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Long non-coding RNA FGD5-AS1 contributes to cisplatin resistance in
hepatocellular carcinoma via sponging microRNA-153-3p by upregulating
Twinfilin Actin Binding Protein 1 (TWF1)
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ABSTRACT

Long non-coding RNA (IncRNA) FGD5 antisense RNA 1 (FGD5-AS1) was reported to exert critical
roles in multiple cancers. The current work aimed to determine the role of FGD5-AS1 in cisplatin
(DDP) resistance of hepatocellular carcinoma (HCC). The levels of FGD5-AS1, miR-153-3p, and
twinfilin actin binding protein 1 (TWF1) were analyzed using RT-gPCR. CCK-8, colony formation,
Transwell, and TUNEL assays were used to examine the ICso value of DDP, cell viability, invasion,
and apoptosis. The interaction between miR-153-3p and TWF1 or FGD5-AS1 was determined by
luciferase reporter and RIP assays. In our study, we found that FGD5-AS1 level was elevated in
DDP-resistant HCC tissues and cell lines. FGD5-AS1 silencing improved the sensitivity of HCC cells
to DDP. Moreover, FGD5-AS1 directly bound to miR-153-3p and FGD5-AS1 addition neutralized
the inhibitory impacts of miR-153-3p supplementation on DDP resistance in the HCC cells. In
addition, knockdown of TWF1 inhibited DDP resistance of HCC cells, which was reversed by miR-
153-3p deletion. Lastly, FGD5-AS1 interference decreased TWF1 expression level, which was
rescued by miR-153-3p inhibition. Our study exhibited that FGD5-AS1 promoted DDP resistance
through modulating the miR-153-3p/TWF1 axis in HCC cells. This could be an effective treatment
strategy for HCC patients.
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Introduction progression, including oral cancer and esophageal
squamous cell carcinoma [9,10]. However, the

Hepatocellular carcinoma (HCC) is the sixth most  effect of FGD5-AS1 on HCC chemoresistance is

common malignant tumor and the third leading
cause of cancer-associated mortality worldwide
[1,2]. Although the clinical treatment of HCC
vastly improved, the 5-year survival rate of HCC
patients is still low because of recurrence and
metastasis following surgery [3,4]. Thus, it is cru-
cial to identify new treatment targets for HCC
patients.

Extensive studies have shown that IncRNAs
served as vital functions in the drug resistance of
HCC [5,6]. For instance, LINC01234 accelerated
HCC cell line progression and chemoresistance by
targeting the miR-31-5p/MAGEA3 axis [7].
Enhanced CASC2 promoted DDP sensitivity in
HCC cell lines by sponging miR-222 [8]. Several
studies manifested that FGD5 antisense RNA 1
(FGD5-AS1) taken part in cancer malignant

unclear.

MicroRNAs (miRNAs) are small non-coding
RNAs (19-22 nts) that may cause cleavage or
repress the translation of mRNAs by targeting
their 3-UTR [11]. Accumulating evidence sug-
gested that miRNAs participated in the develop-
ment of multiple cancers, including HCC [12,13].
Moreover, miR-153-3p was uncovered to be
abnormally expressed in some cancers. For exam-
ple, circular RNA 0084043 increased melanoma
cell metastasis via absorbing miR-153-3p and
enhancing Snail [14]. miR-153-3p repressed breast
cancer cell line progression by downregulating
ROCK1 [15]. Nevertheless, the mechanism of
miR-153-3p in HCC is still undetermined.

Our study aims to investigate the role and mole-
cular mechanism of FGD5-AS1 in HCC, and we
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hypothesized that FGD5-AS1 enhanced DDP
resistance in HCC cells. Our data demonstrated
for the first time that FGD5-AS1 facilitated DDP
resistance via the miR-153-3p/twinfilin actin bind-
ing protein 1 (TWF1) axis, which might provide
a new treatment strategy for DDP-resistant HCC.

