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Abstract
Ovarian cancer (OC) remains the primary cause of mortality among gynecological malignancies, and the 
identification of reliable molecular biomarkers to prognosticate OC outcomes is yet to be achieved. The gene 
palmitoyl protein thioesterase 2 (PPT2), which has been sparsely studied in OC, was closely associated with 
metabolism. This study aimed to determine the association between PPT2 expression, prognosis, immune 
infiltration, and potential molecular mechanisms in OC. We obtained the RNA-seq and clinical data from The Cancer 
Genome Atlas (TCGA), The Genotype-Tissue Expression (GTEx) and Gene Expression Omnibus (GEO) databases, 
then Kaplan-Meier analysis, univariate Cox regression, multivariate Cox regression, nomogram, and calibration were 
conducted to assess and verify the role of PPT2. Gene set enrichment analysis (GSEA) was used to figure out the 
closely correlated pathways with PPT2. Overexpression experiment was performed to explore the function of PPT2. 
Our findings showed that PPT2 mRNA expression was apparent down-regulation in OC tissue compared to normal 
ovarian tissues in TCGA, GTEx datasets, and GEO datasets. This differential expression was also confirmed in our 
in-house datasets at both the mRNA and protein levels. Decreased PPT2 expression correlated with lower survival 
rates in TCGA, several GEO datasets, and our in-house datasets. Multivariate analysis revealed that PPT2 was an 
independent factor in predicting better outcomes for OC patients in TCGA and GEO. A negative correlation was 
revealed between immune infiltration and PPT2 expression through Single-sample GSEA (ssGSEA). Additionally, 
PPT2 was negatively correlated with an up-regulated immune score, stromal score, and estimate score, suggesting 
that patients with low PPT2 expression might benefit more from immunotherapy. Numerous chemical agents 
showed lower IC50 in patients with high PPT2 expression. In single-cell RNA sequencing (scRNA-seq) analysis of 
several OC datasets, we found PPT2 was mainly expressed in endothelial cells. Furthermore, we found that PPT2 
inhibited OC cell proliferation in vitro. Our results demonstrated that PPT2 was considered a favorable prognostic 
biomarker for OC and may be vital in predicting response to immunotherapy and chemotherapy. Further research 
was needed to fully understand the relationship between PPT2 and immunotherapy efficacy in OC patients.
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Introduction
Among gynecological cancers, ovarian cancer (OC) has 
ranked as the second most frequent cause of death [1]. 
GLOBOCAN cancer statistics for the year 2020 showed 
that OC was the eighth most common and fatal cancer 
diagnosed among women worldwide [2, 3]. Approxi-
mately 70% of OC patients were diagnosed with perito-
neal or distant metastasis at the time of diagnosis due to 
the lack of specific symptoms, making it challenging to 
identify the disease early and could lead to poorer patient 
outcomes [4]. Combined chemotherapy with platinum-
based derivatives and taxanes was the first-line treatment 
for advanced OC patients following primary surgery. 
About 80% of patients showed an excellent response to 
initial chemotherapy. However, the majority of patients 
within 24 months would suffer a relapse of the platinum-
resistant tumors. The 5-year overall survival (OS) rate of 
patients diagnosed with advanced-stage OC has persisted 
at a dishearteningly low range of 25–35% for decades [5]. 
In recent years, there have been significant strides in the 
treatment of OC. Poly-ADP ribose polymerase (PARP) 
inhibitors, like olaparib, and antiangiogenic agents, such 
as bevacizumab, appeared to have the potential to post-
pone the recurrence of the ailment [6]. However, the vast 
majority of patients still suffered a tumor recurrence and 
eventually developed platinum resistance. Therefore, 
it was necessary to explore effective biomarkers for the 
prediction of prognosis and response to new treatment 
strategies.

Palmitoyl protein thioesterase (PPT) was a lysosomal 
enzyme that mainly served as the thioester link between 
fatty acids and cysteine in lipid-modified proteins and 
removed long-chain fatty acids from cysteine residues 
in proteins [7]. PPT1 and PPT2 were the two types of 
PPT [8]. PPT2 encoded a member of the palmitoyl-pro-
tein thioesterase family. Both two PPTs had a significant 
impact on lysosomal thioester catabolism [9]. PPT1 has 
been observed to be expressed in various types of cancer, 
such as liver, thyroid, and gastric cancers [10]. It has been 
demonstrated that increased expression of PPT1 in hepa-
tocellular carcinoma is linked with a reduced OS [11]. At 
present, PPT2 has rarely been studied in cancer. It was 
still uncertain whether PPT2 played a comparable role 
in tumorigenesis as PPT1. According to a recent study, 
PPT2 was found to be downregulated in clear cell renal 
cell carcinoma when compared to normal control tissues. 
Overexpression of PPT2 repressed the clear cell renal cell 
carcinoma (ccRCC) progression by reducing epithelial-
to-mesenchymal transition (EMT), the reduced expres-
sion of PPT2 could potentially serve as a novel diagnostic 
and prognostic biomarker, as well as a target for thera-
peutic interventions [12, 13]. However, there has been 
no report about the role of PPT2 in OC and its effect on 
prognosis yet.

