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Abstract

Rheumatoid arthritis (RA) is a chronic autoimmune disease with multiple morbidity burdens. Early
diagnosis of RA is the main key in management and prevention of disease complications. Much
research nowadays is looking for a serological marker with high accuracy in diagnosis of early RA
cases. Our aim in this study was to evaluate the role of anti-mutated citrullinated vimentin (anti-
MCV) antibodies in the early diagnosis of RA. In addition to compare its diagnostic sensitivity and
specificity with anti-cyclic citrullinated peptide antibodies (anti-CCP) and RF antibodies in early versus
established RA patients. This prospective cross-sectional study included 80 participants: 40 RA
patients (20 early RA patients and 20 established RA patients), 20 patients with other rheumatic
diseases (as a disease control group), and 20 apparently healthy participants as normal controls. All
participants underwent history taking, clinical examination (general, articular assessment and
calculation of disease activity score (DAS28-ESR)) for RA patients, radiological and laboratory
investigations (RF, anti-CCP2 and anti-MCV antibodies measurements by ELISA technique). The
results showed that the mean values of anti-CCP2 and anti-MCV were significantly increased in RA
cases compared to the control groups (p=0.00 and p=0.01, respectively). Anti-MCV had sensitivity
and specificity of 63% and 83%, respectively for diagnosing of early RA at area under curve of 0.80
compared to sensitivity and specificity 37% and 100%, respectively for anti-CCP2. Also, both (anti-
CCP2 and anti-MCV) had positive significant correlations with ESR (p<0.001 and p=0.02, respectively),
CRP (p=0.01 and p=0.02, respectively) and DAS 28 (p<0.001 for both). In conclusion, our data
indicated that anti-MCV antibodies may represent a valuable marker for diagnosis of early RA cases.
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Introduction systematic manifestations. It is associated with
significantly high morbidity and mortality rates
with functional capacity impairment.> 2 Not only
it impairs patients’ quality of life,> but also
patients with RA and other inflammatory joint

Rheumatoid arthritis (RA) is a chronic
autoimmune inflammatory disease, with
progressive  destructive  polyarthritis and
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disorders (1JD) have increased cardiovascular
disease (CVD) risk compared with the general
population.* It is characterized by proliferative
synovitis,  which  involves  angiogenesis,
infiltration of lympho-monocytes and
production of pro inflammatory cytokines which
lead to chronic destruction of the joints.2.
Autoantibodies can be silent for up to 15 years.
Thus, patients may have systemic autoimmunity
but show no symptoms, some patients may
then progress to an aggressive form of the
disease, while others may have a mild form of
RA. >

Numerous serological markers of RA have
been described, among these; anti-citrullinated
protein autoantibodies (ACPA) that are more
specific serological markers than RF in diagnosis
of RA. Other markers include anti-cyclic
citrullinated peptide (anti-CCP) antibodies and
anti-mutated citrullinated vimentin (anti-MCV)
antibodies.® One of the most common assays in
clinical practice is the determination of second-
generation anti-citrullinated cyclic peptide
antibodies (anti-CCP2)? that was included in the
new RA classification criteria.® Moreover, the
combination of anti-CCP and RF positivity would
increase the probability of an accurate positive
result compared to performing a single test.> 1
Nevertheless, anti-CCP sensitivity is limited to
around 38% in patients with RA disease.'" 2

Anti-MCV is the newest member of this
autoantibodies family, it is proposed as a tool
for RA diagnosis.'* ® To date, there is
controversy whether anti-MCV assay can be
used as a tool for diagnosis and prognosis of RA
disease compared to anti-CCP antibodies.” 1316

Furthermore, it is not clear if anti-MCV
antibodies are correlated with disease activity
score or other parameters of activity e.g. ESR as
different studies were conducted with various
results.® 7 Therefore, the aim of this study was
to evaluate the role of anti-MCV antibodies in
early diagnosis of RA. In addition to compare its
diagnostic sensitivity and specificity with anti-
CCP and RF antibodies in early versus
established RA patients.

