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Abstract: Tissue engineering and regenerative medicine-based strategies for the reconstruction of functional

skeletal muscle tissue have included cellular and acellular approaches. The use of acellular biologic scaffold material as

a treatment for volumetric muscle loss (VML) in five patients has recently been reported with a generally favorable

outcome. Further studies are necessary for a better understanding of the mechanism(s) behind acellular bioscaffold-

mediated skeletal muscle repair, and for combination cell-based/bioscaffold based approaches. The present overview

highlights the current thinking on bioscaffold-based remodeling including the associated mechanisms and the

future of scaffold-based skeletal muscle reconstruction.
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Introduction

The results of a clinical cohort study published in Science
Translational Medicine (STM) described positive clinical
outcomes following surgical implantation of an acellular
bioscaffold-based approach for skeletal muscle reconstruction
following volumetric muscle loss (VML) (1). A recent review
of this study discussed potential mechanisms responsible
for the constructive remodeling response (2). The overview
presented herein expands upon these potential mechanisms
and discusses next steps in scaffold-based skeletal muscle
reconstruction.

Mechanisms of extracellular matrix
(ECM) bioscaffold-based skeletal muscle
reconstruction

Although the mechanisms responsible for ECM bioscaffold-
based skeletal muscle remodeling following VML injury
are only partially understood, the key processes involve
fundamental concepts of mammalian physiology, tissue
homeostasis, and the response to injury. Among these
processes are the cell-signaling effects that result from
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ECM degradation including the concomitant release of
embedded growth factors, cytokines and chemokines, and
the release of bioactive matricryptic peptides (3-5). The
products of ECM scaffold degradation serve to recruit stem/
progenitor cells and induce a regulatory and constructive
innate immune response (1,3-9). Each of these processes is
discussed below.

ECM bioscaffold degradation

Bioscaffolds composed of ECM that are not chemically
crosslinked typically degrade rapidly in vivo; i.e., within
75-90 days (10). Specifically, studies show that surgically
placed ECM scaffolds derived from tissue such as porcine
small intestinal submucosa and porcine urinary bladder
become 60% degraded by 30 days post implantation and
completely degraded by 90 days, though this rate is likely
dependent upon factors including the source tissue from
which the scaffold was derived, the form of scaffold (i.e.,
sheet, powder-pillow construct, hydrogel) and the use
of crosslinking agents (10,11). During the degradation
period, the scaffold becomes populated by host-derived

Ann Transl Med 2015;3(17):256

www.atmjournal.org



Page 2 of 6

mononuclear cells which facilitate the formation of
site-specific functional host tissue that is histologically
indistinguishable from native tissue. Scaffold degradation
is mediated by, in fact dependent upon, the infiltrating
macrophages which produce proteolytic enzymes that
degrade the scaffold material (11-13).

ECM scaffolds have been degraded ex vivo by chemical
and physical methods (14). Recent findings suggest that
the degradation products of ECM are bioactive (4,15-17)
and include antimicrobial activity (14,16), osteogenic
activity (4), and chemotactic activity for progenitor and
adult cell populations (3,15,17-20). These degradation
products also strongly influence the host innate immune
response (6,16,21-24). Stated differently, ECM bioscaffold
degradation is desirable and necessary to realize the full
potential of biologic processes that can support functional
tissue reconstruction.

Endogenous cell recruitment by ECM bioscaffolds

Biologic scaffolds composed of mammalian ECM have been
shown to be chemotactic for a variety of stem/progenitor
cells. For example, Sox2" cells were shown to be present at
the site of ECM implantation in an adult mammalian model
of digit injury (3,18). This primitive stem cell population
was found present only in digits that had been treated with
ECM. ECM bioscaffolds also recruit multipotential cells.
For example, bone-marrow derived cells were shown to
participate in the remodeling of ECM mediated Achilles
tendon repair (25). Specifically, in the preclinical Achilles
tendon injury model, ECM scaffold explants promoted
chemotaxis of progenitor cells after 3, 7, and 14 days of
in vivo remodeling (20,26). ECM bioscaffolds recruit
myogenic progenitor cells to sites of skeletal muscle injury.
Host CD133" myogenic progenitor cells were found present
at the site of ECM implantation in a canine model of
musculotendinous junction reconstruction (27). The results
of the study showed greater migration of progenitor cells
towards tendons repaired with ECM scaffolds compared
to tendons repaired with autologous tissue and uninjured
normal contralateral tendon. ECM bioscaffolds recruit
myogenic progenitor cells to sites of skeletal muscle injury.
Degradation products from ECM bioscatfolds have been
shown to be chemotactic for cells with myogenic potential
including bone-marrow mesenchymal stromal cells (BM-
MSCs), skeletal muscle myoblasts, and perivascular stem
cells (PVSCs) in vitro (3,4,25,28,29). Myogenic perivascular
stem cells (PVSC) were found at the site of ECM
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bioscaffold implantation in both mice and humans following
VML (1). Degradation products of ECM bioscaffolds were
also shown to induce mitogenic and chemotactic effects
upon neural stem cell populations, a phenomenon that is of
particular importance for the reconstruction of functionally
innervated skeletal muscle tissue (30). Taken together
these results suggest that ECM bioscaffolds are capable of
recruiting a variety of cell-types, including those capable of
contributing to myogenesis, to the site of implantation for
skeletal muscle constructive tissue remodeling.

