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Abstract: The distribution or types l and Ill collagl'n and fibroncctitl \\'<1~ lli\Tstigatrcl in ti t<' antl'l'o

posterior middle portion of the palatal shckes before ( day U. 0) and af'tcr ( day 16. 0) the shelf eleva

tion of mouse fctusc~ by the electron immunogold tcchniqul' usi11g afTinity purified polydonal antib(lcLcs. 

In the area adjacent to the- basement membrane, type ] colla~en was localizt'd more clcns<'ly in tht • 

nasal area than in the oral area on day 14.0 and on day Hi. 0. llo\\nTr, the distribution of type 

IU collagen showed no significant difference bctwl'en thr nasal an·a and tlw oral area on citlll'r clays . 

The ratios of type I to type il[ collagen varied among clifft.rcnt areas of palatal mt·snH·hymc both 011 

day 14.0 and on day Hi. 0, namely. it was highn in the nasal area that! in tiH· oral ar('a and, in tltr 

nasal area, it was higher on day 14. 0 than on day Hi. 0, whereas in th1· oral an·a, then· was no 

diffcr~nce between either days. By the double immunostaining technique, it wa-, IT\Taled that types 

I and Ill collagen wnc oftt"n pr('S('Ilt in the same cross-banded fibrils . Fibronectin was localized bl'

tween till' surface of' palatal mesenchymal cells and collagen f1hrils, within collagen fibns and on 

filamcntom structures in the extracellular space . Fibroncctin wa!> abo localized wi1ltin tlw bast 'nlt'nt 

membran · of the palatal epithelium, both in tiH· lamina Iucida and tiH· lamina densa. Tltt' IIJk <>f' 

types 1 and Ill collagen and fibroncctin in tlw palatal shelf tlt-vation is discussed on th<' basis of the 

results obtairwd. 

Introduction 

During m::tmmalian palatogenesis, the palatal 

shch·es protrudt' !'rom tlw maxillary processes 

and grow vertically along the tongue. In tiH· 

momc embr~ o, they reori<:'nt from a vertical 

to a horizontal position on clay 14. 0, adhering 

to each other, and thl' cpitl~t·lial scam formed 

temporarily is disrupted on day 15. 0, with 

each palatal mcscncllynw being intnmixed on 

day 16. 01, 2> . The cln·ation of' th!' slwh·cs is 

complex process in,·olving the prolif<· ration, 

migration and difrcrentiation of' cells and the 

accumulation ol' extract ·llular matrix i11 luding 

cullagt·n, flbront'ctin and glycosaminoglycans3-5>. 

It ha-; !wen thought that tltt· elf'vation of the 

palatal sh<:'lf occurs by rotation in the rniddk 

p c>rtion and by the remodel ing of the tissue 

in the posterior portion of the shcJfGl . Al

thou~h this rotation has lwcn considered to be 

cau~.;ed by an intrinsic shelf' l(>rcc7 ), thl' origi11 

of this force retllain . CO!ltl'O\'t'l'SiaJ. 

The distribution of types I and lll collagen 

in the palatal shelves has bcc!l studied using 

the immunofluorescence teclmiqm·2, IOl . How

ever, the ultrastructural relationship between 

these type .~ of collagen in th<' palatal sht·lvcs 

K . :'-l"agata: Distribution or collagen and fil>roncrtin Ill mouse palate 2Rl 

has not yet bcf'n rcporl<'d. It has b<Tn IT

ported that in snTral t issue's. t ypc T co llagen 

molecules typically fo rm thick fibrils with a 

eros. -banded pattern 11 w, while ty} <' lll ol

lagf'n molecules form thin fibri ls without any 

cross-banded pattcrnl3,l 41 . Recently, however, 

typC' [[[ collagen has bcC'n demonstrated to be 

prC'sent on cross-banded fibrils rC'gardJ('S of the 

fibril diameter in the human skin, tendon and 

amnion 15l and in the mouse pniodontal liga

ment16l . Therefore, it i. significant for under

standing the development of tissues including 

the palate to elucidate the ultrastructural in-

terrelationship between type and type ill 
collagen and the ultrastructure or type Ill col

lagen fibrils . 

