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Natural Anti-IDO CD4+ T-cell 
Responses

Indoleamine-2,3-dioxygenase (IDO) 
underpin a significant counter-regulatory 
mechanism induced by pro-inflamma-
tory signals such as interferonγ (IFNγ). 
Recently, we described cytotoxic CD8+ 
T-cell reactivity toward IDO both in 
cancer patients as well as in healthy indi-
viduals.1 We showed that the presence of 
such IDO-specific CD8+ T cells boosts 
T-cell immunity against viral as well as 
tumor-associated antigens by eliminating 
IDO+ suppressive cells, suggesting a role 
of such effector T cells in the regulation 
of immune responses. This made us scru-
tinize CD4+ IDO-specific T cells. Indeed, 
the release of pro-inflammatory cytokines 
by CD4+ IDO-specific T cells may be 
important as a counter-response to IDO-
induced immunosuppression. Hence, we 
first sat out to analyze if CD4+ T cells nat-
urally recognize IDO. In this respect, we 
frequently observed detectable numbers 
of IDO-specific CD4+ T cells in cancer 
patients and, to a lesser extent, in healthy 
individuals.2 Thus, we identified a Class 
II-restricted IDO-derived CD4+ T-cell epi-
tope in the vicinity of a previously described 
Class I-restricted IDO-epitope. We found 
that IDO-specific CD4+ T cells released 
IFNγ as well as tumor necrosisα (TNFα). 
The cancer relevance of these CD4+ T cells 
was further emphasized by the findings 
that IDO-specific T-cells reacted toward 
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dendritic cells (DCs) pulsed with IDO+ 
tumor lysates. Interestingly, we detected 
a correlation between the presence of 
IDO-specific CD4+ cells and CD8+ T-cell 
responses against IDO, suggesting that 
MHC Class I- and Class II-restricted IDO 
responses co-develop (Fig. 1). In contrast 
to Th1 cytokines, we could not detect any 
release of inteleukin 4 (IL-4, a prototypic 
Th2 cytokine) in response to the IDO-
derived CD4 epitope.2

Th17 Cells

Since the release of IL-17 is mediated by a 
very specific subset of CD4+ T-helper cells 
(Th17 cells), IL-17 has recently been the 
focus of great interest. Upon stimulation 
with the IDO-derived CD4 epitope, we 
frequently detected IDO-specific CD4+ 
T cells that released IL-17. Th17 cells are 
thought to be particularly important in 
maintaining barrier immunity at muco-
sal surfaces such as the gut and skin.3 
Interestingly, IDO is expressed at high lev-
els in the gastrointestinal tract, although 
its precise role in intestinal immunity is 
not well understood.4 One could speculate 
that a fraction of Th17 cells that are highly 
prevalent at the mucosal tissues of healthy 
individuals3 is recognizing IDO. Th17 
cells might have been proposed to play 
a protective role against cancer. Tumor-
infiltrating Th17 cells express other cyto-
kines in addition to IL-17, which may 
be functionally relevant. These include 

IFNγ, TNFα as well as IL-2.5 IDO-
specific Th17 cells appeared to exhibit a 
similar effector T-cell cytokine profile.2 
Recently, a FOXP3+ T regulatory (Treg) 
cell lineage was described that could be 
redirected to become “Th17-like effector 
cells”.7 It was suggested that these CD4+ 
cells correspond to a pool of constitutively 
primed “first responder” cells capable of 
rapid suppression as well as of supply-
ing help when redirected by the innate 
immune system.7 IDO may play a vital 
role in the conversion of such FOXP3+ 
Tregs to Th17-like effector cells and hence 
it could be speculated that IDO-specific 
T cells may be such constitutively primed 
“first responder” Th17-like T cells.

