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Abstract. The aim of the present study was to investigate 
the role and mechanism of vascular cell adhesion molecule-1 
(VCAM-1) in the development of rheumatoid arthritis (RA). One 
hundred and twenty patients with RA who had been admitted 
to the Huaihe Hospital of Henan University between January 
and December 2013 were enrolled in the study as the obser-
vation group, while, in the corresponding period, 30 healthy 
volunteers were enrolled as the control group. The serum levels 
of VCAM-1 and rheumatoid factor (RF) were detected using 
ELISA. The patients underwent conventional treatment and 
their serum VCAM-1 and RF levels were detected at different 
time-points to determine their correlation. The observation 
group exhibited significantly higher serum VCAM-1 and RF 
levels than the control group (P<0.01). Twenty-four hours after 
treatment, the serum VCAM-1 levels of the patients peaked 
(1,269.47±128.76 µg/l); 36 h after treatment, the serum RF 
levels peaked (34.42±8.45 U/ml); 1 month after treatment, the 
VCAM-1 and serum RF levels of the patients were lower than 
those prior to treatment (P<0.05). Pearson correlation analysis 
indicated that there was a significant, positive correlation 
between the serum VCAM-1 and RF levels in the patients with 
RA (r=0.852, P<0.01). In conclusion, the serum VCAM-1 levels 
of patients with RA increased and subsequently decreased as 
the condition was relieved, which could possibly be associated 
with the autoimmune and inflammatory reactions found in RA. 
Serum VCAM-1 levels can therefore reflect the disease condi-
tion and curative effects of treatment.

Introduction

Rheumatoid arthritis (RA) is a clinically common systemic 
autoimmune disease. In patients with RA, extensive 

irreversible bone and joint destruction appears in the first 
2 years of the disease and later develops into ankylosis 
and deformity and leads to joint dysfunction, affecting the 
joint appearance and activity of the patients. Some patients 
become bed-bound, losing their ability to work and requiring 
care from others, which has serious consequences on their 
life and that of their family members (1-3). Early diagnosis 
of RA and timely treatment can effectively reduce bone 
and joint destruction, deformation and loss of function, and 
improve prognosis (4).

Rheumatoid factor (RF) is the only serological index used 
by the American Rheumatism Association for the diagnostic 
classification of RA and is currently used as an auxiliary in 
the diagnosis of RA (5). RF is a highly sensitive and accu-
rate diagnostic marker for RA, but it has a low specificity; 
as a result, the diagnosis usually relies on other serological 
tests and symptom presentation (6). Vascular cell adhesion 
molecule-1 (VCAM-1) is generated by cells, can be found 
on the cell surface and mediates the contact and binding 
between cells or between the cells and stroma. As an adhesion 
molecule, VCAM-1 is involved in several vital physiological 
and pathological processes of the organism, including the 
viscosity of white blood cells and vascular cells during 
inflammatory processes, immune cell recognition, lymph node 
homing, tumor invasion and metastasis and intracellular signal 
transduction. VCAM‑1 can interact with and influence inter-
leukin (IL)-4, IL-8, tumor necrosis factor (TNF)-α, TNF-β 
and other inflammatory cytokines (7‑9). Therefore, VCAM‑1 
affects, to some extent, inflammatory reactions, which may 
be associated with RA occurrence and development. Reports 
on the changes in VCAM-1 levels in RA and the association 
between the changes and the disease state are rare (10). In the 
present study, the changes in the serum VCAM-1 level and 
the effect of treatment on the VCAM-1 level were analyzed 
in patients with RA. In addition, Pearson correlation analysis 
was employed in order to analyze the correlation between the 
serum VCAM-1 and RF levels in patients with RA and provide 
a clinical basis for predicting the occurrence, development and 
outcome of RA.

Subjects and methods 

Baseline characteristics. One hundred and twenty patients 
with RA who had been admitted to the Huaihe Hospital of 
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Henan University (Kaifeng, China) between January and 
December 2013 were enrolled in the study as the observation 
group, and 30 healthy individuals in the corresponding period 
comprised the control group. The included patients were diag-
nosed with RA based on the RA classification and diagnostic 
criteria defined by the American Rheumatism Association in 
1987 (11,12). The present study was conducted in accordance 
with the Declaration of Helsinki and was approved by the 
Ethics Committee of Huaihe Hospital of Henan University. 
Written informed consent was obtained from all participants. 
With regard to the severity of RA, 21 cases were classified 
as grade I, 44 cases as grade II, 52 cases as grade III and 
3 cases as grade IV. The observation group consisted of 
62 men and 58 women aged 28-85 years, with the mean 
age being 42.58±8.59 years. The patients weighed 38-82 kg 
(mean, 57.24±9.85 kg) and the mean arterial pressure was 
85.98±7.24 mmHg. The control group comprised 15 men and 
15 women, aged 30-78 years (mean, 43.65±8.87 years). The 
subjects weighed 40-81 kg (mean, 55.98±9.27 kg), and the 
mean arterial pressure was 84.27±7.57 mmHg. No statisti-
cally significant differences were observed in the baseline 
characteristics between the two groups (P>0.05).

