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Downregulated Chibby in laryngeal squamous cell carcinoma
with increased expression in laryngeal carcinoma Hep-2 cells
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Abstract. Chibby (Cby) inhibits Wnt/B-catenin-mediated
transcriptional activation by competing with Lef-1 (the tran-
scription factor and target of [3-catenin) to bind to (3-catenin.
This suggests that Cby could be a tumor suppressor protein.
In the present study, we examined Cby expression in laryn-
geal squamous cell carcinoma (LSCC) and its function and
mechanism in laryngeal carcinoma cell lines. Cby expression
levels were investigated by immunohistochemistry in a panel
of 36 LSCC patient cases. The expression of 3-catenin, c-myc
and cyclin D1 in Hep-2 were determined through RT-PCR
and western blot analysis. Activity of Wnt/p-catenin signaling
pathway after overexpression of Cby was measured by
TCF/LEF luciferase reporter gene assay. Proliferation, clone
forming ability, cell cycle distribution and cell apoptosis of
Hep-2 cells were detected by MTT assay, plate colony forming
assay, flow cytometry and TUNEL assay, respectively. This
study showed that expression of Cby protein was strongly
downregulated in LSCC tumor tissues in comparison to
normal laryngeal mucosa samples. No significant correlation
was found between the expression of Cby in tumor tissue and
gender, age, clinical stage and tumor differentiation of laryn-
geal cancer patients. When Cby was overexpressed in Hep-2
cells, the expression of cyclin D1 was reduced and -catenin
activity was inhibited. Proliferation and plate colony forming
assays revealed a significant inhibitory effect of Cby on
growth and colony formation ability of Hep-2 cells after Cby
overexpression in comparison to control and mock-infected
cells. In addition, we also found that upregulated expression
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of Cby resulted in accumulation of numbers of cells in GO/G1
phase with concomitant decrease in S phase by cell cycle
assay. TUNEL staining demonstrated that, compared with the
control group, the rate of apoptosis in the plv-cs2.0-Cby group
was significantly increased. Taken together, downregulation
of Cby was observed in LSCC, but with no significant corre-
lation to the clinicopathological features of LSCC patients.
Overexpression of Cby effectively suppressed laryngeal
carcinoma cell growth and promoted its apoptosis. A better
understanding of the mechanisms of Cby gene activation in
LSCC could provide potential novel therapeutic targets for
human laryngeal carcinoma.

Introduction

Laryngeal squamous cell carcinoma (LSCC), the second most
common cancer of the head and neck region worldwide (1),
occurs to a large extent in patients between 60 and 70 years
old. Patients with LSCC have a poor survival, which has not
improved over the last 30 years (2). Therefore, other effective
means are required for treating LSCC, such as changing or
modifying some important genes and their expression prod-
ucts. For instance, the Wnt/B-catenin pathway as an effective
molecular target for the therapy of cancer has attracted wide-
spread attention (3,4). Mutations in Wnt/B-catenin pathway
constituents have been linked to a number of human cancers
derived from colorectal, ovarian, breast and neuroectodermal
tissues (5-8). The determination of critical regulators of this
pathway, therefore, provides an important means to identify
novel therapeutic targets.

The Wnt/p-catenin pathway stimulation and subsequent
activation of cell growth-related target gene transcription
have been well established. Canonical Wnt signaling initiates
when Wnt ligands bind frizzled transmembrane receptors
and low-density lipoprotein (LRP5/6) receptors (9). In cells
that receive a Wnt signal, the key effector of the pathway,
[B-catenin, is stabilized by the inhibition of a cytoplasmic
destruction complex, consisting of the adenomatous polyp-
osis coli (APC), Axin, casein kinase I and glycogen synthase
kinase 3p (GSK3p) (10). In the absence of Wnt signaling,
[-catenin is phosphorylated by GSK-3f and casein kinase I
and is further targeted for ubiquitin-mediated proteasomal
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degradation. Inhibition of the destruction complex following
Wnat ligand binding enables accumulation of (3-catenin in the
cytoplasm. Stabilized B-catenin translocates to the nucleus
and interacts with lymphocyte enhancer factor/T-cell factor
(LEF/TCF) transcription factors as well as numerous co-factors
to elicit changes in gene expression involved in cell growth and
proliferation, such as cyclin D1 (11,12) and c-myc (13).

[-catenin and APC are key components of Wnt/p-catenin
signaling pathway. Analysis of 3-catenin protein expression
enabled the assessment of the biology of laryngeal cancer
and it could be a prognostic factor of overall and disease-free
survival, while measured on front tumor in patients with
laryngeal cancer (14). In addition, the abnormal expression
of B-catenin was closely related to differentiation, clinical
stage and metastasis in laryngeal carcinoma (15). Recently,
a study showed that supraglottic carcinoma was correlated
with the abolishment of f-catenin from the membrane, which
suggested that $-catenin was differently expressed in glottic
and supraglottic carcinomas, leading to the distinct clinical
behavior of these tumors (16). On the other hand, it has been
found that the LOH of APC gene plays an important role in
LSCC carcinogenesis and development (17,18). These data
suggest that the Wnt/f-catenin signaling pathway may be
involved in LSCC.

