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HD: A Family Disease
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Joining the HD Research Community

« What is the normal function of
McMaster the huntingtin protein?

University
« What is going wrong when the

RAY TRUANT huntingtin protein is expanded?
LABORATORY

McMaster University Hamilton Canada
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From Gene to Protein .

Exp il

Huntingtin P
Protein t’) r




Huntingtin moves to damaged DNA

Huntingtin protein

High power laser stripe damages DNA

What is huntingtin’s role in DNA repair?

Is this important in HD?

..
Igl. Huntington's Disease
B2 society of America




DNA: Kind of a Big Deal

DNA makes up our genes
Genes are the blueprints for proteins

Proteins do all of the work in the cell
-> Break down over time

BLUEPRINTS MUST BE PROTECTED!

- Cancer

- Neurodegenerative diseases
Francis Crick and James Watson solved the structure of DNA in 1953
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A Major Clue
Cell -

Volume 162, Issue 3, 30 July 2015, Pages 516-526

42 CAG repeats 42 CAG repeats

Article
Identification of Genetic Factors that Modify Clinical Onset of
Huntington's Disease

Genetic Modifiers of Huntington's Disease (GeM-HD) Consortium 4=

GENOME WIDE ASSOCIATION STUDY
implicates
“DNA handling and repair mechanisms”

=
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DNA Repair and CAG Repeat Diseases

DNA repair genes are

genetic modifiers for other
neurodegenerative diseases caused
by CAG expansion

| Polyglutamine Tract
DNA Repair Pathways Underlie a

Common Genetic Mechanism Modulating I i
. . - axin-
Onset in Polyglutamine Diseases  ~ .
taxin-.
Cencaiglio Bettencourt, PhD,'? Davina Hensman-Moss, MD,? :
Michael Flower, MD,? Sarah Wiet 4 Brice, MD,> - Ataxin-3

Cyril Goizet, MD,"® Giovanni Stevan;
Geargia Karadima, MD,"® M;
Lizbeth Esmeralda Garcie
Manuela Lima, PhD,'>"* .
Mary Sweeney, BSc, " Nicholas Woed, MD," Pacla Giunti, MD,"

B  1ATA-box Binding Protein

The SPATAX Network, Alexandra Durr, MD, 34 Peter Holmans, Ph0,'® .
Henry Houlden, MD,"" Sarah 1. Tabrizi, MD,? and Lesley Jones, PhD'® — Atrophin 1
ANN NEUROL 201 6;79:983-990 1 Androgen Receptor SBMA
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Factor 1: “Somatic” Expansion

NN
Most cells . P cAG gene DG

DNA repair

gone wrong
orain cefs Sl o
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Factor 1: “Somatic Expansion

DNA repair genes

acting as
HM!Aggeﬁ «——  genetic modifiers

by affecting

somatic expansion
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Factor 2: CAG Repeat Genes are DNA Repair Genes

REVIEW Disease Models & Mechanisms (2018) 11, dmm031830. doi10,12424mm, 031830

Table 2. Functions of proteins encoded by genes causing CAG repeat diseases, and their links to DNA damage and repair

Disease Gane Wild-type protein functions’ Expression” Links i DNA damage nap Referances
. S
DRPLA  ATN1 Transcriplional co-repressor through Ublquitous. None known
I Polyglutamine Tract
Retina
SCAG CACNATA 1Bg8- il i | abundant None knawn Duetal, 2013

neuronal

" remodeling complex thal regubales 2014
Atrophin 1 DRPLA o b
SCA1Z  PPPIR2E  Regulatory subund B of PP2A ivolved i Predominantly None knawn Cohen and %
wanscriptonal reguiation, cell growth neurcnal Margols. 2016 <3
and divisien o
2nd e @
=
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Factor 2: CAG Repeat Genes are DNA Repair Genes

