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The potential of ciRS-7 for predicting onset and prognosis of cervical cancer
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Considering the potency of circRNAs in manifesting neoplastic progression, we attempted to explore the feasibility
of applying ciRS-7 for diagnosis and prognosis estimation of cervical cancer (CC). Here 352 CC patients, 204 cervical
intraepithelial neoplasia (CIN) patients and 227 healthy controls were recruited. The Kaplan-Meier survival curves were
fitted to estimate associations of ciRS-7 expression with CC prognosis, and we also adopted receiver operating characteristic
(ROC) curves to assess the diagnostic performance of ciRS-7 for CC. Meanwhile, endometrial stromal cell line (ESC) and 4
human CC cell lines (i.e. Hela, CaSki, C33A and SiHa) were also gathered. After transfection of pcDNA3.1-ciRS-7, impacts
of overexpressed ciRS-7 on proliferation, apoptosis, invasion and migration of CC cells were assessed through performing
colony formation assay, flow cytometry, transwell assay and wound healing assay. The results demonstrated that CC patients
that highly expressed ciRS-7 were associated with high odds of large tumor size, advanced FIGO stage, deep invasion,
metastatic lymph nodes and HPV infection (p<0.05). Furthermore, ciRS-7 excelled in differentiating CC patients from
healthy controls and CIN patients than CEA and CA125 (p<0.05), and ciRS-7 combined with CA125 and CEA generated an
optimum efficacy in diagnosing CC patients and CIN patients from healthy controls (p<0.05). Concerning in vitro experi-
ments, elevating ciRS-7 expression significantly intensified proliferation and epithelial-mesenchymal transition (EMT) of
CC cells (p<0.05), and also markedly suppressed apoptosis of the cells (p<0.05). In conclusion, ciRS-7 possessed great
potential in clinical diagnosis of CC, given its involvement in modulating the activity of CC cells.
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Cervical cancer (CC), one commonly detectable gyneco-
logical cancer, stood merely next to breast cancer in terms
of incidence among diversified neoplasms [1]. One pivotal
contributor to incremental CC risk was proposed as persis-
tent infection of high-risk human papillomavirus (HR-HPV),
and the age of CC onset assumed a younger trend due to
increasingly prominent environmental pollution, heavy
work pressure and poor hygiene [2]. Moreover, although CC
prognosis has been largely ameliorated after introduction of
surgery and radiotherapy, it remained challenging to radically
cure metastatic CC and prevent CC recurrence. Of note,
the occurrence of CC was documented as a result of malig-
nant changes and infinite multiplication of cervical epithe-
lial cells, which was accompanied by functional changes of
multiple genes (e.g. p53, Bcl-2 and c-myc) [3-5]. From the
above, it seemed that discovery of appropriate biomarkers
that indicated pathogenesis underlying CC metastasis might
conduce to effective treatment of CC.

The circular RNAs (circRNAs), since the discovery by
Sanger et al. and Kolakofsky et al. in 1979, have been increas-

ingly valued regarding their implications in modulating
neoplastic progression [6, 7]. To be specific, gastric cancer
patients with lymphatic metastases were examined with
reduced expression of hsa_circ_002058 [8], and hsa_
circ_100855 seemed as a protective molecule against neuro-
tropic invasion of colorectal cancer [9]. By contrast, cerebellar
degeneration-associated protein 1 antisense transcript
(ciRS-7) was confirmed as a facilitator for progression of
neoplasms, including hepatocellular carcinoma [10], gastric
cancer [11] and esophageal squamous cell carcinoma [12].
Despite the absence of direct evidences, ciRS-7 could also be
accountable for deterioration of CC owing to its possession
of miRNA response elements (MREs) that were specific to
miR-7 [13], whose expressional alteration could be represen-
tative of CC progression [14]. As previously documented,
circRNAs could interplay with miRNAs and thereby blocked
or promoted expression of tumor-characteristic genes. For
instance, circ-ZEB1.33 sponging miR-200a-3p was found to
strengthen the proliferative capability of hepatocellular carci-
noma cells by raising expression of CDK6 [15]. Concerning
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ciRS-7 investigated here, its binding to miR-7 also could
trigger expressional changes of molecules that displayed
relevance to neoplastic progression, such as insulin-like
growth factor-1 receptor (IGF1R), epidermal growth factor
receptor (EGFR) and focal adhesion kinase (FAK) [16].
Virtually, the miR-7 could also exert inhibitory impacts on
the aggravation of cancers besides CC, such as breast cancer
and lung cancer [17, 18]. To sum up, it seemed probable that
ciRS-7 could matter in tumorigenesis (e.g. CC) via acting on
miR-7.

