
Di st r i but i on of Ur oki nase- t ype

Pl asmi nogen Act i vat or I mmunor eact i vi t y i n t he Mouse

ABSTRACT

	

I mmunocyt ochemi st r y, usi ng r abbi t ant i bodi es t o a ur oki nase- t ype 48- Kdal t on Mr

mouse pl asmi nogen act i vat or , showed t hat enzyme i mmunor eact i vi t y i s wi del y di st r i but ed i n

t he nor mal mouse . St r ong st ai ni ng was obt ai ned i n wi del y di ssemi nat ed connect i ve t i ssue

cel l s wi t h a f i br obl ast - l i ke mor phol ogy . Such cel l s occur r ed i n hi gh number s i n t he l ami na

pr opr i a mucosae of t he gast r oi nt est i nal t r act , and i n moder at e number s i n t he connect i ve

t i ssue sept a of t he pancr eas . A f ew such cel l s wer e det ect ed ar ound t he l ar ynx, t r achea, and

br onchi . I mmunor eact i vi t y al so occur r ed i n epi t hel i al cel l s of t he pr oxi mal and di st al ki dney

t ubul es, t he duct us def er ens, and i n pul monar y pneumocyt es . I n addi t i on, pr esumabl y

ext r acel l ul ar st ai ni ng was seen i r r egul ar l y al ong t he basement membr ane and f i br i l l ar st r uct ur es

i n t he l ami na pr opr i a of t he smal l and l ar ge i nt est i nes . Mor eover , deci dual cel l s of t he mouse

pl acent a st ai ned st r ongl y, and a moder at e st ai ni ng was obser ved i n epi t hel i al cel l s of i nvol ut i ng

mammar y gl ands, but not i n t hose of noni nvol ut i ng gl ands . No i mmunor eact i vi t y was obser ved

i n endot hel i al cel l s .

Cont r ol exper i ment s i ncl uded absor pt i on of t he ant i bodi es agai nst hi ghl y- pur i f i ed mouse

pl asmi nogen act i vat or and t he cor r espondi ng pr oenzyme, and t he f i ndi ng of a good cor r e-

spondence bet ween t he number of i mmunor eact i ve cel l s and measur abl e enzymat i c act i vi t y

det er mi ned i n adj acent t i ssue sect i ons . Separ at i on by SDS PAGE f ol l owed by i mmunobl ot t i ng

r eveal ed onl y one i mmunochemi cal l y st ai nabl e pr ot ei n band wi t h Mr ^- 48 Kdal t ons i n ext r act s

f r om t i ssues showi ng i mmunor eact i vi t y .

The t r ypsi n- l i ke ser i ne pr ot ease pl asmi n degr ades most pr o-

t ei ns . I t i s f or med f r omt he zymogen pl asmi nogen, pr esent i n

many ext r acel l ul ar f l ui ds. Pl asmi nogen i s act i vat ed by anot her

gr oup of ser i ne pr ot eases ( f or r evi ews, see r ef er ences 1- 3) . At

l east t wo t ypes of pl asmi nogen- act i vat i ng enzymes ar e pr o-

duced by ani mal cel l s, di f f er i ng i n Mr ( - 70 and 50 Kdal t ons,

r espect i vel y) , i mmunol ogi cal r eact i vi t y, and i nt er act i on wi t h

ot her pr ot ei ns ( 4- 19) . At l east some pl asmi nogen act i vat or s

ar e t hemsel ves pr oduced as i nact i ve pr oenzymes ( 20- 23) . The

pr ocess l eadi ng t o gener at i on of pl asmi n i s t hus a cascade

r eact i on char act er i zed by ampl i f i cat i on of t he pr ot eol yt i c

act i vi t y and r egul at ed by enhanci ng and i nhi bi t or y f act or s ( 7,

9, 24- 26) .

The chemi st r y of pl asmi nogen, pl asmi n, and pl asmi nogen

act i vat i on i s par t l y cl ar i f i ed ( 9, 27, 28) . The bi ol ogi cal f unct i on

of pl asmi n and t he r egul at i on of t he enzyme gener at i on i s l ess

wel l under st ood. Cl ear l y, pl asmi n pl ays a r ol e i n a var i et y of

nor mal and pat hol ogi cal pr ocesses ; i t s t hr ombol yt i c act i vi t y
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i s t he most st udi ed ( 2) . Recent f i ndi ngs i ndi cat e t hat t he Mr

- 70 Wal t on t ype of pl asmi nogen act i vat or ( of t en desi gnat ed

t i ssue- t ype pl asmi nogen act i vat or ) i s a key enzyme i n t hi s

pr ocess ( 29- 31) . Much at t ent i on has al so been di r ect ed t owar d

a possi bl e r ol e of pl asmi n i n t i ssue degr adat i on under nor mal

and pat hol ogi cal condi t i ons, e. g. , i nvol ut i on of t he mammar y

gl and, i nf l ammat i on, ar t hr i t i s, and i nvasi ve gr owt h of t r oph-

obl ast s and cancer cel l s ( 3, 5, 32- 41, 59- 62) . I n most of t hese

cases, t he pl asmi nogen act i vat or s i nvol ved seem t o be of t he

Mr - 50- kdal t on t ype ( of t en desi gnat ed t he ur oki nase- t ype) . A

r ol e f or pl asmi n i n var i ous ot her bi ol ogi cal pr ocesses, e. g. , cel l

mi gr at i on ( 42, 43) and conver si on of pr ohor mones t o hor -

mones ( 44) has al so been pr oposed.

Li t t l e or no i nf or mat i on i s avai l abl e about t he i dent i t i es of

cel l s i n t he i nt act or gani sm pr oduci ng t he t wo t ypes of pl as-

mi nogen act i vat i ng enzymes. Bot h t ypes ar e pr oduced by a

var i et y of cul t ur ed cel l t ypes, der i ved f r om nor mal as wel l as

neopl ast i c t i ssue ( 6, 10, 15, 22, 26, 32- 35, 43- 45) . I t i s
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doubt f ul , however , whet her t he cul t ur ed cel l s i n t hi s r espect

ar e al ways r epr esent at i ve of t he cel l s i n t he i nt act or gani sm.

Enzyme hi st ochemi cal st udi es have been per f or med usi ng an

agar ose over l ay t echni que wi t h pl asmi nogen- r i ch f i br i n ( 7, 8,

46- 48) . Thi s met hod of t en has shor t comi ngs, however , r el at ed

t o a l ow degr ee of r esol ut i on, a l ack of di st i nct i on bet ween

t he t wo t ypes of act i vat or s, t he occur r ence of i nact i ve pr oen-

zymes of t he pl asmi nogen act i vat or s, and t he i nt er f er ence of

i nhi bi t or s of pl asmi nogen act i vat or s and pl asmi n ( 9, 20- 26) .

I mmunocyt ochemi cal det ect i on of pl asmi nogen act i vat or s

has hi t her t o been hamper ed by t he f act t hat t hey ar e pr esent

i n cel l s i n ver y l ow concent r at i ons . We have pr evi ousl y r e-

por t ed t he der i vat i on of r abbi t ant i bodi es agai nst a mur i ne

M, - 48- kdal t on ur oki nase- t ype pl asmi nogen act i vat or ( 13) .

These ant i bodi es do not cr oss- r eact wi t h t he Mr - 70- kdal t on

enzyme ( 13) and have now been empl oyed f or i mmunocyt o-

chemi cal st udi es i n t he nor mal mouse.

