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Abstract: Cystinosis is a rare autosomal recessive disorder characterized by the accumulation 

of cystine within the cells of different organs. Infantile nephropathic cystinosis is the most 

common and severe phenotype. With the success of renal transplantation, these patients are 

now living longer and thus more long-term complications within different organs are becoming 

apparent. Ophthalmic manifestations range from corneal deposits of cystine crystals to pigmen-

tary retinopathy. With increasing age, more severe ocular complications have been reported. 

Photophobia is a prominent symptom for patients. With prolonged survival and increasing age, 

this symptom, along with corneal erosions and blepharospasm, can become debilitating. This 

review revisits the basic pathogenesis of cystinosis, the ocular manifestations of the disease, 

and the treatment of corneal crystals.
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Introduction
Cystinosis is a rare autosomal recessive disorder affecting the lysosomal storage system. 

It is caused by a disruption of the carrier-mediated system that transports cystine out of 

the lysosomes.1 Accumulation of cystine within the lysosomes results in the formation 

of characteristic crystals accumulating within numerous tissues, including the kidneys, 

eyes, bone marrow, liver, spleen, pancreas, thyroid, muscle, and brain.2 The estimated 

incidence is one in 100,000 live births.1

Abderhalden3 first described cases of cystinosis in 1903. Our clinical understanding 

of the disease did not mature, however, until the 1930s, when Fanconi’s renotubular 

syndrome was described.1 Since then, several phenotypes of cystinosis have been 

described, depending on the degree of severity of the disease and the age of onset.1 

These have been classified into nephropathic and non-nephropathic phenotypes.

The nephropathic phenotype is further subdivided into the infantile form, the clas-

sic, most common type of cystinosis, and the intermediate (late-onset juvenile) form. 

The non-nephropathic form was previously called adult or benign type cystinosis, 

now termed ocular cystinosis.4 

The classic infantile nephropathic cystinosis accounts for the majority of cases, and 

exhibits the most severe phenotype.4 Early symptoms include Fanconi’s renotubular 

syndrome, which develops in 95% of patients as early as 6–12 months of life.1 By 

the age of 10 years, 50% of patients develop hypothyroidism and photophobia, while 

other signs and symptoms such as impaired growth and rickets are also common.5 

Although disease severity varies, end-stage renal failure invariably occurs within the 

first 10 years of life.6 

Intermediate or late-onset cystinosis also involves renal disease; however, the onset 

of symptoms is typically during adolescence, with slower progression. Such patients 
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may retain renal function into their fourth decade of life. 

In the ocular form of the disease, there is no systemic involve-

ment. The main symptom is photophobia, and patients have 

biomicroscopic evidence of crystal accumulation affecting 

the cornea and conjunctiva.7,8 

In the 1960s, with the advent of renal transplantation, 

the clinical course of cystinosis was transformed. Patients 

who had end-stage renal failure were given hope and had 

successful outcomes with renal transplantation, prolonging 

their lifespan significantly.2 However, the accumulation of 

cystine continued in nonrenal organs; hence, a predominately 

renal disease changed clinically into a more multisystemic 

disorder. As survival improved, patients developed more 

significant, nonrenal manifestations, such as myopathy, pul-

monary involvement, swallowing difficulties, central nervous 

system complications, endocrinopathies, and more severe 

ophthalmic complications, including retinal damage.9 

In the 1970s the focus of treatment of cystinosis moved 

from supportive treatment to therapy, focusing on the lyso-

somal accumulation of cystine via the oral drug cysteamine. 

