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Abstract: Objective: Ovarian cancer is a kind of common gynecological malignancy in women.
PARP inhibitors (PARPi) have been approved for ovarian cancer treatment. However, the primary and
acquired resistance have limited the application of PARPi. The mechanisms remain to be elucidated.

Methods: In this study, we characterized the expression profiles of mRNA and nonconding RNAs
(ncRNAs) and constructed the regulatory networks based on RNA sequencing in PARPi Olaparib-
induced ovarian cancer cells.
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Conclusion: Here, we revealed the key regulatory IncRNA (circRNA)-miRNA-mRNA axis and their
involved pathways in the PARPi resistant ovarian cancer cells. These findings provide new insights

into exploring the ceRNA regulatory networks and developing new targets for PARPI resistance.
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1. INTRODUCTION

Ovarian cancer (OC) is a common gynecological malig-
nancy in women. The standard therapies include cisplatin-
based chemotherapy and cytoreductive surgery [1]. PARP
(poly-ADP ribose polymerase) is an enzyme that helps DNA
single-strand breaks (SSBs) to repair [2]. PARP inhibitors
catalyze the addition of poly-ADP-ribose polymers to target
molecules and prevent the SSB DNA repair. PARPi leads to
DNA repair defects and the generation of DNA double-
strand breaks (DSBs) when the tumor cells have defects in
repair by homologous recombination (HR) [3]. The unre-
paired SSBs eventually progress to double-strand breaks
(DSBs), which are highly cytotoxic to cells [4]. BRCA1/2
deficient tumor cells are more sensitive to PARPi through
synthetic lethality [5]. PARP inhibitors have been approved
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for the treatment of ovarian cancer, fallopian tube cancer
and peritoneal cancer. Despite the efficacy of PARP on
ovarian cancer patients, challenges remain due to primary
and secondary resistance. More than 40% of BRCA1/2-
deficient patients failed to respond to PARPi [6]. HR repair
restoration, DNA replication fork protection and other
mechanisms have been reported to be involved in PARPi
resistance [6]. On the other hand, studies have been con-
ducted to test the effect of PARPi in BRCA wild-type pa-
tients [4]. A single-agent Olaparib showed favorable re-
sponses in patients with platinum-recurrent ovarian cancer,
including those with BRCA wild-type [7, §]. In the phase II
CLEO study, patients with platinum resistance were ran-
domly assigned to Olaparib or other chemotherapy. The
patients with BRCA wild-type had a 13% response rate
compared to 6% with chemotherapy [8]. Therefore, the pri-
mary and acquired PARPi resistance need to be further elu-
cidated.

Noncoding RNAs (ncRNAs), including microRNA
(miRNA), long ncRNA (IncRNA) and circular RNA
(circRNA) are important regulators, regulating the function
of mRNAs directly or indirectly. Whole-transcriptome anal-
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ysis with total RNA sequencing detects both coding and
noncoding RNA, identifying known and novel features of
the transcriptome. miRNAs bind to the 3° end of mRNA and
mediate mRNA degradation. LncRNA and circRNAs are
considered to be competitive endogenous RNAs of miRNAs
and interfere with the degradation of mRNA [9].

In this study, we aim to elucidate the molecular altera-
tion in PARPi acquired resistant ovarian cancer cells. We
identified RNA transcript profiles in PARPI resistant ovarian
cancer cells and further analyzed the crosstalk and regulato-
ry networks among ncRNA and mRNA. Our findings identi-
fied the key ceRNA networks that regulate the PARPi ac-
quired resistance, which provide the insight for further ex-
ploring the molecular mechanisms and therapeutic targets
for PARPI resistance.

2. MATERIALS AND METHODS
2.1. Cell Culture

The human BRCA1 wild-type OC cell lines SKOV3
were cultured in Dulbecco's modified Eagle medium con-
taining 10% FBS and maintained at 37 °C in a humidified
incubator with 5% CO,. Olaparib (AZD-2281) was pur-
chased from Selleckshem (Suffolk, UK). Olaparib was dis-
solved in DMSO and diluted to its final concentration with
culture media. Resistant SKOV3 cells were generated by
being exposed to gradually increasing doses of Olaparib
from 10uM to 75uM for 6 months.

