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Abstract Transmembrane prostate androgen-induced protein
1 (TMEPAI) is a single-span membrane protein, functionally
involved in transforming growth factor beta signaling path-
way. The particular protein presented in cells in three iso-
forms, which differs in the length of the soluble N-terminal
extracellular domain, making it challenging for the immuno-
chemical recognition. By using quantitative real-time poly-
merase chain reaction, we identified significant upregulation
of PMEPAI gene expression in malignant tissues of patients
with gastric adenocarcinoma. The main part of commercially
available anti-TMEPAI antibodies are having polyclonal na-
ture or not suitable for immunocytochemical localization of
target protein in tissue specimens. Hence, we decide to gener-
ate a set of novel rat monoclonal antibodies (mAb) directed
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against conservative C-terminal cytoplasmic epitope.
Immunoblotting analysis showed that monoclonal antibodies,
2E1, 6C6, and 10A7 were able to recognize specifically target
protein in transiently transfected HEK293T and CHO-K1
cells. Especially established mAb, named 10A7, showed the
excellent binding ability to target protein in immunohisto-
chemistry. By using developed antibodies, we observed pro-
nounced expression of TMEPAI in normal gastric epithelial
cells while tumor cells from gastric adenomas, and adenocar-
cinoma samples were mostly negative for target protein ex-
pression. Also, we found that gastric epithelium cells lose the
TMEPALI expression concurrently with severe dysplasia pro-
gression, which probably caused by a mechanism involving
specific microRNA.
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Introduction

The transmembrane prostate androgen-induced protein 1
(TMEPAI) has attracted the significant attention nowadays
[1] and was originally identified as a prostatic mRNA, the
synthesis of which is induced by steroid hormones [2]. The
certain polypeptide also named alternatively in literature as
prostate transmembrane protein, androgen induced 1
(PMEPAI) or solid tumor-associated protein 1 (STAGI).
Encoded by PMEPAI gene, located at chromosomal region
20q13, canonical protein product is a 31,6 kDa single-pass
membrane protein, consisted of a soluble extracellular do-
main, «-helical transmembrane domain, and functional
cytoplasmic domain (Fig. 1). Now it is known that
TMEPAI exists in cells in three isoforms formed by
alternative splicing mechanism, which differs in the
length of the soluble extracellular domain.

This protein is functionally involved in the transforming
growth factor beta (TGF-{3) signaling pathway, a crucial reg-
ulator of malignant transformation, and metastatic tumor pro-
gression [3]. The TGF-3 functions as a promoter of tumor
progression by inducing epithelial-mesenchymal transition
(EMT) during which tumor cells acquire the metastatic ability
[4—6]. The major signaling pathway induced by TGF-3 me-
diated by TGFRRII receptor complex and that indeed phos-
phorylation of SMAD2/3 resulting in activation of a transcrip-
tional program [7, 8]. The activation of TGF-[3 induced direct-
ly PMEPAI gene expression by signaling pathway [9].
Moreover, it is known that TMEPAI and related proteins
(e.g. C18 ORF1) interacting with TGF-f3 receptor signaling
cascade mediators SMAD?2/3, hence can block signal trans-
duction [3, 10].

The TMEPALI isoform 3 apparently comprised of the only
soluble intracellular domain and exceptionally not able to in-
teract with SMADs and block TGF-f3 signaling [11]. In
thecase of human cancers, inactivation of TGF-f3 signaling
modules or mutations initiating in oncogenic signaling

Lumenal domain

pathways is often observed and provide an essential back-
ground for further tumor progress [12].

TMEPALI protein was shown to regulate cell proliferation
and differentiation of epithelial tissues, suggesting its role in
the development of malignant tumors of various localizations
[4, 11, 13]. The existing disparate data shows rather an am-
biguous role of TMEPAI in tumorigenesis, which requires
more detailed clarification. Increased gene expression of
TMEPALI in the tumor tissue observed in patients with renal
cell carcinoma, lung, colon, pancreatic, ovarian and breast
cancer [4, 14]. Comparing full-length transcriptomes of inva-
sive tumors to normal tissues (or pre-invasive tumors) re-
vealed that TMEPALI is the most inducible gene in tumor tis-
sues characterized by invasive growth. Accordingly, the in-
crease of its expression is associated with poor prognosis of
the clinical course of the disease [4, 15]. Earlier, other authors
studied the role of PMEPAI in prostate cancer [16]. Their
research shows disease progression in the case of decreased
PMEPAI expression. It is possible that disorders in androgen
receptors play a critical role in this case, since they, along with
TGF-beta, regulate TMEPALI secretion into the prostate tissue.
Recently, the potential role of PMEPA 1 methylation in andro-
gen receptor stability was postulated, and it becomes clearer
how this process might effect on prostate tumorigenesis [17].
It was shown [6], that TGF-f3 decidedly upregulated the ex-
pression of TMEPAI during EMT in human lung adenocarci-
noma via involvement of reactive oxygen species and insulin
receptor substrate-1. Based on the fact that there are some
organspecific features of target protein expression, it is neces-
sary to interpret its role in carcinogenesis in different tissues
and organs.

