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Are CD4+ Th1 cells pro-inflammatory or anti
inflammatory? The ratio of IL-10 to IFN-yor
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Abstract
Human CD4 + T cells have, like their murine counterparts, been classified on the basis of their
cytokine profile. Th1 cells produce IL-2 and IFN-y, but little or no IL-4. Th2 cells produce IL-4 but not
IFN-y or IL-2, and Th0 produce IL-2, IL-4 and IFN-Y. As IL-2 is the most potent T cell growth factor
and IFN-Y ' s the strongest activator of macrophages it is not surprising that CD4 + Th1 cells are
considered to be pro-Inflammatory. However, unlike results In the mouse, where IL-10 Is only
produced by T^2 cells, human IL-10 is produced by T h 0, Th1 and T ^ cells. Hence some human Th1
cells are capable of producing both pro-inflammatory (IL-2, IFN-Y) and anti-inflammatory (IL-10)
cytokines, therefore the function of these cells may not be accurately encapsulated by the T h V
terminology. We thus Investigated the correlation of cytokine production and function in human
CD4 + Th1 clones. Cytokine production (IL-2, IFN-y, IL-10) was measured in supernatants by ELISA
after stimulation with solid-phase anti-CD3. The capacity of these supernatants to activate or
inhibit T cell proliferation or LPS Induced TNF-a production by monocytes was assessed. The ratio
of IL-2/IL-10 or IFN-yiL-10 was of critical importance in determining the function of the
supernatants. The inhibitory effects were verified to be due to IL-10, as they were neutralized by
anti-IL-10 mAb. These results Indicate that human CD4 + Th1 T cells are heterogeneous in their
function, some being pro-Inflammatory and others anti-inflammatory. Thus the 'T h 1' classification
with human T cells does not necessarily imply a pro-Inflammatory function.
Introduction
Many human CD4 + T cell clones cannot readily be classified
to Th1 or Th2 as defined in the mouse, since they can produce
both IFN-y a n c l IL-4, and hence are of the T h 0' profile (1,2).
However, if one takes into account the relative amounts of
IFN-Y and H—4 produced, T cell clones can readily be classified
to Th1-like' or T^-like' clones, and there are some typical
Th1 cells reported (2,3). Derpi and Toxicara can/s-specific
T cell clones have been shown to produce high levels of IL4 and IL-5 and low or normal levels of IFN-Y and IL-2, and

hence fit into the Th2 pattern (4-6). Conversely Mycobacterium
teprae-specific T cell clones produce high levels of IFN-Y and
low or undetectable levels of IL-4 and are mostly Th1-like
(4-8). The importance of the relative amounts of IL-4 and IFNY has been demonstrated in alloreactive T cell clone induced
IgE production by B cells. T cell clones producing high IFNY levels inhibited IgE production, whereas high IL-4 producing
T cell clones enhanced IgE production and blocking of IFN-

Y enhanced the IgE production even further. Thus the relative
amounts of IFN-Y and IL-4 produced can determine the
function of individual T cells (9,10).
Whereas stimulatory cytokines such as IL-2 or IFN-Y h a v e
been known for many years, inhibitory cytokines have more
recently been reported. Thus IL-10, a 36 kDa homodimeric
cytokine, can act as a cytokine synthesis inhibitory factor and
has potent anti-inflammatory properties (for review see 11).
IL-10 has both direct and indirect effects on T cells. T
cell proliferation and cytokine production can be inhibited
indirectly by the capacity of IL-10 to reduce antigen presentation by monocytes mediated, at least in part, via downregulating HLA class II expression (3,12). IL-10 can also
directly inhibit T cell proliferation by inhibiting IL-2 production
(13,14). Synthesis of pro-inflammatory cytokines such as TNFa, IL-1, IL-6, IL-8 and GM-CSF in LPS-activated human
monocytes and HLA class II expression are also markedly
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Methods

