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L E T T E R  T O  T H E  E D I T O R

Contact allergens induce CD8+ T cell-derived interleukin 10 that 
appears dispensable for regulation of contact hypersensitivity

Abbreviations: ACD, allergic contact dermatitis; APC, antigen-presenting cell; BMDC, bone marrow-derived dendritic cell; CHS, contact hypersensitivity; DC, dendritic cell; DNFB, dinitrofluoro-
benzene; sdLN, skin-draining lymph nodes; TNCB, trinitrochlorobenzene.

Abstract
Interleukin 10 (IL-10) has been implied in the regulation of allergic contact dermatitis. 
Using transcriptional reporter mice we analyzed cellular sources of IL-10 during con-
tact hypersensitivity (CHS) and identified IL-10 expressing CD8+ T cells in the skin that 
are antigen-specific, display PD-1, an effector memory phenotype, and IL-10 expres-
sion comparable to that of CD4+ T cells. However, in mice with a selective IL-10 defi-
ciency in CD8+ T cells CHS responses were comparable to that of controls, even in the 
absence of CD4+ cells, suggesting that CD8+ T cell-derived IL-10 does not contribute 
significantly to the resolution of CHS responses.

1  | BACKGROUND

Allergic contact dermatitis (ACD) is a common skin disease caused 
by skin contact with chemicals that induce T-cell-mediated inflam-
mation and cytotoxicity.[1,2] While the processes of sensitization and 
elicitation are well investigated using the mouse model of contact 
hypersensitivity (CHS), mechanisms that determine the resolution 
of the inflammatory response are less well understood. Previously, it 
has been suggested that IL-10 plays a crucial role in the resolution 
of ACD; however, the exact source of IL-10 in the skin remained 
elusive[3] (s1, s2).

2  | QUESTIONS ADDRESSED

To investigate in more detail the cellular sources of IL-10 during CHS 
in skin and draining lymph nodes.

3  | EXPERIMENTAL DESIGN

CHS to DNFB was studied in IL-10 transcriptional reporter (Vert-X) 
mice[4] and mice with selective IL-10 deficiency in CD8+ T cells (IL-
10FL/FL E8I-Cre+ mice).[5,6]

For full details of materials and methods, see Data S1.

4  | RESULTS

Compared to wild-type mice, Vert-X mice had a normal CHS response 
to DNFB (Fig. S1). More than 85% of the IL-10-expressing cells in the 
skin were T cells (Figure 1A). Analysis of the IL-10-eGFP expression 
in T cells isolated from ear skin at 24, 72 and 120 h after challenge 
revealed a CD8+ IL-10-expressing T cell population in addition to the 
expected IL-10-expressing CD4+ T cells (Figure 1B,C). This was not 
evident in skin-draining lymph nodes where IL-10 expression was pre-
dominantly detected in CD4+ T cells (Fig. S2a,b). IL-10-eGFP+ CD8+ 
T cells in the skin had an effector memory phenotype[7] and charac-
teristics of Treg cells[8] (Fig. S3a,b). They were most prominent during 
the resolution phase of CHS. IL-10 expression peaked at 72 h with 
similar levels as in CD4+ T cells (Figure 1D). We also detected IL-10-
expressing CD8+ T cells in CHS to other contact allergens such as 
TNCB and oxazolone (Fig. S4). The skin-derived IL-10-eGFP CD8+ T 
cells secreted IL-10 (Figure 1E) and proliferated in an antigen-specific 
manner (Figure 1F). Finally, depletion of CD4+ T cells prior to hapten 
challenge demonstrated that the IL-10-eGFP expression of CD8+ T 
cells was independent of CD4+ T-cell help (Fig. S5).

Substantial IL-10 expression of CD8+ T cells suggested that they 
may contribute to the regulation of the CHS response. However, the 
CHS response in mice that displayed selective IL-10 deficiency in 
CD8+ T cells (Fig. S6) (IL-10FL/FL E8I-Cre+ mice)[5,6] was comparable to 
that of Cre− littermates when challenged with optimal (Figure 2A, left) 
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and suboptimal (Figure 2A, right) hapten concentrations. This was also 
observed following antibody-mediated depletion of CD4+ T cells prior 
to challenge (Figure 2B).

