
Malignant transformation of cells and tumor pro-

gression is mainly controlled by the extracellular matrix

(ECM). This control occurs via signal transduction (sig-

naling), a successive trafficking of the matrix generated

signals delivered to nuclei through a chain of intracellular

molecules with subsequent modification of gene activity.

Key mediators in signal transduction are the integrins,

cell surface receptors that directly associate with the

matrix proteins and initiate signaling. Numerous experi-

mental data indicate that integrins are involved in the

basic behavioral responses of cells (proliferation, differ-

entiation, mobility, apoptosis) whose modifications are

the basis of tumor progression [1-4].

Integrins comprise a large family of about 20 mem-

bers, each being a heterodimer consisting of α- and β-

chains connected by noncovalent bonds. Integrins

markedly differ from each other in ligand specificity and

expression levels in mammalian tissues. The most com-

mon and vital for mammalian cells are fibronectin-bind-

ing integrin α5β1, the collagen-binding receptor α2β1,

and integrin αvβ3 having a diverse ligand specificity.

These receptors have been the subject of the majority of

studies aimed at clarifying the role of integrin-mediated

signaling in growth and progression of tumors [5-7]. Data

on the functions of individual integrins are controversial.

This may result because of the diversity of the integrin

family and the variety of signal pathways that a particular

receptor can induce in different cells. In mice transgenic

for the human papilloma virus (HPV), deletion of the α2

integrin gene did not affect the growth of HPV-induced

squamous carcinoma, while it significantly increased

metastasis in regional lymph nodes [8]. These results are

in line with the observation of a significant contribution

of α2β1 to progression of melanoma, hepatoma, and lung
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Abstract—Blocking the expression of integrin α2β1, which was accomplished by transduction of α2-specific shRNA, result-

ed in significant inhibition of proliferation and clonal activity in human MCF-7 breast carcinoma and SK-Mel-147

melanoma cells. Along with these changes, deprivation of α2β1 caused a sharp decrease in melanoma cell invasion in vitro.

Analysis of integrin-mediating signal pathways that control cell behavior revealed a significant increase in activity of Akt

protein kinase in response to depletion of α2β1. The increase in Akt activity that accompanies a suppressive effect on cell

invasion contradicts well-known Akt function aimed at stimulation of tumor progression. This contradiction could be

explained by the “reversed” (noncanonical) role played by Akt in some cells that consists in suppression rather than pro-

motion of invasive phenotype. To test this suggestion, the effects of Akt inhibitors on invasive activity of SK-Mel-147 cells

were investigated. If the above suggestion is true, then inhibition of Akt in cells depleted of α2β1 should result in the restora-

tion of their invasive activity. It appeared that treatment with LY294002, which inhibits all Akt isoforms (Akt1, Akt2, Akt3),

not only failed to restore the invasive phenotype of melanoma cells but further attenuated their invasive activity. However,

treatment of the cells with an Akt1-specific inhibitor significantly increased their invasion. Thus, the stimulating effect of

α2β1 integrin on invasion of melanoma cells is realized through a mechanism based on inhibition of one of the Akt isoforms,

which in these cells exhibits a noncanonical function consisting in suppression of invasion.
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carcinoma cells [9-11]. However, in a mouse model of

spontaneous breast cancer, α2β1 suppressed metastatic

dissemination [12]. As mentioned above, these contradic-

tions may result from differences between distinct tumor

histotypes in signaling pathways initiated by integrin

α2β1 [13-16].

In this study, it has been shown that downregulation

of α2β1 in human breast carcinoma and melanoma cells

strongly suppresses their malignant phenotype, in partic-

ular, the in vitro invasion activity of melanoma cells. We

demonstrated for the first time that a stimulating effect of

α2β1 integrin on melanoma cell invasion is realized

through a noncanonical mechanism based on inhibition,

rather than stimulation, of the Akt1 isoform of Akt pro-

tein kinase.

MATERIALS AND METHODS

Cells and reagents. MCF-7 human breast cancer cell

line was obtained from the ATCC (American Type

Culture Collection, USA). SK-Mel-147 human

melanoma line, previously shown to be highly metastatic

[17], was obtained from the Memorial Sloan Kettering

Cancer Center, USA. Cells were cultured in DMEM

medium containing 10% fetal calf serum, 2 mM L-gluta-

mine, 100 U/ml penicillin, and 100 µg/ml streptomycin

and incubated at 37°C in an atmosphere with 5% CO2.

