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Clinical Correlation of iNOS and p53 Ex-
pression in Colorectal Cancer

Seong Hun Jeong M.D., Cheong Yong Kim M.D. ani
Keun Hong Kee M.D.'

Purpose: Nitric oxide (NO) is synthesized from the aminc
acid L-arginine by nitric oxide synthase (NOS) which exists
as three isoforms, the calcium-dependent endothelial NOS
and neuronal NOS, and a calcium-independent inducible
NOS. NO has been studied in a variety of human cancers
and is implicated in both tumor promotion and inhibition. NO
cause p53 mutation in human cells and mutations of p53
are the most common genetic abnormality yet found in
human cancers. Aims of this study is to investigate the
correlation of INOS and p53 expression in colorectal cancer,
and to evaluate its clinicopathological siginificance with the
expression of these proteins.

Methods: 125 patients, who received curative resection of
colorectal cancer from 1992 to 1996, were analyzed retro-
spectively. The monoclonal antibody to the iINOS (Transduc-
tion Laboratories.), the monoclonal antibody to the mutant
p53 (Dako Co.) were used for the immunohistochemical
analysis. Normal colorectal tissue were assayed in 45 cases.
The relationship between mutant p53 and iINOS was in-
vestigated.

Results: When iNOS expression were detected in spec-
imens, positive rate of mutant p53 were 72.4%. When mutant
p53 expression were detected in specimens, positive rate of
iNOS expression were 65.8%(P < 0.05). Positive rate of
iINOS, mutant p53 in tumor size were 51%, 56% below 4
cm and 60%, 63% in 4~8 cm and 47%, 67% above 8 cm.
Positive rate of INOS, mutant p53 in Dukes’ stage were
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55%, 55% in stage B and 56%, 67% in stage C. Positive
rate of iINOS, mutant p53 in histologic differentiation were
55%, 55% in well-differentiation and 61%, 66% in moderate
differentiation and 35%, 48% in poor-differentiation. There
was no difference in each Dukes stage between iINOS
expression or p53 mutation and postop five year survival
rate. Positive rate of INOS, mutant p53 in normal tissue were
22%, 32%.

Conclusion: The prevalence of INOS expression and p53
mutation has been found in exceeding 50% of cases. There
was a significant correlation between INOS expression and
p53 mutation in colorectal cancer. No correlation was found
between iINOS expression or p53 mutation and clinicopa-
thologic parameters. (J Korean Surg Soc 2002;62:64-7
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Table 1. Patient characteristics

Number of patient 125

Sex

Male 68

Female 57
Age distribution

21~30 4

31~40 10

41~50 18

51~60 39

61~70 31

>170 23
Tumor size

<4 cm 45

4~8 cm 65

>8 cm 15
Dukes’ stage

Stage B 62

Stage C 63
Histologic type

Well 20

Moderate 82

Poor 23
5 year survival group (postoperation)

Survival 56

Expired 69
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1) CHAMEHRIS| S (Table 1)

dskat 1259 5 @A 687, oAb 57 o]t <l
P 2= 2007} 49, 30tH7} 107, 40ui7) 189, 50th7}
399, 607t 317, 70tH o]4o] 239 o|lrk. =A T L
StEE BEisld :EQe] 204, FEE E3kqhe] 824,
A E3kqhe] 23¢9iet. o] 71 &E E5skH 4 em o]slrt
454, 4~8 cm7} 65¢]], 8 cm ©]&o| 1549t} Dukes’ H
7] B350l ul 2w Dukes’ stage B7} 6240)93 31, C7} 634t}
= ¥ 5 AES Aol 56, A3l Ago] 697 o]t

2) iNOS 81} mutant p532}Q| AMZFELH|(Table 2)

iNOS W+l A] mutant p532] %A &L 72.4%% 3. mutant
p53 B8 2] INOS FAEL 658%%)om EAITHo R

Table 2. Correlation between iNOS and mutant p53 expression

Case/Total case (%)

p-value
Mutant p53 (+) Mutant p53 (—)

iNOS (+) 50/69 (72.4%) 19/69 (27.6%) 0.0001

Case/Total case (%)

p-value

iNOS (+) iNOS (—)

Mutant p53 (+) 50/76 (65.8%) 26/76 (34.2%) 0.006

Table 3. Correlation between tumor size and iNOS, mutant p53
expression

oA ol AATHP<0.05).
3) 29| 3712} iNOS, mutant p532| AFZFZIH|(Table 3)
4 cm o|slollA] iINOS, mutant p539] A E-E 51%, 56%

93 4~8 cmollA] 60%, 63%I 8 cm o] Aol A 47%,
67% RARE FAA 724 fldeh(P>0.05).

