
Original Article 

Middle East Journal of Cancer; July 2015 6(3): 

♦Corresponding Author:  

Shahram ghasembaglu, MD 
Department of Internal 
Medicine, School of Medicine, 
Tuberculosis and lung disease 
Research Center, Imam Reza 
Medical Research and Training 
Hospital, Tabriz University of 
Medical Sciences, Tabriz, Iran 

Email: Sh.gasembeglo@yahoo.com  

Evaluation of Potential miR-221, miR-93, 

miR-21, and miR-24 as Molecular Markers 

for Laryngeal Squamous Cell Carcinoma 
 

Habib Azimi*,****, MD, Habib Zarredar*ǂ, PhD, Milad Asadi**, PhD,  

Venus Zafari**, PhD, Dariush Shanehbandi***, PhD,  

Hamed Sabbagh Jadid*, MD, Shahram Ghasembaglou*,****♦, MD 

 
*Tuberculosis and Lung Disease Research Center, Tabriz University of Medical Sciences, 

Tabriz, Iran 
**Department of Basic Oncology, Ege University, Institute of Health Sciences, Izmir, Turkey 

***Immunology Research Center, Tabriz University of Medical Sciences, Tabriz, Iran 
****Otolaryngology Head and Neck surgery department, School of Medicine, Tabriz 

University of Medical Sciences, Tabriz, Iran 
ǂZarredar and Azimi have contributed equally to this work 

 
 
Abstract 
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Background: Laryngeal cancer, the most prevalent head and neck malignancy, 
represents 2.4% of all tumors and is the 11th most common tumor worldwide. Laryngeal 
squamous cell carcinoma (LSCC) includes 85-90% of all laryngeal tumors and despite 
significant progression in screening and diagnostic approaches, occurrence and mortality 
has not reduced in recent decade. According to recent evidence, microRNA-221(miR-
221), miR-93, miR-21, and miR-24 have possible roles in the carcinogenesis process 
of LSCC. In this study, we aimed to investigate any considerable changes in the 
micro-RNAs (miR) expression, and whether they have the potential to be a prognostic 
or diagnostic biomarker for LSCC.  

Method: This case-control study examined the expression level of target micro-
RNAs in 30 LSCC and their matched marginal healthy samples. The expression level of 
genes and their relationship with the patient’s clinicopathological characteristics were 
analyzed using GraphPad Prism v.6.00, with paired t-tests and receiver operating charac-
teristics (ROC) curve tests. A P value less than 0.05 was considered statistically significant. 

Results: miR-24 is considerably down regulated in cancer tissues (Fold change = 
0.89, P = 0.0213) while miR-21 (fold change: 1.16, P = 0.0063), miR-93 (Fold change: 
1.123, P = 0.0448) and miR-221 (Fold change: 1.313, P< 0.0001) were upregulated 
in LSCC tumor tissue. Among these microRNAs, only mir-221 has related to clinico-
pathological features and has an acceptable ROC area (0.7860), suggesting its potential 
as a diagnostic marker. 

Conclusion: The results of this study revealed that miR-221 have moderate 
diagnostic accuracy and could be used as potential biomarkers in LSCC. Additional 
combination and confirmation with other biomarkers are suggested. 
Keywords: Carcinoma, Squamous cell, MicroRNAs, Real-time polymerase chain 
reaction, Biomarkers 
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Introduction 

Head and neck tumor include a wide range of 
cancers that originate in the oral cavity, larynx, 
pharynx, nasal cavity, salivary glands, and 
paranasal sinuses.1 Laryngeal cancer (LC) is the 
most typical diagnosis of head and neck tumor, 
with an occurrence of 4.2% and is considered the 
11th most frequent and deadly cancer. One type 
of LC is laryngeal squamous cell carcinoma 
(LSCC), which encompass nearly 85-90% of all 
LC.2, 3 Diagnosis of more than 50% of cases is 
made in advanced stages, which decreased survival 
rate under 40%, while the survival rate in patients 
with early detection is more than 60%.4, 5 In terms 
of tumor area, LC is divided into glottis, subglottis, 
and supraglottis and squamous cell carcinoma 
(SCC) is the frequent histological types. Excessive 
alcohol drinking and Tobacco are the important 
risk factors for LC progression.6 Surgery, radiation 
therapy and chemotherapy are the main 
approaches to the treatment of LC separately or 
in combination with together.7 As a result of 
progress in surgical techniques, radiation, and 
chemotherapy patients' 5-year survival rate has 
improved, but mortality rate is still high. Thus, 
early diagnosis of LC by clinicians is important.8 
Also, in spite of developed therapeutic approaches, 
the clinical outcome of progressive LC has not 
considerably improved in the last 20 years.9 In 
fact, the lack of effective diagnostic or prognostic 
biomarkers reduces the therapeutic effect. 
Moreover, radiotherapy or chemotherapy 
resistance and high rates of regional or local 
recurrent after surgery are other reasons for high 
mortality.10 MicroRNAs are a small non-coding 
and regulatory RNAs group with nearly 22 
nucleotides which have a regulatory role in the 
post-translational phase via controlling gene 
expression through binding to mRNA and then 
inhibition or degradation of mRNA. It is obviously 
clear that miRNA act as oncogenes or tumor 
suppressor and play a significant role in different 
human tumors. In tumorigenesis, miRNAs can 
induce tumor development by low expressing 
tumor suppressor genes or preventing apoptosis.11 
They can also be used as markers to diagnosis, 

