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Regional patterns of deposition of laminin (LN), fibronectin (FN), type IV collagen (IV), and heparan sulfate proteoglycan 
(HSPG) were examined during the formation of the caudal neural tube in embryos homozygous for the delayed Splotch gene and in 
their normal littermates. Delayed Splotch embryos had neural tube closure defects which extended from the posterior neuropore into 
the region formed by secondary neurulation. During posterior neuropore closure these components were normally restricted to form- 
ing basal laminae, with FN and HSPG additionally deposited in the mesenchyme. Unlike control embryos in which medial regions of 
the neuroepithelial basal lamina contained greatest amounts of all four, the dorsolateral zone contained less LN and IV and more FN 
and HSPG, in affected embryos these components were less densely deposited medially, reflecting perhaps the poor structural organi- 
zation of the notochord. The neuroepithelial basal lamina was often disorganized and wavy compared to the linear pattern typical of 
controls. By the 12th day, the posterior neuropore of controls had closed and secondary neurulation was underway; however in 
delayed Splotch embryos, the neural folds remained widely splayed and epithelium newly formed via secondary neurulation extended 
that abnormally open configuration to the tip of the taiibud. In controls, with mesenchymal cell aggregation FN and HSPG were dis- 
placed from between cells to the forming basal lamina. As a central lumen formed within the aggregate LN and IV were added to the 
basal lamina, and the newly formed epithelium merged with the anterior neural tube. In delayed Splotch embryos, FN and HSPG were 
incompletely removed from aggregating cell surfaces, the normal morphogenetic cell shaping changes failed to occur and in many em- 
bryos a central lumen did not form; the overgrown, aggregated cells merging with the abnormally splayed anterior neural folds. In ad- 
dition, the critical enrichment of FN and HSPG present between newly formed and consolidated neuroepithelium was displaced in 
delayed Splotch embryos. 

INTRODUCTION 

Unlike the cephalic neural  folds which elevate,  

meet  and fuse in the dorsal  midline of  the embryo  to 

form the primit ive CNS 14, format ion  of the caudal 

por t ion of the neuraxis is compl ica ted  by a second se- 

ries of events in which mesenchymal  ceils aggregate,  

form a central  lumen,  and merge  with the neuroepi-  

thelium of the pos ter ior  neuropore  region 24. Like 

other  mesenchymal/epi thel ia l  t ransit ions,  format ion 

of the initial aggregate  is accompanied  by a loss of  ex- 

tracellular  space; extracel lular  matr ix components  fi- 

bronectin and heparan  sulfate pro teoglycan  are lost 

from between mesenchymal  cells and appear  in the 

forming basal lamina.  With  the appearance  of a lu- 

men within the aggregate,  the more  structural  com- 

ponents  laminin and type IV collagen are also added  

to the basal lamina (BL) and the newly formed epi- 

thelium merges with the anter ior  neuroepi the l ium,  

extending the length of  the CNS. 

In embryos homozygous  for the delayed Splotch 
gene (Spd/Spd), the pa t te rn  of  events involved in the 

formation of  the caudal neural  tube is strikingly ab- 

normal;  ra ther  than extending its length, in delayed 
Splotch embryos  the newly formed secondary  epithe-  

lium merges with the abnormal ly  splayed neural  folds 

of the pos ter ior  neuropore  extending the open neural  

tube. To de te rmine  the basis of  these abnormal  ce l l -  

cell interactions,  the pa t te rn  of deposi t ion of  extra- 

cellular matr ix (ECM) and BL components  f ibronec- 
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tin (FN),  heparan  sulfate proteoglycan (HSPG) ,  la- 

minin (LN) and type IV collagen (IV) were exam- 

ined during poster ior  neuropore  closure and second- 

ary neurulat ion.  

MATERIALS AND METHODS 

Mice heterozygous for the delayed Splotch gene 

(Spd/+) were initially obta ined  from Dr.  H. Kalter ,  

University of Cincinnati ,  and have been mainta ined 

in our colony for an addi t ional  8 generat ions.  Males  

and females were caged together  overnight ,  the 

morning of finding a vaginal plug considered the first 

day of gestation. 

