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Abstract

Objective: To investigate associations between single polymorphisms (SNPs) rs1800469 and
rs1982073 in the transforming growth factor-B1 gene (TGF-B1) and knee osteoarthritis (OA)
susceptibility in a Chinese Han population.

Methods: TGF-g1 rs1800469 and rs1982073 were genotyped in patients with knee OA and age-
and sex-matched OA-free controls from a Chinese Han population. The association was further
analyzed according to gender and age.

Results: A total of 765 patients with knee OA and 780 controls were included. CTand CT + CC
genotypes of rs1982073, and variant C, were associated with a significantly increased risk of knee
OA. Stratification analysis showed that the association between the OA risk and rs1982073 CT
heterozygotes compared with TT homozygotes was stronger in females and those aged >65 years.
In contrast, CT, TT, and CT 4 TT genotypes of rs1800469 were not significantly associated with
the risk of knee OA, even after further stratification analysis for gender and age.

Conclusions: The TGF-81 rs1982073 T to C change and the variant C genotype may contribute to
knee OA risk in the Chinese Han population.
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Introduction

Osteoarthritis (OA) is a multifactorial dis-
ease characterized by degeneration of the
articular cartilage," which affects almost
27 million people in the United States.”
The etiology of OA is complex, but it has
been shown to be linked with environmental
factors including aging, obesity, and previ-
ous injury.’” Genetic studies have also
shown that a number of candidate genes,
such as those encoding collagens, vitamin D,
bone, and cartilage growth factors, are
associated with OA.%’

TGF-B1 is one of the candidate genes
contributing to the risk of knee OA devel-
opment. It is composed of six large introns
and seven exons, and is localized on
chromosome 19q13.1-q13.3.'° The TGF-p
family consists of the three isoforms
TGF-B1, TGF-B2, and TGF-B3,* which
encode protein precursors of 20-30 amino
acids with an N-terminal signal peptide’
Following proteolytic cleavage, the protein
precursors become mature TGF-f mol-
ecules.” TGF-Bl plays an important role
in osteoblast differentiation and growth,
acting on bone resorption and recovery,'!
while TGF-B/Smad3 signals repress chon-
drocyte hypertrophic differentiation and
are required for maintaining articular car-
tilage.'” Recently, both in vitro and in vivo
studies suggested that the TGF-B/SMAD
pathway plays a critical role during
OA development'*'> and aneurysms-
osteoarthritis syndrome.'®!” Moreover, the
TGF-B type II receptor was shown to pro-
mote terminal chondrocyte differentiation
and osteoarthritis in mouse skeletal tissue.'?

A recent study showed that Mmpl3 and
Adamts5 are critical downstream target
genes involved in the TGF-p signaling path-
way during the development of OA.'
Previous studies showed that the TGF-S1
single nucleotide polymorphism (SNPs)
rs1982073," in exon 1, is associated with

being overweight and may contribute to
the risk of osteoporosis (OP) and OA.
Additionally, SNP rs1800469, in the pro-
moter of TGF-B1, is linked with OP in
Japanese women.”"

In this study, we examined whether SNPs
and genetic variants of TGF-B1 are asso-
ciated with the pathogenesis of knee OA and
determined their impact on the parameters
of OA.

Materials and methods
Patients

In this case—control study, Han Chinese
patients diagnosed with knee arthritis
between March 2009 and May 2016 at the
Department of Orthopaedics, Tongde
Hospital of Zhejiang Province, Hangzhou,
China were evaluated for inclusion. Patients
were included if their chief complaint was
usage-related pain that often worsened at
the end of the day and was relieved by rest.
Anteroposterior extended-view weight-bear-
ing radiographs of the involved knees were
obtained. Two examiners who were blinded
to the grouped information assessed the
radiographic data to provide a Kellgren—
Lawrence (KL) score ranging from 0 to 4,>!
where O0=none; 1=possible osteophytes
only; 2=definite osteophytes and possible
joint space narrowing; 3 =moderate osteo-
phytes and/or definite joint space narrow-
ing; and 4 =large osteophytes, severe joint
space narrowing, and/or bony sclerosis.
Patients with a KL score of >2 were defined
as radiographic OA and included in the
study. Other etiologies of knee joint disease
such as inflammatory arthritis (rheumatoid,
polyarthritic, or autoimmune disease), post-
traumatic or postseptic arthritis, skeletal
dysplasia, or developmental dysplasia were
excluded.

