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TUMOR HYPOXIA AND RADIO-THERMOSENSITIVITY
— RECENT DEVELOPMENTS AND APPLICATION
FOR CANCER TREATMENT —

Yoshimasa TANAKA, Shigeki IKEDA, Toshiko SHIGA

Abstract: Oxygen deficient hypoxic cells, which are resistant to sparsely ionizing radiation, have
been identified in most animal and some human solid tumors. This hypoxia (H.) can be divided into
2 type of hypoxia, namely chronic H. arising from an oxygen diffusion limitation and acute H.,
resulting from transient stoppages in microregional blood flow.

Although clinical trial have attempted to overcome, these defirencies, results have been far from
satisfactory. Recent studies have shown that nicotinamide could improve tumor blood perfusion in
tumors.

In many solid tumors, the pH of the extracellular fluid is acidic, low oxygen tension and decreased
blood flow. During hyperthermia at the temperature usually applied clinically (above 43°C), the
heat induced reduction in blood flow is often greater in tumors than in normal tissues and then,
their temperature rises higher.

However, recent studies revealed that modest temperature hyperthermia (MTH) may be an efficient
and useful means to improve the oxygenation of human tumors.

Recent studies showed that hypoxia induces apoptosis in transformed cells and that further genetic
alterations, such as p53 mutation and bcl-2 overexpression, substantially suppress apoptosis
induced by radiation and chemotherapy. These results explain the resistance of tumors to cancer
therapy.

Recently, hypoxia plays an important role for to increase VPF (vascular permeability factor)
expression in tumor angiogenesis.

These useful developments in tumor angiogenesis inhibitors are quite important for cancer therapy.
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—-O— v e FLIL RSN TV 5,

BTid, BEICBT A MEHREOEEE UL

NTHY, | ERILA-BELNEH LIS
DNT Y ADVRBELI-bDEEZ N, EIHHEIC
BIhozHMLRTER S v, BB
&124%, hypoxiah’ K& 2 &ZE L R L b &
HhhoTwd (i), ThicEHFEHL
angiogenesis inhibitor® HEALEFN L, T/, &
BN OMKpH, hypoxia® KMk & 7 & DO
AFDEE, VhbWBER ML ADELTIIH S
B, pSIDERRbcl-25 DBREB EFRITHEL,
IHHEREOWFTHRBES UL BT S EL2EE LR
ETETHLEZION, SHROBEBBRIIED
BEELZIETHAH. 4hlik, 5FTERED
hypoxialZXt U TITh L 5B OIRE &, 4% 0/
BRI DO THEISESTHhI,

EEMEDHRMEAREDREE"

EEMREIrEEL, d5 K& b LNEE
R F (Angiogenesis Factor) 28V CHEERE 12
RO EENEDER LIRS, 2oL THES
N22BUNIE R, HRE, BEECEFLE LR
k. v
(MEELDOEE | BATA-V shuntdS il Hh, L2

A EZHKE ZpoolingRlake s EIHREDEF %

15,

QPEEFHORE | EENE I FEH 2R 5
ZENEL, CODIMERSEREIZLD
EEOELIEL-RIBE BT

3 RO R T & OERBIERIZIL ) o3
B0, MENBEOBMSHEEIZ 2 5 7:0,
— M ESE I BB (interstitial fluid pressure)
PR ZoTWwD, ZhEELENELY b
LARVHIEENEOREIHITFLNRT
Wi,

OHEFRHIMEpHT H 5 Z & | EHOMILS pHIZ
— MBI T H S5, IR OB HiE &
ARELMRDOLDTH D,

OHEEMHEEIIESEICL IV BRLH, K& kD
EREMBLDSETEBIT.

