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Abstract

New gene expressed in prostate (NGEP) is a prostate-specific
polytopic membrane protein found at high concentrations
at cell:cell contact regions. To determine if NGEP is a useful
target for antibody-based therapy of prostate cancer, we
performed an immunohistochemical analysis of 126 human
prostate carcinoma samples using polyclonal anti-NGEP sera
and found that 91% of the cancers express NGEP protein. To
elucidate the topology of NGEP and guide the development of
monoclonal antibodies (mAb) reacting with the extracellular
regions of NGEP, a hemagglutinin epitope tag was inserted
at several positions within the NGEP sequence. The tagged
proteins were expressed in 293T cells and locations of the
tags were determined by immunofluorescence in intact or
permeabilized cells. The results indicate that NGEP contains
eight transmembrane domains with both the NH2 and COOH
termini of NGEP located inside the cell. We produced mAb
to three regions that are predicted to be intracellular based
on the epitope tag data (amino acids 1-352, 441-501, and
868-933), and as predicted, the mAb only detected the protein
in permeabilized cells. NGEP is a glycoprotein with predicted
glycosylation sites at N809 and N824. When these residues
were converted to glutamine, glycosylation was abolished,
confirming that the residues are extracellular. Our findings
on the expression and the orientation of the NGEP protein
serve as an important framework for the development of
mAb targeting the extracellular regions of NGEP that could
be used for prostate cancer immunotherapy. [Cancer Res
2008;68(15):6306–12]

Introduction

Prostate cancer is one of the leading causes of cancer deaths
among men (1). It is predicted that approximately one in six men
in the United States will have prostate cancer in their lifetime (2).
Currently, the most common treatment regimen is surgery followed
by radiation or radiation paired with hormone therapy (3–5).

However, the current treatments are highly unsuccessful if the
cancer has undergone metastasis or in cases of hormone-
independent prostate cancer (6). Recently, clinical trials using
monoclonal antibodies (mAb) against cell surface receptors have
yielded encouraging therapeutic results on both lymphomas and
solid tumors (7, 8). New gene expressed in prostate (NGEP) is a
promising target for therapeutic antibody for prostate cancer
because it is only expressed in normal prostate (not essential) and
prostate cancer (9) and not in any other vital organs. In addition,
its cell surface expression makes NGEP an excellent immunother-
apeutic target.
NGEP, a TMEM16 protein family member, is a polytopic plasma

membrane protein highly concentrated at cell:cell contact regions
in LNCaP cells (10). Immunohistochemistry of prostate tissues
showed that NGEP is highly expressed on the apical and lateral
surfaces of normal prostate and prostate cancer cells (10).
Lateral surface expression suggests that NGEP may have a role in
prostate cell interactions or adhesions. Furthermore, LNCaP cells
expressing NGEP formed aggregates as the cell density increases.
This phenomenon of aggregation was lost when a small interfering
RNA targeting NGEP mRNA was introduced into the NGEP-
expressing LNCaP cells (10).
Experimental validation of the predicted topological structure of

NGEP is important to understand the structural basis of its action
and for the development of novel therapeutic antibodies against
its extracellular region for prostate cancer immunotherapy. Several
in silico analysis programs have proposed different topological
models of NGEP. For example, the hydropathy analysis of the
amino acid sequence using the Kyte and Doolittle algorithm
predicted that NGEP will have seven transmembrane regions,
whereas PredictProtein analysis predicted that NGEP will have
eight transmembrane regions (11, 12). To experimentally determine
the topology of NGEP, we used an epitope tag insertion scanning
method (13, 14).
In this study, the hemagglutinin (HA) epitope was incorporated

in all predicted extracellular and intracellular regions of the
protein. The epitope insertion constructs were transfected into
293T cells and their accessibility to the antiepitope antibodies was
evaluated in permeabilized and intact cells to determine their
orientation relative to the plasma membrane. Further, we
developed and characterized mAbs that are specific to NGEP.
Using these antibodies in combination with N-glycosylation
analysis of NGEP, we confirmed our predicted model obtained
from the epitope insertion studies. Our results indicate that NGEP
consists of eight transmembrane regions with both the NH2 and
COOH termini being intracellular. In addition, our results suggest
that a hydrophobic region within extracellular loop 3 between TM5
and TM7 protrudes into the membrane forming a reentrant loop-
like structure. This experimentally verified membrane topology

