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Precision Medicine Initiative (PMI)

NATIONAL CANCER INSTITUTE WHAT IS IT?

P H E E I S I [] H M E I] I C ] N E Precisi_on medicine is an emerging approach for disea,se

IN CANCER TREATMENT e
The Precision Medicine Initiative will generate the scientific

Uisoverira unigue Sheazies (hat beal as individuzls casoar besad on tha evidence needed to move the concept of precision
specatic parneslic abnoe matithes of Ul peisan's 1usmol medicine into clinical practice.

The time is right because of:

Sequencing Improved
of the human technologies for for using large
genome biomedical analysis datasets

10101101010010)
00010101111014

Intensify efforts to apply precision medicine to cancer.

Innovative clinical trials Use of Knowledge to
of targeted drugs for combination overcome drug
adult, pediatric cancers therapies resistance

President Obama (2015): “delivering the right treatment at the right time, every time, to the right person”
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Promise of NGS for Patient Stratification (4P):
Predictive, Preventive, Personalized, Participatory

Next Gen Sequencing

Low-cost
Low-error rate

Rapid

Precision Medicine

ational Human Genome
I m) :etseart.:hHlnstitute P
genome.gov/sequencingcosts NGS presents a great
opportunity to detect or prevent
U many serious early-onset health

20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 o ,,
conditions before they occur
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Human Induced Pluripotent Stem Cells

**Shinya Yamanaka at the Kyoto University in Japan created the first iPSCs from mouse in
2006 and from human in 2007. He shared the Nobel Prize in Medicine & Physiology in 2012

with Sir John Gurdon.

**iPSCs can be generated from the
patient’s blood, skin, hair, fat or
other somatic cell types.

**Similar to human embryonic stem
cells (ESCs), human iPPSCs can “self-
renew” and are “pluripotent”.
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Reprogramming .
- @ Human iPSCs
R ’\ — CRISPR-Cas9

Reprogramming > K gs 88 _
somatic cells ( v Creating isogenic
iPSC controls
” Patient e
Personalized Diff.erentiating into
medicine desired cell types

Neuralcells Cardiomyocytes Islet cells

=

Haematopoietic cells

& J Characterizing

i disease phenotypes

|
I\

Wilson, Wu. JAMA 2015
Shi, Inoue, Wu, Yamanaka. Nat Rev Drug Discov 2016

Identifying ‘
molecular \
’_LI |"'”'va.”

targets




Workflow for Generating & Testing Patient-Specific
iPSC-CMs at Stanford Cardiovascular Institute

Patient

! Somatic cell iPSC iPSC
recruitment

isolation reprogramming differentiation

Co-culture,

Patient Common Method Cell type
* Heathy cell source * Retrovirus e Cardiomyocytes
* Diseased * PBMCs ® Lentivirus * Endothelial cells

¢ Fibroblasts * Sendai virus * Smooth muscle cells
¢ Renal epithelial ® Epstein—Barr virus ¢ Fibroblasts
cells ¢ Adenovirus * Adiopocytes
® Plasmids
* Minicircles
e Co-MIP
* Synthetic mRNAs
* Proteins
* Small molecules

Cardiovascular
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Phlebotomy, embryoid bodies,
skin biopsy, Reprogramming monolayer,
urine collection factors +GF/SM Drugs

Comprehensive
drug testing

/@/

Contractility

= 0

Morphology

~ Arrhythmia

L-arginine aNOS
NO

Synthetic function

@

Metabolism

Morphology

Arrhythmia

e, = =
| BN
1
™~ | ma—_
Automated patch clamp
(Nanion SyncroPatch),

microelectrode arrays
(Axion Maestro)

Ca?* handling

High-content imaging
(Perkin Elmer Operetta)

2

> 14

High-content imaging using
voltage- or ion-sensitive probes
(Molecular Devices FLIPR, Vala KIC)

Construct contractility

Force measurement and
tissue engineering
(Tara Biosystems Biowire)

OCR and ECR assays (Seahorse extracellular
flux analyzer), high-resolution
respirometry combined with
fluorometry (Oroboros 0O2k)

Y 4

Force measurement
(atomic force microscopy,
Cellogy Pulse)

Chen IY et al. Nat Rev Cardiol 2017
Magdy T et al. Ann Rev Pharm & Tox 2018



Diverse Population of Human iPSC-CMs (2D & 3D)
as Alternative Toxicological Methods?