Subjects and Methods

This  cross-sectional study included 80
participants, recruited from Assiut University

Hospital, Internal Medicine Department, and
clinics. Of these, 40 patients with RA were
diagnosed according to 2010 American College
of Rheumatology (ACR) classification criteria for
RA® (20 early RA patients (<1 year) and 20
established RA patients (>lyear)). And 20
patients were selected to represent other
rheumatic diseases (11 patients with systemic
lupus erythematosus, 6 patients with
osteoarthritis and 3 patients with psoriasis as a
disease control group). Finally, 20 apparently
healthy participants were recruited as the
normal control group.

Patients with Crohn’s disease, ulcerative
colitis,  malnutrition,  hyperparathyroidism,
hyperthyroidism, renal, hepatic diseases, any
limitation of physical activity or medications
that might affect bone metabolism or the

endocrine system (e.g., thyroxin,
anticonvulsants, hormone, or vitamin D
replacement therapy), malignancy, chronic

infection as TB, Hepatitis B and C, and mixed
connective tissue diseases were excluded from
our study.

Ethical considerations

This study protocol was reviewed and approved
by the ethics Institutional Review Board
committee of the Faculty of Medicine, Assiut
university (dated September 2016). The clinical
trial identifier number of the current study:
NCT0322437. Before being included in the
study, all study subjects gave their informed
consent to participate in the study.

Assessment of disease activity score

All patients underwent history taking, clinical
examination (general and articular assessment).
Disease activity status was assessed for RA
patients using the disease activity score-28
(DAS-28-ESR). The components of DAS-28-ESR
were swollen and tender joints counts (each 0—
28), patient-assessed global score (0—100), and
erythrocyte sedimentation rate (ESR). Using
disease activity score calculator (DAS28)
according to Van Gestel et al., 1998, DAS28-ESR
(three variables) = (0.56xv [TJC28] + 0.28xV
[SJC28] + 0.70x In [ESR]) x1.08 + 0.16.%® High
disease activity was defined as a DAS28-ESR >
5.1, moderate disease activity was defined as
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3.2 < DAS28-ESR < 5.1, low disease activity was
defined as 2.6 < DAS28- ESR < 3.2 and remission
as a DAS28-ESR < 2.60.®° Patients with
deformities were clinically examined by expert
rheumatologist to identify what type of
deformities was presented.

Laboratory Tests

The following investigations were done to all
study participants, including complete blood
count (CBC) using an automated blood counter
(Ruby CELL DYN, Abbott, Germany), ESR using
an analyzer (Alifax® analyzer, Sysmex, USA),
urine analysis, kidney and liver function tests
using an automated chemistry analyzer
(Dimension RXL MAX, Germany), C-reactive
protein (CRP) using an automated analyzer
(ADVIA 1800 SIEMENS Healthcare Diagnostics
Inc, USA). RF was measured in sera by latex
enhanced immunoturbidimetric method (ADVIA
1800, SIEMENS Healthcare Diagnostics Inc., UK).

Anti-CCP was measured using enzyme-linked
immune-sorbent assay (ELISA) commercial kits
for qualitative and semi quantitative detection
of IgG anti-CCP antibodies in human sera
(Architect i1000SR (Abbott, Germany). The
normal reference level was up to 0.5 U/ml. Anti-
MCV was measured using ELISA commercial kits
for the quantitative measurement of IgG class
anti-MCV autoantibodies in human serum using
a commercial ELISA Kit (Cat. No: CSB-E09565h;
Cusabio, Hubei, China), according to the
manufacturer’s instructions.

Radiological Tests

Standard X-ray was performed for small joints
of the hands, wrists, feet, and the other

affected joints using a machine (COLLIWATOR R-
20J, SHIMADZU CORPORATION, Japan).

Statistical analysis

Data was collected and analyzed using SPSS
(Statistical Package for the Social Science,
version 20, IBM, and Armonk, New York).
Continuous data was expressed in form of mean
+ SD or median (range) while nominal data was
expressed in form of frequency (percentage).
Chi square-test was used to compare the
nominal data of different groups in the study
while student t-test was used to compare mean
of different two groups and ANOVA test for
more than two groups. Spearman correlation
was used to determine the correlation between

Anti-CCP2 and Anti-MCV with laboratory
parameters. The receiver operating
characteristic (ROC) curve was used to

determine the diagnostic accuracy of anti-CCP2
and anti-MCV in diagnosing the RA. The
significance level was set at p< 0.05.

