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CHAPTERR 4 

Abstract t 
Arteriogenesiss refers to the development of collateral conductance arteries and is 

orchestratedd by circulating monocytes, which invade growing collateral arteries 

andd act as suppliers of cytokines and growth factors. Here we explored the role 

off  CD44 glycoproteins, which are involved in leukocyte extravasation but also in 

thee regulation of growth factor activation, stability and signaling, in this process. 

Wee show that the expression of CD44 increases dramatically during collateral 

arteryy growth in a murine hind limb model of arteriogenesis. This CD44 expres-

sionn is of great functional importance since arteriogenesis is severely impaired in 

CD444 null mice. This defective arteriogenesis is accompanied by reduced leukocy-

tee trafficking to sites of collateral artery growth. Moreover, in these mice the 

expressionn of fibroblast growth factor (FGF)-2 and platelet derived growth factor 

(PDGF)-BB protein is clearly reduced, while the mRNA levels of FGF-2 and PDGF-B 

aree not, implying decreased stability of the FGF-2 and PDGF-B proteins in the 

absencee of CD44. Finally, we show a strong correlation between the expression of 

CD444 on activated monocytes and the collateral flow index in patients with sing-

le-vessell  coronary artery disease. Our data show for the first time that CD44 defi-

ciencyy leads to an impaired arteriogenic response in mice, by reducing FGF-2 and 

PDGF-BB stability and decreasing leukocyte extravasation. The correlation between 

collaterall  flow index and CD44 expression on activated monocytes in patients 

withh coronary artery disease suggests clinical relevance for CD44 signaling in col-

laterall  artery formation. 
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Introduction n 
Arteriogenesis,, the development of a collateral circulation, is a natural escape 

mechanismm to overcome the negative effects of arterial obstruction on tissue per-

fusionn and performance.1-2 Collateral arteries protect against ischemic damage 

afterr myocardial infarction or stroke and alleviate symptoms like angina pectoris 

andd ischemic leg pain.3-4 However, the innate response to arterial obstruction in 

patientss is very heterogeneous, partly depending on the duration of symptoms 

and/orr the duration of coronary artery disease. In order to better understand this 

heterogeneityy as well as to design strategies for the treatment of patients with 

arteriall  occlusive disease, the consecutive steps in the process of arteriogenesis 

needd to be elucidated. 

Moleculess that might play a key role in this multifactorial process are the CD44 

transmembranee glycoproteins, a family of cell-surface receptors expressed on a 

widee variety of cell types, including leukocytes, endothelial and smooth muscle 

cells.. The CD44 gene comprises 10 constant exons and, depending on the species, 

99 to 10 variable exons. The inclusion of different combinations of variable exons 

inn the mature mRNA gives rise to multiple splice variants (isoforms), while the 

complexityy of CD44 is further increased by posttranslational modifications, inclu-

dingg N- and O-Iinked glycosylation and the decoration with glycose aminoglycan 

sidee chains (reviewed in 5-7). The functions of these different isoforms may affect 

arteriogenesiss at several levels. First, CD44 serves as a homing receptor for leuk-

ocytes,8"111 by virtue of its ability to bind to hyaluronic acid.12 Leukocytes, espe-

ciallyy monocytes, play a key role during collateral artery formation.13"15 

Monocytess accumulate around proliferating arteries where they produce matrix 

metallo-proteinases,, pro-inflammatory cytokines, as well as growth factors, 

whichh orchestrate the remodeling of collateral vessels to high capacity arte-

ries,16"188 Secondly the biological activity of several pro-arteriogenic factors can 

potentiallyy be regulated by CD44 isoforms carrying heparan sulfate (HSPG) side 

chains.. These HSPG isoforms of CD44 can bind and present growth factors like 

FGF-2,, PDGF-B and hepatocyte growth factor (HGF) to their high affinity receptors 

too promote signaling and, in addition, their stability by protecting them from 

degradation.19"211 As shown recently, FGF-2 and PDGF-B stimulate arteriogenesis 

inn a synergistic fashion and are required for sustained vessel stability,22 

Finally,, it was shown that CD44 is involved in angiogenesis,23-24 a process that 

differss from arteriogenesis in several aspects, but shares the common feature of 

endotheliall  cell proliferation. 