In this study, we explored the potential prognostic 
value of PPT2 in OC for the first time. Real time-quan-
titative PCR (RT-qPCR) and immunohistochemistry 
(IHC) analyses were conducted in an in-house indepen-
dent OC cohort. Concerning the correlation with clinical 
characteristics, patient prognosis, drug sensitivity, levels 
of immune infiltration, and the biological function of 
PPT2 were investigated based on the bioinformatics tools 
and datasets of TCGA, GTEX, GEO, GSEA, STRING, 
CytoHubba plug-in, and TIMER. In addition, a nomo-
gram based on PPT2 expression and clinical factors was 
developed for OC patients to predict patient outcomes. 
We also found PPT2 mainly expressed in the endothelial 
cells by single-cell RNA sequencing (scRNA-seq) analysis 
in the Tumor Immune Single-cell Hub 2 (TISCH2) data-
base. Through clinicopathologic and survival analysis, as 
well as in vitro studies of OC cells, we demonstrated that 
PPT2 may be a valuable novel therapeutic agent against 
OC.

Materials and methods
Data collection
PPT2 expression profiles in OC from the GTEx project 
and TCGA dataset, and all the information we down-
loaded was from the UCSC Xena (https://xena.ucsc.
edu/platform) [14]. The pan-cancer expression differen-
tial and survival analysis of PPT2 was done by R package 
“UCSCXenaShiny” [15]. We obtained external valida-
tion datasets of PPT2 expression data from GSE27651, 
GSE29450, GSE40595, and GSE51088. We obtained 
external validation datasets of PPT2 survival and cor-
responding clinical information of OC patients from 
GSE23554, GSE26712, GSE32063, GSE51088, GSE63885, 
and GSE140082.

Nomogram construction
We downloaded the clinical information of OC patients 
(with complete details of age, stage, grade, tumor resid-
ual size, and PPT2 mRNA expression) in this study from 
the UCSC Xena (https://xena.ucsc.edu/platform). The 
nomogram and calibration curve were plotted by R pack-
age “regplot”. Nomogram could predict patients’ progno-
sis by integrating different prognostic factors to produce 
personalized clinical event probability. We used the cali-
bration curves to evaluate nomogram accuracy.

GSEA analysis
R package “clusterProfiler” was used to analyze the sig-
nificantly enriched HALLMARK between the high and 
low expression of PPT2 [16, 17]. The pathway metric of 
p < 0.05, FDR < 0.05 and |NES| > 1.

https://xena.ucsc.edu/platform
https://xena.ucsc.edu/platform
https://xena.ucsc.edu/platform
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Immune infiltration analysis
The ESTIMATE algorithm (R package “ESTIMATE”) was 
conducted to extract scores of stromalScore, immune-
Score, and estimateScore [18]. ssGSEA was employed to 
quantify immune cells and immune function (R package 
“GSVA”, “GSEABase”). With a comprehensive assessment 
of the immune infiltration website TIMER database [19] 
(http://timer.cistrome.org/) and assessed the relationship 
between PPT2 expression and immune infiltration score 
using the spearman’s correlation analysis.

Drug sensitivity assessment
The half-maximal inhibitory concentration (IC50) of che-
motherapy drugs from the Genomics of Drug Sensitivity 
in Cancer (GDSC) (https://www.cancerrxgene.org/) [20] 
was retrieved to analyze in the TCGA dataset (R package 
“pRRophetic”) [21].

Protein interaction network (PPI)
The LinkedOmics database (http://www.linkedomics.
org/login.php) [22] was employed for PPT2 co-expres-
sion analysis based on Spearman’s correlation coeffi-
cients. The heatmap was conducted to plot the results. 
STRING (v11.5, http://string-db.org/) [23] was an online 
tool to conduct the protein-protein interaction network 
functional enrichment analysis, we selected the organ-
ism as human specimens, and input the PPT2 positively 
related genes (correlation coefficient > 0.3, p < 0.05), then 
a cutoff value of 0.4 for minimum interaction score was 
set to obtain biological functions, with disconnected 
nodes hidden from network. Then, Cytoscape 3.9.0 [24] 
was used to visualize the interaction network of these 
proteins, and hub genes(filtering degree ≥ 10) were also 
acquired using the CytoHubba plug-in.

Clinical specimens
A total of 45 freshly frozen OC tissue samples were col-
lected in the first surgery from Aug. 2018 to Aug. 2019 at 
Affiliated Xingtai People Hospital of Hebei Medical Uni-
versity. In total, nine normal ovary tissues were collected 
from patients who received adnexectomy due to the 
gynecological benign diseases from Aug. 2018 to Aug. 
2019. The 45 OC patients were followed up regularly 
for 3 years after the initial surgery. The survival status 
of the patients was evaluated by PFS and OS. The Affili-
ated Xingtai People Hospital of Hebei Medical Univer-
sity Ethics Committee reviewed and approved our study 
(2018 [07]). Written informed consent was provided by 
all patients.

