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We tested how to eradicate long-established immunogenic tumors that were resistant to the monoclonal antibody-
mediated blockade of PD-L1 (PD-1 ligand 1) and cytotoxic T lymphocyte-associated protein 4 (CTLA4). Bacterial vacci-
nation with a tumor-specific peptide exhibiting a high affinity for its respective MHC molecule consistently eradicated
tumors when combined with PD-L1 blocking antibody. This approach can be translated to the clinic by combining cancer
cell whole-exome sequencing with algorithms to identify mutant peptides with high peptide-MHC binding affinity.

Many clinical studies are focusing
on how to rescue the function of T cells
against immunogenic tumors. Monoclonal
antibodies that block immunosuppressive
T-cell receptors such as programmed cell
death 1 (PDCDI, best known as PD-1) and
cytotoxic T lymphocyte-associated pro-
tein 4 (CTLA4) elicit strong therapeutic
responses in some patients;' an effect that
seems to be durable with anti-PD-1 since
many tumors that responded to therapy did
not relapse within the Ist year after treat-
ment initiation.>? However, the majority of
cancer patients, including individuals with
signs of a pre-existing T-cell response, do
not respond to these antibodies.>*

The current clinical challenge is there-
fore to develop a strategy to rescue T-cell
responses in patients that are resistant
to immunostimulatory antibodies. To
address this challenge, we have recently
characterized a murine model of mela-
noma that, when well established, is resis-
tant to monoclonal antibodies blocking
CTLA-4 and PD-L1 (PD-1 ligand 1),
despite expressing a strong tumor-specific
antigen (ovalbumin) and being heav-
ily infiltrated by tumor-specific CD8*
T cells’ These long-established tumors

(at least 14 d old and exceeding 100 mm?
in size) were rejected when mice were
treated with anti-PD-L1 in combination
with intravenous Salmonella typhimurium
AR (AI-R)
Antigen-expressing A1-R rescued the pro-

expressing  ovalbumin.
liferation of endogenous tumor-specific
CD8* T cells in the lymphoid organs and
cytokine production by these cells within
neoplastic lesions. Anti-PD-L1 antibodies
amplified the peripheral T-cell response
generated by antigen-expressing A1-R and
apparently prevented PD-l-expressing
TILs from losing effector functions within
the tumor.’

Our vaccination approach targeted the
ovalbumin-derived peptide SIINFEKL as
a model mutant tumor-specific antigen.’
This peptide exhibits a high affinity for
H-2K* (IC,, = 0.9 nM).® Recent studies
have highlighted the importance of tar-
geting tumor-specific peptides with high
binding affinity for MHC molecules.
Engels et al. demonstrated that adoptively-
transferred T cells can eradicate estab-
lished tumors when targeting peptides
with high, but not low, affinity for MHC
molecules.® Indeed, the T cell-mediated
lysis of cancer cells in vitro does not

depend on high-affinity peptide-MHC
binding, but T cell cytokine production
upon recognition of cross-presented can-
cer cell-derived peptides in vivo requires a
high affinity interaction. In support of this
notion, Robbins and van Rooij showed
that tumor-infiltrating lymphocytes from
patients that had objective responses fol-
lowing adoptive T cell transfer or the
administration of anti-CTLA4 antibodies
recognized high affinity mutant tumor-
specific peptides.”® In contrast, T-cell
responses to shared melanoma-associated
antigens such as Melan-A (best known
as MART-1) and premelanosome protein
(PMEL, best known as gp100) do not cor-
relate with favorable clinical outcome.’
These data demonstrate that the efficacy
of T cell-based immunotherapy seems to
rely on targeting tumor-specific peptides
with high affinity for MHC molecules.

It is probable from the above that
the success of our vaccination approach
relied on bacteria delivering exogenous
tumor-specific peptide with high peptide-
MHC-binding affinity. Robbins et al.
demonstrated that high-affinity mutant
peptides can be identified by (i) the

whole-exome sequencing of malignant vs.
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Figure 1. Therapeutic vaccination approach based on exome sequencing and peptide affinity prediction. (1) Exome sequencing should be applied to
malignant vs. matched non-transformed cells to identify tumor-specific somatic mutations. (2) The binding affinity of tumor-specific peptides for MHC
molecules should be predicted with a dedicated algorithm. (3) Salmonella typhimurium A1-R should be engineered to express high-affinity peptide/s
and used for anticancer vaccination. This approach combined with anti-PD-L1 blocking antibodies has potential to rescue cytokine production by
tumor-specific CD8* T cells within neoplastic lesions, leading to the regression of established tumors.

matched normal cells (to identify somatic
mutations), followed by (ii) the algorith-
mic evaluation of the affinity of mutant
peptides for MHC molecules.” We pro-
pose that this approach should be used
to identify mutant peptides that can be
introduced into bacteria for therapeutic
anticancer vaccination (Fig. 1). Delivering
multiple CD8* T-cell epitopes will likely
prevent the relapse of tumors as antigen-
loss variants ' The ease whereby bacteria
can be genetically modified to express
different peptides makes this approach
feasible.

In summary, we identified a therapeu-
tic vaccination approach that synergizes
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blocking antibodies alone. Translating our
approach to the clinic may be achieved
by using genomic sequencing combined
with a peptideeMHC binding affin-
ity algorithm to identify tumor-specific
peptides that can be expressed by bac-
teria. While it would be ideal to use a
non-personalized approach to rescue dys-
functional T cells (for instance Toll-like
receptor agonists), untargeted strategies
have not demonstrated the capacity to
overcome the resistance of some tumors
to PD-1 and CTLA-4 blockade. The high

throughput nature of current genomics,
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affinity-predicting algorithms, and bacte-
rial engineering make our approach clini-
cally realistic, despite it being personalized
to each patient.
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