Worsten Improve
repair repair
_

N DNA repairgenes  ymadS W m————————
M. [ _Damaged DNA _[[)§ patrs _Damaged DNA _
_ acting as

genetic modifiers
) by affecting the
N2 function of the expanded

protein
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HD and DNA Repair: Connections

- Links between DNA repair genes and other neurological disorders

00060000

Cockayne Syndrome

Xeroderma Pigmentosum

Trichothiodystrophy

Ataxia with Occulomotor Apraxia-1
Spinocerebellar Ataxia with Axonal Neuropathy
Ataxia Telangiectasia

A-T Like Disease

ATR-Seckel Syndrome

Nijmegen Breakage Syndrome

= Large human genetic studies in HD and SCAs

Identification of Genetic Factors that Modify Clinical Onset of Huntington's Disease, 2015

DNA repair pathways underlie a common genetic mechanism modulating onset in polyglutamine diseases, 2016
Identification of genetic variants associated with Huntington's disease progression: a genome-wide association
study, 2017
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HD and DNA Repair: Connections

= Somatic expansion involves DNA repair

DNA repair
AN Ny

one wron
M CAG gene DG J J . CAG gene

= CAG repeat genes have roles in DNA repair




HD and DNA Repair: Connections

-> Damaged DNA in HD models and samples

Acevedo-Torres, K, atal., Mitochondrial DNA damage Is a halkmark of chemically Chen, CM,, efal aifies In mm&gmmﬂh“kmmm

Induced and the R§/2 transgenic model of Huntington's disease. DNA Repalr mwmqmm&mmmmm in Huntingilon’s dicease. Free Radic Blol Med, 2012

(Amst), 2009, 8{1): p. 126-36. Commim, 2007. 355(2): p. 335-40. 53{7): p. 1473-88.

m.m.mcmwmmmmmawm Hessch, S.M., etal., Creatine In Hi dizease ks safe, Eok bk Stack, C., et al, Friterpencids CODO-ethyl amide and CODO-trifluoroetivl amide

made! of Humtington's disease. ) Neuwochem, 2001 79{6): p. 1246-9. hhdhmdmﬁmmmmmmmp.m Iimprove the behavioral phenotype and brain pathology In a transgenic mouse
modl of Huntinglon's disease. Frea Radic Blol Mad, 2010. 49(2): p. 147-58.

S.E., etal, Oxidck I Huntington's Kowvtam, LV, et al., 0GG1 infifcbes age-de dent CAG feotide op ]

mmmgubﬁmmmm a1{5):p. somatic cels. Nature, 2007, 447{7143): p. 442-52. Enokido, ¥, etal, Mutant huntingtin impairs Ku70-mediated DNA repair. ] Coll

Blol, 2010. 189(3): p. 42543,

Long, LD, ut al., 80MdG as a marker for Huntington disease progression.
Neurchilol Dis, 2012. 46{3): p. 625-34.

- Huntingtin moves to sites of damage and scaffolds DNA repair proteins

Huntingtin protein
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How can we use this knowledge?

DNA Repair
l Pathways
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How can we use this knowledge?

Berman/Topper HD Career Enr 0”'_ :

Development Fellowship

Can we fix them? Q
J
9 9




Various types of stem cell exist

Blastocyst

Inner Cell Mass

Trophoblast

What is a stem cell?

Embryonic

A single cell that can

' Bone
marrow

Adult

blood cell
Stem cell

Image prepared by Catherine Twomey for the National Academies,
Understanding Stem Cells: An Overview of the Science and lssues

from the National Academies, http://www.nafionalocademies.org /stemcells. I n d u Ced pl u FI pOte nt

Acodemic noncommercial use is permitted.
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Cell type can be controlled through cellular dedifferentiation

GLADSTONE Induced Pluripotent Stem Cell Generation (iPS)
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Reverse engineering skin cells

A o Ty =0

Shinya Yamanaka,

Skin cells J Reprogram Cells
Kyoto University; UCSF

iPS cells
~— Thm & & ®
g [~

- - *..-—-"_.) & o

\ : \' Blood cells
Heart cells / J
Fat cells i_\,,, ”. Pancreatic cells

‘/«T,/ \

B

Jamie Thompson,
University of Wisconsin

Neurons
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Uses of iPSCs

!

