Malattie neurodegenerative:

malattie cronico-progressive
caratterizzate da una perdita selettiva di
neuroni in varie aree del SNC o perdita o
disfunzione degli assoni del SNP.

» Alzheimer’s Disease (AD)
» Huntington’s Disease (HD)

» Modelli cronici: topi transgenici
» Modelli ‘acuti’: lesioni su ratti
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What is Huntington disease?

Huntington disease is a progressive brain disorder that causes
uncontrolled movements, emotional problems, and loss of thinking
ability (cognition).

Adult-onset Huntington disease, the most common form of this
disorder, usually appears in a person's thirties or forties. Early signs
and symptoms can include irritability, depression, small involuntary
movements, poor coordination, and trouble learning new information
or making decisions. Many people with Huntington disease develop
involuntary jerking or twitching movements known as chorea. As the
disease progresses, these movements become more pronounced.
Affected individuals may have trouble walking, speaking, and
swallowing. People with this disorder also experience changes in
personality and a decline in thinking and reasoning abilities.
Individuals with the adult-onset form of Huntington disease usually
live about 15 to 20 years after signs and symptoms begin.

A less common form of Huntington disease known as the juvenile form
begins in childhood or adolescence. It also involves movement
roblems and mental and emotional changes Addltlonal signs of the




How common is Huntington disease?

Huntington disease affects an estimated 3 to 7 per 100,000 people of
European ancestry. The disorder appears to be less common in some other
populations, including people of Japanese, Chinese, and African descent.

What genes are related to Huntington disease?

Mutations in the HTT gene cause Huntington disease. The HTT gene provides
instructions for making a protein called huntingtin. Although the function of
this protein is unknown, it appears to play an important role in nerve cells
(neurons) in the brain.

The HTT mutation that causes Huntington disease involves a DNA segment
known as a CAG trinucleotide repeat. This segment is made up of a series of
three DNA building blocks (cytosine, adenine, and guanine) that appear
multiple times in a row. Normally, the CAG segment is repeated 10 to 35
times within the gene. In people with Huntington disease, the CAG segment is
repeated 36 to more than 120 times. People with 36 to 39 CAG repeats may or
may not develop the signs and symptoms of Huntington disease, while people
with 40 or more repeats almost always develop the disorder.

An increase in the size of the CAG segment leads to the production of an
abnormally long version of the huntingtin protein. The elongated protein is cut
into smaller, toxic fragments that bind together and accumulate in neurons,
disrupting the normal functions of these cells. The dysfunction and eventual
ath of neurons in certain areas of the brain underlie the signs and

waf Huntington disease.




How do people inherit Huntington disease?

This condition is inherited in an autosomal dominant pattern, which
means one copy of the altered gene in each cell is sufficient to cause the
disorder. An affected person usually inherits the altered gene from one
affected parent. In rare cases, an individual with Huntington disease does
not have a parent with the disorder.

As the altered HTT gene is passed from one generation to the next, the
size of the CAG trinucleotide repeat often increases in size.

People with the adult-onset form of Huntington disease typically have 40
to 50 CAG repeats in the HTT gene, while people with the juvenile form of
the disorder tend to have more than 60 CAG repeats.

Individuals who have 27 to 35 CAG repeats in the HTT gene do not
develop Huntington disease, but they are at risk of having children who
will develop the disorder. As the gene is passed from parent to child, the
size of the CAG trinucleotide repeat may lengthen into the range
associated with Huntington disease (36 repeats or more).




