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Here we clarified the morphology and phenotype of
interleukin (IL)-17- and interferon (IFN)-�-producing
cells in both in vitro and in vivo situations. Oligo-
clonal activation of normal peripheral blood mono-
nuclear cells with the superantigen Staphylococcus
aureus enterotoxin B and polyclonal activation with
phorbol myristate acetate/phytohemagglutinin were
used as in vitro models. This study was extended to
various in vivo situations such as rheumatoid arthri-
tis, dermatomyositis, and normal activated lymph
nodes. The phenotype of IL-17- and IFN-�-producing
cells was evaluated by immunohistochemistry using
the CD3 and CD4 T-cell markers, the CD20, CD38, �
and � light chain B-cell lineage markers. The expres-
sion of two chemokine receptors, CCR6 and CCR7,
involved with their associated ligands CCL20 and
CCL19/CCL21 in the migration of T lymphocytes, was
evaluated in tissue sections. After both polyclonal and
oligoclonal activation, IL-17� and IFN-�� cells ac-
quired a plasma cell-like morphology associated with
a high secretory activity, the reduced expression of
CD3, and no change of CD4 expression. In rheuma-
toid arthritis, dermatomyositis, and activated lymph
nodes, both IL-17- and IFN-�-producing cells had the
same morphology. These Th1 cytokine-producing
cells were CD4�- , CD3-, and B-cell lineage marker-
negative. In both in vitro and in vivo situations, ex-
pression of CCR6 or CCR7 was not associated with a
particular subset. In conclusion, activated T-helper
CD4� T cells, by their release of cytokines, seem to have
functional similarities with plasma cells secreting
immunoglobulins. (Am J Pathol 2004, 164:409–417)

T and B cells are the two actors of the immune response,
which interact with antigens and their derived peptides.1

After such activation, both T- and B-cell lineages are
characterized by a differentiation process. B cells inter-
nalize specific antigens via their surface immunoglobulin

receptors, process the antigen into peptides, which are
presented to T cells in the context of the B-cell class II
major histocompatibility complex (MHC). Terminal differ-
entiation of B cells results in the production of soluble
immunoglobulins by plasma cells, which have lost their
surface immunoglobulins.1,2 T cells are also character-
ized by the expression of antigen-specific T-cell receptor
(TCR) that is associated with the CD3 complex. As op-
posed to B cells, the TCR is not secreted as a soluble
form after TCR activation. However, T cells have the
capacity to secrete cytokines in response to antigen stim-
ulation. The nature of secreted cytokines led to the clas-
sification of T-helper cells into Th1 proinflammatory cyto-
kine-producing cells and Th2 anti-inflammatory cytokine-
producing cells.3 A Th1/Th2 imbalance with a local
predominance of Th1 cytokines can influence disease
mechanisms such as rheumatoid arthritis (RA).4

During studies on the characterization of Th1-produc-
ing cytokines, we noticed the plasma cell appearance of
some cytokine-producing T cells in RA synovium sec-
tions.5 To further clarify this subset, we decided to focus
on its morphology and phenotype in both in vitro and in
vivo situations. Activated Th CD4� T cells were defined
by the expression of two proinflammatory cytokines6 in-
terleukin (IL)-17 and interferon (IFN)-� using two in vitro
models. The first model is the stimulation with phorbol
myristate acetate (PMA) and phytohemagglutinin (PHA)
for 4, 24, and 48 hours leading to a polyclonal activation
of normal peripheral blood mononuclear cells (PBMCs).
The second model is the oligoclonal activation with the
superantigen Staphylococcus aureus enterotoxin B (SEB)
of normal PBMCs during 4 hours leading to the isolation,
by affinity matrix technology, of IFN-�-secreting CD4�

cell subsets.7–9 The characterization of IL-17- and IFN-�-
producing cells was performed by immunocytochemis-
try, confocal microscopy, and transmission electron mi-
croscopy and extended to various normal and abnormal
in vivo situations. We first looked at normal activated
lymph nodes and then at inflammatory diseases such as
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RA and dermatomyositis (DM). DM is an idiopathic in-
flammatory myopathy considered as a CD4-driven dis-
ease with the involvement of Th1 proinflammatory cyto-
kines.10,11 IL-17- and IFN-�-producing cells were defined
by immunohistochemistry using the CD3 and CD4 T-cell
markers. To study the migration patterns of these cells,
we looked at the expression of two chemokine receptors,
CCR6 and CCR7, involved with their associated ligands
CCL20 and CCL19/CCL21 in the migration of T lympho-
cytes.12–15 In RA synovium, we have already shown the
involvement of CCL20/CCR6 and CCL19-CCL21/CCR7 in
the migration of immature and mature DC subsets, re-
spectively.16

The results indicate that IL-17- and IFN-�-producing
cells acquire a plasma cell-like morphology associated
with a reduced expression of CD3 and the persistence of
CD4 after in vitro polyclonal and oligoclonal activation. A
similar morphology was observed in RA, DM, and acti-
vated lymph node sections. In these situations, Th1-cy-
tokine production was associated with a similar pheno-
type as in plasma cells producing immunoglobulins.

