Antitumor Effects of Anticancer Agents and
Tumor Necrosis Factor in Combination
with/without Hyperthermia on Metastasized
Human Bladder Cancer Cells in Chick Embryos
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BRI X 5 v MEEBEICKT 5 HURA S X CES#RLN T O
PUEEIE M 7x b IR G AR RICBE§ % et

SRIFEFHRWVRBHEME (EF I AERBHED
% #
GER 5 1A 4 BEM

SEERLECLHL FEEEBERAC LD, BB EESCER S VEBEBEICHT 5 ERLEREC LS
BREEREYT, TOERBELTOFARKOVCTEF LA, EHRIOEREFAVEAWT, BEBERERTF (tumor
necrosis factor, TNF) OEBIHISRICOWTHE TR L. BIPIE B0SRENERE FOmER L H, v b EENER
FAIRD T24 % Ix10° @B L, BiE&3 A EBERSS X CRALEYIT -7, TNF #5142, BHESHB LIV I AE
o, BREETHEOREB L DfHE Lz DNA (lug) @R LT, vt B - 70 & ViEETET (5T65ER) RIS
54 ~w—%EWT, %RY DNA #IERIG (polymerase chain reaction, PCR) ¥3s XU v 7' v o BT RIT - 1. HER
R+ 2EHMEC L H, INRAECIE U RBREAED bR, 42.5C, 200 ¥7i243.0C, 105 DOMRK LD, ThE
R69.2%, 82.0%DHEEMEATD S, adriamycin (ADM) 20ug/egg 35 L VRS (42.5°C, 104) DEMMEI L 51
BRI, FRERIS YR LUV 1Y TH-> DR L, Fhod B LcBe, 54.2% L BMPHRULOERDRIED
Shte. —7, T24 MIABE0HI TNF % 1x10° Bfr/egg #5 LB, 16.6%DHEBAMBHRIBDOLN, B3
B TNF % 1x10° #ifr/egg &5 L72BE, 63. 9% O EBREENEHISRAR D bhiz. BHEHK3IA B TNF
(1x10° Bfir Jegg) LIBHR (42.5°C, 105) L& GHA L8B4, 91.9% L HNBHEL o BEHEEARMDRERD A, UED
BRI, AEBRRZL, b EEEBRCNTARMLEREC I IBEYRYMET 2 L TCERTHH Z EAWLNLTR
D, THIZ TNF OEBMEIHE, 31 0ERRCRT 2BEEREANDRIAZD L.
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tumor necrosis factor

BRECEWT, BOGEBRBEOTHRYELTHERLR
FO—oTHS. BRI hRERCH LTL, SR
ik, meateEs, BEvRE, BILERES DI Ih LD
ARz L b, RETOBHBRNBENTETHS. LnLl, FR
MR HHBEMALBETI, T TCLE0CH/NEBREL
BETHLOLEELT, £8FEEL LTOBLRRE, £5%
BB FERRER Y ETLERDD. - T, 8D
BRpEEY BN S T84, ®IEBOEE THRM
OB Y IE UEOETELETAZ EREETH Y, B
EBEICNTS X D ENRREORRENEELREL 25 .

L»L, 2hiTe rEBCHT A2ERALNGEBERRALHELL
ThTELT, BREOHECHETANRE . KFRT
12, A¥, BECETTE, »OBVEBLEERNMELhLE
v AWT, $RK DNA HiE KL (polymerase chain
reaction, PCR) B X UM% v 7 my MBIFICL D, & MEGR
Bt s BBLEREOBRBREREYT ., TOEBRRELLT
DEAECOWTERHE L. KTtz oe  BREBERES
AERGT, ¥4 24 VvD 1 2THHEEBEEET (tumor
necrosis factor, TNF) OHBEEEWIC O\ THEE LD THfe

Abbreviations : ADM, adriamycin ; ‘bp, base pair; CAM, chorioallantoic membrane ; CBDCA, carboplatin;

MEELUFE

1. BB EE

b EREERE A T247 12, 10% (v/v) FE@L Y ~ BAIRm
# (GIBCO, Grand Island, USA) %41 RPMI-1640 ¥5#b (A K
BUEE KR kT COBES %, STCTHEELL. ¥
7o, EEEEMRTH D e M IAREMETAR KMST-6711,
10% (v/v) ety v BB ME % &1 D-MEM 55 (H KBS
) Ic B\ CTRBRICEER L.

