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The role of miR-144/GSPT1 axis in gastric cancer
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Abstract. - OBJECTIVE: To investigate the
potential effects of miR-144/GSPT1 axis on the
development of gastric cancer.

PATIENTS AND METHODS: The expressions
of GSPT1 (G1 to S Phase Transition 1) and miR-
144 were detected in gastric cancer tissues and
the adjacent normal tissues. We also explored
the levels of GSPT1 and miR-144 in both nor-
mal gastric cell line (GES-1) and gastric cells
(SGC7901). Luciferase assay was conducted to
evaluate the interaction between miR-144 and
GSPT1. The effects of the miR-144/GSPT1 axis on
SGC7901 cells were determined via investigating
cell proliferation, invasion and metastasis.

RESULTS: miR-144 was found to be down-reg-
ulated in gastric cancer tissues while GSPT1 ex-
pression level was markedly increased. Bioin-
formatics analysis showed that GSPT1 was a di-
rect target of miR-144. Luciferase assays con-
firmed our hypothesis. The subsequent experi-
ments showed that miR-144 could promote cell
proliferation, invasion and migration in gastric
cancer cells via inhibiting GSPT1.

CONCLUSIONS: We showed that miR-144/
GSPT1 axis could be a potential therapeutic tar-
get in treatment of gastric cancer.
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Introduction

Gastric cancer (GC) is one of the most com-
mon malignant tumors with the 4" incidence
rate and the 2" mortality rate worldwide'. It is
estimated that about 700,000 people die of GC
each year worldwide, and there are about 900,000
new cases annually?. In East Asia, the incidence
and mortality rates of GC are higher than those in
other regions®. In China, the incidence rate of GC
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ranks 2". Nearly 300,000 people die of GC and
400,000 new cases are diagnosed per year *. In
recent years, despite the improvement in the diag-
nosis and treatment techniques, the early diagno-
sis rate of GC is still not high. Most patients have
been in the advanced stage with local infiltration
and lymph node metastasis when diagnosed®®.
The overall prognosis is still poor and the 5-year
survival rate after operation is about 60%. The
S-year survival rate of patients with metastasis is
only 2% when diagnosed’. Therefore, elucidating
the mechanism of progression and metastasis in
GC is very important in improving the prognosis
of GC.

During tumorigenesis, the overexpression of
some specific proteins involved in cell cycle and
proliferation, is often related to the changes in
many translation factors®. Although accumulat-
ing evidence has identified the roles of eukaryotic
translation factors such as translation initiation
and elongation factors, in the occurrence and de-
velopment of tumors’, little is known about the re-
leasing factors. Eukaryotic peptide chain releas-
ing factors (eRF) is a group of important proteins
released by nascent peptide chain in eukaryotes
involved in intracellular protein synthesis, in-
cluding two types (eRF1 and eRF3). Researches
have shown that the eRF3 subtype (eRF3a) is a
major factor in the termination process of protein
translation in mammals, whose expression level
affects the stability of eRF1 protein'®. ERF3a is
mainly encoded by Gl to S phase transition 1
(GSPT1). Various studies' have also identified
that GSPT1 in patients with GC is significantly
increased. Given this, GSPT1 protein has been
demonstrated to be a potential therapeutic target
for GC.

MicroRNA (miRNA) is a newly-discovered
short-chain non-coding regulatory RNA with an
average length of 18-25 nucleotides. MiRNA
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plays a crucial regulatory role in various physio-
logical and pathological processes, including em-
bryonic development'?, organ formation'® and tu-
morigenesis'. The abnormal expression of miR-
NA in tumors is closely related to the occurrence
and development of tumors and prognosis'>"’. Up
to date, no study has been published on the role
of miR-144/GSPT1 axis in GC development and
treatment.

In this study, we aimed at investigating the mo-
lecular mechanism of highly expressed GSPT1
in GC. MiR-144 induced GSPT1 downregulation
was first screened using bioinformatics in the
present work. The purpose of our current study
was to detect the functions of miR-144/GSPT1
axis in the occurrence and development of GC, so
as to provide new basis for the clinical treatment
and prevention of GC.

