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ABSTRACT

Although recent therapeutic approaches have revitalized the enthusiasm of the immunological way to
combat cancer, still the comprehension of immunity against tumors is largely incomplete. Due to their
specific function, CD8+ T cells with cytolytic activity (CTL) have attracted the attention of most
investigators because CTL are considered the main effectors against tumor cells. Nevertheless, CTL activity
and persistence is largely dependent on the action of CD4+ T helper cells (TH). Thus establishment of
tumor-specific TH cell response is key to the optimal response against cancer. Here we describe emerging
new strategies to increase the TH cell recognition of tumor antigens. In particular, we review recent data
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indicating that tumor cells themselves can act as surrogate antigen presenting cells for triggering TH
response and how these findings can help in constructing immunotherapeutic protocols for anti-cancer

vaccine development.

Abbreviations: APC, Antigen Presenting Cell; CIITA, class Il Transactivator; CTL, Cytotoxic T Lymphocytes; DC,
dendritic cells; HCC, Hepatocellular carcinoma; MHC, Major Histocompatibility complex; TH, T helper cells; TAA,

tumor associated antigens

Introduction

The idea that the immune system has a prominent role in com-
bating cancer is, at present, a consolidated concept.' On the
other hand, it is also known that the immune system may also
promote tumor growth.” The dual host-protective and tumor-
promoting role of the immune system became apparent after
the demonstration that tumors may escape the recognition of
the immune system by creating tumor antigen-loss variants
and also by generating a tissue microenvironment that sup-
presses the action of anti-tumor effectors. These evidences have
been elegantly incorporated in the three Es (Elimination, Equi-
librium and Escape) immunoediting model of Shreiber and
coll.!

Different mechanisms could lead to the tumor escape. At
the tumor cell level, the loss of tumor associated antigens
(TAAs) expression may be the result of a progressive adapta-
tion/selection process leading to absence of Major Histocom-
patibility Complex (MHC)-tumor peptide complexes
available for scrutiny by T cells, in particular MHC- class I
(MHC-I) tumor peptides recognized by CTL.’ This can be
due to downregulation of tumor antigen expression, downre-
gulation of MHC-I expression, defects in antigen processing
and loading of tumor peptides onto MHC-I molecules.* Thus
the final result of the immunoediting process could be the
emergence of poorly immunogenic tumor cells that are almost
invisible to the immune system and consequently being able

to escape, progress and spread.”® In the tumor microenviron-
ment, tumor cells may secrete immunosuppressive cytokines
like Tumor Growth Factor 8 (TGFB) and Vascular Endothe-
lial Growth Factor (VEGF),” recruit regulatory T cells with
suppressive function (Treg) and myeloid-derived suppressor
cells (MDSC) that block the host-protective antitumor
immune response by inhibiting, in different ways, the anti-
tumor T lymphocytes.*’

Role of CD4+ TH cells in anti-tumor immune response

CD4+ TH lymphocytes are conventionally primed and acti-
vated against antigens, including TAAs, by professional antigen
presenting cells (APCs). Priming is mainly induced by den-
dritic cells (DC) and less efficiently by macrophages.'” DC
endocytose, process and present antigens to CD4+ T cells only
in the context of MHC-II cell surface molecules. Depending on
their cytokine secretion profile, the primed TH cells can differ-
entiate into several subsets such as T helper 1 (TH1), TH2, and
TH17.7'"'2 TH cells were largely ignored as a target in cancer
immunotherapy for the old belief that they had a limited role
in the direct anti-tumor immune response. But in fact, one of
the possible reasons why cancer immunotherapies achieved
clinically limited results was likely the lack of a successful trig-
gering for the anti-tumor TH CD4+ T lymphocytes. At pres-
ent, the crucial role of TH cells in anti-tumor immunity is very
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well established.'>'* It has become apparent that the preferen-
tial polarization of TH cells toward the TH1 phenotype plays a
crucial role in the tumor microenvironment by secretion of
selected cytokines that support the clonal expansion, prolifera-
tion and acquisition of cytolytic activity of CD8+ T cells. Lack
of polarized TH cell help results, indeed, in abortion of CTL
function.'>'*!71®

