
                                       AD_________________ 
 
 
Award Number:  W81XWH-06-1-0168 
 
 
TITLE:  Mutational Analysis of Cell Types in TSC 
 
 
PRINCIPAL INVESTIGATOR:  Peter B. Crino M.D., Ph.D. 
 
                
CONTRACTING ORGANIZATION: University of Pennsylvania  

   Philadelphia, PA 19104      
 
REPORT DATE:  January 2008 
 
 
TYPE OF REPORT:  Annual 
 
 
PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
               Fort Detrick, Maryland  21702-5012 
                 
 
DISTRIBUTION STATEMENT: Approved for Public Release;  
                                                  Distribution Unlimited 
 
 
The views, opinions and/or findings contained in this report are those of the author(s) and 
should not be construed as an official Department of the Army position, policy or decision 
unless so designated by other documentation. 



 

 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-
4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY) 
01-01-2008 

2. REPORT TYPE
Annual  

3. DATES COVERED (From - To)
1 JAN 2006 - 31 DEC 2007

4. TITLE AND SUBTITLE 
  

5a. CONTRACT NUMBER 
 

Mutational Analysis of Cell Types in TSC 5b. GRANT NUMBER 
W81XWH-06-1-0168 

 5c. PROGRAM ELEMENT NUMBER 
 

6. AUTHOR(S) 
Peter B. Crino M.D., Ph.D. 

5d. PROJECT NUMBER 
 

 5e. TASK NUMBER 
 

E-Mail:   peter.crino@uphs.upenn.edu 5f. WORK UNIT NUMBER
 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
 

8. PERFORMING ORGANIZATION REPORT   
    NUMBER 

University of Pennsylvania  
Philadelphia, PA 19104 

 
 
 
 
 

 
 
 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 
U.S. Army Medical Research and Materiel Command   

Fort Detrick, Maryland  21702-5012   
 11. SPONSOR/MONITOR’S REPORT  
        NUMBER(S) 
   
12. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for Public Release; Distribution Unlimited  
 
 
 

13. SUPPLEMENTARY NOTES 
  

14. ABSTRACT  
Tuberous sclerosis complex (TSC) is an autosomal disorder resulting from mutations in the TSC1 or TSC2 genes that is associated with 
epilepsy, cognitive disability, and autism. TSC1/TSC2 gene mutations lead to developmental alterations in brain structure known as tubers in 
over 80% of TSC patients. Loss of TSC1 or TSC2 function in tubers results from biallelic TSC gene inactivation and leads to activation of the 
mTOR cascade as evidenced by phosphorylation of ribosomal S6 protein (P-S6). We demonstrate that there are numerous cytoarchitectural 
abnormalities in non-tuber brain areas in post-mortem TSC brain. Many of these regions exhibit aberrant phosphorylation of the ribosomal 
S6 protein (phospho-S6 or P-S6), a marker for enhanced mTOR signaling. We find P-S6 expression in cortex as well as subcortical regions 
including the cerebellum. Single cell mutational analysis of these regions reveals somatic missense mutations suggesting that even though 
these lesions are distinct from tubers, they arise by biallelic gene inactivation. We have generated two new in vitro TSC models and have 
identified several new proteins that are upregulated in TSC. 

15. SUBJECT TERMS 
Tuberous Sclerosis, Mtor, Somatic Mutation, Ribosomal S6 Protein 

16. SECURITY CLASSIFICATION OF: 
 

17. LIMITATION  
OF ABSTRACT 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 
USAMRMC  

a. REPORT 
U 

b. ABSTRACT 
U 

c. THIS PAGE 
U 

 
UU 

 
12 

   

19b. TELEPHONE NUMBER (include area 
code) 
 

 Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std. Z39.18 



  

 
 
 

Table of Contents 
 

 
                                                                                                                                Page 
 

 

Introduction…………………………………………………………….………..….. 4 

 

Body………………………………………………………………………………….. 5-10 

 

Key Research Accomplishments………………………………………….……..   10 

 

Reportable Outcomes………………………………………………………………   11   

 

Conclusion……………………………………………………………………………  11 

 

References……………………………………………………………………………. 11-13 

 

Appendices……………………………………………………………………………  NA 

          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 4 

 
 