Fibroncctin 1" a gl) coprolt'in which partici

pates in a variety of' intnactt 'HlS with other 

cxtracclu lar matrices or with cells . I t has two 

nnjor form : a soluble dimeric form. and an 

imolublc dimeric or corss-linked multimcric 
rorml7,18 ' . Althou•4h the immunofluorescent 

locaJizati011 of flbroncct in 1n the paJataJ s!Jcl\-cs 

ha~ been reponcd 7 , !Ol . the ultrasl ructural dis

tribution or f1brnncctin in them has not been 

examined. 

localization 

men1braneH1 

There is a contr<>\Trsy as to the 

of fibrollcCt1n Ill the basement 

2~ 1 It is possible that the dis-

tributi011 or fihroncctin in the basel11C!lt n1t'tn-

branc differs among \·anou" tissues. I t IS 

\\'ell known that the medial cd!J;c epithelium 

( ,\lEE) or the palatal shelf at ,,·hich the 

shehTS f'u'iC tO each other is clifTcrent from 

that or the nasal or oral side or the shelL 

\\'hich differentiates into ciliated columnar or 

st ratif1cd squamous epithelium. rcspccti\-el~ 23 ~5 1 . 

Th(' component of' epithelial basement mcm

brant· participate~ in the cpithclial-nwsenchymal 

interaction 111 \·anous lissues26>. I t is therefore 

intncsting to localize the components of epi

thelial basement membrane . for example. fibrc

ll<'Ctin. in ,\ l EE and compare them with tlwsc 

in the nasal or oral side of the pa latal she I r. 
I n the present study, in onier to understand 

the role or types r and 111 collagen and fibro

m·ctin in shelf !\ 'orientation, we im·r·stigated 

the ultrastructural distributiotl or these com

ponents in the mesenchyme of the middle por

tion of mouse palatal sheh-cs bdcm' ( day 14. O) 
and after ( day 16. 0) cle\·ation. \\"e also in

\'Cstigatcd the localization of the fibronectin in 

the epithelial basement membrane on day 14. 0 
of the shelves in order to examine wlwther or 

11ot fibroncctin participates in the cpithdial

mescnchymal intnaction in palatogencsis. 

Materials and :methods 

Prejwralion of antigens and antibodic.1 

Typ<"s I and ][ collagen were extracted 

from tlw skin of adult C'F1 mice and were 

pur ified by DEAE-:::dlulose chromatography. 

as dcscrilwd hy Chung and ~ fi1Jer27l . Fibro

nectin was isolated from the blood plasma of 

adult mice by gt•latin-Sepharose affinity chro

matograph y2Bl . Their pu rity was checked by 

. odium dodecyl sulfate polyacrylamide gel ele

ctrophoresis. 

The anLisera for these three antigens W<:'rc 

raised in rabbit The antiserum for type ill 
collagen was rai cd also in guinea pigs. Tl1<' 

antibodic wert' purified by Sepharose affinity 

chromatography as described by Linsenmayer29>. 

The cross-reactivity of' these antibodies were 

excluded by the immunoadsorb<:'nt technigue3o>. 

For example, antibody to type I collagen was 

adsorbed by type 111 collagen and fibronectin 

to make it monospccific for type I co llag<:'n. 

The specificity of each antibody '"'as ,·crificd 

by \\'estern blotting. The affinity purified goat 

antibodies against rabbit IgG were purchased 

from Cappel Products ( \'\'estchester, PA) while 

those against guinea pig IgG were purchased 

frorn C'hemicon International I nc. (, egundo, 

C'A) . These> secondary antibodies were con

jLlgatcd with colloidal gold as described by 

Slot and Geuzc3l, 32 l as follows: Goat anti

rabbit IgG \\'as labeled with 9 6 nm or 9 11 
nm colloidal gold . Goat anti-guirwa pig IgG 

was labeled \\'ith ~) 6 nm colloidal gold. 

