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Whole-body hyperthermia attenuates rat experimental autoimmune encephalomyelitis

Meejung Ahn

Department of Anatomy, Jeju National University School of Medicine, Jeju, Korea

Hyperthermia has been known to induce {ransient expression of 27 kDa heat shock protein (MSP27) in several types of cells
in the central nervous system, Little is known about the effects of whole—body hyperthermia in the pathogenesis of experimental
autoimmune encephalomyelitis (EAE) in the ral. The aim of this study was to examine whether wholebody hyperthermia affect
the clinical symploms of EAE in rats, EAE was induced in Lewis rats that were immunized with guinea pig myelin basic protein
(MBP) and complete Freund s adjuvant. At 7 days after immunization, the immunized rats were divided into three groups
including placed into @ 427C incubator for 10 minutes, for 20 minutes and room temperature, The onset, severity, and duration
of EAE paralysis in the wholebody hyperthermia treated groups in the day 7 Plreated rais were significantly delayed,
suppressed, and reduced, respectively, compared with those of the EAE control group. Moreover, the clinical amelioration
coincided with decreased infiltration of inflammatory cells in the EAE-afiected spinal cord. Collectively, wholebody hyperthermia
has shown {o reduce paralysis in EAE, an animal model of human demyelinating diseases. (J Med Life Sci 2009:6:308-311)

Key Words : Hyperthermia, Heat shock protein, experimental autoimmune encephatomyelitis, inflammation

[ T )

ANH G4 M, Y (experimental autoimmune
encephalomyelitis, BAE}S TA|Xuj7jA Adoz Alzel cpdt
4 #8H3(multiple sclerosis, MS}Y FHRYE &ty
ol@gt EAES] o) o= FHAHA THES oE
dsAE7 A&EH0, 459 Frriode uAMolnAHE
{microglia)2} ‘ol E(astrocytes)?t #4%8 53, 2EeE
E3o & gcjy BAES] W2 H9f 24 Jlo J&d dFHE
2XHg Hu)H pro-inflammatory cytokine (IL-18, TNF-a 50l
O3] op7[Emd, HFt vh]7|E YA =Y anti-inflammatory
cytekine (IL-4, 1L-10, TGF-§5)2] 2833t &8 FFAZ
M EX}HAL {apoptosisiel 2l #d glE3ls oz ez
Qloho, v R Gz e o3|= A Aot o4
S48 ot £ Qo gElA Uge. 22 EE RAES(A
fdeMre =28L Yae B8] o,

Address for correspondence © Meejung Ahn

Department of Anatemy, Jeju National University School of
Medicine, 66 Jejudashakno, 630-756, Jeju, Korea

E-mail : healthy@jejunu.ac.kr

Heat shock proteins (HSPshs thel§t HEAo)] <3 §«
e AR 37)e] e} okl 52 HSPsi= 3|
uPAFoZ s FEE=r), AEY 71T delA EHlx=
HSPsiz tl4tabdolls Al4tsls o disle] MEE B Ea}7)
Nt fEHEve ek e Marber 599 2o L3,
AU SAdolA GATE #9908 o HSP70Y ##lo| Fvlst
X, 718 HsPoo) o8 M2 B aalyl Jeldolm st
2|2 HSP2TE REL F347ANA o] ATl of#] F=
Elo] A BEHEN} ok dEA gicho,

28y of37tA| EAEAA TEztSe] &gt HSP27Y ¥hg-at
3 Ao cheiae gejAlut gict,

J2Rg 2 dFofis HEM EARE HA7IL, A4l 1Y
AFe] offt A8 ATke} HSP272] WS felstny sict
L Me 3 4 J

1. &88=

o= 7 glo| 160-200 g of EE T-12FFY Lewis RE
£ Harlan (Indianapolis, IN. USA)lA 9 fof Azeclghi
HYEE T FA d7iste] A8 & AYsigit



Whole-body hyperthermia attenuates rat experimental autoimmune encephalomyelitis

2. EAEY| R AHELe] YWt

[e] [=]
i

EAES] 71 E 2] myelin hasic protein (MBP)Z}
complete Freund's adjuvant (CFA: Mycobacterium
tuberculosis H37Ra; 3 mg/mL; Difco}s 59 £33 & waly
272 AgETty, HYYdE fi=9] AApsiduige| 100 uly
FEsrooh, dR2EE 19E ADEiA gox, a2 Had
2 HE3 F 7edAo] 42¢e 108 U A4 =5 3 208
S A4l k&3 208 YRt BAETE FE HEE EAE
o] Bl fAEde®E LR $4 ¢l2H Grade O,

@7l Aglel HoiAW Grade 1, TF Fckalzh nhulsld
Grade 2, %% STkl sPIHW Grade 8, A7} nirlsln