EHT Technologies GmbH Microtissues Inc

3D Engineered Heart Tissues 3D Cardiac Organoids .
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(1) Elucidating CV Disease Mechanisms

Primary cardiomyopathies

v

v

Secondary cardiomyopathies

Other cardiovascular

abnormalities

v

Genetic Acquired
e HCM ¢ Inflammatory
e DCM (Myocarditis)
* Restrictive e Stress-
e ARVC/D provoked
* LVNC (Takotsubo)
* Mitochondrial * Peripartum
myopathies e Tachycardia-
* lon channel induced
disorders * DCM
(LQTS, Brugada)  Restrictive

Category Examples
Infiltrative Amyloidosis, Gaucher disease
Storage Hemochromatosis, Fabry disease, GSD I
Toxicity Drugs, radiation, heavy metals
Endomyocardial| Endomyocardial fibrosis
Inflammatory Sarcoidosis
Neuromuscular/| DMD, myotonic dystrophy,
Neurological Friedreich ataxia
Eqdeciine 52;’6%’;2?ﬁfﬁégﬁﬁﬁﬁyroma
Elgf:gf:r?ca; Beriberi, kwashiorkor
ARG SLE, dermatomyositis,

rheumatoid arthritis

» Coronary
artery disease

* Arterial
hypertension

* Valvular
disorders

* Congenital
heart disease

!

Cardiac remodeling and heart failure

£Y) Cardiovascular
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Patient-Specific Induced Pluripotent Stem Cells as a
Model for Familial Dilated Cardiomyopathy

Ning Sun,’?3* Masayuki Yazawa,** Jianwei Liu,” Leng Han,"? Veronica Sanchez-Freire,"?
Oscar J. Abilez,® Enrique G. Navarrete,” Shijun Hu,'? Li Wang,"?* Andrew Lee,
Rui Chen,” Roger J. Hajjar,® Michael P. Snyder,”
Ricardo E. Dolmetsch,? Manish J. Butte,” Euan A. Ashley,’ Michael T. Longaker,>®
Robert C. Robbins,'? Joseph C. Wu'-%31°t

action potenti:d\

1,2,3

* Summary: Generated iPSC-CMs from a 7-member

family with DCM. DNA-seq confirmed point
mutation in TNNT2 (R173W). Compared to
healthy control iPSC-CMs, diseased DCM iPSC-
CMs showed altered regulation of calcium ion,
decreased contractility, and abnormal distribution
of sarcomeric a-actinin.

Clinical Relevance: Treatment w/ 3-adrenergic
agent causes increased cellular stress. Treatment
with beta blocker (metoprolol) improved function
of DCM iPSC-CMs, recapitulating results from
multiple large beta blocker clinical trials.

Sci Transl Med 2012



Abnormal Calcium Handling Properties Underlie
Familial Hypertrophic Cardiomyopathy Pathology
in Patient-Specific Induced Pluripotent Stem Cells

Feng Lan,'-2:3.12 Andrew S. Lee,'2:3.12 Ping Liang,'-2312 Veronica Sanchez-Freire,-2:3 Patricia K. Nguyen,' Li Wang,-2
Leng Han,'-2 Michelle Yen,* Yongming Wang,-2:3 Ning Sun,':2 Oscar J. Abilez,® Shijun Hu,1:23 Antje D. Ebert,1.2.3
Enrique G. Navarrete,? Chelsey S. Simmons,® Matthew Wheeler,! Beth Pruitt,? Richard Lewis,* Yoshinori Yamaguchi,'©
Euan A. Ashley,! Donald M. Bers,'' Robert C. Robbins,?:¢ Michael T. Longaker,*® and Joseph C. Wu'.2.3.7.*

