
Wnt/β-catenin is one of few highly conserved signal-

ing cascades regulating the development of animals from

lower multicellular ones to mammals. The Wnt/β-catenin

signaling pathway is steadily induced during ante- and

postnatal development in stem cells, and this seems to

explain the ubiquity of this protein [1]. Members of the

Wnt family form a family of extracellular regulators initi-

ating signal transduction through binding to Fz/Lrp

receptors on the cell surface [2]. Formation of the recep-

tor complex Wnt-Fz/Lrp leads to accumulation in the

cytosol of the β-catenin signaling form, which is translo-

cated into the nucleus and transmits signals through

interactions with various transcription factors mainly rep-

resented by proteins of the Lef/Tcf family (later designat-

ed as Tcf) [3, 4]. Studies on the participation of β-catenin

in the regulation of development has revealed another

role: it plays a structural role during the formation of cad-

herin contact junctions in the plasma membrane, which

was shown clearly in recent work by Lyashenko et al. [5].

In mice, embryonal stem cells unable to produce β-

catenin lose the ability to produce mesoderm and do not

produce neuroepithelium. The re-expression in such cells

of β-catenin deprived of the ability to transmit signals

into the nucleus restores the integrity of cadherin junc-

tions and the ability of the cells to produce the neuroep-

ithelium. However, under these conditions embryonal

stem cells do not produce the mesodermal epithelial layer,

which is mediated by the β-catenin signaling form [5]. In

mature organisms the β-catenin signaling form has genes

responsible for the regulation of self-renewal and differ-

entiation of somatic stem cells as targets [6, 7]. One such

target is represented by the TCF4 gene, whose product

plays a key role in proliferation of intestinal somatic stem

cells and in their differentiation into enterocytes [8]. In

the epidermis the Wnt/β-catenin signals regulate the self-

renewal of bulge stem cells [9]. The role of the Wnt/β-

catenin signals in the regulation of self-renewal and dif-

ferentiation of mesenchymal stem cells (MSCs) remains

unknown [10].

Populations of the signaling and membrane β-

catenins are interrelated, but mechanisms regulating their

levels and functions are different and uncoupled [11, 12].

The membrane β-catenin is stable, whereas the lifetime

of the cytosolic form is very short [13]. A newly synthe-
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sized β-catenin interacts in the endoplasmic reticulum

with cadherin and as a dimer is transported to the plasma

membrane. Such interaction stabilizes β-catenin and

prevents its phosphorylation by a special destructive com-

plex in the cytosol [14]. An “excess” of the newly synthe-

sized β-catenin is released from binding compounds,

accumulated in the cytosol, and inactivated by the

destructive complex. This double-pool β-catenin model

is supported by existence of two different types of β-

catenin homologs in C. elegans: the adhesion specific pro-

tein that binds cadherin but not Tcf, and two signaling

proteins interacting with Tcf [15, 16].

In the absence of Wnt signals the cytoplasmic β-

catenin is phosphorylated with casein kinase 1α (Ck1α)

on Ser45. This modification is a primary label recognized

by Gsk3β kinase, which induces the subsequent phospho-

rylation of the protein on Ser33/37/Thr41 [17]. In addi-

tion to the above-mentioned two kinases, the destructive

complex also includes the tumor suppressor Apc (adeno-

matous polyposis coli), axin, and phosphatase Pp2a [18,

19]. Gsk3β phosphorylates β-catenin if this protein is in

the complex with Apc and axin, whose affinity for β-

catenin is regulated also through their specific phospho-

rylation [20]. β-Catenin phosphorylated on Ser33/37 is

recognized by ubiquitin ligase bTrcP, which makes the

polyubiquitin chain coupled to the protein and the pro-

tein recognizable by proteasomes for degradation [19, 21,

22]. β-Catenin phosphorylated in the N-terminal region

retains its binding with Apc, otherwise it is immediately

dephosphorylated by phosphatase Pp2a [23]. In the case

of Apc or β-catenin mutations affecting the phosphoryla-

tion sites in its N-terminal region, the lifetime of β-

catenin is significantly increased, which causes activation

of Tcf4 and results in the occurrence of tumors of the

large intestine, lung, and other organs [24, 25].

