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ARSTRACT
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NTRODUCTION

Huontmgton™s disease (HD 15 a peurological disorder cansed
by o genetic mutation in fhe IT1S gene, The geie aicedes for
a protgin called nmtingtie, and the mtation results in an
elongased sretch of glutnmine near the WHI terminns of ths
profein, It genernlly affecting people of middie age
progressive cell deaths in the svinfum and cotex, and
aecompanying declines in cognilive. moter. and pswchiatric
fimctions, are characteristic of the dissace'. Himtington's
disease has o worldwide prevalencs of 5 te 8 per 100,000
people. with ne gender  preponderance. The  haghest
frequencies of HD ave found in Europe amd conniries of
Euwrapenn ogigien. The lowest frequencies are fonad i Adidea,
China, Japan, and Finlmd. Age of caset 15 typically between
35 and 440 years™" but there is sufficient variability to support
A distmcticn between a juvenils variant with onset before ags
20 and o lote onset vaniand principally evident afier the foarth
decade of life,

Mumerones Bictors Hke excitedokicay, oxulanve siress, and
eiiergy  dmpaiiment have  been implicated  the
etiopathogenesis of Huntipgion's diséaselt 15 pendally
comsed by a geactic defect on chromesome’. The defect
cmses A part of ONA called a CAG feppedl, T OCCii inany
inore tacves fuan 41 05 supposed to, Mormally, tus seetion of
DHA 15 repeated 10 to 2B bimes. Bal m persons with
Hunbhmghon's disease, it 15 cepeated 36 o 120 aves. leading
to the prodnction of motant it protein with an abnommally
bong polyglumarmine repeat. The mutated protein aperepates
in striatal newrons as well as pewons in otha regions of tee
newraxis, such as the cortex, thalauns, hypothalanns, snd
the substantin migra pars compacta. Mutant bit has a boxic
gan of fimction that cawses cell death van mechamesms that
remeain unclear As the gene 15 passed down through fanilies,
the wmber of repeats tends to get larger. The larger the
numiber of repeats, the greater vour chance of developing
synptoms at an earler age. So, rescarchers are wsing anmmnl
models of o shudy the Humfimgion™s disease (D] disease
pethogenasds, 1o elucadare arszs of the beain nvolved in
etiucieral and fimctional decline. sl to evaliate potential
therapeutic hferveantions”,

ANDMAL MODELS FOR HUNTINGTON'S DISEASE
Excitotoxic Models

Blany animal models mimic AR symptoms o patbology
Claracterizatbon of wnliiple andmal meddels s necessacy for
understandmg the pathogenesis and the effects of potential
thermpies, Most auinkel models of HD fall fmo rawe broad
categories, i general Temms, excinmoxicity i dependent on
the merease in the intracellular concentratica of Ca™™ affer its
inflnx through the WNMDA receptor channel, Calcnam-
sciivated enzvimes sich as proteases, endonuclesses amd
phespllipases contrilame 1o the degradation of differem cell
compodeits and nenronal deatl. liteacellular cokcentrstion
of Ca™ i3 regulated Ty mg}*—-@&nﬂmt aystens
cyioplasimnic  and m:lupl.ul.ﬂuu: reticulum  Ca*-ATPases.
Bfassive inflox ﬂffa' ioms dring excitotoxicity leads to
intramifochondrial Tn® overload, alfering its activity and
disrupting ATP production”, As 8 comsequence, ATP-
dependent Ca™ loading and expusion  meckonisms are
smgarred leadiitg to 8 sustalned dncrease i intracellular Ca™,
Apotber key event invelved in excitotestic deatl is the
genciatien of free radicals, as a I':ﬂl.]T of mitochondrial
dysfimction and the activation of Ca oileperdent enzvines
quch a: xsathine exidaze and nitric oxide synthass, Free
radicals will damnge lipidic and profeic compoasnts of the
cell as well as pucleic acids, confribneiing 1o the neonal
deaih cascade.
OQuinelimic  Acid: OQuinolsae acid 5 o endogenom
metalolite  derved Bom  the kywurenine  pathway  of
tryptophan degradation, and its ioplication m nenronsl death
aesocinterd with HD has bhesn studisd for several years,
Cuinolinic acid 15 mcapable of crossang the blood-lwam
barvier and is therefors coperimenially administersd direcily
to the stristum’. Direct ndministration of quinolimic scid, an
endogenons agonist of MAMDA receptors, in the rad striatam
couses the death of MSN and reproduces seme of the
belinvioml and ochemical alierations of HD. Postimortem
analvais of trams from HD patents ar ealy stapes: s
revenled mereased levels of guuolune acid smd its precursor
3-bydeosov-loynureine {3-HE). Also, ncressed activity of
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e enzyme 3-bydreomanthendic scid oxygenase (3-HAD)
has been reported m the striatum of postmortem brams®, This
enrvine satalyzes the conversion of J-ldroxyanthrmilic
acid to quinodinie acid,

