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Abstract

Background: Cancer development is associated with deregulated microRNA (miRNA) in body fluids including
serum, plasma, and bronchoalveolar lavage (BAL). Early diagnosis and early treatment of lung cancer improve
survival and response to treatment. So, finding an easy detectable biomarker is crucially important to improve the
disease outcome. So, we analyzed the differential expression of miRNA using microarray both in serum and BAL of
37 non-small cell lung cancer (NSCLC) patients and 30 healthy control subjects (15 non-smokers and 15 smokers).

Results: A total of 32 miRNAs were significantly differentially expressed in serum of NSCLC patients versus controls
(13 up-regulated and 19 down-regulated), whereas 14 miRNAs were significantly differentially expressed in BAL of
NSCLC patients relative to control (12 upregulated and 2 downregulated). The accuracy of MiRNAs to detect lung
cancer patients versus control was 94.3% with a specificity of 97.8% and a sensitivity of 92.3%.

Conclusions: Expression of miRNAs is specific in both serum and BAL of NSCLC patients, indicating that they might
be considered easy diagnostic biomarkers for early lung cancer detection.
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Background
Lung cancer occurs when the body loses control over
the continuously proliferating cells of the lung [1]. Lung
cancer is responsible for more deaths in males than any
other cancers; while its contribution to female cancer
mortality is limited to the more developed countries [2].
The type of lung cancer and the stage at presentation
are the two most important factors determining the 5-year
survival [3]. Unfortunately, a great proportion of lung
cancer patients present only with late metastases [4].
Dysregulated microRNAs (miRNA) have been detected in
patients with cancer [5].
MiRNAs are a group of tiny, single-stranded, non-coding

RNA molecules. They contribute mainly by downregulation
of gene expression after completing transcription and
organization of many processes on cellular levels. These

processes include growth, differentiation, metabolism, and
apoptosis [6, 7]. The source of circulating miRNAs is
leakage from body cells including malignant cells [8]. They
are resistant to digestion by RNase and other extreme
conditions including boiling, prolonged storage, and
freezing making them one of the most important
biological markers [9].
Our study aimed to study the differential miRNA

expression profiles in NSCLC Egyptian patients. We
investigated whether their expression in serum and BAL
could be used as easy detectable biomarkers for NSCLC.

Methods
Study design
This observational prospective study was carried out on
67 subjects at the Chest Department, Tanta University
Hospital and Genomic Signature Cancer Centre of Tanta
University International Educational Hospital, Egypt,
from June 2015 to June 2018 after the approval of the
ethics committee of Faculty of Medicine, Tanta University.
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Recruitment, sample collection, and measurement were
done during the first year and then follow up only for
survival for 2 years. Study was registered in ClinicalTrials.
gov (Identifier NCT02445924) on 15 May 2015 URL:
https://clinicaltrials.gov/ct2/show/NCT02445924.

Subjects
MiRNAs were extracted from serum and BAL of 37
NSCLC patients and 30 healthy volunteers (15 non-
smokers and 15 smokers). Informed written consents
were obtained from all participants. Recently, diagnosed
NSCLC patients who did not receive chemotherapy,
surgery, or radiation therapy were included in the study.
Lung cancer was confirmed by histopathological examin-
ation of BAL, brush, and/or biopsy. While patients with
concomitant asthma, COPD, broncheiactasis, upper/
lower respiratory tract infection in the preceding 4
weeks, active pulmonary tuberculosis, associated cancer
beside lung cancer, and patients who received chemo-
therapy, surgery or radiation therapy previous to the
sample collection was excluded from the study. The
same exclusion criteria were applied for the controls.