Huntingtin functions :
v required for embryonic development
v involved in cellular vesicle trafficking, endocytosis and synaptic

function

v'role in survival of SNC cells (antiapoptotic)




Htt in striatal neurons

increase the transcription of BDNF in cortical neurons
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Modelli di Huntington:

Quinolinic Acid Transgenic mouse and rat

3-NP Knock-in mouse

Lentivirus




Transgenic models: random insertion of full lenght or Exon-1human Htt

CAG
Animal repeat Motor Cognitive
model Species  Construct Promoter size Cells affected symptoms symptoms
R6/2 Transgenic  First 90 amino Human 144 90 d: Significant neuronal 40 d: Decline on the rotarod test. 9 wk: resting 20 d: Increased exploratory
mouse acids (a.a.) of huntingtin loss and neuronal tremor, chorea-like movements, behavior in open-field
human htt atrophy in striatum stereotypies, clasping behavior, epileptic test. 60 d: Decreased
randomly inserted (Stack et al. 2005). 12 seizures, narcolepsy, weight loss, and exploratory behavior on
into mouse wk: Significant loss of spontaneous shuddering movements open-field test. 3.5 wk:
genome enkephalin positive (Mangiarini et al. 1996; Stack et al. 2005; Deficits on Morris water
(Mangiarini et al. neurons in the striatum Luesse et al. 2001) maze and T-maze (Lione
1996) (Sun et al. 2002). et al. 1999)
Inclusions throughout the
brain
R6/1 Transgenic  First 90 a.a. of Human 186 5 M: Decreased 22 wk: Body weights plateau after which they Decreased anxiety on
mouse human htt huntingtin DARPP-32 in the begin to decline. Gait abnormalities as open-field test
randomly inserted striatum beginning at 5 measured by footprint analysis and hindlimb
into mouse months of age. Decrease clasping behavior (Naver et al. 2003)
genome in striatal volume and
(Mangiarini et al. presence of cellular
1996) inclusions (van Dellen et
al. 2000)
N171-82Q  Transgenic First 171 a.a. YAC Prion 82 16 wk: 25% neurcnal loss 11 wk: Rotarod deficits, clasping behaviar, 14 wk: Deficits on radial
mouse of human htt in striatum. 20% cell weight loss (McBride et al. 2006) arm water maze text of
randomly inserted shrinkage. Inclusions in reference and working
into mouse striatum, hippocampus, memory (Ramaswamy et
genome (Schilling and cortex (McBride et al. 2004)
et al. 1999) al. 2008)
YAC Transgenic  Yeast artificial Human 72,128 12 M: 18%—40% cell loss 3 M: Hyperkinesia on an open-field test. 6 M: Deficits on T-maze (Van
mouse chromosome hit with majority of loss hypokinesia on open-field test. 12 M: 50% Raamsdonk et al. 2005)
expressing entire promoter occurring in the lateral decrease in body weight compared to the
human htt protein striatum. Increased wild-type littermates. Pronounced circling
(Hodgson et al. nuclear htt staining. 18 behavior, gait abnormalities, ataxia, and
1999) M: Inclusions in the YAC hindlimb clasping. Progressive decline on
128 strain (Hodgson et the rotarod test.
al. 1999; Slow et al.
2003)
Transgenic Rat 1962 base pairs Endogenous 51 human- 8 M: Enlarged lateral 1-2 M: Transgenic rats perform better on the 12 M: Deficits on radial
rat from the rat htt derived ventricles. 12 M: rotarod test compared to wild-type arm maze and elevated
N-terminal of the promoter repeats Inclusions throughout the littermates but progressively decline plus maze

rat htt gene (von
Horsten et al.
2003)

brain

T~ -

thereafter. 10-15 M: Gait abnomalities and
dyskinesias of the head. 12 M: Slower in
traversing an elevated beam. 24 M: 20%
weight loss compared to wild-type rats
(Nguyen et al. 20086)

Ramaswamy et
al., ILAR J 2007



Knoch-in mouse

Inserimento della mutazione HD umana nel gene per I’Htt nel
topo (Hdh), che porta all’espressione dell’mHtt.

