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I. INTRODUCTION 

The term Retinitis Pigmentosa has been used to group a set of inherited 

diseases of the eye characterized by night blindness, loss of visual field and 

abnormal electroretinogram (Heckenlively, 1988). Anima,! models have played a 

vital role in the study of these diseases. A recently reported model, the 

C57BU6-mivitfmivit ·(vitiligo) mouse, has gained increasing attention. This 

mutant mouse was designated the vitiligo mouse because of the progressive 

depigmentation of its skin and fur and was originally used as a model in the 

study of the human skin depigmentation disease vitiligo (Lerner eta/., 1986). The 

genetic mutation in this mouse maps to the microphthalmia (mi) gene on 

chromosome 6 (Lamoreux eta/., 1992; Tang eta/., 1992) and codes for a basic

helix-loop-helix-leucine zipper tra~scription factor (Hodgkinson eta/., 1993; 

Hughes eta/., 1993). This defect is a single point mutation at base pair #793 

(Steingrimsson eta/., 1994) in which the nucleotide adenine replaces the normal 

guanine resulting in the coding of a neutrally charged amino acid, asparagine, at 

residue 222 as opposed to the normal negatively charged aspartic acid. The 

charge difference has been theorized to result in destabilization and altered 

function of the transcription factor because of the unpaired positively charged 

lysine at residue 225 (Steingrimsson eta/., 1994). 

In addition to the skin and fur depigmentation, the vitiligo mouse also 

possesses a slow progressive retinal degeneration (Smith, 1992). Other animal 

models, such as the rd mouse, RCS rat and Collie dog (Noell, 1958; Dowling and 

Sidman, 1962; Wolf et al., 1978), have been described as possessing retinal 

degenerations; however, these degenerations progress much more rapidly than 
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the vitiligo mouse. The slow onset of the vitiligo mous.~ retinal degeneration may 

be a useful model iri which to develop and test intervention ·strategies. The 

process of the vitiligo mouse retinal degeneration has been marked by many 
- ' 

morphological disruptions and biochemical abnormalities. 

At embryonic day 12 (E12) the retinal· pigment epithelium (RPE) appears 

abnormally multilayered dorsally and also contains regions of hyper and 

hypopigmentation (Sidman eta/., 1996). By postnatal day 12 (P12) the rod outer 

segments in the posterior region appeared short an~ malformed and regions of 

subretinal hemorrhage were noted (Nir el a/., 1995). The basal infoldings of the 

RPE also appeared abnormal at P12 in both the posterior and peripheral region~ 

(Nir eta/., 1995). 

The vitiligo mouse RPE possesses other abnormalities as well: By 3 weeks, 

the RPE microvilli in the optic nerve head region appear short or absent and lack 

melanosomes (Nir et al., 1995; Sidman eta/., 1996). Displaced microvilli appear 

laterally (Nir et al., 1995) and apical microvilli do not interdigitate correctly with 

the rod outer segments (Nir et al., 1995; Sidman et al., 1996). However, in the 

peripheral region, the RPE cells appear more normal (Nir eta/., 1995). 

Ultrastructural analysis of the rod outer segments in the optic nerve head region 

reveal malformations that dissipate along the posterior-peripheral axis such that 

rod outer segments in the periphery associate closely with the RPE (Nir et al., 

1995). 

By 1 month, rod outer segments begin to degenerate at the distal tips and 

retinal detachment becomes more noted (Smith, 1992; Sidman eta/., 1996). 

The ability of the vitiligo mouse RPE to phagocytose shed discs from the rod 

. outer segments is reduced by 50 % compared to the control mouse RPE (Smith 
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eta/., 1994a). Smith et al., 1994b, also noted an increased concentration of 

interphotoreceptor retinoid-binding -protein (IRBP) in the vitiligo mouse which was 

not accompanied by an increased concentration of IRBP mRNA. 

Between 6 to 8 weeks of age the concentration of the visual pigment 

rhodopsin begins to decrease in mutant mice and declines to approximately 10% 

of that in control mice by 46 weeks of age (Smith 1992). Also between 6 to 8 

weeks the vitiligo mouse begins to show reduced electroretinogram (ERG) b

wave amplitude with a continued reduction at least through 18 weeks (Smith and 

Hamasaki, 1994). This physiological indication of retinal deterioration correlates 

with morphometric analysis which has revealed that photoreceptor cell nuclei 

begin to diminish in the vitiligo retina at a rate of about 1 row per month (Smith, 

1992) in the posterior region. This degeneration proceeds in a posterior

peripheral gradient with loss in the periphery proceeding at a rate of about 1 row 

per 2-3 months (Smith, 1995). The loss of the photoreceptor cell nuclei is due to 

apoptosis as evident biochemically by the increased concentration of TRPM-
1 

2/clusterin mRNA, ultrastructurally by the appearance of condensed chromatin 

and by the detection of DNA fragments using a terminal dUTP nick end labeling 

(TUNEL) assay (Smith eta/., 1995). 

Between 2 to 3 months of age, the vitiligo mouse rod outer segments 

temporarily elongate and by 4 months the rod outer segments become extremely 

disrupted (Smith, 1992). This retinal degeneration continues until by 2 years of 

age virtually all of the photoreceptor cells have degenerated (Sidman eta/., 

1996). 

An increased concentration of retinyl palmitate, occurs in vitiligo mouse whole 

eyes at 4 weeks of age (Smith eta/., 1994b). By 6 weeks of age, the 
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accumulation of retinyl palmitate was·further localized to the RPE. Also at 6 

. weeks of age, levels of retinyl palmitate in the vitiligo mouse liver were elevated 

while the plasma concentration remained normal (Smith eta/., 1994b). Retinol, a 

potentially membranolytic retinoid (Biomhoff eta/., 1990; Meeks eta/., 1981) 

and the precursor to retinyl palmitate, was also shown to be elevated in the RPE 

at 6 weeks (Smith eta/., 1994b). It is not known when the accumulations of 

retinoids begin in the vitiligo mou~e RPE or whether these accumulations are 

due to altered enzymatic processes involved ·in retinoid metabolism. These 

question~ prompted analysis of retinoid metabolism in the vitiligo mouse eye. 

The· close ass.ociation of the RPE. to the rod outer segments is of vital 

importance (Fig. 1) for normal retinal fu.nction. It is this association that allows 

for the processing and storage of retinoids used in the visual cycle, exchange of 

nutrients and metabo~ite:s between the photoreceptors anq the choriocapillaris, 

and the phagocytosis of discs shed from the rod outer segments (reviewed by 

Berman, 1991 ). 

The RPE receives retinol from the circulation bound to retinol binding protein 

(RBP) (Fig. 2) (Heller, 1975; Bok and Heller, 1976; Chen and Heller, 1977). 

Upon absorption into the RPE, RBP is released and retinol becomes complexed 

to cellular retinol binding protein (CRBP) (Chytil and Ong, 1984). The CRBP

retinol complex delivers retinoids to the visual cycle which relies upon the 

photosensitive retinoid, 11-cis retinaldehyde (Wald, 1935). The first step in 

converting retinol to the visually active 11-cis retinaldehyde is an esterification of 

either 11-cis or all-trans retinol to the corresponding cis- or trans-retinyl ester. 

