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CD8™ T cells play a pivotal role in the
antitumor effects of anti-CD4 mAb
treatment. Mice bearing B16F10
tumors were injected i.p. with anti-
CD4, anti-CD8, and/or anti-CD25
mAbs (200 ug/mouse) on days 5 and
9 after tumor inoculation. A, tumor
growth curves. B, tumor volume on
day 15 after tumor inoculation. Data,
mean =+ SE of 8 mice per group;
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CD8™" T cells from deletion, a mechanism of peripheral tolerance
in which the continuous and excessive exposure of antigen-
specific T cells to cognate antigens eventually results in the loss
of the antigen-specific T-cell clones.

To confirm the effects of anti-CD4 mAb treatment on the
proliferation of CD8" T cells, we used fluorescent ubiquitina-
tion-based cell-cycle indicator (Fucci) double transgenic mice. In
Fucci mice, Fucci-orange (mKO2) and Fucci-green (mAG) are
expressed reciprocally in the Go~G, and S-G,~M phases of the cell
cycle, respectively (13, 18). In the BI6F10 tumor model, anti-CD4
mAb treatment significantly increased the proportion of mAG*
proliferating cells among CD8CD44" T cells in both the dLN
and non-dLN, compared with the proportion of these cells in
untreated control mice (Supplementary Fig. S71 and S7J).

To determine whether this CD4 depletion-induced prolifera-
tion was specific for tumor-specific CD8" T cells or was a tumor
antigen-independent response such as homeostatic proliferation
(22), we adoptively transferred a CFSE-labeled mixture of Pmel-1,
ovalbumin-specific OT-1, and polyclonal CD8* T cells into B16
tumor-bearing or tumor-free mice with or without anti-CD4 mAb
treatment (Supplementary Fig. S8A). Pmel-1, but not OT-I or
polyclonal CD8™ T cells, selectively proliferated in the dLN of B16
tumor-bearing mice (Supplementary Fig. S8B-S8E). These results
indicate that CD4 depletion~induced T-cell expansion is specific
for tumor-specific CD8" T cells. Collectively, these results suggest
that anti-CD4 mAb treatment systemically increases the availabil-
ity of tumor-specific CD8" T cells by enhancing their proliferation
in the dLN in a tumor-associated antigen-dependent manner.

Enhanced CD8" T-cell responses underlie the antitumor effects
of anti-CD4 mAb treatment

To determine whether enhanced CTL responses are responsible
for the antitumor effects of anti-CD4 mAb treatment, we admin-
istered the anti-CD4 mAb together with an anti-CD8-depleting
mAb. When the anti-CD8-depleting mAb was administered
together with the anti-CD4 mAb, the inhibitory effect of anti-
CD4 mAb treatment on tumor growth was completely reversed
(Fig. 3A and B). We also investigated whether treatment with an
anti-CD25-depleting mAb, which is widely used to deplete
Foxp3*tCD25™ Tregs in mice (23), could produce the same effect
as anti-CD4 mAb treatment. Under our administration protocol,
tumor growth in the anti-CD25 mAb-treated group was almost
equivalent to that observed in untreated mice (Fig. 3A and B).
These results suggest that the tumor-specific CD8" T cells that are
induced by anti-CD4 mAb treatment are responsible for the
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antitumor effects of the treatment, and that anti-CD4 mAb
treatment might deplete immunosuppressive populations more
efficiently than anti-CD25 mAb treatment.

Combination treatment with anti-CD4 and anti-PD-1 or anti-
PD-L1 mAbs synergistically enhances antitumor effects

Next, we examined whether synergistic antitumor effects could
be achieved by supplementing anti-CD4 mAb treatment with
various immune checkpoint mAbs, particularly those targeting
the exhaustion and deletion phase of the immune response. We
devised a combination treatment protocol of anti-CD4 mAb with
immune checkpoint antibodies as depicted in Fig. 4A. Strikingly,
combination treatment with anti-CD4 and anti—-PD-L1 mAbs,
and to a lesser extent anti-CD4 and anti-PD-1 mAbs, resulted in
dramatic synergistic inhibition of tumor growth in the B16F10
melanoma model (Fig. 4B and C). Combination treatment with
anti-CD4 and anti-CTLA-4, anti-TIM-3, anti-BTLA, and anti-
GITR mAbs also had additive or synergistic effects (Fig. 4B and
C), but anti-PD-L2, anti-OX40 and anti~LAG-3 mAbs produced
no synergisticantitumor effect when combined with the anti-CD4
mAb (Fig. 4B and C). Survival was also prolonged by combination
treatment with anti-CD4 and anti-PD-L1 mAbs compared with
anti-CD4 mAb monotherapy, but not by other combinations of
anti-CD4 and immune checkpoint mAbs (Fig. 4D). Importantly,
depletion of CD8™" T cells completely abrogated the tumor growth
inhibition induced by the combination of anti-CD4 and anti-PD-
1 0rPD-L1 mAbs, indicating that CD8* T cells play a critical role in
the antitumor effects of the combination treatment (Fig. 4E).

To determine whether the synergistic antitumor effects of anti-
CD4 and anti-PD-1 or anti-PD-L1 mAb treatment are common
to other tumor types and mouse strains, we examined the effect of
combination treatment in the Colon 26 subcutaneous tumor
model in BALB/c mice. The anti-PD-1 or anti-PD-L1 mAb treat-
ment alone did not inhibit tumor growth, whereas combination
treatment with anti-CD4 and anti~-PD-1 or anti~PD-L1 mAbs
resulted in strong synergistic inhibition of tumor growth (Fig. 5A
and B). These effects were completely reversed by treatment with
an anti-CD8-depleting mAb (Fig. 5B). Notably, we observed
complete remission in 3 of 10 mice treated with the anti-CD4/
anti-PD-1 mAb combination, and in 6 of 10 mice treated with the
anti-CD4/anti-PD-L1 mAb combination. In addition, the 6 mice
that rejected the tumor in the anti-CD4/anti-PD-L1 mAb-treated
group were resistant to rechallenge with Colon 26 tumor cells at a
dose five times higher than that used in the initial inoculation
(Fig. 5C). Collectively, these results indicate that combination
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Figure 4.

Combination treatment with anti-CD4 and anti-PD-1 or anti-PD-L1 mAbs has synergistic antitumor effects. Mice bearing B16F10 tumors received anti-CD4 mAb,
anti-immune checkpoint mAb, or a combination of these, according to the treatment schedule shown in A. B, tumor volume on day 16 (left) or 15 (right); *, P < 0.05;
** P <001 ***, P < 0.001 (compared with control); #, P = 0.021 (compared with aCD4); 11, P < 0.01; T1+, P < 0.001 (comparisons as indicated). C, tumor
growth curves. D, survival plots representative of two independent experiments; *, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001 (compared with control);
1, P< 0.05; 1, P < 0.0%; 11+, P < 0.001 (compared with oCD4). E, anti-CD8 mAb was administered together with anti-CD4 mAb and tumor volumes were measured
on day 16; **, P < 0.01 (compared with control). Data, mean + SE of 8 mice per group.

OF6 Cancer Immunol Res; 3(6) June 2015 Cancer Immunology Research

Downloaded from cancerimmunolres.aacrjournals.org on May 15, 2015. © 2015 American Association for Cancer Research.

-197 -



Published OnlineFirst February 20, 2015; DOI: 10.1158/2326-6066.CIR-14-0190

1
A 2,000 —@— control B P
== oaCD4/aPD-1 Sg 1,500 *
- =~ oCD4/aPD-L1 £
é 1,500 _, aCD4 g 1,000
Y ~®—  oPDA E
£ 1,000- S 500
9 <]
2 1 £
g E
E 5004 -/
= % aCD8 o -
0- ; W asl mAbs ~ ~— (D4
0 10 20 30
Days after tumor inoculation
Figure 5.

Anti-CD4 and Immune Checkpoint Antibody Synergy

LT €N C 400
Hit Hith
E 300-
E
£
3 200+
# g
Soe
123 g
E 100+
-t - - & ‘l’
= | e
D4 D4 & 2 0 } T }
PD-1 PDLL & B 0 20 40 60

Days after tumor inoculation

Combination treatment with anti-CD4 and anti-PD-1 or anti-PD-L1 mAbs induces long-term antitumor CD8" T-cell memory. Mice bearing Colon 26 tumors received
anti-CD4, anti-PD-L1, anti-PD-1 or anti-CD8 mAbs or a combination of these according to the treatment schedule shown in Fig. 4A. A, tumor growth curves.
B, tumor volume on day 18; **, P< 0.01; ***, P< 0.001 (compared with control); #, P = 0.029; ##tit, P < 0.001 (compared with aCD4); 177, P < 0.001 (comparisons as
indicated). C, the 6 mice that achieved complete remission of Colon 26 tumors after anti-CD4 and anti-PD-L1 treatment were rechallenged on day 39 with
Colon 26 tumor cells at five times the cell number of the initial challenge. Arrow indicates day of rechallenge; *, P < 0.05; **, P < 0.01 (compared with control). A and

B, data, mean + SE of 10 mice per group.

treatment with anti-CD4 and anti-PD-1 or anti~PD-L1 mAbs has
a dramatic and robust antitumor effect that is mediated by
antitumor CD8" T cells.

