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Concanavalin A inhibits human liver cancer cell
migration by regulating F-actin redistribution and
assembly via MAPK signaling pathway
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Abstract. Concanavalin A (Con A), the first and most
typical representative of the legume lectin family, has a
potent anti-liver cancer effect by inducing cell apoptosis and
autophagy. However, its function in human liver cancer cell
migration remains unclear. The present study investigated
the effect of Con A on the viability and migration of human
liver cancer cells with different metastatic abilities. It was
found that Con A could reduce the viability of human liver
cancer cells (HCCLM3, MHCC97L and HepG2) and human
hepatocytes (MIHA). In addition, Con A could inhibit human
liver cancer cell migration specifically without affecting hepa-
tocytes. Sugar inhibition assay showed that glucose-related
sugar binding sites played an important role in the inhibition
of Con A on human liver cancer cell migration. In addition,
Con A could affect HCCLM3 migration by activating ERK1/2,
JNK1/2/3 and p38 signaling in the MAPK pathway. Moreover,
Con A could regulate fibrous actin (F-actin) redistribution
and assembly via the MAPK signaling pathway. However,
Con A had no significant effect on the activation of matrix
metalloproteinase (MMP)-2 and MMP-9 in HCCLM3 cells.
In conclusion, Con A may bind to glucose-related receptor
protein, activating ERK1/2, JNK1/2/3 and p38 signaling in
the MAPK pathway, further contracting cells and reducing
the content of F-actin of single cells to inhibit HCCLM3 cell
migration. These results would deepen the links between
human liver cancer cell migration and related glycoproteins
or signaling molecules, and may provide a new perspective for
Con A as a potential anticancer agent.
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Introduction

Tumors are the product of gene mutations. Their malignant
capacity usually derives from abnormal function of mutant
oncoproteins and aberrant signal transduction (1). Under
abnormal molecular signal transmission, certain functional
proteins would be modified by incorrect glycosylation under the
action of the Golgi apparatus, and this abnormal glycosylation
is closely associated with the malignant proliferation of tumor
cells (2,3). Moreover, aberrant glycosylation of functionally
membrane glycoproteins would affect adhesion or motility of
tumor cells, resulting in invasion and metastasis. For example,
high expression of sialoglycoconjugates in colorectal cancer is
significantly associated with poor prognosis and lymph node
metastasis (4). Altered sialylation of cancer cells was found to
be closely associated with the malignant properties of inva-
siveness and metastasis (5).

Plant lectin is a kind of protein molecule derived from
natural plants, which has been described as a class of toxic
protein that exerts biological effects by binding specifically
to glycan (6). As a toxic protein, plant lectin has been found
to have anti-proliferative activity against tumor cells (7,8).
In addition, based on the specific sugar-binding ability, plant
lectin has also been applied to diagnose malignant and benign
tumors with different degrees of glycosylation (9,10).

Liver cancer is the most frequent fatal malignancy.
Previous studies showed that Concanavalin A (Con A), a plant
lectin from Jack bean seeds, has a potent anti-liver cancer
effect (11,12). Con A, after binding to the mannose moiety on
the cell membrane glycoprotein, is internalized preferentially
to the mitochondria, and then autophagy is triggered, which can
lead to cell death (13). Moreover, Con A, as a T cell mitogen,
can activate the immune response in the liver, which results
in the eradication of the tumor in a murine in situ hepatoma
model (14). However, there are limited studies on the effect of
Con A on liver cancer cell migration, particularly the molecular
mechanism based on the sugar-binding ability of Con A.

The current study explored the effect of Con A on the
viability and migration of three human liver cancer cell lines
with different metastatic ability, and further analyzed the
possible sugar sites and related molecular mechanisms of the
interaction between Con A and human liver cancer cells.
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Materials and methods

Cell culture and Con A solution. The human liver cancer cell
lines HCCLM3 (cat. no. C6303), MHCC97L (cat. no. C6586)
and HepG?2 (cat. no. C6346) were obtained from Beyotime
Institute of Biotechnology, while the normal hepatocyte
cell line MIHA was obtained from American Type Culture
Collection (ATCC; cat. no. AC340123). Human liver cancer
cells and hepatocytes were cultured in 25-cm? gas-permeable
cell culture flasks (Wuhan HealthCare Biotechnology Co.,
Ltd.) in a cell incubator with an atmosphere of 5% CO, at 37°C.
Culture medium was changed every 3 days. High-glucose
DMEM (Gibco; Thermo Fisher Scientific, Inc.) and standard
RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.)
were used for cell culture, and were supplemented with 10%
fetal bovine serum (HyClone; Cytiva), 100 U/ml streptomycin
and 100 U/ml penicillin (Biosharp Life Sciences). All cell
lines were authenticated periodically by cell morphology
monitoring and growth curve analysis, according to the ATCC
cell line verification test recommendations.

