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Abstract

Albinism, typically characterized by decrease melanin synthesis, is associated with significant 

visual deficits owing to developmental changes during neurosensory retina development. All 

albinism is caused by genetic mutations in a group of diverse genes including enzymes, 

transporters, G-protein coupled receptor (GPCR). Interestingly, these genes are not expressed in 

the neurosensory retina. Further, regardless of cause of albinism, all forms of albinism have the 

same retinal pathology, the extent of which is variable. In this review, we explore the possibility 

that this similarity in retinal phenotype is because all forms of albinism funnel through the same 

final common pathway. There are currently 7 known genes linked to the 7 forms of ocular 

cutaneous albinism. These types of albinism are the most common, and result in changes to all 

pigmented tissues (hair, skin, eyes). We will discuss the incidence and mechanism, where known, 

to develop a picture as to how the mutations cause albinism. Next, we will examine the one form 

of albinism which causes tissue-specific pathology, ocular albinism, where the eye exhibits the 

retinal albinism phenotype despite near normal melanin synthesis. We will discuss a potential way 

to treat the disease and restore normal retinal development Finally, we will briefly discuss the 

possibility that this same pathway may intersect with the most common cause of permanent vision 

loss in the elderly.
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Melanogenesis and Albinism

Albinism is a group of several rare genetic diseases that affects approximately 1 in 20,000 

people, and is frequently but not always, accompanied by decreased melanin accumulation 

within melanocytes and retinal pigment epithelium cells (Jeffery, 1998; King & Summers, 

1988; William S. Oetting & King, 1999; R A Spritz & Hearing Jr., 1994; R A Sturm, Box, & 

Ramsay, 1998). More specifically, pigmentation of our hair, skin, and eyes is attributable to 

the deposition of melanin within a specific organelle called the melanosome or pigment 
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granule. The apparent darkness of a tissue relates to the number and density of 

melanosomes, and the amount of melanin deposited in the organelle.

The accumulation of melanosomes in a tissue is largely based on genotype, and in particular 

the melanocortin 1 gene (MCR1) (Rees, 2003; Richard A Sturm & Duffy, 2012). MCR1 

exhibits many polymorphisms and these small changes are responsible for much of the 

variation in pigmentation that occurs among humans. Melanosomes are complex organelles 

that are at least partially derived from the endosomal/lysosomal pathway. They begin as pre-

melanosomes (stage 1) and as they accumulate proteins they proceed through stages 2 and 3 

until they ultimately become mature stage 4 melanosomes (Marks & Seabra, 2001; M. V. 

Schiaffino, 2010; Setty et al., 2007). In melanocytes derived from neural crest cells, which 

function in cutaneous pigmentation (eg. skin and hair), mature melanosomes are typically 

released. In the retinal pigment epithelium (RPE), derived from neuroectoderm rather than 

neural crest, mature melanosomes are produced and retained (Boulton, Docchio, Dayhaw-

Barker, Ramponi, & Cubeddu, 1990; Sarna et al., 2003).

Several forms of albinism are caused by alterations in the melanosome maturation process. 

Genetic alterations that impact the synthesis of melanin, or melanosome biogenesis and 

trafficking, cause most forms of albinism. These mutations generally have a broad impact in 

all pigmented tissues. Genetic alterations that cause lysosomal storage defects, such as in 

Hermansky-Pudlak Syndrome (April & Barsh, 2006; Clark & Griffiths, 2003; Olkkonen & 

Ikonen, 2006; Setty et al., 2007; Shotelersuk & Gahl, 1998), Griscelli syndrome (Bahadoran 

et al., 2001; Chen, Samaraweera, Sun, Kreibich, & Orlow, 2002; Kasai et al., 2005; 

Manuscript, 2010), and Chediak-Higashi syndrome (Dell’Angelica, Mullins, Caplan, & 

Bonifacino, 2000; Holt, Gallo, & Griffiths, 2006; M. V. Schiaffino, 2010; Shiflett, Kaplan, & 

Ward, 2002) include albinism as part of a larger syndromic pathology.

