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This study exanlined expression of inducible nitric oxide

synthase(iNOS)by means of antigen… retrieval immuno‐

histochemistry of anti‐ iNOS antibody in 4 cases of the

stomach with Helicobacter pylori(HP)‐ aSSOCiated peptic

ulcer and in 29 cases of non… neoplastic and neoplastic

lymphatic tissue in order to understand pathogenicity of

iNOSin HP… associated diseases. 1)Crypt foveolar epi‐
thelial cells in the stomach and covering squamous cells in

the tonsil expressed iNOS,suggesting that iN(DS is ex・

pressed as a part of mucosal defence mechanism. 2)

Some germinal centers(GCs)in mucOsa・ associated lym…
phoid tissue(DIALT)and in regionallymph nodes ofthe

stomach expressed iNOS,suggesting that iNOS is ex…
pressed in the(3Cs as a part ofinIInunity against IIP in…

festation,although some GCs expressed iN(DS in non‐ spe…

cirlc lymphadenitis.3)Including foreign body type multi…

nuclear giant cells in tuberculous lymphadenitis and

foamy cells in the mesenteric lymph node,histiocytes ex…

pressed iN(DS that would be induced in a part of foreign

body reaction against bacteria。  4)ThynliC epithelial cells

expressed iNOS that lnay concern with apoptosis of thy…

mocytes。 5)A few metastatic mammary carcinoma cells

in a lymph node expressed iNOS that may have relation to

metastatic act市 ity. 6)GCs in atypical lymph follicles of

the early marginal zone B‐cell lymphoma in the skin ex・

pressed iN(〕 S,suggesting a role of iNOS in lymphoma・

genesiso Consequently,iNOS,which is expressed in GCs

of the lymphatic tissue of the stomach with HP infesta…

tion,would produce nitric oxide(NO)that effects on the

inlmunity against HP and prepares lnicroenviromment

for LIALT type/marginal zone B‐ celllymphomagenesis.
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Figure l ExpressiOn of iNOS in thc

cpthclial cclls of thc gastric mucosa

around thc ulccr

Upper left: In thc stomach with
hyperplastic fovcolar epithclial mu―

cosa, fovcolar cpithclial cclls sho、 v

strong cxprcssion ofiNOS in thc crypts

Upper right:In thc stomach、 vith rc―

gcncrativc hypcrplastic fOvcolar cpithc―

lial mucosa,fovcolar surfacc cpithclial

cclls cxpress iNOS. Thc MALT tissuc

、vith gcrminal ccntcr in thc mucOsa

docs not cxpress iNOS

Lower lelt:Rcgcncrative cpithclial

cclls cxprcss iNOS in thc supranuclcar

cytoplasm

Lower right:Epithclial cclls rcvcal in―

tcstinal mctaplasia and cxprcss iNOS in

thc surfacc portion

眩
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Figure 2.Exprcssion of iNOS in
MALT and in the rcglonal lymph
nodcs of stomach 、vith infcstation of

Helicobacter pyloH

Upper left and right:MALT  In thc

lcft flgurc,obscurc ccprcssion ofiNOS

is rccognizcd in thc gcrnlinal ccntcr

(GC).In thC right tigure,a fcw histio―
cytcs cxpress iNOS in thc GC

Lower left and五 ght:Rcgionallymph

nodc ln thclymph follicle、 vith devel―

oping GC ofthc lcft igurc,meshwork

pattcm of follicular dcndritic cclls/gcr―

minal ccntcr dcndritic cclls is iabclcd

by thc anti― iNOS antibody   ln thc

right flgure,only a fe、 v histiocytes ex―

pressiNOS in thc dcvclopcd GC.