MATERI ALS AND METHODS

Mat er i al s:

	

The f ol l owi ng mat er i al s wer e obt ai ned f r om t he i ndi cat ed

sour ces : Cyanogen- br omi de- act i vat ed Sephar ose ( Phar maci a, I nc . , Uppsal a,

Sweden) ; swi ne I gG ant i - r abbi t i mmunogl obul i ns and per oxi dase- ant i per oxi -

dase compl ex ( Dakopat t s, Copenhagen, Denmar k) ; Mi l l i por e ni t r ocel l ul ose

paper GSWP 000 10 ( Mi l l i por e, Mol shei m, Fr ance) ; ur oki nase ( Leo Phar ma-

ceut i cal , Bal l er up, Denmar k) . Al l ot her mat er i al s wer e t hose descr i bed pr evi -

ousl y ( 10, 13, 18, 19, 20, 22, 49, 53) , or of t he best commer ci al l y avai l abl e

gr ade .

Ani mal s :

	

Femal e and mal e BALB/ c mi ce, 6- 10 wk ol d, wer e anest he-

t i zed wi t h di et hyl et her and per f usi on- f i xed wi t h col d ( 4° C) 0 . 01 M sodi um

phosphat e buf f er , pH 7 . 4, cont ai ni ng 0 . 14 MNaCl ( PBS) , f ol l owed by a col d

( 4° C) 4% ( wt / vol ) par af or mal dehyde sol ut i on i n 0. 1 Msodi um phosphat e

buf f er , pH 7 . 4 . I n t ypi cal exper i ment s, 20 ml of PBS and an equal amount of

t he f i xat i ve wer e used . I n addi t i on, t i ssue speci mens wer e obt ai ned f r om t he

pl acent a of pr egnant BALB/ c mi ce ( 19- 20 d of pr egnancy) and f r ommammar y

gl ands of l act at i ng mi ce depr i ved of t hei r l i t t er s f or 4 d af t er 5 d l act at i on, or

f r om mi ce l act at i ng f or 9 d. Ti ssue used f or enzyme assay and el ect r obl ot t i ng

was r emoved f r om ani mal s per f used wi t h 20 ml of PBS, af t er di et hyl et her

anest hesi a.

Ti ssue Tr eat ment s :

	

Speci mens f r omani mal s per f used wi t h par af or m-

al dehyde wer e cut i nt o 1- 2- mmcubes and post f i xed over ni ght ( t ypi cal l y, 16 h)

at 4° C. Thi s was f ol l owed by a 24- h r i nsi ng i n 0. 1 Msodi umphosphat e buf f er ,

pH 7 . 3, cont ai ni ng 20%sucr ose . The t i ssue- cubes wer e t hen f r ozen i n mel t i ng

Fr eon- 22, sect i oned at 4- 8 t amon a cr yost at at - 20° C, and t he sect i ons mount ed

on chr omeal um- gel at i n- coat ed sl i des .

Speci mens f r om t he st omach ( oxynt i c and ant r opyl or i c mucosa) of ani mal s

per f used wi t h 20 ml of PBS wer e f l at - mount ed on car dboar d, f r ozen i n mel t i ng

Fr eon- 22, and sect i oned hor i zont al l y i n a cr yost at at - 20° C. Al t er nat i ng

sect i ons wer e cut at 40- and 5- t am t hi ckness . The 5- t am sect i ons wer e st ai ned

wi t h haemat oxyl i n and eosi n f or i dent i f i cat i on of mor phol ogy and dept h wi t hi n

t he mucosa, and t he 40- t am sect i ons wer e i ndi vi dual l y col l ect ed i n smal l t est -

t ubes and kept f r ozen at - 20° C f or ext r act i on and enzyme assay.

Ext r act s f r om f r ozen t i ssue sampl es of f r eshl y PBS- per f used t i ssue wer e

pr epar ed as descr i bed ( 33) wi t h 0. 1 MTr i s/ HCI , pH 8 . 1, cont ai ni ng 0. 5% ( wt /

vol ) Tr i t on X- 100, 10 Al per mg wet t i ssue wei ght . The sampl es wer e homoge-

ni zed and cent r i f uged ( 4, 000 g) at 4° C f or 10 mi n.

Ant i bodi es :

	

Ant i bodi es agai nst hi ghl y- pur i f i ed 48- Kdal t on Mmur i ne

pl asmi nogen act i vat or ( MPA48) ' wer e pr oduced by i mmuni zat i on of r abbi t s,

as descr i bed ( 13) . The I gG f r act i on was pur i f i ed by sodi um sul phat e pr eci pi t a-

t i on and DEAE- Sephadex i on exchange chr omat ogr aphy ( 63) . The I gG was

f ur t her pur i f i ed i n one of t wo ways : ( a) absor pt i on agai nst a gl ut ar al dehyde

pol ymer of mur i ne pr ot ei ns ( 50) . The gl ut ar al dehyde pol ymer was pr epar ed

f r oma mi xt ur e of condi t i oned medi umf r ommouse sar coma- vi r us t r ansf or med

pl asmi nogen act i vat or - pr oduci ng 3T3 cel l s ( 3T3/ MSV- LO) depl et ed of pl as-

mi nogen act i vat or by t hr ee passages t hr ough a 4- ami nobenzami di ne ami no-

dodecyl cel l ul ose col umn ( 49) ; condi t i oned medi um f r om mur i ne embr yonal

f i br obl ast s ( 10) ; and nor mal mouse ser um. Al l t hr ee par t s wer e f ur t her depl et ed

of MPA48 by bei ng passed t hr ough a col umn of ant i - MPA48 I gG coupl ed t o

' Abbr evi at i ons used i n t hi s paper :

	

MPA48, 48 kdal t on M, mur i ne

pl asmi nogen act i vat or ; TBS, Tr i s- buf f er ed sal i ne .

Sephar ose 4B. The gl ut ar al dehyde pol ymer was pr epar ed f r om 30 ml pr ot ei n

sol ut i on i n 0. 2 Msodi um acet at e buf f er , pH 5 . 0, cont ai ni ng BSA ( 25 mg/ ml )

by sl owl y addi ng 6 ml of 2 . 5% gl ut ar al dehyde ( wt / vol ) . The I gG pr epar at i ons

wer e appl i ed t o and el ut ed f r om t he pol ymer i n PBS at 4° C ( 50) . ( b) Af f i ni t y

chr omat ogr aphy on a col umn cont ai ni ng pur i f i ed MPA48 coupl ed t o CNBr -

act i vat ed Sephar ose 4B. The col umn ( bed vol ume 2 ml ) cont ai ned 2 mg of

pur i f i ed enzyme ( f r act i on I V, see r ef er ence 49) , and was equi l i br at ed wi t h 0. 1

MTr i s HCI , pH8 . 1, 0 . 1%( wt / vol ) Tr i t on X- 100 . The I gGwas appl i ed i n t hi s

buf f er ( 20 ml ) , and t he col umn washed wi t h 20 ml 0 . 1 MTr i s HCl , pH 8 . 1,

0 . 7 MNaCl , 0 . 1% wt / vol Tr i t on X- 100 . El ut i on ( l 4 ml / h) was car r i ed out

wi t h 0 . 05 Mgl yci ne HCI , pH2. 5, 0. 4 MNaCI , 0. 01 %Tr i t on, and t he emer gi ng

f r act i ons wer e i mmedi at el y mi xed wi t h suf f i ci ent Tr i s HCl - buf f er t o r e- est abl i sh

a pHof 8 . l .

