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Purpose: The growth, progression, and metastasis of
malignant neoplasms are influenced by the environment
of the tumor and by proliferation of the tumor itself.
Angiogenesis of a malignant neoplasm is a very important
environmental factor of tumor growth and metastasis.
Also, it is a prognostic factor for malignant neoplasms.
The mechanism of angiogenesis, such as the effects of
cytokines and angiogenesis—promoting factors, 1s incom—
pletely understood.

Methods: This study was designed to define the role of
tumor necrosis factor—ia (TNF—n) and the vascular endo—
thelial growth factor (VEGF) in angiogenesis induced by
lipopolysaccharide (LPS) and thalidomide (anticytokine
drug) in CT26 murine colon cancer transplanted to
BALB/c mice.

Results: The tumor size in the LPS—treated group (n=3,
2.14£0.26 cm) was larger than it was in the LPS thalido—
mide—treated group (n=4, 1.954+0.19 cm) and in the
control group (n=3, 1.620.20 cm) (P<0.05). The micro—
vessel density determined by CD31 immunostaining was
lowest for the control group and highest for the LPS—
treated group, but the differences were not statistically
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significant. An immunohistochemical study showed that
the expressions of TNF—an (P<0.01) and VEGF (P<0.05)
were higher in the experimental groups than they were
in the control group. Also, the LPS thalidomide—treated
group had lower expressions of TNF—a (P<0.01) and
VEGF (P<0.05) than the LPS—treated group. Western
blots revealed that the TNF—n and the VEGF levels
semiquantitatively increased from the control group to
the LPS thalidomide—treated group to the LPS—treated
group.

Conclusions: Our study revealed that low doses of LPS
stimulated angiogenesis through increased expression of
TNF—n and VEGF. Thalidomide decreased angiogenesis,
probably through suppression of TNF—a with a decreased
expression of VEGF. We conclude that TNF—n, sup—
pressed by thalidomide, in the model of transplanted
colon cancer may inhibit angiogenesis through coincident
decrease in the expression of VEGF. J Korean Soc
Coloproctol 2004;20:125—132

Key Words: Angiogenesis, Colorectal cancer, Vascular endo—
thelial growth factor, Tumor necrosis factor—n
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AG7HA 2H A vAE RG] FAJAZE Vas-
cular endothelial growth factor (VEGF)E X 33}4, basic
fibroblast growth factor (bFGF), angiogenin, transforming
growth factor (TGF), placental growth factor, Interleukin-8
(IL-8), Hepatocyte growth factor (HGF), GM-CSF, platelet-
derived endothelial cell growth factor, angiopoietin, throm-
bospondin, p53 5°] Tk
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SAZA AEHA0 71F A $AE oz Aol
A3tEth a8y H2o) o] R HYxd ¢ §gu=
gl tatel ohAl Bl 2] A ZEAeh Thalido-
mide®] W2 % % 2470 B4 g2

¥ol 93] EHlE+= Tumor necrosis factor-n (TNF-m)2]

|Z 224 TNF-u9] &S A3t

Atk L3t thalidomide™ bFGF
£ VEGFY] 93 frese E7 459 A48 Hs) &
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R SAFS o E 3 Ao w2 oA E
7t 3 &stel LSz Egdste @A Al 2Ee] &
3= Z+% cytokine & TNF-ol} IL-1o 5-0] 7283k w4
A QA IL-8 == VEGFY] A4S F38to] 7|
AT FEITE ST Aem 4HA 3
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o]de] HIES FFsH, LPSE UIAME ToA
HHE ST, A" TNFoe I3
PARJAAR! VEGFY] HdS FXAIA T4 oo &
95 $35HA & Aolzte 7S Al
4 Atk 28y oFA7HA] LPS7F oW HA-S AA v
AP R BAst=A & GEA YA o, thali-
domide %A] TNF-uZ wj7/RA 2 3lo] EAAYE A8}
A &2 T cytokine2 "W/HAZ s v EHAYA
< dAE=A & 484 A Eoh TS0l AF7A Y
58 FE in vitrodlA LPSY Fo T A
cytokine®| Y} VEGFY =342 =2 v #iAN 59

