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miR-152 may function as an early diagnostic and prognostic
biomarker in patients with cervical intraepithelial
neoplasia and patients with cervical cancer
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Abstract. Previous studies have demonstrated that circu-
lating miRNAs are effective biomarkers of various types of
cancer. It has also been indicated that miR-152 is upregulated
in cervical cancer. However, whether miR-152 may be used as
an early detection method for patients with cervical cancer is
yet to be elucidated. The results of the current study demon-
strated that miR-152 levels were the lowest in healthy controls,
high in patients with cervical intraepithelial neoplasia (CIN),
and the highest in patients with cervical cancer. Furthermore,
miR-152 levels in peripheral blood were higher in patients
with high-grade CIN compared with those with low-grade
CIN. It was also demonstrated that miR-152 levels increased
as the clinical stage of cervical cancer advanced. Compared
with healthy controls, squamous cell carcinoma antigen
(SSC-Ag) levels were significantly higher in patients with
cervical cancer. However, no significant differences were
identified in patients with CIN, indicating that SCC-Ag
could not be used for the early detection of CIN. In contrast,
miR-152 was elevated along with SCC-Ag in patients with
CIN and cervical cancer. Receiver operating characteristic
(ROC) analysis demonstrated that miR-152 preferentially
distinguished patients with CIN (95% confidence interval,
0.688-0.973; P<0.001) and patients with cervical cancer
(95% confidence interval, 0.817-0.996; P<0.001) from
healthy controls. Additionally, miR-152 levels were markedly
reduced in patients with cervical cancer who received chemo-
therapy (28 patients) or chemotherapy and radiation therapy
(22 patients). In conclusion, the level of miR-153 in peripheral
blood may be utilized as an effective biomarker for the early
detection of cervical cancer, thus decreasing the requirement
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for invasive cervical biopsies. Furthermore, it may be utilized
to predict the most effective form of treatment for patients
with cervical cancer.

Introduction

Cervical cancer is one of the most common cancers amongst
women worldwide (1). The persistent infection of high-risk
human papillomavirus is associated with a high incidence of
cervical cancer (2,3). According to histological phenotypes,
cervical cancer is divided into two types: Squamous cell carci-
noma (SCC; ~80%) and adenocarcinoma (~5-20%) (4). SCC
primarily originates from cervical intraepithelial neoplasia
(CIN), but adenocarcinoma results from intraepithelial
adenocarcinoma and glandular dysplasia (5,6).

It has been determined that the most utilized biomarker
for cervical cancer is the squamous cell carcinoma antigen
(SCC-Ag) (7), and that this antigen is effective for the detec-
tion of advanced cervical cancer (8.,9). It was revealed that the
detection rate of stage I1I, IV and recurrent malignancies were
76.4,76.9 and 87%, respectively (10). However, the detection
rate of SCC-Ag is relatively low in early stage tumors (10).
Therefore, it is necessary to identify novel biomarkers for the
early detection of cervical cancer, particularly for high-grade
CIN (CIN /I1I).

MicroRNAs (miRNAs, miRs) are small, endogenous,
single-stranded RNAs consisting of ~22 nucleotides (11). The
abnormal expression of various miRNAs have been exten-
sively demonstrated in certain types of tumor (12,13). Previous
studies have indicated that circulating miRNAs possess diag-
nostic value and suitability for the detection of tumors (12,14).
For instance, the abnormal expression of miRNA-145 and
miRNA-338 was identified in serum and sputum samples
of patients with chronic obstructive pulmonary disease and
asthma (15). In addition, decreased miR-433 and miR-133b
levels in the blood may predict the progression of Parkinson's
disease (16). Furthermore, miR-152 was previously demon-
strated to be upregulated in cervical cancer cells (17). A
previous study indicated that miR-152 acts as an attractive
biomarker for the prediction of cancer prognosis and develop-
ment (18). A reduction of circulating miR-152 can be applied
for the early detection of lung, colorectal, breast and non-small
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cell lung cancer by screening cancerous tissues from various
benign lesions (19,20). However, whether miR-152 can be
utilized for the early detection of cervical cancer is yet to be
elucidated.

In the present study, the level of circulating miR-152
in patients with low-grade CIN (CIN I), high-grade CIN
(CIN II-III) and cervical cancer was determined, and its
potential diagnostic value was assessed.

Materials and methods

Study design. A total of 150 patients (50 patients with
cervical cancer, 50 patients with CIN and 50 healthy
controls) were enrolled in the present study from Linyi
People's Hospital (Shandong, China) between April 2015 and
March 2016. The research protocol utilized in the present
study was approved by Linyi People's Hospital (Shandong
China) and written informed consent was obtained from all
patients prior to enrollment. The patients had not received
any treatment prior to surgery. The inclusion criteria were:
i) Diagnosis with cervical cancer by two senior pathologists;
ii) stage IA2-ITA2 cervical cancer, classified according to
the International Federation of Gynecology and Obstetrics
(2009) (21); iii) a radical hysterectomy and pelvic lymphad-
enectomy as a method of treatment; and iv) availability of
the clinical and pathological data. Exclusion criteria: Patients
with active infections, HPV infections, chronic inflamma-
tory disease and histopathologically undetermined cervical
abnormalities.