Results

Demographic and clinical characteristics of the
study groups

RA patients were 30 females (75%) and 10
males (25%), with mean age of 48.97 + 9.08.
The mean age of the disease control and normal
control groups were 29.25 + 6.18 and 29.05 +
4.48 years, respectively. Other clinical data as
sex, disease duration, swollen joints count, DAS-
28-ESR and deformities are presented in Table
1.

Table 1. Demographic and clinical characteristics of RA Patients and Controls.

ltem RA group Disease control’ Normal Control
Mean+SDor N (%) MeanSD orN (%) Mean = SD or N (%)
Ace 48.97 £9.08 29.25+6.18 29.05+4.48
g (24- 65) 20- 45 (19- 63)
Sex Male 10 (25%) 6 (30%) 6 (30%)
Female 30 (75%) 14 (70%) 14 (70%)
Disease duration 3.45+2.11 2.67+1.21 -
Swollen joint count 12 (2- 22) 3(1-12) -
5.09+1.25

DAS-28-ESR 2.5-7.45)
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Table 1. Continued.

Item

RA group
Mean = SD or N (%)

Normal Control
Mean = SD or N (%)

Disease control®
Mean = SD or N (%)

Deformities

No deformity

Z deformity of the thumb
Ulnar deviation of hand
Boutonniere deformity
Flexion deformity

Swan neck deformity

16 (40%)
9 (22.5%)
6 (15%)
4 (10%)
3(7.5%)
2 (5%)

20 (100%) 20 (100%)

0 0
0 0
0 0
0 0
0 0

Data are expressed as mean (+SD), range, numbers, and percentages. *Disease control included patients with other
rheumatic diseases

Laboratory Data in the Studied Groups significantly higher in RA group versus disease
control and normal control groups (p=0.00,
p=0.01 and p=0.34) and (p=0.01, p=0.00 and

p=0.52, respectively). (Table 2)

The level of anti-MCV was significantly higher in
the RA group versus disease control and normal
control groups (p=0.01, p=0.03 and p=0.31,
respectively). Also, anti-CCP2 and RF levels were

Table 2. Laboratory Data of the Studied Groups.

. Disease Normal
Variables RA group control* control pl p2 p3
CRP (mg/dl) 22.7£10.78 29+ 15.17 8.7+3.72 NS 0.03 0.01
ESR (ml/h) 55.67+22.12 49.09 £ 21.78 13.23+5.71 NS 0.04 0.02
RF (mg/dl) 23.70 + 10.91 4+1.32 0 0.01 0.00 NS
Anti-CCP2(u/ml) 59.16 £ 12.78 12.23+3.42 10.09 +5.14 0.00 0.01 NS
Anti-MCV(u/ml) 53.15+15.06 15.95 +4.02 13.41+7.4 0.01 0.03 NS

Data are expressed as mean (xSD), range. *p> 0.05 is not significant (NS). *Disease control included patients with other
rheumatic disease. RA, rheumatoid arthritis, CRP; C- reactive protein; ESR, erythrocyte sedimentation rate; RF,
rheumatoid factor; Anti-CCP; anti-cyclic citrullinated peptide; Anti-MCV, anti-mutated citrullinated vimentin; p1:
comparison between RA group and disease control group; p2: comparison between RA group and healthy control group;
p3, comparison between the disease control group and the normal control group.

Laboratory data of patients with early and established rheumatoid arthritis

Patients with established RA (>1 year) had significantly higher CRP, ERS, anti-CCP2 and anti-MCV in
comparison to those with early RA (<1 year) (p=0.03, p=0.01, p=0.03 and p<0.001, respectively)
(Table 3). There was no difference in RF results between the two groups (p= 0.98).

Table 3. Laboratory data in patients with early and established RA.

