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Abstract: Tartrate-resistant acid phosphatase (ACP5) could regulate cancer cell proliferation; however, its role in
hepatocellular carcinoma (HCC) remains largely unknown. Here, we investigated the function of ACP5 in HCC and
examined the underlying molecular mechanisms. The expression of ACP5 was evaluated by immunohistochemistry
and quantitative reverse transcription and polymerase chain reaction (QRT-PCR) in a series of HCC tissues. The ef-
fects of ACP5 silencing on cell proliferation, cell cycle, apoptosis, migration, and invasion of HCC were assessed in
vitro by the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay, clonogenic assays, flow
cytometry, and transwell assays. The results find that ACP5 is overexpressed in HCC tissues compared with adjacent
normal tissues. Knockdown of ACP5 inhibits the proliferation, migration and invasion of HCC cell lines. Furthermore,
silencing of ACP5 induces cell cycle G2/M phase arrest and increases apoptosis of HCC cell lines. ACP5 provides

potential novel targets for the treatment of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth
most common cancer worldwide, and it is one
of the leading causes of death among malig-
nancies in China [1, 2]. Despite advances in
diagnostic and treatment modalities, the prog-
nosis for HCC has not been significantly im-
proved, and the 5-year survival rate for pati-
ents with HCC remains poor, which is largely
attributable to the high rates of distant metas-
tasis [3]. Thus, there is an urgent need to devel-
op new strategies to HCC treatment.

Tartrate-resistant acid phosphatase (ACP5)
has been received considerable attention [4,
5]. Accumulating evidence has recently demon-
strated that ACP5 is one of the most common
overexpressed oncogenes in a multitude of
human solid tumors [6-8]. An increasing num-
ber of ACP5 have been identified to be differen-
tially expressed in many human cancers and to
be implicated in tumor progression and metas-
tasis. However, the role of ACP5 in hepatocel-

lular carcinogenesis remains uncertain. In this
study, we investigated the expression of ACP5
in human HCC using qRT-PCR, Western blot,
and immunohistochemistry, and further explo-
red the potential functions of ACP5 in HCC pro-
gression.

Materials and methods
HCC tissue samples

From 2005 to 2014, tumor samples and nor-
mal pericarcinomatous tissues were collected
from 92 HCC patients receiving surgery at the
Affiliated Baiyun Hospital of Guizhou Medical
University (Guizhou, China). These tissue sam-
ples were conserved in liquid nitrogen after col-
lection or prepared in paraffin sections. No sys-
temic or local treatment had been received
before operation. Both tumor and nontumor tis-
sues were histologically confirmed. All the tis-
sue samples were obtained with informed con-
sent from all the patients. This study was ap-
proved by the Institute Research Ethics Com-
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mittee of Guizhou Medical University, Guizhou,
China.

Cell lines

HCC cell lines MHCC97L, Huh7, HepG2, HCC-
LM3, SMMC-7721, MHCC97H and normal liver
cell lines HL-7702 were from the Tumor Cell
Bank of Chinese Academy of Sciences. All the
cell lines were grown in Dulbecco’'s modified
eagle medium (DMEM) supplemented with
10% fetal bovine serum (FBS), 100 Ag/AL
streptomycin, and 100 Ag/AL penicillin (pH 7.2-
7.4) in a humidified incubator containing 5%
CO, at 37°C.

Immunohistochemistry

For each patient sample, three paraffin sec-
tions of 5 um were prepared, one for hematoxy-
lin and eosin (HE) staining and the other two for
immunohistochemical staining. Phosphate buf-
fer saline (PBS) instead of primary antibodies
was used for negative control, and the breast
cancer tissue was used for positive control.
Sections were dewaxed using xylene, followed
by hydration with ethanol solutions and addi-
tion of EDTA for antigen retrieval. Later, sec-
tions were blocked with normal goat serum for
30 min to eliminate non-specific binding.
Sections were incubated with primary antibody
against ACP5 (Abcam, Cambridge, UK). Sections
were then incubated with biotin-labeled sec-
ondary antibodies for 30 min at room tempera-
ture, followed by staining with diaminobenzi-
dine (DAB). Finally, the sections were counter-
stained with hematoxylin. The result of staining
was determined by two doctors who did not
know the clinical condition of patients. The pro-
portions of positive cells of 0, 1-5, 6-25, 26-75,
and 76-100% were assigned with scores of O,
1, 2, 3, and 4, respectively. Scores of 0-2 were
considered as negative expression, and scores
of 3-4 were considered as positive expression.

