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I

nterleukin-17 has recently been characterized as the human
counterpart of mouse CTLA-8 and has been shown to stimulate epithelial, endothelial, and fibroblastic cells to induce
expression of IL-6, IL-8, granulocyte-macrophage-CSF and PGE2
(1, 2). CD41 Th cells produce IL-17, but it is still uncertain
whether all CD41 cells or a subset of these produce IL-17. Th cells
can be divided into Th1 and Th2 subtypes according to their cytokine profiles and have different functional properties (3). Th1
cells produce IFN-g, IL-2, and TNF-b, which induce cellular immunity and production of proinflammatory cytokines. Th2 cells
produce IL-4, IL-5, IL-6, IL-10, and IL-13 and favor B cell-mediated humoral immunity and antiinflammatory cytokine patterns
(4). Various membrane markers have been proposed as being able
to specifically dissociate Th1 from Th2 types. In particular, the
chemokine receptor CCR3 appears to be selectively expressed on
Th2 but not Th1 cells (5, 6). Th1- and Th2-type responses not only
play different roles in protection but also can promote different
immunopathological reactions. Chronic inflammatory diseases are
often Th1 mediated (7), and, similarly, IgE-associated allergic diseases are often related to Th2 responses.
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Rheumatoid arthritis (RA)3 is characterized by dense lymphoid
infiltrates in the synovial membrane associated with progressive
tissue destruction (8, 9). The synovium is highly infiltrated by
CD41 Th cells (10) that can influence the disease mechanisms in
RA by the regulatory role of Th1 and Th2 cells (11–13). In the RA
synovium, Th1 cells are predominant, but Th2 cells and their common precursor Th0 cells can also be found (14 –16). Despite a high
number of T cells in the synovium, concentrations of the T cell
cytokines IFN-g and IL-4 are quite low, and how these T cells
contribute to the inflammation and joint damage is not completely
understood (17, 18).
Recent studies have found a high concentration of IL-17 expressed and produced by the RA synovium (19, 20). Moreover,
proinflammatory cytokines like IL-1, IL-6, and TNF-a can be detected in high levels in the inflammatory synovium (21, 22), and
both TNF-a and IL-1, when in combination with IL-17, increase
IL-6 secretion by synoviocytes in a synergistic fashion (19). To
better understand the local inflammatory processes in RA synovium, we have investigated the cellular origin of the new proinflammatory cytokine IL-17, in relation to IFN-g, IL-4, and IL-10.
The aim of this study was to clarify whether Th cells in the synovium produce IL-17 and whether this production can be associated
to a particular Th cell subset. Therefore T cell clones were developed from synovial membranes and fluid of RA patients and analyzed for their capacity to secrete IL-17, IFN-g, IL-4, and IL-10
after stimulation. In addition, we analyzed for conditions able to
induce IL-17 secretion.
The results demonstrate on a clonal level that IL-17 is produced
by some CD41 T cells that are exclusively of the Th1/Th0 type
and not of the Th2 type (23). Consequently, these IL-17-producing
Th1/Th0 cells may define a new subset of proinflammatory Th1/
Th0 cells. In line with these observations, IL-17 production can
also be induced in some cells that have switched from Th2 to Th1.
3
Abbreviations used in this paper: RA, rheumatoid arthritis; JRA, juvenile rheumatoid arthritis; ST, synovial tissue; SF, synovial fluid; NSAID, nonsteroidal antiinflammatory drug; BCG, bacillus Calmette-Guérin; PE, phycoerythrin.
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IL-17 is defined as a proinflammatory cytokine and produced by activated CD41 T cells. In rheumatoid arthritis synovial tissue,
high levels of IL-17 contribute to IL-6 production by synoviocytes. The present study was performed to see whether Th cells that
produce IL-17 are associated with the Th1, Th2, or Th0 subset. Thirty-three CD41, ab1 T cell clones were developed from
synovial membranes and synovial fluid of rheumatoid arthritis patients. Thirteen clones were defined as Th1 since they produced
IFN-g but not IL-4, and four clones were defined as Th0 type that produced both IL-4 and IFN-g. Sixteen clones were defined as
Th2 since they produced high levels of IL-4 and/or IL-10 but not IFN-g. IL-17 was measured in a bioassay, where IL-6 production
from synoviocytes was a measurement for IL-17 activity in the presence and absence of blocking anti-IL-17 mAb. Three Th1 clones
and two Th0 clones produced IL-17. In contrast, none of the sixteen Th2 clones analyzed produced IL-17. In addition, six Th2
clones were further cultured in conditions that induced a switch to Th1 type. Induction of this Th1 phenotype also led to
production of IL-17 in two of these clones. The results demonstrate that some cells of the Th1/Th0 phenotype produce IL-17 but
not cells of the Th2 phenotype. Thus, IL-17 may define a new subset of T cells, and IL-17 production appears to be a mechanism
for Th1/Th0 cells, the most frequent Th subtype present in the rheumatoid synovium, to contribute to the local inflammatory
reactions. The Journal of Immunology, 1999, 162: 1246 –1251.
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Table I. T cell cloning protocols
Donors:
RA Patients

