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large-scale expansion culture to ensure the availability of
sufficient amounts of cells. The number of Vy9V§2 Tcells
in each injection ranged from 0.6 to 69.8 x 10® (median
59.0 x 10%) (Table 2). The Vy9Vo2 T cells from all of
the patients displayed good effector function as assessed
by their in vitro cytotoxicity against Daudi cells
(Table 2).

Activated Vy9V92 T cells exert antitumor effector activ-
ity through TCR and NK receptors such as NKG2D. NK
receptors-dependent or Vy9Vd2 TCR-dependent recogni-
tion of tumor cell was evaluated by CD107 translocation
assay using pravastatin- or zoledronate-pretreated Daudi
cells (Fig. 2). When the baseline tumor cell recognition
by NK receptors was evaluated against pravastatin-treated
Daudi cells, %CD107" Vy9Vé2 T cells was 55%. The

Table 2. Adoptively transferred Vy9Vvé2 T-cells

Vy9Vé§2 T-Cell Therapy for Malignant Ascites

proportion of CD107" Vy9Vs2 T cells against Daudi or
z-Daudi cells increased from 63.3% to 96.9% according
to the concentration of zoledronate, and reached the pla-
teau at 50 pumol/L or higher. These results were consistent
with previous reports that the optimum inhibition of FPP
synthase activity was achieved by high zoledronate con-
centration [30]. The cytotoxic activities of patients’
Vy9Vé2 T cells against z-Duadi and Daudi cells were
summarized in Table S2.

Dynamics of zoledronate and Vy9Vs2 T-cells
injection

Three patients completed the course of four VyoVd2
T-cell transfers; patient 2328 received an additional two

Cell number (x 102 cells)

% cytotoxicity

against z-Daudi’ E/T

Cumulative number  Average number of

{purity of 3 T cells) of y6 T cell infusions  y6 T cell infusions ratlo—_—
Patient ID  First Second Third Fourth (x108 cells) (x 10® cells) 1:1 5:1 25:1
2305 0.6 (27.6%) 0.6 0.6 18.1 30.3 3041
2307 58.8 (81.7%) 58.8 58.8 31.4 409 53
2319 55.4 (77.0%) 60.5(84.0%) 65.6(85.2%) 68.5(85.6%) 250 62.5 413 58 74.6
2325 49.7 (84.3%) 60 (88.3%) 69.8(89.5%) 40.1(89.0%) 219.6 54.9 142 393 602
2334 8.6 (71.5%) 45.1(77.8%) 52.7 (82.3%) 106.4 355 451 79.7 846
2336 64.9 (94.0%) 64.9 64.9 289 57 55.4
2328 62.4(90.4%) 59.2(92.5%) 65.7(93.9%) 51.7(92.3%) 239 59.8 383 645 722

% cytotoxicity against Daudi cells was provided in Table S2..
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Figure 2. IPP accumulation by zoledronate was evaluated by the CD107 translocation assay of Vy9Vvé2 T-cells. Daudi cells were preincubated
overnight with indicated concentration of zoledronate (0, 1, 5, 10, 50, and 100 umol/L) or 10 umol/L pravastatin sodium and used as stimulator
cells. The 5 x 10° Daudi cells were incubated with the same number of Vy9Vé2 T-cells for 2 h at 37°C in the presence of GolgiStop and anti-
CD107a/b mAbs. VyaVa2 T-cells were also stimulated with PMA (20 ng/mU)Y/ionomycin (2 ug/ml). CD107 translocation was measured by flow
cytometry. Results were expressed as percentages of positive cells within the Vy9Vé2 T-cell population.
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infusions. After each ip. injection, a large number of
Vy9V2 T cells was observed in the ascites (Fig. 3A);
however, Vy9Vo2 T cells were not increased in the blood
(data not shown), suggesting that they did not enter the
systemic circulation from the peritoneal cavity. The num-
ber of Vy9V2 T-cells in ascites rapidly decreased within
7 days except in patient 2319.

It has been reported that zoledronate declines rapidly
from the plasma with half-lives of 0.2 h [31]. By systemic
injection of zoledronate, the concentration of zoledronate
in the ascites might not be sufficient to block the mevalo-
nate pathway and accumulate IPP in the tumor cells.
Therefore, we compared the route of zoledronate injec-
tion, i.v. or i.p., preceded the infusion of VyoVs2 T-cell
administration. After i.v. zoledronate and i.p. Vy9vé2 T-
cell injection, IFN-y production was detected in patient

I. Wada et al.

2307 and 2328, but not in patients 2305, 2319, 2325, and
2336 (Fig. 3B). Importantly, the IFN-y production was
observed when both zoledronate and Vy9Vo2 T cells were
i.p. injected. In patient 2334, i.v. zoledronate injection
was omitted; she received three courses of i.p. zoledronate
injection followed by i.p. Vy9Vé2 T-cell injection. IFN-y
was detected in the ascites with each Vy9Vd2 T-cell injec-
tion.

Consistently, the concentration of zoledronate in the
ascites fluid was higher and sustained longer after i.p.
zoledronate injection than i.v. injection (Fig. S1). PBMCs
from healthy donor were stimulated with indicated
amount of zoledronate in AlyS203 medium containing
1000 IU/mL human recombinant IL-2 and 10% pooled
human serum. Same donor derived PBMCs were cultured
in IL-2 containing medium and in the presence of 10%

A The number of Vy9V52 T-cells B IFN-y concentration (pg/mL) C The number of EpCAM* cells
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Figure 3. Dynamics of Vy9Vé2 T cells and responses in patients with malignant ascites. (A) The number of Vy9V82 T cells in ascites. The ascites
fluid was drained from the peritoneal cavity via the indwelling catheter before zoledronate and Vy9Vvé2 T-cell injections and 24 h after Vy9Vé2 T-
cell injections. The cells were isolated by density gradient centrifugation and stained with anti-CD45, -CD3, and -TCRVy9. The stained cells were
analyzed on flow cytometry and the numbers of Vy9Vd2 T cells calculated. (B) IFN-y concentration (pg/mL) in ascites at the indicated time points
was measured by the FlowCytomix bead assay. (C) The cells from ascites were also stained with anti-EpCAM mAb and the numbers of EpCAM™
tumor cells calculated. *Sample was collected 4 h after i.p. Vy9Vé2 T-cell injection.
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patient ascites fluid for 14 days. The concentration of
zoledronate was estimated by the expansion of Vy9vs2 T
cells. While zoledronate was not detectable in the ascites
harvested after i.v. zoledornate injection, the zoledronate
concentration in the ascites peaked 34.5 £ 20 nmol/L at
2 h, and rapidly declined to 10 nmol/L within 4 h after
i.p. injection. The peak concentration reached higher and
zoledronate concentration in the ascites sustained longer
when zoledronate was ip. injected than iv. injected.
These results indicated that local administration of
zoledronate is important to sensitize tumor cells to
Vy9V 2 T-cell recognition.

The cytotoxicity of Vy9Vi2 T cells

Because tumor cells from patients 2319 and 2334 were
negative for EpCAM, it was difficult to calculate their
precise tumor load. In the other five patients, the number
‘of EpCAM" tumor cells in ascites fluid were significantly
reduced after zoledronate and Vy9Vd2 T-cell treatment
(Fig. 3C). Immunoflueorscence microscopy revealed that
Vy9VS2 T cells attached to and surrounded EpCAM*
tumor cells (Fig. 4A). These results are consistent with
the cytological data (Fig. 4B). Large tumor cells and many
leukocytes were present in the ascites. After Vy9Vo2 T-cell
injection, a large number of small mononuclear lympho-
cytes, presumably the Vy9Vo2 T cells themselves, were
observed in ascites. The number of large tumor cells was
gradually reduced by the repetitive injections of Vy9Vi2
T cells. In addition, many polymorphonuclear leukocytes
were recruited into the ascites after zoledronate injection.
The cytotoxic activity of Vy9Vé2 T cells was also exam-
ined in vitro (Fig. 4D). When Vy9Vd2 T cells from
patient 2325 were cocultured with autologous EpCAM™
tumor cells in vitro, Vy9Vo2 T cells attached and killed
tumor cells (movie clip S1). These results indicated that
Vy9vVé2 T cells indeed recognized tumor cells and exert
antitumor activity.

