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as potential candidate biomarker(s).

LET-7a,

Background: The aim of the present study was to identify specific serum miRNAs (preoperative serum samples
compared to healthy controls) as potential diagnostic markers for detection in laryngeal squamous cell carcinoma
(LSCQO). Serum samples obtained from 66 patients with LSCC were compared with 100 healthy control subjects.
Additionally, miRNA levels were evaluated to identify possible correlations with clinicopathological features.

Methods: The expression of 377 miRNAs (screening set) was evaluated by microarray screening. The most
differentially expressed miRNAs were validated by high-throughput real-time quantitative polymerase chain reaction
(RT-gPCR) in the group of LSCC patients and healthy controls. Receiver-operator characteristic (ROC) curve analysis
was conducted to evaluate the diagnostic accuracy of the highly and significantly identified deregulated miRNA(s)

Results: According to the array analysis, eleven miRNAs revealed an altered expression profile. The levels of serum
expression of miR-31, miR-141, miR-149a, miR-182, LET-7a, miR-4853p, miR-122 and miR-33 were up-requlated, and
those of miR-145, miR-223 and miR-133a down-regulated, in the LSCC group compared to healthy controls. ROC
curve analyses revealed an AUC (area under the ROC curve) of 1.00 (95%Cl: 0.999-1.00; P < 0.001) for miR-31 and
1.00 (95%Cl: 1.00-1.00; P < 0.001) for miR-33 respectively, indicating that these three miRNAs had an
additive effect regarding diagnostic value. No statistically significant differences were found between the serum
levels of these eleven miRNAs and the tested clinicopathological features.

Conclusion: Our findings outline a distinct miRNA expression profile in laryngeal cancer (LC) cases which can be
used to diagnose LSCC patients with high sensitivity and specificity. Particular miRNA signatures (miR-31, LET-7a and
miR-33) may be considered as novel, non-invasive biomarkers for LC diagnosis.

Trial registration: Registration number: RNN/203/13/KE. Date of registration 18.06.2013r.
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Background

Despite the great progress in chemotherapy and radio-
therapy, as well as surgical techniques, laryngeal cancer
is responsible for more than 80,000 death every year
worldwide [1]. The most frequent histological type of
LC, laryngeal squamous cell carcinoma (LSCC), ac-
counts for approximately 90% of all malignant larynx
tumor [2] and is more prevalent in men. The main
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reason for the very low five-year survival rate, which is
less than 50% in advanced stages of the disease, is late
diagnosis; in fact, the survival rate for laryngeal cancer
has remained unchanged for the past 30 years [3]. The
most significant risk factors are smoking, human papillo-
mavirus (HPV) infection and alcohol consumption [4].
MicroRNAs (miRNAs) are non-coding, single stranded
RNAs about 22-23 nucleotides in length. Above 30% of
human messenger RNAs (mRNAs) are controlled via the
action of miRNAs. They regulate post-transcriptional
gene expression by influencing the 3’-UTR-binding
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proteins of the target mRNAs, resulting in the cleavage of
mRNA strands or the inhibition of their translation [5].

Numerous studies have shown that a particular miRNA
can bind to as many as 200 gene targets. These targets
can vary in their function: they can involve transcription
and secreted factors, receptors and transporters [6].

These small non-protein-coding RNAs have been
found to play a significant regulatory role in biological
and pathological processes [5—8]. The alterations can be
induced by a variety of mechanisms involving amplifica-
tions, deletions or mutations, including those of miRNA
loci, epigenetic silencing or the deregulation of tran-
scription factors that target particular miRNAs. Malig-
nant cells demonstrate dependence on the deregulation
expression of miRNA genes; under certain circum-
stances, miRNAs may perform as either oncogenes or
tumor suppressors [7].

A significant body of data has suggested that miRNAs
are highly expressed in numerous human cancers and play
critical roles in human oncogenesis and metastasis [7-9].

