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Abstract: Leucine aminopeptidases (LAPs) were associated with tumor cell proliferation, invasion and/or angio-
genesis. LAP3 is one important member of this family. However, its clinical significance and biological function in
hepatocellular carcinoma (HCC) remains unknown. In the present study, we demonstrated that LAP3 expression
was significantly up-regulated in HCC tissues as well as cells and was closely correlated with lower differentiation,
positive lymph node metastasis and high Ki-67 expression, indicating a poor prognosis. Then cell viability assays,
flow cytometry assays, wound-healing assays and matrigel invasion assays were performed to demonstrate that
LAP3 promoted HCC cells proliferation by regulating G1/S checkpoint in cell cycle and advanced HCC cells migra-
tion. Furthermore, we discovered that knockdown LAP3 will enhance the sensitivity of HCC cells to cisplatin, thus
promoting the cell death of HCC cells. Collectively, our results indicated that up-regulated expression of LAP3 might
contribute to the proliferation and metastasis of HCC. Our data gains greater insight into the cancer-promoting role
of LAP3 and its functions in HCC cells, possibly providing potential therapeutic strategies for clinical trials.
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Introduction

Hepatocellular carcinoma (HCC) is the second
leading cause of cancer-related death in the
world [1]. Being the fifth most prevalent lethal
neoplasia, HCC is associated with a poor prog-
nosis largely due to high incidence of tumor
recurrence and intrahepatic metastasis after
surgical resection [2, 3]. Hepatocarcinogenesis
is thought to be an extensive process associ-
ated with dysfuction of various oncogenes and
tumor suppressors, ultimatly leading to the
malignant transformation of normal liver cells
[4, B]. Despite great advancement in both diag-
nosis and treatment of HCC, the exact molecu-
lar mechanisms underlying the development of
HCC remains poorly understood. Thus, the
identification of the molecular mechanism dur-
ing HCC progression may provide patients with
HCC novel diagnostic and therapeutic strat-
egies.

Leucine aminopeptidases (LAPs) are a family of
proteins implicated in the progress of various

pathological disorders, and play a role in tumor
cell proliferation, invasion and angiogenesis [6].
Being one important member of this family,
Leucine aminopeptidase 3 (LAP3) is originally
identified as exopeptidase that catalyzes the
hydrolysis of leucine residues from the amino
termini of protein or peptide substrates [7].
Alteration of LAP3 expression pattern and/or
catalytic function lead to peptide activation
changing, thus contributing to the changes of
cell cycle progression in gynecologic malignan-
cy such as ovarian epithelial malignancy, breast
cancer and endometrial carcinoma [8-10].
LAP3 is also involved in the malignant develop-
ment of human esophageal squamous cell car-
cinoma [11] and plays a significant role in dia-
betic patients [12, 13]. Therefore, it is of interest
to see whether LAP3 could also modulate cell
cycle progress and cell proliferation of HCC.

Although studies have showed the important
role of aberrant expression of LAP3 in tumori-
genesis such as human breast cancer and
human esophageal squamous cell carcinoma,
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Table 1. LAP3 Expression and clinicopathological features in 115 HCC specimens

Clinicopathological Features Total - LAP3. - Pvalue X2value
Low expression n=41 High expression n=74

Ages (years) <45 50 18 32 0.55 0.005
>45 65 23 42

sex Male 24 10 14 0.322 0.478
Female 91 31 60

Serum AFP Level (ng/ml) <50 45 16 29 0.574 0.000
>50 70 25 45

Cirrhosis Absent 23 8 15 0.563 0.009
Present 92 33 59

Maximal Tumor Size (cm) <4.5 68 24 44 0.539 0.009
>4.5 57 17 30

Tumor Metastasis Absent 43 20 23 0.047* 3.530
Present 72 21 51

HBs Ag (-) 25 6 19 0.126 1.891
(+) 90 35 55

Histological Grade Poor 47 23 24 0.039* 6.465
Moderate 53 15 38
Well 15 3 12

Ki-67 Low 45 22 23 0.015* 5.646
High 70 19 51

Statistical analyses were carried out usting Pearson X? test. *P<0.05 was considered significant.

reports investigating the functions of LAP3 in
human HCC progression are still lacking. In the
present study, for the first time, we demonstrat-
ed that LAP3 was significantly over-expressed
in human HCCs pecimens and HCC cell lines.
Then, we also investigated its associations with
clinical and pathologic factors. To investigate
possible tumor activity of LAP3 in HCC, LAP3
was transfected into HCC cells. The functions
of LAP3, as well as its clinical significance, were
also investigated. This study was conducted to
gain greater insight into the cancer-promoting
role of LAP3 and its functions in HCC cells, pos-
sibly providing potential therapies for clinical
trials.

