
Chi ck Myot endi nous Ant i gen . I . A Monocl onal Ant i body

as a Mar ker f or Tendon and Muscl e Mor phogenesi s

ABSTRACT Ext r acel l ul ar mat r i x component s ar e l i kel y t o be i nvol ved i n t he i nt er act i on of

muscl e wi t h nonmuscl e cel l s dur i ng mor phogenesi s and i n adul t skel et al muscl e . Wi t h t he

ai m of i dent i f yi ng r el evant mol ecul es, we gener at ed monocl onal ant i bodi es t hat r eact wi t h

t he endomysi um, i . e . , t he ext r acel l ul ar mat r i x on t he sur f ace of si ngl e muscl e f i ber s . Ant i body

M1, whi ch i s descr i bed her e, speci f i cal l y l abel ed t he endomysi um of chi ck ant er i or l at i ssi mus

dor si muscl e ( but nei t her t he per i mysi um nor , wi t h t he except i on of bl ood vessel s and

per i neur i um, t he epi mysi um) . Endomysi um l abel i ng was r est r i ct ed t o pr oxi mal and di st al

por t i ons of muscl e f i ber s near t hei r i nser t i on poi nt s t o t endon, but absent f r om medi al r egi ons

of t he muscl e . Myot endi nous j unct i ons and t endon f asci cl es wer e i nt ensel y l abel ed by M1

ant i body . i n chi ck embr yos, " myot endi nous ant i gen" ( as we t ent at i vel y cal l t he epi t ope

r ecogni zed by M1 ant i body) appear ed f i r st i n t he per i chondr i um of ver t ebr ae and l i mb

car t i l age el ement s, f r om wher e i t gr adual l y ext ended t o t he pr emuscl e masses . Ar ound day 6,

t endon pr i mor di a wer e cl ear l y l abel ed . The ot her st r uct ur es l abel ed by M1 ant i body i n chi ck

embr yos wer e devel opi ng smoot h muscl e t i ssues, especi al l y aor t a, gi zzar d, and l ung buds . I n

gener al , t i ssues l abel ed wi t h M1 ant i body appear ed t o be a subset of t he ones accumul at i ng

f i br onect i n . I n cel l cul t ur es, M1 ant i body bi nds t o f uzzy, f i br i l l ar mat er i al on t he subst r at e and

cel l sur f aces of l i vi ng f i br obl ast and myogeni c cel l s, whi ch conf i r ms an ext r acel l ul ar l ocat i on

of t he ant i geni c si t e . The appear ance of myot endi nous ant i gen dur i ng l i mb mor phogenesi s

and i t s di st r i but i on i n adul t muscl e and t endon ar e compat i bl e wi t h t he i dea t hat i t mi ght be

i nvol ved i n at t achi ng muscl e f i ber s t o t endon f asci cl es . I t s bi ochemi cal char act er i zat i on i s

descr i bed i n t he accompanyi ng paper ( Chi quet , M. , and D. Fambr ough, 1984, ) . Cel l Bi ol .

98 : 1937- 1946) .

I nt er act i ons bet ween muscl e f i ber s and nonmuscl e cel l s ( e . g. ,

t endon f i br obl ast s and neur ons) ar e essent i al f or bot h t he

devel opment and t he pr oper f unct i oni ng of skel et al muscl es .

I t i s known t hat dur i ng muscl e mor phogenesi s i n t he chi ck

l i mb nonmuscl e mesenchyme cel l s or gani ze t he spat i al ar -

r angement of t he devel opi ng myot ubes ( 4, 5) . Nonmuscl e

cel l s ar e al so t hought t o be i nvol ved i n t he spl i t t i ng of pr e-

muscl e masses i nt o i ndi vi dual muscl es ( 6, 28) ; t hey event ual l y

penet r at e t he muscl e t o f or m i t s connect i ve t i ssue l ayer s, i . e. ,

epi mysi um, per i mysi um, and ( at l east i n par t ) t he endomy-

si um t hat sur r ounds si ngl e muscl e f i ber s ( 4) . Tendons ar e abl e

t o devel op aut onomousl y, i . e . , i n t he absence of muscl e, but

degener at e i f no pr oper j unct i ons t o muscl e f i ber s ar e est ab-

l i shed ( 18) . The mechani cal coupl i ng bet ween skel et al muscl e

f i ber s and t hei r t endons at t he myot endi nous j unct i on ( 31)
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must i nvol ve component s of t he ext r acel l ul ar mat r i x cont r i b-

ut ed by each cel l t ype . I n t hese mor phogenet i c event s i nvol v-

i ng bot h muscl e and connect i ve t i ssue cel l s, ext r acel l ul ar

mat r i x component s mi ght medi at e t he cel l ul ar i nt er act i ons

whi l e f unct i oni ng as an or gani zi ng scaf f ol d ( 6, 29, 33) . To

under st and t hese pr ocesses, t he mol ecul ar composi t i on of t he

ext r acel l ul ar mat r i x of skel et al muscl e must be det er mi ned .

Component s i dent i f i ed so f ar on t he sur f ace of muscl e f i ber s

i ncl ude f i br onect i n and sever al t ypes of col l agen ( 20, 27) ,

l ami ni n ( 27) , acet yl chol i nest er ase ( 25) , and a hepar an sul f at e

pr ot eogl ycan ` ( 1) . However , t hi s l i st pr obabl y st i l l l acks many

ot her devel opment al l y and f unct i onal l y i mpor t ant mol ecul es .

' Bayne, E. K. , M. J. Ander son, and D. M. Fambr ough, manuscr i pt

i n pr epar at i on .
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Our l abor at or y has been gener at i ng monocl onal ant i bodi es

agai nst endomysi um component s wi t h t he ai m of st udyi ng

t he i nt er act i on of muscl e f i ber s wi t h connect i ve t i ssue and

ner ve cel l s dur i ng devel opment ' ( 1, 7, 11, 12) . I n t wo i nst ances

we used chi ck t ype V col l agen pr epar at i ons ( 35) as an i m-

munogen . Type V col l agen once was bel i eved t o be enr i ched

i n t he endomysi um compar ed t o ot her col l agen t ypes ( 3) , a

f i ndi ng whi ch was r ecent l y quest i oned by a st udy usi ng mono-

cl onal ant i bodi es ( 24) . Fr omour hybr i doma l i br ar i es pr epar ed

f r omspl een cel l s of mi ce i mmuni zed wi t h t ype V col l agen we

obt ai ned sever al ant i bodi es whi ch, al t hough not di r ect ed

agai nst t ype V col l agen ( 8) , r eact ed wi t h t he endomysi umof

chi ck skel et al muscl e . The most i nt er est i ng of t hese, cal l ed

M1 ant i body, i s char act er i zed i n t hi s and t he accompanyi ng

paper ( 8) . M1 ant i body r ecogni zes an ext r acel l ul ar mat r i x

component t hat appear s ear l y dur i ng embr yogenesi s i n per i -

chondr i um and i n devel opi ng l i gament s and t endons, i s l at er

pr omi nent i n myot endi nous j unct i ons, and ext ends i nt o t he

endomysi um at t he t i ps of muscl e f i ber s . Based on i t s devel -

opment al appear ance and di st r i but i on i n vi vo, we specul at e

t hat t he " myot endi nous ant i gen" r ecogni zed by M1 ant i body

mi ght be i nvol ved i n est abl i shi ng and mai nt ai ni ng connec-

t i ons bet ween muscl e f i ber s and t endon f asci cl es .

