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E-cad herin, a well-char ac ter ized cell–cell adhe sion mol e cule, exe cutes mul ti func tion roles on cell behav-

iors. How ever, its effect on chemo-resis tance remains con tro ver sial. In this study, we found that E-cad-

herin positive breast cell lines were less sen si tive to stauro sporine com pared to E-cad herin neg a tive 

ones. Next, we sub stan ti ated that the expres sion of E-cad herin in MDA-MB-435 cells could partly coun-

ter act the cyto toxic effect induced by stauro sporine through a series of apop to sis assay. The resis tance 

of E-cad herin over-express ing cells to stauro sporine may due to the up-reg u la tion of Bcl-2/Bax ratio. 

When E-cad herin inter fer ence plas mids were trans fec ted into MCF-7 cells, Bcl-2 expres sion was down-

reg u lated. More over, per tur ba tion of E-cad herin func tion by block ing the cell–cell con tact resulted in 

decreased cel lu lar lev els of Bcl-2 pro tein expres sion. All these results dem on strated the chemo-resis tance 

func tion of E-cad herin in the con di tion of stauro sporine treat ment, there fore, might con trib ute effec tive 

ther a peu tic strat e gies in breast car ci noma.

© 2008 Else vier Inc. All rights reserved.
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Intro duc tion

Apop to sis, a type of pro grammed cell death, is an evo lu tion-

arily con served bio chem i cal path way in con trol ling cell suicide 

that plays an essen tial role in reg u lat ing nor mal devel op ment and 

ho mo eo sta sis in mul ti cel lu lar organ isms [1]. Induc tion of apop to-

sis is con sid ered to be the under ly ing mech a nism that accounts for 

the effi ciency of most che mo ther apy drugs. Stauro sporine (STS)2, a 

potent pro tein kinase C inhib i tor with a broad spec trum of activ ity, 

is used in vitro as an ini ti a tor of apop to sis in a wide vari ety of cell 

types. Nev er the less, STS has not been used as a clin i cal che mo ther-

apy drugs until now. The potential fac tors that influ ence the STS-

induced apop to sis remain largely unknown.

Gen er ally, it is believed that a mito chon drial path way plays a 

crit i cal role in STS-induced apop to sis [2]. This involves release of 

mito chon drial apop to tic pro teins such as cyto chrome c, apop to-

sis-induc ing fac tor (AIF) and sec ond mito chon drial-derived acti-

va tor of caspase (SMAC) [3–5]. On release, cyto chrome c inter acts 
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with apop to tic pro tein ase-acti vat ing fac tor-1 and pro-caspase-9 to 

form ap op to somes. The lat ter acti vates caspase-9 and down stream 

effec tor casp as es such as caspase-3 that are respon si ble for apop-

to tic destruc tion of the cells [6]. The anti-apop to tic Bcl-2 fam ily 

mem bers such as Bcl-2, Bcl-XL and MCL1 appear to preserve the 

integ rity of outer mito chon drial mem brane [7,8]. Over-expres-

sions of Bcl-2 and Bcl-XL inhibit mito chon dria-depen dent path way 

to apop to sis in dif fer ent kinds of cells, thus pro tect ing those cells 

from kill ing by che mo ther a peu tic agents [9,10]. And reduc tion of 

Bcl-2 lev els increases the activ ity of che mo ther apy against many 

tumor types in vitro and in vivo [10–14]. As such, the proto-onco-

gene Bcl-2 is thought to be directly asso ci ated with cel lu lar trans-

for ma tion and resis tance che mo ther apy [9,15].

