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Pick a human

phenotype for drug
efficacy

Target-indication pairs
Overall o 808
Musculoskeletal O 11
Metabolic ® 17

Blood < 46

Infection ® 7
Liver and kidney ® 4
Respiratory °® 28
I Inflammation ° 8
) H Ig h Diabetes ® 33
o Cardiovascular —— 150
b Urogenital |—e—— 45
@) Neurological/behavioral | -@— 151
(- Autoimmune |-— 95
D Oncology 171
C Skin and connective tissue ? 20
0 Eye 18
Digestive system 4
C 1 1 I I 1
(qv] 0 25 50 75 100
E Pipeline targets
S L oW with genetic associations for similar traits (%)
I

GOF LOF

Gene function
Nelson et al Nature Genetics 2015



Pick a human

phenotype for drug
efficacy
o High X
% Identify a series of
5 X alleles with range of
S X effect sizes in humans
& X (but of unknown
- function)
= X
& X
33:5 Low
GOF LOF

Gene function
Plenge, Scolnick, Altshuler Nature Reviews Drug Discovery (2013)



Pick a human

phenotype for drug
efficacy
Efficacy
o High
% Assess biological
o function of alleles to
GC) estimate “efficacy”
& response curve
C
®
=
33:5 Low
GOF LOF

Gene function
Plenge, Scolnick, Altshuler Nature Reviews Drug Discovery (2013)



Pick a human
phenotype for drug

efficacy

Efficacy

Toxicit
o High oxicity
& Assess biological
8 Assess pleiotropy as
Q proxy for ADEs
o :
C
®
5
T Low

GOF LOF

Gene function
Plenge, Scolnick, Altshuler Nature Reviews Drug Discovery (2013)



Pick a human New target for drug screen!

phenotype for drug
efficacy
Efficacy
. Toxicity
High
S
>
% This provides evidence for the
£ therapeutic window at the
c beginning of the drug discovery
e journey.
:E Low
GOF LOF

Gene function
Plenge, Scolnick, Altshuler Nature Reviews Drug Discovery (2013)



An example In
Immunology



Example of allelic series model: TYKZ2

= TYKZ2 is an intracellular signaling molecule (next slide)

= Rare, complete human knockout is associated with
Immunodeficiency and risk of infection

= Common protein coding alleles reduce TYK2 function
and protect from risk of autoimmune disease (e.q.,
psoriasis, RA, SLE, IBD)

= Same common alleles do not increase risk of infection



IL23 signaling and psoriasis
IL23A (IL-23p19) {} I 128 (IL-12p40)

O’Shea and Plenge Immunity (2012)



nature
genetlcs

LETTERS

https://doi.org/10.1038/541588-018-0216-7

Fine-mapping and functional studies highlight
potential causal variants for rheumatoid arthritis

and type 1 diabetes

Harm-Jan Westra'?3452°, Marta Martinez-B

TYKZ2 gene

MO
<+ O W
Yang Luo'?**4, Nikola Teslovich'?*#, Jane Wo (‘5 % 8 Dataset Frequency Odds Ratio
Lars Klareskog®, Solbritt Rantapaa-Dahlqvi ™M~ N
JohnA.Todd", Steve Eyre®'°, Peter A.Nigrov L,g 8 R Cases Controls 05 1 1
SoumyaRaychaudhuri ©1234919 Mo - |
el el |
GIGIA Combined 0.897 0.88 (reference):
T1D 0.898 0.874 (reference)
RA 0.896 0.877 (reference) @
clGIA Combined 0.022 0.032 —— :
T1D 0.022 0.033 ® ,
RA 0.023 0.034 @ :
Combined 0.081 0.088 —@— |
T1D 0.08 0.093 —— |
RA 0.081 0.089 —9— :

( low freq: A928V )




SCIENCE TRANSLATIONAL MEDICINE | RESEARCH ARTICLE

AUTOIMMUNITY

Resolving TYK2 locus genotype-to-phenotype
differences in autoimmunity

Calliope A. Dendrou,’ Adrian Cortes,"? Lydia Shipman,' Hayley G. Evans,’ Kathrine E. Attfield,’
Luke Jostins,? Thomas Barber,’ Gurman Kaur,? Subita Balaram Kuttikkatte,? Oliver A. Leach,’
Christiane Desel,’ Soren L. Faergeman,’* Jane Cheeseman,® Matt J. Neville,>® Stephen Sawcer,’
Alastair Compston,” Adam R. Johnson,® Christine Everett,® John I. Bell,’ Fredrik Karpe,>*

