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OPEN a ACCESS Background: The relationship between microRNA-21 (miRNA-21) and pathogenesis of lung
cancer is a considerable focus of research interest. However, to our knowledge, no in-depth
meta-analyses based on existing evidence to ascertain the value of miRNA-21 in diagnosis
and clinical prognosis of lung cancer have been documented.

Methods: We comprehensively searched all the literature pertaining to ‘miRNA-21’ and ‘lung
cancer’ from four databases from the period of inception of each database until May 2020.
Using specific inclusion and exclusion criteria, the literature for inclusion was identified and
the necessary data extracted.

Results: In total, 46 articles were included in the meta-analysis, among which 31 focused
on diagnostic value and 15 on prognostic value. Combined sensitivity (SEN) of miRNA-21
in diagnosis of lung cancer was 0.77 (95% confidence interval (Cl): 0.72-0.81), specificity
(SPE) was 0.86 (95% ClI: 0.80-0.90), diagnostic odds ratio (DOR) was (95% CI: 12-33), and
area under the SROC curve (AUC) was 0.87 (95% CI: 0.84-0.90). No significant correlations
were observed between abnormal expression of miRNA-21 and gender, smoking habits,
pathological type and clinical stage of lung cancer (P>0.05). In terms of overall survival
(OS), univariate analysis (hazards ratio (HR) = 1.49, 95% CI: 1.22-1.82) revealed high ex-
pression of miRNA-21 as an influencing factor for lung cancer. MiRNA-21 was confirmed as
an independent risk factor for poor prognosis in multivariate analysis (HR = 1.65, 95% CI:
1.24-2.19).

Conclusion: MiRNA-21 has potential clinical value in the diagnosis and prognosis of lung
cancer and may serve as an effective diagnostic marker and therapeutic target in the future.

#20¢ Iidy 01 uo 3sanb Aq ypd-€591-1 20Z-1SA/Y9I9ZE6/ESI | L.20ZHSE/S/2 F/iPd-0joNe/da.10s01q/Wod"IIBYDISA|IS HOd//:dRY WOy papeojumod

“These authors contributed

equally to this work. Introduction

Received: 16 July 2021 Lung cancer is n}ahgnant tumor with the hl.ghest incidence among bOﬂ’)l men and women worldw1d.e [1].

Revised: 22 March 2022 According to the ‘Annual Report to the Nation on the Status of Cancer, lung cancer is the predominant

Accepted: 19 April 2022 cause of tumor-related mortality, with a 5-year survival rate of ~15-20% [2,3]. In terms of pathologi-
I cal type, ~15% cases are small-cell lung cancer (SCLC) and 85% represent non-small cell lung cancer

Accepted Manuscript online: o R . .

20 April 2022 (NSCLQ). Existing data show that the 5-year overall survival (OS) rate of patients with early lung cancer

Version of Record published: (stage I) is ~80%, while the rates for locally advanced or metastatic lung cancer (stage III or IV) are 37

10 May 2022 and 6%, respectively [4], clearly indicating that poor diagnosis and high progression rates contribute to

(© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 1

License 4.0 (CC BY).


https://orcid.org/0000-0003-2100-3318
mailto:youtao2016@126.com
https://crossmark.crossref.org/dialog/?doi=10.1042/BSR20211653&domain=pdf&date_stamp=2022-05-10

Bioscience Reports (2022) 42 BSR20211653

[ ]
’... FF:F? E%ELAND https://doi.org/10.1042/BSR20211653

low OS. The main existing methods of diagnosis include chest X-ray, low-dose spiral CT (LDCT), sputum cytology
and percutaneous biopsy. Although specimens obtained via puncture biopsy are considered the gold standard for di-
agnosis, they are prone to complications, such as pneumothorax and bleeding. Moreover, the examination is invasive,
specimens are hard to obtain and there is a high risk of false results [5]. However, the sensitivity (SEN) and specificity
(SPE) of other techniques are unable to meet the requirements of early diagnosis [6]. Identification of non-invasive
markers for lung cancer with high SEN and SPE thus remains a significant clinical challenge. In the third edition
of the ‘National Comprehensive Cancer Network’ (NCCN) clinical practice guidelines (2018), several risk factors of
lung cancer have been highlighted. However, there is a significant void in the dimension of analysis and evaluation of
prognosis [7]. MicroRNAs are clearly involved in cancer-related cell growth and tissue differentiation and have been
shown to serve as negative regulators. Their abnormal expression and mutation are significantly associated with the
occurrence of human cancer [8] and stable microRNAs in plasma may therefore have utility as potential biomarkers
for lung cancer diagnosis and prognosis.

MicroRNAs (miRNAs) are a class of natural non-coding small RNA molecules ~21-25 nucleotides in length, which
influence the stability of mRNA and translation processes by binding to incomplete complementary sites in the 3’
untranslated region (UTR) of their mRNA targets to participate in gene expression after transcription [8] and con-
sequently play critical regulatory roles [9]. In the early stages of development of several cancer types, miRNA imbal-
ance is detected in peripheral blood and significant correlations observed among its expression, degree of change and
prognosis of cancer [10]. MicroRNA-21 (miRNA-21) is one of the earliest identified and most extensively investi-
gated miRNAs [11]. The gene encoding miRNA-21 is located at 17q23.2. As a tumor-promoting miRNA, miRNA-21
indirectly stimulates cancer occurrence and development through regulation of multiple downstream tumor sup-
pressor genes [12]. MiRNA-21 is expressed abnormally in multiple cancer cell types and increased in most malignant
tumors including glioma, lung cancer and breast cancer. An earlier study reported markedly elevated expression of
miRNA-21 in peripheral blood of patients with lung cancer, suggesting an association with disease occurrence [13].
The significant correlation of miRNA-21 with lung cancer development supports its potential as a biomarker for early
diagnosis of the disease [14-16]. Accumulating studies have focused on the utility of miRNA-21 as a predictor of poor
prognosis [17-23]. MiRNA-21 specifically down-regulates the tumor suppressor genes, PTEN and TPM]I, and may
thus play a carcinogenic role [24,25].

While studies to date clearly support the potential utility of miRNA-21 as a biomarker for early diagnosis and
poor prognosis of patients with lung cancer, limitations include small sample sizes of each independent study and
inconsistency of individual research conclusions. Accordingly, a meta-analysis of the diagnostic and prognostic value
of miRNA-21 in lung cancer was conducted in the present study, with a view to provide a platform for early diagnosis,
risk and prognosis assessment.

Materials and methods

The search terms were determined using the principle of ‘PICO’ and all publications from the inception of the
database up to May 2020 searched from four databases (PubMed, Web of Science, CNKI, Wanfang). Simultaneously,
a search was conducted on references of the included literature to comprehensively identify all related materials on
‘microRNA-21" and ‘Lung Cancer. The search terms included ‘microRNA-21, ‘miRNA-21} ‘miR-21’, and ‘Lung Can-
cer’ Taking PubMed as an example, the search strategy is presented in Table 1.

Literature inclusion and exclusion criteria
Inclusion criteria were as follows: (1) miRNA-21 studies on diagnosis and prognosis of lung cancer published at
home and abroad, (2) diagnosis of lung cancer based on miRNA-21 supported by pathological evidence, (3) lung
cancer patients as the study group and healthy individuals or patients with benign lung diseases as the control group,
(4) availability of survival data in prognosis studies, such as OS, relapse-free survival (RFS), progression-free survival
(PES) or disease-free survival (DES), with survival results obtained either directly or indirectly.

Exclusion criteria were as follows: (1) non-English or Chinese literature, (2) reviews, conference summaries and an-
imal experiments, (3) repeat publications or insufficient sample size for analysis, (4) combined analysis of miRNA-21
with other genes in diagnosis of lung cancer or lack of available data.

Data extraction and quality assessment

After identifying the literature for inclusion, two researchers screened and extracted the relevant data. For each study,
we extracted the first author’s name, publication year, country, population characteristics (such as sample size, race,
specimen type, lung cancer stage), and other basic information. For diagnostic studies, area under the SROC curve

2 (© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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Figure 1. Flow chart of the literature search for the meta-analysis
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(AUC), SEN, SPE and other key data were obtained and a 2 x 2 contingency table designed including false negative
(FN), true negative (TN), true positive (TP) and false positive (FP) results. In prognostic analyses, in addition to
basic information, we collated data on high/low expression of miRNA-21 in relation to gender, smoking, lung cancer
classification and staging and extracted Hazards Ratio (HR), Odds Ratio (OR), 95% Confidence Interval (95% CI) and
other relevant measures of association. After completion of data extraction, results were summarized, sorted through
Microsoft Excel 2019 spreadsheets and tabulated for ease of analysis.
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Figure 2. Forest plot of sensitivities and specificities of miRNA-21 in diagnosis of lung cancer

The quality of all included diagnostic studies was evaluated with the ‘Quality Assessment of Diagnostic Accuracy
Studies-2” (QUADAS-2) [26]. After detailed examination of the full text, four items (Case selection, Test to be eval-
uated, Gold standard, Case flow and progress) were analyzed according to the three judgment criteria of ‘Yes, ‘No’
and ‘Unclear’. Prognostic studies were assessed according to ‘Newcastle-Ottawa Scale’ (NOS) criteria based on three
quality parameters (selectivity, comparability and exposure factors) [27,28]. The quality of studies was considered
high at scores > 7.

The studies were cross-checked, reviewed independently by two researchers and discussed in case of dispute until
a consensus was reached.

