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Short Communication

Differential expression of laminin genes in early chick embryo
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ABSTRACT The expression patterns of laminin α1 and β1 genes were examined by In situ hybridiza-

tion of their mRNAs in the early chick embryo from the blastoderm at stage X (morula) to the 10-somite

stage. The laminin α1 and β1 transcripts were found in abundance in the chick blastoderm at stage X

before initiation of synthesis of the protein. Laminin polypeptides were detected shortly thereafter in

embryos at stage XIII (blastula). The expression of the laminin transcripts was intense in the epiblast

and in the hypoblast of embryos at stage XIII. During gastrulation (stage HH3-4), the laminin α1 and

β1 cRNAs gave strong signals in the cells ingressing through the primitive streak, in the migrating

mesenchymal cells and the cells of the lower layer. The expression of laminin α1 and β1 genes was

restricted to specific cell populations later in development. At the neurula stage (stage HH5-6), the

expression of laminin transcripts was low in epithelial ectoderm and strong in chordamesoderm -

neural ectoderm and may implicate important developmental roles for laminin in the morphogenetic

movements of neural plate bending during primary neurulation. At the 10-somite stage (stage HH10-

11), the α1 and β1 cRNAs gave no signals in the neural tube, notochord, and ectoderm. The α1 and β1

cRNAs gave strong signals in neural crest cells and this may indicate that the neural crest cells can

produce laminin. The α1 cRNAs gave strong signals in the dermamyotome and no signal in the

sclerotome of somites, and intense signals in the pronephric tubules. The laminin expression pattern

in somites may show transient expression of the α1 and/or expression of a distinct α1 isoform in the

sclerotome. The selective expression of laminin α1 and β1 subunits which shows a developmentally

regulated, tissue specific distribution suggests potential roles for different members of the same

subfamily of genes in the developing chick embryo. .
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The laminins are large heterotrimeric glycoproteins that are major
components of the extracellular matrix, including the basement
membrane, and of embryonic tissues. The prototype of laminin
consists of three distinct polypeptide chains designated as α1, β1 and
γ1. Eleven distinct heterotrimeric isoforms assembled from five α,
three β and two γ genetically distinct subunit chains have been
identified to date with distinct tissue distributions and co-distributions,
unique properties and developmentally regulated expression.

Immunohistochemistry studies using antibodies to mouse laminin
reported scanty staining for laminin in quail or absence of laminin in
chick (Reviewed by Zagris and Chung,1990) at stage X (morula).
Massive presence of laminin coincided with the epithelization of the
epiblast and was detected in the basement membrane on the ventral
surface of the epiblast and in the extracellular matrix in the blastocoel
in embryos at stage XIII (blastula) (Zagris and Chung,1990). In our
present work, [35S] methionine labeled embryos were extracted with
EDTA-containing buffer and were subjected to molecular sieve
chromatography on a column of sepharose CL-4B. [35S] methionine
labeled homogenates immunoprecipitated with rabbit polyclonal anti-
serum against mouse laminin GP-2 (binds to the 220 kDa β1 and γ1

chains of mouse laminin, Chung et al., 1979), recognized a major
chick polypeptide at approximately 210 kDa which is therefore likely
to correspond to the mouse laminin β1 and/or γ1 chains in embryos
at stage XIII. In contrast, the band was absent in embryos at stage X
on fluorograms from SDS PAGE electrophoresis (Fig. 1). Thus, the
immunoprecipitation results (Fig. 1) detected the first expression of
laminin polypeptides at stage XIII in concert with the immunohisto-
chemical findings (Zagris and Chung, 1990).

Our present work employing In situ hybridization showed a
comparable pattern of strong signals for laminin α1 and β1 chain
mRNAs from stage X to the early gastrula and differential expression
of these mRNAs in the forming embryonic tissues and organs in the
developing chick embryo. We used specific chain anti-sense RNA
probes produced from mouse cDNA for the laminin α1 and β1 chains
to study tissue specific and temporal patterns of laminin mRNA in the
early chick embryo. The chick homologue of mouse laminin β1 has
been identified as B1-1 which has 91% identity over the entire length
of the corresponding mouse cDNA (O‘Rear, 1992). The amino acid
sequence identity of the deduced polypeptide of a chicken laminin
chain α-like cDNA fragment shows a very high conservation (88%
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identity) with mouse α1 chain (Frade et al., 1996). For any given
hybridization assay using an anti-sense cRNA probe, a parallel
assay was performed using cRNA sense strands to serve as
controls.