Patients and Methods

Gastric Cancer Cases and Cells

Data of 100 gastric cancer (GC) patients
were collected. These patients were confirmed
as GC cases via pathology and underwent a
surgical procedure in our hospital. Preoperative
chemotherapy or radiotherapy treatments were
forbidden. Liquid nitrogen was used to freeze
GC tissues. The corresponding adjacent normal
tissues were kept in -70°C refrigerator. This
study was approved by the Ethics Committee of
the Fourth Affiliated Hospital of Baotou Medi-
cal College. Signed written informed consents
were obtained from all participants before the
study. The human gastric cell line (SGC7901)
and normal gastric cell line (GES-1) were pur-
chased from the Chinese Academy of Sciences
(Shanghai, China). Cells were cultured in Ros-
well Park Memorial Institute-1640 (RPMI-1640)
medium (Invitrogen, Carlsbad, CA, USA) con-
taining 10% fetal bovine serum (FBS), 100
ug/mL streptomycin and 100 IU/mL penicillin
(Invitrogen, Carlsbad, CA, USA) and incubated
at 37°C with 5% CO,,.

Quantitative Reverse
Transcription-Polymerase Chain
Reaction (qRT-PCR) Analysis

Total RNA was extracted using TRIzol Re-
agent in accordance with the manufacturer’s
protocol. SYBR green qPCR assay was per-
formed to measure the level of GSPT1 expres-
sion. Glyceraldehyde 3-phosphate dehydroge-

nase (GAPDH) was served as internal control.
TagMan miRNA assay (Applied Biosystems,
Foster City, CA, USA) was used to determine
the level of miR-144 expression. U6 was served
as the internal control.

Cell Transfection

MiR-144 mimics and inhibitors were syn-
thesized and transfected to cells, which were
divided into three different groups: NC group
(negative control), miR-144 mimics (SGC7901
cell transfected with miR-144 mimics) and
mimicst+GSPT1 (SGC7901 cell transfected with
miR-144 mimics and siGSPT1). All the reagents
were purchased from RiboBio (Guangzhou, Chi-
na). Cells were transfected using lipofectamine
RNAIMAX (Life Technologies, Gaithersburg,
MD, USA) according to the manufacturer’s in-
structions.

Luciferase Reporter Assays

SGC7901 cells were co-transfected with pMIR-
3’UTR-GSPT1 or pMIR-3’'UTR-Mut-GSPTI,
miR-144 mimic or negative control (NC), and the
pMIR-Renilla plasmid (Promega, Madison, WI,
USA). Next, the cells were seeded into a 24-well
plate. Luciferase activity was assessed using a
Dual-Luciferase Reporter Assay System (Prome-
ga Corporation, Madison, WI, USA).

Western Blotting Analysis

Protein concentration was measured using bi-
cinchoninic acid (BCA) reagent kit (Merck, Bil-
lerica, MA, USA). SGC7901 Cell lysates were
separated on polyacrylamide gels and blotted
onto nitrocellulose membranes. The membrane
was then blocked with a blocking buffer TBST-20
(Tris-buffered saline with 0.05% Tween 20, pH
7.6 with 5% skimmed milk). After that, the blot-
ted proteins were washed and incubated with
anti-GSPT1 antibody (1:1000; Proteintech, Rose-
mont, IL, USA) or anti-GAPDH (1:1000; Cell
Signaling Technology, Danvers, MA, USA) anti-
body at 4°C overnight.

Cell Proliferation

SGC7901 cells were harvested and inoculated
into 96-well plates at a density of 2°10° cells for
48 h. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) solution (5 mg/mL,
MultiSciences, Hangzhou, China) was added to
each well after incubation. After 30 min, the
absorbance was measured by a microplate reader
(Bio-Rad, Hercules, CA, USA) at 490 nm.
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Cell Invasion Assay

Cell invasion assay was performed using tran-
swell plates (Corning, Corning, NY, USA) with
8-um-pore size membranes with Matrigel. Brief-
ly, 2"10% cells were plated into the upper chambers
with serum free medium. On the other hand, the
lower chamber was added with medium contain-
ing 10% FBS as a chemoattractant. At 2 days
after incubation, the cells on the top of membrane
were wiped by a brush. Subsequently, the mem-
brane was stained by 0.2% crystal violet and then
drenched by 95% ethanol. The invaded cells were
observed by an inverted microscope.

