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Abstract: In the present study, we aimed to detect microRNA-9 (miR-9) expression level and its clinical significance
in laryngeal squamous cell carcinomas (LSCC). 103 patients who were diagnosed with LSCC and treated between
March 2010 and June 2013 were enrolled in this study. Expression levels of miR-9 were detected by real-time quan-
titative RT-PCR assay. Survival curves were estimated using the Kaplan-Meier method, and differences between
them were evaluated by the log-rank test. Cox proportional hazard regression test was used to estimate univariate
and multivariate hazard ratios for prognosis. We found that miR-9 levels were significantly higher in LSCC tissues
compared with matched non-cancerous tissues [4.55 (164-6.75) vs. 2.07 (0.89-2.65), P < 0.05]. The level of miR-
9 in LSCC was strongly correlated with tumor differentiation (P = 0.031), thyroid cartilage invasion (P = 0.024),
lymph node metastasis (P = 0.009) and clinical TNM stage (P = 0.011). The log-rank test showed that the survival
time was significantly different between groups with high and low expression of miR-9 (Log Rank test, P = 0.014).
Furthermore, Cox regression multivariate analysis demonstrated that miR-9 expression was an independent prog-
nostic factor of outcomes in patients with LSCC after tumour resection (HR = 3.18, 95% Cl = 2.19-11.91, P=0.012).
In conclusion, miR-9 expression was up-regulated in LSCC and was significantly associated with the progression and
poorer prognosis of LSCC. Therefore, it might be utilized as a useful prognostic biomarker for LSCC.
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Introduction pressor and many cancer-related miRNAs have
been identified functionally. MicroRNA-9 (miR-
9) has been reported to be highly expressed in
many types of malignant tumors, and it can pro-
mote cancer cell proliferation and metastasis
[4-7]. However, the expression level of miR-9 in
LSCC, and its clinical significance, as well as
prognostic value have not been reported previ-
ously. Therefore, in the present study, we aimed
to detect miR-9 expression level and its clinical
significance in LSCC.

Laryngeal cancer is currently the eleventh most
common cancer worldwide, and laryngeal squa-
mous cell carcinomas (LSCC) represents ap-
proximately 85-90% of all the malignant tumors
of the larynx [1]. Since the survival of patients
with LSCC is poor, prognostic assessment of
the patient is essential for the choice of better
therapeutic strategies. The current challenge
demands the discovery of accurate and non-in-
vasive biomarkers for diagnosis, prognosis and
prediction of recurrence to improve the clinical
management of LSCC patients.

Material and methods

Patients and specimens
MicroRNAs (miRNAs) are a family of small non-

coding RNA molecules [2]. MiRNA can regulate
gene expression at a post-transcriptional level
and play a pivotal role in the regulation of cell
development, metabolism, immunity, prolifera-
tion, differentiation, and apoptosis [3]. Publi-
shed data finds that miRNA is involved in carci-
nogenesis as either oncogene or tumor sup-

The present study was conducted in accorda-
nce with the Declaration of Helsinki. All patients
provided written informed consent for the col-
lection of samples and subsequent analysis.
The study was approved by the Ethics Com-
mittee of the 4th Affiliated Hospital of Harbin
Medical University. 103 patients who were diag-
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Figure 1. Expression level of miR-9 in LSCC tissues
and the corresponding adjacent nonneoplastic tis-
sues.

nosed with LSCC and treated between March
2010 and June 2013 at the 4th Affiliated
Hospital of Harbin Medical University, were en-
rolled in this study. All of the patients with LSCC
in our study had the following inclusion criteria:
no history of radiotherapy or chemotherapy and
a diagnosis of primary squamous cell carcino-
ma of the larynx without other malignancies.
Tumor stage was classified according to the
2002 TNM staging system of the Union for
International Cancer Control (UICC). After sur-
gery, the matched specimens of LSCC and the
corresponding adjacent nonneoplastic tissues
obtained from patients were preserved in liquid
nitrogen within 5 minutes of excision and then
were transported frozen to the laboratory and
stored at -80°C. These patients received sur-
gery in our department and were followed for at
least 2 years. Clinical follow-up data were ob-
tained by telephone or from outpatient records.

