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Tissue engineering of skeletal muscle in vitro or in
vivo holds promise for the treatment of skeletal
muscle defects and might once provide an alterna-
tive to host muscle transfer. Skeletal muscle tissue
engineering is based on the regenerative properties
of the satellite cells or myoblasts and their potential
for proliferation and differentiation, which can be

harvested from adult and neonatal muscle of differ-
ent species. Successful cultivation of these cells in
vitro was established more than nearly two decades
ago [1]. Cultures of primary satellite cells from
myofibers grown in vitro are the preferred source of
myoblasts used for Tissue Engineering purposes,
since they recapitulate muscle development more
precisely than commonly used immortal myogenic
cell lines like C2C12 or L6 [2]. Studies aiming at
the replacement of muscular tissues using tissue
engineering methods have only recently started and
many investigators have focussed on the creation of
functional muscle tissues in vitro [3, 4]. However
despite certain advantages of in vitro studies such as
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controlled conditions and easier reproducibility cer-
tain limitations have to be considered: many results
gained in vitro might not be transferred directly into
the clinical setting, especially regarding the “matter
of size”. Every construct of neo-muscle, even if the
demands for cell expansion and differentiation are
met in vitro, has to be transplanted in vivo at one
point. If the size of these constructs exceeds the
limits of diffusion connection to a vascular axis
becomes be necessary for sufficient oxygen supply.
Hence the problem of pre-vascularisation, which
arises with tissue engineering of every vascularised
tissue, has been addressed by some investigators via
the microsurgical arteriovenous-loop (AV loop)
model [5]. So far these studies have shown the suc-
cessful vascularisation of soft and hard matrices,
but have not been combined with a clinically appli-
cable approach using a biocompatible matrix
together with primary expanded cells.

In the presented study we aimed at establishing a
clinically feasible approach to the generation of vas-
cularised skeletal muscle tissue: in syngeneic rats
we microsurgically created AV loops which where
embedded within a clinically approved fibrin
matrix. After prevascularisation of the fibrin matrix
expanded primary myoblasts, which were tested for
expression of MyoD and labelled with carboxy-flu-
orescine diacetate-succinimidyl ester (CFDA) stain-
ing prior to transplantation, were injected into the
axially vascularised matrix. Animals were sacrificed
at three different time points and constructs were
evaluated for presence and differentiation of trans-
planted myoblasts by fluorescence microscopy,
immuncytochemistry and RT-PCR analysis.

Material and methods

Myoblast cell culture 

Myoblasts were harvested as described previously for
neonatal myoblasts [6]. Briefly primary rat myoblasts
were obtained from hind limbs of adult syngeneic Lewis-
rats. Satellite cells were dissociated from the minced
muscles by digestion with 0.1% collagenase type III
(Biochrom, Berlin, Germany) for 60 min and 0.25%
trypsin (Viralex™ Trypsin / EDTA(1x), PAA
Laboratories, Linz, Austria) for 45 min at 37°C. These
cells were filtered through a sterile cell strainer (Beckton

Dickinson, Franklin Lakes, NJ USA). Cells were grown
in Dulbecco’s modified Eagle’s medium (D-MEM) con-
taining 1% penicillin/streptomycin-solution (both from
Life Technologies, Paisley, UK) and 10% foetal bovine
serum (FBS). Medium was changed every three days.
Cells were expanded through four passages by detach-
ment using 0.25% trypsin, followed by resuspension, col-
lection and seeding in new culture flasks at a ratio of 1:3.

Imunofluorescence staining for MyoD

Cultures were fixed in 100% methanol for 20 min at
–20°C, washed with PBS and permeabilized with TRI-
TON X-100™ (Sigma-Aldrich, Irvine, UK) 0.25% in
PBS for 30 min. The cultures were then incubated with
blocking solution (5% goat serum and 0.1% TRITON X-
100™ in PBS) for 30 min. After being washed with PBS,
the cultures were incubated with rabbit anti-MyoD poly-
clonal antibody (Santa Cruz Biotechnology Inc., Santa
Cruz, CA, USA) diluted 1:50 in blocking solution (2h at
20°C). The cultures were then washed with PBS and
incubated with Cy™3-conjugated anti-rabbit IgG for 2h
diluted 1:1500 in blocking solution. After being washed
with PBS and mounted with Aquatex Mounting Media
(EM Science, Gibbstown, NJ, USA), anti-MyoD-stained
cultures were viewed and photographed by fluorescence
microscopy (Leica Microsystems, Bensheim, Germany).

