
Abstract. The molecular mechanisms underlying prostate
cancer metastasis remain poorly understood. The tetraspanin
family member CD151 has been reported as an ‘adaptor’
between integrins and signal pathways. The role of CD151 in
prostate cancer metastasis in vitro was investigated in this
study. LNCap cells were transfected with wild-type CD151
cDNA, mutated CD151 cDNA and vector cDNA. The
mutant (QRD194-196 to INF) CD151 cDNA was created using
QuickChange 2 site directed Mutagenesis kit (Stratagene).
siRNAs were also used to knock down the CD151 expression
in the prostate cancer cell line PC3. Proliferation, migration
and invasion properties were measured after gene transfection
and gene knock-down. There was no difference in proli-
feration of untransfected or control transfected LNCap cells
vs. CD151 transfected LNCap cells (P>0.05). There was
greater motility of CD151-transfected vs. control cells, when
transferring through migration chambers with or without
matrigel-coated membranes (P<0.01, P<0.01). Fewer numbers
of mutant-transfected cells were found on the membranes for
both migration and invasion studies (P<0.01, P<0.01). CD151
knock-down PC3 cells showed decreased motility (P<0.01),
but no change in proliferation (P>0.05). Our data show that
CD151 does not change the proliferative properties of prostate
cancer cells, but does promote migration and invasion, and
suggest that CD151 plays a specific role in promoting prostate
cancer cell motility.

Introduction

Due to the increasing use of screening with prostate specific
antigen (PSA), 60% of prostate cancer was discovered when

it was still confined to the gland itself (1). The primary cause
of death of prostate cancer is invasion and metastasis, and
metastatic prostate cancer is presently incurable (2). Despite
prostate cancer being the most common non-cutaneous malig-
nancy in Western countries, the molecular mechanisms under-
lying prostate cancer metastasis remain poorly understood.

CD151 is a member of the tetraspanin superfamily. Like
other tetraspanins, it assembles with other membrane proteins
such as integrins to form functional complexes (3). CD151
stands out among all tetraspanins not only because it plays a
key role in tetraspanin-tetraspanin and tetraspanin-integrin
networks (4), but also because it has been recently reported
as the first member of the tetraspanins to be associated with
metastasis of human cancers (5).

In a previous study from our laboratory, it was found that
CD151 has an increasing expression pattern in prostate cancer
progression, and higher levels of CD151 were associated with
poorer prognosis; indeed, CD151 had better predictive value
for the clinical outcome of prostate cancer patients than did
traditional histological grading (Gleason grading) (6).
However, functionally important regions and intracellular
effects in relation to cancer invasion are unknown for CD151.

In this study, we sought to demonstrate that CD151 imparts
enhanced motility of a prostate cancer cell line in vitro by
both overexpression and small interfering RNA (siRNA)
knock-down models. We also sought to determine where a
CD151-integrin binding site is implicated in this regard. Thus,
we created normal and mutated (QRD194-196 to INF) (7)
CD151 transfected LNCap cell lines and CD151 gene knock-
down PC3 cells. Changes in cell proliferation, migration and
invasion were evaluated afterwards.

Materials and methods

Cell line and gene transfection. All cell lines were obtained
from American Type Culture Collection (ATCC). PcDNA3.1+/
Zeo vector (Invitrogen) with the full length human CD151
sequence was generated in Professor Ashman's laboratory.
LNCap cells were transfected with CD151 cDNA, mutated
CD151 cDNA (see below) and vector only using FuGENE6
transfection reagent (Roche). Cells were incubated with 1 μg
vector CD151 DNA for 48 h then selected in media
containing Zeocin (1000 μg/ml). Medium was changed
every 3-5 days until colonies appeared (10-15 days).
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Transfected cells derived from a single clone were chosen
and cultured in 98-well plates. CD151 protein expression was
measured using Western blotting when enough cells were
grown from single clones. Cell lines with the highest CD151
expression were kept for further investigation (Fig. 1).

Generation of CD151 mutant cDNA. CD151-QRD194-196 to INF
mutant was generated using QuickChange 2 site directed
Mutagenesis kit (Stratagene). The CD151 DNA template
was denatured at 95˚C. The mutagenic primers containing the
desired mutation were annealed at 55˚C and primers extended
using PfuUltra DNA polymerase at 68˚C. The parental DNA
was digested with Dpn I enzyme. The pure mutated DNA was
transformed into competent cells and harvested. The mutated
fragment was confirmed by sequencing.

