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Abstract: The tartrate-resistant acid phosphatase (TRAP/ACP5) correlated with tumor progression in many malig-
nancies. However, the role of ACP5 in colorectal cancer (CRC) has not been thoroughly elucidated. In this study, we
sought to identify the role for ACP5 in CRC progression. Immunohistochemistry revealed that high ACP5 expres-
sion is positively associated with tumor size, tumor classification, lymph node metastasis, distant metastasis and
advanced stage cancer in 285 CRC patients. Moreover, high ACP5 expression was significantly associated with
poor overall survival and disease-free survival. Then, ectopic expression of ACP5 promoted tumor cell proliferation
and invasion, whereas suppression of ACP5 expression resulted in decreased cell proliferation and invasion in
colorectal cell lines in vitro. And, inhibition of ACP5 also inhibited growth of engrafted tumors in vivo. Furthermore,
we found that ACP5 overexpression positively regulated p-FAK, p-PI3K and p-AKT in CRC cells. ACP5 depletion
showed the opposite effects. What’s more, overexpression of FAK in CRC cells could restore the reduced abilities of
cell proliferation and invasion caused by siRNAs-ACP5. Finally, we found the inhibition of activity by Akt inhibitors,
MK2206, could partially decrease the positive effects of ACP5 on CRC cell proliferation and invasion. In conclusion,
our results suggest that overexpressed ACP5 might serve as an indicator for poor prognosis in colorectal cancer
patients through regulation of FAK/PI3K/AKT signaling pathway, which might be a potential therapeutic approach
for colorectal cancer therapy.
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Introduction Tartrate-resistant acid phosphatase (TRAPF/

ACP5) is a metalloproteinase enzyme that maps

Colorectal cancer (CRC) is one of the most com-
monly diagnosed malignancies worldwide and
the third leading cause of cancer-related death
in the world [1, 2]. The development and pro-
gression of CRC involves numbers of genetic
and epigenetic alterations of tumor suppressor
and tumor-related genes, until now we know
little about the molecular mechanism [3, 4].
Owing to the absence of specific symptoms in
the early stages, the patients are usually
detected at an advanced stage and the total
prognosis of CRC patient is poor [5]. So, it is
critically important to illustrate the molecular
mechanism of CRC and find specific and sensi-
tive molecular targets for early diagnosis, effec-
tive treatment and predictive prognosis.

to chromosome 19p13.2 and spans approxi-
mately 3 kb, belonging to the acid phosphatase
family that catalyzes the conversion of ortho-
phosphoric monoester to alcohol and ortho-
phosphate [6, 7]. Furthermore, it consists of an
open reading frame of 975 bp that encodes an
iron-containing glycoprotein of 35-37 kDa [8].
Accumulating studies have demonstrated that
ACP5 broadly participates in various malignant
processes including uncontrolled proliferation
[9], chemotherapy resistance [9], cellular inva-
sion and metastasis [10]. ACP5 expression has
been shown to be significantly up-regulated in
ovarian cancer, breast cancer and melanoma,
and is a useful serum marker for extensive
bone metastasis [10-14]. Recent studies have
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Figure 1. The expression of ACP5 in CRC tissues. A, B. Detection of ACP5 expression in dataset GSE9689, GSE21510.
C. ACP5 mRNA expression in 32 pairs of CRC tissues via RT-qgPCR. D. ACP5 protein expression in 12 pairs of CRC

tissues by western blotting.

reported that overexpressed ACP5 promotes
the distal metastasis of liver and gastric cancer
[15, 16]. However, the functional role and
underlying molecular mechanism of ACP5 in
CRC has not been investigated. These prompt-
ed us to explore the role of ACP5 in human
colorectal cancer.

