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Abstract
Objective—Despite behavioral differences between genetic subtypes of Prader-Willi syndrome,
no studies have been published characterizing brain structure in these subgroups. Our goal was to
examine differences in the brain structure phenotype of common subtypes of Prader-Willi
syndrome (PWS) [chromosome 15q deletions and maternal uniparental disomy 15 (UPD)].

Methods—Fifteen individuals with PWS due to a typical deletion ((DEL) Type I; n=5, Type II;
n=10), 8 with PWS due to UPD, and 25 age-matched healthy-weight individuals (HWC)
participated in structural magnetic resonance imaging (MRI) scans. A custom voxel-based
morphometry processing stream was used to examine regional differences in gray and white
matter volume between groups, covarying for age, sex, and body mass index (BMI).

Results—Overall, compared to HWC, PWS individuals had lower gray matter volumes that
encompassed the prefrontal, orbitofrontal and temporal cortices, hippocampus and
parahippocampal gyrus, and lower white matter volumes in the brain stem, cerebellum, medial
temporal and frontal cortex. Compared to UPD, the DEL subtypes had lower gray matter volume
primarily in the prefrontal and temporal cortices, and lower white matter in the parietal cortex. The
UPD subtype had more extensive lower gray and white matter volumes in the orbitofrontal and
limbic cortices compared to HWC.

Conclusions—These preliminary findings are the first structural neuroimaging findings to
support potentially separate neural mechanisms mediating the behavioral differences seen in these
genetic subtypes.
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Introduction
Prader-Willi syndrome (PWS) is a neurogenetic disorder in which imprinted genes on the
proximal long arm of chromosome 15 are affected. PWS is caused by a lack of paternal
genetic information at 15q11-q13 due to a deletion on the paternal chromosome (DEL)
(70%), maternal uniparental disomy (UPD) (25%), or imprinting defects, atypical deletions,
or chromosome 15 translocations (5%) 1. In the typical deletion group, the length of this
deletion varies, such that two classes of individuals with the typical deletion have been
identified: the longer Type I deletion and the shorter Type II deletion 2–5. As a whole, these
different genetic changes result in developmental delay, learning disabilities, psychiatric
problems, speech delay, physical anomalies, hyperphagia, and early-onset childhood
obesity 2; 6. Of these, the most prominent characteristics in children are mental deficiency,
hyperphagia and obesity 7. One of the consequences of unattended hyperphagia, or an
insatiable appetite, is an over-consumption of calories and, in 1/3 of the PWS population,
maintenance of over 200% ideal bodyweight. Moreover, there are behavioral differences
between the genetic subtypes of PWS. For instance, individuals with the DEL subtype have
more severe behavioral problems, such as compulsive and self-injurious behaviors, than
individuals with maternal uniparental disomy (UPD), who generally demonstrate higher
Verbal IQ and academic performance scores 8. However, individuals with UPD may also be
at increased risk for symptoms of autism 9; 10 as well as psychiatric disorders 11; 12 Thus,
further delineation of the distinctions between genetic subtypes will be important for
understanding the pathophysiology of PWS.

There have been a limited number of studies characterizing the neuroanatomy in individuals
with PWS. Reported morphological abnormalities include global cortical atrophy and
smaller brainstems 13, anomalous Sylvian fissures14, partial cerebellar hyperplasia15, larger
ventricles, parieto-occipital lobe abnormalities, and lack of insula closure 16; 17. While these
initial studies used visual and radiological techniques to assess gross anatomical differences,
a recent voxel-based morphometry (VBM) magnetic resonance imaging (MRI) study of gray
matter detected small changes and further investigated frontal lobe volume. After controlling
statistically for various factors, such as body mass index (BMI) and gray matter volume
(GMV), the primary finding was lower gray matter volume in the orbitofrontal cortex of
PWS compared to healthy weight controls 18. These reported abnormalities suggest that
there may be neuroanatomical differences in individuals with PWS that underlie the
neurobehavioral profile of the disease. However, no structural imaging studies of any sort
have investigated differences in gray or white matter volume between genetic subtypes of
PWS.

