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Abstract

Background: Lung cancer has recently shown the highest incidence among all cancers. microRNAs (miRNAs) are
the molecules playing a role in regulating gene expression and contributing to many pathogenic mechanisms. Therefore,
these molecules could be used as biomarkers for the detection, anticipation, and treatment of cancer. With this in mind,
we decided to investigate and compare the expression of miR-1, miR-133, miR-191, and miR-24 and also the expression
differences in these four RN A molecules between lung cancer patients and the controls. Methods: A total of 50 patients
with lung cancer participated in this study. In addition, 50 healthy blood samples were selected as the control group.
Real-time PCR determined the expression levels of miRNA. The RNAs extracted from the patients’ white blood cells
were initially synthesized, and then cDNA was extracted. Finally, the synthesized cDNA was amplified using real-time
PCR, and its expression was compared with the control group. Results: The result indicated a low expression level
of miR-1 and miR-133, and a high expression level of miR-191 and miR-24 in the blood of patients with lung cancer
compared to the healthy subjects. Conclusion: Our findings revealed that miR-1, miR-133, miR-191, and miR-24 are
oncogenes, and their expression could result in cancer. It appears that a therapy to overexpress miR-1 and miR-133
and downexpress miR-191 and miR-24 could contribute to the treatment of lung cancer.
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Introduction

Lung cancer is a type of cancer beginning in the lungs
and is considered among the most common malignancies
and the first prevalent cancer in the world. However, the
function of cell apoptosis failure in cancer has not fully
been proven yet (Lodish et al., 2000; Ghadimi et al., 2017,

Karimi et al., 2017).

MicroRNAs (miRNAs) are a large subgroup of non-
coding RNAs of 18-25 nucleotides that are evolutionally
protected (Jin et al., 2013; Kim and Reitmair, 2013). These
molecules control the gene expression after transcription
by inhibiting mRNA translation or inducing dissociation
(Negrini et al., 2009). The interaction of miRNAs with
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target genes determines their role in growth, planned
death, cell differentiation, and proliferation and verifies the
direct function of miRNA in cancer (Schaefer et al., 2010).

MiRNA-133a is downregulated in many human
malignancies and correlated with tumor progression.
However, its roles and its related molecular mechanisms in
lung cancer are still unknown. MiR-133a was identified to
be a tumor suppressor as its transfection mimics in PANC-
1 cells was able to reduce cell proliferation, invasion, and
migration, promote cell apoptosis in vitro and suppress
tumorigenicity in vivo. These findings suggest a significant
role of miR-133a in the molecular etiology of cancer
and implicate its potential application in gene therapy
of cancers (Qin et al., 2014). MiR-191 has recently
been reported to be abnormally expressed in several
cancers (>20) and various other disorders, including
type 2 diabetes, Crohn’s and Alzheimer’s diseases,
and pulmonary hypertension. This RNA type regulates
important cellular processes, such as cell proliferation,
differentiation, apoptosis, and migration, by targeting
prominent transcription factors, chromatin remodelers,
and cell cycle associated genes. Studies have demonstrated
miR-191 to be an excellent biomarker for cancer diagnosis
and prognosis, leading to two patents already in its kitty
(Nagpal and Kulshreshtha, 2014). miR-1 was shown to
be predominantly downregulated in almost all examined
human cancers. As a tumor suppressor miRNA, miR-1 is
involved in post-transcriptional regulation of crucial tumor
associated gene expression and represents a promising
target for anticancer therapy. Re-expression of miR-1 can
suppress cancer cell proliferation, promote apoptosis, and
reverse drug resistance in cancers both in vitro and in vivo.
Lately, the regulatory mechanisms of miR-1 expression
have been studied in various cancers in different model
systems. Recent investigations from our group and others
have revealed that miR-1 is frequently downregulated
in various types of cancer. Through targeting multiple
oncogenes and oncogenic pathways, miR-1 represses
cancer cell proliferation and metastasis and promotes
apoptosis by ectopic expression (Nakajima et al., 2006;
Gagan et al., 2012; Han et al., 2014). MiR-24 is one of
the most abundant miRNAs in cervical cancer (Wang et
al., 2008), and its upregulation has been observed in oral
carcinoma (Lin et al., 2010). Evidence has evinced that
miR-24 can inhibit the apoptosis of both cancer cells
(Qin et al., 2010) and cardiomyocytes (Qian et al., 2011)
and can accelerate cell proliferation (Zaidi et al., 2009).
It appears that miR-24 can repress the expression of the
tumor suppressor pl6INK4a (Lal et al., 2008).

