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Abstract

manner.

Background Increased prevalence of hepatocellular carcinoma (HCC) remains a global health challenge. HCC chem-
oresistance is a clinical obstacle for its management. Aberrant miRNA expression is a hallmark for both cancer progres-
sion and drug resistance. However, it is unclear which miRNAs are involved in HCC chemoresistance.

Methods MicroRNA microarray analysis revealed a differential expression profile of microRNAs between the hepa-
tocellular carcinoma HA22T cell line and the HDACI-R cell line, which was validated by quantitative real-time PCR
(gRT-PCR). To determine the biological function of miR-342-5p and the mechanism of the microRNA-342-5p/CFL1 axis
in hepatocellular carcinoma HDACi resistance, loss- and gain-of-function studies were conducted in vitro.

Results Here we demonstrated the molecular mechanism of histone deacetylase inhibitor (HDACI) resistance

in HCC. Differential miRNA expression analysis showed significant down regulation of miR-342-5p in HDACI-R cells
than in parental HA22T cells. Mimics of miR-342-5p enhanced apoptosis through upregulation of Bax, cyto-C,
cleaved-caspase-3 expressions with concomitant decline in anti-apoptotic protein (Bcl-2) in HDACI-R cells. Although
HDACi did not increase cell viability of HDACI-R, overexpression of miR-342-5p decreased cofilin-1 expression, upregu-
lated reactive oxygen species (ROS) mediated apoptosis, and sensitized HDACI-R to HDACi in a dose-dependent

Conclusion Our findings demonstrated the critical role of miR-342-5p in HDACi resistance of HCC and that this
mechanism might be attributed to miR-342-5p/cofilin-1 regulation.
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Background

The reason behind the second most frequently occurring
cancer-related deaths across Taiwan is attributed to hepa-
tocellular carcinoma (HCC) [1]. Globally, it is the cause
for the fourth most frequently occurring cancer-related
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deaths, with approximately 850,000 new cases each year
[2, 3]. Most people with HCC are persistently infected
by hepatitis C and B viruses (HCV and HBV), with other
risk factors being smoking, excessive use of alcohol, dia-
betes, and obesity [3, 4].

Chemotherapeutic drug resistance is a clinical hur-
dle for cancer management [5]. Among the several drug
resistance mechanisms, diminished apoptosis in cancer
cells is one of the main challenges for cancer treatment
[6]. The non-coding MicroRNAs (miRNAs) in trans-
lational research have garnered attention, since they
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are important mediators in cell signaling [7]. miRNAs
are small RNA with approximately 23 nucleotides [8].
These have specific binding ability for the 3’- untrans-
lated region (UTR) of the target protein and through
their complement/mis-pair binding, prevent mRNA
translation and downregulate the target protein expres-
sion [9]. Thus, altered miRNA expressions determine the
activation of several regulatory signaling cascades and
remodify the cancer type from drug sensitive to resist-
ant [10]. The miRNAs have been identified as prospective
biomarkers in various cancers [11, 12]. Despite several
studies demonstrating the crucial role of miRNAs in
liver cancer, its involvement in chemotherapy resistance
remains unclear. Thus, it is important to analyze the piv-
otal miRNAs involved in liver cancer drug resistance for
enhancing miRNA-based cancer therapy.

The actin-depolymerising factors (ADF) family of pro-
teins including cofilin-1 (CFL1) exhibit comparative bio-
logical activities [13]. CFL1 engages actin and induces
cytoskeleton remodeling to facilitate cell migration after
activation by phosphatases [14]. Activated CFL1 translo-
cates to the mitochondria promoting cell death [15-17].
Liver cancer cells treated with reactive oxygen species
(ROS) inducers causes mitochondrial dysfunction via
cofilin-1[18]. Activated CFL1 reacts with BAX and sub-
sequently gets translocated to the mitochondria induc-
ing neuronal cell apoptosis [15]. Notably, anticancer drug
induced apoptosis is linked to their interactions with
BAX and accumulation of ROS. CFL1 phosphorylation is
particularly critical for the development of chemoresist-
ance in HCC [19].

