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Decreased microRNA-22 is associated
with poor prognosis in cervical cancer
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Abstract: Cervical cancer is one of the most lethal gynecological malignancy. Aberrant expression of microRNAs
(miRNAs) is associated with carcinogenesis of cervical cancer. The aim of current study was to elucidate the clinical
significance of miR-22 in patients with cervical cancer. The expression levels of miR-22 in cervical intraepithelial
neoplasia (CIN) and cervical cancer tissues as well as cervical cancer cell lines were quantified using real-time
PCR. Then the potential prognostic value of the miR-22 was assessed. Our results showed that the expression level
of miR-22 was significantly lower in cervical cancer tissues and cell lines. miR-22 levels were inversely correlated
clinical stage both in CIN and cervical cancer. In addition, low expression of miR-22 was significantly associated
with larger tumor size, presence of lymph node metastasis, and advanced tumor stage. Moreover, the patients
expressing low levels of miR-22 had poorer five year overall survival and disease free survival. Multivariate analysis
identified miR-22 as an independent prognostic factor for cervical cancer patients’ overall survival. Taken together,
we demonstrate that the miR-22 may serve as a novel therapeutic target and prognostic marker in patients with

cervical cancer.
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Introduction

Cervical cancer is the third most common gyne-
cological malignancy in female worldwide [1].
The progress in cervical cytology and cervical
pathological biopsy has significantly improved
the prognosis of cervical cancer in the past few
decades [2]. Patients diagnosed at the early
stage have favorable long term clinical out-
come. However, the five year overall survival of
cervical cancer patients at the advanced stage
remain dismal [3]. Thus identifying molecular
biomarkers predicating the prognosis of cervi-
cal cancer is beneficial to the individualized
therapy.

MicroRNAs (miRNAs) are highly conserved,
endogenous small non-protein-coded RNAs
that negatively regulate gene expression at the
post-transcriptional level by mRNA destabiliza-
tion and translational inhibition [4]. Aberrant
expression of miRNAs is involved in a number
of physiological and pathological processes.
Accumulating studies have demonstrated that

miRNAs play an important role in the tumori-
genesis and these molecules have become
useful biomarkers for early detection, diagnosis
and prognosis of various types of cancers
including cervical cancer [5-7]. miR-425-5p
was upregulated in the tissue and serum sam-
ples from patients with cervical cancer com-
pared to the healthy controls. In addition,
increased tissue and serum miR-425-5p levels
were both correlated with unfavorable clinico-
pathological parameters in cervical cancer [8].
Zhou et al showed that the expression level of
miR-519d was significantly higher in cervical
cancer tissues than the adjacent normal tis-
sues. Inhibition of miR-519d suppressed the
proliferation, migration and invasion capacity of
cancer cells and Smad7 was identified as the
direct downstream target, indicating that miR-
519d was an oncomiR in cervical cancer [9].

miR-22 is located in human chromosome 17
band p13.3. Deregulation of miR-22 has been
found in many cancers such as acute myeloid
leukemia, gastric cancer and hepatocellular
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Figure 1. miR-22 expression was significantly down-
regulated in cervical cancer cells.
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Figure 2. miR-22 levels were decreased in cervical
cancer and CIN tissue specimens.

carcinoma [10-12]. Interestingly, miR-22 might
act as either an oncogene or a tumor suppres-
sor gene, depending on the tumor type [13, 14].
In the present study, we found that the expres-
sion level of miR-22 was significantly downregu-
lated in cervical intraepithelial neoplasia (CIN)
tissues and cervical cancer tissues. Also, re-
duced miR-22 levels were strongly associated
with progression and worse clinical outcome of
cervical cancer.

Materials and methods
Cell culture

Five cervical cancer cell lines SiHa, Hela,
Ca-Ski, HeLa229 and MS75 and one normal
control cell line NCC-16 were used for this
study. All the cell lines were cultured in Dul-
becco’s Modified Eagle Medium (DMEM) medi-
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Figure 3. miR-22 expression was inversely correlated
clinical stage both in CIN and cervical cancer.

um (Gibco BRL, Rockville, USA) supplemented
with 10% fetal bovine serum (Gibco BRL) 100
U/mL penicillin, and 100 pg/mL streptomycin
at 37°Cin a 5% CO, humidified atmosphere.