Regulatory T Cells

To examine if CD4+ IDO-specific T cells 
may also function as immune suppressive 
cells we examined IL-10 release in response 
to the IDO-derived CD4 epitope. IL-10 
is mainly expressed by Tregs.6 In some 
individuals, we could indeed detect IL-10 
responses. Thus, IDO-specific Tregs may 
enhance IDO-mediated immunosuppres-
sion, thus protecting cancer cells from an 
immune attack. Along similar lines, spe-
cific regulatory CD8+ T cells in cancer 
patients have been described to recognize 
another immunosuppressive molecule, 
heme oxygenase 1.8 Interestingly, in some 
instances, we detected background IL-10 
release in vitro, by ELISPOT assays on cells 

Natural indoleamine-2,3-dioxygenase (IDO)-reactive CD4+ t cells have been shown to release interferonγ (IFNγ), tumor 
necrosis factorα (tNFα), as well as interleukin 17 (IL-17). In some individuals, these cells also demonstrated the ability to 
suppress IL-10 production. IDO-specific CD4+ helper t cells among peripheral blood lymphocytes may participate in 
immunoregulatory networks by delaying the immune suppressive actions of IDO. however, IDO-specific CD4+ t cells may 
also have a regulatory phenotype, de facto exerting immunosuppressive functions.
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CD4+ T-helper cells. Many questions 
remain unanswered, however, regarding 
the basic properties of IDO-specific T 
cells and the potential role of these cells in 
the regulation of immune responses. We 
suggest that the activation of such CD4+ 
cells could help overcoming the immu-
nosuppressive actions of IDO, which oth-
erwise result from the early expression of 
IDO in maturing antigen-presenting cells. 
However, since IDO-specific CD4+ T cells 
may also secrete immunoregulatory cyto-
kines, the balance between immune acti-
vation and inhibition may depend largely 
on the local microenvironment.
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total CD8+ T-cell repertoire in CMV-
seropositive individuals. Monocytes are 
major CMV target cells in vivo, and CMV 
has been shown to induce IDO expres-
sion in these cells. Such an expression of 
IDO is believed to confer an advantage to 
CMV-infected monocytes, de facto facili-
tating their escape from T-cell responses.10 
We observed that the presence of IDO-
specific CD4+ T-cell responses corre-
lated with the presence of CMV-directed 
responses.2 In light of this, it could well 
be possible that the observed IDO-specific 
T cell responses have developed as a sup-
port for constitutive anti-CMV T-cell 
responses in the individuals.

Conclusions

In conclusion, we have described the pres-
ence of naturally occurring IDO-specific 

from pre-stimulated subjects. This enabled 
us to recognize that stimulation with the 
IDO-derived peptide in two healthy 
donors triggered an overall suppression of 
IL-10. In this regard, we have previously 
observed a decrease in IL-10 when IDO-
specific CD8+ T cells were present.1 Thus, 
the role of IDO-specific CD4+ T cells in 
immunoregulatory networks may be a 
complex balance between activation and 
inhibition, with a predominant role played 
by the local microenvironment.

Correlation with Cytomegalovirus 
Immunity

Cytomegalovirus (CMV) is the most 
immunodominant antigen to be encoun-
tered by the human immune system.9 The 
CD8+ T-cell response to CMV typically 
consists of a sizeable percentage of the 

Figure 1. upregulation of indoleamine-2,3-dioxygenase expression is an early event in antigen-
presenting cells, since it is induced by pro-inflammatory signals. Indoleamine-2,3-dioxygenase 
(IDO) protein is processed and IDO-derived peptides are presented on the cell surface of antigen-
presenting cells (APCs) by Class II hLA molecules, from where they are recognized by CD4+ t 
cells. the release of pro-inflammatory cytokines by CD4+ IDO-specific t cells may be important 
as a counter-response to IDO-induced immunosuppression. these CD4+ t cells may indeed help 
overcoming the immunosuppressive effects of IDO in the early phases of inflammatory responses. 
Moreover, IDO-specific CD4+ t cells may promote CD8+ cytotoxic t-cell responses, including 
anti-CMV and anti-IDO responses. IDO-specific CD8+ t cells may further boost t-cell immunity by 
eliminating IDO+ suppressive cells, for instance by releasing granzyme B (GrB) and perforins.


