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Abstract

AIM: To evaluate the significance of y-catenin in clinical
pathology, cellular function and signaling mechanism in
esophageal squamous cell carcinoma (ESCC).

METHODS: The mRNA expression of y-catenin was
detected by real-time quantitative reverse transcrip-
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tion-polymerase chain reaction in 95 tissue specimens
and evaluated for association with the clinicopathologic
characteristics and survival time of patients with ESCC.
SiRNAs against human y-catenin were used to inhibit
y-catenin expression. Hanging drop aggregation assay
and dispase-based dissociation assay were performed
to detect the effect of y-catenin on ESCC cell-cell adhe-
sion. Transwell assay was performed to determine cell
migration. Luciferase-based transcriptional reporter
assay (TOPflash) was used to measure B-catenin-
dependent transcription in cells with reduced y-catenin
expression. The expression and subcellular localiza-
tions of p-catenin and E-cadherin were examined using
Western blot and immunofluorescence analysis.

RESULTS: y-catenin mRNA expression was significantly
associated with tumor histological grade (P = 0.017)
in ESCC. Kaplan-Meier survival analysis showed that
y-catenin expression levels had an impact on the sur-
vival curve, with low y-catenin indicating worse survival
(P = 0.003). The multivariate Cox regression analysis
demonstrated that y-catenin was an independent prog-
nostic factor for survival. Experimentally, silencing
y-catenin caused defects in cell-cell adhesion and a con-
comitant increase in cell migration in both KYSE150 and
TE3 ESCC cells. Analysis of Wnt signaling revealed no
activation event associated with y-catenin expression.
Total B-catenin and Triton X-100-insoluble B-catenin
were significantly reduced in the y-catenin-specific
siRNA-transfected KYSE150 and TE3 cells, whereas
Triton X-100-soluble B-catenin was not altered. More-
over, knocking down y-catenin expression resulted in a
significant decrease of E-cadherin and Triton X-100-
insoluble desmocollin-2, along with reduced B-catenin
and E-cadherin membrane localization in ESCC cells.

CONCLUSION: y-catenin is a tumor suppressor in
ESCC and may serve as a prognostic marker. Dysregu-
lated expression of y-catenin may play important roles
in ESCC progression.
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Core tip: We, like others, have shown in previous work
that reduced classic and desmosomal cadherin expres-
sion correlated with increased metastasis both in labo-
ratory models and in clinical esophageal squamous cell
carcinoma (ESCC) samples; however, a direct functional
role of y-catenin in this process has not been shown.
In this study, we report that y-catenin plays a critical
role in ESCC progression. Our work demonstrates that
y-catenin is a tumor metastasis suppressor in ESCC
and its expression may serve as a prognostic marker.
Loss of y-catenin leads to significant changes in esoph-
ageal cancer cell phenotypes.
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INTRODUCTION

Esophageal squamous cell carcinoma (ESCC) is the most
common malignancy in China, and has high mortality[l].
It is difficult to diagnose ESCC during early stages of
disease development, and advanced ESCC is frequently
associated with local invasion and lymph node metasta-
sis”. Therefore, a better understanding of tumor dissemi-
nation and growth is paramount, and identification of
genes crucial for tumor metastasis is urgently needed for
the development of ESCC diagnostics and therapeutics.
Adhering junctions, such as adherens junctions and
desmosomes, are vital for the unity of cells in esopha-

geal epithelial sheets”. Generally, adhering junctions are
comptised of a transmembrane component and a variety
of cytoplasmic adapter proteins that in turn link cyto-
skeletal structures to sites of cell-cell contact. Alterations
in expression of these cytoplasmic adapter proteins have
been linked to tumor progression and/or suppression'”.
One such protein is a close relative of f-catenin called
y-catenin (also known as junction plakoglobin), which
can bind to both classic and desmosomal cadherins, but
is found primarily in desmosomes and is critically im-
portant in the maintenance of normal epithelial tissue
architecture™, Reduction of y-catenin expression has
been reported in numerous human carcinomas such as
oral, lung, colorectal, prostate, ovarian, and bladder can-
cers' %, In esophageal cancer, loss or reduced y-catenin
expression has been correlated with poor survival'”.
Despite the growing number of correlative studies,
the possible role or mechanism by which depletion of
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y-catenin may contribute to neoplastic progression is not
fully understood. Previous study shows that y-catenin
can function as an inhibitor of B-catenin/Tcf-dependent
gene transcription and highlights y-catenin as a potentially
novel tumor suppressor protein in a subset of human lung

