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Abstract

Epigenetic modifications at the histone level have attracted significant attention because of their roles in
tumorigenesis. Suppressor of variegation 3-9 homolog 2 (SUV39H2, also known as KMT1B) is a member
of the SUV39 subfamily of lysine methyltransferases (KMTs) that plays a significant role in histone H3-K9
di-/tri-methylation, transcriptional regulation and cell cycle. Overexpressions of SUV39H2 at gene,
mRNA and protein levels are known to be associated with a range of cancers: leukemia, lymphomas, lung
cancer, breast cancer, colorectal cancer, gastric cancer, hepatocellular cancer and so on. Accumulating
evidence indicates that SUV39H2 acts as an oncogene and contributes to the initiation and progression of
cancers. It could, therefore, be a promising target for anti-cancer treatment. In this review, we focus on
the dysregulation of SUV39H2 in cancers, including its clinical prognostic predictor role, molecular
mechanism involved in cancer occurrence and development, relevant inhibitors against cancer, and its
epigenetic modification interaction with immunotherapy. A better understanding of the SUV39H2 will be

beneficial to the development of molecular-targeted therapies in cancer.
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Introduction

Suppressor of variegation 3-9 homolog 2
(SUV39H2, also known as KMT1B) is a member of the
SUV39 subfamily of lysine methyltransferases (KMTs)
and is known to be localized in nucleus; it is the
second H3K9 selective methyltransferases recognized
after its homolog SUV39H1 [1, 2]. In humans, the
SUV39 family proteins, namely SUV39H1 (KMT1A),
SUV39H2 (KMT1B), SETDB1 (KMTI1E), SETDB2
(KMT1F), G9A (EHMT2) and G9a-like protein (GLP1),
contain pre-SET (N-SET) and post-SET (C-SET)
domains besides the SET domain and mediate H3K9
methylation [3-6]. SUV39H2 is primarily responsible
for di- and tri-methylation of H3K9; H3K9me3 is
associated with heterochromatin organization at
pericentric and telomeric repeats, transcriptional
repression, and epigenetic silencing of the domains in
euchromatin [1, 7-12]. SUV39H2 possesses three

protein isoforms and its exon 3 could affect its histone
methyltransferases (HMTases) activity, stability, and
sub-nuclear localization [13]. SUV39H2 forms a
complex along with Rb-related pocket proteins to
silence E2F-responsive genes; tri-methylation of H3K9
in E2F-responsive genes by SUV39H2 contributes to
regulating cell cycle and cell differentiation [14, 15].
H3K9me3 repressive heterochromatin conformation
is accumulated in p53 pro-apoptotic and
anti-proliferation target promoters [16]. Suv3%h
maintain normal biological function in mammal
[17-23]. Suv39h-mediated H3K9me3 serves a function
in directing DNA methylation to major satellite
repeats at pericentric heterochromatin [24-26].
Suv39h-deficient mice showed growth restriction [27,
28]. Suv39h have been shown to regulate telomere
length in mammalian and Suv39h-deficient mice
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exhibit genome instability and severely impaired
viability [28-31]. SUV39H2 prefers H3 as substrate,
especially unmethylated H3 peptide; SUV39H2 also
methylates other non-histone candidate substrates
weakly in human via specificity profile [7, 32].
Alternative splicing and automethylation have an
effect on its function and specificity [13, 33].SUV39H2
dimethylates K134 on H2AX protein, which plays a
critical role in DNA repair, and trimethylates LSD1 at
Lys 322 for LSD1 stabilization in human [3, 34-36].

Table 1. A summary of the roles of SUV39H2 in cancers.

Cancer type  Function Reference
Hematopathy
CLL Associated with cytogenetic aberrations and hTERT  [24]
ALL Maintains cell viability; enhances chemoresistance [25]
AML HSPA14-SUV39H2 fusion in normal karyotype AML [46]
CML ARC decreases the SUV39H2 expression [34]
Lymphomas  Loss of Suv39h1/h2 leads to tumorigenesis [23]
Lung cancer
YF454A, and erlotinib decrease its expression 33
SNPs predict the susceptibility to lung cancer 47