On the af ternoon of the 10th or 12th day,  females 

were killed by cervical dislocation,  uteri  removed  

and embryos  dissected from the chorion but not the 

amnion.  Embryos  were staged and separa ted  into 

groups corresponding to: (1) embryos  with lumbosa-  

cral neural  tube defects; (2) developmenta l ly  de- 

layed but otherwise normal  embryos;  and (3) normal  

embryos.  Al l  were immedia te ly  frozen in OCT em- 

bedding compound (Miles Labs.)  in hexane cooled 

over an ace tone -d ry - i ce  slurry. Blocks were s tored 

at -90  °C prior  to sectioning. 

Sagittal and transverse sections (8/~m) through the 

lumbosacral  neural  folds and secondary neuroepi the-  

lium were cut using an Internat ional  cryostat  and col- 

lected on high molecular  weight (g.t. 300,000) poly- 

c-lysine-coated slides. For  immunocytochemis t ry ,  

sections were air-dr ied,  exposed in a moist  chamber  

to 5% normal  goat  serum followed by the pr imary  an- 

t ibody for 2 h at room tempera ture .  They were then 

washed in PBS and exposed to the second ant ibody 

(goat ant i-rabbit  IgG) conjugated  to FITC (1:50, 

Cappel)  for 30 min at room tempera ture .  Sections 

were washed extensively in phosphate-buffered  sa- 

line (PBS), coversl ipped with glycerol containing 

0.1% phenylenediamine  and sealed with Kronig wax 

or nail polish. Controls were incubated in pre- immune 

serum or in PBS in place of the pr imary ant ibody.  

Because of the extensive co-distr ibution and nu- 

merous interactions of these components  22, a number  

of enzyme digestions were appl ied in an a t tempt  to 

augment the staining or change the pa t te rn  of local- 

ization l°. Collagenase (275 U/ml,  pH = 7.4; Gibco) ,  

Streptomyces hyaluronidase  (100 TRU/ml ;  Miles),  

test icular hyaluronidase  (400 units/ml; Cappel)  were 

appl ied for 1 h at 37 °C prior  to exposure  to the pri- 

mary ant ibody.  Exposure  to test icular hyaluronidase  

significantly improved the intensity of f ibronect in 

staining and was employed  throughout  these studies. 

No other  t rea tment  was effective and none  al tered 

the pattern of localization. 

Antibodies 
Antibodies  to laminin were ob ta ined  from Dr.  J.P. 

McCoy,  Depa r tmen t  of Pathology,  Universi ty  of  Mi- 

chigan; ant ibodies  to type IV collagen from Dr. H. 

