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Non－lgGINature　of　Cutane
SensitMty

itivity　Factor　in　Cgntact

Idtiro　Kαfαyαmα，　Kiyoshi　Ni∫hiokα，　Ke7りu　Ni∫｝1idα，　

Toshiαki　Doi．

DepartmentofDermatology、Osaka　University　School　ofMedicine、　Osaka、」apan

ノ

　　Abstract．　Cutaneous　basophn　hypersensitivity（CBH）－inducing　factor　was　demonstrated　in　immune　sera

obtained　from　dinitronuorobenzene（DNFB）－sensitized　animals　2　weeks　after　sensitization（DNP－GPS－2W）．

It　showed　hapten　specificity　and　worked　dose　dependently．　It　was　rractionated　into　an　non一γ一globulin　fraction

by　Sephadex　G－150　gel　mration　following　ammonium　sulfate　desalting　and　CM－celMose　chromatography．

The　factor　was　eluted　into　a　fraction　ofalittle　smaller　molecular　weight　than　bo、・ine　serum　albuminon　Sepha－

dex　G－150　gel　filtraUon」t　passed　through　an　antiguinea　pig　IgGlcolumn　and　was　absorbed　to　a　DNP－BGG

column．　On　SDS－PAGEit　failed　to　show　any　staining　band　because　oflow　protein　concentration．　From　these

results　CBHfactor　appearing　in　circulation　in　contact－sensitized　animals　was∫hought　to　be　a　somewhat　differ－

ent　molecule　from　that　ofAskenase’s　factor，　i．e．　IgGIantibody．

Introduction

　　Cutaneous　basoph目hypersensitivity（CBH）is　one

ofthe　delayed　onset　skin　reactions　in　which　a　promi－

nent　infltration　ofbasophil　leukocytes　is　observed｛1，

21．The　mechanism　triggering　CBH　and　its　immuno－

logical　roles　have　been　analyzed　for　the　last　lOyears．

CBH　reaction　can　readily　be　induced　in　guinea　pigs

as　well　as　in　human　by　sensitizing　them　with　soluble

protem　anngens　wlth　or　without　Freund’s　incomplete

adjuvant｛3】．　Prominent　infiltration　of　basophils　has

also　been　demonstrated　in　inrlammatory　sites　ofcon－

tact　senSlnVlty［4－61．

　　Several　authors　proposed　that　CBH　is　a　reaction

mediated　by　T　lymphocytes【7＿91　and　that　basophns

which　appeared　in　reaction　sites　will　play　a　role　to

neutralize　the　inflammatory　reaction　mediated　by

classical　delayed　hypersensitivity｛101．　CBH　has　been

transferred　wi巾lymphoid　cells　or　sensitized　animals

［111．On　the　contrary，、4∫keηα∫e　and　co－workers【5，12，

13】demonstrated　that　CBHwas　transferred　to　normal

reqplents　with　immune　sera，　especially　with　IgGlan－

tibodv．

　　We　have　been　analyzing　the　effects　orhumoral　fac－

tors　on　contact　sensitivity．　IgG　l　antihapten　antibody

generated　in　sera　of　contact－sensitized　guinea　pigs

suppressed　elicitation　of　contact　sensitivity【14，　151．

This　antibody　failed　to　induce　CBH　reaction　when

transferred　into　normal　recipients，　ahhough　immune

serum　or　contact　sensitivity　could　induce　CBH　reac－

tion【141．　Therefore，　experiments　were　designed　to

separate　CBH－inducing　factor　from　the　immune　ser－

um　in　thisstudy．

Materials　and　Methods

　　Aη」η1α’∫．Hartley　female　guinea　p｛gs　w’eighing　300－500　g　were

used　throughout　the　experimen匡s．　They’were　fed　with　pelleted　food

and　waterad　libitum．

　　Cherη∫cα’s．　The　following　chemicals　were　from　commercial

sources：　Lchloro’2．4－dinitrobenzene　（DNCB），　1－nuoro・2，4・dト

nitrobenzene｛DNFBIand　dinitrobenzene　sulfonate（DNBS｝from
Nakarai　Chem．　Co．　Ltd．，　Kyoto：1－chloro’2，4，6－trinitrobenzene

（TNCB｝from　Tokyo　Chem．　Co．　Ltd．，　Tokyo、　and　oxazolone（Ox）、

bovineγ・globulin（BGG）and　bo、’ine　serum　albumin（BSA）from

Sigma．　St．　Louis、　Mo．　Dmitrophen》’lated　BGG（DNP－BGG）was

prepared　according　to　the　method　described　by　L輌’∫∫eαη∂E∫∫eη

｛161．

　　∫ρη∫f∫たαffθη．　Guinea　pigs　were　sensitized　with　a【opical　apph－

cation　ofO．025　ml　of　lぴ）bDNFB　in　acetone．3川TNCBinacetone

or　30bOx　in　ethanol．　Thev　were　skin－tested　L3　weeks　after　sensiti一
　　　　　　　　　　　　　　　　　づ
zation　wi【h　O．025　ml　ofO．1°「・）DNCB、0」‘）oTNCBor　O．21㌦Ox，　re－

specti、・ely．　and　bled　on　the　next　day．Sera　obtained　were　donated　as

immune　sera　for　passive　transfer．

　　Pα∬輌、で万αη或r．Norlnal　gulnea　pigs　were’1njected　Yntraven－

ously　with　3－5　ml　o『the　immune　sera．　They　were　skin－tested　on

their　right　pima　30　min　after　the　injeαion・Ear　thickness　was　as’

sessed　berore　and　24　h　after　the　skinte“by　using　an　engineer’s　mi－

crometer（Peacock　G　1．Ozaki　Co．　L【d．，　Tokyo）【51．　The　tested　sites

were匡hen　biopsied　for　hi5tological　examina匡ion．　Skin　pieces　were

CBH　FactorinCt）ma“Sen、in、i〔y



nxed　in　Hellヅs　nxative　and　stained　with　Giemsa　solution　accord・

ing　to　themethod　described　by・4ぶk’ηα∫eet　at　P　2】．　Cell　counts　were

made　in　5　x　l、000　fields　near　the　dermoepidermaljunction．　Several

specimens　were　fixed　with　osmic　acid　and　processed　n）r　electron

microscopic　examination．　A　Hitachi　type　HU・2　electron　micro・

scope　was　used　fbr　observation．

　　　CM－Ce”“’05ε　Cぬromα∫ogrαρみy．　Pooled　immune　sera｛30　ml）

were　treated　in　50％saturation　o「ammonium　su1飽te．　The　subse・

quen【supematant　was　dialyzed　against　O．1ルf　acetate　buf烏r、　pH

5．0，and　apphed　onto　a　CM・cellulose　column（Whatman　CM　32．3

x20　cm）equilibra任d　with　O．　l　M　acetate　buf丘r．　pH　5．0．　The　co・

lumn　was　eb【ed　with　a既near　gradient　ofO．1－025　M　acetate　buf丘r、

pH　5．0．　Collected　fraαion5　were　dialyzed　agamst　O．O　l　M　phos－

Phate・buffセred　saline「（PBS）．　pH　7．4，　and　concentrated　to　the　origi・

nal　volume　under　negative　preSsure．

　　　∫叩んα4ex　G・∬50　Ge’方〃’α’∫on．　After　CM・cell凹lose　chromato・

graphy　the庁action　comaining　CBH　f、ctor　was　further　concentra匡・

ed　and　applied　onto　a　Sephadex　G－150　column（L5　x　lOO　cm）

equilibrated　wi由PBS．　Elution　was　per庶）rmed　with　PBS．

　　　Prqpαアαfωn　q∫ノ1n∫igu輌nρα朽9∫gGJ／1Mibo4、イ1．41．　Pooled　nor・

mal　guinea　pigsera　were　treated　with　33％saturation　ofammonium

su町ate．　The　subsequent　precipitate．　after　being　dialyzed　against

O．005　Mphosphate　buf烏r（PB），　pH　8．0，　was　applied　onto　a

DEAE・cellulose　column（Whatman　DE　32）eq凹ilib「rated　with　the

same　buffer．　Elution　was　per｛brmed　stepwise　with　O．005　M　PB，　pH

8．0．0．04MPB；pH　6．O　and　O」MPB，　pH　6．0．　The　fヤaction　eluted

with　the　flnal　buffξr　was　rechromaωgraphed　with　the　same　DEAE・

cellulose　column．　The　f、action　thロs　obtained　was　inje“ed　with

Freund’s　comple任adjuva爪imo　R）otpads　ofrabbits（2　mg　Protein／

animり．4weeks　later　the　rabbits　weτe　given　an　injection　of　the

same　dose　of　the　fraction．　They　were　exsanguinated　l　O　days　after

the． 1ast　injection．　Sera　obtained　showed　a　smgle　precipitm　line

against　lgG　l　fraction　on輌mmunoelectrophoresis．

　　え顕ηゴリ・ぴrωηα’og吻旬．　Amnity　coluπms　fbr　DNP・BGG　and

amiguinea　p輌g　IgG　l　we鴨prepared　by　the　me匡hod　described　by

Ome”et　al．口71　and　Katayaπ1a　and　Nighioka【141．　Elution　from　the

arrinity　columns　was　perfbmed　with　l　M　NaCl．

　　SD∫D’∫c　Gdε」■αηρho’e5輌5．　SDS　gel　eleαrophoresis　was　per・

fbrmed　according　to　the　method　of夙め”απ40∫borη〔18】using

BSA（67．000）、　ova｜bUmin（45，000），　myoglobulin“9、800）and　cy・

tochromec（12，400）（Mam　Chem．1nc．）as　moolecularmarkers．

　　Pレo’ρ∫ηε∫r励加oη．The　amount　of　protein　was　estimated　by　the

Folin＾Ciocalteu　reaction　using　BSA　as　the　sta．ndard［181．

　　∫’αf輌∬輌cα’4ηαり・5輌5．Results　were　expressed．as　mean±SE．　Sta・

tistical　analyses　were　perfbrmed　by　the　StUdenピs　t　test．

Results．

CBH　

Fαctors　in痂e　lm7nune　Serα

　　Immune　sera　of　2　weeks　sensitization（DNP－GPS－
2W），　when　injected　into　nonsensitized　recipients，　in’

duced　ear　swelling　by　DNCB　skintesting．　The　tested

sites　showed　only　swe川ng　without　erythematous’

reaction．　Neither　immune　sera　of　l　week　sensitization

（DNP－GPS」W）nor　those　of　3　wρeks　sensitization

（DNP－GPS－3W）induced　any　ear　swemng（table　I）．

Swe川ng　induced　by　an　injection　of　DNP－GPS－2W
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　　Fig．2．　Time　co町se　of　CBH　reaction．3ml　of　DNP・GPS－2W

were　injected　into　a　recipient」ncrement　or　ear　thickness｛left）and

basophn　innltration（right）reached　a　peak　at　24　h　aner　skin　testing・

was　a　dose・dependent　reaction．　It　appeared　with　an

河ection　of　l．O　ml　DNP－GPS・2W　and　reached　at　pla・

teau　with　more　than　3　ml　of也e　sera（ng．り．

　　　Histol．ogically　the　swollen　sltes　contained　a　signif1・

cant　number　of．　basophils　which　were　confirmed　un－

der　electron　microscopy　by　their　granules　of　charac・

teristic　crystalline　lattice　material【2】．　Str6ng　basophil

infiltration（14．0±1．2）was　noted　in　the　swollen　site

induced　by　DNP－GPS－2W．　Much　less．　inmtration　of

basophns　was　observed　in　the　recipients　feceiving

DNP－GPS・IWor　DNP－GPS－3W．　Eosinophil　in61tra・

tion　was　stronger　in　the　sites　induced　by　either　DNP－

GPS－IWor　DNP－GPS－3W　than　in　those　induced　by

DNP－GPS－2W．　There　was　no　signincant　dir烏rence　of

mononuclear　ce旧nmtration　among　those　recipient
groups（table　I）・

　　　Ear　swelling　was　observed　at　6　after　skintesting，

reached　a　peak　at　24　h　and　almost　disappeared　at　48　h．

Basophil　infiltration　showed　a　similar　time　course　al－

though　a　moderate　infiltration　ofゆasophils　remained

in　the　sites　at　48　h　after　skintesting（fig，2）．　Ear　swell－

ing　with　basophil　inmtration　was　not　observed　when
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　　Fig．3．　Hapten　specif］city　of　CBH　reaction．　DNP・GPS，

