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Introduction

The histological analysis of tumor-infiltrating immune cells has 
demonstrated that a high ratio of effector T cells or T

H
1 cells rel-

ative to immunosuppressive cells constitutes a positive prognostic 
indicator for disease outcome.1 Therefore, the microenvironment 
fostered by immunosuppressive cells, including regulatory T cells 
(Tregs) and myeloid-derived suppressor cells (MDSCs), is now 
recognized as a major obstacle to cancer therapies.2 Studies have 
indeed demonstrated that the modulation of Tregs or MDSCs 
may be beneficial to enhance antitumor immunity as mediated 
by effector immune cells.3–8

While the presence of CD8+ T cells specific for tumor-asso-
ciated antigens (TAAs) has been demonstrated to constitute a 
positive prognostic factor for the response to cancer therapies,9,10 
TAAs are often similar or identical to self antigens, with the 

An assessment of antitumor immunity versus autoimmunity as provoked by the specific depletion of FOXP3+ Tregs is 
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exception of some neo-antigens generated by genetic mutation.11 
Hence, therapeutic immune responses can also induce immune 
system-related adverse effects, including autoimmunity. A key 
issue is now to understand what kind of antitumor immune 
response is effective but not associated with considerable degrees 
of autoimmunity.

Thus far, an assessment of antitumor immunity vs. autoim-
munity regulated by Tregs has been limited by a lack of appro-
priate methods and models. For instance, previous attempts to 
deplete Tregs using anti-CD4, anti-CD25 or anti-FR4 antibod-
ies did not result in complete Treg depletion and, in addition, 
some other immune cell populations were affected.8 Recently, the 
generation of transgenic mouse models expressing a diphtheria 
toxin receptor (DTR) under the control of the Foxp3 gene pro-
moter (DEREG mice, Foxp3−DTR, or Foxp3.LuciDTR4)12–14 
has allowed for the complete depletion of Foxp3+ Tregs upon the 
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conditionally depleted, no model thus far has produced a spec-
trum of antitumor responses concomitant with the induction of 
overt autoimmunity. Based on the poorly immunogenic B16F10 
model, we have now established conditions in which both antitu-
mor immunity and autoimmunity can be promoted by the deple-
tion of Tregs. In this setting, we observed a correlation between 
autoimmunity and prolonged interactions between the tumor 
and the immune system.

Results

Foxp3+ Treg depletion enhances immune cell infiltration. To 
address the question whether the specific depletion of Foxp3+ 
Tregs alone might suppress the growth of poorly immunogenic 
subcutaneous B16F10 melanoma or AT3 mammary carcinoma, 
we prophylactically depleted Foxp3+ Tregs in DEREG mice 
before the inoculation of tumor cells. Prophylactic Treg deple-
tion provoked an effective antitumor response against the growth 
of B16F10 and AT3 tumors (Fig. 1A and B). A weaker, but 
somewhat effective immune response was also observed when 
Treg were therapeutically depleted in the same models (data not 
shown). We decided to focus on the prophylactic B16F10 model 
since this was the only one we had used to date in which a spec-
trum of tumor growth responses (rejection, partial suppression 
and limited efficacy) was observed in individual mice upon Treg 
depletion (see below). In previous models, strong foreign antigens 
such as OVA were expressed by tumor cells, and thus rejection 
responses were generally very rapid and robust.7 To first charac-
terize the mechanisms of immunity generated by Treg depletion 
in the subcutaneous B16F10 model, we assessed tumor-infil-
trating leukocytes (TILs). The suppression of B16F10 growth 
was associated with a significant increase of CD45.2+7AAD− 
(live) TILs (Fig. 2A; Fig. S1A), suggesting that the immuno-
suppressive tumor microenvironment was dismantled upon 
Treg depletion. We observed a marked increase of NK cells 
(NK1.1+TCRβ−) (Fig. 2B; Fig. S1B) and of various T-cell subsets 
(NK1.1−CD4+TCRβ+ or NK1.1−CD8+TCRβ+) in Treg-depleted 
B16F10 melanomas, (Fig. 2C–E; Fig. S1B–D). These data sug-
gest that the increased lymphocytic infiltration in B16F10 mela-
nomas contribute to the suppression of tumor growth.