Chibby (Cby) is a newly found B-catenin binding partner,
which is highly conserved throughout evolution from fly to
human (19). Cby physically interacts with the C-terminal acti-
vation domain of -catenin and represses [3-catenin-mediated
transcriptional activation by competing with TCF/LEF factors
for B-catenin binding (19,20). The second mode of action for
Cby in inhibiting -catenin signaling was previously identified
(20,21). Upon phosphorylation of Cby serine 20 by Akt kinase,
Cby and 14-3-3 form a stable trimolecular complex with
[-catenin and cooperate to promote the export of B-catenin
from the nucleus to the cytoplasm, leading to downregulation
of B-catenin-mediated transcriptional activation. The regula-
tory effect of Cby in the Wnt/B-catenin signaling pathway
suggests the biological importance of Cby as a potential tumor
suppressor gene (19). However, a limited number of studies
has shown that the expression of Cby was downregulated
only in thyroid cancer, pediatric ependymomas and colon
carcinoma cell lines (22-24); the expression of Cby and its
role in LSCC remain poorly understood. In the present study,
we demonstrated that Cby is strongly downregulated in the
LSCC tissues. Enforced expression of Cby in Hep-2 laryngeal
carcinoma cells resulted in inhibition of the cell growth and
increased cell apoptosis. These findings suggest that Cby may
be a tumor suppressor for the therapeutic targeting of this type
of LSCC.

Materials and methods

Tissue samples. A total of 36 LSCC tissues and normal
laryngeal mucosas were derived from the same patients
who underwent primary surgery between July 2011 and
March 2013 at the department of Otolaryngology in The
First People's Hospital of Huzhou (Huzhou, Zhejiang, China).
Of the 36 LSCC patients, 30 were men and 6 were women.
The ages ranged from 43-77 years (median age, 61 years).
According to the TNM classification of the International
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Union Against Cancer and the American Joint Committee
on Cancer (AJCC) (7th edition), the clinical staging of the
LSCC tissues was I in 9 cases, Il in 11 cases, III in 10 and IV
in 6 cases. All the specimens were subjected to histological
diagnosis by two pathologists in The First People's Hospital
of Huzhou. On the basis of the diagnosis, the degree of LSCC
tissue differentiation was high in 13, moderate in 17 and poor
in 6. Each tissue specimen, 0.5-1 cm?, was formalin-fixed and
paraffin-embedded for histological and immunohistochemical
studies. These patients had no history of LSCC and had not
undergone radiotherapy or chemotherapy prior to operation.
This study conforms to approved institutional guidelines.
Informed consent was obtained from each patient.

Analysis of Cby protein expression by immunohistochemistry
(IHC).THC was performed according to the streptavidin-perox-
idase (SP) (Maixin Bio, Fuzhou, China). Representative 5-ym
tissue sections were dewaxed in xylene and rehydrated in
graded ethanols. Antigen retrieval was enhanced by micro-
waving the slides in 0.01 M citrate buffer (pH 6.0). Endogenous
peroxidase activity was quenched by treatment with peroxidase
blocking solution (reagent A) for 10 min, followed by incuba-
tion with non-immune serum (reagent B) for 10 min. Sections
were subsequently incubated with human reacting, primary
rabbit anti-PGEA1 (Novus Biologicals, Littleton, CO, USA;
dilution 1:5,000) overnight at 4°C. Bound primary antibody
was detected using the biotin-streptavidin-peroxidase method
(reagents C and D) and visualized using diaminobenzidine as
the chromogen. Slides were counterstained with hematoxylin,
dehydrated and mounted. For negative controls, PBS was
added instead of the primary antibody.

All the slides were assessed by two pathologists and one of
the investigators independently, and blinded to the case details.
Nucleolus and/or cytoplasmic immunostaining of Cby were
evaluated. Both intensity of staining and percentage of positive
cells were taken into account and the following scoring system
was used: 0, no staining or weak staining in <50% of tumor
cells; 1, weak staining in 50-75% of tumor cells or moderate
staining in 25-50% of tumor cells; 2, weak staining in >75%
of cells, moderate staining in 50-75% of tumor cells or strong
staining in 25-50% of tumor cells; and 3, moderate staining in
>75% or strong staining in >50% of tumor cells. Cases with
score O were considered negative and cases with scores 1, 2
or 3 were considered weakly, moderately or strongly positive,
respectively.

Lentiviral vector preparation. A lentiviral eukaryotic expres-
sion vector encoding the cDNAs of Cby was constructed to
express Cby in vivo. The Cby promoter region (381 bp), a
PCR product of cDNAs of Cby, was cloned into the Xbal and
MIul restriction sites of the lentiviral vector plv-cs2.0 (from
Professor Boan Li, Xiamen University, Xiamen, China). The
primers for cDNAs of Cby with the addition of flanking Xbal
and M1ul restriction sequences for cloning purpose and flag-tag
sequences for distinguishing expression purpose were designed
using design software Primer premier 5.0 (Premier, Canada)
and synthesized (Sangon Biotech, Shanghai, China) as follows:
forward, 5-GCTCTAGAATGGACTACAAAGACGATGA
CGACAAGATGCCTTTCTTTGGGAATACGG-3' (Xbal
and flag-tag); reverse, 5'-CGACGCGTTCATTTTCTCTTC
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CGGCTGATC-3' (MIul). The target DNA was purified and
used to transform E. coli. The product plv-cs2.0-flag-Cby
was confirmed by restriction analysis and sequencing. The
plv-cs2.0-GFP vector or plv-cs2.0-flag-Cby vector, together
with the two packaging plasmids (PHR and pVSVG)
comprising packaging mix, were cotransfected into 293FT
cells to produce the lentiviral viral stock plv-cs2.0-GFP,,,,, or
plv-cs2.0-Cby,;,, using TurboFect™ (Fermentas, Burlington,
ON, Canada) according to the manufacturer's manual. The
stock was enriched by ultracentrifugation for cell experi-
ments, outlined by Kafri et al (25). Briefly, high-titer stocks
were obtained by ultracentrifugation at 50,000 x g for 2 h at
4°C. The pellet was resuspended in PBS containing 1% bovine
serum albumin and stored frozen at -80°C. The viral titers were
determined with 293FT cells according to the manufacturer's
manual.

