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CD105(+) cells from Wharton's jelly show in vitro
and in vivo myogenic differentiative potential

MARIA TERESA CONCONI', PATRIZIA BURRAZ, ROSA DI LIDDO!,
CHIARA CALORE', MICHELA TURETTA!, SILVIA BELLINI', PATRIZIO BO3,
GASTONE G. NUSSDORFER* and PIER PAOLO PARNIGOTTO!

Departments of 'Pharmaceutical Sciences, 2Sulrgical and Gastroenterological Sciences (Section of Gastroenterology);

3Obstetrics and Gynaecology Unit, Cittadella Hospital, Padua; and “Human Anatomy and Physiology
(Section of Anatomy), University of Padua, [-35121 Padua, Italy

Received May 5,2006; Accepted July 18, 2006

Abstract. Embryo-derived tissues, such as umbilical cord
(UC), can represent attractive sources of mesenchymal stem
cells because their use is not related to any ethical issue.
Abundant experimental evidence has already shown that
Wharton's jelly contains cells able to differentiate in vitro into
adipocytes, chondrocytes, osteocytes and neurons. Human UCs
were obtained from term caesarean deliveries and processed
within 24 h. Cells derived from the Wharton's jelly expressing
mesenchymal markers, such as CD105, but not KDR and
CD31 antigens, have been selected by positive and negative
immunoseparation. These cells were characterized by an
elongated shape and a good proliferation rate. Moreover, they
were, at least in part, of fetal origin, as demonstrated by the
expression of Sry mRNA. The expression of Myf5 and MyoD
was detected after 7 and 11 days of in vitro myogenic
induction, respectively. At two weeks from cell injection in
the tibialis anterior muscle, previously damaged with
bupivacaine, skeletal muscle appeared completely repaired
and transplanted cells were present in the muscle for two
weeks and differentiated into skeletal muscle cells, as
demonstrated by the co-localization of HLA 1 and sarcomeric
tropomyosine antigens. These observations provide the first
demonstration that CD105(+)/CD31(-)/KDR(-) cells are able
not only to differentiate in vivo towards the myogenic lineage,
but also to contribute to the muscle regenerative process.

Introduction

Human embryonic stem cells (ESCs) obtained from the inner
mass of blastocyst are characterized by high proliferative index
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and can give rise not only to all cell types derived from the
three germ layers, but also to extraembryonic tissues, such as
placenta and umbilical cord (1). Despite these attractive and
promising features, their use in cell therapy for the treatment
of various degenerative diseases is limited or avoided because
of ethical issues arising from the destruction of human
blastocyst when the inner mass is removed (2). To overcome
the problems connected with the use of the ESCs, the research
has been focused on adult stem cells (ASCs), which have an
almost ubiquitous distribution through the body. ASCs, are
able to differentiate in vitro and in vivo into various cell types
not only belonging to the tissue of origin, since this process
depends on environmental signals switching on the genes
involved in the differentiation programs (3-5). Bone marrow
represents the most employed source of hematopoietic and
mesenchimal ASCs (6). Nevertheless, the use of ASCs is
limited by some disadvantages: i) very low number in the
adult tissues, ii) low proliferative rate, and iii) invasive
procedures needed to obtain them, which can lead to morbidity
for the donors.

Hence, embryo-derived tissues, such as placenta (7),
amniotic fluid (8), umbilical cord (UC) blood (9) and UC itself
(10), could represent the best source of stem cells. Since all
these tissue are discarded after birth, the harvesting of stem
cells is a procedure non-invasive and safe for both mother and
child. In particular, it has been supposed that fetal-derived
stem cells, which are very numerous in fetal blood during the
first trimester of pregnancy (11), could leave the blood stream
and localize into the UC. Abundant experimental evidence
has been accumulated that UC contains mesenchymal-like
stem cells. It has been demonstrated that UC cells obtained
from the sub-endothelial layer of umbilical vein are able to
differentiate in vitro into adipocytes and osteoblasts (12,13).
Mesenchymal-like stem cells have been also recovered from
Wharton's jelly, the gelatinous connective tissue of UC, and
differentiated in vitro into adipocytes, chondrocytes, osteocytes
(10) and neurons (14). Moreover, findings are available that
UC cells are able to regenerate in vivo dopaminergic neurons
in an animal model of Parkinson's disease (15).