Materials and methods
Clinical specimen collection

The present research has been approved by
the Ethics Committee of Ren Ji Hospital,
Shanghai Jiaotong University School of Me-
dicine. The cohort of 317 colorectal cancer
patients (32 freshly-frozen and 285 paraffin
section pairs of CRC patients) are enrolled in
our study. All the tumor tissues and matched
adjacent non-tumor tissues contained in this
cohort were collected from patients undergoing
operation from January 2007 to December
2017. Clinical and pathological data including
age, gender, tumor location, tumor size, serum
carcinoembryonic antigen (CEA) level and TNM
stage were collected. All the patients who had
received preoperative treatment, such as radi-
ation or chemotherapy, were excluded. Disease-
free survival (DFS) is defined as the time
elapsed from surgery to the first occurrence of
CRC recurrence and distant metastasis. The
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follow-up time was calculated from the date of
surgery to the date of death, or the last known
follow-up. The follow-up data were ceased in
April 2018. All patients were well informed, the
process was approved by Ethics Committee of
Ren Ji Hospital, Shanghai Jiao Tong University
School of Medicine, and written informed con-
sent was obtained from each patient.

Cell culture and transfection

The human CRC cell lines (HT-29, HCT116,
SW480, SW1116 and SW620) were purchased
from American Type Culture Collection (ATCC,
Manassas, VA, USA) and kept in our laboratory.
All of these cells were cultured in specific medi-
um supplemented with 10% (volume/volume)
fetal bovine serum (FBS) and 1% antibiotics
(penicillin and streptomycin) at 37°C in a hu-
midified incubator under 5% CO,, condition.

Small interfering RNA (siRNA) targeting ACP5
(siRNAs-ACP5) or FAK (siRNAs-FAK) and nega-
tive controls (siRNAs-Control) were specifically
synthesized by GenePharma (Shanghai, China).
The over-expressing plasmids (pcDNA3.1-ACP5
and pcDNA3.1-FAK) were purchased from
Genearray Biotechnology (Shanghai, China).
Cells were cultured in 70% confluence and then
siRNA was transfected using Lipofectamine
2000 (Thermo Fisher Scientific, Waltham, MA,
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Figure 2. ACP5 expression in CRC tissues and matched adjacent non-tumor tissues. A. ACP5 protein level was
measured by immunohistochemical analysis in normal tissues. B. ACP5 protein level was measured by immunohis-
tochemical analysis in CRC tissues. Representative images are shown at 200 x and 400 x magnifications, respec-
tively. C. ACP5 protein level in 285 CRC tissues and matched normal tissues.

USA) according to the manufacturer’s protocol.
The CRC cells were treated with a specific AKT
inhibitors, MK2206 (CST Danvers, MA), added
at 1 umol/L for 48 h. Cells were harvested 48 h
after transfection for RT-qPCR, western blotting
or other following assays.

Total RNA extraction and quantitative real-time
PCR

The total RNA was extracted from CRC tissues
or cell lines with Trizol reagent (Invitrogen,
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Carlsbad, USA) according to the manufacturer’s
instructions. The cDNA was synthesized using
a PrimeScript RT Reagent Kit (Takara, Japan)
in accordance with the protocol of manufactur-
er. StepOne Real-Time PCR System (Applied
Biosystems, Grand Island, NY, USA) was applied
to detect the expression level of target gene
using the SYBR Premix Ex Taq Il (Takara, Japan),
and GAPDH acted as an internal control. The
data were calculated by the 22t method. The
primers for ACP5 were as follows: forward:
5-GGGAGATCTGTGAGCCAGTG-3’; reverse: 5-
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Table 1. Correlations between ACP5 expression and clinicopath-

ologic features in 285 colorectal cancer patients

by using secondary biotinyla-
ted anti-rabbit antibodies at a

Clinicopathological feature Total Low (n=113, High (n=172, P value

ACP5 expression

1:100 dilution followed by strep-
tavidin-HRP. Specimens were
developed by DAB and the nuclei

