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Summary

Purpose: This research tried to explore the expression level 
of II cGMP-dependent protein kinase (PKG2) in human ovar-
ian tissue and to clarify the molecular mechanism of EGFR 
regulation and its clinical significance. 

Methods: The expression levels of PKG2 and EGFR in 10 
normal ovarian tissues, 14 benign ovarian tumor tissues and 
39 epithelial ovarian cancer tissues preserved in the archives 
of the Affiliated Hospital of Xuzhou Medical University from 
2016 to 2018 were detected by real-time fluorescence quanti-
tative (RT-PCR), and the correlation between the expressions 
of the two genes was analyzed. The expressions of in vitro 
cultured ovarian cancer cell lines SKOV3, PKG2 and EGFR 
were detected by RT-PCR and western blot, and the over-
expressed PKG2 plasmid and PKG2 small interfering RNA 
(siRNA) were transfected into the cells, and the protein and 
phosphorylation of Akt and ERK in EGFR and its down-
stream signaling pathway were detected by western blot. 

Results: Compared with normal ovarian tissue, the mRNA 
and protein expression levels of PKG2 in ovarian cancer tis-
sue and SKOV3 cell line were significantly reduced (p<0.05). 
However, the mRNA and protein expression levels of EGFR 
in ovarian cancer tissue and SKOV3 cell line were both high 
(p<0.05). In addition, after transient transfection of PKG2, 
the expression changes of PKG2 significantly affected the 
expression of EGFR, and PKG2 over-expression could signifi-
cantly inhibit the phosphorylation of Akt and ERK in EGFR 
and its downstream signaling pathways, thereby affecting 
cell proliferation.

Conclusion: PKG2 may play a role in inhibiting EGFR ex-
pression in ovarian cancer, but the specific mechanism of its 
effect on tumor development still needs to be further explored.

Key words: clinical significance, EGFR, ovarian cancer, 
PKG2, regulation

Introduction

 According to the 2018 Global Cancer Statistics 
Report, cancer is still one of the major diseases 
with the highest incidence and mortality in the 
world. However, as a common malignant tumor in 
females, ovarian cancer has the highest mortality 
rate [1,2]. At present, the cause of ovarian malig-
nant tumors is still not very clear, with the main 
inducing factors being genetic and endocrine. Be-
cause the early stage of ovarian cancer is mostly 
asymptomatic, there are nearly 70% of patients be-
ing diagnosed as advanced stage [3-5].

In recent years, the key methods of treating ovar-
ian malignant tumors are still chemotherapy and 
surgery. Although routine therapy can improve the 
outcome of some patients, more than half of the 
patients are diagnosed with locally advanced stage, 
therefore, for these patients, chemotherapy and sur-
gery treatment cannot effectively improve patients’ 
life. The key for a satisfactory result for these pa-
tients is early diagnosis and early treatment.
 With the in-depth research of human genomics 
and proteomics, a large number of abnormal genes 
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and protein expression profiles that are involved in 
tumor genesis and development have been gradu-
ally established and improved [6,7]. Nevertheless, 
the research on markers of early diagnosis is still 
urgent, so the early screening and detection of 
ovarian cancer still needs to be further studied. Pre-
vious researches have found that EGFR is highly 
abnormal in ovarian cancer, which can be used as 
a new biomarker for early diagnosis of this disease 
[8,9], but its specific regulatory mechanism is still 
unclear. cGMP-dependent protein kinase (PKG) is 
a serine/threonine protein kinase, which is mainly 
divided into PKG1 and PKG2, affecting the activi-
ties of cells by phosphorylation of proteins. At 
present, research has shown that PKG2 can inhibit 
the activation of EGFR itself and its downstream 
signaling pathways by phosphorylation of EGFR 
in gastric cancer, thereby affecting the prolifera-
tion, metastasis and invasion of tumor cells and 
other vital activities [10,11]. However, it is not clear 
whether EGFR is regulated by PKG2 in cells and 
tissues in ovarian cancer. Therefore, the purpose 
of this research is to investigate the expression of 
PKG2 in ovarian cancer and its regulation mecha-
nism of EGFR.