Statistical analysis

STATA 16.0 and Review Manager 5.3 were applied for statistical analysis of all studies. For diagnostic analyses, the
classification variable model was used to calculate the combined results of SEN, SPE, positive likelihood ratio (PLR),
negative likelihood ratio (NLR), diagnostic odds ratio (DOR) and 95% CI, and ROC curves were generated. In the
meta-analysis of prognostic studies, HR and 95% CI were combined to evaluate the effects of high expression of
miRNA-21 on survival times of lung cancer patients. According to the study of Greenland et al. [29], the differences
between OR, relative risk (RR) and hazard ratio (HR) may be negligible and therefore OR and RR values obtained
from the included studies could be regarded as HR. Q-value and I tests were applied to evaluate heterogeneity among
studies. At P<0.05 and I? > 50%, significant heterogeneity between the studies was present and a random-effects
model was used for data consolidation, while at P>0.05, I? < 50%, the fixed-effects model was used. Publication bias
was assessed using Deek’s Funnel plot and the Begg’s/Egger’s tests. Data were considered statistically significant at
P<0.05. In case of identified univariate variables that influenced heterogeneity between included studies, subgroup
analysis was conducted. For studies showing significant heterogeneity or high risk of bias, sensitivity analysis was
conducted to validate the stability of the combined effect.

(©) 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).
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Figure 3. Forest plot of OR of miRNA-21 in diagnosis of lung cancer
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Results

Literature retrieval and research features

A total of 2054 related studies were retrieved according to the established search terms. Following elimination of
repeat studies, 183 were preliminarily screened. Based on the inclusion and exclusion criteria, 86 articles were se-
lected. Finally, 46 articles [14,15,22,30-72] were included in the meta-analysis based on the terms ‘Lung cancer” and
‘microRNA-21" Among these, 31 [14,15,30-58] reported the diagnostic value of miRNA-21 and 15 [22,69-72] focused
on its prognostic value. The search flow chart is shown in Figure 1.

Meta-analysis of studies on the diagnostic value of miR-21

A total of 3707 patients were included in the diagnostic meta-analysis (2124 patients in the lung cancer group
(non-small cell and small-cell lung cancer) and 1583 patients in the control group (healthy subjects and patients with
benign nodules)). Overall, we retrieved 28 articles [14,15,30-37,40-44,46-58] on NSCLC from the literature (one on
lung adenocarcinoma). In addition, related studies by Ke et al. [30] on the expression of miRNA-21 and clinical stages
I and IIT of NSCLC were divided into two baseline groups (Table 2).

Combined results

STATA 16.0 analysis of 32 studies [14,15,30-58] showed combined sensitivity of miRNA-21 for diagnosis of lung
cancer of 0.77 (95% CI: 0.72-0.81), specificity of 0.86 (95% CI: 0.80-0.90), PLR of 5.4 (95% CI: 3.7-7.7), NLR of 0.27
(95% CI: 0.22-0.34), DOR of 20 (95% CI: 12-33) and AUC of 0.87 (95% CI: 0.84-0.90). The results are presented in
Figures 2-5. Evaluation of the included studies using a QUADAS-2 rating scale revealed high overall quality (Figure
6).

(© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 5
License 4.0 (CC BY).
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Figure 4. Forest plots of DLR positivity and DLR negativity of miRNA-21 in diagnosis of lung cancer
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Figure 5. SROC curves of miRNA-21 for diagnosis of lung cancer

Subgroup analysis
To further explore the diagnostic performance of miRNA-21, we performed subgroup analysis according to race, spec-
imen and lung cancer type. The ethnic groups examined were Asian (n=24) [14,15,30,31,35-41], North American
(n=3) [32,42,56], Middle Eastern (n=2) [33,34], European (n=1) [57] and African (n=1) [55]. Specimens included
serum, plasma and others (such as biopsy tissue/sputum). Due to insufficient data on SCLC patients, only results
from NSCLC patients were combined for lung cancer types. Specific merged results are shown in Table 5 and Sup-
plementary Figures S1-524.
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Table 1 Taking Pubmed as an example, the retrieval process was shown in the following table

«. 2 PORTLAND
09 press

Set Query

#1 miRNA-21 [Title/Abstract]

#2 microRNA-21 [Title/Abstract]

#3 miR-21 [Title/Abstract]

#4 hsa-miR-21 [Title/Abstract]

#5 #1 OR #2 OR #3 OR #4

#6 Lung Neoplasms [MeSH]

#7 Carcinoma, Non-Small-Cell Lung [MeSH]

#8 Carcinoma, Small Cell [MeSH]

#9 Cancer of Lung [Title/Abstract]

#10 Lung Cancer [Title/Abstract]

#11 Pulmonary Cancer [Title/Abstract]

#12 Pulmonary Neoplasms [Title/Abstract]

#13 Cancer of the Lung [Title/Abstract]

#14 Neoplasms, Lung [Title/Abstract]

#15 Neoplasms, Pulmonary [Title/Abstract]

#16 Cancer, Lung [Title/Abstract]

#17 Cancer, Pulmonary [Title/Abstract]

#18 Cancers, Lung [Title/Abstract]

#19 Cancers, Pulmonary [Title/Abstract]

#20 Lung Cancers [Title/Abstract]

#21 Lung Neoplasm [Title/Abstract]

#22 Neoplasm, Lung [Title/Abstract]

#23 Neoplasm, Pulmonary [Title/Abstract]

#24 Pulmonary Cancers [Title/Abstract]

#25 Pulmonary Neoplasm [Title/Abstract]

#26 Carcinoma, Non-Small Cell Lung [Title/Abstract]

#27 Non-Small Cell Lung Cancer [Title/Abstract]

#28 Non-Small-Cell Lung Carcinoma [Title/Abstract]

#29 Nonsmall Cell Lung Cancer [Title/Abstract]

#30 Carcinoma, Non Small Cell Lung [Title/Abstract]

#31 Carcinomas, Non-Small-Cell Lung [Title/Abstract]

#32 Lung Carcinoma, Non-Small-Cell [Title/Abstract]

#33 lung Carcinomas, Non-Small-Cell [Title/Abstract]

#34 Non Small Cell Lung Carcinoma [Title/Abstract]

#35 Non-Small-Cell Lung Carcinomas [Title/Abstract]

#36 Oat Cell Carcinoma of Lung [Title/Abstract]

#37 Carcinoma, Small Cell Lung [Title/Abstract]

#38 Oat Cell Lung Cancer [Title/Abstract]

#39 Small Cell Cancer Of The Lung [Title/Abstract]

#40 Small Cell Lung Cancer [Title/Abstract]

#41 Small Cell Lung Carcinoma [Title/Abstract]

#42 #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22
OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR
#38 OR #39 OR #40 OR #41

#43 survival [Title/Abstract]

#44 prognosis* [Title/Abstract]

#45 #43 OR #44

#46 diagnosis* [Title/Abstract]

#47 #45 OR #46

#48 #5 AND #42 AND #47

Sensitivity analysis

Goodness-of-fit and bivariate normality results supported the suitability of the bivariate random-effects model. Influ-
ence analysis revealed that studies of Jing et al. [31], Dapeng et al. [44] and two reports by Yang et al. [30] accounted
for a higher proportion of the total weight of all studies (see Figure 8). Outlier detection analysis indicated that the two
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Table 2 Characteristics of diagnostic clinical trials included in the meta-analysis and the diagnostic efficacy of miRNA-21 for lung cancer

Cancer AUC (95%
Author Year Country Type Specimen Case/Control TP FP FN TN Cl) SEN SPE
Qing [14] 2014 China NSCLC Plasma 126/60 84 19 42 41 0.77 0.67 0.68
Hui [15] 2016 China NSCLC Plasma 129/83 100 12 29 71 0.838 0.775 0.855
Yang (1) [30] 2019 China NSCLC Serum 89/90 80 1 9 89 0.966 0.8989 0.9889
Yang (Ill) [30] 2019 China NSCLC Serum 89/90 87 1 2 89 0.971 0.973 0.993
Jing [31] 2016 China NSCLC Serum 68/64 63 25 5 39 0.873 0.932 0.607
Qixin [32] 2018 U.S.A. NSCLC Plasma 40/29 30 11 10 18 0.92 0.7576 0.6364
Abu-Duhier 2018 Saudi Arabia NSCLC Plasma 80/80 64 16 16 64 0.8913 0.8 0.8
[33]
Abdollahi [34] 2019 Iran NSCLC Serum 43/43 39 14 4 29 0.85 0.9 0.67
Bole [35] 2012 China NSCLC Serum 82/50 39 6 43 44 0.696 0.478 0.88
Yanzhao [36] 2011 China NSCLC Serum 20/10 16 0 4 10 0.921 + 0.045 0.788 1
Dongfang [37] 2013 China NSCLC Plasma 34/32 18 9 16 23 0.71492 0.529 0.719
Bing [38] 2012 China LC Serum 31/39 27 10 4 29 0.88 0.871 0.744
Sheng [39] 2018 China LC Serum 50/24 30 8 20 16 0.653 0.6 0.667
Xiaoqjin [40] 2018 China NSCLC Serum 167/128 108 46 59 82 0.831 0.647 0.641
Juan [41] 2011 China NSCLC Plasma 77/36 47 6 30 30 0.729 0.6104 0.8333
Ying [42] 2010 U.S.A. NSCLC Sputum 23/17 16 0 7 17 0.902 + 0.054 0.6966 1
Dapeng [43] 2019 China NSCLC Serum 85/30 51 0 34 30 0.854 0.6 1
Hailei [44] 2019 China NSCLC Serum 95/30 80 3 15 27 / 0.8421 0.9
Junting [45] 2014 China LC Serum 90/130 64 23 26 107 0.808 0.711 0.823
Yugjiao [46] 2017 China NSCLC Serum 50/60 38 12 12 48 0.882 0.75 0.8
Shirong [47] 2019 China NSCLC Serum 32/20 27 0 5 20 0.966 0.844 1
Xi [48] 2017 China NSCLC Tissue 32/20 21 0 11 20 0.85 0.65 1
Xin [49] 2017 China NSCLC Plasma 56/47 43 11 13 36 0.825 0.768 0.766
Jigjia [50] 2012 China NSCLC Tissue 31/10 23 2 8 8 0.785 0.733 0.8
Juan [561] 2016 China NSCLC Serum 64/30 48 9 15 21 0.775 0.7619 0.7
Xiaogian [52] 2013 China NSCLC Sputum 24/11 20 3 4 8 0.863 0.833 0.75
Zhennan [53] 2015 China NSCLC Tissue 150/150 132 45 18 105 0.8665 0.8824 0.6997
Yongpan [54] 2017 China NSCLC-AC Plasma 28/28 23 1 5 27 0.88 0.821 0.964
Abd-El-Fattah 2018 Egypt NSCLC Serum 65/37 56 5 9 32 0.47 0.857 0.865
[55]
Jun [56] 2011 U.S.A. NSCLC Plasma 58/29 39 2 19 27 0.816 0.675 0.941
Mozzoni [57] 2013 Italy NSCLC Plasma 54/46 27 4 27 42 0.74 0.5 0.923
Juan [58] 2011 China NSCLC Serum 63/30 48 9 15 21 0.775 0.762 0.7

