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Abstract

Adoptive dendritic cell (DC) immunotherapy provides a useful experimental tool to evaluate
immunoregulation in vivo, and has previously been used successfully to enhance host resistance in
a variety of experimental models of leishmaniasis. Here, we used this approach to identify 1L-6
and IL-12 as critical cytokines that cooperate to mediate host protection to Lefishmania donovani
but act independently to regulate expansion of IL-10+ CD4+ T cells, shown here for the first time
to be associated with this infection. Adoptive transfer of LPS-activated bone marrow-derived DC
(BMDC) from wild-type mice was therapeutically beneficial and led to enhanced resistance as
measured by spleen parasite burden. In contrast, IL-6- or IL-12p40-deficient BMDC had no
protective benefit, indicating that production of both cytokines was essential for the therapeutic
efficacy of DC. IL-10 production by CD25 FoxP3-1L-10+ CD4+ T cells is a strong correlate of
disease progression, and BMDC from wild-type mice inhibited expansion of these cells.
Strikingly, 1L-12-deficient BMDC could also inhibit the expansion of this T cell population,
whereas IL-6-deficient BMDC could not, indicating that IL-6 played a key role in this aspect of
DC function in vivo. Breadth of cytokine production is thus an important factor when considering
strategies for DC-based interventions.
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Introduction

Dendritic cells (DC®) have the task of linking innate and adaptive immunity [1, 2]. DC
respond to pathogen-derived and environmental cues using a diverse repertoire of pattern
recognition molecules [3, 4], and such recognition in turn regulates the capacity of DC to
process and present antigens, the expression of essential costimulatory ligands and diversity
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of cytokine production [5-7]. This process of maturation empowers DC with a unique
capacity to prime naive CD4* T cells and to a large extent dictate the differentiation
pathway they follow. Although a general consensus is yet to emerge on the molecular basis
for specialization of function in DC, a variety of experimental evidence clearly demonstrates
that DC either at various stages of differentiation and / or maturation and belonging to
distinct lineages may preferentially induce CD4* T cells with distinct cytokine profiles or
function [8-11]. Not surprisingly, therefore, DC are viewed as critical to determining the
outcome of infectious diseases. Although DC function in infectious disease models has been
most commonly studied at the onset of infection, DC are also likely to play an important role
in regulating immunity at later stages of the disease process, as evident from the success of
DC-based immunotherapy in experimental and clinical studies [12-17].

Infection with Leishmania donovani, the causative agent of visceral leishmaniasis, results in
high levels of systemic IL-10 in both human [18-20] and in experimental models [21, 22].
Experimental studies indicate that IL-10 has pleiotropic effects in leishmaniasis which may
all contribute to its potent immunosuppressive activity, including suppression of
macrophage activation [23], dendritic cell migration [22], and protective Th1 responses [24].
In spite of the importance of IL-10 in this disease, and the clear indications that direct or
indirect targeting of IL-10 production may have benefits for the management of human
disease [21] the extent to which CD4* T cells contribute to IL-10 production in visceral
leishmaniasis (VL) is unclear, and the potential of DC-based therapy to modulate the
expansion or function of such CD4* cells is untested.

In this report, we have made use of the exquisite sensitivity of the L. donovani model of VL
to DC-based therapy to demonstrate that effective DC therapy requires the production of
both I1L-6 and IL-12p40 to influence the outcome of infection. In addition, we have for the
first time identified that the majority of the IL-10-producing CD4* T cells that appear during
the chronic phase of L. donovaniinfection lack CD25 and FoxP3 expression. Expansion of
these IL-10* CD4* T cells is also inhibited by DC transfer but in a distinct manner,
requiring IL-6 production but not IL-12p40. These data indicate a complex interplay
between these two cytokines for regulating host resistance and CD4* T cell function.