Age- (£ Syears) and sex-matched healthy
volunteers were recruited from the same
hospital during the same period. Inclusive
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criteria for the controls included no history
of OA and a KL score <2 on radiographic
examination. The baseline of all study par-
ticipants including age, sex, weight, height,
and body mass index (BMI) was recorded.

Written informed consent was provided
from all participants and the study protocol
was approved by the Ethics Committee of
the Tongde Hospital of Zhejiang Province,
Hangzhou, China.

Genotyping

Venous blood samples from all participants
were obtained using 20 g/L ethylene diamine
tetra-acetic acid anticoagulant. Genomic
DNA was extracted from 250 ul of venous
blood using a QIAamp DNA Blood Mini
Kit (Qiagen, Valencia, CA, USA) and stored
at —80°C until analysis according to the
manufacturer’s instructions. The TGF-1
SNPs rs1800469 and rs1982073 were geno-
typed using the TagMan SNP Genotyping
Assay (Applied Biosystems, Foster City,
CA, USA). We performed PCR amplifica-
tion*? with 100 ng of genomic DNA, 0.1 uM
of each probe, 0.2uM of each primer,
200 uM of each deoxyribonucleotide, 3 mM
MgCl,, and 1 U Platinum Taq DNA poly-
merase. PCR amplification was carried with
an initial denaturation at 95°C for 2min,
followed by 40 cycles of denaturation
at 95°C for 15s and annealing at 65°C for
30s using the 7900HT Fast Real-Time
PCR System (Applied Biosystems).”> ABI
PRISM 7900 Sequence Detection System
software version 2.3 (Applied Biosystems)
was used to perform data analyses. For
confirmation, approximately 5% of the
samples were selected randomly for repeated

genotyping.

Reverse-transcription PCR analysis

Total RNA was extracted from venous
blood using TRIzol reagent (Invitrogen,

Waltham, MA, USA) according to the
manufacturer’s instructions. A total of 2 ug
mRNA was then converted into cDNA
using the PrimeScript RT reagent kit
(Takara Biotechnology Co., Ltd., Dalian,
China). The following primers were used:
matrix metalloproteinases-13  (MMP-13)
forward 5-TTCGGCTTAGAGGTGACA
GG-3" and reverse 5-ACTCTTGCCGGT
GTAGGTGT-3’; and type II collagen (Col
II) forward 5-GCACCCATGGACATT
GGAGG-3" and reverse 5~ AGCCCCGCA
CGGTCTTGCTTGCTT-3". The house-
keeping gene 18 S rRNA was amplified as
an internal reference using the primers:
forward 5-GACGGACCAGAGCGAAA
GC-3" and reverse 5-CGCCAGTCGGCA
TCGTTTATG-3".

Statistical analyses

We tested the Hardy—Weinberg equilibrium
(HWE) using a goodness-of-fit x*-test to
compare observed and expected genotype
frequencies in controls. We also evaluated
differences in the distributions of demo-
graphic characteristics and rs1800469 and
rs1982073 genotypes between patients with
knee OA and controls using the Wilcoxon’s
test for age and the x°-test for all other
variances. Associations between TGF-81
variants and OA risk were estimated by
calculating odds ratios and 95% confidence
intervals using both univariate and multi-
variate logistic regression analysis with
adjustments for age, sex, and BMI. We
performed two-sided tests for statistical
analyses and a P-value <0.05 was con-
sidered to be statistically significant.
All statistical analyses were performed
using SPSS® version 16.0 (SPSS Inc.,
Chicago, IL, USA). The statistical power
of the study as calculated using Power and
Sample Size Calculation software version
3.0 (Department of Biostatistics, Vanderbilt
University, Nashville, TN, USA) was
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0.90, according to the methods described
previously.?*

Results

A total of 515 Chinese Han participants
were included. Of these, 765 were diagnosed
with radiographic knee OA and were

Table |. Demographic characteristics of Chinese
Han patients with osteoarthritis (OA) of the knee
and controls.

