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Mesenchymal stem cells (MSCs) have been used in cell-based therapy in variows dissase conditions such as graft-versas-host
and heart diseases, ostcogenesis imperfecta, and spinal cord injuries, and the results have been encouraging. Howerer, 2s MSC

grins popalarity among mwmﬂmhmh:nmnummﬁucuéumqmﬂy
1ud|anurlmomeuw moduiat m and i Tllseod]sluullemfuundmaﬂmumnmgmwﬂ\:nd
m.nmmmdumdhwbemmlmdm i in other & In addition, variows studies have
IE 1 i i od'M:s:‘.sThe + of the modul, behaviour and the tumorigenic

jpotential of M5Cs, warrant urgent exploration, and the use of M5Cs in patients with cancer awaits further evaluation. However, if
MSCs truly play a role in tumour modulation, they can also be potential targets of cancer treatment.

1. Introduction

Mesenchymal stem cells (MS5Cs) are a group of heteroge-
neous multipotent cells which can be isolated from many
tissues thronghout the body. The discovery of mesenchymal
stem cells can be dated back to the 1960s [1]. In recent years,
MS5Cs have gained popularity among stem cell researchers
due to their ability to self~renew and differentiate into many
different cell types particularly cells of mesodermal origin
such as osteoblasts, chondrocytes, and adipocytes in culture
[2-4]. MSCs have also been reported to transdifferentiate
into cells of ectodermal |5] and endodermal [6, 7] origins.
Besides, MSCs have been applied clinically in patients with
severe dilated cardiomyopathy, cartilage disorders, stroke,
and antoimmune diseases with very encouraging resalts
|8-11]. However, despite the many potential therapeutic
benefits of MSCs, the use of these cells has been reported to
bring adverse effects such as an increased recarrence rate of
cancer, particularty haematological malignancies. There has
been increasing evidence regarding the tumour modulatory
effect of MSCs, and it has been shown that MSCs may
enhance tumour growth in several studies | 12-14]. Besides,
MSCs have also been demonstrated to undergo spontaneous
malignant transformation in vitro [ 15]. This review therefore
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gives an overview of the benefits as well as the harmful effects
of M5Cs with an emphasis on the dinical implications of the
use of these cells.

2. What Are Mesenchymal Stem Cells?

The discovery of M5Cs can be credited to the work done
by A. ]. Friedenstein as early as the 1060s during which he
observed that the bone marrow is a source of stem cells for
mesenchymal tissues in postnatal life [16]. After harvesting
bone marrow samples from the iliac crest, Friedenstein
and his coworkers plated the suspension on plastic culture
dishes. They observed that upon gradual remowal of the
haematopoeitic counterpart, there existed a population of
plastic-adherent, fibroblast-like cells that could differentiate
into chondrocytes and osteoblasts and named them colony-
forming unit fibroblasts [1, 17]. They were later renamed
mesenchymal stem cells due to their ability to differentiate
into cells of mesodermal origin | 18].

However, it is worth mentioning that A. J. Friedenstein
was not the first to propose the existence of stem cells. Prior
to his discovery of MECs, works of several other scentists
herve marked important milestones in stem cell research and
contributed to our carrent understanding of the important
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How do mesenchymal stromal
cells exert their therapeutic benefit?
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I recems years mesenchymai soromal cele (MSC) huve emerged as &
maor mew form of cell therap Vil the original perception was that
MSC mere iror cll i tribue 1o e
regemeration o fizrue, more rocet data roggest that the princial

mechamim of M SC aciy is rémongh e reease of sulble mediaters
that dicit the alerved bidogic responce. Futurs studics are meeded
ideweify more complerely the spectram af shevapeutic applicarios: and
delineate bester the aseuciated molecndar amd celalar meckamisms

