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Abstract.
BACKGROUND: Although the development of novel diagnostic and treatment strategies concerning laryngeal cancer is highly
intensive, the survival rate remains virtually unchanged. Small non-coding RNAs appear to be very promising biomarkers – and
so remain the focus of extensive investigation in laryngeal cancer.
OBJECTIVE: We examined the expression of five miRNA and five genes related to cancer whether they could be potential
laryngeal cancer biomarkers.
METHODS: We performed an analysis in 47 patients diagnosed with laryngeal cancer. The qPCR technique was used to inves-
tigate the expression profile.
RESULTS: While miR-21-3p and miR-525-5p were found to be significantly up-regulated, miR-139-3p and miR-885-5p ex-
pression is lower in laryngeal cancer. Moreover, PIK3R1 and HACE1 were found to be also down-regulated.
CONCLUSIONS: The change in miRNA expression is frequent than the expression of other tested genes. The expression of
passenger strands such as miR-21-3p and miR-139-3p, which are rarely investigated, is also significantly affected in laryngeal
cancer. While PIK3R1, HACE1, miR-139-3p, and miR-885-5p may act as tumor suppressor genes in the studied tumour type,
miR-21-3p and miR-525-5p seem to have oncogenic properties. Our findings suggest that miR-885-5p and PIK3R1 are the best
indicators for the classification of laryngeal cancer tissue and normal mucosa.
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1. Introduction

Head and neck cancers constitute a diverse group
of malignancies with laryngeal cancer being one of
the most frequently encountered. Furthermore, it is the
6th most common cancer worldwide [23]. Between
95% and 98% of these tumours have a squamous ori-
gin. Laryngeal squamous cell carcinoma (LSCC) de-
velopment, like other epithelial malignancies, is a mul-
tistep process caused by accumulation of molecular
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abnormalities in the epithelium [30]. As far as car-
cinogenesis in LCSS is concerned, there are well es-
tablished risk factors like tobacco smoking and alco-
hol consumption. In addition, human papillomavirus
(HPV) infections have been suggested to play a signifi-
cant role in the progression of laryngeal cancer [16,40].
There is some evidence that positive family history
of laryngeal cancer or other HNSCC (head and neck
squamous cell carcinoma) may increase the risk of
LCSS development [3,32]. The male/female ratio for
the incidence of LCSS is significantly higher than in
other tumours in this group [32]. Stages I and II (early)
of laryngeal squamous cell carcinoma are treated by
surgery and/or radiotherapy. While more advanced dis-
ease (stage III and IV) is usually treated by surgery or
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chemoradiotherapy. Nowadays, the aim of therapeutic
strategies is not only to preserve the larynx itself, but
also, more importantly, its function [15].

miRNAs are non-protein coding, single-stranded
RNAs 18–25 nucleotides in length. These genes are lo-
cated within introns or exons of protein-coding genes
and in intergenic regions. In addition, miRNAs have
been found in many areas of the genome which are
associated with cancer development: fragile sites, re-
gions of amplification and LOH regions [11,36,42].

In spite of the fact that the development of novel
diagnostic and treatment strategies is highly intensive,
most patients are still diagnosed at advanced tumour
stages, resulting in decreased survival rates. Therefore,
there is a need to investigate new biomarkers for early
detection of disease, as well as new genes which could
act as targets in modern therapeutic approaches [27].

miRNAs are capable of negatively regulating gene
expression. These small RNA molecules act by bind-
ing to the 3’ untranslated region (UTR) of the target
mRNA and inhibit its translation. Target recognition
enables 5’end of the miRNA – specific region called
the “seed region”. It is estimated that miRNAs regulate
almost half the total number of human genes [11,42].

The purpose of this study was to investigate the ex-
pression profile of five chosen miRNA (miR-21-3p,
miR-139-3p, miR-377-5p, miR-525-5p and miR-885-
5p) based on the microarray experiment data and liter-
ature, as well as five genes: PIK3R1, CXCR4, FZD4,
HACE1 and CRK related to cancer which might be
their potential targets. There are no information con-
cerning the role of miR-377-5p, miR-525-5p and miR-
885-5p in laryngeal cancer. Furthermore, miR-21-3p
and miR-139-3p are poorly investigated in this type of
malignancy. Therefore, our aim was to examine the ex-
pression of abovementioned miRNA and genes, as well
as to reveal their role in laryngeal squamous cell carci-
noma.

