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Abstract—The appearance of antibodies to cancer-associated antigens in biological fluids (particularly, in blood sera) of
cancer patients is now a well-established fact, and their detection by immunochemical methods is a promising approach to
diagnostics of malignant neoplasms. In this review, we consider some immunobiological aspects of the most extensively
studied cancer-associated B-cell antigens, various applications of autoantibodies as cancer biomarkers, and prospects for

the use of antigen arrays for improving diagnostic sensitivity.
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Elaboration of methods for noninvasive diagnostics
of malignant tumors is one of the main challenges to con-
temporary oncology. It encompasses a tremendous range
of diagnostic tasks including early (screening) and differ-
ential diagnostics of tumors, choice of treatment strategy,
prognosis, monitoring of tumor progression, and estima-
tion of therapeutic efficiency. Among the immense diver-
sity of biological markers, serum protein biomarkers are
especially attractive by virtue of ready availability of well-
characterized inexpensive detection procedures, e.g.
immunoenzymatic analysis, and ease of isolation of bio-
logical material. To date, clinical oncology has at its dis-
posal several tens of serum cancer biomarkers; however,
their practical application is limited to clinical trials
and/or restricted-range assays in diagnostically compli-

Abbreviations: DTC) differentiated thyroid cancer; NUC) non-
specific ulcerative colitis; PNS) paraneoplastic neurological
syndrome; PSA) prostate-specific antigen; Tg-Ab) anti-thy-
roglobulin antibodies.

* To whom correspondence should be addressed.

cated cases. More than 20 cancer biomarkers are now used
in routine oncological practice; about 30% of these mark-
ers are designed for detecting neuroendocrine tumors. It is
noteworthy that for the most important goal in the field,
i.e. early detection of tumors by screening, only one can-
cer biomarker, the serum prostate-specific antigen (PSA),
was recommended unanimously by several expert groups
in Europe and the USA as a reliable tool for screening and
early detection of prostate cancer in older male patients.
For comprehensive information about clinical applica-
tions of serum cancer biomarkers, see the guidelines
developed by the US National Academy of Clinical
Biochemistry (http://www.aacc.org/AACC/members/
nacb/LMPG/OnlineGuide/DraftGuidelines/TumorMar-
kers).

Serum autoantibodies to cancer-associated antigens
represent a relatively new class of serological biomarkers
and have a number of advantages over conventional pro-
tein oncomarkers. Their main characteristics are as fol-
lows:

— high specificity in cancer detection;
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— lack of specific requirements for biomaterials and
sampling;

— high stability in blood, serum, and plasma sam-
ples;

— long half-life;

— minimum concentration variations (e.g. diurnal,
food-and-drug intake, physical activity, menstrual cycle
phases, checkup procedures, etc.).

The mechanisms underlying T-cell-mediated hu-
moral immune responses to cancer-associated antigens
are not completely understood and are the subject of
intensive studies. Recent experiments have shown that
immunogenicity of the overwhelming majority of tumor-
associated antigens is related to their aberrant regulation
and/or tumor-specific modifications generated by onco-
genic processes in tumor cells [1-4]. From this standpoint,
serum autoantibodies to cancer-associated antigens can
be regarded as specific “reporters” of carcinogenesis.

The ample body of evidence concerning identifica-
tion and characterization of novel cancer-associated anti-
gens (for methods see our recent review [5]) prompted the
construction of a Cancer Immunome database (http://
www?2.licr.org/CancerImmunomeDB/SEREX _Intro.
php), which comprises over 2300 candidate and validated
B-cell antigens. At least several tens of them present sub-
stantial interest for serological diagnostics of cancer-
associated diseases. However, the majority of currently
known cancer-associated B-cell antigens have a serious
disadvantage—low detection frequency of respective
autoantibodies and, as a consequence, low diagnostic
sensitivity in revealing cancer, the most critical parameter
from the clinical standpoint.

To overcome this problem, it was suggested to com-
bine candidate antigens into arrays in order to optimize
diagnostic sensitivity and specificity parameters [6]. In
the subsequent sections, we provide a detailed complete
description of the most popular B-cell cancer-associated
antigens and outline the prospects for combining individ-
ual antigens into arrays with the ultimate goal of improv-
ing their diagnostic sensitivity.

UNIVERSAL TUMOR ANTIGENS

Tamor suppressor p53. The tumor suppressor p53,
the protein product of the p53 gene, is the most exten-
sively studied cancer-associated B-cell antigen. It was
discovered in 1979 by two independent groups of investi-
gators [7-12]. Interestingly, the molecular-biological [7-
10, 13] and serological [11, 12] methods used for its iden-
tification reflect the main activities of p53 in mammalian
cells, i.e. those of a tumor suppressor and a cancer-asso-
ciated antigen. With few exceptions, the protein product
of the p53 gene is not detected in tissues of higher mam-
mals [14], but it can be activated under cell stresses of var-
ious origin [15, 16].
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Mutations in the p53 gene and amino acid substitu-
tions induced by it are found in >50% of patients with
malignant tumors. These mutations change the confor-
mational structure of p53 in such a way that it loses the
ability to transactivate p53-dependent genes concomi-
tantly with inhibition of DNA repair and formation of
genetically unstable cells with a “switched-off” p53-
induced apoptotic mechanism [17-19]. It is of note that
accumulation of the inactive protein of p53 in cells
expressing mutant p53 increases its half-life to several
hours (compared to 20 min for wild-type p53). Therefore,
p53 accumulation in tumor tissues is almost always syn-
onymous to the presence of mutant p53 [20, 21].