The Con A powder used in the current study was purchased
from Shanghai Aladdin Biochemical Technology Co., Ltd.
Con A powder (10 mg) was dissolved in 1 ml PBS to prepare
a stock solution of a concentration of 10 ug/ul, which was then
diluted into several 2-ug/ul working solutions with PBS at a
ratio of 1:4, and stored at -20°C until use in subsequent experi-
ments.

Cellviability assay. Cell Counting Kit (CCK)-8 assay was used
to detect cell viability. First, cells were inoculated into 96-well
plates at a density of 5x10° cells/well. After the cell adhered
and returned to their normal shape, they were serum-starved
overnight and then treated with different concentrations of
Con A (0, 1, 3,5 and 10 pg/ml) for 12,24 or 48 h. Following the
indicated treatment time, 5 mg/ml CCK-8 reagent (0.5 mg/ml;
Sigma-Aldrich; Merck KGaA) was added to each well and
incubated with cells for 2 h at 37°C. Lastly, the absorbance
of the cells at a wavelength of 450 nm was measured with a
spectrophotometer (Molecular Devices, LLC) to quantify the
cell viability.

Cell migration assay. Transwell assay was used to detect
cell migration. The experiment was performed in a 24-well
plate, and the Transwell chamber (pore diameter, 8 um;
MilliporeSigma) was placed above the plate. After the
cells were starved overnight in a cell culture flask, the cell
suspension was prepared by adding serum-free medium, and
subsequently inoculated into the upper layer of the chamber at
a density of 5x10* cells/100 pl. Next, 600 pl complete medium
was added to the bottom of the plate to induce cell migration,
and different concentrations of Con A (0, 1, 3, 5 and 10 pg/ml)
were then added to the upper layer of the chamber containing
the cell suspension for the cell migration assay. After 6 h, the
chamber was removed from the well plate. The remaining
upper cell suspension was adsorbed with a piece of cotton, and
the cells in the upper chamber that failed to migrate were wiped
slightly. Lastly, the cells that migrated to the lower layer of the
chamber were fixed with 4% paraformaldehyde (Biosharp Life
Sciences) for 10 min at room temperature, stained with 0.1%
crystal violet (Shanghai Beyotime Biotechnology Co., Ltd.) for

30 min at room temperature and images were captured with an
inverted light microscope (Olympus Corporation).

Sugar inhibition assay. D-glucose and D-mannose
(Shanghai Aladdin Biochemical Technology Co., Ltd.) were
used to detect the sugar-binding site between Con A and
human liver cancer cells. A Con A + DMEM control group
to verify whether D-glucose in high-glucose DMEM had
an effect on the glucose binding ability of Con A. A total
of 20 mg powdered glucose or mannose were dissolved in
10 ml sterile deionized water to generate working solutions
with a concentration of 2 yg/ul, which were aliquoted and
stored at -80°C. Prior to cell viability and migration assays,
high-glucose DMEM or the aforementioned sugar solutions
were pre-incubated with Con A at a ratio of 1:1 at room
temperature for 30 min, and cell viability or migration assays
was then carried out.

