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Abstract

The hurdles in realizing successful cancer immunotherapy stem from the fact that cancer patients 

are either refractory to immune response and/or develop resistance. Here, we propose that the 

sephenomena are due,inpart,to the deployment/secretion of a “decoy flare,” for example, 

anomalous cancer-associated antigens by the tumor cells. The cancer secretome, which resembles 

the parent cell make-up, is composed of soluble macromolecules (proteins, glycans, lipids, DNAs, 

RNAs, etc.) and insoluble vesicles (exosomes),thus hindering cancerdetection/recognition by 

immuno the rapeutic agents, resulting in a “cancer-stealth” effect. Immunotherapy, or any 

treatment that relies on antigens’ expression/ function,couldbe improved by the understanding of 

the properties of the cancer secretome, as its clinical evaluation may change the therapeutic 

landscape.

Introduction

Cancers have developed various stratagems to propagate within an immunocompetent host. 

Immune regulation and surveillance play an imperative role in early attempts of cancer 

prevention by the host. This is evident by the presence of endogenous anticancer-associated 

antibodies, that is, autoantibodies (AAb), which occur as a result of immunosurveillance by 

which the immune system recognizes and destroys normal cells that have transitioned to 

malignancy (1). Because of their specificity and stability in the sera, AAbs are regarded as 

early and sensitive serologic biomarkers for the diagnosis and prognosis of cancer and may 

serve as a potential means of identifying and tracking (1, 2). However, despite their 

presence, cancers do develop and progress, and the possible beneficial role of AABs to the 

patients’ clinical outcome is still unsettled and seems to differ among cancer types and AAb 

specificity. To explore the presence and functionality of AAbs, in a recent clinical study, we 

identified the presence of two forms of cancer AAbs: (i) noninducible/nonfunctional 

(galectin-3) and (ii) inducible/functional [prostate-specific antigen (PSA)]. Both antigens 
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induce malignancy and are biomarkers of prostate cancer progression (3–7). The study 

highlighted that PSA AAbs alter PSA levels, elucidating that the antigen– AAb interactions 

are a part of cancer–host immune defense (8). It was also noted that AAbs’ response may be 

due to tumor-associated antigens’ cross-presentation by tumor-derived exosomes, as they 

resemble the parental cell make-up and thus may also interfere with antitumor 

immunotherapies (9). In addition, it was reported that cancer patient-derived AAbs 

recognize tumor antigens on exosomes (10). Taken together, these studies suggest that 

soluble and membrane-bound cancer-associated antigens both elicit immune response and 

interfere with host immunity, leading to cancer cells’ escape from immunosurveillance.

Here, we propose that cancers resort to a “self-defense” mechanism that shields them from 

auto- and exo-Abs by deploying “decoy flares” (soluble and insoluble antigens) that may 

shield them and thus hinder therapeutic intervention (Fig. 1).

Cancer-Secretory Immunity: Cause and Effect

Cancer-secretory autoimmunity is a collection of complex networks of cancer-derived 

molecules and patient-derived AAbs that coordinate the self-defense needed to protect the 

host from the developing neoplasm. It should be noted that the AAbs’ recognition site of the 

functional domain of cancer-secretory antigen needs to be evaluated in precise detail. For 

example, cancer cells have been known to secrete mutated proteins and/or produce 

posttranslational modifications, such as altered glycosylation (11, 12). The recognition of 

these molecular alterations is crucial in understanding the composition of the cancer 

secretome. The AAbs’ response may be specific for the altered target molecules, as they 

were shown to recognize and interact with proteins harboring a point mutation and single 

codon deletion (13), as well as detect aberrant protein glycosylation associated with 

oncogenic transformation (14). Thus, the secretion of mutated protein/ aberrant 

glycosylation may be a molecular mimicry (a decoy flare) to immune systems, masking the 

presence of cancer cells.

It has been estimated that the circulatory system of patients with cancer contains 

approximately 2 ×1012 more exosomes compared with that of healthy volunteers (15, 16). 

The robust exosome release leads to exosome-mediated shielding of target cells as a critical 

determinant of tumor cell susceptibility to antibody therapy (17). The cancer-derived 

exosomes efficiently bind and sequester anticancer antibodies and dramatically reduce their 

binding to cancer cells and escape immunosurveillance (18). The above-mentioned diverse 

cancer-masking phenomena are used by cancers to disguise and shield them from AAbs and 

should be preclinically considered.