Kannie aeid: Eanmie scid (KA) ¢ s epileptogenic and
jteurcexcitfonic  agent by acting on  specific  Keinate
recepons (BARS) o dlee CHS. KA hias been exiensively usad
a5 8 specific agonist for ionoirophic glotamate receptors
(1FlaEe), Svetemic ivtravenons or intmpertonenl, mtropasal,
or local adminrstration of KA results in a series of clinical
manifestaticns  and  pathologieal  changes  in nocdents,
inchuding recurrent seirures. behavioral changes of rodents,
cusdative stress inelding the genaration of ROS and raactive
nitrogen speckes (BMNS) hippocampal wewronal death aod
glial activatiom, and =0 foife Upen binding 10 KARs
{recepiorg), EA dmdaces a mumber of cellular events
mchading the mflux of cellular Cal+, poductioa of resctive
oaygen species (ROS)  and  mEockondrial  dysfusction
l=ading to neuronal apopeosis and necrosis'".

Energy metalolism deficit Models

There 15 substantinl cvidence that impairment of energy
prodicrion may  play a m’l: i the patlogenesis of
neurodegenerstive  diseates” U Hugtogton's  Disease
patients foe proncuaonced weight loss, depite sustained
coloric mitake, which was a first mclication that alteragions in
energetic metabolism could play a rode in Huntington's
[hisease pathogenssis. In agresment with this hypothesis
Hantingtan™s disense pafieni’s exhibit altersions i cerchral
glicose consume, lactate levels, and nuiochondrnl enzymes
activiry  imvolved in glooose metabolism. Therefige, any
alteraticns 0 enerey metabolisn fepresiods a potentinl nsk
for loss of newomal wvisbiliy™. In oeder to reproducs
metabolic alterations observed in HD at sxperimental levels,
diffevent anonad models have been designad Among thean
we can mention those of malonatz and NP, Otheer miodeds
were generated starting fivan the observation thal deficits in
eitergy meetabalisim alse acor m HDL. To selectively target
mitochondrial fimsction vations mitechotdrial toxins wers
wsed, such oas  gotenons).,  l-methyl-4-phenylpyridmim
{MPP). 3-acerylpyridine and 3-nitropeopionic acid (3-NF)".
A Mitvoproplonic Acid: 3-Migogropiomic acud [3-MP) 5 4
wall-kown flgus foxas cansmg pelretoxicity 1o snimals
and humans", Systemic imjections of J-nitropropionic acid
(3=NF) i rodems cruse siratal nevropatly sinilar o (harn
cbserved i clinacal Humngton disexse, This treatment
produces 3 variery of nevrobehavioral sboormaeldies and
watar d»:ﬁcjt sch as bradvkinesin. musclss weabnesses and
npd,m 5 The beain  leskons prodiseed by the systenmic
adinunisivation of 3-0p to laboratory anunals show hizh
specificity for the striatal fssue, EJFJJ-L't.lph hipgeicamispaes
thalamus and cortex are also afected’” These observations
l=ad to comsider this protocol as a relevant model of
Huotington dissase and suitabhle model for dismphon of
energy metabolisn more specifically oz medel of HD. The
prinsary mechadsm of action of this ki mvolves e
inlaibdricay of comglex I suecinate dehydropenase SDH at te
withichendiial membeans and i responsible for cxidation
of succinne ato fumarate when the enzyvines is imeversibly
blocked by 3 WP, decreased 1:1.'d5 of atp and neuraan] call
death process may be abserved ™™ Thus, 3-NP tomgcity
besads 1o dep]mmu of ATP and avergy failure, resulling in
allered calcium fomeostasis, exciioinsic events sl neironal
death. In harn. excitotoxic cell death has hesn relstad with
Teactive oxyEen spesies {ROS) formatwon ond oxidative
atress”, 3<NP crosses the blood-bram borrier and con be

