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Abstract

This work was undertaken to examine the penetration of the
immunoglobulins of antiserum to chick lens crystallins into chicken
embryos, by the immunofluorescence method. The effects of lens anti-
serum on the embryos were also studied.

White Leghorn embryos were harvested at various times for 24
hours up to 55 hours of incubation. To examine the process of pene-
tration of the immunoglobulin into the embryo 0.1 ml antiserum was
deposited over the embryos through a small hole in the shell. After
an additional incubation period of 1 or 12 hours the embryos were
fixed with Carnoys and examined by the fluorescence obtained with
fluorescent goat gamma-globulin directed against rabbit gamma-
globulin (Difco).

After observation of a sample from a 55 hour embryo, the
Elvanol was removed and the section was treated with antiserum to
crystallins, followed by treatment with fluorecent goat anti-rabbit
globulin, in order to obtain the normal pattern of crystallin distribu-
tion for comparison.

The anti-lens crystallins immunoglobulins deposited on the
embryos could not penetrate into the lens cells where the lens cry-
stallins were synthesized, but merely entered the intercellular sapces.

Furthermore, the gamma-globulin itself was not likely to be
the cause of the cytotoxicity observed with the antisera because the
lens crystallins antibody could not enter the cells to a precipitin
reaction against the lens crystallins in these cells.

INTRODUCTION

There were numerous reports on cytotoxic action of tissues anti-
bodies on developing embryos,~%8~10.14~17.20
Several authors did not doubt that tissue specific antibodies were
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valuable experimental tools in the study of normal and abnormal deve-
lopment in chick and amphibian embryos.

The tissues specific antibodies when applied direcdtly to the embryo
in proper dose and stage could induce the specific alteration just as
surgical procedures could result in predictable malformation.®

By the immunofluorescence technique employing anti- lens serum,
Clarke et al. found a shift in the intensity of fluorescence from the optic
cup in early stages to the lens spithelium after the lens induction.
They suggested that the presence of a lens-like antigen in the optic
vesicle prior to lens induction and the antibodies to crystallins were
responsible for the epecific malformations.”**'?

In our data, the initiation of crystallin synthesis after formation of
the placode, the gradual activation of more cells, and complete absence
of fluorescence in organs other than the developing lens are striking
findings. They differ from earlier results by the same system, but agree
well with the immunofluorescent studies on lens formation in the newt,
as well as with our immunochemical data.'"'>*-2®

The questions have been raised why the effect of antibodies was
limited in the early developmental stages where the lens crystallin was
not yet synthesized in the eye.

To solve the questions we tried to follow the penetration of the im-
munoglobulins of antiserum to chick lens crystallins into chicken
embryos by the immunofluorescence method.

MATERIALS AND METHODS

Antisera: Lenses of 8 to 9 month-old chicken were homogenized at
3°C. after the addition of 2 ml. of distilled water (brought to pH 7 with
0.001 M phosphate) per 1 gr. of lens. The homogeneate was then cent-
rifuged at 20,000 r.p.m. for 15 minutes at 3°C. The supernatant fiuid,
containing 8 to 9 per cent protein, was mixed with an equal volume of
Freund’s complete adjuvant (Difco Laboratories, Detroit, Mich.). A 2 ml
portion of the emulsion was injected subcutaneously into each of a
number of albino rabbits at 7 day intervals for the periods up to several
months. Sera were collected repeatedly throughout the course of im-
munization and used immediately for the experimental work.

The antisera were tested for their specificity by immunodiffusion
and immunoelectrophoresis against lens extract, extracts of other organ
(brain, skin, liver, kidney) and serum. ’

Animals and preparation of tiseues: Fertilized White Leghorn eggs
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were incubated at 38°C. Embryos were harvested at various time during
the 24 to 55 hours (23 somite embryo) of incubation. To examine the
penetration of the immunoglobulin of antiserum to chick lens crystallins
into chicken embryos, 0.1 ml. antiserum was deposited over the embryos
through a small hole in the shell. After the additional 1 or 12 hour
incubation period, the embryos were fixed for 2 hours with Carnoys
which was directly deposited from shell hole at 3°C, and the embryos
were removed from the eggs.