Blockade of the PD-1/PD-L1 signaling axis increases the
pumber of PD-1" tumor-reactive CD8" T cells in the circulation
Finally, we investigated the cellular and molecular mechanisms
underlying the synergy between anti-CD4 and anti-PD-1 or anti-
PD-L1 mAbs in the B16F10 melanoma model. Quantitative RT-.
PCR analysis of whole tumor tissue demonstrated that anti-CD4
mAb treatment alone augmented expression of the antitumor
cytokine genes Ifng and Tnf, the IFNy-inducible genes Cxcl10 and
Cd274/PD-L1 (24, 25), and genes encoding the proapoptotic
molecules Fasl, Prfl/perforin, and Gzmb/Granzyme B, compared
with the expression levels of these genes in untreated tumors
(Supplementary Fig. S9A and S9B). The upregulation of PD-L1 by
anti-CD4 mAb treatment was also observed at the protein level
(Supplementary Fig. S9C). However, no additive or synergistic
effects on gene expression were observed in groups receiving
combination treatment with anti-CD4 and anti-PD-1 or PD-L1
mAbs. Consistent with these results, the proportion of [FNy-
producing and TNFa-producing cells within the tumor-infiltrat-
ing CD8* T-cell population was equivalent between mice receiv-
ing anti-CD4 mAD alone and mice receiving the combination of
anti-CD4 and anti-PD-1 or anti-PD-L1 mAbs (data not shown).
We next analyzed the effects of anti~-PD-1 and anti-PD-L1
mAbs on the PD-1"CD8™" T cells that increased in number in the
systemic circulation in response to anti-CD4 mAb treatment. We
examined cell populations expressing the effector/memory T-cell
marker CD44 and the activation marker CD137. Combination
treatment with anti-CD4 and anti-PD-L1 mAbs increased the
frequency of CD44"PD-17 cells among CD8™" T cells in the blood,
dLN and non-dLN, compared with that in mice receiving the anti-
CD4 mAD alone (blood data shown in Fig. 6A and B). In blood
CD8™ T cells, expression levels of PD-1 on cells within the CD44"
PD-1" population and the frequency of PD-17CD137% cells were
significantly higher in mice that received the combination of anti-
CD4 and anti-PD-L1 mAbs compared with the corresponding
expression levels and frequency in mice that received the anti-CD4
mAb alone (Fig. 6A-C). In contrast, combination treatment with
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anti-CD4 and anti-PD-1 mAbs decreased the frequency of the
CD44"PD-1* population among blood CD8" T cells, and
decreased the expression levels of PD-1 on cells within the
CD44" PD-1" population (Fig. 6A, E, and F). However, the
frequency of the CD44"CD137" tumor-reactive cell population
was higher in mice receiving the combination of anti-CD4 and
anti-PD-1 mAbs compared with mice receiving the anti-CD4
mAb alone (Fig. 6A, E, and F), suggesting that anti-PD-1 mAb
treatment does not actually decrease the number of tumor-reac-
tive CD8" Tcells in the blood, but rather decreases the level of PD-
1 expression on these cells. On the other hand, the frequency of
PD-1* cells among tumor-infiltrating CD8™ T cells in anti-CD4
mAb-treated mice was not affected by treatment with anti-PD-1
or anti-PD-L1 mAbs (Fig. 6D and G).

Discussion

The recent success of anti-CTLA-4 and anti-PD-1 mAb thera-
pies in the clinic has highlighted the potential of immunotherapy
for the treatment of cancer (2, 3, 26-29). However, the develop-
ment of immunotherapy for widespread clinical use remains in its
early stages. Extensive efforts have been directed toward enhanc-
ing endogenous antitumor immunity by dampening the influ-
ence of immunosuppressive mechanisms. Treatment strategies
have included combinations of antibodies with other antibodies
and with other immunotherapies or anticancer therapeutics. In
the present study, we demonstrate that antibody-mediated deple-
tion of CD4" cells from tumor-bearing mice results in enhanced
polyclonal PD-1"CD137" tumor-reactive and monoclonal
tumor-specific Pmel-1 CD8" T-cell responses, and strong inhi-
bition of tumor growth. Combination treatment with the anti-
CD4 mAb and various immune checkpoint mAbs, particularly
anti-PD-1 and anti-PD-L1 mAbs, revealed striking synergy in
suppressing tumor growth and prolonging survival.

Several previous reports have described antitumor activity of
anti-CD4 mAb treatment in solid tumor models in C57BL/6 mice,
including subcutaneous tumors induced by inoculation with B16
melanoma cells (9, 11, 12), recurrent TC1 lung cancer cells (30),
or embryo cells expressing the adenovirus-derived E1A protein
(10). Although the efficacy of immunotherapy in mouse tumor
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Figure 6.

Anti-PD-L1 and anti-PD-1 treatments target PD-1*CD8™ T cells that are induced by anti-CD4 treatment. Mice bearing BI6F10 tumors were treated with anti-CD4,
anti-PD-L1, or anti-PD-1 mAbs, or a combination of these according to the treatment schedule shown in Fig. 4A. A, flow-cytometry plots of blood CD8™ T cells.
B and E, proportions of cD44" pD-1* cells, PD-]J’ACD137Jr cells or CD44"CD137* cells among blood CD8™ T cells on day 14. C and F, mean fluorescent
intensity (MF1) of PD-1 expression on CD8*CD44™PD-1* cells in the blood. D and G, proportions of PD-1" cells among tumor-infiltrating CD8* T cells. B-D, show
anti-PD-L1 mAb experiments; E to G, show anti-PD-1 mAb experiments. Data, mean + SE of 4 mice per group and are representative of two independent

experiments; *, P < 0.05; **, P < 0.01; ***, P < 0.001.

models often depends on tumor type, taken together, these
reports from independent groups and our results from the present
study suggest that anti-CD4 mAb treatment is likely to have
broad-spectrum antitumor activity against solid tumors. Optimi-
zation of the anti-CD4 mAb administration protocol revealed
robust antitumor effects when mice received the mAb on days 3 or
5, rather than when mice receive the mAb before tumor inocu-
lation (day -2). These results suggest that pretreatment is not
necessary. However, priming and/or the preexistence of activated
CD8" T cells are important for effective anti-CD4 mAb therapy.
Although the mechanistic link between the timing of anti-CD4
antibody administration and the efficacy of treatment remains to
be elucidated, administration of the antibody to patients with
early-stage cancer or whose tumor burden has been reduced by
surgical resection, irradiation or chemotherapeutics is likely to be
most beneficial.

A dose of anti-CD4 mAD sufficient to deplete most CD4 " cells
was required in order for antitumor effects to be observed. The
CD4" cell population includes Foxp3*CD25" Tregs, Th2 cells,
Tr1/3 cells (4), and IDO* immunosuppressive pDCs (7). Con-
sidering that markedly increased proliferation of tumor-specific
CD8™ T cells was observed in the dLN, anti-CD4 mAb treatment is
likely to augment proliferation of tumor-reactive CD8" T cells
through the removal of these CD4" immunosuppressive cells
from the dLN. In addition, anti-CD4 mADb treatment increased the
proportion of PD-1"CD137* tumor-reactive cells and IFNy-pro-
ducing cells among tumor-infiltrating CD8* T cells in the B16F10
model, suggesting that anti-CD4 mAb treatment augmented both
the quantity and quality of tumor-specific CD8™" T-cell responses.
Werecently demonstrated that IFNY- and TNFo-induced cell-cycle
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arrest is an important mechanism underlying the antitumor
effects induced by tumor-specific CD8* T-cell transfer (31). The
shift toward IFNy-dominant type I immunity, which was evi-
dent in the strong induction of IFNy and TNFa in tumor-
infiltrating CD8* T cells after anti-CD4 mAb treatment, is likely
to play a central role in the antitumor effects that we observed
(32). Notably, depletion of CD25" Tregs by administration of
an anti-CD25 mAb on days 5 and 9 after tumor inoculation did
not reproduce the antitumor effect of anti-CD4 mAb treatment.
Because some Foxp3* Tregs have low-to-negative CD25 expres-
sion, residual Foxp3TCD257/!° Tregs may have contributed to
this discrepancy. Moreover, the antitumor effects of anti-CD25
mAb treatment have been reported to be optimal when the
mAb is administered before tumor inoculation (33, 34),
because when it is administered after tumor inoculation, the
anti-CD25 mAD depletes not only Tregs but also other activated
lymphocytes expressing CD25. The involvement of Treg and
other CD4*-immunosuppressive populations in the suppres-
sion of CD8* T-cell-mediated antitumor responses remains to
be elucidated.

