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Abstract: Huntington’s disease (HD) is a fatal neurodegenerative disease caused by CAG repeat expansion in the
Huntington's disease gene (HTT). The classic concept is that HD is caused by toxic mutant huntingtin (mHTT) acting on
mature brain cells. However, there is now increasing evidence that mHTT has an impact on brain development, so HD may
not be just a neurodegenerative disease, but more likely a developmental disease. This article reviews the important role of
HTT in neurodevelopment and the impact of mHTT on the neurodevelopment of HD, as well as the potential of early regula-
tion of neurodevelopment to treat HD.
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Fig. 1 Traditional and neurodevelopmental understanding of the pathogenesis of Huntington’s disease

GBA 74851, 7E AR 3 v R R BUE
JHF R K B8 Py SRR 7% B4 B B9 , T LA 3 o TR
FIFEEXHEIRYT o« SR nGD A 2 PE AL 2 IC 3R
ISP o BIFSE e /N BURR L P00 T S B AH G0 35
(AAV) BRI TP 2801 25 W 1 AR it 1) 22 38 1%
SRR T AR I HLBE T A2 RORE , T
FIER T RAVNR I AAE . A XA BT
WEH T /NIRRT AR

ZHEE A TRATER AL T MR LI B B A Lk
LAY HD BB . HTTAE A K & & 1 52
g3 PRI G R B A B, T mHTT W™ 8 ek
A5 7 HD W28 kT HERR X e 0 HD B & A Rk
BAEREREMNEN. Wi, 75X I Gt
HD #E47 1 HUFIIG 7 7T BE 25 & —FP A /T = R YT
HD [ 51

3 NELHEZ

25 LR AR SCH S ESE T HTT M &k B it
A A R 4 P 1T ma T A9 A7 DU A R 336 2l 2l

5T HD RAEFUE JRUERE, X B2 T HD B
JE W R o X R FRATTEAE TR A SR B ——RI A
P22 % F IR AR DGR ER i HD A6 B A FEALA
X EEEMIETE AN (E ), fEX—id
HE A T HD #2288 WF I8 0B LR R 2 e e
ER o 2018 AF- A= e VT 2= A 55t | 2 55 F) FH 5
PRl 2 6 AR B ST T B 4 5 R A AR
TR SN TSk SN I S22 N 3 IS
ARAZ , I HLHD-KI A A 1 SOR A v B30T B
B2 REL T DA SRR S i 28 ST A T A BRARRAIE , 3X
55 HD 5 A AH AL T 3 2655 B AR AR & HD /N R
BRI A H Ay B B2 — SR HD-KIFE
RURENE Fo R HLHE 1 15 3 D A S R AL 45 T —1R,
HAE— G2k, AT LAJR] 55 % BRAdi 15 DA K 75 14 £ BE BIF
8 HD BN R 2E IR DS e mT 5 A4 3h 4 455 50 A
KB B EERFST HD 99 BEA: BEAL AR EL AT B
S HD WF 5 40T R BT B . e Ak, JEBRIRYT FN
SRR A R R R T R I A 1 3 R i o
BT 7o 2 2021 4F, S5 [E FDA &b iE 1 2 Fh
PR FERTF L R, = RTie WA LR T Y it



55 53]
AP AT i TS 0 4, i ELBOR B A 5 2B
BEH S DR 2 152 XSO TR 2L
A RTAE B R A B . R, Tl B

F A GBI 2 K W OB T 695

W HD M1 48 % F Bag %t HD %05 o 2 09 7 AL

B g R AR HD IFREFTBFFET7 18], o R
HD 7 (8357 SR W B85 45 it

£ Sk

(1]

(2]

(3]

(4]

(8]

(9]

Tabrizi SJ, Flower MD, Ross CA, et al. Huntington
disease: new insights into molecular pathogenesis and
therapeutic opportunities [J]. Nat Rev Neurol, 2020,
16(10) : 529-546.

AREE L, ZRRUR , RS, S E R X
B A RE B BB e RAFAE [T 1. A il R 2i 224
(B2 #0R) ,2021,42(6) :944-949.

Lin LS, Su FJ, Wu TT, et al. Clinical characteristics
of different motor types in Huntington’s patients in
southern China [J]. J Sun Yat-sen Univ (Med Sci) ,
2021, 42(6): 944-949.

Caron NS, Dorsey ER, Hayden MR. Therapeutic ap-
proaches to Huntington disease: from the bench to the
clinic [J]. Nat Rev Drug Discov, 2018, 17 (10) :
729-750.

