
Perspective
Pathogens: Our Allies
against Cancer?
Luigi Buonaguro1 and Vincenzo Cerullo2,3,4,5,6

https://doi.org/10.1016/j.ymthe.2020.12.005
1Innovative Immunological Models, Istituto
Nazionale per lo Studio e la Cura dei Tumori,
“Fondazione Pascale”-IRCCS, Via Mariano
Semmola, 52, 80131 Naples, Italy; 2Drug Research
Program ImmunoViroTherapy Lab (IVTLAb),
Faculty of Pharmacy, University of Helsinki,
Helsinki, Finland; 3iCAN Digital Precision Cancer
Medicine Flagship, University of Helsinki, Helsinki,
Finland; 4Helsinki Institute of Life Science (HiLIFE),
University of Helsinki, Helsinki, Finland;
5Translational Immunology Program (TRIMM),
University of Helsinki, Helsinki, Finland;
6Department of Molecular Medicine and Medical
Biotechnology, Naples University “Federico II,” S.
Pansini 5, Italy

Correspondence: Luigi Buonaguro, Innovative
Immunological Models, Istituto Nazionale per lo
Studio e la Cura dei Tumori, “Fondazione Pascale”-
IRCCS, Via Mariano Semmola, 52, 80131 Naples,
Italy.
E-mail: l.buonaguro@istitutotumori.na.it
Correspondence: Vincenzo Cerullo, Drug Research
Program ImmunoViroTherapy Lab (IVTLAb), Fac-
ulty of Pharmacy, University of Helsinki, Helsinki,
Finland.
E-mail: vincenzo.cerullo@helsinki.fi
The development of immunotherapeutic
strategies against cancer relies on the identi-
fication and validation of optimal target an-
tigens, which should be specific to the tumor
and be able to elicit a swift and potent anti-
tumor immune response. Strategies based
on tumor-associated antigens (TAAs) or tu-
mor-specific antigens (TSAs) have a series of
limitations that hamper the efficacy of the
anti-tumor response or its implementation
on a large scale.1

Surprisingly, a new class of effective tumor
antigen (TuA) may be coopted from micro-
organisms that enter the body during our
lifetime, referred to as microorganism anti-
gens (MoAs). Indeed, scattered data suggest
that MoAs may converge with TuAs to elicit
cross-reacting CD8+ T cell responses that
possibly drive the fate of cancer develop-
ment, progression, and response to therapy.
In fact, if a presented TuA shares sufficient
molecular similarity with a MoA, we might
suppose that cross-reactive T cells would be
engaged to fight the cancer (Figure 1).

In some cases, cancer patients expressing
TuAs exhibiting a high degree of similarity
to those from pathogens have been reported
to experience a better clinical outcome. For
example, long-term survival of pancreatic
cancer patients has been associated with
greater similarity of neoantigens to MoAs,
as opposed to their net amount.2 Similar ob-
servations have been made in non-small cell
lung cancer (NSCLC)3 and melanoma4

patients.

We have previously shown in a cohort of he-
patocellular cancer (HCC) patients that pre-
dicted mutated neoantigens with high affin-
ity to histocompatibility leukocyte antigen
(HLA) may show >50% sequence similarity
to MoAs and the central T cell receptor
(TCR)-facing residues can even be identical.
10 Molecular Therapy Vol. 29 No 1 January 2
For such “paired” epitopes, bioinformatics
modeling shows a very similar conformation
when bound to the HLA molecule and an
identical spatial conformation of the residues
protruding toward the TCR. Paired TuAs
and MoAs were shown to elicit crossreacting
T cells in immunized mice and peripheral
blood mononuclear cells (PBMCs) from a
long-term surviving HCC patient cross-
reacted against both the tumor-specific
mutated neoantigens identified in the tumor
lesion and the paired pathogen epitopes.5

Another study in a preclinical model has
recently reported the presence of antiviral
T cells within the tumor that influence
the anti-tumor immune response and immu-
notherapy outcome.6 Furthermore, in a
controlled murine model experiment, we
have shown that mice pre-vaccinated with
viral epitopes with a high degree of similarity
to tumor epitopes respond more robustly to
treatment compared to naive mice.7

