
Daniel et al. BMC Immunology 2012, 13:47
http://www.biomedcentral.com/1471-2172/13/47
RESEARCH ARTICLE Open Access
In-vitro inhibition of IFNγ+ iTreg mediated by
monoclonal antibodies against cell surface
determinants essential for iTreg function
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Abstract

Background: IFNγ-producing CD4+CD25+Foxp3+ PBL represent a subtype of iTreg that are associated with good
long-term graft outcome in renal transplant recipients and suppress alloresponses in-vitro. To study the mechanism
of immunosuppression, we attempted to block cell surface receptors and thereby inhibited the function of this
iTreg subset in-vitro using monoclonal antibodies and recombinant proteins.

Methods: PBL of healthy control individuals were stimulated polyclonally in-vitro in the presence of monoclonal
antibodies or recombinant proteins against/of CD178, CD152, CD279, CD28, CD95, and HLA-DR. Induction of
IFNγ+ iTreg and proliferation of effector cells was determined using four-color fluorescence flow cytometry.
Blockade of iTreg function was analyzed using polyclonally stimulated co-cultures with separated
CD4+CD25+CD127-IFNγ+ PBL.

Results: High monoclonal antibody concentrations inhibited the induction of CD4+CD25+Foxp3+IFNγ+ PBL
(anti-CD152, anti-CD279, anti-CD95: p < 0.05) and CD4+CD25+CD127-IFNγ+ PBL (anti-CD178, anti-CD152, anti-CD279,
anti-CD95: p < 0.05). Effector cell proliferation increased with increasing antibody concentrations in culture medium
(anti-CD178 and anti-CD279: p < 0.05). Conversely, high concentrations of recombinant proteins induced formation
of CD4+CD25+Foxp3+IFNγ+ PBL (rCD152 and rCD95: p < 0.05) and decreased cell proliferation dose-dependently
(rCD178 and rCD95: p < 0.05). Our data suggest an inverse association of iTreg induction with effector cell
proliferation in cell culture which is dependent on the concentration of monoclonal antibodies against iTreg
surface determinants. 3-day co-cultures of polyclonally stimulated PBL with separated CD4+CD25+CD127-IFNγ+

PBL showed lower cell proliferation than co-cultures with CD4+CD25+CD127-IFNγ- PBL (p < 0.05). Cell proliferation
increased strongly in CD4+CD25+CD127-IFNγ- PBL-containing co-cultures in the presence of monoclonal antibody
(anti-CD28, anti-CD152, anti-CD279: p < 0.05) but remained low in co-cultures with CD4+CD25+CD127-IFNγ+

PBL (with the exception anti-CD28 monoclonal antibody: p < 0.05). Monoclonal antibodies prevent iTreg induction
in co-cultures with CD4+CD25+CD127-IFNγ- PBL but do not efficiently block suppressive iTreg function in
co-cultures with CD4+CD25+CD127-IFNγ+ PBL.

Conclusions: CD178, CD152, CD279, CD28, CD95, and HLA-DR determinants are important for induction and
suppressive function of IFNγ+ iTreg.
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Background
Recently, we reported that CD4+CD25+Foxp3+IFNγ+

PBL were more frequently detectable in renal transplant
recipients with good than in recipients with impaired
long-term graft function [1]. IFNγ-secreting CD4+CD25+

Foxp3+ iTreg are usually undetectable in the peripheral
blood of healthy individuals [1,2]. CD4+CD25+Foxp3+

IFNγ+ PBL separated from primary MLC were shown to
inhibit allogeneic secondary MLC responses mainly anti-
gen-unspecifically, but in part also antigen-specifically
[2-7]. Separated CD4+CD25+IFNγ+ co-expressed Foxp3,
IL4, IL10, and TGFß intracellularly, suggesting that re-
lease of these immunosuppressive cytokines is involved
in the immunosuppressive mechanism of IFNγ+ iTreg
[2]. Using polyclonally stimulated cell cultures, we
showed that CD4+CD25+Foxp3+, CD4+CD25+IFNγ+ and
CD4+IFNγ+Foxp3+ PBL co-expressed CD178, CD28,
CD95, HLA-DR, CD152, and CD279 [4]. Our current
work addresses the hypothesis that these cell surface
determinants, representing receptors involved in cell-cell
interactions, contribute to immunosuppression mediated
by this particular iTreg subset. To address this question,
we attempted to block these cell surface receptors and
their ligands using monoclonal antibodies and recombin-
ant proteins. We studied two different subsets of IFNγ-
secreting iTreg subsets, namely CD4+CD25+Foxp3+

IFNγ+ and CD4+CD25+CD127-IFNγ+ iTreg. Because it
was shown that CD4+CD25+Foxp3+ and CD4+CD25+

CD127- iTreg subsets overlap and represent in part dif-
ferent iTreg subpopulations [8], we investigated both
subsets and particular those cells that produce intracel-
lular IFNγ.