Origin

Primary
Stimulus

No. of Cells
per Well

Cloned
with:

Cloning Frequency
(% positive wells)

No. of
Clones

KB
KB
SHK
NHE
NHE
TFH

ST
ST
SF
ST
ST
ST

BCG
PHA
BCG
BCG
PHA
PHA

0.5
0.5
0.3
1
0.3
0.5

PHA
PHA
PHA
PHA
PHA
PHA

0.8
13
2.5
2.8
2.2
2.4

3
13
2
4
3
8

Stimulation of T cell clones

Patients

T cell clones were stimulated with anti-CD3 (HIT3a, PharMingen, San
Diego, CA). Anti-CD3 diluted in PBS (0.1 mg/ml) was coated on 24-well
plates (Becton Dickinson) at 37°C for 3 h, and, after incubation, the wells
were washed twice in PBS. Cloned cells (1 3 106 cells/ml in medium)
were added to each well at 1.5 3 106 cells/well. As a control, cloned cells
were added to wells that had been coated with PBS only. The clones had
been stimulated with PHA 12 days before the assay. After 24 h incubation,
the cells and supernatants were collected and centrifuged at 320 3 g for 10
min and stored at 220°C until cytokine quantification could be performed.
In parallel, T cell clones were set up in 96-well plates (Nunc) in triplicate,
with 50 ml/well at the same concentration. After 24 h incubation, the cells
were pulsed with 0.5 mCi of tritiated thymidine (Amersham, Amersham,
U.K.) for 18 h after incubation with anti-CD3. Incorporation of tritiated
thymidine was measured by a beta counter. The clonality of the T cell
clones was assured by cloning down to 0.3 cells per well and the low
cloning frequency (Table I).

Samples of synovial tissue (ST), synovial fluid (SF), and peripheral blood
were obtained from two female RA and two female JRA patients hospitalized at the Oslo Sanitetsforenings Rheumatism Hospital. TFH is a patient (born in 1947) diagnosed as typical seropositive RA in 1979 (HLADRB1*0404). ST was obtained from the left elbow, and TFH had been
treated with prednisolon, ciclosporin, and NSAID the year before the surgery. KB (born in 1933) was diagnosed as seronegative RA in 1979 (HLADRB1*0404). The last year before surgery, KB was treated with NSAID.
The ST sample was obtained from a right elbow synovectomy. SHK is a
patient (born in 1969) with seronegative polyarticular JRA from 1983
(HLA-DRB1*0401) and was treated with hydroxychlorochin and sulfasalazin. SF from the right knee was obtained 6 mo after pregnancy, and
SHK did not receive any medication other than NSAID during the pregnancy. After the pregnancy she again started with hydroxychlorochin and
sulfasalazin and subsequently with metotrexate. The patient NHE (born in
1965) was diagnosed as seronegative pauciarticular JRA in 1974 (HLADRB1*0401). NHE was treated with hydroxychlorochin, NSAID, and later
on penicillamine. She was also treated for iridocyclitis. ST samples were
obtained from synovectomy of the left elbow. All four patients fulfilled the
criteria of the American College of Rheumatology (ACR) for RA and JRA,
respectively (24).

