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Abstract: Background: microRNA-26b (miR-26b) is reported to be downregulated in many human malignancies 
and function as a tumor suppressor. However, the roles of miR-26b expression in cervical cancer progression are 
unclear. The aim of this study was to investigate the clinicopathological or prognostic significance of miR-26b in hu-
man cervical cancer. Methods: A cohort of 88 paired of cervical cancer and the adjacent normal cervical epithelial 
tissues were collected. Quantitative RT-PCR (qRT-PCR) assay was used to detect the expression of miR-26b and its 
correlations with clinicopathological factors were statistically analyzed. Finally, the survival was assessed by the 
Kaplan-Meier method and proportional hazards model. Results: The expression level of miR-26b in cervical cancer 
tissues was significantly lower than that in the adjacent normal cervical tissues (P<0.001). Reduced miR-26b was 
observed to be significantly correlated with advanced FIGO stage, higher incidence of lymph node metastasis and 
recurrence of cervical cancer patients (P=0.002, 0.036 and 0.029, respectively). In addition, patients with low-miR-
26b expression showed poorer recurrence-free survival (RFS) and overall survival (OS) than those with high-miR-
26b expression (P=0.0043 and 0.0015, respectively). Furthermore, multivariate analyses demonstrated that low 
miR-26b expression was an independent prognostic factor for predicting the 5-year RFS and OS of cervical cancer 
patients (P=0.013 and 0.007, respectively). Conclusion: Our results showed that reduced miR-26b was correlated 
with tumor development and poor prognosis in human cervical cancer. The status of miR-26b expression may be a 
potential prognostic biomarker for cervical cancer patients.
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Introduction

Cervical cancer remains the second most fre-
quent malignant gynecological neoplasm 
worldwide. Each year, there are about 500,000 
diagnoses of cervical cancer and about 20- 
0,000 deaths because of this disease [1]. Up to 
now, the exact causes of cervical cancer are 
not fully understood. In addition to infection 
with high-risk human papillomavirus (HPV), 
molecular alterations of tumor suppressor ge- 
nes and/or oncogenes are also imperative for 
cervical carcinogenesis and progression [2]. 
Many studies have shown that patient age, 
FIGO stage, hemoglobin level, tumor size, lymph 
node metastasis and lymph-blood vessel inva-
sion are independent prognostic factors for 

survival of cervical cancer patients [3]. However, 
these clinicopathological factors can not be 
sufficient to accurately predict prognosis of pa- 
tients. Thus, identification of novel molecular 
biomarkers will be helpful to obtain an exact pr- 
ediction of the presence and prognosis of this 
disease.

MicroRNAs (miRNAs), a class of small (~22 bp), 
non-coding RNAs, regulate gene expression at 
the post-transcriptional level by binding to the 
3’-untranslated region (3’-UTR) of target mRNAs 
and causing translational inhibition and /or 
mRNA degradation [4, 5]. Recently, miRNAs 
have emerged as major non-coding RNAs that 
may also be involved in a wide range of pivotal 
biological processes in both plants and anim- 
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als, such as cell growth, development, prolifera-
tion, differentiation and death [6, 7]. Dysre- 
gulated miRNAs has been reported to pl- 
ay critical roles in tumorigenesis and tumor pr- 
ogression [8]. Several studies have shown th- 
at unique miRNA expression profiles are pres-
ent in a number of important cancers such as 
breast, lung, hepatcelluar, and pancreatic can-
cer [9-12]. The correlations of miRNAs with cer-
vical cancer are increasingly reported. For 
example, by profiling miRNA expression in 10 
early stage invasive squamous cell carcinomas 
(ISCC) and 10 normal cervical squamous epi-
thelial specimens using TaqMan real-time qu-
antitative PCR array methods, Lee’ et al identi-
fied 70 miRNAs (68 up-regulated, 2 down- 
regulated) with significantly different expres-
sion in the ISCCs compared with normal sam-
ples [13]. Likewise, by using a direct sequenc-
ing method to characterize the profiles of 
miRNAs and other small RNA segments for six 
human cervical carcinoma cell lines and five 
normal cervical samples, Lui and his colleagues 
observed significant expression variation of six 
miRNAs (let-7b, let-7c, miR-23b, miR-196b, miR-
143 and miR-21) between the two groups [14]. 
By analysis of miRNA expression profiles in cer-
vical cancer tissue and adjacent normal cervi-
cal tissue of 13 patients with cervical cancer, 
Rao’ et al also showed that 18 miRNAs were 
significantly upregulated (increase of ≥2×), and 
19 miRNAs were significantly downregulated 
(decrease of ≤0.5×) in cervical cancer tissues, 
which was independent of lymph node involve-
ment, vascular invasion, and pathological dif-
ferentiation [15]. Also, dysregulated miRNAs 
are reported to regulate multiple malignant 
phenotypes of cervical cancer cells, including 
growth, invasion, chemo- or radioresistance of 
cervical cancer cells [16-18]. These experimen-
tal data revealed the important roles of miRNAs 
in cervical carcinogenesis.