Inn the present study, we determined whether CD44 is indeed involved in arterio-

genesis,, by exploring whether the targeted disruption of the CD44 gene influen-

cess the development of a collateral circulation upon arterial occlusion. 
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Methods s 
Animals Animals 

Specifiedd pathogen-free 8 to 10 week old CD44 deficient (CD44-/-) mice on a 

C57BL/6JJ background were as described.38 Wild type (CD44 + / + ) C57BL/6J mice 

weree purchased from Iffa Credo, L'Arbresle, France. In all experiments, sex and 

agee matched controls were used. A priori approval for the experiments had been 

obtainedd from the institutional animal experimentation committee and experi-

mentss were performed according to the "Guide for the Care and Use of 

Laboratoryy Animals" (NIH Publication No. 85-23, revised 1996). 

AA total of 37 CD44 null male mice as well as 38 age-matched C57BL/6J control 

micee were used for this study. Animals weighed between 25 and 35 gram and 

weree 8 to 10 weeks of age. Animals were operated upon as previously descri-

bed.28 8 

Immunohistochemistry Immunohistochemistry 

Tissuess were harvested from the proximal hind limb (m. Quadriceps and m. 

Adductor),, 7 days after femoral artery ligation (CD44-/-: n=9, C57BL/6J: n=9). For 

alll  histological examinations a total of 5 sections (7  thick and with 50 /xm 

distance)) per animal was analyzed. Micrographs were taken with a fluorescence 

microscopee (DMR, Leica) equipped with a digital camera (DC 300F, Leica). 

Quantitativee analyses were performed in a blinded fashion. Following mouse-spe-

cificc antibodies were used; CD44 (IM7, Pharmingen, San Diego, CA, 1:200). CDllb 

(Serotec,, Oxford, UK, 1:150) to detect infiltrating leukocytes, CD31 (Serotec, 1:200) 

forr quantification of capillaries, FGF-2 (1:200, Santa Cruz Biotechnology) and 

PDGF-BB (1:100, Oncogene Science, Cambridge, MA). In addition to immunohisto-

chemistry,, quantitative analysis was performed on HE stained sections of quadri-

cepss and adductor muscles. The ratio of arterial lumen area and tissue area, as 

welll  as mean arterial wall thickness were quantified. 

Real-timeReal-time RT-PCR of Laser-dissected collateral vessels 

Cryo-preservedd specimens from hind limb tissue (CD44-/-: n = 6, C57BL/6J: n = 6) 

weree cut into serial 5-/xm sections. Using a Leica AS LMD microscope (Leica, 

Wetzlar,, Germany), 12 to 20 collateral arteries per animal were harvested and 

collectedd in Tris-EDTA buffer solution. Lysis buffer (Qiagen, Hilden, Germany) was 

addedd and samples were incubated at 42°C for 30 minutes. RNA was isolated 

withh Qiagen-Minispin columns and DNA was digested according to the manufac-

turer'ss instruction (Qiagen). Reverse transcriptase was performed using 

PowerScriptt Reverse Transcriptase (Clontech, Palo Alto, USA) with 500 ng of ran-

domm primer (Promega, Madison, WI). Nine /xl cDNA (1:50 diluted) was transferred 

intoo a single well of a 96-well reaction plate (Applied Biosystems, Weiterstadt, 

Germany)) for realtime PCR with the Prism 7700 (Applied Biosystems). SYBR Green 
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PCRR Master Mix (11 /xl, Applied Biosystems) and 1 /il of each of the gene specific 

primerr pairs (5 pM) were added. Primers were designed with Primer326 to gene-

ratee products of approximately 80 bp in size and with a melting temperature of 

59°C.. A typical PCR protocol included a 10 min denaturation step followed by 50 

cycless (95°C denaturation for 1 min, 60°C annealing and extension step for 1 

min).. Data were analyzed with sequence detection software (ABI PRISM 7700 

Versionn 1.7) according to the user bulletin. Expression levels of target sequences 

weree normalized against fê-actin and expressed as ratios. 

Thee development of the collateral circulation was quantified either acutely after 

ligationn (CD44-/- : n=6, C57BL/6J : n = 6), at day 3 (CD44-/- : n=7, C57BL/6J : n=7) 

orr at day 7 (CD44-/- : n = 9, C57BL/6J : n = 8). For this purpose isolated hind limbs 

weree perfused with fluorescent microspheres as described earlier.28 

Wee prospectively included a total of 14 consecutive patients who were referred 

forr percutaneous transluminal coronary angioplasty (PTCA) of a single coronary 

lesionn (> 80% on QCA). Baseline characteristics are shown in the table of figure 6. 