Materials and Methods

Collection of Samples

PBMCs were isolated by Ficoll-Hypaque gradient centrif-
ugation and resuspended in RPMI 1640 culture medium
(Invitrogen, Cergy-Pntoise, France) supplemented with
10% fetal calf serum (Invitrogen), penicillin/streptomycin
(5 �l/ml), and fungizone (2 �l/ml). Cells were cultured at
a concentration of 1 � 106/ml in complete culture me-
dium in six-well microtiter plates (Nunc, Roskilde, Den-
mark) and were stimulated or not for 4, 24, and 48 hours
with 5 ng/ml of PMA and 1 �g/ml of PHA. Cytospin-
centrifuged unstimulated and stimulated PBMCs were
fixed in 2% formaldehyde solution (Merck, Darmstadt,
Germany).

Synovial samples were obtained from patients with RA,
defined according to the revised criteria of the American
College of Rheumatology (formerly, the American Rheu-
matism Association).17 To assess inflammatory syno-
vium, samples were obtained from patients undergoing
knee or wrist synovectomy, and not at a late stage such
as for joint replacement. Muscle samples were obtained
from patients selected on the basis of the presence of an
inflammatory lesions typical of DM.18,19 Activated lymph
nodes were negative for lymphoma.

For detection of cytokine-producing cells, samples
were fixed in 4% phosphate-buffered paraformaldehyde
and then embedded in paraffin. Four-�m sections were
cut and mounted on glass slides. To detect antigen ex-
pression in paraffin-embedded sections, antigen retrieval
procedures were performed, including incubation in ei-
ther citrate buffer (10 mmol/L, pH � 6) or ethylenediami-
netetraacetic acid buffer (1 mmol/L, pH � 8) followed by
a microwave oven incubation for 3 minutes for three
times.

Stimulation of Normal PBMCs with
SEB—Isolation of IFN-�-Secreting Cells

Human PBMCs were isolated from fresh leukocyte filters
obtained from the local blood bank by Ficoll-Paque plus
(Amersham Biosciences, Sweden) density gradient cen-
trifugation. Cells were stimulated in six-well plates at a
density of 107 cells/ml with 1 �g/ml of SEB (Sigma-Al-
drich, Vienna, Austria) in RPMI medium containing 10%
human AB serum (PAA Laboratories, Vienna, Austria) at
37°C. For isolation of IFN-�-secreting cells, the affinity
matrix technology (Miltenyi Biotec, Cologne, Germany)
was applied according to the manufacturer’s protocol. In
brief, after 4 hours of culture, cells were washed, labeled
with IFN-� catch antibody, diluted with prewarmed me-
dium to 106 cells/ml, incubated for another 45 minutes at
37°C for cytokine secretion, washed, and labeled with
IFN-� detection (PE-coupled) antibody and surface mark-
ers CD4/CD8 (Becton Dickinson, Basel, Germany). For
magnetic enrichment, cells were incubated with anti-PE-
microbeads; magnetically labeled cells were separated
from unlabeled using LS�MACS-columns (Miltenyi Biotec).
For further purification, individual cell populations were
sorted by a Becton Dickinson fluorescence-activated cell
sorter (FACS-DIVA). Purity was checked on a FACScalibur
(Becton Dickinson). Isolated cell populations were
IFN-��CD4�, IFN-��CD4�, IFN-��CD4�, and IFN-
��CD4� SEB-stimulated cells and IFN-��CD4�, and
IFN-��CD4� unstimulated cells. Finally, cells were
washed once with cold phosphate-buffered saline (PBS)
and fixed in the presence of 2% formaldehyde solution.

Detection of Cytokine-Producing Cells by
Immunohistology

Paraffin-embedded sections of RA synovium, DM, and
normal activated lymph nodes were treated in xylene and
rehydrated in a gradient of ethanol (once in 99% ethanol,
once in 95% ethanol, and once in H2O). Endogenous
peroxidase activity was blocked with 3% hydrogen per-
oxide. The sections were then incubated with 5 �g/ml of
a goat polyclonal anti-IL-17 (R&D Systems Europe, Lon-
don, UK), or of a rabbit polyclonal anti-IFN-� antibody
(Genzyme, Cambridge, MA). In negative control sec-
tions, the primary antibodies were omitted or irrelevant
antibody (goat or rabbit serum) was applied at the same
concentration as the primary antibody. After overnight
incubation at 4°C and washing, the sections were incu-
bated with biotinylated mouse anti-goat IgG or mouse
anti-rabbit IgG antibodies for 30 minutes, followed by
streptavidin-peroxidase complex (DAKO, Glostrup, Den-
mark) for 15 minutes and 3,3� diaminobenzidine tetrahy-
drochloride (DAB) (DAKO) for 20 minutes. The sections
were then counterstained with Mayer’s hematoxylin.

