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Abstract

Objectives—To investigate whether apop-
tosis occurs in the synovium of rheuma-
toid arthritis (RA), and the intermediate
molecules operating in this process.
Methods—DNA fragmentation was de-
tected by in situ nick end labelling (ISNEL)
in the synovium of patients with RA (n =11)
and control patients with femoral neck
fracture (n =5). The expression of proteins
p53, p21WAFICIPL. comyc, proliferating cell
nuclear antigen (PCNA), and Bcl-2 was
also examined by immunohistochemistry.
Results—ISNEL positive synovial cells
with apoptosis specific morphology were
detected in extremely limited areas in only
two RA synovial tissue specimens. Pro-
teins p53, p21WAFVCIP1| and c-myc, known
inducers of apoptosis or cell cycle arrest or
both, were expressed in the sublining cells
independent of ISNEL positive cells.
PCNA, a marker for cell proliferation, was
observed in the synovial lining cells. Bcl-2,
an inhibitor of apoptosis, was expressed
mainly in infiltrated lymphocytes and in
parts of the sublining layer cells of RA; it
also did not correspond with ISNEL
staining.

Conclusions—Our findings indicate that
RA synovial cells undergo apoptosis in
addition to cell proliferation, but the fre-
quency of apoptosis was very low. We
suspect that the apoptotic process in the
RA synovium may be suppressed by over-
expression of Bcl-2. Although expressed
proteins p53, p21WAFUCIPL and c-myc were
present in the RA synovium, these proto-
oncogenes are probably not implicated in
the apoptotic process.

(Ann Rheum Dis 1996; 55: 442-449)

Apoptosis, or programmed cell death, is a
fundamental process that occurs during mor-
phogenesis and development of the immune
system.! 2 Although the mechanism of apop-
tosis is still unclear, the process proceeds
through the activation of an intrinsic cell
suicide programme and exhibits specific mor-
phology distinct from that associated with acci-
dental cell death.>5 It is now widely accepted
that aberrant activation of apoptosis is the
aetiological basis or one of the mechanisms of
the progression of a variety of human diseases,
including the development of cancer, auto-

immune disorders, ischaemic and
degenerative diseases.® ’

Abnormal proliferation of synovial cells is an
important event in the pathophysiology of rheu-
matoid arthritis (RA). During the acute phase
of RA, the synovial cells grow rapidly, with
progressive accumulation of proliferated cells.®
They also express various proto-oncogenes,
such as c-myc, erb, and src, and frequently
invade the cartilage tissue.’ '° These features
resemble those of preneoplastic conditions, and
suggest that dysregulation of the apoptotic
machinery plays a role in the pathogenesis of
RA: loss of the negative cell cycle control
normally provided by apoptosis may initiate
abnormal proliferation of synovial cells.

However, synovial cell death does seem to
occur during the natural history of RA,
counteracting cell proliferation: the synovial
fluid often contains rice bodies, which are
thought to be derived from the synovial tissue
as a result of cell death.!' !> Moreover, during
the late stage of the disease, the proliferated
synovial tissue is replaced by connective
tissue.!® This suggests that apoptosis may also
be involved in synovial cell death and in pre-
venting the development of malignancy despite
the neoplastic behaviour of synovial cells.

To investigate whether apoptosis occurs in
the synovium of RA, we studied DNA frag-
mentation by the in situ nick end labelling
(ISNEL) method. We also used immunohisto-
chemical techniques to examine proteins
related to apoptosis or cell cycle arrest to
investigate the state of synovial cells with
respect to apoptosis.

injury,

Patients and methods

PATIENTS AND TISSUES

Informed consent was obtained from each
patient. Synovial tissue samples were obtained
from 11 patients with RA at the time of joint
replacement surgery of the hip or knee, or
synovectomy of the wrist (table 1). Each
patient satisfied the diagnostic criteria of the
American College of Rheumatology.!* As a
control, five synovial tissue samples were also
obtained during joint replacement surgery for
femoral neck fracture; fracture samples
showing inflammatory synovitis on histo-
pathological examination were excluded from
the analysis. All patients with RA were treated
with disease modifying antirheumatic drugs
(DMARDS), and eight patients with active RA
were receiving low dose prednisone (less than
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Table 1 Detailed information of each patient examined in the present study

