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The role of MicroRNAs expression in laryngeal cancer
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ABSTRACT
MicroRNAs (miRs, miRs) is a class of small non-coding RNAs, which posttran-

scriptionally regulate gene expression. Deregulated miRs are frequently obseved in 
patients with laryngeal cancer. In addition, numerous studies have showed miRs play 
significant roles in the pathogenesis of laryngeal cancer through regulating tumor cell 
proliferation, metastasis, invasion and apoptosis. miR can play either an oncogenic 
or tumor suppressive role in laryngeal cancer. In our review, we summarize the 
recent researches on laryngeal cancer-associated miRs, focusing on their role in the 
pathogenesis of laryngeal cancer. As changes in the levels of specific miRs in tissues 
or serum associate with diagnosis and prognosis of patients, we will also discuss 
the potential use of miRs in laryngeal cancer diagnosis and prognosis. Furthermore, 
supplementation of oncomiRs or inhibition of tumor suppressive miRs in vivo may be 
future therapeutic strategy for laryngeal cancer.

INTRODUCTION

MicroRNAs (miRNAs or miRs) are a class of non-
coding RNAs with approximately 22-nucleotides [1–7]. 
miRs posttranscriptionally modulate gene expression by 
binding to messenger RNA, leading to transcript degradation 
or translational inhibition. It is well known that miRs play 
significant roles in various human cancers, functioning as 
oncogenes or tumor suppressor genes [1, 8–21]. Laryngeal 
cancer is the eleventh most common cancer worldwide with 
high mortality rate. Laryngeal squamous cell carcinoma 
(LSCC) accounts for approximately 85–90% of all malignant 
tumors of the larynx [22–24]. Despite therapeutic advances in 
recent years, the clinical outcome for patients with advanced 
laryngeal cancer has not improved in the last 20 years [25–
27]. This is mainly because of the lack of definite diagnosis, 
leading to reduced treatment efficacy and frequent recurrent 
rate. In addition, resistance to chemotherapy or radiotherapy 
and high local or regional recurrent rate after surgery also 
account for the high mortality. Thus, it is urgent to better 
understand the underlying molecular mechanisms and to 
develop more effective diagnostic and therapeutic targets. 
The recently discovered microRNAs (miRs or miRs) have 
been implicated in the development of laryngeal cancer.

In this review, we will discuss some significant miRs 
involved in laryngeal cancer development, focusing on 

their roles as oncogenes or tumor suppressors. In addition, 
we will also include their potential implications in the 
creation of novel diagnostic and prognostic tools or 
promising future therapies.

MicroRNAs and cancer

miRs play crucial roles in many physiological 
and pathological processes through regulating cellular 
proliferation, differentiation, metabolism and apoptosis [2, 13, 
17, 28, 29]. One miR can regulate the expression of multiple 
mRNAs and different miRs can modulate an individual 
mRNA. It is considered that miRs can regulate approximately 
60% of genes in the human genome. Abnormal miRs 
expression is involved in many human diseases, especially 
cancers [30–32]. miR microarrays have demonstrated 
that abnormal miRs expression may function as potential 
diagnostic and prognostic biomarkers for cancers . In addition, 
miRs play significant roles in the pathogenesis of cancers, 
acting as oncogenes, tumor suppressors, or modulators of 
cancer stem cells [9, 33]. miRs may act as oncogenes by 
inhibiting tumor suppressor genes and act as tumor suppressor 
genes by downregulating oncogenes. For example, miR-221 
and miR-222 act as oncogenes by inhibiting the expression of 
tumor suppressor gene: p27Kip. Based on these discoveries, 
miR-based therapeutic methods have been developed.
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Dysregulation of MicroRNAs in laryngeal cancer

Evaluation of miR expression by large-scale 
microarray analysis has demonstrated numerous miRs 
changes in laryngeal cancer [34, 35]. It can be used to 
compare differential miR expression between normal and 
cancer tissues, primary lesions and metastatic/recurrent 
lesions, or miR expression differences induced by anticancer 
treatment. In addition, quantitative RT- PCR is often used 
in validating miR expression in clinical specimens. Recent 
studies have identified many miRs with cancer-specific 
upregulation (oncomiRs) or downregulation (tumor 
suppressor miRs) [36]. As far as concerned, there have been 
6 miR expression profiles of laryngeal cancer tissues and 
paired control tissues. In addition, the expression profiles of 
miRs was also analyzed in plasma from laryngeal squamous 
cell carcinoma (LSCC) patients and healthy controls.

