Original Article

Vascular cell adhesion molecule-1 in rheumatoid arthritis

patients

Relation to disease activity, oxidative stress, and systemic inflammation
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Objectives: To evaluate the potential role of vascular cell
adhesion molecule-1 (VCAM-1), an endothelial factor,
in endothelial dysfunction in rheumatoid arthritis (RA)
patients, and to determine its relation to disease activity,
oxidative stress, and inflammatory markers.

Methods: This study was designed asa cross-sectional case-
controlstudy. One-hundred patientswith RA wereselected
from out-patient clinics of Menoufia University Hospital,
Menoufia, Egypt from May 2019 to May 2020. Fifty
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patients previously diagnosed with RA for more than
6 months were included as Group I, and fifty patients
newly diagnosed with RA were included as Group II.
Fifty healthy age- and gender-matched individuals were
evaluated as the control group (Group III). Complete
blood count, random blood glucose, erythrocyte
sedimentation rate (ESR), lipid profile, rheumatoid
factor, anti-cyclic citrullinated peptide antibodies, serum
levels of urea, creatinine, C-reactive protein, VCAM-1,
malondialdehyde, and total antioxidant capacity were
determined.

Results: Patients with RA showed significantly higher
serum VCAM-1, malondialdehyde, ESR, C-reactive
protein, triglycerides, total cholesterol, low-density
lipoprotein, and atherogenic index levels than the
control group. Also, they showed significantly lower total
antioxidant capacity and high-density lipoprotein levels
than control group. A signiﬁcant positive correlation
between serum VCAM-1 with disease activity, serum
malondialdehyde, ESR, and C-reactive protein was
observed. Also, a significant negative correlation between
serum VCAM-1 and total antioxidant capacity was
present.

Conclusion: Serum VCAM-1 increases in RA, and it
correlates with disease activity, oxidative stress, and
inflammatory markers.

Keywords: VCAM-1, endothelial dysfunction, oxidative
stress, rtheumatoid arthritis
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heumatoid arthritis (RA) is an immune mediated

inflammatory disease of synovial joints, which
may be associated with extra-articular features affecting
various organs such as the skin, the eyes, the heart and
the lungs.! Rheumatoid arthritis patients have a higher
mortality rate than healthy subjects, which is mainly
attributed to cardiovascular complications.” The high
prevalence of traditional cardiovascular risk factors such
as hypertension, diabetes mellitus, obesity and sedentary
lifestyle contributes to the increased cardiovascular risk
in RA patients. Also, nontraditional risk factors such
as inflammation, hyperuricemia and renal impairment
have a role. The inflammatory environment in RA
can lead to structural and functional changes in the
arterial wall.>* Cardiovascular risk in RA patients is
mainly due to atherosclerosis, which is an outcome of
endothelial dysfunction.’ Endothelial dysfunction in
RA patients was first reported in 2002 by Bergholm
et al.® The pathophysiological mechanisms underlying
endothelial dysfunction in RA patients could be
attributed to traditional cardiovascular risk factors and
inflammation. Also, there is an association between
endothelial dysfunction and the high expression of
adhesion molecules and inflammatory mediators.” One
of the important adhesion molecules that plays a role
in endothelial dysfunction is vascular cell adhesion
molecule-1 (VCAM-1), which is a glycoprotein
expressed by endothelial cells. Vascular cell adhesion
molecule-1  mediates leukocytes-endothelial ~ cell
adhesion during inflammation.® The soluble VCAM-1
could be considered as a biomarker for the assessment
of endothelial dysfunction.” It is also expressed on
macrophages, spleen, thymus and Kupffer cells under
noninflammatory status. Vascular cell adhesion
molecule-1 is involved in pathophysiology of multiple
disorders such as autoimmune diseases, cardiovascular
diseases and tumor metastasis.'” The expression of
VCAM-1 is upregulated by proinflammatory cytokines
such as tumor necrosis factor-o. (TNF-a), reactive
oxygen species, hyperglycemia, shear stress, and toll-like
receptor agonists.''

