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(Legend to Figures)

Figure 1. Detection of HSP70 mRNA in rat hippocampus.

Total RNA was isolated using AGPC—protocoI39, separated on 1%
agarose gel containing formaldehyde, transferred onto nylon
membrane filters, and hybridized with 32P—labeled DNAs encoding
HSP70 (arrowhead in the upper panel) or B—actin (arrowhead in the
lower panel) as described in Materials and Methods. Horizontal
bars indicate the positions of 28S and 18S ribosomal RNAs. As
controls, RNAs were prepared from COLO320 DM cells derived from
human colon cancer, with (lane 1) or without (lane 2) heat shock
at 42 °C for 60 min. RNAs from rat hippocampus were prepared as
follows: lane 3, control without any stress, lane 4, mock
treatment with coagulation of VAs; lane 5, immediately aftef 5
min ischemia, and lane 10, immediately after 30 min 1ischemia.
RNAs from rat hippocampus were also prepared following
recirculation periods of 4 h (lane 6), 8 h (lane 7), 16 h (lane
8), or 24h (lane 9) after 5 min ischemia, and of 2 h (lane 11),
A feGlane 123, 8 K (lane 135006 | “Clane 14): or 24 h ¢(lane 15)
after 30 min ischemia. Northern blot analysis reveals increase of
HSP70 mRNA from 4 h until 16 h after 5 min ischemia, and from 2 h
until 24 h after 30 min ischemia.

Figure 2. Immunoblot analysis of the induction of HSP70 following
ischemia.

Cell lysates were prepared as described in Materials and
Methods, electrophoresed, blotted onto a nitrocellulose membrane,
and detected using monoclonal antibody against HSP70. Hippocampus
was removed from rat immediately after ischemia (lane 3), or 8 h

(lane 4), 16 h (lane 5), 24 h (lane 6 and 10), 48 h (lanes 7 and

3J1

11), or 72 h (lane 8) after ischemia. Western blot analysis was
done wusing biotinylated horse anti-mouse [gG antibody (A) or
peroxidase-conjugated goat anti-mouse I1gG antibody (B) as the
second antibody. Duration of ischemic treatment was 5 min (A
upper panel, B) or 30 min (A lower panel). Lanes 1 and 9
(designated as Co) were controls without treatment (A), and lane
2 (designated as Cl) was a mock operated control, the VAs of
which were coagulated without subsequent ischemic treatment.
[Lanes 9 to 11 are stained with preimmune mouse serum (A). A heavy
stained non-specific band was seen just above the HSP band CAY:
Lane 9 was 96 h after 5 min ischemia (B). Arrowhead (A) or arrow
(B) indicates the HSP70 band. Molecular size markers indicated
are phospholypase b (94 kDa) and bovine serum albumin (67 kDa).
Figure 3 Immunohistochemical staining of HSP70
Immunohistochemical staining of. Eat hippocampus using

monoclonal antibody against rat HSP70. Sections of rat
hippocampus were prepared and stained with anti-HSP70 antibody as
described in Materials and Methods. Tissues were obtained and
fixed and stained 1 day (A), 2 days (B) or 4 days (C) after 5 min
ischemia, or 1 day (D), 2 days (E) or 4 days (F) after 30 min
ischemia.
Figure 4 Cresyl violet staining of rat hippocampus

Tissue sections were prepared from normal rat (A), rat 7 days
after 5 min ischemia (B), and rat 7 days after 30 min ischemia
(C). In order to test for acquisition of ischemic tolerance, rats
were pretreated with 5 min ischemia, recovered for 2 days, and
then subjected to 30 min ischemia. The hippocampus was fixed and

stained 7 days after 30 min ischemia (D).
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Table |

Incidence of samples of various histological grade24

in control and cerebral ischemia groups

histological
grading&8& 0 1 A 3 Induction of HSP . ;
\\;;;;E\\\\\\\ 70 and neuronal damage following transient

cerebral ischemia in rats

control (n=5) 5 - 2 =
5 min ischemia(n=5) 5 - = .

30 min ischemia

1 day after VAs coagulation(n=4) = = = 4====
3 days after VAs coagulation(n=4) - = 2 2= g
]* * % SHOGO NISHI,
5 min--2 days--30min-(n=4) = 4 = -=
&& ot
grade O(normal):no cell necrosis
1(mild):scattered single cell necrosis PEP. OF NEUROSURGERY, FACULTY OF MEDICINE, KYOTO UNIVERSITY, 54
scattered small cell group necrosis SR, EAVAANA-CHo; SAKYO-KU, KYOTO 606, JAPAN
2 (moderate):scattered cell group necrosis
J(severe):almost complete necrosis in the CAl area
Animals were decapitated 7 days after last treatment of 5 min or —~
30 min ischemia and were histologically graded from 0 (no cell ' Key words
necrosis) to 3 (almost complete necrosis) using Kitagawa's Cerebral ischemia
histological grading scheme??. A statistically significant éig?ezggci°;§gigfg s
difference (P<0.05, Mann-Whittney U test) 1is indicated by Sgéronal damage
asterisks (%, #*#%). . o
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Abstract

Various studies have demonstrated increased synthesis of heat
shock protein 70 (HSP70) in brain following transient ischemia,
and a protective role for HSP70 against ischemic insult has been
hypothesized. In this study, we determined the time course of
HSP70 mRNA and HSP70 induction in rat hippocampus following
ischemia wusing Pulsinelli's four-vessel occlusion model, and
suggested a protective role for HSP70 induction in limiting
ischemic damage to neurons and delayed neuronal death. In
Northern blotting analysis using human HSP70 DNA (pH2.3) as a
probe, the accumulation of HSP70 mRNA became evident at 4 h, and
continued until 16 h, after 5 min ischemia, while it appeared at
2 h, and continued above control level until 24 h , after 30 >min
ischemia. In immunoblot analysis wusing anti-HSP70 antibody,
induction of HSP70 appeared 24 h and reached a maximum level 48 h
after 5 min ischemia. In immunohistochemical analysis using
anti-HSP70 antibody, no staining was detected until 16 h after 5
min ischemia but staining in CAl gradually increased from 1 day
after ischemia and reached a maximum level 2 days after ischemia.
Similar time profiles in staining pattern of HSP70 were observed
in CA3 and CA4 neuronal cells following 30 min 1ischemia. Rats
pretreated with 5 min ischemia (nonlethal for CAl ©pyramidal
neurons) were exposed to a 30 min, lethal period of ischemia, 2
days after pretreatment, at which time considerable staining of
HSP70 was present. Pretreated rats had much neuronal damage in
the CAl sector less than did rats subjected to lethal, 30 min
ischemia alone. These results suggest that neurons in rat

hippocampus become tolerant to lethal treatment due to expression
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of the HSP70 gene and HSP70 protein synthesis

ischemic pretreatment.
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