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Clinical significance and role of LKB1 in gastric cancer
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Abstract. Liver kinase Bl (LKBI) functions as a tumor
suppressor gene, and loss in the expression of LKBI contrib-
utes to human carcinogenesis and tumor progression. The
present study investigated the association between LKBI
and gastric cancer. SGC-7901 gastric cancer cell lines and
63 patients with gastric cancer were examined in the present
study, and lentivirus transfection, reverse transription-quanti-
tative polymerase chain reaction and flow cytometric analyses
were performed. By examining the expression of LKBI using
immunohistochemical analyses, the present study found that
the expression of LKB1 was reduced in the gastric cancer
tissues, and restoration of the expression of LKBI reduced
tumor cell viability, migration rate and the expression of
CD44, induced cell cycle arrest at the G2 phase of the cell
cycle, and increased the sensitivity of the gastric cancer cells
to anticancer drugs. LKBI1 protein is a tumor-suppressor in
gastric cancer and may be potentially be developed as a novel
gene therapy target in the treatment of gastric cancer.

Introduction

Gastric cancer is a significant worldwide health problem,
which has high rates of morbidity and mortality and is the fifth
most common type of cancer and the third leading cause of
annual cancer-associated mortality worldwide (1). In China,
gastric cancer morbidity and mortality rates are double the
global mean (2). Helicobacter pylori is the most significant
risk factor for gastric cancer, contributing to between 60 and
70% of gastric cancer cases globally (3). Other risk factors
include chronic gastritis, consumption of smoked or salted fish
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and other meat, consumption of pickled vegetables, obesity,
tobacco use, type A blood and geographic location, including
China, Japan, Southern and Eastern Europe and South and
Central America (3,4). The incidence and mortality rates of
gastric cancer are decreasing due to the eradication of H. pylori
and advances in early endoscopic detection; however, the
treatment of gastric cancer remains a challenge, as surgery is
the only effective cure available to patients (3). Gastric cancer
is not particularly sensitive to chemotherapy and non-surgical
interventions are usually only used palliatively to reduce
tumor size or relieve symptoms of the disease (5). Thus, it is
important to improve current understanding of the molecular
mechanisms of gastric carcinogenesis, to enable the identifica-
tion and development of novel strategies for the prevention and
treatment of gastric cancer.

A substantial number of studies have demonstrated that
the development of gastric cancer, as with the majority of
types of human cancer, involves gene alterations, including
p53 or mTOR, or the process of epithelial-mesenchymal
transition (6,7). The present study aimed to focus on the role
of serine/threonine kinase 11 (STKII), also termed liver
kinase B1 (LKBI), in gastric cancer.

LKBI is ubiquitously expressed in human cells and is a
necessary element in cell metabolism, which is required
to maintain energy homeostasis. LKB1 can regulate cell
polarity and can function as a tumor suppressor by inhibiting
the growth and migration of cells, inducing cell cycle arrest,
and promoting tumor cell apoptosis (8-11). The majority of
these effects are mediated through the activation of adenine
monophosphate-activated protein kinase (AMPK) and
AMPK-associated kinases (12,13). At the molecular level,
LKBI can also inhibit the mammalian target of rapamycin
(mTOR) signaling pathway to regulate cell autophagy
following the activation of AMPK (14), and can inhibit tumor
cell glycolysis and lipid synthesis to reduce the rate of tumor
cell growth and migration (15-17). A reduction in the expres-
sion of LKBI1 alters cell polarity and affects cell adhesion,
promoting the transformation of normal cells and tumor metas-
tasis (10). LKBI loss-of-function mutations are an etiological
factor in Peutz-Jeghers syndrome, an autosomal dominant
genetic disorder (18,19). LKBI is mutated in a several different
sporadic cancer types, including lung adenocarcinoma and
breast cancer (20) and restoration of the expression of LKB1
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suppresses lung cancer cell invasion and metastasis (21). In the
present study, the expression of LKB1 was examined in human
gastric cancer tissue specimens, and the effects of the expres-
sion of LKBI in gastric cancer cells were assessed in vitro to
understand the role of LKBI in gastric cancer. The results of
the present study may assist in the future development of novel
gene therapies against gastric cancer.