Methods 

Materials

 Human ovarian cancer cell line SKOV3, purchased 
from ATCC; RPMI 1640 culture medium (Gibco, USA); 
fetal bovine serum (FBS) (Gibco, USA); SYBR Premix 
Ex Taq (TaKaRa, Japan); RNeasy mini kit (Qiagen); 
PrimeScript RT reagent Kit (TaKaRa, cat no. RR047A); 
anti-PKG2 antibody (ThermoFisher, cat no. PV3937); 
anti-EGFR antibody (CST, cat no. 4267s); anti-pEGFR 
antibody (CST, cat no. 3777T); anti-Akt antibody (CST, 
cat no. 4691s); anti-pAkt antibody (CST, cat no. 4060T); 
anti-Erk antibody (CST, cat no. 4370T); anti-pErk anti-
body (CST, cat no. 4370T); β-Actin antibody (CST，cat 
no.3700s); Goat anti-mouse IgG/horseradish peroxide 
recorded secondary antibodies (CST, cat no.7076s); Cell 
Counting Kit-8/CCK8 kit (Tongren, Japan，C0037).

Source of sample tissues 

 Pathological tissue samples from patients admitted 
to the Affiliated Hospital of Xuzhou Medical University 
with ovarian tumor from 2016 to 2018 and retained af-
ter surgery were collected. Paracancer tissue in patients 
with ovarian cancer after resection were defined as nor-
mal tissue of human ovary. Benign ovarian tumor tissue 
and epithelial ovarian cancer (malignant tumor) tissue 
were removed in small pieces of 0.3-0.5 cm after surgery 
and put into RNA protective fluid (Qiagen, cat #76106, 
Germany), and kept in liquid nitrogen of -196ºC for fol-
low-up experiments. The clinical sample organizations 
of the patients used in this study were approved by the 
Clinical Ethics Committee of the Affiliated Hospital of 
Xuzhou Medical University and all patients had signed 
the informed consent.

Cell culture

 Human ovarian cancer cell line SKOV3 was rou-
tinely cultured in RPMI 1640 complete culture medium 
(containing 10% FBS, 100 IU/mL penicillin and 100 μg/
mL streptomycin) in a 5% CO2 cell incubator at 37ºC. 
When the cell culture reached 80-90% confluence of 
the bottom area of the bottle, trypsin-EDTA cells were 
digested, centrifuged and subcultured, and the cells at 
logarithmic growth phase were selected for follow-up 
experiments.

Expression levels of PKG2 and EGFR mRNA in ovarian can-
cer tissues and cell lines by quantitative RT-PCR detection

 Tissue RNA was extracted from 10 cases of normal 
ovarian tissues, 14 cases of benign ovarian tumor tissues 
and 39 cases of epithelial ovarian cancer tissues pre-
served in liquid nitrogen screened from ovarian cancer 
tissue samples. Meanwhile, human ovarian cancer cell 
line SKOV3 in logarithmic growth phase was collected, 
and total RNA of cells was extracted by RNeasy mini kit 
from Qiagen Co. The concentration and purity of RNA 
were measured by Nucleic Acid Detector, and the best 
RNA purity was between A260/A280=1.8~2.0. The Ta-
KaRa reverse transcription kit was used to convert RNA 
reverse transcription into cDNA for quantitative RT-PCR, 
with GAPDH as the internal reference. Each experiment 
was repeated three times. The design for primer is shown 
in Table 1.

Western blot assay

 Total protein was extracted from RIPA lysate con-
taining 1% protease inhibitor, and protein expression 
levels of PKG2 and EGFR in human ovarian cancer cells 
were detected by polyacrylamide gel electrophoresis, 
with β-actin as the internal reference. Gel electrophore-
sis was performed at a constant pressure of 90V for about 
1.5-2h. After the completion of electrophoresis, semi-dry 
method was used to transfer the membrane. About 1h 
later after transferring the membrane, 5% skim milk 
powder sealing solution (5g/100mL) was used for 1h at 
room temperature. The dilution ratio of primary anti-
PKG2 was 1 to 1000, the dilution ratio of primary anti-
EGFR was 1 to 1000, and the dilution ratio of β-actin was 
1 to 2000. The dilution ratio of the secondary antibody 

Name Sequence of primers (5’-3’) Length of 
amplification

PKG2-F: TTGATTCGGAGGCTTTGCAG

PKG2-R: TCCCTTGAGCTCTCTTTGCA 160bp

EGFR-F: GCGCTACCTTGTCATTCAGG

EGFR-R: TATCAATGCAAGCCACGGTG 227bp

GAPDH-F: GAGACAACGGATTTGGTCG

GAPDH-R: TTAGATTTTGGAGGGATCTC 238bp
F for Forward, R for Reverse

Table 1. Design of primers for PKG2, EGFR and GAPDH 
gene amplification
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- goat anti-rat - was 1 to 3000. Finally, EZ ECL enhanced 
ChemiScope (Good No.: D3030L1260) was used for de-
veloping and for imaging the detection in CLINX Chemi-
Scope imaging system (Type: ChemiScope 3600 Mini).

