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Specific Cognitive Deficits in Young Children with Cystinosis: Evidence
for an Early Effect of the Cystinosin Gene on Neural Function

DORIS A. TRAUNER, MD, AMY M. SPILKIN, PHD, JENNIFER WILLIAMS, AND LYNNE BABCHUCK

bjectives Infantile nephropathic cystinosis is associated with a specific cognitive deficit in visual spatial processing in older
hildren and adults. The cause of this deficit is unknown. This study was designed to determine whether the cognitive deficit
s present in young children with cystinosis, suggesting an early effect of the genetic disorder on brain development.

tudy design Young children (n � 25; age, 3-8 years) with cystinosis and 25 matched control subjects underwent cognitive
esting, including tests of intelligence, visual perceptual, visual spatial, and visual motor functions.

esults Children with cystinosis performed significantly more poorly on tests of visual spatial and visual motor function than
id control subjects. Visual perceptual abilities were equivalent in the 2 groups.

onclusion The same pattern of visual spatial deficit is present in young children with cystinosis as has previously been
emonstrated in older children and adults, which suggests that there may be an influence of the cystinosis gene on brain
evelopment, rather than an adverse effect of prolonged cystine accumulation in the brain during childhood.
J Pediatr 2007;151:192-6)

ephropathic cystinosis is an autosomal recessive disorder of cystine transport. The gene, CTNS, mapped to chromo-
some 17p13,1-3 codes for a lysosomal membrane transporter protein, cystinosin. When there is an inactivating
mutation of the cystinosin gene, cystine cannot be transported across the lysosomal membrane.4 Sequestration and

ccumulation of cystine within lysosomes occurs as a result.
Infantile nephropathic cystinosis presents within the first year of life, with failure to thrive and signs of a generalized defect

f renal tubular reabsorption (renal Fanconi syndrome). The natural history of untreated cystinosis is that of progressive renal
ailure in the first decade of life, with renal transplant required by 10 to 12 years of age. However, treatment with cysteamine,
cystine-depleting agent, can delay the progression of the renal disease for many years.4

In untreated individuals with cystinosis, cystine deposition is present in virtually all organs, including the brain.5,6

eneralized cerebral atrophy and central volume loss have been documented.7-9 To date, the youngest child with reported
erebral atrophy was 7 years old and in renal failure.7 Of most functional significance is the documentation of a specific cognitive
mpairment in visual spatial processing on a foundation of normal intellectual function.10-12 This deficit is associated with intact
isual perception, but impaired spatial processing and memory10,12 and is associated with deficits in mathematical skills.13 Two
tudies have found cognitive impairment and more severe cortical atrophy on neuro-
maging studies of school-age children and adults with cystinosis. Both studies were
ross-sectional studies, and it is not known whether the anatomic changes preceded or
ollowed the cognitive impairments.14,15

The cause of the observed cognitive deficit is unknown. Neuropathological reports
re scarce, but because of widespread cystine accumulation5-7,9,16 in the brains of patients
ith cystinosis, it is possible that deposition may lead to progressive cellular damage and

ubsequent impairment in function.
Alternatively, the CTNS gene might influence some aspect of brain development.

his could occur as a result of in utero cystine deposition during a critical time in brain
evelopment. If cumulative cystine deposition during childhood is responsible for the
ognitive differences observed in subjects with cystinosis, it might be expected that young
hildren, especially those treated early with cysteamine, would not demonstrate such

FVPT Motor-Free Visual Perception Test
IQ Performance IQ

VMI Visual Motor Integration
WISC Wechsler Intelligence Scale

From the Departments of Neurosciences
and Pediatrics, UCSD School of Medicine,
La Jolla, CA (D.T., A.S., J.W., L.B.).

Supported by a grant from the National
Institute of Neurological Disorders and
Stroke (NS043135; D.A.T.).

Submitted for publication Aug 5, 2006; last
revision received Feb 1, 2007; accepted
Feb 26, 2007.

Reprint requests: Doris A. Trauner, MD,
Department of Neurosciences, UCSD
School of Medicine, 9500 Gilman Dr, La
Jolla, CA 92093-0935. E-mail: dtrauner@
ucsd.edu.