Prrj1aratioJZ 1if tissw' 

Two C 'F1 f'emalc mice \N<'H' mated in a cage 

with a male moue between 10:00 and 16:00. 
The presence or a ,·aginal plug was designated 

as da" 0 of gl'station at U: 00. Tht· pregnant 

mice wer,' killed by ccn·ical dislocation on days 

14. 0 and 16. 0 or gestation. Extirpated palatal 

slwh'cs and palat<:'s were fixed at 4 u(' in a 

solution or 't% paral(mllaldehydc and 0.1% 
glutaraldehyde bull(· red to pH 7. 4 with 0. 1 ~ I 

sodium cacodylate buffer and dehydrated 111 a 

graded series of ethanol. They were then 
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Fig. 1 a- f Thr distribution of type I and type ill collagen in the palatal mesenchyme . 

:\'asal ( a, c) and oral ( b, d ) areas in the palatal mesenchymr on day 11. 0 arc ~t:1ined for typ~' 

collagen ( a, c) and type Ill collagen ( b, d) . Cross-banded fibrils arc positive both f'or typt· I ( c) 

and type ill ( d ) collagen. Arrows ( a. b ) show non-banded filaments . :\'asal area of palatal rncs('n

chyme on clay ln. 0 ( e) i~ double-stained for both type I collagen ( ~) 11 nm ) and type In collagen 

( r) () nm ) . Arrov;s show thl' rlbrils staine-d ~imultan('QUSiy for type l and type !II collagen. Control 

M'ction ( f ) on day 14. 0 incubated with normal rabbit serum in place of primary antibodies show~ 

ncgati\'t' ~taining . 

( a, b. c, d, f: x 55.000, e : x 70, 000 ) , Bi\1 : bascnlcnt membram·, Bar 200 nm. 

embedded in Lowicryl K4l\ I resm (Chemise he 

\\'crk Lowi, \\'aldkraiburg, Germany) and 

polymerized vvith l'\ ' light at -20° C' for 2-1 h 

and curc'd at 20° C' for 24 h. 

lmmunngold .rlaining 
ltrathin sections were cut and mounted on 

nickel grid m.esh. The grids were floated on 

phosphate buffered saline (PBS) containing 1% 

bovine serum albumin (BSA) and 0. 11\1 lysine· 

HC'l for 10 min, then incubated with each 

spc iflc antibody for 1 h . On some s<'ctions. 

double immunostaining was employed as fol

lows: The sections were treated with a mixture 

of rabbit anti-type 1 and guinea pig anti-type 

IU collagen. After extensi\'c risin~ with PBS. 

tht') were incubated with a mixture of colloidal 

K . 0/aga!a : DistrihutioJl of collagrn and !ibronrctin in mome palate 

Table 1 Thr density of gold particles for collagrns in different area~ of 

the mousr palatal mesenchyme on day 14.0 and day 16.0 

observed arras 

nasal ( n ) oral ( n ) core ( 11 ) Background ( n ) 

day 1·1. () Type 2·1. fi 3. f1a,h ( 25 ) 15.8 l. fi«,r ( 25) 5. 8 ± 0. fib, c( 25 ) I. 2 _t 0. 2 (10 ) 

Type Jfl 18. 6 ± 2. zd,f(Hi ) 22. 1 3. Oe, r ( Hi ) fi.7 ± l.Od,~ ( Hi) l. 1 ± 0. 2 ( 10) 

day 16.0 Type I 1-17. 13. Sr.: (26) 90. 0 ± 12. )!" ( 21 ) :\' .E. 1. t-i 0. 2 (10 ) 

' J'ype Uf 122. 0 ± 16. 5h (2fi) 105. 6 ± 1fi. Oh ( 21 ) :'\.E. :l. 9 ± 0. 3 (10 ) 