Earlier we had identified a panel of genes with up-
regulated expression of mRNA in gastric cancer (GC)
tissues (e.g. PMEPAI, GPNMB, SPARC, SULFI,
CLDN4, GPRCS5A, PI3, STK31, CEACAM6) by applying
a mathematical function characterizing frequency and
increase of mRNA synthesis [18, 19]. Further expres-
sion levels of selected target genes were evaluated on
the frozen paired tumor, and normal tissue samples from
GC patients by using qRT-PCR. The expression level of
PMEPAI in tumors has been revealed to be significantly
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Fig. 1 A schematic representation of TMEPAI isoform 1 and selected
epitope location. The topology of canonical target protein isoform
illustrated, with structural domains and functional motifs. Localization
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altered compared to non-malignant tissues. Our data
confirms the results observed by other researchers that
demonstrate up-regulated PMEPAI gene expression in
gastric tumors [20, 21]. The presented study was aimed
to develop immunochemical instruments for TMEPAI
expression patterns analysis in gastric tumors and adja-
cent non-malignant tissues.

Materials and Methods
Clinical Tumor Samples

The fresh and paraffin-embedded gastric adenocarcinoma
samples and paired adjacent normal tissues were obtained
from patients with gastric cancer (GC) diagnosis, who
underwent surgical resection at the Department of Thoracic
and Abdominal Surgery of Tomsk Cancer Research Institute
in years 2004-2009. All procedures in this study were per-
formed by the Helsinki Declaration (1964, amended in 1975
and 1983). This study approved by Ethical Committee of the
Tomsk Cancer Research Institute and all patients signed an
informed consent for voluntary participation. Clinical features
of the cases were gained from hospital records, and clinico-
pathological variables were evaluated in a cohort of 55 pa-
tients (Table 1).

RNA Extraction and qRT-PCR

Prior RNA isolation all tissue samples were homogenized by
using Sartorius Mikro-Dismembrator U device (Eppendorf,
Germany) at a velocity of 7300 rpm with liquid nitrogen
cooling. Total RNA was extracted from tissue samples using
an RNeasy mini kit plus DNAse I digestion (Qiagen,
Germany) with standard protocol and reversely transcribed into
cDNA by using a RevertAid kit with random hexanucleotide
primers (Fermentas, Lithuania) following the manufacturer’s
instructions. The expression of PMEPAI mRNA was detected
by using RT-PCR.It was performed in triplicate reactions in a
volume of 15 ul containing 250 IM dNTPs Sibenzyme, Russia),
300 uM forward and reverse primers, 200 uM probe, 2.5 mM
MgCl12, 1.5 ul 10x SE buffer (67 mM Tris—HCI pH 8.8,
16.6 mM (NH4)2S04, 0.01% Tween-20), 2.5 U Hot Start Taq
polymerase (Sibenzyme, Russia), and 50 ng of template cDNA.

The primer sequences for PMEPAI were:

5'- TGTTCCAGAGCATGGAGATCA -3' (forward) and
5'-GTGCAGACAGCTTGTAGTGG-3' (reverse), FAM 5'-
CATCGTGGTGGTGATGATGGTGATG-3" BHQI (probe),
for ACTB: 5-GAGAAGATGACCCAGATCATGTT-3' (for-
ward), 5'-ATAGCACAGCCTGGATAGCAA-3'(reverse),
FAM 5'-AGACCTTCAACACCCCAGCCAT-3' BHQI
(probe). The Cq value of PMEPA1 mRNA was normalized
to the reference gene ACTB, and the relative was performed
according to ACq mathematical method.

Table 1 Baseline gastric cancer

patient characteristics (1 = 55) Characteristics

Mean =+ standard n (%)
deviation (range)

Age (years)

Gender

Invasion of tumor depth

Lauren type

Lymph node involvement

Distant metastasis

Differentiation

<50 46.7+3.4 10 (18.18%)
>50 64.5+7,5 45 (81.82%)
Male 30 (54.55%)
Female 25 (45.45%)
pT1 (mucosa/submucosa) 4 (7.27%)
pT2 (muscle/subserosa) 18 (32.73%)
pT3/4 (serosa/organ inv.) 33 (60%)
Intestinal 27 (49.09%)
Diffuse 28 (50.91%)
pNO 22 (40%)
pN1 22 (40%)
pN2 8 (14.55%)
pN3 3 (5.45%)
Negative 51(92.73%)
Positive 4 (7.27%)
Well differentiated 2 (3, 64%)
Moderately differentiated 18 (32.72%)
Poorly differentiated 26 (47.28%)
Undefined 9 (16.36%)

@ Springer



430

Karbyshev M.S. et al.