Western blot analysis. Western blotting was used to detect
protein expression of mitogen-activated protein kinases
(MAPK) pathways in HCCLM3 cells. First, 5x10* cells were
inoculated on six-well plates. When the cell density reached
~70%, the cells were starved overnight and then treated with
Con A (10 ug/ml) for 0, 15, 30, 60 or 120 min. After Con A
treatment, total protein was extracted using cell lysis buffer
(Shanghai Beyotime Biotechnology Co., Ltd.). The protein
concentration was determined by the Lowry's method
using bovine serum albumin (BSA; Shanghai Beyotime
Biotechnology Co., Ltd.) as standard. Then, 50 ug total
protein was loaded per lane. Upon electrophoretic separation
by 12% SDS-PAGE, the proteins were electrotransferred
onto 0.22-ym-pore Polyvinylidene fluoride (PVDF)
membranes (MilliporeSigma). Next, TBS containing 0.1%
Tween-20 (TBST) and 5% BSA were used to block the PVDF
membranes at room temperature for 1 h. To analyze the effect
of Con A on individual phosphorylated proteins in the MAPK
pathway, the following antibodies were incubated with the
membranes at 4°C overnight according to the corresponding
manufacturer's protocol: Anti-ERK1 [phosphorylated (p)
T202/pY204] + ERK2 (pT185/pY187) rabbit monoclonal
antibody [(mAb); 1:10,000, cat. no. ab76299; Abcam],
anti-ERK1 + ERK?2 rabbit mAb (1:10,000; cat. no. ab184699;
Abcam), anti-JNK1 + JNK2 + JNK3 (pT'183 + T183 + T221)
rabbit mAb (1:10,000; cat. no. ab124956; Abcam),
anti-JNK1 + JNK2 + JNK3 rabbit mAb (1:10,000;
cat. no. ab179431; Abcam), anti-p38a/MAPK14 (pY322)
rabbit polyclonal antibody [(pAb); 1:1,000; cat. no. 4511T;
Cell Signaling Technology, Inc.], anti-p38a/M APK14 rabbit
mADbD (1:1,000; cat. no. ab182453; Abcam) and anti-GAPDH
rabbit mAb (1:10,000; cat. no. AP0063, Bioworld Technology,
Inc.). Subsequently, the membranes were incubated with
an HRP-conjugated antibody (1:10,000; cat. no. 511203;
Zen-Bio) for 1 h at room temperature. Upon washing with
TBST, the bands were visualized with an enhanced chemi-
luminescence kit (Thermo Fisher Scientific, Inc.) using a
ChemiDoc Gel Imaging System (Clinx Science Instruments
Co., Ltd.). Image]J software (version 1.53e; National
Institutes of Health) was used to analyze the optical density
of the bands. GAPDH was used as a loading control for
normalization.
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Protein signaling inhibition assay. The ERK1/2 inhibitor
U0126 (Dalian Meilun Biology Technology Co., Ltd.),
the JNK1/2/3 inhibitor SP600125 (Shanghai Beyotime
Biotechnology Co., Ltd.) and the p38 inhibitor SB203580
(Dalian Meilun Biology Technology Co., Ltd.) were used in
the present study. The concentration of these three inhibitors
was set to 5, 10 or 20 M in order to determine the optimal
effective concentration of inhibitors on HCCLM3 cells. Next,
cells were pre-treated with U0126, SP600125 or/and SB203580
for 60 min at 37°C before the addition of Con A (10 pg/ml) in
the cell viability, cell migration or western blot assays.

Detection of fibrous actin (F-actin) filaments and cell
spreading area. Immunofluorescence staining was used
to detect the effect of Con A on the F-actin of cells. Cells
were inoculated on 24-well plates, and when the cell density
reached ~50%, the cells were starved overnight, and then
treated with Con A (10 xg/ml) for 60 min. To block ERK1/2,
JNK1/2/3 or/and p38 signaling, the cells were incubated
with U0126, SP600125 or/and SB203580 for 60 min at 37°C
before Con A treatment. Subsequently, the cells were fixed
with 4% formaldehyde for 30 min, treated with a permea-
bilization solution (0.25% Triton X-100; Beijing Solarbio
Science & Technology Co., Ltd.) for 10 min and blocked
with blocking solution (5% BSA; Beijing Solarbio Science &
Technology Co., Ltd.) for 60 min at room temperature. Next,
FITC phalloidin (Shanghai Beyotime Biotechnology Co.,
Ltd.) was added to stain F-actin in HCCLM3 cells overnight
at 4°C in the dark. Subsequently, the nuclei were labeled
with 2 ug/ml DAPI (Shanghai Beyotime Biotechnology
Co., Ltd.) for 10 min at room temperature. Lastly, images
of the cells were captured using an inverted fluorescence
trichromatic microscope (Olympus Corporation). The F-actin
fluorescence intensity and spreading area of individual cells
were semi-quantitatively evaluated by Imagel] software
(version 1.53e; National Institutes of Health).