was added, and 7 days later the line was re-stimulated with
TT and autologous irradiated PBMC. The line was maintained
on this 14 day cycle and assays were performed at the end
of this 14 day cycle.
Supernatant production from T cell clones
For cytokine production T cell clones were stimulated 14 days
after the last OKT3 plus allogeneic feeder stimulation. For
OKT3 solid-phase stimulation, 24-well plates (Gibco, Paisley,
UK), were coated with 500 nl/well of 10 ng/ml OKT3 in RPMI
for 2 h at 37°C. Wells were washed twice with 500 nl of RPMI
and then plates were incubated with 500 \i\ RPMI containing
10% human serum for 30 min at 37°C. T cell clones were
then added at 106/ml/well and cultured in a CO2 incubator at
37°C. Supernatants were harvested at 24 h and assayed by
ELISA for IFN-y, IL-4, IL-10 and IL-2. The ELISA for IFN-y was
kindly provided by Dr Daniela Novick (Weizmann Institute,
Rehovot, Israel), the IL-4 ELISA was kindly provided by
Dr F. di Padova (Sandoz, Basel, Switzerland), the ELISA for
IL-10 was a kind gift from Drs K. Moore and J. Abrams
(DNAX, Palo Alto, CA), and the ELISA for IL-2 was a kind
gift from Dr R. Hickson (Immunotech, The Binding Site,
Birmingham, UK). The sensitivity of these ELISAs was 100,
40, 100 and 15 pg/ml respectively.
T cell clone proliferation
T cell clones (clones PK8, PK10, PK51 and PK80) were
stimulated in a proliferation assay 14 days following the last
OKT3 stimulation. Ninety-six-well flat-bottomed plates (Falcon,
Becton Dickinson, Oxford, UK) were coated with 100 nl of 10
ng/ml OKT3 in RPMI 1640 for 2 h at 37°C, then washed
twice with RPMI 1640 and incubated with 50 \il RPMI 1640
containing 10% human serum for 30 min at 37°C. Triplicate
aliquots of T cells at 2X10 4 cells/well were then added to
coated or non-coated wells in the presence of 5 |ig/ml of
neutralizing anti-IL-10 antibodies 9D7 (lgG1) or 12G8 (lgG2),
or the isotype control antibody GL113 (lgG1). Three days
later cells were incubated with [3H]thymidine for 8 h. Cultures
were harvested with a multi-well cell harvester (Pharmacia,
Milton Keynes, UK) and counted using the Beta-Plate System
(Pharmacia). Experiments were repeated twice.

T cell clones and line
The eight T cell clones used in this study have been previously
described (19). These were CD4 + except for PK4 which was
a CD8 + clone and was included for comparison. Briefly, T
cell clones were made from the PBMC of a healthy individual.
Clones were cultured in RPMI 1640 (ICN Biomedicals, Costa
Mesa, CA) supplemented with antibiotics and 10% human
serum (complete medium) plus 20 ng/ml IL-2 (Hoffmann-La
Roche, Nutley, NJ), 35 ng/ml OKT3 (ATCC, Rockville, MD)
and 5X10 5 cells/ml irradiated allogeneic PBMC, 7 days later
20 ng/ml IL-2 was added and clones were maintained on this
14 day cycle.
The TT-specific T cell line was made from a healthy donor
(AH) with known reactivity to TT by standard techniques. In
brief, 106 PBMC/ml in RPMI 1640 containing 10% human
serum were cultured for 7 days with an optimum concentration
of TT (Wellcome, Beckenham, UK). On day 7, 20 ng/ml IL-2

