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Class II antigens on dendritic cells from the synovial fluids of
patients with inflammatory arthritis
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SUMMARY

Dendritic cells were enriched from synovial fluids (SF) of patients with inflammatory arthritis and
studied by immunogold labelling and electron microscopy for expression of histocompatability
antigens of the HLA-D locus. Dendritic cells from SF were larger than most ofthese from peripheral
blood with a more extensive Golgi region and more lysosomes and microfilaments. Class II

histocompatability antigens HLA-DR, -DP, -DQ and that labelled by the antibody RFDI were

abundant on the dendritic cells. The macrophages in the enriched cells showed labelling for DR but
little labelling with the other antibodies. DR, DP and RFDI were often concentrated at areas of
contact between dendritic and other cells (other dendritic cells, macrophages or lymphocytes). On
incubating labelled cells at 37°C for 30 min many macrophages lost their DR label but dendritic cells
always retained some surface label. Some gold labelling DR and DP was found in characteristic
channels between the veils and became internalized in membrane-bound structures. A small
proportion of the RFDI label internalized in areas resembling coated pits. LessDQ label internalized
and appeared on vesicles inside vacuoles. Material bound to different class II molecules may thus be
internalized or processed differently by dendritic cells. The presence in inflammatory lesions of large
activated dendritic cells with high expression of class II antigens suggests that these cells could be
presenting antigen to lymphocytes within the joints.
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INTRODUCTION

Specialized antigen presenting cells, particularly dendritic cells,
are required in the initiation of primary immune responses (for
reviews see Steinman & Nussenzweig, 1980; Knight, 1984;
Steinman et al., 1986; Austyn, 1987) and are involved in the
maintenance of inflammatory reactions (Knight et al., 1983;
1988a). The increase of these dendritic cells within the synovial
membrane and fluids of patients with inflammatory arthritis
(see Knight, 1988b) suggests that they may be involved in the
maintenance of immunity, perhaps by the continuous presen-
tation of antigens to lymphocytes within the joints. The
inflammatory lesions in rheumatoid arthritis can resemble those
of delayed hypersensitivity reaction. In the development of
delayed hypersensitivity to contact sensitizer in mice the antigen
is known to be presented to the immune system by dendritic cells
(Macatonia et al., 1987). In this latter system, dendritic cells
acquire high levels ofantigen, have a more activated appearance
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than resting dendritic cells with a larger Golgi region and more
lysosomes and microfilaments, and can stimulate T cell re-
sponses. We have therefore investigated the appearance of the
dendritic cells in synovial fluids, using electron microscopy to
see whether they resemble these 'activated' dendritic cells. In
addition, since class II expression is a prerequisite for antigen
presenting function, we have studied the expression of D locus
antigens on dendritic cells from the synovial fluids and com-
pared it with that previously observed on dendritic cells from
normal peripheral blood (Knight et al., 1987; Brooks & Moore,
1988). Cells expressing high levels of HLA-DQ antigen in
addition to HLA-DR are particularly potent antigen-presenting
cells (Conte et al., 1982; Gonwa et al., 1983; Falk et al., 1983;
Nunez et al., 1984, 1987) and HLA-DQ may have an important
immunoregulatory influence on immune responses (Matsushita
et al., 1987) so the expression of these antigens both on DC and
on macrophages from the joints was examined. Patients with
juvenile chronic arthritis frequently had high numbers of
dendritic cells in their synovial fluid (Tyndall, Knight &
Edwards, 1983; Harding & Knight, 1986) and most of our
studies used cells from these patients. More limited studies of
dendritic cells from adult patients with rheumatoid arthritis
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showed that these cells had similar properties. Dendritic cells
from synovial fluid and from peripheral blood expressed high
levels of all the D locus antigens, whereas macrophages
expressed only high levels ofDR. However, dendritic cells from
synovial fluids were larger and had an extensive Golgi region
and many lysosomes, suggesting that they were activated. This
supports the idea that they may be presenting antigen within the
joints.

MATERIALS AND METHODS

Patients
Cells were from the joint fluids of patients with juvenile chronic
arthritis with cellular joint fluids (Harding & Knight, 1986).
Only three samples had sufficient cells to label with all four
HLA-D locus antibodies, and the electron microscope pictures
and comparisons of labelling were made with these. However,
additional samples from three other patients with juvenile
chronic arthritis and from four adults with rheumatoid arthritis
were labelled with antibodies to DR or to RFDI only. These
showed similar labelling patterns, suggesting that the findings
are not confined to patients with very high numbers of cells in
the joint fluids. Patients were receiving non-steroidal anti-
inflammatory drugs.