This esterification is primarily catalyzed by the enzyme Lecithin: Retinol Acyl 

Transferase (LRA T, Enzyme Commission Number 2.3.1.135) and the primary 
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Figure 1. Diagram of Retinal Pigment Epithelium and Photoreceptor Cell Layers 

showing the importance of the microvillous processes being closely associated 

with the rod outer segments. This close association aids in the flow of nutrients, 

metabolites and retinoids from the circulation through the retinal pigment 

epithelium to the photoreceptor cell and is also critical for the proper 

phagocytosis, by the retinal pigment epithelium, of discs shed from fhe rod outer 

segments. 
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Figure 2. Diagram of Retinoid Metabolism in the Visual Cycle depicting the 

major retinoid binding proteins and enzymes involved in the formation of the 

photosensitive retinoid, 11-cis retinaldehyde from all-trans retinol. (RPE= retirJal 

pigment epithelium, /PM= interphotoreceptor matrix, ROS= rod outer segment, 

RBP= retinol-binding protein,. CRBP= cellular retinol-binding protein, LRA T= 

lecithin: retinol acyl transferase, IRBP= interphotoreceptor retinol-binding 

protein). 
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product is retinyl palmitate (Saari and Bredberg, 1989). ·Retinyl palmitate is 

hydrolyzed/isomerized to 11-cis retinol (Bernstein eta/., 1987; Deigner eta/., 

1989) which is oxidized to 11-cis retinaldehyde by a specific pro S 

dehydrogenase (Law and Rando, 1988). This photosensitive retinoid is thought 

to be transported to the rod outer segments bound to yet another binding protein, 

interphotoreceptor retinol-binding protein (IRBP) (Lai eta/., 1982; Adler and 

Evans, 1985). 11-cis retinaldehyde becomes covalently linked with the protein 
. . - . . · . . . 

opsin to form the visua-l pigment rho.dopsin which is an. integral ·membrane 

protein of the· rod outer segment discs. Wh~n struck by photons of light, 11-cis 

retinaldehyde undergoes a configurational change to the trans-isomer and is 

released from the rhodopsin molecule. This,. coupled with the subsequent 

activation of the other proteins-·involved in the signal transduction cascade, 
:. I _ _'. 

causes a hyperpolarization of the photoreceptor cell which stimulates a visual 

signal that is eventually transmitted to the occipital cortex of the brain. At this 

point all-trans retinaldehyde is recycled. First, it reacts with a pro R 

dehydrogenase (Law and Rando, 1988) to form all-trans retinol which is then 

thought to be complexed to IRBP and transported back to the RPE (Lai eta/., 

1982; Adler and Evans, 1985) where it becomes available for esterification. 

As stated earlier, the vitiligo mouse eye accumulates retinyl palmitate. In vieyv 

of the above information about normal retinoid metabolism in the eye and the 

vitiligo mouse retinal abnormalities, several mechanisms of retinoid accumulation 

in the vitiligo mouse eye may be proposed. Dysfunctional enzymes may exist 

downstream of retinyl palmitate, such as the isomero/hydrolase or the 

dehydrogenases, and a buildup of retinyl palmitate would be expected. 

However, visual system retinoids, other than retinol and retinyl palmitate, appear 
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to be present in normal concentrations (Smith eta/., 1994b) thus suggesting that 

the visual system enzymes downstream of retinyl palmitate are normal. Another 

possibility is that retinol esterification to retinyl palmitate may be hyperactive 

resulting in an accumulation of excess retinyl palmitate. It was hypothesized that 

retinol and retinyl palmitate accumulated at a very early age in the RPE and that 

the accumulation of retinyl palmitate was due to hyperactive esterification 

mechanisms. To test these hypotheses, the first aim was to determine whether 

retinol and/or retinyl palmitate accumulate earlier than previously reported. The 

next aim was to measure and compare the esterification ability of affected and 

control mouse RPE tissue. Because of the many morphological and biochemical 

abnormalities present in this mutant mouse, it was further hypothesized that the 

vitiligo mutation would result in wide spread variations in protein expression in 

the RPE. The third aim of this study was to compare protein expression patterns 

in the vitiligo mouse RPE to that of controls. 
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II. MATERIALS AND METHODS 

A. Animal Model. The model for these experiments was the 

C57BL/6-mivilfmi~it mouse. These mice were the offspring of our colony of 

breeding pairs which were provided by Dr. Richard Sidman, New England 

Regional Primate Research Cen.ter, Southboro, MA, U.S.A. (funded by NEI grant 

EY 06859). Comparisons were made between vitiligo mutant and age matched 

wild-type C57BL/6 control mice. The control mice were obtained from Harlan 

. Sprague~Dawley, Indianapolis, IN, U.S.A. Animals were maintained in clear 

plastic cages and subjected to standard light cycles (12 h light and 12 h dark). 

Light levels averaged 12.9-16.1 lx: Room temperature was 23° C±1° C. Mice 

were fed a Harlan Teklad rodent diet (minimum crude protein, 20.0 %; minimum 

crude fat, 1 o.q %; maximum crude fibre, 2.0 %; vitamin A, 15.7 nmol/g). Care 

and use of the animals conformed to the·procedures set forth in the National 

. Research Council publication Guide for the Care and Use of Anima1s, 1996. The 

numbers and ages of all mice used are listed in Table 1. 

B. Retinoid Analysis. 

1. Methodology. ·se·cause of the photosensitivity· :of retinoids, these 

experiments were· conducted under dim .red l.ight using #92 Rattan filters .(Kodak) 

· and 15 watfb~lbs (General Electric) .. Mice· were dark adapted overnight. The 

next morning, the mice were killed by inhalation of C02. The corneas were slit 

with a #11 surgical bl.ade (Barg-Parker) and eyes· were gently pulled from the. 
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Table 1. Number of Mice Used In Each Experiment. For the retinoid analysis, 

RPE enriched tissue esterification of retinol to retinyl palmitate and the protein 

separation assays, affected and age matched control mice were used. For the 

liver microsome esterification of r~tinol to retinyl palmitate assay only vitiligo mice 

were used. This assay was intended to function as a positive control for the RPE 

enriched tissue esterification assay and not as a comparison between vitiligo and 

control mice. 



NUMBER OF MICE USED IN EACH EXPERIMENT 

Experiment Age (we~ks) #vitiligo mice # control mice #of assays Total Mice 
per assay per assay 

Retinoid Analysis 2 2 2 4 16 
4 2 2 4 16 
6 2 2 4 16 
8 2 2 3 12 

Liver Microsome 12 1 0 1 1 
Esterification 

RPE Enriched Tissue 9 15 15 2 60 
Esterification 3 15 15 1 30 

3 15 11 1 26 

TOTAL 177 
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mice using 'dissecting tweezers. The eyes were placed under a Zeiss 

stereomicroscope in 0.01 M PBS and the lens was gently removed. The neural 

retina was dissected free from the RPE/eye cup.and analyzed separately. 

Tissues were homogenized twice in 150 J.LI 0.01 M PBS and transferred to 15 ml 

Corex tubes. Five ml hexane, 1 ml ethanol and 1 ml millipore filtered H20 was 

added. After vortexing for one minute, the samples werE3 centrifuged at 480 x g 

for 10 minutes. The top, hexane phase was tran_sferred to a new 15 ml Corex 

tube. The lower phase was reextracted in 5 ml hexane, vortexed and 

centrifuged as before. After the two hexane phases were collected and 

combined, the samples were dried down under a gentle stream of N2, 

resuspended in 150 J.LI 100 o/o methanol (MeOH) and 100 J.LI of. this solution was 

injected into the HPLC. system (Millipore:. consisting of -2.Waters 50.f Pumps, a 

Waters 486 Tunable Absorbence Detector and a Waters System Interface 

Module). These samples were analyzed using reversed-phase HPLC with a 

Resolve C 18 5 J.Lm column, Waters Corp. The initial mobile phase was 

MeOH/H20 (9: 1, v/v.) at a flow rate· of 1 ml/min. ·At 10 minutes the mobile phase 

was changed to 100 % MeOH at a flow rate of 2 ml/min. Retinoids were 

detected at 325 nm. To verify the levels of retinoids, known concentrations of all

trans retinol and all-trans retinyl palmitate (Sigma, St. Louis, Mo.) were prepared 

and analyzed by HPLC. 