285 39.65%) 60.35%) (x? test) )
Age (years) were. counterstglned by Hema-
<65 122 47 (41.59) 75(43.60) 0.737 tgor);)[/)lLneJZi(j:fgoglsc:’NoesLeoggom_
> 65 163 66 (58.41) 97 (56.40)
Gender Immunohistochemical score
Male 170 69 (61.06) 101 (58.72) 0.694
Female 115 44(38.94) 71(41.28) Two researchers who were blind-
Tumor location ed to patients’ outcome evaluat-
Rectum 176 73 (64.60) 103 (59.88) 0.423 ed immunoreactivity indepen-
09 dossao ssaozz S ey o inmurets
Tumor size nostaining), 1 (weak immunos-
<5cm 149 68 (60.18) 81 (47.09) 0.031 taining), 2 (moderate immunos-
>5cm 136 45(39.82) 91 (52.91) taining) and 3 (strong immu-
CEA level nostaining). The percentage of
<5 ng/ml 141 59 (52.21) 82 (47.67) 0.454 immunoreactive cells scoring
> 5 ng/ml 144 54 (47.79) 90 (52.33) was documented as O (nhone), 1
Tumor classification (< 20%), 2 (20-50%), 3 (51-75%)
T1-2 92 45(39.82) 47(27.33) 0.027 and 4 (> 75%). And a final score
13-4 193 68(60.18) 125 (72.67) was created to determine ’Fhe
Lymph node metastasis cut-off yalue for low apd high
Absent 144 71(62.83) 73(42.44) 0.001 g’ézreosfs't%r; gerftiatbi :;;n dge Sgrg%
Present 141 42 (37.17) 99 (57.56) intensity staining. The low ex-
Distant metastasis pression was defined as a final
Absent 233 102(90.27) 131(76.16) 0.003 score < 6 and high expression
Present 52 11 (9.73) 41 (23.84) with a final score > 6.
TNM stage(AJCC)
Stage | 85 44(38.94) 41(23.84) 0.005 Western blotting
Stage Il 59 24(21.24)  35(20.34) The tissues and cells were lysed
Stage Il 89 34(30.09) 55(31.98) in RIPA buffer with protease
Stage IV 52 11(9.73) 41(23.84) inhibitor cocktail. Total proteins,

Values in parentheses indicate percentage values. The bold number represents

the P-values with significant differences.

GGGAGCGGTCAGAGAATACG-3'. The primers for
GAPDH were as follows: forward: 5-GCATTG-
CCCTCAACGACCAC-3, reverse: 5-CCACCACC-
CTGTTGCTGTAG-3'.

Immunohistochemical staining

Immunohistochemistry was performed as pre-
viously described [17]. Briefly, after being de-
waxed and hydrated, the tissue was antigen-
retrieved by microwaving in citrate buffer (10
mM citric acid, pH 6.0), blocked in 5% animal
serum, and incubated with anti-ACP5 primary
antibody (dilution, 1:250) overnight at 4°C.
Next detection was stained for 10 min at 37°C
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measured by BCA protein assay
kit, were separated on 10% SDS-
polyacrylamide gels and electri-
cally transferred onto PVDF membrane (Mi-
llipore). Membrane was blocked for 1 h at room
temperature prior to incubation with mono-
clonal rabbit anti-ACP5 (Abcam, ab191406),
monoclonal rabbit total anti-FAK (Abcam,
ab40794), monoclonal rabbit anti-FAK (phos-
pho Y397) (Abcam, ab81298), monoclonal rab-
bit total anti-PI3K (Abcam, ab151549), mono-
clonal rabbit anti-PI3K (phospho Y607) (Abcam,
ab182651), polyclonal rabbit total anti-AKT
(Abcam, ab8805), polyclonal rabbit anti-AKT
(phospho S473) (Abcam, abl18206) at 4°C
overnight. After washed with TBST, membrane
was incubated in horseradish peroxidase-con-
jugated anti-rabbit antibody for 1 h, and devel-
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Figure 3. ACP5 expression invested associated the prognosis in CRC patients. A. Kaplan-Meier analysis of overall
survival in CRC patients. B. Kaplan-Meier analysis of disease-free survival in CRC patients.

Table 2. Univariate and multivariate analyses of prognostic parameters for survival in 186 colorectal
cancer patients

Univariate analysis Multivariate analysis
Prognostic parameter HR 95% Cl P value HR 95% ClI P value
ACP5 expression (low vs. high) 2.258 1.353-3.769 0.002 2.497 1.485-4.197 0.001
Age (£ 65 vs. > 65) 1.243 0.761-2.031 0.384 - - -
Gender (male vs. female) 0.689 0.410-1.159 0.160 - - -
Tumor Size (€5 cm vs. > 5 cm) 1.808 1.097-2.979  0.002 1.710 1.034-2.829 0.037
CEA level (£ 5 ng/mlvs. > 5 ng/ml) 1.641 1.007-2.674 0.047 1.477 0.715-1.938 0.521

TNM stage (I vs. Il vs. lll vs. IV stage) 2.150 1.530-3.023 0.000 2.278 1.586-3.273 0.000
HR: Hazard ratio; Cl: Confidence interval. The bold number represents the P-values with significant differences.

