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Abstract

Background: LIM and SH3 protein 1 (LASP-1) is a specific focal adhesion protein involved in several malignant tumors.
However, its role in oral squamous cell carcinoma (OSCC) is unknown. The aim of this study was to characterize the role and
molecular status/mechanism of LASP-1 in OSCC.

Methods: We evaluated LASP-1 mRNA and protein expressions in OSCC-derived cell lines and primary OSCCs. Using an
shRNA system, we analyzed the effect of LASP-1 on the biology and function of the OSCC cell lines, HSC-3 and Ca9-22. The
cells also were subcutaneously injected to evaluate tumor growth in vivo. Data were analyzed by the Fisher’s exact test or
the Mann-Whitney U test. Bonferroni correction was used for multiple testing.

Results: Significant up-regulation of LASP-1 was detected in OSCC-derived cell lines (n=7, P<<0.007) and primary OSCCs
(n=50, P<0.001) compared to normal controls. LASP-1 knockdown cells significantly inhibited cellular proliferation
compared with shMock-transfected cells (P<<0.025) by arresting cell-cycle progression at the G2 phase. We observed
dramatic reduction in the growth of shLASP-1 OSCC xenografts compared with shMock xenografts in vivo.

Conclusion: Our results suggested that overexpression of LASP-1 is linked closely to oral tumourigenicity and further
provide novel evidence that LASP-1 plays an essential role in tumor cellular growth by mediating G2/M transition.
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Introduction cancer derived cells, while silencing of LASP-1 resulted in a strong
inhibition of cellular growth [11], overexpression of LASP-1
significantly promoted tumor growth i viwo [12]. Moreover,
overexpression of LASP-1 has been observed in a variety of

: malignant tumors such as metastatic breast cancer [11], ovarian
between cell-cycle regulation and development of oral squamous cancer [18], bladder cancer [14], medulloblastoma [15], and
cell carcinomas (OSCCs) [1,2,3]. Despite accumulating data, the

precise mechanism of the clinical benefit of cell-cycle regulation in
OSCCs has not been elucidated.

Cancer cell proliferation happens as a result of the disruption of
the cell-cycle control mechanisms and continuous signaling for
mitosis. Recent studies have reported that dysregulation in G2/M
transition promotes cellular proliferation in many tumor types
[4,5,6]. Among the genes correlated with the G2/M phase, nucleic
LIM and SH3 protein (LASP-1) at the G2/M phase is considered
essential for oncogenic activity in patients with breast cancer [7].
LASP-1 was identified originally from a cDNA library of
metastatic breast cancer metastases [8]. It is localized within
multiple sites of dynamic F-actin assembly such as focal contacts
[9] and is involved in cytoskeletal architecture [10]. In human

Considerable evidence has suggested that sudden increases in
cellular proliferation occur due to disruption of the cell-cycle
control mechanism. Previous studies have reported a correlation

hepatocellular carcinoma [16].

Recent studies have demonstrated LASP-1 together with
another focal adhesion protein plays an important role in G2/M
transition by inhibiting cdc2 [17,18], suggesting its possible
relation to cell-cycle in cancer. Based on these observations we
hypothesized that LASP-1 is closely related to oral tumorigenesis
with accelerated G2/M transition.

In the current study, we found aberrant expression of LASP-1
and evaluated the correlation between its expression and
clinicopathological characteristics in OSCCs. We also performed
functional analysis to define the biologic effects of LASP-1.
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Figure 1. Evaluation of LASP-1 expression in OSCC-derived cell
lines. (A) Quantification of LASP-1 mRNA expression in OSCC-derived
cell lines by gRT-PCR analysis. mRNA expression levels are normalized to
GAPDH. Significant up-regulation of LASP-1 mRNA is seen in seven
OSCC-derived cell lines compared with that in HNOKs. Data are
expressed as the means = SEM of triplicate results (*P<<0.007; Mann-
Whitney U test with Bonferroni correction). (B) Immunoblotting analysis
of LASP-1 protein in the OSCC-derived cell lines and HNOKs. LASP-1
protein expression is up-regulated in the OSCC-derived cell lines
compared with that in the HNOKs. Densitometric LASP-1 protein data
are normalized to GAPDH protein levels. The values are expressed as a
percentage of the HNOKs.

doi:10.1371/journal.pone.0083187.g001

Materials and Methods

Ethics Statement

The study protocol was approved by the Ethical Committee of
Graduate School of Medicine, Chiba University (The approval
number, 236) and was performed in accordance with the ethical
standards laid down in the Declaration of Helsinki. Written
informed consent was received from all patients.