Family Pedigree —— —— Activation of
B Lty alcinuenn Calcineurin- downstream '
I O——— snaeh Hypertrophic
hititen inhibition NFAT hypertrophic ?ggponge
(verapamil) (Cs-A, Fk506) signaling genes
' N Lodod | v
—O 1.__D ' MYH7 Increased Increased B-adrenergic
+ Mutation jmmd  Ca” intracellular stimulation

N
3

STET

s Nandling

11

affinity [Caz]; (isoproterenol)

MYH7 Arg663His MUTATION

CTTGCATCTTCSC
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Anti-arrhythmic drugs

[-adrenergic
blockade
{propranolol)

\

Summary: We generated iPSC-CMs from a 10-member family cohort, half carry HCM
missense mutation (MYH7 Arg663His). Patient-specific iPSC-CMs recapitulated numerous
characteristics of HCM. Pharmacological treatment with calcium-channel blocker
(verapamil), B-blocker (propranolol), and calcineurin inhibitors (Cs-A, FK506) prevented
development of cellular hypertrophy and electrophysiological irregularities.

(lidocaine, mexelitine and
ranolizine)

_I Arrhythmia

(DAD)

codon change:
CGC>CAC

amino acid change:
Arg>His

Cell Stem Cell 2013



Activation of PDGF pathway links LMNA
mutation to dilated cardiomyopathy

Jaecheol Leel23412¢ Vittavat Termglinchan’?312, Sebastian Diecke® %712, Ilanit [tzhaki*?, Chi Keung Lam"%?,
Privanka Garg?3, Edward Lau"2?, Matthew Greenhaw?®, Timon Seeger’%3, Haodi Wu'?3, Joe Z. Zhang"?3, Xingqi Chen?,
Isaac Perea Gil'®, Mohamed Ameen’?3, Karim Sallam"%?2, June- Wha Rhee"?, Jared Churko"??3, Rinkal Chaudhary"??,
Tony Chour®%?2, Paul J. Wang?, Michael P. Snyder™'?, Howard Y. Chang®!!, Joannis Karakikes"®* & Joseph C. Wul-23#

R i Soor R o
; Q O O O eprogrammlng\o) \Q) eprogramming

@ Control iPSC Gene-editing on LMNA mutantiPSC '. .

LMNA mutation

ﬁ é ﬁ ﬁ ﬁ Healthy Patient

S T Control ® - LMNA-DCM

+ 4+ - A :

l..

Reposltlonlng of

FDA-approved drugs
(Crenolanib, Sunitinib) (D
<

//
e il LMNA mutant CMs i

mCardiomyopathy m Sudden Death

b EAtrial Fibrillation EAtriventricularBlock
-1 -9
LMNA A HEAD COIL 1A colL 1B COoIlL 2 TAIL LMNAWT/MT LMNAWT/MT
1 35 70 82 240 244 390 664 .
LMNA C HEAD COIL 1A COIL 1B coiL2 | TALL -
d AF: atrial fibrillation AVB: AV block PM: pacemaker % .
VT: ventricular tachycardia DCM: dilated cardiomyopathy WIT TGAAAGC W TGAAAGSGC
MT T GGAAAG MI T GGAAASG
PT | Genotype | Age | AF AVB VT pM | bpem /%
-1 WT/MT 57 Yes Yes Yes Yes Yes V-2 Patient 387
Yes Yes LMNAWT/WT LMNAWT/MT
-3 WT/MT 65 (1993) Yes (2006) Yes Yes ’ .“ ﬂ "
-9 WT/MT 60 Yes Yes No Yes No { ‘I
Yes Yes |
15 | WT/MT 45 (2013) (2011) Yes Yes No a
WIT TGAAAGC W GACCTGS® G B
n-17 WT/MT 38 Yi b
= e e el o WIT TGAAAGC WF GACGGAG Nucleus Cytoplasm Nucleus Cytoplasm
V-1 WT/WT 30 No No No No No
—_— B Silenced Gene Inactive
ke R M LAD Endoplasmic
v2 | wiwt | 24 | no No No | No | Mo LMNA T i YT actveryrz  Ea0) canczn
387 | WT/MT 57 Yes Yes Yes Yes Yes —  Genomic DNA Transeriptional