Table 3. Univariate and multivariate analyses of recurrent factors for survival in 186 colorectal cancer
patients

Univariate analysis Multivariate analysis
Prognostic parameter HR 95% Cl P value HR 95% Cl P value
ACP5 expression (low vs. high) 2.228 1.392-3.566 0.001 2.463 1.533-3.957 0.001
Age (£ 65 vs. > 65) 1.283 0.817-2.016 0.279 - - -
Gender (male vs. female) 0.823 0.521-1.300 0.404 - - -
Tumor Size (€5 cmvs. > 5 cm) 1.653 1.054-2.592 0.029 1.570 0.997-2.471  0.052

CEA level (< 5 ng/ml vs. > 5 ng/ml) 1465 0.937-2.291  0.093 - - -

TNM stage (I vs. Il vs. lll vs. IV stage) 2433 1.769-3.345 0.000 2.596 1.865-3.616 0.000
HR: Hazard ratio; Cl: Confidence interval. The bold number represents the P-values with significant differences.

oped by SuperSignal West Dura Extended absorbance was detected at 450 nm with a
Duration Substrate (Thermo Scientific). microplate reader.

Cell proliferation assay Transwell chamber assay

Cells were cultured in 96-well plates and treat- After the chamber was coated with fresh
ed with Cell Counting Kit-8 (CCK8, Dojindo, Matrigel (diluted in 1:4 with serum-free medi-
Japan) for 2 h at the time points of 24 h, 48 h, um) (BD Bioscience San Jose, CA, USA), 2-3 x
72 h and 96 h after the initial planting. Cell 10°% cells suspended in serum-free medium
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Figure 4. ACP5 promoted proliferation and invasion in CRC cells. (A) RT-gPCR and western blotting showed the
ACP5 expression in five CRC cell lines. (B, C) ACP5 overexpression (B) or knockdown (C) efficiency was confirmed
by RT-gPCR in CRC cells. (D, E) Effects of ACP5 overexpression (D) or knockdown (E) on proliferation was evaluated
by CCK-8 assay. (F, G) Effects of ACP5 overexpression (F) or knockdown (G) on invasion was measured by transwell
assay. Results shown are the mean + SD (**P < 0.01, ***P < 0.001) of triplicate determination from three inde-

pendent experiments.

were plated on the top of each chamber, while
medium containing 20% FBS was put in the
lower chamber, used as a chemo-attractant.
After 48 h incubation, cells that did not pass
through the filter were removed by a cotton
swab, whereas cells on the lower surface of the
filter were fixed and stained with methanol and
crystal violet, respectively. Finally, cells across
through the membrane were counted using a
microscope.

Establishment of ACP5-knockdown CRC cell
lines by lentivirus

HCT116 cells with stable shRNA-ACP5 using
the lentiviral expression system. Briefly, lentivi-
ruses containing shRNA-ACP5 or negative con-
trol (Scramble-shRNA) were constructed by the
GeneChem Company (Shanghai, China). All the
lentiviral vectors expressed enhanced green
fluorescent protein (GFP) and puromycin resis-
tance gene, which allowed for measuring the
infection efficiency and selecting the specific
cells of interest. Cells were infected with shR-
NA-ACP5 or Scr-shRNA vectors, followed by
selection for stable lines using 5 ug/ml of puro-
mycin (Clontech, Palo Alto, CA, USA). The result-
ing stable lines were used for further analysis.

Tumorigenesis in nude mice

Xenograft tumors were generated by subcuta-
neous injection of 4 x 10° cells (shRNA-ACP5-
HCT116 cells or Scr-shRNA-HCT116 cells) in
each BALB/C (4-6 weeks, 18-22 g) nude mice,
which obtained from the Animal Center of
Shanghai Jiao Tong University. All mice were
housed and maintained under specific patho-
gen-free (SPF) conditions and used in accor-
dance with institutional guidelines and ap-
proved by the Use Committee for Animal Care.