Quantitative RT-PCR

Total RNA of tissues or cultured cells was iso-
lated using TRIzol reagent (Invitrogen, Life
Technologies, CA, USA). Reverse transcription
was performed using a First-strand cDNA
Synthesis System (Invitrogen, Life Technologies,
CA, USA). gRT-PCR was carried out using Power
SYBR® Green PCR Master Mix (ABI, USA) on the
7500 real time PCR system (ABI, life technolo-
gy). The GAPDH was used as a loading control
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for each specific gene. Each experiment was
performed three times and each sample was
tested in triplicate. The sequences of human
ACP5 primers were 5-TGCAAGATGAGAATGGC-
GTG-3’ (sense) and 5-CAAAGCCACCCAGTGAG-
TCT-3' (antisense). The primers for human
GAPDH were 5-GCACCGTCAAGGCTGAGAAC-3’
(sense) and 5-TGGTGAAGACGCCAGTGGA-3’
(antisense).

Western blot analysis

Whole cells were lysed on ice in a lysis buffer
(RIPA, Beyotime, Shanghai, China) with a prote-
ase inhibitor mixture cocktail (Roche, Swit-
zerland). After centrifugation at 12,000 rpm for
30 min at 4°C, the protein concentrations of
supernatants in samples were measured by the
bovine serum albumin (BCA) protein assay
(Thermo scientific, Rockford, IL, USA). Equal
amounts of protein (30 pg) were separated by
10-12% NUPAGE Bis-Tris Gel (Invitrogen, Life
Technologies, CA, USA) electrophoresis (con-
stant voltage: 120 mv) and transferred onto
polyvinylidene fluoride (PVDF, 0.45 pym) mem-
branes (constant current: 350 mA for 70/120
min). After being blocked by Tris-buffered saline
and Tween 20 (TBST) buffer containing 5% non-
fat powder milk for 2 h, the membranes were
incubated with primary antibodies overnight on
ice. After washing the membranes several
times in TBST while agitating, the detection
was performed using the appropriate second-
ary horseradish peroxidase (HRP)-conjugat-
ed anti-mouse or anti-rabbit antibody (Cell
Signaling Technology, Inc., MA, USA). Immu-
noreactive bands on the blots were visualized
with enhanced chemiluminescence (ECL)
reagent kit (Beit Haemek, Israel).

Short hairpin RNA transfection of human HCC
cell line

Human ACP5 shRNA (5-GGCTATCTGCGCTTC-
CACTAT-3’) and control-shRNA were synthe-
sized by GenePharma (shanghai, china). Cells
were transfected with sh ACP5 or control-shR-
NA using Lipofectamine 2000 (Invitrogen, Life
Technologies, CA, USA) according to the manu-
facturer’s instructions.

MTT assays

The proliferation of cells was evaluated by the
MTT assay. Cells were plated on a 96-well plate
at 3 x 1083 cells/well and were allowed to grow
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Figure 1. Changes of ACP5 expression in HCC tissues and cell lines. ACP5 mRNA expression levels in 92 paired HCC
tissues and corresponding nonneoplastic liver tissues expressed as relative expression normalised to the expres-
sion of GAPDH (A); Immunohistochemical staining of ACP5 in HCC tissues. Original magnification, x 200 (B); ACP5
mRNA (C) and protein (D) expression levels in a series of human HCC cell lines including MHCC9O7L, Huh7, HepG2,

HCCLM3, SMMC-7721 and MHCCO7H.

for different times. The growth rate was deter-
mined by the cell number and counted in tripli-
cate every day by MTT assay. Briefly, cells were
incubated with 50 pyL of 0.2% MTT for 4 h at
37°C in a 5% CO, incubator. Following MTT
incubation, 150 uL of 100% Dimethyl sulfoxide
(DMSO) was added to dissolve the crystals.
Viable cells were counted every day by reading
the absorbance at 490 nm using a 96-plate
reader BPS0OO (Dynex Technologies, USA).