The synergy that occurs in combination treatment with anti-
CD4 and anti-PD-1 or anti~PD-L1 mAbs is likely due to the
blockade of PD-1/PD-L1 signaling in PD-17 activated CD8* T
cells that are induced by anti-CD4 mAb treatment. We did not
detect any synergistic effect in terms of the quantity and quality of
the tumor-infiltrating CD8™ T-cell response promoted by anti-
CD4 and anti-PD-1 or anti-PD-L1 mAD treatment. However, the
frequency of the PD-17CD137* and CD44MCD137" tumor-
reactive populations increased among CD8* T cells in the blood
upon blockade of the PD-1/PD-L1 signaling axis. Considering
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that T cells continuously traffic between peripheral and secondary
lymphoid tissues via the lymph-blood circulation, the block-
ade of PD-1/PD-L1 signaling may prevent exhaustion or dele-
tion of tumor-reactive PD-1"CD8" T cells in the tumor and
allow them to migrate into the dLN, thus sustaining antitumor
CD8" T-cell responses. In addition, anti-CD4 mAb treatment
increased the number of IFNy-producing PD-1*CD8" T cells in
the tumor, resulting in the upregulation of IFNy-inducible
genes, including PD-L1. Although the shift toward IFNy-dom-
inant type-I immunity within the tumor contributes to the
inhibition of tumor growth, it also promotes the exhaustion
or deletion of tumor-infiltrating PD-1"CD8™ T cells by enhanc-
ing PD-1/PD-L1 signaling. It is therefore likely that the synergy
of the anti-CD4 and anti-PD-1 or anti-PD-L1 mAb combina-
tion treatment arises due to the blockade of this adverse
negative feedback mechanism.

We are in the process of developing a humanized anti-CD4
mAb with potent antibody-dependent cell-mediated cytotox-
icity as an anticancer therapeutic. Because CD4" T cells play
important roles in both humoral and cellular immunity, the
heightened risk of infectious diseases that may be associated
with transient CD4" T-cell depletion should be carefully eval-
uated in clinical trials. In addition, trials should seek to max-
imize clinical efficacy and safety through rigorous optimization
of the antibody administration protocol. In preclinical studies
in nonhuman primates, no serious adverse effects were detected
after several weeks of treatment with our humanized anti-
human CD4 mAb that resulted in CD4" T-cell depletion. In
addition, no severe adverse effects have been observed during
phase II clinical trials for T-cell malignancy with long-term
administration of other humanized anti-CD4 mAbs (35, 36).
Preexisting humoral immune mediators, such as immunoglob-
ulin, plasma cells, and memory B cells, CD8" T-cell responses,
and unimpaired natural immunity, are likely to provide basal
protection against infectious diseases during CD4" T-cell-
depleting therapies. On the other hand, consideration should
also be given to the potential for the acute exacerbation of
chronic diseases associated with viral infection (e.g., hepatitis C
and B) due to excessive activation of effector and memory
CD8" T cells after CD4" cell depletion.

In conclusion, our study represents the first report of robust
antitumor effects of combination treatment with an anti-CD4-
depleting antibody and anti-PD-1 or anti-PD-L1 immune
checkpoint antibodies in mice. We have also characterized the
immunologic bases for the synergy between these agents.
Recent clinical trials suggest that anti-PD-1, anti-PD-L1, or
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ORIGINAL ARTICLE

Increase in Activated Treg in TIL in Lung Cancer and In
Vitro Depletion of Treg by ADCC Using an Antihuman
CCR4 mAb (KM2760)

Koji Kurose, MD,* Yoshihiro Ohue, MD, PhD,* Eiichi Sato, MD, PhD, j Akira Yamauchi, MD, PhD, }
Shingo Eikawa, PhD,§ Midori Isobe, PhD,* Yumi Nishio, MS, * Akiko Uenaka, PhD, ||
Mikio Oka, MD, PhD,* and Eiichi Nakayama, MD, PhD||

Introduction: Tregs infiltrate tumors and inhibit immune responses
against them.

Methods: We investigated subpopulations of Foxp3*® CD4 T cells
previously defined by Miyara et al. (Immunity 30, 899-911, 2009) in
peripheral blood mononuclear cells (PBMCs) and tumor infiltrating
lymphocytes (TILs) in lung cancer. We also showed that Tregs in healthy
donors that express CCR4 could be efficiently eliminated in vitro by
cotreatment with antihuman (h) CCR4 mAb (KM2760) and NK cells.
Results: In lung cancer, the number of activated/effector Tregs and
non-Tregs, but not resting/naive Tregs, was increased in TILs com-
pared with the number of those cells in PBMCs. The non-Treg popula-
tion contained Th2 and Th17. CCR4 expression on activated/effector
Tregs and non-Tregs in TILs was down-regulated compared with that
on those cells in PBMCs. Chemokinetic migration of CD25* CD4 T
cells containing the Treg population sorted from the PBMCs of healthy
donors to CCL22/MDC was abrogated by pretreatment with anti-
hCCR4 mAb (KM2760). The inhibitory activity of CD25* CD127¢™~
CD4 Tregs on the proliferative response of CD4 and CD8 T cells
stimulated with anti-CD3/CD28 coated beads was abrogated by adding
an anti-hCCR4 mAb (KM2760) and CD56* NK cells to the culture.
Conclusions: The findings suggested the CCR4 on activated/effector
Tregs and non-Tregs was functionally involved in the chemokinetic
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migration and accumulation of those cells to the tumor site. In vitro
findings of efficient elimination of Tregs may give the basis for
implementation of a clinical trial to investigate Treg depletion by
administration of an anti-hCCR4 mAb to solid cancer patients.

Key Words: Lung cancer, Tregs, CCR4, Anti-hCCR4 mAb, Treg
depletion.

(J Thorac Oncol. 2015;10: 74-83)

Inﬁltration of Tregs to local tumor sites has been shown in
various murine and human tumors.' Tregs inhibit immune
responses against tumors and also diminish the immunother-
apeutic effects which activate host immune responses.?* The
CD8T cells to Tregs ratio correlated with a favorable prognosis
in some human cancers.*® Tregs appeared to inhibit the prim-
ing of CD8 and also CD4 T cells by preventing the maturation
of dendritic cells in tumor-draining lymph nodes.® Depletion
of Tregs facilitated the induction of antitumor responses.’
Two main populations of Foxp3* Tregs have been identified: a
“naturally occurring” (n) Treg which differentiates within the
thymus during T-cell ontogenesis and an “induced” (i) Treg
which develops in the periphery from conventional CD4 T
cells.® Conversion of CD4 T cells into iTregs occurs via various
mechanisms involving the exposure to transforming growth
factor beta (TGF) and other inhibitory cytokines, interleukin
(IL)-6 or IL-10, and the interaction with dendritic cells.’

The accumulation of Tregs is mainly due to chemo-
kine gradients. Chemokine receptors such as CCR4, CCRS5,
CCR6, CCR7, and CCRS are responsible for Treg migration
to tumor tissues, and also inflammatory sites and lymph nodes
in response to various CC chemokines.'® Of those, Tregs
preferentially express CCR4 as compared with conventional
T cells.!! Moreover, CCR4-expressing Tregs represent active
Tregs with strong inhibitory activity. The involvement of
CCR4- and CCR4-associated chemokines, CCL17/TARC and
CCL22/MDC, in Treg migration have been documented.'>"
Tumor cells or intratumor myeloid cells produce CCL17/
TARC and CCL 22/MDC.

Foxp3 is a key transcription factor for CD4 Tregs.'*
Miyara et al.”* reported that human Foxp3* CD4 T cells were
composed of three functionally and phenotypically distinct
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subpopulations.' CD45RA" Foxp3® resting/naive Tregs and
CD45RA™ Foxp3" activated/effector Tregs were suppressive,
whereas a CD45RA "~ Foxp3® population was made up of non-
suppressive, non-Tregs.

In this study, we investigated the frequency of these
three subpopulations in peripheral blood mononuclear cells
(PBMCs) and tumor infiltrating lymphocytes (TILs) in lung
cancer, and showed the accumulation of activated Tregs and
also non-Tregs in the tumor microenvironment. We also
examined the expression of CCR4 on these subpopulations
and of chemokines in monocytes to clarify the mechanisms
of Treg accumulation in fung cancer. Furthermore, we showed
efficient Treg depletion by an anti-hCCR4 mAb (KM2760)
and suggested its potential use in solid cancer patients.

MATERIALS AND METHODS

Patients and Clinical Samples

For preparation of a lung cancer tissue microarray (TMA),
384 specimens including 204 adenocarcinomas, 114 squamous
cell carcinomas, 4 large cell carcinomas, 16 small cell carcino-
mas, 8 adenosquamous cell carcinomas and 4 others, and 34
metastatic tumors were used. Tumors were surgically removed
from 384 patients who visited the Toyama University Hospital
from December 1979 to May 2006. Some patients received
chemotherapy or radiation therapy before surgery. For Treg
analysis, PBMCs and tumor specimens were obtained from 20
patients with lung cancer who underwent surgery at Kawasaki
Medical School Hospital from March 2012 to March 2014. For
T-cell migration and proliferation analysis, PBMCs from three
healthy donors were used. Peripheral blood or tumor specimens
were obtained from healthy donors or patients after obtaining
informed consent. These studies were approved by the ethics
committee of Toyama University Hospital (IRB no. 19-12) and
Kawasaki Medical School Hospital (IRB no. 603-6) and con-
ducted in accordance with the Declaration of Helsinki.

