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The distribution of caveolin isoforms was previously

evaluated in the retinas of different species, but has not

yet been described in the primate retina. In this study, the

distribution of caveolins was assessed via immunochemistry

using isoform-specific antibodies in the retina of the black-

and-white ruffed lemur. Here, we report the presence of a

variety of caveolin isoforms in many layers of the lemur

retina. As normal human retinas were not available for

research and the retinas of primates are fairly similar to

those of humans, the lemur retina can be utilized as a

model for caveolin distribution in normal humans.
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Caveolins are integral membrane proteins which are

principal components of the omega-shaped plasma membrane

invaginations referred to as caveolae. Multiple forms of

caveolin have been identified thus far, and have been

designated caveolin-1, caveolin-2, and caveolin-3. These

variants differ with regard to specific properties and tissue

distribution. Caveolin-1 and caveolin-2 may originate from

a common ancestor, and are expressed most abundantly in

adipocytes, endothelial cells, fibroblasts, and smooth muscle

cells [7]. They have also been identified in neuronal cells

[2]. Caveolin-3 expression was previously believed to be

muscle-specific [7], although it has been shown to be

present in astroglial cells [6] and neurons of the vegetative

ganglions as well [5]. Scherer et al. [8] also previously

identified two caveolin isoforms within Caenorhabditis

elegans, demonstrating that caveolins are both structurally

and functionally conserved across species from worms to

humans. These data indicate that caveolins may play an

important evolutionary role. The distribution of caveolin

isoforms was studied previously in the retinas of different

species. As data regarding the primate retina had not yet

been compiled, we elected to study the retina of the black-

and-white ruffed lemur (Varecia variegata variegata).

The male lemur utilized in this study lived in captivity and

died naturally at the age of 11 (normally these animals live

for 19 years), without any eye diseases. Within a few hours

of the death of the lemur, the bulb was removed and

subsequently placed in a fixative (4% paraformaldehyde),

then incubated for 24 h at 4oC. The retina was carefully

detached from the posterior eyecup. The retinas were then

incubated overnight in 30% sucrose. Three samples were

obtained from the lemur retina following a radial plane, and

including the macular region, periphery, and ciliary body. 10

µm-thick radial sections were prepared on a Shandon

cryotome (Thermo Scientific, USA). The distribution of the

caveolins was determined via immunochemistry using

isoform-specific antibodies. The primary antibodies anti-

caveolin-1 (1 : 100, polyclonal rabbit IgG; BD Biosciences,

USA), anti-caveolin-2 (1 : 200, monoclonal mouse IgG; BD

Biosciences, USA), and anti-caveolin-3 (1 : 100, monoclonal

mouse IgG; BD Biosciences, USA) were diluted in 1% BSA

and incubated overnight at 4oC. In order to detect caveolin-1

and -3, anti-rabbit and anti-mouse Alexa Fluor 488

(Invitrogen, USA), respectively, were employed as secondary

antibodies. As caveolin-2 yielded a weak signal that was

difficult to detect, we utilized biotinylated anti-mouse, then

Streptavidin Alexa Fluor 488 (Invitrogen, USA), 1 : 100, in

an effort to amplify the signal. Even when this extra method

was used, caveolin-2 yielded the weakest signal among the

variants. In order to visualize the cytoskeleton, Alexa Fluor

594-labeled phalloidin (Invitrogen, USA) diluted to 1 : 100

was utilized to stain the F-actin. The slide was covered with

4,6-diamidino-2-phenylindole (Vectashield HardSet Mounting

Medium; Vector, USA). Control reactions were conducted

using rabbit and mouse normal serum with non-specific

primary antibodies, and the primary antibodies were omitted

in order to prevent non-specific binding. Fluorescent triple-

labeled specimens were inspected on a 2100 Multi Photon

Imaging System (Radiance, USA) coupled to an Eclipse

E800 microscope using a LaserSharp 2000 (Nikon, USA).

Adobe Photoshop 7.0 and Confocal Assistant were used for

primary image processing.

