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Objective: In order to identify a plasma microRNA (miRNA) signature of larynx cancer (LCa), we examined miRNAs pro-
file of plasma samples obtained from 30 LCa patients (preoperative and postoperative serum samples) and 30 healthy
controls.

Study Design: Basic science research study.
Methods: MicroRNA profiling of eight plasma samples (four from preoperative, four from control individuals) were per-

formed using miRNA microarray. Two of the significantly deregulated miRNAs were selected for further confirmation in the
remaining samples using quantitative reverse-transcription polymerase chain reaction (qRT-PCR).

Results: Microarray profiling and qRT-PCR analysis showed that miR-221 was upregulated in LCa plasma samples. Fur-
ther qRT-PCR analysis demonstrated that miR-221 was at normal levels in postoperative plasma samples.

Conclusions: Plasma miR-221 may have a potential as a novel diagnostic/prognostic marker and might be considered
as a therapeutic target in LCa.
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INTRODUCTION
Larynx cancer (LCa), known to be the most common

tumor of the head and neck region, accounts for about
1% to 2.5% of all human neoplasms, and approximately
95% to 98% of LCa is originated from squamous cell car-
cinoma.1–3 The highest incidence rate of LCa is observed
in middle-aged and elderly men, and its incidence
increases globally due of rise in alcohol consumption and
tobacco use rates.4–6 The other predisposing risk factors
are exposure to carcinogens, air pollution, nutrition, sex
hormones, and heredity.

Surgery, radiation, chemotherapy, and combination
therapy are the frequently used treatment options for

early stage and localized LCa; however, radiochemother-
apy is the only option for metastasized and advanced
cancer cases and occasionally does not result in positive
outcome. Although different therapeutic approaches
have been suggested for LCa, they remain controversial
and further efforts are needed for their effective utiliza-
tion against LCa.

There is growing evidence that microRNAs (miR-
NAs) play significant roles in the regulation of several
cellular and developmental processes as well as in carci-
nogenesis.7 MicroRNAs are 21- to 25-nucleotides long,
noncoding, and endogenously synthesized small RNAs
that regulate their target genes’ expressions at the post-
transcriptional level through binding 3’-untranslated
regions and leading to degradation of target mRNAs or
repression of mRNA translation.8 Alterations in miRNA
levels have been associated with distinct cancer types
and several diseases, and they can act as oncogenes or
tumor suppressors. Recent studies indicate that miRNAs
play critical roles in cancer initiation, progression, and
metastasis.9–11 Moreover, miRNAs are present in a sta-
ble form in several human body fluids, including blood;
urine; prostate secretion; breast milk; tears; bronchial
lavage; and colostrum, seminal, pleural, peritoneal, and
cerebrospinal fluids.12,13 MicroRNAs have also been
shown to have potential for use as diagnostic or prognos-
tic biomarkers.

In this study, we compared the miRNA profile of
plasma samples obtained from 30 LCa patients (preoper-
ative and postoperative serum samples) and 30 healthy
controls. We found miR-221, as upregulated in LCa
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plasma samples, which can be postulated as a novel bio-
marker for prediction of the success of LCa surgery.

MATERIALS AND METHODS

Collection of Samples
This study has been approved by an institutional review

board of Istanbul University Cerrahpasa Medical School, Istan-
bul, Turkey, and all samples were obtained after receiving writ-
ten informed consents of participants. Plasma samples from 30
LCa patients (30 preoperative, 20 postoperative) and 30 healthy
control individuals were obtained from the Istanbul University
Cerrahpasa Medical School Department of Otorhinolaryngology.
Postoperative plasma samples were collected from the patient 1
month after the surgery. Clinical and pathological information
of the patients, including age, gender, T classification, and his-
tological grade, were provided in Table 1.

Plasma Extraction and Total RNA Isolation
Whole blood samples were collected into Vacutainer (anti-

coagulated with ethylenediaminetetraacetic, BD, New Jersey,
USA) and immediately centrifuged for plasma isolation at
3,000 rpm for 10 minutes. After phase separation, plasma mate-
rials were collected and stored at 2808C until RNA isolation.
Total RNA were extracted using mirVana miRNA Isolation Kit
(Ambion, Darmstadt, Germany) according to the manufacturer’s
protocol. The concentration and purity of RNAs were quantified
with spectrophotometry using NanoDrop ND-2000c (Thermo
Fisher Scientific, Inc., Wilmington, DE).