For double staining with anti-IL-17 and anti-IFN-� anti-
bodies, paraffin-embedded sections were simulta-
neously incubated with biotinylated goat polyclonal anti-
IL-17 (R&D) and rabbit polyclonal anti-IFN-� (Genzyme)
antibodies. In negative control sections, one of the two
primary antibodies was omitted. After overnight incuba-
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tion at 4°C and washing, the sections were incubated
with streptavidin-fluorescein isothiocyanate (DAKO) and
CyaninIII goat anti-rabbit Ig (DAKO) throughout 45 min-
utes. The samples were then examined by fluorescence
microscopy.

Characterization of Cytokine-Producing Cells in
RA Synovium and in PBMCs

To clarify the morphology and phenotype of IL-17- and
IFN-�-producing cells, double-labeling experiments were
performed by first staining for cytokines, followed by
immunophenotyping for T-cell markers with mouse mono-
clonal anti-CD3 (DAKO), and anti-CD4 (Novocastra,
Newcastle, England), for B-cell markers with anti-CD20
(DAKO), anti-CD38 (DAKO), anti-� (Eurodiagnostica,
Arnhem, The Netherlands), and anti-� (Eurodiagnostica),
and for chemokine receptors with anti-CCR6 (R&D Sys-
tems), and anti-CCR7 (Becton-Dickinson) antibodies. Af-
ter staining for IL-17 or IFN-� as described above, incu-
bation with one of these monoclonal antibodies was
performed, then purified rabbit anti-mouse IgG (DAKO)
and mouse alkaline phosphatase anti-alkaline phospha-
tase (DAKO) were applied. Alkaline phosphatase was
revealed using Fast Blue as chromogen (blue color; Vec-
tor Laboratories, Peterborough, UK). Quantification of
positive cells on cytospin slides was performed using a
Lucia image analyzer (Nikon, France).

To further clarify the phenotype of cytokine-producing
cells, immunofluorescence techniques were performed
using PE-anti-IL-17, or PE-anti-IFN-� (R&D Systems) and
fluorescein isothiocyanate-anti-CD3, -anti-CD4, -anti-
CCR6, or -anti-CCR7 antibodies (DAKO). Fluorescent im-
ages were observed under a laser-scanning confocal
microscope (Leica TCS SP2).

For electron microscopic examination, the sorted cells
were quickly washed in PBS, and immediately fixed with
4% paraformaldehyde and 2% glutaraldehyde. The cells
were postfixed with 1% OsO4 for 2 hours, alcohol-dehy-
drated, and embedded in EPON. Thin sections were
collected on nickel grids and stained with uranyl acetate
and lead citrate. The prepared samples were observed
under a transmission microscope.

Measurement of IL-17 and IFN-� Levels on
PBMC Supernatants

IL-17 and IFN-� were measured by two-site sandwich
enzyme-linked immunosorbent assay. Supernatants or
serial dilutions of IFN-� standard (Schering-Plough Re-
search Institute) were incubated for 60 minutes at 20°C in
96-well microtiter plates (Nunc), which were coated over-
night at 4°C with the mouse A35 anti-IFN-� monoclonal
antibody, and saturated for 60 minutes with PBS-0.05%
Tween 20 to 5% bovine serum albumin. After washing, a
biotinylated mouse B27 anti-IFN-� monoclonal antibody
(60 ng/ml) was added and cultures were incubated for 90
minutes at 20°C. After subsequent incubation with per-
oxidase-coupled streptavidin and visualization with or-

thophenylenediamine (Sigma), the plates were read at
492 nm. Levels of IL-17 in PBMC supernatants were
measured by enzyme-linked immunosorbent assay
(Medgenix IL-17 cytoscreen assay; BioSource Europe
S.A., Nivelles, Belgium). The plates were read at 450 nm.
Sensitivity of the assay was 2 pg/ml.

Results

The Th1-Producing T Cells Acquire a Plasma
Cell-Like Morphology after in Vitro Activation

We first used a polyclonal activation with PMA and PHA.
Normal PBMCs were stimulated with PMA (5 ng/ml)/PHA
(1 �g/ml) for 4, 24, and 48 hours. Immunostaining using
anti-IL-17 and anti-IFN-� antibodies was performed on
cytospin slides. Both IL-17- and IFN-�-producing cells
after 4 hours of stimulation had a T-cell phenotype with a
central large nucleus and a reduced cytoplasm (Figure 1,
A and B, respectively). After 24 hours of stimulation,
some IL-17- and IFN-�-producing cells had a plasmacy-
toid-like appearance with a remote nucleus in a large
cytoplasm (Figure 1, C and D, respectively). After 48
hours, all Th1 cytokine-producing cells had acquired this
plasma cell-like morphology (Figure 1, E and F).