Materials and methods
Patients and specimens

DDP-resistant (n = 32) and DDP-sensitive HCC
tissues (n = 28) were collected between
September 2015 and January 2018. All patients
provided written informed consent prior to enroll-
ment, and the research was granted ethics
approval by the Ethics Committee of the Third
Affiliated Hospital of Soochow University. The
patients’ clinical features have been displayed in
Table 1.

Cell culture

The human HCC cells (Huh7 and Hep3B) were
gained from the American Type Culture
Collection (ATCC, USA). The DDP-resistant cells
(Huh?7/DDP and Hep3B/DDP) were established by
exposing their parental cells to increasing concen-
trations of DDP for 12 months. Then, cells were
cultured in RPMI-1640 medium at 37°C with 5%
CO,.

Table 1. Clinicopathological characteristics of patients with
hepatocellular carcinoma.

Characteristic Patients, n
Age, years

<55 12
>55 20
Sex

Male 22
Female 10
Tumor size, cm

<5 11
>5 21
Histological grade

Good 6
Moderate 18
Poor 8
Metastasis

With 13
Without 19

Cell transfection

shRNA targeting FGD5-AS1  (shFGD5-AS1),
shTWF1, and negative control (shNC), pcDNA3.1/
FGD5-AS1 and pcDNA3.1, miR-153-3p mimics/
inhibitor, NC mimic/inhibitor were purchased
from GenePharma. DDP-resistant HCC cell lines
were transfected with the above vectors using
Lipofectamine® 2000 (Invitrogen).

Reverse transcription-quantitative PCR (RT-qPCR).
Total RNA was isolated using TRIzol (Invitrogen).
The reverse transcription was done by a PrimeScript
reagent kit (Invitrogen). qQPCR was performed with
SYBRGreen PCR Master Mix kit (Takara) with
GAPDH/U6 as the endogenous control. Genes levels
were verified by 2~**“4 method [16]. The sequences of
the primers were as follows: FGD5-ASI: forward, 5'-
AACAGTGCCTATGTGGACGG-3' and reverse, 5'-
CCCATCACAGAGGTCCACAC-3;  miR-153-3p:
forward, 5-TGCGGGTGCTCGCTTCGCAGC-3'
and reverse, 5-CCAGTGCAGGGTCCGAGGT-3}
TWEI: forward, 5-TGGAGTCGCTGGTTTTCGCG
-3" and reverse, 5-CTGTGCTTTACTGCGCGCTC
-3 U6: forward, 5-CTCGCTTCGGCAGCACA-3’
and reverse, 5-AACGCTTCACGAATTTGCGT-3
GAPDH: forward, 5-ACACCCACTCCTCCACC
TTT-3' and reverse, 5-TTACTCCTTGGAG
GCCATGT-3'.

Cell counting kit 8 (CCK-8) assay

Cells were seeded into 96-well plates and treated with
various concentrations of DDP (0, 0.625, 1.25, 2.5, 5,
10, 20, 40 or 60 pg/ml). The CCK-8 solution was
added to the wells and incubated for 4 h. Then, OD
value was examined by a microplate reader at
450 nm. The ICsy of DDP was determined to be
the concentration of DDP to reduce viability by 50%.

Colony formation assay

HCC cells were plated in 6-well plates and incubated
in RPMI-1640 with 10% FBS. After 2 weeks, the cells
were fixed and stained with 0.1% crystal violet [17].

Transwell assay

Cell invasion was assessed via Transwell chambers
(8.0-pum pore size) and Matrigel. A total of 2 x 10°



cells was added to the upper chambers in serum-
free medium. RPMI-1640 medium (600 ul) was
added to the lower chambers. After incubation,
the invasive cells were stained with 0.1% crystal
violet and counted using a microscope [18,19].