In this study, we focus on miR-26b and our aim 
is to investigate the clinical values of this miRNA 
in cervical cancer. First, qRT-PCR assay was 
performed to detect the expression of miR-26b 
in 88 paired of cervical cancer and the adja-
cent cervical epithelial tissues. Then, the cor-
relations of miR-26b with clinicopathological 
factors of patients were statistically analyzed. 
Finally, the Kaplan-Meier method and Cox’s 
proportional hazards model were used to evalu-
ate the prognostic potential of miR-26b expres-
sion in human cervical cancer.

Materials and methods

Patients and tissues

A total of 88 paired of primary cervical cancer 
tissues and the adjacent normal cervical epi-
thelial tissues from cervical carcinoma patients 
were collected at the Department of Pathology 
in Guangzhou General Hospital of Guangzhou 
Military Command during the period from July 
2007 and March 2010. All patients had histo-
logically proven cervical carcinoma and were 
clinically staged according to the International 
Federation of Gynaecology and Obstetrics stag-
ing criteria (FIGO, 1988). Tumor differentiation 
was graded following WHO criteria. Written in- 
formed consent was obtained from all patients 
according to the guidelines approved by the 
institutional research board. All specimens we- 
re immediately frozen in liquid nitrogen and 
stored at -70°C until use. The Guangdong Pro- 
vince Medical Association Society of Medicine’s 
Ethics Committee approved all aspects of this 
study in accordance with the Helsinki Decl- 
aration.

qRT-PCR detection for miRNA expression

Total RNA isolation from tissues was performed 
using mirVana miRNA Isolation Kit (Applied 
Biosystems/Ambion) according to the manufac-
turer’s protocol. Total miRNA from tissues was 
extracted by using the mirVana miRNA Isolation 
Kit (Ambion, Austin, TX) according to the manu-
facturer’s instructions. Total RNA (2.0 μg) was 
used for cDNA synthesis by reverse transcrip-
tion using M-MLV Reverse Transcriptase (Pro- 
mega, USA) according to the manufacturer’s 
instructions. Expressions of mature miR-26b 
were quantified by miR-qRT PCR using the 
Hairpin-it™ miRNA qPCR Quantitation kit (Ge- 
nePharma Co. Ltd, China). The expression of 
miRNA was defined based on the threshold 
cycle (Ct), and relative expression levels of miR-
26b were calculated as 2-[(Ct of miR-26b)-(Ct of RNU6B)] 

after normalization with reference to expres-
sion of RNU6B small nuclear RNA.

Statistical analysis

All statistical analyses were performed using 
the SPSS 17.0 software package (SPSS, 
Chicago, IL, USA). The data were presented as 
the mean ± SD. The correlations were analyzed 
using the Student’s ttest, the Chi-square test 
and analysis of variance (ANOVA). Survival cur- 
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ves were calculated by the Kaplan-Meier meth-
od, and compared statistically using the log- 
rank test. Prognostic significance of each vari- 
able to overall survival (OS) and recurrence-free 
survival (RFS) were analyzed using the Cox 
regression model. Multivariate analysis of the 
prognostic factors was performed with Cox 
regression model. A probability value of less 
than 0.05 was chosen for statistical signifi- 
cance.

