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Background: The present study aims to explore the expression, clinical significance, and 
prospective pathway signaling of miR-501-3p in ovarian cancer (OC) based on database and 
informatics analysis.
Methods: Kruskal–Wallis test, Wilcoxon sign-rank test, and logistic regression were used to 
evaluate the relationship between clinical features and miR-501-3p expression. Kaplan– 
Meier survival curve analysis was used to explore the relationship between miR-501-3p 
expression and the prognosis of OC patients. The miRNA targets were obtained from 
databases TargetScan, miRanda, TarBase, miRTarBase, miR2Disease, miRecords, and 
miRWalk. GO and KEGG analyses were used to analyze the significant involvement of 
miR-501-3p target genes in function.
Results: The low miR-501-3p expression in OC was significantly associated with histologic 
grade (P=0.015). Low miR-501-3p expression predicted a poorer overall survival (HR: 0.77; 
95% CI: 0.61–0.96; P=0.02) and disease-specific survival (HR: 0.77; 95% CI: 0.61–0.99; 
P=0.038). GO and KEGG analyses demonstrated that miR-501-3p might participate in the 
development of OC by pathways including one carbon pool by folate, protein digestion and 
absorption, cell cycle, kaposi sarcoma-associated herpesvirus infection, and viral 
carcinogenesis.
Conclusions: Low miR-501-3p expression is significantly associated with poor survival in 
OC patients. It may be a promising prognostic biomarker for OC patients.
Keywords: microRNA-501-3p, ovarian cancer, prognosis, the cancer genome atlas, gene 
expression

Introduction
Ovarian cancer (OC) is one of the world’s deadliest gynaecological malignancies, 
causing over 140,000 deaths each year.1 Worldwide, 239,000 new patients are 
affected by ovarian cancer each year and 152,000 OC patients die.2 To date, the 
combination of surgery and platinum/paclitaxel chemotherapy has been used as the 
primary treatment for OC.3 The five-year survival rate for patients with early-stage 
OC is as high as 92%.4 However, despite the tremendous advances in various 
therapies over the past decades, only 19% of ovarian cancer patients are diagnosed 
early due to the lack of typical clinical signs and symptoms, the rapid rate of tumor 
progression, and the low 5-year survival rate.5 Therefore, the rapid search for 
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potential biomarkers and therapeutic targets is of great 
significance to improve the prognosis of OC patients.

MicroRNAs (miRNAs) are small, noncoding RNAs that 
regulate gene expression levels by binding to the 3ʹ- 
untranslated region (UTR) of their target mRNA.6 Aberrant 
expression of miR-501-3p is associated with the diagnosis or 
prognosis of certain cancers. MicroRNAs play a critical role 
in the development and progression of OC.7,8 MiR-501-3p 
can be used as a therapeutic diagnostic biomarker for non- 
small cell lung cancer (NSCLC) patients.9 MiR-501-3p is 
a new target for the molecular treatment of pancreatic ductal 
adenocarcinoma (PDAC).4 miR-501-3p can be used as 
a potential prognostic predictor and therapeutic tool for 
hepatocellular carcinoma (HCC).10 miR-501-3p is a new 
therapeutic target for osteosarcoma (OS).11 However, the 
role of miR-501-3p in OC is not yet clear.

In this study, we explored the expression of miR-501- 
3p in OC tumor tissues and normal ovarian tissues, the 
relationship between miR-501-3p expression and clinical 
characteristics, the relationship between miR-501-3p and 
patient prognosis, and the possible regulatory network of 
miR-501-3p mediating ovarian carcinogenesis and pro
gression. The Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) analysis 
was used to determine the significant involvement of 
miR-501-3p target genes in function. This study provides 
a promising diagnostic and prognostic marker for patients 
with OC.

Patients and Methods
Differential Expression of miR-501-3p
Samples of tumor tissues and normal ovarian tissues from 
10 HGSOC patients were collected at the Department of 
Obstetrics and Gynaecology of the Affiliated Hospital of 
Xuzhou Medical University. This study was approved by 
the ethics committee of Xuzhou Medical University 
Affiliated Hospital. All patients signed a written informed 
consent form. As shown in Table S1, the clinical charac
teristics of ten HGSOC patients were listed.

