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Abstract N\
The aim of the present study was to examine the association between vascular endothelial growth factor receptor 2 (VEGFR2) |
rs11941492 C/T polymorphism and rheumatoid arthritis (RA) risk in an eastern Chinese Han population. We examined VEGFR2
rs11941492 C/T polymorphism in 615 RA patients and 839 controls in an East Chinese Han population. The power analysis was
used for evaluating the reliability of the results. Genotyping was performed using a custom-by-design 48-Plex single nucleotide
polymorphism scan Kit. Pooled odds ratios (ORs) and 95% confidence intervals (Cls) were calculated using logistic regression.

Our results indicated that VEGFR2 rs11941492 C/T polymorphism (TT vs CC, P=.012, OR=0.61, 95% Cl=0.41-0.89; TT vs CT
+ CC, P=.017, OR=0.63, 95% CI=0.43-0.92) was associated with a significantly decreased risk of RA. The power analysis
showed that this study had a power of 98.5% to detect the effect of rs11941492 C/T polymorphism on RA susceptibility, assuming
an OR of 0.61. After stratification analysis, a decreased risk of RA was associated with VEGFR2 rs11941492 TT genotype (TT vs CC)
among female patients (TT vs CC, P=.007, OR=0.53, 95% Cl=0.33-0.84), older patients (Yr >55) (TT vs CC, P=.039, OR=0.58,
95% Cl=0.35-0.97), C-reactive protein-positive patients, anti-cyclic citrullinated peptide antibody-negative patients, rheumatoid
factor-positive patients (TT vs CT + CC, P=.015, OR=0.60, 95% Cl=0.39-0.90), functional class Ill + IV patients, patients with a
DAS28 of >3.20, and those with an erythrocyte sedimentation rate of <25. However, our results were obtained from only a
moderate-sized sample. Studies with larger sample sizes in other ethnic populations are needed to confirm these results. The
VEGFR2 rs11941492 genotype is associated with decreased susceptibility to RA.

Abbreviations: Cl| = confidence interval, OR = odds ratio, RA = rheumatoid arthritis, SNP = single nucleotide polymorphism,

VEGFR2 = vascular endothelial growth factor receptor 2.

Keywords: molecular epidemiology, polymorphism, rheumatoid arthritis, VEGFR2

1. Introduction

Rheumatoid arthritis (RA) is a chronic destructive joint disease,
and synovial angiogenesis is considered to be important in its
pathogenesis.!'! Angiogenesis, which occurs in the early stage of
RA, is an important process in proliferative synovitis and is
essential for the progression of the arthritic lesion.”™! However,
the mechanisms that promote angiogenesis in RA are not clearly
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understood.! Some studies have supported the important role of
vascular endothelial growth factor (VEGF) in RA angiogenic
processes.! Once the autoimmune process of RA has been
initiated, the joint inflammation may lead to relative hypoxia of
synovial tissue because VEGF expression is potentiated in
response to the hypoxic state in joints with RA.[!

Two signal transduction pathways of the VEGF receptor have
been identified: the tyrosine kinase receptor and non-receptor
tyrosine kinases. The tyrosine kinase receptor contains vascular
endothelial growth factor receptor 1(VEGFR1), VEGFR2, and
VEGFR3.371% VEGFR2 is the main VEGF functional receptor,
of which 2 types have been studied: human VEGFR2, termed
kinase inserted domain-containing receptor, and mouse
VEGFR2, termed fetal liver kinase-1. VEGFR2 is an important
mediator of endothelial cell proliferation in angiogenesis.!'!1?!
VEGFR2 is also involved in the changes in vascular permeability
mediated by VEGF."'*'¥! The combination of VEGFR2 and
VEGEF induces the formation of dimers and tyrosine phosphor-
ylation, which leads to a series of changes of endothelial cells. In
summary, modulation of VEGF/VEGER signaling activity offers
an attractive target for inhibition of aberrant angiogenesis.!*!!
Based on these results, we hypothesized that VEGFR2 may be
involved in the angiogenesis of RA.