Patient Sex Age (yr) Diagnosis Disease Joint Activity
duration (yr)

1 F 68 RA 11 Hip Inactive
2 F 66 RA 12 Hip Active
3 F 62 RA 21 Knee Active
4 M 65 RA 23 Hip Active
5 F 32 RA 10 Knee Active

6 F 54 RA 27 Knee Active

7 M 59 RA 12 Hip Active

8 F 26 RA 7 Hip Active
9 F 37 RA 8 Knee Active
10 F 77 RA 3 Hip Inactive
11 F 67 RA 3 Wrist Inactive
12 F 79 Fracture — Hip —

13 F 86 Fracture - Hip —

14 F 83 Fracture — Hip —

15 F 79 Fracture - Hip —

16 M 26 Fracture — Hip —

RA = Rheumatoid arthritis.

10 mg daily). No patient received metho-
trexate. Tissue samples were fixed in 10%
formalin at room temperature immediately
after removal.

IMMUNOHISTOCHEMISTRY

p53 polyclonal (CM-1) antibody was purchased
from Novocastra Laboratories (Newcastle upon
Tyne, UK). p21¥AFYCPl monoclonal (18A10)
antibody was purchased from Pharmingen (San
Diego, USA). Bcl-2 monoclonal (124) and
proliferating cell nuclear antigen (PCNA)
monoclonal (PC10) antibodies were obtained
from Dako (Glostrup, Denmark). CD68 (KP1)
monoclonal antibody was from Zymed (San
Francisco, USA). c-myc monoclonal antibody,
which recognises human c-myc protein,'® was a
kind gift from Dr Furukawa (Department of
Oncogenetics, Nagasaki University, Nagasaki,
Japan).

Consecutive 4 pm thick paraffin embedded
sections were prepared using standard methods.
One section was stained with haematoxylin and
eosin for routine histopathological assessment.
Immunoreactivity to p53, p21¥AFVCPl| c.myc,
and PCNA was detected using an avidin-biotin-
peroxidase complex (ABC) kit (Vector
Laboratories, Burlingame, USA). Bcl-2 im-
munostaining was detected by the alkaline
phosphatase-antialkaline phosphatase (APAAP)
method. Sections were cleared of paraffin in
xylene, dehydrated in a graded series of ethanol,
and microwaved three times for five minutes in
0-01 moV/1 phosphate buffered saline (PBS). For
detection of Bcl-2, p53, and PCNA, the
sections were microwaved in PBS containing
1% citric acid. The endogenous peroxidase was
quenchedwith 0-3% hydrogen peroxide (H,0,)
in methanol for 15 minutes at room temper-
ature. Slides were washed with PBS, and soaked
in 3% skimmed milk solution for 15 minutes to
reduce non-specific binding. Sections were
reacted with each antibody overnight at 4°C in
a humid chamber, washed with PBS, and then
incubated with appropriate secondary anti-
bodies. Each section was colour developed by
diaminobenzidine or NBT/BCIP, and counter-
stained with methyl green. For double staining
studies, several sections were redehydrated,
washed extensively with PBS, reacted again
with CD68 antibody (a marker for macrophage)
or p53 antibodies for 12 hours at 4°C, and then
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colour developed with appropriate secondary
antibodies and NBT/BCIP. Because antibodies
against p21WAFVCPl. c.myc, and CD68 were
monoclonal, double staining was performed in
a combination of p53 and p21¥AFVCIPl | c.myc,
CD68, or ISNEL, and CD68 and p53 or
ISNEL. Negative control experiments included
replacement of the primary antibody with
normal mouse or rabbit serum. Positive controls
consisted of appropriate tissue samples such as
the thymus, large intestine, salivary gland, and
several malignant tumours.

