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ABSTRACT

	

Two monoclonal antibodies raised against laminin isolated from a mouse parietal
yolk sac cell line were used for immunohistochemical studies of basement membranes of the
mouse embryo and various fetal and adult tissues . No immunoreactivity with either of the two
monoclonal antibodies could be detected in the preimplantation-stage embryos, although it
has been shown that these embryos contain extracellular laminin reactive with the conven-
tional polyclonal antilaminin antibodies . Reichert's membrane in early postimplantation stages
of development reacted with the monoclonal antibody LAM-I but not with the antibody LAM-
II . However, from day 8 of pregnancy onward the Reichert's membrane reacted with both
antibodies . Basement membranes of the embryo proper were unreactive with both mono-
clonal antibodies until day 12 of pregnancy . By day 14 some basement membranes of the
fetal tissues became reactive with one or both monoclonal antibodies, whereas others
remained still unreactive . In the 17-d fetus and the newborn mouse most of the basement
membranes reacted with both monoclonal antibodies, whereas others still reacted with only
one . Similar heterogeneity in the immunoreactivity of basement membranes of various tissues
was noted in the adult mouse as well . These results indicate that the immunoreactivity of
laminin in the extracellular matrix changes during development and that the basement
membranes in various anatomic locations display heterogeneity even in the adult mouse.

Laminin or GP-2, a high molecular weight glycoprotein iso-
lated initially from the extracellular matrix of mouse endo-
dermal-like cells (1, 2), is one of the ubiquitous and constant
intrinsic components of all epithelial basement membranes
so far studied (3). Antibodies raised in rabbits against laminin
isolated from mouse or rat yolk sac carcinomas react with
basement membranes of normal murine tissues as well as
with human basement membranes, indicating that the lami-
nin produced by the neoplastic cells resembles the equivalent
glycoprotein from normal tissues.
We have recently produced two monoclonal antibodies to

laminin (4) . These monoclonal antibodies react with the
polypeptide structure of the 220,000-dalton component of
laminin isolated from mouse M 1536-B3 cells and also react
with the basement membranes of some normal adult mouse
tissues (4) . However, one of these two antibodies does not
react with human renal or other basement membranes sug-
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gesting that the epithelial basement membranes of mouse and
man differ if not in their composition then in steric and/or
conformational arrangement of their constituent compo-
nents, which render them reactive or unreactive with a given
monoclonal antibody . Peters and Goldstein (5) have noticed
similar differences with regard to the binding of lectin from
Bandeiraea simplicifolia. This lectin reacts with mouse renal
basement membranes but does not react with human renal
basement membranes, suggesting that there are indeed differ-
ences between basement membranes of different species.

In the present study we have used the monoclonal anti-
bodies to laminin to study basement membranes during
mouse embryonic development. Extracellular matrix found
in early mouse embryos contains laminin from very early
stages of development onward (6-8) . However, we show that
the basement membranes of developing mouse embryos do
not react with the monoclonal antibodies to laminin until
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mid-gestation . This change in the immunoreactivity of the
extracellular matrix suggests that the basement membranes
undergo conformational and/or other structural modifica-
tions during embryonic and fetal development . Along the
same lines, we also show a considerable heterogeneity of
basement membranes in adult tissues as evidenced by their
differential reactivity with the polyclonal and monoclonal
antibodies to laminin .

MATERIALS AND METHODS

Animal Material:

	

Embryos and fetuses obtained from outbred Swiss
Webster mice were mated overnight. The day when the plug was found was
labeled as day 0 . Preimplantation-stage embryos were isolated in toto from the
oviduct and uterus . Early postimplantation-stage embryos were isolated and
handled together with deciduoma . Fetuses older than 12 d were isolated from
fetal membranes and processed in toto or disected into major anatomical
portions . Organs were disected from adult mice and each ofthem was processed
separately .