Pr ei mmune and noni mmune I gG was pur i f i ed and absor bed i n t he same

way. The pur i f i ed I gG pr epar at i ons wer e scr eened f or t hei r abi l i t y t o st ai n spot s

of MPA48 and i t s pr oenzyme f or m ( pr o- MPA48) ( 20) wi t h an i mmunocyt o-

chemi cal model syst em ( 51) , i n whi ch spot s of t he enzyme pr epar at i ons wer e

appl i ed t o What man No. I paper ( What man Labor at or y Pr oduct s, I nc . , Cl i f t on,

NJ) .

l mmunocyt ochemi st r y: Cr yost at sect i ons or paper model s wer e

soaked i n 0 . 05 MTr i s HCI , pH 7 . 4, wi t h 0 . 15 MNaCl and I %( wt / vol ) Tr i t on

X- 100 ( TBS- Tr i t on) f or 15 mi n, exposed t o l %( wt / vol ) human ser umal bumi n

or 10% nor mal goat ser um i n TBS- Tr i t on f or 30 mi n at r oom t emper at ur e,

br i ef l y r i nsed i n TBS- Tr i t on, and exposed t o var yi ng concent r at i ons of ant i -

bodi es pur i f i ed as descr i bed above . For bot h af f i ni t y- pur i f i ed ant i bodi es and

ant i bodi es cr oss- absor bed agai nst i r r el evant mouse pr ot ei ns, opt i mal I gGcon-

cent r at i ons f or st ai ni ng wer e f ound t o be 5- 10 Ag/ ml ( di l ut i ons per f or med i n

TBS wi t h 0 . 25% BSA) usi ng 20 h of i ncubat i on at 4° C f ol l owed by 2 h of r e-

equi l i br at i on at r oom t emper at ur e . The si t e of ant i gen- ant i body r eact i on was

r eveal ed wi t h t he per oxi dase- ant i per oxi dase met hod of St ember ger , as descr i bed

( 52, 53) . Per oxi dase act i vi t y was demonst r at ed by t he di ami nobenzi di ne- H202

met hod ( 52) and sect i ons wer e occasi onal l y count er st ai ned l i ght l y wi t h hae-

mat oxyl i n .

I n some exper i ment s, endogenous per oxi dase act i vi t y of mouse t i ssues was

quenched by exposur e t o met hanol / H202 pr i or t o i mmunocyt ochemi cal st ai n-

i ng ( 53) . Thi s t r eat ment somewhat compr omi sed, but di d not t ot al l y i nhi bi t ,

i mmunocyt ochemi cal st ai ni ng, and was t her ef or e not used r out i nel y . Whenever

empl oyed, adj acent sect i ons not exposed t o t he met hanol / H202 r eagent wer e

anal yzed i n par al l el .

Cont r ol s wer e t hose r ecommended by St ember ger ( 52) and i ncl uded ( a)

omi ssi on of ei t her t he f i r st , second, or t hi r d l ayer of ant i ser um; ( b) subst i t ut i on

of t he pr i mar y ant i bodi es by pr ei mmune or noni mmune I gG ( at concent r at i ons

of 5- 50 Ag/ ml ) , or by cont r ol hyper i mmune ser a ( ant i gast r i n ser um 4652,

ant i somat ost at i n ser um R 213/ 3) ; ( c) absor pt i on of t he pr i mar y ant i bodi es

agai nst var yi ng concent r at i ons ( 4 . 2- 63 . 0 kU/ ml ) , of hi ghl y- pur i f i ed pr o-

MPA48 or MPA48 ( 20, 49) . The pr o- MPA48 used f or ant i body absor pt i on

showed one Coomassi e Bl ue st ai nabl e band cor r espondi ng t o M- 48 Kdal t ons

af t er pol yacr yl ami de gel el ect r ophor esi s under r educi ng as wel l as nonr educi ng

condi t i ons ( 20) ( det ect i on l i mi t f or possi bl e cont ami nat i ng pr ot ei ns was - - 5%) .

The MPA48 f or absor pt i on st udi es was gener at ed f r om t he pr o- MPA by

i ncubat i on wi t h cat al yt i c amount s of pl asmi n ( 20) . Fur t her cont r ol s f or est ab-

l i shi ng t hat t he st ai ni ng was due t o pr o- MPA48/ MPA48 pr esent i n t he t i ssue

i ncl uded : ( d) compar i sons among t he di st r i but i on of i mmunocyt ochemi cal l y

st ai ned st r uct ur es and l evel s of ext r act abl e enzyme act i vi t y i n var i ous or gans;

( e) compar i sons bet ween t he t opogr aphy of i mmunocyt ochemi cal l y st ai ned

cel l s and enzyme act i vi t y i n t he mouse st omach usi ng hor i zont al sect i ons; and

( / ) separ at i on of ext r act ed t i ssue pr ot ei ns on gr adi ent SDS PAGEel ect r obl ot t i ng

t o ni t r ocel l ul ose paper and i mmunocyt ochemi cal st ai ni ng of t he bl ot s ( see

bel ow) .

Pl asmi nogen Act i vat or Assay:

	

The pl asmi nogen act i vat or cont ent

i n t i ssue sampl es was det er mi ned by a modi f i cat i on of t he ' 2° Wabel ed f i br i n

pl at e assay, i n whi ch cat al yt i c amount s of pl asmi n wer e added t o al l ow f or t he

si mul t aneous det er mi nat i on of pr o- MPA48 and MPA48 ( 20) . Each assay wel l

cont ai ned 0 . 5 ml of 0. 1 MTr i s HCI , pH 8. 1, 0 . 1 %Tr i t on X- 100, 0. 25%gel at i n,

1 t ag human gl u- pl asmi nogen, and 7 ng human pl asmi n. I n par al l el assays, 0 . 25

t ag af f i ni t y- pur i f i ed ant i - MPA48 I gG ( 13) was added. Thi s compl et el y i nhi bi t ed

t he enzymat i c act i vi t y of pur i f i ed pr o- MPA48 and MPA48, al t hough i t di d not

i nhi bi t M, - 70- Kdal t on mur i ne pl asmi nogen act i vat or ( 13) . Pr o- MPA48/

MPA48 i n t he sampl es was cal cul at ed as t hat par t of t he act i vi t y t hat was

i nhi bi t ed by t he ant i - MPA48 I gG. I n al l assays, a hi ghl y pur i f i ed pr o- MPA48

st andar d pr epar at i on ( 20, 0. 5- 2 U/ ml , see r ef er ence 10 f or def i ni t i on of I U
MPA48) was used f or cal i br at i on. The same pr epar at i on was used as an i nt er nal

st andar d t o check f or t he possi bl e i nhi bi t i on of t he assay by i nhi bi t or s of
pl asmi n and/ or pl asmi nogen act i vat or s ( 20) . I n some t i ssue ext r act s, a st r ong

i nhi bi t i on of t he i nt er nal st andar d was obser ved under t hese condi t i ons. For
t he assays descr i bed i n Tabl e I , t he assay condi t i ons wer e t her ef or e modi f i ed so

t hat t he i ncubat i on per i od was 20 h and t he concent r at i on of pl asmi n was 660
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pg/ ml . Thi s modi f i cat i on al l owed a hi gher di l ut i on of t he sampl es bef or e t he

assay ( 5, 000- 200, 000- f ol d) and r esul t ed i n t he i nhi bi t i on bei ng nondet ect abl e

or moder at e i n al l cases ( see l egend f or Tabl e I ) . I n t he 20- h assays, a pr o-

MPA48 st andar d at t he concent r at i ons 21- 210 mU/ ml was used f or cal i br at i on.