Clinical outcome

Clinical outcomes are summarized in Table 3. Patients
2305 and 2336 were withdrawn from the study after a
single round of injections, due to disease progression.
Patients 2307 and 2334 were withdrawn after one and
three doses of Vy9Vé2 T cells due to aspiration pneumo-
nia and bacterial infection of the central venous catheter,
respectively (although both patients experienced relief of
their clinical symptoms and showed promising signs of
immunological reactivity reflected by induction of IFN-y
and the reduction of tumor cells in ascites). As shown in
Figure 4C, bloody ascites of patient 2325 became clear
after the treatment. In addition, the massive retention of

® 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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ascites was no longer present (Fig. 5A). Ascites was also
reduced and almost disappeared in patient 2328 (Fig. 5B);
therefore he received an additional two rounds of injec-
tions. Excellent palliation of symptoms was observed in
these patients. However, the clinical benefits of i.p.
Vy9Vd2 T-cell injection were restricted to the local con-
trol of malignant ascites. Patients 2325 and 2328 devel-
oped mediastinal lymph node metastasis and bone
metastasis, respectively.

Adverse events

None of the patients experienced abdominal pain or any
other toxicity related to i.p. injection of Vy9Vo2 T cells.
The most commonly observed treatment-related adverse
events were fever (Grade 2: n =3) and zoledronate-
induced hypocalcemia (Grade 3: n=4) (Tables 3 and
S1). These events were generally mild-to-moderate in
intensity and reversible. In contrast, most adverse events
and symptoms were due to end-stage gastric cancer with
peritoneal dissemination and disease progression, namely,
loss of protein (Grade 2: n = 1, and Grade 3: n = 5) and
electrolyte disorders (Grade 3: n =3, and Grade 4:
n = 2). Peritoneal dissemination caused serious complica-
tions, including intestinal obstruction and massive ascites,
associated with weight loss, bloating, constipation, nausea,
insomnia, and abdominal pain. Aspiration pneumonia
(Grade 3) and disseminated intravascular coagulation
(Grade 2) was observed in patients 2305 and 2319,
respectively. Central venous catheter infection was
detected in patients 2325 and 2334 (Grade 2). None of
these adverse events was directly related to the adminis-
tration of Vy9Vo2 T cells and there were no treatment-
related deaths.

Discussion

We report here the direct evidence that adoptively trans-
ferred Vy9Vé2 T cells do indeed recognize tumor cells
and exert antitumor effector activity in vivo. Previously,
we had conducted a clinical trial of adoptive Vy9Vs2 T-
cell transfer therapy for non-small cell lung cancer in
patients who were refractory to other treatments [12, 13].
Autologous Vy9Vo2 T-cells were expanded ex vivo using
zoledronate and IL-2, and administered six times at
2-week intervals. The cultured cells were well-tolerated
and some clinical benefit was observed in some patients
in whom Vy9Vé2 T cells were able to survive and expand
[12, 13]. However, it remained to be determined whether
transferred Vy9Vo2 T cells infiltrated into the tumor and
exerted antitumor effector functions in vivo. Therefore,
we conducted a trial of adoptive Vy9Vd2 T-cell therapy
for patients with malignant ascites caused by advanced
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A 24 hafter yd Tcelladministration
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VY9-FITC (green)
EpCAM-APC (blue)

v T cells (green staining with CFSE), gastric cancer cells {red staining with PKH-26)

Figure 4. The cellular components and appearance of the ascites fluid. (A) The ascites fluid was harvested 24 h after Vy9Vs2 T-cell injection; the
cells were stained with anti-TCRVy9-FITC and anti-EpCAM-APC mAbs and examined by confocal fluorescence microscopy. The EpCAM* tumor
cells (blue) are attached to and surrounded by Vy9Vé2 T cells (green) in ascites after Vy9Vs2 T-cell injections. Magnification was 150x on the left
and 600x on the right. (B) Smears were prepared, air-dried, and stained with Diff-Quik (Sysmex, Kobe, Japan) according to the manufacturer’s
instructions. Cell morphology was evaluated using bright field microscopy (OLYMPUS BX41 with Canon EOS Kiss X4 digital camera, OLYMPUS,
Tokyo, Japan, magnification 200x). Data from patient 2328 on day O (a: before zoledronate i.v.), day 9 (b: 24 h after 2nd Vy9Vvé2 T-cell
injection), day 21 (c: before zoledronate i.p.), and day 22 (d: 4 h after Vy9Vvé2 T-cell injection) are shown. (C) The appearance of ascites from
patient 2325 before and after four courses of Vy9Vé2 T-cell injections. (D) yd T cells from patient 2325 (green staining with CFSE) recognized and
killed autologous EpCAM™ gastric cancer cells purified from ascites fluid (red staining with PKH-26), by direct contact. Tumor cells were attacked
by the 5 T cells; collapse of the cell membranes led to apoptosis. It took approximately 2 h to progress from (a) to (c). Movie clip S1 is also
provided.

gastric cancer. PBMC were harvested by apheresis;
Vy9Vé2 T cells were similarly prepared with zoledronate
and 1L-2; Vy9Vo2 T cells were injected weekly into the
peritoneal cavity, four times in total (Fig. 1B). Direct
injection of Vy9Vo2 T cells into the peritoneal cavity
allows them direct access to the tumor cells, bypassing
the difficulties of recruitment of transferred Vy9Vo2
T-cells into solid tumors.

As shown in Figure 4A, many Vy9Vo2 T cells attached
to each EpCAM™ tumor cell in the ascites 24 h after their
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i.p. injection. Concomitantly, IFN-y was detected in asci-
tes with kinetics similar to the increased number of
Vy9V2 T cells (Fig. 3B). The number of tumor cells in
ascites was significantly reduced even after the first cell
transfer and remained substantially lower during the
course of the treatment (Fig. 3C). These results document
tumor cell recognition and antitumor activity of Vyovo2
T cells in vivo. When autologous tumor cells were iso-
lated by anti-EpCAM magnetic beads and cocultured
with autologous zoledronate-expanded Vy9Vé2 T cells,

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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A 2325
Before Tx.

B 2328
Before Tx.

1 week after 4" Inj.

1 week after 4" Inj.
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4 weeks after 4" Inj.

4 weeks after 4" Inj.

Figure 5. Computed tomography findings in patients 2325 (A) and 2328 (B). Retention of a large amount of ascites was observed before
treatment (left panels). The amount of ascites was reduced 1 week (middle panels) and 4 weeks (right panels) after four courses of Vy9vé2 T-cell

injections.

Vy9Vo2 T cells indeed recognized and killed autologous
tumor cells (Fig. 4D and movie clip S1). Such antitumor
activity of i.p. Vy9Vo2 T cells resulted in some remark-
able clinical effects. While the appearance of ascites was
initially bloody in patient 2325, it became clear after i.p.
Vy9vVo2 T-cell treatment (Fig. 4C). The reduction in asci-
tes fluid was confirmed by computed tomography in
patients 2325 and 2328 (Fig. 5). These results indicate
that i.p. Vy9V62 T-cell injection combined with zoledro-
nate contributed to the local control of malignant ascites
in some patients with gastric cancer for whom no stan-
dard therapy apart from paracentesis was available.

