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Abstract: Although PSA testing is widely used in prostate cancer diagnosis, it remains an imperfect assay due to its
lack of accuracy. While several urine or tissue-based gene expression assays are available to identify patients with
higher risk of adverse disease and to aid in deciding treatment options, there is still a critical need for reliable bio-
markers to monitor disease progression and treatment response. Autoantibodies (AAbs) produced by the humoral
immune response against tumor associated antigens offer an attractive alternative, as they target a wide variety of
prostate cancer specific antigens and can be collected by using clinically non-invasive methods. Herein, we review
the transition from traditional methods that identify individual AAbs to high throughput approaches that detect
multiple targets simultaneously in patient sera. We also discuss how these approaches improved the sensitivity and
specificity of AAb detection and enhanced prostate cancer diagnosis and prognosis. Cancer vaccines offer poten-
tial as a novel therapeutic strategy in their ability to stimulate both cell-mediated and antibody-mediated cytotoxic
responses. Ongoing efforts aim to identify immunotherapy targets that also stimulate a strong antibody response,
since antibodies activated by the anti-cancer humoral response can eliminate cancer cells effectively via several
distinct mechanisms. Autoantibodies are useful not only for the diagnosis of prostate cancer, predicting disease
progression, and tracking response to treatment, but can also be harnessed as therapeutic agents for prostate
cancer treatment.
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Introduction hyperplasia (BPH), however, can confound the
accuracy of PSA tests. Due to concerns about
overtreatment, arising from the low specificity
and high false positive rate of the assay, the US

Preventive Services Task Force (USPSTF) rec-

Diagnosis, prognosis, and treatment of pros-
tate cancer

Prostate cancer is the most prevalent cancer
among US men in 2022 with 268,490 diagno-
ses and 34,500 deaths projected. This approxi-
mates to one in four of all diagnosed cancers
and one in nine cancer deaths among men [1].
Diagnosis of earlier stage disease, through
prostate-specific antigen (PSA) testing and
advances in treatment, decreased prostate
cancer death rate by about 4% per year during
the late 1990s and the 2000s [2]. Fluctuations
of PSA levels in patients with benign prostatic

ommended against PSA screening for men over
75 in 2008 and for men of all ages in 2012 [3].
This was later revised due to an apparent rise in
higher grade, stage, and risk upon diagnosis
[4]. Overtreatment of prostate cancer patients
remains a concern in the U.S., as about 30-40%
of men who have undergone surgery or other
treatments likely had indolent tumors [5].

Beyond the initial prostate cancer diagnosis,
patients are faced with the need to assess the
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risk of disease progression. For better results,
risk predictive models used in the clinical set-
ting usually incorporate PSA as a molecular
marker together with digital rectal examination
(DRE), trans-rectal ultrasonography (TRUS), or
multiparametric magnetic resonance imaging
(MRI) [6]. The integration of prostate cancer
susceptibility associated genetic polymor-
phisms and inherited variants identified from
genome-wide association studies in polygenic
models provided only modest improvements [7,
8]. Applications of urine-based RNA assays
such as Mi-Prostate Score, SelectMDx, and
ExoDx have improved the prediction of indolent
and aggressive disease and helped to identify
patients who may benefit from prostate biopsy
[9]. In men with previous negative biopsies, the
Progensa Prostate Cancer Antigen 3 (PCA3), a
post-DRE urine test, and ConfirmMDx, a tissue-
based methylation marker test, are predictive
of follow-up biopsy outcomes and could help to
decide on whether a rebiopsy is necessary [10].
Several commercially available tissue-based
assays such as Decipher, Oncotype DX, and
Prolaris, which measure the mRNA expression
of multi-gene panels were shown to success-
fully identify men at the highest risk of adverse
outcome and helped to improve prostate can-
cer risk stratification [11-13].

Among patients with advanced disease, most
of whom receive androgen deprivation therapy
(ADT) treatment and are likely to progress to
castration-resistant cancer, it is critical to be
able to predict disease progression and moni-
tor response to treatment. Positive detection of
AR-V7 expression, for example, could predict
resistance to abiraterone or enzalutamide [14].
Meanwhile, metastatic prostate cancer pa-
tients harboring mutations in DNA damage
repair genes could benefit from poly (ADP-
ribose) polymerase-1 inhibitors and platinum-
based chemotherapy [15, 16].

In both pre-treatment active surveillance and
follow-up monitoring for treatment response,
the PSA test continues to be the cornerstone
assay. While most solid tumors can be evaluat-
ed reliably using the Response Evaluation
Criteria in Solid Tumors (RECIST) criteria as a
measure of objective response, this guideline is
impractical for prostate cancer as metastatic
lesions are often smaller and considered
“unmeasurable”. Bone scans to confirm metas-
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tasis are recommended in symptomatic men
or in asymptomatic men with a PSA of > 20 ng/
ml. The sensitivity of 18F-flouro-2-deoxy-2-D-
glucose (FDG)-positron emission tomography
(PET) can be unpredictable because prostate
cancer has a low metabolic glucose activity and
high bladder activity due to urinary FDG excre-
tion can occlude tumors [17]. Consequently,
there remains a critical need for dependable
biomarkers that can help monitor disease pro-
gression and response to treatments.

Cancer autoantibodies and their applications
in prostate cancer

Circulating AAbs are attractive candidate bio-
markers because of their association with
tumor proliferation and because they target a
diverse range of prostate cancer specific
antigens.

During carcinogenesis, TAAs are introduced by
mutations in malignant cells that create new
epitopes, or neoepitopes that alter protein
structures, which become exposed to the host
when cells undergo apoptosis (Figure 1). The
host perceives these self-antigens as foreign
and mounts a humoral immune response
against them by generating AAbs [18]. Antigen
presenting cells (APCs), such as macrophages
and dendritic cells, engulf, lyse, and present
the TAAs on their cell surface to T and B cells.
CD4+ helper T cells that recognize the TAAs are
activated to release cytokines and chemo-
kines, which enhances B cell production, prolif-
eration, and clonal expansion [19]. TAAs pre-
sented on APCs also activate B cells, parti-
cularly a subset of tumor-infiltrating B lympho-
cytes that include B-1 or CD5* cells, that pro-
duce AAbs directed against self-antigens [20,
21]. These B cells further activate the prolifera-
tion of helper T cells that, in turn, may attach to
and increase the production of TAA-bound B
cells [22]. Thus, a multitude of B cells are
primed against the same antigen. Of these,
many remain as memory B cells, while others
differentiate into antibody-producing plasma
cells that bring about systemic release of the
specific antibody, which can facilitate the
destruction of tumor cells [23].

During the neoplastic process, this immune
dysregulation may be further enhanced by the
loss of self-tolerance through clonal deletion,
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Figure 1. Humoral immune response against tumor associated antigens in prostate cancer. Tumor cells that are
inflamed or undergo apoptosis release TAAs that are ingested by APCs in the form of macrophages and dendritic
cells. TAAs presented on the cell surface of these APCs are recognized by CD4* helper T and B cells. CD4* helper T
cells that recognize TAAs are activated to release cytokines and chemokines that stimulate B cells to proliferate by
clonal expansion. A subset of B cells that bind to TAAs on APCs are similarly activated to produce AAbs. B cells that
lose self-tolerance or have low affinity against TAAs undergo clonal deletion and are removed by apoptosis. Some
B cells remain as memory B cells, others undergo antigen receptor editing by V(D)J recombination, still others dif-
ferentiate into antibody-producing plasma cells that bring about systemic release of TAA-specific AAbs, which can
recognize and destroy tumor cells (Figure is created by authors using Biorender.com).

whereby self-reactive B lymphocytes are when lymphocytes are silenced into a non-reac-
removed by apoptosis [24], or clonal anergy, tive state [23, 25, 26]. Conversely, lymphocytes
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may be preserved when antigen receptors are
edited or revised by VDJ recombination and
class switching [27]. High AAb titers could be
maintained by downregulation of regulatory T
(Treg) cells and increased effector T helper
cells [28, 29], or by an inflamed tumor microen-
vironment that facilitates the release and expo-
sure of more TAAs to the immune system [30].

Autoantibodies against TAAs in patients across
multiple malignancies that include melanoma
[31], colorectal [32], gastrointestinal [33],
breast [34], and bladder [35] cancers could be
detected by various high-throughput approach-
es. Besides products of mutated genes, tumor
antigens that elicit immune responses include
differentiation antigens, or proteins that are
over-expressed in cancer [36]. Tumor suppres-
sor p53 protein, for example, has consistently
elicited a humoral response between 12% to
40% of affected patients with prostate, breast,
colon, oral, or gastric cancers [37, 38]. In con-
trast to low levels of their corresponding anti-
gens, AAbs often remain stable at high levels
in serum, persist in circulation [39], and are
detectable months or years before clinical
symptoms appear. The onset of AAb production
may also reveal molecular processes in dis-
ease etiology that allow us to predict its course
[40]. Additionally, testing AAbs, much like PSA,
involve a relatively simple, non-invasive proce-
dure, making its use invaluable to clinical prac-
tice [41-46]. In this review, we discuss the fea-
sibility of different approaches used in AAb
detection for prostate cancer diagnhosis and
prognosis, the use of AAbs in monitoring treat-
ment response, and their potential role as
agents of prostate cancer immunotherapy.

Methods of autoantibody detection

Historically, prostate cancer AAbs were detect-
ed using traditional methods that apply
enzyme-linked immunosorbent assays (ELISA)
(Figure 2A), sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE), and
western blot analysis (Figure 2B) in the serum
of prostate cancer patients. These methods,
however, could only detect the most abundant
AAbs against specific cognate TAAs. ELISA, for
example, was used to show that AAbs against
cancer testis antigen 1B (NY-ESO-1), were pres-
ent at higher titers in sera of hormone refrac-
tory prostate cancer than those of localized
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cancer, which were correlated with poor surviv-
al [47]. Meanwhile, high throughput methods
that employ panels of TAAs, which can yield
higher diagnostic value over a single TAA, have
been used to identify multiple prostate cancer
specific AAbs [48]. In addition to serological
proteome analysis (SERPA) and serological
identification of antigens by recombinant
expression cloning (SEREX), we discuss high
throughput techniques that use protein arrays,
electrochemistry, microfluidics, and other
advances in proteomic methods, which have
facilitated the discovery of an increasing num-
ber of prostate cancer AAbs with specificity
against novel tumor antigens.

Serological proteome analysis (SERPA)

SERPA requires the separation of a complex
mixture of proteins extracted from tumor or cell
cultures in two-dimensional (2D) gel electro-
phoresis by their isoelectric points (pl) and
molecular weights followed by identification by
mass spectrometry (Figure 2C). SERPA has
the advantage of enabling both the antibody
response and the identity of the immunogenic
tumor proteins, including post-translational mo-
difications, to be determined based on their
reactivity with autologous patient sera [49].
Unfortunately, SERPA requires a large amount
of tumor proteins, and is limited by the low res-
olution of 2D electrophoresis and poor repro-
ducibility. A comparison of pooled serum sam-
ples of prostate cancer patients and healthy
controls using SERPA by Ummanni et al. [50],
detected 18 antigens immunoreactive to ser-
um from cancer patients. Further validation
using recombinant antigens and an indepen-
dent set of cancer sera confirmed an increased
abundance of peroxiredoxin-6 (PRDX6) and
annexin A11 (ANXA11) antibodies in prostate
cancer patients. A comparative screen of sera
from European-American (EA) and African
American (AA) men with prostate cancer using
SERPA detected higher levels of AAbs against
nucleophosmin 1 (NPM1) in prostate cancer
patients, especially in AA men, than in BPH
patients and healthy individuals [51]. These
findings suggest the possibility of race-associ-
ated differences in the AAb response of pros-
tate cancer that may define novel biological
determinants of prostate cancer health dis-
parities.
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Figure 2. The development of methods of autoantibody detection. AAbs against cancer TAAs were initially identified
using traditional methods such as ELISA (A) and immunoblot assay (B). SERPA (C) and SEREX (D) allowed the de-
tection of multiple prostate cancer specific AAbs. Further immobilization of peptides (E) or functional recombinant
proteins (F) on glass slides in microarray format followed by detection using chemiluminescence- or fluorescence-
tagged secondary antibodies elevated the high-throughput screening of AAb targets to the scale of several hundreds
of thousands. In reverse capture microarray (G), high-affinity antibody microarrays were used to capture native an-
tigens from cell extracts of tumors or cell lines before control and cancer AAbs labelled with different fluorophores
were applied to allow the relative abundance of the AAbs in a serum sample to be determined from the ratio of
fluorescence signals. AAb detection by electrochemical or magneto-resistive sensor (H) use immobilized antigens
to selectively capture target antibodies, which were detected using secondary antibodies tagged with electroactive
molecules or magnetic nanoparticles that emit measurable electrochemical or magnetic signals for the quantifica-
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tion of AAbs. Microfluidic devices containing nanostructures with automated fluidic handling allow AAbs to be de-
tected with high sensitivity from femtoliter volumes of serum samples with minimal sample handling and processing
(I). In the SERA and PIWAS approach (J), serum epitope enrichment scores that match somatic mutation-specific
epitopes identified by genomic sequencing of tumor specimens were used to find enriched epitopes and prevalent
antibodies in serum samples of prostate cancer patients [90] (Figure is created by authors using Biorender.com.
The figure in H is adapted from Xu et al., under the terms of the Creative Commons Attribution License [63]).

