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Abstract

Background: Cancer/testis antigens (CTA) are aberrantly
expressed in various tumors, including urologic
malignancies. Decreased expression of these highly
immunogenic antigens might confer low immunogenicity,
allowing tumors to escape immune monitoring and grow
unimpeded. We obtained tissue from surgical specimens
of patients with kidney and bladder cancers and
compared the expression of various CTA in tumor and
non-tumor specimens.

Methods and Findings: Surgical specimens from radical
nephrectomies and cystectomies were obtained from the
Virginia Commonwealth University’s tissue bank.
Quantitative polymerase chain reaction was performed to
compare CTA expression in normal and tumor tissues.
Expression of CTA was significantly increased in high grade
kidney tumors compared to normal tissues (p<0.001) and
compared to low grade tumors (P<0.001). Comparing
expression in Fuhrman grade IV tumors to expression of
tumors with Fuhrman grades I-lll, 12 of the 13 CTA studied
— SSX2 (P<0.001), SPA17 (P=0.024), CEP55 (P<0.001),
TEX14 (P=0.008), TEX15 (P=0.009), ODF4 (P=0.008),
AKAP4 (P=0.006), ACRBP P<0.001), PAGE4 (P<0.001),
MAGEA4 (P=0.013), BORIS (P=0.024) and TSGA10
(P=0.021) — showed significantly increased expression. In
contrast, expression of CTA was significantly decreased in
tumor samples compared to normal tissue (p<0.001). In
the bladder cancer specimens analyzed, expression of the
CTA studied was significantly less than in the tumor-
adjacent control samples (P<0.001)

Conclusions: CTA are expressed in urologic malignancies.
Expression levels vary and may depend on tumor type.
Our results showed mostly decreased expression of
examined CTA in human bladder cancer tissues which may
help cancer cells to avoid detection by immune
competent cells and escape immune surveillance. Use of
hypomethylating agents, which have been shown to
increase the expression of CTA in various tumors, may

have therapeutic value in these patients. Robust
expression of these highly immunogenic genes in kidney
cancer tissue may be used to design targeted vaccine
therapies with possible tailoring to the individual patient
depending on expression of a particular gene.

Keywords: Cancer/Testis antigens; Bladder cancer;

Kidney cancer; Gene expression; Quantitative polymerase
chain reaction

Introduction

A major challenge of tumor immunology is to identify and
target tumor-associated antigens (TAA) which can induce a
tumor specific immune response [1]. Certain criteria have
been posited as necessary in the search for such a TAA. The
TAA should be expressed by cancer cells or normal cells that
are not exposed to the host immune system. Secondly, the TAA
should be highly immunogenic to induce an immune response
upon vaccination. Finally, the TAA should be critical to
tumorigenesis such that antigen loss under immune pressure
should result in the interruption of tumor function [2]. The
search for TAA with the aforementioned characteristics has
prompted great interest in cancer/testis antigens (CTA) which
are TAA expressed in immunoprivileged testis tissue and in
certain malignancies.

MAGE-1 was the first TAA to be cloned in 1991 [3]. To date,
70 families of CTA including over 200 members have been
isolated and compiled in a database (http://www.cta.Incc.br/).
CTA can be classified into two groups: X-CTA found on the X
chromosome and autosomally coded non-X-CTA. Nearly half of
CTA are found on the X chromosomel and it is estimated that
about 10% of the X chromosome codes for CTA [4]. X-CTA are
generally expressed on proliferating immature spermatogonia
and non-X-CTA are usually expressed in the later stage of
spermatocytes once proliferation has concluded [1,5]. Given
their expression on developing germ cells, immune tolerance is
not induced against CTA. The blood-testis barrier — structurally
maintained by Sertoli cell junctions, the absence of HLA class |
expression on germ cells, and the microenvironment —
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prevents interactions between germ cells and the host
immune system [6,7].

Since their discovery, aberrant expression of several CTA
have been found in urologic malignancies including bladder,
prostate, testis and kidney cancers [8]. However, despite a
great number of studies showing expression of CTA in urologic
malignancies, reported expression levels have been variable.