We previously demonstrated a possible mechanism of
HCC chemoresistance [18]. Here, we aimed to determine
the functional miRNAs in drug-resistant and parental
cells to identify possible therapeutic strategies for HCC.
The present study reported the novel role of miR-342-5p
in HCC drug resistance. Further, miR-342-5p overexpres-
sion might be involved in chemosensitization and cell
death in HDAC inhibitor resistant HCC through CFL-1/
ROS regulation.

Materials and methods

Cell culture

The human HA22T cell line were procured from Biore-
source Collection and Research Center (BCRC), Hsin-
chu, Taiwan. The cells were grown in Dulbecco’s minimal
essential medium (DMEM; Sigma, St. Louis, Missouri,
USA). HDAC inhibitor (apicidin and suberoylanilide
hydroxamic acid (SAHA)) resistant cells (HDACi-R cells)
were developed using HA22T parental cells [20]. The
HDAC inhibitor cells were incubated with SAHA
(2 uM) in this investigation.
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Total protein extraction

The protein from the cells were extracted using RIPA
Lysis buffer (Thermo Scientific, USA) with phosphatase
inhibitors and proteinase K [20, 21]. After lysis, the cells
were centrifuged at 15,000 rpm for 30 min at 4 °C. The
isolated supernatant was preserved at —20 °C till further
analysis.

MTT assay

The cells were seeded in a 96-well plate (1x10* cells
per well) for 24 h for attachment [14, 22]. They were
treated for 24 h with different does (1-5 puM) of SAHA.
After removing the supernatant, 100 ul of MTT solu-
tion (0.5 mg/ml) was added to each well and incubated
at 37 °C for 4 h. The vitality of cells was evaluated by add-
ing 100 pl DMSO in the dark for 10 min to solubilize
formazan. A Multiskan'" GO Microplate Spectropho-
tometer (Thermo Fisher Scientific Inc., Waltham, MA,
USA) was used to measure the absorbance at 570 nm.
The percentage of cell viability was calculated by compar-
ing it with the control.

Drugs & antibodies

The anti-c-caspase-3 antibody (#9664) was supplied by
Cell Signaling Technology Danvers, USA. The antibod-
ies for Bcl-2 (sc7382), cofilin-1 (sc-53934), GAPDH (sc-
47778), anti-Cytochrome c¢ (anti-cyto-C) (sc-13560),
and anti-Bax (sc-7480) were supplied by Santa Cruz CA,
USA. All secondary antibodies coupled with horseradish
peroxidase, were supplied by Santa Cruz. All other rea-
gents were obtained from Sigma-Aldrich.

Western blot

Protein concentration were determined using Bradford
protein test dye (Bio-Rad, USA). The proteins (30 ug)
were separated using SDS-PAGE [21, 23], and the sepa-
rated proteins were transferred onto PVDF membranes
(Millipore, Belford, Massachusetts). These PVDF mem-
branes were then incubated at RT for 1 h with skimmed
milk. After TBST wash, the membranes were treated
overnight at 4 °C with specified primary antibodies. The
membranes were washed in TBST and incubated with
secondary antibody for 1 h at RT. The membranes were
detected using chemiluminescence solution (Millipore,
Billerica, MA, USA) and the images were acquired using
GE Digital Imaging Commerce, CA, USA.

Micro array analysis

The Total RNA isolated from HA22T or HDACi-Resist-
ance cell types were analyzed for differential miRNA
analysis using microrna Profiler miRNA Microarray
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Services (Human miRNA OneArray®). The log-twofold
change miRNAs expression of HDACi-R and parental
HA22T were calculated [24].

Prediction of mRNA targets

miRNA target predicting website miRTarBase, miRDB,
and TargetScanHuman were used to predict the potential
targets of miR-342-5p.

RNA preparation & qRT- PCR

The total RNA from HA22T or HDACI-R cells were iso-
lated using RNA Isolation System Quick-RNATM Mini
Prep kit (Zymo Research, Irvine, CA, USA) [25]. The
Mir-X miRNA First-Strand Synthesis Kit (TAKARA,
Ohtsu, Japan) and iScript’ ¢cDNA synthesis kit was used
to synthesize cDNA. The miRNA expression pattern was
analysed using RT-PCR (CFX96™ Quantitative Real-
Time system, Bio-Rad). All the reactions were carried out
in triplicates.

