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Abstract

We consist of 60 trillion cells that contain a large amount of various proteins. Most
of the components of our body are proteins excluding water. We receive various stresses,
namely, some proteins in our cells receive injuries and they cause the structural abnor-
mality, and then the cellular functions cause disorders.

Heat shock proteins (HSPs) were induced by various environmental stresses includ-
ing heat stress. Especially, HSP 70 has been studied by many researchers. HSP 70 works
to repair partially injured proteins and facilitate the degradation of irreversible injured
proteins, then protects the cells. HSP 70 also participates in the synthesis, translocation,
and degradation of proteins as a molecular chaperone.

We established a mild hyperthermia therapy that was easy and safety method for
induction of HSP. Mild hyperthermia is a therapy utilizing the physiological functions of
HSP 70 (cyteprotective effects, immunoenhancing effects and molecular chaperone) in-
duced by heat stress for various diseases including cancer and health maintenance. HSP 70
induced by mild hyperthermia enhances immune activity of NK cells and dendritic cells.
Furthermore, HSP 70 acts as cancer vaccine to complex with cancer antigens.

HSP 70 is a useful and attractive protein that can be easily increased even oneself
when it is necessary.

Key words : Heat shock protein, HSP, Mild hyperthermia, Stress protective protein,
Molecular chaperone
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= =

Fxid, 60 IKE DN 572D, T DB KD EZROTBEAENRY v TH 5.
EoT, HADHABZ ML ZAPEEELZITEEVS T &I, RAxDEKOMIAND Y vy
DEELZIHERT A L, TOREENHAL, ToME, MiEsEEsSnz IR L 12
DGTBHIETH S,

—F4, e—bhvay 2 7arA v (HSP) (3, B2+ L 22 UOYHE - (L2 - K &
FXEMRA ML RICL > THIFANICHEES N, R L RICk > TEEINIZY vy 2BIE
L, BIELENKL WS vy 3OEEEET S EMEE R ML AN SSF->T0S, 1,
HSP Z, & v/ O&RK - @il - HEEEHO—FICHF v +<a v & LTHVTWS, HSP
BARIGED S & b F TIREOEYIDAEMRE (R b L XBGED ODiEi T, H#LIICd
LoD RBESNTEBLEZTEYTH 5.

Fexld, ORI, OB TRENEZ ML RIck b HSP OFEETHL VA LK
IEREATET. L7z, <AV FINEEE, B 2 b L 2ick - CHFE SN 5 HSP 04 ER
(Z b v ZBHEEVER, SeEEBEnaiEH, DT> v <o AR 2R L, BEBDEEL BEEDOE
B, BFEHEENCIRL CAEETH B, <AV NINEEE TR, IR X 5 BRI OBl
FEIWER I b E L, FHEIN/ HSP IZ & 3 NK il EE(L 2 G ao R, 5
77 F AERE EREGREEIC B BES5 LTV A,

Z L CIERITAIng7s 2 21T, HSP 3= A )V IR & - T, HEBEICHSES TR
Winseds2EbHks0Ths.

F—9—F:kb—rvavyr7a5AM v, HSP, w4V FINE, & b v RS, 9F v v <B v

1. FC&®HIC

< IFAOTCRT 460-377 4F, ¥ DR EEDLNDE L KT 557 R 3EEL RGO T - i6EFE & L
T B OFRAMEZEDEREL TV, —HT, B2 BEABHELSPR b L2r o BOHB AT 54
RFEWER 2R - CTH 0, HORET 2RENEHA TV S, Fox OIEL L 7o~ A v F IR &
ST BEINA S (BAR ML) & IR EES FEEHVT, R BHoMlaicEEs NS b —
b¥aw T uT Ay OEERBGETER (R b v RBEHED, SGEEEEIERH, 5F v v e AERHBED
HFEHAZRIHL TV, BY3ZEFRICRVWEELSEDbNTVEY, TORKZ ZHE — b
Yaw s TuaTA YEDTHSE, KHXTIE, COTe—rvaw 2754y (HSP)] 2o\ T
HId 5.

