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ABSTRACT

In the present study, the differentiative capacities of Xenopus
laevis lens epithelium were tested by isolating it at different stages
of development and implanting it autoplastically and homoplasti-
cally into the enucleated orbit. The autonomous differentiative ca-
pacity of this tissue was also tested in expiants cultured in vitro in
Leibovitz L 15 with fetal bovine serum added, or serum-free. The
results obtained from in vivo experiments showed that whatever
were the developmental stages, the eye cup was not necessary
for differentiation of lens epithelium into lens fiber cells; this sug-
gested that this tissue has an intrinsic capacity to differentiate into
lens. Furthermore, lens epithelium showed an autonomous lens
differentiation capacity also when isolated and cultured in vitro,
with or without addition of fetal bovine serum.
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INTRODUCTION

During development of vertebrate embryos, the first
sign of lens morphogenesis is the appearance of a
thickening (lens placode) of cephalic ectoderm in the
area of apparent contact between ectoderm and eye
vesicle (diencephalic outpouching). Immediately after
its formation, the lens placode rolls up to form the lens
vesicle which detaches from the surrounding ectoderm
and occupies its definitive location in the eye cavity.
These morphogenetic events are coupled with the dif-
ferentiation of the lens vesicle posterior wall cells,
which typically elongate to form the primary lens fiber
nucleus (Woerdman, 1953; Papaconstantinou, 1967; Pi-
atigorsky, 1981). The equatorial epithelial cells are
added to the posterior compartment through division
and elongation into secondary fiber cells located in the
peripheral or cortex region.

Lens development is the result of inductive interac-
tions by which the presumptive lens ectoderm becomes
able to form a lens (Liedke, 1951, 1955; Jacobson, 1955,
1958, 1963a, b, c; Reyer, 1958a, b). In the past, a critical
role in the formation of lens was attributed to the in-
ductive action of the optic vesicle (Herbst, 1901; Spe-
mann, 1901, 1938). However, the formation of free
lenses in absence of the optic vesicle has been reported
(for a review, see Jacobson & Sater, 1988). This finding
was ascribed to an inductive action of dorsolateral-en-
domesodermal tissues on the presumptive lens ecto-
derm occurring before the formation of the optic vesi-
cle. More recently obtained experimental data (Henry &
Grainger, 1987, 1990; Grainger et al., 1988) in Xenopus
laevis (Daudin, 1802) show that in lens morphogenesis
the presumptive anterior neural plate is an essential
early lens inductor and that the dorsolateral-endomeso-
dermal tissues and the optic vesicle are not individually
sufficient inductors of the lens. The presumptive lens
ectoderm isolated at early stages of development and
cultured with the adjacent neural plate tissues is able to
form a lens vesicle which shows a lens-cell specificity
by immunofluorescence testing with anti-lens antibody.

There is evidence that the optic cup environment in-
duces cell elongation and primary fiber formation (for a
review, see McAvoy, 1980). The prolonged dependence
of lens fiber cell elongation and differentiation upon
retinal influence was demonstrated experimentally in
chick (Coulombre & Coulombre, 1963) and mouse
(Muthukkaruppan, 1965) embryos. A factor called
lentropin, that promotes cell elongation and crystallin
synthesis in primary expiants of embryonic chick lens
epithelia, was partially purified from the vitreous body
(Beebe et al, 1980). Subsequently, lentropin was con-
firmed to be IGF1 (Beebe et al, 1987).

After the completion of morphogenesis, the lens con-
tinues to grow throughout life thanks to the proliferat-
ing activity of lens epithelium. Analysis of the DNA syn-
thesis pattern (Harding et al., 1959) and mitosis (Von
Sallman, 1952) of lens epithelium indicated that lens
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cell proliferation in adults is confined to a narrow band
of cells in the pre-equatorial region of the lens, called
"germinative zone", and the cells originating from these
divisions move below the equator into the transitional
zone, where they differentiate into lens fibers (for a re-
view, see McAvoy, 1980; Reddan, 1982).

In order to determine whether lens epithelial cells of
vertebrates were able or not to grow and differentiate
autonomously, lens epithelium was isolated in vivo and
in vitro. Takeichi (1970) observed differentiation of
fiber cells from lens epithelium of six-day-old chick em-
bryo when it was transplanted onto the chorio-allantoic
membrane. When explanted, it was able to differentiate
into lens fiber cells if cultured in vitro (Piatigorsky et
al., 1973). Although in vitro primary expiants of lens
epithelium cells lose the ability to differentiate into lens
fiber cells near the time of hatching (Piatigorsky &
Rothschild, 1972), long-term cultures of dissociated cells
from hatched chicken will develop fiber cells in the
form of lentoid bodies (Okada et al, 1971).

