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Background: Endometrial cancer (EC) is the fourth most common neoplasm and the
eighth leading cause of cancer death in females worldwide. PTPN18 is a member of
the protein tyrosine phosphatases (PTP) family, which is associated with the occur-
rence and progression of various human cancers. PTPN18 was up-regulated in endo-
metrial cancer tissues and high level of PTPN18 promoted proliferation and metastasis
of EC cells.

Methods: The expression of PTPN18, GPX4 and xCT in endometrial cancer tissues and KLE
cells was detected by immunohistochemistry and Western blot, respectively. Lentiviral transfection
were used to silence PTPN18 level in KLE cells. The Ros level in KLE cells was examined by
ELISA assay.

Results: In the present study, we found that silencing of PTPN18 induced ferroptosis in KLE
endometrial cancer cells. PTPN18 knockdown increased intracellular ROS level and down-
regulated GPX4 and xCT expression. Besides, silencing of PTPN18 also induced the expression
of p-p38.

Conclusion: We concluded that silencing of PTPN18 might induce ferroptosis by targeting
the p-p38/GPX4/xCT axis. The results provide critical insight into the application of PTPN18
knockdown in EC intervention.
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Introduction

Endometrial carcinoma (EC) is one of the most common gynecological malignancy
cancer types, which affects the health of many women worldwide.! As the eighth
leading cause of cancer-related death in women, the incidence and mortality rates of
EC are increasing rapidly.” The prognosis is unfavorable for EC patients with
metastasis or recurrence, who are at a higher risk of mortality significantly and
always live a life with a low quality.> The median overall survival time of patients
with EC resistance to chemotherapy and hormone therapy is usually less than 16
weeks.? Accepted risk factors for EC include prolonged exposure to endogenous or
exogenous estrogens, age at menopause, age at menarche, obesity, history of
infertility, polycystic ovarian syndrome, diabetes, and prior pelvic radiation
therapy.® It remains vague how genetic regulatory networks modulate the initiation
of EC. It is still hard to predict the prognosis and seek convenient and effective
biomarkers for EC patients though great improvements have been made in classify-
ing EC patients by estrogen receptor status.’

submit your manuscript

Dove n

http:

in 3

Cancer Management and Research 2021:13 1757-1765 1757
© 2021 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
BY_ N

php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-6757-3573
http://orcid.org/0000-0002-8159-4140
mailto:baoshan3@hainmc.edu.cn
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Wang et al

Dove

Ferroptosis is a recently discovered unique form of
programmed cell death driven by mitochondrial lipid per-
oxidation and dysregulation of cellular iron metabolism.®
Unlike necroptosis or apoptosis, ferroptosis is independent
of receptor-interacting protein 1 (RIPK1) kinase activity
and caspase activity.” With the in-depth study, multiple
lines have indicated that ferroptosis is related to various
types of diseases, especially carcinoma.®'® Emerged
reports reveal that ferroptosis facilitates the selective era-
dication of cancer cells.*'® However, investigations
regarding the function of ferroptosis in EC progression
are still rare.

PTPNI18, BDP1, located in
Chromosome 2q21.1, belongs to the PTP family.
PTPN18 can regulate the expression of HER2, which
belongs to the epidermal growth factor receptor family

also known as

of receptor tyrosine kinases.'' A considerable amount of
literatures indicated that PTPN18 is involved in the
progression of various cancers. PTPN18 is correlated
with the pathological grade in digestive tract cancers'?
and independent prognostic factors in hepatocellular
carcinoma.'” The expression of PTPN18 increased in
PTPN18 might be
a critical mediator in oncogenesis.'*

breast tumor, illustrating that
We previously
demonstrated that PTPN18 is up-regulated in endome-
trial cancer tissues, and promoted the proliferation and
metastasis of endometrial cancer cells.!> However, there
few studies to investigate the relationship between
PTPN18 and ferroptosis.

In this study, we want to investigate the underlying role
PTPNI18 played in ferroptosis of EC to search suitable

biomarkers for the screening and treatment of EC.

Methods
Cell Culture and Main Regents

KLE endometrial cancer cells were obtained from
American Type Culture Collection (ATCC) and cultured
in DEME/F12 medium containing 10% fetal bovine serum
(FBS), 1% penicillin (100 U/mL), and streptomycin (100
U/mL). The cells were maintained at 37°C in a humidified
incubator with 5% CO, and 95% air.