2. BRETEVRTL (EWBAEER

Fex i3, HERELZBAMEBEECSSINTVEY, BBORMOEEGLEZTVE, ThiE
FamASAE%F 5K FE EAEBEER) 2HA T, HENSHARES» SRS hT
WEPSTHD. FlAIE, RAOEERBICRSESEBME L YA VABELELTOED, Ih
O DG LGREERABAHL, 1ZEAEBYT BT &3V, £/, ¥AELTHMLTS, M
WEEROSTEMAL S DMK 3B F 0 IkIMT 3. K- T, W@y Fchhld, HMEETHTLT
LESTERBYV., H7DEIOTETHEY, DS cTka ZESES BT 5 A EBEER
ZIHA TV,

FNTREZA LRI LTR, TAEBEDL D BEEEERAZE > TW3DTH A 2 H,

2.1 RPLRICHLTLTEHSETFD Y XTL (R MU RBHEER)
Feald, HEHR LR ESPNEORE), MHIZ b L2 (BtTooEdh\, BIEREL
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), Fiz, TREHR BARL TR EE L TR EOYEIIA M LR, EHAIEA ML EZ
TW3, INODHAKA LRI LTS, A BEHDEEEFS X b L ZEEKHEIY 257 4
ZfHioTW5A,

INORAMLADPOTAEZFEIL TS NA R N VRAGHIY v X7 2EDRE—F v ay 7 FasrAg
v (Heat Shock Protein : HSP), BIZA ML R F X715 DTH A.

3. E—FraviTroF4q4r (HSP) 2%

3.1 E—=bt¥3vw¥7ToF74> (HSP) OER

HSPI3va v Ya onNTZEEREN (B ML) THETAZETHEINT S5 v/v2 & LT
1962 4F, Ritossa lc & » THiEG I NI, D%, Y a v v a vzl sd, W, WY, WEcE
LH0WEENTE VT HSP FE s NS T &, 7/, B b v 2P PN - LR -
P REA T2 2 P L RICk > THEEIN, R FLALLHANHGAEF>TWAI ENFLMELD
(GkH, 1994 ; Fedder and Hoffman, 1999), “ZX FL X %7 vo¥2" L EMENE DI -7, £
72, KGO HSP & & b @ HSP T3 50% & O H 5 2 &5, HSP 3HEEZHA TR F L
2 SHEMESFS 1w, ER - MIREHERE D b & SITABERNC KIS s ¥ 7 S0
%. 133, HSPITI3STF&Ick b HSP 100, HSP 90, HSP 70, HSP 60, HSP 47, HSP 40, HSP 27
BEZ L ORI E SN TV LD, KaXTRKOZ LS N TV 55 T4 70,000 D HSP 70
(Burdon et al., 1982 ; Welch and Feramicso, 1984) T2 W CaEl#E, L 72.

3.2 E—b¥avsTOF4 > (HSP) DX b L XBHEFER

Tk DBARDRERLEL YT 60% DK TH D, TDIRICEZ VDY v 37 Th D, Tk DEIKIZ, Ta
EBy vy hoTETCED, B2OE, N, KE, HiREEOEREIE->TWBHEKY o7, FRIl
BROBOIMESE (NEZ oY), bR (7Y v E) BEDOMHR, 1 VR vIBEDKRILE
VIBEZTNTNOEE EFOMEEY vy, BERTY VI TH DL, KoFEodulhiHS & v
N OFEFIZ 10 LI ES 2 E 5TV E. £ 1z, Tk DEEIT 60 JKEDHNEL S HRTE Y,
MIADHIZCNOREATE Y v NI TOLDELE > TV A,

LT, ABR M LRAPEEELZTELEEH L, MBBR ML ZAPEEELZTELILETH
D, MAOHTOLOEE>TWE Y vy BGEEEZT (¥ 3y ORERT) T ORRENEGH
SN, MlaNEEINIZ O, e SiER (WhWwaHK) ELThobh b,

ZIT, BT BEDN, R bV RIS v THBHSP TH S, HIBREDR F L 2PEER
HABSTEET 2 2 b L XBEEEN @ =, HSP SHEEINE. HSPIER b L RATEHEELZT
MEEE 2B Licy vy 2BIEL, 1, BEAER S v X7 39 LT, oxmkisiiagc
9% (Lorimer, 1997). L L, 2 b L2AEEXHFE DICHKRE L, BEARER ¥ v X7 B2 LKE
T AELAE (EEREZE L TE L ERICHA IRRORERICT 5 12%), ToEEMaEL (78
-y z) ~NEL