Laminin α1 (Figs. 2 A,a) and β1 (Figs. 3 A,a) cRNAs detected a
similar pattern of strong signals of mRNA expression in the chick
embryo at stage X. At stage XIII, the laminin α1 (Figs. 2 B,b) and β1
(Figs. 3 B,b) cRNAs gave strong signals of mRNA expression in the
epiblast and in the hypoblast. The In situ hybridization results (Figs.
2A, 3A) in concert with the immunoprecipitation (Fig. 1) and immuno-
histochemistry findings (Zagris and Chung, 1990) showed that
strong signals of laminin mRNAs were detected at stage X but
massive expression of the protein was detected shortly thereafter in
the extracellular matrix in embryos at stage XIII. An interesting
question is whether the laminin mRNA detected at stage X is
oogenetic and/or zygotic. Zygotic gene expression was detectable at
stage X but showed marked activation at stage XIII with gradual
increase thereafter in the chick embryo (Zagris et al., 1998). In
amphibian embryos at pre-gastrula stages (Darribere et al., 1986),
experiments with the transcription inhibitor α-amanitin indicated that
laminin-related polypeptides are translation products of a maternal
mRNA (Riou et al., 1987).

In embryos at stage HH3-4 (primitive streak/gastrula stage), the
laminin α1 (Fig. 2 C,c) and β1 (Fig. 3 C,c) cRNAs gave strong signals

Fig.␣ 1. Immunodetection of laminin β1/ γ1

chain(s) isolated from early chick embryo. Em-
bryos at stages X (morula) and XIII (blastula) were
labeled with 35S-methionine, lysed, precipitated
with PYS mouse polyclonal antibodies against
laminin GP-2 (β1/ γ1 chains), analyzed in 5% SDS-
PAGE under reducing conditions and visualized by
fluorography. Chick polypeptides at approximately
210 kDa are likely to correspond to the mouse
laminin β1/ γ1 chain(s) in embryos at stage XIII while
the band is absent in embryos at stage X. Molecular
mass of identified polypeptides was determined
according to electrophoretic migration of standards
(Rainbow markers, Amersham).

Fig.␣ 2. Localization of transcripts detected by laminin α1 chain

cRNA at various stages of chick embryonic development. Con-
secutive transverse sections were processed for In situ hybridization
as described in Experimental Procedures. A-F are the dark field pictures
of transverse sections from embryos at stages X (morula) (A), XIII
(blastula) (B), HH3-4 (primitive streak) (C), HH5-6 (neurula) (D) and
HH10-11 (10 to 13 somites) (E,F); a-f are the matched bright field
pictures. (A-C) The α1 cRNA detected strong expression of transcripts
in embryos from morula to the early gastrula stages. (D-F) Differential
expression of laminin transcripts is seen in embryos at early neurula

and the 10-somite stage: strong signals are present in neural plate (D), in dermamyotome of somite
and in pronephros (E,F) and in neural crest cells (indicated by arrowheads in e and f) but not in ectoderm,
neural tube, notochord, and in sclerotome of somite (E,F). Bar, 50 µm (A,a - E,e) and 50 µm (F,f).
Abbreviations: a, dorsal aorta; b, blastoderm; bl, blood cells; c, neural crest; cb, bulbus cordis; dm,
dermamyotome; e, epiblast; ec, ectoderm; en, endoderm; g, gut; h, hypoblast; m, mesoderm; ml,
myelencephalon; mp, splanchnic mesoderm; ms, somatic mesoderm; n, notochord; np, neural plate;
nt, neural tube; p, primitive streak; pn, pronephros; s, sclerotome; v, vitelline membrane.

