Transplantation of Autologous Peripheral Nerve
Tissue into Injured Spinal Cord in Rats
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Fig. 1. Injury and transplantation model. (A) Diagram of dorsal view of the spinal cord after transplantation of peroneal nerve
autograft (Gr). W, wound made by pinching; 1, graft-insertion site. (B),(C) and (D) Light micrographs of the spinal cord 50
weeks (B) and 60 weeks (C, D) after transplantation. (B) A cross section of the spinal cord close to the injury site, showing 2

large cavity (Cav) measuring 1.2mm in the axial diameter. (Toluidine blue stain X27). (C) A sagittal section.

Arrow indicates

injury site. Cav, cavity. (GFAP stainx15). (D) High magnification of the rectangle in Fig.1-C. The cavity wall is abundant
in GFAP-positive fibrillary astrocytes (arrows). (GFAP stainx 300).
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Fig. 2. Light micrographs of a cross section of the spinal
cord with the graft and the control tissue. A small
fragment of peroneal nerve as a control (Co) was put on
the dura, but neither end was inserted into the spinal
cord. (A) Eighteen weeks after transplantation. Gr,
graft ; M, meninges; R, dorsal rootlets. (Silver stain % 90).
(B) A schematic drawing of Fig. 2-A. (C) High magnifica-
tion of the graft (Gr) in the Fig.2-A. Note numerous
regenerated axons. R, rootlet. (Silver stainx250). (D)
High magnification of the control tissue (Co) in the
Fig. 2-A. (Silver stain X 250).
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Fig.3. Light micrograph of a cross section at the midportion of the graft and the spinal cord. (A) Graft (Gr) is surrounded by
intact perineurium (arrows). D, left dorsal column. (toluidine blue stainx150). (B) High magnification of the graft in Fig. 3-A.
A number of regenerated fibers are seen. Twelve weeks after transplantation. (Toluidine blue stain X 480).




BFH DBHEA ~DAEEE 309

% =

HEHRGEOERET L ELTUL, TAETHLOhDHDR
gEIhTWD. REXWE, 1 XOBHELATHIC R, hv%
Fieb Allen® O£ 5V, R a DB RS H 2O Hall
S MEEBEE 7, FHRIMCHEHERTIC X 5 A/

A ERABIT L O EEDO AR A TET S Bresnahan 520
TN, KEZFIALCHEBLERT S Sulivan 52 x5
N, Ty OBFMEENNS 2 Y » FEAGB Rivin 5P 0
BREEDEFALETHD. ZhbD 5% Rivlin Hho 54
i, BEMEOBI LEFRCNL, BRMCRESENERS 2
LT HBREEMNCEHIZLICE IR T it Ewnd e D

Fig. 4. Degenerating and regenerating fibers between one week and three weeks after transplantation. Light micrographs of a
cross section at the midportion of the graft 1 week (A) and 2 weeks (B) after transplantation. (A) Degenerated fibers and
myelin debris are seen among intact fibers. (Toluidine blue stainx480). (B) Almost all nerve fibers are degenerated.
(Toluidine blue stain X 480). (C) Light micrograph of a sagittal section of the graft close to the graft-spinal cord interface. A
small number of regenerated nerve fibers (arrows) are seen. Three weeks after transplantation. (Toluidine blue stain X 480).
(D) Electron micrograph of the midportion of the graft. A small number of regenerating unmyelinated nerve fibers are
Scattered among myelin debris. Three weeks after transplantation, X7,500. (E) Electron micrograph of the midportion of the
graft. Note aberrant junctions (arrows) in elongated mesoaxon. Three weeks after transplantation, X 30,000.
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Fig. 5.
weeks.

Regenerating fibers between 6 weeks

(C) after transplantation. Myelinated fibers increased in
number and the myelin sheaths became thick during the
time course. (Toluidine blue stainx420). (E),(F) and (G)
Electron micrographs of 5-A, B and C, respectively,
% 6,000. (D) High power view of Fig.5-G, showing PNS
(peripheral nervous system)-type myelination by Schwann
cell. The myelin sheath consists of 29 lamellae with a
repeated period of 140 A, Xx18,000.