The mechanism inducing the accumulation in the

cytosol of the β-catenin signaling form by the receptor

complex Wnt-Fz/Lrp is still under discussion. It seems

that Wnt signals suppress the β-catenin ubiquitinylation

within the destructive complex without causing its disso-

ciation, and this leads to functional inactivation of the

complex after its saturation with phospho-β-catenin [26].

On the other hand, studies on kinetics of different forms

of β-catenin under conditions of Wnt/β-catenin signaling

pathway induction have revealed that the formation of the

protein signaling form is caused by inhibition of its phos-

phorylation by both Ck1α and Gsk3β [27]. Finally, the β-

catenin signaling form is accumulated in the cytosol and

translocated into the nucleus and forms a complex with

Tcf, converting it from a suppressor of transcription to its

activator due to the presence of a transactivating domain

in the β-catenin structure [28, 29].

The purpose of this work was to study mechanisms of

the paracrine induction of the Wnt/β-catenin signals in

MSCs. Earlier we have shown that the A-549 cells of

epithelial origin induce in vitro expression of epithelial

differentiation markers in bone marrow MSCs co-cul-

tured under conditions of their separation with a cell-

impenetrable membrane [30]. We supposed that Wnt2

hypersecreted by the A-549 cells [31] could induce β-

catenin in the co-cultured MSCs. A special purpose of

this work was to detect in the MSCs different forms of β-

catenin using antibodies: 1) to its C-terminal fragment

recognizing the total cellular protein; 2) to β-catenin

dephosphorylated on Ser37/Thr41, i.e. to its signaling

form. The second purpose of this work was to realize a

somatic knockdown of the WNT2 gene in the A-549 cells

and to select cell cultures with inhibited expression of

WNT2. The third purpose of the work included co-culti-

vation of the obtained A-549 line cells with MSCs and the

subsequent assessment of the total cellular and signaling

β-catenin levels in the latter.

MATERIALS AND METHODS

Cell lines and cell transfection. The A-549 line cells

originating from human lung carcinoma were obtained

from the American Type Culture Collection (ATCC).

MSCs were prepared from the bone marrow of transgenic

male mice C57Bl/6-Tg(ACTbEGF)1Osb/J expressing

green fluorescent protein (Gfp). The mice further desig-

nated as GFP were acquired from the commercial

Jackson Laboratories (USA) source. To prepare MSCs,

two GFP males were killed by cervical dislocation, and

the bone marrow was washed from the tibial and femoral

bones with growth medium DMEM supplemented with

10% fetal bovine serum, penicillin (100 U/ml), and strep-

tomycin (100 µg/ml) [30]. The bone marrow cells were

washed by centrifugation at 400g for 10 min, counted in a

Goryaev’s chamber in the presence of Trypan Blue to

assess viability, resuspended in the growth medium to cell

density of 5·106/ml, and cultured at the cell concentration

of 2·106/ml in a CO2-incubator under standard condi-

tions. The cells were splitted upon reaching the 90% sat-

uration density from one into two or more 100 mm dish-

es; MSCs of 12-15 passages were used during the work.

For experiments with LiCl inducing the Wnt/β-catenin

signaling pathway [32], the cell cultures were incubated

for 4 h in growth medium containing 10 mM LiCl

(Sigma, USA).

MSCs were transfected with a 293Fectin™ reagent

(Invitrogen, GB) in a well of a 24-well plate according the

producer’s protocol. On the next day the MSCs were

trypsinized, transferred into a well of a 12-well plate, and

co-cultured with the A-549 cells during 72 h; then

luciferase and β-galactosidase activities were determined

in the MSCs. The A-549 cells were transfected with a

pSuper vector (OligoEngine, USA) expressing the specif-

ic or the control small interfering RNA (siRNA) to

WNT2 by electroporation on an X-cell Pulser device

(BioRad, USA) with the following parameters: 360 V,
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950 µF, 200 Ω. The buffer used for the electroporation

contained 30.8 mM NaCl, 120.7 mM KCl, 1.46 mM

KH2PO4, 8.1 mM Na2HPO4, and 10 mM MgCl2 [33].

Protein electrophoresis and immunoblotting. Proteins

were subjected to electrophoresis in 8% polyacrylamide

gel with SDS. After the electrophoresis, the proteins were

transferred from the gel onto a PVDF membrane

(Millipore, USA) and visualized using specific antibodies

and a reagent enhancing the chemiluminescence (ECL)

(Sigma) as described earlier [30].