MATERI ALS AND METHODS

I sol at i on of Monocl onal Ant i body M1 :

	

Chi ck t ype V col l agen

was i sol at ed f r om pepsi n- di gest ed homogenat es of 16- d- ol d chi ck embr yos

accor di ng t o von der Mar k and von der Mar k ( 35) . Upon SDS PAGE, t he

pr epar at i ons yi el ded t he t ypi cal pat t er n of a, ( V) and az ( V) chai ns ( i n a r at i o

of 2 : 1) mi gr at i ng above of t he a, ( I ) chai n of a t ype I col l agen st andar d ( not

shown) . A smal l amount of cont ami nant s wi t h f ast er mi gr at i on r at es was vi si bl e

on t he gel s . Two BALB/ cJ mi ce wer e i mmuni zed i nt r aper i t oneal l y wi t h t ype

V col l agen sol ut i on ( 300 gg/ mouse i n 100 Al ) suspended i n 100 yl compl et e

Fr eund' s adj uvant . Mat er i al f or t he i nj ect i ons was ki ndl y pr ovi ded by Dr . K.
von der Mar k ( Max Pl anck I nst i t ut , Muni ch) . Af t er 1 mo, t he mi ce wer e
boost ed wi t h 150 mg of t he same pr epar at i on i n 300 Al phosphat e- buf f er ed
sal i ne i nj ect ed i nt o t he t ai l vei n . Thi s was r epeat ed af t er 2 d, and 2 d l at er t he
mi ce wer e ki l l ed and t hei r spl eens r emoved . Lymphocyt es wer e i sol at ed f r om
each spl een separ at el y, f used wi t h 10' SP 2/ 0 myel oma cel l s ( 19) each, and
r esul t i ng hybr i doma l i nes gr own as descr i bed by Kennet t et al . ( 17) . Hybr i doma

cul t ur e super nat es wer e scr eened i n a sol i d phase r adi oi mmune assay i n whi ch
mi cr ot i t er wel l s coat ed wi t h t he t ype V col l agen pr epar at i on ( 100 Ag/ ml , 2 h at

20° C) wer e i ncubat ed wi t h t he super nat es f or l h bef or e r eact i on wi t h " ' I -
l abel ed r abbi t ant i - mouse Fab f or anot her hour . Af t er each i ncubat i on st ep, t he
mi cr ot i t er wel l s wer e washed t hr ee t i mes f or 10 mi n wi t h bor at e- buf f er ed sal i ne
cont ai ni ng 0 . 5% bovi ne ser um al bumi n. About 70 cul t ur e super nat es gi vi ng
val ues 5- 40- f ol d above backgr ound i n t hi s assay wer e r escr eened by i mmuno-
f l uor escence on cr yosect i ons of chi ck ant er i or l at i ssi mus dor si muscl e. Super -
nat e of hybr i doma l i ne 2BD3, f r om whi ch monocl onal ant i body MI was
der i ved, was moder at el y act i ve i n t he r adi oi mmune assay and speci f i cal l y
l abel ed t he endomysi umar ound si ngl e muscl e f i ber s . Sel ect ed hybr i doma l i nes
wer e cl oned i n sof t agar . I gG secr et i ng cl ones wer e i dent i f i ed by t he f or mat i on
of pr eci pi t at i on r i ngs af t er over l ayi ng t he col oni es wi t h goat ant i - mouse I gG
ant i ser um( 11) . Cl ones wer e pi cked up wi t h past eur pi pet t es, gr own i n f l asks,
r escr eened, and i nj ect ed i nt o pr i st ane pr i med BALB/ cJ mi ce t o gener at e asci t es
t umor s . I mmunogl obul i ns wer e pr eci pi t at ed f r omasci t es f l ui d wi t h 50%sat u-
r at ed ammoni um sul f at e. Af t er di al ysi s agai nst 10 mMpot assi umphosphat e,
pH 8. 0, t he pr epar at i on was l oaded on a DE- 52 ( What man Labor at or y Pr oduct s
I nc. , Cl i f t on, NJ) col umn. I gGwas el ut ed wi t h 40 mMpot assi um phosphat e,
pH 6 . 8, and st or ed i n 1- ml al i quot s at - 70° C. On SDS gel s under r educi ng
condi t i ons, monocl onal ant i body MI der i ved f r om hybr i doma cl one 2BD3- 1
r eveal ed a si ngl e heavy chai n of M- y50, 000 and a si ngl e l i ght chai n ( not
shown) . Judgi ng f r om i t s el ect r ophor et i c and chr omat ogr aphi c behavi or and
f r omi t s r eact i on wi t h ant i - mouse I gGant i bodi es, MI ant i body i s an I gG. To
conf i r m i t s monocl onal or i gi n, we subcl oned t he or i gi nal cl one 2BD3- l i n sof t
agar . Cul t ur e super nat es of al l si x secr et i ng subcl ones t est ed pr oduced an
i dent i cal i mmunof l uor escence st ai ni ng pat t er n t ypi cal f or MI ant i body . Al l t he
exper i ment s descr i bed i n t hi s and t he accompanyi ng paper ( 8) wer e per f or med
wi t h a si ngl e bat ch of pur i f i ed M1 ant i body ( 1 . 95 mg/ ml ) or i gi nat i ng f r omt he
or i gi nal cl one 2BD3- 1 .

TABLE I

Radi oi mmunoassay wi t h M1 Ant i body"

* The r adi oi mmunoassay was per f or med as descr i bed i n Mat er i al s and Met h-
ods .

=Mi cr ot i t er wel l s wer e i ncubat ed f or 1 h at 20' C wi t h 100 pl of f i br obl ast
condi t i oned medi um, chi ck ser um ( 1 : 10 di l ut ed) , chi ck ser um f i br onect i n
( 6) ( 40 ug/ ml ) , and af f i ni t y- pur i f i ed myot endi nous ant i gen ( 8) ( - 20 pg/ ml ) ,
r espect i vel y .

s Wher e i ndi cat ed, t he mi cr ot i t er wel l s wer e pr ecoat ed wi t h 1 mg/ ml gel at i n
f or 30 mi n at 20° C. Thi s i ncr eased t he si gnal obt ai ned wi t h ant i body B3
( si nce gel at i n sel ect i vel y bi nds f i br onect i n) , but decr eased bi ndi ng of M1
ant i body .

r The ant i gen- coat ed mi cr ot i t er wel l s wer e i ncubat ed wi t h 50 pl of a sol ut i on
cont ai ni ng 10 pg/ ml of one of t he f ol l owi ng t hr ee monocl onal ant i bodi es :
P3 x 63 ( nonspeci f i c ant i body) , B3 ( ant i f i br onect i n) , and M1 ( ant i myot en-
di nous ant i gen) . " I I - l abel ed r abbi t ant i - mouse Fab was used as a second
ant i body . Number s r epr esent t he aver age of dupl i cat e wel l s and ar e ex-
pr essed as cpm above t he gamma count er backgr ound ( 40 cpm) .
The bi ndi ng of M1 ant i body was bl ocked by mi xi ng i t wi t h pol ycl onal
ant i ser umagai nst myot endi nous ant i gen . Addi t i on of 5%pr ei mmune ser um
t o t he M1 ant i body yi el ded 362 cpm, of ant i f i br onect i n ant i ser um, 356
cpm, and of ant i - myot endi nous ant i gen- ant i ser um, 31 cpm.