Patient

!

Patient cells

Pattent-specific iPSCs

Modfigd froen: Stadufeld snd Hochsalinger Genet Dwe. 100020121 19-1381 @




Uses of iPSCs: Disease modeling

Drug

development
Target identification

& validation

Patient

Disease
Modeling

Patient cells

Disease

Dimu—nlimt celk
mechanisms

¢:{

Developmental Patient-specific iP3Cs

jol «

iyl Differ%
in a dish

Modfigd froen: Stadufeld snd Hochsalinger Genet Dwe. 100020121 19-1381
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Stem cell advancements in HD research:
HD iPSC Consortium
Mission of the HD iPSC Consortium:

Skin‘ 1. Create a unique, patient-derived stem cell resource available
biopsy ‘ Reprogram for the HD research and industrial community
——— —_—

Unaffected
individuals ) :J_L 1. Combine international expertise to better understand HD and
and HD iPSCs collaboratively tackle problems that would be difficult for a
patients single lab to pursue
CAG length of available iPSC lines
Control Adult onset Juvenile onset
18 a3 60
20 a6 66
21 50 71
28 53 77 -
33 57 109
180 -
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Disease modeling: Modeling HD-affected cell types

Striatum

Sweeney, M. D., et al. (2015). Journal of Cerebral Blood Flow & Metabolism, 35(7), 1055-1068. Zlokovic, Berislav; Apuzzo, Michael Neurosurgery. 43(4):877-878, October 1998.
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Disease modeling: the HD BBB in vitro

blood vessel

Blood P & P

o Endothelial
f %o][T.][ .T][ -][T.] Cell
Genes
expressed
&
functional

experiments

Liu R, Gene Ther. 2005;12(8):647-54.




Disease modeling: BBB is altered in HD

Cell Reports

Huntington’s Disease iPSC-Derived Brain
Microvascular Endothelial Cells Reveal WNT-Mediated
Angiogenic and Blood-Brain Barrier Deficits

Ryan G. Lim," Chris Quan,®* Andrea M. Reyes-Ortiz," Sarah E. Lutz,” Amanda J. Kedaigle,” Theresa A. Gipson,”™1?
Eum Jie Wu,” Gad D. Vatine,® Jennifer Stocksdale,” Malcolm S. Casale,” Clive N. Svendsen,® Ernest Fraenkel,!”
David E. Housman,™'? Dritan Agalliu,>'%" and Leslie M. Thompson.2513.14.15.~

4000 1 .
ey
3000/ — hn-m';: call
2000 n
1000 4 I
i d “
o R s | ; :

- ) calec pendent
28Q 33Q 60Q 66Q Ti1Q 109Q I as [~ n

CAG Length

(Barrier properties)
TEER (Qxcm?)

adhesion

* Barrier properties decrease with Q length
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Disease modeling: the Extracellular Matrix (ECM)

e ECM = cellular infrastructure

Cells contribute to, and are influenced by, the ECM
The ECM is constantly being remodeled to guide cell attachment, cellular movement, and cell survival

In the brain, the ECM coordinates synaptic activity and provides neuroprotection

Highly druggable
.\
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Overall goal: is the ECM therapeutic for HD?

Unaffected ECM environment
o
¥ YA F
/ . \\ ,ﬁ(‘:\/\\ Investigate expression and function of the ECM in HD cell models
~

* What exactly are these changes?
 How are these changes affecting the cells?