Fur thmayr ,  Depa r tmen t  of Pathology,  Yale Univer-  

sity; and ant ibodies  to heparan  sulfate proteoglycan 

from Dr.  J. Hassell ,  Nat ional  Insti tute of Denta l  Re- 

search. Al l  3 antigens were isolated from EHS sarco- 

ma. Ant ibodies  to human serum f ibronect in  were 

purchased from Cappel  laborator ies .  Al l  were raised 

in rabbits ,  were affinity purif ied and exhibi ted no 

Fig. 1. Lateral SEM and corresponding sagittal immunocytochemical preparations of control (A, C, E, G) and delayed Splotch (B, D. 
F, H) embryos. A: lateral view of the posterior neuropore region in a 10th day control embryo. Arrows indicate the sides of the un- 
fused neural folds. B: similar view of a 10th day delayed Splotch embryo illustrating the widely open neural folds of the posterior neuro- 
pore (arrowed). Note also the abnormal dorsal flexion of the region. C: by the 12th day, the posterior neuropore has completely closed 
and the tailbud lengthened considerably. D: tailbud region of a 12th day delayed Splotch embryo illustrating the open defect (arrowed) 
which extends to the tip of the tail. There is also an abnormal flexion of the region. E: sagittal section through the posterior neuropore 
region of a 10th day control embryo illustrating anti-HSPG staining of basal laminae of neuroepithelium (NE), notochord (N), hindgut 
(G). There is also mesenchymal staining and deposits of HSPG associated with the caudal extent of the neuroepithelium (arrowed). F: 
sagittal section through the posterior neuropore of a delayed Splotch embryo on the 10th day. Anti-HSPG immunoreactivity is asso- 
ciated with BL and is present in the mesenchyme. Rather than the more linear neuroepithelial BL profile seen in controls, HSPG stain- 
ing is somewhat punctate and follows an irregular course (arrowed). Deposition at the crucial caudal merging zone is also absent. G: 
anti-FN staining of the tailbud of a control embryo on the 12th day. As at earlier stages, BL stain intensely, there is mesenchymal stain- 
ing and taining of the tailbud of a control embryo on the 12th day. As at earlier stages, BL stain intensely, there is mesenchymal stain- 
ing and deposition of FN in the zone of merging between consolidated and newly formed epithelia (arrowed). NE, neuroepithelium; 
G, hindgut. H: sagittal section through the tailbud of a 12th day delayed Splotch embryo in which the neural folds are widely splayed. 
In addition to deposition in the BL of neuroepithelium (NE), notochord, (N) and hindgut (G), there is FN staining at the base of the 
everted neuroepithelium (arrowed). Scale bars, 100 ~um. 



cross-reactivity by ELISA. Anti-laminin was used at 
a concentration of 1:50, anti-fibronectin 1:10, anti- 
collagen type IV 1:100, and anti-heparan sulfate pro- 
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teoglycan 1:20. 
After staining, slides were viewed and photo- 

graphed in a Leitz Dialux Orthoplan photomicros- 



14 

cope using UV light. Immunofluorescence was pho- 

tographed using Kodak 2475 Recording film. 

RESULTS 

On the 10th day, the caudal neural folds were typi- 

cally fused except at the posterior neuropore,  where 

the neuroepithelium extended to the tip of the em- 

bryo as a trough-shaped thickening (Fig. 1A). A bul- 
bous end region, the regressing primitive streak, was 

visible at its most caudal extent. In delayed Splotch 
embryos, rather than closing in the dorsal midline, 

the sides of the neural folds had failed to fuse and 
splayed laterally for a considerable distance (Fig. 

1B). Rather than its more typical horizontal position, 

this region often appeared to have an abnormal dor- 

sal flexion. 
By the 12th day, the posterior neuropore had 

closed and the tailbud region had normally elongated 

considerably (Fig. 1C). In affected embryos,  the neu- 

ral tube remained unfused from the lumbar region to 

the tip of the tailbud (Fig. 1D). In addition, there was 

typically an abnormal flexure of this region which 

ranged in severity from a slight bend (Fig. 1D) to a 

kink so severe that dorsal regions of the open neural 

tube became fused. 
Other than developmental delay, there were no 

differences observed between the small but appar- 

ently normal embryos (group 2) and the normal em- 
bryos (group 3). However,  only embryos from the 

latter group were employed in the current investiga- 

tion. More detailed reports of  the nature and charac- 

teristics of the neural tube defects found in the allelic 
Splotch mutant are available elsewhere 6'13'23. 

In sagittal sections of control embryos, antibodies 

to laminin and type IV collagen were localized to ba- 

sal laminae of the neuroepithelium, notochord,  hind- 
gut and developing blood vessels in the region. In ad- 

dition, FN and HSPG (Fig. 1E) were found in the me- 

senchyme and both were densely deposited at the 
caudal extent of the neuroepithelium. In embryos in 

which posterior neuropore closure was delayed and 

the neural folds laterally splayed, the pattern of 
staining for LN and for IV was similar to that seen in 

control embryos with several important differences. 

First, the basal surface of the neuroepithelium, rath- 

er than its smooth, at tenuated normal appearance,  
was often wavy and irregular. Secondly, staining 

around the notochord was often patchy and incom- 
plete, reflecting its poor histological organization. 

