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Abstract

Long non-coding RNAs (IncRNAs) have been reported to participate in regulating gene expression and are related to tumor
progression. FGD5 antisense RNA 1 (FGD5-AS1) facilitates the progression of various tumors. However, the expression
and function of FGD5-AS1 in ovarian cancer (OC) and its mechanism of action are not yet clear. Real-time polymerase
chain reaction (RT-PCR) was employed to explore the expression levels of FGD5-AS1 and miR-142-5p in OC. The rela-
tionship between the expression of FGD5-AS1 and clinicopathological indicators of OC patients was analyzed by y test.
CCK-8 assay, BrdU assay, and Transwell assay were carried out to detect cell proliferation, migration, as well as invasion,
respectively. Subcutaneous tumorigenesis experiment and lung metastasis model were used to examine the biological effects
of FGD5-AS1 in OC in vivo. Dual luciferase reporter gene assay or RIP experiment was employed to explore the targeting
relationship between FGD5-AS1 and miR-142-5p, as well as miR-142-5p and PD-L1 3'UTR. First, we found that FGDS5-
AS1 was markedly up-regulated in OC. Moreover, its high expression level was associated with positive local lymph node
metastasis and higher T stage in OC patients. Gain-of-function and loss-of-function assays demonstrated that FGD5-AS1
facilitated the proliferation, migration, as well as invasion of OC cells. Mechanistically, it was revealed that FGD5-AS1
targeted miR-142-5p to repress its expression and function. Furthermore, miR-142-5p has a binding site for 3> UTR of
PD-L1, and FGD5-AS1 could positively regulate PD-L1 expression via repressing miR-142-5p. The present study reports
that FGD5-AS1/miR-142-5p/PD-L1 axis is involved in regulating OC progression.
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Ovarian cancer (OC) is one of the most common gyneco-
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advanced stage, and OC has a high potential for relapse and
metastasis, so the prognosis is extremely poor [3, 4]. Hence,
exploring valuable biomarkers and therapeutic targets is of
great significance to the patients with OC.

Long non-coding RNA (IncRNA) is characterized as a
transcript of more than 200 nucleotides and once consid-
ered as a by-product of genome transcription [5, 6]. Increas-
ing evidence demonstrates that IncRNA can modulate the
expression of target genes through various mechanisms [7].
In cancer biology, the dysregulation of IncRNA is involved
in facilitating or repressing tumorigenesis and cancer pro-
gression [8—12]. For example, IncRNA MNX1-AS1 facili-
tates the proliferation, migration, invasion, as well as epi-
thelial-mesenchymal transition of bladder cancer cells by
up-regulating RAB1A expression [10]; LncRNA LUADT1
boosts the migration and invasion of small cell lung cancer
by up-regulating the expression of TWIST1 [11]. Up to now,
the role of IncRNA FGDS5 antisense RNA 1 (FGD5-AS1) in
OC is unclear.

MicroRNAs (miRNAs) are a kind of small endogenous
single-stranded non-coding RNAs composed of 19-25
nucleotides [13, 14]. MiRNA participates in the regulation
of target gene expression through binding with 3’-untrans-
lated region (3'-UTR) [15-17]. MiR-142-5p is a cancer-
related miRNA. It targets Sorbin and SH3 domain-contain-
ing protein 1, and facilitates the metastasis of breast cancer
cells [18]. What’s more, miR-142-5p impedes the malignant
progression of lung adenocarcinoma by negatively regulat-
ing the expression of CDKS5 [19]. Nevertheless, the expres-
sion and mechanism of action of miR-142-5p in OC are
rarely studied. It is worth noting that bioinformatics analy-
sis suggests the existence of potential binding site between
FGD5-AS1 and miR-142-5p, indicating that FGD5-AS1 can
probably function as the molecular sponge of miR-142-5p.

Known as CD274, programmed cell death ligand-1 (PD-
L1) is a type I transmembrane glycoprotein consisting of 290
amino acid residues, and is the main ligand of programmed
death 1 (PD-1) [20]. PD-L1 is an immunomodulatory pro-
tein and induces tumor cells to escape immunity by sup-
pressing the immune response [21]. Many studies indicate
that PD-L1 expression markedly rises in a variety of malig-
nant tumor tissues and cell lines, which induces the apopto-
sis of immune cells, thereby promoting the occurrence and
progression of tumors [22-24]. PD-L1 is highly expressed
in the OC cell membrane and cytoplasm, and PD-L1 inhibi-
tors have potential to treat OC [25]. However, the upstream
mechanism of dysregulation of PD-L1 in OC still needs
further study.

