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Downregulation of miR-154 in cervical cancer and its 
clinicopathological and prognostic significance
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Abstract: Objective: miR-154 has been reported to be downregulated in many human malignancies and function 
as a tumor suppressor. However, its role in cervical cancer is still unclear. The aim of this study was to investigate 
the clinical significance and prognostic value of miR-154 expression in cervical cancer. Methods: The expression of 
miR-154 was detected in 135 pairs of cervical cancer specimens and adjacent noncancerous tissues using qRT-
PCR assay. Then, the association of miR-154 levels with clinicopathological features and prognosis was evaluated. 
Results: MiR-154 expression was significantly downregulated in cervical cancer tissues than those corresponding 
noncancerous tissues (P < 0.001). Decreased miR-154 expression was linked to lymph node metastasis, vascular 
invasion, poor tumor differentiation, advanced FIGO stage, and short overall survival. Multivariate Cox regression 
analysis confirmed that low level of miR-154 expression predicted poor prognosis of patients with cervical cancer 
independently .Conclusions: Our results suggest that miR-154 downregulation may be involved in cervical cancer 
formation and progression, and that miR-154 would serve as a novel prognostic biomarker for patients with this 
disease.
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Introduction

Cervical cancer is the third most common can-
cer and fourth leading cause of cancer-related 
death among women worldwide, with more 
than 500,000 new cases and 260,000 deaths 
per year [1-3]. Despite recent improvements in 
multimodal therapy including surgery, radio-
therapy, and chemotherapy, the long-term prog-
nosis of patients with advanced-stage is still 
dismal, mainly due to lymph node invasion and 
distant metastasis [4]. It is widely accepted 
that genetic changes, including the silencing of 
tumor-suppressor genes and the overexpres-
sion of oncogenes, are involved in cervical 
malignant transformation [5]. Hence, it’s urgent 
to understand the mechanisms underlying cer-
vical carcinogenesis and tumor progression at 
the molecular level, and identify novel biomark-
ers and therapeutic targets for this disease.

MicroRNAs (miRs) are small (18-25 nucleotides 
in length), single-strand, noncoding RNAs that 

negatively regulate gene expression by binding 
to target mRNAs at their 3’-untranslated region, 
leading to mRNA degradation or translation 
suppression [6]. Accumulating evidence indi-
cates that miRs play important roles in various 
biological processes such as metabolism, cell 
growth, differentiation, proliferation, apoptosis, 
and stress responses [6]. Recently, a large 
number of studies demonstrate that miRs can 
function as oncogenes or tumor suppressor 
genes in a variety of human cancers, depending 
on the cellular contexts and the nature of their 
targets [7]. In terms of cervical cancer, abnor-
mal expression of several miRs and their func-
tion has been reported. For example, miR-126 
showed decreased expression in cervical can-
cer tissues, and its down-regulation was corre-
lated with lymphatic invasion, distant metasta-
sis, poor tumor differentiation, and advanced 
clinical stage [8]. Low miR-26b and miR-503 
expression levels were unfavourable prognostic 
factors for both recurrence-free and overall sur-
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vival in cervical cancer patients [9, 10]. Plasma 
miR-127 and miR-205 might serve as non-inva-
sive biomarkers for detection of cervical cancer 
[11]. Ectopic expression of miR-133a inhibited 
cervical cancer cell proliferation, colony forma-
tion, and invasion, promoted cell apoptosis in 
vitro and suppressed tumorigenicity in vivo 
[12]. Overexpression of miR-223 inhibited cer-
vical cancer metastasis by modulating epitheli-
al-mesenchymal transition [13]. Furthermore, 
miR-126 enhanced chemosensitivity, and miR-
21 decreased radiosensitivity of cervical can-
cer [14, 15]. Thus, miRs may be applied for cer-
vical cancer diagnosis and prognosis, and also 
act as potential novel therapeutic targets.

