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Abstract

Background: Hepatocellular carcinoma (HCC) is a primary liver cancer with
high mortality. The long-term use of sorafenib, a targeted drug for hepatocellular
carcinoma, will lead to drug resistance, and patients are prone to cancer metasta-
sis, the molecular mechanism of which is still unclear.

Methods: In our study, we constructed a sorafenib-resistant hepatocellular
carcinoma cell line (HepG2/Sora) and validated the resistance in vivo and in
vitro. Transwell assays confirmed the invasion and migration abilities of cells.
Colorimetric assays confirmed that the level of m6A methylation modification
in cells. RT-qPCR and Western blot assays confirmed that the expression levels
of KIAA1429 in HepG2/Sora cells and tissues. The EMT related proteins were
detected by Western blot assay.

Results: Transwell and Western blot assays confirmed that HepG2/Sora cells
had higher invasion and migration abilities and showed EMT phenomena.
Colorimetric assays confirmed that the level of m6A methylation modification
was upregulated in HepG2/Sora cells. Transwell and Western blot assays con-
firmed that inhibiting m6A methylation in HepG2/Sora cells inhibited their inva-
sion, migration ability and EMT phenomenon. RT-qPCR and Western blot assays
confirmed that the expression levels of KIAA1429 in HepG2/Sora cells and tissues
was increased. Silencing KIAA1429 in HepG2/Sora cells inhibited their invasion,
migration ability and EMT phenomenon. Finally, we found that the medium su-
pernatant of sorafenib-resistant HepG2/Sora cells induced vascular production of
EA.hy926 cells, and silencing KIAA1429 inhibited this induction effect.
Conclusion: We suggest that KIAA1429 promotes sorafenib-resistant hepatocel-
lular carcinoma invasion, migration and EMT by mediating m6A methylation.
KIAA1429 with its mediated m6A methylation may be a key factor for sorafenib-
resistant patients prone to cancer cell metastasis.
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1 | INSTRUCTION

Hepatocellular carcinoma (HCC) is a primary liver can-
cer with high mortality." It is one of the most common
malignant tumors in the world and the third most com-
mon cause of cancer-related death.” Sorafenib is a new
drug for molecular targeted therapy that can play simul-
taneous, the dual roles in anti angiogenesis and antitumor
cell proliferation. Sorafenib has resulted in breakthrough
in the clinical research of the treatment on liver cancer,
as it effectively prevents the deterioration of the disease
and significantly prolongs the survival time of patients
with advanced liver cancer.>* Therefore, the EU drug ad-
ministration (October 2007) and the US Food and Drug
Administration (November 2007) approved sorafenib for
the treatment of unresectable hepatocellular carcinoma.’

Although the average overall survival of patients
treated with sorafenib is significantly improved, hepato-
cellular carcinoma is prone to metastasis and EMT after
sorafenib resistance develops, which limits the benefit of
sorafenib therapy.® Recent studies have found that tumor
resistance is closely related to epithelial mesenchymal
transformation (EMT) of tumor cells. Increasing attention
has been given to the role of EMT in drug resistance of
antitumor therapy. A large number of studies have shown
that after the cells undergo EMT transformation, they will
assume an anti-apoptotic effect, which will lead to drug
tolerance, and long-term treatment with chemotherapy
drugs will also induce the EMT in tumor cells.”® Shunjie
Xia et al.’ reported that sorafenib-resistant HCC cells
showed significant mesenchymal phenotype and stem cell
characteristics.

EMT is regarded as a pathological process leading to
tumor progression. In the process of malignant evolution
of tumors, EMT induces invasion, metastasis, and im-
mune escape in tumor cells.'® Therefore, the occurrence
of EMT predicts the malignant process of tumors.'"'* N6
methyladenosine (m6A) is a base modification behavior
that widely exists in mRNA, and is used to maintain its
stability of mRNA."*'* Currently, an increasing number of
studies show that tumor cells are regulated by RNA m6A
modification in the process of EMT. For example, Lin X
et al.”® reported that m6A of mRNA was significantly up-
regulated during the EMT in tumor cells, and was able
to promote the invasion and metastasis by increasing the
translation of Snail. Therefore, we suggest that m6A meth-
ylation is involved in the regulation of EMT in sorafenib-
resistant hepatocellular carcinoma, and we believe that
EMT caused by drug resistance is the key factor for pa-
tients with sorafenib resistance in the development of can-
cer metastasis.

In our study, we first constructed the sorafenib-
resistant human hepatocellular carcinoma cells (HepG2/
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Sora) and verified their drug resistance. We found that
HepG2/Sora cells showed a high degree of invasion and
migration, accompanied by EMT phenomenon. We found
that m6A methylation level was upregulated in sorafenib-
resistant HepG2/Sora cells and was associated with cell in-
vasion, migration and EMT. We further found that among
m6A methylation and demethylase, only the mRNA and
protein expression levels of KIAA1429 were upregulated
in HepG2/Sora cells. Silencing KIAA1429 inhibited the
invasion and migration of HepG2/Sora cells. Finally, we
found that the medium supernatant of sorafenib-resistant
HepG2/Sora cells induced vascular production of human
umbilical vein endothelial cell fusion cells (EA.hy926)
and silencing KIAA1429 inhibited this induction ef-
fect. In conclusion, we suggest that KIAA1429 mediated
m6A methylation promotes the invasion, migration and
EMT of sorafenib-resistant HCC. Therefore, the signifi-
cance of our study is to reveal the molecular mechanism
of KIAA1429 mediated EMT in sorafenib-resistant HCC
through m6A methylation modification. At the same
time, KIAA1429 and its m6A methylation may be the
key factors for sorafenib-resistant patients to be prone to
tumor metastasis.