Our group recently completed a functional imaging study that showed possible divergent
neural mechanisms associated with different behavioral phenotypes in genetic subtypes of
PWS 19. For instance, individuals with the deletion subtype have more severe behavioral
problems than those with UPD 20; 21, and in our functional magnetic resonance imaging
(fMRI) study individuals with the DEL subtype had increased and more widespread brain
activation before and after eating compared to the UPD group 19. While these findings begin
to point to different gene-brain-behavior relationships, to date, there are no published MRI
studies investigating brain volume differences between DEL and UPD subtypes and healthy
weight controls (HWC). Therefore, we sought to characterize regional gray and white matter
differences using VBM methodologies.
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Materials and Methods
Subjects

This study was approved by the Human Subjects Committees at the University of Kansas
Medical Center. We certify that all applicable institutional and governmental regulations
concerning the ethical use of human volunteers were followed during this research. Written
informed consent was obtained from parents/guardians and assent was obtained from 23
individuals with Prader-Willi syndrome (15 F/ 8 M), and 25 typically developing healthy
weight control subjects (14 F/ 11 M; HWC Group). Individuals from this study were part of
a larger study that investigated food reward motivation differences between genetic
subgroups in PWS using fMRI 21. Diagnosis of PWS was confirmed through chromosomal
and DNA molecular analysis as previously described 21. Concomitant psychotropic
medications included (number of subjects in parentheses): UPD group: clonazepam (1),
buspirone (1), trazodone (1), and lithium (1); DEL group: buspirone (1), lithium (1), and
seroquel (1). Additionally, 1 DEL participant was being treated for hypothyroidism. Among
the PWS participants, 6 (2 DEL, 4 UPD) were currently on growth hormone treatment; none
had a history of appetite suppressant use. None were on sex hormone replacement. For
adults with PWS in this study, IQ was obtained using the Wechsler Adult Intelligence Scale-
Version 3 (WAIS-III)22; 23, and for children with PWS (under age 16), the Wechsler
Intelligence Scale for Children version 3 (WISC-III)24. All HWC were tested with the
Wechsler Abbreviated Scale of Intelligence (WASI).

Groups were matched on age [mean years of age (range) DEL = 25.2 (10–39); UPD = 17.4
(10–25); HWC = 22.3 (10–48); all t-tests n.s.; see Table 1 for group demographics]. The
HWC group had a significantly lower BMI for age and sex as determined by standardized
charts from the United States Centers for Disease Control than both PWS subgroups (HWC
vs. DEL: p < .05; HWC vs. UPD: p < .05). The DEL and UPD groups were significantly
different in IQ (p = .042), with the mean of the UPD group being slightly higher at 69.8 vs.
the DEL group at 60.1. DEL and UPD groups did not differ in BMI. No subjects had a
history of neurological illness.

Three-Factor Eating Questionnaire (TFEQ)
Eating behavior was measured using a modified version of the TFEQ 25. The TFEQ assesses
degree of dietary restriction, eating disinhibition, and hunger level. For the purposes of this
study, only the 13 initial items on this questionnaire were used. These questions ask
individuals to rate their behavior on a 4-point scale (with lower rating indicating lower
dietary restriction, lower eating disinhibition, and lower hunger levels). For individuals who
were children, parents or guardians completed the TFEQ on their child/ward. Individuals in
the HWC group completed self-report versions of the TFEQ.

MRI acquisition
Scanning was performed on a 3 Tesla Siemens Allegra (Siemens, Erlangen, Germany) fitted
with a quadrature head coil at the University of Kansas School of Medicine, Hoglund Brain
Imaging Center. Participant’s heads were immobilized with head cushions. Coronal high-
resolution T1-weighted anatomical images were acquired using 3D MPRAGE sequences
with repetition time/echo time (TR/TE) = 23/4ms, flip angle = 8°, field of view (FOV) = 256
mm, matrix = 256 × 192, slice thickness = 1mm. Every scan was checked for image artifacts
and gross anatomical abnormalities.

