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ABSTRACT

Rheumatoid Arthritis (RA) is the commonest inflammatory joint disease, affecting
nearly 1% of the adult population worldwide. Its diagnosis depends on clinical
symptoms, laboratory investigations and imaging. The emphasis in the management
of this disease is early diagnosis and intervention. Diagnostic specificity of
rheumatoid factor (RF) for RA is poor since it is also found in many other rheumatic
and non-rheumatic diseases. Anticyclic citrullinated peptide (anti-CCP) was reported
to have a high specificity for RA diagnosis, especially in patients with early disease.
However, it was found to have lower sensitivity than RF in RA diagnosis. This study
aimed to evaluate the expression of MAGE-1 mRNA by the synovial fluid cells from
inflamed joints, and the serum levels of anti-CCP as biochemical markers for the
early diagnosis of RA. The study included 30 subjects of both sexes: 10 controls
with traumatic knee joint effusion and 20 rheumatoid arthritis patients. Both
Serum RF and anti-CCP were determined quantitatively by enzyme-linked
immune-sorbent assay (ELISA). The expression of MAGE-1 mRNA by the synovial
fluid cells obtained from the inflamed joints is evaluated by applying reverse
transcription-PCR amplification. MAGE-1 mRNA was detected in synovial fluid cells
of all patients but not in controls. There was significant increase (P < 0.01) of
both serum RF IgM and anti-CCP in rheumatoid patients group when compared to
control one. There was significant positive correlation (r = 0.928; P = < 0.01)
between serum RF IgM and anti-CCP. The specificity of MAGE-I, Anti-CCP and RF
in RA diagnosis was 100%, and the sensitivity of both MAGE-I and Anti-CCP was
100% while that of RF was 85%. Conclusively, the expression results of MAGE-1
transcript in synovial fluid were 100% positive encouraging its utilization as a
biochemical marker for RA diagnosis. The combined use of serum anti-CCP and
MAGE-1 transcript in the synovial fluid cells is recommended for early diagnosis of
RA.

INTRODUCTION clinically heterogeneous, with

particular disease phenotypes defined

Rheumatoid arthritis (RA) is a according to a complex interplay of
systemic inflammatory disease with a genes and the environment”,

predilection for symmetrically The  relationship of  many

distributed diarthroidal joints. It is biomarkers with disease
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characteristics is confounded by
factors unrelated to the disease, and
that only few biomarkers exist with
some predictive value. Moreover,
clinical markers appear of equal value
as biomarkers for this purpose,
although they likewise have limited
capacity in these regards. The analysis
suggests the search for better markers
to predict outcomes and therapeutic
responsiveness in RA, needs to be
intensified®.

The presence of autoantibodies in
the serum of patients is a very typical
phenomenon for autoimmune
disease®. Although the diagnosis of
RA relies primarily upon clinical
symptoms, laboratory tests that detect
autoantibodies, such as RF and anti-
CCP, are helpful aids in diagnosis.
The usefulness of these autoantibodies
in established RA has been
demonstrated, but more researches are
needed to determine the value of these
tests in detection of early RA, disease
prognosis, and disease monitoring™.

The  first  citrulline-binding
autoantibodies in RA sera were
discovered by  Nienhuis and
Mandema® and are able to bind to
peri-nuclear granules in normal
human buccal mucosa cells. They
were named antiperinuclear factor that
was found in 48% of patients with
RA, and only 1% of healthy controls.
The specificity of antiperinuclear
factor for citrulline was not
appreciated until years later; however,
Young et al. reported that RA sera
contained antibodies that reacted to
the keratinized layer of epithelium.
These antibodies were called anti-
keratin antibodies, and were only
found in RA patients. Subsequent
studies demonstrated that anti-keratin

antibodies and antiperinuclear factor
recognized a similar epitope, and were
perhaps the same antibody”. It was
also discovered that conversion of
arginine to citrulline on peptides was
essential for anti-keratin antibody and
perinuclear factor binding®.

