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Do autoantibodies shape cancer immunosurveillance?
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Why cancer arises, progresses, or proves fatal in some people but not others remains largely unresolved.
Antibody repertoires, including autoantibodies targeting immune pathways, may shape cancer immunosur-
veillance. Mapping antibody landscapes across cancer-free, at-risk, and cancer-affected individuals could

clarify their roles in cancer susceptibility and disease outcome.

Cancer is a leading cause of death
worldwide, accounting for approximately
10 million deaths annually.” Yet, most in-
dividuals will never develop cancer, and
among those who do, outcomes vary
widely. The biological determinants of
cancer avoidance and progression are
not fully understood. Notably, host im-
munity evolves to defend against infec-
tious agents, allowing tissue repair, and
may affect cancer development and pro-
gression. Evidence indicates that host
immunity may contribute to this hetero-
geneity by preventing or permitting tumor
initiation and growth. The molecular ba-
sis of cancer immunosurveillance re-
mains a major biological and medical
enigma. An important unresolved ques-
tion is whether stable, pre-existing im-
mune states (including autoantibodies),
rather than tumor-induced responses,
bias this balance toward tumor elimina-
tion or escape. Antibodies, particularly
autoantibodies, are uniquely positioned
to modulate and record such long-term
immune effects.

The idea that the immune system
might contribute to cancer avoidance

dates back to the late 19" century with
Coley and Ehrlich and was later formal-
ized as “cancer immunosurveillance” by
Schreiber.” Experimental evidence sup-
ports this concept: implanted tumors
can grow uncontrollably in immunodefi-
cient mice® and in immunocompetent
mice treated with antibodies neutralizing
the type Il interferon (IFN) cytokine IFN-
71.* Humans with certain inherited or ac-
quired immunodeficiencies are also
prone to cancer development.” More
recently, therapeutic monoclonal anti-
bodies that deplete cancer cells and im-
mune checkpoint inhibitors (CPI) have
demonstrated the clinical relevance of
antitumor immunity.® CPI treatment out-
comes are correlated with antiviral anti-
bodies, autoantibody repertoires, cell-
surface or T cell markers, thymic size,
and germline variants affecting immunity.
However, only about 20% of treated pa-
tients respond to CPI, suggesting that
critical determinants of immune compe-
tence and treatment responsiveness
remain unknown. Understanding the
impact of immunity on cancer is there-
fore a pressing priority.

Autoantibodies represent a largely un-
explored dimension of cancer immuno-
surveillance. Autoantibodies targeting
components of immunity itself have
been shown to compromise host de-
fense.” For example, autoantibodies
blocking type | IFN immunity underlie
about 20% of COVID-19 deaths and
play a major role in other life-threatening
viral diseases, including West Nile virus
encephalitis.®° The concept of autoim-
munity to components of host defense is
not limited to type | IFNs, as neutralizing
autoantibodies targeting other cytokines
can selectively underlie other infectious
diseases, all leading to a range of infec-
tions similar to those occurring in patients
with the corresponding inborn errors of
immunity.” Autoantibodies against granu-
locyte-macrophage  colony-stimulating
factor (GM-CSF) impair alveolar macro-
phages, underlying pulmonary proteino-
sis and airborne infections; those against
IFN-y underlie intramacrophagic infec-
tions; those against interleukin (IL)-6 un-
derlie pyogenic bacterial diseases; those
against IL-17A/F underlie mucocuta-
neous candidiasis; and those against
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Table 1. Categories of antibodies discussed in the context of cancer immune surveillance

Category

Subcategory

Class

Examples

Antibodies to normal self (autoantigens)

Antibodies to aberrant self (ectopic and
neo-self)

Antibodies to other exposures (non-self)

Direct immune regulators

Metabolic and enzymatic

Other surface and secreted proteins

Intracellular proteins

Tumor-associated antigens

Tumor-specific antigens

Dark proteome

Viruses

Bacteria

Fungi
Protists and parasites

Cytokines and chemokines
Receptors and checkpoint molecules

Complement regulators and
immunoglobulin targets

Enzymes and transporters
Immunomodulatory enzymes

Peptide hormones and growth factors
Adhesion, ion channels, and structural
Coagulation and hemostasis