3.3 E—bYaws7O07q4r (HSP) OHBFY +~ROVIER

HSP (3 A b L ADBOEFERITII N T v +» ey (F, HVEBAPHLERANTE 2 —F 55
&> THFEB EHZ AFEROBRAD Z EAS S - MERAKR) & LT, MiANTEEL &%
iz LT3 (Feder and Hoffman, 1999).

THbLE, 1) g7 0aKIHITIE, VR =LA TmRNA DA &= DIZiEVT 3/ EBHEO
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KEBDLEMZ B —bvaw s 7asA v (HSP) bt DMEASES |

TELRRIHEGSNAEE, ELWITD Il dtlil (7 + — VT4 v 7)) WT& 5 LS HSP 2347
WAT 5, 2) AEshicy v 2 BIVRERAL £ TESIFICE, MRALTED Y vy y ZiEild
3, 8) 4N IREE L 5 HICE, DY NI ICNRA LTI fo o AR A1 ¢ LA S
NegLTHEE, 5§00 OERK - #H - pRE S vy O—HITECBIS LTVWE. Dk
12, HSP X4 v/¥0 O—HIMRARE LT, BEBEZRMERY, THEIEbEE->TL

<, NHIN T HIBR S REIZ2#H T 5.

G NI REL MIEESNEH AL 28, E25755H), HSP & KEICHEEIC > T
%. HSP 2N # 3 7201213 4. T3 <1 )V FHIEEE CIRICHEINX 2 2 &N TX 5,

3.4 BFEIKUEEIIR, EXBT-O HSP #HEPOZ S5 LBRICA-T?
FEICE - C, BETELZERBRAKDORIETHD, HICTE > TRRERLIET LR G %

PRI, EXBIDICKEEENRIETHA.

BRTO= AV PRI L DFE 7z HSP 1F

RIOREEREL, HdD I KD RET)ZED T IREREEZHT 5. FELRERL E DB,
FREMICHD O FRICEZE A RITT I EE L RVOT (B0l X CEliEeSigIMEIc s - 72 b
L7gw), BIRLEPRRTEEZ@ITAR (EHEPSGHREIELTE), GHNEEDLNS.

4. 24V FINEEE S IREEL

HSP (3, #5088 R, £, K- &
BR3R, (LF3ES S S OYEE - (LRI b L
Z, WL, 72 b, AE, RESLED
FEIIZ b L 2T EREA ISR M L RITED
HESNLENMONTVS, Tk DFEER
T, B\ b L 2T b HSP iFE SN 5
&, FLT, BXNLRTHBTAINE
IR EZETRBICEETE S Lo,
Fx 1 HSP OFFEELE LT, =40 N
AT L7 (R, 1998, 2002 ; £
5, 2009).

BBGREE S22, PRI IEMnE
43°C YL FIThniR U TOEI & | 2 98 O 52
kA Rd. Fa ORBVEEE, 40~42°C
D<A NV FREETEGEINEL, Mfac
B2 b L2 %5 Z HSP %38 X & HSP
OHEAEREWERZFIFAL, R b L 2PERE
DBATH - IGE SRFRICERAI T A ALK
hniEEE: (HSP #%) ©d 5 (Table 1),
<AV FImEEETE, EEERICKL 2%
FERED ISR, WABMYETH ST v P
74 VOFEABIOMRICLDFEEINS
HSP 2"E 4 24BE/EH (Table 2) D%}
EFFan 5.

Table 1 Heat Shock Protein (HSP 70) is induced by
mild hyperthermia.

HSP is induced by various stresses (Stress Protein).

HSP is most effectively induced by
the heat stress.

The induction method of HSP that everyone
can do it safely, easily, and at a low price

1
Mild Hyperthermia
il

Utilization of HSP for prevention and therapy of
various disease

Table 2 Physiologic functions of HSP 70.

