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E-Cadherin repression increases amount of cancer stem cells in human A549 lung
adenocarcinoma and stimulates tumor growth
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ABSTRACT
Here we show that cancer stem cells amount in human lung adenocarcinoma cell line A549 depends on E-
cadherin expression. In fact, downregulation of E-cadherin expression enhanced expression of pluripotent
genes (c-MYC, NESTIN, OCT3/4 and SOX2) and enriched cell population with the cells possessing the
properties of so-called ‘cancer stem cells’ via activation of Wnt/b-catenin signaling. Repression of E-
cadherin also stimulated cell proliferation and migration in vitro, decreased cell amount essential for
xenografts formation in nude mice, increased tumors vascularization and growth. On the other hand, E-
cadherin upregulation caused opposite effects i.e. diminished the number of cancer stem cells, decreased
xenograft vascularization and decelerated tumor growth. Therefore, agents restoring E-cadherin
expression may be useful in anticancer therapy.
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Introduction

E-cadherin is a transmembrane calcium-dependent adhesion
molecule expressed in almost all epithelial cells. It plays
essential roles in embryogenesis and maintenance of adult
epithelia, while alterations of its expression/function con-
tributes to tumor development.1,2 Aberrant adhesion junc-
tions, E-cadherin downregulation or complete shutdown of
its expression (through E-cadherin gene mutation, epige-
netic or transcriptional silencing, etc.) were found in many
human carcinomas. These facts allowed considering it as a
tumor suppressor.3 Inactivating germ-line mutations of
CDH1 gene coding E-cadherin increase the risk of develop-
ment of familial gastric carcinomas,4,5 while loss of E-cad-
herin during tumor progression may result in epithelium to
mesenchyme transition (EMT).6-8 Noteworthy, a correlation
between E-cadherin expression and survival of cancer
patients was shown.9-11

The cells passing through EMT lose polarity, acquire spin-
dle-like shape and enhanced migratory and invasive capaci-
ties.12-14 Nonetheless, some studies showed a crucial necessity
in a reverse process – mesenchyme to epithelium transition
(MET) when re-expression of E-cadherin was crucial for effi-
cient metastasis formation.15-17

During the last few years a connection between EMT and
acquisition of so-called [cancer stem cells] (CSCs) pheno-
type was described.18-22 According to the CSCs model, het-
erogenic cancer cells are arranged in a hierarchical manner
with a small cell population on the top harboring tumori-
genic capacity. These tumorigenic cells are called CSCs or
tumor initiating cells (TICs). It is proposed that they play a

leading role in tumor progression and metastasis while an
impact of other cancer cells seems to be less prominent.
CSCs could originate from the long-term or transient
amplifying normal stem cells23,24 and possess certain prop-
erties, allowing their isolation as a definite minor popula-
tion in the bulk of tumor cells. They can be both quiescent
and capable of self-renewing; they can also contribute to
tumor growth by giving rise to cells with high proliferating
potential.25,26 However recent studies revealed a complicated
mechanism maintaining a certain ratio of CSCs in the
tumor cells population, particularly as a result of conversion
of other cancer cells.27-29

The ways cancer cell turn into CSCs are poorly studied. It
has been shown in many experiments that up- or downregu-
lation of several genes (for example, TAZ, WNT, SHH, DKK-
1, PTEN, BMI-1) could influence the proportion of CSCs in
cancer cell populations.30-33 Taking into consideration that
disappearance of E-cadherin intercellular adhesions is a
major manifestation of EMT,13,14 that is often accompanied
by acquisition of cell features ascribed to CSCs18-22 we
decided to determine whether changes in E-cadherin expres-
sion could represent one of the driving forces in acquisition
of CSCs phenotype. Previous experimental data concerning
this idea were quite controversial. Some results supported
this assumption. In fact, it has been shown for breast cancer
HMLER and colon cancer SW480 cells that CDH1 gene
knockdown led to enrichment of CD24¡/CD44C cells – a
CSCs phenotype for these tumors.34,35 Moreover, CDH1 gene
downregulation increased tumorigenic potential of HMLER
cells34 – a basic feature of CSCs. On the other hand, there
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were reports showing that only E-cadherin-positive prostate
cancer cells exhibited a CSCs phenotype, and that it’s over-
expression led to an increase in the proportion of CSCs.36