S YolEe oz AFEHAU
B AT E murine WFY A EFE BALB/C mouse©] I
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25 g A= 9] BALB/c female mouseE A}-8-3}F T 3H=A|
X3 23 oA Y3 CT26 murine colon cancer cellS
RPMI 1640 (Gibco, Grand Island, USA)S 7]& HjF o 2
o] g-3ted 10% $-Elol A, penicillin 100 unit/ml}
streptomycin 0.1 mg/mlo] -HE A Eujtg Hjx| ol
37°C, 5% CO,9] 3235l 710l A vl kst vl &k
AEZF X104 8 AP FTEY = ujFo] 98 FALs}
o, 2717t AA 1WA 2 em AEE HUE o AP0
o7 3y

(2) LPS 2! thalidomide A{X|

@ o=, 3vtE] o] A=
X E 313} FAF & LPS ¢} thalidomide 9 §1°]
LRSS A=

@ LPS XMX|(1); 3ute] o] AFAFES] wlj ol 471s
SUHAELE 3} FAEE F 1A LPS (Sigma Chemical
Co., St. Louis, MO, USA)E 5001g/kg®] 5= Z 540l
o B4 o] FARSE £ 7R S AsHA

@ LPS-thalidomide X %x|(2); 4v}2]9] A FE2] )
Fol A7t TEANEE T3t FASE T 19410 LPSE
5001g/kg®] TEE SR Hol B Ul FAlsta,
FAl9 1,2, 3,4 2 5UA < thalidomide (racemic form)Z
200 mg/kg?] FEZ 0.5% carboxymethyl cellulose®]] =<
ARFES 57 ol Wi FALsE 3, 797l 343t
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() HAXZSIEHN AM: Betd E5S& 4m FAZ
43t organosalines 28t £2}0]| = (probe-on plus
slide, Fisher Scientific, USA)ol ¥-2AA Eu9atd & =

F42 N34T 10 mM citrate buffer, pH 6.02 750
watt AZHHAA 2 5 £ 719 & Eefol=g ¥ 5
723 7HE At FYE 2E3HA 20870 A2
o MR8t L& E A48 BE F, TBS, 50 mM, pH 74
2 AHG F,03% FiFstragdel A § TBSE
Al zHE A F sk 22 W BlSo] gdS Adetr] 9
3} normal horse serumol 30&7F ¥FS-A]7]3l, CD31
(Pharmingen, USA, 1 : 20), VEGF (Santa Cruz Biotechnology,

Eo| A LPS9} Thalidomideo] ¢]3+ VEGF$} TNF-n
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USA, 1 : 60) 2 TNF-u (Calbiochem, San Diego, CA, USA,
1:60)5 77t s]4ate] Wh3AI7l § 4°C FZo A 3%
gk 5 ¥HSAI T T A] TBSE Al 2hd| A& star o] 2}
A (Vector Elite kit, Vector Laboratories, USA)% 3087

A1z 24 45
7+ vk A At TBSO| A2 3 diaminobenzidine tetra-
hydrochloride (Sigma, USA)Z AHA| 7] & /g0l A
3}al, Mayer hematoxylin® 2 2023+ thx GA3%F & 29

el 2EAe

Z1 % avidin-biotin conjugate reagent&

[S]
CD31 P4 Aol 7bg B Aok 3plE He
of BEAY dB £8 ANHL 2 FIRE W
of B %

(4) Western blotting

D Protein extraction ! SDS-PAGE electrophoresis; |
FHE TF=4 05 g0ﬂ lysis buffer (20 mM tris-HCL pH
7.4, 150 mM NaCl, 1% NP-40, 1 mM phenylmethylsulfonyl
fluoride, 10 mM benzamidine)S 3 7}3le] Z2& 443
Zo] 533} T Teflon-glass homogenizer2 %25 14
3. @A # 3 sample loading buffer (0.0625 M
tris-HCL pH 6.8, 10% (v/v) glycerol, 5% (v/v) [-mercap-
toethanol, 2% SDS, 0.001% bromophenol blue)} 43¢ 5&

P o @AIEES FHIE s 12% sodium dodecyl

sulfate polyacrylamide geldl <+ Zol 20pg? @&
loading3} 3L, 40 mA=E 2A1ZF &<t A71FFS st