Cytoprotective effects (Prevention of Stresses)

Repair of injured proteins

Breakdown of injured proteins

Protection of Apoptosis
Immunoenhancing effects

Increase NK-cell activity

Increase of Dendric cells

Increase of antigen-presentation activity

HSP vaccine effect (Tumor vaccine effects)
Molecular Chaperon effects

Support of synthesis, transport and proteolysis of

proteins
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EEREW) (=9 ) D<AV FE 40°C T
30 S¥NiE) TIZHSP 32 HE A E— 71T 1~4
HgEL, 7 BRICEICICRS. kb OER
AABINREEE (SR 40~42°C) TOeE <1
U RIHEIC B W T, 20~40 4niE (AR % 1
~2°C FiF3) 1%, 10~20 MEEd 2 &, Ak
ICHSP B2 H#%Z ¥ — 21 1~4 HEENG
% (Fig. 1).

HSP 70
(Ratio to pre-Mild hyperthermia)

S N e SN X

S | E o E

01 2 3 4 5 6 7

4.1 74V FIEIC & B2 REREDILAR
~ AL IR & BRI LD, B A e e
MR, Y v SERASHEI L EA TS 5 “paass
CHiz=A v FINRIC L DB SN S HSP I
X0 NK fifaoiGiE L, smiaot - iEtko
e, Y 7 F VERR EREREE S AERBH 0, BERICHELEES L Tw 5 (Multhoff,

2002 ; Igueiredo et al., 2009).

FRCHBEICB L TR, <AV NINIRIC & » THE S Nz HSP 3EHUE, MHC & &KL
L, I coETROIREMBS 5 2 LIk, T v BROBMMOESERMERL, T
) UNERDSIEEE L9 K 5. LT, HSP LIEFUEIC K B HSP 7 7 F » OREIRIEIITE b #E
SINTWA., i, <AV NIRRT & OPFFICE W T HIFRF IR TH 5.

Fig. 1 Induction of HSP 70 by mitd hyperthermia.

5. BATTESE—trav 70542 (HSP) DEME

HSP ZHINS ¥ 2 AT, BETEREBHER<A VIR TH 5. ZEALDKEICH B
TNiRSEE, BEETOAREETRT S EICE > TA IV FIAEMA[GETH O, RIT/RT HSP
NI & B <A v FINiE < HSP 33+ 5.

51 E—=btrav¥ 705742 (HSP) AL

HSP AiBORE &N 2, 5 AT 40°C T 2047, 41°C T 1547, 42°C T 10 »HEZTH
5 O NERPTEMP SHTHEREW). (KiRIE 38 CLUEEZDIF. AR 10~15 53 DR
mEL-omDITV, DOKREZENSED S, FT SN0 &H 5D Tk EMiiad 5. HSP (30
Bo2H®KMBE -7 Tl~4 AT THINT 207, FlZI1E, +HEHICHSP AIn%E4 2 & HIEHIC
HSP 25— 2712750, JTTRICHERPEICITIF 5. £ LC, HSP KR LT 2 KR /KIERIC
2 [alH® HSP Aid% 9 5 L3RI 1EBSEE 3

f#EEATD “42°C THHAR & “40°C T 20 P AR DABRFEERTIE, “40°C T20 5 AR TA
2 Hi% HSP & NK iGMESABEICHINL:. %7, * 9 FARFO 1->Th 3HEN & AK 2 H
BEEIETL, 2 4£RY v 27 vy Fo—adTfhicd HSP ABEIRENTH 5. Hi, CPKiE
T (RS O AR 1L, 2 HEAEEIET L, EHOETICORIRNLARETH 5. “42°CT
50N TR, TNODRRIZEBED SNEh -1, £ > T, HSP AiniklE, HSP OENo AT
<, SPEEREDIENR, * & KPP, EHEHER E LV BENRARETHL I EnD, —HBEETH
HEHICRH SN S X oW kB HEE N 5.

