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Inhibition of Tumor Growth and Angiogenesis by KJ3, Betulinic 
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The antiangiogenic effects of novel agent KJ3, Betulinic acid, and Fumagillin on the 
neovascularization were studied by examining ultrastructural alterations in the vasculature 
of synthetic gelform and mouse neuroblastoma C1300, Small pieces of gelform with 0.4 % agar 

were introduced subcutaneously (s,c,) in 7 week old male CH3/HeJ mice, After the LD50S were 
determined by FACS analysis, a third of LD50 of three drugs were injected either locally or 
intraperitoneally every other day for 14 days, A/J mice were inoculated s,c, with the C1300 

neuroblastoma cell line, then either saline or three drugs were injected in the same manner, 
The anti angiogenic effects of three drugs were studied by measuring the histologic changes 
in tumors, and immunostaining for CD34, VIII/vWF, CDI05, and thymidine phosphorylase, In 

the drug treated groups, the number of vessels in gelform experiments and C1300 
neuroblastoma experiments were lower than the corresponding values in the control. The 
histologic findings were significantly different in drug treated groups on day 7, but these 
were not significant on day 14, These results imply that anti angiogenic agents were effective 
when the tumor burden is minimal. (J Kor Assoc Pecliatr Surg 8(2):101 ~ 106), 2002, 
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Table 1. Number of Vessels in Gelform Experiments 

Group* 

Control 

Fumagillin 

Betulinic Acid 

KJ3 

Day 7 Day 14 

33-36 35-39 

21-25 

22-25 

20-24 

20-26 

23-27 

19-21 

* : numbers in each group, N=7 

ii} 711 ii}.:il, Citrate buffer~ 3~ ~a:s:. ojl ~ ~ + slide~ ~.:il 

p}ol3-5'..<f~l 01.1i ~~ 011 5~ %~ -1'-~r}. 3 % 0025'. 1O~;Q 

~1 t.1 ~ + PBS5'. A·P~ ii}.:il, 01+011 10 % blocking solution 

.Q..5'. 5~;Q ~1t.1 + ~~-& ~~}"6Jj~l~ ~lt.1ii}Oi wet 

chamber011Al 4'C5'. ii}~W 7:1ABJ:lr}. ~~}"6Jj~l-c CD34, 

VIll/vWF, Cm05, thymidine phosphorylase % III 7}7:1 ~ 

A}%ii}Oi tll.JlLii}9tr}. Link antibody5'. 20~;Q ~lt.1ii}.:il 

Conjugated streptabidin-HRP~ 20~;Q \1%Al Zl + DAB 

(l:50)~.Q..5'. 3 - 1O~ ~1 t.1 ~+ Hematoxylin.Q..5'. 35::i":;Q !:J1 

s:Cj:l~ii}Oi Cj:l~% ~tJ1.:il 20011B%91 :i1J"Q{~Pl7c3ii}011Ai -B.-~ 

ii}9t r}. {l A~ ~ -B.-91 'T-c ~ pl7c3 O1]!'i ~A 91 /(J~ O1jAi 'T~ 

~~aii}Oi lIa-rrg Tii}Oi ~~.:il, ~711~ ~1t.1~ paired t test 

~ A}%ii}9tr}. 

F ACS~ 01 % ii}Oi ~ -& LD50 ~ KJ3 2.97 llg/mL, Be­

tulinic acid 4.01 llg/mL, Fumagillin 4.9 llg/mL9tr}. 01 '4~1 

%~l 1/3g 4491 ~~011Ai A}%ii}9t r}. 

Table 2. Number of Vessels in C1300 Experiments 

Group* 

Control 

Fumagillin 

Betulinic Acid 

KJ3 t 

Day 7 Day 14 

12.1 ±2.4 31.7±4.5 

8.4±3.3 

7.9±2.6 

7.7±3.1 

29.8±3.7 

30.5±4.6 

31.2±3.9 

* : numbers in each group, N=7 
t: p<0.05 compared to the control 

Gelformg °l%~ ~~01lAi ';;-~~.Q..5'. LD5091 1/3°Jg 

p}.q.-~011 ~~ r011Al-c Al17}7:1 '4Al1 Y-1'- 7~, 14~011 {lA~ 

~-B.-°l 'ict~r}. ol-c Al17};:Z1 '4Al17} 7J~~ {l;,~~-B.- Q:j~1-3j­

%g 7}7:1.:il ~JOi ';;-~~.Q..5'. T'il~ 7c3.q.-011-c {lA~~-B.-°l 

"3jAa£17:1 eJ-%g ~9tr}. Gelform T'il+ °l~ ;QZj.Q..5'. '4 

Al1~ *7JtJ1 T'il~ ~~011Ai-c IE 1011Ai9} ;Q-ol Al17}7:1 '4 

All Y-1'-011Ai 7,J-~ii}~J,.Q..Y- 4 ~~r011Ai ~B- p}t.111J91 p} 

.q.-~~ A}%ii}Oi ~VJ~.Q..5'. 91~l~J-c ~}ol-c 'ict~r}. 7,J-~ 

~Aa:s:.-c nJj1} 14~011Al Y-1'- tllx-ii}9tr}. 