Serological identification of antigens by recom-
binant expression cloning (SEREX)

In SEREX, a cDNA expression library construct-
ed from prostate tumor specimens is cloned
into lambda phage expression vectors and
transduced into Escherichia coli. Thousands of
recombinant peptides, expressed during lytic
infection of bacteria, are transferred onto nitro-
cellulose membranes, which are then incubat-
ed with diluted serum samples (Figure 2D).
Immunoreactive clones identified by anti-
human 1gG secondary antibodies are then
sequenced to identify the autoantigen [52]. The
multitude of peptides presented using SEREX
enables the simultaneous assay of a large
number of antibody and recombinant tumor
protein interactions. SEREX, however, may bias
the detection of AAbs against proteins with
higher mRNA transcripts, those that could be
expressed in bacteria, or the detection anti-
bodies against non-TAAs, while missing AAbs
against TAAs of low abundance. The time-con-
suming and labor-intensive protocol involved as
well as the poor reproducibility of this method
remains a great disadvantage. SEREX based
on phage-display random-peptide libraries was
used to screen serum samples of prostate can-
cer patients for peptides that bind to AAbs
against heat shock protein 70 family protein 5
(HSP70/HSPA5/GRP78) [36], and fetuin-A or
alpha 2-HS glycoprotein (AHSG) [46]. A screen-
ing of 18,000 clones from a phage display pros-
tate tumor cDNA library using autologous
patient antibodies identified several antigen-
AAb interactions that included NY-ESO-1,
X antigen family member 1 (XAGE-1), DJ-1/par-
kinsonism associated deglycase (PARK7), and
transcription factor 25 (TCF25) [53].

Serological analysis by protein or antibody
microarrays

The integration of protein microarrays in SEREX
or SERPA has enabled the analysis of multiple
targets in a single step and increased the num-
ber of assays that can be performed within a
single serum sample. Microarrays immobilized
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with hundreds to thousands of known antigens
can be probed with serum samples from
patients and healthy controls to identify anti-
gens that specifically elicit an immune res-
ponse to cancer (Figure 2E and 2F). Protein
microarrays immobilized with 8,000 to 80,000
recombinant antigens, such as ProtoArray pro-
tein chips, have been developed and used to
screen AAbs in patients with other cancers [54,
55]. The small reaction surface that allows uni-
form sera distribution across the surface of
microarrays enables the detection of a high
dynamic range of signal intensities and collec-
tion of large amounts of data in a reproducible
and high-throughput manner within a single
experiment [56]. The use of recombinant pro-
teins in protein microarrays, however, may miss
the detection of post-translationally modified
targets. Other disadvantages include higher
costs in addition to the need for sophisticated
data analysis software to analyze and interpret
the large volume data collected.

By using a 22-phage peptide microarray panel
to analyze serum samples from 119 prostate
cancer patients and 138 controls, Wang et al.
[45], were able to discriminate between pros-
tate cancer and control groups at 88.2% speci-
ficity and 81.6% sensitivity, an improvement
over the PSA test. Four of the 22 targets that
encoded known proteins that include bromodo-
main containing 2 (BRD2), eukaryotic transla-
tion initiation factor 4 gamma 1 (elF4G1), ribo-
somal protein L13a (RPL13A), and ribosomal
protein L22 (RPL22) were later confirmed to be
deregulated in prostate tumors by immunoblot
of tissue extracts and by meta-analysis of gene
expression data.

Working on the premise that aberrant post-
translationally modified cancer-associated pro-
teins are likely to be AAb targets, Wandall et al.
[57] developed N-hydroxy succinimide (NHS)-
activated hydrogel microarray slides printed
with O-glycopeptides. When used to screen
sera from newly diagnosed breast, ovarian, and
prostate cancer patients, specific IgG antibod-
ies against three distinct aberrant mucin 1
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(MUC1) O-glycopeptide epitopes, Tn-MUC1,
STn-MUC1, and truncated core 3 O-glyco-
peptides were detected. These results showed
that aberrantly glycosylated O-glycopeptides
are potential AAb-inducing TAAs, and AAbs
against these epitopes may represent sen-
sitive biomarkers for early detection of prostate
cancer.

Reverse capture microarray

Reverse capture microarray requires the initial
immobilization of well-characterized, highly
specific, and high-affinity antibodies on glass
slides. Cell extracts from tumors or cell lines
are applied to these slides to capture native
antigens before adding control and cancer
AAbs labelled with different fluorophores, from
which the ratio of fluorescence signals could
be used to determine the relative abundance of
the AAbs in a serum sample [58] (Figure 2G).
When the numerous immobilized antibodies
are exposed to a single protein lysate, multiple
TAAs can be captured, which allows for the
detection and quantitation of multiple TAA-AAb
interactions, but this advantage is offset by the
requirement for highly specific capture antibod-
ies and large amounts of protein lysate [59].

An evaluation by reverse capture, using serum
samples from ten biopsy-positive prostate can-
cer patients and five BPH subjects, successful-
ly identified 28 antigen-AAb reactivities with
the potential to discriminate prostate cancer
from BPH [60]. Autoantibodies against five anti-
gens - nuclear factor of activated T-cells, cyto-
plasmic 2 (NFATC2/NFAT1), heat shock factor
protein 4 (HSF4), tumor suppressor p53, cas-
pase-8 (CASP8), and transcription factor PU.1
(SPI1) - were able to distinguish prostate carci-
noma from normal sera in 83% of cases exam-
ined. Further refinement of this approach was
applied in a study using serum samples from
41 prostate cancer patients and 39 BPH
patients that identified a panel of AAb signa-
tures comprising TAR DNA binding protein
(TARDBP), talin 1 (TLN1), PARK7, PC4 and
SFRS1 interacting protein 1 (LEDGF/PSIP1),
and caldesmon 1 (CALD1), which outperformed
the PSA test in discriminating prostate cancer
from BPH [61]. While the immobilization of anti-
gens in their native configuration and post-
translationally modified state allows the imme-
diate identification of antigens, the increased
cost of generating high-quality, specific anti-
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bodies or properly folded proteins limit the
adoption of reverse capture microarrays.

Detection by electrochemical or magneto-resis-
tive nanosensor signals

In electrochemical detection, target antibodies
are first selectively captured by antigens and
then detected using a secondary antibody
tagged with electroactive molecules generating
measurable signals that allow the number of
AAbs to be quantified [62, 63] (Figure 2H). A
readout proportional to levels of the AAb can
then be obtained by measuring the electrical
impedance signal, or current, while the poten-
tial is either fixed, or varied.

In  Magneto-resistive nanosensors (MNS),
recombinant proteins are immobilized onto
arrays on a chip to capture target AAbs when
serum samples are applied [62]. Biotinylated
anti-human 1gG antibodies are later added,
followed by streptavidin-coated magnetic na-
noparticles. The bound magnetic nanoparticl-
es disturb local magnetic fields and induce
changes in the resistance of the MNS at a
given spot, signaling the capture of a specific
AAb. An MNS assay that used a panel of four
AAbs against TARDBP, TLN1, CALD1, and
PARKY, together with total and free PSA, was
able to successfully distinguish between pros-
tate cancer and non-cancer samples [63].
While electrochemical or magneto-resistive
nanosensors can be initially costly and require
time to set up, the ease of miniaturization can
assist in developing assays that are highly sen-
sitive and specific, which respond quickly to
changes in analyte concentrations [64].

Microfluidic immunoassay

The rapid development of advanced nanofabri-
cation techniques has enabled the manufac-
ture of various nanostructures that include
plasmonic gold-on-gold (Au/Au) films [65],
nanoparticles [66], nanopillars [67], nanorods
[68], and nanowells [69] that have dramatically
improved the sensitivity of immunoassays.
Microfluidics allow researchers to reduce
reagent and sample volumes to femtoliter lev-
els while integrating automated fluid transfer
steps and multiplexed detection of antibodies
with minimal sample handling and processing
(Figure 2I). The high surface-area-to-volume
ratios and smaller distance scales of this plat-
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form can enhance sensitivity and selectivity of
detection, enabling faster and more efficient
analysis [70]. A microfluidic chip that combined
micropumps, micromixers, and microvalves
was able to detect p53 antibody at a detection
limit of 4 ng/mL and distinguish relative levels
of p53 AAbs from saliva of oral cancer patients
[71]. Although microfluidics is highly develop-
ed, to date, most devices are designed to
immobilize a limited number of antibodies for
capturing specific cancer protein biomarkers
such as PSA, prostate specific-membrane anti-
gen (PSMA), carcinoembryonic antigen-related
cell adhesion molecule 5 (CEACAM5/CEA),
platelet factor 4 (PF-4), interleukin 6 (IL-6), and
alpha fetoprotein (AFP) [72]. This promising
technology has yet to be used for the detection
of AAbs in prostate cancer patients.

Autoantibodies as diagnostic biomarkers of
prostate cancer

Prostate cancer patients have been shown to
develop immune responses against both uni-
versal TAAs and prostate cancer specific TAAs.
In the clinical setting, AAb detection by low-
throughput methods was used at the outset to
confirm cancer diagnosis in previously identi-
fied prostate cancer patients. Initial identifica-
tion of AAbs, such as those against alpha-
methylacyl-coenzyme A racemase (AMACR)
[73], Anoctamin 7 (ANO7/NGEP) [74], hunting-
tin-interacting protein 1 (HIP1) [75], and ETS
transcription factor (ERG) [76] were performed
using a combination of immunoblots and ELI-
SA. AMACR is a prostate cancer-enriched TAA
in prostate tumor epithelia [77-79] that was
found to elicit an AAb with 72% sensitivity and
62% specificity in detecting prostate cancer
[73]. HIP-1 is a cellular survival factor that is
upregulated in prostate cancer compared to
benign prostatic tissue [80]. Bradley et al., was
able to detect HIP1 AAbs in sera from 97 pros-
tate cancer patients and 211 controls by ELISA
or immunoblot at 56% sensitivity and 69%
specificity [75]. For comparison, a similar
evaluation of 68 prostate cancer patients with
PSA > 4.0 ng/mL and 29 age-matched controls
achieved 88% sensitivity and 64% specificity
(P £ 0.001). The combined detection of both
HIP1 and AMACR AAbs increased the specifi-
city to 97%. These findings support the func-
tional role of HIP1 in prostate cancer tumori-
genesis and the importance of HIP1 AAbs as a
serum biomarker.

86

Mohsenzadegan et al., used ELISA to show that
AAbs against the prostate-specific NGEP could
discriminate between prostate cancer patients
and healthy controls with an area under the
curve (AUC) for receiver operating characteris-
tic (ROC) of 0.7 and 0.68, respectively [74].
Univariate analysis revealed a statistically sig-
nificant inverse correlation between seroposi-
tivity against NGEP with higher Gleason scores,
which concurs with reduced NGEP expression
in prostate tumor tissues [81, 82], suggesting a
possible utility for detecting early stages of
prostate cancer.

Considering the higher prevalence of TMPR-
SS2-ERG gene fusion and ERG protein expres-
sion among Caucasian American (CA) prostate
cancer patients [83], Rastogi et al., hypothe-
sized that ERG AAbs may be induced among
patients that harbor ERG fusions [76]. To
resolve this, they evaluated sera from 37
healthy controls and 93 age-matched CA pros-
tate cancer patients from an equal access mili-
ary treatment facility by using ELISA. Higher
levels of anti-ERG AAbs were detected in the
prostate cancer patients, compared to the
healthy individuals (P = 0.0001; AUC = 0.715).
Further AAb screening using a triplex antigen
panel, comprising ERG and AMACR recombi-
nant proteins and a GAG-HERV-K peptide,
showed discrimination of prostate cancer
patient sera from healthy controls at an AUC =
0.792. In addition to detecting the presence of
anti-ERG AAbs in the sera of prostate cancer
patients, these findings suggest that AAbs
against ERG together with AMACR and GAG-
HERV-K may be a useful panel for the for diag-
nosis and prognosis of prostate cancer.

An evaluation for AAbs to cyclin B1 (CCNB1)
and 14 other TAAs by using ELISA in sera from
174 patients with prostate cancer, 21 with BPH,
and 89 healthy controls, detected cyclin B1
AAbs in 31% of prostate cancer patients versus
4.8% of sera from those with BPH [84]. On fur-
ther analysis of sera from early-stage prostate
cancer patients and patients who had normal
PSA, cyclin B1 AAbs were detected at a speci-
ficity of 31.4% and 29.4%, respectively. The
positive detection of AAbs against a panel of
seven selected TAAs that included cyclin
B1, survivin (BIRC5), p53, DFS70/LEDGFp75
(PSIP1), Ras-related protein Ral-A (RALA),
MDM2, and nucleophosmin (NPM1) in prostate
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cancer patients reached a sensitivity of 80.5%.
The findings suggest that AAbs against cyclin
B1 might be useful for the diagnosis of early
stage prostate cancer, especially in patients
with normal PSA levels.

