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Abstract

Tumor hypoxia has been reported to promote tumor growth and metastasis via
angiogenesis in vitro. In the present study, the effect of hypoxia on tumor growth
was studied in vivo. Adult BALB/c male mice were used and murine CT26 colon
adenocarcinoma cells were implanted subcutaneously.  After implantation, mice
were divided into three groups: normoxia (N), normobaric hypoxia (NH, 760 mmHg,
PO,=76 mmHg, 10 hrs/day), and hypobaric hypoxia (HH, 380 mmHg, PO,=76 mmHg,
144 hrs/week) for 21 days.  After hypoxic treatment, the order of increase of
hematocrit was as fallow: HH >> NH >> N. No difference in averaged body weight
was observed between N mice and NH mice. However, the averaged body weight
of HH mice was significantly lower than that of normoxic mice. The averaged
tumor volume of NH mice was slightly but insignificantly larger than that of N mice.
Nevertheless, the averaged tumor volume of HH mice was smaller than normoxic
mice. Hypoxia inducible factor (HIF)-1o, was elevated in the tumors of hypoxic
mice (NH and HH) at 14 days after implantation. Furthermore, hypoxic treatments
(NH and HH) elevated VEGF mRNA and protein expression in tumors but showed no
changes in serum VEGF level. A strong immunoreactivity of CD-31, an indicator of
endothelial cells, was found in the tumor of hypoxic mice (NH and HH) at day 21,
indicating a hypoxia-induced augmentation of angiogenesis. ~Moreover, NFxB
binding activity was significantly increased in the tumor of hypoxic mice (NH and
HH). In addition, hypoxic treatments (NH and HH) increased the COX II protein
expression, mdrl mRNA, thymidylate synthase mRNA in tumors. However,
hypoxic treatments differentially altered serum IL-6 level. IL-6 in NH group was
higher than that of N group, while IL-6 in HH group was lower than that of N group .

There was no difference in Hsp70 and Hsp60 levels in tumors from these three
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groups.

Our in vivo data demonstrated that HH reduced tumors of hypoxic characteristics.
One of the possibilities may be due to the deteriorated environment under HH. On
the other hand, our in vivo study show that tumors in mice subjected to NH express
tumor hypoxic characteristics, including a small increase in tumor size, elevation in
HIF-1a, VEGF and angiogenesis, indicating establishment of hypoxic condition of
tumor cells in vivo. Furthermore, NF £ B activation and IL-6, COXII may be
involved in normobaric hypoxia-induced angiogenesis and tumor growth in vivo.

Therefore, the effect of NH on tumor growth is more pathophysiologically relevant.



FrfRr s L LA RN DR ERDERTFF oL ¥
AR T A Un(HISL)y a2 AT E RS EF A4 250ml>
SR SRS TLRC NI (A 8w RN EE o F R F o A7 R
AR E M Rt h L R N Rk SN LD

fhEpAaame B Tip- BREFLIREBEIAME o
¥ oehd ¥ 3tk
15§ AR (POy) f4g Ik fii3 f230 R ahg (9 03ml%) “14 2
k4 o T AF e §F AR (Pa0,) § 5 13.3kPa (100 mmHg) - ##
% § AR (Pv0O,) X% 5.33kPa (40 mmHg)
2 5% 7% (COymax) @ 5100ml &/ ? & ‘= Fv 5§ Sva&rfopFink
SFFEUBANL LR DR o2 F 95 20ml% e

3 23578 (COy) "5 100mlez? Fechd 580 Fo lodv B&en

ﬂ\i—

FRE-PART AR FE-HAERLF 7 (Ca0) B35 19
ml% > #%x % 28 (CvOy) ¥ 5 14ml% o

4 -2 FH&FREO0): i F 7 2B FFELP AV E T FAFRLF
tefrR (Sa0y) %5 95%  #% . § ek (Sv0y) 55 70% -

5 53R A FARBLIEIREZTOMGT R RLT > A K

5 SA50 i zfvY 23— gifeH e e (2,3-diphosphoglycerate ) = & ~


Administrator
Highlight

Administrator
Highlight


Fed & o F M 5 L BB & kv 8 02 ed i
RAAEFART L § RS K § 8 RLHB > F 2R 2H o
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FEL e > FLARFIRBET UG AL FATL  REEBEERT PR A
b PR L R R e A iR T o

(- ) 4§ R EEBEH

B M % i p#F 4 (Polargraphic needle electrodes) # P 1118 » ZHF 7 8
BN IVFER 0 - B KF R 0 19934 > Hockel & 4 3 £ e F 45 )
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binding protein ) , AP-1 (activator protein-1) , NF-xB ( nuclear factor-xB ) , HIF-1
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(ABCA-ABCG) H fuft %k p >t i-imre @ ch@Ef > a R e N E ok B
TR o B g4 enZ 3 vinca alkaloids ~ anthracyclines ~ actinomycin-D (#7 4
RNA transcription)fr paclitaxel - # 3 45 11 » 3% 5 it mie ik 37 P i
% IR ATP-binding cassette (ABC) transporters fk Fleri4 3R » i& @ 3 4v o P2 550 1
F-9 F 4o P-glycoprotein ~ MRP (multidrug resistance associated protein) ~ BCRP
(breast cancer related protein) % % R F = jpe ¥ OB 1 4 3
FED e > @ Rt Z S it (Gottesman et al., 2002) ©

2. R ESE N fmfe cnE 1R M EHEE S VAL transporters 2 carriers 4§ > %“g
BT B ES DE S o 2 F 5 3 antifolate methotrexate ¢ nucleotide
analogues ( 4 5-fluorouracil, 8-azaguanine) §r cisplatin °
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# orphan nuclear receptors (4 SXR) %22 4338 J iZehk 2P o ¥ eb > &

A5 EREM me P T P IS S e i % > 4 DNA
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a4 oA RS R me = A5 4 4 (Semenza, 2003) -
4, B3RS e AR B M p AR g 4 BV E L Bdosl 3k p53 & ceramide o
¥ ;5 14 checkpoints i fm*e 3N AR B fE v = o gl b E dREEM mie RV %ﬁﬁ H

Frg oz = F9 B o 4o Bel-2 ~ Bax & @ % (e k= (545 (Erler et al,

A4 bt am Pl Ed SR e 5 #ici_heterogeneous: I T F e

EEyEE LG IuEa B4R o miTRF S é%’ﬂ‘ﬁ NS S
Bl Ly b= IR U 4 /r%} F i < (Hockel et al., 1993) » &7 " 2034 F ¥

T

wo B M (Appendix 1) 2 (3% A7 7 "R AN 304 T A AL
HRfBEM 4 2 ehd & f F]12 - (Teicher, 1994 ; Shannon et al., 2003) - H ¥
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Fadl e 2F TGS EREMEFY T (MRP) £ R 2 H 4
(Comerford and Jane, 2002) ~ fm® 5 7 EE £ 4 » #E74EfET*  (glycolysis)
Flm g 2 d R P (acidosis) 0 - H B E S ¥+ (Herman et al., 1988 »
1989) r 2 Afpimie ¥ 2 mPe k= 5 M v B & IR 4o 4e Bel-2 ~ Bel-X %

TR0 Bax ~Bid eh& m 1$  f% 4 &2 4 (Erleretal., 2004) % i 7] o

< ¥ 3% % %]+ (Hypoxia inducible factor, HIF )

MEFRAT > R RT R EHESEFF R F S ETS
(hypoxia-inducible factor-1; HIF-1) & i «HIF-1 £.4 & # 7 b ¥ <& HIF-lo
% HIF-1B #71f = h3-v 4§ £ 4 (heterodimeric protein complex) > # ¢ HIF-la
% inducible form - HIF-1B P|3 4 (constitutive) % 3" ’mre %7 » fh
bHLH-PAS 3¢ #*® e ARNT o X ¥ FiR> 7» 73 2 BREFOEHEART > Mo
"z ¢ 1 propylhydroxylase fE 2 % MR X F £ F i F o oa B FR 2o
HIF-lo. 39 F:&{7 3 4F > @ 2 512 5 Fv F "% f2:2 /2 (Ubiquitin-proteasome
degradation pathway) # #%-k fZ4- (Semenza, 2000) (Appendix 2)- e §_§ ¥ 4 &
? B w2 itk § TRBLPF 0 propylhydroxyase &2 (£ % gt @ HIF-1o S48
TP AR > Fd HiR R R A & wre @ > &2 HIF-18 (ARNT) %
& » 1% 3t promoter + 7 hypoxia response element (HREs) > 38T P53k e

# & ¥ 4r (Semenza, 2003) -
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ve ddrgy HIF-1 it v M RGEHF F A Fahd My L E7 A 2
(Carmeliet and Jane, 2000) (Appendix 2)
(1) % & glycolysis Jﬁ" : 4c glucose transporter-1 (GLUT-1) - lactate
dehydrogenase (LDH) % endolase-o % - @ iE_i¢ ‘w2 & (7 fEfF (¥ #
(glycolysis ) °
(2) %-# survival/apoptosis § @ 4= HIF-1 & - ¥ @ 5w ¢ Bax ~ Bid %
B & A A= o
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(3) %#£ angiogenesis % + 4 vascular endothelial growth factor (VEGF) -

angiotension-2 (Ang-2) # PDGF-B % » & ii&x g #7242 &2 o

= ¥ A72 (angiogenesis) £ ¢ p L 2 & F]F (Vascular endothelial growth
factor, VEGF )

w F #724 (angiogenesis) 45 AT w F & D AT F iR H Y@

FIp L B AR D L B R BB E 0 R RS

e- i P 4% (Folkman and Shing, 1992) o gt i£% ¥ 2Lid g 4 £ #7jh3 Ik

\

B BF L FATAE LY BMSE L T G oo s BEBY
FA Mot B23Ha 3 £ 22% € & 9 (Folkman and Shing, 1992) - e £ § + »
R Y ATIERT o A ER PR AR L £ B B g A
BEW G s S E P 4k AT S
APpEFTIpN > 2 BATE B Y LY By LR Db oD
BEATVV SRR AR FRET RREESINS R OUERE o P
AT A R4 B ERY IRT 0P AT LVEGFA F - £ £ 30 ¥ M VEGF 121
2 VEGF 1655 % » B¢ 323 * ¢ B i 34 R VEGF* £ &4 - BER R
F] o VEGF 4 + £ + $#%% 34-45kDa > " homodimer?; ;¢ 73 & o & % ¥_1983 &
PFo Senger ¥H EKF MU T UL FOUENE FL BT AL
vascular permeability factor (VPF) (Senger et al., 1983) - & % %.1989+# FF Leung
S %ﬁ LB-HBFRT T E - e flgka g p A himie 2 50 ATk

U ¢ ¢ % vascular endothelial growth factor (Leung et al., 1989)° 2_ {& % p& 5 % W

l\“‘

LB R AR b 30w Bt B ow B B VEGF 7% ¢ #VEGF-A, B, C, D
% placenta growth factor & o

1996+ p& > Ellis # Fidler i{ 4 L M m e i chfica § % RAXF - 4%
WeES I 2L %k 2 Hptss XL (Ellis and Fidler, 1996) - 1997# p& »
Paley R &5 8PS sm 4 ¢ > FVEGFz £ % RIE 3718 § L (Paley
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etal, 1997) - Blouw % 4 P[4 % 3 F 5%z F #r4| VEGF 4 ¥ 12 04| ¥5; eh
4 £ (Blouw et al., 2003) - & 7+ VEGFr& 9 A i a4 £y g B LiEd

g F o

Nuclear Factor-Kappa B (NF-kB )
NF-«xB > #& 455 it F]+ - f8 0 .4~ £.d Sen % Baltimore ** B #f ¥ 3 #
- 84 %]+ (Sen and Baltimore, 1986) > ¥ 14 {iljg & & I 3-v 11 light
chain & %] % 3> F]pt B~ . % Nuclear factor-kB (NF-xB)e # % p @ 3 it »NF-xB

hE e RER FEAF I A ROE R CRARF B w2

NF-xB ¢ = 7 eh=x H = (subunit) #t2=>& 7 p50 % p65 & &%
(prototypical) H = % #r#|4 (inhibitory) ¥ = IkB - T % p¥ NF-xB 5 frlm?
Feg BTG E b AvA drdlH 5 > 1 & d 2 kB ¢ i & NF-xB &
711 ¥ ghnuclear localization sequence (NLS) » F]ypt NF-kB & /% /& it i& » e
? (Miyamoto and Verma, 1995) - e & % 3 * K {[jrdc¥ it &4 (ROS) %
¢ §r% (cytokine) P¥ > ¢ if = IkBkinase /& it » i&- HAEEL T IkB> @ 2 Wi
NF-kB % | proteosome ¥ -KfEH- o L pFiE it ig NF-xB { 7 5455538 » o
zn e AT R 7| e kB A 7| (enhancer regions of kB-responsive genes) %
L gt R F AT o B e v NFkB chig it 7 i 3% 5 7 b & Flehi
W ¢ 7z % (cytokines:IL-1~IL-6~TNF-a) ~:m® %= 4p B v F (Bcl-2-
Bel-xl) % Pz 3 4 4p B 3-¢ (cyclin DI ~ c-myc) % ¢4 R (Karin et al,
2002)c A P MFIFAL ER o HFHRTE JY%%E’ # % IkBRApL it 259
i# = NF-«xB /= i* (Koong et al., 1994) - @ ¥ 4 transfection — £ IkB mutant
P ¥k (reverse) #F 15T A A 4 enf M A5 (Brandes et al.,
2001) - “f ¢t 2_ ¢k > daunorubicin % camptothecin (CPT-11) #7ig = enfm?e % =
(apoptosis) IR % & ¥ 13U ;ﬁ d & B NF-«xB evEtm gdrd] i (Wang et al,
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1996 ~ 1999)  F]p# > NF-kB @B 8 + I g- £ &bk d o

v %-6 (Interleukin-6, IL-6)

w? % (cytokine) £ /i ¢ % (interleukin) & & &7 F e 2 tmiz @
PEEA A 2 0itahE R £ 0@ /6 % 6% (interleukin-6-1L-6) 5
-~ H e gd o BA L ARRE S B e s R LA R PR
s Flptx F L B-cell differentiation factor (BSF-2) (Hirano et al., 1985) ©

IL-6 5 At fEdy > 53 185 Bt » A3 £922 kDae p 9 ¢ &
wILIF 5 e [L-6. **}]&.3{ Fac P AR 039 B0 @ #5:0L-11 ~ leukemia inhibitory
factor ~ oncostatin M -~ ciliary neurotrophic factor 2 cardiotrophin-1 % > d &
0 BRI S0 F-6 72% (Pennicaetal., 1996 ; Tagaetal., 1996) -