All experimental animals were treated and cared for in
accordance with the guidelines of Chiba University. Experimental
animals were sacrificed by cervical dislocation. We made every
effort to relieve the pain of experimental animals. The protocol
was approved by the Committee on the Ethics of Animal
Experiments of Chiba University (The approval number, 25-221).

Cell Culture and Tissue Samples

The human OSCC cell lines (HSC-3, KON, and HO-1-N-1)
were purchased from the Human Science Research Resources
Bank, Osaka, Japan. RIKEN BRC (Tsukuba, Japan) provided
Sa3, HO-1-u-1, HSC-4, and Ca9-22 through the National Bio-
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Resource Project of the Ministry of Education, Culture, Sports,
Science and Technology in Japan. Cellular identity was confirmed
by short tandem repeat profiling. Primary cultured human normal
oral keratinocytes (HNOKSs) were obtained from three healthy
donors and served as the normal controls [19,20,21]. All cells were
cultured in Dulbecco’s modified Eagle’s medium (Sigma, St. Louis,
MO, USA) supplemented with 10% fetal bovine serum (Sigma)
and 50 units/ml penicillin and streptomycin (Sigma) in a
humidified atmosphere of 5% carbon dioxide/air at 37°C.

Fifty pairs of primary OSCC samples and corresponding
normal oral epithelial tissues were obtained intraoperatively at
Chiba University Hospital. The institutional review board of
Chiba University approved this study. Informed consent was
obtained from all the patients. The resected tissues were divided
for RNA isolation and immunohistochemistry (IHC); the former
was frozen immediately and stored at —80°C, the latter was fixed
in 20% buffered formaldehyde solution. Each tissue was diagnosed
histopathologically according to the World Health Organization
criteria by the Department of Pathology, Chiba University
Hospital. Clinicopathological staging was determined according
to the tumor-node-metastases classification of the International
Union against Cancer. All OSCC samples were confirmed
histologically that tumor was present in over 90% of the
specimens.

MRNA Expression Analysis

Total RNA was extracted using Trizol Reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s instructions.
cDNA was generated from 5 pg of total RNA using Ready-To-Go
You-Prime First-Strand Beads (GE Healthcare, Buckinghamshire,
UK) and oligo (dT) primer (Hokkaido System Science, Sapporo,
Japan). Real-time quantitative reverse transcriptase polymerase
chain reaction (QRT-PCR) was performed using LightCycler®
480 PCR system (Roche Diagnostics GmbH, Mannheim, Ger-
many) to evaluate the expression level of LASP-7 mRNA in the
OSCC-derived cell lines and HNOKSs. The primer sequences used
for qRT-PCR were: LASP-1, forward, 5'-CAGCCCCAGTCTC-
CATACAG-3'"; reverse, 5-ATACTGATGTCGCGGCGG-3';
and universal probe #77. Primers and probes were designed
using the ProbeFinder gPCR Assay Design Software, available at
www.universalprobelibrary.com. The gqRT-PCR amplifications
were carried out as follows: initial denaturation at 95°C for
10 minutes, 45 cycles of amplification at 95°C for 10 seconds,
denaturation at 55°C. for 30 seconds for annealing/extension, and
cooling at 40°C for 30 seconds. The transcript amount for the
LASP-1 was calculated from the respective standard curves and
normalized to the glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(forward 5'-CATCTCTGCCCCCTCTGCTGA-3 cell, reverse
5'-GGATGACCTTGCCCACAGCCT-3', and universal probe

#60) transcript amount determined in corresponding samples.