Host T cells and interferon γ mediate antitumor effects 
following Treg depletion. We have previously demonstrated a 
role for interferon γ (IFNγ) in the antitumor responses elicited 
by Foxp3+ Treg depletion.7 Therefore, we assessed the growth of 
B16F10 melanomas in Treg-depleted mice that were addition-
ally depleted of NK cells, CD4+ T cells, CD8+ T cells, or IFNγ. 
Whereas CD4+ T cells, CD8+ T cells and IFNγ were all partially 
required to suppress B16F10 tumor growth (Fig. 3A–C), NK cells 
appeared to play no major roles in the antitumor response devel-
oping in Treg-depleted mice (Fig. 3D). Unequivocally, the antitu-
mor response elicited by Treg depletion was completely abrogated 
in CD4+ T cell-, CD4+ T cell- and IFNγ-depleted mice (Fig. 3E). 
Together with the cytofluorometric analyses of TILs, these data 
highlight the importance of host T cells and IFNγ in sustain-
ing an effective antitumor response against B16F10 melanomas 
growing in Treg-depleted mice.

injection of diphtheria toxin A (DTA). This has given research-
ers an opportunity to assess the question of tumor immunity vs. 
autoimmunity in a detailed and temporal manner.

Interestingly, we and others have independently demon-
strated that the specific depletion of Foxp3+ Tregs in DEREG 
and Foxp3.LuciDTR4 transgenic mice enhances antitumor 
responses against various ovalbumin (OVA)-expressing tumors 
and de novo MCA-induced fibrosarcomas, without the appear-
ance of overt autoimmunity.3,5,7 The absence of autoimmunity 
in these tumor models is potentially due to the dominance of 
OVA-specific T cells as induced by OVA-expressing tumors 
(MC38-OVA, B16-OVA, EG-7) in non-OVA expressing hosts, 
and the heterogeneous nature of highly mutated and immuno-
genic de novo MCA-induced fibrosarcomas, which may display 
relatively strong TAAs.11 Thus, despite a preliminary assessment 
of a variety of tumor models using mice in which Tregs can be 

Figure 1. Foxp3+ Treg depletion suppresses tumor growth. 
(A and B) Groups of C57BL/6 DEREG mice (n = 4–10) were inoculated 
s.c. with 5 × 104 B16F10 melanoma cells or 5 × 105 AT3 mammary tumor 
cells on day 0. On days -2, 5, 12 and 19, mice were injected i.p. with 
either 500 ng diphtheria toxin A (DTA) or PBS. Tumor sizes are shown as 
means ± SEM. Statistically significant differences in tumor size between 
mice treated with PBS or DTA were determined by Mann-Whitney tests 
(**p < 0.01; ***p < 0.001).
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derived from Treg-intact (PBS) and Treg-depleted (DTA) mice 
(Fig. 5A; Fig. S4). Of note, DTA itself did not affect B16F10 
tumor growth or tumor MHC Class I expression (Fig. S5). 
Among the immunogenic markers screened, we observed a mod-
est upregulation of H-2Db on PBS cell lines as compared with 
B16F10 parental cells (Fig. 5A). Consistent with an increase 
of IFNγ-producing cells in the tumors of Treg-depleted mice, 
H-2Db expression was further enhanced on DTA cell lines (Fig. 
5A). Interestingly, H-2Kb was significantly increased on DTA 
cell lines, as compared with both parental B16F10 cells and cells 
derived from PBS-treated mice (Fig. 4A). To test whether MHC 
Class I (H-2Db and H-2Kb) expression correlated with extracel-
lular IFNγ levels, we assessed MHC Class I molecules on B16F10 
parental cells treated with increasing levels of IFNγ. Similar to 
the MHC Class I expression pattern on B16F10 tumor cell lines 
passaged in vivo, we observed that the expression of H-2Db was 
more upregulated than that of H-2Kb when B16F10 tumor cells 
were exposed to IFNγ in vitro (Fig. 5B). We also demonstrated 
that the expression levels of H-2Db and H-2Kb on B16F10 tumor 
cells positively correlated with the exposure to increasing lev-
els of IFNγ in vitro (Fig. 5B). Thus, our data suggested that 