Nuclear, cytosolic, cytoskeletal, and
organelle

Cancer-testis antigens

Oncofetal antigens
Overexpression and differentiation
Point-mutant neoantigens

Fusion and indel neoantigens

Viral oncoproteins

Non-canonical translation products

Endogenous retroviral and transposable
elements

Oncogenic viruses

Non-oncogenic/immune-modulatory
viruses

Non-vertebrate viruses
Oncogenic and pathogenic bacteria

Commensal and microbiome-associated
bacteria

Pathogenic and commensal fungi
Protozoan parasites
Helminths and ectoparasites

IFN-a, IFN-y, IL-10
PD-L1, CTLA-4, IFNAR
Factor H, C1-INH, CD55/DAF

TPO, GAD65, tTG

IDO1, CD73, NOSH

VIP, VEGF, EPO

integrins, AChR, complement C3
PF4, p2-glycoprotein I, CD141
histones, mitochondrial, Scl-70

NY-ESO-1, MAGE-A3, PRAME

CEA, AFP, 5T4/TPBG

HER2, MUC1, PSA

KRAS G12D, TP53 R175H, BRAF V600E
BCR-ABL1, EML4-ALK, EGFRuIII

HPV E6/E7, EBV LMP1, HBV HBx
SLiPs, introns, IncRNA, ncORFs
HERV-K, LINE-1, HERV-E

HPV, EBV, HTLV-1
CMV, SARS-CoV-2, influenza

Mimivirus, plant and insect viruses
H. pylori, M. tuberculosis, Borrelia

Fusobacterium nucleatum, Bacteroides
fragilis, Prevotella

Candida, Aspergillus, Malassezia
Plasmodium, Toxoplasma, Giardia

Schistosoma, filarial antigens,
Strongyloides

(Continued on next page)
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Table 1. Continued

Category Subcategory Class Examples
Other exogenous exposures Allergens and dietary antigens gluten peptides, casein
Industrial and bioengineered protein subtilisin, phytase, Cry proteins
antigens
Protein drug and vaccine antigens Insulin, vaccine proteins

