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ABSTRACT

In this study, we found that ALKBH5, a key component of the N°-methyladenosine (m°A)
methyltransferase complex, was significantly elevated in uveal melanoma (UM) cell lines and that
ALKBH5 downregulation inhibited tumor growth in vivo. High ALKBH5 expression predicted worse
outcome in patients with UM. EP300-induced H3K27 acetylation activation increased ALKBH5 expression.
Downregulation of ALKBH5 inhibited UM cell proliferation, migration, and invasion and increased
apoptosis in vitro. Besides, ALKBH5 may promote UM metastasis by inducing epithelial-to-mesenchymal
transition (EMT) via demethylation of FOXM1 mRNA, which increases its expression and stability. In sum,
our study indicates that AKLBHS5-induced m°A demethylation of FOXM1 mRNA promotes UM
progression. Therefore, AKLBHS5 is a potential prognostic biomarker and therapeutic target in UM.

INTRODUCTION roles in the tumorigenesis of UM [8-10]. N6-
methyladenosine (m®A) methylation is the most

Uveal melanoma (UM), which originates from prevalent modification in RNA, including mRNAs,

melanocytes, is the most common primary intraocular
malignancy in adults [1]. Although the primary tumor
can be treated with resection, radiation therapy, and
enucleation, up to 50% of UM patients will develop
metastatic disease [2, 3]. The most common sites of UM
metastasis are the liver (60.5%), lungs (24.4%), skin/soft
tissue (10.9%), and bone (8.4%) [4]. Unfortunately, the
1-year survival rate of UM patients with metastases is
only 15% [5]. Therefore, there is a pressing need to find
useful prognostic biomarkers and therapeutic targets for
this disease.

Although previous studies have revealed that distinct
genetic alterations occur during the formation and
progression of UM [6-8], genomic epigenetic
modifications, such as histone modification, DNA
modification, and RNA methylation, also play critical

LncRNAs, and circRNAs [11]. m®A modification is
installed by a multicomponent methyltransferase
complex consisting of METTL3, METTL14, and WTAP
and is erased by FTO and ALKBHS5. Moreover, specific
RNA-binding proteins, such as YTHDF1, YTHDF2, and
YTHDF3, bind to the mSA motif to modify RNA
function [12, 13]. m®A modifications have been reported
to affect multiple biological processes, such as RNA
stability, splicing, transport, subcellular localization and
translation efficiency, and RNA-protein interactions
[11]. Recently, RNA methylation was shown to inhibit
the progression of UM and ocular melanoma (OM), and
decreased m®A levels were associated with a poor
outcome in OM [14]. Conversely, METTL3-mediated
mSA modification may promote UM progression by
targeting c-Met and increasing its expression [15].
Therefore, understanding of the biological function of
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mSA and potential regulatory mechanisms in human UM
is still in its infancy.

Tumor metastasis requires a series of events within the
tumor microenvironment, including cell proliferation,
loss of cellular adhesion, degradation of the extracellular
matrix, and cell migration and invasion [16]. In cancer,
epithelial-to-mesenchymal transition (EMT) is a key
process leading to tumor metastasis and aggression,
stemness, and resistance to therapy [17]. mCA
modifications have been shown to cause tumor
progression via EMT and tumorigenesis. METTL3
induced an m®A modification in the coding sequence of
Snail, a key transcription factor of EMT, which triggered
polysome-induced translation of Snail mMRNA in cancer
cells [18]. In addition, METTL3-provoked meA
methylation of ZMYM1 mRNA facilitated EMT and
gastric cancer metastasis [19]. Some studies have
demonstrated that EMT promotes the metastasis and
aggression of UM [20, 21]. However, the effect of méA
modifications on EMT in UM has yet to be explored.

Here, we verified that ALKBH5 overexpression
promotes UM progression and found that ALKBH5
expression is increased by EP300-induced H3K27
acetylation activation. In addition, ALKBH5 promotes
EMT of UM by upregulating FOXML1 expression via
demethylating the mSA modification and further
increasing the stability of FOXM1 mRNA.

RESULTS

High ALKBHS5 expression is associated with worse
prognosis in patients with UM and promotes UM
growth in vivo

To obtain the clinical significance of ALKBH5
expression in patients with UM. The GEPIA database
(http://gepia.cancer-pku.cn), which includes the data set
from The Cancer Genome Atlas (TCGA), was used to
evaluate the prognosis of ALKBH5 expression with a
high or low level. As shown in Figure 1A, higher
ALKBH5 expression was correlated with worse
outcomes in patients with UM.

