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ABSTRACT

Aims
Lack of the adhesion molecule CD44 reduces collateral artery growth (arteriogenesis) 
in a murine hindlimb model. CD44 function is influenced by expression of alternatively 
spliced exons (v1-v10), with unknown influence on arteriogenesis. Variant exon 
CD44v3 binds heparan sulphate and facilitates preservation of growth factors, so 
this exon might contribute to arteriogenesis. We hypothesized that the CD44 variably 
spliced exon region is involved in arteriogenesis, especially CD44v3.

Methods and Results
The right femoral artery of mice was ligated and tissue was processed for histological 
and qPCR analysis of CD44-isoform expression. Expression of total CD44 and 
CD44v3 mRNA following femoral artery ligation was increased, accompanied by 
increased mRNA levels of CD44-relevant splicing factors Tra2-beta1 and SRm160. 
CD44v3-expression was limited to the vessel wall of growing collateral arteries. 
Microsphere perfusion measurements, performed in mice lacking the variably spliced 
exon region (CD44s knock-in mice), in knock-in strains with specific isoform 
expression (CD44v3-10 and CD44v4-10), and in double knock-in mice (expressing 
CD44v3-10 and CD44s), showed respective perfusion restoration percentages of: 
20.1%±3.9 (CD44s mice), 26.8% ±3.8 (CD44v3 mice), 19.1%±2.5  (CD44v4-10 mice), 
and the background strain 57.3%±2.2. Combined expression of CD44v3 and CD44s 
improved perfusion restoration: 33.1%±6.3.

Conclusion
Total CD44 and CD44v3 mRNA are upregulated during arteriogenesis. Absence of 
the variably spliced exon region impairs arteriogenesis, whereas expression of 
CD44v3 results in improved arteriogenesis. Expression of CD44s and CD44v3 
provides a synergistic effect on arteriogenesis. As this combined expression still 
resulted in hampered arteriogenesis, a specific role of exon v2 in arteriogenesis 
appears likely.
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INTRODUCTION

Atherosclerotic vascular occlusive disease results in the development of a pressure 
gradient over the atherosclerotic lesion. Consequently, pre-formed arteriolar 
connections bypassing this stenosis or occlusion are recruited and triggered to 
develop into functional collateral arteries. This process is also referred to as 
arteriogenesis.1,2 In the early phases, arteriogenesis is dependent on adhesion of 
leukocytes to the activated collateral endothelium, their transmigration and 
accumulation in the perivascular tissue and their subsequent cytokine 
production.3-7

Previously, we could show that the membrane-bound molecule CD44 (Hermes-
antigen) plays an important role during arteriogenesis, as knock-out mice lacking 
this molecule showed a significantly reduced perfusion restoration after femoral artery 
occlusion.8 Arteriogenesis is a multifaceted process, involving different steps from 
adhesion to growth factor production, preservation and presentation. Several of these 
aspects are modulated by CD44.9-14 The rich functional profile of CD44 is due to 
alternative splicing of 10 variably spliced exons in the extracellular domain of CD44. 
CD44s, the standard form of CD44, is characterized by the absence of variably 
spliced exons and it is the most abundantly expressed form of CD44. Besides this 
standard form of CD44 approximately 20 different isoforms have been described so 
far, several of them being expressed in a tissue specific manner. 15-17 The variety of 
functions of the CD44 molecule, resulting from alternative splicing, requires a delicate 
regulatory mechanism. Several splicing factors which lead to inclusion of CD44 
variably spliced exons have been identified so far, such as Tra2-beta1, YBOX1, 
SRm160 and Sam68.18-21 

Due to the aforementioned tissue specific differences in CD44 isoform expression, 
there has recently been a growing interest in the specific function of the individual 
variant exons of CD44. The standard form, CD44s binds to hyaluronic acid (HA) and 
mediates cellular adhesion.22,17 The additional expression of variable exons negatively 
influences the adhesion and HA binding capacity of CD44.23,24 Exon v3 is unique in 
its ability to bind heparan sulphate (HS) side chains, to which angiogenic and 
arteriogenic growth factors, such as VEGF, FGF, HGF and EGF can bind.11,14,25 When 
bound to CD44v3, these growth factors partly are protected from degradation, 
prolonging and increasing their biological activity.26 In a previous study, we made 
the interesting observation that in mice lacking CD44, growth factor mRNA expression 
(FGF-2, PDGF-B) was significantly increased, despite a deficient functional 
arteriogenic response. This was accredited to the fact that the respective protein 
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levels were markedly reduced in collateral vessels from CD44-/- mice and the 
assumption of an increased degradation rate.8 Taking the prominent role of CD44v3 
in growth factor presentation and stabilization into account, we therefore hypothesized 
that exon v3 of CD44 is upregulated in growing collateral arteries and that the 
exclusive expression of CD44v3-containing CD44 isoforms would restore the 
attenuated arteriogenic response of CD44-/- mice. The availability of 3 different 
unique mouse strains, exclusively expressing either CD44s, CD44v4-10 or CD44v3-10 
enabled us to elucidate the role of the variably spliced exon region in general, and 
exon v3 in particular, during collateral artery growth. 

