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SMYD3 is a member of the SMYD family of lysine
methyltransferases (KM'I5). In humans, there are five SMYD
members (SMYD1-5) that are characterized by the presence
of a split catalytic SE'T domain interrupted by a MYND zinc
finger domain. The MYND domain is thought to potendially
mediate DNA or protein binding but a clear function is yet
to be established. SMYD homologs have been described
in a wide range of organisms, such as zebrafish, drosophila
and budding yeast (1,2). While methylation activity has
been clearly established for SMYD?2 and SMYD3 (3-6), the
activities of SMYD1, 4 and 5 are not well understood.

A number of groups have focused their attention on
SMYD3 in cancer because of its requirement for the growth
of tumor cells in culture and its elevated levels in multiple
cancer types, including cancers driven by activation of the Ras
pathway (7-9). In particular, SMYD3 was shown for the first
time to have a direct role in cancer development i vivo in
mouse models of lung adenocarcinoma (LAC) and pancreatic
ductal adenocarcinoma (PDAC) (4). In exciting new work,
Sarris and colleagues also demonstrated an oncogenic
role for SMYD3 in mouse models of colorectal carcinoma
(CRC) and hepatocellular carcinoma (HCC) (10). Notably,
SMYD3 may play some role in early development (11), in
heart development (12), and in response to tissue injury (10),
but organ-specific and whole-body SMYD3 deletion in
mice does not result in any obvious pathology (4,10). These
observations suggest that drugs inhibiting SMYD3 will have
minimal side effects and therefore may hold great promise as
therapeutics in the treatment of cancer.
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To develop SMYD3-based therapeutics it is important
to first understand the mechanisms of action of this enzyme
in normal and cancer cells. SMYD3 was initially described
to methylate histone H3 at lysine 4 (H3K4) (8); however
subsequent work has shown that SMYD3 has virtually no
activity on H3, particularly in a nucleosome context, and
mutation of H3K4 to H3K4R has no impact on this trace
activity [(4,6) and unpublished observations]. Thus, despite
the persistence in the literature, SMYD3 is not an H3K4
methyltransferase. SMYD3 does methylate histone H4
at lysine 5, a non-canonical histone methylation site, and
this site serves as a far more effective substrate than H3,
particularly in a nucleosome context [Figure 1, (6)]. SMYD3
has been reported to regulate chromatin and transcriptional
programs. Specifically, SMYD3 has been shown to directly
bind to the regulatory regions of candidate target genes
and to change the transcription of these genes [Figure 1,
e.g., (7,9,13-15)]; whether this is related to the H4KS5
methylation activity has not been determined.

SMYD?3 is primarily a cytoplasmic protein (4,16,17),
including being virtually exclusively cytoplasmic in LAC
and PDAC cells (4). Thus, it is likely that the primary
substrates of SMYD3 reside in the cytoplasm. In this regard,
we identified SMYD3 methylation of the cytoplasmic kinase
MAP3K2 (also known as MEKK?2) in LAC and PDAC cell
lines; this methylation event inhibits the binding of the PP2A
phosphatase to MAP3K2, which results in increased activity
of the canonical RAS signaling pathway [Figure 1, (4)].
Notably, SMYD?3 catalytic efficiency is orders of magnitude
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Figure 1 Nuclear and cytoplasmic functions of SMYD3 in cancer
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cells. SMYD3 can be localized in the cytoplasm and the nucleus
of cancer cells. In the cytoplasm, the methylation of MAP3K2 by
SMYD3 inhibits the interaction between MAP3K2 and PP2A,
which attenuates the inhibitory effects of this phosphatase on kinases
in Ras signaling. SMYD3 may also affect the growth of cancer
cells by methylation of VEGFRI. In the nucleus, SMYD3 acts as
a transcription facilitator by binding to the DNA and RNA Pol-II,
and methylates H4KS, which may affect other histone modifications
and chromatin remodeling. SMYD3 interaction with HSP90 may
regulate SMYD3 localization within the nucleus. SMYD3 binds
to the estrogen receptor (ER) and has also been implicated in the

regulation of its transcriptional targets. See text for details.