[14]
cancers

. However, another study reveals no activated
Wnt signaling event associated with y-catenin expression
in the bladder model"”. In oral squamous cell carcinoma,
y-catenin has tumor metastasis suppressor function by
regulating the metastasis suppressor activity of Nm23"",
In keratinocytes, y-catenin deficiency results in extracel-
lular matrix (ECM)-dependent disruption of mature focal
adhesions and actin organization, through distinct ECM-
Stc and RhoGTPase-dependent pathways ) Recently, we
have shown that desmocollin-2 (DSC2), the most widely
distributed desmosomal cadherin family member, plays
a causal role in esophageal cellular invasion and metas-
tasis. The loss of DSC2 initiates tumor cell metastasis
by affecting the subcellular localization of y-catenin,
activating the [3-catenin pathway, and eventually inducing
an epithelial-mesenchymal transition-like processlls’lgj.
However, from these experiments we can not assess the
contribution of y-catenin to esophageal cancer suppres-
sion. Whether these observed changes in y-catenin play
a causal role in ESCC progression has not been deter-
mined.

In this study, using a real-time quantitative reverse
transcription polymerase chain reaction (RT-PCR) tech-
nique, we identified differential expression of y-catenin in
ESCC. The significance of y-catenin in clinical pathology,
cellular function and the signaling mechanism by which
y-catenin exerts its tumor suppressor activity in ESCC
cells was evaluated. Results of these studies may provide
a foundation for further study of potential clinical appli-
cations in diagnosis, prognosis or therapeutics.

MATERIALS AND METHODS

Ethics

This study was approved by the ethical committee of the
Central Hospital of Shantou City and the Medical Col-
lege of Shantou University, and written informed consent
was obtained from all surgical patients to use resected
samples for research.

Patients and samples

ESCC tissue specimens and paired adjacent normal epi-
thelial tissues were obtained from 95 patients (median
age, 55 years, range 40-88 years) who underwent surgery
in the Department of Pathology of Shantou Central
Hospital from 2007 to 2008. The specimens were im-
mediately frozen in liquid nitrogen following surgery and
stored at -70 ‘C until RNA isolation. All of the tumors
were confirmed as ESCC by the Clinical Pathology De-
partment of the Hospital, and the cases were classified
according to the 7" edition of the tumor-node-metastasis
(INM) classification of the International Union against
Cancer and were included in this study only if a follow-
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Table 1 Survival information of the patients by clinical

characteristics 7 (%)

Parameter Five year survival P value

Age (y1)
<55 38 (63.2) 0.225
=55 57 (52.6)

Gender
Female 24 (54.2) 1.000
Male 71 (57.7)

Tumor size
<3cm 30 (56.7) 0.078
3-5cm 49 (62.5)
>5cm 16 (37.5)

Differentiation grade
G1 23 (73.9) 0.060
G2 55 (58.2)
G3 17 (38.5)

Invasive depth
T1+ T2 24 (70.8) 0.169
T3 + T4 71 (52.1)

Regional lymph node metastasis
NO 57 (64.9) 0.034
N1 38 (44.7)

pTNM stage
IA+1B+ 0A+ 1B 61 (68.9) 0.007
MA + B + MC + IV 29 (41.4)

Kaplan-Meier curves (log-rank test).

up was obtained. Patients’ data are summarized in Table 1.

