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Introduction

Abnormal hyperphosphorylation of the microtubule-associated 
protein Tau is a hallmark of Alzheimer disease and related 

diseases called tauopathies. As yet, the exact mechanism by 
which this pathology causes neurodegeneration is not 

understood. Studies have shown that Tau abnormal 
hyperphosphorylation causes its aggregation, breakdown of the 

microtubule network, and cell death and identifies 
phosphorylation sites involved in neurotoxicity. The disease 

manifests in the hippocampus, resulting in gradual deficits of 
learning and memory. It later affects areas in the cerebral cortex 

responsible for language, reasoning, and social behavior. In 
neurodegenerative diseases, like Alzheimer’s disease (AD), 
pathological tau spreads from neuron to neuron enhancing 

neurodegeneration. Previously we have found that PH-Tau binds 
to M1- and M3- type muscarinic receptors, resulting in 

extracellular tau uptake. This project will characterize the 
expression of M1 muscarinic receptors in our own 

pseudophosphorylated tau (Pathological Human Tau, PH-Tau) 
mouse model. We studied the Muscarinic receptors because our 

results showed that these receptors are involved in the 
propagation of Tau toxicity.

This research will further shed light on how differences in 
receptor distribution throughout the central nervous system 

affect the progression of hyperphosphorylated tau. 

The microtubule associated protein tau is mainly found in 
the cell’s cytosol but recently it was also shown in the 

extracellular space. Tau is a neuronal cytosolic microtubule 
associated phospho-protein whose function can be 

influenced by post-translational modifications. Abnormally 
phosphorylated tau is a common denominator in several 

types of dementia, including Alzheimer’s disease (AD) and 
other

tauopathies. In neurodegenerative diseases, like Alzheimer’s 
disease (AD), pathological tau spreads from neuron to 

neuron enhancing Neurodegeneration.
Despite their diverse phenotypic manifestations, brain 

dysfunction, and degeneration, these tauopathies are linked 
to the progressive accumulation of filamentous 

hyperphosphorylated Tau inclusions, and these inclusions, 
together with the absence of other disease-specific 
neuropathological abnormalities except amyloid β 

deposition 
in AD, provide circumstantial evidence implicating abnormal 

Tau in disease onset and/or progression. In the central 
nervous system, Tau is a family of six proteins derived from 
a single gene by alternative splicing of its pre-mRNA. The 
human brain Tau isoforms range from 352 to 441 amino 
acids. They differ in whether they contain three or four 

tubulin-binding domains/repeats of 31 or 32 amino acids, 
each near the C terminus, and two, one, or no inserts of 29 
amino acids, each in the N-terminal region of the molecule. 
The isoform expression and its degree of phosphorylation 
are regulated developmentally. All six isoforms have been 

reported to be present in an abnormally 
hyperphosphorylated state in neurofibrillary tangles of 

paired helical filaments admixed with straight filaments. The 
Alzheimer hyperphosphorylated Tau contains ∼8 mol of 

phosphate/mol of protein compared with ∼3 mol of 
phosphate/mol of the normal protein and results from 

phosphorylation at several new sites. 

Fig.1. (A)  The expression of Muscarinic Receptors in the hippocampus. On the 
left is the Control group, in the middle is High PH-Tau group, on the right is the 

Control group (the first is the left hemisphere and the second is the right 
hemisphere).

(B)The expression of the Actin protein in the hippocampus. On the left is the 
Control group, in the middle is High PH-Tau group, on the right is the Control 
group (the first is the left hemisphere and the second is the right hemisphere).

(C)The quantitation of the expression of Muscarinic Receptors in the 
hippocampus normalized to Actin. On the left is the Control group, in the middle 

is High PH-Tau group, on the right is the Control group (the first is the left 
hemisphere and the second is the right hemisphere). F

(D)The expression of Tau protein in the hippocampus. On the left is the Control 
group, in the middle is High PH-Tau group, on the right is the Control group (the 

first is the left hemisphere and the second is the right hemisphere).
(E) The quantitation of the expression of Tau protein in the hippocampus. On the 
left is the Control group, in the middle is High PH-Tau group, on the right is the 

Control group (the first is the left hemisphere and the second is the right 
hemisphere
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This project characterized the expression of M1 muscarinic 
receptors in a pseudophosphorylated tau (Pathological Human 
Tau, PH-Tau) mouse model. All the experiments were performed 
just one time. When we quantitate the expression of Muscarinic 
receptors normalized to Actin, we can clearly see the %increase 

in the expression of Muscarinic receptors in the High PH-Tau 
group.

We also studied the expression of the neuronal marker NeuN
which expresses the level of cells that are still healthy. The 

expression of NeuN was also normalized to Actin. Somehow the 
level of healthy cells was too high at the High PH-Tau groups 

compared to the baseline of the Control groups which doesn’t 
make sense because on previous studies and publications of 

Dr.Alonso on transgenic mice, it is proved that the NeuN is lower 
at High PH-Tau group compared to the Control group. These 

results cause into question using Actin to begin with as a 
normalized control. We also studied the expression of GAPDH

and the results were almost the same as using Actin.
On top of looking at the hippocampus we should look at other 
cortical regions and also the presence of the receptor does not 

guarantee that the receptor is active. Further studies are needed 
to interpret the physiological relevance of our results.

The mouse model that we are using is a model in which 
expression of tau with pseudophosphorylated sites at 

Ser199, Thr212, Thr231, and Ser262 as well as the R406W 
mutation (pathological human tau, PH-Tau could be 

regulated. The expression of the PH-Tau is controlled by the 
Tet-Off system which can be regulated by the addition 

(suppressed) or removal (induced) of doxycycline to the food. 
By controlling the expression, we can mimic the sporadic 

form of AD in which hyperphosphorylation may be triggered 
by environ- mental factors, stress, traumatic brain injury, or 

another unknown cause. 
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Figure 2 (A) The mouse model.                   

(B) Sagittal paraffin section of PH-Tau 
expressing mouse stained with 

human-Tau antibody Tau-13 (brown) 
and counterstained with hematoxyline

(blue). 
(C) Illustration of full-length tau with 

pseudophosphorylation and mutation 
sites marked. 
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(F) The expression of the neuronal marker NeuN in the 
hippocampus. On the left is the Control group, in the 

middle is High PH-Tau group, on the right is the Control 
group (the first is the left hemisphere and the second is the 

right hemisphere).
(G) The quantitation of the expression of the neuronal 

marker NeuN in the hippocampus. On the left is the Control 
group, in the middle is High PH-Tau group, on the right is 
the Control group (the first is the left hemisphere and the 

second is the right hemisphere


