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Patients with ovarian cancer who receive platinum-based chemotherapy typically develop
platinum resistance, which leads to tumor recurrence and mortality. Therefore, finding the
underlying mechanisms and biomarkers is critical. A total of 51 platinum-resistant and 70
platinum-sensitive ovarian cancer patients were enrolled in this study. We examined the
GSE131978 dataset in the National Center for Biotechnology Information (NCBI) Gene
Expression Omnibus database for differentially expressed long non-coding RNAs and
messenger RNAs (mRNAs) between platinum-resistant and platinum-sensitive patients
and completed a microRNA chip analysis. After filtering by Pearson correlation analysis,
the competitive endogenous RNA (ceRNA) networks were subsequently constructed.
Then, the Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene Ontology
enrichment analyses about mRNAs in ceRNA networks were accomplished. More
crucially, we demonstrated the differentially expressed microRNAs using quantitative
real-time PCR and fluorescence in situ hybridization. The feasibility of microRNAs as
biomarkers to predict platinum resistance and tumor recurrence was assessed using the
receiver operating characteristic curve and survival analysis. MiR-320b and miR-320d
exhibited high area under the curve values of 0.757 and 0.702, respectively. In our study,
ceRNA networks including miR-320b and miR-320d probably provided novel insights for
platinum resistance in ovarian cancer patients.

Keywords: platinum-resistant, biomarker, ceRNA network, microRNA, ovarian cancer
INTRODUCTION

Ovarian cancer is the second most common gynecological cancer in women, with higher recurrence
and mortality rates than other cancers (1). Debulking surgery and platinum-based chemotherapy
continue to play a key role in the treatment of ovarian cancer, despite the remarkable progress such
as precisely targeted medicines and the systemic therapy theory (2). A previous report suggested
that the appearance of platinum resistance in chemotherapy is the major cause of the recurrence of
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advanced ovarian cancer, which eventually leads to death (3).
CA125, a widely used clinical biomarker, is recommended for
monitoring the response to first-line chemotherapy in ovarian
cancer; however, no evidence proves its usefulness (4). Therefore,
there is a pressing need to explore the potential molecular
mechanisms of platinum resistance in ovarian cancer patients
and find novel biomarkers to predict the response of ovarian
cancer patients to platinum-based chemotherapy.

Non-coding RNAs (ncRNAs), containing all RNA species
except mRNAs, cannot encode proteins or peptides, which can
not only directly bind to mRNAs, genes, or nascent transcripts
but also indirectly combine histone modifiers to regulate gene
expression (5). As competitive endogenous RNAs (ceRNAs),
long non-coding RNAs (lncRNAs) competitively combine
microRNA response elements (MREs) to modulate the
expression of downstream target genes (6). Furthermore,
lncRNA can also promote the translation of target genes by
enriching RNA-binding proteins (7). Specifically, microRNAs
are typically 19–25 nucleotides in size, and recognize the 3’
untranslated region of mRNA to mediate the post-
transcriptional silencing of target genes (8). Furthermore,
rather than inhibiting gene expression in the cytoplasm,
microRNAs can target enhancers to active gene expression in
the nucleus (9). Based on these mechanisms, the ceRNA
network, constructed by lncRNA–microRNA–mRNA axes,
plays a significant role in tumor origination and development,
providing novel insights for tumor therapeutic targets and
diagnostic biomarkers (10). Nowadays, what has been
universally recognized is that quite a lot of microRNAs
are significantly upregulated or downregulated in cancer
tissues, engaged in multiple cancer pathogenesis and
chemotherapy resistance (11, 12). In addition, microRNAs are
considered as potential biomarkers for cancer diagnosis and
classification, as well as the evaluation of chemotherapeutic
drug responsiveness (13).

During the recent decade, there are gradually increasing
studies showing that microRNAs specifically target mRNAs to
participate in the formation of platinum resistance and immune
escape in ovarian cancer (14–16). For instance, the
overexpression of miR-30b can induce platinum resistance by
inhibiting the expression of MYPT1 (17), whereas miR-211 has
been confirmed to improve the platinum sensitivity of ovarian
cancer cells by inhibiting the expression of the multiple genes
involved in the DNA damage response (18). Moreover,
microRNAs serve as efficient biomarkers to predict the
response of ovarian cancer patients to platinum, becoming
gradually a promising approach to early diagnosis for platinum
resistance (19). Further research has shown that circulating
microRNAs can effect ively predict the response to
chemotherapy and the prognosis of ovarian cancer patients (20).