E-cad herin, a well-char ac ter ized cell adhe sion mol e cule, is 

essen tial for cell–cell adhe sion, which in turn reg u lates var i ous 

aspects of cell fate includ ing devel op men tal deci sions, cel lu lar 

dif fer en ti a tion and pos si bly cell sur vival [16,17]. Just as inte-

grins’ func tion to medi ate cell–extra cel lu lar matrix inter ac-

tions in anchor age-depen dent sur vival, cad her ins may also act 

in such a capac ity, pos sess ing a func tional role in the reg u la tion 

of inter cel lu lar adhe sion-depen dent sur vival. Sev eral stud ies 

have reported the asso ci a tion between E-cad herin-med i ated 

aggre ga tion and sur vival of car ci noma cells [18]. How ever, the 

actual mech a nism by which cad her ins medi ate these sig nals 

is not known. As a hall mark of tumor pro gres sion, E-cad herin 

expres sion var ies in a larger range in dif fer ent types and stages 

of tumor [19,20]. It would be much help ful for the appli ca tions 

http://www.sciencedirect.com/science/journal/00039861
http://www.elsevier.com/locate/yabbi
mailto:xlzha@shmu.edu.cn 


 L. Wang et al. / Archives of Biochemistry and Biophysics 481 (2009) 116–122 117
of che mo ther apy if the rela tion ship between the E-cad herin 

expres sion level and the sus cep ti bil ity of tumor cells to che mo-

ther apy drugs be clar i fied.

We inves ti gated in this report that E-cad herin over-express ing 

breast can cer cells were less sen si tive to STS, thereby reduc ing the 

effec tive ness of che mo ther apy. The mech a nism by which E-cad-

herin pro tected cells from STS-induced apop to sis was due to the 

up-reg u la tion of Bcl-2.

Mate ri als and meth ods

Cell cul ture

The human breast car ci noma cell lines MDA-MB-435, MDA-MB-

231, T47D and MCF-7 were cul tured in Dul becco’s mod i fied Eagle’s 

medium (DMEM) sup ple mented with 10% new-born bovine serum 

at 37 °C, at 5% CO2.

MTT cell via bil ity assay

Cell pro lif er a tion and via bil ity were quan ti fied using the methyl 

thia zol tet ra zo lium (MTT) cell pro lif er a tion reagent (Roche Diag-

nos tics) accord ing to the man u fac turer’s pro to col. Cells were 

seeded at a den sity of 2 £ 105 cells/ml into 96-well plates and incu-

bated for 12 or 24 h in com pleted medium with DMSO (con trol) or 

sup ple mented with var i ous dose of STS; then 20 ll MTT label ing 

solu tion (5 mg/ml) per well was added. After incu ba tion at 37 °C 

for 4 h, cul ture medium was dis carded and 150 ll DMSO was added 

to each well. The sam ples were quan ti fied spec tro pho to met ri cally 

by mea sur ing the absor bance of the for ma zan prod uct at 490 nm 

with an ELISA plate reader.

Sta ble trans fec tion

The MDA-MB-435 cells (1 £ 105/well) were trans fec ted with 

pcDNA3-E-cad herin or pcDNA3 empty vec tor plas mids (4 lg/well) 

in 6-well plates using Lipo fect amine™ 2000 (Invit ro gen Inc., Carls-

bad, CA), accord ing to man u fac turer’s guide lines. Twenty-four 

hours after trans fec tion, the cells were seeded into 100 mm dishes 

with a dilu tion of 1:20 and cul tured in DMEM with 800 lg/mL of 

G418 (Promega, Pitts burgh, PA) for selec tion. The anti-G418 clones 

were fur ther screened by Western blot (see [21]), and then one of 

the E-cad herin express ing sta ble clones named Ecad6-435 and an 

empty vec tor pcDNA3 sta ble clone named Neo1-435 were selected 

for next inves ti ga tion. The sta ble clones, which were main tained 

in DMEM with 200 lg/mL of G418, were val i dated for their E-cad-

herin expres sion every three month.

Immu no flu o res cent stain ing

The human breast car ci noma cell lines MDA-MB-435 cells were 

plated at den si ties of 2 £ 104 cells/cm2 onto glass cov er slips and 

grown for over night. Cells were washed twice in 1£ PBS, and fixed 

in 4% (v/v) para for mal de hyde for 10 min at room tem per a ture. 