greater on MAP3K2 than on histones (4,18), supporting
an important role for MAP3K2 as target of SMYD3 in
PDAC and LAC tumorigenesis. SMYD3 also methylates
the cytoplasmic portion of VEGFRI1 (16), which may affect
signaling downstream of this receptor (Figure I). Together,
these data support a role for the localization of SMYD3 activity
in the cytoplasm in promoting the tumorigenic process.

The recent study from Sarris and colleagues adds another
layer of complexity to the oncogenic functions of SMYD3
in cells (10). The authors used elegant chemical and
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genetic approaches to demonstrate that SMYD3 promotes
the development of CRC and HCC. In these two cancer
models, tumors also have active RAS signaling, which
could suggest a role for MAP3K2 methylation by SMYD3.
However, the authors did not observe significant differences
in the phosphorylation levels of MEK1/2 [which are two
of the kinases regulated by MAP3K2 (4)] between wild-
type and SMYD3 mutant liver tumors. The authors did not
experimentally address the possible role of the SMYD3-
MAP3K?2 axis regulating other pathways in these tumors,
but overall their experiments suggested that the oncogenic
activity of SMYD3 in CRC and HCC might be related to
MAP3K2-independent events. Indeed, the authors found
that SMYD?3 is both nuclear and cytoplasmic in CRC and
HCC tumors, suggesting that SMYD3 may have a nuclear
function in these cancers. Sarris and colleagues observed
that SMYD?3 is involved in the activation of transcriptional
programs related to oncogenic pathways (e.g., Myc, Ctnnbl,
Jak1/2), including epithelial-mesenchymal transition (e.g.,
Snail, Twist, Zebl). While these observations would be
consistent with a role for SMYD3 methylation of histones or
unknown transcriptional regulators, the authors found that
overexpression of a catalytically dead (H206G mutation)
SMYD?3 derivative still activates oncogenic targets such
as Myc and Cmnbl. These data argue for a non-catalytic
function for SMYD?3 in the nucleus of cancer cells tested by
the authors. Since in Sarris ez 4/., the analysis of the catalytic
dead SMYD3 was limited to overexpression reporter assays,
future experiments such as genetic complementation assays
with the catalytic mutant will help more definitively rule
out a role for SMYD?3 catalytic activity in CRC and HCC.
In Sarris er 4l., intriguingly, SMYD3 was found to bind
a large number of loci in the genome and its pattern of
DNA binding is similar to that of RNA Pol-II next to the
transcription start site (T'SS); moreover, SMYD3 peaks in
CHIP-seq analysis coincide with H3K4me3 peaks. Due
to these observations, the authors speculated that SMYD3
directly binds to H3K4me3 and RNA Pol-II. The authors
confirmed previous observations that ectopic SMYD?3
interacts with RNA Pol-II (8), although the exact domain of
interaction remains unknown. Preliminary results shown in
the article suggest that the C-terminal domain of SMYD?3,
which promotes an interaction with HSP90 (17), also
binds to H3K4me3 peptides. This observation raises the
intriguing possibility that a yet to be identified domain in
the C-terminus of SMYD?3 folds into a novel H3K4me3-
reader motif, an idea that will require rigorous biochemical,
biophysical and biological testing. In addition to the
candidate reader domain function, the authors also reported
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three possible DNA-binding consensus motifs for SMYD3
beyond the previously identified CCTCCC sequence (8).
SMYD?3 contains a conserved MYND-type domain, which
might mediate either protein-protein interactions or bind
to specific DNA sequences. If SMYD3 DNA-interaction
is mediated by its MYND domain, and because of its
localization within the catalytic SET domain, such DNA
interaction could prevent SMYD3 lysine methyltransferase
activity. However, no clear mutational analyses have been
performed yet to identify the domain responsible for
SMYD3 localization at specific gene promoters.