prognosis and clinical outcome of illness. Previous 
studies have shown that miRNAs are one of the 
main factors in the progression of LC using 
through controlling oncogenes or tumor 
suppressors miRNAs that are involved in 
apoptosis, migration, invasion, and growth.2 

MiR-221 is known to be high expressed in 
several malignancy, like hepatocellular carcinoma 
and breast cancer, inducing malignancy 
progression and migration.12 MiR-93 has dual 
roles, acting as an oncogene in some tumors by 
suppressing tumor suppressors and inducing cell 
invasion, metastasis, and growth.13 MiR-21 is a 
oncomiR, often high expressed in several tumors, 
like LSCC, which targets tumor suppressor genes 
and promote tumor progression.14 On the other 
hand, miR-24 is usually low expressed in 
malignancies like LSCC, where it suppress cell 
growth and induce apoptosis.15 Therefore, it is 
urgent to discover appropriate miRNAs which 
can be used in the effective diagnosis, prognosis 
and treatment of LC. In this study, we try to detect 
miRNAs, which are significantly involved in the 
LC development, as well as find a new diagnostic 
and prognostic miRNA for LC early detection. 

 
Methods and Materials 

Study population 
This case-control study included 30 LC patients 

and adjacent tumor-free normal marginal tissues 
have been collected through laryngectomy 
between 2018 February to 2019 September in the 
hospital. The inclusion criteria were histologically 
confirmed LSCC without prior radiotherapy, 
chemotherapy or surgery. The exclusion criteria 
were metastatic or recurrent cancer. All samples 
were directly moved to the solution with 
ribonuclease inhibitor (QIA Gene Cat NO: 76104) 
and stored at -80°C for total RNA extraction. The 
general characteristics of the contributors are 
shown in (Table 1). 
RNA isolation, cDNA synthesis and real-time 
polymerase chain reaction (PCR) 

Total RNA was extracted using TRIzol reagent 
(Roche Cat NO: 11667165001) as stated by 
manufacturer's guidelines. Later, the Nanodrop 
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tool was used to determine the quantity and quality 
of RNA (Thermo Fisher Scientific, USA). 
Samples with an A260/A280 ratio between 1.8 
and 2.1 were used for next analysis. RNA was 
stored at -80°C until cDNA synthesis. For 
complementary DNA synthesis, stem loop method 
and 2x RT-PCR Pre-Mix (Taq) (Universal cDNA 
synthesis kit (BioFACTTM, Seoul, South Korea) 
was used as stated by the manufacturer's 
guidelines. Quantitative PCR (Biosystem 
Applications, Step one, USA) was performed 
using SYBR Green Master mixture (Takara, 
Korea). The reaction conditions were done as an 
initial denaturation at 95°C for 10 minutes, 40 
cycles of denaturation at 95°C for 20 seconds, 
annealing at 60°C for 30 seconds, and extension 
at 72°C for 25 seconds. Moreover, U6 was 
determined as an internal control to normalize 
miRNAs expression level. 2-ΔCT method was used 
to determine the relative quantification of miRNA 
expression. 
Statistical analysis 

Statistical analysis was done using Graph Pad 
Prism v.6.00 program to determine the 
microRNAs gene expression panel in the cancer 
tissues and marginal normal tissues with impaired 
t-test. Receiver operating characteristics (ROC) 
curve analysis assessed the diagnostic potential 
each miRNA as a biomarker.  

Ethical approval 
This study was approved by the Ethics 

Committee, Tabriz University of Medical 
Sciences, and the universal principles of the 
Helsinki Declaration were applied to the study 
(ethical code: IR.TBZMED.REC.1398.999). All 
participants read and signed a written informed 
consent before enrollment. All information were 
maintained in a secure, password-protected 
database, only accessed by authorized personnel. 