Cell transfection

 SKOV-3 cells were placed into 24-well plates with 
2×105 cells per well. After the cells were cultured for 
24h, covering the volume of the board about 70-80%, 
the upper culture RMPI 1640 medium was removed. 
The transfection complex was configured using lipo-
fectamine 3000 as the transfection reagent (according to 
the operating instructions), added to cells with a volume 
of 0.5 mL/drop into each well, and 6h later, new complete 
culture RPMI 1640 was changed. Forty-eight h later, 
cells were collected and their total RNA and protein were 
extracted for follow-up experiments.

Cell proliferation detected by CCK8 assay

 SKOV3 cells were put into a 96-well plate board 

with 2.5×103 cells into each well, and PKG2 overex-
pressed plasmid and PKG2 siRNA were constructed. 
Then, lipofectamine 3000 transfection reagent was used 
to transfect SKOV3 cells, and 10 μl of CCK-8 solution 
were added to each well separately on days 0, 1, 2, 3 and 
4 after transfection. After shaking and mixing, the cells 
were incubated at 37ºC for 3-4h. The optical density (OD) 
value of each well was determined at the wavelength of 
450 nm by micrometer, and the cell proliferation activity 
was proportional to the OD value. The experiment was 
repeated three times.

Statistics

 Data in this research were plotted by GraphPad 
Prism5 and statistically analyzed by SPSS18.0. All ex-
perimental results were repeated three times. The ex-
perimental data were expressed as mean ± standard de-
viation, and the t-test was used for comparison between 
the two groups. P<0.05 indicated that the difference has 
statistically significance.

Figure 1. The expression levels of PKG2 and EGFR in normal and benign ovarian tissues and ovarian cancer cell line 
SKOV3 were detected by real-time fluorescence quantitative RT-PCR. A: PKG2 as expressed in normal ovarian tissues, 
benign ovarian tumor tissues and epithelial ovarian cancer tissues. B: EGFR expression as expressed in normal ovarian 
tissues, benign ovarian tumor tissues and epithelial ovarian cancer tissues; C: expression levels of PKG2 and EGFR in 
cell line SKOV3.
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Results

Expression of PKG2 and EGFR in human ovarian can-
cer tissues and SKOV3 cell line detected by quantitative 
RT-PCR

 According to real-time fluorescence quantita-
tive RT-PCR, it was shown that the mRNA expres-

sion level of PKG2 in epithelial ovarian cancer tis-
sues was significantly lower than that in normal 
ovarian tissues and benign ovarian tumor tissues 
(p<0.0001) . In contrast, the mRNA expression 
level of EGFR in epithelial ovarian cancer tis-
sues was significantly higher than that in normal 
ovarian tissues and benign ovarian tumor tissues 

Figure 3. RT-PCR and Western blot analysis to detect the expression levels of PKG2 and EGFR in mRNA and protein, when 
PKG2 overexpression plasmid and PKG2 siRNA were transiently transfected to SKOV3. A: RT-PCR was used to detect the 
mRNA level of the target gene; B: Western blot was used to detect the expression level of the target gene protein. (*p<0.05).

Figure 2. Protein expression levels of EGFR and PKG2 in ovarian cancer cell lines detected by Western blot.
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(p=0.0005). However, although there were differ-
ences in PKG2 and EGFR expression levels be-
tween normal ovarian tissues and benign ovarian 
tumor tissues, the differences were not statistically 
significant (Figure 1A/B). Similar to ovarian can-
cer tissues, PKG2 expression was low in ovarian 
cancer cell line SKOV3, but the expression level of 
EGFR was significantly higher, with a statistically 
significant difference between the two (p=0.021) 
(Figure 1C).

Expression of PKG2 and EGFR in human ovarian can-
cer cell lines detected by Western blot

 Total RNA and total protein were extracted 
from SKOV3 cell line of human ovarian cancer. 
Quantitative RT-PCR and Western blot detection 
revealed that the mRNA and protein expression 
levels of PKG2 in SKOV3 cells were significantly 

lower than the EGFR expression levels, with sta-
tistical differences (p<0.05) . β-actin was used as 
internal reference, as it is shown in Figure 2.

Figure 5. Phosphorylation levels of AKT and ERK in the downstream signaling pathway of EGFR detected by Western 
blot (*p<0.05).