Immunoblotting Analysis

The cells were lysed in buffer (7 M urea, 2 M thiourea, 4% w/v
CHAPS, and 10 mM Tris [pH 7.4]) with the proteinase inhibitor
cocktail (Roche) and incubated at 4°C for 30 minutes. The protein
concentration was evaluated using a Bio-Rad Protein Assay (Bio-
Rad Laboratories, Hercules, CA, USA). Protein extracts were
separated by sodium dodecyl sulfate polyacrylamide gel electro-
phoresis in 10% gel and transferred to nitrocellulose membranes
before incubation overnight with primary antibodies against
LASP-1 (Applied Biological Materials, Richmond, BC, Canada),
cyclin A, cyclin B, or phospho-cdc2 (Tyr15) (Cell Signaling
Technology, Danvers, MA) at 4°C. The membrane was washed
with 0.1% Tween-20 in Tris-buffered saline, incubated with
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Figure 2. Evaluation of LASP-1 protein expression in primary OSCCs. (A) The status of LASP-1 protein expression in primary OSCCs (n = 50)
and the normal counterparts based on an IHC scoring system. IHC scores are calculated as follows: IHC score = 1 x(number of weakly stained cells in
the field)+2 x(number of moderately stained cells in the field)+3 x(number of intensely stained cells in the field). The LASP-1 IHC scores for normal
oral tissues and OSCCs range from 2.5 to 97 (median, 35) and 43 to 265 (median, 178), respectively. LASP-1 protein expression levels in OSCCs are
significantly higher than in normal oral tissues (*P<<0.001; Mann-Whitney U test). (B, C) Representative IHC results of LASP-1 in normal oral tissues and
primary OSCCs. Original magnification, x100. Scale bars, 5 um. LASP-1 is highly overexpressed in OSCCs compared to normal oral tissues.

doi:10.1371/journal.pone.0083187.9g002

secondary antibodies, horseradish peroxidase-conjugated anti-
rabbit or anti-mouse IgG (Promega, Madison, WI, USA) for
1 hour at room temperature. SuperSignal Chemiluminescent
substrate (Thermo, Waltham, MA, USA) was used for protein
detection. The immunoreactive bands were visualized on a cooled
CCD camera system (ATTO, Tokyo, Japan), and the CS Analyzer
software version 3.0 (ATTO) was used for signal intensity
quantitation.

IHC

IHC was performed on paraffin-embedded specimens cut into
4-um sections using rabbit anti-LASP-1 polyclonal antibody
(Applied Biological Materials). The endogenous peroxidase
activity was blocked by a 30-minute incubation in 0.3% hydrogen
peroxide solution in 100% methanol. The sections were incubated
in 1.5% blocking serum (Santa Cruz Biotechnology, Inc., Dallas,
TX, USA) in phosphate-buffered saline (PBS) for 2 hours at room
temperature before reacting overnight with anti-LASP-1 antibody
(1:1000 dilution) at 4°C in a moist chamber. Before incubation
with the primary antibody, the slides were washed three times in
PBS and treated with Histofine Simplestain Max-PO (G) (Nichirei,
Tokyo, Japan). 3,3’-Diaminobenzidine  tetrahydrochloride
(DAKO, Carpinteria, CA, USA) was used as a chromogen, and
the tissue sections were counterstained lightly with hematoxylin,
dehydrated with ethanol, cleaned with xylene, and mounted with
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Marinol (Muto Pure Chemicals, Tokyo, Japan). To avoid
nonspecific binding of an antibody to proteins other than antigen,
an immunizing peptide blocking experiment was performed.
Triplicate sections were immunostained without reacting primary
antibody as a negative control to confirm staining specificity.

To determine LASP-1 expression levels, the slides were
evaluated using a IHC scoring systems described previously
[22,23]. The staining intensities were scored as 1, weak; 2,
moderate; and 3, strong. The IHC score was calculated by
multiplying the percentage of the positive tumor cells and the
staining intensity. Cases with a score exceeding 113.0 (+3 standard
deviation [SD] score for normal tissue) were defined as LASP-1-
positive. The %3 SD cutoff, which statistically is just 0.2% of the
measurement and is expected to fall outside this range, was used
because it was unlikely to be affected by a random experimental
error produced by sample manipulation [24]. Two independent
pathologists who had no knowledge of the patients’ clinical status
made these judgments.