Nonetheless, this point remained unclear so far, due
to shortage of relevant clinical and in vitro evidences. To
explore this untapped field, we attempted to find out whether
ciRS-7 could be a reliable biomarker for diagnosing CC, and
through which molecular mechanism ciRS-7 functioned to
modulate CC progression.

Materials and methods

Inclusion of CC clinical samples. From July 2015
to November 2017, total of 352 pairs of CC tissues and
adjacent non-tumor tissues were gathered from the primary
CC patients who received surgeries in the obstetrics and
gynecology department of Xinhua Hospital Affiliated to
Shanghai Jiaotong University School of Medicine. The
included CC patients were all pathologically confirmed
with CC, and their severities were classified according to the
criteria formulated by International Federation of Obstetrics
and Gynecology (FIGO). Moreover, the CC cases underwent
none of radiotherapy, chemotherapy and hormone therapy
before the surgery, and those with serious infectious diseases,
hepato-renal insufficiency, non-neoplastic lesions and other
tumors were excluded. Meanwhile, we also recruited 204
cervical intraepithelial neoplasia (CIN) patients and 227
healthy females who performed physical examinations
here. Finally, this investigation was approved by Xinhua
Hospital Affiliated to Shanghai Jiaotong University School of
Medicine and the ethics committee of Xinhua Hospital Affili-
ated to Shanghai Jiaotong University School of Medicine. All
the participants or their direct relatives have signed informed
consents. Of note, whether to participate in this investiga-
tion was fully dependent on the willingness of participants
themselves, and only when the participants agreed to take
part in this program could the consents be signed by their
direct relatives.

Detection of carcino-embryonic antigen (CEA) and
carbohydrate antigen (CA)-135. In the morning, around
3-5 ml venous blood was withdrawn from each fasting
participant. After centrifuging the blood at 3000 rpm for 10
min, the resultant serum was arranged for detection of CEA
and CA-135 on the instrument for electrochemilumines-
cence analysis (model: E170, Roche, Sweden). The subjects
would be classified as CC-positive when their CEA level was
>5 mg/ml or when their CA-125 level was >35 U/ml. All
experiments were repeated for >3 times.

Cell culture and cell transfection. The human CC
cell lines (i.e. Hela, CaSki, C33A and SiHa cell lines) were
purchased from American Type Culture Collection (ATCC)
(USA), and the endometrial stromal cell line (ESC) was
provided by the Cell Biology Institute of Chinese Academy
of Science (Shanghai, China). The cell lines were cultivated
within RPMI 1640 supplemented with 10% fetal bovine
serum (FBS), and the cultivation atmosphere was maintained
as 37°C and 5% CO,. Moreover, pcDNA3.1-ciRS-7 and
pcDNA3.1 (Genepharma, China) were transfected into
Hela and C33A cell lines, according to the instructions of
Lipofectamine™ 2000 kit (Invitrogen, USA). Forty-eight
hours later, the cells were digested with trypsin for subse-
quent cellular experiments. The above-mentioned experi-
ments were repeated for >3 times.

Real time-polymerase chain reaction (RT-PCR). The
total RNA was extracted from tissues with usage of TRIzol
reagent (Invitrogen, USA), and its concentration and purity
were evaluated usage of ultra-violet detector (Bio-rad, USA).
The purity of total RNA was guaranteed to be within the
range of 1.6-1.8. Subsequently, the total RNA was reversely
transcribed into cDNAs, according to the instructions from
PrimeScript™RT Master Mix kit (TaKaRa, Japan). After that,
PCR was performed with assistance of real-time SYBR'
Premix-Ex-Taq™ II kit (TaKaRa, Japan), and the specified
procedures included pre-degeneration at 95°C for 30 s, as
well as 40 cycles of 95°C for 5 s and 60 °C for 34 s. Moreover,
the primers for ciRS-7 (sense: 5-ACGTCTCCAGTGT-
GCTGA-3], anti-sense: 5-CTTGACACAGGTGCCATC-3)
and GAPGH (sense: 5-ACGTCTCCAGTGTGCTGA-3,
anti-sense: 5’-CTTGACACAGGTGCCATC-3’) were synthe-
sized by Sangon Biotechnology (Shanghai, China). The
expression of for ciRS-7 was quantified by 224" method
[12], with GAPGH as the internal reference. All these experi-
ments conducted were repeated for >3 times.