Clonogenic assays

Clonogenic assay was conducted to examine
the effect of ACP5-shRNA on cell growth in HCC
cell lines. 4 x 10° cells were plated in a 6-well
plate. After 24 h of transfection, the cells were
trypsinized, and 1,000 single viable cells were
plated in three 6-well plates. The cells were
then incubated for 14 days at 37°C in the
condition of 5% CO,. Colonies were stained
with 0.1% crystal violet, washed with water,
and counted ten random fields manually. The
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colonies containing at least 100 cells were
scored. The surviving fraction in ACP5-sh-
RNA transfected cells was normalized to
untreated control cells with respect to clono-
genic efficiency.

Wound healing assay

Wound healing assay was adopted to test the
migration ability of HCC cells. In our study, cells
were digested after transfection by specific
shRNA and control shRNA to human ACP5 for
24 h on 6-well plates, and 2 x 10° cells were
plated in 24-well plates. When cell confluence
reached approximately 100%, the old medium
was removed and the monolayer was wounded
by scratching with a 10-uL sterile pipette tip
lengthwise along the chamber, then cells were
washed three times with PBS and cultured with
serum-free medium at 37°C. Images of cells
migrating into the wound were photographed at
0 h and 48 h using an inverted microscope
(Olympus, Tokyo, Japan).
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Figure 2. Efficency of ACP5 knockdown in MHCC97H and HCCLM3 cells. Cells were infected with ACP5 shRNA or
control shRNA, and ACP5 mRNA expression was analyzed by gRT-PCR in both MHCC97H cells (A) and HCCLM3 cells
(B); Cells were infected with ACP5 shRNA or control shRNA, and ACP5 protein expression was analyzed by western

blot in both MHCC97H cells (C) and HCCLM3 cells (D).

Cell migration and invasion assay

The invasion and migration abilities of HCC
cells in vitro were evaluated by Matrigel coated
Transwelland Transwellinserts (BD Biosciences,
San Diego, CA, USA). A total of 5 x 10* cells in
100 mL serum-free medium were added to the
upper chamber, and 600 mL medium contain-
ing 10% FBS was added into the lower cham-
ber. The cells were left to invade the Matrigel
for the appropriate time, the non-invading cells
on the upper surface of the membrane were
removed by wiping, and the invading cells were
fixed and stained with 0.05% crystal violet. The
number of invading or migrating cells was
counted under a microscope in five predeter-
mined fields for each membrane at x 400
maghnification.

Cell cycle analysis and apoptosis assay

Cells were digested after transfection by spe-
cific shRNA and control shRNA to human ACP5,
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washed with ice-cold PBS once and fixed in
70% ethanol. Fixed cells were washed in PBS,
prior to incubation with 1 mg/mL RNase A
(Invitrogen, CA, USA) for 20 min at 37°C,
washed in PBS and incubated with 0.1 mg/mL
propidium iodide (Sigma-Aldrich, USA) for 20
min on ice. Intensities of fluorescence signals
of treatments were determined by Apoptosis
assay kits (Invitrogen, CA, USA) on a FACS
Calibur Flow Cytometer (Becton-Dickinson,
Franklin-Lakes, NJ, USA).

Statistical analysis

For continuous variables, data were expressed
as mean * standard deviation (SD). The differ-
ence of ACP5 mRNA or protein expression
between tumor tissues and adjacent normal
tissues was evaluated using Student’s t-test in
GraphPad Prism 5.0 Software (GraphPad
Software, Inc., La Jolla, CA, USA). All statistical
tests were two-tailed and statistical signifi-
cance was assumed for P < 0.05.
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Figure 3. ACP5 knockdown inhibits cell proliferation. Proliferation of MHCC97H (A) and HCCLM3 cells (B) was mea-
sured by MTT assay; Colony formation in MHCC97H (C) and HCCLM3 cells (D) was measured by colony-formation

assay.