TUNEL assay

A TUNEL Apoptosis kit (Roche Diagnostics
GmbH) was used to analyze cell apoptosis [20].
After dehydrating with ethanol, the DDP-resistant
HCC cells were stained and cultured with the
TUNEL reaction mixture (Roche Diagnostics).
A fluorescent microscope was used to observe the
TUNEL-positive cells.

Bioinformatic analysis

Prediction of downstream target sites of FGD5-
AS1 or miR-153-3p was performed using
StarBase. Medium stringency (>2) and strict strin-
gency (25) of CLIP data were used to screen the
downstream target of FGD5-AS1 and miR-153-3p,
respectively.

Dual-luciferase reporter assay

The wild-type (WT) or mutant (Mut) binding sites
of miR-153-3p and FGD5-AS1 or TWF1 were
inserted into pmirGLO vector (Promega). Then,
these were co-transfected into the HCC cells with
miR-153-3p mimics or NC mimics using
Lipofectamine® 2000 [21].

Western blotting

Total protein was extracted via RIPA buffer
(Beyotime). Proteins were divided with 10% SDS-
PAGE and transferred to PVDF membranes. Next,
membranes were probed with primary antibodies
targeted against: TWF1 and GAPDH (Abcam).
Subsequently, membranes were incubated with
secondary antibody (Abcam). Protein bands were
visualized by an enhanced chemiluminescent kit

(Applygen) [22].
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RNA-binding protein immunoprecipitation (RIP)
assay

RIP was performed with a Magna RIP kit (EMD
Millipore). Briefly, the cells were lysed in RIP lysis
buffer and the cell extracts were incubated with
Ago2 or IgG antibodies. FGD5-AS1 enrichment
was examined using RT-qPCR [23].

Statistical analysis

All quantitative data are presented as mean * SD.
The differences between groups were assessed
using Student’s t-test or one-way ANOVA.
P < 0.05 was regarded as statistically significant.

Results

The study was aimed to elucidate the role and
mechanism of FGD5-AS1 in DDP-resistant HCC,
and the functional experiments revealed that
FGD5-AS]1 facilitated DDP resistance in HCC via
the miR-153-3p/TWF1 axis, which might provide
a new theoretical basis for HCC treatment.

FGD5-AS1 level is elevated in DDP-resistant
HCC tissues and cells. Firstly, FGD5-AS1 level
was tested in HCC patients following DDP treat-
ment. RT-qPCR analysis disclosed that FGD5-AS1
level was elevated in DDP-resistant HCC tissues
(Figure 1a). Moreover, FGD5-AS1 was notably
increased in DDP-resistant Huh7 and Hep3B
cells (Figure 1b). All these discoveries concluded
that FGD5-AS1 might be implicated in DDP resis-
tance of HCC.

FGD5-AS1 silence suppresses DDP resistance in
the Huh7/DDP and Hep3B/DDP cells

To probe whether FGD5-AS1 mediated DDP
resistance in HCC cells, we transfected shFGD5-
AS1 into Huh7/DDP and Hep3B/DDP cells. The
knockdown efficiency was shown in Figure 2a.
Moreover, the ICsq of DDP was markedly reduced
by FGD5-AS1 deletion in the Huh7/DDP and
Hep3B/DDP cell lines (Figure 2b). Furthermore,
CCK-8, colony formation, and Transwell assays
implied that FGD5-AS1 deficiency notably sup-
pressed the viability and invasion of Huh7/DDP
and Hep3B/DDP cell lines (Figure 2c-f). Lastly, the
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Figure 1. FGD5-AS1 expression levels are upregulated in DDP-resistant HCC tissues and cells. (a) RT-qPCR was used to
determine relative FGD5-AS1 expression in DDP-resistant HCC tissues (n = 32) and DDP-sensitive HCC tissues (n = 28). (b) RT-qPCR
was used to analyze the expression of FGD5-AS1 in Huh7, Hep3B, Huh7/DDP and Hep3B/DDP cell lines. *P < 0.05.
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Figure 2. FGD5-AS1 knockdown suppresses DDP resistance in Huh7/DDP and Hep3B/DDP cells. (a) Reverse transcription-
quantitative PCR analysis was used to determine relative FGD5-AS1 expression in Huh7/DDP and Hep3B/DDP cells transfected with
shFGD5-AS1 or shNC. (b) CCK-8 assay was used to determine the ICsq value of Huh7/DDP and Hep3B/DDP cells transfected with shNC
or shFGD5-AS1. (c-d) CCK-8, (e) colony formation and (f) Transwell assays were used to analyze Huh7/DDP and Hep3B/DDP cell
proliferation and invasion, respectively, following the transfection with shFGD5-AS1 or shNC. (g) TUNEL assay was used to determine
the apoptosis of Huh7/DDP and Hep3B/DDP cells transfected with shFGD5-AS1 or shNC. *P < 0.05.