RT-qPCR analysis
TRIzol reagent (Generay Biotech, China) was used to 
extract total RNA based on the manufacturer’s proto-
col. Using Revert-Aid First Strand cDNA Synthesis Kit 

(Thermo Scientific, U.S.A.), 500ng total RNA was used 
to synthesize cDNA. With β-actin as a housekeeping 
gene and primers bought from Sangon Biotech Co. Ltd. 
(Shanghai, China), QuantiNova TMSYBR® Green PCR 
Kit (Qiagen, Hilden, Germany) was applied for RT-qPCR. 
Custom primers for PPT2 (F: ​G​G​A​C​T​T​C​G​G​G​T​G​C​G​C​G​
T​T, R: ​G​A​A​G​A​G​C​C​C​A​T​G​C​A​C​C​A​C​G​A) and β-actin (F: ​
G​T​G​G​C​C​G​A​G​G​A​C​T​T​T​G​A​T​T​G, R: ​C​C​T​G​T​A​A​C​A​A​C​
G​C​A​T​C​T​C​A​T​A​T​T) were acquired from Sangon Biotech 
Co. Ltd. (Shanghai, China).

Immunohistochemistry (IHC) staining
Nineteen tissue samples from 45 OC patients and nine 
normal ovary tissues were obtained, and IHC stain-
ing was performed for PPT2 using the PPT2 antibody 
(abs151365, 1:200, Absin, Bioscience Inc., Shanghai, 
China). Nuclear staining without cytoplasmic staining 
was considered positive. Specifically, staining intensity 
and percentage of the positive staining area of the IHC 
results were set as judgment criteria. The predicted loca-
tion for PPT2 was considered in intracellular. Specifically, 
the definition of negative, weak, moderate, and strong 
staining was no nuclear staining of cells, nuclear staining 
of < 25%, 25-75%, and > 75%, respectively.

Cell culture
Human OC cell lines A2780, OVCAR3, OVCAR8 and 
OVCA433 cell lines used in this study were purchased 
from the American Type Culture Collection (ATCC, 
Manassas, VA, USA). The HEK293T cell line was 
obtained from the Chinese Academy of Sciences (Shang-
hai, China). Cell lines were authenticated by short tan-
dem repeat (SRT) profiling.

Establishment of stable cell lines
The full-length cDNA of PPT2 was amplified and cloned 
into the PLVX-puro lentiviral vector, the lentiviral expres-
sion plasmids were co-transfected with packaging plas-
mids (pMD2G and psPAX2) into HEK293T cells using 
lipofectamine 3000 (Invitrogen, CA, USA). The super-
natants were harvested and filtered through 0.45 μm fil-
ters (FPV403030, JET BIOFIL, Guangzhou, China) after 
transfection for 48 h. lentiviral infection was performed 
by incubating cells with the virus-containing medium 
with polybrene for 24  h. Stable cells were then selected 
with 2 µg/ml puromycin.

siRNA transient transfection
Synthetic siRNA oligonucleotides targeting PPT2 were 
designed and synthesized by RiboBio (Guangzhou, 
China). Transfection of PPT2 siRNAs was performed 
using lipofectamine 3000 (Invitrogen, CA, USA) accord-
ing to the manufacturer’s instructions.

http://timer.cistrome.org/
https://www.cancerrxgene.org/
http://www.linkedomics.org/login.php
http://www.linkedomics.org/login.php
http://string-db.org/
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Western blot analysis
Cells were collected and lysed with RIPA buffer. Proteins 
were subject to SDS-PAGE, and transferred to the PVDF 
membrane (Millipore, Billerica, MA, USA). Following 
blocking with Bovine Serum Albumin (Beyotime, China), 
the blots were incubated sequentially with primary and 
secondary antibodies, and then visualized using an ECL 
detection kit (Millipore). The anti-PPT2 and anti-β-actin 
antibodies were purchased from Proteintech (Wuhan, 
Hubei, China).

Cell proliferation, colony formation
Cell proliferation was measured with Cell Counting Kit-8 
(CCK-8) (Dojindo, Japan). OC cells were plated at 1 × 103 
cells/well in the 96-well plates, and the absorbance of the 
samples was evaluated at 450 nm every 24 h for 5 consec-
utive days. For the colony formation assay, OC cells were 
seeded at 1 × 103 cells/well in 6-well plates and cultured 
under normal growth conditions for nearly 14 days. Col-
ony formation was determined by counting the number 
of stained colonies by crystal violet.

Transwell invasion assay
For invasion assay was performed using transwell cham-
ber inserts in a 24-well plate, 5 × 104 cells were seeded in 
100 µL of serum-free medium were added to the upper 

chamber coated with Matrigel (Corning, USA), while 
the lower chambers were filled with the normal cul-
ture medium. The cells were cultured for 36  h. Then 
the cells on the lower surface were fixed with methanol 
and stained with crystal violet. The number of migrat-
ing cells was counted in randomly selected fields with a 
microscope.

Statistical analysis
R software v3.6.3 was applied for all statistical analyses. 
The Chi-square test or Fisher’s exact test was applied for 
analyzing qualitative variables. Quantitative variables 
analyses were performed using the Wilcoxon rank-sum 
test. The Kaplan-Meier survival analysis was conducted 
by log-rank test. If not specified above, p < 0.05 was statis-
tically significant.

