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Abstract

Retinitis pigmentosa (RP) is a genetically heterogeneous retinal disorder. Despite the numerous 

genes associated with RP already identified, the genetic basis remains unknown in a substantial 

number of patients and families. In this study, we performed whole exome sequencing to 

investigate the molecular basis of a syndromic RP case which cannot be solved by mutations in 

known disease-causing genes. After applying a series of variant filtering strategies, we identified 

an apparently homozygous frameshift mutation, c.31delC (p.Q11Rfs*24) in the ADIPOR1 gene. 

The reported phenotypes of Adipor1-null mice contain retinal dystrophy, obesity and behavioral 

abnormalities, which highly mimic those in the syndromic RP patient. We further confirmed 

ADIPOR1 retina expression by immunohistochemistry. Our results established ADIPOR1 as a 

novel disease-causing gene for syndromic RP and highlight the importance of fatty acid transport 

in the retina.
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Docosahexaenoic acid (DHA, 22:6ω3), one of the omega-3 polyunsaturated fatty acid 

(PUFA) species, is an essential PUFA retained in the central nervous system (Bazan, et al., 

2011). In the retina, DHAs are highly enriched in the disc membranes of photoreceptor outer 

segments (OS) as a main component of phospholipids (SanGiovanni and Chew, 2005). 

DHAs are transported initially to retinal pigment epithelial (RPE) cells from the 

choriocapillaris. Then, through the interphotoreceptor matrix, DHAs are retained in the 

photoreceptor inner segments (IS), where they are acylated to phospholipids and transported 

to OS (SanGiovanni and Chew, 2005). Furthermore, a correlation between reduced DHA 

concentration and progressive retinal deterioration has long been noticed (Anderson, et al., 

1991; Hoffman and Birch, 1995). These observations suggest the potential importance of 

DHA for proper function of photoreceptor cells.

ADIPOR1 (MIM# 607945; RefSeq NM_015999.5) encodes a transmembrane protein whose 

role has been known mainly in glucose metabolism and various signaling transduction 

pathways (Bjursell, et al., 2007; Yamauchi, et al., 2007). However, a recent study revealed 

that ADIPOR1 localizes in both the photoreceptors and RPE to facilitate the uptake and 

retention of DHA in the retina (Rice, et al., 2015). Genetic ablation of Adipor1 in two 

independent mouse lines results in reduced DHA uptake, degeneration of photoreceptors/

RPE, and a compromised retinal function, highly mimicking the phenotype of human retinal 

degenerative diseases (Rice, et al., 2015). This study revealed the essential role of ADIPOR1 

in photoreceptor/RPE survival and suggested that mutations in human ADIPOR1 may lead 

to a retinal dystrophy.

Among the most common retinal dystrophies is retinitis pigmentosa (RP; MIM# 268000), 

with a prevalence from 1/7,000 to 1/3,000 (Ferrari, et al., 2011). RP has a highly complex 

genetic etiology, with at least 79 disease-causing genes identified to date (RetNet, the 

Retinal Information Network). However, only about 60% of RP cases and families can be 

explained by mutations in these known RP-causing genes, suggesting that novel loci are yet 

to be identified (Wang, et al., 2014). In this study, we identified an apparently homozygous 

frameshift ADIPOR1 mutation in a patient diagnosed with syndromic RP, providing the first 

link between ADIPOR1 deficiency and a human genetic disorder.

The subject in this study was diagnosed in Cullen Eye Center, Baylor College of Medicine, 

Houston, United States. Informed written consent was obtained from the patient through an 

active protocol approved by the Institutional Review Board for Human Subject Research. 

This study adhered to the tenets of Declaration of Helsinki. The subject is a 27-year-old 

male from India of South Asian descent born from a consanguineous marriage between first 

cousins (Table1, Figure 1A). He had been the first and only pregnancy of his then 19-year-

old mother and 21-year-old father. The patient's first ophthalmic examination occurred at age 

7 ¾ years. He presented with a compound myopic refractive error (-6.00 sph + 4.00 cyl × 

090 O.U.) and advanced pigmentary retinopathy at that time. By age 17 years, his visual 

acuity had dropped to 20/70 O.D. and 20/50 O.S. At age 27, his best corrected vision was 

about 20/200 O.U.. He had no functional visual field or peripheral vision. Bio-microscopy 

revealed early posterior cortical pre-capsular cataracts in each eye, considerable vitreous 

syneresis with strands, cells, and pigment, and the retinal examination showed diffuse 
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vascular attenuation, advanced waxy optic nerve pallor, and extensive pigmentary 

retinopathy in all four quadrants of each eye (Table 1).