Note: Supplementary data for this article are available at Cancer Research Online
(http://cancerres.aacrjournals.org/).
Current address for Y. Hahn: Department of Life Science, College of Natural

Science, Chung-Ang University, Seoul 156-756, Korea. Current address for S. Nagata:
Cancer Biology Research Center, Sanford Research/University of South Dakota, 1400
West 22nd Street, Sioux Falls, SD 57105.

Requests for reprints: Ira Pastan, Laboratory of Molecular Biology, National
Cancer Institute, 37 Convent Drive, Room 5106, Bethesda, MD 20892-4264. Phone: 301-
496-4797; Fax: 301-402-1344; E-mail: pastani@mail.nih.gov.

I2008 American Association for Cancer Research.
doi:10.1158/0008-5472.CAN-08-0870

Cancer Res 2008; 68: (15). August 1, 2008 6306 www.aacrjournals.org

Research Article

Research. 
on September 3, 2019. © 2008 American Association for Cancercancerres.aacrjournals.org Downloaded from 

http://cancerres.aacrjournals.org/


structure of NGEP should permit us to develop novel therapeutic
antibodies specific to the extracellular region of NGEP for prostate
immunotherapy.

Materials and Methods

Bioinformatic identification of NGEP paralogs and orthologs. To
make a NGEP topology model by using information of paralogs and
orthologs in various mammalian species, we searched the genome sequence

database of different species with the NGEP cDNA as a query. The putative

NGEP genomic sequence was extracted from each genome assembly.
We then identified each exon from the genomic sequence by comparing it

with human NGEP exons. Finally, the exons were assembled into a virtual

cDNA sequence. The resulting sequences were checked using expressed

sequence tags (EST) when available. We successfully identified complete
or nearly complete NGEP/Ngep protein sequences from chimpanzee (Pan

troglodytes), rhesus macaque (Macaca mulatta), mouse (Mus musculus), rat

(Rattus norvegicus), and dog (Canis familiaris). The predicted mouse and

rat Ngep cDNA sequences are available in Genbank (accession numbers
BK004075 and BK004074, respectively).

Construction of membrane topology models of human NGEP. To
predict a possible membrane topology of the human NGEP protein, we used

the transmembrane domain prediction program TMAP (15). As inputs, we
prepared two multiple sequence alignments: one with selected mammalian

NGEP orthologs (human, rhesus macaque, mouse, rat, and dog) and the

other with selected human paralogs (NGEP, TMEM16A, TMEM16B,
TMEM16C, TMEM16D, TMEM16E, TMEM16F, and TMEM16J) using

ClustalX (16).

DNA constructs. Epitope-tagged EGFP-NGEP at discrete locations
(Supplementary Table S1) was generated by the introduction of a 9–amino
acid peptide (YPYDVPDYA) representing the HA of influenza virus into

EGFP-NGEP cDNA by PCR mutagenesis (17). A full-length cDNA for NGEP

cloned into pEGFP-C1 (Clontech) was used as a template for the insertional

mutagenesis. The HA insertion was verified by DNA sequencing.

Immunohistochemistry. Paraffin-embedded prostate tissue samples,

provided by D.M.P. from archival, formalin-fixed radical prostatectomy

specimens from Stanford University School of Medicine (the Office of

Human Subjects Research, NIH, has designated these samples exempt),

were cut into 5-Am sections. Immunohistochemistry was performed by

Histoserv, Inc. as previously described (10). Each immunostained tissue

section was assessed by a single pathologist, and the staining intensity in

normal and tumor cells in the same tissue section was scored on an

arbitrary scale of 0 to 3 (3 indicates strong NGEP staining and 0 being no

reaction).