RNA extraction
Venous blood (5 ml) was collected, and serum obtained
and stored at − 20 °C or − 80 °C until required. BAL (20
ml) was centrifuged at 1800g and 4 °C for 10 min. Cell
pellet from BAL was frozen as a dry pellet at – 80 °C for
later RNA isolation. Total RNA, including miRNAs from
serum and BAL, was isolated by TRIzol (Invitrogen)
(Qiagen USA Maryland Germantown) in combination
with RNeasy Mini Kit from Qiagen. Five milliliters of
serum was added to 5 volumes QIAzol Lysis Reagent
and mixed by pipetting up and down. The mix was
stored at − 80° until all samples available for simultan-
eous processing

Analysis of RNA and miRNA concentration with nano
drop
The concentration and purity of the large RNA (mRNA)
fractions (> 200 nucleotides) and small RNA (miRNA)
fractions (< 200 nucleotides) were assessed using the
Nano Drop spectrophotometer (Nano Drop Technolo-
gies). The sample arm was used to compress the sample
resulting in the formation of a sample column, held in
place by surface tension. Spectral measurements were
made with a tightly controlled path length of 0.1 cm.

Analysis of RNA and miRNA integrity with Agilent 2100
bio analyzer
Quantification and data analysis by the Agilent 2100
Expert software (Version B.02.03). Integrity of the total
and large RNA fraction was assessed using the RNA
6000 Nano Lab Chip Series II Assay, and the small RNA

enriched fractions were also analyzed using the small
RNA assay—RNA samples loaded onto the Agilent chip
that were separated by capillary electrophoresis accord-
ing to their molecular weight.

Flash Tag™ Biotin HSR RNA Labeling Procedure
The Flash Tag™ Biotin HSR Labeling Kit was used. The
starting RNA input was 60 to 100 ng/L of total RNA.
This protocol describes labeling total RNA or low mo-
lecular weight (LMW) RNA for analysis by Affymetrix®
Gene Chip® (USA Qiagen Company) miRNA Arrays
(TaqMan Array Human MicroRNA Card containing a
total of 384 TaqMan MicroRNA assays per card) and
includes an in-process ELOSA QC Assay. The labeling
process was completed in less than one hour. Expression
Console™ 1.4.1.46 software was used

Analysis of microRNAS using quantitative RT-PCR
Some miRNAs that were differently expressed using
microarray were verified using quantitative real-time
polymerase chain reaction (qRT-PCR) using TaqMan
miRNA assay. These include analysis of fold change of
miR-15b-5p, miR-193b, miR-301, miR-19b-1, miR-106a,
miR-106b, miR-16-5b, miR-146a, let-7 g, miR-98,
mir20b, miR-1, and miR-30a of 18 patients and 14
controls in both serum and BAL samples. Total RNA
was isolated from samples using QIAzol Lysis Reagent
(Qiagen USA) (1 to 10 ng of total RNA per 15-μL RT
reaction). RT reaction was performed in an Applied
Biosystem’s 7900 instrument.
RT reactions were carried out at 16 °C for 30 min,

42 °C for 30min, and 85 °C for 5min, and then maintained
at 4 °C. There were significant correlations between
microarray and qRT-PCR analysis.

Statistical analysis
Statistical analyses were performed by using the SPSS
software (Version 17.0, SPSS Inc., Chicago, IL, USA).
Statistically significant differences were considered when
P < 0.05. Parametric t test (unpaired, two tailed) for each
miRNA was done following verification of the normal
distribution of the measured data. Receiver operating
characteristic (ROC) was analyzed to find the relative
sensitivity and specificity of serum and BAL miRNA for
diagnosis of lung cancer.
We verified whether the miRNA (both serum and

BAL) was differentially expressed or not by checking the
fold change (FC), which is the ratio of y/x, where y =
miRNA expression in the test sample (control or
patient), x = standard miRNA expression level, and fold
change = x/y.
If FC = 1, then the miRNA is not differentially

expressed, if FC is more than 1, then the miRNA is
upregulated while FC is much smaller than 1.0, then the
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miRNA is downregulated, and miRNA that is either
downregulated or upregulated is said to be differentially
expressed. Values were presented in log fold change.
The concentrations of miRNAs were normalized to

reference miRNA level, and relative levels were evaluated
using the comparative quantification cycle (Cq). Relative
amount of each miRNA to ref rRNA was described using
the equation 2 – ΔCT, where ΔCT = CTmiRNA–CTref
mirna and CT (concentration).

