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ABSTRACT

Tissue sections of chick embryos were immunohisto- 

chemically stained for the presence of A-CAM, a cell surface 

protein associated with epithelial tissues. This was to 

determine an effective method of immunohistochemical staining 

for A-CAM and to study the distribution of A-CAM in the 

embryonic chick. A method of immunohistochemical staining was 

developed.
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INTRODUCTION AND LITERATURE REVIEW

Following fertilization, the zygote undergoes a number of 

changes which lead to the formation of distinct cell types. 

Cells may proliferate, segregate, aggregate, undergo 

transitions between cell types, migrate and differentiate, 

eventually resulting in the adult form (2,7). Early in 

embryogenesis, there are two major tissue types: mesenchyme 

and epithelium (5,11). Mesenchyme is composed of stellate

shaped, nonpolar cells which tend to be separated by an 

extracellular matrix of collagens, proteoglycans and 

glycoproteins (3,5). Epithelium is composed of polarized 

cells which lie on a basement membrane. The cells of the

epithelium are held together by junctions and cell adhesion 

molecules (3,4,5,12). During development, cells may transform 

from the epithelial type to the mesenchymal type, and vice 

versa (3,5,12,14).

The first tissue that forms in the developing embryo is 

epithelium (3,4,5,12). Epithelium forms the linings of the 

body (3,12). Epithelial tissues control the permeability of 

their compartments, play a role in transport and secretion, 

and form interfaces between different body compartments 

(3,4,12). These important roles are maintained by the 

polarized distribution of cell contents, by the integrity of 

the epithelial linings due to lateral cell junctions and cell 
adhesion molecules, and by the basement membrane (3,4,5,12). 

The conversion of epithelium to mesenchyme, and vice versa, is
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highly regulated, occurring at specific times in specific 

locations (3,5,12).
Future studies might search for the causes of changes in 

tissue types. Many possibilities exist. Different junctional 

molecules, cell adhesion molecules, and the extracellular 

matrix may play roles in tissue conversions. An important 

area of research will be to determine which molecules actually

are stimuli for conversion and which form as a result of 

tissue conversion (2,3,4,5,11,12). A knowledge of what 

mediates tissue transition is important for a complete 

understanding of what occurs during embryogenesis.

A large majority of human carcinomas and some non- 

malignant diseases are derived from epithelia in which changes 

in morphology, polarity, or disorganizations of membrane 

domains have occurred.(12). It is not known whether this is 

a cause or effect relationship, but an understanding of how 

epithelium becomes organized and disorganized could be helpful 

not only for the study and understanding of development, but

also of some diseases.

One molecule that is of interest is adherens junction 

specific cell adhesion molecule (A-CAM). This is a calcium- 

dependent cell surface glycoprotein adhesion molecule that is 

often associated with adherens junctions of embryonic tissue 

such as heart, neural epithelium, and somites (2,15). A-CAM 
has been shown to be related, or even identical, to two other 

surface molecules, N-cadherin and N-Cal-CAM (2,8,13,14,15).
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In this paper, these molecules will be treated as equivalent

and referred to as A-CAM.

A-CAM is described as a single-pass transmembrane 

glycoprotein (1,2,6,9,10,13,14,15). It has a transmembrane 

portion which is composed of 32 hydrophobic amino acids 

between a cytoplasmic portion and an extracellular portion 

(10). The extracellular domain has a molecular weight of at 
least 90 x 10^ (2). The adhesion properties of A-CAM are 

dependent upon the presence of Ca^+(1,6,7,8,9,13,14,15) which 

causes a change in molecular conformation of the molecule (6) . 
The presence of Ca^+ prevents proteolytic cleavage of A-CAM

(8.14) . In the absence of Ca , the treatment of cells with

trypsin leads to dissociation (8,14).

Immunofluorescence microscopy and immunoblotting have 

shown that A-CAM is typically associated with intercellular 

adherens junctions (1,2,14,15). As cells are organized into 

epithelial structures, A-CAM tends to become polarized, 

appearing at the subapical region (closest to the lumen) of 

the cell-cell boundary (2,7,14).

During development, different cells gain and lose A-CAM 

expression. A-CAM is not limited to any certain cell, tissue, 

or primary germ layer; it is permanent in some tissues and 

transient in others (2,7,14). In the developing embryo, A-CAM 

first appears during gastrulation on cells that pass through 

the primitive streak to become mesoderm and endoderm

(2.7.8.14) . Following gastrulation, mesodermal cells which
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migrated through the primitive streak continue to express A- 

CAM as they differentiate into notochord, somites, nephrotome 

and lateral plate (7).
In the early stages, the cells of the lateral plate 

express A-CAM (7). Its expression is especially strong and 

permanent in the region that differentiates into the 

myocardium (2,7,8). The genital ridge and primordial germ 

cells also show strong expression of A-CAM (7).