Results
In the schematic diagram of the study, the wet and dry 
laboratory experiments were shown in Fig. 1.

PPT2 is down-regulated in OC tissues
The archived information of 45 OC patients was obtained 
from the Affiliated Xingtai People Hospital of Hebei 
Medical University. The median age of the patients 
was 57 years (ranging from 24 to 77). Concerning the 

Fig. 1  Schematic diagram representation of the study design
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histology, 27 (60.0%) out of the 45 patients were diag-
nosed with serous adenocarcinoma, 10 (22.2%) with 
endometrioid carcinoma, 4 (8.9%) with clear cell carci-
noma, and 4 (8.9%) with mixed type. According to FIGO 
(International Federation of Gynecology and Obstetrics) 
staging, 10 cases (22.2%) had stage I-II OC, and 35 cases 
(77.8%) were in stage III-IV. Detailed information was 
shown in Table 1. The normal ovary tissues of 9 patients 
who underwent the adnexectomy because of benign 
gynecological diseases were collected. The median age 
was 51 years old (ranging from 46 to 73). They had never 
had a diagnosis of cancer before.

RT-qPCR was performed to detect PPT2 mRNA 
expression in 45 OC tissues and 9 normal ovary tis-
sues. Compared to PPT2 mRNA expression in the nor-
mal ovary tissues, an apparent down-regulation was 
observed in OC tissues (Fig. 2A). Additionally, the PPT2 
mRNA expressions from the TCGA and the GTEx were 
compared, and the PPT2 expression was high in normal 
samples (Fig. 2B). Additionally, we also found that PPT2 
was highly expressed in normal samples in GEO datas-
ets, GSE27651, GSE29450, GSE40995, and GSE51088, 
respectively. (Figs. 2C-F). We also separately analyzed the 
PPT2 expression profile in pan-cancer from the TCGA 
and GTEX datasets. PPT2 exhibited a notable decrease 
in expression across various types of tumors, such as 
cervical cancer (CESC), kidney chromophobe (KICH), 
and lung adenocarcinoma (LUAD). On the contrary, 
the higher expression of PPT2 in tumor was observed 
in lymphoid neoplasm diffuse large B-cell lymphoma 
(DLBC), glioblastoma multiforme (GBM), and skin cuta-
neous melanoma (SKCM) (Fig. 2G), which indicated the 

different roles of PPT2 in pan-cancer. In contrast with 
normal ovary tissues, the expression of PPT2 protein in 
the OC tissues was significantly weaker by IHC (Fig. 2H; 
Table 2). The expression status of PPT2 in the OC related 
scRNA-seq datasets was explored on the TISCH2 web-
site. The results revealed a conspicuous enrichment 
of PPT2 expression in the endothelial cells other than 
malignant cells in EMTAB8107, GSE147082, GSE151214, 
GSE154600 (Fig.  3). Therefore, we surmised that PPT2 
was down-regulated in tumor and might serve as one of 
the tumor suppressors in OC.

Low PPT2 expression significantly correlated with the 
unfavorable prognosis in OC
To investigate the prognostic implications of PPT2 in 
OC, the Kaplan-Meier analysis was conducted in an 
in-house independent cohort of 45 OC patients. The 
patients were divided into two groups based on the 
median value of PPT2 mRNA expression. In contrast 
with those patients with high PPT2 expression, the low 
PPT2 expression patients showed significantly shorter 
OS (Fig.  4A), and shorter progression-free survival 
(PFS) (Fig.  4B). We validated the OS in the datasets 
GSE23554, GSE26712, GSE32063, GSE51088, GSE63885, 
GSE140082 and TCGA, and low PPT2 expression were 
all observed to be significantly related to poorer OS in 
OC (Fig. 4C). We then validated the PFS in the datasets 
GSE32063, GSE140082, and low PPT2 expression were 
all observed to be significantly related to poorer PFS in 
OC (Fig. 4D). We also validated the disease-free survival 
(DSS) in TCGA, and low PPT2 expression was observed 
to be significantly related to poorer DSS in OC (Fig. 4E). 
In TCGA pan-cancer OS analysis, PPT2 was proved to 
be protective in OC, kidney renal clear cell carcinoma 
(KIRC), pancreatic adenocarcinoma (PAAD), and thy-
moma (THYM). PPT2 was proved to be risky in blad-
der urothelial carcinoma (BLCA), lung adenocarcinoma 
(LUAD), and thyroid carcinoma (THCA) (Fig.  4F). The 
above results proved that the PPT2 expression level was 
close to clinical outcome of many cancers, especially in 
OC.