Ot her I mmunor eagent s : Monocl onal ant i bodi es 31- 2 ( an ant i -

chi ck l ami ni n) ' and B3 ( whi ch r eact s wi t h chi ck cel l ul ar and pl asma f i br onect i n

[ 121) wer e ki nd gi f t s of Dr . E. K. Bayne ( Mer ck, Shar p, and Dohme Labor a-

t or i es, Rahway, NJ) and Dr . J . M. Gar dner ( Massachuset t s I nst i t ut e of Tech-
nol ogy, Cambr i dge, MA) , r espect i vel y . Rhodami n- conj ugat ed sheep ant i - mouse

I gG and f l uor escei n- conj ugat ed sheep ant i - r abbi t I gG ant i ser a wer e obt ai ned
f r om Cappel Labor at or i es ( Cochr anvi l l e, PA) . Rabbi t ant i - mouse Fab, a gen-
er ous gi f t of Dr . P. Gear har t ( Johns Hopki ns Medi cal School ) , was i odi nat ed
by t he chl or ami ne- T met hod ( l 4) f or r adi oi mmune assays . Ant i ser um agai nst

el ect r ophor et i cal l y pur e human pl asma f i br onect i n ( whi ch cr oss- r eact s wi t h
chi ck cel l ul ar f i br onect i n) was pr epar ed and char act er i zed as descr i bed ( 10) . A

speci f i c ant i ser umagai nst myot endi nous ant i gen was gener at ed as f ol l ows. The
ant i gen was pur i f i ed f r om f i br obl ast condi t i oned medi umby af f i ni t y chr oma-

t ogr aphy on MI ant i body- Sephar ose as descr i bed i n t he accompanyi ng paper
( 8) . I mmunobl ot t i ng ( 8) conf i r med t hat t he ant i gen pr epar at i on was not con-
t ami nat ed wi t h f i br onect i n. 100 Ag of t he ant i gen wer e i nj ect ed i nt o a r abbi t i n
compl et e Fr eund' s adj uvant . The r abbi t was boost ed af t er a mont h wi t h t he
same mat er i al ( i n i ncompl et e adj uvant ) and ant i ser um obt ai ned a week l at er .

Speci f y Cont r ol s :

	

Sever al exper i ment s wer e per f or med t o ascer t ai n

t he t ar get speci f i ci t y of bot h t he monocl onal ant i body M1 and t he pol ycl onal

ant i ser umagai nst myot endi nous ant i gen . To cont r ol f or nonspeci f i c ant i body
bi ndi ng, we used t he unr el at ed monocl onal mouse I gG, P3 x 63, and r abbi t

pr ei mmune ser um, r espect i vel y . At t he speci f i ed ant i body concent r at i ons, t hese
t wo r eagent s pr oduced ver y l ow backgr ounds i n al l assays descr i bed i n t he t wo
paper s ( see, e . g. , Tabl e I of t hi s paper ; see Fi g. 8 i n r ef er ence 8) . M1 ant i body
i s avi an- speci f i c, wher eas t he pol ycl onal ant i ser um r eact s wi t h a r el at ed mam-
mal i an ant i gen ( not shown) . M1 ant i body does not bi nd t o pur i f i ed chi ck
ser umf i br onect i n ( 8) and, wi t hi n t he sensi t i vi t y l i mi t s of our assay, does not
r ecogni ze any mat er i al i n chi ck ser um ( Tabl e I ) . MI ant i body and ant i -
myot endi nous ant i gen ant i ser um yi el ded i dent i cal i mmunof l uor escence st ai n-
i ng pat t er ns whi ch di f f er ed f r om t he f i br onect i n di st r i but i on ( see Fi g. 3) . The
ant i ser um agai nst myot endi nous ant i gen pr eci pi t at ed t he same met abol i cal l y
l abel ed mat er i al as MI ant i body ( not shown) . Ant i - myot endi nous ant i gen-
ant i ser um bl ocked bi ndi ng of M1 ant i body, but not of monocl onal ant i f i br o-

nect i n B3, t o t he r espect i ve t ar get ( Tabl e I ) . Pol ycl onal ant i f r br onect i n ant i -
ser um, on t he ot her hand, di d not i nt er f er e wi t h M1 ant i body bi ndi ng, as

evi denced by t he doubl e- l abel i ng exper i ment s shown i n t hi s paper .

I mmunof l uor escence of Cr yost at Sect i ons and Cel l Cul -

t ur es :

	

Ant er i or l ongi ssi mus dor si ( ALDY muscl e of adul t chi ckens was

f r ozen i n l i qui d i sopent ane . Unf i xed pi eces of chi ck embr yos st aged accor di ng

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

	

ALD, ant er i or l ongi ssi mus dor si .

CHI QUET AND FAMBROUGH Myot endi nous Ant i gen Di st r i but i on

	

1927

Coat i ng of mi cr ot i t er

wel l s} P3 x 63

Ant i bodi es)

B3 M1

Condi t i oned medi um 37 113 515'
Gel at i ns cond . med . 11 172 146
Chi ck ser um 5 32 22
Gel at i n ; ' chi ck ser um 10 285 20
Fi br onect i n 14 433 12
Myot endi nous ant i gen 38 41 664
Gel at i ns 0 0 14



t o Hambur ger and Hami l t on ( 15) wer e mount ed i n Ti ssue Tek ( Mi l es Labo-
r at or i es, El khar t , I N) and f r ozen on dr y i ce . Sect i ons of 4 yam ( adul t muscl e)
and 14 um( embr yos) wer e made on a cr yost at mi cr ot ome ( Mi not ome; Damon/
I EC) at - 20° C and pr ocessed f or i ndi r ect doubl e i mmunof l uor escence as
descr i bed i n Wakshul l et al . ( 36) . Monocl onal ant i bodi es wer e used at 10 Fi g/
ml , and ant i ser a and second ant i bodi es wer e r out i nel y di l ut ed one hundr ed
f ol d i n bor at e- buf f er ed sal i ne cont ai ni ng 0. 5% bovi ne ser umal bumi n.