2. Materials and methods

2.1. Tissue samples

Paired tissue samples of tumour and adjacent non-
malignant mucosa were obtained from 47 patients who
underwent total or partial laryngectomy in Depart-
ment of Otolaryngology and Oncological Laryngology
Medical University of Lodz (Poland). After surgery
samples were preserved and stored at −80◦C. Non-
tumor tissue was used as the control. All subjects gave

Table 1
Clinicopathological characteristic in laryngeal cancer patients

Characteristics n (%)
Sex

Male 40 (85.1)
Female 7 (14.9)

Age (years)
� 65 21 (44.7)
< 65 26 (55.3)

T classification
T1-T2 10 (21.3)
T3-T4 37 (78.7)

Lymph node metastasis1

Positive 17 (36.9)
Negative 29 (63.1)

Differentiation2

G1 2 (4.6)
G2 39 (88.6)
G3 3 (6.8)

Clinical stage
I–II 15 (31.9)
III–IV 32 (68.1)

Localization
Suprglottic 5 (10.6)
Glottic 5 (10.6)
Suprglottic and glottic 7 (14.9)
Subglottic 0
Glottic and subglottic 2 (4.3)
Hypopharynx 3 (6.4)
Transglottic 25 (53.2)

1Data concerning lymph node status missing in 1 sample; 2Data
concerning differentiation status missing in 3 samples.

their informed consent for inclusion before they par-
ticipated in the study. The study was conducted in ac-
cordance with the Declaration of Helsinki, and the pro-
tocol was approved by the Ethics Committee of the
Medical University of Lodz (RNN/222/13/KE 16 July
2013). The clinicopathological characteristic in laryn-
geal cancer patients are presented in Table 1.

2.2. Total RNA isolation

Total RNA was extracted from frozen tumour and
non-tumour tissue with mirVanaTM miRNA Isolation
Kit (Ambion, Carlsbad, CA, USA) according to the
manufacturer’s instructions. RNA quality and purity
was qualified by 260/280 nm absorbance measurement
using Picodrop. Extracted RNA samples were stored at
−80◦C.

2.3. Microarray experiment

500 ng of total RNA from 3 patients (tumour and
non-tumour tissue) was used for miRNA expression
analysis. The small group of patients was examined to
choose miRNAs for further investigation. Microarray
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Table 2
Primer sequences of tested genes

Gene Forward primer 5’-3’ Reverse primer 5’-3’ Product length
GAPDH AGCCACATCGCTCAGACA GCCCAATACGACCAAATCC 66 bp
PI3KR1 CTCGGCCTCTTCCTGTTG GCAAACTGCTCTGCAAGAT 94 bp
CXCR4 CTCATCCTGGCCTTCATCA ATCCAGACGCCAACATAGAC 111 bp
FZD4 GTGCCCTTACCTCACAAAACC ATCATAGCCACACTTGAGCAC 123 bp
HACE1 AGAATGTTTTGTCACGTCTTTCG AGTGCCAAAGCAATTCCAGAG 124 bp
CRK ATGGCGGGCAACTTCGACT AGTCCCGCACCAGGAACAC 118 bp

Table 3
Sequences of tested miRNA

miRNA Sequence 3’-5’
miR-21-3p UGUCGGGUAGCUGACCACAAC
miR-139-3p UGAGGUUGUCCCGGCGCAGAGG
miR-377-5p CUUAAGUGGUCCCGUUGGAGA
miR-525-5p UCUUUCACGUAGGGAGACCUC
miR-885-5p UCUCCGUCCCAUCACAUUACCU

experiment was performed using MegaplexTM Pools
Kit (Applied Biosystems, Foster City, CA, USA) ac-
cording to the instructions. 384-well plates were run
on a 7900HT Fast Real-Time PCR System (Applied
Biosystems). The 2−ΔΔCt method was used to calcu-
late relative expression.