At the same time, we investigated the profile of secre-
tion of both cytokines as measured by enzyme-linked
immunosorbent assay in the same culture supernatants.
In all supernatants of unstimulated PBMCs, no production
of IL-17 or IFN-� was detected. When PBMCs were stim-
ulated, both cytokines were detected in culture superna-
tants after 4, 24, and 48 hours. The profile of secretion
was quite similar for IL-17 and IFN-� (Table 1), with a
time-dependent enhanced concentration. However, the
concentrations of IFN-� were approximately threefold
higher than those of IL-17 (IFN-�, mean � SEM, 24.3 �
5.9 ng/ml versus IL-17, 7.4.� 1.9 ng/ml), sevenfold
(IFN-�, 70 � 8.2 ng/ml versus IL-17, 9.8.� 0.7 ng/ml), and
10-fold (IFN-�, 168 � 11.4 ng/ml versus IL-17, 17.8 � 0.3
ng/ml) after 4, 24, and 48 hours, respectively. When
combined with the cell appearance described above, the
time-dependent enhanced concentrations of IL-17 and
IFN-� in PBMC supernatants was linked to the acquisition
of the plasma cell-like morphology.

After taking into account the levels of IL-17 and IFN-�
in PBMC culture supernatants, the production of IL-17
and IFN-� at a single-cell level was estimated by quanti-
fying the number of IL-17� and IFN-�� cells on cytospin
slides using a Lucia image analyzer (Table 1). In the
same way, a time-dependent enhanced production was
observed at a single-cell level. In parallel with the acqui-
sition of the plasma cell-like morphology, the single-cell
production of IFN-� (from 1.4 to 3 pg) and IL-17 (from 1.6
to 2.5 pg) was up-regulated (Table 1). Thus, the differ-
ence in levels in supernatants between the two cytokines
was related to a difference in cell frequency, the produc-
tion per cell remaining identical for each cytokine.

Next, PBMCs were exposed to an oligoclonal activa-
tion with the superantigen SEB. Normal PBMCs stimu-
lated or not with the superantigen SEB were selected
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according to the expression of IFN-� and CD4 using the
affinity matrix technology and purified by fluorescence-
activated cell sorting into the four subsets expressing or
not IFN-� and CD4. After such purification, staining with
anti-IL-17 antibody was performed on six different cell
populations: IFN-��CD4�, IFN-��CD4�, IFN-��CD4�,
and IFN-��CD4� SEB-stimulated cells and IFN-
��CD4�, IFN-��CD4� unstimulated cells.

As observed with polyclonal activation after 4 hours of
stimulation, the predominant morphology of the IL-17�
and IFN-�� cells was that of a classical T-cell phenotype
with a large nucleus in a reduced cytoplasm (Figure 1, G
and H, respectively). IL-17 was detected in both IFN-
��CD4� and IFN-��CD4� SEB-stimulated cells but not
in IFN-��CD4�, and IFN-��CD4� SEB-stimulated cells
and IFN-��CD4�, IFN-��CD4� unstimulated cells (data
not shown). Transmission electron microscopy analysis
of sorted cells showed that IFN-��CD4� cells (stimu-
lated or not) had the same classical T-cell morphology
(Figure 1I). After 4 hours of stimulation, most of the IFN-
��CD4� cells showed this T-cell morphology. However,
some IFN-��CD4� cells stimulated with SEB for 4 hours
showed a plasmacytoid-like appearance with a remote
nucleus in a large cytoplasm (Figure 1, J and K).

The Th1-Producing T Cells Lose the Expression
of CD3 but Not that of CD4 after Oligoclonal
and Polyclonal Activation

To clarify the phenotype of IL-17- or IFN-�-producing
cells, double staining with anti-IL-17 or anti-IFN-� and
anti-CD4 or anti-CD3 antibodies were performed on ac-
tivated PBMCs after 4, 24, and 48 hours of stimulation
with PMA/PHA. CD3 was still expressed on IL-17� and
IFN-�� cells after 4 hours of stimulation (Figure 2, A and
B). This expression decreased after 24 hours (Figure 2C)
and was not detected anymore after 48 hours of stimu-
lation on both IL-17- and IFN-�-producing cells (Figure 2,
D and E), whereas that of CD4 did not change (Figure 2;
F to I, respectively).