"·~ :p 0.05, h,c,d,e :p 0.01, f,h :p 0.05, :\'.E.: not cxaminrcl ( mcan ± S.E. 10,11111 2) 

gold(¢ 11 nm) labele-d anti-rabbit IgG and col

loidal gold (9 6 nm) - labcled anti-guinea pig 

IgG. After being washed for 15 min with 

PB. , the sections were incubated for 30 min 

with a solution of secondary antibodies diluted 

(1 : 500) in PBS containing 1% BSA. They 

were Gnally washed with PBS followed by dis-
tilled wateL ll steps VvTIT carried out in a 

moist chamber at room temperature to pre\'ent 

an) drying up of the sl'ctions. After these 

steps, the sections were stained with uranyl 

acetate. 

Quantilalit•e a1W~J1.li.1 

For the q 1antitati\ c t'\·aluation of the di. 

t ribution of collagen In the middle palatal 

shch·cs, gold particles were couPled in the ex

tra cllular matrix of the following three area . 

These vvcrc the nasal and oral areas cnmpri -

ing subepithelial mesenchyme of the basal t\YO 

thirds of the shelf, to a depth of about 5 ,am 

from the basement membrane of the nasal or 

oral epithelium, IT pectivcly, plus the core area 

which wa mescnchym.e beneath the subepi

thelial areas describPd above. The areas or 

extracellular matri. · were measured by a ikon 

Cosmozonc . For the examination of the dis

tribution of fibronectin within the epithelial 

basement membrane of the palatal shehTs, the 

shortest di . lance bet ween the outer lea net of 

the plasma membrane and the center of each 

gold particle was measured in the areas wlwrc 

the pia. ma mcn1branc was cut perpendicularly. 

Result 

Collagen 

In the palatal shelves of day 14. 0 fetuses, 

the flbrils and filaments positiYe for type J 

Table 2 The ratio of type I to typ<' Ill collagen 

in diffe-rent arras or the mouse palatal 

mesenchyme on day 14. 0 and day 1 . 0 

obsnved areas 

nasal ( n ) oral ( n ) 

day 14.0 l. 72 ± 0. 1Sa, <•( .J5) 1. 05 ± 0. 0 a,rl ( 52) 

clay lt1.0 l.48 ± 0.()9h, e( 27 ) 1.08 O.OLb,rl(lfi) 

":p 0.01, h :p · 0.05, c ,d :jJ 0.05 

( mcan ± S .E. ) 

and t\'pe ill collagen ·were distributed much 

more demely in the mesenchyme adjacent to 

the epithelial basement membrane than iu the 

core area. Labeling particles fo1· type I ol

lagen were found on the fibril. with charac

teristic 64 nm eros. -banded periodicity which 

\\'ere 25. 3 :±... 3. 0 nm (n =75) in a\-erage dia
meter and as well as on the non-periodic fila

ments which were 10. 2+ 0. 3 nm (n=ll) in 

diameter (Fig. 1 a and 1 c). The labeling 

pattern for type Til was \Tr~ similar to that 
for type [ collagen. namely, gold particles 

were present on the characteristic cross-banded 

fibrils and also on the non-periodic ftlamcnts. 
The a\·cragc diameters of the fibrils and fila

ments were 23.4 + 2.6nm ( n=75) and 10.2 
__ 0. 5 nm (n=ll), rcspccti,·cly (Fig. 1 b and 

1- d). There was no significant difference be

tween the mean diameter of fibrils po. iti\'c for 

type r and that of those positin· for type ill 
collagen. The same sit uatinn was obscrn·d in 

the filaments positin· for t\'\)<' 1 and in those 

positive for type Ill collagen. In tlw double 

immunostaining technique for type I and type 

Ill collagen, some f-ibrils with a corss-banded 

pattnn showed positi\' · labeling f(Jr both size. 
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Fig. 2 a c The distribution or Jlbroncnin in the palatal mesenchyme on day 14. () ( a, c, d, c ) and 

on da) 1~.0 ( b) . 