@ Western blotting; A 7] %5 0] £ & nitrocellulose
membrane . 2 transferdt T TTBS buffer (25 mM Tris-
Cl, pH 7.5, 150 mM NaCl, 0.1% (v/v) Tween 20)°] 2.5%
bovine albuming ¢l R0 2 kst & YA Q]
VEGF (Santa Cruz Biotechnology, USA, 1 : 1000) % TNF-
i (Calbiochem, San Diego, CA, USA, 1 : 500} HH8-A]7)
31 o] Z}3A| 2 alkaline phosphatase-conjugated IgGS A&
3T} TBS, 0.1% Tween 2022 4] & NBT/BCIPZ
oF 537 BFEAI A T
() SAXE]: HAT Zhe} FFe
o #ajA<= H]E}\X—i A

o]-gat] frof ojatd A+
& Ao R st VEGFQ} TNF-09] @4 2ol tf 3]
= Fisher’s exact testS ©]§3}e] 245 0.05 ©]5tY
Foll, TAHSE Fo3 AR Fosirt.

ar)1s MM EE g
Kruskal-Wallis 737

of Ao §
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1) 8o AAF 47 AT 0 2434 2de ge 1Y wE o
Yol FFAEZ TR YT, FFAE Aole] v
AYERY $2 Ro] AT FPNH §AHow F  A@Ro) BRYAT. 22w 2T 29N B3 A
3 oA ikt SEL AAHA Fokoh TE A7) m 782 AAE mlAg Akt o] R E A WA
€ W& 16502 cm, 1772 2.1£0.26 cm, 27 1.95 U2 T2 ZAGHORE FEAE Aol BRI
£0.19 ecmo| YTk 12 XT3 27 HT F1oH, o= o TdAA ANZE T ASAEE A FF

EAH O 5938 2ol 7} % th(Table 1)(Fig. 1A-C) (P =2 skt
<0.05) MAERE dETAME FE FE HAFAA &
ZElon, ndEHe] Ao Blud Z FFS B
ok 2o g 123 27l e S E HAF R ofy
Table 1. Tumor sizes and microvessel density in colon cancer g TARTA AAEde] FuF BEExFHY 9l%ler,
model, treated with LPS and LPS-thalidomide Zoko] HARBT ZA B ME AMAT FAo| H]

. Microvessel wH A2 AgE Zdo
Group No. of  Tumor size (cm) density*
cases (mean+SD) (mean+SD) 3) HAAXR|5E M0 9|5t BA
Control 3 1.6%02 ]* . 2727 ]* . (1) O[ME 2t 34| CD319] HAZXZ5}sHAL £ 200
LPS 3 21%026 J ,333%53 J]* Wgo B8 AuAH FAAL A A oz P
LPS- 4 195%0.19 303520 UEE E2EE 274207, 1S 33355370, 270l A
thalidomide 303020702 13014 7H %33, 2, 2T w02 ¥
SD = standard deviation. AET7E AU Y AT Y v 2
*No. of microvessel/*x200; ' P<0.05; ¥P>0.05 E EAA 4942 91 thTable 1)(Fig. 2A-C)(P >0.05).
GROSS
® ©
CD31

©

®

Fig. 1. Gross finding of tumor in BALB/c mouse reveals that the tumor size is increased from control group (A) to LPS-thalidomide
treated mouse group (C) to LPS treated mouse group (B). Also, microvessel density is increased from control group (D) to
LPS-thalidomide treated mouse group (F) to LPS treated mouse group (E) (CD31, immunohistochemical stain, %200).
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VEGF
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Fig. 2. TNF-2 and VEGF expression of tumor in BALB/c mouse shows weak reactivity in control group (A, D), moderate reactivity
in LPS treated mouse group (C, F), and marked reactivity in LPS-thalidomide treated mouse group (B, E) (A, B, C: TNF-iy D,

E, F: VEGF, immunohistochemical stain, %200).

Table 2. Semiquantitation of VEGF and TNF-ix expression in
colon cancer model, treated with LPS and LPS-thalidomide

No. of Degree of expression
Group
cases TNF-& VEGF
Control 3 1+ :lf . 1+ :I* .
LPS 3 3+ f3+ :
LPS-thalidomide 4 2+ 2+ :l

VEGF = vascular endothelial growth factor; TNF-i = Tumor
necrosis factor-iy 1+ = weak expression, defined as the degree
of expression in cancer cells of control group; 2+ = moderate
expression; 3+ = marked expression.

" P<0.05; *P<0.05

(2) TNF-n 2! VEGF2| 9&: TNF-ne ZUAE Y A
EAo] dAEgon, dAdEE dxa 2 AT
T FYAE] 80 WA 90% A THEAT A
A= Uz vlsted 173 27 A AshA T =
TH(Table 2)(Fig. 2A-C). 223l 13 HI3te] 239] #H
ZeE 9 #A3s%tHFig. 2B, C).

