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in Rheumatoid Arthritis Synovial Effusions Differ
from Clusters Formed in Human Mixed Leukocyte Reactions
Van Tsai and Nathan J. Zvaifler
Department of Medicine, Rheumatology Division, University of California, San Diego, San Diego, California 92103

Abstract

Lymphocytes cluster about dendritic cells (DC) spontaneously
in 48 h cultures of rheumatoid arthritis synovial fluid (RA SF)
mononuclear cells and in peripheral blood autologous or allo-
geneic mixed leukocyte reactions. In the latter case, the clus-
ters are predominantly CD4+ T cells (T4/T8 > 5) and with
time progress into blastic cells that express IL-2 (Tac) and/or
transferrin (T9) receptors. In contrast, the clusters in RA SF
cultures have a T4/T8 ratio of < 1 and a majority of the T8
cells coexpress the Leu 7 marker. T cells in these clusters
remain inert and with time the clusters disintegrate. Addition
of IL-1, IL-2, or IFN-gamma alone or in combination had no
effect on RA SF clusters but T cells became blastic when ex-
posed to 10% RA SF. Mixing experiments using RA SF DC
with normal T cells and RAT cells with normal DCshow that
both RASF DCand T cells are immunofunctional. In addition,
clusters of RASF from a patient with active tuberculosis pro-
liferated vigorously to PPD. Therefore, the unique RA SF
cluster profile may reflect the memory nature of the RASF T
cells resulting in a paucity of T cells that are responsive to
autologous stimulation. However, an immunosuppressive role
for the double-labeled (CD8 and Leu 7) cells has not been
excluded.

Introduction

Dendritic cells (DC)' were first described in the early 1970s by
Steinman et al. In mouse spleen they appear as a distinct type
of leukocyte with an extensive network of membranes that
express a high density of class II (la) antigens (1). They were
incapable of any phagocytic functions, even under conditions
(40% serum) that normally stimulate phagocytosis in macro-
phages, but could present soluble antigen such as purified pro-
tein derivative (PPD) to T cells, induce T cell proliferation,
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1. Abbreviations used in this paper: DC, dendritic cells; IFA, immuno-
fluorescence analysis; MLR, mixed lymphocyte reaction; PB, periph-
eral blood; PLL, poly-L-lysine; PPD, purified protein derivative; SEM,
scanning electron microscopy; SFM, synovial fluid mononuclear cell;
TEM, transmission electron microscopy.

generate active helper cells from unprimed and memory lym-
phocytes, and cause B cells to secrete antibodies (2-5). Cul-
tured spleen cells depleted of DCfailed to develop anti-TNP
cytotoxic T cells while the addition of a small number of DC
restored the antigen dependent response (6). Most remarkable,
DCare 100 times more potent then any other accessory cells in
stimulating T cells in mixed lymphocyte reactions (MLR)
(7-10) and are unique in their ability to stimulate autologous
T cells in the absence of antigens (9). This impressive reper-
toire of immune functions is accomplished by DCin a specific
microenvironment. Whenmurine splenic DCand responding
T cells are cocultured they aggregate to form distinctive clus-
ters. This occurs during the first 2 d of a syngeneic mixed
leukocyte reaction (8, 1 1). A consequence of the cluster reac-
tion is blastogenesis and the elaboration of IL-2, and B cell
helper factors (12) into the syngeneic MLRmedium (13). Al-
though the clusters contain < 10% of the available T cells,
these immunocompetent units are responsible for almost all
the interleukins and growth factors produced in the cultures
(3, 8, 14) and physical blocking of cluster formation by inter-
posing an artificial membrane abrogates the observed immu-
nological responses (15). In all instances the responsible cell is
an Lyt-2- helper T cell (4, 5); but murine DCcan also cluster
with and activate cytotoxic T cells ( 1 6).

DChave been recognized in man, primarily in blood and
inflammatory joint effusions (1O, 17-2 1) and they are similar
to murine DCin their immunologic functions, insofar as they
have been studied (10, 22-24). However, the cluster phenome-
non with human cells has not been analyzed. In this paper we
show that DCand T cells from peripheral blood of normal
individuals and patients with RA form clusters in syngeneic,
allogeneic, and antigenic specific reactions. The clusters con-
tain a centrally located DC and a predictable admixture of
CD4 and CD8 lymphocytes and develop morphologic and
phenotypic features associated with blastogenesis. Clusters
form spontaneously in mononuclear cell populations from RA
synovial fluids, but the profile of the participating lymphocytes
is different and blastogenesis does not ensue without the addi-
tion of specific antigens or synovial fluid. The reasons for the
difference in the clusters formed from synovial fluid mononu-
clear cells as compared to those formed from admixtures of
peripheral blood cells is analyzed and their significance dis-
cussed.

Methods

Study population. Westudied more than 100 patients with definite or
classic RA or other joint diseases. The diagnoses were defined by the
clinicians who supplied the synovial fluids that were drawn for thera-
peutic reasons. Blood samples (30-100 ml) were obtained from some
of these same patients and from healthy staff members of our hospital.
All subjects gave prior informed consent.
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Synovial fluid mononuclear cell (SFM) isolation. Synovial fluids
were obtained by aseptic joint aspiration into heparinized tubes or
syringes. SFMwere isolated by Ficoll-Hypaque centrifugation, washed
three times with RPMI 1640, and cell clumps dispersed by passage
several times through a 25 gauge needle. Cell density was adjusted to 1
X 106/ml, cultured for 48 h in 5%C02, 37°C in 100-mm plastic dishes
(Falcon Labware, Cockeysville, MD) in RPMI 1640 supplemented
with penicillin (100 U/ml), streptomycin (100 yg/ml), L-glutamine (2
mM)and 10% FCSor 10% human AB serum. Before immunofluores-
cence analysis the cultured SFMwere harvested by gentle pipetting,
washed free of FCS, and resuspended in RPMI at 2 X l06/ml.