Modulation of the host innate immune response
by ECM bioscaffolds

The host innate immune system, especially macrophages,
plays a pivotal role in the host response to biomaterial
implantation. In fact, macrophage depletion prevents
the degradation of ECM biologic scaffolds in vive (24).
Macrophages have been shown to respond to many
different implanted biomaterials, including those composed
of polymers (31) and biologic proteins such as collagens
and xenogeneic ECM (24,32). Non-degradable or synthetic
biomaterials are typically associated with activation of the
foreign body reaction including macrophage mediated
foreign body giant cell formation and pro-inflammatory
cytokine production (33,34). However, several recent
studies suggest that regulatory macrophages can facilitate
constructive and site-appropriate tissue remodeling in
response to ECM bioscaffold implantation (8,9,24,35).
Specifically, surgically placed ECM bioscatfolds have been
associated with a constructive macrophage phenotype.
Macrophages within the context of the innate immune
response have typically been regarded as mononuclear
phagocytes responsible for propagating a pro-inflammatory
response, antigen presentation, and the removal of cellular
debris following acute tissue injury (36-38). However,
macrophages are now recognized to have a much broader role
in tissue development, homeostasis, and repair. These cells
show remarkable phenotypic diversity and play a key role in
immune regulation and tissue repair (12,39-45). Specifically,
macrophages have been categorized according to their
functional properties as either M1-like or M2-like (41,42).
M1-like or “classically activated” macrophages propagate a
pro-inflammatory response while M2-like or “alternatively
activated” macrophages promote immunomodulation,
anti-inflammatory effects, and regulate constructive tissue
remodeling. The phenotype of responding macrophages
has been found to be an important determining factor in
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the host response to an implanted biomaterial scaffold and
its ultimate remodeling outcome (6,23). Surgically placed
ECM bioscaffolds have been consistently associated with the
constructive and regulatory M2-like macrophage phenotype
(6,9,23). In fact, a recent study showed that degradation
products of ECM bioscaffolds are able to directly promote
the M2-like phenotype in vitro (8). The same study went
on to show that ECM-polarized macrophages exert
myogenic paracrine effects upon skeletal muscle myoblasts
similar to traditional M2-like macrophages. Furthermore,
ECM degradation products were shown to augment the
chemotactic paracrine effects of macrophages for PVSCs
and skeletal muscle myoblasts (8). This series of studies
suggest that ECM bioscaffolds promote the M2-like
macrophage phenotype, which is known to be essential for
the promotion of efficient skeletal muscle regeneration in
response to injury.

Five patient cohort study and limitations

The recently published cohort study showed that acellular
ECM bioscaffolds promote stem cell mobilization and
myogenesis concomitant with improved force production
and functional task performance in patients suffering from
VML (1). Ultrasound guided tissue biopsies taken from
sites of ECM bioscaffold surgical placement showed the
formation of myosin heavy chain positive skeletal muscle
within the implant site. Histomorphology suggested that
most of this skeletal muscle was present in discontinuous
small islands of cells separated from adjacent healthy tissue
by collagenous connective tissue. However, the distribution
of these cells throughout both the center of the scaffold
implantation site and near the interface with normal
muscle tissue combined with the associated motor evoked
potentials and/or improved force production suggests that
the resulting remodeled tissue contributed to the improved
functional outcomes. Histomorphology also showed the
presence of collagenous connective tissue contiguous with
all edges of the defect which could arguably contribute
to, or interfere with, overall muscle function. The term
“functional fibrosis” has been proposed (46), but any
functional contribution would likely have to include a
physical/mechanical continuity between proximal and distal
remnants of normal muscle while simultaneously excluding
inadvertent adhesion and attachments to surrounding
muscle bodies, adjacent bone, and connective tissue.

