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ABSTRACT

　　　The　hemidesmosomc　(HD)is　a　cc11-to-substratc　adhesion　apparatus　found　in　stratificd

and　complcx　ePithclia.　0ne　of　thc　Putativc　ce11‘matrix　adhesion　molccules　prcscnt　in　thc　HD　is

thc　1　80　kDa　bullous　pemphigoid　antigen　(BP180).BP180,　also　temled　typc　xvll　collagenjs

a　transmembrane　glycoprotcin　comprising　inteITuPtcd　conagen　domains　in　its　extraccnular　part.

But　the　qucstion　of　whethcr　it　actually　takes　a　collagen'1ike　triplc　hclical　conformation　jFμWFθ

has　remained　unanswercd.

　　　Using　a　monoclonal　antibody,　l　found　that　a　subPOPulation　of　BP180　1ocalizcs　at　the

lateral　surfaces　of　comcal　basal　cells　and　cultured　cclls,　in　addition　to　the　basal　surface.　This

subPopulation　of　BP180　could　bc　solubilized　by　O.5%Ttiton　x“100,　and　among　examined　ccn

lines,was　found　to　be　most　abundant　in　BMGE+H,　a　bovinc　mammary　gland　cpithelial　ce11

1ine.The　Triton-soluble　fraction　of　BMGE+H　cells　was　used　for　characterization.　0n　sucrosc

gradient　ccntrifugation,　the　solublc　BP180　demonstrated　a　value　of　approximatcly　7　S,　and

chcmical　crosslinking　expcriments　revealcd　a　trimer　form.　The　calculatcd　frictiona1　ratio,

jjo°　2.8,　suggests　an　asymmctric　configuration.　For　furthcr　characterization,　l　purificd　thc

soluble　human　and　bovine　BP180　by　immunoaffinity　column　chromatograPhy　using　an　anti'

BP180　monoclonal　antibody.　Rotary　shadowing　images　of　thc　purificd　BP180　showed　a

quavcr'1ike　molccule　consisting　of　a　globular　hcad,　a　ccntra1　rod　and　a　ncxible　tai1.　XVith　rcgard

to　the　Primary　structurc　and　sPecics　comParisons,　the　centra1　rod,　60-70　nm　in　lcngth,

Probably　colTesPonds　to　thc　largest　collagenous　rcgionjorming　a　collagcn-1ikc　triplc　hclix.

Thc　globular　hcad　and　the　flcxiblc　tail　sccm　to　rcsPectivcly　colTcspond　to　the　cytoplasmic　and

thc　intemlptcd　collagenous　rcgion　of　the　cxtmccllular　portions.　Thc　present　demonstration　of

thc　entirc　configuration　of　BP180,　with　a　collagcn-1ikc　trimer　in　its　extraccllular　part,　suggcsts

that　BP180　is　one　of　thc　major　componcnts　of　anchoring　nlaments　which　conncct

hemidesmosomcs　to　the　basement　membranc.

　　　ln　thc　Previous　study　of　our　laboratory,　using　a　monoclonal　antibody,　we　have　detected　a
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120　kDa　collagcnase-scnsitive　polypcptide　in　thc　HD　fraction.　Thc　scnsitivity　suggcsts　thc

prcsence　of　collagenous　sequence　in　the　polypcptide.　Thereforc　the　following　study　was

undcrtaken　to　assess　thc　rclation　of　thc　120　kDa　Polypeptide　to　BP180.　1mmunofluorescence

microscopy　of　bovinc　skin　rcvealcd　thc　bascmcnt　mcmbranc　zonc　of　skin　to　bc　staincd　clearly

with　mAb-1337,　whereas　the　lateral　surfaces　of　b4sal　cells,　which　were　decorated　by　typica1

antibodies　against　BP180,　wcre　not.　The　antibody　did　not　dctcct　HDs　in　culturcd　cclls　but

rathcr　in　thc　culture　mcdium.　Thesc　rcsults　arc　quitc　diffcrcnt　from　thosc　of　othcr　tyPical　anti

BP180　mAbs,　and　indicate　a　localization　of　mAb‘1337　antigen　distinct　from　BP180.

Howevcr,　the　same　PolyPeptide　was　also　recognized　by　monoclonal　antibodies　to　the

cxtmccUular　but　not　thc　cytoplasmic　part　of　BP180,　and　found　to　react　with　a　polyclona1

antibody　against　thc　non-collagenous　(NC)16A　domain　of　BP180.　Thercfore,　the　120　kDa

Polypeptide　was　identified　as　an　extmccllular　fragmcnt　of　BP180.　This　idcntification　was

supportcd　by　thc　dctcction　of　60　kDa　polypcptidcs　on　immunoblotting　of　cultured　cell　extract

using　monoclonal　antibodies　to　thc　cytoplasmic　but　not　to　thc　cxtraccllular　part　of　BP180.　Thc

60　kDa　polypePtide　aPpcars　to　bc　the　remnant　BP180　aftcr　rcnloval　of　its　120　kDa　cxtraccllular

fragment.　Ttimer　formation　by　thc　120　kDa　fragmcnt　was　conflrmcd　using　non'boilcd

sPccimens.　mAb‘1337　immunoPrecipitatcd　thc　120　kDa　fragmcnt　from　thc　medium,　but　not

the　180　kDa　molccule　of　BP180　cxtracted　from　cultured　cellsjndicating　that　thc　antibody

sPccmcally　rccognizcs　the　fragment.　Thc　mAb'1337　apparently　recognizes　a　unique　epitopc

that　is　cxPosed　or　formcd　by　the　cleavagc.　Hcncc　thc　staining　Pattcm　obscrved　for　bovinc　skin

demonstrated　thc　presence　of　the　120　kDa　extracenular　fragment.　Rotary　shadow　electron

microscopy　of　amnity-Purified　120　kDa　fragments　demonstrated　that　thcy　have　thc　uniquc

molecular　shapc　consisting　of　a　ccntra1　rod　and　a　ncxiblc　tai1,　without　thc　globular　head　that　is

Present　in　thc　BP180　molecule.

　　　From　these　rcsults,　l　conclude　that　mAb-1337　shows　uniquc　cpitopc　spccmcity,

rccognizing　only　thc　120　kDa　cxtraccnular　fragmcnt　of　BP180　which　is　constitutively　cleavcd

on　thc　ccn　surfacc　as　a　120　kDa　fragmcnt　both　in　i　vμθand㎞jrrθ.

　　　BP180　is　a　transmcmbranc　glycoProtcin　comprising　collagen‘1ikc　triplc　hclical　strctchcs
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in　its　cxtracellular　part,　and　its　qualification　to　be　hemidesmosomal　aヽnchoring　nlamcnts

suggcsts　this　molccule　to　bc　an　absolutely　new　tyPc　of　adhesion　rcccpt6r.　Moreover,　BP180　is

a　targct　molecule　for　somc　tyPes　of　human　skin　autoimmunc　discase9　and　for　a　tyPc　of　human

�hcrited　skin　discases.　Thus　prescntcd　results　are　thought　to　indude　significant　contribution　to

pathology　and　biology　of　derma1-epidermal　adhcsion.
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INTRODUCTION

　　　ln　multicellular　organisms,　cell　adhesion　is　indispensable　for　assembhg　cells　together

(1).During　anjimal　devclopmcnt,　cell　adhesion　mcchanisms　have　bccn　thought　to　Play　cssentia1

roles　to　organize　differentiated　cells　into　tissucs　and　organs　spccializcd　for　the　physiologica1

function.　ln　thc　adult　body,　cell　adhcsion　systcms　conncct　cclls　stably　and　maintain　thc

structure　of　fully　dcvelopcd　tissucs.　Thc　fact　that　one　of　the　distinct　charactcristics　of　tumours

is　aberrant　cxPression　of　cell　adhcsion　molecules　indicates　the　imPortance　of　ccll　adhesion　in

maintenance　of　tissuc　integrity.　Recent　studies　have　rcvcaled　that　somc　constituents　of

adhesion　complcxcs　themsclves　are　tumor　supPrcssor　gcne　products　(2)･

　　　Adhesion　aPParatus　arc　multi'Protcin　comPlcxcs　to　conncct　cytoskcleton　of　a　cell　to　thc

cxtracellulal　matrix　or　its　ncighbors　(Tablc　1),and　arc　made　up　from　tWo　classcs　of　Protcins

(Fig.　1):(1)1ntraccUular　attachment　Protcins,　which　form　cytoplasmic　plaque　and　anchor　actin

filaments　or　intermediate　maments　to　the　adhesion　complex;　and　(2)transmembrane　adhesion

rcccPtors,which　associatc　with　attachmcnt　proteins　at　their　intraccllular　domains,　and　interact

with　cithcr　othcr　adhcsion　rcceptors　on　ncighboring　cclls　or　with　Proteins　of　cxtraccllular　matrix

at　thch･　cxtraccllular　domains.

　　　Hcmidesmosomcs　are　cell　to　matrix　adhesion　apParatus　dcveloped　in　stratified　and

complex　epithelia　which　cndurc　relatively　harder　mcchanical　strcss　than　other　cPithclial　tissucs

(3-6).Using　an　electron　microscopeμikc　dcsmosomcs,　hcmidesmosomes　arc　distinguishablc

by　their　electron　dense　cytoplasmic　stmcturc　tcrmed　hcmidesmosomal　plaque　(Fig.　2).The

namc　of　hcmidcsmosomcs,　which　means　half　dcsmosomes,　comes　f17om　thcir　morphologica1

rcscmblancc　to　desmosomcs.　However,　rcccnt　Progrcss　in　studies　of　the　hemidesmosomc　has

revealed　that　constituents　of　the　hcmidcsmosomc　are　vcry　differcnt　from　thosc　of　the

desmosomc　as　dcscribe　bclow.

　　　Hcmidcsmosomcs,　including　anchoring　nlaments　and　fibrils　are　adhcsion　comPlexes

mcdiating　firm　attachmcnt　of　cPithclial　basal　cclls　to　thc　undcrlying　basemcnt　mcmbranc,
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Table　1.　Classification　of　adhcsion　a　aratus.

/
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intermediate
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Figure　1.　Construction　of　adhesion　a　aratus.
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Figure　2
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Figurc　3.　Schematic　resentation　of　hcmidesmosomal　structure.
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thercby　mcchanicaUy　linking　thc　cytoPlasmic　kcratin　filament　network　to　collagcn　fibrils　and

othcr　cxtraccllular　matrix　componcnts　of　the　conncctivc　tissuc　(Fig.　3)･

　　　ln　the　proccss　of　epidcrmal　organization　and　diffcrentiation,　cells　dynamically　regulate

thcir　hcmidcsmosomcs　during　attachment　to　and　detachmcnt　from　thc　bascmcnt　mcmbranc.　ln

most　cases　this　involves　ncw　formation　of　hcmidcsmosomcs　but,　during　cell　movemcnt　in

wound　healing　and　differentiation　in　stratification,　hemidesmosomes　must　becomc　dctachcd

from　the　bascmcnt　mcmbranc,　with　separation　of　hcmidesmosomal　transmcmbranc　protcins

from　their　ligands　bcing　an　imPortant　stcP.　Howcvcr,　the　undcrlying　mcchanism　is　sti11　Poorly

undcrstood.

　　　ln　thc　past　decadcjt　has　becomc　clcar　that　thcre　arc　at　least　fivc　hcmidcsmosoma1

Protcins,　including　HD1/Plcctin　(7-9)and　BP230　(10-12)as　cytoplasmic　plaque　proteins　and

integrin　a6β4(13-15)and　BP180　(16-19)as　transmembrane　proteins　(Fig.　4).The　serum

from　a　Paticnt　with　an　autoimmunc　blist�ng　skin　discasc　named　bullous　pcmphigoid　was

demonstrated　to　recognize　antigenic　230　kDa　(BP230)and/or　180　kDa(BP180)polyPeptides　of

hemidesmosomes(20-22).ldentification　and　characterization　of　thesc　hemidcsmosoma1

constituents　have　led　to　the　new　finding　of　typc　ll　hemidesmosomes,　which　have　HD1/plectin

and　integrin　a　6β4　but　lack　thc　two　BP　antigcns　and　distinct　plaques,　and　exist　in　certain　cc11

tyPes　such　as　endothelia1,　Schwann　and　astroglial　cclls　(7,23)･

　　　Establishmcnt　of　an　isolation　proccdurc　of　hemidesmosomcs　(24)and　production　of

monodonal　antibodics　against　hcmidcsmosomal　constitucnts　havc　made　it　possiblc　to　scrcen

patients　with　inhcrited　skin　disease.　Ln　addition,　by　the　dctermination　of　comPlcte　nuclcic　acid

scqucnccs　of　hemidesmosomal　constitucntsjt　is　also　possiblc　to　detect　mutations　in　thcir　genes

encoding　thc　constitucnts.　Micc　with　targeted　gcnes　encoding　hemidcsmosomal　constitucnts

havc　becn　gcneratcd　and　thcir　dcficiencies　have　bccn　rcPortcd.　Thcsc　studics　revealcd　somc　of

the　constituents　to　havc　uncxPccted　novel　function　and　significancc　in　addition　to　the　dcrma1“

ePidcrmal　junction.　lt　has　bccn　shown　that　Patients　with　cpidcrmolysis　bullosa　simPlex　with

muscular　dystrophy,　a　tyPc　of　inhcritcd　skin　discases7　havc　mutations　in　thc1r　gcnes　of
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HD　1/Plectin　(25-27).Thc　rcsult　indicates　that　HD1/　plcctin　is　responsible　for　musclc　tissuc

intcgrity　in　addition　to　the　dcrma1‘ePidcrmal　adhesion.　Studics　on　BP230　gcnc　knock'out

mouse　havc　dcmonstrated　the　cxprcssion　of　spccific　isoforms　of　BP230　in　somc　ncural　tissucs

and　thcir　crucia1　rolc　in　maintenancc　and　survival　of　ncuron　during　adult　age　(28-30).