The miR-501-3p levels in 10 HGSOC tissue samples 
were identified by qRT-PCR. The detailed steps were 
carried out according to the literature.12 The primer 
sequences used were shown in Table S2.

Clinical Information
Software: R (version 3.6.3) (statistical analysis and visua
lization). R package: Basic R package. Molecule: hsa-miR 

-501-3p [MIMAT0004774]. Subgroups: Median. Data: 
miRNAseq data and clinical data from level 3 BCGSC 
miRNA Profiling in TCGA (https://portal.gdc.cancer.gov/) 
OC (ovarian cancer) project. Data filtering: Data on clin
ical information retained. Data transformation: miRNAseq 
data in RPM (Reads per Million mapped reads) format are 
grouped according to molecular expression.

The Correlation Between miR-501-3p 
Expression and Clinical Information
Software: R (version 3.6.3). R package: Basic R package 
and ggplot2 (for visualization). Molecule: hsa-miR-501-3p. 
Subgroup: median. Clinical variables: and histologic grade 

Table 1 Characteristics of Patients with OC Based on TCGA

Characteristic Levels Overall

n 496

FIGO stage, n (%) Stage I 1 (0.2%)

Stage II 29 (5.9%)

Stage III 382 (77.6%)
Stage IV 80 (16.3%)

Primary therapy outcome, 
n (%)

PD 36 (8.8%)

SD 25 (6.1%)

PR 56 (13.7%)
CR 291 (71.3%)

Race, n (%) Asian 16 (3.3%)

Black or African 

American

32 (6.7%)

White 431 (90%)

Age, n (%) ≤60 274 (55.2%)
>60 222 (44.8%)

Histologic grade, n (%) G1 1 (0.2%)
G2 61 (12.6%)

G3 420 (87%)

G4 1 (0.2%)

Anatomic neoplasm 

subdivision, n (%)

Unilateral 124 (26.6%)

Bilateral 343 (73.4%)

Venous invasion, n (%) No 57 (43.2%)
Yes 75 (56.8%)

Lymphatic invasion, n (%) No 67 (36.6%)
Yes 116 (63.4%)

Tumor residual, n (%) NRD 96 (22%)
RD 341 (78%)

Age, median (IQR) 59 (51, 69)
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and venous invasion. Data: miRNAseq data and clinical 
data from level 3 BCGSC miRNA Profiling in the TCGA 
OC project. Data filtering: data with clinical information 
retained. Data transformation: miRNAseq data in RPM 
format grouped according to molecular expression.

The Prognosis Value of miR-501-3p 
Expression in OC Patients
Software: R (version 3.6.3). R packages: survminer pack
age (for visualization), survival package (for statistical 
analysis of survival data). Molecule: hsa-miR-501-3p. 
Subgroup: Minimal p-value subgroup. Prognosis type: 
OS and DSS. Data: miRNAseq data from level 3 
BCGSC miRNA Profiling and clinical data from the 
TCGA OC project. Data filtering: Retain data with clinical 
information. Data transformation: miRNAseq data in RPM 
format are grouped according to molecular expression and 
then analyzed.

Prediction of Putative miR-501-3p
The targets of miR-501-3p were predicted by databases 
including TargetScan, miRanda, TarBase, miRTarBase, 
miR2Disease, miRecords, and miRWalk.13–16 The differ
entially expressed genes (DEGs) of OC were obtained 
from GSE14407 by GEO2R. The common genes predicted 

Figure 1 Expression of miR-501-3p in OC and normal tissues. Significance marker: 
*** p<0.001.

