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Abstract 
Background: Accurate and non-invasive diagnostic and prognostic markers are necessary to improve patient 
outcomes. MicroRNAs have been proposed as relatively non-invasive and pertinent biomarkers. miR-93 has 
been studied for its potential as a diagnostic and prognostic marker in prostate cancer (PCa), but findings from 
individual studies are inconsistent. We conducted a meta-analysis of its overall differential expression in 13 PCa 
studies and a bioinformatics analysis to provide a comprehensive appraisal of its diagnostic and prognostic role. 
Methods: We searched all published papers on miR-93 expression in PCa up to Nov 30, 2022 using PubMed, 
Science Direct, Web of Science, Cochrane Central Register of Controlled Trials databases. We used RevMan 
software to Meta-analyze the included literature. A bioinformatics analysis of genes and pathways that might be 
target to the effect of the mature miR-93-5p was carried out.  
Results: The pooled standardized mean difference (SMD) of miR-93 expression in PCa, its area under the 
curve (AUC) and hazard ratio (HR) were 1.26, 95% CI [-0.34–2.86], 0.84, 95% CI [0.76 –0.93] and 1.67, 95% 
CI [0.98, 2.84] respectively. Bioinformatics analysis revealed that mature miR-93-5p may regulate genes such as 
SMAD1, SMAD7 and MAPK and the PI3K-Akt signaling pathways. 
Conclusion: miR-93 has significant diagnostic and prognostic value in PCa. These findings highlight the po-
tential of miR-93 as a non-invasive biomarker for PCa and may contribute to earlier detection and prognostic 
assessment. The target genes and signaling pathways regulated by miR-93 may provide insights into the under-
lying molecular mechanisms of PCa. 
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Introduction 
 
Worldwide, Prostate cancer (PCa) is a prevalent 
disease affecting millions of men, with high inci-
dence rates (1). Despite advances in the precoce 
detection and treatment, the malignancy remains 
a significant cause of mortality, and then a signif-
icant challenge for the healthcare system particu-
larly in advanced stages (2). Because of prostate-
specific antigen (PSA) lacks specificity, it does 
not detect the PCa or necessarily predict its bio-
chemical cancer recurrence with sufficient accu-
racy (3), then, accurate and non-invasive diagnos-
tic markers are of great importance in improving 
patient outcomes by enabling earlier detection 
and prognostic assessment.  
MicroRNAs (miRNAs) are non-coding RNA 
molecules, with short-length of approximately 21 
to 23 nucleotides (4). They modulate the expres-
sion of numerous genes through the inhibition of 
the translation by binding particularly to the 3′ 
untranslated region (3′-UTR) or destabilization 
the mRNAs (5,6). Deregulated miRNAs expres-
sion have been associated with multiple tumors, 
reflecting their critical biological roles (7,8). Tak-
en into account the expression and stability of 
miRNAs in different fluids, they have been pro-
posed as relatively noninvasive and pertinent 
biomarkers (9,10). 
miR-93 has been widely studied for its differential 
expression in PCa and its potential as a diagnostic 
and prognostic marker (11–17). However, the 
findings from individual studies are inconsistent 
and the overall utility of miR-93 as a diagnostic 
and prognostic biomarker for PCa remains un-
clear. 
To provide a comprehensive assessment of the 
diagnostic and prognostic value of miR-93 in the 
PCa, we conducted a meta-analysis of its pooled 
differential expression, area under curve (AUC) 
and hazard ratio in 13 PCa studies. Our study 
aimed to establish the magnitude of the differen-
tial expression of miR-93 in PCa relative to nor-
mal prostate tissue and subsequently determine 
its overall diagnostic accuracy as a marker of PCa 
as well as assessing its prognostic value by evalu-

ating its ability to predict disease outcome. Addi-
tionally, a bioinformatics analysis of the genes 
and pathways that might subject to the effect of 
the mature miR-93-5p was also being run. 
 