Higher throughput detection methods that
employ novel technologies have increased the
identification of multiple prostate cancer AAbs.
Schipper et al. [85] used a previously devel-
oped phage library [45], to screen 48 biopsy-
positive and 48 clinically negative serum sam-
ples iteratively on a high-throughput Luminex
platform to identify 18 biomarkers. Further
logistic regression modeling of results from a
training set of serum samples from 268 pros-
tate cancer and 251 controls refined the selec-
tion to eight protein markers, which included
casein kinase 2 alpha 2 (CSNK2A), centro-
somal protein 164 (CEP164), NK3 homeobox 1
(NKX3-1), aurora kinase A interacting protein 1
(AURKAIP1), BMI1 polycomb ring finger protein
(BMI1), ADP ribosylation factor 6 (ARF6), and
desmocollin 3 (DSC3). When applied to the
training set and the validation set, the panel
excelled in discriminating between the cancer
and control samples at an AUC of 0.74 and
0.69, respectively. The scores from the algo-
rithm developed in this assay could potentially
be used to indicate the risk of prostate cancer,
especially for patients with intermediate PSA
levels of between 4 and 10 ng/ml.

In another high-throughput approach that
employed a microarray of 37,000 recombinant
human proteins to profile serum samples from
20 prostate cancer patients and 20 healthy
controls, Klocker and colleagues detected
AAbs against 174 antigens that were found
exclusively in prostate cancer patients [86].
Further validation of these AAbs against an
independent patient cohort confirmed the utili-
ty of the panel to discriminate between pros-
tate cancer, benign disease, and healthy
patient sera. ROC curve analysis of the top 15
AAbs showed that AAbs against tubulin tyro-
sine ligase like 12 (TTLL12), could distinguish
prostate cancer from benign disease patients
with an AUC of 0.71. Further screening using a
low-density protein array of 4,012 recombinant
proteins on serum samples from 70 radical
prostatectomy patients with localized disease,
and selected based on levels of infiltrating lym-
phocytes as an indication of inflammation (38
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high inflammation and 32 low inflammation)
[87], identified 165 AAbs that were significantly
more abundant in the serum of high inflamma-
tion patients. The top three AAbs included
those against spastin (SPAST), syntaxin 18
(STX18), and speckle-type POZ protein (SPOP),
which were significantly different by p-value
and fold change in high inflammation patients.
Further examination in prostate cancer tissue
specimens detected significantly increased
gene and protein expression of SPAST in sam-
ples from the high inflammation patients com-
pared to those from the low inflammation
group. Assessment in an inflammation-inde-
pendent tissue microarray by IHC detected
increased SPAST and STX18 expression in
most tumor samples. Further cross-validation
of the inflammation AAb profile on an indepen-
dent sample set using a Luminex-bead protein
array retrieved 51 of the 165 significantly dis-
criminating AAbs. The AAbs against methylmal-
onyl-CoA mutase (MUT), Ras-related protein
Rab-11B (RAB11B), and cysteine and glycine
rich protein 2 (CSRP2) were significantly upreg-
ulated in both screens, while AAbs against
SPOP and zinc finger protein 671 (ZNF671)
approached statistical significance. These find-
ings provide evidence for a prostate cancer
inflammation-specific AAb profile and support
the evaluation of AAbs as non-invasive bio-
markers for prostate inflammation.

The diversity of AAbs capable of discriminating
prostate cancer patients from healthy controls
highlight the extent of humoral response
against prostate cancer TAAs in patients. The
importance of these AAbs as a diagnostic bio-
marker could perhaps be concluded from their
reported AUC values, which reflected the dis-
criminatory power to distinguish between pros-
tate cancer patients and heathy controls: AAbs
against fetuin-A [46], TARDBP, and TLN1 [61]
were shown to have outstanding discrimina-
tive power (AUC > 0.9), while NPM1 [51], and
PARK7 [61] AAbs had excellent discriminative
power (AUC = 0.8-0.9), whereas AAbs against
NGEP [81], ERG [76], AMACR [73], TTL12 [86],
PSP1, and CALD1 [61] demonstrated accept-
able discriminative power (AUC = 0.7-0.8)
(Table 1). Furthermore, the detection of AAbs
against AMACR [73, 75, 76, 88], GAG-HERV-K
[76, 89, 90], and NY-ESO-1 [53, 88, 90, 91] in
serum samples of independent studies, their
adoption as a benchmark for the detection of
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Table 1. Methods used for the detection of prostate cancer autoantibodies

Prostate cancer autoantibodies

AAbs and methods of detection Sensitivity (%) Specificity (%) AUC or P value Notes Study
Immunoblot and ELISA
HIP1 88%HPt 64%"P* P <0.001"P* Positive score by either ELISA or immunoblot. [75]
Q7 %IPLHAMACR Diagnostic.
ANO7/NGEP - - P <0.001, Significantly higher AAbs against ANO7 protein in [74]
AUC = 0.71, 95% Cl (0.63-0.74) PCa patient sera vs. healthy controls. Diagnostic.
GAG-HERVK - - Association with overall survival: ~ Detected higher GAG-HERV-K AAb levels in PCa pa- [89]
P = 0.00@ehan-Breslow-Wilcoxon tients that increased with tumor stage. Seropositiv-
P = 0.053teerank ity in RP patients is associated with worse survival.
HR = 1.98 (1.23-11.85) Diagnostic and prognostic.
ERG, AMACR, GAG-HERV-K P =0.0001, AUC = 0.715F¢ Combined ERG, AMACR and GAG-HERV-K improved [76]
AUC = (.7 92ERG. AMACR, GAGHERVK discrimination of PCa from control sera. Diagnostic.
CCNB1, BIRC5, p53, PSIP1, RALA, MDM2, and NPM1 80.5%™s 911%™ P =0.013, Potential use of Cyclin B1 AAbs for the diagnosis of ~ [84]
AUC = 0.942, early stage PCa, especially in patients with normal
95% Cl (0.916-0.968) PSA level. Diagnostic.
SERPA
PRDX6, ANXA11 70%"Rox6 - - Detection of AAbs in serum discriminated between [50]
80%ANXALL prostate tumor and healthy.
90 %PROX6 &ANXALL Controls. Diagnostic.
NPM1 75.9% 75.9% AUC = 0.86™st Significantly higher AUC values for AA PCa patients. [51]
AUC = (.82Validation Diagnostic.
SEREX
HSP70/HSPA5/GRP78 - - Log-rank P = 0.07 Reactivity against GRP78 associated with more [36]
aggressive disease. Prognostic.
Fetuin A/AHSG - - AUC =-0.91, Strongest AAb reactivity to Fetuin-A in sera from [46]
95% Cl (0.830-0.992) mCRPC patients; AUC of 0.91 in distinguishing
mCRPC and normal controls. Prognostic.
Phage display library & protein microarray
BRD2, elF4G1, RPL13A, RPL22 81.6% 88.2% - Four peptides of the 22-phage peptide panel [45]
95% Cl (0.70-0.90) 95% CI (0.78-0.95) encoded known proteins. Diagnostic.
CSNK2A, CEP164, NKX3.1, AURKIAP, ARF6, BMI1, and DSC3 65% 65% AUC = Q.74Training set Scores from the developed algorithm could be [85]
AUC = (.69Validation set used to indicate relatively higher or lower PCa risk,
particularly for patients with 4.0 to 10 ng/ml PSA.
Diagnostic.
Protein, peptide, or antibody microarray
AMACR - - AUC = 0.7 89AMACR (Immunobiot) Initial screen with protein array of 12 proteins, [73]
(95% Cl = 0.705-0.872; validated by immunoblot and ELISA. More sensitive
P <0.001) AUC = 0.492"* (95% in distinguishing sera of PCa patients vs. controls.
Cl =0.381-0.603). Diagnostic.
P = OIOonglsln microarray
P = 0.0118s
TTL12 - - AUC = 0.71 Protein microarray with 37,000 recombinant [86]
proteins discriminated between PCa patients and
benign disease patients. Diagnostic.
88 Am J Clin Exp Urol 2023;11(2):79-102
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Glycosylated MUC1 - - - Four out of 10 prostate cancer patients showed [57]
induction of AAbs against mucSTn, T, and core 3
MUC1 glycopeptides. Diagnostic.
Detected significant changes in AAb responses against PCAT- - - - Association of AAb detection with clinical stage [40]
14 (IncRNA), ribosomal proteins (BRD2, RPL13a, RPL22 and of disease, especially between patients with
LAMR1), ACPP, VCP and PRDX6 castration-sensitive and castration-resistant
disease. Prognostic.
Serum Epitope Repertoire Analysis (SERA) and Protein-Based Immunome Wide Association Studies (PIWAS)
Identified 11 mCRPC immunogenic proteins, including NY- - - - Detected cancer-specific enrichment of AAbs to [90]
ESO-1, NY-ESO-2, GLV1-47, HERVK-113, HERVK-24, SLC2A5, mutant peptides in select genes and to nonmutant
RIPK3, ST8SIA5, TRBV25-1, and SART3 peptides in the NYESO-1 and HERVK-113 proteins
in mCRPC. Prognostic.
Protein microarray and Luminex beads
SPAST, SPOP, and STX18 identified in initial screen 80% 67% Screening: AAbs against five antigen panel were upregulated [87]
SPOP, MUT, ZNF671, RAB11B and CSRP2 identified by cross P = 0.0015"T, FC = 14.3 significantly in the high inflammation group of both
validation using Luminex platform P = 0.003%°%; FC = 4.3 screening and validation cohort. Diagnostic.
P =0.0145™8; FC = 7.8
Validation:
P = 0.0515%; FC = 1.14
P =0.003"T;, FC = 1.65
P = 0.0512\F¢"; FC = 1.12
P = 0.0038118; FC = 1.37
P = 0.051%"%2; FC = 1.29
AUC = 0.85
Reverse capture
28 unique Ag-AAb reactivities, including CHD3, NFAT1, EGFR, - 839(NFAT, HSF4, pS3, CASPS P = 0.0001¢"023 Identified 28 unique Ag-AAb reactivities from 500 [60]
and p53 &sPi) P = 0.001N*" specific antibody-antigens on microarray with
P = 0.004E¢ potential to discriminate PCa from BPH (p-values <
0.01). Diagnostic.
TARDBP, TLN1, PARK7, PSIP1/LEDGF, CALD1 959gcompined panet 80%compined panel AUC = 0.93™"05P AAbs against five-antigen panel could distinguish [61]

AUC = 0.91™

AUC = 0.89™
AUC = 0.797"L
AUC = 0.7700t

between PCa and BPH in patients with higher
serum PSA vs. PSA alone more accurately (AUC
of 0.95 vs. 0.5) and sensitivity (95% vs. 12%).
Diagnostic.

AUC = 0.95¢combined panel

Electrochemical/Magneto-resistive sensor

Discrimination of PCa from BPH
samples:

AUC = 0.5007R7

AUC = 0.793T™R0EP

AUC = 0.625™M

AUC = 0.820%01

AUC = 0.6931ree/lolal PSA ratio

AUC = 0916Mb panel + PSA ratio

TARDBP, TLN1, CALD1, PARKY, total PSA, free PSA - - AAb panel together with PSA and free PSA can po- [63]
tentially distinguish between PCa and non-cancer
patients with higher sensitivity and specificity than

PSA alone. Diagnostic.

PCa, Prostate Cancer; BPH, Benign Prostatic Hyperplasia; mCRPC, metastatic castrate resistant prostate cancer; NHS, Normal Human Sera; AA, African-American; CA, Caucasian-American; FC, Fold change.
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other AAbs, and their ability to enhance the
sensitivity of AAb panels, highlight their impor-
tance as diagnostic biomarkers.

Among multi-TAA panels, the combined panel
detecting TARDBP, TLN1, PARK7, TLN1 and
PSP1 AAbs using reverse capture microarray
platform showed the highest sensitivity and
specificity and best discriminative power (AUC
= 0.95) [61]. The panel of AAbs identified in
this assay (TARDBP, TLN1, CALD1, and PARK7Y)
was used in combination with total and free
PSA to develop an MNS multiplex assay. In an
evaluation on serum samples from 49 pro-
state cancer patients and 50 patients without
cancer, the panel was able to distinguish
between prostate cancer and BPH in patients
with increased accuracy, compared to PSA ra-
tio alone (AUC of 0.916 vs. 0.693) [63]. These
results showed that AAb detection could over-
come the limitations of the PSA test to detect
prostate cancer in BPH patients exhibiting
increased serum PSA. Meanwhile, the panel of
AAbs comprising SPOP, MUT, ZNF671, RAB11B
and CSRP2 was able to distinguish prostate
cancer patients with low inflammation from
those with high inflammation at an AUC of
0.85. Lastly, an eight-AAb biomarker panel
against CSNK2A, CEP164, NKX3.1, AURKIAP,
ARF6, BMI1, RhoEGF, and DSC3 was shown to
be useful for determining prostate cancer risk
among patients with intermediate PSA levels.

