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roectodermal origin) A|EE2] AT Bofsl] S AR
uis) AEe] Astde] glE FRAFAIRNZAY AgIidn
vitr)) % AAHGn vivodd 23 BRlsAES FeAE
o wANRSS zFse EI} Yoz FHA fokd
bFGFS| WA H3Eate AdEA ¥ I S
AEZe] o}ETEXLE AAlsle] AZIthe Langley 572
B37} glont bRGR7L T A7)9s) AAARA mAe
HAARSHINE ofy wes] gl vl §ldk bFGF7}
ARARESH o FEE WE olfE vl uiF ¥
AAEe] BE ARAEY] BAAEY 7A€ oleheetl
ol$- FQ37] wiEelch bFGFE EdhlisiAEe] HALE
Ae BEosy £49 =39 ERE IMIIH AF
o) Aol dagt Tz B3 Mdste] WAL EF
o 2HE AuzA ElEF gk F el ol PAA
B39 BE Ao A WA d Al e
oldcka & 5 gick HlHoll bFGFE % W Rz &
$oie] FFAE PRI AFERE A Al
A 5 % ARE FLE FE U o d7e
bFGR7} WA ez gt Ag=2] 48 RIS ¢
AZe AA-e F7MAFIA e ApdsEl Biast gl
Ag Fgsiol WALNEIAZA bFGFE A A 50l
o] 4% & A FopRuA A=

CHAH 3 &y
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1) MEEE

AUEBL AEAYAITA YA AFLE
A% 6~859] oF 20 gF¥AlY) C3H £ AFAZ < 159 7
9] 2% 717He AR F A% AFnre FehA Aged A
L35l AT Z4olzFmomal control group), ¥AITH
ZF(tumor control group), H}IAFA ZANHE(radiation  alone

group), bFGF THE-F-0] Z-(bFGF alone group), A=A e}
bFGF 5-03u)3)F(radiation and bFGF combination group)o.E
747 FRIch WA SE 180 FYAEES o)He}A ¢
aAzA bFGFS SofatAl ¢ A4 AFE 32 dz
Fo2, ZHAZTo|] F WFGF Folul WpAL=A glol &
Agdlel Zok A4 VLY AAE =T E S
ot MANZADETS ZRAT)A] Foll BFGFE Foist
A ofm whAAzEARE A3 Fol bFGF HEFoTE
ZokA)Eo]4] Foll bFGFIHE Fojela WAAZAE A}
A oke Folck uIAMZASL bFGF FoisT: FHAE
o]4] Fol BFGFE Fojsta HAARAY Foln AP 2
A AZE 9 ZEAARET 2ALADVLE o] A
sl tH(Table 1, 2).

2. 4 ¥

1) DIRPASE 180 SYME 014

Ao ALE FHNEE U AT vl
3 ZAGA vk EB7hg olgsle] Al widdt wheiE
Z 180 AEE ALaiglch. nYFE LA dag AEF
L 50% 3¥E9F FAZktumor solidification 50=TSDs)2] 10
o] ZoRA|EZ PBSO B|Aste] A 02 cc 25x10°
wl)E AT He30e el Wl AR 3 uEly
o TfstolA] sigic.

2) bFGF £0{

Recombinant human bFGF (Intergen Co., New York, NY)&
AARAAZA 2427 A 9 447 Holl 23] me] B
ZAN9C AEE U F9% BHAYIAE 6 pgimouse
o W £ AfHT 2H4 PRAYIAE 3
mouse, 6 yg/mouse 2FL& F-E5}cHTable 1, 2).

3) FAYAIMZEAL

BAMZAE 6 MV A87147|Digital Mevaton MX2,
Simens, Concord, US.A)E o} &ale] ZFokol4] & 78 A3}
siglek A zAE ulelAl e A 130l Aelsl

Table 1. Grouping of Sarcoma-180 Tumor Cell Inoculated Mice for Survival and Tumor Growth

Group (number)” Sarcoma-180

bFGF (6 ug/mouse)

TBI* (600, 800, 1000 Gy)
Local RT' (3000 cGy)

Normal control (10) x$
Tumor control (10) o
bFGF alone (10) O
RT alone (50) @)
RT +bFGF (50) @)

OxOx x

X
X
X
O: 600 (10), 800 (20), 1000 (20)
O: 600 (10), 800 (20), 1000 (20)