El ect r ophor esi s and l mmunobl ot t i ng: SDS PAGE was per -

f or med i n a st acki ng syst em usi ng sl ab gel s wi t h a gr adi ent of 6- 16%( wt / vol )

pol yacr yl ami de ( 10) and a pot ent i al di f f er ence of 60 V, f or 16- 18 h. Fol l owi ng

SDS PAGE of t i ssue ext r act s, t he pr ot ei ns wer e t r ansf er r ed el ect r ophor et i cal l y

( 10 V, 250 mA) f r omt he pol yacr yl ami de gel ont o ni t r ocel l ul ose paper ( 54) f or

16 h, i n a buf f er cont ai ni ng 0 . 125 MTr i s, pH 8 . 6, 0. 19 Mgl yci ne, 20%( vol /

vol ) met hanol and 0 . 1 % ( wt / vol ) SDS, or al t er nat i vel y a 50 mMphosphat e

buf f er , pH 7 . 4 . The ni t r ocel l ul ose paper was ai r - dr i ed, f i xed i n 4% ( wt / vol )

par af or mal dehyde sol ut i on i n 0 . 1 M sodi um phosphat e buf f er , pH 7 . 4, and

washed i n TBS- Tr i t on f or 2 x 10 mi n. Longi t udi nal l anes wer e cut out and

some l anes wer e t hen st ai ned wi t h ami do bl ack and dest ai ned i n 10% acet i c

aci d. Ot her l anes wer e i ncubat ed f or 30 mi n wi t h TBS- Tr i t on cont ai ni ng human

ser umal bumi n ( 10 mg/ ml ) . The paper was t hen washed 2 x 15 mi n i n TBS-

Tr i t on and i ncubat ed over ni ght ( 4* C) wi t h ant i - MPA48 I gG, cont r ol I gG, or

BSA, al l di l ut ed i n TBS- Tr i t on cont ai ni ng 0 . 25% ( wt / vol ) BSA. Af t er t emper -

at ur e r e- equi l i br at i on f or 1 h, l anes wer e washed i n TBS- Tr i t on 3 x 20 mi n

and i ncubat ed f or 30 mi n wi t h swi ne ant i - r abbi t i mmunogl obul i ns ( di l ut ed

1 : 30 i n PBS wi t h nor mal swi ne I gG ( 4 mg/ ml ) ) . The l anes wer e f ur t her washed

3 x 10 mi n i n TBS- Tr i t on and i ncubat ed wi t h per oxi dase- ant i per oxi dase

compl ex ( di l ut ed 1 : 70 i n TBS) f or 30 mi n . Bef or e t he f i nal per oxi dase r eact i on

( 52) , l anes wer e ext ensi vel y washed i n t he f ol l owi ng or der . TBS- Tr i t on ( 5 mi n) ,

8 Mur ea i n TBS- Tr i t on ( l h at 37* C, whi l e shaken) , TBS- Tr i t on ( 2 x 5 mi n) ,

and 0. 05 M Tr i s- HCI , pH 7 . 6 ( 2 x 5 mi n) . Al l i ncubat i ons and washi ng

pr ocedur es wer e per f or med at r oomt emper at ur e unl ess ot her wi se st at ed .

I n each gel , t he f ol l owi ng mi xt ur e of mar ker pr ot ei ns was el ect r ophor eseá

and t r ansf er r ed by el ect r obl ot t i ng: r abbi t phosphor yl ase ( M94 Kdal t ons) , BSA

( M, 67 Kdal t ons) , oval bumi n ( M43 Kdal t ons) , car boni c anhydr ase ( M, 30

Kdal t ons) , soybean t r ypsi n i nhi bi t or ( M, 20. 1 Kdal t ons) , and a- l act al bumi n

( M, 14 . 4 Kdal t ons) .

RESULTS

Cyt ochemi cal Paper Model s

When appl i ed t o paper model s cont ai ni ng spot s of pr o-

MPA48 or MPA48, bot h af f i ni t y- pur i f i ed ant i bodi es and

ant i bodi es absor bed agai nst mouse pr ot ei ns pr oduced st r ong

st ai ni ng at I gG concent r at i ons var yi ng bet ween 1- 10 f i g/ ml .

The ant i bodi es wer e equal l y ef f ect i ve i n st ai ni ng bot h pr o-

MPA48 and MPA48, but di d not st ai n BSA, pl asmi nogen,

and pl asmi n . Unf i xed model s as wel l as model s f i xed f or 1 h

i n 4% par af or mal dehyde wer e st ai ned equal l y wel l . Absor p-

t i on of t he ant i bodi es ( at 5 Ag I gG per ml wi t h 21 KUper ml

of pr o- MPA48 or MPA48) abol i shed st ai ni ng of t he paper

model s . Cont r ol I gG and cont r ol hyper i mmune ser a di d not

st ai n t he pr o- MPA48 or MPA48 spot s .

Ti ssue Di st r i but i on

I n t i ssue sect i ons, bot h af f i ni t y- pur i f i ed ant i bodi es and ant i -

bodi es absor bed agai nst a mi xt ur e of mouse pr ot ei ns depl et ed

of MPA48 pr oduced exact l y t he same pat t er n of st ai ni ng . I n

al l l ocal i zat i ons t o be r epor t ed bel ow, bot h t ypes of ant i bodi es

wer e used .

Gast r oi nt est i nal Tr act

MPA48- l i ke i mmunor eact i vi t y occur r ed i n a wi despr ead

syst em of connect i ve t i ssue cel l s di st r i but ed i n t he l ami na

pr opr i a mucosae al ong t he ent i r e gast r oi nt est i nal t r act . Ot her

l ayer s of t he gut wal l wer e devoi d of i mmunor eact i ve cel l s . I n

t he oxynt i c gl and ar ea of t he st omach, i mmunor eact i ve cel l s

occur r ed i n t he upper most por t i on of t he l ami na pr opr i a

mucosae, sur r oundi ng t he neck of t he gl ands ( Fi g. 1) . Deeper

par t s of t he l ami na pr opr i a wer e devoi d of i mmunor eact i ve

cel l s . The cel l s di spl ayed a f i br obl ast - l i ke mor phol ogy and

wer e of t en spi ndl e- shaped or t r i angul ar , occasi onal l y wi t h
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TABLE I

Enzyme Act i vi t y of MPA48 i n

Mur i ne Ti ssues

Ti ssues wer e r emoved, wei ghed, and ext r act ed wi t h 0 . 1 MTr i s HCI con-
t ai ni ng 0 . 5%Tr i t on X- 100. Ext r act s f r omf i ve mi ce wer e pool ed and assayed
by t he " ' I - l abel ed f i br i n pl at e met hod f or 20 h i n t he pr esence of pl asmi n-
ogen and cat al yt i c amount s of pl asmi n . Thi s met hod det er mi nes t he com-
bi ned cont ent of MPA48 and i t s i nact i ve pr oenzyme ( pr o- MPA48) . Ext r act s
wi t h pur i f i ed pr o- MPA added as an i nt er nal st andar d wer e assayed i n
par al l el . No i nhi bi t i on of t he i nt er nal st andar d was obser ved except wi t h
t he ext r act of duodenum. Number s ar e cor r ect ed f or t hi s i nhi bi t i on, whi ch
was 28%. Ant i - MPA48 I gG ( af f i ni t y pur i f i ed) was added i n a concent r at i on
( 0 . 5 ug/ ml ) t hat compl et el y i nhi bi t ed t he act i vi t y of pur i f i ed MPA48 and
pr o- MPA48 . The MPA48 act i vi t y was cal cul at ed as t hat par t of t he act i vi t y
t hat was i nhi bi t ed by t he ant i bodi es . Al l det er mi nat i ons wer e per f or med i n
quadr upl i cat e . Means ± st andar d er r or s on t he means ar e i ndi cat ed .
Mi l l i gr ams of wet wei ght of t i ssue.