PR AR 5 e 3RE § A IL-6 it 4 0 ¢ § 1 CD8' Teell »
Batmie Bl s ML s P RGATA S A Bt L mre B
(Kishimoto, 1989 ; Kishimoto et al., 1992) o @ 4% IL-6 *7{|jgenim?s ¢ 5 35 F
ek o detiid e kAP o O RGEF MR R ':ng:@mvé:@;ifgi s AR
”E:@tﬁﬂgﬁ%\: 2 B ¥ Af m e mixg At E o AR S kRS e 0 IL-6 BT 1Y
Tlc PCI2 fm%e & v &40 i 2 km ¥ (Satoh et al., 1988) *k g2 ¢ > IL-6 { ¥ 14
flgci iz & 2 acute phase 3¢ F (Gauldie et al., 1987) o P m A& kA% § 2 )EL
dpdh o TL-6 77 S8 o 5 fE R i 2 AR 0 2 & A IL-6 ¥ U EF SO
e chd £ ATy 3P R T IDUR  PRRE S E R
% 1% %% (Kinoshita et al., 1999) % o — & < /]?e Aldp & 0 IL-6 2 5 3 424 &g
By~ SR E Twie Rt VAo iE— AP 04 (autocrine) % %% (paracrine)
it* (Kawano et al., 1988 ; Miki et al., 1989 ; Oka et al., 1996) - &+ > IL-6 %

e T4 LB B £k d o

# % it fF (cyclooxygenase, COX)
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i i\pF (COX) eniT# A3t #-t4 F ik (arachidonic acid ) # 3£ & =
7] “le—,% (prostaglandins, PGs ) - % ¥ it f# 1 & 5 & f& isoform > 4 %] & COX
I7% COXII-COX1E¥HFLE w3 @:mf_‘.%& e e o f 'f;’r 4 & PGs 1/
Bfrwet § 42N BAeT G jriE & (Smith et al., 2000 ) - COX 11
RIE LTI T § B flig » bldcd A F B> AXE Faes? > COX I
¢ it PGs & & -

WA AL AR R L G F R COX I @A £ Renfda) > b
dok B s 8 B~ MR > FU ~ otk ¥ (Dannenberg, 2001 ) X/ o ik PR
Lagimre cnA oo COXI e X 7|3 e #&4+-%]+  (transcription factor)
347> B]4e AP-1~NF-IL-6 ~ NF £ B ~ TFAT % ( Subbaramaiah and Dannenberg,
2003)° 2t A ETES R F R COX B 4 R > % 1 5]
SRR Ao P PFL ¢ 7 0 @A F (mRNA )94 f2 > (Shao et al., 2000 ) -

G in vitro (O B ¢ R 0 A A R 1F RJLE 0 § Tl COX I
A 4 > i PGs & S H{4c > X VEGF A it ks 8 # 4 it (Liuet
al, 1999 ; Shaoetal.,2000) ¥ & COXII s B+ > b5 £& 3 = o

2004 & > U * A g 51]'9;11-‘}%,%91’?3' TR E d2 o 3 T COX I 3 3 B el
A, ¥ %%r} mdm2 #3233 d pS3 #7514 chimre p AR = (apoptosis )
(Liu et al., 2005) - “f pez b T E imﬁﬂi“#ﬂ B COX TR 2 M0 €
# 4 MRP-1 (mutidrug resistance protein-1 ¥ P-Glycoprotein, P-gp) 2 4 14

# iy (Pateletal.,,2002); 1+ FALEgT > COX I "ITT TR - AR E

i fh o RS § O B R LB

P £ ® M F-9 7 (mutidrug resistance protein, MRP )

vhR wmie o B e b £ 4E M F-v (MRP phenotype ) » 35 L E s F 0 1Y
2 g i@ it & 454 (Kuwano etal., 1999) -

MDR # ¢ chfp FIR s w2 pdfd g & % - SR > 7 W&
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§AZFEN, 7P HAvF IR ELEEL SR ES § AL REL
(Gottesman et al., 2002) - & (53 3 MDR 1 & B8 p - < 55417 ABC
transporters e d-v F M 0 T H - R AL F AN R IEL e o
energy-dependant efflux pumps > # © %+ P-gp (P-glycoprotein) %= 3 & 5 iF
x o

P-gp £.d mdrl AF*7A 24 hd-9 F > A F £ 170KDa » % &5 %
Amre ok e & (Appendix3)e Xm0 FF P-gp § < £ & R A
Wini LG 5 £RF ek (Chevillardetal, 1996)« p w0 @ § 5 fhidr
#] P-gp (% a] A FHFR - A T FAHF 2 HF MDR ¢ % EH > 4
Verapamil ¥ o & § — £ &+ F 72T 5 R B IR F 4o Taxol &2 P-gp i
M55 & A 0 j&m i Taxol # iy 22 P-gp 55 & T AR I tme ¢h o P2 5 @3 P-gp
WA DA pow v At g ¢ o Wartenberg ¥ 4 BT T dp 0 Rk
T 5 mre RGP > B A g FIMP IRMF hE B ROS F A 0 R
HIF-1 & > 5148 7 2 4 @i o m 5k P-gp 23R+ = (Wartenberg et al.,
2003,2005)  *£ 4+ 2 *h > & HeLacell * > 5 218504 HIF-la & 1 > #
TAFINK E i #3k P-gp 23L& & (Comerford et al., 2004 ) o { P FE i
¥gdp & > 1B * phenolic R erPulp B o (T NI g M fplere b oo B IR
F= E G TR, B o il Rg R Pogp 4 LA 4 (Hyun et al., 2003) 0 A

7 ST R MDR & R4 0 RFLEERF -
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(normoxia) £ 1% (hypoxia) LRk E2 T o LA E A MR E S eJT 0 4o
cisplatin ~ paclitaxel & (Koch et al., 2003) » :&— # t* ﬁb.r?b 2 FenZ B g Ko
BB TR ED M T A EREE DL .

AR B TEHST S B A 17 KF AR (R e
F 10% O02~90% Ny~ + 2 10 ] pF)ig S e iy mPe 2 | RA 2 45 F F > &
R 355 APk 39 F » 4v HIF-lo ~ VEGF 2 NF-kB - IL-6 % % & 3
do i HAIF VR EF S-FU RJZR A MER 10 mgkg (F% T 0 MF 2
B sE g EFTA A Y > AN o A 4 FREM DR FRG -

T b AR B - KA S N (L R e 10% 02290% N »
% 10 ] pF > % § & 760 mmHg > PO,=76 mmHg) > 4+ 4+ 2 "% B w ¥ (%
14 %) ez a8 (% 21 % ) @ FHREEAPH Jod e 4780t g ig 2 7
/& 380 mmHg » PO,=76 mmHg ) e » vb o ¥ — f835 5% 41
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Administrator
Highlight


3% # B

SR &3 oF o

7~8ik+ BALB/c > Rptp R jd 4 4 ¢

I RHREE
1.m% 32 %
RPMI-1640 Medium (Hyclone, Logan, Utah, USA)

Fetal bovine serum (Biochrom AG, Berlin, Germany)

HyQ L-glutamine 200 mM (Hyclone, Logan, Utah, USA)

Antibiotic-Antimycotic (Invitrogen Corporation, N.Y., USA)
Trypan blue (Gibco, Grand Island, NY, USA)
Trypsin (Sigma, St. Louis, MO, USA)

£ B2 ~ $7/AELISA)
NUNC-Immuno plate (442404, F96, MaxiSorp, NUNC, Denmark, USA)

Mouse IL-6 DuoSet” ELISA Development System (DY406, R& D systems, MN,

USA)

Mouse VEGF DuoSet® ELISA Development System (DY493, R&D systems,
MN, USA)

Substrate reagent pack (DY999, R & D systems, MN, USA)

T A # i A 7% Hlectrophoretic mobility shift assay, EM SA)
Biotin 3’End DNA Labeling Kit (PIERCE, Rockford, IL, USA)
LightShiftTM Chemiluminescent EMSA Kit (PIERCE, Rockford, IL, USA)
Mouse monoclonal NF-kB p65 antibody (Chemicon, Temecula, CA, USA)
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Mouse Monoclonal HIF-1 ¢ antibody (Chemicon, Temecula, CA, USA)

4.5 * kB2 (Western blot)
proteinase inhibitor cocktail set I (Calbiochem, Germany)
BCA protein assay kit (ED60966, PIERCE, Rockford, IL, USA)
Prestained Protein Ladder (Bioman Scientific, LTD, USA)
Ponceau S concentrate (2% Ponceau S, 30% trichloroaceyic, 30% sulfosalicylic
acid) (Sigma, St. Louis, MO, USA)
Mouse monoclonal anti-HIF-1 @ (Chemicon, Temecula, CA, USA)

Mouse monoclonal anti-Actin (Chemicon, Temecula, CA, USA)

Mouse monoclonal anti-Actin (abcam, UK)

Sheep polyclonal anti-Thymidylate Synthase (abcam, UK)

Mouse monoclonal anti-Histone H1 (Santa Cruz, CA, USA)

Rabbit polyclonal anti-VEGF (Santa Cruz, CA, USA)

Goat polyclonal anti-COX-2 (Santa Cruz, CA, USA)

Mouse monoclonal anti-Hsp70 (Santa Cruz, CA, USA)

Horseradish peroxidase-conjugated goat antimouse IgG (Chemicon, Temecula,
CA, USA)

Western Lightning'™ Chemiluminescence Reagent Plus (PerkinElmer Life
Sciences, Boston, MA, USA)

Amersham enhanced chemiluminescence (Amersham Pharmacia Biotech,
Buckingham, UK)

Restore™ Western Blot Stripping Buffer (PIERCE, Rockford, IL, USA)

5.F &R &psd 4 F & (RT-PCR)
Trizol Reagent™ (Invitrogen Life Technologies, Carlsbad, CA, USA )
Titan One Tube RT-PCR system (Roche, Basel, Switzerland)
Protector RNase Inhibitor (Roche, Basel, Switzerland)

DEPC (diethyl pyrocarbonate) (Sigma, St. Louis, MO, USA)
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Agarose I (Amresco, Solon, OH, USA)

Ethidium bromide solution (United States Biological, USA)

6.4 & £ % ¢ & (immunohistochemistry)
Cryo-Gel embedding medium (Instrumedics, USA)
Goat serum (Sigma, Steinheim, Germary)
VECTASTAIN® ABC kit (Vector Laboratories, Burlingame, CA, USA)
Rat anti-CD31 antibody (BD Pharmingen, Palo Alto, CA, USA)
Rabbit anti-VEGF antibody (Santa Cruz, CA, USA)
Mouse anti-HIF-1¢ antibody (Novus Biologicals, Littleton, CO, USA)
Biotinylated anti-Rat IgG antibody (Vector Laboratories, Burlingame, CA, USA)
Biotinylated anti-Rabbit IgG antibody (Vector Laboratories, Burlingame, CA,
USA)
Biotinylated anti-Mouse IgG antibody (Vector Laboratories, Burlingame, CA,
USA)
3,3’-Diaminobenzidine-4HCI (Sigma, Steinheim, Germary)
Hematoxylin (Sigma, St. Louis, MO, USA)
Hypoxyprobe™-1 kit for the detection of tissue hypoxia (HP1-100, Chemicon,
Temecula, CA, USA)
BRIJ 35 (MP Biomedicals , Irvine, CA )
Pronase Reagent (M31, Biomeda, CA, USA)
Protein Block Serum-Free (X0909, DakoCytomation, CA, USA)

7. Hematoxylin & Eosin staining (H & E staining)

Hematoxylin (Sigma, St. Louis, MO, USA)
Eosin (Sigma, St. Louis, MO, USA)

ZREHRRE
CO;, Water-Jacketed Incubator (REVCO)
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Tissue culture dish (100x20mm, FALCON, NJ,USA)

Bright-Line Hemacytometer (Hausser Scientific, Horsham, PA, USA)

Oxygen Analyzer/Monitor Vascular Technology, Lowell, MA
Disposable Polarographic Oxygen Cell Vascular Technology, Lowell, MA

NUNC microwell plate (269620, 96F, without LID SH, NUNC, PA, USA)
Spectra MAX 250 (Molecular Devices)

Protean II xi Cell (Bio-Rad)

Trans-Blot Cell (Bio-Rad)

Nylon transfer membrane, Nucleic acid transfer membrane, Hybound N°
(Amersham, UK)

Kodak cassette (Kodak, France)

Kodak BioMax Scientific Imaging Film (Kodak, France)

Ultrasonic Cell Disruptor (Microson'™, NY, USA)

Dry bath incubator (Violet Bio Sciences)

Protein electrophoresis and Western blot system (BIO-RAD)

Nitrocellulose membrane (Bio-Rad, Palo Alto, CA, USA)

Immobilon-P transfer membrane (0.45 ¢ m) (IPVH00010, Millipore, USA)

U3300 pro UV/Vis Spectrophotometer (Amersham Biosciences)

Gene Amp PCR System 2007 (Applied Biosystems)

Leica CM1900 (Leica)
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JRABE B Rwme (CT26) 218 %

AR BRET 2 Bt | B A B D S ogmre (CT26) A ATCC
(American Type Culture Collection) ‘w2 2 % »* RPMI-1640 32 % /% fidk &
BAELPpHTSL & 7 e 10% a2 % 5 (fetal bovine serum , FBS) ~ 20mM
L-Glutamine # 2 »tf+ 4 4 (Antibiotic-Antimycotic : penicillin G 100 pg/ml,
streptomycin sulfate 100 pg/ml, amphotericin B 25 pg/ml) » ¥ ** 7 5% CO; ~
95%= § 137 4&{ri% R & $2(CO, Water-Jacketed Incubator) ® 32 % o &
B - X2 ERE3~4 TSN E  REFREF % Sk
Ples 8 KDl s 11 AR EEFREFT - X LR ER e

*dp B 4ok i (log phase) £ B 40t 7 A T

Lok
AP BRri o B 5 BT26 e 2 7~ 8 ik % BALB/c o] &

MR R g ¢ v o pEe g Y A B AT o R ARG IRE S

PR EA 232 0 KB EERAT L L 120 fd HakkE &
ey > RHEGRBEYI2EP S 27 EBmEE T % -

TRABE S RwmE (CT26) 2 &
:Iéi—f%@?#ﬁ B 4ok fi (log phase) 79 CT26 sn%z > 1 * 0.05% % F-v fix
(Trypsin-EDTA ) {T% = A4 » & ¥ % 3832 % r (tissue culture dish) & %
oo R FmE R 15 ml EFHRCF P o DA r B ERPDE I fF
fE% 5 12 1000 xg 3s 3 A s B T o 4T himve 4 ",%i% R (8 e~

# ] PBS (137 mM NaCl, 2.7 mM KCl, 8.1 mM Na,HPOy, 1.5 mM KH,POy,
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pH 7.4) #4ciwre » £ 4% & s #cdE (Bright-Line Hemacytometer ) 3+ %
wos fco 5 F & ] PBS 9 B m#s k& Tl 2.5 x 10° cells/ml » BE B * 23
Bk R dwmre 41 1 ml edt F e iist 0.1 ml §] 7 ~ 8 i + 7 BALB/c

JBRA AR AT (A & R 2.5x% 107 cells) 0 £ REIETA o

Bt EILE R4 [ tumor volume BE

#-o fEfe CT26 "% ‘w2 H BALB/c /| BN 4 2= 2 % 2 5~8 & o
¥ - TFRBY TLHMBE (normoxia, N) 5 % - AJ2 1 § < § B
T R E MK F (normobaric hypoxia, NH) » B3 & 42 24 ~ 5 35 24 - F
21 2 B4 2 F P (Fig. 1A) (7 10% O % 90% N, iR & f » r i
A B 5 76 mmHg) - & % 10 -] BF (09:00 ~ 19:00) - # %87 0.5 L/min ; %
AT FRT EERF RS (hypobaric hypoxia, HH) » 2 § »t
crFFRIZEH (Mip'E ) M3 45> ~ 5 B3 5 380 mmHg ~ %
ARG T6mmHg » # 5 H e 144 | pF > F 5 H - ~ = ~ T B8] pF
ZEF P EmEGKE AR 10X » FRA T AR RS > P RE

MR o d SRR L L RS 0 Tt S ) B S 5 ik Makino ¥ 4 4

ﬁs

¥ (Makino et al., 2001) >

[£. 4 ¢hE 1= £ (largediameter) x & -] ¢z 1= £ 2(small diameter)] /2

FPFAFRTEFRERT 2 AR5 ARBE
f* 'z 1§ J2 % %u (Oxygen Analyzer/Monitor, Vascular Technology )

