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Abstract New gene expressed in prostate (NGEP) is a
newly diagnosed prostate-specific gene that is expressed
only in normal prostate and prostate cancer cells. Discovery
of tissue-specific markers may promote the development of
novel targets for immunotherapy of prostate cancer. In the
present study, the staining pattern and clinical significance
of NGEP were evaluated in a series of prostate tissues
composed of 123 prostate cancer, 19 high-grade prostatic
intraepithelial neoplasia and 44 samples of benign prostate
tissue included in tissue microarrays using immunohisto-
chemistry. Our study demonstrated that NGEP localized
mainly in the apical and lateral membranes and was also
partially distributed in the cytoplasm of epithelial cells of

M. Mohsenzadegan
Immunology Research Centre, Iran University of Medical
Sciences, Tehran, Iran

M. Mohsenzadegan - M. Shekarabi
Department of Immunology, Iran University of Medical Sciences,
Tehran, Iran

Z. Madjd (<) - M. Asgari - M. Abolhasani - A. Shariftabrizi
Department of Pathology, Oncopathology Research Centre,

Iran University of Medical Sciences, Hemmat Street (Highway),
Next to Milad Tower, 14496-14530 Tehran, Iran

e-mail: Zahra.madjd @yahoo.com; z-madjd @tums.ac.ir

Z.Madjd - J. Taeb
Department of Molecular Medicine, Iran University of Medical
Sciences, Tehran, Iran

M. Asgari - M. Abolhasani
Department of Pathology, Hasheminejad Kidney Center,
Iran University of Medical Sciences, Tehran, Iran

A. Shariftabrizi
Department of Pathology, Danbury Hospital, Yale University,
Danbury, CT 06810, USA

17 August 2013

normal prostate tissue. All of the examined prostate tissues
expressed NGEP with a variety of intensities; the level of
expression was significantly more in the benign prostate
tissues compared to malignant prostate samples (P value
<0.001). Among prostate adenocarcinoma samples, a sig-
nificant and inverse correlation was observed between the
intensity of NGEP expression and increased Gleason score
(P = 0.007). Taken together, we found that NGEP protein
is widely expressed in low-grade to high-grade prostate
adenocarcinomas as well as benign prostate tissues, and
the intensity of expression is inversely proportional to the
level of malignancy. NGEP could be an attractive target
for immune-based therapy of prostate cancer patients as
an alternative to the conventional therapies particularly in
indolent patients.
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Abbreviations

Ano 7 Anoctamin 7

BPH Benign prostatic hyperplasia

Epe Extraprostatic extension

ESTs Expressed sequence tags

FDA Food and drug administration

HPIN High-grade prostatic intraepithelial neoplasia
IHC Immunohistochemistry

ISH In situ hybridization

MADb Monoclonal antibody

NGEP New gene expressed in prostate

PBMC Peripheral blood mononuclear cell

PCa Prostate cancer

PSA Prostate-specific antigen

PSMA Prostate-specific membrane antigen

PSCA Prostate stem cell antigen
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TMA Tissue macroarray
TRICOM Triad of costimulatory molecules
(B7.1, ICAM-1, LFA-3)

Introduction

Prostate cancer (PCa) is the second most common cancer
and one of the leading causes of cancer deaths among men,
which affects men aged fifty or more [1, 2]. PCa most com-
monly metastasizes to the bones, lymph nodes, and may
invade rectum, bladder and lower ureters after local exten-
sion. Standard treatment modalities for localized disease
such as surgery, radiotherapy and active surveillance often
prove to be ineffective, and thus, a search for therapeutic
alternatives is needed for treating advanced and metastatic
disease [3, 4]. Hormonal therapy and chemotherapy are
often reserved for tumors that have spread beyond the pros-
tate. However, these modalities are unable to completely
eliminate androgen-independent prostate cancer cells that
remain after androgen ablation of the metastatic prostate
cancer [5, 6]. Therefore, novel strategies for the treatment
of prostate cancer are essential. Recent studies have dem-
onstrated that target-specific immunotherapy either alone
or in combination with current treatment protocols can be
an effective treatment strategy for advanced prostate cancer
[7, 8]; thus, it is crucial to identify and characterize new
molecular targets that are exclusively expressed in prostate
cancer. Several prostate cancer-associated antigens have
been identified [9-11]; some of these antigens including
PSMA [12] and PSCA [13], however, are also expressed in
vital normal tissues other than the prostate [14, 15].

