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Abstract

We studied the effects of the transplantation of bone marrow stromal cells (BMSCs) on

spinal cord injury (SCI) in rats. BMSC transplantation promoted distinct locomotor

improvements of rats with SCI. However, contrary to expectations, BMSCs disappeared

within 2-3 weeks after transplantation. They were not integrated into the host spinal cord

tissue. There was no finding indicating that BMSCs supported the outgrowth of

regenerating axons as a scaffold in the spinal cord lesion. This finding indicated that

BMSCs, instead of physically supporting axonal outgrowth, secreted some trophic

factors/molecules effective for tissue repair, including the growth of regenerating axons, in

SCI. The same finding was obtained in the study using choroid plexus epithelial cells

(CPECs) as a transplant for the treatment of SCI.

These findings are important, as they show that the spinal cord has its own ability to

regenerate. This concept is different from the current standpoint of cell transplantation

therapy, whereby transplanted cells should be integrated into the host tissue to support the

outgrowth of regenerating axons. This generally accepted concept of cell transplantation

appears reasonable, but suggests a serious problem. Neural stem cells (NSCs) were

integrated into the host tissue, and differentiated into neurons, astrocytes and

oligodendrocytes. Neurons that differentiate from NSCs extend numerous axons to distant

locations. The problem is that there is no method available to control such unusual axonal

extension, differentiation, and migration. There is no way to integrate safely into the host

spinal cord tissue. This means that neural stem cell transplantation is too dangerous to be

used for clinical application. Regeneration studies have no significance if they have no

avenue for clinical application.

In this mini-review, we outline our previous studies, and survey other studies focusing on

the use of trophic substances for the treatment of SCI.

Key words : spinal cord injury, cell transplantation, trophic factor, intrinsic ability to

regenerate, clinical safety
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We have studied the treatment of SCI by the

transplantation of somatic cells, including bone

marrow-derived cells (Ohta et al., 2004 ; Ide et al.,

2010 ; Nakano et al., 2013) and CPECs (Kanekiyo

et al., 2016, Ide et al. 2016). These studies re-

vealed that transplanted cells did not survive

long-term, but disappeared within 2-3 weeks post-

transplantation. In spite of the disappearance of

transplanted cells, animals showed locomotor

improvements and tissue repair, including axonal

regeneration, through the spinal cord lesion. This

suggested that transplanted cells did not serve as

scaffolds for the growth of regenerating axons,

but release some trophic factors that have

beneficial effects to promote locomotor improve-

ment and axonal regeneration.

Generally speaking, cell transplantation studies

are based on the concept that transplanted cells

should be integrated into the host spinal cord,

serving as scaffolds for the outgrowth of axons.

However, our studies showed that the fate of

transplants such as BMSCs and CPECs was

different from this generally accepted assumption.

The fact that transplanted cells do not survive

but disappear after transplantation may be

considered a disadvantage to the recipient in

clinical cell transplantation therapies. However,

on the contrary, we regarded this property as an

advantage for the treatment of spinal cord injury.

The disappearance of transplanted cells means

that such cell transplantation is safe for patients :

as long as transplants continue to survive, there is

anxiety and fear concerning the potential for the

abnormal proliferation, differentiation, and migra-

tion of implants. Neural stem cells (NSCs) that

survive long-term to proliferate, differentiate,

migrate, and expand in the host spinal cord are

associated with serious problems in terms of

safety. NSCs will not be applicable for clinical

transplantation until a method to control their

behaviors in the host spinal cord is developed. On

the other hand, somatic stem/progenitor cells,

although they no not survive long-term, enhance

locomotor improvements after transplantation

into rats with SCI. This is important in view of

clinical application. Cell transplantation studies

are usually based on the premise that trans-

planted cells survive and differentiate into ap-

propriate cells that can complement the host

tissue, contributing to tissue repair and functional

recovery. This is too optimistic : there is no

method to secure that the transplanted cells

function appropriately over a long time period

after transplantation. No method is available to

control transplanted cell proliferation, differen-

tiation, and integration into the host tissue. The

safety of stem cells has so far been discussed from

the point of view of tumor development. It should

be emphasized that, even if transplants (e. g.,

neural stem cells) are free from the risk of tumor

development, transplants integrated into the host

spinal cord tissue will continue to exist as

potential sources of abnormal reorganization or

function over a long time period (Lu et al., 2014).