Active
Regulation @ Active Gene . " Intracellular Ca®* (EQ Inactive RyR2 () CAMK2D

Cardiovascular Nature 2019
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Multi-Omics of Human Population Using iPSC Lines

o Acquire expression profile in iPSC panels

+ Individual genotypes in

lation of interest
o Population of iPSC donors A iPSC panel Genotype Directed differentiation ~ Omics profile

B

JL « Individual phenotypes and clinical traits
(e.g., ethnicity, body mass index, cardiac events) @ x & R 8 % %
l IR Rl | ‘
- Individual differences preserved in e & B B Pl ) & E a
o Reprogram to iPSCs genlot.ypes and gene express'irtvns & &8 %& &‘A
o - «Variations from culture conditions
= s and reprogramming methods
l @ Regulatory relationships via expression quantitative trait loci -«
a N
- - - Expression by Association of genome-wide
ﬂ = + Epigenetic and proteomic profiles from Expression of gene G; genotype loci by expression
o Directed differentiation individuals are tested in relevant cell types =
& 'gov‘i:fjes Ilive f:le'" maFerialts t;r E : Genome-wide a. Genome-wide significance
nctional and imaging studies = mappin =
L % * + BRINGL L = —
1 PRLLLCLLE
g E
@ Measuring cellular phenotypes @ Measuring molecular phenotypes Individual iPSC lines AAATTT Chromosome/locus
or differentiated cells
Excitable cells Liver cells Epigenome Proteome
P-‘MM « Ca?t handling » Lipid metabolism + Chromatin accessibility « Protein expression I lationshi . . K
« Action potential ErnprallEie + DNA methylation - Modification, structure, @ Regulatory relationships via coexpression networks <
Tl - Chromatin structure localization, turnover
Vasculature idati GG, -
«Nitric oxide release Oxidative stress Transcriptome Metabolome ks
« Proliferation Contractile cells mﬂ' ji= - Bulk RNA expression « Metabolite abundance Py By Evy
and migration + Contractile force THEZZT L single-cell RNA expression + Metabolite flux P, |Exy Exz
» k " J Calculate Graphical
Y = correlation model
: _
flx)
Pn Enp
e Analyze omics and functional data L Gene expression profiles Coexpression matrix Coexpression network

and identify molecular changes

Stanford |0/ Sardiovascular Lau E et al. Annu Rev Pathol Mech Dis 2019



(2) Cardio-Oncology: Personalized iPSC for
Assessing Chemotherapy-Induced Cardiotoxicity?

Leading Causes of Death .
@ g Factors

By AMERICAN HEART ASSOCIATION NEWS  Oct3/4
Heart disease continues to kill more Americans than any other cause, followed by *Sox2
stroke at No. 5, according to 2015 federal data. PN ’ Kl;;:
Share ) ehye
Total Deaths of Total

vecrt asecee | o 7

Chronic lower 155,041 57%

e o " Somatic cells IPS cells  Patient specific
accidents [ 14657 5.4% iPSC-CM
stroke [ 170323 5.2% Phenotypic Output (— T

Alzheimer’s disease - 110,561 4% Treatment
- 1. Safe to use? * Pro-arrhythmic risk (e.g., Kl)
o - 79,535 ' 3 Wedaisns « Contractility

Flu, pneumonia - 57062 21% underlying CV » Formation of ROS
' . toxicities? —
Kidney disease [ <9959 18% 3. Cardioprotective _

interventions? + Transcriptional &

svicide [ 44193 16% protein changes
Source: Cenfers for Disease Confrol and Prevention Published Dec. 8 2016 * Metabolic Changes

(lipid accumulation)

Stanford| ) tore ™" Sheng CS et al, JACC BTS 2017



Human induced pluripotent stem cell-derived
cardiomyocytes recapitulate the predilection of breast
cancer patients to doxorubicin-induced cardiotoxicity