Mark Ultsch,® Charles Eigenbrot,® Gil McVean,? Lars Fugger'>**

CD4* NaiveT

P399 [ P1104A allele that protects
from autoimmunity is
associated with ~80% loss-
of-function (LoF) in C/C

ey homozygous state
G/G C/G C/C




Same LoF allele has no obvious increased risk of infection

r
Rs34536443 genotype 3 80 0/ L F . L
e o LOIr IS ;
G/G G/C c/C Total : ; :
: not associated :
norma I In UK. Biobank 105,794 10,689 249 116,732 T . .
(90.63%) (9.16%) (0.21%) (100%) - Wlth IN Creased E
Mycobacterial 20 3 0 23 E | nfe Ct| on 1
w (86'96%) (13'04%) (0'00%) .llIIIIIIIIIIIIIIIIIIIIIIII:
C Specific bacterial 54 5 1 60
. 9 (For example, S. aureus)| (90.00%) (8.33%) (1.67%)
e
@) Specific viral 93 3 0 96
GJ (e.g. HSV, V2V, (96.88%) (3.12%) (0.00%)
G viral encephalitis)
C
— Mucocutaneous 46 6 0 52
candidiasis (88.46%) (11.54%) (0.00%)
Total 213 17 1 231
Dendrou, et al. (2016)
k) Y=, k), Science Translational Medicine




P1104A protects from multiple autoimmune diseases

Ps RA SLE T1D AS CD UC MS JA PBC

P1104A  wwssow

OR (of minor allele)
Protection Risk
. . > No prior
- - evidence of
0.5 0.75 1|_0 125 15 association

No association Dendrou, et al. (2016)

Science Translational Medicine




But /684S variant shows a more complicated pattern!

Ps RA SLE T1D AS CD UC MS JJA PBC
P1104A  Rs34536443

Rs9797854

[684S Rs12720356

OR (of minor allele)
Protection Risk
. _ > No prior
- - evidence of
0.5 0.75 1i0 125 15 association

No association Dendrou, et al. (2016)

Science Translational Medicine




Cyt-

CytR"-

¥ TYK2-
Complete S
TYK2 k:
knockout g Risk-benefit curve ~80% LoF protects
increases risk 3 from autoimmunity
of infection 2 /\ but Is not associated

g with infection

\8 TYKZAla/Ala

4

é TYKzPro/AIa

TYK2*

n N

Risk of autoimmune disease




Cyt"-
CytR

TYK27-

Therapeutic hypothesis:
Partial inhibition (~80%) of TYK2
will protect from autoimmunity
without risk of infection

TYKzAIa/AIa

Risk of severe/recurring infections

TYKzPro/AIa
TYK2*

Risk of autoimmune disease



But matching modality with
mechanism is challenging,
especially selectivity over JAKs



Cyt_/_ 1007 4.,
Cth—/— 80 - ‘g‘ l:
TYK2- 607 4t

Risk of severe/recurring infections

TYKzPro/AIa

Risk of autoimmune disease

HTS assay was used Iin
a phenotypic screen to
find selective inhibitors of
TYKZ2 over other JAKs

TYK2*



100 - $
L 100 - ~ o %
Cyt / § 80 R 80 /O * i
CytR~"- ) 80 2 60 | ‘
YK~ & -
c 401 71
& 3
Q 40- =
R g 207 v
20
v v 01 o
T T = 0
G/G C/G C/C 10 100 1000 10000
[Compound 1] (nM)

Tokarski et al (2015) JBC

~80%

Risk of severe/recurring infections

Retains
selectivity
over JAKs

TYKzPro/AIa

TYK2*

Risk of autoimmune disease



Matching modality and mechanism: “pseudokinase stabilizers”
recapitulate human genetic mutations at functional level

Tokarski et al JBC (2015)
Lupardus et al PNAS (2014)




<+ Placebo - 3 mgevery otherday - 3 mgdaily | -« 3 mgtwice daily —« 6 mgtwicedaily -+ 12 mg daily

A PASI 75
100+
90

Patients with PASI 75 (%)

End of intervention period
i
|

PASI75 ~75% |

5 PASI 90

Patients with PASI 90 (%)

100+
90
80
70—
60

End of intervention period

Papp et al (2018) NEJM



Matching modality with
mechanism Is a rate-
limiting event in drug R&D



While we often first think of
“conventional” small molecule
and monoclonal antibodies...

...there are many
burgeoning therapeutic
modalities




Gene i
Gene therapy Sene editing
shRNA miRNA TALEN

Coding AR
sequence | / siRNA A‘
Bi::m;_.ics: GO JIRTTI | ZFN nu YRR TIv
e
Hormones m

A 2
"

Y

S —

Small molecule
drugs

"{u

Viral vectors Non-viral
. delivery CRISPR Q&.

Go to examples

Other

MRNA replacement
protein degradation
macrocyclic peptides
microbiome

...and more to come!