Cell suspension
Mononuclear cells from synovial fluid were isolated on Ficoll
gradients, cultured overnight on plastic Petri dishes (Nunc,
Roskilde, Denmark) in medium (RPMI 1640; Dutch modifica-
tion, Flow Laboratories, with 7 5% fetal calf serum, FCS) and
non-adherent cells were centrifuged at 600 g for 10 min over a
gradient of 14-25% (w/v) metrizamide (analytical grade, Nye-
gaard, Oslo, Norway) in medium. The low-density non-adher-
ent mononuclear cells from the interface contained around 30%
dendritic cells and 70% macrophages (Harding & Knight, 1986;
Knight et al, 1987). In the electron microscope dendritic cells
were identified by their pale cytoplasm, frequent projecting veils
with few organelles, lobed nuclei and low content of phagolyso-
somes. This was distinct from the macrophages with their
darker cytoplasm and prominent phagolysosomes. Some large
mononuclear cells (<25%) were not clearly identifiable. In
many samples, there were very few lymphocytes but occasion-
ally significant numbers of contaminating lymphoblasts
( < 20%) were present as identified in some samples from their
sensitivity to anti-T cell antibody and complement or in electron
microscopy by their typical morphology with large nuclei with
characteristic chromatin patterns and prominent nucleoli. Den-
dritic cells enriched from the peripheral blood of patients were
similar to those already described in normal peripheral blood
(Knight et al., 1986) and therefore are not described further in
this report.

Labelling cells
Low-density cells in phosphate-buffered saline (PBS) containing
0-1% azide were divided into 50-iu aliquots containing approxi-
mately 200 000 cells. Antibodies were an anti-DR antibody and
the anti-DQ antibody Leu 10 from Beckton Dickinson (Moun-
tain View, CA), the anti-DP antibody P 1 1.1 kindly provided by

Dr J. Bodmer and the anti-class II antibody RFDI (which labels
a two-chain structure typical of a D-locus product, has a
distribution similar to DQ and is reported to be preferentially
expressed on dendritic cells (Poulter et al., 1982; 1986) which
was a gift from Dr L. Poulter. For labelling (at 40C) antibody (5
p1) was added for 30 min, the cells were washed twice and then
incubated for 30 min with colloidal gold particles of 20 nm
conjugated with staphylococcal protein A (Roth, 1982). These
bound to all antibodies except RFDI which is an IgM antibody,
and was labelled using 5-nm gold particles conjugated with anti-
mouse IgM antibody or with a second layer rabbit anti-mouse
serum and 20 nm gold with protein A. The samples were
incubated at 4°C or at 37°C for 30 min, washed twice, fixed in
3% glutaraldehyde in 0-1 M cacodylate buffer, post-fixed in
osmium tetroxide, dehydrated and embedded in Spurr resin.
Cells were observed in a Jeol (Tokyo, Japan) 12.00 EX electron
microscope. Control samples that were incubated with gold/
protein A complex in the absence of antibody with an irrelevant
monoclonal antibody, or with the IgM antibody RFDI showed
no gold labelling in samples kept at 4°C. In samples held at 37°C
in the presence ofgold, around 10% of the cells showed very low
labelling (3-12 gold particles) which was on vesicles in vacuoles.

RESULTS

General appearance of dendritic cellsfrom synovialfluids
The appearance of the dendritic cells from synovial fluids is
illustrated in Fig. la, where the large Golgi region, many
lysosomes and microfilaments can be seen. Most ofthe dendritic
cells in the samples from synovial fluids were these large cells of
activated appearance. Although formal measurements of cell
size were not attempted on these irregularly shaped cells, it was
evident that dendritic cells from synovial fluids were larger than
most of those from peripheral blood (Knight et al., 1987), with
longer veils, more extensive Golgi regions and more lysosomes.
Large cytoplasmic granules (possibly lipid) were seen in some
dendritic cells from synovial fluids (Fig. la). Similar granules
were seen in dendritic cells from peripheral blood only after
several days in culture (Patterson & Knight, 1987).

