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Concanavalin A Promotes Regeneration of Processes of
Isolated Ganglion Cells from the Adult Newt Retina

CHIkAFUMI CHIBA, HIDETO SAKAI, YUKO KANEKO
and TAKEHIKO SAITO*

The University of Tsukuba, Institute of Biological Sciences,
Tsukuba, Ibaraki 305 Japan

ABSTRACT—Retinal cells dissociated from adult newt eyes were seeded onto plastic dishes which were coated with
various cell adhesion substances. They were cultured in Leibovitz’s L-15 medium with no serum. Concanavalin A
(ConA) and poly-L-lysine (PLL) caused relatively good cell attachment, regardless of retinal cell types, in comparison with

uncoated dishes.
tended to inhibit the cell attachment.

On the other hand, extracellular matrix (ECM) components such as collagen, fibronectin and laminin

In both ConA- and PLL-coated dishes, ganglion cells survived for longer periods than other retinal cells and extended

neurites with time in culture.

The outgrowth of neurites by ganglion cells was found to be promoted to a far greater

degree by ConA than PLL. Branching of neurites also appeared to occur more frequently on ConA. From these
observations, ConA may be an useful tool for investigating retinal regeneration in vitro.

INTRODUCTION

Urodele amphibians possess the ability to regenerate a
new functional retina following a complete removal or de-
struction of the original retina [7, 15, 34]. It is now widely
accepted that this regeneration occurs mainly from the trans-
differentiation of retinal pigment epithelial (RPE) cells into
neurons and partly from intrinsic neuroblasts existing at the
retinal margin [16, 22].

How various retinal neurons are differentiated and how
functional neural networks are reformed during regeneration
remain to be resolved. One strategy to deal with these
problems is to study retinal cells in culture, where the cellular
and fluid environments as well as the composition of the
substrate can be controlled [14, 20, 21, 26].

For trial to seek an optimum culture condition for retinal
neurons, we examined here effects of various cell adhesion
substances, including a lectin concanavalin A (ConA), poly-
L-lysine (PLL) and extracellular matrix (ECM) components
such as collagen (COL), laminin (La) and fibronectin (FN),
on the attachment and survival of retinal cells dissociated
from newt retina: This report demonstrates that ConA and
PLL, but not ECM components, enhance the cell attachment,
and that ConA promotes regeneration of processes of retinal
ganglion cells more potently than PLL does. Parts of this
work have appeared in abstract form [30].

MATERIALS AND METHODS

Cell culture
Adult newts (Cynops pyrrhogaster) were anesthetized with 0.1%
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FA100 (4-allyl-2-methoxyphenol; Tanabe). The eyes were excised,
and the retina was detached from pigment epithelium. Retinal cells
were dissociated with papain (10-15 units/ml) as described previous-
ly [13]. Cells were suspended in the culture medium of 80%
Leibovitz’s L-15 (Flow Laboratories) supplemented with penicillin
(400 U/ml) and streptomycin (100 xg/ml) (Meiji Seika Co.). The
density of cells in the suspension medium was modified so that cells
might adhere to the dish at intervals of more than 50 #m (see the
section of “cell counting”). About 2.5 ml of the cell suspension
medium was plated onto culture dishes. After the cells were
allowed to adhere on the dish for 30 min, the medium containing the
nonadherent cells was changed into the fresh one. All cultures were
maintained at 25°C in the medium without any growth factors and
serum. The cells were examined daily for morphological changes
under phase-contrast microscope (Olympus IMT-2). The medium
was changed every two or three days during cultivation.

Preparation of substrata

Plastic culture dishes (35 mm in diameter; Falcon, no.3001)
were prepared as control. They were coated with one of the
following substrates; ConA (Sigma; 1 mg/ml), PLL (MW >300,000,
Sigma; 100 xg/ml), COL.I (Cell Biology Boehringer Mannheim; 1
mg/ml), COL.IV (Nitta Co.; 1 mg/ml), FN (Cell Biology Boehrin-
ger Mannheim; 50 pg/ml), and La (Sigma; 50-100 xg/ml). Before
plating cells, plastic dishes were incubated with 500 I of the adhesion
substances for 2 hr at room temperature, washed five times with
distilled water, and air dried.