Table 2 Relationship Between miR-501-3p Expression and 
Clinical Characteristics in OC

Characteristic Low 
Expression of 
hsa-miR-501- 
3p

High 
Expression of 
hsa-miR-501- 
3p

P value

n 248 248

FIGO stage, 
n (%)

0.482

Stage I 1 (0.2%) 0 (0%)

Stage II 14 (2.8%) 15 (3%)
Stage III 196 (39.8%) 186 (37.8%)

Stage IV 35 (7.1%) 45 (9.1%)

Primary therapy 

outcome, n (%)

0.204

PD 13 (3.2%) 23 (5.6%)

SD 13 (3.2%) 12 (2.9%)

PR 33 (8.1%) 23 (5.6%)
CR 146 (35.8%) 145 (35.5%)

Race, n (%) 0.169
Asian 7 (1.5%) 9 (1.9%)

Black or African 

American

21 (4.4%) 11 (2.3%)

White 211 (44.1%) 220 (45.9%)

Age, n (%) 0.125
≤60 128 (25.8%) 146 (29.4%)

>60 120 (24.2%) 102 (20.6%)

Histologic grade, 

n (%)

0.015

G1 1 (0.2%) 0 (0%)
G2 39 (8.1%) 22 (4.6%)

G3 200 (41.4%) 220 (45.5%)

G4 1 (0.2%) 0 (0%)

Anatomic 

neoplasm 
subdivision, 

n (%)

0.119

Unilateral 69 (14.8%) 55 (11.8%)
Bilateral 161 (34.5%) 182 (39%)

Venous invasion, 
n (%)

0.071

No 35 (26.5%) 22 (16.7%)

Yes 33 (25%) 42 (31.8%)

Lymphatic 

invasion, n (%)

0.866

No 33 (18%) 34 (18.6%)

Yes 60 (32.8%) 56 (30.6%)

(Continued)
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by databases and OC down-regulated genes were analyzed 
on the basis of a Venn diagram.

GO and KEGG Analysis of miR-501-3p
Enrichment Analysis
Software: R (version 3.6.3). R packages: mainly 
clusterProfiler package 17 (for enrichment analysis); org. 
Hs.eg.db package (version 3.10.0) (for ID conversion). 
Species: Homo sapiens.

Visualization
Software: R (version 3.6.3). R packages: mainly the ggplot2 
package (for visualisation) || clusterProfiler package.

Statistical Analysis
Statistical analysis was performed according to the 
reference.18

Results
Clinical Characteristics
As shown in Table 1, there were 496 patients in this study. 
The FIGO stage included 1 T1 (0.2%), 29 T2 (5.9%), 382 
T3 (77.6%), and 80 T4 (16.3%). The primary therapy 
outcome included 36 PD (8.8%), 25 SD (6.1%), 56 PR 
(13.7%), and 291 CR (71.3%). The race included 16 Asian 
(3.3%), 32 Black or African American (6.7%), and 431 
White (90%). The age included 274 patients (≤60, 55.2%), 
and 222 patients (>60, 44.8%). The histological grade 
included 1 G1 (0.2%), 61 G2 (12.6%), 420 G3 (87%), 
and 1 G4 (0.2%). The anatomic neoplasm subdivision 
included 202 unilateral (26.6%) and 343 right (73.4%). 
The venous invasion included 75 yes (56.8%) and 57 no 
(43.2%). The lymphatic invasion included 116 yes 
(63.4%) and 67 no (36.6%). The tumor residual included 
96 NRD (22%) and 341 RD (78%). The age range was 51 
to 69 years, with a median of 59 years.

miR-501-3p Expression is Correlated 
with Poor Clinical Characteristics of OC
As shown in Figure 1, miR-501-3p expression was sig
nificantly lower in OC tissues (1.435 ± 0.093, n=10) 
compared with normal ovarian tissues (0.370 ± 0.033, 
n=10) (P<0.001). As shown in Table 2, miR-501-3p 
expression was associated with histological grade 
(P=0.015). As shown in Figure 2 and Table 3, miR-501- 
3p expression was significantly related to histological 
grade (P=0.015) and venous invasion (P=0.049). 
Collectively, the results suggested that high miR-501-3p 

Table 2 (Continued). 