DMEM/F12 medium, FBS, and trypsin were obtained
from Gibco. Penicillin and streptomycin double antibodies
were purchased from Genview. Cell Proliferation and
Activity Assay Kit (CCK-8) was obtained from Shanghai

Best-Bio. The primary antibodies PTPN18, GPX4, xCT
and GAPDH were purchased from ABclonal. The primary
provided by Cell
Technology and p38 was obtained from Proteitech.

antibody p-p38 was Signaling
Reactive Oxygen Species Assay Kit (No. S0033) was
purchased from Beyotime Biotechnology.

Cell Viability Assay

The transfected KLE cells (2 x 10° cells/well) were seeded
in 96-well culture plates. Forty-eight hours after inocula-
tion, the cell proliferation for 5 consecutive days was
examined via CCK-8 assay. The cells were incubated in
medium with 20 uL/well CCK-8 solutions for 1-2 h at 37°
C. Absorbance was measured at 450 nm by a Thermo
Fisher spectrometer.

Detection of Intracellular ROS

ROS level in each group KLE cell was analyzed by Flow
cytometry using DCFH-DA as a fluorescence probe stain-
ing. The cells in each group were collected by centrifuga-
tion. The cells were then washed twice by cold PBS,
resuspended by 500 pL binding buffer to adjust the con-
centration to 10%mL. One hundred microliter cell suspen-
sion was transferred into a 5 mL flow tube, 5 pL. ROS test
reagent was added into the flow tube and mix, incubate at
37°C in the dark for 15 minutes. Flow cytometry was
performed on a BECKMAN CogtoFLEX flow cytometer
and the data were analyzed with FlowJo software.

RNA Interference

To silence PTPN18 expression, KLE cells were transfected
lentiviral ~vectors harboring PTPNI18 siRNA (5" -
GTGGCTGAATGAGGACATCAT - 3'). KLE cells were
seeded in 6-well plates (2 x 10°) and were transfected with
20 uM PTPNI8 siRNA wusing Lipofectamine 3000
(Invitrogen) for 4 h. Then, the medium was replaced with
fresh DEME/F12 medium containing 10% FBS. After another
24 h culture, cells were harvested to extract protein for the next
analysis.

Western Blot

Total protein was obtained from KLE cells using RIPA
buffer containing 1% protease inhibitor cocktail (Sigma-
Aldrich). Protein concentrations were measured by BCA
assay (Beyotime). The protein samples of each group were
separated by SDS-PAGE and blotted onto PVDF
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Table | General Features of Patients Included in the Study
Variables CON SHE AEH EC
Cases 20 20 20 20
Age (y) 36.4 £ 10.24 38.64 + 8.24 37.94 + 850 40.56 + 10.50
BMI (kg/m?) 24.19 + 3.54 26.40 + 3.86 28.50 + 3.80 24.53 + 3.76
Pregnancy (times) 213+ 1.25 3.00 = 1.00 1.60 + 1.45 1.50 + 1.25
Abortion (times) 0.67 + 0.54 2.54 + 221 1.68 + 1.32 2.44 + 2.66

membranes (Millipore) following incubating at 4°C over-
night with primary antibodies against PTNTI1S8, xCT,
GPX4, p38, p-p38 and GAPDH. HRP-conjugated goat
anti-rabbit/mouse IgG (Boster) was used as a secondary
antibody. Immunoreactive protein bands were visualized
by a ClinxChemiScope 6000 scanning system. The gray-
scale values were quantified by Image-J software.

ELISA Assay

GPX4 levels in KLE cells supernatant were determined by
an ELISA assay kit (R&D Systems, Minneapolis, MN)
according to the manufacturer’s instructions.

Immunohistochemistry (IHC)

All the EC tissue samples were collected from Hainan
General Hospital. The EC tissue samples were fixed,
embedded,
described with slight modification.'® The tissue sections

and cut into 5 sections as previously
were incubated for 30 minutes at 60°C and then depar-
affinized with xylene (2 x 10 min), rehydrated with
graded ethanol solutions (2 x 100%, 80%, 70%; 4 x 5
min), then blocked with 3% H,O, in PBS for 10 min-
utes to delete endogenous peroxidases. Next, the sec-
tions were incubated at 95°C in 10 mM citric acid (pH
6.0) for 10 min to retrieve the antigen followed by a 10-
min wash with PBS. Unspecific binding sites were
blocked with 5% normal calf serum (NCS) in PBS for
30 min at RT. The following incubation with primary
antibodies against PTNT18, xCT, GPX4 diluted in 5%
NCS/PBS was 4°C in
a humidified chamber. Next, sections were washed 3
with PBS (3 x
a biotinylated secondary antibody (1:500 dilution in
5% NCS/PBS). After a 2-h incubation period at RT,
the excess antibody was removed by 3 washes with
PBS (3 x 10 min). The 3, 3'-diaminobenzidine (DAB)
substrate (0.01% H,0, and 0.05% DAB in H,0) was