Materials and methods

Tissue specimens. A total of 63 gastric cancer tissue samples
were obtained from 63 patients as unique cases from the
Department of Pathology, The First Hospital of Nanchang
University (Nanchang, China). The patients underwent
gastrostomy in the Surgery Department at the First Hospital
of Nanchang University between March 2010 and April 2012,
and all patients were diagnosed histologically with gastric
adenocarcinoma (Table I). The present study was approved
by the ethical committee of The First Affiliated Hospital of
Nanchang University (Nanchang, China). The tissue speci-
mens were collected by surgical resection and deposited to the
pathological specimen library of The First Affiliated Hospital
of Nanchang University.

Immunohistochemistry. Immunohistochemistry was
performed using a ZSGB-bio kit (ZSGB-BIO, Beijing, China)
according to the manufacturer's instructions. Briefly, citrate
buffer (cat. no. ZLI-9064; ZSGB-BIO) was used for antigen
retrieval, and the tissue sections (2 x 1 cm and 2 x 3 cm)
were incubated at 4°C with monoclonal goat anti-human
LKBI1 antibody at a dilution of 1:250 (cat. no. sc-32245;
Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) over-
night. The secondary antibody was rabbit anti-mouse IgG
(cat. no. PV9000; ZSGB-BIO), which was incubated with the
tissue sections for 4 h at 37°C. The reaction was developed
using 3,3'-diaminobenzidine (DAB; ZSGB-BIO) and counter-
stained with hematoxylin (Yulu Experimental Equipment Co.,
Ltd., Nanchang, China). The immunostained tissue sections
were evaluated semi-quantitatively under a light-microscope
(Eclipse Ni; Nikon Corporation, Tokyo, Japan), according to
the immunoreactive score (IRS), which evaluates the staining
intensity and the percentage of positive staining (22).

Cell culture and treatment. HEK-293T cells were obtained
from the Research Institute of Digestive Diseases (Nanchang,
China). The SGC-7901 cell line was obtained from the
Research Institute of Digestive Diseases and cultured in
high glucose Dulbecco's modified Eagle's medium (DMEM)
containing 10% fetal bovine serum (FBS) and 100 U/ml peni-
cillin/100 g/ml streptomycin solution (all GE Healthcare Life
Sciences, Logan, UT, USA) at 37°C with 5% CO,. For anti-
cancer drug treatment, SGC-7901 cells and stably expressing
LKBI cells were seeded into 96-well plates at a density of
3x103 cells/well, and treated with various concentrations of
anticancer drugs for 2 days in a cell incubator at 37°C. The
anti-cancer drugs and the concentrations used were as follows:
10, 20, 40 and 80 M 5-fluorouracil (5-FU; Sigma-Aldrich,
St. Louis, MO, USA) 25, 50 and 100 xM oxaliplatin (Sanofi
S.A., Paris, France) and 5, 10, 20 and 40 M irinotecan (Pfizer,
Inc. New York, NY, USA).
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Table I. Correlation between the expression of LKB1 and
clinicopathological parameters in patients with gastric cancer.

Expression of LKB1
Parameter n Negative Positive P-value
Gender 0.42
Male 48 41 7
Female 15 14 1
Borrmann 0.75
Iand I 36 31 5
1T and IV 27 24 3
TNM 0.75
ITand I 27 24 3
IIT and IV 36 31 5

LKBI, liver kinase Bl; TNM, tumor-node-metastasis.

mRNA isolation and reverse transcription-quantitative poly-
merase chain reaction (RT-gPCR). Total cellular mRNA was
isolated using a Labserv Universal RNA kit (KFR0-803096
1X96) from Thermo Fisher Scientific (Waltham, MA, USA),
according to the manufacturer's instructions, and then reverse
transcribed into cDNA using a QuantScript RT kit (TianGen
Biotech, Beijing, China). qPCR was performed using a GoTaq®
gPCR Master mix kit from Promega Corporation (Madison,
WI, USA), according to the manufacturer's instructions.
A total of 2 ul ¢cDNA, 2X 10 ul GoTaq® qPCR Master Mix,
100X 0.2 4l CXR Reference Dye, 0.4 ul forward primer, 0.4 ul
reverse primer, and 7 ul nuclease-free water were used for the
reaction. The LKBI primers [Generay Biotech (Shanghai) Co.,
Ltd., Shanghai, China] were forward 5-CGCTCTCTGACC
TGCTGAAA-3'" and reverse 5'-CACCGTGAAGTCCTGAGT
GT-3', which produced a 260 bp PCR product. The internal
control GAPDH primers were forward 5'-CAGGGCTGCTTT
TAACTCTGGT-3' and reverse 5'-GATTTTGGAGGGATC
TCGCT-3', which produced a 199 bp PCR product. The gPCR
amplification was at 95°C for 2 min, followed by 40 cycles of
95°C for 15 sec and 58°C for 30 sec. The mRNA expression
levels of LKB1 were quantified and compared with GAPDH
mRNA using the 2T method (23).