Introduction 
Tuberous sclerosis complex (TSC) is an autosomal disorder resulting from mutations in the 

TSC1 or TSC2 genes that is associated with epilepsy, cognitive disability, and autism. TSC1/TSC2 
gene mutations lead to developmental alterations in brain structure known as tubers in over 80% of 
TSC patients. Loss of TSC1 or TSC2 function in tubers results from biallelic TSC gene inactivation 
and leads to activation of the mTOR cascade as evidenced by phosphorylation of ribosomal S6 
protein (P-S6). Several new findings warrant further investigation of the mechanisms  through which 
TSC gene mutations lead to developmental alterations in brain structure. Recent MRI studies suggest 
that there are subtle widespread abnormalities in TSC brains that contribute to neurocognitive deficits 
and in vitro evidence suggests that reduction of Tsc1 in rat neurons leads to altered dendrite 
structure.  

First, we proposed to define subtle structural alterations distinct from tubers in post-mortem 
TSC brain specimens in the cortex, thalamus, basal ganglia, and cerebellum which may contribute to 
epilepsy, infantile spasms, and neurocognitive abnormalities in TSC using neuronal and astrocytic 
protein markers. Then, we hypothesized that P-S6 is expressed in these non-tuber brain lesions as 
well as tubers reflecting mTOR cascade activation similar to tubers.  Next, we proposed to identify 
somatic second hit mutations in single microdissected P-S6 labeled cells in non-tuber brain lesions as 
a strategy to define whether all structural abnormalities in TSC require biallelic TSC gene inactivation. 
We have sought to determine whether P-S6 labeled giant cells in tubers and non-tuber brain lesions 
express a single or multiple somatic second hit mutations to test the hypothesis that structural lesions 
form by a clonal cellular expansion. We have recently generated two new in vitro model systems to 
study TSC. Finally, we have identified stem cell marker proteins that provide insights into lesion 
formation in TSC. During the two-year funding period, we have made strides in accomplishing all of 
the proposed goals. We have presented our work at national and international meetings, we have two 
papers published and several papers in preparation that summarizes our work. 
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Figure 1. Left, Fetal brain MRI 
depicting two tubers at 25 weeks 
gestation (arrows). Right, two tubers 
in mature brain (circled). 

 

 
 
Figure 2. Tuber probed with MAP2 
antibodies. GCs (large arrows) are 
distributed from the pial surface to 
the subcortical white matter without 
clear radial or laminar orientation 
and they may appear in clusters or 
lines. DNs are smaller (small 
arrows) and interspersed with GCs.  

 
 
Body 
Clinical Features  

The tuberous sclerosis complex (TSC) is an autosomal 
dominant disorder affecting children and adults resulting from 
mutations in one of two genes, TSC1 (TSC1) or TSC2 (TSC2) 
(ECTS, 1996; van Slegtenhorst et al., 1997). TSC is estimated 
to occur in 1:8000 live births (O’Callaghan et al., l998). TSC 
affects multiple body organ systems including the heart, 
kidney, skin and eye (Roach et al., 1998). However, the most 
disabling manifestations of TSC reflect abnormalities in brain 
function. For example, epilepsy occurs in over 70-80% of TSC 
patients and infantile spasms, a devastating epilepsy syndrome 
often associated with profound mental retardation and dismal 
neurological prognosis, occurs in 20-30% of babies with TSC 
(Sparagana and Roach, 2000). Comorbid neuropsychological 
disorders such as autism, mental retardation (MR), pervasive developmental disorder, attention deficit 
disorder (ADD), and obsessive-compulsive disorder (OCD) are common in TSC patients (Prather and 
de Vries, 2004). Thus, TSC is a common cause of significant and disabling neurological, cognitive, and 
behavioral disorders in children and adults.  
 