“Number of mice, "Total body irradiation, "Radiation therapy, *No, 'Yes

_254_



2
o

LA S LS| X 2002:20(3):253~263

Table 2. Grouping of Sarcoma-180 Tumor Cell Inoculated Mice for Histopathologic Analysis

Group (number)” Sarcoma-180

bFGF (3 pg or 6 wg /mouse)

TBI' ngOO Gy)
Local RT" (3000 cGy)

Normal control (25) X3 X
Tumor control (25) o) X
bFGF alone (25) O O
RT alone (25) O X
RT +bFGF (50) O O

13 ug (25), 6 ug (25)

OO x x X

"Number of mice, "Total body irradiation, 'Radiation therapy,

on PANZAE AEE 3 T BRAULS YA
< 600 cGy, 800 cGy, 1000 cGy 0.2 AEslglow =zzx4
7 BN = 800 Gy FHLF 22 sh3irhTable 1, 2).

4) JAYARTEA}

FEARS WALz Az AT T
A9 FAYE W] Aol A EFaY el A §
vl gle] 3,000 cGyE 130l FokRgomt =Aksicl 19
28] A=A W2 &4 AE] AN Jal AALA
A=A ¥ 6A7F A7 S F9dt

5) Mg

BAAZARE T AAZA9 BFGF Solwde)7ol|A]
AR zZA F AZG AFH] F2 3097A B
AEES Tl

6) 32379 A& U 5L MEIM

Feo1d FA £ uEHE 7 %

T 334 FF AR A TY AR e vyo]
(vernien)Z}2. FA3le] |77 w}ol]
Esi=8

7) ZEEE M Y ®I}

ZAFTE WS 93to] Table 29] AT Tl 7
TollA suleld ANz F 8417, 24 A7L, 49, 7Y,
ol A2 YA T MBele] T, T, S
Hasta FgolA F-9e $ulERE Al z2Aueg
THEI HE 948 slgich

) 2382 9 34 Ldaypysst vlAl g (micro-

villu)Zde]  AgAl Zlo) AlZ

7t A FolA AN ZAS) bFGF Fololl uh2 24, s,
5 9 FUAEY =t H3E gt

Withers2} Ekind”9] microcolony WhHlo.2 &abdute) 3h4h
Y vehd £dA5E 2008 iAol AZeGT )
AFE Aol9t 434 Zole A4 AFEAANE o]
sto] 250 Hu|FAjopolld] DA} F ARHIS 3lo] ¥y
o](vemienA}2 AlZs}gic).

o

i

¥ No, "Yes

Q) OFEZEA L HIE AF

DNA terminal transferase nick-end labeling method (ApopTag
(R) S7100 Peroxidase kit, Oncor Co., Gaithersburg, MD)E o] &
sho] AZsigieh Qoki Tkl 2FRUL xylene, e
anol2 AlHste] sepdE AAst AR as e uhg-
A7l & 30% H0,Z quenchings}il Tdt enzyme (55 (/5
em) S 7hsted WRSA)ZL) Anti-digoxin peroxidase conjugate
©5 w5 em)E 7HE F Aol WHEAFIRL peroxidase
substrate (75 LJ5 cm)E 7}sbed 3~627F st 05%
methyl green© 2. 1027F g-2ellA] =i 4gt Jrofl F3tsin]
AselA 7 AREE Y, B4 A=A 2 ohoas
3180 FYALY O}EZEA ATFE A Bel
A Aug AoklA] o] sk olEZRALA} 4
bs] dojd L& Azl T 9 51,0000
AlofollA], H|z=2]-2 2008 AJofollA] F 1,000708] A|EF of
EZBA2TF Goud AEFE Alo] ofEZEAL HIEE
778151t

(3) EAIAE

Fg37) AF, £d g, 24 Zeol, uAlEE e,
OFEZBAIL HIES Zpole] {242 o] UTAHEA Y (2-way
ANOVAYE o]&3igich o3t Aol tisfAle Scheffee’s
test?} Duncan test® t}EH| 2 E slglon §o4FL 5% o]

312 315t

2

1. 4EE

600, 800, 1,000 cGy AAAMZAFONA 6 ug bFGF 5
of oJ¥ol WE AEFL Fig 19} 2tk 600 Gy AL
ZAFOIME bEGE 5o oliel Aaglel MAMAAZA
3 30A RE F7} AZIT 800 Oy BAPAAZA
FolAE 12U 2B Antelr] Al 259714 Al
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1Al . SHIH  bFGF2l ZAINES S

0!