Materials and Methods  
 
The study was conducted following the guide-
lines of the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRIS-
MA)(18). 
We searched all published papers written in either 
English or French languages on miR-93 expres-
sion in PCa up to Nov 30, 2022. Using PubMed, 
Science Direct, Web of Science, Cochrane Cen-
tral Register of Controlled Trials, and we used the 
combination of keywords including ‘prostate 
neoplasm’, ‘prostate tumor’, ‘prostate cancer’, 
‘prostate adenocarcinoma’ and ‘miRNA-93’, 
‘miR-93’, ‘hsa-mir-93*’, ‘microRNA-93’, ‘expres-
sion’, ‘diagnosis’, ‘SROC’, ‘AUC’ and ‘prognosis’. 
 
Selection criteria 
The criteria for papers included in the analysis 
are: 1) Related to miR-93 expression and PCa or 
survival analysis, 2) Cases are confirmed by pa-
thology, 3) English and French publications, 4) 
Studies concern humans only, 5) The Availability 
of the mean and its standard deviation for miR-
93 expression in PCa cases and controls and the 
hazard ratio (HR) and its 95% CIs or sufficient 
row data to calculate them. If not, we first con-
tacted the author and attempted to obtain them. 
In case author did not return. Data were extract-
ed independently by two authors from the pub-
lished graphical representations throughout the 
online WebPlotDigitizer tool 
(https://automeris.io/WebPlotDigitizer/) (19), 
each extraction was done twice for more precise 
results.  
The search criteria excluded certain types of arti-
cles, when: 1) cell or animal are the subjects of 
the study, 2) review, experimental studies, con-
ference abstracts, expert opinion, case report or 
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incomplete data, 3) articles that were only availa-
ble as abstracts and lacked full text.  
 
Data extraction and quality assessment 
The data from eligible articles were extracted by 
two authors independently, and any discrepancy 
was resolved by consensus. The first author’s 
name, publication year, country, sample type and 
size, mean and standard deviation, area under the 
ROC (receiver operating characteristics) curve 
(AUC), hazard ratio and 95% confidence inter-
vals, follow-up time of the article included in this 
analysis were collected.  
The standard Newcastle-Ottawa Scale (NOS) 
(20) was assessed independently by two authors 
who resolved any disputes through discussion 
and consensus in order to evaluate the quality of 
the studies that were included. The assessment 
was based on three domains: a) selection of study 
groups (4 items), b) comparability of study 
groups (2 items) and c) exposure or outcome 
measurement (3 items).  
 
Statistical analysis 
We used Review Manager (RevMan) 5.4.1 soft-
ware to Meta-analyze the included literature. 
When I2 was greater than 50% or P<0.05, there 
was a significant heterogeneity and the random-
effects model was used. Otherwise, the fixed-
effects model was applied. Sensitivity analysis was 
used to explore the source of heterogeneity by 
removing one study each time to verify the stabil-
ity of the result. We used standardized mean dif-
ference (SMD) and 95% confidence intervals to 
evaluate the differential expression of miR-93 in 
PCa considering that there are some differences 
in the measure instruments and samples between 
the studies, the area under the curve (AUC) and 
its 95% CI to assess the ability of miR-93 to dif-
ferentiate between prostatic disease and normal 
tissues. The values of individual AUC were con-
verted by the RevMan calculator to log [AUC] 
and its correspondent standard error (SE) before 
being pooled. The hazard ratio and its 95% CI to 
evaluate the miR-93 prognosis value. The funnel 
plot was visualized to determine the presence of 
publication bias.  