15, @EEICHLTE, 7] ARICEU T, ERBrEEN S (ABKEZDLEDI).
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5.2 BRTOE—Favwi7O0F742 (HSP) DM

BRTOABTS HSP 2N 5 2 &8, REGER CORBRISEE L ORERTLTLRED LN
TWw3, 7, EEEEEWKOFHESTE & OLEIE TR, 41°C OREE/K (CO B ; 1000
ppm) DFFH3 41°C DIKIEIK & D HEICKIE S £ O HSP &l T - 72 (Maeda et al., 2007). & -
T, BRABICBVWTS, HSP AIBEDLMT HSP 13304 2 L Hbh 358, KR TOEED
BTk DR ER I AR E N B,

6. Flenigsks (TLaryrFA4a=vy)

Fxld, A NLURDANCH 5N UDER b L2EEZ, HSP 20 Ic#E LT %, K& b
LRI A B PIRINEEE (Fravysas va=v ) 2BIBLTWS (B, 2002). <1V K0
R2H%EY— 21T 1~4 B%IC HSP EEICHEINT 2 2 &1 5, 2 kLR 2 HEIO FRINEE)
BTH B, FRINRICE D FOHHSP #FHIE B EI2LD, 59 OKEHTER hLRITL B
Z b L ZiEEORH (Itoh and Noguchi, 2000), BAL <~ 2 DEALLOLH, Z0ft, v =2 v 7,
RS E (RFES, 2005), BME ((FEES, 2005), HESFOBHE (FEES, 2008) 75 & DREA 75 %
b L RBSEISIEARE L TVWE, TONSHR ML REEZ, KEHZR ML RIKKAZDIFITH S,
F TN & 0 EEEES A E L9 B T &S (BHED, 2008 ; fiRR 5, 2010), HSP &M+ Y
YE Y I EDRE—YRANLEHEL TV A,

6.1 FlEMEICLS X L REBEDH

HELE OIS v b & 2 HENC2S FniE (B 40°C T 30 /0 Lics v b 2 —
VIZHEE L, 23°C DIKIT 20 BfEiRE L TKIZIR A b L A 252 1R, 3 XTD 5y Mgz bk
L 2R U, WO B 2R omiEicsd 2 I L 2 iESmiE o BlE A g L 2ok S

Table 3IT/R L7z I L7z T v DR b L R\, $50% HEI S0, £, SR
SHIBEENY 33.3% TH - 72 DITH L, FIHINERZ 0% E2THEE L. 58, FHELZF v b
@ HSP 3EEIMEML TWi, o ofERIE, PRI L DFEES N/ HSP A b L RS
ZREEI L7 2 ERR LT, BRIC, FPIINES2GOIMETH -7l Eh b, BDATEIAHIC
HSP 3B L, EHEE 0% icTcxcbn&EbN B (Itoh and Noguchi, 2000).

6.2 ERyOXAY M —EFOIT—-IFVF—F

SANDEKR 7 axh v b ) —FEFIT< AV FINERT (Cont) & <A )V FINE 2 Hf% (Mild hyper-
thermia) 12, FL v FIWTOSv=v 772 M2EMLIZ. b Ly K IV 180 m/min 7
5, 1 OKRE (2 ofic MhFLEEE % EIE) %, 30m/min 3 20EE L2 ED 2, T DR, 0
WD 1 ADSFig 2 1R Lz, ZES LWIT—VF vy F—9 a2 R LIz, TbL, WHIIEE S

Table 3 Ulcer area ratio and mortality of control and pre-treated
with mild hyperthermia rats.

Per-treated with

Control Mild hyperthermia
Ulcer area ratio 5.42% (100%) 2.62%* (48.3%)
Mortality (%) 33.3% (6/18) 0% (0/18)*

*P<0.05
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Fig. 2 Lactate in blood during treadmill running after mild hyperthermia.

MR FLEREEE (4mmol/D) DEA#HRAZ % T &< 180m/min 7 5 330 m/min £ TED FEl, &
21T 350 m/min TABUCFLIRMEEI U TGEITABEL 3 - 7. TR T L 72 HSP Difxik £
THTZEE, EbashicEEBbh s (FEES, 2008).