Cell culture and infection. The human LSCC cell line Hep-2
(from Professor Boan Li, Xiamen University, Xiamen, China)
was cultured in Dulbecco's modified Eagle's medium (DMEM,;
Gibco, Carlsbad, CA, USA), supplemented with 10% fetal
bovine serum, 100 pug/ml streptomycin and 100 U/ml peni-
cillin. Cells were maintained at 37°C in an incubator containing
5% CO,. All infections utilized polybrene infection reagent
(Millipore, USA) according to the manufacturer's instruc-
tions. Hep-2 cells were grown in three 3.5 cm? plates to ~30%
confluency: the first one, the control group, was treated with
2 pul of polybrene alone; the second and third groups, LV-GFP
or LV-Cby, were infected with plv-cs2.0-GFP,;,,, or plv-cs2.0-
Cby,;.a using 2 pl of polybrene, respectively. Stably expressing
Cby was generated in Hep-2 cell lines and the cell clones were
subcultured and maintained at the lowest lethal concentration
of puromycin reagent (Santa Cruz Biotechnology, Santa Cruz,
CA, USA) until all the control cells were dead.

Reverse transcription-PCR analysis. The methods of total
RNA extraction from the group of control, LV-GFP and
LV-Cby cells and cDNA synthesis were mentioned above. PCR
amplifications of targeted -catenin, c-myc, cyclin D1 and Cby
reference and an 18sRNA positive control were performed
with cDNA and primers using a thermal cycler (Mastercycler
personal; Eppendorf, Hamburg, Germany). The reactions were
performed in a final volume of 25 ul, containing (final concen-
tration) 2.5 U rTaq DNA polymerase, 1 x r-Taqg DNA polymerase,
0.25 mM each dNTPs and 100 pmol each specific primer. The
primer sequences and the expected lengths of amplification
fragments are listed as follows: f-catenin upstream primer,
5-GATACCTCCCAAGTCCTGTATGAG-3' and downstream,
5'-GCATCAAACTGTGTAGATGGGATC-3"; 176 bp. C-myc
upstream primer, 5'-CTGGTTCACTAAGTGCGTCTCC-3'
and downstream: 5'-CACCGAGTCGTAGTCGAGGTC-3
292 bp. Cyclin DI upstream primer, 5'-CAGGGATGG
CTTTTGGGCTC-3' and downstream, 5'- TGGAGGCT
CCAGGACTTTGC-3'; 189 bp. Cby upstream primer,
5"TTTGGGAATACGTTCAGTCCG-3' and downstream,
5'"TCAGCCGCAAGAGATTGTTC-3'; 271 bp. 18sRNA
upstream primer, 5'-GTCTGTGATGCCCTTAGATG-3'
and downstream, 5'-AGCTTATGACCCGCACTTAC-3";
177 bp. All PCR reactions were denatured at 95°C for 5 min
as follows: B-catenin (27 cycles of amplification at 95°C for
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30 sec, 60°C for 20 sec and 72°C for 40 sec); c-myc (37 cycles
of amplification at 95°C for 30 sec, 59°C for 20 sec and 72°C
for 40 sec); cyclin DI (27 cycles of amplification at 95°C for
30 sec, 63°C for 20 sec and 72°C for 40 sec); Cby (27 cycles of
amplification at 95°C for 30 sec, 60°C for 20 sec and 72°C for
40 sec); 18sSRNA (17 cycles of amplification at 95°C for 30 sec,
57°C for 20 sec and 72°C for 40 sec), with a final extension at
72° for 5 min. Following 2% agarose gel electrophoresis and
ethidium bromide staining, the PCR products were detected
using Chemi-Doc XRS (Bio-Rad) under ultraviolet irradia-
tion. Quantity One software (Bio-Rad) was used to quantify
the relative mRNA expression of these genes by densitometry.

