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Models of Neurodegenerative Disorders



What is a model?

Any experimental preparation developed for the purpose
of studying a condition in the same or different species….

Typically models are
preparations in animals
that attempt to mimic a
human condition



Purposes of an animal model

• Mimic the syndrome in its entirety

• Study potential therapeutic treatments

Other types of animal model

•Mimic only specific signs and symptoms



Models for neurodegenerative disorders

➢ Neurodegenerative disorders have no clear genetic causes, the field has been guided by the

discovery of mutated genes that deterministically drive these disorders as well as genetic
variants that alter risk.

➢ These genetic guideposts, along with the biochemical identification of proteins defining the
pathological hallmarks of these diseases such as amyloid-β (Aβ), αsynuclein, and tau have
provided essential insights into the pathophysiology of neurodegenerative disorders, and
provided the opportunity to create animal models for these diseases.

➢ Genetic forms of the human disorders do not always perfectly phenocopy sporadic disease,
but in many cases are excellent surrogates, providing intrinsic validity to genetic based models
of neurodegenerative disorders.

✓ Indeed, models based on genetic forms of these disorders have provided both insight into
molecular mechanisms and the temporality of changes of the human disease and helped to
identify candidate, potentially disease modifying, therapies.

Animal Models of Neurodegenerative Diseases Ted M. Dawson, Todd E. Golde, and Clotilde Lagier Tourenne
Nat Neurosci. 2018 October ; 21(10): 1370–1379. doi:10.1038/s41593-018-0236-8.



Justice MJ, Dhillon P. Using the mouse to model human disease: increasing validity and 
reproducibility. Dis Model Mech. 2016;9(2):101–103. doi:10.1242/dmm.024547

“Mouse models are one of the most important research 
tools for finding new treatments for Alzheimer’s 
Disease” *

“Yet many of the potential disease-modifying 
treatments that have failed in clinical trials in recent 
years claimed to show some promise in mouse models”

Brain Res Bull . 2012 May 1; 88(1): 3–12. doi:10.1016/j.brainresbull.2011.11.017



From Brain Res Bull . 2012 May 1; 88(1): 3–12. 
doi:10.1016/j.brainresbull.2011.11.017 



From Brain Res Bull . 2012 May 1; 88(1): 3–12. 
doi:10.1016/j.brainresbull.2011.11.017 

Alzheimer’s Disease



The perfect model does not exist
Because different models may be most appropriate for addressing different questions, no one model should be
considered the best.
❖ no existing mouse model exhibits all features of AD.

❖ The ideal model of AD would develop the full range of clinical and pathological features of AD, including
cognitive and behavioral deficits, amyloid plaques, neurofibrillary tangles, gliosis, synapse loss,
axonopathy, neuron loss and neurodegeneration.

❖ Different mouse lines develop these phenotypes to varying degrees and in different combinations.

❖ cognitive deficits and amyloid plaques are observed in almost all of the models, neurofibrillary tangles are
generally seen only when human tau is also expressed, and neuronal loss is seen in only a few models. This is
an issue for the use of mouse models for preclinical drug testing, where one would desire a model that
incorporates most features of the disease.

✓ In general, however, this is less of a problem for studies aimed at dissecting mechanisms, when it can helpful
to isolate some phenotypes from others.

In this regard, AD mouse models are best viewed as reductionist tools for understanding the effects on brain
function of genes/proteins that have been implicated in AD, and for identifying strategies to block them.