Western blotting. The total proteins were extracted
from cells via addition of 20 ul RIPA lysis buffer (Beyotime,
China), and their concentration was determined following
BCA method. The proteins were separated through 10%
sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) (Bio-RAD, USA), and the resultants were
then transferred onto the polyvinylidene fluoride (PVDF)
membrane (Millipore, USA) via a wet method. After 2 h
blockage with 5% skimmed milk at room temperature,
the rabbit-anti-human primary antibodies (Abcam, USA)
against Ki-67 (1:5000, Cat. No.: ab92742), PCNA (1:1000,
Cat. No.: ab92552), cyclinD1 (1:200, Cat. No.: ab16663),
E-cadherin (1:500, Cat. No.: ab15148), N-cadherin (1:1000,
Cat. No.: ab76057), Vimentin (1:2000, Cat. No.: ab137321)
and GAPDH (1:2500, Cat. No.: ab9485) were used for
overnight incubation at 4°C. After washing cells with TBST
for 3 times, the goat-anti-rabbit secondary antibodies labeled
by horse radish peroxidase (HRP) (1:5000, Cat. No.: ab97080,
Abcam, USA) were added for another 1.5 h incubation at
room temperature. Finally, electro-chemiluminescence was
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applied for development, and the experimental results were
analyzed by virtue of Image]J software (National Institutes of
Health, USA). All experiments were repeated for >3 times.

Transwell assay. At first, the transwell chambers (Corning,
USA) were placed into 24-well plates, and the membrane in
the bottom was coated and hydrated with diluent of Matrigel.
Then 200 pl cell suspension (5x10° cells/ml) was added to the
upper chamber, and 500 I DMEM medium supplemented
with 20% FBS was poured into the lower chamber. After 12
h cell cultivation, the transwell chambers were taken out,
and cells on the upper chamber were gently wiped out. Then
the membranes were fixed with 4% methanol for 15 min,
and cotton swabs were employed to erase cells in the upper
chamber. After the fixation procedure, 0.1% crystal violet was
used to stain cells for 30 min at room temperature. Finally, 5
views were randomly selected under the microscope to count
the number of invasive cells. Concerning the migration assay,
most of its steps were identical to the invasion assay, except
that the Matrigel was not used. All the above-mentioned
experiments were repeated for >3 times.

Wound healing assay. The cells at the density of 5x10*/
well were inoculated into 6-well plates. On the next day, a
straight line was drawn in the bottom of 6-well plates via the
tip of a micro-syringe. After being rinsed with PBS, the cells
were cultivated within serum-free medium for 48 h. Pictures
were taken at 0 h and 48 h time points, and the healing area
was equivalent to the difference between areas of 0 h time
point and 48 h time point. The experiments were repeated
for >3 times.

CCK-8 assay. 100 pl cell suspension (1x10* cells/ml) was
added into each well along with 200 ul D-Hanks solution for
overnight cell cultivation. Then the cells were mixed with
10pul CCK8 solution (Dojindo Laboratories, Kumamoto,
Japan) for another 4 h at 37 °C. Eventually, the optical density
(OD) of each well was determined on the microplate reader
at the wavelength of 450 nm. The experiments were repeated
for 23 times.

Colony formation assay. The cells at the logarithmic phase
were prepared into single-cell suspension with addition of
RPMI-1640 medium that contained 10% FBS. After being
cultivated in the atmosphere of 5% CO, for 2 weeks, the cells
were rinsed with PBS for 3 times. Subsequently, we added 5
ml methanol (4%) to fix cells for 15 min, and 500 ul Giemsa
liquid (0.1%) to stain the cells for 30 min. Ultimately, the
colonies with >50 cells were counted under the microscope
(Nikon, Japan), and the colony-formation efficiency was
equivalent to the number of colonies divided by the number
of inoculated cells. All experiments as above were repeated
for 23 times.