To investigate the association between ALKBH5
expression and UM, we measured ALKBH5 expression
in two human UM cell lines (MuM-2B and C918). As
shown in Figure 1B, the protein (Figure 1B, upper panel)
and mRNA (Figure 1B, bottom panel) levels of
ALKBHS5 were significantly elevated in UM cells.

To study the effect of ALKBHS5 on UM tumor progression
in vivo, we used two short hairpin RNAs (shALKBH5#1
and shALKBH5#2) to decrease ALKBH5 expression. As
expected, protein (Figure 1C, upper panel) and mRNA

(Figure 1C, bottom panel) expression of ALKBH5 was
downregulated in MuM-2B and C918 cells that were
transfected with two distinct shRNAs. Subsequently,
ALKBH5-stable knockdown C918-shALKBH5#2 cells
were established and injected subcutaneously into nude
mice (Figure 1D, 1E). The results showed that the
downregulation of ALKBH5 significantly suppressed
tumor growth, as reflected by the tumor volumes (Figure
1E) and weight (Figure 1F) compared with tumors derived
from control cells. In addition, IHC staining revealed that,
compared with the normal control group, Ki-67 expression
was dramatically suppressed and cleaved-caspase3 was
increased in the C918-shALKBH5#2 group (Figure 1G).
These results demonstrate that ALKBH5 expression is
associated with UM tumorigenicity.

EP300-induced H3K27ac activation promotes
ALKBHS5 transcription in UM

To determine the cause of high ALKBH5 expression in
UM cells, we analyzed melanoma data from the UCSC
Genome Bioinformatics Site (http://genome.ucsc.edu) and
found high enrichment and overlap of H3K27ac peaks at
the promoter region of ALKBH5 in melanoma (Figure
2A), which suggests that ALKBH5 may be regulated by
chromatin acetylation. It has been reported that H3K27ac
is catalyzed by cAMP response element binding protein
(CREB) binding protein (CREBBP) and EP300 in a
bromodomain-dependent fashion [22]. By analyzing the
TCGA data set, we found that EP300 (Figure 2B) and
CREBBP (Figure 2C) mRNA expression was positively
correlated with ALKBHS5 expression in UM.

To verify the relationship between H3K27ac and
ALKBHS5, we treated UM cells with C646, the histone
acetyltransferase inhibitor targeting EP300, and SGC-
CBP30, a histone acetyltransferase inhibitor targeting
CREBBP. The mRNA (Figure 2D) and protein (Figure
2E) levels of ALKBHS were significantly decreased in
C918 and MuM-2B cells after treating the cells with
C646 for 24 hours. Although SGC-CBP30 decreased the
expression of H3K27ac, ALKBH5 was not affected
(Supplementary Figure 1). Furthermore, the ChIP assay
results indicated that the promoter region of ALKBH5
was enriched in EP300 binding and H3K27ac signals,
and inhibition of EP300 by C646 treatment could
significantly decrease the enrichment of H3K27ac signals
in the promoter of ALKBH5 (Figure 2F). These results
indicate that EP300-induced H3K27ac activation
increases ALKBHS5 expression in UM.

ALKBHS5 inhibition decreases proliferation and
facilitates cell cycle arrest in UM cells

We performed a series of in vitro biological
experiments to further assess the function of ALKBH5
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in UM cells. Loss of ALKBH5 caused a significant
decrease in cell viability in MuM-2B and C918 cells
(Figure 3A) and induced G1 to S phase transition arrest
(Figure 3B). The protein expression of the G1 to S
phase checkpoint regulators cyclin D1 and cyclin E1
was downregulated in shALKBH5-transfected cells
compared with the control vector-transfected cells
(Figure 3D). These results confirm that ALKBH5

Loss of ALKBH5 promotes UM cell apoptosis

To further explore the effect of ALKBH5 on UM
growth, we assessed the effect of ALKBH5 on cell
apoptosis using flow cytometry after staining with
annexin V and Pl. Downregulation of ALKBH5
significantly increased cell apoptosis in MuM-2B and
C918 cells (Figure 3C). Moreover, loss of ALKBHS5 in