Abbreviations: LC, lung cancer; NSCLC-AC, lung adenocarcinoma.
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Table 3 Baseline characteristics of correlation studies
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Total
Cancer num- Speci- Histological type of
Author Year Country type ber men Gender Smoking History NSCLC Pathological staging

Male Female Yes No AD SC 1 2+ 1-2 3+

High Low High Low High Low High Low High Low High Low High Low High Low High Low High Low

Wen [22] 2012 China NSCLC 58 Tissue 14 18 15 11 / / / / 17 16 ih 13 7 9 22 19 / / / /

Capodanno 2013 Italy NSCLC 80 Tissue 28 27 12 13 6 7 11 17 31 24 7 14 7 5 24 16 / / / /
(59]

Yu [62] 2015  China NSCLC 32 Tissue 15 4 7 6 / / / / 11 4 1 6 5 6 17 4

Fenglin [65] 2012  China NSCLC 48 Tissue 14 16 7 11 / / / / 9 9 10 13 / / /

21 26 28 31
17 15 8 8
/ / / /

Zhaoxia [67] 2011 China NSCLC 88 Serum 25 21 24 18 27 23 22 16 20 17 11 10
Markou [69] 2008 Athens NSCLC 48 Tissue / / / / 23 21 2 2 14 1 1 12
Wen [71] 2011 China SCC 30 Tissue / / / / 4 2 11 13 / / / /

O ~ ~ ~ ~
© ~ ~ ~ ~
~N O~ o~~~
D~~~ ~

Abbreviations: AC, adenocarcinoma of the lung cancer; SC, lung squamous cancer; SCC, small cell lung cancer; 1, lung cancer stage 1; 2+, lung cancer stages 2—-4; 1-2, lung cancer stages
1-2; 3+, lung cancer stages 3-4.
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Figure 8. Influence analysis and outlier detection
(A) Goodness-of-fit, (B) bivariate normality, (C) influence analysis, and (D) outlier detection. SROC curves of miRNA-21 for diagnosis
of lung cancer.

studies by Yang et al. [30] could be the cause of heterogeneity. After excluding the abnormal data [30], the sensitivity
value changed from 0.77 to 0.75, specificity from 0.86 to 0.82, and AUC from 0.87 to 0.85.

Publication bias
Deek’s funnel plot was used to detect publication bias. The results indicated no significant publication bias and good
article consistency (t = 0.15, P>0.88).

Meta-analysis of prognostic factors

A total of 1603 participants from 15 studies [22,50-72] were included in our meta-analysis of prognosis. Among these
studies, 12 provided data on OS of lung cancer patients [60,62-72], 1 on PES [61], 1 on DES [22]. A study by Capo-
danno et al. [59] simultaneously investigated OS and PFS of lung cancer patients. Regarding type of lung cancer, 11
studies were on NSCLC [22,59-63,67-70,72] and 1 on squamous cell lung carcinoma [71]. In terms of race, 12 studies
investigated Chinese patients [22,60-67,70-72] and the other 3 were on Italian [59], Greek [69] and French [68] pa-
tients. The group of Xiaoguang [60] analyzed expression of miRNA-21 in both tissue and serum, four studies reported
miRNA-21 expression in serum [61,64,67,72] and ten focused on miRNA-21 in tissue [22,59,62,63,75,66,68-71]
(Tables 3 and 4). The quality of the included studies was evaluated via NOS. The scores ranged from 7 to 9, signifying
good quality of all the included studies. The results are presented in Figure 7.

Correlation between miRNA-21 expression and lung cancer

Analysis of the relationship between miRNA-21 and clinical characteristics of lung cancer revealed that expression
of miRNA-21 was not significantly correlated with gender [OR = 1.04, (0.65, 1.65), P=0.869], smoking [OR = 1.09,
(0.58, 2.05), P=0.784], lung cancer type [OR = 1.47, (0.92, 2.34), P=0.107] and lung cancer staging [OR = 0.77,

1 2 (© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).
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Table 4 Characteristics and quality assessment of prognostic clinical trials included in the meta-analysis

Total
Cancer num- Follow-up
Author Year Country type ber SpecimerResults (month) Hazard Ratio (95%Cl), P NOS
Univariate Multivariate
Wen [22] 2012 China NSCLC 58 Tissue ~ DFS  13-23  3.265 (1.276-8.357), 2.820 (1.091-7.285), 8
P=0.014 P=0.032
Capodanno [59] 2013 Italy NSCLC 80 Tissue oS 7-98 2.55 (0.62-10.56), / 8
P=0.0045
Tissue PFS 7-98 1.17 (0.43-3.2), /
P=0.0003
Xiaoguang [60] 2012 China NSCLC 70 Tissue oS 24 3.187 (0.368-7.592), / 8
P=0.123
Serum 0s 24 4.316 (1.265-19.206), /
P=0.046
Qiong [61] 2016 China NSCLC 51 Serum PFS 24 / 1.619 (1.369-3.221), 9
P=0.030
Yu [62] 2015 China NSCLC 32 Tissue 0s 6-31 1.94 (0.51-7.32) / 8
Xin [63] 2017 China NSCLC 152 Tissue 0S  72-120 1127 (1.087-1.226), 1.149 (1.055-1.250), 8
P=0.005 P=0.001
Qiaoya [64] 2019 China LC 87 Serum 0s / 1.68 (0.85-3.29) / 7
Fenglin [65] 2012 China LC 48 Tissue 0s 60 2.05 (1.05-3.97), / 7
P=0.027
Le [66] 2019 China LC 85 Tissue 0s 60 1.12 (0.49-2.58) / 8
Zhaoxia [67] 2011 China NSCLC 88 Serum 0s 1-73 2.01 (1.49-2.72), 2.01 (1.78-3.26), 8
P=0.018 P=0.015
Voortman [68] 2010 France NSCLC 639 Tissue oS / 0.81 (0.65-1.01), / 8
P=0.06
Markou [69] 2008  Athens  NSCLC 48 Tissue 0s 39 1.90 (0.74-4.88), 2.533 (1.066-6.020), 8
P=0.027 P=0.035
Wen [70] 2010 China NSCLC 56 Tissue 0S  42-63  2.710(1.392-5.275),  5.993 (2.518-14.264), 9
P=0.003 P=0.000
Wen [71] 2011 China scc 30 Tissue OS  48-60  1.246(1.093-1.419), 1.293 (1.123-1.489), 8
P=0.001 P=0.000
Zhao [72] 2015 China NSCLC 80 serum 0s  12-48 2.18 (1.28-3.7), / 8
P=0.001
Abbreviation: LC, lung cancer.
(0.48,1.22), P=0.263] (P>0.05). The results of subgroup analysis are presented in Table 6 and Supplementary Figures
S$25-831.
Effect of miRNA-21 expression on OS of patients
A total of 14 studies [59,60,62-72] were included for univariate analysis of OS. HR (95% CI) of 1.49 (1.22-1.82) was
obtained with combined analysis. High expression of miRNA-21 was associated with overall patient survival. Five
studies [63,67,69-71] were included for multivariate analysis of OS. Combined HR (95% CI) of 1.65 (1.24-2.20) was
obtained using a random-effects model. Our data suggest that high miRNA-21 expression is an independent risk
factor for OS.
Effect of miRNA-21 expression on PFS/DFS of patients
A total of three studies [22,59,61] were included for PES/DES analysis, two of which were univariate [22,59] and two
were multivariate analyses [22,61]. In the PFS/DEFS univariate study, combined HR (95% CI) was 1.99 (0.73-5.43),
suggesting that high expression of miRNA-21 is correlated with patient PFS/DFS. However, the data were not statis-
tically significant (P=0.005).
The multivariate study using a fixed-effects model to calculate combined HR (I? = 2.5%, P=0.311) identified
high miRNA-21 expression as an independent risk factor for PES/DEFS in patients [HR (95% CI) = 1.77 (1.19-2.62),
P=0.004).
(© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 1 3

License 4.0 (CC BY).
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Table 5 Summary results for diagnostic accuracy of miRNA-21 for lung cancer