Antiperinuclear factor and anti-
keratin antibodies can be broadly
categorized as  anti-citrullinated-
peptide antibodies. There is evidence
for abnormal citrullination of various
peptides in a diverse array of human
diseases,  including  rheumatoid
arthritis, psoriasis, and multiple
sclerosis®.  The  formation  of
antibodies to citrullinated peptides
seems to be specific for RA
patients"?.

In 1991, researchers first isolated
Melanoma antigen gene (MAGE)-Al
from an MZ-2 human melanoma cell
line. In the following years, dozens of
new MAGE gene were identified"".
Based on expression patterns, the
MAGEs were classified as belonging
to either subgroup I or II. Members of
subgroup I, including MAGE-A, -B
and -C, are expressed in malignant
tumors and testis, but not in other
normal tissues. These members are
named as cancer/testis antigen and
tumor-specific antigen. However,
subgroup II MAGEs is expressed in
various normal adult  human
tissues"?.

The MAGE-B2 gene, localized to
MAGE Xp-2 was isolated from an
expression library using sera from
pediatric patients with systemic lupus
erythematosus. This finding suggests
an immune response to MAGE
proteins in diseases of immune
dysregulation™?.
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Our study was designed to
evaluate the expression of MAGE-1
mRNA by synovial fluid cells from
inflamed joints, and the serum levels
of anti-CCP as biochemical markers
for the early diagnosis of RA and to
try clarification of their roles in the
pathogenesis of RA.

SUBJECTS & METHODS

Thirty subjects of both sexes with
age ranging from 20 to 40 years were
enrolled in this study and were
selected from those for follow up in
the  Rheumatology = Department,
Zagazig University Hospitals. They
were categorized into two groups:
Group I (Control group) comprising
10 subjects with traumatic knee joints
and group II including 20 RA
patients. A written informed consent
was taken from each subject included
in the study. All subjects were
submitted to medical history taking,
general and local examination to
exclude any other autoimmune
diseases.

Three ml blood was collected
from all subjects and sera were
separated and stored at —20 °C until
RF and anti-CCP antibodies analysis.
Synovial fluids were aspirated in
EDTA tubes from the knee joints of
the enrolled subjects by the
Rheumatologist. Synovial fluid cells
were separated after centrifugation,
spun down, washed by RPMI1640
medium  (Sigma, USA) and
resuspended in RPMI1640
supplemented by 5 % fetal bovine
serum and stored in -80 'C.

Serum RF IgM was determined
quantitatively by enzyme
immunoassay according to
Dabadghao, et al."¥ RF IgM ELISA

Kit (Immunolab GmbH, Germany)
and ELISA Reader (SLT-Spectra.
Mode-III, Austria). The cut off value
was 50.0 IU/ml.

Serum anti-CCP antibodies were
measured according to Quinn, et
al." using commercially available
ELISA kit (Axis-Shield, UK) and
ELISA Reader (SLT-Spectra. Mode-
III, Austria). The cut off value was 5.0
TU/ml.

RT-PCR:

Total RNA was extracted from
isolated synovial fluid cells using
E.ZN.A. total RNA kit (Omega
Biotek, USA) according to the
protocol provided by the
manufacturer.

Reverse transcription and PCR
amplification were performed using
Ready-to-Go RT-PCR Beads kit
(Amersham Biosciences limited, UK)
according to Noonan and
Roninson"®. Each bead is optimized
to allow first-strand cDNA synthesis
and PCR reactions to proceed as a
single tube; when brought to a final
volume of 50 pul, each reaction
contained ~2 units of taq DNA
polymerase, 10 mM Tris-Hcl, 60 mM
Kcl, 1.5 mM Mgcl,, 200 uM of each
dNTP, M-MULV Reverse
Transcriptase, RNA guard
Ribonuclease inhibitor (porcine) and
stabilizers including RNAse/DNAse
free bovine serum albumin (BSA).