Furthermore, previous studies revealed that
oxidative stress and inflammation play a role in the
pathophysiology of RA patients.'>"> Growing evidence
suggests that the inflammatory mediators and oxidative
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stress are implicated in the increased cardiovascular
burden in RA patients. Thus, the present study aims
to assess serum VCAM-1 as a biomarker of endothelial
dysfunction in RA patients and to determine whether
there is any correlation between serum VCAM-1 level
and oxidative stress markers (serum malondialdehyde
[MDA] and total antioxidant capacity), inflammatory
markers (erythrocyte sedimentation rate [ESR] and
C-reactive protein [CRP]), and Disease Activity Score-28
(DAS28) to evaluate their probability to anticipate
endothelial dysfunction and future cardiovascular risk

in RA.

Methods. This study was designed as a cross-
sectional case-control study. One-hundred patients
who met the 2010 American College of Rheumatology/
European League against Rheumatism (ACR\EULAR)
classification criteria for RA" were selected from
out-patient clinics of rheumatology, Internal Medicine
Department, Menoufia University Hospital from May
2019 to May 2020. Fifty patients previously diagnosed
with RA for more than 6 months were included as
Group I, while 50 patients newly diagnosed with
RA was included as Group II. Fifty healthy age- and
gender-matched individuals were included as a
control group (Group III). The treatment received
by treated RA patients in Group I was methotrexate
(12.5-25 mg/week), leflunomide (20 mg/day), and
hydroxychloroquine (400 mg/day).

The exclusion criteria were as follows: age less than
16 years, pregnancy, patients with other autoimmune
diseases, acute severe infection, acute cardiovascular
event, diabetes mellitus, hypertension, malignancy,
smokers, patients on angiotensin-converting enzyme
inhibitor, oral contraceptive pills or statins, and patients
with diseases that may cause dyslipidemia, namely,
hypothyroidism and nephrotic syndrome.

This study followed the ethical standards of our
institution and was carried out according to Helsinki
Declaration. Informed consent from all patients and
controls were obtained per the local ethical committee.
The assessment of patients was based on demographics,
duration of the disease, clinical symptoms, and physical
examination. Disease activity was assessed using
DAS28.1¢

Biochemical analysis. Venous blood samples were
collected from patients and control subjects after
10-12 hours of overnight fasting under complete
aseptic conditions. Complete blood count, random
blood glucose, and ESR were determined. The serum
was separated within one hour of collection. Lipid
profile and rheumatoid factor (RF), CRD anti-cyclic
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citrullinated peptide (anti-CCP) antibodies, urea,
and creatinine were measured for patients and control
subjects. The rest of the serum was stored at -80°C
until further analysis. The level of serum VCAM-1 was
measured by Human VCAM-1 PicoKine™ ELISA Kit
(Boster Biological Technology, USA, Catalog number
EK0537) according to the manufacturer’s instructions.
Total antioxidant capacity and MDA were measured
in the serum using colorimetric kits (Biodiagnostic
Company, Dokki, Giza, Egypt). The atherogenic index
was calculated according to the following formula: Log
[triglycrides (T'G)/high-density lipoprotein (HDL)]."”

Statistical  analysis. IBM  SPSS  Statistics  for
Windows, version 20 (IBM Corp., Armonk, N.Y,,
USA) was used for data analysis. The continuous
variables were presented as mean + standard deviation
(SD). Then, one-way ANOVA followed by a post hoc
Tukey test was used to compare the results among the
3 groups and a t-test was used to compare the results
between the 2 groups. The qualitative variables were
expressed in the numeral and percentage forms. Then,
they were analyzed by applying the Chi-square and
Fisher’s exact tests. Correlation between variables was
analyzed using the Pearson coeflicient. The significance
level was set at <0.05.

Results. Regarding demographic and clinical
characteristics of the studied groups, there were no
significant statistical differences in age (p=0.165) or
gender (p=0.801) between the studied patients and
the control subjects. Also, no significant statistical
differences in the number of joints involved (p=0.252),
cardiac (p=0.558), or pulmonary (p=1) affection between

RA patients in groups I and II were observed. Three
patients presented with pericardial effusion and one
patient with pleural effusion. DAS28 was significantly
higher in newly diagnosed patients with RA in Group II
than in treated patients in Group I (p=0.05), (Table 1).
Complete blood count (CBC) and random blood
glucose analyses revealed a significant statistical
difference (p<0.001) in Hb level between the studied
RA patients in groups I and II and the control subjects.
Hemoglobin level was significantly lower in RA patients
in groups I and II than in the control group (p<0.001).
However, there was no significant statistical difference
between the studied RA patients in groups I and II
(p=0.247). There was no significant statistical difference
between the studied groups regarding white blood cells
(WBCs) (p=0.199), platelets count (p=0.408), and
random blood glucose (p=0.986) (Table 2).

