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Abstract

The mechanism of arsenic-induced liver toxicity is not fully understood. This study aimed to investigate the role of LINC00942
in arsenic-induced hepatotoxicity by regulating miR-214-5p. As the exposure dose of NaAsO, gradually increases, cell
viability, intracellular GSH content, A¥m, and the protein levels of GCLC and GCLM were reduced significantly. Apoptosis
rate, ROS, and expression of apoptosis-related and NF-xB pathway proteins increased. The expression of LINC00942 was
increased, while the expression of miR-214-5p was decreased. After suppressing LINC00942 levels, NaAsO, exposure further
decreased cell viability, intracellular GSH content, AYm, GCLC protein, and miR-214-5p expression. The apoptosis rate,
ROS, and apoptosis-related and NF-xB pathway proteins further increased. miR-214-5p is targeted and negatively regulated
by LINC00942. After miR-214-5p was overexpressed, NaAsO, further decreased cell viability, intracellular GSH content,
A¥m, and GCLC protein expression compared to NaAsO, exposure. The apoptosis rate, ROS, apoptosis-related and NF-xB
pathway proteins p65, and IKKf were higher than those exposed to NaAsO,. LINC00942 inhibitor along with miR-214-5p
inhibitor combined with NaAsO, treatment resulted in increased cell viability, GSH, Bcl-2, and GCLC protein expression
and decreased apoptosis rate, apoptosis related, p65, IKKp protein, and A¥Wm, as compared to the combined NaAsO, and
si LINC00942 group. NaAsO, exposure induces oxidative damage and apoptosis in LX-2 cells by activating NF-kB and
inhibiting GSH synthesis. During this process, the expression level of LINC00942 increases, targeting to reduce the level
of miR-214-5p, then weakening the effect of NaAsO, on NF-«B, thereby alleviating cellular oxidative damage and playing
a protective role.
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Introduction concerns for hundreds of millions of people around the

globe [1]. The liver is an important target organ for arsenic

Arsenic and its compounds exist widely in nature and can
be absorbed by humans in different ways. Exposure to arse-
nic compounds continues to pose substantial public health
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toxicity. Oxidative stress-induced lipid peroxidation is con-
sidered to be one of the important mechanisms of arsenic
hepatotoxicity. Glutathione (GSH) is a substance that main-
tains redox homeostasis in cells, which regulates hepatocyte
apoptosis caused by oxidative damage [2]. The pathway that
NF-kB downregulates the level of GCLC to inhibit GSH
synthesis plays a crucial role in arsenic-induced apoptosis
[3]. However, the specific mechanism has not yet been fully
elucidated.

MicroRNAs (miRNAs) are small non-coding RNA mol-
ecules that regulate gene expression by binding to the 3'
untranslated region (3'-UTR) of target genes, inhibiting
mRNA translation or stimulating mRNA degradation. It
plays a role in the inflammation, proliferation, and apopto-
sis of liver cells [4-6]. MiR-214 is a product of the 110 bp
miR-214 gene in the intron of the Dynamin-3 gene on human
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chromosome 1-NC_000001.10. MiR-214-5p is processed
from the 5' arm of the miR-214 precursor and is involved
in coordinating a variety of physiological processes, which
plays a role in in liver detoxification [7]. In addition, miR-
214-5p also regulates the process of arsenic-induced oxida-
tive stress [8]. Recent studies have found that miR-214-5p
can not only regulate the level of intracellular GSH to par-
ticipate in oxidative stress [9] but also promote the activation
of the NF-kB signaling pathway to induce apoptosis [10].
Many studies have found that miRNAs are regulated by long
non-coding RNAs (LncRNA) and participate in the process
of cell oxidative damage and apoptosis [11-13]. IncRNA
RMRP regulates the expression of p53 and induces apopto-
sis of HOC2 cells by targeting miR-214-5p [14]. At the same
time, on the website (http://mircode.org/), it was predicted
that miR-214-5p may have a potential target binding site
with LINC00942.