Cell Culture

Following types of mammalian cell lines were used for this
study, Chinese hamster ovary — CHO-K1 (ATCC, USA), hu-
man embryonic kidney HEK293T (ATCC, USA), mouse my-
eloma P3X63-Ag8.653 (ATCC, USA). The CHO and HEK
cells were cultured in Dulbecco’s modified Eagle’s medium
(DMEM, Sigma, USA) containing 10% fetal bovine serum
(FBS, Omega Scientific, USA) and 50 pg/ml gentamicin sul-
fate. The mouse myeloma cells were cultured in an RPMI-
1640 medium, supplemented with 15% FBS and the same
concentration of gentamicin sulfate. All the cell lines men-
tioned above were maintained at 37 °C under 5% CO2.

Plasmid Construction and Transfection

The original plasmid DNA (pcDNA3.1-V5-His-A/TMEPAI)
for subcloning of a target gene was a kind gift from Prof.
Mitsuyasu Kato (University of Tsukuba, Japan). The cDNA
of TMEPALI cloned into Xhol and EcoRI sites into pIRES2-
EGFP vector (BD Biosciences Clontech, USA).
Transfection with vector pIRES2-EGFP/ TMEPAI was
performed by using of FuGENE® HD Transfection
Reagent (Promega, USA) according to the manufacturer
instructions. Fixation of the cells and the microscopic
study was carried out after 48 h of cultivation.

Production of Monoclonal Antibodies

The rat monoclonal antibodies against synthetic
dodecapeptides, mimicked of the W275-L.287 region from
human TMEPAI coupled to ovalbumin (OVA) (PSL,
Germany) were developed using the standard hybridoma tech-
nology, described earlier [22]. Antigen solution contained
50 pug peptide-OVA conjugate were injected intraperitoneally
and subcutaneously to Lou/C rats using 5 nmol of CpG oli-
gonucleotide (Tib Molbiol, Germany) as an adjuvant. An an-
tigen boost without adjuvant was given to rats six weeks after
the primary injection. The splenocytes were isolated and fused
with mouse myeloma cells P3X63-Ag8.653 (ATCC, USA) at
the ratio 3:1 with 50% polyethylene glycol-1500 solution
(Roche, Germany). Following the fusion procedure, cells
were cultured on 96-well plates, in RPMI-1640 medium, sup-
plemented with 20% fetal calf serum, L-glutamine, non-
essential amino acid solution (PAA, Germany), penicillin/
streptomycin and aminopterin (Sigma, USA). The superna-
tants from hybridoma cells were tested by indirect enzyme-
linked immunosorbent assay (ELISA) with the TMEPAI
peptide-OVA conjugate and irrelevant peptides coupled to
the same carrier for counterscreening. Bounded antibodies
were detected by using a biotinylated mouse monoclonal an-
tibodies (mAbs) against the rat IgG heavy chains, for avoiding
the detection of IgM-producing cells. Supernatants selected by
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ELISA were used for additional screening of specific antigen-
binding abilities in immunoblotting (IB). Hybridomas produc-
ing antibodies, applicable both for ELISA and IB were
subcloned by limiting dilution method with following isotype
determination using Rat immunoglobulin isotyping ELISA kit
(BD Pharmingen, USA). The supernatants from following
hybridoma clones 6C6, 2E1 and 10A7 were selected for
mAbs purification by using affinity chromatography on
Protein G Sepharose 4FF (GE Healthcare, USA). Eluted frac-
tions were concentrated on Amicon-15 30 kDa cells
(Millipore, USA) to 1.75-2.25 mg/ml (estimated by BCA
assay), and purity of produced antibodies was controlled by
electrophoresis (SDS-PAGE).

Protein Extraction and Immunoblotting

The total protein was extracted from HEK293T cells and tis-
sue samples in a lysis buffer containing 50 mM Tris-HCl,
150 mM NaCl, 0.1% SDS, 0.5% Na-deoxycholate, 1% NP-
40, 5 MUrea, 2 M Thiourea, 100 mM DTT, 1x cOmplete
Lysis-M EDTA-free (Roche, USA). To determine protein con-
centration in the supernatants, BCA Protein Assay Kit (Pierce,
USA) was used. Protein samples were quantified, loaded on
12.5% polyacrylamide gel (SDS-PAGE) and
electrotransferred to polyvinylidene difluoride (PVDF) mem-
branes (Millipore, USA). PVDF membranes were incubated
with primary rat monoclonal anti-TMEPAI antibodies diluted
1:1000 overnight at 4 °C; these antibodies were produced by
different hybridomas mentioned above. Subsequently, wash-
ing with PBS, containing 0.5% Tween-20 (Sigma, USA) were
performed, and membranes were incubated with horseradish
peroxidase (HRP)-labeled secondary antibody (AffiniPure
goat anti-rat [gG LC, Jackson ImmunoResearch Inc., USA)
diluted 1:10,000 for 60 min at 30 °C. For the purpose of
loading control primary HRP-labeled antibody anti-(3-actin
(ab197277, Abcam, UK) diluted 1:5000 wasused. Detection
of the signal was performed by using an
electrochemiluminescence (ECL) detection system (GE
Healthcare, USA). All experiments were repeated in repli-
cates, the intensity of protein bands was quantified using
ImageLab densitometric software (Bio-Rad,USA).