　　　Thc　hemidesmosomal　tansmcmbranc　Protcins　are　considcred　to　functionasadhcsion

recePtors.　Therc　arc　at　least　thJrcc　hcmidcsmosomal　transmcmbranc　polypcptidcsj.c.　integrin

a6　and　β4　subunits　and　BP180,　which　is　also　caUcd　typc　xvll　collagcn.　The　intcgrin　(z6β4,

all　adhesion　moleculc　whose　ligands　arc　laminins(31-33),especially　laminin‘5,　Plays　an

cssentia1　role　in　assembly　and　functioning　of　hemidesmosomcs　(33,　34).Mutations　of　the　134

integrin　genc　havc　bcen　described　in　some　forms　of　junctional　cpidermolysis　bullosa　with

pyloric　atrcsia(JEB-PA)(35,　36)and　animals　with　talgcted　(z6　integrhl　or　β4　mutations　show

similar,butevcn　rnore　scveredeficiencies(37-39).Rcccntly,　Hopkinson　er�.havc　shown

that　integrin　a6　subunit　intcracts　with　BP180　(40).0n　thc　othcr　hand,　Borradori　er�.havc

reported　the　interaction　between　cytoplasmic　domain　of　β4　and　that　of　BP180　(41).Thcse

rcsults　suggest　that　the　a6β4　complex　plays　a　major　rolc　in　epidcrmal　cc11'bascment　mcmbrane

adhcsion.　Morcovcr,studies　of　Giancotti　and　his　coworkcrs　havc　shown　that　laminin　binding

to　thc　a6β4　integrin　causes　tyrosinc　phosphorylation　of　thc　l34　subunit　and　consequent

activation　of　M･∫‘M〕AP　kinase　pathway　(4243)･

　　　BP180,a　180　kDa　bullous　pemphigoid　antigen,　is　a　tyPC　Il　transmcmbranc　glycoprotcin

with　a　collagcnous　carboxy1-tcrminal　cxtmccllular　domain　and　a　nonconagenous　amino-tcrmina1

cytoplasmic　domain(16-19).Thc　extmccllular　domain　is　intcrrupted　by　non-triplc-helica1

sequcnccs,consisting　of　15　separate　triplc-hclical　strctches　in　the　human　form　and　13　in　the

mousc(Fig.　5).Autoantibodics　to　BP180　arc　thought　to　Play　a　crucia1　rolc　in　skin　blistcring　in

patients　with　bullous　pcmphigoid,　herpes　gestationis,　and　dcatridal　pemPhigoid　(20,44,　45)･

This　is　supPortcd　by　findings　with　a　passivc　transfer　mode1,　fcaturinginjcction　of　mbbit

Polyclonal　antibodies　against　a　Pathogenic　cpitoPc　of　BP180　into　neonatal　micc　(46).ln

addition,mutations�thc　BP180　genc　havc　bcen　found　in　cases　of　gcncralizcd　atroPhic　bcnign
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Thc　schematic　domain　organization　of　human　BP180　is　based　on　thc　primary　structural　analysis

Performcd　by　Giudice　ea/･　(16)and　that　of　mousc　BP180　is　based　on　the　analysis　by　Li　er

�.(18).Cyto,　TM　and　Ext　ale　thc　cytoplasmic,　transmembrane　and　extmcellular　portions　of

BP180,rcspcctivcly･
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epidermolysis　bullosa,　which　is　characterized　by　univcrsal　aloPecia　and　atrophy　of　thc　skin

(47-50).Howcver,whilc　these　rcsults　suggcst　an　imPortant　role　for　BP180　in　ccll　to

extraccllular　matrix　adhesion,　in　contrast　to　intcgrin　(161347　our　understanding　of　thc　molecular

biology　of　BP180　is　quite　limited,　and　evcn　its　ligand(s)is　unknown.　0ne　of　the　rcmained

problems　to　be　resolved　concems　thc　molecular　shaPe　of　BP180.　For　cxamplcjts　cxtraccllular

collagenous　sequence　suggcsts　collagcn-1ike　�mcr　formation,　but　biochcmical　confirmation　of

this　has　not　becn　accomplishcd,　because　of　thc　high　insolubility　and　vcry　low　amounts　of

hemidesmosomcs　in　tissues.　Clcarly,　this　problem　must　be　overcomc　to　facmtatc　further

undcrstanding　of　molccular　architecture　of　hemidesmosomcs.

　　　ln　thc　first　scction　of　thc　results,　l　purificd　BP180　from　thc　O.5%Ttiton　x‘100　soluble

fraction　of　culturcd　cells　and　analyzcd　its　molccular　configuration　biochcmically　and

ultrastmcturally･

　　　ln　the　sccond,　l　present　cvidence　that　in　both　tissuc　and　culture　cells　can　scvcr　the

cxtmccllular　portion　of　the　BP180　molccule　from　thcir　surfacc.　Thc　biological　significancc　of

this　finding　will　bc　considcred　with　rcfcrcncc　to　detachmcnt　of　hcmidesmosomes　from　the

basement　membranc.
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NIATERIALS　AND　NIETHODS

jμ�)θ&6

　　　Mouse　monoclonal　antibodics　(mAbs)against　hcmidesmosomal　protcins　were　prepared

by　immunizing　micc　with　the　hcmidesmosome　fraction　isolatcd　from　bovine　comeal　cpithelia1

cells,as　dcs�bcd　prcviously(24).mAb‘233,　mAb'1D1,　mAb-D20　and　mAbsR223　arc

against　the　extraccllular　Part　and　mAb'1A8c　and　mAb4A6　arc　against　the　cytoPlasmic　part　of

BP180(19).Epitopes　of　mAb-233　and　mAb-1Dl　arc　mapPed　on　the　carboxy1'terminal　half,

and　that　of　mAb'D20　is　mapPcd　on　the　amino'tcrminal　half　of　thc　extmcenular　part

(unPublished　data).mAb-1E5　binds　specifically　to　BP230.　mAb-855,　mAb-310　and　mAb-

617　target　the　extraccllular　Part　and　mAb'1A3　targets　the　cytoplasmic　part　of　thc　integrin　β4

subunit.　For　immunofluorcsccnce　microscopy,　hybridoma　supematants　of　cach　mAb　wcre

diluted　to　)(5　0　thcir　antibody　titcrs,　i.c.　50　fold　thc　critical　concentration　to　dctcct　thc　antigcn　in

skin　BMZ　by　immunofluorcsccnce　microscoPy.　BP　serum　that　recognizcs　both　230　and　180

kDa　polypeptidcs　was　kindly　provided　by　Dr.　S.　Fujiwara　of　Ooita　Medica1　College　(Ooita,

JaPan)･

　　　Purified　ascitcs　nuid　of　mAb‘233　was　biotinylatcd　for　some　exPerimcnts.　Thc　Purified

immunoglobulin　fraction　of　mAb-233　was　mixed　with　sulfosuccinimidobiotin　in　O.1　M　HEPES

buffer(PH　8.0)containing　50　mM　NaCl　to　a　biotin/mAb-233　molar　ratio　of　20.　After

incubation　for　60　min　at　room　tempcrature,　thc　reactiongrasstoPPed　by　the　addition　of　1M

Tris'HC1(PH7.5),and　the　fraction　containing　biotinylatcd　antibody　was　dialyzcd　against　Tris‘

buffered　sahe　(TBS).

　　　Mousc　Polyclonal　anti　NC16A　antibody　was　Prepared　by　immunizing　a　mouse　with　thc

human　NC16A　domain　fused　with　glutathion　S　transfcrasc　(32).

C£?//∫αμj　ce//　c�mrG

　　　BMGE+H　and　BMGE-H　cclls　,　mammary　gland　epithelial　cc11　1incs　derived　from　a
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1actating　bovine　uddcr,　were　thc　kind　gift　of　Dr.　W.　W.　Franke　of　thc　GcrrnanCancer　Rcsealch

Ccntcr(Heidclberg,Gcrmany)(51).BMGE+H　cells　wcrc　grown　in　Dulbccco's　modificd

Eagle　mcdium(DMEM)containing　20%fctal　calf　scrum　supplcmented　with　1　μg/ml　insulin,　1

μg/ml　hydrocortisonc,　and　1　μg/ml　prolactin　(Sigma　Chcmica1　Co･,　St.　Louis,　MO),and

BMGE-H　cclls　wcrc　grown　in　DM:EM　containing　20%fctal　calf　scmm　as　dcscribed　by　Schmid

erα/･(51).DJMsl　cells,　a　human　skin　squamous　carcinoma　cc11　1ine,　were　kindly　provided　by

Dr.　Y.　Kitajima　of　Gifu　university　(Gifu,　Japan)and　grown　in　Eagle's　mcdium　containing

10%fetal　calf　scrum　suPplcmcntcd　with　O.4　μg/ml　hydrocortisone,　20　ng/ml　cpidcrmal　growth

factor　and　84　ng/ml　cholera　toxin　as　described　by　Kitajima　er　�･(52).A431　cclls,　an

ePidcrmal　cell　carcinoma　cc11　Unc　derivcd　from　human　vulva,　and　FRSK　cells,　a　keratinocytc

nnc　derivcd　from　rat　foreskin,　wcrc　obtained　from　thc　Japancsc　Cancer　Rcscarch　Rcsourccs

Bank(Tokyo,Japan).The　A431　cells　were　grown　in　DMEM　with　high　glucose　containi2ng

10%fctal　calf　scrum　and　the　FRSK　cells　were　grown　in　Eaglc's　medium　containing　10%fcta1

calf　scrum.

7/?7z77£g∂μ£4θΓaceμce　jWjcra∫cθμy

　　　Freshly　preparcd　tissues　wcrc　snap'frozen　in　isopentanc　precooled　in　liquid　nitrogcn.

Thc　isolatcd　epithelia　of　comeas　from　bovine　wcre　cmbcdded　in　OCT　ComPound　(Miles,

Elkhart,IN)and　immediately　frozen.　Sections　from　frozen　sPecimens　were　cut　at　5-6μm　with

a　cryostat,　mounted　on　glass　slidcs,　air　dried,　and　fixed　in　100%acetonc　at　-20　°C　for　10　min.

ln　somc　cases　the　scctions　wcrc　treatcd　with　0.5%Ttiton　x-100　(TX-100)or　1.5　M　KCl　in

PBS　bcfore　fixation.　Thc　sections　were　then　incubated　with　primary　antibodics　for　30　min　at

room　tcmperature,　washcd　in　PBS,　and　incubatcd　again　with　nuoresccnt　dye-conjugated

secondary　antibodics.　After　washing　in　PBS,　thc　specimens　were　mountcd　with　PcrmaFluor

(LiPshaw　lmmunon,　Pittsburgh,PA).Cclls　grown　on　glass　coversliPs　were　fixed　with

acctonc　at　-20　°C　for　5　min　and　air-dricd.　For　thc　Triton　trcatmcnt,　intact　cclls　on　covcrsliPs

wcrc　rinsed　in　PBS　and　incubatcd　in　TX-PBS　for　5　min　on　icc　beforc　fixation.　Thesc　cclls

wcrc　staincd　with　antibodies　as　describcd　above.
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fyαcliθzz∫β7‘gMrejμθz??　c�Zzzrej　ce/&

　　　For　thc　prcparation　of　Triton　x-100　soluble　and　-insolublc　fractions　uscd　in　thc　flrst

scction　of　the　results,　cclls　wcrc　rinsed　in　Phosphatc‘buffered　salinc　(PBS),scraped　from

dishes,and　homogcnizcd　on　ice　in　a　low-salt　buffcr　solution　(140　mNI　NaC1,　5　mM　EDTA,　10

�vl　Tris-HC1　PH　7.4)contain≒10.5%non　ionic　detergent　Triton　x-100　(TX)and　l　mM

phenylmethylsulfonyl　nuoride　(PMSF),5μg/ml　leuPeptin,　and　5μg/ml　pePstatin　A.　After

cxtraction　for　30　min　on　icc,　cclls　wcrc　homogcnizcd　and　ccntrifugcd　at　30,000)(g　for　30　min

to　yield　TX-solublc　(supematant)and　-insoluble　(pellet)fractions.

