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Abstract 

Introduction: Rheumatoid arthritis (RA) is categorized as an autoimmune disease with a frequency 
of 0.2–1% worldwide. It is reported that various autoantibodies are produced in the RA population, 
particularly against citrullinated peptides. Among various candidate markers for RA diagnosis, the 
citrullinated proteins have the highest specificity and sensitivity for both diagnosis and prognosis 
of RA. Anti-mutated citrullinated vimentin and α-enolase constitute a new class of autoantibodies 
for early detection of RA. 
Material and methods: 45 serum samples and 19 synovial fluid (SF) specimens collected from RA 
patients were considered for American College of Rheumatology criteria and 20 serum samples and 
10 SF specimens were provided from healthy subjects as a control group. To assess the quantity 
of anti-citrullinated protein antibodies (ACPA), anti-mutated citrullinated vimentin (MCV) and anti- 
α-enolase in the serum and SF of RA patients were determined by the enzyme-linked immunosor-
bent assay (ELISA) method. For the evaluation of disease activity and joint destruction, we used the 
Disease Activity Score of 28 joints based on erythrocyte sedimentation rate (ESR) Disease Activity 
Score 28 (DAS28). Furthermore, to measure the molecular weight of vimentin and α-enolase, elec-
trophoresis on 10% SDS-PAGE was performed as described before. 
Results: The anti-α-enolase level among serum samples from RA patients was significantly higher 
than in healthy subjects (4.49 ±0.20 ng/ml vs. 0.76 ±0.12 ng/ml) (p < 0.001). There was a direct relation 
between α-enolase quantity and (rheumatoid factor) RF and C-reactive protein (CRP) levels. The mean 
ESR value in positive and negative ACPA patients was 38.2 ±22.6 mm/h and 9.2 ±5.8 mm/h respectively  
(p < 0.0001). The mean DAS28-ESR was 3.3. The level of anti-MCV in the serum of RA patients (244.6 
±53.3 U/ml) was higher than in serum of the healthy group (148.73 ±71.8) (p < 0.0001). The level of 
anti-MCV in the SF of patients was 687.5 ±148.4 U/ml. 
Conclusions: In conclusion, both autoantibodies against MCV and α-enolase are two important 
markers that increase in serum and SF of RA patients and are specific for diagnosis of RA disease.
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Introduction
Rheumatoid arthritis (RA) is the chronic inflammato-

ry disease with the various ranges of joint disability and 

ultimately disability of patients. The extent of disability 
is associated with joint destruction and disease activity.  
The data on the occurrence of these autoimmune diseas-
es vary depending on the area of the world , e.g. in the 
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meta nalysis by Alamanos et al. [1] the prevalence in south 
European countries is 3.3 (range 3.1 to 5.0) cases per 1000, 
and for developing countries 3.5 (range 2.4 to 3.6).

However, the early pathogenesis of this systematic 
disease is ambiguous [2]. Powerful genetic risk factors 
associated with anti-citrullinated protein antibodies 
(ACPA)-positive RA are HLA-DR1 and HLA-DR4. It is re-
ported that various autoantibodies are produced in the 
RA population, particularly against ACPA. Citrullinated 
peptides are synthesized through posttranslational pro-
cesses that convert arginine to citrulline. This residue 
conversion is done by peptidyl arginine deiminases [3]. 
There are several autoantibodies against citrullinated 
peptides including peptides derived from citrullinated fi-
brinogen b [4], citrullinated α-enolase peptide [5], citrul-
linated vimentin [6], and citrullinated tenascin-C [7]. 
Among discrepant candidate markers for RA diagnosis, 
the citrullinated proteins have the highest specificity and 
sensitivity for both diagnosis and prognosis of RA [3]. 

Anti-mutated citrullinated vimentin (MCV) is a new 
class of autoantibodies for early detection of RA [8].  
Vimentin is formed from the intermediate filament of 
cyto skeleton structure and expressed in various cells 
such as monocytes, endothelial cells and cells with 
mesen chymal origin [9, 10]. Moreover, macrophage-like 
and fibroblast-like synoviocytes located in synovial joints 
contain abundant vimentin. These two types of cells are 
implicated in RA pathogenesis [10]. Vimentin is citrulli-
nated in RA patients, causing activation of T-lymphocytes 
via attaching to HLA-DR4 of antigen-presenting cells [11].

