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loss (7), as opposed to our in vitro data showing 
A(3-induced, microglial CD40-mediated neuro
nal degeneration. This difference may be due to 
other cell types (including astroglia and cerebral 
vascular cells) and extracellular systems avail
able in vivo in the central nervous system that 
are likely to mitigate the tendency to neuronal 
death induced by A(3 and CD40L. In our exper
imental models, the CD40-mediated neurotoxic 
pathway appears to be activated quite early in 
the pathogenic cascade, suggesting that thera
peutic agents that block the CD40 signaling 
pathway may suppress neurodegeneration in 
AD. 
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Cognitive Modularity and 
Genetic Disorders 
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This study challenges the use of adult neuropsychological models for explaining 
developmental disorders of genetic origin. When uneven cognitive profiles are 
found in childhood or adulthood, it is assumed that such phenotypic outcomes 
characterize infant starting states, and it has been claimed that modules sub
serving these abilities start out either intact or impaired. Findings from two 
experiments with infants with Williams syndrome (a phenotype selected to 
bolster innate modularity claims) indicate a within-syndrome double dissoci
ation: For numerosity judgments, they do well in infancy but poorly in adult
hood, whereas for language, they perform poorly in infancy but well in adult
hood. The theoretical and clinical implications of these results could lead to a 
shift in focus for studies of genetic disorders. 

Many theorists use the adult neuropsycholog
ical model of impaired and intact cognitive 
modules to explain genetic disorders. Adults 
whose brains have developed normally but 
who later suffer brain damage are often left 
with a pattern of dissociations between dif
ferent cognitive modules. They may function 
normally in several domains but, for instance, 
display impaired performance solely in the 
domain of face processing or in the domain of 
syntax. This leads theorists to claim that hu
man (adult) cognition is characterized by in
dependently functioning modules that sub
serve different domains and can be differen
tially impaired. When similar dissociations 
are found in children with genetic disorders, 
the use of the same adult model is either 
explicitly recommended (1, 2) or implicit in 
the argumentation from an uneven perfor
mance profile to underlying brain structure 
(3-5). It is also assumed that if the phenotyp
ic outcome in a genetic disorder presents an 
uneven cognitive profile, then this will also 
characterize the initial state in infancy. In 
other words, it is claimed that atypically de
veloping children start out with a fractionated 
pattern of impaired and intact modules. This 
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claim is then used to bolster theoretical argu
ments in favor of the prespecified modular 
structure of the human mind/brain. 

A syndrome that has attracted much atten
tion in this respect is Williams syndrome (WS). 
WS is a rare neurodevelopmental disorder 
caused by a submicroscopic deletion on chro
mosome 7q 11.23. Although a number of genes 
have now been identified in the deleted region, 
original claims as to their cognitive function in 
WS (6) have been challenged by our more 
recent work (7). WS occurs in 1 in 20,000 live 
births. Its clinical features include several phys
ical abnormalities accompanied by mild to 
moderate mental retardation and a specific per
sonality profile. The interest in WS among cog
nitive neuroscientists stems from the veiy un
even cognitive profile displayed in the pheno
typic outcome (8). Many theorists have used 
this uneven pattern of abilities and impairments 
in WS to support claims about the existence of 
innately specified cognitive-7modules, some of 
which are spared (language and face process
ing) and others impaired (number and visuospa-
tial processing) (4, 5). This vie'Wj tends to ignore 
the dynamics of development [see (8) for dis
cussion]. With the use of new delta from infants, 
we argue that one cannot assume that the infant 
starting state can be directly inferred from the 
phenotypic outcome. 

To assess our hypotheses and to explore the 
infant origins of the cognitive outcome in WS, 
we specifically chose two cognitive domains 
with different phenotypic end states. By middle 
childhood or adulthood, individuals with WS 
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have serious impaunlents in nuinerosity judg- 
ment but display suipiisillg proficieilcy in vo- 
cabulaiy. If the use of the adult neuropsycho- 
logical model were justified and collsistellt pat- 
terns of deficit and proficiency persisted over 
developlnental time, then one would predict 
that WS infants should display far better per- 
foilnance on a vocabulaiy task than on a num- 
ber task. We tested this prediction in hvo ex- 
periments. In both experiments, infants \vere 
assessed using a replica of the basic Fagan 
visual-preference viewing box (9) and were 
seated in a special infant chair. 