' Super f i ci al l ayer of ant r al mucosa.
s Pl asmi nogen act i vat or act i vi t y i n t he upper most 300 Amof t he mucosa,

det er mi ned by addi ng r esul t s of assays of t i ssue sect i ons per f or med as
descr i bed i n t he l egend t o Fi g. 1 .
Super f i ci al l ayer of oxynt i c mucosa .

bl unt pr ocesses ext endi ng t owar ds t he sur f ace or neck epi t he-

l i al cel l s . Si mi l ar cel l s wer e det ect ed i n t he ant r opyl or i c mu-

cosa of t he st omach . I n t hi s r egi on, however , t he cel l s ext ended

deeper bet ween t he pyl or i c gl ands, somet i mes r eachi ng t he

muscul ar i s mucosae . The ant r opyl or i c cel l s wer e mor e el on-

gat ed t han t he oxynt i c cel l s and f r equent l y gave of f l ong

pr ocesses t hat came i nt o cl ose cont act wi t h t he epi t hel i al cel l s.

I n t he st omach, most or al l i mmunor eact i vi t y was l ocal i zed

t o t he cyt opl asmof t he f i br obl ast - l i ke cel l s, wi t h l i t t l e evi dence

of ext r acel l ul ar l ocal i zat i on . No i mmunor eact i vi t y was de-

t ect ed i n t he nucl ei of t he cel l s.

I n t he smal l i nt est i nes, much i mmunor eact i vi t y was di st r i b-

ut ed i n t he connect i ve t i ssue cor e of t he vi l l i , and smal l er

amount s occur r ed i n t he l ami na pr opr i a sur r oundi ng t he

cr ypt s ( Fi g . 2) . Most i mmunor eact i vi t y was associ at ed wi t h

sl ender f i br i l l ar st r uct ur es and wi t h t he basement membr ane.

Wi t hout t he ai d of el ect r on mi cr oscopy i t was not possi bl e t o

deci de whet her t he l ong f i br i l l ar st r uct ur es r epr esent ed f i br o-

bl ast oi d cel l s . A f ai r amount of t he i mmunor eact i vi t y det ect ed

i n t he smal l i nt est i nes, par t i cul ar l y t hat associ at ed wi t h t he

basement membr ane, may r epr esent ext r acel l ul ar st or es of

pr o- MPA48 or MPA48 .

I n t he col on, i mmunor eact i ve f i br obl ast - l i ke cel l s mor pho-

l ogi cal l y si mi l ar t o t hose obser ved i n t he st omach wer e agai n

encount er ed ( Fi g . 3) . Typi cal l y, t he col oni c cel l s wer e l ocat ed

super f i ci al l y i n t he l ami na pr opr i a mucosae beneat h t he sur -

f ace epi t hel i um, but wer e occasi onal l y seen t o ext end down

bet ween t he col oni c cr ypt s . The basement membr ane under

t he col oni c epi t hel i um al so di spl ayed st r ong i mmunor eact i v-

i t y . The st ai ni ng was of t en pat chy, but somet i mes f ol l owed

t he cont our of t he ent i r e basement membr ane down t o t he

St omachl

Vas def er ens

Ki dney

Lung

190,

64 ± 1

42 ± 1

73±3

56 5

96 ± 3

80 ± 1

25±6

1105

59 ± 3

34 ± 1

18±4

Pl acent a 7 ± 1 92 ± 5 6 ± 1

Bl adder 8. 1 ± 0. 2 38 ± 5 3. 1 ± 0. 5

Pancr eas 8. 2 ± 0. 3 17 ± 5 1 . 4 ± 0. 4

Duodenum 11 . 4 ± 0. 4 13 ± 3 1 . 3 ± 0. 3

Li ver 2 . 2±0. 1 44±2 0. 9±0 . 1

Tot al pl asmi no- I nhi bi t i on

gen act i vat i ng by ant i - MPA48 act i v-

Ti ssue act i vi t y MPA481gG i t y

ul mg* %t ot al act i vi t y ul mg*

St omach ; 310§ 38 5 1205



FI GURE 1

	

Di st r i but i on of MPA48 enzyme act i vi t y ( a) and i mmu-

nor eact i vi t y ( b) i n mouse oxynt i c mucosa . As descr i bed i n t he t ext ,

hor i zont al 40- , umcr yost at sect i ons wer e cut and assayed f or enzyme

act i vi t y ( t op) . The di st r i but i on of t hi s act i vi t y agr ees cl osel y wi t h t he

di st r i but i on of MPA48 i mmunor eact i vi t y as shown by i mmunocy-

t ochemi st r y ( mi ddl e) . Thus, as shown by t he di agr am t he upper 180

j m of t he mucosa cont ai ns abundant enzyme act i vi t y as wel l as

FI GURE 2 Mouse duodenum st ai ned wi t h ant i ser um t o MPA48 .

React i on pr oduct occur s i n f i br i l l ar st r uct ur es i n t he vi l l i cor es and

al ong t he basement membr ane . I n t hi s r egi on, i t i s di f f i cul t t o deci de

whet her t he st ai ned mat er i al i s i nt r acel l ul ar or not .

bot t om of t he cr ypt s . Agai n, i t i s l i kel y t hat t hi s st ai ni ng

r epr esent s ext r acel l ul ar mat er i al . I t i s i mpossi bl e t o deci de by

l i ght mi cr oscopy whet her i t was t he basement membr ane

pr oper or a st r uct ur e cl osel y associ at ed wi t h i t t hat was st ai ned .

The col oni c f i br obl ast - l i ke cel l s wer e of a mor e r ounded shape

t han t hose det ect ed i n t he st omach and cont ai ned abundant

i mmunor eact i vi t y i n t hei r cyt opl asm wi t h unst ai ned nucl ei .

They wer e t ypi cal l y posi t i oned cl ose t o t he over l yi ng epi t he-

l i um.

Fewand scat t er ed i mmunor eact i ve cel l s wer e al so obser ved

i n t he connect i ve t i ssue sept a separ at i ng t he pancr eat i c l ob-

ul es. Agai n, t he cel l s wer e f i br obl ast - l i ke and di spl ayed a

t r i angul ar shape, occasi onal l y wi t h l ong pr ocesses . No ot her

pancr eat i c st r uct ur e ( duct s, aci ni , i sl et s, bl ood vessel s) was

st ai ned.
Thus, i n t he gast r oi nt est i nal t r act , i mmunor eact i ve MPA48

i s conf i ned t o cel l s t hat , f r omt hei r mor phol ogy and posi t i on

i n t he connect i ve t i ssue st r oma ar e r emi ni scent of f i br obl ast s .

