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Tartrate-resistant acid phosphatase 5 (TRAP/ACP5) has been
shown to involve the development and prognosis of multiple
tumors in previous studies; however, the mechanism in lung
cancer is still unclear, and thus this study investigated the
role of ACP5 in the progression of lung adenocarcinoma. After
a series of in vitro and in vivo experiments, we observed that
ACP5 expression was increased in lung adenocarcinomas (40/
69, 57.97%); importantly, an increased ACP5 level was associ-
ated with patient age (p = 0.044) and lymph node metastasis
(p = 0.0385). ACP5 overexpression significantly enhanced
A549 and NCI-H1975 cell proliferation, migration, invasion,
and epithelial-mesenchymal transition (EMT) and reduced
cell apoptosis. Knocking down the expression of ACP5 could
rescue the above cell phenotypes. Furthermore, enhancing
ACP5 expression promoted lung adenocarcinoma cell hyper-
plasia and intrapulmonary metastasis in a mouse model. Addi-
tionally, mechanistic studies revealed that ACP5might regulate
p53 phosphorylation at Ser392, thereby enhancing the ubiqui-
tination of p53, which then underwent degradation. Reducing
the levels of p53 intensified the transcription of SMAD3, which
promotes EMT in lung adenocarcinoma cells. In summary, the
present study provides a theoretical basis and important scien-
tific evidence on the key role of ACP5 in lung adenocarcinoma
progression by inducing EMT via the regulation of p53/
SMAD3 signaling.
Medicine, Key Laboratory of Pulmonary Diseases of Health Ministry, Key Site of
National Clinical Research Center for Respiratory Disease, Wuhan Clinical Medical
Research Center for Chronic Airway Diseases, Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology, 1095 Jiefang Avenue,
Wuhan 430030, China.
E-mail: xiongdoctor@qq.com
Correspondence: YiWang, Department of Respiratory and Critical Care Medicine,
Key Laboratory of Pulmonary Diseases of Health Ministry, Key Site of National
Clinical Research Center for Respiratory Disease,Wuhan Clinical Medical Research
Center for Chronic Airway Diseases, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, 1095 Jiefang Avenue, Wuhan
430030, China.
E-mail: xinyiwy2012@163.com
INTRODUCTION
Lung adenocarcinoma (LUAD) is a common and severe tumor that
is a type of non-small-cell lung cancer (NSCLC). Although great
advances have been made in the diagnosis and treatment of
NSCLC, the average 5-year survival rate for LUAD is approxi-
mately 19%1–3 and has not improved in recent decades.4,5 There-
fore, the molecular mechanisms underlying NSCLC progression
and associated therapeutic targets have become areas of keen
interest.6,7
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It is well known that epithelial-mesenchymal transition (EMT) is
a major driver of cancer progression. The process of EMT involves
adhesion junctions and the loss of substrate polarity, the acquisi-
tion of mesenchymal characteristics, such as spindle-shaped
cell morphology and reorganization of actin stress fibers, and
an increase in movement, invasion, and resistance to apoptosis.
Many molecules are involved in the processes of tumorigenesis,
malignancy, and EMT progression, such as transforming growth
factor b (TGF-b) and the tumor suppressor p53.8 TGF-b acts
as a tumor promoter via the induction of EMT, which correlates
with increased invasiveness, metastasis, and chemoresistance in
tumor cells. When activated, TGF-b receptors phosphorylate
SMAD2/3 and transfer the activated SMAD complex into nucleus
to regulate target gene transcription.9,10 The tumor suppressor
p53 plays an essential role in the cell cycle, DNA repair, and
apoptosis and is the most commonly mutated gene in lung cancer;
p53 is frequently inactivated by mutations or deletions during
the process of EMT, although the underlying mechanism is not
clear.11,12
thors.
://creativecommons.org/licenses/by-nc-nd/4.0/).
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Tartrate-resistant acid phosphatase 5 (TRAP/ACP5), a metallopro-
tein enzyme that belongs to the acid phosphatase family, is synthe-
sized as a monomeric proenzyme (ACP5a, 35 kDa)13–15 and a
disulfide-linked heterodimer (ACP5b) containing an N-terminal
fragment of 20–23 kDa joined to a 16- to 17-kDa C-terminal part
that originates from the posttranslational cleavage of the monomeric
form and exhibits significantly increased phosphatase activity.15–17 In
a previous study, lung cancer patients with high ACP5 expression had
significantly worse overall survival than did patients with low ACP5
expression.18 In addition, ACP5 has been suggested to be downstream
of forkhead box M1 (Foxm1), which is required for lung fibrosis and
EMT in tumor metastasis.19–21 Additionally, ACP5 expression is
significantly upregulated in cardiovascular disease, breast cancer,
hepatocellular carcinoma, ovarian cancer, and melanoma, and it is
a useful serum marker for extensive bone metastasis and is indicative
of a poor prognosis in human melanoma patients.22–25 These obser-
vations suggest that ACP5 may have an altered expression pattern in
tumor progression and be related to EMT. However, the exact role of
ACP5 in tumor pathoetiology, especially in LUAD pathoetiology, has
not been fully addressed.

Herein, we report that altered expression of ACP5 regulated LUAD cell
proliferation, apoptosis, and metastasis in vitro and in vivo. Mecha-
nistic studies revealed that ACP5 regulated p53 phosphorylation,
thereby enhancing the ubiquitination of p53, which then underwent
degradation. Reducing the levels of p53 intensified the transcription
of SMAD3 to promote LUAD cell EMT. Taken together, our data pro-
vide novel insights into the role of ACP5 in the pathogenesis of LUAD.

RESULTS
ACP5 Expression Was Upregulated in LUAD and Increased

ACP5 Expression Predicted Metastasis

We first examined the expression of ACP5 in lung samples obtained
from LUADpatients.ACP5was expressed at low levels in the adjacent
normal tissue samples, whereas higher levels ofACP5were detected in
the LUAD tissue samples (Figure 1A). Furthermore, the increased
ACP5 protein expression in the LUAD tissue samples was also
confirmed by western blot (Figure 1B).

To explore the function of ACP5 in LUAD, we evaluated the associ-
ations of ACP5 with the clinicopathological features of 69 LUAD pa-
tients. The results showed that ACP5 overexpression correlated with
lymph node metastasis (N staging from N1 to N2, p = 0.0385, Fig-
ure 1D) and age (p = 0.044, Table 1), but not with tumor differenti-
ation and the N staging from N0 to N1 (Figures 1C and 1D).

