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REVIEW

Cancer/testis antigens: novel tools for discerning
aggressive and non-aggressive prostate cancer

Takumi Shiraishi'%, Robert H Getzenbergl’3 4 and Prakash Kulkarni'®

The introduction of serum prostate-specific antigen (PSA) in the 1980s has dramatically altered and benefited the initial diagnosis of
prostate cancer. However, the widespread use of PSA testing has resulted in overdetection and overtreatment of potentially indolent
disease. Thus, a clinical dilemma today in the management of prostate cancer is to discern men with aggressive disease who need
definitive treatment from men whose disease are not lethal. Although several serum and tissue biomarkers have been evaluated during
the past decade, improved markers are still needed to enhance the accuracy, with which patients at risk can be discerned and treated
more aggressively. The cancer/testis antigens (CTAs) are a group of proteins that are restricted to the testis in the normal adult, but are
aberrantly expressed in several types of cancers. Because of their restricted expression pattern, the CTAs represent attractive biomarker
candidates for cancer diagnosis/prognosis. Furthermore, several studies to date have reported the differential expression of CTAs in

prostate cancer. Here, we review recent developments that demonstrate the potential of the CTAs as biomarkers to discern the

aggressive phenotype of prostate cancer.
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INTRODUCTION

Prostate cancer is one of the most common cancers and among the
leading causes of cancer-related death in the industrialized nations of
the world, and its incidence and mortality have been increasing in
developing countries as well." In 2011, approximately 240 890 new
cases of prostate cancer will be diagnosed in the United States of
America and 33 720 men will die from the disease.” The introduction
of serum prostate-specific antigen (PSA) in the 1980s has dramatically
altered and benefited the initial diagnosis of men with prostate cancer.
As a result of PSA screening, the lifetime risk of prostate cancer dia-
gnosis has increased to 16% whereas the lifetime risk of dying from the
disease is only 3.4%,” indicating that intensive screening is likely to
increase the detection of disease that may not be lethal. It is now
obvious that overdetection of potentially indolent disease by the wide-
spread use of PSA testing has resulted in overtreatment of the disease.*
Thus, a clinical dilemma today in the management of prostate cancer
is to distinguish men with aggressive disease who need definitive treat-
ment from men whose disease does not require such intervention.

PROGNOSTIC INDICATORS OF LOCALIZED PROSTATE
CANCER

Currently, at the time of diagnosis, most prostate cancer cases present
as localized disease and are preferentially treated by radical prostatect-
omy or radiation therapy with curative intent. During the last decade,
‘stage migration” has been observed in the Western world, which is
characterized by a significant shift towards localized, well-differentiated

tumors at radical prostatectomy.>® This phenomenon might be related
to the widespread use of PSA for prostate cancer screening or perhaps a
recent change in prostate cancer biology.” Thus, prostate cancer
detected by PSA alone is often characterized by small-size and low-
grade tumors in relatively younger male populations. In fact, it is
reported that around 30% of cancers treated with radical prostatect-
omy in the United States of America are ‘insignificant’ tumors.® On the
other hand, nearly 30% are reported to experience an isolated increase
in serum PSA with long-term follow-up.”™*®> Han et al.'® reported that
the incidence of biochemical recurrence was 17% in 2091 consecutive
men who underwent radical prostatectomy and pelvic lymphadenect-
omy for clinically localized prostate cancer, and that the distant meta-
stasis in these patients was 34%. Therefore, it is important for
physicians and patients to know the likelihood of disease progression
following radical prostatectomy.

Many clinical variables like Gleason score, tumor stage, margin
status and PSA concentration, in various combinations, have been
used for prediction of disease outcome.” ">'"72% Although these clin-
icopathological variables are useful in predicting biochemical recur-
rence, these prognostic indicators do not accurately predict clinical
outcome for individual patients.