MATERIALS AND METHODS 

Animal model
All experiments were approved for by our local ethical committee. The investigation 
conforms with the Guide for the Care and Use of Laboratory Animals, published by 
the US National Institutes of Health (NIH Publication No. 85-23, revised 1996). 12 
weeks old, male  C57BL/6J mice (n=45), CD44S (n=9), CD44v3-10 (n=9), CD44v4-10 
(n=9) and CD44v3-10-CD44s double knock-in mice (n=9) underwent unilateral ligation 
of the right femoral artery and sham operation of the left leg as described before.7 

At day 1, 3 and 7 the thigh adductor muscles of C57BL/6J mice (n=45) were harvested 
and processed for histological and quantitative PCR analysis of CD44 isoform 
expression. Perfusion measurements were performed seven days after femoral artery 
ligation.

Generation of different CD44 knock in mice 
CD44s/s, CD44v4-v10 and CD44v3-v10 knock-in mice were generated by introducing of a 
targeting vector containing a cDNA of the relevant CD44 variant into 129/Ola ES cells 
(clone 14) by electroporation, and cells were cultured and analyzed as described.27 
Germ line transmission was determined by PCR on genomic DNA. Founders were 
crossed-back with C57BL/J mice for at least 6 generations and homozygous offspring 
was obtained by a final interbreeding.  The CD44-isoform expression was under 
control of the endogenous promoter.

Immunohistochemistry
Consecutive sections of 7 µm were used to analyze location of CD44v3 expression. 
A polyclonal rabbit anti-mouse CD44v3 antibody was used at a concentration of 
1:300 and incubated for 1 hour at room temperature. After three times washing with 
PBS, Tween (0,1%) we used 100 µl of Powervision poly HRP-Anti-Rabbit IgG 
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(ImmunoLogic) as a secondary agent, followed by DAB staining during ten minutes 
after the aforementioned washing procedure. We counterstained the sections with 
haematoxylin and analyzed CD44v3 expression levels using an Olympus BX60 
microscope at 1000 times magnification.

Quantitative PCR
Primers used in this study are depicted in table 1. To confirm the identity of the 
amplified cDNA products, the PCR products were ligated into the Genejet PCR 
cloning kit vector (Fermentas) and sequenced using BigDye Terminator v3.1 Cycle 
sequencing kit (Applied Biosystems). In order to measure total expression levels of 
CD44 mRNA we targeted our primers against the standard region of the CD44 
molecule. As the variably spliced exons can be expressed in combination with 
different other variably spliced exons, we created exon specific primers. We developed 
primers targeted at exon v3 and exon v2 and measured mRNA expression levels 

Table 1. Primer sequences

Cd44S FOR:                   GCGGTCAATAGTAGGAGAAGG

CD44S REV:                  GCTGTCATACACTGGTCTGG

CD44v2 FOR:                CTGAAACACCACCAAGAGG

CD44v2 REV:                  CAGGCATCTTCGTTGTTGTATG

CD44v3 FOR:                             ACGGAGTCAAATACCAAC

CD44v3 REV:                               ATCTTCATCATCATCAATGC

From CD44v3 towards v10 FOR : TCTGGATCAGGCATTGATGA

From CD44v3 towards v10 REV: CGCAGTTGAGTGTCCAGCTA

From CD44S towards CD44v3 FOR: CCGTGATGGTACTCGCTACA

From CD44S towards CD44v3 REV: CAGCCTGTTGGGTTGGTATT

SRm160 FOR: CCGAAGAAGAACTCCACCAAG

SRm160 REV: GAACGAGATGAAGAGCACGAC

Tra2-beta1 FOR: CTCGCTCCAAGGAACACTC

Tra2-beta1 REV: AATCTCGGCTCTAAGACCTG

SAM68 FOR: AGATGACGAGGAGAATTATTTGC

SAM68 REV: TGTCTCTCATTGAACCCTTCC

YBOX1 FOR: GTGGAGTTTGATGTTGTTGAAGG

YBOX REV: TTGCTGGTAATTGCGTCGAG
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using Sybr Green real rime PCR Supermix (Biorad), according to manufacturers 
protocol. By comparison with the known quantities of the cloned PCR product using 
standard curves, we analyzed relative mRNA levels. Values were normalized against 
expression levels of the ribosomal RNA 18S.