Protein extraction and western blot analysis. Total cellular
protein was extracted using protein lysis buffer, as previously
described (24). The protein concentration was then measured
using the Bradford method (25). Subsequently, the protein
samples were separated by 10% sodium dodecylsulphate-poly-
acrylamide gel (Beijing Solarbio Science & Technology Co.,
Ltd., Beijing, China) electrophoresis at 60 V for 3-4 h. The
proteins were then transferred onto a nitrocellulose membrane
(Whatman International Ltd., Maidstone, UK) by wet elec-
troblotting with a constant current of 200 mA for 2 h at room
temperature. The membrane was subsequently blocked for 1 h
in 5% skim milk-Tris-buffered saline (TBS; Beijing Solarbio
Science & Technology Co., Ltd.). The membrane was then
incubated with primary antibody at 4°C overnight. (3-actin
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Figure 1. Immunohistochemical staining of LKB1 protein in gastric cancer tissue specimens. (A-C) Tissue specimens from the one patient; (D-F) tissue
specimens from a different patient. Red arrows indicate the location of the tumor. (G) Percentage of specimens expressing low or high levels of LKB1 in gastric
cancer tissue specimens. -, indicates a staining index score <2; +, a staining index score is >3 and <5; ++, a staining index score >6 and <8; and +++, a staining
index score >9 and <12. “P<0.01, vs. adjacent normal tissues. T, tumor tissue; N, adjacent normal tissue.

antibody (ZSGB-BIO) was used as an internal control. The
following day, the membrane was washed with Tween 20
three times (15 min each), followed by incubation with horse-
radish peroxidase-labeled goat anti-mouse IgG (ZSGB-BIO)
at 4°C for 4 h. Following incubation, the blot was developed
using a SuperSignal West Pico Chemiluminescence kit
(Thermo Fisher Scientific) and detected and quantified using
a ChemiDoc XRS+ system (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA).

Packaging of the lentivirus and cell infection. A lentivirus
vector carrying LKB1 cDNA was obtained from the Dr Zhijun
Luo of the School of Medicine, Boston University (Boston,
NY, USA). To package the lentivirus, HEK-293T cells were
passaged in 10 cm culture dishes (1x10° cells) and transfected
with either the LKBI1 vector or control vector (10 ng of each
target plasmid and a packaging plasmid) using a calcium phos-
phate transfection method. Briefly, all the plasmids were mixed
with 62 ul 2M CaCl, (Beijing Solarbio Science & Technology
Co., Ltd.) and ddH,0, forming a total volume of 500 pl, and
the solution was subsequently added into 2X Hanks' Balanced
Salts (Beijing Solarbio Science & Technology Co., Ltd.), incu-
bated at room temperature for 20 min, and finally incubated
with the cells for 12 h. When the cells reached 70 to 80%
confluency, the cell culture supernatant containing the lenti-
virus was collected using a PEG-8000 method to concentrate
and purify the virus particles. Briefly, the virus supernatant
was filtered with a 0.45 pm microfiltration membrane, then
added to 5X PEG-8000 NaCl solution (Beijing Solarbio
Science & Technology Co., Ltd.), and then used to treat the
cells prior to incubation at 4°C overnight. After 24 h, the solu-
tion was centrifuged at 4,000 x g for 20 min at 4°C, and the
supernatant was discarded. Multiplicity of infection (MOI)
was assessed by diluting the concentrated lentivirus in a series
of gradients, which were then used to infect the 293T cells.
Following incubation for 48 h in a cell incubator, the medium
of the cells was changed, and after 4 days, RNA was extracted
from the cells to assess the MOI by comparing the Ct values of
the control compared with the experimental group.

To infect the gastric cancer cells with the lentivirus,
1x10° SGC-7901 cells were grown in 6 cm culture dishes
and infected with 200 pl viral supernatant using polybrene

(GeneChem Co., Ltd., Shanghai, China) for 12 h at 37°C,
following which the growth medium was replaced with
medium containing 1 pg/ml puromycin (Beijing Solarbio
Science & Technology Co., Ltd.) to screen for stable cells
(stable cells remain live following puromycin treatment).

