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Adherent cells from rheumatoid synovia: identity of
HLA-DR positive stellate cells
J HEINO,' M VIANDER,2 J PELTONEN,' AND T KOURI'
From the Departments of 'Medical Chemistry and 2Medical Microbiology, University of Turku, Turku,
Finland

SUMMARY Rheumatoid synovia were enzymatically digested and the in vitro morphology of
different types of plastic adherent cells was observed. Four main types of cells were found after 24
hours in culture: (a) stellate cells which had nuclei resembling those of classical cultured
fibroblasts, but which stained positively with 12 antibody (anti-HLA-DR antibody); (b)
fibroblastic cells; (c) cells which resembled morphologically in vitro macrophages and which were

12 and OKM-1 positive; (d) round monocytes. The stellate cells did not stain with anti-S-100 or

OKT-6 antibodies, which are used to detect classical antigen presenting dendritic cells.
Furthermore, in the presence of indomethacin the stellate shaped cells were replaced by new 12

positive cells with a typical fibroblast shape. These results support the view that the stellate cells
in synovial cell cultures represent HLA-DR positive fibroblasts, probably B cells of synovial
lining.

Key words: rheumatoid arthritis, synovial lining cells, synovial fibroblasts, dendritic cells,
HLA-DR antigens, fibronectin, synovial membrane.

Synovial tissue consists of a lining cell layer and a
stroma of loose connective tissue. On electron
microscopy the lining is seen to be formed by A and
B cells, representing macrophage-like and
fibroblast-like cells. ' In rheumatoid arthritis the
lining cell layer proliferates and inflammatory cells
infiltrate from the circulation into the synovial
tissue.2 The stromal infiltrates usually aggregate
around the capillaries but also spread diffusely
through the tissue. In the nodular aggregates the
most prominent cell is the helper T lymphocyte,3 4
usually seen in close contact with dendritic HLA-
DR positive cells which probably take part in
antigen presentation.3 4

In order to make closer observations possible
Burmester et al released synovial cells from tissue.6
On the basis of morphology and the expression of
typical surface antigens the plastic adherent popula-
tion of the synovial cells was divided into subgroups:
classic mononuclear phagocytes, fibroblasts, and
multibranched stellate cells, the origin of which
remains unknown. In cultures of synovial cells these
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stellate cells produce most of the collagenase,
suggesting that they are fibroblasts.7 x On the other
hand, they are HLA-DR positive,69 which is
unknown for conventional fibroblasts. Certain au-
thors have therefore suggested that these stellate
cells in culture represent the dendritic antigen
presenting cells6 seen in immunohistological prepa-
rations of rheumatoid synovia.3 4
HLA-DR positive cells are of special interest as

the HLA-DR4 tissue antigen has been detected
some three- to fourfold more often among rheuma-
toid patients than in the normal population.,it It is
probable that the class II antigens of the major
histocompatibility complex have an important role
in the pathogenesis of rheumatoid arthritis.
The purpose of this study was to elucidate further

the identity of the stellate cells in synovial cell
cultures. We tested (a) whether these cells express
S-100 protein or antigen detected by OKT-6 anti-
bodies (expressed by conventional dendritic cells),
or both; (b) whether they stain with OKM-1
antibodies (as do mononuclear phagocytes); (c)
whether these cells produce fibronectin; and (d)
whether the stellate morphology of the cells is
caused by activation with prostaglandins, as de-
scribed for fibroblasts.
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Materials and methods