Similarly, expression of CD3 on IFN-��CD4� and IFN-
��CD4� cell subsets, after 4 hours of stimulation with the
superantigen SEB, started to decrease on IFN-��CD4�

cell subset (Figure 2J) as indicated by the lower staining
intensity when compared to that of CD3 staining on IFN-
��CD4� cell subset (Figure 2K).

This study was further extended by a fluorescence-
activated cell sorting analysis looking at the kinetics of
CD3 expression from 0 to 6 hours after SEB stimulation of
CD4� T cells. The dot-plot image in Figure 3 shows CD3
expression versus IFN-� staining gated on CD4� cells
isolated from PBMCs stimulated from 0 to 6 hours. Pro-
gressive loss of CD3 expression was observed in both
IFN-�� and IFN-�� subsets but was particularly clear for
the IFN-�� subset. At 6 hours, 37% of IFN-��CD4� cells
(2.93 of 6.98) were CD3-negative versus 8% for the
IFN-�� cells (Figure 3).

Figure 1. IL-17- and IFN-�-producing cells acquire a plasmacytoid-like mor-
phology after 4 hours of polyclonal activation with PMA/PHA and oligoclonal
activation with SEB. Immunostaining using anti-IL-17 and anti-IFN-� antibod-
ies (DAB, brown) were performed on PBMCs stimulated with PMA/PHA for
4, 24, and 48 hours or with the superantigen SEB for 4 hours. After 4 hours
of polyclonal activation, IL-17� and IFN-�� cells had both a T-cell pheno-
type (A and B, respectively). After 24 hours, IL-17- and IFN-�-producing cells
had predominantly a plasmacytoid-like appearance (C and D, respectively).
After 48 hours, all Th1-producing cells presented this plasma cell-like mor-
photype (E and F). After oligoclonal activation, IL-17� cells and IFN-�� cells
had a classical T-cell phenotype (G and H, respectively). Transmission
electron microscopy analysis of sorted cells showed that IFN-��CD4� cells
(stimulated or not) had the same classical T-cell morphology (I). After 4
hours of stimulation, most of the IFN-��CD4� cells showed this T-cell
morphology. However, some IFN-��CD4� cells stimulated with SEB for 4
hours showed a plasmacytoid-like appearance with a remote nucleus in a
large cytoplasm (J and K). Original magnifications: �1000 (A–H); �4000
(I–K).

412 Page et al
AJP February 2004, Vol. 164, No. 2



The Th1-Producing Cells in Activated Lymph
Nodes and Inflammatory Diseases

This in vitro activation may represent an artificial situa-
tion, in particular not representing the cell-cell interac-
tions observed in vivo, in lymphoid organs and local
inflammatory lesions. Accordingly, we compared the
phenotype observed after in vitro activation to that
found in sections of activated reactive lymph nodes,
RA synovium, and DM.

In activated lymph nodes, IL-17 or IFN-�� cells were
detected in the T-cell zone out of germinal centers (Fig-
ure 4A). Both subsets had the plasmacytoid-like morphol-
ogy described in vitro (Figure 4A, inset). In RA synovium,
when studied at high magnification, the IL-17- and IFN-
�-producing cells had exactly the same plasma cell-like
morphology as observed for PBMCs activated with PMA/
PHA for 24 and 48 hours (insets of Figure 4, B and C,
respectively). These cells were either isolated (Figure 4B) or
accumulated as part of a lymphocytic infiltrate (Figure 4C).

In DM sections, IL-17- or IFN-�-producing cells were
detected in lymphocytic infiltrates in the endomysium
(Figure 4D) but at a lower frequency compared to RA
synovium. These cells also had a plasma cell-like mor-
phology (Figure 4D, inset).

To further characterize the Th1 cytokine-producing T
cells in RA synovium, double staining was performed with
anti-IL-17 or anti-IFN-� and anti-CD3 or anti-CD4 antibod-
ies. Here again, IL-17- and IFN-�-producing cells ex-
pressed CD4 (Figure 4E) but not CD3 (Figure 4F), as
observed with PBMCs activated for 24 hours.

As plasma cells are commonly found in these in vivo
situations, double staining for cytokines and B-cell lin-
eage markers was performed using CD20 as a B-cell
marker and CD38, �/� light chains as plasma cell mark-
ers. Double staining with anti-IL-17 or anti-IFN-� and
anti-CD20, CD38, �/� light chains showed that none of
the IL-17� or IFN-�� cells expressed B/plasma cell
markers (Figure 4; G to J, respectively). These results
excluded B cells and plasma cells as IL-17- or IFN-�-
producing cells.

