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Abstract The objective of this study was to determine the
relationship between citrullinated proteins in synovial tissue
with peripheral anti-citrullinated peptides autoantibodies
(ACPA) and peptidylarginine deiminase (PADI) PADI2,
PADI3, and PADI4 messenger RNA (mRNA) expressions in
synovial tissue and fibroblast-like synoviocytes in rheumatoid
arthritis (RA) patients. Eleven RA and 12 osteoarthritis (OA)
patients who underwent knee replacement surgery were stud-
ied. We detected citrullinated proteins in synovial tissue ho-
mogenates by western blot and serum ACPA by ELISA to
anti-cyclic citrullinated peptide (anti-CCP) antibodies, and
PADI2, PADI3, and PADI4 mRNA expressions in synovial
tissue and in fibroblast-like synoviocytes. Patients with high
amount of citrullinated proteins in synovial tissue (3 out of 7)
have high levels of anti-CCP in serum. However, in the re-
maining 4 patients, the amount of synovial citrullinated pro-
teins was minimal and their sera showed low levels of anti-
CCP antibodies. Furthermore, we observed an increase in
PADI2 mRNA expression in RA synovial tissue compared
with OA patients (p=0.02). We detected PADI3 mRNA in
the synovial tissue of RA patients, but not in the tissue of
OA patients. Even though fibroblast-type synoviocytes in
RA are not the main source of PADs in the synovial tissue,
they express PADI2 mRNA moderately, PAD/4 mRNA weak-
ly, while there is no detectable expression of PADI3 mRNA. In
conclusion, we found a variety of citrullinated proteins in the
synovial tissue of RA patients and the amount of such proteins
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is related to serum concentration of anti-CCP antibodies. We
identified the presence of PADI3 mRNA expression in syno-
vial tissue and PADI2 and PADI4 mRNA expressions in
fibroblast-like synoviocytes from patients with RA.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune disease of
multifactorial etiology characterized by chronic inflamma-
tion of the joints and the presence of anti-citrullinated
protein autoantibodies (ACPA) [1]. ACPA are a variety
of autoantibodies that recognize different citrullinated pro-
teins and which may be present in serum years before the
onset of the rheumatoid disease [2]. Citrullination of pro-
teins is a post-translational modification that causes the
conversion of arginine to citrulline. At the protein level,
the reaction causes a reduction in the molecular mass of
approximately 1.0 Da for each modified arginine. The
positive charge of the arginine is lost, so that the isoelec-
tric point is also changed, and interactions with other pro-
teins can be affected [3]. In humans, citrullination is cat-
alyzed by the enzyme peptidylarginine deiminase (PAD),
which may exist in five isoforms (PADI1, PAD2, PAD3,
PAD4, and PAD6) with differential expression in tissues
and organs. Although PAD2 and PAD4 are considered the
most important isoforms in the family of RA-related PADs
[4], a recent study described a subgroup of patients with
RA and interstitial pulmonary disease with anti-PAD3 [5].
It is not yet clear, however, whether these antibodies are
specifically against PAD3 or whether they correspond to
antibodies with crossed reactivity against PAD4. Few
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studies have analyzed the expression of PAD3 in the sy-
novial tissue from RA patients [4].

It is known that inflammatory cells such as monocytes,
macrophages [6], neutrophils [7], and T and B cells [8] express
PAD2 and PAD4; however, little is known regarding the pro-
duction of these enzymes by normal or RA fibroblast-like
synoviocytes [8], cells that actively participate in the charac-
teristic synovial proliferation observed in RA patients [9].

While the presence of citrullinated proteins is not
unique to the inflamed synovium of RA, for they have
been detected in other arthropathies [10], the presence of
ACPA is highly specific for RA [11]. A great heterogene-
ity of citrullinated proteins in the synovial tissue of RA
patients has been reported [12], and there are several stud-
ies that support the idea that these proteins play an im-
portant role in its pathogenesis [13, 14]. However, it is
unknown whether there is a relationship between the
amount of citrullinated proteins in RA synovia and circu-
lating ACPA titers. Therefore, the aim of this study has
been to determine the relationship between citrullinated
proteins in synovial tissue with peripheral ACPA in pa-
tients with RA and with the peptidylarginine deiminases
(PADIs) messenger RNA (mRNA) in the synovial tissue
and fibroblast-like synoviocytes.