CFDA labelling

Myoblasts were detached as described above and incu-
bated for 15 minutes with 10 mM freshly prepared CFDA
(carboxy-fluorescine diacetate-succinimidyl ester,
Vybrant CFDA SE Cell Tracer-Kit, Molecular Probes,
Eugene, OR) reconstituted in DMSO and PBS according
to the manufacturer’s recommendations. After several
washing and incubation steps cells were resuspended in
fibrinogen solution and prepared for implantation into the
vascularised fibrin matrix within the isolation chamber.

Animal model and surgical procedures

Syngenic male Lewis rats (Charles River Laboratories,
Sulzfeld, Germany) served as donors and recipients.
German regulations for the care and use of laboratory ani-
mals have been observed at all times. All experiments
were approved by the animal care committee of the
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University of Erlangen and the Government of
Mittelfranken, Germany. The animals were housed in the
veterinary care facility of the University of Erlangen
Medical Center and submitted to a 12 h dark/light cycle
with free access to standard chow (Altromin, Hamburg,
Germany) and water. Operations were performed by the
same micro surgeon under an operative microscope (Karl
Zeiss, Jena, Germany). Prior to surgery, all rats received
an injection of 0.2 ml of a broad spectrum depot antibiot-
ic (Tardomycel Comp III, Bayer, Leverkusen, Germany).
Operations were performed under Isoflurane (Baxter,
Unterschleiβheim, Germany) inhalational anesthesia.

A total number of 12 rats were operated. 4 animals
were sacrificed 2 weeks, 5 animals at 4 weeks and 3 ani-
mals were sacrificed 8 weeks after secondary (i.e. cell
implantation) surgical procedure. 

For AV loop construction, the surgical site was shaved,
prepped and draped for sterility. Through a 3–4 cm long
skin incision from the groin to the knee, the femoral ves-
sels were fully exposed bilaterally. Dissection of the ves-
sels extended from the pelvic artery in the groin to the
bifurcation of the femoral artery into saphenous and
popliteal arteries in the knee. A 20 mm vein graft was har-
vested from the right femoral vessels. Interposing the vein
graft in original blood flow direction, an arteriovenous
(AV) loop was created between the proximal end of the left
femoral artery and vein using 11-0 non-resorbable micro-
sutures (Fig. 2a). The AV loop was placed into the sterile
cylindrical isolation chamber (inner diameter 10 mm,
height 6 mm) made out of heat resistant medical grade
Teflon, which was already half filled with a 1:1 mixture of
fibrinogen (fibrinogen 20 mg/ml in normal saline solution)
and thrombin 40 IU/ml (thrombin in 40 mM calcium-chlo-
ride solution; both from Baxter, Vienna, Austria).
Subsequently the AV loop was covered with a second layer
of fibrinogen/thrombin solution, thus forming a solid and
opaque fibrin matrix embedding the AV loop (Fig. 2b). The
lid was closed and the chamber was fixed in the left groin
using Prolene 5-0 (Ethicon, Norderstedt, Germany)
sutures. Hemostasis was assured. The wound was closed
using Vicryl 5-0 (Ethicon, Norderstedt, Germany). In the
right groin of each animal the same kind of isolation cham-
ber containing the fibrin-matrix only and closed with a lid
was fixed in the same way.

For secondary procedure involving cell transplanta-
tion, the wounds were re-exposed 14 days after primary
surgery and the lids of the isolation chambers were lift-
ed. Then 1x106 CFDA labelled myoblasts suspended in
fibrinogen solution were injected together with the
thrombin (same concentrations as above) component

using a two-way syringe with a blunt needle directly into
the AV loop / fibrin-constructs. Subsequently lids were
reattached to the isolation chambers in the groins and all
wounds were closed as described above.

India ink injection and 
explantation of the matrices

After induction of anesthesia, the aorta was exposed
through a longitudinal laparotomy. The aorta was then
canulated using a 24-gauge catheter and flushed with
100 ml heparin solution in Ringer (100 IU/ml). The infe-
rior vena cava was severed to allow blood and heparin
solution to drain. Then 30 ml of India ink solution [50%
v/v India ink, Rohrer, Germany in 5% gelatin (Roth,
Karlsruhe, Germany) and 4% mannitol (Neolab,
Heidelberg, Germany)] was injected into the abdominal
aorta. After setting of the gelatin solution, specimen were
macroscopically inspected, explanted and subjected to
histological processing.

