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The Cutsuridis Model' replicates the CA1 subregion of the hippocampus
e Model components
o 100 CA1 pyramidal neurons that receive inputs from CA3 pyramidal neurons,
o Inhibitory interneurons: 2 basket (B) cells, 1 axo-axonal (AA) cell, 1 bistratified (BS) cell, and 1 Oriens
Lacunosum-moleculare (OLM) cell C

e Alzheimer’s Disease (AD) is a
neurodegenerative disease characterized
by significant progressive memory loss

o Advanced by synaptic pruning and
neuron death V=

B
Hippocampus CA1
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o Made up of pyramidal neurons and
Interneurons
e Our goal is to compare the effects of
synaptic pruning and neuron death on
cognitive function, ultimately paving the
way for further targeted drug development

= Average recall over all five patterns graphed against years since MCl onset
= Data of year zero collected as the control
o Mild Cognitive Impairment (duration of 7 years) has a mean synaptic loss of 18%, while Mild Alzheimer’s
(duration of 2 years) has a mean synaptic decline of 55%"
o [n our model, for the first 7 years, 2.57% of total initial synapses are lost; the next 2 years, 18.5% of total
Initial synapses are lost

Fig 2. lllustration of the process of
synaptic pruning

A Pyramidal Cell Spikes in Year O A Pyramidal Cell Spikes in Year O
) (0% of Neurons Killed) . . ) (0% of Synapses Pruned)
100 4 T N T e e o e Average Recall Performance vs Year: Neuron Death Average Recall Performance vs Year: Synaptic Pruning 100 -
3 ! .o : ® average performance 0.811 + -0.0106x + -4.92E-04x"2 R2 = 0.983 Average Performance Trendline for recall performance R2 = 0.878
80 - 2 e o 80 -
2 t ‘ § 1.00 § 1.00 z
S 60- y : & e, & S 60-
B @ T £ 075 e E 075 =
S 3 ' E "o, E E
g 4 ] = 050 el PSS - & 050 d 407
5 3 & o & 5
20 - Y . 2 e & 20 -
. r o 0.25 o 025
5 5
0 1 i " 3 1 1 s s 0 l ] ' ' '
0 50 100 150 200 250 Z 000 Z 0,00 0 50 100 150 200 250
Time (ms) 0 5 10 15 20 0 2 4 6 8 Time (ms)
Pyramidal Cell Spikes in Year 22 , , Pyramidal Cell Spikes in Year 9
B) (88% of Neurons Killed) time (year) Time (year) B) (55% of Synapses Pruned)
100 | } . o * o . e o, : ° R o :® 100 |
Fig 5. Graph of the average recall data and line of best fit during  Fig 6. Graph of the average recall data and cubic of best fit during
80 - the 22-year-long neuron death simulation the 9-year-long synaptic pruning simulation 80 -
$ . +
E Analysis: @
] 60 _
- 0 e Neuron Death -
o o* o *%e ’ - 9
= 40 : o QOver 22 years, recall follows a steady downward linear trend = 40-
e . . QP o . . o o ° . -
2 o Less spikes by the end of simulation due to having less pyramidal cells overall g
20 . . 20 -
e Synaptic Pruning
0 | | | | | o Qver 9 years, recall follows a cubic trend, where recall declines then stays steady until year 8, 0 , , , , ,
0 50 100 150 200 250 0 50 100 150 200 250
Time (ms) when more synapses are suddenly prunec Time (ms)

o More spikes in year 2 than year O due to the loss of synapses between inhibitory
Interneurons and pyramidal cells, causing pyramidal cells to fire more

Fig 7. Raster plots of A) year O and B) year 9 of
pyramidal cell spikes in the synaptic pruning simulation

Fig 4. Raster plots of A) year O and B) year 22 of
pyramidal cell spikes in the neuron death simulation
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processes affecting memory in AD
e Synaptic pruning causes more dramatic declines

o Synaptic pruning and neuronal death occur
Independently of each other
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earlier o The processes continue with a consistent trend
e Neuron death takes longer to fully impact recall o The ratio of synapses pruned and neurons
performance removed

e Model Limitations

o Simplified learning rules: postsynaptic neuron just
needed a depolarized dendritic membrane
potential to increase strength

o Cholinergic cells not present

o Only the GABAergic effects of septum considered

e Research Limitations:

o Unable to find more data on synaptic pruning
through severe Alzheimer’s, so unclear if trend will
continue

o Assumed linear decline of synapses within a stage

e Synaptic pruning graph correlates with cognitive
decline patterns found in previous research'¥

e Implications for explaining differences in disease
progressions among different patients"!

We would like to thank Karla Montejo, Shankar
Ramachandran, Piergiulio Bressan, Rebecca
Belisle, Heer Samir Patel, Shahin Roozkhosh, and
Yichi Zhang for their invaluable teaching and
guidance. We are also immensely grateful to
Boston University for this incredible opportunity.
Finally, we would like to acknowledge our families
for their unending love and support in our
participation of this program.

Further Research:
e |nvestigate the importance of different types of
neurons in memory recall
o Different types of neurons
o Different types of synaptic connections
e Further expansion to larger models, then biological
models