facilitates cell growth by promoting cell cycle MuM-2B and C918 cells significantly increased
progression in UM cells. apoptosis marker protein levels, cleaved caspase-3, and
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Figure 1. High ALKBH5 expression is associated with worse prognosis in patients with UM and promotes UM growth in vivo (A) Survival
curves of UM patients expressing ALKBH5 at high and low levels in the TCGA cohort from the online GEPIA database (P = 0.0023). (B)
Expression of ALKBH5 protein (upper panel) and mRNA (bottom panel) levels in UM cells was detected by western blot and qRT-PCR. (C)
ALKBH5 knockdown efficiency was verified at the protein and mRNA levels in C918 (left panel) and MuM-2B (right panel) by western blot and
gRT-PCR. (D) Knockdown of ALKBHS5 effectively inhibited UM subcutaneous tumor growth in nude mice (n=5). (E) The growth curves of C918
stably transduced with shALKBH5 in nude mice were significantly dampened compared with those of C918 cells transduced with control
plasmid. (F) Histogram shows the mean tumor weights from the shALKBH5 and control groups. (G) Sections of tumors were stained with anti-
ALKBHS5, anti-Ki67, and anti-cleaved-Caspase 3 antibodies by IHC staining. Mean * SEM, t-test, ¥*P < 0.05, **P < 0.01, ***P < 0.001.
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decreased the expression of BCL-2, which is an
antiapoptosis marker (Figure 3D).

Silencing ALKBH5 reduces migration and invasion
of UM cells

Transwell migration and Matrigel invasion assays

were performed to evaluate the effects of ALKBH5 on
cell migration and invasion. As shown in Figure 4A,

A

knockdown of ALKBHS significantly inhibited
migration and invasion of MuM-2B and C918 cells.
Western  blot assay demonstrated that the

downregulation of ALKBHS5 reduced the expression
of the tumor metastasis-related proteins matrix
metallopeptidase 2 (MMP2), MMP7, and MMP9 in
UM cells (Figure 4B). These findings indicate that
ALKBHS5 silencing reduces migration and invasion of
UM cells.
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Figure 2. EP300-induced H3K27ac activation increased ALKBH5 expression in UM. (A) Data from the UCSC Genome Bioinformatics
Site (http://genome.ucsc.edu/) showed high enrichment of H3K27ac in the promoter of ALKBH5 in melanoma. (B, C) ALKBH5 mRNA levels
were positively correlated with EP300 (B) and CREBBP (C) in the UM data set from the TCGA database. (D-E) The mRNA (D) and protein (E)
levels of ALKBH5 and H3K27ac were decreased when UM cells were treated with C646 for 24 hours. (F) ChIP assays were used to determine
the enrichment of H3K27ac at the promoter of ALKBH5 after treating C918 cells with C646 and DMSO at 12.5uM for 12 hours. Mean * SEM, t-

test, *P < 0.05, **P < 0.01, ***P < 0.001.
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ALKBH5 promotes EMT of UM cells via mfA
demethylation

Because EMT has been found to be a key process in
tumor metastasis, we investigated the relationship
between ALKBH5 and EMT in UM. As shown in
Figure 4C, downregulation of ALKBHS5 increased E-
cadherin and decreased the protein levels of N-cadherin,
Vimentin, Snail, Slug, and p-catenin (Figure 4C), which
indicates that ALKBHS5 affects the EMT of UM cells. In
addition, overexpression of ALKBH5 not only
significantly increased the migration and invasion of
UM cells (Figure 4D, 4E, Supplementary Figure 2A),
but also promoted UM cell EMT (Figure 4H).
Moreover, IHC staining was used to detect EMT
markers expression in tumors of nude mice assay of
C918-shALKBH5#2 group and C918-shControl group.
We found that Vimentin and Snail expressions were
dramatically suppressed in the C918-shALKBH5#2
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ALKBHS5, an mA demethylase, can erase mSA mRNA
modification and contribute to the progression of
carcinomas [12]. Thus, we explored whether ALKBH5
upregulation and functional changes are a consequence of
mSA demethylation. The reported catalytic inactive
mutation ALKBH5 H204A (ALKBH5MYT) plasmid and
the wild-type ALKBH5 (ALKBH5"T) plasmid were
transfected into C918 and MuM-2B cells (Figure 4F).
Compared with ALKBH5MUT, ectopic expression of
ALKBH5YT increased cell migration and invasion (Figure
4G and Supplementary Figure 2C). Furthermore, cells
with the catalytic inactive mutation of ALKBH5 showed
lower N-cadherin, Vimentin, Snail, Slug, and B-catenin
expression and higher E-cadherin expression (Figure 41).
These results indicate that ALKBHS5-induced mEA
demethylation is critical to EMT in UM.
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Figure 3. ALKBH5 knockdown inhibited UM cell growth. (A) Knockdown of ALKBH5 suppressed cell proliferation in UM cells as
determined by MTT assay. (B) ALKBH5 shRNA treatment induced cell cycle arrest in G1/S phase in UM cells. (C) ALKBH5 elicited an apoptotic
response in UM cells as determined by annexin V-PITC and PI staining and flow cytometry. (D) Western blot showed increased expression of
apoptotic related protein, cleaved caspase-3, and decreased expression of BCL-2, c-Myc, cyclin D1 and cyclin E1 in ALKBH5-knockdown UM

