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EXPERIMENTAL STUDY

Anti-tumor effects of lidocaine on human gastric cancer cells
in vitro
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ABSTRACT
Currently, there exists an urgent need to investigate the anti-cancer effects of lidocaine on gastric cancer cells.
The purpose of the present study was to evaluate the anti-tumor effects and the underlying mechanisms of
lidocaine in gastric cancer cells. Our results indicated that lidocaine significantly suppressed proliferation, migration and invasion and induced apoptosis in a dose-dependently manner in human gastric cancer cells. In
addition, our data shown that the expression of Bcl-2 was decreased and the level of Bax was increased by
lidocaine treatment. Furthermore, we found that lidocaine altered the protein expression of the MAPK pathway.
p-p38 was also increased simultaneously, while the level of p38 was not changed. In summary, lidocaine has
a prominent anti-tumor activity on gastric cancer cells and is a promising therapeutic agent for the treatment of
gastric cancer (Fig. 4, Ref. 32). Text in PDF www.elis.sk.
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Introduction

Gastric cancer (GC), one of the most frequent type of malignant diseases, has a poor 5-year survival rate (1–2). Also, gastric
cancer (GC) has high rates of recurrence and metastasis in digestive system (3–4). In China, GC accounted for 40 % of the world
diseases annually that were ranked the second morbidity and the
third mortality of the malignant tumors around the world (5). Excitedly, the incidence of gastric cancer has reduced worldwide
over the last 3 decades. Moreover, we have made achievements
in the diagnosis and treatment of gastric cancer. Currently, due
to the loss of specific and effective therapies, most patients have
accessed to the tail stage with poor treatment and poor prognosis
(6). Surgery, chemotherapy and radiation therapy have been recommended for GC patients (7). However, the rapid development
of new chemotherapeutic agents had not improved the prognosis
of gastric cancer, the prognosis of gastric cancer patients remains
poor (8–9) with the overall 5-year survival rates ranging from 5
to 15 % (10). Besides, the effect of nursing practices on clinical
treatment of gastric cancer has also received an increasing atten-
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tion. A lot of evidence suggested that incorporating holistic nursing of psychological and physical components into routine ward
nursing could effectively improve the quality of life and enhance
the survival time for patients (11, 12). The molecular mechanisms underlying growth and metastasis of gastric cancer remain
unknown. Therefore, there is an urgent need to identify the molecular mechanisms underlying the development and progression
of gastric cancer and characterize new pharmaceutical treatment
targets within gastric cancer cells (13, 14).
Recent years, lidocaine is mainly used as a local anesthetics,
and has many other effects. Numerous reports showed that lidocaine could improve the neurological outcome of cats in experimental studies (15) and reduce the incidence of lumbar in rats (16).
In addition, according to reports, lidocaine has many functions,
including depressing the inflammatory reaction (17, 18), protecting
against an acute lung injury (19–21) and reducing postoperative
cognitive dysfunction (POCD) (22–24). There is also the study,
which indicated that lidocaine might have anti-cancer actions in
a wide range of cancer cells (25–29), and it may have sensitizing
effects on anti-cancer drugs (30, 31). Up to date, no reports have
investigated whether lidocaine can affect the viability, invasion
and migration of gastric cancer cells, and its potential anti-cancer
effects on gastric cancer cells were not fully understood. Here, in
the present study, we investigated the role of lidocaine in gastric
cancer cells in vitro. Lidocaine significantly inhibited the proliferation, invasion, migration and increased apoptosis in SGC7901
and BGC823 cells in a concentration-dependent manner. In addition, lidocaine significantly increased the expression levels of
Bax, p-ERK1/2, p-p38 and decreased the levels of Bcl-2 in gastric cancer cells. However, the levels of ERK1/2and p38 were not
significantly changed.
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Materials and methods
Cell culture and treatment
Human gastric cancer cell lines (SGC7901, BGC823) were
purchased from the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). All the cells were cultured in
RPMI-1640 medium (Gibco, Gaithersburg, MD, USA); supplemented with 10 % FBS (Gibco, USA), 100 mg/ml streptomycin,
and 100 u/ml penicillin (HyClone, USA). The cells grown at
37˚C in a humidified incubator containing 5 % CO2. Cells were
treated with various concentrations of lidocaine (0, 0.1, 0.5, 1, 5,
and 10 mM) for 24 h, 48 h, 72 h at 37 °C as described previously.
Cell viability analysis
Cell proliferation was determined using an MTT assay. Cells
were cultured in 96-well plates (104 cells/plate) at 37 °C for 24
h, then exposed to various concentrations of lidocaine (0, 0.1, 0.5,
1, 5, and 10 mM) at 37 °C for 24 h, 48 h, 72 h. Then the culture
medium was removed, and MTT solution was added (10 μl) to the
medium and following incubation for another 4 h at 37 °C. The
supernatants were removed and DMSO (100 μl, KeyGen Biotech)
was added to dissolve the formazan crystals. The optical density
(OD) was measured at 490 nm using a microplate reader.
Apoptosis assay
Flow cytometry (BD Accuri™ Flow Cytometer, USA) was
performed to analyze cell apoptosis. Human gastric cancer cells
were treated with DMSO or different concentrations of lidocaine
(0, 1, 5 mM) for 48 h. Then, the cells were stained with Annexin
V-FITC and PI (KeyGen Biotech, China) following the manufacturer’s protocol. The cells in early stages of apoptosis were Annexin V positive and PI negative, and the cells in the late stages
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of apoptosis were both Annexin V and PI positive. The data were
analyzed using Flow Jo 7.6 software (TreeStar Inc, USA).
Transwell assay
Transwell inserts (24-well) with an 8-μm pore size (Corning
Incorporated, Corning, NY, USA) were used in the migration and
invasion assays. Matrigel pre-coated membranes were precoated
with 100 μl medium in invasion assay. Gastric cancer cells were
seeded in the upper chamber, while the lower chamber contained
600 μl 1640 with different concentrations of lidocaine (0, 1, 5 mM)
were incubated at 37 °C for 48 h. After incubation, cotton swabs
were used to discard the cells, which had not invaded through the
membrane pores. The membrane inserts were then fixed with 4 %
paraformaldehyde and stained with 1 % gentian violet solution. In
addition, we counted the number of migrating and invading cells
under a microscope.
Western blot analysis
SGC7901 and BGC823 cells were treated with lidocaine (0,
1, 5 mM) for 48 h. Total cellular protein extracted with RIPA buffer containing 0.1 % PMSF. BCA protein assay kit (Pierce, USA)
was used to evaluate the protein concentrations. Then the samples
were heated at 100 °C for 5 min to denature the proteins, separated
by 10 % SDS/PAGE and transferred to a PVDF membrane (Millipore, USA). Following this, the membranes were blocked with
5 % non-fat milk for 1 h at room temperature and incubated with
primary antibodies including p-38, p-p38, Bcl-2, Bax and β-actin
overnight at 4 °C. Subsequently, the membranes were incubated
with the anti-rabbit IgG antibody at room temperature for 2 h. At
last, we used EasySee Western Blot Kit (Beijing TransGen Biotech,
Beijing, China) to detect the chemiluminescence signals. ImageJ
1.43 software was used to analysis the densitometric.