ACP5 Regulated LUAD Cell Proliferation, Migration, and

Invasion

To evaluate the biological function of ACP5 in LUAD cells, ACP5
expression levels were detected in six LUAD cell lines and the Beas-
2b cell line by western blot (Figure 2A). The results showed that the
expression of ACP5 was higher in NCI-H1975, H1299, and A549 cells
than in Beas-2b cells. As our previous data revealed an association be-
tween ACP5 and LUAD metastasis, we investigated the impact of
ACP5 on LUAD cell motility, invasiveness, and apoptosis by knock-
ing down ACP5 expression in A549 and NCI-H1975 cells by RNA
interference. As expected, the small interfering RNA (siRNA) treat-
ment efficiently knocked down ACP5 expression in A549 and NCI-
H1975 cells (Figure 2B), which led to decreases in cell proliferation
(Figures 2C and 2D) and wound-healing ability in the treated cells
compared to control cells (Figure 2E). Migration and Matrigel inva-
sion assays also demonstrated that the ablation of ACP5 markedly
reduced the migration and invasion of both A549 and NCI-H1975
cells (Figures 2F and 2G). In addition, flow cytometry showed that in-
hibiting ACP5 could promote apoptosis induced by H2O2 in those
cells (Figure 2H). Collectively, these results provided evidence that
ACP5 knockdown could inhibit LUAD cell tumorigenicity in vitro.

To further confirm whether ACP5 overexpression can promote cell
growth, invasion, and apoptosis, a plasmid encoding ACP5was trans-
fected into A549 and NCI-H1975 cells, and then the expression of
exogenous ACP5 was demonstrated by western blot (Figure 3A).
Compared with control cells, these ACP5-transfected cells showed
significantly increased cell proliferation, migration, and invasion
(Figures 3B–3F). Flow cytometry also showed that the overexpression
of ACP5 could inhibit apoptosis in A549 and NCI-H1975 cells
(Figure 3G).

Taken together, these results indicate that ACP5 regulates LUAD cell
proliferation, migration, invasion, and apoptosis.

ACP5 Induced EMT in LUAD Cells

EMT is an important mechanism driving tumor invasion and
metastasis. Filamentous actin was assembled into thick parallel bun-
dles throughout TGF-b1-treated A549 cells. In contrast, in un-
treated A549 cells, filamentous actin filaments were tightly associ-
ated with cell-cell contact, showing a pericellular plasma
membrane distribution that was visualized by rhodamine-phalloi-
din staining. The majority of the TGF-b1-treated A549 cells under-
went EMT-like elongation to become spindle-shaped cells, and
knocking down the expression of ACP5 may attenuate the EMT
induced by TGF-b1, as manifested by less spindle-shaped cells (Fig-
ure 4A). To further investigate whether the ablation of ACP5
impacted the progression of EMT, we next conducted co-immuno-
staining of A549 with ACP5 and EMT markers (E-cadherin, vimen-
tin) or transcription factors (ZEB2 and SNAIL1). As expected, the
expression of E-cadherin was decreased following TGF-b1 induc-
tion in scramble siRNA groups (Figure 4B). Interestingly, knocking
down the expression of ACP5 could recover the expression of E-cad-
herin to normal control levels. Furthermore, the immunostaining of
vimentin, ZEB2, and SNAIL1 all revealed that ACP5 knockdown
likely attenuated the expression of EMT markers and transcription
factors (Figure 4B; Figure S1A), indicating that reducing the expres-
sion of ACP5 may blunt the process of EMT induced by TGF-b1.
Moreover, we next conducted western blot in the cell homogenates
for EMT markers (fibronectin, vimentin, and E-cadherin) and tran-
scription factors (ZEB2 and SNAIL1). Consistent with above data,
silencing ACP5 expression significantly reducing the expression
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Figure 1. Expression of ACP5 in LUAD and Its Prognostic Significance in LUAD Patients

(A) The level of mRNA expression of ACP5was compared between 69 pairs of LUAD tissue samples (LC) and adjacent non-tumor tissue samples (LN, >5 cm from the tumor

edge). The ratio >0 signifies higher ACP5 mRNA expression in cancer tissue compared to non-tumor tissue and vice versa, and the numbers in the x axis are the patient

numbers. (B) The protein expression of ACP5 was detected by western blot in eight paired LUAD samples and their adjacent non-tumor tissue samples. (C and D) The

expression of ACP5 was correlated with the degree of tumor differentiation (C) and TNM stage (D). Each dot represents one patient sample. The results are expressed as the

mean ± SD of three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001 by independent Student’s t test.
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of fibronectin, vimentin, ZEB2 and SNAIL1, and increasing the
expression of E-cadherin compared with scramble siRNA after
TGF-b1 treatment in A549 and H1975 cells (Figure 4C; Figure S1B).
In addition, overexpressing ACP5 by plasmid abolished the protec-
tion conferred by ACP5 silencing as evidenced by higher expression
of fibronectin, vimentin, ZEB2, and SNAIL1 and lower E-cadherin
levels in H1975 cells and partially in A549 cells (Figure 4C; Fig-
ure S2B). Taken together, these results suggest that ACP5 is
associated with EMT, which likely contributes to tumor metastasis
in LUAD.
274 Molecular Therapy: Oncolytics Vol. 16 March 2020
ACP5 Regulated the Expression of p53

Given the notion that p53 played an important role in the progression
of human cancers, especially in LUAD pathogenesis, we examined
p53 expression in A549. Then, we observed that the expression of
p53 was significantly attenuated with the stimulation of TGF-b1 for
24 h. Interestingly, the levels of p53 were markedly increased in
ACP5-silenced A549 cells following TGF-b1 treatment, whereas in
ACP5-transfected A549 cells, the expression of p53 was blunted (Fig-
ure 5B). Additionally, the confocal assay showed that ACP5 and p53
were both located in the cytoplasm, especially when overexpressing



Table 1. Correlation between ACP5 Expression and Clinicopathological

Features in LUAD

ACP5

All Cases Low Expression High Expression p Valuea

Sex 0.334

Male 31 15 (21.73%) 16 (23.19%)

Female 38 14 (20.29%) 24 (34.78%)

Ageb 0.044

%58 33 18 (26.09%) 15 (21.74%)

>58 36 11 (15.94%) 25 (36.23%)

Smoking 0.863

Never 46 19 (27.54%) 27 (39.13%)

Current or
past smoker

23 10 (14.49%) 13 (18.84%)

Differentiation 0.233

Well 22 6 (8.70%) 16 (23.19%)

Moderately 23 11 (15.94%) 12 (17.39%)