Transfection with shRNA Plasmid

The OSCC cell lines, HSC-3 and Ca9-22, with higher LASP-1
protein expression were stably transfected with the LASP-1
shRNA (shLASP-1) or the control shRNA (shMock) (Santa Cruz
Biotechnology, Inc.) using Lipofectamine LTX and Plus Reagents
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Table 1. Correlations between clinicopathological
characteristics of patients with OSCC and LASP-1 protein
expression levels.
Results of immunostaining
No. of patients (%)
Parameter Total LASP1 (—) LASP1 (+) p-value
Age at surgery
<60 12 3 (25) 9 (75) 0.66
60~70 19 8 (42) 11 (58)
70> 19 7 (37) 12 (63)
Gender
Male 22 8 (36) 14 (64) 0.96
Female 28 10 (36) 18 (64)
T-primary tumor size
T1 9 5 (56) 4 (44) *0.02
T2 14 7 (50) 7 (50)
T3 16 5(31) 11 (69)
T4 1 109 10 (91)
T14T2 23 12 (52) 11 (48) *0.04
T34T4 27 6 (28) 21 (72)
N-regional lymph node
N(—) 18 7 (39) 11 (61) 0.77
N+ 32 11 (34) 21 (66)
Stage
| 8 4 (50) 4 (50) 0.10
Il 10 3 (30) 7 (70)
] 19 10 (53) 9 (47)
1Y 13 1(8) 12.(92)
1+ 18 7 (39) 11 (61) 0.77
+V 32 11 (34) 21 (66)
Histopathological type
Well differentiated 24 9 (38) 15 (62) 0.94
Moderately 18 6 (33) 12 (67)
differentiated
Poorly differentiated 8 3 (38) 5(62)
Tumor site
Tongue 24 8 (33) 16 (67) 0.66
Gingiva 19 7 (37) 12 (63)
Buccal mucosa 3 1(33) 2 (67)
Soft palate 2 1 (50) 1 (50)
Oral floor 2 1 (50) 1 (50)
Total 50 18 (36) 32 (64)
*P<0.05.
doi:10.1371/journal.pone.0083187.t001

(Invitrogen). Transfected cells were selected in medium containing
1 pg/ml Puromycin (Invitrogen).

Cellular Proliferation Assays

To determine the effect LASP-1 knockdown on cellular
proliferation, shLASP-1- and shMock-transfected cells were
seeded in six-well plates at 1x10* cells/well, trypsinized, and
counted in triplicate every day for 7 days using a hemocytometer.
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Figure 3. Expression of LASP-1 in shLASP-1-transfected cells.
(A) Expression of LASP-1 mRNA in shMock- and shLASP-1-transfected
cells (HSC-3- and Ca9-22-derived transfectants; 2 clones each). The
LASP-1 mRNA expression in the shLASP-1 is significantly (*P<<0.025;
Mann-Whitney U test with Bonferroni correction) lower than that in the
shMock-transfected cells. (B) Immunoblotting analysis of LASP-1 protein
in the shMock- and shLASP-1-transfected cells (HSC-3- and Ca9-22-
derived transfectants; 2 clones each). The LASP-1 protein in the shLASP-
1 transfected cells is depleted markedly compared with the shMock-
transfected cells.

doi:10.1371/journal.pone.0083187.g003

Cell-cycle Analysis

Seven days after the establishment of LASP-1 knockdown cells,
cell-cycle distribution was checked. To synchronize cells at the
G2/M transition, the cells were treated with 200 ng/ml
nocodazole (Sigma) for 20 hours [25]. The cells were pelleted,
rinsed with PBS, and probed with CycleTEST Plus DNA reagent
kit (Becton-Dickinson, San Jose, CA, USA), according to the
manufacturer’s protocol. After centrifugation at 400xg for
5 minutes, 250 microliters of solution A (trypsin buffer) was
added, and the mixture was incubated for 10 minutes at room
temperature. Two hundred microliters of solution B (trypsin
inhibitor and RNase in a buffer) then was added and the mixture
was incubated for 10 minutes at room temperature. Finally,
200 microliters of solution G (propidium iodide stain solution) was
added, and the mixture was incubated in the dark for 10 minutes
on ice. Flow cytometric determination of DNA content was
analyzed using the Accuri C6 Flow Gytometer (Becton-Dickinson).
Cell-cycle distributions were quantified using FCS Express 4 (De
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Figure 4. Proliferation of shLASP-1-transfected cells. To
determine the effect of shLASP-1 on cellular proliferation, shLASP-1-
and shMock-transfected cells were seeded in six-well plates at a density
of 1x10” viable cells/well. The shLASP-1 transfected HSC-3 and Ca9-22
cells have a significant (*P<<0.025; Mann-Whitney U test with Bonferroni
correction) decrease in cellular growth compared with the shMock-
transfected cells.

doi:10.1371/journal.pone.0083187.g004

Novo Software, Los Angeles, CA, USA). The experiments were
performed in triplicates.

In vivo Tumor Growth Assay

To evaluate cancer growth in vivo, 2x10” shLASP-1- and
shMock-transfected cells were independently injected subcutane-
ously into the backs of female nude mice, BALB/c-nu, purchased
from Oriental Yeast Co. (Tokyo, Japan). All experimental animals
were treated and cared for in accordance with institutional
guidelines. The tumors were measured using calipers every 3 to
4 days after they reached a volume of 100 mm®. The tumor
volume was calculated using the formula 4m/3x(width/
2)?x(length/2). The mice were sacrificed after 28 days. Tumor
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tissues were fixed in 10% formalin, and paraffin sections (4 {m)
were prepared for immunohistochemistry of LASP-1 and hema-
toxylin and eosin (H&E) staining.