carried out overnight at

times 10 min) before adding

applied for visualization of immunoreactivity. To obtain
optimal labeling intensity, staining development was
followed under visual control and reaction was stopped
by incubation in distilled water for 5 min. For nuclear
counterstaining, sections were incubated in the hematox-
ylin solution for 1 min and rinsed in running tap water
for 10 min. Subsequently, sections were dehydrated with
ascending ethanol solutions (70%, 80%, 2 x 100%; 4 x
5 min), and finally cleared in xylene. Control sections
were treated using the same incubation conditions,
except that slides were incubated with 5% NCS/PBS
instead of the primary antibody. Samples were subse-
quently coated with Entellan mounting medium and
examined wusing a Leica
DM2000 LED).

microscope  (Leica.

Statistical Analysis

GraphPad Prism 5 was used to conduct statistical analysis.
All p values were obtained from three independent experi-
ments and expressed as mean + SD. p <0.05 was regarded
as statistically significant by one-way ANOVA or
Pearson’s x> test using SPASS 18.0.

Results

Patients’ Characteristics
The present study included 80 female patient endometrial
tissues, including 20 cases of simple endometrial hyperplasia
(SEH), 20 cases of atypical endometrial hyperplasia (AEH),
20 cases of endometrioid adenocarcinomas grade 1 (EC),
and 20 cases of healthy control tissues (CON), which all
collected from Hainan General Hospital between Feb 2018
and Feb 2020. Data gathered included patient age at diagno-
sis, body mass index, number of pregnancies and abortions.
Table 1 presents selected general features of the
studied population. There were no apparent differences
in age and mean body mass index (BMI) between each
group of patients. At the same time, there were
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Figure | PTPN 18 was overexpressed in endometrial cancer specimens. Representative images of PTPN |8 immunohistochemistry staining in (A) control tissues (CON), (B)
simple endometrial hyperplasia (SEH), (C) atypical endometrial hyperplasia (AEH) and (D) endometrial cancer tissues (EC).

statistically significant differences in the number of
pregnancies and abortions between each group of
patients. Pregnancy times of CON and SHE patients
are significantly higher than that of AEH and EC
group, while abortion times in the CON group is
remarkably lower than the other three groups.

The Expression of PTPN 18, GPX4 and

xCT in Endometrial Cancer (EC)

THC confirmed the difference of PTPN18, GPX4 and xCT
expression in CON, SHE, AEH and EC tissues. PTPN18
expression in EC tissue was significantly higher than that
in normal tissue (Figure 1A-D), while the level of
Glutathione peroxidase 4 (GPX4) and xCT transporters
lower in EC tissue compared with that in normal tissue
(Figure 2A-D and Figure 3A-D). GPX4 and xCT are
marker genes of ferroptosis. Therefore, we predicted that
PTPN18 might induce ferroptosis in EC. Detailed infor-
mation is listed in Table 2.

Silencing of PTPN 18 Induced Ferroptosis
via GPX4

ROS plays a vital role in lipid peroxidation, thus increased
intracellular ROS level might also cause ferroptosis.'” In
this study, we revealed that PTPN18 knockdown stimu-
lated ROS production significantly (Figure 4A and B).
Besides, PTPN18 silencing also suppressed proliferation,
induced apoptosis of KLE cells (Figure 4C). In addition,
GPX4 levels in KLE cells supernatant decreased notably
(Figure 4D). The above results revealed that silencing of
PTPN18 induced ferroptosis by targeting GPX4.

PTPN 8 Silencing Blocked GPX4
Expression by Up-Regulation of p-P38

In the current study, we want to explore whether p-p38 has
been involved in PTPN18 mediated ferroptosis. Silencing
of PTPN18 blocked the expression of GPX4 and xCT
revealed by Western blot (Figure 5A and B). Besides, the
expression of p-p38 increased significantly after PTPN18
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Figure 2 GPX4 was down-regulated in endometrial cancer specimens. Representative images of GPX4 immunohistochemistry staining in (A) CON, (B) SEH, (C) AEH and

(D) EC specimens.

silencing (Figure 5A and B). Thus, we concluded that
silencing of PTPNI18
regulation of p-p38 in KLE endometrial cancer cells.

induced ferroptosis via up-
Taken together, these results suggested silencing of
PTPN18 might induce ferroptosis by targeting the p-p38/
GPX4/xCT axis.