Flow cytometry

Apoptosis was analyzed using Annexin V low cytomet-
ric analysis. The HA22T and HDACi-R cells were treated
with miR-342-5p inhibitor/mimic. Following the manu-
facturer’s instructions, the cells were harvested and
stained with Annexin V-FITC apoptotic detecting kit
(BD, Biosciences, San Jose, CA, USA) [25] and analyzed
using FACS CantoTM equipment (BD, Biosciences). The
cells in each quadrant of FITC-A vs PI plot were gated to
produce cell singlets. Around 10,000 of the 50,000 visible
cells were counted. (1 — (Q3Drug/Q3Control)) resulted
in 100 percent cell death.

Analysis of mitochondrial ROS production

MitoSOX Red fluorescence probe was used to determine
mitochondrial ROS generation. The live-cell permeable
MitoSOX Red dye preferentially target mitochondria
and emits red fluorescence in the presence of superox-
ide. Briefly, 1x10° cell suspension per well were added
on four-chamber slide. Following treatment, cells were
PBS washed and incubated using MitoSOX Red (2.5 pM)
for 30 min at 37 °C in 5% carbon dioxide incubator. The
images were captured and examined in fluorescence
microscopy [20, 26—29].

MicroRNA and siRNA transfection studies

Depending on the siRNA and miRNA analysis, cell sus-
pension was seeded either in chamber plate or 10 cm
petri dish, respectively. The miRNA inhibitor or mimic
and scramble inhibitor, and the mimic were obtained
from RiboBio Guangzhou, China. siRNA control and
siCFL1 were obtained from USA, Life Technologies.
The siRNA was predesigned at Ambion®, Carlsbad, CA.
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Transfection was carried out using Polyplus-transfection
(Brant, France) and JetPRIME® reagents in accordance
with the manufacturer’s instructions [25].

TUNEL assay

Fluorescein-dUTP was used to stain and evaluate the
breakage of DNA strand as per manufacturer’s instruc-
tions (Roche Molecular Biochemical, Mannheim, Ger-
many). TUNEL positive cells were identified using
fluorescence microscopy [30].

Luciferase reporter assay

The Luciferase reporter assays was conducted according
to previously described [22-25]. CFL1 3'UTR wild and
mutant type luciferase plasmids were constructed using
pmirGLO empty vector (Promega, Madison, WI, USA).
According to the JetPRIME® reagents manufactures’s
guidelines miR-342-5r mimic, and with pmirGLO-3'UTR
or CFLl promoter plasmid were co- transfected after
HDACI-R cells. The dual-luciferase assay kit (Promega,
Madison,WI, USA) was used to detect the luciferase
activity.

Statistical analysis

Statistical analyses were conducted using one-way anal-
ysis of variance (ANOVA) and Student’s t-test (Prism
GraphPad 5). Statistical significance was set at *p <0.05,
** p<0.01 and ***<p 0.001. Images were quantified using
Image] software (NIH, Bethesda, MD, USA).

Results

Assessment of HDACi-R cell properties

We previously generated HDACi-resistance cell line
using HDAC inhibitor (SAHA and apicidin) from the
parental HA22T cells [19]. To confirm the chemoresist-
ance in HA22T and HDACI-R, the cells were exposed
to different doses of SAHA for 24 h and the cell survival
was evaluated. HDACI-R cells significantly resisted
SAHA-mediated cell death, while the viability was
found to decrease dose dependently in HA22T parental
cells (Fig. 1A, Fig. Sla-1c). Next, we analyzed the apop-
totic-related functional protein expressions from three
distinct passages of both cell types. HDACi-R cells
showed increased expression of anti-apoptotic pro-
tein (Bcl-2) levels than that of HA22T parental cells. In
addition, the expression of cleaved-capase-3, Bax, and
Cyto-C were down regulated in the HDACI-R cells than
in parental cells (HA22T) (Fig. 1B, C). Flow cytometric
analysis revealed that, SAHA significantly increased the
percentage of apoptotic cells in HA22T parental cells.
However, there was a no significant change in apoptotic
cell (%) in the HDACI-R cells after SAHA treatment
(Fig. 1D, E). These findings confirmed that, HDACi-R
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Fig. 1 Assessment of HDACI-R cell properties A HDAC inhibitor (SAHA) mediated drug resistance were evaluated in HDACI-R and HA22T cells
after 24 h treatment. ***p <0.001 compared to HA22T control, ###p < 0.001compared to HR control. The experiments were conducted in triplicate
and the results were expressed as the mean of £ SEM B Effect of SAHA on the protein expression of apoptotic markers (Bcl-2, Bax, Cyto-c,
cleaved-caspase-3) in HA22T and HDACI-R cells. € Densitometric analysis of apoptotic markers. The experiments were conducted in triplicate