7. EREICXIT ST A FINEREDHAMNRE : EHH - BRRIRS

7.1 <A FINREEIC L BMEF OREENRE DR

BT, EEAlE (T24 b F BRI 2 €5 2 00w 41C (A4 v MR, BX U
FINBED 1/10 BOKRE Y 27 5 F v GuEH) omEZ20iHd 2 2 &k, MR )
U CTEAIas I L, 41°C o =4 v % 5 BP0 T 2 2 Sick b, GRNRE &[E ChtlES)
Bt St (Itoh et al., 2009, 2010). BRNEED v 275 F » & 41°C D<A )V KIIRDOHEH T
2 EDWIEEESE SN, THLE, <4 RO PSR OFEES R A ik 2 &
EDo, PUEAOBEERHRO T ENAFEE 12 5.

7.2 ETHREM EREICT S M-VAC (EEEEND 7 A )L FILEEEOH AR
EITHIRES PR 12 40 M-VAC bk (A b dt— b, WEE Y7 52 F v, 1k
FEvveyy, Y2755 O AMOTEAEZER T T~ A v MimREEE Lz, £
OFER, THILZRROBIWERIC DV TIE 2 B I3 BIFEAMIES, 10 ZIcBAL T HIEM: (373 < BET
Hoto. BRI L TICEED Shichs, HIMBKEERN T oG Tl IiclmliE L. BRI
83% (12 FIth 10 FIDsE%N, 2 L bEEOMARED L 1) THo, HRIISIEERRSK
45% TH B T L HIERITE VTR TH - 72 (Yamada et al,, 2009).

(b ED A5 <, HEHRRERE, Tl SRR EEZ L ORWER» b, BEIAILE-T
BN SEREORIEHIIRERRA NLZATH S, £-T, TNSEEBED 2 HEIC< A v FNiR
2EREL, HSP 2 RN LTINLD R M LR, BWEHICHAZ 2T & 3RIRNTH 5.
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8. TILINAT—HEDT +—IVFA VIRKRIZTA IV KNE

% OERIGFEEYE GREEOHIE, v A4 V21 E) BERERL > TWEDT, 5 ETH -
RS BIUEIBESARETH 5. L L, RTEHEEICE > TWE 7 4+ — V74 v 7R IFMEP v 4
VR EDIRFEME RS, FRE Y vy OfERE (I2A7+—VTA V7)) THD, HER
WAFI Licy vy SERE LIRS EE - JLld 5. 7V 4 ViR, Ty Ag < =K, ~N—Fv
v ViR, ANEE, BZEMEEAIRELE (ALS), SEMEARIKEL Vb0 3HRHIKE L SbN
TWLWBEEL DEENRINICEENS (Gianluigi et al, 2002). ¥ /<7 ORGERE 2 EET 200
HSP Td % (Hartl, 1996). <A b NIEHEETHES NS HSP OATRIFSLITATHTH S
s, (E)T HETOBE, EIREI~ ORI S 3.

COXHICTHSP Z2FES 2 <4V IR RO IS SIcmns LBbns, ik, <4
VR INREER TR TREE T, TMcEHMTEZ 200 (BRREOBEETHFIHTEE) =a
BHETHD, RERPEENS.,

9. ¥ & &

T AV RIEREE, BZ b2 () &b e—bva v 7asA v (HSP) Z5EMNICH
B LILRET, BEThORMB T aiRETH 5.

Fi, HOPUDHZA N FNRICED HSP ZFES € TB L PMNEEE (Fravsa va
=v7) F, RAMLRABEEEZYIOET LA R ML ZDHHICEITH 5.

2 A NVKNINROHED 1L LTOE -t v a vy 2 7ar4y (HSP) AR, HEAECS
W HSP 2HEhNs ¥ 2 P& L CHEIC TOBRBICEERETH 5.

Fax okofifidiciie—rva v 7 7a5A4 v (HSP) BWELEL, A b LA LIRA ZBfIL, x
DFEESF->TVWE, TDEe—kva v 2754 (HSP) OfFfE, ZL T, TDE—F¥ay
s 7a54 v (HSP) &, BEE~A v iiRds2E (e—bvavy s 7a54 > (HSP) AR
i GRETHARE)) T, MERESICHAHBTASICEMTE2IL22D—DOALICH
H-THY2L5e—rva vy 7Fo54y (HSP) OEEAEENS.

5| 3Tk
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