Western blot analysis. The three cell groups (control, LV-GFP
and LV-Cby) were trypsinized, washed twice with ice-cold
phosphate-buffered saline (PBS) and harvested in cell lysis
buffer (50 mM Tris pH 7.4, 0.3 M NaCl, 5 mM EGTA,
1 mM EDTA, 0.5% Triton X-100, 0.5% NP-40) containing
a protease inhibitor cocktail (Huatesheng Biotech, Fushun,
Liaoning, China). Cell lysates were briefly ultrasonicated for
2 sec, 6 times, and subsequently clarified by centrifugation
at 12,000 x g for 15 min at 4°C. Supernatants were collected
for further experiments. Protein concentrations were deter-
mined according to the Lowry method using bovine serum
albumin (BSA) as a standard (26). A total of 80 g protein
was separated by SDS-PAGE and transferred to a Hybond
ECL polyvinylidene fluoride membrane. Membranes were
blocked with 1X Tris-buffered saline (TBS) containing
5% non-fat dry milk for at least 1 h at room temperature.
The blots were then incubated overnight at 4°C with one of
the following antibodies: anti-B-catenin (92 kDa; ab32572;
1:2,000), anti-c-myc (49 kDa; ab39688; 1:750), anti-f3-actin
(42 kDa; ab3280; 1:8,000) (Abcam Biotechnology, Cambridge,
UK), anti-cyclin D1 (36 kDa; sc-56302; 1:1,000) (Santa
Cruz Biotechnology) or anti-PGEA1 (17 kDa; NBP1-46303;
1:2,000) (Novus Biologicals). The blots were then incubated
with anti-mouse or anti-rabbit immunoglobulin G (1:5,000).
Protein expression was visualized using enhanced chemilumi-
nescence system (ECL; Bio-Rad). $-actin served as an internal
standard. Using Quantity One software (Bio-Rad), relative
protein levels were quantified by densitometry.

Luciferase reporter gene assay. Wnt signaling was assessed
using the well-described TOPflash assay (24). Briefly, 5 x 10*
Hep-2 cells per well grown for 24 h in 24-well plates were
transiently transfected with 100 ng/well of TOPflash or
FOPflash reporter gene plasmid together with 50 ng/well of
Renilla luciferase control plasmid pREP7-RLuc as an internal
control reporter using TurboFect™ (Fermentas) at a ratio of
1:2.5 (weight DNA:volume TurboFect™). For cotransfec-
tion, 50, 10 and 200 ng recombinant expression plasmid
plv-cs2.0-Cby were used, respectively. Thirty-six hours post
transfection, cells were washed and lysed in passive lysis
buffer (Promega) and the transfection efficiency was normal-
ized to the paired Renilla luciferase activity by using the Dual
Luciferase Reporter assay system (Promega Corp., Madison,
WI, USA) using a fluorescence microplate reader (FLUOstar
Optima, Offenburg, Germany) according to the manufacturer's
instructions. The degree of cell confluence refers to the time of
transfection with TOPflash or FOPflash.
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MTT cytotoxicity assay. MTT cytotoxicity assays were used to
assess cell viability as a marker of proliferation. Cells (5x10?)
(control, LV-GFP and LV-Cby) were seeded into each well of
a 96-well plate. MTT assay was performed at 24, 48, 72, 96,
120 and 144 h. Twenty microliters of 5 mg/ml MTT was added
to each well and incubated for 4 h at 37°C. The medium was
removed and 150 pl dimethyl sulfoxide (DMSO) was added
into each well and the plate was shaken for 10 min to dissolve
the crystals. After shaking and dissolving, the A values at the
wavelength of 570 and 630 nm were determined by using
enzyme-labeled instrument (Bio-Rad). The growth curves of
Hep-2 cells were plotted by growth time as the abscissa and
valve of OD570-OD630 as the vertical coordinates.

Colony formation assay. To assess colony formation of three
cell groups, 500 cells/plate (control, LV-GFP and LV-Cby)
were seeded into three 3.5 cm? plates. Cells were maintained at
37°C in an incubator containing 5% CO,. After incubation, the
medium was renewed and the plates were incubated for 10 days
under the same culture conditions. The cells were washed
twice with ice-cold phosphate-buffered saline (PBS) and fixed
with methanol for 20 min in room temperature, followed by
staining with Giemsa (0.4 g Giemsa, 25 ml methanol, 25 ml
glycerol) for 20 min at room temperature. Colonies containing
>25 cells originating from single cells were counted under an
inverted microscope (Olympus CK40, Tokyo, Japan).

Cell cycle assay. Cell cycle analysis was performed following
propidium iodide (PI) staining. The three cell groups (control,
LV-GFP and LV-Cby) were seeded into three 6 cm flasks and
incubated at 37°C 5% CO, for 48 h. These cells were collected
by trypsinization, centrifuged at 1,000 x g for 5 min, washed
twice in cold PBS and fixed overnight in 70% ethanol at 4°C
and then treated with 5 ul RNase A (10 mg/ml) in 0.4 ml PBS
at 37°C for 1 h. Cell nuclei were stained with 50 1 PI (1 mg/ml)
at 37°C for 30 min. The cells (5x10°) were then analyzed for
their DNA content using a FACSCalibur flow cytometer. All
data acquisition and analyses were performed with Becton-
Dickinson FACSCalibur flow cytometer.