Polyclonal antibodies against α2-integrin subunit

and monoclonal antibodies against α2β1 integrin were

obtained from Chemicon and BD Pharmingen (USA),

respectively. Polyclonal antibodies against protein kinases

Akt and Erk and their phosphorylated forms (pAkt

Ser473 and pErk Thr202/Tyr204) were from Cell

Signaling Tech (USA). Erk inhibitor (PD98059), PI3K/

Akt inhibitor (LY294002), Akt1- and Akt2-specific

inhibitors (XXIII and XII, respectively) were purchased

from Calbiochem (USA), and other chemicals were from

Sigma (USA) unless otherwise stated.

Cell transduction with shRNA. Bacterial glycerol

clones NM_002203.2-1427s1c1 (#D3) and NM_002203.3-

1561s21c1 (#D7) containing lentiviral plasmid vector

pLKO.1-puro with shRNA specific for the α2-integrin

subunit and pLKO.1-puro lentiviral vector without

shRNA (“empty” vector, control) were purchased from

Sigma. The preparation of lentiviral particles and infection

of the cells was performed as described previously [18].

Proliferation and DNA synthesis. Cells (2·104) were

seeded in DMEM supplemented with 10% fetal serum in

96-well culture plates. After distinct time intervals, the

cells were stained with Crystal Violet and dissolved in 1%

SDS, and then optical density was determined at 570 nm.

DNA synthesis was assayed by the incorporation of EdU

(5-ethynyl-2′-deoxyuridine) followed by staining of repli-

cating and total DNA, as described in the manufacturer’s

protocol (Invitrogen, USA). Briefly, the cells in the loga-

rithmic growth phase were seeded on coverslips, incubat-

ed at 37°C for 1 h with 10 µM EdU, fixed with 3.7%

formaldehyde, permeabilized by Triton X-100 (0.5%)

treatment, stained with Alexa Fluor 488 and Hoechst

33342, and viewed in a luminescence microscope at

wavelengths (excitation/emission, nm) of 495/519 for

Alexa Fluor 488 and 350/461 for Hoechst 33342.

Invasion in vitro. The assays were performed as previ-

ously described [19] with minor modifications. Cells ((5-

7)·104) in 150 µl DMEM containing 0.5% fetal serum

were applied on Matrigel (BD Pharmingen, USA) immo-

bilized on 8 µm-pore membranes of the upper chamber of

Transwell clusters (Corning, USA) with the bottom

chambers containing 1 ml of the same medium. After 48-

72 h at 37°C in an atmosphere of 5% CO2, the number of

cells that migrated from the upper to the bottom chamber

was counted.

Clonal activity. About 2000 cells were plated on a 1%

methylcellulose gel in complete medium in Petri dishes

for 14 days. The colonies were stained with Crystal Violet,

visualized in an optical microscope, and scanned.

PAGE and immunoblotting. Cells were extracted with

buffer (50 mM Tris-HCl, pH 7.5, 1% Triton X-100,

150 mM NaCl, 0.5% sodium deoxycholate, 0.1% SDS)

containing protease and phosphatase inhibitor cocktails

(Santa Cruz Biotech, USA), each 1 µl/106 cells, and cen-

trifuged at 13,000g for 10 min. Further treatments were

performed as described [20].

FACScan analysis was performed as previously

described [20].

Statistical analysis. Differences between groups were

assessed using Student’s t-test. Significance level was set

at p < 0.05.

RESULTS

Downregulation of integrin a2b1 signaling inhibits

proliferation and clonal activity of tumor cells. Signal

activity of integrin α2β1 was blocked by suppressing its

expression with the α2-specific shRNA. In this study, we

explored two plasmid clones containing α2-specific

shRNA. In our previous investigation, both clones were

shown to be highly efficient in downregulation of α2β1

expression in MCF-7 breast carcinoma cells [20].

Analysis of its expression in SK-Mel-147 melanoma cells

transduced with these clones also demonstrated their high

efficacy, as indicated by the fact that the expression of

α2β1 in cells transduced with any of them was 2-2.5 times

lower than in cells transduced with an empty plasmid

(FACScan data, not shown). Subsequent studies were

performed with the D3 clone, which, like in the MCF-7

cells, was more effective.