Variable Early RA Established RA *p value
CRP (mg/dl) 21.40 £ 10.27 24,15+ 11.27 0.03
ESR (ml/h) 51.07 £ 20.62 59.11+27.11 0.01
RF (mg/dl) 25.72 +8.09 21.92+11.21 NS
Anti-CCP2 (u/ml) 51.07+12.11 67.25+10.12 0.03
Anti-MCV (u/ml) 31.15+9.16 75.15+9.13 0.001

Data are expressed as mean (xSD), range. *p> 0.05 is not significant (NS).
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Diagnostic accuracy of RF, anti-CCP and anti-
MCV and in diagnosis of patients with RA
disease (Early vs. Established RA)

It showed that Anti-CCP2 had sensitivity 37%

diagnosing of early RA with area under curve
0.65 at a cutoff point > 7 u/ml. As regard
established RA; Anti-CCP2 had sensitivity 76%
and specificity 100% with area under curve 0.96
at a cutoff point > 32 u/ml, while anti-MCV had

and specificity 100% for diagnosing early RA
with area under curve 0.83 at a cutoff point > 10
u/ml, while anti-MCV had sensitivity 63% and
specificity 83% for diagnosing early RA with area
under curve 0.80 at a cutoff point > 17. RF had
sensitivity 63% and specificity 53% for

sensitivity 67% and specificity 100% with area
under curve 0.82 at a cutoff point > 31. RF had
sensitivity 62% and specificity 65% with area
under curve 0.67 at a cutoff point > 12 u/ml.
(Table 4)

Table 4. Diagnostic accuracy of RF, anti-CCP and anti-MCV and in diagnosis of patients with RA
disease (Early vs. Established RA).

Anti-CCP2 Anti-MCV RF
Indices . - .
Early Established Early Established Early Established
Sensitivity 37% 76% 63% 67% 63% 62%
Specificity 100% 100% 83% 100% 53% 65%
PPV 100% 100% 63% 100% 39% 48%
NPV 77% 85% 83% 85% 75% 77%
AUC 0.83 0.96 0.80 0.82 0.65 0.67
Cutoff point (u/ml) >10 >32 >17 >31 >7 >12
p value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

*P <0.05 is significant.

Serum levels of anti-CCP, anti-MCV and RF in
relation to clinical and laboratory parameters in
RA patients

28, ESR and CRP. It was noticed that anti-CCP2
had positive significant correlation with anti-
MCV (r= 0.43; p< 0.001).

Table 5 shows that anti-CCP2, anti-MCV and RF
were positively significantly correlated with DAS

Table 5. Serum levels of anti-CCP, anti-MCV and RF in relation to clinical and laboratory parameters
in RA patients.

. Anti-CCP Anti-MCV RF
Variables
r p r p r p

ESR (mm/hr) 0.55 <0.001 0.43 0.02 0.44 <0.001
CRP (mg/dl) 0.34 0.01 0.43 0.02 0.32 0.01
DAS 28-ESR 0.50 <0.001 0.45 <0.001 0.52 <0.001
Anti-CCP (u/ml) e 0.43 0.001 0.50 <0.001
Anti-MCV (u/ml) 0.43 <0.001 = 0.22 0.04
RF (mg/dl) 0.50 <0.001 0.22 0.04 ----

DAS 28 ESR 0.50 <0.001 0.45 <0.001 0.52 <0.001

Date are presented as r values, indicating the strength of correlation and p values, indicating the significance of
correlation and considered significant if p<0.05. DAS, disease activity score; Anti-CCP; anti-cyclic citrullinated peptide;
Anti-MCV, anti-mutated citrullinated vimentin; RF, rheumatoid factor.
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Levels of anti-MCV according to deformities and
disease activity in RA patients

Patients presented clinically with deformities
had significantly higher levels of anti-MCV

compared to those patients without deformity
(p=0.03). Moreover, different disease activities
of DAS-28-ESR showed significant differences in
levels of anti-MCV (p=0.001) (Table 6).

Table 6. Differences in anti-MCV levels according to deformities and disease activity in RA patients.

Patients’ deformities DAS -28-ESR
Patients' tients with tients without
characteristics patien S.M.“ U V\{I. o4 Remission Low Moderate High
deformities deformities

Level of Anti-MCV 3272+ 5391+ 5798+
+ + +

(U/ml) 57.56 + 12.67 50.22 £10.45 11.40+3.33 10.01 18.65 12.1

*p value 0.03 0.001

*p <0.05 is significant.