1. REEY

BEBHE LTRHWRZEEN (FV~vAary 7EBXHE
LYk v i) IRIKRREERIE L DAFL, BET%, 37T
DOWIBHCTHE L. FHBNOBEARER 1 RL, BE
HaoBEFEY L TR TS,

BIRL0E B OB B2 4T, HRE LOMEDOVEYE
B, PREEEXO YA UV EEWT 10xX5mm BEOH%
B, Evey PREGCTIMERERE L. Bl L IRRECH
BT vEBEBIMEY BEL Lictk, 305 — P DS

CDDP, cisplatin ; CPM, cyclophosphamide ; HPT, hyperthermia ; IR, inhibition rate: i. v., intravenous; MMC,
mitomycin C; ODs, optical density at 540 nm; PCR, polymerase chain reaction; TNF, tumor necrosis factor

+



BENHC L B e P BERRICHT 5 RALERE 11

sHa LT e b ERRGESRENRG T24 2 mEA L O B 1 Y
720 1x10° BB L. BERITE B REAESIL, ML
FFX b DNA %dhth L%,

I. PCR EHE&4H 70w MR

v Mg RE e DNA BFlE LTB - 7 e & vRETFEI
»#30, PCR 734 < — (HuB-1 & HuB-8) B IS -7
(Hup-2) 28 L7. Zhbo PCR 734 v—x AT, &
DNA lpg #8822 LT, PCRENW L he b -8 v VIR I(E
TRIZY (5T6MEEER) BB L. T O, “P-ATP (Amersh-
am, Greenwhich, USA) T 5’ FRix B L Hup2 2 ET
GHEYTE Y b~ TYEL -V g VBT RIT, A —
NS UA ST A LEDEAY FOBBEREE M FAA-VTF
Sq4F— (L7 LA, ER) CXhflELRE K2).
PCR #EiC & A HIBREIMAC, | 7OBMERAT » 7, TAIC
§L55C, 2HDT ==YV IFART 7, T LTN2TC, 15D
BERIGAT v 7R 1Y A 270 LT, DNA == %17
5 — (Perkin-Elmer Cetus, Norwalk, USA) % {fi f L 25[#E L
1.

V. HER®R SORRHRIC L IEBRAKER

EBRCETHRBEERYT >SS, EFMRBEEINE
+rh BRI E Bie, RO BEET, nERL
DEEFAHEE Lic., AuvicEH X, adriamycin (ADM),
cisplatin (CDDP), carboplatin (CBDCA), mitomycin C (MMC)
% X U cyclophosphamide (CPM) TH 5 . FHIBEIRKE 5
EvsEl, BIKEDOFHEE EHKEMHTE. 1g) TR
BLTHRE L. BEAWERT S HAwit, BI3A B OB
PEEAECHARE LES IR L.

BE(LEREEY 5 BEE, BINSH B P RAIRS 21T
W, O304 LA B E IR KRN THNE L. BERNE
3, BATH— s A2 —DO25 (FLEM, M) I
+— SXK-67 (T ¥ AT, MEFLEMZICE vy —
PBVTH-7-. BHEE T BB Y L & » DNA &bl
L, PCR R XU ¥ v 7 my pETEFT 7.

SR B REENC 31T B R RIE, RO PCR EY
%#100% & LB A 0OREETO PCR EYOREL Ex L& T
BT b o, HEEHE EHBEMHE) 2kc &
hRdI.

CHORIOALLANTOIC MEMBRANE
b S,HELLM EMBRANE .

. EGG SHELL

Fig.1. Schema of the fertilized egg. Tumor cells were
injected into the chorioallantoic membrane (CAM) vein of
10-day chick embryos with a 30 gauge needle through the
shell membrane.

HEBHR (%)=(1-T/C)x100

P L, TRERBORSEN, CRIFRREFORMEEL L
Fo. BHRLRRIIRAF . —F v Pt REK L DBETFRILE
2, EBRENSYUTThAHEEXHEEL L.

V. TNF (C X BREBEA (in vitro) RHSAMBHERR

REE P 81T 5 TNF B #REt, Carmicheal 57D
B L, AMBORAKREEORTRYERE TH 3G
5-dimethyl thiazol-2-yl)-2, 5-diphenyl-tetrazolium bromide
(MTT) X AT -t FA Lz INF (KAARE®R, X
) ik, e tvre7>—o@%k TNF cDNA # KIBETHR
R L RE (= F by v EE 10pg/10° BAZL
F)CthBH. Ok FREFEAIELE TNF OLFHERL,
2.55% 10° Bifr/mg BETH »7c. 7ok, | B L-M kD
5062 EETEDINERLETHD.