Antibodies are grouped according to whether they target self, neo-self, or non-self antigens. Subcategories reflect the potential biological impact of each antibody class. Classes of antibodies are
defined based on established protein families. Examples indicate proteins or antigens for which antibodies have already been identified or hypothesized targets on which an antibody could have
an effect.IFN-a, Interferon alpha; IFN-y, Interferon gamma; IL-10, Interleukin-10; PD-L1, Programmed Death-Ligand 1; CTLA-4, Cytotoxic T-Lymphocyte-Associated Protein 4; IFNAR, Interferon
Alpha and Beta Receptor; Factor H, Complement Factor H; C1-INH, Complement Component 1 Inhibitor/Serpin G1; CD55/DAF, CD55/Decay-Accelerating Factor; TPO, Thyroid Peroxidase;
GADB5, Glutamic Acid Decarboxylase 65; tTG, Tissue Transglutaminase; IDO1, Indoleamine 2,3-Dioxygenase 1; CD73, Ecto-5'-Nucleotidase; NOS1, Neuronal Nitric Oxide Synthase; VIP, Vaso-
active Intestinal Peptide; VEGF, Vascular Endothelial Growth Factor; EPO, Erythropoietin; Integrins, Integrin family of heterodimeric cell adhesion receptors; AChR, Acetylcholine Receptor; Com-
plement C3, Complement Component 3; PF4, Platelet Factor 4; p2-glycoprotein |, Beta-2 Glycoprotein | (Apolipoprotein H); CD141, Thrombomodulin; Scl-70, Scleroderma Antigen 70/DNA
Topoisomerase |; NY-ESO-1, New York Esophageal Squamous Cell Carcinoma 1 (CTAG1B); MAGE-A3, Melanoma-Associated Antigen A3; PRAME, Preferentially Expressed Antigen in Mela-
noma; CEA, Carcinoembryonic Antigen; AFP, Alpha-Fetoprotein; 5T4/TPBG, 5T4 Oncofetal Antigen/Trophoblast Glycoprotein; HER2, Human Epidermal Growth Factor Receptor 2 (ErbB2);
MUCH1, Mucin 1; PSA, Prostate-Specific Antigen (Kallikrein-3); KRAS G12D, Kirsten Rat Sarcoma Viral Proto-oncogene, Glycine-to-Aspartate substitution at codon 12; TP53 R175H, Tumor Pro-
tein P53, Arginine-to-Histidine substitution at codon 175; BRAF V600E, B-Raf Proto-oncogene, Valine-to-Glutamate substitution at codon 600; BCR-ABL1, Breakpoint Cluster Region — Abelson
Murine Leukemia Viral Proto-oncogene 1 fusion protein; EML4-ALK, Echinoderm Microtubule-Associated Protein-Like 4 — Anaplastic Lymphoma Kinase fusion protein; EGFRvIII, Epidermal
Growth Factor Receptor variant Il (exon 2-7 deletion mutant); HPV E6/E7, Human Papillomavirus Early Proteins E6 and E7; EBV LMP1, Epstein-Barr virus Latent Membrane Protein 1; HBV
HBx, Hepatitis B Virus X Protein; SLiPs, Short-Lived Proteins; IncRNA, Long Non-Coding RNA; ncORFs, Non-Canonical Open Reading Frames; HERV-K, Human Endogenous Retrovirus K;
LINE-1, Long Interspersed Nuclear Element 1 (L1); HERV-E, Human Endogenous Retrovirus E; HPV, Human Papillomavirus; EBV, Epstein-Barr virus (Human Herpesvirus 4); HBV, Hepatitis
B Virus; HTLV-1, Human T-Cell Lymphotropic Virus Type 1; CMV, Cytomegalovirus (Human Herpesvirus 5); SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2; H. pylori, Helico-
bacter pylori; M. tuberculosis, Mycobacterium tuberculosis; C. difficile, Clostridioides difficile.
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IL-27 underlie severe Epstein-Barr virus
(EBV) infections.’® Autoimmunity target-
ing host defense can also result in
non-infectious phenotypes: indeed, pa-
tients with autoantibodies neutralizing
IL-10 are predisposed to inflammatory
bowel disease.'"'? Cytokines orchestrate
leukocyte activation, differentiation, traf-
ficking, and effector function in processes
as diverse as infection, inflammation,
allergy, autoimmunity, and cancer. Yet,
the role of autoantibodies against cyto-
kines and other immune components
in tumor emergence, progression, or
response to immunotherapy remains
largely unknown.”® These discoveries
establish that autoantibodies can function
as powerful, naturally occurring immune
modifiers, raising the possibility that
similar antibodies may alter antitumor im-
munity.

Naturally occurring antibodies that
recognize self, neo-self (cancer neo-epi-
topes), and non-self antigens are present
in all humans. Antibody repertoires thus
provide a durable molecular record of
previous immune recognition. Antibodies
can be mechanistically active in health
or disease. Most autoimmune diseases
are typically characterized by autoanti-
bodies that are often highly diagnostic
and, in many cases, also play a direct
pathogenic role. In cancer, they may
actively modulate tumorigenesis’‘—
either by impairing immunosurveillance
or by contributing to protective immu-
nity —or serve as biomarkers of infection,
immune history, and risk. Importantly, an-
tibodies are long-lasting, measurable,
and scalable for profiling, making them
suitable both as mechanistic probes and
as markers for early detection or risk strat-
ification in patients without cancer, with
various cancers, or with precancerous le-
sions. We propose that naturally occur-
ring antibodies against self, neo-self, or
non-self constitute an unexplored deter-
minant of human cancer immune surveil-
lance. By identifying individuals who carry
such antibodies and relating their reper-
toire to cancer avoidance, risk, and clin-
ical outcome, we argue that antibodies
can function as active modulators of tu-
mor immunity rather than passive disease
correlates, with implications for preven-
tion, therapeutic response, and toxicity.
Integrating baseline antibody repertoires
with treatment outcomes will improve
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our understanding of the effects of these
antibodies on primary resistance, ac-
quired resistance, and immune-system-
related adverse events.

