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Abstract 5-Catenin is a member of the p120 catenin family.
Similar to p120ctn, &-catenin contains nine central Arma-
dillo repeats and binds to the juxtamembrane domain
(JMD) of E-cadherin. We used immunohistochemistry to
detect 0-catenin expression in breast carcinoma (128
cases), and d-catenin mRNA and protein expression was
detected by reverse transcription-polymerase chain reac-
tion and Western blotting (45 cases). The effects of o-
catenin on the activity of small GTPases and the biolog-
ical behavior of breast cancer cells were explored by
pulldown, flow cytometry, methyl thiazolyl tetrazolium,
and Matrigel invasion assays. The results showed that 8-
catenin expression increased in breast cancer tissues and
was associated with a higher degree of malignancy (inva-
sive lobular breast cancer, high tumor-node-metastasis
stage, lymph node metastasis, and C-erbB-2+) and poor
prognosis. Postoperative survival was shorter in patients
with &-catenin-positive expression than in patients with
negative expression. d-Catenin may regulate Cdc42/Racl
activity, promote proliferation and invasion of breast can-
cer cells, and alter cell cycle progression. We conclude
that d-catenin tends to overexpress in breast carcinoma
and promotes the malignant phenotype.
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Introduction

d-Catenin is a member of the P120 catenin (p120ctn) family.
The &-catenin gene (CTNND2) is localized on chromosome
5pl5.2, encoding 1225 amino acid residues [1]. The structure
of d-catenin is very similar to that of p120cn, containing nine
Armadillo repeats [2, 3]. 6-Catenin also directly binds to E-
cadherin [4]. 5-Catenin may regulate many biological process-
es, including development, morphogenesis, and tumor metas-
tasis [5]. 8-Catenin is strongly expressed in some tumors such
as in prostate cancer, lung cancer, and astrocytoma [6—10].
The expression of d-catenin in breast cancer has not been
reported, and it is unclear whether d-catenin correlates with
clinicopathological factors and poor prognosis. In this study,
d-catenin was detected in 128 cases of breast cancer. We found
that d-catenin was expressed at a high level in breast cancer
tissues and was associated with a higher degree of malignancy
(invasive lobular breast cancer, high tumor-node-metastasis
stage, lymph node metastasis, and C-erbB-2+) and poor
prognosis.

We modulated d-catenin expression in breast cancer cell
lines and found that &-catenin enhanced cell invasion and
promoted cell cycle progression. We also found that &-
catenin upregulated Cdc42 and Racl activities. Cdc42 and
Racl are core members of the small GTPase family that act as
a molecular switch with two states—the activated state (GTP-
bound) and the inactivated state (GDP-bound). Increased ac-
tivity of Cdc42 and Racl may promote cell migration.

Materials and methods
Tissue samples

Breast cancer specimens (n=128) were obtained between
2003 and 2008, following surgical resection at The First
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Table 1 Primer sequences and

reaction conditions Primer Sequence Length (bp) Temp (°C)
5-Catenin 5-TACTCCGCAAGACGACTGACC-3’ 284 59
5'-CCATCACACTCTCTCATCCTTCTG-3'
GAPDH 5'-AGAAGGCTGGGGCTCATTTG-3' 258 57

5'-AGGGGCCATCCACAGTCTTC-3'

Affiliated Hospital of China Medical University and The
Affiliated Hospital of Chifeng College. All specimens
were fixed in 4 % neutral formalin and embedded in
paraffin. The population included 68 male patients and
60 female patients, with a mean age of 55 years. Accord-
ing to the 2003 WHO classification of breast tumors, 106
cases were invasive ductal breast cancer (IDC) and 22
cases were invasive lobular breast cancer (ILC); 20 cases
were grade 1 (well differentiated), 83 were grade 2 (mod-
erately differentiated), and 25 were grade 3 (poorly dif-
ferentiated); 90 patients had tumors <2 cm in size, and 38
patients had tumors >2 cm in size. The group included 66
cases with lymph node metastasis and 62 cases without
lymph node metastasis. In accordance with tumor patho-
logical tumor-node-metastasis (pTNM) staging (Interna-
tional Union Against Cancer, 2002), 22 cases were in
stage 1, 48 cases were in stage II, 48 cases were in stage
III, and 10 cases were in stage IV. There were 80 cases
with follow-up data, and survival time was calculated
from the date of surgery to the last follow-up date or the
date of death. In total, 45 fresh samples, including breast
cancer tissues and corresponding normal breast tissues,
were obtained and stored at —70 °C. The use of all
specimens was approved by the ethics committee, and
informed consent was obtained from all patients.

