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PKMYT1 aggravates the progression of ovarian
cancer by targeting SIRT3
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Abstract. - OBJECTIVE: This experiment
aims to elucidate the role of PKMYT1 in the ma-
lignant progression of ovarian cancer (OC) and
its underlying mechanism.

PATIENTS AND METHODS: Expression pat-
tern of PKMYT1 in 43 paired OC tissues and ad-
jacent normal ones was determined by quanti-
tative Real Time-Polymerase Chain Reaction
(qRT-PCR). The potential relationship between
PKMYT1 level and clinical data of OC patients
was analyzed. PKMYT1 level in OC patients ei-
ther with distant metastasis or not was exam-
ined. Through Cell Counting Kit (CCK-8) and
transwell assay, influences of PKMYT1 on pro-
liferative and metastatic abilities in 3A0 and
CAOV3 cells were assessed. At last, the role of
PKMYT1/SIRT3 regulatory loop in the progres-
sion of OC was identified.

RESULTS: PKMYT1 was upregulated in OC tis-
sues relative to controls. OC patients accompa-
nied with distant metastasis had higher abun-
dance of PKMYT1. High level of PKMYT1 predicted
worse prognosis in OC patients. Knockdown of
PKMYT1 attenuated proliferative, migratory, and
invasive abilities in OC cells. Moreover, SIRT3 was
downregulated in OC tissues, which was negative-
ly correlated to PKMYT1. Silencing of SIRT3 could
abolish the regulatory effect of PKMYT1 on prolif-
erative and metastatic abilities in OC.

CONCLUSIONS: Upregulated PKMYT1 in OC is
closely linked to distant metastasis and poor prog-
nosis. PKMYT1 accelerates the malignant pro-
gression of OC via negatively regulating SIRT3.
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Introduction

Ovarian cancer (OC) is one of the most deadly
gynecological malignancies'™. The detective rate of
advanced OC is as high as approximately 70% due to
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the lack of typical symptoms and effective screening
methods for early-stage OC*°. Although traditional
surgery and cisplatin- or paclitaxel-based chemother-
apy have been effectively applied for OC treatment,
drug resistance and tumor recurrence are the major
reasons for treatment failure. The 5-year survival of
OC is only about 30%57. Therefore, it is urgent to de-
velop novel therapeutic strategies for OC. Notably, tis-
sue heterogeneity and gene mutations are considered
as factors influencing tumor-associated pathways®!!,

Metastasis is a complex process in which tu-
mor cells detach from the primary loci and trans-
fer to distant organs. Locally invasive tumor cells
gradually infiltrate into the circulatory system.
Extravasation of tumor cells from blood vessels
contributes to the formation of micrometastases
in the distant organs. Proliferative tumor cells
eventually result in the formation of tumor me-
tastases'>!?. Rate-limiting steps during metastatic
process and epigenetic changes responsible for
metastasis are urgent to be clarified'*">. Moreover,
investigations on metastasis-associated genes are
beneficial to provide a theoretical basis for inhib-
iting the progression of malignant tumors'.

The Weel family phosphorylates residues of
Ser, Thr, and Tyr. They are bispecific protein ki-
nases that negatively regulate cell cycle progres-
sion by phosphorylating inactivated cyclin-de-
pendent kinases'!”. To date, three related Weel
gene products have been identified in mammals,
including Weela, Weelb, and PKMYT1'!8, In re-
cent years, the Weel pathway in somatic cells and
tumor diseases has been well concerned'”®. It is
reported” that upregulation of PKMYTI in non-
small cell lung cancer (NSCLC) enhances tumor
proliferation by activating the Notch pathway.

SIRT3 is a mitochondrial protein with a great
research potential. It is closely linked to energy
metabolism, cell senescence, and tumor progres-
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sion. Hence, SIRT3 could be utilized as therapeu-
tic targets for many human diseases, especially
aging-related diseases and tumors?*?!. In this pa-
per, we mainly discussed the role of PKMYT1/
SIRT3 regulatory loop in the progression of OC.