A previous study found approximately 95% specificity 
and 78%, sensitivity of anti-MCV for RA monitoring both 
for diagnosis and prognosis [12]. Furthermore, anti-MCV 
was detected in about 20–25% of RA in early stage but in 
47% of more advanced disease stages [3, 13].

Citrullinated α-enolase is detected among patients 
suffering from RA. α-enolase has several roles in the cells 
such as a glycolytic enzyme, a heat shock protein, recep-
tors for plasminogen, etc. [14]. The expression of α-enolase 
is found in hypoxia, inflammation and cell differentiation. 
Furthermore, this enzyme was detected in the inflamma-
tory joints of RA patients [15]. Although the quantity of this 
enzyme increases in various infectious and inflammato-
ry diseases [14], the presence of autoantibodies against 
citrul linated α-enolase is observed only in RA [16]. 

The antibodies against the citrullinated form of this 
enzyme were reported in up to 62% of RA cases both in 
serum and with a higher amount in synovial fluids [5, 17]. 
The production of these antibodies is directly correlated 
with the presence of specific PTPN22W polymorphism 
and HLA alleles [18]. On the other hand, other RA risk 
factors and the therapeutic regimen are involved in cre-
ation of antibodies against citrullinated α-enolase [11].

The aim of the current study was to assess the 
status of autoantibodies against two proteins, vimen-
tin and α-enolase, in the serum and synovial fluid (SF) 
samples from Iranian RA patients and compare them to 
healthy subjects.

Material and methods
Patients and serum samples

The current study was a cross-sectional assessment, 
carried out in Tehran, Iran. Forty-five serum samples and 
19 SF specimens were collected from RA patients referred 
to Loghman Hospital, Imam Khomeini Hospital and Iran 
Rheumatism Center Clinic with symptoms duration of  
2 years or less (disease duration ≤ 2 years), who had 
been referred to the arthritis clinic between Feb ruary 
2014 and March 2016. In addition, 20 serum samples 
and 10 SF specimens were provided from healthy sub-
jects as a control group. 

Diagnosis of RA was established by rheumatologist 
according to ACR/EULAR 2010 criteria. A search was con-
ducted based on randomized controlled experiments 
and diagnostic accuracy of systematic reviews of such 
study types assessing the clinical diagnostic validity of 
clinical assessment of any joints.

Moreover, baseline laboratory investigations includ-
ed erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP), and ACPA were performed. Anti-citrul-
linated protein antibodies were measured using the 
standard ELISA method. Negativity or positivity for 
ACPA was defined as < 200 U/ml or ≥ 200 U/ml, respec-
tively. The disease activity was assessed by determi-
nation of swelling and pain of 28 joints and results of 
CRP and presented as a result of Disease Activity Score  
28 (DAS28-ESR).

The presented study obtained local Bioethics Com-
mittee approval.

Sample collection

To prepare serum specimens, a blood sample from 
each subject, both patients and controls, was centri-
fuged at 3000 rpm for 15 min and the serum fraction 
were transferred to new tubes and stored at –80°C for 
further assessments.

Alpha-enolase analysis

To evaluate the antibody against α-enolase (anti- 
α-enolase) among RA patients, the ELISA method was 
applied. The level of anti-α-enolase in serum and SF 
samples was analyzed using a human α-enolase ELISA 
kit (ENO1/ENO1L1/MBPB1/MPB1) in accordance with the 
manufacturer’s guideline.
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Briefly, 100 μl of each sample and standards were 
separately added to each well. After two hours’ incu-
bation at 37°C, the solution of each well was removed 
and then 100 μl of biotinlabeled antibody was added 
and it was incubated for one hour at 37°C. After precise 
washing of each well, 100 μl of Avidin-HRP was added 
to each well for one-hour incubation at 37°C. In the next 
step, 9 μl of TMB, as the HRP substrate, was added to 
wells followed by 15–20 min incubation at 37°C in a dark 
place. The 50 μl solution was applied to stop the enzy-
matic reaction. Finally, the absorbance of each well was 
measured at 450 nm using an Anthos 2020 ELISA reader 
(Biochrom Ltd, UK).