5  | CONCLUSIONS

Our findings identify CD8+ T cells as an additional source of IL-10 
in the resolution phase of CHS. These CD8+ T cells may derive from 
the effector T-cell pool as some of them co-express IFN-γ and IL-10. 
They exhibit an effector memory phenotype (CD44hiCD62L-) as well 
as features of regulatory T cells (Treg) (ICOS+PD-1+). The expression 
of IL-10 in CD8+ T cells that co-express ICOS, PD-1 and in part IFN-γ 
suggests that these may act in concert with conventional Tregs in 
immune regulation, similar to findings reported for viral or bacterial 
infections[9] (s3, s4). However, at least under the conditions tested, se-
lective IL-10 deficiency in CD8+ T cells did not result in an enhanced or 
prolonged ear swelling response, suggesting that CD8+ T-cell-derived 
IL-10 is dispensable for the regulation of contact hypersensitivity.
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FIGURE 2 Mice with IL-10 deficiency of CD8+ T cells develop a 
normal CHS response. (A) IL-10FL/FL E8I-Cre+ and IL-10FL/FL mice were 
sensitized and challenged with DNFB 0.2% (left) (mean±SEM of three 
experiments, n=24) or with a suboptimal concentration of 0.05% (right) 
(mean±SEM of two experiments, n=18). (B) CHS reaction after challenge 
with suboptimal DNFB concentration in IL-10FL/FL mice and in IL-10FL/

FL E8I-Cre+ mice with or without CD4 T cell depletion (anti-GK1.5 
antibody) prior to challenge (mean±SEM of two experiments, n=11-14)
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F IGURE  1 CHS response to DNFB induces IL-10-eGFP expression 
in CD4+ and CD8+ T cells in the skin. Vert-X mice were sensitized and 
challenged with DNFB, and skin cells were analysed for IL-10-eGFP 
expression at 24, 72 and 120 h after challenge via flow cytometry. (A) 
Relative distribution of IL-10-eGFP expression in CD3+ and CD3− cells; 
(B) representative contour plot of IL-10-eGFP expression CD8+ and 
CD4+ cells of ear skin 72 h after hapten application; (C) percentage of 
IL-10-eGFP+ CD4+ and CD8+ cells among the CD3+ T-cell population; 
(D) percentage of IL-10-eGFP+ cells among CD8+ T cells; (E) IL-10 
secretion of CD8+ T cells isolated from sdLN of DNFB-sensitized and 
DNFB-challenged mice after 72 h of re-stimulation with unmodified, 
DNBS-modified or TNBS-modified BMDCs as analysed via ELISPOT 
assay (mean+SEM of two experiments, n=8); (F) antigen-specific 
proliferation of IL-10-eGFP+ CD8+ T cells from DNFB-sensitized 
Vert-X mice after 72 h of re-stimulation with unmodified, antigen-
specific modified (DNBS) or antigen-unspecific modified BMDCs 
(TNBS) (mean+SEM of two experiments, n=5)
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SUPPORTING INFORMATION

Additional Supporting Information may be found online in the support-
ing information tab for this article.

FIGURE S1 Vert-X mice display a normal CHS response to DNFB
FIGURE S2 DNFB induces IL-10-eGFP expression in skin draining 
lymph node cells
FIGURE S3 IL-10-eGFP+CD8+ T cells of the skin show an activated, 
effector memory phenotype
FIGURE S4 CHS response to TNCB or oxazolone induces IL-10-eGFP 
expression in CD8+ T cells in the skin
FIGURE S5 IL-10-eGFP expression of CD8+ T cells is independent of 
CD4+ T cell help
FIGURE S6 IL-10 deficiency in IL-10FL/FL E8I-Cre+ mice is selective for 
CD8+ T cells
DATA S1 Supplementary methods
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