0022-3476/$ - see front matter

Copyright © 2007 Mosby Inc. All rights
reserved.
IQ Verbal IQ

92
10.1016/j.jpeds.2007.02.062



c
i
w
e

m
d
(
c
r
w
e

v
w

P

r
c
m
w
F
n
t
f
w
d
c
k
t
h
T
w
o
f
s
a
f

o
o
c
w
i
fl
t
c
s
S
t
d
h
t

o
g
m
a
i

C
I
W
W
f
y
W
V
s

V
T
s
i
t
t
a
p
s
i
f
n
r
p

M
m
i
n
u
n
o
b

M
S
t
s
t
a
s

V
C
t
r
f
p

S

ognitive profiles. If, however, the gene itself exerts some
nfluence over brain development, the cognitive differences
ould most likely be present (and potentially nonprogressive)

arly in life.
Although overall intellectual function is within the nor-

al range in young children with cystinosis, we have recently
emonstrated a discrepancy such that non-verbal IQ indices
Performance IQ and Processing Speed Index) were signifi-
antly lower than verbal IQ indices.17 This pattern closely
esembles the IQ profile found earlier in older individuals
ith cystinosis10 and suggests that the cognitive profile may

merge early in development.
To examine this issue more specifically, this study tested

isual perceptual and visual spatial abilities in young children
ith nephropathic cystinosis.

METHODS

articipants
Children with nephropathic cystinosis (n � 25; age

ange, 3 years 1 month-8 years 0 months), and 25 matched
ontrol children (age range, 3 years 3 months-7 years 9
onths) participated in the study. Children with cystinosis
ere identified primarily through the National Cystinosis
oundation, the Cystinosis Research Network, and the Cysti-
osis Research Foundation, all of which maintain close con-
act with many families in which cystinosis occurs. Children
rom many parts of the country were brought to San Diego
ith a parent to participate in the study. All children had a
iagnosis of infantile nephropathic cystinosis confirmed by
linical presentation and by assays documenting elevated leu-
ocyte cystine concentrations. Children were excluded from
he study when they were in renal failure, were acutely ill, or
ad any other condition that might affect cognitive function.
he mean age of the children when cystinosis was diagnosed
as 17.3 � 9.6 months; the mean age of the children at onset
f treatment with cysteamine was 20.7 � 11.7 months. Renal
unction data were not available for all patients with cystino-
is. However, none were on dialysis at the time of testing, and
ll parents reported that their children were not in renal
ailure to their knowledge.

Because of the relatively small sample size and the use
f some non-normed tests (or use of data from participants
ut of the age range of the normative data for some tests), a
ase-control study design was selected. Control participants
ere recruited from the community through advertisements

n parent magazines, through local health fairs, and through
iers placed in pediatricians’ offices. The cystinosis and con-
rol participants were matched for sex, within 8 months of
hronological age, and within 1 point for socioeconomic
tatus on the basis of the Hollingshead Four Factor Index of
ocial Status.18 All control subjects had normal developmen-
al histories and no evidence of medical or neurological con-
itions that might affect cognitive function, such as seizures,
ead trauma leading to prolonged loss of consciousness, at-

ention deficit-hyperactivity disorder, or learning disabilities. p

pecific Cognitive Deficits in Young Children with Cystinosis: Evidence f
Informed consent was obtained according to University
f California San Diego Human Research Protection Pro-
ram procedures, and the study was approved by the Hu-
an Research Protection Program. This study was part of
larger longitudinal study of brain structure and cognition

n cystinosis.

ognitive Measures
NTELLIGENCE. All children received an age-appropriate

echsler Intelligence Scale (WPPSI-III, WISC-III, or
ISC-IV).19-21 Only 4 children received the WISC-IV (all

rom the cystinosis group). Because the WISC-IV does not
ield verbal IQ (VIQ) or performance IQ (PIQ) scores, the

ISC-IV Verbal Comprehension Index was substituted for
IQ and the WISC-IV Perceptual Reasoning Index was

ubstituted for PIQ.

ISUAL PERCEPTION TASKS. Gollin Incomplete Figures22:
his is an object recognition task in which participants are

hown incomplete line drawings of familiar objects presented
n 5 gradations of completeness. The participant must men-
ally “fill in” missing visual information. For each test item,
he most incomplete picture was shown first, for 3 seconds,
nd the participant was asked to guess what it might be. More
ictures in subsequent gradations of completeness were also
hown for 3 seconds until the participant was able to correctly
dentify the object. The test consisted of 1 practice item
ollowed by 21 test items. The total number of pictures
eeded to identify all the items was calculated. The possible
ange of scores was 21 to 105, with a higher score representing
oorer performance.