　　　For　the　prcparation　of　cytosolic,　TX-solublc　mcmbrane‘bound　and　TX‘insoluble　fractions,

cells　werc　rinscd　in　phosPhate'buffered　saline　(PBS),scraPed　from　dishcs,　and　homogcnizcd

on　ice　in　a　lysis　buffer　(50　mM　NaC1,　5　mM　EDTA,　20　mM　Tris-HCl　pH　7.4)containhlg　1

mM　phenylmethylsulfonyl　nuoride　(PMSF),5μg/ml　leupeptin,　and　5μg/ml　pepstatin　A.　After

extraction　for　30　min　on　ice,　cells　were　ccntrifuged　at　30,000xg　for　30　min,　and　the　rcsultant

supematants　werc　collccted　as　cytosolic　fractions.　Then　residual　pcllets　were　resuspendcd　and

cxtTactcd　in　a　low-salt　buffer　solution　(150　mlvl　NaC1,　5　mlM　EDTA,　20　mlvl　Tris-HCl　pH　7.4)

containing　nonionjc　detergent　O.5%TX‘100,1　mM　PMSF,　5μg/ml　lcupePtin,　and　5　μg/m1

pepstatin　A,　and　were　centrifugcd　to　yield　TX゛solublc　membranc-bound　(supematant)and　TX'

insoluble(Pellet)fractions.　Cytoskeletal　fractions　werc　recovered　from　pellcts　by　resuspension

of　TX'insolublc　fractions　in　a　high　salt　buffer　solution　(1.5　M　KC1,　5　mlvl　EDTA,　20　mM　Tris'

HCl　pH　7.4)containing　O.5%TX-100.

　　　Conditioned　mcdium　collcctcd　from　3　day　culturcs　was　ccntrifugcd　at　1,000　rpm　for　10

min　to　removc　unattached　cclls　and　5　mM　EDTAμmM　PMSF,　5　μg/ml　leuPeptin　and　0.1mM

y-cthylmalcimide1¥ercaddcd.　Proteins　wcrc　prccipitated　by　the　addition　of　saturatcd

ammonium　sulfatc　solution　(half　thc　volume　of　the　medium).Prccipitatcs　werc　rcsuspcnded　in

TBS　containing　lmM　EDTA　as　thc　mcdium　fractions.　ln　some　cxperimcnts,　the　spcnt　medium

was　prcciPitated　flrst　with　50%ammonium　sulfate　for　conccntration,　and　subscqucntly　the

prccipitant　dissolved　in　TBS　containing　l　mM　EDTA　was　prcciPitated　with　33%ammonium
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sulfate.

　　　For　immunoprccipitation,　the　resusPcnsion　buffcr　for　the　medium　fractions　was　changed

to　a　low-salt　buffer　containijng　O.5%TX-100,to　cqualizc　thc　buffcr　conditions　for　thc　TX-

soluble　membranc-bound　fractions.

Zyθ&rjθμy/lez77�6gθ5θ/7?6

　　　Hcmidcsmosomes　wcrc　isolated　from　bovine　comeal　cpithelial　cells,　as　dcscribed

previously(24)･

Cθ&zgeμαg　17'eα1777ezzr¥c�rMrej　ce&

　　　Collagcnase　from　C/θ∫�･£z/77　/1£∫a/yrjc£4zμ(Amano　Pharmaceutica1,Japan)was　added

at　50　Mandlc　units/ml　final　conccntration　to　thc　culturc　medium　of　scmiconnucnt　cultured

BMGE+H　cells.　After　treatmcnt　for　60　min　at　37　°C,　thc　culture　mcdium　containing

collagcnasc　was　removcd　and　cells　werc　proccssed　for　the　preparation　of　O.5%TX'soluble　and

-insolublc　fractions　as　described　above.

G9/&geμ･7,5e&ge∫£M¥&eμZ)々αdfθμ

　　　Collagcnase　from　C/θ5�&14z77　/larθ/yrfclj/η(Amano　Pharmaccutica1,　Japan)was　addcd

at　50　Mandlc　units/ml　final　conccntration　to　the　HD　fraction　isolated　from　comcas　of　30　bovinc

eyes.　After　incubation　for　60　min　at　37　°C,　the　enzymatic　rcaction　was　stoPped　by　the　addition

ofx2　SDS'sample　buffcr.

£/ecZ7‘9μ/1θΓa&αz�j/?7z7mμ&'&�zzg

　　　SDS'PAGE　was　performcd　according　to　the　mcthod　of　Laemmli　with　a　slight

modification(53).lmmunoblotting　was　performcd　using　SDS'PAGE　and　subsequent

electroPhoretic　transfer　onto　nitrocellulosc　shcets　using　a　scmi-dry　system　as　previously

described(7).
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from　thc　bottom　of　the　tubcs.　Thc　fractions　wcrc　analyzcd　by　SDS-PAGE　and

immunoblotting.　Thefrictional　ratio　of　BP180･μfO　°　2.8･　゛as　calcu�ted　from520,W　and

thc　cxpccted　molecular　mass　of　trimcric　BP180,　assuming　thc　usual　valucs　of　O.73　m1/g　for

partial　specificvolumc　and　0.4g/μor　hydration.　Standards　and　coITcsponding520,W　values

were　thyroglobulin　(19.3　S),bovine　liver　catalase　(11.3　S),ycast　alcohol　dehydrogenase　(7.6

S),and　bovinc　serum　albumin　(4.6S).

£θw-αμg/e　Γθa?-jlα&}wMg　e/ecrrθμ/㎡cΓθ･∫cθμy

　　　Affinity'purified　specimens　wcre　dialyzcd　against　50%glycerol　in　TBS　at　4　°C　for　16　h.

Thc　samPlcs　wcrc　sprayed　by　using　an　air　brush　onto　frcshly　clcaved　mica.　Thc　droplcts　on

the　mica　wcrc　dried　at　roomtemPcraturcin　a　vacuumat　10‾8　mmHg　in　ncwly　devcloPed

frccze'etch　equipment(Hitachi　HR7000)for　10　min.　Dried　sPecimcns　were　rotary'shadowcd

with　Platinum　using　an　clcctron　gun　Positioncd　at　2.5°　to　thc　mica　surfacc,　and　thcn　coatcd　with

a　film　of　carbon　generated　by　an　electron　gun　positioned　at　90°　to　the　mica　surface.　The　rePlica

was　floated　on　distilled　watcr　and　collectcd　on　a　grid　covcrcd　with　formvar-mm.　Thc

sPecimens　wcre　obscrved　with　a　JTEM　100Cx　elcctron　microscoPc.
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PART　I

Demonstration　of　the　molecular　shape　of　BP180

　　　and　its　potential　for　trimer　formation

22



RESULTS

£∂cα/&z&M¥7Mωμ-∫θ/�)/eβ?78θ･c∂Maz/　9j&e/jaz77αμjc�mrej　ce&

　　　Thc　precisc　localization　of　BP180　in　comcal　cPithclium　was　examincd　by

immunonuorescence　microscopy　with　a　monoclonal　antibody　(mAb).ln　addition　to　thc　basa1

surfacc　of　thc　basal　cellsjmmunonuorescence　staining　was　observed　on　latcral　surfaces　where

hcmidcsmosomes　arc　not　localized　(Fig.　6A).Howcvcr,in　Triton　x'100　treated　specimcns,

the　lateral　staining　was　lost　comPletely,　while　thc　basal　one　was　still　clcarly　obscrvcd　(Fig･

6B).BP230　showed　only　basal　localization　with　or　without　Triton　x　trcatmcnt　(Fig.　6D).

Thcse　results　suggcst　that　the　latera1　BP180　is　frec　from　thc　cytoskcleton　and　not　incorporated

into　hcmidcsmosomes.　I　refcr　to　this　subpopulation　as　TX“soluble　BP180.

　　　To　determine　whether　thc　TX-solublc　BP180　similarly　exists　also　in　culturcd　cells,

BMGE+H　cclls　and　DJM-1　cells　were　cxamined　by　immunofluoresccncc　microscopy･

Hcmidcsmosomes　wcrc　obscrvcd　as　dot-1ikc　staining　in　BMGE+H　cclls　(Fig.　6E)and　in　an

arc'　or　leopard　skin'1ike　pattcm　in　DJM-1　cells　(Fig.　6G),but　additional　non'ventral　staining

was　also　observed　around　cc11-to-cell　bordcrs　and　what　appeared　to　bc　thc　wholc　cell　surfaces

in　both　ce1Hines.　ln　Triton-treated　cclls,　hemidcsmosomcs　wcre　still　obscrvcd　clcarly　but　the

non'ventral　staining　was　lost　entircly,　showing　that　non-ventra1　BP180　corrcsponds　to　thc　TX'

soluble　BP180　of　comeal　ePithelial　cells　(Fig.　6,　F　and　H)･

Z∫∂&rjθμαμj　jeMc&M　y　72x;-5θ/�)/e　j?78θ･c�mrej　ce&々y　j/77/77£a�)/θ�zzg

　　　TX-soluble　and　-insolublc　fractions　of　BMGE+H　cclls,　DJXI-1　cells,A431　cells　and

FRSK　cclls　werc　cxamined　by　immunoblotting　using　mAb-233　and　-1A8C,　which　rccognizc

cxtracellular　and　cytoPlasmic　Parts　of　BP180,　respcctively　(Fig.　7,　A　and　B).Among　the　four

cc111ines,TX-solublc　BP180　was　found　to　bc　most　abundant　in　BMGE+H　cclls,　so　that　this

cc11　Unc　was　chosen　for　furthcr　charactcrization　of　BP180.　Thc　ratio　of　soluble　to　insolublc.

BP180　in　BMGE+H　cclls　was　roughly　2　to　1.
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Figurc　6

thc　locations　of　Taon-solublc　BP180.

Comeal　epithelia　were　stained　with　anti-BP180　mAb-233(AandB)and　antj-BP230　mAb-1E5

(D).A　phase　contrast　image　of　A　is　shown　in　C.　B　was　treated　with　O.5%Tiiton　x-100

bcfore　fixation.　BMGE+H　cells(E,F)and　DJM-1　cells(G,H)were　stained　with　mAb-233jn

the　F　and　H　cases　aner　treatment　with　Tjton　x-100.　Arrows　in　E　and　G　idicate　ceU-ce11

borders.　Bars:(A-D)50μm;(E-F)25μm.
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Figurc　7.
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A;　Coomassie　blue　staining　of　Triton　x-100-soluble　(S),-hlsoluble(P)and　hemidesmosome

(HD)fractions.The　HD　fraction　was　uscd　as　a　contro1.　To　compalc　the　content　of　BP180　in

each　fraction,　800μ1　samPles　of　solublc　and　isoluble　fTactions　werc　prepared　from　each　ceU

linc,at　connucncc　in　6　cm　diamctcr　dishes,　and　40μ1　aliquots　were　applied　to　SDS-PAGE.

Molecular　weight　markers　(M)are　myosin　heavy　chain　(205,000),β-galactosidase(116,000),

BSA(66,000)and　aldolase　(42,000)･

B;　lmmunoblott㎞g　of　Triton　x-100-soluble,-insoluble　and　HD　fractions.　Fractions　were

prepared　as　for　A.　1;　lmmunoblotting　with　mAb-233.　2;　lmmunoblotting　with　mAb-1A8c.

T11e　arrowheads　dcnote　the　180　kDa　polyPeptide　of　BP180.

C;　Conagcnase　sensitivity　of　BP180　in　thc　Triton-soluble　fraction.　Triton　x-100　solublc

fractions　preParcd　from　BMGE+H　cells　cultured　in　the　abscncc　(1anes　l　aJld　2)and　prcsence

(1ancs3and4)of　coUagenase　were　stah!ed　with　Coomassie　(1anes　l　and　3)and　immunoblotted

with　mAb-233　(1anes　2　and　4).The　180　kDa　polypeptidc　(arrow　hcad)in　lane　2　is　not　present

in　lane　3.