2 | MATERIALS AND METHODS

2.1 | Celllines

A human hepatocellular carcinoma cells line (HepG2;
cat. no. TCHu 72) and human umbilical vein endothelial
cell fusion cells (EA.hy926; cat. no. GNHu39) were pur-
chased from the National Collection of Authenticated
Cell Cultures. HepG2 cells and EA.hy926 cells were cul-
tured in Dulbecco's modified Eagle medium (DMEM; cat.
n0.11965092; Thermo Fisher Scientific, Inc.) or Roswell
Park Memorial Institute 1640 medium (cat. no.11875085;
Thermo Fisher Scientific, Inc.) containing 10% fetal bo-
vine serum (cat. no. 10099141; Thermo Fisher Scientific,
Inc.) and 1% penicillin-streptomycin solution (cat.no.
C0222; Beyotime Inc.). The cell culture conditions were
37°C and 5% CO.,.

2.2 | Sorafenib-resistant HepG2
cell conduction

HepG2 cellsin logarithmic growth phase were treated with
0.5, 1 or 1.5 pg/mL sorafenib (cat.no. Y0002098; Sigma-
Aldrich LLC.). After 48 h of drug stimulation, the medium
was replaced DMEM with 10% fetal bovine serum. After
the cells returned to normal morphology, drugs were
added for induction. The above steps were repeated until



KUANG ET AL.

7224 .
—I—Wl LEY_Cancer Medicine _

the cells were adapted to this concentration and grew nor-
mally. The cells were stimulated with increasing dosage
of sorafenib for 2 months. Finally, the sorafenib-resistant
HepG2 cells (HepG2/Sora) were able to grow normally in
the presence of 2.1 pg/ml sorafenib.

2.3 | KIAA1429 silencing in sorafenib-
resistant HepG2 cells

Endoribo nuclease prepared small interfering RNAs (es-
iRNAs) targeting human KIAA1429 (cat.no. EHU055891,
Sigma-Aldrich LLC.) were used to silence KIAA1429 in
sorafenib-resistant HepG2 cells (HepG2/Sora). EsiRNA
targeting EGFP (cat.no. EHUEGFP; Sigma-Aldrich LLC.)
was used a negative control. The above constructs were
transfected into HepG2/Sora cells using Lipofectamine™
LTX Reagent with PLUS™ Reagent (cat. no. A12621;
Thermo Fisher Scientific, Inc.). siRNA(20pmol) was
added to 50pul Opti-MEM (cat. no. 11058021; Thermo
Fisher Scientific, Inc.) medium without serum.
Lipofectamine (1 pl, cat. no. A12621; Thermo Fisher
Scientific, Inc.) was also added to 50 pl Opti-MEM serum-
free medium. The tubes were mixed and placed at room
temperature for 20min to form the complexes. Each mix-
ture was added to a HepG2/Sora cell suspension, which
was cultured at 37°C, 5% CO,. After 48h, other experi-
mental steps were carried out. HepG2/Sora cells were
stably transfected with siRNA negative control (siNC)
or siRNA KIAA1429 (siKIAA1429). siRNA KIAA1429:
GTGACCTTGCCTCACCAACTGCACTTCTGATTA
TGAGAAC TGTGTTGGATTTGATTGTAGAAGACTTGC
AAAGCACTTCAGAAGATAAAGAAAAACAGTATAC
TAGCCAAACCACCAGGTTGCTTGCTCTTCTTG
ATGCTCTGGCTTCACACAAAGCTTGTAAATTAGCTA
TTTTGCATCTAATTAATGGAACTATTAAAGG
TGATGA AAGATATGCAGAGATATTCCAGGA
TCTTTTAGCTTTGGTGCGGTCTCCTG GA
GACAGTGTTATTCGCCAACAGTGTGTTGA
ATATGTCACATCCATTTTGCAGTCTCTCT
GTGATCAGGACATTGCACTTATCTTACC
AAGCTCTTCTGAAGGTTCTATTTCTGAACTGGAGC
AGCTCTCCAATTCTCTACCAAATAAAGAA
TTGATGACCTCAATCTGTGACTGTCTGTTGG
CTACGC.

