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The BBB — A Vast Microvascular Network

400 miles of > 100 billion One capillary per
capillaries capillaries in the neuron and
in the human brain human brain average distance
comprising ~215 ~8-20 um

ft2 surface area
A. Zlokovic and Apuzzo, 1998; B. Rodriguez-Baeza et al., 2003; C. Hartz et al., 2006
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Challenge: Neuroprotective Drugs for Stroke - Many Failures

* Preclinical success in neuroprotective drug development has not
resulted in translation of new therapeutics to the clinic.

— As noted by Jun Chen’s group (University of Pittsburgh), 95% of published
neuroprotective studies between 1990 and 2018 describing positive results in
animal models - none have progressed to phase lll trial success. (Shi et al.,
2018. J Cerebral Blood Flow Metabolism 38,12. 2073-2091).

* Failures may be attributed, in part, to the fact that most preclinical
stroke studies do not evaluate biological mechanisms that can
deliver these drugs successfully to ischemic brain tissue.

— Targeting uptake transporters such as Organic Anion Transporting Polypeptides
(Oatps) may address this problem !
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Why study Oatps in Stroke?

e Statins have been shown to improve functional outcomes in stroke patients.

— Amarenco et al. 2006. New Engl J Med. 355: 549-559. N

— Castilla-Guerra et al. 2006. Stroke. 37: 1153. These papers

— Montaner et al. 2008. Eur J Neurol. 15: 82-90. provide CLINICAL
— Salat et al. 2009. Expert Rev Cardiovasc Ther. 7: 1219-1230. evidence that statins
— Huisa et al. 2010. Vasc Health Risk Manag. 6: 229-236. e are EFFECTIVE in

— Montecucco et al. 2012. Curr Pharm Biotechnol. 13: 68-76. provid i ng

— Montaner et al. 2016. Stroke. 47: 2870-2873. neu roprotection to
— Lee et al. 2017. J Am Heart Assoc. 6. stroke pa’[ients_

— Zhang et al. 2017. Int J Neurosci. 127: 92-97. _

e Statins are transport substrates for Oatps

— Work from our group has shown, for the first time, that Oatpla4 enables these drugs to
permeate the BBB and accumulate in the CNS (Thompson et al. 2014. J Cereb Blood Flow
Metab. 34: 699-707; Abdullahi et al. 2018. Molecular Pharmacology. 94: 1321-1333).
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Oatp-Mediated Brain
Uptake of Statins
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Targeting Oatpla4 for CNS Drug Delivery

Hypothesis: Oatplad expression and activity at the BBB is

an absolute requirement for statins to exert neuroprotective
effects in the brain following ischemic stroke.
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Oatpla4 Localization: Brain Microvascular Endothelium

Tomato Lectin Oatpla4d Merge
| 3 Dr. Jeff Lochhead

Control
Microvessel
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tMCAO:

90 min MCAO
22.5 hrs reperfusion

tMCAO
(Contralateral CTX)
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Oatpla4 Localization: Pericytes

PDGFR-3 Oatpla4d Merge

Control
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Statins require Functional Expression of Oatpla4 at the
BBB to exert Neuroprotective Effects in Stroke
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Statins require Functional Expression of Oatpla4 at the
BBB to exert Neuroprotective Effects in Stroke
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TGF-B Signaling Pathway
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Regulation of Oatpla4 Expression by

Transforming Growth Factor-B Signaling
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From: Abdullahi et al. 2017. J Cereb Blood Flow Metab. 37: 2340-2345.
Abdullahi et al. 2018. Mol Pharmacol. 94: 1321-1333.
Abdullahi et al. 2019. Drug Metab Dispos. Submitted.
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Regulation of Oatpla4 Expression by

Transforming Growth Factor-B Signaling
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From: Abdullahi et al. 2018. Mol Pharmacol. 94: 1321-1333.
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Functional Expression of OATP1A2 in HUVECs

(HUVEC cells kindly provided by Dr. Gregory Bix at the University of Kentucky)
“Emphasizes Translational Potential of our Oatp1a4 studies”
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Conclusions

e QOur data shows, for the first time, that an uptake transporter (i.e.,
Oatplad) at the BBB is a CRITICAL DETERMINANT of atorvastatin
neuroprotection in ischemic stroke.

— Data are clinically relevant because they demonstrate that an endogenous
BBB transporter is required for statins to be effective in stroke treatment.

e Results from this study emphasize the need to consider transport
mechanisms in the development of neuroprotective treatment
strategies for stroke.

* We have also identified a molecular pathway (i.e., TGF-B/ALK1
signaling) that can be targeted to control Oatp-mediated delivery
of statins to the brain

— Opportunity to improve neuroprotective therapy with statins for stroke.
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Statin Delivery to Ischemic
Brain by Targeting Oatpla4 jeting
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Zlokovic: Neurosurgery, Volume 43(4).October 1998.877-878
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