Results

Expression of miR-26b was significantly down-
regulated in cervical cancer tissues

To analyze the clinical significance of miR-26b 
expression in cervical cancer, we performed 
qRT-PCR to detect the expression of miR-26b in 
88 paired of cervical cancer and the adjacent 
normal cervical epithelial tissues. As shown in 
Figure 1, the relative expression level of miR-
26b in cervical cancer tissues was significantly 
higher than that in the adjacent normal cervical 
epithelial tissues (P<0.001). The differences 
among the two groups were significantly signifi-
cant, suggesting that reduced miR-26b may 
play a critical role in cervical cancer prog- 
ression.

Correlation between miR-26b expression and 
clinicopathological factors of cervical cancer 
patients

Then, we analyzed the correlation between 
miR-26b expression and clinicopathological fa- 
ctors of cervical cancer patients. The median 
value of miR-26b in all cervical cancer tissues 
was 2.14 and used as a cutoff value, and all 
cervical cancer patients were divided into two 
groups: high-miR-26b expression group (≥2.14; 
n=32) and low-miR-26b expression group 
(<2.14; n=56). As shown in Table 1, statistical 
analyses demonstrated that low miR-26b ex- 
pression was observed to be significantly asso-
ciated with advanced FIGO stage, higher inci-
dence of lymph node metastasis and recurrence 
of cervical patients (P=0.002, 0.036 and 
0.029, respectively). However, there were no 
significance between miR-26b expression and 
other clinicopathological factors of patients, 
such as patient age, tumor diameter, HPV infec-
tion, histological type, and tumor differentiation 
(P=0.742, 0.655, 0.598, 0.825 and 0.341, 
respectively).

Correlation between miR-26b expression and 
prognosis of cervical cancer patients

The mean duration of the follow-up period for 
the 88 cervical cancer patients was 74 months 
(range 5.12-98.5 months). To further investi-
gate the correlation between miR-26b expres-
sion and survival of cervical cancer patients, 
KaplanMeier curves for RFS and OS were per-
formed by comparing the patients with high 
and low miR-26 expression. As shown in Figure 
2A, the 5-year RFS rate of cervical patients 
with low-miR-26b expression (65.8%) was sig-
nificantly lower than that of patients with high-
miR-26b expression (52.4%) (P=0.0043). Fur- 
thermore, the 5-year OS rate of patients with 
low-miR-26b expression (58.3%) was signifi-
cantly lower than that of patients with high-miR-
26b expression (42.8%) (P=0.0015; Figure 2B). 
These data demonstrated that reduced miR-
200b was correlated with poor survival of cervi-
cal cancer patients.

The results of multivariate analyses for RFS 
and OS using the Cox proportional hazards 
regression model were shown in Table 2. It was 
observed that these factors (FIGO stage, lymph 
node metastasis and miR-26b expression) 
were independently correlated with RFS of cer-

Figure 1. qRT-PCR detection of miR-26b expression 
in 88 paired of cervical cancer and the adjacent nor-
mal cervical epithelial tissues. The relative expres-
sion level of miR-26b in cervical cancer tissues was 
significantly higher than that in the adjacent normal 
cervical epithelial tissues (P<0.001). The mean and 
standard deviation of expression levels relative to 
RNU6B expression levels are shown and are normal-
ized to the expression in the normal tissue of each 
matched pair. Each experiment was performed at 
least in triplicate. T: cervical cancer tissues; N: the 
adjacent normal cervical brain epithelial tissues.
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vical cancer patients (P=0.017, 0.024 and 
0.013, respectively), and miR-26b expression 
and lymph node metastasis were independent 
prognostic factors for the predicting OS of cer-
vical cancer patients (P=0.009 and 0.007, 
respectively). Therefore, status of miR-26b ex- 
pression may be a novel prognostic biomarker 
for cervical cancer patients.