Then the fixed cells were incu bated with primary anti body against 

E-cad herin (diluted 1:500) for 6 h at 37 °C, washed three times 

with 1£ PBS fol lowed by treat ment with FITC-con ju gated sec ond-

ary anti body (diluted 1:200) for 1 h at 37 °C. Neg a tive con trol was 

pro duced as men tioned above except for omit ting the primary 

anti body. The im mu no flu or es cent ly stained cells were exam ined 

on the OLYM PUS™ micro scope.

Cell aggre ga tion assay

Cells were detached with HCMF buffer (150 mM NaCl, 0.6 mM 

Na2HPO4, 10 mM glu cose and 10 mM Hepes, pH 7.4) con tain ing 
0.02% tryp sin and 2 mM CaCl2. Sin gle cell sus pen sions were re-sus-

pended in HCMF buffer con tain ing 2 mM CaCl2 at a con cen tra tion 

of 105 cells/ml. Ali quots of cell sus pen sion (300 ml) were added to 

each well of 24-well plates pre-coated with 1% BSA and incu bated 

for dif fer ent times at 37 °C with 80 rpm agi ta tion. The aggre ga tion 

index was cal cu lated by (N0 ¡ Nt)/N0, where N0 was the num ber of 

par ti cles before the exper i ment started, and Nt was the num ber at 

final time.

DAPI stain ing

To visu al ize DNA, cells were washed twice with 1£PBS, fixed 

for 30 min in 4% para for mal de hyde, incu bated with 49,69-di ami di-

no-2-phen yl in dole hydro chlo ride (DAPI) for 10 min, and then ana-

lyzed under a fluo res cence micro scope (OLYM PUS).

Annexin V apop to sis assay

For apop to sis quan ti fi ca tion by annexin V, cells were scraped 

and stained with annexin V-FITC and pro pi di um iodide accord-

ing to the man u fac turer’s instruc tions (Annexin V-FITC Apop to-

sis Detec tion Kit, Beyo time insti tute of bio tech nol ogy, China). In 

brief, cells after treat ment with STS were washed with PBS/BSA. 

After the addi tion of 195 ll bind ing buffer, 5 ll FITC-labeled 

annexin V were added and incu bated for 10 min at room tem per-

a ture. Fol lowed by incu ba tion with 10 ll pro pi di um iodide for 

10 min on ice in the dark, apop to tic cells were mea sured by FACS 

anal y sis.

Immu no blot ting assay

Immu no blot ting anal y sis was car ried out as described pre vi-

ously [21]. In brief, the sep a rated pro teins were trans ferred onto 

a PVDF mem brane and probed with the appro pri ate primary anti-

bod ies and horse rad ish per ox i dase labeled-sec ond ary anti bod ies, 

and then detected using the ECL kit (Pierce).

E-cad herin SiR NA plas mid con struct

SiR NA spe cific for E-cad herin (NM_004360) was designed 

accord ing to a reported DNA sequence of the type AA(N19) 

(GCAGAATTGCTCACATTTC). Accord ing to Am bi on com pany’s guide-

line, a pair of oli go nu cle o tides (sense: 59-GAT CCGCAGAATTGCTCA

CATTTCTTCAAGAGAGAAATGTGAGCAATTCTGCTT TTTTGGAAA-39 
anti sense: 59-AG CTTTTCCAAAA AAGCAGAATTGCTCACATTTCTCTC

TTGAAGAAATGTGAGCAATTCTGCG-39) was syn the sized, annealed 

and ligated to the Bam HI and Hin dIII sites of pSi lenc er 2.0 (Am bi on 

Co., USA) to get plas mid pSi lenc er 2.0-E-cad herin. The inserts were 

con firmed by sequenc ing. The neg a tive con trol vec tor (con trol) 

was pur chased from Am bi on.

E-cad herin func tional block ing exper i ments

Incu ba tion was con ducted with either mono clo nal anti-E-cad-

herin anti body DEC MA-1 (Sigma, U3254) or cal cium che la tor EGTA 

as described pre vi ously [21]. In brief, 0, 5, 10 and 20 lg/ml DEC MA-1 

or 0, 0.01, 0.1, 0.5, 1 and 2 mM EGTA was added into the »95% con flu-

ent Ecad6-435 cells, sep a rately, and incu bated for 12 h. Then these 

treated cells were col lected and lysed for Western blot anal y sis.