2.2. Whole-transcriptome Analysis with Total RNA Se-
quencing (RNA-Seq)

Total RNA from AKOV3 cells was isolated using Trizol
(ThermoFisher) as recommended by the manufacturer’s
manual. Purified total RNA was reverse-transcribed into
cDNA and was followed by constructing cDNA library.
cDNAs were subjected to illumina sequencing. High-quality
clean reads were aligned to the human reference genome
using STAR. The reads were assembled with StringTie. The
raw data for this study can be found in the (SRA,
PRINA780335, NCBI).

2.3. Screening for Differentially Expressed mRNA and
ncRNAs

The expression levels for each of the genes were normal-
ized as fragments per kilobase of exon model per million
mapped reads (FPKM) by Expectation-Maximization
(RSEM). FPKM values were calculated by StringTie. Raw
data were normalized using the quantile algorithm and were
subsequently analysed using an unpaired t-test. Differential-
ly expressed RNAs were identified by a log2 fold-change of
more than 1 and p values less than 0.05.

2.4. Gene Function Annotation of Differentially Ex-
pressed mRNA and ncRNAs

Differentially expressed mRNA and ncRNAs were sub-
jected to analysis of ontology classification based on gene
annotation through DAVID (Database for Annotation, Visu-
alization and Integrated Discovery). Predicted target genes
were assigned to functional groups based on molecular
function, biological processes and specific pathways.
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2.5. Construction of the IncRNA-miRNA-mRNA Net-
work

The IncRNA-miRNA-mRNA and circRNA-miRNA-
mRNA networks were constructed by differentially ex-
pressed genes (DEGs), differentially expressed IncRNAs
(DELs), and differentially expressed miRNAs (DEM) and
differentially expressed circRNA (DEC). miRnada was used
to predict the miRNA responsive elements (MRE) of target
genes and binding sites of miRNAs with IncRNAs and
mRNAs. Expression correlations between IncRNAs (circR-
NAs), miRNA and mRNAs were calculated using the Pear-
son correlation coefficient. The identified miRNA-targets
were filtered with Pearson correlation coefficient absolute
values bigger than 0.7 and p values less than 0.05. We pre-
dicted ceRNA by ceRNA scores calculated from the ratio of
the number of MREs for shared miRNA and the number of
MREs for IncRNA(circRNA)-miRNA pairs. The IncRNA-
miRNA-mRNA and circRNA-miRNA-mRNA networks
were visualized by using Cytoscape software.

3. RESULTS

3.1. Differentially Expressed mRNA, miRNA, circRNA
and IncRNA

BRCA1 wild-type SKOV3 were treated with a gradually
increasing dose of Olaparib for about 6 months. To explore
the differential expressed genes and regulatory roles of
noncoding RNA in the PARPi resistant OC cells, we per-
formed high-throughput RNA sequencing in untreated
SKOV3 and Olaprib-induced resistant SKOV3. Cells were
collected after treatment with long-term low dose of PARP
inhibitor. After constructing cDNA library, cDNAs were
subjected to illumina sequencing. Clean reads were obtained
and mapped to the reference genome sequence. We per-
formed machine learning-based methods, including Coding
Potential Calculator (CPC), Coding Potential Assessment
Tool (CPAT), Coding-Non-Coding Indel (CNCI) predictor
of long noncoding RNAs and messenger RNAs based on an
improved k-mer scheme (PLEK) to identify IncRNA.
Among transcripts detected, 1813 IncRNA were identified
by all these four methods (Fig. 1A). These IncRNA can be
divided into 4 classes: intronic IncRNA (54.5%), antisense
IncRNA (5.4%), intergenic IncRNA (38.1%) and birectional
IncRNA (36.2%). Of these IncRNA, the transcript types are
known IncRNA, predicted IncRNA and known protein-
coding mRNA (Fig. 1B).