Brain Res Bull . 2012 May 1; 88(1): 3–12. doi:10.1016/j.brainresbull.2011.11.017



Animals models
Rodents



https://www.alzforum.org/research-models

https://www.alzforum.org/research-models


Alzheimer’s Disease

Animal Models currently available

Genetic models:
Transgenic
❑ APP isoforms
❑ APP mutations
❑ PSEN

❑ Tau



From Brain Res Bull . 2012 May 1; 88(1): 3–12. 
doi:10.1016/j.brainresbull.2011.11.017 



Alzheimer’s Disease

Animal Models currently available

Genetic models:
Transgenic
❑ ApoE



Alzheimer’s Disease

Animal Models currently available

Genetic models:
Viral



Alzheimer’s Disease

Animal Models currently 

available

Non-genetic models



Parkinson’s disease

Resulting symptoms

• Muscular rigidity → extreme pain

• Postural instability

• Resting tremor



Doença de Parkinson - PD

• 2nd most common neurodegenerative disorder of the CNS 

• 90-95 % sporadic



Patologia - PD 

• Presence of lewy bodies in the substancia nigra (intracellular 
inclusions of aggregated -synuclein)

• Dopaminergic neurons affected

www.chemsoc.org 



Lewy Bodies in neurons in 
substancia nigra

www.medweb.bham.ac.uk 



Parkinson’s Disease

Animal Models currently available

Genetic models

Transgenic



Parkinson’s Disease

Animal Models currently available

Genetic models

Viral



6-
hydroxydop
amine





Non-genetic model(Pharmacological) -MPTP

❖MPTD crosses the blood brain barrier.

❖ Astrocytes and endothelia convert MPTP into the active neurotoxic MPP+ (1-methyl-4-
phenylpyridinium), which is taken up by dopaminergic neurons through the dopamine
transporter.

❖MPP+ interacts with the mitochondrial complexes I-III-IV, inhibiting the electron transport chain
and inducing ATP depletion and oxidative stress.

❖MPP+ is also linked to impairment of glutamate uptake by astrocytes and neuronal apoptosis.

❖No typical Lewy bodies are observed in a MPTP primate model, but a-synuclein immunoreactivity
is enhanced in the nigrostriatal system and in many brain areas.

Animal models of neurodegenerative diseases Article in Revista Brasileira de Psiquiatria · December 2012 DOI: 10.1590/1516-4446-2013-1157



Huntington’s disease

• Polyglutamine disease →mutation encoding for an addition of Q amino-acids

• Accumulation of the misfolded protein Huntingtin

• Formation of toxic inclusions in brain cells

• Degeneration of glutamatergic striatal neurons

polyQ inclusion

In neocortex



Huntington - HD

• Autosomal dominant disorder

• Most common form of polyglutamate repeats 
disorder (polyQ)

• Over 40 repetitions of glutamine CAG in the  
huntingtin gene

http://www.zeenews.com/images/brain_news.jpg


• Affects the CNS, specially the striatium and the cortex 

• Degeneration of neurons, with intracellular inclusions of huntingtin

Intracellular inclusions of de huntingtin

Huntington - HD

http://images.google.pt/imgres?imgurl=http://www.science.mcmaster.ca/biochem/faculty/truant/ataxin-1.jpg&imgrefurl=http://www.science.mcmaster.ca/biochem/faculty/truant/hunt.html&h=296&w=487&sz=13&hl=pt-PT&start=12&tbnid=-StxxdzOj6XYhM:&tbnh=78&tbnw=129&prev=/images%3Fq%3Dhuntingtin%2Binclusions%26gbv%3D2%26svnum%3D10%26hl%3Dpt-PT


Huntington’s Disease

Animal Models currently available



Huntington’s Disease

Animal Models currently available



Huntington’s Disease

Animal Models currently available



Huntington’s Disease

Animal Models currently available

viral



Huntington’s Disease

Animal Models currently available



Familial amyloid Polyneuropathy

Animal Models currently available



Familial Amyloid Polyneuropathy – older (initial)  
modelsTransgenic strain Genetic background Promoter Human TTR