Further indirect evidence that E-cadherin can affect CSCs
based on our previous results.37 Inactivation of human endo-
thelial growth factor VEGF-C decreased population of CSCs
in colon carcinoma HCT116 and lung carcinoma A549 cells
and increased E-cadherin expression was observed.

To assess in more detail the effects of changes in E-cadherin
expression on manifestations of CSCs phenotype we con-
structed lentiviral vectors able to inhibit or increase CDH1 gene
expression and as result created human lung cancer A549 sub-
lines with down- and upregulated E-cadherin.

Materials and methods

Cells

Human lung carcinoma A549 cell line (ATCC #CCL-185)
expressing CDH1 or siRNA specific for CDH1. For E-cad-
herin expression cDNA of human CDH1 (GenBank:
Z13009.1; cloned and verified into pBlEc plasmid38 and
kindly provided by Prof. Sergey M. Troyanovsky) was
inserted into the lentiviral pLenti6 vector (Invitrogen). For
expression of siRNAs specific for CDH1, the hairpin struc-
tures containing 21-bp sequences corresponding to 5 differ-
ent parts of CDH1 mRNA (Fig. 1A) were synthesized and
AgeI/EcoRI cloned into the lentiviral pLKO.1-puro vector
(Addgene, plasmid #8453). pLKO.1-shGFP-puro targeting
eGFP (GenBank Accession No. pEGFP U55761) was used
as a control. Oligonucleotides synthesis and DNA sequenc-
ing was performed by Evrogen (www.evrogen.com).

The pLenti6 and pLKO lentiviral DNA constructs
together with the pDR8.2 and pVSV-G packaging plasmids
were transfected into 293FT cells using TurboFect Transfec-
tion Reagent (R0531, Thermo Scientific). Virus-containing
supernatants collected 24 to 48 h after transfection and
were used to infect recipient A549 cells in the presence of
polybrene (8 mg/mL). As hairpin structures shCDH1#4 and
shCDH1#5 were the most effective and had similar biologi-
cal effects, supernatants containing these lentiviruses were
combined and applied together. Infected cell cultures were
selected for 5–6 d in medium containing 4 mg/ml blastici-
din (R210-01, Invitrogen) for pLenti6 constructs or 1 mg/ml
puromycin (P8833, Sigma) for pLKO constructs. Cells were
cultured in DMEM medium supplemented with 10% fetal
bovine serum and penicillin/streptomycin.

Reverse transcription-PCR assay

Total mRNA was isolated with SV Total RNA Isolation System
(Promega) according to the manufacturer’s protocols. To detect
the corresponding gene expression using endpoint PCR, the
following primers and conditions were used:

E-cadherin: F 50-GTCTGTAGGAAGGCACAGCC-30,
R 50–TGCAACGTCGTTACGAGTCA–30, 32 amplification

cycles;
c-myc: F 50–GGCTTCTCAGAGGCTTGGCGGGAAA–30,
R 50–CCTGGGGGATCAAGCGGGAGG–30, 40 amplifica-

tion cycles;
Nestin F 50–GCGGCTGCGGGCTACTGAAA–30,
R 50–ATCCAAGACGCCGGCCCTCT–30, 40 amplification

cycles;
Sox2: F 50–TGGACAGTTACGCGCACAT–30,
R 50–CGAGTAGGACATGCTGTAGGT–30, 40 amplifica-

tion cycles;
Oct3/4: F 50–GTGTTCAGCCAAAAGACCATCT–30,
R 50–GGCCTGCATGAGGGTTTCT–30, 40 amplification

cycles;
a-tubulin: F 50–GTTGGTCTGGAATTCTGTCAG–30,
R 50–AAGAAGTCCAAGCTGGAGTTC–30, 30 amplifica-

tion cycles;
initial denaturation 95�C 60 s; amplification: denaturation

95�C 30 s, annealing 60�C 30 s (for all primers), extension
72�C 30 s; final extension 5 min at 72�C.