For the majority of malignant neoplasms, the detec-
tion frequency of class IgG anti-p53 antibodies in appro-
priate cohorts of patients varies from 15 to 20%, being
maximal in patients with squamous cell carcinomas of
esophagus, head, and neck (the latter are predominantly
localized in the mouth cavity) and minimum in patients
with various malignancies of hematopoietic tissue (lym-
phomas, leukemias, multiple myelomas) and urogenital
tract in males (prostate and testicular carcinomas) as well
as in patients with melanomas, glial tumors, and differen-
tiated thyroid carcinomas [22, 23]. In healthy donors, the
reactivity of p53 is very low (<1%) [22]. Therefore, p53
represents a highly specific cancer-associated antigen.

Interestingly, in patients with the highest (20-35%)
reactivity of p53 (e.g. squamous cell head and neck carci-
nomas; esophageal, urinary bladder, and colorectal
tumors) the detection frequency of mutant/accumulated
p53 in neoplastic tissues is also the highest (50-60%). In
contrast, anti-p53 antibodies are seldom (2-8%) found in
patients with leukemias, multiple myelomas, prostate
cancer, and differentiated thyroid carcinomas where p53
gene mutations are rare (<10%). Immune responses to
p53 are never detected in patients whose tumor histotypes
(e.g. melanomas and testicular carcinomas) do not carry
mutant p53 [22, 24]. These findings suggest that muta-
tions in the coding region of the p53 gene and intracellu-
lar accumulation of the corresponding protein product
are the main factors triggering immune responses to p53.

With a few exceptions, mutations/accumulation of
mutant p53 in neoplastic tissues correlate with induction
of humoral immune responses to p53. At the same time,
mutations/accumulation of p53 do not stimulate B-cell-
mediated immune responses, since only some patients
whose tumors express mutant p53 are p53-seropositive.
In-depth analysis of the literature on distribution of p53
mutations in tumors of p53-seropositive and p53-
seronegative patients led Soussi to conjecture that these
two cohorts do not differ by the presence of characteristic
p53 mutations and that the same individual can be p53-
seropositive or p53-seronegative [22]. This suggests that
prediction of B-cell response to p53 is beyond the capa-
bilities of any existing mutations. Moreover, seroconver-
sion in initially p53-seronegative patients is never
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observed despite the initial p53 status of the tumor and
the clinical course of the disease [25-27]. This suggests
that some other intrinsic characteristics of the organism,
e.g. MHC haplotype, can play the role of cofactors elicit-
ing humoral responses to p53 in patients whose tumors
express mutant p53.

Mapping of human immunogenic p53 epitopes
made it possible to establish the localization of dominant
B-cell epitopes of p53 in N- and C-terminal regions, i.e.
outside the fragment carrying amino acid substitutions in
the mutant protein [28-30].

Finally, in immunoenzymatic analysis serum autoan-
tibodies to p53 recognize mutant and wild-type p53 with
equal efficiency [31-33]. In this way, mutations in the cod-
ing region of the p53 gene, being nonimmunogenic per se,
stimulate intracellular accumulation of the protein prod-
uct of p53, which, in turn, plays the role of an immuno-
genic stimulus for the system of tumor immunosurveil-
lance. Supporting evidence in favor of this hypothesis can
be derived from the presence of anti-p53 autoantibodies in
mice with SV40-induced tumors. In these tumors, p53 is
intact; its accumulation is a result of its binding and stabi-
lization by the SV40 large T-antigen [7, 13]. The immuno-
genic activity of mutant p53 can also be induced by con-
formational changes and exposure of a vast majority of
epitopes that are masked in the wild-type p53 tetramer.

From the early diagnostics standpoint, localization
of p53 mutations on the time axis of a multistage carcino-
genesis model is ideal—it is a rather late “molecular”
event in carcinogenesis but rather early “clinical” event.
Indeed, the cell clone carrying mutant p53 is precancer by
definition, and malignization of cells carrying mutant p53
is a question of time. On the other hand, progression of
dysplastic foci carrying mutant p53 to invasive microcar-
cinoma is a long-term process lasting from several months
to several years. Analysis of changes in the p53 status of a
tissue or an organ with a high risk of cancer, such as lungs
in smokers, esophagus in patients with reflux esophagitis,
mammary gland in female patients with a family history
of breast cancer, etc., enables cancer detection at the very
earliest stage, i.e. long before the appearance of the first
clinical manifestations of tumor growth. If, for one rea-
son or another, the use of such markers for screening pur-
poses is inexpedient, they can be used for discrimination
between groups of moderately high and very high cancer
risk in which aggressive diagnostic/treatment strategy
(with respect to precancer foci) is warranted.