Poorly 24 12 (17.39%) 12 (17.39%)

Stage

T staging 0.886

IA, IB 7 4 (5.80%) 3 (4.35%)

IC 19 7 (10.14%) 12 (17.39%)

IIA 28 11 (15.94%) 17 (24.63%)

IIB 7 3 (4.35%) 4 (5.80%)

III, IV 8 4 (5.80%) 4 (5.80%)

N staging 0.139

0 39 17 (24.84%) 22 (31.88%)

1 11 7 (10.14%) 4 (5.80%)

2–3 19 5 (7.25%) 14 (20.29%)

M staging 0.389

0 64 28 (40.58%) 36 (52.17%)

1 5 1 (1.45%) 4 (5.80%)

LUAD, lung adenocarcinoma; T, tumor; N, node; M, metastasis.
aThe Pearson c2 test or Fisher’s exact test was used for statistical analysis.
bThe mean age at diagnosis is 58.8 years in LUAD patients. Samples are divided into two
groups based on the mean age.
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ACP5 (Figure S2), indicating that an association between ACP5 and
p53 may have existed during the process of EMT. Thus, we next con-
ducted co-immunoprecipitation (coIP) analyses to confirm this hy-
pothesis. Indeed, ACP5 and p53 were validated to be reciprocally
immunoprecipitated in A549 (Figure 5A).

As a kind of a phosphatase, ACP5 can dephosphorylate many kinds of
sites on proteins. There is feeble evidence that ACP5 could dephos-
phorylate the Ser392 of p53,26 and phosphorylation of this site may
be related to the stability of p53.27,28 The above results prompted us
to examine the impact of ACP5 on the phosphorylation of Ser392
on p53 following TGF-b1 stimulation in A549 cells. Remarkably,
the phosphorylation of p53 at the site of Ser392 was enhanced after
silencing ACP5 expression. Meanwhile, overexpression of ACP5
could blunt the phosphorylation of p53 at the site of Ser392 (Fig-
ure 5B). Given that phosphorylation of Ser392 on p53 may impact
the stability of p53, we next adopted western blot to observe the levels
of p53 in A549 cells. In line with the co-immunostaining data (Fig-
ure S2), the levels of p53 were increased in ACP5-silenced cells. As
expected, the opposite expression pattern for p53 was found in
ACP5-transfected cells (Figure 5B).

To investigate whether decreased levels of p53 observed in ACP5-
transfected cells were dependent on the stability of p53, we adopted
MG132, a kind of proteasome inhibitor, to observe the degradation
of p53 induced by ACP5. Indeed, a western blot assay showed that
MG132 could reverse the downregulation of p53 expression in
ACP5-transfected cells (Figure 5C). To further dissect the mecha-
nisms by which ACP5 regulated the degradation of p53, we detected
the levels of ubiquitination for p53 by an immunoprecipitation assay.
Interestingly, the ubiquitination of p53 levels was increased after
MG132 stimulation for 3 h. Importantly, the levels of ubiquitination
for p53 were significantly enhanced in ACP5-transfected A549 cells
(Figure 5D). Furthermore, quantitative real-time PCR was carried
out to further confirm the effect of p53 induced by ACP5 due to
the stability rather than transcription. Indeed, we failed to detect
perceptible differences for the expression of p53 mRNA in ACP5-
silenced cells or ACP5-overexpressed cells (Figure 5E).

Taken together, these data provide evidence that ACP5 dephosphor-
ylates p53 at the site of Ser392, which accelerates the ubiquitination
and degradation of p53 in LUAD cells.

ACP5 Regulated the Expression of SMAD3 by p53

The TGF-b/SMAD pathway is critical for the progression of lung can-
cer and the associated cellular changes, especially in the process of
EMT. Based on this information, we suspected that ACP5 may affect
EMT by regulating this signaling pathway. Interestingly, we observed
that knocking down ACP5 expression obviously decreased the
expression of phosphorylated (p-)SMAD3 but did not affect the
expression of p-SMAD2 or other signaling pathway molecules related
to TGF-b1, such as ERK, p38, AKT, and b-catenin (Figure S3). Sur-
prisingly, we found that the expression of total SMAD3 was decreased
by silencing ACP5 expression (Figure 6A). Quantitative real-time
PCR was further carried out and revealed a significantly lower expres-
sion of SMAD3 in ACP5-silenced A549 cells (Figure 6B).

ACP5 was a phosphatase mainly distributed in the cytoplasm,13,14

and there was less possibility for ACP5 transferring into the nucleus
and directly regulating the transcriptional expression of SMAD3.
Based on the above data indicating that p53 could act as a transcrip-
tion factor and that ACP5 blunted p53 protein levels, we hypothesized
that p53 may transcribe the expression of SMAD3. Indeed, it was
noted that p53 strongly regulated the expression of SMAD3 by
quantitative real-time PCR analysis (Figure 6C). Meanwhile, in silico
analysis of the SMAD3 promoter identified three potential p53 bind-
ing sites in the SMAD3 gene (a, b, and c; Figure 6D). Chromatin
Molecular Therapy: Oncolytics Vol. 16 March 2020 275
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immunoprecipitation (ChIP) was next conducted, and the resulting
products were used to amplify the SMAD3 promoter regions flanking
the above-indicated three potential p53 binding sites. Indeed, p53
manifested binding activity to the SMAD3 promoter in three regions
(�99 to�116 bp, �10 to�28 bp, and +16 to +27 bp, with transcrip-
tional start site as +1, Figure 6E). SMAD3 promoter reporter assays
were next employed to confirm these findings. Four mutated
SMAD3 promoter reporters (MUT1, MUT2, MUT3, and MUT4)
and wild-type (WT) SMAD3 promoter reporter were constructed
(Figure 6F). As expected, the luciferase activity of SMAD3-WT was
distinctly decreased after co-transfection with p53 plasmid. Further-
more, luciferase activity was restored by all of the mutants except for
MUT2 (Figure 6F), indicating that p53 binds to the region (�10 to
�28 bp) of the SMAD3 promoter and represses SMAD3 expression.
Consistently, overexpression of SMAD3 could effectively reverse
the process of EMT after silencing ACP5 in A549 cells (Figure 6G).
Taken together, these data provide evidence that ACP5/p53/
SMAD3 signaling is responsible for ACP5-induced metastasis in
LUAD cells.