Preparation and electrophoresis of RNA in denaturing

gel and its quantitative evaluation. RNA was extracted

from the cultured cells with acidic water-saturated phe-

nol. The RNA integrity was monitored and RNA amount

was normalized by electrophoresis in a denaturing

agarose gel supplemented with formaldehyde. Upon the

electrophoresis, RNA was visualized in the gel by lumi-

nescence of the 18S and 28S bands stained with ethidium

bromide. The RNA amounts in different specimens were

normalized upon the determination of the 28S band

intensity on the corresponding lanes using the TotalLab

Quant program product.

Synthesis of cDNA on the RNA template and amplifi-

cation of gene fragments using RT-PCR. To synthesize

cDNA, 5 µg total RNA dissolved in 3-5 µl of deionized

water were mixed with 0.5 µg oligo-dT18 and 2 µl of

10 mM dNTP, and the mixture volume was adjusted to

12 µl, incubated for 5 min at 65°C, cooled on ice, supple-

mented with 2 µl of 0.1 M dithiothreitol, 2 µl of 10-fold

buffer for reverse transcriptase, 20 U of ribonuclease

inhibitor, incubated for 2 min at 37°C, supplemented

with 200 U of reverse transcriptase M-Mul V (Fermentas,

Lithuania), incubated for 1 h, and the reaction was

stopped by heating at 75°C for 15 min. The gene frag-

ments were amplified by PCR. The mixture for PCR was

prepared on ice and included 2.5 µl of 10-fold buffer for

Taq polymerase, 1 µl of 5 mM mixture of dNTPs, 0.5 µl

of 100 µM forward and reverse primers, 0.5 µl of cDNA or

0.5 µl of the PCR product, 0.125 µl of Taq polymerase

with the activity of 5 U/µl (Beagle, Russia), and 20 µl of

water to the reaction mixture total volume of 25 µl.

Various gene fragments were amplified on a PCR Script

cycler (Hybade, GB); the WNT2 was amplified using the

same temperature regimen for both pairs of primers to

WNT2: the initial denaturation – 94°C, 1 min (1 cycle);

denaturation – 94°C, 15 s; annealing – 58°C (GAPDH) or

64°C (WNT2), 30 s; elongation – 72°C, 30 s (35 cycles

for the amplification with cDNA, 20 cycles for the

repeated amplification); elongation – 72°C, 10 min (1

cycle). For the amplification, primers were used that were

synthesized by Beagle (Russia) (table).

Somatic knockdown of WNT2 using siRNA. The

expression of the WNT2 gene in the A-549 cells was inhib-

ited using RNA interference with the pSuper vector

(OligoEngine, USA) as described in [34]. Sixty-meric

oligonucleotides that contained sequences of 19 bases

complementary to mRNA of the WNT2 gene inserted

twice in inverted orientation, hairpin sequence in the

oligonucleotide middle, and sticky ends for ligation into

the BglII site on the 5′-end and XhoI site on the 3′-end were

synthesized by Sigma (Germany) and inserted into the

pSuper vector by the sites indicated above. The vectors car-

rying oligonucleotides for synthesis of siRNA against

WNT2 mRNA or the control insertion were used for trans-

fecting A-549 line cells by electroporation. After the trans-

fection, the cells were selected for 3 days in the growth

medium supplemented with puromycin (1.5 µg/ml). To

analyze the efficiency of inhibition of the WNT2 gene

expression, total RNA and cDNA were obtained from the

cells and the gene WNT2 regions were amplified using two

pairs of primers (table). The second pair of primers recog-

nizing the DNA sequence within the PCR product 279 bp

in size amplified with the first pair of primers was used for

synthesis of a WNT2 fragment of 209 bp size.

Luciferase reporter assay. Reporter constructions

containing seven Lef/Tcf binding sites in the regulatory

region (CCTTTGATC) and the encoding sequence of the

luciferase gene (TopFlash or Top), the corresponding

Name

WNT2-1

WNT2-2

GAPDH

WNT2-si1

WNT2-si2

WNT2-siK

Size

279 bp

209 bp

238 bp

19 nt

19 nt

19 nt

Nucleotide sequences used for amplification of fragments of the WNT2 gene and its somatic inactivation in A-549 cells

Reverse primers (5′-3′)

GCTGTGATCCCTGTCCAGGGTGTT

GCTGTGATCCCTGTCCAGGGTGTT

TTGATTTTGGAGGGATCTCG

Forward primers (5′-3′)