The bead was dissolved using
DEPC-dd-H,0, then 2.5 pg RNA
template and 3 pl of the first strand
(cDNA) primer pd (Ng) were added
individually to the dissolved bead, the
reactions were transferred to the
thermal cycler and incubated at 42 'C
for 30 minutes then at 95 'C for 5
minute then 2.5 pl of each PCR
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primer was added (The sequences of
MAGE-1 primers were as follows:
forward-5'-CGG CCG AAG GAA
CCT GAC CCA G-3' and reverse-5'-
GCT GGA ACC CTC ACT GGG
TTG CC-3"7. The volume of the
reaction was completed with DEPC-
dd-H,O to give a final volume of 50
pl where it was used for dissolving
the bead.

The PCR amplifications were
performed by  pre-programmed
Thermal Cycler PTC-100 machine
(USA) under the following conditions
according to Mou et al. '” (94°C for
45 s, 65°C for 45 s and 72°C for 45 s)
for 25 cycles.

B-actin gene was determined to
assess the integrity of the RNA. The
sequences of B-actin primers were as
follows: forward-5'-GGC ATC GTG
ATG GAC TCC G-3' and reverse-5'-
GCT GGA AGG TGG ACA GCG A-
3'. The amplification conditions were
(94°C for 45 s, 65°C for 45 s and
72°C for 45 s) for 28 cycles”.

The amplified products were run
in 1.7 agarose gel using the EC 360
Submarine Gel electrophoresis system
(Maxicell, EC 360 M-E-C apparatus,
USA). The results were visualized by
ethidium bromide staining under
ultraviolet  transillumination then
digital camera photographing.

The sample was considered
positive when a band was observed at
421 bp for MAGE-1 and also B-actin
gene was determined to assess the
integrity of the RNA where it gave a
band at 613 bp"?, using a 100bp
DNA marker.

Statistical analysis:

The results were statistically
analyzed using SPSS  program
(version 16). The data were reported
as mean + standard deviation (SD).
Suitable statistical analysis was
applied as unpaired student t-test,
bivariate correlation coefficient (1),
Fisher's exact test and sensitivity &
specificity tests (ROC) curve. P
values less than 0.01 were considered
significant.

RESULTS

In the control group, MAGE-1
mRNA could not be detected in
synovial fluid of all subjects, whereas
in the RA group, MAGE-1 mRNA
was detected in all patients. By using
Fisher's exact test (table 1), the
frequency of the MAGE-1 transcript
detected in synovial fluid was
significantly higher in RA group than
in the control one (P < 0.01). The
electrophoresis of PCR products of
the synovial fluid cells were
demonstrated in figure (1).

t-test, as represented in table
(2), showed significant increase (P
< 0.01) of both RF and anti-CCP in
RA group when compared to the
control group. There was significant
positive correlation (r = 0.928; P = <
0.01) between the RF and antiCCP.

It was revealed that the
specificity of each of MAGE-I, Anti-
CCP and RF was 100%. Moreover,
the sensitivity of both MAGE-I and
Anti-CCP was 100% while that of RF
was 85%.
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Table (1): Frequency of synovial MAGE-I mRNA in the studied groups
Group

IMAGE-1 gene expression

Control group RA group

ve Count 10 0

% 100 % 0 %
ve Count 0 20

% 0.00 % 100 %

Fisher exact: P <0.01

Table (2): Comparison between the studied groups as regards RF and anti-CCP levels

Control group | RA group
Data (n=10) (n=20) t P
RF (IU/ml) 26.78 + 10.05 123.31 £51.88 5.78 <0.01
Anti-CCP (IU/ml) 2.75+ 0.89 35.17 £5.49 18.38 <0.01

P < 0.01: Significant

)

