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A Study on the Distribution of Inducible Nitric Oxide Synthase Positive Cells
in the Ulcerative Colitis (UC) with Regard to the Relationship
between Nitric Oxide and UC: An Immunohistological Study

Ikuo IKEDA
Department of Pathology (Director: Prof. Takeshi KASAJIMA),
Department of Gastroenterology (Director: Prof. Naoaki HAYASHI)
Tokyo Women's Medical College

It has been reported that biosynthesis of nitric oxide (NO) increases in the colon mucosa of
patients with active ulcerative colitis (UC). It was suggested that NO might be one indicator for
UC activity. For pathological and immunohistological analysis of the role of NO within the colon
tissues, we prepared rabbit antibody to human inducible NO synthase (iNOS) and examined
immunohistologically the distribution of iNOS-positive cells in UC tissue. Twelve tissue speci-
mens affected with UC and six tissue specimens affected by ischemic colitis were obtained from
surgical removal. The iNOS-positive neutrophils and macrophages were observed at the base of
the ulcer in the active stage, but not in the regions distant from the ulcer in the UC specimens.
The iNOS expression was virtually absent in the colon walls in the inactive stage. It was inferred
that a large amount of NO produced by iNOS-positive neutrophils and macrophages in the
vicinity of the ulcer, was stimulated by interleukin-18, tumor necrosis factor-« and endotoxin.
From this distribution of iNOS, it is believed that NO damages affected mucosal tissues sur-
rounding the ulcer.

In the tissues of colon walls in the active stage, the iNOS was detected in the vascular
endothelium and smooth muscle cells. In the colon tissues in the inactive stage, as well, iNOS
could be observed in the dilated vascular endothelium. On the other hand, iNOS expression was
detected in cured portions, including the vascular endothelium. From this distribution of iNOS,
it is suggeted that NO protects tissues through the vessel, especially due to vascular dilation with
increased ¢cGMP, and also subsequent increase in the blood flow. On the final anlaysis, it is
possible that NO damages tissues by increasing inflammatory activity while it repairs damaged
tissues by increasing the local blood flow and cGMP.
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iFLoIc

BB KREA (ulcerative colitis, UC & B& )
RERTHOBRMERD—D LT, ZDEN
DOFRAL BREBEORENBHT AN TS, 20
ERIX, BAERERBICIEESN, SHEER
BRERENTWE, 205, FRIXESH & IE
wmEHc T s hTn3,

UC OB & L Tid, IEDOES ", Befk
EITORERAN T WA, BFEIN TR, &
i, UC ofFfEic-—-BILEFR (NO) o5 »EH
INTNn3D,

Bz, UCOEEBHIcIZA vy —uaA 18
(IL-18), MEHEESEN T (TNF-2), 19 —7=x
oY y(INF-y) 2 EDH¥ A M4 R N &
v, KRB L OB M 5 2 L2345
SNTVRI cnsDRIBIcEY, w270
77—, PR, NEMEL D K& NO 2%
442 NO it L-arginine &8 & L inducible
type M NO &kEE#% (INOS) & constitutive type
DO NOEHEF (cNOS) »oAERIh T3
319, RAEDBFTIEF I INOS 2 ZH L NO 3B
EINTW3', RIEMMIEE» S B & vl NO
BEXD7V -V hNVEEEL, KABSE LS
EFDZ b TWn3'™,

& UC T NO o851 D»Tid, iEEN
UC 0 B E O BEBGRE T L-arginine O E Y
T»H 5 Lecitrulline 28l7E L, M —BELE
FOEGHOBEMEMAL L wRENRYITH
519, X5z, BHFOME NO;, NO,EEHIED
FER L BRI E, SESHHO UC Tld 7 o—
VIRE D b, NOOEER L D3E RS N2,
L L UC DIREET, ED LD M E 72134
ERNOELAKBES L TWwsDLE2RKET Lk
HERZ R, BHFETIE UC DRREL Z DER
WNOBED LS CBb iR T 22,
t b iNOS fifa%E®I L, UC BEDOBEMRBIC
B3 INOS OFIE, 750122 THRIEHBFH
W E{To /2.