The positive outcomes in the aforementioned study
are partially attributed to an aggressive, targeted physical
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therapy regimen prescribed to all patients, which was
implemented within 24-48 h after ECM bioscaffold
implantation. The application of physiologic mechanical
load (i.e., concomitant physical rehabilitation) during the
ECM-remodeling period has been shown to promote
favorable pre-clinical and clinical outcomes including
an increased cellular infiltrate, more rapid and extensive
neovascularization, more organized and aligned connective
tissue matrix, and influence upon gene expression and
cellular behavior (47,48). VML patients treated with ECM
bioscaffolds were subjected to exhaustive physical therapy
prior to bioscaffold implantation during which time they
achieved a plateau in their performance. Physical therapy
was resumed immediately following implantation, and
strength and functional outcomes were shown to improve
from 0% to 1,820% above the preoperative maximum
values by 24-28 weeks after implantation (1). Physical
rehabilitation has also been shown to promote progenitor
cell proliferation and immunomodulation (49,50), both of
which are key mechanisms of ECM-mediated remodeling.
While the present acellular ECM bioscaffold-based
approach did not produce fully mature organized skeletal
muscle tissue, the de novo formation of skeletal muscle
islands could potentially be augmented by simultaneous
delivery of myogenic stem/progenitor cell populations for
the formation of continuous skeletal muscle fibers. Such a
combination approach is worthy of investigation.

Future of scaffold-based skeletal muscle
reconstruction

In addition to associated strict FDA regulatory restrictions,
cell-based tissue engineering approaches are typically
limited by chronic pro-inflammatory activation of the host
immune system and failure of the cells to incorporate within
host tissue, among others (51-55). Injected cells, lacking
a scaffold material, are typically unable to redistribute
throughout the injection site and do not migrate more
than 200 pm in vivo (56). Intravenous (IV) cell delivery
frequently results in unintentional cell engraftment within
tissues such as the liver and spleen (57). Cell that are
able to be adequately delivered to intended tissues are
typically unable to engraft. In fact, it is widely accepted that
myogenic stem/progenitor cell transplantation typically
does not result in a significant engraftment of donor cells
within host tissue. Favorable outcomes associated with cell-
based skeletal muscle tissue engineering approaches are
most likely associated with a paracrine effect of the donor

Ann Transl Med 2015;3(17):256

www.atmjournal.org



Page 4 of 6

cells upon the host injured microenvironment rather than
by direct myogenesis from the delivered cells (58-63).

Recent preclinical rodent studies have shown that
skeletal muscle progenitor cells delivered in concert with
an ECM bioscaffold have the potential to obviate the
above limitations (64,65). Specifically, the studies combine
allogeneic muscle-derived cells (MDCs) and bladder
acellular matrices (BAMs) which are then subjected to a
period of ex vivo bioreactor mediated preconditioning prior
to surgical placement. The most recent study showed that
acellular BAMs were able to promote a 26% functional
improvement while MDC seeded BAMs showed a 61%
functional improvement in a rodent model of tibialis
anterior (TA) VML (65). These studies suggest that
although ECM bioscaffolds facilitate endogenous cell
recruitment, it may be possible to augment this response
with exogenous cell delivery.

Summary

Tissue engineering and regenerative medicine-based
strategies for the reconstruction of functional skeletal
muscle tissue have included cellular and acellular
approaches. Recent clinical results in a small cohort patient
study using an acellular bioscaffold-based approach showed
positive clinical outcomes associated with significant
functional improvements, but was limited by incomplete
myogenesis as identified by histologic methods. Recent
rodent studies have shown the ability of similar bioscatfolds
to serve as a substrate for myogenic cells prior to, and
following surgical implantation. Although optimal strategies
for successful functional tissue engineering have yet to be
identified, they likely will be a combination of cell-based
and bioscaffold-based techniques.

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest
to declare.

References

1. Sicari BM, Rubin JP, Dearth CL, et al. An acellular
biologic scaffold promotes skeletal muscle formation in

© Annals of Translational Medicine. All rights reserved.

10.

11.

12.

13.

14.

15.

16.

www.atmjournal.org

Sicari et al. Bioscaffold-based muscle reconstruction

mice and humans with volumetric muscle loss. Sci Transl
Med 2014;6:234ra58.