The expression, clinical significance, as well as function
of FGD5-AS1 were explored in OC in this study. This study
confirmed for the first time that FGD5-AS|1 facilitated the pro-
liferation and metastasis of OC cells with in vivo and in vitro
experiments. Mechanistically, this study found that FGD5-AS1

facilitated OC progression by modulating miR-142-5p/PD-L1
expression. This study deepens the understanding of the mech-
anism of OC progression, which might offer new targets for
the treatment of ESCC.

Material and methods
Patients and tissue samples

This study got approval of the Research Ethics Committee
of The Third Hospital of Jilin University. OC patients under-
went tumor resection at The Third Hospital of Jilin Univer-
sity from June 2017 to June 2019, and all of them signed an
informed consent form. 52 cases of OC tissue specimens and
adjacent normal tissues (3 cm away from the tumor margin)
were obtained and immediately stored in liquid nitrogen.
None of the patients received radiotherapy, chemotherapy,
and molecular targeted drugs prior to tissue collection.

Cell culture

Human OC cell lines (OVCAR3, SKOV3, HO8910, A2780,
and COV644 cells) and normal ovarian epithelial cell line
(IOSE cells) were available from the Chinese Academy of
Sciences (Shanghai, China). Moreover, these cells were
inoculated in Roswell Park Memorial Institute (RPMI)
-1640 (Gibco, Carlsbad, CA, USA), in which 10% FBS (Inv-
itrogen, Carlsbad, CA, USA) and 100 U/mL penicillin and
0.1 mg/mL streptomycin (Sigma- Aldrich, St. Louis, MO,
USA) were added, and cells were then cultured at 37 °C in
5% CO, When cells confluence grew to about 80%, the
cells were trypsinized with 0.25% trypsin (Thermo Fisher
HyClone, Utah, USA) for subculture.

Cell transfection

The FGD5-AS1 overexpression plasmid, FGD5-AS1 small
interfering RNA (si-FGD5-AS1), and their negative controls
were designed and synthesized by GeneChem (Shanghai,
China). miR-142-5p mimics or miR-142-5p inhibitors and
their negative controls were available from Ribobio (Guang-
zhou, P.R. China). 2 x 10* cells per well were inoculated
into a 6-well plate, and after 24 h of culture, the medium
was then discarded. According to the manufacturer’s instruc-
tions, OVCAR3 cells and HO8910 cells were then trans-
fected with Lipofectamin®3000 (Invitrogen, Carlsbad, CA,
USA).

RNA isolation and quantitative real-time
polymerase chain reaction (RT-PCR)

Total RNA was extracted employing TRIzol reagent
(Invitrogen, Carlsbad, CA), and subsequently reversely
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transcribed into complementary DNA (cDNA) employ-
ing reverse transcription kit (Applied Biosystems, Fos-
ter City, CA, USA). SYBR® Premix-Ex-Taq kit (Takara,
Dalian, China) and RT-PCR detection system were utilized
to perform RT-PCR. The relative expressions of FGD5-
AS1, miR-142-5p, and PD-L1 were calculated employing
the 27 22T method. The primer sequences were available
from Genecopoeia (Guangzhou, China) (Table 1).

Evaluation of cell proliferation

Each group of cells was trypsinized with 0.25% trypsin
to prepare single cell suspension. Moreover, after count-
ing the number of the cells, the cells were inoculated in
a 96-well plate (approximately 2 x 10° cells per well) and
then placed in an incubator for culture. After the cells
were cultured for 1, 2, 3, 4, and 5 days, cell counting kit-8
assay (CCK-8) reagent (Beyotime Biotechnology, Shang-
hai, China) were added in each well, and the cells were
incubated for 2 h. Finally, TECAN infinite M200 Multi-
mode microplate reader (Tecan, Mechelen, Belgium) was
employed to detect the absorbance of each well at 450 nm
wavelength.

In BrdU assay, briefly, the cells were inoculated into a
96-well plate with 1000 cells per well for culture for 24 h,
followed by adding BrdU solution (Beyotime, Shanghai,
China). After 24 h of culture, 100 pL of fixative solution
was added. 30 min later, the cells were rinsed three times
and then blocked with 10% bull serum albumin (BSA)
for 30 min. After the cells were rinsed, anti-mouse BrdU
monoclonal antibody (Abcam, ab8152, 1: 300) was added
to incubate the cells for 1 h at room temperature. Next the
cells were stained with DAPI to label the nuclei, and then
the cells were observed under a fluorescence microscope
and counted.