Results
We studied whether monoclonal antibodies or recom-
binant proteins reactive with cell surface determinants
affect induction of CD4+CD25+Foxp3+IFNγ+ and CD4+

CD25+CD127-IFNγ+ PBL or cell proliferation in-vitro.
PBL of 5 healthy control individuals (HC1-HC5) were
separated from heparinized whole blood and stimulated
for 16 h using PMA/Ionomycin (iTreg induction) or for
3 days using PHA (cell proliferation) in the presence of
monoclonal antibodies against, or recombinant proteins
of, CD28, CD95, CD152, CD178, CD278, and HLA-DR.
CD4+CD25+Foxp3+IFNγ+ and CD4+CD25+CD127-IFNγ+

PBL as well as proportions of proliferating lymphoblasts
with low CFSE staining were determined.

Monoclonal antibodies against CD28, CD95, CD152,
CD178, CD278, and HLA-DR
Anti-CD178, anti-CD152, anti-CD279, anti-CD95, and
anti-HLA-DR but not anti-CD28 monoclonal antibody
inhibited the induction of CD4+CD25+Foxp3+IFNγ+ PBL
as compared to cell cultures without monoclonal
antibody (all p < 0.05). Inhibition was dose-dependent
and increased in parallel with antibody concentration in
the cell culture (CD4+CD25+Foxp3+IFNγ+ PBL: anti-
CD152, anti-CD279, and anti-CD95: all p < 0.05; CD4+

CD25+CD127-IFNγ+ PBL: anti-178, anti-CD152, anti-
CD279, and anti-CD95: all p < 0.05) (Figures 1a, b).
Conversely, cell proliferation was lower in cell cul-
tures with than in cultures without monoclonal antibody
(p < 0.05; exception: anti-CD28) (Figure 1c). Cell prolif-
eration increased with increasing antibody concentration
in culture (anti-CD178 and anti-CD279: p < 0.05; anti-
CD152 and anti-DR: p = 0.080). It appears that mono-
clonal antibody blocks iTreg induction and function
dose-dependently and abrogates inhibition of cell prolif-
eration in culture.

Recombinant CD28, CD95, CD152, CD178, and CD278
Exposure to recombinant proteins induced the forma-
tion of CD4+CD25+Foxp3+IFNγ+ PBL (rCD152 and
rCD95: p < 0.05; rCD28: p = 0.080) (Figures 2a, b) and
was associated with decreased cell proliferation dose-
dependently (rCD178 and rCD95: p < 0.05) (Figure 2c).
Next, we tried to block the suppressive function of

separated pre-activated CD4+CD25+CD127-IFNγ+ PBL
in polyclonally stimulated co-cultures using monoclonal
antibodies against cell surface determinants of separated
IFNγ+ iTreg.

Co-cultures with separated CD4+CD25+CD127-IFNγ+ PBL
in the presence of monoclonal antibodies against CD28,
CD95, CD152, CD178, CD278, and HLA-DR
PBL of 9 healthy controls (HC1-HC9) were separated
from heparinized whole blood and stimulated for 16 h
using PMA/Ionomycin. CD4+CD25+CD127-IFNγ+ PBL
were separated from CD4+CD25+CD127-IFNγ- PBL and
each of the two cell fractions was added to co-cultures
of autologous PBL stimulated with PMA/Ionomycin for
another 3 days in the presence or absence of monoclonal
antibodies against CD28, CD95, HLA-DR, CD152,
CD178, or CD279 (Figure 3).
3-day co-cultures with separated CD4+CD25+CD127-

IFNγ+ PBL showed lower cell proliferation than co-
cultures with CD4+CD25+CD127-IFNγ- PBL (p = 0.011).
Cell proliferation increased in CD4+CD25+CD127-IFNγ-

PBL-containing co-cultures in the presence of anti-
CD28, anti-CD152, or anti-CD279 monoclonal antibody
(with vs without mab: CD28 p = 0.015, CD152 p =
0.028, CD279 p = 0.046, CD178 p = 0.066, CD95 p =
0.066, and HLA-DR p = n.s.) whereas in co-cultures with
CD4+CD25+CD127-IFNγ+ PBL cell proliferation was
consistently low, with the exception of co-cultures with
anti-CD28 monoclonal antibody which showed
increased proliferation (p = 0.011). Notably, all cultures
with CD4+CD25+CD127-IFNγ+ PBL showed lower rates
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Figure 1 (See legend on next page.)
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Figure 1 Induction of CD4+CD25+Foxp3+IFNγ+ and CD4+CD25+CD127-IFNγ+ PBL and cell proliferation in the presence of
PMA/Ionomycin and monoclonal antibodies against cell surface molecules. (a, b) PBL of 5 healthy control individuals (HC1-HC5) were
incubated in medium or stimulated with PMA/Ionomycin for 16 h in the presence of monoclonal antibodies against CD178, CD152, CD279, CD28,
CD95, and HLA-DR in final concentrations of 0.1 μg/ml and 1 μg/ml. The assay was measured using four-color fluorescence flow cytometry.
Compared to PMA-Ionomycin-stimulated cell cultures without monoclonal antibody, addition of anti-CD178, anti-CD152, anti-CD279, anti-CD95,
and anti-HLA-DR monoclonal antibody blocked induction of CD4+CD25+Foxp3+IFNγ+ PBL (p < 0.05) but not induction of CD4+CD25+CD127-IFNγ+