* no atrofia cerebrale

* microaggregati nucleari di mHtt nei 94 CAG

« gliosi e astrocitosi in striato e substantia nigra

 no perdita neuronale

« no deficit motori nei costrutti a 72-80 CAG

« deficit motori in quellia 140-150 CAG

« diminuzione dei livelli di BDNF nei 109 CAG




Knock-in models

CAG
repeat Cognitive
Species Construct Promoter size Cells affected Motor symptoms ~ symptoms
HdhQ92 Replacing exon 1 mouse hit 92 No striatal No overt symptoms No overt
mouse of the mouse promoter degeneration. symptoms
(Wheeler et huntingtin htt 45 M:
al. 1999, gene with a Translocation of
2000) mutant human mutant huntingtin
exon 1 protein to the
nucleus
HdhQ111 Replacing exon 1 mouse htt 111 No striatal 24 M: Gait No overt
mouse of the mouse promoter degeneration. abnormalities symptoms
(Wheeler et huntingtin gene 4.5 M: Huntingtin
al. 1999, with a mutant protein
2000) human exon 1 translocates to the
nucleus and
appears
punctuate. 24 M:
Striatal gliosis
CAG140 Inserting CAG mouse htt 140 2 M: Nuclear and 1 M: Increase in No overt
mouse repeats into the promoter neuropil inclusions rearing behavior symptoms
(Menalled et mouse hit gene in the striatum, using both
al. 2003) cortex, forelimbs and
hippocampus, and open-field test
cerebellum locomotion
compared to
wild-type mice
which decrease at
4 months. 12 M:
Decrease in stride
length
CAG150 Inserting CAG mouse htt 150 14 M: Significant 4 M: Onset of No overt
mouse (Lin repeats into the promoter increase in striatal progressive symptoms
et al. 2001; mouse hit gene gliosis compared deficits on the
Yu et al. to wild-type rotarod, clasping
2003) littermates. The phenotype,

striatum shows an
increase in EM48
positive nuclear
aggregates.
Breakdown of
myelin

hypoactivity, and
gait disturbances.
25 M: Significantly
smaller than their
wild-type
littermates




Table 1 Toxin models

Animal Mode of Cells Method of Cognitive
model Species administration affected cell death Motor symptoms  symptoms
Quinelinic Rat (Sprague-Dawley Intrastriatal Enkephalin, Excitotoxicity Hyperkinesia, Visuospatial
acid and Fischer) injections, substance P, {Beal et al. apomorphine- deficits,
(QA) (Bordelon et al. intraputamenal calbindin, 1991; induced dystonia procedural
1997; Ribeiro et al. injections parvabumin, Ferrante et al. and dyskinesia memaory
2006), mouse (Foster et al. aspiny 1993; Roberis (Vazey et al. 2006), deficits, poor
(McLin et al. 2006) 1984) interneurons et al. 1993) spontaneous memaory recall
and nonhuman upregulated dyskinesia with {Furtado and
primate (Emerich (Beal et al. higher doses Mazurek 1996;
et al. 2006; 1986, 1991; (Borlongan et al. Shear et al.
Kendall et al. Albin et al. 1995) 2002)
2000) 1990)
3-Nitro- Rat (all except Systemic GABAergic Mitochondrial Hyperkinesia {low Deficits in ORDT
propionic Fischer) (Ouary et injections, medium spiny impairment by dose) (Borlongan in nonhuman
acid al. 2000), mouse intrastriatal neurons (Beal irreversibly et al. 1997; Palfi primates (Palfi
(3-NP) (Yang et al. 2005), injections, et al. 1993), inhibiting et al. 19986), et al. 1996),
nonhuman intraputamenal aspiny succinate hypokinesia radial arm
primates (Palfi et injections interneurons, dehydrogenase  (high dose), water maze
al 2000; Ludolph lateral striatal {Alston et al. apomorphine- test of working
et al. 1991; Bead most affected 1977; Coles induced dystonia and reference
et al. 1993) (Blum et al. et al. 1979) and dyskinesia, memaory in
2001) spontaneous rats, deficits in
dyskinesia with habituation to
long-term open-field
administration apparatus
(Brouillet et al.
1995)

Ramaswamy et al., ILAR J 2007
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Acido Quinolinico

Determina morte eccitotossica dei neuroni causa
un danno iperstimolando i neuroni fino alla
morte).