Pressuree based collateral flow index (CFI) was measured as previously descri-

bed.277 Briefly, CFI, defined as the ratio between coronary wedge and aortic pres-

suree (Pw/Pao), was determined during balloon inflation using a guidewire, equip-

pedd with a pressure sensor on the tip (Wavewire; JOMED, Rancho Cordova, CA). 

Mononuclearr cells of patients were isolated over a Ficoll-gradient according to 

standardd procedures. Approximately 5*105 cells/ml were incubated with a mouse 

anti-humann CD44 antibody (Hermes 3, 1:1000, PE as a secondary linked fluores-

centt label) and a FITC-labeled mouse anti-human CD14 antibody (Becton-

Dickinsonn Biosciences, San Jose, CA, 1:500) for detection of monocytes. Using 

FACS-analysiss (FACSCalibur System; Becton-Dickinson, San Jose, CA) mean fluores-

cencee intensity (MI) for CD44 was measured on CD14 positive monocytes after 

backgroundd substraction. Stimulation of isolated monocytes with LPS at different 

concentrationss during the entire protocol did not further increase the expression 

off  CD44 on isolated cells, indicating that the Ficoll-isolation and staining proce-

duress already maximally stimulate CD44 expression on CD14 positive monocytes 

inn each individual case (data not shown). This was an important finding since we 

weree not primarily interested in the level of CD44 expression on circulating 

monocytes,, which potentially is influenced by several confounding factors, but 

ratherr in the CD44 expression response by monocytes upon stress. 
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StatisticalStatistical analysis 

Resultss are presented as mean  standard deviation. Significant differences 

betweenn sample means were determined with an independent-samples T-test. 

Differencess with a p-value <0.05 were classified as significant. For the 

correlationn between CD44 expression and CFI, we performed a linear regression 

analysis. . 

Results s 
CD44CD44 expression is strongly increased during arteriogenesis 

Uponn femoral artery ligation in wild-type C57BL/6J mice, we observed a very 

strongg increase in the expression of CD44 on collateral arteries in the quadriceps 

andd adductor muscles of the hind limb (Figure 2a,b). CD44 was localized on the 

luminall  surface of the endothelial cells (co-localized with CD31) and on the cells 

constitutingg the media, as well as on perivascularly accumulated monocytes (co-

localizedd with CDllb). Expression of CD44 in arteries from the non-ligated contra 

laterall  limb, which were used as control, was very low and limited to the adven-

titi aa (Figure lc). CD44 expression on skeletal muscle of the ligated hind limb was 

nott increased. Capillaries stained positive for CD44 in both the control and liga-

tedd hind limb (Figure ld,e). The complete absence of staining in tissues derived 

fromm CD44 null mice confirmed the specificity of the monoclonal rat anti-mouse 

CD444 antibody IM7 {Figure If). 
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CD44CD44 expression is increased during arteriogenesis. a.b, Strong expression of CD44 on collateral 

arteriesarteries at different stages of maturation, c, In control arteries, from the non-ligated leg, CD44 

expressionexpression is limited to the adventita. d,e, Capillary endothelium in the normal hindlimb muscula-

tureture (d) as well as in the hindlimb musculature from the ligated limb fe) expresses CD44. f The spe-

cificitycificity of the CD44 antibody is illustrated by the total absence of staining in collateral arteries of 

CD44CD44 null mice. 

Inn order to determine whether the increased expression of CD44 on proliferating 

collaterall  arteries has a functional impact on the development of the collateral 

circulation,, we compared the restoration of tissue perfusion upon femoral artery 

ligationn in C57BL/6J wildtype and CD44 null mice. Perfusion was quantified using 

fluorescentt microspheres and subsequent FACS-analysis as described previously 

25.. Femoral artery ligation led to a strongly reduced tissue microsphere perfusion 

directlyy after the procedure in both wild-type mice and CD44 null mice (wild-

type:: 6.2%  2.5% vs. CD44-/-: 8.2%  0.9%, p = ns). The restoration of flow over 
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aa period of 7 days was clearly impaired in the CD44 null mice as compared to the 

wildtypee mice (day 3; wild-type: 14.2  5% vs. CD44-/-: 10.8%  2.1%, p = 0.06, 

dayy 7; wild-type: 54.5%  14.9% vs. CD44-/-: 24.1%  9.2%, p<0.001. Figure2a). 

Consistentt with these findings, the mean arterial wall thickness as well as the 

ratioo of arterial lumen area and tissue area were significantly reduced in the liga-

tedd hind limb musculature of CD44 null mice as compared to wild-type mice 

(Figure(Figure 2b,c). 