Nomogram estimation
To detect whether PPT2 took an independent prog-
nostic association part in OC patients, a multivariable 
survival analysis was performed with PPT2 expression 
combined with clinical features datasets GSE140082, 
TCGA, and GSE32063, suggesting that PPT2 expres-
sion may be a novel independent OS biomarker for OC 
patients (Fig.  5A-C). We also found that PPT2 expres-
sion may be a novel independent PFS biomarker for OC 
patients in dataset GSE32063 (Fig. 5D). Then multivariate 
Cox regression analysis was used to build a gene-clinical 
nomogram furtherly, including PPT2 expression and 

Table 1  The clinicopathological characteristics of OC patients
Characters Histology/Stage Patients

(n)
Median Percent-

age/
Range

Age 45 57.5 years 24–77 
years

Histology Serous 27 60.0%
Endometrioid 10 22.2%
Clear cell 4 8.9%
Mixed type 4 8.9%

FIGO stage I-II 10 22.2%
III- IV 35 77.8%

Histological 
grade

G1 9 20.0%

G2 11 24.4%
G3 25 55.6%

Tumor re-
sidual size

0 cm 17 37.8%

≤ 1 cm 21 46.7%
> 1 cm 7 15.5%

Follow-up 
time

45 27 
months

14–36 
months
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Fig. 2  The expression of PPT2 in OC. (A) The comparison of PPT2 mRNA expression in 45 OC tissues and 9 normal ovary tissues. (B)The comparison of the 
PPT2 mRNA expression between the OC tissues and normal tissues in the TCGA and GTEx datasets. (C-F) The comparison of PPT2 protein in OC tissues 
and normal ovary tissues in datasets GSE27651, GSE29450, GSE40995, and GSE51088, respectively. (G)The comparison of PPT2 expression in pan-cancer 
tissues and normal tissues. * p < 0.05, ** p < 0.01, and *** p < 0.001. (H) The IHC of normal and OC tissues
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multiple clinical factors, which could visually and accu-
rately predict the survival of patients at 1, 3 and 5 years 
based on PPT2 expression and clinical information 
(Fig. 5E). The calibration plots for the nomogram model 
indicated that the observed rate was well-matched with 
the predicted values by the nomogram (Fig.  5F). The 
(Area under the curve) AUCs of 1-year (AUC = 0.711), 
3-year (AUC = 0.643), and 5-year (AUC = 0.647) ROC 
curves predicted by the nomogram score suggesting the 
efficiency of nomogram in predicting prognosis for OC 
to a certain extent.

Functional analysis of PPT2 in OC
To explore the biological effects associated with PPT2 in 
OC, functional enrichment analysis between high and 
low expression of PPT2 was conducted using GSEA anal-
ysis across the entire set. The highly related HALLMARK 
pathways in the low expression of the PPT2 subgroup 
were HALLMARK EPITHELIAL MESENCHYMAL 
TRANSITION, HALLMARK IL6 JAK STAT3 SIGNAL-
ING, HALLMARK KRAS SIGNALING UP (Fig. 6A). To 
deeply understand the biological roles of PPT2 in OC, we 
analyzed the gene expression correlation with all other 
genes, the positively and negatively correlated signifi-
cant genes were presented (Fig. 6B-C). According to the 
method MCC in CytoHubba, we found ten hub genes 
(VPS52, RGL2, SLC39A7, PFDN6, COL11A2, RXRB, 
ZBTB9, RING1, WDR46, and CUTA) from all the inter-
acted genes (Fig. 6D).

Assessment of the immuno‑/chemotherapeutic response 
in the risk subtypes for OC patients
We calculated the infiltrating scores of 16 types of 
immune cells and 13 immune-related functions or path-
ways to investigate the correlation between the PPT2 
expression and immune infiltration. The significantly 
different abundances of the immune cells between the 
high and low PPT2 expression subgroups were observed, 
including B cells, NK cells, Th1 cells. What’s more, the 
immune-related functions, such as APC-co-stimulation, 
inflammation-promoting, and cytolytic activity, showed 
clear differences between the high and low PPT2 expres-
sion groups. (Fig.  7A). Besides, patients with low PPT2 
expression had a higher estimate score, immune score, 
and stromal score, implying an obviously different tumor 

immune infiltration level in different expressions of PPT2 
(Fig.  7B). Multiple immune cells also exhibited negative 
relations to the expression level of PPT2 via different 
algorithms, such as TIMER, EPIC, and XCELL (Fig. 7C-
D). Above all, we surmised that OC patients with low 
PPT2 expression might be more suitable for immuno-
therapy, which may provide laboratory evidence for indi-
vidual therapies. The IC50 values of the low PPT2 and 
high PPT2 groups were calculated based on the GDSC 
data, we found that the IC50 values of the A-770,041, 
CGP-60,474, Dasatinib, DMOG, Erlotinib and JW-7-52-1 
were lower in the low PPT2 group (Fig.  8). The above 
results demonstrated that the poor prognosis of low high 
PPT2 patients might be more sensitive to the immuno-
therapy and chemotherapy.