GCCCCTCTCGGTGGAATCTGGCTC

CATGGTGGTACATGAGAGCTAC

GAGTCAACGGATTTGGTCGT

GCAAAGGAAAGGAAAGGAA

GATCCAAAGAAGATGGGAA

CATAAGCTGAGATACTTCA

Note: bp, base pairs; nt, nucleotides.
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control construction with mutation of the Lef/Tcf bind-

ing sites (CCTTTGGCC) (FopFlash or Fop) [24], and

the expression vector containing β-catenin with the S33A

mutation [35] were kindly presented by E. N. Tolkunova

(Institute of Cytology, Russian Academy of Sciences).

The plasmid containing the β-galactosidase gene was

kindly presented by Dr. L-S. Chang (Ohio State

University, USA) and was described earlier [36]. The

transfection efficiency was normalized by the level of β-

galactosidase expression, and the ratio of light activity in

the cells transfected with Topflash and Fopflash was used

as the initial activity of the reporter construction.

To analyze the luciferase and β-galactosidase activi-

ties, the transfected cells grown on a 24-well culture plate

were washed twice with PBS and lysed by addition into

every well of 150 µl of Glo-lysis buffer (Promega, USA).

To determine the luciferase activity, to 50 µl of the lysate

50 µl of a BrightGlo reagent (Promega) was added, and

the luminescence intensity was measured with a lumi-

nometer. To determine the β-galactosidase activity, 20 µl

of the lysate was supplemented with 60 µl of Z-buffer

containing 40 mM Na2HPO4, 60 mM NaH2PO4, 10 mM

KCl, 1 mM MgSO4, 50 mM β-mercaptoethanol, and

20 µl of ONPG solution (4 mg/ml). The mixture was

incubated for 1 h at room temperature, the reaction was

stopped by addition of 50 µl of 1 M Na2CO3, and the opti-

cal density was measured at 420 nm. The activation of the

Tcf-dependent expression was determined by the change

in the ratio of the luciferase activity normalized by the β-

galactosidase activity in the cells transfected with the

Topflash construction to the normalized luciferase activ-

ity in the cells transfected with Fopflash.

RESULTS

Preparation of A-549 line cell cultures with inhibited

expression of WNT2. Published data have indicated that

the malignant transformation of A-549 cells is associated

with hyperproduction of Wnt2 [31]. Because Wnt proteins

are released into the extracellular space, we supposed that

under conditions of co-cultivation this protein could

induce in MSCs activation of the Wnt/β-catenin signal-

ing pathway. Therefore, the inhibition of its production in

A-549 cells could lead to a decrease in the activation of β-

catenin in MSCs co-cultured under conditions of separa-

tion with a cell-impenetrable membrane. To test this

hypothesis, we obtained stable cultures of A-549 cells

with decreased expression of WNT2 caused with a pSuper

system (OligoEngine). The stable expression in the A-549

cells of vectors producing siRNA to WNT2 (si1 and si2)

induced, respectively, a decreased or completely abol-

ished expression of this gene (Fig. 1).

Characteristics of signaling and membrane b-catenin in

MSCs co-cultured with A-549 cells with different levels of

WNT2 expression. To elucidate the mechanism of β-

catenin activation in MSCs co-cultured with A-549 cells,

we co-cultured MSCs with A-549 line cells that had nor-

mal or decreased expression of the WNT2 gene and

assessed by immunoblotting the β-catenin state in the

MSCs. The control untreated MSCs produced β-catenin

recognizable by immunoblotting as the major and minor

bands with lower and higher electrophoretic mobility,

respectively (Fig. 2, lane 1). The treatment of MSCs with

lithium ions increased in these cells the amount of both

total β-catenin (TBC) and its active (signaling) form

(ABC) (Fig. 2, lane 2). On co-cultivation of MSCs with the

normal cells or with those transfected with the pSuper vec-

tor with non-complementary oligonucleotide to the WNT2

gene mRNA, the total β-catenin level increased insignifi-

cantly, but the level of its signaling form (ABC) increased

noticeably (Fig. 2, lanes 3 and 4, respectively).

Determination of the ratio of the signaling β-catenin to the

total β-catenin (ABC/TBC) in different groups showed

that this value increases in the MSCs on their treatment

with lithium ions or on co-cultivation with A-549 cells,

either normal or transfected with the control vector (siK).