Results

ACP5 expression levels are significantly up-
regulated in human HCC

qRT-PCR was performed to detect the expres-
sion of ACP5 mRNA in 92 paired HCC tissues
and corresponding nonneoplastic liver tissues.
ACP5 expression is significantly upregulated
in HCC tissues compared with the related nor-
mal pericarcinomatous tissues (Figure 1A).
Immunohistochemical staining results show
that ACP5 expression in HCC specimens is
significantly upregulated compared to adjac-
ent non-tumoral liver tissues (Figure 1B). AC-
P5 overexpression is observed in 66 of 92
(71.74%), and HCC specimens when compar-
ed with the non-malignant group (34 of 92,
36.96%).

ACP5 is up-regulated in HCC cell lines and as-
sociated directly with the ability of cell prolif-
eration and migration of HCC cell lines

Then, we detected the mRNA and protein
expression of ACP5 in a series of human HCC
cell lines, including MHCC9O7L, Huh7, HepG2,
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HCCLM3, SMMC-7721 and MHCC97H by qRT-
PCR and western blot analysis, respectively.
Our results indicate that HCCLM3 and
MHCCO7H cells (high metastatic potential)
show the higher expression of ACP5, in relation
to Huh7 (Figure 1C) and SMMC7721 cells
(Figure 1D) (low metastatic potential). Thus, we
use MHCC97H and HCCLM3 cells as the mod-
els to investigate the effect of ACP5 on HCC
progression.

To further assess the biological function of
ACP5 in HCC, we established two stable cell
lines (denoted as MHCC97H-shACP5 and
HCCLM3-shACP5) after lentiviral infection with
LV-shACP5. As shown in Figure 2, ACP5 expres-
sion is distinctly decreased at mRNA and pro-
tein levels in MHCC97H-shACP5 and HCCLM3-
shACP5 compared with control-shRNA cells,
indicating that the specific shRNA of ACP5
effectively suppresses the expression of ACP5
in HCC cell lines.

We measured the effects of ACP5 expression
levels on HCC cell proliferation by MTT and
Clonogenic assays. It is shown that ACP5
knockdown is associated with significantly
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Figure 4. ACP5 knockdown inhibits the migration and invasion of MHCC97H and HCCLM3 cells. Cell migration was
measured by Wound healing assays in MHCC97H (A) and HCCLMS3 cells (B); Cell migration and invasion were mea-
sured by T ranswell assays MHCC97H (C) and HCCLM3 cells (D).

decreased cell viability of MHCCO7H (Figure
3A) and HCCLM3 (Figure 3B) cells compared
with cells transfected with control-shRNA.
Furthermore, ACP5 knockdown in MHCC97H
(Figure 3C) and HCCLM3 (Figure 3D) cells con-
sistently reduces the colony formation ability
compared with control-shRNA cells (P < 0.01),
suggesting that ACP5 may act as an oncogene
involved in the promotion of HCC cell
proliferation.

Next, we carried out scratch wound-healing
assay and matrigel invasion assay to evaluate
whether ACP5 regulated the ability of migration
and invasion of HCC cells. We find that ACP5
depletion markedly diminishes wound-healing
capacity in MHCC97H (Figure 4A) and HCCLM3
(Figure 4B) cells. Furthermore, ACP5 knock-
down impaires cell invasion through Matrigel in
MHCC97H-shACP5 (Figure 4C) and HCCLM3-
shACP5 (Figure 4D) cells (P < 0.05), suggesting
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that ACP5 promotes migration and invasion in
HCC cells in vitro.

