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Abstract. – OBJECTIVE: The aim of our
study was to explore the clinicopathologic and
prognostic significance of microRNA-664 ex-
pression in human cervical cancer.

PATIENTS AND METHODS: qRT-PCR was
used to determine the expression of miR-664 in
cervical cancer tissues. The relationship be-
tween miR-664 expression levels in cervical can-
cer tissues and clinicopathological characteris-
tics was estimated respectively. The survival
curves of the patients were determined using
the Kaplan-Meier method. Univariate and multi-
variate Cox regression analyses were per-
formed.

RESULTS: The expression of miR-664 is down-
regulated in human cervical cancer tissues
when compared to the corresponding non-
cancerous tissues (p < 0.01). Low miR-664 ex-
pression was significantly associated with lym-
phatic invasion (p = 0.000), distant metastasis (p
< 0.000), FIGO stage (p = 0.001), and histological
grade (p = 0.008). Kaplan-Meier analysis demon-
strated that low levels of miR-664 expression
were associated with poorer overall survival (p <
0.001). In the multivariate analysis, low miR-664
expression was an independent prognostic fac-
tor for OS (p = 0.005).

CONCLUSIONS: MiR-664 may be a promising
biomarker for the detection and prognosis eval-
uation of cervical cancer.

Key Words:
miR-664, Cervical cancer, Lymphatic invasion, Prog-

nosis.

Introduction

Cervical cancer is a gynecological malignancy
with the second most common malignancy in fe-
male worldwide1. It was reported in Lancet that
global cervical cancer incidence increased at
0.6% annual rate from 1980 to 20102,3. Recent
progress in diagnosis and therapy methods has
helped to cure this disease of many patients at
early stages, but the outcome of cervical cancer
patients with a poor response to chemotherapy is
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not encouraging. Early diag nosis and prognostic
evaluation of cervical cancer are cru cial for time-
ly and appropriate treatment. Therefore, the iden-
tification of novel biomarkers of cervical cancer
progression is crucial to improve the patient out-
come.

Micro(miR)RNAs are small RNA molecules
(18-25 nucleotides in length) that function as
posttranscriptional regulators of gene expression
in various species4,5. It is recognized that miR-
NAs are involved in the regulation of a variety of
biological processes including cell proliferation,
differentiation, and apoptosis6,7. Furthermore, the
functions of miRNAs involved in the initiation
and progression of human cancers have been ex-
tensively verified. Recent studies have proved
that miRNAs are aberrantly expressed in various
human cancers and exert important regulations
on tumor biology by acting as onco genes or tu-
mor suppressors. For example, hsa-miR-206 may
repress the tumor proliferation and invasion in
breast cancer by targeting Cx438. MiR-150 func-
tion as a tumor promoter in prostate cancer by
suppressing p279. MicroRNA-664 (miR-664) has
shown to be involved in many aspects of carcino-
genesis. miR-664 was found to be upregulated in
hepatocellular carcinoma tissues and to be down-
regulated in breast carcinoma tissues10,11. Those
results informed that miR-664 may function as a
different role in different cancer. As for cervical
cancer, the clinical significance and prognostic
value of miR-664 in cervical cancer have not
been investigated.

Patients and Methods

Patients and Tissue Samples
186 pairs of cervical cancer tissues and adja-

cent noncancerous tissues were obtained from
Department of Obstetrics and Gynecology,
Rizhao People’s Hospital. None of the patients
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received radiotherapy and chemotherapy before
the tissues were obtained. The corresponding ad-
jacent normal tissues were obtained 3 cm beyond
the boundary of cervical cancer tissues. Tumor
differentiation was graded following WHO crite-
ria. After surgical removal, the tissues were
frozen immediately in liquid nitrogen until use.

Our study protocol was recognized by Re-
search Ethics Committee in Rizhao People’s
Hospital. We obtained written informed con sents
from each participant. All specimens were han-
dled and made anonymous according to the ethi-
cal and legal standards.

RNA Extraction and qRT-PCR Analyses
Total RNA was extracted from fresh tissues

and cells using Trizol (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer’s instruc-
tions. The quantity and quality of the extracted
RNA were determined spectrophotometrically by
measurement of absorbance at 260 and 280nm
using a DU530 UV-VIS spectrophotometer
(Beckman Coulter, Fullerton, CA, USA). The
TaqMan microRNA assay and TaqMan universal
PCR master mix were used to detect the expres-
sion of miR-664, and the U6 gene was used as an
internal control to normalize variances. All sam-
ples were carried out in triplicate. The cycle
threshold (CT) value was calculated. The 2-ΔCT

(ΔCT = CT miR664-CTU6 RNA) method was used to
quantify the relative amount of miR-664.

Statistical Analysis
Statistical analyses were performed using the

SPSS 17.0 statistical software package (SPSS
Inc., Chicago, IL, USA). Associations between
clinicopathological parameters and miR-664 ex-
pression were evaluated using χ2 tests. Overall
survival was calculated and survival curves were
plotted using the Kaplan-Meier method; differ-
ences between groups were compared using log-
rank tests. The significance of survival variables
was evaluated using a multivariate Cox propor-
tional hazards regression analysis. p < 0.05 was
considered to indicate statistical significance.

