Chen et al. Journal of Ovarian Research (2022) 15:69 .
https://doi.org/10.1186/513048-022-00996-0 Journal of Ovarian Research

RESEARCH Open Access

Knockdown of ENTPD5 inhibits tumor 1)

metastasis and growth via regulating
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Abstract

Background: Dysregulation of Ectonucleoside Triphospahate Diphosphohydrolase 5 (ENTPD5) in tumors might be
associated with tumor progression, while the role of ENTPD5 in the growth and metastasis of serous ovarian cancer
(SOQ) is still unclear.

Methods: ENTPD5 expression patterns in ovarian cancer tissues were analyzed by gRT-PCR and immunohistochem-
istry assay (IHC). Two SOC cell lines, SKOV3 and OVCARS, were stably transfected with lentivirus to build knockdown
and overexpression cell lines. Clone formation assay, collagen gel droplet culture technology, wound healing assay
and flow cytometry were used to assess the migration and growth traits of SOC cells. Expression levels of ENTPD5,
glucose regulated protein 78 (GRP78), eukaryotic translation initiation factor 2 alpha (elF-2a), phosphorylated -elF-2a
and, C/EBP homologous protein (CHOP) in SOC cells were detected by Western blot.

Results: Compared to fallopian tube tissues, the expression of ENTPD5 was significantly higher in tumor tissues
obtained from SOC patients, and positively correlated with clinical stage and metastasis. ENTPD5 knockdown robustly
inhibited cell proliferation, migration, whereas ENTPD5 overexpression elicited the opposite effect on SOC cells.
ENTPD5 knockdown arrested cell cycle in GO/G1 phase and increased apoptosis. Importantly, ENTPD5 knockdown
was associated with significantly decreased protein levels for GRP78, CHOP, and p-elF-2q, suggesting possible involve-
ment of ENTPD5 in endoplasmic reticulum stress (ERS).

Conclusions: Our study demonstrates that ENTPD5 knockdown inhibited SOC cell proliferation, migration and
restrained the activation of the GRP78/p-elF-2a/CHOP pathway, which provides a potentially effective therapeutic
target for the treatment of SOC.

Keywords: ENTPDS5, Serous ovarian cancer, Proliferation, Migration, Endoplasmic reticulum stress, Unfolded protein
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Introduction

Ovarian cancer is one of the most malignant tumors
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mucinous, and clear-cell carcinomas. Moreover,
SOC accounts for a large majority (~70%) of epithe-
lial ovarian cancer [3, 4]. Due to its onset being hid-
den and symptoms appearing late, the fatality rate
caused by ovarian cancer ranks first among gyneco-
logical malignancies [5—7]. More than 80% of newly
diagnosed patients are in advanced stages, and tumor
metastasis occurs in more than 70% of these cases [8].
Therefore, ovarian cancer is known as the "hidden
killer" for women’s health [5, 7]. Therefore, there is an
urgent need to understand the pathogenesis of ovar-
ian cancer to establish new treatment and diagnostic
strategies for this deadly disease.

ENTPDS5 is a nucleotide hydrolase, mainly present in
the endoplasmic reticulum and mediates the catabolism
of nucleotides in cells. ENTPD5 can hydrolyze UDP to
UMP, thereby promoting the glycosylation and glycopro-
tein folding of proteins, especially the tyrosine protein
kinase receptor [9—13]. Recent studies have shown that
the mutated tumor suppressor gene PTEN can regulate
the expression of ENTPD5 [14]. The overexpression of
ENTPD5 in melanoma cells could enhance the survival
of tumor cells, resist endoplasmic reticulum stress-
mediated apoptosis, and promote tumor cell metasta-
sis [15, 16]. The latest PNAS research reports showed
that ENTPD5 is a target molecule of the mutant tumor
suppressor gene p53, regulating the development and
metastasis of pancreatic cancer [17]. The study by Read
et al. strongly suggests that deletion of ENTPD5 pro-
motes hepatoma formation in mice [18]. However, the
function and molecular mechanism of ENTPD5 in ovar-
ian cancer have not yet been elucidated. Therefore, this
study explored the role of ENTPD5 in ovarian cancer
cells and its underlying mechanisms.