2.4 | Tumor xenograft model

Six-week-old BALB/c-nu mice (n = 10) were purchased
from Hunan STA Laboratory Animal Co., Ltd. Nude mice
were adaptively fed in a specific pathogen free (SPF) en-
vironment for 7days. The study protocol was ethically

approved by the Kunming Yan'an Hospital Experimental
Animal Ethics Committee (Kunming, China; approval
no. 2020004). Mice were randomly divided into a control
group (HepG2) and an experimental group (HepG2/Sora)
with 5 mice in each group. A cell suspension (4 x10° cells
per mouse) was injected into the right lateral thighs of
mice after light anesthesia using 37.5 mg/kg pelltobarbi-
talum natricum (cat.no. P-010; Sigma-Aldrich LLC.). The
drug treatment was carried out when the tumor size was
approximately 100mm?®. Sorafenib was prepared with
0.4% DMSO+PBS solution and administered to mice by
intraperitoneal injection at a dose of 100 mg/kg after light
anesthesia using 37.5 mg/kg pelltobarbitalum natricum.
Sorafenib was administered once a day for 5 consecutive
days. The physical state of the nude mice was observed
and recorded every day. Mice in poor condition were ter-
minated in time and euthanized immediately. All the mice
were sacrificed using intraperitoneal injection of 200 mg/
kg pelltobarbitalum natricum 5days after sorafenib ad-
ministration. Before euthanasia, the mice were given
oral administration of ibuprofen (40 mg/kg; cat.no.14883;
Sigma-Aldrich LLC.) with water to relieve pain. The tu-
mors were removed surgically and photographed using a
camera (Model: a7s3; Sony Corporation).

2.5 |
qPCR)

Real-time quantitative PCR (RT-

RNAs of cells and tissues was extracted using the Total RNA
Extraction Kit (cat.no.R1200; Beijing Solarbio Science &
Technology Co., Ltd.). The overall experimental operation
was carried out accordance with the product instructions.
The RNA of each group was reverse transcribed in equal
amounts (2 pg) using a Universal RT-PCR Kit(M-MLV) (cat.
no.RP1100;Beijing Solarbio Science & Technology Co., Ltd.).
The reverse transcription conditions were as follows: 42°C
for 1 min; 80°C for 5 min; and 4°C for 5 min. qPCR assays
were performed using a SsoAdvanced Universal SYBR-
Green Supermix (cat.no.172-5270; Bio-Rad Laboratories,
Inc.) in accordance with the product instructions. The qPCR
conditions were as follows: predenaturation (95°C for 30s,
1 cycle); denaturation and annealing (95°C for 15s, 60°C for
30s, 40cycles); dissociation curve (65°C-95°C; 0.5°C/2 s).
The following primer sequences were used: KIAA1429 for-
ward, 5-GGGATGGGACAGTAGCAACAA-3’ and reverse,
5-TAATGTGGGGTGAAGGAGCAG-3’; Methyltransferase
3 (METTL3) forward, 5-AAAATGTGGAAGCTTTGGAG
GC-3’ and reverse, 5-AGGAACACTGCTTGGTGAGC-3";
Methyltransferase 14 (METTL14) forward, 5-GCACAG
ACGGGGACTTCATT-3' and reverse, 5-ACACAGCACC
ATGTCCTATTTC-3’; WT1 associated protein (WTAP) for-
ward, 5-ATGGCGAAGTGTCGAATGCT-3' and reverse,
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5-CAAACCCCTTACCATCCTGACT-3’; RNA binding motif
protein 15 (RBM15) forward, 5-GAGAAAACTTGGCGC
TGACC-3’ and reverse, 5-AAACAGCCAAAGAACAC
TTCAG-3’; Alpha-ketoglutarate dependent dioxygenase
(FTO) forward, 5-AGAACTACATGCAGGAGGCG-3’ and
reverse, 5-GGAGCCCGACATACCTTAGC-3’; AlkB ho-
molog 5, RNA demethylase (ALKBHS5) forward, 5’-ATT
AGATGCACCCCGGTTGG-3’ and reverse, 5-AGCAAG
CCAAGGCTCCTAAA-3"; glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) forward, 5-GGAGCGAGA
TCCCTCCAAAAT-3’ and reverse, 5-GGCTGTTGTCA
TACTTCTCATGG-3'. GAPDH was the internal reference
for the RT-qPCR assay. The relative mRNA expression
levels were calculated using the 27*4“4 method."®

2.6 | Western blot

Protein lysates were treated with protease inhibitors and
phosphatase inhibitors (cat.no. C2501 and S0143; HaiGene
Biotech Co., Ltd.), and incubated on ice for 30 min for pro-
tein extraction from the tissues and cells. A BCA Protein
Assay Kit (cat.no. PC0020; Beijing Solarbio Science &
Technology Co., Ltd.) was used to detect the concentration
of the extracted protein. SDS-PAGE was used to separate
equal amounts of proteins (5 pg) with different molecular
weights. The proteins were transferred to PVDF membranes
from SDS-PAGE gels and blocked with BSA buffer (cat.no.
P0252; Beyotime Inc.) at room temperature for 2 h. The
PVDF membrane was incubated with primary antibody at
4°C overnight. The membranes were washed 3 times with
Tris-buffered saline and Tween 20 (TBST) for 10 min each
time. The PVDF membrane was incubated with secondary
antibody at room temperature for 2 h. The membrane was
incubated with ECL solution in the dark for 10 min and
then imaged in a gel imaging system (Model: ChemiDoc
XRS+; Bio-Rad Laboratories, Inc.). Relative quantification
based on the gray value of the strips was performed used
Adobe Photoshop (Adobe Systems Software Ireland Ltd.).
Antibodies against Slug (ab27568), E-cadherin (ab152102),
Snail (ab82846), KIAA1429 (ab271136) and f-actin
(ab8227) were purchased from Abcam.