Immunofluorescence study. For indirect immunofluorescence
analysis (IFA), 4 X 104 cells in 20 ,ul of RPMI were attached onto
poly-L-lysine (PLL, 50 ,g/ml; Sigma Chemical Co., St. Louis, MO)
coated multi-well slides (Carlson Scientific Inc., Pentone, IL) at 4°C
for 20 min. All stainings were done at 4°C as described elsewhere (21).
Briefly, cells were incubated with 20 ,d of the appropriate diluted MAB
(see Table I) for 45 min, washed with cold PBS five times, exposed to
biotinylated horse anti-mouse IgG for 30 min and subsequently over-
laid with fluorescein conjugated avidin (both from Vector Laborato-
ries, Burlingame, CA) for 30 min. The cells adhering to the PLL slides
were then fixed with 3% formalin and mounted with polyvinyl
alcohol (25).

Direct fluorescence analysis was performed using commercially
available kits from Becton Dickinson (Mountain View, CA). The "Si-
multest" anti-Leu 3 FITC plus anti-Leu 2a PE was used to determine
the CD4 (phycoerythrin conjugated T4) and CD8 (fluorescein conju-
gated T8) T cell ratio. The Simultest anti-Leu 7 FITC plus anti-Leu 2a
PE was used to determine cells expressing simultaneously both NK
and suppressor/cytotoxic markers.

Data analysis of immunofluorescence study. PLL adherent cells
bearing the appropriate fluorescent Abs were viewed using a Zeiss
fluorescence microscope equipped with the epifluorescence condenser
III RS. 500 mononuclear cells were counted. The anti-DQ monoclonal
antibodies 8C4 and/or Leu 10 were used to mark DCand gave identi-
cal results. The total DCand the percent of DCpresent in cluster was
determined by counting only the DQpositive cells with a dendritic
appearance (21), and those DCthat were associated with lymphocytes,
respectively. A cluster was defined as an aggregation of cells that forms
spontaneously in a 48-h culture with a centrally located DCholding
five or more lymphoid cells within its long dendritic processes (see Fig.

1). The T4/T8 ratio in a cluster was determined by first counting the
total number of lymphocytes in a cluster and then determining the
percent of fluorescent T4 cells with a rhodamine filter and the percent
of fluorescent T8 cells with fluorescein filter. The MAbanti-Leu 7 was
used to identify the NKcell population in both the clusters and back-
ground. Two-color flow cytometric analysis with MAbs from a simul-
test (see above) gave us the percentage of a unique cell population in
the SFMthat bore both the NKand suppressor/cytotoxic markers. The
same cells in the clusters were determined visually by fluorescence
microscopy with a procedure similar to that used for the T4/T8 ratio.
Data from cluster analysis was obtained by evaluating all the clusters
found in each well of the PLL coated slide.

Ekectron microscopy. SFM, from 48-h cultures, were adhered onto
PLL coated Nalgene polymethyl pentene (PMP) 100 X 20 mmPetri
dishes or PLL-coated circular cover slips (12 mm, Fisher Scientific,
Pittsburgh, PA) for 20 min at room temperature. The cells were fixed
at room temperature in a fresh mixture of 2%gluteraldehyde (Electron
Microscopy Sciences, Fort Washington, PA), RPMI 1640, 20 mM
Hepes (Gibco Laboratories, Grand Island, NY), pH 7.4 for 1 h, rinsed
with PBSand postfixed with 1%osmium tetroxide for 1 h on ice. Cells
on PMPdishes were embedded in EPON812 (EMS) for transmission
electron microscopy (TEM) analysis. Cells on the circular coverslips
were processed for scanning electron microscopy (SEM) studies. An
EM300 (Philips Electronic Instruments, Inc., Mahwah, NJ) was used
for the TEMand a Hitachi S405A was used for the SEM.

Mixed leukocyte reactions. SFMor PBMobtained by Ficoll-Hy-
paque (FH) density gradient centrifugation were subsequently sepa-
rated into non-T and T fractions by two methods; either aminoethyli-
sothiouronium (AET)-SRBC rosetting (26), or the T and non-T cells
were separated by nylon wool columns (27) and Nycodenz monocyte
gradients (28) (Nyegaard, Oslo, Norway), respectively. Both fractions
were plated onto Falcon plastic dishes for 2 h to facilitate monocytes
adherence. A DC-enriched population was obtained by gently remov-
ing the nonadherent fraction from plates containing the non-T cells.
Purified T cells came from the nonadherent AET-SRBCpositive popu-
lation or the nonadherent nylon wool eluted population. To insure
that the MLRswere not an artifact generated by exposure to FCS or
sheep red cell xenoantigens the FH separated PBMwere washed, resus-
pended with 10% pooled inactivated human ABserum (Pel-Freez Bio-
logical, Brown Deer, WI) RPMI, and plated onto plastic dishes for 2 h
at 37°C in a 5%CO2environment. Afterward, the nonadherent popu-