CD151 gene knock-down using siRNA method. The CD151
siRNA oligos were from Dharmacon (SMARTpool). The
oligofectamine transfection reagent (Invitrogen) was used in
siRNA transfection. PC3 cells were seeded in 6-well plates
(50% confluent). siRNA reagent was mixed with Opti-MEMI
media (Invitrogen) and oligofectamine reagent. The trans-
fection mixture was added to each well afterwards. Ham-
F12K media (500 μl) containing 30% FCS was applied to each
well after 4 h. Control siRNA (Dharmacon) and Phosphate-
buffered saline (PBS) were used as negative controls. The
knock-down efficiency was measured at 24, 48 and 72 h time-
points with Western blotting. Band intensities were measured
using the Histogram function in Adobe Photoshop CS
Version 8.0 (Adobe Systems Incorporated, CA, USA). The
ratio of CD151/ß-actin was generated representing the knock-
down efficiency. The 48 h time-point was chosen for further
motility studies (Fig. 1).

Western blot analysis. Proteins extracted from the wild-type
and transfected LNCap cells were run on a 12.5% sodium
dodecyl sulfate (SDS) acrylamide gel, transferred to nitro-
cellulose, and probed by the CD151 monoclonal antibody (8)
(Newcastle University) at a 1:500 dilution. The membrane was
then incubated with peroxidase linked anti-mouse antibody

(1:4000, Amersham Biosciences). The blots were developed
with ECL-film.

Proliferation study. Cell proliferation was measured by
trypan blue dye exclusion assay. Cells (1x105) were seeded
in triplicates in 6-well plates. On days 3 and 6, cells were
trypsinized and counted with the haemocytometer under the
microscope. Anchorage-independent growth was carried out
using soft agar colony formation assay. LNCap cells were
plated in triplicate at 3500 cells per 35-mm dish in DMEM
containing 10% FBS and 0.3 % agar onto a bottom layer of
0.6% agar. The cells were incubated at 37˚C for 10 days and
the plates were stained with 0.5 ml crystal violet for half an
hour. Colonies were then counted, representing anchorage-
independent growth of cells. All experiments were repeated
in triplicate.

Migration and invasion study. The cell migration and invasion
assay was carried out with a cell invasion kit (BD). Cells
(5x104) were placed over the upper chamber of the inserts in
a 24-well tissue culture plate. The invasive cells that migrate
through onto the lower surface of membrane (with or without
matrigel) were fixed with methanol and stained by crystal
violet after 24 h. The stained cells were counted under the
microscope at x200 amplification; 5 adjacent fields in each
specimen were chosen and counted. In experiments with
CD151 knock-down cells, all cells in each specimen were
counted after migration and invasion. All experiments were
repeated in triplicate. Results were evaluated statistically by
one way ANOVA and t-test.

Results

CD151 expression in prostate cancer cell lines. The expression
of CD151 protein was measured by Western blot assay. In
two established prostate cancer cell lines, LNCap and PC3,
the predicted 28 kDa band (8) was detected. PC3 cells
expressed larger amount of CD151 protein compared to
LNCap cells (Fig. 1). Therefore, the LNCap cell line was
chosen as a suitable model for CD151 overexpression. The
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Figure 1. CD151 expression before and after transfection and siRNA knock-down. (A) CD151 protein expression in wild-type LNCap cells, LNCap cells
transfected with CD151 cDNA (AC12) and LNCap cells transfected with mutant CD151 cDNA (BC1). (B) The knock-down efficiency of CD151 siRNA in
PC3 cells was measured at 24, 48 and 72 h time-points (upper line, ß-actin; lower line, CD151).
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CD151 transfected cell lines AC12, AE11 and CD151 mutant
transfected cell lines BC1, BG7 were used in functional studies
(Outcomes with cell lines AE11, BG7 was not shown in this
report due to similar statistic results). PC3 cells, expressing
high native levels of CD151, were used for CD151 gene
knock-down. The CD151 knock-down cells expressed less
CD151 protein, reduced by 53, 65 and 68% at 24, 48 and
72 h time-points (Fig. 1).