Serum antibodies to p53 play the role of a surrogate
marker for mutant p53. Seroreactivity of p53 in patients
with precancerous lesions and healthy donors with a high
risk of cancer were examined for the purpose of screening
of these autoantibodies as candidate markers for early
detection of cancer [26, 29, 34-39]. Here we shall not go
into details of classical analyses of p53 seroreactivity in
risk groups for lung cancer (smokers) [26, 29, 36] or liver
angiosarcomas (industrial workers with long-term expo-
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sure to vinyl chloride) [35], but, rather, will focus our
attention on the results of two less known studies of p53
reactivity in patients with nonspecific ulcerative colitis
(NUC) as a risk factor for colon cancer [38, 39].

NUC is a severe polyetiological inflammatory dis-
ease of the colon. Depending on localization of the
inflammation foci and the volume of tissue involved, the
relative risk of colorectal cancer in NUC patients varies
from 2 to 15 compared to the control level. The cumula-
tive risk of cancer in patients with NUC estimated 10, 20,
and 30 years after the onset of the disease is 2, 8, and 18%,
respectively, i.e. NUC has every reason to be regarded as
a facultative precancer state.

Repeated colonoscopy with multiple biopsies from
different regions of the inflamed colon is the main diag-
nostic procedure for very early detection of colorectal
cancer in NUC patients. However, this approach has a
number of limitations, such as high cost, compliance, etc.
Therefore, a search for novel biomarkers as a reasonable
alternative to colonoscopy, which might reduce proce-
dural frequency and identify cohorts of patients with very
high cancer risk in which aggressive and costly diagnostic
strategies are warranted, is a task of paramount impor-
tance.

Low (9% [38] and 15% [39]) frequencies of reactivi-
ty of p53 in NUC patients was found by two independent
teams of investigators. However, the situation changes
dramatically if we take into account colonoscopy findings
and degree of tumor progression in this cohort of patients.

The presence of dysplastic foci in NUC patients is
regarded not only as a precancer state, but also as a mark-
er of synchronous cancer in other regions of the affected
colon. Cioffi et al. [38] failed to detect the presence of
dysplastic foci in this category of patients, while in stud-
ies by Yoshizawa et al. [39] dysplasia and/or histological-
ly validated tumors were recorded in 13 out of 286
patients. It is noteworthy that in patients of this group p53
seroreactivity (8 of 13, 62%) significantly exceeded that
in the combined (noncancer) sampling (44 of 370, 12%,
p < 0.001) (combined data from two studies). (Herein-
after, p was calculated using two-sided Fisher exact test.)
The specificity and sensitivity of anti-p53 antibodies used
as a marker for early diagnostics of NUC-associated col-
orectal cancer were estimated as 88 and 62%, respective-
ly.

According to Yoshizawa et al. [39], screening of
patients’ sera for serum antibodies to p53 should not be
regarded as an alternative to colonoscopy even at more
advanced stages because of very low sensitivity of the
assay. At the same time, this approach can be used as a
supplementary test, e.g. wherever the results of colono-
scopic examination show the minimum risk of inflamma-
tion, negative anti-p53 antibody test can be regarded as
an indication for increasing the time till the next
colonoscopy. This test can also replace colonoscopy in
patients withdrawing from serial endoscopic procedures.
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Anti-apoptotic proteins of the BIRC family. The abil-
ity of cells to evade apoptosis provoked by genotoxic fac-
tors, lack of contact inhibition (anoikis), proapoptotic
signals, oncogene overexpression, etc., is the main way
for malignant tumors to escape from anti-tumor control,
while overexpression of anti-apoptotic proteins is a dis-
tinguishing feature of many malignant tumors. Inhibitors
of apoptosis (IAP) are one of the most extensively studied
families of proapoptotic proteins overexpressed in the vast
majority of malignant neoplasms and able to induce
direct inhibition of caspases and procaspases [40]. The
fact that overexpression of some proteins can be accom-
panied by generation of autoimmune responses to these
proteins led Rohayem et al. to suggest that one of repre-
sentatives of this family, namely, Survivin (BIRCS5, bac-
uloviral TAP repeat-containing protein 5), manifests the
properties of a cancer-associated B-cell antigen [41].
Antibodies to Survivin were detected in 11 of 51 (22%)
patients with lung cancer and in 4 of 49 (8%) patients
with colon cancer. The reactivity frequencies of BIRCS
and its homolog, BIRC7 (Livin), were studied in patients
with different types of malignant tumors (Table 1) and did
not exceed 5% in control groups (healthy donors).

