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Abstract: Background: Tartrate-resistant acid phosphatase (ACP5) has been implicated in the progression of most
malignant tumors, but its role in pancreatic cancer (PC) remained unclear. Thus, this study aimed to elucidate the
role and function of ACP5 in PC progression. Methods: The expression of ACP5 in PC samples was assessed via R
programming, TNM plot, and Gene Expression Profiling Interactive Analysis (GEPIA). Western blotting and immuno-
histochemistry (IHC) were performed to detect ACP5 expression in cells and tissues. The correlation between ACP5
and methylation was analyzed using the University of ALabama at Birmingham Cancer data analysis Portal (UALCAN)
and cBio Cancer Genomics Portal (cBioPortal). The Database for Annotation, Visualization and Integrated Discovery
(DAVID) and Gene Set Enrichment Analysis (GSEA) were used for the enrichment of ACP5 in PC. Subsequently,
Cell Counting Kit-8 (CCK8), clonogenic, and wound healing assays were used to investigate the role of ACP5 in PC.
Finally, Tumor Immune Estimation Resource (TIMER) and R programming was utilized in evaluating the association
between ACP5 and immune cell infiltration in PC. Results: The analyses confirmed that ACP5 was highly expressed in
PC samples. According to UALCAN and cBioPortal analysis, ACP5 expression, and methylation levels were negatively
correlated in PC. The enrichment analysis also revealed that ACP5 was enriched in the proliferation and migration
pathways. Meanwhile, ACP5 knockout reduced PC cell proliferation and migration and impaired the cells’ indepen-
dent viability. This gene also positively correlated with immune cell infiltration in PC, particularly regulatory T cells
(Tregs). Conclusion: ACP5 is crucial for proliferation, migration, and immune cell infiltration in PC. Therefore, ACP5
may be a valuable target for future PC treatment.
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Introduction Currently, only 10% to 20% of patients with
localized and non-metastatic tumors can be

Pancreatic cancer (PC) is a malignant tumor of treated by surgery [5]. The poor survival status

the digestive system with high metastatic
potential [1, 2]. The morbidity and mortality
rates of PC patients are increasing, with a
5-year survival rate of approximately 11% [3].
PC is ranked fourth as a cause of cancer death
in the United States [3] and the sixth chief
cause of cancer death in China [4]. PC is hard
to diagnose due to the lack of early clinical
symptoms and is often detected at the
advanced stage accompanied by metastasis.

of PC patients makes it imperative to improve
their survival rate. Therefore, there is an urgent
need to explore new treatment for PC.

Tartrate-resistant acid phosphatase (ACP5) is a
metalloprotease located on chromosome 19,
belonging to the acid phosphatase family,
which can dephosphorylate proteins [6-9].
Previously, ACP5 was recognized as a marker of
osteoclasts [10] and was later linked to immune
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system function and the development of auto-
immune diseases [11-13]. Furthermore, ACP5
was recently identified as an oncoprotein in
several malignant tumors [8, 14-171], contribut-
ing to tumor cell proliferation, invasion, migra-
tion, and chemotherapy resistance [14]. This
biomarker also indicates the severity of bone
metastasis in malignant tumors [18, 19].
Nevertheless, the role of ACP5 in PC progres-
sion has not been revealed.

The current study discovered that ACP5 was
highly expressed in PC based on Genotype-
Tissue Expression (GTEx) and The Cancer
Genome Atlas (TCGA) data analysis and immu-
nohistochemistry (IHC). The upregulation of
ACP5 expression in tumors was attributed to
decreased methylation promoters. An enrich-
ment analysis indicated that ACP5 primarily
influences the proliferation and migration path-
ways in PC, which was validated in PANC-1
cells. The bioinformatic analysis also identified
the association between ACP5 and immune
cell infiltration. In summary, these findings sug-
gest that ACP5 is critical for PC progression and
immune microenvironment.

Materials and methods
Gene expression analysis

ACP5 expression from GTEx and TCGA-PAAD
(Pancreatic adenocarcinoma) samples was
evaluated using R software and visualized in a
ggplot2. The TNMplot (https://tnmplot.com/
analysis/) can compare the differential expres-
sion of ACP5 between normal, orthotopic, and
metastatic tumor samples. GEPIA (http://
gepia.cancer-pku.cn/) was used to analyze
ACP5 expression in different stages of PC.
The GEO series (GSE16515, GSE211398, and
GSE183795) were obtained from the Gene
Expression Omnibus (GEO) database (https://
www.ncbi.nlm.nih.gov/geo/) and analyzed by
the online easyGEO tool (https://tau.cmmt.
ubc.ca/eVITTA/easyGEQ/). The results were
downloaded from easyGEO and visualized
using GraphPad Prism.