Cell apoptosis assay. Cell apoptosis analysis was stained using
the terminal deoxynucleotidyl transferase (TdT) dUTP nick
end labelling (TUNEL) method using an In Situ Cell Death
Detection kit, AP (Roche, Basel, Switzerland) according to
the manufacturer's instructions. The three groups (control,
LV-GFP and LV-Cby) were collected by trypsinization, centri-
fuged at 1,000 x g for 5 min, washed twice in cold PBS and
fixed in 70% cold ethanol for 20 min. Fifty micrograms fixed
cells were added to the slides and dried at room temperature
for TUNEL assay. Air-dried cell slides were fixed with 4%
paraformaldehyde (pH 7.4) for 1 h at room temperature and
incubated in permeabilization solution (0.1% Triton X-100
in 0.1% sodium citrate). After rinsing twice with PBS, 50 ul
freshly prepared TUNEL reaction mixture containing 10%
TdT solution (vial 1) and 90% fluorescein-dUTP one (vial 2)
was added to the samples for 1 h at 37°C in a humidified
atmosphere in the dark. After rinsing thrice with PBS, the
samples were analyzed in a drop of PBS under fluorescence
microscope using an excitation or detection wavelength in
the range of 450-500 or 515-565 nm (green), respectively, and
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then incubated with 50 ul converter-AP (vial 3) for 30 min at
37°C. Detection was performed with BCIP/NBT and slides
were counterstained with nuclear fast red, followed by analysis
under light microscope. Negative control samples underwent
the same process with omission of the TdT enzyme. Positive
control samples were pretreated with 100 U/ml DNase I for
10 min at 15-25°C to induce DNA strand degradation before
the labelling procedure.

Statistical analysis. Statistical analyses were performed using
SPSS 17.0 software package (SPSS, Chicago, USA). Fisher's
exact test was used to analyze Cby protein expression between
tumor and normal tissues and to assess protein expressed
differences in different gender, ages, clinical staging and
differentiated degree. Data are presented as positive (%). All
experiments in Hep-2 cells were repeated at least three times
with independent cultures. The results from these experiments
were transformed into measurement data and are presented
as mean = standard error (mean + SE). Differences between
groups were analyzed for statistical significance using
one-way analysis of variance (ANOVA). Results with P<0.05
were considered statistically significant.

Results

Cby expression is downregulated in human LSCC samples.
We first assessed the difference of expression level of Cby
protein between 36 LSCC samples and their adjacent normal
laryngeal mucosa by immunochemistry. Cby protein expres-
sion was seldom observed in LSCC tissues. In contrast, the
majority of normal laryngeal mucosa sections exhibited
various levels of expression. The subcellular localization of
Cby protein was shown to be mainly in the nucleus and slightly
in the cytoplasm in normal laryngeal mucosa (Fig. 1A).
Comparing the LSCC tissues with the corresponding adjacent
normal laryngeal mucosa from the same patient from the
36 cases, the downregulated expression of Cby protein in
tumor was detected in 24/36 (66.67%) samples. The difference
was statistically significant (P<0.05, Fig. 1B). To determine
the relationship between protein aberrant expression and
clinicopathological characteristics, differences were analyzed
using the expression level of Cby protein in tumor samples.
There was no correlation with gender (male/female), age
(<61 years/=61 years), clinical staging (I/II/III/IV) and tumor
differentiated degree (highly/moderately/poorly) (all P>0.05,
Fig. 1C). Taken together, these results indicate that Cby may
play a role in the early stage of LSCC carcinogenesis.

Enforced expression of Cby in Hep-2 cells inhibits Wnt
signaling. Cby has been demonstrated to be a negative
regulator of (-catenin in drosophila. Its role in mammalian
cells, especially in tumor cells, remains largely obscure. To
address this issue, we stably overexpressed Cby in laryngeal
carcinoma Hep-2 cells with a lentiviral eukaryotic expres-
sion vector plv-cs2.0-Cby,;,,- RT-PCR results showed that
no significant difference of Cby mRNA levels between the
control group (without treatment) and the LV-GFP group
(infected with plv-cs2.0-GFP,;,,), while a significant upregu-
lation was observed in the plv-cs2.0-Cby,;,,-infected group.
RT-PCR analysis revealed that Cby mRNA was expressed



ONCOLOGY REPORTS 32:

HDLSCC

100.00
80.00 |
60.00 |

66.67% 4001

20.00 |

0.00°
[ Percent of down-regulated expression

B Percent of parallel expression

S $ ¢ & & &
ey > E
M icﬁﬁ‘ -J‘@ \q“'- \;,\'? \\_.3\?‘ AFY

1947-1956, 2014 1951

MDLSCC PDLSCC

$k

P

S a8 o A L
87 e g

& 5

Percent of Cby protein negative expression (%)

Gender Age

Clinical stage Differentiated degree

Figure 1. Chibby (Cby) expression levels in laryngeal squamous cell carcinoma (LSCC) and corresponding normal laryngeal mucosa samples. (A) Cby protein
expression levels in LSCC samples of different differentiated degree and normal laryngeal mucosa samples, as detected by immunochemistry. NLSE, normal
laryngeal squamous epithelium; HDLSCC, highly differentiated LSCC; MDLSCC, moderately differentiated LSCC; PDLSCC, poorly differentiated LSCC;
HE staining, hematoxylin-eosin staining. Strong Cby expression was detected in NLSE, with weak or no Cby protein expression in HDLSCC, MDLSCC and
PDLSCC (original magnification, x400). (B) Percent of Cby protein reduced expression. Comparing LSCC tissues with corresponding adjacent normal laryngeal
mucosa from the same patient, the downregulated expression of Cby protein in tumor was detected in 24/36 (66.67%) samples. (C) The relationship between
protein aberrant expression and clinicopathological characteristics in the tumor samples. There was no significant expression difference in any group of tumors
stratified according to gender, age, clinical staging and tumor differentiated degree. "P>0.05 between the group of gender or age (determined using the Fisher's
exact test in 2x2 table). “P>0.05 among the group of clinical staging or tumor differentiated degree (determined using the Fisher's exact test in RxC table).