Pr i mar y ski n f i br obl ast and br east muscl e cel l s wer e obt ai ned f r om 1 l - d- ol d
chi ck embr yos as descr i bed ( 32) . 2 x 105 f i br obl ast s wer e pl at ed per nongel at i n-

i zed, and 5 x 105 myogeni c cel l s per gel at i ni zed ( 32) 60- mm Fal con t i ssue
cul t ur e di sh . Cul t ur es wer e gr own i n 4 ml Eagl e' s mi ni mal essent i al medi um
( Gi bco Labor at or i es, Gr and I sl and, NY) suppl ement ed wi t h 10% hor se ser um
( Gi bco Labor at or i es) and 2%chi ck embr yo ext r act . For i mmunof l uor escence
st ai ni ng of l i vi ng cel l s, cul t ur e di shes wer e washed wi t h Hanks' bal anced sal t
sol ut i on and i ncubat ed wi t h 10 Ag/ ml monocl onal ant i body i n bal anced sal t
sol ut i on f or 1 h at 37° C. Af t er washi ng wi t h bal anced sal t sol ut i on cel l cul t ur es
wer e f i xed wi t h 2% par af or mal dehyde, 100 mMl ysi ne, 60 mM sucr ose, 20

mMsodi um phosphat e, pH 7 . 2 . Di shes wer e washed agai n and t hen i ncubat ed
wi t h ant i f i br onect i n ant i ser um f ol l owed by second ant i bodi es as descr i bed f or
cr yost at sect i ons ( 36) . ( Li vi ng cul t ur es coul d be i ncubat ed wi t h monocl onal
ant i bodi es, but not wi t h ant i f i br onect i n ant i ser um whi ch i nt er f er es wi t h cel l
at t achment [ 101) . Cel l cul t ur es as wel l as cr yost at sect i ons wer e mount ed i n
90%gl ycer ol buf f er ed wi t h 20 mMsodi umphosphat e ( pH 7 . 3) and exami ned

wi t h a Zei ss mi cr oscope equi pped wi t h epi f l uor escence opt i cs . Phot ogr aphs
wer e t aken on Kodak Tr i - X f i l m and push- devel oped i n Di af i ne.

RESULTS

M1 Ant i gen I s Local i zed i n t he Endomysi um

of Chi ck Muscl e

The monocl onal ant i body char act er i zed i n t hi s paper or i g-

i nat es f r om a hybr i doma l i br ar y wher e Type V col l agen

pur i f i ed f r om pepsi n di gest s of 16- d- ol d chi ck embr yos was

used as an i mmunogen ( see Mat er i al s and Met hods) . 45

hybr i doma cul t ur e super nat es r eact ed st r ongl y wi t h t he i m-

munogen i n a sol i d phase r adi oi mmunoassay, seven of whi ch

pr ef er ent i al l y st ai ned t he endomysi umi n cr yosect i ons of adul t

chi ck muscl e. Of t hese seven, t hr ee exhi bi t ed a st ai ni ng pat t er n

ver y si mi l ar t o t he monocl onal ant i l ami ni n ant i body 31, '

wher eas t he ot her f our l abel ed f uzzy mat er i al appar ent l y

l ocat ed bet ween t he basement membr anes of adj acent muscl e

f i ber s . Exper i ment s of t he ki nd descr i bed i n t he accompanyi ng

paper ( 8) demonst r at ed t hat t he ant i bodi es secr et ed by t hese

f our hybr i doma l i nes wer e not di r ect ed agai nst Type V col -

l agen, but agai nst a mi nor cont ami nant pr esent i n t he i m-

munogen ( not shown) . Because of our i nt er est i n t he com-

posi t i on of t he endomysi um, i . e. , t he ext r acel l ul ar mat r i x

sur r oundi ng i ndi vi dual muscl e f i ber s, we never t hel ess cl oned

t hese hybr i domas and i nj ect ed t he cl ones i nt o mi ce . The

monocl onal I gG pur i f i ed f r om asci t es f l ui d whi ch i s descr i bed

i n t hi s and t he f ol l owi ng ( 8) paper was desi gnat ed M1 ant i -

body .
When M1 ant i body was used f or i mmunof l uor escent st ai n-

i ng of adul t chi ck ALD muscl e i n cr yost at sect i ons ( Fi g . 1 A) ,

t he endomysi um was st ai ned, wher eas i n t he per i mysi um

( ar ound muscl e f i ber bundl es) and i n t he epi mysi um ( ar ound

muscl es) onl y capi l l ar i es and per i neur i um wer e l abel ed . As

ment i oned, t he f uzzy st ai ni ng di f f er ed f r om a t ypi cal base-

ment membr ane st ai ni ng f ound wi t h ant i l ami ni n ant i body

31 ( Fi g. 1 C) . I nt er est i ngl y, onl y t he space bet ween si ngl e

muscl e f i ber s, but not muscl e f i ber sur f aces f aci ng t he per i -

mysi um, wer e l abel ed ( Fi g. 1 A) . Thi s was not t he onl y non-

uni f or mi t y of t he M1 ant i body st ai ni ng pat t er n f ound on t he

sur f ace of muscl e f i ber s: r egi onal di f f er ences wer e al so f ound

al ong t he l ongi t udi nal axi s wi t hi n ALD muscl e . Fi g . 1, A- C

depi ct cr oss sect i ons t hr ough t he pr oxi mal par t of t he muscl e

near i t s i nser t i on on t he ver t ebr al col umn ; a si mi l ar st ai ni ng
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pat t er n was f ound di st al l y ( not shown) . I n medi al r egi ons of

t he muscl e ( Fi g . 1, D- F) , by cont r ast , M1 ant i body l abel i ng

was compl et el y absent f r om t he endomysi um and onl y occa-

si onal capi l l ar i es and per i neur i umwer e f l uor escent ( Fi g . 1 D) .

Such r egi onal speci al i zat i ons i n t he st ai ni ng pat t er n wer e not

f ound wi t h ant i l ami ni n ant i body 31, whi ch st ai ned t he base-

ment membr ane of muscl e f i ber s over t hei r ent i r e l engt h ( Fi g.
1, Cand F) . Si mi l ar l y, ant i f i br onect i n ant i body B3 l abel ed

f uzzy mat er i al i n t he endomysi um ( but al so i n per i - and

epi mysi um) al ong t he whol e l engt h i n ALD muscl e ( Fi g . 1, B

and E) .

