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Expression and clinical significance of miRNA-145
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Abstract. Expression of miRNA-145 and miRNA-218 in
serum of patients with laryngeal cancer and the relationship
between them and the clinicopathological parameters and
prognosis were investigated. The clinical medical records
of 132 patients with laryngeal cancer, who were admitted
to Guangdong Second Provincial General Hospital from
February 2009 to March 2014, were retrospectively analyzed
and comprised the study group. The data of physical examina-
tions of 56 healthy volunteers who took physical examinations
in the same hospital comprised the control group. RT-qPCR
was used to detect the expression levels of miRNA-145 and
miRNA-218 in serum of the patients in the two groups.
According to the relative expression levels of miRNA-145 and
miRNA-218 in serum of the patients in the study group on the
day when they left hospital, the study group was divided into
the high expression group (n=73 patients) and the low expres-
sion group (n=59 patients). The patients received a 48-month
follow-up visit and their survival condition was recorded and
the Kaplan-Meier was used to carry out the survival analysis.
The expression levels of miRNA-145 and miRNA-218 in
serum of the patients in the study group were lower than those
in the control group (P<0.05). The median survival time of
the patients in the high expression group was 30 months while
the median survival time of the patients in the low expression
group was 26 months. The expression levels of miRNA-145
and miRNA-218 in serum of patients with laryngeal cancer
decreased, the higher the expression levels of miRNA-145 and
miRNA-218 in serum of patients with laryngeal cancer were,
the better the prognosis was. miRNA-145 and miRNA-218
were used as indicators of assessing the prognosis of patients
with laryngeal cancer.
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Introduction

Head and neck cancer is the fifth most common cancer in
the world and is the most common cancer of the head and
neck cancers. According to research reports in northeastern
Iran, laryngeal cancer accounts for 46.70% of all head and
neck cancers (1). The pathological type of laryngeal cancer
is mainly squamous cell carcinoma. Studies have shown that
the morbidity of laryngeal cancer is increasing (2,3). In the
United States, the increase of new patients with laryngeal
cancer total 12,000 cases each year. Smoking and drinking
are the main factors that cause laryngeal cancer; 26.60% of
patients have human papillomavirus infection, the clinical
symptoms of laryngeal cancer are mainly hoarseness, cough,
and airway obstruction. If patients with early laryngeal cancer
are treated timely, the survival rate can reach 56-93%, but the
survival rate of patients with advanced laryngeal cancer is
only 29-56% (4). It can be seen that the early detection and
early treatment are very important to improve the survival
rate of patients with laryngeal cancer. The early symptoms of
laryngeal cancer are not obvious, so it is usually diagnosed
at a late stage, causing treatment delay and patients miss the
best surgery period, which leads to a higher recurrence rate
of patients with laryngeal cancer (5). The main treatment
methods of laryngeal cancer are surgical treatment and radio-
therapy. In recent years, with the development of technology,
carbon dioxide laser laryngeal cancer surgery has become one
of the main minimally invasive surgeries in the treatment of
laryngeal cancer, but some patients still have recurrence after
operations (6), which seriously affects their health.
MicroRNA (miRNA) is a non-protein-encoded microRNA,
with similar length to 18-25 nucleotides. It acts on messenger
RNA to degrade miRNA or prevents its transcription, trans-
lation and regulate its gene expression; since miRNAs were
discovered, many studies have confirmed that they can facili-
tate the expression of protooncogenes or inhibit the expression
of tumor suppressor genes (7). Further studies have shown that
miRNA plays an extremely important role in many biological
aspects, including cell metabolism, cell proliferation, apop-
tosis, cell development and cell differentiation (8). With
certain tissue specificity, miRNA is an ideal cancer biomarker
and therapeutic monitoring indicator and its expression has
important diagnostic value in colon, breast, and gastric cancer
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Table I. Primer sequences of miRNA-145, miRNA-218 and internal reference U6.