Even if transplants are apparently differentiated

into somatic cells, it is unknown whether they

continue to sustain their differentiated normal

properties long-term thereafter. Non-self stem

cells such as neural stem cells need to be observed

carefully after apparently “successful” implan-

tation. On the other hand, somatic stem/pro-

genitor cells are free from such safety problems,

because they have only the normal limited range

of ability to proliferate, migrate, and differentiate

after transplantation (Ide and Kanekiyo, 2016).

We have used somatic cells such as BMSCs and

CPECs as transplants for the treatment of SCI in

rats. As described above, these cells disappeared

within 2-3 weeks post-transplantation from the

host spinal cord. This indicates that some trophic

factors released from transplants should have

effects on tissue repair and functional improve-

ments. This suggests that the use of appropriate

trophic factors might be more desirable for the

treatment of spinal cord injury. We examined the

effect of conditioned medium of BMSCs on SCI.

There was a marked effect on the locomotor

recovery of rats with SCI. The fact that trophic

factor application is effective for the treatment of

spinal cord injury indicates that the spinal cord

has an intrinsic ability to regenerate. This is an

important concept in the treatment of SCI.

Stimulation of this intrinsic ability of the spinal

cord by trophic factors is considered to be the

safest and most desirable treatment of the spinal

cord.

In this short review, we focus on the use of

trophic factors for the treatment of SCI. Since the

treatment of spinal cord injury requires multiple

kinds of molecules for tissue repair and locomotor

improvements, the application of only a single

trophic factor might be insufficient for the

treatment of SCI. The conditioned medium that

comprises all components released from cultured

cells may be an appropriate agent for the treat-

ment of SCI.

The following is an outline of our studies on the

treatment of SCI by cell transplantation.

In our cell transplantation studies, BMSCs for
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transplantation were cultured from bone marrow

tissues of adult Spraque-Dawley (SD) rats. The

spinal cord at T8-9 was exposed with the dura

mater on the surface and contusion-injured by

letting a metal rod weighing 10 g drop from a

height of 5-7.5 cm. BMSC transplantation was

performed immediately (acute phase) or 1-4

weeks (subacute and chronic phase) after spinal

cord injury. BMSCs were injected directly into

the spinal cord lesion, or indirectly through the

cerebrospinal fluid (CSF) via the 3rd or 4th

ventricle. The locomotor behaviors were eva-

luated using by BBB (Basso, Beattie, and

Bresnahan) score (Basso et al., 1995), and axonal

outgrowth and tissue repair in the lesion were

examined by immunohistochemistry for axons

and astrocytes. The localization of collagen type 1

in the spinal cord lesion was examined by immu-

nohistochemistry as a representative molecule of

extracellular matrices.

We performed our first study of BMSC trans-

plantation into rats with SCI in 2002 (Ohta et al.,

2004). BMSCs were transplanted through the 4th

ventricle immediately after injury. This study

showed the significant improvement of the loco-

motor function. However, unexpectedly, BMSCs

did not survive, but disappeared from the host

spinal cord 2-3 weeks after transplantation. We

concluded that the transplanted BMSCs did not

serve as a scaffold for the growth of regenerating

axons, but secreted some trophic factors effective

for locomotor improvements.

