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METTL3-mediated m6A methylation of ASPM drives
hepatocellular carcinoma cells growth and metastasis
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Background: Abnormal spindle-like microcephaly (ASPM) has been proved to par-
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ticipate in tumor progression. However, the underlying mechanism of ASPM in liver
hepatocellular carcinoma (LIHC) remains elusive.

Methods: The mRNA and protein expression were determined using Western blot
and gRT-PCR, and the capacities of cells proliferation, migration, and invasion were
evaluated by CCK-8, colony formation, wound healing, and transwell. MeRIP was
performed to validate the interaction between ASPM and methyltransferase-like 3
(METTLS3).

Results: Herein, we found that ASPM was significantly upregulated in LIHC, and the
high expression of ASPM was associated with poor LIHC prognosis. Furthermore,
ASPM knockdown could suppress LIHC cells proliferation, migration, and invasion,
while ASPM overexpression exerted reverse effect. Mechanistically, we revealed that
the N6-methyladenosine (m6A) modification of ASPM mRNA mediated by METTL3
promoted its expression in LIHC. More importantly, silencing METTL3 suppressed
LIHC cells proliferation, migration, and invasion, which could be retained by ASPM
overexpression.

Conclusion: Collectively, our findings suggested that METTL3/ASPM axis could serve

as a novel promising therapeutic candidate for LIHC.
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INTRODUCTION and frequent recurrence contribute to poor prognosis of LIHC pa-

1]

tients.*> Therefore, there is an urgent need to develop the diagnosis

Liver cancer is the fourth common trigger of inducing cancer-related
mortality globally.! Liver hepatocellular carcinoma (LIHC) is the
most pathological genre of liver cancer, occupying 75%-85% of all
cases globally in liver cancer.? Currently, LIHC can be alleviated by
therapeutic strategies, including liver transplantation surgery, in-
terventional therapy, surgical resection, chemotherapy, and radio-

therapy,® whereas the poor 5-year survival rate, distant metastasis,

and treatment of LIHC and explore the molecular mechanism un-
derlying tumorigenesis; moreover, clarifying the novel biomarkers
predicting LIHC recurrence has far-reaching significance for amelio-
rating prognosis.

Abnormal spindle-like microcephaly (ASPM) is initially iden-
tified as a microcephaly-associated protein,® which primar-

ily involved in determining the neurogenesis’ and brain size.®’
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Recently, ASPM has been proved to participate in the cancers
progression through diverse mechanisms. Wang J et al. suggested
that ASPM served an crucial oncogenic part in regulating LUAD
cell migration by facilitating epithelial-mesenchymal transition via
the PIBK/AKT pathway,'® and Yuan Y J et al. clarified that ASPM
contributed to the development of LSCC by mediating CDK4.1!
However, whether and how ASPM regulates LIHC progression re-
main elusive.

RNA methylation modifications approximately account for
60% of RNA modifications, and N6-methyladenosine (mé6A) is the
most popular modification in eukaryotic mRNA and IncRNAs.*?
Mechanistically, m6A methylation mainly occurs on adenine of the
RRACH sequence,*® and its biological function primarily determined
by m6A methylases, which consisting of writers (METTL3, METTL14,
and WTAP), erasers (FTO, ALKBH5), and readers (YTHDFs).
Moreover, m6A methylases system has been proved to mediate the
biological functions, such as RNA transcription, processing, splic-
ing, degradation, translation, and stability.?>!® Among these méA
methylases, previous studies have demonstrated that METTL3
has participated in regulating cancers progression; for example,
METTL3-mediated mA modification upregulated Secé2 which pro-
moted the chemoresistance to CRC though mediating -catenin and
enhancing Wnt pathways.!” Nevertheless, the mechanism through
which METTL3 mediates the m6A methylation of ASPM to regulate
LIHC remains elusive.

Therefore, we examined the expression level of ASPM in LIHC
tissues and analyzed the correlation between ASPM expression with
prognosis of LIHC patients. Moreover, we investigated the functional
effect of ASPM on LIHC cells proliferation, migration, and invasion
and revealed the m6A methylation modification of ASPM mediated
by METTL3. To summarize, our study reveals a novel mechanism of
METTL3/ASPM axis in LIHC cells growth and metastasis, which may
be considered as novel biomarkers for LIHC recurrence prediction

and potential therapeutic targets.

2 | MATERIALS AND METHODS

2.1 | Tissue collection

LIHC tissues and corresponding normal LIHC tissues were collected
from Ningbo First Hospital. The use of clinical samples was ap-
proved by the ethics committee of Ningbo First Hospital. The re-
search was performed consistence with the guiding principles of the

World Medical Association Declaration of Helsinki.