Histological analysis

Specimens were explanted in toto and embedded in
Tissue Freezing Medium® (Leica Instruments, Nussloch,
Germany). After being frozen on a liquid nitrogen cooled
plate, they were sectioned in a Leica CM3050 cryostat at
a thickness of 10 μm (Leica Microsystems, Bensheim,
Germany). Sections were stained using hematoxylin
eosin (HE) according to standard protocols. Every other
section underwent immunofluorescence staining for
MyoD as described above, followed by nuclear counter-
staining with DAPI (Sigma Aldrich, Irvine, UK). For
nuclear counterstaining sections were incubated with
DAPI 10μg / 1 ml aqua bidest. for 30 min at room tem-
perature followed by several washing steps.
Microphotographs were taken using Leica fluorescence
microscope and Leica digital camera (Leica
Microsystems, Bensheim, Germany). Digital overview
images were generated by using the “photomerge” -
function of Adobe® Photoshop® CS2, Version 9.0.

RNA isolation, cDNA synthesis and PCR

After homogenisation of parts of the explants, total RNAwas
isolated using the RNeasy kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. Total RNA was
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treated with DNase I (Qiagen, Hilden, Germany), and both
purity and concentration was determined by A260 and A280
(A260/A280 = 1.7–2.0) measurements using a Ultraspec 1000
UV/Visible Spectrophotometer (Amersham Pharmacia
Biotech, Buckinghamshire, UK). In order to detect RNA
degradation, 1 µg of total RNA was fractionated by elec-
trophoresis on 0.9% formaldehyde agarose gel and visualized
under UV light. Aliquots of 5 μg total RNA per explant were
reverse-transcribed by using oligo(dT)-primed first-strand
cDNA synthesis with the ProSTAR First-Strand RT-PCR Kit
(Stratagene, La Jolla, USA), according to the manufacturer´s
recommendations. From all study groups, a no RT-control
was preserved. All cDNA probes confirmed glyceraldehyde-
3- phosphate dehydrogenase (GAPD) expression and were
analysed for expression of the following muscle specific
genes:
1. myogenin (primers out ACCAGGAGCCCCACTTCTAT
and CAGGACAGCCCCACTTAAAA, in CGGGGAA-
AACTACCTTCCTG and TGGCAGACAATCTCAGTTGG)
2. desmin (primers out CGAGCTCTACGAGGAGGAGA
and AAGGTCTGGATCGGAAGGTT, in TGGAGCGT-
GACAACCTGATAand ACATCCAAGGCCATCTTCAC)
3. MEF-2d (primers out CACTCCTTCCCTGGTGACAT
and ACTTGGGGACACTGGTTCTG, in CAGCAGCCAG-
CACTACAGAG and GGGATGAGGTTGCTGAGAGA)
4. embryonic myosin heavy chain (primers out
ACTCTGGAGCAGACGGAGAG and TGACGTTG-

GATTGTTCCTCA, in GGAAGATTGCAGAGCAGG-
AG and GGCCTCAGCATTACGTTTCT).

PCR was performed as a nested 25 cycle standard PCR,
using Taq DNA polymerase with Q-Solution (Qiagen,
Hilden, Germany) and 5 μl RT products as templates, in a
PTC-200 DNA Engine Peltier Thermal Cycler (MJ
Research, Incline Village, USA). Electrophoresis was car-
ried out in 1.5% agarose gels containing ethidium bromide.
Products were visualized and photographed under UV light.

Results

Expanded primary rat myoblasts 
keep their myogenic phenotype and can be 
CFDA-labelled 

After establishing a primary rat myoblast culture,
derived from the hindlimbs of adult syngeneic rats,
an expansion through 4 passages was performed.
High purity with myogenic specificity of these
expanded cells was confirmed by positive anti-
MyoD immunocytochemistry (Fig. 1). Prior to trans-
plantation in vitro evaluation of CFDA labelling
revealed best results in terms of signal strength vs.
background ratio with a final CFDA concentration of
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Fig. 1 E x p a n d e d
primary rat myoblasts
showing positive per-
inuclear staining for
MyoD, indicating the
preservation of myo-
genic phenotype.



10 mM. CFDA fluorescence could be detected with-
in in vitro cultures for several weeks.