Table l.Cascs cxamincd

Non― spcciflc lymphadenitis
Subacutc lymphadcnitis

DcrmatoPathiC lymphadcnitis
Nccrotizing lymphadenitis

Tuberculosis
Whipplc duscasc― likc lymph nodc

TOnSi1                                 8
Chronic tonsinitis

Follicularlymphoma in tonsil

MALT typc lymphoma in thc thyroid                l
Early phase of rnarginal zonc B― ccn lymphOma in thc skin  l
Mctastatic mammav carcinoma in thc lyrnph nodc

with RcgiOnallymph nodc           2
2

1

1

16
3
2
3
6
1

1

7
1

1

(HaSui Ct al.1999).Bccausc iNOS is wcll k■ own to be in‐

duccd in histiocytcs undcr stimulation by lipopolysaccharidc

(Gcllcr ct al 1993),wc thOughtthatthc iNOS wasinduccd in
follicular dendritic cclls(FDCs)and/Or germinal ccntcr dcn―

dritic cclls(GCDCs)(Grouard et al.1996:Dobois ct al.1999)

against HP infcstation.

This study ailncd to scc how iNOS is expresscd in non‐

neoplastic and ncoplastic lymphatic tissuc including that of

thc stomach、vith thc infcstation of IIP. Considereing cffccts

of iNOS cxprcsscd in the lymphatic tissuc,pathogenicity of

thc iNOS and its product,NO,in MALT typc lymphoma is

discusscd.

ⅣIaterial and lnethod
Four cascs of thc stomach、 vith HP― associatcd peptic ul―

ccr、vcrc employcd for this study.  In two of thenl,rcgional

lymph nodcs could bc examined.  蕊 indicatcd in Table l,

onc casc of thymus,onc thymoma, 16 1ymph nodcs,scven

tonsils, onc mctastatic mammary carcinoma in thc lymph

nodc,onc fonicular lymphoma in thc tonsil,onc MALT typc

lymphoma in thc thyroid,and onc carly marginal zonc B‐ ccll

lymphoma in the skin(HaSui ct al.1998)wcrc Cmp10ycd.

Aftcr dcwaxcd,disturbing cndogcnous pcroxidasc activ―

ity,and hydratcd in phosphate buffcr salinc,scctions of thcsc

cascs、 vcrc incubatcd in O.01M citratc buffcr pH 6.O and、 vcrc

hcatcd in autoclave for 15 min.for antigcn rctricval.  Thc

scctions 、vcrc rcacted with anti― iNOS polyclonal antibody

(CALBIOCHEM,Cat.No.482728)at 4° C overnight.Re‐

actcd antibody、 vas visualizcd by lneans ofElitc ABC mcthod

and DAB H2° 2 rCaCtion.  Thc sections、verc dchydratcd in

gradcd cthanol and cmbcddcd in plastic mcdium.

No of cascs cxaminCd

Stomach with pcptic ulcer

associating infcstation of HP

Thynlus
Normal
Thymoma

Lymph nodc

Introduction
Hclicobactcr pylori(HP)iS rCgardcd as thc causat市 c fac‐

tor for gastHc uに cr,gast五tis(MarshJl&Warren,1984:
Blaser,1992),gastric cancer(CorrCa,1992)and muCOSa‐ as‐

sociatcd lymphoid tissuc(MALT)typC lymphoma

(WOthCrspOon ct d.1991),」thOugh thc pathomcchamsm of

such HP―associatcd diseascs has not yct clarificd. Rcccntly,

Nagata ct al.(1998)reported that supcro対 dc produccd by HP

modulatcs rnctabolisnl of nitric oxidc and、 vould inducc such

HP―rclatcd discascs.

In an inllnunohistochentical analysis of lymphocytcs and

thc other cellular componcnts in MALT and thc rcgional

lymph nodc in a casc of stomach、vith HP‐ associatcd pcptic

ulccr,induciblc nitric oxidc synthasc(iNOS)cxprcsscd in

somc gcrminal centcrs(GCs)ofthC rcgional lymphoid tissuc
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Figure 3 Exprcssion ofiNOS in vari―

ous lymphatic tissuc

Upper le乱 :Thymus. Thymic cpithc―

lial cclls cxprcss iNOS  Hassallis cor―

pusclcs cxprcss iNOS strongly

Upper right:Tonsil. Squamous cells

covcring Oral tonsil tissuc exprcss

iNOS.Rarcly gcrminal ccntcrs(GCs)

of thc tonsil cxprcss iNOS.