This was first used in the treatment of cystinosis in 1976.10  

A cystine-depleting free thiol, cysteamine has been shown to 

reduce cystine levels both in vitro and in vivo.10 Early treat-

ment with cysteamine has been shown to delay deterioration 

in renal function, improve growth, and delay nonrenal 

complications.11 Its mechanism of action is via its entry into 

the lysosome through a specific transporter, and interaction 

with cystine, where it forms a cysteamine–cysteine mixed 

disulfide compound. This compound is then able to exit the 

lysosome via an intact cationic amino acid transporter.12,13 

This transporter, PQLC2, has been shown to be a member 

of the PQ loop family of proteins, which also includes the 

cystine carrier protein, cystinosin (Figure 1).14

Genetic features
The gene implicated in cystinosis, CTNS, has been local-

ized to chromosome 17p13.15 It has 12 exons and encodes 

the protein cystinosin, an integral lysosomal membrane 

protein. Cystinosin is a cystine carrier within the membrane 

of lysosmes, containing 367 amino acids and seven trans-

membrane domains.16 All patients with cystinosis appear to 

have a mutation in CTNS.1 

The most common mutation of CTNS is a 57 kb deletion.2 

This is thought to have first arisen around 1,500 years ago, 

and it affects nearly half of the American and European 

population with cystinosis.17 To date, more than 50 different 

mutations have been described in the CTNS gene.18,19 Patients 

with classic nephropathic cystinosis have homozygous 
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Figure 1 Mechanism of action of cysteamine.
Notes: (A) In normal lysosomes, cystine and other cationic amino acids, such as lysine, freely traverse the membrane. (B) In cystinotic lysosomes, cationic amino acids can 
freely traverse the membrane, but cystine cannot due to the lack of the transporter cystinosin. Therefore, cystine accumulates inside the lysosome. (C) In cysteamine-treated 
lysosomes, cysteamine combines with cystine to form the mixed disulfide cysteine–cysteamine, which can use PQLC2, a cationic amino acid transporter, to exit the lysosome, 
hence reducing the cystine content of the cell.
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mutations that lead to functional loss of the protein, such as 

a deletion mutation. Less severe phenotypes tend to have 

heterozygous mutations, with one severe mutation (such as 

a nonsense mutation) and one less severe mutation (such as 

a splice-site mutation).8 

Patients that never manifest clinical symptoms, yet who 

are heterozygotes for cystinosis, typically have around half 

the normal cystine-transporting capacity.20 This allows 

cystine levels in lysosomes to be maintained to near-normal 

levels.21 In general, it is thought that the severity of the disease 

correlates directly with cystine storage, and inversely with the 

amount of residual transport capacity.22 Other environmental 

factors and possible modifying genes may also play a role in 

influencing phenotype.

Pathogenesis
Cystine crystals formed within lysosomes are poorly water 

soluble. While crystallization is a clear sign of impaired 

cystine transport, the extent of crystal formation does not 

correlate with the severity of tissue damage. The liver, for 

example, shows high levels of crystal formation, yet only 

rarely causes clinical symptoms.2 Some organs have a more 

extensive functional reserve or higher cell turnover rate, 

which could explain this difference.2

It is still unclear how cystine accumulation leads to the 

pathology seen in nephropathic cystinosis.2 Fanconi syn-

drome occurs without significant cystine crystal accumula-

tion in the renal tubules, and it does not seem to respond 

as well to cystine-depleting medication.23 One hypothesis 

revolves around cell apoptosis based on the fact that the 

lysosomes play a part in programmed cell death.24 

By using a mouse model of cystinosis (CTNS-/- knockout 

mice) Cherqui et al (in 2002) found that the cystinotic mice did 

not show signs of the renotubular defect seen early on in life in 

humans, even though the kidneys showed high levels of cys-

tine accumulation.25 The authors suggest that the renal defect 

seen in humans is secondary to metabolic consequences, 

rather than a direct effect of cystine storage.25 To add to this 

hypothesis, a previous study in rabbit models has shown that 

the lysosomes of the cystine-loaded proximal tubules have 

significantly lower intracellular adenosine triphosphate (ATP) 

concentration, suggesting that the mitochondrial oxidative 

phosphorylation process responsible for ATP production is 

impaired in cystinotic proximal tubular cells.26 

A more recent study looking at cultured human cystinotic 

fibroblasts also showed a significant decrease in intracellular 

ATP content.27 However, in this study, the mitochondrial 

energy-generating capacity and Na/K-ATPase activity were 

intact in these cells, thus bringing into question the hypothesis 

of altered mitochondrial ATP synthesis as a keystone for the 

pathogenesis of cystinosis.

Mitochondrial swelling has been described in renal biop-

sies from cystinotic patients.28,29 Further research in animal 

models may give us a better understanding of the disease 

etiopathogenesis.