Cell apoptosis assay. The cells at the density of 1x10%1
were centrifuged at 1200 xg for 5 min, and then 10 ul Annexin
V-fluorescein isothiocyanate (FITC) and 5pl propidium
iodide (PI) (BD, USA) were added to cultivate cells in the
dark at room temperature for 15 min. Within the bivariate
scatter diagram derived from flow cytometry (model: FAC

Sort, BD, USA), the dots in the right upper quadrant (FITC+/
PI+) were symbolic of late-apoptotic cells and necrotic cells.
Besides, dots in the right lower quadrant (FITC+/PI-) repre-
sented cells of early-apoptotic stage, and the dots in the left
lower quadrant (FITC-/PI-) symbolized viable cells. All
these experiments were repeated for >3 times.

Statistical analyses. All the statistical analyses were
accomplished through usage of SPSS16.0 software. The
quantitative data were compared by adoption of Student’s t
test or analysis of variance (ANOVA) followed by Bonferroni
post-hoc test. On the other hand, the enumeration data were
analyzed through performing chi-square test. Moreover,
Kaplan-Meier analysis was applied to devise survival curves,
with Log-rank test for evaluation of significance. Besides,
the Cox proportional hazard model was adopted to carry
out uni-/multi-variate regression analyses. Finally, statistical
distinctions were identified in case of p<0.05.

Results

Comparison of the baseline features among CC patients,
CIN patients and healthy controls. The CC patients displayed
higher ciRS-7 expression than both CIN patients and healthy
controls (p<0.05), and the ciRS-7 expression measured in
CIN patients was above that detected in healthy controls
(p<0.05) (Figure 1A). Moreover, the CEA and CA125 levels
detected in the CC patients also surpassed that in the CIN
patients and healthy people (p<0.05) (Table 1). Nonetheless,
hardly any significant distinctions were observed among CC
patients, CIN patients and healthy controls, with regard to
mean age, incidence of menopause and body mass index
(BMI) (all p>0.05).

Associations of ciRS-7 expression with baseline charac-
teristics and prognosis of CC patients. The ciRS-7 was
abundantly expressed within CC tissues, when compared
with adjacent non-tumor tissues (Figure 1B). Furthermore,
with the median expression of ciRS-7 as the threshold, the
CC patients were categorized into highly expressed (>6.03)
ciRS-7 group (n=206) and lowly expressed (<6.03) ciRS-7
group (n=146). It was intriguing to observe that the CC
patients carrying highly expressed ciRS-7 were associated
with shortened survival, when compared with those carrying
lowly expressed ciRS-7 (p<0.05) (Figure 1C). Besides, highly
expressed ciRS-7 was more frequently detected among CC
patients who were characterized by large tumor size (24 cm),
advanced FIGO stage (II), deeper invasion (>2/3), metastatic
lymph nodes and HPV infection than lowly expressed ciRS-7
(p<0.05) (Table 2). The univariate analysis and multivariate
analyses further demonstrated that highly expressed ciRS-7,
advanced FIGO stage (II) and deep invasion (22/3) were
significant predictors for the unfavorable outcome of CC
patients (p<0.05) (Table 3).

The performance of ciRS-7, CEA and CA125 for
diagnosis of CC. The ciRS-7 was outstanding in differenti-
ating CC patients from healthy controls (AUC=0.972), when



ciRS-7 AND CERVICAL CANCER

315

A B C
~ ‘IB 1.0 — Low expression
e 4 © of ciRS-7
.n_: 151 i) 81 * -
o *# — E 0.8-
. a o ©
c L b s 6 %

i lﬁa‘ﬂ\ 0.6+
.% 10 * ad g 2 High expression of ciRS-7
0N o 44 o
N 5 g 04

5 ]
ﬁ “ 5 2 E

A
e g 5 o
£ 0 : : 2 § ol N = 2
e 6\"0\ O\é (\c?} 2 & y & 0.0- IPvaIule=0.Of)3 I
& & Lo L 0 1 20 30 40 5 60
) > F > L
& N4 S £ Time (month)
¥ e S &

Figure 1 The expression of ciRS-7 within groups of cervical cancer patients, CIN patients and healthy controls. A) The expression of ciRS-7 was com-
pared among cervical cancer patients, CIN patients and healthy controls. *: p<0.05 when compared with healthy controls; #: p<0.05 when compared
with CIN. B) The expression of ciRS-7 was determined within cervical cancer tissues and adjacent normal tissues. *: p<0.05 when compared with
adjacent normal tissues. C) The upregulated ciRS-7 expression was associated with unfavorable prognosis of cervical cancer patients. *: p<0.05 when

compared with healthy controls.