Sta tis ti cal anal y sis

The Western blot ting exper i ment was per formed at least 

three times. For the MTT cell pro lif er a tion assay, three exper i-

ments with seven par al lels (n = 21) were tested for every con-

cen tra tion.
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Results

Effect of STS on the growth inhi bi tion of E-cad herin neg a tive and 

positive breast can cer cells

To study the effect of STS on human breast can cer cells, E-cad herin 

neg a tive cell lines (MDA-MB-435 and MDA-MB-231) and E-cad herin 

positive cell lines (MCF-7 and T47D) were treated with var i ous doses 

of STS for 24 h, and assayed for growth inhi bi tion. As shown in Fig. 1, 

STS treat ment resulted in a loss of cell via bil ity in a dose-depen dent 

man ner in each cell line. Among four breast car ci noma cell lines, 

MDA-MB-435 was the most sen si tive cell line towards STS with IC50 

value of 0.56 lmol/L, whereas MCF-7 was the least sen si tive cell line 

with IC50 value of 8.3 lmol/L. The cyto tox ic ity of STS to E-cad herin 

null cells were mark edly greater (IC50 of 0.56 and 0.69 lmol/L) com-

pared with that of E-cad herin positive cells (IC50 8.3 and 2.0 lmol/L). 

Thus, it seemed that the expres sion of E-cad herin coun ter acted the 

cyto toxic effects induced by STS in breast can cer cells.

Char ac ter iza tion of positive expres sion of E-cad herin trans fec tants in 

breast can cer cells MDA-MB-435

To deter mine whether E-cad herin reg u lated STS-induced 

breast can cer cells apop to sis, MDA-MB-435 cells (E-cad herin null) 

were trans fec ted with pcDNA3-E-cad herin expres sion plas mid or 

pcDNA3 empty vec tor to build their sta ble trans fec tants, which 

were des ig nated as Ecad6-435 and Neo1-435, respec tively. Then, 

the E-cad herin expres sion of every trans fec tant was val i dated. 

As shown in Fig. 2A, E-cad herin pro tein level was sig nifi  cantly 

increased in Ecad6-435 cells, whereas hardly detected in Neo1-

435 cells. Next, we tested the func tion of the exog e nous E-cad-

herin in Ecad6-435 cells. Using immu no flu o res cent stain ing, we 

found that exog e nous E-cad herin could locate to the mem brane 

sur face in Ecad6-435 cells, sug gest ing the build-up of E-cad herin-

med i ated cell–cell adhe sion (Fig. 2B). Cell aggre ga tion assay, which 

fur ther con firmed this assume, showed that positive expres sion of 

E-cad herin sig nifi  cantly increased the cell–cell adhe sion in Ecad6-

435 cells. (Fig. 2C) These results dem on strated that the E-cad herin-

med i ated cell–cell adhe sion had been built up in Ecad6-435 cells.

E-cad herin expres sion repressed STS-induced apop to sis

To test the effect of E-cad herin on pro tect ing breast car ci noma 

cells from STS-induced apop to sis, STS stim u la tion of Ecad6-435 

and Neo1-435 cells was con ducted and the per cent age of via ble 

cells was deter mined by the MTT assay, firstly. At each con cen-

tra tion level of STS, Neo1-435 cells were induced to death with 

Fig. 1. Effect of STS on the cell growth inhi bi tion of E-cad herin null and E-cad herin 

wild-type breast can cer cells. MCF-7, T47D, MDA-MB-435 and MDA-MB-231 cells 

were incu bated with var i ous dose of STS for 24 h, rinsed, and then detected by MTT 

assay. Data rep re sent means ± SD obtained from three inde pen dent exper i ments 

with seven par al lels (n = 21) for every con cen tra tion and nor mal ized to the value 

of the con trol. IC50 val ues were extracted from assay data using Sig ma Plot 8.0 soft-

ware.

