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Hepatocellular carcinoma (HCC) remains as a top cause 
of cancer death worldwide. One of challenges in the 
history of finding ways to eradicate HCC is its complicated 
pathobiology and its high potential of metastasis, which is 
not fully understood in terms of mechanisms. Particularly, 
the mechanism by which metastasis is associated with 
the hallmarks of cancer, such as aberrant epigenetics 
modification and genome instability, is still far from clear. 
The link among all these malignant behaviors and the root 
of cancer recurrence, the cancer stemness, is even more 
unclear. 

A recent paper published in Cancer Research provides 
some insight into the association of histone methylation, 
metastasis and cancer stemness (1). Tang et al. described 
the upregulation of JMJD3 in metastatic HCC while many 
other Jumonji C (JmjC) domain-containing factors were not 
altered. JMJD3 overexpression was negatively associated 
with patient survival. Using cellular model of stable 
overexpression and knockdown, they systematically showed 
that JMJD3 expression favors cell proliferation and tumor 
formation. The upregulation of JMJD3 also facilitates 
cell migration and invasion by promoting epithelial-
mesenchymal transition (EMT). More importantly, 
JMJD3 expression was shown to enhance the stem cell-like 
behaviors in HCC cell-lines while overexpression of JMJD3 
was validated in cancer stem cell markers, EpCam- and 
CD133-positive HCC cells. Through screening, they found 
that Slug gene was positively regulated by JMJD3 through 
histone demethylation at the promoter region. 

JMJD3 belongs to a large family of histone demethylases 
containing JmjC domains. Different members of the family 

have different specificity on histone demethylation. For 
example, JMJD6 is a histone arginine demethylase targeting 
H3 or H4 (2). In contrast, JMJD3 demethylates H3K27 
as an action to revert polycomb group (PcG)-mediated 
lysine methylation (3). Lysine methylation can occur in 
mono, di- or trimethylated forms, in which they influence 
the chromatin structure and therefore gene expression in 
either direction (3). Thanks to the advancement in deep 
sequencing technology which helps to reveal the general 
association of H3K27 trimethylation with repressed 
promoters, whereas H3K3 di- and trimethylation are 
highly abundant in active promoters (4). In other words, 
the abundance in various types of histone methylation 
determines the general overall gene expression patterns. 
In human, H3K27 trimethylation is executed by a complex 
called Polycomb Repressive Complex 2 (PRC2) which is 
composed of the enzyme EZH2, FED and SUZ12 (5). On the 
other hand, UTX (ubiquitously transcribed tetratricopeptide 
repeat, X chromosome) and JMJD3 specifically remove 
methylation marks from EZH2-methylated H3K27m3 (6) 
(Interested readers are referred to the review written by 
Varier in 2001.). Thus, the expression of JMJD3 represents 
a shift of the equilibrium towards histone demethylation, 
and thereby the general re-expression of otherwise silenced 
genes (Figure 1). 

The oncogenic role of JMJD3 has been documented in 
the past five years. This work represents the first evidence 
on the contribution of JMJD3 in metastatic phenotypes 
in HCC. For years, efforts have been made to explore the 
genes or chromosomes associated with HCC metastasis. 
As summarized by Tang et al., several genes were now proven 
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to be linked with HCC metastasis including p16, p21, p53, 
TGFα, EGFR, c-erbB-2, nm23-H1 and TIMP-2 (7). These 
genes may be mutated or deregulated. Recently, our group 
also connected phosphorylation to metastasis as PAK4 
can phosphorylate p53 to promote HCC metastasis (8). 
Aberrant histone methylation has been implicated in HCC, 
where the level of H3K4me2 is relatively low (9). The 
new findings described by Tang et al. further enhances 
our understanding on the epigenetic regulation of HCC 
metastasis, bringing in a new speculation that the level of 
H3K27m3 may be generally low in HCC. However, this 
is subject to further study that specifically determines the 
pattern of H3K27me3 and to profile the genes re-expressed 
by JMJD3. It was found that H3K27 trimethylation pre-
marks the packaged genes for de novo DNA methylation (10). 

This implies a more complicated epigenetic regulation that 
may be brought by aberrant JMJD3 expression. Hence, we 
believe there is a great potential for further investigation of 
JMJD3-associated epigenetic regulation in HCC.

The work by Tang et al. also showed that epithelial-
to-mesenchymal transition gene Slug is highly expressed 
through H3K27 demethylation by JMJD3. In recent years, 
considerable amount of evidence showed that cells undergo 
EMT displayed cancer stem cell features and vice versa (11). 
In line with this, the authors also showed that JMJD3 
is enriched in CD133+ HCC stem cells, indicating that 
H3K27 histone demethylation may underlie the aberrant 
expression of many genes in maintaining the cancer 
stemness. However, it is likely yet unclear whether JMJD3 
upregulation is essential in maintaining cancer stemness 
rather than a “product” of stemness, as stable expression 
JMJD3 in HCC cells exhibits stemness properties. Cancer 
stem cells has the property of self-renewal and the capacity 
to differentiate into multiple lineages of cells (12). Several 
pathways such as Notch, Wnt, Hedgehog are known to be 
actively involved in cancer stem cells (11). Thus, a regulation 
of these pathways by JMJD3 remains an interesting issue to 
be addressed. 

Furthermore, it will be insightful to study the detailed 
consequences of histone demethylation in cancer stem 
cells. Because of the reversible nature of epigenetic 
regulation, it is plausible that histone methylation may 
act as an alternative approach to suppress cancer stemness 
and metastasis (13). As a conclusion, Tang et al. suggested 
the reversion of JMJD3 expression via suppression of its 
enzymatic activity as a potential HCC therapeutic option. 
The resolve of the ligand-bound structure of human 
JMJD3 should make this approach more feasible. In 2012, 
Kruidenier et al. described a structure-based identification 
of small molecules that bind to the catalytic pocket of 
JMJD3 (14). Among them, GSK-J1 was found effective in 
inhibiting the activity of JMJD3 using cell culture assays. 
Since GSK-J1 biomolecule is readily available from the 
commercial market, it will be of great interest to investigate 
if GSK-J1 suppresses the activity of JMJD3 and reduces 
malignant features of HCC cells. Equally important is 
to study how inhibition of JMJD3 will alter other genes 
expressions in a genome-wide manner. 

In conclusion, the work presented by Tang et al. has 
widened the horizon on understanding HCC metastasis. 
We believe such finding will lead us to an exciting path of 
exploring epigenetic regulation in HCC metastasis and in 
stemness of cancer cells.
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Figure 1 Demethylation of Histone 3 at lysine residue 27 by 
JMJD3 in metastatic HCC. The trimethylated form of histone H3 
is converted to the unmethylated form of histone H3 due to the 
overexpression of JMJD3. The unmethylated H3K27 allows the 
subsequent transcriptional activation of Slug, which promotes the 
EMT. HCC, hepatocellular carcinoma.
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