CI300% }Ilii}T'il~+ Al17}7:1 '4Al1 ~ T'il~ ~~011Ai-c 

7~li1011 .tP~A1Zl r01]!'i~ Al17}7:1 '4A11%- ~7}7:1~ *7JtJ1 

T'il ~ ~ ~r011Ai -c {l;,~ ~ -B.-91 7;-A}7} !:J1s:r011 tl1 ii}Oi 91 

91 ~Ml 7,J-~ii}~J, r} (p<O.05) (-=r 'B 1). -=r2i y- 14 ~ li1011 .t1 A~ 

A1Zl T011Al-c '4A11~ A}%~ Tj1} !:J1S:T A}01011 {lA~~-B.-

91 ~}017} 'ict~r} (IE 2). 

~~71;Q%- ~~a~ p}.q.-~91 j~l%-~ '4~l-'f-Oirj1t !:J1s:r 

A}01011 ~}017} 'ict~.:il, ."§HA1Zl + ~~~ tl1/(J91 lj'-711:s:. 

°Jr;Q011 ~}017} 'ict0i, Al17}7:1 '4A11 Y-1'- p}.q.-~011 -&Aao1 

71~1 'ict-c 3i.Q..5'. -B.-~£mr}. %i1191 3-71~:&-c !:J1s:r011 

Fig. 1. Photomicrographs of the C1300 neuroblastoma in controls (A) and in the group administered KJ3 (B). Spe­
cimens were obtained on day 7, and stained with Anti-factor VIII antibody (X 200). 
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Table 3. Changes in Relative Tumor Weight 

Day Fumagillin' Betulinic Acid' KJ3' Control' 

2 0.97+0.24 t 0.98+0.13 t 0.96+0.21 t 1.81+0.7 

4 1.32~0.17' 1.29~0.18' 1.27 ~0.15' 2.17~1.01 

6 2.18+0.43 t 2.11 +0.39 t 2.13+0.51 t 3.74+1.62 

8 4.71 +0.59 5.33+0.68 4.52+0.06 5.74+0.18 

10 7.73+0.71 8.14+1.09 6.78+1.11 9.08+3.23 

12 10.36~ 1.68 1125U04 9.76~ 1.38 11.77 _3.56 

: numbers in each group, N=7 
t: p<O.05 compared to the control 

~IB}"'i A117}AI "HI 'l'l' 6')J!!}Al'c 919j~.c :;}~~ TL~.'C 8}"'i ~l )j,Oc VEGF9j BIIOJ.i1} 4CAjol 7}k~B ~l lO"'i'J z! 
t+ 8'll 01+'f-EI,c %"1 91 =17I,c ~'lto.t+ 'if111"Nl 9191,c 'f-Ei01 c}. '1lOJl<if°JlAl-" ~A~'1lTIol T~oc~ 'H[~ t},c 7~ 

TLOIAI :'i~TI (JUJ. 01 ~I~ ;acl EToJl-'1 ~iA~~TIol '~7}"1"1 ~.'Cuj bFGF, 

Folkman %~ 1971 \! oJl %oJoJl ~j ;J A~ 11 TIol .6-Jl_ ~ om 
_0. "LO. uh" ,,3 01 fo, nJ-,o_ 5001"1'" AP'gl:clol "'I fo'9' u1 2. 112 <'_lM..l_, -, qi'_ 0 O~I 'I L:. 0''2'_ '"'I, r 2. 
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O1]Al A~~ A~!]~ ~_i1-& ~"}~6}~ ~~~, %OJo] A1!1-crJ] 
,c n~-?- 'F~6L,~ ~~% ~L-}, ~A~~tl0l i1:l,0],c ~0d=Q] ~ 

!17~ 2 - 3 mm" °IAd A'¥ C;c ilJA. Folkman 91 /1,,6j~1 

J~~.g- r}%:r:-} Qo] 1--}~ .or ;Ur}, 1) Jlf}j~'OJ.g- <5j~tOl <gj, 

01 AI'¥ c'~ ~.c J,11:J191 _'1717~ 6j"il 1 - 2 mm 01"1 01 01 

AdQI ~17HIAil" ;]:.:i::QIii-Jol 'llscl"1 "H~fr~ 2) 710QI 
'1l{!oJVi ;JA~1ITIol %oJ% -o-J-o-Ioj *~l-fAj %oJ21 3.717~ 

5'1 "I j1-, 'l'1'fh~- H} 'l!0l!~ !~'b"i6j ~Ic}. :1) <H'l'111i'­
%cJ ~ {!'ilA~ (tumor angiogenesis factor)oJl "I 01 oj A~'i-"I 
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