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Abstract: Choroideremia (CHM) is an X-linked chorioretinal dystrophy characterized by

progressive degeneration of the choroid, retinal pigment epithelium and retina. This disease is

caused by mutations in the X-linked CHM gene encoding a Ras-related GTPase Rab escort

protein (REP)-1, which is extremely important for the retinal function. Clinically, male-affected

patients have a progressive reduction in visual acuity. This disease is formally considered

incurable, although new promising treatments have been recently introduced. In this article, a

review of the salient pathogenetic features of choroideremia, essential for the proper interpreta-

tion of therapeutic approaches, is followed by a discussion of the fundamental clinical features of

this hereditary disease. Finally, relevant new therapeutic approaches in this disease will be

discussed, including gene therapy, stem cells, small molecules, and retinal prosthesis.

Keywords: choroideremia, heredodystrophies, gene, therapy, clinical trials, stem cells, gene

therapy, small molecules, retinal prosthesis

Introduction
Choroideremia (CHM) is an uncommon heredodystrophy with an estimated pre-

valence of 1 in 50,000 patients. This disorder mainly involves males because of its

X-linked inheritance pattern1 and is dependent on mutations in the CHM gene. This

gene is known to be related to membrane transportation protein in the retina and

retinal pigment epithelium (RPE).1

Assuming that CHM is associated with a progressive chorioretinal atrophy, this

dystrophy was named choroideremia since its first descriptions.2 In detail, choroi-

deremia is characterized by a progressive deterioration of the outer retina, RPE and

inner choroid, although there are still controversies regarding which of these

structures is first and mainly affected.3,4

Affected subjects generally complain night blindness in their teenage years, and

their visual symptoms slowly progress toward a severe peripheral vision loss during

adulthood. Carrier female patients are generally asymptomatic; however, they may

feature mild disease characteristics, including nyctalopia and pigmentary changes in

the fundus oculi.5–7

Nowadays, the main problem in the management of patients with choroideremia

is that there is lack of approved treatments available for patients with this disease.8,9

In this review, we will summarize the emerging treatments for choroideremia. To

place the therapeutic options in proper context, this review begins with the two core

components essential for proper interpretation of therapy: pathophysiology and

clinical aspects of choroideremia.
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Genetics
Choroideremia is an X-linked recessive inherited disorder

due to mutation in theCHM gene (OMIM 303390), which is

placed on chromosome X at position q21.2. CHM messen-

ger RNA (mRNA) is responsible for the creation of the Rab

escort protein (REP)-1 which is ubiquitously expressed.

This protein has 653 amino acids and is involved in intra-

cellular migration of organelles and molecules. Especially,

REP-1 manages the process aimed at attaching the unpre-

nylated Rab proteins to the geranyl-geranyl transferase 2

enzyme.10,11 As a consequence, in the deficiency of this

process, Rabs proteins are not able to participate in intra-

cellular trafficking. Assuming that REP-1 is extremely

important in the dynamics of the RPE and photoreceptors,

these cells are particularly affected by this impairment.12

The CHM phenotype is related to ~280 identified muta-

tions, including sequence variations, translocations, point

mutations, small deletions, insertions, nonsense, and frame-

shift mutations. Nonsense and frameshift mutations are the

most prevalent and are responsible for ~70% of cases.13,14

It is important to know that genotype-phenotype corre-

lations remain unclear as it was not possible to provide a

definite correlation between different CHM mutations and

disease severity. Thus, there can be variability in clinical

characteristics and severity of this disease, even within a

single family with the same mutation.15,16

Pathophysiology
Although the expanded knowledge about the mutational

spectrum of CHM, it is still controversial the specific

pathogenesis. There are histopathological evidences sug-

gesting the choroid as primarily affected.17 On the con-

trary, other important studies demonstrated that RPE cells

or photoreceptors are involved first.18,19

Furthermore, inflammation seems to be a relevant part

of this disorder. In detail, in a post-mortem study,

McDonald et al20 presented the ocular histopathological

findings in a patient with choroideremia. This study dis-

played the presence of lymphocytic infiltration into the

choroid and inflammation was therefore speculated to

represent an early event in choroideremia.