[

[

Methylates LSD1 and maintains LSD1 stabilization ~ [31

Its automethylation regulation [28
[

Promotes the conformation of y-H2AX; enchances 29,50]
the radio- and chemo- resistance
Transcription inhibition of OPTN [47]
Breast cancer
Correlated with metastatic biology, poor survival [36];[52];[54]
Mutations [53]
Recruited by PR to methylate histone H3K9 for [58]
stabilization of HP1y binding
ERp represses the expression of SUV39H1/2 to [59]
promote transcription activated by p53
Digestive system cancers
CRC Promotes proliferation, progression and metastasis  [37]
via tri-methylation of the SLIT1 promoter
The RF8 epitope triggers CTL responses [32]
GC Suv39h1/2 knockdown results in Twistl expression [64]
Methylates H3K9 at the promoter of P16 locus to [62]
decrease P16 expression
HCC H3K9me3-HP1a complex promote C-myc expression [65]
Urinary & Reproductive system cancers
PCa Interacts with AR and MAGE-A11 to enhance AR [41]

transcription
Exon 3 could maintain its stability, localization and ~ [11]
catalytic activity

Ovarian
cancer

Other cancers
Bowen’s
disease

Arsenic reprograms E2F1 promoter by deregulating [71]
SUV39H2

Although identified as an embryonic-specific
protein and restricted to the testis in adult tissues of
healthy individuals, SUV39H2 is ubiquitously
overexpressed in cancer tissues, such as leukemia,
lymphomas, lung cancer, breast cancer, colorectal
cancer, gastric cancer, and hepatocellular cancer [1,
13, 28, 30, 34, 37-47]. Increasing evidence has
confirmed that dysregulation of SUV39H2 contributes
to carcinogenesis and is involved in invasion and
metastasis of malignancy [33, 36, 38, 41, 42, 44].
Recently, researches have also clarified that Suv39h2
knockout decrease the incidence of nonalcoholic
steatohepatitis and myocardial infarction [48-50]. In
this review, we focus on the prognostic value of

SUV39H?2 in cancers, describe the off-target effects of
SUV39H2 on non-histone proteins in epigenetic
modification, discuss its potential mechanisms in
tumorigenesis and immunotherapy, and, summarize
SUV39H2 inhibition as a potential target for
anti-cancer therapies (Table 1).

1.0 SUV39H2 in hematopathy

1.1 Leukemia

In chronic lymphocytic leukemia (CLL), the
cytogenetic analyses have shown that high SUV39H2
transcript levels are associated with cytogenetic
aberrations. On the contrary, low SUV39H1
expression levels have been shown to be correlated
with complex and altered karyotypes in CLL. The
differential expression of SUV39H1/2 is related to
genomic instability. The human telomerase reverse
transcriptase (hTERT) positively correlated with
expression level of SUV39H2 in CLL patients, not
with SUV39H1, SUV420H1, and SUV420H2 [29]. In
the CD19+B cells, histone H3K9 methylation level is
significantly increased. However, SUV39H2 mRNA
level has no difference between CLL and controls [51].
In acute lymphocytic leukemia (ALL), Mutonga et al.
[30] has demonstrated that SUV39H2 protein and
mRNA is expressed at dramatically high levels in
patients with newly diagnosed ALL, in comparison
with those healthy or obtained at remission. It is
worth noting that SUV39H2 and H3K9me3 were not
detected in normal peripheral blood mononuclear
cells (nPBMNCs). SUV39H2 knockdown could impair
the viability likely by inducing apoptosis in ALL cell
lines. What's more, SUV39H2 overexpression
enhances chemoresistance to doxorubicin, cytarabine ,
and dexamethasone in Jurkat cells [30]. It can
contribute to the diagnosis of ALL or definition of the
cancer recurrence by detecting the overexpression of
SUV39H2.