Quantitative RT-PCR analysis

Total RNA was extracted from specimens of
LSCC and the corresponding adjacent nonneo-
plastic tissues by homogenizing tissue in Trizol
reagent (Invitrogen, Carlsbad, California, USA)
according to the manufacturer’s instructions.
Primers for miR-9 and endogenous control U6
snRNA were obtained from Applied Biosystems
(Foster City, California, USA). The concentration
and purity of RNA were determined spectropho-
tometrically using the NanoDrop ND-1000 (Na-
noDrop Technologies, Wilmington, Delaware,
USA). cDNA was generated using the Prime-
Script RT reagent kit (Takara Co. Ltd, Dalian,
China) in a 20 pl final reaction volume contain-
ing 0.5 pg of RNA, 0.5 pl Prime-Script RT en-
zyme mix, and 4 ul 5x PrimeScript buffer, and 1
ul RT primer, and incubated at 42°C for 60 min
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and at 85°C for 5 min. Quantitative real-time
PCR assay was performed to evaluate miR-9
expression using SYBR Premix Ex Taq (Takara
Co. Ltd) and measured in a LightCycler 480
System (Roche, Basel, Switzerland). The ampli-
fication profile was denatured at 95°C for 10
min, followed by 45 cycles of denaturation at
95°C for 15 s, annealing at 60°C for 30 s, and
extension at 72°C for 1 min. Relative quantifi-
cation of miRNA expression was performed us-
ing the 22¢T, The raw data were presented as
the relative quantity of target miRNA, normal-
ized with respect to U6 snRNA and relative to a
calibrator sample. Primers for real-time PCR
analysis were listed as follows: miR-9_F, 5-
GTGCAGGGTCCGAGGT; miR-9_R, 5-GCGCTCT-
TTGGTTATCTAGC; U6_F, 5-CTCGCTTCGGCAG-
CACA; and U6_R, 5-AACGCTTCACGAATTTGCGT.

Statistical analysis

The differences between groups were estimat-
ed using Mann-Whitney U test or Kruskal-Wallis
test, as appropriate. Overall survival (0OS) was
measured for each patient. Survival curves
were estimated using the Kaplan-Meier meth-
od, and differences between them were evalu-
ated by the log-rank test. Cox proportional haz-
ard regression test was used to estimate uni-
variate and multivariate hazard ratios for prog-
nosis. Difference was considered statistically
significant when the P value was < 0.05. All
statistical analyses were done using SPSS 18.0
(SPSS Inc, Chicago, IL).

Results
Increased expression of miR-9 in LSCC

To reveal the role of miR-9 in LSCC, gRT-PCR
was performed to measure miR-9 levels in 103
pairs of LSCC tissues and adjacent non-cancer-
ous tissues. Median miR-9 levels were signifi-
cantly higher in LSCC tissues compared wi-
th matched non-cancerous tissues [4.55 (164-
6.75) vs. 2.07 (0.89-2.65), P < 0.05] (shown in
Figure 1).

Correlations between miR-9 expression and
LSCC clinicopathologic characteristics

The relationship between miR-9 expression
and clinicopathologic parameters of 103
patients with LSCC was evaluated. As shown in
Table 1, the level of miR-9 in LSCC was strongly
correlated with tumor differentiation (P =
0.031), thyroid cartilage invasion (P = 0.024), ly-
mph node metastasis (P = 0.009) and cli-
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Table 1. Relationship between miR-9 expression level and clinical param-
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Figure 2. Kaplan-Meier overall survival curve for 103
patients with LSCC.
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including the glottis, supraglottic, and subglot-
tic areas. In China, the incidence of LSCC has
gradually increased over the past several de-
cades. Currently, LSCC is the second most co-
mmon malignant tumor of the head and neck in
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Table 2. Multivariate survival analyses for overall
survival by the Cox proportional hazard model

Variables HR 95% ClI P value
Age 0.81 0.67-2.19 0.37
Sex distribution 1.27 0.23-191 0.81
Primary location 0.78 0.36-2.13 0.54
Thyroid cartilage invasion  1.82 1.03-5.33 0.033
Pathological differentiation 2.23 1.96-7.21 0.025
T classification 1.88 0.76-5.19 0.07
Lymph node metastasis 214 153913 0.021
TNM stage 2.71 198934 0.018
miR-9 expression level 3.18 2.19-11.91 0.012