DNA promoter methylation

The cBioPortal (https://www.cbioportal.org/) is
a data mining and integration platform. A scat-
ter plot was generated to illustrate the correla-
tion between ACP5 expression and methylation
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levels in PC. Meanwhile, the UALCAN database
(http://ualcan.path.uab.edu) mainly analyzed
the TCGA cancer omics data and the promoter
methylation of ACP5 in normal and tumor sam-
ples from TCGA-PAAD.

Gene correlation enrichment analysis

The ACP5 co-expressed genes were first pre-
dicted by cBioPortal. Subsequently, an online
tool, DAVID 6.8 (http://david.abcc.ncifcrf.gov/),
was utilized for Gene Ontology (GO) annota-
tion and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis. The biologi-
cal process (BP), cellular component (CC),
molecular function (MF), and KEGG results
were visualized by EXCL. In addition, the TCGA-
PAAD samples were divided into low and high-
expression groups based on the ACP5 levels,
and GSEA V3.2 software was used to analyze
the signature pathway of ACP5. The pathways
were considered significant when the FDR g <
0.25, NOM P < 0.05, and |NES| > 1.

Immune infiltration

Immune cell infiltration in different tumors was
systematically analyzed using TIMER (https://
cistrome.shinyapps.io/timer). TIMER analyzed
the correlation between ACP5 expression and
six specific immune cells infiltrating the tumor
in TCGA-PAAD samples. Tdifferences in the infil-
tration of 24 immune cells between the ACP5
high and low expression groups were calculat-
ed by ssGSEA using R software. Likewise, the
correlation of ACP5 expression with stromal
score, immune score, and estimated score in
PC, correlation between ACP5 expression and
the infiltration of 24 immune cells were calcu-
lated by ssGSEA with R software. Finally, the
results were visualized using ggplot2.

Pancreatic cancer tissue samples

This research was approved by the Ethics
Committee of Affiliated Hospital of Nantong
University.

Cancerous and para-cancerous tissues were
collected from 20 PC patients who have con-
sented to the study from 2020 to 2022, con-
sisting of thirteen male and seven female
patients. The patients underwent surgery with-
out treatment at Affiliated Hospital of Nantong
University. Subsequently, the tissues were

Am J Transl Res 2023;15(11):6437-6450



Role of ACP5 in pancreatic cancer

embedded in paraffin after immediate fixation
in 4% paraformaldehyde.

Immunohistochemistry

Tissue blocks from three patients were ran-
domly selected and sectioned (4 um) onto poly-
L-lysine slides. The slides were then immersed
in xylene for wax removal, followed by antigen
retrieval using sodium citrate. After the block-
ing step to remove non-specific binding, the tis-
sue was capped with ACP5 antibody (1:100,
A2528; ABclonal) and incubated overnight at
4°C. Subsequently, the sections were incubat-
ed with HRP-antibody (1:50; A0216, Beyotime,
Shanghai, China) after rinsing with phosphate-
buffered saline (PBS). Once the tissues were
stained with diaminobenzidine (DAB), the sec-
tions were counter-stained using hematoxylin.
Finally, the slides were examined under an
upright optical microscope (Olympus Corpora-
tion, Tokyo, Japan), and the images were
obtained.

Cell lines and cell culture

Normal pancreatic epithelial cells (hTERT-
HPNE) and PC cell lines (PANC-1, BXPC3,
CFPAC-1, ASPC-1) were obtained from BeNa
Culture Collection (Beijing, China). First, cells
were cultured in DMEM or RPMI-1640 (Sigma-
Aldrich, St. Louis, MO, USA) with 10% fetal
bovine serum (FBS; Thermo Fisher Scientific,
MA, USA), streptomycin (100 pyg/mL) and peni-
cillin (100 U/ml). The cell culture flasks were
then placed in an incubator with 5% carbon
dioxide (CO,) at 37°C (Thermo Fisher Scienti-
fic, MA, USA).