Methodology
Patients

We obtained 11 samples of synovial tissue from RA pa-
tients (all female), with a mean age of 53 years (range
45-68 years), a mean evolution of 22 years (range 5—
33 years), and treated with methotrexate (63 %), predni-
sone (45 %), hydroxychloroquine (36 %), sulfasalazine
(27 %), and leflunomide (27 %). All these patients
showed positive anti-cyclic citrullinated peptide (anti-
CCP) antibodies, mean 174 U/mL (range 46.4-366 U/
mL); 90 % of patients were in remission at the time when
samples were taken. We obtained samples of synovial tis-
sue from 12 osteoarthritis (OA) patients (10 females), with
a mean age of 77 years (range 68-88 years) and a mean
evolution of 15 years (range 3-27 years). All these pa-
tients were receiving NSAID and proved negative for anti-
CCP antibodies, mean 4.8 U/mL (range 3.8-6.4 U/mL).
All synovial biopsies were carried out during knee re-
placement surgery. Blood samples were obtained from
each patient for serological studies. All RA patients met
the American College of Rheumatology 1987 revised
criteria for RA [15]. The local institutional review board
approved this study. All patients gave their written in-
formed consent.
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Preparation of synovial tissue samples

Synovial tissue samples were fragmented and homogenized in
a lysis buffer (10 mM HEPES pH 7.9, 10 mM KCI, 1.5 mM
MgCl,, 1.0 mM DTT, and 1 mM PMSF). Next, the samples
were frozen and thawed three times and then centrifuged at
4 °C for 10 min. The supernatants were collected and its pro-
tein concentration was determined using bicinchoninic acid
method. The supernatants were stored at —20 °C until use.

Cell culture

Synovial tissue was fragmented and incubated in a solution of
collagenase type IV (0.025 g/10 mL) (SIGMA, St Louis, MO,
USA). Tissue debris was removed and supernatant was cen-
trifuged. The pellet was resuspended in Dulbecco’s modified
Eagle medium (GIBCO, Life Technologies, Grand Island,
NY, USA) with 10 % FBS (GIBCO) and transferred to a
culture dish. After four culture passages (approx. 80 % con-
fluence), the CD90 expression [16] was studied by flow cy-
tometry (BD Accuri C6 flow cytometer, Piscataway, NJ,
USA) using an anti-CD90 (Thy.1) FITC-conjugated human
antibody (eBioscience San Diego, CA, USA).

Isolation of RNA and RT-PCR amplifications

Total RNA was isolated from the synovial tissue using TRIzol
reagent (GIBCO) and reverse-transcribed to generate cDNAs
using Two-Step quantitative reverse transcription PCR (qRT-
PCR; Invitrogen, Carlsbad CA). The PADI2, PADI3, and
PADI4 mRNA genes were amplified by PCR reactions and
normalized to the expression level of the GAPDH or 3 actin
gene. PCR conditions were as follows: PADI2 sense 5’
CTCCCCAGACCAGCATACTT 3'; PADI2 anti-sense 5'
AAGGACCAGGCAAGAGAAGAT 3'; PADI3 sense 5'
GGTGAACTGTGACCGTGATG 3'; PADI3 anti-sense 5'
GCTGGAGGTATGGAGGACAA 3'; PADI4 sense 5'
TGGAACATG GTGCCCTGAG 3'; PADI4 anti-sense 5’
GGGAGCCACAATATTCACAAGA 3'; GAPDH sense 5'
CATGTTCCAATATGATTCCAC 3’ and GAPDH anti-sense
5" CCTGGAAGATGG TGATG 3'; 3 actin sense 5’
GGGTCAGAAGGATTCCTA 3'; 3 actin anti-sense 5’
GGTCTCAAACATGATCTG 3'. PCR amplification of
PADI2, PADI3, PADI4, and (3 actin was carried out using the
following conditions: 1 cycle 50 °C for 15 min; 1 cycle 95 °C
2 min; and 35 cycles of 95 °C for 15 s and 60 °C for 30 s. For
GAPDH 1 cycle 50 °C for 15 min; 1 cycle 95 °C for 2 min;
and 35 cycles of 95 °C for 15 s and 64 °C for 30 s.

