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• Founded in 2015. 9 employees

• 6 FDA Orphan Drug Designations 

• > $7M of funding to date on 16 NIH, 
DOD and DTRA -funded projects on 
developing drugs for neglected and 
rare diseases as well as software 
technologies
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Collaborations Pharmaceuticals 

We bring novel and repurposed therapies from early research to the 
clinic with collaborators / partners in a quasi-virtual model



We focus on finding treatments for
rare and neglected diseases
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Machine Learning 

4 12/13/2019 Ekins et al., Nature Materials, 2019, 18(5):435-441.
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What do we know about SLC6A1 ?
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GAT-1 KNOCKOUT MICE EXHIBIT 
SPONTANEOUS SPIKE-WAVE 

DISCHARGES (SWDS) AND ABSENCE 
SEIZURES 

DE NOVO INACTIVATING VARIANTS IN 
SLC6A1 WERE REPORTED IN UP TO 4% 

OF PATIENTS WITH MYOCLONIC 
ATONIC EPILEPSY (MAE), SUGGESTING 
THAT PATHOGENIC SLC6A1 VARIANTS 

MIGHT BE SPECIFIC FOR MAE  

MAE IS A SYNDROME CHARACTERIZED 
BY THE PRESENCE OF MYOCLONIC–
ATONIC SEIZURES, USUALLY IN AN 

OTHERWISE NORMAL CHILD, WHICH 
MAY TYPICALLY DEVELOP COGNITIVE 
IMPAIRMENT AFTER SEIZURE ONSET 

Cope et al.. Nat Med. 2009;15(12):1392-8

Carvill et al. Am J Hum Genet. 2015;96(5):808-15. Guerrini and Aicardi. J Clin Neurophysiol. 2003;20(6):449-61.



GAT-1 dysfunction 

• GAT‐1 dysfunction is expected to 
reduce GABA clearance, leading to 
increased GABA levels, both at the 
synapse and extrasynaptically

• Could lead to the overstimulation of 
extra synaptic GABAA and GABAB
receptors

6 12/13/2019 Jensen et al . J Neurophysiol. 2003;90(4):2690-701. 

Van Liefferinge et al. Frontiersg 30;7:139. 2013.  



Hypothesis about the disease mechanism
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Increased GABAA‐mediated 
tonic inhibition can lead to 
neuronal hyperpolarization 
and burst pattern firing in 
thalamocortical neurons, 

which can promote the 
generation of spike‐wave 

discharges

Similarly, prolonged 
activation of GABAB

receptors is known to 
stimulate low 

voltage‐activated (T-type) 
Ca2+ channels, which can 

cause recurrent excitation 
within the thalamocortical 
system through successive 

Na+ spikes

GABAB receptor activation 
causes absence seizures in 

mice and rats and that 
pretreatment with a GABAB
antagonist can decrease the 

duration of chemically 
induced absence seizures

Reduced GAT‐1 function 
could also decrease the 

amount of intracellular GABA 
available for release to 

activate GABAA mediated 
synaptic (phasic) signaling. 

Decreased GABAA mediated 
synaptic signaling is already 
associated with variants in 

several GABAA receptor 
subunits in genetic epilepsies 

https://weillcornellbrainandspine.org/condition/thalamic-glioma

Snead OC. Eur J Pharmacol. 1992;213(3):343-9. 

Marrero-Rosado B., Fox S.M., 
Hannon H.E., Atchison W.D. 
(2013) Encyclopedia of 
Metalloproteins. Springer, New 
York, NY

Khosravani H, Zamponi GW. Physiol Rev. 2006;86(3):941-66. 

Crowley et al. Brain, Behavior, 
and Immunity 54 (2016) 260–277 

Jensen et al. J Neurophysiol 90: 2690–2701, 2003.

Macdonald, Jing-Qiong and  Gallagher. Physiol 588.11 (2010) pp 1861–1869. 

Pavlov and Walker. Neuropharmacology. 2013;69:55-61.