(B)
400 bp —+

Figure (1): Electrophoresis of the gene expression products in synovial fluid cells
samples of rheumatoid patients where (A) is B-actin, (B) is MAGE-1, M: 100bp
molecular marker, N: negative control. Lanes 1-10 show the 613 bp bands of B-actin
in (A) and the 421 bp bands of MAGE-1 in (B).
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DICUSSION

RA is a severe, progressive,
systemic inflammatory disease of
unknown etiology. The morbidity and
mortality it causes are a consequence
of local and systemic inflammatory
processes that damage cartilage, bone
and soft tissue, as well as blood
vessels and viscera. Until recently,
treatment for RA was limited, and
severe joint damage and overall
debility were common. Early and
aggressive intervention with new and
effective biological treatments can
alter the course of the disease, and
improve the function™, but better
molecular markers for diagnosis and
prognosis are needed for early
diagnosis and treatment of RA
patients. Serological testing for RF is
complicated by moderate sensitivity
and specificity, and high rates of
positivity in other chronic
inflammatory and infectious
diseases"”.

Autoantibodies can give the
clinician a more precise indication of
the type of underlying disease because
they occur specifically in a certain
disease. Among the most disease-
specific autoantibodies described are
the so-called anti-citrullinated
protein/peptide antibodies (ACPA).
These antibodies occur specifically in
RA and can be measured most
conveniently via the anti-CCP
antibody test?.

The MAGE-1 gene is a
member of the MAGE-A subfamily
that comprises at least 12 genes. Their
expression in normal adult tissues is
restricted to testis only with the
exception of MAGE-3 and MAGE-4,
which are also expressed in

placenta®. MAGE family proteins

were previously thought to be
expressed only by certain tumors and
presented by HLA Class I, resulting in
tumor cell lysis by cytotoxic T cells.

McCurdy et al.?? reported that
mononuclear cells from inflamed
joints of patients with juvenile
rheumatoid arthritis (JRA) highly
express MAGE-1 mRNA. MAGE-1
expression in JRA suggests an
association with autoimmune disease
and a possible causal role for MAGE
antigen in the chronic inflammation of
JRA. This is comparable with our
results which revealed that 100 % (20
of 20) of RA patients were found to
be positive for MAGE-1 mRNA in the
synovial fluid cells by RT-PCR assay.

To explain the role of MAGE in
chronic inflammation and
autoimmune disease, Catelli et al.?®
hypothesized that an event causing
cellular injury results in reactivation
of genes that control cell development
and proliferation. Genes such as
MAGE-A1 that are not normally
expressed are induced and presented
on the cell surface in the context of
the HLA antigen. This activates T
cells, and since there is no tolerance to
this rarely expressed antigen, an
immune response is activated. Then,
McCurdy et al.®? reported that
cytokines, following cell activation,
are up regulated, providing
costimulation for an inflammatory
response. With prolonged stimulation,
epitope spreading and widespread
activation of the immune system may
occur. This process is then chronically
fueled by the presentation of the
MAGE proteins and other self-
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antigens that may be exposed during
tissue destruction.

Concerning the expression of
MAGE-1 in malignant tumors, several
studies have indicated an increased
risk of lymphoproliferative
malignancies in patients with RA that
may well be related to the use of
cytotoxic agents or prolonged
immunosuppressive therapy®*.
Therefore, expression of MAGE-1 in
RA may be related to these
lymphoproliferative malignancies.
Furthermore, the expression of
MAGE-1 may be related to that
mentioned by Yamanishi and
Firestein® who stated that, the
synovial hyperplasia and pannus
formation in patients with arthritis
have several features suggestive of
malignancy. The pannus formation
resembles that of a localized
neoplasm. This synovial
transformation has been associated
with the activation of protooncogenes
that regulate the cell cycle and
intracellular signaling cascades. In
RA, increased  expression  of
protooncogenes, such as early growth
response gene-1 (egr-1), c-fos, c-jun,
and c-myc, has been implicated in
synovial cell proliferation and
invasion.

