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Abstract: Background: Deregulation of miR-150 expression has been implicated in the development and progres-
sion of several types of human cancers. However, the clinical implications of miR-150 in human cervical cancer is 
still not clear. Here, we aimed to evaluate the prognostic values of miR-150 in cervical cancer. Methods: Quantita-
tive real-time PCR was performed to determine the expression levels of miR-150 in cervical cancer and adjacent 
normal cervical tissues. Kaplan-Meier survival and multivariate analyses were then carried out to examine the cor-
relation between miR-150 expression and overall survival of cervical cancer patients. Results: miR-150 expression 
significantly increases in cervical cancer tissues compared with that in corresponding adjacent normal tissues (P = 
0.021). Moreover, increased miR-150 expression in cervical cancer is significantly correlated with worse histological 
grade (P = 0.012) and increased risks of lymph node metastasis (P = 0.003) and lymphatic invasion (P = 0.002). 
Kaplan-Meier analysis further showed that patients with higher levels of miR-150 expression exhibits significantly 
poorer 5-year OS (71.9%) than those with lower miR-150 expression (90.8%) (P = 0.048). Furthermore, multivariate 
analysis revealed that miR-150 expression was independently associated with the OS (HR = 2.323, 95% CI: 1.132-
6.658; P = 0.028). Conclusion: Our findings demonstrated that upregulation of miR-150 expression in cervical 
cancer is associated with poor prognosis and miR-150may serve as a prognostic biomarker for patients with cervical 
cancer in the future.
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Introduction

Cervical cancer is one of the leading causes of 
cancer deaths in women worldwide. The inci-
dence of cervical cancer among women aged 
15 and 39 years old is approximately 16 per 
100,000 [1]. The malignant transformation of 
normal cervical epithelium to invasive cervical 
cancer is a multistep and multifactorial pro-
cess [2]. Persistent infection with oncogenic 
human papillomavirus (HPV) is one of the most 
important risk factors in the development of 
cervical cancer [3]. Although the incidence of 
cervical cancer has remarkably decreased over 
the past 50 years due to the cervical cytology 
(Papanicolaou test) screening programs, sub-
stantial evidence suggests that, aside from 
HPV infection, some other factors such as host 
genetic variations also play important roles in 
the pathogenesis of cervical cancer [4]. There- 

fore, it is very important to identify additional 
biomarkers for early prediction and better man-
agement of cervical cancer patients. 

MicroRNAs (miRNAs) are noncoding RNAs that 
are 18-23 nucleotides in length. They regulate 
the expression of their target genes by base-
pairing with their target messenger RNAs (mR- 
NAs) and then leading to translational repres-
sion or transcript degradation [5]. Recent stud-
ies have shown that deregulated expression of 
miRNAs have been involved in a wide range of 
pathological processes such as viral infection 
and the development and progression of human 
cancers [6].

Notably, recent evidence indicates that miR-
150 may function as a tumor suppressor and 
inhibit the development and proliferation of 
lymphoma [7]. Furthermore, it has also been 
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found that miR-150 displays potential prognos-
tic values in several types of human cancers. 
For example, miR-150 expression is markedly 
down regulated in human esophageal squa-
mous cell carcinoma and colorectal cancer, 
contributing to a poor prognosis [8, 9]. On the 
contrary, the upregulation of miR-150 expres-
sion in human prostate cancer and thyroid can-
cer is closely correlated with tumor recurrence 
or metastasis [10, 11]. However, the potential 
clinical implications of miR-150 in cervical can-
cer has not been investigated. Hence, in this 
study, we aimed to determine whether there is 
an association between miR-150 expression 

the patients was obtained and all protocols 
involving this study were approved by the 
Research Ethics Committee of Fudan University 
(Shanghai, China).