Cell transfection

Human ACP5 sgRNA (5-GCCCTGCGCTTTGTA-
GCCGT-3’) primer was synthesized by Sangon
and integrated into PAX459 vector to construct
plasmid sgACP5. The sgACP5 plasmid and the
sgVector control plasmid were transfected into
PANC-1 cells with Lipo3000 (Thermo Fisher
Scientific, MA, USA). The PANC-1 cells with a
stable knockout of ACP5 were screened with
puromycin (APExBio, TX, USA).

Western blotting

The cells were lysed on ice with a mixture of
RIPA lysis buffer and protease phosphatase
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inhibitor (New Cell & Molecular Biotech Co.,
Ltd., Suzhou, China). The cell samples were
centrifuged at 12,000 rpm at 4°C, and the
supernatant was aspirated. Then, bicinchoninic
acid assay (BCA, New Cell & Molecular Biotech
Co., Ltd., Suzhou, China) was utilized to deter-
mine the protein concentration. The total pro-
tein from each sample was subjected to gel
electrophoresis on SDS-PAGE gel (GenScript
Corporation, Nanjing, China) and transferred
to a polyvinylidene fluoride membrane (PVDF,
Millipore Corporation, MA, USA). After blocking
with 5% skim milk, the PVDF was incubated
with primary antibody overnight at 4°C.
Subsequently, and the PVDF was incubated
with HRP-antibody (Sangon, Shanghai, China)
at room temperature after washing off the pri-
mary antibody with tris buffered saline contain-
ing 0.5% (v/v) Tween 20 (TBST) buffer. After
another round of washing, the bands on the
PVDF were detected using an enhanced chemi-
luminescence reagent (ECL, New Cell &
Molecular Biotech Co., Ltd., Suzhou, China).

CCK8

The cells were injected into 96-well plates.
Their growth rate was measured by the amo-
unts of viable cells, reflected by the optical den-
sity (OD) value of CCK8 solution (Vazyme,
Nanjing, China). The CCK8 and 1640 mixture
was prepared at a ratio of 1:9. Once the medi-
um was removed by washing, the CCK8 mix-
ture (100 ul) was pipetted into each well and
incubated for two hours in the incubator with
5% CO, at 37°C. Finally, The OD value at 450
nm was detected by a 96-well microplate read-
er (Thermo Fisher Scientific, MA, USA).

Clonogenic assay

After the sgVector and sgACP5 cells were
digested and counted, 1500 cells per well were
injected into cell culture plates and incubated
with 5% CO, at 37°C for 14 days. The cells
were later stained with 0.1% crystal violet after
fixation with 4% paraformaldehyde. Subse-
quently, the colonies were analyzed using
Image J after their images had been obtained.

Wound healing assay

After the sgVector and sgACP5 cells were
digested and counted, they were injected into
the cell culture plate (2 x 10° cells/well). When
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the cells reached 100% confluence, the medi-
um was aspirated. The cells were scraped with
a 100 pL sterile pipette tips, and three tracks
were drawn in each well. The cells were then
rinsed with PBS and cultured in 1% FBS medi-
um before being incubated with 5% CO, at
37°C. The cell scratch images were acquired at
0, 24, 48, and 72 hours under an inverted opti-
cal microscope (Olympus Corporation, Tokyo,
Japan).

Statistical analysis

All statistical analyses were performed using
SPSS 22.0 and GraphPad Prism 8.2, and the
data were expressed as mean * standard devi-
ation (SD). The one-way analysis of variance
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(ANOVA) or Student’s t-test was used to deter-
mine the differences between the two groups.
Statistical significance was set at P < 0.05
(""P < 0.0001, ""P < 0.001, P < 0.01 and "P
< 0.05).

Results
Upregulation of ACP5 in PC

The GTEx and TCGA data analysis demonstrat-
ed that ACP5 was highly expressed in PC sam-
ples (Figure 1A). Furthermore, the TNM plot
confirmed that ACP5 was significantly higher in
tumor tissues from paired and unpaired PC
samples (Figure 1B, 1C). In addition, the GEO
dataset analysis also exhibited that the ACP5
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level was significantly lower in non-neoplastic
tissues (Figure 1D-F). The GEPIA analysis
revealed that ACP5 was highly expressed in
advanced-stage PC (Figure 1G). Thus, ACP5 is a
possible variable that increases the risk of PC.