9o bFGF FolFollA 99 e AEES/HE 2o B4
AzA F 309719 AEEo] bFGF FoiweiT o WAz
AEFoNA 22t 55%9F 25%rHp<0.05). 1,000 cGy AA
HAAZARE T A AAZAT 7~8Y Aolol] 75%7}
Aryslglon 1394 25 Agsigich 1,000 <Gy AAEA
A=A} bFGF FoBPTolAE T9ARE Adslr] A%
sto] 1694 25 Agslict 64 oAl A A N
o1} 1,000 Gy HAIGAALEFS 75%7F 7~8Y Aold|
A7) Wil olF #o A AARFFToE
o}&=x}.
2. BANT

Az, =T, SAA=ALST, bFGF 25+
o}, WAIZASH bFGF FoiWlsigolld 4oz 3000
GyE WAAZAG ¥ AFSE SHE SRS
7] wik= Fig 29 Zvk BE Fgoldld 5~7d
Aololl AF 7Fe3dt agFgol A= ATl AR
o}t FH =TI bFGF "SR Tedli e Fdol4 & 15~
209 He] F4AAo| Hr} glo] FE(platean)E B
o 5 F7l Fg Zole Adxirhp>005). HALA=ZALGS
T3 WAL ZASL bFGF Foiwegollde 159 Afe &
okH7o| ZHaw7] AAbsle] 35~40U7HA] ZAALEgon F
I7kel gt Aol Y THp>0.05).

4 0ug, 600cGy ~—B-— 6 ug, 600 cGy
——6 ug, 800 cGy —e—0 ug, 800 cGy
1.2 r —o— 0 ug, 1000 cGy —&— 6 ug, 1000 cGy

Susvival Fraction

Day after T8I

Fig. 1. Effect of 6 pg bFGF on the survival of sarcoma 180
tumor bearing C3H mice which were received total body
irradiation (TBI) of 3 dose levels (600, 800, 1,000 cGy). *p<
0.05 compared with 800 cGy TBI alone.

3. ZZFAAH U OIZZEA|A HIE

13

(1) &£3A59) nAgEAe] 9 &34 Fol

AANZTH 6 ug bFGF REFolgolAe it
A4l 19184189, 187.81206% FF7l 2tol7k gi%L
o olAgRAde] & &34 ZolE 047%0.10, 04710.10
wl 170+0.17, 1.74+0312 o)} gQichp>005). WAAZ
AREF WAAzAS bFGF Foeigela Lddae
23t Aol7t YRk (p>005) &34 Zolet HAlEER
ol WAARET g WAAZAS} 6 pg bFGFFH
PFolA o9 YA F71E%ehp<0.05). 3 ug bFGF FoiH
PPN E &4 Zolgt §EAole WARALS T
vl Zvlslo] Qle silet EAIAY fde A
(p>0.05) (Table 3).

HANGEF BAARAS bFGRRAHEYT EFollA
AARAAZA F 64T &34, A, &34 4
o7} AAAE BT 4Ydle Z71E £74& BT olF
A& Zrlsglem 6 pg bFGF FoiH ol 7b Felst
QeK(Table 3, Fig. 3). '

() &GAAES] o} EZEA X

AAzF3 bFGF TEFojFollA BHEE ofEZEA|
2 2B AE 1,000/ 722 89139, 90140 (p>0.05°01%)

—4— Normal Control —#—Tomor Control
~E—-RT Alone —e— bFGF Alone

—&—bFGF 6ug +RT

Transverse Diameter of Thigh (cm)

02

0 1 I L ]
0 10 20 30 40 50

Day after Inoculation

Fig. 2. Changes of transverse diameter of right thigh after
sarcoma 180 inoculation in the groups of 6 ug bFGF alone
(—0-), combination of 6 ug bFGF and 3,000 cGy local
irradiation (RT) (—e—), tumor control (—m—) and local irradia-
tion (RT) alone (—o-).
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Table 3. The Jejunal Crypt Count, Crypt Depth and Microvilli
Length Following 800 ¢Gy TBI! with or without bFGF Com-
bination

> FGF dose 0 ug/mouse 3 wg/mouse 6 ug/mouse
Time (n=25) (n=25) (n=25)