New gene expressed in prostate (NGEP) was first
identified through computer-based analysis of expressed
sequence tags (ESTs) clustering. This protein is specifically
expressed in prostate cancer and in normal prostate but not
in other essential normal tissues [16].

NGEP, also called ANO7, is a member of an
octamin/TMEM16 family that are Ca2+-activated Cl—
channels and is a cell membrane protein [17]. The NGEP
gene is localized on chromosome 2 band q37.3 of the
human genome [16]. This family of proteins is considered
to be of significant interest in cancer and developmental
biology. It has been previously shown that many of the
human TMEM16 genes are overexpressed in cancer and
are considered as valuable tumor markers, particularly in
the gene expression profiling with microarrays [18, 19].
It is also determined that TMEM16 family is expressed in
taste buds localized to sweet, bitter and umami (TRPMS5
positive) cells by ISH (In situ hybridization) [20].

There are two isoforms of NGEP as a result of alterna-
tive splicing of mRNA. The smaller transcript (NGEP-S)
encodes a 179 amino acid located in the cell cytoplasm,
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and the larger transcript (NGEP-L) encodes a membrane
protein comprised of 933 amino acids and contains 8
transmembrane regions with both the N- and C-termini of
NGEP-L located inside the cell [16, 21].

This specific antigen, therefore, could be a promising
target for a putative therapeutic antibody for prostate can-
cer because it is exclusively detected in prostate tissues. In
addition, its cell surface expression pattern makes NGEP
an ideal molecule for immune-based targeted therapy of
prostate cancer [22].

Increased understanding of the immune system, tumor
immunology and vaccine technologies have allowed for
the development of novel vaccine approaches that may
be more effective. Sipuleucel-T, the first patient-specific
vaccine approved in 2010 by the Food and Drug Admin-
istration (FDA) for the treatment of metastatic, castra-
tion-resistant prostate cancer (mCRPC), is formulated by
incubating patient-derived peripheral blood mononuclear
cells (PBMC) obtained by leukapheresis with a fusion
protein consisting of GM-CSF and a tumor-derived dif-
ferentiation antigen (prostatic acid phosphatase) [23, 24].
The GM-CSF serves to activate and induce maturation
of the dendritic cells that initiate an immune response
and potentially to direct the PAP protein into these cells
[25]. Other immune therapy approaches have focused on
regulating costimulatory molecules to boost the T-effec-
tor cell response to mCRPC. PROSTVAC®-VF is a pox-
virus-based vaccine engineered to contain PSA and three
costimulatory molecules; B7.1, ICAM-1 and LFA-3
termed TRICOM within a vaccinia or fowlpox virus vec-
tor [26]. The results from clinical trials with Sipuleucel-T
and PROSTVAC®-VF have been encouraging, thus provid-
ing proof of principle for vaccines as therapeutic approach
[27].

New gene expressed in prostate was also described as
a potential target for T-cell-mediated immunotherapy of
prostate cancer because of its potent immunogenicity and
prostate-restricted expression [28]. In a previous immuno-
histochemical study performed by Das et al. [22], 91 % of
prostate samples showed positive reactivity for NGEP-L in
the cancerous region, whereas higher level of expression
was detected in 100 % of normal regions of prostate speci-
mens. However, the intensity of expression of NGEP was
not related to the grade of tumors.