Nontraditional ‘albinism’ phenotypes include examples where the migration of neural crest 

derived melanocytes fails (Waardenburg syndrome) (Saito et al., 2003; Shibahara et al., 

2001; Watanabe et al., 2002), or when melanocytes are destroyed as part of an autoimmune 

disease, such as occurs in vitiligo (Engelhard, Bullock, Colella, Sheasley, & Mullins, 2002; 

Silverberg, 2014; Richard A. Spritz, 2013). Another atypical cause of albinism includes 

defects in the gene encoding GPR143, which causes ocular albinism with phenotypic 

changes which primarily manifest in the eye, while other tissues are affected minimally, if at 

all (Oetting, Summers, & King, 1994; Rosenberg & Schwartz, 1998; Struck, 5). The ear also 

contains pigmented cells, and deafness can be associated with albinism, Waardenburg 

Syndrome for example, see (Beighton et al., 1991; Tak et al., 2004; Winship, Gericke, & 

Beighton, 1984).

Albinism is typically broken down according to the genetic change causing the disease. 

Ocular cutaneous albinism (OCA) has seven known genes associated with it, OCA 1-7, 

listed in table 1. OCA is inherited in an autosomal recessive manner, and due to founder 

effects, is not manifested evenly throughout the human population. Rather, isolated 

populations can vary dramatically in the form and incidence of OCA (Braathen & Ingstad, 

2006; Cruz-Inigo, Ladizinski, & Sethi, 2011; Hedrick, 2003; Hong, Zeeb, & Repacholi, 

2006; Lund, Maluleke, Gaigher, & Gaigher, 2007; Mártinez-García & Montoliu, 2013). 
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OCA to a varied extent affects all pigmented tissues, skin, hair, iris and retina. OCA1-7 are 

associated with defects in the ability to produce or accumulate melanin from tyrosine, as 

summarized in Figure 1. Thus, OCA affects all pigmented tissues because the enzymatic 

process is the same in all cells.

Dopaminergic neurons also produce L-DOPA from tyrosine, but use a separate enzymatic 

pathway (Figure 1.). A completely different form of albinism, ocular albinism type 1 

(OCA1) is caused in mutations GPR143 which is a G-protein coupled receptor (GPCR) 

(Oetting, 2002; Schiaffino et al., 1995). GPR143 is expressed in melanocytes and RPE but 

does not appear to directly affect the melanogenic pathway as loss of GPR143 signaling 

activity has little effect on melanin accumulation. The gene encoding GPR143 is on the X 

chromosome, so OA1 primarily affect males. Heterozygous females exhibit some mosaicism 

due to X linked chromosome inactivation (Lam et al., 1997).

Ocular Cutaneous Albinism (OCA)

OCA1 is caused by mutations in tyrosinase, the rate limiting enzyme of melanogenesis, 

Figure 1. Tyrosinase catalyzes several steps through which tyrosine is modified to L-DOPA, 

then L-DOPA is the substrate used to produce melanin. In this complex chemistry, L-DOPA 

is the reactive product, the substrate, and a co-factor regulating tyrosinase activity (Ramsden 

& Riley, 2014; Sánchez-Ferrer, Neptuno Rodríguez-López, García-Cánovas, & García-

Carmona, 1995). OCA1 is the most prevalent form of albinism world-wide, accounting for 

50% of OCA, but this is not uniform in all populations. OCA1 is estimated at approximately 

1 in 40,000 in the American population (Hutton & Spritz, 2008) provided we exclude those 

of African descent, in which OCA1 is very uncommon (Gronskov et al., 2007). In general, 

the level of residual activity of tyrosinase or melanin accumulation correlates with disease 

severity.

OCA2 is caused by mutations in the ‘p’ gene which encodes a 12-transmembrane spanning 

domain protein with homology to membrane transporters. One function of the ‘p’ protein 

relates to regulation of melanosome pH (M H Brilliant, 2001). Melanosomal pH is of 

importance because tyrosinase activity is pH dependent, as is tyrosinase binding of Cu, an 

important cofactor for the enzyme (Ramsden & Riley, 2014; Sánchez-Ferrer et al., 1995). 