Despite the fact that the foregoing progresses have been
achieved, there are still many potential mechanisms to
investigate, particularly the lack of effective biomarkers in
cl in ics to predict the response to plat inum-based
chemotherapy. In the present study, the ceRNA network was
constructed using microarray data of ovarian cancer patients
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with platinum resistance and platinum sensitivity, which was
utilized to discover several possible mechanisms and provide
novel insights into future research. More importantly, clinical
data and tissue samples were timely collected to verify the
distinct expression of miR-320b and miR-320d, as well as to
evaluate their sensitivities and specificities as biomarkers. This
research provides novel insights that miR-320b and miR-320d as
biomarkers can predict the response to platinum-based
chemotherapy for better therapy regimens in ovarian cancer
patients, as well as probably participate in the regulatory
mechanisms of the development of platinum resistance.
MATERIALS AND METHODS

Clinical Data Collection
Between January 2011 and August 2021, tissue samples and
clinical data were collected retrospectively from 180 patients who
received first-line chemotherapy after a debulking surgery at the
People’s Hospital of Guangxi Zhuang Autonomous Region. The
research was approved by the Ethics Committee of the people’s
Hospital of Guangxi Zhuang Autonomous Region and with the
written informed consent of all patients. The pathological
confirmation of ovarian cancer was obtained from all tissue
samples, which were then processed into paraffin sections. The
platinum-free interval (PFI) was calculated as the time between
the last platinum dose and tumor recurrence, which was higher
than 12 months in platinum-sensitive groups and less than 6
months in platinum-resistant groups (21). According to the
criteria, 51 platinum-resistant patients and 70 platinum-
sensitive patients were eventually enrolled.

Database Microarray Data Acquisition
and Preprocessing
The NCBI Gene Expression Omnibus (GEO, https://www.ncbi.
nlm.nih.gov/geo), was a public database comprised of substantial
microarray and sequencing data. Based on the GPL570 platform,
ovarian tumor tissues from 7 platinum-resistant ovarian cancer
patients and 5 platinum-sensitive ovarian cancer patients were
selected from the gene expression profile of GSE131978, which
was searched using the keywords “platinum-resistant” and
“ovarian cancer” (22). Moreover, the microarray rawdata was
processed by oligo package (version 1.54.1), including
background correction, normalization, and expression
computation (23). In order to identify mRNAs and lncRNAs
from the probes in the chip, the gene symbol annotation and
long non-coding RNA gene annotation (lncRNA) files from
GPL570 and Genecode (https://www.gencodegenes.org/) were
downloaded, respectively, to further analyze. When more than
one probe was annotated to the same gene, the probe with the
highest value was chosen to correspond to the target gene.

MicroRNA Chip Microarray Acquisition
and Preprocessing
To complete the microRNA chip analysis, total RNA was
extracted from eight ovarian tumor samples, using the Agilent
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Human miRNA Microarray Kit (DesignID:070156), four of
which were platinum resistant and four of which were
platinum sensitive. The NanoDrop ND-2000 (Thermo
Scientific, Waltham, MA, USA) was used to measure total
RNA, while the RNA integrity was evaluated by the Agilent
Bioanalyzer 2100 (Agilent Technologies, Palo Alto, CA, USA).
The standard chip-processing procedure was implemented,
which included sample labeling, microarray hybridization, and
washing. Total RNA was first dephosphorylated before being
tagged with Cyanine-3-CTP. The tagged RNAs were then
hybridized onto the microarray after purification. The arrays
were then scanned using an Agilent Scanner G2505C (Agilent
Technologies) to get raw pictures, and raw data were extracted
using Feature Extraction software (version 10.7.1.1; Agilent
Technologies). In the end, the raw data were quantile
normalized and filtered by at least 75% detached probes in
each sample.
Identification of Differentially Expressed
Long Non-Coding RNAs, MicroRNAs,
and mRNAs
The Limma package (version 3.46.0) was used to identify the
differentially expressed lncRNAs and mRNAs between platinum-
resistant and platinum-sensitive groups. The selection criteria for
lncRNAs and mRNAs were both |fold change|>1.5 and p-value
<0.05 (24). Meanwhile, the differentially expressed microRNAs
were identified with both |fold change|>2 and p-value <0.05 by
using Student’s t-test. Subsequently, the results were saved to
local Comma—Separated Values (CSV) files for further analysis.

Prediction of the MicroRNA Targets of
Long Non-Coding RNAs and mRNAs
Through starBase and miRWalk, the differentially expressed
microRNAs were used to explore interactions with lncRNAs
and mRNAs, respectively. The starBase (http://starbase.sysu.edu.
cn/index.php), a publicly powerful database to predict
relationships between microRNAs and the other RNA, was
used to acquire microRNA–mRNA interactions through Ago
CLIP-seq Data (25). The miRWalk prediction tool (http://
mirwalk.umm.uni-heidelberg.de), a machine learning
prediction approach for microRNAs based on the TarPMiR
algorithm, was used to obtain data on the microRNAs targeted
to mRNAs (26). To increase the accuracy of prediction by
microRNAs, the common lncRNAs and mRNAs were
recognized as the target genes of microRNAs in the results of
the above microarray data and online tools.