A study focused on fusion transcripts in acute
myeloid  leukemia  (AML) indicated  that
HSPA14-SUV39H2 fusion and the other seven fusions
are exclusively detected by RNAseq method in
normal karyotype AML. The fusion gets rid of the last
3 exons in HSPA14 and connects the rest of the
HSPA14 parts with the first exon in SUV39H2 [52].
Considering difficulties in diagnosis and treatment of
normal karyotype AML, HSPA14-SUV39H2 fusion
may serve as a novel diagnostic genetic marker and an
ideal therapy target. Lin et al. [39] revealed decreased
expression of Suv39h2 when K-562 cells were
subjected to exposure to arecoline (ARC), indicating
that ARC may be carcinogenic through regulation of
post-translational modifications.
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1.2 Lymphomas

As described above, it implies that SUV39H2
overexpression is participated in leukemogenesis as
an oncogene. However, a previous study indicated
Suv3%hl/h2 may play a tumor suppressor role in
Lymphomas. Suv39h-deficient mice were shown to
have increased incidence of slow-progressing B-cell
lymphomas. This study showed that combined
disruption of Suv39hl/h2 results in loss of H3K9
trimethylation at pericentric chromatin, severely
impaired heterochromatin structures, and genome
instabilities, all of which represents tendency to
cancer [28].

In summary, the role of SUV39H2 in
hematological malignancy may depend on the cancer
model. SUV39H2 causes resistance to chemotherapy,
but the mechanism of its role of promoting to
resistance to chemotherapy is poorly studied.
However, SUV39H2 inhibitor may act as a
chemotherapeutic sensitizer to improve the efficacy of
chemotherapy in anti-cancer therapy.

2.0 SUV39H2 in lung cancer

Recently a novel therapy which combines the
histone deacetylase inhibitor, YF454A and erlotinib,
has been introduced to restore EGFR-TKI resistance in
non-small cell lung cancer (NSCLC). Several essential
genes involved in cell-cycle progression: SUV39H2,
MCM?7, MSHS6, TIPIN, and E2F3A, are up-regulated in
lung adenocarcinoma in contrast to normal tissues
obtained from the Cancer Genome Atlas database
(TCGA). The combined therapy has decreased the
expression levels of SUV39H2 and other up-regulated
genes [38]. According to the results of the whole
genome direct sequencing in Korean, eight novel
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single nucleotide polymorphisms (SNPs) in the
3’-UTR of SUV39H2 have been identified. SUV39H2
genotypes with 1624C allele (G/C + C/C) is
significantly related to an increased susceptibility to
squamous cell carcinoma (SCC), in older age group. In
contrast to non-smokers, smokers carrying the variant
genotypes SUV39H2(1624 G—C) have a significantly
higher risk of lung cancer in older age groups [53].
Abnormal expression level of SUV39H2 and
SUV39H2 SNPs make it possible for SUV39H2 to
become a molecular diagnostic marker clinically.

Piao et al. validated that SUV39H2 could
trimethylate LSD1 on lysine 322 and SUV39H2
knockdown causes a decreased LSD1 expression
without change in the mRNA levels (Figure 1A).
SUV39H2-caused LSD1 methylation maintains LSD1
stabilization by suppressing LSD1 polyubiquitination.
When the methylation site, lysine 322, is mutant,
LSD1 showed decreased binding affinities to CoREST
complex. SUV39H2 is confirmed to be important in
regulating LSD1-target genes, such as SOX2 and
CDKN1A (p21/CIP1) [36]. This team further
investigated that SUV39H2 have the ability of
automethylation at lysine 392 located in the post-SET
domain. The automethylation decreases binding
affinity to substrate proteins, including LSD1 and
histone H3. With the treatment of chaetocin, the level
of SUV39H2 automethylation declines [33]. Recently,
the same phenomenon occurs in the SUV39H2
homologue, Clr4 in the fission  yeast
Schizosaccharomyces pomb [54, 55]. Previously, they
reported that SUV39H2 could dimethylate histone
H2AX on lysine 134 and then improve the formation
of phosphorylated histone H2AX (y-H2AX), which is
involved in DNA-damage repair pathway and could

K322me3
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LSD1 polyubiquitination 1
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Figure 1. SUV39H2 methylates non-histone candidate substrates. (A) SUV39H2 trimethylates LSD1 on lysine 322. SUV39H2-caused LSD1 methylation maintains LSD1
stabilization by suppressing LSD1 polyubiquitination; (B) SUV39H2 dimethylates histone H2AX on lysine 134 and then improve the formation of phosphorylated histone H2AX