®oeriteng A R 18 pl4F 4+ ( Disposable Polarographic Oxygen Cell) i {7 #& ] ;

LR AR BT B AR B AAE S T8 E FHEFRE o ¥

R Rl @A r B4 57 » I &30 H - RERF LR
LR A F X B o MRl (S eng A RGP ST B YR F e )

FAT o sHT el o 12 F)- e (Fig 1B) -



REREHk 2 o h
1 RegHa 2 o R FH (hematocrit, Het) B 2
R e BB iR e 2 M F R B RS S 141 I
PR 2 54 o T R R R IR F AR e B 2 N5 A o g
Z G g - Bk TS 0 {1* 7 heparin o ® £ fmE  (micro-hematocrit
capillary tubes) #* f £ Bl Pz {s & e rkn § £ 2 02 B % 2R3 3
AHd - =, ¥t ae s (hematocrit centrifugette 4203) # 12 3000 xg 3 8
THL 5 A4k o S| ST SR ik eh IR E AR o
s R
/] &L 12 chloral hydrate (400 mg/kg) gk » f1* ™ 0.5 M EDTA
BiED I ml £ F 0 EREEMNGEY O PRHEEG ]I mlhde o
o B 1Sml e e g A TR w4 kY 0 B a0 4
~ 10,000 xg &t 20 A48 0 i R e ’, CREFY 80 skfa® oo 1

WP AAER AR Y

JORS R L B 0 B3 I RT3t £ o % 33

o7 ﬂé’,-"‘r. < Ffif’ F‘Jm”ﬁ }'57B’~_f y E’P%{)‘#L/J\7 ¢ A /i g ‘F' QL‘;T‘J IS; 7

-E
Sy
peicy
b
H
8

L — Lag n 4% paraformaldehyde-PBS ¥ H % > M F s B L

G ¥ - XA F Y o 280 CHE B TLPBANE AT ASEL

hEPE % A 772 enzymelinked immunosor bent assay, ELISA)
& ¢ VEGF % IL-6 3 & 1 DuoSet” ELISA Development System (R &
D) - 5 &£ 7 PBS @ # capture antibody > *% % 100 ul ** 96 3t 4%
(NUNC-Immuno plate) + > FE T # ¥ 4236 12 | PF > & FBART IV 5 K
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A E M AT TR RPN AR 0 6 # 3% 300 ul blocking

buffer (1% BSA, 5% sucrose in PBS) 2 uf:, BEPNZEE - HELEE TR
TF Q& 1) F O te 4 wash buffer ik = =t PP gzt ) AR AR R AR

%% 0 S8 4~ 100 pl 3F A e B %% reagent diluent (1% BSA-PBS)z2. & & &

PR R  FRIR A > FE T IFY 2] BF o 12 wash buffer ik = = o
FF 4o~ 100 pl g £ fe B »0 reagent diluent 22 & § 4 $ % & & ¢ detection
antibody » /g T iT* 2 ] PF{S 0 iz =0 {8 0 4o~ streptavidin-HRP i 5
F & 20 ~ 48 > {5 4v » substrate solution (substrate reagent pack) » st p¥i3
R BEBT R G F o WK IEH 30 A 4a1 0 4o » INRRRER K AL F
I % 30 ~ 48 *t ELISA reader (spectra MAX 250) 14 450 nm & P %_ig »

540 nm % %% & o W AP log-logis » M A EHER -

TAH S ke £ 152 dectrophoretic mobility shift assay, EM SA
1 %Py FEB
P IR ) 20mEe b e B E R i PR PR
80 pul (10 mM Tris-HCL, pH 7.4 ~ 10 mM NaCl ~ 3 mM MgCl, ~ 0.05% NP40 -
0.5mM DTT % 0.5 mM PMSF) > * Dounce tissue grinder -] # -t 53547
PR E > KFI0A4 & 24 2,000 xgHs 3 A4 ,fgu;rtj F
R PUHRENIRG T L I e o e M A BT R AR chim e P RPN 1 40 pl
(20 mM HEPES, pH 7.9 ~ 25% glycerol ~ 0.4% NaCl ~ 1.5 mM MgCl, ~ 0.2 mM
EDTA ~ 0.5 mM PMSF)323 8 & > /kip 20 48> T 7 57 gt 2
(vortex) — =x o £ 11 4~ 14000 xg #5448 0 ATE DGR T G e P
BEPR B 2ul XERPIE I FER A KT RFN-80 kY o F
Fpfsadre
2.DNA F4-9 %
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f1* Biotin 3’End DNA Labeling Kit (PIERCE) #- NF-xB # HIF-1«a
consensus sequence % T_+ biotin i¥ 5 DNA #£4*+ o B~ 5 ul (1 uM) NF-xB &
HIF-1 a % & % & %% DNA (consensus sequence : NF-kB, 5’-AGTTG
AGGGG ACTTT CCCAG G-3’; HIF-1 a, 5-ACCGG CCCTA CGTGC
TGTCT CAC -3’) “4r » kit ® #7*¢ 5X reaction buffer 10 ul > biotin-N4-CTP 5
ul 2 TAT QU/ul) Sl 4 -k 32 50 ul > 3+ 37 F R 1] pF o 2§82 KLk
w200 sk oo
BRAZEF
B A E#E 5% native gel » & 4 4 1 30% acrylamide 8.3 ml~ 5X TBE 10
ml ~ d.d.H,O 31.35 ml ~ 10% APS 0.35 ml 2 TEMED 17.5 ul > & » & 45 g
THAE LN E ] RE s e R AR S 7oA % % (Protean 1T XTI Cell)
s » 4v » 0.5X TBE buffer (50 mM Tris, 50 mM boric Acid, | mM EDTA, pH
83) % miAR > EI* 150V T RIEES 30 A 4811 P o PR o fe chim e
Fv o TF 10 ug > 4v » 5X reaction buffer 4 ul ~ poly dI.dC 2 ul DNA #£ ¢+
(probe) Sul 48 = -k 32 20 ul »>> 38 T 7% 30 ~ 45 - Shift § % ¥ > plL
‘v » anti-p65 antibody ¢ anti-HIF-1 a antibody 5 pul ** /8 7 &2 4% v 1T %
45 24318 o L 4c > DNAFRSE » T30 2 BT 8% 30 448 o Bfe ¥ ik &
AT A RN o 1 150V BRT AL 25 [ LY Eid kR
( Trans-Blot Cell ) > 4 380 mA #- DNA-3-v 5 4f & 844 (transfer) 1 -] p¥
¥ nylon transfer membrane (0.45 um)_+ o P~i& & 4% 57 membrane > ¥ “,% x-S
kA B UVET 12125 mfem’ o PR SEA 0 ft3 4e 2 cross-link < 2
t541* LightShift"™ Chemiluminescent EMSA Kit (PIERCE)* *7*4 blocking
buffer blocking 15 4~ 48 - # ¥ 4 » conjugate/blocking buffer
(Streptavidin-Horseradish Peroxidase Conjugate - blocking buffer =1 : 500) ;
fe% 15 A 481> 11 wash buffer i3 5 448 1 =t % 4 =t o £ 4 » substrate
equilibration buffer ¥ * 5 4 45 > % substrate working buffer (% &
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Luminol/Enhancer % Stable Peroxide Solution 53 & &) 1% 5 & 45 o & {8
#-Kit b #7% 38 %] enhancer ~ stable peroxide % £ /% & {& > ¥ membrane
SF R4 s V)U,f 5 &k 4 0 ¥ 3 Fuji film EC-BW cassette > 124

k& * X k5 (Kodak BioMax Scientific Imaging Film) v a5 5 & % -

7 * 82 Western blot

P R RS (5 20mg) 0 4o~ 10 BAAE IR K 200 pl (0.1
M PBS > pH 7.4 7 1% proteinase inhibitor cocktail set I) > f|%* 327 i
(Ultrasonic Cell Disruptor) # fri¢ H 325 i » 2 {534~ 12,000 xg #f-<
30 A48 o B (5 AT R G e Fed R B 0 B LR T AT
oo R 80 skfar o BEP AT
2. F¢ FRRBIZ
r2 BCA kit (PIERCE) iRl = 3~ BIkAR o d * Fv F ¢ 82 - B arap+
(Cu™) fE% » & 44 - Harsp3 (Cu’)> @ kit B #7*f working solution
Tfo- B A v > B2 K IAF S 3 590 nm R LH R kB FE LR
Thv FER o F AEA Iy FEAREY R 42 mg/ml 2w Fo Fo
&% & (bovine serum albumin) 1 = = -k (ddH,0) #id i & 5|44 o
ARG 1~05~025~0.125 mg/ml cog-v TR o AR * = SRR
10 B {80 % o B 20 ul efl 287 & ﬁr% & 2T 96 34 (NUNC microwell
plate)® > 4 » 180 ul BCA working solution ;& £323 > ¥ 3t 37 2% ¢
F 30 248 o F s 41 ELISA reader (Spectra MAX 250) ** 590 nm ™
BlETHBRE > T IR MR A G Tk R -
3. SDS X % pei=s8 3 T A (SDSPAGE electrophoresis)
Sodium dodecyl sulfate (SDS » #ifik - = figdh) & — fAdg+F %A
FhkY TRETXe 2 o g hky TR EApRSET 53R
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ISDS-3-0 FAIE LB 5P €Fo ke FAFTE 2R i
BFEAFERT R FF S I [ o § L WA SDS-PAGE » #2441
I EF S > b 2T F kRIS 3R L separating gel 3 0 A
H,O-saturated butanol /& T » ¥ | -|- ¥ separating gel 583 {5 > 23 7 et
R % o FF 4e ~ 393 R & e1 4% polyacrylamide stacking gel 7% 7% 0 I dE 4 3

*Fi Rk Ho4E (comb) 0 % F) 1 -] pF stacking gel i F s » "= 2 SDS-PAGE
W o g A 7 ended R R 2 6 % k45 sample buffer (300 mM Tris-Cl pH
6.8, 12% SDS, 0.6% bromophenol blue, 60% glycerol, 200 mM /3
-mercaptoethanol) & w323 R & > ¥ 3 95 378 # (Dry bath incubator)
SAER 10 A rTET R Y PR 0 # R ew k)
10 & 45 s 3w o #dk 582 v Fr & % 5. (Prestained Protein Ladder, 10-180
kDa) @& Bt~ Aty 2Ry ? oo AR E P 40~50V R E
{7 stacking > 2z_ & £ 2 70V 7 /R i& {7 separating °
4. & > & 2 (Western bloting)

#-F-v F R AR 2 SDS-PAGE /| BoT o e g R

(transfer buffer : 2.5 mM Tris-base, 192 mM glycine, 20% methanol, pH 8.3 )
PO RFRITT  EBZF & o 73§ ~ ] 0 polyvinylidene difluoride
(PVDF) membrane * ¥ f% (methanol ) 7% i 30 #) > izie >t kA a e &% o
LA AR P REYEARZREBRDIMBE Ko F R T AEFRE
12 % PVDF membrane > #.15 &R FBBRN3M Bl A Z &3 59 4%

PR AT AT NG e ;e%‘r st g KR B THEE 100V ~

5

70 £ 48T %= o fEF % & {4 B~ membrane b % 12 Ponceau S concentrate
A1 Adamnd Pk Ty o2 @G e B LAl 7 5% m
Pg4% 4 (non-fat milk power): 0.1% Tween 20 -PBS (PBST) *t % &
blocking 1 -] BF » £ 4c » 3 2 eh— %ff>t 4 4 5 ¢ iT% overnight o ¥ &
228 A PBST a5 048 3~4=x A4 2§ &2, PR TOT

# LS5 EAF el 3 2 12 41% ECL (enhanced chemiluminescence)
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B0 B 3% 4 % Western Lightning™ p #7532 % A~B % 2 £ » 32
membrane "t A K & 4 &b o uf 5.k 4 > %% Kodak cassette p o

sk &+ X kB (Kodak BioMax Scientific Imaging Film) »tag 5 @ B % o

F s R Ev@4 5 R (reversetranscription-polymerase chain

reaction RT-PCR)

1. > & RNA %2 (total RNA extraction)

i * Trizol Reagent' ™ ¥ B~ o B~ 7 o 52 o gr%k 4 30mg >
WHR LS ml e s g ¢ 0 4 r 1 ml Trizol 737% » §1* Dounce tissue
grinder fk b | 4 dble B F R L FEFET 20 A4
2_f84e »~ 200 ul %  (chloroform> CHCly) = %]} 7 g|# R £3523 » 7 #
EREI0~4 £ 14 ~12,000xg s 15 248 fh Bt K E S KA

F {

A
ey
P
She

T 1.5 ml & Ak e g oo 4o r 500 pl B3 EE (isopropyl

~

alcohol) #EH# R £353 T # 8 2T 10 245 £ 2 6~ 12,000 xg .
15 248 > e L] RNA ¢ & itiikde > H 3 ¢ igts - f1*-20
75% ¢ fi% (ethanol) s = fs» B4 L FRTEWFRT R AW
7 %@ F DEPC-H,O % 50 ul » > %733 -80 ke 5 & Jﬁ*?i%?}’ki %
fE12 -} pFEr > FRp i * 2 o
2. FE&-REépFR g F B (RT-PCR)

¢ * Titan One Tube RT-PCR system (Roche) #H — # RN E i -
G4 F o p LA SR & premix 1 (ANTP mix 2 pl ~ 100 mM DTT 1.25
pl ~ 10 uM sense primer 1 pl ~ 10 uM anti-sense primer 1 ul 2 5U/ul RNase
inhibitor 0.25 pul) % premix 2 (5X reaction buffer 10 pl ~ enzyme mix 1 pl #
ddH,O 14 pul) > z2_ 1 B~ & 7 RNA > 4r » premix 1 2 premix 2 4 = =X -k I
50 pl/tube o - 4F ok F2x ~ B R 5k F (Gene Amp PCR System
2007) ¢ 7R @A S0 304482 70 544k £ 27 PCRE
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M o fE R 4o

VEGF (total RNA %% 3 pug> 26cycles): 94 1min~65 1min~72 40

sec
VEGF sense primer 5’-GCGGG CTGCC TCGCA GTC-3°
VEGF anti-sense primer 5’-TCACC GCCTT GGCTT GTCAC-3’

TS (Thymidylate Synthase ; total RNA Z_# 5 ug > 33 cycles): 94 1 min ~

55 1min~72 1 min

TS sense primer 5’-TCTGG AAGGG TGTTT TGGAGG-3’

TS anti-sense primer 5’- CCCTT CAATC TGAAA GTCTT C-3°

mdrl (total RNA Z_# 5 pug-30cycles): 94 1min~50 1min~72 1 min

mdrl sense primer 5’-TGCTA TTATC CATGG AGTGG C-3°

mdrl anti-sense primer 5’-CCATT GCCTG GAAGA ACATT-3"

GAPDH (total RNA zZ_# 3 ug»35cycles): 94 40sec~65 40sec~72

40 sec

GAPDH sense primer 5’-TCAAC GGCAC AGTCA AGGC-3’

GAPDH anti-sense primer 5’-AGGGA TGATG TTCTG GGCTG-3’

3.% 4 (electrophoresis)
#-i§ € ehagarose I 12 0.5X TBE buffer (89mM Tris, 89mM boric acid,
2mM EDTA, pH 8 ) 4c £ 3 3 s fie B i F L |2 T A P o2 8 2B~ 10 ul
marker £ sample 4v » 2 ul 6X loading dye ;8 & 353 {872 » T A4, 2w

