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Abstract

Purpose Altered microRNA (miRNA) expression has

been found in many cancers, including lung, breast, pros-

tate, bladder and colorectal cancer. Many recent studies

have demonstrated that aberrant plasma miRNAs were also

found in various types of cancers. However, the alteration

in plasma miRNA expressions in laryngeal squamous cell

carcinoma (LSCC) remains unclear. The present study

aimed to investigate the alterations in plasma miRNAs in

LSCC.

Methods In the present study, the expression profiles of

738 miRNAs in plasma from 20 patients and 44 healthy

subjects were evaluated using high-throughput real-time

quantitative polymerase chain reaction.

Results Our results demonstrated that expression levels of

17 miRNAs were significantly upregulated in patients with

LSCCs when compared to control group (p \ 0.05).

Expression levels of nine miRNAs were found significantly

downregulated in LSCC patients (p \ 0.05). In addition,

17 miRNAs were expressed only in LSCC group, and five

of these miRNAs (miR-331-3p, 603, 1303, 660-5p and

212-3p) are LSCC specific and never seen before in plasma

of any human subject.

Conclusion In conclusion, our study suggests that

detecting these LSCC-specific miRNAs in plasma might

serve as novel noninvasive biomarkers for LSCC.

Keywords Circulating miRNA � Laryngeal squamous

cell carcinoma � RT-PCR � Larynx � Diagnostic

Introduction

Laryngeal carcinoma is the second most common head and

neck squamous cell carcinoma worldwide (Chu and Kim

2008). It is estimated that there are 12,740 new patients

(male 10,160 and female 2,580) suffering from laryngeal

carcinoma in the United States in 2011 (accounting for

0.7 % of the total new cancer cases). It also accounts for

about 0.6 % of estimated cancer-related deaths in the

United States (Siegel et al. 2011). It is the second most

common malignancy in Turkey and accounts for 7 % cause

of death in males (Elci et al. 2003). Early-stage laryngeal

cancer is often curable with surgery or radiotherapy.

However, the outcome for most patients with advanced

disease has not improved in the last 20 years, despite

therapeutic advances (Hardisson 2003). This is mainly

based on the laryngeal cancer itself in such a way that

patients with laryngeal cancer present late leading to

reduced treatment efficacy and high rate of recurrence. The

expression patterns and biological functions of microRNAs

(miRNAs) in laryngeal carcinoma have been investigated

in recent years (Hui et al. 2010).

In the last decade, a group of noncoding RNAs called

miRNAs emerged. These single-stranded RNAs of 21–23
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nucleotides in length negatively regulate the expression of

target genes through binding to the complementary site in

the 30-untranslated regions (30-UTR) of mRNA (Zamore

and Haley 2005). The degree of complementarity between

miRNA and target mRNA determines the mechanism of

target gene silencing; almost complete complementarity

results in target miRNA cleavage, whereas lower comple-

mentarity leads to suppression of translation (Bartel 2004).

miRNAs play an essential role in the regulation of a large

number of biological processes, including cancer (Calin

et al. 2002). miRNAs that are upregulated in cancers are

proposed to be oncogenes, whereas those that are down-

regulated are considered tumor suppressors (Zhang et al.

2007).

Lawrie et al. (2008) were among the first to demonstrate

the presence of circulating miRNAs in cell-free body fluids

such as plasma and serum. Since then, circulating miRNAs

have been reported as being aberrantly expressed in blood

plasma or serum in different types of cancers, e.g., prostate,

colorectal and esophageal carcinoma (Brase et al. 2010;

Huang et al. 2010; Zhang et al. 2010). Their most impor-

tant advantages include the possibility of their repeated

measurements in a noninvasive manner as well as their

remarkable stability in plasma/serum (Mitchell et al. 2008;

Turchinovich et al. 2011). Serum and plasma miRNAs are

relatively easy to access, and circulating miRNAs also have

great potential to serve as noninvasive biomarkers (Kosaka

et al. 2010). Early cancer detection remains a major chal-

lenge in laryngeal squamous cell carcinoma (LSCC)

research as it holds promises to result in a more favorable

disease outcome. Early-detection marker development is

turning toward novel and minimally invasive techniques.

Despite the advance in the use of molecular markers for

monitoring human cancers in the past decades, there are

still no reliable markers in clinical use to screen laryngeal

carcinoma and follow the patients after treatment. Blood-

based tests, such as measuring circulating miRNAs in the

plasma, could offer an important complement of existing

diagnostic tools allowing improved performance in LSCC

screening and detection. There are many ongoing resear-

ches offering miRNAs as early-detection and/or prognostic

marker for various types of cancers (Heneghan et al. 2010;

Chen et al. 2012; Shen et al. 2011).