Hypothesis about the disease mechanism

8 12/13/2019 Mattison et al. Epilepsia. 2018 Sep;59(9):e135-e141./ Image:https://www.creative-diagnostics.com/gabaergic-synapse-pathway.htm

Together, these results suggest that 
reduced GAT‐1 function might lead to 

epilepsy through overactivation of 
extra synaptic GABAA and GABAB

receptors, and reduction in GABAA
synaptic signaling.

https://www.ncbi.nlm.nih.gov/pubmed/30132828
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Antagonists and GABAB receptors 
• GABAB receptors can produce a 

late hyperpolarization in 
response to synaptically released 
GABA by enhancing K+ 
permeability through G-protein-
coupled inwardly rectifying 
potassium channels (GIRK/Kir3.x) 

• They can activate low 
voltage‐activated (T-type) Ca2+

channels, which can cause 
recurrent excitation within the 
thalamocortical system

10 12/13/2019 Image:https://www.creative-diagnostics.com/gabaergic-synapse-pathway.htm

HCN channels ?
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• Loss-of-function mutations of methyl-CPG-binding protein 2 (MECP2) can 
cause Rett syndrome

• GAT-1 knockout mice and MeCP2- deficient mice display overlapping 
phenotype

• GAT-1 Protein Levels, but not GABAB or Extra-Synaptic GABAA Receptor 
Subunits, are Diminished in the MeCP2-Null Cortex

• Enhancing GABAB Receptor Activity Increases Cortical Epileptiform Discharges 
in Mecp2+/ − Mice

• Attenuating GABAB Receptor Activity Decreases Cortical Epileptiform 
Discharges in Mecp2+/ − Mice



12 12/13/2019



Modulators of GABA A receptor
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• GABAA receptors can mediate a “tonic” form of signaling that is not time-locked to 
presynaptic action potentials, and which depends upon detection of ambient GABA 
by extrasynaptic receptors. 

• Tonic currents can have a paradoxical excitatory role
• Tonic currents hyperpolarize thalamocortical neurons and so modulate their firing 

pattern from regular to burst firing. 
• Tonic currents are increased in animal models of absence epilepsy, and promote the 

generation of spike-wave discharges 



Enhance  GAT1 and GAT3 activity
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• Cortical astrocytes express GAT-1 and GAT-3
subtypes, and it has been estimated that
∼20% of extracellular GABA may be taken up
into astrocytes

• We found A1R–A2AR receptor heteromers in
astrocytes.

• A2AR protomer mediating facilitation of
GABA transport into astrocytes.



Enhance GAT1 GABA uptake
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BDNF enhances GAT-1 GABA transport in astrocyte primary 

cultures. 



Inhibitors of Vesicular GABA transporter (VGAT)

• VGAT fuse with the 
presynaptic 
membrane of the 
cell to release 
GABA from the 
presynaptic cell to 
the synaptic cleft  

16 12/13/2019 Image: https://www.creative-diagnostics.com/gabaergic-synapse-pathway.htm



Questions to address
• Amount of GABA in synaptic cleft compared to WT

• Which receptors are upregulated in this disease? 

• Evaluate which GABA targets are upregulated or downregulated by the excess 
of GABA in the synaptic cleft. 

• Which receptor has been upregulated: GABAA, GABAB ? 

This information might be useful to define better targets.

• Study the pharmacological mechanism of seizures

• Not enough inhibitory signal, since there is less GABA phasic release?

• Low voltage‐activated (T-type) Ca2+ channel, activated by GABA B receptor?

• Activation of other receptors?
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Ongoing research

• 2 compounds:

• CPI1204

• CPI1205

• Therapeutic effect in cultured 
neurons, astrocytes

• GABA levels in lysates

• GABA receptors expression

• Mice Model: SLc6a1+/A288V

• Thermal induction  - EEG recording
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Next steps Study targets

Use machine 
learning to 

build models 

Select 
compounds -
prioritize FDA 

approved 
drugs

•Test if 
compounds  
can prevent 
seizures in 
Zebrafish 

model of the 
disease

Test in mouse 
model

SLc6a1+/A288V
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No disease is too small

Thank you!

ana@collaborationspharma.com