Characteristic Low 
Expression of 
hsa-miR-501- 
3p

High 
Expression of 
hsa-miR-501- 
3p

P value

Tumor residual, 

n (%)

0.689

NRD 45 (10.3%) 51 (11.7%)
RD 170 (38.9%) 171 (39.1%)

Age, median 
(IQR)

60 (52, 70) 58 (50, 66.25) 0.150

Figure 2 Association with miR-501-3p and clinical characteristics in OC. (A) Histological grade, (B) Venous invasion. Significance markers: *p< 0.05; **p<0.01.
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expression was associated with the unfavorable prognosis 
among patients with OC.

Role of miR-501-3p in OC Patient 
Survival
As shown in Figure 3, the expression of miR-501-3p was 
correlated with poor OS (HR: 0.77; 95% CI: 0.61–0.96; 
P=0.02) and DSS (HR: 0.77; 95% CI: 0.61–0.99; P=0.038). 
The above data indicated that miR-501-3p is a prognostic 
factor and low miR-501-3p level is associated with poor OS.

GO and KEGG Analysis of miR-501-3p in 
OC Patient Survival
The 793 target genes of miR-501-3p were listed in Table 
S3. The 986 upregulated genes of OC were listed in Table 
S4. The 35 common genes included AHRR, ALDH1L2, 
AURKB, BSPRY, COL12A1, COL23A1, COL5A1, 
DENND4B, DPEP3, E2F1, E2F7, ECT2, EZH2, FJX1, 

GAN, GPR160, HNRNPU, KCNT1, KLHL14, 
MAPKAPK2, MCM4, MTHFD2, MYO3B, OIP5, 
OLIG2, ORC6, RC3H1, SCRIB, SKIL, SLC39A14, 
SLC6A8, SSTR1, STK38, SYK, and TIMM8A 
(Figure 4). As shown in Table S5 and Figure 5, the 
common genes are involved in the biological process, 
including negative regulation of cell division, positive 
regulation of cell cycle process, attachment of spindle 
microtubules to kinetochore, positive regulation of cell 
cycle, and mRNA stabilization; cellular components 
including mitotic spindle midzone, chromocenter, chromo
somal region, collagen trimer, and mitotic spindle; mole
cular function including extracellular matrix structural 
constituent conferring tensile strength, oxidoreductase 
activity, acting on the CH-NH group of donors, NAD or 
NADP as acceptor, DNA replication origin binding, pro
tein serine/threonine kinase activity, and oxidoreductase 
activity, acting on the CH-NH group of donors. As 
shown in Table S5 and Figure 6, the common genes are 

Table 3 MiR-501-3p Expression Associated with Clinical Characteristics (Logistic Regression)

Characteristics Total (N) Odds Ratio (OR) P value

FIGO stage (Stage III & Stage IV vs Stage I  & Stage II) 492 1.000 (0.474–2.108)
1.000

Primary therapy outcome (CR vs PD&SD&PR) 408 1.010 (0.657–1.553) 0.963
Race (White vs Asian & Black or African American) 479 1.460 (0.802–2.702) 0.220

Age (>60 vs ≤60) 496 0.745 (0.522–1.062) 0.104

Histologic grade (G3&G4 vs G1&G2) 483 1.990 (1.154–3.514) 0.015
Anatomic neoplasm subdivision (Bilateral vs Unilateral) 467 1.418 (0.940–2.148) 0.097

Venous invasion (Yes vs No) 132 2.025 (1.010–4.125) 0.049

Lymphatic invasion (Yes vs No) 183 0.906 (0.495–1.655) 0.747
Tumor residual (RD vs NRD) 437 0.888 (0.563–1.396) 0.606

Figure 3 Relationship between miR-501-3p expression and prognosis. (A) Overall survival, OS, (B) Disease specific survival, DSS.
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involved in the pathways including one carbon pool by 
folate, protein digestion and absorption, cell cycle, kaposi 
sarcoma-associated herpesvirus infection, and viral 
carcinogenesis.