Ocular manifestations
Accumulation of cystine crystals within the cornea and 

conjunctiva are pathognomonic of cytinosis. Burki30 first 

described the presence of these crystals in 1941 as a myriad 

of small, white, shining sequin-like crystals, which are 

deposited on the superficial layers of the parenchyma, while 

respecting the limits of the epithelium and endothelium.4,31

The crystals are typically obvious on slit-lamp biomicro

scopy, appearing as needle-shaped, reflective corneal opaci-

ties. They tend to diffusely span the entire cornea. While it 

was initially thought that the endothelium was spared, case 

reports have since demonstrated crystals within the epithe-

lium, stroma, and endothelium (Figures 2 and 3).32–35

The buildup of corneal crystals begins in infancy, and is 

evident on slit-lamp examination in all nephropathic cysti-

nosis patients by 16 months of age.36 There is progressive 

accumulation of corneal crystals with age, albeit at a variable 

rate. By the age of 12 years, most affected corneas evince 

marked crystal formation.36 

Deposition of the crystals begins in the peripheral cornea, 

progressing centripetally with age.4 The increase in crystal 

density culminates with a hazy cornea, which can occasion-

ally be seen by the naked eye in older untreated patients. The 

crystals themselves, however, have minimal effect on visual 

acuity,37 though rarely contribute to band keratopathy, with 

consequent impact on visual acuity when the central cornea 

becomes involved.2 

The aggregation of corneal crystals is typically asymp-

tomatic initially, though most patients develop photophobia 

within the first decade of life,38 with severity varying with 

ambient light levels, and some experiencing associated 

blepharospasm.4 Superficial punctate keratopathy, for-

eign body sensation, and pain have also been reported, 

predominantly in older patients.39,40 This is thought to be 

secondary to crystals interrupting Bowman’s membrane, 

inciting inflammation within the epithelium and basement 

membrane.1,32 There has also been documentation of loss of 

contrast sensitivity, decreased corneal sensation, increased 

glare, and corneal thickening in patients with nephropathic 

cystinosis.41,42
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Figure 2 Corneal Slit-lamp examination of three patients with nephropathic cystinosis.
Note: (A) High magnification slit beam view of cornea with cystine crystals. (B) Retroillumination showing marked diffuse crystals packed within the cornea. (C) Retroil
lumination with patient looking down showing the extent of crystal deposition up to the peripheral edge of the cornea.
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Figure 3 In vivo confocal microscopy.
Notes: (A) The right cornea demonstrating crystals in the epithelium. (B) Anterior stroma. (C) Mid-stroma. (D) Posterior stroma. (E) Confocal microscopy of Descemet’s 
membrane. Copyright © 2007, John Wiley and Sons. Reprinted from Fung AT, Fraser-Bell S, Ojaimi E, Sutton G. In vivo confocal microscopy and polarizing microscopy of 
the cornea in a patient with nephropathic cystinosis. Clin Experiment Ophthalmol. 2007;35(3):292–293.35
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Aside from corneal involvement, crystal accumulation 

within the conjunctiva, iris, ciliary body, choroid, fundus, and 

optic nerve have been reported.40,43 Pigmentary retinopathy 

has been well described, preceding corneal involvement, and 

it has been reported as early as 5 weeks of age in the context 

of nephropathic cystinosis.44–46 

The most common posterior segment abnormality 

described is a depigmentation and pigmentary mottling 

of the fundus, with a wide variation in terms of extent 

between subjects.46–48 Damaged retinal pigment epithelium 

with pigment migration and the destruction of the pho-

toreceptor’s outer layers has been reported in cystinotic 

patients.49 

With the development of cystine-depleting agents and the 

success of renal transplantation in cystinosis, patient survival 

has significantly improved, and more complex late-onset 

complications have emerged.4 Examples include superfi-

cial punctate keratopathy, filamentory keratopathy,50 band 

keratopathy, and peripheral corneal neovascularization.51 

Anecdotal reports of other ocular morbidities presumed 

secondary to cystinosis include pupil-block glaucoma sec-

ondary to angle abnormalities, posterior synechiae associ-

ated with iris thickening,52 iris transillumination, crystals on 

the anterior lens capsule,43 and a vascular membrane in the 

papillary space.40

Furthermore, in a large cross-sectional study by Tsilou 

et al50 75% of patients aged 20–29 years, and 87% of patients 

above 30 years with nephropathic cystinosis had some form 

of anterior segment complication distinct from the typical 

corneal and conjunctival crystal accumulation. 