2.2 | Cell culture and transfection

Human liver cancer cell lines SNU449, Hepg3b, and Hepg2 were
purchased from the American Type Culture Collection (ATCC,
USA), and MHCC-97H cell line was obtained from the Liver Cancer
Institute (Fudan University, Shanghai, China). SNU449 cells were

incubated in ATCC-formulated RPMI-1640 Medium with 10% fetal
bovine serum (FBS); in addition, ATCC-formulated Eagle's Minimum
Essential Medium containing 10% FBS was used to culture Hepg3b
and Hepg?2 cells. Dulbecco's modification of Eagle's medium (DMEM)
(Thermo Fisher Scientific, USA) with 10% FBS was used to culture
MHCC-97H cells.

The overexpression vector of ASPM (pcDNA-ASPM), shRNAs-
against ASPM, and METTL3 was purchased and designed by
GeneChem Corporation (Shanghai, China) (Table S1). SNU449,
Hepg3b, MHCC-97H, and Hepg2 cells were transfected with in-
dicated plasmids consistence with references of lipofectamine
(Vision 2000, 11668-019, Invitrogen, USA) and were cultured for
48 h.

2.3 | Cell counting kit-8 (CCK-8)

The SNU449, Hepg3b, MHCC-97H, and Hepg2 cells were added
into a 96-well plate containing 10% CCK-8 solution (cell counting kit)
(Sigma, USA). After incubation for 24, 48, 72, and 96 h, respectively,
Cell counting kit reagent (Beyotime Biotechnology, Shanghai, China)
was performed to detect the optical density (OD) value at 450 nm
for the absorbance.

2.4 | Colony formation assay

With a 1 x 10° cells per well density, SNU449, Hepg3b, MHCC-97H,
and Hepg?2 cells at a density of 1 x 10° were maintained in a 6-well
plate for 2 weeks at 37°C with 5% CO,. Followed by fixing using
4% paraformaldehyde and staining using 1% crystal violet. Then, the

number of colonies was calculated and the images were recorded.

2.5 | Transwell

Transwell Chamber (Corning Glass Works, Corning, NY, USA) was
employed to assess cell invasive ability. In brief, SNU449, Hepg3b,
MHCC-97H, and Hepg2 cells were added into the upper chambers
containing Matrigel (BD, Franklin Lakes, United States). After 24 h,
the invaded cells were fixed with 4% paraformaldehyde and stain-
ing with 0.1% crystal violet. The number of cells was counted, and
images were recorded in inverted fields under a microscope (Zeiss,

Germany).

2.6 | Wound scratch assays

SNU449, Hepg3b, MHCC-97H, and Hepg2 cells were seeded in
12-well plate for 1 day, and then a sterile pipette tip was used to
perform scratch, followed by incubating for another 48 h. Then, mi-
croscope was adopted to capture the images, and ImageJ software
was used to measure the migration percentage.
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2.7 | RNA immunoprecipitation (RIP)

To assess the interaction of METTL3 and ASPM, transfected
SNU449 cells were utilized for the extraction of total RNA.
Magna methylated RNA immune precipitation (MeRIP) méA Kit
(17-10499, Merck Millipore, USA) was introduced for the evalu-
ation of ASPM m6A modification, following manufacturer's in-
dications. The immunoprecipitated RNA was examined utilizing
gRT-PCR.

2.8 | Western blotting (WB)

The lysis buffer (Beyotime, China) was used to collect the protein,
and protein assay kit of BCA (Beyotime, China) was performed for
quantification. Then, the extracted protein samples were isolated by
SDS-PAGE gels (Jinsirui, China) and were transferred on the mem-
branes of PVDF (Merck Millipore, USA). After then, these membranes
were maintained in PBS containing 10% skim milk for 1 h and were
mixed with the primary antibodies at 4°C overnight, and the blots
were cultured with secondary antibody conjugated by horseradish
peroxidase (HRP) (Cell Signaling Technology, USA). For evaluation of
the protein expression level, Odyssey Infrared Imaging System (LI-
COR Biosciences) was adopted to visualize the blots and the Image
J software (National Institutes of Health) was used to calculate the
protein level. GAPDH (ab8245, 1:1000, abcam, UK) was used to
normalize the loading. The primary antibodies ASPM (ab238106,
1:1000), PCNA (ab92552, 1:5000), N-cadherin (ab76011, 1:10000),
Vimentin (ab16700, 1:1000), and E-cadherin (ab76055, 1:500) were
purchased from Abcam (UK).