ACP5 Promoted Xenograft Tumor Growth and Metastatic

Potential in Mouse Models

To assess whether the overexpression of ACP5 could enhance tumor-
igenesis in vivo, a xenograft tumor mouse model was established by
subcutaneously injecting A549-Vec or A549-ACP5 cells into the right
dorsal flank of nude mice, and this model was also established with
NCI-H1975-Vec and NCI-H1975-ACP5 cells. At the end of the ex-
periments, the xenograft tumors were isolated and weighed, which
showed increased tumor size and weight in the mice with ACP5 over-
expression (Figures 7A–7C; Figures S4A–S4C). As expected, signifi-
cantly higher expression of ACP5 was detected in the group with
ACP5 overexpression than that of the control group in xenograft tu-
mor tissues (Figure 7D; Figure S4D). The results for hematoxylin and
eosin (H&E) staining confirmed the tumor formation results (Fig-
ure 7E; Figure S4E). Furthermore, the expression of ACP5 in the
xenograft tumors developed from ACP5-transfected cells was
confirmed by immunohistochemical staining and western blot in tu-
mor tissue samples that originated from xenograft mice (Figure 7F;
Figure S4F). In line with in vitro data, the expression of E-cadherin
and p53 in the A549-ACP5 group and H1975-ACP5 group was
decreased, but that of SMAD3 was increased. To evaluate whether
ACP5 could promote tumor metastasis in vivo, we injected A549-
Vec or A549-ACP5 cells intravenously into nude mice via the tail
vein. Five weeks after injection, the mice were sacrificed and the met-
astatic nodules formed on the lung surfaces were examined. As shown
Figure 2. Silencing of ACP5 Inhibited Cell Proliferation, Migration, and Invasion

(A) ACP5 protein expression levels in different lung cancer cell lines were detected by we

cells, as detected by western blot. (C) Silencing of ACP5 inhibits the colony formation o

A549 and H1975 cells silenced for ACP5. (E) Wound-healing assay investigated the mi

(lower). Original magnification, �40; scale bars, 500 mm. (F) Transwell assays to investig

cells (left). Original magnification,�100; scale bars, 100 mm. (G) Transwell assays to inves

cells (left). Original magnification,�100; scale bars, 100 mm. (H) Cell apoptosis of A549 a

mean ± SEM of three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001 by
in Figures 7G and 7H, after calculating the numbers of the metastatic
nodules with naked eyes, we found that the mice injected with A549-
Vec cells formed fewer nodules on the lung surfaces than did the mice
injected with A549-ACP5 cells. The pathology of metastatic nodules
on the surfaces of the mouse lungs was confirmed by H&E staining,
while the expression level of ACP5 in the nodules was also verified
by immunohistochemical staining (Figure 7I). Therefore, our data
demonstrated that high ACP5 expression enhanced tumor growth
and metastasis in vivo, which was consistent with our in vitro and
clinical findings.

DISCUSSION
In the present study, we demonstrated the expression of ACP5 in
LUAD patients and the correlations between ACP5 and clinical infor-
mation of the patients. Specifically, enhancing the expression ACP5 in
A549 or NCI-H1975 promoted tumor growth and metastasis in vivo.
In addition, in vitro, ACP5 was shown to be involved in the regulation
of EMT, migration, invasion, and apoptosis in LUAD cells. Mecha-
nistic studies revealed that ACP5 interacted with p53 in the cytoplasm
and dephosphorylated the phosphorylation site (Ser392) of p53,
which then promoted the ubiquitination and degradation of p53,
leading to reduced amounts of p53 in the nucleus, and blunting the
transcriptional repressive effect of p53 on SMAD3, by which it blunts
the TGF-b signal pathway (Figure 7J), as SMAD3 has been reported
to play a key role in the processes of EMT and tumormetastasis and to
act as an important transcription factor in tumors. These results
provide not only novel insights into the understanding of the patho-
genesis underlying LUAD, but also evidence that targeting ACP5
regulates the p53/SMAD3 pathway, which may have great potential
for the treatment of LUAD in clinical settings.

The human ACP5 gene maps to chromosome 19p13.2 and spans
approximately 3 kb, and the ACP5 protein is mainly found in the
cytoplasm. High ACP5 expression correlates with reduced tumor-
and metastasis-free survival in malignant melanoma. Although there
is no direct evidence of ACP5 involvement in tumor metastasis, all
ACP5-interacting proteins have been reported to have direct associ-
ations with tumor invasiveness and metastasis.29–31 These findings
underscore a potentially important role for ACP5 in an underlying
biological mechanism involved in the development and progression
of LUAD. In addition, the molecular mechanisms underlying ACP5
functions are also poorly understood, and knowledge concerning
the cellular targets of ACP5 is very limited. Notably, these findings
identified the potential of ACP5 and provided further links between
ACP5 and cancer metastasis.
and Promoted Apoptosis In Vitro

stern blot. (B) Efficient knockdown of ACP5 expression by siRNA in A549 and H1975

f A549 and H1975 cells. (D) Cell Counting Kit-8 (CCK-8) assays were performed in

gratory ability of ACP5 knockdown and control A549 cells (upper) or of H1975 cells

ate the migratory ability of ACP5-silenced and control A549 cells (right) or of H1975

tigate the invasion ability of ACP5-silenced and control A549 cells (right) or of H1975

nd H1975 cells detected by a flow cytometry assay. The results are expressed as the

independent Student’s t test.
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ACP5 expression was found to be increased in human LUAD tissue
samples compared to adjacent noncancerous tissue samples. Consis-
tent with a previous study, which showed that ACP5 was significantly
overexpressed in human LUAD tissue samples compared to adjacent
noncancerous tissue samples and significantly associated with differ-
entiation, lymph node metastasis status, and TNM (tumor, node,
metastasis) stage, found that patients with elevated ACP5 expression
had shortened survival.18 We also demonstrated that ACP5 was over-
expressed in LUAD samples and that the overexpression of ACP5 was
associated with lymph node metastasis and age in patients with
LUAD.

In our study, first, series of in vitro and in vivo assays were conducted
to clarify the biological functions of ACP5 in the regulation of LUAD
cell motility and invasiveness. The results showed that the ectopic
overexpression of ACP5 could promote LUAD, and our study
differed from other studies by focusing on the relationship between
ACP5 and EMT as well as the mechanism of LUAD. These results
indicate that ACP5 plays a role in promoting the development of can-
cer-promoting biological behaviors in cancer cells.