2. Analysis. Data acquisition .and peak are·a integration were determined 

using the Maxima 810 chromatography software package (Waters Corp.) .. From 

this information, retinoid concentrations were calculated as nmol/eye. Retinol 

and retinyl palmitate concentrations were calculated for RPE and neural retina 
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tissue from vitiligo and control mice at 2, 4, 6 and 8 weeks of age .. A multivariate 

analysis of variance was used to compare retinoid concentrations in vitiligo and 

control mice by age, group and tissue type followed by a univariate analysis of 

variance. A value of p<0.05 was considered significant. 

_C. Retinol Esterification to Retinyl Pa.lmitate. 

1. Methodology. 

a. RPE Enriched Tissue Isolation. Mice were killed by C02 and their 

eyes were removed quickly. The eyes were rinsed in cold Ca2+ free Hank's 

EDTA (CFHE), to remove extraneous debris, and then placed in a nine well dish 

also containing CFHE. Using a Zeiss stereomicroscope, the lens and neutal 

retina were dissected free from the eye cup. The cornea, optic nerve an.d 

muscle tissue were trimmed from the eye cup leaving the sclera, choroid and 

RPE. RPE cells were separated from the. re.maining eye cup following a modified 

procedure described by Wang et al., .;1993 .. ·.Briefly, the eyecups were rinsed 

twice in CFHE and were·in·cubated at r()om. temperature for 30 minute~jn CFHE. 

The RPE was-'carefully brushed awayJrom Bruch's membrane with a small 

medium bristle artist's brush. To verify the ·puri.ty of dissections, several eye 

cups were col.lec~ed for scanning electron microscopy (SEM) analysis as 

described below. RPE enriched tissue fro·ril 3o eyes was pooled for both vitiligo 

and control mouse samples. This tissue was suspended in 6.50 ·~I CFHE. For 

the esterification assay 530 j..tl was used. Samples were pipetted into 1.5 ml 

· eppendorf tubes, flash frozen in liquid nitrogen and stored at -7Q° C for two days. 

Prior to use, samples were thawed, sonicated and microcentrifuged at 13,800 x g 

for 60 minutes at 4° C to disrupt the cells and concentrate the tissue. 'The 



supernatant, containing debris, CFHE and a portion of the microsomal fraction 

was removed and the pellet was resuspended in 1 00 J.tl CFH E and assayed for 

esterification as described· below in paragraph e. 

16 

b. SEM Analysis of Tissue; To verify that RPE tissue was collected, 

eye cups selected randomly from mutant and control mice and were prepared for 

SEM. After collectio~, the eye cups were fixed in 1.5% glutaraldehyde and 

cacodylate buffer for three hours after which the samples were incubated in 

cacodylate buffer overnight. The eye oups were dehydrated in 50%, 70°/o, 80%, 

90% and 100% ethanol for 10 minutes each. The eye cups were critical point 

dried using a Samdri-790 Critical Point Dryer, mounted on a SEM viewing stage 

and gold plated using a Technics Hummer II Sputter Coater. SEM analysis was 

conducted using a Philips XL;.3Q FEG Scanning Electron Microscope. 

c. Quantification of Phospholipid Content. In studies of enzyme 

activity, it is customary to normalize the enzymatic activity to some .parameter 

suGh as protein concentration in the sample. In the analysis of these RPE 

samples, melanin pigment interfered with several colorometric assays to 

determi~e protein levels. Methods ,to remove melanin resulted in excess tissue 

loss so an alternative method to establish tissue quantity was used. Wet weight 

analysis of tissue samples was _also attempted, however, this was not feasible 

because the net tissue weight was less than that which could be measured 

accurately with available equipment. Therefore, enzymatic activity was 

calculated based on the concentration of phospholipids in the samples. The 

concentration of phospholipids was determined following the procedure· 
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described by Felch et al., 1957. Briefly, 100 f..ll of the samples obtained as 

described above in paragraph C. 1. a., were.brought to 200 f..ll with 0.15 M NaCI. 

3.8 ml of CHCI3-MeOH (2: 1 v/v) was added and the samples were vortexed 
• • ,· • ,T Jo ' 

thoroughly. An additional 0.8ml ofMeO.H was·added and th~ samples were 

vortexed. Samples were centrifuged ·for·5 minutes at 350 x g, transferred to new 

test tubes and 1.6 ml CHCI3 and 1.3 ml 0.15 M NaCI was added. The samples 

were vortexed and centrifuged for 3 minutes at 350 x g. The lower organic 

phase was collected and dried down using a Savant Speed Vac Plus SC 11 OA. 

Perchloric acid, 0.3 ml, was added to e~ch sample and the samples were ashed 

at 140° C overnight. 2.5 ml of distilled water, 350 f..ll of 2.5% ammonium 

molybdate and 350 f.! I of 10% ascorbic acid were added to the samples and 

vortexed immediately. Samples were heated at 50° C for 20 minutes and the 

optical density was read at 820 nm. Phosphate concentration was calculated 

based on a monobasic K phosphate standard (Fisher Scientific). 

d. Liver Microsome Preparation. As a positive control for the 

esterification assay, mouse liver microsome$ were prepared and analyzed for 

their ability to esterify retinol to retinyl palmitate. The microsome preparation 

was conducted per the method of Ong et al., 1988. Mice were killed with C02. 

The livers were removed and rinsed twice with cold KH2P04, 0.15 M, pH 7 .2. 

Livers were minced into small pieces with dissecting scissors and placed into 30 

ml dounce tissue grinders. 4 ml KH2P04 was ·added and the tissue was 

homogenized. The homogenate was transferred to a 15 rill Corex tube and 

centrifuged at 20,000 x g for 15 minutes at 4° C in a Sorvall RC-5 centrifuge 

using a SS-34 rotor. ·After, centrifugation, the floating fat was removeq and the 
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supernatant was transferred to a clean 15 ml Co rex tube. The pellet was 

rehomogenized in 2 volume KH2P04, transferred to the original 15 ml Corex tube 

and centrifuged at 20,000 x g, 4° C, for 15 minutes. The floating fat was 

removed and the supernatant .was combined with the original supernatant and 

placed in ultracentrifuge tubes. KH2P04 was added to bring the sample to 12.5 

ml to prevent the tube from collapsing. Samples were then ultracentrifuged at 

113,000 x g, 4°C, for 60 minutes using a Beckman L8-55 Ultracentrifuge with a 

SW-60 rotor. The supernatant was discarded and the pellet was resuspended in 

KH2P04 and ultracentrifuged as before~ The supernatant was discarded and the 

pellet was resuspended in 0.8 ml KH2P04 of which 0.6 ml was transferred to an 

eppendorf vial, quick.,frozen in liquid nitrogen and stored at -70°C for two days 

after which the esterification assay was conduct~d. The remaining 0.2 ml of the 

sample was analyzed for protein content using a Bio-Rad Protein Assay kit 

according to the method of Bradford, 1976. 

e. Esterification Assay. The esterification assay was conducted 

according to the method of Randolph et al., ·1991. Briefly, 20 J.!l of RPE enriched 

(or liver microsome) sample was suspended in 255 J.!l of 0.15 M KH2P04, pH 7.2 

and 15 J.!l of 20 mM (final concentration) bovine serum albumin (BSA). To this, 

10 J.!l OM SO-dispersed [3H]-retinol (DuPont NEN, 35.2 Ci/mmol) was added. The 

reaction mixture was incubated in a 37° C shaking water bath for 10 minutes at 

which time 1 ml cold ethanol was added to terminate the reaction. After 

terminating the reaction, 1 ml of dH20 and 4 ml of hexane were added. Samples 

were vortexed for 1 minute and centrifuged at 480 x g for 10 minutes. The top 

hexane phase was collected, then 1 ml dH20 and 4 ml hexane were added to the 
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remaining lower phase which was vortexed and centrifuged as before. The top 

hexane phase was collected and combined with the previous hexane phase. 