Immunohistochemistry (IHC)

The TMA was prepared for two tumor nests in each sam-
ple punched out (core size, 0.6 mm) from formalin-fixed paraf-
fin-embedded tumor tissues. For staining, a 4 um thick section
on a slide was used. To stain CCR4, a POTELIGEO TEST IHC
(Kyowa Medex, Tokyo, Japan) was used. Briefly, after being
deparaffinized, a tissue section was put in an oven for antigen
retrieval for 40 minutes at 98°C. Endogenous peroxidase was
blocked by adding 1 N HCI for 10 minutes. Mouse anti-hCCR4
mAb (KM2160; Kyowa Hakko Kirin, Tokyo, Japan) (1:200)
was then added and incubated for 30 minutes. As a second anti-
body, a peroxidase-conjugated goat antimouse immunoglobu-
lin (IgG) (1:1000) was added and incubated for 30 minutes.
For staining CD4 and Foxp3, a rabbit anti-hCD4 mAb (clone
EPR6855; abcam, Cambridge, UK) (1:100) and a mouse anti-
hFoxp3 mAb (clone 236A/E7; abcam) (1:100), respectively,
were added and incubated for 30 minutes. For doublestaining
of CCR4 and CD4, a mouse/rabbit multiplex detection system
(MP-001; Diagnostic Biosystems, Pleasanton, CA) was used.
For staining of CCL17/TARC, goat anti-hCCL17/TARC (1:40)
was used and incubated for 60 minutes. Simple stain MAX-PO

(G) (414161; Nichirei, Tokyo, Japan) was used as a second
antibody and incubated overnight. For staining of CCL22/
MDC, a mouse anti-hCCL22/MDC mAb (clone 57226; R&D
Systems, Minneapolis, MN) (1:50) was used and incubated
overnight. For staining of CD163, a mouse anti-hCD163 mAb
(clone 10D6; abcam) (1:1) was used and incubated for 30 min-
utes. As a second antibody, Envision Dual Link reagent (Dako,
Glostrup, Denmark) was used and incubated for 30 minutes.
Counterstaining was done with hematoxylin.

IHC Scoring of TMA

Interstitial cells and tumor cells were scored separately
by the grade of distribution and intensity.'® For grading distri-
bution, 0 for 0%; 1 for 1 to 50%; and 2 for 51 to 100% were
used. For grading intensity, 0 for no staining; 1 for weak stain-
ing; 2 for moderate staining, and 3 for marked staining were
used. The mean of the sum of distribution and intensity scores
from two distinct tumor TMA histospots was used as the
definitive IHC score. Scores exceeding 2 (22.5) were defined
positive. Scoring was performed by a pathologist.

Isolation of TILs

TILs were freshly isolated from lung cancer tissues using
a Medimachine (BioLab, Osaka, Japan). Briefly, the tumor tis-
sue was minced into pieces (<1 mm?®) and placed on a stainless
steel screen with approximately 100 hexagonal holes, each sur-
rounded by six microblades, in a sterile Medicon polyethylene
chamber (BioLab) in 1 ml medium. A rotating screen brings
the tissue into contact with the blades and it is homogenized. A
Medicon with 50 pm separator screens was used. The proce-
dure was repeated 3 times for 60 seconds at a constant speed of
100rpm. Cells were collected after filtration using filters with
a 50-pm pore size and then TILs were isolated.

Flow Cytometry

PBMCs and TILs were isolated by density gradient
centrifugation using a Histo-Paque 1077 (Sigma—Aldrich, St.
Louis, MO). Freshly isolated PBMCs or TILs were incubated
with a mAb for 20 minutes at 4°C. The following mAbs were
used: Anti-hCD3-V450 (clone UCHT!; BD Horizon, BD
Bioscience, San Jose, CA), anti-hCD4-V500 (clone RPA-T4;
BD Horizon), anti-hCD8-APC (clone RPA-T8; BD Pharmingen,
BD Bioscience, San Jose, CA), anti-hCCR4-PerCP/Cy5.5
(clone 1G1; BD Pharmingen), anti-hFoxp3-Alexa Fluor 488
(clone 259D/C7; BD Pharmingen), and anti-hCD45RA-APC/
H7 (clone HI100; BD Pharmingen). Intracellular Foxp3 stain-
ing was performed using a Human Foxp3 buffer set (BD
Pharmingen) according to the manufacturer’s instructions. With
each sample, an isotype-matched control Ab was used to deter-
mine the positive and negative cell populations. Analysis was
done by fluorescence activated cell sorting (FACS) Canto II.

CFSE Labeling

A carboxyfluorescein diacetate succinimidyl ester
(CFSE) stock (10mM in dimethyl sulfoxide (DMSO):
Molecular Probes, Eugene, OR) stored at —30°C was thawed
and diluted in phosphate buffered saline (PBS). The CD4 or
CD8 T cells (5 x 10° cells/ml) in 0.1% bovine serum albumin
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(BSA) PBS were incubated with 10 pM CFSE for 10 minutes
at 37°C, diluted by five volumes of cold 0.1% BSA PBS, and
kept on ice for 5 minutes. Cells were washed three times and
used for experiments.

Cell Migration Assay

The cell migration was examined using EZ-TAXIScan
(Effector Cell Institute, Tokyo, Japan) apparatus.'™® Two
compartments of a cell migration assay chamber in etched
silicon were connected by a 4 pm deep microchannel on a
flat glass plate in the chamber. A glass coverslip was placed
onto the glass plates. A reproducible chemoattractant gradient
was formed in the microchannel without medium flow. The
holder was filled with AIM V (Invitrogen, Carlsbad, CA) sup-
plemented with 2.5% heat-inactivated pooled human serum
and maintained at 37°C. CD25" CD4 T cells (1 x 10° cells in
1 nl) sorted from PBMCs which were left untreated or treated
with anti-hCCR4 mAb (KM2760; Kyowa Hakko Kirin) using
FACS Aria were injected into one compartment and 1 pl of
CCL22/MDC (500 pg/ml; R&D Systems) solution into the
other compartment. The migration of each cell in the chan-
nel was traced at time-lapse intervals using a charge coupled
device (CCD) camera and recorded every 1 minute for 60
minutes. The cells that crossed a fixed gate were counted using
a TAXIScan Analyzer (Effector Cell Institute).

To examine blocking activity of anti-hCCR4 mAb
(KM2760) on migration, 24-well Transwell chemotaxis plates
(3 pm pore size; Corning Costar, Corning, NY) were used.

. Characteristics Patients

CD4 T cells (1x10°) were placed in the upper chamber of a
Transwell plate. Various concentrations of anti-hCCR4 mAb A& years
(KM2760) were added to both the upper and lower cham- Median 765
bers. Then, CCL22/MDC (100ng/ml) was added to the lower Range 58-85
chamber and incubated for 4 hours at 37°C. After incubation, 265 16 30 (%)
all cells in the lower chamber were collected and the number ~ Sex
of cells was counted with an FACS Canto II. Male 17 85

Female 3 15
Proliferation Assay BMI (kg/m?) 22.6+2.6

To obtain Tregs, a regulatory T-cell isolation Kit I  Smoking status

(Miltenyi Biotec, Bergisch Gladbach, Germany) was used. Never 4 20
CD127¢™~ CD4 T cells were indirectly purified from PBMCs Former 13 65
of healthy donors using biotin-conjugated antibodies against Current 3 15
CD8, CD19, CD123, and CD127 with antibiotin antibody- Pack-years 46.8+378
coated magnetic beads. CD25" CD127%"" CD4 Tregs were  FEv /FVC (%) 68.0£10.3
then purified and CD25 CD127% CD4 T cells were used FEV, % predicted 10644171
as control cells. CD56" NK cells, and CD4 and CD8 T cells Pathologic stage
were purified from PBMCs also using antibody-coated mag- IA 6 30
netic beads (Miltenyi Biotec). Tregs (1x10%) and CDS56* B 4 20
NK cells (1% 10%) were incubated overnight with or without A p 2
anti-hCCR4 mAb (KM2760) at a concentration of 10 pg/ml
in 96-well culture plates. The cells in the plates were washed 18 0 0
three times and anti-hCD3/28 beads (Dynabeads Human ‘HIA 4 20
T-Activator CD3/CD28, Invitrogen) were added to the cul- ~ Histology
ture and incubated for 8 hours for suppressor cell stimulation. Adenocarcinoma 12 60
CFSE-labeled responder cells (1 x 10*/well) were then added Squamous cell 5 25
and stimulated by anti-CD3/28 beads. After 24 hours, anti- carcinoma
CD3/28 beads were removed and the cells were kept cultured Large cell carcinoma 2 10
for another 3 to 4 days. After culture, the cells were harvested Adenosquamous cell 1 5
and CFSE dilution was analyzed with an FACS Canto II. The caretnoma
76 Copyright © 2014 by the International Association for the Study of Lung Cancer

medium used was AIM V (Invitrogen) supplemented with 5%
heat-inactivated pooled human serum, 2 mM r-glutamine, 100
IU/ml penicillin, and 100 pg/ml streptomycin.