To our knowledge, this study is the first plasma miRNA

profiling study in LSCC. miRNA signatures and possible

role in laryngeal cancer have been investigated in plasma

of patients with LSCC.

Materials and methods

Patients and samples

This study includes LSCC cases treated at the Department

of Otorhinolaryngology at Mersin University in Mersin,

Turkey. The 20 newly diagnosed LSCC patients (2 females

and 18 males) and 44 unrelated controls (23 females and 21

males) were recruited from files of Otorhinolaryngology of

Mersin University. Control subjects were selected among

healthy people with no history of cancer, chronic degen-

erative neurological disease, diabetes, hypertension, atopy,

autoimmune diseases or allergies in general.

Patients with the complaints of hoarseness, throat ache

or dysphagia were examined using rigid or flexible en-

doscopies by an otolaryngology specialist. Laryngeal car-

cinoma diagnosis was made with laryngeal endoscopy,

neck examination and getting biopsies from lesions under

the general anesthesia. Neck computerized tomography

was also performed in all patients. All histopathological

examinations revealed a diagnosis of squamous cell car-

cinoma in these patients. Tumor, node, metastasis (TNM)

classifications were made according to the 2002 recom-

mendations of American Joint Committee on Cancer-

Union International Centre le Cancer (AJCC-UICC) TNM
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system. Patients who had received neoadjuvant chemo-

therapy or radiation therapy were excluded from this study.

Data were collected through a medical interview, based

on a standardized questionnaire. Information on tumor site

was abstracted from the medical records of the patients. All

subjects were systematically interviewed about their cur-

rent and lifetime smoking status and occupational risk

factors for laryngeal cancer. The investigations were

approved by the Medical Ethical Review Committee of the

Academic Hospital of the Mersin University, and informed

consents were obtained from all patients and controls

according to the Helsinki declaration II (1975, revised

1983).

Plasma preparation and RNA isolation

Plasma samples were collected via centrifuging EDTA

blood samples at 4,000 rpm for 15 min within 2 h of col-

lection. Plasma samples were transferred into a clean

microcentrifuge tube followed by a second high-speed

centrifugation step at 13,000 rpm for 5 min at 10 �C to

remove cell debris and fragments. The plasma samples

were aliquoted and stored at -80 �C until RNA extraction.

Total RNA (including miRNAs) was extracted from

plasma by using high-pure miRNA isolation kit (Roche

diagnostic GmbH, Mannheim, Germany) according to

manufacturer’s instructions and then stored at -80 �C for

further process.

Reverse transcription (RT) reaction

Total RNA samples (2 ll) were reverse-transcribed using

Taqman MicroRNA reverse transcription kit in combina-

tion with Megaplex RT primer Human pool set A and B

(Applied Biosystems, Foster City, CA, USA), allowing

simultaneous reverse transcription of 738 miRNAs and

three endogen controls (U6 snRNA, RNU44 and RNU48).

Briefly, 2 ll of total RNA was supplemented with Mega-

plex RT primer mix (109), RT buffer (109), Multiscribe

reverse transcriptase (50 U/ll), dNTPs with dTTP

(100 mM), MgCl2 (25 mM) and RNase inhibitor (20 U/ll)

in a total reaction volume of 5 ll. RT reaction was used (40

cycles of 16 �C for 2 min, 42 �C for 1 min and 50 �C for

1 s, followed by a final reverse transcriptase inactivation at

85 �C for 5 min). cDNA samples were kept at -80 �C

until PCR analysis.

Pre-amplification of cDNA

For pre-amplification, 2 ll of cDNA samples was trans-

ferred into a clean 96-well plate and 8 ll of DNA sus-

pension buffer was added on the top of cDNAs and mixed

by pipetting up and down 5–6 times. One-fifth of diluted

RT product (2 ll) was pre-amplified using Applied Bio-

systems’ Taqman preamp master mix (29) and Megaplex

preamp primers (59) in a 5-ll PCR. The primer pool

consisted of forward primers specific to each of the 738

miRNAs and a universal reverse primer (Applied Biosys-

tems). The pre-amplification cycling conditions were as

follows: 95 �C for 10 min, 55 �C for 2 min and 75 �C for

2 min followed by 14 cycles of 95 �C for 15 s and 60 �C

for 4 min.