Proliferative activity was assessed by the change in

cell growth in culture for 0-72 h (Fig. 1, a and b). In the

MCF-7 line, after 24 h of growth, there was a marked
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decrease in the number of cells transduced with α2

shRNA compared to cells transduced with the control

vector. After 48 h of growth, the number of cells in the

experimental samples of the MCF-7 line decreased by

∼40% compared to the control. Almost the same decrease

in growth was detected in SK-Mel-147 experimental

samples compared to the controls. These results are con-

sistent with data on the change in DNA synthesis in

response to blocking the expression of integrin α2β1

(Fig. 1c). During 1-h incubation with EdU, both lines

showed almost the same decrease (46 and 40%) in the

amount of EdU incorporation in cells depleted of α2β1

compared to the control cells.

An intrinsic feature of malignant transformation is

capacity of tumor cells to grow in the absence of ECM

contacts and to form colonies in semi-liquid media

(agarose, methylcellulose). Normal cells detached from

the ECM, undergo a kind of apoptosis termed anoikis.

The acquisition by tumor cells of ability to overcome

anoikis is largely determined by cell surface molecules,

including integrins. We have shown previously that MCF-

7 cells reduced by ∼3-fold their ability to form colonies in

a methylcellulose gel in response to α2β1 knock-down

[20]. In SK-Mel-147 cells, clonal activity also diminished

a

b

c

Fig. 1. Effect of downregulation of integrin α2β1 expression on

proliferation (a, b) and DNA synthesis (c) in human MCF-7

breast carcinoma and SK-Mel-147 melanoma cells. a, b) The cells

were transduced with PLKO.1 plasmid vector containing α2-spe-

cific shRNA or with the empty vector (control) and treated as

described in “Materials and Methods”. c) Cells in logarithmic

growth phase were incubated with EdU and stained as described in

“Materials and Methods”, and then the ratio of the number of

Alexa Fluor 488-stained cells to that of cells stained with Hoechst

33342 was determined. The ratio determined for control cells was

taken as 100%; 1) cells transduced with the empty vector; 2) cells

transduced with α2 shRNA-containing vector. The results of three

independent experiments are shown (M ± SEM); * p < 0.05 rela-

tive to (1); ** p < 0.02 relative to (1).

a

b

Fig. 2. Effect of α2β1 downregulation on clonal activity of SK-

Mel-147 cells. Cells transduced with the empty (PLKO.1) or α2

shRNA-containing vector were grown in semiliquid methylcellu-

lose for 14 days as described in “Materials and Methods”. Colonies

on Petri dishes were stained with Crystal Violet and scanned, and

the number of colonies was counted. The number of colonies

formed by control cells was taken as 100%. a) The result of a typi-

cal experiment is shown; b) results of three independent experi-

ments are shown (M ± SEM); * p < 0.02, relative to PLKO.1.
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in response to α2β1 suppression, although to a less degree

than in MCF-7 cells (Fig. 2).

Blockade of a2b1 signaling inhibits invasive activity of

SK-Mel-147 cells. As mentioned, numerous data indi-

cate that the modes and ways of α2β1 involvement in

mechanisms of tumor progression, especially in degrada-

tion and invasion of the ECM, are contradictory and

depend on cell histotypes and features of cell lines. In the

present study, we analyzed an invasive activity of two quite

different tumor lines using an in vitro invasion model: the

cells were assessed for their ability to induce destruction

and invasion of Matrigel, a gel reconstructed from base-

ment membrane proteins. In addition, the expression of

matrix-specific proteases (MMP-2 and MMP-9) was

determined, since increase in their activity is one of the

characteristic feature of invasive phenotype. It appeared

that MCF-7 cells are virtually inactive in in vitro invasion,

and transduction of α2-specific shRNA does not affect

their invasive activity (Fig. 3a). This result corroborates

low metastatic activity of these cells [21]. On the other

hand, MCF-7 cells were found to be active in synthesis of

MMP-2 collagenase, which is mainly represented by an

inactive form (with molecular weight of 72 kDa), while

the active form (with molecular weight 68 kDa) was not

detected. Unlike the MCF-7 line, highly metastatic SK-

Mel-147 cells demonstrated not only enhanced MMP-2

expression but also a visible increase in the level of active

MMP-2 form (Fig. 3b). Besides, in contrast to MCF-7,

melanoma cells were highly active in expression of active

(85 kDa) MMP-9 (Fig. 3b). One can see that downregu-

lation of α2β1 led to a significant decrease in active and

inactive MMP-9 forms in melanoma cells, a finding that

is in line with the fact that the depletion of these cells of

α2β1 resulted in about 2-fold decrease in their invasive

activity (Fig. 3a).

