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Huntington’s Disease

 Autosomal dominant, neurodegenerative disease

 Movement disorder, cognitive impairment, mood 
disturbances

 Midlife onset (juvenile and adult)

 Mortality 15-20 years following onset

 Degeneration of striatal medium spiny

 Cortical atrophy



HTT is broadly expressed

However, expression is 
higher in the nervous 
system than in other 
tissues

Within the brain it is highly 
expressed in cerebral 
cortex

HTT expression in tissues

Cerebral
cortex
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Turning off muHTT is sufficient to 
reverse the disease in mice
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Conclusions

 muHTT toxicity causes nuclear, cytoplasmic and mitochondrial
pathology; it affects neurons and astrocytes; it acts in a cell
autonomous and non-cell autonomous manner; toxicity can be 
reversed by turning off muHTT expression; in a disease-modifying
therapy both striatum and cortex should be targeted.
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LQIGQPQDEDEEATGILPDEASEAFRNSSMALQQAHLLKNMSHCRQPSDSSVDKFVLRDEATEPGD
QENKPCRIKGDIGQSTDDDSAPLVHCVRLLSASFLLTGGKNVLVPDRDVRVSVKALALSCVGAAVA
LHPESFFSKLYKVPLDTTEYPEEQYVSDILNYIDHGDPQVRGATAILCGTLICSILSRSRFHVGDW
MGTIRTLTGNTFSLADCIPLLRKTLKDESSVTCKLACTAVRNCVMSLCSSSYSELGLQLIIDVLTL
RNSSYWLVRTELLETLAEIDFRLVSFLEAKAENLHRGAHHYTGLLKLQERVLNNVVIHLLGDEDPR
VRHVAAASLIRLVPKLFYKCDQGQADPVVAVARDQSSVYLKLLMHETQPPSHFSVSTITRIYRGYN
LLPSITDVTMENNLSRVIAAVSHELITSTTRALTFGCCEALCLLSTAFPVCIWSLGWHCGVPPLSA
SDESRKSCTVGMATMILTLLSSAWFPLDLSAHQDALILAGNLLAASAPKSLRSSWASEEEANPAAT
KQEEVWPALGDRALVPMVEQLFSHLLKVINICAHVLDDVAPGPAIKAALPSLTNPPSLSPIRRKGK
EKEPGEQASVPLSPKKGSEASAASRQSDTSGPVTTSKSSSLGSFYHLPSYLKLHDVLKATHANYKV
TLDLQNSTEKFGGFLRSALDVLSQILELATLQDIGKCVEEILGYLKSCFSREPMMATVCVQQLLKT
LFGTNLASQFDGLSSNPSKSQGRAQRLGSSSVRPGLYHYCFMAPYTHFTQALADASLRNMVQAEQE
NDTSGWFDVLQKVSTQLKTNLTSVTKNRADKNAIHNHIRLFEPLVIKALKQYTTTTCVQLQKQVLD
LLAQLVQLRVNYCLLDSDQVFIGFVLKQFEYIEVGQFRESEAIIPNIFFFLVLLSYERYHSKQIIG
IPKIIQLCDGIMASGRKAVTHAIPALQPIVHDLFVLRGTNKADAGKELETQKEVVVSMLLRLIQYH
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MCLIHIFKSGMFRRITAAATRLFRSDGCGGSFYTLDSLNLRARSMITTHPALVLLWCQILLLVNHT
DYRWWAEVQQTPKRHSLSSTKLLSPQMSGEEEDSDLAAKLGMCNREIVRRGALILFCDYVCQNLHD
SEHLTWLIVNHIQDLISLSHEPPVQDFISAVHRNSAASGLFIQAIQSRCENLSTPTMLKKTLQCLE
GIHLSQSGAVLTLYVDRLLCTPFRVLARMVDILACRRVEMLLAANLQSSMAQLPMEELNRIQEYLQ
SSGLAQRHQRLYSLLDRFRLSTMQDSLSPSPPVSSHPLDGDGHVSLETVSPDKDWYVHLVKSQCWT
RSDSALLEGAELVNRIPAEDMNAFMMNSEFNLSLLAPCLSLGMSEISGGQKSALFEAAREVTLARV
SGTVQQLPAVHHVFQPELPAEPAAYWSKLNDLFGDAALYQSLPTLARALAQYLVVVSKLPSHLHLP
PEKEKDIVKFVVATLEALSWHLIHEQIPLSLDLQAGLDCCCLALQLPGLWSVVSSTEFVTHACSLI
YCVHFILEAVAVQPGEQLLSPERRTNTPKAISEEEEEVDPNTQNPKYITAACEMVAEMVESLQSVL
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LYQAWDPVPSLSPATTGALISHEKLLLQINPERELGSMSYKLGQVSIHSVWLGNSITPLREEEWDE
EEEEEADAPAPSSPPTSPVNSRKHRAGVDIHSCSQFLLELYSRWILPSSSARRTPAILISEVVRSL
LVVSDLFTERNQFELMYVTLTELRRVHPSEDEILAQYLVPATCKAAAVLGMDKAVAEPVSRLLEST
LRSSHLPSRVGALHGVLYVLECDLLDDTAKQLIPVISDYLLSNLKGIAHCVNIHSQQHVLVMCATA
FYLIENYPLDVGPEFSASIIQMCGVMLSGSEESTPSIIYHCALRGLERLLLSEQLSRLDAESLVKL
SVDRVNVHSPHRAMAALGLMLTCMYTGKEKVSPGRTSDPNPAAPDSESVIVAMERVSVLFDRIRKG
FPCEARVVARILPQFLDDFFPPQDIMNKVIGEFLSNQQPYPQFMATVVYKVFQTLHSTGATWSLSC
FFVSASTSPWVAAILPHVISRMGKLEQVDVNLFCLVATDFYRHQIEEELDRRAFQSVLEVVAAPGS