Cao et al. compared the different miR expression 
profiles between 6 pairs of laryngeal SCC and the 
surrounding normal tissues using miR array. They 
showed 26 upregulated miRs and 3 downregulated miRs. 
Among them, miR-21, miR-93, miR-205, and miR-708 
were upregulated while miR-125b and miR-145 were 
downregualed validated by quantitative RT-PCR [35].

Another study examined different miR expression 
profiles between laryngeal carcinoma tissue and 
adjacent normal tissue specimens using both microarray 
and quantitative real-time polymerase chain-reaction 
analyses. They showed that two miRs (miR-21-3p and 
miR-106b- 3p) was upregulated and six miRs (let-7f-5p, 
miR-10a-5p, miR-125a-5p, miR-144-3p, miR-195-5p, and 
miR-203) was downregulated [37].

Using miR microarray technique and bioinformatic 
algorithms to identify biomarkers for early diagnosis of 
larynx carcinoma, 47 miRs were differentially expressed in 
primary larynx tumor tissues compared to normal tissues. 
Of these, 30 were upregulated and 17 downregulated. 
In addition, overexpression of hsa-miR-657 and 
downexpression of hsa-miR-1287 demonstrated high 
sensitivity and specificity for discriminating between early 
larynx carcinoma and normal mucosa tissues [38].

Saito et al. reported the expression profiles of 
723 human mature miRs in 5 laryngeal tissues using 
microarrays. The expression of 5 miRs (miR-130b-5p, 
miR-196a, miR-455-3p, miR-455-5p, and miR-801) was 
significantly upregulated whereas 2 miRs (miR-133b and 
miR-145) were downregulated in laryngeal cancers [39].

In a study to analyze the miRs expression associated 
with epithelial-mesenchymal transition (EMT) in lymph 
node metastasis of LSCC, miRNA microarray gene-
expression profiling was performed to identify the 
differences between lymph nodes metastasis N (+) and 
lymph nodes metastasis-free (N0) groups. Nine miRNAs 
were upregulated and one miRNA was downregulaed in 
N (+) group compared with N0 group. Furthermore, the 
genes for miR-192, miR-143, miR-409 and miR-634 could 
promote EMT of LC cells through targeting Krüppel-like 
factor 17(KLF17), E-cadherin and phosphatidylinositol 
3 kinase (PI3K). In addition, the miRNAs increased in 
group N(+) can be used to predict cervical lymph node 
metastasis in SGLSCC [40].

The expression profiles of 738 miRs in plasma from 
laryngeal squamous cell carcinoma (LSCC) patients and 
healthy controls were demonstrated using high-throughput 
real-time quantitative polymerase chain reaction. Seventeen 
miRs were upregulated and nine miRs were downregulated 
in LSCC patients compared with the healthy controls. They 
also found that 5 miRs (miR-331-3p, 603, 1303, 660-5p 
and 212-3p) are LSCC specific and never seen before in 
plasma of any human subject [41] (Table 1).

OncomiRs in laryngeal cancer

Many studies have examined the oncogenic roles of 
miRs in laryngeal cancer. miR microarray showed that miR-
16 was overexpressed in laryngeal cancer tissues. When 
miR-16 was blocked in HEp-2 laryngeal cancer cell line, 
the cell adhesion capability was enhanced and cell migration 
was suppressed. Therefore, miR-16 acted as an oncogene 
in LSCC via down-regulation of Zyxin in laryngeal cancer 
cells [42]. Wu et al. demonstrated that miR-19a expression 
was significantly higher in LSCC tissue. In vitro analysis 

Table 1: MiRNA expression profiles in laryngeal cancer
Reference miRNA Up- or downregulated