Neuropathological Features 

The neurological manifestations of TSC are believed to result from structural abnormalities in the 
brain that form as a consequence of TSC gene mutations. Tubers (Figs.1 and 2), present in over 80% 
of pediatric or adult TSC patients, are focal developmental abnormalities of cerebral cortical 
cytoarchitecture that are characterized histologically by disorganized cortical lamination and the 
presence of cells with aberrant morphologies such as dysplastic 
neurons (DNs), large astrocytes, and a unique cell type known 
as giant cells (GCs; Huttenlocher and Wollman, 1991; Crino and 
Henske, 1999). Tubers are single or multiple lesions detected by 
neuroimaging that form during embryogenesis. Tubers have 
been identified in fetal life as early as 20 weeks gestation (Fig.1). 
In older children and adults, tubers frequently calcify. Tubers are 
believed to be an important cause of epilepsy in TSC and for 
many patients who do not respond to AEDs, surgical resection of 
a tuber is necessary to achieve seizure control (Koh et al., 2000).  
   However, in the few reported neuropathological 
analyses of the post-mortem TSC brain, disruption of normal 
brain architecture distinct from tubers including small structural 
abnormalities including heterotopias, subcortical nodules, radial 
migration lines, areas of hypomyelination, and small cortical 
dysplasias have been described (Richardson, 1991). These 
lesions differ from tubers in that they are smaller, GCs are an 
infrequent finding, cortical lamination is mildly altered, and they 
do not exhibit calcification, Recent MRI analyses in TSC patients 
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have confirmed subtle structural abnormalities outside of tubers in the cortex and within subcortical 
structures such as the thalamus and basal ganglia (Ridler et al., 2001; Bolton et al., 2002) and suggest 
that these non-tuber brain lesions, in addition to tubers, may contribute to autism and cognitive 
disability in TSC. The histopathology of these lesions has not been comprehensively investigated and 
the mechanistic relationship of these abnormalities to TSC gene mutations is unknown i.e., do these 
lesions form by similar processes as tubers, are they secondary events, or are they a unique 
phenotype of TSC? In addition, while activation of the mTOR cascade is a robust finding in tubers, it is 
unclear whether mTOR activation occurs in non-tuber lesions. Moreover, a compelling observation is 
that some TSC patients exhibit profound neurological disorders i.e., infantile spasms or autism, but 
have normal neuroimaging studies. Likely, there are microscopic structural alterations not detectable 
by MRI that can disrupt neurological function. Thus, an important new perspective on neurological 
manifestations of TSC is to fully consider the effects of radiographically visible lesions (tubers) as well 
as radiographically minimal or occult lesions on brain function.  
 
 mTOR Activation and Biallelic TSC Gene Inactivation 

Mutations in TSC1 or TSC2 likely have a significant impact on neuroglial development (see 
Marcotte and Crino, 2005). TSC1 and TSC2 form a functional protein-protein heteromeric complex 
that constitutively inhibits the activation (phosphorylation) of mTOR (mammalian target of rapamycin), 
p70-S6-kinase, and ribosomal S6 proteins (Fig.3) that contribute to ribosomal assembly and protein 
translation (Arrazola et al., 2002; Kenerson et al., 2002). The mTOR flows downstream of the insulin-
like growth factor-1 (IGF-1) receptors, PI3K, and Akt and serves as a key regulator of cell size via 
effects on ribosome biosynthesis and 5’-cap dependent mRNA translation (Schmelzle and Hall, 2000; 
McManus and Alessi, 2002). Constitutive negative modulation of this cascade by TSC1-TSC2 results 
in growth suppression, diminished protein synthesis, and restricted cell size. However, in response to 
growth factor stimulation e.g., IGF-1, nutrient availability, or stress, TSC2 is inactivated via Akt-
mediated phosphorylation and causes Rheb (Ras homolog expressed in brain) mediated 
phosphorylation (activation) of mTOR, p70S6 kinase, ribosomal S6, and 4EIBP.  

In TSC lesions, loss of TSC1 or TSC2 function leads to mTOR cascade activation and aberrant 
phosphorylation of ribosomal S6 protein (P-S6; Tee et al., 2002; Inoki et al., 2002). In keeping with the 
Knudsen “two-hit” mutational model, inactivation of both TSC1 or TSC2 alleles is necessary for mTOR 
activation and lesion formation (Green et al., 1994; Henske et al., 1999). By this mechanism, a 
somatic “second hit” mutation superimposed on an existing germline mutation leads to loss of TSC1 or 
TSC2 function. Phosphorylation of ribosomal S6 protein is increased in subependymal giant cell tumor 
specimens from TSC patients (Chan et al., 2004) that exhibit biallelic inactivation. Recent work form 
our lab (Baybis et al., 2004) has demonstrated cell specific activation of the mTOR cascade in giant 
cells in human tubers as evidenced by P-S6 expression. Our lab was the first to demonstrate that 
expression of phospho-ribosomal S6 (P-S6) protein is a robust marker for cells lacking TSC1 or TSC2 
function in tubers. 