NBPs such as zoledronate are widely used in the clinic
for the treatment of bone metastases and are known as
potent stimulators of Vy9Vo2 T cells [32]. Zoledronate
blocks the mevalonate pathway, leading to intracellular

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

accumulation of IPP, its isomer dimethylallyl pyrophos-
phate (DMAPP) and Apppl [24, 33, 34]. Because Vy9Vo2
T cells recognize these mevalonate metabolites in tumor
cells, the high amounts of IPP and Apppl in zoledronate-
treated tumor cells contributes to their recognition and
lysis [35]. In the present study, zoledronate was adminis-
tered 24 h prior to ip. Vy9V42 T-cell injection with the
aim of presensitizing the tumor cells. We injected zoledr-
onate either iv. or ip. and compared these routes of
injection (Fig. 1B). As shown in Figure 3B, smaller
amounts of IFN-y in ascites were detected in two of six
patients after iv. zoledronate injection, while higher
amounts were found in ascites of all four patients who
received i.p. zoledronate. These results are consistent with
pharmacokinetic data for zoledronate, indicating - that
serum concentrations decline rapidly after infusion [31].
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Table 3. Clinical outcome
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Numbers of y6

Clinical outcome

Patient ID  T-cell injection  Adverse events (Grade, CTCAE v. 4.0) Ascites Others

2305 1 Rectal obstruction (3)' No change Growth of primary lesion

2307 1 Aspiration (3)', nausea (3),tumor pain (3), insomnia (2), No change Pleural effusion
hypoalbuminemia (2)

2319 4 Fatigue (3), weight loss (3), hyponatremia (4), hypocalcemia (3), No change Obstructive jaundice due
hypoalbuminemia (3), hypophosphatemia (3), female genital to the growth of primary
tract fistula (1), urinary tract infection (3), depressed level of lesion
consciousness (3), disseminated intravascular coagulation (2),
lymphocyte count decreased (3)

2325 4 Fever (2), bloating (2), constipation (2), nausea (2), anemia (1), Disappeared  Mediastinal lymphadenopathy,
hypoalbuminemia (3), hypophosphatemia (3), hypocalcemia (3), pleural effusion,
urinary tract infection (2), insomnia (2), tumor pain (3), central carcinomatous lymphangiosis
venous catheter-related infection (2)

2334 3 Fever (2), nausea (2), insomnia (2), central venous catheter-related  No change Metastasis to ovary
infection (2)', tumor pain (3), anemia (3), hypocalcemia (3),
hypoalbuminemia (3), palmar-plantar erythrodysesthesia
syndrome (1)

2336 1 Tumor pain (3), hypoalbuminemia (3), hypocalcemia (3), No change Poor performance status’,
hyponatremia (3), hyperkalemia (4) metastasis to bladder,

ovary and skin

2328 4 (+2) Fever (2), gastritis (2), constipation (2), hypoalbuminemia (3), Reduced Bone metastasis

lymphocyte count decreased (3)

'Cause for discontinuance.

When we harvest ascites 2-8 h after i.p. zoledronate injec-
tion, ascites fluid contained the sufficient amount of
zoledronate to expand Vy9Vé2 T cell, suggesting they
might inhibit farnesyl pyrophosphate (FPP) synthase
activity in the tumor cells at this time point (Fig. S1).
However, Vy9V62 T cell did not respond to the ascites
fluid harvested after i.v. zoledronate injection. Therefore,
the zoledronate concentration in the ascites might not be
sufficient for the inhibition of FPP synthase activity after
i.v. administration. While the optimum dose and timing
of zoledronate administration remain to be elucidated,
the local administration of zoledronate is desired to inhi-
bit FPP synthase and sensitize tumor cells in the abdomi-
nal cavity to efficient Vy9Vé2 T-cells recognition.

In addition to the direct cytotoxic activity of Vy9Vé2
T-cells on the tumor cells, their activation results in
release of many cytokines and chemokines that may lead
to the recruitment and activation of other immune cells.
It has been reported that Vy9Vé2 T cells induce dendritic
cell maturation [36], B-cell activation [37], and polariza-
tion of Thl immune responses [38]. We observed marked
recruitment of neutrophils into the peritoneal cavity in
this study (Fig. 4B); zoledronate alone induced granulo-
cyte recruitment, suggesting that NBPs induce y6 T cell-
independent neutrophil recruitment in humans. Recently,
Norton et al. [39] reported that intraperitoneal injection
of alendronate, one of the FDA-approved NBPs, induced
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peritoneal inflammation in mice. In their model, neutro-
phil recruitment depended on mast cells and IL-1R sig-
naling. As mice lack the counterpart of human Vy9Vé2 T
cells and thus cannot respond to IPP and NBPs, the
mechanism of peritoneal inflammation in mice might be
different from our human study. Consistent with a previ-
ous reports that Vy9V92 T-cell activation-induced neutro-
phil migration and increased their phagocytic potential
and release of a-defensins [40], and that 6 T cells rapidly
induce CXCL8-mediated migration of neutrophils [41],
infiltration of neutrophils was sustained after i.p. Vy9Vs2
T-cell injection in this study (Fig. 4B). Despite the
recruitment of many neutrophils into the peritoneal cav-
ity, patients did not complain of abdominal pain and did
not display any signs of peritonitis except retention of
ascites after Vy9Vo2 T-cell injection.

The combination of i.p. Vy9Vo2 T-cell injection and
zoledronate for the treatment of malignant ascites had
acceptable tolerability without unexpected severe or long-
lasting adverse events. Because patients with severe perito-
neal dissemination and malignant ascites are generally in
a poor condition, adverse events were frequent; many of
them were not associated with cell transfer (Tables 3 and
S1). However, pyrexia was probably associated with the
release of proinflammatory cytokines induced by zoledro-
nate and Vy9Vo2 T-cell injection. The local i.p. injection
of zoledronate and Vy9Vd2 T cells might reduce the

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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systemic adverse events associated with the release of pro-
inflammatory cytokines. Though the kinetics of IL-1f, IL-
8, and TNF-o production in ascites fluid were similar
with that of IFN-y, the changes of these cytokines were
not detected in the patients’ serum (data not shown). The
IL-6 was elevated before the treatment in many of these
advanced cancer patients, the changes associated with
zoledronate and/or Vy9Vo2 T-cells were not clear. The
alterations in laboratory parameters were rarely consid-
ered clinically relevant to the treatment except for hypo-
calcemia caused by zoledronate.

The patients in this study received S-1 plus cisplatin, S-
1 plus docetaxel, or docetaxel alone as a standard regimen
for the treatment of unresectable or recurrent gastric can-
cer prior to the Vy9Vd2 T-cell therapy (Table 1) [17, 18].
It has been reported that the overall median survival time
in treatment-naive patients with malignant ascites was
approximately 5 months irrespective of the regimen
received [16, 42, 43]. Once patients have become refrac-
tory to these chemotherapies, it is unlikely that they will
experience a survival benefit from any treatment. In such
cases, paracentesis and diuretics are primarily used in
managing malignant ascites, neither of which is an anti-
cancer treatment but solely palliative [15]. In contrast,
the i.p. injection of Vy9V32 T cells combined with zoledr-
onate directly affects the tumor cells and reduces their
number in the peritoneal cavity, as well as decreasing the
amount of ascites fluid, leading to palliation of the symp-
toms of malignant ascites.