The last decade has witnessed considerable growth in
the volume of miRNA studies, and the goal of working up
miRNA targeted therapies or using miRNAs for prognos-
tic and diagnostic biomarkers is becoming ever closer [8].
There is a hence a great need for research into the value
of miRNAs as expected targets for therapeutic and diag-
nostic development against malignant tumors [9].

The aim of the present study was to compare specific
miRNA expression profiles in preoperative serum LSCC
patients vs those in healthy controls, to identify potential
diagnostic markers for detecting LSCC, and to evaluate
a possible correlation with clinicopathological features.

Methods

Characteristics of study groups

The study group was formed of 66 patients (eight
women and 58 men) with laryngeal squamous cell car-
cinoma, aged between 48 and 82 years (mean 62+ 8.0
years). All of the patients were treated surgically at the
Department of Otolaryngology and Oncological Laryn-
gology of the Medical University of L6dZ in years 2013—
2017; none of the patients received preoperative radio-
therapy, chemotherapy or immunotherapy. The primary
tumor size and stage were classified according to the
Union for International Cancer Control (UICC) and the
American Joint Committee on Cancer (AJCC).

In order to evaluate the impact of the variables on the
results of the miRNAs the patients were assessed with
respect to sex (female, male), age (65 <vs 65>), primary
tumor size (T1, T2 vs. T3, T4), lymph node status (NO —
negative vs. N+ positive), histopathological staging
(Fig. 1), (G1, G2, G3), clinical stage (I, II vs. III, IV), loca-
tion of the carcinoma, and smoking duration (all the in-
vestigated LSCC patients were smokers from 20 to 100
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pack-years, mean 44 + 17 pack-years smoking). Clinical
details are provided in Table 1.

In addition,, a control group composed of 100 healthy
controls (nonsmokers with no history of cancer, hyper-
tension, diabetes or autoimmune diseases) was formed.
This group comprised 47 women and 53 men aged be-
tween 49 and 84 years (mean age 65.5 + 7.5 years).

The study design was approved by the Ethics Commit-
tee (RNN/203/13/KE).

Sample collection

Blood-serum samples were drawn from all the patients
before the surgical treatment and from the 100 healthy
controls. These were allowed to clot before centrifuga-
tion. The sera were removed, aliquoted and stored at
-80 °C until assayed.

RNA extraction and reverse transcriptase polymerase
chain reaction

The miRNAs were isolated from 400 pl of serum and
taken from laryngeal squamous cell carcinoma patients
and controls using the mirVana PARIS Kit (Ambion) ac-
cording to the manufacturer’s protocol [10]. The amount
and quality of isolated RNA was checked with Agilent
RNA 6000 Nano Kit, in accordance with the manufac-
turer’s recommendations, using 2100 Bioanalyzer (Agi-
lent Technologies). Complementary DNA (cDNA) was
transcribed from RNA using TagMan’RNA Reverse
Transcription kit (Applied Biosystems).

Screening of laryngeal squamous cell carcinoma
associated miRNA genes

Reverse transcription of isolated miRNA from ten laryn-
geal squamous cell carcinoma, patient blood samples
and ten controls was performed according to the manu-
facturer’s recommendations using Megaplex"RT Primers
Human Pool A and B, TagMan® Human MicroRNA Array
A and B purchased from Applied Biosystems using a 7900
HT System (Applied Biosystems). The expression levels of
377 human miRNA genes for each group were analysed.
The following miRNAs revealed an altered expression
profile: miR-122, miR-21, miR-155, miR-222, miR-181a,
LET-7a, miR-31, miR-141, miR-149, miR-182, miR-145,
miR-223, miR-133a, miR-485, miR-122, miR-33. These
were chosen for further investigations.