A few years later, a more systematic study was

carried out to examine the fate of transplanted

cells and their effects on functional recovery (Ide

et al., 2010). In this study, extensive axonal

regeneration was noted through the astrocyte-

devoid areas in the spinal cord lesion. In an

immunohistochemical preparation for GFAP,

astrocyte-devoid areas looked like cavities formed

at the epicenter of the lesion. However, immuno-

histochemistry for neurofilaments showed that

there were numerous axons extending longi-

tudinally within such astrocyte-devoid areas.

Transplanted BMSCs were no longer found

within the astrocyte-devoid areas 2-3 weeks after

transplantation. These findings indicate that

BMSCs did not serve as the scaffold for the

outgrowth of regenerating axons, but probably

released some trophic factors effective for the

axonal outgrowth though the astrocyte-devoid

areas.

BMSC transplantation is effective even for

chronic spinal cord injury in rats (Nakano et al.,

2013). In this study, BMSCs also did not serve as

the scaffold for the outgrowth of axons, but

disappeared from the spinal cord within 2-3

weeks after transplantation. Based on these

studies, we proceeded to clinical studies of auto-

logous BMSCs in 2005. Meanwhile, we showed

the beneficial effects of the transplantation of bone

marrow mononuclear cells (BMNCs) on SCI in

2007 (Yoshihara et al., 2007). As in the case of

BMSCs, they disappeared from the host spinal

cord tissue within 1-2 weeks after transplan-

tation. As the first step for clinical application, we

transplanted cultured autologous BMSCs into 5

patients (Saito et al., 2012). Next, BMNCs were

transplanted immediately after separating from

the bone marrow of patients themselves into 10

patients (Suzuki et al., 2014). These clinical

studies revealed that the implantation of BMSCs

and BMNCs is safe. Several patients showed

some improvements of clinical signs.

These studies clearly indicate that BMSCs

secrete some trophic factors effective for the

outgrowth of regenerating axons and locomotor

improvements of rats with SCI. Nakano studied

the components of conditioned medium of BMSCs,

demonstrating that the conditioned medium

contained IGF2, bFGF, VEGF, and TNFβ (Nakano

et al., 2010). It is conceivable that many other

kinds of molecules and factors effective for SCI

were mixed in the conditioned medium (CM) of

BMSCs.

Recently, we performed the transplantation of

CPECs into rats with SCI. In this study also,

transplanted CPECs survived for only 1-2 weeks

after transplantation ; however, the locomotor

improvement and axonal extension through

astrocyte-devoid areas were marked, indicating

that trophic factors released from the CPECs

promoted the tissue repair and locomotor im-

provements (Kanekiyo et al., 2016). Recently, we

demonstrated that multiple injections of BMNCs

were more effective than single injection for the

treatment of SCI in rats (Kanekiyo et al., 2016, in

press).

Based on these studies, we are now inves-

tigating the effects of CM of BMSCs on the

treatment of SCI in rats. There was a marked

recovery of the locomotor function within 1 week

after transplantation in rats. This and other cell

transplantation studies indicate that the spinal

cord has an intrinsic ability to regenerate after

traumatic injury, and that trophic factors and

molecules can promote spinal cord recovery from

apoptosis or degeneration, re-activate function-

suppressed neurons, and enhance the outgrowth

of regenerating axons.

IDE et al. : Effects of trophic factors on the treatment of spinal cord injury in rats
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We will explain below some of the important

experimental studies concerning the trophic

effects on spinal cord injury.

Cantineaux et al. (2013) delivered the condi-

tioned medium (CM) obtained from the culture of

bone marrow-derived mesenchymal stem cells

directly into the spinal cord injury using Alzet

mini-pumps. Such a conditioned medium infusion

improved recovery after spinal cord injury in rats,

indicating new strategies to avoid cell

transplantation. They also showed that the CM

suppressed the apoptosis of cerebral granular

cells in culture and cell death due to TNFα

treatment.