The detection of PCR bands was performed using Chemi-
Smart 3000 Imaging System (Vilber Lourmat).

For Real-time qPCR analysis IQ5 Biorad PCR Detection
System (Biorad) was used. Real-time PCR was performed
using 2.5x SYBR Green real-time PCR mix (Syntol, Russia)
according to manufacturer protocol with addition of 0.4 mM
of primers (forward, reverse) and 50 ng of cDNA and DEPC-
treated water to the final volume of 25 mL. PCR conditions
were as follows: 94�C for 5 min, followed by 40 cycles of
amplification: 94�C for 10 s, 60�C for 10 s, and 72�C for 20s.
For all genes, except Nestin (F 50–CTCCAGAAACTCAAG-
CACC–30, R 50–TCCTGATTCTCCTCTTCCA-30) and Sox2
(F 50–TTCACATGTCCCAGCACTACCAGA–30, R 50–TCA-
CATGTGTGAGAGGGGCAGTGTGC-30), the same primers
in qPCR were used. The PCR products were checked for spec-
ificity with agarose gel electrophoresis and melt-curve analysis.
Data was analyzed with CFX Manager Software (BioRad).
Alpha-tubulin gene was used for data normalization. Samples
were collected from 3 independent cultures. Data was ana-
lyzed based on 2¡DDCt method.

Figure 1. Obtaining constructs expressing shRNA specific for CDH1. (A) The sequences of 21 nucleotide regions corresponding to the human CDH1 mRNA (Sequence ID:
ref NM_004360.3), validated as siRNA #4 and #5 (bold) – most effective targets. (B) Effect of transduction of lentiviral constructs pLKO.1-shCDH1 on expression of E-cad-
herin in A549. RT-PCR analysis of CDH1 expression with corresponding shRNAs (#1–5). a-tubulin mRNA was analyzed as loading control.
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Western blot analysis, total and nuclear protein extract
preparation

was performed as previously described.39 Primary antibodies
specific to E-cadherin (M126, Takara), vimentin (M0725,
Dako), b-catenin (M3539, Dako), a-tubulin (sc-23948, Santa
Cruz Biotechnology), histone H3 (9715, Cell Signaling) and
Alexa488-conjugated secondary antibodies were used, band
detection was performed using variable mode imager
Typhoon9410 (GE Healthcare). The quantitation of protein
bands was performed using TotalLab v.2.01 software.

Immunofluorescent microscopy

Cells on cover slips were fixed on the forth day after plating
with 1% PFA for 15 min and treated with methanol for or
5 min at ¡20�C. Cells were incubated with primary (see 2.3)
and secondary AlexaFluor594- or Alexa488-conjugated (Invi-
trogen) antibodies. DAPI (Life technologies) was applied for
nuclear staining. Images were acquired using fluorescent Axio-
plan 2 microscope and AxioVision (Carl Zeiss Imaging Sys-
tems) software.

Luciferase reporter assay

was performed using commercially available Lenti TCF/LEF
reporter (Cignal Lenti TCF/LEF Reporter (luc) Kit: CLS-018L,
Qiagen) and Steady-Glo Luciferase Assay System (E2510,
Promega) according to the manufacturer’s protocols; the values
were normalized in relation to protein concentration.

Boyden chamber cell migration assay

was performed using transwell Matrigel-coated chambers with
8-mm pore-size membranes (BD Biosciences) according to
manufacturer instructions with 5 £ 104 A549 cells. The migra-
tion activity was quantified by blind counting of the migrated
cells of at least 10 fields per chamber.