Co-Expression of IL-17 and IFN-� in RA
Synovium

Double staining of RA synovium sections with anti-IL-17
and anti-IFN-� antibodies indicated that some cells could
be expressing at the same time both IL-17 and IFN-� (as
indicated by the arrows in Figure 4, K and L, respec-
tively), or IFN-� but not IL-17 (Figure 4L, arrowheads). On
the contrary, cells secreting IL-17 alone and not IFN-�
were not observed (Figure 4, K and L). However, simul-
taneous secretion appeared to be a rare event when
compared to a single secretion of IFN-�. Such profile of
secretion was also observed in IFN-�-producing cells
isolated after stimulation with SEB. Staining with anti-
IL-17 on these IFN-��-isolated T cells showed that some
IFN-��CD4� T cells can also produce IL-17 (Figure 1G).

Some of the IL-17- and IFN-�-Producing Cells
Express the Chemokine Receptors CCR6 and
CCR7 after Oligoclonal and Polyclonal
Activation and in RA Synovium

Migration of T cells toward inflammatory sites is under the
control of chemokines acting on membrane receptors.
Accordingly, we focused on the expression on IL-17- and
IFN-�-producing cells of two chemokine receptors, CCR6
and CCR7, known to be involved with their associated
ligands CCL20 and CCL19/CCL21 in the migration of T
cells. After stimulation with PMA/PHA for 4, 24, and 48
hours and whatever the duration of stimulation, some
IL-17 and IFN-�-producing cells could express the CCR6
receptor [Figure 5, A (arrow) and G]. However, this was
not a subset marker because some IL-17- and IFN-�-
producing cells did not express CCR6, and some
CCR6� cells did not produce IL-17 or IFN-� (Figure 5, A
and G). As for CCR6, double staining with anti-IL-17 or
anti-IFN-� and anti-CCR7 antibodies revealed the pres-
ence of CCR7�Th1-producing cells [Figure 5, B (arrow)
and H], CCR7-Th1-producing cells and CCR7� cells
nonproducing IL-17 or IFN-� (Figure 5, B and H). Double

Table 1. Estimation of Single-Cell Production of IFN-� and IL-17

Duration of cultures

4 hours 24 hours 48 hours

Concentrations of cytokines in PBMC
supernatants (1 � 106 cells/ml) (ng/ml)

IFN-� 24.3 � 5.9 70 � 8.2 168 � 11.4
IL-17 7.4 � 1.9 9.8 � 0.7 17.8 � 0.3

Number of cytokine-producing cells on cytospin
slides (n � 5) (2.105 cells per slide)

IFN-� 4103 � 402 10217 � 421 11100 � 350
IL-17 1108 � 116 1200 � 190 2205 � 180

Single-cell production of cytokines (pg)
IFN-� 1.1 1.4 3
IL-17 1.3 1.6 2.5

PBMCs were stimulated for 4, 24, or 48 hours with PMA (5 ng/ml) and PHA (1 �g/ml). Cytokine levels were measured in the supernatants by ELISA.
The number of IL-17� and IFN-�� cells on cytospin slides was evaluated using the Lucia image analyzer.
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Figure 2. The Th1-producing T cells lose the expression of CD3 but not that of CD4 after oligoclonal and polyclonal activation. Double staining using anti-IL-17
or anti-IFN-� (brown) and anti-CD4 or anti-CD3 antibodies (blue) were performed in the two in vitro models. After 4 hours of stimulation with PMA/PHA, IFN-��
cells express the CD3 marker (A and B). After 24 hours, the lack of CD3 expression on IFN-�-producing cells (C) was also observed after 48 hours (D and E).
Double staining using anti-IL-17 (brown) and anti-CD4 (blue) shows that IL-17-producing cells express the CD4 after 4, 24, and 48 hours (F, G, H, and I,
respectively). After 4 hours of stimulation with the superantigen SEB, the expression of CD3 is still present on IFN-��CD4� cell subset (J) but with a lower staining
intensity when compared to that of CD3 staining on IFN-��CD4� cell subset (K). Original magnifications, �1000.
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staining using anti-IL-17 and anti-CCR6 or anti-CCR7
antibodies of IFN-�-producing CD4� T cells stimulated
with SEB showed that some IL-17�IFN-��CD4� T cells
expressed CCR6 and CCR7 [Figure 5, C and D (arrows),
respectively].