Considering the absence of any report in the literature
concerning the association between expression of NGEP
with clinicopathological characteristics of prostate cancer
patients, herein we aimed for the first time to investigate
the staining patterns and clinical significance of NGEP
in a large series of prostate tissue specimens using tissue
microarray (TMA) technique. The correlation of NGEP
expression with patients’ and tumor characteristics was also
examined.
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Material and methods
Patients and tissue samples

This was a retrospective study on a series of 202 paraffin-
embedded prostate tissue samples. Of this collection, 16
specimens were excluded from the study due to technical
problems in tissue processing or absence of tumor cells
within the core, leaving a total of 186 cases for the final
evaluation. Our samples consisted of 123 prostate adeno-
carcinomas, 19 high-grade prostatic intraepithelial neo-
plasia (HPIN) and 44 benign prostate tissues, including 29
benign prostatic hyperplasia (BPH) and 15 normal prostate
tissues adjacent to tumors which were included in the tis-
sue microarray. All of these patients were diagnosed over
the time period of 2006-2011 in Hasheminejad Kidney
Center, a major university-based referral Urology Hos-
pital in Tehran, Iran. Surgical specimens were obtained
before systemic treatment, and paraffin embedding was
performed within the framework of routine diagnostic
procedures. Pathological reports were evaluated to obtain
diagnosis and other pathologic parameters including
tumor type and grade, tumor volume and site, lymph node
involvement, vascular invasion, involvement of the adja-
cent tissue and pathologic tumor stage. Medical records of
all patients were also reviewed to obtain patients’ age and
serum PSA.

All hematoxylin and eosin (H and E) stained slides were
reviewed to determine the best area for preparing TMA of
each specimen. Tumor grade was determined according to
the Gleason scoring system based on the 2005 International
Society of Urological Pathology consensus on Gleason
scoring of prostatic adenocarcinoma [29].

We also stratified Gleason score (GS) 7 prostate cancer
into two groups (GS 3 + 4 and GS 4 + 3) in order to inves-
tigate the expression of NGEP as related to different clini-
cal outcomes of these two groups [30, 31].

Pathologic tumor stage was defined based on the last
version of AJCC/UICC TNM staging system [32]. Tumor
volume was assessed based on the proportion (%) of tumor
involvement in the prostate specimen.

Tumor samples were obtained from radical prosta-
tectomy surgical specimens after obtaining informed
consent from patients. The normal prostate tissues adja-
cent to tumors were also included in TMAs to compare
the staining patterns of NGEP in a range of different tis-
sue samples. In addition, 29 specimens from BPH diag-
nosed on simple prostatectomy specimens were included
in our TMAs. Patients’ data were fully anonymous. This
research study was approved by Iran University of Medi-
cal Sciences Research Ethics Committee. None of these
patients received preoperative hormone or radiation
therapy.

Immunohistochemistry

Immunohistochemical detection of the NGEP marker
was performed on TMA slides (Superfrost plus, Thermo
Scientific, Germany) using a standard chain polymer-
conjugated (Envision) technique as described previously
[33] on paraffin-embedded tissues of prostatectomy speci-
mens, using an Anti-ANO7 rabbit polyclonal antibody
(Sigma Aldrich, USA). After deparaffinization, tissues
were rehydrated by immersion in decreasing grades of
ethanol, and endogenous peroxidase activity was blocked
by immersing the tissues for 15 min in methanol contain-
ing 0.3 % hydrogen peroxide. Antigens were retrieved by
autoclaving for 10 min in 1 mmol/L Tris—EDTA buffer
(pH 8.0). After antigen retrieval, 4 pm tissues sections
were incubated overnight with primary antibody at serial
dilutions of 1:40, 1:80 and 1:100 at 4 °C; finally, the opti-
mal dilution was found to be 1:40. After washing with
Tris-buffered saline (TBS), tissues were incubated in the
secondary antibody which was EnVision™  /HRP, Dual
Link Rabbit/Mouse (Dako, Denmark) for 30 min at room
temperature with the addition of 3, 3’-diaminobenzidine
(DAB, Dako) to achieve visualization of the antigen. In
the final step, tissue sections were lightly counterstained
with hematoxylin (Dako), dehydrated in alcohol, cleared
in xylene (Dako) and mounted for visualization. The
entire tissues of prostate adenocarcinoma specimen were
used as positive control. Negative control, consisting of
TBS instead of primary antibody, confirmed the specific-
ity of the staining.