Group Upstream primer Downstream primer
miRNA-145 5-GTCCAGTTTTCCCAGGAAT-3' 5-TGGTGTCGTGGAGTCG-3'
miRNA-218 5'-GCGCTTGTGCTTGATCTAA-3' 5'-GTGCAGGGTCCGAGGT-3'

U6 5-CTCGCTTCGGCAGCACATATACT-3' 5'-ACGCTTCACGAATTTGCGTGTC-3'

and hepatocellular carcinoma, and the expression in laryngeal
cancer is significantly different from that in adjacent normal
tissues (8).

miRNA-145 is one of the important tumor suppressors, and
its expression level is decreased in some types of cancer, such
as gallbladder, colorectal, prostate cancer and pleural meso-
thelioma. Studies have shown that miRNA-145 can inhibit
the proliferation and metastasis of laryngeal cancer epithelial
cells. The decrease of the expression level of miRNA-145 can
lead to poor prognosis of patients with laryngeal cancer (9).
miRNA-218 has a function of inhibiting tumors during the
development, studies have manifested that the increase of the
expression level of miRNA-218 can inhibit the proliferation
and metastasis of cancer cells. There are different degrees of
decrease in the expression level of this gene in kidney, gastric
cancer and nasopharyngeal cancer (10).

Previous reports are few on the expression of miRNA-145
and miRNA-218 in patients with laryngeal cancer and the
relationship among the two genes, clinicopathology and
prognosis. The present study investigated the expression levels
of miRNA-145 and miRNA-218 and the relationship among
the two genes, clinicopathology and prognosis by observing
the expression of miRNA-145 and miRNA-218 in serum of
patients with laryngeal cancer to provide a theoretical basis
in clinic.

Patients and methods

General data. The clinical medical records of 132 patients with
laryngeal cancer admitted to the Guangdong Second Provincial
General Hospital (Guangzhou, China) from February 2009
to March 2014 were retrospectively analyzed in this study.
They were the study group, in which there were 85 males
and 47 females with an average age of 63.35+12.45 years. In
addition, the data of 56 healthy volunteers who took physical
examinations in Guangdong Second Provincial General
Hospital were collected. They comprised the control group, in
which there were 37 males and 19 females with an average age
of 63.01+£11.94 years.

This study was approved by the Ethics Committee of
Guangdong Second Provincial General Hospital. The subjects
and their family members were informed and signed the
informed consent form.

Inclusion and exclusion criteria. Inclusion criteria were: i) age
=18 years; ii) the absence of radiotherapy, chemotherapy or
any adjuvant therapy before hospitalization, the absence of
other malignant tumors; iii) the absence of a history of family
genetic diseases; and iv) regular return visits after hospital
discharge.

Exclusion criteria were: i) the presence of antibiotics taking
within three months before blood collection; ii) the presence
of liver insufficiencys; iii) the presence of autoimmune system
deficiency; iv) laryngeal cancer was recurrent during hospi-
talization; v) the presence of upper respiratory tract infection;
and vi) the incompleteness of clinicopathologic data.

Experiment methods

Experiment instruments and reagents. miRcute serum miRNA
Extraction and Separation kit (model: DP503; Beijing Tiangen
Biotech Co., Ltd., Beijing, China); miRcute enhanced miRNA
cDNA First-Strand Synthesis kit (model no. KR211; Beijing
Tiangen Biochemical Technology Co., Ltd.); high-speed centri-
fuge (model no. HC-2518R; Anhui USTC Zonkia Scientific
Instrument Co., Ltd., Hefei, China); 7500 Real-Time PCR
System fluorescence quantitative instrument (model no. 7500
Fast; Applied Biosystems; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA); miRcute enhanced miRNA fluorescence
quantitative test kit (article no. FP411-02; Beijing Tiangen
Biochemical Technology Co., Ltd.) were used in the prsent study.
Primer sequences of miRNA-145, miRNA-218 and internal
reference U6 were designed and produced by Beijing Tiangen
Biochemical Technology Co., Ltd., and are shown in Table I.

Serum collection. A sterile pro-coagulation tube was used
to collect 4 ml of the fresh blood of the study group and the
control group, and then it was left at room temperature for
30 min. The serum was separated in a centrifuge at a speed
of 2,800 x g for approximately 10 min at 4°C. Next, a 2 ml
RNase-free EP tube was used to collect the supernatant and all
the specimens were placed in a refrigerator at -80°C.