2.7 | Cell counting kit-8 (CCK-8) assay

Cells were seeded in 96-well plates at 5000 cells/100 pl.
Ten microliters of CCK-8 solution was added to a 96-
well cell culture plate and incubated in a 37°C incubator
for 1 h. The absorbance value of each well was detected
at wavelength of 450nm using a microplate photom-
eter (Multiskan FC; Thermo Fisher Scientific, Inc.). The
cell survival rate was calculated as follows: [(As-Ab) /
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(Ac-Ab)] x 100% (As: absorbance of experimental hole; Ac:
absorbance of control hole; Ab: absorbance of blank hole).
The half maximal inhibitory concentration (ICs,) was
calculated by Statistical Product Service Solutions (SPSS)
software (version:22.0; International Business Machines
Corporation). Resistance coefficient (RI) = Resistant
strain IC,,/Sensitive strain ICy,

2.8 | Colony forming assay

HepG2 and HepG2/sora cells in the logarithmic growth
stage were prepared into cell suspensions and inocu-
lated into 6-well culture plates (300 cells per well). After
the cells adhered to the wells, the medium was replaced
with DMEM supplemented with 1.28 pM sorafenib and
changed every 3days. After 14 days of continuous culture,
the clonal culture was stopped. The medium was removed
and methanol was added to fix the cells at room tempera-
ture for 15min. The fixed cell clones were stained with
0.1% crystal violet (cat.no. Y0000418; Sigma-Aldrich LLC.)
at room temperature for 10 min. The results of clone for-
mation were photographed and counted.

2.9 | Transwell assay

The migration and invasion capacities of HepG2 and HepG2/
sora cells were assessed using Transwell chambers (cat.no.
RTN70; Sigma-Aldrich LLC.) in 24-well plates. HepG2 and
HepG2/Sora cells in serum-free DMEM medium were cul-
tured in the upper chamber of a Transwell with or without
Matrigel, while the lower chamber was filled with DMEM
medium containing 10% FBS. After 24h of cell culture at
37°C, the cells in the upper portion of the chamber were
removed and the cells in the lower portion of the chamber
were remained. The migrating and invading cells were fixed
with 20% methanol and stained with 0.1% crystal violet. The
staining results were photographed under a microscope at
200x magnification in five random fields. Crystal violet was
dissolved in acetic acid, and the absorbance value was de-
tected at OD4y, for relative quantitative analysis.

210 | Tubule formation experiment

A precooled 96-well plate was placed on ice, and 50pl
Matrigel (cat.no. A1569601; Thermo Fisher Scientific,
Inc.) was added to each well, which was solidified at 37°C
for 1 h. EA.hy926 cells were serum-starved for 24h. The
cells were resuspended to 10° cells/ml in HepG2/Sora-
siNC or HepG2/Sora-siKIAA1429 culture supernatant. A
total of 100 ul EA.hy926 cell suspension was added to a
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96-well culture plate containing Matricel. After approxi-
mately 4 h of culture, the tubular structure appeared, and
5-6 visual fields were randomly selected to take photos.
Image J (verson 1.48; National Institutes of Health) soft-
ware was used to determine the tubule length.

211 | Cell apoptosis assay

HepG2 cells and HepG2/Sora cells treated with 1.28 pM
were centrifuged to remove the culture medium, and the
cells were collected and repeatedly washed with PBS. The
cells were resuspended in 500pl Annexin V-PI binding
solution (cat.no. C1062S; Beyotime Inc.). Cell suspension
added with 10 pl PI and 5 pl Annexin V-FITC was gently
mixed and incubated at room temperature for 10 min in
the dark. Channel 1 (Annexin V) and channel 2 (PI) were
selected for detection by flow cytometry (model: Accuri
C6; Becton, Dickinson and Company).

212 | m6A RNA methylation
quantification assay

m6A RNA methylation quantification of HepG2 cells
and HepG2/Sora cells was performed using the EpiQuik
m6A RNA Methylation Quantification Kit (cat.no. P-9005;
EpiGentek Group Inc.), according to the manufacturer's
instructions. Relative m6A RNA methylation was ex-
pressed as the percentage of m6A in total RNA.

2.13 | Statistical analysis

SPSS 15.0 software (International Business Machines
Corporation, Inc.) was used for the statistical analysis. All
experiments in the study were repeated at least 3 times and
the data were presented as the mean + SD (standard devia-
tion). The experimental results were statistically analyzed
by a two-tailed unpaired Student's ¢-test. One-way ANOVA
with the least significant difference post hoc test was used
for the comparison of multiple groups. p <0.05 was defined
as statistically significant experimental results.

3 | RESULTS

3.1 | Verification of drug resistance
in a sorafenib resistant hepatocellular
carcinoma cell line

The drug concentration and cell viability curves of HepG2
and HepG2/Sora cells were plotted using the CCK-8

method, and ICs, values were calculated at 24 h. The ICy,
values of HepG2 and HepG2/Sora cells were 1.28 + 0.09 puM
and 12.99+0.75pM respectively (Figure 1A). The drug
resistance index of HepG2/Sora cells was 6.44+1.3. As
shown in Figure 1B, it was difficult for HepG2 cells to
form clones under the stimulation of 2.1 pM sorafenib,
while the clones in HepG2/Sora formed well. Cell apop-
tosis experiments showed that a large number amount of
apoptosis occurred in HepG2 cells under 2.1 pM sorafenib
treatment, accounting for 45.41 +6.48% of the total cells,
while the proportion of apoptosis in HepG2/Sora cells was
decreased, accounting for 1.12+0.29% of the total cells
(Figure 1C). The xenograft experiments in nude mice
showed that the volume and weight of xenografts formed
by HepG2/Sora cells were significantly higher than
those formed by normal HepG2 cells treated with 2.1 pM
sorafenib (Figure 1D).