in the cells ingressing through the primitive streak,
in the migrating mesenchymal cells, in the cells of
the lower layer, in the ectodermal cells neighboring
the embryonic junction while more lateral ectoderm
showed mild expression of transcripts. At the neu-
rula stage (HH5-6), the laminin β1 cRNA (Figs. 3
D,d) revealed punctate groups of cells expressing
laminin mRNA in chordamesoderm and in neural
ectoderm and the signal was more intense at the
site the chordamesoderm apposes the neural
ectoderm during their interaction. This punctate
form of laminin expression has been identified in
many embryonic tissues such as the embryonic
kidney mesenchyme (reviewed by Ekblom et al.,
1990). The intense expression of laminin tran-
scripts in chordamesoderm and neural ectoderm
may not be necessary for neural determination but
implicates important developmental roles for laminin
such as its involvement in the morphogenetic move-
ments of the neural plate bending during primary
neurulation (Duprat and Gualandris, 1984; Huang
et al., 1990). In the same embryo more anteriorly,
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the laminin α1 cRNA (Figs. 2 D,d) gave strong signals in the neural
ectoderm, in axial mesoderm which continued to show a punctate
pattern of laminin expression, in lateral mesoderm and in ectoderm
at the ecto- neuroectoderm junction but low expression of transcripts
were observed in lateral ectoderm and in endoderm.

At the 10-somite stage (HH10-11) of a single embryo, the laminin
α1 cRNA (Figs. 2 E,e and F,f) gave no signals in neural tube,
notochord, and ectoderm, and the β1 cRNA (Figs. 3 E,e) gave no
signals in the myelencephalon, notochord and ectoderm. The α1
(Figs. 2 E,e and F,f) and β1 (Figs. 3 E,e) cRNAs gave strong signals
in neural crest cells. Neural crest cells migrate extensively along well-
characterized pathways through cell-free space rich in laminin/other
matrix molecules and laminin is enriched in basement membranes of
the neural tube, ectoderm, and somite (Duband and Thiery, 1987;
Perris et al., 1989). In our results, it is intriguing neural crest cells
express laminin genes strongly and even single cells within a stream
of migrating cells (arrowheads) can be seen labeled (Figs. 2 E,F and
3E). This may indicate that neural crest cells can produce laminin
which may influence their migratory behavior but it is more likely it be
required for their aggregation and/or interactions with other cells.
Pertinent to this is the finding of the appearance of laminin in the
vicinity of neural crest cells at the time of their aggregation into cranial
and spinal sensory ganglia of the peripheral nervous system which
indicates that laminin participates in the aggregation process (Duband
and Thiery, 1987).

Fig.␣ 3. Localization of transcripts detected

by laminin β1 chain cRNA at various

stages of chick embryo. Details and legends
are as in Fig. 2 except that the laminin β1
probe was used. A-E are the dark field
pictures from embryos at stages X (morula)
(A), XIII (blastula) (B), HH3-4 (primitive streak)
(C), HH5-6 (neurula) (D) and HH10-11 (10 to
13 somites) (E); a-e are the matched bright
field pictures. (A-C) The β1 cRNA probe
detected strong expression of transcripts in
embryos from morula to early gastrula
stages. (D,E) Differential expression of
laminin transcripts is seen in embryos at
early neurula and the 10-somite stage: strong
signals are present in chordamesoderm-
ectoderm at the site they interact during
early neurula stage (D), in neural crest cells
migrating dorsolaterally (arrowheads E,e)
and in blood cells in dorsal aorta (E) but not
in ectoderm, myelencephalon, notochord
(E). Bar, 50 µm. Abbreviations as in Fig. 2.

The groups of blood cells seen inside or attached to the wall of the
aorta were labeled mildly by the α1 (Figs. 2 E,e and F,f) and strongly
by the β1 (Figs. 3 E,e) cRNAs but the aorta itself gave no signal.

The pronephric tubules were labeled intensely by the α1 cRNA
(Figs. 2 E,e). Ekblom et al., (review, 1990) showed that laminin
participated in the mesenchymal aggregation phase leading to
tubule formation and that the expression of laminin α1 chain is
transient and locally restricted during kidney organogenesis; recent
work showed differential expression of five laminin α (α1−5) chains
in the developing and adult mouse kidney (Sorokin et al., 1997).