RoUSOV B F LA e A 41T R BT SRR L
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ethidium bromide (EtBr) solution ® %) 3 4 48 » 11 = x-Ki9Z4 2 446 > >0

HET BT -

@%%3
DTS Sl

A e T e ¥ BRI 0 A e oo P Ll R Y 4%
paraformaldehyde-PBS ¥ B % % 2 ~3 % » &4 % * 30% sucrose-PBS ¥
ok o F R R ?F‘,,L N RIREET L T MK R A o BROK R A S AR R e
gp-d o ks g% (Cryo-Gel embedding medium) & 324 (8 - ¥ 3072
7 3 #(Leica CM1900)¥ > 12 E & 16 um #ad = % o
& ER PR 42 (immunohistochemistry)

Mg e e BN 3 3% L X s jF > 0.3% Triton h PBS 3%
blocking ¥ - -] F¥ > £ 4]* mouse anti-HIF 1ot Ab ( 1: 100 ; Novus) ~ rabbit
anti-VEGF Ab (1:100 ; Santa Cruz) &' rat anti-CD31 Ab (1:50 ; BD) - % 4%
Bt 4 %% overnight o & 4 — FEIAEPF - FH - iz 0 I RS 0
PBS P~ — ik e Z o & B ki > I 0.1 MPBS jiesd = o § 4
114 Fe % gk % (biotinylated ) 1= %4748 (anti-mouse - anti-rabbit
anti-rat IgG) R T F & 1] - 1% 0.1 MPBS i 2 {84 » ABC
(avidin-biotinylated horseradish peroxidase complex) ** % 8 TF ig* 1 |
¥ o # {8 4~ 3,3’-Diaminobenzidine-4 HCl (DAB) % substrate 1 %
0.003% HyOp » % X PR T h 3 49 F I RPF » 2 %% = =0Rijik
b F O 0 20 18 £ 2% 3] 0.1% hematoxylin ¥ #& counterstain 5 4" 4& o

3.4 % #£4*% ¢ (hypoxyprobe)
kA Bw 1 )P R s E S 60 mg/kg MF HF 4
(Hypoxyprobe™-1, pimonidazole hydrochloride) # & F4ciotE % =%
P oR-H R o BT iR R P 4R 1 4% paraformaldehyde 7] 2 fs s
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Ko g PRI S > UE LG o Bt d 2R L 0.2%
Brij35-PBS e =t fs e x 3% Hy0p® » T IF* 10 #4802 T2
M e peroxidasee 4r » 0.01% pronase 2 40°C iT* 40 » 48> £ 2 0C10.2%
Brij35-PBS % 2 4 48 » P~ DAKO blocking solution #c » » F i £ % 10
k48 o 4v » Hypoxyprobe-1 (1:50 ; Chemicon) H tki=d8 % 8 (T% 40 »
480 k3 FAFME  L A rF 3 A Fa A Byl (1:500) 28
TiE* 10 4B kd FARPUIELS o 4r »~ avidin-biotin complex >t F T 0¥
* 1] pF o B fs 4 » 3,3’-Diaminobenzidine (DAB) % substrate » § X I
TR 1 d F I 2 %% 2 SRR B b F o 208 £ %)
0.1% hematoxylin ® # counterstain 5 4" 4& o
4. Hematoxylin & Eosin staining (H & E staining)

%”ﬁ}?ﬁﬂ.%‘« 5 41% 0.1 MPBS 5% 2 = > 14 "%—i I e VA €

e

#-tmgher B %Y 7 0.1% hematoxylin 4 & e da® L F 5 04k 0 7R

N
¢

1

(\x,

i

RAfS I TR S RE A 28 B~ 7 0.5% eosin A hF AP G
d01 s - RTEY RIS SORGFER SRR 2L REREE T0%

95% ~ 100%% xylene * & 1 /& 4538 7% K430 > S is 1% 44 2 B4 R

3

o

PRI
B R R A RS R TG o st ol S
ORI ERH H =X > 4 47 (analysis of variance » ANOVA) #4v 12 3%i5 » 2 {8 £

12 Bonferoni % 7§ - i BT 5 5447 o P<0.05 PEALL F A LR o
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i
B
=
™

MF P &) Bl 3k F v (Hematocrit, Het)
B2 7X Normobaric hypoxia (NH) ¥ 45> 2R3t » R & 5 (7 10% O,
2 90% Ny) s — /| PEF L& PSP K e AR (Fig. 1) e £ L i&— % ey
FPRF LR N H 4 AERR L ) B R (n=5) o
E% T 0 ApECSY ¥ 2 (Normoxia, N)» M ¥ &2 e | & » & % 4 NH 7~

g« &_Hypobaric hypoxia (HH) » # & 3¢ % fii v (Fig.2) #%F & F % ©

M ARSEH B E 2 B

BB RJLET ) R R e 4 R R BT IR A ko
Flge A0 ARl BT R T L e )

R e R (s e RLEYE ¥ < § BT ®F (NH, normobaric hypoxia) ¥ #
% 10 /] pF > e MR < ¥ (HH, hypobaric hypoxia) + % #§ &2 144 /| FF » ¥
A X pE- HE (0=3-6)c BEFIRL > ¥R e (N, normoxia) ¥ B>t 6
Bis w10 X >N F R ERAER < A MEE FRESF A4 o@ NH ¥ 8
PR EEL Y 10 X B FrailfH i WEpEning 2 > tipfn
HRe | AMETERFL R (Fig. 3) 7 NHAILT % € g FagE &

S B2l s

Rl

& (Tablel)e F pLHH 2% Bl e » M3 457 (S HET T &

MF L] B2 B
BN S 10 X P AR RIEEEL <) > EDF Il XA T AT AR -5
g o P PEJF IR B X PR - K ] L (0=3-6) 0 W REER B S

BHF J2E—NHHH %58~ ] s 52 o B lgr > f#RE (N) £ &% #


Administrator
Highlight


s % 14 2 0 A+ 97 LT 159.6+93.8mm’ + > @ ML AJLT ik B
WS F 142 > NH 25+ 97 £ 3] 180.9 + 53.1 mm® + » 4t # R e

P g FEAR (Figd): 521 A NE2Hi9% 2 441.3£196.6
mm’ > NH 2 %5 1 5724+ 1132 mm’ > S0 & £ & > 47 NH AL 65

R ARG G AT R

»HH 2% 21 = > Y7 £ 3

54

394241920 mm’ » ApdH B @R kini > L A E EHFLE o

¥ RJZE? M F 3 H F]5 (hypoxia-inducible factor-1 » HIF-1)&R %

1. MF rdZié M5 FETF)F L RH 4

— A TRE AMERAT 2P RSN R £ F
B He AL FEG G 0 RPREAEMEF VT UEFSEAT FETS
(hypoxia-inducible factor-1 » HIF-1) e it > @ BaE3F 5 L FL R o F]P A
Bed o MytRe (N) 24 2§ AJ2e (NH 2 HH) £ 8505 14 3 F16
AL R e ST S e o % F 3 R B2 (Western) 47 HIF-1a 2 R E
¥z B (Fig. SA) > H ¢ 2 Histone Hl a5 & T 8 e ] » W IR R Z B Je e
WY B AEFF ARG B ER T RO HRBE A B Il
(NH 2 HH) e 2 5 P A4 3 A E T 5 A R4 4 o
2. MEF pJLd MF B ETFF A

b2t L0 A HIF-lo 2072 0 403 0 s - H AU RABE R TR AL
FZe% 14 e Pidy o S5 FR HReaiesd ¥ ap RS D
HIF-la # 3 (Fig. 5B NI,N2)> e ip i3t 4t ie > 15 A2 ™ NH menidifle
SN T P AT R HIF-1a 7 ehlF25 4 4 (Fig. 5B 1 NHI,NH2, NH3) ; @ HH
Eed g e g < g R HIF-lo % - 0354 4 (Fig. 5B HHI, HH2,
HH3)> v HH 75 1« £ #0 o i2— # 1% HIF-lo Gl g ¥ 72 0 R F) super
shift 425 & 4 (Fig. 5B: SS: NH2, NH3, HH3) %87 #7 1@ éhband 729 % HIF-1a
M E2EE - L
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M ¥ 2% - NFkB

NF-kB & — fffdcis it 7|5 > B3 2 @Y MF T ¥ uig = NFxB < £
it 2 NF-xB e it 7“4 R 7 oae 58 By - Flet 29 %7
B R R (S % AR RS R I AP e s T2
(electrophoretic mobility shift assay, EMSA)= 3% #& iR| % e % @ NF-xB % i+ ehii
20 SRR HRE (N) Mg ek ¥ &P AS e NFxB 4 7 (Fig. 6
NI N2 N3)» eApdf> 4@ » 4§ 502 NH, HH 7 b e S p v 12 A
# I NF-xB & i+ enfiFa; 2 4 (Fig. 6 5 NHI1-3, HH1-3) - i&- 3 4] *NF-«xB p65
s R He R 0 ¥ L BB ORI B super shift enfFA5 A& 4 > o7 #ri8 dhband AR A

NF-kB @ % 255 - {13 & o

MF g2 §p 4 Fl+ (VEGF) @ e i
1. M rJd2 i 380 ¢ p 4 FIF (VEGF mRNA) Bk %
dt AT NP RER > M BV U FRR AR Y 5 AR

4 7+

‘-\w

(HIF-lo) 2R EF > a3 FEFAFLRF T gL 80§37
(VEGF) 22 »iedm @it 44 « APl e r§mk? » - H#HRe (N)
2 M F edZ m(NH, HH) 850 % 14 2 2 5 21 448 A4l g e s )
% RT-PCR 447 # ¢ VEGF # %1% 42} (Fig.7)> ¢ * VEGF } # F Splicing
SPIR G o Ft AR %I i § annealing E R & PFR > # w44 VEGF e 0 &
VEGF & 7447 » B ¥ BB 184 %5 5 644 bps &2 512 bps » 7 A v
FEzho ¥ - 2 5 41% GAPDH s & 2 & dhipdl - B % 8 &g B cm i
(% 14 %) B B BEp > AME A2 e B BEwmie? &35 % NH 29
&2 HH 2> 387 2@ A5 5 VEGF A %14 £ 2 meniia) (Fig. 7)5 & hrds
FRIGY ($ 21 ) pFod 2 N wrdgasladt bl i B8 )0 L 75
(VEGF) A T4 R G #4e el % > @ 1§ RaZen ] 8 DI AT 2§ 2
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%1+ (VEGF) mRNA # menia; (Fig. 7) ¢
2. M ASLEERPN NG F N L FF 3o F (VEGF protein) b

F-26 > APy FHme i dy o oud > REii A48 VEGF 430
o000 B-Actin s P ANEH c BEF R AMBEETY (F143) &
AL (N) Apvt > NH il § L 4e e0d8 % - & RT-PCR snig & 470 >
£ HH 2§ p £ 515 (VEGF) 39 Feh® vt 4= N 2 & -5 - & (Fig. 8A);
moE R BT SY (%21 %) 2% F VEGFehd > » HH 27} # % chik
% (Fig.8B) °
3.0 MF ARJEH) B¢ i F P A TS (VEGF) @i

d iR oM AgT T g 2 NH ) 8% % w% ¢ VEGF £ %1% 3-v
Framagse» Aa HH 2 frj 3562 F @ % 14 A > mRNA 2 REF - &
fEE R R BRI %21 X R TR ERLHF

Fp o 4 7 £ F VEGF ché ¢ »ie— 4 1% ELISA 3 a8l & F ¢ VEGF
FERACRE, B EFR BT REOwHELY > M LTI EHF
# %5 F 7 VEGF 7 £# 3% (Fig 9A) > #%a NH 222 N 'ejpfs T} % b

# o HH 4riz $ @ ffehm d o

ME ARIR e FATA DI
SpLt it ¢ 5 HIF-1q2r VEGF eh& 589 5% » 8- H % LB L& i3 N4

gt Emd) (%14 ) WE s (%21 %) 274K -

5N
ey
@
i

\1 J;r
E‘rh
‘:ﬂ
“ﬁ}

« HIF-1 ¢ B¢ %

prREE R A (% 14 X )0 & Nlejpr o iMF gl o] BUVRR e g
# A NH =& & HH % - HIF-1q 7% L E 5% (Fig. 10B,C)» # ¢ > 5 g2
chik % AR 5 o

R B s (521 % )0 N id 3B AR £ AR L PRl (2 0 O IRE 4 0 IR
¥ ®%& 0 @G HIF-1 #4484 (Fig. 10D); 3 2 enfiaj» # 14 & HH ‘o5
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7. (Fig. 10F ) » "z %1% 5 % “ B wre aag ) K BLNH & (Fig. 10E) > 4p
FOTT A o B 0 L A R B2 T S Bl e

it -

2. MF RJLE MR v R VEGF b

d 3 HIF-1 @ 74 4t 2 7 % VEGF § 182

=
A
=
NS
ol
A
s
|
S
>

17 VEGF 4 31 -

MR R B pE = % W IR VEGE B M mbe s fo e AR RS N 2o
NH 4 E % (Fig 11B)> #a HH 24r} i a5 (Fig. 11C) >
BrE S REEAARE

TRRBEEISYRE S = By v B VEGF B 1 imre ez B0 R dpiot
Nz Mg gae®e NH”2 HH 2 > 28 *Kjé B IR % (Fig. 11E,F) o
3. MF RJEETEY (F 21 2 ) B e §ATA S

VEGF % - 85 4 . % 374 5|3 > 37 3 Q‘;;Jeg;, 1) VEGF e 7 11id & 5
FATADIFA AL o BBt AARERY o LE- K B F P A e il TR
CD-31/PECAM % & B ”ﬁﬁﬁi%‘« P g AR e BRFR N BB
21 A pFE 5 > # CD31 B F Rimre 1R (Fig. 12D) > I ® RE ¥ w2 3 7 chiIk
J o Bfa B HZVEHRCY A NH 29 HH 2 B2 B3 P A« CD31 {2k
Renimre 2 4 (Fig. 12E,F) > ¥ ."1*?1 RAF e g iye om0 ME L
F7 g ae 4 £ VEGF 2 & 0 $3 § 474 ) o
4, ME EITEEH (F 21 *) Az B

¥ 21 % phak RS A R e R T F 27 ® o 4% Hematoxylin and
Eosin (H&E stain) i& {7 % 4 (Fig. 12A-C) » L2 R R3] 5 2a R enfid) - B %
# RN 2 (Fig. 12A)4p#** NH ‘e (Fig. 12B)F # ¥ 5> (necrosis) % #* !
Boom HH jex B ¥ U3 R ime o g B o fﬁ b Apgat N 2> 3 NH
e O R S chy iy BN G i 3R e e eh P RBIHE L p AR o
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5. MF RSLE i Rg RIS (F 21 %) MF Pl %
MEE R EE (%21 %) B iR R P 2w 0 s E R4
( Hypoxyprobe-1, 60 mg/kg Pimonidazole ) % # 2 4471 M3 R s L & (7%