We think that the ABC/TBC ratio more adequately char-

acterizes the β-catenin activation than the TBC level.

Moreover, this ratio also indicates that inhibition of the

WNT2 gene expression in A-549 cells abolishes the β-

catenin activation in the co-cultured MSCs (Fig. 2).

Overall, our data have confirmed the literature data

indicating that A-549 line cells secret the Wnt2 protein

[31]. Our data also indicated that the mechanism of activa-

tion of the Wnt/β-catenin signaling pathway in MSCs co-

cultured with A-549 cells is underlain by secretion by the

A-549 cells of Wnt2, which is responsible for paracrine

activation of β-catenin in the MSCs. Results of this and the

preceding experiments have shown that the activation of

the Wnt/β-catenin signaling pathway is manifested not

only by an increase in the level of total protein, but mainly

in the increase in production of the active signaling β-

catenin. It seems that the level of signaling β-catenin

detected with specific antibodies to the protein dephos-

phorylated on Ser37/Thr41 most convincingly indicates

the activation of the Wnt/β-catenin signaling pathway [37].

Functional assessment of the state of the Wnt/b-

catenin signaling pathway in co-cultured MSCs using

luciferase reporter assay. The transfection of MSCs with

the reporter constructions TOP or FOP containing Tcf

binding sites induces a 2.5-3.0-fold increase in reporter

activation in MSCs co-cultured with A-459 cells – intact,

treated with LiCl, or transfected with siRNA with the

control insertion (Fig. 3). On the contrary, the A-549 cells

with inhibited WNT2 do not transactivate in the MSCs

the TOP reporter that contains binding sites of the Tcf

family transcriptional factors (Fig. 3). These results cor-

respond to data of immunoblotting presented in Fig. 2

and show the loss of the Wnt/β-catenin signaling pathway

induction in the MSCs co-cultured with the A-549 cells

deprived of WNT2 expression.
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DISCUSSION

In the present work, we studied the paracrine induc-

tion mechanism of the Wnt/β-catenin signaling pathway in

MSCs co-cultured with A-549 line cells under conditions

of cell separation with a cell-impenetrable membrane. The

stable expression of the pSuper vector containing siRNA

against WNT2 allowed us to obtain stable cultures of A-549

cells with decreased (si1) or completely inhibited (si2)

expression of this gene (Fig. 2). The co-cultivation of the

A-549 cells expressing the normal level of WNT2 with the

MSCs was accompanied by a 6-8-fold increase in the level

of the signaling β-catenin form (ABC), which was similar

to the increase observed on the cells treated with LiCl (Fig.

2, lanes 2-4). Under these conditions, the level of total β-

catenin (TBC) was increased only slightly, similar to the

increase in MSCs co-cultured with A-549 cells with inhib-

ited expression of WNT2 (Fig. 2, lanes 5 and 6). On the

contrary, the level of ABC and the ABC/TBC ratio

increased only in the MSCs co-cultured with A-549 pro-

ducing the normal level of WNT2. Therefore, we suppose

that an increase in the total β-catenin (TBC) level is not

obligatory for activation of the canonical Wnt signaling

pathway. Current publications have shown that the TBC

level can increase not only as a result of induction of the

canonical Wnt signaling pathway but can be a consequence

of the interaction between β-catenin and signaling cas-

cades of insulin, TGFβ, MAPK, etc. [38-40].

In our experiments the accumulation of the β-

catenin signaling form in MSCs treated with lithium ions

Fig. 1. Inhibition of WNT2 gene expression in A-549 line cells with pSuper system (OligoEngine, USA). a) Electrophoresis of RNA in dena-

turing gel. Total RNA from A-549 cells transfected with plasmids containing pSuper vector with control oligonucleotide (siK) or with oligonu-

cleotides recognizing specific sequences in the human WNT2 gene mRNA (si1, si2). The transfected cells were selected for 3 days using

puromycin followed by extraction of total RNA, its denaturing gel electrophoresis, and determining the relative amount of RNA in the differ-

ent samples to normalize them in the subsequent preparation of cDNA. b) Assessment of the efficiency of the inhibition of WNT2 gene expres-

sion using RT-PCR. i, ii, iii) electrophoresis of DNA in 1% (i, ii) and 3% (iii) agarose to characterize the PCR-amplification products, respec-