327.79-fold in the plv-cs2.0-Cby,;,,-infected Hep-2 cells
(Fig. 2A). Furthermore, Cby protein expression was deter-
mined by western blot analysis and verified the RT-PCR
results (Fig. 2B). These results indicate that the expressed level
of Cby was effectively upregulated in the Hep-2 cells with
plv-cs2.0-Cby,; .-

Next, we detected the expression levels of B-catenin, as
well as c-myc and cyclin D1, the two known target genes of
Wnt signaling by RT-PCR and western blot analysis. The
expression of (-catenin at both mRNA and protein levels
showed no significant changes among the three groups
(P>0.05) (Fig. 2C and D). In addition, the expressed level of
c-myc was also very similar among the three groups (P>0.05)
(Fig. 2C and D). However, compared to the control and
plv-cs2.0 groups, cyclin D1 expression level in the LV-Cby
group was strongly downregulated at both the mRNA and
protein levels (P>0.05) (Fig. 2C and D). These results suggest
that overexpression of Cby in laryngeal carcinoma Hep-2
cells selectively inhibited the expression of Wnt target gene
cyclin D1 but did not affect the expression of [3-catenin.

To further examine the molecular mechanism of Cby in
regulating Wnt/B-catenin signaling pathway activity, the
TCF/LEF luciferase reporter TOPflash/FOPflash assay was
used when co-transfected with plv-cs2.0-Cby plasmids in
Hep-2 cells. The TOPflash activity was significantly induced
in Hep-2 cells, which is indicative of the existence of acti-
vated Wnt signaling in the cells. However, the TOPflash
activity was repressed by Cby in a dose-dependent manner

(P<0.05) (Fig. 2E). As a control, the FOPflash activity was not
altered (P>0.05) (Fig. 2E).

Enforced expression of Cby in Hep-2 cells inhibits cell prolif-
eration. One of the most important roles for Wnt signaling
is improving cell proliferation. To investigate whether over-
expression of Cby has inhibitory effects on proliferation in
Hep-2 cells, the MTT assay and colony formation assay were
performed. Cell viability detected by MTT assay displayed
no difference between the control (1.819+0.118) and the
LV-GFP group (1.648+0.143) (P>0.05), but a significant
decrease was observed in the LV-Cby group (0.910+0.048)
(P<0.05) (Fig. 3A). Next, we detected whether Cby inhib-
ited Wnt signaling-mediated cell proliferation. Hep-2 cells
were infected with LV-GFP or LV-GFP+LV-p-catenin. As
anticipated, p-catenin promoted cell viability of Hep-2
cells by MTT assay (2.125+0.222 vs. 1.428+0.192, P<0.05).
However, when co-infected with LV-Cby, 3-catenin no longer
enhanced the cell viability (Fig. 3B). To further determine the
anti-proliferative effect in vitro, the ability of Cby to suppress
colony formation was examined. Compared to the control
group, the ability of colony formation is similar to that in the
LV-GFP group (P>0.05); however, suppression was clearly
observed in the LV-Cby group (P<0.05). When the number of
colonies was quantified, the percentage of colony formation
was 31.67+3.33, 29.00+2.67 and 11.33+4.67%, respectively
(Fig. 3C). Consistent with the MTT assay, Cby was observed
to inhibit B-catenin-promoted colony formation (Fig. 3D) as
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Figure 2. Enforced expression of Chibby (Cby) in Hep-2 cells inhibits Wnt signaling. The three cell groups (control group without treatment, LV-GFP
group infected with plv-cs2.0-GFP,;,, and LV-Cby group infected with plv-cs2.0-Cby,;..) were cultured in three 3.5 cm? plates and harvested for 48 h.
(A) Representative RT-PCR results of Cby and -actin mRNA expression level in these groups, with 18sSRNA expression level as an internal standard.
(B) Representative western blot results of Cby and $-actin protein expression level in these groups, with 3-actin protein expression level as an internal standard.
(C) RT-PCR analysis of the mRNA expression of f3-catenin, c-myc and cyclin D1 in the three groups, with 18SRNA expression level as an internal standard.
(D) Representative western blot results of 3-catenin, c-myc and cyclin D1 protein expression level in these groups. -actin was used as a loading control.
(E) Activity of Wnt/B-catenin signaling pathway after plv-cs2.0-Cby transfection by the TCF/LEF luciferase reporter gene assay. Hep-2 cells (5x10*) per well
grown for 24 h in 24-well plates were transiently transfected with TOPflash/FOPflash reporter gene plasmid and plv-cs2.0-Cby plasmid and relative luciferase
activity was determined after culturing for 36 h. Data represent mean = SE from three independent analyses. "P<0.01 vs. LV-GFP group.

indicated by the percentage of colony formation (36.67+5.00,
75.00+8.33 and 45.00+3.33%, respectively). Taken together,
these data demonstrate that enforced expression of Cby
inhibits proliferation of Hep-2 cells and this function appears
to be Wnt signaling-dependent.