Bates GP, Dorsey R, Gusella JF, et al. Huntington dis-
ease [ J]. Nat Rev Dis Primers, 2015, 1:15005.
Johnson EB, Ziegler G, Penny W, et al. Dynamics of
cortical degeneration over a decade in Huntington's dis-
easel J |. Biol Psychiatry, 2020, 89(8):807-816.
Ehrnhoefer DE, Sutton L, Hayden MR. Small chang-
es, big impact: posttranslational modifications and
function of huntingtin in Huntington disease [J]. Neuro-
scientist, 2011, 17(5): 475-492.

Pecho—Vrieseling E, Rieker C, Fuchs S, et al. Trans-
neuronal propagation of mutant huntingtin contributes
to non—cell autonomous pathology in neurons [J]. Nat
Neurosci, 2014, 17(8):1064-1072.

Hensman Moss DJ, Flower MD, Lo KK, et al. Hun-
tington’s disease blood and brain show a common gene
expression pattern and share an immune signature with
Alzheimer's disease [ J]. Sei Rep, 2017, 7:44849.
Hodges A, Strand AD, Aragaki AK, et al. Regional
and cellular gene expression changes in human Hun-
tington’s disease brain [J]. Hum Mol Genet, 2006, 15
(6):965-977.

[10] Nasir J, Floresco SB, O'Kusky JR, et al. Targeted

disruption of the Huntington's disease gene results in
embryonic lethality and behavioral and morphological
changes in heterozygotes [J]. Cell, 1995, 81 (5) :

[11]

[12]

[13]

[14]

[15]

[19]

[20]

[21]

811-823.

Duyao MP, Auerbach AB, Ryan A, et al. Inactivation
of the mouse Huntington's disease gene homolog Hdh
[J]. Science, 1995, 269(5222) :407-410.

Zeitlin S, Liu JP, Chapman DL, et al. Increased
apoptosis and early embryonic lethality in mice nulli-
zygous for the Huntington’ s disease gene homologue
[J]. Nat Genet, 1995, 11:155-163.

Dragatsis I, Efstratiadis A, Zeitlin S. Mouse mutant
embryos lacking huntingtin are rescued from lethality
by wild-type extraembryonic tissues [J]. Develop-
ment, 1998, 125:1529-1539.

Saudou F, Humbert S. The biology of Huntingtin [J].
Neuron, 2016, 89(5):910-926.

Li SH, Li XJ. Huntingtin—protein interactions and the
pathogenesis of Huntington’s disease [J]. Trends Gen-
et, 2004, 20(3) : 146-154.

Harjes P, Wanker EE. The hunt for huntingtin func-
tion: interaction partners tell many different stories
[J]. Trends Biochem Sci, 2003, 28(8) :425-433.
Reiner A, Dragatsis I, Zeitlin S, et al. Wild-type
huntingtin plays a role in brain development and neu-
ronal survival [J]. Mol Neurobiol, 2003, 28: 259
- 275.

Godin JD, Colombo K, Molina—Calavita M, et al.
Huntingtin is required for mitotic spindle orientation
and mammalian neurogenesis [J]. Neuron, 2010, 67
(3):392-406.

Barnat M, Le Friec J, Benstaali C, et al. Huntingtin—
mediated multipolar—bipolar transition of newborn cor-
tical neurons is critical for their postnatal neuronal
morphology [J]. Neuron, 2017, 93(1):99-114.
McKinstry SU, Karadeniz YB, Worthington AK, et
al. Huntingtin is required for normal excitatory syn-
apse development in cortical and striatal circuits [T].
J Neurosci, 2014, 34(28):9455-9472.
Molina—Calavita M, Barnat M, Elias S, et al. Mutant
huntingtin affects cortical progenitor cell division and

development of the mouse neocortex [J]. J Neurosci,

2014, 34(30) : 10034-10040.



696 L RS2 (BB ) 5543 %
[22] Arteaga—Bracho EE, Gulinello M, Winchester ML, [33] Capizzi M, Carpentier R, Denarier E, et al. Develop-

[23]

[24]

[25]

[26]

[27]

(28]

[31]

[32]

et al. Postnatal and adult consequences of loss of hun-
tingtin during development: Implications for Hunting-
ton’s disease[ J ]. Neurobiol Dis, 2016, 96:144—-155.
Molero AE, Arteaga—Bracho EE, Chen CH, et al. Se-
lective expression of mutant huntingtin during develop-
ment recapitulates characteristic features of Hunting-
ton’s disease [J]. Proc Natl Acad Sci U S A, 2016,
113(20) :5736-5741.