8HT 166.2+19.4 163.7£17.9 158.0+16.7
Crypt 24H§ 129.7+45 138.0+67  161.2:£128
count 4D 145.7+29 1545+82  161.2+62
7D 17354249 17504208 176.0£6.3
14D 178.7+£6.9 180.0+6.2  180.2+6.1
8H 0.31+0.10 0294011 0331015
Crypt 24H 0.25i0.11: 0.30£0.11 O.40i0,11i
depth 4D 046+0.10° 0.5440.14 0.6 +0.16°
7D 0.51+0.10° 053+£011  0.65+0.13"
14D 051+0.11° 051+011  0.67+0.16"
8H 1.78+0.24 168+011  1.80+0.29
24H 0.55+0.13" 1041011  147%032°
Microvilli 4P 1.07i0.17i 1.29+0.15 1.76i0‘13:
length 7D 1.38+0.13° 145+019  1.71+0.11
14D 1.67£0.13 167+011  1.69+0.16

" P<0.05 compared with 800 ¢Gy TBI alone
"Time after 800 cGy TBI (total body irradiation)
hour

§day

o

ro

AR B SIS T 2002;20(3):253~263

o} WA ZARE Sl Al AR AL 8A17E, 2441 7F ofE
ZEX AT} 11161348, 197514118 F43] =71l
4ol 1361428 ZASI 7Y, 14YAllE 80+5.1,
6.0+t278 Aaow 3)Erwgic) vbAAdzA9} bFGF FoiH
Yol A ] 8417, 24417 O} EZBA|AFE 3 g bFGFTY-
1003+31, 1645284 3 6 pg bFGFES 573159, 101.3
T18.68 HHAA ZAREF] 111.6134.8, 197.5141.19}F v
Al okt B 2o A YeteFig. 4, 5).

2) & F

() ez &
t} 800 cGye] HAHIA

AELEE 80~100%3 o =9k
2ZA 3 AELEE 4470 7
Z3t7] A)Aksled 76l 5~10%, 140l %% ZHAsldc)
800 ¢Gy9] AAIAAZASL bFGE Foi] &4] 3 ug bFGF
7 6 pg bFGFY 4ol FFAZUEs) HALARA
7ol wlsle] Eghow AAWALARA £ 7Y, 14%) 3
1g bFGFZS] 7% 5~10%, 50~60%%)3l, 6 g bFGFZ-S]
7% 90~100%, 90~100%Z 6 ug bFGFZol|A AE™W T}
A8 =9k} H-EQA 47344 53] bFGFel| 93] H3=+
Al ¥z A FHmegakaryocyte) A|Do]$AckFig. 6).

R

N

Fig. 3. Histopathologic change of jejunal mucosa (H-E, X100). Mouse jejunum
showed near totally eroded villi and focal hemorthage in lamina propria at 24
hours after 800 cGy TBI (3A) On the day 4 and 7 after TBI, villi were edematous
and still shortened state but recovered normal architecture (3B, 3C). In bFGF and
TBI combination group, villi were less shortened than those of TBI alone group at
24 hours (3D) and on the day 4 after TBI (3E). Regeneration of crypt is nearly
complete on the day 7 (3F).
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Pf -® - Normal control —{Fe ug bFGF alone

—B—RT alone ——— 3ug bFGF +RT
250 r ‘ —®— 6ug bFGF +RT
200 - R
150 r

100

Apoptosis/1000 cells

50 |

36 48 60 72 84 96 108
Time after T8I (hours)

Fig. 4. The frequency of apoptosis of jejunal crypt cells is
plotted as function of time after TBI (total body irradiation).
The frequency of apoptosis was maximum at 8~24 hours
after TBI and then fell to normal level in total body
irradiated groups. #*p<0.056 compared RT alone (—o—) with RT
and bFGF combination group (6 xg bFGF —e—/ 3 g bFGF

— ._)

@ AAAAZA F S4ALE] OJEZEAL HEe)
31 Fig. 63 7). RATIZ2T bFGFIS ol ol o}
EIZBEAATE 440174, 4491612 X7l gAchP>
005). HAHZATEFIA 2447k SLEZEALGT 2
AR 49 ol AERUT WAAZADE TS
AQZAS 3 g 2 6 pg LEGEFO]HAToNY oFEZEA]
£5e] Rolt YleHFig. 7.

3) H

(1) BAAZAE T} bFGREo &7olA HE olals

4 AAMAAZAE SABRE WBEY, TPIEE 2 o)
£19] B3, AZAL Pgol eyl Aselan 49
g Ao

79 ol % WS PRI ol4e] zAeA W W
AdZARE T HAAZAS BFGE SolHuTolA Ho|
7 9lgichFig. 8.