Figure 4. In normal activated lymph nodes, RA synovium, and DM, Th1-
producing cells presented a plasma cell-like morphology. In RA synovium,
these Th1 plasmacytoid-like-producing cells still express the CD4 but not the
CD3 and B/plasma cell markers. In RA synovium, some of the IFN-�� cells
can express IL-17. Immunostaining using anti-IL-17 and anti-IFN-� antibodies
(DAB, brown) were performed on normal activated lymph nodes, RA syno-
vium, and DM paraffin-embedded sections. In activated lymph nodes, IL-17
or IFN-�� cells detected in the T-cell zone out of germinal center (A) have
a plasma cell-like morphology (A, inset). In RA synovium, the IL-17- and
IFN-�-producing cells presented the same morphology (insets of B and C,
respectively). IL-17� cells and IFN-�� cells were either isolated (B) or part
of a lymphocytic infiltrate (C). In DM-, IL-17-, or IFN-�-producing cells
detected in lymphocytic infiltrates in the endomysium (D) presented also a
plasma cell-like morphology (D, inset). Double staining using anti-IL-17 or
anti-IFN-� (AEC, red) and anti-CD4 or anti-CD3 antibodies (Vector blue,
blue) were performed on RA sections. IL-17� cells express the CD4 marker
(E) but not the CD3 (F). Double staining for IL-17 or IFN-� (red) and CD20,
CD38, � or � light chains (blue) showed that none of the IL-17- or IFN-�-
positive cells was expressing CD20, CD38, � or � light chains (G to J,
respectively). Same sections of RA synovial tissue were incubated with
anti-IL-17 and anti-IFN-� and stained using the immunofluorescence tech-
nique (K and L, respectively). Some cells could be expressing at the same
time both IL-17 (fluorochrome fluorescein isothiocyanate, green) and IFN-�
(fluorochrome CyaninIII, red) as indicated by the arrows in K and L. These
experiments also showed that some cells secreting IFN-� were not secreting
IL-17 as indicated by the arrowheads in L. Original magnifications: �400
(A–D, F–L); �1000 (E and insets in A–D).

Figure 3. Kinetic of CD3 and IFN-� expression on CD4� T cells after
oligoclonal activation with SEB. Using a FACS analysis, the CD3 kinetics
(detected with anti-CD3-fluorescein isothiocyanate) were evaluated from 0
to 6 hours on SEB stimulation on CD4 T cells in combination with IFN-�
staining (detected with anti-IFN-�-PE). The dot-plots display CD3 versus
IFN-� staining gated on CD4� cells isolated from PBMCs stimulated from 0 to
6 hours. The loss of CD3 expression on CD4� T cells is time-dependent and
associated with that of IFN-� apparition.
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A similar observation was made with RA synovium.
CCR6 was expressed by IL-17� and IFN-�� cells (Fig-
ure 5E, arrow) such as IL-17� and IFN-�� cells (Figure
5E). Similarly, CCR7 was observed in Th1 cytokine-pro-
ducing cells (Figure 5F, arrow) such as IL-17� and
IFN-�� cells (Figure 5F), indicating that the chemokine
receptors do not delineate Th1-secreting cell subsets.

Discussion

This study was initiated after our initial observation of the
contribution of IL-17 to the pathogenesis of RA.5 We were
impressed by the plasma cell-like appearance of IL-17-

producing cells. Using clones of T cells obtained from the
synovium, we were able to link IL-17 production to the
Th1 profile,5,6 with a particular proinflammatory and de-
structive pattern associated with IL-17 secretion.20 Here
we show that this phenotype can be induced in vitro and
is indeed associated with cytokine production.

First, we focused on the phenotype and morphology of
IL-17- and IFN-�-producing cells in normal PBMCs after
polyclonal and oligoclonal activation. This study was ex-
tended to normal activated lymph nodes and to inflam-
matory diseases such as RA and DM. We looked at the
expression by immunohistochemistry of the CD3 and
CD4 T-cell markers, the CD20, CD38, � and � B-cell
lineage markers, and the chemokine receptors CCR6
and CCR7.

A classical T-cell morphology was observed in IL-17-
and IFN-�-producing cells when stimulated for a short-
time period (4 hours) with PMA/PHA or with the superan-
tigen SEB. Later, when studied at high magnification,
IL-17- and IFN-�-producing cells showed a plasma cell-
like morphology, with a remote nucleus in a large cyto-
plasm, in activated PBMCs stimulated with PMA/PHA for
24 and 48 hours and also in normal activated lymph
nodes, RA, and DM. These IL-17- or IFN-�-producing
cells looked like but were not plasma cells, as indicated
by the lack of expression of the CD20 B-cell marker, and
the CD38, � and � light chain plasma cell markers. For B
cells, the acquisition of the plasma cell morphology has
been associated with the start of immunoglobulin produc-
tion. In the same way, the time-dependent enhanced
concentrations of IL-17 and IFN-� in PBMC supernatants
measured by enzyme-linked immunosorbent assay was
linked to the acquisition of the plasma cell morphology.
As for B cells, the plasmacytoid appearance of Th cells
was associated with a secretory activity of cytokines in
this case. When expressed at a single cell level, produc-
tion of IFN-� or IL-17 was identical, and differences in
supernatant levels were explained by a higher frequency
of IFN-�- or IL-17-producing cells.