For mRNA and IncRNA transcript, we evaluated the
transcript expression using FPKM (Fragments Per Kilobase
of transcript per Million fragments mapper). There were
dramatic alterations in the expression profiles of IncRNAs
and mRNA. Differentially expressed RNAs were identified
by a log2 fold-change of more than 1 and p values less than
0.05. A total of 11545 differentially expressed genes
(DEGs) were identified between control cells and resistant
cancer cells, including 4580 upregulated and 6965 down-
regulated (Fig. 1C). Also, 1289 differentially expressed
IncRNA(DEL) included 795 upregulated and 494 downreg-
ulated IncRNA (Fig. 1D). In addition to IncRNA, we also
evaluate the expression profiles of other noncoding RNA,
including microRNA and circRNA. Forty upregulated and
113 downregulated circRNAs (DECs) (Fig. 1E) and 115
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Fig. (1). Differentially expressed mRNA, miRNA, circRNA and IncRNA in PARPi-resistant ovarian cancer cells and untreated ovarian can-
cer cells. (A) The venn diagram of the noncoding transcripts identified by. The number in the circle represents the number of IncRNA pre-
dicted by different methods. The intersection of the four methods was shown as the final IncRNA identified. (B) The density plots of distri-
bution of protein-coding RNA, known IncRNA and predicted IncRNA. The number of The volcano plot of differentially expressed
mRNASs(C), IncRNAs (D), circRNAs (E) and miRNAs (F). Green and red dots represent downregulated and upregulated mRNAs and
ncRNAs, respectively. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

upregulated miRNA, 42 downregulated miRNA were identi-
fied (Fig. 1F). The top 20 DECs, DELs, DEMs and DEGs
are presented in Table 1.

3.2. GO and KEGG Analysis of DECs, DELs, DEMs and
DEGs

The functions of these differentially expressed molecules
were analyzed by GO and KEGG. The GO analysis showed

that the functions of DEGs were enriched in “cellular pro-
cess” “metabolic process” et al. (Fig. 2A). KEGG analysis
revealed the functions of DEGs were enriched in
“PI3K/AKT signaling pathway”“MAPK signaling pathway”

et al. (Fig. 2B).

Noncoding RNAs are considered to be the crucial regula-
tor of gene expression. We further investigated the functions
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Table 1. The top 20 DECs, DELs, DEMs and DEGs.

miRNA Fold Change P Value
hsa-miR-3182 5.171447956 8.96E-15
hsa-miR-4532 5.039138394 2.52E-12
hsa-miR-4516 4.699657981 2.91E-14
hsa-miR-4492 4.474779583 2.56E-09
hsa-miR-518b 4.209453366 3.57E-09
hsa-miR-6800-3p 4.061111514 2.09E-07
hsa-miR-3656 3.989946335 3.52E-07
hsa-miR-146a-5p 3.730705216 3.48E-10
hsa-miR-3141 3.6127161 2.86E-07
hsa-miR-4508 3.544320516 4.25E-06
hsa-miR-4488 3.499032322 1.16E-05
hsa-miR-103a-3p -4.308189328 4.11E-37
hsa-miR-107 -4.133692684 1.26E-23
hsa-miR-891a-5p -3.959661071 7.38E-19
hsa-miR-888-5p -3.666756592 5.97E-09
hsa-miR-891b -3.596935142 1.20E-08
hsa-miR-424-5p -3.52007297 1.97E-12
hsa-miR-196b-5p -3.495147674 1.38E-19
hsa-miR-551b-3p -3.473415848 8.66E-12
hsa-miR-16-5p -3.215792525 2.23E-33
hsa-miR-4798-5p -3.017921908 2.46E-06
circRNA
14:61970132|61996542 5.085897294 2.39E-07
3:13500713/13502980 3.12706581 0.003910453
1:172555869|172557794 3.019610665 0.038970624
7:64068891(64069609 2.984748856 0.001897136
5:141580744(141583615 2.950093053 0.007299037
12:20875235[20883602 2.897978363 0.006418302
3:136980331(136995556 2.820973096 0.005566833
13:113510238|113520733 2.772614508 0.006455488
13:75326197|75349302 2.755261187 0.016778459
7:75199651(75202613 2.748753713 0.016768676
6:85557976/85574378 -3.792147616 0.000363825
17:50667554|50669528 -3.639036524 0.000718271
7:103025063]103029418 -3.586144156 0.001020785
18:36195257|36203189 -3.577038905 0.000991828
2:219565242(219568324 -3.544409257 0.000756582
20:34072066|34078553 -3.532936856 0.001238831
11:61437625(61438113 -3.498893925 0.001290298
16:72957427|72960194 -3.458066112 0.002156597
10:110964125|110985765 -3.424938218 0.000795012
1:30992390[31007102 -3.414339996 0.001024219