WRE L UFH*K
1 X%
R b ERE 1 UC 126 (FATHEAR1L

B, FRERARE] 1 B) RRRET L7z, UC FMEERIIE
RATFERRKEZE NRIZAEOER & A,
RERHGE XGRS, RKRFES IHRE
FHE COER BV, UC OESNZ, AHII,
MR, hEMERKEBE LB EOZH TR
HIYIBR S M7 KRG T hH 2 WEMEBERR#EL» 5,
BENAORE R R TEAL L, JEEEHADIRRE %R
TEALD KGR & LhkRat L 7z,

75 BRI AV 7 FEREAEAR130 (CRIZHaFERE
76, BOHEREX 6P ZRBEEE DR
5 5cm B EREN - FRREERRIBAR = F v 7,

Mm#$ NO,, NO;DHIE X, £LFERE CTRE
KIGERAIEL:—8E LT, RAFEHEEBHRL
Y —HNRIABSRDBED > b KBERTR LR
iR 5 UC OWES, FEEHHOHUE 21T-72
5ERIZ LiziTo .

2. Bk

1) Mg NO;, NO;DHIE

NO O¥FEHIFEE CE L, EH TCEELRK
£ THB NO,, NO;iCEban 5, 2D »,
NO,, NO; 2 BIET 5 Z & T, NO OEE # B
Tz, M NO,, NO;EE 2 BEIMEE100.]
12 Griess AZE100u] 2 BEL, R TIODHEFHE
L, BEHES (7 7 v= v 7% T540nm D
SR % JE L 7220,

2) AR

FHERE L UHBAER 0% &EEmE V<)
THI4EFEIBEIE L, X7 7 4 v TEEB L. T
D 53um OEFYIF % E® L, hematoxylin-
eosin (HE) #Hufa, elastica van Gieson (EVG)
LE T, BEERE®{T-7. UCFMEER L
T, BP9 CHEBI R A 4 & 1L % ERAL % {EBHES,
AR T U S ARERBIZKD & 5 g WEL % FE
YEENES & L7z, FEVRENERAL & O L TYEENERGL T
BEBERCLDERBOMBELSHIBEL TWwa T
B, KB ORI & v 1o B 2 LRt L 7z,

3) it b iNOS Hifk{ER

ikt b INOS #iikix, t b INOS2YD C FKimfHl
D147 2 JBEXRTF FELTEKRL, PTUEESR
F¥v b (PIERCE #t &) % A \» keyhole limpet
hemocyanin £ &L, I E®HIE & L T New
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Zealand white rabbit ({83kg) & 18/ Z & iz
4[], HhrmEORE TICEHSLRELL. R
Ff%E 7 B B#RAR & 0 Mk %2 AL, 3,000rpm
TINDRELDBEL 2. D%, HiisRERY A
PRV IgG HEEIL, 2hxite iINOS fifs &
U7z FiiEDORRTE 13 Western blot ¥ CREER 21T
7z

4) Western blot &

BEfl e LT, UCEEIEAID BHE O E B
ERER 1 BIE AW,

Western blot i3 KB R B RS (soluble
form) 20x! 1 SDS solution 101 %412100°CT
4 34 > F 24 b L72#, acrylamide gel I
EAL, 200V, 20mA T 1 KREIERKIZEE (7
b —HE) CEEBIEIToN. R, Y AY ViR
BEE (V) VLHE) 12T50V, 200mA T4 8
M#EEL, = toero—REAEELE, 5%
AEFLINZTIBE 7oy ¥ 7 L7121, 1,000
FEHERIE b INOSHfEFIC= oo —2
B % 10BFRI S & 721, 0.01mol/l HEEE R
K pH 7.2 (PBS) T LIz, 1,000fEFHRD
ZRIE (VA 7+ A7 78 —EHEHY ¥
v FHUE) 30 BNz, 1BERIEL, Td
VikRX7 78 —+¥ (ALP) THEREL?,

