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Abstract. The aim of the present study was to investigate the 
expression of microRNA-218 (miRNA-218) in the serum and 
cervical tissue and its association with the clinicopathological 
features of cervical cancer (CC). The expression of miRNA-218 
was detected in the serum and cervical tissue of 112 patients 
with CC and 50 age-matched hysteromyoma patients via the 
reverse transcription-quantitative polymerase chain reaction. 
The clinical data were collected and the association between 
the expression of miRNA-218 and the clinicopathological 
characteristics of the patients was analyzed. The expression of 
miRNA-218 in the cancer group was significantly decreased in 
the cervical tissue and serum compared with that in the control 
group (P<0.001). The decreased expression of miRNA-218 
was associated with a later International Federation of 
Gynecology and Obstetrics stage, a more invasive pathological 
type and lymphatic node metastasis but not with age, age at 
menarche, menopausal status, number of pregnancies and 
deliveries, family history of cancer or tumor size. In conclu-
sion, miRNA-218 was found to be downregulated in the cancer 
tissue and serum of the patients with CC. The decreased 
expression of miRNA-218 in CC was associated with the inva-
siveness of the tumor.

Introduction

microRNAs (miRNAs) are a group of single-stranded RNAs 
composed of ~22 nucleotides that control numerous develop-
mental and cellular processes in eukaryotic organisms (1,2). 

Previous studies have identified major factors participating in 
the biogenesis of miRNAs and have established the basic prin-
ciples of their function. At present, miRNAs are considered 
to be master regulators of a number of important biological 
processes, including cell growth and apoptosis, viral infec-
tions and cancer development (3-6). Furthermore, several 
studies have reported that miRNAs are promising biomarkers 
for the classification and outcome prediction of several types 
of human cancer, such as lung (7), breast (8), colon (9) and 
cervical (10) cancer.

Cervical cancer (CC) is the second most common cause 
of cancer-related mortality in women worldwide, resulting in 
~300,000 deaths annually (10,11). Despite the fact that most 
patients with CC receive standard treatments, including radio-
therapy, chemotherapy and surgical intervention, the clinical 
outcomes of CC vary markedly and are difficult to predict. 
A previous study found that CC tissues had altered miRNA 
expression compared with adjacent normal tissues (12). In 
addition, the prognostic value of several miRNAs in CC has 
already been determined (10,13). Yu et al (14) reported that 
the circulating miRNA-218 level was reduced in CC and 
correlated with tumor invasion; however, to date, the expres-
sion of miRNA-218 in CC tissue and its prognostic value have 
not yet been investigated. The present study aimed to examine 
the expression of miRNA-218 in the serum and cancer tissue 
of patients with CC and to investigate its possible correlation 
with certain clinicopathological features, such as tumor size, 
stage and metastasis.

Materials and methods

Patients and samples. A total of 112 patients pathologically 
diagnosed with CC, who had been admitted to The Central 
Hospital of Wuhan (Wuhan, China) between June 2010 and 
June 2011, were enrolled in this study. None of the patients 
received either radiotherapy or chemotherapy prior to surgery. 
Fifty age-matched hysteromyoma patients were selected as the 
control group. Cancer tissue samples from the patients with CC, 
normal cervix tissue samples from the patients with hystero-
myoma and serum samples from the two groups were collected 
for miRNA-218 detection. The blood samples were collected 
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prior to any treatment and were centrifuged (10,000 x g for 
5 min at 4˚C) immediately. Tissue samples, including CC and 
normal cervix tissues were collected directly in the operating 
room. All tissue samples were pathologically confirmed under 
light microscope. The blood and tissue samples were stored 
at ‑80˚C until they were analyzed. The clinicopathological 
features, such as age, histological subtype, International 
Federation of Gynecology and Obstetrics (FIGO) stage, tumor 
size, lymph node metastasis, age at menarche, menopausal 
status, number of pregnancies and deliveries and family 
history of cancer, of the patient group and, if appropriate, the 
control group were evaluated. The present study was approved 
by the Ethics Committee of The Central Hospital of Wuhan 
and all patients provided written informed consent.

miRNA‑218 analysis using the reverse transcription‑quantita‑
tive polymerase chain reaction (RT‑qPCR). The details of the 
sample preparation are described in the ‘Patients and samples’ 
section. Total RNA was isolated using TRIzol® Reagent 
(Invitrogen Life Technologies, Carlsbad, CA, USA). The 
mirVana™ miRNA Isolation kit (Applied Biosystems, Foster 
City, CA, USA) was used for the isolation of the serum miRNA, 
as previously described (14). The expression of miRNA-218 
was determined using an miRNA -218 Taqman miRNA 
assay kit (Invitrogen Life Technologies), according to the 

manufacturer's instructions. U6 RNA (Ruibo Biotechnology 
Corp., Guangzhou, China) was used as an endogenous control 
for the data analysis. The difference in the expression of 
miRNA-218 between the CC group and the control group was 
calculated with the 2-∆∆Ct method, as previously described (15). 
All procedures were repeated three times.

