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Evaluation of topical cysteamine therapy in the CTNS knockout
mouse using in vivo confocal microscopy
−/−
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Purpose: The purpose of this study was to assess the ability of quantitative in vivo confocal microscopy (CM) to detect
changes in cystine crystal volume in the cystinosisn (Ctns−/−)mouse cornea following topical cysteamine therapy.
Methods: Fifteen Ctns−/− mice were sequentially followed using in vivo CM from 3 to 10 months of age. In a second
experiment, five mice receiving topical cysteamine eyedrops (0.55%) for 4 weeks were compared to five untreated mice.
The volume of corneal cystine crystals was determined by thresholding and counting high intensity pixels in the in vivo
CM scans and dividing by the stromal volume to calculate a crystal volume index (CVI).
Results: Corneal crystals progressively increased in density with age, reaching a peak density at 6–8 months and showing
a 70 fold increase in CVI. Eyes treated with cysteamine drops showed significantly less crystal accumulation compared
to control eyes (p<0.001) with only a 15% increase in treated eyes (p=ns) compared to 173% increase (p<0.04) for untreated
eyes.
Conclusions: Measurement of CVI shows that there is a progressive increase in cystine crystal volume up to 8 months
of age and that cysteamine eyedrops significantly inhibits progression in the Ctns−/− mouse. These findings are similar to
those seen clinically in patients with cystinosis, and suggest that measurement of CVI in the Ctns−/− mouse may be used
as a model to develop novel therapeutic strategies for treating corneal cystinosis.

Cystinosis is an autosomal recessive disease caused by a
mutation in the lysosomal membrane transport gene,
cystinosin (CTNS) located on chromosome 17p13 [1-5].
Accumulation of cystine in lysosomes leads to formation of
cystine crystals in various tissues and organs, including the
kidney, muscle, thyroid, brain and eye [5-11]. Different
CTNS mutations are associated with varying degrees of
disease severity, with patients categorized into one of three
severity groups based on their age of onset and symptoms
[2]. The most severe form of the disease, infantile cystinosis,
results from the complete lack of cystine lysosomal transport,
with end-stage renal disease by age 10 [6,12].
Corneal cystine crystals appear within the first 16 months
of life, increase linearly during the first decade until they
plateau in early adolescence [3,4,9-11]. The non-nephropathic forms of cystinosis (juvenile and ocular cystinosis)
demonstrate some residual membrane transport function
and are associated with later onset and more limited
systemic manifestations. However, corneal crystals are also
present on these less severe forms of the disease [13,14].
Oral administration of cysteamine (HS-CH2-CH2-NH3)
or β-mercaptoethylamine has been the mainstay of cystinosis
therapy since 1994, when Cystagon™ was approved by the
USA FDA [15-17]. Cysteamine reacts with cystine to produce
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the single sulfide amino acid cysteine, plus a cysteinecysteamine mixed disulfide that exits the lysosome via the
lysine transporter. By circumventing the cystinosin
transporter defect [18], oral cysteamine has significantly
improved overall prognosis [5,12,19,20]. However, systemic
administration of cysteamine has no effect on corneal
cystinosis [6,21-23] because of inadequate local cysteamine
concentrations [19]. Thus, cysteamine eyedrops must be
applied to the ocular surface at hourly intervals to achieve
sufficient drug concentrations to reduce corneal cystine levels.
While this treatment strategy is been shown partially
successful, the drug dosing regimen is overly burdensome and
patient compliance is poor leaving many patients to suffer
from the chronic effects of corneal cystinosis.
Recently, a cystinosis (Ctns−/−) knockout mouse has been
generated that shows development of cystine crystals in
multiple tissues and organs, including the cornea [24-27].
Although the Ctns−/− mouse does not under go proximal
tubulopathy in the kidney, quantitative studies of organ
function indicate that kidney and eye function progressively
decrease with age indicating that the Ctns−/− mouse model
mimics disease progression seen clinically and is therefore a
potential model to study novel therapeutic strategies for
treating human cystinosis [25,28-30].
We have recently developed a quantitative method to
evaluate corneal cystine crystal volume using in vivo confocal
microscopy (CM) to assess progression of corneal cystinosis
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Figure 1. Confocal images of Ctns-\- mouse cornea. Confocal images of the same Ctns−/− cornea over time at 3 months (A), 6 months (B), 8
months (C), and 10 months of age (D). Each panel shows a xy (upper) slice through a 3D stack. Cystine crystals were identified as small, 20
µm long, needle-like crystals in the peripheral and central cornea. Note that cystine crystals increase progressively in quantity up to 8 months
of age (A, B, and C), but at 10 months, the cornea scarred and showed increased opacity.