The conditioned medium contained high con-

centrations of NGF, BDNF, and IL-6. Antibody

array revealed that the CM contains anti-apo-

ptotic, proinflammatory, angiogenic, and neuro-

modulatory molecules. BBB scores for the loco-

motor function were 17 points for CM-treated, and

14 points for control rats. There were also dif-

ferences in grid navigation between CM treated

and control rats. The CM reduced lesion exten-

sion and cavity expansion. There was no differ-

ence in glial scar formation between the CM-

treated and control rats. Unexpectedly, no differ-

ence was seen in immunohistochemistry for GAP-

43 and neurofilaments between the CM-treated

and control rats. Histological and immunohisto-

chemical findings concerning axonal regeneration

are not satisfactory. In vitro, cultured rat aorta

fragments showed an enlarged diameter due to

CM treatment. The CM stimulates macrophages

to secrete pro-inflammatory cytokines, IL-1β, IL-6,

and TNFα. This study indicates the utility of a

cell-free therapeutic approach to spinal cord

injury.

The CM is often called the “secretome” con-

taining, in addition to humoral factors, various

kinds of particles released from bone marrow

stromal cells.

Haider et al. (2015) demonstrated that the

secretome of peripheral bone marrow mono-

nuclear cells (BMNCs) attenuates secondary

damage following spinal cord injury in rats. The

spinal cord was moderately contusion-injured

using a 2.5-mm diameter stainless steel tip placed

1 mm above the exposed spinal cord. A preset

force of 150 kDyne was applied with instan-

taneous retraction of the tip, leading to a con-

tusion injury. The BMNC-secretome was admin-

istered by intraperitoneal injection. Locomotor

assessment using the BBB score was 16 points for

MNC-secretome-treated rats, and 13 points for

control rats 4 weeks after secretome injection.

Cavity formation on the dorsal side of the spinal

cord was markedly suppressed by the secretome

treatment. Angiogenic properties were evaluat-

ed using a rat aortic model. The BMNC-

secretome showed the angiogenic potential.

Overall, the inflammatory response is suppressed

by BMNC-secretome application.

No finding is presented in that study concerning

axonal regeneration extending through the spinal

cord lesion. It is likely that the contusion injury

was too mild to examine the growth of regene-

rating axons.

The following description in this study is

interesting, “Over the years, the focus of the field

of cell-based therapy has moved away from ʻcell-

centerʼ view toward soluble paracrine factors that

have observed effects in multiple pre- and clinical

studies. Interestingly, either PDGF or VEGF

alone had deleterious effects, while the use of both

factors together proved efficacious in a contusion

injury model.”

The concept that paracrine molecules of trans-

planted BMSCs play main roles in tissue recovery

and functional improvement of spinal cord injury

was proposed for the first time in our study (Ohta

et al., 2003).

Konala et al. (2016) explain the concept that

secretome is a new paradigm for cell-free rege-

neration. This review explains the effects of the

BMSC secretome on pathological conditions of

various organs, such as cardiovascular, neuro-

logical, renal, and immunological systems. The

concise abstract of this review is as follows

“Mesenchymal cells are derived from bone mar-

row, adipose tissue, dental pulp, umbilical cord,

and so forth. The conditioned medium of BMSCs

has the broad repertoire of trophic factors, and is

commonly referred to as the BMSC secretome,

which includes soluble factors, apoptotic bodies,

exosomes, and microvesicles : the latter two are

extracellular vesicles that contain many factors of

various trophic functions. Secretome has func-

tions of neuroprotection, angiogenesis, anti-

fibrosis, anti-apoptosis, anti-oxidation, chemoat-

traction, proliferation, anti-bacterial function,

hematopoietic stem cell support, and immuno-

modulation. Microvesicles, measuring 100-1000

nm in diameter, are originated from the plasma

membrane with surface markers such as integrin

and selectin. Exosomes, measuring 40-100 nm in

diameter, are derived from the contents of the

multi-vesicular endosome that are released into

the extracellular space. Surface markers of exo-

somes are Rab5, CD63, CD9, and CD81. Apoptotic
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bodies, measuring more than 1,000 nm in dia-

meter, are vesicles containing degraded organel-

les.”