(Table 1) contd....
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miRNA Fold Change P Value
IncRNA ID (Gene)
ENST00000624034 C90rf163 6.040245281 9.16E-11
ENST00000661335 FTX 5.891854737 1.63E-10
ENST00000442383 OSER1-AS1 5.83547037 1.79E-08
ENST00000649047 SNHG20-216 5.830133751 1.74E-10
MSTRG.61850.5 5.59018646 0.003259312
ENST00000461864 NCK1-AS1 5.530478529 1.92E-09
MSTRG.16384.1 5.395867717 1.88E-06
ENST00000663395 5.351647602 3.68E-08
MSTRG.31221.1 5.35118555 0.007769284
MSTRG.38592.1 5.34916988 0.007042967
ENST00000541196 HCP5 -9.894406324 1.74E-22
ENST00000354376 C90rf163 -8.112122365 6.58E-15
ENST00000559458 XXbac-BPG300A18.13 -5.95318985 0.042087404
ENST00000660956 SNHG14-270 -5.894849706 5.70E-13
ENST00000666458 LINC00665-220 -5.641815381 1.23E-08
ENST00000665759 -5.341851416 4.57E-07
ENST00000669788 LINC00355-204 -5.332818908 1.11E-07
ENST00000661899 LINC01572-212 -5.326204909 4.53E-08
ENST00000436612 TMEM99-202 -5.233511706 1.01E-07
ENST00000380604 B3GALT5-AS1 -5.136792674 3.10E-07
mRNA
PLEKHAG6 10.16650299 2.71E-26
ITSN1 9.489488838 5.97E-24
VARS2 8.478490774 1.31E-15
IQGAP1 10.91035318 0.009915323
WNK3 8.029618474 2.42E-14
PTPRS 11.21318751 1.04E-09
SDCBP 7.957421777 2.28E-11
HERC6 7.636711801 5.20E-16
ANLN 9.909792805 3.43E-09
ALDOA 7.525818281 5.09E-12
CCT3 -12.35879265 3.13E-33
CAD -11.96096413 8.60E-31
ERGIC3 -11.86601695 7.99E-30
TRRAP -11.53161308 9.59E-28
COLI12A1 -10.90682949 1.90E-25
EI24 -10.33839825 2.56E-23
PHLDBI1 -10.24484246 5.93E-24
EP400 -10.23146705 4.98E-24
DGKQ -10.18671302 1.22E-22
CLCN7 -10.1278134 2.73E-19
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Fig. (2). GO and KEGG analysis of DECs, DELs, DEMs, and DEGs. (A) GO functional analysis for DEGs (top 10 GO terms). KEGG
pathway analysis (top 10) for DEGs (B), DEL cis (C), DEL trans (D), DECs (E), DEMs (F). (4 higher resolution / colour version of this

figure is available in the electronic copy of the article).

of the differentially expressed noncoding RNA. The func-
tions of DELs (cis) were enriched in “Human papilloma-
virus infection” “tight junction” “Pyrimidine metabolism”
et al. (Fig. 2C). The functions of DELs (trans) were en-
riched in “Human papillomavirus infection” “MAPK sig-
naling pathway” “Focal adhesion” et al. (Fig. 2D). The
functions of DECs were enriched in “Proteoglycans in can-
cer” protein processing in endoplasmic reticulum” “Adherens
junction” et al. (Fig. 2E). The functions of DEMs were en-
riched in “Human papillomavirus infection” “MAPK signal-
ing pathway” “Ras signaling pathway” et al. (Fig. 2F).

