Introduction

Experimental science papers can be difficult to
understand. In Dr. Jodi Schneider's lab we studied the
argumentation and logical reasoning within a paper Iin
Alzheimer’s research. Alzheimer’s disease is a form of
dementia that affects 30 million people worldwide, and
has no known cure.

Understanding the reasoning of papers can help assess
their quality, and could make it easier to translate or
reuse scientific research. We use a new representation
called micropublication (Clark et al. 2014) to visualize
the structure of the multiple experiments.

We used the paper “Propagation of Tau Pathology in a
Model of Early Alzheimer’s Disease”. This paper
describes how mouse models can be used to study
Alzheimer’s disease. It is one of the top ten most
influential Alzheimer's disease research papers selected
by members of Journal of Alzheimer’s Disease.

Methods

How to Create a Micropublication:

1. Identify a scientific
research paper

2. Annotate using
http://hypothes.is

3. Diagram the reasoning and
arguments of the scientific
paper

4. Create a Micropublication
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SUMMARY

Neurofibrillary tangles advance from layer Il of
the entorhinal cortex (EC-Il) toward limbic and asso-
ciation cortices as Alzheimer's disease evolves.
However, the mechanism involved in this hierarchical
pattern of disease progression is unknown. We
describe a transgenic mouse model in which overex-
pression of human tau P301L is restricted to EC-IL
Tau pathology progresses from EC transgene-ex-
pressing neurons to neurons without detectable
transgene expression, first to EC neighboring cells,
followed by propagation to neurons downstream in
the synaptic circuit such as the dentate gyrus, CA
fields of the hippocampus, and cingulate cortex.
Human tau protein spreads to these regions and
coaggregates with endogenous mouse tau. With
age, synaptic degeneration occurs in the entorhinal
target zone and EC neurons are lost. These data
suggest that a sequence of progressive misfolding
of tau proteins, circuit-based transfer to new cell
populations, and deafferentation induced degenera-
tion are part of a process of tau-induced neurode-
generation.

INTRODUCTION

It has been known for more than 25 years that neurcfibrillary
tangles have a hierarchical pattern of accumulation reflecting
selective vulnerability of neuronal populations in the Alzheimer's
disease (AD) brain, initially affecting the large projection neurons
that connect memaory-related neural systems (Braak and Braak,
1991; Hyman et al,, 1984), The first neurons to be affected are
in layer |l of the entorhinal cortex (EC), the neurons that giverise

to the perforant pathway, the single major projection linking the
cerebral cortex with the hippocampus (Gomez-Isla et al., 1996;
Hyman etal., 1987). Over the years, a "march"” of lesionsappears
to propagate across limbic and association cortices, creating
a pattern so consistent as to be incorporated into critena for
the neuropathological diagnesis of the iliness (Hyman and Troja-
nowski, 1997). Sekective loss of these neurons s believed to
contribute to the defects in memory and higher-order cognitive
functions in AD due to disconnection and deafferentation of crit-
ical neural circuits (Delacourte et al, 1999; Hyman et al,, 1990),

Despite recognition of the pattems of anatomical connectivity
that link vulnerable neurons, there s no clear understanding of
the mechanism of disease progression, To create a model of
the earliest point in the neurodegenerative cascade of AD, we
generated a transgenic mouse model in which a mutant form
of the microtubule binding protein tau (MAPT) (P301L) linked to
tangle formation in frontotemporal dementia is expressed selec-
tively in a fraction of the neurons of layer |l of the EC EC-II).

The EC s the predominant cortical input and output network
of the hippocampal formation. These connections are layer
specific. The superficial layers provide neuronal projections to
the dentate gyrus in a powerful projection refered to as the per-
forant pathway (Witter, 2007). In the mouse, layer Il of the EC
projects directly to the outer two-thirds of the molecular layer
of the dentate gyrus, where it connects to dendrites from the
granule cels of the dentate gyrus (Hjorth-Simonsen and Jeune,
1972; Steward, 1976). The major projgction pattems are exqui-
sitely specific, with lateral EC (LEC) projecting to the ocuter third
of the dentate molecular layer and the medial EC projecting to
the middle third, Smaller projections provide direct EC-hippo-
campal and EC cortical connections as wel. The superficial
layers of EC receive output from pre- and parasubiculum, while
the deeper layers—layers IV, V, and Vl—receive output from
hippocampus (Canto et al., 2008).

With this transgenic mouse model, we tested the hypothesis
that tau pathology would evolve in the same predictable pattern
as the neuropathological development of AD. The results show
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Case Study Paper:
“Propagation of Tau
Pathology in a Early
Model of Alzheimer's
disease”

Argument Analysis of Alzheimer’s Disease

Novejot Sandhu’; Professor Jodi Schneider?

Annotations via hyothes.is.
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http://www.cell.com/neuron/fulltext/S0896-
6273(12)00038-4

)

A mouse model of tau pathology is used to
understand the mechanism and progression of
Alzheimer's disease (CO).
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Tau Pathology is Age
Dependent in Mice (C1)

Experimenters conducted
immunohostochemisty using
antibodies to recognize epitopes
(M1). This was used to test the
age dependency of tau
expression. Additionally,
experimentation using western
blot characterization and
qualification was done to confirm

results (M2).

rTgTauEC Mice (m1),
Control mice
(m2), AT180, PHF1,
CP13 antibodies (m3),
and western blot
materials (m4)
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We analyzed the paper “Propagation of Tau Pathology in a Model of Early Alzheimer’s Disease” (#1) through annotation (#2) and argument diagramming.