MEEEE 2 Y » 72 BVTT » P OFHEI0WHEEET 2
&, REERERC TN & AROB b &t AR
BEATNT lizuka 5D LD L h X EL, WHRIZEFEHIz BT
BEUNOLZDOTHROFERELE LTV, LEN-T, k¢
BTAWEHER L hZeli L ABRECBREIMER I hkL
Zrxbhd., Lrd, ¥OACEEXBR Lzt g
REEOHBEOHEEMEVG D EFENT L, Riifogsr
BETH -7, BHEE 1 FEOBRBRMTEYLRD L, AR
FHROICERANADS D, FORBEEHECE®ES Y+ —v 2y
2L, b FHBSOERMEHMO R WHLL T,

BRI L RBEEE e, DI BRI b E Mg
BCHREINELDEBERZEOERT R L. Tbb,
F v bR IETHE OIS OB (L B R L UGN
7Y H A W TREMICEZE LY Hasegawa HOBE -
U, BHEOMBROBT(LIZTINIE 4 RRL DB FED 3~41
BETERLAD, SHLKRIIAH CER MR RIT10%L)
TEFEA L, 21 Bz & A EOBMBRAER L TnB. A
T, A LCBEA BARMNEEARTH D, TOEEID
AR OB & heLg W HRE /R L.

BHEIBEOBTHE VTR, BT LEEBRCR -~
v o v vl osEEE LN O MBSO TV,
Ide B*¥%, v v ADRMAFELH I VHHE L, va7v
Wlax B hBREREREOZZE Lo TR T L, 1088
I EERICH » TEEREOMRAA LI EHELTY
5. Lil, AR CREER L F4ABMREOMCILTY 27
VHIBABNELTE Y, Thix&foERIZIAL0LBbh
fo. Tishb, BEFREY o 7 VIS FEETHEHETT
W, B LTcy 2 7 VRO RRIRIC g o BB DR KR
W - TETRELHEL, DWTEFDY 2 7 VHIROARK
o THEMUAENPRL, RRNKEO—FBOMBNY 2 7Y
MR L 0 BHIL I h 5 0 & Bhhic. BHEHEDKER
FRC RIS 2RI, YENTEHTH - iR BRI L
TV ZERREL T,

R B\ TR, PRRMEBIIEE LW EShTER
M, ZThE S BICRNERENBRAEETABFICO0T
BEKOBENIL IR TV B, KRR & P o R4
FIZERIT, RAMEEEBPICITER S ~ - 7 vHRSSFET
HIETHDH. HERL, F3i=viNHas—-»rv, ~37
VBT e T A Y A vEERSELTVS. ZDIHT IS
Vit 2 7 VRIS L SWERD E R, BEBCILO
SWHTET BN, v a7 vlllaREOREBRCER LT

Table 1. Regeneration of myelinated and unmyelinated fibers
Time after transplantation (weeks)
3 6 12 20 50

Myelinated fibers

number (/1000 ¢ m?) - 0.08 1.2 15—33 25—54 28—86

diameter (¢ m) 1.8 3.5 4.2 4.5 4.5

thickness of myelin (x m) 0.3 0.4 0.8 1 1
Unmyelinated fibers

number (/10004 m? 0.8 26—65 25—40 28—55 30—860

diameter (um) 0.1-1.2 0.3—-2 0.3—2 0.3—2 0.1—2
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Sagittal section of the spinal cord

