view mentioned
above.

It should be pointed out that there are several short-
comings in this study, mainly including the smaller sample
size owing to the experimental design of a single-center
study and the absence of exploration on other variants of
the distribution of
Vall09Asp polymorphism of the omentin-1 gene in KOA

the omentin-1 gene. Moreover,
group did not conform to Hardy-Weinberg equilibrium.
This imbalance may be caused by sampling error, sample
size limitation and other confounding factors. Thus, addi-
tional studies related to this topic are needed. In addition,
our study failed to clarify the causal relationship between
Vall09Asp polymorphism and KOA incidence. Future
research is required to explore the effect of Vall09Asp
polymorphism on the function of omentin-1 protein and
evaluate whether or not Vall09Asp polymorphism can
become a novel biomarker for evaluating the condition
of KOA.

Conclusions

The Vall09Asp polymorphism of the omentin-1 gene may
not be the main pathogenic factor of KOA in Chinese. The
interaction among BMI, age and Vall09 allele may
increase the incidence of KOA. Vall09 polymorphism
may influence the levels of omentin-1 in the plasma and

synovial fluid of patients with KOA and it is associated
with the severity of KOA. The Val/Val genotype can be
regarded as the potential biomarker for the risk of KOA
progression. And further studies are need to evaluate the
potential relationship between Vall09Asp polymorphism
of omentin-1 and incidence of KOA.
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