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Changes of Nitric Oxide Synthase (NOS) Isozymes in Cultured
Human Colon Carcinoma Cell

Jin-Young Park, M.D., Cheong-Yong Kim, M.D. and Byoung-Rai Lee, M.D.'

Departments of Surgery and 'Biochemistry, College of Medicine, Chosun University

Purpose: Nitric oxide (NO), the production of which is dependent on Nitric oxide synthase (NOS), has been shown
to contribute to pathogeneses in various diseases. Recent investigations of NOS expression in tumor tissues indicate that
NO may mediate one or more roles during the growth of human cancers. The aim of this study was to determine whether
iNOS is expressed in human colon carcinoma cell lines and to determine the types of NOS isozymes in colon carcinoma
cell lines with high and low metastatic potentials. Methods: We measured the expressions of iNOS and eNOS and the
formation of nitrotyrosine which indicates peroxinitrate production in highly metastatic colon cancer cell (KM1214) and
lowly metastatic colon cancer cell (KM12C) by Western blots. Results: The iNOS were detected in both KM1214 and
KM12C by Western blot analysis. The expression of iNOS in KM1214 cells was significantly higher than in KM12C
cells. The expression of iNOS was increased with lipopolysaccharide (LPS) in colon cancer cells but the rate of increase
was higher in KM1214 cells than in KM12C cells. Conclusions: In human colon carcinoma cells, iNOS is expressed
in cancer cells and expression of iNOS is higher in highly metastatic colon cancer cells than in lowly metastatic colon
cancer cells and iNOS expression may have some role in colon cancer metastasis. (JKSCP 2000;16:209 —214)

Key Words: NOS, Colon cancer cell, Metastasis

Fhel|A] qFe] whAF Aol glo] AAER A4, A=

M g &4 aEla v o] =4 T A o= Ao

2 A B dA7A 3714 2] NOS isozymes7}

Nitric oxide (NO)= HIA NI A ZE, AAAHE 2 A WAL=y L¥ oA S FlEl neuronal NOS
A E 59 thekst Aol A] nitric oxide synthase (NOS) (nNOS), WAAZA] #& olEl inducible NOS
ol A AAEE BAEAT A Ut A7A (iNOS), 2|3 W] A|ZoflA &<l endothelial NOS
(eNOS)o|tt. NOS&= a48438 1l dA4F=2] 714

AR} AR L, F2A T AHE 58887 w2} nNOSS9} eNOSE constitutive NOS (cNOS)Z
ZAUshE Bewel olulel s HME: 501-140)  INOSE inducible NOS (iNOS)Z T-EE ). c(NOSE 8
(062-220-3068, Fax: 062-228-3441) 43} A)E7} acetylcholine, bradykinin, ADP 59 &

E AFE 1009 2R AN E AL AR o) o)) gk B AL Ado] e

Z4 2.

Bl At 199 e gy N BF 0129 S Shsol clmoduing

TAE A5 S8Fe] cNOSE #A3HAA NO A4 FA131h

209



210 ool e2l A Al 168 A4 % 2000

o

o

[
N,

2} iINOS= Zhsgol el digh %13+ :
ulirell AelH sxe] ZgolE FEdlA 2
AA3}E]7] i 2715 Z<4oli} calmoduling] 5%
3k s AL L, INOS ol vlesle] NO7}
A HEh 2222 iNOSe| 93k NO gAle] =4 &
4:9] &4}t o B2 =A== cNOSeHE= 2] iNOS
Axpe] whdzAd| o Fslmg iNOSzl v lipo-
polysaccharide (LPS) 9] bacterial endotoxind} inter-

[e]
-2
Hs =

&

_

bt
ofje

lo,

leukin (IL)-1/3, tumor necrosis factor (TNF)-«, inter-
feron (IFN)- y 9} 72 inflammatory cytokinesel] 2]} 4]
fE9 5 qops

NOS wle] Z7he ofe] FolA Raslz 9o
2 et $A%e) B AEE, HFd 4

4
Hox
ACH

T}3iet. olo] AR & B ATA LPS, cyto-
kines 221 W A9 oigko] wiAlR BAGIA Tz
St AlEFe] NO A4 NOS Wl o] 3% ofopnix
WSt AEFE olgelel olSe] A4 wale
Bo}gieh. mak osre] Aol 43k NOS walshel
BAE gtz HolAo] He vl ATF
ol o] e vlst AEFelA el nitrotyrosine 44
3} NOS g vlmelsiv.