Table L Monoclonal Mouse Anti-human Leukocyte Antibodies

Molecular IgG
Name weight subclass Source Specificity

KD

8C4 ND IgM R. M. Steinman, The Rockefeller University, HLA-DQ
NewYork, NY

Leu 10 27, 32 IgG1 Becton-Dickinson & Co. HLA-DQ
I2 29-34 IgG2a Coulter Immunology HLA-DR
KiM I IgM A. J. Radzun, Christian Albrecht University Monocytes and ID cells
OKMI 155 IgG2b Ortho Diagnostic Systems, Inc. C3bi receptors
63D3 200 IgGi Bethesda Research Laboratories Monocytes
HB5 145 Ascites D. D. Fearon, Harvard University Anti-CR2
Leu 7 110 IgM Becton Dickinson NKcells subset & T cells
Leu 1 lb 50-70 IgM Becton Dickinson Fc IgG receptor on NKcells and neutrophil
OKT9 180 IgG, Ortho Diagnostic Systems Transferrin receptors & 100% lymphoblasts
Tac 50-60 Ascites T. A. Waldmann, NIH, Bethesda, MD IL-2 receptor
Leu 18 (2H4) 220 IgG, Becton Dickinson T suppressor/inducer subsets, NKcells and

B cells
4B4 135 IgG, Coulter Immunology T helper/inducer subsets, null cells and

monocytes, B cells
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Table II. IFA Analysis of Synovial Fluid DCForming
Clusters at 48 h

Patients No. %DC* %in Clusterst

RA variant (1) 5 0
Chronic knee infection (1) 3 0
Reiter's (4) 10.33±0.57 0
Psoriasis (6) 8.80±2.13 4.30±4.50
Gout (1) 2 0
Undefined synovitis (2) 1.5 0
RA (54) 6.52±3.27 61.30±19.84
JRA (3) 8.30±2.10 62.30±22.00

No. Number of patients.
* Cells positive for the 8C4MAband exhibiting DCmorphology.
* Percent DCthat had five or more T cells surrounding each DC.

lation was removed by gently swirling the plates and aspirating with a
pipette and was layered over Nycodenz. After centrifugation at room
temperature for 12 min at 600 g the lymphocytes that pelleted to the
bottom (99% T cells) were harvested and washed twice with medium
and 10% AB serum. The PBM remaining in the plastic dish were
washed three to five times more until no nonadherent cells could be
seen when examined with an inverted microscope. Then fresh medium
with 10% AB serum was added to the plates and they were recultured
for an additional 2 h. The cells released during this second culture
period were obtained by gentle pipetting and aspiration of the plates
with medium.

Using these methods we obtained the following yields: T cells pre-
pared from PBMby rosetting and nylon wool were 80-95% pure.
Those obtained by Nycodenz centrifugation always exceeded 95% pu-

rity. The T cells from SFMwere stickier and usually contained con-
taminating DCs (2-5%). The DCin the non-T from blood were gener-
ally 40-60% pure, occasionally better yields were obtained with the
Nycodenz procedure. DCwere easier to isolate from SFMbecause of
the larger starting numbers and 60-80% purity was the rule.

Enriched populations of DCand T cells from synovial fluids or
from peripheral blood were cultured together in autologous and alloge-
neic mixtures in RPMI 1640 supplemented with penicillin (100 U/ml),
streptomycin (100 gg/ml), and L-glutamine (2 mM) with either 10%
heat inactivated FCSor 10%pooled human ABserum. The DC:T ratio
was 1:5 to 1:10. 1 ml of the mixture at a density of 2 X 1O6 cells/ml was
cultured in 24 well flat bottomed tissue culture plates (Linbro Labora-
tories, Hamden, CT). At appropriate time points, the cells and me-
dium were gently resuspended and 0.2 ml of the culture was trans-
ferred to 96 multi-well flat bottomed plates and [3H]TdR (0.1 *Ci) was
added to each well 18 h before harvesting with a semiautomated multi-
ple sample harvester (Otto Hiller, Madison, WI) with glass fiber filters
in triplicates. Filters were resuspended in scintillation fluid for count-
ing in a beta scintillation counter (Beckman LS-230; Beckman Instru-
ments, Inc., Palo Alto, CA). In some AMLRexperiments, mitomycin
C (Sigma Chemical Co.) at 25 ug/ml 5 X 106 cells (60 min at 37°C) was
used to treat enriched DC populations. Results from the [3H]TdR
experiments were expressed as the difference between the DCplus T
proliferation minus the T proliferation alone. Proliferation in the DC-
enriched population was always minimal. Thymidine incorporation in
allo-MLR was 35,000±2,700 cpm [3H]TdR in four experiments. The
mean [3H]TdR incorporation for auto-MLR done with FCS was
22,000±12,000 cpm (eight experiments); and 5,024±1,834 cpm in
three studies where xenoantigen exposure was avoided.