T24 Ml SR 1 X 104 {B/ml S A% L, RBREPFICZ
MIAMER Y 0.9ml HEL, FERC TNF #HE% 0. 1ml 0
%, STCEEKECIS TN RE L. ORISR
L — b (Nunc, lllinois, USA) iz 1 7% b 200p F¥24EL,
CO.E 5%, 37C TR Lic. TNF 12, RRBEEH
1X10% 1x10° B X T° I1x10° Bfr/ml iwie B X HRE L. B
BB HET 5B, RBERT INF 4B L&, ER
KEZ L - TREBENEME L. BELER, REX42.5
T, BER% 104, 204, 3043 L U604 & Lic. ZOHITEE
S U= b2 1RM D 2000 FOHEL, RBRCEE L. 2ue/
ml 1238 U7z MTT R (Sigma, St. Louis, USA) @ ¥ V&g
#% (phosphate buffered saline, PBS) (FUJt#iZ, KK) % 1
R 254 Nk, THKARERER L. EERYRSIREL,
S A F L ALRF Y N (dimethylsulfoxide, DMSO) (FIY#iZE)
2004 BNk, £B LI MTT 7 xA~¥ v BHELE. &%
%t scanning multiwell spectrophotometer (ImmunoReader
NJ-2000, HAA v & =2y F, EHF) HVT 540nm i RiF
AEREEXRE L.

Inoculate tumor cells into CAM veln
Incubate for 7 days at 37°C

Dissect embryonic organ

Extract DNA

|

Amplify speclfic segment of genomic DNA from tumor celis
by 25cycles of polymerase chain reaction

HuB HuB  atG.. Hub

12 P
i INTRON 1

< s760p —>

Primers
HuB-1 : 5-AGAGCCATCTATTGCTTACA-3

HuB-8 : 5" TATGACATGAACTTAACCAT-3'

Probe
HuB-2 : 5'"ACACAACTGTGTTCACTAGC-Y'

Southern blot analysis
Fig.2. Detection of metastasized tumor cells in chick
embryos.
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BRHE EREMER) 12, SREORNEL100% & Lz
40 TINF BIVEBEHUBEOR EY NBE L HETLZ &
WL D fTotc. HEMSIROBEH G EY KRR T.

WREMHIR (%6)=(1~=T/C)x100

72U, T TNF B EIOCERLBHOREE, CITuBED
BHEL Lic. BORALKRIAF2—F VIt BRERC X 0
HERABERITG, ERENRSBLUTTHAEEEYERE L L
7o,

VI. TNF &SRR HABICLDIRBEN (in vivo) BB EE

b E40

TNF ORBREMCB T 2HEETHLTHENAVTHR
U7, BRI fEM D TNF 1X10% 1x10 8L 0° 1x10° &
IR ERBE EOMER L DS L. #5111, BINO0EEOE
I EBAABAEI0NH, BIUBEI KO 2ED TH -
o, BBABXHET2H42, BIRISEEK TNF %5
L, 05 BREERAKERNCAR LINE L. BHAQAEIT
42.5C, 104 & Lic. MERITH Biof LB R F & » DNA
AL, PCR EB IOV v 7 ey MEFTIC L h SRYE
wiTo7c.

Fig.3. Kinetics of growth of T24 and KMST-6 cells in
embryonic liver after injection into the CAM vein. Two
groups of 10-day embryos received either T24 or KMST-6
cells (1x10° cells/embryo). Three or four embryos from
each group were Killed at the stated time (1, 3, 5, and 7
days) after cell inoculation. Embryonic livers were
dissected and weighed, and the DNA was extracted. DNA
from each embryonic liver was mixed and 1 g of DNA
was tested by the polymerase chain reaction (PCR)
technique and Southern blot analysis.

