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To the Editor,

Malignant melanoma is a highly aggressive skin cancer that can be difficult to manage once
metastasis has occurred. Tumor necrosis factor-alpha(TNFa) is a cytokine that influences
the tumor microenvironment, activates tumor inflammation, and induces cell death(Balkwill,
2009). TNFa induces the signal-transduction pathways associated with cell survival through
NF-kB or caspase 8. Melanoma cells can produce TNFa(Landsberg et al., 2012); however,
its expression is heterogeneous and regulation of tumor cell TNFa production is poorly
understood.

Epigenetic deregulation plays an important role in aberrant gene expression and melanoma
progression(Tanemura et al., 2009). Several tumor-related genes are consistently aberrantly
hypermethylated during melanoma progression(Greenberg et al., 2012; Hoshimoto et al .,
2012; Tanemura et al., 2009). Similarly, histone modification has also been shown to
regulate gene expression(Kouzarides, 2007) by affecting both the initiation and progression
of cancer by various mechanisms. An important repressive histone mark H3K27me3 is
induced by enhancer of zeste homologue 2(EZH2) (Chang and Hung, 2011).
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3-Deazaneplanocin A(DZNep) is a potent S-adenosylhomocysteine hydrolase inhibitor
which can indirectly inhibit S-adenosyl-methionine(AdoMet)-dependent reactions related
with various methyltransferases(Miranda et al., 2009). It has been shown to inhibit the
histone methyltransferase Polycomb-repressive complex 2(PRC2) components EZH2,
suppressor of zeste 12 homolog(SUZ12), and embryonic ectoderm development(EED)(Tan
et al., 2007). DZNep acts as an epigenetic modifying agent that represses H3K27me3(Tan et
al., 2007).

In breast cancer cells, but not normal cells, DZNep can induce apoptosis(Tan et al., 2007).
Trichostatin A(TSA), a histone deacetylase inhibitor, can block histone hypoacetylation to
restore expression levels of several tumor suppressor genes and induce apoptosis in human
cancer cells such as melanoma. Recently, we demonstrated that the combination DZNep and
TSA can induce repression of H3K27me3 and elevation of H3K9ac in prostate cancer cells
to significantly amplify tissue inhibitor of metalloproteinase-3(TIMP3)
expression(Shinojima et al., 2012).

To investigate the effect of histone modification to DZNep on melanoma cells, we treated
and assessed five melanoma cell lines. Four of the five DZNep-treated cell lines (M12, M15,
M101, and M223) resulted in repression of H3K27me3 and PRC2 components EZH2 and
SUZ12. In addition, cleaved poly(ADP-ribose) polymerase(PARP) was detected, indicating
that DZNep could induce apoptosis in these lines(Figure 1). Interestingly, H3K4me2 was
repressed in the M15, M101, and M223 lines, demonstrating that DZNep could repress
PRC2 and H3K27me3 in specific melanoma cell lines.

To determine if cell death was induced through apoptosis, two types of assays were
performed on the M101 cell line which was highly sensitive to the DZNep treatment, using
the optimal non-toxic dose(5uM) of DZNep based on a cell viability analysis. In propidium
iodide (PI) staining and cell cycle analysis, the sub-G1 fraction was shown to be enhanced
by DZNep. By flow cytometry analysis using annexin V-FITC and PI staining, DZNep
exposure caused an increase in the percentage of cells gated for Annexin V+/Pl-, early
apoptosis and Annexin V+/Pl+, and late apoptosis/necrosis(Supplemental Figure 1A-C).
These results, combined with the western blot results, suggested that DZNep induced
apoptosis in M101, M12, and M223 cell lines.

We proceeded to further identify apoptosis-specific gene expression induced by DZNep
using RT-PCR-based RT?2 Profiler™ Human Apoptosis PCR array(Supplemental Table 1).
mRNA expression of 10 genes was upregulated by >two-fold after DZNep treatment; TNFa
mRNA was upregulated 6.3-fold. Therefore, we focused on TNFa expression.

We performed a ChIP-qPCR array using anti-H3K27me3 and anti-H3K4me2 Ab to identify
DZNep-activated PRC2 target genes in melanoma cells. Fold enrichment by quantitative
ChIP was calculated by the ratio to input DNA. Supplemental Table 2 shows 13 genes
associated with decreased percentage input of repressive histone H3K27me3 and increased
H3K4me2 in DZNep-treated cells compared to DMSO-treated cells. The percentage input
on TNFa in H3K27me3 was decreased 2.0X while there was increase of 7.0X in H3K4me?2.
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To confirm the results of the TNFa ChIP-gPCR array, gRT-PCR was performed on M101,
M12, LF0023, and M223. It was demonstrated that TNFa was upregulated in M101 and
M223 cells by DZNep treatment(Supplemental Figure 2A, B, C). In 5-Aza treatment,
induction of TNFa upregulation in M101, LF0023, and M223 cell lines was demonstrated.
The M12 line was only upregulated by the combined treatment of both DZNep and
TSA(Supplemental Figure 2B). For M12, H3K9ac was also strongly activated by TSA and
DZNep, inducing TNFa(Supplemental Figure 3).

To confirm that TNFa was regulated by histone modification, we assessed the TNFa
promoter region(-1536bp to +879bp of transcriptional start site) (Supplemental Figure 4).
Using ChiP analysis, the percentage input ratio between H3K27me3 and H3 on TNFa in
M101 was significantly decreased(p<0.01) in DZNep-treated specimens compared to
DMSO. For H3K4me2 and H3K9ac, there was no significant difference between DMSO
and DZNep-treated cells(Supplemental Figure 5A). This trend in H3K27me3 was similar to
results of the ChIP-PCR array(Supplemental Table 2).