Regarding the expression of the CD3 T-cell marker,
IL-17- and IFN-�-producing cells still express CD3 until 4
hours of polyclonal or oligoclonal activation. But after 24
and 48 hours of stimulation with PMA/PHA, IL-17- or
IFN-�-producing cells lose the CD3 as also observed in
normal activated lymph nodes, RA synovium, and DM.
There was a link between the reduced expression of CD3
and the plasma cell morphology of Th1� cells. At 4 hours
of stimulation, the classical T-cell morphology was asso-
ciated with the expression of CD3, which disappeared
with the appearance of the plasmacytoid-like morphology
after 24 hours. As for the acquisition of the plasma cell
morphology, a parallel can be drawn between B- and
T-cell lineages regarding the expression of molecules on
their membrane. When B cells become plasma cells, they
lose their membrane immunoglobulin and start to se-
crete. Here for Th1 cells, the plasmacytoid-like appear-
ance was associated with the loss of CD3 expression. As
opposed to B cells, the TCR is not secreted as a soluble
form after TCR activation. The TCR loss would imply a
loss of interactions with antigen-presenting cells, after
TCR activation. This lack of interaction could result in the

Figure 5. Some of the IL-17� or IFN-�� cells can express the chemokine
receptors CCR6 and CCR7 after oligoclonal and polyclonal activation and also
in inflammatory diseases such as RA. Double staining using anti-IL-17 or
anti-IFN-� (DAB, brown) and anti-CCR6 or anti-CCR7 antibodies (Vector
blue, blue) were performed on PBMCs stimulated with PMA/PHA for 4, 24,
and 48 hours or with the superantigen SEB for 4 hours. After polyclonal
activation and whatever duration of stimulation, some of the IL-17� cells
express the CCR6 receptor as indicated by the arrows in A and G. However,
two other subsets were detected: IL-17�CCR6� and IL-17-CCR6� (A and G).
As for CCR6, double staining using anti-IL-17 and anti-CCR7 antibodies
revealed the presence of IL-17�CCR7� (arrow), IL-17�CCR7� and IL-17-
CCR7� subsets (B and H). Staining on IFN-��CD4� isolated cells showed
the same pattern of CCR6 and CCR7 expression (C and D, respectively).
Double staining using anti-IL-17 or anti-IFN-� (AEC, red) and anti-CCR6 or
anti-CCR7 antibodies (blue) were performed in RA synovium sections. IL-
17� cells have the same pattern of CCR6 and CCR7 expression (E and F,
respectively). Original magnifications: �1000 (A–D, G, H); �400 (E, F).
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persistence of the release of Th1 cytokines perpetuating
then the inflammatory and destructive processes in RA or
DM.

When we compared the in vitro models with the in vivo
situations, we observed the same pattern in RA and on
PBMCs stimulated with PMA/PHA for 24 and 48 hours.
The level of activation in RA appears to be equivalent to
a strong stimulation with PMA (5 ng/ml)/PHA (1 �g/ml)
during 24 hours. In normal activated lymph nodes and
inflammatory diseases such as RA and DM, the cytokine
microenvironment and cell interactions leading to Th cell
activation are potent contributors to chronicity.

Migration of T cells is critical in the pathogenesis of RA
and DM. Thus we looked at the expression of two che-
mokine receptors CCR6 and CCR7 on IL-17- or IFN-�-
producing cells in both in vitro and in vivo conditions. In
both situations, only some IL-17� cells express the CCR6
or CCR7 receptors indicating that these receptors are not
subset markers of T helper cells. This reflects also the
heterogeneity of chemokine receptor expression on ef-
fector T cells, as observed in another in vitro study looking
at such expression on PBMCs stimulated with PMA and
ionomycin for 4 hours.21 It has been shown also that the
in vitro migration of human and murine CD4�- IFN-�-,
IL-4-, and IL-10-producing cells were comparable to that
of naı̈ve CD4� cells in response to CCL19 and CCL21.22

This indicates that CCR7 is also expressed on activated
CD4� T cells.22 In RA synovium, the close association
between CCL21 and CCL20 with IL-17�CCR7� and IL-
17�CCR6� cells, respectively, suggests the contribution
of CCL21 and CCL20 to the migration of CCR7� and
CCR6� Th1-producing cells into RA synovium.

In conclusion, Th1-producing cells are rather rarely
found in normal activated and inflammatory conditions.
As for plasma cells compared to B cells, their differenti-
ation into producing cells implies an important secretory
activity at a single level.23,24 Despite such low distribu-
tion, IL-17- and IFN-�-producing cells, with this plasma
cell-like morphology can still represent major actors of
the inflammatory and destructive processes in inflamma-
tory diseases. This makes proinflammatory cytokine-pro-
ducing T cells a potential therapeutic target.
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