2.4. Reverse transcription

cDNA synthesis of miRNA was performed using a
TaqMan R© MicroRNA Reverse Transcription Kit (Ap-
plied Biosystems, Foster City, CA, USA) according to
the instructions. miRNA-specific RT primers and 10 ng
of total RNA was used to the reaction. The final volume
of 15 μl was incubated (30 min 16◦C, 30 min 42◦C,
5 min 85◦C) in a thermocycler (Biometra). Following
this, 400 ng of the total RNA sample was added to
the reaction tube to obtain specific mRNA cDNA. The
cDNA was synthesised by priming with random hex-
amer primers, using the Improm IITM Reverse Tran-
scription System (Promega, Madison, WI, USA), ac-
cording to the manufacturer’s protocol. The reaction
tube containing the primer-RNA mix was incubated for
5 min at 70◦C and chilled on ice. Next, the reverse tran-
scription reaction mix was added to make a final vol-
ume of 100 μl. Samples were incubated for 5 min at
25◦C, 60 min at 42◦C and 15 min at 70◦C.

2.5. Quantitative RT PCR

To assess the level of miRNA expression, a TaqMan
MicroRNA Assay (Applied Biosystems, Foster City,
CA, USA) was used together with the TaqMan R© Uni-
versal PCR Master Mix (Applied Biosystems, Foster
City, CA, USA). Real-time PCR was performed using

a Stratagene Mx3005P qPCR system. Each reaction
contained 1 ng of cDNA. The final volume was 20 μl.
Samples were incubated for 10 min at 95◦C followed
by 40 cycles of 15 s at 95◦C, 1 min at 60◦C, and run
in triplicate. RNU 48 was used as an endogenous con-
trol to estimate the expression of miRNA genes. Com-
parative Ct method was chosen to determine relative
quantification of miRNA. Brilliant II SYBR R© Green
QPCR Master Mix (Stratagene, La Jolla, CA, USA)
was used to detect mRNA expression of five chosen
genes. The reaction was performed with a Stratagene
Mx3005P qPCR system. According to the manufac-
turer’s instructions, of 10 ng of cDNA and 100 nM
upstream and downstream primer were added per re-
action. All samples were tested in 25 μl reaction and
performed in triplicate. Samples were incubated for
10 min at 95◦C followed by 40 cycles of 30 s at 95◦C,
20 s at 60◦C. GAPDH was used an internal control.
The 2−ΔCt value was calculated by subtracting the Ct
of tested mRNA/miRNA from the Ct of GAPDH/RNU
48. The 2−ΔΔCt method was used to calculate rel-
ative expression. The primer sequences of the tested
genes are presented in Table 2. The sequences of tested
miRNA are presented in Table 3.

2.6. Statistical analysis

The results were ln-transformed to obtain a nor-
mal distribution and controlled for normal distribu-
tion using Shapiro-Wilk test. According to the results,
non-parametric tests were used for non-normally dis-
tributed data, while parametric tests were used for
normally distributed data. To assess the homogen-
ity of variances, Levene’s test was used. The differ-
ence between tumour and adjacent non-tumour tis-
sue was assessed using the Wilcoxon signed rank test.
The unpaired t-test was used to evaluate the rela-
tionship between miRNA and mRNA expression and
clinicopathological parameters. To compare the differ-
ences between smoking duration groups, a one-way
ANOVA was used. Correlations between the expres-
sion of miRNA and mRNA was identified by Pearson’s
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Fig. 1. Two genes with statistically significant expression (data presented as mean ± SE, (T) tumour, (NT) non-tumour).

correlation coefficient analysis. To contrast the differ-
ences between the absolute values of correlation coef-
ficients between mRNA-mRNA, miRNA-miRNA and
mRNA-miRNA, Welch’s test was used. Discriminant
analysis was conducted to find genes which can differ-
entiate tumour tissue between normal tissue. Statisti-
cal analysis was performed using STATISTICA Stat-
Soft Version 12. P < 0.05 was considered statistically
significant.