During formation of the nephric tubules, the Wolffian 

duct initially expresses A-CAM but loses that expression as it 

matures (2,7). Condensation of the mesonephric primordia is 

accompanied by strong A-CAM expression (2,7,8). After they 

connect with the Wolffian duct, however, this expression of A- 

CAM is lost (2,7,8).

All somitic cells initially express A-CAM with a slight 

polarization toward the lumenal side (2,7,8). As the somites 

develop they separate into two regions, the sclerotome, which 

is mesenchymal in nature and loses A-CAM expression, and the 

dermomyotome, which is epithelial in nature and continues to 

express A-CAM (2,7,8). The dermomyotome then becomes a 

double-layered epithelium composed of the dermatome and 

myotome (2). The dermatome becomes mesenchymal and A-CAM 

expression becomes weaker (2,7,8). The myotome cells remain 

highly expressive of A-CAM (2,7,8). As the myotome undergoes 

elongation, the fasicles of the motor neurons migrating into 

this tissue also express A-CAM (7).
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A-CAM expression in endodermal derivatives is limited to 

the visceral pouches, which show strong expression (7,8), and 

to the rudiments of such organs as the lung, liver, pancreas 

and thyroid (7).

A-CAM also appears at various times and places in the 

derivatives of the third primary germ layer, ectoderm, 

especially in the nervous tissue (2,7,8,14). A-CAM is present 

on the invaginating neural plate and soon becomes the major 

cell surface adhesion molecule of this tissue (2,7,8,14). As 

the neural tube closes, premigratory neural crest cells lose 

A-CAM expression, migrating neural crest cells do not express 

A-CAM until they reach their destination and differentiate

(2.14) . Nerves migrating from ganglia also express A-CAM

(2.7.14) It seems that A-CAM may play a role in guiding axons 

of neurons to target cells (7,8,10,14).

Other ectodermal derivatives that express A-CAM include 

parts of the epidermis and various sensory placodes (7,8,14). 

A-CAM is especially concentrated in the visceral cleft

(2,7,14) and found transiently in feather primordia at the 

time of their budding (14). It is also found in the lens 

placodes, otic placodes and olfactory placodes (2,7,8).

As embryos undergo the transition from embryo to adult 

form, the cells of the embryos also undergo transitions. 

Commonly, early in embryogenesis, these cellular transitions 

are between epithelial and mesenchymal forms. Various 

proteins, both intracellular and extracellular, are associated

5



with these transitions. An understanding of the role these 

proteins play in tissue transformations is an essential part 

of a complete understanding of development.

This report describes preliminary research into the 

transition between tissue types in the embryonic chick with a 

focus on the localization of A-CAM, since A-CAM is a cell 

surface molecule that may play a specific role in development. 

The objectives of this research were twofold: (1) to 

determine an effective method for the localization of A-CAM, 

and (2) to study the distribution of A-CAM in the early chick 

embryo.

«
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MATERIALS AND METHODS

Embryos
Eggs were incubated for 50 to 60 hr at 38.5 ± 1 °C in a 

styrofoam incubator. They were obtained from Montana 

Biological Supply (Great Falls, MT) and Carolina Biological 

Supply (Gladstone, OR).

Antibodies
Mouse monoclonal antibodies to A-CAM (Sigma Chemical Co. , 

St. Louis, MO, mouse IgG, clone No. FA-5) were used as the 

primary antibody. The secondary antibody was a biotin 

conjugate: Anti-mouse IgG developed in goat (Sigma Chemical

Co.). Nonimmune mouse IgG (Sigma Chemical Co.) was used as a

control.

Histological sectioning

Embryos were removed from the eggs and rinsed briefly in 

phosphate buffered saline (PBS) prepared from stock solution 

(3X PBS: dibasic solution of 5.54g Na2HPO4 + 0.175g NaCl/

100ml adjusted to pH 7.2 with monobasic solution of 5.38g 

NaH2PO4+ 0.175g NaCl/ 100ml). They were then immersed in 

fixative: 2% formaldehyde (prepared from paraformaldehyde) in 

PBS, pH 7.2. Fixation was 1 to 3 hr at room temperature.

Following fixation, the embryos were rinsed in PBS and 

then soaked in 12% sucrose for 15 min to 1 hr at room
*

temperature followed by 18% sucrose in PBS at 5>C overnight. 
Next, the embryos were embedded and frozen in Tissue-TeiK® 

O.C.T. compound. Sections were cut at 5-10 /im on a cryostat
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(Tissue-Tek® ) and mounted on slides coated with gelatin.

Immunohistochemical staining

Permeability/ blocking solution (PTG: 0.3% Triton X-100/ 

PBS/ 2% normal goat serum [Vector Laboratories]) was prepared. 

A solution of A-CAM primary antibodies (1:20) was prepared in 

PTG. At this time, a dilution (1:40) of nonimmune antibody 

was also prepared.

Slides were placed in a moist chamber and covered with 

PBS. The PBS was aspirated off and PTG was layered over the 

sections. These soaked for 10 min at room temperature. The 

PTG was then removed and replaced with diluted primary 

antibody solutions and the sections were incubated for 3 hr at 

room temperature.