Materials and methods

Patients and tissue samples

ovarian tumor specimens were obtained from a cohort of
patients treated at Nanfang Hospital, affiliated with South-
ern Medical University, China, between 2013 and 2020.
The OC specimens were from primary ovarian cancer
patients with no previous surgery or chemotherapy. The
normal FT tissues were derived from patients who had
a benign gynecologic tumor and received hysterectomy
and bilateral salpingo-oophorectomy. The distribution of
tumor characteristics for SOC patients was as Table S1.
This study was approved by the Research Ethics Commit-
tee of Southern Medical University (approval number:
NFEC-2021-260). And all the patients were informed and
agreed to participate in this study. Investigations involving
humans will have been performed in accordance with the
principles of Declaration of Helsinki.
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Cell lines and cell culture

Human serous ovarian cancer cell lines SKOV3,
OVCARS were purchased from the cell bank of the Chi-
nese Academy of Sciences (Shanghai, China). SKOV3 and
OVCARS8 were cultured in DMEM culture solution (Life
Technologies, Carlsbad, CA, USA) containing 10% fetal
bovine serum (Life Technologies, Carlsbad, CA, USA),
respectively, and placed in an incubator at 5% CO2,
37°Cand saturated humidity.

Establishment of stable cells

The lentiviruses for ENTPD5 overexpression, ENTPD5
shRNA and empty vector were purchased from Gene-
chem (Shanghai, China). SKOV3 and OCAVARS8 cells
in logarithmic growth phase were plated in 6-well plates
with a planting density of 1x10° / well, and cultured
in a 37 °C incubator. According to the instructions,
when the cell growth density reached 30%, the infection
was performed for 24 h. The puromycin medium was
changed to screen positive cells at 24 h. The cells infected
with ENTPD5 shRNA and overexpressed lentiviruses
were recorded as sh-ENTPD5 group and LV-ENTPD5
group, and the cells infected with negative control were
recorded as NC group. The sequences of short hairpin
RNA (shRNA) targeting ENTPD5 were: 5-CCAACA
CCATGCGTGTTGT-3’; The invalid shRNA sequences
were: 5-TTCTCCGAACGTGTCACGT-3'.

qRT-PCR analysis

qRT-PCR analysis was performed using standard proce-
dures according to SYBR premix Ex Taq Kit detection kit
(Applied Biosystems). The internal reference gene was
18SRNA, and the qRT-PCR reaction program was set to
2 steps:(a) pre-incubation at 95 °C for the 30 s; (b) 40 PCR
cycles of 95 °C for 5 s, 55 °C for 30 s, 72 °C for 34 s. Sam-
ples were assayed in triplicate using the ABI Prism 7500
detection system (Perkin Elmer Applied Biosystems). The
relative quantization value was then calculated by sub-
tracting the average CT from the corresponding average
CT for 18S rRNA. Primer sequences were as Table S2.

Western blot analysis

The protein was extracted with RIPA lysis buffer and quan-
tified using the Bicinchoninic Acid (BCA) Protein Assay
Kit (Beyotime, Shanghai, China). The sample was resolved
using SDS-PAGE and then transferred onto PVDF mem-
branes (Millipore, MA, USA). Nonspecific binding was
blocked by 5% nonfat milk for 2 h at RT, and the membrane
was then washed with Tris-buffered saline-Tween 20. The
membranes were incubated with primary antibodies target-
ing GRP78, elF-2q, Phosphorylated-elF-2a, CHOP (1:1000,
Beyotime, Shanghai, China), ENTPD5 and GAPDH (1:1000,
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Abcam, USA) overnight at 4 °C.Then, the membrane was
incubated with secondary antibody for 2 h at RT. Then
immunoreactive proteins were visualized with the ECL
detection system (Millipore, MA, USA).

Clone formation assay

200 cells were planted in each well of 6-well plastic plates.
Each type of cell was planted in 3 wells. The cells were cul-
tured at 37°C, with 5% CO, and under saturation humid-
ity for 21 days. Cells clones with more than 50 cells were
counted under an inverted microscope. Clone form rate was
calculated as follows: (Average clone number of 3 wells)/
(number of plating cells)*100%. Cells clones were fixed with
paraformaldehyde and stained with crystal violet.

Wound-healing assay

Cells were seeded on a 6-well plate and were grown to get
90% confluence. Wounds were created by using 200 pl
pipette tips to scratch a straight line. The wound areas
were imaged at O h, 24 h under a microscope. Image J soft-
ware (NIH, USA) was used to calculate the wound areas.