Regarding the inflammatory markers, the studied
RA patients showed significantly higher values of ESR
and CRP (p<0.001) than control subjects. The newly
diagnosed patients in Group II showed significantly
higher values than treated patients in Group I (»<0.001)
(Table 2).

Regarding lipid profile, there was a significant
statistical ~ difference between the studied RA
patients and the control subjects. Treated RA
patients in Group I showed significantly higher total
cholesterol (p=0.008), triglycerides (p<0.001), and
atherogenic index (p=0.011) when compared with the
corresponding values of the control group. There was
no significant statistical difference between treated RA
patients in Group I and the control group regarding
LDL (p=0.202). Also, newly diagnosed patients in

Table 1 - Demographic and clinical data of the studied groups (N=150).

Demographic Rheumatoid arthritis patients Group III Test of P-value
Group I Group I1 (c(:r?:;)';l) significance
(n=50) (n=50)
Age (year) (mean+SD) 39.7+7.8 36.0 +10.4 38.5+06.3 2.6 0.165
Gender (%)
Male 5 (10) 4(8) 6(12) 0.394 0.801
Female 45 (90) 46 (92) 44 (88)
No. of joints affected 11.7£3.6 11.1+2.3 - 1.151 0.558
Cardiac affection 2 1 - 0.5 0.3
Pulmonary affection 1 0 - 0.001 1
GIT affection 0 0 -
Renal affection 0 0 -
DAS28 23+0.75 44+0.1 - 3.6 0.05

Data are expressed as mean + SD for quantitative data or number percentage for qualitative data unless indicated.
DAS-28: Disease Activity Score-28. p<0.05 is significant.
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Group II showed significantly higher total cholesterol
(»=0.019), triglycerides (p<0.001), LDL (p=0.015),
and the atherogenic index (p=0.001) when compared
with the corresponding values of the control group.
High density lipoprotein was significantly higher in
the control subjects than in RA patients in both groups
(»<0.001). However, there was no significant statistical
difference (p>0.05) between the studied RA patients in
groups I and II (Table 2).

Regarding serum VCAM-1, there was a significant
statistical difference between the studied RA patients
and the control subjects. Serum VCAM-1 was
significantly higher in RA patients than in control
subjects (p<0.001). Also, it was significantly higher
in newly diagnosed patients with RA than in treated
patients (»<0.001) (Table 3).

Regarding oxidative stress markers, there were
significant statistical differences in total antioxidant
capacity (p=0.05) and MDA (p<0.001) between the

Table 2 - Laboratory data of the studied groups (N=150).

studied RA patients and the control subjects. Serum
MDA was significantly higher in RA patients than in
the control subjects (p<0.001). Also, newly diagnosed
patients with RA showed significantly higher values than
treated patients (p=0.025). Besides, total antioxidant
capacity was significantly lower in RA patients than in
the control subjects (p<0.001), and it was significantly
lower in newly diagnosed patients with RA than in
treated patients (p<0.001) (Table 3).

Correlation analysis showed a significant statistical
positive correlation between serum VCAM-1and DAS28
in patients with RA (r=0.65, p<0.001) (Figure 1). Also,
there was a significant statistical positive correlation
between DAS28 with ESR (r=0.65, p<0.001), CRP
(r=0.55, p<0.001), and MDA (r=0.21, p=0.03) levels,
and a significant statistical negative correlation between
DAS28 and total antioxidant capacity (r= -0.31,
=0.001) in patients with RA (Figure 2).