In vitro citrullination

HEp-2 lysate was citrullinated in vitro with rat muscle PAD
(SIGMA) using 0.5 U PAD/mg of lysate for 3 h at 55 °C in
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buffer containing 0.1 M Tris-HCI, 10 mM CaCl,, and 5 mM
DTT, pH 7.4. The reaction was stopped by the addition of
0.5 M EDTA to a final concentration of 20 Mm.

Detection of citrullinated proteins in synovial tissue

The samples were separated by SDS-PAGE. Proteins were
then transferred to nitrocellulose membranes and
citrullinated proteins were detected by using an anti-
modified citrulline (anti-MC) detection kit (Upstate Bio-
technology, Temecula, CA). Briefly, citrulline residues of
the membranes immobilized proteins were modified by 2,
3 butanedione monoxime and antipyrine in a strong acid
solution according to manufacturer’s instructions. The
modified citrulline residues were then detected with rabbit
polyclonal anti-MC antibodies (Upstate Biotechnology)
and a goat anti-rabbit IgG-horseradish peroxidase (HRP)
antibody conjugate (Upstate Biotechnology) using a
chemiluminescent substrate for HRP.

Detection of ACPA

ACPA serum levels were measured using a commercial Quan-
ta Lite CCP3 IgG ELISA (Inova Diagnostics, Inc. San Diego,
CA, USA). Results were quantified and the cutoff value
(20 U/mL) was set according to the manufacturer’s
instructions.

Statistical analysis

Mann-Whitney U test was used to determine differences be-
tween groups. We used GraphPad software version 5.0
(GraphPad software, Inc., La Jolla, CA, USA). We considered
p values of less than 0.05 to be significant.
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Fig. 1 Different citrullinated proteins profile between synovial tissue
samples of RA patients. Proteins in extracts of synovial tissue were
separated by SDS-PAGE, transferred to nitrocellulose membranes and
stained with Ponceau red to visualize the amount of protein per line (a).
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Results

Synovium citrullinated protein levels are associated
with serum ACPA in RA patients

We asked whether there is a relationship between the
amounts of citrullinated proteins in RA synovium and the
serum ACPA concentration. Interestingly, we observed a
considerable amount of citrullinated proteins in three out
of seven (42 %) synovial tissue samples from RA patients
(RA1, RA2, and RA7), while in the four remaining ones,
only a few could be detected (RA3, RA4-RA6). In con-
trast, only one band of about 57 kDa could be detected in
OA samples (OA1) (Fig. 1). We then analyzed the relation-
ship between the amount of citrullinated proteins in the
synovial tissue and anti-CCP antibody serum concentration
in each patient. For RA patients, we found that synovial
tissue samples with the highest number of bands, corre-
sponding to citrullinated proteins, had the highest concen-
tration of serum antibodies (R-II; >300 U/mL), while sam-
ples with little or no presence of citrullinated proteins had a
low serum anti-CCP antibodies concentration (R-I; 40—
70 U/mL) (Fig. 2). Moreover, in the OA group, all samples
were negative for anti-CCP antibodies and the presence of
citrullinated proteins was virtually undetectable.

PADI2 and PADI4 mRNA expression in synovial tissue
of RA and OA patients

In order to investigate whether the difference between the
amount of citrullinated proteins in the synovial tissue of pa-
tients with high serum concentration of anti-CCP antibodies
(>300 U/mL) (RA-II: RA1, RA2, RA7) and in the tissue of
patients with low concentration of anti-CCP antibodies (40—
70 U/mL) (RA-I: RA3—RA6) was due to differences in PAD2
and PAD4 isoform expression, we analyzed PADI2 and PADI4

b Anti-modified citrulline immunobloting
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Anti-MC immunoblotting visualized by chemiluminescence (b). Sample
synovial tissue from OA (lines 1—4) and RA patients (lines 5—11). C—,