In addition to the ocular phenotypes, the patient presented with a history of intellectual 

disability manifested in part by profound speech delay, speaking his first recognizable words 

at age 3½ years. He was noted to have a limited attention span, considerable developmental 

delay, and speech pathology that required special education. He was also noted to have flat 

feet and mostly truncal obesity (Table 1). Some of his clinical features simulate Bardet-Biedl 

Syndrome, but he has no polydactyly and no history of renal disease or other constitutional 

complications and is therefore diagnosed with syndromic RP. No other family history of 

developmental delay, obesity, retinal disease, or blindness was reported.

First we performed target capture sequencing to screen mutations in 226 known retinal 

disease-causing genes, including all genes associated with Bardet-Biedl syndrome (Supp. 

Table S1). More details on next-generation sequencing, data analysis and additional 

experiments were described in online supporting information (Supp. Table S2 and Supp. 

Methods). No causative mutation was identified, suggesting that the disease might be caused 

by mutations in a novel gene. Hence we performed WES and obtained the sequencing data 

with a mean coverage of 49× for exonic regions. More than 137,000 variants were called 

initially. Through a series of filtering and annotation procedures, 342 rare protein-altering 

variants remained. Among them, an apparently homozygous frameshift variant in ADIPOR1 
appeared to be the top candidate (Table 1) based on the pedigree and the phenotypic 

concordance with existing mouse models (Bjursell, et al., 2007; Rice, et al., 2015). In 

Adipor1-null mice, the retina thickness and photo-response show anomalies from 4 weeks of 

age (Rice, et al., 2015). Obesity and behavioral problems were also reported in Adipor1-null 

mice (Bjursell, et al., 2007). The ADIPOR1 frameshift variant, c.31delC (p.Q11Rfs*24), 

occurs at the first exon of this gene, thus likely resulting in complete loss of ADIPOR1 

function due to the abolishment of its transmembrane domains (Tanabe, et al., 2015). This 

variant is absent in control databases, suggesting it is extremely rare (Table 1). We 

performed Sanger sequencing and confirmed the homozygosity of this variant (Figure 1A). 

Since the frameshift occurs relatively early during protein translation, to exclude the 

possibility that protein translation may re-initiate downstream of the variant, we predicted 

the translation initiation sites (TIS) of ADIPOR1 mRNA using weakAUG (Tikole and 

Sankararamakrishnan, 2008) and Net Start 1.0 (Pedersen and Nielsen, 1997). The canonical 

TIS is the only one considered positive by both algorithms, strongly suggesting this variant 

as a null allele. This variant was submitted to Leiden open variation database (LOVD: http://

www.lovd.nl/ADIPOR1). We screened additional 308 RP patients which have not been 

solved by target capture sequencing. However, we did not identify any patient samples with 

biallelic ADIPOR1 mutations, suggesting that mutations in ADIPOR1 a rare cause of human 

syndromic retinal dystrophy.

Previous studies have detected ADIPOR1 expression in the RPE cells in human retina 

section (Lin, et al., 2013). Here, we performed ADIPOR1 immunostaining in adult albino 

mouse retina. The result showed ADIPOR1 expression in mouse RPE and photoreceptor 

cells (Figure 1B), consistent with the model that ADIPOR1 function in these two cell types 

(Rice, et al., 2015).
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Adipor1-null mice are grossly normal (Bjursell, et al., 2007; Yamauchi, et al., 2007) but 

recently reported to have retinal dystrophy phenotype (Rice, et al., 2015). Given the specific 

enrichment of DHA in photoreceptors (SanGiovanni and Chew, 2005), the reduction of 

DHA and dysregulated lipidome are likely to be the cause for compromised photoreceptor 

survival and function. Recently, the crystal structure of human ADIPOR1 was reported 

(Tanabe, et al., 2015). This may offer a mechanism on how ADIPOR1 facilitates the uptake 

and retention of DHA in the retina.