The tissues were dehydrated at 3°C. After being embedded in
paraffin, they were sectioned at 3 w. The sections were deparaffinized,
rinsed twice for 10 minutes with buffered saline, and covered with
fluorescent goat globulin against rabbit gamma-globulin (Difco) for 20
minutes in a moist chamber at 20°C. After another rinse with saline,
the section were mounted in a buffered aqueous solution of polyvinyl
alcohol (Elvanol, grade 51-05; duPont Electrochemicals Department,
Wilington, Delaware). After observation of a sample from 55 hour
embryo, the Elvanol was removed and the sections have been bone by
the indirect method according to the previous published papers on the
lens crystallins which were synthesized in the lens placode™', in order
to obtain the normal pattern of crystallin distribution for comparison.

Slides were examined under a Reichert Zetopan fluorescence micro-
scpe equipped with a high-pressure mercury vapor lamp HBO-200, with
primary filters (Schott) UG 1 and BG 12 and barrier filter GG 9. Photo-
graphs were taken on 35 mm Tri-X Pan film (Kodak), which was
developed with Rodinal (Agfa) 1: 75 for 15 minutes at 20°C for high
contrast.

RESULTS

For the present work the antisera were selected which did not react
to tissues other than the lens and which showed precipitin lines to three
main crystallins: alpha-, beta- and delta-crystallins.

Immunofluorescent tests of the immunoglobulin showed no fluore-
scence at 12 hours additional incubation period in all stages, but it was
possible to show the immunoglobulin which was deposited to the embryos
after an additional 1 hour incubation period.

In the one somite embryo (24 hours), the neural plate and neural
groove stages, the basal cells of neural fold and neural crest, the
splanchnic layer of mesoderm and the entoderm were damaged by the
antiserum and the fluorescence of immunoglobulin has been found in
that areas. (Fig. 1, 2)
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Figs. 1~2. Immunofluorescence and phasecontrast microscope pictures
of the transverse section of the 24 hrs. embryo. The basal cells of the
neural fold were damaged by the antiserum and the fluorescence of
immunoglobulin was found in that area. (x400)

In the ten somite embryo (36 hours), the ectodermal cells were
damaged and the positive reaction was mainly localized in the ectoderm.
In addition, the fluorescence has been found on the membranous structure
of the external limiting membrane of spinal cord and notochord. (Fig.3,4)
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Figs. 3~4. Immunofluorescence and phasecontrast microscope pictures
of 36 hrs. embryo (10 somites). Transverse section at the third somite
of the embryo. The ectodermal cells were extremely damaged and
the fluorescence was mainly localized in that area. In addition, the
fluorescence was found to be the membranous structure of the external
limiting membranes of spinal cord and notochord. (x400)

In the twenty-three somite embryo (55 hours) in which a few cells
of the lens placode had started to produce delta-crystallin, the histo-
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logical structure was not so damaged by the antiserum and the external
limiting membrane of the lens placode was fluorescent-positive. The
cells of the lens placode and the optic cup were fluorescent-negative.
(Fig. 5) In the same sections which have been sumbitted to the indirect
method after the Elvanol was removed, a few cells in the morphologically
most advanced areas of the lens placode showed fluorescence. (Fig. 6)

Thus it can be concluded that the deposited immunoglobulin against
the lens crystallins could not penetrate into the cells where the lens
crystallins were synthesized, and it only passed through the intercellular
space of the cells.

In addition, the immunoglobulin against lens crystallins was not the
component of the cytotoxic factor in any developmental stage, because
the lens crystallins antibody could ‘not enter the cells to a precipitin
reaction against the lens crystallins in these cells.

DISCUSSION

Several authors did not doubt that the antibody to lens crystallins
applied directly to the embryo or the cells of tissue culture in proper
does and stage could induce specific alterations and were responsible for
the induction of the specific malformation. They made two mistakes in
drawing their conclusions on the basis of assumptions as follows:

1) The eye vesicle may contain lens antigens prior to lens induc-
tion which transport from the retina to lens rudiment.