Antigen-specific proliferation of AH TT line
TT was dialysed against RPMI 1640 for 48h at 4°C with three
changes of buffer. Dialysed antigen was filtered through a
0.2 |im filter (Gelman, Northampton, UK) and the optimum
concentration (1/50 final dilution of TT antigen) was determined in a proliferation assay of AH PBMC (data not shown).
Triplicate cultures of irradiated autologous PBMC (4X10 4
cells/50 nl/well) and AH TT-specific line (2X10 4 cells/
50 |il/well) were incubated with 50 ^l TT antigen (1/10), 50 \i\
T cell clone supernatant and 50 nl of either medium or
neutralizing anti-IL-10 rat mAb as described above. The final
volume in each well was 250 \i\. Cultures were pulsed
and harvested after 3 days. Experiments were performed at
least twice.
For the checkerboard titration of IL-10 and IL-2, increasing
concentrations (0-10 ng/ml) of recombinant IL-10 (kind gift
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inhibited by IL-10 (15). Human IL-10 is produced by monocytes, T cells, B cells and keratinocytes (11). Unlike results
in the mouse where IL-10 is only produced by J^2 cells (16),
human IL-10 is produced by T h 1, Th0 and Th2-like T cells
(14,17).
Human Th1-like T cells produce IFN-y and IL-2 and little or
no IL-4. IFN-y promotes monocyte activation, inflammatory
cytokine production and HLA class II expression (18). In
contrast IL-10 inhibits inflammatory cytokine production and
HLA class II expression (11,15). IL-10 also inhibits T cell
proliferation (3,12,13), an action which opposes the effect of
IL-2. In view of the contrasting actions of IL-2 and IFN-y, on
the one hand, and IL-10, on the other, it was important to
determine the immunological function of T cell clones that
can produce IFN-y, IL-2 and IL-10, and determine whether
they are 'pro' or 'anti' inflammatory.
We have investigated the cytokine profile of 56 T cell
clones stimulated by solid-phase anti-CD3 antibody (19),
and confirmed that IL-10 was produced by a significant
percentage of clones of all phenotypes, and by all CD4
subsets, i.e. T h 1, Th0 and T^-like clones. In this study we
attempt to characterize the function of Th1 like clones that
produce both pro- and anti-inflammatory cytokines, IFN-y,
IL-2 and IL-10. We show that the function of these T cells is
determined by the relative amounts of IL-10 produced in
respect to other cytokines such as IFN-Y or IL-2. Supernatants
from high IL-10 producing clones inhibited the antigenspecific proliferation of a tetanus toxoid (TT)-specific T cell
line and inflammatory cytokine production by LPS stimulated
human monocytes. IL-10 was shown to antagonize the action
of IL-2 and IFN-y in both these systems, even when the
supernatants from stimulated clones appeared to have no
net effect. These results indicate that the classification of
human T cell clones into Th1-like or Th2-like clones, based
on the ratio of IFN-y to IL-4 production alone is not adequate
to describe their function, since in Th1 cells the level of IL-10
production, in comparison to IL-2 or IFN-y, determines whether
they enhance or inhibit T cell proliferation and monocyte
activation in vitro, and presumably in vivo.

7776 function of IL-10 producing Th 1 clones
from Dr K. Moore, DNAX, Palo Alto, CA) and (0-10 ng/ml)
rlL-2 were added to triplicates of the TT-specific line AH
(2X10 4 cells/well) incubated with irradiated syngeneic PBMC
(4X10 4 cells/well) and TT antigen (1/50 final dilution). The
final volume was 250 nl. Three days later cultures were
incubated with [3H]thymidine and harvested as above.
Cytokine production by activated monocytes

For the IL-10 and IFN-y checkerboard titration, increasing
concentrations (0-10 ng/ml) of rlL-10 and rlFN-y (generous
gift of G. Adolf, Boehringer Ingelheim, Vienna, Austria) were
added to triplicate cultures of elutriated monocytes (5X10 5
cells/well) stimulated with 10 ng/ml S. abortus equi LPS.
Supernatants were harvested at 24 h and assayed for TNF-a
production by ELISA as above.
All media and reagents used in this study had <0.1 EU/ml
of endotoxin contamination as determined by the chromogenic
Limulus Amoebocyte Lysate assay (BioWhirtaker, Walkersville,
MD), with the exception of the rat monoclonal anti-IL-10
antibody 9D7, which at the concentration used (5 |ig/ml) had
0.32 EU/ml endotoxin contamination. This led to the inclusion
in all experiments of the endotoxin-free neutralizing anti-IL-10
rat monoclonal 12G8.