Aside from these clinicopathological factors, several biomarkers
have been evaluated during the past decade, including serum markers
(hK2, uPA/uPAR, TGF-1, IL-6), a urine marker (PCA3), and tissue
markers such as proliferation index (Ki-67), cell cycle-related markers
(p27, p21 and pl6), apoptosis-related markers (p53, EZH2 and
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BCl-2), angiogenesis marker (microvessel density), genetic and epige-
netic markers (TMPRSS2-ERG fusion, GSTP1 and APC) that have
met with various degrees of success (reviewed by Agrawal et al.,*!
Makarov et al,”* Netto™ and Lopergolo et al**). Although such
molecular prognostic factors that complement classic clinicopatholo-
gical factors may be useful, improved markers are still needed to
enhance the accuracy with which patients at risk can be discerned
and treated more aggressively.

CANCER/TESTIS ANTIGENS (CTAS)
Beginning in the early 1990s, several tumor-associated antigen genes
including the CTAs were identified that exhibited tumor-specific
expression. The CTAs are a group of proteins that are typically
restricted to the testis in the normal adult but are aberrantly expressed
in several types of cancers.”> To date, more than 200 genes encoding
CTAs have been identified that can be broadly divided into two groups
based on their chromosomal location: the cancer/testis (CT)-X anti-
gens located on the X chromosome and non-X CT antigens located on
various autosomes. In the normal testis, the CT-X genes are generally
expressed in the spermatogonia, the proliferating germ cells. In con-
trast, expression of non-X CT genes appears more dominant in the
later stages of germ cell differentiation, such as in spermatocytes.*
According to the number of CT genes expressed and their expression
frequency, tumor types can be grouped into three groups, namely:
(i) high CT expressers including bladder cancer, melanoma, and non-
small cell lung cancer; (ii) moderate CT expressers including breast
cancer and prostate cancer; and (iii) low CT expressers including renal
cell carcinoma and colon cancer.” As a result of their restricted express-
ion in an immune-privileged organ, the CTAs are widely recognized as
attractive immunotherapeutic targets and several clinical trials with
promising results have been reported.”’” On the other hand, the CTAs
also appear to serve as unique biomarkers for cancer diagnosis/pro-
gnosis due to their restricted expression patterns. Furthermore, mem-
bers of the CT-X antigens in particular are typically associated with
advanced cancer with poorer outcomes.”*>* Two dedicated databases
published recently, CTpedia (http://www.cta.Incc.br/index.php) that
catalogues the known CTAs> and ACTAbase (http://actabase.jhu.edu)
that also houses microarray gene expression data in addition, serve as
excellent resources for detailed information regarding the CTAs
(Parekh et al., in preparation).

CTAS AS POTENTIAL BIOMARKERS IN PROSTATE CANCER
Despite the attention the CTAs have received as unique biomar-
kers in several types of cancers, until recently, not much was
known about their usefulness in prostate cancer. Earlier studies
employing conventional and real-time PCR assays had showed
that NY-ESO-1 mRNA was detected in 38% of tumor specimens,
and 27% of stage C, 33% of stage D1 and 43% of stage D2 prostate
cancers were positive, respectively.’* Further, NY-ESO-1 express-
ion was also found in biopsies from 3% of localized prostate cancer
and 15% of hormone refractory prostate cancer patients by
immunohistochemistry.®® Lethe et al.>® reported that expression
of MAGE-A1 was observed in 10.8% of carcinoma samples,
whereas multi-MAGE-A and NY-ESO-1/LAGE-1 stained 85.9%
and 84.8% of samples using immunohistochemistry, suggesting
that a panel of CTAs rather than individual ones maybe more
valuable as biomarkers. Recently, Smith et al.®” showed that SSX
protein expression was restricted mainly to metastatic prostate
cancer and not expressed in any primary prostate cancer using
immunohistochemistry.
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While these observations demonstrating the differential expression
of specific CTAs during prostate cancer progression showed promise,
they fell short of inspiring confidence in their potential use as biomar-
kers. Recently, Suyama et al.’® used a custom DNA microarray that
was tiled with DNA probes representing a significant portion of all
known CTAs to discern CTA expression patterns in prostate cancer.
These studies revealed that: (i) numerous CTAs are upregulated in
prostate cancer; (ii) a majority of them are CT-X antigens; and (iii)
while several CT-X antigens from MAGEA/chondrosarcoma-assoc-
iated gene (CSAG) subfamilies are coordinately upregulated in cas-
trate-resistant prostate cancer but not in primary prostate cancer
(Figure 1), PAGE4 is highly upregulated in primary prostate cancer,
but is silent in castrate-resistant prostate cancer. These observations
raised the possibility that the CTAs could potentially be used as bio-
markers to distinguish men with aggressive disease who need treat-
ment from men with indolent disease not requiring immediate
intervention in prostate cancer.