Western blotting evaluated the ACP5 protein
expression in human PC cell lines (PANC-1,
BXPC3, CFPAC-1, ASPC-1) and normal pancre-
atic epithelial cell hTERT-HPNE. This study dis-
covered that ACP5 was highly expressed in
cancer cells (Figure 2A, 2B). Meanwhile, IHC
staining indicated that ACP5 was highly
expressed in cancerous tissues compared to
para-cancerous tissues (Figure 2C). The ex-
periment’s findings revealed that staining of
ACP5 in the para-cancerous tissues predomi-
nantly exhibited light yellow and tan hues,
whereas in PC tissues it was primarily tan and
brown, suggesting a more pronounced expres-
sion of ACP5 in PC. Image) software was
employed to quantify the percentage of DAB-
colored regions in both the para-cancerous tis-
sues and PC tissues, and it was observed that
the para-cancerous group exhibited a signifi-
cantly lower percentage of DAB staining area
compared to the PC group, indicating a higher
abundance of ACP5 in PC. These results were
subjected to statistical analysis using a t test,
with a significance level set at P < 0.05. Based
on the aforementioned data, it can be inferred
that the expression of ACP5 in PC is notably
elevated compared to para-cancerous tissues,
and this disparity holds statistical significance.
These findings suggest that ACP5 is elevated in
the cells and tissues of PC.

Furthermore, the clinical data analysis showed
a clear distinction between ACP5 levels inthe T
stage and pathologic stage; the group with a
higher ACP5 expression exhibited a more exten-
sive malignancy rate. Moreover, ACP5 expres-
sion correlated with the location of PC, such
that tumors with high ACP5 expression were
often found at the head of the pancreas (Table
1).

ACP5 promoter hypomethylation in PC

Epigenetic modifications play a crucial role in
governing gene expression and overseeing vari-
ous cellular processes in both normal and can-
cerous cells. Abnormal gene methylation often
leads to cancer, manifested primarily through
the silencing of tumor suppressor genes by
hypermethylation and the activation of onco-

6441

genes by hypomethylation [20, 21]. Therefore,
ACP5 upregulation may be linked to the pro-
moter methylation promotion. The UALCAN
analysis found low levels of methylated ACP5 in
tumors compared to normal tissue (Figure 3A).
Subsequently, further investigation was con-
ducted on the different clinicopathologic sub-
groups of TCGA-PAAD samples in UALCAN. The
promoter methylation of ACP5 was lower in
tumor samples in terms of node metastasis
(Figure 3B), gender (Figure 3C), age (Figure
3D), smoking (Figure 3E), tumor grade (Figure
3F), cancer stages (Figure 3G), and P53 muta-
tion (Figure 3H). It was observed that the
methylation level of ACP5 was reduced in PC
tissues that exhibited lymph node metastasis,
in comparison to normal tissues (Figure 3B).
Further stratification by gender revealed that
female patients displayed significantly lower
levels of ACP5 methylation compared to the
normal group (Figure 3C). Additionally, age
stratification demonstrated a significant de-
crease in ACP5 methylation levels among
patients aged 20-80 years (Figure 3D). When
stratified by smoking status, it was observed
that patients who smoked exhibited signifi-
cantly lower levels of ACP5 methylation com-
pared to the normal group (Figure 3E). Fur-
thermore, it was found that ACP5 methylation
levels were lower in high-grade tumors (Figure
3F, 3G), regardless of the presence of P53
mutations in PC (Figure 3H).

In addition, the cBioPortal analysis demonstrat-
ed that ACP5 expression was negatively corre-
lated with promoter methylation in PC (Figure
3l), thus, indicating that the decline in promoter
methylation was responsible for the high ACP5
expression in PC.

ACP5-related enrichment analysis

GO annotations and KEGG pathway of ACP5
co-regulated genes were analyzed by DAVID.
The GO annotations results revealed that the
co-expressed genes were mainly located on
various membranes, could bind to proteins
and regulate receptor activity, and were
involved in the inflammatory response, antigen
presentation, immune response, and receptor
signal transduction (Figure 4A-C). Meanwhile,
the KEGG pathway analysis revealed that the
co-regulated genes were enriched in rheuma-
toid arthritis, hematopoietic lineage, osteoclast
differentiation, and cell adhesion molecules
(Figure 4D).
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Figure 2. The ACP5 level is elevated in the cells and tissues of pancreatic cancer (PC). A, B. Western blotting of ACP5
in PC cells; C. Immunohistochemistry (IHC) analysis of ACP5 in the tissues of three PC patients.

