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Chemoimmunotherapy targeting Wilms’ tumor 1
(WT1)-specific cytotoxic T lymphocyte
and helper T cell responses for patients
with pancreatic cancer
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We designed a phase 1 study using dendritic cells (DCs) pulsed with a mixture of three types of Wilms' tumor 1 (WT1)
peptides, including MHC class I/Il restricted epitopes (DC/WT1-I/1l). Our recent work reveals that the combination of DC/
WT1-I/ll and chemotherapy induced long-term WT1-specific CD4" and CD8™ T cell responses.

(TAAs)-
specific CD8" cytotoxic T lymphocytes

Tumor-associated antigens

(CTLs) can eradicate tumor cells express-
ing TAAs in the context of MHC class I
(MHC-I) molecules. Whereas, CD4"
T cells recognize antigenic peptides in
association with MHC class II (MHC-II)
molecules on antigen presenting cells
(APCs) and required for priming and
maintenance of TAAs-specific CD8"
CTLs. DCs have been pulsed with various
MHC-I-restricted TAAs-derived peptides
to induce antigen-specific CD8' CTLs in
preclinical studies because most tumor
cells are positive for MHC-I, but negative
for MHC-II. the clinical
responses using MHC-I-restricted peptide

However,

pulsed DCs were not as vigorous as in pre-
clinical settings.

It is well known that CD4" T cells are
essential for the priming phase and help
CD8" CTLs to develop by activating
APCs through CD40-CD40L interaction
and/or production of cytokines such as
interleukin (IL)-2 and interferon (IFN)~.'
Moreover, CD4" helper T cells also
required for maintenance of CD8" CTLs
and the infiltration of CD8" CTLs at the
site.” A study has

tumor recent

demonstrated that a single infusion of a
clonal population of NY-ESO-1-specific
CD4" T cells resulted in durable com-
plete regression of the tumor.” We have
reported that adoptive transfer of MUCI1-
specific CD4™ T cells to tumor bearing
Rag2—/— mice resulted in prevention of
lung metastasis.” Therefore, it might be
essential for designing cancer vaccine tar-
geting both CD4" helper and CD8"
T cells.

The WTT has been reported one of the
excellent TAAs for the target of immuno-
therapy, resulting from a ranking based on
specificity, oncogenicity, immunogenicity,
and therapeutic function.” Therefore,
WT1 has been used for the target of
immunotherapy. Interestingly, gemcita-
bine, standard chemotherapy used most
often to treat patients with pancreatic can-
cer, sensitized the human pancreatic can-
cer cell lines with WT1-specific CTL
responses,’ supporting the significance of
the chemoimmunotherapy. We and other
groups have shown that WT1-specific
immune responses could be induced by
WT1-specific and MHC-I restricted pep-
tide combined with chemotherapeutic
agents, such as gemcitabine and S-1 for
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patients with pancreatic cancer.””® In the
clinical trial, we found the significant asso-
ciation between longer survival and posi-
tive delayed-type hypersensitivicy (DTH)
to WT1 peptide.” Patients with advanced
pancreatic cancer have an especially poor
prognosis, with a median survival of 4-6
mo. Therefore, there is great need for a
novel therapeutic approach. We recently
conducted a phase 1 clinical trial of a com-
bination with chemotherapy and DCs
pulsed with a mixture of three types of
WT1 peptides, including MHC-I or -II
(HLA type of A*02:01, A*02:06,
A*24:02, DRBI1*04:05, DRB1*08:03,
DRB1*15:01, DRB1*15:02, DPB1*05:-
01, or DPB1*09:01) restricted epitopes
(DC/WT1-I/II) to assess whether chemo-
immunotherapy targeting WT1-specific
CD4" and CD8" T cell responses can
efficient
patients with advanced pancreatic cancer
(Fig. 1).° We detected WT1-specific
DTH positive reactions in four of seven
patients received DC/WT1-I/1I; however,
zero of four patients received DC/WT1-1
or -1I showed the DTH. Moreover, upon
with DC/WT1-I/II, all
developed

induce clinical responses in

vaccination
patients

circulating  highly
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Figure 1. Induction of WT1-specific CD4" and CD8" T cell responses by dendritic cells pulsed with MHC class I/1l restricted multiple WT1 peptides. To
activate WT1-specific CD4" helper and CD8" cytotoxic T cells simultaneously, dendritic cells (DCs) are pulsed with three types of WT1 peptide mixtures
restricted by MHC class I/l (DC/WT1-I/Il). After injection of DC/WT1-I/1l, DC/WT1-I/Il migrate to regional lymph nodes, reside in the T cell area, closely inter-
act with T cells, and activate WT1-specific CD4" and CD8™ T cells. WT1-specific CD4" T cells provide help to the WT1-specific CD8" T cells by secreting
several cytokines. Programmed death-ligand 1 (PD-L1) on tumor cells is induced by IFNv, which is predominantly produced by CD4™ helper type 1 cells.
The overexpression of PD-L1 on tumor cells and the lower frequency of WT1-specific programmed cell death protein 1 (PD-1)" CD8™ T cells may be asso-

functional WTl-specific CD4" and
CD8" T cells that maintained their
IFN<y-secreting  potential. ~ Moreover,
WT1-specific CTLs induced by the DC/
WT1-I vaccine were not maintained for
the entire duration of the treatment proto-
col. In contrast, all DTH-positive patients
vaccinated with DC/WT1-I/II maintained
WT1-specific CTLs during the entire
treatment  period. Importantly, DC/
WT1-I/Il vaccinations not only stimu-
lated WT1-specific CTLs but also main-
tained long-term WT1-specific memory
CD8" T cells. The maintenance of the
WT1-specific CTLs may be associated
with prolonged survival of patients with
pancreatic cancer. On the other hand, the
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WT1-specific CTLs generated by vaccina-
tion with DC/WT1-I may be functionally
impaired, resulting in short-lived WT1-
specific immune responses. When we
compared the clinical outcome of pancre-
atic cancer patients vaccinated with DC/
WT1-I/Il with control patients treated
with DC/WTI-I or -II, WTl-specific
DTH-positive patients who received DC/
WT1-I/II exhibited a significant increase
in progression-free time (PFT) and overall
survival (OS). These findings support the
hypothesis that the co-activation of WT'1-
specific helper T cells upon DC/WT1-I/11
stimulates the proliferation and mainte-
nance of functional WT1-specific CTLs,
resulted in stable disease (SD) of patients
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with metastatic pancreatic cancer. In our
clinical trial, no complete response (CR)
or partial response (PR), but long-term
SD was observed. More stable stimulation
by DC/WT1-I/II may elicit effector, effec-
tor memory, and central memory T cells,
which are capable of long-lived WTT1 rec-
ognition and therefore associate with
long-term SD. The response ratio of gem-
citabine in advanced pancreatic cancer
patients is approximately 10%. Therefore,
the long-term SD might be a unique char-
acteristic of DC/WT1-I/11.

The best characterized signal for pro-
grammed death-ligand 1 (PD-L1) induc-
tion is IFN<y, which is predominantly
produced by CD4™ helper type 1 cells.'’
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We observed strong PD-L1 expression of
tumor cells in all 2 DTH-strong-positive
patients received DC/WT1-I/1I examined.
The overexpression of PD-L1 on tumor
cells and the WT1-specific PD-1" CD8"
T cells at a lictle lower frequency that was
observed in the super-responders received
DC/WTI1-I/Il may be associated with
long-term survival. Chemotherapy, such
as gemcitabine treatment, can augment
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