Although the i.p. Vy9V52 T-cell injection and zoledro-
nate treatment is unlikely to impact overall survival in
such advanced disease, especially with metastasis, our
results show a clear clinical benefit for the local control of
malignant ascites (Fig. 5). We are planning to conduct a
new clinical trial for treatment-naive patients with perito-
neal dissemination to evaluate the survival benefit of this
treatment. PFurthermore, combinations of this newly
emerging therapy with established surgical, radiotherapy,
and chemotherapy treatments are expected to improve
the survival of cancer patients in future.
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Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Figure S1. The concentration of zoledronate was esti-
mated by the Vy9Vo2 T-cell bioassay. PBMCs from
healthy donor were stimulated with indicated amount of
zoledronate in AlyS203 medium containing 1000 IU/mL
human recombinant IL-2 and 10% pooled human serum.
After 14 day-culture, expansion of Vy9Vo2 T cell was
measured by flow cytometry to prepare the standard
curve. Same donor-derived PBMCs were cultured in IL-2
containing medium and in the presence of 10% patient
ascites fluid for 14 days. The concentration of zoledronate
was estimated by the expansion of Vy9Vé2 T cell using
the standard curve.

Movie clip S1. Patient’s Vy9V82 T cells recognize and kill
autologous tumor cells.

Table S1. Adverse events. ,

Table S2. % Cytotoxicity of Vy9V2 T cells against Daudi
cells w/o zoledronate treatment.
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ABSTRACT

Background. Evidence suggests that CD204-positive
(CD204™) tumor-infiltrating macrophages are associated
with aggressive behavior of various cancers; however, the
clinical, pathological, and prognostic associations of
tumor-infiltrating CD204" macrophages in urothelial can-
cer have not been reported.

Methods. A tissue microarray was constructed from the
centers and peripheries of 171 upper urinary tract cancers
treated with nephroureterectomy. CD204 immunohisto-
chemistry was performed. The density of CD204 " cells was
calculated using image analysis software, and survival anal-
yses were performed using the Kaplan—Meier method and
multivariate Cox proportional hazards regression models.
Results. High CD204" cell density at the centers and
peripheries of tumors was significantly associated with sev-
eral adverse prognostic factors, including sessile architecture,
histological high-grade, presence of lymphovascular inva-
sion, concomitant carcinoma in situ, higher tumor stage, and
lymph node metastasis. High CD204™" cell density was sig-
nificantly associated with shorter metastasis-free and cancer-
specific survival (log-rank p < 0.001) and shorter metastasis-
free survival in multivariate analysis.
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Conclusions. A high density of tumor-infiltrating CD204 ™
macrophages was associated with aggressive behavior of
upper urinary tract cancer. Our results suggest that a spe-
cific immune microenvironment may be associated with
the biological behavior of urothelial cancer and that CD204
may serve as a novel prognostic biomarker for these
tumors.

Tumor tissue comprises variable numbers of cancer and
stromal cells, and the tumor microenvironment plays
important roles in the biological behavior of cancer.'™®
Macrophages, which contribute to the host’s immune
response, are the most abundant stromal cells in tumors.’
Macrophages possess tumor suppressive (M1) and tumor-
supportive (M2) functions.® M2-polarized macrophages
express high levels of CD204 (also called scavenger
receptor A).” Recent studies show that a high number of
tumor-infiltrating CD204-positive (CD204") macrophages
is associated with worse patient outcome in a variety of
cancers.'”™'® However, the role of CD204™+ macrophages in
urothelial cancer has not been reported. We therefore
examined the clinicopathological and prognostic associa-
tions of tumor-infiltrating CD204 " macrophages in patients
with upper urinary tract cancer.

MATERIALS AND METHODS
Study Population
A total of 171 patients with upper urinary tract cancer who

underwent nephroureterectomy at The University of Tokyo
Hospital from 1996 to 2012 were included in this study. No

- 509 -



2106

T. Ichimura et al.

patient received neoadjuvant chemotherapy. In 31 cases,
bladder cancer was found and treated before or at the time of
nephroureterectomy. All research protocols in the present
study were approved by our Institutional Review Board.

Histopathological Evaluation

Hematoxylin and eosin (H&E)-stained slides of all cases
were reviewed by a pathologist (TM) without knowledge of
clinical outcomes. Tumor histology and grade were defined
according to the World Health Organization/International
Society of Urologic Pathology consensus classification.'’
All tumors (103 pelvic cancers and 68 ureteral cancers)
were histologically diagnosed as urothelial carcinomas.
Tumors were staged according to the TNM classification
system.'® Lymphovascular invasion was examined using
H&E and Elastica van Gieson staining.

Tissue Microarray Construction

H&E-stained slides were evaluated for the presence of
the tumor center and the periphery. The tumor periphery
was defined as the area of invasive margin or as the area
where cancer cells were closest to the lamina propria for
non-invasive tumors. For each tumor specimen, H&E-
stained slides containing the tumor center and the periphery
were selected. Using a tissue microarrayer (Beecher
Instruments Inc., Sun Prairie, W1, USA), each region in the
donor paraffin block was cored with a needle 2 mm in
diameter and transferred to the recipient paraffin block.'?

Immunohistochemical Analysis

Preparation of sections from paraffin blocks was per-
formed as previously described.” Immunohistochemical
analysis of CD204 was performed using a mouse mono-
clonal antibody against human CD204 (clone SRA-ES,
1:500; Transgenic, Kumamoto, Japan) according to stan-
dard techniques for a Ventana Benchmark® XT
Autostainer (Ventana Medical Systems, Tucson, AZ,
USA). Antigen retrieval was carried out using Cell Con-
ditioning Solution (CC1-Tris-based EDTA buffer, pH 8.0;
Ventana Medical Systems). Visualization was achieved
using the I-VIEW DAB Universal Kit (Ventana Medical
Systems) and hematoxylin counterstaining.

Image Analysis

Images of immunostained slides were digitized at 20x
magnification using the NanoZoomer Digital Pathology
(NDP) System (Hamamatsu Photonics, Hamamatsu,
Japan). For digital quantification, image analysis software
(Tissue Studio v.3.5; Definiens AG, Munich, Germany)

was used to distinguish the CD204" macrophages.”' The
percentage of the area containing CD204% cells (summed
area with CD204™" cells/total measured area x 100) was
calculated for each tissue microarray core.'*

Statistical Analysis

All statistical analyses were performed using SAS
software (Version 9.3, SAS Institute, Cary, NC, USA). All
p values were two-sided. Differences were considered
significant at p < 0.05. For categorical data, the Chi square
test was performed. The Kaplan—-Meier method and log-
rank test were used to analyze survival. To control for
confounding variables, multivariate Cox proportional haz-
ards regression models were used. The multivariate models
initially included gender, age at diagnosis, tumor side,
tumor location, tumor architecture, tumor grade, lympho-
vascular invasion, concomitant carcinoma in situ, tumor
stage, lymph node metastasis, and adjuvant chemotherapy.
Tumor stage was dichotomized (pTa-pT1 vs. pT2-pT4) to
be consistent with previous studies.”>° A backward
elimination was performed using a threshold of p = 0.05;
however, CD204 status, tumor stage, and lymph node
metastasis were forced into the final models.

RESULTS

Distribution of Tumor-Infiltrating CD204™
Macrophages in Upper Urinary Tract Cancer

Representative photomicrographs of CD204 immuno-
histochemistry are presented in Fig. 1. The median tumor-
infiltrating CD204" cell density was 0.64 % (range 0.03—
9.29 %) at the tumor center, and 0.81 % (range 0.03-
12.43 %) at the tumor periphery. CD204™" cell density of
the two areas correlated positively (Spearman r = 0.76;
p < 0.0001), and there was no significant difference
between the tumor center and the periphery (p > 0.05,
Wilcoxon signed-rank test). We divided the cases into high
and low CD204" groups according to the median value of
CD204% cell density.'* High CD204" density at both the
tumor center and the periphery was significantly associated
with sessile architecture, histological high-grade, presence
of lymphovascular invasion, concomitant carcinoma
in situ, higher tumor stage, and lymph node metastasis
(Table 1).