M1 Ant i gen I s a Component of Myot endi nous

Junct i ons and Tendons

The quest i on r emai ned whet her t he M1 ant i body st ai ni ng

pat t er n obser ved i n ALD muscl e t r ul y r ef l ect s t he di st r i but i on

of t he ant i gen or mer el y di f f er ent i al accessi bi l i t y of ant i geni c

si t es. Al t hough t her e i s as yet no def i ni t i ve answer t o t hi s

pr obl em, sever al obser vat i ons i ndi cat e t hat M1 ant i gen i s not

masked i n pl aces wher e no ant i body st ai ni ng i s f ound. Fi r st ,

no ot her monocl onal ant i body we t est ed so f ar exhi bi t ed a

si mi l ar di f f er ent i al l abel i ng pat t er n ( see above) ; i t i s t her ef or e

not a gener al i zed phenomenon . Second, M1 ant i body l abel ed

t endon f asci cl es ( see Fi g. 2) whi ch ar e ver y dense st r uct ur es,

but ( i n cont r ast t o B3 ant i f i br onect i n ant i body) di d not st ai n

l oose connect i ve t i ssue ar ound t endons and muscl es . Thi s i s

t he opposi t e of what one woul d expect i f t i ssue penet r at i on

by t he ant i body wer e a pr obl em. Thi r d, t r eat ment of cr yosec-

t i ons wi t h hyal ur oni dase or acet i c aci d ( whi ch i s known t o

unmask ant i geni c si t es of col l agenous pept i des [ 24) ) di d not

change M1 ant i body st ai ni ng pat t er ns ( not shown) . We t her e-

f or e bel i eve t hat t he l abel i ng pat t er ns r epr esent a di f f er ent i al

di st r i but i on of myot endi nous ant i gen i n t he endomysi um of

ALD muscl e, whi ch mi ght be r el at ed t o a f unct i on exhi bi t ed

at t he t i ps of muscl e f i ber s . Thi s i dea was suppor t ed by t he

f i ndi ng t hat myot endi nous j unct i ons wer e ver y heavi l y l abel ed

by M1 ant i body ( Fi g . 2) . I n t he case of ALD muscl e, wher e

t he muscl e f i ber s di r ect l y i nser t on t he bones, M1 ant i body

st ai ni ng was f ound t hr oughout t he per i ost eum ( Fi g. 2D) . I n

cases i n whi ch muscl e f i ber s ar e at t ached t o a t endon, t he

l abel i ng ext ended f r omt he endomysi umt o t he myot endi nous

j unct i ons and t he t endon f asci cl es ( Fi g . 2B) . As best as can

be j udged at t he l evel of t he l i ght mi cr oscope, MI ant i gen

appear s t o be cont i nuous bet ween a muscl e and t he skel et al

el ement s i t moves ; i t i s t her ef or e t empt i ng t o hypot hesi ze t hat

M1 ant i gen act ual l y i s i nvol ved i n anchor i ng muscl e f i ber s t o

t endons and bones .

Fi br onect i n ( r eveal ed by ant i body l abel i ng) i s pr esent i n

myot endi nous j unct i ons and t endons as wel l ( Fi g, 2, A, C,

and E) . However , hi gh power mi cr ogr aphs of embr yoni c

t endon demonst r at e t hat M1 ant i body bi nds t o a cl ass of

coar se ext r acel l ul ar mat r i x f i br i l s ( Fi g . 2F) whi ch di f f er mor -

phol ogi cal l y f r om, and onl y par t i al l y over l ap wi t h, t he mor e

del i cat e f i br onect i n f i br i l s ( Fi g. 2E) .

M1 Ant i body I s a Mar ker f or

Embr yoni c Tendon Devel opment

Dur i ng chi ck l i mb devel opment , t endons ar e abl e t o f or m

aut onomousl y, i . e . , i n t he absence of muscl e ( 18) . Toget her

wi t h t he mesenchyme sur r oundi ng t he muscl e pr i mor di a, t hey

ar e t hought t o or gani ze t he f or mat i on and ar r angement of



FI GURE 1

	

Compar i son of M1 ant i body st ai ni ng wi t h f i br onect i n and l ami ni n di st r i but i on i n chi ck ALD muscl e . Cr yost at sect i ons

of t he pr oxi mal ( A- C) and t he medi al ( D- F) par t of t he same ALD muscl e wer e st ai ned by i ndi r ect i mmunof l uor escence wi t h M1

ant i body ( A and D) , ant i f i br onect i n ant i ser um ( B and E) , and ant i l ami ni n ant i body 31- 2 ( C and F) , r espect i vel y . Pi ct ur e pai r s ( A

and B) as wel l as ( D and E) each r epr esent a si ngl e sect i on st ai ned si mul t aneousl y wi t h monocl onal ant i body M1 and r abbi t

ant i f i br onect i n ant i ser um, i ncubat ed wi t h t he t wo r espect i ve second ant i bodi es, and phot ogr aphed wi t h r hodami ne ( A and D) or

f l uor escei n ( B and E) opt i cs . C and F r epr esent di f f er ent sect i ons of cor r espondi ng muscl e r egi ons . M1 ant i body st ai ns f uzzy

mat er i al i n t he endomysi um i n pr oxi mal , but not medi al , r egi ons of t he muscl e . e, endomysi um; p, per i mysi um; c, capi l l ar y ; n,

ner ve . Bar , 30 j i m.

i ndi vi dual muscl es ( 28) . Si nce t he myot endi nous ant i gen

seems t o f or ma t opogr aphi cal br i dge bet ween adul t t endons

and muscl e f i ber s; we wonder ed whet her i t was al r eady pr esent

dur i ng t he i mpor t ant mor phogenet i c pr ocesses i n t he embr yo

l i mb bud when t he f i r st cont act s bet ween t endon pr i mor di a

and devel opi ng myot ubes ar e est abl i shed.

The f i r st st r uct ur es i n t he devel opi ng chi ck wi ng bud l abel ed

by M1 ant i body ar e t he per i chondr i a of t he devel opi ng hu-
mer us and ( somewhat l at er ) of t he r adi us and ul na ar ound
day 4 . By st age 27/ 28 ( day 5) , addi t i onal st ai ni ng was f ound

i n mesenchymal ar eas ext endi ng f r om t he per i chondr i a of

r adi us and ul na t owar ds t he devel opi ng pr emuscl e masses

( Fi g . 3 B) . At t he t i me t he muscl e anl agen ar e spl i t i nt o

i ndi vi dual muscl es ( st age 29 and l at er ) , M1 ant i body l abel i ng

was det ect ed i n t he t endon pr i mor di a l ocat ed bet ween i ndi -

vi dual muscl es ( Fi g. 3 D) . I n l ongi t udi nal sect i ons, t he st ai ned

t endon pr i mor di a coul d be obser ved t o at t ach t o t he muscl es

and bones ( Fi g. 4) . I t i s not ewor t hy t hat M1 ant i body st ai ni ng

i s f ound i n t endon anl agen at a t i me when Type I col l agen

( whi ch makes up t he bul k mat er i al of adul t t endons) i s

conf i ned t o t he per i chondr i um and t he per i pher al der mi s i n

t he devel opi ng wi ng ( 29) . I t i s t her ef or e possi bl e t hat t he

epi t ope r ecogni zed by M1 ant i body i s par t of pr el i mi nar y

st r uct ur es i nvol ved i n ear l y cont act s bet ween pr esumpt i ve

t endon cel l s and devel opi ng myot ubes, and t hat t hese st r uc-
t ur es ar e onl y l at er t r ansf or med i nt o mat ur e t endons . I n any

case, M1 ant i body seems t o be a ver y usef ul mar ker f or
f ol l owi ng ear l y t endon devel opment and hence f or st udyi ng

t he mor phogenet i c event s i nvol ved i n t he mechani cal cou-

pl i ng of mot or muscl es t o t he bones t hey move . Fi g . 3, Eand
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Label i ng of myot endi nous j unct i ons and t endons wi t h M1 ant i body . Longi t udi nal cr yost at sect i ons t hr ough a 19- d- ol d

chi ck embr yo l eg muscl e ( A and B) t he pr oxi mal i nser t i on of an adul t ALD muscl e ( C and D) , and a t endon pr i mor di um i n a 7- d-

ol d chi ck embr yo wi ng bud ( E and F) wer e st ai ned si mul t aneousl y wi t h ant i f i br onect i n ant i ser um ( A, C and E) and M1 ant i body

( e, D, and F) by i ndi r ect i mmunof l uor escence . m, muscl e f i ber s ; t , t endon ; p, per i ost eum. Bar , 30 j um.