In this study, we provide the first demonstration that
CD105(+) cells obtained from Wharton's jelly can undergo
differentiation towards skeletal muscle cells both in vitro by
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inductive media and in vivo in a rat model of chemically-
induced muscle damage.

Materials and methods

Animals and reagents. Lewis male rats, weighing from 250
to 320 g, were purchased from Charles-River (Como, Italy)
and maintained on a 12-h dark-light cycle, with free access to
laboratory chow and tap water. The experiment protocol was
approved by the local Ethics Committee for Biomedical
Studies. Bupivacaine chloridrate (Marcaine) was provided by
AstraZeneca (Milan, Italy), and matrigel by Becton Dickinson
Labware (Bedford, MA). Tiletamine and zolazepam chlori-
drate (zoletil) were obtained from Laboratories Virbac (Carros,
France), and xilazine chloridrate (rompun) and enrofloxacin
(Baytril) from Bayer AG (Leverkusen, Germany). Fetal bovine
serum (FBS), horse serum (HS), Dulbecco's modified Eagle's
medium (DMEM) low glucose, a-minimun essential medium
(a-MEM), Trizol reagent, sense and antisense primers,
ethidium bromide, DEPC water and 450 Tosylactivated
Dynabeads were provided by Invitrogen Life Technologies
(Carlsbad, CA). FBS specific for mesenchymal stem cells was
purchased from Stem Cell Technologies (Vancouver, Canada),
and chick embryo extract (CEE) from ICN Biomedicals
(Irvine, CA). Polyclonal antibodies against CD105, CD90,
CD31, KDR, CD34, CD38, CD45, CD54, serum response
element binding protein (SREBP)-1, human leukocyte antigen
(HLA)1, polyomavirus enhancer binding protein (PEBP)2aA,
myogenic factor (Myf) 5 and myoblast determination
protein-1 (MyoD), and antibodies against von Willebrand
factor (vWf) and smooth muscle actin (SMA) from Dako
(Glostrup, Denmark). ABC kit, Peroxidase substrate kit
DAB, fluorescent avidin kit and mounting medium for
fluorescence with 4',6-diamidino-2-phenylindole (DAPI)
were purchased from Vector Laboratories (Burlingame, CA).
dNTPs mix, random hexamers, RNase inhibitor, multiscribe
reverse transcriptase and Ampli Taq Gold were obtained
from Applied Biosystems (Foster City, CA). DNA-Free kit
was provided by Ambion (Pero, Italy). DMEM high glucose,
phosphate buffered saline (PBS), antibiotic-antimicotic
solution (10000 U/ml penicillin, xg/ml streptomycin sulphate
and pyg/ml amphotericin B), monoclonal antibody against
sarcomeric tropomyosine, and all other chemicals and reagents
were provided by Sigma-Aldrich Corp. (St. Louis, MO).

Cell cultures. Twenty-seven human UCs were obtained, with
the mother’s consent, from full-term caesarean deliveries and
processed within 24 h. After washing with PBS, the umbilical
vessels were manually removed and the jelly was minced into
small fragments which were put into 100-mm petri dishes and
cultured with the proliferative medium composed of DMEM
low glucose, supplemented with 2 mM L-glutamine, 1%
antibiotic-antimycotic solution and 20% FBS specific for
mesenchymal stem cell cultures. In order to allow the cells to
migrate from the tissue fragments, the medium was removed
only after 5-7 days and thereafter changed twice a week. The
cultures were observed daily by a phase-contrast microscope.
At ~70-80% confluence, the cells were detached using trypsin
(0.25% w/v) and EDTA (0.02% w/v) in PBS (1:1 v/v).
Primary cultures grown to near-confluence were exposed to
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immunoseparation using M-450 tosylactivated dinabeads
coated with anti-CD105, -CD31 or -KDR antibodies. Cells
(10%/ml) were added to coated beads (five beads per cell),
incubated for 30 min at 4°C, washed several times in PBS and
then resuspended in the proliferative medium. Thus, cultures
expressing CD105 and lacking CD31 and KDR were obtained
by positive and negative immunoseparation.