Metastasis represents a multistep cell biology process termed the in-
vasion-metastasis cascade, which includes EMT.32 EMT, which is
initially involved in normal embryonic morphogenesis, plays pivotal
roles in tumor invasion and metastasis during tumor progression by
suppressing the expression of epithelial markers or inducing the
expression of mesenchymal markers.33–35 A close relationship be-
tween ACP5 and Foxm1, which is considered to be a master regulator
of tumormetastasis that functions by inducing EMT, has been uncov-
ered, and interestingly, in our study, we found that the overexpression
of ACP5 had a significant impact on EMT in vitro and in vivo. Thus,
LUAD cells overexpressing ACP5 probably undergo EMT to increase
motility and invasiveness.

Previous studies have found that the activation of the TGF-b/SMAD3
pathway and p53 suppression are closely associated with lung
tumorigenesis; in addition, TGF-b can negatively regulate the expres-
sion of p53.9,36–41 SMAD proteins have been implicated in TGF-
b-mediated signal transduction. Accumulating evidence showed
that altering SMAD3 expression could affect the EMT.42 In our study,
ACP5 knockdown resulted in downregulated SMAD3 expression, by
which it blunted the TGF-b signal to attenuate the EMT. In previous
studies, ACP5 was shown to interact with TGF-b receptor interacting
protein-1 (TRIP-1) intracellularly, thereby activating TGF-b receptor
type II (TbR2) and osteoblast differentiation through the SMAD2/3
Figure 3. ACP5 Promoted Cell Proliferation, Migration, and Invasion and Redu

(A) Western blot analysis showing the expression of exogenous ACP5 in ACP5-transfect

A549 andH1975 cells overexpressing ACP5. (C) Overexpression of ACP5 promotes the

migratory ability of ACP5 overexpression and control A549 (upper) or of H1975 cells (lowe

the migratory ability of ACP5-overexpressed and control A549 cells (right) or of H1975

investigate the invasion ability of ACP5-overexpressed and control A549 cells (right) o

apoptosis of A549 and H1975 cells after overexpression of ACP5 assessed by a flow cyt

experiments. *p < 0.05, **p < 0.01, ***p < 0.001 by independent Student’s t test).
pathway at sites of prior bone resorption. ACP5a interaction with
TRIP-1 has also been demonstrated in mouse preadipocytes.26 Also,
in our study, knocking down ACP5 seems to weaken the response
to TGF-b, and overexpression of ACP5 aggravates the effects of
TGF-b, altogether suggesting that ACP5 also targets the TGF-b
pathway, which further confirms the previous work.26 However, to
date, the molecular mechanisms by which ACP5 regulates EMT to
promote cancer cell migration and invasiveness have not been
completely elucidated. In this study, for the first time, we observed
that ACP5might be upstream of p53 and further explained the under-
lying mechanism involving p53 and SMAD3. Our dual-luciferase
reporter and ChIP-PCR assays explained this mechanism at the mo-
lecular level. Regarding the relationship between p53 and TGF-b, we
observed that the decrease in the p53 level caused by TGF-b1 stimu-
lation with knocking down ACP5 expression in cells was not as
obvious as that observed with ACP5 transfected into cells. We hy-
pothesize that this finding results from the regulation of p53 requiring
the participation of ACP5 and TGF-b, but the relationship between
ACP5 and TGF-b remains to be studied. In regard to SMAD3, we
overexpressed SMAD3 by transfecting a plasmid into ACP5-silenced
A549 cells, which could reverse the expression pattern of E-cadherin.
These results suggested that SMAD3 was indeed regulated by ACP5
in the promotion of EMT.

More importantly, our results showed that the opposite change in the
expression of SMAD3 and p53 occurred after overexpressing ACP5;
in particular, these changes could be observed in the tumor tissue
of mice subjected to subcutaneous injection by western blot analysis.
In vivo, in subcutaneous injection and intravenous injection mouse
models, the overexpression of ACP5 resulted in significant increases
in tumor growth and the number of metastatic lesions in the lungs. All
of these findings strongly supported the conclusion that the overex-
pression of ACP5 plays important roles in LUAD invasion andmetas-
tasis. Therefore, the role of ACP5 in promoting EMTmight be carried
out through the p53/SMAD3 signaling pathway, ultimately driving
LUAD cell motility and invasiveness.

Our findings raise a number of intriguing questions. First, the detailed
regulatory mechanisms remain unclear, and we do not know the spe-
cific sites of p53 recognized by ACP5, but it is likely that p53 is directly
downstream of ACP5. There may be other molecules participating in
these processes, and this area of research will be indispensable in our
future work. Second, we could not get commercial antibodies for
ACP5b, and herein we detected the total expression of ACP5. In
our further studies, we will identify the roles of ACP5a and ACP5b,
ced Apoptosis In Vitro

ed A549 and H1975 cells. (B) Cell Counting Kit-8 (CCK-8) assays were performed in

colony formation of A549 and H1975 cells. (D) Wound-healing assay investigated the

r). Original magnification,�40; scale bars, 20 mm. (E) Transwell assays to investigate
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ometry assay. The results are summarized as the mean ± SEM of three independent
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Figure 4. ACP5 Regulated EMT in LUAD Cells

(A) Themorphology of A549 cells treated with TGF-b1 (10 ng/mL) for different time intervals was visualized by phase-contrast microscopy. Original magnification,�200; scale

bars, 100 mm. An immunofluorescence staining assay showed the results of rhodamine-phalloidin staining. Actin microfilaments were stained by rhodamine-conjugated

phalloidin. (B) Immunofluorescence staining assays were used to evaluate the expressions of E-cadherin and vimentin upon ACP5 knockdown in A549 cells. Cell nuclei were

visualized by DAPI. Original magnification, �400; scale bars, 50 mm. (C) ACP5 in A549 and H1975 cells were knocked down or overexpressed treated with or without

10 ng/mL TGF-b1 for 24 h. The levels of fibronectin, E-cadherin, and vimentin were determined by western blot. The results are summarized as the mean ± SEM of three

independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001 by independent Student’s t test.
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Figure 5. ACP5 Regulated the Protein Level of p53

(A) coIP (co-immunoprecipitation) and IB (immunoblot) showed that ACP5 interacts with p53. (B)Western blot showed the expression of p53 and p-p53 (Ser392) in A549 cells

transfected with ACP5 or the empty vector. (C) Western blot showed the expression of p53 after overexpressing ACP5 with or without MG132 (20 mmol/L). (D) p53

ubiquitination was observed in ACP5-transfected A549 cells by immunoprecipitation assay. (E) The mRNA level of p53 in A549 cells was evaluated by quantitative real-time