Among patients with cervical cancer, 15 were diagnosed
with stage I, 15 with stage II, and 20 with stage III-I'V. In addi-
tion, 15 patients with CIN were diagnosed with CIN I, 15 were
diagnosed with CIN II, and 20 were diagnosed with CIN III.
A total of 35 SCC and 15 adenocarcinoma tissue samples were
collected from the patients. Blood samples were collected from
all patients prior to and following chemotherapy (28 patients)
or chemotherapy and radiation therapy (22 patients). The
characteristics of each patient enrolled in the current study are
presented in Table I.

Measurement of serum SCC-Ag levels. Serum SCC-Ag levels
were determined using microparticle enzyme immunoassay
(MEIA) with a human SCC-Ag ELISA kit (xy-E10281;
Shanghai Xinyu Biotechnology Co. Ltd., Shanghai, China).
MEIA was measured by AxSym automated chemilumines-
cent analyzer from Abbott Diagnostics. Samples were read at
450 nm using a microplate reader.

RNA extraction. Whole blood samples (5 ml) were collected
in tubes containing EDTA. Total RNA was extracted using
RNAzol LS (Vigorous Biotechnology, Beijing, China),
according to the manufacturer's protocol. The concentration
and purity of the RNA samples were determined using the
ratio of optical density (OD) 260/280.

Reverse transcription quantitative polymerase chain reaction
(RT-gPCR). RNA was reverse transcribed into cDNA using
a PrimeScript One Step RT-PCR kit (cat. no. C28025-032;
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA).
In brief, 5 ul RNA template was mixed with 25 ul 2X reaction
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buffer, 2 ul 10 uM RT-primer, 2.75 ul RT-PCR MIX and 12.75 ul
RNase-free H,O. The sequences of the primers used in RT-PCR
were as follows: miR-152-RT, 5-GTCGTATCCAGTGCAGGG
TCCGAGGTATTCGCACTGGATACGACAGTCGG-3"; and
U6-RT, 5-GTCGTATCCAGTGCAGGGTCCGAGGTATTC
GCACTGGATACGACAAAATG-3" The reaction procedure
for reverse transcription was: Pre-denaturing for 5 min at 94°C,
followed by 40 cycles of denaturing for 30 sec at 94°C, annealing
for 30 sec at 55°C and elongation for 30 sec at 72°C, and final
elongation at 72°C for 10 min. To quantify the relative mRNA
levels, gPCR was performed using SYBR® Green Supermix
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) in an iCycler
iQ Real Time PCR Detection system. The PCR amplifications
were performed in a 10 ul reaction system containing 5 1 SYBR
Green Supermix, 0.4 ul forward primer, 0.4 ul reverse primer,
2.2 ul double-distilled water and 2 ul template cDNA. The
sequences of the primers for qPCR were as follows: miR-152
forward, 5-GCGCAGGTTCTGTGATACACTC-3"; U6 forward,
5'-GCGCGTCGTGAAGCGTTC-3'; universal reverse primer,
5'-GTGCAGGGTCCGAGGT-3" The thermocycling conditions
were as follows: 95°C for 10 min, followed by 50 cycles at 95°C
for 10 sec, 55°C for 10 sec, 72°C for 5 sec, 99°C for 1 sec, 59°C
for 15 sec, and 95°C for 2 min. The samples were then cooled
to 40°C. The relative expression levels were calculated using the
2-44% method (22) and experiments were repeated in triplicate.
U6 was used as an internal control.

Statistical analysis. Data were analyzed using SPSS 13.0 soft-
ware (SPSS, Inc., Chicago, IL, USA). Data are expressed as the
mean + standard deviation. Statistical analysis was performed
using Student's t test or one-way analysis of variance followed
by Tukey post hoc test. Receiver operating characteristic
(ROC) curves were used to assess miR-152 as a biomarker
and the area under the curve was determined. P<0.05 was
considered to indicate a statistically significant result.