Antibodies and Sera :

	

Rabbit antilaminin sera were prepared against
highly purified laminin isolated from the mouse endodermal cells M-1536-B3
(9) or from a rat yolk sac carcinoma (10) . The latter antibodies were kindly
provided by Dr . A . Martinez-Hemandez (Hahnemann University, Philadel-
phia) . The characterization and purification of these antisera were described in
detail before (9, 10). Monoclonal antibodiesLAM-1 and LAM-11 were prepared
as described by Chung et al. (4) . Pristane-primed nude mice were injected
intraperitoneally with 10 6 hybridoma cells per mouse . The ascites fluid was
tapped 7-10 d later and clarified by centrifugation . The clarified fluid was
purified on DEAC-cellulose as described by Garvey et al. (11) . The specificity
of the antibody was determined by immunoblotting, immunoprecipitation,
and enzyme-linked immunosorbent assay methods as previously described (4) .
In the immunoblotting to nitrocellulose filters, both antibodies reacted against
the GP-2 subunit of laminin but not against entactin . A very slight but variable
reaction was observed with GP-1 which could reflect either some cross-reactivity
with the GP-1 subunit of laminin or the presence of a common antigenic
determinant. Immunoprecipitation of tunicamycin-treated M1536-133 cells re-
sulted in the precipitation of the unglycosylated precursor bandsofGP-2 which
demonstrated that the antibody recognized the polypeptide backbone of the
molecule. Finally, by enzyme-linked immunosorbent assay techniques, free
laminin was found to block the binding of antibodies to laminin-coated plates .
Antibody was also prepared by first growing hybridoma cells in Eagle's «-
minimal essential medium obtained from Gibco (Grand Island, NY), which
contained 10% horse serum, and then transferring the cells at a density of 106
cells/ml to serum-free a-minimal essential medium . The culture fluid was
collected after 24-48 h and the antibodies were precipitated with ammonium
sulfate at 50% saturation . The precipitate was redissolved in PBS and dialyzed
against 100 vol of the same buffer overnight . The dialyzed sample was either
stored frozen or lyophilized. The stock solutions of antibodies contained 3-5
mg protein/ml and were used diluted in PBS 1 :30 . This optimal dilution was
determined by titration on sections of adult mouse kidneys.

Immunohistochemistry :

	

Preimplantation-stage embryos were fixed
in 4% paraformaldehyde at 4*C for 2 h, washed in PBS, and incubated in the
primary antibody at room temperature as described before (8) . In some in-
stances the zona pellucida was removed with 0.5% pronase before incubation .
The postimplantation embryos and fetuses and isolated organs from adult
animals were placed into OCT (Lab Tech, Naperville, IN) and snap-frozen in
methyl butane precooled to liquid nitrogen temperature . The specimens were
sectioned in a cryostat, fixed in paraformaldehyde or acetone, and incubated
in primary antibody as described (8). The binding of the primary antibody was

Cleavage-stage Reichert's
Antibodies embryo* membrane

Monoclonal
LAM-1

	

-

	

+
LAM-11 -

	

-
Polyclonal

	

+

	

+
* Plug day - day 0.
= Embryo proper.
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TABLE I

6-d Embryo

detected with fluorescein-conjugated goat anti-rabbit or rabbit anti-mouse IgG
antiserum (Cappel Laboratories, Cochranville, PA) . To prevent the nonspecific
binding of anti-IgG antiserum to endogenous mouse immunoglobulin trans-
mitted from the mother into the fetus and normally found in the visceral
endoderm, we first incubated some sections of early postimplantation embryos
and the yolk sac with, unlabeled rabbit anti-mouse IgG serum for 1 h and then
exposed them to the primary and secondary antibody .

To assess the effects of fixation on the immunohistochemical demonstrability
of laminin, we used several additional fixatives. Thus the samples were fixed
by immersion in -20*C methanol for 10 min or acetic ethanol solution (1%
glacial acetic acid and 99% absolute ethanol) at 4*C for 20 min. Unfixed
sections were also used . In an attempt to determine whether the antigenic
determinants are masked in the tissue sections and thus inaccessible to the
antibodies, some freshly frozen, cryostat-sectioned tissues were fixed in 4%
paraformaldehyde anddigested with the following enzymes: mixed glycosidases
(10 mg/ml) ; chondroitinase ABC(1 U/ml) purchased from Miles Laboratories,
(Elkhart, IN) ; 0.2% pepsin, 2% bovine testicular hyaluronidase, Clostridium
perfringens neuraminidase (0 .1 U/ml) purchased from Sigma Chemical Co .
(St. Louis, MO). All the digestions were performed at room temperature for
20-30 min and were followed by a wash in cold PBS and an incubation
procedure identical to the one described above. Control sections were incubated
with the ascites fluid of the (P3-X63-Ag8) myeloma instead with the specific
antibodies. Alternatively the primary antibody was deleted and the sections
were incubated only in the secondary fluorescein isothiocyanate-labeled anti-
body .