Foxp3+ Treg depletion enhances immune effector cell 
activation. TCRβ levels were downregulated on both CD8+ 
and CD4+ tumor-infiltrating T cells, indicating activation 
(Fig. 4A; Fig. S2A–B) and a significant increase of effec-
tor memory (CD44+CD62L−) CD8+ (PBS 67.57 ± 3.79% vs. 
DTA 86.79 ± 1.32%) and CD4+ T cells (PBS 54.05 ± 5.89% vs. 
DTA 88.73 ± 0.98%) (Fig. 4B; Fig. S2C and D) was observed. 
We subsequently assessed the level of intracellular IFNγ, gran-
zyme B and Ki67 (a cell proliferation marker) in tumor-infil-
trating CD8+ and CD4+ T cells. Notably, IFNγ, granzyme 
B and Ki67 levels were significantly increased in CD8+ and 
CD4+ T cells (Fig. 4C–E; Fig. S2E–J) directly assessed ex vivo. 
Similarly, increased levels of IFNγ and granzyme B was observed 
in ex vivo tumor-infiltrating T cells subsequently stimulated 
(Fig. S3). These data suggest that tumor-infiltrating T cells are 
activated following Treg depletion.

Modulation of tumor-cell expression of MHC Class I mole-
cules by IFNγ. Given that the IFNγ production by intratumoral 
T cells was significantly increased in Treg-depleted mice and that 
IFNγ impacts on the immunogenicity of B16F10 tumor cells,15 
we next assessed the immunogenicity of B16F10 tumor cell lines 

Figure 2. Foxp3+ Treg depletion enhances immune cell infiltration in B16F10 tumors. (A–F) Groups of C57BL/6 DEREG mice (n = 4–7) were inoculated 
s.c. with 5 × 104 B16F10 melanoma cells on day 0. On days -2, 5 and 12, mice were injected i.p. with either 500 ng diphtheria toxin A (DTA) or PBS. On 
day 18–20, tumors were excised and tumor-infiltrating leukocytes were analyzed by flow cytometry. Frequencies of CD45.2+ (A), NK cells (B), total T 
(C), CD4+ T (D), CD8+ T (E) and Treg cells (F), upon gating on CD45.2+ (B–E) or CD4+ T cells (F) from PBS- or DTA-treated mice are shown. Statistical differ-
ences in the frequency of the indicated cell subsets between mice treated with PBS or DTA were determined by unpaired Student’s t-tests (*p < 0.05; 
**p < 0.01; ***p < 0.001). Each symbol represents a single mouse. Data shown are pooled from three independent analyses.
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Figure 3. For figure legend, see page e23036-5.
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indeed be categorized into either Group A (22/22 mice exhibit-
ing tumors ≥ 50 mm2 at day 30), including PBS-treated Treg-
intact mice and Groups B, C or D, depending upon the level 
of tumor suppression, including DTA-treated, Treg-depleted 

an increased IFNγ production by intratumoral immune cells 
contributed to the modulation of MHC Class I expression by 
B16F10 tumor cells.