We hypothesize that naturally occurring
antibodies, particularly those targeting
immune pathways, can act as hidden de-
terminants of cancer progression and
therapeutic response, influencing cancer
risk and outcome. Some antibodies may
contribute to cancer avoidance in individ-
uals who remain cancer-free despite high
malignancy risk (e.g., due to viral or
genetic factors), whereas others may
facilitate tumor emergence, progression,
metastasis, or treatment resistance.
Modulating antibodies may be present in
patients with cancer, influencing re-
sponses to immunotherapy, immune-
related adverse events, paraneoplastic
syndromes, tumor promotion, and metas-
tasis. Finally, these antibodies may also
be useful as predictive biomarkers. The
study of these antibodies will not only
be performed from a population-based,
epidemiological angle with rigorous sta-
tistical analyses but also, importantly,
from a patient-centered, mechanistic
angle. Indeed, causality and mechanisms
are indissociable for the study of rare or
unique patients, which can shed light on
common causes and mechanisms. Suc-
cessful studies of rare or unique patients
with inborn errors of immunity over the
last 50 years have, for example, led to
the discovery that common autoanti-
bodies against type | IFNs and IL-10 can
underlie many viral and inflammatory con-
ditions, respectively.'®

To comprehensively assess humoral
responses in cancer, we think it is critical
to build a cancer antibody atlas and study
large and diverse cohorts, screening them
agnostically for antibodies against self,
neo-self, and non-self (Table 1) to deter-
mine which antibodies are protective,
neutral, or detrimental in individuals who
have avoided cancer and in patients with
various cancers. To allow the investiga-
tion of associations with cancer avoid-
ance or occurrence, it is of the utmost
importance to include cohorts of individ-
uals with and without cancer from large
longitudinal cohorts (Figure 1A), allowing
researchers to dissect the role of anti-
bodies in outcomes, including treatment
responses. Cohorts will include individ-
uals at high risk who avoided cancer, ag-
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ing individuals (including centenarians),
and mono- and dizygotic twins, as well
as patients with cancers before, during,
and after immunotherapy. The core tech-
nologies will include testing for autoanti-
bodies against components of immunity
(e.g., cytokines) alongside massively mul-
tiplexed antibody discovery platforms
(Figure 1B), such as (1) human proteome
microarrays of >21,000 full-length human
proteins and (2) phage and yeast display
immunoprecipitation sequencing (PhIP-
seq) assays. Novel scalable DNA-based
serological assays currently being devel-
oped will enable the capture of autoanti-
bodies, and antibodies targeting cancer
neoantigens are also being developed.
Ensuring interpretability and clinical rele-
vance requires stringent assay harmoni-
zation, validation, reproducibility across
platforms, and strategies to control for
confounders such as age, common can-
cer risk factors (i.e., smoking), infection
history, and autoimmunity. To allow inte-
gration of antibody profiles with genomic,
proteomic, and clinical data, the use of
well-characterized cohorts with multi-
layer molecular data available is critical
and will enable identification of pathways
associated with cancer avoidance, sus-
ceptibility, and treatment response.
Some antibodies may merely be corre-
lates of immune history, so subsequent
functional assays will be required to
distinguish them from antibodies that are
mechanistically active, in order to sepa-
rate bystander antibodies from functional
antibodies that alter pathways. Antibodies
of interest can then be cloned and evalu-
ated experimentally in vitro (in human
cells) and in vivo (in murine models) to
assess their impact on cancer initiation
and progression. The antibodies detected
can be biologically and medically relevant
in at least two ways: they may (1)
neutralize or modify a biological activity
of their target (e.g., receptor activation,
cell depletion, inflammation, tumor or
molecule clearance), shedding light on
the mechanisms underlying cancer avoid-
ance or occurrence and thus identifying
targets for cancer diagnosis, treatment,
and prevention; or (2) be non-functional,
in which case they may nevertheless
serve as biomarkers associated with
cancer avoidance, cancer emergence, or
disease outcome (i.e., allowing early
detection) (Figure 1C). The field of
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autoantibodies in cancer will hopefully
discover previously unrecognized mecha-
nisms of tumor control, analogous to the
discovery of the tumor suppressor p53
through autoantibodies.'® Biomarker anti-
bodies may also attest to the presence of
a functional T cell memory. We believe
an agnostic approach, with respect to
antibody specificity and functional
impact, will enable the discovery of both
protective and deleterious humoral re-
sponses (Figure 1C). Identification of
antibodies that modulate immunosurveil-
lance may also facilitate the discovery of