Preparation of mononuclear cells
SF pretreated for 20 min with 10 U/ml hyaluronidase at 37°C, or pool of
buffy coat (from 10 normal blood donors at the blood bank, Ullevål Hospital) were layered on Isopaque-Ficoll separation media (Lymphoprep, Nycomed, Oslo, Norway) and centrifuged at 320 3 g for 25 min. The cells
were washed three times with HBSS and resuspended at a concentration of
1 3 106/ml in RPMI 1640 supplemented with 100 U/ml penicillin, 100
mg/ml streptomycin, and 10% pooled human serum. This medium was
used for culturing T cells throughout the study. ST were cut into small
pieces and digested with 4 mg/ml collagenase (Sigma, St. Louis, MO) in
PBS (Life Technologies, Grand Island, NY) for 1.5 h at 37°C. After centrifugation at 320 3 g for 10 min, the cells were washed three times with
HBSS and cultured in RPMI 1640 overnight to remove adherent cells.
Tissue debris was removed, and the supernatant was laid on IsopaqueFicoll separation media and separated and washed as described above.

T cell cloning
The protocol for stimulation of lymphocytes from ST and SF, the subsequent T cell cloning, and the number of viable clones from each patient are
given in Table I. Mononuclear cells (1.5 3 106) from ST and SF were
initially stimulated with 2.5 mg/ml PHA (Sigma) or 10 mg/ml BCG (culture fluid was a kind gift from H. Wiker, Institute of Immunology and
Rheumatology, Oslo, Norway). After 3 days, and subsequently every
fourth day, the cell lines were fed with 20 U/ml recombinant IL-2 (Boehringer Mannheim, Mannheim, Germany). Cloning was performed on day 14
by limiting dilution (0.3–1 cells/well) in 20-ml wells (Terasaki; Nunc,
Roskilde, Denmark), using 2 3 104 irradiated allogenic PBMC, 2.5 mg/ml
PHA, and 20 U/ml IL-2. Growing T cell clones were expanded after 8 days
to 96-well plates (Nunc) in fresh complete medium containing 20 U/ml
IL-2, 2.5 mg/ml PHA, and 1 3 106 irradiated allogenic PBMC and later to
24-well plates (Falcon, Becton Dickinson, Rutherford, NJ). T cell clones
were feed twice weekly and restimulated every 12 days with PHA, irradiated allogenic PBMC, and IL-2.
T cell clones were tested for proliferative capacity in a standard proliferation assay. Cloned T cells (2 3 104 in RPMI 1640) were stimulated with
10 mg/ml BCG or 2.5 mg/ml PHA in the presence of 7 3 104 autologous
PBMC. After 72 h of incubation, 0.5 mCi/well tritiated thymidine was
added, and the cells were harvested 18 h later.

Phenotyping of T cell clones
Cells were phenotyped using a standard direct immunofluorescent technique (25) and analyzed with a FACscan (Becton Dickinson). mAbs used
for staining were as follows: anti-TCRab (FITC-T10B9.1A-31), antiTCRg/d (PE-B1.1), anti-CD4 (PE-RPA-T4), anti-CD8 (FITC-HIT8a), antiCD28 (PE-CD28.2), anti-CD27 (PE-M-T271), anti-CD57 (FITC-NK-1)
(all PharMingen), anti CD45RB (FITC-PD7/26) (DAKO, Glostrup, Denmark). Anti-CCR3 (7B11) was kindly provided from Dr. Walter Newman
and Dr. Paul Ponath (LeukoSite, Cambridge, MA).

HLA-DR typing
DNA was prepared from T cell clones using GenomicPrep Blood DNA
Isolation Kit (Pharmacia Biotech, Piscataway, NJ). The samples were
kindly analyzed by Hanne Akselsen at the Institute of Transplantation Immunology, the National Hospital, Norway, with Amplicore HLA DRB
Typing Kit (Dynal, Oslo, Norway) and further subtyped with Dynal
DRB1– 04 SSP.