negative control (HEp-2 lysate); C+, positive control (HEp-2 lysate
citrullinated in vitro)
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Fig.2 Association between the amount of citrullinated proteins and anti-
CCP antibodies levels. The RA samples were divided according to the
amount of citrullinated protein in homogenized synovial tissue; RA-I
(RA3-RA6) with little or no citrullinated proteins and RA-II (RA1,
RA2, RA7) with high content of citrullinated proteins and OA (OA1—
0OA4). Densitometry (OD) was used as an indirect measurement of the
amount of citrullinated proteins (line). The measurement of anti-CCP
antibodies (U/mL) was performed by ELISA (bars). Shown are the
mean of every group

mRNA in the synovial tissue, seven RA (RA1-RA7) and eight
OA (OA1-OA8). No differences in PADI2 and PADI4 mRNA
expressions in the synovial tissue of RA-I and RA-II patients
were seen in either group (data not show), whereas the PADI2
mRNA expression was significantly higher in the RA group
vs the OA group (p=0.02) (Fig. 3a). However, although the
PAD4 isoform has been associated primarily with
citrullination in RA, no significant differences in its mRNA
were detected between the RA vs the OA groups (Fig. 3b).
According to our results, the observed difference between the
amounts of citrullinated proteins in the same group of RA was
not associated with higher PADI2 and PADI4 mRNA expres-
sions in the synovial tissue. Furthermore, possibly due to the
small number of samples analyzed, we found no association
between the amount of citrullinated proteins in the synovial
tissue of RA patients neither with treatment nor with disease
duration.
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Fig. 3 Relative PADI2 and PADI4 mRNA expressions in the synovial
tissue of OA (dots) and RA (squares) patients. RA patients. RNA was
isolated from the synovial tissue homogenates and subjected to RT-PCR
using specific primers. The data were normalized for GAPDH as a
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PADI3 mRNA expression in synovial tissue from RA
patients

To analyze the PADI3 mRNA expression, we obtained new
samples of the synovial tissue. In three out of four samples
from RA patients (RA9-RA11), we detected PADI3 mRNA,
as opposed to the samples from OA patients, in which such
isoform was not detectable (OA9—0OA12) (Fig. 4). With the
same samples, we analyzed the PADI2 and PADI4 mRNA
expressions. The PADI2 mRNA expression was similar for
both groups, contrasting with the PAD/4 mRNA expression,
which was greater in the RA group (Fig. 4).

PADI2, PADI3, and PADI4 mRNA expressions
in fibroblast-like synoviocytes from RA patients

Even though fibroblast-like synoviocytes are not the main
source of PAD2 and PAD4 in the synovial tissue, we analyzed
the PADI2, PADI3, and PADI4 mRNA expressions in primary
cultures obtained from the samples analyzed under the previ-
ous heading to establish what was their contribution in the
global expression of such PADs in the synovial tissue. We
observed that fibroblast-like synovicites do express PADI2
mRNA and, apparently, do have a certain contribution in the
PADI2 mRNA expression observed in the synovial tissue. By
contrast, the PADI/4 mRNA expression is low and for P4DI3
mRNA undetectable (Fig. 5). We did not observe any differ-
ences in the PAD mRNA expression between the fibroblast-
like synoviocytes of the RA and OA groups.