and the results were expressed as the mean of + SEM **p < 0.01, ***p <0.001 compared to HA22T control, ##p < 0.01, ###p <0.001compared

to HR control. D Cell death for HA22T and HDAC-R cell types was detected using flow cytometry. E Percentage of apoptotic cells among HA22T
and HDAGI-R cells. The experiments were conducted in triplicate and the results were expressed as the mean of + SEM **p <0.01, ***p <0.001

compared to HA22T control: and not significant (NS) compared to HDACi-R control
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cells were resistant to SAHA with increased cell viabil-
ity than parental HA22T cells.

miR-342-5p was the key regulator of cell survival

in HDACi-R and HA22T cells

miRNAs are important in tumor development and
growth regulation [31]. The impact of miRNAs on HCC
drug resistance was examined in the HDACi-R and
HA22T cell types and their differential miRNA expres-
sions were determined using micro array. Among the
miRNAs, miR-342-5p showed differential expression
between HDACIi-R and HA22T cells (Fig. 2A). Com-
pared to HA22T cells, the overall level of miR-342-5p
expression in HDACIi-R cells was lower. The log-2
value of HR/HA hsa-miR-342-5p levels were found
to be -1.237847011; p values=0.000603399 (Fig. 2B).
Next, in order to confirm our micro array results we
evaluated the expression of miR-342-5p in HDACIi-R
and HA22T cells by qRT-PCR protocols. Our results
revealed that there was a significant downregulation
of miR-342-5p expression in HDACi-R cells than in
HA22T cells (Fig. 2C). To further examine the involve-
ment of miR-342-5p in chemoresistance, both paren-
tal and HDACI-R cells were treated with miR-342-5p
mimic and inhibitor Cells without treatment with
either mimic or inhibitor showed a significant change
in the miR-342-5p expression among the HA22T and
HDACI-R cells. There was a significant dose dependent
downregulation of miR-342-5p expression in the paren-
tal HA22T cells treated with inhibitor, while mimic
treatment significantly increased miR-342-5p levels
in HDACI-R cells (Fig. 2D). Furthermore, we explored
how miR-342-5p stimulated cell death in HCC. Cell
viability experiments showed that, HDACi promoted
apoptosis in HA22T cells, whereas overexpression of
miR-342-5p significantly downregulated cell prolif-
eration in both HDACi-R and HA22T cells (Fig. 2E).
Flow cytometry revealed that miR-342-5p mimic sig-
nificantly enhanced cell death among HDACIi-R cells
than in HA22T cells (Fig. 2F, G). In contrast to HA22T,
the resistant cells showed upregulated Bcl-2 levels
with concomitant downregulation in the Bax, cyto-C
and cleaved-caspase-3 expressions levels (Fig. 2H, I).
However, we found that miR-342-5p overexpression
in HDACI-R cells upregulated the apoptotic proteins
expressions of Bax, cyto-C, cleaved-caspase-3 with a
decline in anti-apoptotic protein expression of Bcl-2
than in HA22T cells (Fig. 2H, I). Cumulatively, these
results suggested that, miR-342-5p regulated cell via-
bility and proteins related to apoptosis and pro-sur-
vival in HDACI-R cells. These findings suggested that
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miR-342-5p is vital for chemoresistance, particularly in
HDACI-R cells.