MRI Data Analysis
Data analysis for 47 subjects was performed using Statistical Parametric Mapping version 8
(SPM8) algorithms (Wellcome Department of Cognitive Neurology, London, UK) running
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under MATLAB 7.2 (The MathWorks, Natick, MA, USA) on Linux. Processing for VBM
analysis was done by first creating a sample-specific DARTEL template (Diffeomorphic
Anatomical Registration Through Exponentiated Lie algebra). DARTEL is a suite of tools
for achieving more accurate inter-subject registration of brain images26, increasing
localization as well as sensitivity for VBM studies. We then used high-dimensional spatial
normalization with DARTEL to normalize images to the DARTEL template, and the unified
segmentation (“New Segment”) model in SPM827 with priors to output warped, modulated,
segmented images. For this study we were interested in gray and white matter volume
differences between groups, so we used both linear and nonlinear normalizations. These
final images were smoothed with a 10mm isotropic Gaussian kernel to accommodate inexact
spatial normalization (8mm for white matter volume). Gray matter volume (GMV), white
matter volume (WMV), and cerebrospinal fluid volumes (CSF) from the segmentations were
used to calculate total-intracranial volume (TICV).

A General Linear Model (GLM) full factorial analysis with post hoc t tests was used to
examine regional volume differences across PWS and HWC groups, including age, sex, and
BMI as confounding variables, and gray matter volume as a global variable (WMV for white
matter analyses). We first analyzed the PWS vs. HWC groups as a whole, then compared
DEL vs. HWC, UPD vs. HWC, and UPD vs. DEL. Voxels are reported with reference to the
Montreal Neurological Institute (MNI) standard space within SPM828. To avoid possible
edge effects around the border between GM and WM and to include only relatively
homogeneous voxels, we used an absolute threshold masking of .15 for each analyses. For
all analyses, results were considered significant at p < .05 after correction for multiple
comparisons (family wise error (FWE)) and had a minimum cluster size of 100 voxels (k >
100). In order to compare our data to previous publications, we also report GMV data at p
< .001 uncorrected for multiple comparisons.

Statistical Analyses
SPSS 17.0 was used for all statistical analysis outside of imaging space. Continuous
demographic, cognitive, and imaging variables were compared between the DEL, UPD, and
HWC groups using ANOVA. Chi-square was used to compare categorical variables between
groups. For all analyses, results were considered significant at p < .05.

Results
Subject Characteristics

The demographic data, including the BMI and differences in global tissue volumes are
presented in Table 1. The global volumes of GMV, WMV, and TICV were significantly
smaller in the DEL group than those in the control group (p < .001), but there were no group
differences in CSF volume. UPD individuals had significantly less WMV than the HWC
individuals (p < .001). Gray matter volume was significantly different between the PWS
subgroups (p < .025) such that DEL groups had less GMV than UPD, however there were
no global differences between DEL and UPD in WMV, CSF, or TICV.

TFEQ Scores
Group comparisons on TFEQ scores showed that mean scores for individuals in the HWC
group were significantly lower than both PWS groups (HWC: 2.32 ± .25; DEL: 3.06 ± .37;
UPD: 2.97 ± .49; p < .001 for both). The deletion and UPD groups did not differ in their
mean TFEQ score.
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VBM Data- Comparison of Gray and White Matter Volume Between Groups
PWS vs. HWC—Individuals in the combined PWS group showed regions of significantly
smaller gray and white matter volume than the HWC group. At a corrected level of
significance, the primary regions were the bilateral anterior cingulate gyrus, bilateral
superior temporal cortex, and bilateral limbic cortex (hippocampus and parahippocampal
gyrus) (Figure 1). Gray matter regions that were lower in PWS compared to HWC at an
uncorrected level of significance spanned the frontal cortex (inferior and middle frontal
gyri), precentral gyrus, and cerebellum (Table 2). White matter regions of less volume were
the left inferior frontal, precentral, bilateral medial temporal, brainstem and cerebellum
(Figure 1, Table 4). There were no regions where HWC individuals had significantly less
regional GMV or WMV than PWS individuals.

DEL vs. HWC—Individuals in the DEL subgroup had significantly less gray matter
volume than the HWC group in the left inferior/middle frontal gyrus (Brodmann’s Area
(BA) 8, BA 46), bilateral anterior cingulate (BA 24), left precentral gyrus (BA 6), right
superior temporal gyrus (BA 22), and middle temporal gyrus (Table 3, Figure 2). Regions at
an uncorrected level of significance included the bilateral inferior and superior frontal gyri,
orbitofrontal gyrus (BA 11), left putamen, left inferior temporal gyrus, and the left inferior
parietal cortex. Individuals in the DEL subgroups had significantly less white matter volume
than the HWC group in the bilateral inferior frontal cortex, right middle temporal cortex,
thalamus (inferior and/or superior colliculus), brainstem, and cerebellum (Table 4, Figure 2).
There were no regions where HWC individuals had significantly less regional GMV or
WMV than DEL individuals.