B

Fig. 1. Lidocaine inhibited the proliferation of gastric cancer cells. (A) SGC7901 cells were treated with various concentrations of lidocaine (0,
0.1, 0.5, 1, 5, and 10 mM) for 24, 48, 72 h, and cell viability was detected by MTT assay. (B) BGC823 cells were treated with various concentrations of lidocaine (0, 0.1, 0.5, 1, 5, and 10 mM) for 24, 48, 72 h, and cell viability was detected by MTT assay. All values represented as mean
± SD, n = 3, *, ** p < 0.05, 0.01 vs Control.
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Fig. 2. Lidocaine induced apoptosis in gastric cancer cells. (A) After treatment with various concentrations of lidocaine for 48 h, SGC7901
cells were stained with annexin V-FITC and PI for analysis using flow cytometry. Percentages of apoptotic cells were quantified and presented
in the histogram. (B) Western blot analysis of Bax and Bcl-2 protein in SGC7901 cells treated with lidocaine (0, 1, 5 mM) for 48 h. (C) After
treatment with various concentrations of lidocaine for 48 h, BGC823 cells were stained with annexin V-FITC and PI for analysis using flow
cytometry. Percentages of apoptotic cells were quantified and presented in the histogram. (D) Western blot analysis of Bax and Bcl-2 protein
in BGC823 cells treated with lidocaine (0, 1, 5 mM) for 48 h. Data are shown as the mean ± SD. *, ** p < 0.05, 0.01 compared to the control
group. The experiments were performed in triplicate.
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induced cell apoptosis in dose-dependent manner (Fig. 2A). Our
findings indicated that lidocaine inhibited cell proliferation partly
due to the induction of cell apoptosis by lidocaine in the gastric
cancer cells. The protein expression levels were detected by western blot assay. We found that the protein expression of Bax was
significantly increased by lidocaine in a dose-dependent manner.
In addition, Bcl-2, which plays an important role in cell apoptosis,
was inactivated upon lidocaine treatment (Fig. 2B).

Statistical analysis
The results were expressed as the mean ± SD. Statistical analysis including Student’s t-test, ANOVA analysis and Correlation
analysis, performed with GraphPad software. p < 0.05 was considered as statistically significant.
Results
Lidocaine inhibited the proliferation of gastric cancer cells
Lidocaine inhibited gastric cancer cells viability in an approximately dose-dependent and time-dependent manner at different concentrations (0, 0.1, 0.5, 1, 5, and 10 mM) for 24, 48 and
72 h compared to the control cells as detected by the MTT Assay.
Notably, treatment with 0.5, 1, 5, and 10 mM lidocaine for 24, 48
and 72 hours resulted in significant reductions in cell viability
(Fig. 1). In this study, time of 48 h was selected to be used in the
following experiments.