DC therapy reduces the frequency of IL-10-secreting CD4* T cells

In B6 mice infected with L. donovani, parasite burden in the spleen remains low over the
first 1-2 weeks post infection (p.i.), but increases significantly from weeks 3-4 onwards,
eventually resulting in a chronic state of infection in this organ [22]. This increase in
parasite burden can be largely curtailed by adoptive transfer of LPS-activated bone marrow
derived dendritic cells (BMDC) (Fig. 1A and [22] ). In addition to examining the impact of
DC transfer of disease outcome, we also wished to examine its effect on one of the major
correlates of disease progression, namely IL-10 production. IL-10 plays a major role in
governing host resistance to L. donovani infection, as demonstrated by infection of 1L-107-
mice and by IL-10 receptor blockade [21, 22, 24]. Although IL-10 mRNA is associated with
a range of cell types during infection, including CD4* and CD8* T cells, B cells, NK cells,
CD11ch DC and F4/80* macrophages, on a cell per cell basis CD4* T cells contain IL-10
mRNA in greatest abundance (Maroof et. al. in preparation). Given the well-documented
ability of LPS-activated DC to direct CD4* T cell differentiation [25], we hypothesized that
DC transfer may be responsible for redirecting CD4" T cell differentiation away from IL-10
production. Direct ex vivo analysis of CD4* T cells was insufficiently sensitive to identify
any IL-10 producing T cells. Therefore to test this hypothesis, we performed intracellular
cytokine staining on CD4* T cells that had been restimulated 6 hours previously with L.
donovani amastigote-pulsed BMDC. The antigen specificity of this assay is demonstrated in
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Fig. 1B. CD4* T cells from naive mice with or without in vitro addition of antigen did not
produce detectable levels of either IL-10 or IFN-y. As previously reported [26], IFNy could
be readily detected ex vivo in cells isolated from infected mice, though the frequency and
magnitude of the IFN-y response was considerably enhanced by antigen re-stimulation in
vitro. In contrast, IL-10 was only demonstrable after antigen restimulation. We then
determined the frequency of antigen-specific IL-10-producing CD4" T cells in the presence
or absence of DC transfer. As shown in Fig. 1 C, D., IL-10* CD4* T cells did not increase in
frequency over the first 21 days p.i. In contrast, between day 21 and day 28 p.i, the
frequency of IL-10-producing CD4" T cells increased 4-5-fold (Fig. 1C, D). Adoptive
immunotherapy with LPS-activated BMDC was accompanied by a significant reduction in
the frequency of CD4* IL-10™ T cells at day 28 p.i. compared to that seen in mice not
receiving BMDC (Fig. 1B, C). These data demonstrate for the first time in this model that
CD4™" T cells are an increasing source of 1L-10 during the development of chronic infection
and that successful DC-based therapy is associated with curtailed expansion of IL-10-
producing CD4* T cells.

IL-10- secreting CD4* T cells in experimental VL

As IL-10-producing CD4* T cells have not previously been characterized during L.
donovani infection, we performed further phenotypic analysis to identify the nature of these
cells more precisely. As shown in Fig. 2A-D, the vast majority of L. donovani-specific
IL-10-producing T cells, responsible for the increased frequency of IL-10 producing cells
observed at day 28 p.i., did not express CD25. Although there was a slight but significant
increase in the frequency of IL-10* CD25" CD4" T cells at day 21 p.i. compared to naive
mice (Fig. 2A, D), the frequency of such cells did not subsequently increase. Furthermore at
day 28 p.i., almost all I1L-10* CD4* T cells were negative for expression of the transcription
factor FoxP3 (Fig. 2E). Furthermore, the frequency of FoxP3*CD4*cells decreased as
infection progressed suggesting that they were effectively diluted out by the expansion of
FoxP3-CD4* T cells (Fig. 2F). These data strongly suggest that transition into a state of
chronic infection is accompanied by an increase in frequency of IL-10-secreting CD4*
CD25" T cells rather than an increase in frequency of natural CD4* CD25" FOXP3™ Tgq
cells [27].

Some IL-10-producing CD4* T cells have been described to secrete IFNvy, whereas IFNy
secretion has not been reported for CD4*CD25* Treg Cells [8]. As shown in Fig. 2G, and
consistent with previous clinical and experimental data, infection with L. donovani was
associated with a significant expansion in the frequency of CD4* IFNy* IL-10" T cells,
indicating that conventional Th1 responses are generated in L. donovani infected mice. Of
the IL-10-secreting CD4* T cells observed at day 28 p.i., 39.3 + 2.86% co-expressed IFNvy.
In contrast, we could not detect CD4* T cells co-expressing I1L-10 and IL-4 (data not
shown). Collectively, these data indicate that the predominant IL-10-producing CD4* T cell
subsets that expand in the spleen at a time corresponding to increased parasite burden are a
mixture of antigen-specific IL-10-producing and antigen-specific IL-10 and IFN-y co-
producing CD4* T cells.

