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VitaminA Receptors
RETINOIC ACID BINDING IN OCULAR TISSUES
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Analysis of the sucrose-density-gradient patterns of the 1 10OOOg supernatant fractions
of adult and foetal retina and pigment epithelium showed them to contain a limited num-
ber of highly specific binding sites ('receptors') for [3H]retinoic acid that sediment at
approx. 2 S. Binding in pigment epithelium is higher than in any tissue yet reported. A 5 S
binding component is also observed and is probably due to serum contamination. Frac-
tionation studies indicate that [3H]retinoic acid binding in the retina is lower in the photo-
receptor units than in the retinal inner layers. This is in contrast with previous results that
show greater [3H]retinol binding in photoreceptors. Studies with dystrophic human and
rat retinas, which lack the photoreceptor layers, confirm that [3H]retinoic acid binding is
greater in the non-photoreceptor layers ofthe retina. No specific [3H]retinoic acid binding
is found in corneal epithelium, although endothelium and the conjunctiva demonstrate
specific 2S binding. Such differences in retinol and retinoic acid binding may indicate
different roles for the two compounds in ocular tissues.

Vitamin A (retinol) has several functions in animal
tissues. Besides its well-known role in vision, retinol
is necessary for maintenance of spermatogenesis and
pregnancy (Thompson et al., 1964) and for general
growth and tissue development, especially in epithe-
lial cells (Fell, 1957). Retinoic acid, a normal metabo-
lite of retinol but one not stored in the body to any
great extent, can replace retinol in many of these
processes except those for vision and reproductive
function (Roberts & DeLuca, 1969).

Receptor macromolecules for retinoic acid have
been found in several rat tissues (Ong & Chytil, 1975)
and in the bovine retina (Futterman et al., 1976;
Saari & Futterman, 1976a,b). These receptors exhibit
high affinity and specificity for retinoic acid and
appear to be different from retinol receptors, which
are also present in many tissues. Since the tissues of
the eye (retina, cornea etc.) are dependent on vitamin
A for normal functioning, the present study was
carried out to (1) investigate the possible presence of
specific retinoic acid-binding species in several ocular
tissues, (2) determine some of their characteristics
and (3) compare the concentration of such binding
species under normal adult, developmental and
pathological conditions.

Materials and Methods

Tissues

Chicken and bovine tissues and serum were
obtained fresh frorn local slaughterhouses. Eggs were
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from Truslow Farms, Chestertown, MD, U.S.A.
Rhesus monkeys were normal adult animals from the
National Institutes of Health (N.I.H.) animal colony.
Human retinas were autopsy specimens from a 17-
year-old patient with acute lymphocytic leukaemia
and a 59-year-old retinitis-pigmentosa patient with
bronchogenic carcinoma (Bergsma et al., 1977).
Normal Sprague-Dawley rats were used; retinal-
dystrophic rats were of the Royal College of
Surgeons (R.C.S.) type maintained at N.I.H. Bovine
serum was from fresh clotted blood obtained from a

local slaughterhouse; purified bovine serum albumin
was from Sigma Chemical Co., St. Louis, MO,
U.S.A.

Pigment epithelium

Bovine pigment-epithelial cells were obtained in
the following manner. Cornea, vitreous humour and
retina were removed from the eye and a small amount
of Tris buffer (10 mM-Tris/HCl, pH 7.6, containing
1 mm-EDTA, lOmM-KCI, 1 m-dithiothreitol) was
poured into the remaining eye 'cup'. The pigment-
epithelial cells were gently teased off the underlying
choroid with a small camel's hair brush and concen-
trated by centrifugation before homogenization
(Wiggert et al., 1976). Addition of iso-osmotic (0.9%)
saline had no effect on the process. When appropriate
(see Fig. 3a below), the amount of buffer was kept
minimal and cells were directly homogenized in the
isolating buffer without washing. In all other cases,
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the intact pigment epithelium-choroid unit was used
after removal of the retina.

Cornea
Corneal epithelial and endothelial preparations

were made as previously described (Wiggert et al.,
1977a); bulbar conjunctiva was gently scraped from
the surface of the rinsed intact eye in a circle about
5mm from the limbus and processed in a manner
similar to corneal epithelium.