miR-342-5p functional targeted CFL1 in hepatocellular
carcinoma

We confirmed that miR-342-5p is critical for HDACi-
resistance mechanism in HCC in-vitro. Next, we sought
to determine target of miR-342-5p. To identify the pos-
sible miR-342-5p targets, we searched three online
databases: the miRDB, miRTarBase, and TargetScanHu-
man (Fig. 3A, Table S1). CFL1 was one of the possible
targets that spanned all three databases and had been
linked to metastasis and invasion in several studies [32,
33]. To support this, we evaluated the mRNA and pro-
tein expression of CFL1 in both cell lines. CFL1 mRNA
expression was significantly greater in HDACIi-R cells
than in the parental cells (Fig. 3B). However, we extracted
whole-cell protein from three distinct passages through
western blotting. Phosphorylated CFL1 expression
was upregulated in resistant cells than in HA22T cells
(Fig. 3C, D). To determine whether miR-342-5p regulated
CFL1 expression, the cells were analyzed for their nRNA
and protein expressions after miR-342-5p inhibitor and
mimic treatment. CFL1 expression was downregulated
in HDACI-R cells followed by miR342-5p overexpression,
while it was significantly upregulated after miR-342-5p
inhibitor treatment in HA22T cells (Fig. 3E-G). These
findings showed that miR-342-5p targeted CFL1 and was
a crucial regulator of drug resistance in HDACIi-R cells.

miR-342-5p regulated HCC chemosensitivity in-vitro
Downregulated miR-342-5p levels in resistant cells inhib-
ited the production of apoptotic proteins. However, miR-
342-5p overexpression in HDACi-R cells promoted cell
death than in HA22T cells. Here we analyzed the func-
tional importance of miR-342-5p on the chemosensitiv-
ity of parental and resistant cells. HDACi suppressed
cell growth, whereas miR-342-5p inhibitor reversed the
cell death induced by HDACi in HA22T cells (Fig. 4A).
HDACi did not cause cell death in resistant cell type.
However, overexpression of miR-342-5p increased sen-
sitivity to HDACi in HDACIi-R cells (Fig. 4B). Next, to
confirm our MTT results we evaluated the impact of
apoptosis in HA22T and HDACI-R cells treated with
SAHA alone and in combination with miR-342-5p
mimic/inhibitor transfection by flow cytometry and
western blotting. Cumulatively, the results shown in
Fig. 4C-F indicate that, miR-342-5p inhibitor prevented
cell death induced by HDACi. Furthermore, miR-342-5p
overexpression enhanced the susceptibility of HDACi-R
cells to HDACi. Thus, miR-342-5p is an important regu-
lator of chemosensitivity in HCC cells.
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Fig. 2 miR-342-5p regulates cell survival in HDACi-R and HA22T cells. A Micro array of HDACi-R and HA22T cells showing differential miRNA
expression. B Comprehensive micro array assessment showing significant downregulation of hsa-miR-342-5p in HDACI-R cells. C Confirmation
of miR-342-5p expression in HDACI-R and HA22T cells through gRT-PCR. HDACI-R cells ***p < 0.001compared to HA22T cells. The experiments
were conducted in triplicate and results are expressed as the mean of + SEM. D Differential expression of miR-342-5p levels in HDACi-R and HA22T
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of miR-342-5p significantly reduced the cell viability of HDACi-R and HA22T cells. ***p <0.001 compared to HA22T cells, ###p <0.001 compared
to HDACI-R cells. The experiments were conducted in triplicate and results are expressed as the mean of + SEM. F,G Flow cytometry of apoptosis
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The experiments were conducted in triplicate and results are expressed as the mean of + SEM. H Western blotting for analyzing on the effect
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and mimic. I Densitometric analysis of apoptotic markers. The experiments were conducted in triplicate and results are expressed as the mean
of + SEM *p < 0.05 compared to HA22T control; and not significant (NS) # < p0.05, ###p <0.01compared to HR control
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of +SEM