IL-6 and IL-12 play critical but distinct roles in the function of DC

The IL-12p40 subunit of 1L-12 and 1L-23 has been shown /n vitroand in vivoto be critical
for many functions of activated DC [28, 29]. More recently, /n vitro studies have implicated
IL-6 as a key cytokine in regulating the development of CD4" CD25" Tgq cells [30, 31]. In
order to establish whether these cytokines played a part in the in vivo function of DC
described here, we generated BMDC from 1L-12p407- and IL-67- mice for use in adoptive
DC therapy. LPS-activated BMDC from these mice had the same activation status as BMDC
from wild-type mice, as judged by the expression of MHC 11 molecules and CD86 (Fig. 3A)
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and they had equivalent capacity to stimulate primary allogeneic MLR (Fig. 3B). Similarly,
as revealed by real time RT-PCR, wild-type, IL-12p407- and IL-67"BMDC accumulated
identical amounts of IL-10 mRNA (Fig. 3C) and had 1L-12p40 and IL-6 mMRNA
accumulation as expected from their genotype (Fig. 3C).

As shown in Fig. 4A, both I1L-6 and IL-12p40 appeared to be essential and non-redundant
cytokines critical for effective DC therapy in this model. This represents the first
demonstration of a therapeutic role for IL-6 in this infectious disease model. Furthermore
IL-6, but surprisingly not IL-12p40, appeared to play a critical role in the ability of DC to
regulate the development of antigen-specific 1L-10-producing CD4* T cells in vivo. Thus,
whereas transfer of either wild-type or IL-12p407- DC was accompanied by a significant
and equivalent reduction in the frequency of CD4" IL-10* T cells, BMDC derived from
IL-67- mice were totally without activity (Fig. 4B). This requirement for IL-6 production by
BMDC in order for them to be able to inhibit the expansion of IL-10-producing CD4* T
cells was equally as striking for both the IL-10" IFNy™ (Fig. 4C) and the IL-10* IFN+y~ (Fig.
4D) CD4* T cell populations. Thus, the capacity of BMDC to produce IL-6 and not
IL-12p40 appears critical to their capacity to influence the expansion of IL-10-producing
CD4* T cell populations in this infection model. Collectively, our data indicate that in the
absence of either IL-6 or IL-12p40, BMDC fail to exert a host protective effect and
furthermore indicate that host protection is not strictly correlated with alterations in the
frequency of 1L-10-producing CD4* T cells.

Discussion

The results presented in this manuscript illustrate a previously unrecognized role for IL-6 in
protection against L . donovani infection induced by DC therapy. Furthermore, we show that
whereas IL-10-producing CD4" T cells increase in frequency during the critical time period
associated with the development of chronic disease, IL-6-dependent inhibition of this
response, mediated by DC transfer, is not in itself sufficient to account for the altered level
of host resistance.

We and others have previously reported that adoptive immunotherapy with BMDC provides
a potent means of increasing host resistance to L. donovaniinfection [12, 14, 22, 32] with in
our hands, transfer of LPS-activated BMDC at day 21 p.i completely inhibiting the normal
increase in splenic parasite burden that occurs by day 28 p.i. (Fig. 2 A and [22]). The
requirements for cytokine production by DC in these transfer studies has only occasionally
been formally examined. We now demonstrate that for therapeutic benefit, transferred
BMDC must produce both IL-6 and IL-12p40, with deficiency in either cytokine being
sufficient to totally abrogate the function of LPS-activated BMDC in this model. In contrast
to the numerous reports on the role of IL-12p40 in host resistance to this infection [4, 12, 13,
33, 34], these data are to our knowledge the first to implicate IL-6 as a important mediator of
DC function in L. donovani infection. Wilson and colleagues [32] reported the ability of
BMDC from C57BL/6 and B6.1L-12p407- mice to transfer host protection into 1L-12p40-
sufficient or 1L-12p40-deficient recipients infected with L. chagasi[32]. BMDC from wild
type mice could readily reconstitute host protection in 1L-12p40-deficient mice, indicating
that DC alone could provide sufficient IL-12p40 in the correct cellular context for the
induction of appropriate effector function. Strikingly, these investigators also observed that
transfer of IL-12p40-deficient BMDC into wild type mice led to disease exacerbation,
suggesting for the first time that cytokine-deficient DC might play a negative regulatory role
in vivo. Although during multiple experiments, we have consistently observed that
IL-12p40-deficient BMDC have no host protective role, we have not observed the
exacerbatory effect reported by Wilson [32]. Nevertheless there are significant differences in

Eur J Immunol. Author manuscript; available in PMC 2009 March 23.



syduasnue|A Joyiny siapun4 JIAd adoin3 ¢

syduosnuelA Joyiny sispun4 DA @doing ¢

Stager et al.