Flow cytometry for Apoptosis and Cell cycle analysis

Cells (1x10* /mL) were seeded in 24-well plates and
starved for 24 h to uniform the cell cycle. The cells are
trypsinized and collected after replacing the fresh
medium for 24 h and cell cycle assay was performed with
50 pg/mL propidium iodide (PI, Sigma, Shanghai, China).
Cells (1 x 10* /mL) were seeded in 24-well plates for 24 h
and cell apoptosis assay was performed by FITC-Annexin
V Apoptosis Detection Kit (Biolegend, San Diego, CA,
USA) according to the manufacturer’s instructions. All
cells were acquired by FACS Calibur flow cytometer (BD
Pharmingen, San Diego, CA, USA), and the results were
anglicized with Flowjo software and collecting 10,000
events for each sample.

Immunohistochemistry

Ovarian cancer specimens are surgical resection speci-
mens, and the specimens are fixed with 10% neutral
formaldehyde after removal from the body. Immunobhis-
tochemistry was done using 8 um serial sections placed
onto glass slides using a single-staining procedure. The
protocols used with each antibody are carried out accord-
ing to the instructions of the Immunohistochemistry kit.
Comprehensive analysis and scoring were performed
according to the respective staining degree and number
of stained cells. The intensity was scored as negative (0),
weak (1), medium (2), and strong (3). and the propor-
tion of staining was scored as 1 (<10%), 2 (11-50%), 3
(51-75%), and 4 (>75%). An overall expression score was
calculated by multiplying the scores for intensity and
proportion, ranging from 0 to 12 [19].
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3D growth model build by collagen gel droplet culture
technology

Briefly, type I collagen (Cellmatrix Type CD; Nitta Gela-
tin, Inc., Osaka, Japan), 10X F-12 medium, and reconsti-
tution buffer were mixed together at a ratio of 8:1:1. The
prepared tumor cells and collagen solution are inocu-
lated at a volume ratio of 10:1, so that the final density
of cells in the collagen droplets is 2x 10 >~5x 10 °
pieces/mL. The collagen-cell mixture (30 pl/drop) was
transferred to the 6-well multiplate and cultured at
37 °C in a CO, incubator. After culture for 13 days, each
collagen droplet was stained with neutral red, fixed with
10% neutral formalin buffer, washed with water, and
quantified by culture cell analysis system. Image analy-
sis at 540 nm would quantify the number of ENTPD5
knockdown cells and control cells.

Statistical analysis

Graphpad prism 5.0 was used to generate the graphs and
process the data. Data were expressed as the mean =+ SD.
Comparison of two groups was performed with Student’s
t test with a two-tailed p value. Chi-squared test was
used to analyze the differences in clinical characteristics.
p<0.05 were considered significant.

Results

ENTPD5 is overexpressed in human SOC tissues

and was associated with tumor malignancy

In order to clarify the molecular mechanism of ENTPD5
in ovarian cancer(OC), we first evaluated the ENTPD5
expression levels in OC and normal fallopian tube tis-
sues (FT), the results from qRT-PCR showed that the
mRNA levels of ENTPD5 were significantly higher in
OC tissues than in FT tissues (Fig. 1A, p<0.05). Fur-
thermore, 6 FT and 82 OC specimens were analyzed
by immunohistochemical staining. The expression of
ENTPD5 was weak or almost no staining in FT tissues,
and a strong positive signal of ENTPD5 was detected in
the cytoplasm of OC tissues (Fig. 1B). The vast major-
ity of the patients (79.27%, 65/82, Table S1) were serous
ovarian cancer. Therefore, we analyzed the expres-
sion of ENTPD5 in SOC and FT tissues. As shown in
Fig. 1C, the immunohistochemical score of SOC tissues
was higher than that of FT tissues (p <0.001). Next, we
analyzed the relationship between ENTPDS5 and the
clinical characteristics of SOC. SOC specimens were
divided into the low ENTPD5 expression group and
high ENTPD5 expression group based on IHC scores.
Clinicopathological characteristic analysis showed that
ENTPD5 expression was positively correlated with the
clinical FIGO stage (Fig. 1D, p<0.001) and omentum
metastasis (Fig. 1E, p<0.01), but no significant correla-
tion with age, CA125 level and lymph node metastasis
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Fig. 1 ENTPDS5 is overexpressed in human OC tissues and was associated with tumor metastasis. A gRT-PCR analysis of the mRNA level of ENTPD5
in serous ovarian cancer (SOC) tissues and normal fallopian tube tissues (FT) (FT, n=6; SOC, n = 20). B Representative images of IHC staining of
ENTPD5 in SOC tissues and FT tissues (left, x 100; right, x 600). C Immunohistochemical score of (B). Immunohistochemical score according to FIGO
stage D and omentum metastasis E of SOC. (data are mean = SD, *p < 0.05, ***p <0.001)