IN SITU NICK END LABELLING (ISNEL) FOR
APOPTOSIS

To examine whether apoptosis had occurred in
synovial cells, we performed ISNEL staining,
which allows in situ detection of DNA frag-
mentation as a result of the activation of
endogenous endonuclease.? In situ DNA frag-
mentation was performed using the in situ
apoptosis detection kit (Oncor, Inc,
Gaithersburg, USA), which uses a modified
method of nick end labelling developed
originally by Schmitz ez al.!® Briefly, sections
cleared of paraffin were digested with 20 mg/ml
proteinase K (Sigma, St Louis, USA) for 15
minutes at room temperature. Endogenous
peroxidase was deactivated with 2% H,0, in
PBS for 10 minutes, followed by immersion in
an equilibration buffer. Digoxigenin labelled
deoxynucleotide was transferred to fragmented
DNA by incubation with terminal deoxy-
nucleotidyl transferase (TdT) for one hour at
37°C. Sections were then incubated with
secondary antidigoxigenin antibody conju-
gated with peroxidase for 30 minutes. After
extensive washing, each section was colour
developed by diaminobenzidine, and counter-
stained by methyl green. As a positive control,
human large intestinal and tonsillar tissues,
known to contain apoptotic cells, were added
to the experimental specimens. Omission of
TdT was used as a control for the degree of
background staining.

EVALUATION

The histological features and staining distri-
bution of various markers were evaluated in
consecutive sections of each tissue. An area of
at least 1.5 X 1.5 cm was analysed in each
sample. Hyperplasia of the synovial lining cell
layer was assessed on a semiquantitative scale:
1+ =1-2 cells thick; 2+ =3-4 cells thick;
3+ =5-9 cells thick; and 4+ =>10 cells thick.
The overall degree of lymphocyte infiltration was
assessed as follows: O=no infiltration;
1+ =minimal infiltration; 2+ =moderately
diffuse or aggregated infiltration; 3+ =large
number of aggregates, many demonstrating
germinal centres. Szaining by ISNEL and p53,
p21WAFICIPL . c.myc, PCNA, and Bcl-2 anti-
bodies was assessed for the tissue as a whole,
and in association with specific cell types. Each
tissue was assigned a score of 0—4+ for the
overall extent of staining associated with each
antibody, as follows: 0 =no staining above
background; 1+ =definite staining of <1%



444

Sugiyama, Tsukazaki, Yonekura, Matsuzaki, Yamashita, Iwasaki

Table 2 Histology and distribution of stained synovial cells with in situ nick end labelling
(ISNEL) and immunohistochemistry, scored as described in Patients and methods

Patient SLC INF  ISNEL  p53  p21™AFiciPl c-myc PCNA Bcl-2
1 3 2 0 2 3 1 1 1
2 4 2 0 2 3 1 1 1
3 3 2 0 0 1 1 1 0
4 3 3 0 1 1 0 2 1
5 3 3 0 1 2 1 2 1
6 3 2 0 1 2 1 1 1
7 4 1 1 1 2 1 1 1
8 4 3 0 2 2 1 2 2
9 3 3 0 1 1 1 1 1
10 2 2 0 1 1 1 1 0
11 3 1 1 1 1 0 1 1
12 1 0 0 0 1 0 1 0
13 2 0 0 0 1 0 1 0
14 1 0 0 0 0 0 1 0
15 1 0 0 0 1 0 1 0
16 1 0 0 0 1 0 1 0

SLC = Sublining layer cells; INF = infiltrated lymphocytes; PCNA = proliferating cell nuclear

antigen.

of cells; 2+ =staining of 1-5% of cells;
3+ = staining of 5-20% of cells; 4+ = staining
of >20% of cells.

Results

HISTOPATHOLOGICAL FEATURES AND IN SITU
DNA FRAGMENTATION

All control synovial tissues from the hip joint
exhibited no inflammatory cell infiltration, and
the depth of the synovial membrane in these
tissues was equivalent to or less than three cells
thickness except in one sample, which was
associated with a slight increase in synovial
cells (patient 13, table 2). In contrast, hyper-
plasia of the synovial membrane and lympho-
cyte aggregation were identical in all RA
samples.