UPD vs. HWC—Individuals in the UPD subgroup had significantly less GMV than the
HWC group in the orbitofrontal (BA 11), left inferior and middle frontal (BA 46, 47) and
bilateral limbic regions (parahippocampal and hippocampal cortices) (Table 3, Figure 2).
Regions at an uncorrected level of significance included the bilateral caudate, left anterior
and middle cingulate (BA 33), left hypothalamus, right middle temporal gyrus. Individuals
in the UPD subgroups had significantly less WMV than the HWC group in the cingulum,
right middle frontal, left inferior frontal, middle temporal, thalamus, brainstem, and
cerebellum (Table 4, Figure 2). There were no regions where HWC had less regional GMV
or WMV than the UPD individuals.

DEL vs. UPD—Individuals in the DEL subgroup had significantly less GMV in the left
middle frontal and right superior temporal gyri (BA 41, 42), left middle temporal gyrus, and
left inferior parietal cortex (Table 3, Figure 3) compared to the UPD group. At an
uncorrected level, regions of lower gray matter volumes spanned the prefrontal (superior,
inferior, and middle frontal gyri) and temporal cortices (middle and superior temporal gyri)
as well as the anterior cingulate, cerebellum, and precuneus. Individuals in the DEL
subgroup had significantly less WMV in the left inferior parietal cortex compared to the
UPD group (Table 4). There were no regions where individuals with the UPD subtype had
less GMV than the DEL subtype; however they had significantly less WMV in the
orbitofrontal cortex when compared to UPD (Table 4).

Finally, we did several secondary analyses to address issues of uneven variables within
groups. For instance, 4 individuals in the DEL group and 2 individuals in the UPD group
were on growth hormone. We did additional analyses of the HWC vs. DEL, HWC vs. UPD,
and UPD vs. DEL contrasts with a variable controlling for presence of growth hormone. We
found that there were no changes in the results between HWC vs. UPD, and UPD vs. DEL.
We found that the decrease in GMV in the precentral gyrus in the DEL group compared to
the HWC group had increased in significance, and that the DEL group had additional
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regions of less GMV in the bilateral parahippocampal gyrus and the left middle temporal
gyrus (p<.05 FWE corrected), with all other regions remaining the same (Data upon
request). To control for IQ differences between DEL and UPD groups in our primary
analysis of GMV, we did an additional analysis including IQ as a covariate along with age,
sex, and BMI. As before, there were no regions where the DEL group had significantly more
regional GMV than the UPD group. The DEL subgroup had lower GMV compared to the
UPD group in the same regions as in the previous analysis without IQ, the left middle frontal
and right superior temporal gyri (BA 41, 42), left middle temporal gyrus, and left inferior
parietal cortex at p<.001 uncorrected. However, these regions did not reach corrected
significance at p<.05 FWE corrected.

Discussion
We report a neuroanatomical profile of individuals with PWS that presents a unique pattern
of regional brain volumes in each genetic subtype of this complex syndrome. These
preliminary findings are the first structural neuroimaging findings to support potentially
separate mechanisms underlying the behavioral differences seen in these genetic subtypes.
Compared to HWC, PWS participants as a whole had lower GMV localized to the
prefrontal, orbitofrontal, and temporal cortices, as well as the caudate, hippocampus, and
parahippocampus, even when controlling for absolute gray matter volume differences
between these groups. We also show, for the first time in a group of PWS subjects, less
WMV in the brainstem, cerebellum, and white matter surrounding the thalamus, as well as
frontal white matter. In addition, consistent with previous fMRI reports, we found that
individuals with the DEL subtype of PWS had lower GMV primarily in the prefrontal,
medial frontal, and temporal cortices compared to HWC, while individuals in the UPD
subtype had lower gray matter volumes primarily orbitofrontal and limbic gray matter
compared to HWC. These findings remained significant even when controlling for age, sex,
BMI, and total GM volume as covariates in the analysis.