RNA extraction and real-time quantitative RT-PCR
analysis

Total RNA was extracted from frozen stored tissues with
TRIzol reagent (Invitrogen, United States) in accordance
with the manufacturer’s instructions. Reverse transcrip-
tion was performed in a total volume of 20 pL using
1 pg of total RNA by using the Reverse Transcription
System (Promega, United States). Real-time quantitative
PCR was carried out on the Rotor-Gene 6000 system
(Cotbett Life Science, Sydney, Australia). SYBR® Premix
Ex Taq™ (TaKaRa) was used according to the manufac-
turer’s instructions. y-catenin PCR primers were designed
based on human y-catenin mRNA sequence (GenBank
accession number NM_002230.1). The primer sequences
are as follows: forward 5-CCC ATC AAT GAG CCC
TAT GGA G-3’ and reverse 5-GGG CAC ATC GCT
GGA GTA CA-3. As an internal control, a fragment of
human f-actin was amplified using the following primers:
forward 5-CAA CTG GGA CGA CAT GGA GAA A-3
and reverse 5-GAT AGC AAC GTA CAT GGC TGG
G-3’. PCR conditions were an initial denaturation step
of 10 s at 95 °C, followed by 40 cycles consisting of 5 s
at 95 °C, 20 s at 60 C and 15 sec at 72 C. Quantification
was performed using the 2" method. The absolute lev-
els of y-catenin mRNA were normalized to that of -actin
mRNA. The status of differentially expressed y-catenin
gene in the ESCC tissue was defined as “positive expres-
sion” if 2T was > 0.5-fold or “negative expression” if
22T was < 0.5-fold, when compared to that detected in
the adjacent normal tissue.
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Cell culture and transfection

The human esophageal squamous carcinoma cell lines
KYSE150 and TE3"™ were cultured in Dulbecco’s modi-
fied Eagle’s medium (Invitrogen, Carlsbad, CA, United
States) supplemented with 10% fetal calf serum. For
siRNA transfection, approximately 5 X 10" cells per well
were inoculated into 6-well plates, cultured for 24 h and
then transfected with the relevant siRNA (50 nmol/L)
using Lipofectamine 2000 transfection reagent (Invitro-
gen, Carlsbad, CA, United States). siRNAs were synthe-
sized by Shanghai GenePharma Co., Ltd and contained
two siRNAs against human y-catenin (siRNA-1: 5>-GCU
GAU CAU CCU GGC CAA U-3’ and siRNA-2: 5-AGU
CGG CCA UUG UGC AUC U-3%). A control siRNA
oligonucleotide, which does not match any known hu-
man coding cDNA, was used as a control.

Transwell migration assay

Transwell migration assay was conducted as previously
described"”. Cells were placed into the upper chamber
of an insert in serum-free medium (BD Biosciences, NJ,
United States). After 24 h of incubation, cells remain-
ing in the upper chamber were carefully removed. Cells
adhering to the lower membrane were fixed and stained
with Giemsa reagent, imaged, and counted using an in-
verted microscope (Olympus, Tokyo, Japan). The mean
value was calculated from data obtained from three sepa-
rate chambers.

Hanging drop assay

Hanging drop cultures of aggregated cells were gener-
ated from 1 X 10’ cells. Cells were allowed to aggregate
overnight on the underside of a culture dish as previously
described”. Resulting cell clusters were subjected to 30
rounds of pipetting through a 200 yL Gilson pipette, and
the degree of dissociation was quantified by counting the
particles after trituration.

Dispase-based dissociation assay

Cell cultures were seeded in triplicate onto 6-well plates.
Twenty-four hours after reaching confluency, cultures
were washed twice in phosphate buffered saline (PBS)
and then incubated in 1 mL of dispase (2.4 U/mL,; Sig-
ma) for more than 30 min as previously described”"’. Re-
leased monolayers wete carefully washed twice with PBS
and transferred to 15 mL conical tubes. Enough PBS was
added to a final volume of 2 mL. Tubes were secured to
a rocker and subjected to 50 inversion cycles. Fragments
were counted using an inverted microscope (Olympus,

Tokyo, Japan).

