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CD151 promotes cancer cell metastasis via
integrins a3p1 and w61 in vitro
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Abstract. CD151 is a member of the tetraspanin family that is
implicated as a promoter of the tumor metastasis of malignant
cells. Tetraspanins form membrane complexes with integrins.
In the present study, we constructed a CDI151-AAA mutant
to assess the roles of Rac, cdc42 and phospho-Rac/cdc42
(P-Rac/cdc42) and the effects of CD151-integrin complexes
on the proliferation, migration and invasion of HepG2 cells.
The pAAV-CDI51 and pAAV-CDI151-AAA mutant plasmids
were constructed and used to transiently transfect HepG2 cells
using the Qiagen Attractene transfection reagent. Following
transfection, the expression of CD151 was determined by
western blotting. A cell proliferation assay was performed
using the cell counting kit-8 (CCK-8) method, cell migration
was assessed by a cell wound-healing assay and cell invasion
was evaluated in microchemotaxis chambers using FBS as the
chemotactic stimulus. The potential involvement of various
signaling pathways was explored using relevant antibodies.
The association between CD151 and integrins was evaluated
by immunoblotting analysis. We found that CD151 promoted
cell proliferation, migration and chemotaxis and increased
P-Rac/cdc42 activity. The CD151-AAA mutant had reduced
cellular proliferation, migration and invasion compared with
the CDI151 mutant. Moreover, the CD151-AAA mutant abro-
gated the association between CD151 and integrins. These
data suggest that CD151 forms complexes by interacting with
integrins, particularly o331 and a6p1, and thereby affects the
functioning of the HepG2 cells. The mechanism is possibly
related to the Rac, cdc42 and P-Rac/cdc42 signaling pathways.
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Introduction

The tetraspanins (TM4SF) are a family of membrane proteins
that are charaterized by the presence of four highly conserved
transmembrane domains (1). They have a small intracellular
loop, intracellular N- and C-termini with short cytoplasmic
tails and two extracellular loops, the larger of which contains
a distinctive pattern of cysteine residues that helps to define the
family (2). The tetraspanin superfamily member CD151 (also
named PETA-3/SFA-1), is implicated in various biological
processes, including cell adhesion, signal tranduction, cell
proliferation, cell differentiation, pathological angiogenesis
and metastasis (3,4). CD151 is found in a large variety of
cell types, including the epithelia, endothelia, platelets and
smooth and striated muscles (5,6). CD151 forms complexes
by interacting with other tetraspanins or non-tetraspanins to
exert its effects; the most prominent non-tetraspanin partners
are integrins, particularly a3p1 and a6f1 (7). A previous study
revealed that an extracellular CD151 site, QRD194-196, in the
larger of the extracellular loops, is required for strong a3f31
association (8).

A number of studies have shown that CD151 is related to
numerous different types of carcinoma, including prostate
cancer, pancreatic cancer, breast cancer, colorectal cancer and
non-small cell lung cancer; in all of them, high CD151 expres-
sion is associated with a poor prognosis (9,10). Most of these
studies emphasize clinical study. As previously mentioned,
CD151 forms complexes with integrins, so we formed a mutant
of CD151 QRD194-196, AAA194-196, which may impair the
association between CD151 and integrins. We made use of this
mutant, taking HepG2 as our target cell line, to examine the
role of the CD151-AAA mutant in cell proliferation, migra-
tion and invasion, which are the main processes involved in
carcinoma metastasis. The purpose of this study was to inves-
tigate the function of CDI151-integrin complexes in carcinoma
metastasis and the mechanism involved.

Materials and methods

Materials. The pZeoSV-CDI151 plasmid and anti-CDI151
monoclonal antibody (mAb) 5C11 were provided by Professor
Xin Zhang, Department of Molecular Science, University
of Tennessee Health Science Center (Memphis, TN, USA).



FEI et al: CD151 PROMOTES CANCER CELL METASTASIS VIA INTEGRINS o331 AND a6f1

Dulbecco's modified Eagle's medium (DMEM) culture medium
was purchased from Gibco-BRL (Los Angeles, CA, USA). The
cell counting kit-8 (CCK-8) was purchased from Beyotime
(Haimen, China). The Attractene transfection reagent was from
Qiagen (Hilden, Germany). The enhanced chemiluminescent
(ECL) substrate was from Thermo Scientific Pierce (Rockford,
IL, USA). The polyvinylidene difluoride (PVDF) membrane
was from Roche Diagnostics (Basel, Switzerland). Matrigel
was purchased from BD Biosciences (Heidelberg, Germany).
Mouse anti-human B-actin antibody and antibodies against a3,
06 and 1 were purchased from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA, USA). Antibodies against Rac, cdc42
and phospho-Racl/cdc42 (P-Racl/cdc42) were from Cell
Signaling Technology, Inc. (Beverly, MA, USA). The protein
A/G-agarose kit was from Abmart (Shanghai, China). The
study was approved by the ethics committee of Huazhong
University of Science and Technology.

