Universiteit

w4 Leiden
The Netherlands

Regulation and subversion of HPV16-specific immunity in

cancer patients
Piersma, S.].

Citation

Piersma, S. J. (2010, March 4). Regulation and subversion of HPV16-specific
immunity in cancer patients. Retrieved from
https://hdl.handle.net/1887/15038

Version: Corrected Publisher’s Version
Licence agreement concerning inclusion of doctoral
License: thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/15038

Note: To cite this publication please use the final published version (if
applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/15038

Sytse J. Piersma

Jeanette M. van der Hulst
Kitty M.C. Kwappenberg
Renske Goedemans
Caroline E. van der Minne
Sjoerd H. van der Burg

Chapter 6



Healthy donor derived IL-10 producing
influenza virus M1-specificCD4 T

cells encompass FOXP3+ and FOXP3-
T-regulatory cells as a consequence of
previous acute infection

submitted

Abstract. Control and termination of an infection with Influenza A virus is associated with IL-
10 production in mouse models. IL-10 plays an essential role in dampening virus-specific immune
responses in order to limit collateral damage. Virus-specific CD4+ T cells are an important source
of IL-10. This study investigated whether the population of IL-10 producing influenza-specific
CD4+ T cells comprised of regulatory T cells (Treg) as they are potent suppressors of the adaptive
immune response. Influenza-specific IL-10 producing T cells were detected in all human donors
displaying influenza-specific immunity. Isolation of Matrix 1 protein-specific IL-10 producing
T-cell clones revealed that a substantial proportion of the IL-10 producing T-cell clones displayed
the capacity to suppress the proliferation of effector cells, functionally identifying them as Tregs.
Both FOXP3+ and FOXP3- CD4+ Tregs were isolated and all were able to exert their suppressive
capacity when stimulated with their cognate antigen, including influenza virus-infected APC. The
isolated Tregs suppressed the IL-2 production of influenza-specific T-helper cells as well as prevented
the upregulation of the high-affinity IL-2 receptor on CD8 effector cells. As these influenza-specific
Tregs can dampen the immune response by interfering at both sides of the IL-2 regulatory pathway
they may be crucial in preventing immunopathology, which otherwise results from an exuberant
immune response after acute influenza infection.



Introduction

Influenza A virus infections have caused many pandemics
(1). Infections with this virus are acute and characterized
by acute onset of fever, myalgias and respiratory symptoms
(2). Data in experimental mouse models showed that
immune control of influenza infection is associated with
the production of IFNYy at the start and then followed by
a peak in IL-10 when viral infection becomes controlled
(3).

IL-10 is well known for its anti-inflammatory
effects and is known to limit and ultimately terminate
inflammatory responses (4). The prominent role of IL-
10 in limiting collateral damage is well illustrated in IL-
10 deficient mice, as they spontancously develop chronic
enterocolitis when not housed under specific pathogen
free conditions (5). These mice also develop lethal liver
pathology as a result of uncontrolled inflammation
when challenged with a non-virulent strain of the
parasite Toxoplasma Gondii (6). IL-10 can be produced
by several members of both the innate and the adaptive
immune system (7). In a Cre/loxP mouse model it was
shown that the prevention of immunopathology after
challenge with Toxoplasma Gondii was dependent on
the IL-10 production by CD4+ T cells (8). Moreover,
a recent study shows that IL-10 produced by FOXP3+
regulatory T cells (Treg) is cssential for limiting
inflammation at environmental surfaces (9). FOXP3+
Treg cells can be generated both in the thymus and in
the periphery (10). Generation of Tregs in the periphery
has been well demonstrated in mouse models (11-13).
Moreover, pathogen-specific FOXP3+ Tregs in humans
have been isolated in the context of chronic infections
and viral induced cancer (14-17). Evidence is starting to
accumulate that Tregs also may have an important role
in preventing immunopathology which otherwise would
have been caused as result of immune control of infections
(18, 19). However, the specificity of such Tregs has not
been addressed.