-

b

a2 o o

ofh A

g g
) MZF 2 MZHj

WReh AEFE BT AEE Lol Lok 2 v
A2 Aolgel EE KMI2I4 AEF} Aol4ol
g2 KMI12C A|EZFE 2 yM/L glutamine, 100 U/mL
penicilline, 100 U/mL streptomycin 3 10% <4 w24l s}
SeloldHo] E3=E  Dulbecco’s Modified Engle’s
Medium (DMEM)2.& 5% CO,, 37°Col|A] Z+7} wjoks}
k. KM12149} KMI2C A EZ uljok = A ZEuljokHo|
lipopolysaccharide (LPS) 2 pg/ml (Sigma. Co. USA)7}

97 A7hela 12407 wjeksk 3 AEE FAls}o] LPS
AT ARE Agelsich.

2) Western blot £

A% AE(75%10)E 2 mM PMSFS} 10 pg/ml
leupepting- $H-§-31 A|Z g2l 2A=M1% NP 40, 0.5%
sodium deoxycholate, 0.1% SDS, PBS, pH 7.4)ol] H-&
A7) % 2SS 2 AES shafelo] U4
w2 T ASAe o]l A5E AEslirh. Western
blot> Towbins>2] W& k7t MFsto] Ahslgict.
S AEE WA FFo] 50 pgo] HA sto] 0.1% SDS
3F-8-3F 10% polyacrylamide geloll4] 100 VE 1A 7+
¢l A7)dE3 ZE clectroblotting ¥WHH O Z  nitro-
cellulose (NC) filterol] £ n]Eo|AQl ZAeE Xuls]
7] 9ste] 5% BAEGE 883 Tris-buffered saline
(TBS) &Hol|A] 147} 53t vF3A7] $ TBS §Ho 2
158714 33] A= sldct. NC filterol] 7120 A ABA =
UX}ekA] anti-iINOS Ab (Sigma. Co, USA), anti-eNOS
ADb (Sigma Co, USA), anti-nitrotyrosine Ab (Upstate Co,
USA)E HF2A|Z]l & o|X}kA] peroxidase conjugated
anti-rabbit-IgG Ab (Sigma Co, USA)&E HF2-A]7| 3L che-
miluminescence kit (ECL™, Amersham)@ ®FA]7
X-ray filmol] Z+33-A] 7 e}

ek povine serum albumin (BSA)E TF o8 A
€3l 4] Bio-Rad protein assay kit (Bio-Rad Co.)& o]-&
so] 2As}gleh.

3) eNOS, iNOS 2! nitrotyrosineZ2f £

oft it J

KM1214¢} KM12C¢] eNOS¢} iNOS u}&l 23} nitro-
tyrosine%-2 western blot & 7F3-% X-ray filmg desi-
tometry 2 Z7s}o] relative intensity (R)E F-al|4] H]

5 A
2 o

1) CHES MZEFOAM eNOSZ L LPS X120 CHet
HHS(Fig. 1)

eNOSE KMI12149} KMI2C F el A|EFollA
25 AEF g, A% 47 RI7F 05033} 0482
2 Aol el whE AMEF7He] Xol7} glolem, LPS A
7H9] RIE KMI2149F KMI2C| A Z+2F 0.4929)
0.5122 HoJAlol] w2 AEF7bol|A EF LPS A=
3k eNOS kel f-2l3k xpol7t gloieh.



130 kd apr A a9 - l

" ULPS+  HAPS+  LLPS— L
Fig. 1. The expressions of eNOS in cultured colon cancer
cells. The expressions of eNOS in cells were
determined by Western blot. a. eNOS Western blot
in cultured colon cancer cells. Each samples (50 xg
of protein) were loaded to each slot and electo-
phoresis was performed at 100 V for 1 hrs. After
electrophoresis gels were transfered to NC filter and
wetern blot developed using anti-eNOS antibody
and measured by using chemiluminesence Kkit.
Details were described in the sections of methods.
b. densitometric analysis of eNOS western blot.
H = highly metastatic colon cancer cell line
(KM1214); L = lowly metastatic colon cancer cell
line (KM12C); LPS — = cells were cultured without
lipopolysaccharide; LPS+ = cells were cultured
with lipopolysaccharide (2 pg/ml media).
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Fig. 2. The expressions of iNOS in cultured colon cancer
cells. The expressions of iNOS in cells were
determined by Western blot. a. iNOS Western blot
in cultured colon cancer cells. b. densitometric
analysis of iNOS western blot. The iNOS were
detected in both KM1214 and KM12C by Western
blot analysis. The expression of iNOS in KM1214
cells was significantly higher than in KM12C cells.
The expressions of iNOS were increased with LPS
in colon cancer cells but the rate of increase was
higher in KM1214 cells than in KMI12C cells. H =
highly metastatic colon cancer cell line (KM1214);
L = lowly metastatic colon cancer cell line
(KM12C); LPS— = cells were cutued without
lipopolysaccharide; LPS + = cells were cutued with
lipopolysaccharide (2 xg/ml media).
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Fig. 3. The formation of nitrotyrosine in cultered colon
cancer cells. The presence of nitrotyrosine were
determined with western blot and densitometric
analysis. In highly metastatic colon carcinoma cell
line nitrotyrosine level was elevated compared to
that in lowly metastatic colon carcinoma cell line.
a. Western blot analysis b. densinometric analysis
(relative intensity).
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