RESULTS
The results are summarized in Tables I and II .

Preimplantation-stage Embryos
It has been conclusively shown that cells of cleavage-stage

mouse embryos synthesize (7) and secrete laminin whose
presence can be demonstrated immunohistochemically in the
extracellular matrix from 8-16-cell stage of development
onward (6, 8) . Using the two monoclonal antibodies, we were
unable to demonstrate any extracellular or intracellular im-
munoreactive laminin in cleavage-stage embryos, morulae,
and early or late blastocysts . Identical results were obtained
with fixed and unfixed embryos, as well as embryos permea-
bilized with Nonidet P-40 . All the embryos from the eight-
cell stage on contained extracellular material immunoreactive
with the polyclonal antibodies to laminin .

Postimplantation-stage and Somitic Embryos
(6-12 d)
The 6-d-old embryonic egg cylinder is enveloped by a fully

developed Reichert's membrane that separates it from the
surrounding deciduoma . The Reichert's membrane is in-
tensely immunoreactive with the polyclonal antibody to lam-
inin (Fig. 1 a) . This antibody also reacts with the basement
membrane between the visceral endoderm and the ectoderm
and the intercellular matrix of the deciduoma. Monoclonal
antibody LAM-I reacted with the Reichert's membrane (Fig .

Immunoreactivity of Embryonic Structures with Monoclonal and Polyclonal Antibodies to Laminin

8-d Embryo

	

12-d Embryo

Basement Reichert's Reichert's Basement
membrane ; membrane membrane membrane=



TABLE II

Immunoreactivity of Fetal and Adult Structures with Monoclonal and Polyclonal Antibodies to Laminin

* Bronchial basement membranes .
Sinusoids/bile ducts .

§ Only the cortex showed staining .

1 b) but not with the pericellular matrix of the deciduoma or
the embryonic membrane between the visceral endoderm and
the ectoderm . The monoclonal antibody LAM-II did not react
with any embryonic membrane or the deciduoma (Fig. 1 c) .
By day 8 of pregnancy, the Reichert's membrane became
immunoreactive with all three antibodies and remained
strongly immunoreactive throughout the pregnancy (Fig. 2) .
At this stage the deciduoma also became reactive with both
monoclonal antibodies . However, the basement membranes
of the embryo proper examined up to day 12 of pregnancy
reacted only with the polyclonal antibody and not with the
two monoclonal antibodies . The basement membrane under-
lying the visceral endoderm was also unreactive with the two

FIGURE 1

	

6-d mouse egg cylinder. (a) Polyclonal antibody outlines the Reichert's membrane (arrow) and the basement membrane
between the visceral endoderm and ectoderm (arrowheads) . (b) Monoclonal antibody LAM-1 reacts only with Reichert's
membrane . (c) Monoclonal antibody LAM-II does not react with the 6-d embryo. Bar, 50 Am . x 160 .

monoclonal antibodies although strongly reactive with the
polyclonal antibodies (Table I) . Treatment of sections with
pepsin, neuraminidase, chondroitinase, hyaluronidase, or
mixed glycosidases before incubation with antibodies did not
change the reactivity of the extracellular matrix, In nonfixed
sections the background was too high owing to nonspecific
binding of the secondary antibody to fetal tissues and mem-
branes which could not be adequately reduced with unlabeled
rabbit anti-mouse IgG antiserum used for preincubation .
Treatment of sections with mixed glycosidases considerably
reduced thebackground staining, obviatingthe need for prein-
cubation ofsections with the unlabeled rabbit anti-mouse IgG
serum .
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Antibodies

Reichert's
mem-
brane

Visceral
yolk sac Lung' Kidney Adrenal

Striated
muscle
cells Brain Liver*

Stomach
and intes-

tine Skin

14-d fetus
Monoclonal
LAM-1 + - + + - - - -/- + +
LAM-11 + - + + - - - -/- - -

Polyclonal + + + + + + + +/+ + +
Adult

Monoclonal
LAM-1 + + +s + ND -/- + +

LAM- I I + + +s - ND -/- - -

Polyclonal + + + + ND -/+ + +



FIGURE 2

	

8-d mouse egg cylinder reacted with monoclonal anti-
body LAM-II . Reichert's membrane reacts strongly, but other base-
ment membranes of the embryo proper are unreactive . The decid-
ual cells are also immunoreactive but weaker than the Reichert's
membrane . Bar, 50,um . x 160 .