HD ECM environment

* z
V\;ﬁ
V4

* /

*
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Drugs against ECM currently used to treat cancer

» Vectibix (panitumumab)

 FDA approved Sept. 27, 2006
» Approved by European agencies in 2007
« Approved by Canadian agencies in 2008

@GlaxoSmithKline
¥ Vectibix*100ms |

4 .. 2
concentrate for solution for infusion ‘
panitumuma

 Used to treat certain advanced, metastatic colorectal
cancers

. Phage [l trials for us.e in esophageal cancer, urothgllal & ml of concentrate 0 -
carcinoma, metastatic head and neck cancer, and liver infusion Nousuiiitln
metastasis in colorectal cancer

1 icentrate for soluton”
* Immune therapy | Fnitumumab f

* Blocks ability of cell to communicate with the ECM —

et
e

intravenous useé :
i r solution ft S

2
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Uses of iPSCs: Cell therapies

Cell replacement

' therapy
Healthy
L,.- '.-I:.":.a B

Patient cells

A Genetically corrected IPSCs
- c R ey

Patient-specific iFSCs I ]}M
1 @ o
3




Cell therapies: Fetal cell transplants into HD patients
show variable results

Table 1 Description of the Published Studies

MIG-HD
Los German
Angeles Creéteil Tampa NEST-UK London Florence Extension
Articles Kopyov et al. Bachoud-Lévi et al Cisbani et al. Rosser et al. Reuter et al. (2008) Gallina et al. Capetian
(1998), (2000h), (2013), Furtado (2002) and etal
Keene et al. Bachoud-Lévi et al et al. (2005), Barker et al. (2009) and
(2007, 2009), | (2000a), Gaura et al Hauser et al (2013b) Lopez
Philpott et al (2004), etal
(1997), and Bachoud-Lévi et al Cicchetti et al. Paganini | (2014)
Ross et al. (2006), Douaud et al (2014) etal. (2014), and
(1999) (2006), and Douaud Porfirio et al
et al. (2009) (2015)
Grafted 14 5 7 5 2 16 22
patients (V)
Available 6 5 7 5 2 10 10
clinical data
]
Autopsied 3 - 4 - - 1 1
cases (V)
Mean funct. FAS17+29 | TFC11.1 TFC 6.6 TFC 8 TFC 4 and 8 FAS 9.7+7.3" TFC>9
capacity
Pre-/postop. 1-10 years 2-6 years 1-10 years 1-8 years 6 year+28 Median 4.3 6-36
follow-up years (2.8-5.1) months
Nongrafted — 22 External — 12 randomized | 6 external 16 external —
cohort (V)
Related 1 SDH Thin SDH 3 SDH Anemia 1 1 Urea/creat. 1 SDH 1 Cyst
adverse 1 Bone Graft necrosis Brain infection 4 1 Urea/creat. | 1 Meningoencephalitis? | Overgrowths
avents infection Noncompliance Wound infection aberrant
10Overgrowth | immunosup. TUrea/creat. transplants
2 Cysts 1 Tight abscess
HLA - - - - - 9/16 5/10
antibodies
Durable 0 3(1) 0 0 1(1) - )
benefit (N)

Abbreviations: creat, creating; immunosup., immunosuppressant; N, number of patients; SDH, subdural hematoma; X, transient improvement.
“Functional scores in this chapter ranged between 1 and 18 (using a reverse range 25 (normal) to O for the usual FAS)

Stem cell research advancing rapidly, with the goal to use for transplantation

® Huntington's Disease
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brain research. Vol. 230. Elsevier, 2017. 227-261



Cell therapies: CA Institute for Regenerative Medicine

Mission: to accelerate stem cell treatments to patients with unmet medical needs

INFRASTRUCTURE DISCOVERY .. ) 6
Total clinical trials I

$16 MILLION $45 MILLION

New clinical trials in 2017 addressing
ﬂt?rj;j " devastating diseases for which there
- currently are no known cures
TRANSLATION CLINICAL
. . These trials have the potential to change the
$24 MILLION $213 MILLION Total patients enrolled in landscape of medicine and the future of those

CIRM-funded clinical trials who suffer from these debilitating conditions

® Huntington's Disease
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Cell therapies: Curing immune diseases
SEVERE COMBINED IMMUNODEFICIENCY (SCID)

Maormal %K

Immune sysiem «—

Donald Kohn,

T cells UCLA

B cells

!