Gelatin zymography. Gelatin zymogram was used to detect
the effect of Con A on the activities of matrix metallopro-
teinase-2 (MMP-2) and matrix metalloproteinase-9 (MMP-9).
The HCCLM3 cells were inoculated on six-well plates. When
the cell density reached ~90%, the cells were serum-starved
overnight and then treated with Con A (10 ug/ml) for 6 h.
Next, the supernatants were collected and centrifuged at
4,000 x g for 5 min at 4°C. A BCA protein quantification kit
(Nanjing KeyGen Biotech Co., Ltd.) was used to measure the
protein concentration, and equal protein quantities (50 ug)
were loaded per lane in the gel. A pre-stained protein molec-
ular weight marker (Thermo Fisher Scientific, Inc.) was used
as a size standard for protein electrophoresis. Gelatinase was
concentrated and separated by 10% SDS-PAGE containing
pigskin gelatin (Shanghai Beyotime Biotechnology Co.,
Ltd.). The separated gelatin containing MMP-2 and MMP-9
was then collected, eluted using 2.5% Triton-X-100 solution
for 60 min and incubated in developing buffer (Tris 0.5 M,
Brij35 0.2%, NaCl 2 M and CaCl, 50 mM, pH 7.6) for 16 h at
37°C. Next, gelatin was stained by Coomassie Brilliant Blue
(Beijing Solarbio Science & Technology Co., Ltd.) for 30 min
at room temperature. Lastly, images of the gelatin were
captured with a ChemiDoc Imaging System (Clinx Science
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Instruments Co., Ltd.). ImageJ software (version 1.53e;
National Institutes of Health) was used to analyze the optical
density of the bands.

Statistical analysis. SPSS software (version 21.0; IBM Corp.)
was used for statistical analysis. Data are presented as the
mean + SD of =3 independent experiments, and were analyzed
using one-way ANOVA followed by Bonferroni post hoc test
for the comparison of multiple groups. P<0.05 was considered
to indicate a statistically significant difference.

Results

Con A reduces the viability of human liver cancer cells and
hepatocytes. CCK-8 assay was used to assess cell viability.
As shown in Fig. 1, Con A inhibited the viability of three
types of human liver cancer cells (HCCLM3, MHCC97L
and HepG2) as well as hepatocytes (MIHA) in a time and
concentration-dependent manner. When the concentration of
Con A reached 10 ug/ml and was incubated with the cells for
48 h, the viability of the aforementioned four cell lines was
inhibited to ~20% (P<0.05).

Con A inhibits the migration of three human liver cancer cell
types, but had no effect on normal hepatocytes. Transwell
assay was used to evaluate the effect of Con A on the migra-
tion of human liver cancer cells and normal hepatocytes.
As revealed in Fig. 2A-D, Con A significantly inhibited
human liver cancer cell migration (P<0.05) in a concentra-
tion-dependent manner. When the concentration of Con A
reached 10 pg/ml and was incubated with the cells for 6 h, the
migration of human liver cancer cells was almost completely
inhibited. However, different concentrations of Con A (0, 1,
3,5 and 10 pg/ml) had no significant effect on hepatocyte
migration (Fig. 2E).

Con A inhibits human liver cancer cell migration through
glucose-related sugar binding sites. To determine the glyco-
binding site between Con A and liver cancer cells, exogenous
glucose and mannose were incubated with Con A prior to
cell migration assay. Since DMEM also contained glucose,
a co-incubation experiment of DMEM with Con A was also
performed. As shown in Fig. 3A-D, the addition of glucose
(10 ug/ml) or mannose (10 pg/ml) alone had no significant
effect on human liver cancer cell migration, but when Con A
(10 pg/ml) was first incubated with glucose or mannose for
30 min, the migration level of human liver cancer cells in
the Con A + glucose group was slightly restored (P<0.05),
while the migration level of human liver cancer cells in the
Con A + mannose group was the same as that of the Con A
group.

In addition, compared with the almost complete inhibition
of HCCLM3 cell migration in the migration assay (Fig. 2B),
Con A (10 pg/ml) could only inhibit the viability of HCCLM3
cells to ~50% within 6 h (Fig. 3E). Fig. 3E also showed that
co-incubation of Con A (10 pg/ml) with glucose (10 ug/ml) or
mannose (10 xg/ml) did not restore the HCCLM3 cell viability
reduced by Con A. As revealed in Fig. 3F-H, when Con A
(10 pg/ml) was first co-incubated with DMEM, the effect of
Con A on HCCLM3 viability and migration was not different
from that of the Con A direct treatment group.
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Figure 1. Effect of Con A on the viability of human liver cancer cells and hepatocytes. Cell viability of (A) HCCLM3, (B) MHCC97L, (C) HepG2 and
(D) MIHA cells after treatment with Con A (0, 1, 3, 5 and 10 ug/ml) for 12, 24 or 48 h. The data were expressed as the mean = SD (n=3). "P<0.05 and

“P<0.01 vs. the control group. Con A, concanavalin A.