Clinical Diagnosis
Detection of variants in the CHM gene was previously

identified using a range of methods.21,22 Importantly, a

recent paper has demonstrated the utility of cell-free fetal

DNA in combination with next-generation sequencing

(NGS) for diagnosing choroideremia and non-invasive

prenatal testing for Y chromosome determination.23 This

approach might improve the use of prenatal diagnosis,

increase genetic counseling, and grant a personalization

of the clinical management in choroideremia.

Clinically, male patients with choroideremia typically

report nyctalopia in their first to second decade of life, and

in their 20s they are usually aware of reduction in periph-

eral vision.15 Peripheral visual field loss progresses and it

usually culminates in loss of central vision in their fifth or

sixth decade of life.5

The phenotype variability in female carriers is prob-

ably related to random X-chromosome inactivation: severe

choroideremia in female patients has been attributed to a

skewed X-chromosome inactivation pattern.24

Although CHM is mainly considered as an isolated

retinal disease, this disorder may be also characterized by

syndromic phenotypes such as intellectual disability, clip

lip and palate, skeletal deformities.25,26

Clinical evaluation of patients with choroideremia

involves several imaging modalities and a visual assessment.

Fundus Examination
In the first phases of this dystrophy, peripheral pigmentary

changes may characterize the retina of affected patients. At a

later time, distinct regions of chorioretinal atrophy are usually

visible. Of note, these degenerative alterations usually start at

the equator and centripetally and progressively involve the

posterior pole and the peripapillary region (Figure 1).25

Female carriers are usually unaffected, even though

minimal retinal signs such as pigmentary changes can be

observed on their fundus examination.10

Moreover, a few articles have reported examples of

female CHM carriers with areas of chorioretinal atrophy

in the retinal periphery, highlighting that also carriers have

clinical heterogenicity.27,28

Furthermore, posterior subcapsular cataract, macular

edema and choroidal neovascularization may develop in

these patients.

Fundus Autofluorescence
Fundus autofluorescence (FAF) is considered as a surrogate

of lipofuscin distribution in RPE and has become an essen-

tial biomarker for disease progression in CHM. FAF reveals

regions of chorioretinal atrophy in patients with choroider-

emia as hypoautofluorescent areas with sharp hyperauto-

fluorescent edges because of remaining degenerating RPE

and loss of photoreceptors (Figure 2).29 Therefore, FAF
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allows the evaluation of disease progression by estimating

the rate of shrinkage autofluorescence.5,30

The larger reduction in autofluorescence is topographi-

cally located in the nasal retina in the region near to the

optic disc, while the macular area is usually less involved

likely because of different rod–cone density ratios in these

regions. Jolly et al31 reported a 10-fold decrease in FAF

every 25 years, corresponding to a rate of 7.7% reduction

in residual retinal area every year.

Of note, female carrier patients may have a unique

pattern of speckled autofluorescence as hyperautofluores-

cence dots alternate with hypoautofluorescence granular

areas (Figure 3).32

Optical Coherence Tomography
Several studies employing optical coherence tomography

(OCT) have been performed in CHM patients. Using OCT,

the central macular thickness (CMT) was displayed to be

increased in the early childhood.30 Successively, they develop

progressive CMT thinning as visual acuity declines.33

OCT studies also identified other variations, including

areas of decreased RPE reflectance and alterations in the

external limiting membrane (ELM) and ellipsoid zone (EZ).5

Furthermore, outer retinal tubulations were identified to occur

with chorioretinal atrophy and they were speculated to repre-

sent remodeling of degenerating photoreceptors.3,34,35 Using

OCT, important reports also displayed the presence of trian-

gular outer nuclear layer (ONL) structures, which were

showed in correspondence of the junction between atrophic

and trophic retina andwere suspected to represent hyperplastic

Müller cells.34,36 Moreover, microcysts in the inner retinal

layers were showed to occur in ~20% of CHM cases and

they were associated with a negative prognosis.3,37

Optical Coherence Tomography

Angiography
Patients with choroideremia have been recently investigated

using optical coherence tomography angiography (OCTA).38

In a recent study on 2 carriers and 7 affected patients with

Figure 1 Widefield color fundus photography from an affected CHM male patient.