Population doubling. CD105(+)/CD31(-)/KDR(-) (9x103 cells/
cm?) were seeded on 100-mm petri dishes, cultured for 3 days,
detached and counted by trypan blue exclusion. This procedure
was repeated until the 16th passage and doubling population
was calculated as the ratio between the log,,(Nh)-log,,(Ni)
and log,, (2), where Ni was the number of seeded cells and
Nh the number of harvested cells. The cumulative population
doubling level was calculated by adding the population
doubling for each passage to the population doubling level of
the previous passage.

Induction of adipogenic, osteogenic and myogenic differ-
entiation. CD105(+)/CD31(-)/KDR(-) cells (5x103 cells/cm?)
were seeded on each well of 8-well chamber slides and
cultured in the proliferative medium for 4 days. Then,
osteogenic and adipogenic differentiative media were added
and changed twice a week. Adipogenic differentiation
medium was composed of DMEM low glucose supplemented
with 10% FBS, 1% antibiotic-antimicotic solution, 1 yM
dexamethasone, 0.5 mM 3-isobutyl-1-methylxanthine, 10 ug/
ml insulin and 60 M indomethacin. Osteogenic differentiation
medium contained a-MEM, supplemented, with 10% FBS, 1%
antibiotic-antimicotic solution, 0.1 xM dexamethasone, 10 mM
B-glycerophosphate and 0.05 mM 2-phosphate ascorbic acid.
To induce myogenic differentiation, cells were seeded on
8-well chamber slides previously coated with 1:10-diluted
matrigel and grown in the proliferative medium, as described
above. Myogenic inductive medium was composed of DMEM
high glucose, supplemented with 20% FBS, 1% antibiotic-
antimicotic solution, and 10 uM 5-azacytidine. After 48 h,
myogenic proliferative medium (DMEM high glucose, 20%
FBS, 1% antibiotic-antimicotic solution, 10% HS, and 1%
CEE) was added. As negative control, some cells were cultured
in the proliferative medium deprived of differentiation factors.

Immunocytochemistry. Staining was performed on both primary
UC cells and CD105(+)/CD31(-)/KDR(-) cells before and
after induction of differentiation. Cells were grown on glass
chamber slides, as detailed above. At various time points, the
cultures were fixed with 4% paraformaldehyde for 30 min
and washed in PBS. Immunocytochemical staining was
localized either with peroxidase or with immunofluorescence
using the ABC kit and the fluorescent avidin kit, respectively.
Endogenous peroxidases were inactivated with a 30%
hydrogen peroxide solution at dark for 40 min, and aspecific
reactions were avoided using a blocking solution, containing
10% serum obtained from the same species where the
secondary antibody was raised. Then, the samples were
incubated overnight with the following anti-human primary
antibodies (1:500 dilution): CD105, CD90, CD31, KDR,
CD34, CD38, CD45, CD54, SREBP, PEBS2aA, Myf5, MyoD,
vWTf and SMA. After rinsing with PBS, cells were incubated
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Figure 1. Characteristics of primary cultures obtained from Wharton's jelly. Phase-contrast microscopy of cells 20 days after the explant (A). Immuno-
fluorescence staining of CD105 (B), SMA (C), KDR (D), and vWf (E) in primary cultures. Magnification: A, x100; B-E, x400.
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Figure 2. Characteristics of CD105(+)/CD31(-)/KDR(-) cells obtained by immunoseparation. Phase-contrast microscopy (A), and immunocytochemical
staining of CD105 (B), CD90 (C), and SMA (D). Magnification: A, x100; B-D, x400.