 
Results 

We designed specific primers and quantitative 
poly chain reaction (qPCR) to evaluate miRNAs 
expression, the potential roles of which in the 
carcinogenesis pathways have been demonstrated 
in earlier research (Table 2). 
miR-21, mirR-93, and miR-221 are up-regulated 
and miR-24 was down-regulated in LC  

We analyzed the relative expression of miR-
93, miR-221and miR-21 in 30 LSCC tissues 
compared with marginal normal tissues using U6 
as internal control. Results indicated 
overexpression in miR-21 (Fold change: 1.16 ± 
0.02, P = 0.0063, Figure 1), mirR-93 (Fold change: 
1.123 ± 0.02, P = 0.0448; Figure 1) and miR-
221 (Fold change: 1.313 ± 0.02, P < 0.0001; 
Figure 1). We also found that miR-24 expression 
level was low in cancer tissues compared with 

Figure 1. This figure shows the expression levels of miR-21, miR-93, miR-221, and miR-24 in LSCC tissues compared with normal 
marginal tissues. miR-21, miR-93, and miR-221 are significantly up-regulated, while miR-24 is down-regulated in LSCC tissues (*P < 
0.05, ***P < 0.0001). 
LSCC: Laryngeal squamous cell carcinoma; miRNA:  microRNA 
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cancer-free peripheral tissues (Fold change: 0.89 
± 0.02, P = 0.0213, Figure1). 
Association of miR-221 expression level in clin-
icopathological characteristics of patients with 
LSCC 

The over expression of miR-221 were 
significantly correlated with the clinicopathological 
characteristics like distant metastasis, Lymph node 
metastasis and the stage of the cancer (P < 0.0001) 
(Table3). 
miR-221 as a diagnosis marker in LSCC 

We used ROC curve to analyze miR-21, mirR-
93, miR-221 and miR-24 specificity and sensitivity 
as a new biomarker in LSCC. The results 
determined a ROC region biomarker index 0.6855, 
0.6385, 0.7860 and 0.6439 in LSCC patients, 
respectively (Figure 2). Among these miRNAs, 
miR-221 has more specificity and sensitivity to 
discriminate cancer tissues from healthy marginal 
(Area: 0.7860) (Figure 2). 

 
Discussion 

In present study, we found considerable 
dysregulation expression of four miRNAin LSCC 
tissues compared with normal marginal tissues. 
We detected that mir-221, miR-93, and miR-21 
were highly expressed and miR-24 was low 
expressed in LSCC tissues compare with adjacent 
tumor tissues. Also, we found a relationship 
between miR-221 expression levels and clinico-

pathological characteristics of LSCC patients. 
Also, ROC analysis indicated that miR-221 could 
be used as a diagnostic marker in LSCC. 

Laryngeal tumor is the most prevalence head 
and neck tumor that represents 2.4% of all cancers 
worldwide with high mortality rate. Squamous 
cell histology is the most frequency type of LC, 
and nearly 40% of patients have diagnosed in 
late stage of the disease.16 According to the 
evidence, in the early stages, the rate of survivals 
of patients with LC is acceptable (80-90%), while 
the rate of survival of patients in the late stages 
is less than 50%.17 Thus, the effective method to 
the LC treatment is early diagnosis.18 MicroRNAs 
are a class of small non-coding RNA molecules 
contributed to the gene expression regulation. 
Dysregulation of these biological processes is the 
hallmark of many diseases like cancers, and 
imbalance of miRNA biogenesis may lead to 
tumorigenesis. The identification of several 
miRNAs, which acts as oncogenes or tumor 
suppressors, highlights the potential ability of 
miRNAs in the prognosis, diagnostic and 
therapeutic applications.11 It is urgent to find 
potential biomarkers to prognosis and diagnosis 
to improve the therapy effect in LC. The 
microRNAs selected for our study were 
dysregulated in different types of cancer, and are 
involved with pathogenesis of cancer.  