Despite the possible importance of angiogenesis in RA, few
studies investigated the association between VEGFR2 gene
polymorphism and RA risk. Only 1 study by Paradowska-
Gorycka et al explored VEGFR2 gene polymorphisms and
protein levels in relation to susceptibility and severity of RA. They
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found that the VEGFR2 rs1870377 A/T, and rs2305948 G/A
polymorphisms were associated with an increased risk of RA,
while VEGFR2 152071559 T/C polymorphism was related to a
decreased risk of RA."! In addition, they observed that
rs2305948 G/A polymorphism showed a significant positive
association with the severity of RA.['*! However, they did not
explore the relationship between VEGFR2 rs11941492 C/T
polymorphism and RA risk. Thus, we designed this case-control
study to assess whether VEGFR2 rs11941492 C/T polymor-
phism was associated with RA susceptibility in an eastern
Chinese Han population.

2. Patients and methods

2.1. Study subjects

We obtained approval for the study protocol from the Ethics
Committee of Nanjing Medical University (Nanjing, China). All
patients provided written informed consent before their partici-
pation.

Six hundred fifteen RA patients who fulfilled the criteria for
RA set by the American College of Rheumatology (1987)!¢!
were consecutively recruited from the Changzhou Second
Hospital-Affiliated Hospital of Nanjing Medical University,
the Changzhou First Hospital, and the Changzhou Traditional
Chinese Medical Hospital, between September 2010 and
October 2013. Individuals who were RA patients at least had
4 symptoms:

(1) Morning stiffness in and around joints at least 1 hour

(2) Soft tissue joint swelling observed by physician at least 3/14

joint groups

Soft tissue joint swelling in a hand joint

Symmetrical swelling of 1 joint area

Rheumatoid nodule

Rheumatoid factor (RF) by method positive in <5% normal

population

(7) Radiograph changes on wrist/hands: erosions or juxta-
articular osteoporosis.

The exclusion criteria were as following;:

(1) Patients with other autoimmunological disease and were
excluded from the study.

(2) Patients with neoplasmatic diseases or metabolic diseases
were also not included in this study.

The controls were patients without RA, matched for age
(+5 years) and sex, and recruited from the same institutions
during the same time period; the majority of the controls were
admitted to the hospitals for the treatment of trauma.

To obtain demographic and RA risk factor data, each
patient was interviewed by 2 trained reviewers (Hui Zhang
and Zhicheng Yang) using a pre-validated questionnaire.
Following the interview, 2 mL of peripheral blood was collected
from each patient.

Blood samples were collected using vacutainers, and trans-
ferred to test tubes containing ethylenediaminetetraacetic acid,
using the QIAamp DNA Blood Mini Kit (Qiagen, Hilden,
Germany). The concentration of the DNA obtained was about 30
ng/uL. Single nucleotide polymorphism (SNP) genotyping was
performed using a custom-by-design 48-Plex SNP scan™ Kit
(Genesky Biotechnologies Inc, Shanghai, China) as previously
described.!”)
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2.2. Power analysis

To estimate the statistical power of our study design, we
implemented a comprehensive power analysis using Genetic
Power Calculator 33. The power of this study was calculated with
a significant value of 0.05.1®!

2.3. Statistical analyses

Differences in the demographic characteristics, variables, and the
genotypes of the VEGFR2 rs11941492 C/T polymorphism
variants were evaluated using a Chi-squared test or Student ¢ test.
Associations between VEGFR2 rs11941492 C/T genotypes and
risk of RA were estimated by computing odds ratios (ORs) and
95% confidence intervals (CIs) using logistic regression analyses.
Pooled ORs and 95% CIs were calculated in allele model,
dominant model, recessive model, homozygous model, and
heterozygous models. The Hardy—Weinberg equilibrium (HWE)
principle was tested by a goodness-of-fit Chi-squared test, to
compare the observed and expected genotype frequencies among
controls. Subgroup analyses were conducted by age, sex,
functional class, DAS28, erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP) status, anti-cyclic citrullinated peptide
antibody (ACPA) status, and RF status. All statistical analyses
were performed using the SAS software package (ver. 9.1.3; SAS
Institute, Cary, NC).

3. Results

3.1. Characteristics of the study population

The demographic and clinical characteristics of all subjects are
summarized in Table 1. Subjects were adequately matched for age
and sex. There were no significant differences in the distributions
of age and gender status (P=.170 and P=.566, respectively). The
mean age of RA patients was 54.51+15.19 years and the mean
age of healthy controls was 55.44+10.80 years. Furthermore,
some clinical parameters, including RF, ACPA, CRP, ESR,
DAS28, functional class were also listed in the column of cases.
The genotype distributions, of VEGFR2 rs11941492 C/T in all
subjects, are delineated in Table 2. The observed genotype

Patient demographics and risk factors in rheumatoid arthritis, all
subjects.