Results

miR-152 is elevated in the peripheral blood of patients with
cervical cancer. The level of miR-152 in patients with cervical
cancer was determined. The results revealed that levels of
miR-152 in the peripheral blood was increased in patients with
cervical cancer and patients with CIN compared with healthy
controls. The highest expression levels of miR-152 were identi-
fied in patients with cervical cancer (Fig. 1). The median serum
miRNA-152 level in healthy controls, patients with CIN and
patients with cervical cancer were 0.23+0.11, 1.78+0.56 and
3.56+0.93, respectively (P<0.001 vs. healthy control; ANOVA
followed by Turkey post hoc test).

miR-152 distinguishes patients with CIN and patients with
cervical cancer from healthy controls. The ROC curve
indicated that miR-152 levels in the peripheral blood of
patients may be used to distinguish patients with CIN from
healthy controls, with an ROC curve area of 0.831 with a 95%
confidence interval (CI) of 0.688-0.973 (P<0.001; Fig. 2A).
Furthermore, the peripheral blood levels of miR-152 may
be used to differentiate patients with cervical cancer from
healthy controls, with an ROC curve area of 0.935 (95% CI,
0.817-0.996; P<0.001; Fig. 2B).



Table I. Characteristics of patients enrolled in the present study.
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Characteristic Cervical cancer (n=50) CINI(n=15) CINII(n=15) CINIII (n=20) Healthy controls (n=50)
Age, years 48.0x15.2 38.0+8.9 353+9.5 36.2+10.2 43.0+7.6
Histological type
SCC,n 39 0 0 0 0
Adenocarcinoma, n 11 0 0 0 0
Clinical stage
I,n 15 0 0 0 0
II,n 15 0 0 0 0
III-IV, n 20 0 0 0 0

CIN, cervical intraepithelial neoplasia; SCC, squamous cell carcinoma.
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Figure 1. miR-152 levels were elevated in the peripheral blood of patients
with cervical cancer. ""P<0.001 vs. healthy control; “P<0.05 vs. CIN
(one-way analysis of variance followed by Tukey post hoc test). miR-152,
microRNA-152; CIN, cervical intraepithelial neoplasia.

Expression levels of miR-152 in the peripheral blood
increase along with the stage of cervical cancer. Since
elevated SCC-Ag levels in patients prior to treat-
ment is closely associated with advanced international
federation of gynecology and obstetrics stage (23),
the present study assessed the association between
SCC-Ag and miR-152 levels. As presented in Fig. 3A,
the median level of SCC-Ag prior to treatment in early
stage CIN and cervical cancer was lower compared
with that in advanced disease stages (healthy controls,
0.52+0.34 ng/ml; CIN I-II group, 0.68+0.38 ng/ml; CIN III
group, 0.75+0.42 ng/ml; cervical cancer I, 1.58+0.46 ng/ml,;
cervical cancer II, 2.87+1.35 ng/ml; and cervical cancer
MI-1V, 5.87+1.72 ng/ml). Furthermore, the present study
assessed the expression of miR-152 at different stages of
cervical cancer. As presented in Fig. 3B, compared with
healthy controls (0.23+0.11), the level of miR-152 was
1.05+0.63 for the CIN I-II group ("P<0.05), 2.43+0.71 for
the CIN III group ("P<0.05), 2.87+0.51 for the cervical
cancer stage I group (“'P<0.01), 3.42+0.97 for the cervical
cancer stage IT group (“'P<0.01) and 4.76+0.87 for the

cervical cancer stage III-IV group (" P<0.001). These data
indicated that the level of miR-152 increased with cervical
cancer stage, and was positively associated with serum
SCC-Ag levels.

miR-152 did not identify SCC and adenocarcinoma. The
present study assessed the level of miR-152 in SCC and
adenocarcinoma tissues. However, no significant differences
were observed in the miR-152 levels of SCC (3.12+0.78) and
adenocarcinoma tissues (3.78+1.02; Fig. 4).

miR-152 levels decrease following treatment. The level of
total serum SCC-Ag of 50 patients with cervical cancer were
assessed following treatment with chemotherapy or chemo-
therapy and radiation therapy. Prior to treatment, the median
level of SCC-Ag was 4.41+1.05 ng/ml (Fig. 5A). However, the
level of serum SCC-Ag was decreased to 0.74+0.35 ng/ml
following treatment (Fig. 5A). In addition, the average level
of miR-152 prior to treatment was 3.08+1.22, which was
reduced to 0.43+0.34 following treatment (Fig. 5B). These data
indicated that miR-152 levels in peripheral blood may be an
effective biomarker for cervical cancer screening.

Discussion

At present, it is important to identify effective disease
biomarkers that detect early stage cancer, and thus improve
survival rate (24), particularly for high-risk patients (8,24). The
SCC-Ag is extensively applied clinically as a prognostic and
diagnostic biomarker for patients with cervical cancer (7,24).
However, this antigen is not significantly increased during the
early stages of disease (25). Therefore, it is necessary to iden-
tify novel biomarkers for the early detection of cervical cancer.