4. CONSTRUCTION OF THE ceRNA NETWORK

To further examine the regulatory networks involved in
the drug-resistant cancer cells, we constructed the ceRNA
networks, including IncRNA-miRNA-mRNA and circRNA-
miRNA-mRNA networks. The DEGs, DELs, DEM and
DEC were used to construct the initial ceRNA network. We
firstly used miRnada to predict the miRNA responsive ele-

ments (MRE) of target genes and binding sites of miRNAs
with IncRNAs and mRNAs. The expressions of miRNA and
related mRNAs or IncRNAs were analyzed by Pearson’s
correlation coefficient. The identified miRNA-targets were
filtered with Pearson correlation coefficient absolute values
bigger than 0.7 and p value less than 0.05. We found 6338
filtered IncRNA-miRNA pairs and 4776 filtered miRNA-
mRNA pairs (Fig. 3A, 3B). ceRNAs are natural decoys that
compete for the miRNAs with shared MREs. We firstly
conducted Pearson’s correlation analysis to identify
IncRNA-mRNA and cirRNA-mRNA co-expression net-
works. Positive-correlation analysis identified the IncRNA-
mRNA pairs and cirRNA-mRNA pairs. We predicted ceR-
NA by ceRNA scores which are calculated from the ratio of
the number of MREs for shared miRNA and the number of
MREs for IncRNA-miRNA pairs. A total of 13290 IncRNA-
mRNA pairs were filtered according to ceRNA score and
expression level (Fig. 3C). Similarly, a total of 795 filtered
circRNA-miRNA pairs and 1910 circRNA-mRNA pairs
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Fig. (3). PARPi resistance-related ceRNA network. A. Venn diagram of IncRNA-miRNA shows the filtered IncRNA-target. The filtered
IncRNA-miRNA were identified by miRnada and Pearson correlation coefficient analysis. B. Venn diagram of miRNA-mRNA shows the
filtered miRNA-target. MiRnada and Pearson correlation coefficient analysis identified the filtered miRNA-mRNA. C. Venn diagram of
ceRNA and filtered IncRNA-mRNA. The ceRNAs were filtered through Pearson correlation coefficient analysis. D. Venn diagram of
circRNA-miRNA show the filtered circRNA-target. The filtered circRNA-miRNA were identified by miRnada and Pearson correlation
coefficient analysis. E. Venn diagram of ceRNA and filtered circRNA-mRNA. The ceRNAs were filtered through Pearson correlation coef-
ficient analysis. F. IncRNA-miRNA-mRNA ceRNA network. G. circRNA-miRNA-mRNA ceRNA network. (4 higher resolution / colour
version of this figure is available in the electronic copy of the article).

were identified (Fig. 3D, 3E). Finally, a ceRNA network was
drawn by cytoscape. As presented in Figs. (3F and 3G), the
ceRNA network contained the top 500 IncRNA-mRNA pairs
and circRNA-mRNA pairs. Based on the relationships between
IncRNA and mRNA and the role of miRNA as a middle regula-
tory molecule, we constructed a IncRNA-miRNA-mRNA
ceRNA network to predict the functions of DEL and DEM.

5. NETWORK HUB ANALYSIS

Hubs with high degrees are crucial for regulatory pro-
cesses. We then analyzed the hubs with the top 3 highest

degrees of nodes in both ceRNA networks (Table 2, Table
3). LncRNA ENST00000660956, ENST00000624919, and
ENST00000623646 are the top 3 IncRNA with the highest
degree  (Fig. 4A). 5:83537007|83555038, 14:61970132]
61996542, 17:27304780|27309272 are the top 3 circRNAs
with the highest degree (Fig. 4B). Among the differentially
expressed miRNA, miR-7-5p, miR-1273g-3p, miR-320c,
miR-320b, miR-310-3p, miR-526b-5p, miR-155-5p, miR-
29a-3p were regulated by these 3 IncRNAs (Fig. 4C).
Meanwhile, miR-320b was regulated simultaneously
by 5:83537007iv|83555038 and 17:27304780]|27309272
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Table 2. The degrees of nodes in IncRNA-miRNAs ceRNA network.

Target Degree
ENST00000660956 152
ENST00000624919 143
ENST00000623646 140
ENST00000670085 128
ENST00000590797 127
ENST00000665339 125
ENST00000656041 121
ENST00000434707 114
ENST00000661889 107

MSTRG.1192.2 107
ENST00000655923 106
ENST00000671323 105
ENST00000424333 98
ENST00000661303 98
ENST00000595310 97
ENST00000650393 97
ENST00000666458 95
ENST00000664033 93
ENST00000466953 92
ENST00000660040 91
ENST00000380604 91
ENST00000647102 87
ENST00000655613 86
ENST00000609207 85
ENST00000669283 84
ENST00000655379 83
ENST00000606285 83
ENST00000661181 82
ENST00000590838 81
ENST00000666884 80
ENST00000366153 80
ENST00000428289 79
ENST00000603468 78
ENST00000669788 77
ENST00000615168 76
ENST00000661193 76
ENST00000624760 74
ENST00000670637 74
ENST00000595394 73
ENST00000518732 72
ENST00000666013 70
ENST00000424435 69
ENST00000504349 69
ENST00000660381 69
ENST00000541196 69
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Table 3. The degrees of nodes in circRNA-miRNAs ceRNA network.