Synovial cells stained with ISNEL were
readily identifiable in only two RA tissue
samples and in none of the normal control
tissues. In the two ISNEL positive cases, the
number of positive cells was very small, and the
distribution of positive cells differed in each. In
synovial samples from patient 7, a few sub-
lining cells were stained sparsely with ISNEL
(fig 1A), but the ISNEL positive synovial cells
in the sample from patient 11 were clustered
in a section of the papillary proliferated
synovial lining layer (fig 1B). The most
superficial synoviocytes just separating from
their origin also stained with ISNEL. In these
areas, we were able to identify several cells with
apoptosis specific morphological changes such
as halo ring formation, chromosomal conden-
sation, nuclear fragmentation, and eosinophilic
change of the cytoplasm (fig 1C). Neither the
endothelial cells nor the infiltrated mono-
nuclear cells stained with ISNEL or showed
apoptotic morphology. Several ISNEL positive
cells also reacted with CD68 antibody (a
marker for macrophages), but very few of them
were double stained by CD68 antibody (fig
2A).

IMMUNOHISTOLOGICAL FEATURES OF
APOPTOSIS RELATED PROTEINS AND PNCA

All RA synovial samples were stained with
p21VAFICIPL gntibody. Intense staining of the
cytoplasm was observed in large cells located
in the sublining cell layer (fig 3A). The synovial

lining cells in certain regions were also positive,
but their immunoreactivity was much weaker
than that of the sublining cells. There was no
relationship between the distribution of
p21WAFICIPL and the scoring of histological
findings. Staining with p21¥AFVCIP! wag also
identified in all but one normal subject with
weak immunoreactivity (data not shown).

Staining for p53 and c-myc was observed in
10 and eight RA samples, respectively, while
no immunoreactivity to these molecules was
observed in normal subjects. Immunoreactivity
to p53 and c-myc was seen only in the
cytoplasm of the sublining cells; synovial lining
cells and infiltrated lymphocytes did not react
with these antibodies (fig 3B and C,
respectively). The expression of these proteins
was also unrelated to the degree of synovial
proliferation and lymphocyte infiltration.
Although fewer cells stained with p53 or c-myc
than with p21¥AFV/CIP /153 and c-myc proteins
seemed often to be expressed simultaneously
with p21YAFI/CIP! e therefore double stained
sections that had stained with p21WAF/CIPL op
c-myc, using p53 antibody, and found that a
large number of cells stained with p21VAFVCIP!
or c-myc did not react with p53 antibody,
though substantial numbers of cells were
double stained (fig 2B, and data not shown).
When p53 positive slides were double stained
with CD68 to investigate whether p53 positive
cells containing large amounts of cytoplasm
were derived from macrophages, CD68 posi-
tive cells did not always coincide with p53
positive cells (fig 2C).

Staining for PCNA was observed in the
synovial lining cell layers with intranuclear
staining of both normal and RA samples.
PCNA positive synovial cells were distributed
sparsely in normal subjects, while they tended
to cluster within certain areas of the hyper-
trophic synovial lining layer in RA samples (fig
3D). Neither sublining cells nor infiltrated
lymphocytes stained with PCNA.

Immunoreactivity against Bcl-2 was readily
identifiable in nine RA synovia, while synovial
cells of normal subjects did not react with this
antibody. Intense cytoplasmic staining for Bcl-
2 was observed mainly in lymphocytes forming
lymphoid follicles and in sparsely infiltrated
segments (fig 4). In addition, a substantial
number of the sublining and stromal cells
within the lymphoid follicles also showed faint
but distinct immunoreactivity. In contrast,
Bcl-2 expression was not detected in the
epithelium, peripheral lymphocytes, synovial
lining cells, or the major part of lymphoid cells
in the normal lymph node (data not shown).
In all samples examined, Bcl-2 positive cells
were not present in regions where other
proteins were expressed. The distribution of
synovial cells stained with ISNEL also differed
from the regions stained with p21¥AFV/CIP1 553
c-myc, PCNA, and Bcl-2.