As regards Amphibia, McDevitt & Yamada (1969) in a
short communication reported that the lens epithelium
of larval Rana pipiens will differentiate, or "modulate",
under specific tissue culture conditions, to form cells
showing the morphological and biochemical/immuno-
logical characteristics of lens fiber cells. By contrast, ma-
ture lens epithelial cells of amphibians proliferate rather
than elongate when maintained in organ culture (Roth-
stein et al, 1965; Reddan & Rothstein, 1966). However,
a systematic research on the differentiative capacity of
isolated lens epithelium of a single anuran species at
different stages of development has not been effected.
In the present study, we tested this capacity in lens epi-
thelium isolated from larval X. laevis.

MATERIAL AND METHODS

Animals

Post-metamorphic (one year after metamorphosis) and larvae of
X. laevis at stages 50, 53, 56, and 59 (according to Nieuwkoop &
Faber, 1956) were used. All larvae were obtained from a single
pair after gonadotropic hormones-induced amplexus and ovula-
tion (Profasi, Serono). In all experiments post-metamorphic ani-
mals and larvae were anaesthetized with MS 222 1:1500 and
1:2000, respectively, before operation and fixation.

Obtaining lens epithelium

After a small incision in the dorsal pericorneal epidermis, the
outer and inner cornea were removed through a circular incision
made with iridectomy scissors. In this way the lens was exposed
and it was possible to apply a micro-pad imbued with 1% Nile
blue sulfate (a vital stain widely used to draw the maps of pre-
sumptive regions during ontogenesis) in Holtfreter's solution onto
the central region of the lens. The dye diffused in the lens epithe-
lium but a clear, more intense spot remained in the center. The
lens was removed using the same operative technique described
in a previous paper (Bosco, 1988a), placed into a plastic tissue
culture dish containing full-strength Holtfreter's solution and the
fiber mass was surgically separated from the epithelium. The ep-
ithelium was placed capsule-down on the surface of the culture

dish and the peripheral region, surrounding the central intensive-
ly labeled area (anterior region of the lens epithelium), was
trimmed away with a micro-scalpel.

Histological methods

Larvae and cultures were fixed in 95% ethanol overnight at 4 °C,
embedded in paraffin, cut into 5-".m serial sections and stained us-
ing the Mallory-A2an method according to Heidenhain (1915).

Preparation of anti-y-crystallin antibody

An antibody directed against purified R. esculenta y crystallins
was used to detect X. laevis y crystallins. The validity of this ap-
proach was confirmed by immunoelectrophoretic analyses of var-
ious combinations of R. esculenta and X. laevis antigens and anti-
bodies (Bosco et al., 1997), and Western blotting (Fig. 1), all of
which confirmed cross-reactivity.

Similar results were obtained by McDevitt & Brahma (1973),
who demonstrated the cross-reactivity and resultant identical im-
munofluorescence profile of an antibody directed against purified
R. pipiens and X. laevis y crystallins. Nöthiger et al. (1971) evi-
denced also cross-reactivity of purified R. pipiens and Notophthal-
mus viridescens y crystallins.

Rana esculenta adults were sacrificed, and lenses were re-
moved and freed from other tissues. Then they were washed
three times in ice-cold 5 mM phosphate buffer pH 7 and stored at
-20 °C. Soluble lens proteins were obtained by homogenization in
the same buffer; insoluble materials were removed by centrifuga-
tion following the procedure of McDevitt & Brahma (1973). The y
crystallin antigen was obtained by successive DEAE-cellulose and
DE 32 chromatography of the total lens proteins, as described in
a previous paper (Bosco & Venturini, 1988). A mixture of com-
plete Freund's adjuvant and 500 ng of y crystallin lens proteins
was injected three times into rabbits over a period of three
weeks. The animals were bled one week after a booster injection
without adjuvant. The serum obtained was tested against the ho-
mologous antigen by immunoelectrophoresis in 1% agarose gel
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Fig. 1 - Western blot of X. laevis whole crystallins stained with R.
esculenta anti-y-cristallin antibody raised in rabbit. Two main
bands were evident between 20 and 27 kDa, corresponding to
the molecular mass range of amphibian crystallins.
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with 0.05 mm Veronal buffer pH 8.4 on microscope slides at 5
V/cm. Staining was performed with Coomassie brillant blue R-
-250. The serum was also tested by Western blotting.