29 | gRT-PCR

For the assess of the mRNA expression level, the total RNA was ob-
tained from tissues and cells by TRIzol reagent (Takara, Japan). RNA
reverse-transcription was performed using PrimeScript RT Reagent
Kit (Takara, Japan). Then, the mRNA level of ASPM was evaluated by
Real-time PCR (RT-PCR) consistent with manufacturer's references.
GAPDH was used to normalize the mRNA level. The expression of
the mRNA was analyzed using 2742 formula. The primer sequences
are listed in Table S2.

2.10 | Statistical analysis

SPSS (Version 20, Chicago, USA) and GraphPad Prism (Version 7,
USA) were employed for the statistical analysis. Student's t test and
one-way analysis of variance (ANOVA) were adopted to evaluate
the differences between two or multiple groups, and the Kaplan-
Meier method was performed to estimate overall survival. The data
are represented as the mean + SD in our study. p < 0.05 presents
statistically significant.

3 | RESULTS

3.1 | ASPMis highly expressed in LIHC

To explore the correlation between ASPM and LIHC, we first per-
formed online analysis using GEPIA2 database and found that
ASPM was highly expressed in LIHC (Figure 1A). In addition, the
overall survival analysis based on TCGA (https://portal.gdc.can-
cer.gov/) and ICGC (http://www.icgc.org/) database exhibited
that LIHC patients with high ASPM expression indicated poor
overall survival (Figure 1B). To further confirm the expression lev-
els of ASPM, we utilized Western blotting (Figure 1C) and gPCR
(Figure 1D) methods, and demonstrated that the expression levels
of ASPM in LIHC group were considerably higher than in normal
group. Collectively, these data suggested that ASPM was highly
expressed in LIHC, and the high expression of ASPM was corre-
lated with poor LIHC prognosis, implying that ASPM may partici-
pate in LIHC progression.

3.2 | ASPM knockdown inhibits LIHC cells
growth and metastasis

To evaluate the functional effect of ASPM on LIHC cells, we es-
tablished SNU449 and Hepg3b cells with stable ASPM knockdown
(Figure 2A,B). Downregulation of ASPM significantly suppressed
LIHC cells proliferation, as exhibited by CCK-8 and colony forma-
tion results (Figure 2C,D). Similarly, transwell and wound scratch
assays (Figure 2E,F) demonstrated that ASPM knockdown inhib-
ited the migratory and invasive capacities of SNU449 and Hepg3b
cells. Western blot assay exhibited that ASPM depletion caused the
downregulation of PCNA, N-cadherin, and Vimentin, and the up-
regulation of E-cadherin, suggesting the suppressive effect on EMT
process (Figure 2G). These findings indicated that silencing ASPM
could remarkably suppress LIHC cells proliferation, invasion, and
EMT process.

3.3 | ASPM overexpression facilitates LIHC cells
growth and metastasis

To further explore the effect of overexpressing ASPM on LIHC
cells growth and metastasis, we upregulated ASPM expression in
MHCC-97H and Hepg2 cells (Figure 3A,B). CCK-8 and colony for-
mation assays exhibited that the proliferation rate of LIHC cells
with overexpressed ASPM was much faster than the control group
(Figure 3C,D). Moreover, the migratory and invasive capacities of
LIHC cells were significantly enhanced by ASPM overexpression
(Figure 3E,F). Additionally, we observed that ASPM overexpres-
sion upregulated the expression levels of PCNA, N-cadherin, and
Vimentin, while inhibited E-cadherin (Figure 3G). These results clari-
fied that ASPM overexpression could facilitate LIHC cells prolifera-
tion, migration, invasion, and EMT process.
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FIGURE 1 High ASPM expression in LIHC. (A) GEPIA2 database was performed to analyze the ASPM expression levels in LIHC.

(B) Kaplan-Meier survival curves of OS based on ASPM mRNA expression in LIHC patients. The data were analyzed in TCGA(left) and
ICGC(right) database. ASPM protein and mRNA expression in LIHC tissues and corresponding normal tissues were measured by Western
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3.4 | METTL3-mediated m6A modification of
ASPMin LIHC

We next explored the underlying mechanism of ASPM in mediat-
ing LIHC cells biological function. The bioinformatics tool SRAMP
revealed that there was an méA sequences motif which could be
considered as the binding site of METTL3 on ASPM (Figure 4A). In
addition, STARbase (http://starbase.sysu.edu.cn/) database exhib-
ited that the expression of ASPM was positively correlated with
METTL3 in LIHC (Figure 4B). For further confirmation, we per-
formed METTL3 knockdown in LIHC cells and observed that silenc-
ing METTL3 inhibited the expression level of ASPM (Figure 4C,D).
Furthermore, MeRIP-gPCR showed that the mé6A modification was
enriched in ASPM mRNA sequence (Figure 4E,F) and METTL3 de-
pletion significantly decreased the méA abundant levels of ASPM in
LIHC cells (Figure 4G). These results implied that METTL3 positively
regulated ASPM expression via m6A modification in LIHC.