It is noteworthy that the reactivity spectra of BIRC5
and BIRC7 do not completely overlap; therefore, these
proteins can be used simultaneously for increasing the
sensitivity of immunoassays. In experiments by Yagihashi
et al. [42-46], the sensitivity of cancer detection simulta-
neously with both antigens exceeded that of individual
antigen assays 1.5-fold.

mRNA-binding proteins of the IMP family. In a
search for novel cancer-testis antigens, Chen et al. [47]
performed immunoscreening of a ¢cDNA expression
library obtained from mRNA of a melanoma cell line
using an autologous serum from a patient with melanoma
comprising antibodies against two known cancer-testis
antigens—MAGE-1 and NY-ESO-1. It was found that
more than 50% (33 of 61) of isolated and purified reactive
clones corresponded to ¢cDNAs of KOC (KH-domain
containing gene overexpressed in cancer) gene (overex-
pressed in pancreatic carcinoma [48]) and two of its
homologs. One of these homologs, p62, identified by
Zhang et al. as a hepatocellular carcinoma-specific B-
cell antigen, demonstrated high reactivity in patients with
hepatocellular carcinoma (20 seropositive patients of 95,
i.e. 21%). In healthy donors and in patients with non-
cancer liver diseases, seroreactivity was absent (0 of 70
and 0 of 77, respectively, p < 0.001) [49]. Later, autoanti-
bodies to at least one of these antigens (p62 and KOC)
were found in 18-30% of patients depending on tumor
type [50, 51]. Malignant ovarian and breast tumors were
the least immunogenic judging from humoral immune
responses to p62 and KOC (9 and 15%, respectively)
[50]. In control groups, their reactivity did not exceed
3%. Interestingly, despite localization of immunodomi-
nant sites of the proteins in the same domains (N-termi-
nal RRM motifs), virtually all p62 and/or KOC-positive
sera contained antibodies to only one of two antigens
[50]. Simultaneous application of two antigens increased
the diagnostic sensitivity nearly twofold in comparison

Table 1. Reactivities of BIRC family antigens in cohorts of patients with various types of malignant tumors

Tumor BIRCS BIRC7 BIRCS5 and(or) BIRC7 Reference

Lung cancer 11/51 (22) n.i. n.i. [41]
18/31 (51) 19/37 (51) 22/31 (71) [45]

Colon cancer 4/49 (8) n.i. n.i. [41]
3/10 (30) 6/11 (55) n.r. [43, 44]

Biliary tract 13/30 (43) 3/5 (60) n.r.

Stomach cancer 4/10 (40) 3/6 (50) n.r.

Esophageal cancer 1/3 (33) 2/3 (66) n.r.

Pancreatic cancer 3/7 (43) 2/7 (29) n.r.

Breast cancer 11/46 (24) 15/46 (33) 24/46 (52) [46]
4/57 (7) n.i. n.i. [94]

Prostate cancer 3/133 (2.3) n.i. n.i. [51]

Hepatocellular carcinoma 7/29 (24) n.i. n.i. [42]

Meningiomas 5/42 (12) n.i. n.i. [95]

Gliomas (grade I1I and IV) 3/35(9) n.i. n.i.

Head and neck tumors 134/249 (46) n.i. n.i. [96]

Note: The figures in parentheses designate the percent of seropositive patients to the total number of patients in a cohort; n.i., not investigated; n.r.,

not reported.
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with median individual
11.6/12.2%).

The amino acid sequences of p62 and KOC contain
several RNA-binding motifs—four hnRNP K homology
(KH)-domains of the central and C-terminal fragments
and two RRM motifs in the N-terminal fragment suggest-
ing involvement of these proteins in mRNA processing.
Studies by Nielsen et al. showed that p62 and KOC bind
to the 5'-nontranslated region of the third leader mRNA
of the embryonic growth factor IGF-II (insulin-like
growth factor II) and repress the translation of this tran-
script [52]. Therefore p62 and KOC were termed as
IMP/IGF2BP (Insulin-like Growth Factor 2 mRNA-
Binding Proteins)—IMP-2 and IMP-3, respectively.

The mRNA-binding function of p62 and KOC rais-
es the question about mechanisms of immune responses
to these proteins. It was found that some RNA or DNA
fragments of DNA/RNA-—protein complexes demon-
strate immunogenic activity in different autoimmune dis-
eases and play a role in generation of autoimmune
responses due to activation of specific receptors of the
innate immunity [53]. The p62 and KOC homolog, IMP-
1, antibodies against which were found in 11 of 133
(8.3%) patients with prostate cancer [51], forms stable
ribonucleoprotein particles with IGF-II mRNA [54]. In
turn, IGF-II is overexpressed and plays a key role in the
pathogenesis of many malignant tumors [55]. These data
suggest that overexpression of not only IMP family mem-
bers (which was validated in experiments with many
malignant neoplasms), but also of the “endogenous adju-
vant” (IGF-II mRNA), plays a role in immunogenic
activity of IMP proteins.

Hence, IMPs, as members of a new family of cancer-
associated antigens, present substantial interest for future
studies by virtue of their high (on the average, 20%) can-
cer-associated reactivity, mRNA-binding activity, and a
key role of IGF-II in carcinogenesis.