-catenin/Tcf transcriptional reporter assay

Cells were co-transfected with either TOPflash or FOP-
flash reporter plasmids along with the siRNA-1/-2 or
control siRNA. The TOPflash reporter plasmid con-
tained B-catenin/TCF binding motifs, whereas the FOP-
flash teporter plasmid contained mutant B-catenin/Tcf-
binding sites and was used as a control. The level of
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Table 2 Relationship between clinicopathological features

and y-catenin mRNA expression 7 (%)

Parameter y-catenin status P value
24T<05 2%7>05

Age (y1)
<55 18 (36) 32 (64) 0.216
>55 11 (24) 34 (76)

Gender
Female 11 (46) 13 (54) 0.079
Male 18 (25) 53 (75)

Tumor size
<3cm 11 (37) 19 (63) 0.522
3-5cm 12 (25) 36 (75)
>5cm 5(31) 11 (69)

Differentiation grade
Gl 5(22) 18 (78) 0.017
G2 13 (24) 42 (76)
G3 8 (62) 5(38)

Invasive depth
T1+ T2 8 (33) 16 (67) 0.734
T3 + T4 21 (30) 50 (70)

Regional lymph node metastasis
NO 16 (28) 41 (72) 0.528
N1 13 (34) 25 (66)

PTNM stage
IA+1B+ I0A+IB 16 (26) 45 (74) 0.640
A + B + MC + IV 9 (31) 20 (69)

[-catenin-dependent transcription was determined by a
TOPflash luciferase activity assaym. Luciferase reporter
activities were normalized to the activity of the Renilla
internal control. Data represent the results of triplicate
dishes from two independent experiments.

Western blot

Western blot was performed as described previously"”.
Total cell lysates were prepared in RIPA buffer (Paragon
Biotech, China). For analysis of the Triton X-100-in-
soluble pool, cells were lysed in 1% Triton X-100 buffer
(1% Triton X-100, 145 mmol/L NaCl, 10 mmol/L Ttis-
HCI, pH 7.4, 5 mmol/L EDTA, 2 mmol/L. EGTA, and
1 mmol/L PMSF) followed by centrifugation (16000 g, 10
min). The Triton X-100-insoluble pellet was solubilized
in Laemmli sample buffer, resolved by SDS/PAGE (12%
gels) and immunoblotted. Experiments were repeated
two to three times with similar results.

Confocal laser scanning microscopy

The staining procedure was performed as previously
described™. After fixation in 4% paraformaldehyde solu-
tion for 15 min, cells were incubated with donkey serum
blocking buffer for 30 min and a primary antibody over-
night at 4 ‘C, followed by donkey anti-mouse IgG (Dy-
Light 488) and/or donkey anti-rabbit IgG (DyLight 594)
(Jackson, Germany) for 30 min at 37 C. Samples were
counterstained with DAPI (Sigma, St. Louis, MO, United
States) for 10 min. Finally, the cells were examined under
a confocal microscope (OLYMPUS, FV-1000).

Statistical analysis
Associations of y-catenin with clinicopathological charac-
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teristics including age, gender, tumor size, differentiation
grade, invasive depth, lymph node metastasis, and TNM
classification were assessed by the ;(2 test. Kaplan-Meier
curves wete constructed for overall survival analysis by a
log-rank test. All statistical analyses were performed with
SPSS 13.0 software (version 13.0; SPSS, Inc., Chicago,
IL). Each P-value is two-tailed and significance level is
0.05.

RESULTS

Expression of y-catenin in ESCC tissues

To assess the clinical implications of y-catenin mRNA
expression in ESCC, we analyzed expression of this gene
by real-time quantitative PCR. With a median follow-up
of 39.6 mo for the 95 patients analyzed in this study, the
mean survival was 41.4 mo (range 37.0-45.8 mo), and
that the 5-year survival rate was 48.9%. The absolute lev-
els of y-catenin mRNA were normalized to that of f-actin
mRNA. The status of differentially expressed y-catenin
gene in the ESCC tissue was defined as “positive expres-
sion” if 2% was > 0.5-fold or “negative expression” if
2% \yas < 0.5-fold, when compared to that detected
in the adjacent normal tissue. By this criterion, 29 (31%)
patients had a negative y-catenin expression status and 66
(69%) patients had a positive y-catenin expression status.
Table 2 shows associations between the clinicopathologic
characteristics of patients with ESCC and y-catenin ex-
pression status. A significant correlation was observed
between y-catenin expression status and histologic grade
of tumors (P = 0.017). Positive y-catenin expression cases
22" > 0.5) were found in 78% of grade I tumors, 76%
of grade II, and 38% of grade Ill. ESCC patients with
histologic grade Il tumors were more likely to have low
levels of y-catenin expression (Z'AACT < 0.5). There were
no significant correlations between y-catenin expression
levels and other clinical parameters, such as pTNM clas-
sification, in patients with ESCC.