AV-loops induce vascularisation of 
fibrin matrix

All animals survived the microsurgical procedure of
generating the loop and recovered without any com-
plications. Operation was only terminated when the
AV loop was patent (Fig. 2a), which was evaluated
intra-operatively by common microsurgical proce-

dures (such as the ballooning-test or distal refill
test). Positioning of the loop within the Teflon
chamber was followed by direct injection of fibrino-
gen simultaneously with thrombin, resulting in an
opaque fibrin gel embedding the AV loop, with the
AV loop kept in place by four small stacks (Fig. 2b).

Two weeks after the first operation, animals were
operated again, receiving an injection of 1x106 pre-
viously CFDA-labelled myoblasts into the now vas-
cularised fibrin-matrix. By using a two-way syringe
connected to a 14” blunt needle, safe and sterile
injection of the cell-suspension could be performed
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in rodents and human.

Fig. 2a Microsurgically created AV loop in the groin of
the rat, consisting of femoral artery (black arrow), inter-
positional vein graft (arrow head) and femoral vein
(white arrow).

Fig. 2c H&E staining of cross section through
AV loop fibrin construct following India Ink
injection. Black arrows indicating patent (per-
fused) loop vessels. The bottom part of the
matrix is already vascularised (white arrow
head), the upper part not yet (white arrow
head).

Fig. 2bTeflon chamber (inner diameter 10 mm, height 6 mm)
filled with fibrin, containing the AVloop (femoral artery = black
arrow, interpositional vein graft = arrow head and femoral vein
= white arrow) wrapped around the fixing stacks (arrow head).



without the necessity of primarily implanting spac-
ers, while avoiding puncture of the AV loop.

H&E staining of the chambers’ contents, which
were explanted after India Ink injection, revealed
patency of most of the AV loops (10 out of 12) (Fig.
2c). Animals showing occluded loops were excluded
from the study, resulting in group sizes of 4 (2 weeks),
4 (2 weeks) and 2 (8 weeks) animals per group. These
stainings also revealed good vascularisation, but
varying resorption rates of the fibrin matrix, thus
resulting in different remaining matrix volumes.

Transplanted myoblasts survive in the AV
loop constructs and display MyoD expression

Donor myoblasts were identified by positive CFDA
staining even after 8 weeks and could be detected in all
explants derived from the AV loop side at all explanta-
tion dates: after 2 weeks (Fig. 3a), 4 weeks (Fig. 4a + c
) and after 8 weeks (Fig. 5 a + b). Myoblasts were not
detectable in any of the control explants of the con-
tralateral groin without the AV loop.

Positive anti-MyoD staining of these CFDA-pos-
itive myoblasts demonstrated that the cells kept their
myogenic phenotype after transplantation 2 weeks
(Fig. 3 b), 4 weeks (Fig. 4 b + d) and 8 weeks (Fig. 5
c). In the controls, where cells had been injected into

fibrin matrix only, these observations were absent:
no CFDA positive nuclei were detectable. Results of
rats sacrificed at the same dates after transplantation
did not show any significant difference.

MEF-2 and desmin is expressed in the AV
loop constructs after 4 weeks

Analysis of mRNA expression of myogenic tran-
scription factors myogenin and MEF-2 after 4 and 8
weeks revealed expression of early transcription fac-
tor MEF-2 after 4 weeks within the AV loop, where-
as MEF-2 expression after 8 weeks and expression of
late transcription factor myogenin after 4 and 8
weeks was negative in all other explants.

Expression of muscle intermediary filament
desmin could be detected after 4 weeks in the AV
loop, while it was negative after 8 weeks in the AV
loop and all other groups. There was no expression of
myosin heavy chain at any date in any group (Fig. 6).

Discussion

The purpose of this study was to evaluate a clini-
cally feasible approach to tissue engineering of vas-
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Fig. 3a 2 weeks after myoblast injection into AV loop
constructs: donor myoblasts detected by CFDA labelling
(green fluorescence), surrounded by host tissue (blue
DAPI nuclear staining) within vascularised fibrin matrix
(note cross section of vessels = white arrows).

Fig. 3b 2 weeks after myoblast injection into AV loop
constructs: myoblast showing perinucelar MyoD
expression (red fluorescence, blue nuclear counterstain-
ing with DAPI)



cularised skeletal muscle. Since sufficient vascular-
isation is an essential prerequisite for the creation of
muscle neo-tissue, a rat model of vascularised tis-
sue generation was used to investigate the pattern of
pre-vascularisation within a clinically approved 3D
fibrin matrix in conjunction with the differentiation
process of expanded primary myoblasts.