in the Ctns−/− mouse model [31]. Our studies showed that
cystine crystals in the mouse cornea were first detected at 3
months of age in the posterior stroma/corneal endothelium
and that crystal volume progressively increased over time up
to 7 months of age, followed by stromal inflammation,
decreased stromal cell density and corneal scarring by 8–12
months of age. In the present study, we evaluated the
sensitivity of using in vivo CM to measure temporal changes
in corneal cystine crystal volume to detect the effectiveness
of standard topical cysteamine therapy.
METHODS
Mice: A total of 25 Ctns−/− knockout mice were used in this
study. Fifteen Ctns−/− mice were followed and examined over
time at each of the following time points: 3, 4, 6, 8, and 10
months, respectively. At each time point, animals were
anesthetized with intraperitoneal injections of ketamine HCl
(100 mg/Kg bodyweight; Bioniche Pharma, Lake Forest, IL)
and xylazine (20 mg/Kg bodyweight; Lloyd Laboratories,
Shenandoah, IO) and in vivo confocal microscopy (CM) was
used to assess the presence and location of cystine crystals. At

10 months of age, animals were sacrificed by cervical
dislocation under anesthesia.
Ten 5 month old, Ctns−/− knockout mice were used to
measure the changes in the crystal volume after treating with
0.55% cysteamine eyedrops (Leiter's Pharmacy, San Jose,
CA) for 4 weeks. Briefly, 5 animals were treated with
cysteamine eyedrops in both eyes, four times a day, while 5
animals were used as controls. Before and after treatment,
animal corneas were scanned using in vivo CM to assess the
presence and location of cystine crystals. Animals were then
sacrificed by cervical dislocation after anesthesia. All
procedures were approved by the UCI IACUC and conducted
in accordance with ARVO Statement for the Use of Animals
in Ophthalmic and Vision Research.
In vivo confocal microscopy: Animals underwent in vivo CM
scanning using a tandem scanning confocal microscope
(TSCM; Tandem Scanning Corporation, Reston, VA) with a
24× surface-contact objective (numerical aperture, 0.6;
working distance, 1.5 mm), encoder mike controller (Oriel
18011; Oriel, Stratford, CT) for focal plane control, and a low
light level camera (MTI VE-1000; Dage MTI, Michigan City,
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TABLE 1. CRYSTAL VOLUME INDEX (CVI) TIME COURSE IN STUDY CORNEAS.
Eye ID
197OD
197 OS
198 OD
198 OS
176 OD
176 OS
177 OD
177 OS
178 OD
178 OS
194 OD
194 OS
195 OD
195 OS
196 OD
196 OS

3 months
0
0
SCAR
0
0
0
0
0.03
0
0
0.03
0
0
0
0.33
0

4 months
0.31
0.68
SCAR
0.38
0.54
0.36
0.08
0.27
0.13
0.13
0.05
0.29
0.11
0.32
SCAR
0.15

6 months
1.31
1.68
SCAR
1.38
3.07
4.18
2.06
0.80
0.75
0.30
1.21
1.09
1.68
2.35
SCAR
0.91