Overall, individuals with PWS in our study had less gray matter volume in the prefrontal
cortex, orbitofrontal cortex, limbic, and temporal cortices than HWC. These confirm and
extend reports from a recent VBM study which reported less gray matter volume in the
orbitofrontal cortex (OFC) in PWS individuals compared to healthy-weight controls 18. The
OFC is a key brain structure for incorporating reward information from food-related sensory
and visceral networks 29; 30. Studies on food-related behavior in both obese 31 and PWS 32

individuals have characterized dysfunction within the satiety system 32; 33 in the prefrontal
cortex, namely the OFC. In addition, our structural findings of gray matter differences
overlap with our functional neuroimaging results from a previous study in which we found
that the PWS group exhibited greater activation to food pictures in the post-meal condition
compared with the pre-meal condition in the orbitofrontal cortex, medial PFC, insula,
hippocampus, and parahippocampal gyrus 34. In PWS there is an onset of insatiable appetite
relatively early in life, with the resultant risk of severe and life-threatening obesity 35. Thus,
less local gray and white matter volume in the prefrontal and limbic regions may underlie
hyperfunction of the limbic and prefrontal cortex and may be associated with hyperphagia
specific to PWS individuals; however the relationship between structural and functional
differences between these PWS groups remains unclear. The PWS group had significantly
less GMV in the medial prefrontal cortex (BA 6, 46), a region important in attentional
control and executive function. Previous research has reported an association between
specific cognitive deficits in task switching (attentional control) and PWS behaviors
including repetitive questions and temper tantrums 36–38. It may be that less gray matter
volume in the medial prefrontal cortex underlies some of the cognitive deficits and
corresponding behavioral deficits dependent on prefrontal networks. Overall, individuals
with PWS have less temporal, frontal, and limbic gray matter volume compared to
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individuals with HWC that, taken in light of other functional imaging studies, may give
neuroantomical basis for the behavioral deficits.

This is the first study to use VBM to study genetic subgroups of PWS individuals compared
to HWC individuals. Overall, we found more extensive GMV decreases in the DEL group
compared to the UPD group. These were primarily in the prefrontal cortex (BA 6, 46), the
anterior cingulate cortex (BA 24) and the superior and middle temporal gyri (BA 22).
Medial frontal and prefrontal regions have been associated with food processing as well as
reward and affect-driven motivation 19; 34. In a previous fMRI study of food motivation, we
found that individuals in the DEL group showed a more robust, abnormal response than the
UPD group in overlapping regions, namely the prefrontal cortex, anterior cingulated, and
superior temporal gyri. Moreover, PET studies have documented hypermetabolism in the
prefrontal, orbitofrontal, and temporal regions (primarily in the deletion subgroup)39; 40, as
well as reduced [11C] FMZ binding to GABAA receptors in deletion adults in the prefrontal,
temporal, and cingulate cortices 41. Although it is not possible to measure the overlap
between structures in these PET studies compared to our MRI study, it must be noted that
regional hypermetabolism alongside less gray matter volume is unexpected. It may be that,
despite less gray matter in these frontal and temporal networks, individuals with PWS, and
more often DEL individuals, may have synaptic compensatory mechanisms maintaining
neuronal activity in the face of structural alterations. That said, not all studies have reported
hypermetabolism in PWS; Kim et al found hypometabolism in the orbitofrontal cortex, and
Lucignani et al. report a loss of GABAA receptors in the prefrontal cortex in individuals
with PWS41; 40. Overall, reports from multiple neuroimaging modalities point towards an
abnormal cortical network of food motivation circuitry in PWS, especially in the DEL
subgroup.

In the present study, the UPD genetic subgroup had less GMV and WMV in the OFC, and
less GMV in the head of the caudate and medial temporal cortex compared to HWC
individuals. Previous fMRI data revealed that individuals with UPD had abnormal an BOLD
response in the medial temporal cortex, which, taken in light of our structural finding in the
UPD group, may suggesting that regions involved in memory and learning may be both
structurally and functionally abnormal in this subgroup. In addition, individuals in the UPD
subgroup had less GMV in the head of the caudate than HWC individuals. The caudate
nucleus, part of the basal ganglia, is highly innervated by dopamine neurons, and also is
involved in learning and memory, particularly feedback processing. It has been theorized
that the caudate nucleus may be dysfunctional in persons with obsessive-compulsive
disorder (OCD) through inability to regulate information from the OFC.