PBL (p = n.s.). When cell cultures with a 1-log difference in antibody concentration were compared, higher concentrations of anti-CD152,
anti-CD279, and anti-95 monoclonal antibody blocked induction of CD4+CD25+Foxp3+IFNγ+ PBL (p < 0.05) whereas higher anti-CD178,
anti-CD152, anti-CD279, and anti-CD95 concentrations blocked induction of CD4+CD25+CD127-IFNγ+ PBL (p < 0.05) compared to lower
concentrations of these antibodies in the cell cultures. (c) PBL of 5 healthy control individuals (HC1-HC5) were incubated in medium or
stimulated with PHA for 3 days in the presence of monoclonal antibodies against CD178, CD152, CD279, CD28, CD95, and HLA-DR in final
concentrations of 0.1 μg/ml and 1 μg/ml. The proportion of CFSElow PBL was determined using flow cytometry. With the exception of anti-CD28,
all monoclonal antibodies reduced cell proliferation (all p < 0.05) and cell proliferation tend to normalize in the presence of high antibody
concentrations, especially of anti-CD178 and anti-CD279 (p < 0.05). In the figure, statistical significant differences of assays with vs without
monoclonal antibodies are indicated by lines, whereas statistical significant differences of assays with low vs high monoclonal antibody
concentrations are indicated by arrows. Data are given as mean±SD. *p < 0.05.
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of cell proliferation than the corresponding cell cultures
with CD4+CD25+CD127-IFNγ- PBL (CD178 p = 0.008,
HLA-DR p = 0.008, CD28 p = 0.015, CD95 p = 0.015,
CD152 p = 0.028, CD279 p = 0.028) (Figure 3). It
appears that monoclonal antibodies prevented iTreg in-
duction in co-cultures with CD4+CD25+CD127-IFNγ-

PBL, allowing strong effector cell proliferation, whereas
monoclonal antibodies did not block suppressive iTreg
function efficiently in CD4+CD25+CD127-IFNγ+ PBL-
containing co-cultures, resulting in no or only moderate
increases of effector cell proliferation.
In a separate experiment with PBL stimulated for

16 h using PMA/Ionomycin, CD4+CD25+Foxp3+CD127-

IFNγ+ PBL were shown to co-express CD178, CD152,
CD279, CD28, CD95, HLA-DR, IL4, IL10, and TGFß
(Figure 4). The data suggest that (a) CD4+CD25+Foxp3+

CD127-IFNγ+ PBL co-express the corresponding target
structure for the monoclonal antibodies and (b) that
CD4+CD25+Foxp3+CD127-IFNγ+ PBL might exert im-
munosuppression by both cell-cell contact and secretion
of immunosuppressive cytokines. Figure 5 shows that
approximately 0.5% of CD4+CD25+IFNγ+Foxp3+ and
0.7% of CD4+CD25+IFNγ+CD127- iTreg co-expressed
simultaneously the immunosuppressive cytokines TGFß
as well as IL10 intracellularly, and 5% of CD4+CD25+

IFNγ+Foxp3+ and 14% of CD4+CD25+IFNγ+CD127-

iTreg produced TGFß but not IL10 (all percentages with
respect to total of CD4+ PBL in the cell culture).

Discussion
In previous experiments, we were able to induce CD4+

CD25+Foxp3+IFNγ+ PBL by PMA/Ionomycin stimula-
tion in-vitro and these iTreg were shown to suppress
activation of responder cells in secondary MLC mainly
antigen-unspecifically, although the strongest suppres-
sion was seen in antigen-specific settings [2,3]. Induc-
tion of CD4+CD25+Foxp3+IFNγ+ PBL peaked at 6 h of
PMA/Ionomycin stimulation and decreased thereafter
gradually [2]. Furthermore, we were able to show co-
expression of CD178, CD28, CD95, HLA-DR, CD152,
and CD279 on polyclonally stimulated CD4+CD25+