Treatment methods. According to the patients' conditions, 
nonsteroidal anti-inflammatory drugs, such as aspirin 
(Bayer AG, Leverkusen, Germany), were used for treatment. 
The patients also received anti-rheumatoid drugs, and certain 
patients with severe syndromes additionally underwent 
glucocorticoid treatment. The dose for symptom control 
was 35 mg/day and the maintenance dose was 10 mg/day. 
With regard to the patients with a limited joint movement 
range, obvious structural destruction and unbearable pain, 
corresponding joint replacement surgery or synovectomy was 
conducted. All patients received dietary guidance and support. 
When necessary, patients were given joint immobilization and 
prescribed bed-rest. The patients with mood disorders under-
went psychological nursing intervention.

Detection methods. Fasting venous blood (3 ml) was 
extracted from all patients 1 day after admission, and the 
blood samples were centrifuged at 4,000 x g for 5 min and 
then stored at ‑20˚C until use. Serum VCAM-1 and RF levels 
were detected using ELISA, and the kits were provided by 
Shanghai Ruiqi Biological Technology Co., Ltd. (Shanghai, 
China). The microplate reader was provided by Kunkeng 
Biological Technology Co., Ltd. (Shanghai, China). All 
experiments were performed according to the manufac-
turers' instructions. Following treatment, the indexes in the 
observation group were checked every 12 h from the start of 
treatment to 1 week after treatment and then rechecked once 
a week for 6 months.

Statistical analysis. All data were analyzed using SPSS 13.0 
software (SPSS, Inc., Chicago, IL, USA). The t-test was used 
for the comparison between the two groups, while analysis 
of variance was used for the comparison among various 
measurement data. The q-test was used for further pairwise 
comparison, and the Pearson correlation coefficient was used 
for correlation analysis. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Comparison of serum VCAM‑1 and RF levels between the two 
groups. Prior to treatment, the serum VCAM-1 and RF levels 
were significantly higher in the observation group than those 
in the control group (P<0.01) (Table I).

Comparison of serum VCAM‑1 and RF levels at different treat‑
ment time‑points in the observation group. The comparison 
of the serum VCAM-1 and RF levels at different treatment 
time-points in the observation group revealed statistically 
significant differences; compared with the levels of VCAM-1 
and RF prior to treatment in the observation group (P<0.05), 
the levels 1, 3 and 6 months after treatment were significantly 
lower, and a gradual decrease was noted over the course of 
treatment (P<0.05). Twenty-four hours after treatment, the 
serum VCAM-1 levels of the patients peaked, while the serum 
RF levels peaked 36 h after treatment (Table II, Figs. 1-4).

Correlation between serum VCAM‑1 and RF levels in 
patients with RA. The Pearson correlation analysis indi-
cated that the increase in the serum VCAM-1 level occurred 
concurrently with an increase in the serum RF level in 
patients with RA, suggesting the presence of a significantly 
positive correlation between the two (r=0.852, P<0.01) 
(Fig. 5).

Table I. Comparison of the pretreatment serum VCAM-1 and 
RF levels between the two groups.

Groups Cases VCAM-1 (µg/l) RF (U/ml)

Observation 120 1125.58±125.89 32.15±8.45
Control   30 421.25±74.25 13.26±4.17
t-test  12.47 8.95
P-value  <0.01 <0.01

VCAM-1, vascular cell adhesion molecule-1; RF, rheumatoid factor.

Figure 1. Serum VCAM-1 level changes following short-term treatment in 
the observation group. VCAM-1, vascular cell adhesion molecule-1.
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Discussion

RA is a chronic inflammatory disease that affects several 
symmetrical peripheral joints, leading to clinical manifesta-
tions of pain and swelling in the affected joints, pathological 

changes and gradual dysfunction of the joints, as well as recur-
rent and unhealed symptoms (13,14). The pathological changes 
are characteristic of erosive synovitis, which destroys the joint 
and affects several extra-articular systems. RA, therefore, 

Figure 2. Serum VCAM-1 level changes following long-term treatment in the 
observation group. VCAM-1, vascular cell adhesion molecule-1.

Figure 3. Serum RF level changes following short-term treatment in the 
observation group. RF, rheumatoid factor.

Figure 4. Serum RF level changes following long-term treatment in the 
observation group. RF, rheumatoid factor.

Table II. Comparison of VCAM-1 and serum RF levels in the observation group at different treatment time-points.