Paul W Burridge!~>, Yong Fuga Li%7, Elena Matsa!~3, Haodi Wu!-3, Sang-Ging Ong!—3, Arun Sharma!-3,
Alexandra Holmstrom!-3, Alex C Chang!:2:8, Michael ] Coronado?, Antje D Ebert! -3, Joshua W Knowles!:3,
Melinda L Tellil?, Ronald M Witteles!3, Helen M Blau!:28, Daniel Bernstein!»?, Russ B Altman”>1! & Joseph C Wu

—0 hiPSCs hiPSCs-CMs

Normal cardiac —3 ~  [nvitro assays

/ TRGHOR Contractility

in bi Ca? cycling

1 year as:énh?lgogéi Cardiomyocyte Doxorubicin > Metabolism
\ reprogramming differentiation challenge Getjqep(e)gt)ngssmn
: : Chemoprotection

Breast cancer diagnosis Doxorubicin-induced ) P
and treatment cardlomyopathy —> —> !
with doxorubicin ’
7’
\ & ” &
S~ Prevention or personalized therapy? _ -~

--
e mm me omm omm = wm

Figure 1 Cardiac hiPSCs can give indications as to the cardiotoxicity of doxorubicin. Burridge et al.2 derive hiPSCs from the tumors of individuals with
breast cancer who do and do not experience doxorubicin-induced toxicity. They find that these cells respond differently to doxorubicin. Hence, they can be
used to investigate the cause of toxicity and, in the future, potentially to tailor relevant treatments.

Stanford| ) Crdiovascutar Kamp. Cardiotoxicity in a dish: new insights for personalized therapy. Nature Medicine 2016
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Pre Post
Line code | Patient# | Sex | Age Treatment LVEF | LVEF | BMI
(%) (%)
Healthy1 62 F o7 None 67 NA 29.1
Healthy2 72 F 45 None 61 NA 25.2
Healthy3 78 F 64 None 55 NA 22.7
Healthy4 202 F 30 None 71 NA 24.5
4 cycles 2000 mg/m? epirubicin + !
i - k — cyclophosphamide then trastuzumab + docetaxel 80 -7 | af.2
4 cycles 240 mg/m® doxorubicin +
R o0 ¥ 6o cyclophosphamide then trastuzumab + docetaxel 60 vl | &0
4 cycles 240 mg/m® doxorubicin +
LA il J _e cyclophosphamide then trastuzumab + docetaxel 58 56-56 | 25.3
4 cycles 240 mg/m* doxorubicin +
POX4 65 i 00 cyclophosphamide then trastuzumab + docetaxel 68 A | w0
‘ . .
DOXTOX1 | 31 F | 40 RS W RSN R 77 | 36-50 | 28.2
cyclophosphamide
3 cycles 240 mg/m* doxorubicin +
DOXTOX2 40 F 66 cyclophosphamide 67 10-57 | 28.6
p | .o
DOXTOX3 51 F 52 4 cycles 240 mg/m dogorubmm . 62 4455 | 26
cyclophosphamide
7 =
DOXTOX4 79 = 31 4 cycles 240 mg/m“ doxorubicin + 70 45-49 | 26.4

cyclophosphamide

Cardiovascular
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71 Bl Annexin V - Early Apoptosis Xk

*k%

0 uM 0.1uM 1M 10 uM [0 7AAD - Late Apoptosis NS, sws

[ Double Positive

o
?

DOX

Apoptosis Assay
% Positive Cells
N
o

DOXTOX

«
N\ A & SE )
N o P £ O & S
DOX DOXTOX O N ~ or ¥ L
Doxorubicin (72 h)
iH 0 uM
=
Ko e 100 o~ o 3§ -~ Healthy
:qEJ = DOX
X 0.1 uM >3 —+ DOXTOX
S 28 807 n=12
L 2%
o = -
b Eg 60 E
= 1uM v 9
© =2 40
£ 23
o ? o
= o2 20
O
10 uM o A s
s TR P e = 2\.ﬁ.‘:31. :
10" 10- 10 10- 10 10-
t=15sec