Statistical Analysis

Statistical significance was determined using Fisher’s exact test
or the Mann-Whitney U test. P<0.05 was considered significant.
Bonferroni correction was utilized for multiple testing. The data
are expressed as the mean * standard error of the mean (SEM).

Results

Evaluation of LASP-1 Expression in OSCC-derived Cell

Lines

To analyze the expression status of LASP-1, we performed qRT-
PCR and immunoblotting analyses using seven OSCC-derived
cell lines (HSC-3, HSC-4, KON, HO-1-u-1, HO-1-N-1, Ca9-22,
and Sa3) and HNOKs. LASP-I mRNA was significantly
(P<0.007) up-regulated in all OSCC cell lines compared with
that in the HNOKSs (Figure 1A). Figure 1B shows representative
results of immunoblotting analyses. A significant increase in LASP-
1 protein expression was seen in all OSCC-derived cell lines
compared with the HNOKs. Expression analysis indicated that
both transcription and translation products of LASP-1 were highly
expressed in OSCC-derived cell lines.

Evaluation of LASP-1 Expression in Primary OSCCs

To find out the expression status of LASP-1 in primary OSCCs
and its relations to the clinicopathological characteristics, we
investigated LASP-1 protein expression in primary OSCCs and
paired normal oral tissues from 50 patients using the IHC scoring
system. Strong LASP-1 immunoreactivity was detected in the
cytoplasm of the OSCCs, whereas the normal tissues showed
negative immunostaining (Figure 2B, C). The LASP-1 IHC scores
ranged from 43 to 265 in OSCCs (median, 178) and 2.5 to 97 in
normal oral tissues (median, 35). IHC scores in primary OSCCs
were significantly (P<0.05) higher than those in the normal oral
tissues (Figure 2A).

Table 1 shows the correlations between the clinicopathological
characteristics of the patients with OSCC and the status of LASP-
1 protein expression using the IHC scoring system. Among the
clinical classifications, the LASP-1 positive OSCCs were correlat-
ed significantly (P=0.02) with tumor size. Furthermore, a
significant (P=0.04) difference was found in the LASP-1
expression levels between the T1/T2 group and the T3/T4
group, indicating LASP-1 expression levels are higher in advanced
stages compared with early stages. No significant relations were
found in age, gender, N-regional lymph node, histopathological
type, and tumor site.

Establishment of LASP-1 Knockdown Cells

To study the possible function of LASP-1 in OSCCs, the
OSCC-derived cell lines, HSC-3 and Ca9-22, were transfected
with LASP-1 shRNA and the control shRNA (shMock). The
expression levels of LASP-1 mRNA and protein in shLASP-1-
transfected cells showed significant (£<<0.025) decrease compared
with the shMock-transfected cells (Figure 3A, B).

Reduced Cellular Growth in LASP-1 Knockdown Cells
To study the impact of LASP-1 on cellular proliferative ability,

we monitored the cellular growth in shLASP-1-transfected cells for

seven consecutive days. Both HSC-3 and Ca9-22 shLASP-1-
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Figure 5. shLASP-1 promotes G2 arrest. (A) Flow cytometric determination of DNA content was analyzed using the Accuri C6 Flow Cytometer.
shLASP-1-transfected HSC-3 and Ca9-22 cells show significant (*P<<0.025; Mann-Whitney U test with Bonferroni correction) G2 phase accumulation as
opposed to the shMock-transfected cells. (B) Immunoblotting analysis shows down-regulation of cyclin A and cyclin B and up-regulation of phospho-

cdc2 in the knockdown cells.
doi:10.1371/journal.pone.0083187.g005

transfected cells had a significant (P<0.025) decrease in cellular
growth compared with the shMock-transfected cells (Figure 4).

Knockdown of LASP-1 Induces G2 Phase Accumulation

To investigate the mechanism by which down-regulated LASP-
1 is related to cell-cycle progression, we then investigated the cell-
cycle distributions of shLLASP-1-transfected cells using fluores-
cence-activated cell sorting (FACS). The proportion of cells in the
G2 phase in the shLASP-1-transfected cells was significantly
(P<0.025) higher than that in shMock-transfected cells (Figure 5A).
Similar results were obtained in three independent experiments
(Figure S1, S2), suggesting that down-regulation of LASP-1
inhibited cellular proliferation, which induced G2 arrest.