With respect to the increasing prevalence of lung
cancer, researchers have extensively focused on studying
this kind of cancer. However, few studies have been
conducted in molecular apoptosis. Therefore, this study
was undertaken to compare the expression levels of
miR-133, miR-191, miR-1, and miR-24 in lung cancer
patients with the control group. Moreover, we compared
the expression differences between these four molecules
in the under study groups.
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Materials and Methods

Sampling

This study was conducted in 2018 at Masih Daneshvari
Hospital of Shahid Beheshti University of Medical
Sciences, Tehran, Iran after receiving the ethical code (IR.
SBMU.RETECH.REC.1397.580.). A total of 50 patients
with lung cancer who did not undergo any treatment
and 50 healthy subjects were enrolled in the study at
the Clinical Laboratory of Masih Daneshvari Hospital.
The clinical diagnosis of cancer was confirmed using
histopathologic tests on tumor tissue samples. From each
subject, 1 mL of peripheral blood mononuclear cell was
taken and combined with anticoagulant to prevent clotting.
All human protocols for this work were reviewed and
approved by the Committee of Christian Hospital, USA, in
conformity to the Helsinki Statement. A written informed
consent was obtained from each participant (Table 1).

Total RNA extraction

Total RNA was extracted from whole blood samples
using Trizol reagent (Invitrogen, Life Technologies, USA)
(Rio etal., 2010). Quantitative and qualitative analyses of
the extracted RNA were performed by optical absorption
spectroscopy using a spectrophotometer (Sigma, USA)
and by agarose gel electrophoresis, respectively. The size
fractionation of DNA fragments was evaluated by gel
electrophoresis on a 1% agarose gel.

cDNA generation

To generate cDNA from miRNA, we used hairpin
primer and an RNA-dependent reverse transcriptase using
Master Mix Kit (Takara, Japan) on a Rotor-Gene (Qiagen,
Germany). All RNA samples were treated with DNasel
enzyme to avoid DNA contamination.

Real-time PCR reaction

The PCR reaction was carried out (Jamaati et al., 2016;
Heydar et al., 2018) in a 20-pl total volume, 12.5 pl of
Master Mix (Ampliqon, Denmark), 2 ul of primers, 1.5 pl
of cDNA template, and 4 pl of deionized distilled water. To
perform the real-time PCR reaction, we used the primers
included in Table 1 using the following cycling conditions:
95°C for 10 min, and 40 cycles at 95°C for 15 sec, and
60°C for 1 min. Each complete amplification stage was
followed by a dissociation stage at 95°C for 15 sec and
60°C for 30 sec. The temperature was then raised from
60°C to 95°C (0.03°C/s), and fluorescence intensity data
were collected continuously over the ramping stage for 20
min. Melting curve analysis was conducted according to
the dissociation stage data, and reactions with a single peak
at expected temperature melting (Tm) were considered
for further analysis.