Tissue microarray (TMA) construction

Tissue microarray blocks were constructed as described
previously [34, 35]. In each case, 5-um H and E slides
were used to identify and mark out representative areas of
tumor tissue. From each corresponding paraffin-embedded
block, three representative tumor regions were selected
and microarray samples with a diameter of 0.6 mm were
punched from selected regions of each “donor” block and
precisely arrayed into a new recipient paraffin block using
Tissue ArrayerMinicore (ALPHELY'S, Plaisir, France). Tis-
sue microarray (TMA) blocks were constructed in three
copies for each specimen; the mean scoring of three cores
was then calculated as the final score.

Evaluation of immunostaining

The immunostained tissue arrays were evaluated using a
semi-quantitative scoring system (by MM) after a series
was observed on a multi-headed microscope by two other
observers (MA and ZM) in a coded manner without previ-
ous knowledge of clinical and pathological parameters of
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patients. In difficult cases, the scoring was confirmed by
two observers and a consensus was achieved.

Scoring system

Intensity of staining was scored as 0 (no expression), 1
(weak), 2 (moderate) and 3 (strong). Percentage of NGEP
positive cells was graded as: 0 (no staining), 1 (<50 % posi-
tive cells), 2 (50-80 % positive cells) and 3 (>80 % positive
cells). The overall score was obtained by H-score (histo-
chemical score) for each case by multiplying the intensity
of staining by the percentage of positive cells, and a final
score of 0-300 was given [36]. The mean of H-scores was
chosen as cut-off value to classify the samples as high or
low expression of NGEP, which was found to be 190.

Statistical analysis

All data were analyzed using the SPSS statistical software
package version 20 (SPSS, Chicago, IL, USA). Pearson’s
x* and Pearson’s R tests were used to analyze the signifi-
cance of correlation between NGEP expression and clin-
icopathological parameters. Moreover, the comparisons of
NGEP expression in PCa, HPIN and benign prostatic tis-
sues were performed using Mann—Whitney test. A P value
of <0.05 was considered to be statistically significant.

Results
Study population

Overall, mean age of study population was 66 years (ranged
48-90). Mean age of prostate cancer patients was 66 years
(ranged 48-90 years), and BPH cases had a mean age of
67 (ranged 52-89). Tumor volume percentage was classi-
fied as three groups: <30, 30-60 and >60 %, which ranged
5-100 % (mean 33 %) in 123 prostate cancer patients,
63 % of cases (77) had tumor volume <30, 24 % (30) had
tumor volume of 30-60 %, whereas 13 % (16) had a tumor
volume of >60 %. Prostate-specific antigen (PSA) levels
were grouped as <4, 4-10 and >10 ng/ml (ranged 0.4-352,
mean 15 ng/ml). Of 79 cases for whom the PSA data were
available, 6 % (5) had a PSA of <4 ng/ml, 58 % (46) had a
PSA of 4-10, whereas 36 % (28) had PSA >10 ng/ml.

Furthermore, of 123 cases of PCa, 45 % (55) showed
Gleason score of 6, 49 % (60) showed Gleason score of 7
and 6 % (8) showed Gleason score of 8. Of 118 cases for
which pathologic tumor stage (pTNM staging) data were
available, 64 % (76) of cases were in stage pT2 and 36 %
(42) of cases were classified in stage pT3.

All patients’ and tumor characteristics are summarized
in Table 1. Adjacent tissue involvement including extension
of the tumor out of prostate to the bladder neck, seminal

Table 1 Association between

Expression of NGEP (P value; Pearson b

H-score
(cut-off = 190)

Intensity
of staining

Percentage
of positive cells

o . Patients and tumor No (%)
NGEP expression (intensity, characteristics
percentage of positive
cells and H-score) and
clinicopathological parameters
of prostate cancer (P value; Age (years)
Pearson Xz) <66 65 (53)
>66 58 (47)
Gleason scores
Gleason score 6 55 (45)
Gleason score 7 60 (49)
Gleason score 8 8 (6)
Tumor volume (%)
<30 77 (63)
30-60 30 (24)
>60 16 (13)
PSA (ng/ml)*
<4 5(6)
4-10 46 (58)
>10 28 (36)
Unknown 44
pTNM system”
pT2 76 (64)
Values in bold are significant pT3 42(36)
Unknown 5

