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ABSTRACT

Objective: Cervical cancer is one of the most common malignant tumors. Our previous results
showed that long non-coding RNA (IncRNA) XLOC_006390 plays an important role in cervical
cancer. In this study, we have explored the mechanism of action of IncRNA XLOC_006390.
Methods: LncRNA XLOC_006390 was proposed to exercise its function as a competing
endogenous RNA (ceRNA), and its potential targeted miRNAs was predicted through the
database LncBase Predicted v.2. Two miRNAs, miR-331-3p, and miR-338-3p, were chosen for
the study. Expression of miRNAs and IncRNA in cervical cancer cells and tissues was detected
by reverse transcription polymerase chain reaction. To determine the correlation, silencing of
XLOC_006390, over-expression of miR-331-3p, and miR-338-3p was performed in SiHa and
Caski cell lines, respectively.

Results: Based on the interactive effect between miRNA and IncRNA, miR-331-3p and
miR-338-3p were significantly downregulated in cervical cancer cells and tissues, and

their expression levels were negatively related to that of IncRNA. Our results also showed

that the expression of miR-331-3p target gene NRP2, miR-338-3p target genes PKM2, EYA2

was significantly downregulated when the XLOC_006390 was knocked down. Further,
XLOC_006390 was found to facilitate cervical cancer tumorigenesis and metastasis by
downregulating miR-331-3p and miR-338-3p expression.

Conclusion: Taken together, our study demonstrated that XLOC_006390 may serve as a
ceRNA and reversely regulates the expression of miR-331-3p and miR-338-3p, thus facilitating
cervical cancer tumorigenesis and metastasis.

Keywords: Cervical Cancer; Metastasis; Long Non-Coding RNA; microRNAs

INTRODUCTION

Cervical cancer is as one of the most common gynecological malignant tumors worldwide
and has become a prominent public health issue [1]. It was reported that the incidence of
cervical cancer ranked second in gynecological malignant tumors, with death rate ranking
first among female malignant tumors of genital tract, hence becoming a disease threatening
the health of females [2]. At present, operation, chemotherapy and radiotherapy are the most
commonly used treatments for cervical cancer; however, due to drug resistance of cervical
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cancer cells against the therapeutic agents, chemotherapeutics see relatively poor effect in
treating cervical cancer [1,3].

Competing endogenous RNAs (ceRNAs), a type of endogenous RNAs, compete for microRNA
(miRNA) with other RNAs through miRNA response elements (MREs), which will influence the
regulation of target genes by miRNA and ultimately the proliferation, apoptosis, migration, and
invasion of many types of tumors [4]. Long non-coding RNAs (IncRNAs), a type of non-coding
RNA with a sequence exceeding 200 nucleotides, exhibits multiple biological functions, such
as chromatin modification, transcription, translation, splicing, and epigenetic regulation [5].
Various studies have shown that IncRNA is closely associated with the occurrence of cancers.

It could regulate DNA methylation [6], histone modification [7], chromatin remodeling [8],
and serve as the precursor of miRNA [9], ultimately inducing the occurrence of cancers.

Recent research has showed that IncRNA could compete for MREs with the driver genes closely
related to cancer occurrence and development as ceRNA, which would weaken the inhibition
of miRNA upon target genes, indirectly regulate the expression level of target genes, and
ultimately participate in cancer regulation process [10]. It has been demonstrated that IncRNA
XLOC_006390 expression levels are associated with neural invasion, a histopathological
characteristic, and an important prognostic factor of pancreatic cancer (PC) [11]. Microarray
analysis results indicated that the level of IncRNA XLOC_006390 was significantly increased

in the tissue of PC [12]. Our previous study showed that IncRNA XLOC_006390 saw high
expression in cervical cancer tissues, and IncRNA XLOC_006390 influenced cervical cancer
cell proliferation and migration by regulating downstream SETS8 proteins [13]. However, how
IncRNA XLOC_006390 specifically regulates SET8 protein remains unclear. Given the site of
IncRNA XLOC_006390 and coding SETS8 protein genes in chromosomes as well as IncRNA
XLOC_006390 acting as intergenic IncRNA with a sequence reaching 4,899 nt, it is speculated
that IncRNA XLOC_006390 may exercises its function as ceRNA. This study screens out
absorbed miRNAs from miRNA pool with differential expression of cervical cancer based on
the sequence characteristics of IncRNA XLOC_006390 and further analyzes the relationship
among the miRNAs screened out for functional verification.