Variables Rheumatoid arthritis patients Group III Test of P-value
(control) significance

Group I Group II (n=50)

(n=50) (n=50)
Hb (gm/dl) 10.6 £ 1.0 103+ 1.1 13.1+0.4 14.5 <0.001
Post Hoc P1=0.247, P2<0.001, P3<0.001
WBCs (cells/uL) 54+1.7 59+1.5 55z 1.1 1.6 0.199
Post Hoc P1=0.186, P2=0.852, P3=0.441
PLT (10%/pL) 259.4 + 100.6 265.5 + 82.2 282.3 +48.2 0.9 0.408
Post Hoc P1=0.922, P2=0.394, P3=0.627
ESR (mm/hr) 243 +13.2 84.4+325 63+1.5 20.2 <0.001
Post hoc P1<0.001, P2 <0.001, P3 <0.001
CRP (mg/dL) 129+9.7 42.2+11.1 5.02+1.1 26.2 <0.001
Post Hoc P1<0.001, P2<0.001, P3<0.001
RBG (mg/dl) 100.4 + 14.1 100.0 + 12.9 100.1 £ 12.7 0.14 0.986
Post hoc P1=0.988, P2=0.988, P3=1.00
Total cholesterol (mg/dl) 178.4 +21.0 177.1 £ 21.1 165.6 + 20.7 5.6 0.004
Post hoc P1=0.948, P2=0.008, P3=0.019
TG (mg/dl) 136.6 + 21.8 141.3 £ 21.3 120.1 +19.2 13.8 <0.001
Post hoc P1=0.493, P2<0.001, P3<0.001
LDL (mg/dl) 87.06 + 7.0 88.5+7.3 84.6+6.3 4.0 0.020
Post hoc P1=0.518, P2=0.202, P3=0.015
HDL (mg/dl) 49.1 £6.2 48.2+5.7 55.1 +4.6 22.7 <0.001
Post hoc P1=0.657, P2<0.001, P3<0.001
Atherogenic index 0.08 £ 0.1 0.120.1 0.01 £ 0.1 7.6 0.001

Post hoc

P1=0.717, P2=0.011, P3=0.001

Data are expressed as mean + SD. Hb: Hemoglobin, WBCS: white blood cells, PLT: platelets, ESR: erythrocyte sedimentation rate, CRP: C-reactive
protein, RBG: random blood glucose. TG: triglycerides, LDL: low density lipoprotein, HDL: high density lipoprotein. P1: Group I vs II, P2: Group I
vs III, P3: Group II vs III. P<0.05 is significant. £<0.001 is highly significant.
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Figure 1 - Scatter plot representing the correlation between Disease
Activity Score-28 (DAS28) and serum level of vascular cell
adhesion molecule-1 (VCAM-1). r=correlation coefficient.
P<0.001 is highly significant.
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Furthermore, there was a significant statistical
positive correlation between serum VCAM-1 with ESR
(r=0.61, p<0.001), CRP (r=0.31, p<0.001), and MDA
(r=0.37, p<0.001) levels, and a significant statistical
negative correlation between serum VCAM-1 and total
antioxidant capacity (r= -0.39, p<0.001) in patients
with RA (Figure 3).

Discussion. Datients with RA are prone to
cardiovascular morbidity and mortality.'"® Endothelial
dysfunction is the initial step in the development of
cardiovascular disease in chronic inflammatory diseases
even if atherosclerosis is not present.* Thus, early
diagnosis and treatment of endothelial dysfunction in
RA could reduce cardiovascular complications. Also,
systemic inflammation and oxidative stress have been
proven to play a role in the increased cardiovascular risk
in RA patients.” Therefore, in this study, we aimed to
assess serum VCAM-1 as a biomarker of endothelial
dysfunction in RA patients and to correlate it with
DAS28, oxidative stress, and inflammatory markers.
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Figure 2 - Scatter plot representing the correlation between Disease Activity Score-28 (DAS28) and A) erythrocyte sedimentation rate
(ESR), B) C-reactive protein (CRP), C): malondialdehyde (MDA), and D): total antioxidant capacity. r=correlation coefficient.

P<0.05 is significant. <0.001 is highly significant.
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Table 3 - Endothelial dysfunction and oxidative stress markers in the studied groups.