Immunofluorescence

To visualize TMEPALI expression in transfected CHO-K1
cells, the method of indirect immunofluorescence was used.
Cells were incubated with primary anti-TMEPAI 10A7 anti-
body in dilution 1:100 at 37 °C for 45 min with following PBS
washing step. After that, cells were incubated with the
TRITC-labeled secondary antibody (donkey anti-rat IgG
H + L, Sigma, USA) in dilution 1:400, at 370C for 40 min.
To perform the nuclear DNA staining in fixed cells, the DAPI
(VectorLabs, USA) was used. All immunofluorescence
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experiments were done by using the Axio Imager Z1
Microscope (Carl Zeiss, Germany) with the appropriate filters
set and camera AxioCam MRm (Carl Zeiss, Germany).

Immunohistochemistry

For detection of TMEPAI 4 um paraffin-embedded tissue
sections were fixed on Superfrost Plus microscope slides
(Thermo Scientific, USA). Then slides were deparaffinized
and rehydrated by conventional method [23]. The endogenous
peroxidase activity was blocked by incubation with Hydrogen
Peroxidase Block (Thermo Scientific, USA) for 10 min at
room temperature. After double washing in PBS for 30 min
at room temperature the sections were incubated with primary
rat anti-TMEPAI antibodies in dilution 1:100 at 25 °C for
60 min and stained with (HRP)-labeled secondary antibody
(goat anti-rat [gG H&L, ab97057, Abcam, UK) diluted 1:200
for 60 min at 30 °C. The development of immunochemical
reactions were performed by BioGenex Super Sensitive Non-
Biotin HRP Detection System (BioGenex, USA) and visual-
ized by diaminobenzidine tetrahydrochloride (DAB) for
10 min at room temperature; Meyer’s hematoxylin was used
for counterstaining. Negative controls were performed in the
presence of secondary antibody only; rat IgG’s isotype

negative controls were carried out by appropriate replacement
of primary anti-TMEPAI antibodies with the following
MCA1124 (IgG2a), MCA1125 (IgG2b) and MCA2879
(IgG2c) (AbD Serotec, USA) under the same conditions. All
immunohistochemical (IHC) experimentswere performed by
using the Axio Scope A1 Microscope (Carl Zeiss, Germany);
results were evaluated independently by two pathologists
(EVK, MVZ). For each tissue section, ten representative fields
with well-preserved tumor tissue were analyzed at magnifica-
tion x100 and x 400, and 100 carcinoma cells were counted.

MicroRNA Analysis

The study included 16 paired clinical tumor and normal gas-
tric epithelium specimens from gastric cancer patients. Tissue
samples were obtained during operation and immediately fro-
zen in liquid nitrogen and then stored at —80 °C. These sam-
ples were homogenized with Sartorius Mikro Dismembrator
U (Eppendorf, Germany) at 7300 rpm under cooling with
liquid nitrogen. The RNA was extracted from the tissue sam-
ples using the mirVana™ kit (Ambion, USA) as per the man-
ufacturer’s instructions. Multiplex reverse transcription (RT)
on miR templates was performed as described by Chen et al.
Stem-loop RT primers are listed in Table 2.

Table 2 Primers and probes for

reverse transcription and realtime miRNA

Sequence

PCR
Universal reverse primer

miR-511-3p-RT:

miR-511-3p-F:
miR-511-3p-P:
miR-96-5p-RT

miR-96-5p-F
miR-96-5p-P:
miR-19a-3p-RT

miR-19a-3p-F
miR-19a-3p-P
miR-194-RT

miR-194-F
miR-194-P
miR-301a-RT

miR-301a-F
miR-301a-P
miR-191a -5p-RT:

miR-191a -5p-F:
miR-191a -5p-P:

5-GTGCAGGGTCCGAGGTAT-3’

5-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGA
TACGACTCTGTC-3’

5'- GCCGCAATGTGTAGCAAAA-3’
5'(FAM)-TCGCACTGGATACGACTCTGTC ~(BHQ)-3’

5-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGA
TACGACAGCAAA-3’