2 No (%) of recorded cases
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0.57 0.38 0.44
0.007 <0.001 0.007
0.055 0.3 0.14
0.32 0.65 0.58
0.18 0.54 0.36
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Table 2 Association between
expression of NGEP (intensity,

Involved sites

No (%) of recorded
cases

Expression of NGEP (P value; Pearson x°)

percentage of positive cells Intensity Percentage H-score
and H-score) and involvement of staining of positive cells
of adjacent tissues, surgical
margins, perineural and vascular Extraprostatic extension
invasion (P value; Pearson x ) Present 25 (22) 0.34 0.82 0.48
Absent 90 (78)
Unknown 8
Bladder neck involvement
Present 8 (13) 0.04 0.36 0.61
Absent 53 (87)
Unknown 62
Seminal vesicles and vasa
deferentia
Present 24 (21) 0.7 0.86 0.31
Absent 89 (79)
Unknown 10
Lymph nodes involvement
Present 5@) 0.47 0.95 0.51
Absent 106 (96)
Unknown 12
Surgical margins
Present 40 (37) 0.09 0.37 0.93
Absent 67 (63)
Unknown 16
Vascular invasion
Present 44 0.6 0.95 0.79
Absent 93 (96)
Unknown 26
Perineural invasion
Present 105 (94) 0.87 0.96 0.56
Absent 7 (6)
Unknown 11

Value in bold is significant

vesicles and vasa deferentia and lymph nodes was deter-
mined. Surgical margins, perineural and vascular invasion
data are also shown in Table 2.

Expression of NGEP in PCa, HPIN and benign prostate
tissues

A tissue microarray-based immunohistochemical analysis
was performed to investigate the expression of NGEP as a
specific tissue marker of prostate. The level of expression
was assessed by three scoring methods, namely the inten-
sity of the staining, the percentage of positive cells and the
overall H-score. The NGEP protein was predominantly
expressed in cell membrane and cytoplasm of epithelial
cells with the same pattern in the malignant and nonmalig-
nant prostate tissues (Fig. 1).

The NGEP protein was expressed with a variety of
intensities in epithelial cells of prostate tissues, including

PCa, HPIN and benign prostate tissue, whereas no nega-
tive staining was detected in this series of tissues. Of
123 PCa cores stained for NGEP, weak, moderate and
strong intensities were observed in 19 % (23), 59 % (73)
and 22 % (27) of cases, respectively. Of 19 HPIN cores,
weak, moderate and strong staining were detected in O,
32 % (6) and 68 % (13), respectively. Of 44 benign pros-
tate tissue cores, weak staining was observed in 7 % (3),
whereas moderate and strong staining was detected in
68 % (30) and 25 % (11) of cases, respectively (Table 3).
The majority of PCa (59 %) and benign tissues (68 %)
stained moderately, whereas HPIN samples mostly (68 %)
showed strong staining (Table 3). The average inten-
sity of NGEP expression was higher among HPIN cores
(mean = 3) compared to PCa (mean = 2.03) and benign
(mean = 2.18) cores. The mean of H-score was 174 in
PCa cases, 247 in HPIN group and 205 in benign prostate
tissues.
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Fig. 1 Expression of NGEP in prostate tissues. Weak (a), moderate
(b) and strong (c) expressions of NGEP were observed mainly on
the cell membrane and partially on the cytoplasm of prostate adeno-

Table 3 Expression of NGEP (intensity, percentage of positive cells
and H-score) in normal prostate, HPIN and cancer (P value; Pearson

)

carcinomas, with no staining of stroma. Strong staining of NGEP in
HPIN (d), moderate and strong staining in benign prostate tissues (e,
f) (original magnification x 100)

Table 4 NGEP expression (intensity, percentage of positive cells and
H-score) in prostate cancer compared to HPIN and benign prostate
(Mann—Whitney U test)

Scoring PCas HPIN Benign P value
No (%) No (%) prostate tissues
No (%)
Intensity
of staining
Weak 23(19)  0(0) 3(7) <0.001
Moderate 73(59) 6(32) 30 (68)
Strong 27(22) 13(68) 11(25)
Percentage
of positive cells
<50 1 (1) 1(5) 0(0) 0.001
50-80 52(42) 2(11) 7 (16)
>80 70(57) 16(84) 37(84)
H-score
Low (<190) 81(66) 3(16) 16 (36) <0.001
High (>190) 42 (34) 16(84) 28(64)
No. total 123 19 44

A significant difference was observed in the level of
expression of NGEP (either intensity or H-score) between
PCa, HPIN and benign prostate tissues (Pearson’s x2
P <0.001, Table 3).

