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MAGII inhibits cancer cell migration and invasion of hepatocellular
carcinoma via regulating PTEN
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Abstract; Objective To explore the biological function and molecular mechanism of mem-
brane associated guanylate kinase, WW and PDZ domain containing 1 (MAGI1 ) in hepatocellular
carcinoma. Methods HepG2""“"" stable cell line was constructed by transfecting HepG2 cells with
pcDNA3. 1-MAGI1 plasmid. Wound healing and invasion assay were performed to compare the mi-
gration and invasion ability of HepG2"**"" and HepG2 cells. Furthermore, the expression of MAGI1
and phosphatase and tensin homolog deleted on chromosome ten ( PTEN) was also examined by
Western blot and the relationship was analyzed. Results The wound healing assay showed that the
closure of HepG2"""" cells was significantly slower than that of HepG2 cells [ (90 + 10)% vs.
(50 £15)% , P <0.05], and the invasion assay showed that the number of HepG2™*“" cells that
passed through the matrigel was fewer than HepG2 cells (68 =18 vs. 150 +£30, P <0.05). The
protein expression level of PTEN was significantly elevated in HepG2"*“" cells compared with
HepG2 cells (1.40 £0.32 vs. 0.28 £0.15, P <0.05). MAGI1 and PTEN protein expression lev-
els were positively correlated (r=0.913, P <0.01). Conclusion MAGII may inhibit the cancer
cell migration and invasion of hepatocellular carcinoma via regulating PTEN.
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Hepatocellular carcinoma ( HCC) is one of the
most common malignant cancers threatening the
health of Chinese people. In statistics, people died
of HCC in China takes up about 55% of those in the
world, and the mortality rate of male was 37. 9/

100 000, female 14.2/100 000, which was the top

of all countries'' .

Surgery is the first choice for
treatment of HCC, but the rate of recurrence and me-
tastasis after 5 years is as high as 80% - 100% "*'.
Recurrence and metastasis have been a major factor of
restraining general HCC treatment effect.

In our previous study, we found that membrane
associated guanylate kinase, WW and PDZ domain
containing 1 ( MAGII ) significantly decreased in
HCC and was closely related to the disease-free sur-
vival after surgery, indicating that MAGI1 might play
an important role in recurrence and metastasis of
HCC (based on unpublished data). Recent resear-
ches have proved that MAGI1 can combine with the
tumor suppressor gene phosphatase and tensin homo-
log deleted on chromosome ten ( PTEN) , block cell
detachment, and inhibit the progression and metasta-
sis of cancer cells”'. So far, there is no report on
the effect of MAGI1 in recurrence and metastasis of
HCC or whether it can regulate the expression of
PTEN gene. This research aimed to study the effect
in HCC metastasis, and analyze the relationship be-
tween MAGI1 and PTEN by using gene cloning,
transfection, wound healing assay, matrigel invasion

assay, and so on.

1 MATERIALS AND METHODS

1.1 Materials

Cells; HepG2 cells were bought from Cell Insti-
tute of Central South University, which were cultured
in high glucose Dulbecco’s modified Eagle media
(DMEM) supplemented with 10% fetal bovine ser-
um and incubated in 5% CO, at 37 C.

Main reagents; Rat anti-human MAGI1 and
Rabbit anti-human PTEN polyclonal antibodies, and
goat anti-rat and anti-rabbit secondary antibodies
were bought from Santa Cruz Biotechnology ( Santa
Cruz, CA, USA); fetal bovine serum and DMEM
high-glucose medium, lipofectamine 2000, G418,
RIPA lysis buffer and matrigel were purchased from
Invitrogen Corporation ( Carlsbad, CA, USA ) ; pcD-
NA3.1-MAGI1 carrier was from Shanghai Jikai Bio-
technology Company.