Motor-Free Visual Perception Test (MFVPT)23: The
FVPT is a test of visual perception that does not require
otor skills. Test items are categorized into 5 groups, includ-

ng Spatial Relationships, Figure-Ground, Visual Discrimi-
ation, Visual Memory, and Visual Closure. Raw scores were
sed because many of our subjects were younger than the
ormative data cutoff (4 years 0 months). The possible range
f raw scores was 0 to 36, with higher scores representing
etter performance.

The Beery-Buktenica Developmental Test of Visual-
otor Integration, 5th Edition (VMI) Visual Perception

upplement24: The VMI Visual Perception supplement is a
est of visual perception without motor requirements that uses
maller versions of the VMI figures as test stimuli. In this
ask, the participant was required to find the test stimulus
mong the choices. Raw scores were converted to standard
cores, with a mean of 100 and a SD of 15.

ISUAL SPATIAL TASKS. Kaufman Assessment Battery for
hildren Spatial Memory25: This test is used to assess short-

erm spatial recall of simultaneously visually presented mate-
ial. The participant was shown a page with familiar pictures
or 5 seconds and then was shown an empty grid and asked to
oint to those boxes on the grid that correspond to the exact

ositions of the previously shown pictures. Raw scores were

or an Early Effect of the Cystinosin Gene on Neural Function 193
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sed because many of our subjects were younger than the
ormative data cutoff (4 years 6 months). The possible range
f raw scores was 0 to 21, with higher scores representing
etter performance.

Woodcock-Johnson: Spatial Relations26: This is a test of
isual spatial ability that does not require motor involvement.
he participant was required to select, from a series of shapes,

omponent parts required to make a whole. Raw scores were
onverted to standard scores with a mean of 100 and a SD
f 15.

The Beery-Buktenica Developmental Test of VMI, 5th
dition24: The VMI is a test of visual motor skills with a

isual spatial component.24 The participant was required to
opy a series of increasingly complex geometric figures. Raw
cores were converted to standard scores with a mean of 100
nd a SD of 15.

tatistical Analyses
Potential group differences (cystinosis versus control)

n the demographic variables of age at testing, socioeconomic
tatus, and VIQ were analyzed with t tests. A multivariate
nalysis of covariance framework was used to analyze the
ognitive data. VIQ was chosen as a potential covariate (in-

able I. Summary of demographic variables for the c

Cystinosis (n � 25)

ean age at testing 5 years 5 months � 1 year 5 m
ean socioeconomic status* 2.32 � .90

ex 13 males, 12 females
IQ 93.40 � 12.73

Based on the Hollingshead Four Factor Index of Social Status (Hollingshead, 1975),

able II. Visual perception and visual spatial multiva
eans and SDs, estimated marginal means and SDs,

Multivariate model and individual tests C

isual Perception MANCOVA
Gollin Incomplete Figures Test raw score
(Estimated marginal mean)
Motor Free Visual Perception Test raw score
(Estimated marginal mean)
VMI: Visual Perception Supplement standard score*
(Estimated marginal mean)

isual Spatial MANCOVA
K-ABC Spatial Memory raw score
(Estimated marginal mean)
Woodcock Johnson Spatial Relations Standard Score*
(Estimated marginal mean)
VMI standard score*
(Estimated marginal mean)

lank spaces represent subtests for which follow-up analyses were not applicable becau
ANCOVA � Multivariate analysis of covariance; K-ABC � Kaufman Assessment

Tests for which VIQ was a significant covariate.
tead of PIQ or FSIQ), because PIQ (and therefore FSIQ) P

94 Trauner et al
ay be abnormally low because of visual perceptual or visual
patial deficits in the cystinosis group. In the overall between-
roup analyses, the dependent variables were cognitive test
cores, and the independent variable was group membership
cystinosis versus control).

RESULTS
The cystinosis and control participants were not signif-

cantly different in the demographic variables of age at testing,
ocioeconomic status, or sex. There was a significant differ-
nce in the groups on VIQ, with the cystinosis group scoring
n the average range, although lower than control subjects.
IQ was therefore included in the model as a covariate. See
able I for group means, SDs, and significance values for the
emographic and intelligence variables.