In mice, influenza-specific immunity not only
comprises influenza-specific CD4+ Thl cells, but also a
subset of influenza-specific CD4+ T cells able to produce
IFNy and IL-10, simultancously (20). Interestingly, this
cytokine profile resembles that of previously described
adaptive Tregs (14, 16). Morcover, analysis of the
influenza-specific CD4+ T-cell response by MHC-class
IT tetramers revealed a small but discernible population of
CD4+FOXP3+ T cells, suggesting but not showing the
induction of influenza-specific Tregs as result of influenza
infection (16).

Based on these data, we set out to study the
influenza-specific CD4+ T-cell response in healthy
individuals. T-cell immunity to influenza is characterized
by both the production of IFNy and IL-10. The majority
of IL-10 producing T cells were also capable of producing
IFNy but displayed an immunosuppressive signature, as
isolated T-cell clones were able to suppress CD4+ and
CDB8+ T cells when stimulated with influenza. These data
show that IL10-producing Tregs are induced during acute
infections and it is highly likely that they play a role in

preventing immunopathology.

Materials and Methods

Subjects and antigens. Anonymous healthy blood bank
donors participated in this study after written informed
consent. Peripheral blood mononuclear cells (PBMC)
were prepared by Ficoll-amidotrizoate density gradient
centrifugation. Peptides spanning the whole M1 protein
consisted of 16 peptides with a length of 30 amino acids,
and an overlap of 15 amino acids (C-terminal peptide
with an overlap of 18 aa), the sequence was derived from
influenza A/PR/8/34. Recombinant M1 and HPV16
E6 protein (the latter served as control protein) were
produced in E. coli as described previously (21). Live
influenza A/Wisconsin/67/2005 was kindly provided by
W.M. Liu (NVI, Bilthoven, the Netherlands).

Flow cytometry. Fluorescent-labeled antibodies used
were CD4 PE (Clone SK3), CD4 APC (Clone RPA-T4),
CD8 PERCP-CYS5.5 (Clone SK1), CD25 APC (Clone
M-A251), CD69 FITC (Clone L78), CD137 APC
(Clone 4B4-1) and IL-2 PE (Clone MQI-17H12)
and were obtained from Becton Dickinson (USA).
FOXP3 was stained using the FOXP3 PE staining kit
(clone PCH101) according to manufacturer protocol
(eBiosciences, USA). The previously described clones
C148.31 and C271.9 were used as reference to determine
the cut-off level (10, 14). Samples were analyzed by
fluorescent activated cell sorting (FACS) using FACS
Calibur (Becton Dickinson) and data was analyzed using
Cell Quest pro (Becton Dickinson) and FlowJo software
(Tree Star).

