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Objective The aim of the study was to summarize the diagnostic value of miR-21 as a biomarker in oral
squamous cell carcinoma (OSCC) using a review of the literature and data from the cancer genome atlas
(TCGA) database.

Methods Data from TCGA database was sorted and analyzed by bioinformatics to determine the
expression level of miR-21 in OSCC. Further, we searched for relevant articles in Embase, PubMed/
Medline, Scopus, and Web of Science published before March 2021, extracted the data, and conducted
quality assessment. The bivariate meta-analysis model with Stata 16.0 was used to analyze the diagnostic
value of miR-21 for OSCC.

Results A total of 304 related articles were identified, and seven were selected for meta-analysis. The
diagnostic results after analysis were as follows: sensitivity 0.76 [95% confidence interval (Cl), 0.57-0.88];
specificity 0.77 (95% Cl, 0.58-0.89); positive likelihood ratio 3.34 (95% ClI, 1.58-7.08); negative likelihood
ratio 0.31 (95% Cl, 0.15-0.63); diagnostic odds ratio 10.75 (95% Cl, 2.85-40.51); and area under the curve
0.83 (95% Cl, 0.80-0.86). The Deeks’ funnel chart showed that there was no potential bias (P = 0.54).
Prediction analysis of the potential target genes of miR-21 was performed via the biological website, and
DAVID was used to cross target genes for gene ontology (GO) annotation function analysis.

Conclusion The results showed that miR-21-3p and miR-21-5p were significantly more highly expressed
in OSCC tissues than in normal tissues (P < 0.05), and the results of the meta-analysis indicated that they
could be used as potential biomarkers in the diagnosis of OSCC. In addition, 58 potential target genes of
miR-21 were significantly enriched in 28 GO annotation functional pathways, which provided a biological
basis for further clinical diagnostic value research.
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Oral squamous cell carcinoma (OSCC) accounts for
90% of oral and maxillofacial tumors and is the sixth
most common type of malignant tumor worldwide V. Its
incidence and mortality have not been affected by the
improvement of surgical techniques, which is recognized
as a serious problem. Traditional detection methods
have several limitations, including expensive inspection
fees and low specificity. Thus far, early detection and
treatment are the best the rapeutic strategies. Therefore,
identification of new diagnostic markers for the early

detection of OSCC is a potential treatment option.
MicroRNAs (miRNAs), endogenous non-coding small
RNAs with a length of 18-25 nucleotides, are considered
as potential cancer biomarkers for early detection and
diagnosis. Increasing evidence have shown that miRNA
can be used as a new and non-invasive biomarker for
the early diagnosis of various types of cancer >3, miR-
21 is located on chromosome 17p23.1, which is an
oncogenic miRNA that promotes carcinogenesis through
anti-apoptotic effects. miR-21 is highly expressed in

P4 Correspondence to: Gangli Liu. Email: liugangli@sdu.edu.cn

* Supported by a grant from the National Natural Science Foundation of China (No. 81402298).

© 2021 Huazhong University of Science and Technology



196

many cancers, including gastric, esophageal, ovarian,
and breast cancer. Inhibition of its expression can lead
to tumor shrinkage and has a significant impact on the
chemoresistance of tumors!*>.. Gombos and other studies
have shown that miR-21 is highly expressed in oral
cancer tissues, and miR-21 can be used as a non-invasive
biomarker for the diagnosis and detection of other cancers
6], However, the diagnostic value of miR-21 in OSCC
requires further confirmation. Therefore, in this meta-
analysis, we screened and summarized the diagnostic
value of miR-21 as a biomarker in OSCC and analyzed its
potential target genes and related enrichment pathways,
which are necessary for effective diagnosis and treatment
of OSCC patients.

Materials and methods

Download and organization of the cancer
genome atlas (TCGA) database

We downloaded all of the miRNA-related
transcriptome data of OSCC from the TCGA database
(https://portal.gdc.cancer.gov/) and drew pictures using
the “beeswarm” package in the R software.

Literature search

We searched the Embase, PubMed/Medline, Scopus,
and Web of Science databases, for articles published
before March 2021. We searched for synonyms of OSCC
and miR-21 as keywords through the keyword MeSH
function in PubMed, and relevant documents were
collected comprehensively and systematically.

Literature inclusion and exclusion criteria

Inclusion and exclusion of the literature were
completed separately and integrated by two individuals.
The inclusion criteria were as follows: miR-21 diagnosis
data — sensitivity or specificity, the control group
information of healthy patients can be obtained from
the literature or by contacting the author; the exclusion
criteria included: inability to provide valid data such
as sensitivity and specificity, non-human studies, non-
clinical studies, reviews, conference abstracts, case
reports, and repeated published studies.