67 exons

Human HTT
chr4

3144 aa 

340 KDa
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MDLIRGLDILSASPIDTEDQNLRKEKIEACRTISEQICAPSLRNTADFPRFLSIAISLLLRAHGD
KDLNVYSVAEESLNRTIKILVYSYHERILFELFKVLKGKPHQHNNEKRLSTNLTDHLSQNSVTPS
VPTTPNYQQSPSTQSPSHSTSNSSNNLYNNFSSNSNSNSNSNSNSSSNNNSGNTTPGNNTNNSNG
NANSIFNTANQILSKPFPLKSQRIALIKFGEICSFIRPSKCRKYILSLVPPINSLLSIIEDESLQ
ESISISMENISKILIPYLKENEVHQLIDLFSRNLQQPSAAVRRAASLSITSICRYHPRPLFEFTI
EFLYNFTFPNSPPISSITSASCIPASSNTNTLQNSKILGVLFSYLQLIKLAEELSSNDIKILDGF
SLKIQFFVHFILKYIQVPIDGEPYDHNIVGLSLELLQQLLVTFGPYEYSWPKPLVREVIAQLRHL
CFNQQSSIRVSLKAVVLNCLAQSVKFFPKLFNDEFFKHQPSTIDSNTVTSAEDHICRDYLLNISP
SDLNFKLFTPITQQQQQQQQQQQQQQQQQQQHNLTSSTMSGINSTTGVSNHTFSLEPKEEFLYYL
NDSDPLLRGGTALMIGCLIRGYLETDHITSNQIYPTNIALLEDNLSIPTLLIFLLRALMDSSSIT
AKLACTGISECLPILSQSKFSDWALVTLRHLLCVSSSTYWLVKLEILETLSMIDYIVIEYLEQNI
QQKSNVMNVVINGPNLSISTSSIKINENNNNSNNSNNNKNNSETGGAVAIPIQSKVLDFLIEQLS
DNDFRVRNSAGKSLVRVIPKLVFTAPLERHSMKGISSKVRETFDVQDYENTVLRKRKIFANLSHV
IGLLVNQLSNPHPDDKIRGCYGALNLICKTYSFPPDTPEQCRTLSSVLANPMLSFVGDILPLALD
RVGLTWVATDFDVHIDIIEILGYLSRGAENVLGTYCHNVLRHIVRIINIATNIIQFRPTPPLKEV
KSNPSGIHVNSPLLKAPTHLGSFTHSIHYIKLYSKLLTARINSITIFGIDRFSQLRQACFETLSV
MLKCAGKTILPYTEEIIGYLTTHFEQEPVSVIKCINELFLVTMKPTPIVSISSLSQKSRDLNIGG
GFISTGGGGGGGSGGINSSSSSLKQYEPRSIESHSSSSNSHDEMFLNSRSVFSSLLTFGTPNLKQ
HYDFINEVPSSHNINYSYSNSEINRIISNEDRKLNFKLFEPLIIGSMIEYQTTHSHELKIAILLM
LSKLSKFGLDLSLFDKENHFPTYFIEELKETHCLLSKPNQVLSYSYDLLGSMFIYRKLFPDSSVS
IDDIKKLFFQPPPQQQQQTNQNKSQSLNSTPNISSNNNNNNNNNNNNNNNNNNNNNNNSNSSQSL
NNSTVIGNNSSHPYSYTIPTIIENCHSFVRYLYDPNDKYPDTDFRERFLSFLLSNLQYSQTIDIL
ILIVTIVQPNSTLHQKFSQQISHQLFTNLSLGDSPFFIINSIEEVERLYVLIDKLHSSSLSAARW
ADALLSVSPQFVNKSTSSSSSSSSTATSPSSSSSSTTTTTTTSTNTTTTTPSDPLIRKRILLLRE
SILEAYELRWLPPLLVLLRTGCKLPEEARISAARQSRFLSNHDNKHQPGPSAAIISTLLLKLIRN
AVSVFSLYKPKNVLFTQLINHLLYYSSIFFNKNLVPHISAQSLSNSPNFGATNTTTGSGSVSPLS
SSSSSTITVTTMAMGSSLMKQPSSSLLLSPTVGGSSSTINLFMDSLKGILALDNGTIIQEITTSL
LSYGGTSTSIHAVKLLLLLGRLPNQQVIEGADLVWKQYALSNNWQSCGCEHFLTHHIIFLLYCQS
IVVLKSQNIELSETFLDKIVLLINESTVKKLIEFLVKGGSNSDQNQYIEIFTQHLVKIFSRVSNS