 
Bioinformatics analysis  
Three databases, miRDB (21), Targetscan 7.2 
(22) and miRPathDB 2.0 (23) were used for the 
prediction of target genes. Genes present in these 
3 databases were considered as predicted target 
genes of miR-93-5p. The online tool, Venny 2.1 
(https://bioinfogp.cnb.csic.es/tools/venny/) were 
used for intersection analysis). Subsequently, gene 
ontology (GO), Kyoto Encyclopedia of Genes 
and Genomes (KEGG), and protein-protein in-
teraction (PPI) network analysis were conducted 
based on the overlapping target genes of miR-93-
5p to explore the possible molecular mechanisms 
in PCa. GO enrichment (24) that includes 3 cate-
gories: biological process, cellular component and 
molecular function and KEGG pathway (25) 
analyses were carried out via ShinyGO v0.741: 
Gene Ontology 
(http://bioinformatics.sdstate.edu/go74/). Addi-
tionally, the protein-protein interaction (PPI) 
network was analyzed by the search tool for the 
retrieval of interacting genes database 
(https://string-db.org/). The highest confidence of 
minimum required interaction score was of>0.9 
for a PPI network. Disconnected nodes were 
hided in the network. Line thickness indicates the 
strength of data support. Furthermore, we used 
the plug-in of molecular complex detection 
(MCODE) app in Cytoscape 3.7.0 software (26) 
to extract hub genes from the PPI network. The 
advanced options set as degree cutoff=2, K-
Core=2, and Node Score Cutoff=0.2. The ex-
pression levels and survival analysis of miR-93-5p 
target genes in PCa and non-tumor tissues were 
determined with UALCOULD (27) 
(http://ualcan.path.uab.edu/index.html). Finally, 
the LinkedOmics (28) 
(http://www.linkedomics.org/) Spearman’s anal-
ysis tool was applied to determine the correlation 
between the expression levels of miR-93-5p and 
the potential target genes involved in notable 
signaling pathways. 
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Results  
 
Study Characteristics 
The initial search resulted in 127 articles. After 
screening titles and abstracts, 29 articles were 
thoroughly reviewed and seven were considered 
for meta-analysis. These articles were selected 
after excluding irrelevant, duplicate, overlapping, 

or incomplete data. The articles consisted of 13 
studies: nine comparing miR-93 expression levels 
between PCa and normal samples, four for the 
calculation of the area under curve of the miR-93 
and three were evaluating the prognosis value of 
miR-93. Figure 1 shows the retrieval process and 
Tables 1 and 2 list the study characteristics. 

 

 
Fig.1: A PRISMA flow diagram of study eligibility and ineligibility process 

 
Table 1: Characteristics of studies included in the diagnosis meta-analysis 

 
Author, yr (Ref. No.) Country Sample 

type 
Case/Control Test 

method 
Mean 

case±SD 
Mean con-
trol±SD 

AUC [95% CI] 

Wang, 2020 (29) China Tissue 103/103 RT-PCR 3.76±1.76 0.97±0.56 - 
Zhang1, 2021 (17)  China Plasma 28/28 RT-PCR -1.93±1.36 -0.86±0.76 0.78 [0.71-0.85] 
Zhang2, 2021 (17) China Plasma 32/32 RT-PCR -1.92±1.11 -0.74±1.02 
Porras-Quesada1, 2022 (30)  Spain Tissue 44/28 RT-PCR 7.98±2.42 10.25±1.12 - 
Porras-Quesada2, 2022 (30) Spain Tissue 39/28 RT-PCR 5.04±2,12 10.25± 1.12 - 
Liu, 2018 (13) China Tissue 16/16 RT-PCR 3.00±0.43 1±0.14 - 
Martínez-González1, 2021 
(16) 

Spain Tissue 110/28 RT-PCR 0.012±0.003 0.001±0.0003 - 

Martínez-González2, 2021 
(16) 

Spain Tissue 21/28 RT-PCR 0.073±0.027 0.001±0.0003 - 

Barceló, 2020 (31) Spain Semen 16/9 RT-PCR 7.58±1.38 5.25±1.22 0.74 [0.59-0.88] 
Ciszkowicz1, 2020 (12) Poland Serum 40/62 RT-PCR - - 0.92 [0.87-0.93] 
Ciszkowicz2, 2020 (12) Poland Tissue 26/28 RT-PCR - - 0.86 [0.76-0.95] 

SD: standard deviation 
AUC: area under curve 
RT-PCR: reverse transcriptase polymerase chain reaction 
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Table 2: Characteristics of studies included in the prognosis meta-analysis 
 

Reference No. Country Sample type Methods Cases high/low Cut-off Survival HR 
(95% CI) 

Follow-up 

(15) Denmark Plassma RT-PCR 44* Median OS 1.66 
[0.62–4.66] 

35 months 

(15) Denmark Plasma RT-PCR 40* Median OS 0.41 
[0.08–1.96] 

64 months 

(29) China Tissue RT-PCR 53/50 Median OS 2.18 
[1.09-6.82] 

5 yr  

*High and low are not provided separately 
 
Literature Quality Assessment 
The Newcastle–Ottawa scale used for the qualita-
tive assessment of the included studies revealed 
that the total score varied from 6 to 8, with a 
mean of 7 for case-control studies and of 6.3 for 
the cohort studies. Overall, the quality of the 
included study was good and all 13 studies were 
included in the ultimate analysis (Supplementary 
Table 1- not published. Readers may contact the 
corresponding author if needed). 
 