Western blotting

Larval X. laevis lenses were homogenized in 5 mM phosphate
buffer pH 7 and centrifuged at 50,000 g for 60 min. After elec-
trophoretic separation with SDS PAGE (15% acrylamide), proteins
were transferred onto nitrocellulose membrane and treated with
rabbit anti-y-crystallin antibody (1:500) after blocking with 3% non
fat dried milk. As secondary antibody, anti-rabbit Ig labelled with
horseradish peroxidase was used. Reacted antibody was revealed
by ECL method (Amersham, UK).

Two main bands were evident between 20 and 27 kDa (Fig. 1),
corresponding to the molecular mass range of amphibian y crys-
tallins (McDevitt & Brahma, 1982; De Jong et al, 1994).

The specificity of the anti-y-crystallin antibody was tested by
staining sections of the normal eye, where only lens fibers were
positively labeled.

Retrospective immunofluorescence staining

Retrospective immunofluorescence was effected by the method
of Mikailov & Gorgolyuk (1979). For immunochemical analysis,
preparations were immersed in chilled xylene to remove Canada
balsam (10 °C, 2-7 h) and then washed with ethanol (two, three
changes 1 h each) and three changes of buffered saline (pH 7.1,
30 min each).

Anti-y-crystallin antibody was used as the first antibody in the
"sandwich" method of Weiler & Coons (1954). After incubation
with the first antibody, sections were incubated with a Fluores-
cein Isothiocyanate (FITC) conjugated secondary antibody (FITC

conjugated goat anti-rabbit gamma globulin antibody Pierce No.
31572). Before immunofluorescence, in order to test the specifici-
ty of the antiserum used, sections of normal eyes of larval X. lae-
vis were incubated either with anti-y-cristallin antibody, or with
pre-immune serum, and then all sections were incubated with
FITC conjugated secondary antibody. Sections incubated with
pre-immune serum gave negative results. Immunofluorescence
was also effected on the lens epithelium immediately after its iso-
lation (Fig. 2) (twenty cases). This also gave a negative immuno-
fluorescence reaction (Fig. 3).

Implant of lens epithelium into the enucleated orbit

Left eye cup, lens and inner cornea were removed through a
dorsal incision using the operative technique described elsewhere
(Bosco et al, 1993), and the previously isolated lens epithelium
was implanted into the enucleated orbit (Fig. 2).

The operated animals were fixed at two, three, four, five, and
seven days after implantation in groups of twelve individuals.

Four experimental conditions were considered:
- experiment I: autoplastic implant of lens epithelium in larval X.

laevis at stage 50 (60 cases);
- experiment II: homoplastic implant of lens epithelium from lar-

val X. laevis at stage 54 into the enucleated orbit of larvae at
stage 50 (60 cases);

- experiment III: homoplastic implant of lens epithelium from lar-
val X. laevis at stage 56 into the enucleated orbit of larvae at
stage 50 (60 cases);

- experiment IV: homoplastic implant of lens epithelium from one
year metamorphosed X. laevis into the enucleated orbit of larvae
at stage 50 (60 cases).
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Fig. 2 - Lens epithelium implanted into the enucleated orbit of
larvae at stage 50, fixed immediately after operation (x 1200).

Fig. 3 - Lens epithelium immediately after its isolation showed a
negative staining by indirect immunofluorescence with anti-y-
crystallin antibody (x 1200).
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Explant culture of lens epithelium

Before isolation of lens epithelium, donor larvae of X. laevis at
stage 56 were immersed for 30 sec in 1% Euclorin solution (Zam-
beletti), then rinsed three times in sterile Holtfreter's solution; op-
erations were carried out in sterile Holtfreter's solution containing
100 U/ml penicillin, 100 (Xg/ml streptomycin and 0.25 Hg/ml Fun-
gizone (GIBCO). Isolated lens epithelium was rinsed four times in
Leibovitz 15 (L 15; Flow) diluted with water (2:1) containing 100
U/ml penicillin, 100 (Xg/ml streptomycin, and 1.5% glutamine (200
mM); then it was placed in a plastic culture dish (3.5 x 10 mm
Falcon Plastics) containing 2 ml of L 15 medium diluted with wa-
ter (2:1), 100 U/ml penicillin, 100 |ig/ml streptomycin, and 1.5%
glutamine (200 mM).