25



　　　Surface　localization　of　TX-soluble　BP180　was　confirmcd　by　its　scnsitivity　to　collagenasc

trcatment　of　living　cells　(Fig.　7C).ln　intact　cells,　a　180　kD4　band　was　recognized　by　mAb'233

whose　cpitope　localizcs　to　the　collagcnous　extracenular　region　of　BP180　(Fig.　7C,　1anc　2),but

was　comPletely　absent　in　specimens　prcParcd　from　cells　treatcd　with　collagcnasc　(Fig.　7Cμanc

4).

C71ez㎡c�cΓθ∬/&μzzg

　　　Thc　prcsencc　of　collagenous　sequcnccs　in　the　extracellular　part　of　BP180　suggests　that　a

collagen-1ike　trimer　conformation　may　exist.　Chemical　crosslinking　experiments　are　effectivc

for　investigating　this　possibility.　Thc　TX-solublc　fraction　was　treatcd　for　l　h　on　ice　with　2.5

μM　or250μM　DSP,　a　homobifunctiona1　reagent　that　crosslinks　betwecn　amino　bases,　and

analyzed　by　immunoblotting　using　mAb-233(Fig.　8A).After　crosslinking,　the　180　kDa　band

detccted　in　the　intact　fraction　was　reduccd　or　disapPcarcd,　and　instcad　two　b4nds　with　higher

molecular　masscs,　about　400　and　600　kDa,　ncwly　appearcd.　Since　the　expected　apparcnt

molecular　masses　of　dimers　and　trimers　of　BP180　are　360　kDa　and　540　kDa,　rcspectively,　the

400　and　600　kDa　bands　might　resPectivcly　correspond　to　such　crosslinked　forms.

Altcmativclyjt　is　possiblc　that　crosslinking　bctwccn　BP180　and　othcr　associatcd　protcins

caused　these　highcr　molecular　mass　bands.　ln　order　to　determinc　whethcr　BP180　itself　forms

the　samc　crosslinkcd　products,　l　immunoprecipitated　BP180　from　thc　TX'soluble　fraction　of

biotinylated　BMGE+H　cells　with　mAb-233,　and　subsequently　the　immunoprecipitant　was

crosslinkcd　with　O.5　mMp-PDM,　a　homobifunctiona1　rcagent　that　crosslinks　bctween　sulfide

bascs,for　l　h　at　room　tempcrature　(Fig.　8Bjane　3).Thc　180　kDa　band　in　thc　intact　fraction

shiftcd　to　the　highcr　molccular　mass　position　at　about　600　kDa　in　the　crosslinkcd　fraction　(cf.

1anes　l　and　3).Hcncc,togcther　with　our　previous　data　that　no　co'immunoPrecipitant　with

BPTL　80　was　dctectcd　under　the　same　conditions　uscd　in　these　expcriments　(23),thc　results

indicate　that　crosslinking　bctwecn　BP180　and　associated　Protein(s)can　be　excludcd.

According　to　cDNA　sequences　of　human　and　mouscBP180(16,18),cystcine　residues　arc
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Figurc　8.　Chcmical　crossHnkin　of　BP18　.

A;　Chemical　crosslinking　of　the　Triton-solubLe　fraction.　The　Triton　x-100　soluble　fraction

from　BMGE+H　cells　was　treated　with　O　μM(1ane　1),2.5μM(1ane　2)aJld　250μM(1ane　3)of

DSP　and　immunoblotted　with　mAb-233　under　reducing　(lane　1)or　non-reducing　conditions

(1ane　2　and　3).Arrows　and　the　arrowhead　indicate　the　tlimer　and　dimer　of　BP180,

respcctively.　Note　that　the　highly　crosslhlkcd　specimen　dcmonstratcs　only　thc　band

corrcsPonding　to　the　trimer　(1anc　3).

B;　Chcmjcal　crosslinking　of　immunoprecipitated　BP180.　The　Triton　x-100　soluble　fraction

from　BMGE+H　cells　with　biotinylated　surfaces　was　immunoprecipitatcd　with　mAb-233,　aJld

subjected　to　SDS-PAGE　with　(1ane　1)orwithout(1ane　2)redueing　reagent.　A　sample

cTosslinkcd　with　0.5mMμ-PDM　as　describcd　i　the　MatcTials　and　Mcthods　was　also

subjectcd　to　SDS-PAGE　(1ane　3).After　samplcs　werc　transferred　onto　nitroccnulose

mcmbrancs,biotinylated　proteins　were　detccted　by　avidin-aB{alinc　phosphatase.　AITowsand

arrowhead　idicatc　the　trimcr　and　dimer　of　BP180,　respectively.Note　that　the　chemjcally

crosslinked　spccimen　demonstrates　only　thc　band　corresponding　to　thc　tlimer(1ane　3).4%geLs

were　uscd　foTSDS-PAGE　of　the　cross4inked　products.　Dashes　at　thc　left　malgin　of　A　and　B

lndicate　positions　of　HD1　(500　kDa)and　myosin　heavy　chain(200　kDa)applied　as　standards,
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1ocated　exclusivcly　in　the　cytoplasmic　portion,　and　the　epitope　of　mAb-233　used　in　the

immunoprecipitation　residcs　in　thc　cxtracellular　portion,　so　that　thc　crosslinking　byp-PDM　can

not　bc　made　bctwecn　BP180　and　immunoglobulin.　For　thc　rcasons　dcscribcd　abovc,　thc

crosslinked　products　with　higher　molccularnlasscs　arc　concluded　to　be　composcd　of　BP180

oligomcrs.　The　mAb'233　immunoprecipitant　resolved　in　SDS'PAGE　without　reducing　rcagent

containcd　not　only　thc　TL80　kDa　polyPcptidc　but　also　thc　400　kDa　and　the　600　kDa　PolyPCPtidcs

(1ane　2).Since　thcse　higher　molecular　componcnts　wcre　not　detectcd　under　reducing

conditions(1ane　1),the　400　kDa　and　600　kDa　polyPePtides,　respectively,　Probably　reprcsent

dimers　and　trimers　of　BP180　1inked　by　disulfide　bonds.　Considcring　the　fact　that　an　thc

cysteinc　residucs　rcside　in　the　cytoplasmic　portion　whcre　a　reducing　envi】7onment　Prcvails,　thc

rcduction'sensitivc　oligomers　appcar　to　be　formcd　during　the　expcrimenta1　Processes.　The　fact

that　thc　clectrophorctic　mobility　of　the　disulfidc　bonded　trimcr　(1ane　2)was　found　to　be

aPProximately　the　samc　as　that　of　the　chcmically　crosslinked　oligomcrs　(1anc　3)indicates　the

lattcr　to　also　have　a　trimcr　nature.　These　chemical　crosslinking　cxperiments　Provide　clcar

evidcnce　of　trimcr　formation　by　thc　TX-soluble　BP180.

kz77uaβ7zz々μμμcdaμM)Bθ

　　　To　furthcr　chamcterizc　BP180,　1　purified　the　TX'solublc　form　from　BMGE+H　cells　by

immunoaffinity　column　chromatography　using　mAb'233　(Fig.　9).Eluted　fractions　wcrc

analyzcd　by　SDS-PAGE　using　silvcr　staining,　and　demonstratcd　only　a　180　kDa　band　(1ane　4).

Thc　band　was　also　rccognized　by　both　mAb-233　(1ane　8)and　BP　scrum　(1anc　9),showing　that

the　TX'solublc　BP180　was　Purified.　Chemical　crosslinking　of　purified　BP180　with　DSP

showed　its　trimer　formation　(Fig.　10A).Thc　Purified　BP180　was　treated　with　250μM　DSP

and　a,nalyzed　by　SDS'PAGE.　Aftcr　crosslinking,　a　higher　molccular　mass　band　of　600-500

kDa　was　rccognizcd　by　silver　staining　(1anc　2).Thc　molccular　mass　of　thc　crosslinkcd　Product

was　approximately　equivalcnt　to　that　of　thc　BP　1　80　trimer　describcd　above　.　The　relatively

broad　banding　pattcm　of　the　crosslinkcd　trimer　indicates　some　heterogencity　in　the

-28-



Figurc　9.
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Coomassic　blue　(1ancs　1-3)and　silver(1anc　4)stained　gcls　and　corresponding　immunob1()ts

stained　with　mAb-233　(1anes5-8)andBPsemm(1ane　9).HD　fraction　(1anes　l　and　5),the

Triton　x-100　soluble　fraction　preparcd　for　affinity　chfomatography　(1ancs　2　and　6),thc　Tmon

x-100　soluble　fraction　nowing　thfough　thc　immunoaffhlity　column　(1ancs　3　and　7)andthc

elutcd　iiaction　(1anes　4,　8　and　9)werc　analyzcd.　Moleculal　markcrs　(M)are　thc　myosin　heavy

chain(205,000),Fgalactosidase(116,000),BSA(66,000)and　aldolase(42,000)･
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Figurc　10.　Chcmical　crosslinkin　of　affinit　-　urificd　BP180.

A;　Elutcd　fractions　containing　purified　BP180　were　treated　with　O　μM(1anc　1)or250μM(Lanc

2)ofDSP,and　subjected　to　SDS-PAGE　with　(1ane　1)orwithout(1ane　2)reduc≒agent.

Dashes　on　the　left　indicate　positions　of　HD1　(500　kDa)and　myosin　heavy　chain　(200　kDa)

applicd　as　standards.

B;25μg/m1　BSA　hl　PBS　was　treated　with　OμM(1ane　1)or250μM　DSP　(1ane　2),and

subjected　to　SDS-PAGE　with　(lane　1)oTwithout(1anc　2)reducing　agent.　Dots　indicatc　thc

position　of　BSA.

C;　Two　dimcnsiona1　SDS-PAGE　of　purined　BP180　cTosslinked　with　DSP.　T11e　specimen　was

aossHnkcd　with　250μM　DSP　and　subjccted　to　electTophoresis　on　4%gcl　under　non-reducing

conditions　for　the　nlst　dimcnsion.　The　arrow　at　the　top　indicatcs　the　direction　of　migration,

and　dashcs　indicate　the　positions　of　500　kDa　and　200　kDa.　The　gel　was　then　subjcctcd　to

clcctrophorcsis　on　a　7.5%gel　undcr　rcducing　conditions　for　the　second　dimension.　Thc　arTow

at　thc　left　indicates　the　direction,　and　dashes　on　the　right　indicate　positionsof　standards　of　205

kDa,116　kDa,　66　kDa　and　42　kDa.　An　gels　were　silver　stained.
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intramolecular　crosslinking.　Under　thc　samc　conditions,　thc　molecular　mass　of　BSA　was　not

changcd　after　thc　crosslinking　rcaction,　but　broad　banding　was　observed　(Fig.　10B).The　DSP

used　in　this　experimcnt　contains　a　disulfidc　bond　bctwccn　thc　μ'hydroxysuccinimidatc　reactive

grouPs,　so　that　crosslinked　oligomcrs　can　be　dissociatcd　under　rcducing　conditions.　The

crosslinkcd　sPcdmcn　was　subjcctcd　to　two　dimcnsiona1　SDS‘PAGE　(Fig.　10C),thenTst

dimension(4%scParating　ge1)bcing　run　under　non-rcducing　conditions,　and　thc　subsequcnt

second　dimcnsion(7.5%separating　ge1)under　reducing　conditions.　As　expectcd,　under

rcducing　conditions　thc　crosslinked　product　of　600-500　kDa　obscrvcd　in　thc　nrst　dimension

showed　a　spot　at　about　180　kDa　corresponding　to　the　BP180　monomcr.