Foxp3+, CD4+CD25+IFNγ+ and CD4+Foxp3+IFNγ+ PBL
[4]. We hypothesized that interaction of at least some of
these cell surface receptors with their ligands might con-
tribute to immunosuppressive function. In the present
study, we studied whether blocking of these receptors
affects induction and immunosuppressive function of
IFNγ+ iTreg in-vitro.
We found that induction of IFNγ+ iTreg was pre-

vented in the presence of monoclonal antibodies against
CD28, CD95, CD152, CD178, CD278, and HLA-DR,
whereas recombinant proteins of these determinants
induced IFNγ+ iTreg. The frequency of IFNγ+ iTreg was
inversely associated with the cell proliferation rate dur-
ing 3-day cell culture. When CD4+CD25+CD127-IFNγ+

PBL were separated and added to autologous PBL, they
prevented cell proliferation; in contrast, addition of sepa-
rated CD4+CD25+CD127-IFNγ- PBL increased prolifera-
tion in cell co-cultures. Monoclonal antibodies increased
cell proliferation more markedly in cell cultures contain-
ing CD4+CD25+CD127-IFNγ- PBL than in cell cultures
containing CD4+CD25+CD127-IFNγ+ PBL. It thus
appears that monoclonal antibodies prevented iTreg in-
duction in co-cultures with separated CD4+CD25+

CD127-IFNγ- PBL, allowing strong effector cell prolife-
ration, whereas monoclonal antibodies did not block
suppressive iTreg function efficiently in co-cultures con-
taining separated CD4+CD25+CD127-IFNγ+ PBL, result-
ing in no or only moderate increases of effector cell
proliferation. In previously published experiments with
secondary MLC and CFSE-stained responder cells,
addition of CD4+CD25+IFNγ+ PBL separated from pri-
mary MLC inhibited the responder cell proliferation,
determined as CFSElow responder cells, stronger than
CD4+CD25+IFNγ- PBL remaining after separation, thus
substantiating the immunosuppressive capacity of CD4+
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Figure 2 (See legend on next page.)
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Figure 2 Induction of CD4+CD25+Foxp3+IFNγ+ and CD4+CD25+CD127-IFNγ+ PBL and cell proliferation in the presence of PMA/
Ionomycin and recombinant proteins against cell surface molecules. (a, b) PBL of 5 healthy control individuals (HC1-HC5) were incubated in
medium or stimulated with PMA/Ionomycin for 16 h in the presence of recombinant rCD178, rCD152, rCD279, rCD28, and rCD95 in final
concentrations of 0.1 μg/ml and 1 μg/ml. Then, assay was measured using four-color fluorescence flow cytometry. Proportions of
CD4+CD25+Foxp3+IFNγ+ and CD4+CD25+CD127-IFNγ+ PBL were calculated as proportion of all cultured CD4+ PBL. rCD28 reduced induction of
CD4+CD25+Foxp3+IFNγ+ PBL (p < 0.05). Higher concentrations of recombinant proteins tend to increase iTreg induction, especially of rCD152 and
rCD95 (p < 0.05). In the presence of rCD95, CD4+CD25+CD127-IFNγ+ PBL increased strongly (with vs without rCD95: p < 0.05). (c) PBL of 5 healthy
control individuals (HC1-HC5) were incubated in medium or stimulated with PHA for 3 days in the presence of recombinant rCD178, rCD152,
rCD279, rCD28, and rCD95 in final concentrations of 0.1 μg/ml and 1 μg/ml. Then, proportion of CFSElow PBL was determined using flow
cytometry. rCD178 and rCD95 reduced cell proliferation strongly (p < 0.05). Data are given as mean±SD.
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CD25+IFNγ+ PBL [2]. Interestingly, we observed a trend
that cell cultures containing anti-CD28 monoclonal anti-
body showed increased induction of CD4+CD25+Foxp3+

IFNγ+ and CD4+CD25+CD127–IFNγ+ PBL (Figure 1a,
b), increased proliferation of CFSE-labelled responder
cells (Figure 1c), and increased activation/proliferation
when co-cultured with CD4+CD25+Foxp3+IFNγ+ PBL
(Figure 3) compared to cell cultures with other
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Figure 3 Functional inhibition of iTreg by monoclonal antibodies aga
separated from heparinized whole blood and incubated for 16 h with med
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CD95, and HLA-DR. Cell proliferation was measured as counts per minute (
CD4+CD25+CD127-IFNγ+ PBL showed lower cell proliferation than co-cultur
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monoclonal antibodies. We speculate that anti-CD28
monoclonal antibody amplifies cell activation in poly-
clonally stimulated cell cultures and induces prolifera-
tion of both IFNγ-secreting CD4+CD25+Foxp3+/ CD4+

