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ABSTRACT
The possibility and importance of paracrine effgicstem celltransplantation were discussed in this commengstizough

the primary purpose of stem cell transplantatia@rdpy is absolutely the differentiation and incogiion of engrafted cls
to facilitate the target tissue reconstitution. Haer, the paracne effects surrounding recipient cells and/or daredis eact
other is also a reasonable issue. We have expedeacypical case of paracrine effect in the expental therapy o
peripheral nerve injury using skeletal mu-derived stem cells (Sk-SCs)he severe nerve injury with lo-gap was made
in the mouse and rat sciatic nerve, and bridgea legllular conduit. The mouse -CSs and bone marrow stromal ci
(BMSCs) were obtained from GFFg mice, and transplanted into the conduit. Afteweeks, transplanted Sk-SCs
differentiated into all the peripheral nerve suppmils (such as Schwann, endoneurial/perineugl$)c and contributeto
the recovery of the number of axon for almost 90# elose to 60% of myelin following significant ftional recoveries. In
contrast, BMSCs group showed the results similahénol-cell transplanted control, and cells were elimidadering the
first week. On the other hand, we also found that human S-SCs, sorted as CD345 (Sk-34) cells, showed wholly
comparable results of the mouse (such as cell &ngrat, differentiation, and recoveries of axon/tityeand functions)afir
12-weeks of transplantation. However, the human C-/45/29" (Sk-DN) cells, which was composed mostly skel-
myogenic cellsshowed no engraftment in the nerve tissue, huaneed during 4 weeks, and showed significanthynéit
numerical and functional recoveries than the contwbile these were clearly lower than-34. This result suggested twa
important points; 1)the skeletalyogenic cell are not able to grow and differentiate in the pgegifal nerve specific nich

but 2) they accelerate nerve recovery, probably theracrine effects. It is likely that durin-weeks of cell survival with
paracrine after transplani@at is a sufficient condition, but o-week is insufficient.
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INTRODUCTION

The first and primary purpose of stem cell transgtion
therapy is absolutely the differentiation and inmoation of
engrafted cells and with a contribution to the &hrgssue
reconstitution. However, the paracrine effects

transplanted cells arealso important and should

considered to be a secondly purpose. Generallyysiaaf
paracrine/endocrine in vivo is difficult, becauddte nature
as the extracellular signaling form of «cell
communication in which a cell produces a signainguce
changes in nearby cells. Signaling molecules, wtach
known as the cytokines (factors), are secreteddhg and
diffuse over a relatively short distance. Secrééetiors ther
travel in the interstitium, but the exact distamfdt is not
certain. Thus, their detection in the protein level is qi

difficult. For this reason, the study focused uptre
paracrine effects of stem cells in vivo is fe
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Recently, we experiendethe certain case of the paracr

effects in the experimental therapies of the sdye

damaged peripheral nerve with a lggp, using mouse at

human skeletal musclterived stem cells (&-SCs). Because
of this background, the paracrine effects of t cells before

and after transplantation are discussed in thisncentary,

with the comparison with the case of b-marrow-derived

stromal cells (BMSCs).