Discussion

Under normal physiological conditions,
synovial lining cells proliferate slowly and have
a prolonged life span.'” !® In the RA synovium,
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Figure 1 Apoptosis of synovial cells in rheumatoid arthritis:

ia from patient 7 (A (inset: higher magnification

synovia

view)) and patient 11 (B), stained by in situ nick end labelling (ISNEL). Note different distribution of ISNEL positive
cells between A (distributed sparsely within the sublining layer) and B (clustered in the superficial layer of synovial lining
cells). C: Haematoxylin and eosin staining in patient 11. Note apoptosis specific morphological changes, including halo ring

formation, eosinophilic change of the cytoplas:

m, chromatin condensation (arrow), and nuclear fragmentation (arrow

head). Bars represent: A—500 um; inset 10 um; B—100 um; C—10 pum.

it is generally accepted that the increased
cellular content of the synovial membrane is
the result of influx of bone marrow derived
type A synoviocytes, rather than excessive
intra-articular division of the synovial lining
cells.’ % The finding in the present study of a
low frequency of expression of PCNA (an
accepted marker of cell division) in normal
subjects supports the idea of an underlying low
turnover of cell proliferation in normal synovial
cells. In addition, the presence of PCNA

positive cells clustered on the most superficial
layers of the synovial lining cells is consistent
with the findings of earlier studies?
demonstrating that hyperplasia of the RA
synovium is partly a result of local proliferation
of fibroblast-like synoviocytes.

In this study we investigated whether
apoptosis is involved in the pathophysiology of
RA synovium. Only two of 11 tissue specimens
contained a small number of ISNEL positive
cells. Furthermore, these cells were found in
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Figure 2 Combination of in situ nick end labelling (ISNEL) and immunohistochemistry. A: Synovia of patient 7 stained
first by ISNEL (brown), then immunostained with CD68 antibody, a marker of macrophage (blue). Arrow indicates cell
stained with both ISNEL and CD68 antibody. B: Synovium from patient 1 double stained with p21“**""“I’! (brown) and
p53 (blue). Note different localisation of cells expressing each protein. C: Double staining with p53 (brown) and CD68
(blue) in synovium of patient 2. Note several p53 positive cells also stained with CD68 (arrows). Bars represent 100 um.

extremely limited regions of the synovial tissue.
Although we could not identify the phenotype
of apoptotic cells, it is likely that apoptosis
occurs in sublining and synovial lining cells
independent of the cell type. Recently, the
presence of apoptosis in the RA synovium has
been demonstrated by two groups of investi-
gators, who demonstrated a proportion of
ISNEL positive cells markedly greater than

22

that found in the present study.?’ > Nakajima
et al** reported that the RA synovium con-
tained 30% of ISNEL positive cells, despite
very few cells showing apoptosis specific mor-
phological changes on electron microscopy.
The reason for this discrepancy is unclear, but
may reflect differences between the methods
used for preparation of tissue specimens—
freezing versus formalin fixation.”> However,
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Figure 3 Immunolocalisation of c-myc, p53, p21%4FCIP! | and
synovium. Consecutive sections from patient 8 stained with p21
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antibodies. Note intense expression of p21%AF1CIP! iy cells containing large amounts of cytoplasm in the sublining layer (A).
Note also weak cytoplasmic staining for p53 in the sublining cells (B). Expression of c-myc also limited to the sublining cells
(C). PCNA expressed predominantly in synovial lining cells with intranuclear staining (D). Bar in A represents 100 um.

the experimental procedure used in the present
study was performed with appropriate positive
control tissues such as the thymus and large
intestine, and morphological changes charac-
teristic of apoptosis were observed simul-
taneously with the detection of ISNEL positive
cells, indicating that the frequency of ISNEL
positive cells found in our study reflected the
true level of apoptosis in the RA synovium. We
also attempted to detect DNA fragmentation
by electrophoresis on agarose gel and identified
apoptosis specific morphological changes by

electron microscopy. However, no evidence of
apoptosis was detected, probably because of
the small number of apoptotic cells (data not
shown).