pdministersd systenveally 1o fats, mmee and oo
priates, Both the subcutanecus oeoetic punip and divect
subcutaneous . injection  are effective for the systemic
aclriiseration of 30F fo the val, Lot the iopection delivers a
tnide precics doce as it is adnsted daily for the animal’s
weaght, This feanire & enpcdal for 3-MWP dosing, az a eat's
weight can decrease by as much as 20 granes per day duiring
3-ME  admuinistrati i-MP causss cell death by oa
combmation of necrosis and apoptosis, both of which are
seen in the HD bram.

Malonate: Malonale is a anothe succiate deliydyogenase
that canses motor selective inhibifor of swecinate
delypdragennse that couses motor mapairments and seanomal
pathoedomy resembling HD after ingastriaial adminisiratien m
eondents malooate does 100 cross blood bram tarmeer sninlar
3 WP mralonate produces age dependent striatal lessions flsat
cail  be spnifcantly attenoated MDA raceptior
acagonisis Malonare  mdoces  mirochomdrial - potential
collapse. mitochondrial swellng, eyvtochrome © (Cw )
cibease md depletes shitathione (GSH) and micotinamide
edenine dinscleotide cocnryne MNADWPIHDstores in brain-
isodared mdiochondria.  Although, onrochowdial - potential
collapse was almoost oomedinde afier malooabe addifion,
mitochondrial owelling was not evident before 1[5 min of
drng presence. This latter effict was blocked by evcloaporin
A CsAL, Ruthemium Bed (RR). magnesinme catalnse, GSH
and vitamin E.4 Maloonte added to SH-5YS5Y cell cultures
produced @ markel less of cell wiabality together with the
releass of Ot © and deplebon of GSH and MNAD (F) H
concenirations. All these effects wese mor apparent v 5H.
EVAY  eells  owver expressing  Bel-xl When GEH
cocentrations were lowered with Tutlicimse sulplesimine,
cytoprotection affordedby Bel-xL over expression was not
evident anvinore, Taksn togsther, all thess data snggest that
malonate causes o rapid mutochondinal potential collapse md
reachive oxygen species  production  that  overahelms
ortochoadiial  antoxidant  capacity and  lemds
tnitochondrial swelling, Fustler permeabilsty tiansiion pore
opening and the subsequent selease of proapopiotic factors
siach as Oyt ¢ could therefore be, at least in part. responsible
for Malmmate-fmdueed toxiein™

Coenetic Models forr Huntington's disease

Ablhough  toxic  medels  zreatly  contributed o the
understanding of principal mechanisins wbalying cell deah
w HO, advanced sdiss on the progression of the disease
bove been made possible after the discovery of it gene in
1993 and recent developmient of transpenic models brings
new altematives for the soady of possible tocic machanisms
cecarting m HD from the different fransgemic models
available, Bedl and R.ﬁ.-‘: u1.1r:e= are aunig the most explored
genctic models as 3.!:1 * The possibility to reproduce b
murintion ad create nore fhithful paradigms of the disease
allows  the dissechion of ensly =vents m neuronal
degenerntion m the different genetic mouse lines can be
suladivided based on low the mbi 15 oo porated o he
mhse  pename o (A} wansgenie msce  hat, besides
expression of both alleles of murme wild-type hit, express
glso A fiagment of fhe buman b pene  coataming
polyplatamine mutetions, Tike Rer2 and R6/1 mice™"; (h)
knock-in mics with pathogenic CAC repeats ruan‘l:r:l II:II:{I' the
ems.lmg CAG mpansion of wild-type murme T -{.;}
bz thist express (e full-dengils buman HTY gene. like mice
expressing mhit throngh yeact artificial chromasomes (YA}
or bacterial artificial chromosoase (BACY": (d) mice in
nﬂlu:hmhﬂ:mbthunndmmuﬁ'Mumﬂmng:,
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inmmicking distmet phases of the disease and allowing to
dissect narmow effects of bit mutation on specific molecular
targets — traducing the iden that motor syaptoms and cell
deth might be preceded by neureaal dysfunctsons m il
affected brain areas. With the discovery of the hit mutation
i 1993, it becaine possibde 1o create andimal modsls with a
similar genctic backgromid of the discase sstu in hamans
with HD», The frst mouss madel of Hmm:gmn = diseass was
created in the lnboratory of Gillisn bates"" singe then various
mnese muxdel has been generated These mmdels imclude
transgenic with wumcated and fll lengih homan st
pene), kpock b oaisd knock out models. Trasspenic anmmal
wodels of HD peovide wew  ways  of shidving the
nevropalielopical mecluuismes wederlying HD.