Patients with OA  Controls
Characteristic n=765 n=1780
Age, years 63.9+7.6 63.6+88
Weight, kg 67.6 £85 66.2+7.6
Height, cm 161.2+72 160.6 £7.6
Body mass 26.0+3.8 25.7+42

index, kg/cm?

Data presented as mean=+SD. No significant between-
group differences observed (P> 0.05, using Wilcoxon’s
test for age and x>-test for other parameters).

included in the study. A total of 780 age-
and sex-matched healthy controls were
recruited. There were no significant differ-
ences in demographic characteristics
between the two groups (Table 1). Clinical
symptoms of OA patients included knee
pain which was worse at the end of the
day and was relieved by rest. Radiographic

findings included KL=4 defined as
large osteophytes and severe joint space
narrowing.

Genotype  frequencies for  SNPs

rs1800469 and rs1982073 in the controls
were consistent with HWE (data not
shown). The repeated genotyping results of
randomly selected samples were 100%
concordant.

Genotype and allele distributions of
SNPs rs1800469 and rs1982073 in patients
with knee OA and healthy controls are
shown in Table 2. The genotype distribution
of 151982073 was significantly different
between the two groups (P <0.001). After
adjustment for age, sex, and BMI,

Table 2. Associations between TGF-81 polymorphisms rs1982073 and rs1800469 and risk of osteoarthritis
(OA) in Chinese Han patients with OA of the knee and controls.

Patients with 95%
Genotype/ knee OA Controls Statistical Adjusted confidence
SNP allele n=1765 n=1780 significance® odds ratio® intervals®
rs1982073 TT 309 (40.3) 453 (58.1) P=0.001 0.49 0.34, 0.69
CT 450 (58.8) 318 (40.8) P=0.001 2.08 1.46, 2.95
CC 6 (0.9) 9 (1.1) P=0.67 0.68 0.11,4.09
CT+CC 456 (59.7) 327 (41.9) P=0.001 2.04 1.44, 2.90
C 462 (30.2) 336 (21.5) P=0.001 1.58 1.19, 2.09
T 1068 (69.8) 1494 (78.5) P=0.001 0.10 0.06, 0.16
rs1800469 CC 420 (55.0) 435 (55.8) P=0.84 0.97 0.68, 1.37
CT 288 (37.6) 285 (36.5) P=0.79 1.05 0.73, 1.50
TT 57 (7.4) 60 (7.7) P=0.92 0.97 0.50, 1.86
CT+TT 354 (45.0) 345 (44.2) P=0.64 1.09 0.77, 1.54
T 411 (26.9) 405 (26.0) P=0.74 1.05 0.79, 1.38
C 1137 (73.1) 1125 (74.0) P=0.43 1.12 0.85, 1.47

Data presented as n (%) of patients. *Patients with knee OA versus controls; x*-test. ®Versus TT genotype or T allele;
estimated using multiple logistic regression analyses and adjusted for age, sex, and body mass index. No statistically

significant differences (P > 0.05).



Lu et al.

1499

a significantly increased risk of knee OA was
associated with the CT genotype of
rs1982073 compared with the TT genotype.
Additionally, those carrying at least one C
allele (CT+CC) had a significantly
increased risk of knee OA compared with
those with no C allele (TT). On the other
hand, the CT and TT genotypes of
rs1800469 were not significantly associated
with the risk of knee OA.

We also performed stratification analysis
to evaluate the potential association of
genetic variants of TGF-B1 rs1982073 with
knee OA risk in subgroups based on age and
gender. When stratified by age, both
younger (<65years) and older (>65 years)
patients showed significant differences in
genotype frequencies compared with healthy
controls (P < 0.001) (Table 3). Evaluation of
the association between C (CT + CC) allele
carriers and the risk of OA using logistic
regression analysis showed that CT hetero-
zygotes had a 1.84-fold increased risk of OA
compared with TT homozygotes in the
younger patients group (Table 3).
Similarly, CT heterozygotes carried a 2.33-
fold increased risk of OA compared with TT
homozygotes in the older patients group
(Table 3). When stratified by gender, both
male and female patients showed significant
differences in genotype frequencies between
patients with OA and healthy controls
(P<0.01) (Table 3). Additionally, when
compared with TT homozygotes, CT het-
erozygotes showed a 1.76- and 2.40-fold
increased risk of knee OA in males and
females, respectively (Table 3).