F, shows a cr yost at sect i on t hat was doubl e- l abel ed i n a

r eci pr ocal manner compar ed t o al l ot her f i gur es i n t hi s paper ,

i . e. , wi t h monocl onal ant i f i br onect i n 133 ( Fi g . 3E) and pol y-

cl onal ant i - myot endi nous ant i gen- ant i ser um ( Fi g . 3F) . Thi s

ant i ser um pr oduces a st ai ni ng pat t er n st r i ki ngl y si mi l ar t o M1

ant i body ( Fi g . 3D) but di f f er ent f r om bot h ant i f i br onect i n

ant i bodi es ( Fi g. 3, Cand E) . Hence, we have an i ndependent

pr obe f or t he ant i gen t hat i s ver y l i kel y t o r ecogni ze sever al

epi t opes on a uni que mol ecul e .

M1 Ant i body Label s Devel opi ng

Smoot h Muscl e Ti ssue

We made cr yost at cr oss- sect i ons t hr ough t he t r unk of chi ck

embr yos t o det er mi ne what ot her st r uct ur es besi des per i chon-
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dr i um, l i gament s, and t endons ar e l abel ed by M1 ant i body .
I n 3- d- ol d embr yos ( st age 20) , myot endi nous ant i gen was
pr esent i n t he basement membr ane sur r oundi ng t he not o-
chor d as wel l as t he aor t a ; i n t he head r egi on, t he l ens capsul e
al so cont ai ned t he ant i gen ( not shown) . At day 4 ( st age 24) ,

M1 ant i gen seemed t o accumul at e i n t he r egi on of t he devel -

opi ng ver t ebr ae ( not shown) , and at 5 . 5 d ( st age 28) i t was

f ound i n t he pr ocesses of t he ver t ebr ae and t he l i gament s

connect i ng t hem, wher eas t he chondr ogeni c ar eas appar ent l y

excl uded M1 ant i gen ( Fi g . 5) . At t he same t i me, t he mul t i -

l ayer ed aor t i c wal l was heavi l y l abel ed by M1 ant i body, and

myot endi nous ant i gen began t o appear i n t he devel opi ng l ung
buds, esophagus, and gi zzar d. However , no myot endi nous

ant i gen appear ed i n der mi s, epi der mi s, hear t muscl e, and

l i ver , al l of whi ch wer e heavi l y l abel ed by ant i f i br onect i n



FI GURE 3

	

Label i ng of per i chondr i um and t endon pr i mor di a by M1 ant i body i n t he devel opi ng chi ck wi ng . Cr yost at sect i ons

t hr ough day 5 ( A and B) and day 6Yz ( C and D) chi ck embr yo wi ng buds wer e st ai ned by doubl e i mmunof l uor escence l abel i ng

wi t h ant i f i br onect i n ant i ser um ( A and C) and M1 ant i body ( B and D) . Sect i on ( E and F) , whi ch was sl i ght l y mor e pr oxi mal on t he

same l i mb as C and D, was doubl e- st ai ned wi t h monocl onal ant i f i br onect i n B3 ( E) and pol ycl onal ant i myot endi nous ant i gen-

ant i ser um ( F) . r , r adi us ; u, ul na ; p, per i chondr i um; t , t endon ; r n, pr emuscl e mass . Bar , 100 gm.

ant i body . I n t he der mi s of 11- d- ol d embr yos, myot endi nous

ant i gen was f ound excl usi vel y at t he base of devel opi ng f eat her

papi l l ae. Hear t muscl e and l i ver t i ssue r emai ned negat i ve f or

t he ant i gen, wher eas gi zzar d ( especi al l y i t s t endi nous sheet s)

was ver y br i ght l y st ai ned by M1 ant i body ( not shown) . I n

gener al , t he t i ssues l abel ed by M1 ant i body ( but not t he cl ass

of mat r i x f i br i l s ; see Fi g. 2, Eand F) appear ed t o be a subset

of f i br onect i n- accumul at i ng st r uct ur es . Neur al t i ssue was

compl et el y negat i ve f or bot h ant i f i br onect i n and M1 ant i body

l abel i ng at al l st ages i nvest i gat ed ( Fi g. 5) ; we do not yet know

when dur i ng devel opment myot endi nous ant i gen appear s i n

t he per i neur i um ( wher e i t i s pr esent i n adul t muscl e, Fi g . 1 D) .

I n concl usi on, a second cl ass of t i ssues ( besi des per i chon-

dr i um, t endons, and l i gament s) l abel ed by M1 ant i body dur -

i ng embr yogenesi s ar e st r uct ur es cont ai ni ng smoot h muscl e,

especi al l y t he maj or bl ood vessel s, f eat her papi l l ae, and t he
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FI GURE 4 Label i ng of devel opi ng per i chondr i um and t endons wi t h M1 ant i body i n a 7- d- ol d chi ck embr yo wi ng bud . A

l ongi t udi nal sect i on was st ai ned by doubl e i mmunof l uor escence wi t h ant i f i br onect i n ant i ser um ( A) and M1 ant i body ( B) . h,

humer us ; r , r adi us ; u, ul na ; p, per i chondr i um; m, pr emuscl e mass; t , t endon . Not e t hat t he t endon pr i mor di a connect bones wi t h

pr emuscl e masses, whi ch appear as ar eas weakl y st ai ned by ant i f i br onect i n ( 6) . Bar , 200 l Am.

gi zzar d . Toget her wi t h t he l ung and cer t ai n l i gament s, t hese

ar e al so maj or st r uct ur es t hat accumul at e el ast i n dur i ng l at e

embr yoni c devel opment and af t er hat chi ng ( 26) ; t hi s f act

mi ght t ur n out t o be i mpor t ant i n sear chi ng f or t he f unct i on

of myot endi nous ant i gen .

Myot endi nous Ant i gen I s an Ext r acel l ul ar Mat r i x

Component Accumul at ed i n Cel l Cul t ur es

The pecul i ar t i ssue st ai ni ng pat t er n of M1 ant i body i n vi vo

does not r eveal f r om whi ch cel l t ypes t he ant i gen or i gi nat es.

As a f i r st st ep i n addr essi ng t hi s quest i on, we l ooked at t he

accumul at i on of myot endi nous ant i gen i n cel l cul t ur es . To

est abl i sh, at t he same t i me, t he ext r acel l ul ar l ocat i on of t he

ant i gen, we i ncubat ed l i vi ng cul t ur es of myogeni c cel l s and
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f i br obl ast s wi t h M1 ant i body . Cel l s wer e t hen f i xed and

i ncubat ed wi t h ant i f i br onect i n ant i ser um f ol l owed by second

ant i bodi es ( see Mat er i al s and Met hods) .