with biotin-labeled panspecific secondary antibody. For
immunoperoxidase detection, the antigen was localized with
DAB and hydrogen peroxide. Nuclei were counterstained
with hematoxylin. Alternatively, after incubation with the
secondary antibody, fluorescein avidin kit was used, and
antibody binding was visualized as a green fluorescent signal.
Nuclei were counterstained with DAPI. Negative controls were
carried out by omitting the primary antibody (16).

Cytochemical staining. Cells cultured in the adipogenic
medium for 7 days were fixed in acetone for 10 min, then
hydrated with distilled water, and stained for 15 min in 0.5%
Oil Red O isopropanol solution. Nuclei were counterstained
with hematoxylin. Cells cultured in the osteogenic medium
for 7 and 9 days were fixed in 4% paraformaldehyde for
30 min and washed with PBS. The cultures were then treated
with 1% silver nitrate solution and exposed to UV light for
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Figure 3. Population doubling and cumulative population doubling level of
cultured CD105(+)/CD31(-), KDR(-) cells. Each point represent the mean
+ SD of three separate experiments.

Figure 4. Ethidium bromide-stained 2% agarose gel showing cDNA samples
amplified with GAPDH (lanes 1 and 2) and Sry specific primers from RNA
of CD105(+)/CD31(-)/KDR(-) cells obtained from Wharton's jelly of a
newborn male (lane 4) and two newborn females (lanes 5 and 6). Lane 7
was loaded with 200 ng of a size marker (100 bp ladder Abgene). No
amplification with water instead of RNA is shown as a negative control
(lane 3).

45 min. Thereafter, samples were incubated in 3% sodium
tiosulphate and counterstained with 0.2% safranin O. Cells
cultured in the proliferative medium were taken as negative
controls.

Reverse transcription (RT)-polymerase chain reaction (PCR).
Total mRNA was extracted from CD105(+)/CD31(-)/KDR(-)
cells using TRIzol reagent (17), and transcribed using Multi-
Scribe RT and random hexamers as primers for the first
strand cDNA synthesis (18). The amplification of the resulting
cDNA was carried out using specific primers, as described
earlier (19,20). Briefly, in a thermal cycler (I-Cycler; Bio-
Rad, Milan, Italy), after an initial denaturation step at 95°C
for 10 min, we used a denaturation step at 95°C for 30 sec,
an annealing step at 60°C for 45 sec, and an extension step
at 72°C for 45 sec for a total of 40 cycles. To rule out the
possibility of amplifying genomic DNA, RNA samples
were treated with the DNA-free kit. Detection of the PCR
amplification products was performed by size fractionation
on 2% agarose gel electrophoresis. As a positive control,
amplification of the human glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) RNA was performed. Primer
sequences and predicted sizes of amplicons are: 1) Sry: sense
5-TCGCACTCTCCTTGTTTTTG-3', antisense 5'-TGGGTC
GCTTCACTCTATCC-3' (213 bp); 2) GAPDH: sense, 5-AGT
CCCTGCCACACTCAGTC-3' and antisense, 5'-AGGGGTC
TACATGGCAACTG-3' (68 bp).
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Figure 5. Adipogenic differentiation of CD105(+)/CD31(-)/KDR(-) cells.
Oil red O staining of cultures grown in proliferative medium (controls) (A)
or adipogenic medium for 7 days (B). Magnification: A, x100; B, x400.