Long non-coding RNA is a non-coding RNA with a tran-
scription length of more than 200 nt, which plays a role in
cell differentiation, proliferation, and apoptosis [15]. LncR-
NAs can regulate cellular oxidative damage by affecting the
NF-«B signaling pathway through binding to the 3'-untrans-
lated region of miRNAs; e.g., LncRNA NEAT1 can promote
oxidative damage in renal tubular epithelial cells by activat-
ing the TLR4/NF-kB pathway through targeted inhibition of
miR-130a-3p [16]. Long intergenic non-protein coding RNA
00942 (LINCO00942) is located on chromosome 21 and can
be involved in the regulation of cell proliferation by targeting
METTL14 protein [17], PI3K/mTOR [18], etc. It has been
reported that LINC00942 is also involved in the transcrip-
tion process of GCLC [19], but the role of LINC00942 in
hepatocyte apoptosis by arsenic-induced oxidative damage
has rarely been reported.

In summary, arsenic can inhibit the synthesis of GSH
and induce apoptosis by activating the NF-xB pathway, and
the regulation of miR-214-5p by arsenic can also regulate
the expression of related proteins in the NF-kB pathway.
LINC00942 may target miR-214-5p and affect the expres-
sion of GCLC, a key enzyme subunit of GSH synthesis.
However, it has not been reported whether arsenic can affect
NF-xB by regulating miR-214-5p through LINC00942. In
the present study, the human liver LX-2 cell was treated
with different concentrations of NaAsO, and si LINC00942,

(OD value of the experimental group — OD value of blank group)

miR-214-5p mimic to illuminate the function and mecha-
nism of LINC00942, miR-214-5p in arsenic-induced
apoptosis.

Materials and Methods
Cell Culture and Treatments

LX-2 cell line was purchased from Wuhan Procell Life Tech-
nology Co., Ltd. (CL-0560, Wuhan). It is an immortalized
cell line obtained from human liver stellate cells transfected
with SV40 T antigen, which retains the key characteristics
of liver stellate cells such as signal transduction gene expres-
sion. The cells were cultured in DMEM medium (Grand
Island, NY, USA) supplemented with 10% fetal bovine
serum (South America) and 1% penicillin—streptomycin
(Beyotime, Shanghai, China) in an atmosphere of 5% CO,
at 37 °C. Based on our previous research [3], LX-2 cells
were exposed to NaAsO, at concentrations of O pM, 10 pM,
15 pM, 20 pM, and 25 pM for 24 h or 15 pM for 12 h, 24 h,
and 48 h.

Wright’s Giemsa Staining

LX-2 cells were cultured in 6-well plates according to the
preset grouping, then operated according to the instructions
of the modified Giemsa staining solution, and observed with
an optical microscope.

Cell Viability Detection

Cell Counting Kit-8 (Beyotime, Shanghai, China) was
used to determine cell viability. The cells were cultured in
96-well plates with a volume of 100 pL/well (1 x 10* cells/
well). After treatment, 10 pL CCKS8 solution was added
to each well, incubated at 37 °C and 5% CO, for 3 h, and
the absorbance was measured at 450 nm with a microplate
reader. Finally, cell viability is calculated according to the
following formula. In the formula, the OD value is optical
density, the control group is the untreated LX-2 cell group,
the experimental group is the treated LX-2 cell group, and
the blank group is the solvent control group.

x 100%

Cell Vibility =

(OD value of control group — OD value of blank group)

Apoptosis Rate

Treated LX-2 cells were collected, washed twice with
4 °C PBS, and mixed in 50 pl sample buffer. Then, 5 ul

@ Springer

Annexin V-FITC and 2.5 pl propidium iodide were added
to the mixed cells for staining. After 10 min of incubation
without light, the apoptotic cells were detected using flow
cytometry.
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Cellular Mitochondrial Membrane Potential

Cells were digested with trypsin and washed twice with
PBS; 1 ml of JC-1 staining solution was added to each well,
mixed, and incubated at 37 °C, 5% CO, for 20 min. Cells
were centrifuged at 600 g, 4 °C for 4 min, washed twice
with JC-1 staining buffer, resuspended, and analyzed by flow
cytometry.

GSH Content Detection

The GSH content in the cells was detected by trace reduced
glutathione (GSH) assay kit (Beyotime, Shanghai, China)
after collecting processed cells, operating according to the
instruction of the kit, using a microplate reader to detect the
absorbance at 405 nm, and then calculating the concentra-
tion of GSH in the cells according to the formula.

