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Brahma-related gene 1-associated expression of 9-27 and IFI-27
is involved in acquired cisplatin resistance of gastric cancer cells

HYE RAN LEE!, HYUN KYUNG NO?, CHUN JEIH RYU® and HYUN-JU PARK>

1Department of Internal Medicine, Inje University Ilsan Paik Hospital, Goyang, Gyeonggi-do 411-706;

2School of Pharmacy, Sungkyunkwan University, Suwon, Gyeonggi-do 440-746;

3Department of Bioscience and Biotechnology, Sejong University, Kwanjin-Gu, Seoul 143-747, Republic of Korea

Received March 6,2013; Accepted June 24, 2013

DOI: 10.3892/mmr.2013.1576

Abstract. In order to investigate the mechanism of cisplatin
resistance, a cisplatin-resistant human gastric cancer cell line
was established. Subsequent to the exposure of the YCC-3
gastric cancer cell line to equal concentrations of cis-diam-
mine-dichloroplatinum (II) (cisplatin, CDDP) for 6 months,
a cisplatin-resistant cell line was established (YCC-3/R). To
determine the molecular mechanism of cisplatin resistance in
YCC-3/R cells, differentially expressed genes (DEGs) were
investigated between YCC-3 and YCC-3/R by annealing
control primer-based reverse transcriptase-polymerase chain
reaction (ACP RT-PCR) technology. Eleven DEGs were
successfully identified and sequenced. Among them, inter-
feron-induced transmembrane protein 1 (9-27) and interferon
a-inducible protein 27 (IFI-27) were markedly increased in
YCC-3/R cells. In addition, western blot analysis demon-
strated that the Brahma-related gene 1 (BRG1), which was
observed to selectively activate 9-27 and IFI-27 genes, was
overexpressed in YCC-3/R cells. The results suggested that the
BRGl-associated expression of 9-27 and [FI-27 is involved in
cisplatin resistance in gastric cancer cells.

Introduction

Gastric cancer remains a leading cause of mortality in certain
countries. Although the occurrence rate of gastric cancer
has been on the decrease worldwide, certain Asian countries
(including Korea and Japan), and certain European and South
American countries still exhibit a high incidence rate (1). As is
the case with other types of cancer, early-stage gastric cancer
may be treated by surgery. However, a large number of patients
are already in advanced stages at the time of diagnosis, and thus
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have a worse prognosis. Although numerous chemotherapeutic
agents have been used to treat gastric cancer patients, one of
the predominant obstacles in treating these patients is chemo-
resistance. Cisplatin is the most frequently used drug for the
treatment of patients with advanced gastric cancer. However,
gastric cancer cells may be inherently insensitive to cisplatin
and acquire resistance against cisplatin during treatment (2).
Acquired drug resistance is suggested to be multifactorial,
involving host factors and numerous genetic and molecular
events (3). Studies have demonstrated that resistance may be
related to decreased drug accumulation, alteration of intracel-
lular drug distribution, changes in drug-target interaction,
cell-cycle deregulation, increased damaged-DNA repair and
reduced apoptotic response (4-12). Therefore, it is important to
determine the mechanism of resistance to cisplatin.

Annealing control primer-based-reverse transcrip-
tase-polymerase chain reaction (ACP RT-PCR) technology
regulated by an annealing control primer has been used to
identify differentially expressed genes in several tissues
including cancer tissues (13-15). This method specifically
targets sequence hybridization to the template via a poly-
deoxyinosine (poly dI) linker. The ACP-based PCR system
may be facilitated to identify differentially expressed genes
(DEGs) from samples exhibiting low mRNA levels possibly
without generating false positives. Therefore, using this tech-
nique, it was possible to search for related genes that may be
responsible for cisplatin resistance.

