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ABSTRACT

Recent studies have suggested that apoptosis
is one of the pathogenetic mechanisms in
rheumatoid arthritis (RA).

In this study, by using single and double
immunohistochemical staining assays, we
measured Fas, Fas L, p53 and Bcl-2
simultaneously in RA and osteoarthritic (OA)
and post-traumatic (PT) synoviual tissues
(ST) in order to understand the distribution
of those apoptosis-related proteins. The
TdT-mediated dUTP-biotin nick end
labeling (TUNEL) method was performed to
detect apoptotic cells. Our results
demonstrated a significant increase of Fas,
Fas L, and p53 in RA ST compared with that
in OA or PT ST. However, no significant
difference of Bcl-2 expression was detected
In RA ST,

between patient groups.

expression of Fas and P53 was detected in



sub-lining layer and the majority of Fas and
P53 expressing cells were fibroblast-like
synoviocytes. The positive correlation
between Fas and P53 was demonstrated in
RA ST. In RA ST, one third of Fas-positive
and 80% of p53-positive cells were also
TUNEL-positive. These results indicate that
apoptosis in RA 1s highly associated with
the presence of Fas and p53 but not Bcl-2.

KEY WORDS rheumatoid arthritis;

osteoarthritis; synovial tissue; apoptosis;

immunohistochemical stain

INTRODUCTION

Apoptosis, or programmed cell death
(PCD), is an important biological function in
the human body to maintain homeostasis'~.
The PCD is entirely.different from necrosis,
a pathologic cell death usually caused by
tissue hypoxia and the infectious process.
Apoptotic cell death is thought to be
involved in the negative regulation of

immune autoreactive T cells during the

differentiation and maturation in the thymus®.

The Fas antigen (CD95) is a well-known
mediator to 1nitiate apoptosis. Binding of
Fas and Fas ligand (Fas L) on the cell
surface can induce apoptosis'. In animal

studies, lpr mice express little Fas antigen

mRNA immunoreactive cells, which lead to
a decreased Fas-mediated apoptosis and
immune diseases’. Bcl-2 is a proto-
oncogene that inhibits apoptosis of different
cell types™. P53, a tumor suppressor gene,
is a nuclear phosphoprotein, which serves as
a critical cell survival and proliferation®"'.
The overexpression of p53 usually indicates
that cells had damage and DNA repair.
Rheumatoid arthritis (RA) is a chronic
inflammatory joint disease characterized by
synovial proliferation and abnormal immune
responses, subsequently causing erosion of
the affected joint. Marked infiltration of
lymphocytes, macrophages, and plasma cells
is observed in the synovial tissue of RA™.
Apoptosis has been observed in rheumatoid
synovium using electron microscope and the
terminal  deoxynucleotidyl  transferase-
mediated dUTP-biotin nick end labeling
(TUNEL) DNA

method to  detect

0135 Apoptotic  cells are

fragmentation
mainly fibroblast-like

RA14,16

synoviocytes in
Immunohistochemical studies on
theumatoid synovial membrane have
demonstrated that Fas and Fas L express on
different cell populations either on
fibroblast-like synoviocytes or infiltrated T
lymphocytes, or co-express on some
mononuclear cells which then develop the

apoptosis through the binding of Fas and Fas



1" suggested that the

L. Firestein et a
increased proliferation of lymphocytes in the
rheumatoid synovium were probably caused
by a special synovial microenvironment that
favor cell infiltration and accumulation. The
defect of Fas gene or the increased Bcl-2
may protect the inﬁltrated inflammatory
cells from apoptosis™'*. The expression of
p53 was found more frequently in RA than
in osteoarthritic (OA) synoviocytes'. Both
Fas and p53 are involved in the apoptotic
pathway, but double staining of both
markers in rheumatoid synovium has not
been done.

In this study, for further identification of
apoptotic-related proteins appearing in
rheumatoid or osteoarthritic synovial cells
which may or may not undergo apoptosis,
double

staining and the

we used single and
immunohistochemical
TUNEL method to analyze the in situ
expression of Fas, Fas L, p53 and Bcl-2 in
RA, OA and post-traumatic (PT) synovial
tissue (ST).
apoptotic protein in cells of different

The percentage of each

synovial layers was calculated. Moreover,
this study will focus on the co-expression of
Fas and p53 antigen in RA synovial cells.