T P gk o R MRS 74 7 # 0 2 Hypoxyprobe-1 FAf 4e 11 4§ &
14 (Fig. 13A-F) «

dRd BT OUSI ERE R SHRF . 43 N 2 (Fig 13A, B)| & v
TpARE AR TN IRF U RGF 5 M h% 0 7 04 d Hypoxyprobe-1 i ]
I F PR EF j{‘fﬁﬁ&? enim e i eniF A 7 g I HH % (Fig. 13E,
F)» pP3RentF p e At Gpls) s NHER 3 B2 86 2 K5 hh Bk

b E R chimre 4 v g A (Fig. 13C, D) ¢

Mg REIEE L P A6 2.6 (IL-6) hf %

IL-6 5 — % # &t cnfw® %% (cytokine)» Q}‘Jca‘ﬁ ' NF-kB g7 it 7 123 = IL-6
FRELA S IL-6 TARER S8 AR wE L LA Frdlee k- AR
Poo Ft s AAF Y 0 TMARME VU FE S NFkB < £F 1 0 FRAEH
TAFIL-6 2F 3 LG Rt 2 Fpt 8 { - 5 1% ELISA & S4B
ERL/F“IL6 2R

B5 AT ONH 2] SO EE B w5 14 25> & 37 IL-6 7 £ &k
FF A0 A HH 2o a2 N ko b ¢ IL-6 473 % Mehifa) (Fig. 14A) ;
iRk > AEErEAE Yy 21 TEFLEL AP HE > PR N 2> NH 2
FIL-6 3 £ HEF M 4e - o HH irg 2 Pliefhaal g » & 23 " M
) e

R Bl F Y nIL-6 B B G ARR > T BT D R (S
Ao it- HEY AE SR Ko BHEA L Z 2 I N-NH-HH
A AR ORI > § 21 X PFARB- 2 0 ¥ i F 0 4 ELISA i3 U e 47 E
IL-6n% & o % #R» Aiipd ] & Fp L6075 8 > % EN-NH
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S HH 2 fppcotEfEisa ] & P hMa ¥ 7 22 FralFid
(Table 2) - “$ gLzt s Bz g ‘F IL-6 7 & 2275 ~ -] idp B (et & (Fig.
14B) > &1 IL-6 22 ¥z civif B 5 AR BE 12 o

d 257 ir ) B 7 Fv oenIL-6 % 5 Hd At Ad ey I K A S
e fe £ A fgdE ] B ¢ Normobaric Hypoxia s/edZraf ¥ 13§ 2 IL-6
¢z £ o fe & Hypobaric Hypoxia cred®r3 7 it Fl 5 /| Qs L bl 20 &

R g o

M ARy ' (COXII) R %
b3 AF AT e A E e o a ki b pF (COX D)
Bt R P T AN B - BAptR o Tl ARG S 14 X &

521 % 0 S WP  Bdnte Foo B0 00d S R BLERBERS K w2

s> L emER M pEARE > £ 2 B-Actin G P IR o

SR wHB2 Lo (F 14 %) K RIL | B (Fig 15A)
A#HEANH A 2 HH 2> BF 1 f5 (COXI) ehZ E % F H B chifa) o dgiueh
e VUFE AR L) (% 21 X ) MF RJE e BB (Fig.
I5B) > B F “pFchd v 33 hiia) > LA ApporiRE (N)» 206 o2
FenZ B 0 > 27 8t (N) e p NF et K% hF > m ¢ (F

BF ity (COXID) pHBenfFa,» PAMKE Vi BB Erammg o

MF gl b € FE AT (mdrl) o (%

A ’F;L*Fl ; $g§ﬁd FEFREN v A R4 A ERIRL
B I 0 F P AP 5@;@%:& mMRNA L REFEE - §aBFEY (%
14 % ) B BURPE P4 > B RNA > {1 * 2 2§ RT-PCR ¢ 54 > 1t o =
2 mdrl A Fi RE (Fig. 16) > & A FIRF 2 45513 »rd henP LG 3
413 bps > ST AV HIEEF > B PFIL GAPDH #ui po3Rimd o
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SEMT o AAE NES 3 > NH 2hd RE T 5 k3 ié%3 > » HH &

2N B Apst o 4 F s e o

1 ¥ JeJ2 22 thymidylate synthase (TS) ek %
d »* 5-Fluorouracil (5-FU) @ E p % 2% 2 Bk Bkl R mEdH » 4
ARt W > k2% 2 thymidylate synthase 3 & & frd|H 7% > @
thymidylate #& ;% & = > @ 3 8% w7 DNA 2. ®:¢ > 7]}t & F %% 44 thymidylate

synthase & {7 4 47 ©

1.

=
ey
fyde

i+ 4 ) %% 8 2 thymidylate synthase (TS) 2. mRNA 4 45

i
5
5:%1

R (5 14 %) Bl BRI PR 0 # P 3 RNA 1 22 &
RT-PCR 17 ;% > 1t g = = [ thymidylate synthase 7 F]eh4 & (Fig. 17) > 4438
T2 A F oA P B G 660 bps 0 E T OAVHEET 0 BN
GAPDH i 5 p 2R304 o

SEHT B NEufppz ™ NH 2j 8§ 2483 > a8 HH 275 Lk
H4e o
2. MF $3 0 s thymidylate synthase (TS) 2 &9 & R E b 45

AR A HREFE DR GH I I F 0 0 F S BB AT
(Fig. 18) » 1 ® 12 B-Actin # i P R4 o

SEkE o pEBFENY > & Nejpf2 T > NH 2w 5 3345 ©
TEREFLR A FBHH i 2 Fhd R 39 T amd o

R B SH R TS shA R T B dp iz NH end B Ap s N 2 f ¢+ = e

X F B4 ki k-9 (heat shock protein, Hsp) = %
AFEHRASBEBFRE DY R SRR T d S R A
F7 0 I F 4 B-Actin f G P IR e
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# » = % ¥R Hsp60 (Fig. 19)



FRAEPHEES ) REL N BF R

W e kdp B F RS MERET PR o F §H R NS Ry

Mt B¢ BA B enE g AP ool TR P 3 4 (Goldberg etal., 1988) 12

HAcibi £ - AF%Y CNHEE X 10 LS 10% 022 90% Ny i § i

Lo A FEHH 23 MBEE > FF 144 ) pF o 05 M AT Tgde 3

(Het) silic @ AgF + 2 > &7 (F &I >/ 4] 8 & o Shallcp e 4e > 2
WMy FkE > kFHF L2 -2 465 P HI>NH>N -

BOP BR iB 2 AT S BT ME AIEE X 100 LT 10% 02 % 90%
Ny % 52 AP PGS RY ‘o ThEcp EEPH 4> 2 7 T
% 21 = (Kuwahiraetal., 1993 ; FIt#,2004) & KR MF s F 4F 1R
% (Kuo et al., 1999 ; Pavlicek et al., 2000 ) -

f pz ¢k > Kuwahira % 4 { 9 M3 RJZ R ET - X R g3 L3740
A A 2 0 B TR~ R (dofi FR) B OFRRE PR I H B e ehieA) A
ERRI R AR TiE ot - N W O LA < (Kuwahira et al.,
1993) M2 A5 BT > M AL B3 AL PPES S EAHE B F
ZAp (M, 2004 ) - Deveci PIZET » % ~ v Byt My (12% 0y ek
B 3 BEY T U AR X Rl [ FR A L % 5 ATE I %
(Deveci et al., 2002) o F]pt > d 11 F = }}%? oo FER OME RSV MP R S X R

PR F R AR EONEE IR L AT - R P R E R F R

B (M, 2004 ) o

AR 2 M I R L2
v peda o f R R CT26 fmre phpF o SEY BB K 0 MG 6 G )
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(cancer cachexia) a4 4 > F|Jt ¢ i < M & P & "% X (Nukatsuka et al.,
1996) > m A rF%? » ¥R E (N) X &g CT26 w2 i % 11 X Bds o §F
EREMAE S P RBEY 3 TR A 2 > 0t % % & Nukatsuka £ X 87 3
ER A o

f‘“f *k » Kuwahira % Adg o TG RESTEYME FAET I H

FA R ER L EFEL R A4 (Kuwahira et al., 1993) > @ 2 i chf %
P ONH 2MF ed@le ¥ gl AME PN 2- iy & ™ 83
Tpgt N 2372 ¢ { 8- HE o ERBET S 3 2 XRAPRET T HF
BARE N BRAFLAREE -

Tob o HH 0% 0 kR 0 B R JE R R o P R JE IR 5
WREF LA EFORE LSS 2E I 74 & (Kuoetal, 1999 ;5 La Padula
and Corta, 2005 ; Meberg, 1981) > &7 M5 M > 4 B s & N34
ARE A WMERESR g o Fp > HHE 465 I N=NH>HH -

ME RILH R ] 2R

F oS om0 NH e Behidgy e o g3 B o P Ap ot e e (N)
FA MR R FLARAA A EBRE RIS FHENARE T A
BMFELR2 AR ETHRFZ LD FHEERT xR o% g o F0 Fac
HIF-l1o ~ VEGF % ch% 3> & & @ NH & |
FUFRBIRIATAL FoRERZ LT EAL PRI g I R T R
k7i$ & HIF-la ~ VEGF # & 7 fi2 %% 4 £ 4p ¢4 & (Carmeliet and Jain, 2000 ) -
R oo g ¥ HH ‘e g2 £ pFRF MR M ¥ (380mmHg ~ PO,=76 mmHg ) % £ ¥ >
BHigmad L7 a5 Frdlarcfy 20 HHadZ 37 g Sd a4 m R

g B XTI E A F Wl el ay e Flt o BEgg ot b5 I NH=N>HH -
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1.1%

ME RIS RPN W e A S e

A9 %f]* RT-PCR~ & = 582 “EMSA 2 LB 884 ¢ 24 R KF

)

EELE U I o ﬁg‘r/,,\ 2_ETE o
§RILEF H B e s B HIF-1o £ 3R
FEHREEVUFER > AR BF R pE > I T B G0 g
LoELk 2r EMSA A7 > M § Ageen | &% > %4 NH 28§ HH &
# & HIF-lo éhd R 5 4c - & HIF-1a i@ die G 3 4o i) o igpt 2 o
- B LRRE I E R REESROSEE -
B3 *é?/]?ca‘p»"’ﬁ% R v g oonid & dk § o 73 HIF-la i
iv 52001 # p& Stroka 9 > #-X BB > 6% 1§ 43¢ 1~6 B FFR > I
foB A d 22 Western blot 7 1 PP AR S IR B KUK SRR T R ep ¢

p & HIF-1 < £ %

. . (Stroka et al.,2001)> pt A et > KF 2% 14
TP T U FG S ’?E‘v_f}?g.f‘:ﬂ.?%‘l ? HIF-lo 23R & * E#H% 2 4psF 0 o 2 i > o
AP EIE M ME 2 o NH 25 X 45 10% O, %2 90% N 10 |
pFo 2§ HH 2+ § B*% 5 380 mmHg ~ § 4 /& % 76 mmHg » & % ¥ A2
144 -] p& > 22 Stroka & A @R AIE 2 40k > Ra % 14 2 prR IV U

23| HIF-1a % 3R -

2.MF RILBEF R B R e ? VEGF A%~ v FARZE & § 474
%d RT-PCR thi %V g > "EF EHdpF o 1§ AJ2 > @ah L
NH 2 ¥ HH 2% 3% <3 VEGF mRNA chz € s a § # B 1 6P

d N BB AR L A& o Bt 8 VEGF mRNA eh® 4 jritibreng 2 cig
%% NH 28 HH f£d >2 4§ AJ2 > (2 &7 12 3p|{ VEGF mRNA 4 3. -
F)pt > %% VEGF mRNA ¢ 6] % © NH>HH>N -

§ RT-PCR th % i #45 = LELE S A5 4 4 2 7@ F]eh% % N &
2 NH eip it ¢ > e L ey B9 pFaHH 2 VEGF 34 F 2 £ - 4p
P2 T AR R RS RN A RES T E S E AT
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MR P F A H IR N Ry FRBA Y 2 RATR S ik
» fiEd 9§ AREE (Birotetal, 2004 ) ; F4t > H 5 #p "B VEGF 39
Ft )% 0 NH>N>HH -

his#PE > A X T UL HH 2 VEGF thgd T3 82 5 i3
Hod ) BUBPBTE MR M IR B G Rl TA L IEH R s o Fet > B B
P rE R dv ot 65 0 NH=HH>N -

o TR R MF T LG ki d g

e
i
an
-
G
—_
Q
/\N
el
S

S8
=
-
E
fe
P
=
o
7
<
(7
|
&
fa
o4

oo ¥ F ??‘}I%a‘%:". M F
VEGF A 7]+ & \»Iﬁwafggi%% s Ap F e 4] HIF-1 endk P&

1'% M VEGF & LT drd 8 4 £ > F]pt B3 VEGF en$ % 223 ip 3 & o
4o Sun & A ZEF > A% &~ F 2 4+ £ & I von Hippel-kindau (VHL)
1% S e s h VEGF e A fgend £ (Sunetal, 2003)0 1 i€ -
# &gt HIF-1 2 VEGF efp M Bt o @ A AF %Y - FEf I 1KF AJ2 »
E%ANH =& HH - /g8 B S0 7 ¥R A B/ e% Y VEGE
& %]~ 39 H % CD31-positive m? & I E H4r - FIHF St AT AT

%L,\T,ﬂuﬁ‘—‘;:]%_ﬂz&"Pﬁ}?ﬂ —\«é_if‘ﬁ_g fﬁ— 'QF'HIFICK%\ éiﬂét’

—ﬁ

i@ VEGF A& %]~ v FLRMH 4w > &a G0 §A72 DAL o

"2 % Moeller ¥ % » HIF-1 #7i¢ # ¢ VEGF < £2 & » 7 11ig
- H I i HN A dmre b BGEPN A e chd B @ i (8 H N st AU
# &3 #FuE (Moeller et al., 2004) o F]pt > {2 R % ¢ ELP| 3] VEGF
B4R kT Al NH EAgT et > (8- H o &
F g A Y NF-B F A § 2 BT FA FhA R
NF-kB 37 % B ergh 4 e g2 ¥ £ end d > A A9 %L

i E ) BB > 2% A NH e ¥ HH 23 ag Ew ) > 2 NF-«B

HEI S MR F o v R B F HRT T R R F B B



§A5m % % NF-xB % (Koong et al.,, 1994) 5 b 2% 2220 T 7 B % 4p
BOATREF S i Hdp e L F L LA eh NF-kB > ¥ i S
d e COX-II ~ &£ 4> @ K HIF-1 &1 > 2@ &2 2 VEGF #ig ”F‘t T
4 0@ Bt £ (Jung et al, 2003 ; Lukiw et al., 2003 ) » J* & % =
BAF G - R MF AIZNH HH 2> Grdms Beand s > ¢
T OUE T COX I ehdes A TRS A m o £ 304 N rims B 1@

BE o g B AR § A A e o F1R 0 g COX II 36 70t 6% ¢ HH

=NH>N -
a2 b 2 gkdp Bt NF-kB om0 TR HRd - &
v F o e COX-II % m®e k4o 1 IL-6 ~ IL-8 ehi s B PG d &

35S
P

(Maihofner et al., 2003 ; Lukiw et al., 2003 ; Xiong et al., 2004 ) o F]pt » 2
e Rl ) R mlp sl IL-6 ehz7 & 0 BRFIR 0 NH M5

ok R TL-6 5 R8N fpit g B beenlfa; o £ 8§ BAE R T

B hMF e s BR o NH i § AGL A 37 2R GE 1 R !