MiRNA Expression Microarray and Data
Analysis

MicroRNA profiling of eight plasma samples (four from
patients with LCa, four from healthy control individuals) were
performed using Agilent 8360K Human V19 miRNA Microarray
(Agilent Technologies, Santa Clara, CA) comprised of 2,006
probes, including control probes from Sanger miRBase (release
19). All related reagents were purchased from Agilent Technolo-
gies. From each sample, 50 ng of total RNA were labeled with
Cy3 using Agilent miRNA Labeling and Hyb Kit (Agilent Tech-
nologies) according to the manufacturer’s protocol. The labeled
RNA samples were heat-denatured and hybridized to microarray

slide and incubated at 558C for 20 hours. After hybridization,
microarray slides were washed and scanned immediately in Agi-
lent Microarray Scanner with Surescan High Resolution Technol-
ogy (Agilent Technologies). Feature Extraction v10.7.3.1 (Agilent
Technologies) software was utilized to extract all features of the
scanned image. Raw data were normalized by quantile normal-
ization using Bioconductor software with R version 2.15. P val-
ues and fold changes were calculated for each feature using log-
transformed data. Differentially expressed miRNAs were selected
with P<0.01 and 1.4-fold change as potential candidates for con-
firmation by quantitative reverse transcrition polymerase chain
reaction (qRT-PCR).

Real Time Quantification of MiRNA Expression
From each sample, 20 ng of total RNA was reverse-

transcribed using TaqMan Assays and TaqMan MicroRNA
Reverse Transcription Kit (Applied Biosystems, Foster City, CA)
according to the manufacturer’s protocol. TaqMan hsa-miR-133b
and hsa-miR2221 and RNU6B TaqMan Assays were obtained
from Applied Biosystems. RNU6B was used for normalization of
miRNA expression analyses. The relative expression levels of
miR-221 and miR-133b were evaluated with qRT-PCR using
TaqMan Universal Master Mix (Applied Biosystems) in a
LightCycler480-II real-time thermal cycler (Roche, Switzerland,
Basel). The reactions were carried out as follows: 1 cycle of 958C
for 5 minutes, followed by 40 cycles of 958C for 10 seconds, 608C
for 20 seconds, and 728C for 25 seconds. The qRT-PCR reactions
were performed in duplicate for each sample. The relative quan-
tification analysis was performed by delta-delta-Ct method, as
described previously.14

Statistical Analysis
Statistical analysis of qRT-PCR was performed using two-

sided Student’s t test, and data were plotted as mean6 standard
error. A P value<0.05 was accepted as statistically significant.

RESULTS
In this study, 30 preoperative plasma samples

obtained from LCa patients and 30 plasma samples
obtained from age- and sex-matched healthy control
individuals were used to profile miRNA expressions in
the plasma samples of LCa patients. Next, 20 postopera-
tive plasma samples were used to observe the alterations
of the levels of significantly deregulated miRNAs in LCa
patients after surgery.

The diagnosis of patients has been confirmed clini-
cally and histopathologically in the Istanbul University
Cerrahpasa Medical School Department of Otorhinolar-
yngology and Department of Pathology. Participants
were selected from those using at least a pack of ciga-
rettes in a day. Larynx cancer patients consisted of 29
men and one woman. The average age of the patients
was 66.5 6 1.63, whereas healthy control individuals had
an average age of 64.4 6 1.57. The histological grades of
tumor specimens were determined according to World
Health Organization classification, which showed that
13 tumors were grade II and 11 tumors were grade III,
whereas the grades of six tumors were unknown.

To compare the miRNA profiles of plasma samples
of LCa patients and healthy control individuals, we car-
ried out miRNA microarray analysis using four samples
from these two groups. After microarray analysis, quality

TABLE 1.
Clinicopathological Information of the Patients.

LCa Subjects

Age

� 60 16

> 60 14

Gender

Male 29

Female 1

T Classification

T1 and T2 17

T3 and T4 13

Histological Grade

II 13

III 11

Not known 6
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control reports showed that four control samples and
three LCa samples met all quality criteria predefined by
the microarray manufacturer for further successful
miRNA profiling. Microarray analysis revealed that 1,257
probes have been differently expressed in plasma samples
of LCa patients. Of those, 576 miRNA probes were found
to be significantly upregulated, whereas 681 miRNA
probes were downregulated in LCa versus normal healthy
groups. The heat-map representation of the differentially
expressed miRNAs is demonstrated in Figure 1.

Of the significantly deregulated miRNAs, one
upregulated (miR-221) and one downregulated (miR-
133b) miRNA were selected for further qRT-PCR confir-
mation in 30 preoperative and 30 healthy control
samples.

The qRT-PCR results demonstrated that the expres-
sion level of miR-221 was significantly higher in the
plasma samples of preoperative LCa patients in compari-
son to healthy control samples (P 5 0.01) (Fig. 2A). More-
over, to observe the alterations of expression level of
miR-221 after the surgery, we compared miR-221 level of
postoperative plasma samples to those of preoperative
and normal plasma samples. The analyses showed that
the expression of miR-221 was significantly reduced to
the normal level after surgery in plasma samples of LCa
patients (P 5 0.02) (Fig. 3A). Furthermore, when exam-
ining data from The Cancer Genome Atlas (TCGA)15 of
miR-221 expression levels in 448 head and neck squa-
mous cancers, miR-221 levels were elevated in cancer
tissues relative to normal adjacent tissues (P<0.001)
(Supp. Fig. S1).