Fig. 1 Expression of d-catenin in
normal and cancerous breast tis-
sues. Expression and localization
of 6-catenin in normal duct epi-
thelium (a), normal lobular epi-
thelium (b), invasive ductal breast
cancer (IDC; ¢), and invasive
lobular breast cancer (ILC; d). 5-
Catenin expression was weak in
normal duct and lobular epitheli-
um (a, b); increased d-catenin
expression was localized in the
cytoplasm of breast cancer cells
(c,d)
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Immunohistochemistry

d-Catenin expression was detected by streptavidin peroxidase
(SP) immunohistochemical staining. All specimens were cut
into 4-um-thick sections. The sections were incubated over-
night with the monoclonal rat d-catenin antihuman antibody
(1:50 dilution, sc-81793; Santa Cruz Biotechnology, CA, USA)
at 4 °C. The sections were treated with secondary antibody at
37 °C for 30 min and then stained with 3,3’-diaminobenzidine
(DAB). Normal duct or lobular epithelium was used as a
positive control. Phosphate-buffered saline was used in place
of the primary antibody as the negative control. We counted
400 tumor cells and calculated the percent of positively stained
cells. The scoring criteria were as follows: staining intensity: 0,
negative; 1, weak; 2, moderate; 3, strong. 6-Catenin expression
was categorized as follows: 0, absent; 1, 1-25 %; 2, 26-50 %;
3, 51-75 %; and 4, >75 %. The proportion and intensity score
were multiplied to obtain a total score. All cases were divided
into two groups based on the total score: negative expression,
<2 and positive expression, >2.

Cell culture, plasmids, and transfection

Human breast cancer cell lines MCF-7 and MDA-231 were
cultured in RPMI 1640 or DMEM medium with 10 % heat-
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inactivated fetal calf serum, 2.3 g/ NaHCOs;, and 100 U/mL
green streptomycin.

d-Catenin cDNA (pCMVS-FLAG/8-catenin, a gift from
Dr. Nakamura, Kobe University, Japan) was transfected into
MDA-231 cells which express relatively low levels of 6-
catenin by using Lipofectamine 2000 (Invitrogen, USA). An
empty plasmid was used as a negative control.

The d-catenin small interfering RNA (siRNA) sequences
were designed and synthesized: 5'-CUACGUUGACUUCU
ACUCAUU-3', 5-UGAGUAGAAGUCAACGUAGUU-3".
0-Catenin siRNA was transfected into MCF-7 cells which
express relatively high levels of d-catenin; non-silencing
siRNA was used as a negative control.

Western blotting

All experiments were performed at 4 °C. Breast tissue was
added to 100 pL lysis buffer (50 mM Tris—Cl, pH 7.4;
150 mM NaCl; 0.1 % sodium dodecyl sulfate (SDS); 1 %
Triton X-100; 1 mM EDTA; 2 ug/mL aprotinin; and 100 pg/
mL PMSF) and sonicated at 4 °C for 24 h. The supernatant
was collected after centrifugation (4 °C, 13,000 rpm, 30 min).
Total proteins were separated by SDS—PAGE, transferred to a
PVDF membrane, and then incubated overnight with mono-
clonal 5-catenin antibody (1:200) at 4 °C. Secondary antibody
was added and incubated at 37 °C for 2 h. DAB chromogenic
by Biolmaging System protein bands was measured gray
value and taking the ratio with GAPDH as a relative
expression.