The pattern of FN and HSPG (Fig. 1F) immunoreac- 

tivity was also abnormal,  reflecting the structural al- 
terations described above. In addition, they were no- 

tably absent from the most caudal region of the neu- 

roepithelium, between consolidated neural tube and 

primitive streak (Fig. 1F), although the mesenchyme 

contained considerable FN and HSPG.  
By the 12th day, LN and IV were present in basal 

laminae of neuroepithelium, notochord,  and hindgut 

of control embryos. In addition, as on the 10th day, 
FN (Fig. 1G) and HSPG were found in mesenchyme 

and at the caudal tip of the neuroepithelium; the re- 

gion where newly formed epithelium merges with the 

consolidated neuroepithelium. In delayed Splotch 

Fig. 2. Transverse sections from the caudal tip of the embryo cephalad in control (A-D) and delayed Splotch (E-H) embryos on the 
10th day. A: section through the regressing primitive streak (PS) in a control embryo illustrating very slight deposition of IV along its 
base. B: cephalad, the neural folds elevate and approach in the dorsal midline. Anti-type IV collagen staining is associated with BL of 
the neuroepithelium (NE), notochord (N), hindgut and of blood vessels. Its deposition is most dense near the midline, less dense to- 
ward the dorsolateral margins of the neural folds in the region of eminent neural crest cell migration. C: section through the primitive 
streak illustrating anti-FN immunoreactivity in the region. There is scattered mesenchymal staining and slight immunoreactivity asso- 
ciated with the base of the streak and with BL of forming blood vessels. D: section through the posterior neuropore illustrating anti-FN 
staining associated with basal laminae of notochord (N), neuroepithelium (NE), and hindgut. Note the lateral movement of the BL by 
the neural crest (arrowed). E: section through the anterior primitive streak illustrating anti-LN immunoreactivity associated with 
forming blood vessels within the mesenchyme and slight staining of the base of the thinned streak. F: section through the posterior 
neuropore. The neural folds have failed to elevate and are present on the dorsal surface of the embryo as a flat plate. Anti-LN staining 
is associated with the neuroepithelial (NE) basal lamina and BL of the hindgut. There is no immunoreactivity in the neural crest migra- 
tory pathway (arrowed). In the absence of a notochord the most intensely staining zone of the neuroepithelial basal lamina is found at 
its lateral margin. G: primitive streak from a delayed Splotch embryo illustrating anti-FN immunoreactivity in the mesenchyme and 
particularly densely deposited at the base of the reg/-!essing streak (arrowed). H: more cephalic region through the posterior neuropore 
illustrating the failure of neural fold elevation and !jttle organized deposition of FN at the base of the neuroepithelium (NE), although 
it is present within the mesenchyme. Scale bars, 100tim. 



embryos, the neural folds were unelevated and un- 
fused, remaining plate-like on the surface of the em- 
bryo. BL of neuroepithelium, hindgut and of the no- 
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tochord contained all four components. In these em- 
bryos, the neuroepithelium often extended sheet-like 
over the caudal tip of the embryo, with FN particular- 



16 

ly deposi ted  at its base (Fig. 1H). 

When examined in cross-sections, BL components  

were present  at the base of the primit ive s treak - -  LN 

and IV (Fig. 2A) were less prominent  in this region,  

while H S P G  and FN (Fig. 2C) were more  densely de- 

posi ted here.  Cephalad ,  the neural  folds e levated 

and the notochord  became organized at the midline.  

Hindgut ,  notochord  and neuroepi thel ia l  basal lami- 

nae stained intensely for LN, FN,  HSPG and IV (Fig. 

2B). H S P G  and FN (Fig. 2D) were also mesenchy- 

mal components .  Al l  4 were most densely deposi ted  

in the neuroepi thel ia l  basal lamina in the medial  re- 

gion, staning slightly less intensely in the lateral  

zone, and in regions of active neural  crest cell migra- 

tion at the dorsolateral  boundary ,  structural  BL com- 

ponents  were less densely deposi ted  (Fig. 2B) while 

there was increased deposi t ion of FN (Fig. 2D) and 

of HSPG.  