Measurements of cytokine levels
The capacity of T cell clones to produce IL-17 was measured in a bioassay
using IL-6 production from synoviocytes. To isolate synoviocytes, synovium pieces obtained from patients with RA were digested as described
above under preparation of mononuclear cells. After centrifugation, cells
were suspended in complete medium and cultured in 100-mm culture petri
dishes. After 48 h, nonadherent cells were removed. Adherent cells were
cultured in complete medium and at confluence were trypsinized and passaged in 150-cm2 culture flasks. Synoviocytes were used between passage
3 and 8. At this time, they appeared to be a homogenous population of
fibroblast-like cells, negative for the expression of CD1, CD3, CD19,
CD14, and HLA-DR, and positive for the expression of CD10, CD44, and
CD54 as determined by FACS analysis, using FITC-conjugated mAbs
from Becton Dickinson.
Synoviocytes (104 cells/well) were incubated in 96-well plates (Nunc)
in a final volume of 200 ml of a-MEM (Life Technologies) with 2 mM
L-glutamine, 100 U/ml penicillin, 50 mg/ml gentamicin, 20 mM HEPES
buffer, and 2% Ultroser (Life Technologies). Samples were preincubated at
37°C for 30 min with 1 mg/ml of anti-IL-17 mAb5 (Schering-Plough Research Institute, Kenilworth, NJ). Following the preincubation step, IL-17
(50 ng/ml) or 1:2 dilution T cell supernatant (with or without anti-IL-17)
was added at the onset of the culture for a 12-h incubation. Plates were
washed before addition of fresh medium. Supernatants were collected after
48 h and stored at 220°C until cytokine assays.
IL-6 levels were measured by two-site sandwich ELISA as previously
described (26). Briefly, supernatants or serial dilutions of IL-6 standards
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(Schering-Plough) were incubated for 60 min at 37°C in 96-microtiter
plates (Nunc) coated overnight at 4°C with the mouse 39C3 anti-IL-6 mAb
(1 mg/ml), and saturated 90 min at 20°C with PBS 5% bovine albumin.
After washing, a biotinylated mouse anti-IL-6 mAb (1 mg/ml) was added
and incubated for 90 min at 20°C. After subsequent incubation with peroxydase-coupled streptavidin and development with orthophenylenediamine (Sigma), the plates were read at 492 nm.
IFN-g (Schering-Plough), IL-4, and IL-10 (R&D Systems, Abington,
U.K.) levels were also measured by a two-site sandwich ELISA using pairs
of anti-IFN, anti-IL-4, and anti-IL-10 mAbs. Mouse A35 anti-human IFN,
MAB604 anti-IL-4, and MAB217 anti-IL-10 mAb were used for coating,
and biotinylated mouse B27 anti-human IFN, BAF204 anti-IL-4, and
BAF217 anti-IL-10 mAb were used for detection. After subsequent incubation with a streptavidin peroxidase complex and development with orthophenylenediamine, the OD were measured at 492 nm.

Induction of IL-17 production during Th1 development

Statistical calculations
Results are expressed as mean 6 SEM. Differences between groups were
compared with Mann-Whitney U test and Fisher exact test. A p value less
than 0.05 was considered statistically significant.

Results
Characterization of RA T cell clones
To assay, on a clonal level, IL-17 production by T cells, 33 T cell
clones developed from ST and SF (Tables I and II) were first
analyzed for Th1- and Th2-type cytokines after stimulation with
anti-CD3. Unstimulated clones did not proliferate and did not
spontaneously produce any of the cytokines tested for.
Seventeen clones from three patients (NHE, SHK, and TFH)
secreted IFN-g (2–15 ng/ml) (Table II). Thirteen of these clones
produced IFN-g without producing any IL-4, which is typical for
the Th1 type. Five of these Th1 clones secreted small levels of
IL-10. Four clones (NHEP2, NHE3, TFH5, and KBc18) produced
both IFN-g and IL-4 and were therefore classified as Th0 type.
Three of these Th0-type clones also secreted IL-10.
Sixteen Th2 clones from patient KB produced IL-4 and/or IL-10
(0.1–3.0 ng/ml) and not IFN-g and were accordingly classified as
Th2 clones. Of these Th2 clones, eight produced IL-10. The levels
of IFN-g (6.3 6 1.1 ng/ml) produced by the Th1 cells were significantly higher than IL-4 (1.1 6 0.2 ng/ml) p 5 0.003 and of
IL-10 (0.3 6 0.1) p , 0.0001 produced both by the Th1 and Th2
(Mann-Whitney U test).

Table II. Cytokine profile of 33 CD41 ab-TCR clones

Clones

IFNg
(ng/ml)

IL-4
(ng/ml)

IL-10
(ng/ml)

IL-17
Activitya

Classification

NHEP2
NHE7
NHEP1
TFH7
TFH4
TFH6
NHEP6
TFH10
NHE6
NHE3
SHK4
NHE5
SHK6
TFH5
TFH2
KB18c
TFH9
KB26c
KB38c
KB17b
KB33c
KB30c
KB8c
KB34c
KB1
Kb10b
Kb12c
Kb6b
KB15c
KB20b
KB4
KB13c
KB7c