MATERIALS AND METHODS

1. miRNA-target prediction of XLOC_006390

miRNA-target prediction was performed by LncBase Predicted v.2 (http://carolina.imis.
athena-innovation.gr/diana_tools/web/index.php?r=Incbasev2%?2Findex) [14]. The threshold
was set as score >0.9.

2. Clinical samples

Cervical cancer specimens and corresponding adjacent normal tissues were collected from
20 cancer patients undergoing surgery for cervical cancer in Affiliated Hospital of Qingdao
University, China. The Medical Ethics Committee of Affiliated Hospital of Qingdao University
approved this study (2015-08-04-01). Written informed consent was obtained from all the 20
participants.

3. Cell culture and transfection

Cervical cancer cell lines, SiHa, HeLa, CaSki, c-41, and c-33A (ATCC; USA), were cultured

in RPMI-1640 (Gibco™; Thermo Fisher Scientific, Waltham, MA, USA) containing 100 U/
mL penicillin, 100 pg/mL streptomycin, and 10% fetal bovine serum (FBS), and incubated at
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37°C, and 5% CO,. The XLOC_006390 siRNA (5'-UUA AGC UAA CGU UUA CCG CAG TT-3')
and miRNA mimics and inhibitors were purchased from GenePharma (Shanghai, China).
Knockdown and overexpression of XLOC_006390 was carried out by transfection with the
XLOC_006390 siRNA and recombinant XLOC_006390 pcDNA3.1(+) plasmid, respectively.
Both SiHa and Caski cells were plated in 6-well plates for 24 hours and then transfected for
48 hours with the XLOC_006390 siRNA or negative control siRNA using Lipofectamine 2000
(Thermo Fisher Scientific). The transfected cells were used for the following studies.

4. Cell Counting Kit-8 (CCK-8) assay

Cell viability was determined using the CCK-8 kit (Dojindo Molecular Technologies, Inc.,
Shanghai, China). After the transfections, 100 pL cells (5x10° cells per well) were seeded in
96-well plates. The 10 pL of CCK-8 solution was added to each well at 0, 24, 48, and 72 hours.
After 1 hour of incubation, the absorbance was measured at 450 nm on a microplate reader
(Promega Corporation, Fitchburg, WI, USA).

5. Flow cytometry analysis of cell apoptosis

Apoptotic cells were identified using the Propidium Iodide (PI) and FITC Annexin

V Apoptosis Detection Kit I (BD Biosciences, San Jose, CA, USA) according to the
manufacturer's instructions. After 24 hours of transfection, SiHa or Caski cells were cultured
for 72 hours before determining apoptosis. The cells were harvested, washed twice with cold
phosphate-buffered saline (PBS), and resuspended in 1x binding buffer. Then, the cells were
stained with 5 pL Annexin V-FITC for 15 minutes and then 5 pL PI for 10 minutes in the dark
at room temperature. The cells were examined using a FACSCanto II flow cytometer (BD
Biosciences Europe, Heidelberg, Germany).

6. Wound healing assay

SiHa or Caski cells (5x10*) were seeded in 24-well plates and incubated at 37°C. The confluent
cells were scratched with a 200-pL pipette tip. The plates were washed with fresh medium after
24 hours incubation to remove non-adherent cells. The plate morphology was photographed,
and the wound area was determined using an inverted microscope (Olympus, Tokyo, Japan).

7. Cell invasion assay

Cell invasion assay was performed using a Transwell system (24-wells; Corning Costar,
Lowell, MA, USA). Briefly, SiHa or Caski cells (1x10° per well) were trypsinized and seeded
into the upper chamber with serum free opti-MEM media. The low chamber was filled with
800 pL medium containing 10% FBS. After 48 hours of incubation, the cells on the lower side
of the filter were fixed in 3.8% formaldehyde for 20 minutes and stained with 0.1% crystal
violet solution. The number of cells in five randomly selected fields was counted under a light
microscope and analyzed statistically.