CD151 does not accelerate the proliferation of LNCap cells.
There was no difference between the growing rates of the
wild-type LNCap cells and CD151 transfected cells in trypan
blue dye exclusion assay (P>0.05, Fig. 2). In anchorage-
independent growth assay, cells transfected with CD151 gene
did not change their character in forming colonies in semi-
solid agar (P>0.05). Interestingly, LNCap cells transfected
with the CD151-mutant appeared to grow more slowly and
formed reduced number of colonies compared to other cell
lines (P<0.01) (Table I).

CD151 gene overexpression promotes the migration and
invasion of LNCap cell lines. In migration and invasion study,
there were more CD151-transfected cells on both control mem-
brane and matrigel-coated membranes (P<0.01, P<0.01)
(Figs. 3 and 4), which suggests that CD151 promotes cell
migration and invasion. The increasing ratio is even higher
for invasion than that of migration (P<0.01, P<0.01). The
mutant-transfected cells had fewer cells on the membranes
in both migration and invasion studies (P<0.01, P<0.01)
(Figs. 3 and 4).

Knock-down of the CD151 gene inhibits the migration and
invasion of prostate cancer cell line PC3. We created a

CD151 knock-down model in prostate cancer cell line PC3
using CD151 siRNAs. The changes in migration and
invasion properties were investigated in these cells. It was
found that CD151 knock-down cells had a decreased ability
of migration and invasion compared to control siRNA and no
siRNA transfected PC3 cells (P<0.01, P<0.01) (Fig. 5),
however, proliferation was not affected (P>0.05, P>0.05)
(unpublished data).

Discussion

High expression of CD151 has been shown to correlate with
poor survival rates in prostate cancer (6), colon cancer (9)
and lung cancer patients (10). However, its role and mecha-
nisms of action in tumourigenesis and metastasis is still a
mystery.
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Table I. Anchorage-independent study with wild-type and CD151 transfected cells.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Wild-type LNCap LNCap + Vector LNCap + CD151 LNCap + mutant CD151
(Group A) (Group B) (Group C) (Group D)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
No. of colonies 111.7±10.79 103.0±7.81 112.0±3.61 67.3±8.51

P-values Group AB, AC P>0.05 Group BA, BC P>0.05 Group CA, CB P>0.05 Group DA, DB, DC P<0.01
Group AD P<0.01 Group BD P<0.01 Group CD P<0.01

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Figure 2. Proliferation study (trypan blue dye exclusion assay). There was
no difference between the growing rates of the wild-type LNCap cells and
CD151 transfected cells (AC12) (P>0.05). The CD151-mutant transfected
cells (BC1) appeared to grow more slowly compared to the other cell lines
(P<0.01).

Figure 3. In migration (A) and invasion (B) studies, there were more CD151
transfected cells (AC12) transferred through the matrigel to the other side of
membrane compared to wild-type LNCap cells and cells transfected with
vector alone (CG8). However, there were fewer mutant-transfected cells
(BC1) moved to the other side of the membrane compared to the other cell
lines.
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As a key protein in tetraspanin-integrin association, the
function of CD151 has been evaluated using overexpressed
models in several cancer cell lines (5,11). It has been found
that CD151 did have an effect on cancer metastasis in some
cell lines (12,13). Testa et al reported that human cervical
carcinoma cells transfected with overexpressed CD151 were
more migratory than control transfectants expressing low
levels of CD151 (5). Kohno et al tested the invasive ability
of glioblastoma, colon cancer and fibrosarcoma cell lines
into matrigel. They found the cell motility and invasion of
CD151-overexpressed cancer cells were markedly enhanced
compared to those of the control parental cells, and the
numbers of lung metastatic nodules increased significantly
in vivo (11). Moreover, the increased migration and invasion
properties in transfected cell lines could be reversed by a
CD151 monoclonal antibody (5,11,13).

New evidence suggests that tetraspanins may act as
linkers between extracellular integrin alpha chain domains
and intracellular signalling molecules, such as phosphatidyl-
inositol 4-kinase (PtdIn 4-kinase) and protein kinase C
(PKC) (14). The tetraspanin proteins may function as
‘adaptors’ or ‘molecular facilitators’ to organize various cell
surface proteins into a large web (15). CD151-integrin protein
complexes have been identified in many different cell types
(15); CD151 plays a key role in the tetraspanin-integrin

network because it links other tetraspanins to the integrins
(16). The large extra-cellular loop of CD151 and the alpha
domain of integrins are thought to be involved in their
association (17,18).