China [8]. Although patients with LSCC benefit
from advanced diagnostic and therapeutic ma-
nagement, survival remains poor and has not
improved during the past 30 years [9]. Current
tumor-node-metastasis (TNM) staging criteria
and differentiation grade are the main factors
used to predict outcome in patients with LSCC
[10, 11]. However, these parameters do not ac-
curately predict the future course of early-stage
LSCC. Moreover, the molecular mechanisms by
which LSCC initiates and progresses remain
unclear. Therefore, the identification of sensiti-
ve and specific molecular markers of LSCC wo-
uld facilitate early prevention, diagnosis, and
treatment. Identification of relevant biomarkers
is essential for understanding the pathogene-
sis of LSCC and for developing new targeted
treatment strategies for this tumor type.

Altered expression of tissue miRNAs has been
found to be associated with many diseases,
particularly cancer, and the use of tissue miRNA
expression profiles as diagnostic or prognostic
biomarkers in cancer has been demonstrated
by several studies [12, 13]. Emerging studies
have revealed that miRNA is a promising bio-
marker associated with clinical outcomes in
LSCC [14, 15]. The miR-9, which was initially
found to be selectively expressed in neuron tis-
sues, was elevated in primary brain tumors and
was described as an essential factor that func-
tions in developing neurons, neural carcinogen-
esis, or other diseases of the nervous system
[7, 16, 17]. Later research found that miR-9
was involved in the carcinogenesis of biliary
tract carcinoma [4], colorectal cancer [5], Bur-
kitt lymphoma [18], clear cell renal cell carci-
noma [19], and gastric cancers [20]. In cell line
studies, miR-9 has been observed to target
junction protein E-cadherin, facilitating metas-
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tases and stimulating angiogenesis in breast
cancer and hepatocellular carcinoma cells [21,
22]. However, until now, the expression level of
miR-9 in LSCC, and its clinical significance, as
well as prognostic value have not been report-
ed. Therefore, we aimed to detect miR-9 expres-
sion level and its clinical significance in LSCC.
In the present study, we found that miR-9 levels
were significantly higher in LSCC tissues com-
pared with matched non-cancerous tissues,
and the level of miR-9 in LSCC was strongly cor-
related with tumor differentiation, thyroid carti-
lage invasion, lymph node metastasis and clini-
cal TNM stage. The log-rank test showed that
the survival time was significantly different be-
tween groups with high and low expression of
miR-9, indicating that the high expression of
miR-9 was correlated with a shorter survival
time of patients with LSCC. Furthermore, Cox
regression multivariate analysis demonstrated
that miR-9 expression had a significant correla-
tion with LSCC prognosis, and it was found to
be an independent prognostic factor of outco-
mes in patients with LSCC after tumour resec-
tion. To the best of our knowledge, this is the fi-
rst study showing a significant correlation bet-
ween MiR-9 expression and the prognosis of
LSCC.

Previously, the expression level of miR-9 and its
clinical significance have been investigated in
other types of cancers. For example, Zhou et al
found that higher expression of miR-9 was sig-
nificantly associated with breast cancer local
recurrence in all cases as well as the subset of
estrogen receptor positive cases (P = 0.02),
and the Kaplan-Meier analysis showed that
patients with lower miR-9 levels had significant-
ly better 10-year local recurrence-free survival
(67.9% vs 30.8%, P = 0.02) in estrogen recep-
tor positive cases [23]. Xu et al found that
miR-9 was up-regulated in non-small cell lung
cancer tissues and correlated with adverse
clinical features as well as unfavorable survival,
indicating that miR-9 might be involved in non-
small lung cancer progression and could serve
as a promising biomarker for further risk strati-
fication in the treatment of this cancer [24]. Wu
et al found that the increased expression of
miR-9 might play an important role in tumor
progression in human gliomas, and miR-9
might be a useful marker for predicting the clin-
ical outcome of glioma patients, especially for
advanced subtypes [25]. Our findings are in line
with theirs, however, in the present study, we
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have not investigated the detailed mechanism
of miR-9 in the occurrence, development, and
metastasis of LSCC. In conclusion, miR-9
expression was up-regulated in LSCC and was
significantly associated with the progression
and poorer prognosis of LSCC. Therefore, it
might be utilized as a useful prognostic bio-
marker for LSCC.
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