5'- CCGCTTTGGCACTAGCACAT-3’
5"-(FAM)-CGCACTGGATACGACAGCAAA-(BHQ)-3’

5-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGA
TACGACTCAGTT-3’

5'- CCGCTGTGCAAATCTATGCA -3’
5"-(FAM)-TCGCACTGGATACGAC TCAGTTT-(BHQ)-3’

5-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGA
TACGACTCCACA-3’

5-GCCGCTGTAACAGCAACTCC-3’
5'-(FAM)-CGCACTGGATACGACTCCACA-(BHQ)-3’

5-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGA
TACGACGCTTTGA-3’

5'-GCCGCCAGTGCAATAGTATT-3’
5"-(FAM)-CGCACTGGATACGACGCTTT-(BHQ)-3’

5-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGA
TACGACCAGCTGC-3’

5'- CGCCAACGGAATCCCAAAA-3’
5"-(FAM)-CGCACTGGATACGACCAGCTGC-(BHQ)-3’
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RNA concentration and quality weremeasured with a
NanoDrop-2000 spectrophotometer (Thermo Scientific,
USA). The RNA integrity was estimated with capillary elec-
trophoresis using TapeStation 2200 (Agilent Technologies,
USA). Real-time PCR amplification was carried out on the
RotorGene 6000 Real-Time PCR System (Corbett research,
Australia). All reactions were carried out in duplicate in a total
volume of 10 pl. Each reaction contained 1 ul RT product,
0.35 unit Tag DNA polymerase, 1x PCR buffer (pH = 8.3),
3.0 mM MgCl2, 200 uM each ANTP, 200 nM forward primer,
20 nM universal reverse primer, and 400 nM specific TagMan
probe. After initial activation of Taq polymerase at 95 °C for
10 min, the reactions were runfor 45 cycles at 95 °C for 15 s
and 62 °C for 60 s. miR-191a was chosen for normalizing the
data (Peltier HJ, Latham GJ., 2008). Micro-RNA expression
value was scored as log,-transforemed fold change between
relative quantity of target miR and miR-191a.

Statistical Analysis

The differences in PMEPAI mRNA and protein expres-
sion level were analyzed by The Mann-Whitney U-test.
Median and range for the expression value were calcu-
lated by using software package Statistica 8.0 (StatSoft,
Inc., USA). The TMEPAL1 protein expression differences
between the paraffin-embedded sections of cancer tis-
sues and adjacent normal mucosa were compared using
the Chi-square test.A one-sample t-test was used to as-
say the significance of the differences obtained during
the microRNA expression analysis.

Results

Upregulation of PMEPA1 mRNA Expression in Gastric
Cancer

In this study, a total 55 pairs of clinical specimens from sur-
gically treated patients were used. The characteristics of stud-
ied cohort were summarized in Table 1. To determine altered
PMEPA I expression in a different types and grades of GC, the
mRNA level of target protein were detected by real-time quan-
titative reverse transcription PCR (qQRT-PCR) and normalized
to ACTB. The rate of PMEPA1 gene expression in gastric
tumor tissues was significantly higher compared to adjacent
normal tissues. As a result increased mRNA level of PMEPA 1
in the tumor compared with normal tissue was observed (2.63
(1.82; 3.84) versus 1.32 (0.79; 2.81), p = 0.042, median
(range), Mann Whitney U test). On average, more than two-
fold increase in expression of PMEPA1 was observed in 44%
of patients (Fig. 2). When patients were stratified by histolog-
ical type of tumor, the significantly increased expression level
was observed only for the intestinal type of GC compare to
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Fig.2 Altered expression of PMEPA 1 mRNA in gastric cancer. Analysis
of quantitative real-time reverse transcription polymerase chain reaction
showed that mean expression level of PMEPA] mRNA in tumor tissues
was significantly higher compared to the value in adjacent normal tissues.
Results were subdivided into groups according to Lauren classification
(intestinal; diffuse); lymph node involvement (NO-N3) and depth of
tumor invasion (T1-T4). The considerably increased level of expression
was observed for the intestinal type of gastric cancer compare to normal
tissue (Me (Q25-Q75), N = 27; p = 0.0005, Mann—Whitney U-test) and
for patients with lymph node metastasis (N = 33, p = 0.042)

Tumor

normal tissue (2.88 (2.35; 3.63) versus 1.1 (0.8; 1.7),
p = 0.000456). More than two-fold increase of PMEPA1 ex-
pression was found in.

Fifty-eight percent of patients from this group. Notable the
gene overexpression was detected only in case of patients with
regional metastases (2.76 (2.12; 3.34) versus 1.22 (0.79;
1.51), p = 0.042).