miR-154, located on human chromosome 
14q32, is a recently identified cancer-related 
miRs. Previous research has shown that miR-
154 is downregulated in several malignant 
tumors, such as non-small cell lung cancer 
[16], breast cancer [17], hepatocellular carci-
noma [18], thyroid cancer [19], colorectal can-
cer [20, 21], prostate cancer [22, 23], and os- 
teosarcoma [24]. In these malignancies, miR- 

surgery at Zhumadian Central Hospital (Zhu- 
madian 463000, Henan Province, China) bet- 
ween February 2008 and October 2010. The 
diagnosis of all samples was confirmed by 
pathologists. All specimens were frozen in liq-
uid nitrogen immediately after surgical resec-
tion and stored at -80°C until use. None of the 
patients received preoperative chemotherapy 
or radiotherapy. Clinicopathologic information 
is summarized in Table 1. Tumor differentiation 
was graded following WHO criteria. Tumor stage 
was classified according to the criteria of the 
International Federation of Gynecology and 
Obstetrics (FIGO). Overall survival was calculat-
ed from the date of initial surgical operation to 
death or last follow-up. This study was approved 
by the institutional review board of our hospital 
and informed consent was obtained from each 
patient.

RNA isolation, reverse transcription and quan-
titative real-time PCR analysis

Total RNA was extracted using mirVana miRNA 
Isolation Kit (Ambion) and reverse transcription 

Table 1. Association of miR-154 expression with different clinico-
pathological features of human cervical cancer

Clinicopathological features No. of 
cases miR-154 expression P

High (n, %) Low (n, %)
Age
    < 50 67 36 (53.7%) 31 (46.3%) 0.493
    ≥ 50 68 32 (47.1%) 36 (52.9%)
Tumor size (cm)
    < 4 74 40 (54.1%) 34 (45.9%) 0.389
    ≥ 4 61 28 (45.9%) 33 (54.1%)
Histological grades
    Well/Moderate 72 44 (61.1%) 28 (38.9%) 0.01
    Poor 63 24 (38.1%) 39 (61.9%)
Lymph node metastasis
    Positive 38 9 (23.7%) 29 (76.3%) < 0.001
    Negative 97 59 (60.8%) 38 (39.2%)
Vascular invasion
    Positive 70 27 (38.6%) 43 (61.4%) 0.002
    Negative 65 41 (63.1%) 24 (36.9%)
Histological type
    Adenocarcinoma 23 11 (47.8%) 12 (52.2%) 0.822
    Squamous cell carcinoma 112 57 (50.9%) 55 (49.1%)
FIGO stage
    I 56 46 (82.1%) 10 (17.9%) < 0.001
    II 79 22 (27.8%) 57 (72.2%)

154 might act as a tumor sup-
pressor and decreased miR- 
154 expression was associat-
ed with aggressive clinicopath-
ological features. Also, restor-
ing of miR-154 reduced multiple 
malignant phenotypes, includ-
ing cell proliferation, colony for-
mation, migration and invasion, 
and xenograft tumor growth. 
However, the clinical signifi-
cance and prognostic value of 
miR-154 expression in cervical 
cancer has not been investigat-
ed. Therefore, in the current 
study, we examined the expres-
sion levels of miR-154 in 
patients with cervical cancer 
and analyzed the correlation 
between the miR-154 expres-
sion and clinicopathologic fea-
tures and prognosis.