Extraction of total RNA and reverse transcription synthesis of
cDNA. Frozen serum specimens were left at room temperature
for 30 min. Lysate solution (900 ul) was added into 200 ul of
the serum, and then was oscillated and mixed using a shaker
for 30 sec until complete homogenate was finished. Next,
the mixture was left at room temperature for 5 min. After
protein nucleic acid compound was completely separated,
200 ul of chloroform was added into the mixture and it was
violently oscillated for 15 sec. After oscillation, it was placed
at room temperature for 5 min, and then it was centrifuged
at 10,000 x g for 15 min at 4°C. The top colorless aqueous
phase was carefully collected and transferred to a new tube
and 1 ml of absolute ethanol was added and mixed. Then it
was centrifuged for 30 sec according to the aforementioned
step. Next, 500 pl of deproteinized MRD was added, and the
mixture was centrifuged again for 30 sec. Spent liquor was
discarded and the adsorption column, miRelute was transferred
to a new RNase-free centrifuge tube with a volume of 1.5 ml.
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Table II. Comparison of the general baseline data between the study group and the control group [n, (%)] (mean + SD).

Category Study group (n=132) Control group (n=56) Yt P-value
Age (years) 63.35+12.45 63.01+11.94 0.173 0.863
Sex 0.049 0.869
Male 85 (64.39) 37 (66.07)
Female 47 (35.61) 19 (33.93)
Smoking 0.033 0.871
Yes 82 (62.12) 34 (60.71)
No 50 (37.88) 22 (39.29)
Body mass index (kg/m?) 0.394 0.627
<24 76 (57.58) 35 (62.50)
=24 56 (42.42) 21 (37.50)
Heart rate (time/min) 0.865 0.346
<60 7 (5.30) 5(8.93)
=60 125 (94.70) 51(91.07)
Marriage history 0.527 0.488
Married 126 (95.45) 52 (92.86)
Not married 6 (4.55) 4(7.14)
Fasting blood glucose level (mmol/l) 4.51+0.58 4.58+0.61 0.745 0.457
Hb (g/1) 121.02+11.32 117.99+£12.78 1.614 0.108
RBC (x10'%/1) 4.48+0.28 4.52+0.31 0.867 0.387
PLT (x10°/1) 219.28+35.98 216.12+38.71 0.538 0.591

Hb, hemoglobin; RBC, red blood cell; PLT, platelet.

Subsequently, 20 ul of RNase-free ddH,O was added, after it
was left for 2 min, it was centrifuged at 10,000 x g for 2 min at
4°C, and total RNA was obtained. Agarose gel electrophoresis
(1%) was used to test the integrity of RNA and the qualified
RNA samples were selected to synthesize cDNA, while 1 ul of
total RNA was used to reverse transcribe cDNA. The thawed
2X miRNA RT reaction buffer was mixed fully, and the total
volume of miRNA RT enzyme was 20 ul. A pipette was used to
mix the aforementioned prepared reaction solution to synthesize
cDNA, and the reaction was carried out at 42°C for 60 min.

Detection of the expression levels of miRNA-145 and
miRNA-218.RT-qPCR was used to detect the expression levels
of miRNA-145 and miRNA-218 of the two groups. A total of
20 pl of reaction system was prepared, it was predenatured at
95°C for 15 min, and then denatured at 95°C for 20 sec; at 64°C
for 30 sec, at 72°C for 34 sec, 42 cycles were made, and finally
it was annealed at 60°C for 34 sec. The standard curve was
drawn according to the concentration of the standard sample
and the average value of the cyclic thresholds corresponding
to each concentration. According to the standard curve, the
instrument automatically calculated the copy numbers (/ml) of
miRNA-145, miRNA-218 and internal reference U6 in serum,
while the expression of miRNA-145 and miRNA-218 was
reflected by the ratio of miRNA-145, miRNA-218 and U6.

Follow up of the study group. A 48-month follow up was
carried out on the patients in the study group, who were

discharged from the hospital. Telephone interviews were
conducted. The patients' survival condition was recorded in a
timely manner once a month after discharge from the hospital.
For patients with poor physical condition and poor commu-
nication, telephone interview was not suitable. If considered
necessary their home was visited or their relatives consulted,
to ensure the accuracy of the experiment.

Statistical analysis. In the present study, SPSS 17.0 software
package (Beijing Strong-Vinda Information Technology Co.,
Ltd., Beijing, China) was used to statistically analyze the
collected data and obtain images. The measurement data were
expressed in the form of average value + standard deviation
(mean + SD). A Student's t-test was used to compare the
measurement data between the groups and the Chi-square test
was used to compare the enumeration data between the groups.
Kaplan-Meier was used to carry out the survival analysis
together with the log-rank test. P<0.05 indicated differences
were statistically significant.

