Experimental Studies on the Role of Transplanted
Schwann Cells on Peripheral Nerve Regeneration
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Fig.1. Flow chart for the preparation of
Schwann cells in vitro.
(1) A sciatic nerve is removed aseptically from
a neonate rat and immersed in DMEM.
(2) The nerve is cleaned of epineural and
perineural connective tissues under a dissect-
ing microscope and torn into small fascicles.
(3) The explants are placed on a Cell Matrix
IA coating 60mm-petri dish, and fed with
DMEM.
(4) After 48 hours, the primary explants are
transferred onto a fresh dish coated with Cell
Matrix IA.
(5) Following 48 hours, the explants are
reexplanted on four 35mm-petri dishes coated
with laminin (25 g/dish).
(6) Culture medium (DMEM) containing bovine
pituitary extract (304 g/ml) is changed every
3 days. -
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Fig.2. Arrangements of silicone tubes.
1. Both stumps of the sectioned sciatic nerve
are inserted into the silicone tube containing
cultured Schwann cell (S tube) (l0mm in
length and 2mm in inner diameter). A gap
between the stumps is 8mm.
2-1) The S tube, both ends of which are closed
with the membrane of Millipore (S’tube), is
implanted in a gap between proximal and
distal stumps of the nerve. (S'-1).
2-2) The proximal end of S'tube is attached to
the proximal stump of the nerve. The distal
stump of the nerve is completely resected.
(8%-2).
2-3) The distal end of the Stube is attached
to the distal stump of the nerve. (S’-3).
2-4) The S’tube is implanted near the intact
sciatic nerve. (§-4).
D, distal stump; N, nerve; P, proximal
stump.
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Fig.3. Scheme showing the longitudinal section
(a), and transverse section (b), of the tissues in
the implanted tubes examined at various
stages. In cut sections, center of the tube {c),
2mm proximal from the center (P-2mm), and
omm distal to the center (D-2mm) are exami-
ned.

Fig.4. a) Light micrograph of Schwann cells
with bipolar or tripolar features at the terti-
ary culture. H-E stain. X75.

b) Immunofluorescent micrograph of subcult-
ured cells stained for S100 protein. All cells
in this field are positive. Xx300.
c) Transverse section of the S tube before
implantation. H-E stain. X75.
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Fig.5. Light micrographs of longitudinal sections of each tube 10 days after
implantation. H-E stain.
a) Transplanted Schwann cells in the S tube become elongated longitudinally and
lined up parallel with each other. x150.
b) The Schwann cells in the S’-1 tube are transformed and arranged similar to the S
tube. X 150.
c) The Schwann cells in the $-2 tube are bulbous and scattered irregularly. x150.
d) The Schwann cells in the $-4 tube. X 150.
e) The proximal end of the S’-2 tube. X75.
f) Scheme of the proximal or distal end of the S’ tube.
1, nerve stump; 2, Millipore membrane; 3, fluid; 4, shrunken gel containing
transplanted Schwann cells.
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Fig. 6. Macroscopic views of the implanted tubes. X4.5.

a) S tube after 10 days;

CM tube after 10 days;

S tube after 8 weeks;
CM tube after 8 weeks;

b)
c) P tube after 10 days;
d)
e)

f) P tube after 8 weeks;

Proximal stumps are left and distal stumps are right.
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Fig. 7. Immunohistochemical micrographs of ingrowing tissues in S, CM, and P
tubes stained for neurofilament.
a) S tube 12 days after implantation. X 15,
b) CM tube after 12 days. Residual CM-1A is seen in the center of the
specimen. X15.
c) P tube 12 days after implantation. x 15.
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Fig.8. Light micrographs of transverse secti:
ons of S and CM tubes 2 weeks after impla-
ntation.

a) C section of S tube;

b) D-2mm section of S tube;

c) P-2mm section of CM tube.
Immunohistochemical stain for neurofilament.
X 75.
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Schwann cells in implanted tubes.

Area containing S 100 protein-positive cells.
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Scheme of spacial-temporal progression of the regenerated axons and

Regenerative axons.
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Fig.10. Electronmicrograph at a P-2mm section of regenerative tissue in the CM tube 2 weeks

after implantation.

A growth cone or regenerated axon (arrow) is seen. X 6,000.
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4W 8W 8w 12W
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S tube
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" Normal sciatic nerve My 6,914
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Abstract

The purpose of the present work is to evaluate the role of transplanted Schwann cells
on the regeneration of transected peripheral nerves. Silicone tubes, 10mm in length and
2mm in inner diameter, that contained viable Schwann cells (1.0X10° cells/ tube) in
collagen gel matrix (S tube) were used for transplantation. Schwann cells were isolated
from sciatic nerves of neonate Wistar rats and cultured three times for cell purity. S tubes
were implanted in an 8mm gap between proximal and distal nerve stumps of transected
sciatic nerves of adult Wistar rats, and were examined under light microscope and
electronmicroscope over a certain period of time. As controls, tubes with collagen gel (CM
tube), tubes with collagen gel matrix containing dead Schwann cells (D tube) and tubes
with physiological saline (P tube) were used. Furthermore, S tubes, both ends of which
were closed with Millipore membrane, were prepared (S’ tube). Then, the following 4
types of experiments were performed: S’ tubes were implanted between proximal and distal
nerve stumps (8’-1), the proximal end of the S’ tube was only attached to the proximal
stump (S’-2), the distal end of the S’ tube was only attached to the distal stump (S’-3),
and the S’ tube was implanted along the intact nerve (S’-4). Transplanted Schwann cells
in S and §’-1 tubes became spindle in shape and lined up longitudinally parallel with each
other at 7~10 days after surgery, while Schwann cells in S’-2,3,4 tubes remained bulbous
and did not line up. It is suggested that Schwann cells may line up longitudinally due to
unknown factors from both ends of nerve stumps. The regenerating axons growing into S
tubes rapidly ran along the transplanted Schwann cells, which obviously passed the center
of the S tube at 12 days and reached the distal nerve stump at 2 weeks after surgery.
However, regenerating axons in cases of CM, D, and P tubes reached the distal nerve stump
after 3 weeks. After 4 weeks, regenerating myelinated axons increased in number in S and
P tubes, but became fewer in CM and D tubes. These findings indicate that the collagen
gel matrix itself may impede the regenerative process of peripheral nerves. From the
present study it is concluded that the transplantation of cultured Schwann cells may be
useful for nerve regeneration.