-¢
R

NF-«xB % H ﬁ%ﬁ#ﬂIL6mz\ﬁL,ﬁ§~i/€ﬂ§g:}pH ' NF-xB 2 IL-6 ¥ # 3% F
TG oskendrd|imte - g 2 o 4e Wang & A 3 1996 2 1999 & 4w
o flr AFEAEH/F NFxB &7 1 F s i daunorubicin %
camptothecin #7i¢ = c'm?s k= I % (Wang et al., 1996~ 1999) - Lichtenstein
£ A PIEF IL-6 ¥ 12 F »c¥r4] malignant cells sm# %= (Lichtenstein et al.,
1995) > iRl 2 ¥ v 541 5 Ragdme B Fv F XIAP ¢h% I (Yamagiwa
etal.,2004 ) #TusF& L b2 Lﬁ% » 45R] > NH it g R i ™ 13 = e NF-«xB
2 IL-6 * £ 2R ¥ MEGEE B wmie 4 £ > PR EPIT| VR S ] > K
NH 23 e seqp @ & o 2 NF-xB 2 IL-6 £ ILF o ¥ M e im
ek A4 o R B K BB {3%;3);— °
FRLUHH & IL-6 thd B 4ri2 3 3 % e0lFa) o Ft > bt i
g B¢ o B 7 ¢ IL-6 ** ] 5 : NH>N>HH -
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- APRA ARy El R B i o 0k H g
A 2 BnBE o d B EAPT udp o o) B IR IL-6 Ed
EAp g A ke Flpt f R R i s o IL-6 A RE R EF 0 4
MRME a2 > BT HH 2 ) R € £ 7% > £ 4 3 K F Mo
HFEAZEE (Bl ) - H2 R Iy Fehdd BFrgFd wEamg o
PR HH 2 ) 88PN 2 IL-6 F R chh Fl o v AP F

H
FAE R R S ) R 3 IL-6 SR B R e

¥ IR R e ’%‘« w0 HP B e i
2000 # pF > Chavez % 4 dp o B BLE MR (380 mm -k 42450 20%
0, "% ﬁ%“ B 21 % 0 Al 1-14 % E%'FK? [P g ’Ff”* z+ 33, HIF-1 < &

R

Ra % 21 R HIF-1 chZ2 B RRAE T ¥ > $BIE 7 & B 7
Ed WA 5 E S gATA 2 AT A Fene g i 2 eh (Chavez et al,

2000) ¢ $2 hF BB R APET O 0 F 13 X PR ASL R 8 @k L
NH 22 & HH %2> ¥ 7 U p BEF R HIF-lo = £ £ ~BF a2, w8 &%
21 X pFMF EJT Y B ?T' v > F @ HIF-lo 2 3™ (AL 2 2% ) >

% 21 2 pF > N 27 P AH R % B (necrosis) ch® 3 > @ NH 205 #5
CD31 B F fgeng e o pLdaipl > A9 % e NH 2% 22 d 30— B4oif £ %
e et - MF BT o FIP T UG AR e A A
HIF-1a 7% 1 ~ VEGF AT~ $d T AR EH 4> @a g 20 3354 PV E 4

SO AR (B 21 R) B0 oS F WA FATEHUA D o AR e g

‘(

IR ﬁa;CD31}‘%]“}F)@mn_?p\pi i »m N % ¥4
AT SRUR S  F R 3Rk S g TR G ki y FEA S D G iR
(necrosis) A5 4 4 o

FEHH 2 > d L HMRME ed2 > m ¥ 2R RE >3 LT
o Mg A L7 0 BRd FARX ENHEF 7 R % s HH e ee
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RandppEe o A1 HIF-o s v 22 23 > e B 8 7 2540 VEGF #r| {8 8 &
TEA T B AR FL A AR w f AT oS BB R RIS

TR Py e AN PRI R R F e 3 hle e

1§ R 2R e FLE M anld Tk
S ER ;;uﬂ D5 HIF-1 eht § £ L7 % (4 0% 4 (4 5 B 4 chig g 12 (Unruh
etal,,2003) > 2 H T35 A 4 VEGF * £ 4 7 M GEPN L b2 575 0 F]PL F Ak
M B AR 2 s 2T (Moeller et al., 2004) > ¥ ic 84 5 2t ¢ > NFxB 2 1L-6
FRARTER VoA R AR SE Z frd| e = it * ¢ (Wang et al, 1996 ;
Yamagiwa et al., 2004) o 5 7 i:&— H 271K F Frid S TdREN > AF HRACHT )
BEHF
1. M % J2 thymidylate synthase (TS) &k %
bR #E 5-FU - EATRAt ® KR A B E S Ky - At EH e
TG 15~20% Sk p f HE e R § e d 02k (Schmoll et al,
1999 ; 3 &, 2001) » B FB A E 1 1 2 fedy 0 B F R %0 B
5-FU # 115 »xjps MR 4 = (Makino et al., 2001) < 5-FU 1% #* 4] 90 £
% thymidylate synthase eni®* (Riflipind ) £ A TS ek B34 in T+
£ H ¥t 5-FU endu# (4 (Peters et al., 2002) ©
AR BRASVTEBE R E S TS v Feic® > SEFR > E N
fofprt NH ‘et S peise e 2 algF £ 8 > @ HH 24 BRER % ;4
179 B+ 1999 & p5 » Ehrnrooth % 4 #4& C3H ** CDF1 -] &¢ » # " &
% 200 mm’ % ~ % § 45 0-50 -} p¥ > # I TS 5 T "% ¢k % (Ehrnrooth et al.,
1999) > e AP EATEZ AT b AT Ao FIPAFT R R aisd
AR o Tt o BB TS 6 F 6] % 0 NH=N>HH -
2. MF 2 5 # v F (mutidrug resistance protine, MDR ) R} 7%
TE kAT E MDR 22§ i 3 G B 5 b g T A F A
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# A4 rhR B © 8 mdrl A Fehd R SR AP N 2o NH e f
Heen b 2 8 a3 57 7 4p it (Wartenberg et al., 2003, 2005 ) > B2
Fovpin® § 2R REDE S DAREE-H T S BB AL

real-time-PCR 1% { #% ‘wehs 7 o F| b » H 6% mdrl mRNA +* &) 2 : NH>HH

1%

No

B

F EJE ¥ ki kv (heat-shock protines, HSPs) #hf i%

Poana b PR IRARRL R AR A G A AFE o TRKLRY TR
& 39 F (glucose-regulated protins, GRPs ) » @ #: ik 5 39 B~ F]H
AFRAT T AST BRI T RSLE FUAEwE LS B
pett 39 B -HSP110> 4~ + & & 100-110 kDa 2 fF » = 2 33 3 i# isoforms »
o Blmre iz ik s B HSP90 o B oA IR G 2 1 isoforms s H A IR E
W=t HSP70 > " S FfE <% & > 7o B5L@yE5 B 5 HSP70 > 5
AREBFOREFY T 7 F 10 B isoforms > &tz v FiE G
B SHSP60:> p v R IR 1 B 2 WM IF-9 FE w75 M, a3+ & HSP>
A+ & & 15-30kDa 2. F > ¥ § 26 B isoforms - £2 i3 it ?f:gi 18 4 ot £
5 B o

W2 A5 47 00 HspT0 7 r2dedld SF 9751 cnmre AR MR 2
(apoptosis ) » 3 4v fm?z gt (Keita et al., 2004 ; Suzuki et al., 1998 ) ; 2004
EOF A A BT o g ME 4 R BT PR
(re-oxygenation ) /e J2 » B % F IR 0 AR L ME 2 PFH Hsp70 72 £ 22 -
e g R R EAREF ARG APFFFH 4 o Hsp70 03 2 2 Hi4e 0 B
3| 36 /] i 4 4o eI % (Keita et al., 2004) o & F 34~ 4 47 Hsp 70 &

BE R P EPEnLRE R el aNFARL EF AR
him®e > & AL MF 7 e chpe o Hsp $20 10§ hifsh &5 7 ik
% > 2004 & Chiral & * g%= 5 4] * 374 dpiglets AJL X § 1-4 /| PFELE S
¢ o3-e Fendo R g2 2R HIF-1a 2 Hsp 27 5 8 e 3R % » 2 §_Hsp70 ~ Hsp
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90 ¥ HO-2 ¥ m &g % £ 8 (Chiraletal., 2004 ) > 2 A F %k 4p i1 o

s bit Hsp70 “b » 2@ 274 & 47 Hsp60 2 & » = 2 &b
AR RS Y AREFLE R A Gupta A S TS I MY &

v § 7@ e 0 2 g R A2 Bax ~ Bak & Bel-X #

L
N

&3 &2 e Hsp60 > € 4 354 I] plasma membrane + > @ Bax ¥ if

¢ Fa TR AR e i p 2Rk = (Gupta and Knowlton, 2005) » F]t & &
- H A F Hsp60 £ 15 chff 0% > g $d B Jmbe B v (5447 o

. M ¥ g2 2 Bel-2 family B %

A F IR ii?."l%%r} HIF-la /& i > 2% k= 4o B $-0

—

prek s mE T S d &

Bax % Bid #4 3 m i F|4# 4 (Erler et al., 2004) ;

i Bel-Xp % chim®z » @ @ "B = £ 3 i (Dong and Wang, 2004 )

Ra AR okY > d 3 LB TR E w2 (58 Bel-Xp ~ Bel-2 3

BRI R ) *}@fg

T ) BRBPHFOLRTF - R (0=3,

fefk AP B A HT2 -
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AR CT26 wredfie | R+ A AT L HEHFEJI*r 24§ BT
M AJZ (NH 25 10% 05~ 90% Ny » & 2 10 -] %) » & & £ R K F &JZ (HH
f3 % F & 380 mmHg ~ § 4 B 76 mmHg » & & 8 &JE 144 ] pF ) > ¥ 14§ 2k
S HF R EEA BN RS AR ERY (% 143 ) Bl (%21
* ) eE A AR g oo

BB R 0 B i F AJLH g p 3R HIF-1 a0 ~ NF- £ B 9 4
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FRIEE); L F IL-6% VEGF~TS 36 § 7 £4rf # Fehd L NH &
HEn HH e 7 LE & e T s Flend i B3F a7 F oo
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MERS ) RESF G METEG APMIL

iR &RV i pALE- B TIME S S iR Ry I iR
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Appendix 1. Hypoxia-mediated chemotherapeutic resistance

Hypoxia-induced Resistance/Drugs affected
Direct effects Drugs require cellular O,
melphalan
bleomycin
etoposide

Indirect effects proteomic Cell-cycle slows down/arrests
changes alkylating agents
antimetabolites
Elevated levels DNA repair enzymes
alkylating agents
platinum compounds
Metallothioneins
cisplatin
Indirect effects genomic Clonal selection p53 mutations
changes alkylating agents
antimetabolites
Multi-drug resistance
adriamycin
Angiogenesis/abnormal Reduced drug diffusion
vasculature Impaired drug delivery
Extracellular acidosis pH gradient

weak base drugs

Shannon et al., Cancer Treat. Rev. 29, 297-307, 2003.
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Appendix 2. Regulation of HIF-1a .

Mormoxia

Prilyl l:'“-—-'

Iycircacytants \:% —

L CUL2 Proteasomes
inkhibitors
Iror chelation -—| @ el i -
= - oH & ‘
L«_W-IL | .ILIil':EI

I * ' = = Degradation

=l
comiplex

MuClets
Hypoxia

i Survival / Ang2
Glycolysis apoptosis ks

Semenza GL, Nat. Rev. Cancer 3, 721-732, 2003.
Carmdliet and Jain, Nature. 407, 249-257, 2000.
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Appendix 3. Tissue localization and possible of ABC transporters

Common Name  Systematic name

PGPMDRT

MORZ2

MHP1

MHP2,
cMOAT

MAP3

MHP4

MHPS

MAPE

AR,
BCRR,
ABCP
BER,
GPGP

ABCAZ

ABCE!

ABCCH

ABCCEZ

ABCCH

ABCCA

ABCCH

ABCCH

ABCGZ

ABCB11

ABCAZ

Tissua

Irtesting,
liver, kidnay,
placanta,
blood-brain
barmier

Liver

Al tissues

Liver, kidnay,
intesting

Pancraas,
Kicnizy,
intesting,
liver, adrensl
glands

Prostata,

testis, ovary,
intesting,

pancreds,
lung

Maost fissues

Liver, kidnay

Flacentsa,
intesting,
bregst, liver

Liver

Birain,
mongcytas

Non-chemotherapy Chemotherapy

substrates

Metral and cationic

Oganic compaounds,

MMy Commonty
used drugs

Phosphatidyicholine,
some hydrophobic

drugs

(Jutathione and athar

CONjugates, arganic

anions, leukotiene C4

aimilar o MAFT, non
bile salt arganic anions

(ucuronates and

Qlutathiona conjugates,

bile acids

Nucleotide analogues,

Oganic anions

Nuckeotide analogues,

oyclic nuckeotides,
Organic anions

Anionic eyclic
pentapaptida

Frazosin

iz salts

Steroid derhatives,
Ipids

substrates
(known and suspected)

Diosorubizin, dauncrubicin,
vinzrizting, vinbiasting,
actinomycin-0, pachtaxa,
docetaxel, eloposide,
teniposide, bisantrans,

homoharringtoning (5T1-671)

Paclitaxel, vinlasting

Cicxonibicin, epirubicin,
etoposide, vincristing,
mithotrexate

Methotrexate, stoposide,
doxonubicin, clspiatin
vincristing, mitoxantrons

Etoposide, teniposide,
methotresate, cisplatin,
vincristing, doxonubicin

Methotresate, thiopurines

f-Marcaptopuring
fi- Thinguaning

LInkncm

Dicsanubicin, daunonbicin,

mitgxantrong, topotecan,
EN-38

Falitaxe

Estramisting

Defects in
human disease

Ning known;
altered sensitivity
to drugs

Progressive familial
intrahepatic
cholestasis

Mne known

Dubin=Johnson
syndome

Mione known

Miane kncwn

Mione known

Pseudoxanthoma
elasticum (subsirate
unknown|

Mione known

Frogessive familial
intrahepatic
cholestasis

Intracelular stenmid
transpart

Gottesman, M. M. et a., Nat Rev Cancer. 48-58, 2002.
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Table 1. Effects of hypoxia on body weight of BALB/c mice with or

without CT26 tumor

Body weight of mice
bearing no tumors (g)

Body weight of mice
bearing tumors (g)

Normoxia

30.09 + 1.15 (7)

24.86 + 3.01 (5)

Normobaric hypoxia

28.97+0.84 (4)

24.79 + 2.13 (5)

Hypobaric hypoxia

23.42 + 1.00 #(5)

22.05 + 1.65*(6)

Numbers in parentheses represent sample size. #p<0.05 of mice bearing
no tumors compared with those of normoxic mice; * p<0.05 in hypoxic
mice bearing tumors compared with those in normoxic mice by one-way
ANOVA followed by post hoc analysis. Vaues are the mean = SD
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Table 2. Effects of hypoxia on serum IL-6 level in BALB/c mice
bearing CT26 tumor

Serum IL-6 level in mice Serum IL-6 level in mice
bearing no tumors (ng/ml)| bearing tumors (ng/ml)

Normoxia 3.09 £ 0.57 (3) 29.32+3.41# (7)
Normobaric hypoxia 3.41+£0.32 (4) 61.59 + 5.56 # *(6)
Hypobaric hypoxia 2.18 £ 0.51 (5) 19.19 £ 2.34 # *(4)

Numbers in parentheses represent sample size. #p<0.05 in mice bearing
tumors compared with those without tumors; * p<0.05 in hypoxic mice
bearing tumors compared with those in normoxic mice by one-way
ANOVA followed by post hoc analysis. Vaues are the mean £ S.E.M.
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Table 3. Effects of hypoxia on BALB/c mice bearing CT26 tumor

14 days after tumor 21 days after tumor
transplantation transplantation
N NH HH N NH HH
E | VEGF + + + + + +
g IL-6 + + + + ++ +
HIF-1a - ++ ++ + + +
NFk B - L + Not determined
VEGF (mMRNA) - i + + ++ +
s | VEGF + + + + + +
E CD31 Not determined : + '
TS (MRNA) + ++ + Not determined
TS + ++ + + ++ +
mdrl (MRNA) + +++ ++ Not determined
Hsp 70 + + + + + +
Hsp 60 + + + + + +
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(B)

0, %

0 30 60 90 120 150 180

Time (mins)

Figure 1. The normobaric hypoxic cage. (A) A picture of normobaric
hypoxic cage which was continuously perfused with 10% oxygen and
90% nitrogen (Iml/min) for 10 hours/day. (B) Oxygen level of cage
after the perfusion. One hour after the perfusion, the oxygen level
reached 10% and maintained at the same level afterwards.
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Figure 2. Effects of hypoxic treatments on hematocrit. Hypoxic
treatment elevated hematocrit. Blood was directly withdrawn from
eye and hematocrit was measured using heparinized micro-hematocrit

capillary tube. Numbers in parentheses represent sample size. *,
p<0.05 in hypoxic mice compared with that in normoxic mice.
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—A— Normobaric hypoxia (7)
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Days after tumor transplantation

Figure 3. Effects of hypoxic treatments on body weight. During 21
days of hypobaric hypoxia exposure, body weight significantly
decreased vs. the normoxic group a day 4-16. Numbers in
parentheses represent sample size. *, p<0.05 in hypoxic mice
compared with that in normoxic mice.
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Figure 4. Effects of hypoxic treatments on tumor growth. Eleven days
after CT26 cells inoculation, the tumor size was measured by asingle
person. Tumor volumes were estimated as 0.5x(largest
diameter)x(smallest diameter)?. Similar results were obtained in
duplicate experiments. n=5-6 mice/group.
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(A)

N NH HH
HIF-1a -——
Histone H1 —
S s
(B) N, N, NH,NH,NH;NH,NH; HH; HH,HH, HH; FP

L i .