Generation and culture of MIl-specific T-cell lines
and isolation of M1-specific T-cell clones. To generate
MI-specific T-cell lines PBMC were cultured in IMDM
(BioWhittaker, Belgium) supplemented with 10%
human AB serum (PAA laboratories, Austria) and 10%
T-Cell Growth Factor (TCGF, Zeptometrix, USA) and
were stimulated with 5 pug/ml peptide pools containing
the first 8 or the last 8 overlapping peptides. After 2
weeks of culture the reactivity against M1 peptides and
recombinant protein was assessed. Positive cultures were
stimulated for 4 hours with peptide-loaded autologous
monocytes and were subsequently enriched for IL-10
producing cells according to manufacturer protocol (IL-
10 secretion assay; Miltenyi Biotech, Germany). Directly
after enrichment T-cell clones were isolated as described
before (22). After limiting dilution, T-cell clones were
tested for their specificity and maintained in IMDM
supplemented with 10% FCS and 10% TCGEF. Clonality
of the isolated T-cell clones was assessed using a Beta
Mark TCR VB Repertoire kit according to manufacturer
protocol (Beckman Coulter, USA) and analyzed by FACS.
T-cell clones were expanded every 2-3 weeks using a mix
of IMDM supplemented with 10% FCS and 10% TCGE,
irradiated PBMC from 5 different donors and irradiated
autologous B-LCL loaded with 5 ug/ml cognate peptide.
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T-cell stimulation assays. T-cell cultures (25,000-50,000
cells/well) were tested on pulsed autologous monocytes or
irradiated autologous B-LCL for the recognition of M1
peptides (5 mg/ml) and protein (10 mg/ml) in triplicate
in a 3-day proliferation assay (22). For generation of
monocytes, PBMC were seeded in flat bottom 96-wells
plates (Greiner bio-one, the Netherlands) and adherent
PBMC were cultured for 3 days in X-vivo medium
(BioWhittaker) containing 800 IU/ml GM-CSF
(Invitrogen, UK) before use. For experiments with
influenza virus, autologous monocytes were infected
with 5 x 10° PFU/ml A/Wisconsin/67/2005 for 5 hours
before addition of M1-specific T-cell clone. After 48
hours supernatant was harvested and stored at -20°C for
cytokine analysis. During the last 16 hours of culture 0.5
mCi/well [’H]thymidine (Perkin Elmer, USA) was added
to measure proliferation (21). Antigen-specific IFNy and
IL-10 production was measured by ELISA as according to
manufacturer protocol (Sanquin, the Netherlands). For
the analysis of cytokine production on a single-cell level
T-cell clones were stimulated for 4 hours with peptide-
loaded autologous monocytes and were subsequently
stained for IL-10 and IFNy according to manufacturer
protocol (IL-10 and IFNy secretion assay; Miltenyi
Biotech) and analyzed by FACS.

T-cell suppression assays. For anti-CD3 based
suppression assays responder CD4+CD25- cells were
isolated from PBMC ad described before (14). CD8+
lymphocytes were isolated using magnetic Dynal beads
(Invitrogen, USA) and used as CD8+ responder cells
where indicated. I x 10° responder cells were cultured with
M1-specific T-cell clone at different ratios in the presence
of 1 x 10* irradiated B-LCL and 1 mg/ml agonistic
anti-CD3 antibody (OKT-3, Ortho Biotech, USA).
Proliferation and cytokine production was determined
as described above. Cell surface activation markers were
stained 24 hours after stimulation and analyzed by FACS.

For  antigen  dependent
experiments CD4+CD25- responder cells were stained
with 5 mM catboxyﬂuorcsccin diacetate succinimidyl
ester (CFSE, Invitrogen) for 15 minutes at 37°C. M1-
specific T-cell clone was stained with PKH26 according to
manufacturers’ protocol (Sigma), treated with Mitomycin
C (50 mg/ml; Kyowa, Japan) for 1 hour and irradiated
(2000 Rad) to prevent proliferation of the clone. 1
x 10° of both fluorescent labeled T-cell populations
were cocultured in IMDM containing 10% FCS and
IL-2 (300 IU/ml) in the presence of a mix of 1 x 10*
irradiated B-LCL from 5 different donors, which included
B-LCL autologous to the MI-specific T-cell clone as
antigen presenting cell for the clone. In experiments

suppression

using influenza virus, autologous B-LCL were infected
ovcrnight, hereafter the B-LCL were irradiated and
washed extensively. After 4-6 days of culture, the allo-
specific proliferation of responder T cells was analyzed by
FACS.

For measurement of suppression on IL-2
production CFSE-labeled D1.50 was cocultured with the
indicated M1 specific T-cell clone at a 1:1 ratio together

with autologous B-LCL in the presence of 50 IU/ml IL-2.
The Treg clone was prestimulated with 5 ug/ml cognate
peptide. After 24 hours D1.50 was stimulated with 5 ug/
ml cognate peptide, 1 h later 10 pg/ml Brefeldin A (Sigma-
Aldrich) was added. After overnight incubation, the cells
were fixed, permeabilized, and stained for CD4 and
intracellular IL-2 as described carlier (23). The percentage
of IL-2-producing cells was analyzed by FACS.