Widefield images show areas of chorioretinal atrophy mainly localised in the

periphery and peripapillary regions (red arrows). Images of this patient courtesy

of Dr. Andrea Scupola, MD.

Figure 2 Multimodal imaging from an affected CHM male patient. Multicolor images (left) show areas of RPE atrophy in the macula. Blue fundus autofluorescence (middle

left) and fluorescein angiography (middle right) images display the presence of RPE and choroidal atrophy, respectively. Structural OCT images (right) demonstrate a thin

choroid and an RPE and outer retinal atrophy. Images of this patient courtesy of Prof. Eric Souied, MD, PhD.
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choroideremia, the authors demonstrated a significant reduc-

tion in choriocapillaris (CC) perfusion in both patients and

carriers.39 Notably, patients with choroideremia displayed

definite transition between regions of moderately conserved

and damaged CC, while carriers were characterized by patchy

areas of CC loss. Interestingly, this paper also investigated the

correlation between CC perfusion and outer retinal declining.

The reduction in CC perfusion was demonstrated to be inferior

in areas characterized by damaged EZ, which further demon-

strated the strict interdependence between these two structures

in this disorder. Moreover, the areaof conserved EZ evaluated

using OCTwas greater than the region of conserved RPE, the

latter quantified using FAF. These evidences could suggest that

CC and photoreceptors' damages follow the RPE death.40,41

Fluorescein Angiography
Fluorescein angiography (FA) is not commonly employed

in patients with choroideremia, excluding cases with sus-

pect of choroidal neovascularization. In CHM patients, FA

may also display narrowing of the retinal vessels and

retarded retinal and choroidal flow.42

Electroretinography
In the earlier stages of the disease, full-field electroretino-

gram (ERG) may show pathological changes in CHM

patients. In detail, abnormal responses for the scotopic

component may be first detected, which correlate sympto-

matically with a reduction in rod-mediated night vision.15,29

As the disease progresses, ERG findings may display an

abnormal photopic component secondary to cone

involvement.15,29 Importantly, the ERG examination has a

high sensitivity in detecting functional reduction, assuming

that in those patients with stable visual acuity, a reduction in

ERG responses may be detected.15,29

Notably, while most female carriers have normal ERG

responses, they can rarely have subtle alterations such as

decreased scotopic waves.43

Therapeutic Options
Despite there are currently no treatment options avail-

able for patients with choroideremia, several attempts to

managing this disease and its progression are under

investigation.

Figure 3 Multimodal imaging from a female CHM carrier. Multicolor images (left) show areas of RPE alteration and mottling in the macula. Blue fundus autofluorescence

images (middle) show a characteristic pattern of speckled autofluorescence. Structural OCT images (right) demonstrate a normal appearance of the macular retina and

choroid.
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Gene Therapy
Gene therapy is a promising therapeutic option, assuming

that choroideremia is monogenic, its diagnosis is relatively

precocious, and it is moderately homogenous in clinical

findings and evolution, thereby providing a wide therapeutic

window for intervention.4 Furthermore, the eye may be con-

sidered as an ideal target for gene therapy, assumed that there

is a low risk of immune reaction and systemic penetration.

Several adeno-associated virus (AAV) vector-based

gene therapies have been used in the CHM treatment.

AAVs constitute tiny, single-stranded DNA viruses of the

parvovirus family. Furthermore, they are the prevalent

viral vector employed in retinal dystrophies because of a

favorable immunologic, inflammatory and toxicity profile.