Figure 5. Effects of hypoxiaon HIF-1a expression and activation at
day 14. (A) Nuclear HIF-1la level was detected in tumors from
normoxic (N), normobaric hypoxic (NH) and hypobaric hypoxic (HH)
mice using Western blot. (B) EMSA of HIF-1a in tumors from
normoxic and hypoxic-treated mice. The abbreviation used are: N,
normoxia; NH, normobaric hypoxia and HH, hypobaric hypoxia. SS,
supershift ; FP, free probe. Similar results were observed in duplicate
experiments.
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N, N, NyNH, NH, NH, NH, NH, HH, HH, HH, FP

TV LLA T
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Figure 6. Effects of hypoxia on NFkB activation. EMSA of NFkB in
tumors from normoxic and hypoxic-treated mice at day 14. The
abbreviation used are: N, normoxia; NH, normobaric hypoxia and HH,
hypobaric hypoxia. SS, supershift ; FP, free probe. Similar results
were observed in duplicate experiments.
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D14 D21

N, N, NH; NH, HH; HH, N; N, NH; NH, HH, HH,

VEGF VES 164

VEGF,,,

Figure 7. Effects of hypoxia on VEGF mRNA expression in tumors.
Agarose gel (2%) was used for gel electrophoresis. The abbreviation
used are: N, normoxia; NH, normobaric hypoxia and HH, hypobaric

hypoxia. D14, day 14 ; D21, day 21. Similar results were observed in
duplicate experiments.



(A) D14

N NH HH
VEGF
B Actin
(B) D21
N NH HH
VEGF -
B Actin

Figure 8. Effects of hypoxia on VEGF protein expression in tumors.
VEGF protein level was detected in tumors using Western blot. The
abbreviation used are: N, normoxia; NH, normobaric hypoxia and HH,
hypobaric hypoxia. D14, day 14 ; D21, day 21. Similar results were
repeated six times.
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D14 D21
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EE Normobaric Hypoxia
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20
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_|

Serum VEGEF level (pg/ml)

Figure 9. Effects of hypoxia on serum VEGF. The serum VEGF level
was measured using ELISA. No significant difference was observed
in three groups. The abbreviation used are: N, normoxia; NH,
normobaric hypoxia and HH, hypobaric hypoxia. D14, day 14 ; D21,
day 21.
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Fourteen days (A-C) and twenty one days (D-E) after tumor
Implantation, tumors were removed, fixed and frozen sectioned for
HIF-1a immunostaining. The abbreviation used are: N, normoxia (A,
D); NH, normobaric hypoxia (B, E) and HH, hypobaric hypoxia (C,
F). D14, day 14; D21; day 21. Results were repeated with three

independent experiment. Scale bar = 50 um.
65



.

Figure 11. Effects of hypoxia on VEGF expression in tumors.
Fourteen days (A-C) and twenty one days (D-E) after tumor
implantation, tumors were removed, fixed and frozen sectioned for
VEGF immunostaining. The abbreviation used are: N, normoxia (A,
D); NH, normobaric hypoxia (B, E) and HH, hypobaric hypoxia (C,
F). D14, day 14; D21; day 21. Results were repeated with three

Independent experiment. Scalebar =50 y m.
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Figure 12. Effects of hypoxia on tumors. Twenty one days after tumor
implantation, tumors were removed, fixed and frozen sectioned for
H&E stain (A-C) and CD31 immunostaining (D-F). The abbreviation
used are: N, normoxia (A, D); NH, normobaric hypoxia (B, E) and
HH, hypobaric hypoxia (C, F). Results were repeated with three

independent experiment. Scale bar = 10 um.
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Figure 13. Effects of hypoxia on tumors. Twenty one days after tumor
implantation, tumors were removed, fixed and frozen sectioned for
Hypoxyprobe-1 immunostaining. The abbreviation used are: N,
normoxia (A, B); NH, normobaric hypoxia (C, D) and HH, hypobaric
hypoxia (E, F). Results were repeated with three independent
experiments.
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Figure 14. Effects of hypoxia on serum IL-6. (A) The serum IL-6
level was measured by ELISA. *p<0.05 in normobaric hypoxic mice
bearing tumors compared with those in normoxic mice at day 21 by
one-way ANOVA followed by post hoc anaysis. (B) The
relationship between IL-6 and tumor volume at day 14. The
abbreviation used are: N, normoxia; NH, normobaric hypoxia and HH,
hypobaric hypoxia. D14, day 14 ; D21, day 21.
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Figure 15. Effects of hypoxiaon COX |l protein expression in tumors.
COX 11 protein level was detected in tumors using Western blot (A,
B). The abbreviation used are: N, normoxia; NH, normobaric hypoxia
and HH, hypobaric hypoxia. D14, day 14 (A); D21, day 21 (B). (C)
COX 1l level in tumors were normalized with 3 -Actin. Numbers in
parentheses represent sample size. *, p<0.05 in hypoxic mice
compared with that in normoxic mice.

COX Il / Actin ratio (%)
s_‘
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N NH HH

GAPDH

Figure 16. Effects of hypoxia on mdrl mRNA expression in tumors.
mdrl mRNA level was detected in tumors at day 13 using RT-PCR .
The abbreviation used are: N, normoxia; NH, normobaric hypoxia
and HH, hypobaric hypoxia.



N NH HH
e

GAPDH

Figure 17. Effects of hypoxia on thymidylate synthase (TS) mRNA
expression in tumors. TS mMRNA level was detected in tumors at day
13 using RT-PCR . The abbreviation used are: N, normoxia; NH,
normobaric hypoxia and HH, hypobaric hypoxia.
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Figure 18. Effects of hypoxia on thymidylate synthase (TS) protein
expression in tumors. TS protein level was detected in tumors using
Western blot (A, B). The abbreviation used are: N, normoxia; NH,
normobaric hypoxia and HH, hypobaric hypoxia. D14, day 14 (A);
D21, day 21 (B). (C) TS level in tumors were normalized with 3 -
Actin. Numbers in parentheses represent sample size.
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Figure 19. Effects of hypoxia on heat shock protein (Hsp) 60 protein
expression in tumors. Hsp 60 protein level was detected in tumors
using Western blot (A, B). The abbreviation used are: N, normoxia;
NH, normobaric hypoxia and HH, hypobaric hypoxia. D14, day 14
(A); D21, day 21 (B).
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Figure 20. Effects of hypoxia on heat shock protein (Hsp) 70 protein
expression in tumors. Hsp 70 protein level was detected in tumors
using Western blot (A, B). The abbreviation used are: N, normoxia;
NH, normobaric hypoxia and HH, hypobaric hypoxia. D14, day 14
(A); D21, day 21 (B).

75



2004

2001

Birot, O.J., Peinnequin, A., Simler, N., van Cuyck-Gandre, H., Hamel, R., and Bigard,
X.A. (2004). Vascular endothelia growth factor expression in heart of rats exposed to
hypobaric hypoxia: differential response between mRNA and protein. J Cell Physiol 200,
107-115.

Blouw, B., Song, H., Tihan, T., Bosze, J., Ferrara, N., Gerber, H.P., Johnson, R.S., and
Bergers, G. (2003). The hypoxic response of tumors is dependent on their
microenvironment. Cancer Cell 4, 133-146.

Brandes, L.M., Lin, Z.P., Patierno, SR., and Kennedy, K.A. (2001). Reversa of
physiological stress-induced resistance to topoisomerase Il inhibitors using an inducible

phosphorylation site-deficient mutant of | kappa B alpha. Mol Pharmacol 60, 559-567.

Brizel, D.M., Scully, S.P., Harrelson, JM., Layfield, L.J,, Bean, JM., Prosnitz, L.R., and
Dewhirst, M.W. (1996). Tumor oxygenation predicts for the likelihood of distant

metastases in human soft tissue sarcoma. Cancer Res 56, 941-943.

Carmeliet, P., and Jain, R.K. (2000). Angiogenesis in cancer and other diseases. Nature
407, 249-257.

Chavez, J.C., Agani, F., Pichiule, P., and LaManna, J.C. (2000). Expression of
hypoxia-inducible factor-1-alpha in the brain of rats during chronic hypoxia. J Appl
Physiol 89, 1937-1942.

76



Chevillard, S., Vidh, P., Vdlidire, P., Robert, J., and Marie, J.P. (1996). [A study of the
expression of MDR1 gene in solid tumors. Initial results of a multicenter evauation].
Bull Cancer 83, 626-633.

Chien, C.T., Chen, C.F,, Hsu, SM., Lee, PH., and La, M.K. (1999). Protective
mechanism of preconditioning hypoxia attenuates apoptosis formation during rend

ischemia/reperfusion phase. Transplant Proc 31, 2012-2013.

Chiral, M., Grongnet, J.F., Plumier, J.C., and David, J.C. (2004). Effects of hypoxia on
stress proteinsin the piglet brain at birth. Pediatr Res 56, 775-782.

Comerford, K.M., Wallace, T.J., Karhausen, J., Louis, N.A., Montalto, M.C., and Colgan,
S.P. (2002). Hypoxia-inducible factor-1-dependent regulation of the multidrug resistance
(MDR1) gene. Cancer Res 62, 3387-3394.

Comerford, K.M., Cummins, E.P., and Taylor, C.T. (2004). c-Jun NH2-terminal kinase
activation contributes to hypoxia-inducible factor 1-alpha-dependent P-glycoprotein

expression in hypoxia. Cancer Res 64, 9057-9061.

Dannenberg, A.J., Altorki, N.K., Boyle, J.O., Dang, C., Howe, L.R., Wekdler, B.B., and
Subbaramaiah, K. (2001). Cyclo-oxygenase 2: a pharmacologica target for the

prevention of cancer. Lancet Oncol 2, 544-551.

Deveci, D., Marshall, JM., and Egginton, S. (2002). Chronic hypoxia induces prolonged
angiogenesisin skeletal muscles of rat. Exp Physiol 87, 287-291.

Dong, Z., and Wang, J. (2004). Hypoxia selection of death-resistant cells. A role for
Bcl-X(L). JBiol Chem 279, 9215-9221.

Ehrnrooth, E., von der Maase, H., Sorensen, B.S., Poulsen, JH., and Horsman, M.R.
(1999). The ahility of hypoxia to modify the gene expression of thymidylate synthase in
tumour cellsin vivo. Int JRadiat Biol 75, 885-891.

Ellis, L.M., and Fidler, 1.J. (1996). Angiogenesis and metastasis. Eur J Cancer 32A,
2451-2460.

77



Erler, J.T., Cawthorne, C.J., Williams, K.J., Koritzinsky, M., Wouters, B.G., Wilson, C.,
Miller, C., Demonacos, C., Stratford, 1.J., and Dive, C. (2004). Hypoxia-mediated
down-regulation of Bid and Bax in tumors occurs via hypoxia-inducible factor
1-dependent and -independent mechanisms and contributes to drug resistance. Mol Cell
Biol 24, 2875-2889.

Fearon, E.R., and Vogelstein, B. (1990). A genetic model for colorectal tumorigenesis.
Cell 61, 759-767.

Folkman, J. (1971). Tumor angiogenesis: therapeutic implications. N Engl J Med 285,
1182-1186.

Folkman, J., and Shing, Y. (1992). Angiogenesis. JBiol Chem 267, 10931-10934.

Gauldie, J., Richards, C., Harnish, D., Lansdorp, P., and Baumann, H. (1987). Interferon
beta 2/B-cell stimulatory factor type 2 shares identity with monocyte-derived
hepatocyte-stimulating factor and regulates the mgjor acute phase protein response in
liver cells. Proc Natl Acad Sci U S A 84, 7251-7255.

Goldberg, M.A., Dunning, S.P., and Bunn, H.F. (1988). Regulation of the erythropoietin

gene: evidence that the oxygen sensor is aheme protein. Science 242, 1412-1415.

Gottesman, M.M., Fojo, T., and Bates, S.E. (2002). Multidrug resistance in cancer: role
of ATP-dependent transporters. Nat Rev Cancer 2, 48-58.

Gupta, S., and Knowlton, A.A. (2002). Cytosolic heat shock protein 60, hypoxia, and
apoptosis. Circulation 106, 2727-2733.

Gupta, S., and Knowlton, A.A. (2005). HSP60, Bax, apoptosis and the heart. J Cell Mol
Med 9, 51-58.

Herman, T.S., Teicher, B.A., and Collins, L.S. (1988). Effect of hypoxia and acidosis on
the cytotoxicity of four platinum complexes at normal and hyperthermic temperatures.
Cancer Res 48, 2342-2347.

78



Herman, T.S., Teicher, B.A., Holden, SA., and Collins, L.S. (1989). Interaction of
hyperthermia and radiation in murine cells. hypoxia and acidosis in vitro, tumor

subpopulationsin vivo. Cancer Res 49, 3338-3343.

Hirano, T., Taga, T., Nakano, N., Yasukawa, K., Kashiwamura, S., Shimizu, K.,
Nakgima, K., Pyun, K.H., and Kishimoto, T. (1985). Purification to homogeneity and
characterization of human B-cell differentiation factor (BCDF or BSFp-2). Proc Natl
Acad Sci U SA 82, 5490-5494.

Hockel, M., Knoop, C., Schlenger, K., Vorndran, B., Baussmann, E., Mitze, M.,
Knapstein, P.G., and Vaupel, P. (1993). Intratumora pO2 predicts survival in advanced

cancer of the uterine cervix. Radiother Oncol 26, 45-50.

Hyun, J.Y., Chun, Y.S,, Kim, T.Y., Kim, H.L., Kim, M.S,, and Park, JW. (2004).
Hypoxia-inducible factor 1-alpha mediated resistance to phenolic anticancer.
Chemotherapy 50, 119-126.