Table II shows the visual perception and visual spatial
ultivariate analysis of covariance framework results, individ-

al test means and SDs, estimated marginal means and SDs,
nd significance values. Multivariate analyses indicated that
he cystinosis and control groups were not significantly dif-
erent on any visual perception measures. In contrast, the
ystinosis group performed significantly more poorly than the
ontrol group on the visual spatial measures (F(3,45) � 3.6;

nosis and control groups

Control (n � 25) P value

s 5 years 4 months � 1 year 3 months NS
1.84 � .94 NS

13 males, 12 females —
114.00 � 12.65 �.0001

being the highest and 5 being the lowest socioeconomic status.

analysis of covariance results, individual test
significance values

Mean � SD

osis (n � 25) Control (n � 25) Significance

NS
2.2 � 10.1 55.9 � 9.9 —
1.4 � 2.3) (56.7 � 2.3)
8.4 � 7.5 23.9 � 7.7 —
9.4 � 1.8) (22.9 � 1.8)
6.2 � 17.1 109.8 � 15.7 —
4.3 � 3.1) (101.7 � 3.1)

P � .02
5.0 � 4.1 8.3 � 4.2 NS

(5.4 � 1.0) (7.9 � 1.0)
7.6 � 18.1 115.1 � 9.1 P � .031
0.6 � 3.2) (112.1 � 3.2)
4.0 � 12.2 103.5 � 13.7 P � .009
7.6 � 2.9) (100.0 � 2.9)

multivariate test was not significant.
for Children.
ysti

onth
riate
and

ystin
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se the
Battery
� .020). With tests of between subject effects, it was
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evealed that on the visual spatial tasks, the cystinosis group
erformed significantly more poorly than the control group
n Spatial Relations (F(1,47) � 5.0; P � .031) and the VMI
F(1,47) � 7.4; P � .009).

DISCUSSION
We demonstrate a significant impairment in visual spa-

ial and visual motor skills in very young children with ne-
hropathic cystinosis, with a relative sparing of visual percep-
ual skills. VIQ was lower in the cystinosis group than in the
ontrol group (although in the average range). Even after
o-varying for VIQ, however, the children with cystinosis
erformed significantly more poorly on visual spatial and
isual motor measures than control subjects, whereas visual
erceptual skills remained intact. These findings are strikingly
onsistent with earlier studies demonstrating impaired per-
ormance on visual spatial and visual motor tasks in older
hildren and adults with cystinosis.12,27 Thus, these results
nd our recent findings of significantly lower PIQ scores on
he Wechsler Preschool and Primary Intelligence Scales in
ounger children17 argue against progressive cystine accumu-
ation during childhood as the explanation for the observed
ognitive differences in cystinosis.

One of the benefits of this study was that we included
very homogeneous group of children with cystinosis, in that

ll had been treated from an early age with cysteamine. The
ean time between initiation of treatment with cysteamine

nd cognitive testing for this study was almost 33 months.
lthough there is no means of measuring brain cystine levels

n living individuals, almost 3 years of treatment would allow
easonable time for cysteamine to have a beneficial effect on
issue cystine levels. If cystine accumulation in the brain were
esponsible for the cognitive deficits previously observed in
lder children and adults, as suggested by Broyer,16 we would
xpect that younger children would exhibit few or no cogni-
ive deficits compared with control subjects, in particular
ecause early treatment with a cystine-depleting agent had
een initiated.

An alternative explanation of the cognitive dysfunction
s a very early (possibly in utero) effect on brain development,
ither from a direct effect of the abnormal cystinosin gene or
s a result of very early deposition of cystine during a critical
eriod of brain development. In this case, the neural changes
re not age-dependent in the sense of a cumulative effect of
ystine during childhood. The exact mechanism by which
ystine damages cells is unknown.4 We speculate that the
arly neurologic influence of the metabolic disorder might be
articularly injurious to brain myelination. A potential mech-
nism for white matter damage in utero is damage to pre-
ligodendroglial cells, the precursors of myelin-forming oli-
odendroglia. It is known that such cells are susceptible to
xidative stress28,29 such as might be caused by a metabolic
isturbance caused by the defective cystinosin gene. Defective
yelination in turn could adversely affect the development of

ortico-cortical projections necessary for complex processing

bilities.