mg/dl

Tissue expression TTR amyloid deposition

Start age (months)    /     organs affected

References

MT1-TTR Met30 (C57BL/6xC3H)F1

x Balb C

Mouse metalothionein 0.25-1.4 Intestine, testis, brain, 

heart

negative Sasaki et al., 1986, 1989

MT2-TTR Met30 C57BL/6 Mouse metalothionein

and h TTR promotor

1.0-4.8 Liver, brain, kidney, 

heart, lung, skeletal 

muscle

4/6                  heart, GI tract, kidney, skin,

thyroid, vesicular glands

Wakasugi et al., 1987

Shimada et al., 1989

Yi et al., 1991

0.6-hTTR Met30 C57BL/6 0.6 kb hTTR regulatory 

regions

0.2-3.0 Liver, yolk sac 15 np Yamamura et al., 1987

Shimada et al., 1989

6-hTTR Met30 C57BL/6 6 kb hTTR regulatory 

regions

0-17.1 Liver, yolk sac, choroids

plexus, kidney

9 kidney, esophagus, heart, stomach,

intestine, lung, spleen

Nagata et al., 1995

6-hMet30

(knock-out for mTTR)

MF1x129/Sv/Ev 6 kb hTTR regulatory 

regions

20-60 Liver, yolk sac, choroids

plexus, kidney

11. esophagus, stomach, heart, lung,

liver, bladder, intestine, kidney,

thyroid, spleen

Yokoi et al., 1996

Episkopou et al., 1993

TTR Ser84 C57BL/6xC3H 7 kb hTTR regulatory 

regions

25 Liver, yolk sac, choroids

plexus

negative Waits et al., 1995

TTR Pro55 C57BL/6xDBA/2 All known hTTR regulatory 

regions

1-3 Liver, eye, brain negative Teng et al., 2001

TTR Pro55 C57BL/6 Sheep metalothionein 20 Liver, intestine negative Sousa et al., 2002 (s)

TTR Pro55

(knock-out for mTTR)

C57BL/6x129/SV/EV Sheep metalothionein 5 Liver, intestine 4-8 skin, intestine Sousa et al., 2002 (s)

TTR WT C57BI/6xDBA/2 All known hTTR regulatory 

regions

100-350 Liver, eye, brain, kidney,

heart, skeletal muscle,

stomach

18 Heart, kidney Teng et al., 2001



Newer models

V30M/Hsf1 model:

“The mouse models do not recapitulate the human whole 

features, since the peripheral nervous tissue is spared. 

➢ A new mouse model expressing the human transthyretin 

V30M in a heat shock transcription factor 1 (Hsf1) null 

background. 

➢ The lack of HSF1 expression leads to an extensive and 

earlier non-fibrillar TTR, evolving into fibrillar material in 

distinct organs including the peripheral nervous system. 

Santos SD, Lambertsen KL, Clausen BH, et al. CSF transthyretin
neuroprotection in a mouse model of brain ischemia. J Neurochem.
2010;115(6):1434–1444. doi:10.1111/j.1471-4159.2010.07047.x

However, there is a lack of mouse models to replicate the early neuropathic manifestations 

of FAP. 



hTTRA97S model (knock-in)

➢ Sensory nerve degeneration and consequent abnormal sensations

are the earliest and most prevalent manifestations of FAP due to

amyloidogenic TTR.

➢ FAP is a relentlessly progressive degenerative disease of the

peripheral nervous system.

✓ In the adult group, nerve profiles, neurophysiology, and

behaviour were similar between hTTRwt and hTTRA97S mice.

✓ By contrast, aging hTTRA97S mice showed small fibre

neuropathy with decreased intraepidermal nerve fibre density

and behavioural signs of mechanical allodynia.

✓ Significant reductions in sural nerve myelinated nerve fibre

density and sensory nerve action potential amplitudes in these

mice indicated degeneration of large sensory fibres.