The Mann—Whitney U test was used to compare differ-
ences between expression of NGEP in two groups, indicat-
ing a statistically significant difference between expression
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Expression of NGEP (P value, 2 tailed)

Staining Percentage H-score
intensity of positive cells
PCas with
HPIN <0.001 0.038 <0.001
Benign prostate 0.18 0.001 0.001
tissues

of NGEP (in terms of H-score and intensity) in PCa cases
with HPIN group (P < 0.001). A significant association
was also evident between expression of NGEP, as assessed
by H-score, in PCa group and benign prostatic tissues
(P = 0.001) (Table 4).

To evaluate the specific staining of NGEP antibody,
we also performed immunohistochemical staining using
several normal tissues such as brain, lung, kidney, liver,
stomach and prostate. Only the prostate tissues specifically
stained with anti-NGEP antibody (Fig. 2).

Association of NGEP expression with clinicopathological
parameters

Univariate analysis showed statistically significant inverse
correlation between expression of NGEP in terms of
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Fig. 2 Expression of NGEP in normal tissues. No specific staining was observed in normal tissues of brain (a), lung (b), kidney (c), liver (d)
and stomach (e), whereas the prostate tissues (f) specifically stained with anti-NGEP antibody (original magnification: a—f x200)

Fig. 3 Immunostaining for NGEP in PCa and its correlation with
Gleason score. a Strong intensity of NGEP in low-grade tumor (Glea-
son score 6). b Moderate intensity of NGEP in Gleason score 7 PCa.

intensity of staining, percentage of positive cells and
H-score (cut-off = 190) with Gleason score (P = 0.007,
P < 0.001 and P = 0.005; respectively), indicating that the
decreased level of NGEP expression was more often found
in higher Gleason score PCa samples (Fig. 3; Table 1).
Similarly, further analysis based on the subcategories of
the Gleason score 7 (GS 3 + 4 and GS 4 + 3) showed
a significant inverse correlation between NGEP expres-
sion in terms of intensity and H-score (cut-off = 190) with
Gleason score (P = 0.008 and P = 0.01; respectively),
demonstrating that the higher level of NGEP was more

¢ Weak intensity of NGEP in high-grade tumor (score 8) (original
magnification: a—¢ x200)

found in GS 3 + 4 subgroup compared to the GS 4 + 3
subgroup.

In addition, a borderline significant correlation was
found between the intensity of NGEP expression and the
tumor volume (P = 0.05).

However, the intensity of NGEP expression was not
correlated with the level of serum PSA in prostate cancer
patients (P = 0.32) (Table 1). The expression of NGEP was
not also correlated with other tumor characteristics, includ-
ing pTNM stage, vascular invasion, lymph node involve-
ment or tumor invasion to adjacent tissues (Table 2).
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Discussion

Targeted therapy of cancer using monoclonal antibodies
has become an integral part of contemporary treatment
against solid tumors, including prostate and breast can-
cer [37, 38]. For this approach being effective, it is cru-
cial that the antigen is expressed on the cell surface of the
target cells and not expressed in other vital normal tis-
sues. NGEP is a prostate-specific plasma membrane pro-
tein that was initially identified through computer-based
analysis of EST clustering [16], thus is an attractive tar-
get for immunotherapy of prostate cancer. To our knowl-
edge, only four studies [16, 21, 22, 28] have been previ-
ously performed regarding prostate-specific gene, NGEP,
in which two studies [21, 22] examined the expression of
NGEP in prostate tissues using immunohistochemistry.
To apply NGEP antigen as a specific target for immuno-
therapy of prostate cancers, it is essential to determine
the level of its expression in a larger number of prostate
tissues at different stages of differentiation to determine
its efficacy for specific group of patients. In the current
study, we investigated the expression of NGEP protein
in a well-characterized series of prostate tissues with a
wide variety of differentiation consisting of PCa, HPIN
and benign and normal tissues using tissue microarray
technique to examine the level of expression at various
stages of differentiation and to correlate NGEP expression
with clinicopathological characteristics of PCa. Indeed,
tumor profiling by tissue microarray technology has been
developed in order to overcome some of the limitations
of conventional immunohistochemical studies and allows
the analysis of target protein expression for hundreds of
tumors simultaneously [35].