3.2 | The invasion and
migration of HepG2 cells were enhanced
after sorafenib resistance

We found that the HepG2/Sora cells showed EMT in
terms of cell morphology. Compared with HepG2 cells,
the HepG2/Sora cells transformed to a spindle shape,
and became loose (Figure 2A). Transwell assays showed
that HepG2/Sora cells showed higher migration and in-
vasion abilities than HepG2 cells (Figure 2B). The crystal
violet on the cells passing through the Transewell cham-
ber was dissolved in acetic acid. As shown in Figure 2B,
the absorbance of the crystal violet-acetic acid solution
from HepG2/Sora cells was significantly higher than that
from HepG2 cells. The expression levels of EMT marker
proteins (i.e., Slug, E-cadherin and Snail) were detected
by western blotting. As shown in Figure 2C, the protein
expression of E-cadherin protein was downregulated and
the protein expression levels of Slug and Snail protein
were upregulated in HepG2/Sora cells.

3.3 | m6A methylation mediated
invasion, migration and EMT of sorafenib-
resistant strains

The m6A methylation levels of HepG2 and HepG2/Sora
cells were detected by colorimetry. The results showed that
the m6A methylation level of HepG2/Sora cells was signifi-
cantly higher than that of HepG2 cells, which was 1.76 +£0.35
(p<0.05) times higher than that of HepG2 cells (Figure 3A).
The m6A methylation level of HepG2/Sora cells was signifi-
cantly inhibited by cycloleucine (cyc; Figure 3B). The results
of the Transwell assay showed that the cell migration and
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FIGURE 1 Verification of the drug resistance of sorafenib-resistant strains. (A) CCK-8 assay (left). Cell viability in HepG2 or HepG2/
Sora cells treated with different concerntration of sorafenib. HepG2 groups vs. HepG2/Sora groups, ***p <0.001. (B) The ICs, values of
sorafenib in HepG2 and HepG2/Sora cells to were calculated by SPSS. HepG2 groups vs. HepG2/Sora groups, ***p <0.001. (B) HepG2 and
HepG2/Sora cells were treated with 2.1 pM sorafenib for the clone formation assay. The results of the experiment were photographed (no
magnification) and counted. HepG2 groups vs. HepG2/Sora groups, ***p <0.001. (C) Annexin V-PI assay. Scatter plot of flow cytometry (left)
and apoptosis rate in HepG2 or HepG2/Sora cells treated with 2.1 uM sorafenib. HepG2 groups vs. HepG2/Sora groups, ***p <0.001. (D)

The xenograft model was used to identify the sorafenib resistance of HepG2/Sora cells (left). Tumor volume and tumor weight in the HepG2
groups or HepG2/Sora groups (middle and right). HepG2 groups vs. HepG2/Sora groups, ***p <0.001.

invasion abilities of HepG2/Sora cells were decreased after
treatment with 5mM cycloleucine (Figure 3C). The crystal
violet on the cells passing through the Transewell chamber
was dissolved in acetic acid. As shown in Figure 3C, the ab-
sorbance of crystal violet-acetic acid solution from HepG2/
Sora cells treated with 5mM cycloleucine was significantly
lower than that from HepG2/Sora cells. Western blot results
showed that HepG2/Sora cells treated with 5mM cyc, the
expression of E-cadherin protein was upregulated, while
the expression levels of Slug and Snail proteins were down-
regulated (Figure 3D).

3.4 | KIAA1429 mediated the invasion,
migration and EMT of Sorafenib
resistant strains

Due to the upregulation of m6A methylation in sorafenib-
resistant strains (HepG2/Sora), the expression differ-
ences in m6A methylation-related enzymes (METTL3,
METTL14, WTAP, RBM15, KIAA1429, FTO and ALKBHS5)
in HepG2 and HepG2/Sora cells were detected by RT-qPCR.

As shown in Figure 4A, compared with HepG2 cells and
their transplanted tumors, only KIAA1429 mRNA expres-
sion was significantly increased in HepG2/Sora cells and
their transplanted tumors, which were 2.56 +0.66 (p <0.05)
times and 1.92+0.78 (p<0.05) times higher than that in
the control group. Western blot results also confirmed that
KIAA1429 was upregulated in HepG2/Sora cells and tis-
sues (Figure 4B). Silencing KIAA1429 in HepG2/Sora cells
resulted in a significant decrease in KIAA1429 expression
(Figure 4C). After silencing KIAA1429 in HepG2/Sora
cells, the overall m6A methylation level was decreased sig-
nificantly to 52.72+18.31% (p <0.05) of the control group
(Figure 4D). Transwell assays showed that the invasion
and migration abilities of HepG2/Sora cells were decreased
after silencing KIAA1429 (Figure 4E).