Gu et al. (2010) demonstrated neurotrophic

actions of bone marrow stromal cells on primary

culture of dorsal root ganglion tissues and neu-

rons. This study suggests that BMSCs trigger

endogenous signaling pathways in neurons

through their secreted soluble factors, explaining

the reason why BMSC transplantation enhances

the recovery of the locomotor function within

such short a time as 1-2 weeks after trans-

plantation. This study demonstrated that BMSCs

enhance endogenous Akt and Erk1/2 pathways,

leading to the enhancement of the vitality of DRG

neurons. Western blot analysis shows that

BMSC-conditioned medium activates Erk1/2

phosphorylation in DRG neurons within 45 min

and up to 48 h, and enhances total Akt and

phospho-Akt expression in DRG neurons within

45 min and up to 180 min.

Similarly, Gu et al. (2017) examined the effect of

the conditioned medium of olfactory ensheathing

cells (CM-OEC) to promote functional recovery

and axonal regeneration after contusive spinal

cord injury. The spinal cord was contusion-

injured using a New York University (NYU)

weight-drop impactor at the T10 segment of rats,

and the CM-OEC was injected intraperitoneally.

BBB scores were significantly higher in the CM-

OEC- treated group, and a better radiological

recovery after SCI was observed in the CM-OEC-

treated group. Axonal regeneration was pro-

moted around the injury epicenter.

The anti-apoptotic effects of cell transplantation

is also an interesting topic. It is considered to be

due to the paracrine effects of humoral factors

released from transplants. Dasari et al. (2007)

showed that mesenchymal stem cells from rat

bone marrow down-regulate the caspase-3-medi-

ated apoptotic pathway after spinal cord injury in

rats. In their study, the spinal cord at T10 was

injured with a weight drop, and rats were injected

7 days after injury with 5 μL of mononuclear

stromal cells (BMNCs) into the contusion site.

Caspase-positive cells were markedly reduced in

the BMNC-treated spinal cord. Caspase-3 expres-

sion in neurons and oligodendrocytes is markedly

down-regulated in the BMNC-treated spinal cord.

BBB scores show significant improvements 3

weeks after injury.

The effects of specific trophic factors have been

reported in several studies. Brock et al. (2010)

examined local and remote growth factor effects

after primate spinal cord injury. They used auto-

logous fibroblasts genetically modified to secrete

BDNF and NT-3 as a transplant into spinal cord

injury in monkeys. Axonal regeneration was

enhanced and the myelination of regenerated

axons by Schwann cells was promoted. In ad-

dition, the raphespinal tract (5HT) and cerulos-

pinal tract (TH), but not corticospinal tract, were

enhanced. Neurons undergoing atrophic changes

due to spinal cord injury were rescued by BDNF

and NT-3 administration. They reported as

follows, “Injured neural systems retain the ability

to respond to growth signals over the extended

distance of the primate CNS, promoting local

axonal growth and preventing lesion-induced

neuronal degeneration at a distance. Remote

cortical effects of spinally administered growth

factors could prime the neuron to respond to

experimental therapies that promote axonal

plasticity of regeneration. The use of trophic

factors for the treatment of spinal cord injury is

based on the premise that the spinal cord has an

ability to regenerate. The trophic factors trigger

regenerating activity of injured axons, and, in

addition, elicit extra-neural reactions such as the

production of extracellular matrices and prolife-

ration of non-neural cells such as Schwann cells

and fibroblasts.” In combination with these reac-

tions, the spinal cord exhibits an intrinsic ability to

regenerate after spinal cord injury.