Cell counting

After retinal cells in suspension medium were counted in a
hemocytometer, the cell suspensions (2.5 ml) were plated onto 35
mm dishes at an initial density of 1-8x10* cells/ml. At selected
time intervals (usually 30 min), nonadherent cells were washed off
the dishes by a gentle rinse with culture medium. The total number
of adherent cells per dish (962 mm?) was estimated by summing the
number of adherent cells in 10 fields (1x0.65 mm?/ field) randomly
chosen from one dish and multiplying the sum by 148. The rate of
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cell attachment to a substrate was expressed as percentage of the
number of cells attached against that initially seeded.

As criteria for determining the survival rate of cells with time in
culture, we preliminarily examined correlation between the viability
of cells and the change in cell morphology by nigrosin exclusion test.
As a result, the living cells which did not take up nigrosin had
typically a phase-bright cell body. While, cells either with a dark
shrunken cell body or a swelling one with vacuoles took nigrosin,
suggesting that they were dead or nonviable. Indeed, these cells
typically dettached from substrates and disappeared within a few days
thereafter.

Identification of solitary ganglion cells

Retinal ganglion cells were identified by retrograde labelling
with horseradish peroxidase (HRP). HRP was injected into the
orbit around cut end of the optic nerve of the anesthetized animals
according to the protocol of Kaneko and Saito [13]. Ten days were
allowed to elapse for HRP to be transported retrogradely to ganglion
cell somata. The retinae containing HRP-impregnated ganglion
cells were enzymatically dissociated into single cells by the protocol
described above. Dissociated cells were dispersed into the culture
dishes. Before HRP localization, cells in culture were fixed in
ice-cold Zamboni’s solution [36]. HRP-positive ganglion cells were
visualized using DAB Kit (Vector laboratories).

RESULTS

Attachment of retinal cells on various substrates

Cell suspensions at a density of 1-9x10* cells/ml were
plated onto plastic dishes that had been uncoated or coated
with various adhesion substances. After 30 min, the culture
medium in each dish was renewed and the number of cells
attached to dishes were counted. The rate of attachment of
cells to different adhesion substances is compared in Figure 1.
The values are presented as mean+SD of 6 dishes. The
attachment of retinal cells onto uncoated dish (UC) was 49 +
8%. The rate of cell attachment increased significantly
when the dish was coated with either PLL (64+16%) or Con
A (70+15%). On the other hand, the cell attachment to
dishes coated with FN was poor (14+9%), and that to
COL.I-, COL.IV-, or La-coated dishes was extremely poor (
< <1%). Longer time intervals after cell plating (>12 hr)
did not improve significantly the rate of cell attachment to
dish. At lower concentrations of FN (<5 uxg/ml), COL.I (
<0.1 mg/ml), COL.IV (<0.1 mg/ml), or La (<50 xg/ml),
rather than higher concentrations, the cell attachment tended
to be improved. However, such an improvement in cell
adhesion may not be effects of these substances, because the
rate of the cell attachment to uncoated dish was still higher
than that to FN-, COL- or La-coated dish. Although the
uncoated dish caused relatively good attachment of retinal
cells, more than 80% of the attached cells floated at 24 hr
later.

Survival of retinal cells in culture

Because retinal cells adhered effectively onto dishes
treated with ConA or PLL, effects of these two substrates on
the survival of retinal cells were compared. In freshly plated
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Fic. 1. Rate of attachment of retinal cells to various substrates.
Values are expressed as percentage of the number of cells
attached to substrates versus that initially seeded (see methods
for details). Mean+SD for each substrated was calculated
from 6 dishes. UC, uncoated; PLL, poly-r-lysine (100 zg/ml);
ConA, concanavalin A (1 mg/ml); COL.I, collagen I (1 mg/ml);
COL.IV, collagen IV (1 mg/ml); FN, fibronectin (50 xg/ml);
La, laminin (100 xg/ml). Rate of cell attachment was signif-
icantly larger with either PLL-coating (P<0.05 using one-tailed
t-test) or ConA-coating (P<0.01) than that with uncoating.
Attachment of cells to dishes coated with FN, COL.I, COL.IV,
or La was extremely lower as compared to that to uncoated
dishes (P< <0.001 each).

cells, photoreceptors, bipolar cells and Miiller cells could be
easily identified on the basis of their morphological resem-
blance to cells identified in vivo [22, 29]. Cells with single
long processes were identified as either amacrine or ganglion
cells, because these cells consistently displayed action poten-
tials in response to depolarizing current stimulation.