The specific ACP5 function in PC was investi- were enriched in patient samples with high
gated using GSEA. Several signaling pathways ACP5 expression (Figure 4E-J), such as calcium
associated with proliferation and migration signaling pathway, cell cycle, JAK-STAT signal-
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Table 1. Clinicopathologic characteristics in relation to ACP5 expression status in TCGA cohort

Characteristic Group Low expression  High expression P

Age <65 (n=93) 51 42 0.230
> 65 (n=85) 38 47

Gender Female (n=80) 38 42 0.651
Male (n=98) 51 47

T stage T1 (n=7) 7 0 0.025
T2 (n=24) 13 11
T3 (n=142) 67 75
T4 (n=3) 1 2

Pathologic stage Stage | (n=21) 16 5 0.013
Stage Il (n=146) 66 80
Stage Il (n=3) 1 2
Stage IV (n=b5) 4 1

Histologic grade G1 (n=31) 20 11 0.209
G2 (n=95) 42 53
G3 (n=48) 25 23
G4 (n=2) 1 1

Anatomic neoplasm subdivision  Head of Pancreas (n=138) 63 75 0.048
Other (n=40) 26 14

History of chronic pancreatitis No (n=128) 63 65 1.000
Yes (n=13) 6 7

ing pathway, insulin signaling pathway, MAPK,
and WNT signaling pathways.

Roles of ACP5 in PC progression

Based on the bioinformatic analysis, ACP5 was
enriched in the proliferation and migration
pathways. The role of ACP5 in PC proliferation
and migration was validated by transfecting
the plasmids into PANC-1 cells to knock out
ACP5. The resulting PANC-1 cells transfected
with control plasmid were referred to as sgVec-
tor cells, and those transfected with sgACP5
plasmid were sgACP5 cells. Puromycin screen-
ing was conducted to identify stable PANC-1
cells with ACP5 knockout. Resultantly, the
ACP5 protein expression was significantly
reduced in sgACP5 cells compared to sgVector
cells (Figure 5A, 5B). The sgVector and sgACP5
cells were utilized in the following experiments.

SgVector and sgACP5 cells were detected using
CCKS8 to reflect their proliferation rates. The
proliferation rate of sgACP5 cells was signifi-
cantly lower than sgVector cells (Figure 5C).
Meanwhile, sgACP5 cells formed smaller and
fewer colonies than sgVector cells (Figure 5D,
5E). Thus, the findings indicated that ACP5 may
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be involved in the proliferation and indepen-
dent viability of PC cells.

The TNMpilot illustrated that ACP5 was highly
expressed in metastatic PC compared to
orthotopic PC (Figure 5F). In addition, a wound-
healing assay was performed to evaluate the
role of ACP5 in PC migration. The sgACP5 cells
healed slowly compared to sgVector cells
(Figure 5G, 5H), indicating that ACP5 could pro-
mote the proliferation and migration of PC cells.

Association between ACP5 and immune micro-
environment in PC

The role of ACP5 in the immune system and
participation in immune disease progression
has been previously reported [11]. In this
study, the GO annotation demonstrated a
strong correlation between ACP5 and immune
function in PC (Figure 4A and 4C). Meanwhile,
the KEGG and GSEA indicated ACP5 involve-
ment in several immune-related pathways
(Figures 4D and 6A). This study also evaluated
a differential infiltration of immune subpopula-
tion cells between the high and low ACP5
expression groups in TCGA-PAAD samples to
assess the association between ACP5 and

Am J Transl Res 2023;15(11):6437-6450
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Figure 3. The expression of ACP5 and promoter methylation are negatively correlated. (A) University of Alabama at
Birmingham Cancer data analysis Portal (UALCAN) analysis of ACP5 promoter methylation in The Cancer Genome
Atlas-pancreatic adenocarcinoma (TCGA-PAAD); analysis of ACP5 methylation level according to (B) node metasta-
sis, (C) gender, (D) age, (E) smoking, (F) tumor grade, (G) cancer stages, (H) P53 mutation, (I) The relation between
ACP5 expression and promoter methylation in TCGA-PAAD ("*P < 0.001, P < 0.01 and "P < 0.05).

immune microenvironment in PC (Figure 6B).
Furthermore, the TIMER analysis revealed that
B cell, CD8 T cell, CD4 T cell, macrophage, neu-
trophil, and dendritic cell infiltration in PC
increased with ACP5 upregulation, thus reduc-
ing the tumor purity (Figure 6C).