Real-time qPCR

Pre-amplified cDNA samples were diluted with low-EDTA

(0.1 mM) TE buffer (1:5). About 490 ll Taqman universal

PCR master mix (no AmpErase UNG) (Applied Biosys-

tems, Foster City, CA, USA) and 49 ll (209) GE sample

loading reagent (Fluidigm, PN 85000746) were mixed, and

3.85 ll was pipetted into a 96-well plate and added 3.15 ll

of diluted pre-amplified cDNA into each well and mixed;

then 5 ll of this mixture was pipetted into sample inlets of

a 96.96 dynamic array (Fluidigm, Sout San Francisco,

USA), and 4.5 ll of miRNA Taqman probe and primers

(Applied Biosystems) was pipetted into assay inlets of a

96.96 dynamic array (Fluidigm). The biomark IFC con-

troller HX (Fluidigm, San Francisco, CA, USA) was used

to distribute the assay mix and sample mix from the

loading inlets into the 96.96 dynamic array reaction

chambers for qRT-PCR by Fluidigm’s integrated fluidic

circuit technology. qRT-PCR was performed using the

high-throughput biomark real-time PCR system (Fluidigm,

South San Francisco, CA, USA). Cycling conditions were

as follows; firstly, thermal mix protocol is followed by

50 �C for 2 min, 70 �C for 30 min and 25 �C for 5 min.

Then UNG and Hot start protocol is followed by 50 �C for

2 min and 95 �C for 5 min. Finally, PCR cycle is followed

by 40 cycles of 95 �C for 15 s (denaturation) and 60 �C for

60 s (annealing).

Normalization and relative quantification of plasma

miRNA expression

In order to eliminate normalization problem for miRNA

expression in plasma, depending on the absence of stable

RNA, we used global mean normalization method for

normalization of plasma miRNA expression. miRNA

expression data were normalized according to the global

mean normalization strategy (Mestdagh et al. 2009). Glo-

bal mean normalization of miRNA qRT-PCR data was

performed with GenEx professional 5 software (multi D

analyses AB, Goteborg, Sweden). The relative expression

of miRNAs was calculated by the comparative DCT

(DDCT) method. Fold changes (FCs) were calculated by

the equation 2-DDCt (Pfaffl 2001).
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Statistical analysis

Statistical analysis was performed with SPSS software

package, version 17.0, for windows (SPSS Inc. Chicago,

IL, USA). Power calculations for testing the sample size

were performed using PASS software package program

(Utah, USA, version 11.0 for windows) (desired study

power, 80 %; a-error = 0.05, two-tailed). Expression data

were controlled for normal distribution by Shapiro–Wilk

test and according to the test results; all data were not

normally distributed. Mann–Whitney U test was used to

detect the differences in the expression of plasma miRNAs

between patients and healthy subjects. Results are expres-

sed as mean ± standard error of mean (SEM). A p value of

\0.05 was considered as significant.

Results

This study includes 20 patients with LSCC and 44 healthy

subjects. Demographic variables of controls and patients

are listed in Table 1. In this study, smoking status was

found different between the LSCC and the control groups

(p = 0.002). Dosemeci et al. (1997) have determined the

effects of tobacco smoking on risk of cancer of the larynx

in Turkey population. Plasma samples from 20 LSCC

patients and 44 healthy subjects were examined for the

expression of 738 miRNAs (Supplemental Table 1) using

high-throughput qRT-PCR. Mean delta Ct values of miR-

NAs in plasma samples of patients and healthy subjects are

shown in supplemental table 2. Fifty miRNAs were

expressed in both groups, and among them, 16 miRNAs

were significantly upregulated in LSCC patients when

compared to control group (fold change [2) (Table 2;

Fig. 1). The expression levels of upregulated 14 miRNAs

were not different in patients with LSCC compared to

healthy subjects (Table 2). Twenty miRNAs were down-

regulated in patients with LSCC and healthy subjects

(Table 3). Of these downregulated miRNAs, 10 showed a

significant distribution (Table 3; Fig. 1). There are 17

miRNAs that showed a LSCC-specific expression (miR-

99b-5p, 21-5p, 106a-5p, 205-5p, 146b-5p, 148a-3p, 17-5p,

331-3p, 194-5p, 214-3p, 335-5p, 483-5p, 660-5p, 18a-5p,

212-3p, 603 and 1303) (Table 4).