Construction of Competing Endogenous
RNA Network
According to the theory of the ceRNA network, the lncRNA–
microRNA–mRNA network was constructed as the following
approaches: (1) to further improve the accuracy of predicted
results, the Pearson correlation coefficient was calculated by
using the expression values of the above common lncRNAs
and mRNAs; the setting cut-off threshold of lncRNA–mRNA
pairs was defined as the coefficient >0.75 and p-value <0.05. (2)
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Among the above determined lncRNA–mRNA pairs, if the
lncRNAs and mRNAs were not only targeted but also
identified as negatively co-expressed with the same
microRNAs, this competing relationship of the lncRNA–
microRNA–mRNA axes would be recognized as the desired
result. (3) Then, multiple axes were visualized by utilizing
Cytoscape software (version 3.8.2) to construct the
ceRNA network.

Function Enrichment Analysis
The results of Gene Ontology (GO), which included Biological
Processes (BP), Cellular Component (CC), and Molecular
Function (MF), were obtained using the clusterProfiler
software (version 3.18.1) (27). Meanwhile, the KEGG pathway
enrichment analysis was also performed through the same
method. Both of their thresholds were set as p-value <0.05. At
the same time, their results were visualized by utilizing the
ggplot2 package (version 3.3.3).

Real-Time Polymerase Chain Reaction
Total RNA was extracted from 51 platinum-resistant and 70
platinum-sensitive ovarian cancer samples using miRNA
extraction Kit DP502 (TIANGEN BIOTECH, Beijing, China),
respectively, then reverse transcription was performed through
Mir-X miRNA First-Strand Synthesis Kit (TaKaR, Kyoto, Japan).
Amplification was completed immediately utilizing TB Green
Premix Ex Taq TM II RR820A (TaKaR, Japan). Then, the
expressions of interesting microRNAs were detected by
QuantStudioTM5 real-time PCR instrument (Applied
Biosystems, Foster, CA, USA). Meanwhile, the relative levels
of microRNAs and U6 were calculated through the
2-△△Ct method.

Fluorescence In Situ Hybridization
Experiment
The platinum-resistant and platinum-sensitive samples of
ovarian cancer were processed by the standard fluorescence in
situ hybridization (FISH) protocol, including Cy3-labeled
microRNAs probes and cell nucleus location with 4′,6-
diamidino-2-phenylindole (DAPI). The specific probe
sequences were as follows: the sequence of miR-320b was 5-
CY3-UUGCCCUCUCAACCCAGCUUUU-3, and the sequence
of miR-320d was 5-CY3-UCCUCUCAACCCAGCUUUU-3.
Three positive fields in each slice were measured for Integrated
Optical Density (IOD) and corresponding positive pixel area
(Area), and the average optical density (AOD) = IOD/Area was
calculated by Image-Pro Plus 6.0 as the criteria for assessing the
microRNA difference between platinum-resistant and platinum-
sensitive ovarian cancer tissues.

Receiver Operating Characteristic Curve
The gold standard was utilized to classify platinum-resistant and
platinum-sensitive ovarian cancer patients according to the
above method. The evaluation criteria of biomarkers were the
log2 expression levels of microRNAs measured by RT-PCR in all
enrolled patients. The whole data processing including the
calculation of the area under the curve (AUC) and the cut-off
May 2022 | Volume 12 | Article 881496
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value was calculated by the pROC package (version 1.18.0). In
addition, the sensitivity and specificity of biomarkers were
calculated to evaluate the test efficacy.
Survival Analysis of Redefinition Groups
The cut-off value of microRNAs calculated by the Youden index
in the ROC curves was used to define high- and low-expression
groups. The patients whose microRNA expression was higher
than the cut-off value were assigned to be in the high-expression
group, whereas patients in the low-expression group were
recognized as having lower microRNA expressions than the
cut-off value. The survival curves of the two groups were
plotted using the survival package (version 3.2-7) to look for
statistical differences in tumor relapse using the log-rank test.
Statistical Analysis
All data were analyzed and visualized with R version 4.0.4, IBM
SPSS Statistics 26.0, and GraphPad Prism 6.0 software. The
continuous and categorical variables were analyzed by the
Mann–Whitney U test and Pearson chip-squared test,
respectively. Both univariate and multivariate Cox analyses
were used to identify independent risk factors of progression-
free survival (PFS) between platinum-resistant and platinum-
sensitive groups. All significant indicators were defined as a
p-value <0.05.
RESULTS