Signal pathways mediating the effects of a2b1 down-

regulation. To clarify the mechanisms mediating the

effect of α2β1 integrin on invasion, we assessed the

expression of proteins that participate in signal pathways

and control the physiological functions of cells.

Immunoblot analysis of cell lysate proteins (obtained

from control and α2 shRNA-transduced cells) showed

that downregulation of α2β1 resulted in a dramatic

increase in expression of apoptogenic p53 protein in SK-

Mel-147 cells (Fig. 4). In addition, the expression of cell

cycle inhibitors, proteins p21 and p27, was significantly

increased, while c-myc protein expression was reduced.

These proteins perform important functions in the mech-

anisms of cell proliferation and survival [22, 23]. Similar

changes in these proteins were detected earlier in the

MCF-7 line [20]. Along with these characteristics, we

assessed the impact of α2β1 downregulation on expres-

sion and activity of Erk1/2 protein kinase (Erk isomers

with molecular weights of 42 and 44 kDa) and Akt kinase,

both of which play a key role in transmitting integrin-

induced signals. Expression and activity of these enzymes

were determined by immunoblot analysis of cell lysate

proteins using antibodies to kinase total protein and to its

active (phosphorylated) forms. As shown in Fig. 4,

decrease in α2β1 did not affect the content of both kinas-

es nor the activity of Erk1/2 kinase, but was accompanied

by a significant increase in activity of Akt kinase in SK-

Mel-147 cells. In contrast, in MCF-7 cells, downregula-

tion of α2β1 had no effect on Akt activity while it

enhanced the activity of Erk1/2 [20].

Noncanonical function of Akt1 in invasive phenotype

of SK-Mel-147 cells. Enhanced Akt activity found in SK-

Mel-147 cells with decreased invasive potential might

result from noncanonical Akt functions in these cells,

a

b

Fig. 3. Effect of α2β1 downregulation on in vitro invasion (a) and

activity of matrix metalloproteinases (b) in MCF-7 and SK-Mel-

147 cells. a) Cells transduced with the control (PLKO.1) or α2

shRNA-containing vectors were applied to Matrigel, and the

number of cells migrated into the bottom chamber of transwell

clusters was counted (see “Materials and Methods”). Invasion

was calculated as ratio (%) of the number of migrated α2 shRNA-

transduced cells to that of empty vector-transduced cells. Results

of three independent experiments are shown (M ± SEM); * p <

0.02, relative to PLKO.1. b) Immunoblotting of cell lysate pro-

teins. Cell lysate proteins (30 µg) were run on 7.5% SDS-PAGE,

electroblotted onto a PVDF membrane, probed with primary and

secondary antibodies, and analyzed in a gel- and chemi-docu-

mentation system.
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consisting in suppressing cell growth and progression, in

contrast to well-known Akt function of promoting tumor

progression documented in various cell types [24, 25].

But it could not be excluded that the observed increase in

Akt activity is a sign accompanying downregulation of

α2β1 in SK-Mel-147 cells and is not related to mecha-

nisms controlling tumor progression. To address this

question, the effect of Akt inhibition on proliferation and

invasive activity of SK-Mel-147 cells was assessed. We

hypothesized that if inhibition of melanoma cell prolifer-

ation induced by α2β1 knockdown occurs via activation

of the PI3K/Akt signal pathway, inhibition of this kinase

should neutralize the inhibitory effect or even enhance

proliferation. It was found, however, that treating α2

shRNA-transduced cells with the specific PI3K/Akt

inhibitor LY294002 leads to further inhibition of cell pro-

liferation (data not shown).

Similar results were obtained when investigating the

effect of LY294002 on invasion of melanoma cells. As

shown in Fig. 5, empty vector-transduced melanoma

cells, upon the treatment with LY294002, reduced their

invasion activity by 2.5 times, i.e. to the level of the α2

shRNA-transduced cells, not treated with this inhibitor.

Thus, these data are not in line with the suggestion that

Akt can suppress invasive activity in the studied

melanoma cells.