Jung, Y.J, Isaacs, JS., Lee, S, Trepd, J.,, and Neckers, L. (2003). IL-1beta-mediated
up-regulation of HIF-1-alpha via an NFkappaB/COX-2 pathway identifies HIF-1 as a
critical link between inflammation and oncogenesis. FASEB J 17, 2115-2117.

Karin, M., Cao, Y., Greten, F.R., and Li, ZW. (2002). NF-kappaB in cancer: from
innocent bystander to major culprit. Nat Rev Cancer 2, 301-310.

Kawano, M., Hirano, T., Matsuda, T., Taga, T., Horii, Y., Iwato, K., Asaoku, H., Tang,
B., Tanabe, O., Tanaka, H., and et al. (1988). Autocrine generation and requirement of
BSF-2/IL-6 for human multiple myelomas. Nature 332, 83-85.

Kinoshita, T., Ito, H., and Miki, C. (1999). Serum interleukin-6 level reflects the tumor

proliferative activity in patients with colorectal carcinoma. Cancer 85, 2526-2531.
Kishimoto, T. (1989). The biology of interleukin-6. Blood 74, 1-10.
Kishimoto, T., Akira, S., and Taga, T. (1992). Interleukin-6 and its receptor: a paradigm

for cytokines. Science 258, 593-597.

79



Koch, S., Mayer, F., Honecker, F., Schittenhelm, M., and Bokemeyer, C. (2003). Efficacy
of cytotoxic agents used in the treatment of testicular germ cell tumours under normoxic

and hypoxic conditionsin vitro. Br J Cancer 89, 2133-2139.

Koong, A.C., Chen, E.Y., and Giaccia, A.J. (1994). Hypoxia causes the activation of
nuclear factor kappa B through the phosphorylation of | kappa B apha on tyrosine
residues. Cancer Res 54, 1425-1430.

Kuo, N.T., Benhayon, D., Przybylski, R.J., Martin, R.J., and LaManna, J.C. (1999).
Prolonged hypoxia increases vascular endothelial growth factor mRNA and protein in
adult mouse brain. JAppl Physiol 86, 260-264.

Kuwahira, 1., Gonzalez, N.C., Heider, N., and Piiper, J. (1993). Changes in regiona
blood flow distribution and oxygen supply during hypoxia in conscious rats. J Appl
Physiol 74, 211-214.

Kuwano, M., Toh, S, Uchiumi, T., Takano, H., Kohno, K., and Wada, M. (1999).
Multidrug resistance-associated protein subfamily transporters and drug resistance.
Anticancer Drug Des 14, 123-131.

La Padula, P., and Costa, L.E. (2005). Effect of sustained hypobaric hypoxia during
maturation and aging on rat myocardium. |. Mechanica activity. J Appl Physiol 98,
2363-23609.

Le Q.T., Denko, N.C., and Giaccia, A.J. (2004). Hypoxic gene expression and metastasis.
Cancer Metastasis Rev 23, 293-310.

Leung, D.W., Cachianes, G., Kuang, W.J., Goeddel, D.V., and Ferrara, N. (1989).
Vascular endothelial growth factor is a secreted angiogenic mitogen. Science 246,
1306-1309.

Lichtenstein, A., Tu, Y., Fady, C., Vescio, R., and Berenson, J. (1995). Interleukin-6
inhibits apoptosis of malignant plasma cells. Cell Immunol 162, 248-255.

Liu, X.H., Kirschenbaum, A., Yao, S., Stearns, M.E., Holland, J.F., Claffey, K., and

80



Leving, A.C. (1999). Upregulation of vascular endothelial growth factor by cobalt
chloride-ssmulated hypoxiais mediated by persistent induction of cyclooxygenase-2 in a
metastatic human prostate cancer cell line. Clin Exp Metastasis 17, 687-694.

Liu, X.H., Kirschenbaum, A., Yu, K., Yao, S, and Levine, A.C. (2005).
Cyclooxygenase-2 suppresses hypoxia-induced apoptosis via a combination of direct and
indirect inhibition of p53 activity in a human prostate cancer cell line. J Biol Chem 280,
3817-3823.

Longley, D.B., Harkin, D.P., and Johnston, P.G. (2003). 5-Fluorouracil: mechanisms of
action and clinical strategies. Nat Rev Cancer 3, 330-338.

Lukiw, W.J., Ottlecz, A., Lambrou, G., Grueninger, M., Finley, J., Thompson, H.W., and
Bazan, N.G. (2003). Coordinate activation of HIF-1 and NF-kappaB DNA binding and
COX-2 and VEGF expression in retinal cells by hypoxia. Invest Ophthalmol Vis Sci 44,
4163-4170.

Maihofner, C., Charalambous, M.P., Bhambra, U., Lightfoot, T., Geisdinger, G., and
Gooderham, N.J. (2003). Expression of cyclooxygenase-2 parallels expression of
interleukin-1beta, interleukin-6 and NF-kappaB in human colorectal cancer.
Carcinogenesis 24, 665-671.

Makino, M., Shoji, H., Takemoto, D., Honboh, T., Nakamura, S., Kurayoshi, K., and
Kaibara, N. (2001). Comparative study between daily and 5-days-a-week administration
of oral 5-fluorouracil chemotherapy in mice: determining the superior regimen. Cancer
Chemother Pharmacol 48, 370-374.

Meberg, A. (1981). Somatic growth and brain development. Effects of intrauterine
mal nutrition and hypoxiain mice. Biol Neonate 39, 272-284.

Miki, S., lwano, M., Miki, Y., Yamamoto, M., Tang, B., Yokokawa, K., Sonoda, T.,
Hirano, T., and Kishimoto, T. (1989). Interleukin-6 (IL-6) functions as an in vitro
autocrine growth factor in renal cell carcinomas. FEBS Lett 250, 607-610.

Miyamoto, S., and Verma, |.M. (1995). Rel/NF-kappa B/l kappa B story. Adv Cancer

81



Res 66, 255-292.

Modller, B.J, Cao, Y., Li, C.Y., and Dewhirst, M.W. (2004). Radiation activates HIF-1
to regulate vascular radiosensitivity in tumors: role of reoxygenation, free radicals, and
stress granules. Cancer Cell 5, 429-441.

Nukatsuka, M., Fujioka, A., Saito, H., Uchida, J., Nakano, K., Takeda, S., and Unemi, N.
(1996). Prolongation of survival period and improvement of cancer cachexia by
long-term administration of UFT. Cancer Lett 104, 197-203.

Oka, M., lizuka, N., Yamamoto, K., Gondo, T., Abe, T., Hazama, S., Akitomi, Y.,
Koishihara, Y., Ohsugi, Y., Ooba, Y., Ishihara, T., and Suzuki, T. (1996). The influence
of interleukin-6 on the growth of human esophageal cancer cell lines. J Interferon
Cytokine Res 16, 1001-1006.

Paley, P.J., Staskus, K.A., Gebhard, K., Mohanrgj, D., Twiggs, L.B., Carson, L.F., and
Ramakrishnan, S. (1997). Vascular endothelial growth factor expression in early stage

ovarian carcinoma. Cancer 80, 98-106.

Patel, V.A., Dunn, M.J.,, and Sorokin, A. (2002). Regulation of MDR-1 (P-glycoprotein)
by cyclooxygenase-2. J Biol Chem 277, 38915-38920.

Pavlicek, V., Marti, H.H., Grad, S., Gibbs, J.S., Kal, C., Wenger, R.H., Gassmann, M.,
Kohl, J,, May, F.E,, Oelz, O., Koller, E.A., and Schirlo, C. (2000). Effects of hypobaric
hypoxia on vascular endothelia growth factor and the acute phase response in subjects

who are susceptible to high-atitude pulmonary oedema. Eur J Appl Physiol 81, 497-503.

Pennica, D., Wood, W.I., and Chien, K.R. (1996). Cardiotrophin-1: a multifunctional
cytokine that signals via LIF receptor-gp 130 dependent pathways. Cytokine Growth
Factor Rev 7, 81-91.

Peters, G.J., Backus, H.H., Freemantle, S., van Triest, B., Codacci-Pisandlli, G., van der
Wilt, C.L., Smid, K., Lunec, J., Cavert, A.H., Marsh, S., McLeod, H.L., Bloemena, E.,
Meijer, S., Jansen, G., van Groeningen, C.J.,, and Pinedo, H.M. (2002). Induction of

thymidylate synthase as a 5-fluorouracil resistance mechanism. Biochim Biophys Acta

82



1587, 194-205.

Satoh, T., Nakamura, S., Taga, T., Matsuda, T., Hirano, T., Kishimoto, T., and Kaziro, Y.
(1988). Induction of neuronal differentiation in PC12 cells by B-cell stimulatory factor
2/interleukin 6. Mol Cell Biol 8, 3546-3549.

Schmoll, H.J., Buchele, T., Grothey, A., and Dempke, W. (1999). Where do we stand
with 5-fluorouracil? Semin Oncol 26, 589-605.

Schroter, W., and Eber, SW. (1989). [Molecular pathology of the erythrocyte membrane.
Erythrocyte membrane defects as a cause of congenital hemolytic anemia]. Monatsschr
Kinderheilkd 137, 368-379.

Semenza, G.L. (2000). HIF-1: using two hands to flip the angiogenic switch. Cancer
Metastasis Rev 19, 59-65.

Semenza, G.L. (2003). Targeting HIF-1 for cancer therapy. Nat Rev Cancer 3, 721-732.

Sen, R., and Bdtimore, D. (1986). Inducibility of kappa immunoglobulin
enhancer-binding protein Nf-kappa B by a posttrandational mechanism. Cell 47,
921-928.

Senger, D.R., Gali, S.J., Dvorak, A.M., Perruzzi, C.A., Harvey, V.S., and Dvorak, H.F.
(1983). Tumor cells secrete a vascular permeability factor that promotes accumulation of
ascites fluid. Science 219, 983-985.

Shannon, A.M., Bouchier-Hayes, D.J., Condron, C.M., and Toomey, D. (2003). Tumour
hypoxia, chemotherapeutic resistance and hypoxia-related therapies. Cancer Treat Rev 29,
297-307.

Shao, J.,, Sheng, H., Inoue, H., Morrow, J.D., and DuBois, R.N. (2000). Regulation of
congtitutive cyclooxygenase-2 expression in colon carcinoma cells. J Biol Chem 275,
33951-33956.

Smith, W.L., DeWitt, D.L., and Garavito, R.M. (2000). Cyclooxygenases. structural,

83



cellular, and molecular biology. Annu Rev Biochem 69, 145-182.

Stickney, J.C., and Van Liere, EJ. (1953). Acclimatization to low oxygen tension.
Physiol Rev 33, 13-34.

Stroka, D.M., Burkhardt, T., Desbaillets, I., Wenger, R.H., Neil, D.A., Bauer, C,,
Gassmann, M., and Candinas, D. (2001). HIF-1 is expressed in normoxic tissue and
displays an organ-specific regulation under systemic hypoxia. FASEB J 15, 2445-2453.

Subbaramaiah, K., and Dannenberg, A.J. (2003). Cyclooxygenase 2: a molecular target
for cancer prevention and treatment. Trends Pharmacol Sci 24, 96-102.

Sun, X., Kanwar, JR., Leung, E., Vae, M., and Krissansen, G.W. (2003). Regression of
solid tumors by engineered overexpression of von Hippel-Lindau tumor suppressor
protein and antisense hypoxia-inducible factor-1alpha. Gene Ther 10, 2081-2089.

Suzuki, K., Sawa, Y., Kaneda, Y., Ichikawa, H., Shirakura, R., and Matsuda, H. (1998).
Overexpressed heat shock protein 70 attenuates hypoxic injury in coronary endothelial
cells. JMol Cdll Cardiol 30, 1129-1136.

Taga, T. (1996). Gpl30, a shared signa transducing receptor component for

hematopoi etic and neuropoietic cytokines. J Neurochem 67, 1-10.
Teicher, B.A. (1994). Hypoxia and drug resistance. Cancer Metastasis Rev 13, 139-168.

Terui, K., Haga, S., Enosawa, S, Ohnuma, N., and Ozaki, M. (2004).
Hypoxia/re-oxygenation-induced, redox-dependent activation of STAT1 (signd
transducer and activator of transcription 1) confers resistance to apoptotic cell death via
hsp70 induction. Biochem J 380, 203-209.

Unruh, A., Ressal, A., Mohamed, H.G., Johnson, R.S., Nadrowitz, R., Richter, E.,
Katschinski, D.M., and Wenger, R.H. (2003). The hypoxia-inducible factor-1 aphais a
negative factor for tumor therapy. Oncogene 22, 3213-3220.

Wang, C.Y., Mayo, M.W., and Baldwin, A.S, J. (1996). TNF- and cancer



therapy-induced apoptosis: potentiation by inhibition of NF-kappaB. Science 274,
784-787.

Wang, C.Y., Cusack, J.C., J., Liu, R., and Baldwin, A.S., Jr. (1999). Control of inducible
chemoresistance: enhanced anti-tumor therapy through increased apoptosis by inhibition
of NF-kappaB. Nat Med 5, 412-417.

Wartenberg, M., Ling, F.C., Muschen, M., Klein, F., Acker, H., Gassmann, M., Petrat, K.,
Putz, V., Hescheler, J.,, and Sauer, H. (2003). Regulation of the multidrug resistance
transporter P-glycoprotein in multicellular tumor spheroids by hypoxia-inducible factor
(HIF-1) and reactive oxygen species. FASEB J 17, 503-505.

Wartenberg, M., Gronczynska, S., Bekhite, M.M., Saric, T., Niedermeier, W., Hescheler,
J, and Sauer, H. (2005). Regulation of the multidrug resistance transporter
P-glycoprotein in multicellular prostate tumor spheroids by hyperthermia and reactive

oxygen species. Int J Cancer 113, 229-240.

Xiong, H.Q., Abbruzzese, JL., Lin, E., Wang, L., Zheng, L., and Xie, K. (2004).
NF-kappaB activity blockade impairs the angiogenic potential of human pancreatic
cancer cells. Int J Cancer 108, 181-188.

Yamagiwa, Y., Marienfeld, C., Meng, F., Holcik, M., and Patel, T. (2004). Trandlational
regulation of x-linked inhibitor of apoptosis protein by interleukin-6: a novel mechanism
of tumor cell survival. Cancer Res 64, 1293-1298.

85



	www.CytoThesis.US
	低氧對於活體動物中腫瘤生長之影響
	目錄
	摘要
	NH: 間歇性低氧(normobaric hypoxia, NH)
	HH: 長時間間歇性低氧(hypobaric hypoxia)
	結果: NH_HIF-1α、VEGF_NFκB+COX II +IL-6_Cancer

	A b s t r a c t
	緒論
	一、低氧的定義
	二、腫瘤與低氧
	三、 HIF: 低氧誘導因子
	四、VEGF: 血管新生與血管內皮生長因子
	五、NF-κB: Nuclear Factor-Kappa B
	六、IL-6: 介白素-6 (Interleukin-6, IL-6)
	七、COX: 還氧化酶(Cyclooxygenase, COX)
	八、MRP: 多重抗藥性蛋白質(mutidrug resistance protein, MRP)

	實驗目的
	實驗材料
	實驗方法
	實驗結果
	討論
	總結
	附錄1: 缺氧介導的化療耐藥性
	附錄2: Regulation of HIF-1α.
	附錄3: Tissue localization and possible of ABC transporters
	表1: 缺氧對腫瘤的影響
	表2: 缺氧對腫瘤的影響_IL-6
	表3: 缺氧對腫瘤的影響

