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Supervisors

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
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

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

Amyloid plaques

Tau tangles

These proteins interfere with
neuron-to-neuron communication.
Severity is denoted by the CERAD
score (4 classes)

These proteins interfere with the
transportation of molecules to
neurons.
Severity and spread is denoted
by the Braak stage (7 stages)

Cogntive Ability

Score based on the ability to perform
on certain tests. 6 classes of Cognitive
Impairment exist. Denoted as Cogdx.

Death of neurons

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

Research question
What (combination

of) clinical or
pathological

measures of AD
severity are most

accurately
classifiable from
gene expression

data?

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

What exactly
causes this

buildup is not
fully known yet.

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.

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

Naive Bayes
0.356
0.348
0.386

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
statistically significant (P = 0.015). 

From this we conclude that Cogdx can be
predicted most accurately, but overal
performance is low. 

MTL does not appear to have a measurable
significant positive effect on predictions
with the current architeture. 

Cell type analysis shows potential, but
needs to be explored further.

Conclusions

MTL appears to have little
effect on Braak, a small
positive effect for CERAD
and a negative effect for
Cogdx. Running the best
CERAD model 4 additional
times vs non MTL gives us
no statistical improvement
(P = 0.64).

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

We can also analyse performance per cell subtype. Mic.12 and 13
according the literature are connected to the AD severity measures. Same
connection can slightly be noticed in the table below. Mic.11 and 15 are
outliers due to half of the cells coming from a single donor. 

Cell subtype

MTL models

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.

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

Models perform at a very low accuracy. This is likely because
all cells are taken into account, but not all cells are affected
by the pathology, leading to a lot of noise. 
Additionally, cells of only one region of the brain are used,
which is bad for especially the Braak score.
Due to this, models also suffered a lot from overfitting issues.
Additional data like spatial data could help filtering out relevant
cells.