Reverse transcription-polymerase chain reaction analysis

Total RNA was extracted with TRIzol Reagent (Invitrogen).
Reverse transcription-polymerase chain reaction (RT-PCR)
was performed with an RNA PCR (AMV) Ver. 3.0 kit
(TaKaRa Bio Inc., Dalian, Liaoning, China; primer sequences
and reaction conditions are shown in Table 1). RT-PCR prod-
ucts were separated by electrophoresis in a 1.5 % agarose gel
and analyzed with a Biolmaging System (UVP, CA, USA).
GAPDH was used as an internal control.

Methyl thiazolyl tetrazolium assay

Twelve hours after transfection, the cells in each experimental
group were seeded in a 96-well plate (at a density of 5000 cells
per well), with each plate divided into empty, control, and
transfected groups. After transfection (1—4 days), 20 uL meth-
yl thiazolyl tetrazolium (MTT) (5 mg/mL) was added to each
well and incubated for 4 h; 150 pL DMSO was added to each
well, and absorbance was measured at 570 nm by using a
microplate reader.

Flow cytometry

Cells were collected in logarithmic phase and resuspended in a
fluorescent probe solution containing PBS, 0.2 % Triton
X-100, and 50 pg/mL propidium iodide (PI) for 30 min at
room temperature in the dark before analysis. The percentages
of cells in Gy, S, and G,/M stage were determined by flow
cytometry on a FACSCalibur system (BD Biosciences).

Matrigel invasion assay

A 24-well Transwell with 8-um pore-size polycarbonate
membrane inserts (Corning, NY, USA) was used for the
invasion assay, as per the manufacturer’s instructions.
Matrigel (1:4 dilution; BD Bioscience) was added to the upper
chamber at 37 °C in 5 % CO, for 2 h. RPMI 1640 medium
containing 10 % fetal bovine serum was added to the lower

Table 2 The relationship between 6-catenin and clinicopathological
factors

Clinicopathological factors Number -Catenin p value
Positive  Negative

Age (years)
<55 62 37 25 0.207
>55 66 45 21

Gender
Male 68 42 26 0.348
Female 60 40 20

Tumor size
<2 90 59 31 0.364
>2 38 23 15

Histological type
IDC 106 63 43 0.012
ILC 22 19 3

Histological grade
1-2 103 67 36 0.401
3 25 15 10

pTNM stage
1-1I 65 34 31 0.004
1I-1v 63 48 15

Lymphatic metastasis
No 62 33 29 0.011
Yes 66 49 17

ER
+ 68 43 25 0.491
- 60 39 21

PR
+ 64 41 23 0.573
- 64 41 23

C-erbB-2
+ 68 50 18 0.014
- 60 32 28
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Fig. 2 $-Catenin expression and
postoperative survival in patients
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transferred to the upper chamber (3% 10* cells per well) and
incubated for 24 h. Cells that passed through the filter were
fixed with 100 % methanol and stained with hematoxylin.
Cells were counted under five random microscopic fields per
filter (x400).

Statistical analysis

Windows 18.0 (SPSS, Chicago, IL, USA) was used for sta-
tistical analysis. Pearson’s chi-square test was used to analyze
the immunohistochemistry results. Student’s 7 test was used to
analyze the Western blot and RT-PCR results. Differences in
patient survival were tested using Kaplan—Meier survival
analysis (log-rank test). p values <0.05 were considered sta-
tistically significant.

Fig.3 mRNA (a) and protein (b)
expression of d-catenin in normal
and cancerous breast tissues.
Compared with normal breast tis-
sues (N1-N3), mRNA and pro-
tein expression of d-catenin was
increased in breast cancer tissues
(T1-T3). *p<0.05 14
121

284bp

258bp

1.0
0.8

0.6 -

Relative expressin of
&-catenin mRNA

0.4

0.2

0.0 -

@ Springer

d-Catenin is highly expressed in breast cancer
and is associated with poor prognosis in patients