Mesenchymal stomal odls (MSC) are spindle-shaped,
plasticadherent cells islated from hone marmw, adipese
tisue and many other timve sourcs [1,2). Originally
identified by Friedensiein o al (3] 23 the cells of the

marmw

PP
were soon shown to differentiate into bone and have a vast
potential to expand o v, Friendenstein o al [4] further
showed that 3 subset of the cells had a high proliferative
potential, genersting clonal colanies when plated in tisue
culture st bw density, the so-called fibmblast colony-
Forming cells (CFU-F). Soon, it was recognized MSC
coul differentiate in vt inw fat and carilage o5 well =
bane. At thi time, the only widely necognised stem cells
were the hematopoietic stem cells Based largely on that
model, stem cells were generally defined a: cells that could
underg self-nenewsl and differendiation into at least two
lineages. As there was no clesr distinction hetween in vive
and s zira differentiation capacity, MSC seemed w flfll
thase criteris. Owen [§] proposed the existence of stromal
stem cells, anslogonus 0 the hematopoietic stem cells, that
could the

regenerative medicine, repopuliting injured tisues and
clinically shlated disesed tissues with healthy, terminally
differentiated, tismuespecific cells [7,8].
MSC were first wsed clinically in the mid-199(% in a
phase T il of avtologous MSC in patients underging
poietic cell trang ion for breast
cancer (9], Afier demonstration of safety, MSC were wsed
in 2 phase 11 trial in an effort o show that co-infision of
MSC could hasten the time for hematopoietic stem cell
and jei [10} The
proposed mechaniim was based on the notion that MSC
would home w the marrow space and rebuild che
micmsenvironment
At that time, Prockep and colleagues [11] published 2
seminal report d ing the fate of ically
infised MSC. In 3 murine model, gene-marked cells
inmjected through the il win were identifisd i the
marrow, spleen, bone, hmg and cartilige of recipient
animals Based on the ohservations that MSC migrated,
or perhaps homed, w bone, and that MSC could robustly

and suggested the CFU-F may represent such cell. Later
Caplan [6] proposed that these cells were actually MSC,
with the capacity to diferentiate into a wide vadery of
mesenchymal tisues According to this concept, MSC
could serve as 2 broadly spplicable stem cell source for

Tdwin M.H M, PAD, The Children’s H

to bone in ity Prockop and collesgues [12]
went on to show that systemically infused MSC could
engraft and contribute normal collagen to bone in 3 mouse
model of osteogenesis imperfecta (O The proposed
mechanism of thess observations was that MSC engrafied
and partially populated the host bone s differentisted
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bone, cartihy

bl fating i ytesin vitro and invivo. Ms&mo{mmnumﬂ.qmmmﬁumm
Aszuch

gene therapy for  number of human dissates. Nevertheless, there are 54l some open questions about orign, multipotentiaity, and

matomicl localization of MSCe. In this review, we dscies dincal tras nsed on the e of MSCs in cardiovascular dseses, such s

wmment of scute myocardal infarction, endstage ischemic heart disese, or prevention of vasaikr resenoss through wem
injury repair. trids for imperfecta (Of). which isa genetic disese
characterized by production of defective type | collagen. We describe progress for neurclogical disease treatment with MSC tansplants.

We discuss data on amyctrophic bteral sclerass (ALS) and on lysosomal storage diseases (Hurder sdrome and metachromatic
involving

A section of

HostDisease (GYHDY; peri whichis

MSCsin ‘steroid refractory GraftVersus

heart falure, and bone fractures. Firally, we
| Cell. Physiol. 21 |: 27-35, 207 © 2007 Wilkey-Liss, Inc.

‘What are Mesenchyrmal Sterm Celld

The micromyironment of rammalian bone rarrow is
compased of several different elaments that support
nd bo

will provide information dou bistech companies developing MSC theragy.