8. Immunofluorescence

The cells were fixed with pre-chilled 4% paraformaldehyde. Then, the cells were washed
thrice with PBS, permeabilized with PBS containing 0.1% Triton X-100, and washed thrice
with PBS containing 0.05% Tween 20. PBS containing 3% bovine serum albumin (BSA) was
then applied to block the samples for 1 hour at room temperature. The cells were incubated
with antibodies against NRP2, PKM2, and EYA2 (1:2,000; Abcam, Cambridge, MA, USA) for
1 hour at room temperature. After washing, the cells were incubated with Alexa-Fluor-488-
conjugated anti-rabbit-IgG for NRP2, PKM?2 detection, and Alexa-Fluor-594-conjugated anti-
mouse-IgG for EYA2 detection (1:1,000, Invitrogen™; Thermo Fisher Scientific) as well as
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DAPI. The samples were mounted and photographed with Zeiss Axio Imager Z1 fluorescence
microscope (Zeiss, German).

9. RNA extraction and quantitative reverse transcription polymerase chain
reaction (RT-PCR)
RNA was isolated from cervical cancer cells and tumor samples with TRIzol reagent
(Invitrogen™; Thermo Fisher Scientific) and RNeasy Plus Micro Kit (QIAGEN, Germantown,
MD, USA) according to the manufacturer's instructions. Then, reverse transcription was
conducted to synthesize the Bestar qPCR RT Kit (DBI Bioscience, Shanghai, China). The
quantitative RT-PCR was performed in Applied Biosystems 7500 Real Time PCR System
(Applied Biosystems, Foster City, CA, USA), using 20 ng template in 25-pL reaction volume
with 2xPower SYBR® Green PCR Master Mix (Invitrogen™; Thermo Fisher Scientific) and
gene specific primer pairs. The gene expression levels for all miRNAs and protein genes were
normalized to U6 RNA and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression,
respectively, using the comparative Ct method. The data is expressed as the mean+standard
deviation (SD) of 3 independent experiments.

10. Western blot analysis

Cervical cancer cells were harvested and lysed in the RIPA buffer (Sigma-Aldrich, St. Louis,
MO, USA). Protein concentrations were determined using the BCA protein assay kit (Thermo
Fisher Scientific). The proteins (30 ng) were separated by 10% sodium dodecyl sulphate-
polyacrylamide gel electrophoresis and transferred onto a nitrocellulose membrane. After
blocking with BSA, the membranes were incubated with primary antibodies against NRP2,
EYA2, PKM2, and GAPDH (Abcam). GAPDH was loaded as an internal reference. The bands
were treated with goat anti-rabbit IgG-HRP secondary antibody (1:2,000; Abcam) and were
developed using chemiluminescence substance (Thermo Fisher Scientific).

11. Statistical analysis

The data was analyzed with Prism 5.0 (GraphPad Software, San Diego, CA, USA). All the
experiments were performed in triplicates and the data was expressed as the means+SD).
One-way analysis of variance with multiple comparisons using Dunnett's test was used for
multiple comparison. A value of p<0.05 was considered as statistically significantly.

RESULTS

1. XLOC_006390 reversely regulated the expression of miR-331-3p and
miR-338-3p
To examine whether XLOC_006390 can serve as a ceRNA in the regulation of predicted
miRNAs, we knocked down XLOC_006390 expressions in both SiHa and Caski cells by siRNA
transfection. The efficacy of knockdown was confirmed by RT-PCR analysis (p<0.05 vs. the
negative comtrol [NC] group; Fig. 1A). The expression of 6 miRNAs, miR-125b-5p, miR-125a-
5p, miR-7-2-3p, miR-670-5p, miR-331-3p, and miR-338-3p, was detected after transfection
based on the prediction of XLOC_006390 sponge miRNAs in LncBase Predicted v.2 database
and previous studies [15-20]. Among these miRNAs, the expression of miR-331-3p, and
miR-338-3p was significantly increased when the XLOC_006390 was knocked down (p<0.05
vs. the NC group; Fig. 1B-F), while no increase in expression of miR-7-2-3p was observed.
MiR-331-3p and miR-338-3p were reported to regulate multiple cancer tumorigenesis and
metastasis by targeting many genes in human cells (listed in Supplementary Table 1,
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Fig. 1. XLOC_006390 reversely regulates the expression of miR-331-3p and miR-338-3p. (A) The knockdown efficacy of XLOC_006390 in SiHa and Caski cells
confirmed by RT-PCR analysis. (B-F) The expression of miR-125a-5p (B), miR-125b-5p (C), miR-331-3p (D), miR-338-3p (E), and miR-670-5p (F) detected by RT-PCR.

