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according to their TNM classification into early-stage NSCLC (Stage I/II) (n= 6)
and advanced stage (Stage III /IV) (n=44). The miR-21gene expression was
measured in serum samples using quantitative real time polymerase chain
reaction (qPCR). Results: MiR-21 gene expression was significantly increased
in lung cancer patients (median: 2.58) compared to healthy controls (median:
1.45); (P=0.001). Higher expression levels were observed in stage III/IV
patients' sera compared to stage I/II Patients (p<0.001). At a cut off value of
>1.76, miR-21discriminated between NSCLC patients and controls with a
sensitivity of 80% and specificity of 89% whereas a cut-off value of >2.4, miR21could discriminate between patients with early and advanced lung cancer
with a sensitivity and specificity of 70% and 78%; respectively. Conclusion:
miR-21may serve as a potential non-invasive diagnostic and prognostic
marker for NSCLC.
Keywords: miR-21, Non-Small Cell Lung Cancer (NSCLC), Novel biomarker.

Lung cancer accounts for 11.6% of the total cancer cases worldwide and is the
most common cause for cancer-related mortality (18.4% of the total cancer
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deaths) (Bray et al., 2018). In Egypt, lung cancer accounts for 5%-7% of all
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cancer types and for a quarter of all cancer-related fatalities (El-Moselhy &
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Elrifai, 2018). Histologically, lung cancer can be divided into small-cell lung
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1. INTRODUCTION
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cancer (SCLC) and non-small-cell lung cancer (NSCLC) which is further subdivided into adenocarcinoma, squamous cell
carcinoma, and large-cell carcinoma. NSCLC accounts for more than 80% of all lung cancers.
Despite advances in therapy, the 5-year survival rate remains; as low as 23.6% mainly due to late diagnosis (Hirsch et al., 2017).
Traditional screening methods such as chest radiography and sputum cytology display low sensitivity and specificity in detection
of lung cancer and thus, have limited clinical applications (Manser et al., 2013). Low-dose computed tomography (LDCT) has been
recommended as standard screening with a mortality reduction of 20%, however, it generates a relatively large number of falsepositive results (Duma et al., 2019). Therefore, exploring new biomarkers for early diagnosis of NSCLC is highly recommended.
MicroRNAs (miRNAs) are a group of small non-coding RNAs acting as important regulators in post-transcriptional gene
expression. They are involved in a variety of processes considered as hallmarks of cancer such as metastasis, cell proliferation, and
apoptosis. It has been reported that more than 50% of miRNAs are located at fragile sites where deletion or amplification tends to
occur in human cancers (O’Brien et al., 2018). Circulating miRNAs are potential, promising cancer biomarkers. Their measurement
is minimally invasive and provides fresh tumor-derived material without the complications of the traditional, invasive biopsy
procedures. Being protected from endogenous RNases by vesicles or associated proteins, miRNAs are extremely stable in body
fluids. Moreover, their easy assay methodology allows repeated measurements and facilitates monitoring of the disease
progression, response to treatment and cancer relapse (Muller et al., 2020).
MicroRNA-21 (miRNA-21/miR-21) has been the topic of many cancer-related researches. It is encoded by the MIR21 gene
located on chromosome 17q23.2 in humans. Upregulation of miR-21 has been implicated in different processes of tumorigenesis,
including cell proliferation, cell survival, tumor invasion, and drug resistance (Feng and Tsao, 2016). The expression of miR-21 was
found to be significantly increased in various types of malignancies such as lung, breast, ovarian, gastric and colorectal cancers.
Moreover, it was negatively correlated with patient’s prognosis and disease outcome (Bautista-Sánchez et al., 2020).
The aim of the current study was to evaluate the diagnostic potential of miR-21in NSCLC, and to correlate its level with
patient’s clinic-pathological features in order to evaluate its prognostic value.