SEN (95% NLR (95% DOR (95% AUC (95% Deeks’ Funnel
Analysis n Cl) P SPE (95% CI) P PLR (95% CI) Cl) Cl) Cl)
t P (t)

Ethnicity

China 25 0.77(0.71-0.82) 86.05 (81.44-90.66) 0.86 (0.79-0.91) 82.86 (76.86-88.86) 5.5(3.5-8.6) 0.27 (0.20-0.35) 21 (11-39) 0.88(0.84-0.90) 0.12 0.91

No-China 7 0.76 (0.65-0.84)  80.63 (66.95-94.31)  0.84 (0.74-0.91)  74.15 (54.54-93.75) 4.9(3.0-8.1)  0.29(0.20-0.41) 17 (10-30) 0.87 (0.84-0.90) 0.68 0.53
Specimen

Serum 17 0.81(0.73-0.86) 89.53 (85.64-93.41)  0.87 (0.78-0.93)  87.39 (82.45-92.33) 6.3 (3.4-11.7)  0.22 (0.15-0.32) 28 (12-69) 0.90 (0.87-0.92)  0.02 0.98

Plasma 10  0.70(0.63-0.76)  69.60 (49.74-89.46) 0.82 (0.75-0.87)  65.85 (42.93-88.77) 3.9 (2.7-5.5)  0.37 (0.30-0.46) 10 (6-17) 0.82 (0.78-0.85)  0.15 0.89

Other 5 0.78 (0.68-0.86)  68.98 (39.73-98.23)  0.90 (0.69-0.97)  72.94 (48.10-97.77) 8.0 (2.3-27.4) 0.24 (0.16-0.35) 33 (10-113) 0.88(0.85-0.91) 0.76 0.5
specimen
Cancer type

NSCLC 29  0.77 (0.72-0.82)  85.62 (81.19-90.06) 0.87 (0.80-0.91) 82.72 (77.10-88.34) 5.9(3.9-9.00 0.26(0.21-0.33) 22 (13-40) 0.88(0.85-0.91)  0.19 0.85
Overall 32  0.77 (0.72-0.81)  84.49 (79.83-89.14)  0.86 (0.80-0.90)  80.94 (74.89-87.00) 5.4 (38.7-7.7)  0.27 (0.22-0.34) 20 (12-33) 0.87 (0.84-0.90) 0.15 0.88

Abbreviation: n, number of studies.
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Table 6 Correlation between miRNA-21 expression and clinicopathological characteristics of patients with lung cancer

Analysis
Sorts Studies model  Participants OR LCI ucl Q P(Q) z P(2)
Gender (Male 5 Fixed 306 1.04 0.65 1.65 3.66 0.453 0.16 0.869
vs Female)
Serum 1 Fixed 218 0.89 0.38 2.07 / / 0.26 0.792
Tissue 4 Fixed 88 1.1 0.64 1.93 3.49 0.322 0.37 0.711
Smoking 4 Fixed 492 1.09 0.58 2.05 1.05 0.789 0.27 0.784
history (Yes
vs No)
Tissue 3 Fixed 168 1.49 0.57 3.83 0.35 0.840 0.82 0.414
Serum 1 Fixed 88 0.85 0.36 2.00 / / 0.36 0.716
SCC 1 Fixed 30 2.36 0.36 15.45 / / 0.90 0.369
NSCLC 3 Fixed 216 0.98 0.50 1.93 0.31 0.856 0.05 0.959
Histological 6 Fixed 354 1.47 0.92 2.34 1.57 0.904 1.16 0.107
type of
NSCLC (AD
vs SC)
Tissue 5 Fixed 266 1.68 0.94 2.66 1.17 0.883 1.73 0.084
Serum 1 Fixed 88 1.07 0.37 3.13 / / 0.12 0.902
Pathological 6 Fixed 672 0.77 0.48 1.22 3.45 0.631 1.12 0.263
staging
1vs 2+ 3 Fixed 168 0.77 0.37 1.62 0.14 0.934 0.68 0.496
SCC 1 Fixed 30 0.76 0.18 3.24 / / 0.37 0.713
NSCLC 2 Fixed 138 0.78 0.33 1.85 0.14 0.713 0.57 0.566
1-2 vs 3+ 3 Fixed 168 0.76 0.42 1.38 3.31 0.191 0.89 0.374
Tissue 2 Fixed 80 0.61 0.24 1.54 2.93 0.087 1.05 0.294
Serum 1 Fixed 88 0.89 0.41 1.93 / / 0.28 0.776

Abbreviation: AC, adenocarcinoma of the lung cancer; LCI, low confidence interval; SC, lung squamous cancer; SCC, small cell lung cancer; UCI, up

confidence interval; 1 vs 2+, lung cancer stage 1 vs 2-4; 1-2 vs 3+, lung cancer stage 1-2 vs 3-4.

Subgroup analysis

To further reduce the possible sources of heterogeneity, we conducted different subgroup analyses by specimen, cancer
type and country. Among the OS data obtained from univariate analysis, serum had the least heterogeneity, with an
estimated HR value (95% CI) of 2.05 (1.61-2.60). The results are presented in Table 7 and Figure S32-S38.

Publication bias

Begg’s and Egger’s tests were applied to assess publication bias. Since less than ten articles were included in multivariate
analysis of OS and univariate/multivariate analysis of PES/DES [73], we only performed publication bias analysis on
literature included in the OS univariate analysis. The value obtained with Begg’s test was 0.77 (P=0.44) and that with
Egger’s test was 3.43 (P=0.005), indicating potential publication bias. In subgroup analysis by serum and tissue, Begg’s
test results were 0.34 (P=0.734) and 1.07 (P=0.283) and Egger’s test results were 2.49 (P=0.350) and 1.86 (P=0.520),
respectively. The data suggest no obvious publication bias and good credibility of subgroup analysis.

Discussion

Following introduction of the concept of miRNAs in 2001, thousands of these molecules have been identified in
the human genome [74]. MiRNAs exist stably in blood and plasma with the majority losing their normal regulatory
mechanisms in cancer cells. With the continuous advancements in science and technology, numerous differentially
expressed miRNAs have been identified in miRNA profile analyses of lung cancer cells through real-time PCR [22],
which are considered potential targets for diagnosis, treatment and prognosis [75]. One of the first publications to
demonstrate a possible role of miR-21 as a prognostic factor in NSCLC was documented by Markou et al. (2008) [69].
The group reported up-regulated miRNA levels in tumor tissue compared with their paired normal control counter-
parts. In 2013, Pereira et al. [76] proposed that miRNA-21 acts as a key post-transcriptional regulator with utility as
a tumor-specific biomarker for cancer diagnosis, prognosis and treatment responses, which since been comprehen-
sively investigated in patients with lung cancer. Previously, our group showed that miRNA-21 is consistently highly
expressed in lung cancer tissues [77] and promotes the occurrence of lung cancer and migration of tumor cells by

(© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 1 5

License 4.0 (CC BY).
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Table 7 Subgroup analysis for miRNA-21 on the prognosis of lung cancer

Analysis

Sorts Studies model  Participants HR LCI ucli Q P(Q) z P(2)
Univariate

0s 14 Fixed 1565 1.49 1.22 1.82 46.71 0.001 3.93 0.001
Specimen

Tissue 10 Random 1240 1.25 1.03 1.51 24.40 0.004 2.27 0.023

Serum 4 Fixed 325 2.05 1.61 2.60 1.55 0.671 5.84 0.000
Cancer type

NSCLC 10 Fixed 1315 1.65 1.21 2.26 42.36 0.000 3.15 0.002

SCC 1 Fixed 30 1.25 1.09 1.42 0.00 / 3.30 0.001

Unknown 3 Fixed 220 1.64 1.09 2.48 1.25 0.536 2.36 0.018
Country

China 11 Fixed 798 1.60 1.30 1.97 31.93 0.000 4.45 0.000

France 1 Fixed 639 0.81 0.65 1.01 0.00 / 1.87 0.061

Athens 1 Fixed 48 1.90 0.74 4.88 0.00 / 1.33 0.182

Italy 1 Fixed 80 2.55 0.62 10.52 0.00 / 1.29 0.196

DFS/PFS 2 Fixed 138 1.99 0.73 5.43 2.14 0.143 1.34 0.181
Multivariate

0s 5 Fixed 374 1.65 1.24 2.19 28.52 0.001 3.43 0.000
Specimen

Tissue 4 Fixed 286 1.50 112 2.01 18.14 0.000 2.73 0.006

Serum 1 Fixed 88 2.01 1.49 2.72 0.00 / 4.52 0.000
Cancer type

SCC 1 Fixed 30 1.29 1.12 1.49 0.00 / 3.57 0.000

NSCLC 4 Fixed 344 2.15 1.21 3.80 28.06 0.000 2.62 0.009

DFS/PFS 2 Fixed 109 1.78 1.18 2.66 1.02 0.310 2.76 0.005
Specimen

Tissue 1 Fixed 58 2.82 1.05 7.55 0.00 / 2.06 0.039

Serum 1 Fixed 51 1.62 1.06 2.48 0.00 / 2.21 0.027

Abbreviations: LCI, low confidence interval; SCC, small cell lung cancer; UCI, up confidence interval.
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inhibiting negative regulators of the RAS/MEK/ERK and MAPK/ERK signaling pathways and expression of KIBRA
[77,78]. These earlier studies collectively support the efficacy of miRNA-21 as a biomarker for lung cancer [79,80].
However, due to limited sample sizes or large sample variability among studies, expression of miRNA-21 in whole
blood and peripheral blood cells of lung cancer patients did not appear significantly different from those of healthy
controls in some analyses. Such as the study of Meng et al., they said the evaluation of miRNA-21 expression was
proposed to be ineffective for early diagnosis of lung cancer [81]. In the current study, we conducted a meta-analysis
for systematic assessment of the correlation between miRNA-21 and lung cancer and its clinical value in the early
diagnosis and prognosis of the disease.