I t i s i mpor t ant t o poi nt out , however , t hat most gast r oi nt es-

i mmunocyt ochemi cal l y st ai ned cel l s, wher eas deeper por t i ons con-

t ai n onl y t r ace amount s of enzyme act i vi t y and no posi t i ve cel l s . I n

t he bot t ompanel an adj acent sect i on has been st ai ned wi t h MPA48-

pr eabsor bed ant i - MPA48 . Not e absence of st ai ni ng of t he super f i -

ci al l y l ocat ed f i br obl ast oi d cel l s . Enzyme act i vi t y was det er mi ned

by t he . . I - l abel ed f i br i n pl at e assay wi t h i ncubat i on f or 1 h at 37° C.
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FI GURE 3 Mouse col oni c mucosa st ai ned wi t h ant i - MPA48 ( t op

and mi ddl e) or wi t h MPA48- pr eabsor bed ant i - MPA48 ( bot t om) . The

i mmunor eact i ve f i br obl ast oi d cel l s ( mar ked wi t h st r ai ght ar r ows,

t op) occur i n gr eat number i n t he most super f i ci al par t of t he
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t i nal f i br obl ast s ar e nonr eact i ve. I n t he smal l and l ar ge i nt es-
t i nes, but not i n t he st omach or pancr eas, par t of t he MPA48-
l i ke i mmunor eact i vi t y may be l ocal i zed t o t he ext r acel l ul ar
compar t ment , par t i cul ar l y i n associ at i on wi t h t he basement
membr ane .

Ot her Or gans

St r uct ur es cont ai ni ng MPA48- l i ke i mmunor eact i vi t y coul d

not be det ect ed i n t he br ai n, pi t ui t ar y gl and, or l i ver . I n t he
l ung, vi r t ual l y al l pneumocyt es wer e weakl y t o moder at el y

st ai ned, pr oduci ng a t ypi cal r et i cul at ed st ai ni ng pat t er n ( Fi g .
4) . I n addi t i on, t he connect i ve t i ssue sur r oundi ng t he car t i l age
occur r i ng i n t he l ar ger br onchi and, par t i cul ar l y, i n t he t r achea

and l ar ynx, cont ai ned scat t er ed, st r ongl y i mmunor eact i ve,

f i br obl ast - l i ke cel l s . The t r acheal and br onchi al epi t hel i um,

gl ands, car t i l age, and most of t he connect i ve t i ssue st r oma
wer e unst ai ned. The st ai ni ng of t he pneumocyt es was depend-
ent upon ef f ect i ve per f usi on- f i xat i on of t he l ung t hr ough t he
pul monar y ar t er i es .

Ver y i nt ense and wi despr ead st ai ni ng was obser ved i n t he
ki dneys . Por t i ons of bot h pr oxi mal and di st al t ubul es and
medul l ar y r ays wer e st ai ned . I n t he t ubul es ( Fi g . 5) , t he
st ai ni ng was di st i nct l y gr anul ar . I mmunoposi t i ve gr anul es
wer e of t en seen api cal l y i n t he t ubul e cel l s, and occasi onal l y
al so sur r ounded t he nucl ei . Few or no i mmunor eact i ve gr an-
ul es wer e seen i n t he basal por t i on of t he cel l s . I n some
t ubul es, i mmunor eact i vi t y was al so seen on t he l umi nal sur -
f aces of t he epi t hel i al cel l s . I n t he ur i nar y bl adder , i mmuno-
r eact i ve cel l s occur r ed i n t he epi t hel i um, si t uat ed bel ow t he

sur f ace epi t hel i al cel l s and di spl ayi ng a gr anul ar st ai ni ng

pat t er n ( Fi g. 6) . The epi t hel i al cel l s of t he vas def er ens al so

di spl ayed st r ong i mmunor eact i vi t y . Her e t he i mmunost ai ni ng

was conf i ned t o api cal gr anul es of t he st er eoci l i at ed cel l s i n a

f ashi on suggest i ng act i ve secr et i on i nt o t he l umen . I n t he

l umen, weak t o moder at e i mmunor eact i vi t y was det ect ed,

of t en associ at ed wi t h sper mat ozoa ( Fi g . 7) .

I n t he pl acent a i n l at e pr egnancy ( 19- 21 d) , numer ous

st r ongl y i mmunor eact i ve cel l s wer e det ect ed i n t he deci dua

( Fi g . 8) . I n t he mammar y gl ands of mi ce t hat had been

l act at i ng f or 9 d, no i mmunor eact i vi t y coul d be det ect ed. I f ,

however , t he mi ce had been depr i ved of t hei r l i t t er s af t er 5 d
of l act at i on and t hen l ef t f or 4 d bef or e sacr i f i ce, weak t o
moder at e i mmunor eact i vi t y coul d be det ect ed i n i nt r acyt o-

pl asmi c vacuol es of t he i nvol ut i ng gl and cel l s ( Fi g . 9) . I n al l

or gans i nvest i gat ed, no st ai ni ng was f ound i n t he endot hel i al

cel l s of any vessel .

Cont r ol Exper i ment s

St ai ni ng cont r ol s, i ncl udi ng t he use of up t o 50 j g/ ml
noni mmune or pr ei mmune I gG and unr el at ed hyper i mmune

ser a, wer e negat i ve, as wer e exper i ment s i n whi ch t he var i ous

ant i body l ayer s wer e del et ed. Absor pt i on of t he ant i - MPA48

ant i bodi es agai nst hi ghl y- pur i f i ed pr o- MPA48 or MPA48

col oni c mucosa . Unspeci f i c per oxi dase act i vi t y occur s i n gr anul o-

cyt es scat t er ed al l over t he mucosa ( cur ved ar r ows) . I n t angent i al

sect i ons ( mi ddl e) , t he f i br obl ast oi d cel l s ar e seen t o sur r ound t he

api cal por t i ons of t he col oni c cr ypt s . Occasi onal l y, as i n t hi s pi ct ur e,

st ai ni ng associ at ed wi t h t he basement membr ane i s al so obser ved .

Pr eabsor pt i on of t he ant i ser um wi t h MPA48 ( bot t om) pr event s

st ai ni ng of t he f i br obl ast oi d cel l s and basement membr ane, wher eas

t he unspeci f i c per oxi dase act i vi t y of t he gr anul ocyt es per si st s .



FI GURE 4

	

Mouse l ung st ai ned wi t h ant i - MPA48 ( l ef t ) or wi t h MPA48- pr eabsor bed ant i - MPA48 ( r i ght ) . Speci f i c st ai ni ng occur s i n

t he pneumocyt es and i s compl et el y abol i shed i n t he pr eabsor bed cont r ol . Scat t er ed er yt hr ocyt es di spl ay pseudoper oxi dase

act i vi t y .

FI GURE 5

	

Mouse ki dney st ai ned wi t h ant i - MPA48 ( l ef t ) or wi t h MPA48- pr eabsor bed ant i - MPA48 ( r i ght ) . Not e t he occur r ence of

speci f i c st ai ni ng i n par t of t he t ubul es .

compl et el y abol i shed st ai ni ng of al l st r uct ur es r epor t ed above .
I n al l speci mens, er yt hr ocyt es and gr anul ocyt es wer e t he onl y
cel l t ypes di spl ayi ng si gni f i cant endogenous per oxi dase act i v-
i t y . As not ed above, bl ocki ng of endogenous per oxi dase act i v-
i t y was associ at ed wi t h some decr ease i n speci f i c i mmuno-

r eact i vi t y . However , af t er such bl ocki ng t r eat ment , bot h

er yt hr ocyt es and gr anul ocyt es wer e compl et el y unst ai ned.