Immunofluorescence and confocal microscopy. The 293T cells were

obtained from the American Type Culture Collection and grown in DMEM

containing 10% fetal bovine serum and a penicillin (100 units/mL)/

streptomycin (100 Ag/mL) mixture at 37jC in a humidified atmosphere
with 5% CO2. For immunofluorescence experiments, 293T cells were grown

on poly-lysine–coated coverslips. Transfection of the EGFP-NGEP epitope-

tagged constructs was performed using Lipofectamine 2000 (Invitrogen)

according to the manufacturer’s instructions. Forty-eight hours after

transfection, the cells were washed with Dulbecco’s PBS (DPBS) and fixed

with 3.7% formaldehyde at room temperature for 10 min. Nonpermeabilized

cells were washed thrice with DPBS and then blocked with 10% normal

goat serum for 30 min. Subsequently, the cells were incubated with a

monoclonal HA antibody (1:500; Covance) for 1 h followed by three washes

and incubated with goat anti-mouse conjugated with Alexa Fluor 546

(Invitrogen) at 2 Ag/mL concentration in blocking buffer for 45 min. The
cells were washed with DPBS and then stained with Hoechst 33342 (1:500;

Invitrogen) for 15 min, mounted in ProLong Gold Antifade reagent

(Invitrogen), and examined using a Zeiss 510 inverted laser scanning

microscope. For immunofluorescence under permeabilized conditions,

the cells were permeabilized with 0.1% Triton X-100 in DPBS for 10 min

after fixation. The steps following were the same as performed for the

nonpermeabilized cells.

Subcellular fractionation and deglycosylation.MCF7 cells stably trans-
fected with NGEP were used for subcellular fractionation. Subconfluent

Figure 1. Immunohistochemical staining
of NGEP in prostate cancer tissues.
A, representative examples of NGEP
staining shown at low magnification (�10)
ranging from almost normal-looking acini to
less-organized or disorganized prostate
cancer cells. Arrows, normal and cancer
(Ca ) cells. B, NGEP staining at higher
magnification (�40) showing the apical
localization of NGEP.
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cells were scraped after washing with PBS and centrifuged at 200 � g for 5

min. The cell pellet was resuspended with buffer containing 10 mmol/L KCl,
1.5 mmol/L MgCl2, and 10 mmol/L Tris-HCl (pH 7.5) supplemented with

protease inhibitors (Sigma) and 0.5 mmol/L DTT. After incubation on ice

for 5 min, the swollen cells were broken open with 20 strokes of a Dounce
homogenizer. The homogenate was centrifuged at 1,000 � g for

10 min to pellet the nuclear fraction. The supernatant was centrifuged at

100,000 � g for 1 h and the pellet was designated as the membrane fraction.

For deglycosylation, 40 Ag of the membrane fraction were solubilized
and denatured in 30 mL of 0.2 mol/L NaH2PO4 (pH 8.6), 0.5% (v/v)

h-mercaptoethanol, 0.1% SDS, 0.25 mmol/L phenylmethylsulfonyl fluoride
(PMSF), and 1.25 mmol/L Tris-Cl and incubated for 10 min. Subsequently,

30 mL of 1.25% (v/v) NP40, 0.4 Ag/mL bovine serum albumin, 20 mmol/L
EDTA, 4 Ag/mL leupeptin, 2 Ag/mL pepstatin, 4 Ag/mL aprotinin, and
1 mmol/L PMSF were added. The mixture was then divided into two equal

aliquots. To one of these samples, 2 AL of PNGaseF (New England Biolabs)
were added. Parallel samples (with or without PNGaseF) were incubated
overnight at 30jC and analyzed by immunoblot.

Production of the mAbs. Mice were immunized with a fusion protein
between the NGEP fragment and GST, expressed as inclusion bodies in

Escherichia coli GC5 (GeneChoice). The characteristics of the mAbs are
shown in Supplementary Table S2. All the mAbs reacted with the specific

NGEP fragment used for immunization and showed no cross-reactivity with

the other two NGEP fragments.