5) SRS bR

iINOS Gifile o EE*RET 272D E b
iNOS ik (v 4%, RY 7wt —), X200, HKE
RFERRFE REZRAER) i, TV
NREROHifEE LT CD3E (V4 ¥, RV 7w
F =, X200, AP v E), B Y REROH
e LTL204Ek (U X, £/ 270F—), X
100, FaY v XUE)P, w707y —YRMKE
T AHiE, $4b b, DAKO-CD68HLE (=
TR, &/ 70F =), X100, 3P v BB,
Mac387#ifk (v v X, £/ 71+ —), X100, ¥
a2 v 8), Lysozyme fiifk (74 ¥, K1) 27
o+ —, X300, ¥3Y v 8), LN-SHE (=
YR, B/ 7OF =), X1, =F 148, BHR
W EEFHET 5 S-1009 > 82 (V¥ F, RY 7o
F =, X300, AV vV BH) E-RPEE L
THwW,
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YR 2837 7 4 %, AERE~VE XY 5 —
YiEH%0.3%@8{LAKR/ x5/ —nT4°C, 30
S L 2. 2B, DAKO-CD68HLE, Mac387
PUED KT 7 4 V1%, Yo7 7—¥ K
T105 FEIRTALEE % 4T > 72 1%, PBS THOREL /-
(103X 5 @), Rz, 10%¥ ¥ #1053 HFESR:
BEMRE%2 70y 7 Liz#k, 1% bovine serum
albumin (BSA) THMRL 7z-—RyifE%HETL,
4 CTIRMKIGE T, ThTh—XIKE TR
IS ¥, PBS THRAKRE L, MR T
Sz, NAFVF—PEZR_RIEEIEY Y
e A&7 a7 ) > Fab’ (100£%, Amersham
Life Science #84) %wL, ¥YFH vy FREs
u 7'y > Fab’ (20015, EZEWEWERRE) %,
zhZENn 1 %BSA THRLI b DERWI, R~V
* ¥ v ¥ — B Rk E 1 EER TRIGS
¥/:#%, PBS CHRAB®ELI:. 2D LT, 0.05%
(W/v) 33-Y7 3 /Ry Yy IBERE > AR L
720.05M + ) RIERAEER (pH 7.5) 120.003%
BEEIEKFEEMZ I RERTRELT, ~T M F
V) TREEEITY, BK, HARToR, &
BB to—LE L T—XbilEORb DI,
FKRIEFME E PBSO&AERAW, 72, ;iR E
LTRWERERXTF Fic &k 3 RIGAER b1T->
7z,

6) HatHIRRET

MRIEE, BEE (10065 TREL, BEB
W 5B OMAEL, 000fE G iNOS B % Il E
Lz, MEHE 1HE (20065 Toe, BBt
EROEEG & Lz, &#{EIZ mean+SE TF L
7z. Fisher’s protected least significant
difference DREZH\, S5%EKMD L XWER
by LD,

w R

1. m#%$ NO,, NOEE

ERERTEBEAC, FEEBIA LRI
EFIE 5 B3 D DM NO,, NO#E % #lE L
71z,

UCoEHAOBEMBE T3, BROBF D
NO., NO,#EE»IEEEPOBE MBI EREE
WRETH -7 (p<0.05). UC OEEE L NO,,
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NOfEw A Sz (K1),

2. HE ZERTHEZE

EEEALE, IIFIBIOKRBT, FhEk, U8
%, BEMlaY~< 707 7 — YS0OMEE L IR

100 *
a 90
ksl
£ 80
z
@)
S 70
z
9, 60
5
A 5o
3
3
g a0 }
30 —— T
Jle ¥ 1) 1) 75 ) 16

K1 Ulcerative colitis (UC) BEoM#E+ NO,,
NO & : JEISEHHA & EEIH o Lol
*p<0.05

X2 UCIEEH (k) & UC JEEEES () o HEE
F:N
UCHEEIE T BB FE S H D RKIE I crypt  abs-
cess DA SN 5 (40f%). UCIEEBER CIak
[EFSE R T B, REMEHRREIEEL 2w
(401%),

BORYBHD, ULABIUHETEZ TOBE
BOFR (UL 234 60, FEHROIEER, f
EFBOBELEASRT (K2 1),

FEEEENLE, MMAOKRB T, BEEOBEL A
shd, REEMREEORISASN, BEL
LM S HER L Tz,

IEFEIALIE, KEEFSEOEE - &5cm Ll E#ENn
7o A i, REOBERM B L, Fh
Bk, VU roEREoRENMREERIIACED 0N
ot (B27T).

UC LBl RKERBE L TEIMMERE X
(ischemic colitis) DA% A7z, RIEBA DR
b, REBHMERRERIIN T, HETEL
Tz, NE DL - 1R & EEE & HIMATER
»ohz.