Results

Influenza M1-specific T-cell responses are accompanied
both by IFNy and IL-10. The immune response to
influenza infection in mice is characterized by a first wave
of IFNy and is followed by IL-10 when the viral infection
is controlled (3). This immune response not necessarily
reflects the contraction of populations of T cells (eg.
Thl and Th2) as one single influenza-specific CD4 T
cell can produce both IFNy and IL-10 in mice (20). To
study whether similar responses could also be observed in
humans, the influenza specific T-cell response in healthy
individuals was analyzed. Freshly isolated PBMC from
healthy blood bank donors were stimulated with a pool
of influenza matrix 1 (M1) peptides in order to expand
the influenza M1-specific response as we had previously
observed that M1-specific T cells can be detected in the
majority of individuals, directly ex vivo (21, 24-26). M1-
specific responses were detected against multiple peptides,
indicating that a broad T-cell response was mounted
against influenza in these donors (Figure 1A). T-cell
reactivity to some of the M1-specific peptides comprised
the production of both IFNy and IL-10. In total we
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Figure 1. Influenza-specific T-cell responses in healthy
donors are accompanied by IFNy and IL-10 production.
PBMC were stimulated with overlapping influenza M1
peptides (5 pg/ml) in 2 pools (pl=aa 1-135; p2=aa 121-
252) and after 2 weeks the reactivity against M1 peptides
and recombinant protein was assessed. The IFNy (filled bars)
and IL-10 (open bars) secreted by the T-cell cultures was
measured in the culture supernatant by ELISA. A) Reactivity
against multiple epitopes within the bulk culture of Donor
1. M1 prot = influenza M1 protein, E6 prot = HPV16 E6
protein. B) IFNy and IL-10 production of T-cell bulk cultures
from 5 different donors stained with recombinant influenza
M1 protein pulsed APC.
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analyzed 10 donors, of which 5 showed MI-specific cultures from 3 different donors were enriched for IL-10
responses. In all cases the responding T cells reacted producing cells. The percentage of IL-10 producing T cells

both against peptide and recombinant protein pulsed
APC, showing that the M1-specific T cells recognize
naturally processed epitopes. Moreover, the responses
were accompanied by both IFNy and IL-10 in all cases
(Figure 1B).

The Ml-specific IL-10 producing CD4+ T-cell
population comprises of both FOXP3+ and FOXP3-
cells. To characterize the influenza-specific IL-10
producing T cells at the single cell level, the IL-10
producing influenza-specific T-cell population was

enriched by magnetic cell sorting (Figure 2A). The bulk

after enrichment ranged between 18% and 93%. T-cell
clones were isolated from the enriched cultures using

limiting dilution.
The isolated T-cell clones displayed a
CD3+CD4+CD8- phenotype and were assessed

for clonality by analysis of their TCR-VB using flow
cytometry. In total 125 MI-specific T-cell clones were
isolated. Consistent with the cultures at the bulk level,
the isolated influenza specific T-cell clones recognized
naturally processed M1 protein (Figure 2C). Morcover,
the clones specifically proliferated when stimulated with
live virus infected monocytes, as one would expect from
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influenza-specific CD4+ T cells (Figure 2E). Few clones
did not respond to viral challenge, and is likely due to
differences in amino acid sequence between the synthetic
M1 peptides (based on A/PR/8/34) and the virus used
(A/Wisconsin/67/2005).

The Ml-specific T-cell clones had a diverse
phenotype in terms of IL-10 and IFNy production.
Forty-two of the M1 specific clones did not produce IL-
10 upon antigen challenge, which could be explained
by the fact that the T-cell clones were isolated from IL-
10 enriched, but not pure populations. Consistent with
findings in mice (20), most of the IL-10 producing clones
(79/83) produced both IFNy and IL-10 upon cognate
peptide stimulation (Figure 2BD). Analysis of the clones
on a single cell level using cytokine capture assay revealed
that the same cell produced both IFNy and IL-10 at high
concentrations of cognate peptide. However, in some cases
(D4.6 and D4.11) T-cell clones produced only IL-10 in
the lower antigen-range, but co-produced IFNy when
stimulated with increasing concentrations of M1 peptide
(Figure 3). Other clones (e.g. D4.18; Figure 3) produced
only IFNy upon peptide stimulation.