Literature quality evaluation and
data extraction

The quality of the literature was evaluated using
QUADAS-2; the items in the QUADAS list were applied
to each article, and the answer was determined to be “yes,”
“no,” or “unclear.” Two researchers rated the literature
according to the scoring criteria, and articles with
inconsistent scores were re-scored by group discussion.
The data extraction information included the name of the
first author, publication, year, country/region, ethnicity,
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sample size, specimen and cancer type, detection method,
true positive, false positive, true negative, and false
negative numbers.

Statistical processing

Statistical analysis was performed using Stata version
16.0; the bivariate meta-analysis model was used to
calculate the relevant values, the comprehensive
sensitivity and specificity, diagnostic odds ratio (DOR),
positive likelihood ratio (PLR), and negative likelihood
ratio (NLR). Analysis of the summary receiver operating
characteristic curve (SROC) and the calculation of the
area under the curve (AUC) were carried out to evaluate
the value of the overall diagnosis of miR-21 in cancer
detection and diagnosis; the data used the hierarchical
summary receiver operating characteristic model
(HSROC) model for further confirmation. Spearman’s
correlation coefficient and ROC plane analysis evaluated
the heterogeneity of threshold effects. The heterogeneity
of non-threshold effects was detected by Q_ test and
discordance index (), where P < 0.10 or I? > 50%
indicates that there is obvious heterogeneity between
studies. Fagan nomograms verified pre-test probability,
likelihood ratio, and post-test probability; Deeks’ funnel
chart was used to test bias.

miR-21 target gene analysis

Three online target gene prediction tools, namely
TargetScan (http://www.targetscan.org/vert_71/), miRDB
(http://mirdb.org/), and PicTar (https://pictar.mdc-berlin.
de/), were used to predict the potential target genes of
miR-21 (including miR-21-3p and miR-21-5p). Further,
we used the VennDiagram package in the R software to
draw a Venn diagram of the three databases to take the
intersection for subsequent analysis.

Functional enrichment analysis of target genes

The online tool DAVID (http://david.abcc.nciferf.
gov/) was used to perform gene ontology functional
enrichment analysis (GO analysis) on the intersecting
target genes, and P < 0.01 was set as the significance
threshold to obtain the top 28 statistically significant GO
annotation analyses.

Results

Expression level of miR-21 in different tissues

Through the download and analysis of TCGA database,
the expression levels of miR-21-3p and miR-21-5p in
OSCC and normal tissues were sorted out, and the results
showed that both were significantly highly expressed
in OSCC (P = 0.021 and P = 0.04; Fig. 1), which further
illustrated that the study of miR-21 is of great significance
for OSCC patients.
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Literature review

A total of 304 documents were obtained from the
online database. A total of 88 duplicate documents were
removed by two authors, leaving 216 documents; 168
articles were initially screened by reading document
titles, keywords, and abstracts, and 136 documents were
retained; 41 documents were eliminated by reading the
full text and following the exclusion rules. Finally, a total
of seven articles, including 609 studies (359 OSCC patient
groups and 250 control groups) were included in the meta-
analysis. A flow chart of the literature selection is shown
in Fig. 2. The basic information of the seven included
meta-analysis documents and the results of QUADAS-2.
The results of the literature quality evaluation are shown
in Table 1.
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Threshold effect and heterogeneity analysis
This study examined the threshold effect by drawing
the ROC curve and calculating the Spearman correlation
coefficient between the logarithm of sensitivity and the
logarithm of (1-specificity). The results showed that the
ROC curve did not reveal a shoulder-arm-like distribution
(Fig. 3); Spearman’s correlation coefficient was 0.19, and
the Pvalue was 0.04, both of which indicate no threshold
effect; I? = 94% indicated heterogeneity, and the meta-
analysis revealed heterogeneity caused by non-threshold
effects. Since only seven studies were included in this
meta-analysis, meta-regression analysis could not be
performed to investigate the source of heterogeneity.

Analysis of meta consolidated statistics
The pooled sensitivity and specificity of miR-21 for
the diagnosis of OSCC were 0.77 (95% CI, 0.58-0.89) and
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The expression levels of miR-21-3p and miR-21-5p. The gene expression profiling data of OSCC tissues and normal samples in TCGA

database were chosen to analyze the mRNA levels of miRNA-21-5p (P = 0.04) and miRNA-21-3p (P = 0.021)

Fig.2 Flow chart of articles selection
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Table 1 Characteristics of publications included in the meta-analysis

First author Year Country Ethnicity Cancer type Sample type  Test method  Cutoff ~ Cases/controls QUADAS-2
Karimi [ 2020 Iran Caucasian 0ScC Serum RT-gPCR \ 20/20 5