Mouse models of spontaneous cancer showed that despite the presence of cancer AAbs, 

cancers developed (19), implying that AAbs are either nonfunctional or the “cancer stealth” 

effect neutralizes host autoimmunity. In fact, the proteomic analysis using a spontaneous 

cancer model showed that only a portion of AAbs passed through the shielding and 

interacted with cancer cells (13, 14). Considering that >2,000 AAbs have been identified in 

cancer patient sera, most may be eliminated by “cancer stealth” effect in systemic circulation 

or tumor interstitial fluid.
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Thus, a possible cause for failure of immune therapy may be a “cancer stealth” effect, 

depicting the interactions between a cancer secretome acting as a “decoy flare” and patient 

AAbs/therapeutic AAb and/or cancer-attacking immune cells (Fig. 1). The immune conflicts 

shown above can be assessed in a clinical setting and are outlined below.

Cancer Autoantibody Influence: A Clinical Categorization of Cancer-

Secretory Factors

Various methodologies have been utilized for the detection of multiple AAbs, as 

summarized by Zaenker and colleagues and Rich and colleagues (1, 2). Most of these 

methods are labor intensive, with sensitivities varying from 12% to 95%. A recent clinical 

study offers insight into elements that potentially affect the functionality of cancer AAbs (8). 

The levels of circulating cancer-secretory antigens and AAbs were determined, followed by 

mathematical calculations using correlation tests and regression modeling, yielding a 

correlation coefficient and fitted slope values. The values were used to predict a possible 

association between the two variables, allowing the influential level to be estimated (8). 

Subsequently, the values have classified the cancer-derived macromolecules into three 

categories: class 1, not inducible; class 2, not susceptible; class 3, statistically significant 

positive susceptibility. AAbs in the case of either class 1 or 2 were near zero or 

nonsignificant (Fig. 1). This categorization may be used to further the understanding of the 

complexity of the cancer-associated AAbs and the secretome, where tumor type and/or 

molecular structural categorization have been the primary method to classify the secretory 

factors (15). The above criteria may allow a refined clinical grading, “Patient Autoantibody-

based Grading.” Subsequently, for class I, additional therapeutic antibodies essentially need 

to be administered, as host immunity does not produce AAbs against the cancer-derived 

antigens, for example, rituximab targeting CD20 and cetuximab targeting EGFR, as seen in 

current clinical settings. For class II, an alternative therapeutic method could be considered 

based on the anticipated potential factors affecting AAbs’ function as described, for 

example, targeting cancer-specific exosome(s) (16). For class 3, where tumor-derived 

antigens may possibly react to host AAbs, immunotherapy, such as tumor vaccines, may be 

considered as a therapeutic priority to induce further production of intrinsic antibodies.

As examples in clinical practice, there is increasing evidence that therapeutic targeting of 

secretory factors in the tumor microenvironment improves patients’ clinical outcomes, for 

example, VEGF-A, an angiogenic factor activated in various cancers, and RANKL, an 

osteoclastogenic factor of bone metastasis. Exogenous antibodies targeting these molecules, 

bevacizumab and denosumab, respectively, have been administered with no consideration of 

patient’s endogenous antibody, that is, AAb status. Similarly, clinical trials of therapeutic 

antibodies targeting tumor surface proteins have not been too encouraging. Indeed, 

considering that the primary location of expression is the cell membrane, it may need 

additional approaches or methodologies to quantitate and estimate the immune interactions, 

although portions of the antigens, such as CD20, EGFR, and HER2, are released to 

extracellular space (17, 18). Given that the AAbs can be either functional or nonfunctional, it 

is reasonable to consider the AAb status and the stealth effect in clinical trials, which may 

enhance the efficacy of immunotherapy.
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Conclusion and Future Perspective

In the search for personalized immune medicine, cancer patient AAbs and the secretome 

make-up status need to be guiding elements prior to implementation of immunotherapies, as 

overlooking them may derail clinical interventions and lead to unsuccessful results (4). 

Further development of new therapeutic modalities based on the clinical categorization of 

the cancer secretome is necessary to interrupt the cancer self-defense that leads to a stealth 

effect. Furthermore, this could be tested by proteomic analysis of the sera following cancer 

development in transgenic mice or use of mice with “knock-in” and conditional specific 

gene-targeting strategies. These models that are reflective of the human cancers could 

provide an opportunity to study the immunotherapy during cancer progression.
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Figure 1. 
The complexity of cancer secretory elements and immune interventions is illustrated. Cancer 

cell releases secretory factors composed of cancer-derived soluble antigens (green) and 

exosomes (red). Endogenous/exogenous antibodies, that is, patient-derived AAbs (blue) and 

therapeutic AAbs (red) are blocked due to the cancer secretory stealth effect. Killer cells, for 

example, natural killer cells, T lymphocytes, tumor-associated macrophages, neutrophils, 

and dendritic cells (light blue) may also join the reactions. On the basis of correlation 

analyses between AAbs and tumor-derived factors, the tumor-derived factors may be 
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classified into three groups: class I, not inducible; class II, not susceptible; class III, positive 

susceptibility. The cancer cell image was purchased from Shutterstock.
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