The expression level of y-catenin was next evalu-
ated for association with survival time using the Kaplan-
Meier method. The results showed that patient survival
time was positively correlated with y-catenin expression.
ESCC patients with tumors demonstrating negative ex-
pression of y-catenin (2**“" < 0.5) exhibited poor prog-
nosis. Among 95 ESCC patients, in 29 cases of negative
y-catenin expression (Z’AACT < 0.5), the median survival
time was 25.0 mo and the 5-year survival rate was 15.5%,
whereas in 66 cases of positive y-catenin expression @2t
> 0.5), the median survival time was 42.1 mo and the
5-year survival rate was 62.6% (P = 0.003, Figure 1). The
use of the Cox regression model in multivariate analysis
showed that y-catenin expression status was an indepen-

dent prognostic predictor (P = 0.004) (Table 3).

Expression of y-catenin in ESCC cells

We next explored the expression of y-catenin in ESCC
cell lines. As shown in Figure 2A, y-catenin expression
was detected in all cell lines evaluated, with KYSE150
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Figure 1 Kaplan-Meier estimates of overall survival by y-catenin status in
esophageal squamous cell carcinoma samples. The Kaplan-Meier analy-
ses of y-catenin mRNA expression in 95 patients with esophageal squamous
cell carcinoma illustrate that y-catenin expression levels had an impact on the
survival curve, with low y-catenin (2*°" < 0.5) indicating worse survival (P =
0.003).

and TE3 cells contained higher y-catenin expression
levels. These cell lines were selected as the model for the
subsequent function studies.

y-catenin knockdown by transient siRNA transfection in
ESCC cells

Two double-stranded siRNAs (siRNA-1 and -2) target-
ing the human y-catenin gene were synthesized. These
sequences are specific to y-catenin mRNA and there is
no match to other genes in the NCBI nucleotide data-
base, in particular to other catenin family members, by
BLAST searching. Western blot analysis revealed that
y-catenin expression decreased markedly in treated cells
compared with the control. Transfection with siRNAs
resulted in a 38%-54% reduction in y-catenin expres-
sion in KYSE150 cells (Figure 2B, left panel) and a 25%
to 44% reduction in expression in TE3 cells (Figure 2B,
right panel), when compared to that transfected with the
scramble sequence.

y-catenin knockdown reduces cell-cell adhesion

In view of the fact that the malignant transformation of
epithelial cells involves alteration of cell-cell adhesion
that enables these cells to adopt a phenotype of migra-
tion leading to tumor invasion and metastasis™, we next
investigated whether reduced y-catenin expression levels
affected cell-cell adhesion in ESCC cells. We first em-
ployed a previously described hanging drop aggregation
assay”". Cells allowed to aggregate for 24 h in a hanging
drop on the underside of a culture dish were subjected
to trituration through a 200 uL-Gilson pipette tip in an
attempt to disrupt intercellular adhesion. The degree of
dissociation was quantified by counting the particles that
dissociated from the original cluster. KYSE150 and TE3
cells transfected with siRNA against y-catenin were more
susceptible to dissociation than control cells (Figure 2C),
which exhibited on average an approximately threefold
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Table 3 Univariate and multivariate Cox regression analyses

by y-catenin expression status

Cox regression analysis Percentage of survival P value

Univariate Time to survival (95%CI)

(mo)
2%4T<05 31.309 +3.343 34.5 (24.757-37.860)  0.007
28T 505 45.463 + 2.609 66.7 (40.349-50.576)

Multivariate Relative risk

Tumor size 1.256 0.751-2.101 0.385
Differentiation 1.651 0.914-2.981 0.097
grade

Regional lymph 1.846 0.963-3.539 0.065
node metastasis

y-catenin 0.370 0.189-0.723 0.004

increase in particle number when compared with the
control (P < 0.01).