Cell Migration Assay

Cell migration was performed by scratch-
wound assay. SGC7901 cells were seeded in
6-well plates. After transfection, each well was
scraped with a 10 pL pipette tip to create a linear
region devoid of cells. Subsequently, the cells in
each well were cultured with RPMI-1640 medium
containing 2% fetal bovine serum (FBS) (Gib-
co, Rockville, MD, USA). We monitored wound
healing at 0, 12, 24, and 48 h after scraping.

Statistical Analysis

Statistical analysis was performed using a Stu-
dent’s #-test or F-test. All p-values were two-sided
and analyzed by Prism 6 software (San Diego,
CA, USA). p < 0.05 represented that the differ-
ence was statistically significant.

Results

Expression of GSPT1 and miR-144 in
Both Tissues and Cells of GC

The levels of GSPT1 expression in GC tissues
and the adjacent normal tissues were detected to
determine the role of GSPT1 in GC development.
It was found that the level of GSPT1 expression
in GC tissues was much higher than that in the
adjacent normal tissues (Figure 1A). Previous
reports'®?*? have demonstrated that miR-144 was
dysregulated in various cancers. MiR-144 has
been found to be downregulated in GC according
to a previous investigation®, but its molecular
mechanism remains unclear. Another work has
shown that miR-144 regulates GSPT1 in colorec-
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Figure 1. The expressions of GSPT1 and miR-144 in gastric tissue samples and cells. A. Difference in the expression of
GSPTI1 and miR-144 between GC tissues and corresponding adjacent normal gastric tissues. (****compared with adjacent
normal gastric tissues, p < 0.0001). B. The expression of GSPT1 and miR-144 in GC cell line (SGC7901) and normal gastric

epithelial cells (GES-1) (****compared with GES-1, p <0.0001).
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tal cancer?, so we measured the expression of
miR-144 in the GC tissue. As we expected, the
result revealed that the level of miR-144 expres-
sion was significantly decreased in GC tissues
compared with that in the normal tissues (Figure
1A). Furthermore, we found the same results in
GC cell line (SGC7901) in comparison with the
normal gastric cell line (GES-1) (Figure 1B).

GSPT1 is a Direct Target of
miR-144 in GC Cells

In order to confirm whether miR-144 has a
regulatory effect on GSPTI, we made a search
based on the databases of TargetScan, miRDB
and PicTar. The results showed that the GSPT1
was a potential target of miR-144 (Figure 2A). We
established luciferase reporter vectors containing
the wild or mutant-type miR-144 seed sequences
of the GSPT1 3’UTR. The increased expression
of miR-144 with mimics resulted in the decrease
of the luciferase activity of the wide-type GSPT1
3’UTR reporter gene, but it had no effect on mu-
tant-type (Figure 2B). Moreover, the expression
of GSPT1 was negatively correlated with the

expression of miR-144 in GC tissues (Figure 2C).
These results indicated that the expression of
GSPT1 can be regulated by miR-144.

MiR-144 Decreases the Expression
Level of GSPT1

We set up three groups to conduct similar
experiments (miR-NC group, miR-144 mim-
ics group and the mimics + GSPT1 group) for
SGC7901 cells. We found that the protein expres-
sion of GSPT1 was decreased by up-regulating
miR-144 in SGC7901 cells (Figure 2C, D). These
data indicated that GSPT1 could be negatively
regulated by miR-144.

MiR-144 Suppressed Proliferation
of GC Cell

To examine the function of miR-144 on prolif-
eration of GC cells, MTT assay was performed.
Results showed that the cell proliferation rate
of SGC7901 cells was decreased after miR-
144 mimics transfection. In contrast, inhibition
of miR-144 increased the growth of GC cells
(Figure 3).
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Figure 2. GSPTI is a direct and functional target of miR-144. SGC7901 cell is transfected with miR-144 mimics and inhibitor.
A. Diagram of putative miR-144 binding sites of GSPT1. B. Relative activities of luciferase reporters (**p < 0.01). C. The
expression of GSPT1 is negatively correlated with the expression of miR-144 in GC tissues.
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Figure 3. MiR-144 decreases the expression level of GSPT1. 4. The content of GSPT1 by Western blot experiment. B.
Expression level of GSPT1 by Real-time PCR analysis (**p < 0.01, ***p <0.001 vs. NC group; “p <0.01 vs. Mimics group). C.
Protein content of GSPT1 by Western blot. D. MiR-144/GSPT1 axis inhibits the proliferation of GC cell (**p < 0.01).