We next speculated that higher levels of tumor antigens might 
be presented by B16F10 cells as they exhibit increased levels of 
H-2Db and H-2Kb molecules. As a first measure to assess tumor 
antigen-specific T cells in B16F10 tumors, we utilized antibod-
ies specific for the Vβ11 and Vβ13 TCR, which have previously 
been reported to preferentially recognize the (H-2Kb-associated) 
TRP-216 and (H-2Db-associated) gp100,17 respectively. In line 
with our prediction, we observed an increased frequency of 
CD8+ T cells expressing the Vβ11 TCR in Treg-depleted tumors 
(Fig. 5C; Fig. S1F). However, no significant changes in the fre-
quency of tumor-infiltrating Vβ13+CD8+ T cells were observed 
between Treg-intact and Treg-depleted mice (Fig. 5D; Fig. S1G). 
Therefore, Treg depletion modulates MHC Class I expression by 
B16F10 tumors and enhances the number of tumor-infiltrating 
antigen-specific T cells.

The depletion of Foxp3+ Tregs generates heterogeneous anti-
tumor responses. Having characterized the mechanisms under-
pinning antitumor responses that develop in Treg-depleted mice, 
we then evaluated the responses of individual mice. Here, for the 
first time using an experimental tumor cell line, we observed a 
very heterogeneous B16F10 tumor growth profile. All mice could 

Figure 3 (See previous page). Host T cells and IFN γ mediate antitumor 
effect following Treg depletion. (A–E) Groups of C57BL/6 DEREG mice 
(n = 5–7) were inoculated s.c. with 5 × 104 B16F10 melanoma cells on 
day 0. On days -2, 5 and 12, mice were injected i.p. with either 500 ng 
diphtheria toxin A (DTA) or PBS. Some mice additionally received 250 
μg anti-CD4 (A), (E) and/or 100 μg anti-CD8β (B and E) anti-CD8β 
monoclonal antibodies on days -1, 0, 4 and 7. Some mice additionally 
received anti-IFNγ monoclonal antibodies on days -1 (750 μg) and 
7 (250 μg) (C and E), or 100 μg anti-asialo-GM1 monoclonal antibodies 
on days -1, 0, 4 and 7 (D). Tumor sizes are reported as means ± SEM. Data 
are representative of two independent experiments.