3. Results

3.1. Differential levels of miRNA and mRNA in
normal and tumour tissue

To determine the expression of mRNA and miRNA
in normal mucosa and tumour tissue, QPCR analysis
was used. The data showed that all examined mRNAs
were expressed less frequently in tumour tissue rela-
tive to normal samples. Among these analysed mR-
NAs, two genes, PIK3R1 and HACE1 were signifi-
cantly down-regulated (p < 0.0001 and p = 0.0011 re-
spectively) (Fig. 1). The average expression of PIK3R1
(± SE) in tumour and normal tissue was −6.05 (±
0.39) and −4.89 (± 0.37) respectively. The average ex-
pression of HACE1 (± SE) in tumour tissue was −5.55
(± 0.31) as well as −5.02 (± 0.28) in adjacent nor-
mal mucosa. Moreover, the expression level of these
genes were lower in both normal and tumour tissue

Table 4
The expression of miRNA and mRNA in tumour and non-tumour
tissue determined by QPCR (data presented as mean ± SE)

gene TUMOUR NON-TUMOUR p
PIK3R1 −6.05 ± 0.39 −4.89 ± 0.37 < 0.0001
CXCR4 −0.77 ± 0.37 −0.46 ± 0.39 0.2899
FZD4 −1.27 ± 0.41 −0.81 ± 0.41 0.1561
HACE1 −5.55 ± 0.31 −5.02 ± 0.28 0.0011
CRK −0.98 ± 0.39 −0.79 ± 0.37 0.5049
miR- 21-3p −3.80 ± 0.28 −4.65 ± 0.30 0.0014
miR-139-3p −7.35 ± 0.21 −6.41 ± 0.19 0.0013
miR-377-5p −9.00 ± 0.34 −8.83 ± 0.46 0.3043
miR-525-5p −9.06 ± 0.48 −10.66 ± 0.57 0.0063
miR-885-5p −6.23 ± 0.34 −5.01 ± 0.28 0.0009

compared to the expression level of CXCR4, FZD4 and
CRK genes.

Next, the data indicate that two types of miRNA,
miR-21-3p and miR-525-5p, were expressed at a
higher level in the tumour than in the corresponding
adjacent normal tissue, with a significance of p =
0.0014 (miR-21-3p) and p = 0.0063 (miR-525-5p).
The average expression (± SE) in tumour and normal
tissue was −3.80 (± 0.28) and −4.65 (± 0.30) re-
spectively for miR-21-3p as well as −9.06 (± 0.48)
and −10.66 (± 0.57) respectively for miR-525-5p. The
next three miRNA were expressed less frequently in
tumour samples, and significant down-regulation was
observed for miR-139-3p (p = 0.0013) and miR-885-
5p (p = 0.0009) (Fig. 2). The average expression (±
SE) of miR-139-3p in tumour was −7.35 (± 0.21) and
in normal mucosa −6.41 (± 0.19). The average ex-
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Fig. 2. Four miRNA with statistically significant expression (data presented as mean ± SE, (T) tumour, (NT) non-tumour).

pression (± SE) of miR-885-5p in tumour and adjacent
normal tissue was −6.23 (± 0.34) and −5.01 (± 0.28)
respectively. The data are presented in Table 4.

3.2. Association between expression level of miRNA
and mRNA in different clinicopathological
characteristics

No association was observed between sex, age, T
classification, lymph node metastasis, clinical stage
and smoking duration.

3.3. Correlation between the expression of miRNAs,
mRNAs and miRNA to mRNA

The results reveal a correlation between the relative
expression of different miRNA. The strongest positive
correlation was observed between miR-377 and miR-
525 (r = 0.59, p = 0.003). The levels of expression
of miR-21 and miR-139, as well as of miR-525 and
miR-885, were found to be medium correlated (r =
0.35). TargetScan, DIANA Lab and miRanda software
also indicate a correlation between miRNA which pos-
sess the same putative target gene (Table 5). miR-525
was positively correlated to miR-885 (r = 0.35, p =
0.04) and miR-21 (r = 0.41, p = 0.015). Next, among
the tested genes, the strongest positive correlation was
demonstrated by CRK vs CXCR4 (r = 0.92, p < 0.01)
and CRK vs FZD4 (r = 0.91, p < 0.001). The relative