Target Degree
5:83537007/83555038 131
14:61970132|61996542 68
17:27304780[27309272 62
11:6136604561367998 59

8:134600436/134610655 58
9:710804(713464 57
16:72957427|72960194 49
18:21366027|21403994 44
15:64203082(64216713 42
7:92123120[92131872 41
5:136147832/136163391 41
5:180529275[180553471 39
1:151088190|151107222 39
5:69294793169311204 38
12:120782655(120810886 37
12:50004235|50006636 36
8:13098399/13100770 36
5:61472681/61494410 35
20:54157169|54171670 34
7:80789306|80810701 32
2:61485768|61490776 31
11:3768581|3776021 31
11:61437625/61438113 30
8:28155942(28162078 30
9:123070350/123076762 30
11:46433474]46435037 29
15:80978766/80982182 27
4:61934840/62044549 26
2:38585644(38591648 25
15:96282832(96290783 25
10:110964125[110985765 25
2:219565242|219568324 25
17:50667554|50669528 24
1:30992390|31007102 24
16:74660932|74661451 23
20:34072066/34078553 23
13:112516440(112527484 23
7:92294889(92307656 22
1:39434414|39439500 22
6:7176655/7182082 22
6:85557976|85574378 21
9:93515667|93516269 19
10:12081472(12094271 18
9:36246031]36246482 18

(Table 3) contd....
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Target Degree
12:32598497|32611283 17
9:79704783]79709699 17
7:103025063]103029418 16
2:182962159(182967361 16
17:82763965/82800996 15
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1:151427823|151442205 12
18:36195257|36203189 12
16:47109483]47132025 12
6:157036835]157084905 12
17:42322282/42323625 11
9:135850137/135862608 11

4:3154293]3160392 11
6:125045211/125058106 11
X:13666317|13668383 10

4:139137630[139139497

—_
(=)

2:190900564(190927482

5:170878097/170896115
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17:28122603|28172618

1:197642711]197658369

17:39708321|39710481

1:233135013]233208689

6:57379901(57537625

X:24172715|24179770

11:130260856[130261929

17:39490557|39492890

6:163455279/163478896

6:161307209/161308054

11:120475340(120477526

NI NN | W Wlw AWl ||| | 0| O| O

19:11513056|11514221

4:74174506]74225394 1
7:116695750/116700284 1
5:151790323]151791062 1

15:29761139|29773357 1

17:39724726|39725853 1

5:112985835/113004077 1
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Fig. (4). The hub gene associated with ceRNA. The hubs with the top 3 highest degree of nodes in IncRNA-miRNA (A) and circRNA-
miRNAs (B). (C) The ceRNA network with the top 3 highest degrees of IncRNA-miRNAs. (D) The top highest degree of circRNA-mRNA
ceRNA network with shared target miRNAs. (E) Heatmap of FPKM value of miRNA-targets. (4 higher resolution / colour version of this

figure is available in the electronic copy of the article).

(Fig. 4D). The expression of these miRNAs was negatively
correlated with its target genes in resistant cancer cells (Fig.
4E). The downregulation of these target genes, including
BCAT1, WNK3, SIRT5 YTHDC1, ATP8A1, TSC2 and
TP53INP1 was also confirmed in the Olaparib resistant
A2780 cells (GSE 153867). We then suggested that miR-
320b may be the key mediator in the ceRNA networks.

6. DISCUSSION

The ceRNA networks, including IncRNA-miRNA-mRNA
and circRNA-miRNA-mRNA identified in our study, provide
the possible regulatory mechanisms for Olaparib resistance.
According to the hub analysis, we identified the key hub
nodes, including 3 IncRNAs and 2 circRNAs. miR-320b was
predicted to be regulated these IncRNAs and circRNAs.