Statistical analysis

Statistical analyses were performed using
SPSS 22.0 and GraphPad Prism 6 software.
Briefly, student’s t test or chi-squared test was
used to analyze the data. Survival curves were
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constructed by using the Kaplan-Meier method
and analyzed by the log-rank test. Results are
given as mean = SD unless otherwise indicat-
ed. P < 0.05 was considered statistically
significant.

Results

ACP5 is significantly up-regulated in CRC
patients

To evaluate the expression status of ACP5 in
CRC tissues, we first analyzed two independent
microarray datasets from GEO databases
(GSE9689, GSE21510) [18, 19]. The results
showed that ACP5 expression was significantly
increased in tumor tissues compared with nor-
mal colorectal tissues (Figure 1A, 1B). Then,
the RT-qPCR results showed that ACP5 mRNA
was increased in CRC tissues (n=32) compared
with matched cancer-adjacent tissues (n=32)
(Figure 1C). Furthermore, Western blotting data
showed that ACP5 protein was obviously in-
creased in CRC tissues (n=12) compared with
matched cancer-adjacent tissues (n=12)
(Figure 1D). Finally, we also found that the
immunoreactivity of ACP5 was low or high
expressed in 113 (39.65%) or 172 (60.35%) of
the 285 colorectal cancer samples, respective-
ly (Figure 2A-C). These results indicated that
both the mRNA and protein level of ACP5 were
significantly up-regulated in CRC tissues.

ACP5 s correlated with clinicopathological
features and prognosis in CRC patients

In order to determine the clinical significance of
ACP5, we analyzed the relationship between
ACP5 expression and clinicopathological char-
acteristics of CRC patients. As summarized in
Table 1, ACP5 expression was prominently cor-
related with tumor size (P=0.031), tumor clas-
sification (P=0.027), lymphatic metastasis
(P=0.001), distant metastasis (P=0.003) and
TNM stage (P=0.005); whereas no significant
relevance was found with age, gender, tumor
location and CEA level. ACP5 expression was
increased in advanced CRC and was positively

Am J Cancer Res 2019;9(1):22-35
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Figure 5. ACP5 regulated FAK/PI3K/AKT signaling pathway in CRC cells. A. Expression of total-FAK, phospho-FAK,
total-PI3K, phospho-PI3K, total-AKT, phospho-AKT proteins were determined in HT-29 and SW480 cells transfected
with pcDNA3.1-ACP5. B. Expression of total-FAK, phospho-FAK, total-PI3K, phospho-PI3K, total-AKT, phospho-AKT
proteins were determined in HCT116 and SW1116 cells transfected with siRNAs-ACP5. Results shown are the mean
+ SD (**P < 0.01, ***P < 0.001) of triplicate determination from three independent experiments.

associated with TNM stage and metastasis,
indicating ACP5 may be implicated in the pro-
gression of CRC.

To evaluate the prognostic significance of ACP5
in CRC patients, we measured the correlation
of ACP5 expression with overall survival (OS)
and disease-free survival (DFS) using Kaplan-
Meier analysis and log-rank test. As shown in
Figure 3A, high ACP5 expression was remark-
ably associated with decreased OS (P=0.001)
and DFS (P=0.001), which indicates that the
OS and DFS are better in CRC patients with low
ACP5 expression than in those with high ACP5
expression.

Furthermore, univariate and multivariate analy-
ses were conducted to identify the risk factors
correlated with the prognosis of CRC patients.
Univariate analysis showed that ACP5 expres-
sion, tumor size and TNM stage were signifi-
cantly associated with OS and DFS (Tables 2,
3). Meanwhile, multivariate analysis using the
Cox proportional hazards model revealed that
ACP5 expression was a significant independent
prognostic factor (Table 2) and recurrent factor
(Table 3) for CRC patients. Taken together,
these data indicated that high ACP5 expression
may be a predictor for poor prognosis and
recurrence in CRC patients.