Discussion

The role of regulatory miRNAs in eukaryotic biology was

demonstrated in the late 1990s by the finding that the

double-stranded RNA introduced into Caenorhabditis ele-

gans was cleaved by dicer into *21-nucleotide small

RNAs and induced gene silencing and cooperated in

control cell proliferation (Fire et al. 1998). Recent studies

revealed that miRNAs will circulate in a sufficiently stable,

cell-free form in blood (Mitchell et al. 2008). Furthermore,

tumor-derived miRNAs were released into the circulation

(Mitchell et al. 2008), and profiles of miRNAs in plasma

and serum have been found to be altered in cancer and

other disease states (Mitchell et al. 2008; Ma et al. 2007;

Rokhlin et al. 2007; Lin et al. 2009; Taylor and Gercel-

Taylor 2008; Freedman et al. 2012), suggesting broad

opportunities for the development of circulating miRNAs

as blood-based markers for molecular diagnosis.

Here we investigated the potential role of circulating

miRNAs, to serve as an early-detection marker by com-

paring plasma miRNA profiles of patients with LSCC with

healthy individuals. We included that updated names of

miRNAs are stated in parenthesis according to miRBase

database (www.mirbase.org).

Bian et al. (2012) reported that miR-203 inhibits the

proliferation of laryngeal carcinoma cells by directly tar-

geting surviving, suggesting its tumor-suppressive effect.

miR-203 has been validated as a tumor suppressor in

hematological malignancies, hepatocellular, esophageal,

bladder, colorectal, gastric and prostate cancer, as a result

of its ability to directly target oncogenes such as DNp63,

AKT2, Src, Runx2, Bcl-wl and ABL1 (Furuta et al. 2010;

Yuan et al. 2011; Bueno et al. 2008; Li et al. 2011; Bo et al.

2011; Chiang et al. 2011; Saini et al. 2011a, b).

Table 1 Characteristics of controls and patients with laryngeal SCC

Characteristic Control n (44) LSCC n (20)

Sex

Male 21 18

Female 23 2

Median age, years (range) 24.5 (18–69) 58.5 (43–76)

Alcohol consumption

Yes 6 15

No 38 5

Smoking

Yes 8 20

No 36 –

Tumor staging

I – 8

II – –

III 1

IV 11

Lymph node metastasis

N0 13

N1–N2 7

Site

Supraglottic 8

Glottic 12
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In the present study, tumor suppressor miR-203 was

significantly decreased in the plasma of patients with

LSCC compared to control subjects (FC: 7.14, p = 0.000).

Decreased plasma miR-203 expression shows a correlation

with tissue studies.

Cao et al. (2013) have investigated miRNA expression

of six pairs of LSCC and adjacent normal tissues via

miRNA microarray. They found that 29 differentially

expressed miRNAs were detected in the six pairs of

LSCC tissues, of which six were confirmed by qRT-

PCR, including upregulation of miR-21, miR-93, miR-

205 and miR-708 (last name: miR-21-p, 93-5p, 205-5p

and 708-5p, respectively) and downregulation of miR-

125b and miR-145 (last name: miR-125b-5p and 145-5p,

respectively). Liu et al. (2011) showed also that the

expression of miR-21 (last name: miR-21-5p) was

upregulated in LSCC and hypopharyngeal squamous cell

carcinomas compared to their matched adjacent nontu-

mor tissues.

Hui et al. (2010) determined that miR-17-5p, 205 and

106a (last name: miR-205-5p and 106a-5p, respectively)

were upregulated in formalin-fixed, paraffin-embedded,

head–neck squamous cell carcinoma tissue samples. The

miR-17-92 cluster (encoding miR-17, 18a, 19a/b, 20a and

92a) is highly expressed in tumor cells (Doebele et al.

2010).

In this research study, we found that miR-21-5p, 205-5p,

17-5p and 106a-5p were expressed only in patients with

LSCC, miR-93-5p was upregulated in LSCC compared to

control group (FC: 5.8, p = 0.005) and miR-125b-5p was

downregulated (FC: 18.9, p = 0.005), possibly pointing

out a tumor-derived release.