TNP・GPS　and　OX－GPS　Were　Obtained　frOm　gUinea　pigS　2　WeekS　af・

にrsensitization．3mlofeach　sera　were匡ransferred　in【o　a　recipiem．

recipients　receiving　DNP－GPS－2W　were　skin－tested

with　TNCBor　Ox．　Immune　sera　obtained　2　weeks　af－

ter　sensitization　with　TNCB　or　Ox（TNCB－GPS　or

Ox－GPS）could　induce　ear　swe川ng　with　basophil　in－

mtration　by　skintesting　with　either　TNCB　or　Ox；

however，　ear　swe川ng　with　basophil　inmtration　was

not　observed　by　DNCBskintesting（fig．3）．

Pur蓼｝cαion　o∫CBH　

Fαctor

　　Factor－inducing　ear　swe川ng　with　basophn　infiL

tration　was　fractionated　into　a　supernatant　fraction

by　treatment　with　50％saturation　of　ammonium　suL

fate（table　I）．　The　supernatant－containing　CBH　factor

was　nrst　fractionated　on　CM－cellulose　chromatogra－

phy．　The　elution　proflle　and　activity－inducing　ear

swelling　with　basophn　infiltration　is　shown　in　flgure

4．The　activity　was　found　in　Fr　2．3ml　of　Fr　2．
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　　Fig　4．　CM－celMose　chromatography　of　CBH『actor．　Superna－

tam　obtained　from　30　ml　of　DNP－GPS－2W　by　ammonium　sulfate

precipitation　was　applied　onto　a　CM・celMose　column（3×20　cm）

equilibrated　with　O」　ルf　acetate　buffer、　pH　5．0．　Elution　was　per－

formed　with　a　linear　gradient　o『0」－0．25　M　acetate　bu『fer、　ph　5．0．

The　eluate　was　concen【rated　to　original　volumeofthe　sera　and　its　3

ml｛7mg／ml　for　Fr　2）were　injected　into　a　recipienし

（7mg／ml）induced　ear　swelling　with　marked　basophil

infiltration．　Fr　2．　was　then　applied　onto　a　Sephadex

G150　column．　The　CBH　factor　was　eluted　into　the

second　peak　which　corresponded　to　a　fraction　of　a

li川e　smaller　molecular　weight　than　BSA（fig．5）．

15mg　ofthe　rraction　induced　ear　swelling．

Table　L　CBHreaction　induced　by　immunesera

Sera　injected 24－hour　reaction　inthe　earofrecipients

earswelling

　　　ぺ×10’－mm±SE

basophilsl eosinophils） mononuclearsI

DNP・GPS－IW

DNP－GPS－2W
DNP’GPS’3W
DNP・GPS・2W
　50％AmSO4　Pp【

　50％AmSO4Sup
PBS

1．2±L3

9．4±1．2事

2．4±L7

0．9±05
14．7±2．5⑨

L3±0．7

6．0±0．7

14．0±12．

3．5±0．3

3．0±0

33．3±7．6宇

　0±0

7．0±05
3．5±0．3

6．0±0．7

　0±0

4．3±L3

L5±1．1

64．0±10．5

62．5±　　9．6

57」　±　　7．1

122．0±

124．7±

44．5±

0

4．8

7．4

　　．StaUstically　signi｛］cant　at　leve｜ofp＜0．001．

l　Cells／50il　powerIlelds±SE．
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　　卜ig．5．　Sephadex　G－150　gel　mtratbn　of　CBH　factor．　Fr　2　from

the　CM－cellulose　column　was　applied　on【o　a　Sephadex　G150　co－

1umn（3x100　cm）．　PBS　was　used　for　elution．　The　fractions　were

concentrated　to　the　original　serum　volume　and　3　ml　of　each（5

mg／mlforthesecond　peak）were　injected　into　a　recipient．
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　　Fig．6．　Affinity　chromatography　of　CBH　factor．　CBH　factor

from　the　Sephadex　column　was　passed　through　an　antiguinea　pig

IgG　1－coated　Sepharose　column」gGIantihapten　antibody　having

suppressive　activity　on　contaαsensitivi【yエ141　was　also　transferred

into　a　recipient　Fractions　from　a　10・ml　equivalent　of由e　original

sera　were　concentrated　to　3　ml　and　injected　into　a　recipienし

Table　ll．　DNP・BGG　a『fin“y　chromatography　ofCBH　fac【or

ト＋1a【erials

inje“ed

24・hourreaction　in　the　earofrecipients

earswelling　　　baso・　　eosino・　mono・

xlO一こmm±SE　philsl　　philsl　　nuclears1

DNP・BGGcolumn
　Pa∬ed

　Eluate

DNP・GPS・2W
　5000AmSO↓田■

PBS　　　紅P

2．0±L9

1L5±0．5傘

14．6±25掌

L3±0．7

1
8

　
2

3
0

3

～
一
〇

　
1

4
2

3
4

00
寸
’

　
1

4
7

〔

∠
4

1

staining　band　was　observed　in　the　disc　gels．　The　sec－

ond　peak　from　Sephadex　gel　filtration　before　and　af－

ter　treatment　of　DNP－BGG　columns　was　also　electro－

phoresed　on　SDS　disc　gels．　At　Ieast　7　staining　bands

were　noted　in　both　gel　columns，　however，　there　was

no　elimination　ofstaining　bands　between　gel　columns

electrophoresed　with　both　preparanons．

Discussion

　　’Statisticallysignincan【at　level　ofp＜0．00L

l　Cells／50ilpowerf］elds（mean　of4e、periments）．

　　The　second　peak　from　Sephadex　gel　filtration　was

absorbed　to　a　DNP－BGG　bound　Sepharose　co阯mns．

The　factor　was　retained　inthe　column　and　then　eluted

with　l　M　NaCl（table　II）．　Finally，　the　second　peak

was　applied　onto　an　antiguinea　pig　IgGl
antibody－bound　Sepharose　column．　The　factor
passed　through　the　column．　The　eluate　from　the　co－

lumn　showed　no　actMty（fig．6）．19G　l　separated　from

DNP－GPS－2W　which　showed　suppressive　activity　to

contact　sensltlvlty【141，　when　injected　intravenously

lnto　nonsentltlzed　animals，　showed　no　activity　to　in－

duce　CBHreaction．

　　The　eluate　from　the　DNP－BGG　column，　despite　an

extremely　low　protein　concentration，　was　concentrat－

ed　and　apPlied　to　SDS　disc　gel　electrophoresis．　No

　　CBH－inducing　factor　has　been　analyzed　by、4∫kθ一

nα∫εet　at｛131．　They　demonstrated　that　IgGlantibody

raised　in　hyperimmunized　guinea　pigs　was　responsi－

bleforCBHreaction．The　reaction　inducedby　DNP－GPS
・ 2W　in　this　study　was　equivalent　to　the　reaction　ob－

served　by　them．　It　was　expressed　as　swelling　without

erythema　accompanying　a　prominent　infiltration　of

basophHs　in　addition　to　eosinophils　and　mononuc－

1ear　cells【111．　Both　swe川ng　and　basophil　infiltration

reached　a　peak　at　24　h　after　skin　test　although　their

time　courses　were　not　completely　identicaL　The　ractor

appeared　in　circultation　at　2　weeks　after　sensitization

and　disappeared　at　3　weeks　when　animals　were　sensi－

tized　with　one　dose　oftopical　DNFB．　It　showed　hapt－

en　speciflcity　and　dose　dependency．　UnUke　the　f］nd－

ing　of、4∫keηα∫θet　aL｛13】，　our　factor　was　fractionated

into　non一γ一globulin　fraction　through　ammonium　su1－

fate　desalting，　CM－cellulose　chromatography　and　Se－

phadex　G－150　gel　filtration．　It　did　not　precipitate　by



treatment　of　50％saturation　or　am．monium　sunate

and　was　eluted・from　a　Sephadex　G・150　column　into　a

臼action　ofalittle　smaller　molecular　weight　than　BSA．

Especially　it　did　not　b輌nd．　to　antiguinea　pig　IgG　l　an－

tibody…gG　l　amihapten　antibody．　separated　frOm

DNP・GP！シ2W　failed　to　indUce　a　CBH　reaction　al．

though　it　could　mduce　supPression　ofthe　contact　sen－

sitivity　reaction｛14，151．　It　is　possible　that　our　CBH

indUcmg　factor　is　a　different　molecule　from　that

負）und　by／1∫keηα∫eet　al．【131．

　　　ρvorα★et　aL【71　and　others｛6，　gl　reported　that　CBH

was　a　T　cel1・mediated　reaαion　and　that　the　responsi・

ble　factor　was　T　lymphocytes　and／or　their　products．

Basophil　chemotactic　f遙ctors　have　been　recognized　in

the　culture　supematants　of　antigen－stimulated　lym－

phoid　cells【8，20L　One　had　a　molecular　weight　of

l2，500　dalton　and　t｝1e　other　sedimented　coincidently

with　BSA　on　sucrose　density　gradient　Centrifugation．

In　man　many　basophil　chξmotactic　factors　have　been

demonstrated　by　means　of　in　vitro　techniques：these

include　complement　components　such　as　C5a　or
C567，　diffusates　from　passively　sensitized　lungs，　kal・

likrein　and　supernatants　fヒom　sensitized　lymphocytes

stimulated　wi由specific　antigens｛211．　Our　CBH・indu－

dng　f包ctor　may　be　one　of　those　basophil－influenCing

factors．　h　was　eluted　imo　a　fraction　near　BSA　marker

and　had．binding　site．to　DNPresidues　in　its　molecule．

With　these　results　it　may　be　one　of　the　lymphokines，

especially　T　cell　products，　although　it　is　difncult　to

exclude　a　possib川ty由at　it　is　a　split　product　ofimmu－

noglobulin．
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Suppression　of　Contact　Sensitivity　by　IgGl　Antihapten　Antibody　in
　　　　　　　　　　　　　　　　　　　　　　　　　　Contact－Sensitized　Guinea　Pigs