Reported posterior segment complications include worsen-

ing retinopathy with acuity reduction, constricted visual fields, 

and disturbed rod/cone function on electroretinography.53

Treatment
The oral cystine-depleting agent, cysteamine, has become the 

treatment of choice in cystinosis. It has been proven to delay 

disease progression, improve growth, and slow down the 

damage to nonrenal organs, such as the thyroid.54 It does not, 

however, seem to have an effect on the Fanconi renotubular 

syndrome secondary to cystinosis and, therefore, patients 

still require electrolyte replacement and nutritional support.2 

The response to cystine-depleting therapy is variable, and 

it has thus been proposed that genetic heterogeneity and 

influences of unknown genetic/environmental factors may 

have an impact on the progression of the disease.2,55 Regard-

ing ophthalmic manifestations in cystinosis, Tsilou et al53 

showed that the frequency of cystinotic retinopathy correlated 

positively with time off cysteamine therapy, and negatively 

with time on cysteamine therapy. 

The oral formulation of cysteamine does not appear to 

have an effect on the established corneal cystine crystals. The 

avascular properties of the cornea are thought to prevent cys-

tine clearance through the oral administration of cysteamine.1 

With improved disease management and patient survival, 

photophobia has become the prominent symptom reported 

in the majority of predominantly older patient groups.40 The 

photophobia is often severe and occasionally debilitating, 

frequently associated with blepharospasm, as well as recur-

rent corneal erosions. In the late 1980s, topical preparations 

of cysteamine were found to be nontoxic in animal studies, 

and found to reduce the number of corneal crystals present.40 

Indeed, numerous single-center trials have shown that topi-

cal cysteamine can effectively dissolve corneal crystals and, 

therefore, significantly improve symptoms of photophobia, 

blepharospasm, and pain, irrespective of the age at which 

the drops were commenced.36,56 

The problem with the topical formulation of cysteamine 

is twofold. Firstly, while it has been shown to be effective 

in reducing corneal crystals, administration needs to be 

particularly frequent, either every hour while awake,57 or at 

least six times a day,58 but not four times a day.59 Secondly, 

cysteamine oxidizes to its disulfide form, cystamine, at room 

temperature. A randomized controlled trial60 comparing 

cysteamine drops to its oxidized disulfide form, cystamine, 

showed that cystamine was not as effective in reducing cor-

neal cystine crystals. This study looked at eleven patients with 

nephropathic cystinosis. Each patient underwent an initial 

baseline ophthalmic examination and slit-lamp images were 

taken at each visit. The corneal crystal density was graded 

based on these images by two independent masked graders. 

This grading system has previously been described in the 

literature.56 One eye of each patient was then randomized 

to either cysteamine 0.5% drops or cystamine 0.5% drops. 

Patients were followed up at 6–8-month intervals and infor-

mation on the symptoms of photophobia and foreign body 

sensation, possible side effects; differences between the two 

eyes, and treatment compliance were attained. Six patients 

were noted to have significantly different corneal crystal 

density scores as early as their first follow up. In each case, 

the better eye was the eye treated with cysteamine 0.5% 

drops. Five of these six patients with significant reduction in 

corneal crystal density also reported subjective improvement 

in their symptoms of photophobia.

Therefore, to maintain efficacy, the cysteamine drops 

have to be frozen, or kept away from oxygen, to prevent 
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oxidization. Current formulations of drops have to be kept 

cool and used within 1 week of opening. The instability 

of the formula at room temperature makes packaging and 

distribution of the drops difficult. This is one of the rea-

sons why cysteamine drops have yet to be licensed in the 

United Kingdom (currently used off-license), and why they 

have only recently been approved by the Food and Drug 

Administration in the United States (Cystaran®; Sigma-Tau 

Pharmaceuticals, Inc., Gaithersburg, MD, USA).

Such problems of storage and frequency make adherence 

an issue for many patients. Recent studies have focused on 

developing a formulation of cyteamine drops that are not 

only stable at room temperature, but also efficacious at lower 

frequencies.

Tsilou et al61 reported a randomized clinical trial evaluat-

ing the safety and efficacy of a new topical formulation where 

cysteamine is maintained as a free thiol, and which is stable 

at room temperature for up to 7 months. The new formulation 

was obtained from Sigma-Tau Pharmaceuticals, Inc., and 

consisted of a 0.55% cysteamine hydrochloride solution with 

monosodium phosphate 1.85%, disodium EDTA 0.10%, and 

benzalkonium chloride 0.01%. Despite a promising safety 

profile, it was deemed less effective than the standard topical 

treatment (0.55% cysteamine hydrochloride solution with 

benzalkonium chloride 0.01%).61 

Labbé et al62 have also recently studied a new gel for-

mulation of cysteamine, Cystadrops® (Orphan Europe, Paris, 

France). This formulation is reported to be stable for 7 days 

after opening, when refrigerated at night, and when kept at 

room temperature during the day. The study was carried out 

as an open-label, dose-response study, though the number 

of patients was small (number =8); follow up continued for 

4 years. After an initial reduction in corneal crystal density 

comparable to the standard formulation of cysteamine drops, 

crystal density remained stable within the 4-year follow-up 

period on a reduced regime of three instillations of the gel 

form.62 Further controlled trials are required to establish the 

place of this treatment in clinical practice.