Individuals with PWS appear to have a compulsive disorder with behaviors seen in other
conditions such as autism, specifically repetitive and ritualistic behavior 42. Moreover, a
large structural imaging study in typically developing school-aged children found that there
was a significant relationship between general cognitive ability (IQ) and the volume of the
cerebellum and caudate 43. Thus lower gray matter in the basal ganglia specifically in UPD
individuals may explain both their obsessive-compulsive symptoms as well as play a role in
the decreased cognitive abilities in this group of young and old individuals.

As a whole, we also found that PWS subjects had significantly less regional WMV in the
ventral midbrain, brainstem, cerebellum, medial temporal cortex and surrounding the
thalamus, along with regionally less white matter in the inferior frontal cortex. Genetic
subgroups were more similar in WMV differences than they were GMV differences (Figure
3) compared to HWC, with the only differences between subgroups being less orbitofrontal
white matter volume in the UPD group, and less parietal cortex white matter in the DEL
subgroup. Gross white matter abnormalities in PWS have been reported in post-mortem
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studies in the brainstem 13 and cerebellum 15. Moreover, a recent study used diffusion tensor
imaging (DTI), a type of imaging that characterizes the quality of white matter tracts, in 8
PWS individuals and identified regional abnormalities in white matter development in PWS,
specifically in frontal and thalamic white matter, along with the posterior limb of the internal
capsule and the splenium of the corpus callosum 44. Similar to this DTI study, fronto-
thalamic regional white matter volumes were decreased in both DEL and UPD subgroups in
our analysis. Fronto-thalamic white matter tracts have close connection to the limbic system
through the prefrontal and cingulate cortices, and abnormalities in these regions have been
linked to psychiatric dysfunction; thus, abnormalities in these regions might contribute to
clinically observed psychiatric manifestations in PWS 45. Moreover, our PWS individuals
had decreased WMV in the central and posterior white matter tracts coming up through the
midbrain, brainstem, and cerebellum, which may underlie some of the motor dysfunction in
PWS, as similar white matter dysfunctions in these regions have been shown to play a role
in motor neuron dysfunction in diseases like amyotropic lateral schlerosis 46. Future DTI
studies using larger groups of subjects might clarify tract-specific changes among in PWS
subgroups.

Neuroanatomical differences between genetic subtypes of PWS may be due to several
genetic mechanisms. Individuals with the DEL subtype may have a more severe phenotype
due to haploinsufficiency of genes in the PWS region, resulting in a reduced expression of
non-imprinted genes in these individuals. As a contrast, individuals with the UPD subtype
may have a less severe neuroanatomical phenotype because they inherit two copies of
maternally expressed genes, resulting in a gene dosage effect with elevated expression of
these genes. Moreover, imprinted genes distal to 15q11-q13 are possibly impacted in
individuals with UPD but not in individuals with a deletion. Thus, these mechanisms may
lead to variability in both the patterns of neural activation we have seen in these subgroups,
as well as differences in the underlying smaller regional GMV between UPD and DEL
individuals.

Limitations
Individuals with PWS have smaller congenital brain volume compared to normal volunteers,
possibly owing to lack of paternally-expressed genes on chromosome 15q11-q13. To control
for brain size differences, we included total GMV and WMV volume as a covariate where
appropriate, however this may have underestimated the difference between the three groups
derived from this disease. There were also differences in the numbers of males and females
between the groups, and considering that sex influences gray matter volume, we can not rule
out the contributing factor of sex to lower gray matter volumes in the DEL group. Despite
this, our analyses account statistically for overall size differences; thus, we can more clearly
interpret results, such that regions where DEL had significantly lower regional GMV
compared to UPD and HWC were not just due to proportionally smaller brains. We also
controlled for gender in all of our imaging analyses. Moreover, our use of a study-specific
template further compensates for the gender differences among the sample, as all images are
normalized to a mixed-gender template. Because our data was collected as part of several
separate studies, this study lacked more detailed neurocognitive tests for 10 of our PWS
subjects. Thus, we did not attempt to correlate various types of tests with our morphological
data, nor could we control for IQ in our imaging analysis of HWC. For instance, individuals
with the DEL subtype had a lower mean IQ than those with the UPD subtype, and had in
general had less local gray matter volume compared to HWC than the UPD subtype, with a
trend for lower gray matter volume in the cerebellum, which has been noted to be related to
IQ in school-aged children 43. In addition, in our secondary analysis of UPD vs. DEL
subgroups we were able to control for IQ and found that the DEL subgroup had frontal and
temporal gray matter volume differences similar to the original analyses; however, this did
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not reach a corrected threshold. Therefore, there may be differences in cognitive functioning
that may further explain the differences between genetic subtypes that this study could not
clarify. However, fMRI data on IQ-matched individuals (PWS and HWC) does suggest that
there are neural mechanisms of hyperphagia in PWS that are not accounted for by cognitive
differences between these populations 47.