Discussion

In the present study, we showed that the 
expression of miR-26b was significantly re- 
duced in cervical cancer tissues, and reduced 
miR-26b expression was significantly correlat-
ed with advanced FIGO stage, higher incidence 
of lymph node metastasis and recurrence of 

vival [22]. These data demonstrated that miR-
NAs might represent new candidate targets to 
be investigated for prognostic purposes in 
human cervical cancer. Moreover, some miR-
NAs are reported to function as tumor suppres-
sors in cervical cancer. Li’ et al reported that 
miR-342-3p suppresses proliferation, migra-
tion and invasion by targeting FOXM1 in human 
cervical cancer [23]. Also, miR-506 was found 
to act as a tumor suppressor by directly target-
ing the hedgehog pathway transcription factor 
Gli3 in human cervical cancer [24]. At the same 
time, other miRNAs are reported to function as 
oncogenes in cervical cancer, such as miR-10a, 
miR-31, miR-196a, and so on [25-27]. These 
data demonstrated that miRNAs might repre-
sent potential molecular targets to be investi-

patients. Also, patients with low-
miR-26b expression showed poor-
er RFS and OS than those with 
high-miR-26b expression, and mu- 
ltivariate analysis indicated that 
low miR-26b expression was an 
independent prognostic biomarker 
for cervical cancer patients.

Recently, some miRNAs are re- 
ported to be correlated with prog-
nosis of cervical cancer patients. 
By microarray analysis, Park’ et al 
identified 86 miRNAs that were 
dysregulated more than 2.0-fold in 
adenocarcinoma of the uterine cer-
vix relative to normal tissues of the 
uterine cervix, and further research 
indicated that miR-363-3p is an 
independent favorable prognostic 
factor [19]. Wang’ et al showed that 
miR-31 is an independent prognos-
tic factor and functions as an 
oncomir in cervical cancer via tar-
geting ARID1A [20]. Also, Liang and 
his colleagues showed that the 
expression level of miR-215 is 
associated with cervical tumor pro-
gression and worse survival rate, 
suggesting that it may serve as a 
potential prognostic marker to 
identify patients at higher risk of 
recurrence [21]. Meanwhile, using 
an established PCR-based miRNA 
assay to analyze 102 cervical can-
cer samples, Hu’ et al identified 
miR-200a and miR-9 as two miR-
NAs that could predict patient su- 

Table 1. Correlation between miR-26b expression and clinico-
pathological factors of cervical cancer patients

Factors

Low miR-26b 
expression

(n=56)

High miR-26b
expression

(n=32) P-value

N % N %
Age (years) 0.742
    ≤55 23 41.1 12 37.5
    >55 33 58.9 20 62.5
Tumor diameter (cm) 0.655
    ≤4.0 15 26.8 10 31.3
    >4.0 41 73.2 22 68.7
HPV infection 0.598
    Negative 30 53.6 19 59.4
    Positive 26 46.6 13 40.6
Histological type 0.825
    AD 17 30.4 9 28.1
    SCC 39 69.6 23 71.9
Tumor differentiation 0.341
    Well 8 14.3 7 21.9
    Moderate 28 50.0 11 34.4
    Poor 20 35.7 14 44.8
FIGO stage 0.002*

    I 18 32.1 21 65.6
    II 38 67.9 11 34.4
Lymph node metastasis 0.036*

    Absent 22 39.3 20 62.5
    Present 34 60.7 12 37.5
Recurrence 0.029*

    No 25 44.6 22 68.8
    Yes 31 55.4 10 31.2
N: number; *Statistically significant difference (P<0.05). AD: adenocarci-
noma; SCC, squamous cell carcinoma.
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gated for therapeutic purposes in cervical 
cancer.

miR-26 belongs to a cardiac-enriched, but non-
cardiac-specific, miRNA family composed of 3 
members, miR-26a-1, miR-26a-2 and miR-26b. 
It has been reported that miR-26b is signifi-

cantly downregulated in a variety of human 
cancers and functions as a critical regulator in 
carcinogenesis and tumor progression by act-
ing as tumor suppressor gene in many human 
cancers. miR-26b is reported to inhibit epitheli-
al-mesenchymal transition in hepatocellular ca- 
rcinoma by targeting USP9X [28], while this 

Table 2. Multivariate analysis of the correlation of RFS and OS with clinicopathological factors in 
cervical cancer patients