This study aimed to determine the correlation between gene
expression changes and cisplatin-resistance in gastric cancer
cells. In our previous study, a cisplatin-resistant gastric cancer
cell line (YCC-3/R) was established by chronic exposure of a
human gastric carcinoma cell line (YCC-3) to cisplatin, and
it was observed that p27 expression was upregulated in the
YCC-3/R cells (16). In order to identify other genes that may
be responsible for resistance to cisplatin, in the present study,
DEGs between YCC-3 and YCC-3/R cells were investigated
using ACP-based RT-PCR technology. It was demonstrated
that interferon-induced transmembrane protein 1 (9-27) and
interferon a-inducible protein 27 (IFI-27) genes were highly
expressed in YCC-3/R cells. Subsequent studies suggested
that the Brahma-related gene 1 (BRGI)-associated expression
of 9-27 and IFI-27 genes may be involved in resistance to
cisplatin in YCC-3/R cells.
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Table I. List of genes differentially expressed in YCC-3/R.

DEG no. GeneBank accession no. Sequence homology search
DEG1* BC15492 Homo sapiens interferon, a-inducible protein 27 (IFI-27)
DEG4* BC000897 Homo sapiens interferon induced transmembrane protein 1 (9-27) (IFITM1)
DEG5* BC000897 Homo sapiens interferon induced transmembrane protein 1 (9-27) IFITM1)
DEG7 BC000027 Homo sapiens transmembrane emp24 protein transport domain containing 3
DEGY9* BC000897 Homo sapiens interferon induced transmembrane protein 1 (9-27) (IFITM1)
DEG14 BC015592 Homo sapiens deltex 4 homolog (Drosophilla)
DEG15® AV73350 (EST) Homo sapiens cDNA clone

AP008920 Homo sapiens mitochondrial DNA, complete genome
DEG18* AY244097 Homo sapiens isolate Mongolian 259 mitochondrial control region
DEG19 BC070194 Homo sapiens ribosomal protein, large, PO
DEG20 AL110297 Homo sapiens mRNA
DEG21* BC012355 Homo sapiens solute carrier family 6 (neurotransmitter transporter, creatine)

*Overexpression in YCC-3/R. DEG13 sequencing failed.

Materials and methods

Cell lines and culture conditions. YCC-3 (donated by
Professor Hyun-Chul Chung, Yonsei Cancer Center,
Yonsei University, Seoul) a human gastric cancer cell line,
was cultured with Dulbecco's modified Eagle's medium
(DMEM) (Invitrogen Life Technologies, Carlsbad, CA, USA)
supplemented with 10% heat-inactivated fetal bovine serum
(Hyclone Laborotories Inc., Logan, UT, USA), 3.7 mg/ml
sodium bicarbonate, 2 mM L-glutamine, 25 mM HEPES and
1% penicillin/streptomycin. The culture was maintained under
a humidified 5% CO, atmosphere at 37°C. The culture was
passaged twice or three times a week. YCC-3/R was estab-
lished by chronic exposure to equal concentrations (0.5 yg/ml)
of cisplatin for 6 months as described previously (16).

ACP RT-PCR analysis. Total RNA extracted from YCC-3 and
YCC-3/R cells was used for the synthesis of first-strand cDNA by
reverse transcriptase. Reverse transcription was performed for
1.5 h at42°C in a final reaction volume of 20 ul containing 3 ug
of the purified total RNAs, 4 ul 5X reaction buffer (Promega,
Madison, WI, USA), 5 ul dNTPs (each 2 mM), 2 ul 10 uM
dT-ACPI [5-CGTGAATGCTGCGACTACGATIIIIT(18)-3',
Seegene Inc., Seoul, Korea], 0.5 ul RNasin® RNase Inhibitor
(40 Ulul; Promega) and 1 ul Moloney murine leukemia virus
reverse transcriptase (200 U/ul; Promega). First-strand cDNA
was diluted by the addition of 80 yl ultra-purified water for the
GeneFishing™ PCR (Seegene Inc., Seoul, Korea), and stored at
-20°C until use. Differentially expressed genes were screened
by the ACP-based PCR method using the GeneFishing DEG
kits (Seegene Inc.) (13). Briefly, second-strand cDNA synthesis
was conducted at 50°C during one cycle of first-stage PCR in
a final reaction volume of 20 yl containing 3-5 ul (~50 ng)
diluted first-strand cDNA, 1 pl dT-ACP2 (10 puM), 1 ul 10 uM
arbitrary ACP, and 10 pl 2X Master Mix (Seegene Inc.). The
PCR protocol for second-strand synthesis was one cycle at
94°C for 1 min, followed by 50°C for 3 min, and 72°C for
1 min. When the second-strand DNA synthesis was completed,