OFEFEMNIERE L S 0T SREEFIREE (Hypoxia)
Ths. HHRGEDOEE, IhHERKED

DIZETHRBKRY LI ETHY, acute, chronic
hypoxialZ 4317 Tkl 3 5%,

(MMIEXEORE | 2O I ZMETERMEDE Iz
LoTOEEFRBEREL 'R,
DEFFELZEELBEORRELETH LY, 0

LOREBNRSHOET AR —-2BZL, 0w

TSR GRS L UMb L Tk %

Y. ZHUdHypoxiaREBMAEEZ LET S 2

EREDIEEMREET Lo B EERD

b,

BEDORDOEEEZRMER (Hypoxic cell)

NES DI GHR RS T BEE S E2SBR L, (RER
FHRDFEEN SR EEOEIMOKE R EF
EFEZLNTE, FRUE, SEBERSRE
ROBBREFMBEERL (3= /—NiE) O
I A TAPTOREESTIEED N L h o
7o,

%  DEBIEE OV ORI EEN I
FEINTEY, Z0fE5N%UTH2580%0 T
THAMLTED, —EL TRV,

OV, EEMEOCME SRS
e - MEERRETCOFGL LI TBIHLHE
hbhb,

BEOEE I OVWTIHEREMBOGEEILT S
THHOPII G > TRV, RIEDOE L Witk
Lo THLRIZAEY2DHS. Thbb, @
PET% A\ THF, "BrCIEERFZ ML &Y % 5~
W LTHRAD, @UFh &ETHBR & ERL,
NMRT7 v EDET* L L ZLRAR, QR
FARRSE AN T B HR R R L, HWEHOA
BEIIRS L0, EERGTH oA
DETET REBAGENICHRL HETH 5.

1) BEOBMR{LOMA | BTGRP IEERN
DRFREMIL DS &AL T 5. BERIIEEE
TEOBVEERSHOMIBBAI, KEFMAR
DEISIIWZ TL B4, 2Dk, BEENB/IME
FPEALL TERSEX®T Y, TOREILRE
2T 59,

I EBEEEL (reoxygenation) &\, Z
NHEERN T o8 I 25 2B 058 % 51t
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TAHIEFHAALN TS, Shiz. FEHICOVWTIISETEHLDRIAH Y,
INEBRIZLTWA7ZZE /2, acute HZDW
2) 21E¥E DhypoxiaDTETE (chronic, acute) : JEE AT TOARFERT 2.
HypoxialZZ% A DI ROBEHAIZ L 5. f/hiE  (DEFMREOH®E LT,
PO SN0 HBANERT A & I2X angiotensin II, noradrenalin, calcium antagonist®
h, MBEABRESESRNS, IE D 5100
~150 x mE EEEN B & POAYET L Thypoxiah®
R h, BEEEEEFEMEE (Hypoxic cell) ASHIE
¥ 5. Z#idchronic HypoxiaT® 1), diffusion-
limited Hypoxiak Z2 H LT\ 5.,

—7%, BEEM/NMIEL, —ERNZE LY
W7z LTWAE ZHBrown LM, 512 & ) 3R
T, —BEWICEA U - mE LA o BE i
{Xacute hypoxiall 2 2 T TH Y, EHEIEE
FTHTMEOFBE & b ilreoxygenate S L 5,
Z Ohypoxial LM FGERTIC S D& I E DD
G, perfusion-limited hypoxia & EidiL s, Z D
Wi, BHEEETHVCHEMICREBE ST
By, ChaplinbidmBHEoELER i
(Hoechst33342 £ DiOCs) %2057 D % &H 1T TH 0.5 1.8
L, EBMmESMRNCHMESATNGC Tumor Wight (g)

PHBLTCVS, FOKE vIARELE Fig. 1 The Frequency of opening or closing of the
tumor vasculature.

perfusion mismatch(%)

SCCVIREH T 13 F K9% D FE 55 L& 52075 LA A Perfusion mismatch is determined by various

THBALTWwWL EHFELSh TV, 2EoeE SCCVII size, which is larger in bigger tumors
< o =rs . than smaller t .