Statistical analysis

All data were analyzed using GraphPad Prism
version 2. Comparison of the expression of miRNAs
between the lung cancer patients and healthy controls was
performed using SPSS 21.1 software and Mann-Whitney
test. p<0.05 was considered to be statistically significant.
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Results

Comparison of miRNA levels between lung cancer
patients and healthy controls

The mean CT and expression levels of miR-1, miR-
133, miR-191, and miR-24 were evaluated in all the
healthy subjects and patients. Following the expressions
of'the four miRNAs, the U6 gene expression was analyzed
and utilized as an internal control. For this purpose, the
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Figure 1. The Expression Levels of miR-1 between the
Two under Study Groups, which were Significantly
Different

ACT of each individual was studied. The mean ratios of
the healthy (control) group to patients were 1 £ 0.145 and
0.51 = 0.021 for miR-1 and 1.011 + 0.123 and 0.292 +
0.040 for miR-133 (Figures 1 and 2).

Comparing the expression levels of miR-1 and
miR-133 between two under study groups showed a
significant reduction in the patient group compared to the
control one, with P = 0.025 and P = 0.039, respectively.
Besides, the mean ACT of miR-1 and miR-133 indicated a
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Figure 2. The Expression Levels of miR-133 between
the Two under Study Groups, which were Significantly
Different

Table 1. Association of miR-1, miR-133, miR-191, and miR-24 Expressions with Clinicopathological Features

Variable N miR-1 P miR-133 p miR-191 P miR-24 P
expression expression expression expression
Age
<35 8 0.512 0.236 2312 3.211
35-50 10 0.578 0.79 0.222 0.751 2431 0.423 3.413 0.532
51-65 18 0.556 0.231 2.253 3.651
>66 14 0.525 0.212 2.367 3214
Gender
Male 24 0.535 0.844 0.24 0.548 2317 0.546 3.216 0.346
Female 26 0.523 0.23 2.375 3.412
Grade
I 9 0.513 0.261 2.287 3.241
I 11 0.523 0.034 0.238 0.013 2.356 3.181 0.541
11 10 0.565 0.247 2411 0.413 3.621
v 20 0.548 0.271 2.246 3.234
Lymphatic metastasis
Negative 27 0.556 0.004 0.271 0.643 2316 3.401 0.001
Positive 23 0.235 0.244 2.357 0.214 3.112
Di?erentiation degree
Low 12 0.533 0.921 0.251 2431 3.121
Middle 17 0.537 0.242 0.892 2.287 0.021 3412 0.021
High 21 0.581 0.222 2.319 3.523
Surgery
Yes 24 0.555 0.551 0.271 0.521 2.351 3.452 0.361
No 26 5.12 0.238 2411 0.821 4.236
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Figure 3. The Expression Levels of miR-24 between
the Two under Study Groups, which were Significantly
Different

two and five time reduction of the expression levels in the
healthy individuals and patients, respectively. The mean
ratios of the healthy (control) group to the patients were
1+0.072 and 3.211 £ 0.323 for miR-24 and 1+ 0.085 and
2.31240.130 for miR-191, with P=0.016 and P=0.002,
respectively. Fold change for miR-24 was 3.2, while that
of miR-191 was 2.3 (Figures 3 and 4).

Comparison of miRNA levels with lung cancer
clinicopathological features

The present study analyzed the relationship of miR-
1, miR-133, miR-191, and miR-24 with lung cancer
clinicopathological features, including age, gender,
clinical stage, lymphatic metastasis, differentiation
degree, and surgery history (Tablel). The expression
levels of miRNAs in lung cancer patients had no link
to age, gender, and tumor size (p > 0.05). However,
miR-1 showed an association with grade and lymph
node metastasis (P = 0.034 and P = 0.004, respectively).
Statistical analysis for a relationship between the mRNA
expression levels of miR-133 and clinicopathological
parameters exhibited a significant difference in grade
(P =0.013). Statistical analysis also represented that the
mRNA expression levels of miR-24 in lung cancer tissue
were significantly associated with di-erentiation degree (P
=0.021). In addition, a strong connection was observed
between miR-191 and lymph node metastasis (P <0.001).