On each day of harvest, additional samples were also taken out for
phase contrast and fluorescence microscopy analysis using various
MAbs staining on PLL-coated slides (see above). In MLRemploying
mixtures of cells from SF and blood there was sometimes an admixture
of DCfrom the two sources. This occurred most often in the combina-

4._7

Figure 1. SEMof a cluster taken from cul-
tured rheumatoid arthritis synovial fluid
mononuclear cells at 48 h. A centrally located
DCis embracing a various number of T cells
with its long de-ndritic prnoess (XS,00Mill
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Table III. Phenotype of SFMCells from Patients with Inflammatory Synovitis

Monoclonal antibodies*

Til 63D3 Bi Leu 7 LeuIlib Tac SC2 8C4

RA(20) 71±7 19±8 4±2 19±8 6±4 15±5 40±13 11±4
Non-RA (10)* 65±12 23±6 5±4 15±10 14±10 19±13 45±21 9±4

* T I 1, sheep erythrocyte receptor; 63D33, macrophages/monocytes; BI, B lymphocytes; Leu 7 and Leu I Ib, NKcells; Tac, IL-2 receptor; SC2,
anti HLA-DR; 8C4, anti HLA-DQ. Indirect fluorescence microscopy was used to determine percent positive. Includes Reiter's (3); psoriatic
(3); chronic monoarticular synovitis (3); gouty arthritis (I).

tion of PB DCwith SF T cells. However, SF DCcan be distinguished
by their size and morphology and clusters containing DC with this
appearance (seldom > 5% of the total) were excluded from analysis.

Activation of RA SFMby cytokines. Recombinant gamma inter-
feron (rIFN-gamma) was a gift from AmGenBiologicals (Thousand
Oaks, CA), purified natural interleukin (IL-i1) was purchased from
Cistron Technology (Pine Brook, NJ), and rIL-2 was provided by
Cetus Corp. (Emeryville, CA). rIFN-gamma (50 U/ml), IL-i1 (5 U/mi),
IL-2 (40 U/mi) or 5- 10% autologous or allogeneic SF was added to
SFMeither at the initiation of the cultures or after 48 h. Controls were
SFM cultured for 96 h in RPMI and an additional 5 or 10% FCS
adjusted to match the percentage of SF added in the experiments.

Results

Dendritic cells in blood and inflammatory synovial effusions.
Mononuclear cells (SFM) isolated from the synovial fluids of
more than 100 patients with various forms of acute and
chronic inflammatory arthritis were studied. A majority of the
samples came from patients diagnosed as having RA. DCcon-
stituted from 2 to 10% of the SFMpopulation in both RAand
inflammatory non-RA joint fluids. There was little difference
in the DC from either source when examined by phase con-
trast microscopy or by immunofluorescence microscopy for
surface antigens (see below). On the other hand, DCidentified
in peripheral blood (PB) are morphologically different from
their counterparts in synovial fluid. Blood DC are smaller,
have fewer and shorter dendritic processes, and constitute

-1.0% of the total circulating mononuclear cell population.
Their phenotype was similar to that of SF DCand both blood
DCand SF DC form clusters spontaneously when cultured in
vitro at 370C with autologous or allogeneic T lymphocytes.

Cluster formation in cultures of mononuclear cells from
inflammatory synovial effusions is unique to RA. When SFM
were observed after 48 h of in vitro culture, the cells from RA
patients demonstrated collections of lymphoid cells adhering
to a centrally located DC (Table II). A scanning electron mi-
crograph of a typical cluster seen after RASFMwere cultured
for 48 h reveals a centrally located DC embracing various
numbers of lymphocytes within long dendritic cytoplasmic
processes (Fig. 1). Transmission electron microscopy showed
evidence of increased surface interactions between a DCand
the surrounding lymphocytes (Fig. 2). The number of T cells in
the cluster was variable, ranging from 3 to 10 per DC. The
majority of the clusters had five to six lymphocytes per DC.

Knowing the number of mononuclear cells present at the start
of the culture (3.97±1.2 X 106/ml in 10 patients), the percent-
age of DC(4.9±2.6%) and the number of clusters per ml SFM
observed in a hemocytometer (0. 16±0.1 1 X 106/ml) it can be
calculated that 4 X 104 clusters form per starting 106 SFM, and
that the clusters contain considerably > 50% of the DCin SFM
and 5-8% of the available T lymphocytes.

Cluster reactions were not seen in fluids from any other
form of chronic inflammatory arthritis. This was surprising
because DCconstituted a greater percentage of the total SFM
in patients with psoriatic arthritis or Reiter's syndrome. In
these conditions one or two lymphocytes were occasionally in
contact with the DC's, but typical clusters were not seen. The
phenotype of the SFM in the two groups was the same and
there was an adequate representation of potentially reactive T
cells (Table III). The difference in cluster formation could not
be explained by treatment, because although the RA patients
were given many different drugs and combinations of drugs,
several individuals were studied before treatment was started.
Also many of the patients with chronic inflammatory non-RA
joint diseases were taking similar medications. At this time,
there is no explanation for the observed difference in cluster
formation between the two groups.

Phenotype of the cells in a cluster. Various monoclonal
antibodies were used to analyze the SFMand the constituents
of the clusters. All types of mononuclear cells were present in
the synovial fluid; in contrast only cells that were reactive with
monoclonal antibodies to T cells and NKcells were detected in
the clusters. While varying numbers of T lymphocyte activa-
tion markers were present in the background T cells, the clus-
tered T cells were devoid of Ia, the IL-2 receptor (Tac), VLA- 1,
and transferrin receptor (T9) (Table IV). Employing two-color
direct immunofluorescence microscopy, the T cells in individ-
ual clusters were observed to be both CD4and CD8. CD8cells
predominated, so the T4/T8 ratio in the clusters was
0.71±0.39. In almost every instance there were significantly
more CD4 cells in the lymphocytes comprising the starting
SFMpopulation (T4/T8 ratio = 1.26±0.60). Variable num-
bers of cells with an NKphenotype were the only other mono-
nuclear cell present in the clusters. 0-10O% of the cells in clus-
ters stained with the MAbLeu 1 l b. When the Leu 7 MAbwas
used, which detects a cell surface antigen expressed on some
NKcells, 20-50% of the clustered lymphocytes were positive.
Their numbers in the clusters did not correlate with the Leu
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Figure 2. Transmission electron micrograph of a cluster taken from cultured rheumatoid arthritis synovial fluid mononuclear cells at 48 h.
Note (inset) the increased surface interactions between DCand T cells, specialized cell junctions between DCand T cells were not found
(X 3,300, inset X 17,900).