PerivascularPerivascular leukocyte accumulation and protein expression of 

growthgrowth factors are reduced in CD44 null mice 

Perivascularr leukocyte accumulation and the expression of growth factors like 

FGF-22 and PDGF-B are central events during arteriogenesis. The defective arterio-

genicc response in CD44 null mice prompted us to determine whether leukocyte 

traffickingg and growth factor expression are disturbed in the absence of CD44. 

Uponn femoral artery ligation, CDllb positive leukocytes accumulated around col-

laterall  arteries in both quadriceps and adductor muscles of wild-type mice. 

Althoughh leukocyte accumulation was also present around arteries in CD44 null 

mice,, it was strongly reduced, indicating a role for CD44 in leukocyte trafficking 

inn these CD44 null mice under conditions of collateral artery growth (wild-type : 

29%%  12% vs. CD44-/- : 18%  7% CDllb positive cells/square, p<0.01) (Figure 

3)--
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Figuree 2 

^rten'ogenesiss is impaired in CD44 null mice a, Fluorescent microspere-based perfusion measure-

mentsments of collateral flow. Flow restores rapidly upon femoral artery ligation in wildtype mice over a 

7-day7-day period. In CD44 null mice the restoration of flow is strongly reduced (wildtype: 54.5%

14.9%14.9% vs. CD44-I-: 24.1%  9.2%, p<0.001). b, Wall thickness of collateral arteries is reduced in 

CD44CD44 null mice as compared to wildtype mice, 7 days after femoral artery ligation (wildtype: 6.9

2.55 fim vs. CD44-/-: 5.3  fim, p<0.001). c, The ratio of arterial lumen area and tissue area is 

lowerlower in the ligated hind limb derived quadriceps muscle ofCD44 null mice as compared to wildty-

pepe mice (control: 0.030%  0.016% vs. CD44-/-: 0.017%  0.009% , p<0.05). 
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PerivascularPerivascular leukocyte accumulation is reduced in CD44 null mice. a,b, Leukocytes accumulate in 

thethe perivascular space during arteriogenesis. c,d, Leukocyte accumulation is strongly impaired in 

CD44CD44 null mice, e, Reduction of perivascular leukocytes as a percentage of the total cell population 

(wildtype:(wildtype: 29%  12% vs. CD44-!-: 18%  7% CDllb positive cells/square, p<0.01). 

Thee expression and distribution of FGF-2 and PDGF-B protein during arteriogene-

siss was determined immunohistochemically. Expression of FGF-2 protein in colla-

terall  arteries of different sizes was strongly reduced in CD44 null mice as compa-

redd to wild-type animals [Figure 4a-d). Similarly, we observed only a very weak 

expressionn of PDGF-B protein in CD44 null mice as compared to the expression in 

littermatee controls (Figure 4e-h). In control mice, endothelial as well as smooth 

musclee cells expressed FGF-2 and PDGF-B protein, whereas perivascular cells and 

skeletall  muscle expressed only minimal amounts of FGF-2 and PDGF-B. Expression 

off  PDGF-B protein in CD44 null mice was limited to endothelial cells. The expres-

sionn levels of FGF-2 and PDGF in the control sections of the non-ligated hind 

limbss were very low as compared to those in growing collateral arteries. 
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ExpressionExpression ofFGF-2 and PDGF-B protein during arteriogenesis is reduced in CD44 null mice. a,b, At 

sevenseven days after femoral artery ligation, developing collateral arteries at different stages of matu-

rationration strongly express FCF-2. This expression is mainly limited to the vessel wall. c,b, FCF-2 

expressionexpression is almost undetectable in size-matched collateral arteries derived from CD44 null mice. 

e,fe,f Collateral arteries strongly express PDGF-B during arteriogenesis. g,h, PDGF-B is only weakly 

expressedexpressed in CD44 null mice. 

Usingg quantitative real-time RT-PCR, we also assessed the expression of mRNAs of 

thee aforementioned growth factors. To specifically measure expression in the ves-

sell  wall, collateral arteries were harvested with a laser micro-dissection micro-

scope.. In contrast to the decreased protein expression in CD44 null mice, we 

observedd an increased mRNA content for both FGF-2 and PDGF-B (Figure 5). The 

observedd decreased FGF-2 and PDGF-B protein expression in the presence of an 

increasedd mRNA expression suggests that the stability of the FGF-2 and PDGF-B 

proteinss is diminished in the absence of CD44. 
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FGF-22 POGF-B 

Figuree 5 

PDGF-BPDGF-B and FCF-2 mRNA expression is increased during arteriogenesis in CD44 null mice, a, A col-

laterallateral artery is identified (black arrow) b, The vessel is isolated from the surrounding tissue by 

laserlaser microdissection, c, The isolated vessel is stored in buffer solution d, Between \2 and 20 colla-

teralteral vessels of each animal are isolated and collected for quantitative RT-PCR analysis, e, The figu-

rere shows the mRNA expression ratios for FGF-2 and PDGF-B normalized against the values from 

thethe wildtype mice. 