Kiiel in mivise models Haslingtons disease: Kiockan
e models ave consderad the mos secarate for HD froam
a penetw standpoint. Koock-in osedels are vseful tosls o
evaluate Me sbakity of potential meatnents w delay he omser
of early abnormalies. It has been argued thar knoek-dn
wmodels are more faathfal in tenms of genedic context and in
iecapitulating the late oiser, show panwsl peogression and
nenrogathelogy of HD. Creation of these mice involves
replacing A portion of the monse bt gens wath a wstant
bumsan copy that containg s erpanded CAG region. Thus
these mes have -ﬂlﬂy o copies of the hist pae—a mllI-T_l.'p:
allele and o poutant allele. both nsder controd of the nwonsa
hit promeoter, itinl sedies @ knock-im mice  wers
disnppomitmg becanse the muce did not show the overt
nengogrthology ar symptoms seen in the transgenic mice™
This tnitial disappoelotment was later dispedlad after claser
aualyeis sod peneraton of additional suodels. Eieek-nl mice
are coitsidered a precise genetic HD motise nsede] becaimse
they express the mmitation m the murins hontingtin protein
mut the endogenoos murine promoter contrels its level of
expression. Bnock-m with 48 20, and 105 CAG repeats are
m 5vi2% x O] backgrownd, 246 wheress knock-m with 71,
04 140 are m SV 2 CSTBYA) backaroima. 13,19 knock-in
witly B0 CAG and with 150 CAG repeats are m 12500a x
CETEIGIL 1R and knock in with 72 amd 80 CAG repeats ane
in Sviie x CHTBLGY and Svi29 x FYBNAAT are e
models of HOY''

Knock out mouse models for Hestiagien's disease:
Altvoush knocksout mowse meodels are not a viable mode] of
HI. studyneg these early models did naese wderstanding
of the diseaze. Showme that 8 complete absence of
humtington gene. end comsequently the bantmatin prefem,
was emnbeyonic lethal revealed that Huntington's disease is
n0d 0 loss=of=fimciion disease Tle allity 1o ranove of alie
witly precision & single ane of the thoussds of genes in the
Leody and to tramsant this mtation to all subsequent progeny
was i sclence-fiction drean anly a few vears ago. But today
thie technique is pert of a routine procedure for creating
nnumal modefs that can be nsed o stisdy the pathophysiology
and therapy of diseases 0 humansTo create an anmmal
model of an slesomnal recessive disease, however, bath
alleles of the norasal pene muast be inactivared. The teclotigpa
of gewe “kanockost” was developed for this puspase. The poal
of the gene-targeting (knockoutd method is to replace dee
gpecific gene of interest with ope that is inactive, alteted, or
irrelevant. To increase the probabiliy that such replacement
will ocour, rather thas noaspecific modom integration of the
DAL bl endds of the replacensa pene are lanked by long
DMA sequences hoamologens 1o the sequences flanking the
target gene. Comsequeently, 0 knockout mmess copresponding
to a particulr genchic @sorder moy help clenfy the

meechamsm of the deesse For example, ouce with
homazygows knockeut of the gene for Hunfington's disease
die as anbryos mstead of indergoing the climcally predicted
poantatal degeneratson ol thett bralng. This cesnlr indieates
that the aboormad expededon of sucleotides ny the gene of
pateents with Finfmgeon's disease canses a deleterions pain,
rather than a loss of fimcion as would be expected with an
autcsoimal deminant disorder, In addifion. a growing nomber
of disorders due to single-gene musptions (for example,
Duachemee’s muscular  dystrophy,  cyshe  Alwosis,  and
Fanmmgn™s dsens) are being discovered entirely through
the chrensesomal location of their defects (pesitional
cloming), wath Little  or wo prior knowledpe of the
pathogenesis of the diseases™.