(Table 1). All these results showed that ENTPD5 may be
closely related to the malignancy of SOC.

ENTPD5 knockdown inhibits proliferation of SOC cells

Short hairpin RNA (shRNA) targeting ENTPD5 was
clone into lentivirus vector to construct ENTPD5 knock-
down cells, invalid shRNA sequences were also trans-
fected as a negative control. ENTPD5 knockdown was
confirmed by qRT-PCR and Western blot (Fig. 2A, B,
p<0.01). The results of soft agar colony formation assay
indicated that ENTPD5 knockdown significantly reduced

the colony forming ability compared to negative control
cells (Fig. 2C, p<0.01).

The 3D growth model of tumor cells in vitro can visu-
ally observe the growth and proliferation of tumor cells
and simulate the growth state of cells in 3D culture
model. The results of the 3D growth model showed that
ENTPD5 knockdown resulted in a significant delay in
tumor growth (Fig. 2D, E, p<0.01). Cell quantification
results showed that the difference in tumor cell count
of ENTPD5 knockdown cells was statistically significant
compared to the negative control after 13 days of culture
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Table 1 Correlation  between ENTPD5  expression  and

clinicopathological features of serous ovarian cancer patients

Clinicopathological features ENTPD5 Expression level

Low High PValue

Ages(year) <56 13 20 0.18
>56 7 25

FIGO stage 411 9 5 <0.007%**
41V 7 44

CA125(U/ml) <600 " 27 0.71
>600 9 18

Lymph node metastasis Positive 8 11 0.2
Negative 12 34

Omentum metastasis Positive 9 35 <0.01*
Negative 1 10

*p <0.01, ***p < 0.001

(Fig. 2F, p<0.01). These results support that the knock-
down of ENTPD5 inhibits cell proliferation of ovarian
cancer cells.

ENTPD5 knockdown induces cell cycle arrest and promotes
cell apoptosis

As shown in Fig. 3A, the results of Flow cytometry
showed that ENTPD5 knockdown increased the pro-
portion of cells in the GO/G1 phase (p<0.01). Cor-
respondingly, ENTPD5 knockdown decreases the
proportion of cells in G2 phase both in OVCARS and
SKOV3 cells(p <0.05). Furthermore, the apoptosis ratio
was increased significantly by ENTPD5 knockdown com-
pared to the negative control in vitro (Fig. 3B, p<0.01).
The results showed that ENTPD5 knockdown induced
GO/G1 phase arrest and promotes cell apoptosis.

ENTPD5 knockdown attenuates migration capacity of SOC
cells

Wound-healing assay suggested that ENTPD5 knock-
down was associated with decreased migration abilities of
both SKOV3 and OVCARS cells (Fig. 4A, p<0.01). These
results indicated that the overexpression of ENTPD5 in
SOC might heighten the metastasis potential of tumor,
which was accords with clinicopathological character-
istic analysis. Matrix metalloproteinase (MMP) degrade
structural proteins of invaded tissues and plays a crucial
role in metastasis of tumor cells. The results of qRT-PCR
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showed that the transcription of MMP2, MMP7, MMP9
were downregulated by ENTPD5 knockdown both in
SKOV3 and OVCARS cells (Fig. 4B, p<0.05). These
results support that ENTPD5 knockdown attenuates the
migration capacity of SOC cells in vitro.