Fig. 4. Photomicrograph of a 13-day émbryonic liver
showing metastasis of T24 human bladder cancer cells.
(hematoxylin and eosin stain, X100)

B i

1. BEREIRAFICEH TS T24 MO REFABETEE)HE

b BRI T24, FAIEEEEO e S
KMST-6 % BIMERE LOMER L » 1x10° @BME L, BiE
%1, 3, 5BIVTHERBEF L b DNA 2#H L,
PCREBIUWHF T m,y FERE OB L. T24 WO
BE, BE1BE2D T HE ¥ CTEBHCHEIE DNA $rh o~
v NI LT\, —7, KMST-6 fifacit, BE®% LB E
IV 3ABETRAV ARSI, 5HE L Y ABCK
AL, THHTIZ PCR EMREA ERHIhieh o1 (K
3). Fico, Ted MERABIES 3 B B OBIIE IR OB MZHBER
BT fER, SROBEBREIERIhT (B4). ZhiexL
T KMST-6 i, BB 7 B B CIARENCRE S hiz
R RN A

1. SBIRRA RIFEGEBRICH T 2 RRFE

T24 #ifIBHERE 3 B EOBNLERAEATINE L. §R
BB L, MRS U-BIE DNA ¥k O 238D 5
iz (R5). 42.5C, 209 L0%43.0C, 1049 0MmERK & -
T, ThEh69.2% 8 L U82.0% D#EHEMICE B/ BEEHE
HHEIZENBD SR iop, 42.5C, 152U TOMR CRHES
PHRERIADSIzh - (FE1).
LTOERTIIEH L DR REL BT B0, MRS
#42.5C, 1040 & low dose WWEE L.

. FBENRL BTGB (CHT AR MG L ORB G A&

*

ADM B 5B I ORBAABHFAC L AHRERY T -
72. ADM 20ug/egg B¥E 5T, 13.5% L HRHRIEL T
BoteDZH L, 42.5C, 105 OBEHEIIZ LD, 54.2% & 48

43,0.,42.5 4257 425 42.0 Temperature CC)

contiol ; :
L 10 15 Time (miny

-~576hp

chick liver

Fig.5. Effect of hyperthermia (HPT) on liver metastasis of
T24 human bladder cancer cells in chick embryos. HPT
was performed by immersing each of the eggs 3 days
after tumor cell inoculation in a circulating water bath at
various temperatures and for various lengths of time.

Table 1. Effect of hyperthermia on liver metastasis of
T24 human bladder cancer cells in chick embryos

Temperature—Time Radioactivity IR (%)
('C, min) Mean+SD (AU/mm?)
43.0—10 33.2+ 30.3 82.0*
42.5—20 56.7+ 49.2 69.2*
42.5—15 104.6+118.8 43.2
42.5—10 135.0+ 27.4 26.7
42.0—15 142.3+ 94.0 22.7
control 184.14 76.3

IR (%)= {1—(Radioactivity of treated group)/(Radioac-
tivity of control group)} X100
*P<0.01 by Student’s t-test
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IR EDHBBRBHRIBD b (3F2).

i CDDP % 7ci3 CBDCA Bifhi#y s, ¥k OEEMLES
Wk BB EBRAY T 7. CDDP 10ug/egg % 7213 CBDCA
10ug/egg BEMEE T, ThEh29.1%, 271.3% OHEE%
BAEDLR, ThLOBRIIGTRLBEEASAC X higg
hish ot (K 3).

WT MMC #7013 CPM B &, & X ORANES B
L BRIBRERY T o7, MMC 10pg/egg H¥H 5 T1258.9%,
CPM 250ug/egg ¥ & U 500ug/egg BYE5 T, Th¥h
75.4%, 92.3%, MMC LiR# & DBFRTIZ, 82.4% DHES
BRIBH BRI (FT4L).

V. TNF (LS 2RBREABRIUHKBROER

BEHEHLE TR, WThOLABREIK S THERSEY
AL, 42.5C, 604 INBW T b BEREIMEIRA29.4% CTh » 72
TNF BEHAETH, 1X105 1X10° 8 X0V 1 X 10° B47/ml D
Es\T, Fh¥h26.0%, 24.3% % L 0019.5% & ERSH
L., —0, TNF WBBLE® 6 LcBs, 42.5C,

Table 2. Effect of adriamycin (ADM) and hyperthermia
(HPT) on liver metastasis of T24 human bladder
cancer cells in chick embryos

05U EDGR LD, WFh bREINSR LD RMIaLh R
Bhoh, MERKMOERE & bICHAMROMEMNED LA
(%&5).
V. TNF LT RBHAICLIBRENGBEARERD
R
K 6w+ &5, TNF Bi#Es5 i, BIRI0EER L O