In vivo studies. Twelve Lewis rats were anesthetized with
zoletil (35 mg/kg) and rompun (2 mg/kg), and their tibialis
anterior muscle was exposed. A narrow gauge (27G) was
inserted into each of the ends and in the middle of the muscle,
and 0.5 ml of 0.5% (w/v) bupivacaine hydrochloride solution
were injected, as described by Hill ef al (21). Animals were
treated with antibiotics (Baytril, 0.2 ml/kg) for 2 day. Forty-
eight hours after the bupivacaine injection, 0.5 ml sterile
phosphate buffer saline, containing (n=6) or not (n=6) 10°
CD105(+)/CD31(-)/KDR(-) cells, were injected in to the
muscle, using the same procedure described above. No
immunosuppressive therapy was carried out. After 7 and 14
days, the animals were sacrificed and their tibialis anterior
muscle was removed, fixed in 10% formaldehyde and
embedded in paraffin. Paraffin sections (5-7 ygm in thickness)
were obtained and stained with haematoxylin and eosin.
Immunofluorescence was also performed as described above,
using antibodies against human HLA 1 and sarcomeric tropo-
myosine (1:1000 dilution).

Results

At 12 days from explants, spindle-shape cells started to
migrate out from Wharton's Jelly fragments and completely
covered the growth area within 17-20 days (Fig. 1A). Immuno-
cytochemical analysis showed that UC cells were negative
for hematopoietic lineage markers (CD34, CD38, CD45 and
CD54) and differentiated cells (SREBP, PEBS2aA and Myf5).
On the contrary, they expressed mesenchymal markers, such
as CD105 (Fig. 1B) and CD90, SMA (Fig. 1C), and HLA 1
antigen. Moreover, immunoreactivity was detected for KDR
(Fig. 1D) and vWTf (Fig. 1E), but not for CD31.
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Figure 6. Osteogenic differentiation of CD105+/CD31(-)/KDR(-) cells. Phase contrast microscopy of cultures grown in inductive medium for 7 days (A). Von
Kossa staining of cells cultured in inductive medium for 7 (B) and 9 days (C) or in proliferative medium for 9 days (D). Magnification: A-D, x100.

To enrich the cultures with mesenchymal cells and
eliminate endothelial cells or their progenitor, CD105(+)/
CD31(-)/KDR(-) cells were purified by immunoseparation.
Also these cells showed a fibroblast-like shape (Fig. 2A), and
their immunoreactivity (Fig. 2B-D) was the same as that
observed in primary cultures, except for the lack of KDR
and vWf antigens. CD105(+)/CD31(-)/KDR(-) cells were
cultured until the 16th passage, reaching ~30 population
doublings (Fig. 3).

To verify the presence of the fetal cells in these cultures,
RT-PCR was performed to identify Sry (sex determining
region Y gene) mRNA. Total mRNA was extracted from
CD105(+)/CD31(-)/KDR(-) cells derived from UC of male
children. All these samples expressed Sry mRNA. No
amplification of the gene was present in those obtained from
female children used as controls (Fig. 4).

UC immunoseparated cells were cultured in inductive
media to evaluate their potential to differentiate into osteo-
blasts, adipocytes and myoblasts. At 7 days of adipogenic
induction, cells began to show a round shape and most of
them contained cytoplasmatic vacuoles which were positive
to Oil Red O staining. Control cells grown with proliferative
medium were negative to the above mentioned staining pro-
cedure (Fig. 5A and B). After 7 days of osteogenic induction,
the cells started to stratify (Fig. 6A) and to produce mineralized
matrix, as revealed by von Kossa staining (Fig. 6B). Both
stratification and calcium salt deposition increased until day
9 (Fig. 6C) and were absent in control cultures (Fig. 6D). After
7 and 14 days of myogenic induction, the cells presented an
elongated shape and started to fuse into multinucleated
elements (Fig. 7A). Myf5 was expressed from day 7 (Fig. 7B)
to day 16, whereas MyoD-immunoreactivity was detected from
day 11. At day 16 most multinucleated cells were positive to
Myo-D (Fig. 7C).