 
 
 
 

Meta-Analysis  
The differential expression of miR-93 
Based on the expression level of miR-93, nine 
studies from six article published from 2018 to 
2022 with 709 patients were included in the me-
ta-analysis (12,16,17,29-31). This latter revealed a 
standardized mean difference (SMD) of 1.26, 
95% CI [-0.34–2.86, random-effects model). This 
suggests that miR-93 is significantly upregulated 
in PCa compared to normal prostate tissue. The 
overall effect size was found to be large and sta-
tistically significant. These results support the 
potential role of miR-93 as a diagnostic bi-
omarker in PCa (Fig. 2). 

 

 
Fig. 2: Random-effects SMD for the association of miR-93 expression level and PCa 

 
The area under the curve (AUC) of miR-93 was 
analyzed using data from four studies. The 
pooled analysis revealed an overall AUC of 0.84, 
95% CI [0.76 –0.93, Random-effects model). 
miR-93 has a high ability to accurately differenti-

ate between diseased and healthy tissues based on 
its expression levels. These findings suggest that 
miR-93 may have potential as a biomarker for 
disease diagnosis (Supplementary Fig. 1). 
 

Study or Subgroup

Barceló

Liu

Martínez-González1

Martínez-González2

Porras-Quesada1

Porras-Quesada2

Wang

Zhang1

Zhang2

Total (95% CI)

Heterogeneity: Tau² = 5.81; Chi² = 484.70, df = 8 (P < 0.00001); I² = 98%

Test for overall effect: Z = 1.55 (P = 0.12)

Mean

7.58

3

0.012

0.073

7.98

5.04

3.76

-1.93

-1.92

SD

1.38

0.43

0.003

0.027

2.42

2.12

1.76

1.36

1.11

Total

16

16

110

21

44

39

103

28

32

409

Mean

5.25

1

0.001

0.001

10.25

10.25

0.97

-0.86

-0.74

SD

1.22

0.14

0.0003

0.0003

1.12

1.12

0.56

0.76

1.02

Total

9

16

28

28

28

28

103

28

32

300

Weight

11.0%

10.1%

11.3%

11.0%

11.3%

11.2%

11.4%

11.3%

11.3%

100.0%

IV, Random, 95% CI

1.70 [0.73, 2.66]

6.10 [4.36, 7.84]

4.07 [3.43, 4.71]

4.02 [3.02, 5.03]

-1.11 [-1.62, -0.60]

-2.90 [-3.60, -2.20]

2.13 [1.79, 2.47]

-0.96 [-1.51, -0.40]

-1.09 [-1.62, -0.57]

1.26 [-0.34, 2.86]

Experimental Control Std. Mean Difference Std. Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours [experimental] Favours [control]
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Prognosis value of miR-93 
The meta-analysis of the prognosis miR-93 value 
in PCa was performed with three studies from 
two articles evaluating the overall-survival (OS) 
(15,29). 

The fixed effect model was utilized to calculate 
the HR and 95% CI (heterogeneity: p=0.18, 
I2=41%). High expression of miR-93 was associ-
ated with worse OS for PCa patients, the com-
bined HR was 1.67, 95% CI [0.98, 2.84] (Fig. 3).

 

 
 

Fig. 3: Forest plot illustrating relationship between miR-93 levels and overall survival (OS) in PCa 
 
Sensitivity and publication bias 
The consistency of results was evaluated by per-
forming a sensitivity analysis through the step-
wise exclusion of individual studies, this analysis 
indicated that the results of the meta-analysis 
were stable.  

Furthermore, the funnel plots were visually 
symmetrical, there was no obvious publication 
bias in any of the conducted meta-analyses. (Fig. 
4A,B; Supplementary Fig. 2). 