The engineering of muscle tissue in vitro or in
vivo holds promise especially for the treatment of
skeletal muscle defects and might once provide an
alternative to host muscle transfer. Skeletal muscle
tissue engineering is based on the regenerative
properties of the satellite cells or (in case of neona-
tal organisms) myoblasts and their potential for pro-
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Fig. 4a 4 weeks after myoblast injection into AV loop
constructs: overview of vascularised fibrin matrix con-
taining donor myoblasts (green CFDA fluorescence)
and host cells (blue DAPI fluorescence).

Fig. 4b 4 weeks after myoblast injection into AV loop con-
structs: same overview section as Fig 4a, showing MyoD
positive donor myoblasts (red fluorescence) surrounded by
host cells (blue DAPI stain) within vascularised fibrin matrix.

Fig. 4c + d   4 weeks after myoblast injection into AV loop constructs: higher magnification of 4 a + b, demon-
strating the correlation between CFDA labelling (green fluorescence) and MyoD expression (red fluorescence) by
the very same cells (i.e. donor myoblasts).



liferation and differentiation. These primary muscle
precursor cells can be easily harvested from adult
and neonatal muscle of different species. Successful
cultivation of these cells was established more than
nearly 25 years ago [1]. Among the desired features
of engineered skeletal muscle tissue, like myoblast
fusion and a parallel alignment of resulting
myotubes, vascularisation is most crucial [7]. The
engineered neo-tissue should also be biocompati-
ble, which has to meet with the requirement of a
three-dimensional culture matrix that should be
bioresorbable as well [8].

The first step for obtaining sufficient volumes of
engineered skeletal muscle is an efficient expansion
of the source cells. Furthermore primary cultures
derived from satellite cells from myofibers grown
in vitro are the preferred source of myoblasts
because they recapitulate muscle development
more precisely than immortal myogenic cell lines
[2]. Even after the necessary expansion we could
confirm the myogenic phenotype of primary
myoblasts after 4 passages by positive MyoD stain-
ing of nearly 100% of cultivated cells. In contrast to
many other studies we exclusively used primary

myoblasts derived from adult rats. For instance
Levenberg et al. reported on the generation of vas-
cularised skeletal muscle tissue by means of a
three-dimensional multiculture system consisting
of immortalized mouse myoblasts (cell line
C2C12), mouse embryonic fibroblasts and human
endothelial cells [9]. From the tissue engineering as
well as from the clinical point of view the use of a
xenogenic culture system (human and mouse) in
combination with embryonic cells is more than
questionable [7].

Coming to the desired features of the 3D culture
matrix biocompatibility is an important prerequisite.
Many other groups reporting on tissue engineering
of skeletal muscle tissue still take the advantage of
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Fig. 5a 8 weeks after myoblast injection into AV loop
constructs: overview demonstrating the survival of donor
myoblasts (green CFDA fluorescence) within the fibrin
matrix even after 8 weeks (blue DAPI stain = host cells).

Fig. 5b + c   8 weeks after myoblast injection into AV
loop constructs: section of Fig. 5 a at higher magnifca-
tion, indicating that implanted CFDA-positive cells
(green fluorescence, Fig. 5 b) are still expressing MyoD
(red fluorescence, Fig. 5 c).



using a potentially hazardous tumour-derived matrix
like Matrigel™. In contrast to the authors approach
of using a biocompatible matrix like fibrin for pre-
viously demonstrated successful in vitro engineering
of 3D skeletal muscle tissue engineering [6], many
other groups tend to use potentially hazardous matri-
ces. Among these Messina et al. are the only group
until today who have been reported on the use of the
AV loop model in combination with skeletal muscle
derived myoblasts [10]. They describe the implanta-
tion of these cells within a 3D matrix containing
Matrigel™. Again from a clinical point of view this
matrix is not acceptable due to its source (the
Engelbreth-Holm-Swarm mouse sarcoma) and
undefined composition. Another matrix propagated
by the group of W. Morrison for the vascularisation
in the AV loop model is PLGA [11]. However PLGA

induces a strong foreign body reaction, thus not
complying with the demand for biocompatibility
[12]. In accordance with Birla et al., who also used
fibrin for their approach to vascularised cardiac tis-
sue engineering [13], we prefer to use fibrin as a 3D
matrix since it is biocompatible and bioresorbable
and even clinically approved [14, 15].