 
Key Research Accomplishments 

The mission of our ongoing funding cycle based on the proposed Statement of Work has 
been to define how changes in brain structure result from alterations in TSC gene function.  Over the 
past year we have optimized strategies for single cell microdissection, single cell gene mutation 
analysis, and morphometric analysis of post-mortem TSC brain tissue. In addition, we have 
developed two new models for TSC using both in vitro and in vivo techniques that allow us to assay 
changes in gene and protein expression following TSC gene knockdown.  
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Figure 4. Multiple areas of 
structural abnormalities (D,E) not 
detected on post-mortem gross 
pathology (A) or tissue MRI (B,C). 
 

Single Cell Gene Mutational Analysis  
We have previously demonstrated that we can define germline and somatic TSC1 or TSC2 

mutations in single microdissected P-S6 labeled cells. These experiments demonstrated for the first 
time the mutational mechanisms that lead to tuber formation and provide a novel strategy that can be 
applied to defining the spectrum of germline and somatic second hit mutations in tubers and 
non-tuber brain lesions. These results also allowed us to propose a model for tuber formation during 
brain development (Fig.5) in which a progenitor cell sustains a somatic “second hit” mutation early in 
corticogenesis (Fig.9, red cell), continues to divide, and generates progeny lacking functional TSC1 or 
TSC2 (Yu et al., in preparation). As a consequence, the mTOR cascade is activated, leading to 
cytomegaly and perhaps, impaired migration or lamination. Tubers form as a mosaic lesion of null 
cells containing germline and somatic TSC gene mutations (in red) and haploinsufficient cells (e.g., 
dysplastic neurons, depicted in blue), containing only germline mutations. Interestingly, in this model 
the genotype of cells in adjacent non-tuber cortex (depicted in blue to the right of the tuber) is the 
same as dysplastic neurons (also in blue) within the tuber. 

There are several unresolved issues relating to structural abnormalities and TSC1/TSC2 
function in the developing brain. For example, an important unanswered question is whether tubers 
are formed by a single somatic mutation (as in Fig. 5) or by multiple second hit mutations (Fig.6, cells 
in red or green). A logical next question is whether somatic mutations occur at a developmental 
critical period and whether they occur simultaneously in a “shower” of mutational events. These 
notions have obvious importance for the realistic development of in utero therapy to prevent tuber 
formation (Crino, 2004).  
Selective Activation of mTOR Pathway in Non-Tuber Lesions  

 
A new direction in understanding the broad picture of 

neurological dysfunction in TSC is to define to what extent 
there are cytoarchitectural abnormalities in non-tuber brain 
areas. Based on our preliminary data, we propose that there 
are subtle structural alterations distinct from tubers that may 
be not be seen by MRI. We have initiated experiments to 
define P-S6 expression in non-tuber brain areas in 10 post-
mortem TSC cases. When completed, our data will represent 
analysis of the largest post-mortem TSC brain sample to 
date. These tissues are a precious resource and have been 
carefully assembled because they share many important 
phenotypic similarities. All patients had infantile spasms, 
intractable epilepsy, and significant cognitive disability. 
Formal IQ testing was not performed but all 10 patients were 
consigned to institutional living with full management of daily 
living activities.  

We have thusfar analyzed P-S6 expression by 
immunohistochemistry in several non-tuber cortical regions 
from three post-mortem TSC brain specimens. In these cases 
post-mortem MRI defined only a few of the most overt brain 

lesions. P-S6 immunoreactivity identified numerous regions of aberrant cortical lamination in areas 
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Figure 6. Single P-S6 labeled GC 
surrounded by smaller P-S6 labeled 
dysplastic neurons. 