Results
Demographic data of patients and controls are shown in
Table 1.
Two lung cancer patients were hypertensive while

another two were diabetics, and they did not show
significant miRNA expression pattern.
In this study, a total of 32miRNAs were differentially

expressed in NSCLC patients versus control. Thirteen
miRNAs were significantly upregulated, while 19 were
significantly downregulated in the NSCLC serum relative
to control (Tables 2 and 3).
To evaluate the effect of smoking on miRNA expres-

sion, we compared serum miRNA expression between
control smokers and non-smokers. We found that miR-
143, miR-181, and miR-199a were the most consistently
upregulated while miR-1246, miR-146a, miR218, miR-
133, and let7-a were the most consistently downregu-
lated in control smokers versus control non-smokers
(Table 4).
We found that in NSCLC smokers, serum miR-143,

miR-181, and miR-199a were significantly upregulated,
and serum miR-146a and let 7a were significantly down-
regulated versus control smokers (Table 5).
In our study, a total of 14 miRNAs were differentially

expressed in BAL of NSCLC patients versus control. Out of
them, 12 miRNAs were significantly consistently upregu-
lated (miR-19b-1, miR-1285, miR-1289, miR-1303, miR-

217, miR-29a-5p, miR-548-3p, miR-650, miR-106a, miR-
106-b, miR-143, miR-10-b), while two miRNAs (miR-1 and
miR-30a) exhibited significant downregulation (Table 6).
In order to evaluate the accuracy of the measured

miRNAs in reaching a statistical significance, 100 repeti-
tions of 10-fold changes were done. Using a subset of 29
miRNAs, the best results were obtained with an accuracy
of 94.3% [93.9–94.8%], a specificity of 97.8% [97.1–
98.4%], and a sensitivity of 92.3% [91.5–92.3%].
After 2 years follow-up, eight patients of NSCLC

group died. We found high expression of seven miRNAs
(miR21-5, miR143-p, miR155, miR17-3p, miR106a, miR-
221, and miR93) and low expression of 10 miRNAs
(miR30d-5p, miR137, miR372, miR182, let-7 family,
miR-182, miR145, miR499a-5p, miR-1, miR451a, and
miR 486-5P) in their sera in comparison to survivors.
Upregulated and downregulated miRNAs in sera of
NSCLC patients who died are presented in Table 7.
Receiver operating characteristic (ROC) was analyzed,

and we found sensitivity of 91.9% and 94.6% for serum
and BAL miRNA, respectively, for diagnosis of lung
cancer with specificity of 93.3% and 96.6%, respectively
(Table 8).

Discussion
The identification of specific miRNA profile in lung can-
cer may aid in early diagnosis with the least invasive
maneuver [10]. In this study, a total of 32 miRNAs were
differentially expressed in NSCLC sera versus controls
while 14 miRNAs were differentially expressed in BAL
of NSCLC compared to control.
The upregulation of miR-15b-5b in sera of NSCLC

patients in our study was in accordance with the results
of Fan et al. [11]. They also found other five serum miR-
NAs (miR-16-5p, miR-17b-5p, miR-19-3p, miR-20a-5p,
and miR-92-3p) to be significantly downregulated in
NSCLC which was similar to our results except for miR-

Table 1 Demographic data of the three studied groups

Control subjects, N = 30 NSCLC patients, N = 37 Test P value

Gender 18 males
12 females

24 males
13 females

Chi-square 0.940

Age (years)
Mean ± SD

58.30 ± 7.44 55.20 ± 9.34 t test 0.724

Smoking state 15 smokers
15 non-smokers

22 smokers
15 non-smokers

Chi-square 0.8350

Histological type 17 (45.95%) SSC
16 (43.24%) AD
4 (10.81%) LCC

TNM stage Stage I 8 (21.62%)
Stage II 15 (40.54%)
Stage III 9 (24.33%)
Stage IV 5 (13.51%)