Labeling particles arc obsen-cd on amorphus materials localized between the mesenchymal eel], and 

co llagen fibil. ( a ) and within the collagen fibrib ( b ). Labeling particlt s arc obsen·<·cl on a meshwork 

adjacent to the mesenchymal cell ( c). Labeling particles arc obsl"rvcd on the rough endoplasmic 

n·ticulum or the mesenchymal cell ( d ) . Positi,·c labeling is obsn\Tcl both on the lamina Iucida and 

the lamina dema or the cpitlwlial basement membrane ( c). 

( a. b . c, d, X .')5, 000, c : 27. 000) ; B\1 , bascnH·nt membrane, Bar 200 nm. 

of .~old particles simultaneously 111 the nasal 

and al-.;o in tlw oral mesenchyme as observed 

on day 16.0 ( Fig. 1 e). suggt>sting that at 

lea 'i t son1.c:.: of the fibrils consisted of type 

and t\pc Ill collagen molecule ·. Filaments 

present between collagen f1hils and the epithe

lial basement membrane were barely labeled 

by f'ith.er type I or type lll collagen ( Fig. 1 a 

and 1 b ) . Almost the same situation was ob

served in the staining patterns f~H· types I and 

Ill collagen and the rclatiomhip bet ween them 

on day 16. 0, except lor th<' remarkable in

crease 111 the number of collagen fibrils when 

compared with that on da) 14. 0 ( Fig. 1 c). 

The control sections in which normal rabbit 

snum were substituted for primary antibodies 

and reacted with the colloidal golcl-labclcd 

secondary antibodif's showed ncgatiw labf'ling 

( Fig. 1 f ). 
I n order to rnakc a quantitatin· ana lysis on 

K. :'\agata : IJist ribution of' collagen and libroncctin i11 mous<· palate 
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Dis tance fro m plas ma membrane (nm ) 

the distribution of both types of collagen in 

the palatal mesench) me. the density or gold 

particles in \·arious an·as v\·as cxamitwcl ( Tabk 

Fig. 3 ll istogram showing the di~tributional pat 

tern or labcling particles for fibroncctin 

'v\'ithin the basC'ment t11C'mbrane or the 

palate l'pithclium in various areas on 

clay 11. 0. 

Abscissas n·prcscnt the ranges of di~

tance rnm1 the plasma membrane or 

the epithelial ( dls. PC'rpendicular axl'~ 

repreSC'llt the number or gold particles 

within each range or di . tance. Total 

numbf'r of particle, counted were 172, 

122, and 1-!8 for nasal (a), medial ( b) , 

and oral ( c ) areas. respectively. The 

thickness of the lamina Iucida ( 2 . 5 

5. 0 nm ) and the lamina den a ( 43. 5 ..± 

c . 6 nm ) are indicated. Striped bars 

l'l'prC'SCnt the numbn of the gold par

ticles actually obsen·cd. Stippkcl bars 

represent model distribution, in which 

it is assumed that antigens arc in the 

lamina dcnsa only and arc distributed 

evenly within it. The mathC'matical con

clition is that a particle may exist at 

any gi,·en position on thC' circle. the 

radius or which is 10 nm ( length or lgC 

mokculc) , and whose center is the true 

loca lization or the giYcn "antigen". Total 

numers or particles counted were 172, 

122, and 14L Cor nasal, medial, and 

oral areas, rcspccti\Tly in the mnclcl, 

as in the actual case. 

1) . On day 14. 0, the density of gold particles 

for type r collagen was significantly higher in 

the nasal area than in any other area ( fJ < 
0. 05). On the other hand. that for type ill 
collagen was highest in the oral area. although 

the difference betv.'een that of the oral area 

and the nasal area was not significant. In the 

COlT area, the demity or goJcl particles for both 

type J and type Ul collagen was significant!~ · 

lowe'!' than in the nasal or Pral areas ( fJ < 
0. 01 ) . On day 16. 0, the density of both types 

of collagen became remarkably increased. The 

dens it\' of I ypc collagen \Vas significantly 

higher in the nasal area than in the oral area 

(/1<0. 05 ), while that or type 111 colla~cJl 

showed no difl'crcnce bet \\Tl'll either at'\·a. T n 

nTry case, those in the background wnc sig

nificantly lmver than in any other area ( fJ < 
0. 01 ). Because of the commencement of bone 

formation in the basal region on clay 16. 0, the 

dl·nsitics of gold particles for types I and lll 
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collagen 111 the core area were not rneasttrcd. 