PCR. The results are summarized as the mean ± SEM of three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001 by independent Student’s t test. NS, no

significant difference between two groups, as analyzed by Student’s t test.
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respectively, in the pathogenesis of LUAD. Third, to date, we could
not find an efficient specific inhibitor of ACP5. In a previous study,
the authors found that the small chemical enzyme inhibitor 5-phenyl-
nicotinic acid/CD13 could inhibit cell migration and invasion in
ACP5-overexpressing MDA-MB-231 breast cancer cells; however,
they concluded that CD13 was efficient as an ACP5 inhibitor for
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Figure 6. ACP5 Regulated the Expression of SMAD3 by p53

(A) Knockdown of the expression of ACP5 attenuated the levels of SMAD3 and p-SMAD3. Upper panel: Representative western blot results for SMAD3, p-SMAD3, SMAD2,

and p-SMAD2 at different time points of TGF-b1 stimulation. Lower panel: Graphs showing the data with three replications. (B) Quantitative real-time PCR results for SMAD3

(legend continued on next page)
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the ACP5b isoform but was not able to inhibit the ACP5a isoform.43

In the future, we expect that better inhibitors of ACP5 will be devel-
oped, and then drugs could be used to solve clinical problems.

In conclusion, this report demonstrated that ACP5 played an impor-
tant role in the development and progression of LUAD. The overex-
pression of ACP5 in LUAD was significantly associated with tumor
metastasis in LUAD patients. The underlying mechanism was re-
vealed by functional and mechanistic studies, which showed that
ACP5 regulated EMT to promote cancer cell motility and tumor
metastasis through p53/SMAD3 signaling. Furthermore, our findings
provide insight into ACP5, whichmay serve as a clinically useful diag-
nostic and prognostic biomarker and a potential therapeutic target in
LUAD.

MATERIALS AND METHODS
Tissue Samples

In total, 138 fresh tissues samples including LUAD (n = 69) and
paired adjacent normal lung (n = 69, >5 cm from the tumor edge)
samples were obtained from Tongji Hospital (Tongji Medical College,
Huazhong University of Science and Technology, Wuhan, China).
No patient had received chemotherapy or radiotherapy before sur-
gery. The study protocol was approved by the Institutional Review
Board of Tongji Hospital, and written informed consent was obtained
from each patient. All procedures were conducted in accordance with
the Declaration of Helsinki and International Ethical Guidelines for
Biomedical Research Involving Human Subjects (CIOMS).

Cell Lines and Cell Culture

The human cell lines Beas-2b, A549, NCI-H1650, NCI-H1299, NCI-
H226, and SK-MES-1 were obtained from Zhong Qiao Xin Zhou
Biotechnology (Shanghai, China). The cell line NCI-H1975 was pur-
chased from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). The cell lines A549, H1299, NCI-H1975, and
NCI-H1650 were identified by STR (Jianda, Suzhou, China). Cells
were routinely cultured in Roswell Park Memorial Institute (RPMI)
1640 medium supplemented with 10% fetal bovine serum (FBS)
and 1% penicillin/streptomycin andmaintained in a humidified incu-
bator with 5% CO2 at 37�C and were tested for mycoplasma regularly.

Reagents and Chemicals

Recombinant human TGF-b1 was purchased from PeproTech
(Rocky Hill, NJ, USA), reconstituted in RPMI 1640 medium contain-
and SMAD2 in ACP5-silenced A549 cells after TGF-b1 stimulation. (C) p53 inhibited

knockdown of the expression of p53. Lower panel: mRNA levels of SMAD3 in A549 cells

blue boxes) of p53 (site a,�116 to�99 bp; site b,�28 to�10 bp; site c, +16 to +27 bp, w

the Lasagna databases (https://biogrid-lasagna.engr.uconn.edu/lasagna_search/). (E) C

promoter. (F) Results for SMAD3 promoter luciferase reporter assays. Upper panel: Sc

sites. Each of the mutant plasmids (MUT1–MUT3) of these three binding sites maintaine

binding sites were deleted in MUT4 (blue boxes with red cross). Lower panel: Result for

plasmid into the A549 cells for 24 h and then stimulated cells with TGF-b (10 ng/mL) for 2

the process of EMT after silencing ACP5 in A549 cells. The results are summarized as th

by independent Student’s t test.
ing 10% FBS, and utilized at a final concentration of 10 ng/mL.
MG132 was purchased from Cayman Chemical (Ann Arbor, MI,
USA), dissolved in DMSO.

RNA Interference and ACP5 Overexpression

siRNAs specific for ACP5 and a corresponding scrambled siRNA
were purchased from RiboBio (Guangzhou, China) and then tran-
siently transfected into A549 and NCI-H1975 cells using Lipofect-
amine 3000 (Invitrogen, Shanghai, China) according to the manufac-
turer’s protocol. The siRNA for ACP5 was performed by targeting
the following sequence in ACP5 mRNA: 50-GACACTATGTGGCA
ACTCA-30. When the cells reached 30%–50% confluence, siRNA
transfection was performed using Lipofectamine 3000 (Invitrogen,
Shanghai, China). Plasmid-ACP5 and a vector were purchased from
GeneChem (Shanghai, China), and 2 mg of purified DNA was
complexed with a transfection reagent and applied to the cells.
Forty-eight hours after transfection, the cells were analyzed by quan-
titative real-time PCR and western blot.

A549 and NCI-H1975 cells were transfected with the plasmid con-
taining ACP5 and vector purchased from Shanghai GeneChem
(Shanghai, China) by Lipofectamine 3000 (Invitrogen, Shanghai,
China) according to the manufacturer’s instructions. For the estab-
lishment of an A549-ACP5 and H1975-ACP5 cell lines stably
expressing ACP5, a lentivirus containing ACP5 and the associated
vector were kindly gifted by Dr. Jiang Dingsheng. After 24 h of
transfection, the cells were maintained in RPMI 1640 medium
containing 2 mg/mL puromycin (InvivoGen, San Diego, CA,
USA). After 3 weeks, the resistant colonies stably transfected with
ACP5 were pooled.