corresponding T cell responses and ge-
netic perturbations affecting the same
pathways.

Prompted by Cancer Grand Chal-
lenges’ cancer avoidance challenge,
we assembled an international multi-
disciplinary team, ATLAS (https://www.
cancergrandchallenges.org/atlas), to re-
visit the contribution of antibodies,
including autoantibodies in particular,
to cancer profiling. This effort will be
conducted in partnership with individ-
uals affected by cancer and those at
high risk who have avoided disease,

¢? CellPress

Figure 1. Conceptual framework for inves-
tigating the role of antibodies in cancer im-
munosurveillance

The model considers how antibody repertoires—
including autoantibodies, antibodies against tu-
mor antigens, and antibodies against microbes
and other environmental exposures—can modu-
late cancer immunosurveillance, thereby influ-
encing cancer incidence, progression, and
outcome by various mechanisms, including their
impact on the response to and toxicity of immune
checkpoint blockade. Analyses drawing on
diverse cohorts and multiplex approaches may
help identify antibody signatures linked to pro-
tection from or susceptibility to cancer and guide
future functional and mechanistic studies.

(A) Analyses will be performed on longitudinal
population cohorts, extreme phenotypes (high-
risk individuals without cancer; low-risk in-
dividuals with cancer), and patients receiving
immunotherapy.

(B and C) Multiplex discovery platforms and
functional assays combined with analyses of
genomic and proteomic data (B) will be used to
identify antibody signatures associated with pro-
tection from or predisposition to cancer (C).

(D) These insights aim to inform novel approaches
to cancer risk prediction, early detection, and
targeted interventions.

ensuring alignment with patient prior-
ities and facilitating clinical translation.
Transformative applications may arise
from this effort, from improved early
detection of at-risk individuals via sim-
ple, cheap, and precise antibody assays
to better prescription of existing CPI
treatments or the discovery of new ther-
apeutic targets through the identification
of naturally occurring anti-cytokine or
checkpoint blockade autoantibodies
(Figure 1D). This atlas will have a trans-
lational impact, facilitating biomarker-
driven patient stratification and rational
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interventions that amplify protective hu-
moral effects while avoiding strategies
that inadvertently weaken antitumor im-
munity. Protective antibodies could be
cloned and administered (directly or via
vaccination) to individuals with a high
risk of cancer to prevent the occurrence
of the disease or to patients already
diagnosed with cancer to prevent
metastasis, to increase treatment effi-
ciency, and ultimately to induce long-
term remission (Figure 1D). By contrast,
deleterious antibodies could be blocked
(by decoys) or removed (by antibody
removal, B cell depletion, or CAR
T cells), considering immune system
tradeoffs, including the risk of reducing
the efficacy of other treatments. Future
prospective studies will show whether
antibody-based stratification improves
clinical decision-making and whether
modulating these antibodies changes
cancer outcomes.

By building a comprehensive cancer
antibody atlas (www.caatlas.com), we
aim to uncover fundamental principles
governing humoral immunity in cancer,
identify biomarkers predictive of disease
trajectory and therapeutic response,
and open new avenues for precision
oncology grounded in human immu-
nology.
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