ARELZVIEDHEE ZFHM L, perfusion an smatier tmors (Chaplin, D.J., 1986)"

mismatch® L7:. KELZEEIZIEKTH -7,

(Fig. 1)®

N - AEROBIC DIFFUSION LIMITED
perfusion-limited hypoxia7*ffi > §E# T b 2% CELL CHRONICALLY HYPOXIC CELL

BNLEDPERARLLENGH L F /-, EENER
BEERVTVWADT, FOLIRAHZXAL
TMEDOHEPE. 22 % RBTLLEND FUNCTIONAL

2 VESSEL TRANSIENTLY
- st
Horsman® & 1&, 22type®hypoxiaA Hifef 12 L VESSEL

TRIBPEERLTwAE,. (Fig.2)

BEEERYIME (functional blood vessel) 72°5

diffusion CEERE X HUR T 275, 150 m#EN B & GELTC AGUTE RYPONIG CELL

b Jnecroticlc %%, —F, MBS —BMIZAZE gy 2 Hypoxia model

9 5 L acute hypoxiak 72 52, The left side of the figure depicts chronic

nutrient deprivation in which the blood vessel is

- not perfused.
BRI SRR - & DRETRIENIED5 B Depicted on the right side is intermittent nutrient
BTRFoO RS 2 EREZ 2 5N 2 KEEE deprivation in which the blood vessel is

alternatively perfused and non perfused.

Mg oBFIIZE LT, §FTELOMELL (Horsman, M.R., 1995)®
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FH, RBEMEHLZETHS.

QBEZITELEOLIFERELT, BBERA
Carbogen& A (95%02+5%C02) (BIEEEE)
perfluorochemicals®fEH, ¥ bF 711 »
BENH D,

(A, IVIIFU-NEND LT HEEEEMR
HEREA (bioreductive / radiosensitizing drug) A%4
BTH5.

(4) nicotinamide (Vit B3) (NA) F 7-I3REWE D
e

NA, Benzamideld, O IIIEHEEEDIEE
HERE LTEDHTH S LHE SN,
Horsman® (2 & - T2 Z 6 OERILHTE D

f& % @ perfusion mismatchZ R4 L, EE®D
oxygenation* WET A Z LEFHUA. IhHE

BHEEEI RS TLIEI2L D, Fgtksms
RE@OTVA

Nlcotmamldeli ABIZEETH B0, BE
IZEED 7V — 72 & h ARCON (accelerated
radiotherapy with carbogen and nicotinamide) 7%
B, BEEOKBEZFEIR % NA L carbogen T
Bk % — 3 % b Hearbogen (95%0:+5%C0O:) %
chronic hypoxialZfEH L, NAlfacute hypoxiaiZ
fEB$ 5. 22DTypeDhypoxia% FIEFIZAEHE T
LREERHAEZTTHY, BRItz =9
Ve b IATABRIThRTYS

NADITERBFIZ E 72+ Ghho T,
ROEHIZEZLNTWSY, (Fig.3)

(WEEOMEEDR L (Interstitial Fluid Pressure :
IFP)

2 OEMERE, EEARKIC TIPS
BWI &, B — (heterogeneity) TH5H I &,
PR OEEAGA L RV EE3RTER
EEZOLNTVAE. NARZOIFPRKT 45
eSS TWA, Fig. 312 THIZNA
(500-1000mg/kg) % %535 &, IFPO—HME
DETzEL, NODEOKEFITRD I EH
moEhTwb

(QIEILIRANF | NAIZT v b DOBIIR |- phenylephrine
DMBEWHENRECHIET S EEbN T3

(GINALL, MEMNEMEEDICAM-1 receptorDF I
2 L, MEBEA~DO PRS2 BT 5.

Hypoxialc KW HZBDTFR,— 2
—EEERTTEDBFR—

ApoptosisiZHEFMICII 7Ty 4T EEDN
TEY, WAWAOERRIIC L D EEESh
5.

hypoxia & necrosisid, BEFREEN V2L H HH
£ Td 5. hypoxiald &1L L 7 M2 A apoptosis &
Z L, BHLDnecrosisk AL A, BIZZ DIREE
P &, pSIEHIHEEF PmutantF 2 ),
THRM=TAEHIET S, T/, b-2EIEF D8
BB E Vo ZLRIZFOERENB I Y, hypoxiall &
DA LM E AT 5.