Table 1 The sequences used for gqRT-PCR

Name Primer sequences

FGDS5-AS1 Forward: 5'-GAAGGGCCGAAGAG CTCAAT-3’
Reverse: 5'-GGCTCGCAAAGTGTCTGTTG-3'

miR-142-5p Forward: 5'-CATAAAGTAGAAAGCACTAC-3’

Reverse: 5'-GAACATGTCTGCGTATCTC-3'
U6 Forward: 5'-AGATTAGCATGGCCCCTGC-3’
Reverse: 5'-GCAGGGGCCATGCTAATCT-3'

PD-L1 Forward: 5'- CAAATGTTGTTTGGGTCATGC -3’

Reverse:5-GTAAAACGACGGCCAGTCATTCCT
TCCTCTTGTCACGC -3’

GAPDH Forward: 5- GGCATGGACTGTGGTCATGAG -3’

Reverse: 5'- TGCACCACCAACTGTTAGC -3’
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Evaluation of cell migration and invasion

Transwell experiment was utilized to evaluate cell migration
and invasion. The cells were trypsinized with trypsin and
collected. The cells were then re-suspended in serum-free
RPMI-1460 medium. The cells were then added to the upper
chamber of Transwell system (BD Biosciences, San Jose,
CA, USA) (2% 10° cells/well), and the lower chamber was
added with 600 pL of culture solution containing 20% FBS.
Subsequently, the cells were placed in an incubator at 37 °C
in 5% CO, for 24 h. After the cells remaining on the upper
surface of membrane were removed, the cells on the bottom
of the membrane were fixed with 4% paraformaldehyde, and
then stained with 0.1% crystal violet solution. After washed
and dried, the cells were photographed and counted. In cell
invasion experiment, except that the upper chamber of Tran-
swell needed to be coated with Matrigel in advance before
adding cells, the rest steps were as the same as those in the
migration experiment.

Western blot

Cells in each group were added with RIPA lysis buffer (Bey-
otime Biotcchnology, Shanghai, China) to extract the total
protein of cells in each group. After centrifugation (12000
r/min, 15 min), the supernatant was collected as the protein
sample. BCA Protein Assay Kit (Pierce, Rockford, IL, USA)
was utilized to assess protein concentration. The total protein
was subsequently separated by SDS-PAGE, and the protein
samples were then transferred to polyvinylidene fluoride
(PVDF) membrane. After that, the membrane was blocked
with 5% skim milk for 1 h. Moreover, primary antibody anti-
PD-L1 antibody (Abcam, ab205921, 1: 1000) was added
to incubate the membrane at 4 °C overnight. The next day,
Tris-buffered saline-Tween (TBST) was utilized to rinse the
membrane. After that, the secondary antibody (horseradish
peroxidase-labeled goat anti-rabbit IgG, 1: 2000) was added
to incubate the membrane at 37 °C for 1 h. After the mem-
brane was washed by TBST again, the protein bands were
developed by electrochemiluminescence (ECL) kit (Milli-
pore, Bedford, MA, USA).

Dual-luciferase reporter assay

Online bioinformatics databases (StarBase, TargetScan)
were employed to predict the target fragments between
FGD5-AS and miR-142-5p, as well as miR-142-5p and
PD-L1 3'-untranslated region (3’-UTR). The wild type
(WT) and mutant type (MUT) FGD5-AS1 fragments and
WT and MUT sequences from the 3'UTR of PD-L1 were
integrated into the luciferase reporter vector pmirGLO (Pro-
mega, Madison, WI, USA). Moreover, luciferase plasmids,
miR-142-5p mimics or negative control were co-transfected
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into OVCAR3 and HO8910 cells. Subsequently, 48 h after
the transfection, the luciferase activity of the cells was sub-
sequently measured employing the Dual-Luciferase Reporter
Assay System (Promega, Madison, WI, USA) according to
the manufacturer’s instructions.

RNA immunoprecipitation (RIP) assay

EZMagna RIP kit, human anti-Argonaute 2 (anti-Ago2
antibody), the anti-IgG (used as control) were purchased
from Millipore (Billerica, MA, USA). RIP analysis was per-
formed, which was based on the manufacturer’s protocol,
and NanoDrop spectrophotometer was employed to exam-
ine RNA concentration. Finally, RT-PCR was conducted to
analyze the enrichment of FGD5-AS1 and miR-142-5p in
the immunoprecipitate.