Fig. 6. HRP-study. (A) Light micrograph of a sagittal section at the region of the graft (Gr)-spinal cord (SP) interface. A
number of 'HRP—labeled axons (arrows) are extended from the graft into the spinal cord. Twenty-seven weeks after
tfansplanFatlon, x120. (B) Light micrograph of a sagittal section of the spinal cord, showing HRP-labeled spinal neurons
(arrows)‘m the gray matter, X64. (C) Light micrograph of HRP-labeled spinal nerons in the anterior horn, x320. (D) A
schematic drawiig showing the distribution of the HRP-labeled neurons. HRP-positive neurons are diffusely scattered in the
82y matter as far as 7mm from the each graft-insertion site. W, white matter; G, gray matter.
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Fig.7. Observation of the graft-insertion portion. (A) and (D) Light micrographs of a sagittal section at the region of the
graft-insertion portion. (A) Six weeks after transplantation. Gr. graft; S, spinal cord. (Toluidine blue stainx100). (D) High
magnification of the rectangle in Fig. 7-A, showing abundant axonal regeneration in the graft. Arrows, myelinated fibers.
(Toluidine blue stainx430). (B) and (E) Light micrographs of the spinal cord (SP), showing GFAP positive zone. (B) Eighteen
weeks after transplantation. Gr, graft. (GFAP stainx160). (E) High magnification of the spinal cord-graft interface in
Fig. 7-B. Note several GFAP-positive fibers (arrows) in the graft. (GFAP stainx320). (C) and (F) Light micrographs of the
spinal cord reacted with anti-A2B5 antibody. Fifty-four weeks after transplantation. (C) Antero-lateral column located far from
the graft-insertion site. Glial processes are clearly stained with anti-A2B5 antibody, Xx320. (F) The graft-insertion site.
A2R5-positive cells are less conspicuous, X 380.
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Fig.8. Electron micrograph of the graft close to the graft-insertion site. Many processes of Schwann cell (s) are attached to
the inner surface of basal lamina of the scaffolds (arrows). Regenerating axons (Ax) are engulfed by the processes of Schwann

cells. Three weeks after transplantation, X 25,000.

Fig.9.  Observation of the graft-spinal cord interface. (A)
(AX) with PNS-type myelin. Three weeks after transplantation, X 7,000. (B) Higher magnification of the rectangle in Fig. 8-A.
An.astrocytic process (As) is closely apposed to the axon without glial basal lamina, %X 30,000. (C) Electron micrograph at the
fegion of the graft-spinal cord interface, showing an axon with PNS-type myelin in the vicinity of the perivascular space. Note
that the astrocytic process (asterisks) with basal lamina (large arrow heads) is apposed to the Schwanns cell basal lamina
(small arrow heads). V, vessel. Three weeks after transplantation, X 28,000.

Electron micrograph of the spinal cord, showing a regenerated axon
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fiber. - Arrows indicate paranode structure. Three weeks after transplantation, %12,000.
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Abstract

The purpose of this study is to investigate axonal regeneration in the damaged spinal cord of rats by grafting autologous
peripheral nerve tissue with reference to the morphology of regenerating nerve fibers over a period of time. A peroneal nerve
autograft was transplanted to the unilaterally injured spinal cord. Between 1 week to 50 weeks after grafting, the graft and
the spinal cord were studied by light and electron microscopic, immunohistochemical, and horseradish peroxidase (HRP)
technique. Axons in the grafted tissue were completely degenerated within two weeks. Three weeks after grafting, however,
a small number of unmyelinated fibers appeared again at the midportion of the graft. Regenerating fibers showed an increase
in number and size over time. The thickness of myelin sheaths also increased, and nodes of Ranvier were observed. HRP-
positive cells were seen not only in the dorsal root ganglion (DRG) but also in the spinal cord gray matter. HRP-positive
spinal neurons were located as far as 7 mm above and below the site of graft insertion, indicating that these neurons intro-
duced regenerated axons into the graft. Electron microscopic observation of the spinal cord close to the graft-insertion site
revealed that regenerated axons with PNS-type myelin were conspicuously present in the vicinity of the perivascular space.
The astrocytic processes were sometimes surrounded by basal lamina, and were closely apposed to the regenerated nerve
fibers. There was no phagocytotic activity of PNS-type myelin by astrocytes during the period of observation. These data
suggest that a peripheral nerve autograft to the injured spinal cord can provide enough milieu for CNS nerve regeneration and
remyelination, and that this model can be used for further investigation into the possibility of recovery of the damaged
human spinal cord.