Methods of statistical analysis
Quantitative data (miRNA expression in serum) was de-
scribed by simple descriptive statistics: mean, median values
for location, standard deviation and range for dispersion.
The non-parametric Mann-Whitney test was used to
compare their distributions in two independent groups:
neoplastic and healthy control. The results were consid-
ered statistically significant for p-values <0.05.
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Fig. 1 Histopathology of test specimens. a Well differentiated tumor tissues of LSCC (H&E, x 100). b Moderately differentiated tumor tissues of
LSCC (H&E x 100). € Moderately differentiated tumor tissues of LSCC (H&E x 100). Granted permission Marian Danilewicz MD, PhD, Prof — Head of

J

Table 1 Characterization of the patients with laryngeal cancer

(N=66)
Feature No. of patients (%)
Sex
Female 8 (12.1)
Male 58 (87.9)
Age
<65 45 (68.2)
> 65 21 (31.8)
Primary tumor size (T)
T1, T2 19 (28.8)
13, T4 47 (71.2)
Nodal involvement (N)
Negative 49 (74.2)
Positive 17 (25.8)
Histopathology grade
Well differentiated 7 (10.6)
Moderately differentiated 53 (80.3)
Poorly differentiated 6 (9.1)
Clinical stage
Al 17 (25.8)
I, IV 49 (74.2)

The diagnostic performance of miRNAs in distinguish-
ing between neoplastic and healthy control was evaluated
with use of ROC (Receiver Operating Characteristics)
curve analysis. Diagnostic efficacy for decision thresholds
was evaluated with the use of chosen on ROC curve, was
defined by sensitivity, specificity, and accuracy.

The area under the ROC curve (AUC) was used with a
95% confidence interval as an overall performance meas-
ure for distinguishing between the two diagnostic groups:
the LSCC group and healthy controls.

All the calculations were performed using Statistica
v12.0 software.

Results

Expression profiles of miRNAs in the serum of patients
with LSCC

The panel of selected miRNAs was differently expressed
(p < 0.05) in the sera of LSCC patients and healthy con-
trols. The study was performed into two phases. The
first evaluated the expression of 377 miRNAs using
microarray screening (screening set) in the groups of
LSCC patients n = 10 and healthy controls n =10 to find
out the most differentially expressed miRNAs.

Then eleven chosen miRNAs were validated in a dif-
ferent cohort of LSCC patients n =66 and healthy con-
trols n =100 (validation phase) analyzed by RT-qPCR.

Validation set consisted of eleven miRNAs: eight were
significantly up-regulated and three were significantly
down-regulated.
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The expression of eight miRNAs miR-31, miR-141,
miR-149a, LET-7a, miR-182, miR-4853p, miR-122,
miR-33 was significantly up-regulated in the serum
samples of the LSCC patients in comparison to healthy
control samples (p < 0.001). The up-regulated miRNA ex-
pression levels are displayed in Fig. 2a. In contrast, the
serum expression of miR-145, miR-223 and miR-133a was
significantly down-#regulated in the LSCC group com-
pared to healthy controls (p < 0.001). The down-regulated
miRNA expression levels in serum are displayed in Fig.
2b. The details are displayed in the Table 2.

In addition, ROC curve analyses indicated that three
of the eleven serum miRNA signatures strongly differen-
tiated healthy individuals and LSCC patients: miR-31,
miR-33, Let-7a. The accuracy values were 99, 100 and
99%, respectively, with sensitivity and specificity ranging
from 98 to 100%. The ROC curve analyses revealed that
these three miRNAs could serve as valuable biomarkers
for differentiating LSCC patients from controls. ROC
curves were illustrated in Table 3, Fig. 3.

Correlation of serum miRNA levels with clinical
characteristics
The pretreatment serum expression levels of miR-31,
miR-141, miR-149, miR-182, miR-145, miR-223, LET-7a,
miR-133, miR-485-3p, miR-122, miR-33 in patients with
LSCC were compared with the clinicopathological fac-
tors of the disease.

No statistically significant correlation was observed be-
tween serum levels of eleven miRNAs and the clinico-
pathological features of the disease concerning T stage,
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N stage, clinical stage or differentiation. Moreover, no as-
sociation was observed between the age, sex of patients or
location of the carcinoma and smoking duration.