CD204" Macrophages and Clinical Outcome of Upper
Urinary Tract Cancer

Patients with previous or concurrent bladder cancer
(n = 31) were excluded from the survival analyses because
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FIG. 1 Quantitation of CD204" macrophage density in upper
urinary tract urothelial carcinoma. CD204 immunohistochemistry
shows low (a) and high (c) infiltration of CD204% macrophages.
Using image analysis software, immunopositive areas are highlighted

they may affect the outcome of upper urinary tract can-
cer.”’ Among the 140 patients without bladder cancer at the
time of nephroureterectomy, there were 58 bladder recur-
rences, 32 metastases, and 23 cancer-specific deaths during
a median 56-month follow-up (interquartile range 25—
86 months).

Kaplan—Meier analysis revealed that high CD204%
density at both the tumor center and the periphery was
significantly associated with shorter metastasis-free and
cancer-specific survival (Jog-rank p < 0.001; Fig. 2). High
CD204" density at both the tumor center and the periphery
was also significantly associated with shorter metastasis-
free survival in univariate and multivariate Cox models
(Table 2). High CD204* density was significantly associ-
ated with shorter cancer-specific survival in univariate
analysis, but the statistical significance was not achieved in
multivariate analysis (Table 3). Lymphovascular invasion
and lymph node metastasis were also significantly associ-
ated with shorter metastasis-free and cancer-specific
survival in univariate and multivariate analyses. Tumor
stage was not significantly associated with shorter metas-
tasis-free and cancer-specific survival in multivariate
analysis, consistent with previous studies.”*>** CD204"
density was not significantly associated with bladder
recurrence-free survival in Kaplan—Meier analysis (Fig. 2)

in red, and the percentage of immunopositive area (summed area with
CD204" macrophages/total measured area x 100) was calculated (b,
d). Bars indicate 100 um. CD204" CD204-positive

or in univariate and multivariate Cox models (Supple-
mentary Table ).

DISCUSSION

To our knowledge, the present study is the first to assess
the clinicopathological and prognostic associations of
CD204" macrophages in upper urinary tract cancer. We
found that a high density of tumor-infiltrating CD204"
cells was significantly associated with sessile architecture,
histological high-grade, lymphovascular invasion, con-
comitant carcinoma in situ, higher tumor stage, and lymph
node metastasis, which are adverse prognostic factors in
upper urinary tract cancer.””*" Moreover, high CD204"
cell density was significantly associated with shorter
metastasis-free and cancer-specific survival. Our findings
suggest that tumor-infiltrating CD204" macrophages are
associated with aggressive behavior of upper urinary tract
cancer.

A high density of tumor-infiltrating CD204" macro-
phages is associated with a poorer prognosis in lung,'®'*'?
pancreatic,'"'*!> and esophageal carcinomas.'® In two of
these studies, the independent prognostic significance of
CD204 expression was also shown using multivariate
analysis.‘z’m In contrast, there was no prognostic
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TABLE 1 Correlation between tumor-infiltrating CD204-positive macrophage density and clinicopathological features in patients with upper

urinary tract cancer who underwent nephroureterectomy

Clinical or pathologic feature Total N CD204 (tumor center) [n (%)] p value CD204 (tumor periphery) [n (%)] p value
Low High Low High

All cases 171 85 (50) 86 (50) 85 (50) 86 (50)

Gender 0.34 0.96
Men 119 62 (52) 57 (48) 59 (50) 60 (50)
Women 52 23 (44) 29 (56) 26 (50) 26 (50)

Age (years) 0.14 0.59
<70 93 51 (55) 42 (45) 48 (52) 45 (48)
>70 78 34 (44) 44 (56) 37 47) 41 (53)

Side 0.25 0.82
Left 86 39 (45) 47 (55) 42 (49) 44 (51)
Right 85 46 (54) 39 (46) 43 (51) 42 (49)

History of bladder cancer 0.81 0.81
No 140 69 (49) 71 (51) 69 (49) 71 (5D
Yes 31 16 (52) 15 (48) 16 (52) 15 (48)

Tumor location 0.03 0.23
Renal pelvis 103 58 (56) 45 (44) 55 (53) 48 (47)
Ureter 68 27 (40) 41 (60) 30 (44) 38 (56)

Tumor architecture 0.0037 0.0037
Papillary 126 71 (56) 55 (44) 71 (56) 55 (44)
Sessile 45 14 31) 31 (69) 14 (31 31 (69)

Grade <0.0001 <0.0001
Low 19 18 (95) 1(5.3) 19 (100) 0
High 152 67 (44) 85 (56 %) 66 (43) 86 (57)

Lymphovascular invasion <0.0001 <0.0001
Absent 97 61 (63) 36 (37 %) 62 (64) 35 (36)
Present 74 24 (32) 50 (68) 23 (31) 51 (69)

Concomitant carcinoma in situ 0.0046 0.0002
Absent 88 53 (60) 35 (40) 56 (64) 32 (36)
Present 83 32 (39) 51 (61) 29 (35) 54 (65)

Tumor stage <0.0001 <0.0001
pTa 37 34 (92) 3 (8.1) 35 (95) 2(54)
pTis 7 4 (57) 3 (43) 3(43) 4 (57)
pT1 31 17 (55) 14 (45) 21 (68) 10 (32)
pT2 18 8 (44) 10 (56) 6 (33) 12 (67)
pT3 69 22 (32) 47 (68) 19 (28) 50 (72)
pT4 9 0 9 (100) L (L1) 8 (89)

Lymph node metastasis 0.0017 0.0081
Absent 152 82 (54) 70 (46) 81 (53) 71 (47)
Present 19 3 (16) 16 (84) 4 (21) 15 (79)

significance of CD204" macrophages in renal cell carci-
noma’' or lymphoma.32 In the present study, univariate and
multivariate analysis show that tumor-infiltrating CD204™
cell density associated significantly with shorter metastatic-
free survival. Statistical significance was not achieved for
cancer-specific survival in multivariate analysis, probably
owing to fewer events and lower statistical power. Our

results suggest that tumor-infiltrating CD204™ cell density
may be a novel prognostic biomarker to predict metastasis
in patients with upper urinary tract cancer.

To assess heterogeneity within a tumor, we evaluated
two tissue cores taken from either the tumor center or the
periphery for each case. While most previous studies on
CD204  visually evaluated a few  high-power
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FIG. 2 Kaplan—-Meier analysis of bladder recurrence-free survival (a, b), metastasis-free survival (¢ and d), and cancer-specific survival (e, f)
after nephroureterectomy according to CD204™% macrophage density at the tumor center (a, €) and periphery (b, f). CD204" CD204-positive

fields,''%1632:33 here we evaluated CD204" cell density
in a larger area (>6 mm? for each case) using validated
image analysis software.”’ We found that CD204™" cell
density at the tumor center and the periphery strongly
correlated, and that the associations of CD204 expression
with clinicopathological features and patient outcomes
were quite similar between them. Although further studies
using whole slide sections are required to validate our
ﬁndings,?’““35 our results suggest that CD204" cell density
at either the tumor center or periphery may serve as a
useful prognostic marker for upper urinary tract cancer.