15.3
13.3
11.7
9.9
9.5
9.2
8.9
7.4
6.8
5.0
3.9
2.2
1.8
1.2
0.4
0.3
0.1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2.5
0
0
0
0
0
0
0
0
1.1
0
0
0
0.2
0
0.7
0
3.0
2.2
2.0
1.7
1.2
1.1
1.0
0.8
0.8
0.8
0.4
0.4
0.4
0.1
0
0

0.7
0.1
0.9
0
0.1
0
0
0
0.1
0.1
0.1
0
0
0
0
0.2
0
0
0.1
0.3
0
1.0
0
0.4
0.1
0.1
0
0
0
0
0
0.3
0.1

0
64
0
8
0
0
0
0
0
10
4
0
0
19
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Th0
Th1
Th1
Th1
Th1
Th1
Th1
Th1
Th1
Th0
Th1
Th1
Th1
Th0
Th1
Th0
Th1
Th2
Th2
Th2
Th2
Th2
Th2
Th2
Th2
Th2
Th2
Th2
Th2
Th2
Th2
Th2
Th2

a
One microgram per milliliter of mAb5 was able to completely inhibit the IL-6
production in response to 50 ng/ml of rIL-17. The IL-17 activity was defined as the
production of IL-6 without anti-IL-17 minus the production of IL-6 with anti-IL-17
expressed in ng/ml. Detection limit of IL-6 was 50 pg/ml.

One Th1 clone (NHE7) produced a very high activity level of
IL-17, and this clone also produced the highest level of IFN-g
(13.3 ng/ml) while the concentration of IL-4 was low. The four
other Th0 and Th1 clones produced intermediate levels of IL-17,
and IFN-g production in these clones was lower than in the NHE7
clone (between 9.9 and 1.2 ng/ml).
In addition to IL-4 that was found in two IL-17 producing
clones, IL-10 was also frequently synthesized in these clones.
Three clones (60%) produced IL-10 (Table III), which is about the

IL-17 production by different subtypes of CD41 T cells
To answer the question whether Th1, Th0, or Th2 clones produce
IL-17, 4 Th0, 13 Th1, and 16 Th2 clones were analyzed for IL-17
activity. IL-17 activity was defined as the concentration of IL-6
produced by synoviocytes upon stimulation by culture supernatant.
IL-17 activity was found in five clones that all secreted IFN-g
(Table II and Fig. 1). Three of these IL-17 producers were classified as Th1 (SHK4, NHE7, and TFH7) since they did not produce
IL-4, and two as Th0 (NHE3 and TFH5) since they also secreted
IL-4 (1.1 and 0.2 ng/ml, respectively). In contrast, none of 16 Th2
clones produced any IL-17. IL-17 is therefore produced only by
Th1- and Th0-type clones but not by the Th2. This association of
IL-17 production with Th1/Th0 clones and not Th2 clones is statistically significant in Fisher exact test, p 5 0.04 (Table III).
In total, 5 of 17 (30%) of the Th0/Th1 clones produced IL-17
(Table III). The activity level of IL-17 varied between the clones.

FIGURE 1. Distribution of different CD41 subsets according to their
cytokine production. T cell clones were stimulated with immobilized antiCD3 for 24 h. Cytokine measurements for IL-17 activity were performed
in a bioassay in presence and absence of blocking anti-IL-17 mAb. IL-4
and IFN-g were analyzed with ELISA.
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To analyze whether IL-17 could be induced during Th1 development, Th2
clones negative for the production of IL-17 were cultured in Th1 conditions
and then analyzed for IL-17 and IFN-g production. Th1 clones were generated as previously described (27), by stimulating with irradiated PBMC
and 2.5 mg/ml PHA in the presence of 2 ng/ml IL-12 (PharMingen) and
200 ng/ml neutralizing anti-IL-4 Ab (PharMingen). The clones were further cultured and stimulated as described above.

IL-17 PRODUCTION BY Th1 AND Th0 CELLS
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Table III. Number of clones that secrete various cytokines compared to
different CD41 subsets
CD41 Subsets
a

Th1/Th0
Th1/Th0a
Th2a

IL-17

IFN-g

IL-4

IL-10

Total

1
2
2

5
12
0

2
2
14

3
6
9

5
12
16

a
The association of IL-17 production with Th1/Th0 cells and not Th2 cells is
statistically significant using Fischer exact test (p 5 0.04).

same proportion as found in the Th1/Th0 clones that did not produce IL-17. This shows that IL-17-positive clones produced IL-10
with about the same frequency as Th1/Th0 cells negative for IL-17
production, and Th2 cells. Moreover, the frequent production of
IL-4 and IL-10 indicates that IL-17 production is an event that
occurs often in the differentiation from Th0 to Th1, as well as in
the Th1 state (Fig. 1).