Page 5

the protocols used that may account for this discrepancy, including timing, route, dose and
activation status of the BMDC between the two studies.

Administration of antigen-pulsed BMDC plus IL-12 has also recently been shown to have
therapeutic benefit in a model of chronic L. amazonenesis infection [35]. Effective therapy
was associated with the enhanced expression of T-bet, IL-12RB2 and IFNy, indicative of an
increased Th1l response. In spite of this increased Thl response, however, antigen-pulsed
BMDC together with IL-12 had no impact on parasite burden in the tissues of treated mice.
The frequency of IL-10* CD4* T cells pre and post intervention was not documented in this
study, however. Further subtleties in DC function are also likely to exist. For example, in the
studies of Moll and colleagues, 1L-12p40 production by Langerhans cells was essential for
their capacity to vaccinate mice [13], though this was not the case for BMDC activated by
CpG [36]. Although CpG oligodeoxynucleotides could stimulate BMDC to allow effective
vaccination, other maturation stimuli such as TNFa and anti-CD40 could not. Our studies
presented here and recent reports linking IL-10 induction to vaccine efficacy in the L. major
infection model [37] suggest that it might be of value to determine whether BMDC matured
with these different stimuli have similar capacity to produce IL-6. Indeed, it is tempting to
speculate that the extreme potency of CpG oligodeoxynucleotides for therapy [38] and as a
vaccine adjuvant [4] in murine leishmaniasis lies not just in their potency at inducing
IL-12p40, but also in their ability to activate DC for IL-6 production [39] and hence to
inhibit expansion of IL-10-producing CD4* T cells.

An important corollary of the current study is the formal identification of the subsets of
CD4™* T cells that produce IL-10 during the course of L. donovaniinfection. CD257CD4*
Treg Cells that develop in the thymus under the control of the fork-winged helix family
transcription factor Foxp3, have been shown to be a central factor in the maintenance of
chronic infection by Lefishmania major, operating via IL-10 production [26, 40] and to
contribute to immune suppression during malaria infections [41]. Although CD25*CD4*
Treg producing IL-10 could be observed in L. donovani infected mice (Fig. 2), the subset of
IL-10-producing CD4* T cells in which changes in frequency are most closely associated
with the transition of the spleen into a state of chronic infection with L. donovani are clearly
CD25FoxP3". What remains to be determined and is the focus of current investigation is
whether these cells have active regulatory function or function by inhibiting host resistance
via more direct means e.g. via IL-10-dependent inhibition of macrophage activation.
However, in the absence of experimental tools to selectively deplete this subset of CD4* T
cells in vivo or to selectively block I1L-10 production by them, we cannot formally rule out at
the possibility that their expansion is a consequence rather than a cause of chronic L.
donovani infection. Indeed, the lack of association between the therapeutic efficacy of
BMDC and their capacity to inhibit the expansion of IL-10* CD4* T cells indicates that
reducing the frequency of IL-10" CD4" T cells in the absence of other, as yet unidentified
consequences of BMDC transfer is not in itself sufficient to enhance host protection. TGFf
has been associated with immunosuppression in visceral leishmaniasis [42, 43], though at
least for infection with L. donovani, its impact on parasite burden and IFN-y-dependent host
resistance are marginal compared to IL-10 [44,45] and we have observed no differences in
tissue TGFp levels following adoptive transfer of BMDC (Stager, unpublished). Further
studies will nevertheless be required to dissect the full in vivo consequences of BMDC
transfer including the longevity of their effect and their potential impact on additional cell
populations that may produce a broader variety of immunosuppressive cytokines.