I n a 72- h ol d myogeni c cul t ur e st ai ned wi t h pol ycl onal

ant i f i br onect i n ant i bodi es, t he gel at i ni zed subst r at e exhi bi t s

di f f use f l uor escence due t o absor bed ser um f i br onect i n ; t he

myot ubes appear as dar k shadows wi t h f l uor escent mar gi ns

( Fi g. 6A; see r ef er ence 6) . I n t hese cul t ur es, mat er i al r eact i ng

wi t h M1 ant i body was f ound deposi t ed i n f uzzy pat ches and

st r eaks on t he subst r at e bet ween and under neat h cel l s ( Fi g .

6 B) . Thi s mat er i al was enr i ched on t he sur f aces of myot ubes

and especi al l y abundant ar ound f i br obl ast s t hat al so accu-

mul at ed f i br onect i n f i br i l s ( Fi g. 6, A and B) . Compar ed t o t he

r el at i ve spar si t y of f i br onect i n on t he sur f ace of myot ubes,

myot endi nous ant i gen was r el at i vel y abundant . I t was obvi ous



FI GURE 5

	

Cr yost at cr oss- sect i on t hr ough t he t r unk r egi on of a 5 1/ z- d- ol d chi ck embr yo si mul t aneousl y st ai ned wi t h ant i f i br onect i n

ant i ser um ( A) and M1 ant i body ( 8) . I g, i nt er ver t ebr al l i gament ; nt , neur al t ube; n, not ochor d ; a, aor t a ; I , l ung buds ; e, esophagus .

Bar , 100 t am.

t hat f i br onect i n and myot endi nous ant i body wer e not co-
di st r i but ed. Thi s was even mor e pr onounced i n subconf l uent
f i br obl ast cul t ur es ( Fi g . 6, C and D) , wher e, i n f act , di f f er ent
t ypes of cel l ul ar st ai ni ng pat t er ns coul d be di st i ngui shed : some
cel l s wer e i nt ensel y l abel ed by ant i f i br onect i n, ot her s by M1

ant i body, ot her s by bot h . Of t en, t r ai l s of f i br onect i n f i br i l s or
myot endi nous ant i gen pat ches wer e not associ at ed wi t h cel l s
( not shown) . I n t he many cases wher e t hese t r ai l s di d not
over l ap, t hey mi ght have been deposi t ed by di f f er ent t ypes of

f i br obl ast s . I n conf l uent f i br obl ast cul t ur es wher e a dense

f i br onect i n net wor k had devel oped ( Fi g. 6E) , myot endi nous

ant i gen par t i al l y co- di st r i but ed wi t h br oad f i br onect i n f i br i l s,

but never compl et el y over l apped wi t h t he f i br onect i n pat t er n
( Fi g. 6F) .

I n gener al , accumul at i on of mat er i al r eact i ng wi t h M1
ant i body was hi gher i n f i br obl ast t han i n myogeni c cul t ur es,
whi ch agr ees wi t h t he dat a on bi osynt hesi s descr i bed i n t he
accompanyi ng paper ( 8) . I n myogeni c cul t ur es, myot endi nous

ant i gen was associ at ed not onl y wi t h t he cel l - f r ee subst r at e
and wi t h f i br obl ast - l i ke cel l s, but al so wi t h myot ube sur f aces .
Si nce f i br obl ast s r el ease much mor e newl y synt hesi zed my-

ot endi nous ant i gen t han myot ube cul t ur es ( 8) , i t i s possi bl e

t hat some of t he myot ube- associ at ed mat er i al i s not pr oduced

by t he myot ubes t hemsel ves, but expor t ed by nei ghbor i ng
myobl ast s and f i br obl ast s . Thi s possi bi l i t y i s f ur t her addr essed
i n t he accompanyi ng paper ( 8) and mi ght suggest a possi bl e
f unct i on of t he ant i gen as a l i nk bet ween nonmuscl e and
muscl e cel l s i n myot endi nous j unct i ons .
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M1 ant i body st ai ni ng of ext r acel l ul ar mat er i al i n chi ck muscl e and f i br obl ast cul t ur es . 72- h- ol d muscl e cul t ur es ( A and

B) , 72- h- ol d subconf l uent ( C and D) , and 6- d- ol d conf l uent ( E and F) pr i mar y f i br obl ast cul t ur es wer e i ncubat ed wi t h M1 ant i body

whi l e l i vi ng, t hen f i xed, t hen i ncubat ed wi t h ant i f i br onect i n f ol l owed by second ant i bodi es as descr i bed i n Mat er i al s and Met hods .

Not e t hat t he ant i f i br onect i n st ai ni ng ( A, C, and E) and t he M1 ant i body st ai ni ng ( B, D, and F) over l ap onl y par t i al l y . Bar , 20 j um.

DI SCUSSI ON

Exper i ment s usi ng chi mer i c avi an embr yos have est abl i shed

t hat nonmuscl e mesenchyme cel l s gui de skel et al muscl e mor -

phogenesi s i n t he devel opi ng l i mb ( 18, 34) . We and ot her s

have suggest ed t hat ext r acel l ul ar mat r i x component s mi ght

be i nvol ved i n t he t r ansf er of mor phogenet i c i nf or mat i on

f r om nonmuscl e t o muscl e cel l s ( 6, 29) . Fi br onect i n ( f or a

r evi ew, see r ef er ence 16) mi ght be a good candi dat e, si nce

193 4

	

THE JOURNAL OF CELL BI OLOGYzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA" VOLUME 98, 1984

connect i ve t i ssue cel l s synt hesi ze much mor e of i t t han my-

ogeni c cel l s ( 6) , wher eas myogeni c cel l s st r ongl y r eact t o

exogenous f i br onect i n by at t achment , el ongat i on, and cont act

gui dance ( 33) . However , i t i s ext r emel y di f f i cul t t o est abl i sh a

di r ect i onal i t y of f i br onect i n act i on, si nce i t i s so wi despr ead

i n vi vo ( 23) and i t s or i gi n wi t hi n a gi ven ext r acel l ul ar mat r i x

i s not nor mal l y known . Usi ng monocl onal ant i bodi es, we

wer e t her ef or e sear chi ng f or component s t hat mi ght devel -

opment al l y and f unct i onal l y connect muscl e wi t h nonmuscl e



cel l s, but exhi bi t a si mpl er , mor e speci al i zed di st r i but i on i n

t he devel opi ng l i mb t han f i br onect i n .