L'Heureux N, Letourneur D1. Clinical translation of
tissue-engineered constructs for severe leg injuries. Ann
Transl Med 2015;3:134.

Agrawal V, Johnson SA, Reing J, et al. Epimorphic
regeneration approach to tissue replacement in adult
mammals. Proc Natl Acad Sci U S A 2010;107:3351-5.
Agrawal V, Kelly ], Tottey S, et al. An isolated cryptic
peptide influences osteogenesis and bone remodeling in an
adult mammalian model of digit amputation. Tissue Eng
Part A 2011;17:3033-44.

Faulk DM, Londono R, Wolf MT; et al. ECM hydrogel
coating mitigates the chronic inflammatory response to
polypropylene mesh. Biomaterials 2014;35:8585-95.
Badylak SF, Valentin JE, Ravindra AK, et al. Macrophage
phenotype as a determinant of biologic scaffold
remodeling. Tissue Eng Part A 2008;14:1835-42.

Crisan M, Yap S, Casteilla L, et al. A perivascular origin
for mesenchymal stem cells in multiple human organs.
Cell Stem Cell 2008;3:301-13.

Sicari BM, Dziki JL, Siu BE et al. The promotion of

a constructive macrophage phenotype by solubilized
extracellular matrix. Biomaterials 2014;35:8605-12.

Sicari BM, Johnson SA, Siu BE, et al. The effect of source
animal age upon the in vivo remodeling characteristics of an
extracellular matrix scaffold. Biomaterials 2012;33:5524-33.
Carey LE, Dearth CL, Johnson SA, et al. In vivo
degradation of 14C-labeled porcine dermis biologic
scaffold. Biomaterials 2014;35:8297-304.

Gilbert TW, Stewart-Akers AM, Badylak SE. A quantitative
method for evaluating the degradation of biologic scaffold
materials. Biomaterials 2007;28:147-50.

Brown BN, Badylak SF. Expanded applications, shifting
paradigms and an improved understanding of host-
biomaterial interactions. Acta Biomater 2013;9:4948-55.
Badylak SE, Brown BN, Gilbert TW, et al. Biologic
scaffolds for constructive tissue remodeling. Biomaterials
2011;32:316-9.

Freytes DO, Martin J, Velankar SS, et al. Preparation and
rheological characterization of a gel form of the porcine
urinary bladder matrix. Biomaterials 2008;29:1630-7.
Agrawal V, Tottey S, Johnson SA, et al. Recruitment of
progenitor cells by an extracellular matrix cryptic peptide
in a mouse model of digit amputation. Tissue Eng Part A
2011;17:2435-43.

Brennan EP, Reing J, Chew D, et al. Antibacterial

activity within degradation products of biological

Ann Transl Med 2015;3(17):256



Annals of Translational Medicine, Vol 3, No 17 October 2015

scaffolds composed of extracellular matrix. Tissue Eng
2006;12:2949-55.

17. Brennan EP, Tang XH, Stewart-Akers AM, et al.
Chemoattractant activity of degradation products of
fetal and adult skin extracellular matrix for keratinocyte
progenitor cells. ] Tissue Eng Regen Med 2008;2:491-8.

18. Agrawal V, Siu BE, Chao H, et al. Partial characterization
of the Sox2+ cell population in an adult murine model of
digit amputation. Tissue Eng Part A 2012;18:1454-63.

19. Badylak SF, Park K, Peppas N, et al. Marrow-derived cells
populate scaffolds composed of xenogeneic extracellular
matrix. Exp Hematol 2001;29:1310-8.

20. Beattie AJ, Gilbert TW, Guyot JP, et al. Chemoattraction
of progenitor cells by remodeling extracellular matrix
scaffolds. Tissue Eng Part A 2009;15:1119-25.

21. Brown BN, Londono R, Tottey S, et al. Macrophage
phenotype as a predictor of constructive remodeling
following the implantation of biologically derived surgical
mesh materials. Acta Biomater 2012;8:978-87.

22. Brown BN, Ratner BD, Goodman SB, et al. Macrophage
polarization: an opportunity for improved outcomes in
biomaterials and regenerative medicine. Biomaterials
2012;33:3792-802.

23. Brown BN, Valentin JE, Stewart-Akers AM, et al.
Macrophage phenotype and remodeling outcomes in
response to biologic scaffolds with and without a cellular
component. Biomaterials 2009;30:1482-91.