ENTPD5 overexpression promotes SOC cell proliferation
and migration in vitro

In order to further determine the role of ENTPD5 on
the progression of SOC, ENTPD5 overexpression cells
were built with SKOV3 and OVCARS cells. The results
of qRT-PCR and Western blot showed that the ENTPD5
overexpression cells were constructed successfully
(Fig. 5A, B, p<0.01). The clone formation assay showed
that ENTPD5 overexpression promoted the clone forma-
tion capacity in both SKOV3 and OVCARS cells (Fig. 5C,
p<0.05). Strikingly, wound-healing assay showed that
ENTPD5 overexpression promoted SOC cell migration
(Fig. 5D, p<0.05). Combined with the results of ENTPD5
knockdown, ENTPD5 overexpression promoted the
malignant characteristics of SOC.

ENTPD5 knockdown suppresses the GRP78/
p-elF-2a/CHOP pathway

As shown in Fig. 6, expression level of GRP78, the cen-
tral regulator of endoplasmic reticulum stress, was
notably decreased after transfection of the short hair-
pin RNA (shRNA) against ENTPD5 in comparison with
the control group (Fig. 6A, B, p<0.01). The downstream
signaling molecules of GRP78, phosphorylated elF-2a
and CHOP were also significantly down-regulated with
ENTPD5 knockdown (Fig. 6A, B, p<0.01). All these
results indicated that ENTPD5 knockdown might sup-
press the GRP78/p-elF-2a/CHOP pathway.

Discussion

Ovarian cancer is the most lethal gynecologic malig-
nancy. Currently, the clinical treatment for ovarian
cancer is surgery combined with chemotherapy drugs
[20]. Tumor recurrence and metastasis are major chal-
lenges in the treatment of ovarian cancer. In the pre-
sent study, we characterized a novel ectonucleoside
triphosphate diphosphohydrolase in human ovarian
cancer known as ENTPD5 whose biological func-
tion was poorly declared [11, 12, 14, 21]. We have

(See figure on next page.)

Fig. 2 ENTPDS5 knockdown inhibits cell growth of SOC cells in vitro. A, B OVCAR8 and SKOV3 cells were stably transfected with negative control
(sh-NC), ENTPD5 shRNA (sh-ENTPD5), mRNA and protein levels of ENTPD5 and GAPDH were analyzed by gRT-PCR and western blot in OVCAR8 and
SKOV3 cells. € Soft agar colony formation assays the colony forming ability of OVCAR8 and SKOV3 cells with ENTPD5 knockdown. D 3D cultured
cells photo of OVCARS8 cell. E The 13-day growth curve of ENTPD5 knockdown in OVCARS cell. F The OD value of ENTPD5 knockdown in OVCAR8

cell. (data are mean = SD, *p < 0.05, **p < 0.05)
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Fig. 3 ENTPD5 knockdown induces GO/G1 cell cycle arrest and promotes cell apoptosis. A, B The proportion of apoptotic and cell cycle in OVCAR8
and SKOV3 cells were analysed by flow cytometry. (data are mean =+ SD, *p <0.05, **p <0.01)

demonstrated that ENTPD5 was highly expressed Previous studies have shown that the ENTPD5 is
in SOC tissues and positively associated with tumor closely associated with tumor progression [14, 16].
metastasis. These results suggest that ENTPD5 may Therefore, we investigated the effect of ENTPD5 in SOC
participate in SOC metastasis. cells. As shown by both the cell clone formation assay
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and FACS analysis, ENTPD5 knockdown resulted in a
significant delay in tumor growth in vitro, and the cell
cycle was arrested in the GO/G1 phase accompanied by
a significant increase of apoptosis. In addition, we also
observed ENTPD5 knockdown inhibited cell migration.
By contrast, ENTPD5 overexpression significantly pro-
moted cell proliferation and migration. MMP was con-
sidered to play an important role in predicting ovarian
cancer outcome, especially related to cancer invasion,
metastasis, and poor prognosis [22-24]. For the first
time, we found that silencing ENTPD5 decreased the
expression of metal matrix protease. 3D culture model
can replicate the biological tumor microenvironment
through cell-to-cell communication, and more truly
reflect the biological functions of cancer cells [25, 26].
These results can explain that ENTPD5 knockdown
reduces the growth of SOC cells in 3D culture based on
collagen droplets.

Endoplasmic reticulum stress usually leads to the accu-
mulation of unfolded or misfolded proteins in endoplas-
mic reticulum, causing unfolded protein response (UPR),
triggering adaptive survival response or cell death [27].
UPR has become one of the possible targets for tumor
therapy [28]. ENTPD5, a nucleotide hydrolase mainly
existing in the endoplasmic reticulum, assists in pro-
tein folding and induces the degradation of misfolded
proteins [29, 30]. In our study, we explored whether
ENTPD5 could affect the biological behavior of SOC by
regulating UPR.