3. Western blot i%I(Z & 2 KIG#E & INOS
MEIERR

TEENER UC B RER O B RS R R AR MtE 48 %
V72 Western blotting Tid, 130kD & band %#3%
Hiz(E3)., WEE L TAWKBEFMEARD
FEREERAEME Tld band 2D B o 1z, 5 FE130
kD I1Z band 234 5 41, iINOS®DEFEMEIHER S
i, 3 2% H D L L T constitutive NO
synthase Z 1& neuronal NO synthase (nNOS) 29,
endothelial NO synthase (eNOS)?"23% %, #H~x
BH W E FINOSO CKRERBIAT &/ B
nNOS 8L U eNOS R U7 3 /BETIXED
%o 72, nNOS 353 FEH5155kD &, iINOS (130

Normal UC

130kD =—p-

3 Western blot
UCIEFOEBER T, 130kD 12/ x> R &
NI, EEI Y ba =BT AN FIZZED SR,
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kD) 2 bRk & {, Western blotting & T155kD
WY RERED o7,

4, INOS ORHEEE, HRHE

Z OFifE % AW REHBFERE TINOS O
o EMIREROFEE, RHEFEERE L.

KRR L - FHEAR1G 246 INOS B
fahis & hiz, iNOS iZfEAMIC diffuse I2FED 5
L cytosol IZ—E L 7z,

FKRIEFEIME B X U PBS 2—XFiEDORb D
AL RES X UCRIGRR L O RAR %
Totzds, BHETH- Tz,

UC BEDEHHMOBERE % 72 3 EERAHE %
i INOS BB EE L TR o hiz (K
4 b)), BEBRBHOFHIKE, ZOFRMCH 2~
za7 7 —YHROA S Wk xR 7o REOME
& ARSI AR DRI O MIFE D K553 1 INOS

R4 UCIEENER (L) TEHOREIZBBE %2 S LT
W3, {3 % B0 1 inducible nitric oxide
synthase (iNOS) BBHEMfILED s 2 (100£F).
FIEFM OEGYIE (F) TEAORHNIZEEEZ &
LT3, CD6SEE AL b BEH 2P ORd o5
% (1001%).
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DOFEBEHRH NI, BELRCEDLDIL TV 28R
OB, v7u77—YEOBEZ WK%
Fol B o XMMITH I INOS DFEEB A 5
7z, INOS B Mg o $13450+30/1,000TH
D, AL MRS EOREEE D Tni (K

UC:active“ —

UC:inactive : T
dsy,

Normal

L]

Ischemic colitis

0 300 400 500 600
MR /#1000

5 UCEEES, UCIEEENER, normal, ischemic
colitis I B} % iINOS, CD68, LN-5, CD3D B
g ot
*p<0.01, M@ CD68, 5 iNOS, 21 LN5, CD3.

X6 UCIHESE (L) 1 iNOS BiMiaiiz L AL
B 6 N> (4068) . RIERAI ORI F (T) - CD68
Bl sSREEPLCED SN D (406F).
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5).

FEEBLMI T, v 2707 7 — VO L
hEF-s KB O FHRICHH O INOS B
A A Sz, INOS B O BIE10+5/
1,000 £ I L Cwie (6 1), MmEicik
p<0.01T, AEEMNED SN, LoL, B5 I
R &, vru7y—YRIEEEEAC L TE
ET 25, ZhsDiFE A EIZINOS BHERIGE
R&khotle (K6T).

iNOS i EE» AL -0, BEEHEYIH
bT, MREZHFHY L REREORSRERME» & i
#[EE L7z, INOS BFtEMERaIE, BA 2 W iafd k5>
7o KRB D BN T, FRERI 2 Rt © 13 B3R/ =
zu7y—yRfilarfkrani, #EiyRr xR
Wi fERETH INOSBHME (M4 ) 1k
DAKO-CD68%L & (K 4 ), Mac387%1 1%,
lysozyme #i48, LN-5Htid7x CBER/~ o707 7 —
VRHIEE KRR T AN T A RIGVEETH
D, CD3B & U L-26DSEMHET Y > RBROMER %7
Ehol(BEHIZRARLR). i, HEBEOR
% b DR S X UEFhERIC b INOS D
KIENBED Sz,

LN-5, S100 protein BEMEAMER B & U CD3R5
M T #lE, 2 EBEA L EESEA T
3, 1 FIZE CHEE A SN, GBI, JEEEHET
i TOERERRD o N, oT2, L2683 B Y
VRERIGIEFE BRI O AT % iz 5o 5 iz, UC
DEMTALTRBEBBEORB L VHEB Y X
RBEH NI T E ko,

UEXYEEICE T %, iINOSBoMBEORE
Hia~vro7y—9, FRRCBHSFHIRTH -
oo U VRER, MERARHES £, INOSEEMTH -
7.