@ AANZET OFGFHESo{Tol4 ol EZEALSE
1909, 20+ 118 xpo|7} glgdom uhA WlEs} Yok} Hb
AAZAR AYZOIAE 847, 24120l FEZEA G}
Zreltlo} 4UABE Taslel BAENE BPom WA

£,

\1&,
&‘Er

o
(.

Fig. 5. Identification of jejunal crypt cell undergoing early radiation induced apoptosis
stained by DNA terminal transferase nick-end labeling method (%200). In TBI alone
group, there were diffuse apoptotic process involving jejunal crypt cell, 5A (8 hours
after TBI)/5B (24 hours after TBI). In bFGF and TBI combination group exhibited
reduced apoptotic change in 8 hours (5C) and 24 hours after TBI (5D). Arrow indicat-
ed fragmented nucleus of apoptotic cell (5B1). Note apoptotic nuclei stained brown-
yellow color contrast with blue colored intact cell (5B2).
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Fig. 6. The effect of bFGF on the bone marrow recovery (H-E, x100). 6A-6C:Bone

marrow on the day 1

, 7 and 14 after 800 ¢Gy TBI (total body irradiation). 6D-6F:

Bone marrow from 6 ug bFGF and 800 ¢Gy TBI combination group on the day 1, 7
and 14. In 6 pg bFGF treated group, bone marrow showed less hypocellularity than

800 cGy TBI alone group.

1 & *Normarlwc;,'oﬁtrol 7:~'O~'6ug bFGF a(one‘
| B - RT alone B 3ug bFGF +RT
! @  Bug bFGF +RT
180 r = e
160 ~
140 ) e .
8 120 - / ~E
2 / e
S 100 ¢ e
P
g 87
a
§ o
0 @R e
20 -
i
0
0 12 24 36 48 60 72 84 9% 108

Time after TBI (hours)

Fig. 7. The frequency of apoptosis of bone marrow stem
cell is plotted as function of time after TBI (total body
irradiation).

Aokl WA 249 BRGE FoiH el A Zpol7t g19)
t}(Fig. 8).

4) B

(1) FA iz} bFGREF-ololl4] HE Agel Al
FUE, AFo|dA, FARALAY ol WEEA U3k
om nfe-A%E 1809 AEUELE o ubm AN
o] wjg- wleksiar 7HAzze] FHIA ¢kom @ bFGFFo
2 ozt A FUkE IS 5 glolck

Q) FF FAH T3 2AHAE BRI olE
ZEAAE FF T W F2 AR =TT
bFGFE0] -7k9) Aol SiAchp>0.05). MAAZATAAE
Zok FAzTl vlsl FThekAl gk

o] bEGFE: W estol s wigte] gigitt

o
_{
N
[‘1[‘
OP

O} L EBAJ LT
qeH 3 HE

2 3 3
e e
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Fge 2L Bdol AFUE BT PAHE
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ZHY - BAE bFGF2 HAMHBSSH

Fig, 8. Farly radiation induced histopathologic changes in lung paren-
chyme obtained from 24 hours after 800 cGy total body irradiation. H-E
staining (x100) showed mild to intermediate interstitial edema and vas-
cular congestion (8A). There were relatively scanty apoptotic cells identi-
fied by the DNA terminal transferase nick-end labeling method (%200)

(8B).

< Algkellol sl TAIEo] sich weEld FAAEE B}
I REREo] glomiA FUNARTNE ggke) e A
AR T gk A77t Agsloigict’ Py AARiz 9
#o] EFFQI(G-CSF, GM-CSF, IL-, IL-II, SCRHE-S sl
E, 2YRAZ, &34 &34 9 F Ao o w3
AAEke- 27 ¥ I (radioresponse modifying effect)7} Qe A
o2 Ad#HA Sk