Samples were dried down under a gentle stream of N2 and resuspended in 125 

Jll methanol of which 90 J.LI of each sample was analyzed by HPLC. Fractions 

were collected from the HPLC at 1 minute increments and suspended in 

Budget-solve cocktail (Research Products International Corp.). The 

disintegrations per minute (DP.Ms) present iil each fraction were counted using a 

Beckman LS 6500 Multi-Purpose Scintillation Counter. Controls included: (1) 

boiling a fraction prior to the addition of [3H]-retinol, (2) not adding the tissue 

sample to one fraction and (3) not adding (SH]-retinol to another fraction. These 

controls were used to demonstrate background and inhibition of esterification 

activity. 

2. Analysis. The esterification activity was calculated from the amount of 

radioactivity present in the retinyl palmitate fraction as compared to the total 

concentration of (SH]-retinol detected by HPLC and counted by scintillation. The 

results from 9 week old vitiligo mouse samples were compared to age-matched 

control mouse samples and a student's t-test value of p.<0.05 was considered 

significant. 

D. 2-D (IEF/SDS-Page) Protein Analysis. 

1. Methodology. 

a. Tissue isolation was conducted as described in paragraph C.1.a; 

however, prior to storage at -70° C; the samples were microcentrifuged at 13,800 

x g for 15 minutes at 4° C. The supernatants were discarded and the pellets 



were flash frozen in liquid nitrogen. SEM analysis and quantification of 

phospholipid were conducted as described above in paragraphs C.1. b and c. 
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b. lsoelectric Focusing (IEF). IEF tube gels were prepared using 5.5 g 

urea, 1.33 ml acrylamide-bis 28.38:1.62 solution, 2 ml of 10% (w/v) NP 40, 1.97 

ml dH20, 500 J.!l of 40 °/o(w/v) ampholines (Pharmacia), 10 J..LI TEMED and 10 J.!l 

of 10 % (w/v) ammonium persulfate. IEF gel solution was loaded into clean gel 

tubes to the 10.5 em mark, layered with 20 J.!l dH20 and allowed to polymerize for 

8 hours. While IEF gels were polymerizing, the RPE enriched tissue samples 

were· removed from -70 oc and thawed. To these samples were added 3 J.!l of 

100 mM Tris, pH 8.0, 2.5 J..LI of 10 % SDS, 2.5 J..LI of 1.0 M OTT and 25 J..LI dH20. 

The samples were then sonicated gently using a Virtis 50 Sonicator at 20 °/o 

setting for 5 pulses of 1 second each. Samples were boiled at 95 o C for 3.5 

min, allowed to cool then 50 J.!l of dilution buffer was added (containing 9 M urea-

5.5 g, 8 o/o NP40- 0.8 g, 2 % ampholines-500 J..LI of40 °/o (w/v) solution, 40 mM 

DTT-62 mg, brought to 10 ml with dH20). After IEF gel polymerization, the dH20 

was removed from the top of the IEF gels. Two IEF tubes were loaded with 

vitiligo mouse samples prepared as indicated above. One tube was loaded with 

40 J.!l and the other was loaded with 30 J.!l. The same loading procedure was 

repeated for the control mouse samples. The cathode buffer consisted of 20 mM 

NaOH-0.8 g NaOH/Iiter dH20. The anode buffer consisted of 10 mM H3P04-0.68 

ml phosphoric acid (approximately 85 %)/liter dH20. IEF gels were run at 100 V 

for 15 minutes, 200 V for 15 minutes, 300 V for 15 minutes, 400 V for 16 hours 

and 800 V for 45 minutes. After IEF, the tube gels were removed and placed in 

25 ml/gel incubation buffer containing 10% glycerol-10 g, 2.3% (w/v) SDS-2.3 g, 
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40 mM DTT-62 mg, 12.5 ml stacking buffer (see SDS-Page section for contents), 

100 f.ll 0.1 % (w/v) (aq) bromophenol blue to 100 ml final volume dH20. Gels 

remained in incubation buffer on an orbital shaker for 45 minutes at slow 

oscillation. To determine the pH gradient established in the IEF gels, one gel 

was loaded with 5 f.ll Bio-Rad IEF Standard, pi range 4.45 (phycocyanin) to 9.6 

(cytochrome c). After IEF, the pH gel was cut into 0.5 em long pieces. Each 

piece was placed in a separate glass tube and 1 ml dH20 was added. These 

samples were allowed to incubate at room temperature for 2 hours then their pH 

was measured using a PHM 82 Standard pH Meter, Radiometer America. 

c. SDS-Page Separation. Upon completion of IEF gel incubation 

above, the gels were subjected to SDS page separation using a 12.5 % 

acrylamide-bis resolving gel containing 12.5 ml acrylamide-bis, 3.75 ml resolving 

buffer (containing 48 ml of 1 N HCI, 36.3 g TRIS base, to 100 ml dH20 final 

volume, pH 8.9), 300 f.ll of 10 % SDS, 15 J..LI TEMED, 150 f.ll of 2 % ammonium 

persulfate, to 30 ml dH20 final volume. The stacking gel (5 % acrylamide-bis) 

consisted of 5 ml acrylamide-bis, 3.75 ml stacking buffer (containing 5.7 g TRIS 

base~ 25.6 ml 1 M H3P04 to 100 ml dH20 final volume, pH 7.0), 300 J..LI of 10 % 

SDS, 15 J..LI TEMED, 180 J..LI 10 % ammonium persulfate to 30 ml dH20 final 

volume. IEF gels were layered on top of the stacking gel and sealed with a 

solution of warm agarose containing 1 o/o (w/v) agarose-1.0 g, 10% (w/v) 

glycerol-10 g, 2.3% (w/v) SDS-2.3 g, 12.5 ml stacking buffer-described above to 

1 00 ml dH20 final volume. The running buffer consisted of 12.6 g TRIS base, 

57.6 g glycine, 20 ml of 10% SDS to 2000 ml dH20 final volume, pH 8.8. SDS 

page gels were run at 0.007 amp/gel for 20 hours and were loaded with 8 f.ll of 



Sigma High Molecular We __ ight Standard Mixture (SDS-6H) providing a range of 

markers from 205 kD~.' Myosin, to 29 kDa, Carbonic Anhydrase .. 
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d. Staining. A total of 2 vitiligo and 2 control mouse SDS page gels 

.were obtained. SDS page gels were stained with 0.08% Coomassie Brilliant 

Blue 250-0.8 g, 10% (v/v) glacial' acetic acid-1 00 ml, 25o/o .(v/v) isopropanol-250 
. . . . . ' 

ml to 1.000 ml dH20 final volume. Serial dest.aining was conducted using 1 Oo/o 

acetic acid· and 25% isopropanol, 10% acetic acid and 10% isopropanol, and 

· finally 10% acetic acid solutions. After analysis, as described below, one vitiligo 

and one control gel were silver stained using a Bio-Rad Silver Stain Plus Kit per 

the manufacturer's instructions. 

e. Analysis. RPE entiched tissue samples were obtained from 8 week 

old vitiligo and age-matched control mice. Upon completion of 20 gel 

sep·aration, ·analysis of protein differences was.determined by placing the gels on 
. ' . 

a light box and visually mapping the location of each spot onto graph paper. 