In 128 cases of breast cancer, 82 cases (64.06 %) were positive
for 6-catenin expression and 46 cases (35.94 %) were negative
(Fig. 1). The analysis of the relationship between §-catenin
expression and clinicopathological factors (Table 2) showed
that positive expression was significantly more frequent in
stage III-1V (76.19 %, 48/63) than in stage I-1I (52.31 %,
34/65; p<0.05); positivity was also associated with cases with
LN metastasis (74.24 %, 49/66) more frequently than with
cases without LN metastasis (53.23 %, 33/62; p<0.05). o-
Catenin positivity was significantly higher in ILC (86.36 %,
19/22) than in IDC (59.43 %, 63/106; p<0.05) and in C-erbB-
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Fig. 4 Effect of d-catenin expression on Cdc42/Racl activity. Downreg-
ulation of d-catenin reduced Cdc42/Racl activity in MCF-7 cells, while
upregulation of 6-catenin in MDA-231 cells enhanced Cdc42/Racl
activity

2(+) (73.53 %, 50/68) than in C-erbB-2(-) (53.33 %, 32/60;
p<0.05). 6-Catenin expression was not significantly associat-
ed with age, gender, tumor size, histological grade, or ER/PR
status (p>0.05).

The median follow-up period and 5-year survival in pa-
tients with d-catenin-positive expression was significantly
lower than in those with §-catenin negative expression (51
vs 70 months; 72.8 vs 91.7 %) (Fig. 2, p<0.05). Thus, §-
catenin-positive expression was associated with poor
prognosis.

d-Catenin expression was higher in breast cancer tissues
than in normal breast tissues

Western blotting showed higher expression of §-catenin in the
breast cancer tissues (45 cases) than in adjacent normal breast
tissues (45 cases). RT-PCR analysis also revealed that the -
catenin messenger RNA (mRNA) level in breast cancer tis-
sues was higher than that in paired normal breast tissues

(Fig. 3).

Fig. 5 0-Catenin increases the
percentage of cells in the S and
G,/M stage and promotes cell
proliferation. In MCF-7 cells,
knockdown of §-catenin in-
creased the percentage of cells in
G; stage, decreased the percent-
age of cells in S and G,/M stage
(a, ¥p<0.05), and reduced prolif-
eration (b, p<0.05). In MDA-231
cells, d-catenin overexpression
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Altered d-catenin expression influenced Cdc42 and Racl
activities

We evaluated Cdc42 and Racl activities after upregulating
and downregulating d-catenin. Upregulation of d-catenin in
MDA-231 cells did not alter total Cdc42 and Racl protein
levels, but the pulldown assay showed significantly increased
Cdc42/Racl activity (p<0.05). Downregulation of d-catenin
in MCF-7 cells also did not alter total protein levels but
significantly reduced GTP-Cdc42/Racl activity (Fig. 4,
p<0.05).

d-Catenin overexpression could promote the proliferation
and invasion of breast cancer cells

After downregulating 6-catenin in MCF-7 cells, the average
percentage of cells in G| phase was 62.52+4.41 %, greater than
that in the control group (40.25+6.12 %, Fig. 5a; p<0.05). The
average percentage of cells in S phase was 20.45+5.54 %,
lower than that in the control group (32.72+4.12 %; p<0.05),
and the average percentage of cells in Go/M phase decreased
(»<0.05). In contrast, after upregulating d-catenin in MDA-231
cells, the average percentage of cells in G; phase was 40.22+
5.63 %, lower than that in the control group (62.35+4.13 %,
Fig. 5c; p<0.05), while the average percentage of cells in S
phase was 30.54+6.86 %, higher than that in the control group
(20.35%6.15 %; p<0.05). The average percentage of cells in
G,/M phase also increased (p<0.05).

We used MTT assays to examine the proliferation of breast
cancer cells. Twenty-four hours after upregulating or downreg-
ulating d-catenin, the proliferation of tumor cells was unchanged
in all groups (p>0.05). However, in the next 3 days, the
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proliferation was significantly lower in cells with downregulated
d-catenin expression than in the controls (Fig. 5b; p<0.05);
proliferation was significantly higher in cells with upregulated
d-catenin expression than in the controls (Fig. 5d; p<0.05).