Middle left:Lymph nodc. In non― spe―

cinc lymph― adcnitis,GCs and histio―

cytcs in paracortcx, mcdulla and si―

nuscs cxpress iNOS

Middle五ght:Lymph node  ln tubcr―

culous lymphadcnitis,cpithelioid cclls

in tuberculomas do not express obvi―

ously iNOS,whcrcas multinuclcar gi―

ant cclls cxprcss iNOS

Lower left:Lymph nodc.  In mcta―

static mammary carcinoma in a lymph

nodc, a fc、v carcioma cells cxprcss

iNOS cspecially in small alvcoli

Lower right:Lymph nodc.  In early

phasc of marginal zone B― cell
lymphoma in the skin,tiny GCs ex―

prcss iNOS in a lymph folliclc.

Results
Epithclial cclls of thc stomach showed various positive

stain of thc anti― iNOS antibody,as shown in Fig.l  Epithc―

lial cclls in crypts showcd cytoplasmic stain of thc antibody

in a casc with thc fovcolar cpithclial hypcrplastic mucosa ln

thc othcr casc with fcovcolar cpithclial hypcrplastic mucosa,

thc surfacc cpithclial cclls sho、 vcd strong cytoplasmic stain

of thc antibody.  Surfacc cpithclial cclls manifcsting intcsti―

nal inctaplasia and rcgcncrativc epithclial ccns showcd also

cytoplasnlic stain. In thc atrophic rnucosa thc glandular cpi―

thclial cclls sho、 vcd、vcak cytoplasnlic stain.

MALT、vith dcvclopcd GCs、 vas sccn in two cascs ofthc
gastric mucosa with fovcolar cpithclial hyperplasia and with

mctaplastic and rcgcncrative cpithclial cclls. As indicated in

Fig.2(Uppcr),in Small GCs comprising ccntroblasts,FDCダ

GCDCs and thcir mcshwork wcrc labelcd wcakly by thc anti―

body. In dcvclopcd or cnlargcd GCs only a fc、 viNOS― posi―

tivc histiocytes wcrc sccn among ccntrocytcs and
centroblasts.  In a casc of atrophic mucosa aggrcgatcd lym―

phocytcs in thc dccp part of the mucosa sho、 vcd vcry weak

stain.

Thc rcgionallymph nodcs in thc cascs with fovcolar cpi‐

thclial hypcrplasia or rnetaplastic rcgcncrativc cpithclial cclls

showcd a small numbcr of GCs labclcd by thc antibody(Fig.

2,Lowcr)・ ThC Stain of GCsin thc rcgionallymph nodc was

strongcrthan thatin MALT in spitc ofthe samc pattern ofthc

stain.

Thynlic cpithclial cclls and HassaHis corpuscles wcrc

posit市c for thc antibody(Fig.3 Upper left)・ In thymoma,a

smali numbcr of cpithclial ccns among thC thymoma ccns

、vcrc pOsitivc.

In thc an cascs of thc tonsil cxccpt tonsillar foHicular

lymphoma, covcring squamous cens、 vcrc positivc for thc

antibody(Fig.3 Upper」 ght)・ In an involuting lymph follicle

of onc casc,thcrc wcrc a smali numbcr of cclls labclcd by thc

antibody. In an othcr casc thcrc wcrc many C)Cs labclcd by

thc antibody.

In lymph nodcs,only thrcc cascs ofthc lymph nodcs with

non―spcciic lymphadcnitis showcd GCs labclcd by thc anti‐

body(Fig.3 Middlc le■ ),WhCrcas thcrc wcrc histiocytcs la‐
bclcd by thc antibody in the interfonicular areas and in thc

medulla of thc most lymph nodcs.  In cases of necrotizing

畿耗
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lymphadcnitis, thc aggrcgatcd histiocytic reticulum cclls

wcrc negativc for thc antibody.  In tubcrculous lymph‐

adcnitis, cpithelioid cclls、 vcrc allnost ncgativc,whcrcas

multinuclear giant cclls in the arcas among thc tuberculomas

werc strongly positivc for thc antibody(Fig.3 Middlc right).

In onc mescntcric lymph nodc with many foamy cclls in si―

nuscs,rcscmbling Whipple discasc,the foamy cclls showcd

strong stain of the antibody,and a smaH numbcr of GCs、 vcrc

labclcd by the antibody.