PPT2 reduced proliferation and invasion of OC cells
In order to demonstrate the functional significance of 
PPT2 in OC, the stable PPT2-overexpressed OVCAR3 
and A2780 cell lines were generated, we validated 
the PPT2-overexpressed in mRNA and protein levels 
(Fig.  9A-B, Figure S1). As shown in the results, overex-
pression of PPT2 significantly inhibited the proliferation 
of OVCAR3 and A2780 cells lines (Fig. 9C, D, F, G). At 
the cellular level, transwell assays showed that the PPT2 
overexpression group could significantly inhibit the 
invasion of OVCAR3 and A2780 cells lines (Fig. 9E, H). 
Furthermore, we knocked down the expression of the 
PPT2 in OVCAR8 and OVCA433 cells, we validated the 
PPT2 knockdown efficiency in mRNA and protein levels 
(Fig.  10A-B, Figure S1). Decreased expression of PPT2 
significantly promoted the proliferation of OVCAR8 and 
OVCA433 cells lines (Fig. 10C, D, F, G). Transwell assays 
showed that the decreased expression of PPT2 signifi-
cantly promoted the invasion of OVCAR8 and OVCA433 
cells lines (Fig.  10E, H). These results suggested that 
PPT2 could inhibit the proliferation and metastasis of 
OC cells in vitro.

Discussion
It has been identified that four distinct acyl protein 
thioesterases possessed the catalytic ability to facilitate 
depalmitoylation, with PPT2 being among their ranks 
[25]. For several biological processes, enzymes that reg-
ulated protein palmitoylation were critical. The limited 
space between two parallel loops (beta3-alphaA and 
beta8-alphaF) located immediately above the lipid-bind-
ing groove in PPT2 restricted the binding of fatty acids 
with bulky head groups, and this binding groove was sig-
nificantly larger in PPT1, revealing the basis for divergent 
substrate specificities of the two lysosomal thioesterases, 
PPT1 and PPT2 [26]. PPT1 promoted tumor growth and 
was the molecular target of chloroquine derivatives in 
cancer [10]. GNS561, a clinical-stage PPT1 inhibitor, was 

Table 2  The PPT2 protein levels in the OC and normal ovary 
tissues
PPT2 expression OC tissues

N (%)
Normal ovary tissues
N (%)

p

Negative 7 0 0.003
Weak 10 2
Moderate 2 4
Strong 0 3
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efficient against hepatocellular carcinoma via modula-
tion of lysosomal functions [27, 28]. High PPT1 expres-
sion predicted poor clinical outcome and PPT1 inhibitor 
DC661 enhanced sorafenib sensitivity in hepatocellular 
carcinoma [11]. A lack of PPT1 (due to gene mutations) 
caused the progressive death of cortical neurons and 
was responsible for infantile neural ceroid lipofuscinosis 

(INCL), a severe neurodegenerative disorder in children 
[29]. PPT1 promoted the proliferation of hepatocellu-
lar carcinoma cells in vitro and quantitative proteomics 
and bioinformatics analysis confirmed that PPT1 acts 
by affecting the metabolism, localization, and function 
of various macromolecular proteins [30]. PPT1 reduc-
tion contributed to erianin-induced growth inhibition 

Fig. 3  The expression status of PPT2 in OC single-cell database. (A-D) The expression of PPT2 was lower in malignant cell type in OC datasets EMTAB8107, 
GSE147082, GSE151214, and GSE154600
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Fig. 4  The prognosis value of PPT2 in OC. (A-B) Kaplan-Meier survival curve for comparing the high and low expression of PPT2 in an in-house OC cohort 
associated with OS, and PFS respectively. (C) Kaplan-Meier survival curves for comparing the high and low expression of PPT2 associated with OS in data-
sets GSE23554, GSE26712, GSE32063, GSE51088, GSE63885, GSE140082, and TCGA respectively. (D) Kaplan-Meier survival curves for comparing the high 
and low expression of PPT2 associated with PFS in datasets GSE32063, and GSE140082 respectively. (E) Kaplan-Meier survival curves for comparing the 
high and low expression of PPT2 in the TCGA dataset associated with DSS. (F) Cox regression survival analysis in pan-cancer
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in oral squamous carcinoma cells [31]. PPT1 inhibition 
enhanced the antitumor activity of anti-PD-1 antibody in 
melanoma [32]. DQ661 was a novel dimeric quinacrine 
that affected multiple lysosomal functions (autophagy 
and macropinocytosis) and mTORC1 (mechanistic tar-
get of rapamycin) activity by specifically targeting PPT1 
[28]. Inhibition of PPT1 using ezurpimtrostat decreased 

the liver tumor burden in a mouse model of hepatocel-
lular carcinoma by inducing the penetration of lympho-
cytes into tumors when combined with anti-PD-1 [33]. 
The effect of PPT2 downregulation on STING palmi-
toylation may be related to acyl-CoA metabolism in gene 
therapy [34]. PPT2 transferred the phosphopantetheinyl 
group of coenzyme A to the acyl carrier protein Acp1 