Table IV. Phenotype of SFMCells and Clustered

Cell type MAbs

T cells T3
T4 (helper/inducer)
T8 (suppressor/cytotoxic)
Ti 1 (E-rosette receptor

associated)
NK Leu 7, Leu I lb (Fc IgG

receptor on NKcells)
B cells BI, B2, B7
Monocyte/macrophage 63D3, 3C10

T cell activation markers

Ia

IL-2 receptor
VLA
Transferrin/

Lymphoblasts

SC2 (HLA-DR) and 8C4
(DQ)

Tac
A- l AS, TS2/7, 12F1
T9

7/1 lb representation in the starting SFMpol
they constituted - 20% of the total. Furthermc
bearing cells in the clusters simultaneously disr
antigen. This was suspected initially when the t
T cells exceeded 100% and was confirmed i

neously a phycoerythrin labeled anti-Leu 7 a]
ated anti-T8 antibody.

The phenotype of synovial fluid DChas be
detail and reported elsewhere (21, 24). They are
class I and class II glycoproteins (Ia, HLA-DR
show light staining of the 1 55,000-D componc
receptor (CR3), as demonstrated with MAbOK
lar, infrequent dim fluorescence was observe&
with HB-5, a MAb that reacts with an epitoi
receptor; however, no reactivity was seen with
which recognizes the EBV receptor within the
Ki-Ml, an antibody reported to identify the
cells in the T cell rich area of lymph nodes, stai
vial fluid macrophages and DC. This antibod3
directed against the p150,95 leukocyte functioi
noted above, the clusters were analyzed with T
tor) and T9 (transferrin receptor) and neither ti
nor DCstained at 48 h. However, these antiger
DC-activated by cytokines or obtained from In
cultures after 96 h (see below).

Seven day kinetics of RA SFMclusters. I
cluster formation and disassembly was studie
RA SFMfor 7 d and examining the cluster pr
and 168 h. Early in the culture the lympho4
about DCsand reached a maximal size by 48 h.
lymphocytes in the clusters disengaged leading
in the number of clusters, but not the total nu
the culture. This was taken as evidence of the vi;
culture and speaks against any cytotoxicity d
During this period there was no significant char

T Cells ber of T4, T8, or Leu 7 positive cells in the cultures, but their
proportions in the clusters were modified slightly with the pas-

Presence or sage of time. Between 72 and 96 h, the percentage of DCs in
absence in: clusters was reduced from 50-60% to 25-30% and by 168 h,

Clusters SrFM only 20% of the DCexisted in clusters. The ratio of T4/T8 in
the background remained essentially unchanged throughout

+ + the entire 7-d culture. Overall, the number of T cells within the
+ + clusters fell. The loss was primarily in the CD8 population
+ + resulting in an apparent increase in the T4/T8 ratio (2.0 at 168
+ + h). The SFMclusters remained inert throughout the 7 d with-

out a change in T cell morphology or phenotype in the clusters
+ + as assessed by phase and immunofluorescence microscopy.

Consistent with these observations, there was no proliferation
o + detected by [3H]TdR uptake experiments at the end of the
0 + culture period (results not shown).

Clusters SIFM Characteristics of clusters formed in mixed leukocyte reac-
tions. The observation that the T4/T8 ratio in the RAsynovial

0 + fluid clusters did not reflect the make-up of the SF T cells and
the inert (nonprogressive) nature of the clusters raised a num-

0 + ber of questions. Are CD8 cells the predominant lymphocyte
0 + in any immunologic reaction involving human DC? Is the
o + quiescent (nonprogressive) nature of the clusters a characteris-

tic of all human DC-lymphocyte interactions? These questions
were addressed by analyzing the phenotype and kinetics of
clusters which formed in autologous and allogeneic mixtures
of PBM. Initially, isolated PBMwere cultured for 48 h under
conditions identical to those used in the synovial fluid studies.

pulation where Approximately 0.5-1% of the PBMwere Ia rich cells with a
)re, most Leu-7 distinctive morphology similar to the synovial fluid dendritic
played the CD8 cells. The peripheral blood cells formed clusters of four to six
-otal of NKand cells about a central DC with autologous lymphocytes. The
using simulta- predominant lymphocyte within the cluster is a CD4 cell, with
nd fluorescein- a T4/T8 ratio of 5.7 (Table V). After 72 h, individual T cells

within the clusters become elongated, enlarged, and acquired
en analyzed in cell surface Tac and/or T9 antigen. At 6 d, most of the blasts,
rich in surface mainly T4 staining cells, are seen in the background outside
and DQ) and the clusters (Fig. 3). Very similar results were obtained using