To assess DNA methylation status of the TNFa promoter region, we performed a
methylation-specific PCR assay(MSP). Methylated DNA in DMSO-treated cells was not
changed by DZNep treatment(Supplemental Figure 5B). These results suggested that
DZNep may affect the repressive histone H3K27me3, restoring TNFa expression level.

To assess whether DZNep modification of TNFa histone status was related to apoptosis, a
ChIP analysis was performed on M12 and M223. For M12, the percentage input ratio
between H3K27me3 and H3 on TNFa was not significantly decreased by DZNep and no
DNA methylation was evident(Supplemental Figure 6A(i), B). The combined treatment of
DZNep and TSA restored TNFa expression, suggesting that H3K9ac was related to the
regulation of TNFa; however, H3K27me3 was not strongly associated with TNFa
repression. In M223, the percentage input ratio between H3K27me3 and H3 on TNFa was
significantly decreased by DZNep; DNA was also methylated(Supplemental Figure 6A(ii),
B) and 5-Aza restored TNFa expression(Supplemental Figure 2B). These results suggested
that DNA methylation and H3K27me3 play a significant role in TNFa regulation.

To assess the association between TNFa expression and epigenetic status in melanoma
tissues, we performed RT-PCR, a ChIP-gPCR assay, and MSP(Supplemental Figure 7A-C)
on melanoma tumors(n=4). The percentage input ratio between H3K27me3 and H3 was
highest in PT4. TNFa could not be detected by qRT-PCR(Supplemental Figure 7A, B(i)).
On the other hand, the percentage input ratio between H3K4me2 and H3, and the percentage
input ratio between H3K9ac and H3 was highest in PT2, which also showed TNFa

active histones were associated with TNFa regulation. In contrast, DNA methylation was
not strongly related to the repression of TNFa expression(Supplemental Figure 7C). Among
the four specimens, TNFa expression level was highest in PT1; however, the percentage
input ratio between H3K27me3 and H3 was relatively high and the percentage input ratio
between H3K4me2/H3K9ac and H3 was relatively low. In PT1, other mechanisms such as
regulation of transcription, splicing, message turnover, or translation may play a dominant
role in regulating TNFa expression over epigenetic factors.
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In summary, we demonstrated that DZNep treatment induced apoptosis in melanoma cells,
suggesting a change of chromatin architecture to a heterochromatin phenotype. We showed
that DZNep treatment induced repression of PRC2 and H3K27me3, thereby restoring TNFa
expression. In addition, we confirmed that H3K27me3 can bind to the promoter region of
TNFa. Furthermore, the combination of DZNep and TSA restored TNFa expression,
confirming a significant role of H3K9ac in TNFa upregulation. We showed that the TNFa
promoter region was hypermethylated and mMRNA expression of TNFa was restored by 5-
Aza treatment. In combination, these results suggested that both DNA methylation and
histone modification were strongly associated with the regulation of TNFa expression.

TNFa expression levels in melanoma lines are generally quite low. Previously, it was
reported that repressive H3K27me3 was linked to de novo DNA methylation of PRC2 target
genes(Schlesinger et al., 2007). H3K9 histone methylation may also play an important role
in DNA methylation(Ohm et al., 2007). In contrast, it has been demonstrated that DNA
methylation and repressive histone modification are independently correlated with silencing
of various genes(Kondo et al., 2008). Sullivan et al. reported the epigenetic regulation
mechanism of TNFa both in development and acute stimulation in leukemia(Sullivan et al.,
2007). Although the expression level of H3K9ac in western blot analysis was unchanged,
H3K4me2 and H3k9ac may be associated with the restoration of TNFa by DZNep
treatment. In contrast, H3K27me3 was clearly repressed by DZNep. We confirmed that
DZNep could release binding of H3K27me3 to the promoter region on TNFa and restore its
expression. Since both 5-Aza and DZNep treatment alone activated TNFa expression,
methylation of both the gene promoter and H3K27 may be independently associated with
TNFa repression.

EZH2 expression in metastatic melanoma was shown to be significantly higher than in situ
primary melanoma and benign nevi(McHugh et al., 2007). Although DZNep may have other
active mechanisms, its role in EZH2 inhibition may show potential for melanoma treatment.
Indirect activation of TNFa in melanoma may be a promising alternative treatment
approach.
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Abbreviation

Ab antibody
DZNep 3-Deazaneplanocin A
DM SO dimethyl sulfoxide
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DNMTs
EED
FCS

M SP
PBS
PARP
PRC2
Pl

RIPA
AdoMet
SUz12
TIMP3
TSS
TSA
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DNA methyltransferases

embryonic ectoderm development
fetal calf serum

methylation-specific PCR assay
phosphate-buffered saline

poly (ADP-ribose) polymerase
Polycomb Repressive Complex 2
propidium lodine
radioimmunoprecipitation assay
S-adenosyl-methionine

suppressor of zeste 12 homologue (Drosophila)
tissue inhibitor of metalloproteinase-3
transcription start site

Trichostatin A
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Figure 1. The effects of DZNep in five melanoma cell lines
Five melanoma lines were treated with DMSO(control) or 5uM DZNep for 72h. Whole-cell

lysates were examined by Western blot. Treatment of M12, M15, M101, and M223 cells
with 5uM DZNep for 72h led to the repression of H3K27me3 and PRC2 components, EZH2
and SUZ12. In DZNep-treated cells, cleaved PARP was detected. 3-Actin protein was used
as a gel loading control.
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