 
Figure 5. Cluster of P-S6 
labeled GCs (microtuber) in 
subcortical white matter. Arrows 
depict boundary of overlying 
normal cortex above, and white 
mater, below. 

that were histopathologically distinct from tubers. In these areas, we found 1) small islands of GCs 
(we term these “microtubers”; Fig.4,5) that express P-S6; 2) only one or two GCs (expressing P-S6) 
surrounded by multiple P-S6 labeled dysplastic neurons (“dysplasias”; Fig.5,6); or 3) heterotopia 
(abnormal collections of cells in subcortical white matter). These data suggest a potentially highly 
relevant mechanism in which non-tuber lesions may result from enhanced mTOR cascade activation 
and  loss of TSC1 or TSC2 in the absence of tuber formation. It is thus possible that other brain areas 
may contain cells that lack functional TSC1 or TSC2 and yet do not form tubers, perhaps due to their 
embryological origin or progenitor cell subtype. 

Increased P-S6 protein labeling serves as a valuable 
marker for aberrant mTOR activation in cells lacking TSC1 or 
TSC2. These data raise several pivotal questions: 

 
1) Does P-S6 expression in these cells result from 

biallelic gene inactivation? Ongoing analysis in the lab has 
revealed missense mutations in two non-tuber brain areas 
consistent with biallelic inactivation as a molecular cause for 
mTOR activation in these areas. 

2) If so, then why are these lesions distinct from tubers? 
We don’t yet understand why some lesions are tubers while 
others are more subtle structural abnormalities. We are 
embarking on further genotype analysis to define mutations in 
other non-tuber brain areas. 

3) What are the distinct mechanisms that determine 
formation of tubers versus more subtle structural abnormalities e.g., loss of TSC1 or TSC2 in specific 
embryonic brain regions or at specific developmental epochs or in a specific subset of progenitor cell 
types? Perhaps there are subsets of progenitor cells that are incapable of tuber formation or 
alternatively, perhaps tubers can form only at precise developmental epochs. Further studies using 
the methods proposed in this funding initiative are ongoing in my laboratory. 

4) Are additional pathways (i.e., MAPK, which 
function in parallel with mTOR activated by loss of 
TSC1/TSC2), responsible for altered structure? These 
experiments are in progress in the lab. Previous work 
from our lab has revealed enhanced MAPK 
phosphorylation in tubers so a similar mechanism may 
function in non-tuber brain areas.  

5) A recent finding is the detection of P-S6 
expression in Purkinje cells in the TSC cerebellum but 
not normal control brains. We also find evidence for 
cytoarchitecutral abnormalities in the cerebellum that 
have not been previously reported including laminar 
disarray of the Purkinje cells. This finding is very 
intriguing since it supports the hypothesis that there is 
more broad derangement of CNS function in TSC than 
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Figure 7. Sox2 expression in tuber 
specimen.  

is evidenced by tuber number. In addition, the cerebellum has been implicated in autism and thus 
abnormalities of TSC/mTOR signaling in the cerebellum provides a novel avenue for further inquiry. 
 Our ongoing work will include a comprehensive analysis of TSC gene mutations in P-S6 
labeled cells in non-tuber brain areas as a strategy to define the mutational spectrum of cells in non-
tuber brain areas. We are also in the process of characterizing the localized expression of other 
kinases within or related to the mTOR cascade that may be aberrantly activated in TSC. We recently 
analyzed the neuropathological findings of a 32-year-old patient with a germ-line mutation in the 
TSC2 gene. Post mortem MRI combined with histology and immunocytochemical analysis was 
applied to demonstrate widespread anatomical abnormalities of gray and white matter structure. TSC 
brain lesions were analyzed for loss of heterozygosity (LOH) on chromosome 16p13. The 
neuropathological supratentorial abnormalities were represented by multiple subependymal nodules 
(SENs) and cortical tubers. In addition to cerebral cortical lesions, cerebellar lesions and hippocampal 
sclerosis were also observed. Immunocytochemical analysis of the TSC brain lesions confirmed the 
cell-specific activation of the mTOR pathway in cortical tubers, SENs and cerebellum, as well as 
differential cellular localization of hamartin and tuberin, the TSC1 and TSC2 gene products. 
Examination of the pathological brain regions revealed activated microglial cells and disruption of 
blood-brain barrier permeability.  
 