We used the anti-ano7 antibody raised against sequence
near to N-terminal of NGEP (residues 23-95), which is
shared between NGEP-L and NGEP-S [16]. The C-termi-
nus of NGEP (residues 875-933) is exclusively expressed
in NGEP-L, is the most diverse among the TMEMI16
members and locates in the intracellular region of prostate
epithelial cells. The prior immunohistochemical studies
used a polyclonal antibody raised against the C-terminus
of NGEP-L. The antibody stained a protein that is highly
expressed on the apical and the lateral surfaces of normal
and cancer prostate epithelial cells [21, 22].

However, our immunohistochemical study illustrated
that the antibody against sequence near to N-terminus of
NGERP is localized to the cytoplasm (NGEP-S) and in api-
cal and lateral membrane (NGEP-L) in epithelial cells of
prostate gland, and no staining was detected in stromal
cells. All of our examined prostate tissues including pros-
tate adenocarcinoma, HPIN and benign prostate samples
(BPH and normal tissues adjacent to tumors) expressed
NGEP with a variety of intensities.
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Our findings are consistent with earlier studies per-
formed using In situ hybridization (ISH) and immunohis-
tochemistry (IHC), demonstrating that NGEP is expressed
in both basal and terminal epithelial cells of benign and
malignant prostate tissues, whereas no signal was detect-
able in cells of the stromal compartment [16, 21, 22]. The
above mentioned studies have also confirmed that the pro-
tein encoded by NGEP-S is localized to the cytoplasm,
whereas the protein encoded by NGEP-L is present on the
plasma membrane [16, 21].

Based on the RNA expression profiles and immunohis-
tochemical analysis, NGEP is only expressed in normal
prostate (non-vital for the patient) and prostate cancer tis-
sues [21, 22]; in contrary, other putative prostate markers
such as prostate-specific membrane antigen (PSMA) [39]
or prostate stem cell antigen (PSCA) [40]are expressed in
other normal tissues apart from the prostate. This specific-
ity makes NGEP an exceptional immunotherapeutic tar-
get; therefore, MADb targeting of an extracellular portion of
NGEP could be valuable in the immunotherapy of prostate
cancer [22, 28]. Our immunohistochemical staining also
illustrated specific staining of epithelial cells of prostate tis-
sues compared to other normal tissues using a multi-tissue
microarray.

In agreement with the previous studies [21, 22], we
found that the level of NGEP expression was significantly
higher in benign prostate tissues compared to malignant
prostate samples. The expression of NGEP in normal pros-
tate tissues as well as HPIN and PCa highlights the role of
NGERP as a differentiation antigen [21], suggesting that this
antigen is initially made in normal prostate and continues
to be expressed in variable levels in PCa. Moreover, among
the prostate carcinoma samples, the level of expression of
NGEP decreased from low-grade to high-grade prostate
cancers, indicating its possible value to apply as a candi-
date for tumor prognosis, also as an excellent target for
antibody-based immunotherapy. Because of low side effect
immune therapy/vaccine treatment for indolent disease, this
approach would provide low-risk treatment for patients as
an alternative to aggressive surgery, radiation therapy and
chemotherapy with their associated morbidity [41]. The
adverse effects evaluated from dendritic cell-based prostate
cancer immunotherapy trials were mild and transient com-
pared to the persistent side effects of surgery or radiation
[42].