Materials and methods
Tissue collection

115 samples of HCC samples with their corre-
sponding adjacent non-tumor liver tissues were
obtained with informed consent in accordance
with the requirements of the Research Ethics
Committee in the Cancer Hospital of Nantong
University, from May 2006 to May 2013. The
115 HCC cases comprised 24 males and 91
females. Their ages ranged from 25 to 77
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years, with an average age of 43.25 years.
According to the 2002 International Union
against Cancer TNM classification system and
the Edmondson grading system, histological
grades were classified to well (grade I; n = 47),
moderately (grade Il; n = 53) and poorly differ-
entiated (grade lll; n = 15). The main clinico-
pathologic characteristics of the patients are
summarized in Table 1.

Immunohistochemical staining

All tissue samples were fixed in phosphate-
buffered neutral formalin and routinely embed-
ded in paraffin, and then cut into 5-um-thick
sections. Tissue sections were incubated with
0.3% hydrogen peroxide/phosphate-buffered
saline for 30 minutes and blocked with 10%
BSA (Sangon, Shanghai, China), then were
detected with primary polyclonal antibody for
LAP3 (Abcam, Cambridge, UK) and Ki-67
(Abcam, Cambridge, UK) overnight at 4°C in a
moist chamber. After incubated with the sec-
ond antibody (Thermo Scientific, US) labeled by
HRP (rabbit) for 1 hour at room temperature,
the sections were treated with diaminobenzi-
dine and counterstained with hematoxylin. All
the sections were observed and photographed
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Figure 1. LAP3 is expressed in HCC tissues and cells. A. Representative images of LAP3 immunohistochemical
staining in a tissue microarray that contains containing 115 HCC samples and 15 normal liver samples, Scale bar:
50 um. B. Western blot analysis shows that LAP3 protein expression is increased in HCC cells compared with the
normal liver cell lines (LO2). GAPDH was used as a loading control. The bar chart demonstrates the ratio of LAP3
protein to GAPDH by densitometry. The data are means + SEM.
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Figure 2. Kaplan-Meier survival curves for low ver-
sus high LAP3 expression in 115 patients with HCC
show a highly significant separation between curves
(P<0.05, log-rank test).

with a micro-scope (Carl Zeiss) and scored was
conducted according to the ratio and intensity
of positive-staining cells as followed: strongly
stained (score 1) designated as high expres-
sion and weakly stained (score 0) designated
as low expression [14]. All the LAP3 and Ki-67
expression level was quantified two-blindly by
two independent pathologists.
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Western blotting

Whole cell lysates were prepared by lysis buffer
(50 mM Tris-HCI, 150 mM NaCl, 1% Triton-X
100, 1 mM each MgCIZ, MnCI2 and CaCI2, 1 mM
PMSF and 10 mM sodium fluoride). Proteins
were separated by SDS-PAGE and were trans-
ferred to nitrocellulose membranes (Bio-Rad,
Hercules, CA). Then the electroblotted mem-
branes were blocked in phosphate-buffered
saline/Tween-20 containing 5% BSA. The pri-
mary antibodies for LAP3 (Abcam Cambridge,
UK), proliferating cell nuclear antigen (PCNA,
Abcam, Cambridge, UK), cyclin A (Abcam,
Cambridge, UK), CDK2 (Abcam, Cambridge,
UK), CDK6 (Abcam, Cambridge, UK), E-cadherin
(Cell Signaling Technology, Beverly, MA), B-actin
(Abcam, Cambridge, UK) and GAPDH
(Proteintech, US) were used. After incubating
with the IRDye 680 anti-mouse (LI-COR, Lincoln,
NE) or IRDye 800 anti-rabbit (LI-COR, Lincoln,
NE) secondary antibodies for 2 hour at room
temperature, the bands were detected by an
Odyssey infrared imaging system (LI-COR,
Lincoln, NE).