Table 1. Comparison of the baseline features among cervical cancer
patients, cervical intraepithelial neoplasia patients and healthy controls.

Table 2. Association of ciRS-7 expression with the clinical characteristics
of cervical patients.

Features Healthy Control ~ CIN Cervical cancer
Number 227 204 352
Age (years old) 52.07 +£9.08 51.67 £ 8.14 52.84 £8.75
Menopause

Yes 138 111 201

No 89 93 151
BMI (kg/m?)  24.18 +3.81 24.34+3.5 24.76 + 4.03
CEA (ng/ml)  2.86+1.51 5.74 +1.35* 9.06 + 4.7*#

CA125 (U/ml) 20.19 +8.42 32.01 + 15.46* 48.55 + 22.05*#

CIN: cervical intraepithelial neoplasia. * Compared with healthy control,
p<0.05; # Compared with CIN, p<0.05.

compared with CEA (AUC=0.885) and CA125 (AUC=0.881)
(Table 4, Figures 2A-2C). Apart from that, ciRS-7 stood out
in diagnosing CC patients from CIN patients (AUC=0.868).
In addition, CEA (AUC=0.920) could serve as a preferred
biomarker in discriminating CIN population from healthy
controls, as compared with ciRS-7 (AUC=0.879) and CA125
(AUC=0.739).

The combined role of ciRS-7, CEA and CA125 in
diagnosis of CC. Strategies of ciRS-7 combined with
CEA (AUC=0.990) and ciRS-7 combined with CA125
(AUC=0.990) were more capable in discriminating between
CC patients and healthy controls than CEA combined with
CA125 (AUC=0.963) (Table 5, Figures 2A-2C). Further-
more, ciRS-7 combined with CEA (AUC=0.904) topped
in differentiating CIN patients from CC patients, when
compared with ciRS-7 combined with CA125 (AUC=0.895)
and CEA combined with CA125 (AUC=0.814). Last but
not the least, ciRS-7 in combination with CA125 and CEA
produced a higher AUC value (AUC=0.997) than any other

Clinical features ciRS-7 expression 2
N=352 Low High X' povalue
Age (years)

>50 83 43.46% 108 56.54%

<50 63  39.13% 98 60.87% 0.673 0.412
Menopause

Yes 87 43.28% 114 56.72%

No 59 39.07% 92 60.93% 0.630 0.427
Histology

Squamous cell cancer 116 43.28% 152 56.72%
Adenocarcinoma 30 3571% 54 64.29% 1.510 0.219
Tumor size (cm)

>4 36 32.73% 74 67.27%

<4 110 45.45% 132 54.55% 5.047 0.025
Tumor differentiation

Poor 38 36.19% 67 63.81%

Well-moderate 108 43.72% 139 56.28% 1.723 0.189
FIGO stage

1I 43  33.86% 84 66.14%

I 103 45.78% 122 54.22% 4.751 0.029
Depth of invasion

>2/3 49  3475% 92 65.25%

<2/3 97 4597% 114 54.03% 4.383 0.036
Vascular involvement

Positive 56 36.13% 99 63.87%

Negative 90 45.69% 107 54.31% 3.264 0.071
Lymph nodes metastasis

Positive 41 31.78% 88 68.22%

Negative 105 47.09% 118 5291% 7.884 0.005
HPV infection

Positive 77  34.53% 146 65.47%

Negative 69 7938% 60 46.51% 12.10 <0.001
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Table 3. Correlation between clinical features of cervical patients and their prognosis based on conduction of univariate and multivariate analyses.