Comparisons were made between the vitiligo mouse and· control mouse gels. 
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Ill. RESULTS 

A. Retinoid Analysis. 

During the course of this study, retinoids were extracted from the neural retina 

and the RPE from control and affected mice. The concentrations of retinol and 

retinyl palmitate were determined by reverse phase HPLC using vitiligo and 

control mice at 2, 4, 6 and 8 weeks of age. Figure 3 (A) depicts the 

concentrations of retinol obtained from the neural retina. Although the 

concentration of retinol increased with age, from 2 through 8 weeks, there was 

no significant difference noted between control and vitiligo mice. Figure 3 (B) 

depicts the levels of retinol extracted from the RPE. Smith eta/., 1994b had 

noted an increased concentration of retinol in the RPE of vitiligo mice at 6 weeks 

of age; however, the results of the present study did not reveal a significant 

difference. The concentration of retinol consistently appeared higher in the 

vitiligo mice at 4, 6 and 8 weeks; however, this difference was not statistically 

significant. 

Figure 4 (A) shows the concentrations of retinyl palmitate obtained from the 

neural retina. The trace amounts detected were not significantly different at any 

·age and most likely represented a slight contamination .of the neural retina with 

some RPE cells that occurred during tissue separation. Figure 4 (B) depicts the 

concentrations of retinyl palmitate obtained from the RPE. Smith eta/., 1994b, 

noted an elevation of retinyl palmitate at 6 Weeks of age in the RPE of vitiligo 

mice. In this study- a multivariate analysis of variance followed by a univariate 
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Figure 3. Bar Graphs of Retinol Concentrations in the Neural Retina and the 

Retinal Pigment Epithelium comparing vitiligo (unshaded boxes) to control 

(shaded boxes) at ages 2, 4, 6 and 8 wee~s. Each assay reflects data collected 

from four eyes. 4 assays were completed at 2, 4 and 6 weeks and 3 at 8 weeks. 

Error bars represent the standard error.· A) Comparisons of retinol concentration 

in the neural retina resulted in no significant differences at.a/1 ages examined. 

p=O. 976._ B) Comparisons of retinol concentration in the retinal pigment 

epithelium also resulted in no significant differences at all ages examined. 

p=0.214. 
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Figure 4. Bar Graphs of Retinyl Palmitate Concentrations in the Neural Retina 

and the Retinal Pigment Epithelium comparing vitiligo (unshaded boxes) to 

control (shaded boxes) at ages 2, 4, 6 and 8 weeks. Each assay reflects data 

collected from 4 eyes. 4 assays were completed at 2, 4 and 6 weeks and 3 at 8 

weeks. Error bars represent the standard error. A) Comparisons of retinyl 

palmitate concentrations in the neural retina resultf3d in only trace amounts and 

no significant differences at all" ages examined. p=O. 976. B) Comparisons of 

retinyl palmitate concentrations in the retinal pigment epithelium showed 

significant differences (marked by*) at all ages examined. p<0.001, F=20.389 

(Univariate Analysis of Variance). 
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analysis of variance revealed a significant difference in· the concentration of 

retinyl palmitate in the RPE at all ages examined. (p<0.001, F=20.389). 

B. Retinol Esterification to Retinyl Palmitate. 

Following the procedure outlined in the materials and methods section 

(paragraph II. C. 1. a.) eye cups were obtained from which an RPE enriched 

tissue sample could easily be harvested. Figure 5 (A) depicts a scanning 
- ,. . 
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electron photomicrograph of a 9 week old vitiligo. mouse· eye cup after gentle 

brushing with a small artist's brush. This figure shows that most of the RPE was 
. I 

removed leaving Bruch's Membrane virtually intact. This procedure resulted in 

minimal contamination of the RPE tissue with underlying choroid and sclera 

_ tissue. Figure 5 (B) shows an enlargement of the boxed area in (A). Again, a 

patch of RPE cells ~e~ained attached to Bruch's Membrane. _The region of 

choroid seen in the photomicrograph was a result of cutting the eye cup with 
. . 

dissecting scissors. This cutting of the eye cup allowed for easier removal of 

tissue during brushing. The inset of figure 5 (B) shows an enlargement of 

Bruch's Membrane immediately beside the region cut with dissecting scissors. 

Also seen is a single red plood cell and the underlying choroid. SEM analysis of 

both vitiligo and control mouse eye cups revealed identical results. 

To verify the effectiveness of the esterification assay, liver microsomes, which 

h~ve been shown to possess a high level of esterification activity, were prepared 

and assayed for their ability to esterify PH]-retinol to [3H]-retinyl palmitate. By 

subjecting liver microsomes to various reaction conditions, the reliability of the 

assay protocol for RPE tissue was ensured. Figure 6 depicts the results of liver 
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Figure 5. Scanning Electron Photomicrograph of a Vitiligo Mouse Eye Cup 

demonstrating that, by following the experimental procedures described under 

the methods and materials section, RPE enriched samples were obtained for the 

esterification and 2-D protein separation assays. A) A 9 week old vitiligo mouse 

eye cup seen at 28 X magnification s.~owing a few patches of remaining RPE 

cells and a largely intact Bruch's Membrane after gentle brushing with a small 

artists brush. B) An enlargement to 225 X magnification of the boxed area in (A) 

reveals a patch of RPE cells and an intact Bruch's Membrane. The region of 

choroid shown was a result of the eye cup- being cut with dissecting scissors 

which allowed the eye cup to lie flat during brushing. The inset, at 3628 X 

magnification reveals minimal disruption to Bruch's Membrane and the 

underlying choroid. Also seen is a single red blood cell. 
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Figure 6. Bar Graph of fH]-Retinol Esterification to fH]-Retinyl Palmitate in 

Liver Microsomes. As a positive control, liver microsome samples were prepared 

from a vitiligo mouse at 12 weeks of age and subjected to various reaction 

conditions. A)· The esterification reaction was allowed to proceed for 10 minutes 

in the presence of liver microsomes prior to terminating the reaction with cold 

EtOH.· B) 20 minute reaction. C) 30 minute reaction. D) Liver microsome 

sample was boiled for three minutes prior to being subjected to a 10 minute 

reaction demonstrating partial reduction in enzyme activity. E) No fH]-retinyl 

palmitate was produced when the reaction was attempted for 10 minutes without 

the add~tion of liver microsomes. F) Again, no fH]-relinyl palmitate was 

produced when the reaction was att~mpted for 10 minutes without the addition of 

fH]-retinol. 
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microsome esterification reactions. Under standard conditions (255 !J.I KH2P04, 

20 !J.I tissue sample, 15 !J.I BSA and 1 0 !J.I [3H]-retinol) the time dependence of the 

reaction was demonstrated in (A) 10 minute reaction, (B) 20 minute reaction and 

(C) 30 minute reaction. This verified that the reaction proceeded in a time 

dependent manner and was terminated with the addition of cold EtOH. By 

boiling the liver microsomes, as in (D), enzymatic activity was extremely reduced. 

When the reaction was attempted without the addition of liver microsomes, as in 

(E), esterification did not occur. When (3H]-retinol was omitted from the reaction, 

as in (F), no esterification activity was detected. 

After the esterification reactions were terminated, the samples were prepared 

for HPLC. Fractions were collected from the HPLC in 1 minute increments so 

that the amount of radioactivity present in each fraction could be determined. 

The number of DPMs present in each fraction were determined by scintillation 

counting. Figure 7 depicts the results of plotting the DPMs obtained from RPE 

tissue samples after having been subjected to various esterification reaction 

conditions. Graph (A) shows the DPMs counted from a vitiligo mouse sample 

under standard reaction conditions. Peak number 1 represents the radioactivity 

present in the retinol fraction which was detected by HPLC from 7 to 9 minutes. 