Moreover, to identify the presence and molecular 
weight of α-enolase in serum and SF samples, electro-
phoresis on 10% SDS-PAGE was performed. During SDS 
PAGE, all proteins migrate toward the anode (the posi-

tively charged electrode). SDS-treated proteins have 
very similar charge-to-mass proportions, and similar 
forms. within PAGE, the rate of migration of SDS-treated 
proteins is efficiently distinguished by molecular weight. 
Finally, to visualize the protein bands, the SDS-PAGE was 
stained using Coomassie blue G250.

Vimentin evaluation

To assess the quantity of anti-MCV in the serum and 
SF of RA patients, the Human Anti-Mutated Citrullinated 
Vimentin Antibody ELISA kit was applied. The procedure 
was performed based on the manufacturer’s guideline. 
All the steps were similar to the protocol described for 
anti-α-enolase.

Furthermore, to evaluate the molecular weight of 
vimentin in serum and SF samples, electrophoresis on 
10% SDS-PAGE was performed as described before.

Statistical analysis

To compute the statistically significant differences 
between two tested groups, STATA 11 software was used.

To survey the factors correlated with anti-α-enolase 
and vimentin, linear regression was performed. The p-val-
ue lower than 0.05 was considered to indicate a signifi-
cant result.

The disease activity score, swollen joints, anti-vimen-
tin and anti-MCV levels were analyzed using Pearson’s 
correlation t-test and Mann-Whitney statistical test.

Results
In the current study, the alteration in the anti-α-eno-

lase and vimentin was surveyed among RA patients.  
The studied patients group characteristics are presented 
in Table I. 

Thirty-five (78%) RA cases and 8 (40%) healthy sub-
jects were female among serum samples. The mean 
DAS28 was 3.3. The mean ESR in positive and negative 
ACPA patients was 38.2 ±22.6 and 9.2 ±5.8 mm/h respec-
tively (p < 0/0001) (Table I).

The level of anti-α-enolase among serum samples from 
patients was significantly higher than in healthy subjects 
(4.49 ±0.20 ng/ml vs. 0.76 ±0.12 ng/ml) (p < 0.001) (Fig. 1).

Outcomes from linear regression analysis showed that 
the anti-α-enolase quantity of RA serum (3.73 ng/ml) 
was higher than in healthy serum (Table II). 

Despite the lack of correlation between age and  
anti-α-enolase level, anti-α-enolase in males was 1.07 
fold lower than in females (p = 0.047) (Table III).

In addition, regardless of the disease status, there 
was direct relation between anti-α-enolase level and 
rheumatoid factor (RF) and CRP levels. One-unit in-

Table I. Demographics and clinical characteristics of 
the rheumatoid arthritis patients

Characteristics p-value

Age (years) 47.51

Female (%) 78

Duration of RA (years) ≤ 2

RF positive (%) 71.3

CRP (mg/l) 12.36 ±8.32

ESR (mm/h) 38.2 ±22.6

ACPA positive (%) 69

Methotrexate (%) 51.5

Corticosteroid (%) 35.2

Tender joint count (TJC28) ±SD 7.42 ±6.23

DAS28-ESR 3.3

RA – rheumatoid arthritis, RF – rheumatoid factor, CRP – C-reactive 
protein, ESR – erythrocyte sedimentation rate, ACPA – anti-citrulli-
nated protein antibodies, DAS28 – Disease Activity Score 28.