We found that c-myc, p53, and p21¥AF/CIP!
were overexpressed in the sublining cells of
RA. Although expression of c-myc in synovial
lining cells has been reported,?* expression was
limited to the sublining cells in our study.
Because of the limited number of antibodies
available for double staining, we could not
make a detailed comparison of the localisation
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Figure 4 Immunohistochemical staining for Bcl-2 in RA synovium of patient 8, stained with Bcl-2 antibody. Note intense
cytoplasmic expression of Bcl-2 protein in the infiltrated lymphocytes. Faint but distinct expression also observed in sublining
cells and stromal cells within the lymphoid follicles. Lower panel is a higher magnification view of upper panel: bars

represent 500 wm and 100 wm, respectively.

of the expression of these proteins; however,
these markers seem unlikely to be over-
expressed simultaneously or to be limited to
macrophage-like cells. While c-myc protein
was initially identified as an oncogene,? it has
since been shown to induce apoptosis or cell
cycle arrest.?® In contrast, stimulation of p53
protein expression occurs in response to DNA
damage, and triggers cell cycle arrest or apop-
tosis via c-myc.?* In addition, p21W¥AFVeIP!
inhibits cell cycle progression by suppressing
cyclin/cyclin dependent kinase activity in p53
dependent and independent pathways.’*"* In
the two ISNEL positive tissue samples, we

compared the localisation of these proteins
with that of ISNEL positive cells, to determine
if they represented intermediate molecules
implicated in apoptosis; however, their im-
munolocalisation differed considerably from
that of ISNEL positive cells or morphologically
apoptotic cells, and we thus consider that
overexpression of these proteins does not
implicate them in the apoptotic process.
Instead, they might be expressed in association
with cell cycle arrest rather than apoptosis, and
it is possible that synovial cells may select cell
cycle arrest, rather than initiating the apoptotic
process, by expressing these proteins. There
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may be other, as yet unknown, functional roles
for these proteins—for example, cell differen-
tiation.>* In support of this concept, wide-
spread distribution of p21WAFVCIF! has been
demonstrated in fetal and adult tissues.* 3

Our findings confirm those of previous
studies” demonstrating that the Bcl-2 protein
was expressed particularly in infiltrated lym-
phocytes and in some RA synovial sublining
cells in which apoptosis was not pronounced.
As Bcl-2 acts as an inhibitor of apoptosis
through the antioxidant pathway,*® > synovial
cells expressing Bcl-2 may resist apoptosis in
response to a number of stimuli. Such stimu-
lation may be triggered by several factors, such
as cytokines, free radicals, and nitrogen oxide,
present at high levels in RA synovial fluid.*® In
this regard, our finding that infiltrated lympho-
cytes did not undergo apoptosis may support an
earlier hypothesis implicating failure of B cell
death in the pathogenesis of RA.>* Although we
did not identify the phenotype of infiltrated
lymphocytes, overexpression of Bcl-2 protein
may increase the threshold for apoptosis, thus
playing a key part in controlling the proportion
of cells in the RA synovium.* Further studies
are necessary to verify this assumption.

Considered together, our findings suggest
that apoptosis can occur in RA synovial cells,
but its frequency is extremely low compared
with previous reports. We consider that apop-
tosis of the synovial tissue may tend to be
suppressed by overexpression of Bcl-2, and
that proliferated synovial tissue in RA may,
indeed, fail to trigger apoptosis because it
expresses Bcl-2. Although no significant
relationship was found in the present study
between apoptosis and disease duration or
activity, it is possible that apoptosis may have
a key role in synovial cell death occurring
during the natural history of RA, and that it
may be responsible for rice body formation or
the disappearance of proliferated synovium in
the late remission phase.
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Orthopaedic Surgery, Kawatana National Hospital, Nagasaki)
for his cooperation in collecting the tissue samples. We also
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Sydney, Sydney, Australia) for critical reading and editing of the
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