1.2 Methods
1.2.1 Cell transfection

pcDNA3. 1-MAGI1 vectors or empty vectors
were transferred into HepG2 cells in log phase ( the
cell density was 70% ) using lipofectamine 2000.
Later, the medium was changed after 12 h and the
cells were cultured for another 24 h. Then, the cells
were digested with 0. 25% trypsin, and transferred
into a new culture dish (the cell density was 20% ).
G418 (final concentration, 500 pg/ml) was added
into the medium for screening until all the untrans-
fected HepG2 cells died. The survival cells were cul-
tured and amplified. The HepG2 cells stably over-
expressing MAGI1 were named HepG2™*“" | and
those transfected with empty vector were named
HepG2 cell.
1.2.2 Western blot

The total protein was extracted using RIPA lysis
buffer. A total of 80 g protein was loaded into 8%
denaturing polyacrylamide gel well, and underwent
electrophoresis at 100 V for 90 min. The protein
were transferred onto the nitrocellulose membrane
and blocked in 5% (w/v) defatted milk for 1 h. In-
cubated with the primary antibody (1:1 000) at
4 °C over night, and rinsed with PBST for 3 times, 5
min each, then with secondary antibody (1:3 000 )
at the room temperature for 1 h. After rinsed with
PBST for 3 times, 15 min each, it was developed
and photographed with the SuperSignal fluorescent
reagent. Quantity one software ( Bio-rad) was uti-
lized to conduct the quantitative analysis of the
bands. The protein expression level was presented as
the product of absorbance and area of protein band.
1.2.3 Wound healing assay

HepG2Y*“" and HepG2 cells in log phase were
cultured until the cell density reached 100% . A line
was scratched straightly in the middle of the cells
with a 15 L tips. Then the cells were rinsed 3 times
to eliminate the scratched cells, and cultured with
serum-free DMEM high-glucose medium in a incuba-
tor of 37°C and 5% CO,. They were observed and
photographed every 12 hours.
1.2.4 Matrigel invasion assay

A thin cover of matrigel was applied in Tran-
swell chambers with 8 wm pore. HepG2™*“" and
HepG2 cells in log phase were incubated and diluted
with serum-free DMEM high-glucose medium to the
density of 1 x 10°/mL. The 200 pL of the cell sus-

pension was added into each chamber, and the
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chambers were placed into a 24-well plate and cul-
tured in an incubator of 37 °C and 5% CO,. The
chambers were taken out 48 h after of the incuba-
tion, and removed the upper-layer cells with cotton
swab. Then the cells were stained and photo-
graphed, and the number of cells past through the
matrigel and transwell pores were counted.
1.3 Statistical analysis

The data were analyzed with the SPSS 11. 0
software. The quantitative data were presented as
mean + standard deviation(x +s) , and analyzed by ¢

test (unpaired ). The correlation of MAGII and
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B —actin l. .
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Relative levels of MAGI1 protein

PTEN was tested by Pearson’s correlation. P <0. 05

was referred to as statistical significance.

2 RESULTS

2.1
pressed HepG2 cell line

The Western blot results showed that the expres-
sion of MAGIl was significantly higher
HepG2"*“" cells than in HepG2 cells (1.20 +0.25
vs. 0.20 £0.10,P <0.05; Fig. 1), suggesting the

stable cell line was constructed successfully.

Construction of MAGI1 stably over-ex-

n

1.6

HepG2 HepG2Me!

Fig.1 Expression of MAGII protein in HepG2"*“" and HepG2 cells. A: Level of MAGII protein was detected by Western
blot. B-actin was involved as control; B: Histogram of the levels of MAGI1 protein. Compared with the HepG2 cells,

* P <0.05.

2.2 Role of MAGI1 in HCC metastasis

The wound healing assay indicated that the
wound closure of HepG2™*“" cells was significantly
slower than that of HepG2 cells [ (90 +10)% vs.
(50 +15)% ,P <0.05;Fig. 2]. Besides, the ma-

trigel invasion assay proved that the number of
HepG2"*“" cells past through the matrigel and trans

well pore was obviously fewer than that of HepG2
cells (68 +18 vs. 150 £30,P <0.05, Fig.3).
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Fig.2 Wound healing assay. A: Wound healing photos of HepG2™*“"" and HepG2 cells; B: Histogram of the closure percent-
age of HepG2"*®" and HepG2 cells after 48 h. Compared with the HepG2 cells, * P <0.05.
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Fig.3 Invasion assay. A: Cells staining photos shows cells invaded through the matrigel and transwell pores at the 48th hour
( x400) ; B: Histogram of the number of the cells. Compared with the HepG2 cells, * P <0.05.