Blesch and Tuszynski (2007) demonstrated that

transient growth factor delivery sustains re-

generated axons after spinal cord injury. They

manipulated genetically modified fibroblasts to

secrete BDNF that can be controlled to turn

BDNF secretion on or off after transplantation

into spinal cord injury. They showed that trans-

ient growth factor delivery is sufficient to sustain

regenerated axons for prolonged time periods

within spinal cord lesion sites. This suggests that

axonal regeneration can be triggered by stimula-

tion of appropriate growth factors, and sustained

thereafter in the spinal cord lesion.

Jeong et al. (2012) demonstrated that hepato-

cyte growth factor (HGF) reduces astrocytic scar

formation and promotes axonal growth beyond

glial scars after spinal cord injury. Mesenchymal

stem cells over-expressing HGF (HGF-MSC) were

transplanted into hemisection spinal cord lesions

at C4. The transplantation of HGF-MSCs marked-

ly reduced TGFβ isoform levels and the extent of

astrocyte activation. In addition, HGF-MSCs also

significantly decreased neurocan expression and

glycosaminoglycan chain deposition around hemi-

section lesions. There was an increase in axonal

growth beyond glial scars and improvement in

IDE et al. : Effects of trophic factors on the treatment of spinal cord injury in rats
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forepaw function. Many more 5-HT axons extend

in the HGF-MSC-treated spinal cord. However,

no report has been published concerning whether

such axons extend through the astrocyte-devoid

area. Functional improvements (greater grip

strength and low error rate on grid walking) were

observed.

Chen et al. (2002) examined the effects of

traumatized brain extracts of rats on profiles of

various growth factors, such as BDNF, NGF,

VEGF, bFGF, and HGF in the culture of human

mesenchymal stromal cells (MSCs). MSCs

showed time-dependent increases of BDNF, NGF,

VEGF, and HGF. This suggests that transplanted

hMSCs may provide a therapeutic benefit via the

responsive secretion of an array of growth factors

that can promote neuroprotection and angio-

genesis. The following description is important,

“The ability of therapeutically transplanted MSCs

to replace injured parenchymal CNS tissue ap-

pears limited at best. Tissue replacement, how-

ever, is not the only possible compensatory

avenue in cell transplantation therapy.”

The study of Zacharek et al. (2010) is similar to

that by Chen et al. (2002). They compared the

effect of treatment of stroke with BMSCs from

stroke rats (Isch-BMSC) and normal rats (Nor-

BMSC) on the functional outcome. Isch-BMSC

and Nor-BMSCs were intravenously injected 24

hours after middle cerebral artery occlusion.

Isch-BMSCs significantly promoted functional

outcome and enhanced angiogenesis, arterial

density, and axonal regeneration compared with

Nor-BMSC-treated animals.

Isch-BMSCs are superior to Nor-BMSCs for the

neurorestorative treatment of stroke, which may

be mediated by the enhanced trophic factors

secreted from Isch-BMSC.

This means that BMSCs are affected by brain

stroke in terms of their activity to release trophic

factors.

Jin et al. (2002) transplanted fibroblasts geneti-

cally modified to express BDNF, and showed that

axonal regeneration was promoted in chronic

spinal cord injury. Fibroblasts genetically modi-

fied to express BDNF were transplanted into the

chronic (4 weeks) spinal cord lesion of complete

ipsilateral hemisection at the cervical spinal cord

segment. It was shown that BDNF promoted

axonal regeneration from supraspinal (rubro-

spinal, reticulospinal, and vestibrospinal) neurons

with accompanying partial recovery of the loco-

motor performance.

Zhang et al. (2009) examined the effect of GDNF

on axonal regeneration and myelination following

SCI.

This study demonstrated the effects of GDNF

on axonal regeneration and myelination in spinal

cord injury. The problem of whether GDNF

exerts its effect on neurons directly or through

Schwann cells indirectly is another problem.