Overall OCA2 accounts for 30% of OCA worldwide but as is common for OCA types, the 

incidence is not uniform. OCA2 is the most common form of OCA in Africans (Simeonov et 

al., 2013). The incidence of OCA2 in the southern part of Africa is as high as 1 in 3,900 

(Puri et al., 1997), and is approximately 1 in 10,000 for people of African descent living in 

America.

OCA3 is caused by mutations in the gene encoding tyrosinase-related protein (TYRP1). The 

function of TRP1 is in the biosynthesis of melanin from tyrosine, TRP1 catalyzes the 

oxidation of 5–6-dihydroxyindole-2-carboxylic acid (DHICA) to an indole that participates 

in the polymerization of melanin (Hearing & Tsukamoto, 1991; Ito, 2003), depicted in 

Figure 1. and it has an incidence rate of 1:8,500 in Africa (J. G R Kromberg et al., 2012; 

Manga, Kerr, Ramsay, & Kromberg, 2013). OCA3 has a less severe phenotype than other 

forms of OCA.
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OCA4 is caused by mutations in the Membrane Associated Transporter Protein (MATP) 

gene now known as SLC45A2. This gene encodes a protein with 12-transmembrane 

spanning domains and shares homology with a sugar transporter (Simeonov et al., 2013). 

OCA4 incidence world-wide is low, estimated at 1:100,000. However, OCA4 is much more 

common in the Japanese population where it accounts for 27% of OCA incidence (Suzuki & 

Tomita, 2008). The function of MATP is as a transporter protein in support of melanogenesis 

and is thought to regulate melanosomal pH. Interestingly however, is that both OCA2 and 

OCA4 are both caused by mutations in genes encoding 12-transmembrane spanning 

transport proteins. Further, both OCA2 and 4 are characterized by mistrafficking tyrosinase 

suggesting organelle biogenesis underlies both OCA2 and 4 (Costin, Valencia, Vieira, 

Lamoreux, & Hearing, 2003).

OCA5 has been linked to chromosome 4q24 in one family, further study is necessary to 

examine the mechanism of pathobiology but the incidence appears quite low (Montoliu et 

al., 2014).

OCA6 is linked to a mutation in a transporter protein, SLC24A5 which is likely to support 

melanin synthesis. SLC24A5 is also known as sodium/potassium/channel exchanger 5 and 

disruption of this gene causes a significant reduction in melanin synthesis (Montoliu et al., 

2014). Genetic variation in this gene is responsible for a significant portion of skin color 

variation in humans, especially comparing Europeans to Africans (Lamason, 2005). The 

incidence of OCA6 is very low.

OCA7 has been mapped to 4q24, the function of this gene remains unknown (Montoliu et 

al., 2014).

A remaining mystery regarding albinism is the missing genetic correlation between 

genotype and phenotype. For OCA, as a recessive genetic disease, patients should have two 

copies of the mutant gene based on clinical presentation. For example, if a patient has 

OCA1, they should have two copies of mutant tyrosinase genes. However, genetic analysis 

does not always show this. For example, genetic screening showed 25% of patients lacked 2 

mutations in the same OCA gene (Simeonov et al., 2013). Ideas to compensate for missing 

genetic heritability include missing OCA genes, promotor variants, or genetic interaction 

(Simeonov et al., 2013).

Albinism Pathobiology

Despite the fact that significant advances have been made regarding the genetics of albinism, 

and that we have increased knowledge with regard to how the genetic changes that cause 

OCA1-4 alter melanin accumulation, our understanding of how this reduction in melanin 

relates to the cardinal symptoms of albinism pathology remain limited. Loss of skin 

pigmentation is linked to an increased incidence of carcinoma (Murray H. Brilliant, 2015; 

Jennifer G.R. Kromberg, Castle, Zwane, & Jenkins, 1989; Lekalakala et al., 2015). This is 

frequently regarded as evidence that cutaneous pigmentation protects from sun damage. 

Sensitivity to sun damage, is not however, the main pathologic outcome in albinism, low 

vision is. Clinically, the cardinal symptom of those with albinism are visual problems that 
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occur from abnormal retinal development prior to birth, or during foveal development after 

birth (Summers, 1996, 2009). Albinism frequently causes low vision, with many exhibiting 

best corrected visual acuity as low as 20:400. The average best corrected visual acuity in 

those with albinism is about 20:100. These visual defects are variable but generally can be 

equated to the residual level of melanin accumulation, with the important exception of 

individuals with OA1.