CD44 splicing factors
In order to investigate whether CD44 relevant splicing factors were also differentially 
regulated during collateral artery growth, we developed specific primers for four 
splicing factors: Tra2-beta1, SRm160, YBOX1 and Sam68. By comparison with the 
known quantities of the cloned PCR product using standard curves we analyzed 
relative mRNA levels. Values were again normalized against expression levels of the 
ribosomal RNA 18S.

Figure 1. Three days after induction of an arteriogenic response by femoral artery ligation, we observed a 
significantly increased expression of total CD44 as well as a significant upregulation of CD44v3 and CD44v2 
(Figure 1A). Increased staining of CD44v3 was observed in the ligated hind limb compared to a sham operated 
hind limb (1B and C). * p<0.05.
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Perfusion measurements 
Microsphere perfusion measurements were performed on day 7 in transgenic mice 
lacking the CD44v3 domain (CD44s and CD44v4-10 knock-in mice), in CD44v3-10 
knock-in mice, in double knock-in mice, expressing both CD44S and CD44v3-10 as 
well as wild type controls (C57BL/6J), as previously described.7  Briefly, mice were 
anesthetized and the abdominal aorta was cannulated with a polyethylene catheter 
(inner diameter, 0.58 mm; outer diameter, 0.96 mm). After stabilization of systemic 
pressure, both hind limbs were perfused at 5 different pressures (70, 80, 90, 100 and 
110 mm Hg) with differently labeled fluorescent microspheres. Adenosine (1.0 mg/
kg/min) was continuously infused to achieve maximal vasodilatation. After sacrificing 
the animals, tissue samples from the lower limb were taken for subsequent flow 
cytometric quantification of microspheres in the tissue samples and in the flow 
reference samples and perfusion ratios of the ligated vs. the non-ligated hind limb 
were calculated.

Sequencing analysis of isoforms containing exon v3.
In order to analyze the exons which were expressed in combination with exon v3, 
we developed primers which were targeted against exon v3 and the regions 
downstream and upstream of exon v3, as shown in Supplementary data table 1 (see 
schematic representation, figure 4A). Using a forward primer targeted against the 
downstream standard region of CD44 and a reverse primer directed against exon 
v3, we investigated if exon v3 was expressed in combination with exons v1 and v2. 
Using an exon v3 specific forward primer and a reverse primer which binds to the 
upstream standard region, we were able to analyze if v3 was expressed in combination 
with exons v4,5,6,7,8,9 and 10. 

For a complete analysis of the exact exon combination in which v3 was expressed, 
we used a forward primer targeted at v2, and a reserve primer directed against the 
upstream standard region. Thus, we would be able to identify if a potential 
combination of v2 and v3 would show co-expression with other exons, or would 
be a unique isoform. 

We used a PCR-protocol with an annealing temperature of 60 degrees during 30 
seconds, and an elongation temperature of 72 degrees, during 4 minutes. PCR-
products were run on a 10% agarose gel, bands were cut out, and stored for 1 hour 
at -80 degrees. We the use of the freeze-squeezing technique we were able to harvest 
the present DNA, which was cloned using the TOPO cloning kit (Invitrogen) and 
sequenced to analyze which bands represented which variably spliced exons. 
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Statistical Analysis
Data are presented as mean ± SEM or Box-whisker plots. A Wilcoxon signed-rank 
test was used in case of non-parametric data. A Student’s t-test was used to objectify 
significant differences between groups with a normal distribution. Perfusion restoration 
values of the different mice strains were analyzed using an ANOVA-test with Bonferroni 
correction. P-values <0.05 were considered significant.

RESULTS

Growing collateral arteries express CD44v3
Expression of total CD44 and exon CD44v3 mRNA was assessed at day one, three 
and seven after femoral artery occlusion. At day three a 25-fold increase in total 
CD44 mRNA and a 13-fold increase in CD44v3 mRNA were observed using RT-PCR 
analysis (p< 0.05) (figure 1A). On day one and seven no significant differences 
between the right and left hind limb were observed (data not shown). 
Immunohistochemical staining for CD44v3 revealed that its expression was limited 
to the wall of growing collateral arteries, whereas resting vessels in the sham operated 
hind limb were only weakly stained (figure 1B,C). 