Cell cultures growth rate

Cells (104) were plated on the 6-well culture plates and grown
without passaging. Cell counts were performed each 48 hours
using a hemocytometer (3 wells per point). The measurement
proceeded until monolayer formation.

FACScan analysis

Cells were collected from subconfluent culture and the
final concentration of 106 cells/ml in pre-warmed Hank’s
balanced salt solution containing 2% fetal bovine serum
was used. The cells were incubated with 1 mg/ml Rhoda-
mine123 dye (R8004, Sigma) for 30 min in dark at 37�C
with intermittent mixing. At the end of the incubation,
cells were spun down and washed in cold Hank’s balanced
salt solution containing 2% fetal bovine serum at 4�C and
were labeled with 10mg/ml propidium iodide (P4170,
Sigma) to distinguish live from dead cells before analysis.
Rhodamine123 staining was detected using a BD

FACSCanto II flow cytometer (BD Biosciences), exciting at
488 nm and detecting Rhodamine123 with a 530/30 broad
pass (BP) filter and propidium iodide with a 630/22 BP fil-
ter. 107 events within the live gate were tracked for further
analysis using BD FACSDiva Software (BD Biosciences)
and WinMDI (Joseph Trotter) software.

Clonogenic assay

200 cells were added to 2,6% methylcellulose (Fluka), mixed
with 2£ DMEM supplemented with 20% fetal bovine serum,
plated on non-adherent Petri dishes and cultured at 37�C for
14 d. The colonies were stained with crystal violet and incu-
bated at 4�C overnight. Colonies were counted with TotalLab
v.2.01 software, module Colony Counter (Nonlinear
Dynamics).

Nude mice assay

D2 x J nude mice (10 animals for each experimental group) were
inoculated subcutaneously with dosages of cells suspended in
100 ml of PBS: 106; 0,5 £ 106; 0,25 £ 106; 0,125 £ 106 and 0,005
£ 106. Tumor sizes were measured every 3 d and their volumes
were calculated as (width2)£ (length)£ 0.5. After 25 d of obser-
vation, explanted tumors were isolated and analyzed immunohis-
tochemically. These experiments were repeated 3 times to
confirm the results.

The animal experimental protocols were approved by the
Committee for Ethics of Animal Experimentation and the
experiments were conducted in accordance with the Guidelines
for Animal Experiments in Blokhin Memorial Russian Cancer
Research Center.

Immunohistochemistry

Antigen retrieval was achieved by heating (95�C) of the sections
in target retrieval solution pH 6.0 (S1699, Dako) for 40 min.
The sections were incubated with primary antibodies to CD34
(553731, BD Biosciences PharMingen) at room temperature for
1 hour, followed by incubations with biotin-conjugated
(559286 BD Biosciences PharMingen) secondary antibodies for
30 min at room temperature. To identify the target Streptivi-
din-HRP (Dako) was added for 15 min at room temperature.
The reactivity was visualized with DABC (diaminobenzidine)
(K3468, Dako) according to the manufacturer’s instructions.
Sections were counterstained with Mayer’s hematoxylin and
mounted. Vessels and capillaries, identified by positive staining
for CD34 and appropriate morphology, were counted. Angio-
genic properties were scored as average number of relatively
large microvessels (the size of lumens P>100 mm in length).
On average, immunohistochemistry quantification was per-
formed by taking pictures from maximum possible fields per
tumor, at least 15 fields of vision per tumor type, and imaging
at least 6 tumors per cell subline type using AxioVision soft-
ware (Carl Zeiss Imaging Systems).
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Statistical analysis

All experiments were performed in triplicate and data are
expressed as mean § SD, as indicated in figure legends. Statisti-
cal analysis was performed using unpaired Student’s t test. P val-
ues � 0.05 were considered to be significant. The GraphPad
Prizm statistical software package ver. 5.01 was used.