Dnt of the iC3b isolated autologous T and non-T cell populations enriched for
.M 1. An irregu- DC. To exclude a role for SRBCor calf serum xenoantigens
J on some DC the T cells and non-T population enriched for DC from the
pe on the CR2 same individual were isolated by gradient centrifugation and
the MAbB-7, cultured together in human AB serum (see Methods). Thymi-
CR2 complex. dine incorporation on the fifth day was 5,024±1,834 cpm in
interdigitating three experiments with cells from normal individuals. The

ined both syno- T4/T8 ratio (4.5) in the cluster, the appearance of Tac and T9
y appears to be on the clustered lymphocytes and the phenotype of the cells in
nal antigen. As the background were all similar to those observed in cultures
Iac (IL-2 recep- containing FCS. The difference between the auto-MLR done
ie lymphocytes in the presence or absence of xenoantigens can be seen in the
is were seen on proliferation assay. The presence of xenoantigen induced a
iixed leukocyte threefold increase of [3H]TdR uptake over those done without

xenoantigens such as FCS and SRBC. This is in agreement
rhe kinetics of with the observation that - 20% of the T cells are Tac and T9
d by culturing reactive by 7 days with FCS and with AB serum, - 5% of the
rofile at 48, 96, T cells are T9 positive by day seven.
cytes clustered Allogeneic MLRare similar to autologous MLR, except
Thereafter, the that the clusters contain larger numbers of lymphocytes (aver-
to a reduction age 7-8 per cluster), the lymphocytes appear more tightly

mber of DC in bound to the central DCand at 72 h almost all the T cells are
ability of DCin CD4 (Table V). In addition, the clusters develop slower in the
lirected at DC. allogeneic mixtures and the percentage of T cells which be-
ige in the num- come activated and form blasts is greater, consistent with the
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Table V. T4/T8 Ratio and Leu 7+ Cell Numbers in Clusters Taken from 48-h Cultures of SFM,
PBDC+ Autologous PBTand PBDC+ Allogeneic PBT

Clusters* Background$

SFMI Auto-MLR Allo-MLRI SFM Auto-MLR AIlo-MLR

T4:T8 0.71±0.39 5.70±1.5 70.0 1.26±0.60 3.04±1.0 3.88±2.5
%Leu 711 29.70±13.92 2.25±2.8 8±3 21.60±9.35 13.18±5.9 16.00±9.0

* The ratio of T4:T8 T cells in the clusters and the percent T cells in the clusters that were Leu 7+. * The ratio of T4:T8 and percent Leu 7
cells that were outside of the clusters. § T4:T8 - SFMfrom 20 individuals; auto-MLR from five individuals and allo-MLR from three individ-
uals. 11 Percent Leu 7 based on 10 individuals.

greater thymidine incorporation, and the majority of prolifer-
ating cells in the background were CD4. Initially, CD8 cells
were not seen in the clusters, but their numbers increased over
time so that the T4/T8 ratio was - 3 at the end of 7 d. Leu 7
staining cells were always infrequent. During the maturation
of the clusters, between the 48th and 96th h, a small percentage
of the DCwere seen to acquire cell surface IL-2 and transferrin
receptors. These results indicate that the clusters formed from
PBDCand T cells are immunoreactive units and the T cells in
these clusters are capable of undergoing morphological and
phenotypic changes associated with blastogenesis and these
changes correlate with the increase of proliferations by [3H]-
TdR uptake at 168 h.

Testing the immunocompetence of RA T cells and DC. To
exclude the possibility that RAsynovial fluid T cells are unre-
sponsive or that RA synovial fluid DCare ineffective stimula-
tors, T cells isolated from the blood of normal individuals or
RA patients were mixed with enriched SF DC populations.
The mixed leukocyte reactions were either autologous or allo-
geneic. As can be seen in Table VI, the T4/T8 ratios
(2.10±1.12 for auto-MLR and 3.46±1.65 for allo-MLR) were
somewhat less than observed in normal cell mixtures (Table
V), but the T cells in the clusters which formed were capable of
undergoing activation and blastogenesis in 48 to 72 h, and the
SF DC developed surface staining with anti-Tac or anti-T9
(Fig. 4). Essentially the same results were obtained in the re-
verse situation when isolated RA synovial fluid T cells were
cocultured with autologous or allogeneic blood DC(Table VI).
The SFT were activatable by PBDC. Because the mixing ex-
periments required coculture of isolated T and DCenriched
non-T fractions, it was necessary to determine whether syno-
vial fluid cells handled in a similar manner would respond
differently than unseparated mixtures. No such difference was
observed; the cluster profiles and T4/T8 ratios of isolated RA
SF T cells cocultured with DCenriched SF non-T cell fractions
were similar to unseparated SFM.

An additional opportunity to test the immunocompetence
of synovial fluid DCwas provided by a patient with the recent
reactivation of tuberculosis and joint effusions due to active
RA. The clusters that formed from SFMat 48 h in the absence
of antigen were similar to other RAclusters with a T4/T8 ratio
of 0.83. Over the next 96 h the T cells in the clusters showed no
evidence of progression to an activated state. In contrast (Fig.
5) when PPD was added to his SFMculture the clusters
formed were larger at 48 h and 53% of the clusters at that time
contained blastic cells of the CD4 phenotype. This did not
reflect activity of a separate set of DC, since every available DC

in the culture reacted in the same way with lymphocytes. No
activation was seen if PPDwas added to cultures of RASFM
from two nonsensitized individuals; the cluster T4/T8 ratio at
48 h was identical to the others; i.e., about 0.70 (results not
shown).