Lens epithelium was cultured in L 15 supplemented with 10%
inactivated fetal bovine serum (experiment V, batch 1, sixty cases)
or in serum-free L 15 (experiment V, batch 2, sixty cases). Culture
medium was renewed daily. Cultures were terminated after three,
five, and seven days.

To ascertain the histological nature of the lens epithelium frag-
ments explanted and used in the experiments, we carried out a
thorough histological analysis of the serial sections of lens epithe-
lium fragments implanted into the enucleated orbit of fifteen lar-
vae fixed immediately after the operation. We chose the method
reported above to effect controls since lens epithelial fragments,
when implanted into the enucleated orbit, can be processed more
fruitfully for histological examination.

Histological analysis showed that the lens epithelial fragments
were made up exclusively by lens cubical epithelial cells (Fig. 2).

RESULTS

Implant of lens epithelium into the enucleated orbit

In all implantation experiments (experiments I, II, III,
IV) lens epithelium formed aggregates of lens fibers
(lentoids), regardless of the stage of development of
donors (Table I). Histological examination of lens epi-
thelia fixed two, three, four, five, and seven days after
implantation into the orbit, showed that the differentia-
tive process, which gave rise to the lens fibers, essen-
tially followed the same pathway in all experiments.

Two days after operation, the implanted lens epitheli-
um had originated a solid vesicle (Fig. 4A) in which the
proliferative activity was evident. In the cases fixed three
days after the operation, the newly formed aggregates
showed a considerable volumetric increase, and the typ-
ical cytological signs of lens differentiation (Freeman,
1963; Papaconstantinou, 1967; Eguchi & Okada, 1973;
Yamada etal., 1973; Piatigorsky, 1981) such as cell elon-
gation, granular cytoplasm, and increasing cytoplasmic
acidophilia, were clearly observed (Fig. 4B). In most cas-
es, almost the entire newly formed cell aggregate under-
went lens fiber differentiation, and in the inner part of
the newly formed lens structures, formation of "primary
lens fiber nucleus" could be observed (Fig. 4B). Histo-
logical examination of implanted tissues fixed four days
after operation revealed that the lens differentiation
process affected the entire newly forming structures, but
the histological organization was not normal: primary
and secondary lens fibers were normally arranged but
coexisted with lens fibers oriented in the anterior-poste-
rior plane rather than concentrically, and the typical lens
epithelium (peripheral continuous monolayer of cubical

TABLE I - Implant of lens epithelium into the enucleated orbit,
lens fiber differentiation with reference to days after the opera-
tion. The percentage of cases of primary nucleus-like structure for-
mation was calculated from the number of cases which formed
lens fibers.

Experiment

I

II

III

IV

Days after
operation

2
3
4
5
7

2
3
4
5
7

2
3
4
5
7

2
3
4
5
7

n

12
12
12
12
12

12
12
12
12
12

12
12
12
12
12

12
12
12
12
12

Lens fiber
formation

0
9
9

11
10

0
10
9

11
12

0
9

11
10
11

0
10
11
9

11

%

0
75
75
92
83

0
83
75
92

100

0
75
92
83
92

0
83
92
75
92

Primary
nucleus-like
structures

0
7
8

10
10

0
8
8

10
11

0
8
8

10
9

0
9
9
8

10

%

0
78
89
91

100

0
80
89
91
92

0
89
73

100
82

0
90
82
89
91

epithelial cells) was not present (Fig. 4C, D). In the fol-
lowing days (five and seven days after operation) the
newly forming lens structures did not undergo substan-
tial structural changes, but the lens fibers progressively
showed an increasing cytoplasmic acidophilia, revealing
an active crystallin synthesis, and nuclei of primary
fibers began to disappear (Fig. 5A-D). The first positive
immunofluorescence reaction with anti-y-crystallin anti-
body was observed in the newly formed structures three
days after operation (Fig. 6) confirming the lens speci-
ficity of newly formed structures (Fig. 7).

The outer cornea covering the enucleated orbit con-
taining the implanted lens epithelium did not show any
sign of lens differentiation throughout experimental pe-
riod; the only histological modification observed in
some cases was a variable scar thickening (Figs 4B-D,
5A-D). The outer cornea gave a negative reaction in the
indirect immunofluorescence test with anti-g-crystallin
antibody (Figs 6, 7).