Pibo &5 \BIHREFps3iE, BIEHAE
e, Bk, Bk, B LEIA, EREHE
BRELELTBVWTWALEEZLONS,

% L DHIRAIRC SRR L Y, BllRo T
RP—YRAEFETHILELCHMONTWED,
W®iT, p53, RbEEFIIMRBEMHEGRT L LT
ERL, MO TR - L AEHIZBHR D S
ZEFBELEPII R o TE, CmyclIETiX, b
7/X7#—X~73/%%50F§ﬁ%&t

, ML LELT2@ 228, 2088

2 F —8— 100 mg/kp
—&—— 500 mg/kg

Interstitial fluid pressure (mmHg)

—u— 1000 mg/kg

[+} 20 40 60 80 100

Time after nicotinamide (min)

Fig. 3 Nicotinamide induced reduction in interstitial
fluid pressure in intradermal NT carcinomas in
mouse.

(Hirst, D.G., et.al.)'
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Bl 7RIF—VAOFENHLEELONT
W A5 (Table. 1)

Table. 1125 & 912, P53 (E/A, Ha-ras) &
P53* (E/A, Ha-ras) MiBa% <~ AEERIZHBHE L 7
bOrHV, TRV AOEALERANS L,
P53+ & X Xhypoxic® F #taerobicll <7205 %
CHT 7%, P30k 2319 &b o
Tl EERLTVA, BHLICLSEL, CmycE
ZT7 % &AL/ I ZhypoxicD & &, TR b—I

B TMRSENT 545, pS3vKRiBH LW
idbel-2% EA L 7-#il IhypoxicD & & H TR b —
AR e,

CHOZERMOTERELRILZERLTEY,
LSEFCTEEVPRELL o258, HE3VDIZHR
TSR IC 2 598, ThEBEYDROAT
T ADIEEENTHALZ L 2WTE-> TS,
hypoxic%: & IS EEARMBI I PTIBANIBE L AT
24, BEHROMES THICERLNREWN, 0D
BRICHBEDTHE 2 R T oMz, Stz U
pH, hyp-oxicZBRETIZE{ wAHllgld, 20d

EDELE, WRICEFREEEHTHZ IR,

BEHREEICIRIIME L 2 0, BIGEICL > TKRE
METHY, SBROBEELMERETH L.
Ko IE, REOBRER L X (UV, &FEK
4, B, ®E, HpH, 7usAf &5+
HEHI, ACNU) (2 X 5p53&wafliBImT- 2l &
LS Z VT VAT 2L a BB FF LR

Table. | p53-modulated hypoxic induction of apoptosis
in vivo

Number of apoptotic cells per

0.0 mm?
Fold
Aerobic regions  Hypoxic regions  increase
p53-/- 41418 79+44 1.9
p53+* 3.7+1.7 26.8 9.4 7.2
Ratlo 09 3.4 (6.1%)
+/+to /-

Quantification of apoptosis was performed on the
TUNEL and EF5 stained sections. Fields containing
both aerobic (EF5-negative) and hypoxic(EF5-positive)
regions were randomly chosen while blinded to the
apoptosis staining results. The number of apoptotic cells
per unit area then(n=16, 4 tumours for each genotype).
*Subtracted aerobic value.

(Graeber, T.G., et.al., 1996)'®

VTHLRIZL TS, 2B0MRBFEESRE
HIFBA-172E£T98G % IV T, KR (4°C, 1h) &
B i EpH I LI | 7.

Z D2, DNAdamage* bR\ 2 O R
FLRIESTYH, ERTFpSIVHEEILS N,
FHIZHE < mRNAGHK, EHER L Vo /o—ED
MBICELFEEINDZ L ER L.

¥ 72, BEOEERE T OpHiZacidicd 5 DT,
EpH TWAFIFFE S NS W) ERERIIEE
MM OWIE R OB OB L b ) BBRE,

KEEHI1E®, ADGlioblastoma cell % Fi V> T{EpH
(pH : 6.5) THOREET, pSIRIEEDOWAFIDOFHE
7z (Fig. 4) AR OpSIEETF % L DA-
17282 BV T, EpHOBE, WaF1 & p530tE
MABR LA, BEREOpSIEELT % b DOTI8G
MREcRREoN b/, /=¥ 7oy MET
b, KpHTH Z » -WAFIEEFDIFEILIZ, A-
17280 AIZR NI, hREEICHAE b &
T &, EINLAZWAFIEH EmRNA L ~NVIEE
LARMIZD Enfz. TNHDOFTRIE, pSIEREN
DYTFVINSI VATV aryROERIETH
D, A®DGlioblastomaffifig D{EpHIC & 5 WAF1:&
EFoiEdbEEZ NS,