Retina fractionation
In these studies, the retinas were gently vortexed

(2000rev./min for 1 min) in a round-bottom centri-
fuge tube and centrifuged at 800g for 5min. The re-
sultant supernatant was removed from the pelleted
inner layers of the retina ('rod-depleted' pellet) and
centrifuged at 20000g to obtain the crude photo-
receptor fraction. The crude photoreceptor fraction,
which contains mainly rod-outer-segrnent material (B.
Wiggert, A. Mizukawa, T. Kuwabara & G. Chader,
unpublished work), and the outer-segment-poor
'rod-depleted' pellet were then individually homo-
genized and centrifuged at llOOOOg to obtain the
soluble supernatant fractions.

6-6
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Fig. 1. Sucrose-denwsity-gradientpatterns ofbovine serum
Serum (30mg/rml) with 20nm-[3H]retinoic acid alone
(- ~*) or in the presence of non-radioactively
labelled retinoic acid (20/im; o----o) or of non-
radioactively labelled retinol (20jum; A----A) was
incubated for 2h at 4°C in 10mm-Tris/HCI buffer,
pH7.6, containing I mm-EDTA, 10mm-KCI and
I mm-dithiothreitol. Ultracentrifugation was for 16h
at 243 000g. Duplicate centrifugation patterns were in
close agreement (±10YO).

Receptor studies
The 1100OOg supernatant fraction was prepared

by homogenizing the particular tissue or tissue frac-
tion in an all-glass homogenizer and centrifuging the
homogenate at 1 10000g for 60min (Wiggert &
Chader, 1975). Portions (0.25ml) of the supernatant
were incubated with appropriate amounts of radio-
actively labelled retinol or retinoic acid for 2h at 4°C.
[3H]Retinoic acid (sp. radioactivity 37Ci/mmol) was
a gift from Dr. W. E. Scott, Hoffman-La Roche
Inc., Nutley, NJ, U.S.A. [3H]Retinol (sp. radioacti-
vity 2.66Ci/mmol) was from New England Nuclear
Corp., Boston, MA, U.S.A. Non-radioactively
labelled compounds were from Sigma Chemical Co.
All operations involving the radioactively labelled
compounds were performed in the dark or in dim-red
light. Samples were each layered on a separate linear
sucrose gradient [4.6ml of 5-20% (w/v) sucrose in
Tris buffer] and centrifuged for 16h at 243000g.
Approx. 35 fractions were collected per centrifuge
tube, and radioactivity was determined with 15ml of
Aquasol (New England Nuclear Corp.). A280 was
determined after addition of0.75ml of water. Protein
concentration was deteimined by the method of
Lowry et al. (1951), with bovine serum albumin as
standard.

Results
Bovine serum readily bound [3H]retinoic acid

(Fig. 1). Neither non-radioactively labelled retinol

nor retinoic acid at a 1000-fold excess of concentra-
tion had any effect on the binding, indicating that a
large number of relatively non-specific binding sites
are available for retinoic acid interaction. The binding
peak had a sedimentation coefficient of 5S as does
bovine serum albumin. In separate experiments,
purified bovine serum albumin had identical binding
characteristics (results not shown).

In contrast, the binding in retinal cytosol had a
sedimentation coefficient of 2S (Figs. 2a and 2b).
Non-radioactively labelled retinol had little effect on
the binding of [3H]retinoic acid, whereas the radio-
actively labelled peak was abolished in the presence of
non-radioactively labelled retinoic acid. In Table 1(b),
[3H]retinoic acid binding in the retinal cytosol frac-
tions of several species are compared. A small 5S
peak or shoulder was also observed in some retinal
preparations (see Figs. 2a and 2b) and was increased
rather than diminished by the addition of non-radio-
actively labelled retinoic acid. It is likely that the 5 S
binding was due to serum albumin, since it sedimented
in a similar region ofthe gradient (Fig. 1). Moreover,
displacement of [3H]retinoic acid from a limited num-
ber of specific 2S binding sites would naturally lead
to increased uptake by lower-affinity, but higher-
capacity, 5S (albumin) binding sites.
No [3H]retinoic acid peak was observed in the

cytosol preparation of bovine pigment-epithelial
cells prepared by brushing the cells off the underlying
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Fig. 2. Sucrose-density-gradient patterns ofsupernatant fractions
(a) Bovine retina (11.2mg of protein/mi). (b) Rhesus monkey retina (6.0mg of protein/ml). (c) Bovine pigment
epithelium (1.1mg of protein/ml). (d) Rhesus monkey pigment epithelium-choroid unit (2.9mg of protein/ml).
Incubation was carried out with 20nM-[3H]retinoic acid alone ( 0) or in the presence of non-radioactively
labelled retinoic acid (20,UM; o----o) or non-radioactively labelled retinol (20ApM; A----A). Other conditions
were as in Fig. 1.