2) Antibody molecules in the anti-lens crystallin serum can possibly
penetrate into lens cells and conjugate with intracellular lens crystallins.
This specific immunological reaction may be responsible for the induction
of the specific malformation.

On the first problem, we have a contradictory data reported in the
previous papers.* %% In our data, the first positive reaction was
observed in 23 somite embryos (50 to 53 hours of incubation). A few
cells in the morphologically most advanced area of the lens placode
showed the immunofluorescent reaction with anti-chicken lens crystallins
serum. At the 3 to 3.5 days of embryonic life both anterior epithelim
and fibers were fluorescent positive. Intra- and extra-embryonic ecto-
derm, neural tissues, and optic cup and its derivatives did not show
fluorescence in any of the stages studied.

On the basis of these, the earlier results of current theories regard-
ing induction in the chicken embryos may be rejected.

On the study of the development of anterior structures in the chick
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Fig. 5. Immunofluorescence picture of 55 hrs. embryo (23 somites). The
section of the lens placode. The histological structure was so damaged
by the antiserum and the external limiting membrane of lens placode
was only fluorescent-positive. (arrow) (Xx400)

Fig. 6. The same section which has been prepared by the indirect method
after the Elvanol was removed, in order to obtain the normal pattern
of crystallin distribntuion for comparison. A few cells in the mor-

phologically most advanced areas of the lens placode showed fluores-
cence. (%x400)
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Fig. 7. The section of the same stage embryo was done by the indirect
immunofluorescence reaction with total lens crystallins antiserum.
The immunofluorescence reaction was found fundamentally in the same
area with Fig. 6. (Xx500)

after direct applications of antiserum against adult lens by Fowler et
al.®, 75 % of the embryos manifested the morphological defects which
were correlated with the age of the embryos when treated. At the 10
somite stage, the embryos showed the gross abnormality in forebrain
and the extreme reduction or complete absence of eye cup in which a
lens-like antigen localized. At the present study, we also found the
fluorescence in the basal cells of neural fold and neural crest, and also
in the splanchionic layer of mesoderm and entoderm which were damaged
by the antiserum.

However, this fluorescence did not seem to be due to the conjugation
of antibody with the lens crystallins localization but to the passing im-
munoglobulin which was deposited to the embryo, because the immuno-
fluorescence test of the immunoglobulin showed no fluorescence at the
12th hour of additional incubation period.

On the second problem, we were unable to confirm the specific
cytotoxic action of the lens antisera on the chicken embryo. In our ex-
perience, the lens crystallin antibody used in the present experiment
could not show precipitin reaction with lens crystallins which were
synthesized inside the lens placode cells. If it was possible to make
precipitin reaction, the fluorescence pictures of the immunoglobulin and
the lens crystallins in the same section must be the same. (Fig.5, 6, 7)

What is the factor to induce the abnormalities in the lens antisera ?
Mun reported the toxic effect of normal sera and homologus antisera on
the chick embryo. His results suggested the interaction of complement
and properdin or a properdin-like factor in the action of the antiserum
on the chick embryos.!”” In our experience (unpublished), some normal
sera were as active as the specific lens antisera. In both cases the toxi-
city could be virtually abolished by the heating of the fresh sera at
56°C for 30 min. This heat-lability indicated that the teratogenic factor
could not reside in the antibody fraction, but consisted of anthor serum
substance, possibly complement.

Dische showed that the glycoproteins and the lipoproteins of bovine
lens were probably derived from the membranes, and an antigenic simi-
larity between lens capsule and some another basement membranes was
shown.”




EFFECTS OF LENS ANTISERUM 173

Fluorescent antisera to total lens homogenates tended to be localized

in connective tissues, basement membranes and in other membranous
structures.” In our result, we also found the fluorescence at the mem-
branous structures of the external limiting membranes of the spinal
cord, notochord and lens placode. But these reactions were just temporal
and complely disappeared at 12 hours additional incubation period. On
the basis of our results, we had no clear-cut evidences on the membrane
problem.
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