Results
Cytokine production by T cell clones
The 8 T cell clones described in this study produced IFN-y,
IL-2 and IL-10 but no (<40 pg/ml) IL-4 upon anti-CD3 solidphase stimulation, and therefore could all be classified as
T h 1 ' T cells (Table 1). Based on the ratio of IFN-Y to IL-10 or
IL-2 to IL-10, clones could be classified into different groups.
Clones PK4, PK16, PK77 and PK80 had an IFN-ylL-10 ratio
of > 1 , whilst clones PK1, PK10, PK26 and PK51 had a ratio
< 1 . The ratio of IL-2:IL-10 produced by these clones also
varied and these cells could also be classified into two
groups. However only one clone, PK4, had a ratio > 1 , and

Table 1. Cytokine production profile of T cell clones stimulated
with immobilized anti-CD3a
Clone

PK1
PK4b
PK10
PK16
PK26
PK51
PK77
PK80

Cytokine production (pg/ml)
IFN-Y

IL-2

IL-10

IL-4

1153
6761
2152
9354
416
619
5649
1498

<15
>1200
451
628
<15
28
78
26

5667
156
3360
822
2421
1372
547
487

<40
<40
<40
<40
<40
<40
<40
<40

"No clones produced cytokines simultaneously above the detection
levels of the assays.
^ 8 + , all other CD4+.

clones PK1, PK10, PK16, PK26, PK51, PK77, and PK80 had
a ratio <1 (Table 1).
Effect of T cell clone supernatant on antigen-specific proliferation
When investigating the effect of supernatants from T cell
clones on the antigen-specific proliferation of a TT responsive
line, we found that supernatants from solid-phase anti-CD3
stimulated clones could either enhance, inhibit or have no
effect. This tended to correlate with the IL-2:IL-10 ratio in
these supernatants (Fig. 1). Based on the 'checkerboard'
titration of IL-2 versus IL-10 effects on the antigen-specific
proliferation of the TT responsive AH line, in order to counterbalance the effect of IL-2, IL-10 had to be present in at least
a 10- to 100-fold mass excess, representing 7- to 70-fold, if
it is assumed that IL-10 acts as a monomer. If it acts as a
dimer, molar excess would be halved (Fig. 2A). In keeping with
this, it was found that supernatants from anti-CD3 stimulated
clones PK1 (IL-2:IL-10 = <15:5667), PK26 (IL-2:IL-10 =
<15:2421), PK51 (IL-2:IL-10 = 28:1372), PK77 (IL-2:IL-10 =
78:547) and PK80 (IL-2:IL-10 = 26:487) could inhibit the
antigen-specific proliferation of the TT line, whilst supernatants
from clones PK4 (IL-2:IL-10 = >1200:156) and PK16 (IL-2:IL10 = 628:822) enhanced this proliferation (Fig. 1). Supernatant
from anti-CD3 stimulated clone PK10 (IL-2:IL-10 = 451:3360)
did not influence the TT response of AH line (Fig. 1). Supernatants from unstimulated clones also did not affect the TT
proliferative response of the AH line, as expected from their
lack of cytokine production without stimulation (Fig. 1).
The inhibition of proliferation observed with the supernatants
from anti-CD3 stimulated clones was due to IL-10, as it could
be abrogated when neutralizing anti-IL-10 mAb (9D7 or 12G8)
were included with the supernatants in the proliferation assay,
as illustrated for clones PK51 and PK80 (Fig. 3). The control
rat mAb GL113 had no such effect. Supernatants from antiCD3 stimulated clone PK10, as mentioned above, did not
have any effect on the proliferation of AH line. However when
neutralizing anti-IL-10 mAb 9D7 and 12G8 (but not control
GL113) were added with the supernatants to the proliferation
assay, there was also an increase in proliferation (Fig. 3),
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Monocytes were separated from normal PBMC using a
Beckman JE6 elutriating centrifuge with an elutriation buffer
consisting of HEPES-buffered RPMI (Gibco) containing 1%
low endotoxin FCS (Biological Industries, Glasgow, UK). They
were >90% CD14 + by flow cytometry and were stimulated
in triplicate at 5X10 5 cells/well in 96-well flat-bottomed plates
(Falcon, London, UK) with Salmonella abortus equi LPS (final
concentration 10 ng/ml LPS, a kind gift from Drs C. Galanos
and M. Feudenberg, Freiburg, Germany) in the presence or
absence of 50 nl of T cell clone supernatant and 50 jil of
neutralizing anti-IL-10 rat mAb 9D7 (lgG1) or 12G8 (lgG2),
isotype control rat mAb GL113 (lgG1) or neutralizing antiIFN-y mouse mAb B140 (lgG1, kindly provided by Dr. P.
Daddona, Centocor, Malvern, PA) or anti-IFN-y receptor mouse
lgG1 monoclonal 177-1 (kind gift from Dr D. Novick, Weizmann
Institute, Rehovot, Israel). All antibodies were used at a
final concentration of (5 ng/ml). Monocyte supernatants were
harvested at 24 h and assayed for TNF-a production by
specific ELISA (kindly provided by Dr W. Buurman, Maastricht,
Netherlands). Experiments were usually performed at least
twice, most three or four times.
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Fig. 1. Supernatants of stimulated T cell clones can enhance or
inhibit the antigen-specific proliferation of a TT responsive T cell line.
T cells (2x1 CT) were placed in the wells of a 96-well plate with
4X10 4 irradiated autologous peripheral blood lymphocytes and a
predetermined optimal concentration of antigen (TT), in the presence
or absence of T cell supernatant from immobilized anti-CD3 stimulated
T cell clones at a final dilution of 1:5. Supernatants were assayed for
cytokine production as described in Methods. Proliferation was
determined by assaying the [3H]thymidine incorporation 72 h later.
Results are expressed as a mean of triplicate counts ± SD. Two
graphs are from different experiments.