In vivo experiments

Female BALB/c nude mice (6-week-old, 20 g, Charles River
Laboratories, Guangzhou, China) were housed in a patho-
gen-free facility with a temperature of 24 +1 °C, a humid-
ity of 50%, 12-h light—dark cycle, and ad libitum access to
water and food. After one week of acclimation, animals were
randomly divided into two groups: control group and FGDS5-
AS1 knockdown group. The procedures in animal experi-
ments got approval from the Animal Model Research Center,
China-Japan Union Hospital of Jilin University. Moreover,
HO8910 cells in si-con group and si-FGD5-AS1 group in
the logarithmic growth phase were harvested. Subsequently,
after the cells were rinsed with PBS and resuspended, the
cell concentration was modulated to 2 x 108/ml. Cell sus-
pension (0.1 mL per mouse) was injected subcutaneously
in the back of nude mice to construct a model of subcuta-
neous xenograft tumor in nude mice (10 mice per group).
The general condition and tumor volume of nude mice were
observed, and the longest diameter (a) and the shortest diam-
eter (b) of the tumor were measured with a vernier caliper.
The tumor volume was calculated: V =ab?x 0.5, and tumor
growth curve was made. Nude mice were euthanized after
5 weeks and the tumors were weighed. To establish a lung
metastasis model, 2 x 10" HO8910 cells (si-con or si-FGD5-
AS1) were injected into each mouse via caudal vein (10 mice
per group). After 2 weeks, the mice were euthanized, and
the lungs were taken for hematoxylin—eosin (HE) staining.

HE staining

The paraffin was removed from the slices with xylene,
and the tissues were hydrated through high-concentration
to low-concentration ethanol (95%, 90%, 80%, and 70%).
After adding distilled water, the sections were subsequently
put into hematoxylin staining solution for stain for 3 min.

Furthermore, the colors were separated. Then, the sections
were rinsed with running water for 1 h and put into distilled
water for 1 min. After dehydrating in 70% and 90% etha-
nol respectively for 10 min, the sections were stained with
eosin staining solution for 2 min, and then dehydrated with
anhydrous ethanol. Subsequently, the sections were made
transparent with xylene, and finally the sections were sealed.
Pathological characteristics were observed under an inverted
microscope.

Statistical analysis

The data were all processed by SPSS 19.0 software (SPSS
Inc., Chicago, IL, USA). The data were expressed by
"mean + standard deviation" (x £s). The differences in the
data among multiple groups were compared employing one-
way ANOVA and LSD test. The difference between the data
of two groups was compared employing ¢ test. P <0.05 was
considered to be statistically significant.

Results

The expression characteristics and clinical
significance of FGD5-AS1 in OC

First of all, RT-PCR was employed to detect FGD5-AS1
expression in 52 pairs of OC samples. The results showed
that compared with that of non-tumor tissues, FGD5-AS1
expression in OC tissue was markedly up-regulated (Fig. 1a).
Furthermore, the expression of FGD5-AS1 in normal ovar-
ian epithelial cells (IOSE cells) and OC cell lines (OVCAR3,
SKOV3, HO8910, A2780, and COV644 cells) was also
examined. RT-PCR results showed that compared with
in IOSE cells, the expression of FGD5-AS1 in above five
OC cell lines was also observably up-regulated (Fig. 1b).
Moreover, and the median of FGD5-AS1 expression level
in cancer tissues of 52 patients was used as a standard to
differentiate high expression and low expression groups. y
test indicated that the expression of FGD5-AS1 was posi-
tively correlated with T stage and local lymph node metas-
tasis (Table 2). These research data hinted that FGD5-AS1
exerted an impact on promoting OC progression.

FGD5-AS1 facilitated OC cell proliferation,
migration, and invasion in vitro

The data mentioned above implied that among the five types
of cells (OVCAR3, SKOV3, HO8910, A2780, and COV644
cells), FGD5-AS1 expression was the lowest in OVCAR3
cells, while the highest in HO8910 cells (Fig. 1b). Therefore,
FGD5-AS1 overexpression plasmid was transfected into
OVCARS3 cells, and the FGD5-AS1 expression in HO8910
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Fig. 1 Expression of FGD5-AS1 in OC. a RT-PCR was employed to
verify the expression level of FGD5-AS1 in human OC tissues and
normal tissues adjacent to cancer (Total=52). b RT-PCR was utilized
to access the expression of FGD5-AS1 in normal ovarian epithelial
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cells (IOSE cells) and five OC cells (OVCAR3, SKOV3, HO8910,
A2780, and COV644 cells). *symbolizes P<0.05, **symbolizes
P <0.01, and ***symbolizes P <0.001

Table 2 The relationships

. Clinicopathologic factors
between FGD5-AS1 expression

Patients num-

FGD5-AS1 expression 7 P

- : ber (n=52) -
and clinicopathological factors Lower (n=26) Higher (n=26)
of OC