5
1

pecific Cognitive Deficits in Young Children with Cystinosis: Evidence f
A third possibility is that cysteamine, the medication
sed to clear cystine from the lysosomes, may have some
dverse effect on cognitive function. In studies of older chil-
ren and adults, however, similar results were obtained in
atients who had never been given cysteamine,10,14 suggesting
hat other factors are more likely responsible for the cognitive
eficit.

Finally, it is possible that renal dysfunction could impair
ognitive functioning in the children with cystinosis. None of
he children in our study were receiving dialysis, and parents
f all the children reported that their child had normal or
ear-normal renal function. However, because we do not have
pecific data on renal function from all the children at the
ime of cognitive testing, it is possible that some degree of
enal impairment was present that might have contributed to
he findings of this study. Future studies will attempt to
scertain the degree of renal dysfunction in children under-
oing these studies.

One of the limitations of this study is that it is cross-
ectional, so we are unable to compare cognitive performance
n the same children with time. Despite this limitation, it is
easonable to at least compare our results to those of earlier
tudies of older individuals. Longitudinal studies that more
irectly address this issue are currently in progress. A second

imitation is that we do not yet have complete structural data
rom neuro-imaging on these children to relate functional
ifferences to brain structural alterations. These studies are
nderway. However, the results of this study are suggestive of
very early adverse effect of the cystinosis gene on brain

evelopment, such that cognitive function is impaired even in
oung children with this disorder. The practical implication
f this finding is that children with cystinosis may be at risk
or learning difficulties,13 particularly in subjects with a sig-
ificant visual spatial component (eg, arithmetic, geography).
arly identification of specific cognitive deficits will permit
rompt remediation in a strongly language-based curriculum
nd the use of computer-assisted educational techniques to
educe complications of poor fine motor skills that can make
andwriting tedious and illegible.

e thank the parents and children who participated in the study
or their valuable time.

REFERENCES
. McDowell G, Isogai T, Tanigami A, Hazelwood S, Ledbetter D, Polymeropoulos
H, et al. Fine mapping of the cystinosis gene using an integrated genetic and physical
ap of a region within human chromosome band 17p13. Biochem Mol Med 1996;

8:135-41.
. Peters U, Senger G, Rahlmann M, Du Chesne I, Stec I, Kohler MR, et al.
ephropathic cystinosis (CTNS-LSB): construction of a YAC contig comprising the

efined critical region on chromosome 17p13. Eur J Hum Genet 1997;5:9-14.
. Town M, Jean G, Cherqui S, Attard M, Forestier L, Whitmore SA, et al. A novel
ene encoding an integral membrane protein is mutated in nephropathic cystinosis. Nat
enet 1998;18:319-24.

. Gahl WA, Thoene JG, Schneider JA. Cystinosis: a disorder of lysosomal mem-
rane transport. In: Scriver CR, Beaudet AL, Sly WS, Valle D, Childs B, Vogelstein B,
ditors. The metabolic and molecular basis of inherited disease. 8th edition. New York:

cGraw-Hill; 2001.

. Levine S, Paparo G. Brain lesions in a case of cystinosis. Acta Neuropathol (Berl)
982;57:217-20.

or an Early Effect of the Cystinosin Gene on Neural Function 195



6
p
7
a
8
a
9
H
N
1
d
1
A
1
b
c
1
w
1
p
1
c
1
B
1
y
A

1
U
1
t
2
(
2
I
2
P
2
(
2
I
2
t
2
s
2
w
2
i
f
2
a

1

. Jonas AJ, Conley SB, Marshall R, Johnson RA, Marks M, Rosenberg H. Nephro-
athic cystinosis with central nervous system involvement. Am J Med 1987;83:966-70.
. Ross DL, Strife CF, Towbin R, Bove KE. Nonabsorptive hydrocephalus associ-
ted with nephropathic cystinosis. Neurology 1982;32:1330-4.
. Cochat P, Drachman R, Gagnadoux M-F, Pariente D, Broyer M. Cerebral
trophy and nephropathic cystinosis. Arch Dis Child 1986;61:401-3.
. Vogel DG, Malekzadeh MH, Cornford ME, Schneider JA, Shields WD, Vinters
V. Central nervous system involvement in nephropathic cystinosis. J Neuropathol Exp
eurol 1990;49:591-9.