CD25+CD127- PBL (Figures 1a, c) as well as responder
T cells (Figure 1c, 3). In summary, CD178, CD152,
CD279, CD28, CD95, and HLA-DR determinants were
shown to be important for induction and function of
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Figure 4 Co-expression of CD178, CD152, CD279, CD28, CD95, HLA-DR, IL4, IL10, and TGFß on/in CD4+CD25+Foxp3+CD127-IFNγ+ iTreg.
PBL of 3 healthy control individuals were stimulated for 16 h using PMA/Ionomycin. Lymphocytes were determined in a FSC/SSC dot plot using
six-color-fluorescence flow cytometry. Gates for fluorochrome-labeled monoclonal antibodies were defined using appropriate isotype controls
that were adjusted to <1% positive cells in the corresponding quadrants. Based on these isotype controls, CD4+CD25+Foxp3+CD127-IFNγ+ PBL
were determined and co-expression of CD178, CD152, CD279, CD28, CD95, HLA-DR, IL4, IL10, and TGFß was analyzed. Figure (a) depicts the
gating strategy, Figure (b) summarizes the results of the 3 healthy controls. Data are given as mean±SD. Unstim = incubated in medium,
stimulated = incubated in PMA/Ionomycin.
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IFNγ+ iTreg. Blockade of CD178, CD152, CD279, CD95,
and HLA-DR determinants prevents induction of IFNγ-
producing iTreg during polyclonal stimulation and
induces effector cell proliferation dose-dependently. Re-
combinant proteins show the reverse effect. It therefore
can be concluded that interaction of CD178, CD152,
CD279, CD28, CD95, and HLA-DR determinants on
CD4+CD25+Foxp3+IFNγ+ and CD4+CD25+CD127-IFNγ+

PBL are essential for the suppressive function of these
IFNγ-producing iTreg subsets.
Our findings are in line with the findings of other

investigators. Strong CD28 co-stimulation suppressed
induction of Treg from naïve precursors through Lck
signaling and provided a rational for promoting T-cell
immunity or tolerance by regulating Treg through tar-
geting CD28 signaling [9]. CD152 (CTLA-4) controls
homeostasis and suppressive capacity of regulatory T
cells in mice [10]. Blockade of CD152 signaling resulted
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Figure 5 Simultaneous co-expression of TGFß and IL10 in CD4+CD25+
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killed by T effector cells and thereby eliminate immuno-
suppression [13-16]. A recently published study showed
that Foxp3 negatively regulated CD95L expression in
Treg and demonstrated that Treg are susceptible to
homeostatic control by CD95 stimulation [17]. Our own
studies show that CD4+CD25+Foxp3+IFNγ+CD178+

human iTreg are generated during polyclonal stimula-
tion in-vitro and that they suppress alloresponses by
apoptosis of responder cells [4]. Others showed that a
distinct subset of HLA-DR+-regulatory T cells is
involved in the induction of preterm labor during preg-
nancy and in the induction of organ rejection after
transplantation [18].
Because CD4+CD25+Foxp3+ and CD4+CD25+CD127-

iTreg subsets overlap by two-thirds and represent in part
different iTreg subpopulations [8], we investigated both
subsets and particular those cells that produce intracel-
lular IFNγ. It was reported that differences in CD4+

CD25+Foxp3+ and CD4+CD25+CD127- iTreg frequen-
cies exist in the blood of patients with systemic sclero-
derma [8]. Recently, Foxp3- CD4+CD25+CD127- iTreg
with appreciable suppressive activity on effector T cell
proliferation, although less than that displayed by Treg
cells from healthy controls, were demonstrated in
patients with immune dysregulation, polyendocrinopa-
thy, enteropathy, X-linked (IPEX) syndrome [19]. Our
data show a similar reaction pattern of both iTreg sub-
sets in the presence of monoclonal antibodies against
the studied cell determinants (Figure 1), suggesting that
both subsets co-express CD178, CD152, CD28, CD95,
and HLA-DR (Figure 4). However, assays with recom-
binant protein exhibit in part divergent results of the
two iTreg populations (Figure 2).
We investigated the induction of IFNγ+ iTreg in-vitro.

This particular iTreg subset represents the first line of
iTreg during an immune response because they express
IFNγ receptors, are induced by IFNγ, and represent sen-
sors for immediate immune responses [2]. IFNγ-
producing CD4+CD25+Foxp3+ PBL were associated with
good long-term graft outcome in renal transplant recipi-
ents and suppressed alloresponses in-vitro [1,2]. Others
reported similar findings in mice. Mouse iTreg gener-
ated by IFNγ-conditioning of non-regulatory CD4+ T
cells in the presence of alloantigen not only prevented
the acute rejection of skin and islet allografts, but also
the development of chronic allograft dysfunction
(CAD)-associated vasculopathy of an arterial transplant
[20-23].
Conclusion
Our data suggest that CD28, CD95, CD152, CD178,
CD278, and HLA-DR interactions are necessary for the
induction and suppressive function of IFNγ+ iTreg.
Methods
Healthy controls
Laboratory staff served as healthy controls. All controls
gave informed consent for the tests performed within
this study and the study was approved by the local eth-
ical committee “Ethikkommission, Medizinische Fakultät
Heidelberg”. The study was conducted in adherence to
the Declaration of Helsinki.