indicating that the IL-10 produced by clone PK10 was counterbalancing the effect of IL-2.
It was of interest that the neutralizing anti-IL-10 antibodies
12G8 and 9D7 did not affect the TT proliferation of AH line

Fig. 2. Checkerboard assays. (A) The effect of IL-2 versus IL-10 on
the antigen-specific proliferation of a TT responsive T cell line.
Cytokines (IL-2, IL-10) were added to 2X10 4 T cells plus 4X10 4
irradiated autologous PBL. Cells were cultured and proliferation
assays performed and assessed as described for Fig. 1. (B) IFN-y
versus IL-10 on TNF-a production by LPS stimulated monocytes.
Monocytes were stimulated with LPS (10 mg/ml) and cytokines
were added as shown. TNF-a production was assayed on 24 h
supernatants as described in Methods.

when added alone to these cultures, although upon solidphase anti-CD3 stimulation this line makes IL-10 (data not
shown). This lack of effect of blocking endogenous IL-10
compared with exogenous IL-10 is probably due to the late
kinetics of IL-10 production in vitro (~\3), which precludes IL10 from acting effectively in an autocrine manner on the early
proliferative response (see also below). Thus the augmenting
effects of antibodies observed above when neutralizing antiIL-10 antibodies are added together with T cell clone supernatants to the AH line proliferation is due to the inhibition of
IL-10 present in these supernatants and not of IL-10 produced
by the T cell line itself. It is important to note that the abrogation
of inhibition by the neutralizing antibodies to IL-10 indicates
that it is the IL-10 in the supernatants which is immunoregulatory and not other unassayed (e.g. IL-13) or as yet unknown
cytokines.
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Fig. 4. Effect of T cell clone supernatants on TNF-a production
by LPS stimulated monocytes. Monocytes (5X10 5 cells/well) were
stimulated with LPS (10 ng/ml) with/or without a 1:5 dilution of
supernatant derived from clones PK1, PK4, PK16 and PK26,
unstimulated or stimulated for 24 h with immobilized anti-CD3, as
described in Methods. TNF-a production was determined by ELISA.
Results are expressed as the mean of triplicate assays ± SD.
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Rg. 3. Effect of neutralizing antibodies to IL-10 within T cell clone
supernatants on antigen-specific T cell proliferation. Anti-IL-10
neutralizing antibodies (9D7 and 12G8) or control (GL113) were
added to a TT-specific line cultured with supernatants, added at a
final concentration of 1:5. Supernatants were produced from T cell
clones stimulated at 106 T cells/ml by immobilized anti-CD3 for 24 h.
Proliferation assays were performed as described in Rg. 1. Different
panels are from different experiments.