Importantly, one of these cytokines, INF-y, secreted
mainly by THI cells, exerts additionally strong anti-tumor
effects through a variety of mechanisms that include: (a) the
enhancement of MHC-I and MHC-II antigen presentation
and cross-presentation pathways in many cells including the
target cells; (b) the induction of MHC-II and co-stimulatory
molecules expression especially on the surface of professional
APCs; (c) the production of reactive oxygen species (ROS)
and nitric oxide (NO); (d) the stimulation of potent chemoat-
tractant production; (e) the recruitment of monocytes/mac-
rophages and T cells; and (6) the augmentation of cancer
cells’ susceptibility to extrinsic and intrinsic pathways of apo-
ptosis.'”*>*! TH cells can also mediate tumor cells destruc-
tion by releasing additional cytokines, such as IL-4 that, in
concert with IFN-y, recruits both macrophages and eosino-
phils into the tumor microenvironment. As a matter of fact,
the cooperation between these two types of cells portrays an
efficient tumoricidal action. The eosinophil peroxidase can
synergize with macrophage reactive oxygen intermediates to
kill tumor cells and peroxidases can catalyze the oxidation of
nitrite to generate further cytotoxic radicals which initiate
third party cell killing of tumor cells.*?

Thus, even though the CD8+ T cells are the most effective
cytotoxic arm of the adaptive immune response, the impor-
tance of CD4+ TH cells in anti-tumor immunity, indepen-
dently from CD8-+ T cells, confers an additional crucial level
that could complement the action of direct CD8+ T cell medi-
ated cytotoxicity, partially avoiding escape mechanism due to
loss of MHC-I-mediated TAA presentation.'*

The anti-tumor vaccination approach with
CIITA-driven MHC-lI-positive cancer cells

The previously described pleiotropic and central role of TH
cells in the anti-tumor immune response stimulated our inter-
est toward strategies that may implement the triggering and
proliferation of tumor specific TH cells. We reasoned that the
initial crucial step was to provide the tumor-specific TH cells
with adequate antigen availability (AAA), through not only suf-
ficient amount of TAAs presented by MHC-II molecules but
also in a putatively more suitable setting of antigen presenta-
tion, that is by the tumor cell itself.** To this end, we used the
MHC-II Transactivator (CIITA) discovered in our labora-
tory***>?®?” to render the tumor cells, most of which are
MHC-II-negative, MHC-II-positive in a constitutive manner.
The idea underlying this approach was that CIITA-driven
MHC-II-positive tumor cells may present their tumor antigens
directly to TH cells. The use of CIITA to make tumor cells pos-
sible “surrogate providers” for tumor antigen presentation was
additionally motivated by previous findings that CIITA con-
trols also the expression of other crucial molecules needed for
antigen processing and loading of peptides onto MHC-II

molecules such as DM and the invariant chain (In),*® in
absence of which an unstable association of the MHC-II mole-
cule ensues with poor antigen presentation properties.”” More-
over, it was elegantly demonstrated that endogenous proteins,
thus including tumor antigens, can access in certain circum-
stances the antigen presentation pathway of MHC-II.>**"??
Indeed, effective rejection or significant growth retardation of
the CIITA-driven MHC-II-positive tumor cells of distinct his-
tological origins was accomplished. Moreover, successfully
“vaccinated” mice were shown to be protected from challenge
with the MHC-II negative parental tumor.*>*>**

These results verified the effectiveness of our approach not
only in triggering an immune response capable of rejecting the
tumor or significantly retarding its growth, but also in develop-
ing a specific, strong, and long lasting anti-tumor memory. The
cellular elements implicated in this response were investigated
through adoptive cell transfer and, importantly, it was demon-
strated that, beside CD8+ T cells, TH cells alone could transfer
full protection against parental tumor cells in naive recipi-
ents.>>*>** Tumors derived from parental cells showed little
infiltrate, represented mainly by macrophages and neutrophils,
very few TH cells and absence of DC and CD8+ T cells. In con-
trast the site of CIITA-transfected tumor cell injection was rap-
idly infiltrated by TH cells. This was followed by the
appearance of DC and CD8+ T cells and by the generation of
extensive areas of tumor cell necrosis. Thus TH cells colonized
CIITA-tumor tissue before CD8+ T cells and DC, supporting
the idea that CIITA-driven MHC-II-positive tumor cells were
crucial elements in recruiting and triggering tumor specific TH
cells.'® Interestingly, CITTA-tumor vaccinated mice displayed a
polarized CD4+ TH1 cell phenotype in tumor-draining lymph
nodes with a large percentage of cells secreting IFNy, as com-
pared to an IL-4-secreting TH2-like cell phenotype found in
parental tumor-bearing mice. A relevant finding of our studies
was the a strong reduction of CD44CD25+ regulatory T cells
(Tregs) in tumor-draining lymph nodes of CIITA-vaccinated
mice.”” This suggests that the anti-tumor polarization gener-
ated by the treatment counteracted or prevented the increase
and/or the recruitment of Tregs in tumor-draining tissues.
Therefore modulating the number and/or the function of Tregs
may act as an important “adjuvant” to synergize the protective
effect of our vaccination strategy.