Using a guideline channel filled with matrigel

containing Schwann cells and GDNF, they exa-

mined the effect of GDNF on axonal regeneration

and myelination in SCI. This study suggested

that the combination of GDNF administration and

Schwann cell transplantation might represent an

effective strategy to promote axonal regeneration

and myelin formation after injury of the spinal

cord.

Piantino and Benowitz (2006) demonstrated in

their studies that hydrogel can be used as the

novel way to deliver molecules. Hydrogel was

used to deliver NT-3, sustaining the effect over a

2-week period after transplantation. This study

indicated that NT-3 promoted axonal growth of

major descending pathways, corticospinal and

raphespinal tracts, and enhanced functional

improvements after spinal cord injury.

Reviews concerning the effects of trophic

factors released from transplanted cells in the

treatment of spinal cord injury have been

published by Harvey et al. (2015) and Teixeira et

al. (2013).

Conclusion

It has been demonstrated that trophic factors

have an effect on the recovery of an injured spinal

cord. The spinal cord has its own intrinsic ability

to recover from injury. This ability includes the

outgrowth of regenerating axons and formation of

extracellular matrices, and stimulation/enhance-

ment of the physiological functions present before

injury. The use of the intrinsic ability of the spinal

cord to regenerate is the safest and most

desirable way to treat SCI. In this sense, the use

of trophic factors to stimulate the intrinsic ability

of the spinal cord to regenerate is reasonable for

clinical application.

On the other hand, cell transplantation has so

far been viewed as the most effective treatment

for spinal cord injury. It is considered that trans-

planted cells should be integrated into the host

tissue to survive long-term. Somatic stem/pro-

genitor cells have no deleterious effect on struc-

tural or functional properties of the host spinal

cord, even if they survive long-term after trans-

plantation. However, neural stem cells derived

from ES cells or iPS cells are different : they pro-
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Fig. 2 Choroid plexus epithelial cell transplantation. A. Two weeks post-transplantation. Double-

immunostaining of axons (red) and astrocytes (green). Numerous axons extend through the

astrocyte-devoid areas in the spinal cord lesion. Transplanted CPECs are not found in this

section. The areas enclosed with rectangles were enlarged in panels a and b. Axons in the

astrocyte-devoid area extend through the border smoothly (arrow). B. Electron microscopy.

Five weeks post-transplantation Axons (m, u) are surrounded and separated by perineurial

cells into groups. Collagen matrices (C) are found between perineurial and endoneurial

spaces.

Scale : 500 μm for A, 100 μm for a and b, and 5 μm for B.

From Kanekiyo et al. (Restr Neurol Neurosci, 2016).

Fig. 1 Bone marrow stromal cell transplantation into SCI rats. Two to 8 weeks after BMSC

transplantation or vehicle injection. A. Two weeks after transplantation. Horizontal section.

Immunohistochemistry for neurofilaments. Abundant regenerating axons extend

longitudinally through the lesion (asterisk). H : intact region of host spinal cord, arrows : border

of lesion. B. Enlargement of A. Axons with various diameters extend almost longitudinally. C.

Electron microscopy of the part of the lesion as seen in B. Axons (A) are covered by Schwann

cells (S). Individual axons are myelinated by Schwann cells. D. Immunohistochemistry for

Schwann cells at the epicenter of the spinal cord lesion 8 weeks after transplantation. Axons

(red) are associated with Schwann cells (green). E. Eight weeks after transplantation. Electron

microscopy of axons extending through the spinal cord lesion. Individual axons (A) are thickly

myelinated by Schwann cells (S). From Ide et al. (Brain Res, 2010).

Scale : 500 μm for A, 100 μm for B and D, and 5 μm for C and E



liferate, differentiate, and extend numerous axons

to extraordinary and more distant places com-

pared with the normal pattern of cell distribution.

Such abnormal patterns have, in addition to the

possibility of tumor formation, marked effects on

the behavior and histology of the host spinal cord.

This kind of cell transplantation cannot be applied

to patients clinically.
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