Effect of Th1 T cell clone supernatants on TNF-a production
by LPS activated monocytes
Since pro-inflammatory effects involve the activation of both
T cells and monocytes, we also examined the effect of
supernatants from our panel of anti-CD3 stimulated Th1 cell
clones on TNF-a production by LPS stimulated monocytes.
The checkerboard titration of IL-10 versus IFN-y indicated
that IL-10 could counterbalance the enhancing effect of IFNyon TNF-a production, when IFN-ywas between 1- and 10fold in mass excess to IL-10 (Fig. 2B).
Anti-CD3 generated supernatants from clones PK4 (IFNrlL-10 = 6761:1560), PK16 (IFN-ylL-10 = 9354:822) and
PK80 (IFN-y.lL-10 = 1498:487), all of which produced IFN-y
in excess of IL-10, enhanced TNF-a production by LPS
stimulated monocytes (Figs 4 and 5). Supernatants from anti-

CD3 stimulated clones PK26 (IFN-ylL-10 = 416:2421), PK10
(IFN-y:IL-10 = 2152:3360) and PK51 (IFN-ylL-IO = 619:1372)
could inhibit TNF-a production (Figs 4 and 5). As expected
supernatants from unstimulated clones had no effect on TNFa production, as they contain low levels of cytokines, below
detection limits.
When anti-IL-10 neutralizing mAb were included in the
cultures with anti-CD3 generated supernatants from 'inhibitory'
clones PK10, PK51 and PK80, the TNF-a production was
restored or even enhanced compared to supernatants from
unstimulated clones (Fig. 5). This enhanced TNF-a production
is likely to be due to the effect of IFN-y in the supernatants,
acting when IL-10 is blocked. This enhancing effect of antiIL-10 antibodies was shown to be due to blocking of IL-10 in
the T cell supernatants, as the addition of anti-IL-10 antibodies
without Th1 supernatants to LPS stimulated monocytes did
not result in an increase of TNF-a at the 24 h time of assay.
This result is only in apparent contrast to previous work, as
IL-10 is produced late by LPS stimulated monocytes and so
could not influence these results (15) as TNF-a is produced
early. Thus there would be essentially no IL-10 generated by
monocytes by the time TNF-a production is already high.
Effect of anti-IL-10 on anti-CD3 induced proliferation of T
cell clones
The proliferation of T cell clones PK10, PK51 and PK80
(induced by solid-phase anti-CD3) was not augmented when
neutralizing anti-IL-10 mAb 9D7 or 12G8 were included in the
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Fig. 5. Effect of neutralizing antibodies to IL-10 (9D7 and 12G8), IFNy(B140), IFN-Y receptor (177-1) and control antibody GL113 on the
TNF-a production by LPS stimulated monocytes. Anti-IL-10
neutralizing antibodies (9D7 and 12G8) restored TNF-a production.
Monocytes were stimulated as described in Fig. 4 and all antibodies
were used at 5 ng/ml. TNF-a production with 9D7 antibody alone
(which had a low concentration of LPS) in the absence of T cell
supernatant for PK80, PK10 and PK51 was 2917 ± 934, 3312 ± 684
and 8634 ± 823 respectively (i.e. did not influence results). Results
are expressed as means of triplicates ± SD. ND = not done. Different
panels are from different experiments.

cultures. Thus indicating that IL-10 produced by stimulated
T cell clones does not function in an autocrine manner on T
cell proliferation (Fig. 6) and is likely to be active in a paracrine
way on other T cells prior to re-stimulation.
Discussion
Murine CD4 + T cell clones were classified, based upon their
cytokine production profile in two distinct subsets of cells,
Th1 T cell clones which produce IL-2 and IFN-y and T ^ T
cell clones which secrete IL-4 and IL-5 (20, 21), and were
recently found to produce IL-10 (16). This classification into
subsets is of importance as in addition to possessing different
cytokine production profiles, they also have distinct functions.
Th1 clones mediate delayed-type hypersensitivity responses
(22,23), whilst Th2 clones provide superior help for antibody
production, especially of lgG1 and IgE (24,25). Early experi-