4) Dukes’ stage@} iNOS, mutant p532| AFZIEH|(Table 4)

Dukes’ stage Boll4] iNOS, mutant p532] %Al &2 55%,
55%9 3 Dukes’ stage CollA+&= 56%, 67%FJ A" EAA
o4 §liehP>0.05).

5) ZX&t= 23522} iNOS, mutant p532] AFEFELH|
(Table 5)

Bslorol| 4] iINOS, mutant p539] %A ELS 55%, 55%
G FEE H3dollA 61%, 66%A3 A L5l 35%,
BEGAR FAH FA4E AAHP>005),

H

6) ZtZtO| Dukes’ stageQ|A & £ 54 MZEFD} Al2tZ
0ff RAO0{A| INOS, mutant p530}2| AFZLZIH|(Table 6)

Dukes’ stage Bol|A]+= iNOS ¥ ¥} mutant p530] EA]o|
vebd ol Qlo] AvEo] 7h4 =9k3L Dukes’ stage Coll
A& INOS %37} mutant p53o] FAlol] VER}A] ¢ -
off glo] AEo] 7Ma A FALAR] AL A

Table 4. Correlation between Dukes’ stage and iNOS, mutant p33
expression

Positive case/Total case (%)

p-value

iNOS Mutant p53
Stage B 34/62 (55%) 34/62 (55%) NS*
Stage C 35/63 (56%) 42/63 (67%) NS*

*NS = not significance.

Table 5. Correlation between Histologic type and iNOS, mutant
P53 expression

Positive case/Total case (%)

Positive case/Total case (%)

p-value p-value

iNOS Mutant p53 iNOS Mutant p53
<4 cm 23/45 (53%) 25/43 (56%) NS* Well 11/20 (55%) 11/20 (55%) NS*
4~8 cm 39/65 (60%) 41/65 (63%) NS* Moderate 50/82 (61%) 54/82 (66%) NS*
>8 cm 7115 (47%) 10/15 (67%) NS* Poor 8/23 (35%) 11/23 (48%) NS*

*NS = not significance.

*NS = not significance.
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Table 6. Correlation between postop S-year survival and iNOS,
mutant p53 according to tumor stage

Case/Total case

iNOS/p53 p-value

Expired (%) Survival (%)

+/+  15/41 (36.6%)
Dukes’ stage +/— 7/41 (17.1%)

5/21 (23.8%)
7/21 (33.3%)

B —/+ 11/41 26.8%) 321 (14.3%) NS*
—/— 8/41 (19.5%) 6/21 (28.6%)
+/+ 9/28 (32.1%)  21/35 (60.0%)

Dukes’ stage +/— 2/28 (7.1%) 3/35 (8.6%) NS*

C —/+ 7/28 (25.0%)
—/— 10/28 (35.7%)

5/35 (14.3%)
6/35 (17.1%)

*NS = not significance.

Table 7. Correlation between normal tissue and iNOS, mutant p53
expression

Positive case/Total case (%)

p-value
iNOS Mutant p53

Normal tissue 10/45 (22%) 7/45 (16%) NS*

*NS = not significance.

A THP>0.05).
7) 4 ZX0|A INOS, mutant p539| HEZHELH|(Table 7)

A zZ ol 4] INOS, mutant p532] %A &2 22%, 16%
S EAH $9148 ArkP>005),

]
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Nitric oxide (NO)+ Jenkeins 5-(3)°] Nitric oxide synthase
o] 2]&l L-arginineo] citrullineZ ZA3t=E]&= A4 A7
v 240l MR o]HE AA FdslA a2 4
off thell A= Urh(28) NO= ARAE, 5+ WY
%, o) WA Sol Holshz %93 Eo|ch(l) Consi-
tutive nitric oxide synthase (cNOS)ol] 2]s}o] A= NO=
ALBAL} A7 A o] ARAFEAE 2-E3h,(9)
Z3& AZAANAE NMDA &A1} microglial 24 3}l
of3l AFEAE doFich(9) =g iNOSol| o]l Ay4g=
NO&= M oulkgoll ol ofe] mAEol} FokAE| AL
S4g AAEI0-13) B AT 24, 52 9 o
5] A, W, 02 Uel HAAEE NOF HAshe

R «.? R
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Fig. 1. Intense nuclear staining for p53 in tumor cell labelled with
a monoclonal antibody to p53 (Dako Co.). positive staining

is indicated by red deposits. Normal mucosa is seen in right
side (H&E stain, X 100).