The order of the two experiments was ran- 
domized across infants. Those with M'S foinled 
the experimental group. We had tlree conwol 
groups. all matched with the LtiS group on sex 
and socioeconoinic status. One control group 
consisted of infants with another abnoi-mal phe- 
notype-Dolvn syndrome (DS)-of equivalent 
chronological and mental age. If infants in the 
DS group perfoilned differently fro111 those in 
the M'S group in either of the hvo expe~irnents, 
then inental retardation alone could not explain 
the MrS results. Two g r o ~ p s  of llormally devel- 
oping infants n-ere also tested, one matched 011 

mental age to control for level of general intel- 
ligence (the h4'4 control group), and one 
matched 011 chronological age to colltrol for 
equivalent length of experience (the CA con- 
trol group), 

For both experiments, the WS iilfailts 
were all screened genetically and clillically 
before illclusion in the study. A FISH (fluo- 
rescent in situ hybridization) test for the elas- 
tin gene deletion had been carried out: and all 
LVS infants were positive. This was supple- 
mented by a clinical evaluation confilming 
the facial dysmoiphology and other physical 
features typical of QTS. Mre ascertained from 
their records that all DS control infants were 
full trisomy 21 and none \vere mosaic. The 
normal controls were included only if their 
mental age as assessed on the Bayley-I1 (10) 
was at the appropriate chroilological age. 

Experiment 1 nias a test of sensitivity to 
numerical changes in a series of displays of 
pichires of everyday objects. A total of 65 
infants took pait. Infants were familiaiized to 
pairs of sti in~~li  containing anays of changing 
sets of two objects in different configurations. 
They were then tested on a pair with one stim- 
ulus containing two objects and the other con- 
taining three objects [see (11) for details of 
spatial layout and spatial extent]; this task was 
based on well-established teclmiques used wit11 
normal infants (12, 13). Each infant \vas shown 
six familiarizatio~l trials. After fainiliaiization 
with sets of hvo: the infant was presented with 
one card displaying new objects but the old 
numerosity (two) and another card displaying 
new objects but a novel numerosity (tluee). 
Each pair of sti~nuli was presented twice (thee 
objects on left side, tlree on right side, for 5 s 
each). The side on which the novel numerosity 

Fig. 1. Results of experi- 
ment 1: Mean looking time 
to old numerosity versus 
new numerosity as a func- 
tion of atypical and normal 
groups. Thirteen infants 
with WS (mean chronolog- 
ical age 31.0 months, SD 
5.39, range 24 to 36 
months; mean mental age 
16.9 months, SD 2.81, 
range 12 to 21 months) 
were tested. Twentv-two 

H novel 
numerosity 

2 familiar 
numerosity 

infants with DS (mean Group 
chronological age 30.0 
months, SD 4.9, range 24 to 36 months; mean mental age 15.6 months, SD 2.43, range 12 to 20 
months) formed the atypical control group. Sixteen infants were matched on mental age (MA) to the 
atypically developing infants (mean chronological age 15.4 months, SD 2.52, range 12 to 20 months; 
mean mental age 15.1 months, SD 2.66, range 11 to 21 months), and 14 infants were matched on 
chronological age (CA) to the clinical populations (mean chronological age 30.4 months, SD 5.3, range 
24 to 36 months; mean mental age 30.4 months, SD 5.32, range 25 to 40 months). The atypical infants 
and normal MA controls were matched on the Mental Scale of the Bayley Scales of Infant Development 
1 1  (70). The mean looking times to the novel and familiar numerosities were calculated for each infant. 
Outliers were removed from the analyses (14). The looking times were entered into a repeated- 
measures analysis of variance (ANOVA), with group (WS, DS, MA control, CA control) as the 
between-subjects factor and numerosity (novel or familiar) as the within-subjects factor. An effe2t of 
numerosity [F(I, 57) = 34.21, P < 0.001] and of group [F(3, 57) = 5.94, P < 0.001] was found. A 
significant group X numerosity interaction was also found [F(3, 57) = 5.99, P < 0.001]. Post hoc t tests 
comparing the mean scores for novel and old numerosities for each group revealed a significant 
difference in looking time between numerosities for the WS, CA control, and MA control groups (WS 
t = 4.2, df = 11, P < 0.001; CA control t = 3.87, df = 13, P < 0.002; MA control t = 2.18, df = 14, 
P < 0.05). There was no such difference for the DS group. A one-way ANOVA was carried out to 
examine whether the magnitude of these differences varied between groups, with difference (novel 
numerosity minus old numerosity) as the dependent variable [F(3,60) = 5.99, P < 0.001]. Post hoc tests 
were then carried out to compare the magnitude of difference between looking times to novel and old 
numerosities for each of the groups. The WS and DS groups differed significantly [Tukey's honestly 
significant difference (HSD), P < 0.051, as did the DS and CA infants (Tukey's HSD, P < 0.05). The 
magnitude of the difference between the DS and MA infants was not significant. 