Age 0.0799 0.7775
<50 31 16 15
>50 21 10 11

Tumor size(cm) 1.9490 0.1627
<3 29 12 17
>3 23 14 9

Tumor histology 0.8976 0.6384
Serous 15
Mucinous 16
Endometroid 21 10 11

Lymph node metastasis 3.9140 0.0479%*
No 21 14 7
Yes 31 12 19

T stage 5.0424  0.0247"
I-1T 30 19 11
I 22 7 15

*p<0.05

cells was knocked down with siRNA, and RT-PCR con-
firmed that the over-expression and knock-down model was
successfully constructed (Fig. 2a). The results of CCK-8 and
BrdU experiments illustrated that compared with the control
group, FGD5-AS1 overexpression facilitated the prolifera-
tion of OVCARS3 cells (Fig. 2b, c). Subsequently, Transwell
experiment was conducted, and it was found that FGD5-
AS]1 overexpression promoted the migration and invasion of
OVCARS3 cells (Fig. 2d, e). In the contrary, knocking down
FGD5-AS1 markedly repressed the proliferation, migration,
as well as invasion of HO8910 cells (Fig. 2b—e). Besides, in
order to investigate the role of FGD5-AS1 on normal cells
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(IOSE cells), FGD5-AS1 overexpression plasmid and si-
FGD5-AS1 were transfected into IOSE cells, respectively
(Supplementary Fig. 1a). The results of CCK-8 showed that
neither up-regulation of FGD5-AS1 nor down-regulation of
FGD5-ASI significantly affected the proliferation of IOSE
cells compared with the control group (Supplementary
Fig. 1b).

FGD5-AS1 directly targeted miR-142-5p

LncRNA often participates in regulating malignant pro-
gression of tumors by adsorbing miRNAs. To explore
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Fig.2 FGD5-AS1 facilitated OC cell proliferation, migration, and
invasion in vitro. a FGD5-AS1 overexpressed plasmid and si-FGD5-
AS1 were transfected into OVCARS3 cells and HO8910 cells respec-
tively, and the transfection efficiency was verified by RT-PCR. b

the downstream mechanism of FGD5-AS1, StarBase
online database was utilized, and a potential binding site
between FGD5-AS1 and miR-142-5p was found (Fig. 3a).
Interestingly, there was a negative relationship between
FGD5-AS1 expression and miR-142-5p expression in
OC samples (Fig. 3b). Then dual luciferase reporter gene
experiment was performed, and the result illustrated that
compared with in the control group, miR-142-5p mim-
ics could markedly inhibit the luciferase activity of the
wild type FGD5-AS1 reporter, but no remarkable change
was found in the luciferase activity of the mutant type
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and ¢ CCK-8 experiment and BrdU experiment were employed to
examine the proliferation of OC cells. d and e Transwell assay was
employed to examine OC cell migration and invasion. *symbolizes
P <0.05, **symbolizes P <0.01, and ***symbolizes P <0.001

FGDS5-AS1 reporter (Fig. 3¢). Furthermore, RIP experi-
ment confirmed that compared with the IgG immuno-
precipitate, FGD5-AS1 and miR-142-5p were enriched
in Ago2 immunoprecipitate (Fig. 3d). Additionally,
RT-PCR results suggested that FGD5-AS1 overexpres-
sion in OVCAR3 cells markedly repressed miR-142-5p
expression, while knockdown of FGD5-AS1 in HO8910
cells induced an increase in miR-142-5p expression level
(Fig. 3e). Collectively, it was confirmed that miR-142-5p
in OC cells was a downstream target of FGD5-ASI1.

@ Springer



354

Apoptosis (2021) 26:348-360

A B

TargetSite: chr3:14985416-14985436(-]

-
o

. R?=0.7800 P<0.001

—
FGDS5-AS1(WT)  5' uuauacuagcUGUACUUUAUu 3'

[T

3' ucaucacgaaAGAUGAAAUAC §'

o
o

miR-142-5p

=4
o

FGDS5-AS1(MUT)  §'uuauacuagcUGUUGAAAUAu 3'
—

o
IS

C OVCAR3

HO8910

-
2
o

=3 miR-con =3 miR-142-5p

=3 miR-con E3 miR-142-5p

-
o
o

Led
o
o
o

[ ]

Relative luciferase activity
Relative luciferase activity

[]