LDLRKKQKLLRLLSYLPANRETLELLIVNFLQTDDISLQVSGERILNLNINNLIETYGPQNSLEI
IQELYQIFMSNFVKSTTNQSVQSLFLKLIKNLSPSSAYQGITPTHNNVIEKLKEKELTNNNNNNN
NNIIEKEEEEKEKEKEKVKEEEEGNNIEKLIQLQIETIKKNNQISDLKTVPWDYFVELIKSRYYS
NNLNQHSFNNISILSQIDKDATISLLESKSLDGTLLPAFISSVYSLEFQDEIQAYLLKKVDTLLG
LAGEIGTDPLKGGPPFLSDSVWDELRETTRCLSNFINKFGLGELCESKLLKVSTWAFIESFRRWR
AEIINPYDFKLVLELSRSIILKSTASILTITDDSEWCSLLLCLYKLYCLVIRPHFGYISGQRELE
ENFSQDPTQISLTQSNEMIKFLVSLLTNVKSYTPMPGSHIGQLIFDSFIRAIIPLSTKAFDFIYP
TVSTSSEDEFGGGIIPNCPIFSSNVSPEQNIKALVSFIHFVDIDDEFKFKQIWEMLEPIFVSPLG
DAEMGSDEITEECKCLSLSGMATMIIKVCFEVTGVNSQVNLLETSTIPKSTYNHIPREKDLMFLN
TPTGKKLNHLLSTIYGDMPQSELPLGGAIESVSSSSSMFGESSGNHQNMSSSSLSAYHFNIERSF
SSNQFGSDQISLSDLRLFKTPYFIGVNFTPIIQKLLESFESFLVNPMCPPMLKKDILKSTVLLSD
LFNREQVIWMFKTFTTIYAQDEIDDFLLKQHLILGICKGIAILQTPPNVGDSNAHSVGIFEMLKS
ALDHQNISLQVSALDGILYLLEGKVNKYIQGSLLQFLFRWIPTRLSSVPFPPVSLTLRVLATMFL
MIEQYSREAEETLFTKRAVTTCIQLGQQQSTPVPIVYGVFRGLDRLLVSFSLSHSQRELISHFSL
KSLPSENPIRSLLALGLMVTCIYTGDETGINSPSFTKSSISSIGSGGVNSLTAFEGSFSSSSIES
PLNSALDSVMSSFIMDDNYSGSGGNSLINGGGGGDPLSSLDRQKFSRVNNMEKVKMLFDKIRLVS
HFSYESHVLSEVLPVVIVDLFPSVDQVLSFILGEFLKQSKTNSKLMCQIISKVFDFLVENDTSEN
TNQHLINYWIIICLQNFFQIQNPTHCLWALTYLFLTSSPKRSFKLLESEFASKIQTNEKLFIIIA

4 exons

Dicty HTT
chr2

3095 aa 

330 KDa
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a billion years ago

2 CAG
2 CAG
4 CAG

8 CAG
10 CAG
12 CAG

≈15 CAG

Dictyostelium Discoideum

no CAG

7 CAG

protostoms
deuterostoms

no CAG

9-35 CAG

HTT CAG along the human lineage 1

Tartari, Mol. Biol. Evol, 2008; 
more work ongoing



HTT polyQ along the human lineage 1
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also see Rubinsztein, Nature Genetics, 1994
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1/17 individuals carries an IA (27-35 CAG) = 5.8%

J. Med. Gen, 2013
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MRI scan
on 278 

subjects

Plos One, 2012
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EBioMedicine, 2018 