Subsequently, the expression of FOXP3 in these
clones was examined. Previously we showed that non-
suppressive T-cell clones display an increased expression
of FOXP3 compared to naive T cells analyzed by flow
cytometry but lack intra-nuclear localization, and that
the level of FOXP3 was much higher in Tregs (10, 14).
Therefore, the levels of FOXP3 were compared to that of
established FOXP3-positive and FOXP3-negative clones
(C148.31 and C271.9 respectively). In total 16 of the 59
randomly selected clones (28%) showed a considerable
level of constitutive FOXP3 expression, as determined 21
days after last antigen-specific activation (Figure 2F).

M1-specific T cells with antigen-dependent suppressive
capacity are predominantly present within the IL-
10 producing population. The cytokine profile of the
influenza-specific CD4+ T-cell clones resemble that of
Tregs specific for chronic infections and tumor antigens
(14, 16, 27). Therefore, the isolated clones were further
expanded and tested for their suppressive capacity.
In total, 26 of 69 clones that could be tested showed
significant suppression (>50%) on the proliferation of
anti-CD3 stimulated CD4+CD25- T cells. Division of
the T-cell clones based on IL-10 production, IL10- (<50
pg/ml) and IL-10+ (>50 pg/ml), revealed that the Tregs
are significantly more found among the population of
IL-10 producing T cells (p<0.001; two tailed Mann-
Whitney test), but are not exclusively found within this
population (Figure 4A). A number of influenza-specific
CD4+ Treg clones were studied in more detail. These
suppressive clones not only prevented proliferation of
CD3-stimulated effector cells, but also their capacity to
produce IFNy (Figure 4B).

To study whether these clones could also exert
their suppressive function when activated through their
TCR upon recognition of cognate antigen, the Treg clones
were stimulated with M1 peptide during the assay (Figure
4C). CFSE-labeled responder cells were stimulated with
allogencic APC in the presence of a PKH-26 labeled
influenza-specific T-cell clone (Figure 4 C; upper panels).
Consistent with the anti-CD3 based suppression assay,
the clones D1.6, D1.52, D4.6, and D1.68 were able to
suppress proliferation upon stimulation with M1 peptide,
whereas D1.50 and D4.11 did not suppress proliferation
(Figure 4C; lower pancls). Notably, the amount of
Tregs in the bulk culture was insufficient to induce
overt suppression (Sece example in Figure 4D). These
data indicate that influenza-specific Tregs are present in
healthy donors, but the Tregs do not dominate the M1-

Figure 3. IL-10 and IFNy

D4.6

production by M1-specific
T-clones at the single cell level.
M1-specific production of IL-10
and IFNy following stimulation

with APC pulsed with increasing
concentrations of M1 peptide was

D1.68

analyzed on a single cell level
by cytokine capture assay. The
percentage of cytokine producing
cells is indicated in the corners
of the plots. D4.18, which is

presented as control clone,
recognized M1 peptide 196-225.

oLl

D4.11

D4.18
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Figure 4. IL-10 producing M1-specific T-cell clones comprise Treg which suppress in an antigen dependent manner. A)
Suppressive capacity of M1-specific clones on proliferation in anti-CD3 dependent suppression assay. Responder cells were
co-cultured with M1-specific T-cell clones at a 1:1 ratio and compared to proliferation of responder cells only to calculate
the percentage of suppression. The M1-specific clones isolated from 3 donors were divided in 2 groups dependent on IL-10
production (IL-10-: <50 pg/ml and IL-10+: >50 pg/ml). B) Suppressive capacity of individual clones on proliferation (top
panels) and IFNy production (bottom panels) in anti-CD3 dependent suppression assay. The responders and clones were
co-cultured at a 1:1 ratio. C) Antigen-dependent suppression of IL-10 producing T-cell clones. CFSE-labeled responder cells
were co-cultured with M1-specific T-cell clones at 1:1 ratio and stimulated with allogeneic APC. In the upper panels only the
responder cells are stimulated, in the lower panels the M1-specific T-cell clone is stimulated as well with cognate peptide. The

proliferation of the CFSE-labeled responder cells is presented. D) Antigen dependent suppression of D1 T-cell bulk culture as
described in (C).