expression level of PIK3R1 was medium correlated to
all four genes. However, no correlation was observed
between miRNAs and mRNAs. Moreover, the results
of Welch’s test indicate that the correlation between
miRNAs and mRNAs was higher than that of miRNA
vs mRNA. The absolute value of the mean correlation
coefficient (± SE) was 0.14 (± 0.01) for miRNA vs
mRNA and 0.41 (± 0.06) for miRNAs and mRNAs
(p = 0.0002). The data are presented in Tables 6 and
7.

3.4. Combinations of genes which can differentiate
tumour tissue from non-tumour tissue

Discriminant analysis was conducted to determine
which of the tested genes or miRNA can distinguish
between tumour tissue and normal tissue. To obtain the
normal distribution, the data was transformed using a
Box-Cox transformation (miR-885 λ = −0.111 and
PIK3R1 λ = −0.117). The forward stepwise mode re-
vealed that miR-885 and PIK3R1 correctly differenti-
ated tumour and non-tumour tissue with a median ac-
curacy of 72% (Wilk’s lambda = 0.8, p < 0.0001).
The average expression of miR-885 (± SE) in tumour
tissue was −6.23 (± 0.34) as well as −5.01 (± 0.28)
in adjacent normal mucosa. The average expression
of PIK3R1 (± SE) in tumour and normal tissue was
−6.05 (± 0.39) and −4.89 (± 0.37) respectively.
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Table 5
miRNA target prediction (underline letters indicate binding pattern with their predicted targets)

miRNA Sequence 3’-5’ Target gene 3’UTR position Seed match
miR-21-3p UGUCGGGUAGCUGACCACAAC FZD4 574–579 8mer
miR-525-5p UCUUUCACGUAGGGAGACCUC PIK3R1 48–54 8mer

UCUUUCACGUAGGGAGACCUC FZD4 955-961 7mer1A
UCUUUCACGUAGGGAGACCUC HACE1 6–12 7mer1A

miR-885-5p UCUCCGUCCCAUCACAUUACCU HACE1 572-578 8mer

Table 6
Correlation between relative expression level of miRNAs (r – Pearson’s correlation coefficient)

miRNA miR-21 miR-139 miR-377 miR-525 miR-885
miR-21 r = 1.00 r = 0.35

p = 0.02
r = −0.02
p = 0.90

r = 0.41
p = 0.015

r = 0.49
p < 0.001

miR-139 r = 035
p = 0.02

r = 1.00 r = 0.30
p = 0.12

r = 0.13
p = 0.48

r = 0.48
p = 0.001

miR-377 r = −0.02
p = 0.90

r = 0.30
p = 0.12

r = 1.00 r = 0.59
p = 0.003

r = 0.13
p = 0.48

miR-525 r = 0.41
p = 0.015

r = 0.13
p = 0.48

r = 0.59
p = 0.003

r = 1.00 r = 0.35
p = 0.04

miR-885 r = 0.49
p < 0.001

r = 0.49
p = 0.001

r = 0.13
p = 0.48

r = 0.35
p = 0.04

r = 1.00

Table 7
Correlation between relative expression of mRNAs (r – Pearson’s correlation coefficient)