Clinicopathological factors
5-year RFS 5-year OS

HR 95% CI P-value HR 95% CI P-value
Age (>55 vs. ≤55 year) 2.543 0.544-2.877 0.166 2.088 0.712-3.451 0.258
Tumor diameter (>4.0 vs. ≤4.0 cm) 1.308 0.712-1.834 0.203 1.344 0.825-1.877 0.412
HPV infection (Positive vs. Negative) 2.116 0.912-3.178 0.567 3.651 0.657-3.837 0.279
Histology (SCC vs. AD) 1.278 0.699-2.537 0.217 2.118 0.847-3.335 0.158
Differentiation (Moderate + Poor vs. Well) 1.712 0.884-2.088 0.370 1.444 0.775-2.377 0.188
FIGO stage (II vs. I) 2.228 1.699-3.125 0.017* 1.807 0.682-2.499 0.226
Lymph node metastasis (Yes vs. No) 1.752 1.343-2.658 0.024* 2.337 1.887-3.116 0.009*

miR-26b expression (Low vs. High) 2.107 1.744-3.211 0.013* 2.576 1.375-2.817 0.007*

HR: hazard ratio; 95% CI: 95% confidence interval; RFS: recurrence-frees survival; OS: overall survival; AD: adenocarcinoma; 
SCC: squamous cell carcinoma. *Statistically significant difference (P<0.05).

Figure 2. Kaplan-Meier postoperative survival curve for patterns of cervical cancer patients and miR-26b expres-
sion. A. The 5-year RFS rate of patients with low-miR-26b expression was significantly lower than that of those with 
high-miR-26b expression (P=0.0043). B. The 5-year OS rate of patients with low-miR-26b expression was signifi-
cantly lower than that of those with high-miR-26b expression (P=0.0015). Corresponding P values analyzed by log-
rank tests are indicated.
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miRNA suppresses the NF-κB signaling and 
enhances the chemosensitivity of hepatocellu-
lar carcinoma cells by targeting TAK1 and TAB3 
[29]. Also, miR-26b could inhibit growth and 
induce apoptosis in breast cancer by targeting 
multiple mRNAs, including CDK8, PTGS2 and 
SLC7A11 [30-32]. In addition, miR-26b could 
suppress growth of other human tumor cells, 
such as colon cancer, glioma and gastric can-
cer [33-35]. Although microRNA-26a has been 
reported to inhibit cell proliferation and inva-
sion of cervical cancer cells by targeting protein 
tyrosine phosphatase type IVA 1 [36], the 
expression of miR-26b in cervical cancer and 
its clinicopathological or prognostic signifi-
cance are unclear. To the best of our knowl-
edge, this is the first report about whether miR-
26b can be a potential prognostic biomarker 
for cervical cancer patients. Here, we first 
detected the expression of miR-26b in 88 pa- 
ired of cervical cancer and the adjacent normal 
cervical epithelial tissues, and showed that the 
expression of miR-26b was significantly down-
regulated in cervical cancer tissues compared 
with the adjacent normal tissues. Then, we sta-
tistically analyzed the correlation between miR-
26b expression and clinicopathological factors 
of cervical cancer patients. It was found that 
reduced miR-26b expression was significantly 
correlated with advanced FIGO stage and high-
er incidence of lymph node metastasis. Imp- 
ortantly, low miR-26b expression was also 
observed to be correlated with high recurrence 
rate of patients, suggesting that miR-26b could 
serve as a potential biomarker to identify 
patients at higher risk of recurrence. Furt- 
hermore, we analyzed the prognostic signifi-
cance of miR-26b expression in cervical can-
cer. KaplanMeier curves for RFS and OS indi-
cated that patients with low-miR-26b ex- 
pression had poorer RFS and OS than those 
with high-miR-26b expression, and multivariate 
analyses demonstrated that status of miR-26b 
was an independent prognostic factor for both 
RFS and OS of cervical cancer patients. As the 
number of tissue samples in this study is small, 
further investigation of a larger case population 
is needed to confirm the prognostic signifi-
cance of miR-26b expression in cervical cancer 
in future.

In conclusion, our findings indicate that the 
expression of miR-26b is significantly downreg-
ulated in cervical cancer, and may be a poten-

tial prognostic biomarker for cervical cancer 
patients. Further studies should focus on the 
roles of miR-26b in malignant phenotypes of 
cervical cancer cells, and identification of its 
target mRNAs will contribute to elucidating the 
roles of miR-26b in cervical cancer develo- 
pment.
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