Enforced expression of Cby in Hep-2 cells induces GIl-phase
arrest. To further confirm the growth inhibition on Hep-2

cells induced by Cby overexpression, the cell cycle assay was
performed. The three groups (control, LV-GFP and LV-Cby)
were cultured for 48 h, stained with PI and measured using
flow cytometry. Overexpression of Cby resulted in arrested
G1 phase, as indicated by an increase in the percentage of
cells in G1 (70.10+1.25%) compared with those in the control
(52.40+4.31%) and LV-GFP (53.40+4.09%) cells, respec-
tively (P<0.05) (Fig. 4). In addition, the G1 cell increase was
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Figure 3. Effect of Chibby (Cby) suppression on Hep-2 cell proliferation. (A) Hep-2 cells (5x10?) (control, LV-GFP and LV-Cby group) were seeded into each
well of a 96-well plate. The cell viability of these groups was determined by MTT assay performed at 24, 48, 72, 96, 120 and 144 h after seeding. (B) Hep-2
cells (5x10%) (LV-GFP, LV-GFP+LV-f-catenin and LV-Cby+LV-f-catenin group) were seeded into each well of a 96-well plate. The cell viability of these
groups was determined by MTT assay performed at 24, 48,72, 96, 120 and 144 h after seeding. (C) Hep-2 cells (5x10?) (control, LV-GFP and LV-Cby group)
were seeded into three 3.5 cm? plates and cultured for 10 days, respectively. The cells were fixed with methanol and stained with Giemsa. The colonies as
the percentage of cell viability were quantified under an inverted microscope and represent mean + SE from three independent experiments. (D) Hep-2 cells
(5x10?%) (LV-GFP, LV-GFP+LV-f-catenin and LV-Cby+LV-f3-catenin group) were seeded into three 3.5 cm? plates and cultured for 10 days, respectively. The
cells were fixed with methanol and stained with Giemsa. The colonies as the percentage of cell viability were quantified under an inverted microscope. Data
represent mean + SE from three independent experiments. "P<0.05 vs. LV-GFP group. “P<0.05 vs. LV-GFP+LV-3-catenin group.
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Figure 4. Gl-phase arrest in Hep-2 cells induced by overexpression of Chibby (Cby). (A) The three groups of cells (control, LV-GFP and LV-Cby) were col-
lected and stained with PI, followed by analysis with flow cytometry. Cellular DNA histograms were analyzed by ModiFitLT V3.0. (B) Percentage of cells
in Gl1, S and G2/M phase were calculated using cell-fit computer software and are represented under the histograms. Data represent mean + SE from three
independent experiments. "P<0.05 vs. LV-GFP group.
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Figure 5. Effect of apoptosis in Hep-2 cells induced by overexpression of Chibby (Cby). (A) The three groups of cells (control, LV-GFP and LV-Cby) were
smeared on three slides, treated with TUNEL reaction mixture and subsequently stained with BCIP/NBT and counterstained with nuclear fast red. The posi-
tive signaling was viewed under light microscope (deep red). (B) The percentage of apoptotic rate relative to control group. Data represent mean + SE from

three independent experiments. ‘P<0.01 vs. LV-GFP group.

accompanied by a decrease in the proportion in S phase.
Percentage of control and LV-GFP group cells in S phase was
33.10£1.77 and 32.50+1.13% of total cells, respectively, while
the LV-Cby group had a lower proportion of S-phase cells
(16.71£1.76%) (P<0.05) (Fig. 4). No differences were observed
between the control and LV-GFP groups (P>0.05) (Fig. 4). The
results suggest that Cby causes an accumulation in GO/G1 phase
and a reduction in S phase in laryngeal carcinoma Hep-2 cells.

Enforced expression of Cby in Hep-2 cells causes apoptosis.
To investigate whether Cby overexpression-mediated growth
inhibition is also associated with apoptosis of Hep-2 cells,
the TUNEL assay was performed. The three cell groups
(control, LV-GFP and LV-Cby) were smeared on slides and
treated with TUNEL reaction mixture and analyzed under a
microscope. The TUNEL staining showed that apoptotic cells
in the plv-cs2.0-Cby,;,, group were significantly increased
when compared with the 2 control groups (Fig. SA). The folds
of apoptotic rate increased from 4.27+0.81 to 26.89+1.46%
(Fig. 5B). The results suggest that the enforced expression of
Cby induced apoptosis of laryngeal carcinoma Hep-2 cells.

Discussion

LSCC is a common poorly differentiated squamous tumor
of the head and neck and the currently available combined
therapies offer only limited benefits for patients, especially
for functional recovery of larynx and overall 5-year survival.
The approaches that alter or modify some important genes or
their expression products have become a research hotspot in
the biological treatment of LSCC. Therefore, there is an urgent
need to further explore the molecular pathogenesis of LSCC.
Many studies have shown that tumor formation is closely
related to abnormal regulation of many signaling pathways

including Wnt/p-catenin signaling which plays diverse roles
in embryonic development, stem cell self-renewal and adult
homeostasis (3,27). However, there is very little knowledge
regarding Wnt/p-catenin signaling cascade genes in LSCC,
although several reports have shown that 3-catenin, which is
closely related to differentiation, clinical stage, metastasis and
prognosis of laryngeal carcinoma, is upregulated (14-16) and
the APC gene which plays an important role in LSCC develop-
ment is frequently lost (17,18). Hence, our study investigated
the question of whether the expression of Cby, a newly found
antagonist of the Wnt/B-catenin pathway, is altered in LSCC
tissues, and, if so, whether restoration of Cby expression in
laryngeal carcinoma cell line could affect the biological
behavior.