E’ prodotto in natura dal cervello come sostanza di scarto del
processo di degradazione delle proteine. L'attivita di KMO
determina quale senso sequira la catena di smontaggio delle
proteine.

Se KMO é piu attiva, verra prodotta la sostanza tossica Quin.
Se KMO e meno attiva, verra prodotta invece Kyna, l'acido .
chinurenico. Quin
Gli effetti di Kyna sono opposti a quelli di Quin - Kyna infatti
protegge il cervello dai danni prodotti da sostanze chimiche
come Quin.




Meurosci Bicbehav Rev. 1597 May,21(3).268-93.

J-Nitropropionic acid animal model and Huntington's disease.
Borlongan CV', Koutouzis TK, Sanberg PR.

# Author information

Abstract

Huntington's disease (HD) is a progressive neurodegenerative disorder associated with severe degeneration of basal ganglia
neurons, especially the intrinsic neurons of the striatum, and characterized by progressive dementia and involuntary
abnormal choreiform movements. Despite our increasing knowledge of the pathophysiology of HD, culminating with the
discovery of the gene underlying HD, there has been no cure available to completely cease or reverse the progressive
neurodegeneration and behavioral consequences of the disease. Animal models that closely mimic the neurobiological and
clinical symptoms of the disease continue to offer alternative approaches for studying HD. Recently, we have reported that
systemic administration of 3-nitropropionic acid (3-MF), an inhibitor of the mitochondrial citric acid cycle, results in a
progressive locomotor deterioration resembling that of HD. Furthermore, we observed congruent with other reports, that
3-MP produces a very selective striatal degeneration. It differs mechanistically from excitotoxic lesions in that 3-MNP
irreversibly inhibits the mitochondnial citric acid cycle and leads to depressed ATF levels and elevated lactate
concentrations. Recent neurochemical studies have implicated lowered glutamate levels and impaired oxidative energy
metabolism as underlying mechanisms for many neurodegenerative disorders, including HD. Because of the mechanistic
and pathologic similarities between 3-MP lesions and HD, 3-MP has been proposed as an alternative HD model. We further
demonstrated that manipulating the time course of 3-MP injections leads to sustained hyperactivty (early HD) or
hypoactimty (late HD). The present review will primarily discuss this progressive behavioral pathology induced by 3-MP that
closely resembles that of HD. This body of evidence suggests that the 3-NF model is an improved HD model and may offer
a unigue system wherein testing of experimental treatments for HD can be carried out across different stages of the
disease. This future application of the 3-NP model will be very useful especially in assessing the efficacy of treatment
modalities, e.g. neural transplantation, during the progression of the disease.




Neurobiology of Disease

Volume 86, Februany 2016, Pages 41-51

Recombinant Adeno Associated Viral (AAV) vector type 9
delivery of Ex1-Q138-mutant huntingtin in the rat striatum as a
short-time model for in vivo studies in drug discovery

llaria Ceccarelli’, Pasquale Fiengo®, Rosaria Remelli, Vincenzo Miragliotta®, Lara Rossini?, Irene Biotti,
Alessandra Cappelli, Lara Petricca®, Salvatore La Rosa®, Andrea Caricasole®, Giuseppe Pollio, Carla Scali




AAV-Exonl-017-GFP AAV-Exon1-Q138-GFP

Stereotaxic coordinates:

0.5 rostral to Bregma

3.0 lateral to midline

5.0 ventral from
skull surface
The viruses were injected at &
0.2 pL/min by an automatic A A
pomp and left in place for 5
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EnPENEKfwd  CAACCGTGCGAAAGATAGCCA