The ratio. of t ypc T to t ypc Ill collagen ob

tained by I he douhk irnmunostaining technique 

were difTerent b!'lween the nasal and oral area1. 

on both days (Tab!t' 2 ) . They were signifi

t·antl) highcr in the nasal area than in the 

oral area, both on day H. 0 ( fJ< 0. 01) and 

on da) 16.0 ( p<0.05) . In the nasal area, 

t h<"y wcr<" higher on day 14. 0 than on day 

16. 0. although the difTerence between them 

were not significant. I11 the oral area, there 

v.·as no significant difTcrcncl' on either day. 

Fihmnrrlin 

Thnc Wl'r(' two types or extracellular struc

turn, positi\'c for fibronectin 111 the 1 alatal 

nwsrnchynw. One wa: amorphous materials, 

and the uther was a filamentous meshwork 

structure which \ as rarely obser\'Cd. The di ., 

tribution or fibronectin was almo ' l the same 

on day 14. 0 and on day 16. 0. morphou~ 

materials with positive labeling were localized 

between the me~enchymal celb and collagen 

fibrils ( Fig. 2 -a ) , and within the collagen fibrils 

( Fig. 2 b ) . Filamentous ·tructure. po iti\"(' for 

fihroncctin ( 9. 6_ 0. 4 nrn in diameter, n = 9) 
lornwd me ·ln\'ork ·tructun.. adjacent to the 

mesenchymal cells ( Fig. 2 c ) . Labeling par

t iclcs wnc often ob crvcd on the rough endo

plasmic reticulum of the mesenchymal cells 

( Fig. 2 d ) . suggc~ting that palatal me en

chymal cell. synthesized fibroncctin. Labeling 

particles were also localized within the hasc-

11ll'nl membrane of the palatal ('pithdium. 

The: were obscr\Td both in the lamina Iucida 

and in the lamina dcnsa ( Fig. 2 e ) . Figure 3 

show~ thl' histogram of' labeling particles for 

flbroncctin in the basement membrane of the 

palatal ('pi thelium_. The distribution pal terns 

of the labeling particle'> in the nasal, medial. 

and oral area~ were almost I he sarnt·. suggest

ing the absence of any difTcn·ncc in the dis

tribution pattern or fibronectin among the three 

areas ( Fig. 3 a,...__c ) . 

Dis cussion 

lt Ita~ lwt•tt dt·nwn:-.tratl'd using the itlltlllltHJ

f1uore ·cl'nt technique that types 1 and J11 col

lagen a11d fibroncctin an" distributed throughout 

the mou. t' palatal mesenchymt· on embryonic 

day ] 4. Q2,tl tol Howc\'cr, light microscopic 

study cannot provide information about the 

. upramo!ccular organization of these extra el

lular matrices . Jn this study, we showed the 

ultrastructural distribution of collagen and 

fibronectin using the i111munogold method. 

Types l and lO collagen wcrc di I ributcd morl' 

densely in the me. enchymc ad.iacent to the base

ment membrane of the palatal epithelium, but 

were les · dense in the core of the palatal 

shelves (Table 1). Hassell and Orkin33 l re

ported that cross-banded collagen fibrils did 

not appear adjacent to the basement mem

brane' of either the nasal or medial epithelial 

cells in rat embryos. 