Fig. 2. Intense cytosolic staining for iNOS in tumor cell labelled
with monoclonal antibody to iNOS (Transduction labora-
tories). Positive staining is red deposits, which can be seen
in most of the invasive tumor cells in this section (H&E
stain, X 100).

tl, NO&= 439 Aol §2 A8 AAAZA 2§
sk wegk Fkg SAA T (4,14) A A FaA el o]

= WFHAAol ToTdheh(14) Cytokineol Lt hypoxiaz} INOS
o] BHd-§ F53F o]& & premalignant or malignant tumor
tissueol| A o] W ASHA ¥ S}7} FFA Lol A NO A& Al
&R o7 7h53slA sl Z71El NOE VEGF (vascular
endothelial growth factor)2] 8-} Aol Holglr}. 1]
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TELA T3 qgs FYsl= Nogk 19 44
Fri2ske INOSell sl &b A7t o] FoA A Q)
AZRe] &, i, TFARA T TR ohy
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T vka BaE 3 9leh(l) Ambs F(1) 17He] w4
Zoll dolAl A2l 60%olA INOS7} Wk =]u] o 9tel|A]
= 20~25%7} W= s 919 A 2A A= A W
o] HA vk FA3h 5 iNOSel| o3 FAH
NO¥= Z 23} carcinogeno| ™ kAl ZFoko] otAlZFoko & ui
El = dl T3k ARJATL Avkar FAZ e ARpFo
AT 125¢] 5 iNOS7L HH 797t 50% o] Fel3l
tf. gz A=A A9 INOS A ELS 22%9}.
Ambs 5-(1)2 NOS2| #}¢1-8 Western blot analysis 752 A
FHQ wew AAglon] 3} Brennan 5(18)< 77
b = ollA] INOS$} p53e] Wl &5 =AIEd 47
©] specimenoll 4] FAH o2 ANE = J]FEE 25% o W
A== A2 ARG AAES 449 specimeno] A
10% o]go® ANEE 45 SFAHE AP ulE
o ZokzA o)A INOSE] Wl go| olg] ThE QT Az
B =A Jebyela A7kl Thomson¥ Miles(10)+
F919] A A)E o)A Tumor necrosis factor- @, LPS, Inter-
feron-y 7+ cytokineol] 2]s}od iNOS7} FE% 3 NO2
4ol Z7hEul. I 27hE NOk Fake] Aol glo] £
o 934 20 AU 5k NOSE A5
o BSAT YARAE olLsjo] Wiz dalo
2 A& ¢ 9drl. 1 9Jdl% 1) Nitrate, Nitrite, Methemo-
globind} 7+ NO9| ARfAEE FA48 7, 2) Lar-
ginineo| L-citrulline® A= wf L-citrulline S =487},
3) guanylate cyclase #-gAolut 4 FHAES] Al
9} 7k NO¢}F <d3kxl thAh#Hg g monitoringsl= 7102
ZA38k 4= Qlrh.(15) =3k Reverse transcription-polymerase
chain reaction (RT-RCR)2. 2 Zokz7] o]|4] iINOS mRNA~7}
270l 98¢ & & ALhGS) Nok FFe] HFFE
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o] vt YA Tz e T3 gt
47b A= L-NNAY| o Fof Larginined FoialH
o] "ol F718Ieh(17) whebAl NOS inhibitore 418
o7 Fgo dFE A= AFHE 7HAS A W
o] ZFokeo] APt YA AdA7= EZo|th(2,81517)
% Kojima 5(5)2 Q17ke] thAqh =F |4 345 INOS
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(&) Sell glojA] iINOSe] #gAo] Foke] grade®}t 7|
7} Qrtar FAct. 28} Brennan S(18)2 ¢te] =7]
oF =& 3 L3k ollA iINOSHR O] xo] = glvka F3b
Yok ARpgo] AEt dlof s o 2A3A Eiked
2] INOS W&l o] A3t xpol= glolom, w3t FFo] =
719} iNOS Wk 9] xlo]= §lgith 12l aL, Dukes’ stageol]
4] Stage B9} Stage C2] iNOS ®& o] X}o]+= i}t g
I o ARELE NOg Foke] HAlelA 23] NO9
ek 2ol di3l] =3l 9ok ol & 5 Moochhala &
(122 = Akl A iINOSS} eNOS9| AR 3 ZHAE F
ek F kA Eod A INOSS a2 glglom v
AAAEHT}E (NOSE oF 34%7)F UYL 66%71 7HA% 9
ki Hugch § NOSw A4tz o] 44zl &4
sl NOSe| &aAlat F39 &4o] thaehs fsict
3 FAskh  NOE thAAEe o3t AlEZA(cyto-
toxicity)©] wi7fAo]m], FFAES] DNA Aot mito-
chondria®] 37|55 AAst=E LPS$} Interferon- 7,
TNF- ol o3 F525 thA A2t HehA 2, hA ol A
$-2]% NO7} Z9k] A (tumoricidal) 7] 52 &3 Y3 4
I SA A sl FAAEL Aol E JAgIhE F
o] A7|¥]aL $Ach(419) Stage BS} CollA] FAloll n]23t
HE & fAlolng Qo] AP rE WaE = Zlo] ofy
2} carcinogenesis®] A olA F wkAQ] E7|ol] ALl
A 7Es] AAst olo] tigk A7t Hestele) oA
ek FFAAFAAQ] p53L A Z A(gene trans-
cription), DNA 8-, AEF7] 24, 242 3+44 (geno-
mic stability) Goll Jof3teh(7) B&H o2 Aot ok
& mutagenel] 224 DNAS] o]FuA 27} 7] wH o
Aol p53 FAAE ASste] wild type pS3 i o] 3
= do7|H, o|2 Q| Ax F7]dlA Gl 7] Al 4
2 AL dolubAL DNAS] 577} Yojuhe] S mu-
tationo] 1} aneuploidy2 HlA]8}7] $]3) apoptosis7} Lo}t
31(6,7,18,20,21) iNOS2] down regulationg oF7|A|AH +4
A dAS FAAZ1821) ps3 FAAE 11719
exon & AT (23) dutF o Z p53 AR 5~8KH
18] exonol|A] ®io]7} Pojdrh(6,22,23) 7H W2 Hol=
ZJ e o](point mutation)o] 3 F=3} allelic loss, rearrangement,