[72 h Doxorubicin], M
Cardiovascular
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Patlents treated with TRZ

Human-Induced Pluripotent Stem Cell
Model of Trastuzumab-Induced Cardiac
Dysfunction in Patients With Breast Cancer

LVEF

iPS Decline Age  Sex LVEF Duration
Lines (%) (yr) (FIM) Recovery ofTRZ
SP 1 5 57 = Yes 1 mo

Non- Moderately Severely >

toxic toxic toxic e g
Noside EF decline EF decline 2 5 I 21 8 F Yes 1mo
effect <20% 220% (7]

' ’ ’ SP3 21 42 F Yes 2 mo
Patient-Specific iPSC-CMs §§ MP1 12 64 F Yes 4 mo
==k =, =£ S MP 2 14 76 P Yes 3mo

NP MP SP

Trastuzumab Treatment Lo NP 1 52 F . >iyr
o %
(=]
Functional Analysis
c Generation of severely toxic 7-day TRZ treatment with Measuring contraction
patient iPSC-CMs AMPK activators velocity and cell viability
. \J,‘__‘l'“ p—y e ‘ | % .
- - AMPK "’;- et
activators TRz gl

Cardiovascular
Institute

Stanford ‘

D

Anthracycline Cardiotoxicity
+ Sarcomere Disruption

33| . Oxidative Stress Myocardial

qG —_—>
q\t"’ ) Damage
P + Cardiomyocyte Death
Normal
Trastuzumab Cardiotoxicity
h-a%x\ + Metabolic Derangement
Ry, A : : ; Myocardial
M, .
ab Mitochondrial Dysfunction | ——» Bihindlion

+ Energy Deprivation

Note: Herceptin-induced cardiac
dysfunction in iPSC-CMs can be
improved by AMPK activators (e.g.,
metformin)

Kitani T et al, Circulation 2019



High-throughput screening of tyrosine kinase inhibitor
cardiotoxicity with human induced pluripotent stem cells

Arun Sharma,’%3* Paul W. Burridge,'?** Wesley L. McKeithan,'*>"® Ricardo Serrano,’
Praveen Shukla,’?? Nazish Sayed,’?* Jared M. Churko,"?? Tomoya Kitani,"?? Haodi Wu,'%?3
Alexandra Holmstrém,"*? Elena Matsa,’'** Yuan Zhang,"?*? Anusha Kumar,"?? Alice C. Fan,®
Juan C. del Alamo,” Sean M. Wu,"?2 Javid J. Moslehi,® Mark Mercola,’*> Joseph C. Wu'%3t

Tyrosine Kinase
A Blood Sample, Inhibitors

PBMC Isolation "
) 0 Sendaiviral ﬁ

B “Cardiac Safety Index”

Cessation Effective ’ Cardiac -
amplitude  LUJ0 ty Llinically-Reported
Amplitude LD50 Cmax proerse Clinically-Reported

e Drug of Beating Concentration : I
‘ High-Throughput (M) (M) of Effect (uM) (uUM) o Cardiotoxicity
7) REpIOBNIINg Traaimi _ Qualitative Imaging Vemurafenib 33 1100 OB 32.10 QT
(OKSM) il - Sorafenib 1.03 - 8.43 QT, LV, HF, MI, Hy
A Yo N\ g Doxorubicin 0.60 2.93 **HF, LV
‘ ib | ] 0.84 710 808 #MI, Hy
@ — M comtnnion " Q@ P QT | _Vandetanib *QT, TdP, SCD, HF, Hy |
hiPSC R ! . . ) Crizotinib__ | _ - QT, Brady
e Differentiation  hiPSC-derived High-Throughput ’ ; QT . 2000 427 | =QT.LV.V
olonies ; ot ; Cardioprotective Drug foun 2 .
Cardiomyocytes | ~ Quanttative Toxicology Sereening imatinib 159 7820 511  0.126 LV (rare)
l Lapatinib 230 0.209 #LV, QT
I LR £ 6 Sunitinib 133 1 0218  #HF,LV, Ml QT, Hy
0000 @ Bosutinib 192 1239 0.315 PE
Gefitinib 124 0.409 None
_ Afatinib 101 0.444 None
PR G Dabrafenib 36.75 0.71 0.459 LV
Patient Cohort DNA Misroama Receptor Tyrosine Kinast Ponatinib 3.70 0.54 0483  *™Vas, HF, LV, Hy
y Phosphorylation Panel Ibrutinib 33 10.01 154 0.507 Afib
Dasatinib 0.524 QT, PE, Hy
Erlotinib N/A 63.38 051 8760 311 0653 MI (Rare)
Pazopanib N/A 73.86 119 NA [103.08 0671 #QT, LV (Rare)
Cabozantinib N/A a7 NA 443 #None
Trametinib 33.00 66.80 LV
Axitinib N/A 71.79 . NA HF (Rare), Hy
DMSO NA | 10000 058 NA  NA None
Cardiovascular Sci Transl Med 2017

