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Abstract. Choroideremia is an X‑linked recessive chorioret-
inal degenerative disease that is characterized by progressive 
centripetal loss of the photoreceptor, retinal pigment epithe-
lium (RPE), and choriocapillaris layers. The CHM gene 
[choroideremia (Rab escort protein 1)] has been identified as 
the pathogenic gene in choroideremia. The aim of the present 
study was to describe the clinical and genetic characteristics 
of a family with choroideremia family. In the present study, 
a family with choroideremia presenting with serious chorio-
retinal atrophy and pigment proliferation, shallow anterior 
chambers, angle closure and high intraocular pressure (IOP) 
were recruited. The affected family members underwent 
a complete ophthalmologic examination. DNA samples 
obtained from the proband II:1 and the patient II:2 were 
used for targeted exome sequencing of the CHM gene. PCR 
amplification and Sanger sequencing were used to validate the 
variations exhibited in family members and controls. A novel 
frameshift mutation c.280delA (p.Thr94LeufsTer32), in CHM 
was identified in the male proband, the normal carrier I:2 and 
the phenotyped carrier II:2, which was absent in the normal 
individual II:3 as well as in 200 normal controls. Comparing 
the amino acid sequences of CHM between multiple species 
through Clustal Omega indicated conserved amino acids in 
these mutant sites. Additionally, an X‑chromosome inactiva-
tion (XCI) assay was performed in the female carriers in the 
family, in which DNA of the abnormal carrier II:2 and normal 
carrier I:2 showed a random XCI pattern. To conclude, the 
present findings strongly indicate that the c.280delA mutation 

is a disease‑causing mutation in our choroideremia pedigree 
with acute angle‑closure glaucoma.

Introduction

Choroideremia (OMIM: 303100) is an X‑linked recessive 
chorioretinal disorder characterized by progressive degen-
eration of photoreceptors, retinal pigment epithelium (RPE) 
and the choroid, with an estimated incidence estimated of 
1 in 50,000 to 1 in 100,000 in men (1). Affected hemizygous 
males usually develop progressive vision loss beginning with 
night blindness in the first or second decade of their lives, that 
progresses to reduced function of the peripheral visual fields, 
and eventually complete blindness later in life (1). Female 
carriers are often asymptomatic or experience mild symptoms 
due to X‑inactivation (2). However, occasional female carriers 
can also be fully affected by choroideremia (3).

The molecular basis of choroideremia involves mutation in 
the CHM gene (MIM: 300390) on chromosome Xq21.2. The 
CHM gene contains 15 exons spanning approximately 150 Kb 
of genomic DNA that encodes a ubiquitously expressed 
protein, Rab escort protein‑1 (REP‑1). Until recently, about 
300 pathogenic variations of the CHM gene have been identi-
fied in choroideremia patients (LOVD Retinal and Hearing 
Impairment Genetic Mutation Database; http://www.lovd.
nl/CHM), including small deletions, duplication, nonsense 
mutations, missense mutations, frameshifts, splice site 
defects, substitution in the promoter, retrotransposon inser-
tion, and deletion of the entire CHM gene (4‑6). REP‑1 is 
an essential component of the catalytic Rab geranyl‑geranyl 
transferase (GGTase) II complex, in which it is involved in 
post‑translational isoprenyl modification (7) and intracellular 
vesicular trafficking (8). REP‑1 loss‑of‑function mutations can 
be compensated by REP‑2 in most tissues; however, REP‑2 
exhibits less effective geranylgeranylation of Rab27 (9), which 
plays an important and unique role in regulating vesicular 
transport in RPE and choriocapillaris cells (10,11). Moreover, 
REP‑1 is particularly crucial for the physical function of RPE 
and photoreceptors (12,13).

In this study, we conducted a detailed clinical inves-
tigation and targeted exome sequencing in a Chinese 
choroideremia pedigree. A frameshift mutation c.280delA 
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(p.Thr94LeufsTer32) in CHM was detected in the male 
patients as well as a female carrier. This mutation was absent 
in the unaffected parents and 200 ethnicity‑matched healthy 
controls. Our findings indicate that this mutation might be an 
etiological factor of the current pedigree, thus expanding the 
genetic variation spectrum of choroideremia.