Results

To investigate the influence of E-cadherin expression on
properties of lung adenocarcinoma cells and possible role in

cancer stem cell phenotype formation we obtained A549
derivatives with overexpressed or silenced E-cadherin. For
E-cadherin overexpression ORF of human CDH1 gene was
cloned into modified lentiviral vector pLenti6. The vector
has the CMV promoter for driving constitutive expression
of the target gene and the blasticidin selection marker for
stable selection in mammalian cells. Based on MISSION�

shRNA Library (Sigma-Aldrich) 5 validated siRNA targets
of human CDH1 mRNA were tested on A549 cells and 2
most effective targets (#4,5 Fig. 1) were cloned into pLKO.1
lentiviral vector for siRNA expression for stable E-Cadherin
repression (Fig. 1).

Figure 2. Effects of E-cadherin expression alterations on morphology features and activation of Wnt/b -catenin signaling pathway in A549 cells. (A) A representative
Western blot analysis of E-cadherin, vimentin and b-catenin expression in A549 cell sublines. a-tubulin was analyzed as loading control. (B) Average results of E-cad-
herin, vimentin and b-catenin bands densitometry analysis normalized by tubulin expression of 3 independent experiments (Mean § SD, � - p � 0,05). (C) Immunoflu-
orescent staining of A549 cell sublines with antibodies to vimentin. Bars 5 mm. �� - Enlarged A549shCDH1 cells with well-detected vimentin filaments. (D)
Immunofluorescent staining of A549 cell sublines stained with E-cadherin and b-catenin antibodies. Bars 5 mm. (E) Enlarged and strongly enhanced immunofluorescent
images of b-catenin staining of A549 cell sublines for nuclear b-catenin detection. Bars 5 mm. (F) Nuclear extracts Western blot analysis of b-catenin in A549 cell sub-
lines. Histone H3 was used as loading control. (G) The reporter construct expressing luciferase gene under control of TCF/Lef was introduced into A549 cell sublines,
luciferase activity was measured in 3 experiments; average data are presented (Mean § SD, � p � 0,05).
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A549 cells with silenced E-cadherin expression acquired a
more mesenchymal phenotype while cells with overexpressed
E-cadherin looked more epithelial and had enhanced tight
junctions. Inactivation of E-cadherin was accompanied with a
slight increase of total vimentin levels (Fig. 2A). To prove the
fact, since changes of vimentin protein amounts were not
prominent upon E-cadherin up- and downregulation, A549
cells were infected 3 times independently and independent
western blots were accomplished. Average densitometry results
confirmed slight increasing of vimentin amounts (up to1,5–
2times) caused by CDH1 repression (Fig. 2B). Despite this fact,
significant vimentin filaments formation in cells with down-
regulated E-cadherin expression was observed (Fig. 2C). E-cad-
herin downregulation caused disappearance of E-cadherin
junctions, decrease of total b-catenin amount with its’ translo-
cation and slight accumulation in the nuclei (Fig. 2D). As
nuclear b-catenin accumulation was not prominent and was
detected with strong fluorescent enhancement (Fig. 2E) we ana-
lyzed b-catenin content in the nuclear extracts. Nuclear b-cate-
nin was detected only in cells with repressed CDH1 gene
(Fig. 2F). Histone H3 as a nuclear marker was used. Nuclear
translocation of b-catenin is usually accompanied by its tran-
scriptional function induction, so we tested the Wnt/b-catenin
signaling pathway activation upon changes of E-cadherin
expression. Using luciferase TCF/Lef-dependent reporter (Qia-
gen) we have shown that E-cadherin repression led to activa-
tion of TCF/Lef-dependent transcription (Fig. 2G). As the
conserved Wnt/b-catenin pathway regulates stem cell pluripo-
tency and cell fate decisions during development,36,40-42 we
analyzed mRNA levels of some of the pluripotency genes.