Can fight infections

® Huntington's Disease
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Vacarro family



Cell therapies: HD NSC transplants successful in

mouse models Unaffected HD
Stem Cell Reports —— ——

Article

OPEN ACCESS

Human Neural Stem Cell Transplantation Rescues Functional Deficits in R6/2
and Q140 Huntington’s Disease Mice

Jack C. Reidling, L1 Aroa Relafio-Ginés,> ' Sandra M. Holley,*'! Joseph ()1:haha,4 Cindy M':)or(-.‘,5 Brian Fury,®
Alice Lau,” Andrew L. Tran,' Sylvia Yeung,' Delaram Salamati,’ Chunni Zhu,” Asa Hatami,” Carlos Cepeda,®
Joshua A. Barry,® Talia Kamd|0u # Alvin King,* Dane Coleal-Bergum,® Nlthol.ii R. Franich,”
Frank M. LaFerla, % Joan §. Steffan,!.” Mathew Blurton-Jones, 1.+ Charles K. Meshul,5.% Gerhard Bauer,®
Michael 8. Levine,* ' Marie-Francoise Chesselet,” and Leslie M. Thompson "7 %%

30%1

>

Rotarod

w

Latency to Fall (sec)

NT R6/2 NT R6/2
Veh hNSC Veh hNSC Veh hNSC Veh hNSC >
1 wk Post Implant 3 wks Post Implant <9
O qd
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Exciting time in HD research

Helpfulsssgs Resource
Ad{,"ggag"g;“°”¥?“.é‘£&erC0mmunlty un

Lifechanging

Friends
Awesomes u p p 0 rtmggg%geﬁgﬁggstanqu
Connect Cari ing Fa m I y Wareness

Hereditary c H n I
Disease

Foundation FOUNDATION

OHL intington Society of Canada

nnnnnnnnnnnnn du Canada

@®® Huntington’s Disease
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Stay Informed

Huntington disease research news.

In plain language. Written by scientists. LAB SCRIBBLES
For the global HD community. DR. RACHEL HARDING
Go to www.HDBuzz.net to see !
what the Buzz is all about!

www. labscribbles.com www.raytruantlab.wordpress.com
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Thompson lab

Lisa Salazar Ph.D. Marketta Kachemov

Joan Steffan Ph.D.

Sara Winokur Ph.D. Thai Nguyen
Malcolm Casale Ph.D.  Terri Thompson Ph.D. Lexi Kopan
Jenny Wu Ph.D. Andrea Reyes-Ortiz Keona Wang
Ryan Lim Ph.D. Eva Morozko Alice Lau
Charlie Geater Ph.D. Isabella Sanchez Sylvia Yeung
Jennifer Stocksdale Gianna Fote lliana Orellana
Jack Reidling Ph.D. Ricardo Miramontes Corey Schulz

UCI M )ND I<00 Huntington’s Dlsease . c H n I

leTITUT{ F< MEM()RY IMPA[RMENTS Soclety Of-Amerlca L FOUNDAT[UN

J'N%

UNIVERSITY OF CALIFORNIA. IRVINE CALIFORNIAY STEM CELL AGENCY HEP\\f HUNTINGTONS DISEASE

g >
SUE & BILL GROSS ‘5: E)H
STEM (_l.LL RL\LARLH CENTER

McMaster

University nm

RAY TRUANT
LABORATORY

McMaster University Hamilton Canada

Ray Truant
Laura Bowie
Tamara Maiuri
Laura DiGiovanni
Sid Nath

Claudia Hung
Mina Falcone
Jianrun Xia
Glenn Walpole
Susie Son
Celeste Suart
Andrew Mocle
Rebecca Kurtz
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