35 miR-21, miR-93, miR-205, and miR-708 Up

miR-125b and miR-145 Down

37 miR-21-3p and miR-106b-3p Up

let-7f-5p, miR-10a-5p, miR-125a-5p, miR-144-3p, miR-195-5p, and miR-203 Down

38 hsa-miR-657 Up

hsa-miR-1287 Down

40 miR-331-3p, 603, 1303, 660-5p and 212-3p Up

41 miR-192, miR-143, miR-409 and miR-634 Up
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demonstrated that inhibition of miR-19a reduced proliferation 
and promoted apoptosis in LSCC cells. Furthermore, growth 
of LSCC xenograft tumors was significantly reduced by 
repeated injection of antisense oligonucleotides (ASO)-miR-
19a lentivirus, which could inhibit the expression of miR-
19a [43]. Liu et al. reported that miR-21 was upregulated 
in laryngeal carcinoma tissues and negatively regulated 
BTG2, which is a known pan-cell cycle regulator and tumor 
suppressor. Furthermore, overexpression of miR-21 enhanced 
tumor cell growth activity [44–47]. Tian et al showed that 
miR-27a was upregulated in the LSCC tissues compared 
to the adjacent non-tumor tissues. PLK2 expression level 
showed a negative correlation with miR-27a expression 
level. Both miR-27a and knockdown of PLK2 promoted 
proliferation and suppresses apoptosis in the Hep2 cells. 
Thus, miR-27a functioned as an oncogene in LSCC through 
targeting PLK2 [48]. In addition, Xu et al. demonstrated that 
miR-106b could increase the proliferation and invasion of 
laryngeal carcinoma cells of through targeting RUNX3 [49]. 
Downregulation of miR-129-5p inhibited cell proliferation 
and migration, and induced cell cycle arrest and apoptosis 
in Hep-2 cell lines. Moreover, miR-129-5p antisense 
oligonucleotides (ASO) in BALB/c mice showed a marked 
inhibition of the growth of LSCC xenograft. In addition, 
miR-129-5p was upregulated in primary LSCC tumors 
and adenomatous polyposis coli (APC) was identified as 
its direct target. In conclusion, miR-129-5p functioned as 
an oncogene in LSCC by repressing APC [50]. miR- 155 
in LSCC was also found to be upregulated in LSCC 
tissues. In addition, miR-155 enhanced proliferation and 
invasion of LSCC by directly targeting and suppressing the 
expression suppressor of cytokine signaling 1 (SOCS1) and 
STAT3 [51]. Downregulation of miR-196a inhibited cancer 
cell proliferation in both laryngeal cancer-derived cells and 
orthotopic xenograft model in mice. Therefore, miR-196a 
could strongly promote laryngeal cancer growth and the 
inhibition of miR-196a effective to reduce the in vivo growth 
of LSCC [39]. Li et al. demonstrated overexpression of miR-
1297 in LSCC and Hep-2 cells. Downregulation of miR-1297 
in Hep-2 cells inhibited cancer cell proliferation, migration, 
and tumor genesis in LSCC. In addition, PTEN, a well-
known tumor suppressor gene downregulated in a variety of 
cancers, was identified as a direct target of miR- 1297 [52, 
53].

Tumor suppressor MicroRNAs in laryngeal 
cancer

Many tumor suppressor miRs have also been in-
vestigated in laryngeal cancer. For example, miR-1 
inhibited growth, migration and invasion in the HEp2 cell 
line via directly targeting FN1. In addition, the expression 
levels of miR-1 were higher in LSCC tissues than that in 
adjacent normal tissues. It was concluded that miR-1 might 
function as a tumor suppressor gene in laryngeal carcinoma 
[54]. Yan Guo found that miR-24 significantly induced 