Lee JK, Mathews K, Schlaggar B, et al. Measures of
growth in children at risk for Huntington disease [7].
Neurology, 2012, 79:668 - 674.

Nopoulos PC, Aylward EH, Ross CA, et al. Smaller
intracranial volume in prodromal Huntington’s dis-
ease: evidence for abnormal neurodevelopment [J].
Brain, 2011, 134(Pt 1):137-142.

Tabrizi SJ, Scahill RI, Durr A, et al. Biological and
clinical changes in premanifest and early stage Hun-
tington’s disease in the TRACK-HD study: the 12—
month longitudinal analysis [J].
2011, 10(1):31-42.

Tang CC, Feigin A, Ma Y, et al. Metabolic network

Lancet Neurol,

as a progression biomarker of premanifest Hunting-
ton’s disease [J]. J Clin Invest, 2013, 123(9) :4076—
4088.

Virlogeux A, Moutaux E, Christaller W, et al. Recon-
stituting corticostriatal network on—a—chip reveals the
contribution of the presynaptic compartment to Hun-
tington’s disease [J]. Cell Rep, 2018, 22 (1) :
110-122.

Ring KL, An MC, Zhang N, et al. Genomic analysis
reveals disruption of striatal neuronal development
and therapeutic targets in human Huntington’s disease
neural stem cells [J]. Stem Cell Rep, 2015, 5 (6) :
1023-1038.

iPSC ConsortiumHD. Developmental alterations in
Huntington's disease neural cells and pharmacological
rescue in cells and mice [J]. Nat Neurosci, 2017, 20
(5):648-660.

Conforti P, Besusso D, Bocchi VD, et al. Faulty neu-
ronal determination and cell polarization are reverted
by modulating HD early phenotypes [J]. Proc Natl
Acad Sci US A, 2018, 115(4):E762 - E771.

Barnat M, Capizzi M, Aparicio E, et al. Huntington’
s disease alters human neurodevelopment [J]. Sci-

ence, 2020, 369(6505) : 787-793.

[34]

[35]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

mental defects in Huntington's disease show that axo-
nal growth and microtubule reorganization require NU-
MA1[]J]. Neuron, 2022, 110(1):36-50 e35.

Van der Plas E, Schultz JL., Nopoulos PC. The neuro-
developmental hypothesis of Huntington’s disease [J].
J Huntingtons Dis, 2020, 9(3):217-229.

Mehler MF, Gokhan S. Mechanisms underlying neural
cell death in neurodegenerative diseases: alterations
of a developmentally—mediated cellular rheostat [J].
Trends Neurosci, 2000, 23(12) :599-605.
Gallardo—Orihuela A, Hervas—Corpion I, Hierro—Bu-
jalance C, et al. Transcriptional correlates of the path-
ological phenotype in a Huntington’s disease mouse
mode 1[J]. Sci Rep, 2019, 9(1):18696.

Wiatr K, Szlachcic W], Trzeciak M, et al. Hunting-
ton disease as a neurodevelopmental disorder and ear-
ly signs of the disease in stem cells [J]. Mol Neurobi-
ol, 2018, 55(4):3351-3371.

Besusso D, Schellino R, Boido M, et al. Stem cell-
derived human striatal progenitors innervate striatal
targets and alleviate sensorimotor deficit in a rat model
of Huntington disease [J]. Stem Cell Rep, 2020, 14
(5):876-891.

Mehler MF', Petronglo JR, Arteaga—Bracho EE, et al.
Loss—of—Huntingtin in medial and lateral ganglionic
lineages differentially disrupts regional interneuron
and projection neuron subtypes and promotes Hunting-
cellular, and
pathological hallmarks [J]. J Neurosci, 2019, 39
(10):1892-1909.

Massaro G, Mattar CNZ, Wong AMS, et al. Fetal
gene therapy for neurodegenerative disease of infants
[J]. Nat Med, 2018, 24(9):1317-1323.

Yan S, Tu Z, Liu Z, et al. A Huntingtin knockin pig

ton’s disease—associated behavioral,

model recapitulates features of selective neurodegener-
ation in Huntington’s disease [J]. Cell, 2018, 173
(4):989-1002 e1013.

Riib U, Seidel K, Heinsen H, et al. Huntington's dis-
ease (HD) : the neuropathology of a multisystem neu-
rodegenerative disorder of the human brain [J]. Brain
Pathol, 2016, 26(6) : 726-740.

Bose SK, Menon P, Peranteau WH. In utero gene
therapy: progress and challenges [J]. Trends Mol
Med, 2021, 27(8):728-730.

(%3 AR )