In summary, therefore, our data implicates DC-derived IL-6 as a key cytokine regulating the
therapeutic efficacy of adoptively transferred DC against L. donovani infection, and as a
gatekeeper cytokine for controlling the expansion of CD25"FoxP3" IL-10* CD4* T cells in
Vivo.
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Material and Methods
Mice and Parasites

6-8 weeks old C57BL/6 (B6) and BALB/c were obtained from Charles River (Margate,
UK); B6 background IL-12p40-deficient mice (B6.1L-12p407-) were bred under specific-
pathogen-free conditions at the London School of Hygiene and Tropical Medicine. Bone
marrow from B6 background IL-6 deficient mice (B6.IL-67) was a gift from Dr. Manfred
Kopf. Mice were killed by cervical dislocation, and splenic parasite burdens were
determined from Giemsa stained impression smears. Data are presented as Leishman
Donovan Units (LDU) [22]. All animal procedures were approved by the LSHTM Animal
Procedures Ethics Committee and performed under UK Home Office license.

Adoptive transfer of bone marrow —derived dendritic cells (BMDC)

BMDC were generated as described elsewhere [22]. To induce maturation, 1ug/ml LPS was
added at day 9 for the last 24h of culture. DC maturation was assessed based on MHCII and
CD86 expression. Prior to injection, BMDC were enriched by magnetic cell sorting (MACS)
using anti-CD11c microbeads (Miltenyi Biotech, Bergisch Galbach, Germany), following
manufacturers’ instructions. Purity ranged between 80-85%. 10% LPS-activated BMDC were
injected i.v. and splenic parasite loads determined 1 week later.

Mixed lymphocytes reaction (MLR)

CD4* T cells from BALB/c mice were purified by MACS using anti-CD4 microbeads
(Miltenyi Biotech, Bergisch Galbach, Germany) following manufacturers’ instructions.
Purified CD4* T cells were then plated in flat bottom 96 well plates at a concentration of
3x10° cells per well and co-cultured with LPS-activated BMDC from B6 and BALB/c
respectively for 96h at the indicated ratios. BMDC were previously irradiated with 2000 rad.
0.5.Ci 3H-thymidine was added to each well for the last 8 hours of culture. Cells were then
harvested, and 3H-thymidine incorporation measured.

Flow cytometry

LPS-activated BMDC were labeled with allophycocyanin(APC)-conjugated anti-CD11c,
phycoerythrin(PE)-conjugated anti-1-A/I-E (M5/117), and fluorescein isothiocyanate
(FITC)-conjugated anti-CD86. Mice were killed a week after adoptive transfer. Splenocytes
were restimulated /n vitro for 3 hours at 37°C in the presence of BMDC or BMDC
previously pulsed with 108 paraformaldehyde-fixed amastigotes. Brefeldin A (BFA; 10 pg/
ml) was then added for a further 3 hours. Cells were then stained with biotinylated anti-CD8,
APC-Cy7-conjugated anti CD8, biotinylated anti-CD4, PerCP-conjugated anti-CD4, Pacific
Blue-conjugated anti-CD3, FITC-conjugated anti-CD25, FITC-conjugated anti-FoxP3,
APC-conjugated anti-1IFN+y, PE-conjugated anti-IL-10, APC-conjugated anti-IL-4. APC-
and PE-labeled isotype controls were used to set statistical markers. Samples were analyzed
using a FACScan (Becton Dickinson, Mountain View, CA) and Cell Quest software.
250,000 cells were analyzed for each individual mouse (n=5 per group).

Real-time reverse-transcription PCR

RNA was isolated from LPS-activated BMDC with an RNeasy Kit with on-column DNase
digestion (Qiagen, Crawley, UK), according to manufacturers’ instructions. RNA was
reverse transcribed into cDNA as previously described [22]. Oligonucleotides (5" — 3")
used for the specific amplification of IL-10, IL-12p40 and HPRT were as described in [22].
For IL-6, the sequences were: ACAACCACGGCCTTCCCTACTT (sense) and
CACGATTTCCCAGAGAACATGTG (antisense) [46]. The number of cytokines and
HPRT cDNAs in each sample was calculated by real-time PCR with a QuantiTect SYBR
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green master mix (Qiagen) and a LightCycler (Roche, Penzberg, Germany), according to the
manufacturers’ instruction. Standard curves were defined with known amounts of 1L-10,
IL-6, IL-12, and HPRT cDNA. Number of molecules for each cytokine per 1000 HPRT
molecules were calculated.