RNA extraction and quantitative real-time PCR

Total RNA was extracted from the frozen tis-
sues using TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA). Quantitative real-time PCR (qRT-PCR) 
was then carried out on Applied Biosystems 
7500 real-time PCR system (Applied Biosyst- 
ems, Foster City, CA, USA). The U6 gene was 
used as an internal standard control for nor-

Table 1. Association between miR-150 expression and 
different clinicopathological features of human cervical 
cancers

Clinicopathological features No. of 
cases

miR-150 expression
P

High (n, %) Low (n, %)
Age at diagnosis (years)
    < 50 56 38 18 0.254
    ≥ 50 60 34 26
Tumor size (cm)
    < 4 70 46 24 0.335
    ≥ 4 46 26 20
Histological grades
    Well/Moderate 64 33 31 0.012
    Poor 52 39 13
FIGO stage
    Ia1-Ib2 66 37 29 0.176
    IIa1-IIa2 50 35 15
Lymph node metastasis
    No 72 37 35 0.003
    Yes 44 35 9
Vascular space involvement
    No 64 40 24 0.534
    Yes 52 32 20
Histological type
    Squamous 85 49 36 0.207
    AC/ASC 26 20 6
    Others 5 3 2
Lymphatic invasion
    Yes 59 45 14 0.002
    No 57 27 30
HPV
    (-) 32 24 8 0.09
    (+) 84 48 36
Abbreviations: No. or n, number of patients; P, P value; AC/ASC, adenocar-
cinomas/adenosquamous carcinomas; HPV, human papilloma virus.

and the clinicopathologic features of 
human cervical cancers. Our find-
ings may uncover novel biomarkers 
for the prognosis and effective man-
agement of cervical cancer patients.

Materials and methods

Clinical samples and patients char-
acteristics

Primary cervical cancer and adja-
cent normal cervical tissues were 
resected from a total of 116 cervical 
cancer patients who underwent pel-
vic surgery at the Obstetrics and 
Gynecology Hospital of Fudan Uni- 
versity between 2008 and 2012. 
The staging and clinicopathological 
classifications of cervical cancer 
were determined according to guide-
lines of the modified International 
Federation of Gynecology Obstetrics 
(FIGO) system for cervical cancer 
[12]. All patients enrolled in this 
study were found to suffer from only 
gynaecological tumor(s) and recei- 
ved no preoperative radiotherapy, 
chemotherapy, or hormonal therapy. 
Following the pelvic surgery, 89 
patients further underwent adjuvant 
radiotherapy and/or chemotherapy. 
All resected specimens were imme-
diately frozen in liquid nitrogen and 
stored at -80°C until RNA extraction 
was carried out as described below. 
The median follow-up time for the 
primary cervical cancer cohort was 
51.7 months (range, 16 to 85 mon- 
ths). Written informed consent from 

http://link.springer.com/search?dc.title=FIGO&facet-content-type=ReferenceWorkEntry&sortOrder=relevance
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malization. The following primers were used to 
determine the levels of miR-150 and U6 snRNA 
expression: miR-150 forward (5’-CAGTATTCTC- 
TCCCAACCCTTGTA-3’) and reverse primers (5’- 
AATGGATGATCTCGTCAGTCTGTT-3’); U6 snRNA 
forward (5’-ATTGGAACGATACAGAGAAGATT-3’) 
and reverse primers (5’-GGAACGCTTCACGAA- 
TTTG-3’) (Invitrogen, Carlsbad, CA, USA). PCR 
amplification was performed with an initial 

denaturation step at 95°C for 3 min, followed 
by 40 cycles of 95°C for 15 s, 62°C for 30 s, 
and 72°C for 30 s. The relative expression lev-
els of miR-150 were normalized to that of U6 
snRNA and then calculated using the compara-
tive cycle threshold (CT) method.