Con A inhibits HCCLM3 cell migration via upregulation
of the phosphorylation of ERKI1/2, JNK1/2/3 and p38. As
demonstrated in Fig. 4, Con A (10 yg/ml) could significantly
upregulate the phosphorylation level of ERK1/2, INK1/2/3
and p38 (P<0.05). To further identify the association
between the activation of the MAPK signaling pathway and
Con A-mediated inhibition of HCCLM3 cell migration, the
ERK1/2 inhibitor U0126, the JNK1/2/3 inhibitor SP600125
and the p38 inhibitor SB203580 were used to detect the roles
of the ERK1/2, JNK1/2/3 and p38 signaling, respectively. As
revealed in Fig. 5, when the concentration of U0126, SP600125
or SB203580 reached 5 uM, the phosphorylation level of
ERK1/2,JNK1/2/3 or p38 they could be restored to that of the
control group. Furthermore, inhibition of ERK1/2, INK1/2/3
or/and p38 signaling also suppressed the Con A-mediated
reduction in cell migration, and the cell migration rate recov-
ered from 15% to ~50% (Fig. 6A and B). However, it was found
that inhibition of ERK1/2, INK1/2/3 or/and p38 signaling had
no effect on the Con A-mediated inhibition of HCCLM3 cell
viability (Fig. 6C).

Con A regulates F-actin redistribution and assembly via
ERKI1/2, JNK1/2/3 and p38 signaling. Immunofluorescence
staining was used to detect F-actin. F-actin was stained red
with FITC phalloidin, while the cell nucleus was stained blue
with DAPI. As shown in Fig. 7A and B, when analyzing the
fluorescence intensity of single cells, it was found that the
content of F-actin of individual cells decreased significantly

(P<0.05) under the influence of Con A, while inhibition of
ERK1/2, JNK1/2/3 or/and p38 signaling could partly recover
the content of F-actin decreased by Con A. The spreading
area of individual cells was also analyzed. As revealed in
Fig. 7A and C, under the influence of Con A, HCCLM3 cells
contracted and changed from fibrous to round shape. In addi-
tion, inhibition of ERK1/2, INK1/2/3 or/and p38 signaling
could also partly reverse the changes in contraction caused by
Con A.

Con A has no effect on the activation of MMP-2 or MMP-9
in HCCLM3 cells. The effect of Con A on the activation of
MMP-2 and MMP-9 in HCCLM3 cells was detected by gelatin
zymography. In the control group, activated gelatinase MMP-2
and MMP-9 in HCCLM3 cells could degrade gelatin in a poly-
acrylamide gel, which manifested as white bands. However,
after the addition of Con A (10 pg/ml), the optical density of
the white bands did not change significantly compared with
that of the control group (Fig. 7D-F).

Discussion

In previous studies, Con A was mainly used to establish mouse
liver injury models for hepatitis-related research (15,16). By
contrast, the present study mainly focused on the anticancer
function of Con A and its molecular mechanisms. In the
cell viability assay, Con A had a strong inhibitory effect
on the viability of human liver cancer cells and normal
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Figure 2. Effect of Con A on the migration of human liver cancer cells and hepatocytes. (A) Cell migration of HCCLM3, MHCC97L, HepG2 and MIHA cells
after treatment with Con A (0, 1, 3, 5 and 10 yg/ml) for 6 h. Microscopic imaging of four cell types in a Transwell chamber (scale bar, 100 nm). The quantifica-
tion of (B) HCCLM3, (C) MHCC97L, (D) HepG2 and (E) MIHA cells in the Transwell chamber was calculated manually by counting the number of cells. The
data were expressed as the mean = SD (n=3)."P<0.05 and "P<0.01 vs. the control group. Con A, concanavalin A.