Loss of vital functions in the somatic motor anchsay
nervous systemean be induced by seveperipheral nerve
transection with a long gap following trauma. Irclsicases
autologous nerve grafts have been used as thestmidard
with the expectation of activation and proliferatiof graf-
concomitantSchwann cells associated with their paine
effects. Howeverthere are a limited number of suitable s
available for harvestingpf nerve autografts due to t
unavoidable sacrifice of other healthy functic To
overcome this problem, we examined the potentiabk-
SCsas a novel alternatiweell source for peripheral nerv:
generation therapy [1,2]he reason is th the Sk-SCs
including CD34/45 (Sk-34) [3]and CD3:/45 (Sk-DN) [4]
cells, which showed differentiation potential in
mesodermal cells (skeletal muscle cells, vascutaoosh
muscle cells, pericytes and endothelial cells) ectdderma
cells (Schwann cells and perineurial cells) in yiand
typically exerted synchronized reconstitution ofe
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muscular, vascular and peripheral nervous systenthé
severely damaged skeletal scle[5-7]. The potential was
not changed, when both S and S-DN cells were used
by the mixed cells, as the -SCs [8-10]. Because of this
background, we made sciatic nerve l-gap transection
model of mice (7/mm) and rats (I-mm), and bridged using
aracellular conduit made from separated esoph:
submucous membrane from mice afte-days of 70%
ethanol treatment. Then, the cells were injectedthe
bridging-conduit [2] As we expected in the mot-to-mouse
experiment, the transplanted -SCs differentiated into all
the peripheral nerve support cells(such as Schv
endoneurial/perineurial cells), and contributed the
recovery of the number of axon for almost 90nd close to
60% of myelin Figure 1A and 1B). Interestingly, myogenic
cells were alsmbserved in this nerve niche, tthe skeletal
myogenic capacity of expanded-SCs had been diminished
gradually, and completely disappeared -weeks after the
transplantation [2] Similarly, BMSCs transplantation w
also performed, however, the rets showed almost no
effects (wholly comparable to the level of mediuantrol)
for the recoveries of the number of ax and myelin
(Figure 1A and B). In addition, transplanted BMS(
disappeared during first one week. Therefore, nd
engraftment with no effeds reasonable in this ca
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Figure 1. Recovery ratio of the number of axons (A) and my¢B) in the bridging conduit at 8 weeks after m®&-SCs and BM
transplantation. The ratio was determiresed on the normal control nerve and expresseztiages. Donor cells were obtained fi
Green fluorescent protein transgenic mice (-Tg mice; C57BL/6 TgN[act EGFP]Osb Y01, provided By. M. Okabe, Osak
University, Osaka, Japan) [12], and purifiey previously reported method [5,6]. Detection obaxand myelin was performed using rat
polyclonal anti-Neurofilament 200 (R00, 1:1000, room temperature for 1 hour; Sigm#&tSauis, MO), and by rabbit polyclonal a-

myelin basic protein (MBP; 1@, room temperature for 2 hours;

Millipore, Bilter, MA).Sk-SCs=skeletal musc-derived stem cells,

BM=bone marrowderived stromal cells, Medium=medium transplantaatiol. *<0.05 by parametric Tuk-Kramer post-hoc test.
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We also setablished the appropriate isolation and expar
culture method for the humanS8Kk- and S-DN cells, and
transplanted them into the sever muscle injury rhaxe
nude mouse and rat [11Then, we found that the combin
results of both cell transplantat showed wholly
comparable differentiation capacities of the mo8§-SCs
[11]. However, very interestingly, the human -DN

fraction showed the limited inclusion of the skal

myogenic cells, whereas, the other multipotent stmits
were contained in the Sk-34 fracti¢hl]. Therefore, we
applied human Sk-34 and &N cells to the nen-gap
model separately, because the elimination of ske-

myogenic cells have been alreazhnfirmed in the previol

mouse Sk-SCs experiment J&% expected, the human -

34 cells showed cellular differentiations compagatd the
mouse SKSCs (data not shown), with favorable recover
the number of axons and myeliRigure 2A and 2E), and
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the contractile functions of downstream musc(Figure
2C) at 12-weeks after traplantation. More interestingl
human SKBDN cells (skeletal myogenic cell domine
population) were also eliminated similar to the\aboase o
BMSCs, but the term took-weeks after transplantation. A
similar elimination of skelet-myogenic cells in the nerve
niche were also confirmed in the previous mous-SCs
during 4-weeks aftetransplantatio [2].Thus, it is certain
that the skeletal-myogenicell is not able to growth ar
differentiates in the peripheral nerve specific heic In
contrast, it isalso clear that the -DN cells remained during
4-weeks after transplantation, whereas the BMSCs
eliminated within onawveek. In addition, the human -DN
group showed significantly higher regenerat than that of
the medium control at 1&eeks afteitransplantation, while
the levels ar@pparently lower than the -34 group Figure
2A, 2B and 2Q.
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Figure 2. Recovery ratio of the number of axons (A) and my€B) in the bridging conduit, and tetanic tensarput of the
downgream muscles (C; total output of gastrocnemiuantalris and soleus) at 12 weeks after hume34 and Sk-DN cell
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transplantation. The method of cell isolation, fication and expansion was reported previously [AbH the measureme
of muscle tensio output was also reported previously [5]. Detatid axon and myelin was performed as well as gufé

1. *<0.05 by parametric Tukeitramer pos-hoc test.