Within the somites, the dermamyotome and sclerotome cell
populations displayed variable hybridization signals of the laminin α1
cRNA; the dermamyotome produced a strong signal while the
sclerotome was not labeled by the α1 cRNAs (Figs. 2 E,e and F,f).
Laminin has been detected in basement membranes of the
dermamyotome and it is known that also the sclerotome cells
synthesize laminin in somites (Perris et al., 1996). One can infer from
our results transient expression of the laminin α1 gene and/or
expression of a distinct laminin α1 isoform in the sclerotome in
somites. These regional variations are important because they point
to the synthesis of variant chains and they imply distinct functions for
laminin isoforms during development in chick embryo. It was shown
recently that laminin α1 has a restricted distribution in adult mouse
tissues including smooth muscle, myocardium or striated muscle
(Falk et al., 1999). Laminin α1 has been shown to be important for the
development of the polarized state of various epithelial cells and its
gradual replacement by laminin α5 during maturation of epithelium
may reflect a role for the variant laminin form in maintenance of the
fully differentiated or polarized phenotype (Sorokin et al., 1997; Tiger
et al., 1997).

Chick laminin subunits have not been extensively characterized.
Chick laminin seems to be composed of homologues to several
mammalian laminin subunits which are likely to be assembled to
various isoforms as indicated by immunodetection (reviewed in
Brandenberger et al., 1996) and by amino acid sequence compari-
son (O‘Rear, 1992; Ybot-Gonzalez et al., 1995; Frade et al., 1996; Liu
et al., 1998) of mouse and chick laminin. In our present work, the
comparable pattern of strong signals for laminin mRNA detected by
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the laminin α1 and β1 (and γ1, unpublished results) cRNA probes in
the early chick embryo from the morula stage (stage X) to early
gastrula (stage HH2) is intriguing. Whether the laminin mRNA
detectable during these stages is oogenetic and/or zygotic and
whether laminin-1 be the only form of laminin synthesized in the early
embryo remains to be determined. Laminin-1 may provide the proper
substrate and cues for guiding migrating cells and for folding of
epithelial tissues in the early embryo. As development progresses,
the laminin α1 and β1 chains exhibited restricted distribution in the
forming embryonic tissues and organs suggesting potential roles for
different members of the same subfamily of genes in the chick
embryo.

Experimental Procedures

Embryos
    Embryos at stages X (morula), XIII (blastula), HH2-4 (primitive streak/
gastrula), HH5-6 (neurula), and HH10-11 (10 to 13 somites) were remo-
ved from the eggs, were subsequently fixed in Carnoy fixative (formula B),
dehydrated through graded ethanol solutions, embedded in paraffin and
sectioned at 5 µm.

Radioactive labeling and laminin immunoprecipitation
    Embryos at stages X and XIII (10 embryos per stage) were removed

from the eggs, cleaned, and flattened epiblast-side against the surface of
vitelline membrane «rafts». Embryos on  rafts were placed on Ringer solution
containing 335 µCi L-[35S] methionine (1,134 Ci/mmol; New England Nuclear
009T) per milliliter for  5 h at 37°C.
      The 10 embryos of each stage X and stage XIII, separately,  were
solubilized and laminin was purified by laminin GP-2 antibody-protein A-
Sepharose CL-4B chromatography. Production and specificity of antibodies
to mouse laminin GP-2 (β1/γ1 chains) were described previously (Chung et
al., 1979). Immunoprecipitates were analysed on 5% slab SDS-PAGE
(Laemmli, 1970) and processed for fluorography.

Preparation of probes and in situ  hybridization
The cDNA clones p51 (nucleotides 3975-4634) and p66 (nucleotides

7929-9059) (review Dong and Chung, 1991) for laminin β1 and α1 chains,
respectively, were used to produce 35S-labeled probes for In situ hybridiza-
tion. The preparation of probes was performed as described previously
(Dong and Chung, 1991).

In situ hybridization was performed essentially as described previously
(Dong and Chung, 1991) with the following modifications. The paraffin
sections were deparaffinized and rehydrated sequentially in alcohols of
decreasing strength down to hydration. The sections were treated with 10 µg/
ml protease K (Sigma) for 7 min at room temperature. The probes for in situ
hybridization were diluted in the hybridization buffer to give a final concentra-
tion of 10000 cpm/µl; 30 µl of this solution was applied to each slide and
hybridized for 16 h at 60°C.
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