the second-stage PCR amplification protocol was 40 cycles of
94°C for 40 sec, followed by 65°C for 40 sec, 72°C for 40 sec
and a 5 min final extension at 72°C. The amplified PCR prod-
ucts were separated on 2% agarose gel stained with ethidium
bromide. The differentially expressed bands were re-amplified
and extracted from the gel using the GENCLEAN® II kit
(Q-BIO Gene, Carlsbad, CA, USA) and directly sequenced
with ABI PRISM® 3100-Avant Genetic Analyzer (Applied
Biosystems, Foster City, CA, USA). The identity of each
product was confirmed by sequence homology analysis using
the Basic Local Alignment Search Tool (BLAST) (17).

Western blot analysis. Cell lysates were boiled in Laemmli
sample buffer for 5 min at 95°C and 30 pg protein lysates from
each sample were electrophoresed on a 12% sodium dodecyl
sulphate-polyacrylamide gel and then transferred to a poly-
vinylidine fluoride membrane (Bio-Rad, Hercules, CA, USA)
and electrophoresed at a constant 40 V for 90 min. Western
blot analysis was conducted as described previously (18). The
membrane was pre-blocked for 1 h at room temperature (RT) in
Tris-buffered saline Tween-20 (TBST) containing 5% skimmed
milk. The blot was incubated for 3 h at RT with anti-BRG1
antibody (Amersham Biosciences, Seoul, Korea) and f3-actin
(Abcam, Cambridge, UK) in TBST. The blot was then washed
three times for 10 min with TBST. The membrane was incu-
bated for 1 h with peroxidase-linked species-specific whole
antibodies. Protein was detected using an enhanced chemilumi-
nescence western blot analysis system (Amersham Biosciences).

Results

To screen DEGs between YCC-3 and YCC-3/R cells, mRNAs
from the two types of cells were extracted and subjected to
ACP RT-PCR analysis using 20 arbitrary ACPs provided by
Seegene Inc. (13-15). As a result, 21 bands appeared to be
differentially expressed between YCC-3 and YCC-3/R cells,
and 11 bands appeared to be upregulated in YCC-3 cells (Fig. 1,
white arrows), while 10 bands appeared to be upregulated in
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Figure 1. Annealing control primer-based reverse transcriptase-polymerase chain reaction (ACP RT-PCR) analysis for the identification of differentially
expressed genes (DEGs) between YCC-3 and YCC-3/R cells. Agarose gel photograms (2%) show DEGs obtained from YCC-3 (lane 1) and YCC-3/R (lane 2)
cells by using 20 arbitrary ACPs. The white arrows indicate the DEGs that show a higher expression in YCC-3 cells, while the red arrows indicate the DEGs

that show a higher expression in YCC-3/R cells.

YCC-3/R cells (Fig. 1, red arrows). DNA bands were excised
and sequenced for further analysis. However, only 11 DNA
fragments including DEGL, 4, 5,7, 9, 14, 15, 18, 19, 20 and 21
were successfully sequenced (Table I). A sequence homology
search using BLAST revealed that the bands were [FI-27, 9-27,
transmembrane emp24 protein transport domain containing 3,
deltex 4 homolog, unknown cDNA clone, mitochondrial DNA,
Mongolian 259 mitochondrial control region, and ribosomal
protein. Seven DEGs were upregulated in YCC-3/R cells while
4 DEGs were downregulated. Notably, three out of seven
upregulated DEGs in YCC-3/R were interferon a-inducible
gene 9-27 and 1 DEG was another interferon a-inducible gene
IFI-27.