A fc、v mctastatic rnammary carcinoma cclls sho、vcd cyto―

plaslnic stain of thc antibody and tend to bc in small alvcoli

(Fig.3 Lowcr lcft).Onc carcinoma ccll,which prcscntcd a
figurc of singlc ccll lnetastasis,rcvcaled strong cytoplasnlic

stain.

In thc casc of carly marginal zonc B― cclllymphoma in thc

skin,a fcw GCsin a lymph folliclc with atypicallymphocytcs

、vcrc labclcd by thc antibody.  In thc follicularlymphoma in

the tonsil and MALT typc lymphoma in thc thyroid,thcrc arc

no cclls positivc for thc antibody.

Discusslon
Exprcssed iNOS produccs nitric o対 dc(NO).Effcct of
卜TO on ccll function is well explaincd in a casc of NO pro‐

duccd by endothclial N()synthasc,  NO produced in cndot―

hclial ccns osmoscs casily to blood vcssel smooth musclc

cclls and rclaxes them,、 vhcn the cndothclial cclls rccicve an

acctylcholin signal from ncⅣ c cclls(MonCada ct al.1991:

Lowcnstein&Snydcr,1992:Brcdt&Snydcr,1992). NO
activatcs cyclic GMP to changc clectric polarization of ccll

mcmbranc by disturbing sodium(Na)channcls and rclaxcs

smooth musclc cclls(Fig.4).Thc Changed electric polariza―

tion in ccll mcmbranc would disturb two of thrcc systcms

transducting ccll mcmbranc― rcccptor signals, Na channcl

systcm and G protcin co― opcratcd systcm(Hirai,1994).The

rcsidual systcm transducting ccll rncmbranc― reccptor signals

is tyrosinc― kinasc or― phosphorylasc systcnl,which yiclds a

signal to prolifcrativc signal transduction systcm.  Bcsidcs

thc effcct of NO on cyclic GMP,NO iniuries cclls and tissuc,

and plays as a mutagcn to Dlヾ A Cclls that can survivc in a

N(D― rich cnvironmcnt rnight includc ncoplastic ccns,bccausc

Pcriphcral ncrvc ccll   Capllary cndothclium

ncrvc ccll NO synthasc cndothclial NO synthasc

Histiocytc ctc

inducible NO synthase

ウ
Nitl・ Ic oxide(NO)

cyclic GMP

t‐yclic CNIIP phosphodyicstcrasc cycllc GNIIP activation by

binding of NO with Fc

componcnt

cydic GINIP dcpcndcnt    wdiC GMPdependent
Na channel open        Na challllei closure

DNA damage induced by NC)makcs most cclls to fall in

apoptosis.Although NC)can bc catalizcd casily in H2C)'C° n‐

stant production of NO by N()synthasc would prcparc Such

N(D‐ rich environmcnt. Oncogencsis and mctastatic activity

of csophagcal squamous ccll carcinoma, malignant mela‐

noma and brcast canccr are thought to havc rclation to thc

cxprcssion of iNOS(Ducnas Gonzalcz ct al.1997:Tanaka

cta al.1999:Tschuggucl et al.1999),asthC iNOS was de‐

tcctcd in mctastatic mammary carcinoma cclls in lymph nodc

in this study(Fig.3 Lowcrlcft).

Thc cxprcssion ofiNOS was rcportcd in various cclls un―

dcr a strong s● mulation(Sato Ct al,1995).Most Of Such cells

、vould fall in apoptosis.

Thc cxprcssion of iNOS in thyrnic cpithelial cells was

thought to play a rolc in apoptosis ofthymocytcs.

In thc stomach、 vith HP‐ associated pcptic ulccr and in the

tonsil, Epithelial cclls that covcred thc mucosa cxpressed

iNOS,as Tanaka ct al rcported(1999)・ In the stomach,thc

distribution of cpithclial ccn cxprcssing iNOS changcd in ac―

cordancc、vith the mucosal responsc undcr HP infcstation

(Goldstonc ct al.1996:Yabuki ct al.1997).Crypt and sur‐
facc fovcolar epithclial cclls cxpresscd iNOS in thc

hypcrplastic fovcolar cpithclial nlucosa,as sho、 vn in Fig.1.