gene PIK3R1 CXCR4 FZD4 HACE1 CRK
PIK3R1 r = 1.00 r = 0.41

p = 0.005
r = 0.41
p = 0.005

r = 0.53
p > 0.001

r = 0.41
p = 0.006

CXCR4 r = 0.41
p = 0.005

r = 1.00 r = 0.93
p < 0.01

r = 0.08
p = 0.57

r = 0.92
p < 0.01

FZD4 r = 0.41
p = 0.005

r = 0.93
p < 0.01

r = 1.00 r = 0.21
p = 0.15

r = 0.91
p < 0.001

HACE1 r = 0.53
p < 0.001

r = 0.08
p = 0.57

r = 0.21
p = 0.15

r = 1.00 r = 0.14
p = 0.33

CRK r = 0.41
p = 0.006

r = 0.92
p < 0.01

r = 0.91
p < 0.001

r = 0.14
p = 0.33

r = 1.00

4. Discussion

The present study investigates five miRNA and their
relevance to laryngeal squamous cell carcinoma. One
of the most frequently examined miRNAs in human
neoplasm is miR-21 [12]. Although many studies have
indicated that miR-21 is overexpressed in a variety of
malignancies, including LSCC [33], they have exam-
ined miR-21-5p. The present study analyzes miR-21-
3p (miR-21*), which is known to also be up-regulated
in cancer tissue, as notated by Lu et al. [20]. miR-21-3p
overexpression has also been determined elsewhere in
a group of head and neck cancers [8]. While the sample
size in present study may have been too small to de-
termine any other correlations, other studies have also
failed to describe any association between the expres-
sion profile of miR-21-5p and clinicopathological pa-
rameters in LSCC [12]. Nevertheless, the present study
is the first to investigate the relationship miR-21-3p ex-

pression and these features in LSCC. Our findings sug-
gest that the miRNA passenger strand, poorly investi-
gated in cancer, may play an important role in laryn-
geal cancer. It will be worth to examine both strands
in this type of malignancy to determine if there is any
connection in their action.

One of the most intensively investigated signalling
pathways in the remarkable spectrum of tumour types
is the PI3 kinase pathway. PI3 kinase IA is a het-
erodimer that consists of a catalytic (p110α) and a reg-
ulatory subunit (p85α). Loss of the p85α subunit leads
to increased kinase activity. The regulatory subunit is
encoded by PIK3R1, which is known to be mutated
in various malignancies [14]. Interestingly, Lui et al.
report that PI3K pathway mutations were more fre-
quent in laryngeal cancer than in other HNSCC [21].
The present study indicates that PIK3R1 expression
is significantly down-regulated in LSCC samples, as
confirmed by previous studies concerning breast can-
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cer [2]. Possibly, PIK3R1 underexpression leads to
the activation of downstream PI3K signalling and pro-
motes the development of laryngeal cancer. In HNSCC
mutations of PIK3R1 were also found what may sug-
gest the same mechanism of down-regulation like in
studies mentioned above concerning breast cancer [2].
However, there are almost no reports about regulatory
subunit’s mutations exactly in laryngeal cancer. Thus,
additional studies are needed to reveal their role in
this type of tumour. Another plausible mechanism of
altered expression may be miRNA’s regulation. Fur-
thermore, based on the miRNA prediction target algo-
rithms used in the present study, PIK3R1 was indicated
as a potential target of miR-525-5p, which was found
to be overexpressed in laryngeal cancer samples com-
pares to normal tissue. However, as no correlation was
found between the expression level of the tested miR-
NAs and mRNAs, experimental validation is required.

Much fewer studies have been conducted on miR-
525 in human malignancies. While a few reports do
concern the overexpression of miR-525-3p and its role
in liver cancer cell migration and invasion [29], none
investigate this type of miRNA in LSCC or in head
and neck cancers. The gene encodes miR-525 is re-
ported to be located in a copy number amplified region
19q13.42. In HNSCC there is no reports about this al-
teration, however, many authors present only frequent
aberrations. It may suggest that this alteration is rare.
According to miRNA prediction target algorithms both
miR-525-5p and miR-21-3p have the same potential
target gene, FZD4, and are positively correlated, which
may suggest their synergistic action in mRNA silenc-
ing. However, no association was found.

FZD4 encodes the frizzled 4 receptor, a member of
the GPCR family of receptors and a principal recep-
tor of the Wnt signalling pathway – implicated in var-
ious cancer types including colon and prostate [28],
though little data is available for HNSCC. The Wnt
pathway is involved in epithelial-to-mesenchymal tran-
sition (EMT) and development of metastasis [43].
Our findings are in contrary to those of some studies
which determine FZD4 overexpression. But these stud-
ies address other cancer types: prostate [10] and acute
myeloid leukemia [39]. Generally, little is known about
the role of frizzled receptors in human malignancies
and there only a few studies have been published con-
cerning this class of receptor in HNSCC [4]. The Wnt
signalling pathway is poorly understood in laryngeal
cancer. Moreover, Galera-Ruiz et al. suggest that the
canonical Wnt pathway may be inactive in LSCC [7],
though Psyrri et al. determined its prognostic value in

this form of cancer [31]. As knowledge of the non-
canonical Wnt pathway and its role in cancer is limited,
further studies are required.