Table 1 CTA Primer sequences.
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For example, in renal neoplasms, CTA expression ranges from
absent [9,10] or poor [11,12] to robust [13-15]. In the case of
bladder cancer, an early study showed expression of MAGE
antigens (a large class of CTA) in muscle-invasive bladder
cancer [10]. Several studies have since found variable CTA
expression in bladder tumors with higher expression observed
in muscle-invasive cancer compared to T1 disease [16,17].

Gene Accession number Primer sequence(5’' to 3') Product length
CAGTGCACTTGCCAGTTGTTC

CCNA1 NM_003914 148 bp
GTCTCCATCCCAAGTGACGAG
GAGCTTCTGCGTCTGACTCG

MAGEA4 NM 001011548 108 bp
GGAATCCTGTCCTCCGGITG
TOCCCGCTCTGATAACAGTC

CEPSS NM 018131 108 bp
GTCGCCAAGTCCAAAGAAGC
GTTOTCCCIGGTGATTOTGC

TEX15 NM 031271 109 bp
AGTCCTCAGAGCCCATGTTG
ACGGTTACCCAGCAACTAGA

SPA17 NM 017425 117 bp
AGTGOOTG170GAGAATOGA
GTCGTATCCCGAGCATGGAG

TEXI4 NM_198393 116 bp
AACAGGACAGGGGACTGGAA
AGGGTCCTACATGATGGCGTA

AKAP4 NM_003886 117 bp
TCTTGCTGTCCTTCTGOGTTG
GAAACCGCAATCGGAAGGTG

ACRBP NM_032489 110 bp
GAACTCCTOGCTCCATCGAA
GAGAATCACACACAGCTTCCG

ODF4 NM_153007 93 bp
GAGAAGGCCACGACCAATAGT
CCCATTGTGCCACCATCA

BORIS NM_001269040 64 bp
AGCATGCAAGTTGCGCATAT
AACTCCCCTCAGGGATACGA

SSX2 NM 175698 71 bp
GCCCATGTTCGTGAAAGGTC
TCTTCCCTTCATTCTTCGCCAG

PAGE4 NM_007003 95 bp
TCTTGATCTCACTCGTGCACTC
CTGTAAGGCAGGCAGGTAGAC

TSGA10 NM_182911.3 138 bp
TCAGAAACTGGAGCCCCTAGA

While there has been great interest in CTA as possible
immunogenic targets, clinical trials looking for anti-tumor
activity of a CTA-specific immune response have been
oftentimes disappointing [18]. One possible proposed
explanation could be down regulation of CTA by tumor cells to
avoid immune surveillance. In our related work in prostate
cancer, we have found several CTA which appear to be
downregulated in tumor cells compared to normal tissues. This
study aims to analyze the expression of 13 of these cancer/
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testis antigens found to be most down regulated in our human
prostate cancer gene array (data not shown) in 10 RCC and 10
bladder cancer specimens to determine whether expression is
also decreased in other urologic malignancies. We used
quantitative PCR to compare CTA expression between
ribonucleic acid (RNA) samples isolated from neoplastic tissues
and adjacent normal, non-diseased tissue from the same
patient. The expression level of the CTA in the normal tissue is
defined as 1.0.
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Materials and Methods

RNA from human tissue (from consented patients, from an
IRB-approved protocol) was provided by the Virginia
Commonwealth University (VCU) Tissue and Data Acquisition
and Analysis Core (TDAAC) Facility, supported, in part, by the
funding from NIH-NCI Cancer Center Core Support Grant P30
CA016059, as well as through the Department of Pathology,
School of Medicine, and Massey Cancer Center of VCU. Each
residual tumor sample was snap-frozen at -80°C. Frozen tissue
sections (5 um) were used for histopathological assessment
after staining with hematoxylin and eosin and adjacent
sections were used for RNA isolation. All samples contained
more than 70% tumor and less than 20% necrosis.

Total RNA was extracted from multiple 10 um tissue sections
using the MagMAXTM-96 for Microarrays Total RNA Isolation
Kit (Life Technologies, Carlsbad, CA), in an automated fashion
using the Mag-MAXTM Express magnetic particle processor.
RNA purity was judged by NanoDrop One spectrophotometer
(Thermo Scientific, Waltham, MA) at 260, 270 and 280 nm.
RNA integrity was assessed by running 1 pL of every sample in
RNA 6000 Nano LabChips on the 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA).

