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Various arguments support the development of a vaccine targeting human papillomavirus (HPV) for the treatment of
HPV-associated head and neck cancer. However, the mucosal localization of this tumor, the HPV-driven downregulation
of MHC Class | molecules and various other immunosuppressive mechanisms must be carefully considered to improve
the clinical efficacy of such an immunotherapeutic strategy.

Introduction

Oncogenic human papillomavirus (HPV)
variants, mainly Type 16 HPV (HPV-16),
have been robustly associated with head
and neck cancer, in particular oropha-
ryngeal cancer (OC). The proportion of
OC cases caused by HPV ranges between
40 and 80%, depending on the geo-
graphical region. Although HPV* lesions
generally have a better prognosis than
non-HPV-associated tumors, patients are
treated with high-dose chemoradiothera-
peutic regimens irrespective of their HPV
status. In this context, HPV-targeting
immunotherapy represents a complemen-
tary approach that may allow clinicians to
employ conventional therapies at reduced
doses, avoiding unwarranted toxicities.
HPV-encoded proteins such as E6 and
E7 are considered to be good targets for
immunotherapy as (1) they are strictly
required for the immortalization of kera-
tinocytes and the continuous growth of
the tumor, implying that they cannot be
downregulated as a mechanism to escape
immune attacks; (2) they are immuno-
genic in humans, both naturally and upon
vaccination, eliciting specific T-cell and

humoral responses; (3) sporadic regres-
sions of HPV-associated pre-neoplastic
lesions have been observed in clinical tri-
als testing therapeutic anti-HPV vaccines
composed of E6- and E7-derived long pep-
tides. These arguments strongly support
the development of HPV-targeting vac-
cines for the treatment of HPV-associated
head and neck cancer. However, some
critical parameters must be carefully con-
sidered for the design and clinical applica-
tion of these vaccines.

The Intranasal Route
of Immunization is Required
for Anticancer Vaccines
to Induce the Regression
of Head and Neck Cancer Lesions

In a recent study, we set up an orthotopic
murine model of head and neck cancer
expressing the HPV-16 proteins E6 and
E7. Using a vaccine composed of the Shiga
toxin B subunit, a vector targeting den-
dritic cells, coupled to an E7-derived long
peptide, we found that the intranasal, but
not the intramuscular, route of immu-
nization is effective to cure established
orthotopic head and neck tumors.! The
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intranasal (mucosal) immunization also
led to a more robust tumor infiltration
by anti-E7 CD8* T cells than the intra-
muscular route. Finally, the intranasal
administration of the anti-HPV vaccine
stimulated the expression of mucosal inte-
grins (CD49a, CD103) on CD8* T cells.
Blockade of CD49a decreased both CD8*
T-cell infiltration and the therapeutic effi-
cacy of the vaccine. This work identifies a
link between the immunization route and
the induction of a mucosal homing pro-
gram on CD8* T cells with a direct impact
on the efficacy of anticancer vaccines for
the treatment of head and neck cancers.!
In particular, these results strongly suggest
that the intranasal route of immunization
should be preferred for the development
of a therapeutic HPV-targeting vaccine
against head and neck cancer.

Counteracting the Role of Anergic
PD1+ T cells and Regulatory T Cells
in the Local Microenvironment
of Head and Neck Cancers

We and others have shown that head and
neck cancer lesions generate a microen-
vironment that is characterized by high
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Figure 1. Critical parameters to improve the efficacy of therapeutic HPV-targeting vaccines in head and neck cancer patients. (A) The intranasal
(mucosal) route of immunization significantly potentiates the efficacy of HPV-targeting vaccines. (B) As HPV proteins including E5 and E7 can
downregulate MHC Class | molecules, measuring the expression of the latter on the surface of tumor cells may allow for the selection of patients who

Head and neck tumors

are most likely to respond to anticancer immune responses elicited by HPV-targeting vaccines. (C) Malignant cells activate various immunosuppressive
mechanisms, including the recruitment of regulatory T cells (Tregs) and myeloid-derived suppressive cells, the activation of immune checkpoints on ac-
tivated T cells, etc. Hence, drugs that alleviate immunosuppression should be combined with anticancer vaccines to improve their therapeutic potential.

levels of pro-inflammatory cytokines and
robust tumor infilcration by immuno-
suppressive T cells including regulatory
T cells (Tregs), immature myeloid cells
and anergic PD1* T cells.** Although
such an infiltration by immunosuppres-
sive and anergic T cells has paradoxically
been associated with good prognosis,
these cells appear to maintain their inhib-
itory functions or anergic state.>>¢ In pre-
clinical models of head and neck cancer
expressing HPV proteins, combining a
HPV-targeting vaccine with the blockade
of Tregs or the PDI-PD-L1 interaction
improved the induction of anti-E7 CD8*
T cells and the regression of established
tumors.’ In patients affected by cervical
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carcinoma, which is also associated with
specific HPV variants, the presence of
Tregs has been associated with resis-
tance to an anti-HPV vaccine,” support-
ing these previous preclinical results. A
cancer vaccine has been shown to syner-
gize with the blockade of Tregs in renal
cancer patients, highlighting the clini-
cal potential of administering anticancer
vaccines together with drugs that limit
immunosuppression.®

MHC Status of HPV-Associated
Head and Neck Cancer

The wultimate goal of HPV-targeting
vaccines is to induce cytotoxic CD8"
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T lymphocytes that eradicate HPV-
associated head and neck cancer cells.
In this scenario, it must not be forgotten
that about 30% of HPV* head and neck
tumors do not express MHC Class I mole-
cules,” presumably as a consequence of the
expression of the viral proteins E5 and E7.
Indeed, E5 has been shown to retain the
heavy chain of MHC Class I molecules in
the endoplasmic reticulum, whereas E7 is
known for its capacity to repress transcrip-
tion from the MHC Class I genetic locus.
Although they are not specific for HPV*
lesions, other mechanisms can lead to the
downregulation of MHC Class I mol-
ecules by head and neck tumors, includ-
ing the production of high levels of
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gangliosides or SHP2 by malignant cells
as well as abnormalities in their antigen-
processing machinery.!

Conclusions

The development of HPV-targeting vac-
cines for the therapy of oropharyngeal
tumors is a logical strategy based on to
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