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CLASSIFYING THE SEVERITY OF ALZHEIMER’S DISEASE

What is Alzheimer's Disease (AD)?

Alzheimer's disease

is a complex brain

disease and the leading cause of dementia
around the world. Treatment options are

limited and the true origin

is not known.

More research at the cellular level is needed

to understand the underlying mechanisms.

Single-cell Gene Expression Data

Single-cell gene expression data (scRNA-seq)
provides this cellular level data. Research has
shown machine learning techniques can use it

AD severity

The development of AD throughout the brain are classified by a buildup of 2 proteins:
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Results

This turns out to be a very hard task, Braak and CERAD perform at Naive Bayes level,
while Cogdx is slightly above it:

o Amyloid plaques | Microglia  Astrocytes Cux2+ Cux2- Inhibitory  Naive Bayes
These proteins interfere with Braak Stage 0.3501 0.3813 0.3487 03123 0.3215 0.356
ok CERAD score 0.3513 0.3761 0.3327 03732 0.3925
neuron-to-neuron communication. 0.348
Cognitive Ability | 0.4822 0.4494 0.4693 05013 0.4033 0.386

Severity is denoted by the CERAD

score (4 classes) Difference between Braak and CERAD is not statistically significant (P = 0.17), same applies to

differences between CERAD and Cogdx (P = 0.09). Difference between Braak and Cogdx is
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statistically significant (P = 0.015).
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effectively for things like cancer classification.
AD classification has also been done, but this
has only been binary, and AD has multiple

severities and subtypes

Multi Task Learning

This additional complexity calls
for more robust models. Multi
Task Learning (MTL) could
provide this. Its an architecture

What exactly
causes this
buildup is not

fully known yet.

Research question

What (combination
of) clinical or
pathological
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Task B

Death of neurons

where multiple things are learned
at the same time. If these tasks
share commonalities, they can
help each other be learned
better. It shows a lot of potential
for scRNA-seq and AD separately,
but it has not been combined with
both yet.

Task C

Methodology

ROSMAP dataset is used, it contains
gene expression for 1.6 million brain
cells of 450 individuals. After
preprocessing 1M cells for 367 donors
remain. Additional metadata linked to
AD was selected for MTL: Age, Sex,
APOE genotype, Cell subtype.

Cell to individual translation

Input data is cells, but things we try to
classify are individual level. Some translation
is needed for the predictions: Take all cells
of an individual, put them through the model,
save what the model predicts for each cell,
the predicted class with the highest share is
the prediction for the donor
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measures of AD
severity are most
accurately
classifiable from
gene expression
data?
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Multi Task Learning

Machine learning model
A 3 layer neural-network is used. 1000 best genes
are selected. Scores are based on runs with 5-fold
cross validation. STL is run once, MTL run twice.
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We can use the literature to select only the relevant subtypes for the tasks.
Doing this seems to give is an improvement, but Naive Bayes scores also
change which explains the entire improvement.

Tasks in MTL model Tasks in MTL model

Blue is Braak stage, Green is CERAD score, Red is cogdx, dotted lines indicate Naive Bayes

BRAAK ;‘:mﬂ Correct individual  Correet Cellular CERAD Total  Correct individual  Correct Cellular Copdx Total  Correct individual — Correct Cellular | All subtypes Selected subtypes
Mic.1 36 WP 030128 376 O2HEEIE . Maed | 93k S0F 0420487 JR6 | (305556 Wi 1 Ti6 463 | 0404658 374 (00573 — -

Mic.2 13260 4592 034607 4422 0,333258 Mic.2 13260 5538 0417364 4377 0329867 Mic.2 13269 S616 0423242 S004 037712 Braak Stage 0.3501 +/-0.0123  0.3561 +/- 0.0076
Mic3 TR64 2888 0367243 2654 0337487 Mic.3 7864 3728 0474050 2821 0358723 Mic.3 7864 3497 (444685 2087  (,379832 CERAD Score 03515 +/-0.0191 03664 +/-0.0116
Mic.4 4149 1499 1202 1353 0326103 Mic.4 4149 1617 0389732 1361 0328031 Mic.4 4149 2114 [0S0952 0 1677 0404194 - a1

Mic5 0923 2655 ::,3&3251 2643 0333586  MicS 7023 3200 0416383 2649 03MMI Mics 7923 3403 0420509 3020 0381169 Cognitive Ability | 0.4822 +/-0.0028  0.5214 +/- 0.0083
Mic.6 6626 1908 0287957 2095 0316179 Mic.f 6626 2356 035556000 1081 0208074 Mic.6 6626 2807 0423634 2552 (3851490

Mic.7 11280 2892 (256383 2982 (,264362 Mic.7 11280 4004 | 0354065 3457 0306472 Mic.7 11280 4422 0392021 4241 (,375975

Mic.8 4424 1451 0327984 1308  0,29566 Mic.& 4424 1621 | 036681 1429 0323011 Mic.8 4424 2083 0470841 1813 041094

Mic.9 3321 1089 0327913 1132 0340861 Mic.9 3321 1223 | 0368263 987 | 02972 Mic.9 3321 1394 0419753 1173 0,353207

Mic.10 2669 63% 0230041 750 0281004 Mic.10 2669 020 862 0322967 Mic. 100 2669 1082 0405395 1000 0374672 R

Mic.11 564 33 DOOSESTDN 47 Mic.11 S64 304 366 |JOGHROSGEN  Mic.11 s64 30 POOSIEDN 66 Conclu3|ons

Mic.12 3352 1062 0316826 1054 0314430 Mic.12 3352 1599 0477029 1325 0395286 Mic.12 352 1504 (448687 1290 (384845

Mic.13 1966 500 0254323 646 0328586 Mic.13 1966 1008 0512716 866 0440488 Mic.13 1966 880 0447609 840 0427263

Mic.14 442 24 POAEISEEN 151 0341629 Mic.14 442 216 OARRGRE 122 Mic. 14 42100 0226244 04 021267

Mic.15 932 237 0254292 225 (241416 Mic.15 932 537 | 0S5I618 424 (454936 Mic.15 932 518 400 0420185

Mic.16 720 20 0300412 233 0319616 Mic. 16 T 350 048011 283 038R203 Mic. 16 70 400 350

Maer = | 1655 S04 0304532 489 0295468 Macrophages | 1655 691 (417523 580 0350453 M s | 1655 724 0437462 623 (376435 .

Mmﬂ]f;a'““ 618 203 0290041 245 JOSGIEST Mmfl:i' 618 IR 0410029 232 0342183 Mm:‘:,';ﬁ 678 295 0435103 272 040118 From this we conclude that Cogdx can be

Correct individual gives all cells for each individual classified correctly, correct cellular is for each cell separately classifying the correct score

predicted most accurately, but overal

performance is low.

Di s cu SSi on Train and Test Ln‘ss‘ for ST: a:d I:ETL -fir Cogdx
Models perform at a very low accuracy. This is likely because | MTL does not appear to have a measurable
all cells are taken into account, but not all cells are affected ° significant positive effect on predictions
by the pathology, leading to a lot of noise. - — STLTrainloss with the current architeture.
Additionally, cells of only one region of the brain are used,? T L i o _ _
06 MTL et Lose Cell type analysis shows potential, but

which is bad for especially the Braak score.

Due to this, models also suffered a lot from overfitting issues. o
Additional data like spatial data could help filtering out relevant
cells.

needs to be explored further.

Epochs.