Clinical Characteristics
The study enrolled 121 patients with ovarian cancer who were
treated with platinum-based first-line chemotherapy after
surgery. According to the PFI, participants were divided into
two groups, including 51 platinum-resistant patients and 70
platinum-sensitive patients, respectively. The clinical
characteristics of the two groups were compared, as well as
noteworthy discrepancies were enumerated between them
(Table 1). There was no statistical difference between the two
groups in terms of age, the initial tumor location, or distant
metastasis; however, ovarian cancer patients with a higher
Federation International of Gynecology and Obstetrics (FIGO)
stage and more metastatic sites were considered to be more
prone to platinum resistance. Furthermore, risk factors in
patients were discovered using univariate and multivariate Cox
analyses. FIGO stages III–IV, appendix metastasis positive, and
lymph node metastasis positive were all identified as adverse
independent risk factors for PFS in 121 patients, with hazard
ratios of 6.656, 2.752, and 2.263, respectively (Table 2).
Identification of Differentially Expressed
lncRNAs, microRNAs, and mRNAs
After preprocessing, the general expressions of reading count
matrix including GSE131978 and the microRNA chip
Frontiers in Oncology | www.frontiersin.org 4
microarray were visualized using a boxplot (Supplementary
Figures 1A–C). Then, principal component analysis (PCA), a
linear dimensionality reduction algorithm, was utilized to
evaluate differences in platinum-resistant and platinum-
sensitive patients by variance (Supplementary Figures 1D–F).
Between platinum-resistant and platinum-sensitive groups, 33
downregulated and 7 upregulated lncRNAs, 604 downregulated
and 243 upregulated mRNAs, 21 downregulated microRNAs,
and 13 upregulated microRNAs were identified using the above
selection criteria (Supplementary Tables 1–3). Moreover, the
heatmap and volcano plot were used to better visualize the
differentially expressed mRNAs (Figures 1A–F).
Construction of lncRNA–microRNA–mRNA
Competitive Endogenous RNA Network
Based on the ceRNA network theory, mRNAs with a Pearson
correlation coefficient >0.75 and p-value <0.05 were further
identified as hub mRNAs, including 463 downregulated and 68
upregulated mRNAs, which were used to construct the ceRNA
network in the following. By merging previously predicted
results and microarray data, a total of 214 lncRNA–miRNA–
mRNA axes were discovered, containing 5 lncRNAs, 8
microRNAs, and 146 mRNAs. Eventually, two ceRNA
networks were visualized: the upregulated lncRNA-mediated
network comprised 4 lncRNAs, 7 microRNAs, and 31 mRNAs,
and the downregulated lncRNA-mediated network consisted of 1
lncRNA, 1 microRNA, and 115 mRNAs (Figures 2A, B). The
mRNAs in two ceRNA networks were listed (Supplementary
Table 4). The top two most connected microRNAs in ceRNA
networks were miR-320b and miR-320d, each of which targeted
3 lncRNAs and 11 mRNAs. Even more interestingly, they were
targeted at 3 lncRNAs at the same time, in particular SNHG12,
MEG3, and NR2F1-AS1, as well as respectively engaged in 33
lncRNA–microRNA–mRNA axes. According to the ceRNA
theory, lncRNAs frequently competitively combine MREs to
drive target gene posttranscriptional silencing, implying that
miR-320b and miR-320d may play an essential role in
platinum resistance (Supplementary Table 5).
Function Enrichment Analysis of mRNAs in
Competitive Endogenous RNA Network
In order to further clarify the physiological functions of mRNAs
in the ceRNA networks, the KEGG pathway and GO function
enrichment analysis were utilized to discover potential pathways
and functions of platinum-resistant in ovarian cancer patients.
The KEGG pathway analysis was primarily focused on “DNA
replication”, “Base excision repair”, “Nucleotide excision repair”,
and “RNA polymerase”, all of which had great opportunities to
be involved in the progression of platinum-resistant cancers, in
addition, the mRNAs were also highly relevant to inflammation-
associated pathways, such as “TNF signaling pathway”, “Toll-like
receptor signaling pathway”, and “C-type lectin receptor
signaling pathway” (Figure 3A). Meanwhile, we further
demonstrated the participation of mRNAs in different KEGG
May 2022 | Volume 12 | Article 881496
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TABLE 1 | Clinical characteristics between platinum-resistant and platinum-sensitive groups.

Number Platinum resistant Platinum sensitive P-value

Age (year)* 54.0 (49.0-62.0) 55.0 (49.0-62.0) 54.0 (49.0-61.0) 0.821
FIGO Stage 0.000
I–II 40 (33.1%) 5 (4.2%) 35 (28.9%)
III–IV 81 (66.9%) 46 (38.0%) 35 (28.9%)
Primary tumor location 0.146
Unilateral 68 (56.7%) 25 (20.8%) 43 (35.8%)
Bilateral 52 (43.3%) 26 (21.7%) 26 (21.7%)
Residual carcinoma diameter 0.006
<1 cm 99 (81.8%) 36 (29.8%) 63 (52.1%)
>1 cm 22 (18.2%) 15 (12.4%) 7 (5.8%)
Metastatic sites
Pelvic and abdominal metastases 0.000
Positive 74 (61.2%) 43 (35.5%) 31 (25.6%)
Negative 47 (38.8%) 8 (6.6%) 39 (32.2%)
Appendix metastasis 0.000
Positive 48 (39.7%) 34 (28.1%) 14 (11.6%)
Negative 73 (60.3%) 17 (14.0%) 56 (46.3%)
Greater omentum metastasis 0.000
Positive 63 (52.1%) 42 (34.7%) 21 (17.4%)
Negative 58 (47.9%) 9 (7.4%) 49 (40.5%)
Intestinal metastasis 0.001
Positive 67 (55.4%) 37 (30.6%) 30 (24.8%)
Negative 54 (44.6%) 14 (11.6%) 40 (33.1%)
Lymph node metastasis 0.000
Positive 46 (38.0%) 32 (26.4%) 14 (11.6%)
Negative 75 (62.0%) 19 (15.7%) 56 (46.3%)
Distant metastasis 0.075
Positive 22 (18.2%) 13 (10.7%) 9 (7.4%)
Negative 99 (81.8%) 38 (31.4%) 61 (50.4%)
Ascites cytology 0.000
Positive 78 (64.5%) 44 (36.4%) 34 (28.1%)
Negative 43 (35.5%) 7 (5.8%) 36 (29.8%)
Frontiers in Oncology | www.frontiersin.org
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*Median (first quartile–third quartile).
TABLE 2 | Univariate and multivariate Cox proportional hazards regression analysis of risk factors associating with PFS in 121 patients.