Transgenls menkey mpnle]l Huntinglon's disense: Fog
genetically alteved moankey model that seplicates some
gymiptoms observed w paficnts with Hustington's disease,
pccording o @ newer siudy. Researchers are now able 1o
berter understaned this complex, devastanng s tncusable
genetie diserder affecting the braim, could lead to nsajor
breakflyoughs in the effort 1o develop new treatnents & a
range of wegnlogical disease. Researchers lave developeal a
rhesus macaque model of 8 specific human disease g
transpenic echnelogies; a marked improvenient over ionse
tindels. Tra.usgmi.v: nmﬂw}' model 1% r!n':!-upﬂ;‘l |,'.-:|r
mtrodiecing alfered forms of the Huntington gene into
mxkey egEs w=ing 2 viral vector. The sgas wers fertibized
nnd the resultmg embryos were infroducerd 1mfo swToane
metliers, resaltimg m five bive births, The investigators are
ooy etidyang the onser of the diseage and drs behaviooral amd
cogitive effoets, with the goal of nsmng the monkey inodel to
better  wwderstnied  discase  mechamiams  and to desipn
thempies. Research team produced the HD transgenic rhesus
miacaques by

o A lentivins expressing the nustant bt zene  with
expasded polyelutnmine repeats, which is the primary canse
af HIY, and

s A lentivirus expressing a green fluorescent protein (GFP)
e

¢ Fertilirmg the oocytes by intra cytoplasmic sperm
mjestion (I051); md

o Tranaferring 30 enslyes i eaghl suriogales,

Tlois resulted m osx pregusncies ad five live lartls (baoe sets
of twins sd e smeletonk all carried the anntant hit aed
GFP genes. Two confinne (o survive,

Cenetic advances make it easy to identify who has inherited
the disense geme The mvestizaiors are now studving the
oissz of the disease and its belaviowral and cognitive effects,
with the moal of osing te momkey nsodel o beter
upgderetand disesce mechanizmes ad to design fhempizs

Fly mendels of Huontimgton's disease- The Hiy 15 ane of the
best  wverichrates  fr modelivg  ligher  organisms.
Comngsrative genmne aakysis reveals that ar least 50% of fly
genes have simiber genes o omem (blass cutolf value of
E<10_100"*. Among those homan genes known o be
masocinted with disease. T9% have a Drosophile ortholog™.
The fly = nalse an  excellent choice for modeling
nenrodepenerative disenses beconse #f contams o iy
fanctionnl pervous system with oo architecture that separates
specialized flmctons swoll as visbon. olfaction, leamng awd
MLEHOrY | 1.11 1 inanme fal unlike thar of manmmata gevous
gyatems’ ', The dominant nenrddegencrative disenses are
pnrr:cul:r]:- well sutted for modeling m Drosophila becanse
they are cansed by gain of fimction nuations m single genes
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that can readily be engpinesred o be expressad m flies and
conse phenotypes that closely minue the buman dissse
Forelgn genes e expressed using @ bipariite  gene
expression systens™ ' o which genes luserted behind the
veast upstremn sctivatos sequence (UAS) are activated by
thes veast Gald profem Genes fused to UAS and injected o
embiyos with 8 helpar element  integrate  isto e
chromcsmpe  prochecing  fmnsgenic  lines  carmying  the
UAS>transgene. Unliks DNA micgmiion events in some
oiher systems that lead to maliiple fandem msertions. e
Drosophits system Bivors e insertion of 4 single ransgess
at a random site. Transgenic sninals ae thes orossed to
“dhivver liis” that express Gald m a variety of issne-specific
patterus. A large collection of “Gald drivers' is available®.
For any given GalddriverTAS>Iansgene combiaalion, i 15
frequently observed that using the sme diver to doive
different isolates of the sane vas>transgeine @ves samevwhat
differen phenarypes, often referral 1o & srong, medim and
weaalk. 1 15 awnmed ai these differences ave duoe wo posation
effects, where the diffeent transpene meerlion sifes ase
expressed st highes or lower levels due to swromding
clirmpatin sequences. altoaigh WS assamption is mcely
tested  temperamwe’, One  widely wsed  driver for
ienrodezeneration siudies is elay, which aipresses Gald in
every cell of the nervous svstemn o emleyopenesis
onward (Robinow 5 and White K 1958) ¥ and another is
g, which expresses m all cells of the eye including both
neurons and smrounding sapporting cells™, Expression of
both elov md por 5 achivated al the fomt of a
tnorplegenstle wave tiar occurs i the eye dise sl crestes a
gradivat of nenrond that bave been expodsed to taxe podyl)
prcteins for defined pesicds of time. Expression of poly()
comtaining prodems by elav can lead tothe depeneration of
the newwons, tnst this 15 not sccompemisd by any overt
external dysmorphology. On the other hand, expression of
transgenes with the gar dover leads 1o extensive
degenesation 0 me epe apd & often evident & extermal
dysmorphelogy’™ . A caveat in the intérpretation of these
phamotypes & that the developrinsnt of the eye depends oot
steprwise specifcation of patioular cell fates. which reguires
the contimved congaet  between cells of  differem
futes™ Consequently, care must he exercised n mterpreting
wevroaal coll death i settings im which the support cells ane
b sutdect (o degenerarion. Wotor function s readily
addressed |y E:plmuut the negative gqmc-p:: behaaor of
flies and connting the number of time’