Using the ThermoScriptTM RT-PCR System (Invitrogen,
Carlsbad, CA) from 1 pg of total RNA using random primer,
cDNA was synthesized. Total of 13 CTA were evaluated (SSX2,
SPA17, CEP55, TEX14, TEX15, ODF4, AKAP4, ACRBP, PAGE4,
MAGEA4, BORIS, CCNA1 and TSGA10). Their primer sequences
are presented in Table 1. Out of these 13 CTA examined, 4 are
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X-CTA (SSX2, AKAP4, PAGE4, MAGEAA4) and the rest are non-X-
CTA (SPA17, CEP55, TEX14, TEX15, ODF4, ACRBP, BORIS,
CCNA1, TSGA10).

In each experiment, at least three independent reactions
were performed to obtain the mean. Quantitative real time
PCR was performed in triplicates using the Mx3000P system
(Agilect Technologies, Inc. Santa Clara, CA), using SensiFAST
SYBR Lo-ROX Kit (Bioline, Taunton, MA). PCR conditions were
as follows: an initial denaturation step (10 min at 95°C), 40
cycles consisting of three steps (30 sec at 95°C, 1 min at 55°C,
30 sec at 72°C), and 1 cycle consisting of three steps (1 min at
95°C, 30 sec at 55°C and 30 sec at 95°C). The cycle threshold
(CT) value was the PCR cycle number in which the fluorescence
signal was significantly distinguishable from the baseline for
the first time.

The housekeeping gene (GADPH) was used as an
endogenous control for target gene expression evaluation.
GAPDH primer were obtained from Qiagen (Valencia, CA). Data
were presented by the relative amount of mRNA with the
formula 2-AACT, which stands for the difference between the
CT of a gene of interest and the CT of the housekeeping gene,
GAPDH.

For a single comparison of 2 groups, the Student t test was
used (SigmaPlot Software; SPSS, Chicago, IL). If data
distribution was not normal, Mann-Whitney rank sum test was
used. For all analysis, the level of significance was set at a
probability of .05 or less to be considered significant. Data are
presented as the mean + standard error of the mean (SEM).
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Figure 1 CIA Expression in bladder cancer specimens.
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Results

We used quantitative PCR (qPCR) to study expression of 13
CTA in 10 bladder cancer specimens (Figure 1). The CTA
analyzed were SSX2, SPA17, CEP55, TEX14, TEX15, ODF4,
AKAP4, ACRBP, PAGE4, MAGEA4, BORIS, CCNA1, and TSGA10.
All but two of the bladder specimens contained muscle-
invasive cancer and all specimens demonstrated high grade
morphology. One specimen had a sarcomatoid component and
another had a small cell component. The rest were high grade
muscle-invasive urothelial cell carcinoma. In the bladder
cancer specimens analyzed, expression of the CTA studied was
significantly less than in the tumor-adjacent control samples.
CCNA1 was found to be decreased in all 10 samples. When
comparing across all specimens, the change was statistically
significant in 8 of the CTA tested — SSX2 (P=0.018), CEP55
(P=0.005), TEX14 (P=0.005), TEX15 (P<0.001, ODF4 (P<0.001),
MAGEA4 (P=0.005), CCNA1 (P<0.001) and TSGA10 (P=0.005).
For each of these CTA, expression was decreased in tumor
samples. The difference in expression of the other CTA studied
did not reach statistical significance (SPA17, AKAP4, ACRBP,
PAGE4, and BORIS).

A.  Values above 1 denote increased expression of the CTA
in malignant tissue in comparison to normal. and values below
1 denote decreased expression of CTA in cancer tissue.
Expression of individual CTA in bladder cancer specimens

B. Mean values of CTA in bladder cancer patients. As it can
be seen. the expression of most CTA are decreased in the
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bladder cancer specimens in comparison to normal tissue.
Statistically significant difference is denoted by *.