Fig. 5  PPT2 served as an independent prognostic factor in OC (A-C) Univariate and multivariate Cox regression analysis for OS in datasets GSE140082, 
TCGA, and GSE32063. (D) Univariate and multivariate Cox regression analysis for PFS in dataset GSE32063. (E) Nomogram predicting 1-year, 3-year and 
5-year survival. * p < 0.05, ** p < 0.01, and *** p < 0.001. (F) Calibration curves for 1-year, 3-year and 5-year survival probability. (G) The 1-year (0.711), 3-year 
(0.643), 5-year (0.647) ROC curves predicted by the nomogram score
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in mitochondria for the synthesis of lipoic acid that was 
essential for fungal respiration, so making PPT2 an ideal 
target for antifungal drugs [35, 36]. PPT2 deficiency in 
mice caused an unusual form of neuronal ceroid lipofus-
cinosis with striking visceral manifestations [37]. Overex-
pression of PPT2 repressed the proliferation, migration 
and invasion of ccRCC cells in vitro progression by 
reducing EMT [12]. PPT2 belonged to a differentially 
methylated region related to survival in oropharyngeal 
cancer [38]. The comprehensive review of previous stud-
ies on PPT revealed that research on PPT1 was extensive, 
encompassing cellular functions, molecular pathways, 
and even clinical pharmacology. In contrast, investiga-
tions into PPT2 were comparatively limited. This dispar-
ity underscored the necessity for further exploration of 
PPT2 and was compelling reason to believe that PPT2 
also held significant potential for clinical research.

The present study investigated the possible role of 
PPT2 in OC. First, it showed that the PPT2 expression 
was markedly lower in OC tissues compared with nor-
mal ovary tissue in both mRNA and protein levels in 
our in-house dataset. Consistent results were observed 

in the TCGA, GTEx, and other GEO datasets. We also 
presented the pan-cancer differential expression of PPT2, 
PPT2 showed a significant differential expression in many 
cancer types. However, another essential protein thioes-
terase, PPT1, was significantly up-regulated in OC tissue 
compared with normal ovary tissue in TCGA and GTEx 
datasets (Figure S2). The thioester bonds in S-fatty acyl-
ated proteins, linking fatty acids to cysteine residues were 
hydrolyzed by PPT1. PPT2 like PPT1 targeted lysosomes 
through the mannose 6-phosphate receptor pathway and 
was extremely active against palmitoylated model sub-
strates such as palmitoyl CoA [39]. PPT2 could not res-
cue the neural inclusion phenotype connected with the 
loss of PPT1 even though they were highly similar, and 
that was what suggested distinct functions and substrates 
for these two thioesterases [26]. Therefore, PPT1 and 
PPT2 may play different roles in tumor development.

Subsequently, regarding the expression of PPT2 and 
clinical outcomes, we used multiple datasets to analyze 
the relationship between them. The results presented 
here concluded that patients with low PPT2 expression 
had a significantly poorer clinical outcome in OC from 

Fig. 6  Functional Analysis of PPT2 in OC. (A) Highly enriched hallmark pathways in the low PPT2 expression group (all p < 0.05, FDR < 0.25, |NES| > 1). 
(B) The global PPT2 highly correlated genes identified by Spearman’s test in the TCGA cohort (LinkedOmics). (C) The top 50 positively and 50 negatively 
correlated significant genes of PPT2 were presented in the heatmap. (D) The hub genes (VPS52, RGL2, SLC39A7, PFDN6, COL11A2, RXRB, ZBTB9, RING1, 
WDR46, and CUTA) associated with PPT2 were identified in OC by CytoHubb
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multiple cohorts, including our in-house dataset, the 
TCGA dataset, and other GEO datasets. We also showed 
the pan-cancer survival correlation with the expression of 
PPT2, PPT2 showed a significant risky or protective role 
in many cancer types. Moreover, a multivariable survival 
model including the PPT2 expression showed that PPT2 
could serve as an independent prognostic factor for OS 
and PFS. A clinical nomogram based on PPT2 expres-
sion combined with clinical factors was constructed to 
visually predict patient outcomes and accurately pre-
dict the survival of patients at 1, 3 and 5 years. Further 
in vitro experiments proved that PPT2 could inhibit the 
proliferation and metastasis of OC cells. The important 
implications of PPT2’s involvement in prognosis pre-
diction in OC deserved to be thoroughly explored in 
further experiments. We also found that a high expres-
sion level of PPT2 was closed related to the activation of 
HALLMARK EPITHELIAL MESENCHYMAL TRAN-
SITION, HALLMARK IL6 JAK STAT3 SIGNALING, 
HALLMARK KRAS SIGNALING UP, the activation of 
these related pathways could promote tumorigenesis and 
development, we here postulated that within neoplastic 

tissues, the diminished expression of gene PPT2 served 
to promote the pathways, subsequently facilitating the 
proliferation of cancerous cells, thus leading to adverse 
prognostic outcomes for the OC patients. Many hub 
genes were found to be closely related to cancer. VPS52 
induced apoptosis via cathepsin D in gastric cancer [40]. 
RGL2 drove the metastatic progression of colorectal can-
cer [41]. SLC39A7 was a novel determinant of ferroptosis 
[42]. PFDN6 was a potential predictive marker of dexa-
methasone resistance in childhood acute lymphoblastic 
leukemia [43]. ZBTB9 was a novel biomarker in Liver 
Hepatocellular Carcinoma [44]. RING1 promoted the 
transformation of hepatic progenitor cells into cancer 
stem cells through the Wnt/β-catenin signaling pathway 
[45].