cells. Mean * SEM, t-test, ¥*P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 4. ALKBH5 promoted UM cell migration, invasion, and EMT. (A) After ALKBH5 knockdown plasmid transfection for 24 hours,
the transwell migration assay and Matrigel invasion assay were used to determine cell migration and invasion ability, respectively, in C918
and MuM-2B cells. (B) After transfection with shRNA-targeted ALKBHS5, the expression of MMP2, MMP7, and MMP9 was detected using
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epithelial marker (E-cadherin) in UM cells. (D) The ALKBH5 overexpression efficiency was verified at the protein level in UM cells by western
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ALKBH5-induced mSA demethylation increases
FOXM1 expression in UM cells

ALKBH5 has been reported to demethylate FOXM1
nascent transcripts and promote FOXM1 expression in
glioblastoma [23]. Moreover, ALKBH5 downregulates
the m®A enrichment on FOXM1 mRNA and promotes
cell proliferation and invasion in lung adenocarcinoma
[24]. Therefore, we firstly used the GSE22138,
GSE73652, and TCGA data sets to investigate the
relationship between FOXM1 and ALKBHS5 in
UM. We found that ALKBH5 expression is
positively correlated with FOXM1 expression in UM
tumors (Supplementary Figure 3A-3C). In addition,
IHC staining also demonstrated that knockdown
ALKBHS5 could decrease FOXM1 expression in vivo
(Supplementary Figure 3D). Furthermore, higher
FOXM1 expression predicted poor prognosis in
patients with UM in the TCGA data set
(Supplementary Figure 3E).

To further confirm whether ALKBH5 could regulate
FOXML1 expression, western blot assay was performed
to detect protein levels of FOXML1 after transfection of
ALKBHS5 treated with different sShRNAs. We found that
FOXML1 expression increased after transfecting UM
cells with ALKBH5WT plasmid but did not change after
treating UM cells with the catalytic inactive mutation of
ALKBH5 (Figure 5A). Moreover, knockdown of
ALKBHS5 decreased the expression of FOXM1 (Figure
5B). We also used the MeRIP-gPCR assay to detect the
effect of ALKBH5 on m®A levels of FOXM1 mRNA.
As shown in Figure 5C, the downregulation of
ALKBHS5 increased the m°A level of FOXM1 mRNA in
C918 cells (Figure 5C, left panel). In addition, méA
levels of FOXM1 mRNA were significantly increased
in cells transfected with ALKBH5MYT plasmids
compared with wild-type plasmids (Figure 5C, right
panel). Our results indicated that ALKBH5
demethylates the méA modification on FOXM1 mRNA
in UM cells.

Investigators have found that ALKBH5-induced méA
demethylation on mRNAs affects mMRNA stability and
translation [25, 26]. To investigate whether ALKBH5
increases FOMX1 expression by increasing its mMRNA
stability, we treated cells with the transcription inhibitor
dactinomycin and detected the level of FOXM1 mRNA.
As shown in Figure 5D (left panel), knockdown of
ALKBH5 in C918 cells significantly decreased the
FOXM1 mRNA level compared with control cells.
Furthermore, the level of FOXM1 mRNA was notably
reduced in C918 cells with catalytic inactive mutation
of ALKBH5 after dactinomycin treatment (Figure 5D,
right panel). Thus, these results demonstrated that
ALKBH5 may upregulate FOXM1 expression and

increase the stability of FOXM1 mRNA via
demethylating mfA modification.

FOXML1 is involved in ALKBH5-induced EMT in
UM cells

FOXML is critical to the EMT/mesenchymal-epithelial
transition (MET) process in carcinomas [27], but its role
in UM remains unknown. In this study, we designed
two different shRNAs to target FOXML1 and confirmed
the knockdown efficiency by western blot (Figure 6A).
Downregulation of FOXM1 significantly suppressed
cell migration (Figure 6B) and invasion (Figure 6C). In
addition, inhibition of FOXM1 in UM cells increased E-
cadherin  expression and decreased N-cadherin,
vimentin, Snail, Slug, and B-catenin expression (Figure
6D).