@,
RT-

H) Potential binding sites for XLOC_006390 on miR-331-3p and miR-338-3p, respectively.
PCR, reverse transcription polymerase chain reaction; si-NC, small RNA without targeting genes.

*p<0.05 vs. the si-NC group.

Supplementary Figs. 1, and 2) [21-38]. Therefore, miR-331-3p and miR-338-3p were chosen
for further studies. The potential binding sites for XLOC_006390 on miR-331-3p and miR-
338-3p are indicated in Fig. 1G and H.
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2. miR-331-3p and miR-338-3p are significantly downregulated in cervical cancer
In order to evaluate the changes in expression levels of miR-331-3p and miR-338-3p in cervical
cancer, 20 cancer patients undergoing surgery for cervical cancer were recruited in this study.
The expression levels of miR-331-3p and miR-338-3p were significantly downregulated in the
cervical cancer tissues compared to the corresponding adjacent normal tissues (p<0.001; Fig. 2A
and C). In addition, the expression of XLOC_006390 was reversely correlated to the expression
of miR-331-3p and miR-338-3p (Fig. 2B and D). The results indicated a negative correlation
between XLOC_006390 and miR-331-3p or miR-338-3p expressions in cervical cancer. The
expression levels of miR-331-3p and miR-338-3p in cervical cancer cell lines were further
determined. As shown in Fig. 2E and F, the expression levels of miR-331-3p and miR-338-3p

were significantly downregulated in both SiHa and Caski cells, whereas those were significantly
upregulated in C4-1 and C-33a cells compared to Hela cells (p<0.05). The expression of miR-331-
3p and miR-338-3p in all these cell lines showed a reversed pattern compared to XLOC_006390
as reported by our previous study [13]. Moreover, XLOC_006390 was overexpressed in C4-1

cells, and the result (Fig. 2G) showed that the overexpression of XLOC_006390 significantly
downregulated the expression of both miR-331-3p and miR-338-3p (p<0.05 vs. the vector group).

XLOC_006390 involves in cervical cancer as ceRNA

3. Knockdown of XLOC_006390 downregulated the expression of miR-331-3p
and miR-338-3p target genes

To investigate whether XLOC_006390 could affect the related target genes of miR-331-3p

and miR-338-3p, the expression of miR-331-3p target gene NRP2 and miR-338-3p target genes
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Fig. 2. Expression of miR-331-3p and miR-338-3p was significantly downregulated in cervical cancer. (A, B) The expression level of miR-331-3p was significantly
downregulated in the cervical cancer tissues compared to the corresponding adjacent normal tissues, and the expression of XLOC_006390 was reversely
correlated to the expression of miR-331-3p. (C, D) The expression level of miR-338-3p was significantly downregulated in the cervical cancer tissues compared

to the corresponding adjacent normal tissues, and the expression of XLOC_006390 was reversely correlated to the expression of miR-338-3p. (E, F) The
expression level of miR-331-3p and miR-338-3p in HelLa, SiHa, Caski, C4-1, and C-33a cells detected by RT-PCR. (G) Over-expression of XLOC_006390 significantly
downregulated the expression of both miR-331-3p and miR-338-3p in C4-1 cells.

RT-PCR, reverse transcription polymerase chain reaction.