2. METHODS
Subjects
This case-control research was carried out on 60 subjects divided into two groups, the NSCLC group and the healthy control group. The
NSCLC group included 50 patients with Lung cancer selected from Ain Shams University hospital, Chest department in the period from
November 2017 to June 2019. They were 42 males and 8 females, their ages ranged from 36 – 76 years with mean age of 57 years. They were
diagnosed based on clinical presentation, X-ray, PET-scan, computerized axial tomography, and histopathological examination. Patients were
subdivided according to their TNM stage classification into early-stage NSCLC (Stage I/II) (n= 6) and advanced stage (Stage III /IV) (n=44). The
control group included 10 ages and sex matched healthy subjects. The eligibility criteria of the NSCLC patients included: de-novo patients
who didn’t receive chemotherapy or radiotherapy prior to sample collection. Patients who had other types of malignancy and those who
received chemotherapy were excluded. The Ethics Committee of Faculty of Medicine at Ain Shams University approved the study.
Samples Collection
Three mL whole blood samples were collected in plain sterile vacutainer. After centrifugation at 4000 rpm for 20 minutes, the serum
was separated, aliquoted, labelled and stored at -800 C until analyzed.
Analytical Methods
Quantitative Assay of Serum MiRNA-21
a. Total RNA extraction & purification: Total RNA was extracted from serum using a miRNeasy Mini Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s protocol. The extracted RNA concentration and purity was evaluated
spectrophotometrically at 260 and 280nm.
b. Reverse transcription: cDNA was synthesized by reverse transcription reaction using miScript II RT Kit (Qiagen, Hilden,
Germany).
primer assay “Hs_miR-21*_1 mi Script Primer Assay targets mature miRNA”, assay ID: MIMAT0004494 (Qiagen, Hilden,
Germany). The miR-21 sequence is [5'CAACACCAGUCGAUGGGCUGU], the Hs_RNU6-2_11 primer assay was used as housekeeping gene for normalization. The qPCR was performed in the 5-plex Rotor Gene PCR System (Qiagen, Hilden, Germany). The
20uL reaction mixture / reaction consist of 2x Quanti Tect syber green PCR master-mix, 10x miscript universal primer, 2 uL primer
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c. miR-21-3p amplification: The quantification of miR-21 levels was performed using the SYBR-Green fluorescent-based
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assay and 50pg- 3ng cDNA. Both targets were amplified in duplicates for each sample. The thermal protocol consists of 15 minutes
for Hot Star Taq DNA Polymerase activation at 95⁰C then 40 cycles of denaturation at 94⁰C for 15 minutes, primer annealing for 30
seconds at 55⁰C and extension at 70⁰c for 30 seconds.
d. Detection and Calculation of Results: The relative expression level (fold change) for miR-21in each sample was calculated
by the comparative cycle threshold 2-(∆∆CT) method using Hs_RNU6-2 as an endogenous reference control (Schmittgen and Livak,
2008).
Statistical Analysis
Statistical analysis was performed using SPSS v.23 (Chicago, IL, USA). The mean and standard deviation were used to express
descriptive statistics for quantitative parametric data. Non-parametric data were expressed as percentage for qualitative data,
median and interquartile range for quantitative data. Categorical data were compared using Chi-square test while comparative
analysis for gene expression between studied groups was conducted using non-parametric Mann–Whitney U test. The Receiver
Operating Characteristics curve was plotted to assess the diagnostic accuracy of miR-21. The cut-off value which discriminates
between different groups and the sensitivity and specificity at these levels were calculated. Significance was set at level ⩽0.05
3. RESULTS
Descriptive and comparative statistics of the demographic and clinical data of the studied groups are shown in (Table 1). There was
no statistically significant difference between NSCLC and control groups regarding age, sex and smoking history (p>0.05.). The
clinicopathological data of NSCLC patients are presented in (Table 2).
Table 1 Descriptive and Comparative Statistics of the Demographic Data of the Studied Groups
Control group

Patients group

(n= 10)

(n= 50)

Mean ± SD

56.80 ± 6.58

57.14 ± 8.22

Range

45 – 65

36 – 76

Female

3 (30.0%)

8 (16.0%)

Male

7 (70.0%)

42 (84.0%)

Smoking

Negative

4 (40.0%)

11 (22.0%)

history

Positive

6 (60.0%)

39 (78.0%)

Parameter

Age

Sex

P-value

0.903•

0.296*

0.230*

P-value >0.05: Non significant; P-value <0.05: Significant; P-value< 0.01: highly significant *Chi-square test; •Independent t-test
Table 2 Descriptive Statistics of the Clinicopathological Data of NSCLC Patients

Presenting Symptoms

Histo-Pathological type

n (%)
Hemoptysis

13 (26.0%)

Dyspnea

24 (48.0%)

Cough

8 (16.0%)

Chest pain

9 (18.0%)

Weight loss

7 (14.0%)

Hoarseness of voice

4 (8.0%)

Headache

3 (6.0%)

Blurring of vision

1 (2.0%)

Accidental

2 (4.0%)

Adeno carcinoma

22 (44.0%)