To verify that mSA modification of FOXM1 mRNA is
critical for ALKBH5-induced EMT, ALKBH5WT and
ALKBH5MYT plasmids were transfected into ALKBH5-
stable knockdown C918 cells. As expected, FOXM1
expression and EMT were markedly rescued by
overexpression of the wild-type ALKBH5 but not the
catalytic inactive mutation (Figure 6E). In addition,
FOXM1-stable knockdown C918 cells were transduced
with ALKBH5 overexpression and Control plasmid. As
shown in Figure 6F, overexpression of ALKBHS5 cannot
rescue the deceleration of EMT caused by FOXM1
downregulation. Furthermore, the migration and
invasion abilities of FOXMZ1-knockdown cells could not
be promoted by ALKBH5  overexpression
(Supplementary Figure 4). Taken together, our results
suggest that ALKBH5 may promote UM EMT by
upregulating FOXM1 expression in an mtA
modification—dependent manner.

DISCUSSION

ALKBH5 has been shown to be involved in
carcinogenesis and progression of a variety of cancers.
However, the function of ALKBH5 in cancer is still
controversial. In lung cancer [24, 28], gastric cancer [29],
and epithelial ovarian cancer [30], ALKBH5 may act as
an oncogene, whereas in colon cancer [31] and pancreatic
cancer [32], ALKBH5 may inhibit tumor progression.
However, few studies have investigated the role of
ALKBHS5 in UM. In this study, we demonstrated that
inhibition of ALKBHS5 suppresses tumor growth in vivo
and that EP300-induced H3K27ac activation promotes
ALKBH5 expression. A series of in vitro functional
experiments verified that the downregulation of
ALKBHS inhibits cell proliferation, migration, and
invasion and promotes cell apoptosis and G1 to S phase
arrest. We also investigated the relationship between
ALKBHS5 and EMT. Western blot assay results showed
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that knockdown or loss of mSA catalytic activity of
ALKBHS5 increased the epithelial cell phenotype marker
E-cadherin and decreased mesenchymal phenotype
markers (N-cadherin and Vimentin) compared with
controls. Furthermore, ALKBHS5 increases the expression
and mRNA stability of FOXML1, a transcription factor
found to promote EMT, via m8A modification.

ALKBH5 has been reported to have many biological
functions. In epithelial ovarian cancer, ALKBHS inhibits
cell autophagy by enhancing the expression and stability
of BCL-2 through mSA modification of BCL-2 mRNA
[30]. ALKBHS5 inhibits tumor motility and stemness by
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demethylating TIMP3 [28], LncRNA NEAT1 [29], WIF1
[32], and LncRNA KCNK15-AS1 [33]. ALKBH5
regulates FOXML1 expression by demethylating the
nascent transcripts of FOXML1 in glioblastoma stem-like
cells [23]. However, in lung adenocarcinoma, ALKBH5
directly downregulates the méA modification of FOXM1
mMRNA and promotes FOXM1 expression under
intermittent hypoxia [24]. In the present study, we
demonstrated that ALKBH5 knockdown or loss of m®A
catalytic activity had significantly decreased mCA
enrichment of FOXM1 mRNA. Further studies should be
performed to elucidate the oncogenic role of ALKBH5
in UM.
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Figure 5. ALKBH5 increases FOXM1 expression and FOXM1 mRNA stability in UM cells. (A) The protein levels of FOXM1 in wild-
type or catalytic inactive mutation ALKBH5-expressing UM cells were measured using western blotting. (B) ALKBH5 downregulation
decreased FOXM1 expression in UM cells. (C) MeRIP-gPCR analysis was used to verify ALKBH5-induced FOXM1 m®A modification. The m°A
modification of FOXM1 was increased on downregulation and catalytic inactive mutation of ALKBH5 in C918 cells. (D) C918 cells were treated
with dactinomycin (Act D, 2 ug/mL) to block new RNA synthesis. The stability of FOXM1 was measured by gRT-PCR at different times. Mean +