Expiant culture of lens epithelium

Batch 1 - Culture of lens epithelium in L 15 supplement-
ed with 10% inactivated fetal bovine serum

Under these experimental conditions, the cultured
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Fig. 4 - Implant of lens epithelium into the enucleated orbit. A, ex-
periment I, autoplastic implant of lens epithelium in larval X. laevis
at stage 50. Two days after the operation: the implanted lens ep-
ithelium had originated a solid vesicle in which the proliferative
activity was evident (arrows) (x600). B-D, experiment III, homo-
plastic implant of lens epithelium from larval X laevis at stage 56
into the enucleated orbit of larvae at stage 50. B, three days after
the operation: typical cytological signs of lens differentiation can
be observed; in the inner part of newly formed structures the for-
mation of the "primary lens fiber nucleus" is under way (arrow).
The outer cornea (o.e.) overlying the enucleated orbit does not
show any sign of lens differentiation (x600). C, four days after op-
eration: the lens differentiation process affects the whole newly
formed structure; lens fibers normally arranged (arrow) coexist
with not normally oriented lens fibers (arrowheads). The outer
cornea (o.e.) does not show any sign of lens differentiation
(x750). D, four days after the operation: in some cases the peri-
corneal epidermis shows a non specific scar thickening (x75O).

Fig. 5 - Implant of lens epithelium into the enucleated orbit. A-D,
The lens fibers show an increasing cytoplasmic acidophilia and
the nuclei of the primary fibers begin to disappear (x750). A, ex-
periment I, autoplastic implant of lens epithelium in larval X. lae-
vis at stage 50. Five days after operation. B, experiment II, homo-
plastic implant of lens epithelium from larval X. laevis at stage 54
into the enucleated orbit of larvae at stage 50. Five days after op-
eration. C, experiment III, homoplastic implant of lens epithelium
from larval X. laevis at stage 56 into the enucleated orbit of larvae
at stage 50. Five days after operation. D, experiment IV, homo-
plastic implant of lens epithelium from one year metamorphosed
X. laevis into the enucleated orbit of larvae at stage 50. Seven
days after operation. Abbreviations: o.e., outer cornea; p.e., peri-
corneal epidermis.

lens epithelium expressed lens differentiation in thirty-
four out sixty expiants (Table II). Lens epithelia fixed
after three days in culture had formed solid actively
proliferating aggregates; the histological organization of
these newly formed structures was closely similar to
that observed in the implant experiments into the enu-
cleated orbit fixed two days after the operation. Histo-
logical examination of cultured lens epithelium fixed af-
ter a five-day culture showed that the cell aggregates
gave rise to well-differentiated lens fiber cells. In most
cases, the whole tissue underwent lens differentiation.
The degree of differentiation of the newly formed struc-
tures was high. This was revealed as a gradual disap-

pearance of lens fiber cellular nuclei and lens fibers ag-
gregating into the so-called "primary lens fiber nucleus",
but in all cases the lens differentiating structures
showed an abnormal arrangement of fibers; in many
cases the primary nucleus-like structures were sur-
rounded by less thickened lens fibers (Fig. 8). The pres-
ence of lens epithelium, as previously defined, was nev-
er observed.

Immunofluorescence with anti-y-crystallin antibody
showed the specificity of the lens-differentiating struc-
tures and confirmed the histological observations (Fig.
9). The newly formed structures, examined after seven
days in culture, did not show any substantial structural
difference with those observed after five days in culture.
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Fig. 6 - Experiment III: implant of lens epithelium from larval X.
laevis into the enucleated orbit of larvae at stage 50. Three days
after operation. The newly formed structure is clearly positive to
the immunofluorescence test for anti-y-crystallins (x!200).

Batch 2 - Culture of lens epithelium in serum-free L 15

Under these experimental conditions, the cultured
lens epithelium expressed lens differentiation in thirty
out sixty expiants (Table II). The differentiative process
of the newly formed aggregates occurred with the same
series of changes observed in batch 1, but in all cases
the extent of the newly formed aggregates was con-
stantly very reduced. Although we did not effect a cell
count, this feature could be clearly evaluated by com-
parison with the extent of the newly formed cell aggre-
gates obtained in batch 1 (Figs 9-10). Immunofluores-
cence performed with anti-y-crystallin antibody showed
the specificity of the newly formed structures (Fig. 10).