miR-342-5p promoted ROS accumulation and cell death in
HCC cells via cofilin-1

Cofilin-1 induces chemoresistance in HCC cells by reg-
ulating ROS accumulation [19]. Additional investiga-
tion has shown that miR-342 targets cofilin-1 directly
in breast cancer [34]. Therefore, we evaluated whether
miR-342-5p promoted apoptosis through its regulation
of ROS accumulation and cofilin-1 expression. Figure 5A
shows the miR-342-5p targeting region on the 3’'UTR of
cofilin-1 [34]. To investigate the impact of miR-342-5p
on target gene suppression, we used luciferase reporter

assays with CFL 1 wild-type and mutants 3’'UTR. A sig-
nificant reduction in luciferase activity was observed
in HDACIi-R cells following co-transfection with miR-
342-5p mimic and cofilin-1 3 UTR wild type reporter
vectors (Fig. 5B). However, mutant type reporter target
sequences did not induce miR-342-5p mimic. Following
this report, we investigated whether cell death induced by
miR-342-5p was associated with the production of ROS.
We found that ROS accumulation was greater in the
HA22T control than in HDACI-R cells. Overexpression
of miR-342-5p induced ROS production in HDACi-R
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Fig. 4 miR-342-5p regulated HCC chemosensitivity. A miR-342-5p knockdown inhibited HDACi-induced cell death of HA22T type. **p < 0.01,
***p<0.001 compared to HA22T control. The experiments were conducted in triplicate and results are expressed as the mean of + SEM. B
miR-342-5p mimic induced chemosensitivity of resistant cells. ###p < 0.001compared to HR control. The experiments were conducted in triplicate
and results are expressed as the mean of + SEM.C Flow cytometry of the combinational treatment of SAHA and miR-342-5p mimic/inhibitor. D
Effect of SAHA and miR-342-5p mimic/inhibitor on the percentage of apoptotic cells. ***p <0.001 compared to parental control, and not significant
(NS), ##p <0.01, ###p <0.001 control compared to resistant control. The experiments were conducted in triplicate and results are expressed

as the mean of + SEM. E Western blotting analyze the apoptotic proteins in the presence of SAHA and miR-342-5p mimic/inhibitor. F Densitometric
analysis of apoptotic markers. The experiments were conducted in triplicate and results are expressed as the mean of + SEM **p <0.01, ***p <0.001
compared to HA22T control, ##p <0.01, ###p < 0.001compared to HR control

cell type (Fig. 5C). Further, we assess the potential role
of ROS accumulation and apoptosis after co-transfected
with miR-342-5p mimic and siCFL1 in HDACi-R and
HA22T cells by western blotting and Tunel assay. ROS
increased the expression of cleaved-caspase-3 in paren-
tal cells than in resistant type. Additionally, miR-342-5p
overexpression downregulated cofilin-1 expression and
promoted ROS-induced apoptosis (Fig. 5D, E). A similar
effect was observed in the siRNA-mediated knockdown

of cofilin-1, which also increased the ROS sensitivity of
HDACI-R (Fig. 5D, E). Notably, in resistant cells, upregu-
lation of miR-342-5p resulted in increased ROS genera-
tion. These findings revealed that, miR-342-5p regulated
cell survival in HCC cells via CFL-1 mediated accumula-
tion of ROS.

The schematic representation of the current inves-
tigation. MiR-342-5p overexpression inhibits cofilin-1
phosphorylation, enhances ROS generation, releases
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cytochrome C, and induces apoptosis in HDACi-R can-
cer cells.

Discussion

Drug resistance and recurrent metastasis is a significant
problem and causes therapeutic failure in cancer prog-
nosis. Here, we sought to uncover key miRNA and the
mechanism involved in HCC drug resistance (Fig. 6).
CFL-1 is associated with cell metastasis and invasion
[32, 33], cytoskeleton reorganization [35], cell differen-
tiation [36]. These molecular pathways suggested that
cofilin-1 might be a critical protein for the regulation of
cancer cell metastasis. Our previous findings showed that
Cofilin-1 may be a potential gene related to chemoresist-
ance in HCC [19]. Our current in vitro study suggested

that anti-cancer medication increased ROS generation as
well as cell mortality through cofilin-1 translocation into
the mitochondria (Fig. 6). Our previous research identi-
fied that the drug resistant strategy of cofilin-1 was medi-
ated by decreased mitochondrial translocation after ERK
phosphorylation with subsequent decline in ROS levels
and cell death [18]. Thus, we hypothesized that cofilin-1
might be a potential therapeutic target for attenuating
HCC drug resistance.