MATERIALS AND METHODS
Patients and samples

Synovial tissue was obtained from knee

or hip joints of eight patients with

theumatoid arthritis’” and eight with

ostecarthritis® and two  post-traumatic
patients (Table 1). All the synovial pieces
were immediately frozen at -70° C until
biopsy. Mononuclear cells were isolated
from synovial fluid (SF) of two RA patients.
SF cells were concentrated on the slides
after cytospin centrifugation and then treated
with 95% alcohol. After drying, slides were
stored at —20°C. Fibroblast-like synoviocytes

were isolated from synovium of two RA,

“two OA and one post-traumatic patients,

Immunohistochemical staining """

For immunohistochemical staining, ST
samples were cut into 5 um slices by frozen
section. The expression of Fas, Fas L, p53
and Bcel-2 was examined by
immunohistochemical staining assay using
anti-Fas mAb (Pharmagen), anti-Fas L. mAb
(Pharmagen), anti-p53 mAb (Oncogen) and
anti-Becl-2 mAb (Dako). Negative conirol
studies were performed for each experiment
by isotype control mouse IgGl mAb. Fas,
Fas L, p53 and Bcl-2 was detected using an
avidin-biotin-peroxidase complex (ABC) kit
(Signet), and diaminobenzidin (DAB) was
used as a chromogen. ‘For immunodouble

staining, DAB and aminoethyl-carbazole

(AEC) (Zymed) were used as chromogens.

Apoptosis detection by TdT-mediated
dUTP-biotin nick end labeling



(TUNEL) method

Apoptosis was detected using the
TUNEL method in situ apoptosis detection
kit (Oncor)”’. Briefly,

were fixed in 4%

tissue
buffered
formaldehyde and embedded in paraffin.

synovial

samples

The paraffin sections were treated with
xyline for five minutes in slides and then
subsequently left in 100%, 95% or 75%
EtOH, respectively. The deparaffinized
synovial tissue samples were incubated with
proteinase K (2mg/ml) at room temperature
After PBS washing,
endogenous peroxidase was blocked by the

addition of 3% of H,0,. It was then treated

for 15 minutes.

with terminal deoxynucleotidyl transferase
and biotinylated dUTP. After stopping
reaction by TB buffer (30mM sodium
30 mM sodium citrate), the
DAB.

chloride,

samples were stained with
Hematoxylin and eosin counterstain was
also done

in order to detect cell types that were

positive by nick end labeling.

Microscopic observation

The expression of Fas, Fas L, Bel-2 and
P53 antigen of each positive cell was
randomly analyzed and the total number of
cells was estimated by comparing the same
sections counterstained with Hematoxylin

stain. In this study, the synovial membrane

was divided into 4 parts; the inner layer was
lining layer (LL); the sub-lining layer (SL)
which includes the area just below the LL
but not to the deeper area; the perivascular
(P) area; and the central (C) area which
involves more deeper area of SL (Fig. 1).
The percentage of positive cells relative to
the total cells was calculated for each
sample, counting at least 8¢ and up to 200

cells,

Statistical analysis

One-way ANOVA with Tukey pairwise
comparison was used for comparing antigen
expression among RA, OA, and PT tissue
section. Repeated measurement ANOVA
with Tukey pairwise comparison was used
for comparing antigen expression among
different areas in rheumatic disease tissue

section.

RESULTS

Within one year, 18 patients were
involved in this study. The demographic
data of all patients are shown in Table L
Among them, eight are RA, eight OA, and
two PT arthropathy, Thirteen patients were
female and five were male. Age ranged from
23 to 74 and tended to be older in OA (66.5
in OA and 41 in RA). Synovial biopsy tissue

samples were obtained from 11 knees and



seven hips. The disease duration ranged
from two months to 11 years. All the RA
patients had positive rheumatoid factor (RF)
and increased sedimentation rate (39-122
mm/hr). Non-steroid antiinflammatory drugs
(NSAIDs) were used in all patients, and
disease-modifying  antirheumatic  drugs
(DMARDs) were administered in all RA
patients, except case No. five and seven.

Detection of synovial cells apoptosis
by TUNEL method

In RA synovial membranes, on average,
27% of cells were undergoing apoptosis
evidenced by brown color staining (Fig. 2).
The apoptotic cells were detected mainly in
the SL layer. The predominant apoptotic
cells were mononuclear cells and few were
fibroblasts. For OA and PT, less than 1% of
the cells were showing apoptosis, which was
significantly lower when compared to RA
(p<0.001).