Patients and Methods

Patients and PCa Samples

Paired OC tissues and adjacent normal ones
were surgically resected from 43 OC patients.
None of them received preoperative anti-tumor
treatment. Clinical data and follow-up data of
enrolled patients were recorded. Tumor staging
was assessed based on the guideline proposed by
UICC. Patients and their families have been fully
informed. This study was approved by the Ethics
Committee of Jinan Second Maternal and Child
Health Hospital and conducted in accordance
with the Declaration of Helsinki.

Cell Culture

Ovarian epithelial cells HOSEPiCs and OC
cells (PEO1, A2780, SKOV3, OVCAR3, 3AO0,
and CAOV3) were provided by American Type
Culture Collection (ATCC; Manassas, VA, USA).
Cells were cultured in Dulbecco’s Modified Ea-
gle’s Medium (DMEM; Thermo Fisher Scientific,
Waltham, MA, USA) containing 10% fetal bovine
serum (FBS; Gibco, Rockville, MD, USA) in a
5% CO, incubator at 37°C.

Transfection

Cells were inoculated in a 6-well plate and
transfected using Lipofectamine 3000 (Invit-
rogen, Carlsbad, CA, USA) when 70% of them
were fused. After 48 h, the transfected cells were
harvested for functional experiments. Transfec-
tion plasmids were constructed by GenePharma
(Shanghai, China).

Cell Counting Kit (CCK-8)

Cells were inoculated in a 96-well plate (2x10°
cells/well). At day 1, 2, 3, and 4, absorbance value
at 450 nm of each sample was recorded using the
CCK-8 kit (Dojindo Molecular Technologies, Ku-
mamoto, Japan) for plotting the viability curves.

Transwell Assay

Cells were inoculated in a 24-well plate with
5.0x10%ml. 200 pL of suspension was applied
in the upper side of transwell chamber (Milli-
pore, Billerica, MA, USA) inserted in a 24-well
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plate. In the bottom side, 500 pL of medium
containing 10% FBS was applied. After 48 h of
incubation, penetrated cells in the bottom side
were fixed in methanol for 15 min, dyed with
crystal violet for 20 min, and counted using a
microscope. Penetrating cells were counted in
5 randomly selected fields per sample (magni-
fication 20x).

Quantitative Real Time-Polymerase Chain
Reaction (gRT-PCR)

Cellular RNA was isolated using TRIzol re-
agent (Invitrogen, Carlsbad, CA, USA), puri-
fied by DNase I treatment, and reversely tran-
scribed into cDNA using Primescript RT Reagent
(TaKaRa, Otsu, Shiga, Japan). The obtained
cDNA underwent qRT-PCR using SYBR"Pre-
mix Ex Taq™ (TaKaRa, Otsu, Shiga, Japan),
with B-actin and U6 as internal references.
Each sample was performed in triplicate, and
relative level was calculated by 224", The fol-
lowing primers were used. PKMYTI: forward:
5-CATGCTAGAACGCTGGCAC-3’, reverse:
5-GCACCTTGAAGACCTCTCCG-3’; SIRT3: for-
ward: 5-GGCGGCAGGGACGATTATTA-3’, re-
verse: 5’-CCCGAATCAGCTCAGCTACA-3’; B-ac-
tin: forward: 5~-CAGAGCTCCTCGTCTTGCC-3’,
reverse: 5’-GTCGCCACCATGAGAGAC-3'.

Western Blot

Cellular protein extracted was separated by
sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE), transferred to poly-
vinylidene difluoride (PVDF) membranes (Mil-
lipore, Billerica, MA, USA) and blocked in 5%
skim milk for 1 h, followed by incubation with
specific primary antibody overnight at 4°C, and
then with secondary antibody for 2 h at room tem-
perature. After washing with 1xTBST for 1 min,
the chemiluminescent substrate kit was used for
exposure of the protein band.