Variable Cases (n=615) Controls (n=839) P
Age, yr 54.51 (£15.19) 55.44 (+x10.80) 170
Female/male 472/143 633/206 .566
Age at onset, yr, mean + SD 46.06 (+13.24) - -
Disease duration, yr, mean + SD 8.52 (+9.24) - -
Treatment duration, yr, mean = SD  7.30 (+7.91) - -

RF-positive, no. (%)
ACPA positive, no. (%)
CRP-positive, no. (%)

486 (79.02%) - -
321 (52.20%) - -
165 (26.83%) - -
ESR, mm/h 35.79 (+28.70) - -
DAS28 4.46 (+1.50) - -
Functional class, no. (%) - -
| 78 (12.68%) - -
I 281 (45.69%) - -
[ 220 (35.77%) - -
% 36 (5.85%) - -

ACPA=anti-cyclic citrullinated peptide antibodies, CRP = C-reactive protein, DAS28 =RA disease
activity score, ESR=erythrocyte sedimentation rate, RF=rheumatoid factor.
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Logistic regression analysis of associations between VEGFR2 rs11941492 C/T Polymorphisms and risk of rheumatoid arthritis.

Genotype Cases’ (n=615) Controls (n=839) OR (95% CI) P
n % n %

cC 294 48.84 372 44.82 1.00 -
CT (CT vs CC) 264 43.85 366 4410 0.91 (0.72-1.14) 416
TT (TT vs CO) 44 7.31 92 11.08 0.61 (0.41-0.89) 012
CT + TT versus CC - - - - 0.85 (0.69-1.05) 133
TT versus CT + CC - - - - 0.63 (0.43-0.92) 017
T versus C - - - - 0.83 (0.71-0.98) .027

" The genotyping was successful in: 602 cases and 830 controls for VEGFR2 rs11941492 C/T. Bold values are statistically significant (P< .05).

frequencies, for polymorphisms in controls, were in HWE for
VEGFR2 rs11941492 C/T (P=.890).

3.2. Associations between VEGFR2 rs11941492 C/T
polymorphisms and the risk of RA

Logistic regression analyses revealed that, when the VEGFR2
rs11941492 CC homozygote genotype was used as the reference
group, the TT genotype was associated with significantly
decreased risk of RA (TT vs CC: OR=0.61, 95% CI=0.41-
0.89, P=.012). The VEGFR2 rs11941492 TT genotype is also
associated with a decreased risk for RA compared TT genotype
with CC + CT genotypes. (TT vs CC + TT: OR=0.63, 95% Cl=
0.43-0.92, P=.017) (Table 2). Our analysis also revealed that
VEGFR2 rs11941492 T allele was associated with significantly
decreased risk of RA (T vs C: OR=0.83, 95% CI=0.71-0.98,
P=.027) than the rs11941492 C allele in the Chinese Han
population.

3.3. Stratification analyses of VEGFR2 rs11941492 C/T
polymorphisms and the risk of RA

Stratification analyses were performed according to age, sex, RF
status, DAS28 status, CRP status, ESR status, functional status,
and ACPA status (Table 3). Following stratified analysis, a
decreased risk of RA was associated with the VEGFR2
rs11941492 TT genotype (TT vs CC) among female patients
(OR=0.53, 95% CI=0.33-0.84, P=.007), older patients (Yr
>55) (OR=0.58, 95% CI=0.35-0.97, P=.039), CRP-positive
patients (OR=0.51, 95% CI=0.31-0.83, P=.007), ACPA-
negative patients (OR=0.59,95% CI=0.35-1.00, P=.048), RF-
positive patients (OR=0.56, 95% CI=0.37-0.87, P=.009),
functional class IIl + IV patients (OR=0.55, 95% CI=0.32-
0.96, P=.035), patients with a DAS28 of >3.20 (OR=0.61,95%
CI=0.40-0.93, P=.022), and those with an ESR of <25 (OR=
0.54, 95% CI=0.31-0.94, P=.030) (Table 3). The VEGFR2
rs11941492 TT genotype (TT vs CT + CC) may decrease the risk

Stratified analyses between VEGFR2 rs11941492 C/T polymorphisms and the risk of rheumatoid arthritis.

