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Extracellular Matrix and Astrocytic Response
during Regeneration following Cryogenic Injury
in Adult Rat Cerebral Cortex

Sooim Choi, M.D., Woo Ick Yang, M.D. and Tae Seung Kim, M.D.’

Department of pathology, Eul Ji General Hc-spitﬁl and Yonsei University College of Medicine’

Astrocytes are the most numerous cellular elements in the cerebrum, and they normally have
a very slow tumover rate. But during regeneration after injury, they proliferate markedly
resulting in astrogliosis. The exmracellular matrix in the central nervous system is present in the
vessel walls and in the external glia limitans as a basal lamina. The presence of an intact
extracellular matrix framework is important in regeneration after injury. Understanding the
properties of astrocytic proliferation will be helpful to find out new treatment for functional
recovery in the central nervous system. In this study, after cryogenic injury was performed on
the cerebral cortex in rats, changes in astrocytes and the extracellular matrix were observed using
light microscopy, immunohistochemical stain for glial fibrillary acidic proteinflGFAP), pro-
liferating cell nuclear antigen(PCNA), fibronectin, laminin, and type IV collagen, autoradio-
graphy and electron microscopy.

The results were as follows;

1) The coagulative necrosis, which followed cryogenic injury on the cerebral cortex was
healed, forming a new pia mater above the lesion.

2) Some of the PCNA positive cells were astrocytes and some of the GFAP positive cells
showed a positive reaction to PCNA.

3) Proliferating astrocytes labelled by autoradiography or immunohistochemical stain for
PCNA reached maximal numbers 3days after the injury and they were no longer found 2 weeks
after injury.

4) In auntoradiography with immunohistochemical stain for GFAP, about 1% of GFAP positive
astrocyles were labelled by autoradiography and in double immunohistochemical stain for PCNA
and GFAP, about 8~16% of GFAP positive astrocytes were also swined by PCNA.

5) In immunohistochemical stain for fibronectin, laminin and type IV collagen, laminin and
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after the injury.

formed although the thickness was uneven.

J Pathol 1996; 30: 473 ~486)

6) On electron microscopic examination, basal lamina material was found in the vessel wall
| week after the injury and at 2 weeks, a nearly complete and continuous basal lamina was

According to these findings, astrocytes in the cerebral cortex of adult rats proliferate very early
in the regenerative period after cryogenic injury. At 2 weeks after the injury, this regeneration
ceases and the damaged basal lamina of pia mater and vessel wall were reconstituted, (Korean

type IV collagen were present in the newly formed blood vessel walls and fibronectin showed
a diffuse positive reaction within the lesion. The new pia mater was formed within 2 weeks
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Fig. 1. Histologic changes after cryogenic injury in adult rar cerebral cortex.
A(3 days after injury):Coagulative necrosis. B(1 week after injury):Vascular proliferation within and base of the lesion,
C{2 weeks after injury):The granulation tissue within the lesion is disappeared and it is covered by newly formed pia
mater.
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Fig. 2. Distribution of astrocytes showing positive reaction
o glial fibrillary acidic protein in rat cercbrum, They are
most numerous in the vicinity of the lesion and the
number is decreased according 1o the distance.

» and glial fibrillary acidic
protein(GFAF). A:The nuclei of the proliferating astrocytes are stained by brown(=), and the cytoplasms are by red(—)
simutancously. a:PCNA(+)JGFAP(+), biPCNA( — WGFAP(+), ¢:PCNA(+)/GFAP{ ).

B(3 days after injury):GFAP{+)/PCNA(+) cells are frequently seen. C(1 week after injury):The number of
GFAP(+WPCNA(+) cells are decreased. D.E:Astrocytes showing mitoses.
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Fig. 4. Immunohistochemical stain for fibronectin. A(3 days after injury):Spotty(a), or diffuse(b) positive reaction within
the lesion. B(1 week after injury):Lincar positive reaction like a border between the lesion and the base. C:Positive
reaction fine meshwork pattern within the lesion. D(2 weeks after injury):Positive reaction in the newly formed pia mater
above the lesion.
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Table 1. Numbers of cells showing positive reaction to
immunochistochemical stain for glial fibrillary  acidic
protein(GFAP) and proliferating cell nuclear antigen
(PCNA)"

Groups GFAP(+) GFAP&PCNA (+) %
3 34.0 5.4 16
15 34.8 2.8 B
25 5.3 0 0
4-r 0 0 0
83 0 0 0

122 0 0 0
165 0 0 0

1) An average number of cells observed within | mm
from the lesion under the one microscopic field of = 200,

Hhe| S dixell s w40 =g Fulels FEE
tHFig 2). o] GFAPshY el £ &4 F 2
FHE = fA4s] Paise] 45 ol &4 A
A2 ZrellrhFig 3).

2) PCNA: diz7ell4 = PCNAC] okiule s
ol MelmAEr} glelck =4 F el F2
Hwlapilel Zudel| gl AL w4 akd wbE
= By olg F d4Fe #e 2vE ] &
7helel Qdgict elE &4 F 7dels o7 B4
Hela &4 F 2a8E s EsA gsich PONA
ol afdulS-& Hole AEF2 94 Fx: &4
& 3%dell 7l abebeal 79 ol Feoll= =RaE ) of
F PCNAc ogh w22 EHe] FHI HLF
A eFdo] i

3) GFAP2I PCNAO| CHE 0|2 oI E=|8istx
B4 F2Fq HolmnHEEFE olF HY=3HY
# ol Holl 4 nuclear fast red® wha)a]F] HE
Hale @ g3 diaminobenzidineo 2 ubala] gl «
& o 2 Ao sl o] EE thaTell Y
© IR gkeka E4 & 3¢l I a7 T
mhebA] GFAPe]l <k4lgl Hicla4lE£E F PCNA-
ok ]l MEE 16%e|dn &4 F 15 <F 3
Asbe] 8%o|glckTable 1) o] 52 &4 F 254
 Bas=A) ksl olF Felle HM fAEET

2) Ratio of GFAP & PCNA(+) cells per GFAP(+) cells 2 2oz sf42Ee] wig=e] sl 2=

Fig. 5. Immunohistochemical stain for laminin. A(3 days after injury):Diffuse positive reaction within the lesion. Bil
week after injury):Linear positive reaction between the cells within the lesion. C(2 weeks after injury):Positive reaction
in the newly formed vessle wall in the lesion.
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Fig. 6. Autoradiography after administration of Methyl-H'-thymidine. A(3 days after injury):Cells labelled by thymidine
are frequently within 250um from the lesion. B({l week after injury):Cells labelled by thymidine are decreased
in number., C:5ome of them are clustered about the vessel wall. D(3 days after injury):GFAP(+) cells labelled by

thymidine(—).
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Fig. 7. Disiribution of cells labelled by thymidine on 3
days after injury according to the distance from the lesion.
It i= most numerous within 250 gm from the lesion,
decreases according to the distance and most of them are
found within Imm from the lesion.
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Fig. 8. Electron microscopic findings. A{l week after injury): The component of the basal lamina is seen. (x 15,600).
B(2 weeks after injury): Well formed basal lamina is found as multiple layvers (=< 37,500).
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