Figure 2. Possible membrane topologies of NGEP.
The four possible membrane topologies of NGEP are
depicted. The predicted transmembrane domains are
numbered 1 to 9. In model 1 (A ) and model 2 (B ), both
the NH2 and COOH termini are intracellular, whereas in
case of model 3 (C ) and model 4 (D ) the NH2 and
COOH termini are intracellular and extracellular,
respectively. A, the predicted N -glycosylation sites are
shown as numbered diamonds in model 1. The HA
insertion sites are shown as numbered pentagons in
models 1 (A ) and 2 (B). B, the NGEP fragments
against which the mAbs were raised are circled in
model 2.
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Western blotting. The 6x-His-NGEP fusion proteins (10 ng) and 20 Ag
of cell lysate were separated on 4% to 20% SDS-polyacrylamide gels

(Invitrogen) under reducing conditions. Transfer of the proteins to

polyvinylidene difluoride membrane (Invitrogen) and immunostaining with

mAbs or polyclonal antibodies were carried out as previously described (18).

Results

NGEP expression analysis on prostate cancer specimens. To
investigate if NGEP is expressed in a wide variety of prostate cancer
specimens, we performed immunohistochemistry using a poly-
clonal antibody raised against the COOH terminus of NGEP on
126 prostate specimens from men who had undergone radical
prostatectomy. The specimens had been subjected to a complete
histologic review and each tissue section had normal/benign
glands along with cancerous regions represented by Gleason grade
3, 4, or 5. NGEP was detected in 100% of the normal region of
specimen, with an average intensity of 2.5. Ninety-one percent of
the specimens were positive for NGEP in the cancerous region
with an average intensity of 1.8. The average intensity of NGEP
expression with respect to the grade level of prostate cancer did not
change with respect to the grade level (Supplementary Table S3).

To test the cross-reactivity of the polyclonal antibody, we
performed immunohistochemistry using several normal tissues:
kidney, liver, stomach, brain, heart, lung, and prostate. None of the
tissue samples, except the prostate, showed a signal, indicating that
the polyclonal antibody is specific to NGEP (data not shown).
NGEP expression was also found positive in prostate tumors
metastasized to lymph nodes (data not shown). Examples of the
NGEP immunostaining at lower magnification (�10) with respect
to the anaplasia are illustrated in Fig. 1A . Higher magnification
images (�40) of NGEP immunostaining show that the apical
staining of NGEP is similar for both normal and well-differentiated
prostate cancer (Fig. 1B). In case of the poorly differentiated cancer
specimens, the glandular structure is less obvious, but NGEP is
present in the membrane (Fig. 1B, right). These results indicate that
NGEP is widely expressed from well-differentiated to poorly
differentiated prostate cancer and suggest that NGEP could be
an excellent target for antibody-based immunotherapy.

Models of the membrane topology of human NGEP protein.
NGEP was identified as a prostate-specific polytopic protein. To
locate the transmembrane domains and infer the membrane
topology of the human NGEP protein, we predicted transmembrane

Figure 3. Detection of the
HA-tagged EGFP-NGEP mutants by
immunofluorescence. The 293T cells were
transfected with the HA-tagged insertion
mutants, and 24 h after transfection,
the cells were processed for
immunofluorescence in both
nonpermeabilized and permeabilized
conditions. The expression of the proteins
was detected by using anti-HA mAb and
the signal was detected using Alexa Fluor
546–labeled goat anti-mouse antibody.
The tagged mutants were then categorized
according to their apparent intracellular
(A) or extracellular (B ) localizations.
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domains of the human NGEP paralogs and the mammalian
orthologs by using the TMAP prediction program. The TMAP
program predicted nine transmembrane domains (referred to as
TM1 to TM9 hereafter) from the alignment of eight human NGEP
paralogs (Supplementary Table S4; Supplementary Fig. S1). It
predicted eight transmembrane domains from the alignment of five
NGEP orthologs; TM6 was not present in the predicted topology.
Interestingly, TM7 contains two conserved prolines within the
predicted transmembrane helix. It has been reported that proline
residues in helices induce kinks (19, 20). Hence, we speculated that
TM7 might form a sharp bend or reentrant loop (21) owing to the
two prolines. Incorporating the uncertainty of TM6 and TM7,
we developed four alternative models for the membrane topology
of human NGEP (Fig. 2). Based on these predictions, the NH2
terminus of NGEP is proposed to be localized intracellularly in all
of the models, whereas the COOH terminus is intracellular in two
of the four models.