Fig. 2. Char ac ter iza tion of positive expres sion of E-cad herin trans fec tants in breast can cer cells MDA-MB-435. (A) Rel a tive changes in E-cad herin pro tein lev els in the human 

breast can cer cell line MCF-7 and in sta ble trans fec tant clones Neo1-435 and Ecad6-435, by Western blot anal y sis. Lev els of GAP DH were used as a nor mal iz ing fac tor for total 

amount of pro tein loaded. (B) Immu no flu o res cent stain ing for E-cad herin. The nuclei were coun ter stained with DAPI, and sec ond anti body used for E-cad herin was labeled 

by FITC (green). E-cad herin was pos i tively expressed on the sur face of Ecad6-435 cells. Con versely, the mem brane stain ing of E-cad herin was hardly detected in Neo1-435 

cells. (C) Cell aggre ga tion anal y sis of Neo1-435 and Ecad6-435 cells. The cell sus pen sion was seeded in each of qua dru pli cate wells of 24-well plates pre coated with BSA. 

The aggre ga tion index was cal cu lated by (N0 ¡ Nt)/N0, where N0 is the num ber of par ti cles before the exper i ment started, and Nt is the num ber at final time. The assay was 

repeated three times *p < 0.05.(For inter pre ta tion of color men tioned in this fig ure the reader is referred to the web ver sion of the arti cle.)
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a larger pro por tion than that of Ecad6-435 cells. The extreme dif-

fer ence of cell via bil ity between Neo1-435 and Ecad6-435 cells 

occurred at a 2 lM STS treat ment, where cell via bil ity in Ecad6-435 

cells was about 55% of its untreated con trol level in com par i son 

to that in Neo1-435 cells which was only 23% of its con trol level 

(Fig. 3A). Then, we exam ined the apop to sis by test ing DNA frag-

men ta tion and poly(ADP-ribose) poly mer ase (PARP) cleav age. As 

shown in Fig. 3B, treat ment of Neo1-435 cells with STS resulted in 

PARP sig nifi  cant cleav age, whereas Ecad6-435 cells had min i mal 

amount of cleaved PARP. We also found that DNA frag men ta tion 

was more eas ily induced in Neo1-435 than in Ecad6-435 cells upon 

a 5 lM STS stim u la tion using DAPI stain ing (Fig. 3C).

One of the mem brane changes in apop to sis or necro sis is the trans-

lo ca tion of phos pha ti dyl ser ine (PS) from the inner of the cell mem-

brane to the outside. To fur ther eval u ate the effi ciency of STS-induced 

apop to sis in those sta ble clones, Annexin V/PI stain ing assay was 

car ried. In Neo1-435 cells, within 5 h after var i ous doses of STS treat-

ment, annexin V label ing was sig nifi  cantly increased from approx-

i mately 4% to 24% (Fig. 3D, upper), sug gest ing a rapid induc tion of 

apop to sis. Whereas, in Ecad6-435 cells, there appeared to be a slight 

increase in annexin V stain ing which was from approx i mately 4% to 

9% (Fig. 3D, lower). This fur ther sub stan ti ated E-cad herin expres sion 

might impair STS-induced apop to sis in MDA-MB-435 cells.

E-cad herin expres sion up-reg u lated Bcl-2 pro tein level

Given that the inter play between pro sur viv al and pro-apop to-

tic Bcl-2 fam ily pro teins is capa ble of con trol ling anti can cer drug-

induced apop to sis, we exam ined the expres sion of Bcl-2 and Bax 

in Ecad6-435 and Neo1-435 cells. Using quan ti ta tive Western blot-

Fig. 3. Changes in chemo sen si tiv i ty of MDA-MB-435 cells to STS after trans fec tion with E-cad herin gene. (A) Quan ti ta tion of via bil ity in Ecad6-435 and Neo1-435 cells treated 

with indi cated con cen tra tion of STS for 12h (B) After incu ba tion with 5 lM STS for 5 h, Neo1-435 and Ecad6-435 cells were stained by DAPI for the assess ment of nuclear 

frag men ta tion. As indi cated, Neo1-435 cells showed more aggre gated and condensed nuclear DNA. (C) PARP cleav age anal y sis by Western blot ting with anti-PARP. Neo1-435 

and Ecad6-435 cells were treated with 0, 0.2, 0.6, 1.25, 2.5, or 5 lM STS for 8 h. After this treat ment, cells were col lected, lysed and the cleav age of PARP were deter mined. 