The ROC curve analyses revealed that three miRNAs
(miR-31, LET-7a, miR-33) can effectively discriminate
between patients with LSCC and healthy controls how-
ever, no significant differences between these three
miRNA serum levels became apparent with the clinico-
pathological features of the disease using Spearman cor-
relation test Table 4.

Discussion

The present study evaluates the potential of serum miR-
NAs as molecular neoplasm biomarkers for discriminat-
ing patients with laryngeal squamous cell carcinoma
from healthy controls. It has already been noted that
plasma and serum samples are a serviceable blood-based
source for epigenetic and genetic analysis.

The panel of miRNAs selected for the study was differ-
ently expressed (p <0.05) in the serum of LSCC patients
and healthy controls. The miRNAs displaying the greatest
differentiation between groups were validated by RT-qPCR
in the cohort. Eight miRNAs were found to be significantly
up-regulated and three significantly down-regulated. Of
these eleven, three serum miRNAs strongly differentiated
healthy individuals from LSCC patients and could serve as
valuable high accuracy biomarkers.

No correlation was found between serum expression
of miRNAs, tumor size, disease stage and lymph node
metastasis; however, Zhang et al. [11] report that miR-23
overexpression significantly correlated with clinical stage
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Fig. 2 The gRT-PCR results of differential miRNAs. a Elevated expression of eight miRNAs in serum of LSCC patients compared with healthy individuals
(healthy controls). The levels of miR-31, miR-141, miR-149a, miR182, LET-7a, miR-4853p, miR-122, miR-33 was measured in serum samples from LSCC (n = 66)
and healthy control individuals (n = 100). b Down-regulated expression of miR-133a, miR223 and miR-145. Data represent the mean + S.D
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Table 2 The results of eleven selected miRNAs analyzed by RT-gPCR

miRNA serum Group N Mean+/-SD p

miR-31 neoplastic 66 0,345 + 0,090 < 0,001
control 100 0,078 = 0,036

miR-141 neoplastic 66 0,289 + 0,079 < 0,001
control 100 0,077 + 0,082

miR-149a neoplastic 66 0,168 + 0,051 0,003
control 100 0,120 + 0,028

miR-182 neoplastic 66 0,247 + 0,091 < 0,001
control 100 0,085 + 0,076

miR-145 neoplastic 66 0,031 £ 0,017 < 0,001
control 100 0,146 + 0,124

miR-223 neoplastic 66 0,038 + 0,032 < 0,001
control 100 0,102 + 0,035

LET-7a neoplastic 66 0,298 + 0,110 < 0,001
control 100 0,073 = 0,034

miR-133a neoplastic 66 0,058 + 0,024 0,007
control 100 0,204 £ 0,156

miR-485-3p neoplastic 66 0,394 £ 0,111 < 0,001
control 100 0,136 = 0,078

miR-122 neoplastic 66 0497 + 0,202 < 0,001
control 100 0,147 + 0,058

miR-33 neoplastic 66 1013 £ 0,184 < 0,001
control 100 0,136 £ 0,071

Significantly differentially expressed miRNAs in the serum of LSCC patients (n = 66)
when compared to healthy controls (n = 100). Data represent the mean + S.D

of the disease and five-year survival rate (p,0.01). Also,
Arantes et al. [12] note enhanced expression of miR-21
in patients with head and neck squamous cell carcinoma
(HNSCC), resulting in poor response to chemoradiation
and worse survival rate. Single reports have even found
that some miRNAs, such as miR-221 and miR-378,
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could serve as molecular neoplastic biomarkers for de-
termining the effect of surgical treatment in patients
with laryngeal carcinoma [13, 14].

Our previous study, based on samples from tumor tis-
sues, like most diagnostic expression profiling of miR-
NAs, found miR-885-5p and PIK3R to be the best
indicators for the classification of laryngeal cancer tissue
and normal mucosa [15]. This and several other studies
have reveal the diagnostic and prognostic value of circu-
lating miRNAs from serum and plasma regarding laryn-
geal cancer [14, 16, 17].