1．KATAYAMA，　M．D．，　AND　K．　NlsHIoKA，　M．D．，　PH．D．

DePαr帷πt・∫De㎜伽1・gy，　Osα為αUれjuerW　Sc九・・Z　of　Med’c↓πe，　Fμ為μs疏mα∪Osα先α，」αP凱

　　The　guinea　pig　sera　obtained　2　weeks　after　1－fluoro．

2，4・dinitrobenzene　sensitization　had　ability　to　8upPress
elicitation　of　contact　8ensitivity　when　transfbrred　intra－

venously　i皿to　contact　8ensitized　guinea　pigs．　The　activity

was　fbund　only　in　the　sera　obtained　2　weeks　after　the
sensitization，　whereas　the　sera　obtained　l　and　3　weeks
after　the　sensitization　had　no　eff㎏ct　on　contact　sensitiv－

ity．　pretreatmellt　of　cyclophosphamide　aboli8hed　tbe
generation　of　the　supPressive　f己ctor．　The　supPressive
血ctor　was　hapte11－specific．　It　wa8　eluted　from　a　Sepha・

dex　G・150　column　into　7Sγ・globulin　fraction　and　from

DEAE　ion　exchange　cellulose　column　into　IgGI　fraction．

Tlle　suppressive　activity　was　absorbed　on　a　dinitrophen．

ylated　bovine　gamma　globulin　Sepharo8e　4B　column　a皿d
was　eluted　by　either　acidic　buκered　solution　or　dinitro．

phenol仕om　tke　af611ity　column．　It　was　absorbed　by
antiguinea　pig　IgG1－Sephamse　and　not　by　antiguinea
pig　IgG2－Sepharose．　Therefbre，　the　suppres8ive　activity
f㎞und　in　the　sera　of　1－nuoro－2，4－dinitrobenze皿e　8en8i・

tized　guillea　pigs　was　att亘buted　to　IgGI　antihapten　an・

tibody．

Contact　sensitivity姪㎞own　to　be　an　expression　of　T　lym－

phocyte　activities．　The　topical　application　of　contact　sensitizing

agents，　such　as　dinitrofluorobenzene（DNFB）or　picrylchloride

（TNCB），　induces　ef企ctor　T　cel1，　suppressor　T　and　B　cells　as

weU　as　helper　T　cel　fbr　hapten　specl血c　antibody　response

［1，2］．It　appears　that　the　hapten－induced　inflammatory　reaction

results　from　combinations　of　dif丘rent　activities　of　these　lym－

phocytes．

　　The　suppressor　T　cels　are　known　to　act　both　on　the　eκerent

and　af£erent　arc　of　contact　sensitivity［3－11］，　and　they　generate

soluble　factors　which　act　on　the　effbrent　arc［3，4，6］．　The　sup－

pressor　B　cells　act　only　on　the　efferent　arc［12－16］．　However，

the　soluble　factors　of　the　suppressor　B　cels　have　not　yet　been

demonstrated．　It　is　likely　that　the　soluble　factors　including

antihapten　antibodies　derived　from　those　activated　lympho－
cytes　ch℃ulate　in　the　sensitセed　anhnab　so　that　they　modify　the

hapten－induced　inflammatory　reaction．

An㎞als，　when　sensit屹ed　with　contact　sensitizing　agents，

show　the　maximal　skin　reactivity　on　5th　to　7th　days　after　the

　Manuscript　received　Febmary　26，1980；accepted　fbr　publication
September　8，1980．

　　This　work　was　supported　in　part　by　the　Research　Grant　fbr　the

Intractable　Diseases　from　the　Ministry　of　Health　and　Welfare　of　Japan．

　　Reprint　requests　to：Dr．　K．　Nishioka，　Department　of　De㎝atology，

Osaka　University　School　of　Medicine，1－1－50，　Fukushima，　Fukushi－

maku，　Osaka　553　Japan．

　　Abbreviations：

　　　　CY：Cyclophosphamide
　　　　DNCB：1－chloro－2，4－dinitrobenzene

　　　　DNFB：1－fluoro－2，4－dinitrobenzene

　　　DNP－BSA：Dinitrophenylated　bovine　serum　albumin
　　　　DNP－BGG：Dinitrophenylated　bovine　gamma　globulin
　　　　Ox：4・Ethoxymethylene－2－phenyloxazolone

　　　　PB：Phosphate　bu貨br

　　　　7．4－PBS：Phosphate　buf｛bred　sahne　pH　7．4　　　　　　　，

　　　　PCA：Passive　cutaneous　anaphylaxis

　　　　PI｛A：Passive　hemagglutination

　　　　TNCB：1－chloro－2，4，6－t血itrobenzene

sensit屹ation　and　declmmg　reactivity　thereafter．　The　reduction

of　skin　reactivity　may　be　caused　by　the　activity　of　both　sup．

pressor　T　and　B　lymphocytes．　In　this　report，　therefbre，　expe亘．

ments　were　designed　to　analyze　any　humoral　factors　which
affect　the　skin　reactivity　of　the　sensittzed　an釦mals．　IgGI　anti．

hapten　antibody　which　appeared　in　the　sera　of　2　weeks　sensi．

tization　had　abUity　to　depress　contact　sensitivity．　The　antibody

was　detected　only　a銑er　the　peak　of　the　hnmune　response　and

seemed　to　be　responsible　fbr　the　depression　of　contact　sensitiv．

ity　seen　2　weeks　after　sensitization．

Aπi㎜ls

MATERIALS　AND　METHODS

　　Outbred　Hartley　fbmale　guinea　pigs　weighhlg　300－400　gm　were　used

throughout　tke　exper㎞ent．　They　were　fed　with　peUeted　fbod　and　water

ad　libitum．

Reαgents

　　1－Chloro－2，4－dinitrobenzene　（DNCB），1－fluoro－2，4－dinitrobenzene

（DNFB）and　dmitrobenzene　sulfbnate　were　purchased　from　Nakarai
Chemicals　Co．，　Kyoto．1－Chloro’2，4，6－trinitrobenzene（TNCB）was
obtained　from　Tokyo　Chem．　Co．，　Ltd．，　Tokyo．4－Ethoxymethylene－2－

phenyloxazolone（oxazolone，　Ox）was　gbtained　from　Sigma　Chem．　Co．

Dinitrophenylated　bovineγ一globulin（DNP－BGG）was　prepared　by　the

method　described　by　Little　and　Eisen［17｝Cyclophosphamide（CY）
was　a　gift　of　Shionogi　Pharmaceutical　Co．，　Osaka．　It　was　dissolved㎞

distUled　water　at　the　concentration　of　100　mg／ml．300　mg／kg　of　CY

was　i両ected　into　an　a励mal　hltrapehtoneaUy　3　days　befbre　sensitization．

Sens垣zαt’oれof　Gμ仇eαP嬉s

　　Guinea　pigs　were　sensitized　with　a　topical　application　of　O．025　ml　of

10％DNFB，3％TNCB　in　acetone　or　O．025　ml　of　3％Ox　m　ethanol．　A

week　later　they　were　tested　with　O．025　ml　of　O．1％DNCB，0．1％TNCB

acetone　solution　or　O2％Ox　in　ethanol，　respectively．　The　anhnak　which

showed　positive　skin　test　of　2．O　reaction（see　serum　transfer）were　used

as　recipients　of　the　serum　transfbr．　At　the　same　time，　the　animals　with

positive　skin　tests　were　bled　l　day　after　the　test　and　the　sera　obtained

were　donated　as　the㎞mune　sera　of　one　week　sensitization．　They　were

skin－tested　again　at　either　20r　3　weeks　after　the　sensitization．　The

animals　which　showed　reduced　skin　reaction　as　compared　with　that　of

the　lst　sk口1　test　were　bled　and　the　sera　obtained　were　used　as　the

immune　sera　of　2　weeks　or　3　weeks　sensitization，　respectively．

Ser肌Trαれs佃

　　The　contact　sensitized　gu輌nea　pigs　received　3　ml　of　the　immune　sera

㎞travenously　l　day　after　the缶st　skin　test．　They　were　skin　tested　agam

by　dropping　O．025　ml　of　O．1％DNCB　solution　on　the姪shaved　flank　skin

one　hour　after　the　serum　h亘ection．　The　tests　were　read　24　hr　later　and

evaluated　as　fbllows［18］：no　reaction，0；some　red　spots　m　the　tested

area，0．5；slight　reddening，1．0；marked　reddening　and　slight　swe田ng，

2．0；marked　reddening　and　marked　swelling，3．0．　The　chromatographed

仕actions　equivalent　to　3　ml　of　o亘ginal　sera　were　also　injected　mtrave－

nously㎞to　the　contact　sensit並乙ed　an辻nals．

Gel　F↓1ぴαtεoπof仇e　Iη1mμπe　Serα

　　Ten　ml　of　the　immune　sera　were　treated　with　34％saturated　am・

monium　suUate　at　49C．　The　resultant　precipitate　was　dissolved　in　O．01

Mphosphate，0．15　M　NaCl，　pH　7．4（7．4－PBS）and　applied　to　a　Sephadex

G・150column（3×76　cm）equiUbrated　with　7．4－PBS．　The　effluent　was

coUected　and　pooled．　The　pooled＆actions　were　concentrated　to　the

original　volume　of　the　applied　8era　and　3　ml　of　the　fractions　were

h亘ected　into　the　recipients．
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TABLE輻Suρpressioれo∫c城αd　sens鋤吻5y‘m7π凱e　serα

Anti・DNP　titer
Sera　injected（weeks）

PCA PHA
Recipients Positive　skin　test （Mean　score）

DNFB　immune（1　w、）
　　　　　　　　　　　　　　（2w．）

TNCB　immune

Ox　imm皿e

Nonimmune

（3w．）

（2w．｝

（2w．｝

0
8

　
×

O
D

　

N

ND
0

×32

×512

×128

ND

ND
0

DNFB　sensitized
DNFB　sensitized
TNCB　sensitized
Ox　sensitized

DNFB　sensitized
TNCB　sensitized
DNFI3　sensitized
Ox　sensitized

DNFB　sensitized
DNFB　sensitized

5／5α

0／14

5／5

5／5

5／5

0／5

5／5

1／7

6／6

20／20

（2．0）6

（0．18｝

（2．0）

（2．0）

（2．0）

（0．2｝

（2。0）

（0．35｝

（1．75）

〈2．0）

　　Guinea　pigs　were　sensitized　with　DNFB，　TNCB，　or　Ox．　They　were　bled　1－3　weeks　after　sensitization．　Three　ml　of　the　sera　were　i吋ected

intravenously　illto　a　recipient　an五nal（skin　reaction　score，2．0）．　The　recipient　was　skin　tested　one　hour　after　the　injection．　The　reaction　was　read

24hr　later．

　　αNumber　of　animals　with　positive　skin　test　stronger　than　score　1．0／Nulnber　of　recipients．

　　bSum　of　skin　reactivity　score　after　serum　transfをr　was　divided　by皿umber　of　recipients．