Accumulating evidence suggests that tumor cells induce
tumor-promoting CD204" macrophages to generate a
specific microenvironment that supports tumor progression.
Tumor-associated macrophages, which are recruited to
tumors by multiple growth factors and chemokines that are
often produced by tumor cells,**® induce the proliferation,
survival, and invasion of tumor cells by producing a wide
range of factors, including matrix metalloproteinases and
growth factors such as fibroblast growth factor and epi-
dermal growth factor.* ™ A recent study by Neyen et al.*°
shows that tumor progression and metastasis are inhibited
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TABLE 2 Tumor-infiltrating CD204-positive macrophage density in upper urinary tract cancer and patient outcomes (metastasis)

Univariate analysis Multivariate analysis

HR (95 % CI) p value  HR (95 % CI) p value  HR (95 % CI) p value

CD204 (tumor center) (high vs. low) 4.78 (2.06-11.1)  0.0003 2.52 (1.02-6.22) 0.045 - -
CD204 (tumor periphery) (high vs. low) 5.86 (2.40-14.3)  0.0001 - - 3.10 (1.17-8.16)  0.022
Sex (female vs. male) 1.00 (0.46-2.17) 0.99 - - - -
Age (=70 vs. <70 years) 2.03 (1.00-4.12)  0.050 - - - -
Side (right vs. left) 0.86 (0.43-1.72)  0.66 - - - -
Tumor location (ureter vs. renal pelvis) 1.90 (0.95-3.80) 0.071 - - - -
Tumor architecture (sessile vs. papillary) 1.57 (0.76-3.26) 0.23 - - - -
Tumor grade (high vs. low)" - - - - - -
Lymphovascular invasion (present vs. absent) 6.73 (2.90-15.6) <0.0001 2.79 (1.02-7.65) 0.046 3.03 (1.08-8.49) 0.035
Concomitant carcinoma in situ (present vs. absent) 3.16 (1.49-6.68) 0.0026 - ~ - -
Tumor stage (pT2-pT4 vs. pTa—pT1) 9.84 (2.99-32.4)  0.0002 2.69 (0.64-11.4) 0.18 1.89 (0.41-8.80) 0.42
Lymph node metastasis (present vs. absent) 6.37 (3.13-12.9) <0.0001 230 (1.07-4.94) 0.034 2.64 (1.25-5.55) 0.011
Adjuvant chemotherapy 2.87 (1.43-5.78) 0.0031 - - - -

The multivariate Cox regression models initially included CD204 status (tumor center or periphery), gender, age at diagnosis, tumor side, tumor
location, tumor architecture, tumor grade, lymphovascular invasion, concomitant carcinoma in situ, tumor stage, lymph node metastasis, and
adjuvant chemotherapy. A backward elimination was performed with a threshold of p = 0.05; however, CD204 status, tumor stage, and lymph
node metastasis were forced into the final models

CI confidence interval, HR hazard ratio
# Because patients with low-grade tumors did not experience an event, the hazard ratio could not be calculated

TABLE 3 Tumor-infiltrating CD204-positive macrophage density in upper urinary tract cancer and patient outcomes (cancer-specific mortality)

Univariate analysis Multivariate analysis

HR (95 % CD) p value  HR (95 % CI) p value HR (95 % CI) p value

CD204 (tumor center) (high vs. low) 5.41 (1.99-14.8)  0.001 2.75 (0.93-8.11) 0.067 - -
CD204 (tumor periphery) (high vs. low) 5.19 (1.91-14.1)  0.001 - - 2.50 (0.87-7.20) 0.089
Sex (female vs. male) 0.98 (0.39-2.50) 0.97 - - - -
Age (=70 vs. <70 years) 2.78 (1.19-6.52)  0.019 - - - -
Side (right vs. left) 0.84 (0.37-1.91)  0.67 - - - -
Tumor location (ureter vs. renal pelvis) 1.50 (0.66-3.44) 0.34 - - - -
Tumor architecture (sessile vs. papillary) 2.15 (0.94-4.91)  0.069 - - - -
Tumor grade (high vs. low)* - - - - - -
Lymphovascular invasion (present vs. absent) 134 (3.96-45.6) <0.0001 5.15 (1.27-20.8) 0.022 5.24 (1.28-21.5) 0.022
Concomitant carcinoma in situ (present vs. absent) 3.30 (1.36-8.03) 0.0085 - — — -
Tumor stage (pT2—pT4 vs. pTa—pT1) 22.7 (3.05-168.6) 0.0023 3.78 (0.38-37.7) 0.26 3.09 (0.28-33.7) 0.35
Lymph node metastasis (present vs. absent) 7.45 (3.26-17.0) <0.0001 2.22 (0.92-5.35) 0.075 2.70 (1.15-6.32) 0.022
Adjuvant chemotherapy 3.63 (1.54-8.57)  0.0033 - - - -

The multivariate Cox regression models initially included CD204 status (tumor center or periphery), gender, age at diagnosis, tumor side, tumor
location, tumor architecture, tumor grade, lymphovascular invasion, concomitant carcinoma in situ, tumor stage, lymph node metastasis, and
adjuvant chemotherapy. A backward elimination was performed with a threshold of p = 0.05; however, CD204 status, tumor stage, and lymph
node metastasis were forced into the final models

CI confidence interval, HR hazard ratio

# Because patients with low-grade tumors did not experience an event, the hazard ratio could not be calculated

in CD204-knockout mice in two in vivo models of ovarian  tumor progression and metastasis.*® Taken together, these
and pancreatic cancer. Moreover, treatment of tumor-  observations suggest that tumor cells and CD204" mac-
bearing mice with 4F, a small peptide ligand of CD204 that  rophages may cooperate to contribute to more aggressive
competes with physiological CD204 ligands, inhibited  tumor behavior and that CD204 may be a potential drug
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target in the prevention of metastatic cancer progression.
Therefore, further studies on the crosstalk between uro-
thelial cancer cells and CD204% macrophages are
warranted.

Whereas CD204" cell density was associated with

shorter metastasis-free and cancer-specific survival, it was
not associated with bladder recurrence-free survival. It is
likely that the ability of an upper urinary tract cancer to
recur elsewhere in the urothelium may involve a different
pathway. Whether other immune microenvironment
markers such as lymphocyte surface antigens,*'™** cyto-
kines,** or chemokine receptors*> can predict bladder
recurrence is an important subject for future studies.

CONCLUSIONS

Tumor-infiltrating CD204" cell density significantly
associated with adverse prognostic factors and shorter
metastatic-free and cancer-specific survival in patients with
upper urinary tract cancer. Although further studies are
required to validate our findings, our results suggest that a
specific immune microenvironment may be associated with
biological behavior of urothelial cancer and that CD204
may serve as a novel prognostic biomarker for these
tumors.
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CD4* Treg cells expressing the transcription factor FOXP3 (fork-
head box P3) are abundant in tumor tissues and appear to hinder
the induction of effective antitumor immunity. A substantial num-
ber of T cells, including Treg cells, in tumor tissues and peripheral
blood express C-C chemokine receptor 4 (CCR4). Here we show
that CCR4 was specifically expressed by a subset of terminally
differentiated and most suppressive CD45RA-FOXP3MCD4 Treg
cells [designated effector Treg (eTreg) cells], but not by
CD45RATFOXP3'°CD4™ naive Treg cells, in peripheral blood of healthy
individuals and cancer patients. In melanoma tissues, CCR4* eTreg
cells were predominant among tumor-infiltrating FOXP3™ T cells
and much higher in frequency compared with those in peripheral
blood. With peripheral blood lymphocytes from healthy individu-
als and melanoma patients, ex vivo depletion of CCR4* T cells and
subsequent in vitro stimulation of the depleted cell population
with the cancer/testis antigen NY-ESO-1 efficiently induced NY-
ESO-1-specific CD4* T cells. Nondepletion failed in the induction.
The magnitude of the responses was comparable with total re-
moval of FOXP3" Treg cells by CD25* T-cell depletion. CCR4* T-cell
depletion also augmented in vitro induction of NY-ESO-1-specific
CD8* T cells in melanoma patients. Furthermore, in vivo adminis-
tration of anti-CCR4 mAb markedly reduced the eTreg-cell fraction
and augmented NY-ESO-1-specific CD8* T-cell responses in an
adult T-cell leukemia-lymphoma patient whose leukemic cells
expressed NY-ESO-1. Collectively, these findings indicate that
anti-CCR4 mAb treatment is instrumental for evoking and aug-
menting antitumor immunity in cancer patients by selectively de-
pleting eTreg cells.