To further characterize the IL-17-producing Th1/Th0 cells, the
clones were screened for expression of the membrane markers
CCR3, CD28, CD45RB, CD57, and CD27 (Table IV). Of the IL17-producing Th1/Th0 clones, the three Th1 clones were CCR3
negative. The two Th0 clones, producing low levels of IL-4 in
association with significant levels of IFN-g, were CCR3 positive
as were most of the IL-4-producing Th2 clones. Table IV shows
that there was no significant association between the IL-17-producing clones and the other markers screened for. It should be
noticed, however, that all IL-17-secreting clones were CD27
negative.
Induction of Th1 clones and IL-17 production
Experiments were performed to see whether Th2 clones that did
not produce any IL-17 could be switched to the Th1 phenotype
with subsequent IL-17 production. Three Th2 clones (KBc8,
KBc13, and KBb10) were cultured in a Th1 environment with
IL-12 and anti-IL-4. After 4 wk with IL-12 and anti-IL-4, these
clones changed their phenotype from Th2 to Th1 and started to
secrete IFN-g and lost the IL-4 secretion. One of the three clones
(KBb10) also produced IL-17 after this shift in phenotype (Fig. 2).
In addition, one of three other clones that switched from Th2 to
Th1 after continuous stimulation by IL-2 also started to produce
IL-17 (28). Thus, altogether two of six clones started to produce
IL-17 after switching from Th2 to Th1. These results show that,
during Th1 development, a proportion of the cells producing
IFN-g also produce IL-17.

Discussion
IL-17 was first described as a cytokine produced specifically by
activated T cells (29). IL-17 is a proinflammatory cytokine because

Table IV. IL-17 production in relation to membrane markers expressiona
CCR3
1

IL-17
IL-17
Total
a
b

1
2

b

2
13
15

CD45RBdim

CD28

CD57

CD27

2

1

2

1

2

1

2

1

2

3
9
12

1
19
20

4
9
13

5
26
31

0
2
2

0
3
3

5
25
30

0
0
0

5
28
33

There was no significant association between IL-17 production and expression of the different membrane markers shown (Fischer exact test).
Both of these two clones positive for CCR3 expression produced small amount of IL-4.
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IL-17 production in relation to expression of different T cell
membrane markers