study, cross-badded 

Hown·er. in the present 

ollagen fibrils running 

longitudinally and transversely in the nasal 

palatal mesenchyme were obsnvcd in 1 he rron

tal section ( Fig. 1 -a and 1 c) . . uggesting that 

collagen fibrils were randomly oriented in the 

mouse palatal shelves. Labeling for both type 

T and t ypc ill collagen was obscnTd on cross

banded fibril ·, the mean diameter~ of which 

did not di!rcr significantly. Then· has been a 

consensus that type 1 collagen typically Corm~ 

cro ·s-bandcd fibrils 11 1·11 . llowcn-r. it remains 

unclear whether type ill collagen Corm" crch~

bandcd fibrils or thinner fibril lacking a cro. s

bandcd pattern. Amenta et aJ.1 3' and ;..tartinc7-

Ht'rnandez1D reported that type ill collagen 

fibrils lacked cross-banded pattern. but that they 

had a characteristic beaded periodicity. How

(' \'er, \\T shov\'cd that. at least in the mouse 

palatal nwscJ1chynw. type Jll collagen l(mned 

cross-handed fibrils as well a~ filaments lacking 

a cros~-bancled pattern. This di~crepancy may 

well be due to difl(: rcnct"S pn·scnt in the \·an

ous kinds of tissue. 

The double immunostaining techniqw· using 

I) pes I and Ill collag-en antibodic~ suggcslcd 

that, in the palatal slwkcs, both types of col

lagen fibrils were co-distribttlcd within tlte sante 

f1bcr in addition to both types of collagen 

molecules being o-distributcd within the same 

fibril · ( Fig. 1 c ) . The a-distribution or types 

I and Ill collagt·n was reported in the human 

skin:lll, in tltc rat linT35l . and in the moust· 

pl'riodontal liganH·ntiG' . Jn the culture of' 

mouse rmbryoni palatal 111ese11 hymal cells, 

almo l all cells showed positive staining for 

type T and type ill ollagcn, simultaneously. 

using the immunofluorescent tcchniquc3Gl . These 

K. Nagilta : Distribution or !'ollagcn and lihrom•ct in in ntou:-,e palate 

data suggest that t ypc~ I and Ill collagen 

molecules arc simultaneously secreted b) the 

same cell and then co-assembled in t be same 

fibers and sometimes in the ·amc fibrils. 

Fibroncctin has been t bought to play many 

roles in embryonic morphogenesis, such as mi

gration, att<~chmcnt of cdl or interaction be

l ween 1 hem, or between cells and extracellular 

matrices. \.Yc showed the two patterns or dis

tribution of fibroncctin in the embryonic mouse 

palatal me. cnchynw. ~ I ost of' the f1broncctin 

was lo alizcd bet \"\'Ct·n tlw mcst' nchymal cells 

and the collagen fibrils ( Fig. 2 a ) , and within 

the collagen fibers ( Fig. 2 b ) . It is well known 

that flbroncctin ha collagen-binding domains 

and cell-binding domains 17 , t8 J. This suggests 

that flbroncct in existing between the mesenchy

mal cells and the collagen fibrils or else among 

t ht fibril", may participate in the adhc~ion of 

the cells and fibrils, or of the f1brib to each 

ol her and that the m.csenchymal cells and col

lagen fibn" con trucl a network. with flbro

ncc t in acting as al least one of I he adhesion 

mokculcs. :\ n in l' ilro ;;t udy shm\.cd that hu

man dermal fibroblast s contracted in collag!'n 

gel culture and reduced the sizt• or the gel 

matrix:m. Thcrcf'orc, any contraction or the 

palatal mcsench) mal cells, through the CL'll

collagcn network, may parLicipalt' in creating 

one of the intrinsic shelf forces, which cln-atc 

th(' shch·cs from the \Trtical to the horizontal 

position. 

The quantitativt· analysis ol' the density uf 

t ~ pc T and t ypc lll ollagen rcwalcd I hat. 

both on day 14. 0 and on day 16. 0, the rcla

li\" density or type l to type lii ollagcn \·\'a.' 

higher in the nasal area than in the oral area. 