The observed differences in both grc are considered due
to the prolongedsurvival/engraftment/paracrine of -34
cells and their differentiation into all the nersapport cells
However, it is also certain that the complete eatiation of
the human SIBN cells occurred during -weeks after
transplantation, but significantly dgtier morphological an
functional recoveriesthan the control was achieve
Therefore, this is reasonable to consider thatréssilt may
be due to the paracrine effects of huma-DN cells during
4-weeks after transplantation. Putative paracrineaciiies
of human Sk-34 and SBN cells, which was supposed
expressions of mMRNAs were shownFigure 3. Both cells
consistently expressed 8 analyzed nerves and 5/zamut
vascular growth factors just before the transplioraand ¢
comparable paracrine effecan be expecte In fact, these
expressions of mMRNAs have wholly kept in the-34 cells
even at 4veeks after transplantation; this was confirme
the analysis for the engrafted Sk- cells, which was -
isolated enzymatically, and sorted usinuman-specific
antibody (data not shown). In the comparison of dheve
mouse and human cell studies, both the mouse BM®G
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the human SIBN cells were eliminated in the periphe
nerve niche, but the former showed no effects ferve

regeneration, anthe latter showed a significant contributi
for the recovery. What makes a differe between them;
that is the term of elimination, thus how long stay e

damaged tissue is considered to be the limitingpfaaf the
paracrine effects following stecell transplantation, because
the expressions of nerwascula growth factor mRNAs
were similarin both the mouse BMSCs [2] and pres

human Sk-DN cells Kigure 3) at just before the
transplantation. In theseiew points, it is likely that one
week of the cell retainingeriod is insufficient, but-weeks
retaining, with continuous expressions of growtlttdas

after the onset of the damage, may have a beneéiffict

on the nerve regeneration. However, we still nafqren a

more quantitative analysisuch as re-time RT-PCR) for
the expressions of nerwascular growth factors in -34

and SKDN cells. Therefore, further experiments, to cla

which factors may play a more prominent parac role

duringregeneration process, should be neces

Figure 3. Expressions of nerve @) and vascular -13) growth factor mMRNAs in the human-34 and Sk-DN cells just
before transplantation. Lower stand shows analfaetrs with their primer sets and size. Detailezthnd wasreported
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previously [2]. -actin was used for house-keeping control. Whdil $ame expressions, except for EGF (No. 11), was
observed in both cells, showing the putative pamacrapacities for the nerve and blood vesselsbage pair.

From the other point of view, it was also suggested the
paracrine substances of skeletal-myogenic cellsrtexe
facilitative effects for the peripheral nerve regetion
process. This concept further suggests that théetske
muscle fiber and peripheral nerve regenerationgs®anay
share the large number of essential factors, aeg tho-
working together. This notion also supports thevioes
results of Sk-SCs transplantation that asynchrahize
reconstitution of muscle-nerve-blood vessels waduced

in the severe muscle injury with a sizable defég]

Finally, the cytokine supply associate with thensteell
transplantation was proposed in this commentaryvéier,
administration therapy of recombinant cytokinesjolutwill
be selected appropriately in the near future, shbal also
considered. In particular, the nerve injury catéggt in the
Seddons’s axonotmesis and/or the Sunderland’s Hourt
degree, because the continuity of the epineuridma thost
outer layer) is maintained, but involves loss ofora
endoneurial tubes, perineurial fasciculi and vaacul
networks, thus, associated with a bad prognosiadtition,

a development of the nerve bridging materials, Widnable
a sustained-release of cytokines, such as the dpiadable
tubes, is also much-needed.

CONCLUSION

Through these studies, it is supposed that theZis weeks
from the onset of nerve damage may be a criticabgeo
supply nerve-vascular growth factors to obtain Hedter
nerve regeneration. This notion is found to be wisédr
future cytokine therapy for the severe peripheratva
injury.
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