Stem Cell Markers in TSC Brain Lesions 

We have recently found that there is dramatic 
expression of several neural stem cell markers in TSC 
including Sox2 (Fig.7), Oct4, and Nanog (Orlova et al., 
in preparation). These findings confirm earlier data 
demonstrating exression of nestin and collapsin 
response mediator protein-4 (CRMP-4) (Lee et al. 
2003) in TSC brains. Ongoing studies are underway to 
define how these proteins are regulated and whether 
they lead to cell turnover in TSC brain lesions.  

 
New Signaling Molecules 

We have identified increased expression of 
epidermal growth factor (EGFR) and vascular 
endothelial growth factor (VEGF) in tubers and SGCTs.  Increased expression of these proteins is 
also detected in the Tsc1GFAPcre knockout mouse and in neural progenitor cells following shRNA 
knockdown (see below). These data identify new potential protein targets for therapy in TSC. 

 
New In Vitro Models of TSC 
 We have recently optimized shRNA techniques to knockdown Tsc1 or Tsc2 levels in mouse 
neural progenitor cells (mNPCs) and in embryonic mouse cortex. First, transfection of Tsc2 shRNA 
into mNPCs leads to enhance phosphorylation of S6 and 4-EBP1 proteins as a consequence of 
mTOR activation. Second, we have optimized the protocol of in utero electroporation (IUE) to 
introduce shRNA into dividing embryonic cells. Following IUE, we can visualize GFP positive cells in 
the embryonic cortex. This approach provides a strategy to model tuber formation in rodent brain. 
 
Key Research Accomplishments 
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-comprehensive analysis of 3 post-mortem TSC brains.  
 
-identification of phospho-S6 labeled cells in brain areas distinct from tubers in post-mortem 
TSC brain tissue 
 
-identification of subtle dysplasias and morphological abnormalities in non-tuber brain regions 
including subcortical areas 
 
-identification of P-S6 expression in Purkinje cells in the cerebellum suggesting enhanced 
mTOR signaling 
 
-identification of isolated giant cells in non-tuber brain areas 
 
-ongoing analysis of  post-mortem brain tissue samples 
 
-identification of Sox2 and other stem cell markers in TSC lesions. 
 
-generation of two new model systems to study TSC. 
 
Reportable Outcomes 
 
Crino PB. Molecular Pathogenesis of Focal Cortical Dysplasia. Gordon Research Conference, 
Colby College, Maine 2008 
 
Orlova K et al. Differential Expression of Stem Cell Markers FOXG1, Sox2, Sox3, Oct4, and 
Nanog in Type I and Type II Focal Cortical Dysplasias, submitted 
 
Heuer, G  et al., Expression of GFAP δ in tubers, subependymal nodules, and subependymal 
giant cell tumors in tuberous sclerosis complex, submitted 
 
Heuer, G et al., Expression of EGFR and VEGF in tubers, subependymal nodules, and 
subependymal giant cell tumors in Tuberous Sclerosis Complex, submitted 
 
 
Conclusions –“So what?” 
 These data provide pivotal new insights into the pathological spectrum of disease in TSC nd 
provide new model systems to study. The identification of subtle cytoarchitectural abnormalities not 
detected by MRI yields clues as to why many individuals with TSC suffer from severe epilepsy or 
autism even when the MRI scan reveals only a solitary tuber or brain lesion. These data suggest that 
for many TSC patients structural lesions in the brain are widespread and pervasive and further 
demonstrate the severe consequences of TSC gene mutations on neurological functioning. Our data 
provide a compelling clinical case for early and in fact possibly in utero treatment with mTOR 
inhibitors such as rapamycin to prevent the effects of TSC gene mutations on brain formation. Upon 
completion of our proposed studies we wil have defined for the first time a comprehensive molecular-
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anatomic view of a neurodevelopmental disorder associated with epilepsy and autism.  The 
generation of two new model systems permits more in-depth analysis of the developmental 
pathogenesis of TSC and the role of select therapies for epilepsy or lesion growth. Finally, 
identification of new marker proteins for brain lesions in TSC provides new insights into how brain 
lesions form during pre- and post-natal development and again, yield clues to possible therapeutic 
interventions for TSC.  
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