Statistical analysis

Statistical analysis was performed using the 
Statistical Package for the Social Services 
(SPSS, version 19.0) (Chicago, IL, USA). Overall 
survival time for all patients was censored dur-
ing the last visit of regular follow-ups. Compa- 
risons between groups were evaluated with the 
chi-squared test or Fisher’s exact test. The haz-
ard ratios and corresponding 95% confidence 
intervals (CIs) were calculated with Cox’s pro-
portional hazards model. Multivariate analysis 
of prognostic values was performed by multi-
variate Cox regression. Kaplan-Meier survival 
curves were constructed to illustrate the overall 
survival of cervical patients and the log-rank 
test was performed to compare the differences 
between survival curves of patients with low 
and high levels of miR-150 expression. Stati- 
stical results were considered significant if P < 
0.05.

Results

Upregulation of miR-150 expression in cervical 
cancer patients

Cervical cancer and matched adjacent normal 
tissues were collected from a total of 116 cervi-
cal cancer patients. The demographic informa-
tion and different clinicopathological parame-
ters of the cervical patients were summarized 
in Table 1. To assess the potential clinical impli-
cations of miR-150 in human cervical cancer, 
we first performed qRT-PCR to compare the 
expression levels of miR-150 between cervical 
cancer tissues and neighboring non-cancerous 
cervical tissues. As shown in Figure 1, the 
expression levels of miR-150 are significantly 
elevated in cervical cancer tissues compared 
with those in adjacent normal cervical tissues 
(P = 0.021).

The correlation between miR-150 expression 
and clinicopathological features of cervical 
cancer patients

To examine the correlation between miR-150 
expression and clinicopathological features of 

Figure 1. Upregulation of miR-150 expression in cer-
vical cancer patients. Cervical cancer and matched 
adjacent normal tissues from 116 cervical cancer 
patients were collected during the pelvic surgery 
and frozen at -80°C. After RNA extraction from the 
frozen tissues, quantitative real-time -PCR was then 
performed to determine the expression levels of miR-
150.

Figure 2. miR-150 expression is inversely correlated 
with 5-year overall survival (OS) of cervical cancer 
patients. The median expression levels of miR-150 
were used to divide he patients into two groups with 
low and high levels of miR-150 expression. Kaplan-
Meier analysis was then carried out to evaluate the 
correlation between the expression levels of miR-
150 and 5-year OS of cervical cancer patients.
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cervical cancer patients, we then used the 
median expression level of miR-150 as a cut-
off point to divide the cervical cancer patients 
into two groups with low (n = 44) and high levels 
(n = 72) of miR-150 expression (Table 1). Rem- 
arkably, increased miR-150 expression in cervi-
cal cancer is significantly associated with worse 
histological grade (P = 0.012) and increased 
risks of lymph node metastasis (P = 0.003) and 
lymphatic invasion (P = 0.002) (Table 1). How- 
ever, there is no significant correlation between 
miR-150 expression and other clinicopatholog-
ic parameters such as age, tumor size, FIGO 
stage, vascular space involvement, histological 
type, and HPV infection status (P > 0.05).

Inverse correlation between miR-126 expres-
sion and survival of cervical cancer patients

We next performed survival analysis to deter-
mine whether the levels of miR-150 expression 
can predict the prognosis of cervical cancer 
patients. As shown in Figure 2, our Kaplan-
Meier analysis revealed that patients with high-
er levels of miR-150 expression (71.9%) exhibit 
significantly poorer 5-year OS than those with 
lower expression levels of miR-150 (90.8%) (P = 
0.048).

In order to evaluate whether the expression lev-
els of miR-150 and other clinicopathological 
features are independent prognostic factors for 
patients with cervical cancer, we then carried 
out a multivariate analysis using Cox propor-
tional hazard regression. Our data demonstrat-
ed that miR-150 expression was independently 
associated with 5-year OS (HR = 2.323, 95% CI: 
1.132-6.658; P = 0.028) (Table 2). By contrast, 
other clinicopathological parameters, including 

patients, since individual patients with cervical 
cancer may display different responses to the 
same treatment protocol. Therefore, it is very 
important to identify novel biomarkers to pre-
dict the prognosis and help to guide the treat-
ment of patients with cervical cancer. In this 
study, our data showed that the expression lev-
els of miR-150 are significantly upregulated in 
cervical cancer tissues compared with those in 
adjacent normal cervical tissues. Additionally, 
upregulated expression of miR-150 in cervical 
cancer is significantly correlated with worse his-
tological grade and increased risks of lymph 
node metastasis and lymphatic invasion. 
Moreover, our results further demonstrated 
that the expression levels of miR-150 are 
inversely correlated with the 5-year OS in 
patients with cervical cancer. These findings, 
for the first time, demonstrate that miR-150 
may serve as a biomarker for predicting the 
prognosis of cervical cancer patients in the 
future.