A variety of cytokines were added individually and in com-
binations to the SFMcultures. Neither IL-1, IL-2, nor IFN-
gammaintroduced at the initiation of the culture or after cells
had been in culture for 48 h caused any morphologic or phe-
notypic change in the T cells, although occasionally the DC
developed surface staining with anti-T9 or anti-Tac. However,
if 5-10% autologous or allogeneic synovial fluid was added to
the SFM cultures at 48 h, after the appearance of clusters,
activation and blastogenesis of CD4 occurred in - 5%of the
clusters. If a higher percentage of SFwas added at the initiation
of the cultures, however, clusters formed poorly and remained
inert. Experiments are in progress to further dissect this signifi-
cant observation.

Discussion

Cells analogous to the DC of rodents are found in human
blood and synovial effusions (10, 17, 18, 20, 21), but hereto-
fore the clustering between human DCand T lymphocytes has
not been analyzed. Almost all the available DC in cultured
peripheral blood form clusters at 24 to 48 h. These clusters
contain a central DC embracing 6 to 10 lymphocytes; two-
thirds or more are CD4-bearing cells, the remainder are
CD8+. Cells with NKmarkers are infrequent. Over the ensu-
ing 48 to 72 h the CD4 cells enlarge and acquire membrane
transferrin receptor. Subsequently, many of the cells in a clus-
ter show morphologic features of blast transformation and ac-
tivation; at this time similar appearing cells can be demon-
strated in the background. After 7 d of culture, the T cells
remaining in the cluster are smaller and occasional Leu
7+/NK cells are identified. In auto-MLR experiments using
populations enriched for autologous DCand T cells an identi-
cal sequence was observed. Furthermore, this was not an arti-
fact induced by xenoantigens; since experiments employing T
cells and DC, which were not exposed to sheep cells or fetal
calf serum gave similar results (see Results).

In allogeneic reactions, the clusters form slower, reaching a
maximum size after 72 h, and contain larger numbers of lym-
phocytes. Surprisingly, almost all are CD4 suggesting that the
expansion of CD8 CTL, a feature of allogeneic responses,
occurs via soluble mediators (work in progress) as suggested by
others (29, 30). The subsequent blast transformation and T cell
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Figure 3. Phase contrast micrographs at four different timepoints in
an auto-MLR with peripheral blood mononuclear cells. Clusters ap-
pear at 48 h and are looser than seen with synovial fluid DC(upper
left); at 72 h, blasts were detected in some of the clusters (upper

right); by 96 h many of the CD4 cells in the clusters were blasts
(lower left). At 168 h, the majority of the blasts were seen outside of
the clusters in the background (lower right).
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Table VI. SFDCAre Capable of Stimulating T Cells

Cell type Background T4/T8* Cluster T4/T8** Blasts/T9+ N P

SF DC+ auto SFT 1.26±0.60 0.71±0.39 - 20 <0.001
SF DC+ auto PBT 2.40±0.79 2.10±1.12 + 5 NS
SF DC+ allo PBT 2.39±0.87 3.46±1.65 + 10 <0.05
PB DC+ auto SFT 1.36±0.54 1.02+0.34 + 4 NS

Clusters are generated by mixing SF DCwith auto or allo peripheral blood T cells, or by mixing blood DCwith auto or allo SF T cells. N, the
number of experiments. PI Student t test. * T4/T8 ratio in SFMpopulation. * T4/T8 ratio of the cells embraced by a central DC.

activation is more dramatic than in the autologous response;
- 50% of the cells in the background are blasts at 1 wk. The

cluster reaction is an in vitro phenomenon, but because T cells
are always contaminated with a few DC, we cannot exclude
that a small percentage of DCare clustered in vivo in either
blood or synovial fluid.

Cultured RA SFMdiffer from the blood autologous and
allogeneic MLRin several ways. Spontaneous clusters form
efficiently within 48 h, but consistently show a T4/T8 ratio of
< 1.0. Most contain variable numbers of Leu 7+ cells. The
total of T4, T8, and Leu 7 cells in a cluster always exceeds
100%, suggesting a portion are double labeled. In fact, a major-
ity of the Leu 7 cells simultaneously display the CD8 marker.
The DC/T cell clusters formed from PBMbehave like immu-
nologic units, whereas the clusters from RASFMseem inert.
After 48 h in culture they slowly disassemble, without evidence
of T cell blast formation, and activation markets (transferrin
receptor, IL-2 receptor, or Ia) were not seen on either the T
cells or DC. The DCs remain intact, however, and can reform
clusters with the addition of fresh blood or synovial fluid T
cells (data not shown). These properties of the RASFMclus-
ters could reflect either a DCor a T cell abnormality. However,
the DCwhich were inert in autologous SF clusters supported a
near normal blastogenic response when cultured with autolo-
gous or allogeneic peripheral blood T cells, or allogeneic syno-
vial fluid T cells. Conversely, synovial fluid T cells could re-
spond to autologous blood DCor allogeneic blood or synovial
fluid DC, but in each instance the proportion of CD4 cells in
the cluster was less with SF elements than seen with mixtures
of whole blood cells. The progression to blastogenesis and the
appearance of T cell activation markers was also similar, al-
though a smaller number of cells showed these features. More-
over, the experiments in the patient with active tuberculosis
(see Results) indicate that synovial fluid DCare immunocom-
petent and can preferentially react with the appropriate T cells
when challenged with the correct antigen (PPD in this case).