specific T-cell population expanded from PBMC in vitro. cells either. However, in the presence of influenza virus-

In order to test whether the Treg clones could infected antigen presenting cells D1.68 Treg cells were
also suppress when their cognate antigens are present in activated and able to suppress the proliferation of the
the natural context, we tested the suppressive capacity responder cells in a dose-dependent manner (Figure SA;
of D1.68 when stimulated by APC infected with live middle panels and Figure 5B middle set of columns).
influenza virus (Figure S). Importantly, the proliferation As a control, the non-suppressive T-cell clone D1.50
of the responder cells was not influenced by the presence was added, but this clone was not able to suppress the
of influenza virus (Figure SA; upper panels and Figure 5B responder cells. These data indicate that the influenza-
left set of columns). Simply adding the Treg clone B1.68 specific Tregs are able to suppress other T cells under
did not result in substantial suppression of the responder conditions that resemble influenza infection.
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Treg clones interfere with the IL-2 pathway at multiple
levels. IL-2 production by T-helper cells plays a critical
role in the induction and sustainment of CTL (28) and
can be suppressed by Treg (14, 27). To assess whether
IL-2 production by influenza-specific T-helper cells
was inhibited by influenza-specific Treg, a co-culture
experiment was performed wherein the CFSE-labeled
T-helper clone D1.50 started to produce IL-2 when APC
presented the clone’s cognate antigen. Upon stimulation
of the Treg clone (cither FOXP3+ or FOXP3-), already
present in the co-culture, the production of IL-2 by
D1.50 was inhibited (Figure 6A). This shows that IL-2
production by influenza-specific T-helper cells is inhibited
by Treg cells specific for the same viral antigen.

Quickly after activation CD8+ T cells
start to upregulate the high-affinity chain of the IL-2
receptor (CD25) at their cell surface as this is critical for
maintaining the CD8 T-cell response (28). To study the
effect of Tregs on the expression of the IL-2 receptor by
CD8 T cells, OKT-3 dependent upregulation of CD25 by
CD8+ PBMC in the absence or presence of M1-specific
Treg was examined. Additionally, upregulation of CD69,
which is a very carly activation marker with unknown
function, and 4-1BB (CD137), which is important for
T-cell survival (29) was analyzed. Stimulated CD8+
PBMC upregulated CD25, CD69 and CD137 (Figure
6B) but when the CD8+ PBMC were activated in the
presence of MI-specific Treg clones B1.6 or B1.52, the
upregulation of CD25 was inhibited while both CD69
and CD137 were still upregulated. This indicates that
the CD8 are partly activated in the presence of Treg, but
are incapacitated to ingest IL-2 required for their full
expansion, consistent with the data previously reported
in murine models (30). As a control, there was no effect
on CD25 upregulation when the CD8+ PBMC were
cocultured with MI-specific bulk culture. These data
imply that the Ml-specific Treg specifically interfere
with the IL-2 pathway on multiple levels, both on the
production by T-helper cells as well as IL-2 uptake by
CD8+ effector cells.