Diagnostic meta-analysis

The current meta-analysis was performed with the aim of determining the precise role of miRNA-21 in lung can-
cer. Through analysis of 32 included studies [14,15,30-58], the sensitivity of miRNA-21 in lung cancer diagnosis
was determined as 0.77 (95% CI = 0.72-0.81), specificity as 0.86 (95% CI = 0.80-0.90), and AUC as 0.87 (95% CI
= 0.84-0.90). These three representative parameters validated the diagnostic accuracy of miRNA-21 in patients with
lung cancer. A DOR value of 20 (95% CI = 12-33) was obtained, further supporting the utility of miRNA-21 as a valu-
able marker for lung cancer. Our findings are consistent with data from large-scale studies by the groups of Xiaoqin
[40] and Jing [31], Yongpan [54] and other researchers. The maximum sensitivity was 0.932 and specificity was 0.964.
A study by Yang et al. [30] was considered the main source of heterogeneity and had a significant impact. However,
after reviewing all the included literature, this study [30] was considered immensely valuable. The group confirmed
that expression of miRNA-21 was positively correlated with clinical stage of NSCLC and concluded that, if necessary,
miRNA-21 evaluation should be recommended as the first choice to aid in diagnosis and clinical staging. After ex-
cluding individual studies through sensitivity analysis, the results obtained upon re-analysis showed no significant
changes and further confirmed the robustness of diagnostic meta-analysis results and value of miRNA-21 in diagnosis.

(© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
License 4.0 (CC BY).
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Accumulating research additionally suggests that miRNA-21 exerts effects similar to oncogenes and tumor suppres-
sor genes [82]. MiRNAs degrade or inhibit mRNA translation by binding the untranslated region of target mRNAs,
thereby participating in related regulation of cell growth, development, proliferation, differentiation and apoptosis.
A number of studies support the tumor-promoting effect of SIRT1 and positive correlation of miRNA-21 with SIRT1
expression [62]. Findings to date indicate that SIRT1 in lung cancer is indirectly regulated by miRNA-21 but the pre-
cise mechanisms of action remain to be established. These studies provide a potential direction for treatment of lung
cancer via targeting of miRNA-21.

Prognostic meta-analysis
High expression of miRNA-21 in was significant in prognosis of lung cancer, which could be used to predict recur-
rence and risk of adverse reactions [83]. We observed no correlations between abnormal expression of miRNA-21 and
gender, smoking habits, pathological type or clinical stage of lung cancer in the included studies. Notably, our con-
clusions on the relationship between miRNA-21 and pathological type and clinical stage were inconsistent with those
of Haigl et al. [76]. The latter study showed that increase in miRNA-21 expression was correlated with malignancy
of lung cancer tissues and expression in adenocarcinoma was higher than that in squamous cell carcinoma tissues.
The high proportion of negative results in our correlation analysis may account for this discrepancy. Therefore, the
specific correlations between miRNA-21, pathological type and clinical stage require further investigation.
Expression of miRNA-21 in lung cancer tissues with higher pathological grade is reported to be markedly higher
relative to that in samples with lower pathological grade [84]. Moreover, high miRNA-21 expression is a signifi-
cant independent risk factor for patients with positive lymph node metastasis [85]. In lung cancer, overexpression of
miRNA-21 is closely related to adverse prognostic events [69]. However, inconsistent with these findings, miRNA-21
could not be used to predict prognosis in a study by Voortman et al. [86]. To resolve the controversy, the current
meta-analysis was conducted to evaluate the value of miRNA-21 in prognosis of lung cancer. The results of univariate
analysis indicate that miRNA-21 is a risk factor for lung cancer prognosis (HR = 1.49, 95% CI: 1.22-1.82). Consis-
tently, results obtained from multivariate analysis (HR = 1.65, 95% CI: 1.24-2.19) validated miRNA-21 as an inde-
pendent risk factor for poor prognosis of lung cancer patients. The collective results support the efficacy of miRNA-21
as a biomarker of prognosis of lung cancer that may be appropriate for clinical evaluation of survival risk of patients.
Highly expressed miRNA-21 is proposed to directly increase tumor cell proliferation and invasion through targeting
of the PTEN gene [87]. Abnormal expression of miRNA-21 is closely related to the onset and prognosis of a variety
of tumors and acts as a tumor ‘oncogene’ regulator with a critical role in prognosis [88]. Detection of miRNA-21 in
patients with lung cancer may therefore aid in assessment of disease progression and prognosis of patients to provide
appropriate guidelines for clinical treatment.

Limitations

Our research has a number of limitations that should be taken into consideration. Firstly, although we attempted to
search all miRNA-21-related literature on diagnosis and prognosis of lung cancer and included a large number of
samples, some valuable studies may have been overlooked. In addition, all the included studies showed positive re-
sults, which could indicate that negative results were not published. Secondly, we only included Chinese and English
literature, and therefore, important research published in other languages were missing and a certain language devia-
tion existed. At the same time, this meta-analysis was not universal for non-Chinese and English-speaking countries.
While heterogeneity across studies was inevitable (race, follow-up time), we additionally performed subgroup analy-
sis of the clinical characteristics of patients (ethnicity, country, lung cancer type) and specimen types (serum, plasma,
tissue). Fourthly, there was no mention of blinding in some diagnostic studies, which could affect the reliability of
miRNA-21 in diagnosis of lung cancer.

Conclusion

In conclusion, the sensitivity and specificity of miRNA-21 in early diagnosis of lung cancer needs further considera-
tion and its diagnostic value remains to be established. However, overexpression of miRNA-21 is strongly correlated
with poor prognosis of patients, supporting its utility as a prognostic biomarker of lung cancer. Further prospective
studies with larger sample sizes are required to facilitate early diagnosis, clinical staging and prognosis evaluation of
lung cancer.

Data Availability

The datasets analyzed in the present study are available from the published papers that have been cited in this manuscript.

(© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

«. 2 PORTLAND
09 press

17

#20¢ Iidy 01 uo 3sanb Aq ypd-€591-1 20Z-1SA/Y9I9ZE6/ESI | L.20ZHSE/S/2 F/iPd-0joNe/da.10s01q/Wod"IIBYDISA|IS HOd//:dRY WOy papeojumod



Bioscience Reports (2022) 42 BSR20211653

[ ]
’... FF:F? E%ELAND https://doi.org/10.1042/BSR20211653

Competing Interests
The authors declare that there are no competing interests associated with the manuscript.

Funding

The authors declare that there are no sources of funding to be acknowledged.

CRediT Author Contribution

Wei Wang: Conceptualization, Resources, Data curation, Software, Formal analysis, Supervision, Validation, Investigation, Vi-
sualization, Methodology, Writing—original draft, Project administration, Writing—review & editing. Xinyao Li: Conceptualiza-
tion, Resources, Data curation, Software, Formal analysis, Supervision, Validation, Investigation, Visualization, Methodology,
Writing— original draft, Project administration, Writing—review & editing. Chengfei Liu: Conceptualization, Resources, Data
curation, Software, Formal analysis, Supervision. Xin Zhang: Conceptualization, Resources, Data curation, Software, Formal
analysis, Supervision. Ying Wu: Writing—review & editing. Mingxin Diao: Resources, Data curation, Software, Formal analysis.
Siyu Tan: Investigation, Visualization, Methodology, Writing— original draft. Shubin Huang: Investigation, Visualization, Method-
ology, Writing— original draft. Yin Cheng: Investigation, Visualization, Methodology, Writing —original draft. Tao You: Conceptu-
alization, Resources, Data curation, Software, Formal analysis, Supervision, Validation, Investigation, Visualization, Methodology,
Writing—original draft, Project administration, Writing—review & editing.

Acknowledgements
We are grateful to all the authors for their individual contributions to the present study.

Abbreviations

AUC , area under the summary receiver operating characteristic (SROC) curve; Cl, confidence interval; DFS, disease-free
survival; DOR, diagnostic odds ratio; HR , hazards ratio; miRNA-21, microRNA-21; NLR, negative likelihood ratio; NOS ,
Newcastle-Ottawa Scale; NSCLC , non-small cell lung cancer; OR, odds ratio; OS, overall survival; PFS, progression-free sur-
vival; PLR , positive likelihood ratio; QUADAS-2 , Quality Assessment of Diagnostic Accuracy Studies-2; RR , relative risk; SCLC
, small-cell lung cancer; SEN, sensitivity; SPE , specificity.