This means, in other words. that the relali\T 

density or type 111 to type I collagen \\'aS 

highn in the oral area than in tlw nasal area. 

r n gennaL t) pe 111 collagf'n is dominant in 

clistcnsiblc- tissue, such as the walls of' blood 

vessels or pcriodontal ligaments, suggesting that 

this type or collagen participates in the elasti

city of" the tissucslli, 3tP. l t has been thought 

that h) aluronic acid and collagen form gcl

llbcr net vvorks which llyclratc and expand I heir 

molecular domain to produce an inrinsi force 

to reorient 1 he palatal shrlvcs4l . H the tn

creasc of type ) collagen content raises the 

stifrness of collagen fil)l'r and the increase or 

type Ul collagen content raise. the rla-;1 i ity of 

the fiber, the relatively high content of type 

[ collagen in the nasal area may coni ributc 

to the hinge action of the nasal sidr nr the shelf 

and the relatively bigh content of' type Ill col

lagen in th<' fibers of the oral area ma) ott

tribute to the passive mo\·crncnt of the oral 

side. Therefore, this action of the network 

comprising c:ollagcn fibt·rs and fibronecl in may 

participate, at least in . on1C' part, to the in-

1 rinsic shelf force in order to eln·ate the shelf 

in the middle portion of it. Although the 

difference in the ratios nf t ypc T to t YP~' ill 
collagen between the nasal and I he oral area 

obscr\'ed on da\· 14. 0, still remained on da) 

16. 0, the value in the nasal area decreased on 

day 16. 0 to less than that on day 14. 0 (Table 

2) . These data may relate the phenomenon 

or completion of hinge action in tlw nasal side 

or the shelf'. 

Epithelial-mcsen hymal interaction is an 1111-

portant event lor morphogenesis and exert an 

effect on the basement rrtembranc structure 

and turno\Tr for epithelial cell differentiation 

in \·ariom tissucs2G) . After the fu<;ion of the 

palatal shehTs, the nasal side of the epithelium 

cliffcn ntiates ciliated cells, vvhilc the oral side 

differentiates stratil1cd squamou · ells. ;..(cdial 

edge epithelium cease' DNA synthesis and dies, 

or cl'\c transform. into mesenchymal cells on 

day 16 following elcvation23 25 \ In the pres

ent study. the di~tribution or fibroncctin within 

the basement membrane of the palatal epitlw

lium prior to . hclC elevation showed no diffe

rences between the nasal, medial. and oral 

areas ( Fig. 3) , ~uggcsting that fibroncctin in 

the basement membrane doc-; not directly play 

an important role in the differentiation of 

palatal epithelial cells. \\'e al~n round that 

fibroncctin was localized both in the lamina 

Iucida and in the lamina dcnsa ( Fig. ;)) . ('on

sidering that an indirect labeling procedure 

was med in the present study. vvc compared 

the histogram of' actual gold particles with that 

of the model \vhich is described in the legend 

of Figure :). Results ~u~gt·st that fibrnncctin 

wa~ di~tributcd botb in the lamina Iucida and 

in the lamina den-;a in all three or the areas 

observed. Although \'arious kinds of cell · syn

thesize flbronectin in l 'illo. only a few cells, 

including hcpatocylcs:3\l land dental nwscnchymal 
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cells 10, h <l\< ' lw!'n r!'portcd to s~nthesize it 111 

1'11 '0. \\'<· showed the pre'icn '< ' of' labe lin g l'or 

fibron<·ctin on the rou~h endoplasm ic rcticululll 

of' palatal lll< 'sench) mal cel ls. suggest in g that 

thl'se · lis S) nth size fibroncctin in l'im as •Nell 
as 111 l' itm :Jfi. 

In thi-, study. we IT\Talcd thl' s uprarno lcc ul ar 

organization or t) pc 1 and type rn collagen. 

and fibroncctin, and their intnrclationship in 

tlw de\'(·Jqping m JU'ic palate. These ob. e n a

t ions provide some basic information towards 

undn~tanding the role of' t ypcs l and Ill col-

lagcn and fibronc c tin 111 the cln·a tion of' tht· 

palatal -.heir. 
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