In detail, specific AAV species (2, 5 and 7–9) have been

employed for transducing RPE and photoreceptors.

In 2017, a multicentric nonrandomized open-label phase

one-half clinical trial (NCT01461213) employing an AAV.

REP1 vector was performed in CHM patients.9,44 Fourteen

patients at different stages of the disease were included and

underwent subretinal injection of AAV2.REP1 vector dur-

ing pars plana vitrectomy.9,44 Two out of 14 patients experi-

enced procedure-related complications and were treated off

protocol, while the remaining patients demonstrated a sig-

nificant improvement in vision in the follow-up visits, as

compared with the untreated fellow eyes.9

In addition, Xue et al45 recently employed an adeno-

associated viral vector to express RPE1 in patients with

choroideremia. In the latter study, the authors evaluated

visual changes in treated eyes as compared to the untreated

fellow eyes. They demonstrated that retinal gene therapy

can improve visual acuity in a cohort of predominantly

late-stage choroideremia patients.

Even though gene therapy is a promising treatment,

several challenges are still unaddressed, including alterna-

tive delivery methods, such as intravitreal injection.

However, intravitreal injection of viral vectors has still

several restrictions, including an inefficacious cell penetra-

tion and possible humoral response.

Stem Cells
Previous reports have evaluated stem cells as a potential

treatment in patients with different advanced retinal

dystrophies.46–48

These approaches might be used in patients with CHM.

However, it would be first needed to define the most sui-

table tissue to be regenerated (RPE cells or photoreceptors)

and the best stem cell category to use. Previous approaches

with both fibroblast-derived49 and hESC-derived50 RPE

cells have been used in a few patients with advanced age-

related macular degeneration (AMD) and seemed to effect

in a functional improvement. Future larger trials will shed

further light on the utility of this treatment in CHM patients.

Duong et al51 recently promoted the use of induced

pluripotent stem cells in non-human primates. They

demonstrated that the delivery of these cells may restore

normal prenylation, phagocytosis, and protein trafficking

in the CHM cells.

Small Molecules
In-frame nonsense mutations cause a significant number of

CHM cases (~30%) by premature stop codons. Small-mole-

cule drugs may be helpful in these cases by promoting

ribosomal read-through of premature stop codons and thus

bypassing abnormal termination signals. This approach was

demonstrated to be useful in other disorders, such as cystic

fibrosis.52 In the nonsense-mediated zebrafish model of

choroideremia, this approach was displayed to be effective

in determining an increase in RPE1 expression.53

Retinal Prosthesis Systems
Retinal prosthesis systems provide long-term retinal sti-

mulation in cases with advanced stages of outer retinal

dystrophies. This treatment is mainly aimed at either pre-

serve or reach essential vision.

In a prospective, multicenter trial using the Argus II

system, 47 individuals (most patients were affected by

retinitis pigmentosa, while 1 patient had choroideremia)

with light perception vision had this treatment.54 The

Argus II retinal prosthesis system (Second Sight Medical

Products, Sylmar, California, USA) consists of a video

camera mounted on glasses, a video processing unit and

an epiretinal stimulating array. The array stimulates resi-

dual inner retinal layers and signal is transmitted to the

visual cortex. This device granted the identification of

letters and words, indicating reproducible spatial resolu-

tion. The latter study adds to the growing evidence that

retinal prothesis systems may have an important role as a

therapeutic option in patients with severe vision loss.

Conclusion
CHM represents a genetic eye disease that causes a pro-

found vision loss in affected male subjects. For this reason,

although this is a rare disease, its impact is enormous.
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Although this review highlights the therapeutic options

for choroideremia, these treatments are not mature, and

remain in a state of fast progression. Gene therapy may be

a crucial treatment option in these patients, assuming that

choroideremia represents a perfect target disease for this

kind of treatment.

In summary, new promising therapies are available in

patients with choroideremia. Future clinical trials will shed

further light on the different therapeutic options in these

patients.
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