Visual Deficits Common to All Forms of Albinism

1. Foveal hypoplasia

2. Nystagmus

3. Iris Transluminance

4. Reduction in the Uncrossed retinal projection.

5. Reduced photoreceptors and ganglion cells.

6. Strabismus

7. Photophobia

The albinism retinal phenotype is complex and recent advances in imaging techniques such 

as Spectral Domain Ocular Coherence Tomography and adaptive optics have illustrated a 

disconnect between anatomical features and measured visual acuity (McAllister et al., 2010; 

McCafferty et al., 2015; Provis, Dubis, Maddess, & Carroll, 2013). Features such as foveal 

pit development and photoreceptor numbers are not tightly linked to visual ability, in fact the 

foveal pit may add little to visual performance (Provis et al., 2013).

Ocular Albinism (OA1): RPE and its Pigmentation Contribute to Retinal 

Development, but How?

Mutations in GPR143 that cause OA1 yield all of the visual consequences of OCA, but do so 

with normal or near normal levels of melanin synthesis and accumulation (M. V. Schiaffino, 

2010). In cells lacking GPR143, the melanosomes are misshapen and become enlarged 

‘macromelanosomes’, but the melanin synthesis machinery is intact, expressed and 

functional. This important observation allows us to separate melanin accumulation and 

synthesis from the retinal development deficit that occurs as a consequence of albinism. It’s 

not the lack of melanin responsible for improper retinal development. OA1 is likely to be the 

cornerstone from which we understand the relationship between RPE pigmentation and 

vision. Ocular development fails in the absence of GPR143 signaling - despite normal or 

near normal pigmentation (M. V. Schiaffino, 2010). This suggests that GPR143 signaling 

activity underlies the ocular defects associated with albinism, because regardless of RPE 

pigmentation, loss of GPR143 yields the same result. Thus, we have a disease characterized 

by absent or reduced melanin accumulation (OCA), tied to a gene that does not participate in 

melanin synthesis (OA1), and a disease whose primary clinical problem occurs in neurons 

that never express genes involved.
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The RPE is the pigmented layer of the retina, and is the most likely tissue impacted directly 

by OCA and OA1, and RPE expresses all of the albinism causing genes. The RPE is a 

simple epithelial monolayer that functions in close support of the outer retina and is in tight 

physical association with the photoreceptor outer segments. The RPE is the first tissue to 

express the melanogenic genes in the embryo (Bharti, Nguyen, Skuntz, Bertuzzi, & 

Arnheiter, 2006; Surace, Angeletti, Ballabio, & Marigo, 2000), such that the RPE is the first 

pigmented tissue during development. This simplifies the situation greatly.

Natures Experiment

Observational data:

1. Albinism from any cause, be it an enzymatic dysfunction in melanin synthesis, a 

lysosomal storage defect, or loss of a GPCR not directly related to melanin 

synthesis, the retinal phenotype is the same, low vision due to developmental 

changes listed.

2. At the developmental stage the retinal deficits commence, the RPE is the only 

pigmented tissue in the embryo.

3. The retinal deficits that occur when GPR143 signaling activity is lost are the 

same as those in OCA, but the RPE accumulates melanin – so it’s not melanin.

4. The effect of albinism on retinal development must be paracrine from the RPE as 

the neurons in the retina do not express any of the albinism genes.

Interventional Data:

1. Genetic restoration of RPE pigmentation in albino animal models rescues retinal 

development (Gimenez et al., 2004).

2. Retinal development can be saved in albino animals when the RPE is made to 

express tyrosine hydroxylase which produces L-DOPA but not melanin, see 

Figure 1 (Lavado, Jeffery, Tovar, de la Villa, & Montoliu, 1999).

Conclusion

There is an intersection between RPE pigmentation and retinal development, but it’s not 

melanin.

Hypothesis

Pigmentation is upstream of GPR143 signaling activity, and anything that perturbs melanin 

production concomitantly reduces GPR143 signaling activity. GPR143 is the final common 

pathway of diverse forms of albinism.