3.5 | Effect of KIAA1429 on the
angiogenesis of sorafenib-resistant strains

The culture supernatants of HepG2/Sora or HepG2/
Sora silenced KIAA1429 cells were used to induce
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FIGURE 2 The invasion and migration of HepG2 cells were enhanced after sorafenib resistance. (A) Morphology of HepG2 or HepG2/
Sora cells under the microscope (200x magnification). Transwell migration assay. Representative images (left) and quantification (right)
of HepG2 or HepG2/Sora cell migration. HepG2 groups vs. HepG2/Sora groups, ***p <0.001. (C) Western blot analysis of E-cadherin, Slug,
Snail and p-Actin expression levels in HepG2 and HepG2/Sora cells (left). Relative gray values of E-cadherin, Slug and Snail according to
western blotting (right). HepG2 groups vs. HepG2/Sora groups, *p <0.05.

vascular formation of EA.hy926 cells on Matrigel. Asshown  (p<0.001) of the control group, and the viability of EA.hy926
in Figure 5A, the supernatant of HepG2/Sora cells was cells was 44.45+4.32% (p <0.001) of the control group.

able to effectively induce EA.hy926 cells to form blood ves-

sels, while the supernatant of HepG2/Sora cells silenced

KIAA1429, resulting in the sparse formation of blood vessels 4 | DISCUSSION

under the same conditions. The number of tubules formed

in EA.hy926 cells induced by the culture supernatants of =~ Hepatocellular carcinoma (HCC) is extremely malig-
HepG2/Sora cells with silenced KIAA1429 was 36.59 +4.62% nant and easy to infiltrate and metastasize.'” Sorafenib,
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as a multitarget kinase inhibitor, is a targeted therapeu-
tic drug for HCC approved by the US FDA.'® Although
sorafenib has a very obvious therapeutic effect on patients
with advanced hepatocellular carcinoma, a certain degree
of drug resistance will eventually appear. Some studies
have shown that cells can develop antiapoptotic effects

after EMT, which leading to drug tolerance.'® Long-term
treatment with chemotherapy drugs can also induce
EMT in tumor cells.”® Ritu Shrestha et al.* reported that
sorafenib resistance in hepatocellular carcinoma is closely
related to EMT and the expression of immune checkpoint.
Inhibiting the expression of EMT and immune checkpoint
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can restore the sensitivity of hepatocellular carcinoma to
sorafenib. Peng-Fei Zhang et al.** reported that overex-
pression of SNHG3 can induce EMT and sorafenib resist-
ance in HCC cells. This study further found that SNHG3
overexpression induced EMT in hepatoma cells through
miR-128/CD151 cascade activation. In our study, we con-
firmed that sorafenib-resistant HepG2 cells showed a high
degree of invasion and migration, accompanied by EMT
phenomenon, which is consistent with some previous re-
ports. We further found that EMT in sorafenib resistance
was closely related to m6A methylation.

N6 methyladenosine (m6A) methylation occurs
in approximately 25% of transcripts and is a common
RNA methylation modification.”® It regulates RNA lo-
calization, transport, shearing, translation and mainte-
nance of RNA stability at the transcriptional level.'****
KIAA1429, as a member of the KIAA family, is the core
protein of m6A methyltransferase and participates in
the modification of m6A methylation.?® Several studies
have investigated the role of KIAA1429-mediated m6A
methylation in the occurrence and development of he-
patocellular carcinoma. Using bioinformatics, Xiaomin
Wu et al.”’ and Zedong Li et al.*® both reported that
KIAA1429 is upregulated in HCC patients, and is closely
related to the prognosis of patients using bioinformat-
ics. Tian Lan et al.?’ further found that KIAA1429 reg-
ulates the proliferation and migration of HCC through
m6A methylation of GTAT3. In addition, KIAA1429 and
its mediated m6A methylation play a promoting role

in several cancers, such as colorectal cancer,>® breast
cancer,’! etc. Compared with previous studies, we fur-
ther revealed the role of KIAA1429 and its mediated
m6A methylation in sorafenib resistant HCC. In our
study, we further found that the EMT phenomenon of
sorafenib-resistant strains was regulated by m6A meth-
ylation, and the enzyme mediating m6A methylation
was KIAA1429. Silencing KIAA1429 or inhibiting m6A
methylation can inhibit the invasion, migration and
EMT of sorafenib-resistant hepatocellular carcinoma.
We further found that silencing KIAA1429 could cause
a decrease in angiogenesis in sorafenib-resistant hepa-
tocellular carcinoma. We suggest that the invasion and
migration abilities of HCC are enhanced after sorafenib
resistance, accompanied by EMT phenomenon, which
may be related to the susceptibility of HCC patients with
sorafenib resistance to cancer metastasis. The abnormal
upregulation of KIAA1429 and its mediated m6A meth-
ylation modification in sorafenib- resistant hepatocellu-
lar carcinoma may be a key factor leading to its EMT.
Our experiment still has some shortcomings. Simple
cell experiments have difficulty simulating the com-
plex pathogenesis of hypertrophic cardiomyopathy. The
Angll-induced myocardial hypertrophy model of AC16
cells can only simulate a pathological phenomenon of
hypertrophic cardiomyopathy, which does not repre-
sent hypertrophic cardiomyopathy. Therefore, we will
introduce an animal model of hypertrophic cardiomy-
opathy in subsequent experiments to better study the
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pathogenesis of hypertrophic cardiomyopathy. In sum-
mary, our study revealed the molecular mechanism by
which KAA1429 promotes EMT in sorafenib-resistant
HCC by mediating m6A methylation. KIAA1429, as a
potential pathogenic molecule, may lead to tumor me-
tastasis in patients with sorafenib-resistant hepatocellu-
lar carcinoma. KIAA1429 is expected to become a new
therapeutic and detection target.