Relative expression of miR-142-5p

=4
>
Fod
>

T T T T,
FGD5-AS1-WT FGD5-AS1-MUT FGD5-AS1-WT FGD5-AS1-MUT

1 2 3 4
Relative expression of FGD5-AS1
OVCAR3 HO8910 OVCAR3 HO8910
2129 = 196 = Ago2 T127 =166 E3 Ago2 é 1.5 4
= - o ey e
< 10 < 10 g
8 - 8 = 5 A 5. —
S }—{ x S L g 3
2 8 — 2 8 I [ 210 e — —
g -1 — @ &
56 X6 S g2
e = € 05 g
x « £ E 4
$ 2 $ 2 g |
S o S o S 0.0 o
x 0 T T o T T & O T T K T T
FGD5-AS1 miR-142-5p FGDS5-AS1 miR-142-5p con FGDS5-AS1 si-con si-FGD5-AS1
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142-5p were negatively correlated in OC samples. ¢ Dual luciferase
report analysis suggested that miR-142-5p could impede the lucit-
erase activity of wild type FGD5-AS]1 reporter, but had no significant

miR-142-5p repressed the malignant biological
behaviors of OC cells

Next, the expression of miR-142-5p in OC tissues and cell
lines was determined by RT-PCR. The results demonstrated
that compared with adjacent normal tissues, the expression
of miR-142-5p was markedly down-regulated in OC tissues
and cell lines (Fig. 4a, b). To explore the biological role
of miR-142-5p in OC, miR-142-5p overexpression model
and low expression model were successfully constructed
(Fig. 4c). The regulatory function of miR-142-5p in OC cell
proliferation, migration, and invasion were then examined by
CCK-8 experiment, BrdU experiment, as well as Transwell
assay, respectively. It was found that up-regulation of miR-
142-5p repressed cell proliferation, migration, as well as
invasion (Fig. 4d—f), whereas the opposite effect was found
after the inhibition of miR-142-5p expression (Fig. 4d—f).
These results illustrated that miR-142-5p played a tumor-
suppressive role in OC.

FGD5-AS1 participated in the regulation of OC cell
progression by adsorbing miR-142-5p

To verify the role of FGD5-AS1/miR-142-5p axis in OC,
miR-142-5p mimics were transfected into OVCAR3 cells
with FGD5-AS1 overexpression, and miR-142-5p inhibitors
were transfected into HO8910 with FGD5-AS1 knockdown
(Fig. 5a). The proliferation, migration and invasion of OC
cells were then assessed by CCK-8 experiment, BrdU exper-
iment, as well as Transwell experiment. It was found that
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impact on the luciferase activity of mutant type FGD5-AS1 reporter.
d RIP experiments verified the interaction between FGD5-AS1 and
miR-142-5p. e After up-regulating FGD5-AS1 in OVCAR3 cells and
knocking down FGD5-AS1 in HO8910 cells, RT-PCR was employed
to investigate miR-142-5p expression. ***symbolizes P <0.001

up-regulation of miR-142-5p partially weakened the promot-
ing effects of FGD5-AS1 overexpression on OVCAR3 cell
proliferation and metastasis, whereas the inhibitory effects
of knocking down FGD5-AS1 on the malignant biological
behaviors of HO8910 cells were partially reversed by miR-
142-5p inhibitors (Fig. 5b—e). These results illustrated that
FGD5-ASI took part in the regulation of OC cell prolifera-
tion and metastasis by adsorbing miR-142-5p.

PD-L1 is the direct target of miR-142-5p in OC

Bioinformatics database (StarBase, TargetScan) were used to
predict the target gene of miR-142-5p. Then, we used Venn
diagram to identify the shared genes in the two datasets. A
total of 702 potential target genes were screened (Fig. 6a). We
performed KEGG pathway analysis to elucidate the potential
biological functions of miR-142-5p integrated-signature. Inter-
estingly, the KEGG pathways enriched for the miR-142-5p
targets were mainly associated with cancer-specific pathways
(Supplementary Fig. 2). Importantly, there was a potential
binding site between miR-142-5p and the 3'UTR of PD-L1
(Fig. 6b). We performed a dual-luciferase reporter assay to
determine the direct binding relationship between 142-5p and
PD-L1 3'UTR in OC cells. The wild type and mutant type
PD-L1 3'UTR reporters were constructed. Then, we co-trans-
fected miR-142-5p mimics with the reporter vectors into OC
cells. Compared with the mutant type group, after the transfec-
tion of miR-142-5p, a significant reduction in the luciferase
activity of the wild type group was observed (Fig. 6¢). In addi-
tion, the results of Western blot and RT-PCR showed that the
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expression level of PD-L1 could be negatively regulated by
miR-142-5p and positively regulated by FGD5-AS1 (Fig. 6d,
e). The expression of miR-142-5p was also verified to be nega-
tively correlated with that of PD-L1, while a positive correla-
tion between the expression of FGD5-AS1 and the expression
of PD-L1 was observed (Fig. 6f, g). These data confirmed that
PD-L1 was a direct target of miR-142-5p in OC cells.