Cell culture and plasmid transfection. The HepG2 cell line was
bought from the China Center for Type Culture Collection and
cultured in DMEM supplemented with 10% fetal bovine serum
(FBS), penicillin and streptomycin. The HepG2 cells were
grown on 6-well plates (60-80% confluent). The pAAV-CD151
(1.2 ug), pAAV-CDI151-AAA (1.2 ug) or pAAV-GFP plasmid
(1.2 ug) was mixed with the Attractene transfection reagent
(4.5 pl/well) and incubated for 15 min at room temperature.
The lipid-coated DNA was then added to each well containing
2 ml DMEM medium and incubated for 6 h. At the end of this
period, the medium was removed and replaced with complete
medium, after which the HepG2 cells were lysed or used in
proliferation, migration and chemotaxis assays.

Western blot analysis. HepG2 cell protein was extracted as
follows. Briefly, the medium in the 6-well plates was discarded,
and the cells were gently washed three times with cooled PBS.
A radioimmunoprecipitation assay (RIPA) buffer [SO mmol/l
Tris-HC1 (pH 8.0), 150 mmol/l NaCl, 1% Nonidet-P40,
0.5% deoxycholic acid and 0.1% sodium dodecyl sulfate]
150 pl1] was then added to each well. Following incubation on
ice for 30 min, the lysate was centrifuged at 12,000 x g at
4°C for 20 min. The protein concentration of the supernatant
was determined using the bicinchoninic acid (BCA) method.
Lysates (25 ug protein/ lane) were resolved by SDS-PAGE gel
and transferred to PVDF membranes which were then blocked
with 20% non-fat dry milk in 10 mmol/l Tris-HCI, pH 7.5,
100 mmol/l NaCl and 0.1% Tween-20. The membranes were
then incubated with primary antibodies against CD151, 3-actin,
Rac, cdc42 and P-Rac/cdc42 overnight at 4°C. Peroxidase-
conjugated secondary antibodies were applied for 2-3 h. An
ECL system was used to visualize the separated proteins. The
intensities of the various protein bands were quantified by
densitometry (using GeneTools analysis software).

Proliferation assay. The HepG2 cells were transfected with
pAAV-CDI151, pAAV-CDI151-AAA or pAAV-GFP using the
Attractene transfection reagent in 6-well plates in triplicate, and
24 h later the cells were trypsinized and seeded in 96-well plates
in triplicate (2,000 cells/well). After attachment, CCK-8 solution
(10 ul/well) was added to the cells, which were then incubated
for 1 h. The absorbance was measured at 450 nm for each well
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using a microplate reader (Bio-Tek Instruments, Inc., Winooski,
VT, USA) according to the manufacturer's instructions.

Wound healing assay. Cell migration was assessed in a wound
healing assay. The HepG2 transfectant cells were cultured in
24-well plates. When monolayers had formed, wounds were
generated by scraping the monolayers with the tips of sterile
pipettes. The detached cells were rinsed away with PBS and
the wounded monolayers were replenished with the complete
medium. Following 12 h of culturing at 37°C, the monolayers
were fixed and images captured under an inverted light micro-
scope (Nikon TE2000; Nikon, Tokyo, Japan).

Matrigel invasion assay. The HepG2 transfectant cells were
detached from the culture plates with EDTA, washed once
with PBS and replated onto the inserts of 8-ym pore sized
Costar Transwell chambers (Corning Inc., Corning, NY,
USA). The undersides of the inserts were pre-coated with
matrigel (0.3 mg/ml) at 37°C overnight. The cell number
was between 1x10° and 5x10° cells/ml. The media included
DMEM containing 10% FBS in the lower wells and DMEM
containing 0.1% heat-inactivated bovine serum albumin in the
insert. Following incubation at 37°C for 12-18 h, cells that had
not migrated through the inserts were removed and cells that
had migrated to the undersides of the inserts were fixed and
stained. Cells on the lower surface of the membranes were
counted. Data from independent experiments were pooled and
analyzed using a two-tailed Student's t-test.

