
This type of work, while focused on a rare
genetic disease that results in mechanical skin
fragility and difficult-to-heal wounds, has
ramifications for other aspects of tissue integ-
rity and wound healing. A delicate balance
exists between anchoring of epithelia (like in
skin) to underlying structures, the necessity
for cells to migrate upon tissue injury, and the
traction required for a more “temporary” an-
choring of cells as they migrate.7 The figure is
offered as a telling histologic photomicrograph
of a chronic wound in which the epidermis is
finally migrating over the underlying dermis.
As shown on the left side of the figure, away
from the wound where the epidermis is
thicker, one can expect that the anchoring of
the epidermis to the dermis, for example,
through type VII collagen, is strong. However,
as the epidermis migrates, the keratinocytes
need to free themselves from the hemidesmo-
somes and the structural proteins (including
laminin-332, type VII collagen) that are so
vital for tissue integrity. We believe that, given
the emerging role of bone marrow cells in
wound healing, we may ultimately be able to
manipulate the contribution of specific mar-

row cells and alter this delicate balance as
required.
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The hunting of the Snrk
----------------------------------------------------------------------------------------------------------------

Jack L. Arbiser and Levi Fried EMORY UNIVERSITY

In this issue of Blood, Chun and colleagues define snrk-1 as a novel participant in
angioblast migration and arteriovenous speciation.

Sucrose nonfermenting-related kinase-1
(snrk-1) has been found to be essential

for signaling through notch activation, and the
kinase function of snrk-1 has been found es-

sential for snrk-1 activity. Chun et al initially
isolated snrk-1 as a candidate through exami-
nation of expressed sequence tags that were
highly expressed in zebrafish vasculature.

Snrk-1 was found to be expressed in axial ves-
sels and neural structures, tissues with cells
known for their ability to migrate. High-level
expression of snrk-1 was found in human vas-
cular tissues, including placenta and hemangi-
oma of infancy.

Morpholino-mediated knockdown of
snrk-1 resulted in decreased numbers and mis-
localization of zebrafish angioblasts. Mutation
of the kinase domain of snrk-1 decreased an-
gioblast number and migration, indicating that
the kinase function was essential for these
functions. Snrk-1 mRNA depletion in human
endothelial cells led to decreased migration,
suggesting that these effects were not
zebrafish-specific. Finally, snrk-1 morpholi-
nos blocked the activity of notch 2 on arterio-
venous speciation. These findings have
implications not only on developmental
angiogenesis, but on pathologic angiogenesis
as well.

Snrk-1 was found to be high in infantile
hemangiomas. The signaling properties of
hemangiomas have been found to be depen-
dent on an Akt/reactive oxygen signaling
pathway, in that reactive oxygen/rac/
NADPH oxidase signaling drives NFkB and
inhibition of these pathways results in the
blockade of experimental hemangiomas in
murine models.1 This phenotype, which is not
limited to hemangiomas, is called the reactive
oxygen driven tumor.2 Snrk-1 is likely re-
quired for the maintenance of hemangiomas.

What is known about the function of
snrk-1? Snrk-1 falls under the class of AMP-
activated protein kinases (AMPKs) that have
been extensively studied in plants. Snrk-1 and
AMPK family members play a critical role in
carbon metabolism and determine levels of
sugar storage in response to plant stress. In the
humble potato, a potential substrate of snrk-1
is NADPH oxidase (RBOH; respiratory burst
oxidase homolog).3 It is likely that snrk-1 plays
an evolutionary-conserved role in the animal
kingdom as well, adapting to low glucose lev-
els/high reactive oxygen that may occur dur-
ing physiologic and pathologic angiogenesis.4

Renal cell carcinoma cells have been found to
express high levels of reactive oxygen, hypoxia
inducible factor 2, and notch signaling, thus
classifying many renal cell carcinomas as reac-
tive oxygen driven tumors. Snrk-1 may be an
essential part of this phenotype.5

In a companion paper, Pramanik and
colleagues demonstrate an extremely high
prevalence of the dusp5 S147P mutation,

Epidermal migration over a chronic wound. The photomicrograph shows the histology of a chronic wound in
which the epidermis migrates over the inflamed and vascular dermis. The separation of the epithelial tongue
from the underlying dermis is an artifact from tissue preparation, but it properly suggests that the anchoring is
diminished in order to allow keratinocyte migration to occur. (H&E; �200.)
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which destabilizes dusp5 and the snrk-1
R248Q mutation, which impairs the kinase
function of snrk-1. The confluence of both
mutations is extremely high in venous malfor-
mations. The impaired snrk-1 activity might
result in increased cells with venous specia-
tion, while the loss of dusp5 might result in
increased Akt/MAPK activation, preventing
apoptosis and allowing abnormal persistence
of venous endothelium. Further work remains
to determine whether loss of dusp5 results in

activation of S6 kinase/mTOR activation, as
does the loss of another phosphatase, PTEN.

While the endothelium involved in patho-
logic angiogenesis is complex, at least 2 signaling
pathways can be dissected out. One is the reac-
tive oxygen-HIF2a-notch-snrk-1 pathway,
which is elegantly demonstrated by Chun et al.
The second involves aberrant regulation of rho
and has been demonstrated by Pramanik et al to
be physiologically required in physiologic angio-
genesis and by Ghosh et al to be present in

tumor-derived endothelial cells.6,7 It is likely that
these pathways contribute to tumor angiogenesis
and provide a potential explanation of why anti-
angiogenic agents as monotherapy have not been
entirely successful in the clinic. Agents may tar-
get one signaling pathway but leave tumor-
derived endothelial cells intact that use a second
pathway. This study provides a rationale for
several further studies. First, what are the sub-
strates of snrk-1 that provide resistance to apo-
ptosis as well as endothelial migration? Second,
what are the upstream events that activate
snrk-1? Finally, can small molecules be devel-
oped that inhibit snrk-1 kinase activity, and
would such compounds have therapeutic benefit
in vivo?
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Illustration of 2 signaling pathways in physiologic and pathologic angiogenesis. Snrk-1 marks an arterially
differentiated vasculature involving notch signaling, while alternative rho-mediated signaling may be
present in venous differentiation of microvasculature. Inhibition of both pathways may be required for
effective angiogenesis inhibition.
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