Sincee a role of CD44 in angiogenesis (i.e. capillary sprouting) has been reported, 

thee number of capillaries in the hind limb muscles of the mice was also compa-

red.. We observed no statistically significant difference, when comparing capillary 

countingg between CD44 null mice and wild-type mice, neither in the adductor 

(wild-typee : (6.9  1.8)*102 capillaries/mm2 vs. CD44-/- : (6.8  1.9)*102 capilla-

ries/mm2,, p = ns) nor in the quadriceps muscle (wild-type : (7.2  2.9)'102 capilla-

ries/mm22 vs. CD44-/- : (7.6  3.3)"102 capillaries/mm2, p = ns). 

MaximalMaximal CD44 expression on isolated and stimulated monocytes cor-

relatesrelates with collateral flow index in patients with coronary artery 

Finally,, we addressed the question whether CD44 might also be involved in colla-

terall  artery growth in men. Therefore, we invasively measured the pressure-deri-

vedd collateral flow index in 14 patients with single-vessel coronary artery disea-

se.. The results were correlated to the maximal CD44 expression on stimulated 

monocytess of these patients, as a surrogate for the maximal in vivo CD44 expres-

sionn during collateral artery growth. We observed a strong correlation between 

thee maximal CD44 expression and the pressure-derived collateral flow index 

(RR = 0.76, R2 = 0.58, p = 0.002, Figure 6), suggesting that indeed CD44 is also invol-

vedd in collateral artery growth in patients with coronary artery disease. 
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Baselinee characteristics 

Male/Female e 
Maann age (years) 
DiaQetiss mellitus 
Hypertension n 
Hypercholesterolemia a 
Previouss or current smoking 
Previouss myocardial infarction 
Stentedd vessel 

LAD D 
LCX X 
RCA A 

0.000 0.10 0,20 0.30 0,40 0.50 0,60 

Collaterall flow index 

CD44CD44 expression on activated monocytes of patients with single vessel coronary artery disease cor-

relatesrelates with the pressure derived collateral flow index a, Baseline characteristics of patients. All 

patientspatients had single-vessel coronary artery disease with a stenosis of at least 80%. b, A positive cor-

relationrelation is present between pressure derived collateral flow index and CD44 expression on activated 

monocytesmonocytes in patients with single-vessel coronary artery disease. 

Discussion n 
Thee present study provides direct evidence for a pivotal role of CD44 in collateral 

arteryy development after arterial obstruction. Under physiological conditions, 

normall  endogenous expression of CD44 in the hind limb musculature is limited 

too capillaries. In larger sized arterioles and arteries, expression is minimal and 

onlyy found in the adventitia. Upon femoral artery ligation, we observed a drama-

ticc increase in expression of CD44 in collateral arteries in the quadriceps and 

adductorr muscles. CD44 was strongly expressed on the endothelium, within the 

vascularr wall, as well as on perivascularly accumulated leukocytes. The specific 

deletionn in mice of the CD44 receptor impaired leukocyte trafficking to perivascu-

larr sites of collateral arteries and, moreover, led to a reduced protein expression 

off  PDGF-B and FGF-2. Most importantly, restoration of flow upon femoral artery 

ligationn was severely impaired in CD44 null mice. Finally, we show that the deve-

lopmentt of a collateral circulation in patients with single-vessel coronary artery 

diseasee is correlated to maximal CD44 expression on monocytes. 