Retinal cells on ConA-coated dishs decreased in number
with time in culture in a manner similar to those on PLL-
coated ones. More than 60% of photoreceptor and bipolar
cells had deteriorated within 2 weeks, and almost all Miiller
cells had died within a week. Figure2 shows changes in
morphology of photoreceptors (A), a bipolar cell (B), and a
Miiller cell (C) with time in culture. Cones (A;) became
spherical soon after plating and extended many thin processes
from their somata at least within a day (A;). After more
than 10 days in culture, somata started to darken and thin
processes to deteriorate (Aj). While, most rods maintained
their morphology until they had collapsed within a week (data
not shown). Bipolar cells (B;) maintained their morphology
for a few days, and started to shrink somata and lost their
processes within two weeks (B, and Bs). Miiller cells (C;)
deformed with withdrawal of their apical membrane and
swelled with appearance of many vacuoles (C,), and then
collapsed within a few days (Cs).

More than 50% of amacrine/ganglion cells survived for
longer than 2 weeks and extended neurites with time in
culture. A typical example is shown in Figure 3. This
particular cell survived in culture for up to two months. The
cultures also contained many unidentified cells with few or no
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FiG. 2. Morphological changes of retinal cells in culture. A, cone photoreceptor cells. B, bipolar cell. C, Miiller cell. The cells were
plated in a plastic dish coated with PLL and maintained in 80% Leibovitz’s L-15 culture medium without serum at 25°C. The cells were
examined daily for their morphological changes and photographed with phase contrast optics at adequate days after plating; A;, 0 day; A,, 1
day; As, 12 days; By, 0 day; B,, 2 days; Bs, 12 days; C;, 0 day; C,, 2 days; Cs, 4 days. Bars: 30 gzm.

processes. Some of them survived for longer periods and Effects of ConA and PLL on neurite outgrowth of ganglion
extended neurites. We speculate that they were amacrine/ cells
ganglion cells. Since many amacrine/ganglion cells survived in culture

more than one month, we examined the growth of neurites
from single ganglion cells in cultivations on ConA and PLL.
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Fic. 3. Growth of a retinal amacrine/ganglion cell in culture. Cells with single long processes, amacrine or ganglion cells, were plated in a
plastic dish coated with ConA, and maintained in 80% Leibovitz’s L-15 without serum at 25°C.  The cell was examined daily for process
extension and photographed at 0 day (A), 7 days (B) and 20 days (C) after plating. The cell spread its soma and sprouted and extended
neurites with time in culture. Growth cones were observed at ends of many branches and sprouts. Bar: 40 zm.
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Ganglion cells were identified as brownish cells impregnated
by retrogradely transported HRP.

Figure. 4A shows changes in the number of ganglion
cells during cultivations on ConA and PLL. In this particu-
lar case, retinal cell suspensions (5x10% cells/ml) were
seeded on 6 ConA-coated dishes and 6 PLL-coated ones.
Retinal cultures in 2 dishes of each substrate were fixed with