AUTHOR CONTRIBUTIONS

Ye Kuang: Writing - original draft (equal); writing -
review and editing (equal). Yun Cheng: Data curation
(equal); investigation (equal). Jia Wang: Formal analysis
(equal); software (equal). Hongyan Li: Formal analy-
sis (equal); resources (equal). Xianghong Cao: Formal
analysis (equal); resources (equal). Yang Wang: Writing
- original draft (lead); writing - review and editing (lead).

ACKNOWLEDGMENTS

This work was supported by The Key Laboratory of
Tumor Immunological Prevention and Treatment of
Yunnan Province (grant no. 2017DG004), The Joint
Special Program of Applied Basic Research of Kunming
Medical University-Young Doctor Program (grant no.
202001AY070001-153) and Special project for basic re-
search of Yunnan Province (grant no. 202101AT070225).

DATA AVAILABILITY STATEMENT
Data available on request from the authors.

ETHICAL APPROVAL
This study was approved by The Ethics Committee of
Yan'an hospital of Kunming city (approval no. 2021-03-01).

CLINICAL TRIAL REGISTRATION
NUMBER
Not applicable.

ORCID
Yang Wang © https://orcid.org/0000-0003-4583-6410

REFERENCES

1. Hartke J, Johnson M, Ghabril M. The diagnosis and treat-
ment of hepatocellular carcinoma. Semin Diagn Pathol.
2017;34(2):153-159.

2. Cao W, Chen HD, Yu YW, Li N, Chen WQ. Changing profiles
of cancer burden worldwide and in China: a secondary anal-
ysis of the global cancer statistics 2020. Chin Med J (Engl).
2021;134(7):783-791.

3. Corrado A, Ferrari SM, Politti U, et al. Aggressive thyroid
cancer: targeted therapy with sorafenib. Minerva Endocrinol.
2017;42(1):64-76.

4. Ogasawara S, Chiba T, Ooka Y, et al. Characteristics of pa-

with advanced hepatocellular

tients sorafenib-treated

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

carcinoma eligible for second-line treatment. Invest New Drugs.
2018;36(2):332-339.

Simpson D, Keating GM. Sorafenib: in hepatocellular carci-
noma. Drugs. 2008;68(2):251-258.

Tang W, Chen Z, Zhang W, et al. The mechanisms of sorafenib
resistance in hepatocellular carcinoma: theoretical basis and
therapeutic aspects. Signal Transduct Target Ther. 2020;5(1):87.
Yuan J, Liu M, Yang L, et al. Acquisition of epithelial-
mesenchymal transition phenotype in the tamoxifen-resistant
breast cancer cell: a new role for G protein-coupled estrogen
receptor in mediating tamoxifen resistance through cancer-
associated fibroblast-derived fibronectin and fl-integrin sig-
naling pathway in tumor cells. Breast Cancer Res. 2015;17(1):69.
Shen W, Pang H, Liu J, et al. Epithelial-mesenchymal transition
contributes to docetaxel resistance in human non-small cell
lung cancer. Oncol Res. 2014;22(1):47-55.

Xia S, PanY, Liang Y, Xu J, Cai X. The microenvironmental and
metabolic aspects of sorafenib resistance in hepatocellular car-
cinoma. EBioMedicine. 2020;51:102610.

Tulchinsky E, Demidov O, Kriajevska M, Barlev NA, Imyanitov
E. EMT: a mechanism for escape from EGFR-targeted
therapy in lung cancer. Biochim Biophys Acta Rev Cancer.
2019;1871(1):29-39.

Babaei G, Aziz SG, Jaghi NZZ. EMT, cancer stem cells and auto-
phagy; the three main axes of metastasis. Biomed Pharmacother.
2021;133:110909.

Ramundo V, Zanirato G, Aldieri E. The epithelial-to-
mesenchymal transition (EMT) in the development and me-
tastasis of malignant pleural mesothelioma. Int J Mol Sci.
2021;22(22):12216.

Sun T, Wu R, Ming L. The role of m6A RNA methylation in
cancer. Biomed Pharmacother. 2019;112:108613.

Ma S, Chen C, Ji X, et al. The interplay between m6A RNA
methylation and noncoding RNA in cancer. J Hematol Oncol.
2019;12(1):121.

Lin X, Chai G, Wu Y, et al. RNA m6A methylation regulates the
epithelial mesenchymal transition of cancer cells and transla-
tion of snail. Nat Commun. 2019;10(1):2065.

Livak KJ, Schmittgen TD. Analysis of relative gene expression
data using real-time quantitative PCR and the 2(-Delta Delta
C[T]) method. Methods. 2001;25(4):402-408.