 

 
 

Fig. 4: Funnel plot of A) standardized mean difference, B) hazard ratio 
 
Bioinformatics analysis  
Overall, 1319 genes were predicted from miRDB, 
9311 genes were predicted from miRPathDB, 
1382 genes were predicted from Targetscan, and 
finally 879 overlapping target genes were ob-
tained (Supplementary Fig. 3A). In bioinformat-

ics analysis based on the overlapping target genes, 
the most significant and important enriched 
pathways from GO analysis were:  
Nervous system development (GO:0007399), 
regulation of transcription of RNA polymerase II 
(GO:0006357) and transcription of RNA poly-

Study or Subgroup

Wang2020

Zedan 1

Zedan 2

Total (95% CI)

Heterogeneity: Chi² = 3.40, df = 2 (P = 0.18); I² = 41%

Test for overall effect: Z = 1.90 (P = 0.06)

log[Hazard Ratio]

0.77

0.5

-0.89

SE

0.35

0.5

0.83

Weight

60.0%

29.4%

10.7%

100.0%

IV, Fixed, 95% CI

2.16 [1.09, 4.29]

1.65 [0.62, 4.39]

0.41 [0.08, 2.09]

1.67 [0.98, 2.84]

Hazard Ratio Hazard Ratio
IV, Fixed, 95% CI

0.01 0.1 1 10 100
Favours [experimental] Favours [control]
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merase II (GO:0006366) were the top three 
pathways in the biological process (Fig. 5A). With 
respect to cellular component, the top three 
terms gathered by these target genes were neu-

ronal SMAD protein complex (GO:0071141), 
transcription complex (GO:0005667), and chro-
matin (GO:0000785) (Fig. 5B).  

 

 
Fig. 5: Go enrichment, A) biological process B) cellular component C) molecular function and D) KEGG 

 
These target genes were also significantly clus-
tered in terms of molecular function, such as 
enzyme binding (GO:0019899), transcription cis-
regulatory region binding (GO:0000976), and 
transcription regulatory region nucleic acid bind-
ing (GO: 0001067) (Fig. 5C). 
With regard to KEGG pathway analysis, the 10 
significant signaling pathways for the target genes 
of miR-93-5p were Circadian rhythm, Bladder 
cancer, Pancreatic cancer, TGF-beta signaling 

pathway, MicroRNAs in cancer, Axon guidance, 
MAPK signaling pathway, Kaposi sarcoma-
associated herpesvirus infection, Endocytosis, 
PI3K-Akt signaling pathway (all P and Q values 
< 0.05) (Fig. 5D). Furthermore, molecular path-
ways and processes were calculated to generate a 
PPI network. Relevant PPI were visualized, re-
vealing 879 nodes and 192 edges (Supplementary 
Fig. 3B; Supplementary Fig. 4). MCODE extract-
ed hub genes from the PPI network where the 
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most connected genes were SMAD1, SMAD7 
and BMPR2. Those 3 genes may be the potential 
target genes of miR-93-5p and may be involved 
in the regulatory mechanisms in PCa. 
 
The expression and prognostic validation of the 
miR-93-5p Target Genes  

Three potential target genes of miR-93-5p associ-
ated with PCa (SMAD1, SMAD7 and BMPR2) 
were identified to be downregulated in PCa tis-
sues when compared to controls (Fig. 6A,D,G). 
The survival analysis showed no significant asso-
ciation between high expression and overall sur-
vival (P>0.05) (Fig. 6B,E,H).  

 

 
 

Fig. 6: Validation of the miR-93-5p Target Genes, A) SMAD1 expression, B) KM of SMAD1, C) Spearman correla-
tion between SMAD1 and miR-93-5p, D) S:MAD7 expression, E) KM of SMAD7, F) Spearman correlation between 
SMAD7 and miR-93-5p, G) BMPR2 expression, H) KM of BMPR2, I) Spearman correlation between BMPR2 and 

miR-93-5p, KM: Kaplan Meier 
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Due to miR-93-5p is upregulated in PCa, the 
genes with decreased expression in PCa are most 
likely to act as target genes of miR-93-5p. Then 
Spearman's correlation analysis revealed that 
SMAD1, SMAD7 and BMPR2 were negatively 
correlated with miR-93-5p expression in PCa 
significantly, with r= −0.409, P<0.001, and 
r = −0.171, P<0.001 and r = −0.429, P<0.001 
respectively (Fig. 6C,F,I). 
 