SEM, t-test, *P < 0.05, **P < 0.01, ***P < 0.001.
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Although the function of ALKBH5 has been widely
investigated, few studies focus on the regulatory
mechanism of abnormal ALKBHS5 expression. In breast
cancer, ALKBHS5 is a direct target of hypoxia-inducible
factor 1o (HIF-1o) and HIF-2a and regulates breast
cancer stem cell phenotype by downregulating the mtA
modification on Nanog mRNA methylation [34]. It is
well known that histone modifications involve a series
of posttranslational modifications, including acetylation,
methylation, and phosphorylation, that can impact gene
expression by changing chromatin structure or
recruiting histone modifiers [35, 36]. To further explore
the relationship between histone modification and
elevated ALKBHS5 expression in UM, we analyzed the
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data from UCSC Genome Bioinformatics Site and
found high enrichments of H3K27ac peaks at the
promoter of ALKBHS5. Although the levels of both
EP300 and CREBBP (the members of the EP300/CBP
complex) were positively correlated with ALKBHS5 in
UM, we verified that EP300-induced H3K27ac
activation promotes ALKBH5 transcription and
increases ALKBH5 expression in UM. Our results
provide new insight into the mechanisms involved in
ALKBHS5-related tumor progression.

FOXMZ1 has been reported to be involved in various
tumor processes, including cancer growth and
aggression, cancer differentiation, stem cell phenotype,
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***p <0.001.
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and EMT [37]. As a transcription factor, FOXM1
regulates the transcription of its downstream genes by
directly binding to promoters of their DNA [27]. FOXM1
promotes EMT in pancreatic cancer by directly binding
to the promoter region of the caveolin-1 gene and
promoting its expression [38]. Snail and Slug, the
transcription factors of EMT, are directly regulated by
FOXML1 [39, 40]. In addition, FOXM1 not only regulates
B-catenin expression but also reduces the nuclear
accumulation and activity of B-catenin [41, 42]. In the
current study, we observed that FOXM1 knockdown not
only decreased the invasion and migration of UM cells,
but also induced the downregulation of Snail, Slug, and
B-catenin. In addition, the downregulation of FOXML1 in

UM cells decreased the expression of the mesenchymal
markers Vimentin and N-cadherin and increased the
expression of the epithelial marker E-cadherin. Finally,
the expression of FOXM1 was upregulated by ALKBH5-
induced mSA  demethylation, indicating that the
ALKBH5/FOXML1 axis promotes UM EMT.

In conclusion, we demonstrate that ALKBHS5, which is
positively regulated by epigenetic modifications of
H3K27 acetylation, promotes tumor progression by
inducing tumor EMT and increasing FOXM1
expression via mCA demethylation (Figure 7).
Therefore, ALKBH5 is a potential target of UM
molecular therapy.

ALKBH51

FOXM1 mRNA

FOXM11

>

FOXM1 mRNA

S5,
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UM progression

20

Figure 7. The graphic illustration of ALKBH5-mediated m°®A demethylation of FOXM1 mRNA promotes progression of uveal

melanoma.
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MATERIALS AND METHODS
Cell culture and reagent

A human retinal pigment epithelium cell line (ARPE-19)
was obtained from ATCC (ATCC CRL2302, Manassas,
VA). Human UM cell lines (MuM-2B and C918) were
obtained from the Cell Resource Center, Peking Union
Medical College (Beijing, China). All cell lines were
cultured in RPMI-1640 medium with supplementation of
10% fetal bovine serum (FBS; Invitrogen, Carlsbad, CA)
and appropriate amounts of penicillin (100 U/mL) and
streptomycin (100 mg/mL) in a humidified atmosphere of
5% CO, at 37° C. The histone acetyltransferase inhibitors
C646, which targets EP300, and SGC-CBP30, which
targets CAMP response element binding protein (CREB)
binding protein (CREBBP), were purchased from Selleck
(Shanghai, China).

Western blot

Proteins were collected from cells using the Whole Cell
Lysis Assay Kit (KGP250, KeyGen, Nanjing, China).
The protein concentration was determined using the
bicinchoninic acid (BCA) method using the BCA Protein
Quantitation Assay Kit (KeyGen, Nanjing, China).
Protein was electrophoretically separated by 10% or 15%
SDS-PAGE and transferred to PVDF membranes
(Millipore, Billerica, MA). The membranes were blocked
for 1 hour with 5% bovine serum albumin (BSA) in TBS-
T and incubated with specific primary antibodies
overnight at 4° C followed by incubation with rabbit or
mouse radish peroxidase-coupled secondary antibodies
for 1 hour. Antibody binding was detected using the
enhanced chemiluminescence reagent (Millipore,
Billerica, MA). The antibodies used in this study were as
follows: ALKBHS5 (ab195377, Abcam), H3K27ac
(#8173, Cell Signaling Technology [CST]), cyclin D1
(#2978, CST), cyclin E1 (ab33911, Abcam), c-Myc
(#5605, CST), caspase-3 (19677-1-AP, Proteintech),
BCL-2 (12789-1-AP, Proteintech), MMP2 (#87809,
CST), MMP7 (#71031, CST), MMP9 (#13667, CST), E-
cadherin (#3195, CST), N-cadherin (#13116, CST),
vimentin (#5741, CST), B-catenin (#8480, CST), Snalil
(@b53519, Abcam), Slug (ab27568, Abcam), B-actin
(ab8227, Abcam), and GAPDH (#8884, CST).