Fig. 1. Anti-α-enolase concentrations in serum 
and synovial fluid of healthy and patient group.
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Table III. Relation between vimentin and α-enolase ac-
tivity in serum of both healthy and patient group with 
age and gender

Parameters Coef. Std. err. P > t 95% CI

α-enolase

Age 0.0246133 0.0225599 0.279 –0.020–0.07

Gender –1.074312 0.5308883 0.047 –2.14–0.01

_cons 2.565106 1.095234 0.022 0.36–4.75

Anti-MCV

Age –0.97 1.06 0.367 –3.09–1.16

Gender –8.27 29.54 0.780 –67.34–50.79

_cons 191.49 47.78 0.001 95.95–287.03

Anti-MCV – anti-mutated citrullinated vimentin.

Table II. Relation between vimentin and α-enolase ac-
tivity in rheumatoid arthritis sera

Parameters Coef. Std. err. P > t 95% CI

α-enolase

Status 
(Patient/healthy)

3.733 0.309 < 0.001 3.115–4.351

_cons 0.755 0.257 0.005 0.241–1.269

Anti-MCV

Status 
(Patient/healthy)

95.89 26.94 0.000 –7.35–100.33

_cons 148.73 22.41 0.001 103.93–193.53

Anti-MCV – anti-mutated citrullinated vimentin.
Fig. 2. Comparison of anti-mutated citrullinated 
vimentin concentrations in serum and synovial 
fluid (healthy and patient group). 
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Fig. 3. Evaluation of enzyme in serum (A) and synovial fluid (SF) (B) on 10% SDS-PAGE. The molecular weight 
of α-enolase is about 47 kDa. In (A), lanes 1 and 2 indicate healthy serum samples, and lanes 3 and 4 belong 
to the rheumatoid arthritis (RA) serum samples (B). Lane M indicates protein marker. All lanes indicate the 
SF samples from RA patients.
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crease in RF and CRP level caused an increase of 0.012 
and 0.022 units in the anti-α-enolase level (p = 0.001 
and p = 0.009, respectively).

Mean level of anti-α-enolase in SF of patients (44.92 
±1.61ng/ml) was significantly higher than in the healthy 
group (0.55 ±0.09 ng/ml) (p < 0.001) (Fig. 1). 

The only variable affecting the anti-α-enolase level 
in the SF is RA disease. The anti-α-enolase levels of RA 
patients’ SF were 43.95 units more than in controls. 

The levels of anti-MCV in the serum of RA patients 
(244.6 ±53.3 U/ml) was higher than in serum of healthy 
groups (148.73 ±71.8 U/ml) (p < 0.0001). The level of  
anti-MCV in the SF of patients was 471 ±24 (U/ml) (Fig. 2).

Furthermore, no significant correlation was ob-
served between the level of anti-MCV age and gender 
in tested groups.
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As illustrated in Figure 3, α-enolase protein bands 
with the molecular weight of 47 kDa were seen in the 
serum (A) and SF (B) samples collected from RA patients 
but such a band was not seen in the healthy samples. 

In addition, as depicted in Figure 4, vimentin bands 
(57 kDa) were detected in the serum (A) and SF (B) sam-
ples of RA cases, but the healthy samples had no band 
in this region.

Discussion 

Rheumatoid arthritis is an autoimmune disease 
with a wide range of clinical manifestations and dif-
ferent grades of severity in different patients. As a con-
sequence of the inflammatory process in the course of 
RA, mild to severe damage of the joints and their dis-
ability are observed. Thus, recognition and screening 
the patients in the early stage of RA could be helpful for 
the response to treatment and recovery. The function of 
ability was evaluated by disease activity in early RA and 
by joint destruction later in the disease course. 

It was found that an increase in the DAS28 had 
a mild effect on hand joints’ function when initially at 
the beginning of the assessment joint damage was 
present [19]. Higher baseline DAS28 was able to predict 
the requirement for procedures such as arthroplasty and 
synovectomy of the affected joints with persistent syno-
vium hyperplasia.

For this purpose, introducing specific markers is neces-
sary to detect subjects with RA. The presence of auto- 
antibodies against various citrullinated proteins has 
been confirmed as an effective serological indicator for 
RA detection. These autoantibodies are more accurate 
and specific than other inflammatory factors such as in-

creased RF and CRP in serum of RA patients [20]. In the 
present study we assessed the presence of two impor-
tant autoantibodies against MCV and α-enolase in both 
serum and SF in RA patients.