Variable VEGFR2 rs11941492 C/T (case/control) OR (95% Cl); P
(HH CT 11} TT versus CC TT versus CT + CC

Sex

Male 66/86 57/93 15/23 0.85 (0.41-1.76); .660 0.95 (0.48-1.89); .883

Female 228/286 207/273 29/69 0.53 (0.33-0.84); .007 0.54 (0.34-0.85); .008
Age, yr

<55 126/161 136/162 19/38 0.64 (0.35-1.16); .142 0.62 (0.35-1.10); .099

>55 168/211 128/204 25/54 0.58 (0.35-0.97); .039 0.65 (0.40-1.07); .088
CRP status

Positive 176/372 147/366 22/92 0.51 (0.31-0.83); .007 0.55 (0.34-0.89); .014

Negative 118/372 117/366 22/92 0.75 (0.45-1.25); .277 0.75 (0.46-1.22); .250
ACPA status

Positive 157/372 134/366 24/92 0.62 (0.38-1.01); .053 0.66 (0.41-1.06); .085

Negative 137/372 130/366 20/92 0.59 (0.35-1.00); .048 0.60 (0.36-0.99); .047
RF status

Positive 237/372 207/366 33/92 0.56 (0.37-0.87); .009 0.60 (0.39-0.90); .015

Negative 57/372 57/366 11/92 0.78 (0.39-1.55); .478 0.77 (0.40-1.49); .444
ESR, mm/h

<25.00 127/372 128/366 17/92 0.54 (0.31-0.94); .030 0.54 (0.31-0.92); .022

>25.00 67/372 136/366 27/92 0.65 (0.41-1.04); .074 0.72 (0.46-1.12); 143
DAS28

<3.20 57/372 66/366 8/92 0.57 (0.26-1.23); .152 0.52 (0.25-1.10); .088

>3.20 237/372 198/366 36/92 0.61 (0.40-0.93); .022 0.66 (0.44-0.99); .046
Functional class

[+ 169/372 158/366 27192 0.65 (0.41-1.03); .066 0.66 (0.42—1.04); .072

i+ v 125/372 106/366 17/92 0.55 (0.32-0.96); .035 0.59 (0.35-1.01); .055

Bold values are statistically significant (P< .05).

ACPA = anti-cyclic citrullinated peptide antibody, Cl = confidence interval, CRP = C-reactive protein, ESR=erythrocyte sedimentation rate, OR = odds ratio, RF =rheumatoid factor.
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of RA among female patients (OR=0.54, 95% CI=0.34-0.835,
P=.008), CRP-positive patients (OR=0.55, 95% CI=0.34-
0.89, P=.014), ACPA-negative patients (OR=0.60, 95% CI=
0.36-0.99, P=.047), RF-positive patients (OR=0.60, 95% Cl=
0.39-0.90, P=.015), patients with a DAS28 of >3.20 (OR=
0.66, 95% CI=0.44-0.99, P=.046), and those with an ESR of
<25 (OR=0.54, 95% CI=0.31-0.92, P=.022) (Table 3).

4. Discussion

In the current case-control association study, we attempted to
demonstrate an association between VEGFR2 rs11941492 C/T
gene polymorphism and susceptibility to RA in a Chinese Han
population. Our study is the first time to investigate the
association between VEGFR2 rs11941492 C/T gene polymor-
phism and susceptibility to RA patients. Our present data suggest
that the VEGFR2 rs11941492 C/T genotype is associated with
decreased susceptibility to RA. In stratification analysis, we also
found a decreased risk of RA was associated with the VEGFR2
rs11941492 TT genotype (TT vs CC) among female patients,
older patients (Yr >55), CRP-positive patients, ACPA-negative
patients, RF-positive patients, functional class IIl + IV patients,
patients with a DAS28 of >3.20, and those with an ESR of <25.
The VEGFR2 rs11941492 TT genotype (TT vs CT + CC) may
decrease the risk of RA among female patients, CRP-positive
patients, ACPA-negative patients, RF-positive patients, patients
with a DAS28 of >3.20, and those with an ESR of <25, which
indicated VEGFR2 rs11941492 C/T gene polymorphism was not
associated with the severity and progression of RA. The VEGFR2
gene, a member of the receptor-tyrosine kinases superfamily, is
located at the 4q11-13 chromosomal region,*! whose encoded
protein is considered to be the main receptor mediating VEGF
signals in endothelial cells. One study revealed that the VEGFR
signal-transduction process regulates the biological responses to
VEGE.?Y Therefore, the correlation between VEGF with
VEGFR2 is important in angiogenesis.>" Furthermore, VEGFR2
accounts for the majority of the angiogenic and permeability-
enhancing effects of VEGF.??! Angiogenesis plays an important
role in the pathogenesis of various diseases, such as cancer,
arthritis, and autoimmune conditions.!>3~2¢!