CELL CULTURES
Synovial specimens were obtained from six patients
with classic or definite rheumatoid arthritis under-
going orthopaedic operations. Synovial cells were
released by digestion of tissue specimens with
collagenase (0.5 mg/ml collagenase type IV, No
C-5138, Sigma) and DNAase (0-15 mg/ml DNAase
type I, No 260912, Calbiochem) in Hanks's balanced
salt solution containing 5 mM CaCl-.7 After shaking
at 37°C for two to three hours the cell suspension
was filtered through cotton gauze and the cells
collected by centrifugation. For primary cultures the
cells were resuspended in Dulbecco's modification

of Eagle's minimum essential medium sup-
plemented with antibiotics (penicillin G 100 IU/ml
and streptomycin sulphate 50 sg/ml) and 10% fetal
bovine serum (FBS). In some experiments 14 tiM
indomethacin was also added to the culture
medium. After incubation for 24 or 96 hours the
cultures were washed four times with phosphate
buffered saline, and the cells were fixed with 3-5%
paraformaldehyde for 10 min. To localise intracellu-
lar proteins the cells were made permeable by
acetone (-20°C; 10 min) treatment. The cells used
for indirect immunofluorescence were cultured on
glass coverslips 13 mm in diameter, those for
cytological staining on 9 cm2 chamber slides (Nunc,
Roskilde, Denmark).
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Fig. 1 May-Grunwald-Giemsa staining ofdifferent cell typesfrom rheumatoid synovium after 24 hours in culture.
(A) Stellate cell (type I cell). (B) Fibroblast-likeflattened cell (type 2 cell) and macrophage-like elongated cell (type 3 cell).
(C) Macrophage-like cells: elongated and wedge shaped cell (two arrows) (both type 3 cells) and round monocvte (type 4
cell). (D) Adherent cells cultured for 96 hours. Bar = 10 Un.
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MORPHOLOGICAL AND
IMMUNOFLUORESCENCE STUDIES
The cell morphology was studied by haematological
May-Grunwald-Giemsa (MGG) staining of metha-
nol fixed samples. The dimensions of the cells and
the nuclei were measured from microscopic photo-
graphs of MGG stained samples. Cell surface
markers and fibronectin were localised by indirect
immunofluorescence. The following antibodies were
used: antifibronectin (1:50, Dako, Copenhagen,
Denmark), anti-S-100 (1:40, Dako), 12(1:100, Coul-
ter Immunology, Hialeah, FL, USA), OKM-1
(1:100, Ortho Diagnostic System, Raritan, NJ,
USA), and OKT-6 (1:100, Ortho). Secondary anti-
bodies were fluorescein isothiocyanate (FITC)-
conjugated antirabbit IgG (1:50, Wellcome Rea-
gents Ltd, Beckenham, UK), FITC conjugated
antimouse Ig (1:100, Miles Laboratories, Elkhart,
IN, USA), and Rodamin conjugated antimouse Ig
(1:80, Dako).
The intensity of the fluorescence in the stellate

cells was compared with that in mononuclear phago-
cytes and fibroblasts. This made it possible to have
negative control cells (anti-S-100 and OKT-6 anti-
bodies) or both negative and positive control cells
(12, OKM-1, and antifibronectin antibodies) in the
same microscopic field with the stellate cells. Posi-
tive reactions with the anti-S-100 and OKT-6 anti-
bodies were tested from histological specimens
studied in our laboratories (neural tissue for anti-S-
100 and skin for OKT-6).

Results

After 24 hours in culture the adherent cells could be

divided into four groups: (a) stellate cells with three
to six branches (length of one branch approxi-
mately 50 im, diameter of nucleus approximately
10 ,tm); (b) large flattened cells (diameter of cell
35-40 sm, that of nucleus approximately 10 Sm);
(c) elongated or wedge shaped cells (dimensions of
an elongated cell approximately 7 x 70 [tm, diameter
of nucleus 5-10 Rm); and (d) round monocytes
(diameter of cell approximately 12 [sm, that of
nucleus 6-10 [tm) (Figs. lA-lC). The estimated
percentages of different cell types were as follows:
type 1 6-25%, type 2 28-52%, type 3 18-20%, and
type 4 22-27% (range of two typical experiments).
The nuclei of type 1 and type 2 cells resembled those
of conventional fibroblasts, with usually two or
more nucleoli. The nuclei of type 3 and type 4 cells
stained more intensively and had no nucleoli. After
96 h in culture most of the cells were conventional
fibroblasts (dimensions of the cell approximately, 13
x 80 sim and those of the nucleus approximately 12
x 13 trm); less than 5% of the cells belonged to
other cell types (Fig. ID).
The morphological cell types were analysed fur-