Cyclin family. In a search for targets for humoral
autoimmune responses to intracellular antigens in
patients with hepatocellular carcinomas, Covini et al.
[56] hypothesized that overexpression of the key cell cycle
regulators—cyclins—in tumors of different histogenesis
may play a role of an immunogenic stimulus triggering the
synthesis of anticyclin antibodies. To test this hypothesis,
the authors examined the seroreactivity of cyclins A
(CCNA), Bl (CCNB1), D1 (CCNB1), and E (CCNE)
and also of cyclin-dependent kinase 2 (CDK2) in patients
with hepatocellular carcinomas, active chronic hepatitis,
and liver cirrhosis as well as in healthy donors (control)
[56]. Autoantibodies to cyclin B1 were found in 15 of 100
(15%) patients with hepatocellular carcinomas, in 3 of 70
(4.2%) patients with liver cirrhosis, and in 1 of 70 (1.4%)
patients with chronic hepatitis; none of 70 healthy donors
were seropositive for cyclin B1. In patients with hepato-
cellular carcinomas, cyclin A and CDK2 demonstrated
very few reactivities, and autoantibodies to other antigens

sensitivity (20.5 versus
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were absent. Later, Suzuki et al. [57] demonstrated high
(20-45%) detection frequency of high anti-CCNBI anti-
body titers in patients with colon, breast, and pancreatic
carcinomas. Lower titers of these antibodies were found
in patients with lung cancer and precancerous bron-
chopulmonary dysplasias. In these cohorts, the frequency
of humoral immune responses correlated with CCNBI1
overexpression in cancer/precancer foci. Recently
Ersvaer et al. [58] found anti-CCNB1 antibodies in 7 of
65 (11%) patients with acute myeloid leukemia.

Overexpression of other members of the cyclin fam-
ily is characteristic of many neoplasms; some of them also
seem to be cancer-associated antigens. In malignant
tumors of different histogenesis, cyclin DI is overex-
pressed more frequently than other cyclins. Serum anti-
bodies to this protein were found in 7 of 45 (16%) patients
with prostate cancer (Gleason score 7-9) and in 2 of 96
(2.2%) healthy donors (p = 0.0049).

These findings suggest that at least two cyclins (B1
and D1) represent highly specific cancer-associated anti-
gens and deserve further investigation from both practical
(design of diagnostic antigen arrays) and theoretical
(study of regularities of autoimmune responses to these
proteins) standpoints.

Catalytic subunit of cAMP-dependent protein kinase
A (PKA). Normal mammalian cells contain two intracel-
lular forms (isozymes) of cAMP-dependent protein
kinase A—PKA I and PKA II. The latter have a common
catalytic subunit C, but differ in regulatory subunits (RI
and RII, respectively). During growth of tumor cells of
different histogenesis, the catalytic subunit of PKA other-
wise termed as ECPKA (extracellular protein kinase A) is
secreted into the culture medium. High (in comparison
with control group of healthy donors) levels of this pro-
tein were found in blood sera of patients with tumors [59,
60].

Since aberrant excretion of the protein, which under
normal conditions is localized exclusively inside the cell,
is a potent immunological stimulus for B-cells, it was
hypothesized that ECPKA may represent a cancer-asso-
ciated B-cell antigen [61]. Indeed, higher (in comparison
with control groups of healthy donors, as well as patients
with systemic lupus erythematosus and Carney complex,
which is an autosomal-dominant endocrine disease asso-
ciated with loss-of-function mutation of the regulatory
subunit of PKA Rla) antibody titers were found in virtu-
ally all cohorts of cancer patients [61]. On the whole, the
specificity and sensitivity of anti-ECPKA antibodies were
estimated as 90 and 87%, respectively. If specificity is typ-
ical of virtually all cancer-associated antigens, the sensi-
tivity of this tumor marker significantly exceeds that of
other autoantibody oncomarkers, which makes it an
indispensable tool in advanced diagnostic studies based
on the use of antibodies to cancer-associated antigens.
Considering that serum ECPKA levels in melanoma
patients decrease after surgical removal of the tumor [62],
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identification of anti-ECPKA antibodies also may be use-
ful for monitoring tumor responses to implemented ther-

apy.

ANTIGENS WITH RESTRICTED EXPRESSION
IN NORMAL TISSUES

Cancer-testis antigens. The family of cancer-testis
(cancer/gamete) antigens (CTA) is among the most
intensively studied classes of cancer-associated antigens.
The first antigen of this group—MAGE-1—was identified
by T-cell epitope cloning [63, 64]. Further studies based
on the use of this and other techniques (e.g. screening of
expression libraries with blood sera from cancer patients,
bioinformatic analysis in silico, etc.) enabled identifica-
tion of more than 40 CTA gene families (containing from
1 to 12 genes) [65]. Their respective proteins are
expressed by a vast variety of neoplasms (but not normal
tissues), with the exception of testis. The latter belongs to
immunologically privileged tissues; therefore, aberrant
expression of CTA triggers T-cell and/or humoral
immune responses as to a de novo introduced immuno-
gen. High tissue specificity of gene expression, lack of
autoimmune injuries associated with aberrant expression
of CTA, and ability of the latter to trigger spontaneous
antitumor responses culminated in the development of a
wide panel of candidate cancer vaccines which now are
undergoing different phases of clinical trials [66-68].