24. Valentin JE, Stewart-Akers AM, Gilbert TW, et al.
Macrophage participation in the degradation and
remodeling of extracellular matrix scaffolds. Tissue Eng
Part A 2009;15:1687-94.

25. Zantop T, Gilbert TW, Yoder MC, et al. Extracellular
matrix scaffolds are repopulated by bone marrow-derived
cells in a mouse model of achilles tendon reconstruction. J
Orthop Res 2006;24:1299-309.

26. Gilbert TW, Stewart-Akers AM, Simmons-Byrd A, et al.
Degradation and remodeling of small intestinal submucosa
in canine Achilles tendon repair. ] Bone Joint Surg Am
2007;89:621-30.

27. Turner NJ, Yates AJ Jr, Weber D], et al. Xenogeneic
extracellular matrix as an inductive scaffold for
regeneration of a functioning musculotendinous junction.
Tissue Eng Part A 2010;16:3309-17.

28. Nieponice A, Gilbert TW, Johnson SA, et al.

Bone marrow-derived cells participate in the long-
term remodeling in a mouse model of esophageal
reconstruction. J Surg Res 2013;182:e1-7.

29. Tottey S, Corselli M, Jeffries EM, et al. Extracellular

© Annals of Translational Medicine. All rights reserved.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 5 of 6

matrix degradation products and low-oxygen conditions
enhance the regenerative potential of perivascular stem
cells. Tissue Eng Part A 2011;17:37-44.

Crapo PM, Tottey S, Slivka PF, et al. Effects of biologic
scaffolds on human stem cells and implications for CNS
tissue engineering. Tissue Eng Part A 2014;20:313-23.
Labow RS, Sa D, Matheson LA, et al. Polycarbonate-
urethane hard segment type influences esterase substrate
specificity for human-macrophage-mediated biodegradation.
J Biomater Sci Polym Ed 2005;16:1167-77.

Khouw IM, van Wachem PB, de Leij LE, et al. Inhibition
of the tissue reaction to a biodegradable biomaterial by
monoclonal antibodies to IFN-gamma. ] Biomed Mater
Res 1998;41:202-10.

Badylak SF. Host response to biomaterials : the impact of
host response on biomaterial selection, 1st edition. New
York: Academic Press; 2015.

Anderson JM, Rodriguez A, Chang D'T. Foreign body
reaction to biomaterials. Semin Immunol 2008;20:86-100.
Brodbeck WG, Patel J, Voskerician G, et al. Biomaterial
adherent macrophage apoptosis is increased by hydrophilic
and anionic substrates in vivo. Proc Natl Acad Sci U S A
2002;99:10287-92.

Kedzierska K, Azzam R, Ellery P, et al. Defective
phagocytosis by human monocyte/macrophages following
HIV-1 infection: underlying mechanisms and modulation
by adjunctive cytokine therapy. J Clin Virol 2003;26:247-63.
Aderem A, Underhill DM. Mechanisms of phagocytosis in
macrophages. Annu Rev Immunol 1999;17:593-623.

Savill JS, Wyllie AH, Henson JE, et al. Macrophage
phagocytosis of aging neutrophils in inflammation.
Programmed cell death in the neutrophil leads to its
recognition by macrophages. J Clin Invest 1989;83:865-75.
Mantovani A, Biswas SK, Galdiero MR, et al. Macrophage
plasticity and polarization in tissue repair and remodelling.
J Pathol 2013;229:176-85.

Mantovani A, Sica A, Locati M. Macrophage polarization
comes of age. Immunity 2005;23:344-6.

Mantovani A, Sica A, Sozzani S, et al. The chemokine
system in diverse forms of macrophage activation and
polarization. Trends Immunol 2004;25:677-86.

Mantovani A, Sozzani S, Locati M, et al. Macrophage
polarization: tumor-associated macrophages as a paradigm
for polarized M2 mononuclear phagocytes. Trends
Immunol 2002;23:549-55.

Martinez FO, Sica A, Mantovani A, et al. Macrophage
activation and polarization. Front Biosci 2008;13:453-61.

. Mosser DM, Edwards JP. Exploring the full spectrum of

www.atmjournal.org Ann Transl Med 2015;3(17):256



Page 6 of 6

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

55.

macrophage activation. Nat Rev Immunol 2008;8:958-69.
Mosser DM, Zhang X. Activation of murine macrophages.
Curr Protoc Immunol 2008;Chapter 14:Unit 14.2.
Corona BT, Wu X, Ward CL, et al. The promotion of

a functional fibrosis in skeletal muscle with volumetric
muscle loss injury following the transplantation of muscle-
ECM. Biomaterials 2013;34:3324-35.