Discussion

RA is a chronic, autoimmune, inflammatory
systematic disease that affects synovial joints,
leading to destruction and deformity. In
general, it is not a fatal disease, but its
complication such as cardiac and respiratory
problems leads to increased mortality. Also due
to the long-term disease complications, RA is
associated with a reduced life expectancy.?’ So
that the development of a sensitive and specific
biomarker for diagnosis of RA, which could be
detected in early disease, would enable RA
patients to be identified, monitored, and
treated appropriately.’* Multiple autoantibodies
had been discovered to be associated with RA
as rheumatoid factor.?

RF is the first autoantibody correlated with
RA. It is the commonly accepted and widely
used serologic test for RA; however, it is not
specific in diagnosing early RA because it may
be present in normal elderly persons or in
patients with other autoimmune and infectious
diseases.?! Anti-CCP assays are effective and
widely used for diagnosing RA. However, their
sensitivity is limited to 40% in patients with
early RA22 CCP is not expressed in the synovium
and citrullinated proteins expressed in the
rheumatoid joint would probably be more
relevant as targets of autoantibodies used to
diagnose RA. Vimentin is an intermediate
filament that is widely expressed by

mesenchymal cells and macrophages and easy
to detect in the synovium.?

In the current study, there was a significantly
higher level of serum anti-MCV antibody in RA
patients compared to healthy and disease
control groups, it was supported by previous
studies,'* 2*2> this could be explained by the
hypothesis that vimentin might trigger the initial
immune response in RA. It activates T
lymphocytes by binding on HLA-DR4 on the
surface of antigen presenting cells and may
contribute to certain pathways in the
pathogenesis of RA.2

Our findings in the present study confirmed
observations of previous studies that anti-CCP
assays had superior specificity than anti-MCV
antibodies in early RA.> ¥’ Nevertheless, in
terms of a reliable screening test for RA disease,
a higher sensitivity is extremely required to
establish the earlier diagnosis. Our data agree
with the observation of a previous study that
anti-MCV had higher sensitivity than anti-CCP
assays in early RA.X° This finding could be
explained by a hypothesis that vimentin
contains 43 arginine residues, each arginine
residue can potentially be citrullinated by
peptidylarginine deiminase (PAD) resulting in a
variety of citrullinated epitopes. On the other
hand, anti-CCP2 has only a few epitopes.” 33

In contrast to our findings, regarding
patients with early RA disease, anti-MCV did not
sustain its diagnostic performance and anti-CCP
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showed superior sensitivity compared to anti-
MCV.% This could be attributed to that ACPA
specificities broaden with time.?® Also, it is well
known that antibodies levels can be changed
variably following disease-modifying
antirheumatic drugs (DMARDS)* and anti-MCV
antibodies levels decreased more rapidly than
anti-CCP levels.3! A study by Innala et al., 2008,
observed that anti-MCV antibodies assays in
early RA declined in response to treatment.!
Interestingly, it was noticed the heterogeneity
of the decline of different ACPA assays following
anti-rheumatic medications and the anti-MCV
antibodies  were  the most  affected
autoantibodies.3? As for RF assay in early RA, our
findings demonstrated the inferior specificity of
RF than both anti-CCP2 and anti-MCV
antibodies measurements. On the other hand,
RF demonstrated similar and superior sensitivity
compared to anti-MCV and anti-CCP,
respectively.

Our study indicated that in established RA,
RF levels showed inferior specificity and
sensitivity than either anti-CCP or anti-MCV
antibodies measurements. To date, few studies
were conducted in early RA of less than 1 year,
and showed that anti-CCP2 demonstarted either
similar or higher specificity compared with anti-
MCV for RA but higher or lower sensitivity
compared with anti-MCV for RA.'* 17 27 When
compared to RF, anti-MCV had demonstrated
either higher or lower sensitivity and higher,
equal, or lower specificity for RA.13 17,27