Determination of the topology of NGEP. To experimentally
determine the cellular location of the NH2 and COOH termini of
NGEP, we inserted a HA epitope between hydrophilic residues
outside the putative transmembrane domains (Supplementary
Table S1). The 293T cells were chosen as the cell line for
transfection, as NGEP is present both in the plasma membrane
and in the intracellular membranes as reported previously (10). An
EGFP-NGEP fusion protein was used so that the dual fluorescence
from EGFP and the HA epitope antibody could confirm the
membrane orientation of NGEP and serve as an internal control
within the same cell. Immunofluorescence was performed under
permeabilized and nonpermeabilized conditions and the results
indicate the NH2 terminus of NGEP is located in the cytosol.
Immunofluorescence signal was not observed with the construct
L1 (Fig. 2A ; Supplementary Table S1) in nonpermeabilized cells
(Fig. 3A). We observed immunofluorescence along the periphery
of the cell and at the intracellular membrane only after treatment
with the permeabilization agent (Fig. 3A). This anti-HA signal
colocalizes with the fluorescence from the EGFP-NGEP fusion

protein. The L11 construct carries a HA tag near the COOH
terminus (Supplementary Table S1). Immunostaining is only
observed under permeabilized conditions (Fig. 3A). These results
indicate that both the NH2 and COOH termini of NGEP are
intracellular and the topology of NGEP could be either model 1
(Fig. 2A) or model 2 (Fig. 2B). Model 3 (Fig. 2C) and model 4
(Fig. 2D) predict the COOH terminus to be extracellular, which
does not agree with our findings.
To further verify that NGEP has the topology of models 1 or 2, an

epitope tag (L10) was inserted between TM8 and TM9 (Fig. 2). This
epitope is predicted to be extracellular in case of models 1 and 2,
whereas it is predicted to be intracellular in case of models 3 and 4.
In 293T cells expressing construct L10, red fluorescence was
detected in the absence (Fig. 3B) and in the presence of the
permeabilizing agent (data not shown), indicating the extracellular
location of this region. This further agrees with the location found
in models 1 or 2.
To differentiate between models 1 and 2, four epitope tags

(L6, L7, L8, and L9) were inserted between TM5 and TM7.
According to model 1, L6 would be on the cell surface, whereas L7,
L8, and L9 should be intracellular. In contrast, L6, L7, L8, and L9 are
predicted to be extracellular according to model 2. In 293T cells
expressing constructs L6, L8, and L9, the HA epitope was accessible
under nonpermeabilized conditions, indicating the extracellular
location of these epitopes (Fig. 3B), whereas in the case of L7 the
HA epitope was accessible only when the cells were permeabilized,
indicating the intracellular location of this epitope (Fig. 3A). These
results show that neither model 1 nor model 2 represents the
correct topology of NGEP.
To further verify the orientation of the extracellular and the

intracellular loops between TM1 and TM5, epitope tags were
inserted in various locations and immunofluorescence was
performed under permeabilized and nonpermeabilized conditions.
In 293T cells expressing construct L2 and L4, red fluorescence
was detected in the absence of permeabilizing agent (Fig. 3B),
indicating the extracellular location of these regions. In 293T cells

Figure 4. Reactivity of anti-NGEP
antibodies to NGEP. A, confocal images of
293T cells transfected with EGFP-NGEP
and the resulting immunofluorescence
measured under permeabilized and
nonpermeabilized conditions using the
mAb raised against NGEP. The 293T cells
were transfected with EGFP-NGEP and
the expression of the NGEP was detected
by the mAb raised against NGEP. The
signal was detected using Alexa Fluor
546–labeled goat anti-mouse antibody.
B, comparison of the immunofluorescence
signal obtained from the mAb derived
against NGEP and with the epitope
insertion constructs.
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expressing constructs L3 and L5, the HA epitope was accessible
only when the cells were permeabilized, indicating the intracellular
location of these epitopes (Fig. 3A).