GPR143

We discovered that the ligand for GPR143 is L-DOPA (Lopez, Decatur, Stamer, Lynch, & 

McKay, 2008), an intermediate compound produced during melanin synthesis (Figure 1). 

RPE make and release L-DOPA when they synthesize and accumulate melanin (Roffler-
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Tarlov, Liu, Naumova, Bernal-Ayala, & Mason, 2013). Tyrosinase reacts with tyrosine, 

creating L-DOPA, and then reacts with L-DOPA in subsequent steps to produce melanin 

(Figure 1). Albino animals that lack tyrosinase lack production of both L-DOPA and 

melanin. In contrast, tyrosine hydroxylase reacts with tyrosine creating L-DOPA, but then 

stops. Tyrosine hydroxylase does not produce melanin, only L-DOPA. Since tyrosine 

hydroxylase rescues albino retinal development in animals lacking tyrosinase (Lavado et al., 

1999), L-DOPA must be the key. The development of the albino retinal phenotype is 

associated with loss of L-DOPA, not melanin, and loss of the L-DOPA receptor results in the 

same phenotype as loss of L-DOPA. Thus, our view is that all forms of albinism have the 

same retinal defects because they lack GPR143 signaling, either the receptor is lost or the 

ligand is missing.

GPR143 binding to L-DOPA causes an immediate increase in intracellular calcium (Ca++
i). 

L-DOPA is an agonist for GPR143, signaling through the Gαq pathway, causing Ca++
I to 

increase. cAMP levels were measured and did not increase or decrease in response to 

GPR143 activation. We demonstrated this in native RPE expressing the endogenous receptor 

at normal levels, as well as in commonly used models to study GPCR pharmacology such as 

transfected COS and CHO cells overexpressing the receptor.

The related molecule dopamine, competes with L-DOPA for the same binding site in 

GPR143, but inactivates the receptor. Thus, dopamine functions as an antagonist of 

GPR143. Tyrosine, from which both L-DOPA and dopamine are derived (Figure 1), binds to 

GPR143 but with low affinity. Tyrosine at high concentrations, such as those found in 

normal culture media, for example DMEM with 400uM tyrosine, causes GPR143 

internalization. Normal serum levels of tyrosine are under 100uM for comparison (Geisler et 

al., 2015). It is likely therefore that excessive tyrosine in the culture medium underlies the 

mislocalization of GPR143 to the cytoplasm in some previous studies (M. V Schiaffino et 

al., 1999). Using eye cup preparations from human donor tissue, GPR143 is localized to the 

apical surface of the RPE in situ (Lopez et al., 2008). The plasma membrane localization of 

GPR143 in RPE makes GPR143 similar to all other GPCRs studied to date, which comprise 

the largest family of cell surface receptors. High concentrations of tyrosine present in typical 

culture media may either activate the receptor or compete with agonists, which is why 

custom low tyrosine medium is recommended to study GPR143 activity. Our data illustrate 

GPR143 signaling is directly linked to the melanin synthesis machinery in an autocrine loop 

(depicted in Figure 2), despite GPR143 not actually participating in melanin synthesis 

(Gross, 2008).

The question remains, how does a gene and pathway expressed by the RPE shape retinal 

development? Since the genes responsible for albinism are not expressed in the retinal 

neurons, the effect from RPE to the retina must be paracrine.

Several studies have investigated the contribution of L-DOPA to retina development 

(Donatien & Jeffery, 2002; Eisenhofer et al., 2003; Esteve & Jeffery, 1998; Kralj-Hans, 

Tibber, Jeffery, & Mobbs, 2006; Rachel et al., 2002) including the rescue of normal retinal 

development in albino animals by RPE expression of tyrosine hydroxylase (Lavado et al., 

1999). All of these studies were conducted prior to discovery of a L-DOPA receptor in the 
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RPE, GPR143. To that end we investigated downstream effectors controlled by GPR143 

signaling in response to L-DOPA with the potential to alter retinal development.

