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Study in the Relationship between Angiogenic
Factor and Expression of Cyclooxygenase
and Nitric Oxide Synthase in Gastric Cancer

Ik Ryong Lee, M.D., Min Chan Kim, M.D., Hyung Ho Kim,
M.D., Hong Jo Choi, M.D., Young Hoon Kim, M.D., Se
Heon Cho, M.D., Ghap Joong Jung, M.D., Sang Soon
Kim,1 M.D., Won Jin Kim, M.S." and Jong Young Kwak,
M.D.

Purpose: Secretion of angiogenic factors from tumor cells
is know to play an important role in neo-vascularization
and metastasis. However, which angiogenic factor is re-
lated with the formation of neo-vasculature in gastric car-
cinomas is not well known. This study was performed to
observe changes in the expression of vascular endothelial
growth factor (VEGF), cyclooxygenase (COX), and nitric-
oxide synthase (NOS).

Methods: Expressions of VEGF, COX, and NOS in thirty
specimens resected from patients with a gastric carcinoma
were investigated using the western blot method. Cultured
MKN28 gastric cancer cells were treated with 100 ng/ml
VEGF, and changes in the expression of COX and NOS
were examined. Changes in VEGF expression were also
investigated after treatment of the cells with inhibitors of
COX and NOS.

Results: Expressions of VEGF, COX, and eNOS were in-
creased up to 10, 60, and 30%, respectively, in tumors
compared fo surrounding normal tissues. VEGF-positive
tumors showed a higher expression of COX-2. Human
recombinant VEGF induced the expression of COX-2, but
not eNOS, in the cultured MKN28 cells. The increase in
expression was blocked with actinomycin D, the VEGF
antibody, and anti-VEGF peptide. VEGF-induced expression
of COX-2 was also blocked by pretreatment of cells with
aspirin and indomethacin, suggesting that these anti-
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inflammatory drugs inhibit VEGF. The expression of eNOS
was decreased by indomethacin in VEGF-treated cells, but
COX-2 expression was not affected by inhibitors of NO
production, N-arginine methylester (NAME). However, the
protein level of VEGF was increased by indomethacin and
NAME.

Conclusion: This study showed that COX-2 and eNOS in
gastric carcinomas seem to play an important role in the
production of VEGF and that their expressions may also
be affected by VEGF. (J Korean Surg Soc 2001;60:47-54)

Key Words: Gastric cancer, Angiogenesis, Cyclooxygenase,
Vascular endothelial growth factor, Nitric oxide
synthase
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ZM(1% Triton X-100, 1% cholic acid, 50 mM NaCl, 20
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ton X-100, 50 mM NaCl, 20 mM Tris-HCl, pH 7.4)0l|4] %
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processing & o] &eho] 1027F Rael3L 4°Coll4] 1417 5
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braneS- 10 mM Tris HCI, 0.15 M NaCl, 0.1% sodium azide
2 745 skFHell 5% SALFE Edete 55 4T
Ho 1AZF Helslict. 13 - A el Al
A= 11100002 =gkl 3] 4sto] A2l 12
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tetrazolium¥} 5-bromo-4-chloro-3-indolyl phosphate (NBT/
BCIP) At o 2 A NAIZh(15)
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Table 1. Expression of angiogenesis-associated proteins in gastric

carcinomas
Protein Case No. No. of mner eased %
expression
COX-1 30 0 0
COX-2 30 18 60
iNOS 30 1 3
eNOS 30 9 30
VEGF 30 3 10

COX-1 = cyclooxygenase-1; COX-2 = cyclooxygenase-2; iNOS =
induced nitric oxide synthase; eNOS = endothelial nitric oxide
synthase; VEGF = vascular endothelial growth factor.

Case No

Fig. 1. Changes of expression of VEGF, COX-2 and eNOS in
gastric carcinomas. Paired samples from resected stomach
were taken from the tumor masses (C) and surrounding
tissues (N). The tissue samples were prepared as describe
in “Materials and Methods”. Proteins (35 ug) were
separated by SDS-PAGE and transferred into nitrocellulose
membrane. The blots from 7 cases are representatives of
30 cases and three independent experiments.
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N)oll wjste] FFz2olA AR Z713E & F Ak
NOS¢] W& oA Z£3 eNOS7} 30%lA F7Fslal e
U F53<l INOSE 1dolAut Z7stglel. 53] VEGF
7} S7HE 3ofloll A& B COX-29] whel wel 7] 7}
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o] Z7t5& Ho] Fa 9t}
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Fig. 2. Effects of VEGF on the expression of COX-2 and eNOS
in MKN28 cells. MKN28 cells (1 X 10° cells) were sub-
cultured in the presence of 10% fetal calf serum and after
5 days 100 ng/ml human recombinant VEGF was added.
The cells were harvested after treatment for indicated times
and washed with phosphate buffered saline three times.
Proteins (15 xg) were separated and transferred into
nitrocellulose membrane as described under “Materials and
Methods”. The blots are representatives of three in-
dependent experiments.
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| S7Fschs A E fte] A8at Aold o] F 7}
A EAol T8 AYE st AL ¢ F Ak w4
B dFolA = o3t 22 EY WAIE Kz Al
FollA o] W& vla ZASIGItE MKN28 A=
Al Zefekbel 10% 4284 & H7lsltete ow3t A=<
7¥slA] ek 7 $ollE= COX-2E5 wralelA] kil VEGF
ok whEs] gomg B ool s £ A Ul

£ A& & 4 9k Fig 20 vehd uhel o] MKN28
Aol FAA AMzeE o] g3te] ABAE VEGFE 7o
g 75 A=l 6A17 Fofl COX-29] Who] F7feleich
COX2& A= F ol-§ whE A|7tol] W3y A2
GHA Az o] A 247 FHE FILSIAchm R
743h). e} VEGFE 2427k o] A549l& w COX-2
o 7k 4w} o]ol] H]asle] MKN28 A Eol|4] eNOS
2l > VEGFo| oJslo] o35 whA] ¢kgkh(Fig. 2).