In contrast, logistic regression analysis of
TGF-B1 rs1800469 genetic variants showed
that the CT and TT genotypes were not
associated with knee OA susceptibility when
stratified by age or gender (Table 4).

We regarded individuals with the
rs1982073 CC genotype as SNP-positive
and those with the TT genotype as SNP-
negative. We found that MMP-13 mRNA
expression in SNP-positive patients was

Table 3. Logistic regression analysis of rs1982073 genotype frequencies and risk of osteoarthritis (OA) in Chinese Han patients with OA of the knee and

controls.

CT versus TT

CCversus TT

Controls (n=780)

Patients with knee OA (n=765)

95% CI*

Adjusted OR?

CT CcC Adjusted OR? 95% CI*

TT

CT CC

T

Parameter

Age group

1.84
2.33

0.88
0.

330
450

375
390

years

<65

1.09, 3.09
1.44, 3.77

0.05, 14.22
0.05, 6.40

3(1.7)
6(13)

135 (40.1)
183 (40.7)

192 (58.2)
261 (58.0)

3(0.8)
3(08)

210 (56.0)
240 (61.5)

162 (43.2)
147 (37.7)

57

>65 years

Sex

1.06, 2.93
1.48, 3.91

1.76
2.40

0.98 0.06, 15.91
0.

3(0.9)
6 (1.4)

156 (43.3)
162 (38.6)

201 (55.8)
252 (60.0)

360

420

3(08)
3(0.7)

210 (57.4)
240 (60.2)

366 153 (41.8)
156 (39.1)

399

Male

0.05, 5.83

52

Female

Data presented as n (%) of patients.

OR, odds ratio.

Cl, confidence interval.

?Adjusted for the other covariate presented in this table and for body mass index using a logistic regression model for each stratum.
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Table 4. Logistic regression analysis of rs 1800469 genotype frequencies and the risk of osteoarthritis (OA) in Chinese Han patients with OA of the knee and

controls.

CT versus CC

TT versus CC

Controls (n=780)

Patients with knee OA (n=765)

95% CI*

TT Adjusted OR* 95% CI* Adjusted OR*

CT

CC

CT

CcC

Parameter

Age group

1.0

0.99

1.0

330
450

375
390

years

<65

0.60, 1.71

0.37,2.66
0.66, 1.75

24 (7.3)
36 (8.0)

126 (38.2)
159 (35.3)

180 (54.5)
255 (56.7)

27 (7.2)
30 (7.7)

144 (38.4)
144 (36.9)

204 (54.4)
216 (55.4)

091,249

1.5

7

> 65 years

Sex

0.51, 1.42
0.77,2.09

0.85

0.40, 3.23

1.13
0.88

21 (5.8)
39 (9.3)

150 (41.7)
135 (32.1)

189 (52.5)
246 (58.6)

360

420

24 (6.6)

138 (37.7)
150 (37.6)

204 (55.7)

366
399

Male

27

0.38, 2.04

33 (83)

216 (54.1)

Female

Data presented as number of patients (%).

OR, odds ratio.

Cl, confidence interval.

?Adjusted for the other covariate presented in this table and for body mass index using a logistic regression model for each stratum.

higher than that in SNP-negative patients
(Figure 1), while type II collagen mRNA
expression was lower in SNP-positive
patients than in SNP-negative patients
(Figure 2).

Discussion

In this case—control hospital-based study,
associations between the 7GF-$1 SNPs
rs1800469 and rs1982073 and the risk of
knee OA were investigated in a Chinese Han
population. We found that the CT genotype
of SNP 151982073 and variant C may con-
tribute to the risk of knee OA, and that this
risk was increased in older (i.e., >65 years of
age) and female patients. To our knowledge,
this is the first report linking TGF-B1 SNP
rs1982073 with knee OA in a Chinese Han
population.