RESULTS

Subpopulations of Foxp3* CD4 T Cells and
Expression of CCR4 on Those Cells in PBMCs
and TILs From Lung Cancer Patients

Subpopulations of Foxp3* CD4 T cells and expression
of CCR4 on those cells in PBMCs and TILs from lung cancer
patients were analyzed. The characteristics of 20 patients inves-
tigated are shown in Table 1. As shown in Figure 1, Foxp3*
CDA4 T cells were classified as three subpopulations: CD45RA*
Foxp3' resting/naive Tregs (Fr 1), CD45RA™ Foxp3" activated/
effector Tregs (Fr 2), and CD45RA™ Foxp3® non-Tregs (Fr 3),
as described by Miyara et al.'® The mean ratios of resting/naive
and activated/effector Tregs, and non-Tregs in CD4 T cells in
PBMCs from 20 lung cancer patients were 0.6, 1.6, and 4.1%,
respectively. However, the mean ratios of resting/naive and
activated/effector Tregs, and non-Tregs in CD4 T cells in TILs
were 0.5, 9.9, and 9.8%, respectively. The ratios of activated/
effector Tregs and non-Tregs, but not resting/naive Tregs, in
CDA4T cells in TILs were higher than those in PBMCs.

TABLE 1. Patient Characteristics (n = 20)
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Analysis of subpopulations of Foxp3* CD4 T cells and expression of CCR4 on those cells in PBMCs and TiLs from

lung cancer patients. A, classification of Foxp3* CD4 T cells as CD45RA* Foxp3® resting/naive Tregs (Fr 1), CD45RA- Foxp3" acti-
vated/effector Tregs (Fr 2) and CD45RA- Foxp3' non-Tregs (Fr 3). B, representative dot plots showing subpopulations of Foxp3*
CD4 T cells in PBMCs and TiLs and histograms showing the CCR4 expression on those cells using anti-hCCR4 mAb (1G1) and
the isotype-mached control Ab (gray). Figures indicate % positive cells. C, ratios of resting/naive and activated/effector Tregs,
and non-Tregs in CD4 T cells (left panel) and CCR4 expression on those cells (right panel) in PBMCs and TILs from 20 lung
cancer patients. Horizontal bar, mean value. Statistical analysis was done by the Mann-Whitney U test (**** p < 0.0001). Each

dot indicates a single patient.

The CCR4 expression on those populations was then
determined. The mean ratios of CCR4" cells in resting/naive
and activated/effector Tregs, and non-Tregs in PBMCs were
13.0, 88.7, and 65.6%, respectively. However, the mean ratios
of CCR4" cells in activated/effector Tregs and non-Tregs in
TILs were 34.6 and 28.5%, respectively. Insufficient resting/
naive Tregs were available for the analysis in TILs. The ratios
of CCR4* cells in activated/effector Tregs and non-Tregs in
TILs were lower than those in PBMCs.

Detection of CCR4- and CCL22/
MDC-Expressing Cells in Lung
Cancer by IHC Using a TMA

CCR4-, CCL17/TARC-, and CCL22/MDC-expressing
cells in lung cancer were analyzed by IHC using TMA. For
evaluation, the staining score was determined by the sum of
scores of distribution and intensity (See Materials and Methods
Section). Two TMA spots were examined in each sample and
the mean score was calculated for the definitive score. A
definitive score exceeding 2 (=2.5) was defined as positive. As

shown in Figure 24 and B, CCR4-expressing stroma infiltrat-
ing lymphocytes were detected in 78 (20.3%) of 384 samples
and CCR4-expressing tumor cells were detected in only 1
(0.3%). CCL17/TARC-expressing stroma infiltrating mono-
cytes were detected in 5 (1.3%) of 384 samples and CCL17/
TARC-expressing tumor cells were detected in 2 (0.5%).
CCL22/MDC-expressing stroma infiltrating monocytes were
detected in 117 (30.5%) of 384 samples and CCL22/MDC-
expressing tumor cells were detected in none. As shown in
Figure 34, CCR4-stained lymphocytes were mostly CD4 and
some of those cells were also positive for Foxp3. As shown in
Figure 3B, some CCL22/MDC-expressing cells were likely to
be CD163-positive M2 macrophages. CCR4 expression was
correlated with CCL22/MDC (Figure 3C).

By enzyme-linked immunosorbent assay using plasma
and malignant pleural effusion, we detected a significant
amount of CCL17/TARC in 1 patient and CCL22/MDC in
several patients out of a total 17 Jung cancer patients in a sepa-
rate analysis (data not shown). Predominance of CCL22/MDC
compared with CCL17/TARC in lung cancer was consistent
with the IHC results.
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B HE CCR4 CCL17/TARC

CCL22/MDC

Stroma 78/384 (20.3%)

Tumor 1/384 (0.3%)

5/384 (1.3%)

117/384 (30.5%)

2/384 (0.5%) 0/384 (0%)

FIGURE 2. Analysis of CCR4-, CCL17/TARC- and CCL22/MDC-expressing cells in lung cancer by Immunohistochemistry (IHC)
using a tissue microarray (TMA). A, staining score was determined by a sum of scores of distribution (D) and intensity (1) (See
Materials and Methods Section). Representative intensity (I) scoring with density (D) score 1 for CCR4 and CCL22 are shown.
Two TMA spots were examined in each sample and the mean score was calculated for the definitive score. A definitive score
exceeding 2 (=2.5) was considered positive. Scale bar denotes 100 pm for low magnification and 50 pm for high magnifica-
tion (inset). B, representative staining of TMA with CCR4 (score 3), CCL17/TARC (score 0) and CCL22/MDC (score 3) and the
number of positive samples for stroma-infiltrating cells and tumor cells in the total of 384 samples are shown. HE, hematoxylin/

eosin. Scale bar denotes 100 pm.

Efficient migration of a CCR4*CD25" CD4 T-cell
population in PBMCs to the CCL22/MDC gradient
and elimination of migrating cells by adding an
anti-hCCR4 mAb (KM2760) to the culture

Antihuman (h) CCR4 mAb (KM2760) is a defucosyl-
ated antibody developed by the Potelligent technology and
it has been shown to exert antibody-dependent cellular-cyto-
toxicity (ADCC) against CCR4-expressing cells by using NK
cells as effector cells.!” We examined the migration of CD25*
CD4 T cells sorted from PBMCs which were left untreated or
treated with anti-hCCR4 mAb (KM2760) to the CCL22/MDC
gradient using EZ-TAXIScan apparatus. Expression of CCR4

on sorted cells was confirmed with an FACS Canto II (data
not shown). As positive and negative controls for migration,
CCR4* CDAT cells and CCR4™ CD4 T cells sorted from anti-
hCCR4 mAb (1G1) (with no ADCC activity) and anti-hCD4
mAb-treated PBMCs were used. As shown in Figure 4, effi-
cient migration to the CCL22/MDC gradient was observed in
a CD25* CD4 T-cell population sorted from anti-hCCR4 mAb
(KM2760)-untreated PBMCs. Migrating cells were markedly
diminished in a CD25* CD4 T-cell population sorted from
anti-hCCR4 mAb (KM2760)-treated PBMCs.

We further examined whether an anti-hCCR4 mAb
(KM2760) could directly block the migration of CD4 T cells
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FIGURE 3. A, Immunohistochemistry (IHC) staining of tissue microarray (TMA) with anti-CCR4, anti-CD4, and anti-Foxp3 in
lung cancer tissue. In double staining of CCR4 and CD4, CCR4 is stained brown and CD4 is stained red. Arrows indicate double-
stained cells. ATL is a positive control. Staining of CCR4 and Foxp3 are done on serial sections. Arrows show the cells stained
with either mAb. Scale bar denotes 100 pm. B, IHC staining of serial sections with anti-CCL22 and anti-CD163. Arrows show the
cells stained with either mAb. C, Correlation of CCR4 with CCL22 score. CCL22- (score 0-2): n = 267, CCL22* (score = 2.5): n

= 117. CCR4 score is the mean value with the error bar showing 95% confidence interval. Statistical analysis was done by the

Mann-Whitney U test.

to the CCL22/MDC gradient without NK cells using Transwell
plates. As shown in Figure 4C, anti-hCCR4 mAb (KM2760)
had no blocking effect on migration of CD4 T cells or any
Treg population in a range of antibody concentrations.

Inhibition of CD3/CD28-mediated proliferative

response of CD4 and CD8 T cells by CD25* CD4
Tregs and abrogation of inhibition by treatment
with an anti-hCCR4 mAb (KM2760)

We then examined inhibition of CD4 and CDS8 T-cell
proliferation by Tregs and abrogation of inhibition by the
treatment of Tregs with an anti-hCCR4 mAb (KM2760).
CD127% CD4 T cells were indirectly purified from PBMCs
of healthy donors using biotin-conjugated antibodies against
CDg, CD19, CD123, and CD127 with antibiotin antibody-
coated magnetic beads. CD25* CD127%™~ CD4 Tregs were
then purified and CD25~ CD1274™~ CD4 T cells were used as
control cells. CD56" NK cells, and CD4 and CDS8 T cells were
purified from PBMCs also using antibody-coated magnetic

Copyright © 2014 by the International Association for the Study of Lung Cancer

beads. Tregs (1 x 10%) and CD56" NK cells (1 x 10*) were incu-
bated overnight with or without anti-hCCR4 mAb (KM2760)
at a concentration of 10 pg/ml in 96-well culture plates. After
washing the cells in the plates, anti-CD3/CD28 beads were
added. The CFSE-labeled responder CD4 and CD8 T cells
were then added and proliferation was determined after 5 to 6
days. As shown in Figure 5, proliferation of either CD4 or CD8
T cells stimulated by anti-CD3/CD28 beads was inhibited by
culturing with CD25* CD1274~ CD4 Tregs and CD56" NK
cells without anti-hCCR4 mAb (KM2760). The inhibition was
abrogated in the culture with an anti-hCCR4 mAb (KM2760).