In recent years, compared with the standard treat-
ments (surgery, chemotherapy and radiotherapy), cancer 
immunotherapy seemed to significantly improve certain 
patients’ clinical outcomes and quality of life [46]. The 
previous study showed that the intra-tumoral T cells 
were related to improved PFS and OS in patients with 
OC and were associated with the activation of antitumor 

Fig. 7  Correlation of PPT2 expression with immune infiltration level in OC. (A) The abundance of different immune cells and immune pathways in the 
low and high expression of PPT2. (B) Comparison of tumor microenvironment (TME) scores between the low and high expression of PPT2. (C) Immune 
infiltration scores of different cells associated with PPT2 expression by different algorithms. (D) Correlation between the PPT2 expression and some rep-
resentative immune infiltration cell scores. * p < 0.05, ** p < 0.01, and *** p < 0.001
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mechanisms [47, 48]. Some studies described that the 
intraepithelial TILs were the relevant prognostic factors 
for the prognosis of OC patients [47, 49, 50]. However, 
effective strategies to identify OC patients who may ben-
efit from immunotherapy were needed. In this study, 
it was confirmed that PPT2 expression was correlated 
with immune infiltration levels in OC. More immune 
cells, such as CD8 + T cells and NK cells, were associ-
ated with lower PPT2 expression by different algorithms 
displayed in the immune cell bubble chart by different 
methods. Moreover, PPT2 was negatively correlated with 
an up-regulated immune score, stromal score, and esti-
mate score. All the above results indicated that the PPT2 
expression was significantly correlated with the immune 
infiltration status of patients. We also found that the 
IC50 values of the A-770,041, CGP-60,474, Dasatinib, 
DMOG, Erlotinib and JW-7-52-1 were lower in the low 
PPT2 group. Therefore, we proposed that administer-
ing immunotherapy and chemotherapy earlier could 
significantly improve clinical outcomes for patients with 
low PPT2 expression, who typically had poor progno-
ses. We speculated that the molecular mechanism of the 
lower expression level of PPT2 in OC may be related to 
the activation of tumor promotion pathways, such as 
HALLMARK EPITHELIAL MESENCHYMAL TRANSI-
TION. In this study, compared to previous research on 

PPT2 in ccRCC and oropharyngeal cancer, we conducted 
a more comprehensive investigation encompassing cellu-
lar functions, tumor tissue expression, survival analysis, 
immunological profiling, and pharmacological evalua-
tion. The potential clinical implications of using PPT2 as 
a prognostic biomarker and its role in immunotherapy 
were significant. Our study, the first to report on PPT2 
expression in OC, identified low PPT2 expression as a 
potentially unfavorable biomarker for OC patients, vali-
dated in an independent in-house cohort and multiple 
public datasets. We demonstrated that decreased PPT2 
expression correlated with lower survival rates and found 
a negative correlation between PPT2 expression and 
immune cell infiltration. Additionally, patients with low 
PPT2 expression exhibited lower IC50 values for chemo-
therapeutic drugs, suggesting they might benefit more 
from immunotherapy and chemotherapy. Despite these 
promising findings, translating these results into clinical 
practice faced several challenges, including the need for 
prospective validation, addressing individual variability, 
and standardizing detection methods. Furthermore, the 
retrospective nature of our data analysis might introduce 
inherent biases, and selection biases in datasets could 
impact the generalizability of our conclusions. Future 
research should focus on conducting prospective stud-
ies with diverse cohorts, performing detailed mechanistic 

Fig. 8  Evaluation of sensitivity to chemotherapy for PPT2
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studies to uncover the biological pathways involving 
PPT2, developing standardized detection methods, 
exploring integration with other biomarkers, and imple-
menting longitudinal studies to monitor PPT2 expression 
over time. Addressing these challenges were crucial for 

realizing the potential of PPT2 as a valuable clinical bio-
marker and therapeutic guide, as our findings suggested 
that PPT2 could serve as a favorable prognostic bio-
marker for OC and might play a critical role in predicting 
responses to immunotherapy and chemotherapy.

Fig. 9  PPT2 reduced proliferation and invasion of OC cells. (A-B) Stable overexpression of PPT2 in OVCAR3 and A2780 cells. The expression of PPT2 was 
verified at both mRNA and protein levels. (C) Overexpression of PPT2 impaired the colony-forming ability of OVCAR3 cells. (D) Overexpression of PPT2 
significantly reduced the proliferation rate of OVCAR3 cells. (E) Transwell assay results showed that overexpression of PPT2 could significantly decreased 
the invasion of OVCAR3 cells. (F) Overexpression of PPT2 impaired the colony-forming ability of A2780 cells. (G) Overexpression of PPT2 significantly 
reduced the proliferation rate of A2780 cells. (H) Transwell assay results showed that overexpression of PPT2 could significantly decreased the invasion of 
A2780 cells. * p < 0.05, ** p < 0.01, and *** p < 0.001
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Conclusion
In conclusion, it was the first time that the clinical impli-
cations of PPT2 expression were reported in OC. The low 
expression of PPT2 was demonstrated to be a potentially 
unfavorable biomarker for OC patients in an indepen-
dent in-house cohort and in multiple public datasets. A 
negative correlation between immune cells and PPT2 
expression was found and lower IC50 values of drugs, 
implying that immunotherapy and chemotherapy might 
be more beneficial to patients with low PPT2 expression. 
However, the present findings required more further 
studies including prospective and multi-center studies.
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