M1 ant i body was chosen f or det ai l ed st udy because t he

myot endi nous ant i gen r ecogni zed by i t seemed t o meet t hese

cr i t er i a. I t s di st r i but i on was cl ear l y di f f er ent f r omf i br onect i n

and l ami ni n . I n vi vo, i t seemed ( i n cont r ast t o f i br onect i n) t o

be accumul at ed onl y by a subcl ass of connect i ve t i ssue cel l s,

mai nl y t hose of per i chondr i um/ per i ost eum, l i gament s, and

t endons . The ant i gen coul d be det ect ed ear l y dur i ng l i mb

devel opment at pl aces wher e t endon pr i mor odi a make con-

t act wi t h t he muscl e anl agen . Mor eover , myot endi nous ant i -

gen was f ound on t he sur f ace of muscl e f i ber s at speci al i zed

si t es . The uneven M1 ant i body st ai ni ng pat t er n on muscl e

f i ber s was puzzl i ng, but seemed t o r ef l ect t he act ual ant i gen

di st r i but i on ( see Resul t s) . Thi s nonhomogeneous pat t er n r i ses

quest i ons about t he devel opment al or i gi n of myot endi nous

ant i gen on muscl e f i ber sur f aces . I f i t i s pr oduced by t he

muscl e f i ber s t hemsel ves, t hey must have been abl e t o r est r i ct

deposi t i on t o speci f i c ar eas of t he endomysi um near and at

t he myot endi nous j unct i ons . Al t er nat i vel y, t he ant i gen coul d

be deposi t ed by t endon f i br obl ast s t hat i nvade t he endomy-

si um f or some di st ance . I n t he accompanyi ng paper ( 8) , we

show t hat cul t ur ed f i br obl ast s pr oduce at l east seven t i mes

mor e myot endi nous ant i gen per nucl eus t han myogeni c cel l s .

I t i s t her ef or e possi bl e t hat a smal l number of f i br obl ast s,

whi ch ar e known t o be pr esent i n t he endomysi um ( 4) ,

synt hesi ze t he ant i gen and deposi t i t at speci al i zed si t es on

t he sur f ace of muscl e f i ber s. I n pr i nci pl e, t hi s ar gument hol ds

t r ue f or ot her endomysi umcomponent s i ncl udi ng f i br onect i n

( 6) and even t he basal l ami na ( 21) . Whi l e i t i s cl ear , f or
exampl e, t hat t ype I col l agen bundl es ar e deposi t ed by f i br o-
bl ast s pr esent bet ween t endon f asci cl es ( 30) , t he i dent i t y and
cel l ul ar or i gi n of t he mat er i al l i nki ng t endon col l agen f i br i l s
t o muscl e f i ber s ar e not known ( 31) . The r esul t s pr esent ed i n

t hi s paper show t hat t he myot endi nous ant i gen r ecogni zed by

M1 ant i body i s cont i nuous bet ween t endons and muscl es .
Our hypot hesi s, t hat myot endi nous ant i gen mi ght be one of
t he component s by whi ch l i mb nonmuscl e cel l s at t ach muscl e
f i ber s t o t endon f asci cl es, r emai ns t o be pr oven, however .

Whi l e t he f ocus of t hi s paper i s on t he possi bl e i nvol vement

of myot endi nous ant i gen i n t endon f i br obl ast - muscl e f i ber
i nt er act i ons, ot her f eat ur es of i t ar e wor t h consi der i ng. For

exampl e, myot endi nous ant i gen seems t o appear i n t endon
pr i mor di a bef or e t hey accumul at e consi der abl e amount s of
t ype I col l agen ( 29) , whi ch i s t he maj or component of adul t
t endons ( 30) . Al so, maj or el ast i c t i ssues l i ke bl ood vessel wal l s,
l ung buds, and t he gi zzar d st ai n wi t h M1 ant i body ear l y
dur i ng embr yoni c devel opment , whi l e el ast i n i s synt hesi zed

and accumul at ed mai nl y dur i ng l at e embr yogenesi s and af t er

hat chi ng ( 26) . I t i s t her ef or e possi bl e t hat i n bot h cases my-
ot endi nous ant i gen i s par t of an embr yoni c ext r acel l ul ar
mat r i x scaf f ol d, whi ch mi ght be i mpor t ant f or t he coor di nat ed

deposi t i on of t he def i ni t i ve st r uct ur es, i . e . , col l agenous and
el ast i c f i ber s, dur i ng t i ssue mor phogenesi s ( 13) . Anot her i n-
t er est i ng aspect of myot endi nous ant i gen i s i t s appar ent abun-
dance i n a nar r ow zone ar ound chondr ogeni c ar eas of t he
devel opi ng wi ng . Ar cher et al . ( 2) have st r essed t he i mpor t ance
of t hi s zone, i . e . , t he per i chondr i um, f or t he mor phogenesi s
of t he l ong bones. I t i s t hought t hat mechani cal pr essur e
gener at ed by t he mat r i x bui l d- up wi t hi n chondr ogeni c ar eas
causes t he per i pher al nonchondr ogeni c cel l s t o f l at t en and
al i gn ci r cumf er ent i al l y, t her eby def i ni ng t he per i chondr i um

( 2, 37) . The al i gned per i chondr i al f i br obl ast s mi ght count er act

mechani cal st r ess by t he deposi t i on of ext r acel l ul ar mat r i x

( 22) ; myot endi nous ant i gen coul d be deposi t ed ( t oget her wi t h

t ype I col l agen and f i br onect i n [ 9, 34] ) dur i ng t he f or mat i on

of a t ough, cyl i ndr i cal , per i chondr i al sheet . Thi s sheet mi ght

const r ai n t he chondr ogeni c ar ea and t her eby al l ow onl y l on-

gi t udi nal expansi on of t he pr ospect i ve di aphysi s of t he l ong

bones ( 2) .

I n concl usi on, we hypot hesi ze t hat myot endi nous ant i gen,

whi ch i s char act er i zed as bei ng an appar ent l y novel gl ycopr o-

t ei n compl ex i n t he accompanyi ng paper ( 8) , i s accumul at ed

by a subset of connect i ve t i ssue cel l s i n pl aces wher e mechan-

i cal st r esses ar e known t o occur dur i ng t i ssue mor phogenesi s

( 2, 28) . I t r emai ns an open quest i on i f t he ant i gen i s deposi t ed

i n r esponse t o envi r onment al f act or s ( such as mechani cal

st r ess) , or i f t her e ar e di st i nct l i neages of connect i ve t i ssue

cel l s pr oduci ng i t . Li kewi se, we do not know as yet whet her

myot endi nous ant i gen i s i ndeed ( as we suspect ) a mechani cal

bui l di ng bl ock wi t hi n a gi ven ext r acel l ul ar mat r i x . However ,

i t s ear l y appear ance dur i ng mor phogenet i cal l y i mpor t ant

pr ocesses i n t he chi ck embr yo make i t wor t h st udyi ng.

We t hank Del or es Somer vi l l e f or excel l ent t echni cal assi st ance, Susan
Sat chel l and Pat Schmi dt f or pr epar i ng t he manuscr i pt , Dr s . Pat
Gear har t , El l en Bayne, and John Gar dner f or pr ovi di ng ant i bodi es,
and Dr s . Rut h Ehr i smann and Davi d Tur ner f or cr i t i cal r eadi ng of
t he manuscr i pt .
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