KEESIZL B &, Fig. SO pS3e & L7
YEFNII AT a SEBERL, JHIC
LD MIREE, MIREAHE S TW A

WAFLIZ & CWCEETR M- A ER/LT
Vi, BADTFEEEOBMHBIEGENT—%—T
b, pS3RFERITIESH T D BT VA, WAFLE
TRFN—=ZARBEAPLLAZEBICEEL TS Z
Ehbdoiz,

—7, EEFKEL 2 A LERIZKPO, {KpH
B, FERTIEITERPSIEH T ) ELI %
WA, WAFIDEBHIZBA LT AZ EMbho
. ZoZ kit, EKPO.OE X, WAFIZEH L X
N % JllE R AT Z R FHREAFICRE

REETRITTLEEZONS.

ﬁglflm- J: 5H§r®1ﬁm‘ﬂ§f_%k&@3— ?/ =

FOBBEEI, BEHRIEET i bERE L
OFHIZBOTEFNLOREZWERT A ETH
BESEOLN, ERIZICHSATYS
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(1) PAMBBY EZHEBEL Y HEMBESEN TV OO RS IXBATILREIZ L ) K& <

2y HEIN, MREFETEREIETT 5.

in viroTld, —A%IZIEEMAL & EEMILE D FRARIZAV543°CRIA Tid, BEIMKEILE
BRSO EN Vv, LA L, in vivoT FIZHXV o FA KT T L7080, BEOHN
BB DT ) BT ESE VO, EEOBUN LNBVREE RS,
BERAB L VEEREOFEM L, BHUIL-T QEEIZ—H#%IZ, pHB L UBIEEERE (TPO:)
£ UAHMRE, ERRTOEIFEENSH 520, AR MRS X ) BATMRESET 5 &,
bbb, S5 I|ZJEEDpH, TPOJAIET L, BARESHE
A B

30+

N
Q

101

Relative Amount of WAF! Protein

Relative. Amount of p53 Protein

L T e —— 0 . . . -
o & 12 1] 24 0 & 12 18 24
Time after Treatment {(h) Time after Treatment (h)

Fig. 4 Induction of WAF! and p53 accumulation using an acidic culture condition.
A, relative levels of WAFI protein at different time points after acidic treatment.
as compared with those of nontreated cells(time, Oh). Cells were exposed to an acidic condition(pH6.5) for
graded periods. O, A-172; @, T98G. Cells were exposed to an acidic condition(pH6.5) for 6h, followed by
culturing in a normal condition of pH7.4 for graded periods. 2\, A-172; &, T98G. B, relative levels of protein

compared with those in control cells. Symbols are the same as those in A.
i (Ohtsubo, T)"®

hMSE2 GADDAS

Fig. 5 Signal transduction around p53
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B, B ELHIET S,
@mikEoOMKEEDETIE24B M E#HE L 22
¥, HilgOEEREOHIEIZTATSH B2,
MBI L A EEMERORILIE, BHEOKX
X, 188, MEHE (vascularity), Uk &

REEEIZLYFhENELD,

(2) BEEONEDFEMN & BHBORMENE(L
MEFEOMER % & Iy ML ERIZ, FEN
WERENZECTEFLELRE 2. Thbb,
HEREMIZIE, BEEOMERICIZIBOENARK
ML 2%, ARINIEHL, A-Viy b
EHELTVA, T, FEHPLMEXRL R
THEY, )V onRkdel, EBENOBMEEL R
ZzoTWwh, EFMEOLIIZ, MEEED
WA WSEDAMLVAIW LTI ILRIBTE
v, BEPKECRDLICONT, Bkt do
EMIEOBFRIREINS 2D, a6
Mt 29 B k> TETEENOpHIX
BT4 5. £72, BENOIMICL > TS
fiid- 4T { (heterogeneity) H/[\EFILEEIE
1ZFEs.