The di st r i but i on of i mmunor eact i ve cel l s was compar ed

wi t h enzyme act i vi t y i n t i ssue ext r act s ( Tabl e I ) . The MPA48

act i vi t y was cal cul at ed as t hat par t of t he t ot al pl asmi nogen
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act i vat i ng act i vi t y t hat was i nhi bi t ed by ant i bodi es agai nst

MPA48 . For ext r act s wher e t he MPA48 act i vi t y const i t ut ed

a l ar ge par t of t he t ot al act i vi t y, t hi s l ed t o r at her pr eci se

det er mi nat i ons, wher eas t he det er mi nat i ons f or ext r act s i n

whi ch MPA48 const i t ut ed a smal l par t of t he act i vi t y showed

FI GURE 6 Mouse ur i nar y bl adder st ai ned wi t h ant i - MPA48 . Not e

t he pr esence of MPA48 i mmunor eact i vi t y i n cyt opl asmi c gr anul es

of some, but not al l , epi t hel i al cel l s ( ar r ows) .

gr eat st at i st i cal uncer t ai nt y . I n t he t i ssues f or whi ch f ai r l y

pr eci se enzyme measur ement s wer e obt ai ned, t her e was a

good cor r espondence bet ween enzyme act i vi t y and i mmu-

nor eact i vi t y . Thus, i n descendi ng or der bot h i n t er ms of

number of cel l s st ai ned and i n enzyme act i vi t y, came t he

super f i ci al mucosa of st omach, vas def er ens, ki dney, l ung,

and pl acent a .

Wi t hi n t he gast r i c mucosa, t he t opogr aphi c di st r i but i on of

i mmunor eact i ve cel l s and of enzyme act i vi t y al so cor r e-

sponded . Thus, i n t he oxynt i c mucosa, wher e t he i mmuno-

r eact i ve f i br obl ast - l i ke cel l s wer e or i ent ed ver y super f i ci al l y,

enzyme act i vi t y was al so l ocat ed super f i ci al l y ( see Fi g. 1) . I n

t he ant r opyl or i c mucosa, i n whi ch t he i mmunor eact i ve cel l s

ext ended deeper bet ween t he gl ands, t he enzyme act i vi t y al so

ext ended deeper ( dat a not shown) .

Ext r act s of super f i ci al sect i ons of oxynt i c mucosa wer e

separ at ed by SDS pol yacr yl ami de gr adi ent gel el ect r ophor esi s,

el ect r obl ot t ed, and t he ni t r ocel l ul ose r epl i cas st ai ned i mmu-

nocyt ochemi cal l y . Onl y one i mmunor eact i ve band, cor r e-

spondi ng i n el ect r ophor et i c mobi l i t y t o pur e MPA48, was

obser ved ( under nonr educi ng condi t i ons, pr o- MPA48 and

MPA48 di spl ay si mi l ar mobi l i t i es i n t hi s syst em [ 20; Fi g .

10] ) . I n deeper sect i ons of oxynt i c mucosa ( not cont ai ni ng

i mmunor eact i ve cel l s) , no i mmunor eact i ve band was det ect ed

on t he ni t r ocel l ul ose r epl i cas . Si mi l ar anal ysi s of ext r act s of

l ung, vas def er ens, pl acent a, and ki dney al so di scl osed one

si ngl e band wi t h t he same el ect r ophor et i c mobi l i t y as pr o-

MPA48 and MPA48 ( dat a not shown) .

FI GURE 7

	

Mouse vas def er ens st ai ned wi t h ant i - MPA48 ( l ef t ) or wi t h MPA48- pr eabsor bed ant i - MPA48 ( r i ght ) . Not e t he pr esence

of i mmunor eact i ve MPA48 i n api cal gr anul es of t he st er eoci l i at ed epi t hel i al cel l s ( st r ai ght ar r ows) and weaker i mmunor eact i vi t y

i n l umi nal mat er i al sur r oundi ng sper màt ozoa . Nonspeci f i c pseudo per oxi dase act i vi t y i s di spl ayed by er yt hr ocyt es ( cur ved ar r ows) .
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FI GURE 8

	

Mouse pl acent a ( day 19 of pr egnancy) st ai ned wi t h ant i -

MPA48 . Scat t er ed cel l s si t uat ed at t he bor der of t he deci dua and

t he ut er i ne wal l di spl ay st r ong i mmunor eact i vi t y .

FI GURE 9

	

Mouse i nvol ut i ng br east . Speci f i c MPA48 i mmunor eac-

t i vi t y occur s i n i nt r acel l ul ar vacuol es of degener at i ng gl and cel l s

( ar r ows) .

FI GURE 10

	

I mmunobl ot t i ng anal ysi s of MPA48 f r om Tr i t on X- 100

ext r act s of f undus ( 1) and of pur i f i ed pr o- MPA48 ( 2) . Whol e f undus

was ext r act ed wi t h 0 . 1 MTr i s- HCI , pH 8 . 1, cont ai ni ng 0 . 5%Tr i t on

X- 100, and 350 j Lg of pr ot ei ns wer e appl i ed t o each of 4 l anes ( 1,

a- d) . Hi ghl y pur i f i ed pr o- MPA48 wer e appl i ed t o each of f our ot her

l anes ( 21 kuni t s t o l ane 2a and 105 U t o l ane 2, b- d) . Fol l owi ng

SI DS pol yacr yl ami de gel el ect r ophor esi s ( 10) , t he pr ot ei ns wer e

el ect r ophor et i cal l y t r ansf er r ed ont o ni t r ocel l ul ose paper . The paper

was cut l ongi t udi nal l y and t he l anes wer e ei t her st ai ned wi t h ami do

bl ack ( a) or by t he PAP met hod usi ng ant i - MPA48 I gG ( 5 gg/ ml ) ( b) ,

ant i - MPA48 I gG ( 5 kg/ ml ) pr eabsor bed wi t h pr o- MPA48 ( 21 kuni t s/

ml ) ( c) , or noni mmune I gG ( 5, ug/ ml ) ( d) .

DI SCUSSI ON

We have ut i l i zed pol ycl onal r abbi t ant i bodi es t o hi ghl y pur i -

f i ed MPA48 f or i mmunocyt ochemi st r y . Our st ai ni ng and

absor pt i on cont r ol s cl ear l y demonst r at e t hat noni mmuno-

l ogi cal bi ndi ng of t he pur i f i ed I gG pr epar at i ons t o t i ssue

component s can be excl uded. The r esul t s of t hese cont r ol

exper i ment s di r ect our consi der at i ons t owar ds t he possi bl e

pr esence of cont ami nat i ng ant i bodi es or cr oss- r eact i ve ant i -

gens. The enzyme pr epar at i ons used f or absor pt i on cont r ol s

wer e el ect r ophor et i cal l y pur e ( det ect i on l i mi t f or cont ami nat -

i ng pr ot ei ns was - 5%) . I t i s t her ef or e unl i kel y, al t hough not

compl et el y excl uded, t hat t he st ai ni ng was due t o t he pr esence

of cont ami nat i ng ant i bodi es. The possi bl e st ai ni ng of cr oss-

r eact i ng ant i gens i n t he var i ous cel l t ypes and t i ssue compar t -

ment s coul d not be eval uat ed by t he absor pt i on exper i ment s,

but a number of ot her f i ndi ngs i ndi cat e t hat t he st ai ni ng was

most l i kel y due t o t he pr esence of pr o- MPA48/ MPA48 . Com-

par i sons bet ween t he di st r i but i ons of enzyme act i vi t y and

i mmunocyt ochemi cal l y- st ai ned cel l s i n t he di f f er ent or gans

cor r el at e wel l . Bot h pr o- MPA48 and MPA48 ar e det ect ed by

t he enzymat i c assay used ( 20) , and our paper cyt ochemi cal

model s demonst r at e t hat t he ant i bodi es empl oyed bi nd

equal l y wel l t o pr o- MPA48 and MPA48 . Fur t her mor e, pr e-

t r eat ment of t he paper model s wi t h t he f i xat i ve used ( 4%

par af or mal dehyde) showed t hat t hi s t r eat ment di d not com-

pr omi se t he ant i geni ci t y . We al so f i nd t hat t he r esul t s of our

st udi es on t he t opogr aphy of ext r act abl e enzyme act i vi t y i n

t he oxynt i c mucosa ( see Fi g . 1) pr ovi de convi nci ng evi dence

t hat t he st ai ni ng, at l east i n t hi s ar ea, i n r eal i t y cor r esponds

t o aut hent i c pr o- MPA48/ MPA48 .