Currentt understanding of the complex process of arteriogenesis is that the initial 

stepp in the development of a collateral circulation is a change in flow pattern 

uponn arterial obstruction. Due to the obstruction, the blood flow partially redis-

tributess over pre-existent collateral arteriolar pathways. This increase in flow 

activatess the endothelium of these collateral arterioles via shear stress which 
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leadss to upregulation of adhesion receptors like intercellular adhesion molecule-1 

(ICAM-1)) on endothelial cells and to the release of cytokines like monocyte che-

moattractantt protein-1 (MCP-1) and transforming growth factor-isl (TGF-El). As a 

result,, leukocytes adhere to the endothelium and migrate towards the perivascu-

larr space, creating an inflammatory environment that appears to be a prerequisi-

tee for collateral artery growth.29 CD44 mediates several functions that are crucial 

inn collateral artery development. First of all, the adhesion molecule CD44 is a 

homingg receptor for leukocytes.8"11 Indeed, in the present study, we could show 

thatt the number of perivascular leukocytes was decreased significantly in CD44 

nulll  mice. In previous studies, we have demonstrated that the majority of peri-

vascularr leukocytes accumulating along developing collateral arteries are mono-

cytes/macrophages.. Interestingly, defective monocyte-trafficking has also been 

implicatedd in the strong inhibitory effect of CD44 deficiency on plaque formation 

inn atherosclerosis prone apolipoprotein-E deficient mice crossbred with CD44 null 

mice,300 and in the increased sensitivity of CD44 null mice to M. Tuberculosis 

infection.31 1 

Monocytes/macrophagess produce cytokines like tumor necrosis factor-a (TNF-alfa) 

thatt are required for the perpetuation of a local inflammatory environment 

duringg the initial phase of arteriogenesis.18-28 Such an environment is a prerequi-

sitesite for the production of metalloproteinases, which degrade perivascular tissue 

thatt would otherwise restrict the collateral arteries in their outward growth.16,32 

Moreover,, macrophages produce growth factors like FGF-2 and PDGF-B which 

inducee the growth of collateral arteries via direct mitogenic and motogenic 

effectss on endothelial- and vascular smooth muscle cells.18-22-33"36 In the present 

model,, FGF-2 and PDGF-B were predominantly localized to the media of collateral 

vesselss and we observed that their levels were strongly reduced in CD44 null 

mice.. Interestingly, these decreased protein levels in CD44 null mice were accom-

paniedd by increased mRNA levels. Since it has been shown that certain CD44 iso-

formss can bind growth factors and protect them from proteolysis by extracellular 

proteinases,19"21-377 this finding suggests that decreased growth factor stability 

contributess to the deficient arteriogenic phenotype of CD44 null mice. 

AA third level at which CD44 might contribute to arteriogenesis is via the TGF-/sl 

cascade.. We recently observed an increase in the active 25 kDa form of TGF-lsl in 

aa rabbit model of arteriogenesis and, moreover, demonstrated that exogenous 

supplyy of TGF-1S1 in this model strongly increases collateral conductance.38 TGF-

lsll  exerts its arteriogenic effects via monocytes, by increasing their migration 

ratee and cytokine production. Recently, Yu et al reported that CD44 can facilitate 

thee activation of TGF-lsl by localizing MMP-9 to the plasma membrane.39 Since 

thee expression of this metalloproteinase is increased during collateral artery 

growth.16-400 it is conceivable that this pathway of TGF-lsl activation is disturbed 
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inn the present CD44 deficient model. Further studies are needed to test this hypo-

thesis. . 

Thee precise role of CD44 during angiogenesis remains to be elucidated. Our data 

showedd no difference in number of capillaries between CD44-/- and wild-type 

mice,, indicating that CD44 deficiency does not affect angiogenesis or is compen-

satedd for in the present model. It should be noted, however, that our model focu-

sess on arteriogenesis rather than angiogenesis and a model of more severe arte-

riall  obstruction, leading to profound tissue ischemia, would be more appropriate 

too address the role of CD44 in ischemia-induced angiogenesis. 

Ourr study in patients with single-vessel coronary artery disease demonstrates a 

correlationn between the pressure-derived collateral flow index and CD44 expres-

sionn on stimulated monocytes. This correlation suggests that CD44 is also of 

importancee for the development of a collateral circulation in men. Further stu-

diess are needed to explore whether CD44 fulfill s an equally crucial role in clinical 

arteriogenesiss as it does in experimental murine arteriogenesis, or that it serves 

merelyy as a marker of the development of collateral growth in patients with 

coronaryy artery disease. 

Inn conclusion, we show for the first time the important role of CD44 during arte-

riogenesis.riogenesis. CD44 is required for both leukocyte trafficking to the perivascular 

spacee of growing collateral arteries as well as for maintaining the protein expres-

sionn of FGF-2 and PDGF-B. In patients with single-vessel coronary artery disease, 

aa correlation exists between the degree of development of a collateral circulation 

andd the maximal expression of CD44 by monocytes. 
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