Active Oxygen Detection

The intracellular ROS levels were detected using a
2',7'-dichlorofluorescein diacetate (DCFH-DA) fluores-
cent probe. After collecting the cells, 1 mL of 10 pM
DCFH-DA was added to each tube, incubated for 20 min
at 37 °C in a 5% CO, incubator, washed twice with
serum-free DMEM, resuspended, and analyzed by flow
cytometry.

Mitochondrial Morphology

Cells were digested with trypsin for 1 min and centrifuged at
1000 rpm/min for 2 min, and the cell pellets were deposited
at the bottom of the EP tube; normal temperature fixative
solution containing 2.5% glutaraldehyde was added. After
fixing it at room temperature in the dark, transfer it to a 4 °C
refrigerator for storage in the dark. After mixing acetone
and isoamyl acetate at a ratio of 1:1, the fixed sample was
dehydrated for 10 min, followed by dehydration in isoamyl
acetate reagent for 30 min, then soaked in 50% acetonitrile
solution, 70% acetonitrile solution for 15 min, and acetoni-
trile solution with increasing concentration of 10% for the
same time, and finally vacuum dried after soaking in 95%
and 100% acetonitrile solution. When the sample was dried
and returned to room temperature, the air was released,
and the sample was observed with a transmission electron
microscope.

Plasmid Transfection

Si LINC00942, si NC, miR-214-5p inhibitor, inhibitor NC,
miR-214-5p mimic, and mimic NC (Gemma, Shanghai)
were transiently transfected into LX-2 cells using Lipo-
fectamine 2000 (Invitrogen, USA) according to plasmid

transfection instructions. After 5 h of transfection, the subse-
quent intervention experiments were continued after remov-
ing the transfection medium.

qRT-PCR

RT-PCR was performed to detect the expression levels of
LINC00942 and miR-214-5p. Total RNA was extracted
using Trizol® Reagent, and 5 pl of total RNA was used as
a template for cDNA synthesis at a final concentration of
200 ng/pl according to the instructions of the ReverTrAce
PCR RT kit. Reverse transcription was performed in the
presence of 5 X RT buffer, RT enzyme mix, and primer
mix. SYBR Green Realtime PCR Master Mix-Plus kit was
used with 1 ng cDNA as a template, GAPDH as an internal
reference, and U6 as an internal reference for miR-214-5p.
The Quant Studio 6 Flex system was used for real-time
fluorescence quantification. For primer sequences, see
Table 1.

Western Blot

Cells were lysed with cell lysis buffer (RIPA: PMSF:
phosphatase inhibitor, 100:1:1). Protein concentration was
detected using the BCA protein concentration assay kit
(Beyotime Biotechnology, P0010, CHINA). Proteins were
separated by SDS-PAGE gel electrophoresis and transferred
to PVDF membranes under 300 mA constant current. The
PVDF membrane was then blocked with 0.1% Tween 20
and 5% skimmed milk powder or 5% BSA for 1.5 h. PVDF
membranes were incubated with anti-NF-kBp65 antibody
(ab16502, abcam), anti-IKK-f antibody (#8943, Cell
Signaling Technology), anti-GCLM antibody (ab126704,
abcam), anti-GCLC antibody (ab207777, abcam), anti-
Caspase 3 antibody (19,677—1-AP, proteintech), anti-Bcl-2
antibody (12,789-1-AP, proteintech), anti-BAX antibody
(50,599-2-1g, proteintech), anti-Cleaved-Caspase 3
antibody (ab32042, abcam), and anti-GAPDH monoclonal
antibody (TA-08, ZSGB-BIO) primary antibodies, which