DISCUSSION

Foxp3* CD4T cells were composed of three distinct pop-
ulations and classified according to the expression of CD45RA
and Foxp3 on those cells.”” In this study, we showed that the
ratios of activated/effector Tregs and non-Tregs in Foxp3* CD4
T cells were higher in TILs obtained from surgically removed
specimens than those in PBMCs in lung cancer patients. The
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FIGURE 4. Efficient migration of a CCR4* CD25* CD4 T cell population in PBMCs to the CCL22/MDC gradient and elimination
of migrating cells by adding an anti-CCR4 (KM2760) mAb to the culture. A, migration of CD25* CD4 T cells (CD25*KM- and
CD25+*KM*) sorted from PBMCs which were left untreated or treated with anti-hnCCR4 mAb (KM2760), respectively, using FACS
Aria to the CCL22/MDC gradient was investigated using EZ-TAXIScan apparatus. CCR4* CD4 T cells and the CCR4- CD4 T cells
sorted from anti-hCCR4 (1G1) mAb (without ADCC activity) and anti-hCD4 mAb-treated PBMCs were used as positive and
negative controls, respectively, for migration. The results are the mean + SD of duplicates. B, the % migrating cells to CCL22/
MDC counted at 30 minutes in the assay. The results are the mean + SD of three individuals. Statistical analysis was done by
Welch's t test (** p < 0.01, **** p < 0.0001). C, blocking of Treg migration by an anti-nCCR4 (KM2760) mAb. Purified CD4 T
cells (1 x 10%) were placed in the upper chambers and CCL22 (100 ng/ml) was placed in the lower chambers of Transwell plates.
A different amount of anti-hCCR4 (KM2760) mAb was present in the upper and lower chambers during the migration assay.
After incubation for 4 hours, all cells in the lower chambers were collected and the number of cells was counted with a FACS
Canto ll. FACS dot plots showed subpopulations of Foxp3* CD4 T cells (top). Numbers in the dot plot panel denote % of rest-
ing/naive Tregs, non-Tregs and activated/effector Tregs in the migrated Foxp3* CD4 T cells from top to bottom. Migration of
non-Tregs and activated/effector Tregs to CCL22/MDC was observed, but no blocking of migration by addition of KM2760 was
observed. Numbers of migrating CD4 T cells (bottom left) and activated/effector Tregs (bottom right) are shown. The results
are the mean £ SD of triplicate experiments. Statistical analysis was done by the Welch’s t test for two groups and by ANOVA for
multiple groups (** p < 0.01). No blocking of migration was observed.

findings suggested that the activated/effector Tregs and also
non Tregs appeared to accumulate in the tumor from PBMCs.
No increase in resting/naive Tregs in TILs suggests conversion
from resting/naive Tregs to activated/effector Tregs in the tumor
as described previously.'>? The non Treg population contains
Th2 and Th17 that could be involved in effector mechanisms in
tumors.""* In our analysis of TILs from 11 lung cancer patients,

CD45RA™ Foxp3®, a non Treg population contained CRTH2
(CD294)-positive Th2 cells (approximately 9%) and CCR6-
positive Th17 cells (approximately 14%), although the rest of
cells were not clearly analyzed. Miyara et al. reported detection
of transcription factor RAR-related orphan receptor C (RORC)
and secretion of IL-17, and also secretion of interferon gamma
(IFNv) in stimulation with PMA/ionomycin with the cells in
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FIGURE 5. Inhibition of CD3/CD28-mediated proliferative response of CD4 and CD8 T cells by CD25* Tregs and abrogation

of inhibition by the treatment of Tregs with anti-hCCR4 mAb (KM2760). A, schema of the experimental protocol. CD1279m/-
CD4 T cells were indirectly purified from the PBMCs of healthy donors using biotin-conjugated antibodies against CD8, CD19,
CD123, and CD127 with antibiotin antibody-coated magnetic beads. CD25* CD127¢™~ CD4 Tregs were then purified and
CD25- CD1274m- CD4 T cells were used as control non-Tregs. CD56* NK cells, and CD4 and CD8 T cells were purified from
PBMCs also using antibody-coated magnetic beads. Tregs (1 x 10%) and CD56* NK cells (1 x 104) were incubated overnight with
or without anti-hCCR4 mAb (KM2760) at a concentration of 10 ng/ml in 96-well culture plates. After washing the cells in the
plates, anti-CD3/CD28 beads were added. The CFSE-labeled responder CD4 and CD8 T cells were then added and prolifera-
tion was determined after 5 to 6 days. In (B) representative results of three independent experiments are shown. Dot plots and
histograms of CFSE-labeled CD4 and CD8 T cells after stimulation with anti-CD3/CD28, and inhibition of proliferation by Tregs
and its abrogation by anti-hCCR4 mAb (KM2760) treatment are shown. C, layered presentation of the experiment shown in (B).
D, the results in (B) are shown as the mean + SD of triplicate experiments. Statistical analysis was done by Welch's t test (** p <

0.01, *** p < 0.001).

the population.’ Thus, a small fraction of Th2, Th17, or IFNy-
producing cells was detected in the CD45RA™ Foxp3 low posi-
tive, non-Treg fraction (Fr 3), although the majority of those
cells were Foxp3-negative cells.

With regard to Th17 cells, it has recently been shown that
the frequency of these cells secreting IL-17 was increased in
patients with different types of tumors,? including lung can-
cer.?? The density of intratumoral IL-17-positive cells in primary
human NSCLC was inversely correlated with patient outcome
and correlated with the smoking status of the patients.?*

We also showed that CCR4 expression on activated/
effector Tregs and also non-Tregs in TILs was down-regulated

compared with that on those cells in PBMCs. It was noticed
that chemokine receptors, including CCR4, were down-reg-
ulated quickly after interaction with the respective chemo-
kines.? These findings suggested that CCR4 was functionally
involved with chemotactic migration and accumulation of
activated/effector Tregs and non-Tregs to the tumor sites.

We demonstrated that CCR4-expressing lymphocytes
infiltrated in tumor tissue and some of them were likely
Foxp3* CD4 T cells as judged by IHC using TMA. CCR4-
stained lymphocytes were detected in only 20% of the tumor
tissues of 384 samples examined, whereas flow cytometric
analysis showed that activated/effector Tregs were detected
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in TILs from most of the 20 lung cancer patients we investi-
gated. Detection of CCR4-expressing cells at a low frequency
in TMA appeared to be due to the limited area of tumor tissue
prepared for TMA and/or low sensitivity of THC.'

Anti-hCCR4 mAb (KM2760) is a defucosylated chi-
meric mAb produced by Potelligent technology and has been
shown to have more than 100 times stronger ADCC activity
than the original antibody.'® Leukemic cells in adult T-cell leu-
kemia (ATL) express CCR4 on their surfaces and cytotoxicity
of anti-hCCR4 mAb (KM2760) to those cells has been dem-
onstrated.” Yamamoto et al.?® reported that administration of
even a small dose (0.1 mg/kg) of humanized anti-hCCR4 mAb
(KW-0761) efficiently eliminated leukemia cells in the periph-
eral blood in ATL patients in clinical trials.?® In this study, we
showed that activated/effector Tregs also express CCR4 on
their surface and that those cells could be efficiently eliminated
in vitro by treatment with an anti-hCCR4 mAb (KM2760) by
ADCC with NK cells. Migration of a CD25* CD4 Treg popula-
tion sorted from PBMCs in healthy donors to a CCL22/MDC
gradient was abrogated by the pretreatment of PBMCs with an
anti-hCCR4 (KM2760) mAb. The inhibition of the prolifera-
tive response of CD4 and CD8 T cells stimulated with anti-
CD3/CD28-coated beads by CD25*CD1274"~ CD4 Tregs was
abrogated by adding anti-hCCR4 mAb (KM2760) and CD56*
NK cells to the culture. These in vitro findings of efficient
elimination of Tregs in a migration assay and in a T-cell prolif-
eration assay may give the basis for implementation of clinical
trials focusing on depletion of Tregs by administration of anti-
hCCR4 mADb to cancer patients with various solid tumors.

In this study, we showed that an anti-hCCR4 mAb
(KM2760) had no direct blocking activity on the migration
of purified CD4 T cells to the CCL22/MDC gradient by sim-
ply adding it to the culture during the assay. There is extensive
redundancy in the binding for chemokines to chemokine recep-
tors.?” It is possible that chemokine receptors other than CCR4
are involved in the migration to the CCL22/MDC gradient
under the CCR4 blockade.? Or it could simply be due to the
lack of blocking activity for CCL22/MDC binding to CCR4.

Recently, Sugivama et al.?® showed depletion of acti-
vated/effector Tregs and augmentation of T-cell responses
against the NY-ESO-1 antigen by magnetic bead depletion
using a biotin anti-CCR4 mAb (1G1) and also by simply add-
ing a mouse antthuman CCR4 mAb (KM2160) to the cul-
ture.?® In our study, we showed that a defucosylated chimeric
KM2760 derived from KM2160 efficiently depleted Tregs by
ADCC with NK cells as above. However, with KM2760, no
depletion of any Treg subpopulations and no effect on their
migration to CCL22/MDC was observed without adding NK
cells. The difference in the direct depletion effect between
KM2160 and KM2760 by adding to the culture could be due
to experimental systems, especially incubation time (7 days
in their study and 4 hours in ours) or due to loss of depleting
activity by chimerization and defucosylation of the antibody,
although less likely. This point should be carefully addressed
in future studies.