The different responses of SF DCto autologous, allogeneic
and protein antigens might reflect reactions utilizing separate
populations of DC, especially in autologous reactions where
some DCwere not in clusters. Since we have no data on iso-
lated clusters this possibility cannot be excluded. However, in
the autologous response of untreated, newly diagnosed cases of
RA(three examples) almost every available DCwas clustered.
This was also the case in antigen driven (allo and PPD) re-
sponses. Therefore, there were no DCavailable to react with
other T cells. Moreover, each type of reaction has a character-
istic T4/T8 ratio and there was little variation in the ratio from
cluster to cluster. Such constancy would not be expected if the
clusters were forming simultaneously with functionally differ-

ent DCsubsets. A more likely explanation is that the same DC
engage separate sets of T cells, selected at least in part by the
stimulus (auto-, allo-, or antigen).

The failure of the T cells in RASFMclusters to proliferate
might reflect the presence of IL- 1 and IL-2 inhibitors (31).
Inflammatory synovial fluids do contain such inhibitors, but
they are generally weak and unlikely to block the concentra-
tions of interleukins used to stimulate the clusters. Although
the phenotype of clustered RA T cells was unaltered by the
addition of rIL- 1, rIL-2, or rIFN-gamma, alone or in combina-
tion, the interleukins did have some effect because the T cells
in the cluster increased in number and bound more tightly to
the DC. More surprising was the acquisition of surface T9 and
Tac on a portion of the interleukin treated DC. Similar alter-
ations were observed in isolated DC, making it unlikely that
these surface glycoproteins were transferred from T cells in the
cluster, but we cannot exclude a prior contact. Tac and T9
molecules were also seen after 48 h on DC in the clusters
formed in the allo-MLR.

NK play an important immunoregulatory role. Murine
DC-T cell clusters are the targets for NKinduced suppression
of T cell proliferation and a population of cells with dual
markers (NK and CD8) can block T cell dependent B cell
proliferation (32, 33). Leu 7+/T8+ cells are regularly found in
RAeffusions and synovial fluid clusters, but not within MLR
clusters made from blood cells of normals or rheumatoid pa-
tients. Similar double labeled cells are significantly increased
in the circulating mononuclear cells of patients with the ac-
quired immune deficiency syndrome, AIDS related complex,
and other-ongoing virus infections (34). A viral etiology of RA,
while attractive, is unproven (35). Perhaps in the rheumatoid
joint these cells serve to downregulate a potentially damaging
ongoing immune reaction by interacting with a constituent in
the cluster.

The T cells in RA synovial effusions respond poorly to
antigens and IL-2 and make lesser amounts of IL-2 and
gamma-interferon than normal blood lymphocytes when stim-
ulated. Although many have cell surface activation markers,
they generally lack detectable transferrin receptors, are small
in size and disproportionately more cells display Ia than IL-2
receptor (36-39). These attributes suggest that a portion of the
synovial lymphocytes were previously activated and now ap-
pear as memory cells (39). A dissection of the CD4population
in inflammatory joint effusions shows a conspicuous decrease
in the 2H4+ subset, which are suppressor inducers and are the
primary responding cell in the AMLR. Instead the predomi-
nant CD4 cell has the 4B4 phenotype of a memory cell (40,
41). Based on this information one might anticipate that the
CD4 cells in the RA SFMclusters would be primarily of the
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Figure 4. (A) Phase contrast micrograph showing three clusters in a
96-h allo-MLR culture (synovial fluid DC+ allo blood T). Note
some of the lymphocytes have increased in size, an indication of
blastogenesis. (B) Paired immunofluorescent micrograph showing

that two of the three clusters (upper and lower right) stain positive for
Tac. Note that the upper right DChas more Tac in the area facing
the T lymphocyte that is Tac positive (X 1,000).

Rheumatoid Arthritis Synovial Dendritic Cell-Lymphocyte Clusters 1741



Figure 5. Paired phase contrast micrographs (left panels) and fluores-
cent micrographs (right panels) of clusters taken at 48 h from a cul-
ture of synovial fluid mononuclear cells containing 2 Ag/ml of PPD.
The patient had RAand active TB. Note that only one DC(8C4

positive cell; upper right) is in the center of a cluster that is sur-
rounded by more than 10 T cells and that the T cell blasts in the
cluster stain with MAbT9 (lower right panel).
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Figure S (Continued)
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4B4 type. This is what we have found (preliminary observa-
tions).

A study of the properties of memory T lymphocytes iso-
lated from murine primary MLRby Inaba showed that the
lymphoblasts from these cultures became small in size, lost
responsiveness to IL-2, but retained reactivity to the original
alloantigen. In addition, such memory lymphocytes quickly
formed aggregates with syngeneic DC, but these clusters disas-
sembled within hours and failed to proliferate (4, 42) in a
manner analogous to the SF clusters. Thus, the inert nature of
the RA SFMclusters probably reflects both the paucity of T
cells in RAsynovial fluid that can respond to autologous stim-
ulation (2H4+ cells) and increased numbers of previously ac-
tivated (4B4+ memory) T cells. We cannot exclude subtle
defects in the DCof RA joint effusions, but believe they are
functional by virtue of their ability to cluster with and support
the proliferation of allogeneic or antigen-specific T cells. The
fact that the clusters proliferate when exposed to 10% autolo-
gous synovial fluid suggests that an antigen(s) may be responsi-
ble, but inflammatory joint fluids contain a number of mito-
gens and growth factors that could provide an alternative ex-
planation for the blastogenic response (36, 43). Weare not yet
able to choose between these alternatives, but hope to clarify
this important point.
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