By ext r act i on wi t h Tr i t on X- 100 f ol l owed by SDS PAGE

and i mmunobl ot t i ng, we have demonst r at ed, i n a number of

t i ssues, t he sel ect i ve st ai ni ng of a pr ot ei n band wi t h an el ec-

t r ophor et i c mobi l i t y i n SDS PAGE i dent i cal t o t hat of pr o-

MPA48/ MPA48 . To di mi ni sh t he possi bi l i t y of a hypot het i cal
cr oss- r eact i ve ant i gen not bei ng t r ansf er r ed i n t he el ect r obl ot -
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t i ng cel l , t hi s pr ocess was r un at t wo di f f er ent pH and wi t h or
wi t hout SDS, yi el di ng i dent i cal r esul t s . However , a hypot het -
i cal cr oss- r eact i ng ant i gen coul d st i l l be unseen, i f i t r emai ned
t i ssue- bound af t er Tr i t on- sol ubi l i zat i on, or i f i t had a mol ec-
ul ar wei ght t oo l ar ge t o pass i nt o t he pol yacr yl ami de gel . The
consi st ency of our st ai ni ng r esul t s and our bi ochemi cal f i nd-
i ngs, however , ar gues agai nst t hi s possi bi l i t y . We t hus f i nd
t hat , al t hough not compl et el y concl usi ve, i t i s ver y l i kel y t hat
t he st ai ni ng demonst r at ed i n t hi s st udy was due t o aut hent i c
pr o- MPA48/ MPA48 .

However , pr o- MPA48 or MPA48 may be pr esent i n ot her
cel l s or or gans t han t hose f ound i n t hi s st udy, i n amount s
bel ow our det ect i on l i mi t . Fur t her mor e, our r esul t s onl y
det er mi ne t he pr esence of a cer t ai n amount of pr o- MPA48
or MPA48 i n cel l s or ext r acel l ul ar space at t he t i me of f i xat i on,
and t hey do not necessar i l y r ef l ect t he si t e or amount of
pr oduct i on of t he enzyme .

We have pr evi ousl y r epor t ed t he i mmunocyt ochemi cal l o-
cal i zat i on of t he human 52- kdal t on Mr pl asmi nogen act i vat or
i n t he cyt opl asm of cul t ur ed gl i obl ast oma cel l s gr own i n
cul t ur e ( 55) . I n t he pr esent st udy, i mmunor eact i vi t y was al so
mai nl y l ocat ed i n t he cyt opl asm. Thi s cont r ast s t o an ear l i er
r epor t of pl asmi nogen act i vat or i mmunor eact i vi t y pr i mar i l y
associ at ed wi t h t he cel l membr ane i n an el ect r on mi cr oscop-
i cal st udy ( 56) . Thi s r epor t , however , l acks det ai l s about t he
pur i t y of t he enzyme pr epar at i on used t o el i ci t t he ant i bodi es,
and apar t f r omnegat i ve r esul t s wi t h noni mmune ser um, ci t es
no cont r ol exper i ment s ver i f yi ng t he speci f i ci t y of t he st ai ni ng.
Mor eover , t he st ai ni ng condi t i ons used pr esumabl y di d not
per mi t i nt r acyt opl asmi c penet r at i on of t he ant i bodi es. I t
shoul d be not ed t hat t he di st r i but i on of t he MPA48 i mmu-
nor eact i vi t y i n t he cyt opl asmi s di f f er ent i n di f f er ent cel l t ypes;
i mmunor eact i vi t y i s di st i nct l y gr anul ar i n ki dney t ubul ar cel l s
and epi t hel i al cel l s of t he vas def er ens, r et i cul at ed i n pneu-
mocyt es, and mor e di f f usel y di st r i but ed i n t he MPA48- i m-
munor eact i ve f i br obl ast - l i ke cel l t ype and t he deci dual cel l s .

Local i zat i on of pl asmi nogen act i vat or s was pr evi ousl y done
by hi st ochemi cal st udi es, sel dom di st i ngui shi ng bet ween t he
t wo t ypes of pl asmi nogen act i vat or s . The or i gi nal st udi es
demonst r at ed pl asmi nogen- dependent f i br i nol ysi s pr i mar i l y
i n t he venous endot hel i um of a number of human or gans ( 47,
48) . Fur t her mor e, l ysi s was seen over r enal t ubul es and l ung
t i ssue.

The 50- Kdal t on t ype pl asmi nogen act i vat or i s f ound i n
l ar ge quant i t i es i n ur i ne ( 49) . The demonst r at i on of a gr eat
amount of MPA48 i mmunor eact i vi t y i n t he ki dney t ubul e
cel l s suggest s t hat t he ur i ne pl asmi nogen act i vat or i s excr et ed
or synt hesi zed by t hese cel l s . Our r esul t s f r om mammar y
gl ands agr ee wi t h pr evi ous f i ndi ngs and l end suppor t t o t he
hypot hesi s t hat t he ur oki nase- t ype pl asmi nogen act i vat or
pl ays a r ol e i n post l act at i onal i nvol ut i on ( 32) . The f i ndi ng of
MPA48 i mmunor eact i vi t y i n what appear s t o be secr et or y
gr anul es i n t he duct us def er ens cor r el at es wi t h a r epor t on
pl asmi nogen act i vat or s i n semen ( 57) .

I t i s not ewor t hy t hat no MPA48 i mmunor eact i vi t y was
f ound i n endot hel i al cel l s of any vessel s . The pl asmi nogen
act i vat or f ound hi st ochemi cal l y i n t hese cel l s ( 47, 48) , at l east
i n human t i ssue, i s of t he 70- kdal t on Mr t ype ( 17, 31) . These
f i ndi ngs suppor t t he hypot hesi s t hat t he t ype of pl asmi nogen
act i vat or pl ayi ng a nat ur al r ol e i n t hr ombol ysi s i s of t he 70-
kdal t on Mr t ype ( t i ssue- t ype) and not of t he 50- kdal t on Mr
( ur oki nase- t ype) , al t hough t he l at t er t ype of pl asmi nogen
act i vat or has been wi del y used as a t hr ombol yt i c agent ( 58) .
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The possi bl e r ol e of pl asmi nogen act i vat or i n t he al i ment ar y
canal st i l l r emai ns t o be i nvest i gat ed. I t i s t empt i ng t o l i nk
t he l ocal i zat i on beneat h t he epi t hel i um i n t hese or gans wi t h
t he cont i nuous r enewal of t hi s epi t hel i um.

We ar e gr at ef ul t o V. Damgaar d, K. Lund Jakobsen, V. Ki el ber g, J .
B. Laur i dsen, and B. Tr aasdahl f or excel l ent t echni cal assi st ance.

Thi s wor k was suppor t ed by t he Dani sh Cancer Soci et y, t he Dani sh
Medi cal Resear ch Counci l , t he Novo Foundat i on, and P. Car l Pet er -
sen Foundat i on .

Recei ved f or publ i cat i on 19 Sept ember 1983, and i n r evi sed f or m 1
December 1983.
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