Induction of immune responses by depleting Tregs has
been reported previously.*®?! In vitro depletion of CD25*
cells induced activation of NY-ESO-1-specific naive CD4

T-cell precursors in stimulation with NY-ESO-1 peptides in
PBMCs from healthy donors and from NY-ESO-1-expressing
melanoma patients who had no NY-ESO-1 antibodies.’? We
previously showed that depletion of Tregs by in vivo admin-
istration of an anti-CD25 mAb (clone PC61) caused rejection
of tumors that otherwise grew progressively in murine tumor
models.” However, the effect of inducing tumor rejection by
administration of the mAb was observed only up to day 2 after
tumor inoculation. This is probably due to the depletion of
the effector T cells, which were generated after recognition
of the tumor cells and express CD25 on their cell surfaces.®
There are some reports of clinical trials on the depletion of
CD25 Tregs using anti-CD25 or diphtheria toxin-conjugated
I1.-2 (denileukin diftitox).>*> The results in those studies were
controversial: successful depletion of CD25* cells and aug-
mentation of the tumor immune response in one study,*® but
no effect in the others.

We are currently conducting a phase I clinical trial
administering humanized anti-hCCR4 mAb (KW-0761)
to patients with various solid tumors. Depletion of CCR4-
expressing activated/effector Tregs in PBMCs will result in
depletion of either CCR4-expressing or nonexpressing acti-
vated/effector Tregs in the tumor if they migrate from the
peripheral blood. On the other hand, the findings that high
and low frequencies of CCR4-expressing cells in activated/
effector Tregs and resting/naive Tregs, respectively, in PBMCs
may suggest that the CCR4 expression is correlated with Treg
function, and only the CCR4-expressing population represents
functional Tregs in TILs, although this remains to be clarified.
Our preliminary results show efficient depletion of CCR4-
expressing activated/effector Tregs in PBMCs, although those
cells in the TILs were not analyzed.

Off-target effects could occur due to anti-CCR4 mAb
therapy. CCR4 is expressed on Th2 and Th17 cells other than
Tregs, but not on Thl cells (data not shown). Depletion of
these cells may cause impaired antibody and cellular responses
against infection. CD8 and monocytes express no CCR4 (our
unpublished observation).” Studies on ATL/ATLL patients
and our preliminary study on solid tumor patients showed that
eruption controllable by steroids probably caused by autoim-
munity was commonly observed, whereas infection was rare.?®

CCR4 expression on tumor cells is controversial.
Frequent expression was reported with head and neck cancer®
and moderate expression was reported with other cancers.*s*
In lung cancer, however, IHC analysis of TMA in this study
showed that CCR4 expression on tumor cells was observed
in only 1 of 384 specimens. These findings suggest that the
ADCC caused by anti-hCCR4 mAb (KW-0761) acts against
CCR4-expressing lymphocytes, but not tumor cells, in lung
cancer.
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Abstract

Purpose: The cancer/testis antigen XAGE1 (GAGED2a) is expressed in approximately 40% of advanced
lung adenocarcinomas. We investigated the clinical relevance of the XAGE1 (GAGED2a) immune responses
in patients with advanced lung adenocarcinoma.

Experimental Design: The XAGE1 (GAGED2a) antigen expression and EGFR mutation were determined
with tumor tissues. The XAGE1 (GAGED2a) antibody and T-cell immune responses, as well as immune cell
phenotypes, were analyzed with blood samples. Patients with EGFR wild-type (EGFRwt) tumors were
treated with conventional platinum-based doublet chemotherapy and patients with EGFR-mutated
(EGFRmt) tumors were treated with EGFR-TKI and conventional chemotherapy. The overall survival (OS)
rates of the antibody-positive and -negative patients were investigated.

Results: The results showed that the OS of antibody-positive patients was prolonged significantly
compared with that of antibody-negative patients with either XAGE1 (GAGED?2a) antigen-positive EGFRwt
(31.5vs. 15.6 months, P=0.05) or EGFRmt (34.7 vs. 11.1 months, P=0.001) tumors. Multivariate analysis
showed that the presence of the XAGE1 (GAGED2a) antibody was a strong predictor for prolonged OS in
patients with XAGE1 (GAGED2a) antigen-positive tumors and in patients with either EGFRwt or EGFRmt
tumors. On the other hand, XAGE1 (GAGED?2a) antigen expression was a worse predictor in patients with
EGFRmt tumors. Phenotypic and functional analyses of T cells indicated immune activation in the antibody-
positive patients.

Conclusions: The findings suggest that production of the XAGE1 (GAGED2a) antibody predicts good
prognosis for patients with lung adenocarcinoma as an immune biomarker and the protective effect of this
naturally occurring immune response supports the concept of immunotherapy. Clin Cancer Res; 20(19);

5052-63. ©2014 AACR.

introduction

Cancer/testis (CT) antigen is a class of antigens that
express predominantly in the testes in normal adult tissues
and in various tumors (1-3). The CT database (4) lists 276
CT antigen genes, including 128 genes on the X chromo-
some {CT-X), nine genes on the Y chromosome, and 139
genes on various autosomes (non-X CT). Some CT antigens
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have been shown to be highly immunogenic and are con-
sidered to be attractive targets for cancer vaccines (5-8).

XAGE1 was originally identified by the search for PAGE/
GAGE-related genes using an expression sequence tag data-
base (9) and was shown to exhibit CT antigen characteristics
(10, 11). Five identical genes, XAGE1A to E, have been
identified, being dispersed in a region of approximately
350 kilobases on chromosome Xp11.22 (12). The associ-
ated protein is designated as a G antigen family D member 2
(GAGED2), and GAGED2a and d isoforms have been
identified (9, 12). Four transcript variants XAGE-14, b, ¢,
and d have been extensively studied and shown to be
expressed in various tumors (13-16). The XAGE-1a and b
transcripts code for 81 amino acid XAGE1 (GAGED2a)
protein, whereas the XAGE-1d transcript codes for a 69
amino acid XAGE1 (GAGED2d) protein (17).

The XAGE1 (GAGED2a) antigen is expressed in approx-
imately 40% of advanced lung adenocarcinomas (18-21).
Approximately half of the patients with antigen-positive
tumors naturally produced the XAGE1l (GAGED2a)
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_expression is predictive of a wo

antibody (19, 21). A CD4 T-cell response was detected in 14
of 16 and a CD8 T-cell response in 6 of 9 XAGE1
(GAGED2a) antibody-positive patients examined in our
previous study (21). Frequent antibody and CD4 and CD8
T-cell responses indicate the strong immunogenicity of the
XAGE1 (GAGED2a) antigen.

In this study, we investigated the clinical relevance of the
XAGE1 (GAGED2a) immune responses in patients with
advanced lung adenocarcinoma. A recent comprehensive
analysis of human gene expression has identified the Ig «
constant (IGKC) gene as a strong prognostic marker in
human solid tumors, including lung cancer (22). Identifi-
cation of tumor-infiltrating plasma cells as the source of
IGKC expression strongly suggests a role in immune
responses and provides a compelling rationale for investi-
gating the relation of humoral immune responses against
lung cancer antigens and prognosis.

Patients with EGFR wild-type (EGFRwt) tumors were
treated with conventional platinum-based doublet chemo-
therapy and patients with EGFR-mutated (EGFRmt) tumors
were treated with EGFR-TKI as first line chemotherapy
following conventional chemotherapy. Overall survival
(OS) of the patients with EGFRmt tumors was prolonged
compared with that of patients with EGFRwt tumors. The
results in this study showed that the OS of the antibody-
positive patients was prolonged significantly compared
with that of antibody-negative patients with either XAGE1
(GAGED?2a) antigen-positive EGFRwt or EGFRmt tumors.
Phenotypic and functional analyses indicated immune acti-
vation in the antibody-positive patients. The findings sug-
gest that production of the XAGE1 (GAGED2a) antibody
predicts good prognosis of patients with lung adenocarci-
noma as an immune biomarker and the protective effect of
this naturally occurring immune response supports the
concept of immunotherapy.

Materials and Msthods

Patients and study design

The clinical relevance of XAGE1 (GAGED2a) immune
responses was investigated in 145 patients with advanced
(clinical stage IIIB and IV) lung adenocarcinoma. The
patients were recruited into the study of the "Analysis of
cancer antigen and host immune response,” an ongoing

prospective observational cohort study initiated in April
2007 at the Kawasaki Medical School Hospital (Kurashiki,
Japan) with approval of the local ethics committee (num-
ber: 603-6) and in accordance with the Declaration of
Helsinki. The patients newly diagnosed with advanced lung
adenocarcinoma were enrolled after obtaining written
informed consent.

The diagnosis was done pathologically. Biopsy specimens
from all 145 patients and additional pleural effusion from
22 patients were subjected to pathology and the results were
obtained within a month after the first visit. Treatment
started within a month after diagnosis. Survival was mea-
sured from the day of diagnosis. The peripheral blood
samples were obtained during the period after diagnosis
before starting treatment.