Cai et al. (2011) showed that repression of miR-106b

(last name: miR-106b-5p) resulted in cell proliferation

Table 2 Relative expression levels of upregulated miRNAs in plasma samples of patients and healthy subjects

miRNAs Control DCt (mean ± SEM) Patient DCt (mean ± SEM) p value FC

hsa-miR-19b-3p 1.49 ± 0.24 0.00 ± 0.35 0.003 2.804

hsa-miR-20a-5p 2.59 ± 0.36 0.60 ± 0.31 0.002 3.951

hsa-miR-29c-3p 6.67 ± 0.28 6.22 ± 0.43 0.285 1.371

hsa-miR-20b-5p 8.46 ± 0.42 7.06 ± 0.75 0.165 2.649

hsa-miR-30b-5p 4.00 ± 0.18 2.54 ± 0.33 0.001 2.767

hsa-miR-130a-3p 8.78 ± 0.63 4.47 ± 0.50 0.003 19.731

hsa-miR-30c-5p 0.21 ± 0.22 -0.11 ± 0.48 0.553 1.251

hsa-miR-106b-5p 2.86 ± 0.19 1.68 ± 0.79 0.000 2.265

hsa-miR-92a-3p -1.81 ± 0.15 -2.13 ± 0.40 0.26 1.254

hsa-miR-93-5p 7.28 ± 0.47 4.74 ± 0.58 0.005 5.806

hsa-miR-27a-3p 6.30 ± 0.32 3.89 ± 0.62 0.003 5.332

hsa-miR-27b-3p 5.54 ± 0.69 3.04 ± 1.24 0.030 5.678

hsa-miR-152 8.06 ± 0.48 6.76 ± 0.74 0.242 2.460

hsa-miR-193b-3p 7.91 ± 0.58 6.48 ± 1.05 0.188 2.706

hsa-miR-195-5p 7.56 ± 0.20 2.68 ± 4.13 0.008 29.406

hsa-miR-320a 7.30 ± 0.30 2.87 ± 0.76 0.000 21.520

hsa-miR-185-5p 7.93 ± 1.57 7.53 ± 0.50 0.655 1.319

hsa-miR-324-5p 5.48 ± 0.64 4.16 ± 0.68 0.312 2.495

hsa-miR-342-3p 6.91 ± 0.29 6.11 ± 0.84 0.634 1.739

hsa-miR-223-3p 1.46 ± 0.44 -1.35 ± 0.71 0.000 7.020

hsa-miR-191-5p 7.01 ± 0.31 2.93 ± 0.55 0.000 16.851

hsa-miR-328 7.94 ± 0.31 4.33 ± 0.50 0.001 12.141

hsa-miR-484 6.24 ± 0.35 1.71 ± 0.31 0.000 22.990

hsa-miR-375 5.85 ± 0.49 3.24 ± 1.23 0.026 6.098

hsa-miR-548a-3p 8.43 ± 0.29 6.63 ± 0.93 0.125 3.501

hsa-miR-30a-5p -0.41 ± 0.37 -1.00 ± 0.63 0.293 1.506

hsa-miR-30d-5p 2.82 ± 0.29 2.47 ± 1.40 0.501 1.268

hsa-miR-720 6.57 ± 0.36 5.32 ± 0.63 0.064 2.375

hsa-miR-206 -0.37 ± 0.24 -3.57 ± 0.87 0.000 9.205

hsa-miR-93-3p 7.62 ± 0.49 7.56 ± 0.62 0.882 1.044

SEM standard error mean, FC fold change, Ct threshold cycle
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inhibition and cell cycle G0/G1 arrest in laryngeal carci-

noma cells. In this study, we determined that miR-106b-5p

was upregulated in patients with LSCC. Same as other

plasma miRNA alterations in our study, miR-106b-5p may

also be a tumor-derived alteration in plasma miRNAs.

Plasma miRNAs that were only expressed in LSCC

group were subjected to a PubMed search if these miRNAs

were expressed in plasma of any condition other than

LSCC. Plasma miR-99b (last name: miR-99b-5p) and 148a

(last name: miR-148a-3p) were detected in melanoma

cancer patients and healthy subjects (Huang et al. 2012).

Serum miR-17-5p, 146b and 106a (last name: miR-146b-

5p and 148a-3p, respectively) were expressed in non-small

cell lung cancer and control (Heegaard et al. 2012). Torres

et al. (2012) determined miR-205 (last name: miR-205-5p)

in plasma samples of endometrioid endometrial cancer.

miR-194 (last name: miR-194-5p) was expressed in serum

samples in liver transplant recipients and controls (Farid

et al. 2012). Serum miR-124 (last name: miR-124-3p) was

detected in cutaneous squamous cell carcinoma patients

and controls (Yamane et al. 2013). Serum miR-335 (last

name: miR-335-3p) was detected in breast cancer patients

and controls (Wang et al. 2010a). Serum miR-483-5p and

miR-21 (last name: miR-21-5p, respectively) were detected

in sepsis patients and controls (Wang et al. 2010b). miR-

18a (last name: miR-18a-5p) was detected in plasma of

patients with pancreatic cancer and controls (Morimura

et al. 2011).