Subjects and methods

Subjects. A choroideremia pedigree from Hunan Province, 
China, consisting of five members (two males and three 
females) from two generations (Fig.  1) was recruited by 
the Second Xiangya Hospital, Central South University 
(Changsha, China). Ocular examinations, including a slit 
lamp examination, intraocular pressure (IOP) test, fundus 
photography (FP), best corrected visual acuity (BCVA) test, 
A/B‑scan ultrasonography, ultrasound biomicroscopy (UBM), 
optical coherence tomography (OCT), infrared reflectance 
(IR) imaging, fundus autofluorescence (FAF), and fundus fluo-
rescein angiography (FFA), were performed on these patients. 
A group of 200 unrelated normal controls who were ethnically 
matched with the patients were recruited mainly from the 
hospital and as additional volunteers. This study was approved 
by the Second Xiangya Hospital Ethics Committee. All of the 
pedigree members and controls gave their written informed 
consent complying with the Declaration of Helsinki principles 
(as revised in Brazil 2013).

Targeted exome sequencing. DNA samples obtained from 
the proband II:1 and the patient II:2 were used for targeted 
exome sequencing of the CHM gene. Library construc-
tion was performed with the custom NimbleGen SeqCap 
EZ System (Roche NimbleGen, Madison, WI, USA), and 
90‑cycles paired‑end sequencing was performed on Illumina 
HiSeq2500 Analyzers (Illumina, Inc., San Diego, CA, USA). 
Illumina Pipeline software (version 1.3.4) was used to perform 
base‑calling and the calculation of quality values for every 
base.

Reads were aligned to the human reference genome 
hg19 using Burrows‑Wheeler Aligner (BWA, http://bio‑bwa.
sourceforge.net/). Single nucleotide variation (SNV) and 
insertion and deletion (indel) identification was performed 
with SOAPsnp (http://soap.genomics.org.cn/soapsnp.
html) and SAMtools (http://samtools.sourceforge.net/). 
SNVs and indels with read depth ≥8X and Phred score 
quality ≥30 were reserved and annotated by Annotate 
Variation (ANNOVAR; http://annovar.openbioinformatics.
org/en/latest/user‑guide/download/). Multiple sequence align-
ment was conducted through Clustal Omega (https://www.
ebi.ac.uk/Tools/msa/clustalo/) to compare the amino acid 
sequences of CHM between multiple species.

Sanger sequencing. PCR amplification and Sanger sequencing 
were used to validate the presence of variation. The primer 
sequences used were as follows: Forward primer, 5'‑cat​gtt​tca​
cac​tgc​cca​ct‑3', and reverse primer, 5'‑aaa​ttc​gga​ggc​gtt​aag​gt‑3'. 
PCR was performed in a 10‑µl reaction mixture containing 
5 µl 2X TaKaRa Taq™ HS Perfect Mix (Takara Biotechnology 
Co., Ltd., Dalian, China), 30 ng of each primer, and 30 ng 
of genomic DNA. The amplification conditions consisted 

of denaturation at 94˚C for 30 sec, followed by 33 cycles of 
denaturation at 94˚C for 5 sec, annealing at 60˚C for 20 sec and 
extension at 72˚C for 20 sec. Final extension was performed 
at 72˚C for 7 min. Sanger sequencing was performed on ABI 
3730 DNA Analyzer (Thermo Fisher Scientific, Inc., Waltham, 
MA, USA).