*Significant
SCC squamous cell carcinoma, AD adenocarcinoma, LCC large cell carcinoma
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92-3p which was not significantly deregulated in sera of
our patients. This difference might be explained by the
difference in sample size and ethnicity of patients.
On the other hand, Patnaik et al. [12] reported that

let-7 family and miR 126 had no differential expression

between lung cancer patients and control which was
opposite to our results. The difference might be because
they examined only 75% of known human mature miR-
NAs, while we examined the whole panel of miRNA in
our study. In addition, they used whole blood instead of
serum. Another factor is that all their patients were
heavy smokers and over sixty of age.
The findings of differentially expressed serum miRNAs

in NSCLC versus control in our study are consistent
with findings of some other studies [13–19]. Similar to
our results, two independent studies found significant
upregulation of serum miR-141, miR-200b, miR-193b,
and miR-301 in NSCLC patients [20, 21]. The upregula-
tion of miR-340 and miR-203 is also in agreement with
the work of some other researchers [22]. In accordance
with our results, downregulation of miR-146a was
reported by Park et al [23] who used microarray and
qRT-PCR (reverse transcriptase PCR) to investigate the
miRNA expression profiles.
In accordance of our results, Rehbein et al. [24]

reported that a panel of eight microRNAs (miR 19b-1,
1285, 1289, 1303, 217, 29a-5p, 548-3p, 650) were

Table 2 List of 13 upregulated serum miRNAs in NSCLC
patients compared to control subjects

mi RNA Log (fold change) (mean ± sd) p value

Control NSCLC patients

miR-15b-5p 1.32 ± 0.12 3.33 ± 0.82 0.001*

miR-193b − 0.06 ± 0.02 0.24 ± 0.04 0.001*

miR-301 − 0.05 ± 0.03 0.15 ± 0.02 0.001*

miR-141 − 0.16 ± 0.02 0.32 ± 0.07 0.001*

miR-200b − 0.05 ± 0.03 0.73 ± 0.11 0.001*

miR-423-5p_st 2.50 ± 0.30 6.41 ± 0.22 0.001*

miR-22 − 0.06 ± 0.02 0.25 ± 0.18 0.001*

miR-19 a − 0.10 ± 0.12 0.25 ± 0.06 0.001*

miR-21 − 0.16 ± 0.02 0.06 ± 0.01 0.001*

miR-210 0.55 ± 0.02 0.85 ± 0.03 0.001*

miR-340 0.12 ± 0.03 0.45 ± 0.02 0.001*

miR-203 0.05 ± 0.03 0.15 ± 0.02 0.001*

miR-221 0.12 ± 0.02 0.20 ± 0.04 0.001*

*Significant t test

Table 3 List of 19 down regulated serum miRNAs in NSCLC
patients compared to control subjects

mi RNA Log (fold change) (mean ± sd) p value

Control NSCLC patients

miR-16-5b 0.22 ± 0.01 0.03 ± 0.01 0.001*

miR-17b-5p 3.05 ± 0.02 2.40 ± 18 0.001*

miR-19-3p ± 2.170.07 − 0.02 ± 0.012 0.001*

miR-20a-5p 0.19 ± 0.06 − 0.18 ± 0.017 0.001*

miR-339-5p 0.53 ± 0.29 0.06 ± 0.02 0.001*

miR-146a 0.55 ± 0.02 0.05 ± 0.03 0.001*

let-7 g 0.55 ± 0.03 0.08 ± 0.03 0.001*

let-7a 5.16 ± 0.09 2.42 ± 0.37 0.001*

let-7c 6.92 ± 0.01 3.05 ± 0.03 0.001*

let-7e 7.41 ± 0.82 3.80 ± 0.04 0.001*

let-7f 0.34 ± 0.08 − 0.04 ± 0.03 0.001*

let-7d 4.77 ± 0.23 1.52 ± 0.19 0.001*

let-7i 0.93 ± 0.03 0.37 ± 0.05 0.001*

miR-15a 0.20 ± 0.25 − 0.01 ± 0.002 0.001*

195 MiR- 0.22 ± 0.03 − 0.04 ± 0.03 0.001*

miR-98 1.31 ± 0.14 − 0.05 ± 0.03 0.001*

miR20b 0.31 ± 0.07 − 0.19 ± 0.10 0.001*

miR-126- 0.24 ± 0.06 − 0.06 ± 0.03 0.001*

miR-486-5p 4.49 ± 0.14 2.40 ± 0.16 0.001*

*Significant t test

Table 4 Comparison between the control groups smokers and
non-smokers according to differentially expressed serum
miRNAS