Expression of the same 13 CTA was studied in 10 RCC
samples, (Figure 2). Five of the samples demonstrated clear
cell type RCC, three papillary, one chromophobe, and one
mixed papillary and chromophobe. One sample was classified
as Fuhrman grade |, four as Fuhrman grade I, two as Fuhrman
grade Il and three as Fuhrman grade IV. Average comparative
CTA expression increased with grade. The Fuhrman grade |
sample had an average expression of 0.40. Samples of
Fuhrman grades Il and Il had an average comparative CTA
expression of 0.77. Fuhrman grade IV samples had an average
comparative CTA expression of 2.12. Because of this difference
in CTA expression, we combined kidney cancer samples with
Fuhrman grade | to Ill together and compared CTA expression
in these samples (total 7) to the Fuhrman grade IV samples
(total 3). Expression of 11 of the 13 tested CTA (mean values)
was increased in kidney cancer specimens with Fuhrman grade
IV morphology (most aggressive morphological type). In
specimens demonstrating Fuhrman grades I-lll, the expression
of all CTA was decreased, except for TEX14, which was mildly
increased (Figure 2). Comparing the expression of all CTA
tested in aggressive kidney cancer patients (Fuhrman grade V)
to corresponding normal kidney tissue, there was a statistically
significant increase (P<0.001) in the expression of CTA in these
tumors.
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Figure 2 Expression of CIA hi kidney cancer patients.
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Values above 1 denotes increased expression of the CIA in
malignant tissue in comparison to nonnal. and values below 1
denotes decreased expression of CIA in cancer tissue.

A. Mean values of fold change of CTA in kidney cancer
patients compared to nonnal tissue.

B. Expression of CTA in kidney cancer specimens according
to Furhman's grade. F1-F2- F3 denote samples with the
Furhman's gradesl to 3. and F4 denotes specimens with Furl

4

man's grade 4. All differences are statistically significant
(denoted by *) except in the case on CCNA1.

We also compared the expression of the separate CTA in
kidney tumors with Fuhrman grades I-lll to the kidney tumors
with Fuhrman grade IV. There was a statistically significant
increase in the expression of twelve CTA tested in kidney
tumors with Fuhrman grade IV — SSX2 (P<0.001), SPA17
(P=0.024), CEP55 (P<0.001), TEX14 (P=0.008), TEX15 (P=0.009),
ODF4 (P=0.008), AKAP4 (P=0.006), ACRBP P<0.001), PAGE4
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(P<0.001), MAGEA4 (P=0.013), BORIS (P=0.024) and TSGA10
(P=0.021). The only CTA with no difference was CCNA1l
(P=0.717).

Discussion

CTA have been shown to play physiologic roles during
spermatogenesis in transcription regulation, meiosis, germ cell
apoptosis and self-renewal of spermatogonia. While the exact
physiologic roles of most CTA have not been fully uncovered,
the known physiologic importance of CTA in cell cycle
regulation during spermatogenesis has fueled much
speculation surrounding the role of CTA in tumorigenesis.6

CTA have been shown to be variably expressed in different
cancers [19]. There is much research showing that progression
of tumorigenesis is often associated with increased expression
of CTA [20-24]. However, certain CTA appear to demonstrate
decreasing expression with disease progression and increased
expression of certain CTA may actually be associated with
improved prognosis [25,26]. Given the apparent variable
expression of CTA, we aimed to investigate whether there
might exist a subpopulation of CTA which are down regulated
in renal and bladder tumors. To this aim, we chose to study
expression of 13 CTA which we have previously observed to be
down regulated in prostate cancer tissues (data not shown).

In our renal cell carcinoma tissue samples, average CTA
expression was 0.40 for Fuhrman grade | samples and 0.77 for
Fuhrman grades Il and lll. This suggests that, for lower grade
tumors, there was actually decreased expression of the chosen
CTA. However, average expression of Fuhrman grade IV
samples was 2.12 which was significantly greater than the
expression in samples with Fuhrman grades I-lll or that
observed in normal renal tissues. In fact, expression of virtually
all tested antigens (except TEX14) was decreased overall in
kidney cancer specimens with Fuhrman grades I-lll, while
almost all CTA (except TSGA10 and CCN1) demonstrated
increased expression in the Fuhrman grade IV samples. These
findings are consistent with a recent study which showed a
correlation between increased expression of the CTA MAGEA3
and advanced renal cell carcinoma [15].