Table5. Effect of hyperthermia (HPT) and tumor
necrosis factor (TNF) on the growth of T24 human
bladder cancer cells in vitro¥

HPT TNF (U/ml)
Time (min) none 10° 10 10°
none 26.0% 24.3" 19.5
42.5C—10 6.5% 28.5% 32.8% 19.5
20 10.7% 39.8" 43.5% 38. 1
30 11.00 52.8” 49.4% 36,2
60 29.4Y 73.27 70.9" 59.6"

HPT
Drugs (ug/egg) none 42.5C —10min
none 26.7
ADM (20) 13.5 54.2*

IR (%)= {1—(Radioactivity of treated group)/(Radioac-
tivity of control group)} X100
*P<0.01 by Student’s t-test

Table 3. Effect of cisplatin (CDDP) and carboplatin
(CBDCA) with/without hyperthermia (HPT) on liver
metastasis of T24 human bladder cancer cells in chick

embryos
HPT
Drugs (ug/egg) none 42.5C —10min
none 24.5
cisplatin (10) 29.1* 33.4*
carboplatin (10) 27.3* 44.5*

IR (%)= {1—(Radioactivity of treated group)/(Radioac-
tivity of control group)} X100
* P<0.05 by Student’s t-test

Table 4. Effect of mitomycin C (MMC) with/ without
hyperthermia (HPT) and cyclophosphamide (CPM) on
liver metastasis of T24 human bladder cancer cells in
chick embryos

IR (%)= {1—(ODscof treated group)/(ODs,of control
group)} X100

a) MTT assay

b) P<0.01 by Student’s t-test

H N Control  10° ' TNF(U7ega)

| -5761p

On Day 13
105 108 107

On Day 10
108 104 108

TNF{U/egg)

- 576bp

T24 genomic DNA
N’ Genomic DNA from embryonic chick liver

Fig.6. Effect of hyperthermia (HPT) and tumor necrosis
factor (TNF) on liver metastasis of T24 human bladder
cancer cells in chick embryos. Injection of TNF was
performed either 30 min, or 3 days after tumor cell
inoculation (on day 10, 13 after incubation). Administration
of TNF combined with HPT was carried out 3 days after
the inoculation (on day 13).

Table 6. Effect of hyperthermia (HPT) and tumor
necrosis factor (TNF) on liver metastasis of T24
human bladder cancer cells in chick embryos

HPT
Drugs (ug/egg) none 42.5C —10min
none 18.6
MMC (10) 58.9*% 82.4*
CPM (250) 75.4*% -
CPM (500) 92.3* -

HPT
none 42.5°C —10min
TNF (U/egg) | Day 10 Day 13 Day 13
10° 9.0 22.3* 41.9*
10* 62.0* 49.8* 78.8*
10° 76.6* 63.9* 91.9*
none 22.3

IR (%)= {1—(Radioactivity of treated group)/(Radioac-

IR (%)= {1—(Radioactivity of treated group)/(Radicac-

tivity of control group)} X100
*P<0.05 by Student’s t-test

tivity of control group)} X100 :
*P<0.01 by Student’s t-test
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138 B (Day 10 38 X O Day 13) & b# 5B U T PCR EY
DAYV EAFEBLT V. BEABLFHLLBE, TNF ©
BEBIELTAY FOREABH LA, BINI0RE, T2
MBEBmEE30sE TNF 25 Legs, IXI0' 52T
1X10° ®pr/egg B5IZT, THEN62.0%% LUT6.6% L&
Bl O FEBIHDENRD bhic. WII3EE, BHEKS
HEBW TNF 2§45 LESe, 1xX10° 1X10' L0 1X10° B
7 Jegg BEWIT, TN FH22.3%, 49.8% % X U'63.9% DI
BEMESIE RS b, BHEE3 B HI TNF 5%
IU42.5C, 10y oRSBMERHH LLEEITE, TNF ©
1x10¢ 38 X 0% 1x10° Bifr/egg BHEIT, THhENT8.8%,
91.9% X HBINERL EOFEBEBEMGEIZHRABD bh
(#6).