Statistical Analysis

SPSS 22.0 (IBM, Armonk, NY USA) was
used for data analyses. Data were expressed as
mean =+ standard deviation. Differences between
two groups were analyzed by the r-test. Ka-
plan-Meier curves were introduced for survival
analysis, followed by Log-rank test for compar-
ing differences between two curves. Spearman
correlation test was performed to assess the rela-
tionship between levels of PKMYT1 and SIRT3
in OC tissues. p< 0.05 was considered statistical-
ly significant.
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Results

Up-regulated PKMYTT1 in OC

Compared with HOSEPiCs cells, PKMYTI1
was up-regulated in OC cells (Figure 1A). Sur-
vival analysis revealed that OC patients with
high expression of PKMYT1 had worse surviv-
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al (Figure 1B). Identically, PKMYTI was highly
expressed in OC tissues compared with that of
adjacent normal ones (Figure 1C). In particular,
higher abundance of PKMYT1 was observed in
OC patients accompanied with distant metastasis
compared with that in non-metastatic OC patients
(Figure 1D).
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Figure 1. Downregulated PKMYTI in OC. A, PKMYT]1 levels in HOSEPiCs cells and OC cells (PEO1, A2780, SKOV3,
OVCAR3, 3A0, and CAOV3). B, Survival in OC patients expressing high or low level of PKMYTI. C, PKMYT1 levels in OC
tissues and adjacent normal tissues. D, PKMYTI levels in OC patients either with distant metastasis or not. E, F, PKMYT1
levels in 3A0 (E) and CAOV3 (F) cells transfected with sh-NC, sh-PKMYT1#1 or sh-PKMYTI1#2.



Z.-H. Xuan, H.-P. Wang, X.-N. Zhang, Z.-X. Chen, H.-Y. Zhang, M.-M. Gu

>

3A0 c

3A0

CAOV3

N - SHNG Migration
T | = shPKMYTHR
s O
a 3 =4
o 2 <
2 * n
»®
[3) 1
o
o T T T T N
1 3 *
Days -
B S
CAOV3 <
o
4 [
- sh-NC S &

-# sh-PKMYT1#2

*

CCK-8 (OD value)
N

sh-NC sh-PKMYT1#2
Days

Invasion

Migration Invasion

5
H
E
3
H
3
S

sh-NC Sh-PKMYT1#2 sh-NC Sh-PKMYT1#2 shNC. sh-PKMYT1#2

Figure 2. Knockdown of PKMYT1 attenuated proliferative and metastatic abilities in OC. A-B, Viabilities in 3A0 (A) and
CAOV3 (B) cells transfected with sh-NC or sh-PKMYTI1#2. C-D, Migration and invasion in 3A0 (C) and CAOV3 (D) cells

transfected with sh-NC or sh-PKMYT1#2 (magnification 20%).

Subsequently, potential correlation between PK-
MYTI level and clinical data of enrolled OC pa-
tients was analyzed. It is shown that PKMYTI level
was positively correlated to distant metastasis, rath-
er than age, tumor staging, and lymphatic metastasis
in OC patients (Table I). Therefore, PKMYTI may
be a hallmark for predicting the progression of OC.

Knockdown of PKMYT1 Attenuated
Proliferative and Metastatic Abilities
in OC

To elucidate the biological role of PKMYT1in OC,
two PKMYT1 shRNAs were constructed. Trans-
fection of either sh-PKMYTI1#1 or sh-PKMYTI1#2

greatly downregulated PKMYTI level in 3A0 and
CAOV3 cells, more significantly in sh-PKMY T1#1
(Figure 1E, 1F). CCK-8 results demonstrated that
transfection of sh-PKMYTI#2 markedly reduced
viabilities in 3A0 and CAOV3 cells (Figure 2A,
2B). Transwell assay revealed decreased numbers
of migratory and invasive cells after knockdown of
PKMYTTI in OC cells (Figure 2C, 2D).

SIRT3 Was Downregulated in OC

After transfection of sh-PKMYTI#2, both
mRNA and protein levels of SIRT3 were upregu-
lated in OC cells (Figure 3A). Compared with ad-
jacent normal tissues, SIRT3 was lowly expressed

Table I. Association of PKMYT1 expression with clinicopathologic characteristics of ovarian cancer.

PKMYT1 expression
No.
Parameters of cases Low (%) High (%) p-value
Age (years) 0.495
<60 16 9 7
>60 27 18 9
T stage 0.280
T1-T2 26 18 8
T3-T4 17 9 8
Lymph node metastasis 0.782
No 28 18 10
Yes 15 9 6
Distance metastasis 0.014
No 33 24 9
Yes 10 3 7
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in OC (Figure 3B). Moreover, SIRT3 level was
negatively correlated to that of PKMYTI in OC
tissues (Figure 3C). Kaplan-Meier curves illus-
trated worse survival in OC patients expressing
low level of SIRT3 (Figure 3D).