Univariate Cox regression analysis Multivariate Cox regression analysis

Coefficient HR 95%CI P-value Coefficient HR 95%CI P-value

Age 0.012 1.012 0.973-1.054 0.544
FIGO stage
III–IV versus I–II 2.923 18.588 4.304-80.281 0.000 1.896 6.656 1.313-33.737 0.022
Primary tumor location
Bilateral versus unilateral 1.213 3.362 1.678-6.739 0.001
Diameter of residual carcinoma
>1 cm versus <1 cm 1.634 5.124 2.630-9.983 0.000
Pelvic and abdominal metastases
Positive versus negative 1.536 4.648 1.998-10.811 0.000
Appendix metastasis
Positive versus negative 2.030 7.615 3.586-16.171 0.000 1.012 2.752 1.239-6.111 0.013
Greater omentum metastasis
Positive versus negative 2.251 9.945 3.858-23.372 0.000
Intestinal metastasis
Positive versus negative 1.565 4.781 2.095-10.912 0.000
Lymph node metastasis
Positive versus negative 1.910 6.750 3.228-14.117 0.000 0.817 2.263 1.032-4.963 0.041
Distant metastasis
Positive versus negative 0.678 1.971 0.925-4.200 0.079
Ascites cytology
Positive versus negative 1.964 7.124 2.507-20.246 0.000
HR, hazard ratio; CI, confidence interval.
881496
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pathways (Supplementary Figure 2). GO function enrichment
analysis revealed that “telomere maintenance via semi-
conservative replication,” “DNA strand elongation involved in
DNA replication,” and “stress-activated MAPK cascade” were
enriched in the biological process and the cellular component
consisted of “DNA polymerase complex” and “nuclear
replication fork”; meanwhile, “methylated histone binding” and
“DNA polymerase activity” participated in molecular function
(Figures 3B–D). In the end, the top 10 GO terms of BP, CC, and
MF, respectively, were visualized to observe the mRNAs involved
in enrichment results (Figure 4).

Expression of miR-320b and miR-320b in
the Ovarian Samples by Real-Time
Polymerase Chain Reaction
After evaluating PFI in patients receiving platinum-based first-
line chemotherapy, total RNA was extracted from 51 platinum-
resistant and 70 platinum-sensitive ovarian tumor tissues. Then,
RT-PCR was performed according to the standard protocol. Our
findings revealed that the expression levels of miR-320b and
Frontiers in Oncology | www.frontiersin.org 6
miR-320d in the platinum-sensitive group were significantly
higher than those in the platinum-resistant group, and the fold
changes were 102.9 and 29.9 times, respectively, both with a p-
value <0.001 (Figure 5A).

Cytoplasm Localization and Expression of
miR-320b and miR-320b in the Ovarian
Samples by Fluorescence In Situ
Hybridization
To further verify the differences of miR-320b and miR-320d
expression levels between platinum-resistant and platinum-
sensitive groups, FISH was performed by the standard
protocol. MiR-320b and miR-320d were observed in the
cytoplasm based on the DAPI-labeled blue nucleus, indicating
that they probably specifically target the 3 ‘ untranslated region
of mRNAs to mediate post-transcriptional silencing
(Figure 5B). Meanwhile, the average optical density (AOD)
of miR-320b and miR-320d in the platinum-sensitive group
was higher than the platinum-resistant group with a p-value
<0.05 (Figures 5C, D).
A B C

D E F

FIGURE 1 | Heatmap and volcano plot of differentially expressed lncRNAs, mRNAs, and microRNAs. (A) Heatmap of 7 upregulated and 33 downregulated
lncRNAs. (B) Heatmap of 243 upregulated and 604 downregulated MRNAs. (C) Heatmap of 13 upregulated and 21 downregulated lncRNAs. (D) Volcano plot of 7
upregulated and 33 downregulated lncRNAs. (E) Volcano plot of 243 upregulated and 604 downregulated mRNAs. (F) Volcano plot of 13 upregulated and 21
downregulated microRNAs.
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A B