Li Xu et al. have revealed that the expression 

Figure 2. This figure shows the schematic illustration of ROC curve to evaluate the diagnostic potential of AUC for miRNAs. 
ROC: Receiver operating characteristics; AUC: Area under the curve 
TNF-β: Tumor necrosis factor-beta
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level of miR-24 in cell lines or LSCC tissues was 
considerably lesser than in a normal keratinocyte 
cell line or matched normal tissues. They 
confirmed that miR-24 re-expression suppress 
proliferation and promote LSCC cells apoptosis. 
Additionally, miR-24 overexpression boosts LSCC 
sensitivity to radiotherapy. They also indicated 
that X-linked inhibitor of apoptosis protein (XIAP) 
could be a miR-24 target, and anomalous XIAP 
and miR-24 expression may be involved with 
intensive LSCC growth and development.19 Xie 
et al. informed that miR-24 control (suppress) 
XIAP expression to promote the apoptosis in 
tumor cells.20 In another study, Guo et al. found 
that miR-24 ectopic expression considerably 
prevents cell invasion and growth via straight 
targeting S100A8 in LC.21  

Mir-221 was another microRNA evaluated in 
this study. Our findings show that miR-221 is 
considerably high expressed in LSCC tissues and 
associate with clinicopathological features such 
as lymph node metastasis and distant metastasis. 
These results are consistent with Prior research 
that identified miR-221 as an oncogene in several 
tumors, like hepatocellular carcinoma and breast 
cancer. Sun et al. proved that suppression of miR-
221 expression restricts cell growth, development 
and induce apoptosis in Hep-2 cells. Moreover, 
they showed that miR-221 expression prevention 
decreased tumor volume and weight in xenograft 
mouse models. Also, they discovered a significant 
association between Apaf-1 gene overexpression 
and low expression of the miR-221 in vivo and 
in vitro. These results indicated that Apaf-1 gene 
is a novel target of miR-221.22 In another study, 
Park et al. revealed that the suppression of miR-
221 enhanced the survival rate in tumor xenograft 
mice (hepatocellular carcinoma) as compared 
with the control group.23 In another study, Hussein 
et al. revealed considerable miR-221 
overexpression that led to Apaf-1 gene low 
expression in LSCC tissues in contrast to normal 
marginal laryngeal tissues. Moreover, there was 
a considerable association among Apaf-1 gene 
low expression, miR-221 up-regulation, and 
clinical stage metastasis.24 Kan et al. found that 
co-suppression of the miR-21 and miR-221 

decreased cell growth and promotes apoptosis in 
Hep-2 cells.25 Xie et al. has shown that prevention 
of miR-221 expression in Hep-2 cells induces 
apoptosis and reduce cell growth.26 But Shi et 
al. reported different result from previous studies. 
They confirmed that after transfecting of miR-
221 into Hep-2 cells, development and growth 
of Hep-2 cells decreased and apoptosis induced, 
and it acts through the PI3K/AKT signaling 
pathway.27 

Also, we revealed that miR-21 expression 
increased in tumor tissues in comparison with 
the marginal tissues. Wang et al. showed that 
miR-21 exosomal (oncomir) expression and long 
non-coding RNA (lncRNA) HOTAIR (oncolnc) 
in serum was significantly upregulated in LSCC 
patients as compared with vocal cord polyps. 
Expression profile of HOTAIR and miR-21 is 
useful to distinguish the benign tumor from 
malignant tumor in laryngeal disease with highly 
sensitive and specific.28 Liu et al. showed that 
miR-21 high expressed in LC tissues and 
suppressed the expression of BTG2 (tumor 
suppressor) in LSCC tissues. Furthermore, low 
expression of miR-21 restricted Hep-2 cells 
progression. Therefore, they suggested that miR-

Table 1.  Demographic and clinicopathological characteristics 
of LSCC patients and healthy controls 

Number of cases 

Age  

<55 years 16 
≥55 years 14 
Gender  

Male 19 
Female 11 
Tobacco exposure  

Smoker 18 
Nonsmoker 12 
Differentiation  

Well 19 
Moderately/poorly 11 
Clinical stage  

I/II 17 
III/IV 13 
Lymph node metastasis  

Negative 17 
Positive 13 
Distant metastasis  

Negative 20 
Positive 10 
LSCC:  Laryngeal squamous cell carcinoma 
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21 may be used as an acceptable marker for the 
diagnosis of LSCC.29 Also, Hu et al. indicated 
that miR-21 was overexpressed and miR-375 was 
low expressed in LSCC tissues, as compared with 
the normal tissues. They also reported that patients 
with high miR-21 expression or low miR-375 
expression in cancer tissues shows weaker 
prognosis than patients with higher miR-375 
expression or lower miR-21 expression. Ideally, 
the expression ratio of miR-21 / miR-375 was 
highly specific and sensitive for anticipating 
LSCC and potentially can be used in LSCC 
clinical settings.30  