first appeared was randomized, and expeii- 
rnenter B, \vho recorded the loolung tiines to 
the old and ilovel numerosities. was blind to the 
oosition of each card. 

If infants 1% ere merely sensitive to changes in 
the types of objects, they would sholv no pref- 
erential loolung in the test phase when the nu- 
merosity changed. However; if during familiar- 
ization they had become sensitive to the con- 
stant n~~merosity ( h ~ o )  of each of the displays; 
then they should look significantly longer when, 
in the test phase, one of the pair displayed a new 
numerosity, even though both of the display 
cards showed interesting new objects. Given the 
serious impairnlents in n~unerosity judgment in 
the end states of both M'S and DS: it was 
predicted that if initial states can be directly 
derived fiom end states, then infants with both 
sylldromes would sl~o\v i~npaiinlent on this task 
and at best perform like their colltrols. 

Figure 1 shows the results for the four 
groups, with the data fronl outliers removed 
(14). Relative to both h24 and CA controls~ 
\ITS infants showed no deficit in their sensitil-ity 
to different nunerosities. By conwast; the DS 
infants were impaired relative to all other 
groups (their looking times to the old and novel 
n~unerosities were nearly equal). The IVS pro- 
ficiency in infancy exists even though IVS chil- 
dren and adults shoxv serious iinpainnent in 
number tasks. 

Experiment 2 assessed vocabulary develop- 
ment. Seventy-one infants (63 of whom also 
participated in experiment 1) took part, divided 
into the same four groups: the IJTS experimental 
group, the DS colltrol group, and the CA and 
MA lloilnal control groups. The task meas~red 
whether infants would look longer at a pichu'e 
that is acconlpanied by the sound of its verbal 
label (matching) than at one that is not labeled 
(noiunatching); the task was based on well- 
established teclvliques used with normal infants 
(15. 16).  Infants were presented with a series of 
pairs of colored photographs of everyday ob- 
jects. Each pair of stimuli was presented twice 
(matching on left side, matching on right side). 
Just before opening the display to the infant, 
experimenter A said in a loud? clear voice, 
using the highly pitched intollation of "mother- 
ese": "Look, look at the X (the name of the 
matching stimulus) and repeated this tlree 
times while the stimuli were pn display. The 
named card was rando~nly assigned to the left 
or right comparhnent, and experi?nenter B was 
blind to the position of the named card. Cnlike 
experiment 1 there was no familiarization 
phase. Experimenter B measured the loolung 
tiines for each of the test displays. In other 
respects; experiment 2 was identical to experi- 
ment 1. 

It was predicted that if initial states can be 
directly derived from end states, then infants 
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Fig. 2. Results of experi- 4,5 
ment 2: Mean looking 
time to named (match- 
ine) stimulus versus unla- E3.5 
bzbd (nonmatching) stim- 3 - 
ulus as a function of atyp- 'i2,5 
ical and normal groups. 
Seventy-one infants were * matching 
tested: 15 with WS (mean 1.5 - stimuli 
chronological age 30.4 2 1 
months, SD 4.79, range 24 5 non- 