it induces the production of IL-6, granulocyte-macrophage-CSF,
PGE2, and leukemia inhibitory factor (LIF) (1). However, the classification of IL-17 production in relation to the Th1 and Th2 subsets is still pending. Since IL-17 has a direct effect on synoviocytes, IL-17 appears to represent a way for T cells to induce
inflammation, in particular, in association with low levels of
monocyte-derived cytokines (19). The results presented in this report demonstrate on a clonal level that only the Th1 and Th0 subsets produce IL-17, but not the Th2 subset. Five of 17 Th1 or Th0
clones produced IL-17, while none of the 16 Th2 clones produced
IL-17.
To further characterize the IL-17-producing Th1/Th0 cells, the
clones were analyzed for expression of different membrane markers and correlated to the IL-17 production. This included the recently described CCR3 receptor that is selectively expressed by the
Th2 population and not by the Th1 (5), as well as other markers.
Of the IL-17-producing Th1/Th0 cell, the three Th1 clones were
CCR3 negative. The two Th0 clones, producing low levels of IL-4
in association with significant levels of IFN-g, were CCR3 positive
in addition to most of the Th2 clones. These studies show that
CCR3 behaves more as a marker for IL-4 secretion rather than a
perfect Th2 marker. There was otherwise no significant difference
between the IL-17-producing Th1/Th0 clones and the other clones
in their expression of CCR3 and the other membrane markers
tested for. Thus IL-17 appears to be a key marker to identify these
cells. Furthermore, all the IL-17-producing clones were negative
for expression of CD27. A previous report suggests that the
CD272 CD41 T cell is linked to production of IL-4 (30), which is
in contrast to our findings where only weak IL-4 production is
found in two of the five IL-17-producing clones. Thus, loss of
CD27 expression in these clones is, rather, related to their memory
phenotype and not the production of IL-4.
In addition, to analyze whether IL-17 could be induced during
Th1 development, Th2 clones were cultured in a Th1 environment.
IL-12 production by macrophages has been shown to be important
in Th1 development, and development of Th1 cells with use of
IL-12 and anti-IL-4 has previously been demonstrated (31). In this
report we show that, under such conditions following a switch
from Th2 to Th1 phenotype, production of IL-17 can also be induced in two of six clones. Induction of a switch from Th2 to Th1
phenotype together with the production of IL-17 further strengthens the contention that IL-17 is a Th1/Th0 cytokine. In both types
of experiments, IL-17 was produced only by Th1/Th0 cells although not all Th1/Th0 cells had the capacity to produce IL-17.
About 30% of our Th1/Th0 clones and two of six switched clones
produced IL-17. This indicates that only a limited number of Th1/
Th0 cells have the capacity to secrete IL-17. These cells could
therefore represent a special subset of CD41 T cells with ability to
induce inflammation by use of mechanisms other than IFN-g.
Th1 and Th0 clones were developed from three patients (NHE,
SHK, and TFH), and clones producing IL-17 were found in each
patient. The Th2 clones tested for IL-17 were all from the same
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patient (KB). Each of the four patients is classified as RA or JRA
according to American College of Rheumatology criteria, and the
Th1, Th0, and Th2 clones developed from the different patients
represent typical human T cell subsets as defined by their lymphokine synthesis. We cannot exclude changes in the clones during the
cloning procedure, although the cytokine comparison should be
correct and representative since both IL-17 and cytokines used to
determine Th1/Th2 phenotype were analyzed at the same point of
time.
T cell clones were developed using the mitogen PHA and the
mycobacterial Ag BCG. BCG was chosen because this Ag has
been implicated in RA (32, 33). Clones raised with BCG showed
reactivity against this Ag and were all of the Th1 type. This is in
accordance with other findings, which have shown that mycobacterial Ags drive Th1 development (34 –36). Clones raised with
PHA should be representative of the total T cell population. Although IL-2 used as a growth factor for the T cell clones in these
experiments can enhance IFN-g production (37), we developed T
cell clones of all the Th phenotypes: Th1, Th0, and Th2 type.
IL-10 found in three of five IL-17-positive clones is defined as
a Th2 cytokine even though it has been shown that also Th1 cells

can produce it (38). Moreover, IL-10 is an immunosuppressive
cytokine although the level of expression may not be sufficient for
down-modulation of immune activation in the joint. The clones
producing IL-4 and IL-10 together with IL-17 and IFN-g could
reflect subtypes of cells that are Th1 types or Th0 cells in the
beginning of their differentiation along the Th1 pathway.
In contrast to the difficulties of detecting other T cell cytokines in
the RA synovium (39, 40), IL-17 can readily be detected. The low
concentration of IFN-g compared with the high levels of IL-17 could
be due to competition with IL-10, since IL-10 can down-regulate
IFN-g production. Moreover, our recent studies suggest that IL-10 has
no such effect on IL-17 (M. Chabaud, unpublished data). Even though
the IL-17 concentration is detectable in the synovium, the numbers of
IL-17-producing cells are relatively low, indicating that the contribution of IL-17 from each Th1/Th0 cell is high. This IL-17 production
by some Th1/Th0 cells in the rheumatoid synovium could be a more
potent way for T cells to influence inflammatory cells directly (41).
Besides RA, Th1/Th0 cells producing IL-17 will probably affect other
Th1-mediated chronic diseases such as multiple sclerosis, psoriasis,
and diabetes, and control of such cells could have potential therapeutic
antiinflammatory effects.
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FIGURE 2. Induction of IL-17 production during
Th1 development. Three Th2 clones were cultured in
Th1 environment using IL-12 and anti-IL-4 for 4 wk.
The clones were then stimulated with immobilized antiCD3 for 24 h and analyzed for production of IL-17,
IFN-g, and IL-4.

The Journal of Immunology
In conclusion, these results show a subtype of CD41 T cells
associated to the Th1/Th0 phenotype that produce high levels of
IL-17. This IL-17 production appears to be of importance in inflammatory reactions in RA, since its biological activity is directly
related to the induction of proinflammatory cytokines found in the
synovium. Further studies of the functional properties of these IL17-producing subsets could lead to therapeutic antiinflammatory
effects in Th1 mediated chronic diseases.
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