However, the use of cancer-testis antigens as tumor
biomarkers is limited by low detection frequency of
respective antibodies in patients with cancer (as a rule, 5-
10%). Classical studies by Stockert et al. [69], who inves-
tigated humoral immune responses to four popular can-
cer-testis antigens (NY-ESO-1, MAGE-1, MAGE-3,
and SSX2), demonstrated that only anti-NY-ESO-1
autoantibodies could successfully overcome the 5% reac-
tivity barrier and established significant differences
between healthy donors (0 of 70) and patients with
melanomas (12 of 127, 9.4%, p = 0.0049) and ovarian
cancer (4 of 32, 13%, p = 0.0085). These findings are
consistent with the results of more recent studies suggest-
ing that maximum seroreactivity of individual cancer-
testis antigens does not exceed the 10% threshold [70-72].
Notwithstanding, autoantibodies to cancer-testis anti-
gens can be used as additional markers in diagnostic anti-
gen arrays.

Monitoring of therapeutic efficiency of a broad
range of immunotherapeutic protocols is yet another area
of application of autoantibodies to cancer-testis antigens.
The results obtained at early stages of clinical testing of
antigen-specific protocols of cancer immunotherapy sug-
gest that antigen-specific CD4" and CD8" lymphocytes
and serum antibodies against antigen used for vaccination
can be used as surrogate markers of antitumor immune
response [66-68]. As T-cell-mediated and humoral
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response do not completely overlap, autoantibodies to
cancer-testis antigens can be used as valuable diagnostic
markers of antitumor immunity during clinical testing of
immunotherapeutic protocols based on cancer-testis
antigens.

Differentiation antigens. Under the term “differenti-
ation antigens” are understood antigens selectively
expressed by certain tissues and respective tumors. An
immense variety of differentiation tumor antigens of dif-
ferent histogenesis have been identified, among which
ANKRD30A/NY-BR-1, the differentiation antigen of
mammary gland glandular epithelium, was studied in
especially great detail [73-80]. Although some immuno-
logical aspects of B-cell immunity of many of these anti-
gens (including ANKRD30A/NY-BR-1) were not stud-
ied in large cohorts of cancer patients, these proteins
attract attention as candidate T-cell antigens for
immunotherapy. Some differentiation antigens display
not so much cancer-associated reactivity as relatedness to
autoimmune tissue injuries of different histogenesis. For
example, autoantibodies to the differentiation antigen of
brain glial cells (GFAP) were found in patients with
gliomas [81] and autism [82]; autoantibodies to tyrosi-
nase, the differentiation antigen of melanocytes [83], were
identified in patients with melanomas and vitiligo, while
autoantibodies to thyroglobulin, the differentiation anti-
gen of the thyroid gland follicular epithelium [84], were
found to be associated with differentiated thyroid cancer
and autoimmune diseases of the thyroid gland. In some
cases, similar autoantibodies can be used as indispensable
oncomarkers; one of such cases will be considered below
in the example of anti-thyroglobulin autoantibodies.

Thyroglobulin is secreted exclusively by follicular
epithelium cells of the thyroid gland and its blood level
drops below the detection threshold Ievel after total surgi-
cal removal of the gland for differentiated thyroid cancer
(DTC). Therefore, at any time any detectable level of
thyroglobulin is estimated as relapse or distant metastasis.
The situation is further aggravated by high detection fre-
quency of anti-thyroglobulin autoantibodies (Tg-Ab) in
both clinically healthy individuals (~10%) and patients
with DTC (~25%). In thyroglobulin detection by
immunometric assay, Tg-Ab (if they are present) block the
thyroglobulin epitopes; therefore, this assay often gives
false-negative results. To avoid this, all thyroglobulin
assays include simultaneous determination of Tg-Ab. If
Tg-Ab are found, zero level of thyroglobulin cannot be
interpreted as evidence of remission, and further exami-
nations of these patients are carried out using other diag-
nostic techniques. In some cases, Tg-Ab itself can be used
as a tumor marker. For example, seroconversion in ini-
tially Tg-Ab-negative patients points to a relapse or dis-
tant metastasis, while stable Tg-Ab titers in patients after
thyroidectomy are characteristic of persistence. Similarly,
negative conversion in Tg-Ab-positive patients is sugges-
tive of remission [84].
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Another interesting example can be derived from the
analysis of anti-PSA-antibody titers in patients with
prostate cancer. PSA (prostate-specific antigen) secreted
by prostate epithelium is a glycoprotein encoded by the
KLK3 gene. Other serine proteases belonging to the KLK
family also undergo clinical tests as candidate cancer bio-
markers [85]. In patients with prostate cancer, serum PSA
levels are notably increased; however, this increase is also
characteristic of inflammation and benign hyperplasias of
the prostate. By analogy with the aforementioned extra-
cellular protein kinase A, significant increases in blood
plasma levels of PSA can theoretically be estimated as a
potent B-cell-mediated stimulating factor. Since estima-
tion of specificity and sensitivity of anti- PSA antibodies is
less efficient than PSA itself in diagnostics of prostate
cancer, this test is valuable in that it allows discrimination
between patients with androgen-dependent (high anti-
body titers) and androgen-independent (low antibody
titers) tumors. However, serum PSA levels in both cohorts
are similar [86]. Considering that surgical and/or thera-
peutic androgenic blockade is a strategy of choice in the
treatment of androgen-dependent tumors, while hor-
mone dependence is an important prognostic factor,
serum anti-PSA antibodies appear to be a promising
additional marker in the diagnostics of prostate cancer.