Figure 4 (Right). Foxp3+ Treg depletion enhances immune effector 
cell activation. (A–D) Groups of C57BL/6 DEREG mice (n = 4–11) were 
inoculated s.c. with 5 × 104 B16F10 melanoma cells on day 0. On days -2, 
5 and 12, mice were injected i.p. with either 500 ng diphtheria toxin A 
(DTA) or PBS. On day 18–20, tumors were excised and tumor-infiltrating 
leukocytes (TILs) were analyzed bv flow cytometry. Mean fluores-
cence intensity (MFI) of TCRβ gated on CD8+ (A, left panel) or CD4+ 
(A, right panel) B16F10 TILs from PBS- or DTA-treated mice. Each sym-
bol represents a single mouse. Data shown are pooled from three inde-
pendent analyses. Statistical differences between PBS- and DTA-treated 
mice were determined by unpaired Student’s t-tests (***p < 0.001). The 
frequency of the CD44+ and CD62L+ subsets of CD8+ (B, left panel) 
or CD4+ (B, right panel) B16F10 TILs from PBS- or DTA-treated mice is 
shown. Statistical differences between PBS and DTA-treated mice were 
determined by unpaired Student’s t-tests (*p < 0 0.05; ***p < 0.001). 
Frequencies of IFNγ+ (C), granzyme B+ (D) or Ki67+ (E) cells, upon gating 
on CD8+ (left panel) or CD4+ (right panel) B16F10 TILs from PBS- or DTA-
treated mice are shown. Each symbol represents an individual mouse. 
Data shown in (C) and (D) are from one independent analysis. Data 
shown in (E) are pooled from two independent analyses. Statistical 
differences between PBS- and DTA-treated mice were determined by an 
unpaired Student’s t-tests (*p < 0.05; **p < 0.01; ***p < 0.001).
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Figure 5. Modulation of surface immunogenicity of tumor cells by IFN γ. (A) Groups of C57BL/6 DEREG mice were inoculated s.c. with 5 × 104 B16F10 
melanoma cells on day 0. On days -2, 5, 12 and 19, mice were injected i.p. with either 500 ng diphtheria toxin A (DTA) or PBS. Tumors from each group 
were excised when tumor size exceeded 120 mm2, cell lines were generated and then stained for the expression of H-2Kb and H-2Db. Representa-
tive histograms are shown (PBS, n = 5 cell lines; DTA, n = 10 cell lines). (B) Parental B16F10 tumor cells were incubated with increasing doses of IFNγ 
for 48 h in triplicate wells and then analyzed by flow cytometry for the expression of H-2Kb and H-2Db. Representative histogram plots are shown. 
(C and D) Groups of C57BL/6 DEREG mice (n = 4–7) were inoculated s.c. with 5 × 104 B16F10 melanoma cells on day 0. On days -2, 5 and 12, mice were 
injected i.p. with either 500 ng diphtheria toxin A (DTA) or PBS. On day 18–20, tumors were excised and tumor-infiltrating leukocytes (TILs) were 
analyzed by flow cytometry. The frequency of Vβ11+ (C) or Vβ13+ (D) CD8+ B16F10 TILs from PBS- or DTA-treated mice is shown. Statistical differences 
between PBS- and DTA-treated mice were determined by unpaired Student’s t-tests (***p < 0.001). Each symbol represents an individual mouse. Data 
are pooled from three (C) or two (D) independent analyses.
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has been explored in pre-clinical tumor models as well as in 
clinical trials,19 aiming to release and promote antitumor immu-
nity, thus augmenting the efficacy of anticancer therapeutics. 

mice (Fig. 6A). The majority (76.1%) of Treg-depleted mice 
could be classified in Group B (25/67 mice exhibiting tumors 
≥ 50 mm2 at day 30) (Fig. 6A), demonstrating significant tumor 
suppression but, as tumors never completely regressed, eventu-
ally developing lethal lesions within 60 d post-transplantation. 
A comparatively smaller percentage (11.4%) of Treg-depleted 
B16F10-bearing mice were categorized into Group C (0/10 mice 
exhibiting tumors ≥ 50 mm2 at day 30) (Fig. 6A), in which com-
plete tumor rejection was observed. A similar proportion of mice 
were assigned to Group D (12.5%), in which tumor suppression 
persisted for more than 60 d post-transplantation, before an even-
tual tumor escape and outgrowth (Fig. 6A).

Length of tumor suppression correlates with the development 
of vitiligo. The occurrence of autoimmunity has been demon-
strated to be a positive prognostic indicator for effective antitumor 
immune responses,18 but this study did not attempt to separate mice 
into partial responders and cured groups. Therefore, we monitored 
for and documented the incidence of vitiligo in mice belonging to 
Groups A, B, C and D. Not surprisingly, in PBS-treated mice, in 
which B16F10 tumors grew unimpeded by the host immune sys-
tem, mice failed to develop autoimmune reactions (Fig. 6B and C). 
Autoimmunity (manifesting as vitiligo) was detected at a low inci-
dence in Treg-depleted mice that rapidly rejected tumors (Group 
C, 2/10 mice) or in mice that exhibited moderate antitumor 
responses (Group B, 13/67 animals) (Fig. 6B and C). Strikingly, 
a far higher incidence of vitiligo was detected in mice developing 
stronger antitumor responses that eventually failed to clear tumors 
(Group D, 10/11 animals). Consistent with these data and our 
previous observations based on the B16-OVA model,3 we failed to 
see overt autoimmunity in the large proportion of mice that effec-
tively rejected AT3 tumors (Fig. 1, data not shown). These data 
indicate that prolonged tumor-immune systems interaction result 
in an increased incidence of vitiligo, while ineffective or promptly 
effective tumor rejection reduces the propensity of mice to develop 
autoimmune reactions.