X‑chromosome inactivation (XCI) assay. Human androgen 
receptor gene (NM_000044) and ZNF261 gene (DXS6673E) 
were chosen to perform XCI analysis on methylated HpaII 
and/or HhaI sites as described previously (14‑15). The primers 
sequences are as follows: NM_000044 forward primer, 5'‑GCT​
GTG​AAG​GTT​GCT​GTT​CCT​CAT‑3', and reverse primer, 
5'‑TCC​AGA​ATC​TGT​TCC​AGA​GCG​TGC‑3'; DXS6673E 
forward primer, 5'‑ATG​CTA​AGG​ACC​ATC​CAG​GA‑3', and 
reverse primer, 5'‑GGA​GTT​TTC​CTC​CCT​CAC​CA‑3'. The 
two forward primers were labeled with hexachlorofluorescein 
fluorescent dye. DNA (2 µg) was digested with 20 units of 
HpaII or HhaI, respectively. Reactions were performed in a 
25‑µl total volume including 2.5 µl 10X buffer. All incubations 
were performed for 12 h at 37˚C and then for 20 min at 65˚C. 
For the PCR reaction, 100 ng DNA was added to a 20‑µl PCR 
reaction mixture containing 0.1 µl ABI Gold Taqase (Applied 
Biosystems; Thermo Fisher Scientific, Inc.), 2 µl 10X PCR 
Buffer, 2 µl 25 mM MgCl2, 0.4 µl 10 mM dNTP, 1 µl forward 
primer, and 1 µl reverse primer. Samples were amplified using 
a Bio‑Rad T100 thermocycler (Bio-Rad Laboratories, Inc., 
Hercules, CA, USA) for 32 cycles (45 sec at 95˚C, 30 sec at 60˚C, 
and 30 sec at 72˚C), with initial denaturation at 95˚C for 5 min. 
The PCR products were separated by capillary electrophoresis 
on an ABI 3100 DNA analyzer (Applied Biosystems; Thermo 
Fisher Scientific, Inc.), and were analyzed with GeneMarker® 
HID software (SoftGenetics, LLC., State College, PA, USA; 
https://www.softgenetics.com/GeneMarkerHID.php).

Results

Clinical findings. In this family, the proband II:1 was a 
46‑year‑old man who reported having sudden ocular pain and 
decreased vision in his left eye for one day before he came 
to our hospital. He also complained of headache and nausea. 
The BCVA was hand motion in both eyes. The Goldmann 
IOP of the right eye was 16 mmHg and of the left eye was 

Figure 1. The choroideremia pedigree. Roman numerals refer to generations, 
and individuals within a generation are numbered from left to right. The 
proband was noted with an arrow; the filled symbol refers to the patients; 
the dot symbol refers to carriers; and the open symbol refers to unaffected 
individuals; wt, wildtype for CHM in the individual; mt, CHM c.280delA in 
the individual.
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42 mmHg. The slit‑lamp examination identified a shallow 
anterior chamber and peripheral chambers of <1/4 cornea 
thickness (CT) in both eyes, and conjunctival congestion and 
corneal edema in the left eye. The fundus examination results 
were indicated in Fig. 2. Fundus examination (Fig. 2A and B) 
identified a cup‑to‑disc ratio of 0.4 in the right eye and 0.8 in 
the left eye, pink optic nerves in both eyes, vessel narrowing 
in both eyes, dimming of the color and lustre of the macular 
in both eyes, severe chorioretinal atrophy with exposure 
of the sclera in both eyes, and pigment proliferation in the 
posterior polar and peripheral fundus in both eyes. The A‑scan 
showed that the axial lengths of the right and left eye were 

23.11 and 23.10 mm, respectively. The B‑scan showed vitreous 
opacity in both eyes. UBM of the right eye showed that the 
anterior chamber depth (ACD) was shallow (Fig. 3A), and also 
that the anterior chamber angles were narrow at the superior 

Figure 4. Fundus autofluorescence image demonstrating areas of residual 
retinal pigment epithelium (RPE) and the corresponding optical coherence 
tomography image of the proband II:1: (A) left eye and (B) right eye. RPE 
disruption and pigment hyperplasia were observed except in the central 
macula in both eyes. An outer retinal tubulation was seen in the fundus. The 
outer nuclear layer, external limiting membrane and photoreceptor layer were 
still present in the left fovea.

Figure 3. Ultrasound biomicroscopy (UBM) of (A-E)  the right eye and 
(F-J) the left eye of the proband. The shallow depths of the anterior chambers 
in both eyes were indicated by the white stars. The anterior chamber angles 
of (B-E) the right eye and part of (J) the left eye were narrow and of (G-I) the 
left eye were closed. MID, median; SUP, superior side; TMP; temporal side; 
INF; inferior side; NAS, nasal side.