Further evaluation of the relationship between
ACP5 expression and stromal, immune, and
estimate scores indicated a positive correla-
tion between ACP5 expression and increased
non-neoplastic cells in PC (Figure 6D). In addi-
tion, the correlation between ACP5 and im-
mune subpopulation cells was evaluated by
ssGSEA. The results revealed that immune
subpopulation cells were significantly correlat-
ed with ACP5 expression (Figure 6E). Precisely,

6444

the positive correlation between ACP5 and
Treg cells was extremely high. These cells resist
immunotherapy, possibly contributing to the
immunosuppressive microenvironment in PC.
Therefore, ACP5 may be a valuable target for
future PC immunotherapy.

Discussion

Societal development, changes in eating hab-
its, poor quality lifestyle, and increased work
pressure have increased the morbidity of PC
[22]. The pathogenesis of PC remains unclear,
while genetic factors, immune status, and
external mutagens have been identified as
essential components of this disease [23, 24].
Currently, surgery and chemotherapy are the
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Figure 4. The enrichment of ACP5 in pancreatic cancer (PC). (A) Biological process (BP), (B) Cellular component (CC),
(C) Molecular function (MF), and (D) Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway of ACP5 in PC,
the enrichment of (E) calcium signaling pathway, (F) cell cycle, (G) JAK-STAT signaling pathway, (H) insulin signaling
pathway, (I) MAPK signaling pathway and (J) WNT signaling pathway in high ACP5 group.

primary clinical treatments for PC [25]. Pre- This study is the first to demonstrate the link
cisely, surgery is the first-line treatment for this between ACP5 and PC development. As an
disease, with chemotherapy as an adjunct [26]. oncogene, ACP5 reportedly participates in sev-
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Figure 6. The ACP5 expression positively correlates with non-neoplastic cell infiltration in pancreatic cancer (PC). (A) The enrichment of immune pathways in ACP5
high expression group, (B) The infiltration of immune subpopulation cells between high and low ACP5 groups, (C) The correlation between six specific immune cells
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eral tumor processes. For instance, the high
ACP5 expression in gastric cancer leads to
tumor metastasis and peritoneal spread [15].
Meanwhile, high FoxM1 expression promotes
hepatocellular carcinoma metastasis and inva-
sion, and ACP5 is a key node in this process
[27]. Highly expressed ACP5 also promotes
breast cancer proliferation, migration, and inva-
sion [8].

This study confirmed that ACP5 was upre-
gulated in PC and related to different stages,
grades, and locations. The TCGA data analysis
indicated that the ACP5 expression varied
according to the American Joint Committee on
Cancer (AJCC) tumor stage (P=0.025), patho-
logic grade (P=0.013), and anatomic site (P <
0.048). Furthermore, ACP5 could promote PC
proliferation and migration, thus, a valuable
therapeutic target for PC. A small molecule
inhibitor of ACP5, 5-phenylnicotinic acid, is a
potential target for PC treatment [28].

PC often has an immunosuppressive tumor
microenvironment (TME) with few immune
effector cells [29]. The TME also contains
numerous stromal cells, including cancer-
associated fibroblasts (CAFs) [30]. The CAFs
form a suppressive immune microenvironment
with immunosuppressive cells [31, 32], which
limits immune effector cell infiltration, leading
to the failure of PC to respond positively to
immunotherapy. Tumor immunotherapy offers
the prospect of new therapeutic modalities for
treating PC to overcome the suppressive
immune microenvironment in PC. The ACP5
expression positively correlated with Treg cell
infiltration in PC, which could be reduced by
suppressing ACP5 expression. This strategy
could improve the suppressive immune micro-
environment, possibly enhancing immunother-
apy response in PC patients.

In summary, this study identified ACP5 as a
vital gene and a possible prognostic marker in
PC. The upregulation of ACP5 significantly
affected cell proliferation, migration, and other
behaviors in PC. In addition, ACP5 is a critical
immune regulatory gene in PC. These findings
offer insight for developing future PC treat-
ments.
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