FIGURE 3

	

Yolk sac of a 14-d mouse fetus . (a) Polyclonal antibody
outlines the Reichert's membrane and the membranes underlying
the visceral yolk sac (VYS) . (b) Monoclonal antibody LAW reacts
only with the Reichert's membrane . Some reactivity is seen in the
adjacent placental tissue in the lower part of the figure . Bar, 50 gm .
x 280.
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Fetal Stages of Development (14-18 d)
Fetuses examined on day 14 of pregnancy were surrounded

by a thick Reichert's membrane strongly reacting with all
antibodies (Table 1I) . The basement membrane of the visceral
yolk sac was outlined only with the polyclonal antibody (Fig.
3) . The fetal skin showed immunoreactivity with the poly-
clonal antibody and the LAW monoclonal antibody, but
not with the LAM-II monoclonal antibody (Fig. 4) . The
polyclonal antibody outlined the contours of the epithelial
cells of the entire epidermis and strongly reacted with the
basement membrane underlying the epidermis . In the dermis
the antibody reacted with the small blood vessels and the
smooth muscle cells. The monoclonal antibody LAW re-
acted only with the basement membrane underlying the epi-
dermis, but not with the epidermis or the dermal structures
(Fig . 4 b) .

In the gastrointestinal tract the polyclonal antibodies re-
acted strongly with the basement membrane separating the
epithelium from the stroma. LAW monoclonal antibody
reacted with the basement membrane although much weaker
than did the polyclonal antibody (Fig . 5 a) . The monoclonal
antibody LAM-II was unreactive (Fig . 5 b) . In other internal
organs, the pattern of immunoreactivity varied from one

FIGURE 4

	

Dorsal skin of a 14-d mouse fetus . (a) Polyclonal anti-
body reacts with the basement membrane at the epidermo-dermal
junction and outlines the contours of epidermal cells . The immu-
nofluorescence in the superficial layer of the skin is due to nonspe-
cific binding and was seen in the controls as well . In the dermis the
antibody reacts with blood vessels and smooth muscle cells . (b)
Monoclonal antibody LAW reacts with the epidermal basement
membrane but does not react with the epidermal cells . The fluo-
rescence in the upper layer ofthe epidermis was due to nonspecific
binding of the secondary antibody . Bar, 50 pm . x 280 .



anatomic site to another. In the lung, the basement mem-
branes of branching bronchi were immunoreactive with all
three antibodies (Fig . 6). The basement membranes of the
kidney also reacted with all three antibodies . On the other
hand, in the brain, liver, adrenal, and in the striated muscles,
immunoreactivity was seen only with the polyclonal antibody .
In the brain, the polyclonal antibodies outlined the contours
ofcells both in the developing cortex and the medulla as well
as in the blood vessels . In the liver, the reaction was the
outlining of the sinusoids and the basement membranes
around the branching ductules and blood vessels. In the
adrenal, the polyclonal antibodies outlined the sinusoids and
the blood vessels in the medulla and the capsule . In the striated
muscles, the polyclonal antibodies outlined single cells and
reacted with the small and large blood vessels .
The pattern of reactivity observed in the more mature fetus

(16, 17, and 18 d) did not change from the pattern seen in
the 14-d fetus, with one notable exception. The skin of the
17-d fetus became immunoreactive with the monoclonal an-
tibody (LAM-1 (Fig . 7), which reacted with the epidermis in
a manner identical to that of the polyclonal antibody . This
consisted of reactivity with the basement membrane at the
epidermo-dermal junction and reaction with the basal epider-
mal cell layer and one or two layers of suprabasal cells. The
top layers ofthe epidermis were unreactive . Even at this stage,
the dermal structures remained unreactive with the mono-
clonal antibodies but reacted strongly with the antibody, as
in the 14-d fetus . Immunohistochemistry performed on un-
fixed sections or sections pretreated with various enzymes
gave identical results, although as before, the background was

FIGURE 5

	

Stomach of a 14-d mouse fetus . (a) Monoclonal antibody
LAM-1 reacts with the basement membrane underlying the mucosa .
The fluorescence of the superficial layers of the mucosa is due to
nonspecific binding of the secondary antibody. (b) Monoclonal
antibody LAM-II does not react with stomach of the 14-d fetus . Bar,
50 Am . x 280 .