Fig. 6. Solid-phase anti-CD3 induced the proliferation of T cell clones
in the presence or absence of neutralizing antibodies to IL-10 (9D7
and 12G8) or control antibody (GL113). Supernatants were used at
1:5 and all antibodies were used at 5 ng/ml. Proliferation assays were
performed as described in Fig. 1.

ments suggested that most human T cells make a mixture of
cytokines and thus did not fit into the Th1 and Th2 mould, but
were of the ThO-type (e.g. 1,2). However human Th1-type and
Th2-type clones were subsequently described (4-6). One
major difference is that in contrast to the mouse, IL-10
production by human T cells is not restricted to Th2-type
clones (3,17,19). This observation, in conjunction with the
potent immunoregulatory properties of IL-10 (11) led us to
investigate the function of the IL-10 producing human T h 1type clones, i.e. clones that produce IL-2, IFN-y and IL10, but not IL-4. Were these cells pro-inflammatory or antiinflammatory?
In this study, we demonstrate that the function of Th1-type
T cell clones seems to depend upon the ratio of IL-2:IL-10
and IFN-y:IL-10 secreted. T cell clones in which the balance
favours IL-2 production are capable of enhancing the antigen
induced proliferation of a TT-specific line; the IL-10, however,
produced partly counteracts this effect, but is not sufficient to
inhibit the proliferation (Figs 1 and 3). In contrast, supernatants
from clones in which IL-10 production is favoured (>10-fold
higher than IL-2) are capable of suppressing antigen-specific
proliferation. In both cases anti-IL-10 antibodies resulted in
enhanced proliferation, indicating that IL-10 in the T cell clone
supernatants was the major inhibitor of T cell proliferation,
and not other, undefined cytokines (Figs 1 and 3). In a similar
way Th1-type clones in which IFN-y is high were capable of
enhancing LPS induced monocyte activation as assessed by
TNF-a production (Figs 4 and 5). IL-10 produced by these
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The findings reported here suggest that IL-4 is not the
exclusive mediator of suppression (26) and other mediators
need to be investigated in a more complete characterization
of the function of T cell clones. These include IL-13 (27) and
TGF-p, as suggested by studies of bystander suppression
(26) after oral tolerance (28). Our data suggest that some of
the Th1-type clones can be inhibitory and that these can be
either CD4 + or CD8 + (e.g. PK4), although this latter subset
needs to be studied in more detail. High IL-10 producing
cells may have general inhibitory function, since they will
possibly inhibit both Th1 and Th2 cytokine production (3),
antigen-specific proliferation of T cells, as well as monocyte
activation. We have detected occasional T cell clones that
produce IL-10, but not IFN-yor IL-4 (29).
The ratio of 'inhibitory' versus 'activating' Th1-type clones
at a site of inflammation may help determine whether an
immune response will perpetuate, or will be contained and
eventually shut down. We have evidence that regulatory T
cells that produce high levels of IL-10 are abundant in
sites where inflammatory cytokines are believed to play a
pathogenic role, such as synovial joints in rheumatoid arthritis
(RA) (29). In this diseased tissue, over-production of TNF-a
is a key step in the pathogenesis, as judged by in vitro assays
of rheumatoid tissue (30), animal models (31-33) and human
clinical trials (34,35). In RA synovial membrane IL-10 is
produced both by infiltrating T cells and monocytes (36), and
it has recently been found that a large number of the T cell
clones generated from the RA synovium are very high IL-10
producers (29), with most generating >10 ng/ml (per 106

cells/24 h). Thus it is probable that IL-10 produced in vivo is
partly counter balancing the pro-inflammatory cytokines.
The conclusion of this study is that the function of Th1-type
T cell clones is heterogeneous and that these cells are not
necessarily pro-inflammatory. High IL-10 producing cells are
down-regulatory, inhibiting T cell proliferation and/or inflammatory cytokine production, and may play an important
regulatory role in autoimmunity. We propose that the classification of human T cells into Th1 or Th2 types is inadequate
in terms of a functional description of these cells, since
Th1 cells can perform as either activating/inflammatory or
inhibitory/anti-inflammatory cells, depending on the details of
their cytokine production.
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