(y-H2AX).
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enhance radio-/chemo- resistance of cancer as a
prognostic biomarker of various human cancers
(Figure 1B) [34, 56]. SUV39H2 knockdown makes
HeLa cells and RERF-LC-AI cells more sensitive to
doxorubicin and radiation respectively, by inhibiting
H2AX methylation and subsequently inhibiting the
production of y-H2AX. Sone et al. suggested that
SUV39H2 has oncogenic activity and deregulation of
y-H2AX by inhibiting SUV39H2 may be an ideal
strategy for cancer treatment [34]. However,
SUV39H2 is controversial as a function of K134
methylation [57]. Recently, two synthesized
compounds have been found to inhibit SUV39H2
methyltransferase activity. OTS193320 could suppress
SUV39H?2 to attenuate y-H2AX levels combined with
doxorubicin which could significantly reduce cell
viability in MDA-MB-231 cell line. Compared to a
single agent, combination therapy has more
significant effects. In mouse xenograft models using
MDA-MB-231and A549 cell line, OTS186935 shows an
obvious growth inhibition effect [56]. We have further
determined the carcinogenic ability of SUV39H2 in
lung adenocarcinoma cancer. RNA-seq has been
performed to find differential genes and tumor
pathway. SUV39H2 trimethylates H3K9 at the
promoter of OPTN and inhibits its expression, which
is associated with autophagy-related apoptosis [47,
58].

In conclusion, the SUV39H2 polymorphism is
worth elucidating to predict the outcomes in lung
cancer patients. SUV39H2 may act as a cofactor to
modify oncogene in carcinogenic process through
automethylation. SUV39H2 may cooperate with LSD1
to participate in tumorigenesis by regulating
non-histone proteins, such as p53, E2F, MYPT1, and
DNMT1. Anti-SUV39H2 treatment may reverse drug
resistance and simultaneously enhance the sensitivity
to conventional anti-cancer treatments via decreasing
the y-H2AX level.

3.0 SUV39H2 in breast cancer

In the MMTV-PyMT breast cancer (BC) model,
the enrichment of SUV39H2 as well as Smyd3,
Setd3/5, Prmt3/6, and Nsd1/2 in lung metastases
compared to disseminated or primary tumor cells
[41]. Moreover, the expression level of SUV39H2
increases considerably in the basal-like BC, and the
mRNA level of SUV39H2 correlated with bad
prognosis in BC [59]. According to the assessment of
the chromatin modification enzyme profiles in human
solid cancers, there is rare occurrence of mutations in
SUV39H2 identified in epithelial cancers. But
SUV39H2 mutations was identified in BC, which
probably means a polymorphism in BC [60].
Bioinformatics analysis based on TCGA was

conducted to reveal SUV39H2 and other novel genes
(SUV39H1, DNMT3B, EZH2 and AURKB)
expressions significantly increase in triple negative
(TN) disease and positively associate with high Ki67
levels, TN status and tumor grade. The higher
expression of SUV39H2 correlated with shorter
survival time [61]. SUV39H2 appears to be associated
with more aggressive phenotypes and metastatic
biology. SUV39H2 and other epigenetic regulatory
enzymes could be used to in the division of cancer
stage and identification of tumor recurrence. And
these indicators may have better prognostic value
than TN status.

A recent study has provided evidence that ERa
recruits SUV39H1/H2 and then form H3K9me3
repressive heterochromatin marks at estrogen-
repressed genes, like p21, to silence the transcription
activated by p53. In ERa-positive cells, ERB abrogates
the repressive heterochromatin by down-regulating
SUV39H1 and SUV39H2 and reduces ERa-p53
binding. Ultimately, ERP releases the p53-ERa
transcriptional block and promotes anti-proliferative
and pro-apoptotic capabilities (Figure 3D) [62].
Strikingly, Nacht et al. demonstrated that
progesterone receptor (PR) recruits BRG1 and the
HP1y-LSD1 complex, which is anchored by the HP1y
binding to the H3K9me3 signal, to form a repressive
complex on genes promoters. On repressive PR
binding sites (PRBs), SUV39H2 is responsible for
H3K9me3 conformation which stabilizes HPly
binding to H3K9me3. The ligand-activated PR recruits
the repressive complex to repress target genes
concerning cell proliferation along with MSK1 and
ERK (Figure 3E) [63].

