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ABSTRACT

Adult T-cell leukemia/lymphoma is caused by infection with HTLV-1, following a long latent period.
Immunotherapy targeting Aurora kinase A, a tumor-associated antigen over-expressed in adult T-cell
leukemia/lymphoma, holds great therapeutic potential. We review the evidence in favor of a therapeutic
strategy combining vaccination and TCR-gene transfer against this target.

Adult T-cell leukemia/lymphoma (ATL) is caused by infection
with human T-lymphotropic virus 1 (HTLV-1), following a
latent period typically spanning many decades.! Although
a recently introduced therapeutic agent, mogamulizumab, a
monoclonal antibody for anti-C-C chemokine receptor 4
(CCR4), is expected to improve the survival of ATL patients,”
in daily practice, ATL still remains refractory to conventional
chemo-radiotherapies, producing a poor prognosis.’®

On the other hand, allogeneic haematopoietic stem cell trans-
plantation (allo-HSCT) has been favored as a viable option for
effective treatment of ATL. The anti-ATL tumor effect mediated
by allo-HSCT is largely associated with engrafted donor-derived
T cells reactive to allogeneic disparity, ie., graft versus host dis-
ease (GVHD).” In practice, however, the advanced age-related
difficulties among patients with ATL largely limit their eligibility
for allo-HSCT. Those difficulties include limited acquisition of
suitable and timely donors and comorbidities, resulting in an
increased risk of treatment-related mortality.' Despite these diffi-
culties, the durable disease-free survival mediated by allo-HSCT
strongly suggests that a T-cell immunity-based treatment strategy
is valid for the treatment of ATL. As a corollary, target antigens
for T cells mediating the anti-ATL effect have been examined,
with a particular emphasis on the HLTV-1-related viral proteins.
HTLV-1 Tax and HTLV-1 basic leucine zipper factor (HBZ)
were shown to be immunogenic, leading to the elimination of
lymphocytes positive for either or both. However, it is as yet
unknown whether Tax and HBZ are sufficiently immunogenic
to eradicate ATL tumor cells, particularly as primary ATL tumor
cells express both Tax and HBZ proteins at low levels." Instead,
tumor-associated antigens that are abundantly expressed by ATL
tumor cells have come under scrutiny, as they might offer alter-
native targets for immunotherapy against ATL. It has been
reported that ATL cells express numerous tumor antigens,
including NY-ESO-1, MAGE-A3, MAGE-A4, each of which are
recognized by T cells."
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We previously demonstrated that human Telomerase Reverse
Transcriptase (WTERT) is also upregulated in ATL cells,* and that
circulating hTERT-specific T cells responsive to ATL tumor cells
were detectable in the peripheral blood of ATL patients. Unfortu-
nately, we found previously that hTERT peptide vaccination
resulted in limited clinical responses. Furthermore, it proved diffi-
cult to expand hTERT-specific T cells in vivo due to the regulatory
T cell-like immunosuppressive activity mediated by ATL tumor
cells with a CD4"CD25" phenotype.” In response to these chal-
lenges, we focused upon adoptive transfer therapy using gene-
modified T cells with hTERT-specific T-cell receptor (TCR) alpha
and beta genes obtained from our previously established CTL
clone.* These gene-modified T cells successfully and specifically
killed hTERT-positive ATL tumor cells without unwanted adverse
effect upon normal cells, including “steady state” (non-proliferat-
ing) haematopoietic progenitor cells.*

Of the alternate ATL tumor-associated antigens, Aurora
kinase A (AURKA) , expressed by ATL tumor cells express at
supra-normal levels, is now under investigation.® AURKA is a
serine/threonine kinase that plays a crucial role in regulating
mitosis. While AURKA is upregulated in many types of malig-
nant cells, expression is limited in normal cells except for testic-
ular tissue. Ectopic overexpression of AURKA is sufficient for
transformation of fibroblasts in vitro. High AURKA expression
in tumor cells is associated with resistance to conventional ther-
apies, resulting in disease progression and a shorter survival.”
Based on these findings, small-molecule inhibitors specific for
AURKA are being developed, and many clinical trials using
Aurora kinase-specific inhibitors have been ongoing. However,
one of the challenges of molecular-targeting drugs is that multi-
ple agent-resistant cancer stem cells can remain difficult to
eradicate.® By contrast, in our experience, immunotherapy
targeting AURKA appeared to have the potential to eradicate
cancer stem cells. We have previously identified the immuno-
genic epitope derived from AURKA, which could induce
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Figure 1. (A) Overexpression of AURKA in ATL tumor cells is assumed that epitopes derived from AURKA would largely been presented in the context of particular HLA
molecules, reflecting the increased sensitivity of ATL tumor cells to cytocidal activity mediated by AURKA-specific CTLs. (B) AURKA peptide vaccination in combination
with adoptive transfer of AURKA-specific TCR-transduced T cells might be able to enhance the durable engraftment of AURKA-specific T cells, which might provide a

long-lasting remission of ATL.

leukemia-cidal CTLs. Such AURKA-specific CTLs were able to
be detected in the circulation of leukemia patients and killed
AURKA-positive primary leukemia cells, including leukemia
progenitor cells. These results demonstrated the antigenicity of
AURKA peptide, and the immunotherapeutic potential of tar-
geting AURKA.” Moreover, transferring AURKA -specific TCR
alpha/beta genes endowed peripheral T cells with AURKA-spe-
cific reactivity.'’ Thus, adoptive transfer employing AURKA-
specific TCR gene-modified T cells might open the door to a
novel treatment strategy for patients with relapsed and refrac-
tory ATL patients.

While cancer vaccines seem attractive, potentially offering
safety, and having ease of production and administration, it is
as yet unknown whether AURKA peptide vaccination would be
sufficient to initiate anti-AURKA immune responses, to medi-
ate antitumor activity in patients with ATL. However, combi-
nation therapy of adoptive transfer of AURKA-specific TCR-
transduced T cells with in vivo delivery of the AURKA peptide
by vaccination would be expected to facilitate engraftment and
augment the antitumor reactivity of those gene-modified T cells
in vivo (Fig. 1).

In many cases, ATL cells are positive for CCR4, and may
also possess regulatory T-cell function.” Since CCR4 is also
expressed by normal Treg cells, mogamulizumab might also
have the benefit of depleting the immunosuppressive effect by
Treg cells.? In addition, immune checkpoint inhibitors, ipilimu-
mab (anti-CTLA-4) and pembrolizumab (anti-PD-1) are dem-
onstrating great promise for the treatment of refractory
malignancies. Taken together, these antibodies, by limiting
immunosuppressive factors, might be beneficially combined
with AURKA-directed immunotherapies, offering considerable
promise of improved outcomes for patients with refractory
ATL.
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