Knocking down FGD5-AS1 repressed OC
tumorigenesis in vivo

Furthermore, the function of FGD5-AS1 in vivo was
explored. HO8910 cells transfected with si-con or
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tion efficiency. d—f miR-142-5p overexpression markedly repressed
the proliferation, migration, and invasion of HO8910 cells, while
down-regulation of miR-142-5p expression facilitated the above bio-
logical behaviors of OVCAR3 cells. *symbolizes P <0.05, **symbol-
izes P<0.01, and ***symbolizes P <0.001

si-FGDS5-AS1 were inoculated on the back of each mouse to
observe the tumor size and weight. Compared with the con-
trol group, the growth rate of tumor volume was markedly
slowed down after knocking down FGD5-AS1 (Fig. 7a).
Additionally, compared with the control group, the aver-
age weight of tumors in the si-FGD5-AS1 group was sig-
nificantly reduced (Fig. 7b). RT-PCR results illustrated that
miR-142-5p expression was increased markedly in the tumor
tissues after knocking down FGD5-AS1 (Fig. 7c, d). RT-
PCR and Western blot indicated that after FGD5-AS1 was
knocked down, PD-L1 expression decreased at both mRNA
and protein levels in tumor tissues (Fig. 7e, f). Moreover,
a lung metastasis model was also established through tail
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Fig.5 FGD5-AS1/miR-142-5p was involved in the regulation of
malignant progression of OC cells. a miR-142-5p mimics were trans-
fected into OVCAR3 cells with FGD5-AS1overexpression. HO8910
cells with FGD5-AS1 knockdown were transfected with anti-miR-
142-5p. RT-PCR was utilized to examine the expression of miR-
142-5p in OC cells. b—e Upregulation of miR-142-5p weakened the

vein injection to evaluate the metastatic potential of OC
cells in vivo. The results suggested that the knockdown of
FGDS5-AS1 reduced the lung metastasis of OC cells (Fig. 7g,
Table 3).

Discussion

LncRNA is mainly transcribed by RNA polymerase II and
lacks an open reading frame [26]. LncRNA’s abnormal
expression and its mutations can facilitate or repress tumo-
rigenesis and cancer metastasis, and have potential signifi-
cance in cancer diagnosis and treatment [27-29]. For exam-
ple, compared with early OC (stage I/II), IncRNA ZFAS1
expression is higher in high-stage OC patients (stage II1/
IV); furthermore, the high expression of ZFASI is related
with a shorter overall survival time and disease-free sur-
vival time of OC patients [30]. LncRNA DANCR promotes

@ Springer

promoting effects of FGD5-AS1 overexpression on OVCAR3 cell
proliferation, migration, as well as invasion. Knocking down the
expression of miR-142-5p reversed the inhibiting effects on prolifera-
tion, migration, and invasion of HO8910 cells caused by knocking
down FGD5-AS1. *symbolizes P <0.05, **symbolizes P <0.01, and
***symbolizes P <0.001

the progression of OC by reducing UPF1 expression [31].
FGD5-AS1 has been reported to function as an oncogenic
IncRNA in colorectal cancer, oral cancer, lung cancer and
esophageal squamous cell carcinoma [32-35]. This study,
for the first time, reported that FGD5-AS1 was highly
expressed in OC tumor tissues and cell lines. Moreover, its
high expression was correlated with T stage and lymph node
metastasis of OC patients. Furthermore, in vitro and in vivo
experiments demonstrated that FGD5-AS1 regulated the
proliferation as well as metastasis of OC cells. The above
results suggested that FGD5-AS1 was a new cancer-promot-
ing factor in OC.

In recent years, more and more researches have shown
that the up-regulation or down-regulation of miRNA
expression can act on different targets or pathways and
thus affect the occurrence, development, and metastasis
of tumors [36]. miR-142-5p, one of the important mem-
bers of the miRNA family, represses the proliferation of
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Fig.6 PD-L1 is the direct or indirect target of miR-142-5p in OC. a
Venn diagrams of putative miR-142-5p targets predicted by TargetS-
can and StarBase. b The binding site between miR-142-5p and PD-L1
was shown. ¢ Dual luciferase report assay suggested that miR-142-5p
could repressed the luciferase activity of wild type PD-L1 reporter,
but had no significant impact on the luciferase activity of mutant type
PD-L1 reporter. d and e Western blor and RT-PCR was employed

pancreatic cancer cells and facilitates apoptosis by nega-
tively regulating the expression of RAP1A [37]. In OC,
miR-142-5p targets a variety of anti-apoptotic genes, such
as BIRC3, BCL2, BCL2L2, as well as MCL1, modulating
the apoptosis and chemosensitivity to cisplatin of cancer
cells [38, 39]. These studies illustrate that miR-142-5p
exerts a tumor-suppressive impact on cancer progression.
The present study reported that miR-142-5p overexpres-
sion markedly repressed the proliferation and metastasis
of OC cells, which is consistent with the previous reports.