丁蝿us　U、　E飾αof　cyψP抗0｛ip抗αmde　oπgeηerα加n　of　supρreSS↓ue

桓ctoγ

Serum　donor
Pret於eatment
　　of　donor RecipienΩ

Positive　（Mean
skin　test　score）

DNFB　sensi－
　　tized

DNFB　sensi－
　　tized

Nonsensit泣ed

DNFB　sensi－
　　tized

CY　300　mg／kg

DNFB　sensi－
　　tized

DNFB　sensi－
　　tized

DNFB　sensi－
　　tized

CY＋DNFB
　　sensitizedα

0／14

5／5

10／10

5／5

（0．18｝

（2．0）

（2．0）

（2．6）

　　Guinea　pigs　were　treated　with　intraperitoneal　injection　of　CY（300

mg／kg｝3days　befbre　8ensitization．　They　were　bled　at　2　weeks　after

sensitization．　Three　ml　of　the　sera　were　i吋ected　into　a　DNFB　sensitized

gu垣ea　pig。　For　skm　test　see　lbotnote　of　Table　I．

　　αThe　recipients　were　sensitized　with　DNFB　after　pretreatment　with

300mg／kg　of　CY．　The丘skin　reactivity　score　were　3．0．

DEAE　Ce混戚ose　Cれroη↓砿ogrαphツof　t｝Le　Immune　Serα

　　The　immune　sera　were　chromatographed　on　DEAE　cellulose　acco頁1－

ing　to　the　method　described　by　Olive丘a　et　a1［19］．　B亘e且y，　the　sera　were

precipitated　by　treatment　with　34％saturated　ammonium　sulfate．　After
dialy員s　against　O．005　M　phosphate　buf発r（PB），　pH　8．0，　the　precipitate

was　applied　to　a　DEAE　ceUulose　column（2×10　cln，　Whatman　DE　32＞

equ田brated　with　the　same　buffbr．　The　column　was　eluted　with　O．005　M

PB，　pH　8ρ，0．04　M　PB，　pH　6，0　and　then　OユMPB，　pH　6．0．　The　eluate

was　coUected　and　concentrated　under　negative　pressure　to　the　original

volume　of　the　applied　sera、　After　dialysis　against　7．4－PBS，3ml　of　the

eluate　was　Wected　mtravenously　into　a　recipient．

A励おerαt・G磁↓酩αP㎏19G1αηd　19G2

　　Pooled　normal　gumea　pig　sera　were　treated　with　34％saturated

ammonium　suぬte　and　then　chromatographed　on　DEAE　cellulose
（Whatman　DE－32）according　to　the　same　method　as　desc品ed　above

［19］．In　order　to　prepare　the　IgGl　fraction　fbr㎞munization　the　fraction

containing　IgGI　from　the　DEAE　cellulose　column　was　rechromato・
graphed　and　then　passed　through　an　anti　IgG2・Sepharose　column（see

affinity　chromatography）．　Rabbits　were垣jected　with　either　IgGI　or

IgG2　in　Freund’s　complete　adjuvant（2　mg　protein／animal）into　4

飴・tpads・They　were　injected　again　with　the　same　d・ses・f　the　antigen

4weeks　Iater　and　exsanguinated　at　10　days　after　the　booster　injection．

・4ノ海吻ぴrom耐qgrqρ々

　　The　affinity　columns　fbr　DNP－BGG，　antiguinea　pig　IgGI　and　anti’

gu輌nea　pig　IgG2　were　prepared　according　to　the　method　desc亘bed　by

　　　　　　　鴫es，　and　Anfinsen［20］．　Bhefly，15　ml　of　either　O2％DNP－Omen，　O
BGG，　antiguinea　pig　IgGI　or　antigu垣ea　pig　IgG2　were　mixed　with　15

ml　of　cyanogen　bromide－activated　Sepharose　4B．　After　st㎞ng　at　4°C

ovemight　O、1　M　monoethanolamme　was　added　to　the　mixture　to　cover

unreacted　sites　of　the　Sepharose．　The　Sepharose　was　washed
thorougMy　with　7．4－PBS，0．q5　M　glyc澁e－HCI，　pH　aO　or　2　M　NaCl，　and

then　7．4’PBS．　The　i㎜une　sera，　a鋤reatment　of顕％saturated
ammonium　sulfate，　were　mixed　with　the　Sepharose　with　constant

st廿ring　at　4°C　overnight．　The　mixture　was　poured　into　a　plastic　column

and　the　fraction　passmg　through　the　column　was　coUected．　The　column

was　washed　thoroughly　with　7．4－PBS　and　then　eluted　either　with　O、05

Mglycine－HCI，　pH　3．O　or　with　O．1　M　dinitrophenol－0．1　M　Ths　solution

fbr　the　DNP－BGG　cohlmn　and　with　2　M　NaCl負）r　either　antiguinea　pig

IgGI　or　antiguinea　pig　IgG2　column．　The　eluate　was　dialyzed　against

7．4・PBS，　concentrated　a瓜d　then　h勾ected　into　the　recipients、

T↓trαZ拓πofAηt訪o（b

　　Passive　cutaneous　anaphylax拍（PCA）and　passive　hemagglutination
（PHA）were　per品㎜ed　to　titrate　antibody　activity　in　the　immune　sera．

The　serially　d皿uted　sera　or　the　concentrated　eluate　from　the　column

were　i司ected　intrade㎜aUy　into　nonsensitized　guinea　pigs．　Four　hou㎎

later　1．O　ml　of　O2％DNP－BGG　in　1．0％Evans　Blue（Merk　Co．，　Ltd．）

was　injected　intravenously．　Blueing　of　the　skin　was　assessed　30　min

later［21］．　DNP－BGG　coated　glutaraldehyde　fixed　sheep　erythro℃ytes

were　mixed　with　the　serially　d田uted　8era　or　the　eluate　to　ti杜ate　the

hemagglutinating　antibodies．

● RESULTS
1．Sμppress↓oπo∫C嚇αcεSeπs捉城y卵♂んe∫mmμηθSerα

　　The㎞mune　sera　obtahled　l　week　after　the　sensitization
showed　no　suppressive　effect　on　contact　sensitivity　when　pas’

sively　transfεrred　into　the　recipients　whose　skin　reactivity　score

was　2．0．　The　sera　of　2　weeks　sensitization　showed　remarkable

suppressive　effbct　on　DNFB　contact　sensitivity、　All　the　DNFB

sensit屹ed　guinea　pigs　which　received　the㎞】mune　sera　revealed

reduced　or　negative　s㎞reactivity　to　chanenge　dose　of　DNCB．

Five　out　of　14　animals　showed　only　some　red　spo七s　in　the　tested

area（score　O．5）and　the　others　showed　negative　skin　reaction

（score　O），　However，　this　suppressive　effect　was　not　detected　hl

the　immune　sera　of　3　weeks　sensitization．　The　immune　sera　of

2weeks　sensitizati⑩had　no　suppressive　effect　on　contact
sensitivity　of　the　TNCB　or　Ox　sensit屹ed　guhlea　pigs．　The

immune　sera　obtained　from　guinea　pigs　sensitized　with　either

TNCB　or　Ox　2　weeks　previously　had　the　same　ef品ct　on　contact

sensitivity　to　the　corresponding　haptens；however，　they　had　no

effbct　on　DNFB　contact　sensitivity（Table　I）．　The　antibody

titer　in　the　DNFB　immune　sera　was　highest　in　those　fピom　the

animals　of　2　weeks　sensitization　and　the　PCA　anti　DNP　anti－

body　was　fbund　only　in　those　a城mals．

2．E自恒ct　of　CyclophoSP｝しαm↓de　o孔Generα就on　of　t｝もe

SμPρre8siue　Fαctor

　　In　order　to　examine　whether　the　generation　of　the　factor　was

a飽cted　by　pretreatment　of　cyclophosphamide（CY）which
supPresses　maturation　of　precursor　of　supPressor］B　cel［22］as

well　as　suppressor　T　ce11［23－25］，　the　guinea　pigs　were　i吋ected

300mg／kg　of　CY　intrape亘toneany．　They　were　sensitized　with

topical　DNFB　3　days　later　and　then　exsanguinated　2　weeks

lateL　The　sera　obtained　from　CY　pretreated　animals，　when
transferred　to　DNFB　s飽sitized　guinea　pigs，　showed　no　effbct

on　elicitation　of　contact　sensitivity（Table　ll）、
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　　The丘nmune　sera，　when　transferred　mto　CY　pretreated
gumea　pigs　whose　skin　reactivity　score　was　3．0，　showed　only

slight　suppressive　ef飴ct　on　the　inflammatory　reaction（Table
II）．

3、Sβphαdeo‘G－150　Gel　F輌彦仕αれoれof　t｝xe　Iηもπしuれe　Serα

　　The　suppressive　factor　was　precipitated　in　ammonium　suJfate

at　34％saturation．　The　precipitate　was　dissolved　in　7．4・PBS　and

applied　to　a　Sephadex　G－150　col㎜n．　The　activity　was　detected

only　in　the　second　fraction　which　corresponded　to　the　same
molecular　size　as　IgG（Fig　1）．

4、DEAE　Ce混uloseα⊥roηταtogrαp｝じy　of仇e　Imη以れe　Serα

　　The　elution　profHe　of　DEAE　cellulose　chromatography　is
shown　in　Fig　2．　The　greatest　suppressive　activity　was　eluted　in

仕action　III．　Although　80ut　of　20　recipients　showed　positive

skin　reaction，　average　reaction　score　was　reduced　from　2．O　to

O．73，Alittle　activity　was　fOund　m　fraction　I．　PHA　titer　and

PCA　titer　of伽ese廿actions　were　shown　in　Table　III．　Fraction

III　contahled　both　PCA　and　PHA　antibodies　whUe　frac60n　I

contained　no　PCA　antibody　but　weak　PHA　antibody．

A∩ti　DNP　titer

　　　（PHA｝

Positive　skin　test

（トイeqn　s（：ore〕

x256

4／4

x64

0！4

（2．0｝　（0．13｝

0

20／20

｛2．0｝

　　FIG　1．　Sephadex　G’150　gel砒ration　of　the　immune　sera．　Tke　am－

monium　sulfate　precip輌tate　of　10　ml　immune　sera　was　applied　onto　a　3

×76cm　Sephadex　G－150　column．7．4－PBS　was　used　as　the　elution

buffbr．　The　eluate　was　pooled　and　concentrated　to　the　original　volume

of　the　applied　sera．　Three　ml　of　the廿actions　were　injected　to　the

recipient　anhnals．　For　skin　test　see　footnote　of　Table　I．
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　　As　it　ha8　been　shown　fξom　the　chromatographic　studies　that

the　suppressive　factor　could　be　in　the　IgG1γ一globulin丘action，

we　tried　to　demonstrate　whether　the　active　factor　had　binding

sites　fbr　DNP　residues．　The　immune　sera　were　applied　on　a

DNP－BGG・Sepharose　column、　The　fraction　passed　the　column
showed　no　suppressive　effect　when　trans飴rred　to　the　recipients．