Table 1 PCR primer sequence

Gene Primer Sequence (5°-3”)
GAPDH Forward GGAAGCTTGTCATCAATGGAAATC
Reverse = TGATGACCCTTTTGGCTCCC
U6 Forward CTCGCTTCGGCAGCACA
Reverse = AACGCTTCACGAATTTGCGT
HmiR-214-5p  Forward TGGTGTCGTGGAGTCG
Reverse =~ ACACTCCAGCTGGGTGCCTGTCTA
CACTTG
LINC00942 Forward ~AAATTATCAGCACAGCTTGGG
Reverse = CACAGACCTTCCTCGGTTG
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Fig. 1 Effect of different con-
centrations of NaAsO, on cell
morphology. The red arrow in
the figure points to the apoptotic
deep-stained cell, the magnifica-
tion is X 40, and the scale bar is
100 pm
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were incubated overnight at 4 °C. In a membrane reaction
coupled to horseradish peroxidase and horseradish enzyme-
labeled goat anti-rabbit IgG (H+L) (ZB-2301, ZSGB-BIO)
or biotinylated goat anti-mouse IgM (ZB-2055, ZSGB-
BIO). Reactions were detected by chemiluminescence.
The intensity of the bands was quantified using Image J
software.

Fluorescenceln SituHybridization

The localization of LINC00942 and miR-214-5p in
LX-2 cells was determined by FISH. Cells were fixed
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Fig.2 Effect of different concentrations of NaAsO, on cell viability
and apoptosis. A The viability of LX-2 cells after exposure to dif-
ferent concentrations of NaAsO, for 24 h. B The viability of LX-2
cells after exposure to 15 pM NaAsO, at different times. C The level
of apoptosis of LX-2 cells detected by flow cytometry Q3-1, Q3-2,
Q3-3, and Q3-4 indicates mechanically injured cells, late apop-
totic cells, normal cells, and early apoptotic cells. D Quantitative
data on apoptosis rates of cells treated with different concentrations
of NaAsO,. E, F Western blotting images and quantitative data of
relative expression level of BAX, Bcl-2, caspase 3, cleaved-cas-
pase 3, and Bax/Bcl-2. *It indicates a comparison with the control
group, P<0.05. **It indicates a comparison with the control group,
P<0.01,n=3
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Fig.3 Effects of different concentrations of NaAsO, on mitochon-
dria of LX-2 cells. A Cellular mitochondrial structures were observed
using transmission electron microscopy. The first column represents
the structures of different groups of LX-2 cells and mitochondria
atx2.0 k Zoom, with a scale bar of 5.0 pm; the second column repre-
sents the cellular and mitochondrial structures of the blue part of the
first column observed atx 7.0 k Zoom, with a scale bar of 2.0 pm; the
third column represents the cellular and mitochondrial structures of
the red part of the second column observed at 15.0 k Zoom, scale bar
is 1 pm. Blue arrowheads indicate the outer mitochondrial membrane,
and yellow arrowheads indicate the mitochondrial cristae. B Effect
of different concentrations of NaAsO, on mitochondrial membrane
potential. C Quantitative data on mitochondrial membrane poten-
tial treated with different concentrations of NaAsO,. **It indicates a
comparison with the control group, P<0.01, n=3
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with 4% paraformaldehyde and operated according to
the instructions, and fluorescently labeled probes were
used for hybridization, respectively. The nuclei of LX-2
cells were stained using DAPI (Beyotime, Shanghai,
China).

Dual Luciferase Reporter Assay

Plasmids were constructed with miR-214-5p mutated
to the wild-type LINC00942-3'-UTR (WT) bind-
ing site. Sea kidney luciferase and firefly luciferase
sequences were constructed into reporter fluorescent
plasmid vector and internal reference plasmid vector,
respectively. The constructed reporter plasmids were
co-transfected with cells. Then the luciferase activity
was detected using a dual luciferase reporter system
to determine the targeting site of action of LINC00942
and miR-214-5p.

Statistical Methods

Statistical analyses were performed using GraphPad
Prism 8.0 software. Mean + SD was used to express the
expression of cell viability, apoptosis, redox-related
index genes, and proteins. Comparisons between mul-
tiple groups were performed using one-way ANOVA.
Tukey’s multiple test was used for multiple compari-
sons among groups. Statistical significance was set at
P <0.05.

Results

The Effect of NaAsO,on the Morphology, Cell
Viability, and Apoptosis of LX-2 Cells

Morphological changes of cells treated with NaAsO,
using Wright’s Giemsa staining. The typical morphologi-
cal features of cell apoptosis, including cell shrinkage and
loss of normal nuclear architecture, were observed in the
NaAsO,-treated group under the light microscope, which
was not observed in the control group (Fig. 1).