Cell lines and cell culture

Normal hepatocyte cell line LO2 and human
hepatocarcinoma cell lines, including BEL-
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Table 2. Contribution of various potential prognostic factors to sur-
vival by Cox regression analysis in 115 HCC specimens

Parameters Hazard ratio 95% Confidenece interval P value
Age (years) 0.321 0.309-0.970 0.548
Gender 0.497 0.404-2.479 0.413
Serum AFP Leve (ng/ml) 0.294 0.560-1.727 0.953
Cirrhosis 1.430 1.198-5.176 0.373
Maximal Tumor Size (cm) 0.845 0.988-3.120 0.055
Tumor Metastasis 2.608 0.066-1.296 0.033*
HBs Ag 0.365 0.421-1.712 0.646
Histological Grade 3.762 0.084-1.428 0.018*
LAP3 4.745 1.416-9.084 0.001*
Ki-67 2.589 0.009-1.200 0.048*

were considered as nega-
tive control.

Cell viability assay

Cells were seeded into a
96-well plate at 2x10* cells
per well with 100 pl culture
medium supplemented with
10% FBS and cultured at
37°C. 10 pl Cell Counting
Kit-8 (CCK-8, WST-8, Doji-
ndo, Japan) was added to
each well after 24 h, 48 h
and 72 h, respectively. The

Statistical analyses were performed using Cox regression analysis. *P<0.05 was

considered significant.

7404, HuH7, HepG2 and MHCC-97H, were all
obtained from the Institute of Cell Biology,
Academic of China (Shanghai, China), and cul-
tured in Dulbecco-modified Eagle medium
(DMEM, Sigma) supplemented with 10% fetal
bovine serum (FBS, Hyclone), penicillin in 100
U/mL, and streptomycin 100 pg/mL in 5% CO,
at 37°C.

Plasmid construction

The full-length LAP3 (Genbank Accession
No.NM_015907.2) was isolated from the
human c¢cDNA library and connected to
pcDNA3.1-myc. The primers used for LAP3
were as follows: 5-CCGCTCGAGGGATGTTCTT-
GCTGCCTTA-3’ (sense) and 5-GGGGTACCAGC-
ATTGTCTTGACTTA-3’ (anti-sense). Primer pairs
for the LAP3-shRNA expression vector was tar-
getthe sequence: 5-GCCCATTAATATTATAGGT-3’
[11].

LAP3 overexpression or LAP3 shRNA plasmids
transfection

Cells were grown in culture medium with 10%
FBS. When cells had reached confluency,
Lipofectamine 2000 (Invitrogen; USA), OPTI-
MEM (Gibco, USA) and plasmid pCDNA3.1-
LAP3 or LAP3 shRNA were mixed and incubat-
ed for 20 min and added to HCC cells at room
temperature respectively. After 6 h of incuba-
tion, these cells were then incubated in DMEM
containing 10% FBS in 5% CO, at 37°C. After
48 h transfection, cells were subjected to west-
ern blotting analysis. Cells transfected with
pcDNA3.1 (empty vector) and control shRNA
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absorbance values were
measured at 450 nm wave-
length using a microplate
reader (Spectra Max M5, Molecular device),
representing the rate of DNA synthesis and cor-
responding to the number of proliferating cells.
The experiment was performed in triplicate and
repeated twice.

Flow cytometry assay

For cell cycle analysis, 2x10° cells were plated
in 60 mm plates and grown for 24 h. Cells were
then incubated with 1 mM thymidine (Sigma-
Aldrich) for 24 h to synchronize cells at the
G1/S boundary. The cells were then treated
with serum-deprived culture medium for anoth-
er 48 h. Next, the cells were trypsinized, washed
twice with cold PBS and fixed with cold 70%
ethanol at -20°C overnight. The cells were then
washed twice with PBS and incubated with 10
mg/ml RNase A and 400 mg/ml propidium
iodide (PI) in PBS at room temperature for 30
mins. Cells were subsequently analyzed by flow
cytometry (Becton, Dickinson and Company).