Other modalities with the potential for extended delivery 

of ocular drugs include fornix inserts, punctual plugs, sub-

conjunctival inserts, and contact lenses. Hsu et al63 combined 

in vitro experimental results with mathematical models to 

evaluate the feasibility of daily-use contact lenses loaded 

with cyteamine to circumvent the frequent installation, and 

the authors observed that loading daily contact lenses with 

vitamin E in addition to cyteamine increased the release dura-

tion of the drug, optimizing the drug stability by reducing 

the oxidation rate. The authors asserted that single-use, daily 

contact lenses worn for 2 hours a day have the potential to 

achieve the same therapeutic effect as an hourly instillation 

of cysteamine drops.63 The clinical place of this potential 

innovation remains a subject of future study.

Penetrating keratoplasty has previously been used in rare 

cases to treat intractable symptoms of photophobia/blephar-

ospasm and pain.40,41 However, with recent improvement in 

the control of these symptoms using drops, this treatment is 

rarely necessary in the absence of such complications such 

as band keratopathy involving the visual axis. Furthermore, 

recurrent corneal crystal deposition within the graft following 

penetrating keratoplasty has been reported.41 At present, the 

mainstay of treatment of corneal cystine crystals is through 

the use of cysteamine hydrochloride drops at 0.55% or 0.44%, 

instilled hourly or six times a day.

Curative therapy for hereditary genetic diseases requires 

the addition of the gene to many cells, usually within dif-

ferent tissue compartments, or the replacement of injured 

and dying cells by cells expressing the functional version 

of the gene.64

Cystinosin is a lysosomal transmembrane protein that 

cannot be secreted.65 The therapeutic efficacy of stem cell 

transplantation for cystinosis requires the local integration 

of donor cells with the functional protein, which would then 

reverse the accumulation of cystine in the tissue. 

By using CTNS knockout (CTNS-/-) mice66 as a model 

for cystinosis, Syres et al67 showed that bone marrow cell 

(BMC) transplantation leads to a major decrease in the 

cystine content of all tissues tested. This was reflected by a 

significant decrease in the development and progression of 

kidney injury and the reduction in the number of mice with 

corneal cystine crystals. BMC-derived cells were detected in 

the eye, brain, spleen, heart, muscle, and liver, with an ensu-

ing decrease in the cystine content of all these organs. This 

study demonstrates the potential use of BMC transplantation 

for the multisystemic complications of cystinosis.

The exact mechanism by which cystinosin-expressing 

cells replace or fuse with cells that accumulate cystine crys-

tals in each tissue remains to be defined. A study by Iglesias 

et al64 has more recently implicated the shedding and fusing 

of microvesicles containing wild-type cystinosin protein and 

messenger RNA by stem cells as a plausible mechanism.

The rare nature of cystinosis limits the potential for large 

clinical trials; although cell therapy shows great promise, 

progress has not yet extended beyond the laboratory, with no 

human trials in progress at the time of writing. The mainstay 

of treatment still remains the reduction of cystine accumula-

tion with oral cysteamine, as well as symptom control.
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Conclusion
Over the recent decades, our understanding of cystinosis 

has significantly improved. With the success of renal trans-

plantation and the development of cysteamine therapy, both 

mortality and morbidity have reduced. While timely treat-

ments can limit complications of the disease, a definitive cure 

remains elusive. With prolonged survival, more complex late 

manifestations of the disease are emerging.

Corneal crystals are evident in all patients with cystinosis, 

and they are typically symptomatic in most by the age of 

12 years. Photophobia and blepharospasm are significant, 

debilitating symptoms in many patients. Oral cysteamine has 

no effect on the accumulation of crystals within the cornea 

and, hence, topical cyteamine drops have been developed. 

Although topical treatment appears to reduce the corneal 

deposit accumulation, with evidence of improved symptoms 

the frequency of use and storage regime presents significant 

barriers to adherence.
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