Autoantibodies as prognostic biomarkers of
prostate cancer

The ease by which serum samples can be col-
lected and the potential to detect AAbs at
early stages of disease have both enhanced
the utility and improved the value of AAbs as
prognostic markers. Higher levels of AAbs
against GRP78 [36], fetuin-A [46], and GAG-
HERV-K [89] were demonstrated to be predic-
tive for progression to more aggressive disease
and underscore their importance as prognostic
biomarkers of prostate cancer. Both GRP78
and fetuin-A AAbs were identified by screening
combinatorial peptide phage libraries using
SEREX. Increased reactivity of GRP78 AAb
was observed using ELISA in sera of locally
advanced, androgen-dependent metastatic,
and androgen-independent metastatic pros-
tate cancer patients compared to those from
patents with organ confined disease. Kaplan-
Meier survival analysis showed an association
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between GRP78 reactivity with a trend towards
a shorter overall survival (log-rank test, P =
0.07) [36]. Using sequential serum samples
from an index patient, reactivity to fetuin-A was
shown to increase during progression of dis-
ease, and strong reactivity was detected in a
large cohort of metastatic prostate cancer
patients [46]. Reactivity to fetuin-A AAb could
distinguish between both castrate-sensitive
metastatic or castrate-resistant metastatic
prostate cancers and control samples with AUC
of 0.91. Reis et al. [57], used ELISA to screen
sera from 1,367 patients with different cancer
types, including 483 prostate cancer patients
and 148 healthy donors for reactivity to the
endogenous retrovirus group K member 7
gag polyprotein (GAG-HERV-K). Autoantibodies
against GAG-HERV-K were detected most fre-
quently in prostate cancer patients compared
to healthy men (6.8% vs. 1.8%) and more fre-
quently in advanced prostate cancer than in
those with early disease (21.0% vs. 2.1%).
Furthermore, the detection of GAG-HERV-K
AAbs was associated with worse survival of
prostate cancer patients, and a trend towards
faster biochemical recurrence [57].

Multi-AAb panels with prognostic value or that
reflect treatment-associated changes were al-
so identified using high throughput methods.
Potluri et al. [40] used a prostate cancer-specif-
ic microarray represented by 177,604 16-mer
peptides of 1,611 cancer-associated proteins
to probe samples from healthy volunteers and
a prostate cancer patient cohort that ranged
from organ confined, castration-sensitive and
castration-resistant non-metastatic, to castra-
tion-resistant metastatic disease. Although the
overall count of AAbs was unaffected by dis-
ease burden, AAb composition was found to
be associated with clinical stage, especially
between patients with castration-sensitive
and those with castration-resistant disease.
Interestingly, anti-tumor vaccination resulted in
a noticeable increase in antibody response
over time when compared to the ADT treatment
group. These findings support the detection of
AAbs to monitor disease progression and
response to immunomodulatory therapies in
patients from the outset of their diagnosis.

To discover enriched epitopes and potentially
prevalent antibodies in the serum samples,
Chen et al. [90] used the Serum Epitope
Repertoire Analysis (SERA) approach to com-

Am J Clin Exp Urol 2023;11(2):79-102



Prostate cancer autoantibodies

pare the landscape of AAbs against tumor-spe-
cific neoepitopes in serum samples from a sub-
set of metastatic castration resistant prostate
cancer (mCRPC) patients and healthy controls.
Serum epitope enrichment scores obtained
were compared to somatic mutation-specific
epitopes identified by whole genome sequenc-
ing of metastatic tumor biopsies and germline
blood samples, followed by a protein-based
immunome-wide association study (PIWAS)
[92] (Figure 2J). They observed a 0.44% asso-
ciation between somatic mutations and anti-
body response specific to the mutated peptide.
Specifically, enriched motifs in 11 proteins,
including NY-ESO-1 and the human endoge-
nous retroviruses HERV_K113 Gag antigen,
were immunogenic in patients with mCRPC.
Follow-up studies on a separate cohort of 106
patients with melanoma, using PIWAS, next-
generation sequencing, and ELISA, also detect-
ed enriched cancer-specific antibody respons-
es to NY-ESO-1.

The role of autoantibodies in cancer immuno-
therapy

The discovery of inhibitory immune checkpoint
receptors modulating anti-tumor immunity, and
their inhibition that can unleash the immune
system to attack cancer, has revolutionized
cancer treatment. Immune checkpoint inhibi-
tors (ICl) targeting these receptors, particularly
against the cytotoxic T lymphocyte antigen 4
(CTLA-4), the receptor cell death protein 1 (PD-
1) and its ligand (PD-L1), have been approved
by the US Food and Drug Administration (FDA)
to treat a variety of cancers including melano-
ma, lung, liver, kidney, and bladder cancers. A
recent study of melanoma patients treated with
adjuvant immunotherapy using nivolumab, ipili-
mumab, or ipilimumab plus nivolumab found
that high baseline serum AAb signatures were
predictive of recurrence and severe toxicity
[93]. Compared to many other cancers, pros-
tate cancer has a relatively low tumor mutation
burden (TMB) and diminished neoantigen diver-
sity [94, 95], which can lead to a lower attrac-
tion of immune cells to the tumor site, fewer
tumor-specific epitope - class | major histocom-
patibility complex (MHC 1) interactions, and
reduced priming of tumor infiltrating lympho-
cytes (TILs) by APCs [96]. These factors are
likely to contribute to the evolution of a non-
inflamed, or cold, prostate cancer tumor
immune microenvironment (TIME) and affect
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the response to ICl therapy [97, 98]. An increase
in genetic aberrations that enhance the diver-
sity of AAbs has been shown to improve the
response to ICl therapy [99]. Deficiency in DNA
mismatch repair [100-102] and an increase in
DNA damage repair gene mutations [103], are
found to have a higher TMB and a stronger
response to ICl therapy. Similarly, advanced
prostate cancer patients with increased gene
fusions that arise due to biallelic CDK12 inacti-
vation have reportedly elevated neoantigen
burden and may benefit from immunotherapy
[104]. Furthermore, observations of primary
and metastatic prostate cancers with low
expression and even complete loss of MHC |,
which is essential for neoantigen presentation
on the tumor cell surface for recognition by
CD8* cytotoxic T cells, are correlated with poor
prostate cancer prognosis and resistance to
therapy [105-107].

Considering the increasing number of mAb-
based immunotherapy drugs approved for can-
cer treatment, the importance of humoral anti-
tumor response is often overlooked. Most
therapeutic cancer vaccines are designed to
generate cancer specific cytotoxic CD8* T lym-
phocytes (CTL) that can recognize and kill can-
cer cells upon recognition of specific TAAs. This
recognition, which is mediated by the binding of
T cell receptors of CTLs to TAA epitopes mount-
ed on the MHC | molecule on the surface of
cancer cells, induces cancer cell death via mul-
tiple pathways that includes degranulation and
apoptosis [108]. Cancer vaccination can also
harness antibody-mediated cytotoxic mecha-
nisms to effectively prevent tumor growth.
Antibodies activated by anti-cancer humoral
immune responses can specifically bind to
cancer cells and trigger their elimination
by antibody-mediated cellular cytotoxicity
(ADCC), antibody-mediated cellular phagocyto-
sis (ADCP), or complement-dependent cytotox-
icity (CDC) (Figure 3) [109]. Antibodies bound to
epitopes of TAAs exposed on the cancer cell
surface can be recognized via their Fc recep-
tors, by innate immune cells, including natural
killer (NK) cells, macrophages, and neutrophils,
which induce cell lysis via ADCC, or phagocyto-
sis via ADCP. The induction of ADCP by macro-
phages is mediated mainly by the binding of
FcyRlla/CD32a receptors to antibodies on
tumor cells [110]. Meanwhile, ADCC by NK cells
is highly dependent on FcyRllla/CD16a recep-
tors [111, 112]. In CDC, antibodies directly kill
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Plasma cell
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NK cell

CD16a

Lytic granzymes
and perforins
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Figure 3. Antibody-mediated cytotoxic mechanisms against tumor cells. AAbs bound to TAAs on tumor cells signal
via Fc receptors (FCcR) on innate immune cells, to induce antibody-dependent cell phagocytosis (ADCP) of tumor
cells by macrophages and is mediated mainly by the binding to FcyRlla/CD32a receptor, or antibody-dependent cell
cytotoxicity (ADCC) by the binding to FcyRllla/CD16a receptors on NK cells. In complement-dependent cytotoxicity
(CDC), antibodies induce the direct destruction of tumor cells by activating the complement cascade, which results
in the formation of membrane attack complexes (MAC) that perforate the tumor cell membrane (Figure is created

by authors using Biorender.com).

the cancer cell by activating the complement
cascade, which leads to the formation of mem-
brane attack complexes (MAC) that perforate
membranes of cancer cells with cytolytic pores,
inducing their death. Such vaccine induced
antibody mediated anti-tumor responses, like
the cellular response, are antigen-specific and
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provide durable long-term adaptive immune
memory [113]. Vaccination also primes the
immune system to induce antigen spreading or
antigen cascade, a phenomenon where vac-
cine mediated tumor cell lysis exposes the
immune system to additional TAAs, leading to
immune responses against TAAs not targeted
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by the vaccine [114]. Therapeutic prostate can-
cer vaccines are also particularly promising
treatment options because prostate cancers
grow slower than most other cancers, which
allows the patient to generate a prolonged tar-
geted cellular and humoral immune response,
long after treatment has been discontinued
[115, 1186].

Prostate cancer TAAs commonly targeted by
therapeutic vaccines include PSA, PSMA, and
prostatic acid phosphatase (PAP). Presently,
sipuleucel-T is the sole therapeutic cancer vac-
cine approved by the FDA in 2010 based on
results of a phase Il trial [117]. The vaccine
employs autologous peripheral-blood mononu-
clear cells (PBMCs), including APCs, that have
been activated ex vivo with a PAP-granulo-
cyte-macrophage colony-stimulating (GMCSF)
recombinant fusion protein. PROSTVAC-VF vac-
cine is a recombinant vaccinia and fowl pox
virus vaccine designed to target PSA and a
triad of T-cell co-stimulatory molecules. A
Phase lll trial of the vaccine as a single agent
in asymptomatic or minimally symptomatic
MCRPC patients [118], however, was halted
when it failed to meet the primary Overall
Survival end point [118]. Likewise, PSMA-VRP,
a PSMA targeting vaccine based on an attenu-
ated Venezuelan Equine Encephalitis alphavi-
rus was shown to be well tolerated in a phase |
clinical trial, but it elicited no cellular response
and only a weak humoral response in patients
[119].

The limited efficacy of these vaccines has
encouraged the ongoing development of vac-
cines against novel immunogenic TAAs. The
MVA-brachyury-TRICOM, for example, is a Mo-
dified Vaccinia Ankara (MVA) vector-based vac-
cine designed to target brachyury, a transcrip-
tion factor known to mediate epithelial mesen-
chymal transition [120]. In another approach,
highly expressed neoantigens with strong pre-
dicted binding affinity to MHC Class |, identifi-
ed from the genomic sequencing of patient
tumor samples, were selected as targets of a
personalized genomic therapeutic peptide vac-
cine (PGV-001) [121]. Several of these prostate
cancer vaccines are being assessed in clinical
trials, either as a single agent or in combination
with other treatments, such as androgen depri-
vation therapy, docetaxel chemotherapy, radio-
therapy, and immunotherapy [122-124].
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The search for novel immunotherapy targets
that also stimulate a strong antibody response
have taken on different approaches. One strat-
egy involves probing TAAs identified in prostate
cancer for immunogenic peptide sequences
that are predicted to bind the MHC | molecule.
Using microarray analysis of prostate cancer
and normal prostate tissues followed by RT-PCR
validation, Arredouani et al. [125], identified
single-minded homologue 2 (SIM2) among
the top genes with TAAs that have differentially
elevated expression in prostate cancer. Sig-
nificantly higher levels of SIM2 AAbs were
detected by ELISA in sera of prostate cancer
patients compared to controls, suggesting im-
mune responsiveness to the TAAs from SIM2.
Potential HLA-A2.1 (MHC class |)-restricted epi-
topes within SIM2 protein, predicted by using
multiple algorithms, were further shown to bind
to and stabilize human HLA-A2.1 using T2 cell
line and induced SIM2-specific CTL responses
when used to immunize transgenic HLA-A2.1
mice [125]. Results showing SIM2 overexpres-
sion in malignant prostate tissue, detection of
SIM2 AAbs in sera of prostate cancer patients,
and the induction of MHC | restricted cellular
immune responses by SIM2-derived peptides
in humanized A2.1 transgenic mice, support a
strategy for identifying novel prostate cancer
TAAs for immunotherapy through the detection
of AAbs.