References

1 Bray, F, Ferlay, J., Soerjomataram, |., Siegel, R.L., Torre, L.A. and Jemal, A. (2018) Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries [published correction appears in CA Cancer J. Clin. 2020 Jul;70(4):313]. CA Cancer J. Clin. 68,
394-424, https://doi.org/10.3322/caac.21492

2 Jakobsen, K.R., Paulsen, B.S., B&k, R., Varming, K., Sorensen, B.S. and Jgrgensen, M.M. (2015) Exosomal proteins as potential diagnostic markers in
advanced non-small cell lung carcinoma. J. Extracell. Vesicles 4, 26659, https://doi.org/10.3402/jev.v4.26659

3 Henley, S.J., Ward, E.M., Scott, S. et al. (2020) Annual report to the nation on the status of cancer, part I: National cancer statistics. Cancer 126,
2225-2249, https://doi.org/10.1002/cncr.32802

4 Chansky, K., Detterbeck, F.C., Nicholson, A.G. et al. (2017) The IASLC Lung Cancer Staging Project: external validation of the revision of the TNM Stage
Groupings in the Eighth Edition of the TNM Classification of Lung Cancer. J. Thorac. Oncol. 12, 1109-1121, https://doi.org/10.1016/j.jth0.2017.04.011

5 Xia, X.-b., Li, J. and Wang, Y. (2017) Evaluation of clinical value of plasma miRNA-20a and miRNA-210 in diagnosis of lung cancer. J. Jiangsu Univ.
Med. Ed. 27, 47-52

6 Wu, G.X. and Raz, D.J. (2016) Lung cancer screening. Cancer Treat. Res. 170, 1-23, https://doi.org/10.1007/978-3-319-40389-2"1

7 Wood, D.E., Kazerooni, E.A., Baum, S.L. et al. (2018) Lung Cancer Screening, Version 3.2018, NCCN Clinical Practice Guidelines in Oncology. J. Natl.
Compr. Canc. Netw. 16, 412—441, https://doi.org/10.6004/jnccn.2018.0020

8 Esquela-Kerscher, A. and Slack, F.J. (2006) Oncomirs - microRNAs with a role in cancer. Nat. Rev. Cancer 6, 259-269,
https://doi.org/10.1038/nrc1840

9 Mitra, R., Adams, C.M., Jiang, W., Greenawalt, E. and Eischen, C.M. (2020) Pan-cancer analysis reveals cooperativity of both strands of microRNA that
regulate tumorigenesis and patient survival. Nat. Commun. 11, 968, https://doi.org/10.1038/s41467-020-14713-2

10 Grady, W.M. and Tewari, M. (2010) The next thing in prognostic molecular markers: microRNA signatures of cancer. Gut 59, 706-708,
https://doi.org/10.1136/gut.2009.200022

11 Zhu, W. and Xu, B. (2014) MicroRNA-21 identified as predictor of cancer outcome: a meta-analysis. PLoS ONE 9, e103373,
https://doi.org/10.1371/journal.pone.0103373

12 Jin, W., Gu, W. and Yuan, Y. (2019) Expression of miR-21 in non-small-cell lung cancer and its role in cell proliferation and apoptosis. Shandong Med. J.
59, 9-12

13 Smolarz, M. and Widlak, P. (2021) Serum exosomes and their miRNA load-A potential biomarker of lung cancer. Cancers (Basel) 13, 1373,
https://doi.org/10.3390/cancers13061373

14 Geng, Q., Fan, T., Zhang, B., Wang, W., Xu, Y. and Hu, H. (2014) Five microRNAs in plasma as novel biomarkers for screening of early-stage non-small
cell lung cancer. Respir. Res. 15, 149, https://doi.org/10.1186/s12931-014-0149-3

18 (© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

#20¢ Iidy 01 uo 3sanb Aq ypd-€591-1 20Z-1SA/Y9I9ZE6/ESI | L.20ZHSE/S/2 F/iPd-0joNe/da.10s01q/Wod"IIBYDISA|IS HOd//:dRY WOy papeojumod


https://doi.org/10.3322/caac.21492
https://doi.org/10.3402/jev.v4.26659
https://doi.org/10.1002/cncr.32802
https://doi.org/10.1016/j.jtho.2017.04.011
https://doi.org/10.1007/978-3-319-40389-2_1
https://doi.org/10.6004/jnccn.2018.0020
https://doi.org/10.1038/nrc1840
https://doi.org/10.1038/s41467-020-14713-2
https://doi.org/10.1136/gut.2009.200022
https://doi.org/10.1371/journal.pone.0103373
https://doi.org/10.3390/cancers13061373
https://doi.org/10.1186/s12931-014-0149-3

Bioscience Reports (2022) 42 BSR20211653 °
https://doi.org/10.1042/BSR20211653 '. (] EROE%ELAND
°

15 Zhang, H., Mao, F., Shen, T. et al. (2017) Plasma miR-145, miR-20a, miR-21 and miR-223 as novel biomarkers for screening early-stage non-small cell
lung cancer. Oncol. Lett. 13, 669-676, https://doi.org/10.3892/01.2016.5462

16 Yang, J.S., Li, B.J., Lu, H.W. et al. (2015) Serum miR-152, miR-148a, miR-148b, and miR-21 as novel biomarkers in non-small cell lung cancer
screening. Tumour Biol. 36, 3035-3042, https://doi.org/10.1007/s13277-014-2938-1

17 Schetter, A.J., Leung, S.Y., Sohn, J.J. et al. (2008) MicroRNA expression profiles associated with prognosis and therapeutic outcome in colon
adenocarcinoma. JAMA 299, 425-436, https://doi.org/10.1001/jama.299.4.425

18 Yan, L.X., Huang, X.F., Shao, Q. et al. (2008) MicroRNA miR-21 overexpression in human breast cancer is associated with advanced clinical stage,
lymph node metastasis and patient poor prognosis. RNA 14, 2348-2360, https://doi.org/10.1261/rma.1034808

19 Asaga, S., Kuo, C., Nguyen, T., Terpenning, M., Giuliano, A.E. and Hoon, D.S. (2011) Direct serum assay for microRNA-21 concentrations in early and
advanced breast cancer [published correction appears in Clin Chem. 2012 May;58(5):e1-6]. Clin. Chem. 57, 84-91,
https://doi.org/10.1373/clinchem.2010.151845

20 Hwang, J.H., Voortman, J., Giovannetti, E. et al. (2010) Identification of microRNA-21 as a biomarker for chemoresistance and clinical outcome
following adjuvant therapy in resectable pancreatic cancer. PLoS ONE 5, 10630, https://doi.org/10.1371/journal.pone.0010630

21 Liu, R, Chen, X., Du, Y. et al. (2012) Serum microRNA expression profile as a biomarker in the diagnosis and prognosis of pancreatic cancer. Clin.
Chem. 58, 610-618, https://doi.org/10.1373/clinchem.2011.172767

22 Gao, W., Lu, X., Liu, L., Xu, J., Feng, D. and Shu, Y. (2012) MiRNA-21: a biomarker predictive for platinum-based adjuvant chemotherapy response in
patients with non-small cell lung cancer. Cancer Biol. Ther. 13, 330-340, https://doi.org/10.4161/cbt.19073

23 Shen, J., Liu, Z., Todd, N.W. et al. (2011) Diagnosis of lung cancer in individuals with solitary pulmonary nodules by plasma microRNA biomarkers. BMC
Cancer 11, 374, https://doi.org/10.1186/1471-2407-11-374

24 Zhang, J.G., Wang, J.J., Zhao, F, Liu, Q., Jiang, K. and Yang, G.H. (2010) MicroRNA-21 (miR-21) represses tumor suppressor PTEN and promotes
growth and invasion in non-small cell lung cancer (NSCLC). Clin. Chim. Acta 411, 846-852, https://doi.org/10.1016/j.cca.2010.02.074

25 Zhu, S., Wu, H., Wu, F,, Nie, D., Sheng, S. and Mo, Y.Y. (2008) MicroRNA-21 targets tumor suppressor genes in invasion and metastasis. Cell Res. 18,
350-359, https://doi.org/10.1038/cr.2008.24

26 Wu, L., Zhang, Y. and Zeng, X.-t. (2013) The QUADAS- 2 Tool for the Quality Assessment of Diagnostic Accuracy Study: an introduction. J. Hubei Univ.
Med. 32, 201-208

27 Stang, A. (2010) Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses. Eur. J.
Epidemiol. 25, 603—605, https://doi.org/10.1007/s10654-010-9491-z

28 Wells, G., Shea, B., 0’connell, D. and Peterson, J. (2000) The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-randomised studies in
meta-analyses. Symp. Syst. Rev., http:// www. medic ine. mcgill. ca/ rtamb lyn/ Readi ngs/ TheNe wcast le- Scale foras sessi ngthe quali tyofn onran
domiz edstu diesi nmetaanaly ses. pdf. Accessed 21 Oct 2013

29 Greenland, S. (1987) Quantitative methods in the review of epidemiologic literature. Epidemiol. Rev. 9, 1-30,
https://doi.org/10.1093/oxfordjournals.epirev.a036298

30 Ke, Y., Luo, D. and Yin, J. (2019) Study on the relationship between serum estrogen level, micro-RNA expression level and clinical staging of non-small
cell lung cancer. Chin. J. Front. Med. Sci. 11, 136-140

31 Dong, J., Zhang, Z., Gu, T. et al. (2016) The role of microRNA-21 in predicting brain metastases from non-small cell lung cancer. Onco Targets Ther.
10, 185-194, https://doi.org/10.2147/0TT.5116619

32 Leng, Q., Lin, Y., Zhan, M. and Jiang, F. (2018) An integromic signature for lung cancer early detection. Oncotarget 9, 24684-24692,
https://doi.org/10.18632/oncotarget.25227

33 Abu-Duhier, EM., Javid, J., Sughayer, M.A., Mir, R., Albalawi, T. and Alauddin, M.S. (2018) Clinical significance of circulatory miRNA-21 as an efficient
non-invasive biomarker for the screening of lung cancer patients. Asian Pac. J. Cancer Prev. 19, 2607-2611

34 Abdollahi, A., Rahmati, S., Ghaderi, B. et al. (2019) A combined panel of circulating microRNA as a diagnostic tool for detection of the non-small cell
lung cancer. QUM 112, 779-785, https://doi.org/10.1093/gjmed/hcz158