Subjects and samples

This study was performed in compliance with
the Declaration of Helsinki and approved by
the Ethics Committee of Beijing Obstetrics and
Gynecology Hospital. A total of 105 cervical
cancer patients and 40 CIN patients who
underwent treatment in our department were
recruited. Informed consent was obtained from
all the participants. None of the patients had
received chemoradiotherapy and surgery be-
fore enroliment. Cervical cancer was classified
according to the classification system recom-
mended by the International Federation of
Gynecology and Obstetrics. Clinical character-
istics were obtained from patients’ medical
records. The detailed information of cervical
patients was summarized in Table 1.
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RNA isolation

Total RNA was isolated from tissue samples
using the TRIzol reagent (Invitrogen, Shanghai,
China) according to the manufacturer’s proto-
col. Total RNA concentration was determined
by a NanoDrop 2000 (Nanodrop Technologies,
Wilmington, USA) and agarose gel electropho-
resis was performed to check the RNA integrity.
The pure RNA samples were stored at -80°C
until further use.

Real-time polymerase chain reaction (QPCR)

The total RNA was reverse transcribed to com-
plementary DNA using The SuperScript Il
reverse transcription kit (Invitrogen, Carlsbad,
USA). miR-22 levels were quantified by using a
Tagman MicroRNA Assay Kit (Applied Biosys-
tems, Foster City, USA) and run on a ABI 7900
Real-Time PCR System (Applied Biosystems).
Quantitative PCR was conducted at 95°C for
10 min followed by 40 cycles of 95°C for 15 s
and 60°C for 1 min. U6 small nuclear RNA was
used as an internal control and the relative
expression of miR-22 was evaluated by the
228t method.

Statistical analyses

The expression levels of miR-22 were com-
pared among different groups using the One
way ANOVA or Kruskal-Wallis test. The associa-
tion between miR-22 levels and clinicopatho-
logic variables was analyzed by chi-square test.
Survival analyses were performed using the
Kaplan-Meier method in combination with the
log-rank test. Multivariate analysis was per-
formed to identify independent prognostic fac-
tors correlated with overall survival and disease
free survival. All P values were two-sided and
P<0.05 was considered statistically significant.
Statistical analysis was performed with Grap-
hPad Prism 5.0 (Graphpad Software Inc., San
Diego, USA).

Results

miR-22 was downregulated in cervical cancer
cell lines

We first compared the expression level of miR-
22 between cervical cancer cell lines and the
normal cell line NCC-16 using qPCR. Our resu-
Its showed that miR-22 levels were signifi-
cantly decreased in all five cervical cancer cell
lines when compared to the normal control
(**P<0.01) (Figure 1).
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miR-22 levels were decreased in cervical can-
cer and CIN tissue specimens

gPCR was performed to compare the miR-22
levels among cervical cancer tissues, CIN tis-
sues and normal controls. The results demon-
strated that the expression level of miR-22 was
highest in normal controls and progressively
decreased from CIN tissues to cervical cancer
tissues (**P<0.01, ***P<0.001) (Figure 2).

miR-22 expression was inversely correlated
clinical stage both in CIN and cervical cancer

A negative correlation was found between miR-
22 levels and clinical stage in CIN and cervical
cancer. miR-22 levels were significantly decr-
eased in CIN patients with higher clinical stage
compared with those with lower clinical stage
(**P<0.01) (Figure 3A). Similar findings was
observed in patients with cervical cancer (*P<
0.05, **P<0.01, ***P<0.001) (Figure 3B).

Association between miR-22 expression levels
and clinicopathological parameters

The median value of miR-22 expression was
used as a threshold point to classify all the
105 cervical cancer patients into high miR-22
expression group (n=54) and low miR-22 ex-
pression group (n=51). Reduced miR-22 exp-
ression was associated with larger tumor size
(P=0.016), presence of lymph node metasta-
sis (P=0.003) and advanced clinical stage
(P<0.001), while it was not correlated with
other clinicopathological parameters such as
age, distant metastasis, histological grade,
histological type and HPV infection (Table 1).

The prognostic significance of miR-22 in cervi-
cal cancer

Kaplan-Meier survival analysis and Cox propor-
tional hazard analysis were used to determine
the prognostic value of miR-22 in cervical can-
cer. Our results showed that patients with lower
levels of miR-22 had a 5-year overall survival
of 43.1%, which was significantly poorer than
that of those (75.9%) with higher expression
of miR-22 (P=0.005) (Figure 4A). Patients in
the low miR-22 group also suffered worse 5
year disease free survival (P=0.012) (Figure
4B).