One therapeutic use of AAbs is demonstrated
by the action of AAbs against Complement fac-
tor H (CFH) in non-small cell lung cancer
(NSCLC). CFH protects host cells from destruc-
tion by binding to Complement C3b, preventing
its deposition on the cell surface to form cell-
lytic MAC [126]. Working on the basis that CFH
antibodies may enhance anti-tumor activity be-
cause significantly higher levels of AAbs against
CFH were detected in patients with early-stage
than those with late-stage NSCLC, Bushey et
al., isolated B cells from patients expressing
high affinity CFH AAbs. They then amplified the
cDNA encoding variable regions of the heavy
and light chains of the CFH-specific antibodies
by RT-PCR to produce recombinant antibodies
[127]. One of the recombinant CFH antibodies
was shown to cause complement activation,
stimulate the release of anaphylatoxins, pro-
mote CDC, and inhibit tumor growth in vivo
[127]. In prostate cancer, higher Complement
Clq expression in biopsy tissues of BPH
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patients was significantly associated with sub-
sequent development of prostate cancer [128].
The use of AAbs to enhance mAb-based immu-
notherapy against tumor cells through activa-
tion of CDC or to stimulate an enduring adap-
tive anti-tumor immune response in prostate
cancer remains to be explored [129]. Promising
studies with ICI therapy in cancer have also
revealed the association of AAb development
following ICI treatment with better survival and
improved therapeutic response [130]. In some
cases, higher circulating levels of AAbs follow-
ing ICl are associated with fewer organ-specific
immune-related adverse events [131, 132],
further suggesting that AAbs may serve as
unique biomarkers of disease management
and immune response.

Another therapeutic use of AAbs is demonstrat-
ed by the co-opting of AAbs against Inhibitor of
apoptosis (IAP) proteins for cancer treatment
[133]. IAP proteins are essential through their
inhibition of caspases in helping cancer cells
evade apoptosis, escape immune surveillance,
and survive cytotoxic therapies [133]. IAP pro-
teins that include survivin, cellular inhibitor of
apoptosis protein 1 (CIAP1/BIRC2), cellular
inhibitor of apoptosis protein 2 (CIAP2/BIRC3),
and X chromosome-linked IAP (XIAP), are often
upregulated in multiple malignancies, including
prostate cancer [134]. AAbs against several
IAP proteins, including melanoma inhibitor of
apoptosis protein (ML-IAP) and survivin, are fre-
quently detected in the serum of cancer pa-
tients, including melanoma and colorectal can-
cer, suggesting that IAPs [133-136] function as
TAAs and could be potential targets for cancer
immunotherapy through antigen-based vacci-
nation [137, 138]. Phase | trials that vaccinat-
ed urothelial [139] and oral [140] cancer
patients using survivin derived antigen pep-
tides showed increased peptide specific CTL
levels without adverse side effects and even
reduced tumor volume in individual patients. In
another approach, Salmonella typhimurium
(SL7207) was used to deliver an oral DNA vac-
cine encoding survivin TAAs in a syngeneic neu-
roblastoma mouse model. Delivery of the vac-
cine as a prophylaxis induced a cytotoxic CD8*
T cell-mediated anti-tumor immune response
that resulted in a 48-52% reduction in tumor
volume, weight, and metastatic progression.
Therapeutic vaccination with the DNA vaccine
eliminated neuroblastoma in more than half of
the immunized mice and decreased tumor
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growth by 80% in the remaining mice [141]. The
feasibility of whether AAbs against TAAs of
prostate tumor-enriched IAPs could be identi-
fied and developed for cancer immunotherapy
through antigen-based vaccination remains to
be explored.

Summary

Prostate cancer poses a unique challenge for
clinicians in its difficulty to both detect the dis-
ease as well as to provide prognosis without
clinical examination, laboratory testing, and
invasive imaging. While PSA remains an excel-
lent diagnostic marker for screening over time,
it's diagnostic and prognostic capabilities
remain limited. Where PSA falls short, however,
AAbs directed against prostate cancer enrich-
ed TAAs may hold the key to improving clinical
outcomes. The detection AAbs, especially pros-
tate cancer specific AAbs, either individually or
as a panel, offer improved methods to diag-
nose prostate cancer, aid in the prognosis of
disease progression, and assist in the design
of novel treatment modalities. Further research
is required to elucidate the true potential for
clinical application of a vast majority of these
antibodies, but the prospect for improving pros-
tate cancer outcomes is incredibly promising.

Acknowledgements

This work was supported by funding from the
Uniformed Services University of the Health
Sciences (HUO001-20-2-0032).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Shyh-Han Tan,
Center for Prostate Disease Research (CPDR), Henry
M. Jackson Foundation for The Advancement of
Military Medicine, 6720 A Rockledge Dr. Suite 300,
Bethesda, MD 20817, USA. Tel: 240-694-4949;
E-mail: Stan@cpdr.og

References

[1] Siegel RL, Miller KD, Fuchs HE and Jemal A.
Cancer statistics, 2022. CA Cancer J Clin
2022; 72: 7-33.

[2] Tsodikov A, Gulati R, Heijnsdijk EAM, Pinsky PF,
Moss SM, Qiu S, de Carvalho TM, Hugosson J,
Berg CD, Auvinen A, Andriole GL, Roobol MJ,
Crawford ED, Nelen V, Kwiatkowski M, Zappa

Am J Clin Exp Urol 2023;11(2):79-102


mailto:Stan@cpdr.og

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

95

Prostate cancer autoantibodies

M, Lujan M, Villers A, Feuer EJ, de Koning HJ,
Mariotto AB and Etzioni R. Reconciling the ef-
fects of screening on prostate cancer mortality
in the ERSPC and PLCO trials. Ann Intern Med
2017; 167: 449-455.

Fleshner K, Carlsson SV and Roobol MJ. The
effect of the USPSTF PSA screening recom-
mendation on prostate cancer incidence pat-
terns in the USA. Nat Rev Urol 2017; 14: 26-37.
US Preventive Services Task Force; Grossman
DC, Curry SJ, Owens DK, Bibbins-Domingo K,
Caughey AB, Davidson KW, Doubeni CA, Ebell
M, Epling JW Jr, Kemper AR, Krist AH, Kubik M,
Landefeld CS, Mangione CM, Silverstein M, Si-
mon MA, Siu AL and Tseng CW. Screening for
prostate cancer: us preventive services task
force recommendation statement. JAMA 2018;
319: 1901-1913.

Anderson BB, Oberlin DT, Razmaria AA, Choy B,
Zagaja GP, Shalhav AL, Meeks JJ, Yang XJ, Pan-
er GP and Eggener SE. Extraprostatic exten-
sion is extremely rare for contemporary glea-
son score 6 prostate cancer. Eur Urol 2017;
72: 455-460.

Aladwani M, Lophatananon A, Ollier W and
Muir K. Prediction models for prostate cancer
to be used in the primary care setting: a sys-
tematic review. BMJ Open 2020; 10: e034661.
Klein RJ, Hallden C, Gupta A, Savage CJ, Dahlin
A, Bjartell A, Manjer J, Scardino PT, Ulmert D,
Wallstrom P, Vickers AJ and Lilja H. Evaluation
of multiple risk-associated single nucleotide
polymorphisms versus prostate-specific anti-
gen at baseline to predict prostate cancer in
unscreened men. Eur Urol 2012; 61: 471-477.
Chatterjee N, Wheeler B, Sampson J, Hartge P,
Chanock SJ and Park JH. Projecting the perfor-
mance of risk prediction based on polygenic
analyses of genome-wide association studies.
Nat Genet 2013; 45: 400-405, 405e1-3.
Cucchiara V, Cooperberg MR, Dall’Era M, Lin
DW, Montorsi F, Schalken JA and Evans CP. Ge-
nomic markers in prostate cancer decision
making. Eur Urol 2018; 73: 572-582.

Carroll PR, Parsons JK, Andriole G, Bahnson
RR, Castle EP, Catalona WJ, Dahl DM, Davis
JW, Epstein JI, Etzioni RB, Farrington T, Hem-
street GP 3rd, Kawachi MH, Kim S, Lange PH,
Loughlin KR, Lowrance W, Maroni P, Mohler J,
Morgan TM, Moses KA, Nadler RB, Poch M,
Scales C, Shaneyfelt TM, Smaldone MC, Sonn
G, Sprenkle P, Vickers AJ, Wake R, Shead DA
and Freedman-Cass DA. NCCN guidelines in-
sights: prostate cancer early detection, version
2.2016. J Natl Compr Canc Netw 2016; 14:
509-519.

Vince RA Jr, Jiang R, Qi J, Tosoian JJ, Takele R,
Feng FY, Linsell S, Johnson A, Shetty S, Hurley
P, Miller DC, George A, Ghani K, Sun F, Sey-
more M, Dess RT, Jackson WC, Schipper M,

[12]

(17]

Spratt DE and Morgan TM. Impact of decipher
biopsy testing on clinical outcomes in localized
prostate cancer in a prospective statewide col-
laborative. Prostate Cancer Prostatic Dis 2022;
25: 677-683.

Cullen J, Rosner IL, Brand TC, Zhang N, Tsiatis
AC, Moncur J, Ali A, Chen Y, Knezevic D, Mad-
dala T, Lawrence HJ, Febbo PG, Srivastava S,
Sesterhenn IA and McLeod DG. A biopsy-based
17-gene genomic prostate score predicts re-
currence after radical prostatectomy and ad-
verse surgical pathology in a racially diverse
population of men with clinically low- and inter-
mediate-risk prostate cancer. Eur Urol 2015;
68: 123-131.

Cooperberg MR, Simko JP, Cowan JE, Reid JE,
Djalilvand A, Bhatnagar S, Gutin A, Lanchbury
JS, Swanson GP, Stone S and Carroll PR. Vali-
dation of a cell-cycle progression gene panel to
improve risk stratification in a contemporary
prostatectomy cohort. J Clin Oncol 2013; 31:
1428-1434.,

Qu F, Xie W, Nakabayashi M, Zhang H, Jeong
SH, Wang X, Komura K, Sweeney CJ, Sartor O,
Lee GM and Kantoff PW. Association of AR-V7
and prostate-specific antigen rna levels in
blood with efficacy of abiraterone acetate and
enzalutamide treatment in men with prostate
cancer. Clin Cancer Res 2017; 23: 726-734.
Mateo J, Carreira S, Sandhu S, Miranda S,
Mossop H, Perez-Lopez R, Nava Rodrigues D,
Robinson D, Omlin A, Tunariu N, Boysen G,
Porta N, Flohr P, Gillman A, Figueiredo |, Pauld-
ing C, Seed G, Jain S, Ralph C, Protheroe A,
Hussain S, Jones R, Elliott T, McGovern U, Bi-
anchini D, Goodall J, Zafeiriou Z, Williamson
CT, Ferraldeschi R, Riisnaes R, Ebbs B, Fowler
G, Roda D, Yuan W, Wu YM, Cao X, Brough R,
Pemberton H, A'Hern R, Swain A, Kunju LP,
Eeles R, Attard G, Lord CJ, Ashworth A, Rubin
MA, Knudsen KE, Feng FY, Chinnaiyan AM, Hall
E and de Bono JS. DNA-repair defects and
olaparib in metastatic prostate cancer. N Engl
J Med 2015; 373: 1697-1708.

Cheng HH, Pritchard CC, Boyd T, Nelson PS and
Montgomery B. Biallelic inactivation of BRCA2
in platinum-sensitive metastatic castration-re-
sistant prostate cancer. Eur Urol 2016; 69:
992-995.

Pinto F, Totaro A, Palermo G, Calarco A, Sacco
E, D’Addessi A, Racioppi M, Valentini A, Gui B
and Bassi P. Imaging in prostate cancer stag-
ing: present role and future perspectives. Urol
Int 2012; 88: 125-136.

Pardoll D. Does the immune system see tu-
mors as foreign or self? Annu Rev Immunol
2003; 21: 807-839.

Apostolopoulos V, Pouniotis DS, van Maanen
PJ, Andriessen RW, Lodding J, Xing PX, McKen-
zie IF, Loveland BE and Pietersz GA. Delivery of

Am J Clin Exp Urol 2023;11(2):79-102



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

(32]

96

Prostate cancer autoantibodies

tumor associated antigens to antigen present-
ing cells using penetratin induces potent im-
mune responses. Vaccine 2006; 24: 3191-
3202.

Hayakawa K, Asano M, Shinton SA, Gui M, All-
man D, Stewart CL, Silver J and Hardy RR. Pos-
itive selection of natural autoreactive B cells.
Science 1999; 285: 113-116.

Batista FD, Iber D and Neuberger MS. B cells
acquire antigen from target cells after synapse
formation. Nature 2001; 411: 489-494.
Goodnow CC, Sprent J, Fazekas de St Groth B
and Vinuesa CG. Cellular and genetic mecha-
nisms of self tolerance and autoimmunity. Na-
ture 2005; 435: 590-597.

Wardemann H and Nussenzweig MC. B-cell
self-tolerance in humans. Adv Immunol 2007;
95: 83-110.

Rose NR. Molecular mimicry and clonal dele-
tion: a fresh look. J Theor Biol 2015; 375: 71-
76.

Ding C and Yan J. Regulation of autoreactive B
cells: checkpoints and activation. Arch Immu-
nol Ther Exp (Warsz) 2007; 55: 83-89.
Burnett DL, Reed JH, Christ D and Goodnow
CC. Clonal redemption and clonal anergy as
mechanisms to balance B cell tolerance and
immunity. Immunol Rev 2019; 292: 61-75.
Zikherman J, Parameswaran R and Weiss A.
Endogenous antigen tunes the responsive-
ness of naive B cells but not T cells. Nature
2012; 489: 160-164.