Previous immunohistochemical study on 126 radi-
cal prostatectomized specimens containing benign glands
along with cancerous regions also showed stronger inten-
sity of NGEP expression in normal prostate compared to
cancers. However, they could not show any correlation
between the level of expression of NGEP and the Gleason
scores of PCa cases [22]. In our study, we used Gleason
scores of 6, 7 and 8 which is obtained from the summation
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of two initial Gleason scores [29], whereas the prior study
used tumors with Gleason grade of 3, 4 or 5 [22]. In addi-
tion, the relation of the primary Gleason grade (in the sub-
categories of Gleason score 7 prostate cancers) with NGEP
expression was investigated. Previous studies have shown
that Gleason score 7 prostate cancers with a primary Glea-
son grade of 4 are more aggressive than the Gleason score
7 cancers with a primary Gleason grade of 3 [31]. Similar
to the impact of NGEP expression on Gleason score, the
correlation analysis of primary Gleason grade of 3 (GS
3 4 4) and primary Gleason grade of 4 (GS 4 + 3) with
NGEP expression showed that the decreased level of NGEP
expression was associated with GS 4 4 3 and might have
an effect on the prognosis of prostate cancer.

We also observed that the expression of NGEP was posi-
tive in prostate tumors metastasized to lymph nodes as Das
et al. [22] reported, suggesting that this marker can be also
used as a diagnostic marker, particularly in metastatic pros-
tate cancers.

Das et al. [21] using RT-PCR analysis illustrated that
NGEP-L is detected in the androgen-dependent prostate
cancer cell line, LNCaP, but it is not present in androgen-
independent PC-3 and DU145 cell lines; however, our
immunohistochemical study showed predominant expres-
sion of NGEP in all prostate cancer tissues.

It has been showed that in LNCaP cell line, NGEP-
L plays a role in promoting cell-to-cell interactions [21].
They have also shown that, in both normal and cancerous
tissues, NGEP-L is localized to the apical and the lateral
surfaces of the epithelial cells of prostate. Our study con-
firmed the same localization for NGEP protein in epithelial
cells of prostate tissues. Similar localization of NGEP-L
in the LNCaP cells and in the prostate tissue suggests that
NGEP-L may have an important role in the cell—-cell inter-
actions and prostate cell adhesion [21].

In addition to the feasibility of use of NGEP-L as a
potential target for Ab-mediated prostate cancer immuno-
therapy, there is evidence that NGEP-based vaccines may
be of potential use in prostate cancer in combination with
T-cell-mediated immunotherapy. In this regard, Cereda
et al. [28] recently identified an epitope of NGEP antigen
which activates NGEP-specific T cells in the blood of pros-
tate cancer patients. PBMC from prostate cancer patients
showed higher levels of binding with NGEP-specific/HLA-
A2 tetramer as compared to PBMC from normal donors.
Moreover, an increase in NGEP-specific T cells was
observed in the prostate cancer patients after vaccination
with a PSA-based vaccine, demonstrating the immuno-
genicity of NGEP and feasibility of cell-mediated immuno-
therapy by NGEP antigen in prostate cancer patients.

Considering the NGEP as an exclusive marker of pros-
tate tissues and its potential role for antibody-based immu-
notherapy, it is also essential to examine its function in

prostate tumor cells. Therefore, NGEP should be investi-
gated in cell signaling and cytotoxicity assays on prostate
tumor cells in vitro and also in animal models to confirm its
suitability for Ab-based therapy.

Conclusion

Our finding demonstrated that NGEP protein is widely
expressed from low-grade to high-grade prostate cancers as
well as benign prostate tissues with a variety of intensities.
We further showed that NGEP is highly expressed in HPIN
and low-grade prostate cancer, whereas the expression of
NGEP was significantly decreased in high-grade prostate
cancer.

These results are therefore particularly applicable to the
development of immunotherapeutic strategies for treat-
ment of prostate cancer, suggesting that early stage patients
whose tumors express higher level of NGEP could be
appropriate candidates for antibody-based immunotherapy.
In contrast, patients with advanced tumor may achieve
great benefit from NGEP-targeted therapy in combination
with conventional therapy. Therefore, this approach would
provide low-risk treatment for patients as an alternative to
aggressive surgery or radiation therapy with their associ-
ated morbidity.
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