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Summary

The signals that prume the exuberant vascular growth of lissue
repair are still il defined. We demonstrate that activation of
CXC chemaoking receptor 3 (CXCRY) mediates the regression
of mewly formed blood vessels, We present evidenee that CXCR3
i5 expressed on mewly formed vessels in ovive and iin vitro,
CXCR3 s expressed on vesscls ab days 7-2 1 post-wounding, and
is undetectable in snwounded or healed skin, Treatment of
cadithelinl eords with CNCLIO (IP=10), a CXCR3 ligand
present during the resolving phase of wounds, cither in vitroe
arin vive caused dissociation even in the presence of angiogenic
Factors, Consistent with this, mice lacking CXCH3 express a
greater numiber of vessels in wound tissue compared to wild-
tvpe mice. We then hypothesized that signaling from CXCR3
ol only limits angiegenesis, bul alse compromises vessel

integrity 1o induce regression. We found that activation of
CNCRI trigpers P-calpuin activity, causing cleavape of the
cytoplasmic tail of f3 integrins at the calpain cleavage sifes ¢'754
and ¢"747. IP-10 stimulation also activated caspase 3, blockage
of which prevented cell death but not eord dissociation, This is
the first direet evidence for an cxtracellular signaling
mechanism through CXCRY ihat causes the dissociation of
mewly formed blod vissels follawed by cell death.
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Introduction

Regulation of the vascular tree is critical to organogenssis and the
‘nec-organogencsis” that ocours during wound repair. While many
of the factors that indtiate vascular growih are known, litike has been
deciphered aboul ithose that lead w subsequent involution or
regression, Three possibilities, none mutually exclusive, have been
forwarded: “disuse atrophy” from mechanical fetors secondary o
decrensing metabalic load, decrease in pro-angiogenic faciors, amd
actual pro-involution signals (Davis and Saunders, 2006; Lobov et
al., 200%; Myberg et al., 2005). This last possibility has been the
least probed. Here, we propose thar CXC chemokine recepior 3
(CXCRI) ligamds serve as active signalers of vascular regression,
at least during skin wound repair.

Early i the dermal woumd healing process, the genertion of
mew hlood wvessels 15 required for the regeneration of tisspe,
Howewver, during the regencrstive phase of wound healing.
angiogenesis slops, followed by involution during the remiodeling
phase as the metabolic needs decrease in mature skin, Two
cxiracellular signaling faciors that appear transiently towands the
e of the regenerative phase and inte the resolving phase are (he
ELR-negative CXC chemokines CXCLIL (19, also known as
ITACY and CXCLID{IP=10; imerferon=imducible prodein: W) Yales
¢t al, 2008, These chemokines commonly bind and activate
CXCR3, which is expressed on human microvascular endothelial
cells. Recently identified, CXCR3-B, a seven transmembrane G-
protein-coupled receptor, was found to be the only isoform
capressed on endothelial cells (Lasagmi et al., 2003). Imerestingly,
1= 10 and CXOCL4 (also krown as Mlatelet Factor 4, FFA) have been
reporied 1o be angiostatic (Lasagnd e al,, 20403 .':ilru:.'f'ul ul,, 207,
We found that signaling through CXCR3 limits angiogenesis both

in vitege andd in wivo (Bodnar et al, 2006), even DVETOUIMITG
angiogenesis driven by exogenous vasculor endothelial growth
factor (VEGF). but this does not necessanly lead to vascular
Tegression,

The CXNCRS signaling system is active just prios 1o amd during
the stage of vascular regression, making i1l a viable candulale as an
indwcer of this second event as well, This hypothesis derves from
muliiple lings of evidence: Firss, ligand binding o CXCR3 can
actuate ji-calpain activation triggered by phospholipase CP and can
activate PEA (Badnar et al., 2006; Satish et al., 2005), Second, p-
calpain has been shown te cleave the terminus of the eytoplasmic
tail of, and thereby abrogate signaling theough a key endoihelial
cell integrm, egrn B3 (X1 et al, 203) this would destabilize
newly formed capillaries, Third, in mice lacking CXCR3 (Hancock
et al,, 20000, skin wourd repair is characterized by excessive dermal
wvasculanity {Yates ¢t ol 2007) though this may be due to failare
o limit angiogenesia as much as by the lack of vascular involution.
These data suggest that CXCR3 signaling comributes e vascular
involution, Herein, we demonsirate that CXCRS ligamds induce ihe
regression of newly fomed conds and even endothelial cell death
in witrg, amd [oss of blood vessels inovive, We define a signaling
pathaay in microvescular endmbelial cells from CXCR3, vin p-
calpain, to cleavage of integrin i3 and activation of caspase 3 that
underlies vascular involution.

Results

IP-10 induces the dissaciation of newly formad veasels
Published data (Feldman et al,, 2006; Yao e al., 2002 bed us w
hypothesize that CXCR3 ligamds could cause regression of newly
formed vessels. For this 0 occur, the receplor needed o be presemnt
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