In embryos  with neural  tube closure defects,  the 

pat tern was very different.  The base of the primit ive 

streak and blood vessel BL stained as in controls  for 

1V and LN (Fig. 2E),  but the base of the thinned 

streak was part icularly enr iched in FN (Fig. 2G).  Ce- 

phalad,  the deposi t ion of structural  BL components  

was similar to that seen in controls,  LN and IV (Fig. 

2F) were found in BL of the neuroepi the l ium and 

hindgut, but there  was often no evidence of an orga- 

nized notochord  in these embryos.  Like the primit ive 

streak, the neuroepi thel ium was also very reduced in 

thickness. The pa t te rn  of immunoreact iv i ty  in the 

neuroepi thel ia l  BL was also al tered;  the most inten- 

sely staining region was in the lateral  margins,  there 

was little staining medial ly  or  in the neural crest re- 

gion (Fig. 2F). There  was considerable  mesenchymal  

stain for FN and for H S P G ,  al though their  deposi t ion 

in the neuroepi thel ia l  basal lamina was somewhat  

patchy and non-l inear  (Fig. 2H). 

During secondary neurula t ion the pa t te rn  of cel- 

lular changes 24 and immunocytochemical  localization 

of ECM and BL components  21 did not  differ from 

previous reports  in control  embryos.  Briefly, at the 

caudal tip of the tai lbud,  unorganized mesenchymal  

cells were sur rounded by FN and HSPG.  A t  this level 

LN and IV were restr icted to BL of forming blood 

vessels. Cephalad ,  mesenchymal  cells formed a dor-  

sal aggregate with unorganized deposi ts  of IV (Fig. 

3A) and LN only rarely observed at its base.  A t  this 

level, FN and H S P G  (Fig. 3C) were lost from be- 

tween aggregated cells and were depos i ted  at their  

base. 
As a lumen began to form within the aggregated 

cells, LN and IV (Fig. 3B) were also densely depo-  

sited in the forming BL. FN and H S P G  (Fig. 3D) 

clearly separa ted  the base of cavitating cells from the 

surrounding mesenchyme and both were general  me- 

senchymal components .  

In delayed Splotch embryos ,  the pa t te rn  of events 

was considerably different.  HSPG and FN were 

found in the unorganized mesenchyme of the tailbud. 

Cephalad ,  ra ther  than forming a discrete aggregate 

near the dorsal  surface, aggregated cells composed  a 

considerable propor t ion  of the region; located in dor- 

sal, dorsomedia l  zones and forming columns along 

the lateral surface of the embryo  (Fig. 3E). Two pat-  

terns of events followed. In the first, the central  por-  

tion of the aggregate e i ther  failed to canalize or 

Fig. 3. Transverse sections through the tailbud region of control (A-D) and delayed Splotch (E-H) embryos on the 12th day illustrat- 
ing the pattern of deposition of BL and ECM components during mesenchymal aggregation (A, C, E, G) and cavitation (B, D, F, H). 
A: caudal tip of the tailbud in a control embryo illustrating the very scattered anti-IV staining. There is very little IV associated with 
the mesenchymal aggregate, although occasional punctate staining is seen at its base (arrowed). B: more cephalic section through the 
region of cavitation of the aggregate, illustrating the dense deposition of IV in the forming basal lamina of the epithelium (arrowed) 
and in BL of blood vessels. C: section through the aggregation zone of an additional control embryo illustrating the deposition of 
HSPG at the base of the aggregated ceils (arrowed). HSPG was also present in the mesenchyme and in blood vessel basal laminae. D: 
cephalad, the aggregate begins to canalize and HSPG forms a linear deposit at the base of the epithelium (arrowed). It is also asso- 
ciated with blood vessel basal laminae and is a general mesenchymal component. E: anti-IV staining in the aggregation zone in a de- 
layed Splotch embryo. Note the considerable increase in the number of ceils in this region compared to control embryos. There is no 
organized deposition of IV at the base of the aggregate. F: cephalad, at the level where cavitation would normally occur, type IV colla- 
gen outlines the base of the cells (arrowed), and is found in the mesenchyme. G: section through the aggregation zone in a delayed 
Splotch embryo. An increase in the number of aggregating cells is seen in this embryo.However, FN remains on the surface of some of 
them and is less linearly displaced to their lower borders (arrowed). FN is also present in blood vessel BL and in the mesenchyme. H: 
section through the region where cavitation would normally occur illustrating the immense overgrowth of the region and the deposi- 
tion of FN between and at the basal surface (arrowed) of the epithelial cells. Scale bars, 100 ~m. 