CTAS AS POTENTIAL BIOMARKERS TO DISCERN AGGRESSIVE
PHENOTYPE OF PROSTATE CANCER

Inspired by this intriguing possibility, Shiraishi et al.”>® devised a strat-
egy to further explore the CTAs as potential biomarkers that can
predict prostate cancer progression. We first mined publicly available
microarray data on CTA expression in prostate cancer samples from
the Gene Expression Omnibus (GEO) (http://www.ncbi.nlm.nih.gov/
geo) in conjunction with our own data that we had previously
obtained using a custom CT microarray”® and selected a panel of
candidate CTAs for investigation. The representative microarray data
(GEOQ, accession no. 1439) of the selected CTAs are listed in Table 1. A
multiplex real-time PCR assay was developed and it was demonstrated
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Figure 1 The MAGEA/CSAG cancer/testis antigen subfamilies are coordinately
upregulated in castrate-resistant prostate cancer. Primary prostate cancer sam-
ples were obtained from radical prostatectomy while castrate-resistant prostate
cancer were obtained from ‘rapid’ autopsies and propagated as xenografts. RNA
samples were run on a whole genome microarray. Heat map shows the predom-
inant upregulation of MAGEA genes as well as the CSAG genes. The color display
is on a 10-fold scale and red indicates overexpression relative to BPH. Green
indicates downregulation. Adapted from Ref. 38. PCa, prostate cancer.
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Table 1 Differential expression of the cancer/testis antigens in benign prostate, primary prostate cancer and metastatic prostate cancer

GEOQ? accession no. 1439 Benign prostate

Primary prostate cancer Metastatic prostate cancer

(n=6) (n=7) (n=6)
SSX2 0.0 0.0 436.9
CSAG2 0.0 0.0 1018.2
MAGEA2 0.0 0.0 229.0
MAGEA12 0.0 0.0 1139.7
CEP55 0.0 56.0 640.2
NUF2 14.1 32.3 1788.6
PBK 30.1 120.3 1411.5
TTK 83.8 216.0 1187.1
PAGE4 6732.5 5702.8 0.0
TBP 608.7 577.6 882.2
ACTB 42572.0 41320.7 38735.7

?GEO; The Gene Expression Omnibus (http://www.ncbi.nim.nih.gov/geo).

that from this initial panel, four non-X CT antigens (CEP55, NUF2,
PBK and TTK) were upregulated and as expected, the CT-X antigen,
PAGE4, was downregulated in patients with recurrent prostate cancer
after radical prostatectomy (Figure 2). Furthermore, Kaplan—-Meier
curves revealed that higher levels of expression of CEP55 and NUF2
were significantly correlated with shorter biochemical recurrence-free
time. In contrast, higher expression of PAGE4 was significantly corre-
lated with longer biochemical recurrence-free time (Figure 3).
Further, with the exception of TTK, the other CTAs were significantly
correlated with prostatectomy Gleason score, but none were corre-
lated with age, preoperative PSA and tumor stage. Although Gleason
score is believed to be one of the strongest predictors of recurrence, it
tends to be subjective. Therefore, this quantitative multiplex real-time
PCR assay developed by Shiraishi et al.> could provide an objective
assessment that is quantitative and consistent across institutions.
Thus, this CTA-based ‘gene signature’ appeared to have the potential
to be a ‘molecular’ Gleason score.