The identification of the ceRNAs network in PARP1 re-
sistance may represent promising new therapeutic targets.
The complementary principle is widely used to predict the
binding of DNA-RNA, RNA-RNA. RNA molecules are
involved in computational, algorithmic processes, including
RNA editing and RNA-based regulatory networks [11]. mi-
Randa was used to predict the sequences that miRNAs bind
with. miRanda algorithm is based on the free energy of as-
sociation of A-T and G-C base pairs. The interactions be-
tween two molecules are based on the overlap of electron

clouds [12]. Similar to DNA, RNA molecules are also re-
garded as electronic devices, transferring charges. Many
limitations to biological computation still remain. The RNA-
based logic operations are accompanied by an increase in
noise. Computational approaches such as molecular dynam-
ics and quantum mechanical techniques are applied to RNA,
particularly in relation to complementary experimental stud-
ies. Density functional theory (DFT) calculation is usually
used to optimize the hybridization of RNA-RNA [13]. Alt-
hough the usage of PARPi has improved the therapeutic
effects of ovarian cancer, some patients progressed after
PARPi. The mechanisms of resistance to PARPi include
PARP1 mutation, restoration of homologous recombination,
BRCA1 promoter alterations, generation of hypomorphic
BRCA proteins, decreased proteasomal degradation et al.
[14] In addition, other mechanisms were involved in PARPi-
related resistance, including PI3K/ATK pathway activation,
epigenetic modification, and restoration of PARylation [6,
10]. Noncoding RNAs act as post-transcriptional regulators
affecting mRNA expression. LncRNAs and circRNAs are
considered to be the important regulators in cancer progres-
sion and therapeutic resistance, acting as “sponges” for
miRNAs and, in turn affecting the expression of target genes
[15]. In this study, ENST00000660956 (SNHG14), ENST
00000624919(RP4-671014.6), ENST00000623646 (NKAIN3-
IT1:8) were obviously downregulated in resistant cancer
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cells. LncRNAs and circRNAs are new classes of epigenetic
regulators and their functions are much less well under-
stood. SNHG 14 was reported to be involved in the prolifera-
tion, invasion and DDP-resistance in cancer progression
through regulating miRNA [16-19]. The expression of
SNHG14 was higher in ovarian cancer tissues and cell lines
than in normal controls [20]. In this study, the expression of
SNHG14 was obviously reduced in PARPIi resistant ovarian
cancer cells, suggesting the alternative roles of SNHG14
during the process of PARPi therapy. miR-320 family mem-
bers play important roles in various cancers. The downregu-
lations of miR-320a, miR-320b and miR-320c suggest that
miR-320 family act as an antioncogenes in certain cancer
types [21, 22]. The differential effects of noncoding RNA
are mostly attributed to downstream target genes. The target
genes of miR-320b were involved in lipid transporting
ATPase (ATP8A1), transcellular calcium ion transportation
(WNK3), regulator of TP53 (TP53INP1), Glucose metabo-
lism and NAD metabolism (SIRTS5, BCAT1), m6A RNAs
alternative splicing (YTHDCI1), CoA biosynthesis (BCAT1),
negative regulator mTORCI1 signaling (TSC2), regulator of
p38 MAP kinase (GLYRI1), endocytic recycling (VPS50)
and nuclear receptor transcriptional activation (TBL1XR1).
The reduced expression of ATP8A1, which play roles in
transmembrane lipid homeostasis, may abolish the modula-
tory roles of PARPs in the lipid homeostasis including lipo-
protein homeostasis and fatty acid oxidation [23, 24]. The
WNK lysine deficient protein kinase 3 gene (WNK3) lacks
the catalytic lysine in subdomain II and has a conserved
lysine in subdomain I, which was reported to play a role in
the cell survival in a caspase-3-dependent pathway. WNK3
and TAOK3 were reported to be involved in paclitaxel re-
sistance [25].

CONCLUSION

The downregulation of WNK3 by miR-320b identified
in this study suggested the involvement of WNK3 in the
PARPI resistance. However, the clues for the ceRNA regula-
tory networks in PARPi resistance, more functional and
mechanistic studies are needed to be explored.
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