ClITA-transfected MHC-lI-positive tumor cells prime
naive tumor-specific TH cells in vivo: reassessing an
immunological dogma

The above described results, obtained in Balb/C mice displaying
an H-29 genetic background, were strongly suggestive of the
role of “surrogate APC” by CIITA-driven MHC-II expressing
tumor cells. Nevertheless, a basic fundamental question
remained: was the initial priming of naive tumor-specific TH
cells triggered only by MHC-II positive tumor cells? Indeed, it
could still be possible that MHC-II molecules from tumor cells
loaded with TAA peptides derived from necrotic cells or from
extracellular vesicles secreted in the tumor microenvironment
could be taken up by professional APCs, such as DC, and effi-
ciently presented to naive TH cells.*>?® To test the effectiveness
of CIITA-transfected cells, we investigated the response of



C57BL/6 mice, with H-2" genetic background, to syngeneic
tumor cells. Interestingly, C57BL/6 mice are characterized by
the expression of only one MHC-II molecular subset, the I-A
molecule, due to a structural defect in the I-E alpha gene pro-
moter.>” Moreover, in the C57BL/6 H-2" genetic background, a
transgenic strain is available, the CD11c.DTR mouse, that
expresses the diphtheria toxin receptor (DTR) downstream the
CDl1c promoter, which is highly expressed in DC.*®* Upon
treatment with diphtheria toxin (DT) DC are depleted, allow-
ing the assessment of the direct priming of naive CD4+4 T cells
by MHC-II-expressing tumor cells. The recent results have
clearly demonstrated that C57BL/6 tumor cells expressing
CIITA-driven  MHC-II molecules are rejected or highly
retarded in their growth in syngeneic mice despite the absence
of I-E molecules. More importantly, DC depletion in CD11c.
DTR mice, did not abrogate the capacity of these mice to reject
or reduce the growth of MHC-II positive tumors.>

Taken together, these observations unequivocally demon-
strated the validity of our approach as a general strategy to
increase the immunogenicity of tumor cells, to stimulate a
strong and long lasting adaptive anti-tumor immunity and,
importantly, to make a tumor cell an antigen presenting cell of
its own TAAs for priming naive, tumor-specific TH cells
(Fig. 1). The latter fact challenges the immunological dogma
that dendritic cells are the exclusive cells capable of inducing T
cell priming.

It was of interest that the tumor cells used in the above stud-
ies, both parental and CIITA-transfected, did not express co-
stimulatory molecules such as the B7.1 (CD80) and B7.2
(CD86) usually required in APC to support optimal stimulation
of naive TH cells. Thus, either CIITA-tumors do not need
accessory molecules to perform their APC function in vivo, or
other accessory molecules are involved to provide the co-stimu-
latory signal. This important issue needs to be further investi-
gated to better understand the intimate mechanisms of APC

A
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function of CIITA-dependent MHC class II expressing tumor
cells.

An additional crucial issue raised by the above studies relates
to tissue site where antigen priming takes place. The classical
CD4+ TH cells priming occurs in the lymph nodes where DC
migrate after having captured the antigen in the periphery.*’
As mentioned above, previous studies have shown that CIITA-
tumors rapidly become infiltrated first by CD4+4 TH cells and
subsequently by other cells such as DC, CD8+ T cells and mac-
rophages.” Thus it is possible that the non-classical priming of
naive tumor-specific CD4+ T cells by CIITA-transfected
MHC-II-positive tumor cells may take place at the tumor site.
Within this frame it is important to underline the existence of
ectopic lymphoid aggregations outside the canonical lymphoid
tissues. These structures are referred to as tertiary lymphoid
organs or ectopic lymphoid-like structures and have been
observed in inflamed and, more interestingly, in tumor tis-
sues.*"** These peculiar lymphoid formations show many char-
acteristics of lymph nodes associated with the generation of an
adaptive immune response.*’ Thus, it is possible that tumor
cells endowed with CIITA-driven MHC-II expression not only
may exert full APC function for priming naive tumor-specific
CD4+ T cells but may also perform this activity within the
tumor tissue itself where a rudiment of organized lymphoid
structure can be generated.