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation or as numbers and percentages. The association 
between the miRNA-218 expression and the clinicopatho-
logical features of CC was tested using one-way analysis of 
variance. The Mann-Whitney U test was used to determine the 
difference in the miRNA-218 levels between the two groups. 
Statistical analysis was performed using SPSS software, 
version 18.0 (SPSS Inc., Chicago, IL, USA). A two-tailed 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Clinicopathological characteristics. The clinicopatho-
logical characteristics of the 112 patients with CC and the 
50 age-matched patients with hysteromyoma are shown in 
Table I. The mean age of the patients with CC and hystero-
myoma was 42.4 and 40.0 years, respectively. On the basis of 

Table I. Clinicopathological features of the cancer and control groups.
 
Variables Cancer group, n=112 Control group, n=50 P-value
 
Age (years)a 42.4±7.5   40.0±10.2 0.15
Age at menarche (years)a 15.5±3.2 14.8±2.5 0.20
Menopausal status   0.85
  Yes 32 15
  No 80 35
Pregnancies (n)   0.85
  0-1 82 38
  ≥2 30 12
Deliveries (n)   0.52
  0-1 88 42
  ≥2 24   8
Family history of cancer   0.50
  Yes   6   4
  No 106 46
FIGO stage   N/A
  I/II 75 N/A
  III/IV 37 N/A
Tumor size (cm)   N/A
  <4 68 N/A
  ≥4 44 N/A
Lymph node metastasis   N/A
  Yes 38 N/A
  No 74 N/A

aData are expressed as the mean ± standard deviation. N/A, not applicable; FIGO, International Federation of Gynecology and Obstetrics.
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archived pathology reports, there were 98 cases of squamous 
cell cancer (98/112) and 14 cases of adenocarcinoma (14/112).

Among the 112 patients with CC, 75 exhibited FIGO stage 
I/II (75/112) and 37 had stage III/IV (37/112) tumors. Lymph 
node metastasis was detected in 38/112 cases. No significant 
differences were found in age, age at menarche, menopausal 
status, number of pregnancies and deliveries or family history 
of cancer between the CC and control groups (P>0.05).

Expression of miRNA‑218 in the serum and tissue in the 
cancer and normal samples. The expression of miRNA-218 in 
the serum and tissue was analyzed using RT-qPCR. Compared 
with the control group, the expression of miRNA-218 in the 
serum was significantly decreased in the patients with CC 
(P<0.0001). The expression of miRNA-218 in the normal 
cervical tissue was significantly higher than that in the cancer 
tissue (P<0.0001; Fig. 1).

Figure 1. Expression of miRNA-218 in the (A) serum and (B) cervical tissue of patients with cervical cancer. The miRNA-218 expression in the serum and 
cervical tissue of the cancer group was significantly decreased compared with that of the control group. miRNA‑218, microRNA‑218.

  A   B

Figure 2. Association between miRNA-218 expression in CC tissue and (A) lymph node metastasis, (B) tumor stage, (C) pathological type and (D) tumor size. 
Patients with lymph node metastasis, later FIGO stages and more invasive pathological type exhibited lower expression of miRNA-218 in the CC tissue. The 
miRNA-218 expression in cancer tissue was not associated with tumor size. miRNA-218, microRNA-218; FIGO, International Federation of Gynecology and 
Obstetrics; CC, cervical cancer.

  A   B

  C   D
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Table II. miRNA-218 expression in different subgroups of patients with cervical cancer (n=112).
 
Variables Relative expression (Serum) P-value Relative expression (Tissue) P-value
 
Age, yearsa   0.24  0.35
  ≤30 (n=12) 0.39±0.12  0.26±0.08
  30-45 (n=55) 0.42±0.10   0.30±0.10
  ≥45 (n=45) 0.40±0.10  0.28±0.11
Age at menarche, yearsa   0.10  0.23
  ≤12 (n=20) 0.40±0.05  0.28±0.10
  12-14 (n=68) 0.38±0.10  0.27±0.06
  ≥14 (n=24) 0.41±0.13  0.30±0.08
Menopausal status  0.18  0.10
  Yes (n=32) 0.42±0.12  0.28±0.06
  No (n=80) 0.40±0.08  0.31±0.10
Pregnancies, n  0.22  0.15
  0-1 (n=82) 0.39±0.09  0.29±0.10
  ≥2 (n=30) 0.41±0.10  0.30±0.08
Deliveries, n  0.11
  0-1 (n=88) 0.42±0.14  0.32±0.07 0.20
  ≥2 (n=24) 0.39±0.08  0.29±0.08
Family history of cancer, n  0.15  0.16
  0-1 (n=6) 0.38±0.12  0.28±0.05
  ≥2 (n=106) 0.41±0.10  0.32±0.09
 
aData are expressed as the mean ± standard deviation.