Immunohistochemical staining

For immunohistochemical staining, deparaffinized
sections were pretreated with 10 mM of sodium citrate
buffer for antigen unmasking, blocked with 5% goat
serum for 30 minutes, and incubated with antibodies at
4° C overnight. IHC staining was performed with
horseradish peroxidase (HRP) conjugates using DAB,
and the nuclei were stained with hematoxylin. Images

were taken with a Nikon microscopy and K-viewer
system.

Plasmid construction and transfection

The shRNA sequences of ALKBH5 are as follows:
ShALKBH5#1, 5-GAAAGGCTGTTGGCATCAATA-3';
shALKBH5#2, 5-CCTCAGGAAGACAAGATTAGA-
3'. The downregulation target sequences of FOXM1 are as
follows: shFOXMI1#1, 5'-CTCTTCTCCCTCAGAT
ATA-3'; shFOXMI1#2, 5-GGACCACTTTCCCTAC
TTT-3'". The catalytic inactive mutation site of ALKBH5
H204A was obtained from a previously published study
[23]. Plasmids were transfected with Lipofectamine 2000
(Invitrogen, Carlsbad, CA) according to the
manufacturer’s instructions.

Lentiviral transduction for stable cell lines

Lentivirus plasmids of shRNA were co-transfected with
the packaging plasmids pMD2.G and psPAX2
(Addgene) into HEK-293T cells to produce lentivirus.
Two days after transfection, virus supernatants were
collected, concentrated, and used to infect UM cells
with polybrene (8 ug/mL, Sigma, St. Louis, MO). After
3 days of transduction, cells were treated with 2 pug/mL
of puromycin (Sigma) for 4 to 7 days.

Quantitative real-time polymerase chain reaction
(gRT-PCR)

Total RNA was isolated using RNA plus reagent
(Takara, Japan). cDNA was prepared using Oligo(dT)
primers according to the protocol supplied with the
PrimeScript RT Reagent (Takara, Japan). The
expression of ALKBH5 was determined by qRT-PCR
using TB Green Advantage gPCR Premix (Takara,
Japan). The primer sequences of ALKBH5, FOXML,
and GAPDH used in this study were as follows:
ALKBHS5, forward: 5-GGTGTCGGAACCAGTGCT
TT-3', reverse: 3'-CCAACCGGGGTGCATCTAAT-5,
FOXM1, forward: 5-ACGTCCCCAAGCCAGGCTC-
3', reverse: 5-CTATGTAGCTCAGGAATAA-3"; GAP
DH, forward: 5'-ACAACTTTGGTATCGTGGAAGG-
3, reverse: 3'-GCCATCACGCCACAGTTTC-5'.

Proliferation assay

Cell proliferation was assessed using the 3-(4,5-
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
(MTT) assay. Cells were plated into 96-cell plates
(1000 cells per well). MTT solution (5 mg/mL) was
added to the medium of each well. After incubation for
4 hours, the resultant formazan crystals were dissolved
in dimethyl sulfoxide, and the absorbance intensity was
measured using a microplate reader at 492 nm.
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Migration and invasion assay

Cell migration assays were performed using 24-well
transwell chambers (Costar-Corning, New York, USA)
with an 8.0-um pore polycarbonate filter. The lower
chamber was filled with 700 pL of RPMI-1640 with
10% FBS, and cells (2.5 x 104 cells/well) pretreated
with plasmid transfection of ALKBH5 were added into
the upper chamber. After incubation for 5 hours, cells
were fixed with methanol, stained with crystal violet,
photographed, and counted. Cell invasion assay was
performed similarly, except that transwell inserts were
precoated with Matrigel and incubated for 10 hours.