Fic. 4. A, Comparison of the number of ganglion cells on PLL-
(black bars) and ConA-coated dishes (white bars) after periods
in culture. The ganglion cells were labeled by retrograde
transport of HRP (see methods for details). Data were
obtained from a particular experiment. Retinal cells were
cultivated in a total of 12 dishes, of which 6 were coated with
PLL and others with ConA. HRP-positive ganglion cells in 2
dishes of each cultivation were counted at 0, 10 and 20 days in
culture. Sums of them were plotted against days in culture.
B, Comparison of the length of neurites of ganglion cells on
PLL- (black bars) and ConA-coated dishes (white bars) after
periods in culture. Total length of neurites emerging from the
HRP-positive ganglion cell was measured by tracing photo-
graphs of cells stained at 0, 10 and 20 days in culture onto graph
paper. Data were collected from cells shown in A and those in
other 2 similar experiments. Mean+SD was calculated and
plotted against days in culture. Here ganglion cells with no
neurite (at 0 days, 98 on ConA, 91 on PLL; at 10 days, 13 on
ConA, 13 on PLL; at 20 days, 9 on ConA, 4 on PLL) were taken
accounted as those with 0 zm neurite. Total numbers of cells
measured were shown in parentheses. * indicates a significant
difference between substrates (P<0.05 using one-tailed t-test).
** indicates a highly significant difference (P<0.01) between
substrates.
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the fixative at 0, 10 and 20 days after plating cells. The
number of the HRP-positive ganglion cells observed at 0 day
was 58 in ConA-cultivation, and 46 in PLL-cultivation.
These numbers were roughly estimated as 0.03% of the
number of retinal cells attached to each substrate. During
subsequent days in culture, the number of ganglion cells was
36 on ConA and 28 on PLL at 10 days, and 7 on ConA and 3
on PLL at 20 days. From these results, there seems to be no
significant difference in survival rate of ganglion cells between
cultivations on ConA and PLL.

Figure 4B compares the total length of neurites emerging
from the HRP-positive ganglion cell somata between ConA-
and PLL-cultivations. Data were collected from cells shown
in Fig. 4A and those in other 2 similar experiments. Length
of neurites was plotted against time in culture. At 0 day in
culture, about half of the HRP-positive ganglion cells pos-
sessed one or two neurites. Mean length of neurites per cell
was 19423 ym (SD, n=190) on ConA-dish, and 16424 pm
(SD, n=157) on PLL-dish. At 10 days in culture, 64% of
ganglion cells on ConA (n=36) and 54% of ganglion cells on

Fig. 5.A, B, Bipolar-shaped ganglion cell at 20 days in PLL-cultivation. C, D, Monopolar-shaped ganglion cell at 20 days in ConA-cultivation.
Photographs in A and C were taken with phase contrast optics to show the shapes of ganglion cells clearly, and those in B and D were with
normal optics to exhibit a brown reaction product of HRP in the corresponding cells. Arrow heads and arrows show the corresponding cell
somata. Bar: 50 zm.
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PLL (n=28) possessed neurites. Mean length of neurites
per cell was 148 +181 gm (mean +SD, n=36) on ConA, and
56+91 pm (mean+SD, n=28) on PLL. At 20 days in
culture, 23 of 32 ganglion cells (72%) in ConA-coated dishes
and 10 of 14 ganglion cells (71%) in PLL-coated ones
possessed neurites. Mean length of neurites per cell on
ConA and that on PLL were 2454285 #m (mean+SD, n=
32) and 108+125 ym (mean+SD, n=14), respectively.
These results indicate that there was a graded increase in the
proportion of ganglion cells with neurite outgrowth on both
substrates with time in culture, and that the outgrowth of
neurites was promoted to a greater degree by ConA than by
PLL. In addition, sprouting and branching of neurites
appeared to occur more frequently on ConA than PLL.

There were at least three basic patterns of neurite
outgrowth; monopolar, bipolar, and multipolar. Out of 23
ganglion cells extended neurites on ConA at 20 days in
culture, 12 cells were monopolar- or bipolar-shaped, and 11
cells were multipolar-shaped. Out of 10 ganglion cells ex-
tended neurites on PLL at 20 days in culture, 9 cells were
monopolar- or bipolar-shaped, and one cell was multipolar-
shaped. Examples of bipolar- and monopolar-shaped cells
on ConA at 20 days in culture are shown in Figure 5A and C.
Evidence that both cells are HRP-impregnated ganglion cells
is shown in Figure 5B and D.