Figure 4. Cell proliferation detected by CCK8 assay 
(*p<0.05; **p<0.01). 
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EGFR expression detected by transient transfection 
of PKG2 overexpressed plasmid or PKG2 siRNA into 
SKOV3 cells

 The expression changes of PKG2 and EGFR af-
ter transfection with PKG2 overexpressed plasmid 
or siRNA were detected by RT-PCR and Western 
blot. The expression level of EGFR increased sig-
nificantly after PKG2 was silenced. Therefore, the 
expression of PKG2 inhibited the expression of 
EGFR in ovarian cancer cells, showing a statisti-
cally significant difference, as it is shown in Figure 
3 (p<0.05).

Effects of abnormal PKG2 expression on the prolifera-
tion of ovarian cancer cell lines

 After transient transfection of PKG2 overex-
pressed plasmid or PKG2 siRNA into SKOV3 cells, 
SKOV3 cell proliferation was detected by CCK8 cell 
proliferation detection kit on days 0, 1, 2, 3 and 4, 
respectively. The results showed that PKG2 over-
expression inhibited the proliferation of ovarian 
cancer cells, as it is shown in Figure 4.

Effect of abnormal PKG2 expression on the down-
stream signaling pathway of EGFR

 After transient transfection of PKG2 overex-
pressed plasmid or PKG2 siRNA into SKOV3 cells, 
Western blot was used to detect the changes of 
PKG2 expression in the downstream EGFR signal-
ing pathway of AKT and ERK proteins and their 
phosphorylation. The results showed that PKG2 
overexpression inhibited the phosphorylation of 
AKT and ERK in EGFR phosphorylation and its 
downstream signaling pathways, as it is shown in 
Figure 5. 

Discussion

 The occurrence of cancer is a multi-gene, mul-
ti-stage, multi-step process. As other malignancies, 
the occurrence and development of ovarian cancer 
is jointly involved by various genetic and epigenet-
ic factors. Phosphorylation is a kind of epigenetics, 
which is widely involved in the genesis and devel-
opment of tumors. EGF induces phosphorylation 
of EGFR and activates its downstream PI3K/Akt, 
MAPK/ERK signaling pathways, which are widely 
involved in the proliferation, invasion, metastasis 
and angiogenesis of tumor cells [12-15]. At present, 
previous research has thoroughly elucidated the 
functions of EGFR in non-small cell lung cancer, 
gastric cancer, colorectal cancer, breast cancer, etc 

[16-19]. In ovarian cancer, EGFR has been reported 
as a potential diagnostic marker of ovarian cancer, 
but its regulatory mechanism still needs to be fur-
ther studied [20,21].
 PKG2 is a serine/threonine protein kinase, 
which constitutes two members of the PKG pro-
tein family together with PKG1. In gastric cancer, 
PKG2 can inhibit the changes in protein expression 
caused by EGF and reverse the changes in phospho-
rylation levels of various proteins caused by EGF 
[10]. Therefore, we hypothesized that PKG2 may 
play a similar role in ovarian cancer.
 In this research, we found that the expres-
sion level of PKG2 in epithelial ovarian cancer 
tissues was significantly lower than that in nor-
mal ovarian tissues and benign ovarian tumor 
tissues by quantitative RT-PCR and Western blot, 
with a statistical difference (p<0.05). In order to 
confirm the correlation between PKG2 and EGFR, 
we transfected ovarian cancer cell line SKOV3 by 
constructing PKG2 expression plasmid and PKG2 
siRNA, and the results showed that the abnormal 
expression PKG2 would significantly change the 
expression of EGFR. PKG2 expression can inhibit 
EGFR phosphorylation levels, and further reduce 
the EGF and EGFR signaling pathways downstream 
of ERK and Akt phosphorylation level, which has 
a significant impact on tumor cell proliferation. In 
ovarian cancer cells and tissues, the low expres-
sion level of PKG2 leads to high phosphorylation 
levels of Akt and ERK proteins in EGFR and its 
downstream signaling pathways, which are widely 
involved in the proliferation and invasion of tumor
cells.
 Preliminary results in this research verify that 
PKG2 could inhibit EGFR protein expression in 
ovarian cancer and its phosphorylation level, and 
preliminarily proved that PKG2 has further influ-
ence on EGFR downstream signaling pathways. 
However, we still don’t know if phosphorylation of 
EGFR by PKG2 has direct effect on EGFR phospho-
rylation sites, and which sites were changed. This 
issue merits further study. In conclusion, through 
this research, we preliminarily revealed a new 
mechanism by which EGFR is regulated by PKG2 
expression in ovarian cancer, and provided more 
experimental basis for PKG2 to possibly participate 
in the occurrence and development of ovarian can-
cer as an anticancer gene.