It is known that Akt kinase is represented by three

isoforms (Akt1, Akt2, Akt3) that differ in expression level

in distinct cell types of different origin [26]. Several stud-

ies have also demonstrated significant differences

between individual isoforms in their effect on behavioral

cellular responses, including metastatic and invasive

activity of tumor cells. For example, suppression of Akt1

stimulated proliferation and epithelial–mesenchymal

transition (EMT) of mammary epithelial cells, while

downregulation of Akt2 eliminated this effect [27].

Notably, LY294002 does not exhibit isozyme-specific

effects and suppresses the activity of all isoforms. One

could speculate that increased level of phosphorylated

Akt found in α2β1-depleted melanoma cells is the result

of activation of one of the Akt isoforms, which unlike the

other two inhibits invasion, i.e. manifests a noncanonical

function. In our previous investigation we have shown

that blockade of Akt1 significantly attenuated anchorage-

dependent apoptosis (anoikis) in SK-Mel-147 cells,

while inhibition of two other isoforms stimulated anoikis

(in press).

In view of these results, we analyzed the effect of

Akt1 inhibition on in vitro invasion of melanoma cells

transduced with α2-specific shRNA. As shown in Fig. 6,

the Akt1-specific inhibitor XXIII exerted a pronounced

stimulating effect on invasion of the studied cells, inde-

pendent of their α2β1 expression. This indicates that the

Akt1 isoform can reduce invasive potential of SK-Mel-

147 melanoma cells. It is also seen that inhibition of Akt2

Fig. 4. Effect of α2β1 integrin knockdown on expression of signal-

ing proteins in MCF-7 and SK-Mel-147 cells. Cell lysate proteins

(30 µg) from cells transduced with empty vector or α2 shRNA-

containing vector were run on 7.5% SDS-PAGE, followed by

immunoblotting as specified in “Materials and Methods”. The

membrane was probed with antibodies to the indicated proteins at

a 1 : 1000 dilution (see legend to Fig. 3).

Fig. 5. Effect of Akt and Erk protein kinase inhibitors on in vitro

invasion of SK-Mel-147 cells. Cells transduced with control (1-3)

or α2 shRNA-containing (4-6) vectors were treated for 24 h with

25 µM Akt inhibitor, LY294002 (2, 5), or 25 µM Erk inhibitor,

PD98059 (3, 6), followed by assaying in vitro invasion (see

“Materials and Methods”). Invasion of control vector-transduced

cells not treated with the inhibitors (column 1) was taken as 100%.

The results of three independent experiments are shown (M ±

SEM); * p < 0.05 relative to (4).
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by the specific inhibitor XII did not have a noticeable

effect on the invasion of control and α2 shRNA-trans-

duced cells. The effect of Akt3 on invasion of SK-Mel-

147 cells is now being analyzed.

In conclusion, we have provided direct evidence that

in regulating tumor progression at least one of the Akt

isoforms can perform functions that are not typical to this

key signal molecule. Another conclusion is that impact of

α2β1 integrin on tumor progression can be mediated

through a noncanonical activity of Akt.

DISCUSSION

As noted, data on the role of the α2β1 receptor in

tumor progression (invasion, metastasis) are contradicto-

ry. In addition to the cited data reported by Tran et al. [8],

it should be mentioned the work by Dyce et al. [28]

demonstrating that mouse xenografts of a human squa-

mous cell carcinoma line with high α2β1 expression

exhibited more pronounced invasion into surrounding

tissues compared to the lines with low α2β1 expression. A

similar tendency was observed by Sottnik et al. [29], who

showed that overexpression of integrin α2β1 stimulates,

while its downregulation inhibits, adhesion and migration

of prostate cancer cells on collagen. In addition, deficien-

cy of α2β1 reduced bone metastasis of prostate cancer

cells inoculated into animals. A key role of α2β1 integrin

in metastasizing was demonstrated in studies on bone

metastasis developed in mice grafted with B16 mouse

melanoma cells [30].

However, as reported by Ramirez et al., deletion of

the α2 integrin in MMTV-Neu (mouse mammary tumor

virus) infected mice, characterized by a high breast tumor

incidence, led to a drastic increase in spontaneous lung

metastasis estimated by the number and size of metastases

[12]. On the other hand, they demonstrated that cell lines

derived from primary breast tumors with high α2 gene

expression did not differ in proliferative activity from the

lines derived from tumors devoid of α2 gene expression.