ther by indirect immunofluorescence with OKM-1
antibodies (recognising mononuclear phagocytes)
and with 1, antibodies (reacting with HLA-DR
antigens). Type 2 cells were negative, while type 3
and type 4 cells were positive with both antibodies
(Fig. 2). The type 1 cells were negative with OKM-I
antibodies, but some two thirds of the stellate cells
were positive with 12 antibodies (Fig. 2). Stellate
cells were studied further with OKT-6 antibodies
and with antibodies against S-100 protein, both of
which recognise classic dendritic cells. No positively
stained cells were seen (Fig. 3). Indirect immuno-

Fig. 2 Indirect immunofluorescence with 1, antibodies recognising the HLA-DR antigens. (A) HLA-DR positive stellate
cell. (B) HLA-DR negative stellate cell and HLA-DR positive monocytes and elongated macrophages. Bar = 30 Fem.
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Fig. 3 Indirect immunofluorescence ofthe stellate cells with (A) I, antibodies, (B) OKM-I antibodies, (C) OKT-6
antibodies, and (D) antibodies against S-100 protein. Bar = 30 w.m.

Fig. 4 Double immunofluorescence against (A) HLA-DR antigens and (B) fibronectin. Stellate cells and monocytes were
HLA-DR positive. HLA-DR negative cells containingfibronectin representfibroblasts (spreading deficient because of
lack ofserum). Bar = 30 .m.
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Fig. 5 Indirect immunofluorescence with antifibronectin antibodies. (A) Adherent cells from rheumatoid synovia cultured
in the presence offetal bovine serum for 24 hours. (B) Adherent cells from rheumatoid svnovia cultured in presence of
fetal bovine serum for 96 hours. Bar = 30 pn.

A -I B
Fig. 6 Adherent cells from rheumatoid synovia culturedfor 24 hours in the presence of 14 iM indomethacin.
(A) May-Grunwald-Giemsa staining. Bar = 10 pm. (B) Indirect immunofluorescence against HLA-DR antigens.
Bar = 30sm.

fluorescence staining was also performed for cells
after 96 hours in culture; some 12 positive cells were
still seen, identified both as macrophages and
stellate cells (not shown).

Simultaneous indirect immunofluorescence
staining of fibronectin and HLA-DR antigens
showed that most of the fibronectin was localised in
HLA-DR negative cells (type 2 cells), while HLA-
DR positive cells, including the stellate cells, stained
less intensively for fibronectin or did not stain at all
(Fig. 4). When cultured in the presence of FBS all of
the cells contained surface associated fibronectin
(Fig. SA). After 96 hours the cultures containing

FBS were covered by a fibronectin network (Fig.
SB).
When prostaglandin synthesis was inhibited by

plating the cells onto culture dishes in the
presence of indomethacin (14 ,uM), only single
stellate cells (less than 1% of the total amount) were
seen after 24 hours culturing. Instead, a new cell
type was observed, much closer in shape to conven-
tional synovial fibroblasts than to stellate cells (Fig.
6A). This cell type had three to five broad exten-
sions instead of long branches. Approximately half
of these cells stained positively with 1, antibodies
(Fig. 6B).

copyright.
 on M

ay 19, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.46.2.114 on 1 F

ebruary 1987. D
ow

nloaded from
 

http://ard.bmj.com/


Adherent cells from rheumatoid synovia 119

Discussion

Adherent cells from rheumatoid synovia have pre-
viously been classified by Burmester et al into three
populations6: (a) cells bearing HLA-DR antigens
and monocyte/macrophage markers, (b) HLA-DR
positive cells showing no other properties of mono-
nuclear phagocytes, and (c) fibroblastic cells. In the
present study the same main types of cells were

found. Nevertheless, we found it useful to reclassify
the synovial cells on a primarily morphological basis
(Fig. 1). The stellate cells (our type 1 cells) were
included in Burmester's second group. Our type 2
cells represent fibroblasts and type 3 and type 4 cells
mononuclear phagocytes. Mononuclear phagocytes
were subdivided according to their morphology into
cells resembling classical monocytes (type 4) and
cells resembling macrophage-like cells grown in

vitro (type 3).'
The stellate cells of synovial cultures are known to

be active producers of collagenase.7 " They have
also been reported to express HLA-DR antigens.
It is not known, however, which cells of rheumatoid
synovial tissue become stellate shaped when grown
in vitro.