Figure 3. Association between serum miRNA-218 expression and (A) lymph node metastasis, (B) tumor stage, (C) pathological type and (D) tumor size. Patients 
with lymph node metastasis, later stages and more invasive pathological type exhibited lower expression of miRNA-218 in the serum samples. The expression of 
miRNA-218 in the serum was not associated with the tumor size. miRNA-218, microRNA-218; FIGO, International Federation of Gynecology and Obstetrics.
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Association between miRNA expression and clinicopatholog‑
ical characteristics. The association between the miRNA-218 
expression in the serum and cervical tissue samples and the 
clinicopathological characteristics of the patients was investi-
gated in the present study. No association was found between 
miRNA-218 expression and age in the tissue or in the serum 
samples (P>0.05). The subgroup analysis on the basis of age at 
menarche showed similar miRNA-218 expression in both the 
cancer tissue and the serum (P>0.05). No significant differ-
ences in the miRNA-218 expression were found in subgroup 
analyses based on menopausal status, number of pregnancies 
and deliveries and family history of cancer (P>0.05) (Table II). 
The expression level of miRNA-218 in the patients with lymph 
node metastasis was significantly lower than that in the patients 
without lymph node metastasis (P<0.001). Significant differ-
ences in the serum and tissue miRNA-218 expression levels 
were found between the earlier- and later-stage subgroups 
(FIGO stage I/II and III/IV, respectively) (P<0.001). The 
patients with squamous cell cancer showed a higher level of 
miRNA-218 in both the serum and the CC tissue compared 
with the adenocarcinoma patients (P<0.001). No association 
was detected between miRNA-218 levels and tumor size 
(P>0.05) (Figs. 2 and 3).

Discussion

In the present study, a significant decrease was observed in the 
miRNA-218 expression levels in the cancer tissue and serum 
of patients with CC. The decreased expression of miRNA-218 
was associated with the pathological type of cancer, tumor 
stage and lymph node metastasis, which suggested that 
miRNA-218 may act as a tumor suppressive miRNA in CC.

miRNAs have been reported to suppress or promote tumor 
metastasis, providing a new perspective on the metastatic 
process (16). Several miRNAs have been associated with the 
outcome prediction of CC (10). The present findings showed 
that the expression of miRNA‑218 in the serum was signifi-
cantly decreased in patients with CC, particularly in patients 
with a later FIGO stage and lymph node metastasis. These 
results were consistent with those of previous studies (9,17). 
Despite the significant decrease in the miRNA‑218 expression 
found in the serum of patients with CC, the change in the serum 
miRNA-218 levels appeared to be less than that in a previous 
study (14). This may have been due to the different controls 
used in each study. In the present study, hysteromyoma patients 
were used as the control, while age-matched healthy women 
were used as the control in the previous study (14). Despite 
the lack of studies reporting the expression of miRNA-218 in 
hysteromyoma patients, it is possible that the serum expression 
of miRNA-218 is also decreased in those patients; however, 
further studies are required for this hypothesis to be confirmed. 
The present study is the first, to the best of our knowledge, to 
demonstrate that the expression of miRNA-218 in CC tissue is 
notably decreased.

It is currently believed that the invasion and metastasis of 
cancer are the main reasons for high rates of tumor-related 
mortality. CC patients with regional or distant metastasis have 
a generally poor prognosis (18). A previous study suggested 
that the deregulation of miRNAs could play an important role 
in the malignant transformation of CC (19). In addition, it has 

been reported that miRNA-218 is deregulated in several types 
of cancer and that its downregulation is associated with a poor 
prognosis (20). These findings indicate that miRNA‑218 acts 
as a tumor suppressor.

In the present study, the decreased miRNA-218 expres-
sion in the serum and cancer tissue was associated with 
tumor metastasis and a later FIGO stage. Although numerous 
studies have attempted to identify pathways through which 
miRNA-218 can regulate tumor invasion (21,22), the exact 
mechanism of the decreased expression of miRNA-218 in CC 
remains unclear.

In conclusion, the serum and tissue levels of miRNA-218 
are significantly decreased in patients with CC, and these 
decreases are significantly associated with the invasiveness of 
the tumor, a later tumor stage and lymph node metastasis. There 
is a likelihood that miRNA-218 is a regulator of tumor invasion 
and metastasis in CC; however, additional studies are required 
to further elucidate this association and the exact mechanism.
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