SCC

22 (44.0%)

Undifferentiated NSCLC

6 (12.0%)
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Parameter
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Stage at Presentation

II

6 (12.0%)

III

15 (30.0%)

IV

29 (58.0%)

Comparative statistics of the miR-21gene expression level in NSCLC cancer patients are presented in (Table 3) and (Figure 1 &
2). In our research, the level of miR-21 gene expression was upregulated by 1.7 folds in the sera of NSCLC cancer patients (median:
2.58; range: 1.8–3.0) compared to control group (median: 1.45; range: 1.04–1.9) (P=0.001). Moreover; higher expression levels were
observed in stage III/IV patients' sera compared to stage I/II Patients (p<0.001).

Figure 1 Boxplot representing serum expression level of miR-21 in NSCLC and healthy controls

Page1480

Figure 2 Boxplot representing serum expression level of miR-21 in NSCLC patients with different tumor grades
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Table 3 Statistical Comparison of miR-21 Expression Levels among the Studied Groups
Group

Number of cases

Median (range)

NSCLC

50

2.58 (1.8–3.0)

Control

10

1.45 (1.04-1.9)

Stage II

6

2.0 (1.7–2.06)

Stage III/IV

44

2.6 (1.9– 3.0))

p-value

Subjects
0.0001*

Tumor Stage
0.001*

P-value >0.05: Non significant; P-value <0.05: Significant; P-value< 0.01: highly significant
* Mann Whitney test.
Receiver operating characteristic (ROC) curve was applied to assess the diagnostic performance of miR-21in NSCLC. At a cut off
value of >1.76, miR-21discriminated between NSCLC patients and controls with a sensitivity of 80% and specificity of 89%. On the
other hand, at an optimum cut-off value of >2.4, miR-21could discriminate between patients with early and advanced lung cancer
with a sensitivity and specificity of 70% and 78%; respectively (Table 4; figures 3 & 4).
Table 4 Diagnostic Performance of MiR-21in NSCLC

NSCLC
/Controls
Stage I-II/III-IV

P

Cut-off

Sensitivity

Specificity

value

value

(%)

(%)

0.62-0.86

0.0001

>1.76

80

89

0.54-0.82

0.006

>2.4

70

78

AUC

95% CI

0.98
0.78

AUC: Area under the curve; ROC: Receiver operating Characteristics, CI: Confidence interval
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Figure 3 ROC curve illustrating the diagnostic value of miR-21 in discriminating between NSCLC patients and healthy controls.
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Figure 4 ROC curve illustrating the prognostic value of miR-21 in discriminating between patients with early and advanced NSCLC