Results

General baseline data. Age, sex, body mass index, heart rate,
marriage history, smoking, fasting blood glucose level, hemo-
globin (Hb) value, red blood cell (RBC) value, and platelet
(PLT) value of the study group and the control group were
compared, and differences were not statistically significant
(P>0.05) (Table II).
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Table IV. Relationship between the expression of miRNA-218
and the clinicopathological characteristics of the study group.

Study Study
group group
Category N (n=132) t P-value  Category N (n=132) t P-value
Age (years) 1.780 0.077  Age (years) 0.811 0419
<60 48 1.79+041 <60 48 3.22+0.88
=60 84 1.92+0.40 =60 84 3.09+0.89
Sex 1.161 0248  Sex 0932  0.353
Male 85 1.81x043 Male 85 3.19+0.91
Female 47 1.90+0.42 Female 47 3.04+0.84
Body mass index (kg/m?) 1489 0.139  Body mass index (kg/m?) 0.701 0.485
<24 76 1.82+0.44 <24 76  3.07+0.87
>24 56 1.93+0.39 =24 56 3.18+0.92
Degree of differentiation 13.200 <0.01 Degree of differentiation 10.080 <0.01
Middle, low 75 1.62+0.24 Middle, low 75 2.78+0.58
High 57 2.13+0.19 High 57 3.69+0.41
Lymph node metastasis 8227 <0.01 Lymph node metastasis 7.997 <001
Yes 74 1.67+£0.29 Yes 74 297+0.77
No 58 2.07+0.25 No 58 3.82+0.28
Tumor diameter (cm) 10460 <0.01 Tumor diameter (cm) 8.615 <001
<5 48 2.11+0.21 <5 48 3.67+0.43
=5 84 1.66+0.28 =5 84 2.81+0.61
TNM staging 8972 <001 TNM staging 8.558 <0.01
I-11 54 2.08+0.24 I-1I 54 3.62+0.48
I-1v 78 1.66+0.28 I-1v 78 2.79+0.59
12+

Expression levels of miRNA-145 and miRNA-218 in the
two groups. The results showed that the expression level of
miRNA-145 in the study group was 1.85+0.47, which was lower
than that in the control group, while the expression level of
miRNA-145 in the control group was 5.73+0.93, the difference
was statistically significant (t=37.930, P<0.01). The expression
level of miRNA-218 in the study group was 3.15+0.95, which was
lower than that in the control group, while the expression level
of miRNA-218 in the control group was 8.73+2.84, the differ-
ence was statistically significant (t=20.130, P<0.01) (Fig. 1).

Relationship between the expression of miRNA-145 and the
clinicopathological characteristics of the study group. The
results showed that the expression level of miRNA-145 in the
study group was not related to age, sex and body mass index
(P>0.05). The expression level of miRNA-145 was related to
the degree of differentiation, lymph node metastasis, tumor
diameter and TNM staging (P<0.05) (Table III).

Relationship between the expression of miRNA-218 and the
clinicopathological characteristics of the study group. The
results showed that the expression level of miRNA-218 in the
study group was not related to age, sex and body mass index
(P>0.05); the expression level of miRNA-218 was related to
the degree of differentiation, lymph node metastasis, tumor
diameter and TNM staging (P<0.05) (Table IV).
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Figure 1. Comparison of the expression levels of miRNA-145 and miRNA-218
between the study and control groups. The detection results of RT-qPCR
show that the expression levels of miRNA-145 and miRNA-218 in serum of
the study group are lower than those of the control group, and the differences
are statistically significant (P<0.05). "P<0.05, the differences are statistically
significant compared to the research group.