FIGURE 2 | Construction of lncRNA-mediated ceRNA regulatory network. (A) The upregulated lncRNA-mediated ceRNA regulatory network. (B) The downregulated
lncRNA-mediated ceRNA regulatory network. Red means upregulated lncRNAs, yellow means downregulated microRNAs and mRNAs, blue means upregulated
lncRNAs and microRNAs, and green means downregulated lncRNAs.
A B

C D

FIGURE 3 | Function enrichment analysis of mRNAs in ceRNA network. (A) KEGG enrichment analysis of mRNAs in ceRNA network. (B-D) GO enrichment analysis
of mRNAs in ceRNA network including BP, CC, and MF. Gene numbers represent the number of enriched mRNAs.
Frontiers in Oncology | www.frontiersin.org May 2022 | Volume 12 | Article 8814967
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Sensitivities and Specificities of miR-320b
and miR-320d in the Prediction of
Platinum Resistance
MiR-320b and miR-320d were low expressions in platinum-
resistant ovarian cancer samples; thus, ROC curves were used to
estimate their sensitivities and specificities in order to see if they
might be utilized as biomarkers to reliably predict a response to
platinum-based chemotherapy (Figures 6A, B). According to
our findings, miR-320b and miR-320d exhibited higher AUC
Frontiers in Oncology | www.frontiersin.org 8
values of 0.757 and 0.702, respectively. Meanwhile, there were
extremely excellent sensitivities in diagnosing platinum
resistance, which were both 0.941; the disappointing fact was
that the specificities of miR-320b and miR-320d were 0.500 and
0.514, respectively, relatively low. Our findings showed that the
miR-320b and miR-320d expression levels measured during
surgery approximately predict 94% of platinum-resistant
patients and 50% of platinum-sensitive patients, allowing
patients to begin more effective treatments earlier and prevent
FIGURE 4 | Chord diagram of top 10 BP, CC, and MF. Different colors on the right of the chord diagram represent different GO terms, corresponding to legend, the
left of the chord diagram represents mRNAs enriched in different GO terms, and the line in the middle represents mRNAs that are enriched in GO terms.
May 2022 | Volume 12 | Article 881496
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a tumor relapse. More common statistical indicators, such as the
predictive value, likelihood ratio, and relative risk, were listed
(Supplementary Table 6).

Survival Analysis of High-Expression and
Low-Expression Groups
The survival curves were utilized to see if there were any
differences in tumor relapse between the high- and low-
expression groups of miR-320b and miR-320d, as shown in the
figure below. Our findings revealed that ovarian cancer patients
with low miR-320b and miR-320d expression had a greater rate
of tumor relapse, with p-values of 0.0085 and 0.0039, respectively
(Figures 6C, D). However, there was no significant difference in
overall survival (OS) between two groups, the better of which was
defined by miR-320b with a p-value of 0.16 and the other by
miR-320d with a p-value of 0.97, which could be related that the
Frontiers in Oncology | www.frontiersin.org 9
therapeutic regimen changed after tumor recurrence and some
patients were still alive at the end of the follow-up
(Supplementary Figures 3A, B). Based on these findings, miR-
320b and miR-320d could successfully predict tumor recurrence
but not OS in ovarian cancer patients receiving platinum-
based chemotherapy.
DISCUSSION

In this study, we constructed the lncRNA-mediated ceRNA
networks to reveal that miR-320b and miR-320d were probably
involved in the mechanisms of platinum resistance in ovarian
cancer patients mediated by SNHG12, MEG3, and NR2F1-AS1.
Moreover, we further demonstrated that they can be used as
A B

C D

FIGURE 5 | Differential expressions of miR-320b and miR-320d between platinum-resistant and platinum-sensitive ovarian cancer tissues were verified by RT-PCR
and FISH. (A) Expression levels of miR-320b and miR-320d in ovarian cancer tissues by RT-PCR. (B) Cellular localization of miR-320b and miR-320d in ovarian
cancer tissues by FISH. (C, D) Quantitative analysis of miR-320b and miR-320d in ovarian cancer tissues by FISH. ***p<0.001. RT-PCR, real-time polymerase chain
reaction; FISH, fluorescence in situ hybridization experiment. *p < 0.05; **P < 0.01.
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novel biomarkers to early predict platinum resistance and tumor
relapse in ovarian cancer patients during surgery. Specifically
speaking, we collected clinical data and samples from 51
platinum-resistant and 70 platinum-sensitive ovarian cancer
patients receiving first-line chemotherapy according to the
prescribed assessment criteria from Gynecologic Cancer
InterGroup (GCIG) (21). Based on the methods described
above, two ceRNA networks encompassing 5 lncRNAs, 8
microRNAs, and 146 mRNAs were constructed using the
combination of microarray data and GEO database. The
differentially expressed mRNAs in two ceRNA networks were
predominantly enriched in DNA synthesis and damage repair
processes, such as “Base excision repair” and “Nucleotide
excision repair,” according to the KEGG pathway and GO
function enrichment analysis. Meanwhile, the top two most
tightly connected microRNAs in ceRNA networks were miR-
320b and miR-320d, which were significantly downregulated in
Frontiers in Oncology | www.frontiersin.org 10
platinum-resistant ovarian cancer samples by RT-PCR and
FISH, with p-value <0.05. They were proven in the cytoplasm
by FISH and respectively involved in 33 lncRNA–microRNA–
mRNA axes, suggesting that they were involved in the post-
transcriptional silencing of target genes in the occurrence and
progression of platinum-resistant ovarian cancer. In ovarian
cancer patients, miR-320b and miR-320d were confirmed as
novel biomarkers for predicting the response to platinum-based
first-line chemotherapy and tumor relapse, with higher AUC
values, 0.757 and 0.702, respectively.