tively, of the control gene GAPDH; fragments of the WNT2 gene with 279 and 209 bp size. M, markers of molecular mass; bp, base pairs.
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or co-cultured with A-549 cells corresponded to the func-

tional activation of β-catenin targets. We found that the

reporter containing binding sites of the Tcf family tran-

scriptional factors is transactivated in MSCs treated with

LiCl or co-cultured with A-549 cells expressing the nor-

mal but not decreased level of WNT2 (Fig. 3). Note that

the Li+-caused induction of the total and signaling β-

catenin was similar to the induction under conditions of

cell co-cultivation. From our standpoint, the only impor-

tant difference between β-catenin detected by

immunoblotting on treatment of MSCs with lithium ions

and β-catenin under conditions of cell co-cultivation is

the increased electrophoretic mobility of the latter (Fig.

2, lanes 3-4 and 2, respectively). The electrophoretic

mobility of a protein is known to depend on the number

of phosphorylated groups in its structure, and an increase

in their number even by one residue decreases the mobil-

ity [41]. We suppose that the signaling form of β-catenin

produced in the MSCs under co-culture conditions has

greater electrophoretic mobility than the form produced

on treatment of MSCs with LiCl because of an addition-

al dephosphorylation of the β-catenin molecule. The lit-

erature data show differences in mechanisms of β-catenin

activation when the cells are treated with LiCl or Wnt.

Thus, LiCl transactivates the Tcf reporter much more

strongly than Wnt-1, whereas the two factors equally

increase levels of total and active β-catenin in 293T cells

[37]. It seems that the increased electrophoretic mobili-

ties of ABC and TBC in MSCs co-culture detected by us

compared to the increase caused by lithium ions can be a

result of a modification giving β-catenin additional abili-

ties in the regulation of cell-to-cell contacts and cell dif-

ferentiation, but such studies were beyond the purpose of

Fig. 2. Assessment by immunoblotting of active and total β-catenin expression in MSCs co-cultured with A-549 line cells with different levels

of WNT2 expression. The A-549 line cells with stable expression of the pSuper vector containing the complementary (si1, si2) or non-comple-

mentary (siK) siRNA against the WNT2 gene mRNA and control untreated A-549 line cells were co-cultured for 72 h with MSCs of the 10th

passage. The MSCs treated with LiCl were used as a positive control. After the co-cultivation, extracts from the MSCs were subjected to elec-

trophoresis and immunoblotting, and electrophoretic replicas were stained with antibodies to active or total fraction of β-catenin. ABC, active

β-catenin; TBC, total β-catenin; arrow “ABC” indicates the active β-catenin position relatively to that of the total protein on electrophoresis.

1                      2                   3                   4                  5                   6

Total β-catenin (TBC)

–                   LiC1               –                   –                  –                   –                          Treatment

–                      –               A549          A549siK      A549si1       A549si2                   Co-cultivation

MSCs

Active β-catenin (ABC)

1.0                 1.33              1.23             1.04             1.19              1.2                          Relative density 
of the bands

1.0                 6.69              7.87             5.63             1.64              0.74                          Relative density 
of the bands

Actin

1.0                  5.0                6.4               5.4                1.4                 0.6                          Ratio ABC/TBC

ABC

Fig. 3. Somatic knockdown of WNT2 in A-549 cells prevents

transactivation of the reporter TOPflash in co-cultured MSCs.

The MSCs were transfected with the reporters

TOPflash/FOPflash and co-cultured with A-549 cells expressing

or not expressing WNT2; MSCs treated for 4 h with 10 mM LiCl

were used as a positive control. The luciferase activity was deter-

mined 96 h after the transfection and normalized by its efficien-

cy using β-galactosidase as a control. The reporter vector activity

was assessed as the ratio of conventional light units in specimens

containing TOPflash to such in the control specimens containing

FOPflash. The data are presented as the mean arithmetic value

and standard deviation. * P < 0.05 compared to results in groups

designated as A549si1 and A549si2.
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the present work. In the future, studies on functional fea-

tures of differently dephosphorylated forms of signaling

β-catenin may be promising for understanding the patho-

genesis of diseases in which a constitutive induction of

Wnt/β-catenin signals has been revealed, e.g. lung and

intestine carcinomas, pulmonary fibrosis, acute lymphoid

leukemia, etc. [24, 42, 43].
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