results from the TUNEL assay indicated that
FGD5-AS1 silence induced apoptosis in DDP-
resistant HCC cells (Figure 2g). Taken together,
FGD5-AS1 interference restrained DDP resistance
in HCC.

miR-153-3p is a target of FGD5-AS1 in
DDP-resistant HCC cells

The StarBase website presented that miR-153-3p
had binding sites with FGD5-AS1 (Figure 3a).
Subsequently, =~ miR-153-3p  supplementation
impeded the luciferase activity of FGD5-AS1-WT,
however, no effect was observed in FGD5-AS1-
Mut (Figure 3b and c). Moreover, the results
from a RIP assay found that miR-153-3p supple-
mentation increased FGD5-AS1 enrichment in the
RIP-Ago2 group (Figure 3d). In addition, RT-
qPCR results manifested that miR-153-3p was
downregulated in the DDP-resistant HCC cells
(Figure 3e). FGD5-AS1 overexpression blocked
the amount of miR-153-3p, which was promoted
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by FGD5-AS1 knockdown (figure 3f). In sum, the
above data manifested that FGD5-AS1 sponged
miR-153-3p in the Huh7/DDP and Hep3B/DDP
cell lines.

FGD5-AS1 regulates DDP resistance in DDP-
resistant HCC cell lines by targeting miR-153-3p.
To validate whether miR-153-3p was involved in
FGD5-AS1-mediated DDP resistance, a series of
rescue assays were performed. First, the results
revealed that FGD5-AS1 was elevated by FGD5-
AS1 addition (Figure 4a). Next, miR-153-3p was
elevated by miR-153-3p supplementation, which
was  weakened by FGD5-AS1  addition
(Figure 4b). Then, the IC5, of DDP was markedly
decreased following transfection of miR-153-3p
mimics, which was restored by the transfection
with FGD5-AS1 overexpression vector
(Figure 4c). Lastly, miR-153-3p addition sup-
pressed cell viability and invasion, and induced
apoptosis, while these effects were counteracted
by the overexpression of FGD5-AS1 (Figure 4d-
g). In summary, FGD5-AS1 was associated with
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Figure 3. miR-153-3p is a target of FGD5-AS1 in DDP-resistant HCC cells. (a) StarBase database was used to predict the binding
site between FGD5-AS1 and miR-153-3p. Dual luciferase reporter assay was used to determine the relative luciferase activity of
FGD5-AS1-WT or FGD5-AS1-Mut vectors in (b) Huh7/DDP and (c) Hep3B/DDP cells co-transfected with NC mimic or miR-153-3p
mimic. (d) RIP assay was used to measure the enrichment level of FGD5-AS1 in Huh7/DDP and Hep3B/DDP cells transfected with
miR-153-3p mimic or NC mimic. (e) RT-qPCR was used to analyze the relative expression levels of miR-153-3p in DDP-resistant and -
sensitive HCC cells. (f) RT-gPCR was used to determine relative miR-153-3p expression levels in Huh7/DDP and Hep3B/DDP cells
transfected with shNC, shFGD5-AS1, pcDNA3.1 and pcDNA3.1/FGD5-AS1. *P < 0.05.
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DDP resistance via modulating miR-153-3p in
HCC cells.