Materials and methods

Patients and tissue samples

Fresh cervical cancer and ma- 
tched adjacent nontumorous 
tissues were collected from 
135 patients who underwent 
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of 10 ng of total RNA was 
performed with the Taqman 
miRNA reverse transcrip-
tion kit (Applied Biosyste- 
ms). For analysis of miR-
154 level, a TaqMan Mic- 
roRNA Assay Kit (Applied 
Biosystems) was used, and 
Real-time PCR was per-
formed on the Applied Bio- 
systems 7900 Fast Real-
Time PCR system (Applied 
Biosystems). All reactions 
were run in triplicate and 
miR-154 expression was 
normalized to U6 small 
nuclear RNA. The relative 
amount of miR-154 to U6 
was calculated using the 
equation 2-DCt, where DCT = 
(CTmiR-154-CTU6). The fold ch- 
ange of miR-154 in cervical 
cancer relative to the ma- 
tched adjacent noncancer-
ous tissues was determi- 
ned by the 2-DDCt method.

Statistics

All statistical analyses were 
performed using the SPSS 
for Windows statistical so- 
ftware, version 16.0 (SPSS, 
Chicago, IL, USA). Data are 
presented as the mean ± 
standard deviation (SD). 
Comparisons were per-

Figure 1.The relative expression levels of miR-154 in cervical cancer tissues and adjacent non-neoplastic tissues. 
A: The fold change of miR-154 in cervical cancer relative to the matched adjacent non-neoplastic tissues. B: miR-
154 expression was significantly lower in cervical cancer tissues than in the corresponding adjacent normal tissues. 
miR-154 levels were calculated by the 2-DCt method and normalized to U6 small nuclear RNA.

Figure 2. Cervical cancer patients with low miR-154 expression had a signifi-
cantly shorter overall survival than those with high miR-154 expression (P < 
0.001, log-rank test).
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formed using Student’s t-test and Chi square 
test. Survival curves were constructed with  
the Kaplan-Meier method and compared by 
log-rank tests. The multivariate analyses were 
evaluated with Cox proportional hazards mod-
els. P < 0.05 was considered statistically sig- 
nificant.

Results

miR-154 downregulation in human cervical 
cancer

MiR-154 expression was detected by using 
qRT-PCR and normalized to U6. Figure 1A 
showed decreased miR-154 expression in cer-
vical cancer specimens compared to matched 
adjacent noncancerous tissues. Figure 1B 
showed that the relative level of miR-154 in cer-
vical cancer specimens was significantly lower 
than that in corresponding noncancerous tis-
sues (mean ± SD, 4.03 ± 0.96 vs. 10.07 ± 1.98, 
P < 0.001).

Association between miR-154 expression and 
clinicopathologic factors

The median miR-154 expression level was used 
as a cut-off value to divide all 135 patients into 
two groups: high miR-154 expression group (n 
= 68) and low miR-154 expression group (n = 
67). As shown in Table 1, we found that low 
miR-154 expression was significantly associat-

ed with lymph node metastasis (P < 0.001), 
vascular invasion (P = 0.002), poor tumor dif-
ferentiation (P = 0.01), and advanced FIGO 
stage (P < 0.001). However, there were no sig-
nificance between miR-154 expression and 
other clinicopathological factors, such as age, 
tumor size, and histological type.

Low miR-154 expression predicts poor progno-
sis in cervical cancer

At last, we evaluated the prognostic signifi-
cance of miR-154 expression in patients with 
cervical cancer. As shown in Figure 2, patients 
in high miR-154 expression group had longer 
overall survival than those in low miR-154 
expression group (P < 0.001). Univariate Cox 
regression analysis demonstrated that lymph 
node metastasis, vascular invasion, and 
advanced FIGO stage were also significantly 
associated with shorter overall survival (Table 
2). Multivariate analyses using the Cox propor-
tional hazards regression model revealed that 
miR-154 expression (relative risk [RR] 5.79; P = 
0.005), lymph node metastasis (RR 5.15; P = 
0.008), and FIGO grade (RR 6.26; P = 0.002) 
were independent prognostic factors for overall 
survival of cervical cancer patients.