Cell viability MTT assay. The cells were inoculated into three
96-well plates at a density of 3x10° cells per well and grown
for up to 72 h. At the end of each experiment, 20 yl MTT
(5 pg/ul; Beijing Solarbio Science & Technology Co., Ltd.)
was added to the cell culture medium and the cells were
incubated at 37°C for another 4 h. The medium was then
aspirated and 150 ul dimethyl sulfoxide (DMSO) was added
to each well. Subsequently, the optical density value was
measured at a wavelength of 490 nm using a SpectraMax M
Series Multi-Mode microplate reader (Molecular Devices,
Sunnyvale, CA, USA). The experiments were performed in
nine replicates and repeated at least three times.

Tumor cell wound-healing assay. The stable cells were tryp-
sinized (Gibco-BRL,Grand Island, NY, USA) and plated into
a six-well plate at a density of 5x10° cells per well. Following
overnight incubation at 37°C, two parallel wounds, ~400 pym
wide, were made in the cell layer using a 10 pl pipette tip.
Following rinsing three times with phosphate buffered saline
(PBS), the cells were cultured in 2 ml DMEM without FBS,
supplemented with penicillin/streptomycin, for up to 48 h at
37°C. Images were captured of each plate at O , 24 and 48 h
under an inverted microscope (magnification, x100; Eclipse
TS100; Nikon, Tokyo, Japan). The cell migration distance was
determined by measuring the width of the wound, divided this
value by two, and subtracting this value from the initial width
of the wound.

Flow cytometric analysis of the expression of CD44.The stable
cells were inoculated into a six-well plate at a density of 1x10°
cells per well, and trypsinized and resuspended the following
day at room temperature. The resuspended solution was trans-
ferred into two 1.5 ml conical centrifuge tubes and washed
twice with PBS following centrifugation of the cells at 94 x g
at 4°C for 5 min. Subsequently, either anti-CD44 antibody
(Cell Signaling Technology, Inc., Danvers, Massachusetts,
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Figure 2. Establishment of a stable LKB1-expressing gastric cancer cell line. (A) Western blot analysis of the protein expression of LKB1 in SGC-7901 and
SGC-7901-LKBI cells. (B) RT-qPCR analysis of the mRNA expression of LKB1 in SGC-7901 and SGC-7901-LKBI cells. “P<0.05, vs. the SGC-7901 cells.
(C) PCR analysis of LKB1 mRNA. Data are presented as the mean + standard error of the mean. RT-qPCR, reverse transcription-quantitative polymerase

chain reaction; LKBI, liver kinase B1.
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Figure 3. Effects of the expression of LKB1 on the regulation of tumor cell viability and migration in SGC-7901 and SGC-7901-LKBI cells. (A) MTT assay.
(B) Amblue staining for tumor cell viability. (C) Wound-healing assay. The wounds were created at O h and images were captured at 24 and 48 h. The widths of
the two cells were compared to determine cell migration. Images are representative of three different time points (0,24 and 48 h). (D) Quantitative results of the
wound-healing assay. "P<0.05, vs. the SGC-7901 cells. Data are presented as the mean + standard error of the mean. LKBI, liver kinase B1; OD, optical density.

USA), at a dilution of 1:200, or PBS, as a negative control,
were added to the solution and incubated on ice for 30 min
in the dark. The cells were then centrifuged at 845 x g at 4°C
for 5 min, washed with PBS twice at 94 x g at 4°C for 5 min
and suspended in 1 ml PBS for flow cytometric analysis (BD
Biosciences, San Jose, CA, USA).

Flow cytometric analysis of cell cycle distribution. The
stable cells were inoculated into six-well plates at a density
of 1x10° cells per well, and trypsinized and resuspended the
following day at room temperature. The solution was trans-
ferred into two 1.5 ml conical centrifuge tubes and stained
using 1 ml propidium iodide (PI; Beijing Solarbio Science &
Technology Co., Ltd.) for 30 min at 4°C in the dark, followed
by centrifugation at 845 x g at 4°C for 5 min, washing with

PBS twice at 94 x g at 4°C for 5 min, and resuspending in
1 ml PBS for flow cytometric analysis (BD Accuri™ C6; BD
Biosciences).

Statistical analysis. All data are presented as the mean =+ stan-
dard error of the mean and were statistically analyzed using
SPSS 17 software (SPSS, Inc., Chicago, IL, USA). An unpaired
t-test, one-way analysis of variance was used to determine
the statistical significance of data. P<0.05 was considered to
indicate a statistically significant difference.