formed a very small lumen, which then merged with 
the abnormally open cephalic folds (Fig. 3F). In the 
second situation, cells failed to undergo the typical 
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pattern of morphogenetic cell-shaping change and 
remained abnormally flattened on the surface of the 
embryo. 

! 
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In the first situation, LN and IV (Fig. 3E) were not 
seen at the base of the initial aggregate, but were 
found at the base of the cells as they merged with the 
open neural folds (Fig. 3F). HSPG and FN (Fig. 3G, 
H) were present at the base of the aggregate and with 
abortive cavitation; however, rather than being ex- 
cluded from between aggregated cells, FN partic- 
ularly remained between them. This occurred both at 
the level of initial aggregation (Fig. 3G) and in the 
zone where cavitation of the aggregate would nor- 
mally occur (Fig. 3H). 

In the second situation, the aggregate failed to 
form and the neuroepitheliu.m extended from the 
posterior neuropore to the tip of the embryo as a flat 
sheet of cells. The pattern o'f immunoreactivity and 
histological appearance of the neuroepithelium in 
these embryos did not differ from that seen in other 
delayed Splotch embryos on the 10th day. 

DISCUSSION 

Embryonic basal laminae are thought to both sup- 
port epithelial structures and to play an important 
role in information transfer between epithelium and 
subjacent mesenchyme L9. In the current investiga- 
tion neuroepithelial BL abnormalities and altera- 
tions of the mesenchymal extracellular matrix were 
observed in delayed Splotch embryos. During pos- 
terior neuropore closure, the normal pattern of depo- 
sition in the neuroepithelial basal lamina was altered, 
with the typically most densely staining midline re- 
gion reduced significantly in all 4 components. The 
lack of midIine BL staining in these embryos likely 
reflects the abnormal organization of the notochord 
and lack of interaction between neuroepithelium and 
notochord. In addition, rather than its typical linear 
appearance, the neuroepithelial BL of these embryos 
was often wavy and disorganized. These observa- 
tions provide some support for the suggestion that 
the neuroepithelial BL functions as a solid substra- 
tum against which morphogenetic cell shaping altera- 
tions required for neurulation can occur, as the de- 
layed Splotch neuroepithelium was very thinned 

compared with controls. 
Anomalies of the neuroepithelial BL produced by 

exposure of neurulating embryos to agents which al- 
ter the synthesis or deposition of BL and ECM com- 
ponents, e.g., fl-D-xyloside 16, c/s-hydroxyproline 19, 

or to tunicamycin ~s, also produce neural tube de- 
fects. Similarly, a number of neurological mutants of 
the mouse exhibit both neural tube closure defects 
and basal lamina/extracellular matrix abnormalities, 
loop-tai# "29-31 , Splotch 15, Patch 7, the T mutants 11,28, 

trisomy for chromosomes 12, and 14 (ref. 17), Snell's 
translocation (T(1, 2) 1 Sn) 2°. However, the under- 
lying basis for this association and its source - -  
whether mesenchyme and/or epithelium is abnormal 
- -  remain to be determined. 