miRNAs which are abnormally expressed have been
linked in epigenetic regulation of genes involved in
cancer [37, 38]. Alteration in miRNA expressions have
also been implicated in the pathogenesis of pancreatic,
breast [39], liver and lung cancers [40]. The miRNAs
influence cancer cell initiation and metastasis [41].
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Our findings for the first time provided evidence that
miR-342-5p might/may be an important regulator in
HCC drug resistance. miR-342-5p has been reported as
potential tumor suppressor in neuroblastoma [42-44].
miR-342-5p mediated targeting of NAA10O suppresses
colon cancer growth and induces apoptosis [45]. miR-
342-5p suppresses cell invasion, migration and cell pro-
liferation in osteosarcomas and restores doxorubicin
sensitivity by targeting WnT7b [46—48]. Accordingly,
in this in-vitro study, we reported that miR-342-5p,
play an important role in the molecular mechanisms
of HCC chemoresistance. Overall, through this inves-
tigation, we showed clear evidence that miR-342-5p is
associated with anti-drug resistance in HCC in-vitro.
After developing HDACIi-R cells, we confirmed the
chemoresistance of HDACI-R cells resistant to HDACi
SAHA with different concentrations in-vitro (Fig. 1).
miR-342-5p expression was significantly reduced than
in HA22T cells (Fig. 2). Thus, miR-342-5p overexpres-
sion promoted cell death in both parental and resist-
ant cells. However, the effect was considerably higher
in HDACi-R cells (Fig. 2). An increased expression
level of CFL 1(inactive form), one of the target genes,
was observed in HDACI-R cells than in parental cells
(Fig. 3). miR-342-5p downregulation promotes chem-
oresistance and cell survival, suggesting that the
miR-342-5p target gene, CFL 1, may be crucial for
HCC survival and chemoresistance (Fig. 3). The over
expression of miR-342-5p showed higher sensitivity
to HDACI-R cells with combinational treatment with
SAHA and mimic in-vitro (Fig. 4). Additionally, miR-
342-5p mediated CFL-1 targeting induces ROS lev-
els, apoptosis and enhances chemosensitivity, whereas

similar observations found after knockdown CFL1 with
either siCFL1 alone or siCFL1 and mimic (Fig. 5).

Therefore, we hypothesized that over expression of
miR-342-5p suppresses the phosphorylation of cofi-
lin-1, increases the accumulation of reactive oxygen spe-
cies (ROS), triggers the release of cytochrome C, and
promotes death in HDACi-R cancer cells. Notably, this
suggests that miR-342-5p might be a potent tumor sup-
pressor in HCC chemosensitivity in-vitro. However, fur-
ther studies are needed to clarify our hypothesis, since
in-vitro settings do not replicate the extensive physi-
ological interactions observed in living organisms [49,
50]. Likewise, the nature and integrity of the cellular and
extracellular architecture is missing in in-vitro mod-
els. Therefore, hinders its ability to accurately represent
the actual biological processes that occur in vivo studies
[51]. It also should be noted that the dynamic nature of
the living organisms could also affect the HDACi efficacy
in vivo studies. It is crucial to acknowledge the limita-
tions inherent in our experimental strategy. Our investi-
gations do not include in-vivo validation, solely focused
on in vitro experiments. this study provides significant
insights into the association of miR-342-5p with HCC
chemoresistance and the possible therapeutic targeting
of CFL-1. Future investigations of in-vivo experiments
and clinical applications should enhance the significance
of targeting miR-342-5p and CFL-1 in HCC chemosensi-
tivity of our in-vitro findings.

Conclusion

Our findings indicate that down regulated miR-
342-5p expression is an important contributor for
HDACIi-R. Further, overexpression of miR-342-5p in
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HDACI-R cells promoted cell death through ROS/
CFL-1 regulation in vitro. In summary, miR-342-5p
might act as potent sensitizer for HADACi mediated
chemoresistance in HCC.
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