Wound-healing assay

Tumor cells (5x10% were seeded in 6-well
plates and grown to confluence overnight. After
twenty-four hours, a line was scratched within
the confluent cell layer using the fine end of a
10 ml pipette tip (time 0). Images of migrating
cells were sequentially taken during closure of
the wounded region.

Matrigel invasion assay

Cell invasion assay was performed using tran-
swell chamber (8 ym pore size, 6.5 mm diame-
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Figure 3. Knockdown of LAP3 inhibited HepG2 cells viability and migration in vitro. A. Western blot analysis of LAP3,
PCNA, CDK2, CDK®&, Cyclin A, E-cadherin, GAPDH (loading control) in control and shRNA-LAP3 HepG2 cells. The bar
chart showed LAP3 expression ratio to GAPDH. The data are mean £ SEM (n = 3, *P<0.01, compared with control).
B. Effect of LAP3 knock-down on proliferation of HepG2 cells, analyzed by the cell viability assay. Data are represen-
tative of three independent experiments. *P<0.05. C. Knockdown of LAP3 could restrain G1/S transition in HepG2
cells. The cell cycle distribution of HepG2 cells detected by flow cytometric analysis. D. Wound healing assays with
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negative control and shRNA-LAP3 HepG2 cells. Migration of the cells to the wound was visualized at 0, 48 h with
an inverted Leica phase-contrast microscope. The bar chart showed the relative migration distance of cells. The
data are mean £ SEM (n = 3, *P<0.05, compared with O h). E. Knockdown of LAP3 suppressed cell migration by
transwell assays. For transwell assays, control and shRNA-LAP3 HepG2 cells were seeded into the upper chamber
of the transwell and the cells that migrated through the pores to the lower surface of the filter were counted in 10
fields under 20x% objective lens. The bar chart showed the percentage of migrant cells. The data are mean + SEM (n
= 3, *P<0.01, compared with control).

D
2 Q g 1.2
O 1
ot g 1.0 ’F
2
Lars [ £ 1
8
Pona N -
?
. 4
Ecachern [N~ |
2
X .
% 0.0
5 Ctrl myc-LAP3
3.0 C
3 —e— myc-LAP3 *
5 2.5 —o— Ctrl
* .0 * & .
g - . G1:55.3% G1:42.3%
T 15 * S:255% g 5:33.5%
g§ 1 3 G2:19.2% § G2:24.2%
L] = z
3 1.0 o] ¥
=]
g 5 &) #
0.0 5 W & G B AR A ™
Hours After Transfection Ctrl myc-LAP3
D
Ctrl myc-LAP3
20 m— Ctrl _f"_
== myc-LAP3
o 1.5
K
@
£
§ 1.0
=
5
0.0
Oh 24h
5 500
3 *
L 400
£
S 300 =
=z
S 200
[
9
T 100
=
s
0

Ctrl  myc-LAP3

3757 Int J Clin Exp Pathol 2014;7(7):3752-3762



LAP3 and human hepatocellular carcinoma (HCC)