Very recently, antigens derived from the
extracellular commensal intestinal micro-
biota, which are known to be presented to
the immune system via the major histocom-
patibility complex (MHC) class II pathway,
have also been shown to be crosspresented
through the intracellular MHC class I
pathway. Specific CD8+ T cells crossreact
with neoantigens and are able to control tu-
mor growth in an animal model.8

Taken together, these scattered data reported
by different research groups show that MoAs
may share high sequence similarity with
TuAs and suggest that memory immunity
primed against such MoAs may crossreact
with TuAs and, therefore, represent a “natu-
ral” anti-cancer vaccination. Indeed, cancer
cells arising in any tumor type, even without
an etiopathogenic correlation to pathogens,
may, in a stochastic manner, express TuAs
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similar or identical to microorganisms. If
such a condition occurs, cancer cells might
exhibit a greater chance of being promptly
targeted and cleared by the immune system,
provided that a memory CD8+ T cell specific
for the pathogen’s epitope had already been
established in the host.

As for memory immunity induced by pro-
phylactic vaccines targeting an incoming
infection, it is desirable that the host’s im-
mune system be primed against TuAs and
that specific memory CD8+ T cell responses
are already established. This would allow
the immune system to promptly recognize,
target, and eliminate cancer cells at very
early stages (in situ, Tis or stage 0, T0), pre-
venting the tumor from progressing in the
context of an immune-suppressive tumor
microenvironment.

Such crossreactivity against similar antigens
is possible owing to the biological principle
that a single TCR may recognize at least
106 different MHC-bound peptides,9 allow-
ing recognition and protection from virtually
all possible pathogens and malignancies.10,11

Such TCR degeneracy gives rise to a reper-
toire of highly crossreactive clonal CD8+

T cells responding to a given non-self
pMHC complex,10,12 reducing the possibility
ll Therapy.
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Figure 1. Schematic Representing Antiviral and Antitumor Crossreactive T Cells Engaged against Cancer

(A) Antiviral memory T cell recognizing a viral peptide presented on MHC class I and killing infected tissue. (B) Antitumor T cell recognizing a tumor-specific peptide presented

onMHC class I and killing tumor cells. (C) Crossreactive antiviral memory T cells and antitumor T cell recognizing the same tumor-specific peptide and killing both tumor cells.
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of expansion of mutant escape variants.13,14

Indeed, an epitope binds the HLA molecule
with specific residues in fixed positions along
the sequence (anchor residues), and only the
central residues are exposed for recognition
by the TCR.15 Therefore, two unrelated anti-
gens sharing the same TCR-facing central
residues, or showing conservative variations
at those positions, are very likely recognized
by the same TCRs, even if the peripheral
residues are different, without affecting
the structural conformation of the entire
epitope. TCR recognition alone is insuffi-
cient to trigger a T cell-mediated immune
response because many other intracellular
and extracellular signals must occur for
effective licensing of cytotoxic T cells. This
at least partly explains why many tumors
presenting TuAs that are highly similar to
MoAs can grow without significant immune
editing until a proper immune response is
triggered against that specific antigen.
In summary, a growing body of evidence
suggests that the broadness of the anti-
MoA memory CD8+ T cell repertoire—built
upon the individual experience of interaction
with intracellular pathogens and intestinal
microbiota—may strongly influence the
fate of tumor progression and prognosis
and might represent an unexplored opportu-
nity to develop next generation anti-cancer
therapeutic vaccines. Indeed, a broader num-
ber of TCRs elicited by MoAs during one’s
lifetime is correlated with a greater probabil-
ity of eliminating cancer cells at very early
stages, thereby preventing tumor progres-
sion. Therefore, the identification of TuAs
exhibiting a high degree of homology with
MoAs using high throughput proteogenom-
ics strategies represents a new frontier in the
quest for the optimal public antigens for
developing effective preventive as well as
therapeutic cancer immunotherapies. Like-
wise, such MoAs would be of highest rele-
Molecu
vance for screening pre-cancerous patients
to identify progressors versus non-progres-
sors. Furthermore, the presence of such a
pool of memory T cells specific to MoAs
might improve the efficacy of checkpoint in-
hibitor therapy, unleashing the expansion of
effector memory cells targeting TuAs already
present in the host. Coopting the anti-micro-
organism immune response to control tu-
mor growth may represent a turning point
in cancer immunotherapy and offer more
effective therapies for cancer patients.
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