JNR, 2017 4



Conclusions

 muHTT toxicity causes nuclear, cytoplasmic and mitochondrial
pathology; it affects neurons and astrocytes; it acts in a cell
autonomous and non-cell autonomous manner; toxicity can be 
reversed by turning off muHTT expression; in a disease-modifying
therapy both striatum and cortex should be targeted.

 for a billion years nature has not eliminated huntingtin
but implemented its functions by lengthening its CAG 
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wtHTT is important during development

 Knockout is embryonic lethal

 Heterozygote demonstrates neurodegeneration in
subthalatic nucleus and globus pallidus

 Postnatal Htt reduction detrimental

 Mutant Htt retains normal function



What is the evidence that wtHTT continues 
to be required throughout life to support 

neuronal survival and homeostasis?

What happens if we reduce wtHTT level 
in the adult brain 

under stressed conditions (HD)? 



J. of Neurochem 2003

Wild-type huntingtin overexpression reduces the 
lesion volume after post-ischemic injury

Depletion of huntingtin in neurologic disease models
featuring caspase activation

Yac18 
mouse 

line

mouse wtHtt

mouse wtHtt

human wtHtt
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Over-expression of wtHtt in YAC18 mice causes decreased
neurodegeneration after QA in a dose-dependent manner

wtHtt is neuroprotective in vitro

J. of Neurochem 2006
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TM@3 mo

TM@6 mo

TM@9 mo

months

no TM

Plos Genetics, 2017

Long term global 
HTT loss

Reduced longevity

wtHtt elimination causes the same time-dependent defects regardless
of the stage at which the animals were treated

Defects are time 
dependent



Yac
18/128 
mouse 

line

no mouse wtHtt

Loss of wild-type htt expression in YAC128 mice 
results in mild worsening of behavioural phenotype
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Loss of wild-type htt has a modest effect on 
striatal neuropathology in YAC128 mice

YAC128 mice show a male specific survival deficit 
that is exacerbated by the loss of wthtt expression
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BMC Neuroscience 2006

Striatal volume Striatal neuronal counts

Striatal DARPP32 expression Striatal neuronal croos sectional area

Over-expression of wild-type HTT results in mild improvements
in striatal neuropathology in YAC128 mice 
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Conclusions

 muHTT toxicity causes nuclear, cytoplasmic and mitochondrial
pathology; it affects neurons and astrocytes; it acts in a cell
autonomous and non-cell autonomous manner; toxicity can be 
reversed by turning off muHTT expression; in a disease-modifying
therapy both striatum and cortex should be targeted.

 for a billion years nature has not eliminated huntingtin
but implemented its functions by lengthening its CAG

 HTT exerts different functions in the developing and adult brain

 In the adult brain wtHTT continues to be necessary and is
neuroprotective while muHTT is unable to support, for example, 
BDNF production.
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Mutant Htt toxicity

What is the evidence that wtHTT is important?

 Is there loss of wtHTT function in HD?



J. Neurosci 2000

33°C in serum 39°C in SFM

ST14A cells

wtHTT is antiapoptotic while muHtt increases apoptosis
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Science 2001

wtHTT (but not mutant) stimulates BDNF production
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HD cell lines
> 10 manuscripts show reduction in BDNF

HD mouse models
> 30 manuscripts show reduction in BDNF 

level in brain in 
5 transgenic models 

(R6/2; R6/1; YAC72, BACHD;N171-82Q)
3 knock-in models 

(Hdh111/111; Hdh150/150; ZQ175)

HD human brain
3 papers show decreased BDNF levels

Human HD neurons 
from pluripotent stem cells

New unpublished data

BDNF production and delivery 
is dependent on wtHTT
and is reduced in HD 

BDNF

TrkB

ERK

CREB

Neuroprotection

transport

gene trasncription



Canals, J. Neurosci, 2004Earlier onset, worsening of the 
behavioral, motor phenotype 
Loss of  striatal enkephalin-
positive neurons

Improvement of behavioral and  
motor phenotype
Improvement of neuropathology
and BDNF-mediated signalling

HD-like behavioral phenotype
Gene expression changes
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Conclusions

 muHTT toxicity causes nuclear, cytoplasmic and mitochondrial
pathology; it affects neurons and astrocytes; it acts in a cell
autonomous and non-cell autonomous manner; toxicity can be 
reversed by turning off muHTT expression; in a disease-modifying
therapy both striatum and cortex should be targeted.

 for a billion years nature has not eliminated huntingtin
but implemented its functions by lengthening its CAG

 HTT exerts different functions in the developing and adult brain

 In the adult brain wtHTT continues to be necessary and is
neuroprotective while muHTT is unable to support, for example, 
BDNF production.

 Some phenotypes in HD are due to loss of wtHTT function, 
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