Emerging data have confirmed that
dysregulation of HMTs, including SUV39H2, triggers
aberrant  histone  methylation patterns and
subsequently leads to BC pathogenesis [64]. The
metastatic process is reprogrammed and new
epigenetic biomarkers are acquired during metastatic
formation. SUV39H2 is implicated in hormone
regulation in tumorigenesis and related to aggressive
and metastatic biology. As a consequence, SUV39H2
may play a key role in cancer invasion and metastasis,
as a potential independent predictor of survival in
TNBC or advanced BC.

4.0 SUV39H2 in digestive system cancers

4.1 Colorectal carcinoma

A data analysis from GEO dataset indicated that
SUV39H2 is generally overexpressed and its
overexpression is significantly associated with the
TNM stage and metastasis in colorectal carcinoma
(CRC). SUV39H2 overexpression relates to poorer
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prognosis in comparison with low levels of SUV39H2.
Then, rescue experiments have verified that SUV39H2
could promote CRC proliferation and metastasis via
silencing SLIT1 expression (Figure 2A). SUV39H2
catalyzes the H3K9me on the promoter of SLIT
guidance ligand 1 (SLIT1) to silence SLIT1 gene. In
addition, the expression of KCTD12 and GUCAZ2A,
were also inversely modulated by SUV39H2 [42].
Another significant research has revealed that a
peptide encoded in SUV39H2 has immunogenicity
and can lead to the response of cytotoxic CD8+T-cell
(CTL) to cancer cells. It is a novel cancer-testis antigen
restricted HLA-A24. The RF8 peptide derived from
SUV39H?2 is displayed by HLA-A24 in colon cancer
cells. This epitope triggers CTL responses specifically
to cancer cells which express HLA-A24 along with
SUV39H2 [37]. The FAS gene has been reported to be
silenced by its promoter H3K9me3 to evade the
immune surveillance and enhance chemoresistance.
The level of H3K9me3 in the FAS promoter region is
significantly higher in metastatic CRC cells than in
primary CRC cells. Particularly, Verticillin A could
decrease H3K9me3 level on promoter to recover its
expression, by the way of repressing histone
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Figure 2. SUV39H2 methylates H3 to suppress transcriptions. (A) SUV39H2 trimethylates the SLIT1 promoter
to inhibit its transcription; (B) SUV39H2 methylates H3K9 at the promoter of FAS to inhibit its expression.
(C)SUV39H2 methylates H3K9 at the promoter of p16 to decrease its transcription. (D) SUV39H2 methylates

H3K?9 at the promoter of OPTN to suppress its expression.
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methyltransferases SUV39H1/2 and G9a/GLP, in
metastatic CRC (Figure 2B). Verticillin A makes
tumors more sensitive to FasL+ tumor-infiltrating
CTLs by deregulating SUV39H1/2 and GYa to restore
Fas expression [65].

4.2 Gastric carcinoma

Previous studies suggested that CBX7, the core
component of PcG repressor complex-1 (PRC1), could
recruit and up-regulate SUV39H2 in gastric cancer
(GC) cells and subsequently SUV39H2 trimethylate
H3KO9 at the promoter and Regulatory Domain (RD)
of pl6 gene to induce the downregulation of P16
expression (Figure 2C). The complexes of
CBX7-SUV39H2 are detected in the nucleus. The
transcription of plé gene could be rescued by
siRNA-knockdown of Suv39h2 [66]. This discovery
links PRC1 binding and H3K9me3 formation, the
known repressive epigenetic landmarks, to establish a
reliable pathway for the epigenetic inactivation of the
p16 gene. However, Hepatitis B virus X protein (HBx)
represses pl6é gene expression to promote the HCC
progression via the increase of H3K9me3 on the p16
promoter. HBx decreases JMJd2B expression but not
increases SUV39H2  or  other
methyltransferase [67]. The DNA
methylation in the CpG-rich region
within Twistl coding exon 1, rather
than its promoter, is closely related to
Twistl gene silence in GC cells. The
level of H3K9me3 in the exon is high,
which is induced by Suv39h1/2, in
Twistl expression-negative GC cells.
Suv39hl/2 expression levels are
inversely related with the Twistl
expression and Suv39h1/2 knock-
down increase Twistl expression.
Suv39h1/2 may disturb the binding
of the Spl to inhibit Twistl
expression, through the DNA
methylation and the heterochromatin
state (Figure 3B) [68].