Discussion

Cervical cancer is still a major public health 
problem of worldwide concern. Up to now, the 

Table 2. Cox regression analysis of factors associated with overall survival in 135 patients with cervical 
cancer

Univariate analysis Multivariate analysis
Factors β Value HR 95% CI P-value β Value HR 95% CI P-value
Age at diagnosis (years) < 50 vs. ≥ 50 -0.05 0.95 0.41-1.92 0.38 - - - -
Histological grades
    Well/Moderate vs. Poor -0.14 0.87 0.33-1.89 0.43 - - - -
Tumor size
    < 4 cm vs ≥ 4 cm 0.15 1.16 0.48-2.45 0.09 - - - -
Lymph node metastasis
    Positive vs Negative 1.76 5.81 1.94-10.27 0.003 1.64 5.15 1.83-11.29 0.008
Vascular invasion
    Positive vs Negative 0.91 2.49 1.19-6.38 0.034 0.05 1.05 0.22-2.94 0.096
Histological type
   Adenocarcinoma vs SCC -0.25 0.78 0.28-1.62 0.66 - - - -
FIGO stage
    I vs II 1.87 6.47 2.85-14.91 < 0.001 1.83 6.26 2.08-15.96 0.002
MiR-154 expression
    High vs low 1.88 6.53 2.72-15.33 < 0.001 1.76 5.79 1.82-12.94 0.005
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exact mechanisms underlying cervical cancer 
are not fully understood. The identification of 
genetic alterations would be important for the 
screening, diagnosis and treatment of cervical 
cancer. Accumulating evidence has suggested 
the important roles of miRs in cancer progres-
sion. In the present study, we revealed that the 
expression of miR-154 was significantly re- 
duced in cervical cancer tissues, and reduced 
miR-154 expression was significantly associat-
ed with lymph node metastasis, vascular inva-
sion, poor tumor differentiation, and advanced 
FIGO stage. Patients with low level of miR-154 
showed shorter overall survival than those with 
high miR-154 level. Thus, loss of miR-154 
expression might be involved in cervical cancer 
development and serve as a novel biomarker 
for poor prognosis.

Our results are consistent with previous find-
ings in other malignancies. Clinical investiga-
tion demonstrated that decreased miR-154 
expression in non-small cell lung cancer and 
hepatocellular carcinoma significantly correlat-
ed with larger tumor size, high incidence of 
metastasis, and advanced clinical stage [16, 
18]. miR-154 downregulation in colorectal can-
cer was linked with tumor progression and pre-
dicted poor overall survival [21]. Functional 
analysis showed that enforced miR-154 expres-
sion in osteosarcoma U2OS cells inhibited cell 
proliferation, colony formation, migration and 
invasion, as well as induced cell cycle arrest at 
the G1 stage [24]. Restoration of miR-154 
expression in lung cancer A549 cells and hepa-
tocellular carcinoma HepG2 cells suppressed 
tumor growth both in vitro and in vivo [16, 18]. 
In addition, miR-154 promoted cell apoptosis 
and inhibited epithelial-mesenchymal transi-
tion in prostate cancer [23, 25]. Taken togeth-
er, tthese results suggested the tumor sup-
pressive property of miR-154 and indicated 
that it might act not only as a diagnostic and 
prognostic marker, but also as a potential ther-
apeutic target.

We are aware of some limitations in our work. 
First, it was a retrospective study, and the sam-
ple size was relatively small. Second, although 
we showed low miR-154 expression in cervical 
cancer and its clinical significance, the underly-
ing mechanisms have not been well character-
ized. It is now clear that miRs exhibit oncogenic 
or tumor suppressive properties by the regula-

tion of target gene expression [26]. So, identifi-
cation of miR-154 function and its downstream 
genes in cervical cancer cells would be an 
important facet in future investigations.

In summary, our research showed miR-154 
downregulation in cervical cancer and its cor-
relation with aggressive clinicopathological fea-
tures. Decreased miR-154 expression might be 
an independent biomarker for poor prognosis. 
Large scale prospective studies are needed  
to confirm our conclusion and clarify the 
mechanisms.
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