Discussion 
 
The exploration of the molecular mechanism in 
human cancers could result in the identification 
of minimally invasive and innovative biomarkers 
that could improve diagnosis and prediction of 
the course of the disease. To the best of our 
knowledge, no comprehensive review so far has 
been published that provides an overview of the 
current state of research on miR-93 in PCa. 
Then, the current study aimed to investigate the 
diagnostic and prognostic value of miR-93-5p 
besides a bioinformatics analysis in the PCa. The 
meta-analysis forest plots showed that both com-
bined SMD and AUC were 1.26 and 0.84 respec-
tively. This is in line with other studies where 
miR-93 was markedly upregulated in breast and 
nasopharyngeal cancers (32,33). Our results indi-
cate that miR-93 may serve as highly accurate 
diagnostic biomarker that can discern between 
prostatic cancer and normal tissue.  
The pooled hazard ratio (HR) in PCa patients 
with high miR-93-5p expression of 1.67 is in fa-
vor of poorer prognosis which suggests that it 
may be a useful prognostic marker in PCa. The 
same finding was stated by Zhang and colleagues 
who stipulated that patients with high miR-93 
expression level had a worse overall survival (34). 
In terms of bioinformatics analysis, the top en-
riched terms of miR-93-5p were TGF-beta sig-
naling, PI3K-Akt and MAPK signaling pathways. 
The expression of hub PPI target genes SMAD7, 
SMAD1, and BMPR2 was found to be negatively 
correlated with miR-93-5p expression levels in 
PCa patients. However, the survival analysis 

showed no significant association between high 
expression of miR-93-5p and overall survival 
(P>0.05).  
A meta-analysis on the molecular mechanism and 
role of miR‐93 in a bioinformatics pan-cancer 
study, without any PCa study included, also 
found that Smad7 was one of the main hub genes 
(35). The findings of Hu et al indicate that miR-
93-5p regulates the TGF-β1/Smad3 pathway and 
mediates fibrosis in drug-resistant prolactinoma 
by targeting Smad7 (36). In hepatocellular carci-
noma, miR-93 stimulates cell proliferation, migra-
tion, and invasion through the oncogenic c-
Met/PI3K/Akt pathway (37), it also promotes 
cell proliferation through the activation of the 
latter pathway in gliomas (38). Smad7 has been 
proven to be targeted by miR-93 in breast and 
colorectal cancers (39,40). 
Furthermore, Smad1 gene is suggested to regu-
lates the growth of PCa by modulating MAPK 
signals, which limits the mitogenic activity in-
duced by androgens (41), it is considered as a 
target by suppressing proliferation and invasion 
of PCa cells (42) and both a potential biomarker 
and a therapeutic target in drug-resistant multiple 
myeloma (43).  
The gene BMPR2 was discovered to have a 
strong positive association with recurrence-free 
survival, and a strong negative association with 
the occurrence of bone metastasis PCa patients 
(44).  
Actually, functional enrichment analysis provides 
limited evidence and further validation is needed 
to determine the role of SMAD1, SMAD7, and 
BMPR2 in the initiation, development and evolu-
tion of PCa.  
However, the current study has some limitations: 
First, few studies were included for the assess-
ment of prognosis ability. Second, the subgroups 
analyses were not performed, as well as the het-
erogeneity causes were not evaluated. Third, 
some means and their standard deviations were 
not directly obtained from the published papers 
but extracted from the box plots. Lastly, some 
eligible studies suffered of the small sample. 
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Conclusion 
 
miR-93 has significant value in the earlier detec-
tion and prognostic assessment of PCa. The find-
ings highlight its potential as a non-invasive bi-
omarker for PCa, besides providing valuable in-
sights into the role of miR-93 in the associated 
biological pathways. However, more researches 
with well-designed studies are needed to further 
understand the complex relationship between 
miR-93 and PCa. 
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