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KEYWORDS Summary  Mesenchymal stem cells (MSCs) from bone marrow ane main cell source for thaue
bone mamow; repair and engineering, and vehicles of cell-based gene therapy. Unlike other species, mowse
#solation; bane marmow dertved MSCs. (BM-MSCs) are difficult to harvest and grow due to the low MSCs
mesenchymal stem yield. We report here a standardised, reliable, and easy-te-perform protocel far isalation

cells; and culture of mowe BM-MECs. Thene are five main festures of this protocal. (1) After fushing
mouse;, bane mamow out of the marmow cavity, we cultured the cells with fat mass without filtering
protocol and wadhing them, Our methed & simply keeping the MSCS in their inftial niche with minimsl

disturbance. (2) Our culture medium i not supplemented with any additional growth factor.
(3) Our method does not need to separate cellsusing flow cytometry or immunamagnetic sart-
ing technigues. (4) Our methad has been earafully tested in seversl mouse strains and the re-
sults are reproduchle. (5) We have optimied this protocod, and list detailed potential
problems and trouble-shooting tricks. Using our protacal, the (sslated mouse BU-MSCs were
strongly positive for CD444 and CD90, negat tve CD45 and CD31, and exhibited tri-lineage diff er-
entlation potentials. Compared with the commonly used pratocol, our protocol had higher
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Biology of mesenchymal stem cells
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KEYWORDS Summary  Mesernc cellsare pr in many aues and serve 5 a
Mesenchymal stem readily available sounce of undifferentiated cells being capable to form spedific
cells; timues like bone, cartilage, fat, musche and tendon. They represent an attractive
Cell aslture; and promsing field in tissue {on and engineering fortn applications.
Scaffold; in a wide mange of trauma and orthopaedic conditions. Thi artide covers the
Trawma and most important aspects of recent research data demonstrating the combination of
orthopaedic sugery physidogical properties of mesenchymal stem celk (M&Cs) and applications in the

clinical setting.

i 2005 Elsevier Ltd. All rights reserved.

Overview of proliferation,
differentiation and tissue regeneration

Mesenchymal stem cells (MSCs) are non-hematopoe-
tic, stromial cells that exhibit multilineage differ-
entiation capacity being capable to give rise to
diverse tissues, including bone, cartilage, adipose
tissue, tendon and muscle (Fig. 1).

Inthe laboratory, M5Cs can be isolated, expanded
and be handled easily as they adhere to culture
plastic containers. They can rapidly divide and
farm colonies. Expanded MSCs could be guided to
differentiate along multiple phenotypic pathways
through specific media containing growth factors ar
other substances like Dexamethasone, Indometha-
cin, Hydrocortisone and Transforming growth factor
B (TGFR).™

* Comeponding suthor, Tel.: «44 113 2415144 ;
fac: -84 113 2065156,
E-muail address: pgisnnoudigact .com (RN Giannoudis).

M5Csin the human body seem to be reservairs of
reparative cells without tisue specific characteris-
tics Differentsignals can direct them to mobilise and
differentiate into cells of connective tisue lineages.
Such signak might include damage in the tissues
including trauma, fracture, inflammation, necrost
and tumars.>* Chemotaxi® and the local microen-
vimnment™ can also play a role in the fate of M5Cs.

M5Cs reside in diverse host tissues. Originally
Friedenstein et al. isolated MSCs from the bone
marrow (BM) and stroma of spleen and thymus,
Subsequently BM aspirates was considered to be the
mogt acessble and enriched source of MSCs.™
Since then, MSCs hawe being isolated from various
sites induding cartilage, perostium, synovium,
synovial fluid, muscle and tendons. Fetal tissue,
placenta, umbilical blood and vasculature have
been also reported to contain MSCs. ™2

Due to the fact that autologous BM procurement
has limitations, adipose tissue could serve as agood
source of MSCs as it exists in large quantities in our
body.2?

0020-1 38375 — see front matter & 2005 Elevier Ltd. AN rights reserved.
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Isolation and Characterization of Mouse Mesenchymal Stem Cells
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5.l Kim

ABSTRACT

Objective. Mesenchymal stem cells (M5Cs) have been studied in regenerative medicine
because of their unique immunalogic charactenstics. However, before clinical application
in humans, animal models are needed to confirm their safety and efficacy. To date,
appropriate methods and sources to obtain mouse MSCs have not been identified.
Therefore, we investigated MSCs isolated from 3 strains of mice and 3 sources for the
development of MSCs in 2 mouse model.

Materials and Mathods. Male BAILBic, C3H and C57BL/6 mice were used to isolate
MSCs from vanous tissues including bone marrow (BM), compact bone, and adipose
tissue. The MSCs were maintained in StemXVivo medium. Immunophenotypes of the
MSCs were analyzed by FACS and their growth potential estimated by the number of
colony-forming unit fibroblasts.