TS VEGF 9] TUAEY Axdo da=AY. o
A AT 2T D AT FEAE] 80 WA

=4

fd

b4

ol

Control LPS LPS-T

TNF-o. —pf

Control LPS LPS-T

VEGF —¥|

Fig. 3. Western blot of tumor in BALB/c mouse reveals that
TNF-2 and VEGF level is semiquantitatively increased from
control group to LPS-thalidomide treated mouse group (LPS-T)
to LPS treated mouse group (LPS).

0%l WA YoM, G4 P
2 £

| B B o Al
ZT £ 2 I H A TH(Table 2)

A EAE AL, 27,
(Fig. 2D-F).

EAEN Ay R, 1—3 g 2—3 Zkell TNF-n (P<
0.05)9} VEGF (P<0.05)] HdATE= {240 Utk

4) TNF-un 2 VEGF EH|E 0|28t western blot

TNF-n ¥ VEGF2] 2dL AFoM fE2FEY F
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Ao g B2 A7k AP skt
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Reverse transcriptase-polymerase chain reaction (RT-PCR)

32 A3 polymerase chain reaction (PCR) & E3}] F
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B, thalidomideol] &N Z2He 7

VEGF ©@¥ldt& & [pSo)| oaj = F7lE <= 2
o4, thalidomide9} W F oo o= LPS ©=
qdEbE Faste AE¢S Bt 2 AFedA LPS¢}
thalidomideZ ¥t T3k 27 o A= TNF-u @ o] LPS
W FAg 1R Y oA Faete S Bied, ol
o}u} & thalidomide”} TNF-u ©Helo] 21H = 7H4H %<
FEFS v Aolgtal B 4 Aok o] AFolA thalido-
mide= TNF-u mRNAS] &S =230 24 TNF-u &
WeEkS AT e Ao dEA gEed,” B AFA
T ol Ag3te AHE YEHAT FF AFdAM =
RT-PCRE ©] &3 TNF-n¢] mRNAY] %<& =3 He
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AbO| A ZQFA oA TNF-n] WS #a3 4= 9l
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£ AFdA AFE LPS F QA3 F%]
19 HAxo} 714 F%ol| 93 TNF-o A
&kl VEGFO] A/do] X111, o] 2 Qlate] Fke) 214
R HXES FAT § AU FAIC FAfe]
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< JAsHa, HY2H7 A #oste
19981 9] erythema nodosum leprosum®] X &
(USA Food and Drug Administration)2] 32] <174-&
i, thi F5Ee A 5olE AFEH D 9o )
thalidomide= MM E, YA, wAXE D JFIEA] &
F9 X 5oke A&l #ate] A Fo|n. =

B AYS sostd AEE LPS F4=Z Fd A g
B AL ZA5 0L, thalidomideol] 9 S|ME FF<] v
Add G A=A LPSe S Gl VEGFS &
#& Z71A7]1, thalidomide= TNF-o 2& & JA| 5o
2R FE vAEH B dFE Fe A2 A4S
Ht}. Thalidomideo] ojajA o3
VEGFY] 2@ Afste] wAEa
o #d o YZHET

B A3 E in vivo 5 AP S Z LPS9 thalidomide©l
o3t T PAE RN 71HE gotr 7] fg A3
W, Yo E mAdRYY JAVIAES
wopol glold 712 ARE |88 & 3V1E Jdah

Aoz TR,
oo & FDA
at

AT T Az

Tﬁﬂ BAEH oA g 7 =

#Gste H =S & F Aok B dF<= CT26
murine th4 < Al £FZ BALB/c mousedl] ¥} FA}E1]
BHE A FERDAA AFE LPSS Ao ELRI
oA 91 thalidomide ¥l & F%2] M BYAT A
of g3t 1AL o stuAl s 223
LPS o= FTEAHE TNF-n8t VEGF ¥

% S7HA

A HAEHAE S FX8AL, TFY A= 7R
t}. Thalidomide®] ®3 Foj& TNF-uo] &dS A3}
i, VEGFS] 3 9] Ao 37 v d A E A =

= A%S Bt WA thalidomides 9o 3t
TNF-n %3-S 74 A)7)30, VEGFS] &8 7449} 3 &
¥ AAER ARG LS AATS AT = AT
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