To evaluate in vivo the differentiation potential of
CD105(+)/CD31(-)/KDR(-) cells into myogenic lineage, the

Figure 7. Myogenic differentiation of CD105(+)/CD31(-)/KDR(-) cells.
Phase contrast microscopy of cultures grown in inductive medium for 14 days
(A). Expression of Myf5 in cells cultured in myogenic medium for 7 days
(B). Immunocytochemistry staining of MyoD in cells cultured in inductive
medium for 16 days (C). Magnification: A-C, x100.
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Figure 8. Haematoxylin and eosin-stained paraffin sections of the tibialis anterior muscle, 48 h after bupivacaine treatment (A), 7 days after the injection of
saline buffer (B), and 7 (C) or 14 days (D) after the injection of CD105(+)/CD31(-)/KDR(-) cell suspension. Magnification: A-D, x100.

Figure 9. Double immunofluorescence of tibialis anterior muscle sections,
14 days after the injection of CD105(+)/CD31(-)/KDR(-) cell suspension:
expression of HLA 1 (A) and sarcomeric tropomyosine (B). Magnification:
A and B, x400.

cells were injected in the rat tibialis anterior muscle previously
damaged with bupivacaine chloridrate. Two days after the
treatment with this myotoxic drug (Fig. 8A), a severe inflam-
matory response and large necrotic areas were observed inside
the muscle. At this time UC cells or saline buffer (control) were
injected. Seven days after cell transplantation, necrotic areas
disappeared in both control (Fig. 8B) and treated animals
(Fig. 8C). Nevertheless, animals that received UC cells showed
mild signs of flogosis, which decreased at day 14 (Fig. 8D).
Transplanted cells were present in the muscle until day 14, as
revealed by immunoreactivity to HLA 1 (Fig. 9A). Moreover,
the same cells co-expressed sarcomeric tropomyosine
(Fig. 9B).

Discussion

In recent years, mesenchymal cells have been obtained from
both subendothelial layer of human umbilical vein (12,13) and
Wharton's jelly. These latter cells displayed a high prolife-
rative rate (22) and were able to differentiate into adipocytes,
osteoblasts, condrocytes (23), cardiomyocytes (10), neurons,
and glia (14). However, it has not been demonstrated whether
the cells derived from Wharton's jelly are able to give rise
in vitro and in vivo to skeletal muscle cells.

In this study, primary cultures were composed of myo-
fibroblast-like spindle-shape cells positive to anti-SMA
antibodies, which characterize human UC cells at various steps
of pregnancy (24). No markers of hematopoietic lineage were
present, as demonstrated by the lack of immunoreactivity
towards anti-CD34 (25), -CD38 (26), -CD40 (27), and -CD45
antibodies (28). Moreover, primary cultures did not contain
mesenchymal-derived differentiated cells, as revealed by
immunocytochemistry carried out to detect adipocytes, osteo-
blasts, myoblasts and fully differentiated endothelial cells
using anti-SREB, -PEBS2aA, -Myf5, and -CD31 antibodies,
respectively. However, several cell types were positive to anti-
vWT{ (29) and anti-KDR (30) antibodies, suggesting the
presence of endothelial cell progenitors (31). These
observations agree with those of Panepucci et al (32), which
pointed out that UC cells are, at least in part, committed to
endothelial differentiation. Nevertheless, most cells presented
the surface antigens CD90 and CD105, which are also
expressed on the bone marrow mesenchymal stem cells
(32,33).

Hence, it seemed of great relevance to obtain cultures
exclusively composed of cells expressing mesenchymal



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 18: 1089-1096, 2006

markers and not already committed towards specific
differentiation pathways. Thus, by means of positive and
negative immunoseparation, cells expressing CD105, but not
KDR and CD31 antigens were selected. Although primary
cultures were negative to CD31, a negative immunoseparation
was carried out to avoid the presence of fully differentiated
endothelial cells that may have been formed during the
culture period. CD105(+)/CD31(-)/KDR(-) cells were
characterized by an elongated shape and good proliferation
rates. After 16 serial passages, no variation in cell morphology
or senescence signs were observed.