々&‘�yu�cF9e�ajM)Bθ

　　　The　TX'soluble　fraction　of　BMGE+H　cells　and　immunoaffhlity　purificd　BP180　were

analyzed　by　5-20%sucrosc　gTadient　centrifugation　(Fig.　11).Fractions　obtaincd　wcrc

examined　by　immunoblotting　or　silver　staining.　The　pcak　positions　proved　to　be　aLmost　the

samc　in　thc　two　cases,　with　similar　or　idcntical　sedimentation　vclocities.　Svcdbcrg　constant　of

thc　pcak　position　was　cstimatcd　to　be　about　7　S.　Since　BP180　demonstrated　the　same

hydrodynamic　propcrties　beforc　and　aftcr　immunoaffinity　purification,　l　concludc　that　thc

purified　BP180　essentially　maintaincd　its　nativc　solublc　form.

yW7/･Q/qyμm)78θ

　　　The　rotary　shadowcd　images　of　purificd　bovine　BP180　showed　a　characteristic　molecular

shaPe　resembling　a　quavcr,　a　musical　note,　consisting　of　thjree　domains,　a　linear　rod　(rod

domain)with　a　globule　(head　domain)at　one　end　and　a　nexiblcor　anlorphous　part　(tan　domain)

at　thc　oppositc　end　(Fig.　12).Molccules　cxhibited　variation　in　length,　depcnding　on　thc

configuration　of　thc　third　domain.　High　Power　imagcs　of　the　ncxiblc/amorphous　rcgion

allowcd　tracing　along　its　entire　length,　and　this　part　was　found　vcry　changcablc　Hke　a　winding

ropc　or　a　wct　noodlc　(Fig.　13).Thc　thrcc　distinct　domains　wcrc　dcsignatcd　as　thc　globular
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Figurc　11.　H　drod　namic　ro　ertics　of　soluble　BP180　assesscd　b　sucrosc　adicnt

ama4μjmk

Protcins　containcd　in　thc　Triton　x-100　soluble　fraction　of　BMGE+H　cclls　wcrc　fractionatcd　bv

5-20%sucrosc　gTadicnt　centrifugation.　T11en　the　fractions　obtained　wcrc　subjected　to　SDS-

PAGE　foHowed　bycoonlassie　blue　staining　(A)or　immunoblott≒with　mAb-233　(B).TI!e

elutcdf¥action　containing　purified　BP180　was　also　analyzed　by　sucrosc　gradicnt　ccn�fugation

at　the　samc　time,　and　silver　sta�ed(C).Note　the　peak　fractions　(aΓΥows)at　20　in　both　B　and

C.The　relative　positions　of　standard　protcins　i　a　paraHel　gradient　are　indicated　at　the　top　of　B:

c,bovine　liver　catalase　(11.3S);a,yeast　alcohol　dehydrogcnase　(7.6S);b,bovine　serum

albumhl(4.6S).The　Position　of　thyroglobulin　(19.3S)was　at　11.　Fraction　numbcrs　arc

given　at　the　top　of　all　figures.　Dashes　on　the　lcft　of　A　idicate　standards　of　205　kDa,　116　kDa,

66　kDa　and　42　kDa.
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Figurc　12.　Rotar　shadow-ima　es　of　BP180.

Thc　eluted　taction　containing　affinity-purified　bovine　BP180　was　dialyzed　against　50%

glycerol　i　TBS　and　rotary　shadowed　as　des�bcd　i　the　Matcrials　and　Methods.　Alow

magnification　ncld　is　shown.　Bar:　200　nm.
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Figurc　13.　⇒

Several　rcprescntative　molccuLcs　(bovine　BP180:　A-E,　human　BP180:　H-J)arcshown.F　and

G　ale　cnlargements　of　the　globular　regions　of　D　and　E,　respectively.　lmagcs　(A-G)are

resPectively　interpreted　in　drawings　(a-g),Bars:(A-E;H4)50　nm;　(F　and　G)25　nm.
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hcad7　thc　ccntra1　rod　and　the　ncxiblc　tai1,　rcspcctively･

　　　Thc　round　shaped　globular　hcads　demonstrated　a　rclatively　uniform　diamcter　of　25-35

nm,although　probablc　ovcrestimation　bccause　of　thc　contribution　of　thc　Platinum　coating

should　bc　bom　in　mind.　ln　optimally　shadowcd　specimens,　threc　subdomains　of　equal　sizc

werc　rccognized　in　such　globule　heads,　suggcsting　trimer　formation　(Fig.　13,　F　and　G).

　　　The　centra1　rod　was　rcvealed　to　be　of　rclatively　uniform　dimensions　and　aPPalently

straight　and　rigid　aPpearance.　The　length　of　individua1　rods　was　60-70　nm,　when　the　distance

between　the　Periphery　of　the　globular　hcad　and　the　first　bending　point　was　mcasured.

　　　The　nexible　tail　appearcd　vcry　variablc　in　shaPe.　Fifteen　selected　images　that　werc　easy

to　trace　and　relativcly　cxtendcd　were　mcasurcd　(Fig.　13,　A-E),thc　distancc　betwecn　thc　first

bcnding　point　and　thc　far　end　averaging　115.3　nm.

　　　lntact　human　BP180　molccules　wcre　also　purificd　from　the　TX-solublc　membrane'bound

fraction　by　immunoamnity　column　chromatography　using　mAb“1A8c.　Fractions　were

preparcd　from　DJXI-1　cclls.　The　molecular　dimensions　of　thc　observcd　molecules　werc

essentially　as　same　as　thosc　of　its　bovine　counterpart　described　above　(Fig.　13,　H-J)･
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PART　II

　　　　　　　　Cleavage　of　BP180　yields

a　120　kDa　collagenous　extracellular　polypeptide
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RESULTS

Mafa&zz¥&･t4&-7jj7uOa

　　　The　mAb'1337　is　a　monoclonal　antibody　obtained　by　immunizing　a　mouse　with　thc　HD

fraction,and　stained　basement　membrane　zonc　(BMZ)of　bovine　epidcrmis　in

immunonuorescence　microscoPy.　lmmunoblot　analysis　of　thc　H〕D　fraction　showcd　that　the

antibodyrecognizcd　a　120　kDa　polypcptidc　as　dcs�bed　prcviously　in　our　prcliminary　report

(54).To　confirm　thc　Prcvious　results　and　furthcr　charactcrizc　the　antigcn,　the　HD　fraction　was

treated　with　collagcnasc　and　examincd　by　immunoblotting　(Fig.　14).The　120　kDa　band　was

complctely　lost　by　collagcnasc　digestion　as　rcportcd　prcviously,　showing　that　the　polypcptidc

has　a　collagenous　domain(s)as　BP180　do.　Hencc,　l　investigated　the　120　kDa　polypcptide　with

sPecia1　refcrencc　to　BP180,　a　hcmidcsmosomal　transmembranc　conagcn.　As　shown　in　Fig･

14jmmunoblotting　with　mAbs　against　cxtTaccllulal　Parts　of　BP180　showcd　the　elcctrophoretic

mobility　of　the　antigcn　to　be　equal　to　that　of　thc　smallest　polyPeptidc　among　a　grouP　of

Protcolytic　fragments　appcaring　in　thc　HD　fraction.　0n　two'dimensiona1　SDS'PAGE　and

subscqucnt　immunoblotting,　thc　antigen　and　the　BP180　fragmcnt　showed　an　identical　spot

(data　not　shown).From　these　results,　l　conclude　that　mAb'1337　recognizes　primarily　thc　120

kDa　fragmcnt　of　BP180　on　immunoblotting･

7777z??aμθμaθΓaceμce　z?7jcrθscθμyμ&,Wμe5μμαμjc�1‘aμ�ce/&

　　　To　examine　whether　the　mAb‘1337　sPecifically　recognizes　the　120　kDa　fragment　of

BP180　by　immunofluoresccnce　microscopy,　thc　staining　pattcm　of　mAb4337　was　compared

with　thosc　of　mAbs　against　BP1　80.　Thc　titcrs　among　thc　mAbs　wcrc　cqualized　to　allow

comparativc　observations.　The　mAb-1337　clc�y　staincd　thc　BMZ　of　bovinc　skin,　as　did　the

othcr　mAbs　to　BP180,　but,　in　contrast,　not　thc　latcral　surfaces　of　thc　basal　cclls　(Fig.　16,　a-d).

Thus,mAb'1337　did　not　rccognizc　TX-solublc　BP180,　which　is　free　from　the　cytoskelcton　and

not　incorporatcd　into　HDs.　lmmunonuorescence　microscoPy　of　BMGE+H　cells　and　primary
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Figurc　14.　Com　arison　ofthc　mAb-1337　anti　cn　with　BP180　b　immunoblottinty.

HD　fractions　trcated　with　(1ancs　7-12)orwithout(1anc　1-6)coUagcnase　wcrc　stained　with

Coomassie　blue　(1anes　l　and　7)or　immunoblotted　with　mAb-1337　(lanes　2　and　8),mAb-233

(1anes　3　and　9),mAb-1D1(1anes　4　and　10),mAb-1A8c(1anes　5　and　11)nd　anti　itegrin　μ

mAb-1A3(1ane　6　and　12).T11e　locations　of　cPitopes　for　mAbs　against　BP180　are　presented　in

Fig.　15･　The　120　kDa　polypeptide　recognized　by　mAb-1337　and　the　180　kDa　PolyPeptide　of

BP180　were　digested　by　the　tTeatment,　but　the　200　kDa　Polypeptide　of　the　integrin　μsubunit

was　not.　Molccular　weight　markers　(M)m　myosin　hcavy　chahl　(205,000),β-galactosidase

(116,000),BSA(66,000)and　aldolase　(42,000).
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Arrows　indicatc　thc　Portions　including　epitopes　for　mAbs.　The　ePitope　of　mAb-1A8c　is

mappcd　on　the　cytoplasmic　part,　and　those　of　mAb“233　and　-1Dl　are　mapped　on　thc　carboxy1'

tcrminal　half　of　the　cxtraccllular　Part　of　BP　1　80　(Nishizawa,　Y.　a　�･(19)･,Hirako,　Y.　and

Owaribc,K.　unpublished　data).ln　this　study,　thc　cpitopc　of　mAb'TLDl　is　localized　within　the

most　carboxy1'tcrmina1　20　kDa　portion,　which　is　not　rccognized　by　mAb-233.　Recently,

BOITadori　eaz/･(41)have　suggested　the　probablc　location　of　the　ePitoPc　for　mAb'1A8c　within

thc　region　of　113-201th　amino　acids　of　BP180.　Cyto,　TM　and　Ext　are　thc　cytoplasmic,

transmcmbranc　and　cxtmcellular　portions　of　BP1　80,　respcctively.　Thc　schcmatic　domain

organization　of　human　BP　1　80　is　based　on　the　primary　structural　analysis　performcd　by　Giudice

er�･(16).
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Figurc　16.　1mmunonuoresccncc　microsco　of　bovinc　skin.

Sections　of　bovine　skin　were　stained　with　mAb-1337　(a,e,g)､mAb-233(b,f,h)nd　mAb-

1A8c(d).A　Phase　contrast　image　of　a　is　shown　in　c.　For　c　and　f　prior　treatment　with　0.5%

TX'100,　and　for　g　and　h　with　1.5　M　KCl　before　fixation　was　Pcrformcd.　Note　that　thc　latcra1

stainjng　pattem　of　basal　cells　in　b　and　d　is　not　appafent　i　a.　See　thc　Loss　of　latcral　stainings　by

thc　TX-treatTTlent　in　f.　Bar:50μm.
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cultured　bovine　conjunctival　epithelial　cclls　(data　not　shown)showcd　that　mAb'1337　did　not

detcct　HDs　(Fig.　17),pointhlg　to　a　lack　of　binding　to　insoluble　BP180.　Thcsc　results　arc　quitc

different　from　those　with　other　typical　anti-BP180　mAbs,　and　suggest　that　mAb-1337　does　not

rccognize　intact　BP180　in　eithcr　solublc　or　insolublc　states.　Thcreforejts　stainjng　Pattem

observed　in　bovine　skin　indicatcs　the　Presence　of　thc　120　kDa　fragment.　NVhen　frozen　sections

of　bovinc　skin　wcrc　trcated　with　0.5%TX-100　or　1.5　M　KCl　and　stained　with　mAb-1337,　the

immunonuorcsccnt　staining　was　csscntially　the　same　as　in　control　sections,　showing　that　thc

120　kDa　fragmcnts　arc　largely　insolubilized　in　the　tissue　(Fig.　1　6,　e-h)･

£)enE!ci9μ¥72θM)α々αgz77eμaic�are　gej&z77

　　　1mmunonuorescencc　microscopy　with　mAb-1337　showed　thc　antiμnic　fragment　to　be

lacking　or　prescnt　at　only　a　very　low　lcvcl　on　BMGE+H　cclls　(Fig.　17).lf　thc　fragmcnt　docs

not　havc　a　transmcmbrane　domain　nor　cytoplasmic　Part,　diffusion　into　thc　culturc　mcdium

would　be　exPected.　Toexanline　this　possibility,　sPent　media　from　BMGE+H　cells　werc

　　　　　　　　　　　　　　　　　　　V

ajnalyzed　by　immunoblotting　using　mAb-1D1,　a　monodonal　antibody　against　thc　extracellular

paTt　of　BP180,　and　a　specific　band　of　120　kDa　was　detcctcd　(Fig.　18A).This　polyPcptide　was

conccntrated　in　the　fraction　precipitated　with　33%ammonium　sulfatc,　and　was　also　rccognized

by　mAb'1337　and　mAb'233,　but　not　by　mAb-1A8c　that　recognizcs　the　cytoplasmic　part　of

BP180(Fig.　18B).T!he　electrophoretic　mobility　of　the　120　kDa　Polypeptide　proved　equal　to

that　of　the　fragment　from　the　H〕D　fraction.　Thcreforc,　thc　polyPeptidc　in　the　spcnt　mcdium　was

concludcd　to　bc　thc　120　kDa　fragmcnt　of　the　HD　fraction.　The　120　kDa　PolyPcptide　apPcared

prone　to　dcgradation　to　a　100　kDa　polyPCPtide　when　thc　spcnt　medium　was　PreciPitated　first

with　50%ammonium　sulfate　for　concentration,　and　consequcntly　thc　PreciPitant　dissolvcd　in

TBS　containhlg　l　mM　EDTA　was　preciPitatcd　with　33%ammonium　sulfate.　Thc　100　kDa

Polypeptidcxvas　rcco�zed　by　mAb-1337　and　-233,　but　not　by　mAb-1D1,　the　epitope　of

which　appearcd　to　be　removed　(Fig.　18C).

　　　ln　accordance　with　thesc　results,　no　PolyPePtide　was　recognizcd　in　the　TX“insolublc
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Figure　17.　1mmunonuoresccncc　micTosco　of　culturcd　ccLls.