VEGFd]| ¢]3F COX-29] uFsl-2 A A} I A A|Ql actinomy-
cin Dol &Jslo] A 3] Aoz T B HAAHA
oflA] F7k& & o gleh COX-2 wdl ] F7}7} VEGF|
oJsk 7Y 7HE Lol 7| 9lsle] VEGFO| Wigh A&
VEGF$} 7ro] Helslgle vl 2 a2 S7H=A efsket.
VEGF7} Alxet F8&Alo Agsle Ae dAlsle AL
2 <#iZl VEGF ZgAE A&3lsis wlE CoX-29] W
A F7he BEEA FornE VEGF| 93k &g o3}
of Wglo] F7tE k= Ae st
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Fig. 3. Inhibition of VEGF-induced expression of COX-2 by
VEGF antagonist and NOS inhibitor, NAME. MKN28
cells were pre-treated with 1 xg VEGF antibody, 500 ¢M
NAME, 1 1M actinomycin D, and 5 ©M VEGF antag-
onist peptide for 1 hr before addition of 100 ng/ml human
recombinant VEGF. Western blot was performed as
describe in Fig. 2.
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Fig. 4. Effects of anti-inflammatory drugs on VEGF-induced
expression of COX-2 and expression of eNOS in MKN28
cells. Cells were incubated with 10™* M of aspirin and
indomethacin for 1 hr. 100 ng/ml human recombinant
VEGF was used for induction of Cox-2 as in Fig. 2. The
transferred proteins on nitrocellulose were reacted against
COX-2 and eNOS antibodies, respectively. The blots are
representatives of three independent experiments.
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Fig. 5. Changes of COX-2 and eNOS protein level by
anti-inflammatory drugs and antioxidant, N-acetylcysteine
in MKN-28 cells. Cultured cells were treated with 10~ M
anti-inflammatory compounds and N-acetylcysteine for 6
hr. The cells were lysed and proteins were separated as
described under “Materials and Methods”. The blots are
representatives of three independent experiments.
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Fig. 6. Increased expression of VEGF by indomethacin in MKN28
cells. MKN28 cells (1 10° cells) were subcultured in the
presence of 10% fetal calf serum and cultured for 1 hr with
107 M aspirin and indomethacin. Proteins (15 xg) were
separated and transferred into nitrocellulose membrane as
described under “Materials and Methods”. Human re-
combinant VEGF (1 ng) was used as positive control. The
blots are representatives of two independent experi-
ments.

glol] oJslo] Z+43}9l o1} indomethacin §-0] Zoll&= =LA
Z7FIickFig. ). AAZA YRS o Aleh A
o2 d#Z N-acetylcysteine(18)2 B]iLsto] W2sld S
T COX-29} eNOS®] HHe-© 7b7h vh2 7] Upebyke}. Fig.
5014 B ule} Zro] N-acetyleysteine] w5 ;‘HBIO]] o}
o] COX2& & ggFo] glg o) eNOSe| HhelL & =3
Z=sl9del. 28 eNOSe] whel - 1ndomethac1n—§; VEGF
9} FAJoll Foldk 7 S-oll = COX-20l 49} 7ho] A3 7t
Zehalet. 91¢] M3HE INOSLE COX-1ol] thebo] 2AHs13)
= u] BEe] W3k= glodch MKN28 AEellA] VEGF W
-2 X oli} protein kinase C 243} &2 2l phorbol
esterol] Sl3te] Z74EA gkovt Fig 6ol A 7ol
N-acetylcysteinee 1 ¥ %—7]—%]21;]» o]y =7}l
indomethacing % 2] 8]$& 259l o} aspiring
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Fig. 7. Effects of L-arginine and NAME on expression of COX-2
and VEGF in MKN28 cells. Cultured cells treated with 500
#M L-arginine and 500 M NAME for 6 hr. The blots
are representatives of two independent experiments.
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o] o FollA] wFale] W3S H 7] 93} western blotH"‘%j
o8l Fok 23z Y @& ko] VEGFY #o] 9= 7
$olofof 7hssiuh. oleldh WL ol 88 AgellA Eo
zZ A= F9] B 2H H}h COX-21f eNOS9| w3l
Ak st ol = el 3198 i o
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epidermal growth factor, transforming growth factor a2} A
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o24 ol5o| Sigke] WRAAl duh} PofebeslE
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AR A ek AAAA QA AP
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2 W8E JeuiA ooz b 243 g2
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el VEGFE] Wt o] =715 7 $oll+ 3l COX-29
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22ebFetd o] AMAS 7H4A]7]= indomethacinel] 2]&}
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2 oy Ao o3l =AH AgzA e o] &3t o
W Aol A 53 NOSQI iNOSe] w32 304 Z 1d]jof]
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