cancer immunotherapy | immunomodulation

Naturally occurring CD257CD4™" regulatory T (Treg) cells
expressing the transcription factor forkhead box P3 (FOXP3)
are indispensable for the maintenance of immunological self-
tolerance and homeostasis (1, 2). Given that most tumor-asso-
ciated antigens are antigenically normal self-constituents (3-5), it
is likely that natural FOXP3™ Treg cells engaged in self-toler-
ance concurrently hinder immune surveillance against cancer in
healthy individuals and also hamper the development of effective
antitumor immunity in tumor-bearing patients. Indeed FOXP3*
CD25*CD4* Treg cells are abundant in tumor tissues (6-10),
and their depletion augments spontaneous and vaccine-induced
antitumor immune responses in animal models (10, 11). In
humans, increased numbers of FOXP3*CD25*CD4" Treg cells
and, in particular, decreased ratios of CD8" T cells to FOXP3*
CD257CD4* Treg cells among tumor-infiltrating lymphocytes
(TIL) are well correlated with poor prognosis in various types of
cancers (6, 7, 10). Some clinical studies have shown the potential
of depleting CD25-expressing lymphocytes to augment antitu-
mor immune responses (12, 13); yet other similar studies failed
to support the effects (10, 14, 15). Because activated effector T

www.pnas.org/cgi/doi/10.1073/pnas. 1316796110

cells also express CD25, and their production of IL-2 is required
for the expansion of CD8* cytotoxic lymphocytes, CD25-based
cell depletion may reduce activated effector T cells as well,
cancelling the effect of Treg-cell depletion to augment antitumor
immunity (10). In addition, it has been demonstrated in animal
models that depletion of Treg cells as a whole can trigger au-
toimmunity (1, 16, 17). Therefore, a current key issue is to de-
termine how Treg cells can be controlled to evoke and enhance
antitumor immunity without affecting effector T cells or eliciting
deleterious autoimmunity.

Human FOXP3*CD4™ T cells are heterogenous in phenotype
and function (2). These cells can be dissected into three sub-
populations by the expression levels of FOXP3 and the cell-surface
molecules CD45RA and CD25: (i) FOXP3"CD4SRA™CD25"
cells, designated effector Treg (eTreg) cells, which are terminally
differentiating and highly suppressive; (i) FOXP3'’CD45RA*
CD25' cells, designated naive Treg cells, which differentiate into
eTreg cells upon antigenic stimulation; and (iii) FOXP3'"
CD45RA™CD25" non-Treg cells, which do not possess suppres-
sive activity but secrete proinflammatory cytokines (18). In prin-
ciple, these distinct properties of FOXP3* T-cell subpopulations
can be exploited to augment antitumor immunity without inducing
autoimmunity, for example, by depleting a particular Treg-cell
subpopulation rather than whole Foxp3*-cell population. One of
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the candidate molecules for such differential control of Treg-cell
subpopulations is chemokine receptors, which allow Treg cells
to migrate to a specific inflammation site via sensing specific
chemokine milieu (19).

It has been shown that tumor-infiltrating macrophages and
tumor cells produce the chemokine (C-C motif) ligand 22
(CCL22), which chemoattracts Treg cells as well as effector
T cells expressing C-C chemokine receptor type 4 (CCR4) (6, 10,
20). In this report, we have addressed whether CCR4-targeting
treatment is able to selectively reduce a particular Treg-cell
subpopulation, rather than whole Treg population, and thereby
elicit or augment in vitro and in vivo antitumor immune responses
in humans.

Results

Depletion of CCR4* T Cells Predominantly Depletes eTreg Cells. In
peripheral blood mononuclear cells (PBMCs) of healthy indi-
viduals, CCR4™ T cells were present in both FOXP3" and
FOXP3~ T-cell fractions, and FOXP3™ cells in particular were
CCR4" (Fig. 14). When FOXP3* T cells were classified into
three populations by the levels of FOXP3 and CD45RA ex-
pression (18), FOXP3"CD45RA™ eTreg cells (Fr. II) pre-
dominantly expressed CCR4 at the protein and mRNA level
(Fig. 14, and Figs. S1 and $24). In contrast, FOXP3'°CD45RA*
naive Treg cells (Fr. I) scarcely expressed the molecule, whereas
FOXP3'°CD45RA™ non-Treg cells (Fr. III) exhibited a moder-
ate expression. Among FOXP3~ cells, some CD45RA™CD4™
memory or activated T cells expressed CCR4, whereas CD45RA™
CD4* naive T cells did not. CD25 expression was well correlated
with CCR4 expression with the highest CD25 expression by eTreg
cells (Fr. IT). Analyses of multiple samples of PBMCs from healthy
individuals showed similar patterns of CCR4 expression by
FOXP3 subsets (Fig. 1B). CD8* T cells, natural killer (NK) cells,
CD14" monocytes/macrophages, dendritic cells, and B cells hardly
expressed CCR4 at the protein and mRNA level (Fig. S2). In vitro
depletion of CCR4™ cells from PBMCs by magnet-bead sorting
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with anti-CCR4 mAb predominantly decreased CD4*FOXP3"
CD45RA™ eTreg cells (Fr. II) and, to a lesser extent, CD4"
FOXP3'°CD45RA™ non-Treg cells (Fr. III), but spared CD4*
FOXP3'°CD45RA™ naive Treg cells (Fr. I) and FOXP3™ cells
(Fr. IV and V) (Fig. 1C). In contrast with anti-CCR4 mAb
treatment, similar in vitro cell depletion with anti-CD25 mAb
significantly reduced all of the FOXP3* subpopulations (Fr I, II,
and I1I) and, to a lesser extent, FOXP3 CD45RA™CD4™ activated
or memory T cells (Fr. IV), with a relative increase in FOXP3™
CD45RA*CD4™ naive T cells (Fr. V) (Fig. 1D). PBMCs of mela-
noma patients showed similar patterns of CCR4 expression by
FOXP3* subpopulations and similar changes in the composition
of FOXP3* T-cell subsets after in vitro CCR4"* T-cell depletion
(Fig. 83).

Taking these data together, we find that CCR4 is predomi-
nantly expressed by eTreg cells and depletion of CCR4™ cells
results in selective reduction of eTreg cells, while preserving naive
Treg cells and the majority of FOXP3~CD4™ T cells.

Tumor-Infiltrating Treg Cells Exhibit the eTreg-Cell Phenotype and
Can Be Depleted in Vitro by Anti-CCR4 mAb. Although there is ac-
cumulating data that FOXP3* T cells predominantly infiltrate
into tumor tissues (6, 7, 10, 21), their detailed phenotypes remain
to be determined. Our analysis of TILs in nine melanoma sam-
ples revealed infiltration of a high percentage of CCR4™ T cells,
the majority of which were CD4*FOXP3"CD45RA™ eTreg cells
(Fr. II), with only a small number of CD4*FOXP3'°CD45RA*
naive Treg cells (Fr. I) (Fig. 24). In vitro depletion of CCR4*
T cells indeed dramatically reduced these tumor-infiltrating eTreg
cells (Fig. 2B), indicating that anti-CCR4 mAb treatment is able to
selectively deplete eTreg cells abundantly infiltrating into tumors.