Peak 2 represents the radioactivity present in the retinyl palmitate fraction which 

was detected by HPLC from 22 to 23 minutes. Peak 3 was not detected by 

HPLC. Graph (B) shows the DPMs counted from a control sample under the 

same reaction conditions as the vitiligo sample in (A). Note the similar peak 

pattern. When the RPE tissue samples were boiled for 3 minutes prior to the 

reaction, as in graphs (C) vitiligo and (D) control, the DPM counts in the retinyl 
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Figure 7. Diagram of Disintegrations Per Minute Counts (DPMs) from HPLC 

Fractions. Fractions were collected at 1 minute increments. Unless otherwise 

specified, each assay contained 20 ~I RPE enriched tissue from 9 week old 

animals, 10 ~I fH]-retinol, 15 ~I BSA and the reaction was terminated after 10 

minutes. A) . Vitiligo mouse sample under standard conditions demonstrating 3 

major peaks: (1) Retinol was detected by HPLC from 7- 9 minutes after sample 

injection. This peak represents th.e DPMs present in the retinol fraction. (2) 

Retinyl Palmitate was detected by HPLC from 22 -23 minutes after sample 

injection. This peak represents the DPMs presentin the retinyl palmitate 

fraction. (3) This peak was not detected by HPLC. B) Control mouse sample 

under standard conditions showing similar profiles as described in (A). C) 

Vitiligo mouse sample boiled for 3 minutes prior to the esterification assay. Very 

little retinyl palmitate was detected. D) Control mouse sample boiled for 3 

minutes prior to the esterification assay. Again very little retinyl palmitate was 

detected. E and F) No enriched RPE tissue was added to this reaction 

demonstrating that no esterification occurred in the absence of the tissue 

samples. G) Vitiligo mouse sample assayed for esterification in the absence of 

fH]-retinol demonstrating that without the substrate, no. esterification occurred. 

H) Control mouse sample assayed for esterification in the absence of fH]-retinol 

also demonstrating that without the substrate, no esterification occurred. 
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palmitate fractions were extremely reduced. This demonstrated inhibition of 

enzyme activity when samples were boiled. In graphs (E) vitiligo and (F) control, 

the reactions were conducted in the absence of tissue samples. Note the 

absence of DPMs in the 22 and 23 minute fractions. This demonstrated that 

the esterification activity was present only when tissue samples were added. 

Graphs (G) vitiligo and (H) control depict the reaction results when PH]-retinol 

was omitted. As would be expected no radioactivity was detected and no 

esterification occurred without the addition of the enzymatic substrate. 

During HPLC analysis, retinol w~s not detected unless it was added in the 

form of PH]-retinol. Retinyl palmitate was detected in abundance even without 

the addition of [3H]-retinol. This was expected because retinol has been shown 

to be quickly metabolized and depleted in cultured cells (Flood eta/., 1983). The 

presence of endogenous retinyl palmitate complicated the calculation of 

esterification. However, because PH]-retinol was converted to PH]-retinyl 

palmitate in a 1 to 1 ratio, calculations were possible by directly comparing the 

ratio of the concentration of [3H]-retinoi/DPMs detected in fractions 7 - 9, to the 

ratio of the unknown concentration of [3H]-retinyl palmitate/DPMs detected in the 

22 - 23 minute fractions. Figure 8 depicts. the results of the esterification assays 

conducted with retinal pigment epithelium tissue samples. (A) Under standard 

conditions, in a 1 0 minute reaction, the vitiligo mouse tissue samples possessed 

only half the esterification activity of controls. This difference was significant 

(p<0.001, t=-44.529). When tissue samples were boiled prior to the assay, (B), 

enzyme activity was drastically reduced. In the absence of tissue samples, as in 

(C), esterification did not occur. When [3H]-retinol was omitted, as in (D), no 
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Figure B. Bar Graph of fH]-Retinol Esterification to fH]-Retinyl Palmitate in 

Retinal Pigment Epithelium Enriched Tissue. Unless otherwise specified, each· 

assay included 20 Jll RPE enriched tissue from 15 animals at 9 weeks of age, 10 

Jll fH]-retinol, 15 Jll BSA and the reaction was terminated after 10 minutes. A) 

Under standard conditions, the amount of fH]-retinol esterified to fH]-retinyl 

palmitate for unshaded, vitiligo mouse samples, was approximately half that of 

the shaded, control mouse samples. B) When samples were boiled for 3 

minutes prior to the assay, minimal esterification ability remained. C) When no 

RPE enriched tissue was added to the reaction mixture, no esterification 

occurred. D) When no fH]-retinol was added to the< reaction mixture, no 

esterification occurred. E) When the sclera/choroid tissue was assayed, after 

having brushed away the RPE, no esterification occurred. This experiment, A -

D was repeated twice. E was only conducted once. Statistical analysis using a 

. student's t-test revealed a significant difference (marked by *) in the ability of 

RPE enriched tissue from vitiligo mouse samples to esterify fH]-retinol to fH]

retinyl palmitate as compared to control mouse samples. p<O. 001, t=-44. 529. 
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esterification occurred. As an additional control, a sample of sclera/choroid 

tissue sample was obtained after brushing away the retinal pigment epithelium. 

This tissue sample was assayed for its esterification activity. Lane (E) shows 

that no esterification occurred with sclera/choroid tissue. 

C. 2-D (IEF/SDS Page) Protein Analysis. 
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Enriched RPE tissue was obtained in the same manner as that described for 

the esterification assay (paragraph II. C. 1. a.). These samples were subjected 

to IEF and then to SDS page separation as described in the materials and 

methods section (paragraphs 11. D. 1. b and c.). Two gels were obtained from 

vitiligo mouse samples and 2 from control mouse samples. Each gel separation 

represents enriched RPE tissue obtained from brushing 60 eyes. Figure 9 (A 

and B) shows the results from Coomassie stained control mouse and vitiligo 

mouse 2-D gels with i~oelectric points and molecular weight markers included. 

The 2 gels of control mouse RPE samples had identical staining as did the 2 gels 

of vitiligo mouse RPE samples. There were differences between gels from 

control mice (A) and mutant mice (B). The boxed areas represent the regions 

where differences were noted. 

Figure 10 (A and B) shows enlargements of the boxed areas in figure 9 (A) 

control. Figure 10 (C and D) shows enlargements of the boxed areas in the 

vitiligo gel shown in figure 9 (B). ·By comparing figure 10 (A to C), a faint spot 

appears at approximately pi 6.4, MW 205, in the vitiligo mou~e gel and does not 
I 

appear in the control mouse gel. By comparing figure 10 (B to D), a darker 

staining pattern appears· in the vitiligo mouse gel, at approximately pi 5.9, MW 

45, than that which appears on the control mouse gel. As mentioned in the 
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Figure 9. Two-Dimensional Gels of Retinal Pigment Epithelium Enriched Tissue. 

Both gels were stained with Coomassie Blue. Boxes indicate areas where 

differences were noted A) Control mouse gel. B) Vitiligo mouse gel. 
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Figure 10. Two-Dimensional Gel Enlargements of Boxed Areas in Fig. 9. A) 

Control mouse gel showing top box enlargement demonstrating the absence of a 

spot at pl-6.4, MW-205. B) Control mouse gel/ower box enlargement showing 

faint staining of the spot located at pl"'"5. 9, MW-45. C) Vitiligo mouse gel 

showing top box enlargement demonstrating the presence of a spot at pl-6. 4, 

MW-205. D) Vitiligo mouse gel/ower box enlargement showing relatively high 

staining of the spot located at pl-5. 9, MW-45. 
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materials and methods section, a second set of.gels (1 vitiligo mouse and 1 

control mouse) were destained and submitted to silver staining. This resulted in 

a severe amount of background staining and was unreliable in determining other 

potential protein differences. 