Stanford ‘ Institute



iPSC-CM Platform for Assessi

Calcein-AM/Hoechst

Drugs of'>

interest

¢
Drugs of.>
interest

Cardiovascular
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+ \&"’ »

Quantitative
viability assays

> >

[
High-throughput
contractility
imaging
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ng Cardiac Safety Index

Sharma A et al,
Nat Protocol 2018



(3) “Clinical Trial in a Dish”

a -
VDV endomeiial cells

smooth muscle

et R
cardiomyocytes

\,
=N

Drug Screening & Testing using iPSCs

“Clinical Trial on a Dish”

Functional
Characterization

e Contractility & Relaxation
-+ Calcium Handling

-+ Electrophysiology

* Optimized Patient Selection for * Metabolic Function

Clinical Trials | Morphology

« Reduction of Healthcare Cost Informed Feedback to Patients Non-Responders -« Extracellular Matrix Secretion
(Precision Medicine) :

\J ' " Responders
* Reduced Trial-and-Error

* Accurate Genotype-to-Phenotype .
Correlation

v

stanford| ) fadovescular—— Pajk DT et al. Patient-specific iPSCs for personalized therapeutics. Pharmacologic Reviews 2020
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Imprecision Medicine: Many Drugs Do Not Work!

IMPRECISION MEDICINE

For eve ry person they do help (blue), the ten highest-grossing drugs in the
United States fail to improve the conditions of between 3 and 24 people (red).

1. ABILIFY (aripiprazole) 2. NEXIUM (esomeprazole)

Schizophrenia Heartburn
® ©
L =

3. HUMIRA (adalimumab) 4. CRESTOR (rosuvastatin)

Arthritis High cholesterol
L ] [ ] o ® L o L 4 L ] b @
L 1 [ ] [ ] [ ] [ - L 3 [ 3 [ ] [ ] [ -

5. CYMBALTA (duloxetine)
Depression
@ & L

JIIIETIIITIIY.
TN

6. ADVAIR DISKUS (fiuticasone propionate)
Asthma

7. ENBREL (etanercept)

Psoriasis

10. NEULASTA (pegfilgrastim)

Neutropenia

Il IIX),

8. REMICADE (infliximab) 9. COPAXONE (glatiramer acetate)

Crohn’s disease Multiple sclerosis

@ [ ] @ [ ] @ [ ] [ ] [ ] L 3 L 3 @ @ [ ]
[ ] @ [ ] [ ] | ] @ @ | ] L L | ] . ] L ] L . ] @
Based on published number needed to treat (NNT) figures. For a full list of references, see Supplementary Information at go.nature.com/4dr78f.
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Note: the top 10 highest-grossing drugs
in the US fail to improve the conditions
of treated patients (red) more than they
help (blue).