choroid and pelleting them in the Tris buffer before
homogenization (Fig. 2c and Table Ic). Since added
non-radioactively labelled retinoic acid slightly de-
creased [3H]retinoic acid binding in the 2S region
however, it seemed possible that some specific binding
was, in fact, present in this area. Moreover, specific
[3H]retinoic acid binding was readily apparent in the
cytosol fraction of the entire pigment epithelium-
choroid unit of the Rhesus monkey (Fig. 2d). In this
case, peaks of 5 S and 2S were observed with saturable
binding in the 2S region as demonstrated by competi-
tion with non-radioactively labelled retinoic acid.
Substantial 5 S binding was observed in most species
examined, although only small amounts are present
in human samples tested (Table ld). The 5 S binding
was not markedly affected by large amounts of non-
radioactively labelled retinoic acid, which was also
the case with serum albumin. Values for 2S binding
are difficult to determine accurately in some cases
owing to the presence of substantial and overlapping
5S binding. Values given are thus only approxima-
tions, but they are consistent and quite reproducible
(see standard deviation values given in Table 1). This
problem is not general and is only observed in a few
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pigment epithelium-choroid unit preparations. It
may be resolved in the future by refinement of the
gradient technique.
The binding values given in Table 1 were deter-

mined in experiments with 20nM-[3H]retinoic acid.
In some experiments, 10nM- or 4OnM-[3H]retinoic
acid was used; binding was linear with respect to
concentration in this concentration range. For ex-
ample, with bovine retina, values of 2.5, 1.2 and
0.64pmol bound/mg of protein were calculated at
concentrations of 40, 20 and lOnM-[3H]retinoic acid
respectively. Similar results were obtained with chick-
embryo retina, monkey retina, foetal bovine retina
and bovine corneal epithelium. The 2S values for
chick embryo pigment epithelium-choroid unit were
10.1, 4.8 and 2.7pmol bound/mg of protein for the
respective concentrations of [3H]retinoic acid. Thus
stoicheiometric binding of retinoic acid was observed
under the present conditions.
Even though no distinct retinoic acid binding was

observed in bovine pigment-epithelial cytosol pre-
pared by the conventional 'brushing' method (Fig.
2c), both 2S and 5S peaks were readily apparent if
the entire pigment epithelium-choroid unit was used
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Table 1. Tissue binding of [3fHfretinoic acid
Supernatant fractions were incubated for 2h at 4°C with 20nM-[3H]retinoic acid. Samples were subjected to sucrose-
density-gradient centrifugation [5-20%4 (w/v) sucrose] for 16h at 243000g. Values given are means±s.D. with each
experiment consisting of duplicate gradients, e.g. when n = 6, binding data from 12 separate gradients were averaged to
obtain the mean value. When only one experiment was performed (n = 1), the duplicate values are both given. Insome
experiments, low levels of 5 S binding were difficult to quantify adequately and are given as less than 0.1 pmol/mg of
protein (<0.1). * indicates that no significant binding activity was observ'ld under the present conditions. R.C.S. indi-
cates Royal College of Surgeons-type retinal dystrophic rats.

Tissue

(a) Serum
(b) Retina

(c) Pigment epithelium
(d) Pigment epithelium-choroid

(e) Pigment epithelium-choroid
Pigment epithelium
Choroid

(f) Retina
Pellet
Photoreceptors

(g) Cornea
Epithelium
Endothelium

Conjunctiva
(h) Retina+pigment epithelium-

choroid
Retina+ pigment epithelium-
choroid

Cerebrum
Cerebrum

Species

Cow

Cow
Monkey
Chicken
Human
Human (retinitis pigmentosa)
Chick embryo
Cow embryo
Cow

Monkey
Chicken
Human
Human (retinitis pigmentosa)
Chick embryo
Cow embryo
Cow

Cow

Cow

Rat (normal)

Rat (R.C.S.)

Rat (normal)
Rat (R.C.S.)