Fas, Fas L antigen expression in RA
and OA synovial membranes

A significant increase of Fas antigen was
found in RA compared with OA and PT
samples (17.62% vs 3.14% vs 2.46%,
respectively, p<0.001) (Tables II). Cells
which expressed Fas antigen-positive were
mainly fibroblast-like cells and mainly
detected in the SL layer (Fig. 3). For Fas L,
similar findings to Fas antigen were
presented (Tables III). The co-expression of
both Fas and Fas L. was examined using
double immunohistochemical staining. In

this study, a small number of cells (less than
5%) in RA ST can co-express both. A few
cells expressing Fas were found in contact
with other cells carrying Fas L.

The correlation of Fas antigen and
apoptosis

To correlate the presence of Fas antigen
and apoptosis, synovial tissue samples were
examined after immunohistochemical stain
and TUNEL double staining. In RA synovial
membranes, approximately 1/3 of cells
presented Fas and apoptosis simultaneously

(Fig. 4).

Expression of Bcl-2 antigen in RA
and OA synovial tissues

Bcl-2, the antiapoptotic antigen, was
detected almost equally in RA, OA and PT
ST (26.99%, 24.26%, 21.08%, p>0.05%)
(Table 1V). The majority of those cells with
infiltrated
mononuclear cells located in perivascular

positive Bel-2 were mainly

arcas.
Expression of p53 antigen in RA and
OA synovial tissues

Like Fas antigen, 20% of LL and SL
cells presented p53 antigen. The majority of
positive staining cells were located in the SL
layer and they were apparently fibroblast-
like cells but few of them were infiltrating
mononuclear cells. OA and PT samples had

less p53 antigen when compared to RA
(1.81, 2.75 vs 20.09%, p<0.001) (Table V).



Fas and p53 co-expression in RA
synovial tissues and correlation with
apoptosis

To understand whether the cells with
p53 antigen underwent apoptosis, the
TUNEL method was used. It is apparent that
80% of p53-positive cells presented were
undergoing apoptosis. Regarding the co-
expression between Fas, Fas L, Bcl2 and
p53, the double immunohistochemical stain
showed that a strong correlation between
Fas and p53 was demonstrated (r=0.926,
p<0.001) (Table VI).

Expression of Fas, Fas L, p53 and
Bcel-2 antigen in RA synovial fluid
mononuclear cells

Except for p53, the majority of SF
mononuclear cells presented Fas, Fas L and
Bcl-2 antigen.

DISCUSSION

RA is pathologically characterized by
hyperplasia and
infiltration.  The

synovial lining cell
inflammatory  cell

proliferation or hyperplasia of synovial
lining cells is not endless, and the inhibition
or proliferation can be regulated by the
defect of

to abnormal cell

mechanism. The
lead
infiltration.

apoptotic
apoptosis can
proliferation and Synovial
tissues from RA patients in this study
showed 30%

fibroblast-like cells and less mononuclear

cells  (mainly synovial

cells) undergoing apoptosis, which was

confirmed by the TUNEL method. The
findings were entirely different from either
OA or PT. Our results have no significant
difference as reported by Matsumoto’ and
Ashara et al?.

The immunohistochemical stain
demonstrated the increased Fas and Fas L
expression in RA ST compared with QA or
PT. However, Fas was mainly presented on
synovial fibroblast-like cells and Fas L on
infiltrated mononuclear cells. In our RA
patients, the location of Fas and Fas L was
apparent in the sub-lining layer which is
closed to the findings reported by Hasunuma
et al’' but different from Matsumoto'® and