Kan HW, Chiang H, Lin WM, Yu IS, Lin SW, Hsieh ST. Sensory nerve
degeneration in a mouse model mimicking early manifestations of familial
amyloid polyneuropathy due to transthyretin Ala97Ser. Neuropathol Appl
Neurobiol. 2018;44(7):673–686. doi:10.1111/nan.12477



Other models
Cellular models



Alzheimer’s Disease

Cellular Models currently available







Parkinson’s Disease

Cellular Models currently available



Huntington’s Disease

Cellular Models currently available



Other models
Other animals

Caenorhabditis elegans 
Drosophila melanogaster



Neurodegeneration models in Caenorhabditis elegans (C.elegans)

• The Aβ1-42 fragment is the main neurotoxic peptide generated from APP

• Invertebrate APP-like genes do not include the region encoding the neurotoxic Aβ1-42
fragment and, therefore, direct disease modelling based on endogenous APP cleavage is not
possible.

✓The most developed invertebrate model of Aβ1-42 toxicity involves intracellular expression of
a human Aβ1-42 fragment in the C. elegans bodywall muscle, leading to adult-onset
progressive paralysis and shortened lifespan

✓In the nematode model, Aβ1-42 forms cytoplasmic β -amyloid with some properties similar to
those found in diseased human brains



Link, C. D. Expression of human β-amyloid peptide in transgenic 

Caenorhabditis elegans. Proc. Natl. Acad. Sci. U. S. A. 92, 9368–9372 (1995).

C. elegans – Alzheimer’s 



Link, C. D. (2005). Invertebrate models of Alzheimer’s disease. 

Genes, Brain and Behavior, 4(3), 147–156. 

https://www.hsph.harvard.edu/mair-lab/c-elegans/

C. elegans – Alzheimer’s 



C. elegans – Parkinson’s 



C. elegans – Huntington’s 



DOI:https://doi.org/10.1016/j.neuron.2006.09.025

Drosophila in the Study of Neurodegenerative Disease

https://doi.org/10.1016/j.neuron.2006.09.025




https://www.youtube.com/watch?v=vmR6s_WAXgc&ab_chann
el=CDRLab



Parkinson Disease



TTR

Ibrahim RB, Liu Y-T, Yeh S-Y and Tsai J-W (2019) Contributions of Animal Models to the Mechanisms and 
Therapies of Transthyretin Amyloidosis. Front. Physiol. 10:338.doi: 10.3389/fphys.2019.00338



Other models
BBB models



Models of the blood-brain barrier



Brain barriers



In vitro artificial models

The parallel membrane permeability assay (PAMPA-BBB) can be applied to investigate passive transcellular 

permeability, but does not comprise transporters that influence drug access to the CNS



In vitro cell-based models

Expert Opin Drug Discov. 2017 January ; 12(1): 89–103. 
doi:10.1080/17460441.2017.1253676.



Mono, Co- and Triple culture platforms

Primary cultures / Immortalized endothelial cell 
lines

TEER

Coating

In vitro cell-based models



Expert Opin Drug Discov. 2017 January ; 12(1): 
89–103. doi:10.1080/17460441.2017.1253676.

❖ Culturas primárias.

❖ Linhas: bend (mouse)
hCMEC/D3 (human)



Blood flow across the apical surfaces of endothelial cells, is required for the proper differentiation of brain vascular 

endothelium and to maintain a BBB phenotype, modulating not only morphology, but also cellular function and 

physiological responses. 

In standard in vitro experiments, cells are cultured without flow (static conditions), so shear stress-dependent 

cellular changes are not taken into account; 

in contrast, in vitro cell culture models under flow (dynamic conditions) simulates this mechanical stimulus and 

induces a more physiological, in vivo-like behavior, leading to increased barrier features. 

Static versus dynamic

Trends in Biotechnology, December 2019, Vol. 37, No. 12 
https://doi.org/10.1016/j.tibtech.2019.04.006



J Pharm Sci. 2012 April ; 101(4): 1337–1354. doi:10.1002/jps.23022.



Shear stress and cell differentiation



Reilly, M. M., & Rossor, A. M. (2020). Humans: the ultimate animal models. Journal of neurology, neurosurgery, and 
psychiatry, 91(11), 1132–1136. https://doi.org/10.1136/jnnp-2020-323016

Humans: the ultimate animal models
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