The　suppressive　effect　was　fb皿d　in　the　eluate　from　the　column

（Table　IV）．

6．Absα麺oπof　SμPP7es8iue　Ac飢ty　by飢ε」㎏G1’S¢Pれαrose

　　The　active㎞nune　sera　were　appUed　to　either　anti　IgG1－or

anti　IgG2－Sepharose　as　desc亘bed　above．　As　shown㎞Table　V，

the　suppressive　activity　d速appeared　in　七he仕action　passed

through　the　an61gG1－Sepharose　colu㎜which　contahled　only
PHA　antihapten　antibody．　The　activity　was　recovered　in　the

eluate＆om　the　co1㎜n．　The丘action　passed　t㎞ough　the　anti

IgG2・Sepharose　column　retained　the　actMty　and　the　eluate
from　the　column　had　no　activity　on　the　recipients．　PHA　anti－

hapten　antibody　was　removed　after　the　anti　IgG2　column　and

the　fraction　contaming　o】dy　PCA　antibody　was　able　to　suppress

contact　sensitivity（Table　V）、

TABLE　W．　Abs◎rpt↓on　of　suppress↓ueαc伽吻by　DNP’BGG
　　　　　　　　　　　　　　　　　　　⑨qpゐαrOSθ

Materials　in－

　　jected

Anti－DNP　Titer

PCA PHA
Recipien幅

Positive　（Mean
skin　test　score）

　　　　0　　　　　　　　　　　　　　50　　　　　　　　　　　　　　100　　　　　　　　　　　　　150

　　　　　　　　　　　　　　　　　　　　Tube　number．

　　FIG　2．　DEAE　ceUulose　chromatography　of　the口mnune　sera．　The

a㎜onium　sulfate　precipitate　of　10　ml　immune　sera　was　dialyzed
agamst　O．005　M　PB，　pH　8、O　and　applied　onto　a　2×10　cm　DE’32　column

equUibrated　with　the　s｛㎜e　bu品．　Elution　was　pe㎡omed　with　O．005　M
PB，　pH　8．0，0．04　M　PB，　pH　6．O　and　then　O，1　M　PB，　pH　6．0．

DNP－BGG
　　　column

　Passed
　Eluate
Immune　sera

Noni㎜une
　　　sera

　0

×4

×8

　0

　　　0

×32

×512
　　　0

DNFB　sensitized
DNFB　sensitized
DNFB　sensitized
DNFB　sensitized

5／5

1／5

0／14

20／20

（1．60）

（0．40）

（0．18）

（2．0）

TABLE皿．　Sゆpress’o汎of　co就αct　s仇s鋤吻by加ct↓oπs加m　DEAE　6eZIμεose　c九ro鵬Zogr〈膓ρ妙

Anti－DNP　titer
Fraction　injected

PCA PHA
Recipien栖 Positive　skin　test （Mean　score）

Immune　sera　Fr．　I

　　　　　　　　　　　Fr．　II

　　　　　　　　　　　Fr、　III

Nonimmune　sera

　0

　0

×8

　0

×16
　　0

×64
　　0

DNFB　sensitized
DNFB　sensitized
DNFI3　sensitized

DNFB　sensitized

15／20

16／16

8／20

20／20

（1．08）

（1．69）

（0．73）

（2．0）

The　i㎜une　sera　obtained丘om　DNFB　sensitized卿ea　pigs　2　wee㎏a伝sensit並ation　were　c㎞omato留aphed　on　DEAE　cendose　ion
Cxghange　chromatography（Fig　2）．　The　fractions　obtamed　were　concentrated　to　the頭ginal　volume　of　the　apPlied　sera．　Three　ml　of　them　were

町ected　intravenously　into　a　DNFB　sensitized　guinea　pig．　For　skin　test　see　fOotnote　of　Table　I．
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TABLE　V、　Abso膨io毘o∫s況PPre8s輌ueαc加吻byα穐t輌9臨eαPぱlgG1一α城lgG2－SeP九αrose

Anti－DNP　Titer
Materials　injected

PCA PHA
Recipients Positive　skin　test （M㈱nscore）

Anti－lgGI　column

　Passed
　Eluate
Anti’IgG2

　Passed
　Eluate
I】㎜une　sera

0
9
一

　
3

　
×

9
W
1
8

3
×
×

×

X256
　×2

　　　0

×128

×512

DNFB　sensitized

DNFB　sensitized

DNFB　sensitized
DNFB　sensitized
DNFI3　sensitized

5
’
0

／
／

PO
－

0／5

5／5

0／14

〉
　0
7

り
●
0

く
く

（0）

（2．0）

（0．18）

DISCUSSION

　　It　was　demonstrated　in　this　study　that　antihapten　IgG　l

an6body　suppress　the　hapten’induced　inflammatory　reaction．
The　an七ibody　appeared　in　the　c丘culation　in　the　animals　2　weeks

after　the　sensitization　and　disappeared　l　week　later．　It　was　not

produced　by　CY　pretreated　animals．　The　suppressive　activity

was　not　expressed　when　it　was　transfbrred　into　CY　pretreated
anhnals．　It　lぽspec面c　in　activity　in　that　it　is　able　to　distinguish

DNP　from　TNP　or　Ox　residues、
　　In　co軸act　sensitivity　it　is　weμknown　that　antihapten　anti－

body　is　detected　in　the　sera　of　contact　sensitized　animals［1，2／

The　role　of　antihapten　antibodies　has　not　been　discussed　until

recendy，　although　it　was　expected　that　the　antibodies　play

some　role　in　contact　s飽sitivity．　Asherson　and　Loewi［24］re－

ported　antibody　requ並emen七in　passive　transfbr　of　contact
sensitivity．　They　expl由皿ed　that　the　antibody　was　necessary　to

fix　antigens　at　the　reaction　site　long　enough　fbr　the　sensitized

lymphoid　ceUs　to　produce　a　detectable　reaction．　Haynes　et　a1

［25】showed　that　IgGI　antihapten　antibody　can　transfbr　cuta・

neous　basopha　hypersensitivity　in　guineapigs．　These　antibodies

played　a　role　in　the　positive　expression　of　contact　sensitivity

whereas　our　IgGI　antibody　worked　on　the　negative　expression
of　contact　sensitivity．

　　Bcell　tolerance　proposed　by　Turk　et　al［16，26］is　one　of　the

negative　control　mechanism　of　contact　sensitivity，　where　B　cell

products，　i．e．，　antibodies，　appear　to　play　a　role．　However，　rela・

tionship　between　B　ceU　tolerance　and　antihapten　antibody

remains　un㎞own．　Crowle　and　his　coneagues［27，28］showed
that　the　humoral　antibodies　have　the　abaity　to　inhibit　the

induction　phase　of　delayed　hypersensitivity　to　nonreplicatmg

antigens．　The　activity　was　fbund　in　IgGI　antibody　of　immunized

guinea　pigs［29］．　Their　findings　seemed　equivalent　to　ours　in

contact　sensitivity；however，　our　IgGI　antibody　worked　on　the

efferent　arc　of　contact　sensitivity　which　is　also　the　target　of

suppressor　B　ceUs．　The　production　of　the　antihapten　antibody

was　suppressed　by　CY　pretreatment．　CY　is　known　to　work　on

suppressor　B　cens　as　weU　as　on　suppressor　T　cells　to　enhance

delayed　hypersensitivity　reaction　and　to　supPress　antibody
production　with　the　amount　of　CY　used　in　this　study［22－25］．

Itおnot　easy　to　expla血the　relationship　be七ween　B　ceU　tolerance

and　the　antihapten　antibody　at　present，　Further　studies　are

㎞dicated　to　elucidate　the　relationship．

　　The　IgGI　ant澁apten　antibody　was　fbund　in　the　sera　of　guinea

pigs　at　2　weeks　after　the　sensitization．　The　animals　showed

reduced　skin　reactivity　as　compared　with　that　in　guinea　pigs　of

lweek　sensitization、　The　reduction　of　skin　reactivity　could　be

due　to　the　action　of　the　antibody．　However，　the　antibody
activity　was　not　detected　in　the　ani皿als　of　3　weeks　sensitization

which　showed　reduced　skin　reactivity．　The　skin　reactivity　in

the　latter　case　is　not　easy　to　explain　relative　to　the　absence　of

IgG　l　antihapten　antibody；possibly　the　reaction　is　modified　by

other　factors　such　as　an　ant丘eceptor　antibody　hl　contact　sen－

sitized　mice［33］or　dhlect　action　of　suppressor　T　and　B　cells．　At

present　we　beHeve　that　the　IgGI　antihapten　antibody　is　one　of

the　r㈱ponsible　factors　which　depresses　the　skin　reaction　seen

2weeks　after　sensitization．

　　The　exact　mechanism　of　action　of　our　IgGl　antibody　is　not

known．　However，　it　may　bind　to　the　su血ce　of　macrophages　or

lymphocytes　through　its　cytophUic　nature　and　attenuate　the
antigen．　The　ceUs　involved　in　the　response　may　be　sensitive　to

CY　treatment　as　the　antihapten　antibody　was㎞effective　hl　the

CY　pretreated　animals．　Work　to　elucidate　the　mechanism　is

under　study　in　our　laboratory．

　　Recently　induction　of　helper　T　ceUs＆）r　hapten　specific　anti－

body　response　was　de】〔nonstrated　in　a　contact　sensitivity［1，2］．

IgG　l　antihapten　antibody　is　a　prerequisite　fbr　pass輌ve　transfbr

of　cutaneous　basoph∬hypersensitivity　which　is　thought　to　be

amodulated　fOrm　of　contact　sensitivity［25］．　Our　IgGI　antihap・

ten　antibody　appears　to　be　in　somewhat　dif飴rent　subclass　of

IgGI　antibodies，　as　it　is　unable　to　induce　cutaneous　basopha

hypersensitivity　when　injected　into　normal　guinea　pigs（unpub－

lished　da七a）．　And　it　may　be　one　of　the　products　of　B　lympho’

cytes　sthnulated　by　the　helper　T　cells．
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KIYOSHI　NISHIOKA，　ICHIRO　KATAYAMA　AND　SHIGEHARU　SANO

ABSTRACT

　　An仇碗ro　method　fbr　assessing　the　activity　of　epidemolytic　toxin（ET）was　developed　in　this

study．　It　was　almost　equal　in　sensitivity　to　the仇仰ρo　assay　system　in　which　ET　was　injected　subcuta－

neously　into　new・born　mice．　By　using　the　mτ庇ro　method　it　was　fbund　that　ET　could　induce　epi－

de㎝al　splitting　af、er　incubation　with　the　skin　only　fbr　5　minutes．　No　epidermolytic　activity　re・

mained　in　the　reaction　mixture．　The　activity　of　ET　was　not　abolished　by　proteinase　inhibitors　such

as　Trasylol，ε・aminocaproic　acid　or　soy　bean　trypsin　inhibitor．　It　was　abolished　by　an　extraαfrom

the　epidermis　of　new・born　mice．　The　inhibitory　activity　of　the　extract　was　preserved　by　heating　at

56°Cfbr　30　minutes．　It　was　destToyed　by　heating　at　80°C　fbr　30　minutes．　The　activity　was　fbund　in

asubcellula吐action　which　should　contain　mitochondria　and　1ザosomes飯om　the　epidemal　cells．

Areduction　in　the　amount　of　ET　was　observed　in　acrylamide　gel　electrophoresis　after　incubation　of

ET　with　the　subcellular　f十action．　The　possible　mode　of　action　of　ET　was　discussed．