To further confirm the effect of y-catenin on ESCC
cell-cell adhesion, we performed a Dispase-based disso-
ciation assay. This assay was previously used to quantify
the adhesion strength of a variety of epithelial cells®"*.
Confluent monolayers of siRNA transfected KYSE150
and TE3 cells were harvested from tissue culture dishes
by incubation with dispase. Monolayers were then trans-
ferred to 15 mL conical tubes. After inverting the tubes
50 times on a rocker, monolayer fragments were counted
(Figure 2D). y-catenin-specific siRNA-transfected mono-
layers dissociated into numerous smaller fragments,
wheteas control cell monolayers exhibited only minimal
dissociation. Quantification of the number of fragments
showed a four-fold increase in fragmentation (P < 0.01),
suggesting that knocking down y-catenin led to a signifi-
cant decrease in cell-cell adhesion.

y~catenin inhibits motility of ESCC cells

As weakening of cell-cell adhesions has been reported
to increase cell motih'tym], we next investigated whether
y-catenin status in cells correlated with their relative mo-
tility. 'Towards this end, we performed a transwell migra-
tion assay to compate cell motility. The assay revealed
that y-catenin knockdown cells were significantly more
migratory than control siRNA-transfected cells over a
24-hperiod. The transfection of KYSE150 and TE3 cells
with a y-catenin-specific siRNA increased cell migration
up to 25% compared with the RNAi control transfection
(P < 0.01; Figure 2E). These data imply that reduced ex-
pression of y-catenin promotes cell motility.

Effects of y-catenin on expression of adherens junction
molecule and 3-catenin signaling

Although the role of (-catenin in Wnt signaling has been
well established, the role of y-catenin in this pathway is
less clear™. To investigate whether y-catenin influences
B-catenin signaling in esophageal carcinoma cells, we
first used a luciferase-based transcriptional reporter assay
(TOPflash) to measure B-catenin-dependent transcription
in cells with reduced y-catenin expression. As illustrated
in Figure 3A, KYSE150 and TE3 cells transfected with
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Figure 2 Alterations of cell-cell adhesion and cell migration exerted by RNAi-mediated knockdown of y-catenin. A: Representative Western blot of y-catenin in
4 esophageal cancer cell lines; B: KYSE150 and TE3 cells were transfected with y-catenin siRNAs (siRNA-1 and -2), or a negative control siRNA (control). Western blot
analysis was used to show RNAi-mediated knockdown. Equal loading was ascertained using -actin as an internal control; C: Hanging drop assay. Cells were seeded into
hanging drop cultures and allowed to aggregate for 24 h. After trituration by passing the cell cluster 30 times through a 200 pL pipette tip, the degree of dissociation of the
cell cluster was visualized by microscopy and quantified by manual counting under a dissecting microscope; D: Dispase-based dissociation assay. Cell monolayers were
separated from culture dishes via incubation with dispase. Monolayers were transferred to 15 mL conical tubes containing 2 mL of phosphate buffered saline. After 50 in-
versions, the degree of fragmentation of the monolayers was observed. The dissociation assay was quantified by counting the number of total particles; E: Transwell assay
was performed to determine cell migration. Migrated cells were fixed and stained, and representative fields were photographed. The cells were quantified in 10 random
fields with a light microscope (x 200). The mean value was calculated from data obtained from three separate chambers. P < 0.01 vs the control group.
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Figure 3 y-catenin affects cell motility through cell-cell adhesion-dependent mechanisms. A: TOPflash reporter activity in KYSE150 and TE3 cells. Cells were
co-transfected with either TOPflash or FOPflash reporter plasmids along with siRNA-1/-2 or control siRNA. The level of -catenin-dependent transcription was deter-
mined by TOPflash luciferase activity. FOPflash reporter plasmids containing mutant -catenin/ TCF-binding sites were used as controls. Data represent the results
of triplicate dishes from two independent experiments; B: Western blot analyses of E-cadherin and total B-catenin in y-catenin-specific SiRNA or control-transfected
esophageal squamous cell carcinoma (ESCC) cells. B-actin served as a loading control; C: Western blot analyses of triton X-100-soluble and -insoluble y-catenin,
B-catenin and DSC2 proteins in y-catenin-specific siRNA or control-transfected ESCC cells; D: The subcellular localizations of B-catenin and E-cadherin was exam-
ined using immunofluorescence analysis. Of note, knocking down y-catenin expression caused reduced B-catenin and E-cadherin membrane localization.