Fig. 7 - Experiment III: implant of lens epithelium from larval X.
laevis at stage 56 into the enucleated orbit of larvae at stage 50.
Five days after the operation: the lens specificity is confirmed by
the positive reaction with the indirect immunofluorescence test
with anti-y-crystallin antibody. The outer cornea (arrowheads)
gives a negative reaction (x!200).

Fig. 8 - Experiment V, batch 1: expiant culture of lens epithelium
from larval X. laevis at stage 56. Five-day culture: lens-forming
structure containing lens fibers irregularly arranged and primary
nucleus-like structure (arrows; x750).

DISCUSSION

The results obtained in this study show that the lens
epithelium of X. laevis at larval stages 50-53-56-59 and
post-metamorphic (one year after metamorphosis) is
able to grow and differentiate into lens fibers, when
isolated from the eye and implanted into the enucleated
orbit. Lens fiber differentiation was also observed when
lens epithelium was isolated and cultured in vitro in a
medium either supplemented with 10% fetal bovine
serum or serum-free. Both under in vivo and in vitro
experimental conditions, lens epithelium undergoes a
series of cytological changes that are characteristic of
fiber differentiation (Freeman, 1963; Papaconstantinou,
1967; Eguchi & Okada, 1973; Yamada et al, 1973; Pi-
atigorsky, 1981): enlargement of nuclei and nucleoli, in-
crease of ribosomal population (cytoplasm basophilia),
cell elongation, gradual loss of basophilic properties
and acquisition of acidophilic properties for crystallin
synthesis and accumulation (McDevitt & Brahma, 1973;
Brahma & McDevitt, 1974). In several experiments indi-

TABLE II - Experiment V: expiant culture of lens epithelium from
larval^., laevis at stage 56.

Experimental
batch

1

2

Days in
culture

3
5
7

3
5
7

n

20
20
20

20
20
20

Lens fiber
formation

0
16
18

0
15
16

%

0
80
90

0
75
80

Primary
nucleus-like

0
14
15

0
14
13

%

0
87
83

0
93
81
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Fig. 9 - Experiment V, batch 1: expiant culture of lens epithelium
from larval X. laevis at stage 56. Five-day culture: immunofluores-
cence with anti-y-crystallin antibody shows the specificity of the
lens-differentiating structure (x750).

rect immunofluorescence staining was used to study
lens crystallins ontogeny in different amphibian species,
both during development and lens regeneration (for a
review, see McDevitt & Brahma, 1982). In these studies,
antibodies directed against total soluble lens proteins as
well as y crystallins were used in homologous and het-
erologous combinations. The results obtained showed
that y crystallins are amongst the first crystallins to ap-
pear, and they are confined only to fiber cells (McDevitt
et al, 1969; McDevitt & Brahma, 1973, 1979, 1982). All
the above reported data evidenced that Y crystallins
may be considered useful markers of lens fiber differ-
entiation. In the present study, immunofluorescence
with an antibody specific for Y crystallins was employed
to detect the presence of these proteins in the newly
formed structures. Immunofluorescence performed on
lens epithelium immediately after its isolation gave a
negative reaction, while the newly formed structures,
under the present experimental conditions, showed a
clear positive reaction.

In vivo prolonged dependence of lens growth and
lens fiber differentiation upon retinal influence was
demonstrated by the classic lens inversion experiments
of Coulombre & Coulombre (1963), where they turned
the lens of a five-day-old chick embryo through 180°, so
that the epithelium which normally faced away from the

Fig. 10 - Experiment V, batch 2: expiant culture of lens epithelium
from larval X. laevis at stage 56. Five-day culture: lens epithelium
cultured in serum-free L 15, originated a structure very reduced in
size but showing intense labeling by immunofluorescence with
anti-y-crystallin antibody (x 1200).

eye cup was then facing it. Under the influence of the
new environment the epithelial cells of the central zone
elongated and differentiated into lens fiber cells. Subse-
quently, data obtained in mouse and chick under differ-
ent experimental conditions confirmed these results
(Muthukkaruppan, 1965; Philpott & Coulombre, 1965;
McAvoy, 1980; Beebe et al, 1980). The results obtained
in experiments I-IV of the present study show that the
lens epithelium of X. laevis can grow and differentiate
into lens fibers even when it is not under direct retinal
influence. Different explanations are possible: the eye of
X. laevis could be a "system" substantially different from
that of chick and mouse; the influence exerted by the
retina on differentiation of lens epithelium pointed out
in chick and mouse might not be the same as in X. lae-
vis. Another possibility, which has not been rigorously
excluded by the present study is that the retinal factor(s)
influencing lens fiber differentiation or its equivalent
was present in the enucleated orbit. In this case the
ability of the retina to induce lens fiber differentiation
should not be considered exclusive to this tissue.