Bound [3H]retinoic acid
(pmol/mg of protein)

I_____^ I No. of
2S 5S experiments

1.2+0.1
2.6+ 0.3
2.7+0.1
2.4+0.2
2.9, 2.8
1.6+0.1
3.6+0.2

5.3, 6.0
6.4+ 0.6
4.6+0.2
6.8 + 0.2
4.8+0.4
2.6+0.1

1.5+0.3
8.2+0.3
0.9+0.2
1.2+0.1
1.9+0.1
1.1 +0.1

*

2.9+0.1
1.4+0.1

2.5 +0.2

3.1 +0.1

1.9+0.0
2.1+0.1

0.4+0.0
<0.1

*

<0.1
*

*

<0.1
*

*

2.9, 3.2
7.0+0.5

*

*

2.2+ 0.3
1.4+0.2

2.4+0.2
2.3 +0.3
1.6+0.2

<0.1
*

0.3 +0.0

0.5+0.0
*

0.4+0.0

4.2+0.5

3.5 +0.3

4.6+0.3
5.4+0.2

2

6
2
2
2
1
8
2

4

1
2
2
1
5
2

3
2
2

3
3
3

3
2
3

2

2

2
2

(Fig. 3a; Table le). When isolated pigment-epithelial
cells were homogenized in the buffer that was used
for isolation by 'brushing', substantial 2S binding
was observed (Fig. 3a). Choroid that had been some-
what depleted of adherent pigment-epithelial cells
in this manner showed a greater decrease in 2S than
5S binding.

It was also ofsome interest to see ifthe [3H]retinoic
acid receptor was localized in the rod-outer-segment
fraction of the retina (Fig. 3b; Table If). In this
experiment, retinas were gently vortexed to produce

a crude outer-segment suspension and a relatively
rod-poor or 'rod-depleted' pellet. No enhancement
of [3H]retinoic acid binding was observed in the
soluble proteins of the outer-segment fraction; rather
the specific activity of2S binding was somewhat lower
than either that seen with the whole retinal prepara-
tion or the rod-depleted pellet (Table lf). It is note-
worthy that [3H]retinoic acid binding to a broad
5-8S shoulder is accentuated in the outer-segment
fraction. This may be related to a 7-8S retinol-
receptor species that we have recently identified in
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Fig. 3. Sucrose-density-gradient patterns of supernatant
fractions

(a) Bovine pigment epithelium-choroid unit (7.0mg of
protein/ml) was incubated with [3H]retinoic acid
(-*.Bovine pigrnent-epithelial cells were

isolated and homogenized in the same buffer at con-
centrations of 0.8mg/ml; incubation was carried out
with [3H]retinoic acid alone (40n1m; A----A) or in
the presence of non-radioactively labelled retinoic
acid (20jUm; Oi---- E). Choroid (13.3mg of
protein/ml; o----o0) that was brushed free of much
of the pigmnent epithelium was used. (b) Bovine
retinal homogenate (I13.2mg of protein/ml;**)
Crude rod outer segmnents (I12.5mg of protein/ml;
A ---- A\). Rod-poor inner layers of retina (8.2mg of
protein/ml; o----o0). 20rm-[3H]retinoic acid was
present. Other conditions were as in Fig. 1.

outer segments (Bergsma et al., 1977) and that shows
some affinity for retinoic acid (Wiggert et al., 1977b).

Bovine corneal epithelial supernatant demons-
trated a single [3H]retinoic acid peak at 5S; no 2S
binding peak was observed (Fig. 4a; Table lg). The
addition of an excess of non-radioactively labelled
retinoic acid had no effect on 5S [3H]retinoic acid
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Fig. 4. Sucrose-density-gradient patterns of supernatant
fractions

(a) Bovine corneal epithelium (25mg of protein/ml).
(b) Bovine comeal endothelium (4.4mg of protein/
ml). Incubationwas with 2OnM-[3H]retinoicacidalone
(o-*) or in the presence of non-radioactively
labelled retinoic acid (204uM; o----o). Other con-
ditions were as in Fig. 1.