From bench to bedside

Can these experimental observations be integrated in a strat-
egy applicable to human cancer? The straightforward con-
clusion from the above studies is the evidence of the strong
immunogenicity of the MHC-II-tumor peptide complexes
present on CIITA-positive tumor cells. Based on this evi-
dence a European consortium (HepaVAC) of laboratories
and clinical centers was organized to construct an innovative
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Figure 1. ClITA-transfected MHC-lI-positive tumor cells trigger an optimal, CD4+ TH cell dependent, anti-tumor immune response. ClITA-transfected MHC-lI-positive
tumor cells act as surrogate APCs for TH cell priming against tumor antigens. TH cells exert their function through different mechanisms that could be CD8+- T cell-depen-
dent or independent. Within the first category, TH cells secrete IL-2, that is important for proper activation and proliferation of CD8+T cells and enhances the cytolytic
function of CD8+ T cells. On the other hand, TH cells boost the immune response through CD8-independent mechanisms, such as INF-y secretion. The latter is responsi-
ble of the recruitment of macrophages, production of ROS and NO, enhancement of antigen presentation by increasing CIITA expression and consequently MHC-Il expres-
sion on newly infiltrated APCs, and augmentation of the tumor cells’ susceptibility to apoptosis. All of these mechanisms allow the immune system to reject not only the
MHC-II-positive tumor cells but also the MHC-II negative tumor cells and possibly better counteracting tumor escape variants that may originate due to the process of

immunoediting.
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Figure 2. From bench to bedside: CIITA-modified tumor cells as source of MHC-ll-bound tumor peptides for innovative vaccines. Human hepatocellular carcinoma (HCC)
cells isolated from tumor-bearing patients are modified by genetic transfer of CIITA. Resulting MHC-lI-positive cells are then submitted to purification of MHC-lI-peptide
complexes following the XPRESIDENT™ protocol,** in association with purification of MHC-I-bound peptides. Peptides bound to both MHC-Il and MHC-| are eluted, puri-
fied, sequenced and selected on the basis of their specific expression on tumor cells and not normal liver cells or tumors of different histotype. Immunogenic validation
of selected tumor-specific peptides is performed in vitro by stimulation of lymphocytes from tumor-bearing patients sharing the MHC genotype from which peptides
have been purified. Most immunogenic MHC-II- and MHC-I-bound tumor peptides will compose the “peptide vaccine cocktail” that will be injected into HCC patients. For
additional detail on the vaccination strategy and clinical trial see also http://www.hepavac.eu/.

tumor vaccine against the human hepatocellular carcinoma
(HCC) that could include both MHC-I-bound tumor pepti-
des and MHC-II-bound tumor peptides (TUMAPs) isolated
from CIITA-modified tumor cells following a methodologi-
cal purification strategy already described.**

The reason to focus on HCC was motivated by the increas-
ing incidence, severity and lack of resolutive therapeutic tools
against this tumor. Indeed, HCC is the most common primary
liver malignancy accounting for 6% of all new cancer cases
diagnosed worldwide and the third and fifth leading cause of
cancer death in men and women respectively.*’

The innovation of the HepaVAC approach consists in being
the first multi-epitope, multi-target and multi-MHC allele can-
cer vaccine aimed at stimulating both CD4+ and CD8+ T cells.
The combination of both MHC-I and MHC-II-associated pep-
tides (MHC ligandome), will hopefully optimize the efficiency
of the vaccine by inducing synergistic effects of tumor-specific
cytotoxic CD8+ T cells, CD4+ T helper cells and memory
immune responses in the patients (Fig. 2). The concept of ana-
lyzing the MHC-II ligandome directly in HCC tumor cells ren-
dered MHC-II-positive by genetic transfer of CIITA, stems
directly from our studies and represents a key advance as com-
pared to the classical approach of eluting MHC-II bound pepti-
des from professional APCs (ie. dendritic cells and
macrophages). It is our belief that such a strategy will allow the
display and identification of a much broader as well as more
representative array of tumor peptides compared to those that
professional APCs can display, due to their intrinsic limitation

to process and present peptides derived only from exogenously
engulfed, phagocytosed material. Tumor-specific peptides have
been already identified, the peptide vaccine cocktail has been
selected and phase I/II clinical trial is about to start. Results are
expected by the end of 2018.

Thus, the study of anti-tumor immune response in animal
models has paved the way not only to increase our knowledge on
basic mechanism of antigen presentation and triggering of CD4+
TH cells but also to apply the acquired knowledge for testing inno-
vative strategies of anti-tumor vaccination in clinical setting.
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