Increased transcription of c-MYC, NESTIN, OCT3/4 and
SOX2 genes was detected in A549 cells with silenced CDH1
using end-point PCR (Fig. 3A) and confirmed by Real-time
qPCR (Fig. 3B). As increased expression of these genes is con-
nected not only with “normal” stem cells but is also observed in
“cancer” stem cells,42-44 we also studied the influence of E-cad-
herin expression alterations on the proportion of cells with the
CSCs traits in A549 cell sublines. For this purpose generally
accepted approaches were used. Firstly we investigated the
activity of ABC-transporters analyzing Rhodamine123 content
in A549 cells with modified E-cadherin expression using FACS
flow cytometry. Amount of side-population cells with enhanced
ABC-transporter activity, one of the features of CSCs,21,44 was
increased in the A549 subline with inactivated E-cadherin

(shCDH ) and decreased in the subline with overexpressed E-
cadherin (CDH1) (Fig. 4A). Then we tested cell abilities to
form colonies in semisolid medium under non-adherent condi-
tions. Subline with repressed E-cadherin formed up to 4 times
more colonies than control A549 cells and more than 10 times
compared with overexpressed E-cadherin subline (Fig. 4B).
Also A549-shCDH1-formed colonies had noticeably larger size.
In addition, more mesenchymal cells with downregulated E-
cadherin demonstrated increased migration and invasive activi-
ties in vitro, when Boyden chamber assay with matrigel-coated
filters were used. Upregulation of E-cadherin diminished these
properties (Fig. 4C).

The main trait of CSCs is tumorigenic ability in nude mice
and injectable cell dose threshold is a very important character-
istic.44 In fact, tumorigenic dosage for cells with overexpressed
CDH1 was increased (Table 1), while shCDH1 A549 derivatives
needed less cells for tumor formation. All these experiments
indicate on the dependence of CSCs population on the levels of
E-cadherin in A549 cells.

Besides enhancing CSCs properties, E-cadherin inactivation
enhanced A549 cell proliferation in vitro (Fig. 5A) and stimu-
lated vascularization and growth of tumor xenografts in nude
mice (Fig. 5B,C). On the other hand, E-cadherin upregulation
reduced the number of blood vessels and decelerated tumor
growth (Fig. 5B,C).

It should be stressed, that A549 cells expressing shGFP was
used as control in all experiments, and they did not differ from
parental A549 culture in any analyzed characteristics or tests
and showed similar results.

Discussion

To ascertain the effects of E-cadherin expression modulation
on acquisition of cancer stem cell phenotype we generated the
A549 human non-small-cell lung carcinoma (NSCLC) cells
with different levels of E-cadherin expression: E-cadherinhigh

and E-cadherinlow. We noticed that E-cadherinlow cells lost epi-
thelial and acquired some mesenhymal features, such as slight
increase of vimentin expression accompanied by twisted and
strengthened vimentin filament network and enhanced migra-
tory capacity. These findings confirmed that E-cadherinlow cell
lines could acquire some features of epithelial-to-mesenhymal

Figure 3. Effect of E-cadherin expression alterations on the pluripotency genes expression. (A) The result of one of the representative End-point PCR experiments. a-tubu-
lin mRNA was analyzed as loading control. (B) Relative quantities of mRNAs estimated by Real-time qPCR. a-tubulin gene was used for data normalization (Mean § SD).
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transition (EMT) whereas E-cadherinhigh cell lines and control
cells retained epithelial phenotype.

As far as we noticed that cell lines with downregulated E-
cadherin changed their morphology we examined how changes
in E-cadherin expression would affect growth kinetics in vitro
and in vivo. E-cadherin upregulation caused some deceleration
of growth rate both in vitro and in vivo, while E-cadherin
downregulation increased the growth rate, and the effect was
particularly strong in vivo. In fact, xenografts with reduced
CDH1 expression showed approximately 2-fold increases in
final tumors volumes. As tumor vascularization is considered
to be a major limiting factor of tumor development45,46 we
examined the density of blood vessels in tumor xenografts. We
demonstrated that the density of large vessels (larger than
100 mm) was significantly increased in E-cadherinlow tumors at
least partially explaining their faster growth and larger sizes.