The XAGE1 (GAGED?2a) antigen expression was deter-
mined by IHC and EGFR mutation by a PNA-LNA PCR
clamp with tumor tissues. The XAGE1 (GAGED2a) anti-
body and T-cell immune responses, as well as immune
cell phenotypes, were analyzed with blood samples
obtained at diagnosis in most studies and with samples
obtained later in kinetic studies. The patients with
EGFRwt tumors were treated with conventional plati-
num-based doublet chemotherapy. Patients with EGFRmt
tumors were treated with an EGFR tyrosine-kinase-inhib-
itor (EGFR-TKI) as first-line chemotherapy until progres-
sion or intolerable adverse effects following conventional
platinum-based doublet chemotherapy. Patients were
observed prospectively until death, loss of follow-up, or
withdrawal of consent. Patient characteristics are shown
in Supplementary Table S1A.

Overlapping peptides

Overlapping XAGE1 (GAGED2a) peptides spanning the
entire protein were synthesized using Fmoc chemistry on a
Multiple Peptide Synthesizer (AMS422, ABIMED) at
Okayama University (Okayama, Japan). The following
series of 35 12-mer peptides: 1-12, 3~14, 5-16, 7-18, 9-
20, 11-22, 13-24, 15-26, 17-28, 19-30, 21-32, 23-34,
25-36, 27-38, 29-40, 31-42, 33-44, 35-46, 37-48, 39~
50,41-52, 43~54, 45-56, 47-58, 49-60, 51-62, 53-64,
55-66, 57-68, 59-70, 61-72, 63-74, 65-76, 67-78 and
69-81, and the following series of 17 16-mer peptides: 1-
16, 5-20, 9-24, 13-28, 17-32, 21-36, 25-40, 29-44, 33~
48, 37-52, 41-56, 45-60, 49-64, 53-68, 57-72, 61-76,
and 65-81 were used.

Synthetic XAGE1 (GAGED2a) protein
XAGE1 (GAGED?2a) protein (81 amino acids) was syn-
thesized using a peptide synthesizer by GL Biochemistry.

Reverse transcription PCR

Total RNA was obtained from cells using an RNeasy
Mini kit (Qiagen) according to the manufacturer’s
instructions. Two micrograms of each sample were sub-
jected to ¢DNA synthesis using a Ready-To-Go first
strand beads kit (GE Healthcare). Sequences of primer
pairs for XAGE1 (transcript variant b) were X-1, 5'-
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TITCTCCGCTACTGAGACAC-3' and X-2, 5-CAGCTTGC-
GTTGTITCAGCT-3/, and sequences for G3PDH were
G3PDH-S, 5-ACCACAGTCCATGC CATCAC-3/, G3P-
DH-AS, 5-TCCACCACCCTGTTGCTG TA-3'. The ampli-
fication was performed using 30 cycles as described (19).

Thirteen of 145 specimens were examined by both IHC
and reverse transcription PCR (RT-PCR). The numbers of
RT-PCR-positive and -negative specimens were 3 and 10,
respectively. Two of three positive specimens were also
positive for IHC, but one was negative. All 10 negative
specimens were negative for IHC.

EGFR mutation

EGFR mutations were examined by a PNA-LNA PCR
clamp using paraffin-embedded tissue samples in Mitsu-
bishi Chemical Medicine.

IHC

THC for XAGE1 { GAGED2a) antigen expression was done
with transbronchial or CT-guided lung biopsy specimens
from all 145 patients and for additional pleural effusion
cells from 22 patients. Tumor biopsy specimens or cells in
pleural effusion were fixed with buffered formalin and
embedded in paraffin. Five-micrometer sections were
deparaffinized with xylene and ethanol. Antigen retrieval
and inactivation of endogenous peroxidase were done as
described previously (17, 19, 20). After washing, the USO
9-13 mAb was added at a concentration of 2 pg/mL and
incubated overnight at room temperature. After washing,
the sample slides were stained by a streptavidin-biotin
complex (SimpleStain MAX-PO kit; Nichirei), followed
by reaction with 3, 3’-diaminobenzidine in H,0, and
counterstained with hematoxylin solution. More than 5%
stained cells was considered positive as previously
reported (19, 20).

ELISA

Synthetic XAGE1 (GAGED2a) protein (1 pg/mL) in a
coating buffer was adsorbed onto a 96-well ELISA plate
(Nunc) and incubated overnight at 4°C. Plates were washed
with PBS and blocked with 5% FCS/PBS (200 pL/well) for 1
hourat37°C. After washing, 100 uL of serially diluted serum
was added to each well and incubated for 2 hours at 4°C.
After washing, each horseradish peroxidase-conjugated
goat anti-human IgG (MBL), IgG1 (Southern Biotechnol-
ogy Associates), IgG2 (Southern Biotechnology Associates),
1gG3 (Southern Biotechnology Associates), and IgG4
(Southern Biotechnology Associates) were added to the
wells, and the plates were incubated for 1 hour at 37°C.
After washing and development, absorbance was read at
490 nm.

Flow cytometry

Peripheral blood mononuclear cells (PBMC) were iso-
lated from heparinized blood by density gradient centrifu-
gation using a Histo-paque 1077 (Sigma-Aldrich). CD4 and
CD8 cells were purified by magnetic cell sorting (Miltenyi
Biotec). The residual cells were kept for use as antigen-

presenting cells (APC). The cells were stored in liquid N,
until use. After thawing, PBMCs were incubated with the
monoclonal antibodies for 20 minutes at 4°C. Anti-CD3-
V450 (clone UCHT1; BD Horizon, BD Bioscience), anti—
CD4-V500 (clone RPA-T4; BD Horizon), anti-CD8-APC/
Cy7 (clone SK1; BD Pharmingen), anti-CD183 (CXCR3)-
PerCP/Cy5.5 (clone GO025H7; Biolegend), anti-CD196
(CCR6)-PE/Cy7 (clone 11A9; BD Pharmingen), anti-
CD185 (CXCR5)- Alexa Fluor 488 (clone RF8B2; BD Phar-
mingen), anti-CD294 (CRTH2)-PE (clone BM16; Bio-
Legend) were used for phenotypic analysis of CD4. Anti-
CD3-V450 (clone UCHT1; BD Horizon), anti-CD45-APC
(clone HI30; BD Pharmingen), anti-CD14-PE/Cy7(clone
MS5E2; BD Pharmingen), anti-HLA-DR-APC/Cy7 (clone
L243; BioLegend), anti-CD11b-PE (clone ICRF44; BioLe-
gend), anti-CD15-V500 (clone HI98; BD Horizon), anti-
CD33-PerCP/Cy5.5 (clone P67.6; BD Bioscience), and anti-
Lineage cocktail 1 (lin 1)-FITC (BD Bioscience) were used
for phenotypic analysis of myeloid-derived suppressor cells.
Anti-CD3-V450 (BD Horizon), anti-CD4-V500 (BD Hori-
zon), anti-CD8-APC/Cy7 (BD Pharmingen), anti-CD278
(ICOS)-PE (clone DX29; BD Pharmingen), anti-CD134
(OX40)-PerCP/Cy5.5 (clone Ber-ACT35; BioLegend),
anti-CD357(GITR)-Alexa Fluor 488 (clone eBioAITR;
eBioscience), anti-CD137(4-1BB)-APC (clone 4B4-1; Bio-
Legend), anti-CD279-PE/Cy7 (clone EH12.2H7; Bio-
Legend), anti-CD272(BTLA)-PE (clone MH26; BioLegend),
anti-Tim-3-APC (clone F38-2E2; eBioscience), and anti-
CD244(2B4)-FITC (clone eBioDM?244; eBioscience) were
used for analysis of activation and inhibitory molecules on
T cells. After incubation, the cells were washed and analyzed
by FACS Canto 1I (BD Bioscience).

Foxp3 staining

Intracellular Foxp3 staining was performed using a
Foxp3 staining buffer set (eBioscience) according to the
manufacturer’s instructions. Anti-CD4-V500 (BD Hori-
zon), anti-CD45RA-APC/H7 (clone HI100; BD Pharmin-
gen), and anti-Foxp3-FITC (clone 259D/C7; BD Pharmin-
gen) were used for phenotypic analysis of regulatory
T cells.

In vitro stimulation of CD4 and CD8 T cells with the
XAGE1 (GAGED2a) antigen and detection of cytokine
production

CD4 (1 x 10%/well) and CDS8 (1 x 10°/well) T cells were
cultured with an equal number of irradiated (40 Gy),
autologous CD4- and CD8-depleted cells as APC in the
presence of a mixture of 17 16-mer overlapping peptides
(107° mol/L) for CD4 T cells and in the presence of
synthetic XAGE1(GAGED2a) protein (10~ mol/L) for CD8
T cells on a 48-well culture plate (BD Bioscience) for 12 days
at 37°C in a 5% CO;, atmosphere. The medium was AIM-V
(Invitrogen) supplemented with 5% heat-inactivated
pooled human serum, 2 mmol/L r-glutamine, 100 TU/mL
penicillin, 100 ug/mL streptomycin, 10 U/mL recombinant
IL2 (Takeda Chemical Industries), and 10 ng/mL recombi-
nant IL7 (Peprotech).
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