Western Blot

Western blot analysis was performed according to a standard proto-
col.44 The primary antibodies included anti-ACP5 (Gentex, CA, USA,
1:1,000), anti-fibronectin, anti-E-cadherin, anti-vimentin (Protein-
tech, Wuhan, China, 1:1,000), anti-p38, anti-ERK, anti-p-ERK,
anti-AKT, anti-b-catenin, anti-SMAD2/3, anti-p-SMAD2, anti-p-
SMAD3, anti-p53, anti-p53 (Ser392), anti-ubiquitin (Cell Signaling
Technology, Danvers, MA, USA, 1:1,000), anti-GAPDH, and anti-
b-actin (Abcam, Cambridge, MA, USA, 1:3,000) antibodies. Detec-
tion was performed using a chemiluminescent substrate system
(Bio-Rad, Hercules, CA, USA). The gray values were analyzed with
ImageJ software.
expression of SMAD3. Upper panel: mRNA levels of SMAD3 in A549 cells after

after overexpression of p53. (D) Schematic illustrations of the three binding sites (the

ith theSMAD3 transcription start site as +1) to theSMAD3 promoter as predicted by

hIP-PCR assays using antibody specific for p53 to prove that p53 binds to SMAD3

hematic results showing the mutant plasmids (MUT1–MUT3) of these three binding

d one normal binding site (blue box) and two mutant binding sites (red boxes), and all

promoter reporter assays. (G) After silencing ACP5 for 24 h, we transfected SMAD3

4 h and collected the cells for western blot, and overexpression of SMAD3 reversed

e mean ± SEM of three independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001
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Figure 7. ACP5 Promoted Xenograft Tumor Growth and Enhanced Metastatic Potential in Mouse Models

(A–F) Nude mice were subcutaneously injected with A549 cells stably overexpressed for ACP5 (A549-ACP5) or control (A549-Vec) cells. (A) Images of the tumor lumps from

the indicated groups at the endpoint of the experiment. n = 10mice per group. (B) Tumor formation in nudemice treated with A549-ACP5 or A549-Vec cells wasmonitored at

the indicated time points. (C) Tumor weights weremeasured at the last time point. (D) Quantitative real-time PCR for ACP5 expression in xenograft tumor tissues of A549-Vec

(n = 5) and A549-ACP5 groups (n = 5). (E) Representative H&E staining images (top panel) (original magnification,�100; scale bars, 200 mm) and IHC images of ACP5 staining

(bottom panel) (original magnification,�400; scale bars, 50 mm) in sections of xenograft tumor of A549 cells. (F) The expression of E-cadherin, p53, SMAD3, and ACP5 was

(legend continued on next page)
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Quantitative Real-Time PCR

Total RNA was extracted from tissue samples or cells by TRIzol (Ta-
kara, Dalian, China). Single-stranded cDNAwas synthesized from to-
tal RNA using a PrimeScript RT reagent kit (Takara, Dalian, China).
Quantitative real-time PCR was performed using SYBR Green mix
(Takara, Dalian, China) under the following conditions: 30 s at
95�C for initial denaturation, followed by 40 cycles of 95�C for 5 s
and 60�C for 30 s on an Applied Biosystems 7500 real-time PCR sys-
tem (Thermo Fisher Scientific, Waltham, MA). The RNA levels of
b-actin were used to normalize the data. The primer sequences
were as follows: ACP5 forward, 50-GCT GTC CTG GCT CAA GAA
AC-30, reverse, 50-CCC ACG CCA TTC TCA TCT TG-30; SMAD2
forward, 50-CGT CCA TCT TGC CAT TCA CG-30, reverse, 50-
CTC AAG CTC ATC TAA TCG TCC TG-30; SMAD3 forward, 50-
GCG TGC GGC TCT ACT ACA TC-30, reverse, 50-GCA CAT
TCG GGT CAA CTG GTA-30; p53 forward, 50-TTC CTT TGG
GTG CCC TGA A-30, reverse, 50-GGC AGA ATC TGT CCA TCT
TTC G-30; and ACTIN forward, 50-AGC GAG CAT CCC CCA
AAG TT-30, reverse, 50-GGG CAC GAA GGC TCA TCAT T-30.

Cell Proliferation Assay

A proliferation assay was carried out using Cell Counting Kit-8
(CCK-8, Promotor, Wuhan, China) according to the manufacturer’s
protocol.45 The absorbance was recorded at 450 nm with a universal
microplate reader (ELx800, BioTek Instruments, Winooski, VT,
USA).

As for colony formation assay, we seeded 500 or 1,000 transfected
cells in each well of a six-well plate and maintained for 9 or 14 days
in different cell lines. The colonies were then fixed with methanol,
stained with 0.5% crystal violet, and counted under a microscope.

Flow Cytometry

Apoptosis in transfected cells was analyzed by flow cytometry using a
Becton Dickinson LSR flow cytometer with CellQuest software (BD
Biosciences, San Diego, CA, USA). We used 300 nM H2O2 for 24 h
to induce apoptosis after transfection for 48 h, and then cells were
collected and resuspended in 500 mL of binding buffer of every
tube. Next, 5 mL of annexin V and 5 mL of propidium iodide (Keygen
Biotech, Nanjing, China) were added to every tube for 15 min in the
dark simultaneously or separately (as the control to debug the ma-
chine) and then analyzed to identify the late apoptotic cells, early
apoptotic cells, and viable cells, and the proportion of apoptotic cells
was calculated.

Wound-Healing Assay

For a wound-healing assay, cells were grown in a six-well plate until
95% confluent, and the monolayers were scratched with a pipette tip.
detected by western blot in xenograft tumors from the A549-Vec (n = 5) and A549-ACP5

nudemice and lung tissues were isolated after 5 weeks (A549-ACP5, n = 8; A549-vector,

of the metastatic nodules visible to the naked eye in the lung of mice. (I) H&E staining (o

magnification, 400; scale bars, 50 mm) performedwith sections of metastatic lung nodule

the mean ± SD.*p < 0.05, **p < 0.01, ***p < 0.001 by independent Student’s t test.
Cell migration was recorded at 0 and 24 h after scratching. Three
independent experiments were performed.

Cell Invasion and Migration Assays

Invasion and migration assays were performed using chambers from
Corning Life Sciences (Corning, MA, USA) with or without Matrigel
according to the manufacturer’s protocol.46 Briefly, cell suspensions
prepared in medium containing 2% FBS were added into the upper
chambers, while medium containing 20% FBS was placed in the lower
chambers to function as a chemoattractant. The cells were incubated
for 24 h at 37�C and allowed to migrate into or invade through the
membrane filter. Afterward, the nonmigratory and noninvasive cells
on the upper surface were gently removed with a cotton swab. Then,
the cells that had invaded or migrated to the lower surface of the
membrane were fixed with methanol and stained with 0.1% crystal vi-
olet (Sigma-Aldrich, St. Louis, MO, USA). The cells in four randomly
selected microscopic fields were counted and imaged. Both experi-
ments were repeated independently in triplicate.