In the upregulated lncRNA-mediated ceRNA network, 3
lncRNAs simultaneously targeted miR-320b and miR-320d, in
particular SNHG12, MEG3, and NR2F1-AS1. SNHG12 was
involved in unfolded protein responses in many tumor cells,
which were exploited to evade the immune-mediated attack and
correlated with chemotherapeutic or targeted drug resistance in
various malignancies (28). Recent evidence suggested that the
A B

C D

FIGURE 6 | Effect of miR-320b and miR-320d as biomarkers to predict platinum resistance and tumor recurrence in ovarian cancer patients receiving platinum-
based chemotherapy by ROC and survival curves. (A, B) ROC curves of miR-320b and miR-320d. (C, D) Survival curves of high-expression group and low-
expression group judged by expression levels of miR-320b and miR-320d, respectively. ROC curve, receiver operating characteristic curve.
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overexpression of SNHG12 specifically combined miR-129-5p in
the glioblastoma, causing the upregulation of MAPK1 and E2F7,
which impaired temozolomide (TMZ)-induced apoptosis and the
G1/S cell cycle conversion, resulting in the appearance of acquired
TMZ resistance (29). Moreover, the increased expression of
SNHG12 promoted the development of doxorubicin resistance
through the SNHG12/miR-320a/MCL1 axis in osteosarcoma cells
(30). In our study, upregulated SNHG12 may have participated in
the underlying mechanisms of platinum resistance in ovarian
cancer patients by targeting miR-320b and miR-320d. In
colorectal cancer, non-small cell lung cancer, thyroid cancer,
and acute myeloid leukemia, MEG3 was found to have a high
expression in the treatment-sensitive group and to combine the
relevant microRNAs to improve therapy sensitivity (31–34).
However, we discovered that MEG3 was upregulated in
platinum-resistant ovarian cancer patients, which was most
probably due to the difference in the disease type and therapy
regimen. Similar to the ceRNA network, NR2F1-AS1 was
upregulated in oxaliplatin-resistant hepatocellular carcinoma
patients and promoted ABCC1 expression by targeting miR-
363 to increase chemoresistance (35). Further research revealed
that miR-320b was significantly downregulated and suppressed
apoptosis in adriamycin-resistant breast cancer cell lines via
negatively regulating RBM38, while the overexpression of miR-
320b produced the opposite effects (36). Low expression of miR-
320b resulted in a weakened inhibition of RAD21 in
hepatocellular carcinoma treated with ionizing radiation,
resulting in the reduction of therapy-induced DNA damage
(37). These results were consistent with our findings that miR-
320b played an essential role in therapeutic resistance not only in
chemotherapy but also in radiotherapy. Moreover, a recent study
showed that miR-320b was downregulated in TMZ-resistant
glioblastoma stem-like cells by RNA-seq and RT-PCR (38). Just
as we described earlier, lncRNAs generally silenced the mRNA
expression by competitively binding microRNAs with the sponge
effect, affecting the response to therapy in multiple cancers.
Patients with platinum-resistant ovarian cancer have tried a
variety of therapeutic regimens, including nonplatinum-based
therapy, to prolong PFI and multiple drug combinations (39).
The Best Approach in Recurrent-Ovarian-Cancer-with
Cediranib-Olaparib (BAROCCO) trial showed that the
combination of cediranib–olaparib did not significantly
improve PFS in platinum-resistant patients compared with
paclitaxel (40). Nonetheless, a few studies indicated that the
underlying mechanisms about the initiation and progression of
platinum-resistant in ovarian cancer patients. In our study, the
lncRNA–microRNA–mRNA axes identified in ceRNA networks
may provide novel insights to the mechanisms of
platinum resistance.

The KEGG pathway and GO function enrichment analysis
were performed on 31 upregulated and 115 downregulated
mRNAs in the ceRNA networks to further investigate the
physiological roles of differentially expressed mRNAs in
ovarian cancer patients with platinum resistance. Our findings
revealed that “Base excision repair” and “Nucleotide excision
repair” were obviously correlated to the occurrence of platinum
Frontiers in Oncology | www.frontiersin.org 11
resistance, which was consistent with a previous study that
aberrant activity in one of the various DNA repair pathways
was general in cancers and may enhance their repair capability or
tolerate platinum-induced DNA damage, eventually leading to
platinum resistance (41). Furthermore, we also noticed these
mRNAs were enriched in “methylated histone binding” and
“histone binding,” particularly recent research suggested that
treatment with a histone deacetylase inhibitor reduced the
functions of ACTL6A overexpression, resulting in not only
decreasing repair of cisplatin-DNA adducts but also improving
sensitivity to cisplatin therapy (42). As a result, it was reasonable
to assume that histone modification was crucial in the generation
of platinum-resistant cells. Moreover, there were also some
enrichment results linked to DNA and RNA syntheses, which
may result in platinum resistance.