Previous studies have indicated that miRNAs serve
important regulatory roles in the progression of cervical
cancer; miRNAs primarily regulate cancer cell prolif-
eration, migration and apoptosis (26,27). miRNAs are also
suggested to be stable in the tissues and blood (28,29), with
circulating miRNAs acting as ‘extracellular communica-
tion RNAs’ between various tissues (30,31). Compared with
tissue-based miRNA profiling, blood miRNAs may be used
as non-invasive, sensitive and specific biomarkers in certain
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Figure 2. miR-152 could differentiate patients with CIN from patients with cervical cancer from healthy controls. ROC curves indicating that (A) the peripheral
blood levels of miR-152 may differentiate patients with CIN from healthy controls and (B) the peripheral blood levels of miR-152 may differentiate patients
with cervical cancer from healthy controls. miR-152, microRNA-152; ROC, receiver operating characteristic; CIN, cervical intraepithelial neoplasia.
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Figure 3. The level of miR-152 was elevated with advanced cervical cancer stage. (A) The median level of SCC-Ag prior to treatment in the early stages of
patients with CIN and cervical cancer was lower compared with that of advanced stages. (B) Reverse transcription-quantitative polymerase chain reaction

analysis of the miR-152 expression level at different stages of CIN and cervical cancer. "P<0.05, “P<0.01,

sk

P<0.001 vs. healthy controls (one-way analysis

of variance followed by Turkey post hoc test). miR-152, microRNA-152; SCC-Ag, squamous cell carcinoma antigen; CIN, cervical intraepithelial neoplasia.

tumors (32,33). For instance, the level of miR-146a-5p in
serum exosomes may predict the therapeutic effects of
cisplatin in non-small cell lung cancer (34). In addition,
circulating exosomal miR-125a-3p was demonstrated to
be a novel biomarker used for the early detection of colon
cancer (13). These results indicate that circulating miRNAs
may be effective biomarkers for the early detection of certain
types of cancer.

The present study demonstrated that levels of miR-152
were the lowest in healthy controls, higher in CIN patients
and further increased in patients with cervical cancer.
Furthermore, the level of miR-152 in peripheral blood was
higher in patients with high-grade CIN compared with
those with low-grade CIN. At present, cervical cancer tumor
markers, including SCC-Ag, carcinoembryonic antigen,
cytokeratin 19, cancer antigen 125 and carbohydrate antigen

19-9, are widely utilized in clinical settings (35). However,
these tumor markers are ineffective at identifying patients
with CIN. The present study assessed the serum SCC-Ag
levels of patients with cervical cancer. Compared with healthy
controls, SSC-Ag levels were significantly higher in patients
with cervical cancer. However, no significant differences
were identified in patients with CIN, indicating that SCC-Ag
could not be used as an early detection marker for CIN.
Additionally, low expression levels of SCC-Ag were identified
in the peripheral blood of healthy controls. Unlike SCC-Ag,
an upregulation of miR-152 was detected in patients with CIN.
Therefore, miR-152 was demonstrated to be a more sensitive
and specific screening method compared with SCC-Ag for
patients with CIN. By detecting changes of miR-152 expres-
sion in peripheral blood, patients with a high-risk of cervical
cancer may be differentially identified from healthy controls.
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Figure 4. No significant differences were observed in miR-152 levels between
SCC and adenocarcinoma tissues. miR-152, microRNA-152; SCC, squamous
cell carcinoma.
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Figure 5. Decreased miR-152 levels following treatment. (A) Serum SCC-Ag
levels were decreased following treatment (28 received chemotherapy and
22 received chemotherapy combined with radiation therapy). (B) The average
level of miR-152 was decreased following treatment. ““P<0.001 vs. control
(paired t-test). miR-152, microRNA-152; SCC-Ag, squamous cell carcinoma
antigen.

The present study assessed the potential mechanism by which
increased miR-152 levels modulates the malignant progression
of cervical cancer. It has been suggested that the phosphatase
and tensin homolog (PTEN), a tumor suppressor, is decreased
in patients with nasopharyngeal carcinoma (NPC) and is associ-
ated with the pathological grade and clinical stage of NPC (36).
It has been demonstrated that the reduced expression of PTEN
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in patients with NPC may be associated with the upregulation
of miR-152, thereby inhibiting cell apoptosis and enhancing
cancer cell proliferation and migration during NPC develop-
ment (36). Similarly, the results of the present study indicated
that increased miR-152 levels are identified in patients with CIN
and patients with cervical cancer. Further studies are required
to investigate the impact of increased miR-152 in the peripheral
blood of patients with cervical cancer on the expression of
PTEN, and whether this may enhance malignant changes.

In conclusion, the level of miR-152 in peripheral blood may
be utilized as an effective biomarker for the early detection of
cervical cancer, thus decreasing the requirement for invasive
cervical biopsies. It may also predict the most appropriate
method of treatment for patients with cervical cancer. However,
further studies are required to fully elucidate the functional
role of miR-152 in cervical cancer.
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