Immunohistochemistry (IHC) Analysis

Immunohistochemical staining was performed according to the pro-
tocol in a previous report (Boster Biological Technology, Wuhan,
China).18 Rabbit primary antibodies against human ACP5 (Abcam,
Cambridge, MA, USA, 1:100), p53 (Cell Signaling Technology,
Danvers, MA, USA, 1:50), and SMAD3 (Cell Signaling Technology,
Danvers, MA, USA, 1:100) were added to tissue sections and incu-
bated overnight at 4�C in a moist chamber. Then, the slides were
incubated with horseradish peroxidase-conjugated secondary anti-
bodies (goat anti-rabbit or mouse) at 37�C for 30 min. After washing
in phosphate-buffered saline (PBS), diaminobenzidine (DAB)-H2O2

was used for a color reaction. Finally, all of the slides were counter-
stained with hematoxylin, dehydrated, and mounted.

Immunofluorescence Analysis

Cells were fixed with 4% paraformaldehyde for 15 min and permea-
bilized with 0.1% Triton X-100 for 5 min. The samples were washed
with PBS and blocked with 5% BSA in PBS. Subsequently, the cells
were incubated with primary antibodies against mouse-originated
vimentin antibody (R&D Systems, Minneapolis, MN, USA, 1:100),
mouse-originated E-cadherin antibody (R&D Systems, Minneapolis,
MN, USA, 1:100), mouse-originated p53 antibody (Cell Signaling
Technology, Danvers, MA, USA, 1:50), and rabbit-originated ACP5
antibody (Proteintech, Wuhan, China, 1:100) overnight at 4�C and
then incubated with an Alexa Fluor 488-labeled anti-mouse antibody
and an Alexa Fluor 594-conjugated anti-rabbit antibody (Abbkine,
Redlands, CA, USA, 1:400) for 1 h, as instructed. For SNAIL1 and
ZEB2, we used rabbit-originated antibody (Proteintech, Wuhan,
China, 1:100), and the mouse-originated ACP5 antibody (Abnova,
(n = 5) groups. (G–I) A549-ACP5 or A549-Vec cells were intravenously injected into

n = 10). (G) Representative lung images showingmetastases in the lung. (H) Number

riginal magnification, �100; scale bars, 200 mm) and IHC staining for ACP5 (original

s. (J) Schematic illustration of the role of ACP5 in LUAD. The results are expressed as
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Taipei, China, 1:100) was used. Nuclei were counterstained with 40,6-
diamidino-2-phenylindole (DAPI) for 5 min.

CoIP Assay

Immunoprecipitation was performed according to a standard proto-
col.47 Anti-ACP5 and anti-p53 antibodies were used to form immune
complexes with the ACP5 and p53 proteins in lysates and were immu-
noprecipitated with magnetic beads (Cell Signaling Technology,
Danvers, MA, USA). Finally, equivalent protein samples were sub-
jected to western blot analysis for ACP5 and p53.

Luciferase Assay

Plasmids encoding p53 in the GV141 vector were purchased from
GeneChem (Shanghai, China). Both WT and mutant SMAD3 genes
were synthesized by chemical methods and cloned downstream of
the luciferase gene in GV238 luciferase vectors that were obtained
from GeneChem (Shanghai, China). These plasmids and a Renilla
luciferase plasmid (GeneChem, Shanghai, China), which was used
as a normalization control, were cotransfected into cells using Lipo-
fectamine 3000 (Invitrogen, Shanghai, China). 293T cells (8 � 103

per well) were seeded in 96-well plates the day before transfection,
and the cells were cotransfected with 1.25 mg of GV238-SMAD3
and 0.75 mg of p53 DNA when they reached 70%–90% confluence.
In total, 50 ng of the expression plasmid (Renilla) was cotransfected
as a transfection efficiency control. After 24 h, the cells were har-
vested, washed three times with PBS, and lysed in 20 mL of passive
lysis buffer (PLB) according to the manufacturer’s instructions
(Promega, Madison, WI, USA). Cell debris was removed by centrifu-
gation, and the supernatant was used for a luciferase assay read with
SpectraMax single-mode microplate readers (Molecular Devices,
Sunnyvale, CA, USA).

ChIP and RNA Analyses of Solid Tissue and Cultured Cells

Chromatin immunoprecipitation (ChIP) assays were conducted us-
ing a ChIP assay kit (Biyuntian, Shanghai, China) as previously
described.48 Quantitative real-time PCR was then performed using
the primers as follows: site a forward, 50-GCCTCAGGACCACTC
TTGTA-30, reverse, 50- CTCAGAGGAGTCAGTTGTCTTAAA-30;
site b forward, 50-ATCCAGAGTGCGTGGTGTTT-30, reverse, 50-CC
AGCAAGCACAAGCTCATA-30; site c forward, 50-GGAGCAAACG
GCCTGAAATA-30, reverse, 50-GCGAGCGGCGGCAATAAAT-30.

Xenograft Formation and an In Vivo Metastasis Assay

Male BALB/c nude mice (4–5 weeks old) were purchased from Gem-
Pharmatech (Nanjing, China). All animals were housed in a specific
pathogen-free animal facility at the Tongji Medical College under a
12-h light/12-h dark photocycle and provided with feed and water
ad libitum. All experimental procedures were approved by the Animal
Care and Use Committee of Tongji Hospital. A xenograft tumor
growth model was established by subcutaneous injection of A549/
H1975-ACP5 cells or control cells (2 � 106, suspended in PBS) into
the right dorsal flank. Tumor volume (TV) was measured by calipers
and calculated with the following formula: TV (mm3) = (L � W2)/2
(L, long diameter; W, wide diameter). After sacrifice, the tumors were
286 Molecular Therapy: Oncolytics Vol. 16 March 2020
excised for subsequent assays. To establish an intravenous mouse
model, 5 � 106 A549-ACP5 cells or control cells were injected intra-
venously via the tail vein. After 5 weeks, the mice were sacrificed, and
the tumor nodules formed on the lung surfaces were counted. The
lungs were collected and embedded in paraffin for further H&E stain-
ing and IHC analysis.

Statistical Analysis

All statistical analyses were performed using GraphPad Prism (San
Diego, CA, USA) or SPSS 21.0 (IBM, Armonk, NY, USA). The corre-
lations between ACP5 expression and clinicopathological features of
LUAD patients were analyzed by the c2 test or Fisher’s exact test.
Other data are expressed as the mean ± SEM, and an independent
Student’s t test was applied to analyze the statistical significance of dif-
ferences between two groups. p <0.05 was considered statistically sig-
nificant. For comparisons between multiple groups, one-way
ANOVA followed by a Tukey’s test was performed. p <0.05 was
considered significant. All data were tested for normalization before
analysis.
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