MSCs are of interest bacsuse they are easly sobted from a

mnmwmwnm 10 weeks As mr.h.dg

ne
Deryugina, 1995: Zhang et al. 2003). It inchudes 2
ubation of cells: fibroblases,

adipoc ytes. catecprogenitors, endothelal cells (ECs). and
redicubar cells. h als
steam cells that posses a multlinege pocential (Deans and
Mosedey, 2000; Banco et al, 2001). These stem cells are
commery indicated as marrow stromal stem cels o

| stem cells (MSCs). Mesenchymal cells are
primandial cells of mesodermal arigin giving fse to scdetal
Mdkmm-ﬂmwsmsﬂm

997 Beyer
MM&MWMM&&LW}F&M

unmmmmmanwm.

h lwamlrh-dhmdm.Num
there are still some open questions about arigin,

, iy and localization of MECs. As Bras
this latter point is concerned, it has been shown that MSCs can

tendons, synovial membrane, amniotic fluid,
Maﬂm(ﬂcd«:n 1997, Bianco and Gehron Ra
2000 Beyer Nardiand da Sia Meirelles, 2006; Sathe et al,
2006).
defin

thelbek "
MSCs._ In fact. at present. MSCs are identified through a

Cormrce grant spansor NIHL
Canmc grast spsor: Sbamo Health Resear dh Organizgan.
=

bone marmw the hempoiesc stam calls (HSC3) (Prockop.
1997: Beyer Nard and d Sivs Meirelles. 2006 Sehe ot .
2008

e ered non-h mudi-
goteac st e el dhat are capable of

4
reurare and astroeytes in vitra and invive (Pittenger st al |
Reb.

Medcine, Sectan of Snwmchagogy wvd Maendar Snlogy. Semnd
University of Naples, Vla astantinopals 16, 80138 Napal, kaly.
Emai: giordanarample ecks
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Nardiand da Siha Mersles, 2006) (Fig. 1)
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Abstracdt  Inaddition 1o hemaiopoietic sem ce\lsn-isa_ human post natal bone mamow contains another sem

ell capable elllines tem cells MSCH) based an their
capacity for multi-ineage differentiation, Mmumnmm, be obtained following a simple bone manow spiraton
procedure and y expanded i = many = ings. This extensive Capacity
for expansion in viw at dinical scalke has recently facilitaied the development of clinical Tials designed i ases. e
safety, feasibility, and efficacy of wansplanting MSC for a variety of pathological conditions. This review focuses an the
background and rationale for performing clinical studies of MSC transplantation and will discuss the potential role
that MSC may play in the comection o madification of human diseases. |. Cell. Biochem. Suppl. 38 73-79, 2002.
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Based on their pioneering studies initiated
more than thirty years ago, Friedenstein et al.
[1968] were the first to propose the concept that

cartilage, myelosupportive strema, smooth
muscle, cardigmyocytes, and tenden. The term
‘mesenchymal stem cells (MSCs) is based an the

humsn post natal bone marrow a
precursor cell for multiple mesenchymal cell
lineages [Owen, 1988). Over the ensuing dec
ades, marrow stromal cells have been charac-
terized, hased largely upon their properties
invitro or following transplantation in various
animal model systems [Bianco and Gehron
Robey, 2000; Desns snd Moseley, 2000]. The
term colomﬂm-mjng units fibroblastic (CFU-F)
was coined by Friedenstein to describe cells
isolated from the bome marrow stroma of a
vnwiﬁ'nfpudnﬂlmmtbutnenﬂhﬂ\-
ent, nanph agoeytic, fibrobl astic, and cl

in nature [Friedenstein et al, 1974). Under
well-defined in vitro and in vive diti a

popu-
lations of adherent humen bome marrow
derived cells which possess the capacity to
differentiate into at least three well-defined
mesenchymal cell lineages (osteocyte, adipo-
cyte, and chondrocyte) when placed in the ap-
propriate differentiative conditions [Pittenger
et ., 1099]. Recently, methodalogies describing
the purification and expansion of human
MSCh a new wave of
for their study [Pittenger et al, 1999). The
capacity to expand MSC to clinical scale num-
bers has paved the way for the current trials
evalusting the effects of transplanting MSC
shound

proportion of CFU-F can give rise to multiple
mesenchymal tissues including bone, adipose,

to: Staven M. Devins, 840 South Weed

regarding the appropriste phenotypic and
molecular deseription m‘MSG, the optimal
itions for their purificati
in vitro, and the proper mndel systems to
hest define the functional properties of MSC
following transplantation. Very little is known
currently regarding the behavior and fate of
MSCﬁlUnmngmthmsysbmcmﬁ:mnnwluzl