PKMYT1/SIRT3 Regulatory Loop in OC

Based on the above findings, SIRT3 may be re-
sponsible during the progression of OC regulated
by PKMYTI. We constructed si-SIRT3 and tested
its transfection efficacy in OC cells (Figure 4A).
Transfection of si-SIRT3 accelerated viability
and enhanced numbers of migratory and invasive
cells. Of note, co-silence of PKMYTI1 and SIRT3
reversed phenotypes in OC cells transfected with
sh-PKMYTI1#2 only (Figure 4B, 4C). Therefore,
SIRT3 was involved in PKMY T1-mediated pro-
gression of OC.

Discussion

OC severely affects women’s health, and ep-
ithelial ovarian tumors are the mostly prevalent
subtype'”. The mortality of OC ranks high. It is
reported that in 2018, OC-induced deaths account
for 5% of the total in the United States'>. More
seriously, the incidence of OC is on the rise in re-
cent years*S. Due to anatomical location, hidden
onset, and ineffective early diagnosis, about 70%
OC patients have been in advanced stage when
initially diagnosed®*”. OC is prone to metasta-
sis into pelvic and abdominal cavity®'. Effective
suppression of OC cell metastasis is the therapeu-
tic priority. Clarification of mechanisms underly-
ing metastasis in OC is of significance''2.

PKMYTI is reported'®* to be upregulated in
many types of malignancies, and its level is cor-
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Figure 3. SIRT3 was downregulated in OC. A, Relative level of SIRT3 in 3A0 and CAOV3 cells transfected with sh-NC
or sh-PKMYTI1#2. B, SIRT3 levels in OC tissues and adjacent normal tissues. C, A negative correlation between expression
levels of PKMYT1 and SIRT3 in OC tissues. D, Survival in OC patients expressing high or low level of SIRT3.
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Figure 4 (continued). PKMYT1/SIRT3 regulatory loop in OC. 3A0 and CAOV3 cells were transfected with sh-NC+si-NC,
sh-PKMY T1#2+si-NC, sh-NC+si-SIRT3 or sh-PKMY T1#2+si-SIRT3. A, PKMYTI level; B, Viability; C, Migration (magnifi-

cation 20x).

related to prognosis of tumor patients. PKMYTI
may be a crucial oncogene. Here, we detected PK-
MYTI levels in 43 paired OC tissues and adjacent
normal ones. Our results uncovered that upregu-
lated PKMYT1 in OC tissues was closely linked
to distant metastasis, exerting a carcinogenic role.

RNA interference technology (RNAi) is
highly efficient and specific for inhibiting target
gene expressions by transfection of a small in-
terfering RNA (siRNA) with 21-23 bp long?-24,
Transfection of siRNA into cells could marked-
ly downregulate the target gene, thus leading to
downstream gene changes®~°. Here, PKMYT1
level in 3A0 and CAOV3 cells was effectively
downregulated by RNAi. Subsequently, func-
tional experiments identified that silence of
PKMYTI! attenuated proliferative, migratory,
and invasive capacities in OC.

SIRT3, the major deacetylase in mitochondria,
plays a crucial role in modulating oxygen reac-
tive species and limiting the oxidative damage
in cellular components®. In some types of can-
cer, SIRT3 functions as a tumoral suppressor, as
SIRT3 could trigger cell death under stress con-
ditions?*?'. Notably, SIRT3 level was found to be
upregulated in OC cells with PKMYT1 knock-
down. A negative correlation between expression
levels of PKMYTI and SIRT3 was observed in
OC tissues. SIRT3 was downregulated in OC
tissues, which was negatively related to survival
in OC patients. Based on the above findings, we
speculated that SIRT3 was responsible for PK-
MYTIl-induced aggravation of OC. Rescue ex-

periments demonstrated that silencing of SIRT3
could abolish the regulatory effect of PKMYTI1
on proliferative and metastatic abilities in OC.
Collectively, PKMYTI/SIRT3 regulatory loop
aggravated the malignant progression of OC.

Conclusions

Upregulated PKMYT1 in OC is closely linked
to distant metastasis and poor prognosis. PK-
MYTI accelerates the malignant progression of
OC via negatively regulating SIRT3.
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