binding but an additional, apparently non-specific,
radioactively labelled peak appeared in the high-
molecular-weight area of the gradient (Fig. 4a). In
endothelial cytosol, only a 2S receptor peak was
observed which was abolished by excess ofnon-radio-
actively labelled retinoic acid (Fig. 4b). Bovine con-
junctival cytosol also contained 2S receptor macro-
molecules for both [3H]retinoic acid and [3H]retinol
(Fig. 5). A small 5 S peak of bound [3H]retinoic acid
(Fig. Sa) and [3H]retinol (Fig. Sb) was observed as
well, but binding in this region was not suppressed by
an excess of non-radioactively labelled vitamin. [3H]-
Retinol binding in the 2S region was greatly decreased
in the presence of non-radioactively labelled retinol
but not retinoic acid.
Embryonic tissues also exhibit [3H]retinoic acid

binding. Chick retina (Fig. 6a) and pigment epithe-
lium-choroid unit (Fig. 6b) cytosol preparations
exhibited specific 2S binding. Added excess of non-
radioactively labelled retinoic acid virtually abolished
the 2S peak but had less effect on 5 S binding. Similar
binding was observed in tissues of the foetal cow (Fig.
6c). As in the pigment-epithelium-choroid unit
cytosol preparations of adult animals, 5S binding
was observed in both foetal preparations. The A280
pattern of the foetal-cow retinal supernatant is given
in Fig. 6(c) to demonstrate that the2 S receptor peak is
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not simply due to a large peak ofprotein in that region
of the gradient.

In the supernatant fraction of the combined retina,
pigment epithelium and choroid of the normal adult
albino rat, 2S and 5 S binding species were observed;
an almost identical pattern was observed in a similar
preparation from the adult R.C.S. rat (Fig. 7a), where
photoreceptors are virtually absent. Some care was
taken in these experiments to match cytosol protein
in the normal and R.C.S. rats. Cerebral brain tissue
from the albino rat showed a considerably lower 2 S
but a higher 5S binding than in the retina (Fig. 7a).
Human retina obtained at autopsy from a patient
with advanced retinitis pigmentosa showed binding
of [3H]retinoic acid qualitatively and quantitatively
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Fig. 6. Sucrose-density-gradient patterns of supernatant
fractions ofembryo retinas

(a) Chick-embryo retina (10.8mg of protein/ml) was
incubated with 10nM-[3H]retinoic acid alone
(-0*) or in the presence of non-radioactively
labelled retinoic acid (20AM; O----O). (b) Chick-
embryo pigment epithelium-choroid unit (2.3mg of
protein/ml) was incubated with 10nM-[3H]retinoic
acid alone (- *) or in the presence of non-
radioactively labelled retinoic acid (20,uM; o----0).
(c) Bovine-embryo retina (4.4mg of protein/ml;
*-*) and pigment epithelium-choroid unit
(7.0mg of protein/ml; o----a) were incubated with
10nM-[3H]retinoic acid. A280 of retinal supernatant
was measured (A ---- A). Other conditions were as in
Fig. 1.

similar to that seen in normal human retina (Fig. 7b).
Likewise, the pattern of binding in pigment epithe-
lium-choroid supernatant from the retinitis pigmen-
tosa patient was similar to that observed in the normal
human tissues and as in retina, a somewhat higher
specific activity for binding was observed (Fig. 7c).
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Fig. 7. Sucrose-density-gradient patterns of supernatant
fractions

(a) Pigment epithelium-choroid unit from the retina
of the normal albino rat (4.7mg of protein/ml;
* *) and retinal dystrophic R.C.S. rat (4.0mg of
protein/mil; o----o), and normal rat brain (4.7mg
of protein/ml; A ----A) were incubated together in
the presence of 20nM-[3H]retinoic acid. (b) Normal
human retina (5.0mg of protein/ml; * *) and
retinitis pigmentosa retina (5.4mg of protein/ml;
o----o) were incubated with 10nM-[3H]retinoic
acid. (c) Normal human pigment epithelium-choroid
unit (3.1mg of protein/ml; *- *) and retinitis
pigmentosa pigment epithelium-choroid unit (2.0mg
of protein/ml; 0 ----o) were incubated with 10nM-
[3H]retinoic acid. Other conditions were as in Fig. 1.