Production and Characterization of Novel Rat
Anti-TMEPAI Monoclonal Antibodies

Based on structural features and intracellular localization of
target protein we had performed an in silico prediction of
immunogenic epitopes, suitable for anti-TMEPAI monoclonal
antibody generation. In thecase of transmembrane proteins, it
is common to select the mimicking synthetic peptides based
on N- or C-terminal amino acid sequences [24]. We had se-
lected dodecapeptide segment, mimicking W275-L287 region
of human TMEPAI, which is presented in all three isoforms of
the target protein (Fig. 1).

The Lou/C rats were immunized intraperitoneally and sub-
cutaneously with dodecapeptides conjugated to ovalbumin. In
three weeks after immunization level of specific antibodies in
rat serums were determined by ELISA. When antibody titers
reached 1:16,000, immunoblotting was performed to evaluate
the ability of candidate serums recognize recombinantly
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expressed target protein in lysates of HEK293T cells. The rat
splenocytes with preliminary defined high-titer antibody re-
sponse were isolated for further fusion with mouse myeloma
cells P3X63-Ag8.653. Hybridomas cells were screened for
production of antibodies that able to bind immunogenic
dodecapeptide and TMEPAI protein. Finally, we obtained
three different clones (2E1, 6C6, and 10A7), which was suc-
cessfully subcloned and stabilized. Three selected hybridoma
clones were expanded to large-scale cultivation to get
antibody-containing supernatants; IgG fraction was purified
by using Protein G. Isotyping of rat immunoglobulins showed
that antibodies from clones were as follows 6C6 - IgG2a, 2E1
- IgG2b and 10A7 - IgG2c. Selected monoclonal antibodies
were tested for theability to recognize recombinantly
overexpressed TMEPAI in HEK293T lysates (Fig. 3)
andnative conditions inside the overexpressing CHO-K1 cells
by immunofluorescence staining approach (Fig. 4). We have
observed the nuclear-cytoplasmic localization of target protein
in transfected cells while untransfected cells were character-
ized by subtle background expression of TMEPAI.
Endosomal localization of target protein near the Golgi appa-
ratus, visualized by nuclear-cytoplasmic staining, was also
demonstrated earlier in cell cultures [3] and other types of
tumors [2]. This kind of intracellular localization is typical
for other proteins that have structural motifs interacting with
the WW-domain of ubiquitin ligase Nedd4 [2, 25].

Analysis of TMEPAI Expression in the Clinical Samples
Using Developed mAbs

Primary immunochemical assessment of TMEPAI protein ex-
pression were performed onpaired frozen and paraffin-
embedded tissue samples from GC patients by using rat

mAb C6C ontotal protein extracts. In this tissue extracts se-
lected mAD reacted with canonical TMEPAlisoform 1 (32—
33 kDa) and N-terminally shorter isoform 2 (27-28 kDa).
Those isoforms were detected in paired tissue samples as vi-
sually intense bands (Fig. 5a). The abundance levels
ofindividual TMEPALI isoforms were relatively quantified by
the scoring of immunoblot signalintensities. We observed the
significantly decreased expression levels of target protein iso-
form land isoform 2 (Fig. 5b) in a cohort of patients with T1-
T2 and T3-T4 GC stages. Remarkably, TMEPAI mRNA ex-
pression had a significantly negative correlation with its pro-
tein expressionlevel.

Preliminary, we performed experiments to characterize
specific binding of commerciallyavailable antibodies sc-
85,829 (Santa Cruz Biotechnology Inc., USA) and
ab128006 (Abcam,UK) to TMEPAI in paraffin-embedded tis-
sue sections. Application of listed commercial anti-TMEPAI
antibodies does not allow us to detect the presence of target
protein in aclinical sample by IHC (data not shown). To eval-
uate the possibility of using developed monoclonal
antibodiesto detect target protein in paraffin-embedded tissue,
we used IHC assay of normal and humangastric carcinoma
tissues sections. Here, we show that TMEPAI has a nuclear-
cytoplasmic localization in gastric epithelium cells. Moreover,
the positively stained target protein was detected only in nor-
mal cells, which additionally confirms our data of decreased
protein expression in the gastric tumor tissue identified by
immunoblot analysis (Fig. 4).

To elucidate the TMEPAI expression pattern during malig-
nant transformation of the gastric epithelium, we performed
analysis of protein abundance in the normal mucosa, adenoma
with different types of dysplastic changes, and adenocarcino-
ma. As a result, we have found a phenomenon consisting of
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EGFP

2439ym

Fig. 4 Immunofluorescence staining of TMEPAI by rat monoclonal
antibody 10A7. Cells CHO-K1 were transiently transfected with a
plasmid pIRES2-EGFP/TMEPAL (a), encoding target protein and EGFP