Validation of the topology. As the epitope insertion method
bears the risk of changing the topogenic activity of the neighboring
membrane-spanning domains, we confirmed the topology of NGEP
by (a) immunofluorescence using mAb against specific regions of
NGEP and (b) analyzing the N-glycosylation sites of NGEP.
EGFP-NGEP was transfected into 293T cells and the mAbs

(Fig. 2B ; Supplementary Table S2) were used to determine the
cellular location of the antigenic sites by immunofluorescence
staining with or without cellular membrane permeabilization. Only
under permeabilized conditions were all of the three mAbs able
to detect NGEP (red fluorescence), which colocalizes with EGFP-
NGEP (green fluorescence; Fig. 4A), showing that the antigenic
regions are cytosolic. The results obtained from the mAb are
consistent with the HA epitope insertion experiments as shown
in comparative results in Fig. 4B . In construct L1 (HA epitope
inserted between amino acid 117 and 118), HA antibody could
assess the epitope only when the cells were permeabilized (Fig. 3A).
Similarly, the mAb 8G11 raised against NGEP amino acid 1-352
could detect NGEP only in the permeabilized cells and not in
the nonpermeabilized conditions (Fig. 4A). Similar results were
obtained from construct L3, antibody 15A5, and also construct
L11 and 23C2.
Using bioinformatic analysis, we predicted possible N-glycosyl-

ation sites [Asn-Xaa-(Ser/Thr) motifs] in NGEP. The predicted
N-glycosylation sites are shown in Fig. 2A . The N-glycosylation
sites N164 (site 1), N201 (site 2), and N904 (site 5) are present in the
NH2 and COOH termini of NGEP, which based on both the L1 and
L11 HA tag experiments and the mAbs (8G11 and 23C2) reported
above are predicted to be cytosolic, making these sites unlikely
to be glycosylated. The other two predicted N-glycosylation sites,
N809 (site 3) and N824 (site 4), present in the extracellular loop
between TM8 and TM9 could be N-glycosylation sites. To assess
whether N809 and N824 are glycosylated, we analyzed the
membrane fraction of MCF7 cells stably transfected with NGEP.
The crude membrane fraction of NGEP-transfected MCF7 cells was
isolated and immunoblotted with a NGEP polyclonal antibody
raised against the COOH terminus of NGEP (10). The crude
membrane fraction of the MCF7 cells expressing NGEP showed a
predicted 100-kDa band and also an additional band with an
apparent molecular weight of f120 kDa. This 120-kDa band
disappeared after treatment with PNGaseF (Fig. 5). When the
putative N-glycosylation sites were removed by mutating the
asparagine at position 809 and 824 to a glutamine (N809Q/N824Q),
the 120-kDa band did not appear (Fig. 5) and PNGaseF did not
affect the migration pattern of the NGEP. These data indicate that
N809 and N824 are glycosylated and thus must be located on an
extracellular surface. This finding agrees with our finding that
the tag between TM8 and TM9 (construct L10) is present in the
extracellular surface of the cell (Fig. 3B).