Publishad enline in Wiley InterSeience
(wwrw_interacience wily com). DOL: 10.10025ch 10046
© 2002 WileyLiss, Inc.
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Further, while it is envi it
1sasm’yetunpﬂlmthatMSCunmm
useful tools for genetic modification in skeletal
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Mesenchymal stem cells: a new trend for cell therapy
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Mesenchymal stem cells (MSCs), the mijor stam cells for cell therspy, heve been used in the i fr approvimately 10 years. From
arimal models to clirical risls, MSCE have efforded Promise in the testmeant of RUMETDUS tiseases, mainly HiESUe injury end immung
disomers. hmsmmmmmmmmmm'm" ‘souas for MSC in chnscal
appbcations, and Provide 8n overvew MSCs for cell therapy
heve been SHOWN 10 be Safe and effective, mmmW|mmmm 2 teciied before meir wide appication in Me clinic.

: Mesenchymal stem cell; cell therapy; tissue injury; degenerstive disease; immune disorder; graft-versus-host disemse;

Heywords:
immunamodulstion; trophic factor
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Introduction
Stem cells are uncpecialized cells with the ability bo renew
hemselbres for lang periods without sipificant changes in
theix general properties. They can differentiate into various
specialized cell trpes under sertzin physiclogical ox experi-
mental conditions. Cell therapy is 2 mab-type of

formation. These cells weere firzt izclated and characterized
Ty Friedenstein and his colleagues in 1074 MBC, also called
mesenchymal stromal cells, are a subset of non-hematopeictic
adult stem cells that ariginake from the mesoderm. They pos-
se33 self reneveal ability and multilineage differentiation into

medicine. Cell therapy based on sbem cells describes the pro-
cess of introducing stem cells into ssue to beat 2 disease with
or without the addition of gene therapy. Hematopaietic stem
mm]mmmmmmmﬂm
isalation of ic stem (ES)
m'l.lsfznm&gm:rmﬂmassnfsdymhymhu provided
2 powerful tool for biclogical research. ES cells can pive rise
tn almost all cell lineages and are fhe most promising cells for
regenerative madicine. The ethical izzues related o their sola-
tiom have the development of induced pluripotent
stem (iPS) cellz, which chare many properties with ES cell:
without ethical concemns. However, one key property of ES
cells and i cells that may seriousdly compromize their utility
s their potential for teratoma formation.
True to the limitation of wsing ES and iP3 cells in the clinic,
great interest has developed in mesenchymal stem cells
{M5Cs). which are free of both ethical concerns and beratoma
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not caly derm L such 2= chond . o
and adip . but alse dermic cells and endod:
cells™ . MSOs exist in almost all tssues. They can be easily

isolated from the bone marrow, adipose tissue, the umbili-
cal cord, fetal liver, muscle, and hung and can be successfully
expanded in 2itre® ™. The number of clinieal trials on MSCs
has been rising smee 2004 (Figure 1), Although the “gold
rush” to use MSCs in clmica] settings began with high enthu-
=iz=m in many countries, with China, Europe and US leading
the way (http:/ / dlinicaltrial en), romerous scentific issues
remain o be rezclved befors the ectablichment of clindcal stan-
dards and govermenkal regulations.

‘What can MSCs do?

Currently, there are 344 registered dlinical trials in different
clinical trial phases (Figure 2) aimed at evaluating the poten-
tial of MIC-tased cell therapy werldwide. With the advance-
ment of preclinical stadies, MSCs have been shown to be effec-
tive in the treatment of mary diseases, including both immuns
diseases and norvimmune diseases (Figure 3).

MSCS in tissue repair

The wide tissue

and