Yeast wodels for Hamtlngton®s disease: Although several
wansgenic mimal models exist for shadying the fimctions of
Hit, none are as teacily amensbde to peoetic analysis as
yerst, Yeast models of HD have been crested primarily by
transgene approaches using shunmine-encoding winucleotids
expamsiens. To provids genetically tractable mode] system
for thie study of Hit, Krobitsch of of, engineersd veast cells fo
express o M berminal Gagment of Hit with different polyQ
vepest fengils. Homopolhaneric wracts of CAG, he nangally
cepurrme ghmamine codon 4 Hn, are lahereanly unaable,
ad partscwlady so in yeast. To reduce fhis peoblens. fhe
CAG apd Cylosine Adeping Adenins {(CAA)-mixed codon
polvl)  repeats wmre performed i their experiments
according to the Gt that glutamine 15 encoded by bath CAG
atd CAA and that mixed-codon repents ore considerably
mone stable’ =%, The results mdicate thai the exent of
agpregation varies with the lenpth of the polyQ) repent. At the
1 extremes, mostHIQIN3 protem comlesced imfo o smgle
large cytoplasmse agercpate, whersas Q23S exhubited oo

sign of aggregation, Futher-more fhe polal) Fagineats of
Hit exhibated orininsal foxicity in veast, wheather they were
present in the aggregated or soluble state ™, In hamans, Hit
protetns with the longer repest expemstons nod omly produce
disesea sarlior. bud alio expand the cell-type distrilutuwin of
toxicity. Lack of toxicity for the aperepatad mnd solwbie Hit
frapments it veast is advamtagemas for 3 reasans, First #
provides an opporfunity to stuchy natial celiular factors that
control the fate of misfolded polyQ protens ood to search for
prdential herapentic agents that complicateon of deciphering
the conmmiluitms of oxiciry tothe owcome of he awsay,
Second,  polyC-epanded  peotens  may  perburh  the
distrabatticns of other collular peodems by providie oovel
inleraction surfaces” . The nanme of thess inmteractions is
et resclily st vapidly rested in an envirenment where the
aporepatian state of the poly]) profeun can readily be
infutipalatad. Fusally, the greatest conandrunn of the palyd)
dhisessas may be that most of the groieins are ubigqaims)y
expressad, ver each manifests i wededry dn umigne
distnet set of tewrons. Yeast sereens with different pabyl)
proteing oy provids an opportuity te identify the cell type-
specific fietors that contrilate 1o (he wnge specinon of
fooicities  and mhmqﬁ_mtl}r to zzarch for factors that
ameliorate thetr affects™.

