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Neurobiology




ADVANCEMENTS

« Study of the nervous system has increased significantly in
the 20th century

« Catalyst: Advances in molecular biology and biotechnology

Polymerase chain reaction (PCR)

Western Blotting
DNA extraction

Artificial synthesis of macromolecules

Stained Neuron in a Chicken Embryo
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Neurological Disorders

DISORDERS

e Any disorder of the nervous system
e Brain and spinal cord highly susceptible if
compromised

e Neurodegeneration
« Atrophy

Image from the Harvard Brain Tissue
Resource Center

HD NORMAL



BUZZ ONLINE X SYNTHETHICS

Challenges in Their Treatment

PROBLEMS

e« Blood-brain barrier
« Complexity of the brain
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1 Sweeney, M. D,, Sagare, A. P,, & Zlokovic, B. V. (2018). Blood-brain barrier breakdown in Alzheimer disease and other neurodegenerative disorders.
Nature Reviews Neurology, 14(3), 133-150. d0i:10.1038/nrneurol.2017.188
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Antisense Oligonucleotides

WHAT DO THEY DO?

e Inhibit gene expression by
hybridizing to the coding (sense)
sequences of specific mRNA

e ﬁ)’ g = No protein synthesis « Can inhibit specific harmful genes
from being expressed

e Primarily used in the CNS

mRNA « Closed system
 Localization

o Efficacy

DNA
ASO Mechanism

2 BARAN, E. T., & REIS, R. L. (2008). Particles for controlled drug delivery. Natural-Based Polymers for Biomedical Applications, 597-
623. do0i:10.1533/9781845694814.5.597
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Knock-in/Knockout mice

Gene X /s EUE\/:I)ﬁI_ @ MECHANISM

Homologous AW
Recomination /Z/ . e e o
ECE Iﬂ-l—m « Usage of the bacterial artificial

in Embryonic _“-
— LOXP LOXP —
chromosome (BAC)

Stem Cells
'l' e Exogenous genes introduced into
g
mouse genome

LOXP LOXP

'I' e Disruption of endogenous gene

Cross with ubiquitously-expressing
CRE recombinase (CRE ) “deleter mouse”

l e Allows for the study of neurological

\/
disorder pathology
i S
LOX P

e Ethical concerns

Construction of Transgenic Mouse Models

3 Doyle, A, McGarry, M. P, Lee, N. A, & Lee, J. J. (2011). The construction of transgenic and gene knockout/knockin mouse models of human disease.
Transgenic Research, 21(2), 327-349. d0i:10.1007/s11248-011-9537-3
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Ethical implications

« Emergence of a new field: Neuroethics

« Severe potential off-target effects with
ASOs

« Benefits need to be weighed with
potential harm

e Lack of knowledge of how treatments
alter brain function

e Neuroimaging

* Privacy
« Connection between subjective
experience and electromagnetic signals

4Fuchs, T. (2006). Ethical issues in neuroscience. Current Opinion in Psychiatry,
19(6), 600-607. d0i:10.1097/01.yc0.0000245752.75879.26
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The Hard Questions

Should genetic engineering be able to be
used for the enhancement of human
cognitive function?

e What happens if ASOs alter the wrong gene
and future generations are impacted?

e |s it acceptable to subject mice to
significant harm as models for human
diseases?

* Who should have access to these
technologies as they continue to advance?