4. DISCUSSION
MiRNAs are 20–24 nucleotides length non-coding RNA which control gene expression at the post-translational level. They can
function as oncogenes or tumor suppressor genes and are promising candidates as molecular diagnostic and prognostic markers
(Andersen & Tost, 2020). MiR-21 is an oncogenic miRNA overexpressed in multiple solid tumors including NSCLC (Bica-Pop et al.,
2018). The study's objective was to evaluate the diagnostic potential of miR-21in NSCLC and to correlate its expression level with
patient’s clinic-pathological features in order to evaluate its prognostic value. In our study, the serum expression level of miR21was measured in 50 NSCLC patients and 10 healthy controls by qPCR. MIR-21 gene was significantly upregulated in NSCLC
than in healthy controls. At a cut off value of >1.76, miR-21 discriminated between NSCLC patients and controls with a sensitivity
of 80% and specificity of 89%.
Our results agree witha previous study who compared circulating miRNA-21in 80 NSCLC patients and 80 healthy controls and
revealed a significantly higher expression in patients (2.32±1.7) compared to control group (0.715 ± 0.48). The sensitivity and
specificity for diagnosing NSCLC were both 80.0% at a cut-off value of 1.207 (Abu-Duhier et al., 2018). Likewise, in the study of
(Qiu et al., 2018) miRNA-21 gene expression was compared in 58 patients with undifferentiated lung cancer, and 42 healthy
volunteers. At a cut off level of 3.89, miRNA-21 discriminated patients from controls with a sensitivity of 86.20% and a specificity of
76.19%. Our results are also consistent with (Soliman et al., 2021) who determined the expression levels of miR-21 in 60 NSCLC
patients and 40 healthy controls and reported that at a cutof point of 2.35, miRNA-21showed a sensitivity of 96.7% and a specificity
of 95% in discriminating both groups.
Several studies combined miRNA-21 with other miRNAs into a test panel in an attempt to improve its diagnostic accuracy in
NSCLC. Abdollahi et al., (2019) studied miRNA gene expression in 43NSCLC patients. The sensitivity and specificity of miRNA 21were 90% and 67%, respectively; while the sensitivity and specificity of combined miRNA panel (21-5p, 638, 1481-3p, 152-3p) were
96.4% and 86.7. In another study by Sun et al., (2018) reported that in 28 patients with adenocarcinoma the sensitivity and specificity
of miRNA 21 were 82.1% and 96.4%, respectively, while the sensitivity and specificity of combined miRNA panel (21 and 339-5p)
were 92.9% and 92.9%. Similarly, Yang et al., (2015) enrolled152 patients with NSCLC and reported a sensitivity and specificity of
69% and 71%, respectively for miRNA-21; Combined miRNA panel (148a, 148b, 152, 21) yielded a sensitivity and specificity of 96%
In our study, serum miR-21 levels were significantly higher with advanced cancer stages (stage III/IV) compared to those with
early-stage tumors (Stage I/II). At an optimum cut-off value of >2.4, miR-21could discriminate between patients with early and
advanced lung cancer with a sensitivity and specificity of 70% and 78%; respectively. In concordance with our results, Wang et al.,
(2011) found that serum miR-21 levels in NSCLC patients were upregulated compared to healthy individuals and were correlated
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and 91% respectively.
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with advanced TNM stages and presence of lymph node metastases. They also observed that patients with high serum miR-21
expression had significantly decreased 3-year survival rate compared with those with low serum miR-21 expression. Similar
findings were also reported by (Liu et al., 2012; Zhao et al., 2015 and Zheng et al., 2018). On the other hand, (Rai et al., 2020) who
included 30 NSCLC patients in his study could not find a significant distinction in expression of serum miRNA 21 in different
clinical stages of the disease which they attributed to the small sample size as the majority of their patients had advanced stages
(stage III: 15 patients; Stage IV: 13 patients; stage II: 2 patients).
Several studies explored miR-21 expression in NSCLC tissues compared to non-cancerous tissues. They reported that miR-21
was upregulated in malignant tissues and was significantly correlated with aggressive clinicopathological features, higher tumor
grade, TNM stage and shorter overall survival (Tian et al., 2016; Li et al., 2018 and An et al., 2018). The oncogenic role of miR-21
within the cancer microenvironment could be mediated by the following mechanisms; miR-21inhibits cell apoptosis (Gou et al.,
2015) and increases the cell proliferation and tumor growth rate via suppression of the tumor suppressor Phosphatase and Tensin
homolog (PTEN) gene, enhancing epithelial mesenchymal transition and invasion (Zhang et al., 2010 and Marin et al., 2020).
Moreover, by affecting the expression of SMAD7 protein, an essential member of the SMAD protein family, miR-21 may promote
the advancement of NSCLC enhancing the invasion/migration ability (Li et al., 2018). In addition, miR-21 controls the sensitivity to
radiotherapy through different mechanisms including; inhibition of PDCD4 and activation of both HIF- α and PI3K genes (Jiang et
al., 2017). MiR-21 could serve as predictor to Carboplatin resistance in NSCLC patients as SMAD7 represents the direct gene target
for carboplatin therapy (Lin et al., 2016).
In agreement with previous studies, in-vitro suppression of miR-21 in ovarian cancer cells significantly inhibited cell
proliferation, reduced tumor invasion and promoted cell apoptosis. Similar findings were also detected in prostate cancer cell lines
(Báez-Vega et al., 2016). In addition, it has been reported that suppression of miR-21 inhibited cell proliferation in breast cancer cell
lines, a mechanism mediated by promoting the Leucine zipper transcription factor-like 1(LZTFL1) expression (Wang et al., 2019).
Therefore, targeting the miR-21 molecular network, could be useful strategy in management of cancer.

5. CONCLUSION
Serum miR-21 levels were significantly higher in NSCLC patients compared to healthy subjects. Increased expression levels were
significantly associated with advanced tumor stages highlighting the role of miR-21as potential diagnostic and prognostic marker
for NSCLC. Further studies with larger sample size and patient follow up are recommended to explore the value of miR-21 in
monitoring therapy and detection of relapse in NSCLC patients. A potential clinical effect of miR21-based cancer therapeutic
strategies in NSCLC will be an interesting topic to explore in future studies.
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