Figure 2. The expression of both CD44 relevant splicing enzymes SRm160 (A) and Tra2-beta1 (B) was 
significantly increased in the ligated hind limb compared to the sham operated hind limb. For YBOX1 we 
observed a trend towards an upregulation, but for Sam68 no relevant effect of an arteriogenic stimulus on its 
expression levels was observed. * p<0.05.
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CD44 splicing factors are upregulated during arteriogenesis
Interestingly, the increased mRNA expression of the variably spliced exon v3 was 
accompanied by a significant increase in expression levels of two CD44 splicing 
factors: Tra2-beta1 and SRm160. Both Tra2-beta1 (p=0.038) and SRm160 (p=0.008) 
mRNA expression levels showed an approximate four fold increase in the hind limb 
in which collateral arteries developed compared to the non-ligated hind limb (Figure 
2). These two splicing factors have previously been shown to stimulate the inclusion 
of CD44 exons such as v3, v4 and v5. YBOX1 showed a trend towards upregulation 
after induction of arteriogenesis (p=0.051) whereas we did not observe a significant 
upregulation of SAM68 mRNA after femoral artery occlusion.

Perfusion measurements in different CD44 isoform knock-in mice
Perfusion ratios (perfusion ligated/non-ligated hind limb) of mice lacking the 
expression of the variably spliced exon region (CD44s knock-in mice) were significantly 
reduced compared to wild type controls (C57BL6/J). CD44s knock-in mice showed 
a perfusion restoration of 20.1 % ±3.9 (Figure 3A) whereas in wild type mice perfusion 
restoration at seven days after femoral artery ligation was 57.3 %±2.2 of normal hind 
limb flow.  Mice which expressed the variably spliced exons v4 until v10 (CD44v4-10 
knock-in mice) showed a comparable significantly decreased perfusion restoration 
of 19.1% ±2.5. This deficit in perfusion restoration could be partially rescued by the 
additional knock-in of the variant exon v3 (CD44v3-10 knock-in mice), which resulted 

Figure 3. Mice solely expressing CD44 molecules deprived of the variant exon region (CD44S expressing 
mice), showed a severely hampered perfusion restoration after femoral artery ligation (3A).  Inclusion of exon 
v3 in the variably spliced exon region resulted in an increased perfusion restoration. When CD44v3-10 
expression is combined with expression of CD44s, perfusion restoration was increased to an even higher level 
(3B). * p<0.05.
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Figure 4. A schematic representation of the variably spliced region of the CD44 molecule is provided in figure 
4A. While analyzing the concomitant expression of CD44v3 with other exons, we observed two bands 
consisting of the single expression of CD44v3 as well as the combination of CD44v2 and CD44v3. For the 
higher numbered exons we again observed two bands consisting of the single expression of CD44v3 as well 
as CD44v3 combined with exon v7, the combination of v3,v4,v5 as well as the combined expression of v3 
and v10. (C) Exon v2 was mainly expressed in combination with exon v3.
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in a perfusion restoration of 26.8%±3.8 (Figure 3B), indicating a contributory role for 
the exon v3 in arteriogenesis. As perfusion restoration in these mice was still 
significantly reduced compared to wild type controls, we speculated that expression 
of the standard form, CD44s is an additional necessity for normal arteriogenesis. 
Recently, it was shown that this isoform shows the highest hyaluronic acid binding 
capacity and the  expression of the variably spliced exons negatively influences the 
binding of this essential component.24,23 Indeed, transgenic mice expressing a 
combination of CD44v3 and CD44s (CD44s/CD44v3-10 double knock-in mice) 
showed a significantly improved perfusion restoration compared to both CD44s and 
CD44v3-10 mice 33.1%±6.3 %).  (Figure 3B)

RT-PCR of exon CD44v2 expression
As the double knock-in mice, expressing both CD44s as well as CD44v3-10 still 
showed a significantly reduced perfusion restoration, compared to wild type controls, 
we hypothesized that exon v2 has an unanticipated  importance for the development 
of collateral arteries. We used exon specific primers to analyze exon v2 expression. 
Indeed, at day three after femoral artery ligation, we observed a significant 12-fold 
increase in CD44v2 expression (Figure 1A). 