to 36 months; mean men- matching 
stimuli 

tal age 16.5 months, SD 0 
2.39,-range 12 to 20), 22 WS DS MA CA 
with DS (mean chronolog- Group 
ical age 29.7 months, SD 
5.06, range 24 to 36 months; mean mental age 15.6 months, SD 2.36, range 12 to 20 months), 17 MA 
controls (mean chronological age 15.4 months, SD 2.33, range 12 to 20; mean mental age 15.1 months, 
SD 2.48, range 12 to 21 months), and 17 CA controls (mean chronological age 30.0 months, SD 5.13, 
range 24 to 36 months; mean mental age 30.6 months, SD 5.14, range 25 to 40 months). Mental age 
matching was again based on the Mental Scale of the Bayley Scales of lnfant Development II  (10). A 
repeated-measures ANOVA showed an effect of looking to the matching or nonmatching stimulus [F(I, 
64) = 87.79, P < 0.001] on the mean looking time to each stimulus, but no effect of group (WS, DS, 
MA control, CA control). A significant interaction between group and match was also found [F(3, 64) = 
6.64, P < 0.001]. Post hoc t tests examining the differences within each group between looking times 
to the matching and nonmatching stimuli revealed significant differences in all groups (WS t = 4.65, 
df = 13, P < 0.001; DS t = 3.21, df = 20, P < 0.004; MA control t = 4.06, df = 15, P < 0.001; CA 
control t = 6.41, df = 16, P < 0.001). A one-way ANOVA was carried out to examine whether the 
magnitude of these differences varied between groups, with difference (matching stimuli minus 
nonmatching stimuli) as the dependent variable [F(3,  67) = 5.58, P < 0.001]. Post hoc tests were then 
carried out to compare the magnitude of the difference between looking times to matching and 
nonmatching stimuli for each of the groups. The CA group was significantly different from all other 
infant groups (Tukey's HSD, P < 0.05). There was no difference between the WS and DS infants. 

~vith IVS should perfonn more like the CA 
controls and be well in advance of the DS 
controls. who should perform like the h M  con- 
trols. Figure 2 displays the mean l o o l ~ l g  times 
to matching and noivnatching stimuli by group. 
with data from outliers removed (1 7). The find- 
ings show that despite their documented vocab- 
ulary proficiency in the end state. infants with 
WS are seriously delayed and as impaired in 
infancy as those with DS. This impairment in 
\VS infants exists even though children and 
adults with WS end up with vely good vocab- 
ulaiies, whereas those with DS remain seriously 
delayed. 

The use of the neuropsychological model 
for understanding genetic disorders has hitherto 
only been criticized on theoretical grounds (8, 
18). Our results now challenge the use of this 
model through empirical findings from the di- 
rect study of infant clinical populations. The 
results from both the domains of nunlber and 
language show that researchers cannot rely on 
phenotypic outcomes to make generalizations 
about impaired or intact n~odules in the initial 
state. Our results point to a new type of devel- 
oprnental double dissociation illustrated by \VS: 
For numerosity judgment, \VS patients do well 
in infancy but poorly in adulthood, \vhereas for 
language: \VS patients do poorly in infancy but 
well in adulthood. The data highlight ho\v es- 
sential it is to trace cognitive dysfunctions back 
to their origins in infancy and not solely to 
focus on middle childhood and beyond. 

Our findings should alter the way in 
which future studies of atypical development 

are carried out, with far more emphasis being 
placed on deteimining cognitive profiles in 
infancy. The identification of infant starting 
states also has crucial iinplications for clini- 
cal practice and the timing of cognitive reme- 
diation. With respect to number development, 
for instance. DS infants may lack the initial 
domain-specific prerequisites. whereas for 
WS infants it is the subseq~~eilt process of 
leaiming that explains phenotypic outcomes 
in the end state. Such critical differences in 
the initial state could in no way have been 
inferred from the impaired end states for 
numerosity judgment in each of the syn- 
dromes. Our findings also have implications 
for the idea that genes can be directly related 
to behavior-that is. the hypothesis that psy- 
chological function can be solely derived 
from phenotypic steady states in middle 
childhood and beyond. Finally, fro111 a theo- 
retical perspective: our results strongly sug- 
gest that cog~litive scientists, neuroscientists, 
and philosophers of mind cannot use the pur- 
ported sparing or impairment of a cognitive 
function in middle childhood or adulthood to 
support the claim that cog~litive modules are 
innately specified in infancy. Where modules 
do exist in the adult end state, they are likely 
to be the product of a developmental trajec- 
tory (in both the noillla1 and atypical cases). 
and not its starting point (19, 20). 
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Mediation by a CREB Family 
Transcription Factor of 

NCF-Dependent Survival of 
Sympathetic Neurons 

Antonella Riccio,' Sohyun Ahn,' Christopher M. Davenport,' 
Julie A. Blendy,' David D. Cintyl* 