Kim HJ, Verbinnen B, Tang X, Lu L and Cantor
H. Inhibition of follicular T-helper cells by
CD8(+) regulatory T cells is essential for self
tolerance. Nature 2010; 467: 328-332.
Alvarez Arias DA, Kim HJ, Zhou P, Holderried
TA, Wang X, Dranoff G and Cantor H. Disrup-
tion of CD8+ treg activity results in expansion
of T follicular helper cells and enhanced antitu-
mor immunity. Cancer Immunol Res 2014; 2:
207-216.

Bei R, Masuelli L, Palumbo C, Modesti M and
Modesti A. A common repertoire of autoanti-
bodies is shared by cancer and autoimmune
disease patients: inflammation in their induc-
tion and impact on tumor growth. Cancer Lett
2009; 281: 8-23.

Shiku H, Takahashi T, Resnick LA, Oettgen HF
and Old UJ. Cell surface antigens of human
malignant melanoma. lll. Recognition of auto-
antibodies with unusual characteristics. J Exp
Med 1977; 145: 784-789.

Scanlan MJ, Chen YT, Williamson B, Gure AO,
Stockert E, Gordan JD, Tureci O, Sahin U,
Pfreundschuh M and Old LJ. Characterization
of human colon cancer antigens recognized by
autologous antibodies. Int J Cancer 1998; 76:
652-658.

(33]

(34]

(35]

(36]

[37]

(38]

(39]

[40]

[41]

[42]

[43]

Konstandoulakis MM, Syrigos KN, Leandros
M, Charalabopoulos A, Manouras A and
Golematis BC. Autoantibodies in the serum of
patients with gastric cancer: their prognostic
importance. Hybridoma 1998; 17: 431-435.
Fernandez Madrid F. Autoantibodies in breast
cancer sera: candidate biomarkers and report-
ers of tumorigenesis. Cancer Lett 2005; 230:
187-198.

Grossman HB, Wedemeyer G and Stein J. Au-
tologous antibodies to human bladder cancer.
Cancer Immunol Immunother 1988; 26: 269-
272.

Mintz PJ, Kim J, Do KA, Wang X, Zinner RG,
Cristofanilli M, Arap MA, Hong WK, Troncoso P,
Logothetis CJ, Pasqualini R and Arap W. Finger-
printing the circulating repertoire of antibodies
from cancer patients. Nat Biotechnol 2003;
21: 57-63.

Soussi T. p53 antibodies in the sera of patients
with various types of cancer: a review. Cancer
Res 2000; 60: 1777-1788.

Nanami T, Hoshino |, Shiratori F, Yajima S, Os-
himaY, Suzuki T, Ito M, Hiwasa T, Kuwajima A
and Shimada H. Presence of serum RalA and
serum p53 autoantibodies in 1833 patients
with various types of cancers. Int J Clin Oncol
2022; 27: 72-76.

Lu H, Goodell V and Disis ML. Humoral immu-
nity directed against tumor-associated anti-
gens as potential biomarkers for the early diag-
nosis of cancer. J Proteome Res 2008; 7:
1388-1394.

Potluri HK, Ng TL, Newton MA, Zhang J, Maher
CA, Nelson PS and McNeel DG. Antibody profil-
ing of patients with prostate cancer reveals dif-
ferences in antibody signatures among dis-
ease stages. J Immunother Cancer 2020; 8:
e001510.

Casanova-Salas |, Athie A, Boutros PC, Del Re
M, Miyamoto DT, Pienta KJ, Posadas EM, Sow-
alsky AG, Stenzl A, Wyatt AW and Mateo J.
Quantitative and qualitative analysis of blood-
based liquid biopsies to inform clinical deci-
sion-making in prostate cancer. Eur Urol 2021;
79: 762-771.

Leidinger P, Keller A, Milchram L, Harz C, Hart
M, Werth A, Lenhof HP, Weinhausel A, Keck B,
Wullich B, Ludwig N and Meese E. Combina-
tion of autoantibody signature with PSA level
enables a highly accurate blood-based differ-
entiation of prostate cancer patients from pa-
tients with benign prostatic hyperplasia. PLoS
One 2015; 10: e0128235.

Sanchez TW, Zhang G, Li J, Dai L, Mirshahidi S,
Wall NR, Yates C, Wilson C, Montgomery S,
Zhang JY and Casiano CA. Immunoseropro-
teomic profiling in african american men with
prostate cancer: evidence for an autoantibody

Am J Clin Exp Urol 2023;11(2):79-102



[44]

[45]

[46]

[47]

(48]

[49]

(50]

[51]

[52]

(53]

97

Prostate cancer autoantibodies

response to glycolysis and plasminogen-asso-
ciated proteins. Mol Cell Proteomics 2016; 15:
3564-3580.

Lastwika KJ, Kargl J, Zhang Y, Zhu X, Lo E, Shel-
ley D, Ladd JJ, Wu W, Kinahan P, Pipavath SNJ,
Randolph TW, Shipley M, Lampe PD and
Houghton AM. Tumor-derived autoantibodies
identify malignant pulmonary nodules. Am J
Respir Crit Care Med 2019; 199: 1257-1266.
Wang X, Yu J, Sreekumar A, Varambally S, Shen
R, Giacherio D, Mehra R, Montie JE, Pienta KJ,
Sanda MG, Kantoff PW, Rubin MA, Wei JT,
Ghosh D and Chinnaiyan AM. Autoantibody sig-
natures in prostate cancer. N Engl J Med 2005;
353:1224-1235.

Mintz PJ, Rietz AC, Cardo-Vila M, Ozawa MG,
Dondossola E, Do KA, Kim J, Troncoso P, Logo-
thetis CJ, Sidman RL, Pasqualini R and Arap W.
Discovery and horizontal follow-up of an auto-
antibody signature in human prostate cancer.
Proc Natl Acad Sci U S A 2015; 112: 2515-
2520.

Fossa A, Berner A, Fossa SD, Hernes E, Gaud-
ernack G and Smeland EB. NY-ESO-1 protein
expression and humoral immune responses in
prostate cancer. Prostate 2004; 59: 440-447.
Yadav S, Kashaninejad N, Masud MK, Yamau-
chi Y, Nguyen NT and Shiddiky MJA. Autoanti-
bodies as diagnostic and prognostic cancer
biomarker: detection techniques and ap-
proaches. Biosens Bioelectron 2019; 139:
111315.

Hardouin J, Lasserre JP, Sylvius L, Joubert-
Caron R and Caron M. Cancer immunomics:
from serological proteome analysis to multiple
affinity protein profiling. Ann N Y Acad Sci
2007; 1107: 223-230.

Ummanni R, Duscharla D, Barett C, Venz S,
Schlomm T, Heinzer H, Walther R, Bokemeyer
C, Brummendorf TH, Murthy PV and Balabanov
S. Prostate cancer-associated autoantibodies
in serum against tumor-associated antigens as
potential new biomarkers. J Proteomics 2015;
119: 218-229.

Dai L, Li J, Xing M, Sanchez TW, Casiano CA
and Zhang JY. Using serological proteome anal-
ysis to identify serum anti-nucleophosmin 1
autoantibody as a potential biomarker in Euro-
pean-American and African-American patients
with prostate cancer. Prostate 2016; 76: 1375-
1386.

Sahin U, Tureci O and Pfreundschuh M. Sero-
logical identification of human tumor antigens.
Curr Opin Immunol 1997; 9: 709-716.

Alsoe L, Stacy JE, Fossa A, Funderud S, Brekke
OH and Gaudernack G. Identification of pros-
tate cancer antigens by automated high-
throughput filter immunoscreening. J Immunol
Methods 2008; 330: 12-23.

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

Duarte JG and Blackburn JM. Advances in the
development of human protein microarrays.
Expert Rev Proteomics 2017; 14: 627-641.
Creaney J, Dick IM, Musk AW, Olsen NJ and
Robinson BW. Immune response profiling of
malignant pleural mesothelioma for diagnostic
and prognostic biomarkers. Biomarkers 2016;
21:551-561.

Stempfer R, Syed P, Vierlinger K, Pichler R,
Meese E, Leidinger P, Ludwig N, Kriegner A,
Nohammer C and Weinhausel A. Tumour auto-
antibody screening: performance of protein
microarrays using SEREX derived antigens.
BMC Cancer 2010; 10: 627.

Wandall HH, Blixt O, Tarp MA, Pedersen JW,
Bennett EP, Mandel U, Ragupathi G, Livingston
PO, Hollingsworth MA, Taylor-Papadimitriou J,
Burchell J and Clausen H. Cancer biomarkers
defined by autoantibody signatures to aberrant
O-glycopeptide epitopes. Cancer Res 2010;
70: 1306-1313.

Qin S, Qiu W, Ehrlich JR, Ferdinand AS, Richie
JP, O’Leary MP, Lee ML and Liu BC. Develop-
ment of a “reverse capture” autoantibody mi-
croarray for studies of antigen-autoantibody
profiling. Proteomics 2006; 6: 3199-3209.
Boellner S and Becker KF. Reverse phase pro-
tein arrays-quantitative assessment of multi-
ple biomarkers in biopsies for clinical use. Mi-
croarrays (Basel) 2015; 4: 98-114.

Ehrlich JR, Caiazzo RJ Jr, Qiu W, Tassinari OW,
O’Leary MP, Richie JP and Liu BC. A native an-
tigen “reverse capture” microarray platform for
autoantibody profiling of prostate cancer sera.
Proteomics Clin Appl 2007; 1: 476-485.
O’Rourke DJ, DiJohnson DA, Caiazzo RJ Jr, Nel-
son JC, Ure D, O’Leary MP, Richie JP and Liu
BC. Autoantibody signatures as biomarkers to
distinguish prostate cancer from benign pros-
tatic hyperplasia in patients with increased se-
rum prostate specific antigen. Clin Chim Acta
2012; 413: 561-567.

Lee JR, Haddon DJ, Wand HE, Price JV, Diep
VK, Hall DA, Petri M, Baechler EC, Balboni IM,
Utz PJ and Wang SX. Multiplex giant magneto-
resistive biosensor microarrays identify inter-
feron-associated autoantibodies in systemic
lupus erythematosus. Sci Rep 2016; 6: 27623.
Xu L, Lee JR, Hao S, Ling XB, Brooks JD, Wang
SX and Gambhir SS. Improved detection of
prostate cancer using a magneto-nanosensor
assay for serum circulating autoantibodies.
PLoS One 2019; 14: e0221051.

Pashchenko O, Shelby T, Banerjee T and San-
tra S. A comparison of optical, electrochemi-
cal, magnetic, and colorimetric point-of-care
biosensors for infectious disease diagnosis.
ACS Infect Dis 2018; 4: 1162-1178.

Am J Clin Exp Urol 2023;11(2):79-102



[65]

[66]

[67]

(68]

(69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

98

Prostate cancer autoantibodies

Song HY, Wong TI, Sadovoy A, Wu L, Bai P,
Deng J, Guo S, Wang Y, Knoll W and Zhou X.
Imprinted gold 2D nanoarray for highly sensi-
tive and convenient PSA detection via plasmon
excited quantum dots. Lab Chip 2015; 15:
253-263.

Zhang Y, Guo Y, Xianyu Y, Chen W, Zhao Y and
Jiang X. Nanomaterials for ultrasensitive pro-
tein detection. Adv Mater 2013; 25: 3802-
3819.

Ying Z, Feng L, Ji D, Zhang Y, Chen W, Dai Y,
Janyasupab M, Li X, Wen W and Liu CC. Phase-
regulated sensing mechanism of MoS2 based
nanohybrids toward point-of-care prostate can-
cer diagnosis. Small 2020; 16: e2000307.
Wang Y, Zhao J, Zhu Y, Dong S, Liu Y, Sun Y,
Qian L, Yang W and Cao Z. Monolithic integra-
tion of nanorod arrays on microfluidic chips for
fast and sensitive one-step immunoassays.
Microsyst Nanoeng 2021; 7: 65.

Panneer Selvam A, Prasad S, Barrett TW and
Kazmierczak SC. Electrical nanowell diagnos-
tics sensors for rapid and ultrasensitive detec-
tion of prostate-specific antigen. Nanomedi-
cine (Lond) 2015; 10: 2527-2536.

Liao Z, Wang J, Zhang P, Zhang Y, Miao Y, Gao
S, Deng Y and Geng L. Recent advances in mi-
crofluidic chip integrated electronic biosensors
for multiplexed detection. Biosens Bioelectron
2018; 121: 272-280.

Lin YH, Wu CC, Peng YS, Wu CW, Chang YT and
Chang KP. Detection of anti-p53 autoantibod-
ies in saliva using microfluidic chips for the
rapid screening of oral cancer. RSC Adv 2018;
8:15513-15521.

Chikkaveeraiah BV, Mani V, Patel V, Gutkind JS
and Rusling JF. Microfluidic electrochemical
immunoarray for ultrasensitive detection of
two cancer biomarker proteins in serum. Bio-
sens Bioelectron 2011; 26: 4477-4483.
Sreekumar A, Laxman B, Rhodes DR, Bhaga-
vathula S, Harwood J, Giacherio D, Ghosh D,
Sanda MG, Rubin MA and Chinnaiyan AM. Hu-
moral immune response to alpha-methylacyl-
CoA racemase and prostate cancer. J Natl Can-
cer Inst 2004; 96: 834-843.