The precise role of the neuroepithelial BL in CNS 
histogenesis has received relatively little attention. 
In addition to providing a solid substrate for cell 
orientation and integrated cellular movements (such 
as neurulation), microheterogeneities in composition 
of the BL might play a significant role in producing 
regional patterns of proliferation within the nervous 
system (e.g., neuromere formation), may underlie 
the escape of cells and cell processes from the CNS 
(e.g. neural crest and growth cones), and may play a 
role in cell migratory processes along basal lamina. 

Notochordal anomalies and abnormalities of axial 
elongation co-occur with neural tube defects follow- 
ing experimental manipulatio/i lz, and in neurological 
mutants: loop-tail 27, curly tail 3, T, t9 (ref. 28), but 
have not previously been reported in delayed Splotch 
or Splotch mutants. In the delayed Splotch embryo, 
presence of a notochordal anomaly is consistent with 
the observed flexion anomalies of the posterior neu- 
ropore region and of the tailbud. Flexion anomalies 
of this type have previously been suggested to play a 
primary role in the genesis of neural tube defects 3 
and may reflect the degree of delay in neural tube 
closure typical of embryos with varying doses of the 
mutant gene 6A3. Because notochordal cells (like sec- 
ondary neuroepithelial cells) must first aggregate 
within the mesenchyme and then organize, an anom- 
aly of the mesenchymal cells themselves or of their 
ECM might similarly produce the observed noto- 
chordal anomalies. 

During secondary neurulation, the pattern of de- 
position of ECM but not of BL components was ab- 
normal. FN and HSPG remained abnormally present 
on some of the cells in the dense aggregate rather 
than being displaced into the forming BL. Interest- 
ingly, these cells were somewhat abnormally shaped 
and often failed to interact with neighboring cells to 
form a central lumen. It would be of considerable in- 



19 

terest in this regard to determine the extent of junc- 

tion formation between them. 

Since a considerable proport ion of the tailbud ap- 
pears to be of neural crest origin 25, and because 

Splotch embryos are characterized by anomalies of 
neural crest cell migration 23, failure of these cells to 

migrate normally from the epithelium or to interact 
with the ECM might produce the secondary neuro- 

epithelial abnormalities observed in the current in- 
vestigation. 

Because both HSPG and FN appear to have trans- 
membrane connections with intracellular actin 26'32, 

the abnormal persistence of these two components  

on the surface of aggregated cells could influence 

their shape, migration, and amount  of extracellular 
space in the region. Thus, initiation of  the epitheliali- 

zation cascade would be inhibited, producing the ec- 

topic aggregate of cells observed in these embryos. 

Additional support for this suggestion comes from 
observations of abnormal FN retention on neural 

crest cell surfaces in Splotch embryos during dorsal 
root ganglia formation (O'Shea,  unpublished obser- 
vations). 

Interestingly, in the t9 mutant,  the caudal neural 
tube also forms abnormally. In this case a series of ec- 

topic aggregates, rather than a single aggregate of 
cells forms in the region 28. It would be of consider- 

able interest to determine if there is an abnormality 
in the pattern, time of appearance,  or relative pro- 

portions of ECM components,  or in their cellular re- 

ceptors in these embryos as well. 

With continued development,  secondary neuro- 
epithelial cells did not form a continuous cord-like 

structure, but extended the abnormally open neural 

tube into the tail. Thus it appears that the newly 

formed secondary neuroepithelial cells align along 
and form permanent  junctions with cells of the ante- 

rior neuroepithelium, using it as a template. This is 

contrary to the situation in the chick embryo,  where 

if the posterior neuropore is prevented from closing, 

the secondary neuroepithelium forms an autono- 
mous cord of cells 5. The presence of HSPG and of FN 

in this region may play a crucial role in the merging of 

these two populations, as both have been shown to 
mediate cell-cell interactions, to promote cellular 

migrations, and FN to participate in the maintenance 
of extracellular spaces with the embryo 8'33. 

Current investigations are in progress to extend 
these studies to the ultrastructural level and to exam- 

ine the distribution of antibodies to the fibronectin 
receptor 2 in these embryos. 
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