Pinero F, Dirchwolf M, Pessda MG. Biomarkers in hepatocel-
lular carcinoma: diagnosis, prognosis and treatment response
assessment. Cell. 2020;9(6):1370.

Ling Y, Liu J, Qian J, et al. Recent advances in multi-target
drugs targeting protein kinases and histone deacetylases in
cancer therapy. Curr Med Chem. 2020;27(42):7264-7288.

Du B, Shim JS. Targeting epithelial-mesenchymal transi-
tion (EMT) to overcome drug resistance in cancer. Molecules.
2016;21(7):965.

Shah PP, Dupre TV, Siskind LJ, Beverly LJ. Common cyto-
chemotherapeutics induce epithelial-mesenchymal
transition (EMT) downstream of ER stress. Oncotarget.
2017;8(14):22625-22639.

Shrestha R, Prithviraj P, Bridle KR, Crawford DHG,
Jayachandran A. Combined inhibition of TGF-B1-induced EMT
and PD-L1 silencing Re-sensitizes hepatocellular carcinoma to
sorafenib treatment. J Clin Med. 2021;10(9):1889.

Zhang PF, Wang F, Wu J, et al. LncRNA SNHG3 induces
EMT and sorafenib resistance by modulating the miR-128/

toxic


https://orcid.org/0000-0003-4583-6410
https://orcid.org/0000-0003-4583-6410

KUANG ET AL.

.. 7233
Cancer Medicine -WI LEYJ—

23.

24.

25.

26.

27.

28.

CD151 pathway in hepatocellular carcinoma. J Cell Physiol.
2019;234(3):2788-2794.

He L, Li H, Wu A, Peng Y, Shu G, Yin G. Functions of
N6-methyladenosine and its role in cancer. Mol Cancer.
2019;18(1):176.

Lan Q, Liu PY, Bell JL, et al. The emerging roles of RNA m6A
methylation and demethylation as critical regulators of tu-
morigenesis, drug sensitivity, and resistance. Cancer Res.
2021;81(13):3431-3440.

Erson-Bensan AE, Begik O. m6A modification and implica-
tions for microRNAs. Microrna. 2017;6(2):97-101.

Chen XY, Zhang J, Zhu JS. The role of m6A RNA methylation
in human cancer. Mol Cancer. 2019;18(1):103.

Wu X, Zhang X, Tao L, Dai X, Chen P. Prognostic value of an
m6A RNA methylation regulator-based signature in patients
with hepatocellular carcinoma. Biomed Res Int. 2020;2020:
2053902.

LiZ, LiF, PengY, Fang J, Zhou J. Identification of three m6A-
related mRNAs signature and risk score for the prognosti-
cation of hepatocellular carcinoma. Cancer Med. 2020;9(5):
1877-18809.

29.

30.

31.

Open Access,

Lan T, Li H, Zhang D, et al. KIAA1429 contributes to liver can-
cer progression through N6-methyladenosine-dependent post-
transcriptional modification of GATA3. Mol Cancer. 2019;18(1):186.

Zhou Y, Pei Z, Maimaiti A, et al. m6A methyltransferase
KIAA1429 acts as an oncogenic factor in colorectal cancer by
regulating SIRT1 in an m6A-dependent manner. Cell Death
Discov. 2022;8(1):83.

Zhang X, Dai XY, QianJY, et al. SMC1A regulated by KIAA1429
in m6A-independent manner promotes EMT progress in breast
cancer. Mol Ther Nucleic Acids. 2021;27:133-146.

How to cite this article: Kuang Y, Cheng Y,
Wang J, Li H, Cao X, Wang Y. KIAA1429 mediates
epithelial mesenchymal transition in sorafenib-
resistant hepatocellular carcinoma through m6A
methylation modification. Cancer Med.
2023;12:7222-7233. d0i:10.1002/cam4.5432



https://doi.org/10.1002/cam4.5432

	KIAA1429 mediates epithelial mesenchymal transition in sorafenib-­resistant hepatocellular carcinoma through m6A methylation modification
	Abstract
	1|INSTRUCTION
	2|MATERIALS AND METHODS
	2.1|Cell lines
	2.2|Sorafenib-­resistant HepG2 cell conduction
	2.3|KIAA1429 silencing in sorafenib-­resistant HepG2 cells
	2.4|Tumor xenograft model
	2.5|Real-­time quantitative PCR (RT-­qPCR)
	2.6|Western blot
	2.7|Cell counting kit-­8 (CCK-­8) assay
	2.8|Colony forming assay
	2.9|Transwell assay
	2.10|Tubule formation experiment
	2.11|Cell apoptosis assay
	2.12|m6A RNA methylation quantification assay
	2.13|Statistical analysis

	3|RESULTS
	3.1|Verification of drug resistance in a sorafenib resistant hepatocellular carcinoma cell line
	3.2|The invasion and migration of HepG2 cells were enhanced after sorafenib resistance
	3.3|m6A methylation mediated invasion, migration and EMT of sorafenib-­resistant strains
	3.4|KIAA1429 mediated the invasion, migration and EMT of Sorafenib resistant strains
	3.5|Effect of KIAA1429 on the angiogenesis of sorafenib-­resistant strains

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	DATA AVAILABILITY STATEMENT

	ETHICAL APPROVAL
	CLINICAL TRIAL REGISTRATION NUMBER
	REFERENCES