About miR-93, the role of miR-93 in tumor is 
controversy; this issue is because of its two-fold 
(oncogenic or tumor promoting) role in different 
cancers which is based on the type of the tumor. 
The miR-93 expression is increased in some 
human cancers and leads to the expression 
alteration of main tumor-correlated genes.31 In 
our study, we also found that the mir-93 is 
overexpressed in tumor tissues in comparison 
with marginal tissues. Xiao et al. found that 
overexpression of the miR-93 prevents CCNG2 
gene (tumor suppressor) expression via directly 
targeting CCNG2 3′UTR in the Hep-2 cells. They 
also indicated that miR-93 has an oncoming role 
which promotes the development, migration, and 
apoptosis in LC cells.32 Li et al. reported that 
miR-93-5p overexpression promote tumor cell 
migration and progression in non-small cell long 
cancer (NSCLC ) via inducing phosphatidylinos-
itol 3- kinase/ protein kinase B (PI3K/Akt) 
pathway and restrain of p21, phosphatase and 
tensin (PTEN), and liver kinase B 1 (LKB1) 

expression.33 Li et al. indicated that miR-93 and 
miR-106b control cell proliferation via preventing 
PTEN expression from PI3K/Akt pathway in 
breast cancer and these miRNAs could be used 
as the possible therapeutic target for breast cancer 
treatment.34 Also, Vila-Navarro et al. found that 
MiR-93 involved with poor prognosis in 
pancreatic tumor and stimulates cancer 
development through targeting microtubule 
dynamics. They also indicated that miR-93 or its 
direct targets (YES1, MAPRE1, CRMP2) are 
novel possible therapeutic targets for pancreatic 
ductal adenocarcinoma.35 Chu et al. indicated 
that miR-93 overexpression in doxorubicin 
sensitive cells increased cellular progression and 
reduced breast cancer cells sensitivity to 
doxorubicin.36  

Although our study indicates the potential of 
miR-221, miR-93, and miR-21 as diagnostic 
biomarkers for LSCC, it is limited by the relatively 
small sample size, and the single-center design. 
Upcoming studies should contain larger, multi-
center cohorts to validate these findings. 
Furthermore, functional studies are essential to 
explain the biological mechanisms underlying 
miRNA dysregulation in LSCC. Also, as another 
limitation of this study, the serum level of these 
miRNAs is very important. 

Finally, we found a correlation between miR-
221 expression level and lymph node metastasis 
and metastasis. However, its moderate diagnostic 
potential, shown by an area under curve of 0.7860, 
recommends that miR-221 has sensitivity and 
specificity, it is better to be used with other 
biomarkers for precise diagnosis. Combining 

Table 2. Primer sequencing used for qRT-PCR  
Micro-RNA Stem loop Forward primer Reverse primer  

miR-21-5P GTCGTATCCAGTGCAGGGTCCGA        CGTGCTTAGCTTATCAGA CCAGTGCAGGGTCCGAGGTA 
GGTATTCGCACTGGATACGATCAACA  

miR-24-1-5P GTCGTATCCAGTGCAGGGTCCGAGG   CGTGCTTGCCTACTGAGC CCAGTGCAGGGTCCGAGGTA 
TATTCGCACTGGATACGAACTGAT  

miR-93-5P GTCGTATCCAGTGCAGGGTCCGAGG   CGTGCTCAAAGTGCTGTT CCAGTGCAGGGTCCGAGGTA 
TATTCGCACTGGATACGACTACCT  

miR-221-5P GTCGTATCCAGTGCAGGGTCCGAG    CGTGCTACCTGGCATACA CCAGTGCAGGGTCCGAGGTA 
GTATTCGCACTGGATACGAAAATCT  

U6 GTCGTATCCAGTGCAGGGTCCGAG   GCTTCGGCAGCACATATA CGCTTCACGAATTTGCGTGT
GTATTCGCACTGGATACGACAAA       CTAAAAT CA 
ATAT  

qRT-PCR: Quantitative reverse transcription polymerase chain reaction; miR: Micro-RNA  
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miR-221 with other biomarkers could improve 
diagnostic accuracy for LSCC. Additional studies 
should focus on confirming these results in larger, 
more diverse cohorts as well as exploring the 
mechanistic role of miR-221 in LSCC 
pathogenesis. 

 
Conclusion 

The present study show that miR-221, miR-
93, and miR-21 up-regulated which have 
diagnostic biomarker potential, with miR-221 
having the highest diagnostic precision. MiR-24 
is significantly down regulation in LSCC tissues 
as compared with normal marginal tissues. MiR-
221 could be used as a diagnosis marker in LSCC. 
These results indicate the importance of miR-
221 in LSCC diagnosis and proposed its potential 
for use in clinical practice.  
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