Polyclonal stimulation of PBL
PBL were separated from heparinized whole blood by
Ficoll density gradient centrifugation and stimulated for
16 h using a mixture of phorbol 12-myristate 13-acetate
(PMA; final concentration in medium: 10 ng/ml; Sigma
Aldrich, Munich, Germany) and ionomycin (1 μg/ml;
Sigma Aldrich, Munich, Germany), or for 3 days using
either PMA/Ionomycin or phytohaemagglutinin (PHA,
final concentration in medium: 10 ng/ml; Sigma Aldrich,
Munich, Germany) in RPMI medium containing 10%
FCS, L-Glutamin, and Penicillin/ Streptomycin (all from
Invitrogen Gibco, Paisley, Scotland) as described previ-
ously [2]. All tests were done in triplicate. The mean of
triplicate assays was calculated and used for statistical
analysis. Cell activation and proliferation was determined
using 3H-thymidine incorporation. Alternatively, cell
proliferation was measured using CFSE (CellTrace CFSE
Cell Proliferation Kit, Invitrogen) staining according to
the manufacturer's instruction [2].

Separation of CD4+CD25+CD127-IFNγ+ PBL from PMA/
Ionomycin-stimulated short-term cell cultures
As described previously, CD4+ PBL were separated by
negative selection using biotinylated monoclonal anti-
bodies against CD14, CD16, CD56, CD123, CD36, CD8,
CD19, glycophorin (Dynabeads Regulatory CD4+CD25+

T cell kit, Invitrogen, Dynal Oslo, Norway), CD127 (BD
Biosciences, Heidelberg, Germany), and streptavidin-
coupled beads according to the manufacturer's ins-
tructions [2]. CD4+CD127- PBL were incubated with bead-
coupled CD25 monoclonal antibodies and CD4+CD127-

CD25+ PBL were separated using a magnet. CD25 mono-
clonal antibodies were removed from the cell surface
by addition of anti-Fab antibody (DETACHaBEAD,
Invitrogen). CD4+CD25+CD127- PBL were incubated
with a biotinylated IFNγ monoclonal antibody (BD
Biosciences, Heidelberg, Germany, clone 4S.B3) (20 μl
antibody to 500 μl cell suspension) for 20 min. Thereafter,
CD4+CD25+CD127-IFNγ+ PBL were separated from
CD4+CD25+CD127-IFNγ- PBL using streptavidin-
coupled beads (Dynabeads Biotin Binder, Invitrogen).
Separated PBL were added to co-cultures of autologous
PBL stimulated for another 3 days with PMA/Ionomycin
in the presence or absence of monoclonal antibodies
against cell surface molecules.
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Co-cultures of PMA/Ionomycin-stimulated PBL with
autologous separated CD4+CD25+CD127-IFNγ+ and
CD4+CD25+CD127-IFNγ- PBL in the presence or absence
of monoclonal antibodies
106 PBL (100 μl) were co-cultured with 105 separated
CD4+CD25+CD127-IFNγ+ or CD4+CD25+CD127-IFNγ-

PBL (100 μl). Monoclonal antibody was added to the
co-cultures (final concentration 1 μg/ml). At the end
of the culture period, PBL were pulsed with 20 μl of
3 H-thymidine (1 mCi/ml) per well for 16 h. Cells were
harvested and 3H-thymidine incorporation was mea-
sured using a ß-counter.
Determination of PBL subsets
PBL subsets were determined as described previously
[1]. For analysis of determinants on the cell surface, PBL
were incubated with fluorochrome-labelled monoclonal
antibodies against CD4, CD25, CD127, CD178, CD152,
CD279, CD28, CD95, and HLA-DR (all from BD Bios-
ciences). Intracellular determinants/cytokines were
stained with fluorochrome-labelled monoclonal anti-
bodies against Foxp3, IFNγ (clone B27), IL4, IL10 (all from
BD Biosciences), and TGFß (R&D systems, Wiesbaden,
Germany). Briefly, PBL were incubated with combinations
of monoclonal antibodies for 30 min as described. Multi-
color fluorescence was analyzed using a FACScalibur dual-
laser, a FACScanto triple-laser, or a LSR II four-laser
flow-cytometer (all BD Biosciences) [1]. When, in addition,
intracellular proteins were studied, cell membranes
were permeabilized using BD Perm/Wash buffer (BD
Biosciences). At least 100,000 events were analyzed in the
initial FSC/SSC dot plot. IFNγ monoclonal antibody used
for cell separation (BD clone 4S.B3) and IFNγ monoclonal
antibody used for cell staining (BD clone B27) were not
competitive (data not shown) [2].
Statistics
For statistical analysis, PASW Statistics program version
18 (IBM, Chicago, Illinois, USA) and Wilcoxon signed
rank test were used. P-values of less than 0.05 were con-
sidered significant.