Figure 4. Overexpression of LAP3 promotes Huh7 cell proliferation and migration abilities in vitro. A. Western blot
analysis of LAP3, PCNA, E-cadherin, GAPDH (loading control) in control and myc-LAP3 Huh7 cells. The bar chart
showed LAP3 expression ratio to GAPDH. The data are mean + SEM (n = 3, *P<0.01, compared with control). B.
Effect of LAP3 up-regulation on proliferation of Huh7 cells, analyzed by the cell viability assay. Data are representa-
tive of three independent experiments. *, P<0.05. C. Up-regulation of LAP3 could promote G1/S transition in Huh7
cells. The cell cycle distribution of Huh7 cells detected by flow cytometric analysis. D. Wound healing assays with
negative control and myc-LAP3 Huh7 cells. Migration of the cells to the wound was visualized at O, 48 h with an
inverted Leica phase-contrast microscope. The bar chart showed the relative migration distance of cells. The data
are mean + SEM (n = 3, *P<0.05, compared with O h). E. Up-regulation of LAP3 promoted cell migration by transwell
assays. For transwell assays, control and myc-LAP3 Huh7 cells were seeded into the upper chamber of the transwell
and the cells that migrated through the pores to the lower surface of the filter were counted in 10 fields under 20x
objective lens. The bar chart showed the percentage of migrant cells. The data are mean + SEM (n = 3, *P<0.01,
compared with control).
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Figure 5. Downregulation of LAP3 increased the sensitivity of HCC cells to cisplatin. A. Western blot analysis indicat-
ed the dose-dependent effect of cisplatin on the LAP3 expressions in HepG2 cells, which were treated by cisplatin
at different concentrations for 48 h. GAPDH was used as a control for protein load and integrity. B. The bar chart
showed the expression ratio to GAPDH. The data are mean + SEM (n = 3, *P<0.01, compared with Oh). C. Western
blot analysis indicated the effects of cisplatin on the LAP3 expression in HepG2 cells, which were transfected with
control or shRNA-LAP3 for 24 h, respectively, and then subjected to treatment with or without cisplatin for 48 h,
respectively. GAPDH was used as a control for protein load and integrity. D. A bar chart showed that the comparison
in the cell growth rate in HepG2 cells, which were transfected with control or shRNA-LAP3 for 24 h, respectively, and
then subjected to treatment with or without cisplatin for 48 h, respectively, as measured by cell viability assays. Data
were presented as mean + SEM. *P<0.05, versus controls (non-treated with cisplatin), respectively.

ter, Corning, USA). BD Matrigel™ Basement Then, 500 pyL medium containing 1% FBS was
Membrane Matrix was added to the upper placed in the lower chamber. Cells were plated
membrane and allowed to gel for 1 h at 37°C. in the upper chamber of quadruplicate wells at
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a density of 2x10%/mL and incubated at 37°C
for 24 h. Cells were then fixed with paraformal-
dehyde, stained with 5% crystal violet, and
counted immediately after staining. Exp-
eriments were repeated five times. The results
were expressed as a percentage of the
controls.

Statistical analysis

Data were presented as the means + standard
error of the mean (SEM). Statistical analyses
were done using SPSS 16.0 for windows (IBM).
The chi-square test was used for comparison
between groups. Values of P<0.05 were consid-
ered statistically significant.

Results
LAP3 is expressed in HCC tissues and cells

In order to reveal the relevance of LAP3 with
HCC, we detected LAP3 expression in a tissue
microarray (TMA) containing 115 HCC samples
and 15 normal liver samples by immunohisto-
chemical staining. Representative sections of
LAP3 expression in all tissues were shown in
Figure 1A. While the clinicopathological char-
acteristics of HCC patients are summarized in
Table 1. Analysis showed that LAP3, predomi-
nantly localized in the cytoplasm of HCC cells,
was significantly upregulated in HCC tissues
compared with normal liver samples. Thereafter
we investigated the expression of LAP3 in nor-
mal hepatocyte cell line LO2 as well as human
hepatocarcinoma cell lines, including BEL-
7404, HuH7, HepG2 and MHCC-97H cells
(Figure 1B). We found that LAP3 was expressed
at a high level in HCC cells compared with nor-
mal hepatocyte cell line LO2 cells. These find-
ings showed that LAP3 was expressed highly in
HCC tissues and cells.

LAP3 is associated with adverse clinical char-
acteristics and poor outcome of HCC patients

Clinical association study was performed to
analyze the correlation of LAP3 upregulation
with HCC clinicopathological features using the
SPSS 16.0 for windows (IBM). Notably, we
found that highly expression of LAP3 was sig-
nificantly associated with adverse clinicopatho-
logical features such as histological grade (P =
0.039), tumor metastasis (P = 0.047) and Ki-67
(P = 0.015) (Table 1). Kaplan-Meier analysis

3759

were also applied to further investigate the
prognostic significance of LAP3 in HCC. The
result revealed that upregulation of LAP3 was
significantly associated with poor overall sur-
vival rate in HCC (Figure 2). Furthermore, a mul-
tivariate Cox proportional hazard model was
constructed and showed that LAP3 was the
strongest independent predictor of survival (P =
0.001) (Table 2).