Lu@ 2019 China Asian Oral cancer Serum RT-gPCR \ 82/53 6
Mahmood ! 2019  Pakistan  Caucasian Oral cancer Plasma RT-gPCR 35 Ct 100/100 7

Ren '@ 2014 China Asian 0scc Blood RT-gPCR 9646 58/32 5

He (" 2016 China Asian OTSCC Tissue RT-gPCR \ 19/20 6
Zahran ["Z 2015 Egypt Caucasian 0scC Salivary RT-gPCR \ 20/20 5
Supic 1" 2017 Serbia Caucasian  Tongue carcinoma Tissue RT-gPCR 938 60/5 5

Note: OSCC, oral squamous cell carcinoma; OTSCC, oral tongue squamous cell carcinoma; RT-qPCR, reverse transcription—polymerase chain reaction;

QUADAS, quality assessment of diagnostic accuracy studies

0.76 (95% ClI, 0.57-0.88; Fig. 4), and the PLR was 3.34
(95% CI, 1.58-7.08), NLR was 0.31 (95% CI, 0.15-0.63;
Fig. 5), and DOR was 10.75 (95% CI, 2.85-40.51; Fig. 6).
The AUC of miR-21 was 0.83 (95% CI, 0.80-0.86; Fig. 7).
These results indicated that miR-21 was highly accurate
at differentiating OSCC patients from controls. To assess
the clinical utility of the index test, Fagan nomograms
were used to predict the increasing inerrability of a
positive diagnosis using the value of the test. As shown
in Fig. 8, the pre-test probability was 50%, and a positive
result of post-test probability was raised to 77%, whereas
a negative result of post-test probability decreased to
24%. All pooled estimates indicated that miR-21 had a
relatively moderate to high accuracy in distinguishing
OSCC patients from healthy individuals in this analysis.

Studyld Sensitivity (95% Cl)
Supic/2017 | —= 0.38 [0.26-0.52)
Zahran/2015 ——— 0.65[0.41-0.85]
He/2016 ——=— | 0.89[0.67-0.99]
Ren/2014 . 0.62 [0.48-0.74]
Mahmood/2019 —= | 0.91[0.84-0.96]
Lw?2019 —— 0.65 [0.53-0.75]
Karimi/2020 + | 0.95[0.75-1.00]
COMBINED > 0.76 [0.57-0.88]

Q = 88.66, df = 6.00, P=0.00
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Fig. 4 The sensitivity and specificity of miR-21
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Studyld DLR positive (95% Cl) Studyld DLR negative (95% CI)
Supic/2017 — 1.92 [0.32-11.39] Supic/2017 . 0.77 [0.48—1.00]
Zahran/2015 —— 1.86 [0.94-3.66] Zahran/2015 E . 0.54 [0.27-1.00]

He/2016 —— 8.95 [2.38-33.62] He/2016 | —&—— 0.12[0.03-0.44]

Ren/2014 — 6.62 [2.21-19.81] Ren/2014 e 0.42 [0.30-0.59]

Mahmood/2019 - 1.98 [1.59-2.47] Mahmood/2019 - 0.17[0.09-0.32]

Lu/2019 L 1.22[0.91-1.65] Lu/2019 . 0.75 [0.50-1.00]
Karimi/2020 = . 19.00 [2.81-128.69] Karimi’2020 | # = 0.05 [0.01-0.36]
COMBINED <> 3.34 [1.58-7.08] COMBINED e — 0.31[0.15-0.63]

Q=232.32, df = 6.00, P=0.00 Q=41.22, df =6.00, P=0.00
, .| 12=68.47 [68.47-94.41] .| 1#=85.44[75.90-94.98]
0.3 128.7 0 1
DLR positive DLR negative
Fig.5 The PLR and NLR values of miR-21
Studyld Diagnostic score (95% Cl) Studyld Odds ratio (95% ClI)
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Zahran/2015 . 1.24[0.01-1.24] Zahran/2015 —— 3.45[0.94-12.65]
He/2016 — . 4.34 [1.25-4.34] He/2016 e 76.50 [9.66-605.65]
Ren/2014 — = 2.76 [0.80-2.76] Ren/2014 —— 15.82 [4.30-58.14]
Mahmood/2019 — 2.47[0.93-2.47] Mahmood/2019 — 11.87 [5.39-26.15]

Lu/2019 | —= 0.49[0.01-0.49] Lu/2019 - 1.63[0.81-3.30]
Karimi/2020 — #| 5.89[1.68-5.89] Karimi/2020 s~ | 361.00 [21.01-1000.00]
COMBINED S 2.37[1.05-3.70] COMBINED <> 10.75 [2.85-40.51]

Q=34.18,df =6.00, P=0.00 Q = 1.6e+07, df = 6.00, P=0.00
) | I?=82.45[70.36-94.54] .| #2=100.00 [100.00-100.00]
0.0 5.9 0 1000
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Fig.6 The DOR value of miR-21
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Assessment of publication bias

The results of Deeks funnel chart analysis using
Stata are shown in Fig. 9. The results showed that the
slope coefficient was P = 0.54, suggesting no significant
publication bias among the documents included in the
meta-analysis.