As regard the obtained results of
both serum anti-CCP and RF, a
significant increase (P< 0.01) of both
parameters was detected in the RA
group when compared to the control
group. This result coincides with
those  previously  reported by
Schellekens et al.(26), Vossenaar and
van Venrooij(g), Raza et al. @7,
Tedesco et al.(zs), Conrad et al. (28),
and Wiik et al. ®*.

Moreover, our results showed
that the specificity of MAGE-I
mRNA, anti-CCP antibodies and RF
was 100%, and the sensitivity of both
MAGE-I m-RNA and Anti-CCP was
100% while that of RF was 85%. As
regard MAGE-I mRNA, its results
coincide with those of McCurdy et
al.®?, and the results of anti-CCP and
RF are in parallel with those of
Schellekens et al.?®, Van Venrooij,
et al.m), Khosla, et al.m),
Renaudineau, et al.®? and Samanci,
et al.®Y,

RF has become the primary
laboratory test used in the diagnosis of
RA. RF is found in the sera of up to
85% of patients with RA®Y: however,
it is also found in many other
diseases, including Sjogren's
syndrome, systemic lupus
erythematosus, and mixed connective
tissue disease®®. In addition, RF is
found in the sera of five percent to ten
percent of apparently healthy
individuals V. The presence of RF in
so many other conditions decreases
the diagnostic specificity of the RF
test, resulting in the search for a more
specific test for the diagnosis of RA.

The anti-CCP antibodies assay
was found to have a high sensitivity
comparable to that of the RF test;
however, the specificity proved to be
superior®.  Schellekens et al®”
concluded that, anti-CCP antibodies
are very specific for RA. Anti-CCP
antibodies meet all the requirements
of a good serological marker for RA.
Their high specificity and prognostic
value make them a valuable
diagnostic tool. Due to its high
specificity for RA,  anti-CCP
antibodies can be used to differentiate
RA from other forms of arthritis that
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may be confused with RA because
they can be erosive and RF positive.
In RF seronegative patients, Anti-
CCP antibodies can be helpful in
confirming the diagnosis of RA,
because approximately 40% of RF
negative RA patients are positive for
anti-CCP antibodies®.

Comprehensive studies found that
the specificity of anti-CCP ranges
from 88.9 - 100%, depending upon
the diseases included in each study.
Anti-CCP autoantibodies are also
found in diseases other than RA,
although at a lower frequency than
RF®Y.

The specificity of anti-CCP
antibodies for RA is clarified by Hill
et al.®¥ who reported that, the HLA—
DR4 allele is strongly associated with
RA. The presence of HLA-DR4 was
associated with the presence of anti-
CCP antibodies in the RA. It has been
proposed that the interaction between
citrullinated self peptides and the SE
carried by HLA-DR alleles may
result in the induction of anti-CCP
antibodies in patients with adult-onset
RA.

The anti-CCP production starts
very early, in many cases even before
clinical symptoms of RA have
appeared. In early RA, more than half
of the patients are anti-CCP
antibodies positive®. Furthermore,
Raza et al.*” reported that, by using
anti-CCP antibodies and RF, it is now
possible to predict with a very high
specificity which patients with very
early synovitis (within the first 3
months of symptoms) will develop
RA. Consequently these patients can
be targeted with anti-inflammatory
therapies as soon as they present to
clinic.

Conclusively, the obtained results
of testing the expression of MAGE-1
transcript in synovial fluid showed
100% positivity encouraging its
utilization as a biochemical marker
for the diagnosis of RA. Also,
MAGE-1 transcript evaluation should
be used as an adjunct marker with
anti-CCP to help early diagnosis of
RA.

Recommendations:

Further studies are required to
detect whether the level of MAGE
expression is correlated with the
progress of the RA to estimate its
clinical utility as a prognostic marker
and monitor the response to the
therapy. Furthermore, we need a
greater  understanding  of  the
expression of MAGE genes in RA
because it may elucidate a pivotal step
in the development of the chronic
immune response and autoimmune
disease in general.
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