Competing interests
In the past five years I did not receive reimbursements, fees, funding, or
salary from an organization that may in any way gain or lose financially from
the publication of this manuscript, either now or in the future. I do not hold
any stocks or shares in an organization that may in any way gain or lose
financially from the publication of this manuscript, either now or in the
future.

Authors’ contributions
VD designed the study and wrote the manuscript. GO made contributions to
conception and design as well as analysis and interpretation of data. HW
and MS have been involved in drafting the manuscript and revising it
critically for important intellectual content. All authors have given final
approval of the version to be published.
Acknowledgements
We would like to acknowledge the skilful technical assistance of Silja
Petersen, Anja Bruechig, and Marion Miltz-Savidis.

Author details
1Department of Transplantation-Immunology, Institute of Immunology,
University of Heidelberg, Im Neuenheimer Feld 305, Heidelberg 69120,
Germany. 2Institute of Organ Transplantation, Tongji Hospital, Huazhong
University of Science and Technology, Wuhan 430030, China.

Received: 9 February 2012 Accepted: 16 August 2012
Published: 21 August 2012

References
1. Daniel V, Naujokat C, Sadeghi M, Weimer R, Renner F, Yildiz S, Opelz G:

Observational support for an immunoregulatory role of CD3 + CD4 +
CD25 + IFN-gamma + blood lymphocytes in kidney transplant recipients
with good long-term graft outcome. Transpl Int 2008, 21(7):646–660.

2. Daniel V, Sadeghi M, Wang H, Opelz G: CD4(+)CD25(+)Foxp3(+)IFN-γ(+)
human induced T regulatory cells are induced by interferon-γ and
suppress alloresponses nonspecifically. Hum Immunol 2011, 72(9):699–707.

3. Daniel V, Sadeghi M, Wang H, Opelz G: CD4+CD25+Foxp3+IFN-γ+ induced
human Treg are a heterogenous cell population suppressing
alloresponses specifically as well as unspecifically. Transpl Int 2011,
24(Suppl 2):114.

4. Daniel V, Sadeghi M, Wang H, Opelz G: CD4(+)CD25(+)Foxp3(+)IFNΥ(+)
CD178(+) human induced Treg (iTreg) contribute to suppression of
alloresponses by apoptosis of responder cells. Hum Immunol. 2012 Sep
24. pii: S0198-8859(12)00561-7. doi:10.1016/j.humimm.2012.09.010. [Epub
ahead of print].

5. Stroopinsky D, Avivi I, Rowe JM, Avigan D, Katz T: Allogeneic induced
human FOXP3(+)IFN-gamma(+) T cells exhibit selective suppressive
capacity. Eur J Immunol 2009, 39(10):2703–2715.

6. Feng T, Cao AT, Weaver CT, Elson CO, Cong Y: IL-12 converts Foxp3 +
regulatory T cells to Foxp3 + IFN-gamma + T Cells with inhibitory
functions during induction of colitis. Gastroenterology 2011,
140(7):2031–2043.

7. McClymont SA, Putnam AL, Lee MR, Esensten JH, Liu W, Hulme MA,
Hoffmuller U, Baron U, Olek S, Bluestone JA, et al: Plasticity of human
regulatory T cells in healthy subjects and patients with type 1 diabetes.
J Immunol 2011, 186(7):3918–3926.

8. Klein S, Kretz CC, Krammer PH, Kuhn A: CD127(low/-) and FoxP3(+)
expression levels characterize different regulatory T-cell populations in
human peripheral blood. J Invest Dermatol 2010, 130(2):492–499.

9. Semple K, Nguyen A, Yu Y, Wang H, Anasetti C, Yu XZ: Strong CD28
costimulation suppresses induction of regulatory T cells from naive
precursors through Lck signaling. Blood 2011, 117(11):3096–3103.

10. Kolar P, Knieke K, Hegel JK, Quandt D, Burmester GR, Hoff H, Brunner-
Weinzierl MC: CTLA-4 (CD152) controls homeostasis and suppressive
capacity of regulatory T cells in mice. Arthritis Rheum 2009, 60(1):123–132.

11. Shen T, Zheng J, Liang H, Xu C, Chen X, Zhang T, Xu Q, Lu F:
Characteristics and PD-1 expression of peripheral CD4 +
CD127loCD25hiFoxP3+ Treg cells in chronic HCV infected-patients. Virol J
2011, 8:279.

12. Mkrtichyan M, Najjar YG, Raulfs EC, Abdalla MY, Samara R, Rotem-Yehudar R,
Cook L, Khleif SN: Anti-PD-1 synergizes with cyclophosphamide to induce
potent anti-tumor vaccine effects through novel mechanisms. Eur J
Immunol 2011, 41(10):2977–2986.