Ashara et al®

who found that the lining layer
was the main location to present Fas and Fas
L. Upon further examination of RA ST with
double staining, some Fas L positive
fibroblast-like cells in close adjacent to Fas
L on some mononuclear cells were observed.
The apoptosis of T cells or other cells in RA
ST is achieved after binding of Fas and Fas
L with T-fibroblast or T-T cell pairs. This
corresponds to the findings that 30% of our
RA LL and SL cells had apoptosis.
Nozawa® also confirmed that Fas L on
synovial T cells in RA SF could bind Fas on
fibroblast-like cells to develop apoptosis.
The study of Fas antigen and apoptosis
in RA patients in this study could not
convince us that Fas-Fas L interaction is the
only way to develop apoptosis, because only
1/3 of Fas-positive cells presented apoptosis
and besides, some cells had apoptosis but
were Fas antigen-negative. Other routes
through p53 or TNF g also develop

apoptosis™”. Another possibility is the



increased Bcl-2 antigen in RA synovium
which may inhibit apoptosis'*"’, However,
two histologic findings in this study could
not convince us of that. One was that the
percentage of Bcl-2 appearing in synovial
cells did not show a significant difference
between RA and OA, OA and PT, RA and
PT. Another disapproved point was the
location of Bcl-2, which was mainly
expressed in lymphocytes and vascular
endothelial cells, a similar result to the one
reported by Isomaki et al’, but in contrast to
the Fas
expressed in fibroblast-like cells. Therefore,

antigen, which was mainly
the anti-apoptotic protein, Bel-2, may not
play an important role in promoting synovial
fibroblast proliferation in RA. Nozawa et
al? found the increased soluble Fas in
patients with systemic lupus erythematosus
may decrease the apoptosis through the
interference of Fas and Fas L binding. But
there was no clear evidence that soluble Fas
in RA
Another
possibility was raised by the Salmon et al®
that an

incorporating  the

which was produced locally

synovium inhibited apoptoisis.

integrin-ligand  interaction
Arg-Gly-Asp motif
involved in fibroblast-mediated synovial T
cell survival. In this study, the presence of
antibody did not
apoptosis in cultured RA
fibroblast-like cells (unpublished result) and

the cause is unknown yet.

anti-Fas accelerate

synovial

The relationship between RA and tumor-
associated antigen, including c-mye, c-fos
and p53, has been studied by many
investigators'®****, Among those, p53 is the
main focus of study in recent years because

its presence in RA or OA synovium usually
indicates tissue damage, DNA repair and
synovial cell survival. The finding of
higher p53 expression in RA than in OA or
PT in the present study does not differ from
WM In  the

inflammatory joint, the increased nitric

previous  reports local
oxide products may contribute to the
synovial cell DNA damage and then the
overexpression of p53 marker %,

In RA, p53 point mutation has been
found by Firestein e al’. The synvoial cell
proliferation was probably a result of p53
gene mutation. We have extracted DNA
from cultured synovial fibroblasts of three
RA and used PCR-SSCP and DNA
sequencing to measure p53 Exon 4 and
Exon 5. The mutation of p53 in our RA
patients has not been demonstrated
(unpublished result). This differs from the
findings presented by Firestein”, perhaps
due to the restricted numbers of our RA
patients.
what the location and

frequency of antigen presentation in RA

No matter

synovium, p53 and Fas had very similar
findings during the immunohistochemical
examination. In this study, positive
correlation between Fas and pS53 was found,
and this has not been reported before. For
apoptosis, the significance of co-expression
of Fas and p53 in RA synovial cells should
be identified by future experiments.

Synovial fluid mononuclear cells from
our RA patients expressed Fas, Fas L and
Bel-2 antigen. Over 90% of cells were
CD45RO'Fas® ». The presence of large

amounts of cytokines, particularly IL1 and



TNF a in RA synovial fluid, enhance the Fas
antigen expression in RA synovial fluid cells
more than in synovial tissue cells.

In summary, the defect of apoptosis in
RA synovial cells, including synovial lining
cells, fibroblast-like cells, macrophages, and
infiltrating lymphocytes, may develop the
sustained inflammation in RA. In this study,
apoptosis in RA is highly associated with
the presence of Fas and p53 bot not Bcel-2.
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Figure Legend

Fig. 1. Synovial membrane was divided into 4 parts; lining layer (LL),
sub-lining (SL), perivascular (P) and central (C) area.

Fig. 2. Detection of synovial cells apoptosis by TUNEL methed. Apoptoticé
cells were stained with brown color.

Fig. 3. Cells, which expressed Fas antigen, were mainly fibroblast-like

synoviocytes.
Fig. 4. Double staining of synovial tissues to detect cells positive for Fas

antigen and apoptosis. Cells stained with blue were TUNEL + Fas-
positive (arrow) and red were Fas antigen-positive (arrow head).
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