Caveolin-1: In the macular region, caveolin-1 was

detected in every layer. Among these layers, the density of
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immunolabeling evidenced only slight differences. Both the

outer and inner segments harbored caveolin-1. In the outer

and inner nuclear layers, caveolin-1 was localized within the

cell membranes. The ganglion layer and the outer and inner

plexiform layers diffusely expressed caveolin-1. In the

periphery, caveolin-1 was localized in the same layers, but at

lower densities. In the ciliary body, both layers harbored

caveolin-1. The immunoreactivity was weaker in the inner

layer (Fig. 1, Table 1).

Caveolin-2: The immunostaining of caveolin-2 differed

from that of caveolin-1. The lemur retina barely evidenced

any caveolin-2 signals. Weak immunoreactivity was detected

within the ganglion layer. The label was somewhat stronger

around the blood vessels, including the vessel cells and

blood cells. No signal was detected in the ciliary body

samples (Fig. 1, Table 1).

Caveolin-3: In the macular region and the periphery, the

immunostaining pattern of caveolin-3 was similar to that of

caveolin-1, but the density was significantly lower. Labeling

was detected only between the ganglion cell layer and the

inner limiting membrane. Immunostaining densities ranged

from low to moderate. Caveolin-3 was also detected within

the ciliary body (Fig. 1, Table 1).

A summary of immunostaining densities in the various

tissue samples is provided in Table 1.

Only a few reports have been published thus far regarding

Fig. 1. Immunocytochemistry analysis of caveolin-1, -2 and -3 in the lemur retina. Samples were obtained from different anatomical
sites of the retina following the radial plane from the central to the peripheral retina. Alexa Fluor 488 was used to detect caveolins
(green, arrows). The cytoskeleton and the nuclei were marked with Alexa Fluor 594 labelled phalloidin (red) and 4,6-diamidino-2-
phenylindole (blue), respectively. Merged images are shown. Caveolin-1 was observed in all layers with the same density among the
layers at the macular region and the periphery. At the ciliary body, caveolin-1 stained both layers. Hardly any caveolin-2 signals were
observed, and were detected only in the vascular cells of the central portion and the peripheral region. No signs were observed in the
ciliary body. Caveolin-3 was present in all layers. OS: outer segments, IS: inner segments, ONL: outer nuclear layer, OPL: outer
plexiform layer, INL: inner nuclear layer, IPL: inner plexiform layer, GL: ganglion layer, OL: outer layer, IL: inner layer, BV: blood
vessel, bar = 10 µm.
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the presence and distribution of caveolin in the retina.

Caveolin-1 has been detected within the outer plexiform

layer of the mouse retina at the synaptic ribbon in the

photoreceptor terminals [3]. In another study, caveolin-1

was detected in various layers of the rat retina, from the

inner plexiform layer to the outer limiting membrane. This

suggests that caveolin-1 is expressed in the Müller cells.

Using specific markers, it was verified that Müller cells do,

indeed, harbor caveolin [9]. Caveolin-1 was also detected in

pigment epithelial cells. Laser scanning confocal microscopic

analysis of intact retinal pigment epithelium showed that

caveolin-1 was localized in the apical and basal surfaces [1].

Kim et al. [4] have reported that, in the rat retina, caveolin-1

is present in most of the retinal layers. Caveolin-2 was

detected principally around the blood vessels, but it stained a

few other elements as well. Only central regions of the retina

were involved in this study. No examinations were

conducted regarding caveolin-3. In this study, we report on

the presence of a variety of caveolin isoforms in many layers

of the lemur retina; however, the distribution patterns proved

to be different among individual layers. Centro-peripheral

differences have also been detected. As caveolins are highly

conserved proteins, tissue specificity is probably similar in

closely related species. We surmise that the primate retina is

fairly similar to the human retina. As normal human retinas

are not available research, the lemur retina can be used as a

suitable model for studies of caveolin distribution in the

human retina.