Figure 2. Fundus photography (FP) and infrared reflectance (IR) images of the proband. (A and B) The FP showed that the cup‑to‑disc ratio was 0.4 oculus dexter 
(OD) and 0.8 oculus sinister (OS), and identified pink optic nerves and vessel narrowing in both eyes. The color and lustre of the macular was dim, and there 
was severe chorioretinal atrophy and pigment proliferation in the posterior polar and peripheral fundus in both eyes. (C and D) The IR images demonstrated 
hyperreflective lesions in the serious chorioretinal atrophy area and hyporeflective lesions corresponding to pigment proliferation. (E and F) Fundus auto-
fluorescence (FAF) showed an isolated area of hyperautofluorescence in the foveal area. Part of the transparent sclera was also observed as hyperreflective 
tissue. (G and H) Fundus fluorescein angiography (FFA) showed an absence of the choriocapillaris in the region with pigment accumulation and normal retinal 
vessels.
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side, the temporal side, the inferior side and the nasal side 
(Fig. 3B‑E). The ACD of the left eye was shallow (Fig. 3F), 
and was closed at the superior side, the temporal side, and 
the inferior side (Fig. 3G‑I). The angles of the left eye were 
narrow at the nasal side (Fig. 3J). OCT imaging (Fig. 4) of both 
eyes indicated widespread disappearance of the choroid and 
the outer retinal layer, which was accompanied with pigment 
hyperplasia, though a small part of the choroid was retained 
in the central macula. In the left fovea, the outer nuclear layer, 
external limiting membrane, and photoreceptor layer were still 
present. IR imaging (Fig. 2C and D) demonstrated hyperreflec-
tive lesions corresponding to the area of serious chorioretinal 
atrophy and hyporeflective lesions corresponding to the area 
of pigment proliferation. FAF (Fig. 2E and F) of both eyes 
showed an isolated area of hyperautofluorescence in the 
foveal area. Part of the transparent sclera was also observed 
as hyperreflective in FAF image. FFA (Fig. 2G and H) of both 
eyes showed an absence of the choriocapillaris in the regions 
of pigment accumulation. The retinal vessels were normal in 
FFA. According to the above information, the patient's clinical 
diagnosis was choroideremia in both eyes and angle‑closure 
glaucoma (preclinical stage in the right eye, acute attack stage 
in the left eye).

The proband's sister, II:2, did not report any vision prob-
lems, and the anterior segments of both of her eyes were 
normal. However, the fundus examination identified darkened 
color and lustre of the retina, and a crystal‑like appearance in 
the retina of both eyes (Fig. 5). The proband's parents, I:1 and 
I:2, showed no clinical manifestation.

Targeted exome sequencing and sanger validation. We 
selected the proband II:1 and the patient II:2 for targeted 

exome sequencing, which was designed to isolate a 
1,962‑bp DNA region of the CHM gene. In our sequencing 
results, 96.00 and 95.82% of the qualified bases for II:1 
and II:2 were mapped to the targeted sequence, with mean 
read depths of approximately 210.32‑ and 208.61‑fold 
for II:1 and II:2 (Table I). The exon coverage rates were 
99.75 and 99.26% for the patient and female carrier samples, 
respectively, which was sufficient to pass our thresholds 
for calling SNVs and indels (Table I). After alignment and 
variation calling, a total of 12 variations in the CHM gene 
were identified among the two family members, including 
2  exonic variations, 9 intronic variations, and 1 in the 
3'‑UTR (Table II). However, only 1 frameshift variation, 
c.280delA (p.Thr94LeufsTer32), in CHM was found in II:1 
and II:2, that had not been reported either in the dbSNP 
database or in the 1,000 Genomes database, which was 
predicted to produce a truncated REP‑1 protein. Comparing 
the amino acid sequences of CHM between multiple species 
demonstrated asterisks and codons among the amino acids 
94 to 126 (Fig. 6A), which indicated conserved amino acids 
on these sites.