Recently, several studies have reported expression of VEGFR2
on tumor cells.?”?81 VEGFR2 is one of the antigens that is
selectively upregulated on activated tumor-associated endothelial
cells.””! Tumor cells express VEGF, which binds to VEGFR2 on
endothelial cells?®%; therefore, promoting tumor angiogenesis.
Furthermore, the differential expression of VEGFR2 on tumor-
associated endothelial cells is a potential target for antiangiogenic
treatments in malignant tumors.>!!

Some studies have investigated the relationship between
VEGFR2 and autoimmune diseases.!*>**¢! Vazgiourakis et al
revealed that VEGFR2 SNPs may contribute to systemic lupus
erythematosus (SLE) pathogenesis by impairing VEGF signaling,
and none of the SNPs analyzed were associated with increased
susceptibility to SLE. Seabrook et al reported increased VEGFR2
expression by both glial cells in the rim of the lesion and blood
vessels in human multiple sclerosis (MS) lesions. As is the case in
the above studies, the role of VEGFR2 in the angiogenesis of RA
might be similar to that in SLE and MS.*>*! RA is a chronic
inflammatory and destructive autoimmune disease, the progres-
sion of which appears to rely on synovial angiogenesis.!!!
Angiogenesis was also recognized as an important event in the
formation and progress of the synovial pannus in RA.*?! VEGF,
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an angiogenic factor, was abundant in the synovium of RA
patients.**) VEGF binds to VEGFR2, a tyrosine kinase receptor
present on endothelial cell membranes, which may be related to
angiogenesis in some diseases.>*!

Therefore, we hypothesized that variations in the VEGFR2
gene may change the biological function of the corresponding
protein and thus affect endothelial function in patients with RA.
Paradowska-Gorycka et al first found that the VEGFR2 gene
polymorphisms showed significant association with the risk of
RA, and VEGFR2 rs2305948 SNP was associated with DAS-28
score, VAS score, number of swollen joints, mean value of CRP,
suggesting an important role of VEGFR2 gene polymorphisms in
the severity of RA.["!In this study, we observed that TT genotype
of rs11941492 C/T polymorphism was associated with a
decreased risk of RA. In addition, TT genotype carriers showed
a percentage of functional class Il + IV and a DAS28 of >3.20,
which was in line with the findings by Paradowska-Gorycka et al.
However, we did not examine VEGFR2 serum levels in patients
with RA and analyzed the association between VEGFR2 gene
polymorphisms and its concentration. Further studies in other
ethnic populations are urgently needed to verify these results.

Several limitations of the present study should be addressed.
First, due to our use of a hospital-based case-control design,
selection bias was unavoidable. Second, the sample size of this
study was not sufficiently large to evaluate low-penetrance effects
of the SNPs. Third, our results should be interpreted with caution
due to the potential influence of confounding factors for RA, such
as environmental and inflammatory factors. Fourth, we could not
collect the treatment information for further analysis.

In conclusion, our present data suggest that the VEGFR2
rs11941492 genotype is associated with decreased susceptibility
to RA. The VEGFR2 rs11941492 genetic variant may play a
protective role in the development of RA in our population,
which is not associated with the severity and progression of RA.
In stratification analysis, we also identified a decreased risk of RA
associated with the VEGFR2 rs11941492 TT genotype (TT vs
CC, and TT vs CT + CC) among female, CRP-positive, ACPA-
negative, and RF-positive patients, and in patients with a DAS28
of >3.20 or an ESR of <25. However, as the results were
obtained from 1 moderate-sized sample of Chinese Han patients,
larger sample sizes and well-designed studies with ethnically
diverse populations are warranted to further evaluate the
association between VEGFR2 SNPs and RA susceptibility. These
findings can provide the basis for future individualized diagnosis
and prevention.
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