DISCUSSION

We examined effects of various cell adhesion substances
on isolated cells in a serum free culture medium. The cells
adhered well to ConA- or PLL-coated plastic dishes, but not
ECM components such as La, FN and COL. In both ConA-
and PLL- cultivations, ganglion cells survived much longer
than photoreceptors, bipolar cells and Miiller cells. They
extended neurites with time in culture. The outgrowth of
neurites by ganglion cells was promoted to a greater degree
by ConA than PLL. In electrophysiological experiments,
ganglion cells grown on ConA were initiated action potentials
mediated by voltage-gated Nat, K+ and Ca®" channels
which were identical to those of freshly dissociated ganglion
cells, indicating that they are functionally healthy in the
ConA-cultivation (data not shown).

ConA is known as one of plant lectins which modulates
neuronal properities by binding to the sugar residues of cell
surface glycoproteins (for review, see [18]). Modulatory
changes include enhancement of neurite outgrowth, reduc-
tion of desensitization of glutamate responses, and increase in
electrical coupling between neurons. For instance, ConA
stimulates neurite outgrowth in neurons from chick dorsal
root ganglion [4], leech [3], adult Aplysia [17], and goldfish
retina explants [9]. In chick dorsal root ganglion and Aply-
sia neurons, ConA enhances neurite regeneration whether it
is used to coat the dish or is dissolved in the culture medium
at nanomolar concentrations. In newt retinal ganglion cells,
however, ConA stimulated neurite outgrowth only when it
was used as a substrate to be coated on culture dishes but not
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when it was dissolved in the culture medium. Additon of
soluble ConA in the culture medium at less than 10 xM/ml
tended to cause the detachment of cells from dishes, and was
toxic at more than 100 M/ml (data not shown). Toxicity of
soluble form of ConA has been observed also in culture of
developing mouse cerebellar cells [8]. These observations
make us speculate that ConA might act by binding to cell
adhesion molecules or membrane receptors of newt retinal
ganglion cells.

Cell adhesion molecules, such as N-CAM, thy-1, or
contactin, are expressed in retinal cells of other species [2, 25,
28]. These molecules are known to be membrane-bound
glycoproteins which mediate cell to cell contact and promote
neurite outgrowth (for review, see [24]).  Of our knowledge,
thy-1 and contactin are at least of ConA-binding glycopro-
teins [25, 32]. Cell adhesion molecules in adult newt retina
have not yet been examined. Although we know much less
about the molecular mechanisms of ConA action on neurite
outgrowth at present, this plant lectin will be a highly useful
tool for studying regeneration system of adult newt retina in
vitro.

It is well known that ECM components such as La and
FN play an important role on adhesion, movement and
differentiation of cells in many developmental and regenerat-
ing processes. For instance, La promotes regeneration of
optic nerve in explants of axotomized adult goldfish [11] and
rat retinae [6]. An involvement of La in the transdif-
ferentiation of retinal pigment epithelial (RPE) cells into
neurons in Rana tadopole retina has been observed [26].
FN plays an important role during limb regeneration [27] and
in lens regeneration [5]. In contrast, La and FN inhibited
the attachment of retinal cells including RPE cells dissociated
from adult newt eyes [31]. This fact may be partly related to
the observations that in adult newt (Notophthalmus
viridescens) retina, La was not detected immunohistochemi-
cally, although FN was detected as a slight signal [23].

MacLeish et al. [20] have described that retinal neurons
dissociated from the adult salamander retina adhered pooly
to a variety of standard substrates. They found a monoclon-
al antibody, Sal-1, which could dramatically enhance the
adhesion of retinal cells. The use of the antibody promoted
neurite outgrowth of salamander retinal cells and formed
numerous cell contacts [21]. In the present study, although
ConA treatment resulted in increase in cell-substrate adhe-
sion and promoted neurite outgrowth of ganglion cells, cells
did not reform any synaptic connections. Nowadays, retinal
cells are known to require not only cell adhesion substances
but also diffusible neurotrophic factors for their survival,
neurite outgrowth and synapse formation in developmental
and regenerating processes [1, 10, 12, 19, 33, 35]. In order
to investigate regeneration of functional synapses in vitro, it
will be necessary to refine the culture condition by supple-
mentation of trophic factors in future study.
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