to detect PD-L1 expression in OC cell lines after the selective up-
regulation or down-regulation of FGD5-AS1 or miR-142-5p. f The
expression level of miR-142-5p was negatively correlated with the
expression level of PD-L1 in OC samples. g The expression level of
PD-L1 was positively correlated with the expression level of FGD5-
AS1 in OC samples. **symbolizes P<0.01, and ***symbolizes
P<0.001

LncRNA, as competitive endogenous RNA (ceRNA),
can modulate gene expression by competitively binding with
miRNA as a molecular sponge and thus repressing its function.
For example, IncRNA GICHG absorbs miRNA-1281 to facili-
tate the malignant progression of breast cancer [40]; IncRNA
OIP5-AS1 promotes the proliferation of gastric cancer cells
by targeting miR-641 [41]. This study found that FGD5-AS1
played a cancer-promoting role in OC, whereas miR-142-5p
had an anti-cancer effect. It was supposed that ceRNA mech-
anism may also exist between FGD5-AS1 and miR-142-5p.
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Fig.7 Knockdown of FGD5-AS1 repressed tumor proliferation
and metastasis in vivo. a, b Knocking down FGD5-AS1 repressed
the growth of tumor weight and volume in vivo. c-e RT-PCR was
employed to investigate the expressions of FGD5-AS1, miR-142-5p,

In the present work, the binding site was predicted between
FGD5-AS1 and miR-142-5p through bioinformatics analysis.
Luciferase reporter gene assay and RIP experiment confirmed
that FGD5-AS1 could adsorb miR-142-5p. What’s more,
FGD5-AS1 overexpression impeded the expression of miR-
142-5p; conversely, knocking down FGD5-AS|1 increased the
expression level of miR-142-5p. Furthermore, the promoting
effects of FGD5-AS1 on OC malignant phenotypes could be
partially attenuated by miR-142-5p. It was concluded that
FGDS5-AS1 was involved in the regulation of OC cell pro-
liferation, migration, as well as invasion by functioning as a
molecular sponge for miR-142-5p.

PD-L1, as an important immunosuppressive factor,
becomes a predictive biomarker in cancer immunother-
apy and plays crucial roles in the progression of different
malignant tumors, including but not limited to melanoma,
lung cancer, kidney cancer, bladder cancer, as well as OC
[42, 43]. The binding between PD-L1 on the surface of

Table 3 Degree of of lung metastasis in nude mice

si-FGD5-AS1  si-NC Ve p
Severe 8 3 5.0505 0.0246
Mild 2
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and PD-L1 in tumor tissues of the mice. f Western blot was utilized
to quantify PD-L1 expression in tumor tissues. g HE staining was
utilized to detect lung metastasis of the mice. **symbolizes P <0.01,
and ***symbolizes P <0.001

tumor cells and PD-1 on T cells can repress T cell prolifer-
ation, reduce T cell activation, and make Th2 predominate
in the tumor microenvironment, thus resulting in tumor
immune escape [44]. Blocking PD1 or PD-L1 can restore
T cell viability and its cytotoxicity, and induce a Th1 phe-
notype, thereby rejuvenating T cells to have stronger anti-
tumor ability [44, 45]. In OC, PD-L1 stimulates IFN-y and
phosphorylates S6K, thereby facilitating OC cell prolifera-
tion and metastasis. In this process, IFN-y stimulation can
up-regulate the phosphorylation of AKT, while knocking
out PD-L1 can repress IFN-y-induced excessive activation
of the AKT signaling pathway [46]. Additionally, previous
studies have suggested that PD-L1 is negatively regulated
by miR-142-5p [47, 48]. This study confirmed that FGD5-
AS1 could adsorb miR-142-5p in OC. Therefore, it was
concluded that the FGD5-AS1/miR-142-5p/PD-L1 axis
was involved in facilitating OC progression.

To sum up, this study finds for the first time that FGD5-
AS1 is highly expressed in OC tissues and cells. Moreover,
its high expression is related to the adverse pathological
indicators of OC patients. Mechanistically, it is confirmed
that FGD5-AS1 facilitates cell proliferation, migration,
as well as invasion through the miR-142-5p/PD-L1 axis
(Fig. 8). FGD5-AS1 may be a new biomarker and therapy
target for the diagnosis and treatment of OC.
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Fig.8 Graphic abstract: FGD5-
ASI is significantly down-
regulated in OC tissues and
cell lines. In vitro and in vivo
assays show that FGD5-AS1
accelerates OC cell prolifera-
tion, migration and invasion of
OC cell. Mechanistically, it is
revealed that FGD5-AS1 can
increase PD-L1 expression via
competitively binding with
miR-142-5p in OC cells
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