®  H3K9me3

®  H3K9me3

® H3K9me3

4.3 Hepatocellular carcinoma

Recently, Xin Xet al. observed
that the tri-methylation activity of
SUV39h2 could be enhanced by
miR675 and PKM?2. Furthermore, the
increased H3K9me3-HPla complex
recruit RNApol I, CREB and P300 on
the C-myc promoter to promote
C-myc expression, which contributes
to the malignant transformation
(Figure 3A) [69]. The mRNA and
protein  expression levels  of

® H3K9me3
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Figure 3. SUV39H2 regulates genes expressions acting as cofactor. (A) H3K9me3-HPla complex recruit RNApol Il, CREB and P300 on the C-myc promoter to
promote C-myc expression. (B) Suv3%h1/2 may disturb the binding of the Sp1 to inhibit Twistl expression. (C) SUV39H2 interacts with AR and MAGE-AI | to enhance the PSA
expression. (D) ERPB abrogates H3K9me3 on p21 promoter by decreasing SUV39H1/2 to promote anti-proliferative and pro-apoptotic capabilities. (E) PR recruits BRG] and
HP1y-LSD1 complex, which is anchored by the HP1y binding to the H3K9me3 signal, to form a repressive complex on genes promoters.

SUV39H2, GY9a and EZH2 are up-regulated in
hepatocellular carcinoma (HCC) tissues and
SUV39H2 is highly associated with the HCV infection
and tumor stage [43]. In hepatocytes, Suv39H2
increases the incidence of nonalcoholic steatohepatitis
and steatosis likely via increasing H3K9me3 on Sirtl
gene promoter and promoting SIRT1 trans-repression
in mice [48, 50]. These all imply a potential role of
SUV39H2 in HCC pathogenesis and progression.

4.4 Esophageal squamous cell carcinomas

In esophageal squamous cell carcinomas (ESCC),
SUV39H2 and the other 33 genes are related with
lymph node metastasis by gene expression profile
analysis [44].

In a word, SUV39H2 overexpression relates with
TNM stage and metastasis in most digestive system
cancers. What's more, SUV39H2 overexpression
relates to negative prognosis. It raises a possibility
that SUV39H2 could be a novel biomarker in cancer
stage and predicting prognosis.

Collectively, SUV39H2 plays a pivotal role in
pathogenesis and progression of digestive system
tumors via several pathways and immune regulation.
There may be SUV39H2-SLIT1 axis and
SUV39H2-FAS axis in CRC, CBX7/SUV39H2-P16 axis
in GC and SUV39H2-C-myc axis in HCC. SLITs
functions through cooperation with roundabout
(ROBO) receptors [70]. We speculate that ROBO
receptors may function as the downstream factors of

SUV39H2-SLIT1 axis. SUV39H2 causes
chemoresistance by silencing FAS expression in CRC.
Considering the SUV39H2 peptide as a novel
tumor-associated antigens (TAAs) triggered cytotoxic
CTL, and the importance of H3K9me3 in Fas involved
in FasL+ CTLs response, we speculate that
down-regulation of SUV39H2 could improve
immunotherapy efficacy and may be an ideal
candidate for future vaccination therapies based on
CTL. ATRA inhibits the production of cytokine IL6,
TNF, via up-regulating SUV39H2 to increase the
H3K9me3 levels on the promoters [71]. Recently,
verticillin A has been reported to be likely to improve
the efficacy of anti-PD-1/PD-L1 immunotherapy [72].
Through these studies, we have a hypothesis that
SUV39H2 may be involved in the epigenetic
regulation of immunotherapy.