Conclusions
We report a neuroanatomical profile of individuals with Prader-Willi syndrome that presents
a unique gray matter volume pattern in each genetic subtype of this complex genetic
syndrome. Compared to healthy-weight controls, Prader-Willi subjects as a whole had
widespread gray matter decreases in the prefrontal, temporal and limbic cortices. Moreover,
individuals with the DEL subtype of Prader-Willi syndrome had primarily prefrontal, medial
frontal, and temporal decreases in gray matter volume, while individuals in the UPD subtype
had primarily orbitofrontal and limbic gray matter decreases compared to healthy controls.
These preliminary findings are the first structural neuroimaging findings to support
potentially separate neural mechanisms mediating the behavioral differences seen in these
genetic subtypes. Future studies on this unique group of individuals will aid in clarifying the
underlying biological mechanisms of varying genetic dysfunction that contributes to Prader-
Willi syndrome, especially those in maternally imprinted or paternally expressed genes in
the 15q11-q13 region.
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Figure 1. Cortical regions show smaller gray and white matter volume in the PWS group
compared to healthy-weight controls
Gray matter regions are displayed on a 3-D surface-rendered standard brain and white matter
regions are displayed on a 2-D standard brain. A. The top row of section A shows a frontal
view on the left and posterior view on the right of the cortex, demonstrating bilateral frontal
gray matter decreases. The middle row of section A shows left and right outer views of the
cortex showing the temporal and frontal decreases in gray matter volume. The bottom row
of section A shows a ventral view on the left and a dorsal view on the right, demonstrating
orbitofrontal and medial temporal (limbic) decreases in gray matter volume. B. Section B
shows sagittal and axial views of white matter volume decreases in PWS subjects,
highlighting the midbrain, brainstem, thalamic and corpus callosum white matter decreases
(all part of a large cluster) on the left, and on the right showing decreases in the inferior
frontal and precentral cortices. Results are displayed at p<.05 FWE corrected, Z score range
shown on the color bar.
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Figure 2. Cortical regions from genetic subtype comparison of HWC to the deletion group (A, C)
and the UPD group (B, D)
Gray matter regions are displayed on a 3-D surface-rendered standard brain (A, B) and white
matter regions are displayed on a 2-D standard brain (C,D). A. The top row of section A
shows left and right lateral views of gray matter volume decreases in DEL subjects
compared to HWC, highlighting the temporal and frontal decreases in this group. The
bottom row of section A shows ventral and dorsal views, displaying decreases in
hippocampal and prefrontal gray matter. C. Row C shows sagittal and axial views of white
matter volume decreases in HWC subjects. B. The top row of section B shows left and right
lateral views of gray matter volume decreases in UPD subjects compared to HWC. The
bottom row of section B shows ventral and dorsal views, displaying decreases in
hippocampal and orbitofrontal cortical gray matter. D. Row D shows sagittal and axial views
of white matter volume decreases in UPD subjects. Results are displayed at p<.05 FWE
corrected, Z score range shown on the color bar.
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Figure 3. Cortical regions of gray matter volume decreases in the deletion group compared to the
UPD group
Gray matter regions are displayed on a 3-D surface-rendered standard brain. The top row
shows a frontal view on the left and posterior view on the right of the cortex, demonstrating
posterior parietal gray matter decreases. The middle row shows left and right outer views of
the cortex showing right temporal and left parietal decreases in gray matter volume. The
bottom shows a ventral view on the left and a dorsal view on the right. Results are displayed
at p<.05 FWE corrected, Z score range shown on the color bar.
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