TWFI is a target of miR-153-3p. Through ana-
lyzing StarBase website, we uncovered that TWF1
had binding sites with miR-153-3p (Figure 5a).
Moreover, the luciferase activity of TWF1-WT
was inhibited in the Huh7/DDP and Hep3B/DDP
cells following miR-153-3p addition, but there was
no change in TWF1-Mut group (Figure 5b and c).
Subsequently, RT-qPCR assay elaborated that
TWEF1 level was markedly enhanced in DDP-
resistant HCC tissues (Figure 5d), and the mRNA
and protein levels of TWF1 was uncovered to be
elevated in the DDP-resistant HCC cells (Figure 5e
and f). The results from the RT-qPCR and western
blotting implied that TWF1 level was reduced
following miR-153-3p overexpression and was ele-
vated by miR-153-3p inhibition (Figure 5g and h).
The results elaborated that miR-153-3p could

Mutant TWF1 : 5 UUAUCUAAGGUAAUAGCCUAG 3'

Wildtype TWF1: 5 UUAUCUAAGGUAAUAUAUGCA3'
[RAREN
hsa-miR-153-3p: 3' CUAGUGAAAACACUGAUACGU5'

Relative luciferase activity
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interact with TWF1 in DDP-resistant HCC cell
lines.

TWEFI1 knockdown decreases DDP resistance in
DDP-resistant HCC cell lines by modulating miR-
153-3p. To probe whether TWF1 was involved in
miR-153-3p-mediated DDP resistance, the Huh7/
DDP and Hep3B/DDP cell lines were transfected
with shNC, shTWFI1, and shTWF1+ miR-153-3p
inhibitor. RT-qPCR exhibited that miR-153-3p
silence reduced miR-153-3p level in the DDP-
resistant HCC cells (Figure 6a). Moreover, TWF1
knockdown reduced TWF1 mRNA expression,
while inhibition of miR-153-3p rescued this effect
(Figure 6b). In addition, miR-153-3p deficiency
reversed the suppressive impacts of TWF1 silence
on the ICs, value of DDP, cell viability, and inva-
sion in the Huh7/DDP and Hep3B/DDP cell lines
(Figure 6¢c-g). On the contrary, the TUNEL assay
revealed that the knockdown of TWF1 promoted
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Figure 5. TWF1

is a target of miR-153-3p. (a) StarBase database was used to predict the binding site between TWF1 and

miR-153-3p. Dual luciferase reporter assay was used to determine the relative luciferase activity of TWF1-WT or TWF1-Mut in (b)
Huh7/DDP and (c) Hep3B/DDP cells co-transfected with NC mimic or miR-153-3p mimic. (d) RT-qPCR was used to analyze relative
TWF1 expression in DDP-resistant HCC tissues (n = 32) and DDP-sensitive HCC tissues (n = 28). (e) RT-gPCR and (f) western blotting
were used to determine the relative mRNA and protein expression of TWF1, respectively, in Huh7/DDP and Hep3B/DDP cells. (g) RT-
gPCR and (h) western blotting were used to determine the relative mRNA and protein expression of TWF1 in Huh7/DDP and Hep3B/
DDP cells transfected with NC mimic, miR-153-3p mimic, NC inhibitor and miR-153-3p inhibitor. *P < 0.05.
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cell apoptosis, while miR-153-3p knockdown abro-
gated this effect (Figure 6h). Besides, the results
elucidated that the interference with FGD5-ASI
reduced TWF1 mRNA and protein expression,
which was counteracted by miR-153-3p inhibition
(Figure 6i and j). In summary, TWF1 knockdown
impeded DDP resistance in HCC cells by mediat-
ing miR-153-3p.

