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A therosclerosis is an inflanm atory disease characterized by leukocyte infiltration smooth muscle cell accumulation and neointina
fomation'"!. A ctivation and damage of the endothelial monolayer seems to trigger the development of the lesions Initially it was
thought that the dam aged endothelial cells were replaced by the adjacent mntact endothelum. H owever recent studies dem onstrated the
recruim ent and ncorporation of vascular progenitor cells mto atherosclerotic lesions and thus provided evidence i support of the wle of

vascular cells in the development of the d iscase > . D irect ncorporation of circulating stem cells into the vesselwallwas detected in
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mice . For exanple conclisive data was obtaned usig transgenic anmals m which expression of LacZ genes was controlled by
specific endothelial pranoters This resulied in only the endothelial cells of these m ice (TIE2-LacZ) express beta-galactosidase ( beta-
gal). Using the animalmodels for vascular graﬂs[ S we perfom ed vessel grafts m Wwo types of transgenic m ice expressing beta-gal in
ECs mcliding TIE2-LacZ TIE2-LacZ/apok™ " andw ild-type m icd”’. W e demonstrated that the endothelim on grafts campletely
disappeared due to apoptosis or necrosis and were replaced by stem cells ofwhich about one-third of cells were derived fran the bone
marrows "', These findings indicate the contribution of circulating stan cells to regenerate dan aged endothelim of the vesselwall

Conceming stem cell han ng to the site where endothelim was dan aged multiplemolecules mclud ing fam ilies of adhesion mole-
cules and chemokines provide signals for the dynan ic traffick ing of stan cells to the surface of dan aged vesseld "' Sakthama etal'”
show that SDF-1 is a criticalmolecular target for the stem cell han ing During the course of arteriosclerosis intragraft SDF-1 expres-
sion was upregulated and the circulating sten cells expressing its counter-receptor CXCR4 increased in the recipients receiving ak
lografts CXCR4" stam celly derived fran transplant recipients m igrated into allografts viam icrovessels in the adventitia and then to-
ward the bm mal side In support of a functional role for these molecules i vivo neutralization of SDF-1 mhbited sten cell han-
ing . Thus interaction beween SDF-1 and CXCR4 plays a key 1ole in transplant arteriosclerosis developm ent

Theoretically adhered stem cells to the surface of dam aged endothelim could differentiate mto endothelial cells Obviously mr
croenvironm ent of stem cells located i the vesselwall could play a crucial role in detem ining the fate of the cells Based on published
datg it seems that wo signals are required for stam cell differentiation i) mteraction betveen adhesion molecules/ ntegrin fam ily

menbers and i) grow th factor/shear stress' B

For exanple expression of adhesion molecules by activated endothelial cells of the
vesselwall and integrins expressed on the stan cellmemnbrane leads to tethering of stem cells to the surface of the vesselwall and nitr
ates differentiation The latey grow th factor could be released by activated ECs and/or platelets aggregated on subendothelialm atrix
The m icroenvirorm ent of the platelet-rich fibrin clot is most supportive for CD34" cell differentiation toward EC phenotype i
which VEGF is abundan{ ™. Platelets elaborate an array of factors that are involved in wound healing ofwhich many factors also play
a ole m the biology of stan cells For mstance the potent growth factor VEGE, which is highly accumulated m procoaggulant re-
[ 16]

gions ', notonly leads to recruiment of stam cells into the dan aged areas but also stinulates the differentiation of CD34" progenitors

[17]

into endothelial cells Once CD34+ progenitors attach to the injured vesselwall they w ill be subjected to fluid shear stress which

[18 19]

enhances their VEGFR2 expression proliferation and tube fom ation Additionally we demonstrated that collagen IV /intergrin

interaction and VEGF stimulation is essential for Sca-1+ progenitor differentiation into endothelial celld ™,

These data provide evr
dence thatmay translate to the m vivo situation of stan cell repair to dan aged endothelial cells of dam aged vessels during developm ent
of arteriosclerosis

A s stated above lan mar shear stress created by blood flow stmulates stan cell differentiation Stem cells attached to the dam-
aged surface of vessels are subjected to the shear stress caused by blood flow, which may directly stmulate cell differentiation Support
g this notion is the fact that shear treament of stam cells i vitro results in expression of a panel of endothelial m arkers icluding
CD31, ICAM -1 and VE-cadherin'® '* * * A ssays for wbe fomation in theM atrigel show ed that the shearstressed progenitors fom
wbe-lke structures and develop an extensive tubular nework significantly faster than the static controld ™. The mechanisn s of shear
induced stem /progenitor cell differentiation seem to involve several signal nitiators and transducers as recently dentified by Zeng et
al™. Ttwas shown that histone deacetylase (HDAC) activation is essential in this process HDACs canprise at leas!”' genes of
which HDAC1, HDAC3 and SIRT1 are expressed n hum an peripheral blood - derived endothelial progenitors while enbryonic stem
cells express the majority if not all of HDAC fam ily genes W e found that shear stress can rapidly activate the VEGF receptorAkit-
eNOS pathway mn enbryonic stan cellderived progenitors m which Akt also nduces HDAC3 phosphorylation One downstrean target
for HDAC3 is p53 which is upregulated by shear stress' 2

ferentiation nto ECs via pathw ays sin ilar to those used by VEGE.

Taken together shear stress is a positive signal for stem /progenitor cell d i

In summary follw ing the endothelial njury stem cells derived fram different sourcesmay participate in endothelial repair during
developm ent of arteriosclerosis In this process the fate of stem cell differentiation into endothelim is a key issue for the progression of
arteriosclerosis Further understand ing of the biology of stem cells is essential m order to fully benefit for their regenerative properties
and design novelways to successfully ntervene w ith the progress of the disease
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