Knockdown of LAP3 inhibited HCC cells viabil-
ity and migration in vitro

To investigate whether LAP3 could influence
the tumorigenesis of HCC, shRNA-LAP3 vector
was stably transfected into HCC cells. HCC cell
line HepG2, which expresses a high level of
endogenous LAP3 (Figure 1B), was used in the
shRNA experiment. Firstly, we examined the
efficiency of LAP3 gene silencing (Figure 3A).
Since LAP3 was reported to promote G1/S
transition and enhance cell motility and inva-
siveness in esophageal squamous cell carcino-
ma (ESCC) [11], we also wonder whether LAP3
has a tumorigenesis potential via promoting
cell cycle and/or cell motility. Thus a common
proliferation marker PCNA [15], several key cell
cycle regulators including CDK2, CDK6 and
CyclinA as well as E-cadherin which is a retrorse
marker of metastasis [16] were tested.
Decreased expression of PCNA, CDK2, CDK6
and Cyclin A as well as increased expression of
E-cadherin were detected in LAP3-silencing
cells (Figure 3A). Furthermore, the tumorigenic
function of LAP3 was assessed by cell viability
assays and flow cytometry assays. Figure 3B
showed that the cell growth rates in LAP3-
silencing cells were significantly attenuated
compared with control cells, while the percent-
age of LAP3-silencing cells in G1 phase was
obviously increased in comparison with control
cells (Figure 3C). These data all confirmed that
knockdown of LAP3 could inhibit HCC cells via-
bility via restrain G1/S transition.

Since overexpression of LAP3 was closely asso-
ciated with HCC metastasis by IHC analysis and
E-cadherin expression was increased in the
LAP3-silencing cells (Figure 3A), wound-healing
(Figure 3D) and matrigel invasion (Figure 3E)
assays were performed to explore the effects
of LAP3 on HCC cell migration and invasion. As
expect, the two experiments both showed that
knockdown of LAP3 could attenuated the
migration and invasiveness of HCC cells.

Int J Clin Exp Pathol 2014;7(7):3752-3762
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Overexpression of LAP3 promotes HCC cell
proliferation and migration abilities in vitro

Based on the above data, we suspected wheth-
er overexpression of LAP3 expression could
promote HCC cell proliferation and migration
abilities. The Huh7 cell line, which had a low
level of LAP3, was transfected with Myc-LAP3
(Figure 4A). Being consistent with Figure 3A,
PCNA expression was increased in cells trans-
fected with Myc-LAP3 compared with controlled
cells while E-cadherin abundance was attenu-
ated (Figure 4A). Overexpression of LAP3 could
significantly promote the proliferative ability in
Huh7 cells (Figure 4B) and promote G1/S tran-
sition in comparison with control cells (Figure
4C). Moreover, the migration ability was mark-
edly advanced in Huh7 cells transfected with
Myc-LAP3 (Figure 4D and 4E).

Downregulation of LAP3 increased the sensi-
tivity of HCC cells to cisplatin

Chemotherapy plays a crucial role in HCC treat-
ment especially for advanced HCC patients
[17]. Cisplatin is one of the most commonly
used chemotherapeutic drugs for the treat-
ment of HCC [18]. Thus, we examined whether
cisplatin could influence the expression of
LAP3 in HCC cells. Exposure of HepG2 cells to
cisplatin for 48 h induced a dose-dependent
decrease in the LAP3 protein level in HepG2
cells, detected by western blot, while the apop-
tosis marker, cleaved-caspase 3 was showed a
reverse trend (Figure 5A). Furthermore, the
down-regulation of the LAP3 expression
induced by cisplatin was enhanced in LAP3-
silencing HepG2 cells (Figure 5B). After cisplat-
in treatment, the cell death of LAP3-silencing
cells was increased in comparison with that of
control cells (Figure 5C). Our data strongly indi-
cated that downregulation of LAP3 increased
the sensitivity of HCC cells to cisplatin, thus
promoting the cell death of HCC cells.

Discussion

Being the fifth most common malignancy and
the third leading cause of cancer-related mor-
tality globally, hepatocellular carcinoma (HCC)
is a prevalent problem worldwide [19]. Although
the identification of many prognostic markers
of HCC has been made, the available markers
are still unable to predict the survival of patients
accurately [20, 21]. Furthermore, effective
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treatments for HCC are essentially absent [22].
These all emphasize both the potential for
novel prognostic markers of HCC and the need
to develop new therapies [23].