3.5 | METTL3 promotes LIHC cells growth and
metastasis via ASPM

To validate whether METTL3 regulates LIHC cells progression
in a ASPM-dependent manner, SNU449 and Hepg3b cells were
cotransfected with METTL3 shRNA plasmid and ASPM overexpres-
sion plasmid, and Western blot and gPCR assays were performed

to examine the transfection efficacy (Figure 5A). We found that
METTL3 knockdown significantly suppressed LIHC cells prolifera-
tion, which could be rescued by ASPM overexpression (Figure 5B,C).
Similarly, the migratory and invasive capacities of LIHC cells were
inhibited by METTL3 knockdown, which could be retained by ASPM
overexpression (Figure 5D,E). Taken together, our results demon-
strated that METTL3 could promote LIHC cells proliferation, migra-
tion, and invasion via upregulating ASPM.

4 | DISCUSSION
In this study, our results illustrated that ASPM was highly expressed
in LIHC, and the high expression of ASPM was correlated with poor
LIHC prognosis. In addition, ASPM knockdown suppressed LIHC
cells proliferation, migration, and invasion, while overexpressing
ASPM exerted the inhibited effects. Moreover, METTL3 promoted
LIHC cells growth and metastasis via m6A modification of ASPM.
Previous studies have suggested that ASPM mediated the spin-
dle organization, spindle orientation, and cytokinesis'®: in particular,
it was proved that its cytoplasmic expression levels vary remark-
ably among different types of tumor.!®?° These reports implied
that ASPM exerts diverse biological functions in malignant tumor.
In addition, extensive studies have shown that ASPM was highly ex-
pressed in cancer and participated in promoting the development
of diverse cancers, such as diffuse large B-cell lymphoma,?* bladder
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cancer,?? glioblastoma,? and prostate cancer.?® Consistent with pre-
vious reports, we found that ASPM was highly expressed in LIHC
tissues and could facilitate LIHC cells proliferation, migration, and
invasion.

As referred above, m6A methylation is the widely popular mod-
ification in approximately 100 types of chemical modifications, and
m6éA modification has made significant contribution to the cancers
progression. For example, as a crucial mA "reader," YTHDF1 aggra-
vated the progression of cervical cancer through mA-mediated up-
regulation of RANBP2,2* HNRNPA2B1 induced multiple myeloma

development by mediating ILF3 mRNA stabilization in a moéA-
dependent manner,?”> and METTL14 inhibited the tumor metastasis
of hepatocellular carcinoma via modifying the mé6A methylation of
GFR/PI3K/AKT.?® As a crucial m6A methylase, METTL3 has been in-
dicated to involve in cancers progression via mediating cancer-related
proteins methylation level. ChenF et al. suggested that METTL3 me-
diated N6-methyladenosine in KRT7 mRNA and regulated its transla-
tion efficiency to promote breast cancer lung metastasis®’; in addition,
Chen C et al. demonstrated that METTL3-mediated circ1662 accel-
erated YAP1 nuclear localization to enhance the capacity of tumor
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experiment

metastasis in colorectal cancer.?® However, whether METTL14 reg-
ulates m6A methylases modification of ASPM in LIHC remains elu-
sive. Herein, we found that there was an m6éA sequences motif which
could be considered as the binding site of METTL3 on ASPM, as well
as a positive correlation between the expression level of METTL3 and
ASPM. Furthermore, METTL3 could facilitate LIHC cells growth and
metastasis via m6A modification of ASPM.

To summarize, our study demonstrated that ASPM was upregu-
lated in LIHC and the high expression of ASPM indicated poor LIHC

prognosis. In addition, ASPM could promote LIHC cells proliferation,
migration, and invasion. Moreover, we suggested that METTL3 me-
diated m6A methylation of ASPM to facilitate LIHC cells growth and
metastasis. These findings provided the rationale for considering
METTL3/ASPM axis as a novel therapeutic strategy against progres-
sion of LIHC.
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