ACP5 promotes cell proliferation and invasion
in CRC cells

To explore the biological functions of ACP5
in CRC progression and metastasis, we mea-
sured the ACP5 mRNA and protein level in five
CRC cell lines (Figure 4A). Then, we transfected
transiently pcDNA3.1-ACP5 or siRNAs-ACP5
and measured cellular functions into HT-29
and SW480 cells or HCT116 and SW1116 cells.
The transfection efficiency was confirmed by
RT-gPCR (Figure 4B, 4C) and Western blotting
(Figure 5A, 5B). Using CCK-8 assays, we
observed that the growth rate of pcDNA3.1-
ACP5 treated cells was promoted compared
with pcDNA3.1-vector cells, whereas cells with
siRNAs-ACP5 had a prominently lower prolifera-
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tive capacity than negative control in CRC cells
(Figure 4D, 4E). To determine whether ACP5
can affect CRC cell invasive capacity, the tran-
swell assay results showed that pcDNA3.1-
ACP5 significantly enhanced the invasive
potential of HT-29 and SW480 cells (Figure 4F).
While the invasion of HCT116 and SW1116
cells with siRNAs-ACP5 were significantly
decreased (Figure 4G). These results showed
that ACP5 promoted proliferation and invasion
in CRC cells.

ACP5 up-regulates FAK expression and acti-
vates FAK/PI3K/AKT signaling pathway in CRC
cells

Since overexpression of ACP5 could activate
focal adhesion kinase (FAK) phosphorylation in
melanoma cells, which promotes cell prolifera-
tion and invasion [10], we attempted to deter-
mine the effect of ACP5 on FAK signaling in CRC
cells. As a result, we revealed that phospho-
FAK, phospho-PI3BK and phospho-Akt are
marked increased in cells by pcDNA3.1-ACP5,
while total-FAK, total-PI3K and total-Akt protein
level were unaffected, compared with controls
(Figure 5A). Conversely, the phospho-FAK,
phospho-PI3K and phospho-Akt protein are
marked decreased in cells by siRNA-ACP5
(Figure 5B).

Then we silenced FAK to illustrate the prolifera-
tive and invasive potential of CRC cells. Indeed,
silencing of FAK suppressed the proliferative
and invasive ability of CRC cells and also com-
promised the role of pcDNA3.1-ACP5 (Figure
6A, 6C). And overexpression of FAK complete-
ly recovered the proliferative and invasive
potential of siRNAs-ACP5 cells (Figure 6B, 6D).
Furthermore, the inhibition of activity by
MK2206 (Akt phosphorylation inhibitors) could
partially decrease the positive effects of ACP5
on CRC cell proliferation (Figure 7A, 7B) and
invasion (Figure 7C). These results suggest
that ACP5 promoted CRC progression through
the activation of the FAK/PI3K/AKT signaling
pathway.
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Figure 6. Knock-down of FAK abolishes the oncogenic role of ACP5 in CRC cells. (A, C) CCK-8 assay (A) or transwell assay (C) showed that ACP5 overexpression in-
duced cell proliferation or invasion, which was largely abolished by siRNAs-FAK. (B, D) CCK-8 assay (B) or transwell assay (D) showed that knock-down of ACP5 could
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ShRNA-ACP5 decreases tumor growth in
mouse xenograft

To determine whether ACP5 could promote
tumor growth in vivo, shRNA-ACP5-HCT116
cells were implanted subcutaneously into the
flanks of nude mice. The growth of tumor cells
in mice injected with shRNA-ACP5 cells slower
than control animals at different time points
(Figure 8A, 8B). And the average tumor weight
in shRNA-ACP5 group was 0.4-fold smaller than
in control animals (Figure 8C). Furthermore, the
expression of downstream targets of ACP5, and
FAK/PI3K/AKT signaling pathway were mark-
edly decreased in shRNA-ACP5 group com-
pared with that in control mice (Figure 8D, 8E).
Together, these results demonstrated that
ACP5 may activate FAK/PI3BK/AKT signaling
pathway to promote tumor progression.