An ovime  tramsgenic model T Flootingion's  disease
(Sheep Modely: The sheep, Qdis arier Lo is am ideal
aliemate mammalion madel for shdying HD, Shesp are
relodrvely ensy to care for as they are docile and oo be kept
i ther nommal grazing snviesnment, fmporantly, they live
for maore than & decade. allowing for tee smdy of the cleonde
effects of & full-lespth bibtogtis expiessing  transgeie.
hloreover, sheepr are expected fo be a good modsl for
pharmacological testing becanse their brain has a pood
surgical modsl for testing possible  cell replacement
appronches, or the delivery of gene thernpy ngents, making
feasable mvestigations that canmot be carmed oo m hounams,
The sdvartage presentad by tds lapge smmal moda] s that S
vhv beain-imagmg techniquss such as PET or MBI can be
used for detennidng  anatomo-pathological changes
relation to sympioms, s giving valuable insiglt mio the
mechmmisms mderlving the progresion of patbiological
processas. HD framsgeme sheep were generafed vsang an
L9k Nral=MNedl wapsgene frapment contamung the fiall-
length himnan STT cTNA lgared o 1, 1kD of the limsa FTT
getonase DNA mmsediately upsiream of exen 1, coutanng
promotos  elements. The 3' end of the human <OINA
mansgens was lacked by & portion of the bovine growth
hormone (BGH) UTE containing exon 4, intren 4 and exon
5. The wiroduction of an mtronfexen sienefhee iate the
tranagens wWas an atbenpd to anhanee transgens expression
Given ibat disease severityis ioversely comrelated with CAG
repeat length. & pure CAG repeat tract of abowt 69
mnifs,which with pemultimate CAACAGCAACAG codons
would encode o polyvglutamine fract of73 residues, was
chiosen @l fiserted qio the apgropeiate position of tie fafl-
fengil luunsn HTT cDMNA. The -89 CAG fepeal wact 4
fond i huswan HO patients and way be ofanfficient langth
to vield evident diseass plenotypes within the ovine Lifespan,
s A HTT poiypintamine twact of T3 units wamld be
associnted with juvenile cnset of cvert disease sympioms in
himmans®,

Culture cell moddels of HTY

A dndweibnle, clonally derived, cedl lne expressing meHE s
offer stable snd controlled geietic and irmEscriptional
backgrounds which ase nsed m pene expreson sidics,
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Several cell models of HID are availabie. Coe of them 15 a
momese neuron which hos been fused with movse feratoma
cells, amed the resulting hivbmids have been stably transfected
with vanions palyQecotaining peptices. These smulant polyd)
Hies exluibited tome dependent agorepate fbrnuation, i both
the nuclens and cytoplasm. Anciher available nrodel is based
on stably trapsfecied. temperabre-sensifive, imunortaliesd
mose striatal nencans™ ", Stable, inducible PC 12 models of
HDO expressing wild fype ood muteot HH, either m the
confext of an exon 1 fragment or the full-length protem. lave
Ieen amnployed, These models exbildn nomsal morphodogy
apd growth pattens aisd these cell lines expresced samular
kevels of endogenons and enogencus mHn, malogms to the
heterozygous condiion. STI4A cells, derived froon rat
ey onIc strsating, were dso wsed 1o generate inducible call
hipes expressaey the MN-termmal fragment of Hito The
advantage of these models i that we can stady events
witleoot the complications of cell death, becmese celf death in
the matanl, muicidc dees s very low and 15 no igher 1han
that of the wild tvpe linea™" . Coll models to elucidate ihe
molecular pathogencsis of HD have been uwsed. Bany
hiypoahieses bave been groduced Dased on cell models stndies
i oviten Some  mvesiysiors have explored the role of
autophagzy o Hit processing 3 cell lines: clonal striatal
cella, PC12 cells and sodent embryonic cells lacking
cathepsin D), Awtophagy plavs o critical role in the
degradation of N-termimal Hit. Blocking sufophagy raises
levels of cxogenmesiy expressed HH, rechces ol viabality
et mepenses the manber of cells bearing mFn aggregates,
Stinnddating metophsgy promodes Hir degradatson. tscluding
the breakdven of caspase cleaved N-terimal H Sagmenis
They also found that Hit expression moreasss kevels of the
byspsomal emryme cathepsin T by an autophagy-dependent
pathway. These resualts indicate that altersd procesmg of
mHH by autophagy and cothepsin I moy contmibute to HD
pathogeness™, The mmmmalian fargsl of mpanyan 15 a
kinase which can mhbibst smtophagy m cells from veass to
husmsans. Bapamnvein is a specific inlubitar of mamsalian
tar et of rapanyycin (nTOR] whicls can stinnbate stophagy.
Bapamycin is lipophilic and demonstates good blood-ain
barrier penetrafion, Thess results mdicate thet rapamyein is a
go] chemical camdedate for nze s eatmg HD. The ablity
of rapanuyein 1o dnhabit e TOR activity may be ipaired affa
prolongsd Hno expression and s moreased aggregane
foemetion, Therefors, sardy tfreament with mpamycin may
attenuate HD",
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