The Teflon isolation chamber containing the AV
loop which was used in this study has previously been
described before by Kneser et al. for tissue engineer-
ing of bone [5]. It is based on the AV loop model first
described more than two decades ago by Erol and
Spira for the successful vascularization of a full thick-
ness skin graft [16]. The model was enhanced by
Morrison and coworkers who inserted the loop into
isolation chambers resulting in a successful vascular-
isation of polymer- and gel matrices [11, 17]. This
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Fig. 6 Results of RT-PCR analysis, demonstrating mRNA expression of MEF-2 and desmin after 4 weeks in the
AV loop constructs only.



group also demonstrated the superiority of the AV
loop as vascular carrier in comparison to the vascular
bundle in terms of vascular density and capacity for
generation of new tissue [18]. Based on these findings
we decided to generate AV loops for induction of vas-
cularisation instead of the distally ligated femoral
pedicle (as used by Birla and coworkers [13]), though
microsurgical preparation of the loop is far more chal-
lenging and meticulous. Our observations concerning
the resorption rates of the fibrin matrix raise the sus-
picion that more vascularisation results in accelerated
resorption. To test this hypothesis further studies cov-
ering the vascularisation and resorption kinetics of
fibrin matrices with larger numbers of AV loop con-
structs are necessary. However Cassell and coworkers
also reported on certain problems coming along with
fibrin as AV loop matrix [11].

The main obstacle arising with autologous or
syngeneic cell transplantation studies is the identifi-
cation of transplanted cells. Thus several different
approaches have been described to overcome this
problem. One possibility is the permanent modifica-
tion of donor cells prior to transplantation by viral
mediated gene transfer, but by using this established
strategy one cannot exclude the likelihood of altered
cell fate, phenotype and differentiation due to genet-
ic modification. Therefore we do not regard this
approach feasible in a clinically relevant context. A
very elegant method is the detection of Y chromo-
some positive (i.e. male) donor cells in syngeneic
female host animals by in situ hybridization (Y-ISH)
[19]. However this method is very elaborate and
more recommendable when it comes to longer peri-
ods between implantation and explantation. Since in
this study the longest interval covers 8 weeks, the
straightforward technique of CFDA labelling prior
to implantation was applied for a reliable short-term
tracing of labelled donor cells.

Looking at the survival rates of the myoblasts
within AV loop constructs, pre-vascularisation
apparently plays an important role. No vascularisa-
tion between first operation and cell injection
occurred in the contralateral groin chambers, which
did not including an AV loop but were also sealed
with a lid. Neither did we detect surviving donor
myoblasts after final explantation of these con-
structs. Instead of only remnants of the fibrin matrix
were found. To our knowledge this is the first study
showing the superiority of pre-vascularisation for
the survival of transplanted primary cells. Due to

the small number of AV loop constructs per time
point, statistical conclusion in terms of time depen-
dant cell survival or even proliferation can not be
drawn. Further studies with larger numbers of ani-
mals would be necessary to figure out this kinetics,
the best time point for cell injection or the optimal
amount of donor cells. However positive MyoD
immunostaining revealed the persistant myogenic
phenotype of all transplanted and CFDA positive
myoblasts in the AV loop constructs, again arguing
for the superiority of pre-vascularised matrices for
cell-based tissue engineering strategies. This is in
accordance with our RT-PCR findings: the only
detectable mRNA expression of myogenic genes,
namely the early transcription factor MEF-2 [20]
and the intermediary filament desmin was found in
the AV loop constructs. Further differentiation phe-
nomenon, such as myotube formation, the expres-
sion of the later transcription factor myogenin or of
the contractile apparatus gene MHCembryo were not
noted, indicating that beyond axial pre-vascularisa-
tion potent myogenic stimuli (like neural activity
e.g.) might be necessary.

Conclusion

One major obstacle for skeletal muscle tissue engi-
neering still remains the vascularisation, as soon as
it comes to clinically relevant dimensions. In this
study we could show for the first time a successful
combination of primary myoblast transplantation in
the rat AV loop model within a clinically approved
3D fibrin matrix. Axial pre-vascularisation seems to
promote myoblast survival and preservation of
myogenic phenotype. In the future microsurgical
vascularisation models might play the predominant
role in the field of vascularised, cell based tissue
engineering strategies in general. Beyond that
skeletal muscle tissue engineering in particular will
have to address the complex problem of differenti-
ation induction by clinically feasible means.
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