Discussion

Protein citrullination plays an important role in the generation
and maintenance of the RA autoimmune response. There are
several antigenic citrullinated proteins that have been related
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reference and the relative PADI2 (a) and PADI4 (b) mRNA expressions
are depicted in the graph. Shown are the medians of duplicates. NS not
significant; **p<0.05 Mann-Whitney U test
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Fig. 4 PADI3 mRNA expression
in the synovial tissue of RA
patients. RNA was isolated from
synovial tissue homogenates and
subjected to RT-PCR using
specific primers. The figure
depicts representative results of
several experiments conducted
independently
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to RA. These include fibrinogen [17, 18], collagen [19, 20],
vimentin [21], and alpha enolase [22]. Herein, we analyzed
the presence and amount of citrullinated proteins in synovial
tissue samples from RA patients and its possible association
with serum ACPA levels, as well as the synovial tissue expres-
sion of mRNA for PADI2 and PADI4. We observed a great
variability of citrullinated proteins in synovial tissue from RA
patients whereas little, if any, citrullination was noted in OA
synovial tissue samples. Interestingly, we found a significant
relationship between the amounts of synovial tissue
citrullinated proteins and circulating anti-CCP antibodies in
RA patients; that is to say, the higher the amounts of
citrullinated proteins in synovial tissue, the higher the periph-
eral levels of anti-CCP antibodies. It is worth mentioning,
however, that we observed some citrullinated proteins in the
synovial tissue with positive (although at low levels) serum
anti-CCP antibodies. These results suggest another potential
source of citrullinated antigens that allows the generation of
anti-CCP antibodies, such as the lungs in smokers [23] or
periodontal infection with Porphyromonas gingivalis
[24-26]. On the other hand, the decrease of citrullinated pro-
teins in synovial tissue has been observed with glucocorticoid
therapy, where these drugs altered the expression of these
proteins as well as that of PAD2 and PAD4 enzymes resulting
in decreased inflammation [27]. Another possible scenario is
that of the anti-CCP+ and anti-CCP— patients [28, 29], where
it can be postulated a high synovial tissue production of
citrullinated proteins in the former and few, if any, in the latter.

Fig.5 PADI2, PADI3, and PADI4
mRNA expressions in fibroblast-
like synoviocytes from RA
patients. More than 98 % of cells
expressed CD90 after the fourth
pass. PADI2, PADI3, and PADI4
and (-actin mRNA expressions
were measured by RT-PCR. The
figure shows representative
results of several experiments
conducted independently
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Unfortunately, we did not include anti-CCP— patients in our
study to support this assertion.

We found no association between the amounts of
citrullinated proteins with PADI2 or PADI4 mRNA expres-
sion in synovial tissue of RA patients, despite the fact that
there have been reports of a correlation between the degree
of synovial inflammation and the expression of PAD2 and
PAD4 [27]. In this regard, we do not know if all the RA
samples analyzed in that report had the same degree and
composition of the cellular infiltrate. If this were the case,
we can infer that the difference in the amount of
citrullinated proteins in the synovial tissue detected in our
patients was due to an increased PAD2 and PAD4 activity,
and not to its enhanced expression, for we did not find any
differences in their mRNA quantification. Another possible
explanation is the presence of the PADI4 haplotype, initial-
ly described in Japanese and Korean populations, which
allows higher enzymatic activity [30]. Moreover, this hap-
lotype associated to RA confers higher stability of PADI4
mRNA. Given this association, it would be interesting to
evaluate the PADI4 haplotype’s influence on the enzymatic
activity in RA subgroups selected according to the amount
of citrullinated proteins in their synovial tissue.

On the other hand, we did confirm the presence of the
mRNA of P4DI3 in the synovial tissue of RA patients, which
suggests that PAD3 could take part in the generation of anti-
genic citrullinated proteins in the synovial tissue of RA; PAD3
could even be an antigenic target, as has been previously
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reported [5]. Although we could show the presence of the
mRNA of PADI3, the analysis must still be made to ascertain
the expression at the protein level.

Chang et al., proposed that there are several features in
common between tumor tissues and synovial RA tissue
such as angiogenesis, fibrin deposition, defects in cell pro-
liferation, increased coagulant activity, and increased ex-
pression of PAD4 [31]. Herein, we observed mRNA of
PADI2 and PADI4 in cultured RA and OA fibroblast-like
synoviocytes. Although the role of PAD4 expression in
fibroblast-like synoviocytes in the pathogenesis of RA is
still unclear, one possibility is that PAD4 catalyzes the
citrullination of histones and in turn modify the expression
of genes [32-34]. It is also possible that PAD4
citrullinates fibrin and fibronectin, hence their interaction
with growth factor receptors, and consequently, causes ab-
normal angiogenesis and defective cell proliferation [35].
Further studies are required to elucidate the significance of
the expression of PAD2 and PAD4 in RA fibroblast-like
synoviocytes.

In summary, we found a great variability of citrullinated
proteins in the synovial tissue of RA patients and their amount
is related to that of serum anti-CCP antibody concentration.
We identified the presence of PADI3 mRNA expression in the
synovial tissue and PADI2 and PADI4 mRNA expressions in
fibroblast-like synoviocytes from patients with RA.
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