Grade 4, HABE A% Grade 52 TR,

HEEF CO.E ul3ldto] WAL, AN = EAEZF
H AEE 12-144700 YaFAe] Grade 3 Al71¢F 21 ol&
BEyE o] zbzte] AFTE sulay A Hes 3
3lodc), 232 #HolF BAE HFF 242 10% E2EEY 0
5ha, ofjghm Aldddloa Bhemol Bush AL AA mtehie|
ZUE & 5 me] SAE ZAFHHE THEo] hematoxylin—eosin
Halg AAstEt

et

Fulo|= FdlEl 229 S A4 Aer A4 peroxidase
= AAs] H8) 03% KOzt THHE wEhgol 2087 vhgA]
ok w|EolA ubgg whx|3tr| 2J8] 10% normal goat serum
o 1AZF 92N ZIT 13 TS HSP2T (1:200)Banta Crus
Biotechnology, Santa Cruz, CA. U, S. A), SEL] d4lyx
F4A}el ED1 (1:200%Serctec, London, U. K.) 12|31 rabbit
anti-GFAP (1:400)(Dako, Denmark}® 4204 1417+ §F3-AIZ1
T biotinylated goat anti-rabbit IgG {1:200)(Vector
Laboratories, Burlingame, CA) HE+= biotinylated goat anti—
mouse IgG (1:200)(Vector Laboratories, Burlingame, CA)= 45
Hrb ke Az} 0]o] avidin-biotin peroxidase complex Elite
kit (Vector Laboratories, Burlingame, CA)E 4204 4557F
vk Az 7 w7t Eua PBS (pH 74)E 587 33 &
3 AEgien, Wdutgol W xAHHL 3.3
diaminobenzidine tetrahydrochloride (DAB)Sigma, St Louis,
MO, USA) oz Hhbgicl I 1 hematoxylin %o 2
f2gAe 3 5 oehgat Agddes et B HZ
717 Bkl Bero|4en DR,

2 gk gazat nEg Haldt APFod BF ohlEAds
vehfgleont, u9-e Haldt = Ao BE oiae] Her)
2ol elal gde9 wer|el 16dAlA feld slA $EE
952 grelskdt (Fig. 1), TRl ARE 2 7IFeE Hu
oo, dlaFe 13958 vt AFRE R nds Est B
AYFL oF 1497E ozt AlatE]o] 2 2le|E Holx| 9gk
o}, Zieful dA R YA Ele Z3 d2ote Sk
312 Ei= gloke|rp 25 ol e dAS grade 2-3 AEE
vtebdl wbdo] 103 208 FoF TEE A T AYFolA
= ZW) grade 1 ©)5k2 §oAQlA b S4fe] gkelbEgin
(p<0.05). vhH] 77k wlmdh doh gl2Z2 o 6 B oh
7F AEEHYT, 108 5ot 28-S A APTAME & 3¢,
2087 . 2E S Adl AT o 492 F HEF BF
HzZ W f24 UAA g 7ITre] E2oE90
{p{C.05)(Table 1),

Figure 1. IClinical score of EAE induced in Lewis rats with
or without hyperthermia treatment., At 7 days post—
immunization, the immunized rats were divided into three
groups including placed into a 42T incubator for 10
minutes, for 20 minutes and room temperature, The values
were reported as the mean = SE of four rats in each
group. *p{0.05 vs. EAE-room temperature group,
respectively.
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Table 1, Effect of hyperthermia on the clinical signs of
experimental autcimmune encephalomyelitis (EAE).

. Average of .
Incidence of - Duration of
Treatment First onset® max. clinical )
EAE® paralysis®
score
Control 3/3 1300 233 115 633 £ 058
42, 10min 4/4 143 £ 15 06 £ 025% 28 + 126%

42°C, 20min 4/4 140 =12 075 £ 0.3* 425 £ 1.5*

Data are expressed as the means = SEM
*0,05 vs. control (Student st—test)

* Paralyzed/total animals

* Onset of paralysis

¢ In days
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Figure 2. Histopatholgical examination of the spinal cords
of rats with EAE (Day 21PI) that were treated with either
room temperature {EAE control. A) or hyperthermia (B. )
on 42T incubator for 10 minutes, for 20 minutes and
room temperature. The values were reported as the mean
+ SE of four rats in each group, * p£0.05 vs. EAE-room
temperature group. respectively.
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Figure 3. Number of perivascular cuffing in the spinal
cords of rats with EAE (Day 21PI) that were trealed with
either room temperature or hyperthermia on 42T for 10
min and for 20 min, The number of perivascular cuffing
was significantly decreased in the hyperthermia for 10 min
group compared with EAE control group. ™p{0.01 vs
EAE-room temperature group.
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Figure 4. Immunohistochemical localization of HSP27 in
spinal cord of rats with EAE (day 21 Pi). HSP27 was
detected in the astrocytes (A). ependymal cells and

neuronal body (B). but the differences of intensity between
groups were not clear, Scale bar = 50 im
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