Results.  All MSCs that were isolated from BM, compact bone, and adiposc tissuc
showed plastic-adherent, fibroblastic-like morphologic characteristics regardless of the
mouse strain or cell source. However, culture of BM MSCs was less successful than the
other tissue types. The FACS phenotype analysis revealed that the MSCs were positive for
D29, CD44, CD105, and Sca-1, but negative for CD34, TER-119, CD45, and CD11b.
According to the results of the characterization, the adipose tissue MSCs showed higher
growth potential than did other MSCs.

Conclusion. The results of this study showed that culture of adipose tissue and compact
bone-MSCs was easier than BM MSCs. Based on the results of immunophenotype and
growth potential, C57BL/6 AT-MSCs might be a suitable source to establish a mouse
model of MSCs.

ESENCHYMAL STEM CELLS (M5Cs), from vari-

ous species and sources, can be ensiched by Eolation
of cells with fibroblasi-like morphology via their preferemial
anachment w tissue culie plastc. "™ The relative abundance
of M3Cs is routinely desermined by counting the number of
clonogenic procursors of the: colony-forming uni-fibroblasns
(CFU-F). Ahough the cells are genemally assumed w be
similar, some dama sgges thar species variaions in the
propernies of these cells. MSCs have self-renewal properties
and the capacity 1o differentiase inve mulbple lineages such as
oseocytes, adipoones, and chondmopes” This poential has
rendered them a foows of smdy for cellular replacement
therapy and dssue engineering. The MSCs are mainky re-
garded as hemasnpoieric support cells, as feeder layers for ex
wivo expansion of hematopoietic siem cell (HSCs)™ " and as
immunosuppressive effeciors in vitro and in vive, %=
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The mouse & & suilmble experimental model system o
sty the cell biology and binchemical characierisics of
MSCs. However, the sandard method of plasic adherence
has failed 10 yield a relmively pure MSC population from
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Mesenchymal stem cell tissue engineering:
Techniques for isolation, expansion and application
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Summary Mesenchymal stem cells (MSCs) are undifferentiated multi cells
which reside huﬂuﬁhmntbﬂmamhawﬂnmtmﬁdmdlﬁumﬁatem
mstecblasts, chondrocytes, adipocytes, fibroblasts and other tissses of
arigin. hmmmmmnmumumm mewolrsof
repamative cells capable to mobitize, proliferate and differentiate to the appropriate
cell type in response to certain signals. These propertes have triggered a varety of
MEC-based thermples for es including nonunions, osteogenesls imperfecta,
cartilage damage and myocardial 1nf.a.r|:t|on The outcome of thee approaches is
influenced by the &5 and materak used during the cycle from the isolation

KEYWORDS.
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Culture;

implantation

by the methodod o
of MECs to their re-implantation. This review artide foouses on the pathways that are
followed from the isolation of MSCs, expansion and implantation.

© 2007 Elsevier Ltd. Al rights reserved

Introduction

Tissue engineering with the use and manipulation
of Mesenchymal stem cells (M5Cs) is a novel treat-
ment modality targeting applications in a great
warjety of pathologies. The adwvantages of thi
approach are numerows. They include a high
quality repair with regeneration of the injured
tisue but without fibrows tissue formation. The
site morbidity is minimal compared to the
currently used bone and cartilage autografts as a
small number of cells & required with subsequent
expansion ex-<ivo. The risk for immunarejection
and pathogen transmission appears to be very low.
Furthermore, M5Cs have high proliferation paten-

*  Comesponding suthor. PV, Giannoudis, Professor,
Academic Department of Trauma & Orthopaedics,
Clarendon 'Wing, Level A, Leeds General Infinmary,
Belmont Grove, Leeds, L52-9M5, United Kingdom
Tel: 0044-1132433 144, Fax: 0044-113206515

tial, can be handled and manipulated easily
permitting differentiation prior implantation.

With the persistent objective of clinical
applications, four main strategies have been used
in tisue engineering. These consist of the use of i.
Unfractionated fresh bone marrow cells, ii.
Culture expanded MSCs, iii. Differentiated cells,
and finally iv Genetically modified celk that
express key growth factors. ™ Excluding the first
approach, all ather strategies consist of a cycle of
events that is initiated by the isolation of cells,
culture until sufficient numbers are produced and
finally re-implantation to the injured site.

The aim of this review article is to illustrate the
different available methodologies that could be
used in tissue engineering as well as to analyse
their efficacy for a widespread clinical use.

MSCs

The human body houses several types of
uncommitted progenitor cells capable of giving
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