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mTOR/S6K1 Signaling
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Rapamycin/RAD001 in Tsc1c-SynICre+ mice
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Rapamycin RAD001
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Chemical structure of Rapamycin and RAD001





Patient Characteristics
• 6 males, 5 females
• Age 3 – 41 years (mean 14.8)
• Rapamycin dose 4 – 7 mg/day
• Trough serum level 10 – 15 ng/ml
• Adverse effects

– Hyperlipidemia – 4, aphthous ulcers – 2, acneiform
rash – 2, ankle edema – 1

– Pulmonary embolism – 1 (pt. with Factor V Leiden 
deficiency)

– Pseudomonas brain abscess – 1 (chronic 
dexamethasone, multiple neurosurgical procedures)













Total Change Astrocyte Volume (cc)
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AED Effects: GABAergic mechanisms



AED Effects: Glutamatergic Mechanisms



mTOR/S6kinase activation-
protein synthesis, apoptosis
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Rationale

• mTOR/Rapamycin alters morphology of 
dendritic spines in TSC and non-TSC 
neurons
– Basis of long term potentiation, memory 

formation, learning, epileptogenesis
• mTOR regulates synthesis and density of 

glutamate receptors and other proteins in 
dendritic spines 

Sabatini, 2005; Gong 2006; Banko, 2006; Kumar, 2005



Rationale

• Metabotropic Glutamate receptors activate 
mTOR/S6 kinase in neurons

• Excessive mTOR activation should 
produce chronic excitatory changes 
– Dendritic spines
– Receptor density
– Impairment of long term potentiation

• Epileptogenesis/Encephalopathy  

Lenz, 2005; Gong, 2006: Kumar, 2005; Waltereit, 2005



Rationale

• Rapamycin/mTOR inhibition mimics 
effects of starvation/ketogenic diet
– Similar genomic profiles
– Immunosuppression
– Lipid elevation
– Induction of autophagy, catabolism
– Cognitive impairments (Non-epileptic state)

Guan, 2006; Peng, 2002; Tischmeyer 2003



Rapamycin, TSC, and Intractable 
Epilepsy

• N = 14 with multiple daily partial seizures
– 8 males, 6 females

• Ages  3 – 26 years (mean 13 yrs)
• All failed minimum > 9 AED’s
• 13/14 with Hx infantile spasms
• 8 failed vagus nerve stimulation (VNS)
• 3 failed VNS + epilepsy surgery



TSC & Intractable Epilepsy Results
• Rapamycin added to AED regimen, trough 

10-15 ng/ml
• 3 (21%) > 90% reduction

– All with subjective cognitive improvement
• 7 (50%) > 50% reduction

– 3 pt’s lost efficacy over 3-6 mo
– 2 persistent improvement on drug
– 2 persistent improvement off drug
– 5 subjective cognitive improvement 

• 4 Non-responders
• Duration of Rx 1 - 40 mo, mean 14 mo 
• Max dose 10 mg/d







Adverse Effects

• Aphthous ulcers 9/14 (64%)
• Otitis media/URI 8/14  (57%)
• Lethargy 3/14  (21%)
• Insomnia, acneiform rash each 2/14 (14%)
• Pneumonia 2/14  (14%)
• AGE/dehydration 1/14  (7%)
• Agitation 1/14  (7%)
• 2 patients hospitalized for AE 
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