TGF-B1 is an inflammatory cytokine
involved in the pathogenesis of OA® that
participants in bone remodeling?® and the
regulation of cartilage development.?” TG F-
B1 has nine polymorphic sites, among which
rs1982073 causes a Leu to Pro substitu-
tion at position 10 of the TGF-f1 mol-
ecule which affects the peptide export
efficiency caused by the T to C transition
in the signal sequence. Previous studies
reported that carriers of the variant C
allele (CT or CC genotype) had higher
serous TGF-B1 levels than those with other
genotypes.*?

A preliminary study revealed an associ-
ation between SNP rs1982073 and severe
adult hip OA secondary to developmental
dysplasia of the hip in a Croatian popula-
tion.” Other studies demonstrated that SNP
rs1982073 may contribute to an increased
risk of OP in Japanese and Chinese
women.?*** However, no studies have pre-
viously examined the association between
SNP rs1982073 and the risk of knee OA in a
Chinese Han population. Combined with
previous findings, the present study supports
the suggestion that SNP rs1982073 might be



Lu et al. 1501

Relative expression of MMP-13 mRNA
w

2-
1 =
S

0 ; .

< &

)
O L
g &
& 2

Figure 1. Relative MMP-13 mRNA expression levels in SNP-negative and SNP-positive patients were
analyzed by RT-PCR. The bar represents the mean &+ SEM of two independent experiments. *P < 0.05
compared with SNP-negative patients.
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Figure 2. Relative Col Il mRNA expression levels in SNP-negative and SNP-positive patients were analyzed
by RT-PCR. The bar represents the mean 4= SEM of two independent experiments. *P < 0.05 compared with
SNP-negative patients.
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a risk factor for OA. Individuals carrying
TGF-B1 151982073 CT+ CC or CT geno-
types had a higher risk of developing
knee OA than those carrying the TT geno-
type, suggesting that the rs1982073 C allele
might be associated with the development
of knee OA.

According to the stratification analysis
performed in this study, the association
between the risk of knee OA and rs1982073
CT heterozygotes compared with TT homo-
zygotes was stronger in female patients and
older patients (>65 years). This is consistent
with the increased incidence of knee OA
reported in those aged >50years and in
females.>’ Because OA is a multifactorial
disease, both gene—environment and gene—
gene interactions may occur, and a single
genetic variant is likely to be insufficient to
predict overall risk. Further research is there-
fore needed to reveal the role of other SNPs
in TGF-BI and related genes involved in
similar biological pathways that may affect
the etiology of OA.

Previous studies have also identified a
significant association between the CT geno-
type of SNP rs1800469 and the risk of OP in
Thai women.*> However, no studies eluci-
dated the association between SNP
rs1800469 and the risk of knee OA. Thus,
the present study investigated the associ-
ations between CT and TT genotypes of
rs1800469 and the risk of knee OA, but the
results were negative. Further stratification
analysis by gender and age also did not reveal
any significant association between knee OA
susceptibility and rs1800469 genotypes.

TGF-f signaling in OA is associated with
catabolic events that induce the production
of MMPs. Col II is the major component of
extracellular matrix that is degraded by
MMP-13, and we showed that knee OA
patients with the rs1982073 CC genotype
had higher expression of MMP-13 and
lower expression of Col II than those with
the TT genotype, which is consistent with
previous findings.**

The present study has several limitations.
First, as a hospital-based study, it may
be subject to inherent bias; however, the
C allele frequency in the control subjects
was similar to that in the haplotype map
database, and the genotype distributions
of SNPs rs1800469 and rs1982073 in
the controls were in HWE, indicating that
the results did not suffer from selection
bias. Second, the sample size was mod-
est, so the results should be further
confirmed in studies of a larger scale.
Third, only two TGF-B1 SNPs were investi-
gated, but it is possible that SNPs at
other loci may also be associated with
susceptibility to OA.

In conclusion, this is the first study to
demonstrate that the genotype distribution
of the TGF-BI rs1982073 SNP differs sig-
nificantly between patients with knee OA
and healthy controls in the Chinese Han
population. Larger-scale and more in-depth
molecular studies are now required to con-
firm these findings and to elucidate the
detailed roles of the rs1982073 SNP in the
pathology of OA.
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