5.0 SUV39H2 in reproductive and urinary
system cancers

A report has indicated that exon 3 in SUV39H2
could modulate the gene expression via exon 3
alteration in ovarian cancer cell lines. The alternative
inclusion of exon 3 in SUV39H2 regulates the
expression of target genes: H19, KRT15, Cborf46 and
so on [13]. The mRNA levels of SUV39H2 is not
affected by the knockdown of NRF-1, which works as
a transcription factor in neurite outgrowth in
neuroblastoma cells [73, 74].
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SUV39H2 has been reported to be upregulated in
prostate cancer (PCa) compared to normal prostate
tissues [45]. SUV39H2 has been verified acts as an AR
coactivator to enhance the AR transcriptional activity
in PCa cells. SUV39H2 co-localizes with AR and
melanoma antigen-A1l (MAGE-A11l), the AR
coregulator, in the cytoplasm or nucleus. SUV39H2
interacts with the NH2-terminal region of AR and
MAGE-A11. They are recruited to the PSA enhancer
region to enhance AR transcriptional activity in the
existence of androgen (Figure 3C) [46]. EPI-001 which
interacts with AR NH2-terminal region, is the
experimental drug in the treatment of prostate
cancer[75, 76]. This indicates that SUV39H2 may have
played a role in the molecular mechanism of EPI-001.

6.0 SUV39H?2 in other cancers

Arsenic was found to downregulate SUV39H2 to
decrease the binding of me-H3K9 on the E2F1
promoter which could increase the activation and
expression of E2F1. Ultimately Arsenic promotes E2F1
to bind to the Aurora-A promoter which increases the
expression of Aurora-A. SUV39H2 could increase
centrosome amplification by epigenetic regulation of
E2F1 and Aurora-A. The centrosome amplification
results in apoptosis. These events interact with
anti-apoptotic pathway triggered by TNF-a to
conform  the  pathognomonic features in
arsenic-induced Bowen's disease [77].

SUV39H2 overexpression has no significant
association with prognosis of oral squamous cell
carcinoma (OSCC) in Taiwan, unlike other histone
modification enzymes: ARK2, G9a, EZH2, and
SUV39H1 [78]. Evidence showed that the NOR1
expression could alter H3K9me3 levels, but mRNA
expression levels of SUV39H1/2 and GY9a are not
affected by NOR1 in nasopharyngeal carcinoma
(NPC) [79].

As mentioned before, SUV39H2 is not only
involved in arsenic-induced Bowen’s disease, but also
associated with HCV affection in HCC patients. Some
researchers have proved that high-carbohydrate/fat
input and ischemia could promote its expression [48,
49]. Therefore, we hypothesized that the carcinogen
and bad stimuli may be the main cause which brings
about the increased expression of SUV39H2. Though
the expression levels of SUV39H2 remains normal for
a while, the enzyme activities might be affected.

Conclusions and perspective

In this review, we summarize the dysregulation
of SUV39H2 in cancers and reveal two important
issues of SUV39H2: the cellular and molecular
mechanisms of SUV39H2 in cancer, and the
significance in cancer detection and prevention. On

one hand, cancer is characterized by its multi-step and
complex progression with genetic mutations and
epigenetic modification. Different from gene
mutations, histone methylation is a reversible process.
As mentioned earlier, SUV39H2 plays a role in three
aspects: translational, post-translational and post-
translational modification. It’s reasonable to make the
assumption that SUV39H2 have a negative regulation
on TSGs via promoter trimethylation and cooperates
with oncogenes to promote cancer formation.
Therefore, elucidating the cellular and molecular
mechanisms underlying SUV39H2-mediated
suppression on TSG and the use of SUV39H2
inhibitors appears to be an attractive method in
anti-cancer therapy. What's more, SUV39H2 enhances
resistance to chemotherapy via increasing y-H2AX
and silencing FAS. SUV39H2 inhibitors can also
combine with conventional treatment including
radiotherapy, chemotherapy and immunotherapy, to
reduce drug resistance and improve its efficacy. On
the other hand, cancer is heterogeneous and the
metastatic process is reprogrammed and new
epigenetic biomarkers are acquired during metastatic
formation. SUV39H2 appears to be associated with
more aggressive phenotypes and metastatic biology.
More importantly, SUV39H2 is hardly expressed in
normal tissues. SNPs and mutations of SUV39H2
make it have the opportunity to be an ideal
independent predictor in cancer detection and
prevention.

In conclusion, SUV39H2 maintains normal
biological function, loss of which leads to
tumorigenesis, and its overexpression contributes to
cancer initiation and progression as an oncogene in
most instances. Elucidating the epigenetics molecular
mechanisms of SUV39H2 and the clinical data
statistics for identifying SUV39H2 to be a novel target
in cancer therapies and a novel prognostic or
diagnostic indicator in cancer.
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