The increasing interest in UC as an alternative source of
stem cells derives from its embryonic origin, suggesting the
presence of fetal cells characterized by a high proliferative
rate. Moreover, since in the first period of pregnancy UC
blood contains mesenchymal progenitors, whose number
decreases in the last months, it has been supposed that these
cells could localize in UC (13). In keeping with this
hypothesis, our data demonstrated that CD105(+)/CD31(-)/
KDR(-) cultures obtained from male children contain Sry
mRNA. The RT-PCR of Sry gene (Yp11.3) (34) represents a
sensitive and specific technique for detecting male DNA in a
mixed cell population (35).

CD105(+)/CD31(-)/KDR(-) cells were able to differentiate
in vitro into adipocytes, osteoblasts and myoblast-like cells.
According to earlier studies (23), after 7 days of adipogenic
induction, several lipid vacuoles, whose number and dimension
increase at day 14, can be seen in the cytoplasm. Osteoblast
differentiation was revealed by cell stratification and deposition
of mineralized extracellular matrix. CD105(+)/CD31(-)/KDR(-)
cells were found to differentiate in vitro into myoblast-like
cells, expressing Myf5 and MyoD after 7 and 11 days of
myogenic induction, respectively. Both Myf5 and MyoD
belong to the myogenic regulatory factor (MRF) family,
which is composed of bHLH (basic Helix-Loop-Helix) proteins
promoting the transcription of genes involved in the muscle
development (36). After myogenic induction, MRF proteins
are expressed in vitro by ESCs in a time-dependent manner,
resembling that observed in vivo during the development of
mouse embryos (37). The timing of expression of Myf5 and
MyoD in CD105(+)/CD31(-)/KDR(-) cells is similar to that
described during embryonic development and in myoblast
cultures.

To verify whether UC cells could differentiate also in vivo
towards the myogenic lineage and play a role in skeletal muscle
regeneration, an animal model of chemically-induced muscle
damage has been used. The local injection of bupivacaine
quickly leads to the destruction of skeletal muscle fibres
because it damages mitochondria (38), cytoplasmic membrane,
and sarcoplasmatic reticulum (39). However, this drug does not
affect muscle satellite cells which are activated, thus allowing
tissue repair (40). This model of muscle damage is often used
to study muscle regeneration induced by biologically active
compounds or stem cell transplants (21,41).

In our study, CD105(+)/CD31(-)/KDR(-) cell suspensions
have been injected after 48 h from bupivacaine treatment
because at this time we observed the highest degree of
muscle damage. At two weeks from cell transplantation,
skeletal muscle appears completely repaired, as occurred in
control rats treated with saline buffer. Although immuno-
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suppresive therapy has not been used, at one week we observed
only a moderate inflammatory response, which decreased at
two weeks. Moreover, transplanted cells are present in the
muscle for two weeks and differentiate into skeletal muscle
cells, as demonstrated by the co-localization of HLA 1 and
sarcomeric tropomyosine antigens. This result suggests that
CD105(+)/CD31(-)/KDR(-) cells are able not only to
differentiate in vivo towards the myogenic lineage, but also
to contribute to the muscle regenerative process. Our findings
agree with those of Weiss ez al (15) and Medicetty et al (42),
who demonstrated that cells obtained from Wharton's jelly do
not elicit rejection response and can proliferate and express
tyroxinehydroxylase, when transplanted into the brain of rats
previously treated with 6-hydroxydopamine.

Taken together, our results indicate that Wharton's jelly
contains a cell population, at least in part of fetal origin,
characterized in vitro by a good proliferation rate and
plasticity, and in vivo by the ability to differentiate towards
the myogenic lineage. Further studies must be carried out to
better characterize this population and to verify whether it
could also differentiate into endodermic- and ectodermic-
derived cells.
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