35 Le, H.B., Zhu, W.Y,, Chen, D.D. et al. (2012) Evaluation of dynamic change of serum miR-21 and miR-24 in pre- and post-operative lung carcinoma
patients. Med. Oncol. 29, 3190-3197, https://doi.org/10.1007/s12032-012-0303-z

36 Li, Y., Li, W., Ouyang, Q., Hu, S. and Tang, J. (2011) Detection of lung cancer with blood microRNA-21 expression levels in Chinese population. Oncol.
Lett. 2, 991-994

37 Tang, D., Shen, Y., Wang, M. et al. (2013) Identification of plasma microRNAs as novel noninvasive biomarkers for early detection of lung cancer. Eur. J.
Cancer Prev. 22, 540-548, https://doi.org/10.1097/CEJ.0b013e32835f3be9

38 Wang, B. and Zhang, Q. (2012) The expression and clinical significance of circulating microRNA-21 in serum of five solid tumors. J. Cancer Res. Clin.
Oncol. 138, 1659-1666, https://doi.org/10.1007/s00432-012-1244-9

39 Wang, S., Wang, Z., Wang, Q., Cui, Y. and Luo, S. (2019) Clinical significance of the expression of miRNA-21, miRNA-31 and miRNA-let7 in patients
with lung cancer. Saudi J. Biol. Sci. 26, 777-781, https://doi.org/10.1016/j.sjbs.2018.12.009

40 Wang, X., Jia, Z., Shi, H. and Pan, C. (2018) Identification and evaluation of 2 circulating microRNAs for non-small cell lung cancer diagnosis. Clin. Exp.
Pharmacol. Physiol. 45, 1083-1086, https://doi.org/10.1111/1440-1681.12977

41 Wei, J., Liu, LK., Gao, W. et al. (2011) Reduction of plasma microRNA-21 is associated with chemotherapeutic response in patients with non-small cell
lung cancer. Chin. J. Cancer Res. 23, 123—128, https://doi.org/10.1007/s11670-011-0123-2

42 Xie, Y., Todd, N.W., Liu, Z. et al. (2010) Altered miRNA expression in sputum for diagnosis of non-small cell lung cancer. Lung Cancer 67, 170-176,
https://doi.org/10.1016/j.lungcan.2009.04.004

43 Dong, D., An, R. and Liu, W. (2019) Detection value of circulating miR-21 in patients with non-small cell lung cancer with neoadjuvant chemotherapy.
Chin. J. Lab. Diagn. 23, 1764-1767

(© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons 19
Attribution License 4.0 (CC BY).

#20¢ Iidy 01 uo 3sanb Aq ypd-€591-1 20Z-1SA/Y9I9ZE6/ESI | L.20ZHSE/S/2 F/iPd-0joNe/da.10s01q/Wod"IIBYDISA|IS HOd//:dRY WOy papeojumod


https://doi.org/10.3892/ol.2016.5462
https://doi.org/10.1007/s13277-014-2938-1
https://doi.org/10.1001/jama.299.4.425
https://doi.org/10.1261/rna.1034808
https://doi.org/10.1373/clinchem.2010.151845
https://doi.org/10.1371/journal.pone.0010630
https://doi.org/10.1373/clinchem.2011.172767
https://doi.org/10.4161/cbt.19073
https://doi.org/10.1186/1471-2407-11-374
https://doi.org/10.1016/j.cca.2010.02.074
https://doi.org/10.1038/cr.2008.24
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1093/oxfordjournals.epirev.a036298
https://doi.org/10.2147/OTT.S116619
https://doi.org/10.18632/oncotarget.25227
https://doi.org/10.1093/qjmed/hcz158
https://doi.org/10.1007/s12032-012-0303-z
https://doi.org/10.1097/CEJ.0b013e32835f3be9
https://doi.org/10.1007/s00432-012-1244-9
https://doi.org/10.1016/j.sjbs.2018.12.009
https://doi.org/10.1111/1440-1681.12977
https://doi.org/10.1007/s11670-011-0123-2
https://doi.org/10.1016/j.lungcan.2009.04.004

Bioscience Reports (2022) 42 BSR20211653

[ ]
’... FF:F? E%ELAND https://doi.org/10.1042/BSR20211653

44 Hu, H.-1., Lin, J.-p. and Le, M. (2019) Combined detection of miR-19a and miR-21 in the diagnosis of non-small cell lung cancer. Chin. J. Health Lab.
Technol. 29, 2528-2529+2533

45 Hu, J.-t., Bao, Y.-w. and Bai, Y. (2014) Serum microRNA-21 expression and its clinical significance in patients with lung cancer. Chin. J. Cancer Prev.
Treat. 21, 39-42

46 Ji, Y.-q., Sun, M.-z. and Zhu, H. (2017) Serum miRNA-21 and CEA, CYFRA21-1, NSE in diagnosis of early non-small cell lung cancer. Chin. J. Lab.
Diagn. 21, 576-581

47 Li, S., Liu, Y. and Wang, Z. (2019) Diagnostic value of detecting serum miR-483-5p, miR-21 and miR-25 in patients with non-small-cell lung cancer.
Shandong Med. J. 59, 19-22

48 Li, X., Lin, J., Chen, G. and Chen, M. (2017) Significance of six microRNAs in EBUS-TBNA samples in diagnosis and classification of non-small cell lung
cancer. Int. J. Respir. 37, 90-95

49 Liu, X., Li, J. and Xia, X.-b. (2017) Diagnostic value of plasma miRNA-21and miRNA-29c levels in non-small cell lung cancer. J. Jiangsu Univ. 27,
162-167

50 Wang, J., Huang, J. and Mu, C. (2012) Expression and clinical significance of MicroRNA-21 in non-small cell lung cancer. Jiangsu Med. J. 38,
1573-1575

51 Wei, J., Gao, W. and Shu, Y.-g. (2016) Identification of plasma miRNA-21 as a biomarker for diagnosis and chemotherapy prognosis in non-small cell
lung cancer. Pharm. Clin. Res. 24, 361-364

52 Yang, X.-q., Zhang, Y.-h. and Sun, B. (2013) Diagnostic value of the MicroRNAs in sputum of patients with non-small cell lung cancer. J. Clin. Pulm.
Med. 18, 226-229

53 Yi, Z., Wu, J. and Huang, R. (2015) The expression level and clinical significance of Galectin-3 and miRNA-21 in non-small lung carcinoma. Chongging
Med. 44, 3198-3200+3203

54 Sun, Y., Mei, H., Xu, C., Tang, H. and Wei, W. (2018) Circulating microRNA-339-5p and -21 in plasma as an early detection predictors of lung
adenocarcinoma. Pathol. Res. Pract. 214, 119-125, https://doi.org/10.1016/j.prp.2017.10.011

55 Abd-El-Fattah, A.A., Sadik, N.A., Shaker, 0.G. and Aboulftouh, M.L. (2013) Differential microRNAs expression in serum of patients with lung cancer,
pulmonary tuberculosis, and pneumonia. Cell Biochem. Biophys. 67, 875-884, https://doi.org/10.1007/s12013-013-9575-y

56 Shen, J., Todd, N.W., Zhang, H. et al. (2011) Plasma microRNAs as potential biomarkers for non-small-cell lung cancer. Lab. Invest. 91, 579-587,
https://doi.org/10.1038/labinvest.2010.194

57 Mozzoni, P., Banda, I., Goldoni, M. et al. (2013) Plasma and EBC microRNAs as early biomarkers of non-small-cell lung cancer. Biomarkers 18,
679-686, https://doi.org/10.3109/1354750X.2013.845610

58 Wei, J., Gao, W., Zhu, C.J. et al. (2011) Identification of plasma microRNA-21 as a biomarker for early detection and chemosensitivity of non-small cell
lung cancer. Chin. J. Cancer 30, 407-414, https://doi.org/10.5732/cjc.010.10522

59 Capodanno, A., Boldrini, L., Proietti, A. et al. (2013) Let-7g and miR-21 expression in non-small cell lung cancer: correlation with clinicopathological
and molecular features. Int. J. Oncol. 43, 765-774, https://doi.org/10.3892/ij0.2013.2003

60 Liu, X.G., Zhu, W.Y., Huang, Y.Y. et al. (2012) High expression of serum miR-21 and tumor miR-200c associated with poor prognosis in patients with
lung cancer. Med. Oncol. 29, 618—626, https://doi.org/10.1007/s12032-011-9923-y

61 Zhou, Q. and Zhang, B.-c. (2016) Clinical value of microRNA-21 for the diagnosis and evaluation of prognosis of non-small cell lung cancer. J. Clin.
Pulm. Med. 21, 10961102

62 Zhang, Y., Liu, M. and Sun, S.-h. (2015) Expressions of microRNA-21 and SIRT1 in non-small cell lung cancer and their clinical significance. Chin. J.
Clin. Res. 28, 712-716

63 Wang, X., Zhang, Y. and Yao, S.-y. (2017) The prognosis analysis of resected non-small cell lung cancer: a study of 152 cases. Chin. J. Front. Med. Sci.
9,13-16

64 Tang, Q., Gong, J. and Ma, Y. (2019) Correlation between CEA, NSE, SCCA combined with miR-21and clinicopathological features, efficacy and
prognosis in patients with lung cancer. J. Mol. Diagn. Ther. 11, 508-512

65 Liu, F.-L., Wang, X.-F. and Wang, X.-w. (2012) Expression of miRNA-21 in non-small cell lung cancer tissues and correlation with prognosis. Chin. J.
Cancer Prev. Treat. 19, 1397-1399