MiR-144 Inhibited Invasion and
Migration of GC cell

Migration and invasion are key factors in can-
cer cell proliferation. In the transwell experi-
ments, we tested the invasive ability of SGC7901
cells. Result revealed that the up-regulation of
miR-144 could inhibit the invasive ability of
SGC7901 cells (Figure 4A). Meanwhile, the re-
sults of scratch-wound assay demonstrated that
the migration ability of SGC7901 cells was atten-
uated by miR-144 (Figure 4B).

Discussion

In recent years, studies on miRNA have sug-
gested that miRNA plays an extremely important
regulatory role in the occurrence and develop-
ment of GC. Scholars*?* have also confirmed that
miRNA is involved in important physiological
processes. A number of large-sample sequencing
data assays showed that the difference in miRNA
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expression in GC tissues or serum was closely
related to the malignant clinical phenotypes (me-
tastasis, recurrence, chemotherapy resistance and
survival prognosis) of GC*=!. The above findings
revealed that miRNA may not only provide novel
clinical markers for the early diagnosis and de-
tection of GC, but also serve as a tool to assess
the malignant clinical phenotype and prognosis
of GC. Therefore, further researches on the im-
portant role of miRNAs in the occurrence and
development of GC can provide new insights for
the precise treatment of GC.

Currently, the protein synthesis involved in
cell proliferation and cancer progression is an
important research hotspot. Changes in the ex-
pression pattern of translation factors may lead to
some changes in tumor cells. Existing evidence
proved that eukaryotic transcription factors play
important roles in kinds of cancers®. However,
there is still no evidence regarding translation
releasing factors and cancers. The termination of
translation and release of nascent peptide chain
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Figure 4. MiR-144/GSPT1 axis inhibits the invasion and migration of GC cell. GSPT1 overexpression attenuates the
suppressive effect of miR-144 in SGC7901 cells. A. The invasion test by transwell assay. B. The migration test by scratch-
wound assay (*p < 0.05, **p < 0.01 vs. NC group; *p < 0.05 vs. mimics group).

are the last stages in the process of protein syn-
thesis. The transcriptional level of mRNA ex-
pression of GSPT1 is different in the cell cycle®.
Experiments have shown that the GSPTI mRNA
level is increased in intestinal-type GC and breast
cancer™, indicating that eRF3a may be related to
cell proliferation and apoptosis.

In this study, the expression of GSPT1 in GC
tissues was analyzed. We also found that GSPT1
was significantly increased in GC tissues. In
order to study the molecular mechanism of ab-
normally expressed GSPTI in GC, miR-144 was
first screened using bioinformatics. Our results
showed that miR-144 inhibited the expression of
GSPT1 in a targeted way. Subsequent analysis
revealed that the expression level of miR-144 was
significantly decreased in GC tissues. Existing
studies have shown that miR-144 is abnormally
expressed in various cancers, which is closely re-
lated to the proliferation, migration and invasion
of tumors, indicating that miR-144 might be a
tumor suppressor gene. Moreover, up-regulation

of miR-144 resulted in significantly decreased
proliferation, migration and invasion of GC cells.
The current study therefore demonstrated that
miR-144/GSPT1 regulatory axis might contrib-
ute to the occurrence and development of GC,
providing a new detection for the diagnosis and
treatment of GC.

Conclusions

We found that GSPT1 was found to be a direct
and functional target of miR-144. MiR-144 could
attenuate cell proliferation, invasion and migra-
tion in gastric cancer cells via targeting GSPT1.
Thus, the restoration of miR-144/GSPT1 axis may
be a potential therapeutic target for the treatment
of gastric cancer.

Conflict of Interest
The Authors declare that they have no conflict of interests.

4143




Q.-G. Tian, R.-C. Tian, Y. Liu, A.-Y. Niu, J. Zhang, W.-F. Gao

1)

5)

6)

7)

10)

11)

12)

13)

14)

15)

References

Wang MW, Liu J, Liu Q, Xu QH, LI TF, JN S, XA TS.
LncRNA SNHG7 promotes the proliferation and
inhibits apoptosis of gastric cancer cells by re-
pressing the P15 and P16 expression. Eur Rev
Med Pharmacol Sci 2017; 21: 4613-4622.