cell morphology changes and inhibited cell proliferation 
and invasion ability in Hep2 cells vitro through down-
regulation of S100A8, indicating that miR-24 may function 
as a tumor suppressor in LSCC by inhibiting S100A8 [55]. 
miR-30b was involved in regulation of p53, one important 
tumor suppressor gene. In miR-30b overexpressed  
HEp-2 cells, p53 expression was significantly enhanced. 
In addition, miR-30b overexpression increased  
p53-mediated tumor cell apoptosis both in vitro and in 
vivo. Therefore, miR-30b is a tumor suppressor miR [56]. 
miR-34a inhibited cell proliferation by arresting cells at 
G0/G1 through targeting survivin. In addition, In LSCC 
tissues, miR-34a was downregulated, inversely correlated 
with histologic differentiation and positively correlated 
with survival rate. These results indicated that miR-34a 
might function as a tumor suppressor in LSCC by targeting 
survivin [57]. Hsa-miR-34c inhibited growth and invasion 
of human laryngeal carcinoma cells via targeting and 
inhibiting c-Met, which was a proto-oncogene. Aberrantly 
active c-Met could trigger tumor growth. In human 
laryngeal carcinoma tissues, c-Met expression was higher 
and hsa-miR-34c expression was significantly lower than 
its paired normal tissues. Thus, these findings suggested 
that hsa-miR-34c might also be a tumor suppressor miR in 
laryngeal cancer. A recent study demonstrated that miR-126 
could inhibit LSCC partly by targeting Camsap1 [58]. Luo 
et al. showed that miR-139 suppressed cell proliferation, 
migration and metastasis of Hep-2 cells in vitro and in 
vivo. The expression of miR-139 was decreased with the 
progression of primary to metastatic LSCC. Moreover, 
miR-139 expression level was inversely correlated with 
chemokine receptor 4 (CXCR4) levels in LSCC specimens. 
It was concluded that miR-139 inhibited proliferation 
and metastasis of LSCC through targeting CXCR4 [59]. 
MiR-203 was downregulated in the LSCC tissues and its 
expression level was inversely correlated with ASAP1. 
miR-203 inhibited cellular proliferation, invasion and 
induced apoptosis, G1 phase cell cycle arrest of Hep-2 cells 
in vitro through targeting ASAP1, a binding protein for a 
well-known oncogene, the Src family. In addition, miR-203 
inhibited the growth of xenograft laryngeal tumors in mice. 
Therefore, the loss of miR-203 may play an important role 
in the progress of LSCC and act as a tumor suppressor in 
LSCC [60]. miR-206 inhibited LSCC cell proliferation, 
migration, invasion and tumorigenesis and increased 
apoptosis partly by inhibiting vascular endothelial growth 
factor (VEGF). Therefore, miR-206 may also function 
as a novel tumor suppressor worth further research [61]. 
A recent study showed that miR-299-3p was decreased 
in human laryngeal cancer cells. Overexpression of 
miR- 299-3p inhibited cellular proliferation by targeting the 
3̓-untranslated region of hTERT mRNA [62]. miR-370 was 
down-regulated in human LSCC tissues, inversely related 
with Forkhead Box ml (FoxM1). Furthermore, miR-370 
decreased cell proliferation in Hep2 cells, indicating 
that miR-370 might function as a tumor suppressor in 
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LSCC through downregulation of FoxM1 [63]. Recent 
study found that microRNA-519a inhibited cell growth 
in LSCC and led to cell cycle arrest via downregulating 
HuR gene expression. Therefore, mir-519a may function 
as a tumor suppressor by suppressing HuR expression 
[64]. miR- 519b- 3p, lower in laryngeal carcinoma tissues, 
inhibited Hep-2 cell proliferation and caused cell cycle 
arrest. HuR and cyclooxygenase-2 (COX-2) might be 
the potential target gene of miR-519b-3p. miR-874, 
downregulated in LSCCs, inhibited proliferation and 
induced of cell cycle arrest and apoptosis by targeting 
histone deacetylase 1 (HDAC1) [36] (Table 2).

Mechanisms of dysregulation of miRs in 
laryngeal cancer

Both genetic and epigenetic mechanisms can 
lead to miR dysregulation, which can be regulated via 

the introduction of single-nucleotide polymorphisms 
(SNP) into the miR sequence itself, or via aberrant DNA 
methylation and histone modification [65–71].

Dicer is an important cytoplasm enzyme in miR 
processing [72–74]. Dysregulation of Dicer or other 
enzymes in the miR biogenesis is hypothesized to be a 
common feature in tumors [75–79]. Reduced or increased 
Dicer expression in LSCC could lead to cancer deregulated 
miRs expressions, which play an important role in LSCC 
development. Expression of Dicer was higher in the 
LSCC, significantly correlated with the pTNM stage and 
tumor lymph node metastasis. In addition, Kaplan-Meier 
survival analyses revealed a strong association between 
tumor Dicer expression and the survival of the patients 
with LSCC [80]. Some miRs are silenced epigenetically 
by DNA hypermethylation. Among miRs in laryngeal 
cancer, the change in miR-137 involves aberrant 
hypermethylation [81]. In addition, Johnston et al. found 

Table 2: Summary of oncomiRs and tumor suppressive miRs in laryngeal cancer
Upregulated (oncomiRs)

miRs Target Final effects

miR-16 Zyxin Migration and adehesion

miR-19a TIMP2 Proliferation and apoptosis

miR-21 BTG2 Proliferation

miR-27a PLK2 Proliferation and apoptosis

miR-106b RUNX3 Proliferation and invasion

miR-129-5p APC Proliferation and migration, and cell cycle control

miR-155 SOCS1, STAT3 Proliferation and invasion

miR-196a Not mentioned Proliferation

miR-1297 PTEN Proliferation and migration, 

Downregulated (tumor suppressor miRs) 