RICERFL TR, ~27077—Y, FHEKE
UMD HENS B Sh i s, SN
DORIERALZ, INOS BHEMRIZIZEA LR D SN
T, EEEL L LENEEE (p<0.01) 2D SN
7z (B5).

5. MERK & & UMNEFEH

MERKE S L CIEFESH (K7, 8) TDw
THRE 21T 72, INOS BtEfifa 1, MM &k

7 UCEHETAETHORDIRY KIEH M
12 INOS 3§ FHHL T 5, LMo MK B
L UM TR INOS OFEBBAD 5D (40
).

UC:active

UC:inactive

Normal juue

Ischemic colitis g

0 10 20 30 40 50 60
nNEXR1RE

8 iNOS BFrEME S & BB
W AR, B INOS Bt i 4.

BLUMEEEHcASH: (K7).

UC BHEDOEERBALOBHEE £ 72 3B RO
iNOS BB MMz D & & 1 5 ME O $IF33+4/188
HThh, BHRUBTREDMEICHBEL T
7z (K8).

FEEENERALTIX, MREFIC A SN MELED
BUIEEIERA & IZIZERTH 2 b DD, INOS G
HHIRED A 50 5 ME OHIF15+5/1RE CBM
FIF60%IIET LTz, Rz, IEEHAM T,
iNOS BB OIME O%U 7 £2/1REF T, Btk
KiFN0%TH 5,

2D Z L &Y iINOS BHEoMmERIT, EEEL
WEMLTW3 Enwz 5,
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K9 UCHESHBTHLEORETRL MENK S
& CME @G INOS DREABD 512 (100

f&).

UC BEDOEIMAMOBEE RO HEILE OEF
ifF 2H INOS Bt B L7 (M7 %
A . JEVEENERAL & BIE B 1 INOS 235551 T
Hote, EFFTLTOWELETEBCFIZLAY
FHID A O oT,

6. fthofshE & L T ischemic colitis TOHIEST

Ischemic colitis i2 38> T D iNOS Btk &
D~ —A — L OB 21T o 7.

FERELDOA SN ZETRO~ 707 7 —
O, HFhER & SRMESFHRIE I INOS IR SR
oot ¥ETETCOMAE - IR L - EMiMm
BEOKREF W, INOS EIRBTD SNz, LaL,
KEBHBEIZINOSHEESIZLEAELER DR
o7z,

x =

NO &, —BftEFRSHEEHE (NOS) kb,
HETH 3 L-arginine #5 L-citrulline iofR# & 1
LRI EL SN S, NOS iE, cNOS & iNOS 12
KAIE 50, B R, MM R 72 FIRERAL
TH 5 cNOS BN ICE I FE LEERRI
i, 7I=R MELBEE UERBBERAT S, 2h
XL, wza7y—, OMERSREN L FEE
WA TH B INOS 13, EEIRETIIFREFLEL
%\, IL-18, TNF-a, INF-y R EDH A b # 4
YRYRKY Vv H T A NEOHEI L DI
mEHAEE R L HIIRENICINOS BER S
28 INSOYA M AA VOREERZIT TS
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EEWIE, FRINOSE2REHBLUNOBEEXN
%29,

F4 L1z NO W, Ao H,0 ERIGL, BB T
NO;, NO:OF LW REIT B, ZDed, T
NEFTRARBEY TH 3 NO,, NO;®L-
citrulline 2l U, E#ER 2 HETNO DER
WREANTERD, IS 2HAVAIELER, IE
IO BEIMETI1X, FEESPOBEMBICHA
BICE <, UC oEshtE L NO,, NO,f#EIZHAR
NH SN, Tk NO EASEMHS M g i KBk
LTwatEzonb,