FIGURE 6

	

Lung of a 14-d mouse fetus . The basement membranes
of the branching bronchi are outlined with the monoclonal antibody
LAM-II . The blood vessels are unreactive . Bar, 50 ,m . x 160 .

FIGURE 7

	

Skin of 17-d mouse fetus . Monoclonal antibody LAM-1
reacts with the epidermal basement membrane and also outlines
the contours of the basal and suprabasal layer of the epidermis.
Bar, 50 gm . x 280 .

considerably higher in the unfixed sections and the treatment
with mixed glycosidases markedly reduced the background
staining .

Newborn Mouse
The immunoreactivity of various tissues in the newborn

mouse did not differ from the same tissues in the fetus, except
that the basement membranes of all organs appeared to be
thicker. Organs rich in smooth muscle cells such as the
gastrointestinal tract reacted more prominently, probably due
to an increased size and number ofsmooth muscle cells .

Adult Mouse
The polyclonal antibodies reacted with the basement mem-

branes of all organs in a pattern similar to the one seen in
fetal tissues with two notable exceptions . In the liver, the
basement membranes of the blood vessels and the biliary
ductules remained immunoreactive, but the immunoreactiv-
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ity of the sinusoids disappeared . In the skin, the epidermis
became unreactive except for the basement membrane at the
epidermo-dermal junction and the basal layer of the epider-
mis . In the dermis, the polyclonal antibodies reacted with
basement membrane of the hair follicles and the smooth
muscle cells of errectores pillorum as well as of the blood
vessels and nerves (Fig . 8 a) . The squamous epithelium of the
oral cavity showed reactivity similar to that of the skin (Fig .
9 a). The basement membranes of the striated muscle fibers
reacted strongly.
The immunoreactivity ofthe monoclonal antibodies varied

from one tissue to another. In the lung and kidney both
monoclonal antibodies reacted with the basement membranes
ofall structures outlined with the polyclonal antibody . In the
skin LAM-1 monoclonal antibody reacted with the basement
membrane of the epidermis, the hair follicles, and basal cell
layer, but not with the smooth muscle cells or nerves (Fig .
8b). LAM-II monoclonal antibody did not react with adult
mouse skin (Fig. 8c). Similar patterns of reactivity were seen
in the oral mucosa, the monoclonal antibody LAW reacting
with epithelial basement membrane and basal cell layer (Fig .
96) and the antibody LAM-II being unreactive. The striated
muscle cells were weakly outlined with the LAW mono-

clonal antibody and not at all with the LAM-II monoclonal
antibody (Fig . 9, b and c). In the adrenal, both monoclonal
antibodies reacted exclusively with extracellular matrix sur-
rounding groups ofcells in the outer cortex (Fig. 10a), whereas
in slides stained with the polyclonal antibody, the sinusoidal
reaction extended throughout the entire cortex (Fig . 106) .
The pretreatment of sections with various enzymes before
incubation with the primary antibody did not change the
reactivity of tissues with either the polyclonal or monoclonal
antibodies .

It has been shown that embryonic cells synthesize and secrete
basement membrane glycoproteins from the earliest stages of
development onward (6-8) . However, the extracellular matrix
of early mouse embryos differs biochemically from the matrix
of later stage embryos, since the embryonic cells do not
synthesize and secrete all the majorcomponents ofthe mature
adult basement membranes synchronously . Thus, it has been
shown that extracellular laminin can be demonstrated as early
as the eight-cell stage ofdevelopment, whereas the first traces
of collagen type IV and entactin appear only in the blastocyst

FIGURE 8

	