Our results demonstrating that loss of α2β1 expres-

sion led to a decrease in active MMP-2 corroborate the

cited investigation. However, we have shown that α2β1

downregulation inhibited proliferation of the cells with

low metastatic potential while it reduced both prolifera-

tion and invasion of cells with high metastatic activity.

Further research is needed to clarify these contradictions.

Of a principal interest is our data indicating the ability of

one Akt isoform to induce signals aimed at attenuating

rather than promoting invasive activity of tumor cells.

Importantly, this noncanonical function of one of the key

signal molecules was shown to be implicated in a mecha-

nism by which integrins can control the invasive activity

of tumor cells – the most important property of a malig-

nant phenotype. This observation made on a melanoma

line is consistent with studies on the other tumor histo-

types. For example, in a breast adenocarcinoma line with

high metastatic potential, the effect of TIS21 tumor sup-

pressor, which consists in inhibiting the formation of

invadopodia and, therefore, blocking the invasion, is real-

ized through a mechanism mainly based on activation of

Akt1, while changes in Akt2 expression had no impact on

invadopodia formation and invasive activity [31]. The

ambivalent properties of Akt isoforms have been docu-

mented in several investigations. Akt1 was shown to stim-

ulate the growth of breast carcinoma but inhibit its metas-

tasis [32]. In contrast, Akt2 enhanced invasion and

metastasis of breast and ovarian carcinoma cells [33].

This finding has recently been confirmed on cells of the

same origin [34]. It can be assumed that distinct cellular

types differ in the expression of individual Akt isoforms,

and therefore their responses to Akt-mediated signaling

may be different.

Signaling pathways mediating inhibitory effect of

Akt1 on tumor progression are diverse, and, according to

published information, depend on tumor origin. The

diversity is typical for the upstream signals activating

Akt1, as well as for downstream Akt1-induced effectors

that modify cell behavior. In the cited investigation [31]

on a highly invasive breast carcinoma line, tumor sup-

Fig. 6. Effect of inhibitors of Akt isoforms on in vitro invasion of

SK-Mel-147 cells. Cells transduced with control (1, 2, 5) or α2

shRNA-containing vector (3, 4, 6) were treated for 24 h with

3 µM Akt1-specific inhibitor XXIII (2, 4) or 5 µM Akt2-specific

inhibitor XII (5, 6) followed by invasion assaying (see “Materials

and Methods”). Invasion of control vector-transduced cells not

treated with the inhibitors (column 1) was taken as 100%. The

results of three independent experiments are shown (M ± SEM);

* p < 0.02 relative to (1); ** p < 0.05 relative to (3).
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pressor TIS21 by activating Akt1 triggers a signal chain

that is completed by depolymerization of F-actin fila-

ments, regression of lamello- and invadopodia, and sup-

pression of invasion. In more detail, activation of Akt1

results in its translocation to nucleus with subsequent

binding and inactivation of SP1 (Nox4-specific transcrip-

tion factor) causing inhibition of Nox4 (NADPH-oxi-

dase) transcription. Reduced Nox4 level leads to a

decrease in reactive oxygen species (ROS) production,

and the resulting ROS deficiency downregulates the

expression of diaphanous-related (DR)-formin responsi-

ble for F-actin polymerization.

An alternative signal pathway was identified in a non-

small cell lung cancer line in which antimetastatic effect of

Akt1 is accomplished via inactivation of MARCKS, a pro-

tein kinase C substrate that binds actin and regulates its

polymerization [35]. But the mechanisms underlying the

effect of Act1 on MARCKS remains unclear. Intriguing in

this investigation is a feedback found between LAMC2, a

protein known to stimulate motility and invasion of tumor

cells, and Akt1. The authors showed that downregulation

of Akt1 increases the expression of LAMC2, while

enhanced level of this protein amplifies the inhibitory

effect on Akt1 and reinforces cell invasion.

From the point of the role of integrin–Akt interac-

tions in tumor progression, of considerable interest are

the results demonstrating that the anti-invasive activity of

Akt1 in a breast carcinoma line is accounted for by the

inhibitory effect on expression of β1-family integrins and

on their downstream effector, protein kinase FAK [34].

However, in these cells, unlike their above-mentioned

close relatives [31], anti-invasive effect of Akt1 was not

accompanied by remodeling of actin filaments. In this

regard, it remains unclear what morphological changes in

the cell surface ensures the acquisition of an invasive phe-

notype by the cells.
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