hepatocytes, which was consistent with the results of previous  cells completely within 6 h, but had no significant inhibitory
studies (12,13). In the cell migration assay, Con A could effect on MIHA cells. These results demonstrated that Con A
inhibit the migration of HCCLM3, MHCC97L and HepG2  had a specific inhibitory effect on liver cancer cell migration.
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Figure 3. Effect of glucose and mannose-related sugar binding sites on the Con A-mediated regulation of cell migration and viability. (A) Microscopic images
of three liver cancer cell lines in a Transwell Boyden Chamber (scale bar, 100 nm). The quantification of (B) HCCLM3, (C) MHCC97L and (D) HepG2 cells
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Figure 4. Effect of Con A on the activation of ERK1/2, JNK1/2/3 and p38 in HCCLM3 cells. (A) The expression levels of ERK1/2, JNK1/2/3 and p38 in
HCCLM3 cells were analyzed by western blotting. Relative protein level of (B) p-ERK1/2/t-ERK1/2, (C) p-JNK1/2/3/t-JNK1/2/3 and (D) p-p38/t-p38 in
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expressed as the mean + SD (n=3). "P<0.05 and ““P<0.01 vs. the control group. Con A, concanavalin A (10 xg/ml); p, phosphorylated; t, total.

It was hypothesized that, since HepG2 cells have a different
tissue origin and degree of malignant metastasis from those of
HCCLM3 and MHCC97L cells (17,18), HepG2 cells may have
different response patterns to Con A; however, the cell migra-
tion assay showed that there was no significant difference in
the effects of Con A on HCCLM3, MHCC97L or HepG?2 cells.
These results suggested that Con A may affect the migration of
these cells in a similar way.

To verify whether the effect of Con A on inhibiting the
migration of HCCLM3 cells was associated with its effect on
inhibiting the viability of HCCLM3 cells, a cell viability assay
was conducted within 6 h. The results showed that Con A
could reduce the viability of HCCLM3 cells by ~50% within
6 h, while incubation with Con A for a similar time could
completely inhibit the migration of HCCLM3 cells. These
results indicated that Con A-mediated inhibition of HCCLM3
cell migration was not completely caused by a decline in
HCCLM3 cell viability.

Glucose and mannose are isomers, and they both can bind
Con A (11). The present study found that Con A inhibits the
migration of liver cancer cells only through glucose-related
sugar sites. In addition, the effect of glucose or mannose on
Con A-mediated inhibition of HCCLM3 cell viability was
verified. The results showed that prior co-incubation of glucose
or mannose with Con A could not affect the Con A-mediated
inhibition of HCCLM3 cell viability, suggesting that Con A did

not inhibit the viability of liver cancer cells through glucose or
mannose-related pathways. Con A may inhibit liver cancer cell
viability via other unknown glycoprotein-related or unrelated
molecular pathways. The molecular mechanism of its toxicity
needs to be further investigated.

Tumor cells are generally involved in aerobic glycolysis,
which leads to a higher demand for glucose in the tumor
environment (19,20). When tumor cells were cultured in
high-glucose DMEM, in addition to sufficient glucose for
biosynthesis, excessive glucose may affect the effect of
Con A on tumor cells due to the high affinity of Con A for
glucose. Therefore, Con A was co-cultured with DMEM to
verify the effect of glucose in DMEM on the viability and
migration behavior of HCCLM3 cells. The results showed
that co-incubation of Con A with DMEM did not affect the
inhibitory effect of Con A on HCCLM3 cell viability or
migration. It could be hypothesized that the concentration of
glucose in the culture medium may be markedly lower than
the glucose-binding quantity of Con A, or the optical activity
or/and structure of exogenous glucose may be different from
that of the glucose in the culture medium.

The MAPK signaling pathway is one of the most widely
studied pathway, and numerous biological behaviors of
tumor cells have been associated with the MAPK signaling
pathway and its downstream effectors (21-23). Liu et al (24)
demonstrated that Polygonatum cyrtonema lectin induces
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Figure 5. Effect of inhibitors of ERK1/2,JNK1/2/3 and p38 on the activation of ERK1/2, JNK1/2/3 and p38 in HCCLM3 cells. HCCLM3 cells were pre-treated
with the ERK1/2 inhibitor U0126, the JNK1/2/3 inhibitor SP600125 or the p38 inhibitor SB203580 for 60 min, and then the expression levels of (A) ERK1/2,
(C) INK1/2/3 and (E) p38 in HCCLM3 cells were analyzed by western blotting. Relative protein level of (B) p-ERK1/2/t-ERK1/2, (D) p-JNK1/2/3/t-JNK1/2/3
and (F) p-p38/t-p38 in HCCLM3 cells. The results of the densitometric analysis of ERK1/2, JNK1/2/3 and p38 activation were normalized to the levels of
GAPDH. The data were expressed as the mean = SD (n=3). "P<0.05 vs. the control group. Con A, concanavalin A (10 ug/ml); p, phosphorylated; t, total.