BMGE+H　ceUs　were　stained　with　mAb-1337　(a)and　mAb-233(b).Phasc　contmst　imagcs　of　a

and　b,　respcctively,arc　illustrated　in　c　and　d.　HDs　recognized　by　mAb-233　(b)were　not

detected　by　mAb-1337　(a).Bar:50μm.
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A;ContTolmedium(1anc　1)and　crudc　spent　medium　from　BMGE+Hcds(1ane　2)wcre

immunoblottcd　with　mAb-1D1.

B;　T11e　HD　(lanc　1)and　medium　fractions　(lancs　2-7)wcre　immunoblotted　with　mAb-1337

(1anes　l　and　2),mAb-233(1ane　3),mAb-1DI(lane　4),mAb-1A8c(1ane　5),mAb-1A6(1ane　6)

and　a　mixturc　of　mAb-855,　mAb-310　and　mAb←617,which　recognizes　the　extTaceUular　part　of

thc　itcgrinβ4　subunit　(1ane　7).For　concentration,　protcins　wcre　prcdPitated　from　thc　crudc

spcnt　mcdium　by　thc　addition　of　saturatcd　ammonjum　sulfate　sotution　(halfthe　volume　ofthc

medium).Precipitates　were　rcsuspcnded　･　TBS　containjng　lmM　EDTA　as　the　medium

fractions.120　kDa　polypcptidcs　of　medium　fractions　wcrc　recognized　by　mAb-1337　(1anc　2)

and　mAbs　against　the　extTaceLlular　p�ofBP180(1ancs　3　and　4),but　not　by　mAbs　agaist　the

cytoplasmic　part　of　BP180　(1anes　5　and　6)･

C;　lmmunoblotting　of　the　medium　fraction　prc゛precipitated　with　50%ammonium　sulfate.

Fractions　were　immunoblotted　with　mAb-1337　(1anes　1),mAb-233(lane　2),mAb-1D1(1ane　3)

and　mAb-LA8c(1ane　4).100　kDa　polypeptides　were　not　recoglized　by　mAb-1D1　(1ane　3),

Dashcs　h!dicate　standards　of　myosin　heavy　chain　(205,000),p-galactosidasc(116,000),

phospholiPase　B(97,400),BSA(66,000)aJld　ovalbumin(45,000)･
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fraction　by　immunoblot　analysis　with　mAb-1337　(Fig.　19B).Both　mAb-233　and　-1D1

recognized　the　120　kDa　polyPePtidc　of　the　mcdium　fraction　as　wcll　as　thc　180　kDa　polyPCPtide

in　thc　TX゛insolublc　fraction,　while　mAb‘1A8c　did　not　rccognizc　the　120　kDa　polypeptide　(Fig･

19,　C-E).Thc　molar　mtio　of　thc　120　kDa　Polypeptidc,　TX°solublc　BP180　and　TX'insolublc

BP180　was　roughly　1:6:3　in　BMGE+H　cclls.　The　aPProximately　60　kDa　comPoncnt

reco�zed　by　mAb-1A8c　should　be　noted　(Fig.　19E).This　60　kDa　polypeptide　was　not

rccognized　by　eithcr　mAb'233　or　“1　D　l　and　its　apparent　molccular　mass　and　spccific　recognition

by　mAb'1A8c　indicate　that　it　mainly　comPrises　thc　cytoplasmic　part　of　BP180.　Since　the　60

kDa　polyPeptide　was　not　detected　in　the　cytosolic　fraction　but　in　both　TX'soluble　membranc‘

bound　and　insoluble　fractionsjt　would　apPear　to　havc　a　transmembranc　domain.　0n　the　othcr

hand7　solublc　form　of　BP230,　a　hemidesmosomal　plaquc　component,　was　dctected　�the

cytosolic　fraction　but　not　hl　TX-soluble　membranc-bound　fraction　(Fig.　19F).lt　is　reasonablc

to　assumc　that　the　60　kDa　polyPeptidc　is　thc　fragmcnt　which　remains　after　deavage　of　the　120

kDa　extmcenular　part　from　BP180.　Therefore,　considering　the　apParent　molecular　mass　of　the

two　fragments,　thc　deavagc　site(s)is　probably　on　the　extraceltular　sidenearthe　cell　membrane.

72θ&)αyhzg/77eμa∫μΓaeMα5α�z?7aμΓg

　　　Trimcr　formation　by　the　120　kDa　fragment　was　confirmed　by　immunoblotting　(Fig.　20).

NVhcn　thc　membranc`bound　fraction　in　SDS'PAGE　samplc　solution　was　not　boilcd,　a　600　kDa

comPonent　was　detccted　for　BP180.　Thc　aPparcnt　molecular　mass　is　cqual　to　that　of　the

chcmically　cross-1inked　trimers　of　BP180　as　described　in　the　first　section　of　the　results.

Thcrcfore,　in　thc　non-boiled　condition,　BP180　molccules　exist　in　a　trimer　form,　probably　due

to　the　collagen　links.　ln　thc　non-boiled　condition,　the　120　kDa　fragment　in　the　medium　fraction

was　detectcd　as　a　350　kDa　comPoncnt.　Since　this　molccular　mass　is　consistent　with　a　trimcr　of

the　fragmcntjt　is　concludcd　that　the　fragment　exists　as　trimcr　form.　mAb-1337　recognizcd　the

fragment　in　both　monomcr　and　trimer　forms,　but　did　not　the　intact　with　thc　180　kDa

PolypePtide.
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Figurc　19.　rmmunoblottin　of　fractions　rc　ared　from　cultured　ccHs.

Medium(1anc　1),cytosolic(1anc　2),TX-soluble　membranc,bound　(1anc　3),and　TX-insoluble

(1anc　4)fractions　prePared　from　BMGE+H　cds　were　stained　with　Coomassic　bluc　(A)and

immunoblotted　with　mAb-1337　(B),mAb-233(C),mAb-1D1(D),mAb-1A8c(E)and　mAb-

1E5(F).Dots　in　E　indicate　the　position　of　a　60　kDa　polypeptiderecognized　by　mAb-1A8c.

Molecular　weight　markers　(M)are　myosin　heavy　chain　(205,000),β-galactosidase(116,000),

BSA(66,000)and　aldolase　(42,000),
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Figurc　20.　Examiation　of　trimcr　fomlation　b　the　120　kDa　fratJment.

Mcdium(1anes　l　and　2)and　TX-solublc　mcmbrane,bound　(1anes3and4)fractions　from

BMGE+H　ceHs　were　immunoblotted　with　mAb-1337　(A)and　mAb-1D1　(B)under　boiled

(1anes　l　and　3)or　non-boiled　conditions　(1anes　2　and　4).mAb-1337(A)did　not　recognize　the

band　corresponding　to　the　trtner　of　180　kDa　polyPcptide　(1ane　4)or　the　monomer　(Lane　3).

Dashes　idicate　positions　of　HD1　(500　kDa),myosin　heavy　chain　(200　kDa)andβ-

galactosidasc(116　kDa)applicd　as　standards.
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　　　The　immunoreactivity　of　mAb-1337　against　the　120　kDa　fragment　and　thc　intact　BP180

molccule　in　their　nativc　soluble　forms　was　examined　by　immunoprecipitation.

lmmunoPrecipitants　wcre　also　analyzcd　by　immunoblotting　with　mAb-233.　NVhilc　mAb-233

precipitated　both　the　intact　molecule　and　the　fragment,　mAb-1337　PreciPitated　only　the　latter

(Fig.　21A).The　rcsult　demonstrated　that　mAb-1337　spccifically　recognizcs　the　fragment,

offering　an　explanation　for　thc　unique　staining　pattem　observed　on　immunofluorescencc,　and

supports　thc　idca　that　thc　fragmcnt　actually　cxists　in　tissues.　The　recognition　of　the　mAb-1337'

immunoprecipitant　with　mAb-233　clearly　dcmonstrated　that　the　120　kDa　fragmcnt　is　identical　to

the　extraccllular　part　of　BP1　80.

　　　The　120　kDa　fragmcnt　was　also　dctected　in　scvcral　cultured　cells　derivcd　from　cpithelia1

tissucs.　XVhcn　medium　fractions　of　BMGE+H,DJM-1,A431　and　BMGE-H　cells　wcre

examined　by　immunoblotting　using　mAb-233　(Fig.　21B),the　BMGE-H　ce11　1ine　lacking　BP

antigens　was　also　found　to　bc　only　one　without　thc　120　kDa　fragmcnt　in　its　medium　fraction.

Thus　cleavage　of　BP180　to　give　the　120　kDa　fragment　is　a　common　phcnomenon　in　cells

cxpressing　the　bullous　pemphigoid　antigen.

7)4rjcα&M¥･e　72θM)αyhzμμeMαz�&aE!z7㎡μα&M　yja/77∂?/1θ/θgy

　　　120　kDa　fragments　werc　purified　from　thc　medium　fraction　by　immunoaffinity　column

chromatography　using　mAb-233　(Fig.　22).lntact　BP　1　80　molccules　wcrc　purified　from　thc

TX'soluble　mcmbrane-bound　fraction　by　immunoaffinity　column　chromatography　using　mAb'

1A8c.　Fractions　wcrc　preparcd　from　DJM-1　cells,　a　human　skin　squamous　carcinoma　cc11　1ine.

Thc　Purity　of　the　cluted　fractions　was　assesscd　by　SDS‘PAGE　using　silvcr　staining　(Fig.　22,

1anes　l　and　4).Thc　clutcd　fractions　from　the　mAb-233　column　showcd　thc　120　kDa　band,

reco�zed　by　mAb-233　(Fig.　22,　1ane　2)and　other　monoclonal　antibodies　(mAb-1D1,mAb-

D20　and　mAb-R223)that　binding　to　thc　extraccllular　part　of　BP180　(data　not　shown).Thc

eluted　fraction　of　thc　mAb-1A8c　column　demonstrated　thc　180　kDa　band,　and,on
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A;Medium(1anes　1-3)and　TX-soluble　membrane-bound　(1anes　4-6)hctions　were

immunopreciPitated　with　mAb-R223(1anes　l　and　4),mAb-1337(1anes　2　and　5)and　mAb-233

(1anes　3　and　6),lmmunopreciPitants　were　immunoblotted　with　biotinylated　mAb-233.　mAb-

R223　does　not　rccognizc　bovinc　BP180　and　was　used　as　a　ncgative　controt.　mAb-1337

immunopreciPitated　thc　120　kDa　fragmcnt　(1anc　2)but　not　the　180　kDa　molccule　(1anc　5).

Dashes(M)･dicate　standards　of　205　kDa,　H6　kDa,　66　kDa　and　42　kDa.

B;　Dctcction　of　the　120　kDa　hgmcnt　in　spent　media　from　sevcral　cultured　ce1Hincs.