*p<0.05, Tp<0.001 vs. the adjacent normal tissues, the HelLa group or Vector group.
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PKM2 and EYA2 was determined. As shown in Fig. 3A, mRNA expression of NRP2, PKM2,
and EYA2 was significantly downregulated when XLOC_006390 was knocked down (p<0.05
vs. the NC group). In addition, similar patterns were observed by the western blot analysis
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Fig. 3. Knockdown of XLOC_006390 downregulated the expression of miR-331-3p and miR-338-3p target genes. (A) The expression of miR-331-3p target gene
NRP2 and miR-338-3p target genes PKM2 and EYAZ2 in SiHa and Caski cells detected by RT-PCR. (B, C) Western blot analysis of miR-331-3p target gene NRP2
and miR-338-3p target genes PKM2 and EYAZ2 in SiHa (B) and Caski (C) cells. (D) Immunofluorescence study of the expressions of NRP2, PKM2, and EYA2 in the
XLOC_006390 knockdown SiHa and Caski cells.

si-NC, small RNA without targeting genes.

*p<0.05 vs. the si-NC group.
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(Fig. 3B and C, Supplementary Fig. 2A and B) and the immunofluorescence (Fig. 3D). These
findings indicated that XLOC_006390 could negatively regulate the expression of miR-331-3p
and miR-338-3p thereby thus affecting the expression of related miRNA target genes.

4. Upregulation of miR-331-3p and miR-338-3p inhibited cervical cancer cell
migration and invasion and enhanced the cell apoptosis
To further confirm the roles of miR-331-3p and miR-338-3p in the cervical cancer tumorigenesis
and metastasis, we determined the overexpression of miR-331-3p and miR-338-3p in cervical
cancer cells. After transfection for 24 hours, the viability of the cells was significantly reduced
when compared to NC group (p<0.05) as detected by CCK-8 (Fig. 4A). In addition, the Transwell
assay results showed that miR-331-3p and miR-338-3p over-expression inhibited the migration
and invasion ability of cervical cancer cells (Fig. 4B and C), whereas increased the rate of
apoptosis of SiHa and Caski cells (Fig. 4D). The cell cycle was also blocked by the miR-331-3p and
miR-338-3p overexpression (Fig. 4E). Next, the mRNA and protein expression levels of the miR-
331-3p and miR-338-3p target genes were detected. The RT-PCR results (Fig. 4F) showed that
miR-331-3p and miR-338-3p overexpression could significantly decrease the expression of the
target genes (p<0.05 vs. the NC group), which was also confirmed by the western blot analysis
(Fig. 4G, Supplementary Fig. 2C). All these results indicated that miR-331-3p and miR-338-3p
play critical roles in the cervical cancer tumorigenesis and metastasis.

5. XLOC_006390 facilitated cervical cancer tumorigenesis and metastasis by
regulating miR-331-3p and miR-338-3p expression
XLOC_006390 siRNA was co-transfected with miR-331-3p or miR-338-3p inhibitors. After
transfection for 24 h, the viability of the cells was significantly increased compared to NC
group (p<0.05) as detected by CCK-8 (Figs. 5A and 6A). The Transwell assay results showed
that co-transfection of XLOC_006390 siRNA and miR-331-3p or miR-338-3p inhibitors
increased invasion (Figs. 5B and 6B), migration (Figs. 5C and 6C), and ability of cervical
cancer cells. Moreover, the flow cytometry results showed that rate of apoptosis of SiHa and
Caski cells was decreased compared to NC group (Figs. 5D and 6D) and the cell cycle was also
stimulated by the co-transfection of XLOC_006390 siRNA and miR-331-3p or miR-338-3p
inhibitors (Figs. 5E and 6E). Next, the RT-PCR results (Figs. 5F and 6F) showed that co-
transfection of XLOC_006390 siRNA and miR-331-3p or miR-338-3p inhibitors significantly
increased the expression of their target genes (p<0.05 vs. the NC group). The same pattern was
also confirmed by the western blot analysis (Figs. 5G and 6G, Supplementary Fig. 2D and E).
All these results indicated that XLOC_006390 could facilitate cervical cancer tumorigenesis
and metastasis via regulation of miR-331-3p and miR-338-3p.

DISCUSSION

Cervical cancer is one of the most common malignant tumors, and its incidence is only
preceded by breast cancer [1,2]. In recent years, more attention is paid to study the role of
IncRNA in cervical cancer [39,40]. In our previous study, IncRNA XLOC_006390 was found
to exhibit abnormal expression in cervical cancer cells and influence cervical cancer cell
proliferation and migration by regulating downstream SET8 proteins [13].