the apoptosis and autophagy of human lung adenocarci- phosphorylation levels of ERK1/2, JNK1/2/3 and p38 within
noma A549 cells through the MAPK signaling pathway. 2 h. Moreover, inhibition of ERK1/2, JNK1/2/3 or/and p38
The current study found that Con A could upregulate the signaling also suppressed the Con A-mediated reduction in
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cell migration. These results indicated that Con A inhibited
HCCLM3 cell migration through the ERK1/2, JNK1/2/3 and
p38 signaling pathways. In addition, it was found that the
addition of inhibitors of the aforementioned three signaling
pathways did not affect the Con A-mediated inhibition of
HCCLMS3 cell viability. Combined with the results of the
sugar inhibition assay, it was concluded that the molecular
mechanism of Con A-mediated altered HCCLM3 cell
viability was different from that of Con A-mediated altered
HCCLM3 cell migration.

In tumor cells, the depolymerization and polymeriza-
tion of F-actin play important roles in cell migration and
invasion (25,26). In addition, changes in cell morphology or
contractility can also affect tumor cell metastasis (27). In the
present study, when HCCLM3 cells were exposed to Con A for
6 h, the spreading area of individual cells decreased signifi-
cantly, and the cells changed shape from long spindle to round.
Upon analyzing and quantifying the fluorescence intensity of
individual cells, the content of F-actin in HCCLM3 cells was
observed to decrease significantly compared with that of the

control group. Although the fluorescence intensity of F-actin
in the Con A group appeared visually to be stronger than that
of the control group, considering that the cell spreading area
of HCCLMS3 cells in the Con A group was also reduced, the
relative fluorescence intensity of F-actin of single cells in the
Con A group was lower than that of the control group. Moreover,
inhibition of ERK1/2, JNK1/2/3 or/and p38 signaling could
partly restore the Con A-mediated reduction in cell spreading
area and F-actin content. These results showed that Con A
could regulate F-actin redistribution and assembly via the
MAPK signaling pathway. Previous studies also showed that
the MAPK signaling pathway could affect the polymerization
of F-actin, thus affecting the metastasis of tumor cells (28,29).

The migration ability of tumor cells is usually associ-
ated with the activities of the gelatinases MMP-2 and
MMP-9 (30,31). Jian ef al (32) found that Bandeiraea simplici-
folia lectin could bind to N-acetylgalactosamine in hepatoma
cells, thus affecting the expression of MMP-2 and MMP-9 to
inhibit cell migration. However, the present study found that
Con A had no significant effect on the activities of MMP-2 or
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Figure 7. Effect of Con A on F-actin and MMPs in HCCLM3 cells. (A) Fluorescence microscopic images of F-actin and cell nucleus (scale bar, 50 nm);
(B) F-actin fluorescence intensity of individual cells in each group (n=40). “P<0.01 vs. the control group; “P<0.05 vs. the Con A group. (C) Analysis of
spreading area of single HCCLM3 cells (n=40). “P<0.01 vs. the control group; *P<0.01 vs. the Con A group. (D) MMP-2 and MMP-9 under white light trans-
mission in cells treated with Con A. Activation of (E) MMP-9 and (F) MMP-2 upon optical density analysis (n=3). The data were expressed as the mean + SD.
Con A, concanavalin A (10 yg/ml); F-actin, fibrous-actin. MMP, matrix metalloproteinase.

MMP-9 in HCCLM3 cells, indicating that there were signifi-
cant differences in the response mechanism of different plant
lectins.

In summary, the present study reported the effect of Con A
on the viability and migration of human liver cancer cells and
hepatocytes, and preliminary discussed the molecular mecha-
nism of Con A affecting HCCLM3 cell migration. Studying
the association between the specific sugar-binding ability

of different plant lectins and the glycosylation variation of
different tumor cells can increase the understanding of tumor
cells and their glycosylation changes, as well as provide a new
insight for plant lectins as potential anticancer agents.
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