One of the advantages of using CTAs as biomarkers for prostate
cancer is their potential as immunotherapeutic targets. Cancer
immunotherapy is emerging as a promising modality for castration-
and chemotherapy-resistant prostate cancer. Indeed, many CTAs

are immunogenic and their use as therapeutic cancer vaccines
is being evaluated. Thus, a CTA-based biomarker can provide
information not only for predicting disease recurrence, but also
suggesting treatment options, that can be personalized to the
patient.

Despite the promise, several limitations to this study were outlined.
The sample number was limited (n=72) and these patients were not
consecutively and prospectively collected for this study. Furthermore,
a high-risk cohort was used as a result of selection of specimens with
large-volume tumors appropriate for frozen tissue collection, not
reflecting contemporary, newly screened radical prostatectomy popu-
lation.**™? Furthermore, NY-ESO-1 which has been reported to be
commonly expressed in later stages of the disease was not included in
this study, because we did not observe its upregulation using our
limited sample set. Although, in this study there was no significant
difference in the CT-X antigens (SSX2, CSAG2, MAGEA2 and
MAGEA12) between patients with or without recurrence, von
Boehmer et al*’ recently demonstrated that the CT-X antigen
MAGE-C2/CT10 may be a predictor of biochemical recurrence after
radical prostatectomy, even though its expression was detected only in
3.3% of primary prostate cancer samples. Therefore, larger and
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Figure 2 CTA expression in recurrentand non-recurrent prostate cancer. CTA expression of (a) CEP55, (b) NUF2 and (c) PAGE4 in clinically localized prostate cancer
with recurrence (Rec (+)) (n=43) and without recurrence (Rec (—)) (n=29), were examined using multiplexed quantitative real time PCR. Adapted from Ref. 39. For

details of the method, see Ref. 39. CTA, cancer/testis antigen.
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Figure 3 Kaplan—-Meier analyses. Kaplan—-Meier curves showing biochemical recurrence-free survival against time after radical prostatectomy stratified by the mRNA
expression of (a) CEP55, (b) NUF2 and (c) PAGE4 (high versus low groups dichotomized by median value). Adapted from Ref. 39. For details of the method, see Ref. 39.

contemporary cohorts presenting newly diagnosed radical prostatect-
omy population across multiple institutions are required for further
validation of these results using a larger set of CTAs including CT-X
antigens such as NY-ESO-1, SSX family and MAGEA family. This
approach can be performed employing more robust mRNA-based
assays such as the nCounter Gene Expression Assay (NanoString
Technologies, Seattle, WA, USA), which is designed to provide a
highly multiplexed method (up to 800 transcripts in one tube) and
is reported to achieve superior gene expression quantification results
when compared to real-time PCR. Taken together, accumulating evi-
dences suggest that the CTAs have good potential to predict the risk of
disease progression after radical prostatectomy.

CONCLUSION AND FUTURE DIRECTIONS

Heterogeneity in prostate cancer is one of the major problems in
developing reliable biomarkers. Therefore, a combination of markers
is more likely to provide improved prognostication and treatment
stratification rather than a single marker. In fact, there has already
been some success in the identification of subtypes of prostate cancer
based on derived sets of signature gene clusters.***> Numerous studies
reviewed here strongly suggest that CTAs are good candidates to estab-
lish a gene signature that can predict prostate cancer progression as a
result of their advanced stage specific and coordinate expression pat-
tern. In the future, CTA gene signatures might complement clinico-
pathological factors in the molecular differential diagnosis of
aggressive and indolent prostate cancer.
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