GRP78, the central regulatory molecule of UPR, can
activate UPR to reduce or stop ERS, so as to stabilize the
homeostasis of cancer cells and exert an important role
in UPR regulation, cell survival, proliferation and migra-
tion [31-33]. The dissociation of PERK and GRP78 can
trigger the phosphorylation of elF-2a, which reduces
the overall translation frequency of cellular mRNA
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and induces the transcription of CHOP. As a member
of the bZIP transcription factor protein family, CHOP
can regulate a series of apoptosis-related factors and be
involved in regulating the biological behaviors of tumor
cells [15, 34]. As shown in this study, the expression level

of ENTPD5 is proportional to activation of GRP78/p-
elF-2a/CHOP pathway. We speculated that high expres-
sion of ENTPD5 promoted in SOC may promote the
degradation of unfolded protein and reduce the pressure
of endoplasmic reticulum. These results may explain the
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reason why ENTPD5 knockdown reduces the prolifera-
tion and migration of SOC cells given the importance
of ERS in tumorigenesis and tumor development. Alto-
gether, our results suggest that ENTPD5 is important in
the pathogenesis of SOC. Thus, targeting ENTPD5 may
be a promising therapeutic strategy for SOC.

Conclusion

In conclusion, our study demonstrates that ENTPD5 knock-
down can suppress the proliferation and migration ability of
SOC by inhibit GRP78/p-elF-2a/CHOP pathway (Fig. 6C).
Based on the results of this study, we recommend further
research on the relationship between ENTPD5 and ovarian
cancer intercell environment homeostasis, which may be a
new promising treatment for human SOC.

Abbreviations

ENTPD5: Ectonucleoside Triphosphate Diphosphohydrolase 5; OC: Ovarian
cancer; SOC: Serous ovarian cancer; FT: Normal fallopian tube tissues;

IHC: Immunohisto-chemistry; gRT-PCR: Quantitative real-time PCR; NC:
Negative control; MMP: Matrix metalloproteinase; UPR: Unfolded protein
response; ERS: Endoplasmic reticulum stress; GRP78: Glucose-regulated
protein 78; CHOP: C/EBP-homologous protein; elF-2a: Eukaryotic transla-
tion initiation factor 2 alpha.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513048-022-00996-0.

Additional file 1: Table S1. Distribution of tumor characteristics for ovar-
ian cancer patients. Table S2. Primer sequences for RT-qPCR.

Acknowledgements
Not applicable



https://doi.org/10.1186/s13048-022-00996-0
https://doi.org/10.1186/s13048-022-00996-0

Chen et al. Journal of Ovarian Research (2022) 15:69

Authors’ contributions

YC and LPH designed the study. XPC, ZQZ and YW performed the experi-
ments. and ZQZ, YC and MLP contributed to the analysis of the study data.
XPC and YC wrote the article. LPH and YC revised the manuscript. All authors
read and approved the final manuscript.

Funding

This work was supported by grants from the National Natural Science Foundation
of China (No. 81802610, 81703078). This work was also supported by grants from
Guangdong Province Science and Technology Project (No.2017A010105025), the
Natural Science Foundation of Guangdong Provincial (2019A1515010637).

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
The present study was approved by the Ethical Committee of The Nanfang
Hospital of Northern Medical University (approval number: NFEC-2021-260).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 10 December 2021 Accepted: 19 April 2022
Published online: 07 June 2022

References

1. Ferlay J, Colombet M, Soerjomataram |, Parkin DM. Cancer statistics for the
year 2020: An overview. 2021.

2. Seidman JD, Horkayne-Szakaly I, Haiba M, Boice CR, Kurman RJ, Ronnett BM.
The histologic type and stage distribution of ovarian carcinomas of surface
epithelial origin. International journal of gynecological pathology : official jour-
nal of the International Society of Gynecological Pathologists. 2004;23:41-4.

3. Peres LC, Cushing-Haugen KL, Kébel M, Harris HR, Berchuck A, Rossing MA,
et al. Invasive Epithelial Ovarian Cancer Survival by Histotype and Disease
Stage. J Natl Cancer Inst. 2019;111:60-8.