Statistical analysis was performed using a paired Student #test. p < 0.05 was considered
significant.
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Figure 1. BMDC therapy reduces par asite burden and blocks the expansion of |L-10-secreting
CD4* T cells

(A) Day 21 infected B6 mice were adoptively transferred with 108 LPS- activated BMDC
i.v. (open circle) or received no treatment (closed circle). Graph shows splenic parasite
burden before and after therapy. (B) Spleen cells from naive or d28 infected mice were
restimulated in vitro for 3h with BMDC (-Ag) or BMDC pre-pulsed with L. donovani
antigen (+Ag). After a further 3h in BFA, cells were stained for intracellular IL-10 and
IFNYy. (C) Splenocytes from naive (N) mice, mice at d21 p.i., and mice at d28 p.i. that
received LPS-activated BMDC (DC) or not transfer (NT) were restimulated for 6h with Ag-
pulsed BMDC and then stained with anti-CD3, anti-CD4 and anti-1L-10 antibodies. Data
represent mean of % + SE of I1L-10-secreting CD4* T-cells (n=5; one of 3 experiments). (D)
Representative plots show staining for IL-10 and CD4 on CD3*CD4" gated cells. ** p<0.01
vs. no transfer at d28

Eur J Immunol. Author manuscript; available in PMC 2009 March 23.



syduasnue|A Joyiny siapun4 JIAd adoin3 ¢

syduosnuelA Joyiny sispun4 DA @doing ¢

Stager et al.

IL-10

Page 11

, B
naive 15 o
o
1.0
=
50.5
S
0.0
C N d21d28 .
., 1.5 mcD25 =
© |[iCD25* = o4
=|'1.0 g_) 3
Y— P 2
o (o)
505 . !
CD25 =0
N d21 d28 N d21d28

Figure 2. L. donovani infection preferentially expands |L-10"IFNy"CD25 and |L-10*
IFNy*CD25 CD4" cells

(A) Splenocytes from naive (N), d21 and d28 infected C57BL/6 mice were restimulated for
6h and stained with fluorochrome-conjugated anti-CD4, anti-CD25, and anti-IL-10
antibodies. Representative plots show staining for CD25 and IL-10 of CD4* gated cells. (B)
Mean of % + SE of total IL10* producing CD4* T cells at different time points during
infection. (C) Mean of % + SE of IL-10" CD25" CD4™" T cells (black bar) and IL-10* CD25*
CD4™* T cells (open bars) (D) Splenocytes from d28 infected mice were stained with
fluorochrome-conjugated anti-1L-10 and anti-FoxP3 antibodies. (E) Mean of % + SE of
FoxP3*CD4* T cells during infection. (F) Splenocytes as in (A) were stained with
fluorochrome-conjugated anti-1L10 and anti-IFNy. Representative plots show staining of
gated CD4* T cells. (B), (C), (D): n=5, data represent one of two experiments. * p<0.05, **
p<0.01
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Figure 3. Characterization of L PS-activated BMDC from wild type, IL-127", and I1L-67" mice
(A) BMDC from wild type, IL-127", 1L-67" mice were activated with 1p.g/ml LPS overnight
and stained with anti-CD11c, anti-MHCII, and anti-CD86 antibodies. Plots show the
expression of CD86 and MHCII for the three different BMDC. (B) The capacity of various
wild type and knock-out BMDC to mount a mixed lymphocyte reaction was tested. Data
show mean 3HTdR incorporation + SE of triplicates for each group. (C) IL-10, 1L12p40, and
IL-6 mRNA expression by LPS-activated BMDC was measured by real-time PCR. Data
show the number of molecules for each cytokine/ 1000 HPRT molecules. One of three

experiments is shown. ** p <0.01
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Figure 4. |L-6 production by BMDC is essential for inhibition of IL-10" CD4* T cells, but both
IL-6 and IL-12p40 ar e essential to promote host resistance

(A) Splenic parasite burden before or after adoptive transfer of LPS-activated BMDC from
C57BL/6, B6.1L-127- and B6.IL-67- mice. (B) Splenocytes from naive control and infected
mice were restimulated in vitro for 6h, and stained with anti-CD3, anti-CD4, anti-IFN+y and
anti-1L-10. Graph shows mean of % * SE of total IL-10 producing CD4* T cells. (C) As in
(B); graph shows mean of % + SE of IL-10* IFNy+ CD4™" T cells. (D) As in (B); graph
shows mean of % + SE of IL-10" IFNy ~ CD4™" T cells. (A), (B), (C): n=5, data show one of
two experiments. * p<0.05, ** p < 0.001.
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