% £

19124F Murphy® 1%, BIMERE DCBEEEHM»EEL,
BT HC EAHHTRAM L. 19541k, & P EERE
HEp-3 M0 BINERE L5 XMEA~OBHEC LD,
FE, W%, B, B X OBIBEEBCER T I LARES
nOAEBKFS e VAR - PRI DBERERNTH
h, EREEOBMMEINRE ShL?,

SRHBEIEAVCLHE, ERVEHMEAT BMEEVWDE
IR R B A EBEAABRNCHREND Z LR/ TH
B. T, BEROBRHEMEREHNBRRICESITEDLT,
THBENPERERT T L LA AT TR ERMECH
FED 7o, BIKBEESHRO L F BEEMEFRNCRE T
Bicid, b FEEMRCERIE~ — 5~k AHT LB EE
=#%. Endo 52, v bR DNA BFlE LTO
B -/ r e VREFRF% PCR B AIVTHETsZ LI &
b, BIRREELOL  EREBMRLEROCKRETES
Z L EHE L. AP TIE, Endo b0 HEXAVTe M
PR T24 OBUNEBECH T 2B EREC LD
wESRICOWGTHRA L.

BIRRRIFIC BT B & MRS EMR T24 OREBEY
AR, PCRIC X 5 #0E DNA Wi -3 v RIZB AR
WL T\, —7, JEEEY o KMST-6 fifa T, B
®I1BHIWIAEETAY FARDLALS, SHEIDE
BirEA L, TEETIRBEAERIEIAih T, $7eb
5, EEEM O KMST-6 fifar:, BIAEF CEETE 2w
P, BEBEO T24 MRRECTCHIR ittt
FrcES L, BELTEBRYRT » Z LR S h. L
Frb, PCREXAWAIILICI-TEIIKREFCRITSE
EEERMAY ERNH OBRNCHRHTE S Z ESHRE
iz,

WICEBGERIC L A BEERY T - . RBREARTIX, T4
MRS LCERSRTH A Z LB e, RERES
Tk, MERECIE UHEBDERRD bR, 42.5C, 204
BLUU3.0C, 109DMEI L 2T, £hEh69.2%B LV
82.0% DEGHENERRENED b, RBREACRNTH
WEBHEIHIEERRD SR BRE LT, BAC L VEE
MEAERE, MM, >-WTsIirid, BEROEERE,
(& pH B3| ¥iEz LMRERRET A Z L8 bh T
pa REAEHNTIRERC X VEBOFORENRE LD L
Exbhiz.

ROCTHBEH B I OCBEALAEHAC I REERTIL,
ADM & E# e P X 0 M RLL EOEE MM %R
pEdbh, MMC & EBULE L O A TSR RICH
Y2 HEEMEARD LR, —F, CDDP 8 X T
CBDCA i, Bp#b &I LIR#C X 5 AR ICHEB R
2 Lo -7z, ADM % bleomycin i, BB X Y T DME
HRMRIhARENLERTHHY, TOEABFELT
2, 1) B & D MR O BB AR E 0 RH OMIgPBE
T bha, 2) MR D, EHC X A MROBENRIEDR
HHOEEAEIEX RS, fobk TR B, CDDP (2 HEHE
WIREIE & D FOPERSER S h AEA TH DA, SEOH
Bat B3 FIc R LTRY, T2d MROBRARIESEVZ
L, CDDP It A RSN MEWZ i ENTDREALELD
Ate. F¥7 Ohno ™, T o P OAEBETICHRERELY
AL FEEARIC BT, CBDCA HEICRALEY Gt LicH
&, CBDCA HJMh& ML, FOHRBHEN I~ 4EHEIH
Fo LW LT\ B4, AEBRTINEEGHIC X 2 HEEAD
RRFBADbhish o7z,

wiAEY AW, TNF ofiEEERC VTR L.
TNF 1%, 19754 Carswell 512k b, A2y b ¥F5v—
v o BIRE B E (bacille Calmette Guérin, BCG) &=V F k¥ v
VTRE Liz= v ADmEFER BRI HEFRT T, BS
MR s B Ly bR X THIMEEE ey LB LR A
BRI 2Lk, BEHHEYRIGEHYE (biological
response modifiers, BRM) & LTEB Eh TV 5. K,
TNF OREBEMCBIT 28R, BEEBORERCH TS
B AL VIESEEOBETRASATE M, 1984FHL
HEM = A B16 2 5/ — <A BET A ALEBE
BprEGT, TNF 52 BEMREIE00%, 3LUTT
AU NEBE ORI 2 BEDO 2E ) THY, 3EMK
MEEEREHNL R R, ERLMERMEIHR 2R
L, F@ERORACIEREDAOMERCIZBES, &
Rl COFFRRRD bhish o o ERE LIz, KR
<11, BINERE FomER L b TNF »#45 L, TNF OHE
BN FFEBISIE, &L OFERE TN+ BEATES
BOEMMHER L.