Pigment epithelial derived factor (PEDF) is a very potent neurotrophic factor originally 

discovered as the protein released by pigmented fetal human RPE that fostered neuron 

survival (Jablonski, Tombran-Tink, Mrazek, & Iannaccone, 2000; Steele, Chader, Johnson, 

& Tombran-Tink, 1993; Tombran-Tink, Shivaram, Chader, Johnson, & Bok, 1995). Since 

the original discovery, multiple studies have shown that PEDF is a potent neurotrophic 

factor, but also that PEDF strongly inhibits angiogenesis. PEDF is a noncatalytic member of 

the SERPIN family of proteins, and pigmented RPE secrete abundant levels of the protein 

(Tombran-Tink et al., 1995). Using pigmented fetal human RPE cultures that express 

endogenous GPR143 we demonstrated that GPR143 signaling activity regulates RPE PEDF 

secretion (Falk et al., 2012; Lopez et al., 2008). One significant difficulty in studying 

endogenous GPR143 is that its expression is driven by the same transcription factor as 

tyrosinase, MITF-m (M. V. Schiaffino, 2010). Thus, any cell making GPR143 is also making 

tyrosinase, the source of its ligand, creating an active autocrine loop. Experimentally, the 

advantage is that we can see which cells are expressing GPR143, because they’re brown. 

However, this also means we have an active autocrine loop, and the cells are making and 

responding to the ligand. To short circuit this loop, we use phenylthiourea (PTU) which 

inhibits tyrosinase by covalently inactivating the enzyme. Treating pigmented RPE with 

PTU drastically reduces their PEDF secretion, and this can be restored with exogenous L-

DOPA (Lopez et al., 2008). Together, L-DOPA is the ligand for GPR143, and GPR143 

signaling controls the downstream RPE secretion of PEDF.

GPR143 signaling in RPE also controls of release of apical exosomes (Locke et al., 2014). 

Exosomes are small extracellular vesicles, 40–150nM in diameter, produced and 

accumulated in the multivesicular body (MVB), for review (Pant, Hilton, & Burczynski, 

2012). Exosomes are released from cells when the MVB fuses with the plasma membrane. 

Exosomes are thought to function in inter-tissue communication as they carry mRNA, 

miRNA, proteins, and bioactive lipids. RPE are known to release both apical and basal 

exosomes (Biasutto, Chiechi, Couch, Liotta, & Espina, 2013; Kannan, Sreekumar, & Hinton, 

2012; Locke et al., 2014; Sreekumar et al., 2010; Wang et al., 2009a, 2009b). Apical 

exosomes have the capacity to function as carriers from the RPE to the retina. Using human 

eyes cups from donor eyes we demonstrated that, first, RPE are constitutively releasing a 

large quantity of exosomes, and second, L-DOPA treatment of the RPE immediately halts 

exosome release. Others have suggested that GPR143 plays a role in endosomal trafficking 

(M. V. Schiaffino, 2010; Shen, Samaraweera, Rosenberg, & Orlow, 2001), and suggested the 

presence of macromelanosomes in OA1 indicate a function in melanosome biogenesis. The 

observation that L-DOPA causes an immediate change in exosome release provides further 

evidence that GPR143 functions at some point in endosomal trafficking.

How might halting exosome release change retinal development though? It is possible that 

exosomes are part of a communication pathway from RPE to the retina, but at this point we 

do not have enough information. We know from our analysis of over 30 sets of human donor 

eyes, we reproducibly found 3 populations of exosomes based on size characteristics (Locke 

et al., 2014). They are likely to represent ‘RPE specific’ exosomes, but what information 
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they carry and how the retina responds to them is unknown. It must also be noted that our 

study in human eyes only used aged donor tissue, with most of our donors being over 75 

years old. We have no data from the developing eye and retina, which may differ. A distinct 

possibility is that the constitutive release of exosomes from aged RPE tissue represents a 

symptom of the overloaded lysosomal/endosomal system in aged RPE, not reflective of 

developmental RPE biology.

In Figure 3, we summarize our findings regarding GPR143 signaling activity in response to 

L-DOPA. GPR143 upregulates RPE secretion of PEDF while down regulating VEGF. Both 

of these activities are likely to have significant implications for retinal development, and 

may serve as a point of RPE control over both retina and choroid development. GPR143 

signaling also has an immediate effect on apical exosome release using in situ human RPE. 