Another poorly investigated miRNA in human can-
cers is miR-377-5p (miR-377*) compared to miR-377-
3p. While no differences in miR-377-5p expression
were observed between tumour and normal samples,
nor any association with clinicopathological parame-
ters. What is more, miR-377-5p level is correlated with
miR-525-5p, indicating that these miRNA may bind to
the same 3’UTR region of the target gene which were
not investigated in this study. Interestingly, in 23% of
examined tumour samples the expression of miR-377-
5p was extremely low. The gene encodes miR-377 is
located in a region 14q32.31 which was found to be
lost or epigenetically silenced in prostate cancer [6].
On the other hand in laryngeal cancer 14q24-32 area
was identified as copy number region, however, this al-
teration is rare. Possibly, in some cases of LSCC mi-
crodeletions of this region are presented which have
never been detected before. Thus, further studies with
larger sample sizes are needed to establish the role of
this miRNA in laryngeal cancer.

miR-139-3p was also found to be significantly
down-regulated in laryngeal cancer tissue. Our results
are consistent with Sun et al., who also reveal differen-
tial miR-139-3p expression between positive and neg-
ative lymph node metastasis tumours [37]. The current
study reveals no association between the expression of
miR-139-3p and lymph node status, perhaps because
the LSCC samples were more heterogenous and the
aim of abovementioned study was supraglottic LSCC.
miR-139-3p was also found to be underexpressed in
colorectal cancer [35]. Interestingly, Lin et al. [19] note
miR-139-3p up-regulation in CRC with liver metasta-
sis, which may indicate that this miRNA plays a vari-
able role as both oncogene and suppressor in different
tumours. Similarly, the frequently studied miR-139-5p
also appears to act as oncogene and suppressor gene
and regulate multiple processes in various malignan-
cies [44]. Moreover, miR-139-3p is positively corre-
lated with miR-21-3p and miR-885-5p. Possibly, these
miRNAs have the same target gene that was not exam-
ined in the present study.

Another poorly-understood issue related to can-
cer is the role of chemokine pathways. These small
molecules are known to have a multi-faceted and very
complex involvement in cancer. Many studies have
reported that various malignancies, including those
of the lung and kidney, use chemokine pathways to
disseminate cancer cells to target organs [41]. Sev-



566 M. Cybula et al. / New miRNA expression abnormalities in laryngeal squamous cell carcinoma

eral studies have indicated that the CXCR4/CXCL12
axis also plays a crucial role in promoting metas-
tasis in laryngeal cancer [38]. CXCR4 encodes C-
X-C chemokine receptor 4, a member of GPCR re-
ceptor family which is found to be overexpressed in
many cancer types such as HNSCC. While Luo et al.
found CXCR4 overexpression to be associated with
metastatic LSCC [22], no differences in CXCR4 ex-
pression were observed between cancer tissue and
counterpart normal tissue in the present study, and no
relationship was found with cancer lymph node metas-
tasis. The reason for this discrepancy may be that while
both Tan et al. [38] and Luo et al. [22] found their
group of laryngeal cancer samples to contain more
lymph node positive samples, 63% of the samples in
our group were lymph node negative. CXCR4 overex-
pression could potentially act as an indicator of lymph
node metastasis, but additional studies are needed. Fur-
thermore, CXCR4 mRNA was positively correlated
with PIK3R1, indicating that CXCR4 is co-expressed
with one of the elements of its pathway.