To analyze the effect of NaAsO, exposure, we exposed
LX-2 cells to different concentrations of NaAsO, (10 pM,
15 pM, 20 pM, and 25 pM) and measured cell viability and
apoptosis rate. Cell viability was significantly decreased
(Fig. 2A), and apoptosis rate was significantly increased at
15 pM (Fig. 2C,D). Then, we treated the cells with 15 pM
NaAsO, at different times (12 h, 24 h, and 48 h). The cell
viability decreases significantly when the time reaches 24 h
(Fig. 2B). The expression levels of apoptotic proteins caspase
3, cleaved-caspase 3, and BAX/Bcl-2 were increased after
NaAsQO, treatment (Fig. 2E-J) (all P <0.05).

NaAsO, Induces Oxidative Stress by Activating
NF-kB and Inhibiting GCLC Signaling Pathway

It was found that the nuclear membrane of the control cells
was intact. The mitochondrial membrane was clear and
connected to the ridge, which became tubular. There were

Fig.4 NaAsO, induces oxida- A C
tive stress through the NF-xB/ Control NaAsO, 10uM NaAsO, 15uM
GCLC signaling pathway. ‘ i ECANE = 104
A Effect of different concentra-
tions of NaAsO, on cellular = B0y
ROS. B Quantitative data on o 2 % o6l
the level of ROS treated with e S
different concentrations of T = E 1
NaAsO,. C Effect of different © 202
concentrations of NaAsO, on o0
intracellular GSH. D, E The T 0 10 15 20 25
changes of IKKp, p65, GCLC, - ¥ NaAsO; (nM)
and GCLM were detected after Y e
the cells were intervened with
. . D E
different concentrations of
NaAsO, for 24 h. *Compared IKKp \E’ 87KD £ 207 OuM 10pM 15 (. 20\ MUSR M
with the control group, P <0.05. % a
**Compared with the control P65 @ 65KD E‘ 1.5 ) * o wk
group, P<0.01,n=3 e —— : '
[——— ] 5
31IKD 2 0.5 *
% 0.0 T T T T
NaAsO, ¢ 10 15 20 25 IKKB pés GCLC GCLM
(xM)
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breaks in the external mitochondrial membrane after the
intervention with 15 pM and 25 pM NaAsO,. The internal
membrane and the ridge connection were also disrupted,
and the ridge became blurred and invisible (Fig. 3A). The
mitochondrial membrane potential of cells was significantly
reduced after NaAsO, treatment (Fig. 3B,C).

After treating LX-2 cells with NaAsO,, the levels of ROS
were significantly increased compared with the control group
(all P<0.01) (Fig. 4A,B). Meanwhile, we also detected the
intracellular GSH content and found it significantly reduced
exposure to NaAsO, (all P<0.01) (Fig. 4C). NaAsO,
exposure significantly increased the protein expression
of IKKp and p65 and decreased the protein expression of
GCLC and GCLM (all P<0.05). These results indicated
that NaAsO, activated the NF-kB/GCLC pathway to induce
apoptosis (Fig. 4D-E).

miR-214-5p Plays a Role in the Apoptosis of LX-2
Cells Induced by NaAsO,

NaAsO, exposure significantly reduces the level of
intracellular miR-214-5p (all P<0.05) (Fig. 5A). MiR-214-5p
was highly expressed using miR-214-5p mimic, and mimic NC
was used as a negative control and then combined with 15 pM
NaAsQO, for 24 h. Compared to the arsenic exposure group,
the cell viability (Fig. 5B) and the GSH content (Fig. 51)
were significantly reduced. The apoptosis rate (Fig. 5C,D),
the permeability of the mitochondrial membrane (Fig. SE-F)
and the level of ROS (Fig. 5G—H) were significantly increased
(all P<0.05). Moreover, the protein expression of IKKf and
p65 was higher, and the expression level of GCLC protein
was lower when the level of miR-214-5p was overexpressed
(Fig. 51.K).