4. Wendel JRH, Wang X, Hawkins SM. The Endometriotic Tumor Microenviron-
ment in Ovarian Cancer. Cancers. 2018; 10.

5. Zamarin D. Novel therapeutics: response and resistance in ovarian cancer.
International journal of gynecological cancer : official journal of the Interna-
tional Gynecological Cancer Society. 2019,29:516-21.

6. Taylor KN, Eskander RN. PARP Inhibitors in Epithelial Ovarian Cancer. Recent
Pat Anti-Cancer Drug Discovery. 2018;13:145-58.

7. GrunewaldT, Ledermann JA. Targeted Therapies for Ovarian Cancer. Best
Pract Res Clin Obstet Gynaecol. 2017;41:139-52.

8. Ebell MH, Culp MB, Radke TJ. A Systematic Review of Symptoms for the
Diagnosis of Ovarian Cancer. Am J Prev Med. 2016;50:384-94.

9. de Campos RP,Wink MR, Lenz G. ENTPD5: identification of splicing variants
and their impact on cancer survival. 2021.

10. Durst MA, Ratia K, Lavie A. Identifying small molecule probes of ENTPD5
through high throughput screening. 2019; 14: €0210305.

11. MacCarthy CM, Notario V. The ENTPD5/mt-PCPH oncoprotein is a catalyti-
cally inactive member of the ectonucleoside triphosphate diphosphohy-
drolase family. Int J Oncol. 2013;43:1244-52.

12. Villar J, Quadri HS, Song |, Tomita Y, Tirado OM, Notario V. PCPH/ENTPD5
expression confers to prostate cancer cells resistance against cisplatin-
induced apoptosis through protein kinase Calpha-mediated Bcl-2
stabilization. Can Res. 2009;69:102-10.

13. Zadran S, Amighi A, Otiniano E, Wong K, Zadran H. ENTPDS5-mediated
modulation of ATP results in altered metabolism and decreased survival
in gliomablastoma multiforme. Tumour biology : the journal of the
International Society for Oncodevelopmental Biology and Medicine.
2012;33:2411-21.

Page 11 of 11

14. Fang M, Shen Z, Huang S, Zhao L, Chen S, Mak TW, et al. The ER UDPase
ENTPD5 promotes protein N-glycosylation, the Warburg effect, and prolif-
eration in the PTEN pathway. Cell. 2010;143:711-24.

15. Yang N, QuYJ, Cheng Y, Liang T, Zhang MN, Zhang D, et al. Endoplasmic
reticulum stress regulates proliferation, migration and invasion of human
ovarian cancer SKOV3 cells through PI3K/AKT/mTOR signaling pathway.
Cancer biomarkers : section A of Disease markers. 2017;19:263-9.

16. XueY,Wu L, LiuY,MaY, Zhang L, Ma X, et al. ENTPD5 induces apoptosis in
lung cancer cells via regulating caspase 3 expression. PLoS ONE. 2015;10:
e0120046.

17. Timofeev O, Stiewe T. p53 gain-of-function mutations promote metastasis
via ENTPD5 upregulation and enhanced N-glycoprotein folding. Molecular
& cellular oncology. 2017:4: 1288678.

18. Read R, Hansen G, Kramer J, Finch R, Li L, Vogel P. Ectonucleoside triphos-
phate diphosphohydrolase type 5 (Entpd5)-deficient mice develop progres-
sive hepatopathy, hepatocellular tumors, and spermatogenic arrest. Vet
Pathol. 2009;46:491-504.

19. ChenY,Huang L,Wang S, Li JL, Li M, Wu Y, et al. WFDC2 contributes to epithelial-
mesenchymal transition (EMT) by activating AKT signaling pathway and regulat-
ing MMP-2 expression. Cancer management and research. 2019;11:2415-24.

20. Ngu SF, Ngan HY, Chan KK. Role of adjuvant and post-surgical treatment in
gynaecological cancer. Best practice & research Clinical obstetrics & gynae-
cology. 2021.

21. Paez JG, Recio JA, Rouzaut A, Notario V. Identity between the PCPH
proto-oncogene and the CD39L4 (ENTPD5) ectonucleoside triphosphate
diphosphohydrolase gene. Int J Oncol. 2001;19:1249-54.

