
Synergy of Aβ and Tau pathology:
Neuropathological Data
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Braak & Del Tredici, Acta Neuropathol 2011

Braak et al. J Neuropath Exp Neurol 2011

Duyckaerts C (2011) Tau pathology in children and young adults: can 
you still be unconditionally baptist? Acta Neuropathol 121 (2):145-147.



Aβ deposits
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Aβ is not directly responsible for the symptoms



1 2

Aβ pathology

If Aβ was directly toxic, 
patients should be aphasic, 
apractic, agnostic very early
(Thal phase 1). They should be
amnestic secondarily. 



Aβ Immunohistochemistry



If Aβ has to be the initiator of the pathology,
how does it synchronize with tau pathology ?

Three examples with three systems of connections:
1) Entorhino-dentate

2) Subiculo-fornico-mammillary
3) Subcortico-cortical



Entorhinal cortex

Dentate gyrus

Tau Aβ

Duyckaerts C et al. Acta Neuropathol. 1998;95(4):413-20.
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Eisele YS, Duyckaerts C. Propagation of Aß pathology: hypotheses, discoveries, and yet unresolved questions from

experimental and human brain studies. Acta Neuropathol. 2015 Dec 29. [Epub ahead of print]



• Tau pathology is apparent before Aβ accumulation is visible



The subiculo-fornico-mammillary system

Posterior pillars of the 
fornix 

Commissural fibers 
of the fornix

Anterior pillars of the fornix 

Anterior commissure

Pre-commissural fibres

Post-commissural fibres

mammillary body Hippocampus and 
parahippocampal gyrus



Pillar of the fornix

Mammillary body



Tau-HP
Aβ

CD68

Tau-HP
Aβ

CD68
MBP/NF

Subiculum Pillar of the fornix Mammillary body

36 brains

13 females et 23 males (54 to 97 y)
• Braak 0/I/III, n = 6
• Braak III/IV, n = 11
• Braak V/VI, n = 19

Tau-HP
Aβ

CD68





Pillar of the fornix

Tau

Myelin basic 
protein: brown

Neurofilament: 
red



Tau

Aβ

Mammillary body
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Severity of the tauopathy in the pillar of the fornix (/3)



RELATIONSHIP BETWEEN AXONS OF THE PILLAR OF THE FORNIX AND

AΒ ACCUMULATION IN THE MAMMILLARY BODY

Aβ –
(Mam body)

Aβ +
(Mam body)

Tau –
(Fornix)

7 1

Tau +
(Fornix)

4 21



(Invisible) Aβt

Neurofibrillary
tangle

Degenerating
axon

Senile plaque



Plaque

Tangle

Aβ accumulates at the synapses located at 
the extremity of the axon whose cell body 
contains tangles



Areas with initial tau pathology (AWIT)



Areas with initial tau pathology (AWIT)

AWIT are generally

directly connected with

the neocortex through

their axons



But Aβ in the cortex appears later !



?

Primary involvement of areas 
with initial tau pathology

Aβ deposits in 
the cortex

Secondary Aβ deposit in the cortex

“Extracellular and aggregated amyloid-Aβ may only be produced under pathological 
conditions by nerve cells that contain abnormal tau” Del Braak & Del Tredici Brain 
138:2814–2833



But if we consider the cascade hypothesis as 
solidly established because of the genetic data, 
then there is an alternative hypothesis…



Secondary involvement of 
subcortical neurons with tau 

pathology

(Invisible) 
alterations of Aβ
metabolism
before deposits



Conclusions may be inadequate if the visible Aβ deposits
are considered as the primary alteration.

PART as an example.



Tau pathology with no visible Aβ deposits
(almost) 
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Braak StageDuyckaerts et al. (2015) Part is part of Alzheimer disease Acta Neuropathol 129:749–756
Data from Braak H, Del Tredici K (2014) Acta Neuropathol 128:767–772. 

Area chart
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Braak =
2,24 + 0,67 Thal
R=0,634 n=170
P<0.0001

n=>5

n<5

n>10

n=0

n=1
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Braak

The profile is not altered by associated pathologies
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Within the group of PART cases, proportion of cases with Aβ deposits
« low density of amyloid plaques » 
« Aβ phase >0 »

0 I II III IV

Crary et al. n=434
Del Tredici & Braak n=2366

Among PART cases, the proportion of subjects with Aβ
deposits increases linearily with Braak stages.

Unlikely if tau and Aβ were independent.
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l’isocortex ou 
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PART is part of Alzheimer disease. Acta Neuropathol (2015) 129:749–756
Charles Duyckaerts,1 Heiko Braak,2 Jean-Pierre Brion,3 Luc Buée,4 Kelly Del Tredici,2  Michel Goedert,5 Glenda 

Halliday,6Manuela Neumann,7,8 Maria Grazia Spillantini,9 Markus Tolnay,10 Toshiki Uchihara11



It could well be inaccurate to consider plaques 
and in general Aβ deposits as the initial step of 
Aβ pathogenesis and as the toxic species



Once started how do the lesions propagate ?



Mossy fibers

« Hilar » plaque

« Entorhinal » plaque



Mossy fibers

Plaque



Mossy fibers

Plaque



Only in regions with plaques ?

Tau Aβ



Conclusions

• Alzheimer disease is essentially a tauopathy

• This tauopathy is related to a change in Aβ metabolism

• The initial alteration in Aβ metabolism may not be visible

• (Visible) Aβ accumulation is a late event in the cascade

• The propagation of tau pathology through synapses occurs only in 
region with Aβ accumulation



The patients and their family

Brain Bank GIE NeuroCEB
(France Alzheimer, France Parkinson, 
ARSEP, CSC)

Many thanks to…

Manon Thierry
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Age
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Duyckaerts & Hauw Neurobiol Aging 1997, 18: 362-369



Amyloid deposits

Duyckaerts & Hauw Neurobiol Aging 1997, 18: 362-369









Tau (AT8) IHC

Perforant path
Stratum radiatum

Stratum oriens

Hybrid models : synergy of tau and Aβ pathology



APP23 mouse



Secondary
deposit

Anterograde transport

Primary
deposit

Retrograde transport

Secondary
deposit

Primary
deposit

Diffusion Propagation through connections







Tau aggregates
induce Aβ deposition

Presynaptic
(increased secretion)

Aβ deposits induce
tau aggregation

Aβ deposit
α

Aβ deposit

β

Postsynaptic
(defect of clearance)

Mann DMA, Hardy J (2013) 

Amyloid or tau: the chicken or the 

egg? Acta Neuropathol 126:609–13

Braak H, Del Tredici K (2013) 

Amyloid-β may be released from 

non-junctional varicosities of 

axons generated from abnormal 

tau-containing brainstem nuclei 

in sporadic Alzheimer’s disease: 

a hypothesis. Acta Neuropathol

126:303–6. 