In Vitro Induction of NY-ESO-1-Specific CD4* T Cells After CCR4*
T-Cell Depletion from PBMCs of Healthy Donors and Melanoma
Patients. With the efficient depletion of the eTreg-cell pop-
ulation by in vitro anti-CCR4 mAbD treatment, we next examined
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Fig. 2. Predominant infiltration of CCR4* eTreg cells into melanoma tissues.
(A) CCR4 expression by melanoma-infiltrating T cells. CD4* T cells from
melanoma sites were fractionated into subpopulations based on the ex-
pression of CCR4, CD45RA, and FOXP3; CCR4 expression by each fraction was
analyzed. Data from two representative patients are shown. (Right) Sum-
mary of MFI of CCR4 expression by FOXP3™ or FOXP3* cells (n = 9). (B) CCR4*
CD4* T cells from melanoma tissues (Pt #16) were depleted of CCR4" T cells
and then analyzed for the proportion of FOXP3"i eTreg cells. {Lower) Per-
centages of FOXP3"' cells among CD4* T cells after CCR4* cell depletion or
nondepletion (n = 9). The numbers in A and B indicate the percentage of
gated CD4* T cells.

whether CCR4™ T-cell depletion from PBMCs of healthy donors
was able to induce tumor antigen-specific CD4™ T cells. We
assessed specific T-cell responses to NY-ESO-1, a cancer/testis
antigen, which is normally expressed by human germ-line cells
and also by various types of cancer cells (4, 22). CCR4~CD4*
T cells or CD257CD4™ T cells were cultured with CD4~CD8§”~
PBMC:s as antigen-presenting cells (APCs), which were pulsed
overnight with series of overlapping peptides covering the entire
sequence of the NY-ESO-1 protein and X-irradiated (35 Gy)
before use, as previously described (23, 24). Fifteen to 20 d later,
NY-ESO-1-specific CD4* T cells secreting IFN-y were enu-
merated by enzyme-linked immunospot (ELISpot) assay. Sig-
nificant numbers of IFN-y-secreting NY-ESO-1-specific CD4*
T cells were induced in 7 of 16 healthy donors (43.8%), but only
in the cultures with CCR4* or CD25" T-cell-depleted T cells
(Fig. 34, and summarized in Table S1). Furthermore, the fre-
quencies of IFN-y-secreting NY-ESO-1-specific CD4* T cells
were higher after CCR4* T-cell depletion compared with CD25*
T-cell depletion in five of seven healthy donors (71.4%) (Table
S1). This result could be attributed in part to possible depletion
of NY-ESO-1-specific CD25" activated T cells by anti-CD25
mAD treatment. The NY-ESO-1-specific CD4* T cells produced
IFN-y and TNF-o (Fig. 3B). Those cells induced in vitro after
CCR4™" T-cell depletion recognized NY-ESO-1 peptides at the
concentration as low as 0.1 pM (Fig. 3C), and also NY-ESO-1
peptides produced by natural processing of the NY-ESO-1 pro-
tein by APCs, as previously shown with CD25" T-cell depletion
(22, 24) (Fig. 3D).

We also attempted to determine whether Treg-cell depletion
would evoke anti~-NY-ESO-1 responses in apparently non-
responsive melanoma patients. With PBMCs from patients
bearing NY-ESO-1-expressing melanomas, but without detect-
able NY-ESO-1-specific Ab in the sera, in vitro depletion of
CCR4* or CD25* T cells and subsequent in vitro peptide stim-
ulation induced IFN-y- and TNF-o—secreting NY-ESO-1-spe-
cific CD4* T cells in three of eight patients (37.5%) (Fig. S4 4
and B and Table S2). These NY-ESO-1-specific CD4™ T cells
appeared to express high-avidity T-cell receptors that recognized
NY-ESO-1 peptides at a concentration as low as 0.1 pM, as seen
with healthy donor T cells (Fig. S$4C).

Thus, in healthy individuals as well as melanoma patients who
had not raised spontaneous NY-ESO-1 immune responses, re-
moval of eTreg cells by CCR4* T-cell depletion is able to effi-
ciently induce high-avidity NY-ESO-1-specific CD4* T cells
secreting effector cytokines.

Sugiyama et al.

CCR4™ T-Cell Depletion Augments in Vitro Induction of NY-ESO-1-
Specific CD8* T Cells from PBMCs of Melanoma Patients. PBMCs
from melanoma patients were subjected to in vitro depletion
with anti-CCR4 mAb or anti-CD25 mAb, and cultured with
NY-ESO-1 peptide capable of binding to HLA class I of each
patient. Seven to 10 d later, NY-ESO-1-specific CD8" T cells
were detected by NY-ESO-1/HLA tetramers and analyzed for
intracellular cytokine production. NY-ESO-1-specific CD8* T
cells were induced in four of six patients (66.7%), and the
responses were markedly augmented after depletion of CCR4™
or CD25% cells (Fig. 44). In addition, these NY-ESO-1-specific
CD8* T cells recognized an HLA-matched malignant melanoma
cell line and secreted IFN-y and TNF-o (Fig. 4B). For example,
Pt. #9 (HLA-A*02/29, B*44/27, C*03/04) harbored not only
HLA-C*03-restricted NY-ESO-1-specific CD8* T-cells detected
by HLA Cw*0304/NY-ESO-1 tetramers, but also those NY-
ESO-1-specific CD8* T cells that recognized the SK-MEL 37
melanoma line (A*0201", NY-ESO-1*) in an HLA-A2-
restricted manner.

We also examined whether NY-ESO-1-specific CD8* T cells
could be induced by directly adding mAb into cell cultures. Ad-
dition of anti-CD25 mAb or anti-CCR4 mAb reduced the fre-
quency of CD4*FOXP3MCD45SRA™ eTreg cells (Fr. IT) (Fig. $5).
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Fig. 3. Induction of cancer/testes antigen-specific CD4* T cells by depletion

of CCR4- or CD25-expressing T cells in healthy donors. (A) CD4* T-cell
responses to NY-ESO-1 peptides after depletion of CCR4™ or CD25* T cells.
CD4* T cells prepared from PBMCs of healthy donors were presensitized with
APCs pulsed with NY-ESO-1 peptide covering the entire sequence of NY-ESO-1.
Results of 2 (HD#1 and HD#7) among 16 healthy donors are shown. The
numbers of IFN-y—secreting CD4* T cells were assessed by ELISpot assay. (B)
Intracellular cytokine secretion of CD4* T cells shown in A. The numbers in
figures indicate the percentage of gated CD4* T cells. (C) Peptide dose-
dependent recognition of NY-ESO-1-specific IFN-y-secreting CD4™ T cells.
NY-ESO-1-specific CD4™ T cells derived from CCR4* or CD25" T-cell-depleted
cells (CCR4 dep and CD25 dep, respectively) were cultured with autclogous
activated T-cell APCs pulsed with graded amounts of NY-ESO-1 peptides and
assessed for the number of IFN-y—secreting cells as in A. Triangles indicate
responses to control peptide at 10 uM. (D) Recognition of naturally pro-
cessed NY-ESO-1 protein antigen by NY-ESO-1-specific CD4™ T cells derived
from whole CD4*, CCR4™ cell-depleted, or CD25* cell-depleted cells. NY-ESO-
1-specific CD4™ T cells from two healthy donors were cultured with autol-
ogous dendritic cells pulsed with NY-ESO-1 or control protein, or with
NY-ESO-1 or control peptide. The experiments were independently per-
formed twice with similar results.
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