　　Phage　group　II　staphylococci　prodUce　an

epide㎜01ytic　toxin（ET）having　the　ability　to

cause　intraepide㎜al　splitting　just　below　the

stratum　granuldsum．　The　chemical　properties

of　ET　have　been　analyzed　in　several　labora－

tories（1－6）．　It　is　a　protein　with　a　molecular

weight　between　23，000　and　33，000　daltons，

and　has　an　isoelectric　point　at　either　pH

6．7－7．O　or　4．0－4．5．　Kondo　alld　his　colleagues

（4）showed　that　ET　contained　at　least　4　dif丘r’

ent　molecules　of　the　same　molecular　weight

with　dii論rent　electrophoretic　mobilities．　Two

ETs　separated　ill　our　laboratory　showed　the

same　antigenicity，　but　had　di丑brent　molecular

weights　and　electrophoretic　mobilities（6）．

　　On　the　other　hand，　the　mechanism　of　its　bio・

logical　action　is　still　a　matter　of　speculation．

No　proteolytic　activity　of　ET　has　been　demon・

strated・Its　activity　is　not　inhibited　by　pro・

teinase　inhibitors　but　only　by　anti・ET　serum

　　Received　June　20，1980；accepted負）r　publication　sep－

tember　6，1980．

　　Department　of　Demlatology，　Osaka　University　School　of

Medicine，1・1－50　Fukushima，　Fukushilna－ku，　Osaka　553，

Japan．

（7－9）．An　organ　culture　system　was　employed

to　analyze　the　biological　action　of　ET，　but　only

indirect　evidence　was　obtained　by　the　system

（10－12）．Development　ofゴη砿γo　assay　systems

to　assess　the　activity　should　be　one　of　the　im’

portant　steps　in　analyzing　the　biological　action

of　ET　because　it　is　difEcult　to　exclude　indirect

factors　in　the仇Wo　assay　system，

　　In　this　report　we　have　developed　anゴη砿γo

method丘）r　assessing　the　activity　of　ET．　The　ac－

tivity　of　ET　was　inhibited　by　a　subcellular　f士ac－

tion　of　the　new・born　mice　epidermis．

MATERIALS　AND　METHODS

　　Prψαγ藺bηq∫Eτ：ET　was　obtained　from　the

culture　supernatant　of　the　phage　group　II∫£ψ物lo－

co6εuδwアθωisolated　f士om　the　lesion　of　a　patient

with　staphylococcal　scalded　skin　syndrome（6）．　The

culture　supernatant　was　precipitated　in　50％

saturated　ammonium　sulfate・Tke　resultant　super－

natant　was　again　precipitated　in　100％saturated

ammonium　sulfate．　The　final　precipitate，　after

being　dissolved　in’0．05　M　Tris－HCI，　pH　7．4，　was　ap－

plied　to　a　Sephadex　G－75　column（5×100　cm）．　The

third　f已ction　f士om　tke　Sephadex　column　was　col一



8 NISHIOKA　ET　AL

Fig．　L　Microchamber．

　　　　　　Upper　and　lower　cups　with　plastic　boards．　They　were　fixed　with　rubber　bands　after　insertion　of　a

　　　　　　piece　of　skin　between　them（righり．

lected　and　then　passed　through　DEAE　Sephadex　A－

25（1．5×20cm）equilibrated　with　O．01MTris－HCI，

pH　7．4．　The　f士action　which　passed　through　the

column　was　collected　and　used　as　the　ET　prepara・

non．　　　　　　　　　　、

　　∬η逸むoα55αツ（ゾZんθθρゴ∂θγητoゆゴcαα㌘り：New－

born　mice　2－4　days　old（ICR　strain）were　used　fbr

the　assay（6）．　Subcutaneously，0．05ml　of　ET　pre－

paration　were　hηected　into　the　dorsal　skin　of　a　new－

bom　mouse．　The　Nikolsky　phenomenon　was　ex・

amined　cvery　hour　after　the呵ection　by　a　gentle

rubbing　of　the　treated　skin．

In仇’tγ・αssαy（ヅ仇e　e＠dem・ゆcαct地’ty　The

microchamber（Fig．1）consisted　of　two　plastic　cups

with　an　inside　diameter　of　4　mm　and　two　pieces　of

plastic　board（1×3cm）with　a　6　mm　diameter　hole　at

their　centers．　Small　pieces　of　excised　skin　were

placed　just　between　the　two　cups．　The　cups　were

fixed　by　the　plastic　boards　with　rubber　bands．　ET

preparation　was　i】ガected輌nto　the　upper　cup　which

remained　in　contact　with　the　derma】side　of　the　skin．

Incubation　was　perfbrmed　at　37°C　fbr　3　hours　in　a

moist　box　keeping　the　chambers　with　the　dermal

side　uprighしFollowing　incubation，　the　skin　pieces

were　removed　from　the　chambers　and　a　gentle

rubbing　was　applied　to　the　epidermal　sidc　to　cx・

amine　the　Nikolsky　phenomenon．

　　∬励ゴb∂o∬　（ゾ　ρroZθoり〃c　εη砂η↓θ5：　Trasylol

（Bayer），　soy－bean　trypsin　inhibitor（SBTI，　Sigma

Chem．）andε一aminocaproic　acid（EACA，　Nakarai

Chemicals，　Kyoto）were　used　to　inhibit　the　biolog－

ical　activity　of　ET．　Anti－ET　serum　was　prepared　by

immunizing　rabbits　with　ET　in　Freund’s　completc

a（巧uvant（6）．

Sμbce硯μ1αT∫十αc琵oγLs　q∫γLeu）－boγγtγnτce　ef）τdeγγγ⊥τs：

The　epidermis　was　separated　from　the　excised　skln

of　new－born　mice　by　treating　skin　pieces　in　1　M

NaSCN　at　O°C　fbr　l　hour．　Thc　separated　epidermis

was　washed　with　O．OI　M　phosphate，0．15MNaCl，

pH　7．4（PBS）and　then　floated　on　O．25　M　sucrose，

0．05M　Tris－HCI，　pH　7．4．　The　epidermis　was

homogenized　by　using　a　Polytron⑥　homogenizeL

The　homogenate　was　fraαionated　by　di旋rential

centrifugation．　It　was　centrifuged　at　1，000×Gfbr　10

minutes．　The　resultant　supernatant（Sup・1）was

centrifUged　at　10，000×G　fbr　30　minutes　to　obtain

the　precipitate（Ppt．　II）．　The　supernatant　was　then

centrifuged　at　lO5，000xG　fbr　60　minutes（PpしIII

and　Sup．　III）・

　　イcηZαη磁θ9θ」θ1θcZγoρんoγθ52、こAcrylamide　gel
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disc　electrophoresis　of　the　ET　prcparation　was　per一

五）rmed　according　to　the　Inethod　described　by　Davis

and　Ornstein（13）．　ET　was　loaded　on　a　7．5％acryl－

amide　gel　column　and　was　run　at　3　mA／gel　fbr

60－90minutes　with　O．005Mtris－glycine，　pH　8．8，　as

the　running　solution．　The　gel　was　stained　with　O．1％

Coomassie　brilliant　blue．　After　staining，　the　gel

column　was　analyzed　semiquantitatively　using　a

dual－wavelength　TLC　scanner（CS－910，　Shimazu

Co．　Ltd．，Tokyo）．

RESULTS

1π山丁・detect‘・η（寸epide・m・己Wαctτ⇒・

　　After　incubating　the　chambers　at　37°C　fbr　3

hours，0．1μg　of　ET　was　able　to　induce　a　posi－

tive　Nikolsky　sign　on　a　piece　of　excised　skin

（Fig．2）．　This　amount　of　ET　was　also　the

minimum　dose　which　induced　a　positive　NikoL

sky　sign　on　a　new－born　mouse　3　hours　after　sub－

cutaneous司ection．　When　the　skin　pieces

showing　a　positive　Nikolsky　sign　were　examined

histologically，　separation　of　the　horny　layer　was

noted　just　below　the　granular　layer　of　the　epi－

dermis（Fig．3）．　This丘nding　was　equivalent　to

that　fb皿d　in　the　skin　of　new－born　mice　treated

with　ET。

　　The　chamber　method　was　perfbrmed　using

丘ozen　skin　of　new－born　mice　to　determine

whether　the　epidermolytic　activity　could　be　de－

tected　in　dead　skin．　The　skin　of　new－born　mice

was　stored　at－20°C　fbr　7　days．　The　thawed

Fig，2．　Positive　Niko［sky　sign．

　Negative（lefりand　positive（right）Nikolsky　sign　on

　Pleces　of　the　skin，

’

霧◇蒙
・

㌦
拓ぴ

聯・

∵
シ
〉

亘

Fig．3．　Intraepidermal　splitting．

skin　was　cut　into　pieces　and　used　fbr　the　cham－

ber　method．　These　skin　pieces　showed　a　posi－

tive　Nikolsky　sign　without　ET　after　3　hours　in－

cubation　at　37°C．　This　separation　was　estab－

lished　histologically　as　being　at　the　dermoepi－

dermal　junction・The　positive　Nikolsky　sign

provoked　by　ET　was　observed　with　higher

amounts　of　ET（more　than　O。5μg　ET）after　in－

cubation　at　37°C　for　less　than　2　hours．

M‘γUη↓UM　e♪cf）os秘γe　tτγπe（1∫ETこ

　　As　it　was　posible　to　wash　out　ET　from　the

skin　in　the　chamber　method，　ET　was　removed

from　the　upper　chamber　at　various　times　after

the　initiation　of　incubation　at　370C．　Positive

Nikolsky　signs　were　observed　on　skin　with

which　O．1μg　of　ET　had　been　incubated　fbr

longer　than　5　minutes（Table　1）．

1崩bτ加n（ヅ仇ee餌・・m・ゆ・α・t劔りb坤・・一

zθ仇α∫θ仇ん‘助oπ．・

　　ET　was　introduced　into　the　upper　chamber

with　var輌ous　proteinase　inhibitors．　Trasylol，

SBTI　and　EACA　had　no　effect　on　the　epider－

molytic　activity，　but　anti－ET　serum　inhibited　it

（Table　2）．

1旭碗‘・π（ず申deγm・1画αct効’りbツe餌eγ一

mαlexεγαd吻mηθω一bOW↓禰ce：

　　The　epidermolytic　activity　of　ET　was　abo－

lished　when　ET　was　preincubated　with　the　epi－

dermal　extract　of　new－born　mice．　The　inhibi－

tory　activity　of　the　extract　was　preserved　after

heating　at　56°C　fbr　30　minutes　but　was　de－

stroyed　by　heating　at　80°C　fbr　30　minutes．　This
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Table　1． Minimum　contaαtime　of　ET　required　to