IV. DISCUSSION 

The present study was designed to extend the earlier studies of retinoid 

metabolism in the vitiligo mouse optic tissue. Previously, Smith eta/., 1994b, 
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· had noted an increase in the concentrations of retinol and retinyl palmitate in the 

RPE of affected mice at 6 weeks C?f age and had also noted an increase in the 

concentration of retinyl palmitate in whole eyes of affected mice at 4 weeks of 

age. The cause of these abnormal accumulations had not been identified. 

Because of the possible membranolytic effects of retinol (Biomhoff eta/., 1990; 

Meeks eta/., 1981) and the involvement of retinoids in cellular gene expression, 

it was important to further characterize the vitiligo mouse retinoid abnormalities. 

The first hypothesis of this study was that retinol and retinyl palmitate 

accumulate at an early age in the vitiligo mouse RPE. The first aim was to 

determine if these retinoids accumulate earlier than had previously been noted 

and whether these retinoids accumulate in the RPE and/or the neural retina. 

The second hypothesis was that the accumulation of retinyl palmitate in the 

vitiligo mouse RPE was due to hyperactive esterification mechanisms. The 

second aim was to measure, in vitro, the ability of mutant mouse RPE tissue to 

esterify retinol to retinyl palmitate as compared to control mous.e RPE. 

Many of the molecular mechanisms that underlie the vitiligo mouse retinal 

degeneration remain unclear. Therefore, it was further hypothesized that the 

vitiligo mutation would result in wide spread protein expression variations in the 

mutant RPE. To test this hypothesis, the third aim was developed. This aim was 



to compare protein expression patterns in the vitiligo mouse RPE to that of 

controls. 

A. Retinoid Analysis. 
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This study reports that the concentration of retinol in the neural retina appears 

to be similar between affected and control mice at all ages examined. Smith's 

observation of an increased concentration of retinol in the RPE of vitiligo mice at 

6 weeks of age (Smith e(a/.,.1994b) was n'ot noted in this study. No significant 

difference was found in retinol concentration in the vitiligo mouse RP.E at any of 

the ages_examined. Several explanations may exist for the differeri.:ces in this 

and Smith's findings. 

First, the lack of statistically significant alterations in retinol concentration 
' . - ' ' 

noted in this study m·ay reflect a ·naturally occurdng. variation in the time of onset 

of retinol accumulation. In all of the 11 assays conducted with 4 to 8 we.ek old 

mice, the concentrations of retinol in the vitiligo mouse RPE ~ere consistently 

higher than that of control mice. Also, with the exception of the control mouse 

data at 4 weeks (fig. 5 .8), the standard errors for the control mouse samples 

were strikingly consistent ranging from +I- 0.0011.to 0.0015 whereas that of the 

vitiligo samples increased by approximately 50 o/o every 2 weeks. This 

demonstrates that the vitiligo samples varied much more than controls. 

Other support that a natural variation may exist lies in the difference in the 

numbers of mice used in this and Smith's studies (Smith et al., 1994b). In this 

study, the data at each age group (2, 4 and 6 weeks) represents 8 mice 

obtained from 4 different litters (vitiligo and control). The data at 8 weeks of age 

represents 6 mice ·obtained_from 3 different litters (vitiligo and control). Smith'.s 
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observations were drawn using 6 mice at 6 weeks of age (vitiligo and control) 

(Smith eta/., 1994b) with no specific reference to numbers of litters used. The 

differences in numbers of mice used and a possible difference in number of 

litters sampled may introduce variability that would appear to suggest conflicting 

data. However, if a natural variation exists, both studies could be correct. Taken 

together, these 2 studies suggest that retinol may in fact accumulate; however, 

the age at which this occurs varies. 

Another possible explanation for the different results in thi~ and Smith's 

studies (Smith eta/., 1994b), could be the difference in experimental procedures. 

In this study the neural retina was separated from the RPE/eye cup under a 

dissecting microscope. This procedure took several minutes and may have 

allowed for some RPE cellular retinol to become metabolized. Smith's procedure 

(Smith eta/., 1994b) differed in that the neural retina was separated from the 

RPE/eye cup virtually instantaneously thereby minimizing the possibility of retinol 

depletion. The methods used'for extraction and HPLC analysis of the retinoids 

also differed. In this study retinoids were extracted using hexane and analyzed 

·using a Resolve C 18 5 1-lm column with a MeOH and H20 mobile phase. Smith's 

(Smith eta/., 1994b) protocol used 5 °/o dioxane in hexane to extract retinoids . 

which were analyzed by HPLC using a LiChrospher Si-60 5 1-lm column and a 

mobile phase of 5-10 °/o dioxane in hexane. These experimental differences 

·could explain the differences in the results. 

In agreement with Smith's observations (Smith eta/., 1994b), the 

concentration of retinyl palmitate in the neural retina of vitiligo mice was found to 

be minimal and not significant. The slight levels detected most likely were a 

result of minimal adherence of RPE tissue to the neural retina at the time of 
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dissection. In agreement with Smith's observation (Smith eta/., 1994b) of an 

increased concentration of retinyl palmitate in the RPE of 6 week old vitiligo 

mice, this study suggests that the concentration of retinyl palmitate in the RPE of 

vitiligo mice may begin as early as 2 weeks of age and continues through 4, 6 

and 8 weeks of age. 

Although the cause of this accumulation is still unknown, several mechanisms 

may be involved. First, retinoid metabolism downstream of retinyl palmitate may 

be decreased resulting in a backlog of retinyl palmitate. If this were true, a 

decrease in other retinoid concentrations would be expected. Smith eta/., 

1994b, reported that the other retinoids of the visual cycle, 11-cis and all-trans 

retinal, were present in normal concentrations in the vitiligo mouse. This 

suggests that visual cycle retinoid metabolism downstream of retinyl palmitate is 
I 

normal in the vitiligo mutant retina. However, the enzymatic processes involved 

in the esterification of retinol to retinyl palmitate may be altered. The 

consideration of this possibility led to the second aim. 

B. Retinol Esterification To Retinyl Palmitate. 

Once delivered to the RPE, retinol becomes complexed with CRBP and 

serves as the substrate for LRAT enzyme activity. This enzyme quickly converts 

retinol to the primary storage form of retinoid, retinyl palmitate. Because of the 

noted accumulati.on of retinyl palmitate it was hypothesized that the mechanisms 

responsible for the esterification of retine.l to retinyl palmitate in the vitiligo mouse 

RPE were overactive. To test this hypothesis, the esterification ability of RPE 

enriched tissue from 9 week old vitiligo mice was compared to that of 9 week old 

control mice. This age was chosen beca~se of the clear elevation of retinyl 



palmitate by this time. If esterification was altered, the expectation was that it 

would be clearly evident at 9 weeks. 

so 

Surprisingly, the ability of vitiligo mouse RPE enriched tissue to esterify retinol 

to retinyl palmitate was found to be only half that of control mice. It appears that 

the vitiligo mouse RPE could be attempting to slow the accumulation of retinyl 

palmitate. This may be due to a down regulation of esterification enzymes, such 

as LRAT, a down regulation of other enhancers of esterification, or an up 

regulation of inhibitors of esterification, such as apo-CRBP (Ong eta/., 1992). 