On the other hand, expression levels of miR-133b
were not significantly different in preoperative patients
versus healthy control samples (P 5 0.99) (Fig. 2B).
Additional analysis of preoperative versus postoperative
plasma samples of LCa patients also did not show signif-
icant difference in miR-133b levels (P 5 0.12) (Fig. 3B).

DISCUSSION
Although there have been crucial enhancements in

the diagnostic techniques and treatment options for

Fig. 1. Heat map representation of deregulated miRNAs in the
plasma of LCa patients versus control individual samples. Each
miRNA is centered on the average of the control group and sorted
by fold change. LCa 5 larynx cancer; miRNA 5 microRNA.

Fig. 2. Mean relative expression levels of (A)
miR-221 and (B) miR-133b in the plasma of
pre- and postoperative larynx cancer
patients and control individuals. Post-
Op 5 postoperative; Pre-OP 5 preoperative.

Fig. 3. Relative expression levels of miR-221 in the pre- and post-
operative plasma samples of each larynx cancer patient.
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LCa, survival rates and treatment outcomes have not
changed strongly in recent years. Early diagnosis of can-
cer, particularly with regard to LCa, significantly
increases patient quality of life and positively affects
survival. Therefore, novel prognostic biomarkers are
urgently required for the improvement of diagnostic,
prognostic, and therapeutic applications. MicroRNAs are
among the most promising diagnostic markers for LCa.
They are involved in the regulation of gene expression
and play important roles in the cancer pathogenesis in
many types of cancer, including LCa. Although many
miRNAs are differentially expressed in tissues and
tumor cells, the development of miRNA panels as bio-
markers requires tissue collection by invasive methods.
In contrast, studying circulating miRNAs in the plasma
is much more convenient with regard to sample collec-
tion. The aim of the present study is to explore the
expression profiles of miRNAs in the plasma samples of
pre- and postoperative LCa patients and healthy
controls.

In this study, we investigated the expression pro-
files of more than two thousand known miRNAs in the
plasma of LCa patients using Agilent V19 miRNA micro-
array (Agilent Technologies), which showed that miR-
221 is significantly upregulated in preoperative plasma
of LCa patients compared to that of healthy control
plasma samples. Further analysis demonstrated that
miR-221 level decreased to a normal level after surgery
in postoperative plasma samples of LCa patients.

MicroRNA-221 has been demonstrated to be overex-
pressed in many types of cancer, including breast can-
cer,16 kidney and bladder cancer,17 gastric cancer,18 and
colorectal cancer tissues.19 Nuclear factor-jB and c-Jun,
which are two well-characterized factors implicated in
cancer initiation and progression, were demonstrated to
be directly targeted by miR-221.20 Moreover, miR-221
has been also shown to display its oncogenic role
through suppressing the expression of several tumor
suppressors, including p27, p57, ARH1, and phosphatase
and tensin homolog.21–23 Additionally, estrogen receptor
(ER)-negative breast cancer cells both in vitro and in
vivo have shown increased levels of miR-221, which
directly targets ER.24 Elevated miR-221 levels have been
found to induce the b-catenin pathway and repress Wnt
pathway inhibitors, resulting in the estrogen-
independent growth of breast cancer cells.24 On the
other hand, the TCGA data analysis (via the CBioPortal,
http://www.cbioportal.org/) shows gene amplification of
miR-221 in only 1% of head and neck squamous cell car-
cinoma (HNSCC). However, because expression of miR-
221 in HNSCC shows upregulation in TCGA data, some
other genetic or epigenetic mechanism could be involved.

Interestingly, recent studies have also reported that
miR-221 was deregulated in serum/plasma in several
malignancies. One of these studies represented the over-
expression of miR-221 in human hepatocellular carci-
noma serum samples, which was associated with tumor
size, cirrhosis, tumor stage, and overall survival.25 More-
over, circulating miR-221 was differentially expressed in
plasma samples of natural killer/T-cell lymphoma
patients compared to normal healthy individuals. Its

expression level in plasma was inversely correlated with
patient survival after treatment.26 Our results suggest
that the plasma miR-221 level may serve as a useful
diagnostic and prognostic biomarker for LCa patients.

CONCLUSION
Accumulating knowledge in the field of miRNAs

brings new perspectives in the understanding of cell
transformation and tumorigenicity. Nevertheless, the
growing numbers of LCa cases require a breakthrough
to improve the mortality rate of LCa patients. Further
studies are needed to understand the mechanisms of
deregulation of miRNAs as well as their targets in LCa.
Moreover, the early detection of LCa is essential to
improving patients’ survival, whereas sensitive and
effective biomarkers remain to be found. Peripheral
blood as a feasible source in routine patient examination
is a strong candidate for the early diagnosis of LCa.

As a result of our study, plasma miR-221 may have
potential as a novel diagnostic and prognostic marker
and might be considered as a therapeutic target in LCa.
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