　　　induce　Nikolsky　sign

Table　3．　Inhil）ition　of　epidermolytic　activity　by

　　　　　epidermal　extracts　and　subcellular

　　　　　　　　　　　　　　fTactions

Incubation

　　period Nikolsky　sign ET　preincubated　with Nikolsky　sign

Omin．

　3

　5

10

30

neg・

neg・

pos・

pos・

pos・

Epidemal　extract
　　　treated　56°C，30　min．

　　　treated　80°C，30　min．

Subcellular　fraction

　　　Ppt　II

　　　Ppt　III

　　　Sup　III

pos・

neg・

neg・

pos・

0．1μgof　ET　was　added　to也e　upper

chamber　and　incubated　fbr　various

pehods．　Then　ET　in　the　upper

chamber　was　washed　out　with　PBS．

Nikolsky　sign　was　assessed　af、er　in－

cubation　fbr　3　hours　at　370C．

neg・

pos・

pos・

Table　2．　Ef丘ct　of　proteinase　inhibitors　on　ET

ET　added Inhibitor　added Nikolsky　sign

0．1μ9

0．1

0．1

0．1

0．1

250u．　Trasylol

100μgSBTI

250μgEACA
Anti・ET（×10diluted）

neg・

pos・

pos・

pos・

pos・

neg・

An　equal　volume　of　4．0μg／ml　of　ET　and　1．O

mg／ml　of　epidermal　extract　or　subcellular　f士ac・

tions　was　preincubated　at　37°C　fbr　30　minutes．

Then　O．05　ml　of　the　mixture　were　i両ected　into

the　upper　chamber．　Nikolsky　sign　was　examined

after　incubation　at　370C　fbr　3　hours．　qμadrupli－　　・

cate　chambers　were　prepared　fbr　each　experi・

ment．　Protein　concentration　of　subcellular　frac－

tions　was　detemined　by　Folin・Ciocalteu　reaction

using　bovine　serum　albumin　as　the　standard．

qμadruplicate　ckambers　were　prepared　to　assess　the

activity．　ET　and　inhibitor　were　added　to　the　upper

cka吋er．　Nik・lsky　sign　was　examined　after　3　houTs

incubation．

inhibitory　activity，　when　仕actlonated，　was

fbund　in　Ppt．　II　but　not　in　Ppt・III　o「SuP・III

（Table　3）．

・0砧ceZθcττoμoγ．∫るq∫ε九e仇ωbαZτ飢輪伽γθ：

　　ET　was　incubated　with　the　subcelhllar　frac－

tions　of　the　epidermis　at　37°C　fbr　30　minutes．

The皿ixture　was　centrifUged　at　3，000×G　fbr　30

minutes　at　4°C．　The　resultant　supernatant　was

applied　onto　an　acrylamide　gel　column．　A

single　staining　band　of　ET　appeared　in　the　gel

column．　However，　a　weaker　staining　band　was

noted　in　the　gel　to　which　the　reaction　mixture

of　ET　and　Ppt．　II　had　been　applied　as　com－

pared　with　the　staining　band　in　the　gel　to

which　the　reaction　mixture　of　ET　and　PBS　was

applied．　This　apparent　dif丘rence　in　the

amount　of　ET　recovered　in　the　supernatant　of

the　reaction　mixture　was　demonstrated　semi－

quantitatively　by　using　a　TLC　scanner（Fig．4）．

DISCUSSION

　　The　organ　culture　system　was丘rst　intro－

duced　by　McCallum（12）to　analyze　the　biolog－

ical　activity　of　ETゴη励γαHowever，　greater

amounts　of　ET　were　required　to　demonstrate

the　epidermal　splitting　a丘er　short－tem　in－

cubation　in　the　culture　system　than　in　the仇

Wo　assay允r　epide㎜olザic　activity（ll）．　The

仇励アoassay　system　developed　in　this　study　was

fbund　to　be　as　sensitive　as　the　τπ　τ々｝uo　assay

system．　The　chamber　method　was　useful　fbr

studies　of　biological　action　of　ET，　because　it

was　able　1）to　prepare　more　than　4　chambers

仕om　the　dorsal　skin　of　one　new－bom　mouse，2）

to　add　various　inhibitors　of　ET　in　the　upper

chambers，3）to　stop　the　reaction　easily　by

washing　the　reaction　mixture　out　of　the叩per

chamber，　and　4）to　use　the　f士ozen－thawed　skin

as　the　target　organ　when　given　a　higher
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Fig．4．　Disc　gel　electrophoresis．

　　　　　　Subsellular　fraction（Ppt　II）alone（A），　ET（B）and　mixture　of　Ppt　II　and　ET（C）．　They　were　prein・

　　　　　　cubated　at　37°C　fbr　30　minutes　and　applyed　to　gel　columns　after　centrifugation　at　3，000xG丘）r　30

　　　　　　minutes（1efり．　The　gel　columns　were　analyzed　densitomeこrically　after　staining　wi【h　Coomassie

　　　　　　bri川ant　blue．　A　lower　peak　of　ET（⇒）was　noted　on　C（right）．

amのnt　of　ET．

　　Using　the　chamber　method　ET　appeared　to

be　easily　permeable　into　the　skin　from　the　sub－

cutaneous　side．　It　took　only　5　minutes　to　pro－

voke　a　positive　Nikolsky　sign．　The　reaction

mixture　removed　from　the　upper　chamber　had

no　ability　to　provoke　a　Nikolsky　sign　when

transferred　to　the　next　chamber（data　not

shown）．　Therefbre，　ET　should　be　absorbed　into

the　skin　within　5　minutes　of　incubation　to　in・

duce　intraepidermal　splitting・

　　As　has　been　already　reported，　the　activity　of

ET　was　not　inhibited　by　Trasylol　or　other　pro－

teinase　inhibitors　in　theれ励o　assay　system

（7－9）．We　have　investigated　the　possibllity　of

direct　inhibition　of　the　epidermolytic　activity　in

theゴη碗γo　method．　Neither　Trasylol，　soy－bean

trypsin　inhibitor　nor　EACA　had　any　ef丘ct　on

the　activity（Table　2），　whereas　anti－ET　serum

was　able　to　inhibit　the　activity　completely・

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　’
　　Although　several　possible　modes　of　action　of

ET　have　already　been　postulated　（14），　no

direct　evidence　to　supPort　those　possibilities　is

available　at　present．　Electron　microscopic　ob－

servations（7）have　revealed　that　ET　treated

epidermal　cells　are　not　i可ured　and　stain　nor－

mally　with　both　ruthenium　red　and　Concana－

valin　A，　ET　had　no　ef丘ct　on　either　the　binding

site　of　pemphigus　antibody　or　on　HLA　anti－

gens．　The　authors　postulated　that　ET　acts　on

extracellular　sites　on　the　epidermal　cells・

Wuepper　et　aL（14）reported　the　immunonuo－

rescent　binding　of　ET　with　epidermal　cells．　It　is

possible　that　ET　binds　to　the　surface　of　the　epi－

dermal　cells　or　to　the　intracellular　substance　of

the　epidermis．　The　crude　extract　of　the　epider－

mis　was　able　to　inhibit　the　epide㎜olytic　ac－

dvity．　The　inhibitory　activity　of　the　extract　was

resistant　to　heat　treatment　at　56°C　fbr　30

minutes，　but　was　destroyed　by　heating　to　80°C

fbr　30　minutes．　When　the　extract　was　f士actio・

nated　by　diHξrential　centrifugation，　the　inhibi－

tory　activity　was　fbund　in　the　particulate　frac－

tion　of　the　epidermis．　Binding　of　ET　to　the　par一
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ticulate　f十action　was　also　apParent　in　the　elec－

trophoretic　smdy（Fig．4）．　Recently，　the　same

laboratory　which　reported　the　positive　binding

of　ET　to　epidermal　cells　has　published　the

faihlre　of　binding　of　ETωceUs　such　as　erythro・

cytes，　lymphocytes　and　epidermal　cells　and　the

detection　of　ET　in　blister　fluid　of　patients　with

bullous　impetigo（15）．　The　authors　suggested

that　binding　of　ET　to　cells　is　not　a　necessary

step　in　provoking　intraepidermal　spl輌tting．　In

our　study，　no　inhibitory　activity　was　detected　in

the丘rst　precipitate　of　the　epidermal　homoge－

nate　which　contained　the　cell　membrane，

nuclear　debris　and　non・homogenized　cells．　Al－

though　it　is　not　easy　to　exclude　the　possibility　of

non・specific　binding　of　ET　to　subcellular　par－

ticles，　it　is　possible　that　ET　could　be　absorbed

into　the　cells　to　bind　with　subcellular　organelles

to　trigger　the　epidermal　splitt輌ng　because　the

particulate　fraction　contains　various　1）偲ozomal

enzymes．　Further　studies　are輌ndicated　to　eluci－

date　a　possible　interaction　between　ET　and

lysozomal　emzymes，　although　our　ET－treated

subcellular　f士action　failed　to　show　any　pro－

teolytic　activity（unpublished　data）．
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Chronic　pigmented　purpura　illduced　by　chemical　sul）stances

KIYOSHI　NISHIOKA，　CHIZUKO　SARASHI　AND　ICHIRO
KATAYAMA
D¢ραγ加θMqf　Deγmαtologッ，　Osα為αUη玩｝eγs庇y　Scみool　qf　jMe砺c輌ηθ⊃1一エー50　F磁祝sみ伽α，　F漉μ一

∫励娠〃，Osαゐα553，鈎曽ακ

／1cceρtθd∫oγρμb6cα60η6A㎎鋭st　Ig79

Summary

Two　cases　with　chronic　pigmented　purpura　are　reported．1n　one　case　the　skill　condition　was

cleared　by　stopp㎞g　tlle　habitual　illtake　of　a　thiam血1e　preparation　and　it　was　provoked　by　takillg

the　drug．　Two　out　of　three　com皿ercial　thiamme　preparations　were　able　to　induce　skin　lesions．

In　the　other　case　skin　lesions　were　cleared　by　masking　the　mouth　and　nose　with　sheets　of　gauze

in　the　workplace，　which　was　filled　with　dye－dust．　As　most　cases　with　chronic　pigmented

purpura　are　treated　nol1－specifically　at　present，　we　suggest　that　more　eflbrt　should　be　fb㎝［ssed

on　detecting　aetiological　factors　in　patients’env丘onments．

Chronic　pigmented　purpura　includes　fbur　types　of　purpuric　disease，　namely，　purpura　annu－

laris　telangiectodes　of　Majocchi，　progressive　pigmentary　dermatosis　of　Schomberg，　pigmented

purpuric　lichetloid　dermatitis　of　Gougerot　and　Blum　and　eczematid－1ike　purpura　of　Doucas

and　Kapetanakis（Lever＆Schamberg・・Lever，　Ig75）．　They　are　closely　related　to　one　another　so

they　cannot　be　di危rentiated　on　c1五1ical　or　histological　grounds．　It　is　classi丘ed　as　chrolUc

capiUaritis　of　unlmown　cause　in　a　British　textbook（Champion，　I　g72）．　The　treatment　of

chronic　pigmented　purpura　is　still　non－specific　and　the　disorder　tends　to　run　a　chronic　course・

Adrug，　carbromal，　has　been　observed　as　an　aetiological白ctor垣purpuric　s㎞reaclions　of

chronic　pigmented　purpura（Peterson＆Manick，　Ig67；Rosentha1＆Burnham，　Ig64）．　We　have

recent　experience　of　two　patients　wi1血chronic　pigmented　purpura　whose　skm　conditioll　was

provoked　by　admillistering　thiamille　preparadolls　in　one　case　and　was　cleared　by　stoppillg

inhalation　of　dye－dust　in　a　factory　in　the　other　case．
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Case　reports

Cα5θ1

H・Mりa45－year－old　male　o伍ce　worker，　had　noticed　a　rash　on　botト．　his　lower　legs　since　January

Ig74・The　rash　consisted　of　purpuric　spots　with　slight　itching．　The　rash　spread　gradually

丘om　both　lower　legs　to　the　dorsa　of　both　fヒet　within　5　months．　He　had　no　prodromal　signs

befbre　the　onset　of　purpura．　He　was　in　the　habit　of　taking　a　vitamin　B　l　preparation　whenever

he　fblt　tired．　On　his　first　examination，　pin－head　sized　purpuric　spots　were　scattered　symmetri－

cally　over　both　his　lower　extremities．　The　spots　tended　to　be　grouped　on　his　lower　legs　to

