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Figure 4. Enhanced expression of PTEN decreases NSCLC cells migration and invasion. A. The expression of PTEN in
T98G NSCLC cells transfected with the vector expressing PTEN plasmid was evaluated by western blotting assay. B.
Up-regulation of PTEN caused a significant growth promotion of H1975 NSCLC cells as revealed by proliferation as-
say. Values shown were the mean absorbance + SD for five wells from one experiment, and were representations of
three independent experiments. C. Colonies were shown in purple post staining with crystal violet. D. Tumor growth
kinetics (mean + SD) of vector control H1975 or PTEN over-expressing cells in nude mice (n = 6 each). Data in this
figure were presented as the mean + SD, and **P<0.01 was determined by the Student’s t test. E. Immunohisto-
chemistry identifies the expression of PTEN from mice inoculation with PTEN over-expressing cells was significantly

distinct than cells transfected with vector.

lines. PTEN overexpressing or control cells were
implanted subcutaneously into the posterior
flank of nude mice (n = 6). Remarkably, PTEN
overexpressing cells impaired solid tumor
growth within the inoculation site (Figure 4D).
H1975 and A549 tumor grafts grown in nude
mice inoculated with cells overexpressing PTEN
exhibited higher PTEN expression (Figure 4E).
Lastly, wound healing and Transwell invasion
assays showed that PTEN overexpression sig-
nificantly decreased cellular mobility (Figure
5A) and cell invasion (Figure 5B). Taken togeth-
er, our findings indicate that PTEN overexpres-
sion ablates NSCLC cell metastasis in vitro and
proliferation in vivo.

PTEN regulates migration and invasion
WKURXJK LOQWHJULQ 9j

In order to unravel the cellular pathways
involved in PTEN-mediated migration and inva-
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sion, we performed gene expression analysis in
control and PTEN-depleted H1975 cells. We
selected a panel of genes involved in the regu-
lation of migration and invasion (Z score >2 or
<-2, p-value <0.05). The most downregulated
gene was integrin aVPB6, which activates the
notch receptor signaling pathway (Figure 6A).
Integrin aVB6 regulates multiple cancer-associ-
ated processes including proliferation, survival,
EMT, metastasis, and angiogenesis. Interes-
tingly, lung cancers generally have higher levels
of integrin aVB6 expression, which is associat-
ed with reduced disease-free survival. We con-
firmed that ectopic expression of PTEN down-
regulated both integrin aVpB6 protein subunits.
Notably, shRNA-based PTEN depletion remark-
ably increased the expression of integrin aV36
in H1975 cells, and PTEN overexpression
remarkably inhibited the expression of integrin
aVB6 (Figure 6B). To explore the impact of
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Figure 5. PTEN over-expressing suppresses migration and invasion in H1975 cells. A. Wound healing assay. Con-
fluent cell monolayers were wounded, and wound closure was monitored at O hour and 24 hour. Quantification of
wound closure was calculated. B. Invasion assay. H1975 control or cells transfected with PTEN plasmid were sub-
jected to a Transwell invasion assay. The invasived cells were stained with 1% crystal violet and counted. Data were
collected from five fields in three independent experiments. Quantification of invasive cells per field was analyzed.
For indicated comparisons, **P<0.01.
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Figure 6. Integrin aVB6 acts downstream of PTEN to regulate H1975 cells migration and invasion. A. Microarray-
based gene expression. B. The protein level of integrin aVp6 in PTEN-knockdown NSCLC H1975 cells after trans-
fection with the indicated shRNAs or PTEN over-expression H1975 as determined by immunoblotting analysis. C.
Cell growth rate from cilengitide (2 uM) and vehicle treated PTEN knock-down H1975 cells. D. Analysis of migration
potential from cilengitide and vehicle treated PTENshRNA H1975 cells by a wound healing assay (left) and the quan-
tification of wound closure (right). Bars show means + SD of three independent experiments. Statistical analyses
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were performed by using the Student’s t test. E. Analysis of migration potential from cilengitide and vehicle treated
PTEN wild-type H1975 cells by a wound healing assay (left) and the quantification of wound closure (right). Bars
show means * SD of three independent experiments. Statistical analyses were performed by the Student’s t test.

For indicated comparisons, **P<0.01.

blocking integrin aVB6 on PTEN-knockdown
cells, we next treated PTEN-knockdown cells
with cilengitide, a known inhibitor of integrin
aVB6. As expected, the growth rate (Figure 6C)
of cilengitide-treated cells was significantly
decreased compared with vehicle-treated cells.
Wound healing assays also showed that cilen-
gitide-treated PTEN-knockdown H1975 cells
displayed significantly less invasion in vitro
(Figure 6D). In addition, to assess the effect of
integrin aVPB6 inhibition in PTEN wild-type cells,
we treated H1975 cell lines without PTEN
knockdown with cilengitide, and found that
treatment in PTEN-normal cells did not signifi-
cantly reduce wound healing (Figure 6E), indi-
cating that suppression of integrin aVB6 was
significantly affected in PTEN-deficient tumors.