(D) Eval u a tion of Apop to sis of Neo1-435 and Ecad6-435 cells treated with dif fer ent con cen tra tions of STS by using annexin V/PI stain ing and flow cytom e try. All those cells 

were treated with var i ous dose of STS for 5 h. Cells were dou ble stained with annexin-V-FITC and pro pi di um iodide (PI) and ana lyzed by flow cytom e try. Annexin-V¡, PI¡ 

cells are live cells, annexin-V+, PI¡ cells are early apop to tic cells and annexin-V+, PI+ cells are late apop to tic or necrotic cells. The frac tion of annexin V-positive Neo1-435 

cells was 3.91% before treat ment and 4.25%, 10.27%, 15.91%, 18.75% and 23.86% after treat ment with STS at con cen tra tions of 0.2, 0.6, 1.25, 2.5 and 5 lM, respec tively. The 

frac tion of annexin V-positive Ecad6-435 cells was 4.20% before treat ment and 3.43%, 4.40%, 7.07%, 8.13% and 9.13% after treat ment with STS at con cen tra tions of 0.2, 0.6, 

1.25, 2.5 and 5 lM, respec tively.
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ting, Bcl-2 lev els were found to be sig nifi  cantly higher in Ecad6-

435 as com pared to Neo1-435. In con trast, the lev els of pro-apop-

to tic Bax remained con stant. Thus, the Bcl-2/Bax ratio increased 

after E-cad herin-med i ated adhe sion (Fig. 4A). To fur ther val i date 

the rela tion ship between E-cad herin and Bcl-2, another breast 

can cer cell line MCF-7 with well-struc tured E-cad herin-med i ated 

cell–cell adhe sion was used. After tran siently trans fec ted with 

E-cad herin SiR NA plas mids, the amount of pro sur viv al Bcl-2 pro-

tein was mark edly decreased in MCF-7 cells in a dose-depen dent 

man ner (Fig. 4B).The data sug gested the Bcl-2 pro tein might be a 

deter mi nant fac tor that reg u lated the chemo sen si tiv i ty of E-cad-

herin over-express ing MDA-MB-435 cells.

Dis rup tion of hom o phil ic bind ing of the E-cad herin extra cel lu lar 

domain by DEC MA-1 or EGTA cor re lated with decreased cel lu lar 

lev els of Bcl-2 pro tein expres sion

Since the cal cium-depen dent inter ac tions among E-cad herin 

mol e cules are crit i cal for the for ma tion and main te nance of cell–

cell adhe sion, we uti lized cal cium che la tor EGTA and a neu tral iz-

ing anti body against E-cad herin (DEC MA-1) to spe cifi  cally block 

E-cad herin-med i ated adher ens junc tion for ma tion. After those 

treat ments, the mor phol ogy and cell–cell adhe sion of Ecad6-435 

cells were largely changed (Fig. 5A). At the same time, the dis rup-

tion of cell-cell adhe sion led to a decrease of Bcl-2 pro tein level, 

as well as Bcl-2/Bax ratio, which was con sis tent with the decrease 

of its aggre ga tion extent (Fig. 5B and C). These obser va tions sug-

gested that the main te nance of E-cad herin-med i ated cell-cell 

adhe sion was nec es sary for the up-reg u la tion of Bcl-2.

Dis cus sion

The cur rent work was done to eval u ate that E-cad herin hom o-

phil ic adhe sion could ini ti ate anti-apop to tic sig nal ing by enhanc-

ing the Bcl-2 expres sion. Inhi bi tion of hom o phil ic bind ing of the 

E-cad herin extra cel lu lar domain cor re lated with decreased cel-

lu lar lev els of Bcl-2 pro tein expres sion. This work con firmed the 

chemo-resis tance func tion of E-cad herin, there fore, might con-

trib ute effec tive ther a peu tic strat e gies in breast car ci noma.