Downregulation of ACP5 expression induces
cell cycle G2/M phase arrest and increases
apoptosis

Additionally, flow cytometry was used to ex-
amine cell-cycle distribution. Compared with
control cells, ACP5 knockdown increases
the percentage of MHCCO7H (Figure b5A)
and HCCLM3 (Figure 5B) cells in G2/M phase
(P < 0.05). Furthermore, the apoptosis was
also determined by flow cytometry. Compar-
ed with HCCLM3 and MHCC9O7H cells, the
apoptotic rates of MHCC97H-shACP5 (Figure
5C) and HCCLM3-shACP5 (Figure 5D) cells
are significantly increased by 14.67% and
16.33%, respectively (P < 0.01). Thus, the
down-regulation of ACP5 expression by shRNA
induces cell-cycle G2/M phase arrest and in-
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Figure 5. Down-regulation of ACP5 expression by shRNA induces cell-cycle G2/M phase arrest and increases apop-
tosis in MHCC97H and HCCLM3 cells. Flow cytometry was used to detect cell cycle in MHCC97H (A) and HCCLM3
cells (B); Flow cytometry was also used to measure apoptosis in MHCC97H (C) and HCCLM3 cells (D).

creases apoptosis in HCCLM3 and MHCC97H
cells.

Discussion

ACP5 has been shown to play important roles in
many developmental processes, including can-
cers [9, 10]. In recent years, researchers have
found that ACP5 is abnormally expressed in
various tumors which is related to the increased
cell proliferation and invasion, and the reduced
apoptosis. Although ACP5 has been proved to
function as an oncogene in many malignances,
the relationship between ACP5 and HCC has
not been fully elucidated. In the present study,
we employed immunohistochemistry, qRT-PCT
and western blot to accurately detect the
expression level of ACP5 in HCC tissues.
Besides, we used two HCC cell lines to explore
the possible regulatory function of ACP5 in the
tumorigenesis of HCC. Here, we describe that
the protein and mRNA ACP5 levels are highly
expressed in most human primary HCC tissues,
whereas it is lowly expressed in adjacent nor-
mal liver tissues, suggesting the important
roles of ACP5 in human HCC tumorigenesis.
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Western blot and gRT-PCR analyses show that
ACP5 expression levels are significantly
increased in six HCC cell lines, especially in
HCCLM3 and MHCC97H cells. HCCLM3 and
MHCCOT7H cell lines exhibit much higher meta-
static ability, revealing that ACP5 may promote
the tumor metastasis. Therefore, we selected
HCCLM3 and MHCC97H cell lines to further
investigate the involvement of ACP5 in HCC pro-
gression. Further, we carefully evaluated the
direct effect of ACP5 on the ability of cell prolif-
eration, migration, and invasion. Inhibition of
ACP5 is found to suppress the proliferation and
colony forming capability of HCCLM3 and
MHCC97H cells compared with control-shRNA
cells. Combining with the previous reports, our
observation further confirms the oncogenic
roles of ACP5 in HCC. The downregulation of
ACP5 leads to growth inhibition of HCC cells,
which might be correlated with cell arrest in
G2/M phase of cell cycle and apoptosis
enhancement. In previous studies, it was found
that ACP5 is predictive of peritoneal dissemina-
tion in patients with gastric cancer, and might
play a crucial role in the establishment of peri-
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toneal dissemination [11]. Another study also
reported that ACP5, confers spontaneous
metastasis in vivo, engages a key pathway gov-
erning metastasis, and is prognostic in human
primary melanomas [12]. Previous studies indi-
cated that ACP5 promotes the invasion and dis-
tal metastases of melanoma and breast cancer
cells [13, 14]. Our wound healing assays and
transwell migration/invasion systems suggest
that inhibition of ACP5 expression in HCCLM3
and MHCC97H cells by shRNA transfection
inhibits the wound healing, migration and inva-
sion of HCC cells. Thus, ACP5 might be a poten-
tial target for HCC therapy.

In conclusion, we find that ACP5 expression is
upregulated in the majority of HCC clinical tis-
sue specimens. Our results also indicate that
inhibition of ACP5 suppresses cell proferation,
invasion and migration in HCC cell lines. Down-
regulation of ACP5 expression induces cell
cycle G2/M phase arrest and increases apop-
tosis. These findings provide information which
for facilitating the development of a novel ther-
apeutic approach against HCC.
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