MiRNA, a proto-oncogene and anti-oncogene, is closely associated with the occurrence

of cancer [41]. Various studies have studied the correlation between miRNA and cervical
cancer incidence is increasing and showed a close relationship between them [42-44].
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Fig. 6. (Continued) XLOC_006390 facilitates cervical cancer tumorigenesis and metastasis by regulating of
miR-338-3p. XLOC_006390 siRNA was co-transfected with miR-338-3p inhibitor. (A) The viability of the SiHa

and Caski cells transfected by miR-338-3p inhibitor was detected by CCK-8. Cell invasion (B) and migration (C)
capacities were detected by Transwell assay and wound healing assay, respectively. The rate of apoptosis (D) and
cell cycle (E) of both SiHa and Caski cells was determined by flow cytometry analysis. The expression level mMRNA
(F) and protein (G) of the miR-338-3p target genes was determined by RT-PCR and western blot analysis.

CCK-8, Cell Counting Kit-8; NC, negative control; RT-PCR, reverse transcription polymerase chain reaction.
*p<0.05 vs. the NC group.

Based on the interactive effect between miRNA and IncRNA, this study screened out the
miRNAs that interact with IncRNA XLOC_006390 and further analyzes its molecular
mechanism. The target miRNAs of XLOC_006390 were predicted by LncBase Predicted v.2.
Among the predicted miRNAs, miR-125b-5p, miR-125a-5p, miR-940, miR-7-2-3p, miR-670-5p,
miR-331-3p, miR-338-3p, and miR-944 were all reported to play an important role in different
cancers. Moreover, miR-944, miR-940, miR-7, and miR-331-3p were also involved in cervical
cancer, among which miR-944 and miR-940 were demonstrated to exercise the function of
promoting cervical cancer cell proliferation, migration, and invasion [45,46]. Considering
that XLOC_006390 also promotes the survival of cervical cancer cells, our experiment
excluded the study of miR-944 and miR-940 from the angle of ceRNA role of IncRNA. Both
miR-~7 and miR-331-3p were reported to inhibit the metastasis and invasion of cervical cancer
[23,47]. However, the mechanism by which miR-7 and miR-331 inhibit the survival of cervical
cancer cells remains unclear. In our study, based on the prediction of XLOC_006390 sponge
miRNAs in LncBase Predicted v.2 database and previous studies [15-20], 6 miRNAs, miR-
125b-5p, miR-125a-5p, miR-7-2-3p, miR-670-5p, miR-331-3p, and miR-338-3p, were chosen
for further analysis. Previous evidences have demonstrated overexpression of miR-670-5p

in HCC and in hepatoma-derived cells Hep3B. The expression of miR-670-5p promoted
cellular proliferation and decreased expression of PROX1. On the other hand, overexpression
of PROX1 significantly inhibited cell proliferation, thereby implying that miR-670-5p plays
an important role in enhancing proliferation activity by modulating PROX1 expression at
posttranscriptional level [18]. The effect of overexpression of miR-670-5p was similar to that
of IncRNA XLOC_006390 on cancer cells. IncRNA can act as ceRNA to facilitate cervical
cancer progression through negative regulation of miRNA [48]. Of note, we found that the
levels of miR-331-3p and miR-338-3p were significantly increased when the XLOC_006390
was knocked down, indicating a sponge role of IncRNA XLOC_006390 to miR-331-3p and
miR-338-3p. Moreover, the expression levels of miR-331-3p and miR-338-3p were significantly
downregulated in cervical cancer tissues compared to the corresponding adjacent normal
tissues, which was in line with our aim on the regulation of tumor genesis via IncRNA
sponging miRNAs. Further, the expression of miR-331-3p target gene NRP2 and miR-338-