IN). One drop of preservative-free, Refresh Tears (Allergan,
Irvine, CA) was placed on the tip of the objective as a coupling
gel. All camera settings were kept constant throughout the
experiment. For each eye, repeated data sets were obtained
from select central and peripheral corneal locations. Three to
five through-focus data sets were collected around these
regions for assessment of cystine crystal volume using
Metamorph Image Analysis software (Molecular Devices,
Downingtown, PA).
Quantitative assessment of cystine crystal content: To
measure the cystine crystal content in the cornea, through
focus image data sets were analyzed by Metamorph Image
Processing Software (Molecular Devices). Initially, the
stromal regions were extracted from the through focus data
set and then thresholded using the Threshold subroutine to
include all high intensity pixels representing light scattering
from the cystine crystals. Threshold regions were set to
include pixels intensity from 100 to 255. Pixels within the
threshold region were then counted using the Measure
subroutine for all planes in the image stack to record the
crystal volume. To calculate a Percent Crystal volume Index
(CVI), the crystal volume was divided by the extracted
stromal volume multiplied by 100.
Statistical analysis: Each eye was considered independently
and results were reported as the mean±standard deviation
(SD). Differences over time and between treatment groups
were assessed by two-way repeated-measures ANOVA and
Bonferroni multiple comparisons (Sigma Stat version 3.11;
Systat Software Inc., Point Richmond, CA).
RESULTS
Progression of corneal cystinosis in the Ctns−/− mouse: A total
of 15 Ctns−/− mice were examined and followed using serial

8 months
2.64
2.13
SCAR
2.41
2.15
1.89
1.34
1.33
1.35
1.34
1.33
1.54
4.40
1.86
SCAR
1.44

10 months
2.22
0.45
SCAR
0.88
1.09
SCAR
0.51
SCAR
0.53
1.53
1.36
0.87
0.41
SCAR
SCAR
1.13

in vivo CM. Seven animals died at different time points during
the course of the study and were excluded from the analysis.
Using in vivo CM, a few cystine crystals were detected at 3
months of age (Figure 1A) with increasing crystal volume up
to 6 to 8 months of age (Figure 1B,C respectively). Crystals
first appeared in the peripheral posterior stroma/corneal
endothelium and then progressed anteriorly and centrally with
age. By 10 months, Ctns−/− mouse corneas showed breakdown
of cystine crystals combined with corneal neovascularization,
fibrosis, and scarring (Figure 1D).
Table 1 and Figure 2 summarize the time-course changes
of the crystal volume index (CVI) of all the evaluated eyes,
excluding animals removed from the study. In this group, 4
eyes reached the highest CVI at 6 months averaging 2.9%
±0.94, 8 eyes reached the highest content of crystals at 8
months of age with an average CVI of 2.15%±1.04 and 2 eyes
showed a progressive increase in the CVI that peaked at 10
months of age. Overall, the maximum increase in crystal
deposition was from 3 to 8 months with an average 70 fold
increase that was followed by decreasing volume due
presumably to corneal inflammation, neovascularization and
scarring.
A total of four out of the 16 eyes developed corneal
scaring by 10 months of age. Within this group, one eye was
already scarred at the time of the first scan at 3 months and
was not used to calculate change in crystal volume with age
in this study. Of the remaining 3 eyes, one eye developed
corneal scarring at 4 months and 2 eyes showed scarring at 10
month of age. These eyes were not included in the calculation
of crystal volume at later time points, following the
development of corneal scarring.
It is interesting to observe the asymmetry of the crystal
deposition in the same animal suggesting that each eye
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Figure 2. Cystine crystal quantification
measured as the percentage (%) of
crystals per stromal volume over time.
We observed a progressive increase in
the crystal content in corneas from 3 to
8 months of age. However, at 10 months
of age, crystal volume appeared to
decrease due to breakdown of crystals
and/or scarring. A: The average and
standard deviation values over time. B:
All the individual eyes that were
followed over 10 months.