To date, there are only several studies concern-
ing miR-885 in human cancer have been published.
Afanasyeva et al. demonstrate miR-885-5p underex-
pression in neuroblastoma and its role in inhibiting
cancer cell proliferation, survival and apoptosis pro-
motion [1]. Conversely, Hur et al. determined that miR-
885-5p is up-regulated in CRC with liver metastasis,
however, they found no relationship between clini-
copathological characteristics. Still, high serum miR-
885-5p expression was associated with lymph node
metastasis, distant metastasis and poor survival [13].
The present study is the first to verify the underexpres-
sion of miR-885-5p in LSCC tissue. One of the most
frequently deleted area in laryngel cancer is chromo-
som 3p [24]. The gene encodes miR-885 is located
at 3p25.3 region, which may suggest the reason of
miRNA’s downregulation in this type of tumour. All
studies demonstrate the variable character of miR-885-
5p in tumours originating from different tissue. More
studies will be needed to define the role of miR-885-
5p in laryngeal cancer. Our findings also suggest that
miR-885-5p and PIK3R1 are the best indicators for
the classification of laryngeal cancer tissue and nor-
mal mucosa. However, while it is tempting to speculate
that PIK3R1 and miR-885-5p might be good LSCC
biomarkers and could be used to examine the mar-
gin after surgery, additional studies are required. Fur-
thermore, both miR-885-5p and miR-525-5p bind to
the predicted target gene HACE1 and are positively
correlated, which may indicate their synergistic action

in mRNA silencing. However, no association was re-
vealed, and therefore, experimental analyses are again
needed to validate these findings.

HACE1 encodes E3 ubiquitin ligase, a HECT fam-
ily ubiquitin ligase that possesses the unique capability
of intrinsic catalytic activity. HECT E3 ligase targets
the Rac1 gene for subsequent proteosomal degradation
and regulates cell motility and apoptosis [17]. Down-
regulation of HACE1 due to allelic loss or promoter hy-
permethylation, was reported in multiple human can-
cers such as gastric [34] and breast cancer [9], leading
to enhanced Rac1 signalling and promoting cell inva-
sion. Similarly, although our findings indicate HACE1
underexpression in laryngeal cancer tissue, the present
study does not examine the mechanism of this alter-
ation, and as a literature search reveals no other studies
concerning the role of HECT E3 ubiquitin ligase in this
type of cancer, further studies are needed to establish
other HACE1 targets.

Unanswered questions remain about the role of
CRK adaptor proteins in tumorgenesis. CRK is in-
volved in signal transduction through protein-protein
interactions. CRK mediates signal propagation of mul-
tiple cancer-related processes, such as cell prolifera-
tion and migration [18]. In several malignancies for
instance lung cancer, CRK was found to be overex-
pressed [26]. The present study indicates that the ex-
pression of CRK mRNA remains unchanged between
laryngeal cancer tissue and normal mucosa, as well as
between clinical stages. Although Miller et al. [26] also
failed to find any differences in lung cancer, they did
find higher CRK expression at more advanced clini-
cal stages. CRK is known to interact with the p85α
subunit and lead to PI3K signaling pathway activa-
tion [25], which may account for the strong positive
correlation observed in the present study between CRK
mRNA and FZD4 or CXCR4, and the medium correla-
tion with PIK3R1. What is more, CRK mediates small
G- protein interactions, and both CXCR4 and FZD4
are members of the GPCR family [5].

In conclusion, the change in miRNA expression is
frequent than the expression of other tested genes.
Moreover, the expression of passenger strands such as
miR-21-3p and miR-139-3p, which are rarely investi-
gated in tumors, is also significantly affected in laryn-
geal cancer and may play an important role in this type
of malignancy. It will be worth to examine both strands
in this type of tumour to determine if there is any con-
nection in their action. While PIK3R1, HACE1, miR-
139-3p, and miR-885-5p may act as tumor suppressor
genes in the studied tumour type, miR-21-3p and miR-
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525-5p seem to have oncogenic properties. Our find-
ings suggest that miR-885-5p and PIK3R1 are the best
indicators for the classification of laryngeal cancer tis-
sue and normal mucosa. Our study contributes further
to the body of evidence on which further investigations
concerning laryngeal cancer can be based. Additional
studies are needed to determine the functions of miR-
NAs and genes analyzed in this report as well as the
clinical significance of these findings.
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