Skin of adult mouse . (a) Polyclonal antibody reacts strongly with basement membranes of the epidermis and hair
follicles. Also note the reactivity of perifollicular smooth muscle cells of the errectores pillorum (arrowheads) . Small blood vessels
and nerves, although not distinguishable from one another at this magnification, are seen in the upper dermis . These three
structures are not stained with monoclonal antibody LAW (compare with b) . (b) Monoclonal antibody LAM-1 reacts only with
the basement membranes of the epidermis and hair follicles . (c) Monoclonal antibody LAM-II does not react with mouse skin . (d)
Control . Bar, 50 lAm . x 160 .
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FIGURE 9

	

Tongue of adult mouse . (a) Polyclonal antibody reacts
strongly with the basement membrane underlying the epithelium,
the blood vessels, nerves, and the individual striated muscle cells .
(b) Monoclonal antibody LAM-1 reacts strongly with the basement
membrane underlying the epithelium and outlines individual cells
of the basal layer of the epithelium . The basement membranes of
individual striated muscle cells are weakly reactive . (c) Monoclonal
antibody LAM-II does not react with any component of the tongue .
Bar, 50,um . x 160 .

(6, 8) . On the other hand, the extracellular matrix from later
stages of embryogenesis and the fetal tissues seem to contain
all major glycoproteins that are found in the adult organs.

In the present paper we show that laminin of embryonic
and extraembryonic basement membranes differs in its im-
munoreactivity with polyclonal and monoclonal antibodies
from that in older embryos and most basement membranes
of the adult. This observation could have several possible
explanations . First, it is possible that the molecule excreted
by the embryonic cells does not contain all the components
of the complete laminin molecule . Laminin, a molecule of

FIGURE 10

	

Adrenal of an adult mouse . (a) Monoclonal antibody
LAM-II reacts with the extracellular matrix surrounding groups of
cells in the outer cortex. (b) Polyclonal antibody reacts with the
basement membranes of the sinusoids throughout the entire adre-
nal cortex as well as the matrix surrounding the groups of cells in
the outer cortex . Bar, 50 pm . x 160 .

M, 10 6 consists of three subunits, and it is possible that the
entire molecule is not assembled in the early embryos. How-
ever, the biochemical analysis of early mouse embryos has
revealed the presence of all three subunits oflaminin in early
cleavage stage embryos (7), thus making this explanation
unlikely . Second, it is possible that the monoclonal antibodies
have a lower affinity for laminin than the polyclonal anti-
bodies. Since there is ostensibly less extracellular matrix in
the early embryo, and therefore fewer antigenic sites available,
it is quite possible that the monoclonal antibodies did not
produce a visible antigen-antibody reaction product. Thirdly,
it is quite feasible that the embryonic extracellular matrix
contains laminin in a masked form and that it thus cannot
be recognized unless the masking substance is removed . How-
ever, the treatment ofembryonic tissues with several enzymes
did not alter the immunoreactivity of laminin-containing
extracellular matrix, again suggesting that this explanation is
not valid . Furthermore, our immunoprecipitation data (4)
show that these antibodies precipitate the unglycosylated mol-
ecule derived from tunicamycin-treated endodermal cells and
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therefore that the epitope resides in the polypeptide backbone
of the antigen. This backbone appears, at least in tissue
sections, to be resistant to pepsin digestion . Finally, it is quite
feasible that laminin excreted by the early embryonic cells
differs sterically or structurally from laminin in older em-
bryos. Our data are compatible with the suggestion that
extracellular laminin undergoes conformational or structural
changes in the extracellular milieu accounting for its immu-
noreactivity first with one and then with the second mono-
clonal antibody. Also, since these antibodies do not immu-
noprecipitate fragments oflaminin < 150,000 daltons (4), it is
possible that in some tissues and at early stages of develop-
ment the entire molecule is not fully assembled. However,
since we do not know whether these antibodies recognize
either sequential or conformational determinants, no defini-
tive interpretation of present findings is possible .
The best example of the differences between the early and