Fig. 5 Downregulation of
TMEPALI expression levels in
human intestinal gastric
adenocarcinoma tissues (N = 27).
The tissue samples were obtained
from patients (P) with different
stages of gastric cancer (T1-T4),
the total protein extracts were
separated on 12.5% SDS-PAGE
under reducing conditions with
subsequent immunodetection by
rat monoclonal antibody 10A7.
One representative
immunoblotting from three
experiments showing the
expression of TMEPALI protein
(a) in paired normal (N) and
tumor (T) tissues. Target protein
expression levels were
determined using (3-actin (b) as
the endogenous control. The
intensity of protein bands was
measured using ImageLab
densitometric software and
divided according to the type of
TMEPAI isoforms (¢) and
analyzed by Mann—Whitney
U-test
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increased expression of TMEPAI in normal gastric epithelial
cells, while cells containing protein of interest in the adeno-
mas and adenocarcinomas samples were practically absent
(Fig. 6). An important fact is that the gastric epithelium cells
lose the TMEPALI expression since the emergence of morpho-
logical signs of severe dysplastic changes also tissues sections
of adenoma defined by high-grade dysplasia (Fig. 6). Analysis
of adenoma sections with mild to moderate dysplasia has re-
vealed same expression level of the target protein as normal
epithelium (data not shown).

Comparison of miRNA Expression Using Real-Time PCR

To understand whether the expressionlevels of the selected
miRNAs differs in normal and gastric cancertissue, a quanti-
tative PCR was performed. The expression analysis of miR-
511, miR-96, mir-19, mir-194 and mir-301 was held in the
collection of frozen tumor and paired normal samples collect-
ed from 16 patients treated in Cancer Research Institute. We
found asignificant increase of miR-19 in tumor tissue (fold
changes — 7.9 & 2.1) while miR-511expression was decreased
(fold changes 3.7 + 0.6). Furthermore, miR-96, mir-194, and
mir-301 were tended to decrease, but these differences did not
reach thelevel of significance (p > 0.05) (Fig. 7).

Discussion

The gastric cancer is the fifth most common type of malignan-
cy worldwide and the third main reason of cancer death [26].
Until now GC remains a serious diagnostic and therapeutic
challenge. Recent improvements in prevention and treatment
had appeared with thebetter long-time survival rate for pa-
tients with initial stages of GC, which is only about 30% of
existing cases. Nevertheless, the efficacy of treatment for pa-
tients with progressed GC stages is imperfect, and 5-year sur-
vival is unsatisfied. The prediction of treatment results, based
on clinical or histological characteristics are often unreliable.
Thus, understanding of molecular pathogenesis and identi-
fication of specific biomarkers for prediction of treatment out-
come can be used for the development of personalized treat-
ment approaches [27]. Interestingly GC cells express a broad
spectrum of various growth factors, including TGF-[3, which
is predominantly up-regulated in poorly differentiated gastric
carcinoma [28]. Besides main effects of TGF-3 on metastatic
ability and invasiveness of GC are driven by c-Jun N-terminal
kinases (JNKs) and extracellular-signal-regulated kinases
(ERKs) pathways excluding SMAD proteins [29]. However,
decreased SMAD-related signaling also exists in GC and cor-
relation between SMADs expression levels and outcome
prognosis was discovered [30]. Also, TGF-3 signaling is
repealed by reduced expression of SMADs [31]. In this mat-
ter, the elucidation of TMEPAI involvement into TGF-3-

inducible pathways become an actual task, due to demonstrat-
ed ability to regulate SMAD-signaling via its PY-motifs locat-
ed at SIM domain [32]. It was also indicated, that reducing of
TMEPALI expression by gene knockdown can suppress tumor-
igenic potential of lung cancer [4], breast cancer [14] and
prostatic cancer [32].

The expression level of PMEPAI in tumors has been re-
vealed to be significantly altered compared to non-malignant
tissues. Our data confirms the results observed by other re-
searchers that demonstrate up-regulated PMEPAI gene ex-
pression in gastric tumors [20, 21]. Until now in available
literature, it faintly marked on TMEPAI immunochemical de-
tection in the clinical samples. As well, there is no recommen-
dation of Human Antibody Initiative database [33] for trust-
able commercially available mAbs that could provide re-
searchers with the reliable detection of particular protein in
human tissues. Addressing this problem is one of the most
promising ways to the emerging needs of tissue-based prote-
omics [34-37]. We obtained three stable clones of hybrid-
omas, which produced anti-TMEPAI antibodies. To evaluate
the specificity we used immunoblot analysis and immunocy-
tochemistry. It is known that the chain of events from normal
gastric mucosa to adenocarcinoma includes chronic in-
flammation of the mucosa, atrophy, metaplasia and dys-
plasia of the epithelium. Dysplasia is characterized by
significant alterations in the cellular elements, such as
changing the size and shape of cells, nuclei pigmenta-
tion, anomalies of mitotic activity, which result in ab-
normal development of epithelial tissue [38].