Mi RNA Log (fold change) (mean ± sd) p value

Control smokers
No. 15

Control non-smokers
No. 15

miR-143 − 0.07 ± 0.02 1.32 ± 0.16 0.001*

miR-181 − 0.05 ± 0.03 0.55 ± 0.02 0.001*

miR- 133 − 0.01 ± 0.01 2.02 ± 0.02 0.001*

miR-199a − 0.05 ± 0.03 1.25 ± 0.15 0.001*

miR-1246 2.24 ± 0.27 − 0.06 ± 0.02 0.001*

miR-146a 2.50 ± 0.30 − 0.07 ± 0.03 0.001*

miR-218 1.25 ± 0.15 − 0.05 ± 0.01 0.001*

let-7a 2.5 ± 0.30 − 0.16 ± 0.01 0.001*

*Significant t test

Table 5 Comparison between control group II (smokers) and
smokers among lung cancer patients according to differentially
expressed serum miRNAS

Mi RNA Log (fold change) (mean ± sd) p value

Control smokers,
N = 15

Lung cancer smokers,
N = 22

miR-143 1.32 ± 0.16 3.54 ± 0.29 0.001*

miR-181 2.50 ± 0.30 6.35 ± 0.15 0.001*

miR-199a 1.25 ± 0.15 2.53 ± 0.15 0.001*

miR-146a 0.07 ± 0.03 0.02 ± 0.001 0.001*

let-7a − 0.16 ± 0.02 − 0.06 ± 0.03 0.001*

*Significant t test

Mansour et al. The Egyptian Journal of Bronchology           (2020) 14:20 Page 4 of 7



differentially upregulated in BAL of lung cancer patients
versus non-cancerous patients using microarray.
In addition, Molina-Pinelo et al. [25] demonstrated up-

regulation of four miRNA clusters (the mir-17-92 cluster
and its paralogues, mir-106a-363 and mir-106b-25; and
the miR-192-194 cluster) in BAL of patients with lung
adenocarcinoma. Upregulated mir-106a and mir-106b
were exactly as in our results; however, the other two
miRNAs were not deregulated in BAL of our patients.
This difference might be because they included only
adenocarcinoma patients, so squamous cell and large cell
carcinoma patients were not included.
In another study, Molina-Pinelo et al. [26] documented

downregulation of miR-17, miR19b, miR195, and miR20b

in BAL and serum of lung cancer patients, while in our
patients, we found these microRNAs to be downregulated
in serum only and not in BAL. One of the reasons for this
discordance is that pre-analytic sample preparation
methods are different, and that there is no standard so far.
Also, Molina-Pinelo et al. [26] included only ten patients
in their study, with only six lung adenocarcinoma stage III
or IV while two of them were healthy and two had inter-
stitial lung disease.
In 2015, Kim et al. declared similar expression of miR-

21 and miR-143 in BAL fluid as detected in our patients
[27]. Like in our results, Sheervalilou et al. [28] described
upregulation of miR-10b and downregulation of miR-1
and miR30 in BAL of NSCLC patients compared to
control, but they used RT-PCR.
In a trial to study the effect of smoking on miRNA

profile, we found three miRNAs to be significantly up-
regulated (miR-143, miR-181, and miR-199a) while other
five were significantly downregulated (miR-133, miR-
1246, miR-146a, miR218, and let7-a) in control smokers
versus control non-smokers. These findings matched the
results of Wang et al. [29] who found that miR-143 and
miR-199a were upregulated by smoking. However, they
described upregulation of miR-240 in smokers which
was not detected in our study. Moreover, downregula-
tion of let-7a in smokers was reported in another study
[30] but in contrast to our results, they documented
upregulation of miR-124 in smokers.
Another study [31] showed a different expression pro-

file of miRNA in smokers as let7d, miR-150, miR-192,
miR-197, and miR320 were upregulated in current
smokers, while ex-smokers had higher serum expression
of miR-1, miR-150, miR-195, and miR-320. Unlike our
results, they found an overexpression of miR-146 in
smokers. The difference from our results may be
because they used qRT-PCR while we used microarray,
difference in race, and sample size.
After 2 years follow-up, we detected high expression

of seven miRNAs (miR21-5, miR143-p, 155, miR17-3p,
miR106a, and miR93) and low expression of ten miR-
NAs (miR30d-5p, miR137, miR372, miR182, let-7 family,
miR145, miR21-5, miR21-5, miR21-5, miR21-5, miR21-
5, miR21-5, miR499a-5p , miR-1 ,miR451a, and miR