As tonsillar squamous cclls would cxprcss iNOS as a part of

mucosal dcfencc mcchanism against bacterial infcstation in

thc oral cavity,thc gastric fovcolar cpithclial cclls do in a de‐

fcncc mcchanism against HP infcstation.In thc● llciular

lymphoma in thc tonsil,thc covcring squamous ccns lostthc

cxprcssion of iNOS, suggcsting that thc mucosal dcfcnce

mcchanisnl、 vould be lost in lymphomagcsis in thc tonsil. It

must be studicd、vhethcr thc gastric mucosal defcncc mccha―

nism is lostin gastric MALT typc lymphomagencsis.

Histiocytcs in thc paracortcx and in thc mcduHa of thc

lymph nodcs,foamy cclls in thc rncscntcric lymph nodc,and

multinuclcar giant cclls in tubcrculous lymphadcnitis cx‐

prcsscd iNOS, suggcstcd that iNOS is induccd in forcign

body rcaction against any bactcria.  On thc contrary,epithc‐

lioid ccns in tubcrculomas did not cxprcss iNOS,suggcsting

that mycobacterial infcStatiOn is maintaincd in such cpithc‐

lioid cclls not― cxpressing iNOS.

FDCs/GCDCs in the MALT and thc rcgional lymph
nodcs of the stomach cxprcssed iNOS,、vhcn the mucosa

showcd foveolar cpithclial hypcrplasia,intcstinal inetaplasia

and rcgcncrative glands. Bcsides,GCs cxprcsscd iNOS only

in onc casc of tonsil,as rcportcd by Li(1999),thrCe lymph

nodcs、vith non‐ sPccifiC lymphadcnitis,and onc whipplcls

discasc― likc mcscnteric lymph node with inany foamy ccllsin

sinus. Bccausc iNOS is wcn known to be induccd on histio―

cytcs undcr stimulation by lipopolysaccharidc(IPS)(Gcllcr

ct al.1993),LPS in bacterial body,products of bactcria,and

products undcr bactcrial infcstation、 vould inducc iNOS on

FDCs/GCDCs.Bccause HP includcs IPS,such as Lcwis X

and Y(Appelmclk ct al.1998),thc LPS would be trapped by

FDCs/GCDCs and inducciNOS inthcm.ThciNOS cxprcs―

sion in GCs、vas thought to bc a pcculiar phenomcnon rathcr

than common.

ヽ mcntioned abovc, NO disturbs two of three systcms

dcpolarization on

ccll membranc

Activation of

rcceptor signaling

hyperpola"zation

on cel memけ ane

Suppresslon of

receptor signaling

製 anylyl cydasc

Figure 4 Nitric oxidc supprcsscs reCCptor signaling in cclls
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transducting ccH mcmbranc― rcccptor signals  Probably in

GCs with high NO conccntration induced by thc iNOS,B‐

lymphocytcs can notrcccivc cnough sccond signalin thc pro―

CCSSCS Of antigcn prcscntation and fail to producc antibodics

spccific for thc prcscntcd antigcn. Thcrcfore,thc B― ccll im―

munity against HP may bc incomplctc.  On thc othcr hand,

NO synthesizcd in FDCs/GCDCs might bc a simulusto thc

prolifcration of B― cclls(Lowcnstein ct al.1992:Hasui ct al.

1999)・ In early marginal zonc B― ccH lymphoma in thc skin,

thcrc werc GCs cxprcssing iNOS in a lymph folliclc.But in

MALT typc lymphoma in the thyroid and follicular
lymphoma in thc tonsil,thcrc、 vcrc no cclls cxprcssing iNOS

among lymphoma cclls,NO produccd by thc iNOS in GCs

might play a rolc in carly phasc oflymphomagcncsis ofinar―

ginal zonc B―cclllymphoma,stirnulating prolifcrationa of B―

cclls and adding mutation on B― cclls in()Cs.

Conscqucntly,it was suggcstcd that cxprcssion of iNOS

in GCs in lymphatic tissuc ofthc stomach with HP― associatcd

pcptic ulccr has rclation with infcstation of HP, modifics im～

munity against HP and prcparcs thc microcnvironmcnt for

MALT typc lymphomagcncsis,although cxprcssion ofiNOS

must bc cxamincd in carly MALT typc lymphoma.
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