We used Sanger sequencing to validate the c.280delA 
variation and analyze the co‑segregating status of the variant 
in all family members. Hemizygous c.280delA variation was 
found in II:1, and heterozygous c.280delA variations were 
found in I:2 and II:2, respectively, while the variation was 
not detected in II:3 (Fig. 6B). The variation was completely 
cosegregated with the phenotype in all family members except 
for carrier II:2. In addition, the variation was not identified in 
the 200 unrelated normal controls. Thus, our results indicate 
that the variation c.280delA (p.Thr94LeufsTer32) in the CHM 
gene is a genetic etiological factor of the current choroideremia 

Table I. Summary of the targeted exome sequencing results.

		  Targeted	 Targeted region	 Targeted exon	 Mean	 Mean depth 
Sample	 Targeted gene	 region (bp)	 mapped (%)	 coverage (%)	 depth (x)	 >30x (%)

II‑1	 CHM	 1962	 96.00	 99.75	 210.32	 98.45
II‑2			   95.82	 99.26	 208.61	 95.87

Figure 5. Fundus photographs of the carrier II:2. The fundus photographs revealed that the color and lustre of the retina was darkened, and the retina had a 
crystal‑like appearance. OD, oculus dexter; OS, oculus sinister.
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pedigree. Our phenotype and variation data in this study have 
been submitted to ClinVar (accession no. SCV000600017).

XCI. Given that the carrier II:2 exhibited disease‑related 
phenotypes, we determined the XCI profile of the female 
family members. The DNA of the carrier II:2 and normal 
female I:2 showed 48 and 43% inactivated X chromosome, 
respectively, indicating that both the female carrier and 
normal female had a random XCI pattern. Thus, no correla-
tion between phenotypic status and X‑inactivation pattern was 
established in these females.

Discussion

Choroideremia is an X‑linked, recessive, chorioretinal degen-
erative disease characterized by progressive centripetal loss 
of the photoreceptor, retinal RPE and choroid layers. Our 
initial patient (II:1) revealed exhibited choroideremia with 
acute angle‑closure glaucoma. Subsequently, in our female 
carrier II:2, we identified darkening of the color and lustre of 
the retina, along with a crystal‑like appearance of the retina 
was observed, which was likely due to hypopigmentation of 
the RPE. These clinical manifestations were similar to pheno-
types reported in other studies (16,17) with the exception of 
the presentation of acute angle‑closure glaucoma. II:2 also 
exhibited narrow or closed anterior chamber angles in both 
eyes, which may lead to high IOP and acute angle‑closure 
glaucoma in the future.

A  n o v e l  f r a m e s h i f t  v a r i a n t ,  c . 2 8 0 d e l A 
(p.Thr94LeufsTer32), was identified in the CHM gene 
through targeted exome sequencing in our pedigree, and was 
validated by Sanger sequencing. The variant was detected in 
the mother I:2, and in the offspring II:1 and II:2, and thus the 
proband and the female carrier inherited the variant from 
their carrier mother rather than acquiring it from a de novo 
germline mutation. As with phenotyped carriers reported 
in other studies (17,18), our variant was completely coseg-
regated with the phenotypes. Moreover, our data revealed 
that both a normal female and a carrier had random XCI 
patterns, which suggested that there is no preferential XCI 
of the mutant X chromosome allele. This result is consistent 
with a previous study of XCI detection in 13 heterozygous 
females from two families (19).

Other previous studies have suggested that the molecular 
basis of choroideremia may involve selective underprenyl-
ation of Rab protein due to the absence of REP‑1 (20). Our 
frameshift mutation was predicted to create a premature stop 
codon and to thus lead to a lack of full‑length REP‑1. In turn, 
this would likely lead to a deficiency of GGTase function, 
with the insufficient transfer of geranylgeranylpyrophosphate 
groups onto Rab proteins potentially resulting in abnormal 
protein function, preventing their participation in intracellular 
vesicular transport (21). This would ultimately cause several 
ocular defects as observed in our patients.

In conclusion, our results suggest that c.280delA 
(p.Thr94LeufsTer32) in CHM was a pathogenic mutation in 
the present choroideremia family as determined by captured 
exome sequencing. Such targeted exome sequencing tech-
nology may provide a promising tool for genetics testing 
and counseling among families with choroideremia. Further 
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functional and animal studies on the mutant protein will be 
required to interpret its role in the pathogenesis of the disease.
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