SREMERIC T B ERE R, S, T24 Mgt TNF ey LT
(EREWTHDZ LAV L2y, TNF WBRALEYHHEL
A, MERMOLEERE & ELICHADROERIATD LN
7o, REREACIT, 3 T24 MBBEE3041C TNF 2 #
LB TR, BEEMRIFOMERNICHEL, TREBR
AR LTELT, 1x100 BIO 1X10° #fr/ege 52T,
ZFHFENE2.0%BIVTE.6%DHEFEDRMBD LN &L
h, TNF L i AEEMROFEBIRSRIMA L. 26
B 3 B B TNF 2% 5 LB T, T
EBEAYTURLTCWAZ L LD, IXI10, IX10* 8 LU 1XI10°
BifrJegg B HIWCT, FhFEN22.3%, 49.8% % L 1'63.9% DJFF
BERBEIC T A HENEHDRAR S LT, TR DDA
#HEThy TNF OREBCE U CHEREhL. —F, B
F4% 3 A TNF RECRALERXHE LB E, TNF ©

CIXI10° X T 1x10° Bifi/egg B5ICT, TR ENTE.8XK,

91.9% & WREMEIZI RIS RL L@@ 2 hic. TNF &
T ORBGHAC X D AEBEHEBHROFERBF L LT,
1) pnigw X » TNF DA~ ORbALZDEM, 2) TNF O
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MR/ A B EREOE, 3) MitABEEEOBEBY
feR, 4) B X5 TNF oFEFnERESEOHEA, 5 g
L% INF 054V V- 2BASBEROEELS LUTEER
EREDHR, hENELLh, RBRENR LURRESNOE
BARERA S, BEEMEEEROHMA L VBRECEELTWS
HOLEEIR.

BEFECE LT, ThETHICEFRRBREIhTES
4, TNF L BEEE & O, BIfERAOBROXRE LT, £
OPHREYEBTHERTEARFRLELbR . BRRET
BRENEDT-DCEBENCEZRE Y+ —2RALTSE
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Abstract

This study was carried out to evaluate whether the chick embryo assay system could serve as an in vivo model for the
preliminary investigation of chemohyperthermia on human tumor metastasis. Anti-metastatic effects of tumor necrosis factor
(TNF) were also examined in this system. Human bladder cancer cells, T24 (1X10¢ cells/egg), were inoculated into the
chorioallantoic membrane (CAM) vein of 10-day chick embryos. Hyperthermia (HPT) was performed, following injection
of drugs into the CAM vein 3 days after tumor cell inoculation. Intravenous (i. v.) administration of TNF was carried out
either 30 min or 3 days after the inoculation. The embryonic livers were dissected 7 days after the inoculation, and DNA of
the embryonic livers was extracted. The DNA (1 x g) was tested by the polymerase chain reaction (PCR) technique with the
specific primers for the human 3 -globin gene (576 bp), and Southern hybridization method. Hyperthermic therapy showed
inhibitory effects on the growth of metastasized T24 cells in a thermal dose-dependent manner. The antitumor effects of
HPT at 42.5C-20 min and 43.0°C-10 min were 69.2% and 82.0%, respectively. HPT (42.5°C-10 min) alone and adriamycin
(ADM) 20 ¢ gfegg alone showed 26.7% and 13.5% tumor growth inhibition, respectively. Combination therapy of ADM and
HPT revealed an enhanced inhibitory activity (54.2% inhibition) on the growth of metastasized T24 cells. I. v. injection of
TNF at 1X10° units/egg showed 76.6% anti-metastatic effects, when administered 30 min after the inoculation. When
administered 3 days after the inoculation, TNF at 1X 10° units/egg in combination with HPT (42.5°C-10 min) revealed 91.9%
tumor growth inhibition, whereas TNF alone at the same dose showed 63.9%. A synergistic inhibition of metastatic tumor
growth by the combination of TNF and HPT was observed. The results obtained suggest that this system can be useful for
evaluating the effects of chemohyperthermia on metastasized human tumor cells and that TNF has a preventive effect on
metastasis and an inhibitory effect on metastatic tumor growth. Inhibition of tumor metastasis by TNF was greatly enhanced
with hyperthermia.