Multiple studies have reported that platinum-based
chemotherapy was still an essential treatment for ovarian
cancer, but some patients inevitably experienced tumor relapse
and death due to platinum resistance (2, 3). Obviously, it was
critical to discover clinical indicators that might accurately
predict platinum reactivity. During the last decade, microRNAs
have universally participated in the development of drug
resistance (43). It provided the basis for microRNAs as
biomarkers to predict the medication response. Four
microRNAs encompassing miR-22-3p, miR-98-5p, miR-454-
3p, and miR-183-5p were evaluated in high-grade serous
ovarian cancer with the ability to distinguish platinum-
resistant and platinum-sensitive patients and predict their
prognosis (44). Moreover, let-7g, which can be extracted from
both serum and tissue, has been recommended as a new
biomarker for predicting chemotherapy resistance in epithelial
ovarian cancer (19). However, no research has been reported to
indicate that miR-320b and miR-320d may be used as
biomarkers to predict the response to platinum-based
chemotherapy. Therefore, we detected the expression levels of
miR-320b and miR-320d in 51 platinum-resistant and 70
platinum-sensitive ovarian cancer patients by RT-PCR to
evaluate their responses to platinum-based chemotherapy. Our
results revealed that miR-320b and miR-320d were effective to
determine platinum resistance, with the AOC values of 0.757 and
0.702, respectively. Specifically speaking, they were more suitable
for detecting platinum-resistant ovarian cancer patients in clinic,
with both having high sensitivities of 0.941. However, low
specificities of 0.500 and 0.514 were obtained in detecting
platinum-sensitive ovarian cancer patients, respectively. And
more interestingly, tumor relapse was adversely linked with the
expression levels of miR-320b and miR-320d in ovarian cancer
patients who received platinum-based first-line chemotherapy
after debulking surgery.
CONCLUSIONS

In this study, the ceRNA networks were constructed through
chip data and online prediction results to search for the
underlying mechanisms of platinum resistance. The top two
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most connected microRNAs, miR-320b and miR-320d, have
been demonstrated to be downregulated in platinum-resistant
tissues. More intriguingly, they are both specifically combined
with 3 lncRNAs including SNHG12, MEG3, and NR2F1-AS1,
probably providing novel insights into the regulatory
mechanisms of platinum resistance. We further divided 51
platinum-resistant and 70 platinum-sensitive ovarian cancer
patients into the high-expression group and low-expression
group according to expression levels of miR-320b and miR-
320d, confirming that they can predict the formation of platinum
resistance and tumor recurrence in ovarian cancer patients
during surgery. However, the underlying mechanisms
predicted by the ceRNA networks containing miR-320b and
miR-320d should be further verified in platinum-resistant
ovarian cancer cell lines and tumor xenograft models.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of the People’s Hospital of
Guangxi Zhuang Autonomous Region. The patients/participants
provided their written informed consent to participate in
this study.
AUTHOR CONTRIBUTIONS

YL and LL contributed to the design of the study and manuscript
writing. LL edited the manuscript. RZ, CL, and JZ were responses
Frontiers in Oncology | www.frontiersin.org 12
for data collection. YL contributed to data management. CL and
JZ participated in data analysis. All authors have read and
approved the published version of the manuscript.
ACKNOWLEDGMENTS

The authors wish to thank the following participants in this
consensus (in alphabetical order): LL, CL, LY, RZ. All authors
have read and approved the published version of the manuscript.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.
881496/full#supplementary-material

Supplementary Figure 1 | Boxplot and PCA of differentially expressed lncRNAs,
mRNAs and microRNAs. (A-C) Boxplot of differentially expressed lncRNAs,
mRNAs and microRNAs between platinum-resistant and platinum-sensitive
groups, respectively. (D-F) PCA of differentially expressed lncRNAs, mRNAs and
microRNAs between platinum-resistant and platinum-sensitive groups,
respectively. PCA, Principal Component Analysis; PR, platinum-resistant; PS,
platinum-sensitive.

Supplementary Figure 2 | Chord diagram of mRNAs enriched in KEGG
pathways. Different colors on the right of the chord diagram represent different
KEGG pathways, corresponding to legend, the left of the chord diagram represents
mRNAs enriched in different KEGG pathways, and the line in the middle represents
mRNAs are enriched in KEGG pathways.

Supplementary Figure 3 | Effect of miR-320b and miR-320d as biomarkers to
predict overall survival in ovarian cancer patients receiving platinum-based
chemotherapy by survival curves. (A, B) Survival curves of high expression group
and low expression group judged by expression levels of miR-320b and miR-320d
respectively.
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