. Univariate analysis Multivariate analysis

Clinical features - -
Hazard Ratio 95% CI p-value Hazard Ratio 95% CI p-value

ciRS-7 expression

High vs. Low 0.49 0.31-0.79 0.003 0.60 0.36-0.98 0.041
Age (years)

>50 vs. <50 1.13 0.72-1.75 0.598 1.22 0.76-1.95 0.413
Menopause

Yes vs. No 1.29 0.82-2.02 0.266 1.40 0.87-2.24 0.164
Histology

Squamous cell cancer vs. Adenocarcinoma 1.42 0.83-2.42 0.201 1.49 0.84-2.64 0.172
Tumor size (cm)

>4 vs. <4 1.69 1.06-2.70 0.027 1.48 0.90-2.45 0.123
Tumor differentiation

Poor vs. Well-moderate 0.94 0.58-1.52 0.788 0.81 0.49-1.35 0.421
FIGO stage

ITvs. 1 1.94 1.23-3.06 0.004 1.78 1.10-2.88 0.018
Depth of invasion

>2/3 vs. <2/3 1.64 1.05-2.57 0.030 1.63 1.01-2.61 0.044
Vascular involvement

Positive vs. Negative 1.15 0.74-1.79 0.539 1.06 0.66-1.70 0.811
Lymph nodes metastasis

Positive vs. Negative 1.43 0.91-2.25 0.122 1.15 0.71-1.87 0.563
HPYV infection

Positive vs. Negative 1.79 1.11-2.88 0.017 1.58 0.95-2.62 0.078

Table 4. The efficacy of ciRS-7, CEA and CA125 in diagnosing cervical cancer.

Biomarkers Grouping Value Sensitivity Specificity AUC 95%CI
ciRS-7 Cervical cancer vs. Healthy control 4.325 0.956 0.898 0.972 0.960-0.984
CIN vs. Healthy control 2.840 0.700 0.902 0.879 0.848-0.910
Cervical cancer vs. CIN 5.500 0.887 0.730 0.868 0.839-0.898
CEA Cervical cancer vs. Healthy control 5.340 0.956 0.767 0.885 0.857-0.912
CIN vs. Healthy control 4.590 0.872 0.809 0.920 0.895-0.944
Cervical cancer vs. CIN 7.985 0.966 0.582 0.734 0.692-0.776
CAI125 Cervical cancer vs. Healthy control 35.065 0.974 0.741 0.881 0.852-0.910
CIN vs. Healthy control 29.015 0.872 0.554 0.739 0.690-0.788
Cervical cancer vs. CIN 47.500 0.828 0.540 0.730 0.689-0.772

AUC: area under the receiver operating curve; 95%CI: 95% confidence interval.

Table 5. The combination of ciRS7, CEA and CA125 for diagnosing cervical cancer.

Biomarkers Grouping Sensitivity Specificity AUC 95%CI
ciRS7-CEA Cervical cancer vs. Healthy control 0.987 0.952 0.990 0.984-0.997
CIN vs. Healthy control 0.885 0.961 0.973 0.960-0.986
Cervical cancer vs. CIN 0.951 0.773 0.904 0.879-0.929
ciRS7-CA125 Cervical cancer vs. Healthy control 0.974 0.949 0.990 0.983-0.996
CIN vs. Healthy control 0.797 0.858 0.912 0.886-0.938
Cervical cancer vs. CIN 0.892 0.787 0.895 0.869-0.920
CEA-CA125 Cervical cancer vs. Healthy control 0.965 0.889 0.963 0.948-0.979
CIN vs. Healthy control 0.819 0.936 0.946 0.927-0.965
Cervical cancer vs. CIN 0.966 0.582 0.814 0.779-0.848
ciRS7-CEA-CA125 Cervical cancer vs. Healthy control 0.996 0.963 0.997 0.994-1.000
CIN vs. Healthy control 0.938 0.941 0.980 0.969-0.991
Cervical cancer vs. CIN 0.946 0.804 0.921 0.899-0.943

AUC: area under the receiver operating curve; 95%CI: 95% confidence interval.
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diagnostic strategy that was made up of two biomarkers
(Table 5, Figure 2D).

Contribution of ciRS-7 to altering the viability, prolifer-
ation and apoptosis of CC cell lines. The expression of ciRS-7
was significantly upregulated within Hela, CaSki, C33A and
SiHa cell lines, when compared with ESC cell line (p<0.05)
(Figure 3A). Concurrently, expressions of pro-proliferation
molecules, including Ki-67, PCNA and cyclin D1, were
raised within the 4 CC cell lines, as compared with ESC cell
line (p<0.05). Interestingly, the changing tendency of ciRS-7
expression was consistent with that of Ki-67, PCNA and
cyclin D1 expressions among the CC cell lines (Figure 3B).
Besides, CC cell lines were in possession of lower E-cadherin
expression and higher N-cadherin/vimentin expression
than ESC cell line (p<0.05), and expressions of E-cadherin,

A Cervival cancer vs. Healthy control B Cervival cancer vs. Healthy control

N-cadherin and vimentin were altered more observably
within Hela/C33A cell lines than within CaSki/SiHa cell lines
(Figure 3C).