Discussion

Tregs represent one of the most important immunosuppressive 
cell type present in the tumor microenvironment.2,19 The ablation 
of Tregs using cyclophosphamide or denileukin diftitox (Ontak®) 

Figure 6. Depletion of Foxp3+ Treg provokes heterogeneous antitumor 
responses that correlate with development of vitiligo. (A–C) Groups of 
C57BL/6 DEREG mice (n = 4–25) were inoculated s.c. with 5 × 104 B16F10 
melanoma cells on day 0. On days -2, 5, 12 and 19, mice were injected 
i.p. with either 500 ng diphtheria toxin A (DTA) or PBS. Mice were then 
monitored and tumor growth was measured over 150 d. Tumor-bearing 
mice were categorized into 4 groups based on tumor growth pattern: 
Group A (PBS treated), Group B (DTA-treated, tumor outgrowth by 60 
days post-inoculation), Group C (DTA-treated, tumor eliminated) and 
Group D (DTA-treated, tumor outgrowth 60 days post-inoculation). 
Tumor size (mm2) for each individual mouse was plotted and results 
were pooled from seven independent experiments (A). Representative 
pictures of mice from each group are shown in (B). The incidence of vit-
iligo in B16F10-bearing mice belonging to the indicated group is shown 
in (C). Statistical differences between mice groups were determined by 
Fisher’s exact tests (*p < 0.05; **p < 0.01; ***p < 0.001).
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TILs, notably CD8+ and CD4+ T cells. Consistent with the role 
of Tregs in suppressing multiple immune effectors,23 the neutral-
ization or depletion of IFNγ, CD8+ or CD4+ T cells alone only 
partially abrogated tumor suppression in Treg-depleted mice, 
whereas a complete abrogation was achieved in absence of both 
CD8+ or CD4+ T cells and IFNγ. Although we also observed an 
increase in tumor-infiltrating NK cells in Treg-depleted mice, 
the absence of NK cells did not affect antitumor responses devel-
oping in these animals. It has been previously debated whether 
the depletion of Tregs using anti-CD4 monoclonal antibodies 
would mask elicited antitumor response, due to the co-depletion 
of CD4+ immune effector cells.8 Based on our in vivo immune 
effector cell-depletion experiments, tumor suppression elicited by 
total CD4+ cell depletion was inferior to that obtained by means 
of the specific Fopx3+ Treg depletion in DEREG mice. Thus, 
our data provide new evidence to demonstrate the importance of 
effector CD4+ cells in the immune response that develop upon 
the specific depletion of Foxp3+ Tregs. Strikingly, effector mem-
ory T cells were greatly activated and displayed increased levels 
of IFNγ, granzyme B and Ki67. The increase in IFNγ-producing 
cells in Treg-depleted mice was concurrent with the modulation of 
MHC Class I expression on tumor cells in vitro and in vivo, and an 
increase in Vβ11+ (H-2Kb-associated) CD8+ T cells infiltrating the 
Treg-depleted tumor was also observed. Although the proportion 
of Vβ13+ (H-2Db-associated) tumor-infiltrating CD8+ T cells was 
comparable between tumors developing in Treg-intact and Treg-
depleted mice, this could be due to the dominance of CD8+ T cells 
in recognizing H-2Kb-associated antigens over H-2Db-associated 
antigens. In this respect, the phenotyping of CD8+ (and CD4+) 
T-cell α and β TCR chains could potentially identify αβ-specific 
T cells for the recognition and suppression of melanoma.