Epithelial dysplasia is a morphological marker of an in-
creased risk of cancer, but this risk has not yet been exactly
evaluated in each patient. Apparently, in most cases mild and
moderate dysplasia can regress or remain stable, though
doubtless that there is a possibility of progression of these
changes to adenocarcinoma. Severe dysplasia may also be
subjected to regression, but the probability of transition to
malignancy varies over a broad range from 8 to 75%. It is
rather important to clarify the definition of the adenocarcino-
ma risk during pathological changes of gastric mucosa.

The observed decrease of target protein expression in tu-
mor samples combined with increased gene expression can be
explained by microRNAs-related posttranscriptional regula-
tion mechanisms. For the period of the last decade, a consid-
erable amount of information concerning the role of
microRNA in carcinogenesis as oncogenes and tumor sup-
pressors was accumulated. The participation of these nucleic
acids in the regulation of apoptosis, cell cycle, and metastasis
are well-known [39]. There are many miRNAs which expres-
sion is reduced (miR —24, miR —129-2, miR-451, miR-9) and
increased (miR-130b, miR-106b, miR-93, miR-222, miR-
221) in gastric cancer [40]. Recently, Zhou and colleagues
identified a panel of microRNAs with significantly altered
expression in gastric cancer cells after TGF-f treatment [41].
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4 Fig. 6 Representative immunohistochemical staining for TMEPAI
expression during the progress of GC with antibody 10A7. a, b high
expression of TMEPALI in normal gastric tissues; ¢, d ahigh expression
of TMEPALI in gastric adenomatous polyps; s, f weak expression of
TMEPALI in gastric adenomatous polyps with high-grade dysplasia; g, h
absence of TMEPALI in poorly differentiated gastric adenocarcinoma.
Antibody 10A7 was used in dilution 1:100. The digital images analyzed
with the AxioVision Software software (a, ¢, e, g with x100 and b, d, f, h
with x400-fold magnification). The micrograph indicates the amplified
morphology of tissue, red scale bars - 10 pm

We carried out an in silico identification of microRNAs
which can potentially bindTPMEPAI An initial set of
miRNAs were obtained from five databases: TargetScan,
miRWalk, miRDB, miRBase, miRAD. After that we have

0 r

Log2FC
(tumor/normal)

|

miR-19
miR-194
miR-96
miR-301
miR-511

-3

Fig. 7 Expression ratio (log2) of investigated microRNA obtained by
qRT-PCR. The figure shows mean normalized expression ratio (Log2
fold change) for miR-511, miR-96, mir-19, mir-194 and mir-301. A bar
value >1 represents >2-fold increases, whereas a bar value <—1,
represents a > 2-fold decrease. Only microRNA mir-19 was found to be
significantly up-regulated in thegastric tumor. Mir-194, mir-96 and
mir-301 were insignificantly dawn-regulated in gastric cancer while the
expression level of mir-511 was observed to be greatly decreased in
thetumor. One-sample t-test was used to assay the significance of the
differences obtained during the analysis

selected several miRNAs, namely — miR-511, miR-96, miR-
19, miR-194 and miR-301,which potentially binds TMEPAI
transcript with higher probability takes into consideration sec-
ondary structure and free energy of miRNA-target duplex for-
mation. We evaluated expression level of selected
microRNAs in normal and tumor tissues of gastric cancer
patients. It turns out that increased expression in tumor tissue
compared to normal specimens has only one miRNA - mir-19.

The miR-19 is amember of miR-17-92 clusterwhich encodes
6 single mature miRNAs. miR-19 has been identified as the key
responsible for this oncogenic activity [42]. Li et al. (2015) has
shown that miR-19 overexpression activated some EMTand
mobility-related genes in lung cancer cells, which is likely re-
sponsible for the switch on of the epithelial-mesenchymal tran-
sition, as strongly supported by mesenchymal-like morpholog-
ical conversion, decreased cell adhesion, and increased cell mo-
tility and invasion [43]. The same data was obtained during
astudy on colorectal cancer cells [44]. Furthermore, overexpres-
sion of mir-19 was also shown in gastric cancer cells, wherein
the increase correlates with tumor metastasis [45] and prolifer-
ative activity of tumor cells [46]. In the systematic review of
microRNA expression profiling studies in human gastric cancer
held by Shrestha S. (2014) was shown miR-19 overexpression
in tumor tissue in five independent studies [47]. Median fold
change of miR-19 overexpression in gastric cancer was 3.99,
which corresponds to data obtained in our study.

To confirm miR-19 ability to block TMEPAI expression, it
is necessary to carry out the additional studies on stablegastric
cancer cell lines. However, even now it can be assumed due to
its potential ability to silence TMEPAI gene expression, miR-
19 has been hailed as apotential therapeutic agent since the
decrease of TMEPALI production is a poor prognostic factor.
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