Variables Rheumatoid arthritis patients Control Test of significance P-value
N=100 N=50
VCAM-1 (pg/ml) 1258.1 + 386.3 759.9 + 169.2 8.6 <0.001
Total antioxidant capacity (mM/L) 1.2+0.1 1.3+0.1 1.9 0.05
MDA (nmol/ml) 6.5+3.5 4.08 £2.5 4.3 <0.001
Group 1 Group 2 Control
N=50 N=50 N=50
VCAM-1 (pg/ml) Mean + SD Mean + SD Mean + SD
1022.1 + 1494.1 + 384.5 759.9 £ 169.2 95.8 <0.001
200.1
P1<0.001, P2<0.001, P3<0.001
Total antioxidant capacity (mM/L) 1.3+0.1 1.1+0.2 1.3+0.1 13.0 <0.001
P1<0.001, P2=0.832, P3<0.001
MDA (nmol/ml) 5.6 +3.7 7.3+3.1 4.08 +2.5 13.2 <0.001

P1=0.025, P2=0.035, P3<0.001

Data are expressed as mean + SD. VCAM-1: vascular cell adhesion molecule-1. MDA: malondialdehyde.
P1: Group I vs II, P2: Group I vs III, P3: Group II vs III. P<0.05 is significant. P<0.001 is highly significant.
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Figure 3 - Scatter plot representing the correlation between serum level of Vascular Cell Adhesion Molecule-1 (VCAM-1) and
A) erythrocyte sedimentation rate (ESR), B) C-reactive protein (CRP), C) malondialdehyde (MDA), and D) total
antioxidant capacity. r=correlation coefficient. £<0.05 is significant. P<0.001 is highly significant.

There is a strong association between VCAM-1

expression with RA.*

Our results revealed a significant

increase in serum VCAM-1 in the studied RA patients
compared with the control group. This confirms the

presence of endothelial dysfunction in RA patients.

6,7,21

Similarly, Sédergren et al** reported that serum VCAM-1

levels were significantly higher in patients with RA
than in controls. On stimulation by proinflammatory
mediators such as tumor necrosis factor-o. (TNF-a), IL-1
and IL-6, the expression of VCAM-1 on chondrocytes
and synovial tissue is upregulated.?’ The high expression
of adhesion molecules by the activated endothelium is a
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key feature of atherosclerosis. Cholesterol accumulation
in the arterial wall induces expression of VCAM-1 in
the endothelial cells.’* The increase of cell adhesion
molecules in autoimmune diseases could be explained
by the presence of autoantibodies, increased production
of proinflammatory  cytokines, and oxidative
stress.” Vascular cell adhesion molecule 1 affects the
inflammatory process, which might be related to the
initiation and progression of RA and also its predisposed
cardiovascular risk.?

In this study, serum VCAM-1 was significantly
higher in newly diagnosed rather than treated
patients. In a study by Hidayat et al,”” treatment with
hydroxychloroquine (400 mg/day for 12 weeks) was
proven to decrease serum VCAM-1 levels, which agrees
with our results. Also, in agreement with our results
Smith et al® reported significantly lower VCAM-1
levels in RA patients treated with disease-modifying
antirheumatic drugs such as methotrexate. Low et al®
reported that RA patients treated with TNF-at inhibitors
showed lower incidence and severity of myocardial
infarction compared with patients treated with disease-
modifying antirheumatic drugs. Inhibition of TNF-a
by adalimumab suppresses VCAM-1 upregulation in
the human endothelial cells from umbilical vein that are
stimulated by TNF-a..*° A national cohort study by Lee
et al’! reported that treatment with TNF-a inhibitors
was able to reduce the cardiovascular risk in patients
with inflammatory arthritis by improving systemic
inflammation. These data suggest that good control
of disease activity in RA could improve endothelial
dysfunction and delay cardiovascular complications.

The significantly lower serum VCAM-1 levels
in the treated rather than newly diagnosed patients
propose that serum levels of VCAM-1 may be related
to the disease activity. Our results revealed a significant
statistically ~ positive correlation between serum
VCAM-1 and DAS28 in RA patients. Similarly, Davies
et al’> concluded that serum VCAM-1 levels correlate
with disease activity and cardiovascular risk in RA.
These results suggest that serum VCAM 1 level can
indicate the disease activity and, to some degree, the
effect of treatment. Therefore, control of disease activity
leads to reduction of cardiovascular events hence better
cardiovascular outcome in RA.

Vascular cell adhesion molecule-1 could be a new
therapeutic target in many immunological diseases,
including RA. Previous reports have reported that
anti-VCAM-1 monoclonal antibody injection into
a collagen-induced RA mouse model decreased the
severity, but not the incidence of arthritis compared
with the control mice. There were fewer arthritic joints
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in the histological study of the treated mice; however,
the arthritic joints showed a similar range of severity
compared with the control mice.”