Sequencing of exons expressed in combination with exon v3
To determine if exon v3 was expressed in its most common form of v3-v10 or in 
an arteriogenesis specific combination during collateral artery growth we cloned 
and sequenced the exon v3 containing CD44 isoforms, which are expressed during 
collateral artery growth. Using primers targeted against the downstream standard 
region of CD44 and exon v3 we analyzed whether exons v1 or v2 were expressed 
in combination with v3 (see Table 1, schematic representation figure 4A). We 
observed two bands, which consisted of either a combination of v3 and v2 
(approximately 400 kB) or a single v3 band, which was the main band of 150 kB, 
as depicted in figure 4B. 
Furthermore, we analyzed if exon v3 was expressed in association with exon v4 until 
v10, using a forward primer which was directed against exon v3 and a reverse primer 
targeted against the upstream constant region of CD44 (schematic representation, 
figure 4A).  This time, we observed two unique bands which were analyzed by 
repeated sequencing. The band of 250 kB consisted of single expression of exon 
v3. The second band of approximately 400kB consisted of exon v3 in combination 
with exon v7 (product size 376 kB) and both a combination of v3,v4,v5 (product size 
481 kB) as well as v3,v10 (product size 453 kB), as is shown in figure 4B. 
To elucidate if exon v2 was expressed solely with exon v3 or with the abovementioned 
combinations of exons, we used a forward primer targeted against exon v2 and a 
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reverse primer directed against the upstream standard region. We observed two 
bands, with the main band representing the combined expression of exons v2 and 
v3 and a relatively dim band of single v2 expression (Figure 4C).

DISCUSSION

This is the first study to demonstrate the importance of the variably spliced exon 
region of the CD44 molecule in collateral artery growth. We were able to show that 
mice lacking the variably spliced exon region showed severely impaired perfusion 
restoration, comparable to mice lacking CD44 in total. We observed increased mRNA-
expression of CD44 relevant splicing factors during arteriogenesis as well as increased 
inclusion of variably spliced exons of CD44, thus providing further evidence for the 
involvement of the variably spliced exons in arteriogenesis. Exon v3 is functionally 
relevant for effective collateral artery growth as we observed increased perfusion 
restoration in mice expressing exon v3 compared to mice lacking this exon, especially 
in case when expression of this exon was combined with the expression of the 
hyaluronic acid binding isoform, CD44s.  
Previously we showed that absence of the CD44 molecule severely hampers the 
adaptive growth of the collateral circulation (arteriogenesis) upon arterial occlusion, 
although it remained unclear if the variably spliced exon region of CD44 was involved 
in arteriogenesis.8 In addition to its role as an adhesion molecule mediated by the 
CD44s part, CD44 can exert several other functions. These functions depend on the 
expression of the variably spliced exons (v1-v10).22,17 Interestingly, growth factor 
protein levels in our previous study were significantly diminished in CD44-/- mice 
despite an increased mRNA expression, suggesting CD44 might play an important 
role in growth factor presentation and preservation during arteriogenesis.8 Based on 
these findings, the main focus in this study was on exon CD44v3, for its unique 
capacity to bind heparan sulphate side chains which significantly contribute to 
effective growth factor presentation and preservation.

Besides the impaired arteriogenic response in mice failing to express the variably 
spliced exon region (CD44s knock-in mice), the involvement of alternative splicing 
in arteriogenesis was supported by the observed increased mRNA expression of 
CD44 relevant splicing factors. The exact mechanisms that lead to the selective 
inclusion of different variably spliced exons have not been elucidated so far. Recently, 
a small number of proteins have been identified which are involved in CD44 splicing. 
It was shown that the CD44 splicing factors SRm160 and Tra2-beta1 have a 
stimulatory effect on the inclusion of specific CD44 exons.18,21 Knock-down of 
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SRm160 results in decreased inclusion of exons v2 and v3 besides affecting inclusion 
of other CD44 exons. Tra2-beta modulates the inclusion of exons v4 and v5, and 
works co-operatively with Y-BOX1,20 a splicing factor for which we observed a trend 
towards upregulation after femoral artery ligation. SAM68, a splicing factor mainly 
involved in inclusion of exons v2,v3,v4 and v5 was not upregulated after femoral 
artery ligation, possibly because the activity of this factor is mainly regulated by 
phosphorylation and not via transcriptional regulation.19 These results suggest that 
the upregulated splicing factors Tra2-beta1 and SRm160 might be involved in CD44 
relevant splicing during arteriogenesis. 