Discussion

By the technique of sucrose-density-gradient ana-
lysis, only one specific [3H]retinoic acid-binding
species was observed in retinal cytosol as shown by
Saari & Futterman (1976a,b) using DEAE-cellulose
chromatography. This 'receptor' is small (2S) and
demonstrates both high specificity and low capacity
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for retinoic acid binding, with a limited number of
such binding sites available in the tissue. A high-
capacity 5 S component is also observed by sucrose-
density-gradient analysis; it is quantitatively small in
the retina but substantial in other tissues (as discussed
below), and is most probably due to the presence of
serum protein, i.e. albumin.
The 2 S retinoic acid receptor is separate and dis-

tinct from the 2S retinol receptor, as shown by
competition studies with non-radioactively labelled
retinol and retinoic acid. It has a different pattern of
distribution in the retina as well. Retinoic acid recep-
tor is present in both photoreceptor units and other
neural elements of the retina. This is in sharp con-
trast with [3H]retinol receptors, which appear to be
predominantly in photoreceptors (B. Wiggert,
A. Mizukawa, T. Kuwabara & G. Chader, unpub-
lished work). These conclusions are substantiated by
our studies on dystrophic retinas. The retinitis pig-
mentosa retina essentially lacks its outer segments
and is thus a model for a 'rodless' retina (Bergsma
et al., 1977). That the specific binding of [3H]retinoic
acid is similar in normal and dystrophic retinas sug-
gests that [3H]retinoic acid binding is rather similar
in the photoreceptor and the non-photoreceptor
regions of the retina. In contrast, the 7S [3H]retinol
receptor is virtually absent from the retinitis pigment-
osa retina (Bergsma et al., 1977). Similar conclusions
can be drawn from studies on the R.C.S. rat, which
also undergoes a degenerative loss of photoreceptor
elements; binding in the degenerative retina-pigment-
epithelial unit was somewhat greater than that seen
in the normal unit.

[3H]Retinoic acid binding in 12-day-old chick-
embryo retina and in the pigment epithelium-
choroid unit is lowerthaninthe adult chicken, whereas
binding in bovine-embryo tissues is higher than in
their adult counterparts. The significance of these
differences is not yet known, but may involve differ-
ing signals for tissue growth or differentiation during
development (Ong & Chytil, 1976).
The pigment epithelium-choroid unit exhibits a

high degree of binding, with both the specific satur-
able 2S binding and the apparently non-specific 5S
binding greater than their counterparts in retina
cytosol. High-specific-activity receptor binding is also
apparent in isolated pigment-epithelial cells, when
care is taken to retain the soluble proteins of the pig-
ment cell during the isolation process. The lack of
receptor in pigment-epithelial cells, isolated by the
usual method, is consistent with the assumption that
the small, soluble receptor is easily lost from the
fragile pigment cells during isolation. It is unlikely
that the [3H]retinoic acid binding observed in pigment
epithelial cytosol is due to contaminating rod outer
segments since 2 S binding is observed ingoodmeasure
in the retinitis pigmentosa pigment epithelium-
choroid unit sample, where the photoreceptors are

(a) OQ
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.5 ~,

0
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virtuallyabsent (Fig. 7c). Retinoicacidhasbeenimpli-
cated in inherited storage diseases (Wolfe et al., 1977).
It will be interesting to see if the high activity of reti-
noic acid receptor observed in the pigment epithe-
lium-choroid unit of the retinitis pigmentosa patient
can be correlated with the large amount of lipofucsin
present in the pigment epithelium (Bergsma et al.,
1977).

Retinol, retinoic acid and their derivatives are
potent agents for controlling cell function and dif-
ferentiation in many epithelial tissues (Sporn et al.,
1976). The lack of a specific 2S [3H]retinoic acid
receptor in corneal epithelium is somewhat surprising
therefore, and contrasts sharply with its presence in
corneal endothelium. The lack of2S [3H]retinoic acid
receptor is all the more striking since the receptor
species is found in good measure in conjunctiva, a
similar although non-transparent cell layer. As
shown in the present and previous studies (Wiggert
et al., 1977a), all three cell layers (epithelial, endo-
thelial and stromal) exhibit specific2S retinol binding.
The cornea is usually thought of as one 'tissue'; the
present data, as well as other work from our labora-
tory (Wiggert et al., 1977a), however, indicate the
possibility of significant differences in handling
vitamin A-type compounds in the different layers of
the cornea. Study of receptor differences in corneal
layers and in other tissues ofthe eye may thus contri-
bute to the elucidation of the mechanism of action of
retinol and its derivatives in maintaining normal func-
tion in ocular and other tissues.
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