There was a significant increase in cholesterol, TG,
LDL, and atherogenic index values with lower HDL
values in RA patients than in control subjects. However,
the values of the lipid profile were within the normal
level. Dyslipidemia is a common and predisposed
finding in RA patients owing to endothelial dysfunction
and cardiovascular diseases.’>* In this study, there
was endothelial dysfunction even with the normal
lipid profile in the selected RA patients. Therefore, a
search for other nontraditional risk factors should be
investigated.

The role of oxidative stress in the pathophysiology of
inflammatory diseases, such as RA, has been established
in numerous studies.”” In this study, patients with RA
showed oxidative stress, as evidenced by a significant
increase of serum MDA, a lipid peroxidation product, in
RA patients than in controls. This agrees with a previous
study by Das et al.** Malondialdehyde can combine
with acetaldehyde (AA) to form malondialdehyde-
acetaldehyde (MAA), which in turn can modify proteins
producing an MAA protein adduct. It has been suggested
that MAA protein adducts and anti-MAA immune
reactions could have a role in RA pathogenesis.”” Also,
total antioxidant capacity was significantly lower in the
studied RA patients than in controls. These results agree
with previous studies by Zhou et al*® and Mititelu et
al.¥” Serum MDA were significantly higher, and total
antioxidant capacity was significantly lower in newly
diagnosed than in treated patients. Oxidative stress
enhances endothelial dysfunction, which is the leading
cause of cardiovascular complications.*

There is a back-and-forth relationship between
inflammation and oxidative stress. Both are the main
triggers for cardiovascular diseases.’ In this study,
systemic inflammation was assessed by ESR and CRP.
They were significantly higher in newly diagnosed
patients than in treated patients. The causal relationship
between systemic inflammation and endothelial
dysfunction suggests that CRP and ESR could be used
as predictors of endothelial dysfunction.*?

Furthermore, there was a significant positive
correlation between serum MDA level and DAS28
and a significant negative correlation between total
antioxidant capacity and DAS28 in patients with RA.
A 2016 meta-analysis investigated whether oxidative
biomarkers could be used as adjuvants in tracking
disease progression. It found a positive correlation
between the serum levels of MDA and disease activity,
reinforcing the supposition that oxidative stress and
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disease activity in RA move toward a similar direction.
Previous studies showed that there is a positive
correlation between serum MDA level and DAS28
and a negative correlation between total antioxidant
capacity and DAS?3% These results suggest that serum
MDA levels and total antioxidant capacity can reflect
the disease activity and, to some extent, the efficacy of
treatment. Moreover, ESR and CRP have a relationship
with DAS28, which agrees with our results.

In this study, we investigated the correlation between
endothelial dysfunction assessed by serum VCAM-1 with
serum MDA, total antioxidant capacity, CRD, and ESR
in RA patients. Our results revealed a significant positive
correlation between serum VCAM-1 with serum MDA,
CRPD, and ESR. Also, a significant negative correlation
between serum VCAM-1 with total antioxidant
capacity was present. In line with our results, Serkova
et al® found a correlation between VCAM-1 and CRP
in patients with coronary heart disease. Also, hydrogen
peroxide was reported to enhance the expression of
VCAM-1 in cultured endothelial cells from human
umbilical vein, supporting the relationship between
VCAM-1 and oxidative stress;* oxidative stress markers
(serum MDA and total antioxidant capacity) and
inflammatory markers (CRP and ESR) could predict
endothelial dysfunction and further cardiovascular risk
in RA.

Study limitations. The limitations to this study
were the small sample size, that other markers of
endothelial dysfunction were not assessed, and that
the gene polymorphisms of VCAM-1 that might affect
the endothelial dysfunction in these patients were not
studied. Further studies should be carried out on a large
number of RA patients.

In conclusion, serum VCAM-I,
endothelial dysfunction, increases in RA and correlates
with disease activity. Markers of oxidative stress (serum
MDA and total antioxidant capacity) and inflammatory
markers (ESR and CRP) correlate with serum VCAM-1
and disease activity. Thus, ESR and CRP could be
alternative predictors of endothelial dysfunction in RA
patients because they are cheaper and easier to measure
than VCAM-1. Further studies on a larger number of
patients with a longer duration of treatment are now
required.
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