
Auguste D: Alzheimer’s 1st patient 



- Mood alterations

(depression, apathy, etc)

- Behavioral symptoms: 
delusions, hallucinations 

• Memory loss
• Difficulties  in 

communication, learning, 
thinking and reasoning
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AD: Incidence  and  prevalence
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Age is the main risk factor



Projected demographic distribution, Brazil/2050



Worldwide  burden  of  Alzheimer’s  disease

US Census Bureau, 2013/2014

US$ 600 Billion

US$ 2.1 Trillion





Connecting  Alzheimer’s  to  depression

Arch Gen Psychiatry 2006

Arch Neurol 2003



Connecting  Alzheimer’s  to  depression

Molecular/cellular mechanisms underlying the association 

between depression and Alzheimer’s disease  remain to be 

elucidated

Neurology 2008



Outline

- Introduction: AD and Ab oligomers (AbOs)

- Impact of AbOs on synapses and memory in rodents

- AbOs, brain inflammation and memory deficits

in rodents

- AbO-induced brain inflammation and depressive-like

behavior in rodents 



AD  and  Ab oligomers
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Amyloid deposits in AD brain.
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AD: dementia with plaques and tangles



Health & Human Services Progress Report on AD 2004-2005

The amyloid cascade hypothesis: AD = neuronal death caused by plaques

(Hardy & Higgins, 1992)



However,  dementia  correlates  poorly  

with  amyloid  plaque  burden…



A  missing  link? 

Is AD really caused by plaques??



2-3 nm

Lambert et al., 

1998 PNAS

ADDLs = Ab-Derived Diffusible Ligands  
Fibrils                           Oligomers

William L. Klein, Northwestern University

• Ab oligomers: neurotoxins that inhibit long term 

potentiation (LTP) - Disrupt functional plasticity

Ab oligomers: The hidden toxins



Health & Human Service Progress Report on AD 2004-2005

Revised Amyloid Cascade Hypothesis (Hardy & Selkoe, 2002 ):

Ab oligomers as toxins that attack synapses

Clinical Relevance

Mouse models of AD

AD brain

* Tau hyperphosphorylation

* Neuronal oxidative stress

* Receptor/synapse loss

* Inhibition of FAT, …

* Blockade of LTP

(ADDLs)



Fernanda De Felice

oligomer-specific antibody

Soluble Ab oligomers as 

synaptotoxins in Alzheimer’s disease



Impact of AbOs on synapses and memory in rodents



Claudia P. Figueiredo Julia R. Clarke

i.c.v.  injection  of  AbOs  in  mice



AbOs  (i.c.v.) cause rapid, persistent 

memory deficit in mice

Figueiredo, Clarke et al., 2013

J. Neurosci.



AbOs instigate SYP loss in the hippocampus 

Figueiredo et al. (2013) J. 

Neurosci.





Microgliosis and astrocytosis induced by AbOs

Ledo et al., Mol. Psychiatry 2013
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A monkey model of AD

Cynomolgus monkey

Macaca fascicularis 
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Astrogliosis  and microgliosis in AbO-injected monkey brains

Forny-Germano et al., 2014

J. Neurosci.



AbOs  increase levels of proinflammatory cytokines in 
the mouse brain

Ledo et al., Mol. Psychiatry 2013
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Art by Marcelo Vieira



AD, brain inflammation and 

depression



A molecular link between AD and depression ?

AD Depression



Evaluating  depressive-like behavior in rodents 

Adapted from Eric Nestler, 2011; In: Neurobiology of Mental Illness

*

*

*



AbOs  increase immobility time in the forced swim test 

Jose Henrique Ledo

Ledo et al., 2013

Mol. Psychiatry



AβOs increase  immobility time 
in tail suspension and reduce sucrose preference

Ledo et al., 2013

Mol. Psychiatry



Could inflammation mediate the impact of  
AβOs on mood ? 



Jose Henrique Ledo Danielle Beckman



AbOs increase  expression  of  TNF-a,  but  not  of 

other  genes  related  to  depressive  behavior



TNF-a drives  depressive-like  behavior induced  by  AbOs



Increased Iba-1 immunoreactivity in AbO-injected mice

Ledo et al., 2016

J. Neurosci.



hippocampus PFC

Cross talk between microglial activation and 5-HT 



Microglia-derived  TNF-a drives  depressive-like  behavior 

induced  by  AbOs

Minocycline
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A typical day at the lab…



http://www.cnpq.br/index.htm
http://www.cnpq.br/index.htm




Western  blot  of  synthetic  AbO  preparation

Jürgensen et al. (2011) J. Biol. Chem.

HMW-AbOs

LMW-AbOs

Sofia  

Jürgensen





Perineuronal  staining  in  AD  brain…

Ferreira & Klein, NLM 2011



AbOs downregulate synaptophysin expression 

in rodent and human neurons

Sebollela et al., 2012

J. Biol. Chem.

Adriano Sebollela



Lourenco et al., Cell Metab.  2013

TNF-α mediates  AbO-induced  cognitive  impairment in mice

Object recognition

memory test

Object recognition

memory test

contextual

fear conditioning

contextual

fear condition

Mychael Lourenco



Forced swim test

Ledo et al., 2013

Mol. Psychiatry



Fluoxetine prevents memory deficit induced by AβOs

Ledo et al., Mol. Psychiatry 2013



Depressive-like behavior in a transgenic mouse model of AD



Increased levels of sTNFR1 in the plasma of AD patients

Ledo et al., submitted



AbOs directly activate microglia in vitro



AbOs activate microglia in vitro