Onconeural antigens. The group of onconeural anti-
gens stands apart among other cancer-associated anti-
gens. Under normal conditions, these antigens are
expressed in the central and peripheral nervous systems,
but can also be expressed in neuroendocrine tumors. If
such tumors are localized in immunologically unprivi-
leged tissues, the immune system recognizes onconeural
antigens as non-self and triggers humoral and T-cell-
mediated immune responses to both the tumor and those
divisions in the nervous system in which these antigens
are expressed. This phenomenon has the name “paraneo-
plastic neurological syndromes” (PNS) [87].

Autoantibodies to onconeural antigens (hereinafter
referred to as onconeural antibodies) are identified in the

Table 2. Detection frequency of autoantibodies to some
onconeural antigens in cancer patients without PNS [89,
97, 98]

Onconeural autoantibodies Incidence in oncological

patients without PNS, %*

Anti-Hu (ANNA-1) 16 (196)
Anti-CRMP5 (anti-CV2) 9 (174)
Anti-RCVRN 1 15 (99), 20 (44)
Anti-Zic4 16 (74)

* In parentheses, the total number of patients with small-cell lung can-
cer, with exception of 44 patients in RCVRN raw, indicating the total
number of patients with non-small-cell lung cancer, is given.

BELOUSOV et al.

majority of patients with PNS. Their presence correlates,
unambiguously and independently, with malignant
growth [88] enabling their application in diagnostics of
PNS and, which is especially important, localization of
associated tumor foci.

The majority of modern studies are aimed at the
analysis of seroreactivity of onconeural antigens in blood
sera of PNS patients, which made this procedure a valu-
able differential diagnostic test in clinical neurology [89].
At the same time, there is evidence that onconeural anti-
bodies predict: (i) presence and histogenesis of tumors,
(ii) its anatomical localization, and (iii) presence and/or
type of PNS [88]. Up to 20% of patients with particular
types of tumors not associated with PNS are seropositive
by some onconeural antigens (Table 2), the specificity of
onconeural antibodies to oncopathology reaching 95-
98%. High utility of onconeural antibodies in serological
diagnostic tests leaves no doubt, since their appearance in
the blood simultaneously with associated PNS anticipates
clinical manifestation of tumor by several months and
even years. Therefore, combination of onconeural anti-
gens with other cancer-associated antigens (e.g. p53,
Survivin, etc.) is a promising approach to detecting some
types of cancer, particularly lung cancer, e.g. by screening
of high-risk cohorts. For detailed description of diagnos-
tic aspects of clinical application of onconeural antigens,
see [89].

DIAGNOSTIC AUTOANTIGENIC ARRAYS

As mentioned above, low sensitivity in cancer detec-
tion is the main disadvantage of virtually all (excluding
ECPKA) cancer-associated B-cell antigens, while high
diagnostic sensitivity is the main requirement for virtual-
ly all clinical applications of tumor biomarkers.

The second, no less important issue, is a lack of
specificity of the majority of autoantibodies to cancer-
associated antigens with respect to localization and histo-
genesis of malignant tumors. Most of them have different,
yet overlapping, redundant autoantigenic repertoires.
This means that even positive results of a diagnostic test
(which in the case of highly specific cancer-associated
antigens is a reliable marker of malignant growth) do not
allow unequivocal interpretation and demand more exact
localization of the tumor. The situation is further compli-
cated by the fact that autoantibodies to many cancer-
associated antigens can be found in patients with benign,
inflammatory, autoimmune, and precancer diseases,
although less frequently than in cancer patients.

The use of antigen arrays allows identification of so-
called “autoantibody signatures” of various diseases; the
latter represent combinations of reactive antigens able to
discriminate between a pathology and a normal state.
Association of antigens into arrays allows one to select a
combination of antigens whose respective antibodies are
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strictly specific for the given pathology (~100%). The sen-
sitivity (i.e. detection frequency of antibodies to at least
one antigen) of such arrays also can reach 100%.

The first attempt to establish the reactivity of a can-
cer-associated antigen array in patients with colorectal
cancer was undertaken by Scanlan et al. [90] who exam-
ined humoral immune responses to 77 candidate antigens
identified by serological expression cloning (SEREX). A
panel of 13 antigens (p53, MAGEA3, SSX2, NY-ESO-1,
HDACS5, MBD2, TRIP4, NY-CO-45, KNSL6, HIPIR,
Seb4D, KIAA1416, and LMNA) was selected for further
assays. Analysis of autoantibodies reactive to at least one
of these antigens made it possible to discriminate between
patients with colon cancer and healthy donors with 46%
sensitivity and 100% specificity (p < 107'%). The reactivi-
ty of each individual antigen (excluding highly immuno-
genic p53) varied from 3 to 8%. Only five individually
tested antigens (p53, MAGEA3, NY-ESO-1, TRIP4, and
HIP1R) displayed significant difference in seroreactivity
between patients with large intestinal cancer and healthy
donors. These data suggest that the use of an array of 13
cancer-associated antigens allowed 6-9-fold increase in
sensitivity of cancer detection with preservation of 100%
specificity of each individual antigen.