To identify the mechanism by which down-regulated LASP-1
blocks G2/M transition, we assessed the protein expression level of
cyclin A, cyclin B, or phospho-cdc2 (Tyrl3). The protein
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expressions of cyclin A and cyclin B were down-regulated while
phospho-cdc2 (Tyr 15) was up-regulated (Figure 5B), indicating
the arrest of the G2/M phase in the shLASP-1 transfected cells.

LASP-1 Promoted Tumor Growth in vivo

To define the effect of LASP-1 on cancer growth i vivo,
shLASP-1- and shMock-transfected cells of the HSC-3 and Ca9-
22 cell lines were injected subcutaneously into the backs of female
nude mice, respectively (3 mice in each group). Consistent with
our i vitro findings, the mean tumor volume of the shLASP-1 cells
was significantly (P<<0.05) smaller compared to the shMock-
transfected cells. H&E staining confirmed the presence of tumor
cells in all groups and LASP-1 immunohistochemistry of tumor
sections demonstrated LASP-1 knockdown has been maintained
in vivo (Figure 6). These results indicated that LASP-1 promotes
tumor growth in nude mice.
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Figure 6. LASP-1 promotes tumor growth in vivo. shLASP-1- and shMock-transfected cells (HSC-3 and Ca9-22) were injected subcutaneously
into the backs of female nude mice (n=3). The tumor growth of the shLASP-1-injected mice is significantly (*P<0.05; Mann-Whitney U test) inhibited
compared to the shMock-injected mice. Immunohistochemistry clearly demonstrated decreased immunostaining for LASP-1 in the shLASP-1-derived
tumors than shMock injected mice. H&E staining confirmed the presence of tumor cells. Original magnification, x200.

doi:10.1371/journal.pone.0083187.g006

Discussion

In the current study, we found a high prevalence of increased
LASP-1 expression in patients with OSCC and a significant
correlation with the primary tumor size (Table 1). Furthermore,
knockdown of LASP-1 in OSCC-derived cell lines resulted in a
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dramatic effect on growth inhibition i vitro and in vivo via arrest of
the G2/M phase. The current data provided a novel insight into
the role of aberrant LASP-1 function as an oncogenic process in
this disease.

A significant up-regulation of LASP-1 was detected in all
OSCC-derived cells examined at protein levels (Figure 1B),
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indicating that LASP-1 expression is necessary for oral carcino-
genesis. On the other hand, the mRINA expression states
depended on the cells (Figure 1A). A possible explanation for this
discrepancy is that LASP-1 proteins are differently affected by the
post-translational ubiquitination and proteolysis in each tumor cell
lines. In this context, discrepancies between LASP-I mRNA
expression levels and protein levels has been reported in bladder
cancer cell lines [14].

FACS analysis showed that LASP-1 is specifically active in the
G2/M phase in OSCC cells (Figure 5A). The G2/M checkpoint is
necessary for the cell to repair DNA damage before mitotic entry.
When DNA is damaged, cdc2, an important regulator of cell
progression, is inactivated through increasing phosphorylation
residues of Tyr 15, causing the cells to arrest in the G2 phase [26].
Cyclin A and cyclin B are other crucial regulators of cell-cycle
progression. Cyclin A associates with cdk?2 and cdc2 and is
required at the initiation of the S phase and the G2/M transition
[27,28]. Meanwhile, cyclin B associates with cdc2 and regulates
mitotic entry and exit [29]. Expression levels of cyclin A and cyclin
B are often up-regulated in a variety of tumors [30,31]. Depletion
of cyclin A and cyclin B leads to cell-cycle arrest in G2 [32,33].
During the G2 phase, the cyclin B/cdc2 complex is inactivated by
phosphorylation on Tryl5 and Thr14 of cdc2 by the Wee 1 and
Myt 1 kinases [34,35]. At the onset of mitosis, cdc25C phosphatase
activates cdc2 by removing phosphates at Thr 14 and Try 15
[36,37] and prevents the cyclin Bl/cdc2 complex from being
inactivated again [38].

Based on these observations, we next determined the expression
status of the related genes mentioned previously. As expected,
while cyclin A and B were significantly down-regulated, we
detected up-regulation of phoshpo-cdc2 in the LASP-1 knockdown
cells. This was consistent with previous studies that implied LASP-
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