MiR-21 target gene prediction analysis

The number of potential miR-21 target genes predicted
by the three online databases, TargetScan, miRDB, and
PicTar, were 4048, 1064, and 137, respectively, and a
Venn diagram was drawn to take the intersection of the

above results, and 58 predicted target genes were obtained
(Fig. 10).

Prediction of the GO function annotation for
the potential target gene

GO analysis was performed on 58 target genes, and
biological pathway enrichment analysis was performed
using functional annotation in the DAVID database. Based
on analysis of the whole human genome, we identified
that the target genes of miR-21 were significantly
enriched in 28 functional pathways (P < 0.01), of which
47 intersection target genes were enriched in protein
binding functional pathways, and 30 were enriched in
the nucleus functional pathway (Fig. 11).

Discussion

OSCC has a high morbidity and fatality rate; therefore,
early diagnosis of the disease and effective prognosis
of patients are particularly important 4. Traditional
diagnostic examinations are expensive and have poor
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sensitivity and specificity; therefore, a new approach
is required. As a new OSCC biomarker, miRNAs are
involved in cell growth, development, differentiation,
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miRDB PicTar

Targetscan

Fig. 10 Venn diagram of predicted target genes

and apoptosis, and their expression is closely related
to the diagnosis, staging, progression, prognosis, and
response to treatment [°l. This is expected to become a
therapeutic target for most diseases and is an important
step towards gene therapy for human diseases'®. Among
them, miR-21 is a dysregulated miRNA that has been
studied in OSCC, and its overexpression in serum or
tissue is related to tumor size and distant metastasis.
Studies have shown that miR-21 can regulate a variety
of cancer-related target genes, and the serum miR-21
of OSCC patients is upregulated significantly, which
could be used as a biomarker of OSCC prognosis® '7\. In
this study, the expression of miR-21-3p and miR-21-5p
was first analyzed in OSCC and normal tissues, which
illustrated the importance of miR-21 in OSCC patients.
The meta-analysis in this study was used to evaluate
the diagnostic value of miR-21 in OSCC testing. The
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combined PLR was 3.34 (95% CI, 1.58-7.08), NLR was
0.31 (95% CI, 0.15-0.63), and the positive rate of miR-
21 in the OSCC case group was 3.3 times compared to
that of the control group; the negative rate of miR-21
was 31% of that in the control group; and the DOR was
10.75 (95% CI, 2.85-40.51). The above results indicated
that miR-21 as a biomarker for the diagnosis of OSCC
is highly reliable and accurate, and its clinical value is
considerable. Fagan’s nomogram revealed that if the pre-
test probability was 50%, the positive probability after
the test increased to 77% when the PLR was 3.3, and the
negative probability after the test decreased to 24% when
the NLR was 0.31, indicating miR -21 is relatively reliable
for cancer detection and treatment.

The discussion of heterogeneity in this study may
be restricted by several limitations, as follows: (1) The
number of available studies and the number of participants
were small; (2) The data are mainly from Asian and
Caucasian participants, which may lead to incomplete
ethnic coverage; (3) Sample collection was performed
via various methods, including blood, saliva, and tissues,
which may cause differences in the results; (4) The cut-
off value of miR-21 could not be determined as a whole,
because each study used different cut-off values: (5) The
analysis of this study was retrospective, and selective bias
can reduce the credibility of the results; (6) Published
research only contained English, which may lead to the
neglect of research published in other languages.

Furthermore, prediction analysis revealed that miR-21
has 58 potential target genes, which are mostly enriched
in protein binding and nuclear function pathways,
according to the results of the GO function annotation.
In addition, six potential target genes (STAT3, PDCD4,
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Fig. 11 GO function annotation diagram of potential target genes
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TIMP3, SPRY2, RECK, and CDC25A) were enriched in
pathway — hsa05206: microRNAs in cancer, and OSCC
is a type of malignant tumor, indicating that there is a
strong correlation between miR-21 and OSCC.

In summary, the results of this meta-analysis revealed
that miR-21 can effectively distinguish OSCC patients
from healthy controls and could potentially be used as a
supplement to improve the accuracy of existing diagnostic
methods. Future research should focus on the combined
use of miR-21 and other biomarkers to further improve
the accuracy of OSCC diagnosis.
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