Since the ciRS-7 expression was upregulated more signifi-
cantly in Hela and C33A cell lines than in any other cell
line, the two cell lines were arranged for subsequent cellular
experiments. After transfection of pcDNA3.1-ciRS-7, the
expression of ciRS-7 was obviously elevated in both Hela and
C33A cell lines (p<0.05) (Figure 4A). Moreover, transfec-
tion of pcDNA3.1-ciRS-7 seemed to bestow Hela and C33A
cells with strengthened viability (Figure 4B) and proliferative
ability (Figure 4C), and apoptosis (Figure 4D) of the CC cells
was hindered drastically after exposure to pcDNA3.1-ciRS-7
(p<0.05). Not only that, CC cells transfected with pcDNA3.1-
ciRS-7 also presented upregulated expressions of Ki-67,

C Cervival cancer vs. Healthy control D Cervival cancer vs. Healthy control
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Figure 2 The diagnostic performance of ciRS-7, CEA and CA125 in cervical cancer and CIN. A) The synergic role of ciRS-7 and CEA were evaluated
concerning differentiation of cervical cancer and CIN from healthy controls. B) ciRS-7 and CA125 were managed to collaboratively diagnose cervical

cancer and CIN. C) The couple of CEA and CA125 were apprised in terms

of their diagnostic potency for cervical cancer and CIN. D) The synthetic

function of ciRS-7, CEA and CA125 was evaluated in diagnosis of cervical cancer and CIN.
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PCNA and cyclinD1, which were proteins representative of
intensified cell proliferation (p<0.05) (Figure 4E).

The role of ciRS-7 in modulating EMT process of CC
cell lines. Elevating the expression of ciRS-7 could reinforce
the invasive ability of Hela and C33A cell lines, when
compared with pcDNA3.1 group (p<0.05) (Figure 5A).
Abiding by a similar trend, the migratory capacity of Hela
and C33A cell lines was also facilitated after transfection of
pcDNA3.1-ciRS-7 (p<0.05) (Figure 5B). In the meantime,
elevated expressions of N-cadherin and vimentin, along with
decreased E-cadherin expression, were detected within CC
cells that were treated by pcDNA3.1-ciRS-7, as compared to
untreated cells (p<0.05) (Figure 5C).

Discussion

Currently, the definite diagnoses of CC were mainly
dependent on cervical scraping smear and colposcope,
which failed to ensure accurate diagnosis of all CC cases due
to obscure symptoms present in early-stage CC. Notably,
tumor biomarkers within blood already assumed concentra-
tion discrepancies at the early stage of tumorigenesis [19],
suggesting the practicability of applying specific biomarkers
for diagnosis of early-stage neoplasms. Besides, the CC
patients that have progressed into the advanced stage were
usually tracked with a relatively short life span, although

certain treatment strategies, such as surgery and radio-
therapy, were broadly available. Thus, seeking for sensitive
biomarkers for early stage CC might be beneficial to effica-
ciously diagnosing and treating CC.

Notably, the expressional fashion of circRNAs usually
varied with pathological changes of human bodies,
providing a direction that circRNAs might sensitively
indicate the deterioration of neoplasms [20]. For instance,
hsa_circ_000284 and hsa_circ_0018289 were both differen-
tially expressed during exacerbation of CC [21, 22]. Within
this investigation, ciRS-7 was implied as an oncogene for
CC, and overexpression of ciRS-7 within CC tissues could
symbolize unfavorable prognosis of CC patients (Figure 1C).
Besides the clinical evidences, the in vitro experiments also
demonstrated that upregulation of ciRS-7 expression tended
to accelerate proliferation and EMT process of CC cells
(Figure 3-5), which agreed with other tumors [11, 12]. In
fact, former studies have proposed hidden linkages of ciRS-7
with CC progression. For instance, signaling pathways that
were modulated by ciRS-7 were crucial involvers underlying
CC pathogenesis, such as PI3K/AKT signaling [11, 23] and
NF-kB signaling [24, 25]. The PI3K/AKT signaling therein
was able to enhance both chemo- and radio- resistances of
CC cell lines [26, 27], in addition to intensifying prolifera-
tion, migration and invasion of CC cells [28]. As for NF-kB
signaling, its restraining production of cleaved caspase-3
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Figure 4. The effect of ciRS-7 on the viability, proliferation and apoptosis of cervical cancer cells. A) The ciRS-7 expression was assessed after respective
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*: p<0.05 when compared with pcDNA3.1 group. D) The apoptotic condition