0. Trauner DA, Chase C, Scheller J, Katz B, Schneider JA. Neurologic and cognitive
eficits in children with cystinosis. J Pediatr 1988;112:912-4.
1. Williams BLH, Schneider J, Trauner DA. Global intellectual deficits in cystinosis.
m J Med Genet 1994;49:83-7.

2. Ballantyne AO, Trauner DA. Neurobehavioral consequences of a genetic meta-
olic disorder: visual processing deficits in infantile nephropathic cystinosis. Neuropsy-
hiatry Neuropsychol Behav Neurol 2000;13:254-63.
3. Ballantyne AO, Scarvie KM, Trauner DA. Academic achievement in individuals
ith infantile nephropathic cystinosis. Am J Med Genet 1997;74:157-61.
4. Nichols SL, Press GA, Schneider JA, Trauner DA. Cortical atrophy and cognitive
erformance in infantile nephropathic cystinosis. Pediatr Neurol 1990;6:379-81.
5. Fink JK, Browers P, Barton N, Malekzadeh MH, Sato S, Hill S, et al. Neurologic
omplications in long-standing nephropathic cystinosis. Arch Neurol 1989;46:543-8.
6. Broyer M, Tete M-J. Central nervous system complications in cystinosis. In:
royer M, editor. Cystinosis. Paris: Elsevier; 1999. p. 75-80.
7. Spilkin AM, Ballantyne AO, Babchuck LR, Trauner DA. Non-verbal deficits in

oung children with a genetic metabolic disorder: WPPSI-III performance in cystinosis.
m J Med Genet. In press 2007. d

96 Trauner et al
8. Hollingshead AB. Four factor index of social status. New Haven, CT: Yale
niversity Department of Sociology; 1975.

9. Wechsler D. Wechsler Intelligence Scale for Children–III (WISC-III). San An-
onio, TX: Psychological Corporation; 1991.
0. Wechsler D. Wechsler Preschool and Primary Scale of Intelligence—third edition
WPPSI-III). San Antonio, TX: Psychological Corporation; 2002.
1. Wechsler D. Wecshler Intelligence Scale for Children–Fourth Edition (WISC-
V). San Antonio, TX: Psychological Corporation; 2003.
2. Gollin E. Developmental studies of visual recognition of incomplete objects.
ercept Mot Skills 1960;11:289-98.
3. Colarusso RP, Hammill DD. Motor-Free Visual Perception Test, revised
MFVPT-R). Los Angeles: Western Psychological Services; 1995.
4. Beery KE, Beery NA. The Beery-Buktenica Developmental Test of Visual-Motor
ntegration (VMI)–5th edition. Minneapolis: NCS Pearson; 2004.
5. Kaufman AS, Kaufman NL. Kaufman Assessment Battery for Children: interpre-
ive manual. Circle Pines, MN: American Guidance Service; 1983.
6. McGrew KS, Woodcock RW. Woodcock-Johnson psychoeducational battery and
cales of independent behavior. Allen, TX: DLM Teaching Resources; 1985.
7. Scarvie KM, Ballantyne AO, Trauner DA. Visuomotor performance in children
ith infantile nephropathic cystinosis. Percept Mot Skills 1996;82:67-75.
8. Yonezawa M, Back SA, Gan X, Rosenberg PA, Volpe JJ. Cystine deprivation
nduces oligodendroglial death: rescue by free radical scavengers and by a diffusible glial
actor. J Neurochem 1996;67:566-73.
9. Back SA, Gan X, Li Y, Rosenberg PA, Volpe JJ. Maturation-dependent vulner-
bility of oligodendrocytes to oxidative stress-induced death caused by glutathione

epletion. J Neurosci 1998;18:6241-53.

The Journal of Pediatrics • August 2007


	Specific Cognitive Deficits in Young Children with Cystinosis: Evidence for an Early Effect of the Cystinosin Gene on Neural Function
	METHODS
	Participants
	Cognitive Measures
	INTELLIGENCE
	VISUAL PERCEPTION TASKS
	VISUAL SPATIAL TASKS

	Statistical Analyses

	RESULTS
	DISCUSSION
	REFERENCES