13. Reardon C, Wang A, McKay DM: Transient local depletion of Foxp3+
regulatory T cells during recovery from colitis via Fas/Fas ligand-induced
death. J Immunol 2008, 180(12):8316–8326.

14. Chen A, Liu S, Park D, Kang Y, Zheng G: Depleting intratumoral CD4 +
CD25+ regulatory T cells via FasL protein transfer enhances the
therapeutic efficacy of adoptive T cell transfer. Cancer Res 2007,
67(3):1291–1298.

15. Gritzapis AD, Voutsas IF, Lekka E, Papamichail M, Baxevanis CN: Peptide
vaccination breaks tolerance to HER-2/neu by generating vaccine-
specific FasL(+) CD4(+) T cells: first evidence for intratumor apoptotic
regulatory T cells. Cancer Res 2010, 70(7):2686–2696.

16. Baatar D, Olkhanud P, Sumitomo K, Taub D, Gress R, Biragyn A: Human
peripheral blood T regulatory cells (Tregs), functionally primed CCR4+

http://dx.doi.org/10.1016/j.humimm.2012.09.010


Daniel et al. BMC Immunology 2012, 13:47 Page 11 of 11
http://www.biomedcentral.com/1471-2172/13/47
Tregs and unprimed CCR4- Tregs, regulate effector T cells using FasL.
J Immunol 2007, 178(8):4891–4900.

17. Weiss EM, Schmidt A, Vobis D, Garbi N, Lahl K, Mayer CT, Sparwasser T,
Ludwig A, Suri-Payer E, Oberle N, et al: Foxp3-mediated suppression of
CD95L expression confers resistance to activation-induced cell death in
regulatory T cells. J Immunol 2011, 187(4):1684–1691.

18. Kisielewicz A, Schaier M, Schmitt E, Hug F, Haensch GM, Meuer S, Zeier M,
Sohn C, Steinborn A: A distinct subset of HLA-DR+−regulatory T cells is
involved in the induction of preterm labor during pregnancy and in the
induction of organ rejection after transplantation. Clin Immunol,
137(2):209–220.

19. Otsubo K, Kanegane H, Kamachi Y, Kobayashi I, Tsuge I, Imaizumi M,
Sasahara Y, Hayakawa A, Nozu K, Iijima K, et al: Identification of
FOXP3-negative regulatory T-like (CD4(+)CD25(+)CD127(low)) cells in
patients with immune dysregulation, polyendocrinopathy, enteropathy,
X-linked syndrome. Clin Immunol 2011, 141(1):111–120.

20. Feng G, Gao W, Strom TB, Oukka M, Francis RS, Wood KJ, Bushell A:
Exogenous IFN-gamma ex vivo shapes the alloreactive T-cell repertoire
by inhibition of Th17 responses and generation of functional Foxp3+
regulatory T cells. Eur J Immunol 2008, 38(9):2512–2527.

21. Feng G, Wood KJ, Bushell A: Interferon-gamma conditioning ex vivo
generates CD25 + CD62L + Foxp3+ regulatory T cells that prevent
allograft rejection: potential avenues for cellular therapy. Transplantation
2008, 86(4):578–589.

22. Warnecke G, Feng G, Goto R, Nadig SN, Francis R, Wood KJ, Bushell A: CD4+
regulatory T cells generated in vitro with IFN-{gamma} and allogeneic
APC inhibit transplant arteriosclerosis. Am J Pathol 2010, 177(1):464–472.

23. Issa F, Chandrasekharan D, Wood KJ: Regulatory T cells as modulators of
chronic allograft dysfunction. Curr Opin Immunol 2011, 23(5):648–654.

doi:10.1186/1471-2172-13-47
Cite this article as: Daniel et al.: In-vitro inhibition of IFNγ+ iTreg
mediated by monoclonal antibodies against cell surface determinants
essential for iTreg function. BMC Immunology 2012 13:47.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Results
	Monoclonal antibodies against CD28, CD95, CD152, CD178, CD278, and HLA-DR
	Recombinant CD28, CD95, CD152, CD178, and CD278
	Co-cultures with separated CD4+CD25+CD127-IFNγ+ PBL in the presence of monoclonal antibodies against CD28, CD95, CD152, CD178, CD278, and HLA-DR

	Discussion
	Conclusion
	Methods
	Healthy controls
	Polyclonal stimulation of PBL
	Separation of CD4+CD25+CD127-IFNγ+ PBL from PMA/Ionomycin-stimulated short-term cell cultures
	Co-cultures of PMA/Ionomycin-stimulated PBL with autologous separated CD4+CD25+CD127-IFNγ+ and CD4+CD25+CD127-IFNγ- PBL in the presence or absence of monoclonal antibodies
	Determination of PBL subsets
	Statistics

	Competing interests
	Authors´ contributions
	Acknowledgements
	Author details
	References