of Hela and C33A cell lines was contrasted between pcDNA3.1-ciRS-7 and pcDNA3.1 groups. *: p<0.05 when compared with pcDNA3.1 group. E) The

expressions of Ki-67, PCNA and cyclinD1 were determined within Hela and C33A cell lines in the pcDNA3.1-ciRS-7 and pcDNA3.1 groups.

when compared with pcDNA3.1 group.

*: p<0.05
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Figure 5 The role of ciRS-7 in modulating invasion (A), migration (B) and expression of proteins specific to epithelial-mesenchymal transition (EMT)
(C) of Hela and C33A cell lines. *: p<0.05 when compared with pcDNA3.1 group.

could curb apoptosis of CC cells [29], which might explain
why activation of NF-kB signaling was associated with
unfavorable prognosis of CC patients [25]. In addition, there
were massive potential for ciRS-7 to form circRNA-miRNA
networks so as to trigger CC onset [11], although miRNAs
that possessed ciRS-7-binding sites were largely untapped
[30]. Of course, detailed researches were demanded to
validate direct relations between ciRS-7 and the above-
mentioned miRNAs or signaling pathways underlying CC
etiology.

Inspired by the significance of ciRS-7 in regulating CC
etiology, we further observed that ciRS-7 was outstanding
in differentiating CC patients from CIN patients and healthy
controls (Figure 2). In fact, circRNAs, characterized by
shortage of 5°- and 3’- ends, could avoid being digested by
exonuclease and thereby maintain their original high-level
conservation, which might aid to enhance the sensitivity of
ciRS-7 for CC diagnosis. Nevertheless, since that ciRS-7 also
participated in the pathogenesis of disorders other than CC,
including acute myocardial infarction [30], systemic lupus
erythematosus [31], hepatocellular carcinoma [32], biliary
duct cancer [33] and colorectal cancer [34], the specificity of
ciRS-7 for CC diagnosis was confined (Table 4). To improve
this aspect, further elucidation of CC-specific biomarkers
that were modulated by ciRS-7 might be of assistance.

Furthermore, to highlight the diagnostic performance
of ciRS-7, CEA and CA125 were chosen as the control
biomarkers (Figure 2, Tables 4-5). The CA125 was a

common marker for CC, and its high level assumed intimate
associations with enlarged tumor size, advanced stage and
aggressive lymphatic metastasis of CC patients [31, 32].
Regarding CEA, its level was raised with neoplastic metas-
tasis and recurrence, and dynamically observing its serum
level could help to conjecture prognosis of CC patients [33].
However, the CEA and CA125 might not be appropriate for
specific screening, allowing for that they displayed expres-
sional variations in a wide range of tumors [34, 35]. Interest-
ingly, the combined capacity of ciRS-7, CEA and CA125 in
diagnosing CC was stronger than that of any single molecule
(Figure 2D, Table 5), which might be attributed to that single
biomarkers could merely participate in a small portion of CC
etiology. Thus, screening a group of desired biomarkers for
combined diagnosis of CC might be more clinically valuable,
because multiple biomarkers could perceive the physiolog-
ical changes of CC more sensitively.

Conclusively, ciRS-7 was a promising biomarker for
diagnosis and even treatment of CC, and its combination
with CEA and CA125 were recommended for diagnosis of
CC. Nevertheless, miRNAs specifically regulated by ciRS-7
in CC were unexplored within this study, and their combi-
nation with ciRS-7 could pronouncedly improve the speci-
ficity in CC diagnosis. Furthermore, the sample size of this
investigation was relatively small, which might generate
biased results. Besides, merely a Chinese cohort was focused
on here, whether the results of this study could be general-
ized to other ethnicities remained doubtful. Finally, though
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ciRS-7 expression displayed some connection with the status
of HPV, the reasons explaining this correlation remained
unclear. Above all, the questions raised as above should be
carefully settled in future.
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