Time-points Cases VCAM-1 (µg/l) RF (U/ml)

Before treatment 120 1125.58±125.89 32.15±8.45
1 week after treatment 120 1096.58±105.69 29.58±8.24
1 month after treatment 120 982.57±98.65a 25.55±9.14a

3 months after treatment 120 741.52±79.48b 22.15±9.22b

6 months after treatment 120 581.47±65.72c 20.28±7.62c

t-test  11.42 5.68
P-value  <0.01 <0.05

aP<0.05, compared with before and 1 week after treatment; bP<0.05, compared with before, 1 week and 1 month after treatment; cP<0.05, com-
pared with before, 1 week, 1 month and 3 months after treatment. VCAM-1, vascular cell adhesion molecule-1; RF, rheumatoid factor.

Figure 5. Correlation between serum VCAM-1 and RF levels in patients 
with rheumatoid arthritis. VCAM-1, vascular cell adhesion molecule-1; RF, 
rheumatoid factor.
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has a strongly negative influence on the quality of life of the 
patients (15,16). The cause of RA still remains unknown, as 
several factors can cause the autoimmune reactions of the 
organs, leading to pathological changes.

The principle pathogenic factors of RA are heredity 
and infections. Studies have shown that the descendants of 
patients with RA may have increased RF levels, even without 
exhibiting any RA symptoms, while infections caused by 
Mycoplasma and Streptococcus can also result in disorders 
of the autoimmune system, and thus induce RA (17,18). The 
diagnosis of RA is made based on the clinical symptoms of 
the patients, X-ray results and RF detection results, and the 
serum RF level is the only serological indicator of RA (19,20). 
VCAM-1 is an essential cell adhesion molecule and its expres-
sion can be induced by inflammatory cytokines, such as IL‑6 
and TNF, which participate in the differentiation and develop-
ment of lymphocytes and are associated with the pathological 
processes of several diseases, including systemic inflamma-
tion, tumor invasion and metastasis, autoimmune diseases 
and parasitic infections (21,22). As a chronic inflammatory 
disease, it is possible that RA is associated with VCAM-1; 
however, reports on the changes in the levels of VCAM-1 
and its association with the development of RA are rare (10). 
Determining the function and mechanism of VCAM-1 in 
patients with RA could provide a strong clinical basis for the 
treatment of RA and the evaluation of the curative effects of 
the treatment.

The results of the present study showed that the serum 
VCAM-1 level was increased in the patients with RA, and 
that this increase continued for a short period of time during 
conventional treatment. With the prolongment of the treatment, 
certain clinical symptoms were relieved and the serum RF level 
decreased. The decline in the serum RF level was accompa-
nied by a gradual decline in the serum VCAM-1 level, which 
suggests that the serum VCAM-1 level may be associated with 
the disease condition and serum RF level of the patients.

Pearson correlation analysis was employed in order to 
further study the correlation between the serum VCAM-1 and 
RF levels of the patients with RA. The results indicated that, 
in patients with RA, an increase in the serum VCAM-1 levels 
was accompanied by an increase in the serum RF levels, thus 
revealing a significantly positive correlation between the two. 
The serum VCAM‑1 level can reflect the changes in the disease 
condition and, to some degree, the effect of the RA treatment. 
The present findings were consistent with the hypothesis that, 
as a chronic inflammatory disease, RA is associated with 
VCAM‑1. The specific mechanism may be associated with 
the interaction of VCAM-1, IL and TNF, which adjusts levels 
of inflammatory cytokines and indirectly affects inflamma-
tory reactions. High levels of VCAM-1 can markedly promote 
the release of inflammatory cytokines. VCAM‑1 is involved 
in the formation of lymphocytes and the adjustment of the 
immune system, which also affects the immune system's 
function. High levels of serum VCAM-1 may be associated 
with the disorder of the immune system (23). RA is an auto-
immune and inflammatory disease, so patients with RA may 
exhibit abnormal serum VCAM-1 levels. When the symptoms 
subside and the inflammatory reactions are reduced, the func-
tion of the immune system gradually returns to normal, and 
thus the serum VCAM-1 level progressively decreases. 

The present study had certain limitations; the sample size 
was small and the observation time was short. Furthermore, 
the serum VCAM-1 levels in patients with RA are affected 
by several factors, and so a long-term study with a large 
sample size is required for the determination of the correlation 
between the VCAM-1 level in patients with RA and the cura-
tive effects of anti-RA treatment.

In conclusion, the serum VCAM-1 level in patients with 
RA first increases and then decreases, as the condition is 
relieved. The serum VCAM-1 levels of patients with RA may 
be associated with the autoimmune and inflammatory reac-
tions of RA, and therefore reflect, to some extent, the disease 
condition and curative effects of treatment. The VCAM-1 
levels could, consequently, assist the prediction of the effects 
of anti-RA treatment.
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