The slides were next washed three times with PTG (5 min/ 

wash). During this time the secondary antibody (biotin 

conjugate) was diluted (1:2000) in PTG as above. The 

secondary antibody was then layered onto the sections and 

incubated for 1 hr at room temperature. During this 

incubation, an avidin biotin conjugate (ABC Reagent, 

Vectastain, Vector Laboratories) was prepared and allowed to 

stand for 30 min at room temperature.

The slides were then washed three times in PTG (5 min/ 

wash) and incubated in ABC Reagent for 1 hr at room 

temperature. The slides were washed three times following 

incubation in PTG (5 min/ wash). At this time a peroxidase 

substrate solution (0.1% 3,3'-diaminobenzidine [DAB]/ 0.02%
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H2O2/ 0.1 M Tris-HCl, pH 7.2) was prepared. The H2O2 was 

freshly diluted from 30% stock. DAB was stored frozen as 5 

mg/ml stock. The slides were incubated 2-7 min in peroxidase 

substrate solution at room temperature and then rinsed for 5 

min at room temperature in tap water.

Light microscopy
The stained sections were covered with glycerin and a 

glass coverslip for microscopic observation and photography. 

Sections were photographed with a Nikon FX-35 camera mounted 

on a Nikon Optiphot Microscope.
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A.

Figure 1. Immunohistochemical localization of A-CAM using 

biotin conjugate. (A) Tissue section bearing A-CAM. (B) In 

the first incubation the primary antibody binds to A-CAM. (C) 

In the next incubation, the secondary antibody (biotin 

conjugate) binds to the primary antibody. (D) Avidin biotin 

peroxidase conjugate binds to the biotin on the secondary 

antibody. (E) Addition of the peroxidase substrate solution 

causes the precipitation of the DAB which is oxidized by the 

peroxidase. The H2O2 is reduced to water by the peroxidase.

*
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RESULTS

Prior to doing any experimental work with A-CAM, much 

time was spent becoming acquainted with the equipment. 

Sectioning skills were improved by utilizing both mouse tissue 

and embryonic chicks. Practice immunohistochemical runs were

also made on substances other than A-CAM.

On the first immunohistochemical localization of A-CAM, 

the attempt was made to determine the correct dilution 

factors. Several dilutions of primary antibody were used 

(1:25, 1:50, and 1:100). The secondary antibody was diluted 

1:200. The dilutions of antibody were prepared PBS + normal 

goat serum (2 mg/ ml normal goat serum/ PBS) and centrifuged 

in a microcentrifuge at 13,500 X g. The ABC Reagent was 

prepared with PBS. Prior to the first incubations, the 

sections were covered with PTG and soaked for 10 min. The

incubation in primary antibody was for 1 hr, all other

incubations were as stated in materials and methods. Washes

between incubations were performed with PBS.

The results of this first experimental run were 

disappointing. Although the sectioning technique seemed to be 

mastered, the staining technique needed some work. While it 

appeared that the peroxidase staining was successful, the 

background was so high that the actual results were difficult

to read.
On the next run, dilutions of 1:20 for the primary 

antibody and 1:2000 for the secondary antibody were made.
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Also, the incubation period for the primary antibody was 

extended to 3 hr. Ail antibodies and staining reagents were 

prepared in PTG. Antibody dilutions were not centrifuged. 

Washes between incubations were performed with PTG.

The sections on this second run were not of adequate 

quality, and due to this, the results were again difficult to 

interpret. However, it was apparent that there was some

localization of A-CAM in the area of the heart.

On the most recent run of the experiment, the protocol as 

stated in materials and methods was followed, except that the 

embryos were embedded in a different embedding compound. 

Although it seemed that all the protocol had been worked out 

sufficiently, all the sections were lost between the first 

incubation and the last washing. Whether this was due to the 

different embedding medium or other factors is unknown.

One setback in this research project was the difficulty 

in finding viable embryos. Although many batches of eggs were 

ordered from suppliers, it was often found after incubation 

that only a small percentage had viable embryos. Since the 

number of embryos was limited, the number of attempts at

localization was also limited.

*
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DISCUSSION AND CONCLUSION

Through the several localization attempts in this 

research project, the method for the localization of A-CAM 

appears to have been determined. In future localization 

attempts, providing that the sections are of adequate quality, 

A-CAM should be successfully localized so that its 

distribution in the embryonic chick can be studied and 

interpreted.

So far as the difficulty in finding viable embryos goes, 

it is possible that either the handling of the eggs or 

fluctuations of temperature prior to and during shipment may 

have led to the nonviability of many embryos. In future 

studies it may be a good idea to try to find a local supplier 

in order to eliminate these problems.

As a result of this preliminary research, future studies 

may be made of the localization of A-CAM with few 

complications. Once A-CAM is localized, the data may be 

interpreted and possibly a better understanding of its role in 

embryonic development may come about.

*
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