It is worth mentioning that a study
performed by Barouta et al, 2017, which
investigated the diagnostic value of anti-MCV in
patients with very early RA disease (<3 months
duration), anti-MCV showed higher specificity
and sensitivity than anti-CCP2 but equal
specificity with RF.?® Previous studies showed
variable results in established patients with RA
disease, some of which showed that anti-MCV
specificity either inferior® & 343 or equal
compared to anti-CCP specificity.? 36 37 38
Interestingly, Diaz-Toscano et al., 2017,” found
that anti-MCV specificity was higher than anti-
CCP when patients with other rheumatic
diseases served as controls. For sensitivity,
previous studies reported different findings,
some studies found that anti-MCV antibodies

sensitivity were inferior,?® 3% 37 others superior”

38, 41, 42 or equal®® 3% 3 to anti-CCP sensitivity.
Furthermore, studies also reported variable
results in both specificity and sensitivity of RF
compared to anti-MCV antibodies.® 31.34-36,43

Obviously, the diagnostic value of anti-MCV
test by itself and compared to anti-CCP and RF
assays demonstrated variable different results.
These discrepancies may be attributed to
various factors including different patient
ethnics origin, methodology, different kits
used® different cutoff values,61& 3% 37
heterogeneity in selecting the control groups,**
4 different assays of anti-CCP antibodies
measurements? % 41 or using different cutoff
points of anti-MCV antibodies which could give
different results.’®

For example, Barouta et al., 2017, found that
anti-MCV antibodies measurements
demonstrated the highest sensitivity and
specificity when the cutoff value for anti-MCV in
their study was 42 U/ml. But when the cutoff
value was set at 20 U/ml, they found higher
anti-MCV sensitivity but lower specificity
compared to anti-CCP.%®

Furthermore, in our study, we tested only
the anti-CCP2 assay, but we did not include anti-
CCP3 antibodies measurements. Anti-CCP3
assays depend on additional epitopes that are
not present in the anti-CCP2 antigen
sequence.?” % Therefore, the measurement of
anti-CCP3 antibodies may results in an increase
in sensitivity compared to that observed in anti-
CCP2 in our study.” However, other systemic
reviews showed no difference in utility values
when comparing anti-CCP2and  anti-CCP3
assays.t” 48

Our data indicated that anti-MCV antibody
levels were associated with RA disease activity
parameters like ESR, CRP, and DAS-28-ESR;
prognostic for disease severity!’2* % and levels
of serum RF.%> '3 2% These findings could be
attributed to their potential role in the
pathogenesis of RA. However, different studies
resulted with variable outcomes.® 3% 38 %0 Sych
differences may be associated with differences
in study design, study methodology or due to
differences in patient clinical disease activity.
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The considerable association of anti-MCV
antibodies with other autoantibodies would
imply their consistent diagnostic and prognostic
role. In the present study, our findings
confirmed a significant positive association
between anti-MCV and anti-CCP2 in patients
with RA. This agreed with previous studies.®
30,43 Thjs finding can be explained by that cross-
reactivity experiments between anti-MCV and
anti-CCP2 antibodies indicated that both target
some shared epitopes which may explain the
high positive correlation between these
antibodies.>®

As a novelty, our results showed a positive
association between anti-MCV measurements
and patients with RA disease presented with
deformities. This finding points to the important
role of anti-MCV positivity in disease severity
and joint damage. To date, no previous study
investigated the association between anti-MCV
levels and patients with RA disease, presented
with clinical deformities. This can be explained
that high levels of anti-MCV were related to
higher serum levels of bone and cartilage

destruction markers and anti-MCV induce
osteoclastogenesis and bone loss B,
Consequently, we hypothesize that early

detection of high anti-MCV in patients with RA
disease may predict severe deforming disease
and necessitate earlier aggressive treatment.

Our study had certain limitations. These
included the small number studied patients and
the study design, cross-sectional. Longitudinal
studies would result in examining changes over
time. Furthermore, we did not study
associations with extra articular manifestations,
and did not include an anti-CCP-3 assay to rely
upon additional epitopes, not present in the
anti-CCP2 antigen sequence.

In conclusion, anti-CCP2 antibodies had
higher diagnostic specificity in both early and in
established RA disease. However, anti-MCV
displayed superior sensitivity in screening early
RA compared to anti-CCP2. Testing of anti-MCV
antibodies for screening of RA disease especially
in the early stage of the disease can guide the
choice of initial therapy, reserving aggressive
regimens for those with high anti-MCV levels
and who are suspected to have an aggressive
course and deformities.
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