In current study, we proved that LAP3 was
upregulated in human HCC tissues relative to
adjacent noncancerous tissues by IHC analy-
sis. Overexpression of LAP3 was siginificantly
correlated with histological grade, lymph node
metastasis and Ki-67, a proliferating cell mark-
er [24]. And LAP3 expression was an indepen-
dent risk factor for survival of HCC patients. Our
data firstly demonstrated that LAP3 contribut-
ed to the malignant progression of HCC and
might be a novel meaningful prognostic
biomarker.

Several reports showed that increased expres-
sion of LAP3 protein could enhance malignan-
cy. LAP3 promotes the cell cycle progression of
endothelial cells and angiogenesis [25].
Upregulation of LAP3 plays a crucial role in the
malignant development of human ESCC [11].
Placental LAP3 (P-LAP3) is also involved in pro-
gression of breast cancer [10] and ovarian epi-
thelial malignancy [8] as well as diabetes [12,
13]. In addition, adipocyte-derived LAP3
(A-LAP3) is a biomarker for the evaluation of
endometrial carcinoma [9]. These reports all
suggested that the over-expression of LAP3
protein might affect tumor development. Our
clinical data forcefully implied that LAP3 over-
expression was significantly associated with
the histological grade and tumor metastasis in
HCC patients. Hence, these results suggested
that LAP3 might contribute to the malignant
development of HCC.

To further investigate the role of LAP3 in the
development and progression of HCC, we
silence the LAP3 expression in HepG2 cells and
found that growth rate of cells transfected with
shRNA-LAP3 was significantly decelerated
compared with control cells. Further study
revealed that knockdown of LAP3 in HCC cells
HepG2 induced the cell cycle arrest at G1/S
checkpoint. While overexpression of LAP3 pro-
moted tumorigenesis in Huh7 cells via acceler-
ating G1/S phase transition. G1/S phase tran-
sition is a major checkpoint for cell cycle
progression [26]. CDK2 and CDK6 are two of
the critical positive regulators during this tran-
sition [27]. Moreover, PCNA is a nuclear poly-
peptide essential for DNA synthesis and repli-
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cation of mammalian cells, which is commonly
used as a proliferation marker [15]. Alteration
of LAP3 expression in HCC cells gives rise to
the changes of PCNA, CDK2 and CDK6 expres-
sion in accord with LAP3. This phenomenon
reconfirmed our hypothesis that LAP3 could
contribute to HCC malignancy via promoting
G1/S phase transition. And the flow cytometry
assays also authenticated this.

Meanwhile, our results also revealed that LAP3
could furtherance cell motility and invasive-
ness of HCC cells in vitro. IHC analysis showed
that LAP3 was markedly associated with HCC
metastasis and knockdown LAP3 increased
expression of E-cadherin. E-cadherin is a cardi-
nal regulator of epithelial-to-mesenchymal
transition (EMT) and plays a critical role in
tumour invasion [11]. Low E-cadherin expres-
sion correlate with an aggressive, malignant
phenotype in HCC [28]. Upregulation of LAP3
induced low expression of E-cadherin and
advanced the mobility of HCC cells. Conversely,
when we silenced the endogenous LAP3 by
shRNA in HCC cells, the metastatic potential of
HCC cells was significantly depressed, suggest-
ing that LAP3 might alter HCC cells invasion
and metastasis.

Chemotherapy is the best option for advanced
liver cancer [17] and cisplatin is a potent che-
motherapeutic agent used to treat a wide range
of human malignancies, including HCC [18].
The cytotoxicity of cisplatin is mediated mainly
through the apoptotic pathways [29]. Caspase
family plays a significant role in apoptosis and
caspase-3 is one of the most important mem-
ber [30]. Our data showed that shRNA-LAP3
markedly promoted the cell death in HCC cells
treated with cisplatin, suggesting knockdown
LAP3 will enhance the sensitivity of HCC cells
to cisplatin.

In summary, at the first time, our study demon-
strate that LAP3 is expressed in HCC tissues
and cells and provide clear evidence for the
importance role of LAP3 in HCC development
and metastasis. Targeting this protein may be
of great value in the treatment of HCC.
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