The micropublication diagram (#4) provides an outline and summary for the paper and its claims. The authors’ main claim is that their mouse model helps
understand the mechanism and progression of Alzheimer’s disease. In the micropublication below, CO shows the main claim. We found 4 lines of
argument supporting this claim, shown below as the four sub-claims C1, C2, C3, C4. The material (M), methods (m), and data (D) produce the sub-claims.

neurodegeneration.
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1999, Hyman et al., 1990).

target zone and EC neurons are lost. These data suggest that a sequence of
progressive misfolding of tau proteins, circuit-based transfer to new cell populations,
and deafferentation induced degeneration are part of a process of tau-induced

It has been known for more than 25 years that neurofibrillary tangles have a
hierarchical pattern of accumulation reflecting selective vulnerability of neuronal
populations in the Alzheimer's disease (AD) brain, initially affecting the large
projection neurons that connect memory-related neural systems (Braak and Braak,
1991, Hyman et al., 1984). The first neurons to be affected are in layer |l of the
entorhinal cortex (EC), the neurons that give rise to the perforant pathway, the single
major projection linking the cerebral cortex with the hippocampus (Gémez-Isla et al.,
1996, Hyman et al., 1987). Over the years, a “march” of lesions appears to
propagate across limbic and association cortices, creating a pattern so consistent as
to be incorporated into criteria for the neuropathological diagnosis of the illness
(Hyman and Trojanowski, 1997). Selective loss of these neurons is believed to
contribute to the defects in memory and higher-order cognitive functions in AD due
to disconnection and deafferentation of critical neural circuits (Delacourte et al.,
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between mouse neurons

Experimenters looked at
histological stains of tau
pathology and quantified the data
(M3). Additionally. FISH
experiments were used to confirm
transmission of tau proteins

Experimenters focused on
immunohistochemical analysis
using antibodies that were
specific to mouse tau. The study
was done in both a experimental
and control mouse (M5).
Additionally, immunoblotting was
tested to see if aggregation is a
(M4). result of recruitment as the brain

ages (M6).

rTgTauEC Mice (m1),
Control mice (m2), FISH
materials (m3), ALZ-50+

and PHF1+ antibodies

(m5), human tau (m6)

rTgTauEC Mice (m1),
Control mice (m2),
Alz50 antibodies (m7)

Fig 1: Micropublication model for “Propagation of Tau Pathology in a Model of Early Alzheimer’s Disease”
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Experimenters used antibody
staining array tomography to
quantify the measurement of
axons and synapses (M7).
Additionally, the there were
neuronal counts to measure the
neuronal loss on control and
transgenic mice (M8).

rTgTauEC Mice (m1),
Control mice (m2), array
tomography materials
(m3), Alz50 antibodies
(m7)

Future Work

Papers can be linked by citation relationships.
Claim C4 is supported by citing Zhao et al. 2006
which in turn cites Lacor et al. 2004.

de Calignon, A, ..., Spires-Jones, T.L.(2012). Propagation of tau pathology in a model of early Alzheimer’s disease. Neuron, 73(4), 685-697.

"We assessed two synaptic markers in the perforant pathway terminal zone of rTgTauEC
mice:...PSD-95, a postsynaptic marker that has been reported
to decrease early in neurodegeneration
(Zhao et al., 2006)"

Reference

Zhao L, ..., Cole GM. (2006) Role of p21-activated
kinase pathway defects in the cognitive deficits of
Alzheimer disease. Nature
Neuroscience, 9(2),234-242.

Zhao_C1: "This may reflect the selective loss of this
class of of PSD-95 synapse, which is targeted by AB
oligomer523 [Lacor et al. 2004]»

Reference

Lacor, P.N. et al. Synaptic targeting by
Alzheimer’s-related amyloid beta oligomers.
J. Neurosci. 24, 10191-10200 (2004).

Lacor_C1: "Image analysis by confocal double-label
immunofluorescence established that >90% of the punctate
oligomer binding sites colocalized with the synaptic marker,
PSD-95 (postsynaptic density protein 95)."

Fig 2: Argument Graph Across Papers

This chain of citations justifies the choice of
biomarker materials: "PSD-95, a postsynaptic
marker that has been reported to decrease early in
neurodegeneration (Zhao et al., 2006)".

Conclusions

We identified four lines of argument about how
tau pathology in mice models is related to
Alzheimer's disease in humans. We created a
diagram of the logical reasoning presented in
“Propagation of Tau Pathology in a Model of
Early Alzheimer’s Disease”.

This can make the role of research data and
supporting evidence more clear. For instance,
showing the dependencies between articles
(Figure 2) could help identify possible logical
Inconsistencies in a network of scientific
papers, and prioritize research for
reproducibility experiments. Micropublications
can also support more granular search and
retrieval of aspects of scientific papers, such
as the materials or methods used.

In the future, the manual analysis conducted
will help informatics researchers in the
Schneider Lab develop a system to
automatically extract arguments.
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