Although it has been pointed out that the differentia-
tion of lens epithelial cells into lens fibers in vivo ap-
pears to be regulated in some way by retinal influence,
there is evidence that when chick lens epithelial cells
are isolated in tissue and cell culture in a medium sup-
plemented with different amounts of serum, these cells
can differentiate into lens fibers or express the specific
markers of lens differentiation (Okada et al, 1971, 1973;
Piatigorsky & Rothschild, 1972; Piatigorsky et al, 1972,
1973; Creighton et al, 1976). These findings indicate
that the transformation of lens epithelial cells into fibers
results from a programmed differentiation which can
take place autonomously in tissue and cell culture (Pi-
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atigorsky et al., 1973). However, it was pointed out that
lens fiber differentiation of lens epithelial cells may be
stimulated in vitro by different agents present in the
serum added to culture medium (Piatigorsky, 1981).

The results obtained in experiment V show that lens
epithelial cells of larval X. laevis can differentiate into
lens fibers in tissue culture in a medium supplemented
with serum (batch 1) or a serum-free one (batch 2).
When lens epithelium was cultured in a serum-free
medium, it expressed high levels of y crystallins, as re-
vealed by the immunofluorescence. However, under
these culture conditions the cell aggregates were mani-
festly reduced in size, so the presence of serum appears
to influence the growth of the newly formed cell aggre-
gates rather than the expression of lens differentiative
markers. With regard to this, the lens epithelium of X.
laevis seems to have an autonomous differentiative ca-
pacity not revealed in other vertebrates. Mouse lens epi-
thelial expiants maintained in serum-free medium re-
mained as a monolayer of cubical epithelial cells
(Lovicu et al, 1995).

In the last ten years the differentiation of rat lens ep-
ithelium into lens fibers has been the object of a specif-
ic series of investigations. It has been shown that in cul-
ture, both basic Fibroblast Growth Factor (bFGF) and
acidic Fibroblast Growth Factor (aFGF) induce lens ep-
ithelial cells to proliferate, migrate, and differentiate into
lens fibers in a progressive dependent manner (Cham-
berlain & McAvoy, 1987, 1989; McAvoy & Chamberlain,
1989). Fibroblast growth factors have been found in oc-
ular media, in lens cells and throughout the lens cap-
sule (Schulz et al, 1993). On the basis of these results, it
was postulated (Schulz et al., 1993) that the normal lens
polarity is determined by differences in FGF bio-avail-
ability in the two ocular media. More recently (Lovicu et
al, 1995), it was evidenced that the vitreous, but not
the aqueous humour, induces morphologic changes
characteristic of fiber differentiation and accumulation
of ß-crystallin, and using a variety of techniques it was
shown (Schulz et al, 1993) that FGF activity levels are
higher in vitreous than in aqueous humour.

These results suggest that in rodents, FGFs and their
distribution in the eye play a necessary and sufficient role
in the lens fiber differentiative process of lens epithelium.

In chicken embryo, lens fiber differentiation of lens
epithelium seems to be regulated quite differently. The
growth factors necessary for lens fiber cell differentia-
tion, proliferation, and survival in vivo appear to be
other than FGFs, i.e., insulin-like growth factor, IGF1,
and IGF2, even though it cannot be ruled out that FGFs
are involved in the same aspects of lens fiber cell differ-
entiation (Beebe et al, 1987; Huang et al, 2003).

The results obtained in the present study indicate that
in X. laevis differentiation of lens epithelial cell into lens
fiber can occur independently of exogenous stimuli. As
a consequence, the failure of central lens epithelial cells
to differentiate into lens fiber in the normal eye could
be attributed to the action of an inhibitor, or generically

the aqueous humour could be an environment that
does not allow the expression of the lens differentiative
capacity (a non-permissive environment).

On the other hand, the autonomous capacities shown
by lens epithelium to differentiate in vitro do not rule
out that in vivo proliferation of equatorial lens epithelial
cells and expression of differentiative capacities could
be regulated temporally and spatially by the action of
growth factors such as FGFs.
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