Studies by Zhang et al. [6] demonstrated a stepwise
increase in the sensitivity of diagnostics of different types
of cancer (64 cases of breast cancer, 46 cases of colorectal
cancer, 91 cases of stomach cancer, 56 cases of lung can-
cer, 206 cases of prostate cancer, and 65 cases of hepato-
cellular carcinoma) on increase in the number of antigens
included into the array from 5-20% for individual anti-
gens (c-MYC, p53, CCNBI, p62, KOC, IMPI1, and
BIRCS) to 44-68% when using complete array (ELISA
format). It is important to note that along with the dras-
tic increase in sensitivity, the specificity of cancer detec-
tion with the antigen array used comprised 89-95% (com-
pared to different control groups), i.e. decreased by only
5-10% in comparison with individual antigen specificity.

Based on the characteristic seroreactivity patterns of
different cancer types, the same authors [91] used a sta-
tistical algorithm of recursive partitioning for the analysis
of the same seven antigens in the same cohorts of patients
(in these studies they added additional control groups and
in some cases lowered the reactivity threshold level from
+3 to +2 standard deviation of absorption in control
group). Depending on type of cancer, this strategy
achieved 77-92% sensitivity and 85-91% specificity and
classified the patients into three cohorts according to the
cancer type. In each of these cohorts, the desired levels of
sensitivity and specificity could be achieved by analysis of
reactivity to only three (of seven) antigens included in the
array.

Using developed in our laboratory SMARTA-2
(serological mini-array of recombinant tumor antigens-2)
assay, we examined the reactivity of 20 candidate antigens
using panels of blood sera from patients with colon can-
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cer and healthy donors. Five antigens (KIAA1864, MO-
TES-391, CCNDI1, RGS5, and MMP-7) able to differ-
entiate between patients with colon cancer and healthy
donors were selected and combined in a panel with over-
all 98% specificity and 50% sensitivity. Similar analysis of
sera from patients with DTC and benign nodular lesions
in thyroid gland identified a combination of three anti-
gens (ANKRD30A/NY-BR-1, KIAA1864, and RGS5)
for discrimination between two cohorts in cancer reveal-
ing 95% specificity and 48% sensitivity (p = 0.00062),
while in separate use, only ANKRD30A/NY-BR-1
demonstrated significant difference in reactivity between
groups.

A comparison of the literature and our experimental
data suggests that combination of different tumor-associ-
ated antigens in multiobject arrays increases the sensitiv-
ity of cancer diagnostics from 5-15 to 50-90% with a
rather small (0-15%) loss of specificity. The number of
antigens required for attaining optimum sensitivity and
specificity does not exceed 10-20 for each cancer type.
The number of specific antigens in the final panels
depends on a number of factors:

— sensitivity of each individual antigen (the higher
the sensitivity, the smaller the number of antigens needed
in an array);

— degree of redundancy of reactivity profiles for each
individual antigen (the greater the overlapping of reactiv-
ity profiles of individual antigens, the larger the number
of antigens needed in an array);

— specific clinical task (diagnostic kits for early
detection of cancer should include fewer targets than
diagnostic kits for establishing the nature of primary foci
in metastatic tumors of unknown primary localization).

Identification of “autoantibody fingerprints” of
malignant tumors does more than opening up fresh
opportunities for serological diagnostics and immuno-
logical analysis of malignant tumors. The majority of
practitioners in the field agree that reactivity or autoanti-
genic patterns reflect not only specific interactions of
tumors with the immune system, but also profound intra-
cellular processes coupled with malignant transforma-
tion, growth and metastasis [1-4, 92]. Indeed, immuno-
genic activity of tumor antigens is stimulated by their
aberrant regulation, which, in turn, directly correlates
with the role of these proteins in molecular processes
associated with carcinogenesis. Thus, immunogenicity of
p53 is a result of its mutations and pathological accumu-
lation inside the cell due to formation and maintenance
of a malignant phenotype, escape from apoptotic con-
trol, and disturbances in DNA repair conferring high
genetic “flexibility” on malignant cells. As far as
immunogenicity of cancer-testis antigens is concerned, it
is coupled with realization of an embryogenetic program
of differentiated cells, e.g. “pregnancy” of somatic cells
[93]. Elucidation of the whole autoantigenic repertoire
may not only culminate in the development of novel
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diagnostic procedures, but help identify new molecules
involved in carcinogenesis, objects for targeted therapy,
etc. Elaboration of advanced serological diagnostic tech-
nologies on the basis of antigen arrays for identification of
novel cancer autoantigens and autoantigenic repertoires
is a task of paramount importance, particularly with
regard to its clinical and investigative implications. It is
our hope that this review will give a new impetus to such
studies particularly in Russia.
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