Table 6 List of 14 deregulated miRNAs in bronchoalveolar
lavage (BAL) of NSCLC patients compared to control subjects

Mi RNA in
BAL

Log (fold change) (mean ± s.d.) p value

Control NSCLC patients

miR-19b-1 0.010 ± 0.001 0.580 ± 0.03 0.001*

miR-1285 0.096 ± 0.021 0.18 ± 0.11 0.001*

miR-1289 0.169 ± 0.122 0.301 ± 0.02 0.001*

miR-1303 0.074 ± 0.025 0.188 ± 0.02 0.001*

miR-217 019 ± 0.087 0.199 ± 0.064 0.001*

miR-29a-5p − 0.250 ± − 0.098 0.99 ± 0.2 0.001*

miR-548-3p 0.199 ± 0.036 0.98 ± 0.11 0.001*

miR-650 − 0.033 ± − 0.079 0.94 ± 0.133 0.001*

miR-106a 1.842 ± 0.504 3.22 ± 0.02 0.001*

miR-106-b 0.44 ± 0.01 1.95 ± 0.08 0.001*

miR-143 − 0.7 ± − 0.0125 0.095 ± 0.011 0.001*

miR-10-b − 0.33 ± − 0.004 0.331 ± 0.023 0.001*

miR-1 4.72 ± 0.28 2.68 ± 0.11 0.001*

miR-30a 2.82 ± 0.12 0.11 ± 0.098 0.001*

*Significant t test

Table 7 List of miRNAs differentially expressed in non-surviving
patients

Upregulated Downregulated

miR-21-5p miR-30d-5p

miR- 143-p miR-137

miR-155 miR-372

miR-17-3p miR-182

miR-106a hsa-let-7a-2, hsa-let-7b,
Let -7c

miR-221 miR-145

miR-93 mir-499a-5p

miR-1

miR-451a

miR-486-5p

Table 8 Comparison between serum and BAL miRNA for
diagnosis of lung cancer

Serum miRNA BAL miRNA

Sensitivity 91.9% 94.6%

Specificity 93.3% 96.6%

PPV 94.4% 97.2%

NPV 90.3% 93.5%

Accuracy 92.5% 95.5%

PPV positive predictive value, NPV negative predictive value
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486) in non-survivors indicating that they might have a
prognostic value in lung cancer. In 2017, Li et al. [32]
concluded that three miRNAs could predict the clinical
outcome of NSCLC patients including high expression
of miR-21-5p and the low expression of miR-30d-5p
which is consistent with our results. In addition, Fortu-
nato et al. [33] clarified downregulation of miR-499a-5p
and considered it a predictor of poor prognosis in NSCL
C patients.
Different studies stated that members of the let-7 family

exhibit downregulation in lung cancer and has a strong
association with metastasis, advanced stages, and poor
survival considering it a prognostic marker [20, 34–37].
Receiver operating characteristic (ROC) was analyzed,

and we found sensitivity of 91.9% and 94.6% for serum
and BAL miRNA, respectively, for diagnosis of lung
cancer with specificity of 93.3% and 96.6%, respectively.
These data were in accordance with yang et al. [38].

Limitations
This study was limited by the relatively small number of
patients; the high cost of technique can explain this limita-
tion. Although using microarray to detect miRNA expres-
sion is more expensive compared to cheaper methods as
qRT-PCR, microarray can profile thousands of micro-
RNAs concomitantly in a very short time permitting easy
standardization of the technique.

Conclusions
NSCLC leads to a deregulation of miRNA expression
compared to healthy individuals using microarray.
Serum and BAL miRNAs may be used as novel bio-
markers in early diagnosis of lung cancer. Verification of
the results using next generation sequencing will help a
better understanding of the specific panel of miRNAs in
lung cancer. To our knowledge, this is the first study
done in Middle East on NSCLC patients using micro-
array for studying the whole panel of miRNA.
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