Our eye cup model does not allow for collection of basal RPE exosomes. There is 

insufficient information currently to suggest how this GPR143 activity may alter retinal 

development, but the activity was robust, and reproduced in every eye cup studied. The 

observation strongly supports the data suggesting GPR143 signaling regulates endosomal 

trafficking.

A clinical trial was developed to determine whether L-DOPA could correct or treat the visual 

deficits in those with albinism (Summers et al., 2014). 45 people were tested in a prospective 

randomized clinical trial to determine whether L-DOPA was safe and increased visual acuity 

in those with albinism. Results demonstrated L-DOPA was safe but produced no change in 

visual acuity at 20 weeks. However, the retinal deficit encountered in albinism are 

developmental in nature, and the study participants ranged in age from 3.5–57.8 years of 

age, with a mean age of 14.5 years old. The data illustrated that this strategy to combat 

albinism visual deficits is safe, but may need to be conducted on primarily very young 

patients, or perhaps followed longer. This study could be redesigned and is still the best hope 

for helping children with albinism.

GPR143 Role in the Aging Retina

GPR143 signaling may play a role in retinal disease long past embryogenesis. The most 

common cause of irreversible blindness is Age-related Macular Degeneration (AMD). 

Unlike albinism discussed above, this is not a rare disorder. Rather, AMD affects greater 

than 30% of individuals over the age of 75 (Klein et al., 2011). The incidence of AMD has a 

very strong racial bias (Figure 4) suggesting that basal pigmentation may play a role in 

AMD susceptibility. Greater melanin production and accumulation appears protective from 

AMD development (Murray H. Brilliant et al., 2016; McKay & Schwartz, 2016).

Does GPR143 signaling and greater melanin protect from AMD? In normal ageing RPE, 

melanin content decreases and PEDF in the retina decreases (Sarna et al., 2003). 

Pigmentation is greatest in the macula, which loses 35% of its melanin during aging 

(Boulton & Dayhaw-Barker, 2001; Sarna et al., 2003). Importantly, the region with severe 

development defects in albinism, the fovea, is at the center of the macula. Together, these 

observations suggest that GPR143 signaling may decrease with age, and perhaps contribute 

to the progression of AMD in the aging population.
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To investigate this, we used 3 separate medical record databases across the country, 

encompassing over 87,000,000 unique individuals, approximately 1/4th of the population of 

America. Our only manipulation of the data set was to limit our analysis to only those we 

could show had access to ophthalmology care, bringing the test population to 15,215,458. 

We asked the question, are individuals taking L-DOPA (primarily for movement disorders 

such as Parkinson’s Disease) protected from AMD? The answer was a resounding yes 

(Murray H. Brilliant et al., 2016).

Our data illustrate that those taking L-DOPA were significantly less likely to develop AMD, 

and if they do, the onset of the disease was significantly delayed. The level of L-DOPA in 

the blood stream of patients taking L-DOPA for movement disorders is sufficient to activate 

GPR143 (Pilling, Baker, Iversen, Iversen, & Robbins, 1975; Satoh, Kuzuu, Doi, Masaka, & 

Sakakibara, 2015) as we have previously used 1μM L-DOPA to activate the receptor (Lopez 

et al., 2008). GPR143 is the only L-DOPA receptor known, and L-DOPA has no disease 

modifying effect in Parkinson’s disease, it only provides symptomatic relief. Together, this 

suggests GPR143 activity may protect from AMD and could underlie the racial bias in AMD 

pathology. Note here, we do not propose GPR143 signaling activity or lack thereof as a 

cause of AMD. Rather, that increased GPR143 as related to melanin content of the RPE, 

may cause increased PEDF and decreased VEGF, both of which may protect from AMD. 

This protection would be linked to the basal pigmentation of the RPE and age of the 

individual. As RPE melanin decreases, reduced protection from GPR143 signaling activity is 

expected. Just as is the case for the racial incidence, all races get AMD, just that the 

incidence is notably much higher in the white population, as well as the aging population as 

RPE melanin is lost. This was a retrospective chart review, a big one, but caution is taken in 

our interpretation (Lopez et al., 2008; McKay & Schwartz, 2016). A double-blind, 

prospective clinical trial is warranted by these results.