(3) BEOE#HFEE (modest temperature
hyperthermia:MTH) (C & 2 [EEPO.OLF
BEEOMEIIEENIARTH ), EHEME

WZHRTHIZL o TH2ERTWVWI L EFIERL
7. A FTORBEEL, EEICEEMEY &
L, XIIHatmsmiem 2 T % & mEIC,
BEOMEBEEEBITIETHor. LIL,
FRIRIE T, LROMBEEELBI 72170+
FOMiBETEIEIIHBOTEEDDOIZE
DEZHBE LW ENE, FITRENDRS
B (MTH) REBEOBERELLEL, &
BEOMASE 2T T I L0 W MBER B
HZEERLTW LM,
SHSIEM, C3H~ 7 AZHEHE L /2 FSallfif 5
# A\, Eppendorf®PO:D L A F 7T LIZL Y,
7-8mmEED & FiX, PO F6.5+£0.5SmmTH
2 727h%, 1BER41.5°CHNRT % £16.6+ 1.1mmHg
127 o7z, R3230ACHEHZ D L X2, 10mmEE
Dt EFHPO:IE3.7£0.3mmHg TdH - 7= 77,

42.5°C30% RS A &, 122+1.8mmHgiZF L
7.

FSalllE# DOPO2iL, 41.5°CIEFBIRL 728 &
24BERAIZ L INEETOPO & D b B o - & B
LTwvA, F7:, MTHIZ X ) 5SmmHg X b
POAE % R $HEEIIMTHIZ & H ZBHIZR U722
L& L7 FIRFICE@ES I, Fig 612RT &
3 1240.5°C, 41.5°CIZMiR L 7z & &2,
5.0mmHglL FOPONHEEIZ T Y b o— Ltk
LTERIZHAT A, 425°CH ETIid /-
ML Twb. B7A250mmHgEA T Tl g
BEWAEY. ERO@ERMIZEEOMEEHICL -
TRWIZERBLZEBRLTWAS.

L4 L, Horsman5®{ZCDFI< Y XA D TR
C3HDO A & FVvT38.5~41.5°CIR IR L
7. R0 MRHILIRE LR IC L AP0
ZRTWA. LoL, Mgk, #LrIBERIR
RBETICENETLTw 72, EROF—% X
DRA &, BRREICIIING & BB RO 3
MITPOIEMIC & B SRR RSB DOED 5,
Lo L, BRRMIZIZFEREAIZEEOR TARE

o
S
l

o
o
|}

Percentage of pO, <5.0 mmHg
5 08
] |

-
(=]
{

! 1 ! | I
control 40,5 415 42,5 435
Temperature (°C)

Fig. 6 Relative frequency (%) of pO: readings lower than
5.0mmHg in FSall amors heated for 1h at different
temperatures. Each data point shown depicts an
average of 15-20 tumors and the bars are 1 s.e.

(Iwata, K., et.al., 1996)*
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HLWI ETHLERNTVES, 450 EDfE
Bz oW T, MTHD & EOBEFEIRL AL <
ALV ENH 5.

MmEF R F

1) b FOEEE, BEOWMIZ(Zangiogenic Tl
%, in situDIEIZFMH O ) HIIMEFEL L
WHEEL, BEmm Pl FTOMERIZE EEF o TW
4. BE#EIangiogenic phenotypellswitch23%E
0, HERSIE5E % STHFY A% L W EMIME 2 HiH
ENG. WEHED, BEREOLELZDUTO—
HEORBERTCBEEINSE I EPFMON T
5.
OEOGHEF I L 2BFLE ORKBEO 5
QEEBORAIBIRE 52 6 I EREMARD

Hi3E
DI E PR e 1858
@M EMNE RO EENEYIC L 554 ME D

TR & ERE AR
O EME ORI D EEPED H1E
LM R ->TW 5,

& O IZEE QWAL NES & 8 5 M D' A
LT, FILVWEBMIENE TEES K
L& OBIERTFE< M) v 7 ABEHIL L BE
AR~ D paracline BB ATTRE L % 5.