bFGF= A-folAZellA] Eu|== d3lg)AZel &3
Astgo| i AAAAZA>Y uAPdo) gt WAL
& B33togy £4% =39 dRE ZTNAA £45
AZe] A Bedt 23 J A4S AMAdste] Yot B
© 239 WAL E4E 5SS gl bFGRE o831
FEAEEA APATtel] oel daE FE -bFGF
= d3te g {E5RA ga ATl FEEle] o
#o) HAARTAL 74T Aoy 2z’ bEGFY
AEI)1A-L obF 7R AAS] ZHERE oA WA
ZA F 7 AT ojdl £E Go-Gly} AXd| AeiHew
B3gapl e Aoz s’ & bFGFE WA 9
g AlZ9 FAAEA A(mitotic deathy Hrle AEEA7)
(interphase)9] O}EZEA| 2ol Tojdirim AZHEM Fukse}
Alfiere”9] whg-2 MAARAAE bFGFEAZ A8 W)
AIZS] oFEZRA 27} ZAFI AL Al ofEZ
EATL dold 4 e 2AMERE #4, 92T, 24
AE, 28, 934, AR, ARz2 o] g4 Yok o)g
2L AT AHRES A3 Ao] £ uf] WA siA

y

ek

e AZEA7)Y ol ZZEA e FE oldg B4
EEAE olgshzdl Y- Fa5hH olELEA LS EAA
B34 el g oldidle] AL RS ANEEES FIMITI
= 71938 & A& Aelch o] A= bFGES] WAL
B3a9E A9¥ 4 e /AeE LY ERAE
oA 9] ot EZEAAE BASIIA 319t ‘

AL RS ZI7} 9l bFGFS AL 9 Fojulwol
thafl DingE'%& 1 pg/mousecli e WIAARI GI7} §iPa
6 32 12 pgmousert A8l o fel7] A 2
2] WAKAE A, Fol] Fofslols By AFHolzka s14)
t}. ubHol] Fuks$} Alfiere’= £ 1.6 pgmoused] Lol %
Aol 9t HlEds AAEAA LDgises S7HAIZIGE
Haslgdel o] Aol o3l 6 pg/mouse FoiA] 3 g
mouseol] H]3l| 800 ¢Gyo] HAlALAZAN N 2, T4
Aatoll gk B3 Ay AAEh F o 7R A%
AL ks A=A EEAR 6 pgmouse’t FF, A
A AAHo| = 23 A Bl 2700 WAl vt
St 2% AA &5Folgta Azt

uhA A Aleol] WE bFGRS] B3 #Tloll B3 DingE %S
6~12 pg/mouse?] S-EOFE 900 cGy oo A4IAL=
Ak AF A BER JARFETOE Al HALES
Eg BAY 4+ PUHT B W OlmieftE"E UL
42| bFGFE A3 A¥ollAl 1,100 cGy ol el AAA
A ZAA] LDsyso] 1,250 cGyollA] 1,350 cGyZ Z7}sl0] Abo]
g AE Bl o] dAtollAE 800 ¢Gye] HAAA

- 260 -



ZAF 0U5 AEFo] 25%NA 55%2 Z7tso} 6 g
bFGF7} AAAAzAZ A3t FFXAE b og 72H4
Al 3igiek. 2EU 1,000 cGyzARRNAE A4l w4
ZALSTF BFGF FoiFo] BT AARoZA 6 gl
bFGF7} 1435378 sl oAz A &35 &
HHog 3% F Y Aol e B} ek Azt
< A7t Dasjtha Az,

bFGFel] 23t "ol AR AL Fohlle] dAx
Hasto] AR APAS Fsln AMEBS PAAAA
FHEE 2 ¢ = Jokx B gy oA A
AAE} FFAFEeA oidt bFGFY 575 w23t A7
© BA %ok THNEZE 22 59 RAAUAAE B
HEZ o] HYolld Ags £ BFGF Foj2 Fofolle
dgel YAt Kl ek md LR SR gl 3l
T AEAUSY shtel ILIE ol g% ARGl F %
7ol olAFoll ol 47 FAEAE Adloke Bax 9l
ot Z bFGF7} ZAZo] u|Xe Jge gog AT}
Haslcl bFGF7L vhe~ §%F 180 £ AR 2A3A
B3 JPAEE BE5F 5 Jdokwl bFGF: ghate] HAkA
A8 A=A GzAE AHsle] Bk WAl B
FAleld. aeht o] Adeide AAYAAZA A 23]
gt F 6 pg BFGFE Folslgly] ol o] Adoz &
FzFdl| vjAe AFHE AT Algte] grh w3t
of Adlel ALH w-28F 1802 7HAzzo] 3)utslol
bEGFS] <d3kg Hrlsirlel HAx Xgd ARHE Qiek
g Aol ALY bFGFFEA] S7 i3 T
gt tEo] 1829 bFGFE A%ZoE Folsle] bFGF7}
% A F2 Aol miXE e IEY & Y
Zolck.