Results

Expression of LKBI is lost in gastric cancer tissue. The
present study examined the expression of LKBI1 in 63 cases
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Figure 4. Effects of the expression of LKBI on the regulation of cell cycle distribution. (A) SGC-7901 cells were analyzed using flow cytometry.
(B) SGC-7901-LKBI cells were analyzed using flow cytometry. ‘P<0.05, vs. the SGC-7901 cells. (C) LKBI-expressing cells exhibited induction of cell cycle
arrest in the G2/M phase. Data are presented as the mean =+ standard error of the mean. LKBI, liver kinase B1.
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Figure 5. Effects of the expression of LKB1 on the expression of CD44 in gastric cancer cells. (A) SGC-7901 cells were grown and analyzed using flow
cytometry. Left quandrant, CD44-negative cells; right quadrant, CD44-positive cells. (B) SGC-7901 cells were grown, CD44-FITC was added and cells were
subjected to flow cytometry. (C) SGC-7901-LKBI cells were grown and analyzed using flow cytometry. (D) SGC-7901-LKBI cells were grown, CD44-FITC
was added and cells were subjected to flow cytometry. (E) Summarized data of the flow cytometry assays. Data are presented as the mean + standard error of
the mean. "P<0.05, vs. the SGC-7901 cells. LKBI, liver kinase B1; SSC, side scatter; FITC, fluorescein isothiocyanate.

of gastric cancer and found that the expression of LKB1  associations between the reduction in the expression of LKB1
was significantly lower in the tumor tissue, compared with the clinicopathological data from the 63 patients were
with the adjacent healthy tissues (P<0.01; Fig. 1). Potential ~ then examined. The expression of LKBI1 was not associated
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Figure 6. Effects of the expression of LKBI on gastric cancer cell sensitivity to treatment with different anticancer drugs. Cells were grown and treated with
various concentrations of anticancer drugs for 48 h and then subjected to a cell viability MTT assay. (A) Cells were treated with 25, 50 or 100 #M oxaliplatin.
(B) Cells were treated with 10, 20, 40 or 80 uM 5-FU. (C) Cells were treated with 5, 10, 20 or 40 xM irinotecan. Data are presented as the mean + standard
error of the mean. "P<0.05, vs. the SGC-7901 cells. LKBI, liver kinase B1; 5-FU, fluorouracil.

with tumor-node-metastasis classification, gender or other
clinicopathological factors (Table I).

Establishment of stable LKBI-expressing gastric cancer
cells. The present study established the stable LKBI1
protein-expressing SGC-7901 gastric cancer cell line using
a lentivirus carrying LKBI cDNA. Data from the subse-
quent RT-qPCR and western blot analyses revealed that the
SGC-7901-LKBI cells exhibited higher levels of LKBI mRNA
and LKBI1 protein, compared with the SGC-7901-wild-type
cells (P<0.01; Fig. 2).

Effect of the expression of LKBI on the regulation of gastric
cancer cell phenotypes. Restoration of the expression of LKB1
reduced tumor cell viability and migration rate, and induced
cell cycle arrest at the G2 phase of the cell cycle (Figs. 3
and 4). It is known that LKBI is an important regulatory
factor in determining cell polarity (26), and that CD44 protein
is an important cell adhesion molecule, which is expressed
on the cell surface (27). To understand the effect of LKBI1
on the expression of CD44 in SGC-7901 cells, the present
study examined the expression of CD44 in the SGC-7901 and
SGC-7901-LKBI cell lines. As shown in Fig. 5, the number
of CD44-expressing cells was significantly lower in the
SGC-7901-LKBI cells, compared with the SGC-7901 cells
(P<0.05), indicating that the inhibition of tumor cell migra-
tion and adhesion by LKBI1 may occur via suppression of the
expression of CD44.

LKBI increases gastric cancer cell sensitivity to anticancer
drug treatment. The present study also assessed the effects
of the expression of LKBI on the sensitivity of gastric cancer
cells to the chemotherapeutic drugs oxaliplatin, fluorouracil
5-FU and irinotecan. The results demonstrated that the

SGC-7901-LKBI gastric cancer cells stably expressing LKB1
were significantly more sensitive to treatment with these
anticancer drugs, compared with the SGC-7901 cells (P<0.05;
Fig. 5). This suggested that the expression of LKB1 may be
important in enhancing the sensitivity of gastric cancer cells
to anticancer drugs.