Mohsenzadegan M, Saebi F, Yazdani M, Abol-
hasani M, Saemi N, Jahanbani F and Farajol-
lahi MM. Autoantibody against new gene ex-
pressed in prostate protein is traceable in
prostate cancer patients. Biomark Med 2018;
12:1125-1138.

Bradley SV, Oravecz-Wilson Kl, Bougeard G,
Mizukami I, Li L, Munaco AJ, Sreekumar A, Cor-
radetti MN, Chinnaiyan AM, Sanda MG and
Ross TS. Serum antibodies to huntingtin inter-
acting protein-1: a new blood test for prostate
cancer. Cancer Res 2005; 65: 4126-4133.
Rastogi A, Ali A, Tan SH, Banerjee S, Chen 'Y,
Cullen J, Xavier CP, Mohamed AA, Ravindra-

[77]

(78]

[79]

(80]

(81]

(82]

(83]

(84]

nath L, Srivastav J, Young D, Sesterhenn IA,
Kagan J, Srivastava S, McLeod DG, Rosner IL,
Petrovics G, Dobi A, Srivastava S and Sriniva-
san A. Autoantibodies against oncogenic ERG
protein in prostate cancer: potential use in di-
agnosis and prognosis in a panel with C-MYC,
AMACR and HERV-K Gag. Genes Cancer 2016;
7: 394-413.

Luo J, Zha S, Gage WR, Dunn TA, Hicks JL, Ben-
nett CJ, Ewing CM, Platz EA, Ferdinandusse S,
Wanders RJ, Trent JM, Isaacs WB and De Mar-
zo AM. Alpha-methylacyl-CoA racemase: a new
molecular marker for prostate cancer. Cancer
Res 2002; 62: 2220-2226.

Rubin MA, Zhou M, Dhanasekaran SM,
Varambally S, Barrette TR, Sanda MG, Pienta
KJ, Ghosh D and Chinnaiyan AM. alpha-methyl-
acyl coenzyme A racemase as a tissue bio-
marker for prostate cancer. JAMA 2002; 287:
1662-1670.

Jiang Z, Woda BA, Rock KL, Xu Y, Savas L, Khan
A, Pihan G, Cai F, Babcook JS, Rathanaswami
P, Reed SG, Xu J and Fanger GR. P504S: a new
molecular marker for the detection of prostate
carcinoma. Am J Surg Pathol 2001; 25: 1397-
1404.

Rao DS, Hyun TS, Kumar PD, Mizukami IF, Ru-
bin MA, Lucas PC, Sanda MG and Ross TS.
Huntingtin-interacting protein 1 is overex-
pressed in prostate and colon cancer and is
critical for cellular survival. J Clin Invest 2002;
110: 351-360.

Mohsenzadegan M, Madjd Z, Asgari M, Abol-
hasani M, Shekarabi M, Taeb J and Sharifta-
brizi A. Reduced expression of NGEP is associ-
ated with high-grade prostate cancers: a tissue
microarray analysis. Cancer Immunol Immuno-
ther 2013; 62: 1609-1618.

Marx A, Koopmann L, Hoflmayer D, Buscheck
F, Hube-Magg C, Steurer S, Eichenauer T, Clau-
ditz TS, Wilczak W, Simon R, Sauter G, Izbicki
JR, Huland H, Heinzer H, Graefen M, Haese A,
Schlomm T, Bernreuther C, Lebok P and Bonk
S. Reduced anoctamin 7 (ANO7) expression is
a strong and independent predictor of poor
prognosis in prostate cancer. Cancer Biol Med
2021; 18: 245-255.

Furusato B, Tan SH, Young D, Dobi A, Sun C,
Mohamed AA, Thangapazham R, Chen Y, Mc-
Master G, Sreenath T, Petrovics G, McLeod DG,
Srivastava S and Sesterhenn IA. ERG oncopro-
tein expression in prostate cancer: clonal pro-
gression of ERG-positive tumor cells and po-
tential for ERG-based stratification. Prostate
Cancer Prostatic Dis 2010; 13: 228-237.

Dai L, Li J, Ortega R, Qian W, Casiano CA and
Zhang JY. Preferential autoimmune response
in prostate cancer to cyclin B1 in a panel of
tumor-associated antigens. J Immunol Res
2014; 2014: 827827.

Am J Clin Exp Urol 2023;11(2):79-102



[85]

(86]

[87]

(88]

[89]

[90]

[91]

[92]

(93]

99

Prostate cancer autoantibodies

Schipper M, Wang G, Giles N and Ohrnberger J.
Novel prostate cancer biomarkers derived
from autoantibody signatures. Transl Oncol
2015; 8: 106-111.

Massoner P, Lueking A, Goehler H, Hopfner A,
Kowald A, Kugler KG, Amersdorfer P, Horninger
W, Bartsch G, Schulz-Knappe P and Klocker H.
Serum-autoantibodies for discovery of pros-
tate cancer specific biomarkers. Prostate
2012; 72: 427-436.

Schlick B, Massoner P, Lueking A, Charoentong
P, Blattner M, Schaefer G, Marquart K, Theek
C, Amersdorfer P, Zielinski D, Kirchner M, Tra-
janoski Z, Rubin MA, Mullner S, Schulz-Knappe
P and Klocker H. Serum autoantibodies in
chronic prostate inflammation in prostate can-
cer patients. PLoS One 2016; 11: e0147739.
Xie C, Kim HJ, Haw JG, Kalbasi A, Gardner BK,
Li G, Rao J, Chia D, Liong M, Punzalan RR,
Marks LS, Pantuck AJ, de la Taille A, Wang G,
Mukouyama H and Zeng G. A novel multiplex
assay combining autoantibodies plus PSA has
potential implications for classification of pros-
tate cancer from non-malignant cases. J Transl|
Med 2011; 9: 43.

Reis BS, Jungbluth AA, Frosina D, Holz M, Ritter
E, Nakayama E, Ishida T, Obata Y, Carver B,
Scher H, Scardino PT, Slovin S, Subudhi SK,
Reuter VE, Savage C, Allison JP, Melamed J,
Jager E, Ritter G, Old LJ and Gnjatic S. Prostate
cancer progression correlates with increased
humoral immune response to a human endog-
enous retrovirus GAG protein. Clin Cancer Res
2013; 19: 6112-6125.

Chen WS, Haynes WA, Waitz R, Kamath K, Ve-
ga-Crespo A, Shrestha R, Zhang M, Foye A,
Baselga Carretero |, Perez Garcilazo |, Zhang
M, Zhao SG, Sjostrom M, Quigley DA, Chou J,
Beer TM, Rettig M, Gleave M, Evans CP, Lara P,
Chi KN, Reiter RE, Alumkal JJ, Ashworth A, Ag-
garwal R, Small EJ, Daugherty PS, Ribas A, Oh
DY, Shon JC and Feng FY. Autoantibody land-
scape in patients with advanced prostate can-
cer. Clin Cancer Res 2020; 26: 6204-6214.
Fossa A, Alsoe L, Crameri R, Funderud S, Gaud-
ernack G and Smeland EB. Serological cloning
of cancer/testis antigens expressed in pros-
tate cancer using cDNA phage surface display.
Cancer Immunol Immunother 2004; 53: 431-
438.

Haynes WA, Kamath K, Waitz R, Daugherty PS
and Shon JC. Protein-based immunome wide
association studies (PIWAS) for the discovery
of significant disease-associated antigens.
Front Immunol 2021; 12: 625311.

Johannet P, Liu W, Fenyo D, Wind-Rotolo M,
Krogsgaard M, Mehnert JM, Weber JS, Zhong J
and Osman |. Baseline serum autoantibody
signatures predict recurrence and toxicity in

[94]

[95]

[96]

[97]

melanoma patients receiving adjuvant im-
mune checkpoint blockade. Clin Cancer Res
2022; 28: 4121-4130.

Alexandrov LB, Nik-Zainal S, Wedge DC, Apari-
cio SA, Behjati S, Biankin AV, Bignell GR, Bolli
N, Borg A, Borresen-Dale AL, Boyault S, Bur-
khardt B, Butler AP, Caldas C, Davies HR, Des-
medt C, Eils R, Eyfjord JE, Foekens JA, Greaves
M, Hosoda F, Hutter B, llicic T, Imbeaud S, Im-
ielinski M, Jager N, Jones DT, Jones D,
Knappskog S, Kool M, Lakhani SR, Lopez-Otin
C, Martin S, Munshi NC, Nakamura H, North-
cott PA, Pajic M, Papaemmanuil E, Paradiso A,
Pearson JV, Puente XS, Raine K, Ramakrishna
M, Richardson AL, Richter J, Rosenstiel P,
Schlesner M, Schumacher TN, Span PN,
Teague JW, Totoki Y, Tutt AN, Valdes-Mas R,
van Buuren MM, van't Veer L, Vincent-Salo-
mon A, Waddell N, Yates LR; Australian Pancre-
atic Cancer Genome Initiative; ICGC Breast
Cancer Consortium; ICGC MMML-Seq Consor-
tium; ICGC PedBrain; Zucman-Rossi J, Futreal
PA, McDermott U, Lichter P, Meyerson M, Grim-
mond SM, Siebert R, Campo E, Shibata T, Pfis-
ter SM, Campbell PJ and Stratton MR. Signa-
tures of mutational processes in human
cancer. Nature 2013; 500: 415-421.
Lawrence MS, Stojanov P, Polak P, Kryukov GV,
Cibulskis K, Sivachenko A, Carter SL, Stewart
C, Mermel CH, Roberts SA, Kiezun A, Hammer-
man PS, McKenna A, DrierY, Zou L, Ramos AH,
Pugh TJ, Stransky N, Helman E, Kim J, Sougnez
C, Ambrogio L, Nickerson E, Shefler E, Cortes
ML, Auclair D, Saksena G, Voet D, Noble M, Di-
Cara D, Lin P, Lichtenstein L, Heiman DI, Fen-
nell T, Imielinski M, Hernandez B, Hodis E,
Baca S, Dulak AM, Lohr J, Landau DA, Wu CJ,
Melendez-Zajgla J, Hidalgo-Miranda A, Koren
A, McCarroll SA, Mora J, Crompton B, Onofrio
R, Parkin M, Winckler W, Ardlie K, Gabriel SB,
Roberts CWM, Biegel JA, Stegmaier K, Bass AJ,
Garraway LA, Meyerson M, Golub TR, Gordenin
DA, Sunyaev S, Lander ES and Getz G. Muta-
tional heterogeneity in cancer and the search
for new cancer-associated genes. Nature
2013; 499: 214-218.

Strasner A and Karin M. Immune infiltration
and prostate cancer. Front Oncol 2015; 5:
128.

Sena LA, Fountain J, Isaacsson Velho P, Lim SJ,
Wang H, Nizialek E, Rathi N, Nussenzveig R,
Maughan BL, Velez MG, Ashkar R, Larson AC,
Pritchard CC, Adra N, Bryce AH, Agarwal N, Par-
doll DM, Eshleman JR, Lotan TL and Antonara-
kis ES. Tumor frameshift mutation proportion
predicts response to immunotherapy in mis-
match repair-deficient prostate cancer. Oncol-
ogist 2021; 26: e270-e278.

Am J Clin Exp Urol 2023;11(2):79-102



Prostate cancer autoantibodies

[98] Subudhi SK, Vence L, Zhao H, Blando J, Yadav
SS, Xiong Q, Reuben A, Aparicio A, Corn PG,
Chapin BF, Pisters LL, Troncoso P, Tidwell RS,
Thall P, Wu CJ, Zhang J, Logothetis CL, Futreal
A, Allison JP and Sharma P. Neoantigen re-
sponses, immune correlates, and favorable
outcomes after ipilimumab treatment of pa-
tients with prostate cancer. Sci Transl Med
2020; 12: eaaz3577.

[99] Vitkin N, Nersesian S, Siemens DR and Koti M.
The tumor immune contexture of prostate can-
cer. Front Immunol 2019; 10: 603.

[100] Nava Rodrigues D, Rescigno P, Liu D, Yuan W,
Carreira S, Lambros MB, Seed G, Mateo J, Riis-
naes R, Mullane S, Margolis C, Miao D, Miran-
da S, Dolling D, Clarke M, Bertan C, Crespo M,
Boysen G, Ferreira A, Sharp A, Figueiredo |,
Keliher D, Aldubayan S, Burke KP, Sumanasur-
iya S, Fontes MS, Bianchini D, Zafeiriou Z, Teix-
eira Mendes LS, Mouw K, Schweizer MT,
Pritchard CC, Salipante S, Taplin ME, Beltran
H, Rubin MA, Cieslik M, Robinson D, Heath E,
Schultz N, Armenia J, Abida W, Scher H, Lord C,
D’Andrea A, Sawyers CL, Chinnaiyan AM, Ali-
monti A, Nelson PS, Drake CG, Van Allen EM
and de Bono JS. Immunogenomic analyses as-
sociate immunological alterations with mis-
match repair defects in prostate cancer. J Clin
Invest 2018; 128: 4441-4453.

[101] Schweizer MT and Yu EY. “Matching” the “Mis-
match” repair-deficient prostate cancer with
immunotherapy. Clin Cancer Res 2020; 26:
981-983.

