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Abstract

The discovery of neoantigens has provided a promising target of cancer immunotherapy. Compared
with MHC class II neoantigens, more lights shed on MHC class I neoantigens mediated cytotoxic CD8+

T cell responses. However, recent studies demonstrated that cancer vaccines induce both CD4+ T cell
and CD8+ T cell immune responses can enhance anticancer efficacy, which provide a rationale for
future cancer vaccine development based on MHC calss II neoantigens.
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Introduction
Emerging evidence has highlighted the relevance of
neoantigens, which are created by somatic mutations during
oncogenesis, in the induction of antitumor immune responses
and tumor shrinkage. Due to the direct tumor killing capacity
of CD8+ T cells, copious studies mainly focused on identifying
MHC class I neoantigens and most previous cancer vaccines
targeted MHC class I restricted neoepitopes. However,
vaccines targeting MHC class I neoepitopes exhibited transient
and weak therapeutic effects in many clinical trials [1], which
demonstrated the indispensable role CD4+ T cells play in
vaccine induced antitumor immune response [2]. In 2014, Tran
and colleagues also demonstrated the significance of MHC
class II neoantigens in mediating tumor regression by infusion
of tumor-infiltration CD4+ T cells targeting ERBB2 in a patient
with metastatic cholangiocarcinoma [3]. These findings suggest
the importance of MHC class II neoantigen primed CD4+ The
cells in the generation of an effective anti-tumor immunity.
This review will focus on introducing the importance of MHC
class II restricted peptide in vaccine development and strategies
to utilize MHC class II neoantigens in vaccine generation.

Literature Review

The importance of MHC class II restricted neoepitope
in vaccine therapy
MHC II restricted neoantigens mediated CD4+ T-cell activation
can influence cancer immunotherapy through multiple
mechanisms (Figure 1). Activated CD4+ T cells can activate
dendritic cells (DC) through CD40-CD40L, and help prime
CD8+ T cells [4]. Activated CD4+ T cells also secrete IFN-γ,
whence increase expression of MHC class I and class II
molecules in tumor cells and enhance tumor recognition [5].
Besides, CD4+ T cells are very important in maintaining CD8+

T-cell functions and promoting their recruitment and infiltration
through secretions of various cytokines [6]. In addition to their
role as T helper cells, CD4+ T cells can directly kill tumor cells
in an MHC class II-dependent and independent manner [7].

Moreover, MHC class II epitopes are more abundant than
MHC class I, and CD4+ T cell can reshape the tumor
microenvironment in favor of antitumor responses [8]. In a
mouse model of hepatocellular carcinoma, CD4+. The cells but
not CD8+ CTL are primed by a dendritic cell (DC)-based
cancer vaccine, which play a key role in the induction of
antitumour activity [9]. A preclinical study showed that the
immunogenic mutanome is predominantly recognized by CD4+

T cells during vaccination of three independent mouse tumor
models with synthetic 27 mer peptides encoding the mutated
epitopes [8]. Besides, this vaccination therapy can mediate
robust and prolonged antitumor responses in vivo. Schumacher
et al. also reported that IDH1R132H-specific vaccination could
elicit a robust CD4+ T cell response and directly eradicate
established mutation-positive gliomas in a mouse model [10].
In two phase I clinical trial, Ott et al. and Sahin et al. studied
high-risk melanoma patients who were vaccinated with
vaccines encompassing selected personalized neoantigens.
These two studies shown that most of vaccine induced immune
responses are mediated by CD4+ T cells and most of the
vaccinated patients achieved significant clinical benefit either
with vaccine therapy alone or combination therapy [11]. Thus
targeting MHC class II neoantigens may be a promising
approach in improving the therapeutic efficacy of cancer
vaccines [12,13].