BIEMEFEVREICTEL, ThEks
LR L-ERBLEERL D). Tabb,
KNGIZE 5 E@EENEHF T EORETEF
DREEHTLET 2 Lz, BICHERTORER
PET - EHETAIILIIVRITAEDOTH
LTS,

EOREH & LT, RET TITH20MED
WEsHmE SN TwEH, Ehdoe LT
bFGF (basic fibroblast growth factor), VEGF/VPF
(vascular endothelial growth factor/ vascular
permeability factor) 7 &%%%H 4. VEGFIX, M
PHEOHTEINEMROMEBER FOHA%E LT,
MEEBHELTETHRELEETH S,

BORHGETF L L THHTHLPIZENZD
&, MiastT N v 2 RACRET AEY L%y
ETSP-1 (Thrombospondin-1) &Fz H/, Z
i, MENEMIEO VAW ORRE T HIH T

HIEIZEoT, MEBEHEZMRHI LIS
PSS, TSP-1DEEIE, pS3DXRTILH
LI LW, BBEORMFMBL VBELN
pS3 L MEF AN EE B ENH L L %
ATINLOHRE, BRLMEFERBROH
WCEHELRER D B Z & F T S EBRE,

2) B MEH 4B 1T % Hypoxia® 1% El

BB MBI A BT, VPFORBRETTE S
5N LTEEEE (hypoxia) DEELKE
ERELTVS,

hypoxiald R ®stepil &LV, EH Dan-
giogenesis T {EE3 5.

1. R HHRa o) B
2. %7 LW I BB B 72 Fibrin matix D FZRK
3 REE RN EEOREKELSELL, oh

PR MAEC & B BB E D migration & {2

HrEl S5,

F&iTid, EEEFE X A VEGF (venous endo-
thelial growth factor) DZEHBRIEIZCosreDIFM:
IbEPLETLEY STV EERVES FRTE
TUDHRE STV 4. Aspergillus fumigatus?»
5 1% & M 7zfumagillin (TNP-470) 3, FH M
BEHIEME LED LN TWAED, FRt 6,
C3H/He7 7 A \ZBHEATBE 4 SCCVIIZ AV, iR
BEELHLLEREZ L, HEBSRE
AN O AN

F &

RO RGHRG B I RBEFMIE OFTE I U B O
BRRFHEEAMTRKERERELET LI LTS
LEDLSLZ, FOB, ZI0EDHTHETLY,
FENOPO:Z F 0 5 72DV B\ A D FE AT
bITHRL., 7, BEOBRSET M5 ETEE
¢ LTPO:OHIZIZEETH 575, [FEHEEIChypoxic
D& FITHEREETFORREIZL HIEMBOME
CEDRBREIEELZMETHY), 5L -7
NTHabH.

T, BOBBLEDNETD, T NUHELRT
OIFIO DL L12H B H, hypoxic?D & ZIZHFTHRE
ATHY, 414717 Anti-angiogenic compound?
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EBE 40 LETL D, EHEMIChypoxiad™ i L, & {IZPOASmmHgENF ORI GHRIRINE A 5
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AT, EHEOHypoxiald e { B4 5220 A # =X A, chronic H. & acute HA 3 5 Z & 279 Y, chronic H.
B4 FTOEZFERML, MBATOODEFICET 2 DT, diffusion H. EIREN TH 42, HEIIES
MED—BHORMBIZEBRT LD THY, perfusion HEFONEbNDTHLH., HBEIKLTEE 2T —
O v 8% FUIHFFE & 41, Nicotinamide A & L7z HFIAS I M2 etET 2 b DL L TARCON L W) & TR
RICHADGZ SN T3,

WORBER, BEOMERAOEINEZ 2L, LLAMEAETL, hypoxia®# L, IMERY
BT 5 2 L THIEBDR L BETLEETH LA, &fE, KIMRIZL Y (MTH 40-42°C), & L AMEHEN
BEENRDLZErbDY, BENRLLTINEFATLIRAADNREATV S,

BB K& %25 L{EpH, hypoxicZZRITICB AN BHY, FEIPSIDER D HVIIRIB LM, bel-2d
BRBLAABASCBIAZENRBEINTHS., IO LR, KELBEORIHSIRIMEOSINE % B
HROATHBTLILEMEVTHLILEEHRL, BROBELZMELHFATYVS. /o, BHEOME
FHERFIEENORT, BBIIH L TERREE % RIZTY, hypoxia®’VPF (vascular permeability factor)
DEBREZELCIRT L LTEELBREZ R LTS, 7, BRICHOEZHMES ERNFOREH
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