Further experiments have been carried out to find which
specific region is involved in the association between CD151
and integrins. Yauch and colleagues found that the aa 186-
217 region within the large extracellular loop of CD151 was
critical in CD151-integrin connection (17). In 2002, data from
the same laboratory further narrowed the region down to aa
194-196 (7). The mutant without this region lost its highly
stoichiometric, stable and specific association with integrin
·3ß1 and ·6ß1 (7,15).

We chose the prostate cancer cell line LNCap in this
study because it expresses lower amounts of CD151 protein
compared to other prostate cancer cell lines PC3 and Du145
(data not shown). When we transfected the CD151 cDNA
into the LNCap cell line, we also generated an aa 194-196
(QRD-INF) (7) mutant and transfected the mutated CD151
cDNA into LNCap cells as another negative control.

To investigate the role of CD151 in tumor cell proliferation,
we measured cell growth using both a cell counting assay
and an anchorage-independent growth assay. In the cell
counting assay, CD151 transfected cells grow at the same
rate as wild-type LNCap cells (doubling time 34 h). The CD151
transfected cells formed approximately the same amount of
colonies as the wild-type cells after 10 days incubation in semi-
solid agar, except that CD151 transfected cells formed bigger
sized colonies (data not shown).

Migration and invasion are crucial properties of tumor
cells, which include detaching themselves from original sites,
transferring through the extracellular matrix (ECM) and into
the blood circulation. We measured the invasive property of
cells with matrigel-coated membranes between upper and
lower chambers, which block non-invasive cells from migrating
through the membrane. Migration properties were tested by
control membranes, which do not contain matrigel and the
cells can thus move more freely through the membrane. As
shown in Figs. 3 and 4, there were more CD151 transfected
cells transferred through the matrigel to the other side of mem-
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Figure 4. The wild-type, vector transfected, CD151 transfected and mutant transfected LNCap cells transferred to the other side of the membrane under
microscope.

Figure 5. CD151 gene knock-down PC3 cells in migration and invasion
studies. It showed a decreased number of CD151 siRNA knock-down cells
transferred to the other side of the membrane compared to controls (P<0.01).
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brane compared to wild-type LNCap cells and cells transfected
with vector alone. The same trend was found in the migration
study, although the increased invasive property of CD151
transfected LNCap cells was more obvious.

RNA interference (RNAi) is a post-transcriptional process
in eukaryotes targeting specific mRNA for degradation by
short-interfering RNAs (siRNAs) (19). The RNAi technique
carries out a highly specific knock-down effect in target genes
(20), which makes it not only a powerful research tool in
numerous gene functional studies, but also a potentially
useful therapeutic method in diseases such as cancer and
virus infections. Winterwood et al recently found that CD151-
silenced epithelial carcinoma cells had a markedly reduced
motility on laminin-5, and the re-expression of CD151 in
those cells reversed the motility defect (21).

CD151 gene knock-down PC3 cells were investigated after
siRNA oligos transfection in the present studies. It was found
that CD151 knock-down cells had a decreased ability of
migration and invasion compared to control siRNA and no
siRNA transfected PC3 cells. However, proliferation was not
altered after CD151 gene knock-down.

Some unexpected results in this study were the functional
changes in CD151 mutant transfected LNCap cells. We used
the mutant transfected cells as another negative control and
did not expect the CD151 mutant transfection would change
the behavior of the cells. To our surprise, the mutant trans-
fected cells grew more slowly than the wild-type and CD151
transfected cells. They formed fewer colonies in soft agar and
were not as motile as the wild-type and CD151 transfected
cells. As the mutated fragment is the most important region
involved in CD151-integrin association (7), it is possible that
the overexpression of mutant CD151 gene changes this associ-
ation and may affect the signaling pathway.

Our laboratory has previously demonstrated that CD151
is clinically valuable in predicting prognosis in prostate cancer
patients (6). The present study now provides direct evidence
that CD151 promotes migration and invasion of prostate
cancer cells, suggesting that it plays a role in prostatic cell
motility and is thus possibly involved in the metastatic
process of prostate cancer.
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