Discussion
Aberrant expression of miRNAs is associated with diag
nosis or prognosis in OC. MiRNA-150 can be 

a prognostic factor in advanced OC.19 The combined 
monitoring of serum miR-26b and miR-21 is of value 
in the clinical management of OC.20 MiR-27a is an 
oncogenic molecule and prognostic factor in patients 
with OC.21 Inhibition of miR-27a expression may be 
a new strategy for the treatment of OC.22 Therefore, 
the development of novel biomarkers for OC is of 
great importance.

Figure 4 Venn diagram of common genes between target genes of miR-501-3p and LUAD down-regulated genes.

Figure 5 GO analysis of miR-501-3p target genes. 
Abbreviations: BP, biological process; CC, cellular component; MF, Molecular Function.
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MiR-501-3p was highly expressed in colorectal can
cer tissues compared to normal colorectal tissues.23 MiR- 
501-3p expression was significantly down-regulated in 
prostate cancer tissues and cell lines.24 MiR-501-3p was 
lowly expressed in NSCLC tissues and cell lines com
pared to normal lung tissue.9 miR-501-3p was lowly 
expressed in HCC tissue samples, and downregulation 
of miR-501-3p was associated with tumor progression 
and poor prognosis in HCC patients.10 Expression of 
miR-501-3p was significantly upregulated in OS tissues 
and cell lines, and upregulated miR-501-3p expression 
was associated with TNM staging, distal metastasis and 
poorer prognosis in OS patients.11 MiR-501-3p expres
sion was significantly lower in OC tissues compared with 
normal ovarian tissues (P<0.001). MiR-501-3p expres
sion was significantly related to histological grade 
(P=0.015) and venous invasion (P=0.049). OC expressed 
less miR-501-3p than adjacent normal ovarian tissue, 
especially in patients with histologic grade G1&G2 com
pared to G3&G4. These phenomena suggest that miR- 
501-3p plays a role in the development of OC. 
Expression of miR-501-3p was higher in OC patients 
with venous invasion compared to OC patients with no 

venous invasion. The reason for this phenomenon is 
subject to further study. Low miR-501-3p expression 
predicted a poorer OS (HR: 0.77; 95% CI: 0.61–0.96; 
P=0.02) and DSS (HR: 0.77; 95% CI: 0.61–0.99; 
P=0.038).

MiR-501-3p is a novel regulator of Wnt/β-catenin sig
naling in CRC cells.23 MiR-501-3p limits prostate cancer 
cell growth by targeting CREPT to inhibit cell cycle pro
tein D1 expression.24 MiR-501-3p acts as a tumor suppres
sor in NSCLC by directly targeting RAP1A mRNA.9 The 
M2 macrophage-derived exosome miR-501-3p suppresses 
the oncogenic TGFBR3 gene and promotes PDAC through 
activation of the TGF-β signaling pathway.5 MiR-501-3p 
inhibits metastasis and progression of HCC by targeting 
LIN7A.10 MiR-501-3p targets BCL7A to promote prolif
eration, migration, and invasion of osteosarcoma cells.11 

Circ-ZNF609 accelerates glycolysis through the miR-501- 
3p/HK2 axis to promote PCa cell progression and 
radioresistance.25 In this study, the target genes of miR- 
501-3p are involved in the pathways including one carbon 
pool by folate, protein digestion and absorption, cell cycle, 
kaposi sarcoma-associated herpesvirus infection, and viral 
carcinogenesis.

Figure 6 KEGG analysis of miR-501-3p target genes.
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This study has limitations as the analysis was limited to 
data sourced from databases and bioinformatics analysis. 
The clinical significance and specific molecular mechan
isms of miR-501-3p in patients with OC in the real world 
need further investigation.

Conclusion
MiR-501-3p showed low expression in OC tissues. Low 
expression of MiR-501-3p was associated with poor OS 
and DSS in OC patients. MiR-501-3p might participate in 
the development of OC by pathways including small cell 
lung cancer, measles, PI3K-Akt signaling pathway, 
glioma, and p53 signaling pathway. MiR-501-3p may be 
a promising prognostic biomarker for OC patients.
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