FuksS} Alfiere”s F5 HAAZART Sl 16 g9
bFGF7 WA sEe Foln HAEE 7adizlen o
t ez 43 HA83 vig) AT ofEZEA| A
ZAZ AY AL Basidck a2} B ATl 800
Gy AARAAZA F A8 NHNEY ofFZEAAS
W) olzigled WMAMzAGSTE  WAAdzAY
DEGFFo{ o4 ofEZEX| 29 Hol7b glgieh. ol
2 Aol A8 800 Gyrb HAA #HEAE T
ARG ARdE AAsle AL AEde] Fe99L
3 ALY ol EZBAA o)9o)| T JAE Hols}
2 A=

2 Q7S P2 oL AR e 2YRATY 44
T FAY B ol T4 AN o AAIAE

CHEHRALM ZRFEISI X 2002:20(3):253~263

< DRIES 2% J1eE 22 Yok Rk A

ASE bFCPYYFoiz ZFRIAAE IUY 5 SUgich

Bz o ZYRAEY o} FZRALE TA 4

Aolxgh 22 PAARSTI bFGF FoeizollA 2]zt

Bt b A4
3|

e

2

24 719, 144 A ZEFUR 25
AEYEI} GasiA sEEgct o] Ay Az & of
bFGFS] FrE S AT e WALl o3t ZERAF ] of X
EAzd viXle A 288 XY A £
A AEge] 3] 8EA0 o3 Aoz A4

o] A¥ol|A bFGFFoiW ol LARTEHNE WES
T U9tk A 79 5~10 Gyl AWAA=AA]
o] g &4 AIX Fe A=A F 14T
o 2|36l 0|23 96AI7F olwHell AfAe] AR ke gt
AAEY Aol 2L ARE Hol 49 o|FFE &
A Zol 9 7 o7t Frlsly] Al &34l AEst A
A7) AP 6 pg BFGFFIZ dAsHA| &AL
9] Aol dAIE|Glct. 3 bFGEF{ 2 &d4lAEe] o}
ZEA 7L ZAsle] &4 HEARES A & glgdh

HAEH R AAYALZA A BFGF Foi2 FTAEet
&7 AnzAg Bzl AR AEE] FRIRT =
A B A AT vl PARAEES A
=7} Zasigdek ol2idt AKX RS A J|H2F bFGF
7} aAdet AFAAEY] ofEZEA LY 4 Y A £
A5s AN E5Y 28R AT AR 2 4R2E
2747 AnE AZE. E3 bFGFe wh2 £% 180
F s Z7HIFIAE ke bRGR7F BAAIES Fk
Zoll Ay} Qe RIAYE doty] e &
3 Evl A FUANEE ALY BELNT 48] Hest

-

g o238

1. Phillips TL. Sensitizer and protectors in clinical oncology.
Semin Oncol 1981;8:65-82

2. Folkman J, Kiagsbrun M. A family of angiogenic peptide.
Nature 1987;239:671-672

3. Haimovitz—Friedman A, Balaban N, McLoughlin M. Pro-
tein Kinase C mediates basic fibroblast growth factor pro-
tection of endothelial cells against radiation induced apoptosis.
Cancer Res 1994,54:2591-2597

4. Langley RE, Bump EA, Quartuccio SQ. Radiation induced
apoptosis in microvascular endothelial cell. Br J Cancer 1997;
75:666-672

5. Yoon SC, Bahk YW. Effect of modified fractionated irradia-
tion on the growth of sarcoma 180 solid tumor in mouse. J

- 261 -



Aot .

10.

. Allan DJ.

EHIE bFGF2 SAIHES S

Catholic Med College 1986,39:665-676

. Withers HR, Elkind MM. Microcolony survival assay for

cells of mouse intestinal mucosa. Int J Radait Biol 1970;17:
261-267.

. Fuks Z, Persaud RS, Alfriere A. Basic fibroblast growth

factor protects endothelial cells against radiation induced pro-
gramed cell death in vitro and in vivo. Cancer Res 1994:54:
2582-2590

. Fuks Z, Alfiere A. Intravenous basic fibroblast growth factor

protects the lung but not mediastinal organ against radiation
induced apoptosis in vivo. Cancer J Sci Am 1995;1:62-72
Radiation induced apoptosis:lts role in a
MADCAT scheme of cytotoxicity mechanism. Int J Radiat Biol
1992,62:145-152

Ding I, Huang K, Snyder ML et al. Tumor growth and
tumor radiosensitivity in mice given myeloprotective dose of
fibroblastic growth factors. J NCI 1996;88:1399-1404

1.