LINC00942 Regulates the Expression of miR-214-5p
Under the Effect of NaAsO,

The dual luciferase reporter assay found that there was no
significant difference in luciferase activity after mutating
the binding sites of LINC00942 and miR-214-5p, indicating
that LINC00942 can directly bind to miR-214-5p (Fig. 6A).

The results of FISH staining showed that after NaAsO,
treatment, the green fluorescence intensity of LINC00942
increased, while the red fluorescence intensity of miR-
214-5p decreased. More importantly, LINC00942 and miR-
214-5p were distributed in the same position in the cells
(Fig. 6B).

LINC00942 Plays a Role in the Apoptosis of LX-2
Cells Induced by NaAsO,

When the concentration of NaAsO, reaches 15 pM at
different times, the expression levels of LINC00942 were
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significantly increased (all P <0.05) (Fig. 7A). In the
follow-up experiment of this study, the dose of NaAsO,
was 15 uM, and the exposure time was 24 h. To further
investigate the role of LINC00942 in NaAsO,-induced
apoptosis, we transfected si LINC00942 into cells,
constructed a cell model with low expression of LINC00942,
and transfected si NC into cells as a negative control, then
combined with 15 pM NaAsO, for 24 h. It was found that
the viability and GSH content (Fig. 7B,I) were significantly
reduced. On the opposite, the apoptosis rate (Fig. 7C,D),
mitochondrial membrane permeability (Fig. 7E,F), and the
level of ROS were significantly increased (Fig. 7G,H) (all
P <0.05). Moreover, the protein expression of IKKf and p65
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Fig.5 Effects of miR-214-5p on NaAsO, inducing NF-xB, inhibiting
GSH synthesis, and inducing cellular oxidative damage and apop-
tosis. A The expression level of miR-214-5p in LX-2 cells exposed
to NaAsO, at different concentrations and at different times. B The
effect of NaAsO, on cell viability after high expression of miR-
214-5p. C, D The effect of NaAsO, on apoptosis rate after overex-
pression of miR-214-5p. E, F Effect of NaAsO, on mitochondrial
membrane potential after high expression of miR-214-5p. G, H Effect
of NaAsO, on ROS after high expression of miR-214-5p. I Effect
of NaAsO, on GSH after high expression of miR-214-5p. J, K The
effect of NaAsO, on IKKf, p65, GCLC, and GCLM proteins after
high expression of miR-214-5p. B-K The treatment concentration of
NaAsO, was 15 pM, and the treatment time was 24 h. *Compared
with the control group, P <0.05. **Compared with the control group,
P<0.01. #Compared with the NaAsO, and mimic NC co-acting
group, n=3
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were higher, and the expression level of GCLC protein was
lower in the NaAsO, plus si LINC00942 group (Fig. 7J,K).

LINC00942/miR-214-5p Regulates the Role of NF-kB/
GCLC in NaAsO,-induced Apoptosis

In order to further explore the role of LINC00942
in NaAsO,-induced apoptosis through miR-214-5p,
we constructed a cell model with low expression of
LINCO00942 and low expression of miR-214-5p. We
found that in the case of NaAsO, exposure, reducing
the expression of LINC00942 can restore the expres-
sion level of miR-214-5p. Then, the expression of miR-
214-5p was inhibited after after adding miR-214-5p
inhibitor (Fig. 8A).

In the presence of NaAsO,, inhibition of the expres-
sion of LINC00942 significantly reduced cell viability;
after inhibition of miR-214-5p expression, cell viability
was restored (Fig. 8B). In contrast, the apoptosis rate
of cells was significantly increased after the expres-
sion of LINC00942 was inhibited and decreased with
the down-regulation of the expression level of miR-
214-5p (Fig. 8C,D). The pro-apoptotic protein caspase

3, cleaved-caspase 3, and BAX/Bcl-2 ratio were signifi-
cantly increased after LINC00942 reduction and were
decreased after miR-214-5p expression was suppressed
(all P<0.05); the expression of anti-apoptotic protein
Bcl-2 was decreased after the decrease of LINC00942
(P <0.05) and increased after miR-214-5p decreased,
but the difference was not statistically significant
(Fig. 8E-J).