Comparison of the survival condition in the study group.
According to the relative expression levels of miRNA-145
and miRNA-218 on the day when the patients of the study
group were discharged from the hospital, the study group was
divided into the high expression group and the low expression
group. There were 73 patients in the high expression group
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Figure 2. Comparison of the survival condition among the miRNA-145 high
expression group, the miRNA-145 low expression group, the miRNA-218
high expression group and the miRNA-218 low expression group. The
detection results of Kaplan-Meier and log-rank test show that the median
survival time of the high expression group was 30 months, and the median
survival time of the low expression group was 26 months. At the end of the
return visit, the mortality of the high expression group was 54.79%, and the
mortality of the low expression group was 89.83%, the differences between
the two groups are statistically significant (y’>=4.371, P=0.037).

and 59 patients in the low expression group. A return visit was
carried out for the patients in the two groups at 48 months. At
the end of the return visit, 40 patients who were in the high
expression group had died, the median survival time was
30 months and the mortality was 54.79%. Fifty-three patients
who were in the low expression group had died, the median
survival time was 26 months, the mortality was 89.83%. The
difference between the two groups was statistically significant
(x?=4.371, P=0.037) (Fig. 2).

Discussion

Laryngeal cancer is a malignant tumor of the epithelium
in laryngeal mucosa. It frequently appears in male and is a
common head cancer, accounting for approximately 25% of
head and neck cancers (11). Laryngeal cancer can occur in any
part of the larynx, including supraglottic portion, infraglottic
portion, and glottic portion. In recent years, the morbidity of
laryngeal cancer has gradually increased. There are approxi-
mately 157,000 new cases of laryngeal cancer in the world
annually. Conventional treatment of advanced laryngeal cancer
is mainly surgical treatment, including total laryngectomy and
partial laryngectomy (12). In recent years, with the advance-
ment of technology, both surgery and radiotherapy have made
significant progress, but surgical treatment, radiotherapy and
chemotherapy have devastating effects on language function
and swallowing and eating function of patients. The survival
condition of patients with advanced laryngeal cancer is poor.
The 5-year survival rate of patients with laryngeal cancer has
slightly improved compared with past decades. The patients'
local recurrence rate is increased (8,13). Therefore, it is
imperative and necessary to better understand the potential
molecular mechanism and develop further effective prognostic
evaluation factors and therapeutic targets.

It is well known that miRNAs play an important role
in various human cancers and act as an oncogene or a
tumor suppressor gene. Findings have shown that the
abnormal expression of miRNA is related to many human
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diseases, especially cancer. miRNA microarray detection
confirms that miRNA which is expressed abnormally may
potentially serve in diagnosing cancers and may be used
as a prognostic biomarker of patients with cancer, thereby
playing an important role in the pathogenesis of cancer (13).
miRNA-145 is located on chromosome 5 in human body,
and 5q33 is a highly conserved, non-coding, and single-
stranded microRNA (14). Previous findings have shown that
miRNA-145 is abnormally expressed in colorectal cancer.
The expression of miRNA-145 in various colorectal cancer
cells is lower than that in normal large intestine epithelial
cells, and the higher the metastatic potential of cancer cells
is, the lower the expression is (15). Additionally, ectopic
overexpression of miRNA-145 can inhibit the proliferation
and invasion in vitro of tumor cells, while stable expression
of miRNA-145 can inhibit growth and metastasis of tumors
in large intestine models of nude mouse (15). Human mature
miRNA-218 has two different coding genes, miRNA-218-1
and miRNA-218-2 which are, respectively, located on Slit2
gene of human chromosome 4p15.31 and S/it3 gene of 6q35.1.
It has been clarified that the decrease of the expression level
of miRNA-218 in cancer cells is caused by hypermethylation
of Slit2 gene promoter and S/it3 gene promoter (16). The
expression level of miRNA-218 decreases in many human
cancer types, such as head and neck squamous cell, non-small
cell lung, pancreatic ductal and gastric cancer. It has been
proven that miRNA-218 can inhibit the migration and
invasion of some cancer cells, including gastric, glioma, and
cervical cancer and that in cervical cancer, the expression
level of miRNA-218 is related to lymph node metastasis of
cancer cells (17).