12.

13.

14.

15.

16.

- 262 -

Okunieff P, Mester M, Wang J et al. In vivo radio-
protective effect of angiogenic growth factors on the small
bowel of C3H mice. Radiat Res 1998;150:204-211

Dorie MJ, Bedarida G, Kallman RF. Protection of IL-1
against lung toxicity caused by cyclophosphamide and
irradiation. Radiat Res 1991;128:316-319.

Adamson IYR, Bowen DH. Endothelial injury and repair in
radiation induced pulmonary fibrosis. Am J Path 1983;112
224-230

Brunner G, Nguyen H, Gabrilove J, Rifkin DB, Wilson
EL. Basic fibroblast growth factor expression in human bone
marrow and peripheral blood cells. Blood 1993;81:631-638
Avraham H, Banu N, Scadden DT, Abraham F,
Groopman JE. Modulation of megakaryocytopoiesis by hu-
man basic fibroblast growth factor. Blood 1994;83:2126-2132
Stevens KR. Stomach and small intestine. In: Cox JD, eds.
Moss's Radiation Oncology - Rationale, Technique, Resuits
7th ed. St. Louis, Missouri: Mosby—-Year Book, 1994:428-439



2
i

ARSI S 2B X 2002;20(3):253~263

—— Abstract

In vivo Radioprotective Effects of
Basic Fibroblast Growth Factor in C3H Mice

Yeon Shit Kim, M.D. and Sei Chul Yoon, M.D.

Department of Radiation Oncology, Kangnam St. Mary's Hospital
Catholic Cancer Center, Catholic University of Korea, Seoul, Korea

Purpose :In order to understand in vivo radiation damage modifying effect of bFGF on jejunal mucosa,
bone marrow and the effect of bFGF on the growth of transplanted mouse sarcoma 180 tumor in mice.
Materials _and Methods : Mice were treated with 6 zg of bFGF at 24 hours and 4 hours before ex-
posing to 600 cGy, 800 cGy and 1,000 cGy total body irradiation (TBI), and then exposed to 3,000 cGy
local radiation therapy on the tumor bearing thigh. Survival and tumor growth curve were plotted in
radiation alone group and combined group of bFGF and irradiation (RT). Histologic examination was
performed in another experimental group. Experimental groups consisted of normal control, tumor control,
RT (radiation therapy) alone, 6 wg bFGF alone, combined group of 3 xg bFGF and irradiation (RT),
combined group of 6 pg bFGF and irradiation (RT). Histologic examination was performed with H-E
staining in marrow, jejunal mucosa, lung and sarcoma 180 bearing tumor. Radiation induced apoptosis
was determined in each group with the DNA terminal transferase nick-end labeling method (ApopTag®
S7100~kit, Intergen Co.)

Results : The results were as follows 1) 6 rg bFGF given before TBI significantly improved the survival of
lethally irradiated mice. bFGF would protect against lethal bone marrow syndrome. 2) 6 pg bFGF treated
group showed a significant higher crypt depth and microvilli length than RT alone group (0<0.05). 3) The
bone marrow of bFGF treated group showed less hypocellularity than radiation alone group on day 7 and
14 after TBI (p<0.05), and this protective effect was more evident in 6 «g bFGF treated group than that
of 3 ug bFGF treated group. 4) bFGF protected against early radiation induced apoptosis in intestinal
crypt cell but might have had no antiapoptotic effect in bone marrow stem cell and pulmonary endothelial
cells. 5) There was no significant differences in tumor growth rate between tumor control and bFGF alone
groups (p>0.05). 6) There were no significant differences in histopathologic findings of lung and mouse
sarcoma 180 tumor between radiation alone group and bFGF treated group.

Conclusions : Our results suggest that bFGF protects small bowel and bone marrow from acute radiation
damage without promoting the inoculated tumor growth in C3H mice. Improved recovery of early respond-
ing normal tissue and reduced number of radiation induced apoptosis may be possible mechanism of
radioprotective effect of bFGF.

Key Words :bFGF (basic fibroblast growth factor), Radioprotective effect, Apoptosis
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