Although this study does not discount the possibility that overactive esterification 

processes may be involved in the accumulation of retinyl palmitate at earlier 

ages, it suggests that other possibilities may be more likely. Further evidence to 

support this is the fact that the concentration of retinyl palmitate in the vitiligo 

mouse RPE continues to increase until approximately 21 weeks of age and has 

been shown to remain elevated throughout 42 weeks of age (Smith eta/., 

1994b). 

A phospholipid analysis was used to normalize the esterification activity of 

vitiligo versus control mouse RPE because conventional protein analysis failed to 

yield reproducible results. This was due to the presence of the light scattering 

pigment, melanin, which interfered with spectrophotometric readings. The vitiligo 

mouse has been shown to possess abnormally shaped and multilayerd RPE 

cells as early as embryonic day 12 (Sidman eta/., 1996). The higher number of 

cells might be expected to result in a higher concentration of phospholipid in the 

vitiligo mouse RPE as compared to the control mouse RPE. If the vitiligo mouse 

RPE contained a higher content of phospholipid, any enzymatic comparison 

drawn based on phospholipid content would be expected to· appear reduced. 
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However, the vitiligo samples only showed a 10 °/o increase of phospholipid 

content over that of controls (Tab,le 2). Therefore, differences in total 

phospholipid content do not appear to explain the nearly halved ·enzyme activity . 

. The hypothesis that the accumulation of retinyl palmitat~ in the vitB~go mouse 

RPE was due to an ·increase in the esterification of retinol to retinyl palmi~ate did 

not appear to be correct. . 

C. 2-D (IEF/SDS-Page) Protein Analysis .. , 
' - . . 

Many of the molecular aspects of the ·vitiligo mouse retinc:il degeneration and 

retinoid accumulation are still unknown. It was further hypothesized that the 

vitiligo mutation would result in wide spread variations in protein expression in 

the affected mouse RPE as compared to the control mouse RPE. The third aim . 

of this study was to attempt to identify protein expression differences using 2-D 

separation of affected and control mouse RPE enriched tissue. RPE enriched 

tissue was used because of the technical difficulty in obtaining enough tissue to 

purify RPE cells. The data presented here reflects that obtained from 60 eyes 

each of vitiligo a·nd control mice at ·a weeks of age. As with the enzymatic 

analysis discussed above, comparrisons of tissue quantity .between mutant and 

control samples were based on phospholipid content. Table 2 shows that the 

vitiligo samples contained only 10% more phospholipid than control samples; 

therefore, tissue quantity differences can also be considered to be 10%. 

Although the vitiligo gels in this study appeared to stain slightly darker than the 

control gels, several differences were seen that did not appear to be due to 

relative staining differences. 
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Table 2. P04 Concentration of RPE Enriched Tissue Samples. Tissue collection 

was conducted as described in the materials and methods section for both the 

esterification and protein separation assays. (n=4). Results are± standard error. 
' . 

The- vitiligo mouse samples were not significantly different. from control mouse 

samples (t=1.207). 



P04 CONCENTRATION OF ENRICHED RPE TISSUE SAMPLES 

Mouse Type 

C57BU6 

nmoiPOieye 

8.36 ± 1.176 

7.54 ± 0.896 
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Of the 65 spots detected two possible protein differences were seen. The 

first difference was with a spot that was present in the vitiligo mouse samples at 

approximately pi 6.4, MW 205. Although this spot appeared very faintly on the 

vitiligo mouse gels, it was absent on the control mouse gels. The other difference 

was noted at approximately pi 5.9 and MW 45. This spot was present in both 

the vitiligo mouse samples and the control mouse samples; however, it stained 

more heavily in the vitiligo mouse gels. This suggests an increased expression 

in the vitiligo mouse RPE. 

A search of the literature on RPE protein separations has not revealed any 

proteins that could be identified as the pi 6.4, MW 205 protein. Because this 

protein appears to be expressed in the vitiligo mouse RPE and not in the control 

mouse RPE, it is possible that it may be a protein that is not normally expressed 

in the RPE or it may be a protein that is normally turned off by 8 weeks. The 

vitiligo mutation may contribute to this abnormal expression. 

Studies using cultured human RPE cells have revealed a protein located at 

approximate pi 5.6 to 5.9, MW 43 which has been identified as a-actin (Haley et 

a/., 1983; Haley eta/., 1984), a component of the cytoskeleton. In the present 

study, a similar spot located at approximate pi 5.9, MW 45 stains more heavily_in 

the vitiligo mouse RPE gels. This may suggest that a-actin is overexpressed in 

the vitiligo mouse RPE. The vitiligo mouse RPE has been shown to possess 

morphologically deformed microvillous processes (Nir eta/., 1995). These 

structures normally contain a high concentration of actin filaments. If the actin 

filaments are unable to properly polymerize in the vitiligo mouse RPE 

microvillous processes, a feedback mechanism may be acting which could result 

in the production of more actin. Several other proteins have been observed in 
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. ' 

this sarri.e pi arid MW range. B,y -actin; M.W 43 and an unidentified prot~in at 

MW 44 were also observed in. human RPE cultured cells (Haley eta/., 1984). All 

of these molecules serve as candidates for the protein identified in this study at 

pl-5.9, MW-45. Future analysis ·should include an ~ttempfat identifying this 

protein through the use ·of immunoblotting techniques. 

The possibility exists, however, that the two apparent protein differences 

described above may not actually be RPE proteins. They could be a result of 

extracellular matrix, rod outer segment or choroidal contamination obtained 

during the eye cup brushing procedure. The hypothesis that the vitiligo mutation 

would result in altered protein expression in the vitiligo mouse RPE as compared 

to the control mouse RPE appears to be correct. 
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V. SUMMARY 

In conclusion, this. study was designed to test.the hypotheses that retinol and 

retinyl palmitate acct.unulate at an ·early age in the vitiligo mo~~e RPE, that the 

accumu.lation of retinyl palmitate in the vitiligo mouse RPE was due to increased 

esterification of retinol to retinyl palmitate and that the vitiligo mutation results in 

wide spread variations in protein expression in the vitiligo mouse RPE. This 

study consisted of 3 aim~. Aim 1 was to determine whether retinol and/or retinyl. 

palmitate accumulate earlier than previously reported. This study did not note an 

accumulation of retinol in the RPE as was described earlier (Smith eta/., 1994b). 

The elevation of retinyl palmitate in the RPE of 6 week old vitiligo mice described 

pr~viously (Smith et al., 1994b) was confirmed here~ However, this data 

suggests that the accumulation may begin as early as 2 weeks. Aim 2 was· to 

measure and compare the ability of affected and control mouse RPE tissue to 

esterify retinol to retinyl palmitate. This study showed that, in vitro, 9 week old 

vitiligo mouse RPE enriched tissue possesses only half the ability to esterify 

retinol to retinyl palmitate as compared to 9 week old control mouse RPE 

enriched tissue. This suggests that increased esterification of retinol to retinyl 

palmitate does not occur in the vitiligo mouse RPE and therefore does not 

contribute to the increased concentration of retinyl palmitate noted in the vitiligo 

mouse RPE. The third aim was to compare protein expression patterns in the 

vitiligo mouse RPE at 8 weeks of age to that of age matched controls. Two 

possible protein differences were seen. An unidentified spot was observed in 

the vitiligo mouse RPE at pl-6.4, MW-205 which was not seen in the control 
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samples. The other spot difference was seen at pl-5.9, MW-45. This spot 

appeared to stain more. heavily in the vitiligo mouse RPE gels than in the control 

mouse gels and may be a form of the cytoskeletal protein actin. Future direction 

for this work could be to _examine mechanisms for retinyl palmitate accumulation 

other than elevated retinol esterification, and to expand the protein analysis of 

the vitiligo mouse RPE. 
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