B #EABKY M Tk, NADPH-diaphorase
TNOS DRERBIHINADDH 2530, fEHEH
WHEET 5 cNOS bt T 2728, KEH2D NO
EHERLTWS INOS DO bo > Ty,
E MZBWT UC TN iNOS O, REERL
RREIEENER ENEL DO TRERTH
D, 07, ®TRIZE b OFINOS ik 2 /E5L
L, BT THIO TRIEBBFICREE R L.

iNOS @ Western blotting T &, 130kD &
band % &7z, &R T 5 b DL L TnNOS &
eNOS 3 5, Fex HWwIzE » INOS @ C Kig
1147 2 /B1ZnNOS BX UeNOS ZHEU T 3
JBEYNIIRD o7z, nNOS k55 F&H3155
kD T & 9, Western blotting T155kD i band
RO T, 72, INOS IZ AR TE I FRIT &
Nk otz, eNOS ZMENE D A2 FIE LM
HERICRET B L vwbhTw b5, iNOS Tit
MERNE T T% L, MEFER, 2707 7—
YRHIMERIZFED 51, INOS iZAaERIC diffuse
WD & hcytosol 12- B L7z, BLEH» S INOS
DR EMSHER S NI,

UC OIEBRERAL O BHER % $ D INOS Bt #
fanasn, ZhIFENSHS L UEL2 0PN
HrBuwAERHB R CcED, w7
77—, BEFHRBLUFRRTHL LN
man,

— 7, EEEEAIOBE 11X, INOS Bl
FERICIRA L Tua 7z, CD6SEE MR R, TEENERAL
W, JEBRERRAL TR L T B3I RS
shiz, CD68I3, Fizwrz a7 7 — 3, (B#ZH
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T2 5 2 06, FEEEIERAL CIXIEERD
fERRRIC~ 07 7 =Y, BESFHRIELET
525, INOSBIAEHIBLTEWwEWwEFE Z o
7z,

ZhenZ exrs, UCDEEME L INOS #IH
& OB RE X tz, UC OIEEERA DO EBED
WHHD INOS B A5 2 A L LT,
EBEABEICERL TL 2v 2707 7 — URiFhEk
D IL-18 % TNF-a X EEL, 0o DRI
LDKEBEDOINOS FEHS LD EFEZ SN
3, TOFER, RATCEL s S NO BSEABODIE
FEHECLBEELR I TIREES TR INS,

RIEMBE BT 7 )V TdH 5 trinitrobenzene
sulfonic acid KEE& 7 v ik 8> T NO & RLBH
EFINKEZBRT 2 2 &3, £z, INOS OEM
P TSI EBRESNTVWBE AT a4 N
28, UC BEDBEORECMFICEHTHS
£, NO BHEBBEERNICE 2 LAREB SN
w3, Lol, A7o4 FRORPRSIEE
BREWEHORESHE L L 57:9, 51, L0
B INOS OB EHFIH UC OBEEIC k51
HEMNEZONS,

M T, EHHOBERicASNET IO
77—, IFHERED iNOS EH MO F & B
%Y, EEHEMAOAZ ST, FEEEERAIC bIEE
L7z iNOS OFENED sz, EF LR
b T Y, MEWESEE Tl dH 523, iINOS
BMMIRELERD s, ZOSL D NO HImE
WIEAL, NODtAh Y FXxy+¥yY+—cGMP
ENLUCHMEFRHEZMESE S 2 e 6%
o U3 2R OMHEEIL, A8
ANRERIEREZ L TWw 20Tk Zwd LRl &
na,

PlEX Y, UCKkBITS NODHERIE, —ATK
EDEEME % &) THEBGERCERLTVwS L
Ez o050, A TRANICBIT 3 MEEEEINS
CHEBEECERALTwE EE2 505,

MERZ D180, BYILEEEEZBY 2 LLE
FRIRETREN) R, Al EAE, ¥
fLdsmt > 7 —MEDEK BBIF, RIE MHBHEE,

SRR XBEBF, BEABEHEAME  KHEH, 5%
BEL TT S > LB _ARIFREBRGEENEIT I
T LE T, i, HEEXZTFE o LHERE
HFERMCES . LE T, @EBE L TwEs
L bEwRE Y —NEN ERBEERLETR
HEHELE RERICBRHOBEERLET.
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