miRs Target Functions

miR-1 FN1 Proliferation, migration and invasion

miR-24 S100A8 Proliferation and invasion

miR-30b Not mentioned Apoptosis

miR-34a Survivin Proliferation and cells cycle control

hsa-miR-34c C-Met Proliferation and invasion

miR-126 Camsap1 Aggregation

miR-139 CXCR4 Proliferation and metastasis

miR-203 ASAP1 Proliferation, invasion, apoptosis, cell cycle control

miR-206 VEGF Proliferation, migration, invasion and apoptosis

miR-299-3p hTERT Proliferation

miR-370 Fox-M1 Proliferation

miR-519a HuR, COX-2 Proliferation and cell cycle control

miR-874 HDAC1 Proliferation, cell cycle control and apoptosis



Oncotarget23301www.impactjournals.com/oncotarget

pepsin from stomach might also contribute to deregulated 
miRs in laryngeal cancers. Pepsin altered the expression 
of 22 microRNAs in human head and neck cancers. 
Furthermore, pepsin could promote proliferation in both 
FaDu SCC cells and cultured normal laryngeal epithelial 
primary cells [82].

MicroRNAs as early diagnostic biomarkers for 
laryngeal cancer

Accumulating studies have proved miRs as dia-
gnostic biomarkers for laryngeal cancer. Since many miRs 
were investigated in a single study with small sample size, 
the results are inconclusive and need to be validated in 
independent studies.

Combination of miR-21 and miR-375 were 
overexpressed and underexpressed respectively in LSCC. 
Furthermore, the ratio of miR-21/miR-375 displayed 
a high predictive diagnosis potential, with a highly 
sensitivity (0.94) and specificity (0.94) for discriminating 
between in distinguishing tumor and normal tissue 
[44]. In a study to identify potential miR biomarkers 
for early diagnosis of larynx carcinoma, the hsa-miR-
657-hsa-miR-1287 classifier, which was overexpressed 
and underexpressed respectively, demonstrated high 
sensitivity and specificity in distinguishing early larynx 
carcinoma from normal mucosa tissues. Based on this 
finding, the hsa-miR-657-hsa-miR-1287 classifier may 
serve as potential diagnostic biomarkers for early larynx 
carcinoma [38]. To investigate the alterations in plasma 
miRs in LSCC, Ayaz et al. found 17 miRs expressed 
specifically in plasma of LSCC patients and never seen 
before in plasma of any human subject. Furthermore, 
plasma miR-331-3p, 603, 1303, 660-5p and 212-3p were 
not expressed in healthy individuals and patients with any 
other diseases. Therefore, miR-331-3p, 603, 1303, 660-5p 
and 212-3p may serve as novel non-invasive biomarkers 
for diagnosis of LSCC [41]. Saito et al. found a laryngeal 
cancer-specific expression of miR-196a in both cancer and 
cancer stromal cells, suggesting its potential as diagnostic 
disease markers [39].

MicroRNAs as prognostic biomarker for 
laryngeal cancer

Combined treatments with chemo and radiotherapy 
have substantially improved patient survival with LC. 
However, prognostic biomarkers for LC patients are limited 
[83, 84]. Wu et al. showed that higher expression of miR-
19a in 83 LSCC patients correlated with shorter overall 
survival and with neck nodal metastasis, poor differentiation 
and advanced stage [43]. Yu et al demonstrated that miR-
21 and miR-106b expressions were increased laryngeal 
cancer tissues and miR-375 was decreased. Moreover, miR-
21 and miR-106b levels were inversely associated with 
differentiation and positively associated with lymph node 

metastasis and TNM stages [45]. Another study showed 
that high miR-21 or low miR- 375 expressions correlated 
with poorer LSCC prognoses [44, 45]. Both miR-126 and its 
target, Camsap1, were proved to related with the prognosis of 
LSCC patients [85]. Zhao et al. found higher miR-155 levels 
in advanced T stages and poor/moderate cell differentiation 
[51]. Shen et al. found that miR-34a expression levels 
were negatively correlated with histologic differentiation 
and were positively correlated with survival rate. miR-
34a expressions could serve as an independent predictors 
for LSCC patient survival in a training set of 69 patients  
(P = 0.011) [86]. The expression of miR-139 was decreased 
with the progression from primary to metastatic LSCC, 
indicating its potential effect as a prognostic factor [59]. 
miR-203 expression was downregulated in LSCC tissues 
and Inverse correlation of miR-203 expression was found 
with poor differentiation, advanced clinical stages, T3–4 
tumor grade, lymph node metastasis and decreased 5-year 
overall survival, hinting that miR-203 may be used as a 
predictive marker of survival rate in LSCC patients [60, 87]. 
ZHANG et al. found that miR-206 was lower in the LSCC 
tissues. Decreased expression of miR-206 was associated 
with the T grade, nodal metastasis and clinical stage of 
LSCC. Therefore, it was presumed that the loss of miR-206 
might be associated with poor survival in LSCC patients 
[61]. Dicer, an important enzyme in the miR machinery 
was showed to be upregulated in the LSCC specimens. 
Moreover, the expression level of Dicer was associated with 
the pTNM stage and tumor lymph node metastasis. Kaplan-
Meier survival analyses demonstrated a strong association 
between Dicer expression and the LSCC patient survival 
[80] (Table 3).