y-catenin-specific siRNA showed no significant Wnt acti-
vation (P > 0.05), when compared with the RNAi control
transfected cells. We next examined [-catenin protein ex-
pression levels by Western blot. Total B-catenin and Tri-
ton X-100-insoluble (-catenin were significantly reduced
in the y-catenin-specific siRNA-transfected KYSE150
and TE3 cells, whereas Triton X-100-soluble -catenin
was not altered (Figure 3B and C). These results suggest
that y-catenin does not mediate its effects through the
Wnt pathway in this model.

As y-catenin is a member of the Armadillo family of
proteins and binds directly to both classic and desmo-
somal cadherins™, We therefore investigated the effects
of y-catenin knockdown on expression of E-cadherin
and DSC2. As shown in Figure 3, reducing expression of
y-catenin resulted in a significant decrease of E-cadherin
and Triton X-100-insoluble DSC2 in ESCC cells. To con-
firm this result, the subcellular localizations of [B-catenin
and E-cadherin were examined using immunofluores-
cence. Consistent with the Western blot results, knocking
down y-catenin expression caused reduced B-catenin and
E-cadherin membrane localization (Figure 3D).
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DISCUSSION

Accumulating evidence suggests that adhesive interac-

tions are critical in the process of metastatic tumor mi-
gration and that adhesion molecules can act as both posi-
tive and negative modulators of the metastatic procesle5].
The cadherin-catenin complex promotes homotypic tu-
mor cell adhesion, maintaining intercellular contacts that
confine cells to the primary tumor site. Previous studies
have shown a correlation between reduced classic and
desmosomal cadherin expression and increased metasta-
sis both in laboratory models and in clinical ESCC sam-
ples“s’w’zm; however, a direct functional role of y-catenin
in this process has not been shown. In this study, we re-
port that y-catenin plays a critical role in ESCC progres-
sion. Our work demonstrates that y-catenin is a tumor
metastasis suppressor in ESCC and its expression may
serve as a prognostic marker. Loss of y-catenin leads to
significant changes in esophageal cancer cell phenotypes.
Evidence from clinical studies suggests that reduced
expression of y-catenin in human cancers is associated
with increased tumor progression and adverse clinical
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outcome’ . To confirm whether these observed chang-
es in y-catenin play a causal role in ESCC progression, we
first use a real-time quantitative RT-PCR method to ana-
lyze the prognostic importance of y-catenin expression
in ESCC. Reduced y-catenin mRNA expression is associ-
ated with an unfavorable prognosis of ESCC patients.
Patients with positive y-catenin- expressing tumors have
a better prognosis than those with reduced expression
of y-catenin. Moreover, y-catenin expression level is an
independent prognostic predictor. Our findings are con-
sistent with earlier immunohistochemistry studies reveal-
ing that decreased y-catenin expression was significantly
associated with poorer prognosis[13], which implies more
aggressive malignant behaviors of esophageal carcinoma
cells.

Several studies have discovered that y-catenin was
involved in cell invasion and metastasis of human oral
squamous cell cancer, lung cancer, and bladder can-
cer™" In our clinical investigation, expression of
y-catenin does not correlate with the degree of lymph
node metastasis. However, Lin ¢ /"' have reported that
reduced protein expression of y-catenin is associated
with lymph node metastasis in human ESCC. It seems
that this confusing result conducted from the statistical
analysis might be due to the insufficient ESCC speci-
mens, or the discordance between protein and mRNA
expression levels of y-catenin. In 7 vitro experiments, we
show that y-catenin expression enhances cell-cell adhe-
sion and suppresses the motility of ESCC cells, suggest-
ing that y-catenin might play as a metastasis suppressor
in ESCC. As a junctional protein, y-catenin interacts with
both desmocollin and E-cadherin in both the soluble
and cytoskeleton associated pools of cellular proteins®.
Recently, it has been suggest that y-catenin may play a
central role in desmosome organization and is required
for effective intermediate filament anchorage to desmo-
somes"””. Consistent with these observations, the data
presented in this work suggest that a decreased level of
y-catenin in the cell leads to a decrease in E-cadherin and
desmocollin protein expression, which is accompanied
by a decrease in cell-cell adhesion and an increase in cell
migration. These results are consistent with data from
Simpson et al”™ that show that increasing y-catenin levels
rescue cadherin expression, desmosome organization,
and functional adhesion, leading us to conclude that
knocking down y-catenin expression with siRNA desta-
bilizes other cadherins. Although we did not determine
whether this represents transcriptional downregulation or
increased turnover of protein possibly complexed with
y-catenin, the reduction of cell adhesion protein suggests
that the inhibition of cell migration is partly dependent
upon y-catenin interactions with the classic and desmo-
somal cadherin proteins.