1) Abilify (1/5)

2) Nexium (1/25)

3) Humira (1/4)

4) Crestor (1/20)

5) Cymbalta (1/9)

6) Advair Diskus (1/20)

7) Enbrel (1/4)

8) Remicade (1/4)

9) Copaxone (1/16)

10) Neulasta (1/13)

Schork NJ. Time for one-person clinical trial.
Nature 2016



Takeda, CiRA Launch $268.5M iPS
Collaboration ke c

Apr 17, 2015 =

Takeda Pharmaceutical and Kyoto University's Center for IPS Cell Research Application (CiRA) said
today they have will launch a ¥32 billion (nearly $268_.5 million) collaboration to develop clinical

applications of induced plunpotent stem cells.

The partners said their Takeda-CiRA Joint Program for iPS Cell Applications (T-CiRA) is expected to

make “significant” contributions to the science and application of iPS cell technology into clinical

practice, by expediting multiple research projects for drug discovery and cell therapy using IPS cells.
During the collaboration’s 10-year timeframe, Takeda and CiRA will jointly run projects led by research
experts from CiRA.

Potential initial research projects, according to the partners, will involve the use of iIPS cells in areas

such as heart failure, diabetes, neuro-psychiatric disorders, and cancer immunotherapy. Additional

projects will be launched over time, with the collaboration ramping up to pursue “around 10" projects

concurrently.

Cardiovascular
Stanford ‘ Institute
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International Multisite Study of Human-Induced
Pluripotent Stem Cell-Derived Cardiomyocytes for
Drug Proarrhythmic Potential Assessment
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In Brief
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Blinova et al. tested human-induced
pluripotent stem cell-derived
cardiomyocytes (hiPSC-CMs) for
improving torsades de pointes
arrhythmia risk prediction of drugs in the
Comprehensive In Vitro Proarrhythmia
Assay (CiPA) initiative. This validation
study confirms their utility based on
electrophysiologic responses to 28
blinded drugs, with minimal influence
from cell lines, test sites, and
electrophysiological platforms.

Cell Reports 2018



Transcriptome Profiling of Patient-Specific Human
IPSC-Cardiomyocytes Predicts Individual Drug Safety
and Efficacy Responses In Vitro

Elena Matsa,’-2:3* Paul W. Burridge, 2345 Kun-Hsing Yu,%” John H. Ahrens,? Vittavat Termglinchan,’-2-3 Haodi Wu,-2:3
Chun Liu,"-2:3 Praveen Shukla,'-2:° Nazish Sayed,'-2:3 Jared M. Churko,'-2:3 Ningyi Shao,'-2® Nicole A. Woo,"
Alexander S. Chao,' Joseph D. Gold," loannis Karakikes,'-2 Michael P. Snyder,® and Joseph C. Wu':2.3.*
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Clinical trial in a dish using iPSCs shows lovastatin
improves endothelial dysfunction and cellular
cross-talk in LMNA cardiomyopathy

Nazish Sayed’?3*', Chun Liu'?3*, Mohamed Ameen'?, Farhan Himmati'?, Joe Z. Zhang'?,
‘ Saereh Khanamiri''?, Jan-Renier Moonen'*?>, Alexa Wnorowski''%, Linling Cheng’,

_ June-Wha Rhee'?3, Sadhana Gaddam’, Kevin C. Wang’, Karim Sallam'?3, Jack H. Boyd '8,
Y. Joseph Woo''%, Marlene Rabinovitch’%?>, Joseph C. Wu'-2:391
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Stanford Cardiovascular Institute iPSC Biobank:
1,000+ iPSC Lines to Accelerate Drug Discovery

1) A biorepository of >1,000 iPSC lines from patients with different CV history, ethnicity, sex,

and also isogenic lines using CRISPR genome editing.

2) Perform multi-omics of human population using iPSC derivatives

3) Use PharmGK (http://www.pharmgkb.org) to create a database on how human genetic
variation impacts drug response phenotypes.

4) Link to medical information using clinical database (STRIDE: Stanford Translational Research
Integrated Database Environment)

5) Working with the NIH on iPSC biobanking and with the FDA on drug safety testing.

6) Established robust sharing resource plan with many investigators.

Cardiovascular .

Institute
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Potential Application of Large Cohort of Patient iPSCs as
Alternative Toxicological Methods?
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