Few studies have so far examined the value of serum
miRNA expression for diagnosing laryngeal cancer. Our
present study found eight miRNAs to be up-regulated in
LSCC patients (miR-31, miR-141, miR-149a, miR-182,
miR-485-3p, miR-122, miR-33 and LET-7a). Although
no report has so far confirmed the role of one of them,
miRNA-31, in the serum of LSCC patients, overexpres-
sion of miRNA-31 in esophageal SCC (ESCC) in serum
and cancer tissue has been associated with poorer prog-
nosis in relapse-free survival and tumor-specific survival,
metastasis [11] and enhanced radiosensitivity [18]. The
role of up-regulated miRNA-182 in our patients has also
been confirmed in an earlier in vitro study on cancer cell
lines which found overexpression of miRNA-182 to be
closely associated with p53 overexpression, and to pro-
mote cell proliferation and migration in HNSCC [19].
miR-145 was also found to be down-regulated in our
LSCC patient group; it has also been found to act as a
tumor suppressor in patients with esophageal SCC [20].
However, an in vitro study on an adenocarcinoma
esophageal cell line by Derouet et al. [21] revealed that,
contrary to the squamous cell line, elevated miR-145 ex-
pression enhanced cell invasion and facilitated distant
metastasis by anoikis protection.

Besides miR-145, only two other miRNAs, miR-133a
and miR-223, were down-regulated in the serum of our

Table 3 The Receiver Operator Characteristic curve values for the expression of the eleven serum miRNAs and the corresponding

calculated AUC

Serum mMiRNA Threshold AUC 95%(C| p-value Sensitivity [%] Specificity [%)] Accuracy [%]
miR-31 0.172 1.00 (0.999; 1.00) < 0.000001 100 99 99
miR-141 0.165 0.91 (0.87; 0.96) < 0.000001 92 87 89
miR-149 a 0.154 0.68 (0.58; 0.77) 0.0005 58 91 80
miR-182 0.106 0.85 (0.79; 0.91) < 0.000001 87 75 80
miR-145 0.052 0.98 (0.97; 1.00) < 0.000001 94 99 97
miR-223 0.056 0.85 (0.79; 0.92) < 0.000001 76 88 83
LET-7a 0.167 1.00 (0.99; 1.00) < 0.000001 98 100 929
miR-133a 0.091 0.73 (0.65; 0.80) < 0.000001 94 56 70
miR-485-3p 0.222 0.96 (0.94; 0.98) < 0.000001 98 81 88
miR-122 0232 0.96 (0.93; 0.99) < 0.000001 89 94 92
miR-33 0.558 1.00 (1.00; 1.00) < 0.000001 100 100 100
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Fig. 3 Receiver operator characteristic curve analysis using serum miR-31, LET-7a and miR-33 for discriminating LSCC patients. Serum miR-31, LET-7a and
miR-33 were able to diagnose LSCC with a sensitivity of 100, 98, 100%, and specificity of 99,100 and 100%, respectively, as compared with healthy controls

patients. A similar miRNA signature, with lowered
miR-133a, miR-133b and miR-145 expression, was found
in subjects with ESCC [22]. Furthermore, Kano et al.
[22] report that these miRNAs directly control oncogene
FSCN1 (Fascin Hounds 1 gene), which takes part in the
carcinogenesis of ESCC. The role of miR-223 remains
controversial. While Xi Zeng et al. report that miR-223
expression was reduced in the serum of nasopharyngeal
carcinoma patients compared to non-cancerous individ-
uals [23], another study has found plasma miR-223 levels
to be significantly higher in patients with pancreatic
neoplasm compared to healthy controls [24]. It is pos-
sible that this miRNA plays a variable role as either
oncogene and suppressor in different tumors. However,
no other studies have examined the relationship between
these types of miRNA in serum LSCC.