While the overexpression of certain CTA may confer a
growth advantage in certain cases, [27,28] overall increased
expression of CTA in advanced kidney cancer tissue might be
one of the reasons for the success of immunotherapy in kidney
cancer patients since many CTA are highly immunogenic.
Further studies are needed to clarify this point.

Regarding bladder cancer, certain studies have shown a
similar association of upregulation of CTA with disease
progression. One study using qPCR to investigate expression of
CEP55 in urothelial cell carcinoma found significantly greater
gene expression in muscle-invasive tumors compared to non-
muscle invasive cancers [17]. Similar differential mRNA and
protein expression was seen with the CTA PBK/TOPK [16].

Other studies have shown that increased expression of CTA
can actually be associated with improved prognosis [29]. Kawai
et al. looked at 84 bladder specimens from patients who had
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undergone radical cystectomy and found that five-year cancer-
specific survival was improved in those patients with higher
expression of heat shock protein 105 compared to those with
lower expression of this CTA25 suggesting that there may exist
an antibody-mediated anti-tumor response that has not yet
been entirely elucidated. These results are perhaps not
surprising considering that CTA have been shown to be highly
immunogenic and capable of stimulating robust T and B-cell
responses [19].

In our series of advanced muscle-invasive bladder cancer
specimens, the expression of the examined CTA was decreased
overall compared to matched benign controls. Especially
significant was the decrease in the expression of CCNA1 gene,
which plays a pivotal role in cell cycle regulation. Is it possible
that decreased expression of this gene allowed high grade
urothelial carcinoma cells to have uncontrolled growth?

Overall decrease in the expression of these antigens could
possibly decrease tumor recognition by the host immune
system. Studies showing high expression of certain CTA in
cases of advanced disease are promising, [30] as s
researchers’ ability to achieve positive immunological
response with CD8+ T cells with specificity for certain tumor-
associated antigens. Unfortunately, these findings have not
been translated into clinical success [8]. Could downregulation
of certain CTA in advanced disease be one reason for this lack
of success? Further research is needed to determine more
broadly which CTA might be downregulated and how this
might aid in tumor avoidance of the host immune system.

Increased expression of several CTA has been shown to be
associated with demethylation. Exposure to hypo-methylating
agents such as 5-azacitidine can result in increased expression
of these genes. Conversely, methylation has been shown to
cause gene repression. In the MAGE genes, the CG-rich
promoters are highly methylated in somatic tissues where
gene expression is absent but unmethylated in germ cells.
These data suggest that methylation of these promoters is a
silencing mechanism in many CTA to prevent expression in
somatic tissue [5].

The expression of antibodies to certain CTA has been shown
to improve patient survival and response to chemotherapy
raising the possibility that hypo-methylating agents such as 5-
azacitidine might — if given in low doses aimed at upregulating
CTA expression — improve response to chemotherapy
[27,29,31]. Therapeutic induction of CTA has been
demonstrated in both multiple myeloma [32] and in acute
myelogenous leukemia [33,34]. On the other hand,
considering that full-dose chemotherapy in general suppresses
immune response, it might be more beneficial to combine a
hypomethylating agent to increase CTA expression with
immunomodulatory agents, such as lenalidomide, [32,35] or
immune check point inhibitors like nivolumab. We are
currently using a mouse model to study the effectiveness and
antitumor mechanisms of these combinations.

The results found here raises several questions. For one, it
would be interesting to look at expression in these tissues
across a wider variety of CTA to see whether there might be
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particular patterns in certain populations of CTA. It would also
be interesting to compare expression of CTA in muscle-invasive
versus noninvasive bladder cancer tissues to see whether
expression of certain CTA decreases with tumor stage. Of
particular interest would be any CTA that has shown promise
in previous vaccine trials. It would also be interesting to see
whether CTA which have been shown to have increased
expression in muscle-invasive disease also demonstrated this
increased expression in our tumor samples.

Conclusion

The utility of CTA is potentially multifold. CTA could become
targets for future immunotherapies. Considering that most of
the specimens examined in this study demonstrated decreased
expression of the CTA, the use of hypo-methylating agents —
known to increase the expression of CTA — may improve the
recognition of tumor by the host immune system and improve
efficacy of other immunotherapeutic treatments. A second
potential use for CTA would be to discover improved
biomarkers to better predict presence and aggressiveness of
disease.
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