Interferon a-inducible genes 9-27 and IFI-27 were investi-
gated as a previous study suggested that BRG1, a key component
of the mammalian ATP-dependent chromatin-remodeling
SW12-SNF2 complex, selectively activates a subset of
interferon-a-inducible genes including 9-27 and IFI-27 (19).
Therefore, BRG1 expression was investigated by western blot

YCC-3 YCC-3IR
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Figure 2. Western blot analysis of Brahma-related gene 1 (BRGI) protein in
YCC-3 and YCC-3/R cells. $-actin was used as a reference for gene expres-
sion. The intensity of each western blot signal was quantified by Image J.
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analysis to identify whether BRGI expression is associated
with the increased expression of 9-27 and IFI-27 (Fig. 2). As
expected, the BRGI protein was upregulated in YCC-3/R cells
compared with that in the YCC-3 cells, suggesting that the
BRGl-associated expression of 9-27 and [FI-27 is involved in
acquired cisplatin resistance of gastric cancer cells.
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Discussion

In our previous study, a cisplatin-resistant gastric cancer cell
line (YCC-3/R) was established by the chronic exposure of a
human gastric carcinoma cell line (YCC-3) to cisplatin (16).
To screen genes that may be related to cisplatin resistance in
YCC-3/R, ACP RT-PCR technology was used as conventional
display methods are labor intensive and lead to a high degree
of false positivity. The basis of ACP technology is the unique
tripartite structure of a specific oligonucleotide primer (ACP),
which contains distinct 3'- and 5'-end regions separated by a
regulator and the interactions of each portion of this primer
during two-stage PCR (13-15). ACP RT-PCR technology
yielded 11 novel DEGs and among these /FI-27 and 9-27 were
particularly noteworthy (Fig. 1). IFI-27 and 9-27 are known as
interferon-inducible proteins that are involved in the control of
cell growth. The 9-27 gene is suspected to encode a protein that
associates with other membrane proteins, forming a multimeric
complex involved in the transduction of anti-proliferative and
homotypic adhesion signals (20). In addition, 9-27 was shown
to be correlated with susceptibility to natural killer cells and
their invasiveness in gastric cancer cells (21). Luker ef al (22)
also showed that a paclitaxel-resistant cell line overexpresses
IFN-inducible p27 (IF1-27), and confers resistance to paclitaxel
in breast cancer cells. A previous study suggested that 9-27
arrests cell cycle progression in the G1 phase (23). In a previous
study, p27-dependent cell cycle arrest was demonstrated to be
involved in acquired cisplatin resistance of YCC-3/R cells (16).
Therefore, it may be speculated that the induction of 9-27
and [FI-27 contributes to acquired cisplatin resistance of
YCC-3/R cells.

BRGI is a predominant component of the mammalian
ATP-dependent chromatin-remodeling SW12/SNF2 complex
and interacts with signal transducer and activator of transcrip-
tion (STAT?2). Notably, BRG1 overexpression is associated with
advanced-stage human gastric carcinomas (24). Subsequent
studies demonstrated that BRGI selectively activated a subset
of interferon-a-inducible genes including 9-27 and IFI-27 (19).
A recent study also demonstrated that the downregulation of
BRG] and brahma (Brm) results in enhanced cell sensitivity
to cisplatin (23). According to these studies, incomplete repair
of cisplatin intrastrand adducts, interstrand crosslinks and
interstrand crosslinks-induced DNA double-strand breaks
are observed in BRGI1- and Brm-depleted cells. BRGI and
Brm deficiency also results in impaired chromatin relaxation,
altered check point activation and enhanced apoptosis (25).
Thus, BRG1 and Brm may modulate cisplatin cytotoxicity via
chromatin remodeling and facilitate the DNA repair factors
following DNA damage recognition and sensitivity to UV
radiation (25). In conclusion, an increased expression of BRG1
and BRGl1-inducible genes, 9-27 and [FI-27, may contribute to
acquired resistance to cisplatin in gastric cancer cells.
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