五）rm　2－3　cm　diameter　round　purpuric　patches　with　scaling　and　dark　brownish　pigmentation

（Fig・1）．　Laboratory　values　were　as劔lows：RBC　486×Io4／㎜3；haemoglobin　I　5・49／dl；

Figure　I．　Confhlent　purpuric　spots　on　the　right　lower　leg　of　Case　I．　Pin－head　sized　purpuric

spots　were　scattered　over　the　right　lower　leg　and　some　of　them　were　confluent　to　fbrm　scaly

brownish　pigmented　purpuric　patches．

WBC　g200／mm3，　with　81％neutrophils（25％band　fbrm　and　56％segmented貴）rm），15％

lymphocytes，3％monocytes　and　I％eosinophils；platelets　27・3×Io41mm3；normal　bleeding

and　coagulation　times；negative　cuff　test．　His　liver　and　renal　fhnction　test　showed　values

withill　the　normal　range．　Serum　protein　electrophoresis　showed　a　normal　pattern．　Anti－

streptolysin　titre，　C－reactive　protein　and　rhe㎜atoid　arthritis　tests　showed　negative血dings．

The　biopsied　specimen丘om　the　purpuric　patch　showed　intercellular　oedema　with　occasional

spongiotic　bulla　fbrmation　in　the　epidermis．　Remarkable　lymphocytic　in丘ltration　was　noted　in
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the　papillary　layer　and　the　upper　dermis．　Destruction　of　papillary　capillaries　and　extravasation

of　erythrocytes　was　observed．　The　extravasated　erythrocytes　were　packed　in　the　papillary

layer（Fig．2）．

Figure　2・Histology　of　a　purpuric　patch．

　　He　was　treated　with　penicillin　and　tranexamic　acid（Transamin）．　One　week　af、er　the　6rst

examinatioll　the　rash　spread　to　his　buttocks，　and　it　then　subsided　gradually　over　the　fbllowing

2months．　However，　it　recurred　and　persisted　thereafter　in　spite　of　treatment．　As　we　noted　his

habit　of　taking　a　vitamin　B　l　preparation，　we　advised　him　to　stop　taking　the　drug．　The　activity

of　his　skin　lesions　was　reduced　rapidly　a丘er　stopping　this　habit．　We　attempted，　therefbre，　to

provoke　his　skin　lesions　by　giving　the　drug・When　he　took　25　mg　of　thiamine　propyldisul五de

（TPD），　his　skin　condition　showed　no　special　changes．　He　developed　a　purpuric　reaction，　how－

ever・after　taking　TPD　fbr　seven　days（total　dose　was　I　75　mg　TPD）（Fig．3）．　He　was　also　given

other　vitamin　Bl　preparations・He　took　25　mg　of　O，　S－dicarbethoxythiamine　hydrochloride

and　O－benzoyl　thiamine　disulfide　fbr　7　days　respectively．　He　responded　to　the　fbrmer　B　l

preparation　by　developing　purpuric　spots．　However，　he　did　not　respolld　to　the　latter　B　l

preparation（Fig・4）・Lymphocyte　transfbrmation　tests　against　these　vitamin　B　l　Preparations

gaVe　negatiVe　reSUItS．

Cαse　2

M．1．，a46－year－01d　male　dye血ctory　worker．　He　had　developed　skin　lesions　on　his　lower　legs
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Figure　3．　Purpuric　spots　induced　by　administration　of　TPD．

　　　　N＝C－NH2
　　　　　1　　1　　　　　　CHO

馬C－CC－CH2－N（　　　　　　　　　　　　　　　　　　　　　／5－S－CH2CH2C卜b

　　　　ll　　ll　　　　　　　　　　　　　　　　　　C＝C

　　　　・－CH　　！＼CH2CHOH
　　　　　　　　　　　　　　　　　　CH3

　　Thiamine　propyldisulfide　（TPD）

　　　　N＝C－NH2

・・C－

1÷－CH・－N（：1：．・－C…、H5

　　　　N－CH　　と・、＼CH・CH・°’C°°C・H

　　O，　S－Dicarbethoxy七hiamine　hydrochloride

　　　　N＝C－NH2
　　　　　1　1
　　　　　　　　　　　　　　　　　／CHO

H・C一 品一CH・－N＼，．C・S←

　　　　　N－CH　l，、＼CH・CH・°C°C・H・

　O－Benzoylthiamine　disulfide　（BTDS）

　’HC卜H20

5

（DECT）

2

Figure　4・Chemical　structures　of　thiamine　preparations．



Chγo才Uc　p輌97neγτtεdρτ〃ρμγα 217

since　I　g74・Initially　the　lesions　were　limited　in　distribution　to　around　his　ankles．　They　spread

over　both　lower　extremities　in　February　I　g77・He　visited　a　dermatologist　and　was　given　an　oral

corticosteroid．　His　skin　lesions　subsided　within　2　weeks，　but　they　reappeared　when　the　amount

of　corticosteroid　was　reduced．　There　were　pin－head　sized　purpuric　spots　over　both　his　lower

extremities．　The　spots　were　grouped　to　fbrm　thumb－nail　sized　scaly　annular　purpuric　patches

on　the　lower　legs．　He　had　no　special　past　history　or⑫mily　history．　His　laboratory　examination

showed　normal　values負）r　RBC，　WBC　and　platelet　counts．　Both　bleed血g　and　coagulation

t㎞es　were　normal．　His　liver　and　renal　fhllction　test　showed　values　within　normal　rallges．

Anti－streptolysin　titre，　C－reactive　protein　and　rheumatoid　arthritis　tests　were　all　negative．　The

histopathology　of　his　skin　lesions　showed　exactly　the　same　pattern　as　that　in　Case　I　except　fbr

spongiosis．　The　activity　of　the　rash　was　reduced　by　giving　a　non－steroidal　anti－inHammatory

agent（sodium　diclofenac）and　it　was　completely　suppressed　within　I　month　by　this　treatment

combined　with　rest．　When　he　went　back　to　work，　his　skin　lesions　reappeared　on　the　lower　legs．

They　were　resistant　to　non－steroidal　anti－in且ammatory　agents，　We　advised　him　to　avoid

chemicals　in　the　factory　by　masking　his　mouth　and　nose　with　sheets　of　gauze．　The　activity　of

his　skin　lesions　was　reduced　rapidly．　Unfbrtunately　we　could　Ilot　get　his　collaboration　fbr

fUrther　studies　on　responsible　factors．

Discussion

Chronic　capillaritis　has　been　classified　into　two　categories　in　a　British　textbook；one　is　capil－

Iaritis　provoked　by　several　aetiological　f5ctors　such　as　drugs，　clothing　and　so　on，　and　the　other　is

capillaritis　of　unknown　cause（Champion，　I　g72）．　The　diseases　included　in　chronic　pigmented

purpura　are　members　of　the　latter　group．　The　two　cases　reported　in　this　paper　would　be

diagnosed　as　chronic　capillaritis　of　unknown　cause　or　chronic　pigmented　purpura　from　their

clinical　findings．　In　Case　I　the　skin　condition　was　diagnosed　rather　as　eczematid－like　purpura．

It　was　provoked　by　tak㎞g　a　vitam五1　B　l　preparation　and　disappeared　after　withdrawal　of　the

drug．　Two　out　of　three　thiamine　preparations　were　able　to　provoke　purpuric　spots　on　his　lower

legs．　A　single　dose　of　the　drug　was　not　suHicient」R）r　provocation　and　it　was　necessary　to　give

the　drug　fbr　at　least　7　days　to　provoke　the　lesions．　As　we　were　not　able　to　analyse　the　compo－

nents　of　the　B　l　tablet，　it　is　di伍cult　to　say　that　thiamine　itself　is　responsible　fbr　the　purpuric

reaction．　However，　it　is　plausible　that　thiamine　preparation　is　the　responsible　f5ctor　because　a

dif琵rent　coloured　tablet　of　thiamine，　O，S－dicarbethoxythiamine　hydrochloride，　was　also　able

to　provoke　the　skin　lesions．　It　has　been　reported　that　a　thiamine　preparation　was　able　to

provoke　contact　dermatitis（Hlorth，　Ig58）and　toxic　erythema（Miura，　I　g58）．　However，

vascular　damage　by　thiamine　has　not　been　reported　befbre．

　　　In　Case　2　the　skin　condition　was　diagnosed　as　annular　telangiectatic　purpura　of　Malocchi．

We　were　not　able　to　analyse　the　responsible　chemicals．　He　was　working　in　a　dye魚ctory．　His

workplace　was負lled　with　dust　f士om　sulphated　and　azo　dyes．　He　complained　that　his　mouth　alld

nose　were　covered　with　dye－dust　by　working　even　half　a　day　in　the　factory．　As　his　skin　lesions

cleared　whell　using　a　mask，　it　is　possible　that　the　dust　penetrated伽m　his　mucous　membrane

to　damage　the　capillary　endothelium．

　　　Few　drugs　have　been　listed　as　substances　which　cause　damage　to　the　capillary　endothelium



218 K．NisMoたα，　C．SαγαsMα砿LKαt（砂αmα

（Champion，　Ig72）．　Carbromal　was　reported　to　induce　a　purpuric　reaction　shnilar　to　Scham－

berg，s　disease（Rosenthal＆Burnham，　Ig64；Peterson＆Manick，　Ig67）・Meprobamate　can

cross－react　with　carbromal　toμovoke　the　purpuric　reaction（Mar㎝ssen，　Ig58；Peterson＆

jMallick，　Ig67）．　Howeveらthese　drugs　were　listed　as　special　cases　of　drug－induced　capillary

damage．

　　　The　mechanism　ullderlying　chrollic　pigmented　purpura　produced　by　bromcarbromide

was　speculated　upoll　after　an　electroll　microscopic　observation　of　the　lesion（Berger＆Hage－

dor11，　Ig73）．　The　authors　observed　a　perivas㏄1ar　monocytic　in創tration　similar　to　that　in　the

tuberculin　reacdon　and　speculated　that　chronic　pigmented　purpura　is　an　allergic　reacdon　of

delayed　type．　This　idea　is　attractive　as　deposition　of㎞皿oglobulin姐d　complement　com－

ponents　has　not　been　demonstrated　in　the　af丘cted　blood　vessels．　However，　it　is　di伍cult　to

attribute　the　purpuric　reaction　to　an　allergic　reaction　of　delayed　type丘om　the　present　evidence

accu】mulated　ill　chronic　pigmented　purpura（Rosel1也a1＆Bumham，　I　g64）．　Capillary　damage

can　also　be　produced　either　by　toxic　substances　or　by　all　allergic　reaction　mediated　by　h㎜oral

antibodies．　Although　the　mechanism　illvolved　in　these　two　cases　is　not　easy　to　expla血at

present，　it　is　plausible　that　a　toxic　ef琵ct　of　vitamin　B　l　preparation　could　be　responsible　fbr　the

production　of　vascular　lesions　in　Case　I　because　of　both　lhe　necessity　fbr　amounts　of　Bl

preparations　greater　than　one　dose　fbr　provocation　and　negative　lymphocyte　transfbrmatioll

tests　to　the】m．　There」R）re，　aetiological　f≒ctors　and　the丘mLode　of　action　should　be　elucidated

when　similar　cases　with　chronic　pigmented　purpura　are　accumulated　in　the　f廿ture．
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