In conclusion, caveolin isoforms appear to be inherent

components of the retinas of vertebrates. Despite their inter-

species differences, it is worth studying the distribution of

these proteins across the retinal layers, in order to determine

their possible functions. It has been proposed that members

of the caveolin family operate as scaffolding proteins. They

organize and concentrate lipids, lipid-modified signaling

molecules, and G proteins within the caveolae. Binding may

suppress or inhibit enzyme activity via the caveolin scaffolding

domain [7]. According to previous observations as well as

the results presented herein, caveolins tend to be localized

within a wide range of retinal cells in different species. They

appear to play an important role in the regulation of signal

transduction in the retina.

References

1. Bridges CC, El-Sherbeny A, Roon P, Ola MS, Kekuda R,

Ganapathy V, Camero RS, Cameron PL, Smith SB. A

comparison of caveolae and caveolin-1 to folate receptor

alpha in retina and retinal pigment epithelium. Histochem J

2001, 33, 149-158. 

2. Galbiati F, Volonte D, Gil O, Zanazzi G, Salzer JL,

Sargiacomo M, Scherer PE, Engelman JA, Schlegel A,

Parenti M, Okamoto T, Lisanti MP. Expression of

caveolin-1 and -2 in differentiating PC12 cells and dorsal

root ganglion neurons: caveolin-2 is up-regulated in response

to cell injury. Proc Natl Acad Sci USA 1998, 95, 10257-

10262. 

3. Kachi S, Yamazaki A, Usukura J. Localization of caveolin-

1 in photoreceptor synaptic ribbons. Invest Ophthalmol Vis

Sci 2001, 42, 850-852. 

4. Kim H, Lee T, Lee J, Ahn M, Moon C, Wie MB, Shin T.

Immunohistochemical study of caveolin-1 and -2 in the rat

retina. J Vet Sci 2006, 7, 101-104. 

5. Kiss AL, Turi A, Muller N, Kantor O, Botos E. Caveolae

and caveolin isoforms in rat peritoneal macrophages. Micron

2002, 33, 75-93. 

6. Nishiyama K, Trapp BD, Ikezu T, Ransohoff RM, Tomita

T, Iwatsubo T, Kanazawa I, Hsiao KK, Lisanti MP,

Okamoto T. Caveolin-3 upregulation activates beta-secretase-

mediated cleavage of the amyloid precursor protein in

Alzheimer’s disease. J Neurosci 1999, 19, 6538-6548. 

7. Okamoto T, Schlegel A, Scherer PE, Lisanti MP.

Caveolins, a family of scaffolding proteins for organizing

“preassembled signaling complexes” at the plasma membrane.

J Biol Chem 1998, 273, 5419-5422. 

8. Scherer PE, Lewis RY, Volonte D, Engelman JA, Galbiati

F, Couet J, Kohtz DS, van Donselaar E, Peters P, Lisanti

MP. Cell-type and tissue-specific expression of caveolin-2.

Caveolins 1 and 2 co-localize and form a stable hetero-

oligomeric complex in vivo. J Biol Chem 1997, 272, 29337-

29346. 

9. Ueda H. Caveolin-1 localization in Müller cells of the retina.

Acta Histochem Cytochem 2002, 35, 423-428.

Table 1. Summary of labeling density of caveolin-1, -2 and -3 in
different locations of the lemur retina*

Region Macular Periphery Ciliary body

Caveolin 1 2 3 1 2 3 1 2 3

OS† + - + + - +

+ - +
IS +++ - ++ ++ - ++

ONL +++ - ++ ++ - ++

OPL +++ - ++ ++ - ++

INL +++ - ++ ++ - ++

++ - +IPL +++ - ++ ++ - ++

GL +++ + ++ ++ + ++

*Densities were estimated in the main retinal layers (†abbreviations
same as Fig. 1) and at the ciliary body, in the outer (pigmented) layer and
the inner (non-pigmented) layer. Caveolin-1 was present in all retinal
layers. A center-to-peripheral gradient was observed: principally high
density in the central portion (macular region), moderate level in the
periphery, low and moderate in the ciliary body. Caveolin-2 was detected
only in the ganglion layer with low density. Note that the blood vessels
were also stained (Fig. 1). Caveolin-3 was present in every layer with
moderate density, with the exception of the ciliary body, in which it
evidenced low density. -, none; +, low; ++, moderate; +++, high.