Recently, it was confirmed that ACPA appear in se-
rum of RA patients earlier than anti-MCV antibodies 
(approximately 4 years earlier), before symptoms on-
set [21–23]. The anti-MCV assay is more sensitive but 
ACPA is more specific for RA diagnosis. Finally, based on 
a litera ture review, antibodies against MCV are a signifi-
cantly potent predictive marker to identify the patients 
before appearance of full-blown RA disease [2].

Autoantibodies against vimentin play an important 
role in the arthritogenic process as well as in RA patho-
genesis [24]. In accordance with the meta-analysis, the 
sensitivity and specificity of anti-MCV antibodies for 
RA diagnosis were 77% and 89% in comparison with 
healthy subjects, respectively [25]. 

Two previous studies reported the incidence of anti-
bodies against MCV from 69.7% to 81% in Mexican RA 
patients [26, 27]. Furthermore, in the work by Martínez 
et al. [28], the prevalence of these antibodies was 81.8% 
in early stage RA and 88.2% in established RA. In the 
Egyptian study, the serum level of anti-MCV in RA pa-
tients (135.82 ±126.81 U/ml) was significantly higher 
than in the healthy group (13.63 ±8.48 U/ml) [29].  
The authors reported 84% sensitivity and 80% specifi-
city for these antibodies; these results were significantly 
lower than ACPA (100%) in the cited study. Despite the 
lack of correlation between anti-MCV and clinical symp-
toms, this parameter was related to ACPA [29].

Our study is consistent with previous research per-
formed by El Shazly et al. [29], Wagner et al. [30] and 
Engelmann et al. [31] and showed that the quantity of 

Fig. 4. Evaluation of vimentin in serum (A) and synovial fluid (SF) (B) on 10% SDS-PAGE. The molecular weight of 
vimentin is about 57 kDa. In (a), lanes 1, 2, 3 and 6 indicate rheumatoid arthritis (RA) serum samples, and lanes 4, 
5 and 7 belong to the healthy serum samples. In (b) lanes 1, 2, 3 and 4 indicate RA SF specimens, and lanes 5 and  
6 belong to the healthy SF samples.
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serum anti-MCV had no association with the gender or 
age. The level of anti-MCV in the work of Wagner et al. 
[30] was 308.344 ±425.578 U/ml and also had no cor-
relation with CRP and ESR.

Saulot et al. [16] found that the sera of RA patients 
contain autoantibodies against α-enolase in the early 
stage. Although the presence of autoantibodies against 
this enzyme was reported in the previous studies per-
formed on other autoimmune diseases including lupus 
erythematosus [32], primary biliary cirrhosis, primary 
sclerosing cholangitis [33] and so on, findings from west-
ern blot assay of sera from RA patients showed exclu-
sively 50 kDa proteins without their appearance among 
other autoimmune diseases. Therefore, this specific  
50 kDa protein, the autoantibody against α-enolase, 
was considered as a specific biomarker for diagnosis of 
the early stage of RA. 

On the other hand, approximately, 50% of RA pa-
tients who had autoantibodies against α-enolase were 
RF and ACPA negative. Furthermore, this antibody is in-
volved in the pathogenesis of RA and results in disease 
deterioration [16]. In another study performed by Kin-
loch et al. [34], the frequency of autoantibodies against 
citrullinated α-enolase in the RA patients was 46% while 
15% of healthy subject showed autoantibodies against 
citrullinated or uncitrullinated α-enolase. Lundberg et al. 
[5] reported that a specific epitope, named citrullinat-
ed-enolase-peptide-1 (CEP-1), is responsible for creat-
ing autoantibodies against α-enolase exclusively in  
RA patients. Similar to other studies, we observed higher 
levels of antibody against citrullinated α-enolase both in 
serum and SF in RA patients compared to healthy con-
trols. 

Conclusions
The present study indicates both autoantibodies 

(against MCV and α-enolase) as important markers that 
increase in serum and SF of RA patients and are specific 
for disease diagnosis. 

The authors declare no conflict of interest.
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