In the present study, we detected the expression level of
Cby in LSCC tumor tissues by immunochemistry, and further
analyzed the correlation with clinicopathological features of
LSCC patients. Compared with corresponding adjacent normal
laryngeal mucosa, the Cby expression level in LSCC tumor
tissues was downregulated (Fig. 1). Consistent with our study,
downregulation of Cby was shown in thyroid cancer, colon
carcinoma cell lines and pediatric ependymomas (22-24).
However, the cause for Cby downregulation in tumors remains
unclear. No mutation of Cby gene was detected in colorectal
cancer and pediatric ependymomas (23,24), but loss of hetero-
zygosity involving the C220rf2 region and methylation of
C22o0rf2 promoter was determined in some colorectal cancer
patients and pediatric ependymoma samples (23). Due to
different histological types, the cause for downregulation of
Cby in LSCC tissues could be explained by these phenomena
and require further investigation. It is noteworthy that the
Cby expression reduced tumor sample protein level more than
mRNA level, probably since some unknown factors inhibit
the Cby protein translation or stabilization. On the other
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hand, no correlation between the expression of Cby in tumor
tissues and gender (male/female), age (<61 years/=61 years),
clinical staging (I/II/III/IV) and tumor differentiated degree
(highly/moderately/poorly) was found in our experiments,
which suggests that Cby may play a role in the early stage of
LSCC carcinogenesis.

It has been suggested that Cby blocks the Wnt/f-catenin
signaling pathway by suppressing the activity of 3-catenin,
a protein interaction that is essential for the transcriptional
activation of Wnt target genes (19-21). In addition to regulating
the export of B-catenin from the nucleus, Cby mainly plays an
antagonistic role in Wnt signaling by inhibiting the binding
of B-catenin to TCF/LEF family proteins (19-21,28). Whether
regulating intracellular distribution of f3-catenin or inhibiting
its binding to TCF/LEF transcription factors, both mechanisms
appear to be necessary for Cby to achieve full repression of
[-catenin transcriptional activity (20). Thus, we assessed the
effects of Cby on repression of -catenin activity which led
to alteration in the biological behaviors in Hep-2 cells. To
confirm the role of Cby on the -catenin-dependent pathway,
we observed the Wnt/B-catenin signaling pathway transcrip-
tion activity by TCF/LEF luciferase reporter assay. We found
that the TOPflash activity in laryngeal carcinoma Hep-2 cells
was repressed by Cby in a dose-dependent manner, which is
suggestive of its role in Wnt signaling (Fig. 2E).

We examined the Wnt target genes whose expression is
affected by Cby and alter the biological behaviors of Hep-2
cells. As a transcription factor, [3-catenin induces the expres-
sion of a series of downstream target genes to promote
tumor growth or progression. C-myc and cyclin DI are
two important target genes of [-catenin (11-13). C-myc is a
nuclear phosphoprotein that functions as a transcription factor
stimulating cell-cycle progression. C-myc promotes the transi-
tion from GI to the S phase under the stimulation of many
signals. A large number of cells in GO phase early entry into
cell cycle, which cause cell cycle disorder and formation of
tumor (29,30). Studies have shown that there is abnormal
expression of c-myc in laryngeal carcinoma (31-33). Cyclin D1
as another important positive regulator has a rate-limiting role
in G1-S phase transition. Both transgenic mouse models and
clinical studies indicate a pivotal role for cyclin D1 in normal
and malignant cell growth (34). Studies have also revealed
the close relationship between expression of cyclin D1 and
laryngeal carcinoma (35,36). These reports indicate that c-myc
and cyclin D1 are all involved in LSCC. In the present study,
we detected a selective inhibition of Wnt target gene cyclin
D1 but not c-myc (Fig. 2C and D). We reasoned that there is
endogenous mutation(s) on c-myc in the Hep-2 cells, which
leads to the constitutive expression of this gene. Our results
provide a good example of Cby in suppressing Wnt signaling
in tumor cells.

The expression of Cby in LSCC is downregulated, which
suggests that Cby may function as a potential tumor suppressor
in LSCC. To test our hypothesis, lentiviral eukaryotic expres-
sion vector plv-cs2.0-Cby,;.,, was constructed and stably
expressed in laryngeal carcinoma cell line Hep-2. Tests for
re-expression of Cby in tumor cells were followed by func-
tional assays including proliferation, cell cycle and apoptosis.
The significant inhibitory effect of Cby on tumor cell prolif-
eration, the G1 phase arrest and the increased apoptotic cells
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all refer to the inhibition of Wnt signaling, which is consistent
with the molecular mechanism for Cby in regulating Wnt/f3-
catenin activity (Figs. 3-5).

In conclusion, Cby expression is downregulated in LSCC,
but there is no significant correlation between Cby expres-
sion and the clinicopathological features of LSCC. Enforced
expression of Cby effectively suppresses laryngeal carcinoma
cell growth and promotes apoptosis. Cby exerts its function by
inhibiting Wnt signaling. A better understanding of the mecha-
nisms of Cby gene inactivation in LSCC may provide potential
novel therapeutic targets for human laryngeal carcinoma.
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