Conducting xenograft assay we noticed that the threshold
cell dose for E-cadherinlow cell subline was significantly lower
than that for control cell line while on the contrary the thresh-
old dose for E-cadherinhigh cells was higher than for control cell
lines. That is why we proposed that E-cadherin downregulation
could lead to an increase of the proportion of CSCs as the abil-
ity to form new tumors is considered to be the main character-
istic of CSCs. To prove this we performed a series of
experiments that were believed to serve as a so-called “gold
standard” for assessing the percentage of the CSCs: determined
the cell dose threshold for tumor formation in nude mice;
detected cells that effectively excluded Rhodamine123 and
assessed colony formation in semisolid medium.44 As the result
of all 3 tests we proved that E-cadherinlow A549 cells were
enriched with CSCs, while in E-cadherinhigh cells the percent-
age of CSCs was reduced. This allows us to suggest that loss of
E-cadherin expression could lead to the acquisition of CSCs
phenotype.

To obtain more characteristics for cells with altered E-cad-
herin expression we analyzed expression of some stem cell
markers, such as OCT3/4, SOX2, Nestin and the oncogene c-
MYC. We observed elevated levels of mRNAs of all these genes
in E-cadherinlow cells. So, downregulation of E-cadherin results
in elevation of genes that are believed to maintain stem state of
the cell. We suppose that E-cadherin downregulation might
promote the increased expression of stem-maintaining tran-
scriptional factors Oct3/4 and SOX2, which in turn could play
a role in acquisition of cancer stem cell features. The influence

Figure 4. The effect of E-cadherin expression alterations on the percentage of cells with the CSCs features in A549 cell populations. (A) ABC-transporters activity by analy-
sis of Rhodamine123 content in A549 sublines using flow cytometry. Left panel – results of quantitative estimation of side-population cells, (Mean§ SD, � p � 0,05). Right
panel – distribution of 107 cells according to their fluorescence; side populations of weakly fluorescent cells were counted in the left lower quadrants. (B) Clonogenic
capacity of A549 cell sublines in non-adherent conditions. Results of quantitative estimation of the colony number (left panel) and colony size (right panel), (Mean § SD, �

p � 0,05). (C) Invasion of A549 sublines in Boyden chambers through matrigel-coated membranes (Mean § SD, � p � 0,05).

Table 1. The effect of E-cadherin expression alterations on tumorigenic ability of
A549 cells.

Tumorigenicity (%)�

Sublines 1£106 0,5£106 0,25£106 0,125£106 0,05£106

CDH1 100% 100% 50% 0% 0%
shGFP 100% 100% 75% 15% 0%
shCDH1 100% 100% 100% 50% 10%

�Number of mice with tumors/total number of mice with injected cells.
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of E-cadherin expression on CSCs phenotype is summarized on
the scheme (Fig. 6). A549 cells were additionally cloned and
after several passages different clones showed similar, between
themselves and initial cell culture, characteristics in CSCs func-
tional tests (data not shown). These results are in accordance
with the hypothesis of dynamic CSCs status, dependent on dif-
ferent intra- and extra-cellular conditions.26-29

Taken together the results of our work show that downregu-
lation of CDH1 increased while its upregulation decreased vari-
ous cell features ascribed to CSCs, including tumorigenic
potential. This allowed considering changes in E-cadherin

intercellular adhesions as one of the molecular determinants
responsible for dynamic increase/decrease of manifestations of
CSCs phenotype. Since CSCs are the driving force for tumor
progression and metastasis, elimination of this tumor cell pop-
ulation seems to be extremely important in anticancer therapy.
We believe that restoring E-cadherin function could be rela-
tively safe in this respect.
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