Parkin DM, Brav F, FerLay J, Pisani P. Global Cancer
Statistics, 2002. Ca A Cancer J Clin 2005; 55: 74-
108.

Leung WK, Wu MS, KakucawA Y, Kim JJ, YeEoH KG,
GoH KL, Wu KC, Wu DC, SoLLAno J, KACHINTORN U,
GotopA T, Lin JT, You WC, Na EK, Sunc JJ. Screen-
ing for gastric cancer in Asia: current evidence
and practice. Lancet Oncol 2008; 9: 279-287.

YanG L. Incidence and mortality of gastric cancer
in China. World J Gastroenterol 2006; 12: 17-20.

Yao XM, TanG JH, Zvu H, JinG Y. High expression of
LncRNA CASC15 is a risk factor for gastric can-
cer prognosis and promote the proliferation of
gastric cancer. Eur Rev Med Pharmacol Sci 2017;
21: 5661-5667.

SHI'Y, ZHou Y. The role of surgery in the treatment
of gastric cancer. J Surg Oncol 2010; 101: 687-
692.

MARTIN RN, Jaaues DP, BRENNAN MF, KaArPEH M. Ex-
tended local resection for advanced gastric can-
cer: increased survival versus increased morbidi-
ty. Ann Surg 2002; 236: 159-165.

HAaNaHAN D, WEeinBErG RA. Hallmarks of cancer: the
next generation. Cell 2011; 144: 646.

Miri M, Hemati S, Sarari F, Tavassour M. GGCn poly-
morphism of eRF3a/GSPT1 gene and breast
cancer susceptibility. Med Oncol 2012; 29: 1581-
1585.

HasHimoTo Y, Hosoba N, DATTA P, ALNEMRI ES, HosHI-
Nno S. Translation termination factor eRF3 is tar-
geted for caspase-mediated proteolytic cleavage
and degradation during DNA damage-induced
apoptosis. Apoptosis 2012; 17: 1287-1299.

MALTA-VAcAs J, ARes C, CosTA P, ConDE AR, Ramos S,
MarTins AP, Monteiro C, Brito M. Differential ex-
pression of the eukaryotic release factor 3 (eRF3/
GSPT1) according to gastric cancer histological
types. J Clin Pathol 2005; 58: 621-625.

GanGarasu VK, Lin H. MicroRNAs: key regulators
of stem cells. Nat Rev Mol Cell Biol 2009; 10: 116-
125.

Asti NS, Prrutescu ME, Kessee M. MicroRNAs in or-
ganogenesis and disease. Curr Mol Med 2008; 8:
698-710.

SHEN YH, Xie ZB, Yue AM, We QD, Znao HF, YN
HD, Mai W, ZHong XG, Huang SR. Expression lev-
el of microRNA-195 in the serum of patients with
gastric cancer and its relationship with the clinico-
pathological staging of the cancer. Eur Rev Med
Pharmacol Sci 2016; 20: 1283-1287.

Ruan K, FanG X, OuvanG G. MicroRNAs: novel reg-

ulators in the hallmarks of human cancer. Cancer
Lett 2009; 285: 116-126.

4144

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

Pan XP, WanG HX, Tong DM, Li Y, HuanGg LH, WANG
C. MiRNA-370 acts as a tumor suppressor via the
downregulation of PIM1 in hepatocellular carcino-
ma. Eur Rev Med Pharmacol Sci 2017; 21: 1254-
1263.

Dore LC, Amico JD, Dos SC, ZHANG Z, GAI X, ToBIAs
JW, Yu D, KLein AM, Dorman C, Wu W, HArDISON RC,
Paw BH, Weiss MJ. A GATA-1-regulated microRNA
locus essential for erythropoiesis. Proc Natl Acad
Sci U S A 2008; 105: 3333-3338.

Fu YF, Du TT, DonG M, Zuu KY, Jing CB, ZHANG Y,
WANG L, FAN HB, CHEN Y, JIN Y, YUE GP, CHeEN SJ,
Chen Z, Huang QH, Jing Q, Deng M, Liu TX. Mir-
144 selectively regulates embryonic alpha-hemo-
globin synthesis during primitive erythropoiesis.
Blood 2009; 113: 1340-1349.