Inhibition of LINC00942 resulted in a decrease in
intracellular mitochondrial membrane potential and
GSH content and an increase in ROS levels. After jointly
inhibiting the expression of miR-214-5p, compared with
inhibiting LINC00942 alone, the mitochondrial mem-
brane potential and GSH content of cells increased, while
ROS levels decreased (Fig. 9A-E) (all P <0.05). Treat-
ment with si LINC00942 increased the expression levels
of IKKp and p65 and decreased the expression of GCLC.
After combining with miR-214-5p inhibitor to inhibit
the level of miR-214-5p, the protein expression levels of
KK and p65 were reduced, and the expression of GCLC
was increased (all P <0.05). The expression changes of
LINCO00942 and miR-214-5p did not affect the levels of
GCLC (Fig. 9F-)).

mm NC miR-214-5p mimic
S 1.5
<
A ke
LINC00942 GGGUCCUGUCCUGAGCcCCCGUG ;_5 1.04
I s : =
miR-214-5p UGACGGACAGACACGGACGACA g e
S 0.5
LINC00942 MUT GGGUAACAGUCUGAGCCCCGUG 2
=
& 0.0 ; :
B LINC00942 WT LINC00942 MUT
LINC00942 miR-214-5p DAPI
Control

NaAsO, 15pM &%

Fig.6 Regulation of LINC00942 and miR-214-5p under the effect
of NaAsO,. A Binding sites of LINC00942 and miR-214-5p and
dual luciferase report results. B Use FISH to locate the positions of
LINCO00942 and miR-214-5p in the cells, LINC00942 is stained with

green light, and miR-214-5p is stained with dyed red. The treatment
concentration of NaAsO, was 15 pM, and the treatment time was
24 h. *It indicates P <0.05 compared with the control group, n=3
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Discussion

The hepatotoxicity induced by arsenic has become a
research hotspot recently. In this study, we found that
LINC00942 was induced to be highly expressed by
NaAsO,, which targeted and inhibited the expression
of miR-214-5p. Reduction of miR-214-5p expression
partially attenuated NaAsO, induced activation of NF-kB
pathway and oxidative damage, which helps refine the
theory of arsenic liver toxicity.

Several studies have shown that NaAsO, can increase the
level of ROS, which in turn causes redox imbalance within
the cells and ultimately induces apoptosis [20, 21]. GSH is
a key antioxidant substance in cells, and the reduction of
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Fig.7 Effects of LINC00942 on NaAsO, inducing NF-kB, inhibiting
GSH synthesis, and inducing cellular oxidative damage and apop-
tosis. A The expression level of LINC00942 in LX-2 cells exposed
to arsenic at different concentrations and at different times. B The
effect of NaAsO, on cell viability after inhibiting the expression
level of LINC00942. C, D The effect of NaAsO, on the apoptosis
rate after inhibiting the expression level of LINC00942. E, F Effect
of NaAsO, on mitochondrial membrane potential after inhibiting
LINC00942 expression level. G, H The effect of NaAsO, on ROS
after LINC00942 expression level. I The effect of NaAsO, on GSH
after inhibiting the expression level of LINC00942. J, K The effect of
NaAsO, on IKKf, p65, GCLC, and GCLM proteins after inhibiting
the expression level of LINC00942. B-K The treatment concentration
of NaAsO, was 15 pM, and the treatment time was 24 h.*Compared
with the control group, P<0.05. **Compared with the control
group, P <0.01. #Compared with arsenic and si NC co-acting group,
P<0.05,n=3
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its synthesis is an important reason for redox imbalance.
The synthesis of GSH is affected by the activity of the
y-glutamylcysteine synthetase (y-GCS). y-GCS is composed
of two subunits, GCLC and GCLM, of which GCLC plays
a major role in the generation of GSH [22]. A previous
study found that GCLC protein and mRNA were negatively
regulated by NF-kB under the effect of NaAsO,, further
affecting the production of GSH. Finally, it increased the
level of apoptosis [3]. These conclusions are consistent with
our results.