Together, the results presented in Sarris er 4/. identify
a potentially new mechanism of action for SMYD3 in
cancer cells beyond its ability to control signaling via
lysine methylation. SMYD3 may be recruited to direct
transcriptional targets in the nucleus by its interactions
with H3K4me3 tails, RNA pol-II, and/or direct binding to
DNA, where Sarris and colleagues propose that SMYD3
does not act as a classic transcription factor but rather as
a potentiator of transcription at already active chromatin
regions (Figure I). Interestingly, by using SMYD?3
transgenic mice, Sarris and colleagues provide the first
evidence that SMYD3 overexpression is neither sufficient
to promote tumorigenesis by itself nor to accentuate
tumorigenesis progression, at least in the two models tested.
However, if SMYD3 is indeed a transcription facilitator,
one would expect that its overexpression in transgenic mice
would lead to overexpression of subset of genes, which was
not observed by the authors. These experiments suggest
that SMYD3 may require unidentified co-factors for it to
potentiate the transcription of its targets.

If SMYD3 directly regulates gene expression, it is not
surprising that it can co-localize with RNA Pol-II and
H3K4me3. As SMYD3 is not directly responsible of H3K4
methylation, past reports correlating SMYD3 binding at
specific gene promoters with presence of H3K4me3 are
intriguing (7,14). However, an indirect correlation between
SMYD3 and H3K4me3 could explain such observations.
Through H4KS5 methylation, SMYD3 could promote an
open chromatin environment subject to transcription,
leading to H3K4me3 indirect deposition by other enzymes
(Figure I). A second hypothesis suggested by Sarris and
colleagues is that SMYD?3 could bind to euchromatin
regions already modified for H3K4me3 and facilitate gene
transcription by RNA Pol-1I, independently of its lysine
methyltransferase activity (Figure 1). Further studies are
required to better understand SMYD?3 activity in nucleus.

The new work by Sarris and colleagues raises a number of
important and interesting questions. First, the mechanisms
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that control the induction of SMYD?3 levels in cancer cells
is yet not understood. Second, we still do not know what
regulates the cellular localization of SMYD?3 in normal and
cancer cells, although one possibility is via interaction with
the nuclear chaperone HSP90 [Figure 1, (17)]. It would be
interesting to force the mislocalization of SMYD3 to the
nucleus or the cytoplasm and to determine the effects of
this misguided activity on gene expression programs and
tumorigenic processes. Third, it is intriguing to imagine
how the potential different oncogenic activities of SMYD3
are regulated in different cancer contexts. SMYD3 could
promote cancer through regulation of cytoplasmic signaling
(methylation of MAP3K2 and VEGFR), chromatin
regulation (H4K5 methylation) or transcription facilitation
independently of its methyltransferase activity (Figure I).
Current developed small molecules to inhibit SMYD?3
target its lysine methyltransferase activity (18-20). But this
new study suggests that SMYD3 may have pro-tumorigenic
functions independent of its catalytic activity. If confirmed,
this would open up the possibility of generating a different
set of inhibitors that rather than targeting enzymatic
activity suppress SMYD?3’s capacity to bind gene promoters
and regulate the transcription of oncogenic factors.

The analysis of SMYD3 levels in human cancer and
functional studies in cell lines and mouse models all support
the idea that SMYD?3 plays a pivotal role in promoting a
wide-range of tumor types. Because SMYD3 may promote
cancer through multiple mechanisms, in the cytoplasm
and in the nucleus, through its enzymatic activity and
independent of it, it will be important to further characterize
SMYD3 under specific physiologic and pathologic
conditions. SMYD3 is a promising target in human cancer
but more work will help guide use of future SMYD?3
inhibitors in the treatment of cancer patients.
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