Discussion

The present study examined the expression of LKBI in
63 gastric cancer tissue specimens and found that, although
the expression of LKB1 was reduced in gastric cancer tissues,
there was no association between the reduction in the expres-
sion of LKBI and the available clinicopathological data for
the patients. The present study also assessed the effects of the
expression of LKBI in gastric cancer cells on the regulation
of cell viability, cell cycle, migration, expression of CD44 and
sensitivity to oxaliplatin, 5-FU and irinotecan chemothera-
peutic drugs. The results revealed that the expression of LKB1
reduced tumor cell viability and migration rate, and induced
the cell cycle arrest of the tumor cells at the G2 phase of the
cell cycle. The expression of LKBI1 also inhibited the expres-
sion of CD44 in gastric cancer cells, and the gastric cancer
cells stably expressing LKB1 were more sensitive to treatment
with the anticancer drugs, compared with the control cells.
LKBI acts as a tumor suppressor in lung and breast cancer
and is able to suppress tumor progression (21,23). In the present
study, the protein expression of LKB1 was lost in gastric
cancer tissues, whereas expression of the protein was observed
in the normal mucosae adjacent to the tumor. However, an
earlier study failed to identify LKBI mutations in sporadic
gastric cancer (22). Therefore, the mechanism underlying the
reduction in the expression of LKBI in gastric cancer remains
to be elucidated. Although mutations in LKB1 may not be
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common in gastric cancer, a previous study demonstrated
that LKBI1 protein affected the development and progression
of gastric cancer in patients with Peutz-Jeghers syndrome, a
disease that is characterized by gastrointestinal polyps and
cancer of different organs. In contrast with the previous study,
which reported no association between LKBI mutation and
cancer, the Peutz-Jeghers investigation revealed an association
between an LKBI mutation and the development of gastric
cancer. Thus, further investigation is required to assess the
mechanism underlying the reduction in the expression of
LKBI in gastric cancer. In addition, a previous study have
demonstrated that LKBI mutations are the major cause of the
loss of expression of LKBI in various other human types of
cancer, including lung adenocarcinoma, cervical, breast, intes-
tinal, testicular, pancreatic and skin cancer (28).

The in vitro data of the present study demonstrated a novel
finding, which, to the best of our knowledge, has not been
previously reported. This was that restoration of the expres-
sion of LKBI reduces tumor cell viability and migration rate,
and induces cell cycle arrest at the G2 phase of the cell cycle
in tumor cells. Supporting these results, a previous study
demonstrated that, in breast cancer, LKB1 overexpression led
to significant inhibition of tumor cell invasion, reduced tumor
growth in the mammary fat pad and microvessel density, and
suppressed tumor metastasis to the lung (21). This LKB1 over-
expression was associated with the downregulation of matrix
metalloproteinase -2 and 9, vascular endothelial growth factor
and basic fibroblast growth factor (21). In lung cancer, the
expression of LKBI1 inhibits the invasion capacity of lung
cancer cells by suppressing the expression levels of tissue
factor and vascular endothelial growth factor (23). These data
support the hypothesis that LKBI is a tumor suppressor gene
in lung and breast cancer, and the results of the present study
suggested that LKBI is also a tumor suppressor gene in gastric
cancer. Further investigation is required to confirm these
results.

The results of the present study also demonstrated that the
expression of LKBI sensitized the gastric cancer cells to treat-
ment with anticancer drugs. Further evaluation of this result
may lead to the discovery of novel therapies for gastric cancer.
In addition, the expression of LKB1 reduced the levels of CD44
in gastric cancer cells. CD44 is a cell-surface glycoprotein,
which is involved in cell-cell interactions, cell adhesion and
cell migration (29). The CD44 protein is involved in a variety
of cellular functions, including lymphocyte activation, recircu-
lation and homing, hematopoiesis and tumor metastasis (30).
In human cancer, CD44 protein is a cell surface marker for
breast and prostate cancer stem cells, is associated with the
progression of head and neck cancer and is involved in the
migration of ovarian cancer cells (31,32).

The inhibition of gastric cancer cell migration by LKBI1
may, therefore, occur through suppression of the expression
of CD44 by LKBI1. However, the preliminary results reported
in the present study only partially explain the mechanism by
which the reduced expression of LKBI1 leads to the develop-
ment of cancer, and further investigation is required to fully
understand the role of LKBI1 in the regulation of gastric cancer
development and progression. In conclusion, the present study
demonstrated that the LKB1 protein has tumor-suppressive
activity in gastric cancer, and further investigation may lead to
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the development of novel therapies for the treatment of gastric
cancer.
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