miR-150 was initially identified as an important 
player in modulating the functions of hemato-
poietic and immune cells [14]. Recent studies 
have further demonstrated that the aberrant 
expression of miR-150 is involved in the devel-
opment and progression of human cancers by 
regulating the expression of certain oncogenes 
and/or tumor suppressor genes [15-17]. Chang 
et al showed that the downregulation of miR-
150 expression was mediated by c-Myc and 
miR-150 may function as a tumor suppressor in 
lymphoma [18]. It has also been reported that 
miR-150 mediate the degradation of its target 
ZEB1 mRNA, thereby inhibiting tumorigenicity 
and tumor cell growth in esophageal squamous 

Table 2. Multivariate Cox’s hazards model analysis forprog-
nostic factors
Factors Hazard ratio 95% CI P value
Age 0.582 0.743-1.564 0.634
Tumor size 0.854 0.503-1.432 0.438
Histologic type 0.437 0.164-1.498 0.276
LN metastasis 1.126 2.142 0.786
Vascular space involvement 0.563 0.201-1.327 0.475
Lymphatic invasion 1.198 0.583-2.098 0.723
HPV infection 0.423 0.176-1.462 0.285
Expression levels of miR-150 2.323 1.132-6.658 0.028
Abbreviations: CI, confidence interval; P, P value; LN, lymph node; HPV, 
human papilloma virus.

tumor size, histological type, lymph 
node metastasis and lymphatic inva-
sion are not significantly correlated 
with the survival of patients with cer-
vical cancer (P > 0.05) (Table 2).

Discussion

Cervical cancer remains one of the 
most common and deadly cancers in 
women worldwide [13]. Although 
advanced therapeutic strategies 
have been designed to fight cervical 
cancer, the prognosis of patients with 
cervical cancer is still very difficult to 
predict and varies significantly among 
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cell carcinoma (ESCC) [8]. Similarly, miR-150 
can impede the proliferation and invasion of 
pancreatic cancer cells by downregulating the 
expression of MUC4 [19]. These findings indi-
cate that miR-150 can serve as a tumor sup-
pressor in lymphoma, ESCC and pancreatic 
cancer. Consistently, downregulated expres-
sion of miR-150 has been found to be correlat-
ed with poor prognosis in patients with chronic 
lymphocytic leukemia, colorectal cancer, and 
esophageal carcinoma [9, 20, 21].

However, consistent with previous studies [22, 
23], our findings demonstrated that miR-150 
expression is upregulated in cervical cancer tis-
sues as compared to that in normal cervical tis-
sues. Furthermore, we find that upregulation of 
miR-150 expression is significantly correlated 
with a poorer prognosis of cervical cancer 
patients. These data indicate that miR-150 can 
act as an oncogene and contribute to the devel-
opment and progression of human cervical 
cancers, as opposed to its functions as a tumor 
suppressor in other types of human cancers as 
discussed above. It has been documented that 
miR-150 promotes the proliferation and surviv-
al of cervical cancer cells by targeting FOXO4, a 
well-known inhibitor of cancer cell growth and 
metastasis [24].

In conclusion, our data demonstrated that 
upregulation of miR-150 expression is associ-
ated with an aggressive phenotype and poor 
prognosis in cervical cancer patients and miR-
150 may serve as an independent biomarker 
for predicting the clinical outcomes and provid-
ing guidelines for the treatment of cervical can-
cer patients in the future.
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