Discussion

Mounting evidence indicated that IncRNAs were
associated with drug resistance in various types of
cancer [24]. This work is the first to elucidate
FGD5-AS1 function in DDP resistance in HCC
cells and reveal that FGD5-AS1 modulated TWF1
expression to aggravate DDP resistance in the
HCC cell lines by targeting miR-153-3p.

Previous reports have probed that FGD5-ASI
served as an essential role in tumorigenesis and
chemoresistance. For example, IncRNA FGD5-AS1
increased the metastasis by increasing the level of
cell division cycle associated 7 by sponging miR-
302e in colorectal cancer [25]. Overexpression of
FGD5-AS1 was associated with DDP resistance by
modulating the miR-140-5p/WEE1 axis in non-
small cell lung cancer [26]. Herein, it was uncov-
ered that FGD5-AS1 was distinctly increased in
DDP-resistant HCC tissues and cells, and interfer-
ence of FGD5-AS1 restrained the ICs, value of
DDP, cell viability and invasion, and facilitated
cell apoptosis. Therefore, these results revealed
that FGD5-AS1 enhanced DDP resistance in
HCC cells, suggesting that FGD5-AS1 might be
a therapeutic target for HCC.

MiR-153-3p was previously reported as a tumor
suppressor and involved in drug resistance in sev-
eral types of malignant tumors [27]. For example,
miR-153-3p targeted MCL1 apoptosis regulator,
BCL2 family member to inhibit ovarian carcinoma
progression [28]. miR-153-3p restrained DDP
resistance by sponging Nrf-2 in esophageal squa-
mous cell carcinoma [29]. The IncRNA ROR,
a regulator of reprogramming modulated ABCBI
to promote DDP resistance in an osteosarcoma
cell line via miR-153-3p [30]. The current study
observed that miR-153-3p directly bound to
FGD5-AS1. miR-153-3p addition repressed DDP
resistance, cell viability and invasion, and induced
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apoptosis, however, FGD5-AS1 overexpression
reversed these effects. The aforementioned results
revealed that FGD5-AS1 modulated DDP resis-
tance in HCC cell lines by sponging miR-153-3p.
TWF]I, an actin-binding protein, is reported to
modulate a diverse range of actin dynamics [31].
TWEF1 was reported to be aberrantly expressed in
multiple cancers. For example, miRNA-30 ¢
reduced pancreatic cancer cell viability by regulat-
ing TWF1 [32]. IncRNA SBF2-AS1 acted as
a ceRNA to reduce gemcitabine resistance in pan-
creatic cancer cells via the miRNA-142-3p/TWF1
axis [33]. miRNA-486-5p improved DDP sensitiv-
ity via modulating TWF1 in non-small cell lung
cancer [34]. Here, we uncovered that miR-153-3p
directly targeted TWF1, and TWEF1 level was
raised in DDP-resistant HCC cell lines. Then,
functional assays determined that miR-153-3p
deficiency neutralized the suppressive impacts of
TWEF1 depletion on the ICs, value of DDP, cell
viability and invasion. These results manifested
that FGD5-AS1 facilitated DDP resistance in
HCC cell lines via the miR-153-3p/TWF1 axis.
A previous research uncovered IL-11 was
a downstream target of TWF1 and TWF1 facili-
tated breast cancer progression through increasing
the level of IL-11 [35]. The failure to identify the
downstream mechanism of TWF1 is a limitation
to the present study. Therefore, further investiga-
tions to reveal the pathway involved in the FGD5-
AS1/miR-153-3p/TWF1 axis are required.

Conclusion

The results from the current research revealed that
FGD5-AS1 knockdown suppressed DDP resistance
in the HCC cells via decreasing TWF1 by sponging
miR-153-3p. These findings might provide
a promising treatment for overcoming DDP resis-
tance in HCC. In the future study, in vivo experi-
ments should be performed to further investigate
the role and mechanisms of FGD5-AS1/miR-153-
3p/TWEF1 axis in DDP-resistant HCC.
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