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Expression of Low Affinity Nerve Growth Factor Receptors in the Rat
Sciatic Nerve after Axotomy

Yumi Morisada

It is well known that axotomy of peripheral nerves induces expression of low
affinity NGFR (nerve growth factor receptors) on the Schwann cell surface. The
purpose of this study was to determine what makes Schwann cells express low
affinity NGFR.
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We axotomized the sciatic nerves of adult male Sprague-Dawley rats (B. W. 220-
280g) by transection to prevent regeneration, or by crushing to permit subsequent
axonal regeneration. At1, 2, 3,5, 7, 9, 14, 21, 28 days after axotomy, the nerves
were removed under anesthesia. For immunohistochemical examination, the nerves
were fixed with phosphate-buffered 2 9§ paraformaldehyde and 0.039% glutaralde-
hyde and frozen in dry ice and acetone. Cryostat sections were immunostained with
anti-low affinity NGFR antibody (192 IgG), anti-phosphorylated neurofilament
antibody (SMI 31), and anti-monocyte/macrophage antibody (ED-1) by the avidin-
biotin peroxidase complex method. For light and electron-microscopic examina-
tion, the nerves were fixed with 4 9% glutaraldehyde and 2 9% osmium tetroxide, and
embedded in epoxy resin. Semithin sections were stained with 19 toluidine blue.
Ultrathin sections were contrasted with uranyl acetate and lead citrate.

In the distal portion of the axotomy, at two days after transection or crushing,
no staining with 192 IgG was detectable. Immunohistochemical localization of SMI
31 showed the staining of axons to be“the same as that in the control and at one day
after axotomy. At the same time,-electron-microscopically the cytoskeleton in
almost all the axons were seen to dissolve, leaving behind only granular and
amorphous debris. At three days after transection, some portions expressed low
affinity NGFR, and some axons were not detectable with P-NF. At the same time,
electron-microscopically, myelin lamellae in the Schwann cells began to disinte-
grate. Thereafter, as the expression of low affinity NGFR increased, the expres-
sion of P-NF decreased, and myelin debris became more degenerated and gradually
disappeared. Axonal regeneration began at five days after crushing and remyelina-
tion began at seven days. Immunohistochemical expression of low affinity NGFR
began to decrease at seven days.

Absorption of degenerated axons or digestion of myelin by Schwann cells causes
them to express low affinity NGFR. Axotomy induces the digestion of old myelin,
the production of NGF (nerve growth factor) and the expression of low affinity
NGFR by Schwann cells, which results in transference NGF to regenerating axons
by low affinity NGFR. The present results impressed the positive role of Schwann
cells in Wallerian degeneration. (Accepted on August 16, 1993) Kawasaki Igakkaishi 19(3) :
155—167, 1993
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Fig. 2. Immunohistochemical localization with anti-monocyte/macrophage antibody (ED-1). A.
At three days after transection, no staining is detectable. X260. B. At five days after
transection, some macrophages are detectable. X260. C. At 14 days after transection,

macrophages reaches their maximal size and number. X260.

Fig. 1. Immunohistochemical localization of NGFR (A, B, C, D) and P-NF (E, F, G, H) in
the distal portion of the rat sciatic nerve after transection. Cryostat sections were stained
with anti-low affinity NGFR antibody (192 IgG) and anti- P-NF antibody (SMI 31). A. At
two days after transection, no staining with 192 IgG is detectable, as was the case in the
control and at one day after transection. X130. B. At three days, low affinity NGFR is
expressed in some portions. X130. C. At seven days, the expression of NGFR increases. X
130. D. At 14 days, the expression of NGFR reaches the maximal level in the nerves we
investigated. X130. E, F, G, H are immunostainings with SMI 31 in sections adjacent to
those of A, B, C, D respectively. E. A section immunostained with SMI 31 shows the
staining of axons. X130. F. No axons are stained with SMI 31. X130. G and H show
a gradual decrease in the expression of P-NF. Xx130.



Fig. 3.

seven days after transection.
affinity NGF receptor is not detectable.

(E19% %35 1993)

A. At seven days after crushing, there is less expression of NGFR than in the nerves at
x130. B. At 28 days after crushing, the expression of low
x130. C and D are immunostained with SMI 31 in

sections adjacent to those of A and B respectively. Axonal regeneration is advancing. x<130.
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Fig. 4. A. At two days after transection, a light micrograph shows some round cells (arrows)
in the distal portion of the sciatic nerve. X500. B. An electron micrograph shows that the
cytoskeleton of almost all the axons has dissolved, leaving behind only granular and amor-
phous debris. Bar 2 gm. C. The round cells in the endoneurium have a basement membrane
(arrow heads). Bar 1 um. D. A longitudinal section shows the round cells are parts of
Schwann cells which have a basement membrane (arrow heads) digesting their myelin. Bar
2 um. E. At the same time, there are some cells in which ribosomes are rich, having small
processes but no basement membrane. Bar 1 gm.
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Fig. 6.

D®H -7 (Fig. 5C). 14H B paEREH ORI
RN &, Schwann MR HRMESEHREOIUE
Wi iZigs i3 BN - 72 (Fig. 5D).
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crophage O D#EE % Figure TR L 7z,
R DML B O g & R EHREE IC BT 5

Ultrastructures of transverse sections of the sciatic nerves after crushing. A. At seven
days, axons (a) are regenerated. Some Schwann cells (s) begin remyelination. Bar 1 xm.
B. At l4days after crushing, axons and myelin have regenerated. Bar 1 gm.
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% =

ZE, 7 v b OSBEMRICYINES &
BEE2INZ, Waller 8 L CHIZRE£GE
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BEELIZC O, iz, SEHAR bR RS

« Fig. 5.

Ultrastructures of transverse sections of the sciatic nerves after transection. A. At three

days after transection, myelin lamellae have disintegrated. Bar 2 um. B. At five days, cells
rich in mitochondria and lysosomes are found (arrow) . Bar 2 um. C. At seven days,
almost all lamellae of the myelin have separated. Some Schwann cells have released myelin
debris (arrow head). Bar 2 um. D. At 14days, myelin debris has disappeared. Schwann
cells and fibroblasts are the major component of the nerves. Bar 2 uxm.
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Fig. 7.
macrophages.

The time course of the changes in expressions of low affinity NGFR and
A. After transection to prevent regeneration.

B. After

crushing to permit subsequent axonal regeneration. Expression of NGFR
begins at absorption of degenerated axons or digestion of myelin, and is
decreased at beginning of remyelination.
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