With advances in cancer therapies, our data potentially shed 
light on the need for therapies that induces a rapid and effective 
antitumor response so as to reduce the potential development of 
autoimmunity in the host. Notably, our B16F10-DEREG mouse 
model may be potentially used as a platform for the assessment 
of antitumor immunity vs. autoimmunity as triggered by differ-
ent cancer immunotherapies (e.g., vaccination, T-cell checkpoint 
blockade) in combination with Treg depletion. Current experi-
ments combining Treg depletion with tumor vaccines or anti-
bodies that either agonize T-cell co-stimulation or inhibit T-cell 
checkpoints are in progress.

Materials and Methods

In vitro tumor models. B16F10 melanoma and AT3 mammary 
tumor cells were maintained, injected and monitored as previ-
ously described.24,25 B16F10 derivative cell lines generated from 
DEREG mice were maintained in complete DMEM. Tumor cell 
lines were expanded and frozen at the first or second passage. All 
cell lines were tested for mycoplasma contamination and were 
confirmed to be negative. Analysis of B16F10 derivative cell lines 
for surface immunogenicity markers were performed on third to 
fifth passage cells.

In vivo tumor models. Groups of C57BL/6 DEREG mice 
were treated with PBS alone or DTA (500 ng/mouse) (Sigma 

However, the depletion of Tregs using these approaches is incom-
plete and non-specific.19 A major issue in tumor immunotherapy 
is whether Treg functions or number can be reduced in a man-
ner that maximizes the therapeutic index (i.e., greater antitumor 
immunity over autoimmunity ratio). Here, for the first time, the 
heterogeneous growth of non-immunogenic B16F10 melanoma 
in Treg-depleted DEREG transgenic mice has allowed us to per-
form an assessment of the correlation between antitumor immu-
nity and autoimmunity.

Importantly, we have demonstrated the occurrence of vitiligo 
in B16F10 melanoma-bearing mice following the specific deple-
tion of Foxp3+ Tregs. Previous studies have shown that the inci-
dence of vitiligo positively correlates with the responsiveness of 
B16 melanoma-bearing mice to a tumor vaccine (Gvax) in com-
bination with anti-CTLA-4 monoclonal antibodies.18,20 We have 
also observed vitiligo in mice mounting an antitumor immune 
response post-Treg depletion, but—distinctively—we have 
shown that the best (Group C) and poorest (Group B) respond-
ers actually develop vitiligo less frequently than animals in which 
the antitumor effect was strong, but ultimately failed (Group 
D, i.e., mice undergoing immunoselection and tumor escape). 
Zhang et al. have reported that the therapeutic depletion of Tregs 
using anti-CD4 monoclonal antibodies in mice bearing estab-
lished B16F10 tumors did not result in any survival benefit, nor 
did it promotes the development of vitiligo.21 In this study, vit-
iligo was only observed when mice that had previously been sub-
jected to therapeutic Treg depletion and surgical removal of the 
primary tumor were re-challenged with B16F10 cells. Our data 
suggest that partially effective and prolonged tumor-immune sys-
tem interactions results in an increased incidence of vitiligo, while 
rapid tumor rejection as well as ineffective antitumor immune 
responses are associated with a low propensity for autoimmunity. 
In metastatic melanoma patients, the administration of anti-
CTLA-4 monoclonal antibodies plus a peptide vaccination has 
been reported to cause durable objective responses that correlated 
with the induction of autoimmunity, although this was not spe-
cifically linked to the duration of the response.22 Future studies 
will need to specifically assess whether patients exhibiting rapid 
antitumor responses are less likely to develop autoimmunity.

Interestingly, despite the use of a single transplanted B16F10 
population, we observed a great heterogeneity in tumor outgrowth 
in individual Treg-depleted mice. Due to this heterogeneity, a 
continuous assessment of the changes in immune infiltrates and 
their correlation with tumor escape was technically challenging. 
We were practically unable to generate enough mice in Group C 
at one time to re-challenge them with B16F10 cells and evaluate 
secondary antitumor and autoimmune responses. Although our 
studies have demonstrated a consistent modulation of immune 
effector cells during the Treg-depletion period, the level of 
MHC Class I (H-2Db and H-2Kb) expression in Groups B and D 
tumor cell lines did not correlate with the duration of tumor sup-
pression (data not shown). It is therefore possible that the length 
of tumor suppression is affected by both tumor-intrinsic and 
tumor-extrinsic factors.