66 Han, L., Chen, W. and Lei, G. (2019) Expression and significance of micreRNA-21 and micrRNA-25 in lung cancer tissues. Shaanxi Med. J. 48,
1596-1600

67 Wang, Z.X., Bian, H.B., Wang, J.R., Cheng, Z.X., Wang, K.M. and De, W. (2011) Prognostic significance of serum miRNA-21 expression in human
non-small cell lung cancer. J. Surg. Oncol. 104, 847-851, https://doi.org/10.1002/js0.22008

68 Voortman, J., Goto, A., Mendiboure, J. et al. (2010) MicroRNA expression and clinical outcomes in patients treated with adjuvant chemotherapy after
complete resection of non-small cell lung carcinoma. Cancer Res. 70, 8288-8298, https://doi.org/10.1158/0008-5472.CAN-10-1348

69 Markou, A., Tsaroucha, E.G., Kaklamanis, L., Fotinou, M., Georgoulias, V. and Lianidou, E.S. (2008) Prognostic value of mature microRNA-21 and
microRNA-205 overexpression in non-small cell lung cancer by quantitative real-time RT-PCR. Clin. Chem. 54, 1696—1704,
https://doi.org/10.1373/clinchem.2007.101741

70 Gao, W., Yu, Y., Cao, H. et al. (2010) Deregulated expression of miR-21, miR-143 and miR-181a in non small cell lung cancer is related to
clinicopathologic characteristics or patient prognosis. Biomed. Pharmacother. 64, 399-408, https://doi.org/10.1016/j.biopha.2010.01.018

71 Gao, W., Shen, H., Liu, L., Xu, J., Xu, J. and Shu, Y. (2011) MiR-21 overexpression in human primary squamous cell lung carcinoma is associated with
poor patient prognosis. J. Cancer Res. Clin. Oncol. 137, 557-566, https://doi.org/10.1007/s00432-010-0918-4

72 Zhao, W., Zhao, J.J., Zhang, L. et al. (2015) Serum miR-21 level: a potential diagnostic and prognostic biomarker for non-small cell lung cancer. Int. J.
Clin. Exp. Med. 8, 14759-14763

20 (© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

#20¢ Iidy 01 uo 3sanb Aq ypd-€591-1 20Z-1SA/Y9I9ZE6/ESI | L.20ZHSE/S/2 F/iPd-0joNe/da.10s01q/Wod"IIBYDISA|IS HOd//:dRY WOy papeojumod


https://doi.org/10.1016/j.prp.2017.10.011
https://doi.org/10.1007/s12013-013-9575-y
https://doi.org/10.1038/labinvest.2010.194
https://doi.org/10.3109/1354750X.2013.845610
https://doi.org/10.5732/cjc.010.10522
https://doi.org/10.3892/ijo.2013.2003
https://doi.org/10.1007/s12032-011-9923-y
https://doi.org/10.1002/jso.22008
https://doi.org/10.1158/0008-5472.CAN-10-1348
https://doi.org/10.1373/clinchem.2007.101741
https://doi.org/10.1016/j.biopha.2010.01.018
https://doi.org/10.1007/s00432-010-0918-4

Bioscience Reports (2022) 42 BSR20211653 °
https://doi.org/10.1042/BSR20211653 '. (] EROE%ELAND
°

73 Sterne, J., Egger, M. and Smith, G.D. (2001) Systematic reviews in health care: Investigating and dealing with publication and other biases in
meta-analysis. BMJ 323, 101-105, https://doi.org/10.1136/bm;j.323.7304.101

74 Ruvkun, G. (2001) Molecular biology. Glimpses of a tiny RNA world. Science 294, 797-799, https://doi.org/10.1126/science.1066315

75 Xu, L.F, Wu, Z.P, Chen, Y., Zhu, Q.S., Hamidi, S. and Navab, R. (2014) MicroRNA-21 (miR-21) regulates cellular proliferation, invasion, migration, and
apoptosis by targeting PTEN, RECK and Bcl-2 in lung squamous carcinoma, Gejiu City, China. PLoS ONE 9, e103698, Published 2014 Aug 1,
https://doi.org/10.1371/journal.pone.0103698

76 Pereira, D.M., Rodrigues, P.M., Borralho, P.M. and Rodrigues, C.M. (2013) Delivering the promise of miRNA cancer therapeutics. Drug Discov. Today 18,
282-289, https://doi.org/10.1016/j.drudis.2012.10.002

77 Hatley, M.E., Patrick, D.M., Garcia, M.R. et al. (2010) Modulation of K-Ras-dependent lung tumorigenesis by microRNA-21. Cancer Cell 18, 282—293,
https://doi.org/10.1016/j.ccr.2010.08.013

78 An, Y., Zhang, Q., Li, X., Wang, Z., Li, Y. and Tang, X. (2018) Upregulated microRNA miR-21 promotes the progression of lung adenocarcinoma through
inhibition of KIBRA and the Hippo signaling pathway. Biomed. Pharmacother. 108, 18451855, https://doi.org/10.1016/j.biopha.2018.09.125

79 Li, S., Zeng, X., Ma, R. and Wang, L. (2018) MicroRNA-21 promotes the proliferation, migration and invasion of non-small cell lung cancer A549 cells
by regulating autophagy activity via AMPK/ULK1 signaling pathway. Exp. Ther. Med. 16, 2038—2045, https://doi.org/10.3892/etm.2018.6370

80 Kunz, M., Géttlich, C., Walles, T., Nietzer, S., Dandekar, G. and Dandekar, T. (2017) MicroRNA-21 versus microRNA-34: Lung cancer promoting and
inhibitory microRNAs analysed in silico and in vitro and their clinical impact. Tumour Biol. 39, 1010428317706430,
https://doi.org/10.1177/1010428317706430

81 Meng, X., Xiao, C., Zhao, Y., Jia, L., Tang, Y. and Li, D. (2015) Meta-analysis of microarrays: diagnostic value of microRNA-21 as a biomarker for lung
cancer. Int. J. Biol. Markers 30, e282—e285, https://doi.org/10.5301/jbm.5000153

82 Saito, M., Schetter, A.J., Mollerup, S. et al. (2011) The association of microRNA expression with prognosis and progression in early-stage, non-small
cell lung adenocarcinoma: a retrospective analysis of three cohorts. Clin. Cancer Res. 17, 1875-1882,
https://doi.org/10.1158/1078-0432.CCR-10-2961

83 Yang, M., Shen, H., Qiu, C. et al. (2013) High expression of miR-21 and miR-155 predicts recurrence and unfavourable survival in non-small cell lung
cancer. Eur. J. Cancer 49, 604-615, https://doi.org/10.1016/j.ejca.2012.09.031

84 Tian, L., Shan, W., Zhang, Y., Lv, X., Li, X. and Wei, C. (2016) Up-regulation of miR-21 expression predicate advanced clinicopathological features and
poor prognosis in patients with non-small cell lung cancer. Published correction appears in Pathol Oncol Res. 2016 Apr;22(2):439. Zhnag, Yufei
[corrected to Zhang, Yufei]]. Pathol. Oncol. Res. 22, 161-167, https://doi.org/10.1007/s12253-015-9979-7

85 Stenvold, H., Donnem, T., Andersen, S. et al. (2014) High tumor cell expression of microRNA-21 in node positive non-small cell lung cancer predicts a
favorable clinical outcome. BMC Clin. Pathol. 14, 9, https://doi.org/10.1186/1472-6890-14-9

86 Lu, J., Getz, G., Miska, E.A. et al. (2005) MicroRNA expression profiles classify human cancers. Nature 435, 834-838,
https://doi.org/10.1038/nature03702

87 Meng, F., Henson, R., Wehbe-Janek, H., Ghoshal, K., Jacob, S.T. and Patel, T. (2007) MicroRNA-21 regulates expression of the PTEN tumor suppressor
gene in human hepatocellular cancer. Gastroenterology 133, 647—658, https://doi.org/10.1053/j.gastr0.2007.05.022

88 Poria, D.K., Guha, A., Nandi, I. and Ray, P.S. (2016) RNA-binding protein HuR sequesters microRNA-21 to prevent translation repression of
proinflammatory tumor suppressor gene programmed cell death 4. Oncogene 35, 1703—-1715, https://doi.org/10.1038/onc.2015.235

(© 2022 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution 21
License 4.0 (CC BY).

#20¢ Iidy 01 uo 3sanb Aq ypd-€591-1 20Z-1SA/Y9I9ZE6/ESI | L.20ZHSE/S/2 F/iPd-0joNe/da.10s01q/Wod"IIBYDISA|IS HOd//:dRY WOy papeojumod


https://doi.org/10.1136/bmj.323.7304.101
https://doi.org/10.1126/science.1066315
https://doi.org/10.1371/journal.pone.0103698
https://doi.org/10.1016/j.drudis.2012.10.002
https://doi.org/10.1016/j.ccr.2010.08.013
https://doi.org/10.1016/j.biopha.2018.09.125
https://doi.org/10.3892/etm.2018.6370
https://doi.org/10.1177/1010428317706430
https://doi.org/10.5301/jbm.5000153
https://doi.org/10.1158/1078-0432.CCR-10-2961
https://doi.org/10.1016/j.ejca.2012.09.031
https://doi.org/10.1007/s12253-015-9979-7
https://doi.org/10.1186/1472-6890-14-9
https://doi.org/10.1038/nature03702
https://doi.org/10.1053/j.gastro.2007.05.022
https://doi.org/10.1038/onc.2015.235