22. Zhang A, Meng L, Wang Q, Xi L, Chen G, Wang S, et al. Enhanced in vitro
invasiveness of ovarian cancer cells through up-regulation of VEGF and
induction of MMP-2. Oncol Rep. 2006;15:831-6.

23. Mieszato K, tawicki S. Szmitkowski M [The utility of metalloproteinases
(MMPs) and their inhibitors (TIMPs) in diagnostics of gynecological
malignancies]. Polski merkuriusz lekarski : organ Polskiego Towarzystwa
Lekarskiego. 2016;40:193-7.

24. Karam A, Dorigo O. MMPs in ovarian cancer as therapeutic targets. Antican-
cer Agents Med Chem. 2012;12:764-72.

25. Thippabhotla S, Zhong C, He M. 3D cell culture stimulates the secretion of
in vivo like extracellular vesicles. Sci Rep. 2019;9:13012.

26. Naitoh H, Yamamoto H, Murata S, Kobayashi H, Inoue K, Tani T. Stratified
phase Il trial to establish the usefulness of the collagen gel droplet embed-
ded culture-drug sensitivity test (CD-DST) for advanced gastric cancer.
Gastric cancer : official journal of the International Gastric Cancer Associa-
tion and the Japanese Gastric Cancer Association. 2014;17:630-7.

27. lurlaro R, Mufoz-Pinedo C. Cell death induced by endoplasmic reticulum
stress. FEBS J. 2016;283:2640-52.

28. Patel A, Oshi M, Yan L, Matsuyama R, Endo |, Takabe K. The Unfolded Protein
Response Is Associated with Cancer Proliferation and Worse Survival in
Hepatocellular Carcinoma. Cancers. 2021; 13.

29. Shen Z,Huang S, Fang M, Wang X. ENTPD5, an endoplasmic reticulum
UDPase, alleviates ER stress induced by protein overloading in AKT-activated
cancer cells. Cold Spring Harb Symp Quant Biol. 2011;76:217-23.

30. Gwak H, Kim S, Dhanasekaran DN, Song YS. Resveratrol triggers ER stress-
mediated apoptosis by disrupting N-linked glycosylation of proteins in
ovarian cancer cells. Cancer Lett. 2016;371:347-53.

31. WuY,Guo Q Ju X, Hu Z, Xia L, Deng Y, et al. HNRNPH1-stabilized LINC00662
promotes ovarian cancer progression by activating the GRP78/p38 path-
way. Oncogene. 2021,40:4770-82.

32. LiZ Zhangl, ZhaoY,LiH,Xiao H, FuR, et al. Cell-surface GRP78 facilitates colo-
rectal cancer cell migration and invasion. Int J Biochem Cell Biol. 2013;45:987-94.

33. LiuG,YuJ,WuR, Shil, Zhang X, Zhang W, et al. GRP78 determines glioblas-
toma sensitivity to UBA1 inhibition-induced UPR signaling and cell death.
Cell Death Dis. 2021;12:733.

34. Rozpedek W, Pytel D, Mucha B, Leszczynska H, Diehl JA, Majsterek I. The Role
of the PERK/elF2a/ATF4/CHOP Signaling Pathway in Tumor Progression
During Endoplasmic Reticulum Stress. Curr Mol Med. 2016;16:533-44.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Knockdown of ENTPD5 inhibits tumor metastasis and growth via regulating the GRP78p-eIF-2αCHOP pathway in serous ovarian cancer
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Patients and tissue samples
	Cell lines and cell culture
	Establishment of stable cells
	qRT⁃PCR analysis
	Western blot analysis
	Clone formation assay
	Wound-healing assay
	Flow cytometry for Apoptosis and Cell cycle analysis
	Immunohistochemistry
	3D growth model build by collagen gel droplet culture technology
	Statistical analysis

	Results
	ENTPD5 is overexpressed in human SOC tissues and was associated with tumor malignancy
	ENTPD5 knockdown inhibits proliferation of SOC cells
	ENTPD5 knockdown induces cell cycle arrest and promotes cell apoptosis
	ENTPD5 knockdown attenuates migration capacity of SOC cells
	ENTPD5 overexpression promotes SOC cell proliferation and migration in vitro

	ENTPD5 knockdown suppresses the GRP78p-eIF-2αCHOP pathway
	Discussion
	Conclusion
	Acknowledgements
	References