3p target genes PKM?2 and EYA2 was significantly downregulated when the XLOC_006390
was knocked down. These results indicated that XLOC_006390 may serve as a ceRNA and
reversely regulates the expression of miR-331-3p and miR-338-3p in cervical cancer cells.
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The above finding showed that XLOC_006390, as carcinogenic gene regulating cervical
cancer progression based on ceRNA mechanism, exhibited an obviously high expression

in cervical cancer tissues. It competitively binds miR-331-3p and miR-338-3p with mRNAs
related to cervical cancer development, antagonizes the inhibiting effect of miRNA against
the target genes, indirectly upregulating the expression level of mRNA, and promoting the
occurrence and development of cervical cancer. In this study, upregulation of miR-331-3p

and miR-338-3p was observed to inhibit the cervical cancer cell migration and invasion and
enhance the cell apoptosis, which indicates that miR-331-3p and miR-338-3p play critical roles
in the cervical cancer tumorigenesis and metastasis. Due to different effects of target genes
regulated by IncRNAs, IncRNAs are involved in multiple facets of cervical cancer process,
including cervical cancer cell proliferation, migration and invasion, prognosis, and survival
of patients [10]. XLOC_006390 was found to facilitate cervical cancer tumorigenesis and
metastasis by regulating miR-331-3p and miR-338-3p. Interestingly, in our previous study,

we shed light on the role of IncRNA XLOC_006390 in the progression and metastasis of
cervical cancer [13]. Based on the prediction of XLOC_006390 sponge miRNAs in LncBase
Predicted v.2 database, miR-7-2-3p was included. However, no expression of miR-7-2-3p was
observed in control or experimental group treated with si-lncRNA XLOC_006390. Similar
role of miR-7 was found in the regulation of SET8 in pancreatic cancer cells as that of IncRNA
XLOC_006390 in cervical cancer cells [49]. We thus speculated that the abundance of
miRNA might vary in different organs and tissues, for miR-122 is highly expressed in liver.

In addition, non-coding RNAs (IncRNA and miRNA) are involved in the regulation ofa
specific biological process, whereas a type of non-coding RNA participates in the modulation
of distinct processes. Our previous study illustrated the effect of IncRNA XLOC_006390

on cervical cancer proliferation through the regulation of SET8. However, in this study, we
showed that IncRNA XLOC_006390 could affect cervical cancer tumorigenesis by modulating
NRP2, EYA2, and PKM2; of which, the sponge of IncRNA XLOC_006390 to miR-331-3p

and miR-338-3p played a key role. However, future studies focusing on the clinical value

of IncRNA XLOC_006390 within in vivo model are required to elaborate the mechanism
systematically.

Our study showed that XLOC_006390 may serve as a ceRNA and reversely regulates the
expression of miR-331-3p and miR-338-3p, thus facilitating cervical cancer tumorigenesis
and metastasis. Difference in expression level of XLOC_006390 in cervical cancer could be
considered as the new molecular marker of cervical cancer progression and diagnosis and
provide novel insights for the treatment of cervical cancer.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Target genes of miR-331-3p and miR-338-3p involving in cancer tumorigenesis and metastasis

Click here to view

Supplementary Fig. 1

Cell invasion and migration capacities were detected by Transwell assay and wound healing
assay, respectively. (A) Cell invasion and migration capacities after SiHa and Caski cells
were transfected with miR-331-3p or miR-338-3p mimics. (B) Cell invasion and migration
capacities after XLOC_006390 siRNA was co-transfected with miR-331-3p inhibitor in SiHa
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and Caski cells. (C) Cell invasion and migration capacities after XLOC_006390 siRNA was
co-transfected with miR-338-3p inhibitor in SiHa and Caski cells.

Click here to view

Supplementary Fig. 2

Western blotting of miR-331-3p target gene NRP2 and miR-338-3p target genes PKM2

and EYA2 in SiHa and Caski cells. (A, B) NRP2, PKM2, and EYA2 in the XLOC_006390
knockdown SiHa and Caski cells. (C) NRP2, PKM2, and EYA2 protein level in SiHa and Caski
cells after up-regulations of miR-331-3p and miR-338-3p. (D) NRP2 protein level in SiHa and
Caski cells after inhibition of miR-331-3p. (E) PKM2 and EYA2 protein level in SiHa and Caski
cells after inhibition of miR-338-3p.

Click here to view
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