Among 17 miRNAs that were expressed only in plasma

of LSCC patients, plasma miR-331-3p, 603, 1303, 660-5p

Table 3 Relative expression levels of downregulated miRNAs in plasma samples of patients and healthy subjects

miRNAs Control DCt (mean ± SEM) Patient DCt (mean ± SEM) p value FC

hsa-miR-19a-3p 3.21 ± 0.18 7.42 ± 0.53 0.000 18.52

hsa-miR-29a-3p 8.34 ± 0.19 8.52 ± 0.41 0.859 1.13

hsa-miR-145-5p 8.03 ± 0.67 9.31 ± 0.78 0.201 2.43

hsa-miR-146a-5p 6.21 ± 0.20 7.16 ± 0.52 0.063 1.92

hsa-miR-24-3p 0.03 ± 0.16 0.13 ± 0.34 0.77 1.07

hsa-miR-25-3p -3.26 ± 0.24 -1.16 ± 0.44 0.000 4.29

hsa-miR-126-3p 1.03 ± 0.11 4.94 ± 0.55 0.000 15.15

hsa-miR-125b-5p 7.64 ± 1.16 3.39 ± 0.84 0.005 18.955

hsa-miR-192-5p 1.91 ± 0.72 5.77 ± 0.73 0.000 14.49

hsa-miR-203 1.76 ± 0.95 4.57 ± 0.58 0.000 7.14

hsa-miR-150-5p -2.66 ± 0.34 -1.34 ± 0.54 0.023 2.49

hsa-miR-218-5p 1.07 ± 0.34 2.61 ± 0.96 0.000 2.91

hsa-miR-345-5p 9.18 ± 0.39 9.75 ± 0.67 0.347 1.48

hsa-miR-451a -4.65 ± 0.15 -3.44 ± 0.47 0.007 2.31

hsa-miR-574-3p 4.88 ± 0.91 7.02 ± 0.57 0.251 4.41

hsa-miR-576-3p 6.05 ± 0.38 7.54 ± 0.42 0.09 2.81

hsa-miR-548c-3p 2.91 ± 0.39 3.93 ± 0.76 0.439 2.02

hsa-miR-942 2.07 ± 5.01 2.61 ± 3.51 0.773 1.45

hsa-miR-378a-5p 5.02 ± 0.44 5.47 ± 0.66 0.632 1.36

hsa-miR-601 -10.55 ± 0.47 -7.60 ± 0.93 0.002 7.75

SEM standard error mean, FC fold change, Ct threshold cycle

Table 4 Expression levels of miRNAs in plasma samples of LSCC

subjects

miRNAs Ct (mean ± SD)

hsa-miR-99b-5p 18.12 ± 2.94

hsa-miR-21-5p 22.53 ± 2.76

hsa-miR-106a-5p 19.85 ± 2.52

hsa-miR-146b-5p 24.43 ± 1.26

hsa-miR-148a-3p 24.04 ± 1.00

hsa-miR-17-5p 21.77 ± 2.38

hsa-miR-331-3p 22.31 ± 2.29

hsa-miR-194-5p 12.80 ± 1.79

hsa-miR-214-3p 24.02 ± 2.37

hsa-miR-335-5p 23.33 ± 1.59

hsa-miR-483-5p 10.78 ± 3.81

hsa-miR-660-5p 22.52 ± 2.33

hsa-miR-18a-5p 24.82 ± 1.21

hsa-miR-212-3p 21.88 ± 4.24

hsa-miR-603 7.11 ± 8.81

hsa-miR-1303 12.87 ± 8.46

hsa-miR-205-5p 15.96 ± 1.92

SD standard deviation, FC fold change, Ct threshold cycle
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and 212-3p were not expressed in healthy individuals and

patients who have any disease states. Based on this finding,

we suggest that miR-331-3p, 603, 1303, 660-5p and 212-3p

may serve as novel non-invasive biomarkers for LSCC.

In conclusion, miRNA expressions of plasma miRNAs

show a correlation with tissue studies. Although this study

does not directly show miRNA release from tumor tissues,

correlations of plasma miRNA profiles with other tissue

studies come up as a tumor-specific release.
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