Results

The Expression Levels of miR-664 in
Cervical Cancer

Taqman qRT-PCR assay was performed to de-
tect the expression level of miR-664 in cervical
cancer tissues and adjacent non-tumorous tissues.
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Our results showed that miR-664 expression was
decreased in cervical cancer tissues compared
with that in adjacent normal tissues (p < 0.01,
shown in Figure 1).

miR-664 Expression and Clinicopatho logic
factors in Cervical Cancer

Cervical cancer tissue samples were classified
into low expression group (n = 93) and high ex-
pression group (n = 93), according to the median
expression level of all cervical cancer samples.
Table I summarized the correlation between
miR-664 expression and clinicopathological fea-
tures of patients with cervical cancer. the low
level of miR-664 expression was significantly as-
sociated with lymphatic invasion (p = 0.000),
distant metastasis(p = 0.000), FIGO stage (p =
0.001), and histological grade (p = 0.008). How-
ever, there were no correlations between miR-
664 expression and other clinicopathologic vari-
ables, such as age, HPV infection, tumor histol-
ogy, and tumor size.

Low Expression Level of miR-664 was
Associated with Shorter OS

To further investigate the correlation between
miR-664 expression level and prognosis of cervi-
cal cancer, survival curves were calculated by
Kaplan-Meier method and compared by the log-
rank test. As shown in Figure 2, our data showed
that low levels of miR-664 expression were asso-
ciated with poorer overall survival (p < 0.001). A

Figure 1. Relative expression of miR-664 was lower in
cervical cancer tissues than in matched adjacent non-tumor
tissues. miR-664 expression was deter¬mined by qRT-PCR
and normalized against U6 RNA (an endogenous control).
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Cox proportional hazards analysis was used to
further evaluate the potential of miR-664 expres-
sion as a prognostic biomarker. Multivariate
analysis revealed that miR-664 expression (p =
0.005) were independently associated with the
overall survival (shown in Table II).

Discussion

Recent advances in genomics, proteomics, and
metabolomics technologies have identified key
molecular events during lung cancer carcino -
genesis. More novel cancer biomarkers like mR-
NA, non-coding RNA and metabolites were
identified12. However, the biomarkers used in
this tumor group today are not satisfactory. Mi-
croRNAs have increasingly been recognized as
major players in the development of cancer13,14.
Compared with other biomarkers. miRNAs may
be ideal biomarkers. In the present study, we fo-
cus on the prognostic value of miR-664 in cervi-
cal cancer.

Several studies15,16 have reported that miR-664
is specifically expressed at higher levels in car-
diac tissue and is dysregulated in various cardio-
vascular and diabetic diseases. For cancer, Bao et
al17 found that miR-664 promote cell invasion
and migration in Osteosarcoma by suppressing
SOX7 expression. Chen et al18 showed that miR-
664 functioned as an oncogene miRNA and pro-
moted human osteosarcoma cell proliferation by
suppressing FOXO4 expression. On the contrary,
Yang et al19 informed that miR-664 may act as a

miR-664 expression

Variables Cases (n = 186) Low High p-value

Age (years) 0.657
< 65 81 39 42
≥ 65 10554 51

HPV 0.518
(+) 132 68 64
(−) 54 25 29

Tumor histology 0.236
Squamous 137 71 66
Adenocarcinoma 35 14 21
Clear cell 14 8 6

Tumor Size (cm) 0.075
< 4 83 35 48
≥ 4 103 58 45

Lymphatic invasion 0.000
Yes 104 66 38
No 82 27 55

Distant metastasis 0.000
Yes 46 35 11
No 140 58 82

FIGO stage 0.001
I/II 97 37 60
III/IV 89 56 33

Histological grade 0.008
Well/moderate 98 40 58
Poor 88 53 35

Table I. Correlations between miR-664 expression and clinicopathological characteristics in cervical cancer.

Figure 2. Kaplan-Meier postoperative survival curve for
patterns of patients with cervical cancer and miR-664 ex-
pression.
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tumor suppressor to modu late cervical cancer
cell growth and migration. Those results revealed
that miR-664 may serve as tumor promoter or tu-
mor suppressor in different cancer, suggesting
miR-664 may be associated with prognosis in
cervical cancer.

In the present work, we found that the expres-
sion level of miR-664 was reduced in cervical can-
cer tissues in comparison to normal matched tis-
sue. miR-664 expression was negatively correlated
with lymphatic invasion, distant metastasis, FIGO
stage, and histological grade, suggesting that miR-
664 might be involved in the carcinogenesis and
metastasis of cervical cancer. Moreover, Kaplan-
Meier analysis showed that cervical cancer patients
with low miR-664 expression tend to have shorter
overall survival. Moreover, multivariate Cox
analysis proved that miR-664 was an independent
prognostic indicator for cervical patients.

Conclusions

Our findings demonstrated for the first time
that cervical cancer patients with low miR-664
expression had a poor OS. Moreover, the down-
regulation of miR-664 may be significantly asso-
ciated with tumor progression and prognosis in
patients with cervical cancer.
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