ADIPOR1 defects also probably lead to obesity in this patient due to its well-established 

role in glucose metabolism regulation (Bjursell, et al., 2007; Yamauchi, et al., 2007). The 

cognate ligand for ADIPOR1, adiponectin, is a metabolic hormone that increases insulin 

sensitivity and contributes to weight loss in mice (Fruebis, et al., 2001; Qi, et al., 2004; 

Yamauchi, et al., 2002; Yamauchi, et al., 2001). Adult male Adipor1-null mice show 

increased adiposity (Bjursell, et al., 2007). In addition, a negative correlation between 

ADIPOR1 adipose tissue mRNA level and body mass index has been observed in human 

individuals (Rasmussen, et al., 2006). These studies support our contention that a genetic 

defect in ADIPOR1 may underlie human obesity. Since the defect of adiponectin itself in 

mice does not show retinal abnormalities (Rice, et al., 2015), ADIPOR1 probably acts in 

adipose tissue and the retina with two independent functions.

Adipor1-null mice show decreased spontaneous locomotion and increased time spent in 

corner of cages (Bjursell, et al., 2007), which might be associated with neurological 

phenotypes in our patient, though it remains unknown whether ADIPOR1 plays an essential 

role in the brain. Due to the consanguineous origin of our subject, we cannot exclude the 

possibility that the genetic burden in other regions results in the phenotypes other than 

retinal dystrophy and obesity. Additional reports of patients with ADIPOR1 mutations will 

affirm the phenotypes with which ADIPOR1 truly associates.

In summary, by identifying a homozygous ADIPOR1 null allele in a syndromic RP patient, 

we established ADIPOR1 as a novel disease-causing gene for autosomal recessive 

syndromic RP. Our finding consolidates the notion that defects in the retinal lipidome can be 

a pathological mechanism for human retinal dystrophies. Future WES-based studies may 

identify more disease-causing genes related to retinal FA metabolism and transport. 

Importantly, therapeutic approaches for DHA delivery which detour through non-canonical 

paths might pave the way for the treatment of RP patients with ADIPOR1 mutations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Genetic findings in the syndromic RP patient and ADIPOR1 immunohistochemistry
A. A homozygous frameshift variant c.31delC (p.Q11Rfs*24) in ADIPOR1 (NM_015999.5) 

was identified and Sanger sequencing confirmed its identity. Nucleotide numbering uses +1 

as the A of the ATG translation initiation codon in the reference sequence, with the initiation 

codon as codon 1.

B. Immunohistochemistry showed ADIPOR1 expresses in photoreceptor and RPE cells. 

ONL, outer nuclear layer; OS, outer segments; IS, inner segments; OPL, outer plexiform 

layer; INL, inner nuclear layer. Scale bar, 20μm.
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Table 1

Clinical features of the syndromic RP patient and genetic evidence supporting ADIPOR1 as the disease-

causing gene.

Patient age, sex and ethnicity 27-year-old male; South Asian

Ocular phenotypes Extensive pigmentary retinopathy; tunnel vision; cataracts; advanced waxy optic 
nerve pallor

Neurological phenotypes Intellectual disability; speech delay

Other phenotypes Truncal obesity; flat feet

Number of known RD (including BBS) genes screened 226 (Supp. Table S1)

Control databases for variant frequency filtering ExAC; CHARGE consortium; NHLBI-ESP-6500; 1K Genome Project
(See Supplementary Material for details)

ADIPOR1 variant information NM_015999.5: c.31delC (p.Q11Rfs*24) (Homozygous)
Absent in control databases

AOH region covering the ADIPOR1 mutation Chr1: 202544307 – 204103714 (1.56 Mb)

RD, retinal disease; BBS, Bardet-Biedl syndrome; AOH, absence of heterozygosity. ExAC, exome aggregation consortium; CHARGE, Cohorts for 
Heart and Aging Research in Genomic Epidemiology; NHLBI-ESP, National Heart, Lung, and Blood Institute Grand Opportunities Exome 
Sequencing Project. Genome coordinates were based on human hg19 genome. Nucleotide numbering uses +1 as the A of the ATG translation 
initiation codon in the reference sequence, with the initiation codon as codon 1.
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