Cytoskeletal　fractions　(1anes　1-4)and　medium　fractions　(1anes　5-8)prepalcd　from　BMGE+H

(1anes　1　Ed　5),DJM-1(1anes　2　and　6),A431(1anes　3　and　7)and　BMGE-H　(1anes　4　and　8)

cens　wcre　stained　with　mAb-233.　Dashcs(M)idicatc　standards　of　205　kDa,　116　kDa,　66　kDa

and42kDa.
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Figure　22.　1mmunoaffinjt　urification　of　120　and　100　kDa　fra　cnts　from　thc　medium

£ndmk

Eluted　fractions　containing　120　kDa　fragments　(1anes　1-3),intact　BP180　molecules　(1anes　46)

and　100　kDa　fragmcnts　(1ancs　7-9)werc　silvcr-stahlcd　(1ancs　1､4　and　7)and　hmunoblottcd

with　mAb-233　(1anes　2　and　8),mAb-1A8c(1ane　5)and　the　anti-NC16A　domain　polydona1

atibody(1anes　3,　6　and　9).T11e　60　kDa　polypeptide　was　not　recognjzed　by　the　latter　(1ane　6),

whjle　the　120　kDa　polypeptide　was　recognized　by　the　polyclonal　antibody　(1ane　3).Dots

indicatc　the　position　of　the　60　kDa　polypeptide.　Molecular　markers　(M)are　the　myosin　heavy

chain(205,000),β-galactosidase(116,000),Phospholipase　B　(97,400),BSA(66,000)and

ovalbumin(45,000)･



immunoblotting　with　mAb-1A8c,　an　additiona1　60　kDa　band　was　detectcd　(Fig.　22,　1anc　5).As

dcscribcd　abovc,　thc　60　kDa　PolypcPtidc　apPcars　to　bc　thc　remnant　BP180　aftcr　rcmoval　of　its

120　kDa　extracellular　fragmcnt.　To　identify　the　clcavage　site　more　prccisely,　thc　120　kDa

fragmcnt　and　thc　60　kDa　fragment　wcrc　immunoblotted　with　thc　polyclonal　antibody　against　the

human　NC16A　domain　comprising　thc　76　amino　acid　stretchcs　positioncd　bctwccn　the

transmembrane　domain　and　thc　first　extmcellular　collagenous　domain　(cf.　Fig.　15).The　120

kDa　fragmcnt　was　recognized　by　the　polyclonal　antibody,　while　the　60　kDa　fragment　was

hardly　dctccted　(Fig.　22jancs　3　and　6).This　dcmonstratcs　most　of　the　NC16A　domain　to　be

within　the　120　kDa　fragment.　Therefore　thc　clcavage　site(s)is　localized　within　thc　NC16A

domain　near　the　cell　membranc.　100　kDa　fragmcnts,　degradation　products　of　120　kDa

fragmcnts,wcrealso　Purificd　using　thc　mAb'233　column　and　found　to　bc　recognizcd　by　thc

Polyclonal　antibody　against　thc　NC16A　domain.　Thus　this　fragmcnt　is　produccd　by　clcavage　at

thc　carboxy1-terminal　sidc　of　the　120　kDa　fragmcnt　(Fig.　22,　1ane　9).The　100　kDa　fragmcnt

was　recognized　by　mAb-233　(Fig.　22,　1ane　8),-D20　and　-R223,but　not　by　mAb-1D1　(data　not

shown).Amino-tcrminal　scqucncing　of　the　purified　120　kDa　fragmcnt　failcd,　probably　due　to

thc　low　amount　of　thc　Protein.

　　　Molccular　shapes　of　thc　120　kDa　fragmcnt　werc　cxamhled　by　rotary　shadowing　elcctron

microscopy(Fig.　23)and　compared　with　those　of　intact　BP180　(Fig.　24).T!he　rotary

shadowed　imagcs　of　the　120　kDa　fragment　showed　thc　molecule　to　bc　comPosed　of　thc　centm1

rod　and　thc　ncxible　tai1,　but　lack　thc　globular　head　of　thc　intact　BP180　(comparc　Figs.　24A　and

24B).Twelvc　selcctcd　imagcs　of　thc　120　kDa　fragment　wcrc　mcasured,　and　thc　averaged

length　of　the　rod　and　the　tail　were　68.2　nm　and　1　1　6.3　nm,　respectively.　Since　the　dimensions

of　thc　ccntm1　rod　and　thc　flexiblc　tail　of　thc　fragment　wcre　found　to　bc　almost　cqual　to　thosc　of

thc　intact　molccule,　thc　amino-termial　side　of　thc　intact　molecule　consisting　of　the　cytoPlasmic

and　Prcsumably　thc　transmcmbranc　domains　must　bc　within　the　globular　head.　The　molccular

shaPc　of　thc　100　kDa　fragment　was　similar　to　that　of　the　120　kDa　fragmcnt,　having　a　little

shortcr　tai1　(~80　nm),consistent　with　the　rcsults　of　immunoblot　analyscs　(Fig.　24C)･
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Figurc　23.　Rota　shadow-ima　cs　o　120　kDa　fra　ments.

A　low　magnjfication　field　illustrates　rotary　shadowed　120　kDa　fragments.　Bar:　150　nm.
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Figurc　24.　Rota　shadow-ima　cs　of　urificd　human　s　ecimens.

Severa1　rcprcsentativc　intact　BP180　molecules　(A),120　kDa　fragments　(B)and　100　kDa

fragments(C)ale　shown.　Bar:　(A¬C)50nm,

52



DISCUSSION

7X:-∫��)/eβ?78θ

　　　ln　thc　nlst　section　of　the　results,　l　showed　that　a　subpopulation　of　thc　hcmidesmosoma1

transmcmbranc　protein,　BP180,　1ocalized　on　the　latcral　surfacc　of　basal　cells　of　comca1

ePithelia　is　solubilized　by　Triton　trcatmcnt.　Such　a　localization　and　the　Ttiton　solubility　suggcst

that　the　subPopulation　is　ncither　incorporated　into　hcmidcsnlosolncs　nor　connectcd　to　the

cytoskcleton.　lntegrina6β4　also　cxhibited　a　similar　staining　Pattem　(data　not　shown),whilc

HD　1/Plcctin　(7)and　BP230　werc　found　to　bc　localizcd　exclusively　on　thc　basal　surfacc.

Thcrefore,the　lateral　staining　pattcm　secm　to　be　a　common　characteristic　of　hemidesmosoma1

transmembrane　Protcins.　Moreover,　in　cultured　cclls,　solublc　BP180　and　BP230　wcre

cxtracted　separatcly　in　the　mcmbranc-bound　and　in　the　cytosolic　fraction,　rcspectivcly(comparc

Figs.　19C　and　19F).The　biological　mcaning　of　the　laterally　localized　proteins　is　not　dear,　but

one　Possible　hypothesis　is　that　such　Proteins　arc　stock　for　formation　of　new　hcmidesmosomes

(Fig.　25).We　havc　shown　that　antibody　binding　to　BP180　at　thc　lateral　cell　surface　causes　its

intemalization　and,　as　a　result,　inhibit　ncw　formation　of　hemidesmosonlesinduced　by　a　Ca2+-

switch　in　DJM'1　cells,　and　have　speculated　that　similar　effects　causc　skin　blistering　in　BP

paticnts(55,　56).0ur　most　rccent　study　has　proved　an　actual　intcmalization　of　BP180　as

immune　complexes　with　autoantibodies　in　lesional　skin　of　BP　paticnts　(57).

M｡k�αΓJ9eμgZ=yZ8θ

　　　BP180　is　a　type　ll　orientcd　transmembranc　protein　and　compriscs　interrupted　collagcn

domains(15　in　man　and　13　in　the　mousc)1n　its　carboxy　tcrminal　extracellular　part,　but　it　has

not　becn　demonstratcd　that　BP180　exists　as　a　collagcnous　trimcr　･　Wvθ(16-19).l　purified

thc　solublc　BP180　and　demonstrated　its　trimcr　formation　and　cntirc　molccular　configuration

using　chemical　crosslinking　and　rotary　shadowing.　The　frictional　mtio　of　the　soluble　BP180

(μfO=2.8),calculatcd　from　Svedberg　constant　of　7　S　and　the　Prcsumcd　molecular　mass　of
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Figurc　25
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New　formation　of　hemidesmosomes　is　an　hldispensablc　cvcnt　to　achicvc　ePiderma1

orgamzation　and　diffcrentiation　(AtoB)but,during　ceU　migration　i　wound　healing　and

differentiation　in　stratification,　hcmidesmosomcs　must　bc　dctached　from　the　basemcnt

membranc(BtoC).ln　the　former　aspect,　soluble　BP180　molccules　arc　recruitcd　from　the

basolateral　surfacc　of　basal　cclls　to　basal　adhcsion　sites,　and　then　meet　cytoplasmic　plaque

protcins　to　form　hcmidesmosomes.　ln　the　latter　aspect,　BP180　molcculcs　involvcd　in

hemidesmosomes　arc　cleaved　at　their　specinc　extTacellular　portion　in　ordcr　to　allow　cells　to

movc　away　from　the　underlying　basemcnt　membrane.
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thc　trimer　(540　kDa)js　consistcnt　with　the　obscrved　asymmetric　imagcs.　0n　thc　basis　of　the

obscrvations　ajnd　the　measuremcnts　of　thc　shadowing　images,　a　Possiblc　molccular

configuration　of　BP180　is　shown　in　Fig.　26,　with　division　into　thrce　distinct　molccular

domains　namcd　the　globular　hcad,　ccntm1　rod　and　flexible　tai1.

　　　As　the　cDNA　scquences　of　BP180　demonstrate　a　high　amino　acid　homology　of　86.0%

between　the　human　and　mousc　fomls　(18)jt　is　reasonable　to　supposc　that　the　bovine

counterPart　is　also　quite　similar.　Actually,　rotary　shadowed　images　of　human　BP180

molcculcs　dcmonstrate　indistinguishable　configuration　from　the　bovine　form.　Thus　molccular

dimcnsions　of　human　BP180　moleculecanbe　exPected　to　bc　quitc　similar　to　the　bovinc　BP180

molecule.

　　　lt　is　clcar　from　thc　rotary　shadowed　images　of　the　120　kDa　fragmcnts　togcthcr　with

biochemica1　rcsults　that　they　havc　no　globular　hcad,　showing　that　the　globular　head

coITesponds　to　the　amino-tcrminal　cytoPlasmic　Part　of　the　molecule.　This　domain　with　a

common　globular　image　of　25-35　nm　in　diamcter,xvas　rnoreovcrrcvcalcd　to　havc　thlee

subdomains　in　some　sPecimcns.　l　speculate　that　each　corresPonds　to　the　cytoplasmic　Part　of　a

BP180　monomcr.

　　　ln　comparison　with　the　primary　structurc　of　human　BP180　(16),the　ccntra1　rod　would

coITespond　to　the　longest,　continuous　collagcn　domain,　which　is　doscst　to　thc　cell　membranc,

considering　its　centTal　location　in　the　molccule　and　apparent　rigid　imagc　with　constant　lcngth.

ln　addition,　thc　averaged　lcngth　of　the　rod,　64.2　nmjs　ncarly　cqual　to　thc　prcdicted　onc　of　the

coITcsPonding　collagen　domain　(70　nm).According　to　thc　Publishcd　scqucnccs,　thcrc　is　a

non'collagcn　domain　termed　NC16A　bctwccn　the　transmcmbrane　domain　and　the　longest

collagcn　domain,　which　has　becn　supPoscd　to　form　an　alpha　hclical　coiled‘coil　of　about　8　nm

length　from　its　eight　heptad　repeats.　Ln　the　Presented　mode1,　this　non-collagen　domain　is

assunTled　to　be　included　in　thc　centra1　rod　rcgion.　Thc　putative　transmcmbranc　domain　is　Placed

on　thc　border　bctwcen　thc　hcad　and　thc　rod.

　　　Thc　nexiblc　tail　would　correspond　to　thc　rcmaining　carboxy　tcrminal　part　consisting　of
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Figurc　26.　Modcl　of　the　BP180　molccule.

The　shape　and　dimensions　of　the　rePrcsentcd　modc1　(uPpcr)are　based　on　thc　obscrvations　and

the　measurements　of　rotary　shadow　imagcs.　The　schcmatic　domain　organization　of　human

BP180(1owcr)is　based　on　the　Primary　structural　analysis　Performed　by　Giudice　&�･(16).

Cyto,TM　and　Ext　are　thc　cytoplasmic,　tTansmcmbranc　and　cxtracellular　portions　of　BP180,

rcsPcctivcly･
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interruptcd　short　collagcn　domains.　Thc　ncxibility　indicatcd　by　the　various　configuration

observed　can　bc　explained　by　the　non-collagenous　intelTuPtions.　The　dimcnsions　of　the

extended　form,　in　thc　range　of　100-130　nm,　arc　in　line　with　the　amount　of　the　predicted　length

of　the　collagcn　domains　of　the　colTcsponding　part　in　thc　human　foml　(100　nm).