[102] Ruiz de Porras V, Pardo JC, Notario L, Etxaniz O
and Font A. Immune checkpoint inhibitors: a
promising treatment option for metastatic cas-
tration-resistant prostate cancer? Int J Mol Sci
2021; 22: 4712.

[103] van Wilpe S, Simnica D, Slootbeek P, van Ee T,
Pamidimarri Naga S, Gorris MAJ, van der
Woude LL, Sultan S, Koornstra RHT, van Oort
IM, Gerritsen WR, Kroeze LI, Simons M, van
Leenders GJLH, Binder M, de Vries IJM and
Mehra N. Homologous recombination repair
deficient prostate cancer represents an immu-
nologically distinct subtype. Oncoimmunology
2022; 11: 2094133.

[104] Wu YM, Cieslik M, Lonigro RJ, Vats P, Reimers
MA, Cao X, Ning Y, Wang L, Kunju LP, de Sarkar
N, Heath El, Chou J, Feng FY, Nelson PS, de
Bono JS, Zou W, Montgomery B and Alva A;
PCF/SU2C International Prostate Cancer
Dream Team; Robinson DR and Chinnaiyan
AM. Inactivation of CDK12 delineates a dis-
tinct immunogenic class of advanced prostate
cancer. Cell 2018; 173: 1770-1782, e14.

[105] Carretero FJ, Del Campo AB, Flores-Martin JF,
Mendez R, Garcia-Lopez C, Cozar JM, Adams V,
Ward S, Cabrera T, Ruiz-Cabello F, Garrido F

100

and Aptsiauri N. Frequent HLA class | altera-
tions in human prostate cancer: molecular
mechanisms and clinical relevance. Cancer
Immunol Immunother 2016; 65: 47-59.

[106] Blades RA, Keating PJ, McWilliam LJ, George
NJ and Stern PL. Loss of HLA class | expression
in prostate cancer: implications for immuno-
therapy. Urology 1995; 46: 681-686; discus-
sion 686-687.

[107] Bander NH, Yao D, Liu H, Chen YT, Steiner M,
Zuccaro W and Moy P. MHC class | and Il ex-
pression in prostate carcinoma and modula-
tion by interferon-alpha and -gamma. Prostate
1997; 33: 233-239.

[108] McKenzie B, Khazen R and Valitutti S. Greek
fire, poison arrows, and scorpion bombs: how
tumor cells defend against the siege weapons
of cytotoxic T lymphocytes. Front Immunol
2022; 13: 894306.

[109] Almagro JC, Daniels-Wells TR, Perez-Tapia SM
and Penichet ML. Progress and challenges in
the design and clinical development of anti-
bodies for cancer therapy. Front Immunol
2017; 8: 1751.

[110] Richards JO, Karki S, Lazar GA, Chen H, Dang
W and Desjarlais JR. Optimization of antibody
binding to FcgammaRlla enhances macro-
phage phagocytosis of tumor cells. Mol Cancer
Ther 2008; 7: 2517-2527.

[111] Yeap WH, Wong KL, Shimasaki N, Teo EC, Quek
JK, Yong HX, Diong CP, Bertoletti A, Linn YC and
Wong SC. Corrigendum: CD16 is indispensable
for antibody-dependent cellular cytotoxicity by
human monocytes. Sci Rep 2017; 7: 46202.

[112] Yeap WH, Wong KL, Shimasaki N, Teo EC, Quek
JK, Yong HX, Diong CP, Bertoletti A, Linn YC
and Wong SC. CD16 is indispensable for anti-
body-dependent cellular cytotoxicity by human
monocytes. Sci Rep 2016; 6: 34310.

[113] Huijbers EJM and Griffioen AW. The revival of
cancer vaccines - the eminent need to activate
humoral immunity. Hum Vaccin Immunother
2017; 13: 1112-1114.

[114] Gulley JL, Arlen PM, Bastian A, Morin S, Marte
J, Beetham P, Tsang KY, Yokokawa J, Hodge JW,
Menard C, Camphausen K, Coleman CN, Sulli-
van F, Steinberg SM, Schlom J and Dahut W.
Combining a recombinant cancer vaccine with
standard definitive radiotherapy in patients
with localized prostate cancer. Clin Cancer Res
2005; 11: 3353-3362.

[115] Friberg S and Mattson S. On the growth rates
of human malignant tumors: implications for
medical decision making. J Surg Oncol 1997;
65: 284-297.

[116] Schlom J, Gulley JL and Arlen PM. Paradigm
shifts in cancer vaccine therapy. Exp Biol Med
(Maywood) 2008; 233: 522-534.

Am J Clin Exp Urol 2023;11(2):79-102



Prostate cancer autoantibodies

[117] Kantoff PW, Higano CS, Shore ND, Berger ER,
Small EJ, Penson DF, Redfern CH, Ferrari AC,
Dreicer R, Sims RB, Xu Y, Frohlich MW and
Schellhammer PF; IMPACT Study Investigators.
Sipuleucel-T immunotherapy for castration-re-
sistant prostate cancer. N Engl J Med 2010;
363: 411-422.

[118] Gulley JL, Borre M, Vogelzang NJ, Ng S, Agarw-
al N, Parker CC, Pook DW, Rathenborg P, Flaig
TW, Carles J, Saad F, Shore ND, Chen L, Heery
CR, Gerritsen WR, Priou F, Langkilde NC,
Novikov A and Kantoff PW. Phase Il trial of
PROSTVAC in asymptomatic or minimally
symptomatic metastatic castration-resistant
prostate cancer. J Clin Oncol 2019; 37: 1051-
1061.

[119] Slovin SF, Kehoe M, Durso R, Fernandez C, OI-
son W, Gao JP, Israel R, Scher HI and Morris S.
A phase | dose escalation trial of vaccine repli-
con particles (VRP) expressing prostate-specif-
ic membrane antigen (PSMA) in subjects with
prostate cancer. Vaccine 2013; 31: 943-949.

[120] Heery CR, Palena C, McMahon S, Donahue RN,
Lepone LM, Grenga |, Dirmeier U, Cordes L,
Marte J, Dahut W, Singh H, Madan RA, Fernan-
do RI, Hamilton DH, Schlom J and Gulley JL.
Phase | study of a poxviral TRICOM-based vac-
cine directed against the transcription factor
brachyury. Clin Cancer Res 2017; 23: 6833-
6845.

[121] Rubinsteyn A, Kodysh J, Hodes |, Mondet S, Ak-
soy BA, Finnigan JP, Bhardwaj N and Hammer-
bacher J. Computational pipeline for the PGV-
001 neoantigen vaccine trial. Front Immunol
2017; 8: 1807.

[122] Redman JM, Gulley JL and Madan RA. Combin-
ing immunotherapies for the treatment of
prostate cancer. Urol Oncol 2017; 35: 694-
700.

[123] Collins JM, Redman JM and Gulley JL. Combin-
ing vaccines and immune checkpoint inhibi-
tors to prime, expand, and facilitate effective
tumor immunotherapy. Expert Rev Vaccines
2018; 17: 697-705.

[124] Alarcon NO, Jaramillo M, Mansour HM and Sun
B. Therapeutic cancer vaccines-antigen dis-
covery and adjuvant delivery platforms. Phar-
maceutics 2022; 14: 1448.

[125] Arredouani MS, Lu B, Bhasin M, Eljanne M, Yue
W, Mosquera JM, Bubley GJ, Li V, Rubin MA,
Libermann TA and Sanda MG. Identification of
the transcription factor single-minded homo-
logue 2 as a potential biomarker and immuno-
therapy target in prostate cancer. Clin Cancer
Res 2009; 15: 5794-5802.

[126] Ferreira VP, Pangburn MK and Cortes C. Com-
plement control protein factor H: the good, the
bad, and the inadequate. Mol Immunol 2010;
47: 2187-2197.

101

[127] Bushey RT, Moody MA, Nicely NL, Haynes BF,
Alam SM, Keir ST, Bentley RC, Roy Choudhury
K, Gottlin EB, Campa MJ, Liao HX and Patz EF
Jr. A therapeutic antibody for cancer, derived
from single human B cells. Cell Rep 2016; 15:
1505-1513.

[128] Stallone G, Netti GS, Cormio L, Castellano G,
Infante B, Pontrelli P, Divella C, Selvaggio O,
Spadaccino F, Ranieri E, Sanguedolce F, Pen-
nella A, Gesualdo L, Carrieri G and Grandalia-
no G. Modulation of complement activation by
pentraxin-3 in prostate cancer. Sci Rep 2020;
10: 18400.

[129] Mamidi S, Hone S and Kirschfink M. The com-
plement system in cancer: ambivalence be-
tween tumour destruction and promotion. Im-
munobiology 2017; 222: 45-54.

[130] de Moel EC, Rozeman EA, Kapiteijn EH, Verde-
gaal EME, Grummels A, Bakker JA, Huizinga
TWJ, Haanen JB, Toes REM and van der Woude
D. Autoantibody development under treatment
with immune-checkpoint inhibitors. Cancer Im-
munol Res 2019; 7: 6-11.

[131] Ghosh N, Postow M, Zhu C, Jannat-Khah D, Li
QZ, Vitone G, Chan KK and Bass AR. Lower
baseline autoantibody levels are associated
with immune-related adverse events from im-
mune checkpoint inhibition. J Immunother
Cancer 2022; 10: e004008.

[132] Tahir SA, Gao J, Miura Y, Blando J, Tidwell RSS,
Zhao H, Subudhi SK, Tawbi H, Keung E, Wargo
J, Allison JP and Sharma P. Autoimmune anti-
bodies correlate with immune checkpoint ther-
apy-induced toxicities. Proc Natl Acad SciUS A
2019; 116: 22246-22251.

[133] Owens TW, Gilmore AP, Streuli CH and Foster
FM. Inhibitor of apoptosis proteins: promising
targets for cancer therapy. J Carcinog Mutagen
2013; Suppl 14: S14-004.

[134] Krajewska M, Krajewski S, Banares S, Huang
X, Turner B, Bubendorf L, Kallioniemi OP, Sha-
baik A, Vitiello A, Peehl D, Gao GJ and Reed JC.
Elevated expression of inhibitor of apoptosis
proteins in prostate cancer. Clin Cancer Res
2003; 9: 4914-4925.

[135] Seligson DB, Hongo F, Huerta-Yepez S, Mizuta-
ni'Y, Miki T, Yu H, Horvath S, Chia D, Goodglick
L and Bonavida B. Expression of X-linked in-
hibitor of apoptosis protein is a strong predic-
tor of human prostate cancer recurrence. Clin
Cancer Res 2007; 13: 6056-6063.

[136] Berezovskaya O, Schimmer AD, Glinskii AB, Pi-
nilla C, Hoffman RM, Reed JC and Glinsky GV.
Increased expression of apoptosis inhibitor
protein XIAP contributes to anoikis resistance
of circulating human prostate cancer metasta-
sis precursor cells. Cancer Res 2005; 65:
2378-2386.

Am J Clin Exp Urol 2023;11(2):79-102



Prostate cancer autoantibodies

[137] Schmollinger JC and Dranoff G. Targeting mel-

anoma inhibitor of apoptosis protein with can-
cer immunotherapy. Apoptosis 2004; 9: 309-
313.

[138] Tsuruma T, Hata F, Torigoe T, Furuhata T, Ide-

noue S, Kurotaki T, Yamamoto M, Yagihashi A,
Ohmura T, Yamaguchi K, Katsuramaki T, Yas-
oshima T, Sasaki K, Mizushima Y, Minamida H,
Kimura H, Akiyama M, Hirohashi Y, Asanuma
H, Tamura Y, Shimozawa K, Sato N and Hirata
K. Phase | clinical study of anti-apoptosis pro-
tein, survivin-derived peptide vaccine therapy
for patients with advanced or recurrent
colorectal cancer. J Transl Med 2004; 2: 19.

[139] Honma |, Kitamura H, Torigoe T, Takahashi A,

102

Tanaka T, Sato E, Hirohashi Y, Masumori N,
Tsukamoto T and Sato N. Phase | clinical study
of anti-apoptosis protein survivin-derived pep-
tide vaccination for patients with advanced or
recurrent urothelial cancer. Cancer Immunol
Immunother 2009; 58: 1801-1807.

[140] Miyazaki A, Kobayashi J, Torigoe T, Hirohashi Y,

Yamamoto T, Yamaguchi A, Asanuma H, Taka-
hashi A, Michifuri Y, Nakamori K, Nagai |, Sato
N and Hiratsuka H. Phase | clinical trial of sur-
vivin-derived peptide vaccine therapy for pa-
tients with advanced or recurrent oral cancer.
Cancer Sci 2011; 102: 324-329.

[141] Fest S, Huebener N, Bleeke M, Durmus T, Ster-

mann A, Woehler A, Baykan B, Zenclussen AC,
Michalsky E, Jaeger IS, Preissner R, Hohn O,
Weixler S, Gaedicke G and Lode HN. Survivin
minigene DNA vaccination is effective against
neuroblastoma. Int J Cancer 2009; 125: 104-
114.

Am J Clin Exp Urol 2023;11(2):79-102