Concluding Remarks

In summary, visual function, development, and retention are exquisitely linked to RPE 

pigmentation. The final common pathway appears to go through GPR143 signaling activity. 

In albinism, there is either a loss of the ligand, L-DOPA, or loss of the GPR143 receptor 

itself. During development, the only tissue pigmented when retina deficits occur is the RPE, 

allowing us to conclude that RPE melanin biogenesis is critical to visual system 

development. Regardless of the mutation or gene affected, anything that decreases GPR143 

signaling results in the same retinal deficits and low vision. With respect to the aging retina, 

we suggest that below some critical level, GPR143 signaling is insufficient to support aging 

retinal neurons. Importantly, augmentation of GPR143 signaling with supplemental L-

DOPA appears to forestall AMD development and reduces the likelihood of ever developing 

the disease. GPR143 signaling activity appears at the cornerstone of retinal health and 

development.

With regard to future directions, we have explored only two protein agents (PEDF and 

VEGF) for response from GPR143 activity, and one biological pathway, exosome 

communication. Future areas of exploration include, identification of the gene repertoire that 

responds to GPR143 signaling activity, and how GPR 143 signaling affects endosomal 
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trafficking. Since daily phagocytosis and degradation/recycling of photoreceptor outer 

segments is a primary role for RPE in support of the retina, understanding how GPR143 

interacts and perhaps controls that process is of upmost importance. How might the whole 

picture relate to development and preservation of retinal visual function? GPCRs are 

remarkable diverse receptors, with wide ranging control over complex biological systems. 

We are just at the beginning of investigating GPR143 signaling activity.
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Significance Statement

This review of the literature makes the novel case for a final common pathway for all 

forms of albinism, which is not currently established. We put together the evidence that 

such a common pathway does in fact, exist We provide a rational basis and mechanism 

for treating retinal defects associated with albinism. Finally, we broaden the discussion to 

include the most common form of irreversible blindness in the elderly where the 

pathways collide.
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Figure 1. 
Overview of Melanin synthesis compared to neuronal dopamine synthesis. Both L-DOPA 

and dopamine are derived from tyrosine, with an intermediate production of L-DOPA. In 

neurons, L-DOPA is decarboxylated to form dopamine. In RPE, L-DOPA is further reacted 

with tyrosinase to create an indole, which is then polymerized to form insoluble melanin
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Figure 2. 
RPE express the full complement of melanogenic proteins, including GPR143. This figure 

illustrates the autocrine loop created in the melanogenic system when the cells synthesize 

melanin, they release LDOPA as a byproduct, L-DOPA then activates GPR143, stimulating 

the secretion of PEDF.
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Figure 3. 
Activation of GPR143 controls several RPE activities that could contribute to retinal health 

and disease. L-DOPA activation of GPR143 upregulates RPE secretion of PEDF while 

simultaneously down regulating VEGF. GPR143 signaling halts apical exosome release, and 

could alter basal exosome release, which has not been tested.
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Figure 4. 
Data illustrates percentage of individuals with AMD segregated by Age and Race. Source: 

https://nei.nih.gov/eyedata/amd

McKay Page 22

J Neurosci Res. Author manuscript; available in PMC 2019 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://nei.nih.gov/eyedata/amd


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

McKay Page 23

Table 1

Current Albinism Genetics

Albinism type Protein Gene location Protein function Reference

OCA1 Tyrosinase 11q14.3 enzyme (W S Oetting, Fryer, Shriram, & King, 2003)

OCA2 ‘P’ gene 15q12-q13.1 transporter (M H Brilliant, 2001)

OCA3 TRP1 9p23 enzyme (Manga et al., 1997)

OCA4 MATP (SLC45A2) 5p13.2 transporter (Newton et al., 2001)

OCA5 4q24 (Kausar, Bhatti, Ali, Shaikh, & Ahmed, 2013)

OCA6 SLC24A5 15q21.1 transporter (Montoliu et al., 2014)

OCA7 LRMDA 10q22.2-q22.3 Leucine rich repeat

OA1 GPR143 Xp22.2 GPCR

For Albinism genetics review see (Montoliu et al., 2014)
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