Gilbert TW, Stewart-Akers AM, Sydeski J, et al. Gene
expression by fibroblasts seeded on small intestinal
submucosa and subjected to cyclic stretching. Tissue Eng
2007;13:1313-23.

Turner NJ, Badylak JS, Weber D], et al. Biologic scaffold
remodeling in a dog model of complex musculoskeletal
injury. J Surg Res 2012;176:490-502.

Gregory TM, Heckmann RA, Francis RS. The effect

of exercise on the presence of leukocytes, erythrocytes
and collagen fibers in skeletal muscle after contusion. ]
Manipulative Physiol Ther 1995;18:72-8.

Ambrosio F, Ferrari RJ, Distefano G, et al. The synergistic
effect of treadmill running on stem-cell transplantation

to heal injured skeletal muscle. Tissue Eng Part A
2010;16:839-49.

Guérette B, Asselin I, Skuk D, et al. Control of
inflammatory damage by anti-LFA-1: increase success of
myoblast transplantation. Cell Transplant 1997;6:101-7.
Huard J, Acsadi G, Jani A, et al. Gene transfer into
skeletal muscles by isogenic myoblasts. Hum Gene Ther
1994;5:949-58.

Fan Y, Maley M, Beilharz M, et al. Rapid death of injected
myoblasts in myoblast transfer therapy. Muscle Nerve
1996;19:853-60.

Camargo FD, Chambers SM, Drew E, et al.
Hematopoietic stem cells do not engraft with absolute
efficiencies. Blood 2006;107:501-7.

Glimm H, Oh IH, Eaves CJ. Human hematopoietic stem
cells stimulated to proliferate in vitro lose engraftment
potential during their S/G(2)/M transit and do not reenter

Cite this article as: Sicari BM, Dziki JL, Badylak SF.
Strategies for functional bioscaffold-based skeletal muscle
reconstruction. Ann Transl Med 2015;3(17):256. doi: 10.3978/
j.issn.2305-5839.2015.09.45

© Annals of Translational Medicine. All rights reserved.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

www.atmjournal.org

Sicari et al. Bioscaffold-based muscle reconstruction

G(0). Blood 2000;96:4185-93.

Skuk D, Roy B, Goulet M, et al. Successful myoblast
transplantation in primates depends on appropriate cell
delivery and induction of regeneration in the host muscle.
Exp Neurol 1999;155:22-30.

Péault B, Rudnicki M, Torrente Y, et al. Stem and
progenitor cells in skeletal muscle development,
maintenance, and therapy. Mol Ther 2007;15:867-77.
Gnecchi M, He H, Liang OD, et al. Paracrine action
accounts for marked protection of ischemic heart by Akt-
modified mesenchymal stem cells. Nat Med 2005;11:367-8.
Murry CE, Reinecke H, Pabon LM. Regeneration gaps:
observations on stem cells and cardiac repair. ] Am Coll
Cardiol 2006;47:1777-85.

Gharaibeh B, Lavasani M, Cummins JH, et al. Terminal
differentiation is not a major determinant for the success
of stem cell therapy - cross-talk between muscle-derived
stem cells and host cells. Stem Cell Res Ther 2011;2:31.
Perez-Ilzarbe M, Agbulut O, Pelacho B, et al.
Characterization of the paracrine effects of human skeletal
myoblasts transplanted in infarcted myocardium. Eur J
Heart Fail 2008;10:1065-72.

Gnecchi M, Zhang Z, Ni A, et al. Paracrine mechanisms
in adult stem cell signaling and therapy. Circ Res
2008;103:1204-19.

Arthur A, Zannettino A, Gronthos S. The therapeutic
applications of multipotential mesenchymal/stromal stem
cells in skeletal tissue repair. ] Cell Physiol 2009;218:237-45.
Machingal MA, Corona BT, Walters T], et al. A tissue-
engineered muscle repair construct for functional
restoration of an irrecoverable muscle injury in a murine
model. Tissue Eng Part A 2011;17:2291-303.

Corona BT, Ward CL, Baker HB, et al. Implantation of
in vitro tissue engineered muscle repair constructs and
bladder acellular matrices partially restore in vivo skeletal
muscle function in a rat model of volumetric muscle loss
injury. Tissue Eng Part A 2014;20:705-15.

Ann Transl Med 2015;3(17):256