Discussion

This report is the first direct investigation of the
function and mechanism of ACP5 in colorectal
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cancer. Firstly, we found that ACP5 was fre-
quently up-regulated in colorectal cancer, and
was correlated with worse OS and DFS of the
patients. Then, we illustrated ACP5 as an onco-
gene that promoted cell proliferation and inva-
sion of colorectal cancer, whereas down-regu-
lated ACP5 had the opposite affection.
Mechanistically, overexpression ACP5 may acti-
vate FAK/PI3K/AKT signaling pathway to pro-
mote tumor progression.

Accumulating evidence has reported that ACP5
could play critical roles in tumor progression of
many human malignant cancers [20, 21]. For
example, Kawamura et al indicated that ACP5
expression was up-regulated in gastric cancer.
Moreover, patients with positive ACP5 expres-
sion had poorer prognosis than those with neg-
ative expression after surgery [16]. Xia et al
demonstrated that high ACP5 expression pre-
dicted poor prognosis of patients with hepato-
cellular carcinoma, and ACP5 promoted malig-
nant progression of hepatocellular carcinoma
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Figure 8. ShRNA-ACP5 inhibits tumor growth by FAK/PI3K/AKT signaling in vivo. (A-C) Tumor xenograft volume (A),
tumor size (B) and weight (C) in shRNA-ACP5-treated nude mice were smaller than that in the mock group. (D) ACP5
mMRNA expression was decreased in shRNA-ACP5-treated nude mice, compared with control group. (E) Expression of
phospho-FAK, phospho-PI3K, phospho-AKT proteins were decreased in shRNA-ACP5-treated nude mice, compared
with control group. Results shown are the mean + SD (**P < 0.01, ***P < 0.001).

through FoxM1/ACP5 signaling pathway [15].
Furthermore, Gao et al proved that ACP5 ex-
pression in clinical lung adenocarcinoma was
an independent prognostic factor of overall sur-
vival for the patients [20]. However, the func-
tional role of ACP5 in colorectal cancer has
remained unknown.

In this study, we demonstrated that ACP5
expression was markedly increased in CRC
tissues. Moreover, the expression of ACP5
was positively associated with the aggressive-
ness and recurrence of CRC. Thus, it can be
seen that ACP5 acts an oncogene of CRC
tumorigenesis, which is consistent with exis-
ting literatures [20]. We also illustrated that
ACP5 increased CRC cell viability and inva-
sion, indicating the oncogenic role of ACP5
in CRC cell.
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Although ACP5 has been proved to promote cell
proliferation and invasion, the intrinsic molecu-
lar mechanisms are still unclear. It has been
proved that the accumulated levels of ACP5
promoted tumorigenesis and metastases by
binding to the promoter of FAK in melanoma
cells [10]. Interestingly, FAK is a core modulator
of PIBK/AKT signaling mainly through forming
complex with PIBK [22, 23]. It is well known that
AKT plays an essential role in downstream of
the PI3K pathway, and is involved in multiple
cellular processes through dysregulation of sig-
nal transduction and subsequently aberrant
activation or inactivation of important effectors
in colorectal cancer, such as p21, p53, mTOR,
GSK-3[ [23-25]. Besides, the PI3K/AKT signal-
ing is usually hyperactive in multiple cancers,
including colorectal cancer, and promotes
tumor growth and metastasis [24, 26]. Thereby,
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we hypothesized and partially validated that
abnormal expression of ACP5 promoted cell
proliferation and tumor growth possibly through
activating the FAK/PI3K/AKT signaling pathway
in CRC. Our research revealed that ACP5 over-
expression could significantly reduce expres-
sion levels of phospho-FAK, phospho-PI3K and
phospho-Akt, and knockdown of ACP5 had the
opposite affection. We also found overexpres-
sion of FAK completely recovered the prolifera-
tive and invasive potential of siRNAs-ACP5
cells. And the inhibition of activity by Akt inhibi-
tors could partially decrease the positive
effects of ACP5 on CRC cell proliferation and
invasion.

In conclusion, our results illustrated that ACP5
functions as an oncogene to facilitate the
tumorigenesis and progression of colorectal
cancer enhancing the FAK/PI3K/AKT signal-
ing pathway. The present results elucidate a
potential mechanism underlying the tumor-
oncogenic role of ACP5 in colorectal cancer,
and indicate that ACP5 could be a useful mark-
er and potential therapeutic target in colorectal
cancer.
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