Nerve growth factor (NGF) and other neurotrophins support survival of 
neurons through processes that are incompletely understood. The transcription 
factor CREB is a critical mediator of NGF-dependent gene expression, but 
whether CREB family transcription factors regulate expression of genes that 
contribute t o  NGF-dependent survival of sympathetic neurons is unknown. 
CREB-mediated gene expression was both necessary for NGF-dependent sur- 
vival and sufficient on its own t o  promote survival of sympathetic neurons. 
Moreover, expression of Bcl-2 was activated by NGF and other neurotrophins 
by a CREB-dependent transcriptional mechanism. Overexpression of Bcl-2 re- 
duced the death-promoting effects of CREB inhibition. Together, these data 
support a model in  which neurotrophins promote survival of neurons, in part 
through a mechanism involving CREB family transcription factor-dependent 
expression of genes encoding prosurvival factors. 

Nerve growth factor (NGF), a member of the cortical neurons (2-5). Moreover, exposure of 
neurotrophin family of growth factors, is a tar- distal axons of sympathetic neurons grown in 
get-derived survival factor for developing sym- compartmentalized cultures to NGF results in 
pathetic neurons ( I ) .  CFEB [cyclic adenosine robust phosphorylation of CREB on its tran- 
monophosphate (CAMP) response element scriptional regulatory site, serine 133 (6) .  These 
binding protein] is a mediator of the nuclear observations support the idea that a target-de- 
response to neurotrophins in PC12 cells and rived NGF signal is propagated retrogradely 

Fig. 1. Requirement of A 
a CREB family transcrip- 

from distal axons to CFEB within nuclei of 
developing sympathetic neurons to control gene 
transcription. Whether CREB-dependent gene 
expression is required for survival of sympa- 
thetic neurons is unclear. Moreover, the identity 
of NGF-sensitive genes that contribute .to 
growth and survival of sympathetic neurons is 
unknown. 

Neonatal sympathetic neurons are com- 
pletely dependent on NGF for survival in vivo 
and in vitro. To determine whether CREB- 
mediated gene expression is necessary for 
NGF-dependent neuronal survival, we moni- 
tored survival of sympathetic neurons after 
expression of either of two distinct inhibitors 
of CREB. One CREB mhibitor, A-CFEB, is a 
potent and selective inhibitor of CFEB DNA 
binding activity (4). The other, CFEBml, binds 
to CREB binding sites in DNA but is not 
activated because the transcriptional regula- 
tory residue, serine 133, is mutated to alanine 
(7). Microinjection of expression vectors en- 
coding either A-CREB or CREBml, but not 
vector alone, led to nearly complete apoptotic 
death of sympathetic neurons grown in the 
presence of NGF; as assessed by Hoechst 
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GFP Hoechst 33258 Cytochrome C lW1 
tlon factor {or surv~;al - 
of sympathet~c neurons 6 80 

a9 grown In the presence c 
of NCF SIX to nlne DIV CMV-500 $ 60 
sympathet~c neurons were a 
mlcrolnjected wlth ex- c 

U presslon vectors encod- 040 

Ing CFP and e~ther a 
CMV-500 expresslon vec- 
tor or expresslon vec- 
tors encodlng e~ther A- 

CREB (A) Apoptotlc or CREBml cell death (23) A-CRE. ' 20 o o 24 40 72 96 120 IU 168 

of sympathet~c neurons Time (hours) 
expressing A-CREB. (Left) 
Neurons photographed under fluorescence microscopy 4 days after microinjection. (Middle) The A-CREE non-lnjacted (ACREB) 

same neurons stained with Hoechst 33258 dye to identify apoptotic nuclei (arrowheads). (Right) The CREBml non-h- (CREBml) 
same neurons stained with an antibody directed against cytochrome c. Scale bar, 20 Fm. (B) Time 
course of apoptotic cell death of sympathetic neurons microinjected with expression vectors wi non-lnbctd(CREBw) 

encoding E-CFP and the empty CMV-500 vector (closed triangles), E-CFP and A-CREB (closed A CMV-600 a non-hbct-d (cYV-500) 

squares), E-CFP and CREBm1 (closed circles), and E-CFP and wild-type (wt) CREB (closed diamonds). 
Cell viability was measured by Hoechst 33258 staining. The open symbols represent the noninjected 
cells from the same plates. Each data point represents the value from one individual plate of microinjected neurons for which viability of 50 or more 
microinjected or noninjected neurons was determined. 
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