After upregulating or downregulating d-catenin, changes in
breast cancer cell invasion were detected in vitro by using
Matrigel invasion assays (Fig. 6). Forty-eight hours after
upregulating d-catenin, the average number of invading cells
was 47.23+2.99, substantially higher than that in the control
group (22.15+2.85; p<0.05); 48 h after downregulating &-
catenin, the average number of invading cells was 27.36+
3.10, substantially lower than that in the control group (38.56
+1.96; p<0.05). Thus, upregulation of endogenous d-catenin
could promote breast cancer cell invasion, while downregula-
tion of d-catenin significantly inhibited it.

Discussion

0-Catenin is an important member of the p120-catenin
(p120ctn) subfamily, which also includes p120ctn, ARVCEF,

T -

b » o»

.,

Fig. 6 Expression of 5-catenin A
and breast cancer cell invasion.
Upregulated expression of &-

catenin promotes the invasion of

breast cancer cells, while down-
regulated expression of d-catenin

inhibits it. *p<0.05

al

p0071, and plakophilins1/2/3 [5, 11]. -Catenin contains nine
Armadillo repeats and is thus similar to p120 in terms of
structure and function [12, 13]. 8-Catenin is mainly expressed
in the central nervous system and promotes synapse growth
[5, 14].

5-Catenin expression has been reported in some malignan-
cies [15, 16]. However, d-catenin expression in breast cancer
and the relationship between &-catenin and clinicopathologi-
cal factors have not been reported. In this study, we detected
and analyzed 6-catenin expression by immunohistochemistry
in samples from 128 patients with breast cancer. The results
showed that d-catenin was more highly expressed in the
cytoplasm of breast cancer cells (64.06 %, 82/128). We also
found that protein and mRNA levels were significantly higher
in cancerous tissues than in normal breast tissues. In addition,
d-catenin was more frequently expressed in patients with a
higher degree of malignancy (ILC, high TNM stage, lymph
node metastasis, and C-erbB-2+) and was significantly asso-
ciated with poor prognosis.

Cdc42 and Racl, as members of the small GTPase family,
are activated by GTP-binding and inactivated by GDP-
binding [17]. Studies have shown that activated Cdc42 and
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Racl can lead to lamellipodia and filopodia extension, which
facilitate cell migration [18]. Activated Cdc42 and Racl re-
duce intercellular adhesion, promoting detachment of tumor
cells from the primary site; they then invade the surrounding
tissue and metastasize to lymph nodes and distant organs [19].
Upregulation and downregulation of d-catenin in breast can-
cer cell lines yielded changes in the activity of the small
GTPases Cdc42 and Racl. Although total protein levels of
Cdc42 and Racl did not change with overexpression or si-
lencing of d-catenin, we observed significant changes in the
activity of the two small GTPases. Overexpression of 8-
catenin in MDA-231 enhanced the activities of Cdc42 and
Racl. After silencing of d-catenin in MCF-7, Racl and Cdc42
activities were significantly reduced. We also confirmed that
d-catenin overexpression caused a significant increase in the
invasion ability of MDA-231 cells, along with inducing Racl
and Cdc42 activities, consistent with our previous results
pertaining to lung cancer. In contrast, §-catenin knockdown
reduced the invasiveness of MCF-7 cells and inhibited Racl
and Cdc42 activities. These results demonstrate that 6-catenin
regulates cell invasion in a Cdc42/Racl-dependent manner.
However, the exact mechanism of Rac1 and Cdc42 regulation
by d-catenin is not clear.

d-catenin overexpression may promote transition of breast
cancer cells from G; to S phase and enhance proliferation,
consistent with our previous finding. 5-Catenin may be trans-
ferred to the nucleus and may bind Kaiso, thus relieving the
transcriptional repression of cyclin D1 [20]. 8-Catenin could
also promote canonical Wnt/3-catenin/LEF-1-mediated tran-
scription, which promotes cancer cell survival adaptation and
metabolic reprogramming [21]. The specific mechanisms of
this process await further study.
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