Mθ/eca&Γαz･&j&?clz4z･e¥βj)78θ■&e　/lez7?�az??∂∫θz7?e

　　　Bascd　on　thc　proposed　model　describcd　abovc,　l　can　addrcss　the　molecular　architecture

of　BP180　in　thc　hcmidesmosomc.　The　cytoplasmic　globular　head　of　BP180　is　located　right

undcr　the　cytoplasmic　mcmbrane,　and　is　concluded　to　bc　a　constituent　of　the　hemidesmosoma1

outer　plaque　from　its　globular　sizc　and　position.　Hcmidcsmosomes　from　BP230　gcne　knock“

out　micc　lack　inncr　plaques　and　kcratin　connection,　but　have　otherwisc　normal　outer　plaques

a･nd　BP180　(28).0n　the　other　hand,　type　ll　hemidesnlosonles,　which　havc　HD1/plectin　and

intcgrin(16β4　but　no　BP　antigcns,　do　not　havc　distinct　plaqucs　(ncithcr　inncr　nor　outcr　oncs)

(7,　23).From　thcsc　obscrvationsjt　is　suggcstcd　that　BP180　is　responsiblc　for　the　formation

of　the　outer　plaquc　through　some　protein-protcin　interaction.　The　molecular　interaction　is

probably　regulatcd　by　Phosphorylation.　Rcccntly,　we　showed　that　Phosphorylation　of　BP180

on　serinc　rcsidues　and　dcstruction　of　hemidesnlosonlcs　occurrcd　simultaneously　on　12-0‘

tetradccanoylphorbo1“13'acetatc(TPA)stimulation　of　DJM“1　cclls　(58).HOPkinson　ezα£

havc　shown　an　association　bctwcen　the　intcgrin　(16　subunit　and　truncated　BP180　that　lacks　thc

enth°c　collagen　domain　(40).Borradori　er　α£have　rePorted　the　intcraction　betwccn

cytoPlasmic　domain　ofβ4　and　that　of　BP180　(41).ln　addition,cells　from　Patients　with

genemlized　atrophic　benign　cpidermolysis　bullosa,　in　which　BP180　is　deficient,　havc

rudimentary　hemidcsmosomcs　(47-50).

　　　Thc　rod　ajnd　taH　rcgions,　thc　putativc　cxtracellular　Portions　of　BP180,　havc　cnough

lcngth,　thc　most　cxtcndcd　specimcns　measuring　193　nm,　to　rcach　thc　lamina　dcnsa　th{rough　the

lamina　lucida　(Fig.　27).This　con%urationrcnlarkably　rcscmbles　that　of　anchoring　maments,

which　arc　located　within　thc　lamina　lucida　and　arc　rcsPonsiblc　for　attachment　of　the
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hemidesmosomc　to　thc　lamina　dcnsa　(59).Thcrcforc　l　assume　that　thc　cxtracellular　part　of

BP180　is　a　major　ccllular　componcnt　of　anchoring　maments,　together　with　the　laminin-5

(kalinin/nicein)that　was　previously　suggested　as　such　an　cxtmcellular　comPonent　(60-62).

Sincc　the　rod　and　tail　arc　so　different　in　apparcnt　flcxibility,　although　this　is　highly　sPeculative,

they　may　also　be　functionally　distinct　from　cach　other.　For　instancc,　onc　might　form　a　rigid

bridge　across　the　lamina　lucida　and　the　othcr　Play　an　important　role　in　thc　lamina　densa,　such　as

in　ligand　binding.　ln　fact,　even　the　length　of　the　rod　itself,　60-70　nmjs　enough　to　cross　over

the　lamina　lucida,　which　is　usually　within　40　nm　in　thickness　(59,63).This　speculation　is　we11

consistent　with　the　fact　that　BP180　is　also　a　target　molccule　of　cicatridal　pemphigoid,　an

autoimmune　subepidcrmal　diseasc　differcnt　from　BP　which　is　characterized　by　primary

involvcment　of　oral　and　ocular　mucous　mcmbrancs　and　scar　formation　(64,66).CP

autoantibodies　rccognize　thc　lamina　densa　as　well　as　the　lamina　lucida　of　thc　basement

mcmbranc.　Nlost　rccently,　Masunaga　er�･(66)havc　demonstrated　that　the　extraccllular

domain　of　BP180　extends　to　the　lamina　dcnsa　of　skin　BMZ　by　immunoclcctron　microscoPy･

　　　ln　conclusion,　considering　the　characteristic　molecular　configuration　of　BP180

demonstrated　in　this　studyjt　is　strongly　suggested　that　BP180　is　an　absolutely　new　tyPe　of

transmcmbranc　adhesion　rcceptor.

72θJαμmeMμg'Bθ

　　　ln　thc　second　scction　of　thc　rcsults,　l　dcmonstratcd　thc　cxistencc　of　a　120　kDa

cxtmcellular　fragment　of　BPTL　80,　which　can　bc　further　deg17aded　to　a　100　kDa　form,　in　culture

medium　of　keratinocytcs　and　skin　BMZ,　suggcsting　that　thc　cells　clcave　the　BP180　molccule　at

thcir　surfaces.　Thc　mAb-1337　was　found　to　bc　vcry　useful　to　distinguish　thc　fragmcnt　from

intact　BP180,　aPparcntly　rccognizing　a　unique　epitoPc　that　is　cxposcd　or　formcd　by　the

deavage(Fig.　28).l　could　not　dcterminc　the　deavagc　sitc　exactly,　but　it　is　located　in　thc

NC16A　domain　near　to　the　cell　membrane.　Thc　cpitope　may　bc　Prescnt　in　thc　NC16A　domain,

which　is　probably　morc　affected　by　thc　deavagc　than　other　stable　collagenous　parts.
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　　　Rotary　shadowing　of　thc　120　kDa　fragments　confirmcd　that　the　fragments　havc　no

globular　head　colTcsponding　to　the　amino'terminal　cytoplasmic　part　of　thc　moleculc.

　　　The　immunofluorescent　staining　pattem　of　mAb-1337,　showing　the　distribution　of　the

120　kDa　fragments,　differcd　between　tissucs　and　cultured　cells.　Thc　fragments　were　localized

cxclusively　in　thc　BMZ　in　skin,　whcrcas,　in　cultured　cclls,　they　arc　dctectcd　in　the　culture

medium.　Since　thc　staining　of　skin　BMZ　with　mAb-1337　proved　resistant　to　O.5%TX-100　o｢

1.5　M　KCl　trcatments,　thc　fragmcnts　in　thc　tissue　appear　to　be　insolublc,　whereas　the　intact

BP180　molecules　present　in　thc　latcral　surfaces　of　basal　cclls　arc　solubilized　by　O.5%TX'100

trcatmcnt.　Thc　insolubility　of　the　fragmcnts　in　the　tissue　is　probably　duc　to　thcir　anchoragc　to

or　intcraction　with　other　molccule(s).Since　the　fragments　lack　the　transmembranc　domain　and

scem　to　bc　no　longer　anchorcd　to　the　ccll　body　dircctly,　they　are　probably　fixcd　extracellularly･

Hemidcsmosomal　transmembrane　Proteins　such　as　integrin　a6β4　and　BP　1　80　are　candidates　for

thc　extracellular　anchoragc　of　the　fragment.　ln　fact,　HOPkinson　er�･(40)havc　shown　that

truncated　BP180　1acking　thc　cntire　collagen　domain,　ln　othcr　words　consisting　of　only　the

cytoplasmic　and　non-collagenous　cxtmccllular　domains,　is　incorPoratcd　into　hcmidcsmosomcs

and　associatcs　with　intcgrin　(z6　subunit　cxtraccllularly.　Howcvcr,　thcsc　candidates　cannot

explain　thc　abscnce　of　the　120　kDa　fragment　on　thc　basal　sides　of　cultured　cells,　bccause　thcy

do　havc　hcmidcsmosomes　including　integrin　a6β4　and　BP180.　Anothcr　possibility　is　that　an

unidcntificd　cxtracellular　ligand(s)of　BP　1　80　exists　in　tissue　but　not　in　cultured　cells.

¥ec�αΓ&zzθμ&e&θ/θμc�z?7eαμjμgμ&e　c/eαFαg･EI

　　　Thc　Presence　of　the　120　kDa　fragment　in　skin　suggests　that　the　cleavage　has　somc

biological　mcaning.　ln　wound　healing　or　stratification,　hemidcsmosomes　must　be　detachcd

from　thc　bascmcnt　mcmbranc,　with　transmcmbrane　Protcins　bccoming　scparatcd　from　thelr

ligands.

　　　Likc　other　intcgrins,　a6β4　appears　highly　rcgulative　and　its　rccycling　has　been　shown

during　cc11　1ocomotion　(67).During　cpithelial　wound　hcaling　of　comca,　thc　integrin　(z6β4
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rcdistributcs　from　their　location　within　hcmidcsmosomcs　to　more　cvenly　in　thc　basal　ce11

membrane,and　this　cvcnt　occurs　without　any　measurablc　changc　in　thc　synthesis　of　a6β4　and

with　no　indication　of　proteolytic　cleavage　of　either　(z6　oΓ　β4　chain(68).Recent　studies　have

dcmonstrated　that　the　ligand　ligation　of　intcgrin　a6β4　causes　tyrosine　phosphorylation　on　its

cytoplasmic　domain(69).Considcring　these　resultsjt　is　reasonablc　to　suPpose　that　integrin

a6β4　controls　ligand　detachment　by　some　structural　change　in　thc　cytoplasmic　domain.

　　　My　structural　analyses　of　BP180　have　demonstratcd　collagen-1ike　trimer　formation.

Considcring　the　stable　collagenous　extraccllular　rod　of　BP180jt　might　be　expected　that　BP180

is　not　as　rcgulative　as　integrin　a6β4.　Thus　if　stmctural　change　in　the　cytoplasmic　domain

cannot　cause　detachmcnt　of　its　cxtraccllular　domain　from　its　ligand,　a　capacity　for　cleavage

would　bc　neccssary　to　allow　differcntiation　and　movcment　away　from　the　basement　membrane

(Fig.　25).Kitajima　ea/･　(55,58)observed　disappearance　of　BP180　in　DJM-1　cells　during

rearrangcmcnt　of　hemidesmosomes　induced　by　the　treatmcnt　with　12-0-tetradecanoylphorbo1-

13'acetate.　However,thc　possibility　that　the　fragment　plays　a　more　direct　role　in　cc11“matrix

adhesion　distinct　from　the　intact　molecule,　can　not　be　excluded.　The　fact　that　significant

amounts　of　thc　60　kDa　Polypeptidc　could　be　detected　on　immunoblotting　of　ccll　cxtracts　using

mAb'1A8c　but　not　-233　or　1Dljs　suggcstivc　of　constitutivc　dcavagc　and　rcmoval　of　thc　120

kDa　extracellular　part　rather　than　gcneration　of　altcmativcly　spliccd　products　of　BP180　gene.

771e　yhzgzηeμΓαμj£∫eαja

　　　Although　this　is　highly　spcculativc,　dcavagc　of　thc　extraccllular　Part　of　BP　1　80　might

havc　some　clinica1,　in　addition　to　biological　significancc.　Thus　altcration　in　BP180　fragmcnts

might　causc　autoimmune　discascs　likc　bullous　pcmPhigoid　and　othcr　skin　blistcring　disorders.

Lhlear　lgA　bullous　demlatosis　(LAD)is　an　autoimmunc　subePidermal　blistering　discase

charactcrizcd　by　nnear　deposits　of　lgA　autoantibodies　at　the　derma1-ePidermal　bascment

membrane.　lmmunoblot　analyses　of　Paticnts'　scra　havc　dcmonstrated　that　thc　targct　antigcns

are　hcterogeneous,　although　a　97　kDa　antigen　is　most　frequently　detected　(70,　71).Rccent

studies　havc　shown　that　the　autoantibodies　rccognize　a　97　kDa　and　a　120　kDa　polyPeptide　in
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skin　cxtracts　and　a　120　kDa　form　in　kcratinocyte　culture　mcdium　(72).The　avaHable　data

suggest　that　thc　97　kDa　pcptidc　is　a　degradation　mther　than　a　spccifically　processcd　product.

lmmunoclectron　microscoPy　has　indicated　that　the　97　kDa　polyPeptidc　is　localized　to　lamina

lucida,suggesting　a　novel　anchoring　mamcnt　protein　(73).vcry　rcccntly,　Pas　a　�･(74)havc

found　that　both　BP　lgG　and　LAD-lgA　rccognizc　the　samc　120　kDa　protein　in　kcratinocyte

conditioned　medium　and　in　cell　cxtracts.　Thcy　also　showed　that　the　120　kDa　Protein　is

glycosylated　and　collagenous,　and　lacking　in　culture　mcdium　and　in　skin　from　GABEB

Paticnts.　Thcsc　results　suggest　close　rclationship　bctween　LAD“antigcn　and　BP180,　though

LAD　scra　havc　so　far　not　been　found　to　recognizc　BP180.

　　　1　have　no　dircct　evidence　conceming　thc　rclationship　betwecn　the　LAD-antigcn(s)and　the

120　kDa　BP180　fragment　at　prescnt.　Howcvcr,　furthcr　charactcrization　of　the　lattcr　appears

warranted　to　clarify　the　molecular　nature　and　function　of　BP180,　under　physiological　and

pathological　conditions.
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