Discussion

Lung cancer is one of the major cancers with a highly
impact on society and economics in terms of prevalence.
Based on the latest global estimates, 13% of people
with cancer suffer from lung cancer (Boffetta, 2018).
According to Iran’s Statistics Center, this cancer type
is ranked eight among the most common cancers in the
country (Mohebbi et al., 2018). Lung cancer is a disease
characterized by an uncontrolled cell growth in tissues
of lung, and if untreated, this growth can spread beyond
the lung, as well as to adjacent and other parts of the
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Figure 4. The Expression Levels of miR-191 between
the Two under Study Groups, which were Significantly
Different

body, through a process named metastasis. Small cell
lung cancers, known as oat cell cancer and non-small
cell lung cancer are two main types of lung cancer (Ho
et al., 2007). miRNAs are non-coding ribonucleic acids
able to control the gene expression after transcription
by decomposing miRNA or inhibiting their translation.
These molecular structures are involved in the control
of physiological and pathological cell processes, and the
majority can act as an oncogene or tumor suppressor.
The identification of miRNAs and their target molecules
contribute to understand the factors leading to cancer.
Therefore, these compounds can be used as biological
markers for the diagnosis, prediction, and treatment of
cancer (Wouters et al., 2011).

The results of our study indicated that miR-1
expression decreased significantly in tumor tissues
as compared to the normal tissue. Besides, the miR-1
expression level showed a direct correlation with cancer
progression. miR-1 is likely to be one of the targets of
C/EBPa, through which it inhibits cell proliferation and
induces apoptosis. It would be of interest to determine
whether the binding of C/EBPa to miR-1-1 and miR-1-2
gene promoters is essential for their transactivation (He
et al., 2007). The study of Mohd and colleagues (....)
disclosed that miR-1 probably affects some mediators
downstream of p53 as DOXR-induced expressions of
pS3 and its target PUMA were comparable in control
and miR-1-expressing cells. Furthermore, ectopic miR-1
induced apoptosis in A549 cells in response to the potent
anticancer drug doxorubicin. Enhanced activation of
caspases 3 and 7, cleavage of their substrate PARP-1,
and depletion of anti-apoptotic Mcl-1 contributed to the
sensitivity of miR-1-expressing cells to doxorubicin.
Thus, miR-1 has potential therapeutic application against
lung cancers (Nasser et al., 2008).

The present study of detected the downregulation
miR-133 expression level in patients with lung cancer.
Researchers have also found that miR-133a expression
is significantly downregulated in pancreatic cancer tissue
samples and cell lines, and there was a significantly
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correlation of decreased miR-133a expression with
aggressive clinicopathological features and poor
survival (Szafranska et al., 2007). Our results explored
increased miR-191 and miR-24 in patients, but not in
the control group. In another study, miR-191 was found
to be abnormally expressed in more than 20 different
cancers and suggested to be a key player in some of these
cancers. Moreover, the altered expression of miR-191
has been associated with various other diseases such as
type 2 diabetes, neurodegenerative diseases, and more
recently with innate immunity (Saba et al., 2008). Croce
and associates have emphasized that both miR-191 and
miR-425 promote cell proliferation in breast cancer,
exhibiting overlapping functions. In contrast, another
survey highlighted that miR-191, but not miR-425,
promotes erythroid enucleation (Farzanegan et al., 2021).
Therefore, with very limited data, we can speculate that
miR-191 may display specific or overlapping functions
considering the tissue and conditions. Likewise, the
aberrant expression of miR-24 has been identified in varied
cancer types, and miR-24 has both tumor-suppressive and
oncogenic features depending on the cellular context. In
many cancers, miR-24 has been exhibited to have great
capability to discriminate and monitor between cancer
patients and controls (Nguyen et al., 2013; Liu etal., 2015;
Zhao et al., 2015).

In summary, our findings revealed that some miRNAs
have ability to decrease and increase apoptosis in patients
with lung cancer. It seems that a therapy to reduce miRNA
expression could be effective for the treatment of this
type of cancer. However, more future research is needed
to confirm the results of this study and to identify the
mechanism of action of these molecules.
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