Discussion

In this study we showed that the influenza M1-
specific proliferative T-cell response is accompanied by
the production of both IFNy and IL-10, similar to carlier
observations in a mouse model (20). In-depth analysis of
this immune response at the T-cell clonal level revealed
that M1-specific T cell could simultaneously produce IL-
10 and IFNy. Furthermore, a substantial proportion of
the IL-10 producing M1-specific T-cell clones exerted a
suppressive capacity when stimulated with their cognate
peptide-antigen. The population of Treg clones comprised
both FOXP3- and FOXP3+ T-cell clones, consistent
with the previously reported population of HPV-specific
Treg (14). Morcover, the M1-specific Tregs were able to
suppress the proliferation, IL-2 and IFNy autologous
T-helper type 1 cells in an antigen-dependent manner
as well as able to suppress the full expansion of CD8 T
cells by inhibiting the upregulation of the high affinity

IL-2 receptor on activated CD8+ T cells. These data
clearly show that influenza-specific Treg cells are induced
in healthy donors as a consequence of previous infection
with influenza virus.

Previously, we have shown that virus-specific Tregs
could be isolated from patients suffering from human
papilloma virus-induced lesions (14, 17). The absence of
sufficient concentrations of live HPV virus prohibited us
to study the suppressive function of the HPV-specific Treg
when their antigen was presented in the natural context.
Fortunately, influenza virus is readily available and allowed
us to use influenza-infected APC to stimulate M1-specific
Treg in order to show that they were able to suppress the
proliferation of effector cells. Indeed our current study
shows that pathogen-specific Treg are fully capable of

exerting their effector function when stimulated with
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Figure 5. Treg clones are able to exert their suppressive
function after recognition of influenza virus-infected APC.
Antigen-dependent suppression of IL-10 producing T-cell
clones. APC were infected with influenza virus. Treg clone
D1.68 was stimulated with APC infected with increasing
amounts of influenza virus. D1.50 without suppressive
capacity is shown as control. A) Proliferation of the CFSE-
labeled responder cells is presented. B) The proliferation
of the responder cells was calculated using the FlowJo
software. Proliferation of the condition without clone and
antigen was set to 100%.
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Figure 6. M1-specific Treg interfere with the IL-2 pathway at multiple levels. A) Suppression of IL-2 production (by T-helper
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The percentage of IL-2 producing D1.50 is indicated. B) Suppression of IL-2 receptor upregulation by activated CD8+ responder
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or D1 bulk T-cell culture as control. Upregulation of the with T-cell activation associated markers CD25 (IL-2R «-chain), CD69
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is shown.

influenza-infected APC resembling the natural context in
which these T cells would detect their cognate antigen in
vivo.

There are numerous studies reporting pathogen-
specific Tregs in chronic infections (14, 16, 17, 19). To
our knowledge, the question whether pathogen-specific
Tregs are also induced under acute non-pathogenic viral
infections in humans has not been adequately addressed.
Since influenza infections are characterized by acute onset
and lack a chronic phase (2), our data reveals that virus-
specific Tregs are also induced as a result of acute viral
infections.

Highly pathogenic influenza infections including
H5N1 and the 1918 influenza virus are characterized by a
cytokine storm which contributes to the lethality of these
viruses (31-33). The observed cytokine storm includes
several proinflammatory cytokines and chemokines
which are also increased after IL-10 blockade during
sublethal influenza infection (34). In people infected with
dengue virus, which causes immunopathology similar
to high pathogenic influenza, it was found that a high
Treg/ Teffector ratio correlated with a mild disease (35),
indicating immunopathology can develop as a result of
insufficient expansion of Treg during acute infection.

This raises the question whether influenza-specific Treg
are insufficiently expanded during infection with highly
pathogenic influenza viruses. Notably, under conditions
where influenza infection is controlled, the population
of IL-10 producing CD4+ T cells is activated early
during influenza infection in order to peak 2-3 days
after the virus is cleared from the lung (3). One of the
mechanisms involved is likely to be the reduction of IL-2
producing cells as well as prevention of IL-2 receptor
upregulation (Figure 6), together playing a critical role in
the sustainment of the influenza-specific CD4 and CD8
effector cell subsets (36), which are known to produce
the different types of proinflammatory cytokines found
during influenza infection (3).

In summary, we showed that pathogen-specific
IL-10 producing Treg are induced during acute virus
infections. These Tregs are potentially important in
preventing immunpathology which may occur otherwise
as a result of an uncontrolled anti-viral immune response.
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