miRs associated with therapeutic resistance in 
laryngeal cancer

Multidrug resistance (MDR) is a serious problem of 
chemotherapy for laryngeal cancer. Microarray analysis 
showed that miRs (has-miR-210 and has-miR-923) were 
upregulated and five miRs (has-miR-93, has-miR-93-star, 
has-miR-424-star, has-miR-25-star, and has-miR-494) 
were downregulated in multidrug resistant Hep2/v cells 
compared with Hep-2 cells [88]. Paclitaxel, a widely used 
chemotherapy drug for advanced laryngeal cancer patients, 
altered the expression of 49 miRs, such as miR-31-star, 
miR-1264, miR-3150b-5p and miR-210 [34, 89]. Li et al 
showed that miR-30b significantly promoted p53-mediated 
tumor cell apoptosis in HEp-2 cells. Furthermore, miR-30b 
could obviously increase the anti-tumor and pro-apoptotic 
effect of Ad-p53 in HEp-2 implanted nude mice [56]. 
Upregulation or downregulation of a specific miR might 
result in therapeutic resistance to chemotherapy or 
radiotherapy, and it can be treated through modulating 
specific miRs. Therefore, new therapy may be developed 
with a combination of miR inhibitors or supplementation 
with chemotherapy or radiotherapy.
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Therapeutic potential of MicroRNAs in 
laryngeal cancer

Anticancer treatment may be achieved either by 
pharmacologic supplement of tumor suppressor miRs that 
are decreased in cancer tissue or inhibitors of oncomiRs that 
are increased. However, the delivery systems that introduce 
nucleic- acid-based drugs into cells are a challenge. For 
miR supplementation, extracellular administration of 
mature miR can’t be recruited by the RISC complex is 
ineffective, therefore, it is an ineffective method [90]. 
Studies on the synthetic nucleic acid molecules that can be 
processed to mature miR in the cell are needed. For miR 
inhibition, antisense miR oligonucleotides (AMOs) are the 
most common miR inhibitors since it is ineffective to use 
siRNAs due to shortness of the strands [91]. For example, 
the oncogenic miR-129-5p could promote cell proliferation 
and migration, and induced cell cycle arrest and apoptosis 
in LSCC in vitro while the miR-129-5p antisense 
oligonucleotides (ASO) in BALB/c significantly inhibited 
of the growth of LSCC xenograft in mice [50]. Repeated 
subcutaneous injection of ASO-miR-19a lentivirus 
significantly inhibited the growth of LSCC xenograft 
tumors subcutaneously injected with Hep-2 cells [43].

CONCLUSION

It is clear that miRs play significant roles in the 
pathogenesis of laryngeal cancer. Functional analyses of 
miRs may contribute to clinical applications in the near 
future. Several miRs have been identified to be consistently 
dysregulated in laryngeal cancer, including upregulation 
of miR-21 and miR-196a and downregulation of miR-
203. Profiling using miR arrays may contribute to early 
diagnosis of larygeal cancer, as well as the detection of 
stage, and prognosis. Future studies with well-designed 
clinical outcome study of large sample size and consistent 

treatment are needed to investigate the role of miRs in the 
prognosis of laryngeal cancer. Functional studies have 
shown inhibition or forced expression of many miRs 
affects tumor cell survival and development in vitro. 
However, more in vivo studies are needed to prove their 
oncogenic or tumor suppressive effects. Future treatment 
of tumor may be achieved by inhibition of overexpressed 
oncogenic miRs or substitution of tumor suppressive miRs. 
Improvement in the stabilization and delivery methods for 
miRs is crucial to apply miR to future clinical therapy.
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