Favorable format of neoantigen vaccine development
Since antigen processing is different for MHC class I and MHC
class II molecules, immunological considerations are made in
conjunction with prediction results to determine what lengths
and sequences will be ultimately incorporated into the vaccine.
Short length peptides which are comprised of purely the
epitope sequence bind exogenously to Class I MHC on the cell
surface, especially Class I MHC on non-professional DCs, can
induce tolerance or anergy of CD8+ T cells. Due to the weak
and transient immune responses mediated by short peptide
vaccination [14], it is necessary to be delivered along with
potent adjuvants to augment CD8+ T cells responses [15].
Compared with minimal peptide vaccines, the long peptide
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vaccines need to be processed by dendritic cells, which can
produce peptides with higher affinity with MHC molecules and
a better immunogenicity [16,17]. Besides, the long peptide
vaccine can effectively induce both antigen-specific CD4+ and
CD8+ T-cell responses, which has been proved in a phase I
vaccination study with dendritic cells loaded with NY-ESO-1
and α-galactosylceramide [18]. Gasser O and his colleague
observed early onset, highly significant, sustained NY-ESO-1-
specific CD4+ T-cell responses, followed by very high
frequencies of specific CD8+ T-cells, which also demonstrated
the significance of CD4+ T cell in activating and sustaining the
effector phase of CD8+ T cells. Another clinical trial, 9
recurrent malignant glioma patients were treated with
SurVaxM, which contains a synthetic long peptide mimic that
spans amino acids 53 through 67 of the human surviving
protein sequence. The robust CD4+ T cell stimulation can also
be observed in vaccination patients and three patients
maintained a partial clinical response or stable disease for more
than 6 months. Progression-free survival was 17.6 weeks, and
overall survival was 86.6 weeks [19].

Figure 1. The role of MHC Class I and Class II neoantigens in
modulating immune responses against cancer.

Due to the tumor heterogeneity, single neoepitope vaccine may
cause the outgrowth of tumor without the expression of this
mutation [20]. Thus, vaccines composed of multiple peptides
derived from MHC class I and II neoantigens can enhance the
antitumor immunity and reduce the risk of tumor recurrence.
Recently, Ugur Sahin and his colleague developed a
personalized poly-neoepitope RNA vaccine composed of ten
predicted MHC class I and class II neoepitopes for each
patient. Most of the neo-epitopes mounted exclusively CD4+

responses with a smaller fraction recognized by CD8+ T cells.
This vaccine can augment pre-exiting responses, as well as de
novo responses. It can also help in maintaining CD8+ T cell
function and prevent the recurrence of 2/5 patients with
metastatic disease. And one patient achieved complete
response with the combination treatment of vaccine and PD-1
blockade, which provide a rationale for combining the vaccine
with other therapy [21]. At the same time, Ott et al. vaccinated
six high risk melanoma patients with SLP (synthetic long
peptide) (up to 20 total peptides in 4 pools for each patient)
after surgical resection of the tumors (NCT01970358). The
vaccine induced T cell responses were predominantly
recognized by CD4+ T cells. Of the six patients, 4 patients

remained recurrence-free during follow-up of 20-32 months
after vaccination. The remaining two relapsed participants had
their new tumors vanished after treatment with anti-PD-1
antibody [22].

Discussion and Conclusion
Vaccines have tremendous potential for cancer immunotherapy.

• Whereas CD8+ T cell can directly kill tumor cells, CD4+ T
cells serve as a helper cell that supports the activity of other
immune cells. The vaccines comprised of MHC class I and
MHC class II neoepitopes have synergistic effects, which
can induce more potent and long-lasting anticancer
immunotherapy.

• Poly-neoepitopic vaccines can kill a large fraction of tumor
cells containing these mutations and reduce the risk of
tumor recurrence.

• To date, most of the vaccine clinical trials have shown
limited promise, which indicated that the patients with
advanced or metastatic diseases may not benefit from the
vaccination alone [23].

• A large serial of studies suggested that large tumor burden
may down regulate the expression of high affinity
neoantigens and result in immunosuppressive tumor
microenvironment [24].

• Besides, successful development of vaccine-induced
antitumor response will take a long time to repeatedly
injection every once in a while. The patients at the end
stage may die before the vaccine works. Thus, patients at
the early stage or with low tumor burden may benefit a lot
from poly-neoepitope vaccine, while for patients with the
heavy tumor burden, the combination of various therapies
will be necessary to improve treatment efficacy.
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