Immunoprecipitation. The cells were lysed with ice-cold
modified RIPA buffer at 4°C for 30 min. Adherent cells were
scraped off the dish with a plastic cell scraper. Following the
removal of the insoluble material by 14,000 x g centrifuga-
tion, the pre-cleared lysates were incubated with primary mAb
(5C11) pre-absorbed onto protein A- and G-agarose beads from
3 h to overnight at 4°C. The precipitates were washed with the
lysis buffer three times, dissolved in 1X SDS loading buffer,
heated at 100°C for 10 min, separated by SDS-PAGE and then
electrically transferred to PVDF membranes. After blocking
for 2.5 h in 20% non-fat dry milk in TBST, the membrane
was incubated with anti-a3, anti-a6 or anti-1 antibody over-
night at 4°C. After washing with TBST, the membrane was
incubated with horseradish peroxidase-conjugated secondary
antibodies for 2-3 h at room temperature and was then revealed
by chemiluminescence.

Statistical analysis. All data are expressed as the mean +
standard deviation (x+s). Differences between two groups
were compared by t-test and comparisons of groups were
performed via one-way analysis of variance (ANOVA) and
the Student-Newman-Keuls test. Statistical analysis was
performed using SPSS 13.0 software. P<0.05 was considered
to indicate a statistically significant result.

Results

Expressionof CDI51 proteinindifferent groups.The expression
levels of CD151 in the cells transfected with the pAAV-CD151
plasmid were significantly increased (P<0.05) compared with
the control and pAAV-GFP groups 48 h after transfection.
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Figure 1. Western blot analysis of the expression of CD151. No significant
difference in the protein expression levels of the CD151 and CD151-AAA
groups were observed. "P<0.05 vs. GFP and control groups. “P>0.05 vs.
CD151 group.
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Figure 2. Role of CD151 and CD151-AAA in HepG2 cell proliferation. In
a CCK-8 assay, CD151 and CD151-AAA significantly increased cell prolif-
eration compared with the cells transfected with GFP and the control group.
“P<0.05 vs. GFP and control groups. “P<0.05 vs. CD151 group.
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Figure 3. Effects of CD151 and CD151-AAA on HepG2 cell migration. A
wound healing assay was used to assess the effect of the CD151-AAA muta-
tion on cell migration.
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Figure 4. Transwell chamber assay shows that the invasion of HepG2 cells
was impaired in the CD151-AAA group. CD151 significantly promoted the
HepG2 cell invasion. "P<0.05 vs. GFP and control groups. “P>0.05 vs. GFP
and control groups. “*P<0.05 vs. CDI151 group.

In addition, the cells transfected with pAAV-CDI151-AAA
demonstrated no significant difference in protein expression
levels from the pAAV-CD151 group (P>0.05) (Fig. 1)

Effect of CDI151 and CDI51-AAA on HepG2 proliferation.
To determine the effect of CD151 on HepG2 proliferation,
we used a CCK-8 assay. The transfection of the HepG2
cells with the pAAV-CDI151 plasmid significantly enhanced
the HepG2 proliferation (P<0.05) compared with the
PAAV-GFP-transfected and control groups. Transfection with
PAAV-CDI51-AAA also significantly enhanced the prolifera-
tion of the cells as compared with the groups transfected with
PAAV-GFP and the control (Fig. 2). The results indicated that
PAAV-CDI151 was able to promote cell proliferation, while the
ability of pAAV-CD151-AAA to promote cell proliferation
was decreased compared with the pAAV-CDI51 group.

Effect of CDI151 and CDI151-AAA on HepG2 migration. In
the wound healing assay (Fig. 3), the cells transfected with
PAAV-CDI151 demonstrated significantly enhanced wound
healing, The ability of the pAAV-CDI151-AAA mutant cells to
undergo wound healing was markedly delayed compared with
the pAAV-CDI151 transfectant cells. The wound healing assay
demonstrated that pAAV-CDI151 gene transfer was able to
promote HepG2 migration and that this effect was diminished
in the pAAV-CDI151-AAA group.

Effect of CDI51 and CDI51-AAA on HepG2 invasion. In the
matrigel invasion assay (Fig. 4), pAAV-CDI51 significantly
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Figure 5. Western blot analysis for the expression of Rac, cdc42 and
phospho-Rac/cdc42 (P-Rac/cdc42). CD151 transfection increased the
phosphorylation of Rac and cdc42, while CD151-AAA transfection did not
influence the phosphorylation of Rac and cdc42.