2.3 Correlation of MAGI1 and PTEN

The protein expression level of PTEN was signif-
icantly higher in HepG2"*°" cells than that in HepG2
cells (1.40 £0.32 vs. 0.28 £0. 15,P <0.05;

HepG2 HepG2"™!
MAGH | —
PTEN | vy S
practin| S— . |
A

Fig.4), indicating over-expression of MAGII could
up-regulate the expression of PTEN protein. Further-
more, the expression level of PTEN and MAGI1 had
positive correlation (r=0.913, P <0.01).

—
[\S]
T

o
0
T

Relative expression of PTEN

N
~
T

HepG2 HepG2We!

Fig. 4 Expression of MAGI1 and PTEN protein. A: Levels of MAGI1 and PTEN protein detected by Western blot. B-actin
was involved as control; B: Histogram of the levels of PTEN protein. Compared with the HepG2 cells, * P <0.05.

3 DISCUSSION

The invasion and metastasis of HCC is a com-
plicated process involving multiple factors and proce-
dures, in which the cancer cell detachment from pri-
mary sites is the first step'*’. It was found that the
intercellular adherence was regulated by a variety of
adhesion molecules'>'. MAGII is a newly found gene
that regulates intercellular adherence, locates at
3pl4. 1, and encodes a scaffolding protein which
belongs to the membrane-associated guanylate kinase
homologue ( MAGUK ) family'®’. MAGII contains
several protein structural domains like SH3 , WW and
PDZ domain'”’. It has been proven that MAGII can
recruit PTEN to the junctional complex, stabilize

cell-to-cell conjunction and prevent cell dissocia-

tion** . Previously, we have found that MAGI1 ex-
pression was significantly decreased in HCC, and its
expression level was closely correlated with HCC
vascular invasion. Furthermore, the post-operative o-
verall survival and disease-free survival of HCC pa-
tients with high MAGI1 expression were significantly
shorter than those with low MAGI1 expression. The
multivariable Cox regression analysis indicated that
MAGI1 was an independent prognostic factor for
HCC. These results suggested that MAGI1 might play
a critical role in recurrence and metastasis of HCC.
PTEN , which locates at 10g23.3, containing 9
exons and 8 introns, encoded a protein containing
403 amino acids, and is a dual-specificity phospha-
tase'”’. Li, et al. """ proved that PTEN can inhibit
cell adherence, migration and infiltration by regula-
ting substrates like focal adhesion kinase ( FAK)
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and Scr homology collagen protein through phospho-
rylation. Recent studies found that PTEN participa-
ted in the recurrence and metastasis regulation of
several cancers. For example, colorectal cancer was
closely related to PTEN!""; low expression of PTEN
was correlated with metastasis of gallbladder carcino-

2

'+ the inacti-

. [
ma and served as an prognostic fator "~ ;

vation of PTEN gene was frequently observed in
breast cancer and associated with its invasion and

51 In study con-

metastasis, but not angiogenesis
ducted by Cheng, et al. '™/ they detected the ex-
pression of PTEN protein in 62 paraffin-embedded
HCC tissues using immunohistochemical staining,
and found that the expression of PTEN was signifi-
cantly decreased in HCC specimens, and was much
higher in enveloped and non-invasive cancers than in
non-enveloped and invasive ones, indicating that
PTEN might play an important role in carcinogenesis
and development of HCC.

However, the effect of MAGI1 and its mecha-
nism in invasion and metastasis of HCC was still un-
known. In our study, we proved that MAGI1 can in-
hibit the migration and invasion of HepG2 cells in
vitro. Considering MAGI1 can combine PTEN, we
investigated the relationship MAGI1 and PTEN. Our
results showed that MAGI1 up-regulated PTEN ex-
pression, and there was postive correlation between
MAGI1 and PTEN. The research from Kotelevets,
et al. *’ showed that MAGII can recruit PTEN to
the cell conjunction by combining with its PDZ do-
main, which locates in the C terminal of PTEN pro-
tein and play important rloe in regulating the degra-
dation of PTEN protein''. So, MAGII probably
up-regulates the expression of PTEN by combining
with PTEN protein and inhibits its degradation.
However, the detailed mechanism by which MAGI1
regulated PTEN expression in HCC need further in-
vestigation.

In a word, MAGI1 may inhibit invasion of HCC
by regulating PETN, and serve as a new target for

treating recurrence and metastasis of HCC.
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