The signaling mechanism(s) by which y-catenin exerts
its tumour suppressor activity in ESCC cells remains un-
clear. y-catenin localizes to the desmosomal plaque and
seems to be required for desmosome organization as dis-
cussed eatlier. Alternatively, desmosomes have been pos-

tulated to serve as signaling centers™ and it is possible
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that an alteration in desmosome composition results in
an alteration in signal transduction resulting in increased
transformation. In addition, y-catenin may directly
modify intracellular signaling, thus altering cell behavior,
such as cell migration under certain circumstances'".
In numerous human cancers including ESCC, the Wnt/
[B-catenin signaling pathway is constitutively activated”",
The previous study on human lung cancer cells shows
that re-expression of y-catenin reduces TCF activity ",
However, it is interesting that we report here that y-catenin
does not affect B—catenin/TCF—dependent gene tran-
scription. Our observations support the work of Rieger-
Christ e a/”, who tevealed no activated Wnt signaling
event associated with y-catenin expression in the bladder
model. Hence, in esophageal carcinoma cells, y-catenin
might be exerting a tumor suppressor role zia alternative
signaling pathways from those established in other carci-
noma cell models, which will require extensive study to
determine.

In summary, this study provides both clinical and
mechanistic evidence supporting the critical role of
y-catenin in ESCC progression. Our data demonstrate
that y-catenin is a tumor suppressor in ESCC and its
expression may serve as a prognostic marker. Results of
this study may provide a foundation for further study of
potential clinical applications in diagnosis, prognosis or
therapeutics.

COMMENTS

Background

y-catenin is a member of the armadillo family of proteins, which can bind to both
classic and desmosomal cadherins, but is found primarily in desmosomes and
is critically important in the maintenance of normal epithelial tissue architecture.
Reduction of y-catenin expression has been reported in numerous human car-
cinomas.

Research frontiers

Accumulating evidence suggests that adhesive interactions are critical in the
process of metastatic tumor migration and that adhesion molecules can act
as both positive and negative modulators of the metastatic process. Previous
studies have shown a correlation between reduced desmosomal cadherin
expression and increased metastasis both in laboratory models and in clinical
esophageal squamous cell carcinoma (ESCC) samples. However, a direct func-
tional role of y-catenin in ESCC progression has not been determined.
Innovations and breakthroughs

The significance of y-catenin in clinical pathology, cellular function and the
signaling mechanism by which y-catenin exerts its tumor suppressor activity in
ESCC cells was evaluated. The work demonstrates that y-catenin is a tumor
metastasis suppressor in ESCC and its expression may serve as a prognostic
marker. Loss of y-catenin leads to significant changes in esophageal cancer
cell phenotypes.

Applications

This study may provide a foundation for further study of potential clinical appli-
cations of y-catenin in ESCC diagnosis, prognosis or therapeutics.

Peer review

This is a good descriptive study in which the authors analyzed the relationship
between y-catenin mRNA expression and disease prognosis in patients with
ESCC, and the cellular function and signaling mechanism by which y-catenin
exerts its tumor suppressor activity in ESCC cells. They conclude that y-catenin
is a tumor metastasis suppressor in ESCC and its expression may serve as a
prognostic marker. Dysregulated expression of y-catenin may play important
roles in ESCC progression. The results are interesting and provide insights into
esophageal cancer.
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