CD151
-AAA

CD151

GFP

Figure 6. The expression of integrins a3, a6 and 1 by coimmunoprecipita-
tion method. In the CD151 group, each of the integrins a3, 06 and 1 could be
detected, but in the CD151-AAA group, none of the integrins were expressed.

promoted HepG?2 invasion compared with the control and
PAAV-GFP groups. pAAV-CDI51-AAA was not able to
promote cell invasion, which suggests that this ability was
damaged in the pAAV-CDI151-AAA group.

Effect of CDI51 and CDI5I-AAA on the Rac, cdc42 and
P-Raclcdc42 pathways. The expression levels of Rac, cdc42
and P-Rac/cdc42 were investigated following transfec-
tion. Western blot analysis revealed that transfection with
PAAV-CDI151 increased the expression level of phosphorylated
P-Rac/cdc42 compared with the control group and the GFP
group, whereas transfection with pAAV-CDI151-AAA had no
effect on the expression levels of P-Rac/cdc42 (Fig. 5).

Effects of the CDI151-AAA mutation on the CDI151-integrin
association. To determine whether the pAAV-CDI151-AAA
mutant altered the CD151-integrin complexation, we compared
the CDI151-integrin associations between the CDI151 and
CD151-AAA transfectants. Immunoblotting analysis indicated
that the integrins that were coprecipitated with CD151 (5C11)
under the stringent lysis conditions were endogenous a3, 0.6
and p1 (Fig. 6).

Discussion

In this study, we used the CD151-AAA mutant to investigate
the mechanism that governs the effects of CD151 on carci-
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noma metastasis. Our results revealed that the CDI151-AAA
mutant strongly inhibited the proliferation, migration and
invasion of HepG2 cells. These results demonstrated that the
CDI151-integrin complex is functionally significant. In our
previous study, this mutant was shown to have the ability
to impair angiogenesis due to abrogation of the relationship
between CD151 and integrins (11).

CDI151 has a function in a number of carcinomas. In liver
cancer, hepatocellular carcinoma patients with high expression
levels of the CDI151/integrin 1 complex have been reported
to have the poorest prognosis (2). The expression levels of
CD151 have been found to correlate positively with clinical
classification in clear cell renal cell carcinoma patients; the
patients with high CD151 expression levels had significantly
shorter survival times (3). For tumors of the gastrointestinal
tract, CD151 is indicated to promote metastasis formation (10).
In endometrial cancer, CD151 has been identified as a novel
marker that may be used to guide therapeutic decisions (12).
It has also been reported that CD151 forms a structural and
functional complex with integrin a3/06 that exerts oncogenic
functions in human salivary gland cancer cells (13). The
expression levels of the CD151-a6 integrin complex have been
reported to be elevated in 31% of human breast cancers (14).
CD151 expression levels have also been found to be signifi-
cantly higher in prostate cancer, with poorly differentiated
cancers demonstrating the strongest staining (15). Patients
with pancreatic adenocarcinoma also revealed high expres-
sion levels of CDI151, and a.6f4 was found to be selectively
upregulated (16). In all, CDI151 is the most harmful molecule
that may be detected in patients with carcinoma and many of
its functions are associated with integrins.

CD151 closely associates with laminin-binding integrins
(a3p1 and a6fB1) and affects their functions (17,18). The
CDI151 site QRD194-196 is the key site of complex formation
between CD151 and integrins. Therefore, in this study we used
PAAV-CDI151-AAA, which we constructed in our former study
by applying the technology of oriented direction mutation, to
investigate whether the function of CD151 is weakened without
the aid of integrins. The results confirm our hypothesis. This
is the first time that we have used the mutant CDI51-AAA
to study tumor cells. In our former study it was used in the
investigation of angiogenesis (11). The mutant CD151-AAA
abrogated cell proliferation, migration and invasion ability. Its
mechanism may involve the downregulation of P-Racl/cdc42
activity.

From these findings, it appears that the enhancement
of HepG2 cell proliferation, migration and invasion by
CD151 is due to P-Racl/cdc42-mediated events activated by
CD151-integrin complexes, but not by CD151 alone. Our study
suggests that, since the relationship between CDI151 and inte-
grins may be disrupted to result in marked decreases in tumor
cell quantity and other effects, interrupting their connection
may be a new method to prevent malignant cell metastasis.
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