progresses as an individual case and should be treated
only a 15% increase in the CVI (from 0.70% before to 0.83%
independently. In general, eyes showed increased crystal
after treatment, p=ns), significantly less than the untreated
volume from 3 to 4 months and 4 to 6 months of age. Over
group (p<0.0001). None of the eyes in the cysteamine treated
70% of eyes (10/14) showed increased crystal volume from 6
group developed scarring after treatment. These results
to 8 months, while only 14% of eyes (2/14) showed increased
suggest that topical cysteamine eyedrops delay the
crystal volume from 8 to 10 months of age. Overall, these
progression of corneal crystal deposition.
findings suggest that the optimal age to evaluate the effects of
DISCUSSION
therapy on corneal cystine crystal formation using in vivo CM
In this study, we have described a significant reduction in the
should be from 3 to 6 months of age.
clinical progression of cystine crystal deposition in the Ctns−/
Effects of cysteamine eyedrops on corneal cystinosis: After
−
mouse cornea with topical cysteamine. While the amount of
baseline, two eyes from the untreated group and one eye from
corneal
crystals varied between animals, crystal deposition in
the treated group showed corneal scarring and had to be
the
posterior
cornea was generally noted at 3 months.
removed from the study. When comparing the remaining eyes
Consistent
with
previous studies [28,31], a 70 fold increase in
at baseline, there was no significant difference in the CVI
crystal
volume
occurred
between 3 months to 8 months of age
between untreated and treated groups, averaging 0.82% and
in
untreated
corneas,
after
which corneas became scarred.
0.70% respectively (p=0.78; Table 2).
Topical
cysteamine
eyedrops
(applied 4 times daily for 4
After 4 weeks, 2 eyes in the untreated group became
weeks
beginning
at
5
months
of
age) significantly decreased
scarred and could not be evaluated for crystal deposition. The
corneal
crystal
deposition
compared
to untreated Ctns−/− mice.
remaining 6 eyes in the untreated group showed a significant
This data mirrors the response to topical cysteamine in
(173%) increase in the CVI (0.82% versus 1.41%, p≤0.04;
human cystinosis, where substantial clearance of cystine
Table 2). By contrast, the cysteamine treated group showed
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TABLE 2. CRYSTAL VOLUME INDEX (CVI) IN UNTREATED AND CYSTEAMINE TREATED EYES.
Eye ID

CVI at baseline (Mean±SD)

CVI after treatment (Mean±SD)

% change

SCAR
0.76±0.13
0.44±0.06
0.41±0.15
0.25±0.06
0.24±0.03
SCAR
3.48±0.32
0.46±0.26
0.53±0.27
0.82

SCAR
SCAR
SCAR
1.77±0.52
0.40±0.07
0.93±0.18
SCAR
3.92±0.59
0.78±0.45
0.67±0.39
1.41

SCAR
SCAR
SCAR
336
61
283
SCAR
12
67
25
173%

0.38±0.13
0.77±0.40
0.43±0.09
0.48±0.01
0.25±0.15
0.17±0.11
0.82±0.26
2.45±0.53
0.55±0.17
SCAR
0.70

0.41±0.17
0.60±0.19
0.49±0.08
0.37±0.17
0.60±0.13
0.28±0.13
0.73±0.01
1.13±0.55
2.87±2.32
SCAR
0.83

9
-21
16
-22
137
65
-10
-53
416
SCAR
15%

Untreated
246 OD
246 OS
247 OD
247 OS
275 OD
275 OS
156 OD
156 OS
277 OD
277 OS
Mean CVI
Cysteamine treated
276 OD
276 OS
278 OD
278 OS
279 OD
279 OS
249 OS
249 OD
245 OD
245 OS
Mean CVI

crystals follows prolonged periods of treatment [23,32,33].
While effective, topical cysteamine has several drawbacks,
including poor formulation stability, an hourly dosing
schedule and poor compliance (especially during childhood
and adolescent years) [22,23,32]. To overcome these
shortcomings, drug development efforts have focused on the
development of formulations that reduce dosing frequency,
improve compliance and quality of life for patients with
corneal cystinosis of application [34,35]. These efforts can
potentially be accelerated using the Ctns−/− mouse model to
screen new therapeutic approaches before costly and timeconsuming human clinical trials.
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