Discussion

Endometrial cancer (EC), as the most common gynecolo-
gic cancer, ranks the fourth most common neoplasm and
the eighth cancer-related death in females." In recent
years, PTPN18, a member of the protein tyrosine phos-
phatases (PTP) family predicted to be tumor suppressors
or oncogenes, has been confirmed to participate in the
occurrence and progression of many cancers.'* The pre-
sent study uncovered that PTPN18 expression increased in
EC tissues and could induce proliferation of EC cells. Our
current study employed KLE endometrial cancer cells and
EC specimens to test the expression and role of PTPN18 in
the progression of EC, and identified a novel mechanism

that PTPN18 silencing induced ferroptosis via p-p38-
mediated GPX4 and xCT down-regulation. The above
result might provide critical insight into the application
of PTPN18 knockdown in EC intervention.

Ferroptosis is a newly discovered form of cell death,
which is characterized by the iron-dependent accumulation
of lipid reactive oxygen species (ROS).® Emerged reports
reveal that cancer treatment options based on the induction
of ferroptosis effectively eliminate the number of cancer
cells. Sorafenib, which induces the induction of ferropto-
sis, has been approved by the FDA to treat hepatocellular
carcinoma (HCC).'"® Actinidia chinensis Planch (ACP),
which achieves anti-tumor effects via stimulating ferrop-
tosis, is an approved anti-tumor drug to treat gastric cancer
for clinical use.'? Besides, treatment based on induction of
ferroptosis has also been used in the treatment of
ovarian,>° pamcreatic,21 colorectal,?? breast carcinoma.

Increased ROS plays a vital role in lipid peroxidation,
which is required by ferroptosis. Factors that affect
intracellular ROS level are involved in ferroptosis.** In
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Figure 3 xCT was down-regulated in endometrial cancer specimens. Representative images of xCT immunohistochemistry staining in (A) CON, (B) SEH, (C) AEH and (D)

EC specimens.

this study, knockdown of PTPNI18 induced the expres-
sion of intracellular ROS. Glutathione peroxidase 4
(GPX4) is one of the critical regulators of ferroptosis,
which can convert lipid hydroperoxides to lipid alcohol
to protect cells from death.”> xCT, the cystine/glutamate
antiporter solute carrier family 7 member 11 (SLC7AI11),
prevents the accumulation of lipid peroxidation products,
thereby protecting cells from ferroptosis.?® The inhibi-
tion of GPX4 and xCT have been confirmed to cause
ferroptosis.”>*® We discovered in the present study that
PTPNI18 negatively regulated the expressions of GPX4
and xCT in KLE cells and EC specimens. The above
results demonstrated that PTPN18 regulated the prolif-
eration of EC might by targeting ferroptosis.

Table 2 The Expression of PTPN18, GPX4 and xCT in Tissues

The P38 mitogen-activated protein kinase (MAPK)
pathway activation results in cell apoptosis in EC.?’
Emerging evidence suggests that the activation of p38
MAPK is mediated by ferroptosis.”*?° To explore the
role p-p38 played in PTPN18 mediated ferroptosis, we
measured the expression of p-p38 after silencing the
expression of PTPN18. We showed in this study that
the expression of p-p38 increased in PTPN18-silenced
KLE cells, while the expression of p38 had no obvious
change, indicating silencing of PTPN18 might induce
targeting  p-p38/GPX4/xCT
However, further investigations regarding the targeting

ferroptosis by axis.

regulation relationship between p-p38 and GPX4/xCT
are still required.

Variables CON SHE AHE EC
PTPN8 positive (n/%) 7 (35%) 17 (85%) 15 (75%) 20 (100%)
GPX4 positive (n/%) 19 (95%) 16 (80%) 14 (70%) 6 (30%)
xCT positive (n/%) 19 (95%) 15 (75%) 14 (70%) 7 (35%)
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Figure 4 PTPNI8 silencing induced ferroptosis via GPX4. (A, B) PTPN 8 knockdown induced the intracellular ROS expression detected by Flow cytometry. (C) PTPNI8
knockdown blocked the proliferation of KLE endometrial cancer cells measured by CCK-8. (D) PTPN 8 knockdown suppressed the expression of GPX4 detected by ELISA.
Results are expressed as means + SD (**p < 0.01, *** p < 0.001 vs CON).
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Densitometry data are shown as mean * SD. *p < 0.05 versus CON.

Conclusions

Taken together, the outcomes of the present study sug-
gest that PTPN18 affected the proliferation of EC cells
and took part in the regulation of EC cell ferroptosis by
targeting the p-p38/GPX4/xCT axis. The findings of this
study offer direction for a new avenue of targets and
strategies for EC treatment.
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