Similar to previously published data,3,5,7 the suppression of 
B16F10 tumor growth was associated with a massive increase in 
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cell lines were stained with anti-mouse H-2Kb (AF6-88.5) 
and H-2Db (28-14-8) (BD PharMingen) on ice. In both set-
tings (TILs and tumor cells), 7-AAD (BD PharMingen) was 
added immediately before flow cytometry analysis, to identify 
live cells. Flow cytometry was performed on a BD FACScanto 
II (BD Biosciences) and analysis was performed using FlowJo 
(Tree Star).

Statistical analyses. Statistical analyses were performed using 
the Graph Pad Prism software. Significant differences in tumor 
growth were determined by Mann-Whitney tests. Significant dif-
ferences in cell subsets were determined by unpaired Student’s 
t-tests. Significant differences in the proportion of autoimmune 
reactions between different DEREG mouse responders were 
determined by Fisher’s exact tests. p values < 0.05 were consid-
ered significant.
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Aldrich, D0564) on days -2, 5, 12 and 19 relative to tumor-cell 
inoculation, unless otherwise indicated. The concentration of 
DTA used has previously been shown to achieve complete Foxp3+ 
cells depletion in the peripheral blood and lymphoid organs 
(spleen, lymph nodes).7 Some mice additionally received anti-
CD8β (53.5.8; 100 μg i.p.) and anti-CD4 (GK1.5; 250 μg i.p.) 
monoclonal antibodies on days -1, 0, 4 and 7 to deplete CD8+ 
and CD4+ cells, respectively. Some mice additionally received 
anti-asialo-GM1 (Wako Pure Chemical, 986-10001; 100 μg i.p.) 
monoclonal antibodies on days -1, 0, 4 and 7, to deplete NK cells. 
IFNγ-neutralizing antibodies (H22) were administered i.p. on 
day -1 (750 μg) and day 7 (250 μg).

Flow cytometry. Established B16F10 tumors were excised 
from DEREG mice on the days indicated. Tumors were then 
digested and used for flow cytometry analysis as previously 
described.24 For surface staining, TILs were incubated with 
anti-mouse CD45.2 (104), TCRβ (H57-597), NK1.1 (PK136), 
CD4 (RM4-5), CD8α (53-6.7), Vβ11 (RR3-15), Vβ13 
(MR12-3), CD62L (MEL-14), CD44 (IM7) and respective iso-
type antibodies (eBioscience and BD PharMingen) as controls, 
in the presence of 2.4G2 (anti-CD16/32, to block Fc-receptors) 
on ice. For the intracellular detection of Foxp3, TILs were fixed 
and permeabilized using the Foxp3 staining buffer kit (eBiosci-
ence) according to the manufacturer’s protocol, and then stained 
with anti-mouse Foxp3 (FJK-16s) (eBioscience). For the intra-
cellular detection of Ki67, surface-stained TILs were fixed and 
permeabilized using BD Cytofix/CytopermTM (BD Biosciences) 
according to the manufacturer’s protocol, and then stained 
with anti-mouse Ki67 (B56). For the intracellular detection of 
IFNγ and granzyme B, TILs were incubated in the presence 
of Golgi Plug (BD Biosciences) for 4 h, and then subjected to 
surface staining as aforementioned. Surface-stained TILs were 
then fixed and permeabilized using BD Cytofix/CytopermTM 
(BD Biosciences) according to the manufacturer’s protocol, and 
then stained with anti-mouse IFNγ (XMG1.2), granzyme B 
(GB11), and respective isotype antibodies. Alternatively, tumor 
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