SANGokovAa C, TeLen MJ, Cri JT. MicroRNA miR-144
modulates oxidative stress tolerance and associ-
ates with anemia severity in sickle cell disease.
Blood 2010; 116: 4338-4348.

Wu M, Huang C, HuanGg X, LIaANG R, FENG Y, Luo X.
MicroRNA-144-3p suppresses tumor growth and
angiogenesis by targeting SGK3 in hepatocellular
carcinoma. Oncol Rep 2017; 38: 2173-2181.

Ye JR, L L, ZHeng F. Long noncoding RNA blad-
der cancer associated transcript 1 promotes the
proliferation, migration, and invasion of nonsmall
cell lung cancer through sponging miR-144. Dna
Cell Biol 2017; 36: 845-852.

Cao J, Han X, Q1 X, Jin X, Li X. TUG1 promotes os-
teosarcoma tumorigenesis by upregulating EZH2
expression via miR-144-3p. Int J Oncol 2017; 51:
1115-1123.

Liu S, Suo J, WANG C, Sun X, WaNG D, HE L, ZHANG Y,
Li W. Prognostic significance of low miR-144 ex-
pression in gastric cancer. Cancer Biomark 2017;
20: 547-552. doi: 10.3233/CBM-170351.

Xiao R, Li C, CHal B. MiRNA-144 suppresses pro-
liferation and migration of colorectal cancer cells
through GSPT1. Biomed Pharmacother 2015; 74:
138-144.

Wu Q, JIN H, YANG Z, Luo G, Lu Y, Li K, Ren G, Su
T, PAN Y, FENG B, Xue Z, WanG X, Fan D. MiR-150
promotes gastric cancer proliferation by negative-
ly regulating the pro-apoptotic gene EGR2. Bio-
chem Biophys Res Commun 2010; 392: 340-345.
Bou KT, Futoma-KAzmierczAk E, JACOBSEN A, KROGH A,
BArDRAM L, HoTHER C, GRONBAEK K, FEDERSPIEL B, LUND
AH, Fris-Hansen L. MiR-449 inhibits cell prolifera-
tion and is down-regulated in gastric cancer. Mol
Cancer 2011; 10: 29.

Kogo R, Mimori K, TANAKA F, Komune S, Mori M. Clin-
ical significance of miR-146a in gastric cancer
cases. Clin Cancer Res 2011; 17: 4277-4284.

Tsal KW, Wu CW, Hu LY, Li SC, Liao YL, Lal CH, Kao
HW, FanGg WL, Huang KH, CHan WC, Lin WC. Epi-
genetic regulation of miR-34b and miR-129 ex-
pression in gastric cancer. Int J Cancer 2011; 129:
2600-2610.

Xu Z, ZHANG L, Cao H, Bai B. MiR-146a rs2910164
G/C polymorphism and gastric cancer suscepti-



The role of miR-144/GSPT1 axis in gastric cancer

bility: a meta-analysis. BMC Med Genet 2014; 15:
117.

30) Xie WQ, Tan SY, WanG XF. MiR-146a rs2910164

31)

polymorphism increases risk of gastric cancer: a
meta-analysis. World J Gastroenterol 2014; 20:
15440-15447.

CHEN ZF, Ma LL, Xue HB. Common polymor-
phisms of the microRNA genes (miR-146a and
miR-196a-2) and gastric cancer risk: an updated
meta-analysis. Genet Mol Res 2015; 14: 8589-
8601.

32) Xiro R, Gao'Y, SHen Q, Li C, CHANG W, CHal B. Poly-

peptide chain release factor eRF3 is a novel mo-

33)

34)

lecular partner of survivin. Cell Biol Int 2013; 37:
359-369.

HosHino S, Imal M, Mizutani M, KikucHr Y, HANAOKA F,
Ui M, Katapa T. Molecular cloning of a novel mem-
ber of the eukaryotic polypeptide chain-releas-
ing factors (eRF). Its identification as eRF3 inter-
acting with eRF1. J Biol Chem 1998; 273: 22254-
22259.

MALTA-VACAs J, CHAUVIN C, GoNcALVES L, NAzARe A,
CarvalHO C, MonTtero C, BaGrer D, Jean-JEAN O,
Brito M. ERF3a/GSPT1 12-GGC allele increases
the susceptibility for breast cancer development.
Oncol Rep 2009; 21: 1551-1558.