Discussion

Targeting cancer cells with mAbs has become an indispensable
component of modern treatment against solid tumors, such as
prostate and breast cancer (7, 8). For this therapy to be effective,
it is essential that the antigen is expressed on the cell surface of the
target cells and not expressed in essential normal tissues, such
as brain, liver, heart, kidney, stomach, lung, and pancreas. NGEP,

identified through computer-based analysis of EST clustering, is a
prostate-specific plasma membrane protein (9).
In the present study, we have determined the topological

structure of NGEP. A computational analysis of NGEP topology
using the TMAP prediction program predicted seven to nine
transmembrane domains with four possible topologies (Fig. 2). To
experimentally determine the topology, we used epitope tag
insertion scanning mutagenesis to strategically insert epitope tags
into discrete regions of NGEP. The modified proteins were
expressed in 293T cells and the accessibility of the HA epitope
was determined in both intact and permeabilized cells. All of the
constructs were expressed in the plasma membrane with an
intracellular accumulation of NGEP as a result of overexpression.
Based on our study, we propose an 8TM topology model of NGEP
in which both the NH2 and COOH termini are cytosolic. This model
is quite similar to model 2 made by the TMAP prediction program
but has one difference (Fig. 2B). The extracellular loop 3, between
TM5 and TM7 (containing one hydrophobic segment, amino acids
628-657), predicted to be extracellular in model 2, protrudes
partially into the membrane and forms a reentrant loop structure
between TM5 and TM7. We suggest this model because no
immunofluorescence signal was observed in nonpermeabilized
cells when L7 was transfected into 293T cells (Figs. 3A and 6). This
type of structure is found in several ion channels, such as K channel
and aquaporins (22, 23). This reentrant loop plays an important
role in the function of the ion channels; its role in NGEP is yet to
be determined.
To further verify our predicted model based on epitope insertion

technology, we generated three mAbs against the three discrete
hydrophilic loops. The results proved that the epitopes used for
generating the antibodies were intracellular, as immunofluores-
cence performed using these antibodies detected NGEP once the
cells were permeabilized, supporting our model based on HA
epitope insertion.
We also found that NGEP is expressed as an N-glycosylated

protein in mammalian cells. Using mutational analysis, we found
two N-glycosylation sites in the fourth extracellular loop, indicating
that this part of the protein is indeed localized extracellularly,
which again verifies our topology model of NGEP. Protein N-
glycosylation plays many different roles in biological processes (24),
including protein synthesis and secretion. Glycosylation is also
likely to provide additional recognition sites for protein receptors.
More specifically, N-glycosylation is required for the activity of
many enzymes (25). The exact role of glycosylation in NGEP is yet
to be established.

Figure 5. PNGaseF treatment of NGEP and N-glycosylation mutants of NGEP.
Crude membrane fraction from MCF7/NGEP and N809Q/N824Q-NGEP/MCF7
was solubilized and treated with PNGaseF as described in Materials and
Methods. Samples treated in parallel with (+) and without (�) PNGaseF were
analyzed by Western blot using rabbit anti-NGEP polyclonal antibody. The shift in
the mobility of wild-type NGEP seen after the treatment of PNGaseF
disappeared after mutating the N -glycosylation sites.
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We also showed that NGEP is expressed in primary prostate
tumors and metastases, unlike prostate-specific membrane anti-
gen, which apart from prostate is expressed in normal tissues such
as kidney, liver, esophagus, stomach, small intestine, colon, brain,
and lung (26, 27), and prostate stem cell antigen, which is
overexpressed in prostate cancer but is also expressed in normal
tissues such as esophagus, stomach, and kidney (28). Based on our
RNA and immunohistochemical analysis, NGEP is only expressed
in normal prostate (nonessential) and prostate cancer. This makes
NGEP an excellent immunotherapeutic target and a mAb targeting
an extracellular portion of NGEP could be useful in the
immunotherapy of prostate cancer.
Understanding the topology structure of NGEP will help us to

elucidate the structure-function relationship and help us further in
the mechanistic interpretation of NGEP function. Identification
of the putative extracellular regions of NGEP will be essential in

guiding future work such as generating mAb to be tested for
immunotherapeutic potential against prostate cancer.
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Figure 6. Model of NGEP topology. NGEP has eight
transmembrane domains joined by hydrophilic loops. Both
the NH2 and COOH termini of NGEP are cytosolic. There is
a reentrant loop between the transmembrane domains
5 and 6. The putative N -glycosylation sites N809 and N824
are shown.
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