Lidocaine retarded cell migration and invasion
To analyze whether lidocaine could retard the cell migration
and invasion in gastric cancer cells, the effects of lidocaine on migration and invasion of SGC7901 and BGC823 cells were examined by the transwell assay. The results indicated that the migration
and invasion capability of SGC7901 and BGC823 cells decreased
gradually with increased concentrations of lidocaine compared to
that of the control (Figs 3A and 3B). Taken together, lidocaine has
anti-migratory and anti-invasive function in gastric cancer cells.

Lidocaine induced apoptosis of gastric cancer cells
Then we detected whether lidocaine could trigger apoptosis in gastric cancer cells. Annexin V-fluorescein isothiocyanate
(FITC)/propidium iodide (PI) was used to measure the effects of
SGC7901 and BGC823 cells after various concentrations of lidocaine treatment for 48 h. We observed that lidocaine treatment

Lidocaine activated the p38MAPK signaling pathway
In order to identify the potential molecular mechanisms by
which lidocaine affects gastric cancer cells, the MAPK signaling pathway was analyzed. Then we examined the related proteins including p-p38 and p38. The results demonstrated that in
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Fig. 3. Lidocaine inhibited migration and invasion of gastric cancer cells. (A and B) SGC7901 cells were treated with lidocaine at various concentrations of 0, 1, 5 mM for 48 h. Then transwell assays were performed to study cell migration and invasion, and the number of migratory
and invasive cells were calculated and presented. (C and D) BGC823 cells were treated with lidocaine at various concentrations of 0, 1, 5 mM
for 48 h. Then transwell assays were performed to study cell migration and invasion, and the number of migratory and invasive cells were calculated and presented. Data are shown as the mean ± SD. *, ** p < 0.05, 0.01 compared to the control group.
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Fig. 4. Lidocaine activated the p38MAPK pathway in gastric cancer cells. (A) SGC7901 cells were treated with various concentrations of lidocaine for 48 h. The protein expression of p-p38 and p38 was detected using western blotting, and the ratio of p-p38/p38 was calculated and
presented. (B) BGC823 cells were treated with various concentrations of lidocaine for 48 h. The protein expression of p-p38 and p38 was detected using western blotting, and the ratio of p-p38/p38 was calculated and presented. Data are shown as the mean ± SD. ** p < 0.01 compared to the control group.

SGC7901 and BGC823 cells, lidocaine dramatically increased
phospho-p38 proteins, while had nearly no effect on the expression of p38 proteins (Fig. 4).
Discussion
Gastric cancer is a type of gastrointestinal cancer and there
is no difference in diagnosis and treatment (32). Although novel
methods for treatment of gastric cancer are ample, studies regarding the effects of these treatments have been unsatisfactory (32).
According to reports, lidocaine, often used as an anesthetic, inhibits
the growth, invasion, and migration of cancer cells. The mechanism of lidocaine in gastric cancer cells has never been identified.
Thus, in order to investigate the better therapeutic strategies for
gastric cancer, the present study was aimed to investigate the role
of lidocaine in gastric cancer.
In our present study, the MTT assay demonstrated that the
cell viability of SGC7901 and BGC823 decreased significantly
after treatment of various concentrations of lidocaine (0, 0.1, 0.5,
1, 5, and 10 mM) for 24 h, 48 h, 72 h. We found that lidocaine
inhibited gastric cancer cells proliferation in a dose-dependent
and time-dependent manner. However, lidocaine (0.1 mM) had
no effects on cell viability. The results from Annexin V-FITC/
PI staining suggested that lidocaine in combination effectively
216

induced SGC7901 and BGC823 cell apoptosis compared to the
control cells. Subsequently, to investigate how lidocaine was involved in GC-mediated apoptosis, western blotting assay was
used to detect the expression of apoptosis related protein, including Bax and Bcl-2. Our data demonstrated that lidocaine increased Bax level and decreased Bcl-2 level in a dose-dependent
manner. These findings indicated that lidocaine could induce cell
apoptosis through activating Bax and Bcl-2. Also, incubation of
gastric cancer cells with lidocaine inhibited cellular migration and
invasion in SGC7901 and BGC823 cells. We also explored the
signaling pathways that participated in the effect of lidocaine on
gastric cancer cells. At last, we detected that expression of p-p38
and p-p38 was associated with MAPK signal pathway, and it was
revealed that lidocaine activated p38MAPK signaling. Our dates
indicated that the expression of p-p38 was increased, but the level
of p38 was not changed.
In conclusion, the results of the present study provide the
first evidence that lidocaine activated MAPK signaling pathways
to suppress the proliferation and migration invasion of gastric
cancer cells, and to induce gastric cancer cell apoptosis. Moreover, our findings indicated that lidocaine might be a promising
anti-cancer drug candidate for gastric cancer treatment. In vivo
studies and clinical experiments of this drug should be studied
further in future.
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