Apoptosis and cell cycle assay

For cell apoptosis analysis, cells were serum-starved
overnight and determined using the Annexin V-FITC
Apoptosis Detection Kit (Beyotime, Shanghai, China).
For cell cycle analysis, cells were fixed in 70% ethanol,
stained with propidium iodide, and analyzed by flow
cytometry.

mPA-RNA immunoprecipitation (MeRIP) assay

Total RNAs were extracted from stable ALKBH5
knockdown and catalytic inactive mutation C918 cells
and their corresponding control cells. Chemically
fragmented RNA (approximately 100 nucleotides) was
incubated with m8A antibody (New England BioLabs)
for immunoprecipitation according to the protocol of
the Magna methylated RNA immunoprecipitation méA
kit (Merck Millipore). Enrichment of mSA-containing
mRNA was analyzed using qRT-PCR.

Dactinomycin treatment

C918 cells were exposed to 2 pug/mL of dactinomycin
(Selleck, Shanghai, China) to block transcription for 0,
3, 6, and 12 hours. The cells were harvested, and the
stability of FOXM1 mRNA was analyzed using qRT-
PCR assay.

Chromatin immunoprecipitation (ChIP)

ChIP analysis was carried out according to the standard
method of the Simple ChIP Enzymatic Chromatin IP Kit
(#9003, Cell Signaling Technology). Chromatin was
immunoprecipitated with anti-H3K27ac (#8173, Cell
Signaling Technology) or anti-lgG as a negative control.
Finally, immunoprecipitated protein and DNA complexes
were isolated and RT-PCR assay was carried out to
examine the quantity of the specific proteins. The primers
for the ALKBH5 promoters are listed as following:
ALKBHS5, forward: 5-CGCGGGTTTCAGAACTTTCC-
3, reverse: 3-GGAGTTTCCGGAAGTCGGTT-5'.

Mice xenograft model

Animal experiments were approved by the Ethics
Committee of Jinan University. The in vivo experiment
method for transplantation of tumors was subcutaneous
injection of 1 x 10" ALKBH5-stable knockdown C918
cells into BALB/c nude mice. The length and width of
tumors were measured every 3 days to determine the
tumor volume. After 4 weeks, the tumor-bearing mice
were sacrificed, and the tumors were weighed.

Bioinformatics analysis

The gene expression profile GSE22138 and GSE73652
data sets were downloaded from the database and
analyzed using R (V4.0, https://cran.r-project.org/) with
the GEOquery Package. The GEPIA database
(http://gepia.cancer-pku.cn/index.html) was used to
analyze the interaction between ALKBH5, FOXML1,
and clinical characteristics.

Statistical analysis

Data were analyzed for statistical significance using the
t-test (IBM, NY). In these analyses, P < 0.05 was
considered statistically significant. All in vitro
experiments were confirmed three times.
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SUPPLEMENTARY MATERIALS

Supplementary Figures

SGC-CBP30 Treatment
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Supplementary Figure 1. After treating cells with SGC-CBP30 for 24 hours at different concentrations, the protein levels of
ALKBH5 and H3K27ac were detected using western blot.
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Supplementary Figure 2. ALKBH5 overexpression increased the abilities of migration and invasion in UM cells. (A)
Upregulation of ALKBHS increased cell migration and invasion in UM cells. (B) Vimentin and Snail expression were detected in C918-
shALKBH5#2 and shcontrol group nude mice by IHC assay. (C) Compared with ALKBH5 wild-type plasmid transfection, cells with loss of
catalytic activation ability of ALKBH5 could decrease the abilities of cell migration and invasion in UM.
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Supplementary Figure 3. Public data on UM tissues were used to analyze the relationship between ALKBH5 and FOXM1. (A)
ALKBH5 expression was significantly correlated with FOXM1 expression (P = 0.025) in the GSE22138 data set (left panel). ALKBH5 expression
in primary tumors with distant metastasis was positively correlated with FOXM1 expression (middle panel). ALKBH5 expression in primary
tumors without distant metastasis was not significantly related to FOXM1 expression in the GSE22138 data set (right panel). (B) Although
ALKBH5 was not correlated with FOXM1 in the GSE73652 data set (left panel), its expression showed a positive correlation in the primary
tumors of patients with high metastasis risk (middle panel), but not in the primary tumors of patients with low metastasis risk (right panel).
(C) In the TCGA database of UM tissue, ALKBH5 expression was positively related to FOXM1 expression. (D) The expression of FOXM1 was
detected in the C918-shALKBH5#2 group and the control group by IHC assay. (E) Patients with higher FOXM1 expression have worse
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Supplementary Figure 4. ALKBH5 could not rescue cell Migration (A) and Invasion (B) abilities caused by FOXM1 knockdown in UM cells.
Mean + SEM, t-test, *P < 0.05, **P <0.01, ***P < 0.001.
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