late form of extracellular matrix in a defined anatomic struc-
ture is Reichert's membrane (12) . This basement membrane
is the secretory product of the parietal endodermal cells of
yolk sac (13-15), a distinct cell layer that is formed in the
early postimplantational stages of development and persists
to the end of pregnancy . First it is known as distal or parietal
endoderm (16) and then expands to form the parietal layer of
the yolk sac surrounding the entire mouse embryo. The terms
distal endoderm, parietal endoderm, and parietal yolk sac
(PYS)' have been used interchangeably since all these cells
secrete extracellular basement membrane material and are
ultrastructurally identical (17-19) . The malignant equivalent
of the mouse PYS cells has been labeled parietal yolk sac
carcinoma (20). Numerous studies have shown a striking
similarity between the normal PYS cells and the PYS carci-
noma cells (9, 20-22), but it was never explicitly stated
whether the PYS carcinoma cells correspond to early parietal
endoderm or later stage PYS epithelium . Since the mono-
clonal antibodies used in this study have been produced by
immunizing animals with laminin extracted from PYS cell
line derived from a mouse teratocarcinoma (4), and since
both of these antibodies react with the extracellular matrix
produced by these cells and other mouse and rat PYS carci-
nomas(I . Damjanov, unpublished observation), one can now,
for the first time, state that the PYS carcinoma cells actually
correspond more closely to the mid-gestational PYS cells than
to the early postimplantational parietal endodermal cells .
The parietal and visceral endoderm, like the later stage

parietal and visceral yolk sac cells, secrete laminin-containing
basement membranes . The basement membrane of the pari-
etal endoderm is clearly visible by electron microscopy, but
the visceral endodermal membrane cannot be seen in ultra-
structural preparations (17), although it is easily demonstrable
immunohistochemically with antibodies to epithelial base-
ment membrane (23) and to laminin (6, 8). In the present
study, we have shown that these two basement membranes
also differ with regard to the immunoreactivity with mono-
clonal antibodies . This coupled with our previous observa-
tions (24) that fluoresceinated lectin from Bandeiraea simpli-
cifolia binds to the parietal but not the visceral basement
membranes in the early stages of development suggests that
these two basement membranes differ one from another . We
have not established whether these differences are qualitative
or simply reflect the low concentration of laminin in the

'Abbreviation used in thispaper:

	

PYS, parietal yolk sac.
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visceral as compared with the high concentration of laminin
in the parietal basement membrane .
The visceral yolk sac basement membrane becomes reactive

with Bandeiraea simplicifolia in mid-gestation, but the vis-
ceral yolk sac basement membrane of the mid-gestation or
even late gestation does not become reactive with the mono-
clonal antibodies to laminin used in the present study . These
differences all suggest that certain rearrangements ofstructural
components occur in the basement membranes but that these
changes do not necessarily occur in a predictable or uniform
manner in all extracellular matrices .

Differential reactivity of embryonic basement membranes
with the polyclonal and the two monoclonal antibodies was
noted not only in the presomitic embryo but also in several
tissues of the fetus and adult mouse . In contrast to the
reactivity of the Reichert's membrane, which changed from
selectively reactive to fully reactive with both monoclonal
antibodies, the basement membranes of stomach and skin of
the fetus remained selectively reactive in adult animal as well .
On the other hand, striated muscle cells membranes were
unreactive with both monoclonal antibodies in the fetus and
then became reactive only with the monoclonal antibody
LAM-I. Still further, a third pattern was represented by the
basement membranes of the kidney and lung which were
reactive both in the fetus and the adult with both monoclonal
antibodies . Hence, it would appear, at least as revealed im-
munohistochemically with the two monoclonal antibodies,
that certain basement membranes change from "fetal" to
"adult" whereas others do not and thus have, even in the fetal
tissues, the typical "adult" structure .

In the present study, we have shown that the antibodies to
laminin do not react only with the extracellular basement
membranes but may also react with some fetal cells . It is not
yet clearwhether these cells such as fetal skin and liver express
laminin-like surface molecules cross-reacting with the anti-
bodies to laminin or whether they secrete laminin . We would
be inclined to favor the latter explanation since it has been
shown that developing astrocytes (25) and neuroblastoma cells
(26) synthesize laminin, although it is not found in the adult
central nervous system . It also appears that regenerating liver
cells temporarily synthesize laminin (27) in the sinusoidal
areas in a pattern resembling the distribution of laminin in
fetal mouse liver in the present study. Thus, it would appear
that laminin or laminin-like substances are synthesized by
cells during development and growth . However, this laminin
is not part ofa basal lamina and probably has a different role
than the laminin deposited in extracellular basement mem-
branes .
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