Members of the Let-7 miRNA family have been re-
ported to be differentially expressed in various types of
cancers [25], and serum miRNA Let-7a was found to be
overexpressed in LSCC subjects in the present study. In
contrast, Song et al. [26] demonstrated significant
down-regulation of Let-7a in laryngeal cancer tissue
compared to adjacent normal tissue, including 59 paired
laryngeal tissues, and that Let-7a expression negatively
correlated with higher TNM stage and lymph node me-
tastasis. Such conflicting data may be due to their choice

of specimens, i.e. tissue rather than serum, or may be re-
lated to different world regions with their unique envir-
onmental factors or population characteristics [27]. Even
smoking habit and alcohol consumption can significantly
alter miRNA expression [28].

In addition, ROC curve analysis of the signature of
eleven serum miRNAs identified three which perfectly
discriminated healthy individuals and LSCC patients:
miR-31, miR-33 and Let-7a. Their accuracy for identify-
ing LSCC was 99, 100 and 99%, respectively, with sensi-
tivity and specificity ranging from 98 to 100%. However,
the significance of the present results should be validated in
patients with early stage of the disease to provide data
about their value as early molecular neoplastic biomarkers.

The miRNAs in the blood and another human fluids
are have great value as potential biomarkers due to their
high stablity in biological samples and strong resistance
to exogenous and endogenous RN-ases. Furthermore,
they are more readily sampled than tissue miRNAs [29].
Therefore, novel biomarkers are immediately required
for the enhancement of diagnostic, prognostic and thera-
peutic appliance.

Our findings indicate that eight of the studied miRNAs
were significantly expressed in the serum of LSCC pa-
tients compared to healthy controls, and that three of
them, viz. miRNA-31, miRNA-33 and Let-7a, strongly

Table 4 Correlation of serum levels miR-31, LET-7a, miR-33 with clinical characteristics

Serum Age  Gender Pack-years smoking Tumor grade Tumor location Nodal involvement (N)  Primary tumor size (T) Clinical stage Treatment
miR-31 rs -0,06 -0,17 -0,11 -0,03 —-0,06 0,04 -0,07 -0,02 0,14

p 058 0,17 040 0,82 0,65 0,76 0,60 0,85 0,25
LET-7a r, -0,03 -0,10 0,08 -0,13 —-0,09 -0,11 -0,02 0,04 0,08

p 084 043 0,55 0,30 047 036 085 0,78 0,51
miR-33 r, -0,09 -0,17 0,03 0,13 0,01 -0,01 -0,05 -0,03 0,24

p 047 0,18 0,84 0,31 0,91 0,91 0,71 0,85 0,06

The Spearman’s rank correlation coefficient (r) and (p) is presented
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discriminated healthy individuals from LSCC patients.
This clearly indicates the additive effect of these three
miRNAs with regard to their diagnostic value: their ex-
pression in serum can be used to diagnose LSCC with
patients with high sensitivity and specificity.

Hence, the levels of circulating miRNAs in serum may
serve as promising potential diagnostic biomarkers for
patients with laryngeal cancer. This study provides fur-
ther evidence that the levels of individual miRNAs or
the miRNA profile may be useful as serum biomarkers
in patients with laryngeal cancer; however, further inves-
tigations are needed to validate their potential applicabil-
ity in the early diagnosis of laryngeal human cancer and
their prognostic value. Nevertheless, our findings indi-
cate that miR-31, LET-7a and miR-33 may serve as novel
non-invasive biomarkers for LSCC.

Conclusion

The expression levels of miR-31, miR-141, miR-149a,
miR-182, LET-7a, miR-4853p, miR-122, miR-33 in serum
were up-regulated in pre-operative LSCC patients com-
pared to healthy controls, while the expression levels of
miR-145, miR-223 and miR-133a were significantly
down-regulated. Of these, three miRNAs strongly dis-
criminated healthy controls from LSCC patients:
miRNA-31, miRNA-33 and Let-7a.
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