Discussion

The issues of tumor recurrence, drug resis-
tance and enhanced metastasis remain a chal-
lenge in the treatment and clinical manage-
ment of NSCLC [17]. Despite a series of investi-
gations aimed at gaining a better understand-
ing of NSCLC genetic alterations, the ability to
translate these findings into effective treat-
ments has been limited by the difficulty of iden-
tifying functionally relevant drivers of the dis-
ease [18]. The processes of cancer metastasis
are complex. In the first step of metastasis,
cancer cells dissociate from a primary tumor by
losing cell-cell contact and transforming into a
mesenchymal phenotype, resulting inincreased
motility and invasive abilities. Hence, identify-
ing molecular drivers of NSCLC will be crucial to
a better understanding of its biology and, ulti-
mately, to the development of therapies to pre-
vent metastasis [19]. Here, we identified that
PTEN can modulate integrin signaling, which
modulates further downstream events of tumor
cell migration, invasion, and dissemination in
vivo. Ectopic expression of PTEN in NSCLC cells
decreased their capacity for migration and
invasion. In contrast, in metastatic NSCLC cells
that express low levels of endogenous PTEN,
transfection of specific shRNA against PTEN
increased migration and invasion abilities. We
also used NSCLC cell lines to determine that
PTEN supports cell proliferation and tumor
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growth in vivo. On depletion of PTEN using
shRNA, NSCLC cells showed accelerated pri-
mary tumor growth in vivo, and diminished
tumor colony size and induced cell proliferation
in vitro. Conversely, cells with PTEN overexpres-
sion had decreased growth rates both in vitro
and in vivo.

PTEN, a kinase receptor expressed in endothe-
lial cells, is also expressed by human epithelial
cancer cells, such as those derived from pan-
creatic, colorectal, and breast tumors, and mel-
anomas [20]. Activation of PTEN promotes the
epithelial-mesenchymal transition and an
aggressive phenotype in specific cancer cells.
Recent studies support the crucial role that
PTEN plays in mediating the epithelial-mesen-
chymal transition and consequent aggressive
disease traits. In addition to its role in angjio-
genesis, PTEN might mediate a variety of hith-
erto unappreciated biological functions, such
as liver regeneration, inflammatory processes,
and cancer metastasis. Recent studies have
also observed increased expression of PTEN
in grade 4 diffusely infiltrating astrocytoma.
However, whether PTEN has a role in the meta-
static potential of NSCLC has not yet been
determined. Consequently, the role of PTEN in
mediating lung cancer tumor development has
been investigated in the current study, which
has shown that the expression of PTEN signifi-
cantly correlates with overall survival in NSCLC
patients.

Microarray analysis identified an unbiased list
of downstream regulatory genes potentially
responsible for phenotypic changes in NSCLC
cells resulting from PTEN overexpression [21].
Near the top of this list was integrin aVp6, a
signaling molecule that promotes primary cell
growth, and stimulates invasion and metasta-
sis. Several studies have demonstrated that
the integrin aVB6 signaling pathway contrib-
utes to cancer cell plasticity through the regula-
tion of cellular adhesion to the extracellular
matrix, increasing cell motility and invasion,
and contributes to poor patient outcome. In
this study, we have shown that ectopic expres-
sion of PTEN decreases the expression of inte-
grin V6, whereas elimination of PTEN mark-
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edly increases integrin V6 protein levels in
NSCLC cells. The functional role of integrin
aVB6 in PTEN-mediated metastasis is also
revealed by the finding that inhibition of integrin
oVP6 decreases the PTEN-mediated cell migra-
tion and invasion [22]. Inhibition of integrin
aVB6 expression in H1975 and A549 cells
ectopically expressing PTEN appears to play a
major role in mediating tumor growth and
progression.

NSCLC is one of the most aggressive form of
solid tumor due to its highly invasive nature
that impedes the surgical removal of all tumor
cells, making relapse inevitable [23]. However,
the mechanisms used by NSCLC cells to metas-
tasize into the surrounding tissue are still
unclear. Our findings provide strong evidence
that PTEN potentially affects NSCLC metasta-
sis by using a loss-of-function model. In sum-
mary, our in vitro and in vivo studies have dem-
onstrated that PTEN-knockdown H1975 and
A549 cells have profound pathogenic effects
on NSCLC progression. This study reveals the
critical contribution of overexpression of PTEN
to suppression of cancer progression through
inhibition of integrin aVB6 signaling, and identi-
fies PTEN as a potential therapeutic target for
controlling tumor aggression.
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