EnPENKrev CCATACCTCTIGCTCGTGCTG

EnAdoral Afwd CCATCCCCTTCGCTATCACC

EnAdora2 Arev AAGCCATTGTACCGGAGTGG

EnDRDI1Afwd CTGTCACTGCTCATCCTGTCC

EnDRD1Arev ACCTTGGACCTCAGGTGTCGA

En’DHCEfor CGTCCAAGAAGGTGCCATAAC

En/DHCRrev AGCGTTCACAAACCAGAGGAAG

BEnDrd2fwd GCCACACTGGTAATGCCGIG

EnDrd2rev AATGCTGATGGCACACAGGTICA

EnActinBfwd ACCCTAAGGCCAACCGTGAA

EnActinBrev  ATGCCAGTGGTACGACCAGA

Log Gene Expression Q138/017

0.0

-1 0+

'15 L]




Q138

FEEE - |
111 | B | |
| ¥vi] |
| ¥ (14|
B |
|
11
[ v "
[IRY. R Il'"-'*-"" A
' N L =1 :
I / .U_f". I'-h__.' |
—r— ]
Fam
1 r 1

Myo-Ins/Cr

s




" o
.,

— -
e,
NeuN
1.00- %
0751
=
g 0.501 [
o
0251
0.00 3 :
L &
& &
)
D DARPP32
1001 "
075 =
"
o
s 0501
o
0251
000 -
il &
& £




Human Moleculer Genetics, 2006, Voll 15, No. 21
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Plus-maze apparatus

Behavioral abnormalities precede — o —
H . . e

neuropathological markers in rats transgenic ('

for Huntington’s disease <

Huu Phuc Nguyen'*, Philipp Kobbe', Henning Rahne’, Till Warpel', Burkard Jager ] _r”

Michael Stephan’, Reinhard Pabst', Carsten Holzmann®, Olaf Riess®, Hubert Kore®,

Orsolya Kantor®, Elisabeth Petrasch-Parwez®, Ronald Wetzel”, Alexander Osmand”

and Stephan von Hérsten'**

Accelerod test Elevated Plus
maze

. 2.3 and
Beam walking test () 1.2 cm ©1.5 cm)

Social interaction test of anxiety
Radial maze test

Immunohistochemistry for IC2 (monoclonal antibody for polyQ)
EM48 positive aggregates

Quantitative morphology analysis




Measurement of motor
deficitis

« swimming tank

« beam walking test
* rotarod
 footprint test

* PP




FOOTPRINT ANALYSIS
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Figure 6. Quantitative analysis of the walking footprint patterns pro-
duced by wild-type and R6/2 transgenic mice, based on measurements of
stride length (.4), hindbase width ( B), frontbase width ( C), and distance

Figure 5. Representative walking footprint patterns of 13- to 14-week- between front and hind footprint placement or overlap { D). At 5-6 weeks
old wild-type (A) and R6/2 transgenic (B) mice. Qualitatively, the gen- of age the footprint patterns of R6/2 transgenic mice are indistinguishable
erated patterns clearly differ showing that R6/2 transgenic mice display from those produced by wild-type control mice, but by 89 weeks of age,
irregularly spaced shorter strides and an uneven left-right step pattern as R6/2 transgenic mice exhibit a significantly shorter stride length, a broader

frontbase width, and a greater distance between front footprint/hind
footprint overlap, as compared with wild-type control mice. Symbols
indicate means = SEM by mice of each group at each age on each
measure. Asterisks indicate significant differences in the performance of
wild-type control and R6/2 transgenic mice (*p < 0.05, **p < 0.01).

compared with the evenly spaced and accurately positioned footprints of
the wild-type control mice.




BEAM WALKING TEST
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ACCELEROD TEST
rotarod

~ Training: 4 trials per 3 giorni

—

consecutivi a velocita costante, con un
.+ intervallo di 5-10 min

B TEST: 2 trials ad ogni velocita
incrementale

Si misura la latenza a cadere dal
rotarod




Conclusions:

The beam walking test and the footprint
test are good tools to study locomotor
deficit present in all animal models of HD.

Advantages:

v'Low cost

v'Easy to reproduce

v!spontaneous’ vs forced locomotion