Furthermore, we observed increased inclusion of the variably spliced exon v3 (next 
to an expected overall increased expression of CD44), supporting our hypothesis 
that the exon v3 is functionally relevant for effective arteriogenesis. Previously this 
exon was shown to be expressed in a proliferating endothelial cell line, which was 
in contrast to resting cells.28 The functional relevance of exon CD44v3 was investigated 
using CD44v3-10 and CD44v4-10 knock-in mice. As the only difference between 
these two strains is the presence of exon v3, we expected functional restoration in 
the CD44v3-10 mice. The CD44v3-10 knock-in mice indeed demonstrated a 
significantly increased perfusion restoration after femoral artery ligation compared 
to the CD44s and CD44v4-10 knock-in mice. These CD44s and the CD44v4-10 
knock-in mice both showed perfusion ratios comparable to those observed in CD44 
knock-out mice. However, arteriogenesis was still reduced in the CD44v3-10 mice 
compared to the wild type mice of the same genetic background. 
We considered three possible explanations which might be responsible for this 
observation: 1) The expression of the other variably spliced exons besides v3, might 
interfere with the hyaluronic acid binding capacity of CD44s, as was previously 
suggested.23 2) Since the CD44v3-10 mice lack the exons v1 and v2, the fact that 
arteriogenesis remains defective might be due to an important role of either exon in 
collateral artery growth. 3) Finally, it could be speculated that specific combinations 
of exons are needed other than v3-v10, e.g. v3-v5.
To test whether the first explanation holds true, perfusion ratios following unilateral 
femoral artery ligation were measured in double knock-in mice expressing both 
the CD44s isoform as well as CD44v3-10. CD44-bound hyaluronic acid is an 
important mediator of cellular migration, which is crucial for effective enlargement 
of pre-existent collaterals. As the CD44s isoform lacking all variant exons shows 
the highest hyaluronic acid binding capacity24, we hypothesized that the additional 
expression of CD44s (besides CD44v3-10) might be vital for effective arteriogenesis. 
Interestingly, these mice did show an improved arteriogenic response compared 
to the CD44v3-10 mice. 
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Although a synergistic effect of CD44s and CD44v3-10 with respect to collateral 
artery growth was observed, the arteriogenic response in these mice was still 
considerably reduced compared to wild type control mice.  One possible explanation 
could be the missing of the exons v1 or v2 in these CD44v3-10 knock-in mice. 
Exon v1 is not expressed in humans as it contains a stop codon, therefore we 
focused on exon v2.29 Indeed, expression of exon v2 was significantly upregulated 
three days after femoral ligation in the ligated hind limb compared to the sham 
operated hind limb. Of interest is our observation that exon v2 was mainly expressed 
in combination with v3 (with limited expression of exon v2 solely), which is in line 
with the recent study showing that exon v3 is expressed either as a single exon or 
in combination with exon v2 in proliferating HUVECs, whereas this isoform is absent 
in the resting vasculature.28 This finding supports a potential functional role of exon 
v2 during arteriogenesis. So far, no studies investigated the functional characteristics 
of exon v2.

In order to further elucidate whether a specific combination of variable exons is 
obligatory for effective collateral artery growth according to the third possible 
explanation, we analyzed which exons are expressed in combination with exon v3.  
Using PCR-based sequencing, we were able to demonstrate that exon v3 is expressed 
either solely or was accompanied by expression of exon v2. Furthermore, exon v3 
was expressed in combination with exon v7, as well as in the form of CD44v3,v4,v5, 
and CD44v3,10. Exon v7 has previously been shown to be involved in inflammatory 
processes. Mice lacking this exon show a significantly reduced inflammatory response 
in a model of colitis.30 Since early arteriogenesis is an inflammatory-like process, this 
suggests that this combination might also be involved in collateral artery growth.
In summary, we provide the first evidence that the variably spliced exon region of 
CD44 is strongly involved in arteriogenesis, specifically exon v3. The combined 
expression of exons v3-v10 and CD44s results in a synergistic effect on arteriogenesis. 
During arteriogenesis exon v3 is expressed either as single v3, or as a combination 
of CD44v2,v3; CD44v3,v7; CD44v3,v4,v5 or CD44v3,v10.  These variants, combined 
with CD44s, might beneficially influence the formation of collateral arteries.  
A better understanding of the functional role of the variably spliced exon region of 
CD44 and the CD44 relevant splicing factors might lead to future strategies to 
stimulate the formation of collateral arteries by selective overexpression of CD44-
isoforms or splicing factors.
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