Labelling with RFDI
Most dendritic cells labelled with this antibody (Fig. la), which
was usually seen in small patches on the surface membrane.
Some patches of gold were at points of contact between cells or
at points ofcontact between veils on a single cell (Fig. lb). None
of the cells with clear macrophage morphology with obvious
phagocytic vacuoles showed significant labelling with this
antibody. On incubating the labelled samples at 37°C, much of
the gold remained on the surface of the cells but some was
internalized through areas resembling coated pits (Fig. Ic).

Labelling ofDR
Labelling with anti-DR antibody was seen on all dendritic cells
and on all phagocytic cells. This was also often present in areas
of cell contact (not shown). On warming the labelled dendritic
cells, channels containing label formed, apparently between the
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Fig. 1. Dendritic cells from the synovial fluid of patients with juvenile chronic arthritis were labelled with the IgM antibody RFDI,
rabbit anti-mouse IgM and 20 nm gold particles coated with protein A. (a) Labelled at 0C. x 11 000. Bar = I pm; (b) Labelled at 0C.
x 42 000. Bar = 0-5 pm; and (c) Incubated at 37 C for 30 min. x 37 500. Bar = 0-5 gm.

veils of the cells (Fig 2a and b). Some of the gold appeared to be
completely internalized in membrane-bound channels (Fig. 2c).
This channelled DR was seen in 75% of the dendritic cells.
However, some DR label always remained on the surface of the
dendritic cells. Some DR labelling macrophages also showed
channelling ofthe label but most ofthe macrophages completely
lost their label on incubation at 370C.

Labelling ofDQ
Diffuse labelling of DQ was seen on > 70% DC (Fig. 3a) but
virtually no labelling of macrophages was observed. The label
was not concentrated at points of cell contact like RFDI and
DR. On incubation, the label mainly remained on the surface of

dendritic cells, but occasional internalization on vacuoles in
vesicles was seen (Fig. 3a).

Labelling ofDP
DP was again detected on most dendritic cells but was virtually
absent from macrophages. There was concentration of the
antigen at points of cell contact or at points of contact between
veils on the surface of the same cell. On warming, much of the
label again remained on the surface of the cells but some showed
a little channelling and internalization into small, membrane-
bound vesicles within the cytoplasm of the cells. The labelling
and channelling with DP often resembled that seen with DR.
(Fig. 3b, c).
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Fig. 2. Dendritic cells from the synovial fluid of patients with juvenile chronic arthritis were labelled with anti-DR antibody plus 20 nm
gold particles coated with protein A. (a) Incubated at 370C for 30 min. x 14 000. Bar= I gm; (b) same cell as in (a), x 23 000. Bar= 0 5
pm; and (c) incubated at 370C for 30 min. x 19000, Bar=0-5 pm.

DISCUSSION

The dendritic cells in the joint fluids from patients with
inflammatory arthritis were larger than those in peripheral
blood in healthy subjects or patients and expressed high levels of
class II antigens. The large size of these cells and their well-
developed Golgi regions, abundant lysosomes and microfila-
ments were features previously seen in mouse lymph node
dendritic cells that had acquired antigen which they were able to
present to T lymphocytes during the initiation of delayed
hypersensitivity to a contact sensitizer (Macatonia et al., 1987).
In the synovial fluid of patients with inflammatory arthritis,
there was also an increased proportion of dendritic cells in the
mononuclear cell population, compared with that found in the
synovial fluids in osteoarthritis (Harding & Knight, 1986) or in
the peripheral blood (Zvaifler et al., 1985; Harding & Knight,
1986). Since the only known function of these cells is to present
antigen, this adds weight to the idea that these cells are
presenting antigens to the T cells within the joints. The initiation
of immune responses within the lymph nodes follows the influx

of antigen-bearing dendritic cells and it is possible that a similar
sequence of events is responsible for the development of the
inflammatory lesions within the joints.