LINCO00942 is a proto-oncogene, and its aberrant
expression is associated with a variety of malignant
tumors [23-25]. In this experiment, we found that
LINCO00942 is elevated with arsenic exposure and
plays a compensatory role in the process of fighting
oxidative stress. It has been found that the overproduc-
tion of ROS in hepatocytes under the action of arsenic
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leads to the compensatory reaction of cells to enhance
the antioxidant capacity of cells [26]. LINC00942 is
positively regulated by the cellular antioxidant pro-
tein Nrf2 [19]. Several studies have shown that arsenic
exposure can induce the production of reactive oxygen
species and increase the expression of Nrf2 [27-29].
These results suggest that arsenic-induced oxidative
stress can activate the Nrf2 signaling pathway through

cellular compensatory action, thereby increasing the
level of LINC00942 and playing a role in resisting oxi-
dative damage.

Dual luciferase reporter assays determined that
LINCO00942 can target to reduce miR-214-5p expres-
sion directly. In the cytoplasm, the precursor miR-
214 is recognized and processed by Dicer to produce
mature miR-214-5p, which has a role in regulating
NF-xB [10] and inducing oxidative damage [30, 31].
Our experiments showed that miR-214-5p was lowly
expressed after NaAsO, treatment. After transfection
of the plasmid to make miR-214-5p highly expressed,
the NF-kB signaling pathway protein p65 was highly
expressed, and oxidative damage was more severe com-
pared to the arsenic group. Xu [10] et al. found that
miR-214-5p could target PPARGCI1B to promote the
expression level of NF-xB pathway-related proteins
inducing chondrocyte inflammation and apoptosis. In
addition, Gao et al. [8] experimentally demonstrated
that under arsenic trioxide exposure, high expression
of Nrf2 targeted and inhibited miR-214-5p, which
elevated the expression of ATF4 and EZH?2 and sup-
pressed the apoptosis rate of cells.

In addition, we also found that the protein expression of
GCLC of the treatment group of arsenic and si LINC00942
was lower compared with that of the arsenic-exposed group,
and the level of intracellular ROS and the apoptosis rate
were increased. ASHOURI et al. [32] found that ASOs
(antisense oligonucleotides) of LINC00942 can reduce the
mRNA expression of GCLC in A549 cells. It is shown that
the mRNA expression of GCLC was reduced after inhibiting
LINCO00942. Under the combined effect of NaAsO, and si
LINCO00942, compared with the NaAsO, group, miR-214-5p
was restored, the expression of p65 increased, and the protein
content of GCLC decreased. These results could be attributed
to the fact that high expression of miR-214-5p due to the
inhibition of LINC00942, which induced the expression of
PPARGCI1B decreased, and then p65, as the downstream of
PPARGC1B, was upregulated, while the GCLC protein was
downregulated.

The present study investigated the role of LINC00942
in NaAsO,-induced LX-2 cells by targeting miR-214-5p to
regulate the NF-kB pathway, but there are still shortcomings.
The long-term effect of NaAsO, on LINC00942 is still
unclear and requires further experimental exploration.
The specific mechanism between miR-214-5p and NF-«kB
was not explored in depth; moreover, this experiment was
conducted in vitro only in LX-2 cells, which could not
directly prove the damaging effect of NaAsO, on human
liver tissue, and further experiments are needed to verify the
harmful effect of liver induced by arsenic (Fig. 10).
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Fig. 10 The role of LINC00942/ As
miR-214-5p in NaAsO, regula-
tion of NF-kB/GCLC pathway
expression and induction of cell
apoptosis. NaAsO, exposure
induces oxidative damage and
apoptosis in LX-2 cells by
activating NF-xB and inhibit-
ing GSH synthesis. During

this process, the expression
level of LINC00942 increases,
targeting to reduce the level of
miR-214-5p, then weakening
the effect of NaAsO, on NF-xB,
thereby alleviating cellular
oxidative damage and playing a
potential protective role. After
inhibiting the expression of
LINC00942, NaAsO, exposure
increased the expression of
miR-214-5p, further activated
NF-kB to inhibit the synthe-

sis of GSH, and then induced
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Conclusion

NaAsO, exposure induces oxidative damage and apoptosis
in LX-2 cells by activating NF-kB and inhibiting GSH
synthesis. During this process, the expression level of
LINCO00942 increases, targeting to reduce the level of
miR-214-5p, then weakening the effect of NaAsO, on
NF-kB, thereby alleviating cellular oxidative damage and
playing a protective role.
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