Conflict of interests

 The authors declare no conflict of interests.



Expression of PKG2 in Ovarian Cancer 735

JBUON 2020; 25(2): 735

References

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, 
Jemal A. Global cancer statistics 2018: GLOBOCAN 
estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin 2018;68:394-
424.

2. Webb PM, Jordan SJ. Epidemiology of epithelial 
ovarian cancer. Best Pract Res Clin Obstet Gynaecol 
2017;41:3-14.

3. Kossai M, Leary A, Scoazec JY, Genestie C. Ovar-
ian Cancer: A Heterogeneous Disease. Pathobiology 
2018;85:41-9.

4. Westin SN, Herzog TJ, Coleman RL. Investigational 
agents in development for the treatment of ovarian 
cancer. Invest New Drugs 2013;31:213-29.

5. Capriglione S, Luvero D, Plotti F et al. Ovarian cancer 
recurrence and early detection: may HE4 play a key 
role in this open challenge? A systematic review of 
literature. Med Oncol 2017;34:164.

6. Coppola D, Szabo M, Boulware D et al. Correlation of 
osteopontin protein expression and pathological stage 
across a wide variety of tumor histologies. Clin Cancer 
Res 2004;10:184-90.

7. Zhao YY, Cheng XL, Vaziri ND, Liu S, Lin RC. UPLC-
based metabonomic applications for discovering bio-
markers of diseases in clinical chemistry. Clin Biochem 
2014;47:16-26.

8. Yang Z, Liu Y, Wei X et al. Co-targeting EGFR and Au-
tophagy Impairs Ovarian Cancer Cell Survival during 
Detachment from the ECM. Curr Cancer Drug Targets 
2015;15:215-26.

9. Fernandez ML, Dawson A, Hoenisch J et al. Markers of 
MEK inhibitor resistance in low-grade serous ovarian 
cancer: EGFR is a potential therapeutic target. Cancer 
Cell Int 2019;19:10.

10. Wu Y, Yao X, Zhu M et al. PKG II reverses HGF-triggered 
cellular activities by phosphorylating serine 985 of c-
Met in gastric cancer cells. Oncotarget 2016;7:34190-
200.

11. Jiang L, Lan T, Chen Y et al. PKG II inhibits EGF/EGFR-

induced migration of gastric cancer cells. PLoS One 
2013;8:e61674.

12. Zhang C, Yang F, Ni S, Teng W, Ning Y. Drug-target-
disease network analysis of gene-phenotype connectiv-
ity for genistein in ovarian cancer. Onco Targets Ther 
2018;11:8901-8.

13. Tomas A, Futter CE, Eden ER. EGF receptor trafficking: 
consequences for signaling and cancer. Trends Cell Biol 
2014;24:26-34.

14. Wang Z. ErbB Receptors and Cancer. Methods Mol Biol 
2017;1652:3-35.

15. Endres NF, Engel K, Das R, Kovacs E, Kuriyan J. Regula-
tion of the catalytic activity of the EGF receptor. Curr 
Opin Struct Biol 2011;21:777-84.

16. Kol A, Terwisscha van Scheltinga A, Pool M, Gerdes 
C, de Vries E, de Jong S. ADCC responses and block-
ing of EGFR-mediated signaling and cell growth by 
combining the anti-EGFR antibodies imgatuzumab and 
cetuximab in NSCLC cells. Oncotarget 2017;8:45432-          
446.

17. Yuan W, Liu B, Wang X et al. CMTM3 decreases EGFR 
expression and EGF-mediated tumorigenicity by pro-
moting Rab5 activity in gastric cancer. Cancer Lett 
2017;386:77-86.

18. Perri F, Ionna F, Muto P et al. Genetics and manage-
ment of locally advanced carcinomas of the head and 
neck: role of altered fractionation radiotherapy. Future 
Sci 2019;5:Fso347.

19. Yamaoka T, Ohba M, Ohmori T. Molecular-Targeted 
Therapies for Epidermal Growth Factor Receptor and 
Its Resistance Mechanisms. Int J Mol Sci 2017;18.
PII:E2420. 

20. Han C, Altwerger G, Menderes G et al. Novel targeted 
therapies in ovarian and uterine carcinosarcomas. Dis-
cov Med 2018;25:309-19.

21. Bonello M, Sims AH, Langdon SP. Human epidermal 
growth factor receptor targeted inhibitors for the treat-
ment of ovarian cancer. Cancer Biol Med 2018;15:375-
88.