Multivariate analysis showed that lymph node
metastasis (HR=1.752, 95% CI=1.135-2.602,
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Table 1. Relationship between miR-22 expression and

clinicopathological characteristics

(HR=1.820, 95% CI=1.167-2.831, P=
0.017) were independent prognostic

factors associated with overall survival

miR-22
Variables Group expression P of cervical cancer (Table 2).
Low High Discussion
Age <60 25 24 0.639
260 26 30 Cervical cancer is a major health con-
Tumor size <4 cm 13 26 0.016 cern and remains a significant source
24 cm 38 28 of morbidity and mortality for women
Lymph node metastasis No 22 39 0.003 around the world [15, 16]. In this study,
Yes 29 15 we found that miR-22 levels were signifi-
Distant metastasis No 45 51  0.256 cantly decreased in cancer cell lines,
Yes 6 3 CIN tissues and cervical cancer tissues
FIGO stage Vil 14 34 <0.001 gompared t.o. normal cohtrols. In addi-
/v 37 20 tion, a positive correlgtlon was found
) ) between reduced miR-22 level and
Histological grade Well/Moderate 27 37 0.102 advanced TNM stage, presence of ly-
Poor 24 17 mph node metastasis, larger tumor size
HPV infection No 16 18 0.830 and worse survival. Moreover, miR-22
Yes 35 36 was found to be an independent risk
Histological type Squamous 42 48 0.339 factor for cervical cancer.
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Figure 4. Survival analysis of cervical cancer pa-
tients with high or low miR-22 expression.

P=0.021), clinical stage (HR=2.328, 95% Cl=
1.439-3.142, P=0.004) and miR-22 expression
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Based on our results, miR-22 plays a
tumor suppressive role in cervical can-
cer and might be employed as a useful prog-
nostic biomarker for this malignancy. As miR-22
was progressively downregulated from CIN to
cervical cancer, indicating that miR-22 might
be implicating in the early stage of carcinog-
enesis. Similarly, miR-22 inhibited proliferation
and invasion as well as promoted apoptosis of
cervical cancer cells by targeting ATP citrate
lyase. miR-22 was also downregulated in cervi-
cal cancer samples and could suppress tumor
growth and metastasis in mouse model. Similar
findings were observed in other types of can-
cers including osteosarcoma, prostate cancer
and lung cancer [17]. Further studies of larger
samples are required for the validation of our
findings. Also we are very interesting in the di-
agnostic and prognostic value of circulating
miR-22 for cervical cancer. What's more, the
underlying molecular mechanisms need further
investigation.

miR-22 was also reported to function as a
tumor suppressor gene in many types of can-
cers. For instance, the expression levels of
miR-22 were remarkably reduced in lung can-
cer tissues and cell lines. Ectopic expression of
miR-22 suppressed the proliferative and inva-
sive capacity of cancer cells both in vitro and
in vivo. ErbB3 was identified as a downstream
target of miR-22 [18]. miR-22 was decreased in

Int J Clin Exp Pathol 2017;10(9):9515-9520



Prognostic value of miR-22 in cervical cancer

Table 2. Multivariate Cox’s hazards model analysis for
prognostic factors associated with overall survival

Overall survival

Variables

HR 95% CI

P

Tumor size (=4 cm vs <4 cm)

1.416 0.971-2.283 0.086

Lymph node metastasis (Yes vs No) 1.752 1.135-2.602 0.021

Clinical stage (lll/IV vs I/1l)
miR-22 expression (low vs high)

2.328 1.439-3.142 0.004
1.820 1.167-2.831 0.017

HR indicates Hazard ratio; Cl indicates confidence interval.

colon cancer tissues. Overexpression of miR-
22 inhibited the expression of HIF-1a and the
production of vascular endothelial growth fac-
tor (VEGF) and opposite findings was observed
when miR-22 was underexpressed. More im-
portantly, the miR-22 levels in cancer cells
seemed to be associated with the function of
endothelial cell, suggesting that miR-22 might
have an anti-angiogenic effect [19].

To the best of our knowledge, only few studies
demonstrated that miR-22 play an oncogenic
role. miR-22 was overexpressed in myelodys-
plastic syndrome and associated with worse
prognosis. In addition, upregulation of miR-22
promoted the development of hematological
malignancies, and vice versa. TET2 was dem-
onstrated to be a direct downstream target of
miR-22 [13]. Jiang et al reported that miR-22
was an important promoter of HBV associated
hepatocellular carcinoma. A negative relation
was found between miR-22 and ERq, indicating
miR-22 might accelerate the carcinogenesis by
attenuating the protective effect of estrogen
[11].

In conclusion, miR-22 is reduced in cervical
cancer and associated with poor clinical out-
come. The present results indicates that down-
regulation of miR-22 has the potential to be a
promising prognostic biomarker for cervical
cancet.
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