P

o

deletion, missense mutation, nonsense mutation, frame shift
mutation 22 FAA|7]5o] A#A L oncogenic acti-
vityZ 2Het}.(6,7,22,23) 8A) Q17ke] Fok ATollA ps3
o] Wo] & xuel= FAEA N0 Adtol vzl 2wls
A Folct NOg 1 thA-E<l peroxynitriter= b E
ol 4] mutagen©. 2 A-g3kck. S QA o] Fok BT A
3Yoll 4] H 23 mutant p53 AEE FA A Hceh(?) o™
AREE Ca v]2]EA ] INOSe| oJsto] PA4= NOgL 1
AHE]D peroxynitrite7} DNAS] o] Gt 725 o3|}
m H3F DNAS] E7-583 AAA7IZ Fe3F 44
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Z%#s}+= DNAQ| deamination-&
Qleh.(7.21) &k Ql7ke] Tlarek ,
A p53 I ASARS] CoG sites] ol
71m, B3] <Ql7te] thAetd|AE= CpG  dinucleotideo]]
G:C to A: T transitiong YA 7|31 o] A o] FoF ubAY
9] Aubdolg}ar FAslal 9u}.(7,22) Greenblatt S-(23)S
Q7ke] hubalol GlolA YpR-ie] Aol ps3 fARe
Wlol7} whalelvl, 223 9ke] 7% oF 60%elAl ps3 A
A2) Hel7} sl wsick Sal oisiol o s0%el
p53 ¥ole] FHES WE Y ow p53 Wol7} viAeke] vk
A 270l foldvta FAYc aejung Q7] Fokx
o) 4] INOSe] 918+ A% 9] NO2| 4340] DNAL]
& YOoAA mutant p53 AEE UAAF|IL, o]Z
apoptosise] keIt WIFAH AELe] oA
A 91 wild type p53 kh A o] ot okl A 7| 5o
Azl g oko] whAly)l Azto| o] Eo] A}y A7te 4= 9)
o} B dFol|A % iNOS WHs ok Y ul]l mutant p53«] ok
A Eo] 724%%] 3 mutant p530] HHEE w] INOS A Fo
658%A 3 FATHRE FoAdo] AAUTHP<0.05). o]
iNOSS] WF&lo] p53 mutationol] ofwdt e ZE FgkS
A ek A oJulgieh. goll A5 p33¢] negative feed-
back®] AAo| A& AL e] carcinogenesisol] Toid 715
go] glort o} A ofell W3t &F gle A 2t
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A2 Aetol| 4] INOS9} mutant p539] WS E-2 7H7t
50% ol4elet. ela Foke] Zv], =AH EIE,
Duke’s stageol| 4] iNOS&} mutant p53 & 2] Xol&= 919
om & ¥ 5 AELI Al glo]A] iNOS$ ps3e
Zpol& it A4 ZZF oA 2] iNOSS} mutant p532] HF
A& 22%, 2% EA FokzA ] vsto] Yokel a3
g | Aqhell INOS a3} pS3 A kel wo]7} A3t
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