The presence on the cells of high levels of all the class II
products studied is a feature that distinguished the dendritic
cells from the macrophages in the low density cell population.
The macrophages only expressed high levels of DR. As seen
previously in peripheral blood, the dendritic cells and not the
macrophages have high levels ofDP andDQ antigens (Knight et
al., 1987; Brooks & Moore, 1988). Some studies indicate that
cells expressing high DQ in addition to DR are particularly
potent antigen-presenting cells (Conte et al., 1982; Gonwa et al.,
1983; Nunez et al., 1984). In our studies, the macrophages also
showed little labelling with RFDI. This antibody has also been
shown to be expressed on dendritic cells and not on macro-
phages in low-density cells from normal peripheral blood
(Knight et al., 1987) and in tissue sections (Poulter et al., 1982;
1986). However, there is also a report that dendritic cells within
the joints lack RFDI (Waalen et al., 1987) and another that
there are cells expressing both macrophage markers and RFDI
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Fig. 3. Dendritic cells from patients with juvenile chronic arthritis labelled with antibodies to DQ or DP plus 20 nm gold particles coated
in protein A. (a) DQ-labelled cell incubated at 37TC for 30 min. x 36000. Bar= 0-5 pm; (b) DP-labelled cell incubated at 37°C for
30 min. x 18 750. Bar= I pm; and (c) DP-labelled cell incubated at 370C for 30 min. x 24000. Bar= 1 pm.
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present particularly in the synovial linings of patients with
inflammatory arthritis (Salisbury, Duke & Poulter, 1987).
However, using a double-labelling technique for RFDI and Leu
M3 (a macrophage antibody) we found very little evidence of
any cells in synovial fluids with double labelling. There were very
occasional spots of RDFI on Leu M3-labelled cells but this was
only a very small fraction of the labelling for RFDI seen on
dendritic cells. However, when these populations were labelled
with D locus antibodies using a fluorescein-conjugated second
antibody, the dendritic cells showed very heavy labelling using
the fluorescence-activated cell sorter (FACS) but monocytes/
macrophages (identified with Leu M3 directly conjugated with
phycoerythrin) did give low but significant labelling (not
shown). RFDI has been shown to label an antigen with a tissue
distribution similar to that of HLA-DQ (Drexler et al., 1988)
but is probably coded at separate locus (Janossy, Campana &
Bollum, 1986). However, RFDI blocked the mixed leukocyte
reaction (Poulter et al., 1986) which suggests that it may be
important in presenting antigen to T cells. Our own studies show
a distinct distribution of RFDI in patches which are generally
smaller and more discrete than those of other D locus products.
The differences in labelling and internalization ofRFDI and DR
were not due to the fact that RFDI was an 1gM antibody and the
anti-DR was IgG since in separate experiments an IgM
antibody to DR was shown to give the same characteristic
labelling and channelling patterns as those seen with the IgG
antibody. The paucity of RFDI on macrophages is a character-
istic shared with HLA-DP and -DQ. Preferential location of
RFDI found at points of cell/cell interaction is also a feature
seen with DR and DP. The nature of the molecule defined by
RFDI, its relation with other D locus products and its function
still require further definition.

The labelling patterns for the dendritic cells of the synovial
fluid thus resembled very closely those already described for
peripheral cells (Knight et al., 1987), although the larger
dendritic cells from the joints had generally more label per cell.
The current observations showed that, within the joints dendri-
tic cells express more D locus products than macrophages. The
internalization of some label in warmed dendritic cells suggests
that they may internalize and, perhaps, 'process' antigens bound
to different class II molecules. Other evidence for internalization
of class II molecules has also been obtained using gold/antibody
conjugates and Langerhans cells (Hanau et al., 1987) or by
measuring the increase in the cycloheximide-persistent, interna-
lized I-A antigen labelled with monoclonal antibodies in
populations of mouse peritoneal exudate cells (Harding &
Unanune, 1989). However, we show that all dendritic cells also
retained some class II label on the surface ofthe cells while many
macrophages completely lost their DR on warming. Compared
with macrophages the dendritic cells therefore appear to have a
more persistent expression of all class II molecules, which could
contribute to the maintenance of antigen presentation within
the joints.

The dendritic cells from the joints ofsome patients have also
been shown to stimulate autologous lymphocytes in an autolo-
gous mixed leucocyte reaction which is another reactivity
dependent on class II molecules (Harding & Knight, 1986).
There is evidence that this may represent mainly the presen-
tation ofantigens acquired by dendritic cells to antigen-sensitive
lymphocytes (Knight, 1988a) and so this provides further
support for the idea that dendritic cells accumulating within the

synovium and synovial fluids in inflammatory arthritis may be
able to stimulate T cell proliferation. Studies of experimentally
induced autoimmunity show the dendritic cells play a continu-
ing role in presenting autoantigens to produce disease (Knight et
al., 1983; 1988). Our current work showing the activated state of
the dendritic cells their high levels of class II molecules supports
the theory that these specialized antigen-presenting cells in the
joints are also initiating and promoting the inflammatory
reactions.
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