As a crit i cal epi the lial cell adhe sion mol e cule, E-cad herin 

not only medi ates cell–cell adhe sion, but also plays impor tant 

roles in cell behav ior such as cell inva sion, growth and sur vival 

[22,23]. Down-reg u la tion of E-cad herin expres sion is com monly 

seen in dif fer ent tumor types and exper i men tal evi dences sup-

port its role in sup press ing cells growth and inva sion. How ever, 

tumor sup pres sion is achieved not only by cell cycle arrest but by 

the ini ti a tion of cell death pro grams as well. The effect of E-cad-

herin-med i ated cell–cell adhe sion on cell sur vival and apop to sis 

remains con tro ver sial. On one side, many of the cells, espe cially 

tumors, which lack direct inter ac tion with sur round ing extra cel-

lu lar matrix depend on sur vival sig nal ing gen er ated by cell–cell 

con tacts. Main te nance of E-cad herin-med i ated cell–cell inter ac-

tion has been reported to pre vents cells from apop to sis in dif fer ent 

kinds of cells, which directly or indi rectly antag o niz ing the tumors 

sen si tiv ity to che mo ther apy drug [24,25]. On the other side, Loss of 

func tional E-cad herin was also reported to ren der cells more resis-

tant to the apop to tic agent taxol in hered i tary dif fuse gas tric can-

cer [26]. There fore, under stand ing the poten tially impor tant role 

of E-cad herin sur vival sig nal ing on the tumor pro gres sion may 

con trib ute effec tive ther a peu tic strat e gies in breast car ci noma. 

These find ings pres ent evi dence that E-cad herin-med i ated aggre-

ga tion results in Bcl-2 up-reg u la tion which is crit i cal for sur vival 

of breast tumor cells.

The sig nal ing induced by E-cad herin-med i ated cell–cell adhe-

sion is com plex. We here showed that E-cad herin up-reg u lated 

Bcl-2 expres sion. E-cad herin engage ment induces sev eral sig nal ing 

path ways includ ing b-cate nin/wnt, Akt and EGFR sig nal ing [27–30]. 

Future stud ies will be needed to elu ci date the com pli cated cross talk 

Fig. 4. E-cad herin expres sion up-reg u lated Bcl-2 pro tein level. (A) Western blot anal y sis of Bcl-2 and Bax expres sion in the Neo1-435 and Ecad6-435 cells. The right chart is 

the quan ti fi ca tion of Bcl-2/Bax expres sion ratio by den si to met ric anal y sis. (B) Western blot anal y sis of Bcl-2 and Bax expres sion in the MCF-7 cells, trans fec ted with 4, or 6 lg 

E-cad herin siR NA plas mid, or non-sense con trol siR NA as indi cated. The right chart is the quan ti fi ca tion of Bcl-2/Bax expres sion ratio by den si to met ric anal y sis.
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of cell sur face adhe sion mol e cules with apop to sis-related sig nal ing 

path ways. Stud ies have shown that ERK/MAPK can increase the level 

of Bcl-2 through the phos phor y la tion of Bad in SCC cells [31]. On the 

pre mise of this, an appeal ing hypoth e sis was to test the pos si bil ity 

that E-cad herin engage ment is the trig ger for anti-apop to tic sig nal-

ing via ERK/MAPK sig nal ing.

In con clu sion, we showed that in this in vitro model, upon trans-

fec tion of wild-type E-cad herin, cells become less sen si tive to apop-

to tic stim uli. This could be of rel e vance for the under stand ing of the 

tumor i genic pro cess in the E-cad herin wild-type breast cells. We 

also observed an increase in the level of the anti-apop to tic Bcl-2 

in E-cad herin over-express ing cells, sug gest ing the exis tence of an 

inter play between E-cad herin and Bcl-2 reg u la tion. Because of the 

potential ther a peu tic rel e vance of this find ing, fur ther stud ies aim-

ing at elu ci dat ing its molec u lar mech a nisms are war ranted.
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