Because of their dendritic morphology and the
expression of HLA-DR antigens, the stellate cells in
synovial cell cultures have been connected with
antigen presenting non-lymphoid dendritic cells,6
usually found in lymphoid follicles and in normal
skin as Langerhans' cells.' 3 Rheumatoid synovial
tissue contains OKT-6 positive dendritic cells.4
Among the adherent cells cultured from rheumatoid
synovia, however, we found no cells positive with
OKT-6 antibodies or with antibodies against
another dendritic cell marker, S-100 protein 14 I'

(Fig. 3). These results support the view that the
adherent stellate cells cultured from rheumatoid
synovia do not represent classic dendritic cells. This
is consistent with the finding that cell preparations
containing these stellate cells are less stimulatory
than periheral blood non-T cells in mixed leucocyte
reactions.

l here are several reasons for considering that
adherent synovial stellate cells, though HLA-DR
positive, are essentially fibroblasts. With MGG
staining the nuclei of the stellate cells and those of
the fibroblasts resembled each other closely (Figs
1A and IB). Furthermore, Hendler et al have
recently reported that at least some of the cells with
stellate morphology turn into fibroblasts when
cultured for some days. 17 Stellate cells also produce
collagenase,7x which is typical of connective tissue
cells. In addition, when passaged cultures of syno-
vial fibroblasts are cocultured in the presence of
mononuclear cells, some of them become stellate-

like.'8 This phenomenon is caused by prostaglandin
E2 released from synovial fibroblasts which have
been induced by interleukin 1 derived from mono-
nuclear phagocytes. 19 20
The stellate morphology of the cells in primary

cultures may also be caused by prostaglandins since
in this study stellate cells were not evident in
cultures when indomethacin was present. The HLA-
DR positive cells seen instead of the stellate cells
resembled fibroblasts in morphological structure
(Fig. 6). Although fibroblasts are usually HLA-DR
negative, they may express HLA-DR antigens when
induced by interferon y.21 22

In long term cultures both fibroblasts23 and
macrophages24 synthesise fibronectin. It is well
documented, however, that in situ in the synovial
lining type B cells, but not type A cells, can
synthesise this glycoprotein.25 2 It has also been
suggested that, when observed by immunoelectron
microscopy, both type A and type B cells may
appear to contain HLA-DR antigens.27 We were
therefore interested in the question of whether our
stellate cells contain fibronectin in short term (24 h)
cultures, as this would suggest a type B cell
character. In serum free cultures, fibronectin was
mainly located in HLA-DR negative cells (conven-
tional fibroblasts), while the stellate cells lacked
fibronectin. This problem is more complicated,
however, because in the presence of serum all types
of cells contained fibronectin (Fig. 5). This can
mean that the synthesis of fibronectin by stellate
cells is more serum dependent than that of conven-
tional fibroblasts-of course, adherence of external
fibronectin onto the cells from the serum is another
possibility. Further experiments are needed before
final conclusions can be made.
Our previous observation was that interleukin 1

and prostaglandin E, can induce the disappearance
of the fibronectin network in passaged cultures of
synovial fibroblasts.20" Similarly, the fibronectin
network was here formed in the primary cultures
when most of the cells potentially capable of
producing interleukin 1 had disappeared (Fig. 5).

It is probable that the HLA-DR positive stellate
cells in cultures of adherent cells from rheumatoid
synovia represent fibroblasts, perhaps type B cells of
the synovial lining layer. Further investigation is
needed, especially concerning the ability of the
stellate cells to produce connective tissue compo-
nents, before a definitive answer to this question is
possible.
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