T HE B ALANCING A CT W E C ALL L IFE

Fig. 1. Structure of the SIX1-EyA complex. SIX1 (teal) binds to the catalytic domain
of EyA (green) using a single alpha helix. The EyA cap domain (non-catalytic domain) is shown in magenta.
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s we learn more about how genes are regulated throughout development and our
lives, one thing becomes very clear: gene expression is a balancing act. this is
certainly the case for the SiX family of proteins that regulate how some genes are
activated during embryonic development. the SiX1 protein works with a partner, the eyA
protein, to regulate genes involved in the proper formation of organs. however, if these
partners don’t function correctly during development, a condition known as branchio-otorenal (bor) syndrome can result in which children are born with hearing loss, kidney problems, and skin problems. conversely, inappropriate reactivation of SiX1 and eyA later in life
can contribute to the development of metastatic cancer. now, in work by researchers conducted at the APS, the structure of this complex has been solved. the work provides insight
into how SiX1-eyA mutations are important in causing bor syndrome and highlights the
importance of the SiX1-eyA complex in the development of metastatic cancer. their findings also suggest that the SiX1-eyA complex could be a target for intervention in cancers
where it has been inappropriately expressed.

the SiX1 protein is a member of
the highly conserved homeodomain
family of proteins that is responsible for
the proper regulation of gene expression during embryonic development.
the dnA binding activity of SiX1 is enhanced by eyA and eyA also has enzymatic activity of its own, as a protein
tyrosine phosphatase. together, these
proteins form a transcription factor that
tells cells what to do. however, in some
cases either eyA or SiX1 gets mutated
and does not work properly and bor
syndrome develops. in other cases, the
complex, which is turned off in adults,
gets reactivated by aberrant cellular
processes and cells are told to grow
when they are not supposed to. this, of
course, is cancer.
in order to learn more about the
delicate balance between abnormal development, normal organ formation,
and cancer, the researchers from the
university of colorado Anschutz medical campus, and the university of
Southern california, los Angeles,
sought to learn more about the interaction between SiX1 and eyA by solving
the structure of these proteins in complex at the Sbc-cAt 19-id-d beamline
at the APS.
the 2.0-Å structure of the complex
shows that SiX1 has two domains
joined by a flexible linker, one that
binds dnA and one that binds eyA.
the domain that binds dnA resembles
other homeobox proteins that regulate
gene expression during development
but has unique characteristics that suggest that there might be additional regulation of dnA binding by the other
domain. this will be investigated in a

future structure that will include dnA as
well. As for the other domain, SiX1
binds eyA in an unexpected manner
through the interaction of an alpha helix
in SiX1 with a groove on the catalytic
domain of eyA (Fig. 1).
A number of discoveries follow
from this finding. First, this study shows
that mutations that disrupt formation of
the SiX1-eyA complex also disrupt the
ability of SiX1 to activate cancer signaling pathways and to enhance metastatic spread of cancer cells. this suggests
that therapies that target the complex
might be effective in fighting cancers
caused by its re-activation. this is good
news because it has historically been
difficult to target the interactions of gene
regulators with dnA for therapies.
Also fortuitously, the structure of
the interaction between SiX1 and eyA
resembles that of two other protein
complexes that have been targeted in
cancer therapy, suggesting that it might
be possible to target the SiX1-eyA interaction with similar small molecule inhibitors.
Finally, analysis of the structure to
identify the location of mutations found
in bor syndrome showed that some of
them were located on the SiX1-eyA
binding interface and important for the
formation of the active complex.
taken together, the team has uncovered answers about how bor syndrome mutations affect protein function
during development, how reactivation of
SiX1 and eyA can lead to cancer
spread, and how cancers driven by
SiX1 and eyA reactivation might be targeted therapeutically. — Sandy Field

See: Aaron n. Patrick1, joshua h.
cabrera1, Anna l. Smith1, Xiaojiang S.
chen2, heide l. Ford1*, and rui
zhao1**, “Structure-function analyses of
the human SiX1–eyA2 complex reveal
insights into metastasis and bor syndrome,” nat. Struct. mol. biol. 20(4),
447 (April 2013).
doi:10.1038/nsmb.2505
Author affiliations: 1university of colorado Anschutz medical campus; 2university of Southern california, los
Angeles
Correspondence:
** rui.zhao@ucdenver.edu,
* heide.ford@ucdenver.edu
this work was supported by grants from the
uS national cancer institute (2r01-cA09
5277 and r01cA157790) to h.l.F. and from
the u.S. department of defense Synergistic
ideA award (W81XWh-09-1-0253), breast
cancer research Foundation–American Association for cancer research, State of colorado (2009 and 2011) and national
institutes of health (r03dA030559 and
r03dA033174) to h.l.F. and r.z. A.n.P.
was supported by a Pediatric hematology/
oncology Postdoctoral Fellowship
(2t32082086-11A1). Sbc-cAt is funded by
the u.S. department of energy (doe) office
of biological and environmental research.
use of the Advanced Photon Source at Argonne national laboratory was supported by
the doe office of Science under contract
no. de-Ac02-06ch11357.

19-id-d • Sbc-cAt • life sciences • macromolecular crystallography, multi-wavelength
anomalous dispersion, subatomic (<0.85 Å)
resolution, microbeam, ultra-low-temperature
(15k), large unit cell crystallography, singlewavelength anomalous dispersion • 6.5-19.5
kev • on-site, remote, mail-in • Accepting general users •

A rgonne n AtionAl l AborAtory

117