The expression levels of miRNA-145 and miRNA-218 in
serum of the patients with laryngeal cancer and the volun-
teers who took normal physical examination were detected
in this study, and it was found that the expression levels of
miRNA-145 and miRNA-218 in serum of the patients with
laryngeal cancer were lower than those of the volunteers
who took normal physical examination, with the differences
being statistically significant (P<0.05). This result is similar
to that of Karatas et al who initially found that the expression
level of miRNA-145 decreased in laryngeal cancer tissue (18).
Further studies found that miRNA-145 exerted an inhibitory
effect on laryngeal cancer stem cell markers, such as SOX2,
OCT4, KLF4 and ABCG2. In the study of Cheng et al, it is
considered that miRNA-218 expression is low in bladder
cancer, whereas a high expression of miRNA-218 can inhibit
growth, proliferation and migration of cancer cells, and
miRNA-218 facilitates an increase of the expression levels
of tumor-inhibiting factor-protein-phosphatase and tensin 10
chromosome homologous region genes tumor by indirectly
inhibiting BMI-1 (19). Feng et al (20) found that the expres-
sion level of miRNA-218 in laryngeal cancer tissue was
significantly lower than that in adjacent normal tissue, and that
miRNA-218 that was highly expressed inhibited proliferation
and invasion of laryngeal cancer cells. The expression levels of
miRNA-145 and miRNA-218 in serum of patients with laryn-
geal cancer were related to the degree of differentiation, lymph
node metastasis, tumor diameter and TNM staging, and the
differences were statistically significant (P<0.05). According
to the expression levels of miRNA-145 and miRNA-218 on
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the day when the patients in the study group were discharged
from the hospital. The study group was divided into two
groups, miRNA-145 and miRNA-218 in serum of 73 patients
were, respectively, 3.00 or >3.00 and 5.00 or >5.00, and
those patients were considered the high expression group.
miRNA-145 and miRNA-218 in serum of 59 patients were,
respectively, <3.00 and <5.00, and those patients were consid-
ered the low expression group. A return visit was carried out
for the patients in the two groups, at 48 months. At the end
of the return visit, 40 patients who were in the high expres-
sion group had died, the median survival time was 30 months
and the mortality was 54.79%; and 53 patients who were in
the low expression group had died, the median survival time
was 26 months and the mortality was 89.83%. The differences
between the two groups were statistically significant (y*=4.371,
P=0.037). Karatas et al considered that the expression level
of miRNA-145 played a key role in cancer cell metastasis,
tumor staging, tumorigenesis and prognosis of patients with
laryngeal cancer (21). This result is similar to the results of
the present study. The study of Zhao et al suggested that
miRNA-145 expression in patients with laryngeal cancer was
low (22). The expression level of miRNA-145 was negatively
correlated with the expression level of MYOS5A. miRNA-145
directly regulated the expression of MYOS5A, inhibited prolif-
eration and invasion of laryngeal cancer cells and facilitated
apoptosis of laryngeal cancer cells by inhibiting the expression
level of MYOSA, and that the increase of the expression level
of MYOS5A in serum of patients with laryngeal cancer could
lead to lymph node metastasis and poor prognosis of patients.
Xin et al (23) found that the expression level of miRNA-218
was closely related to staging, grading and metastasis of
gastric cancer. The low expression of miRNA-218 could lead
to an increase in the grade of cancer staging of patients with
gastric cancer, 3-year survival rate of gastric cancer patients
with high expression of miRNA-218 was higher than that of
gastric cancer patients with low expression of miRNA-218.
miRNA-218 was a predictive indicator of prognosis of patients
with gastric cancer. Thus, a decrease of the expression levels of
miRNA-145 and miRNA-218 may have a negative impact on
survival conditions of patients with laryngeal cancer.

Retrospective case analysis and research were used in
this study. The cases were selected strictly according to the
inclusion and exclusion criteria. The basic data investigation,
clinical examination and special examination of the patients
were scrupulously recorded and arranged, ensuring the reli-
ability of the study results. As for the post-operative return
visit for the patients with laryngeal cancer, a 48-month return
visit was carried out and monthly telephone interviews, home
visits, or interviewing relatives of the patients were carried out
to ensure more accurate and authentic study results.

The expression levels of miRNA-145 and miRNA-218
decrease in serum of patients with laryngeal cancer. The
expression levels of miRNA-145 and miRNA-218 are related
to the degree of differentiation, lymph node metastasis, tumor
diameter and TNM staging. The higher the expression levels of
miRNA-145 and miRNA-218 in patients with laryngeal cancer
are, the better the prognosis is, and the longer the survival time
is. miRNA-145 and miRNA-218 can be used as indicators to
evaluate the prognosis of patients with laryngeal cancer, which
is worth implementing in clinic.
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