> Early discovery >> Lead optimization >- Phase 2/3 clinical trials Real world
B

Causal human Which targets, when perturbed, have a S A disciplined approach to integrating all four
14 g . ? 3 - . .
biology desired effect on human physiology components will lead to the following improvements:

> Therapeutic > Which therapeutic modality

modulation recapitulates causal human biology? Increased probability Increased probability
of success for differentiation
in phase 2/3 from
Which biomarkers measure therapeutic \_Target modulation clinical trials standard of care
modulation in a human system? assays
How can therapeutic hypotheses be tested in humans Proof-of-concept Attrition I nnova tl on
as safely, quickly, and efficiently as possible? clinical trials
) problem problem

Plenge Science Translational Medicine (2016)



What does the future hold?

What would be
transformational?



Five key areas to realize this future state

= Genetic dose-response portal — beyond GWAS
— Continued genetic discovery with function / phenotype integrations

= Causal human biology — beyond germline genetics
— Human pharmacology and human immunology

= Matching modality & mechanism — beyond “conventional” medicines
— Cell and gene therapy for “living” therapeutics

= Programmable therapeutics — beyond linear drug R&D
— Approved platform for all but final registrational trials

= Digital confluence — beyond wearables and Al
—When discovery, development, and the real-world collide



How to build a genetic dose-response portal

= Genetic architecture of human disease Effcacy

— continued sequencing of rare, Mendelian diseases kgh ey
— human knockout project (e.g., dbLoF)
— exome sequencing in case-control cohorts

= Functional interrogation

— high-throughput assessment of mutations
— single cell analyses in disease tissues at population scale

n Pleiotropy Go to PheWAS
— integrated population-based biobanks with genotype / phenotype data .

— quantitative traits as biomarkers
= Data analysis GotopQTLand MR Goto IL6R

— statistical methods to model dose-response . .

Low

GOF LOF

— data integration and visualization
Blog on plengegen.com



https://www.plengegen.com/blog/portal-instructions/

Causal human biology — beyond genetics

= Human pharmacology
— Effective pharmacology (e.g., low-dose IL2 in autoimmunity) Go to apremilast

— Rationale combinations (e.g., apremilast + other MoA)
— Non-responder populations (e.g., resistance to checkpoint inhibitors)
— Bi-specifics (e.g., tissue targeting, T cell engagers)
Go to vasculitis, celiac
— Single-cell profiling is disease tissue (e.g., NIH-funded AMP) .
— Cloning therapeutic antibodies from elite responders _
— Cloning TCRs and BCRs for cell therapy Go to neoantigens
— Characterization of neoantigens for cancer immune therapy .

= Human immunology

— Mapping peptide epitopes for autoantigens in autoimmunity
— TCR and BCR sequencing of pathogenic lymphocytes in autoimmunity

Blog on plengegen.com



https://www.plengegen.com/blog/path-resistance/

New therapeutic modalities — beyond conventional molecules

- =
L ] =~

* Nucleic acid-based therapies Go to cell therapy
— Cell therapies (e.g., CAR-T) -
— ex vivo gene replacement (e.g., PID)

— mMRNA gene replacement
— Genome editing (e.g., CRISPR)
— Anti-sense oligonucleotides (ASOs)

— Small interfering RNA (siRNA) Go to modalities
= Non-nucleic acid-based therapies -

— Protein degradation

— Microbiome

— Peptides (e.g., tolerizing antigens)

Blog on plengegen.com



https://www.plengegen.com/blog/matching-modality-moa/

Programmable therapeutics for gene replacement

Programmable approach: introduce a new gene
Conventional approach: one gene, one into a “programmable” platform that has been
disease, one linear regulatory path to approved for all pre-registrational trial activities

approval (e.g., pre-clinical biology, toxicology,
CMC, early clinical dey, registrational trials)

Whole genome sequencing at birth
Gene 3

Gene 8 Gene 2 Geneb

Gene 5 Gene n

Gene A Gene B Gene C

Pre-clinical biology —
toxicology oo P - PrOglraat;T;rrnn?ble
CMC
Early clinical dev. .

- Registrational
l trial w/ virtual
cohorts

Registrational trial Go to MRNA

Blog on plengegen.com Regulatory approval



https://www.plengegen.com/blog/hsd17b13/
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Digitally enabled
patient targeting

Data-driven site
ID, selection,
and performance
tracking

EZE automation

from protocol to
CSR

Online patient
recruitment/

patient-centric
trals

Gt

Al-assisted safety
monitoring

Optimized
physician
engagement,
virtual MedEd

Digital treatment
meodality /

digital clinical
endpoints

Virtual (RWE)
trials
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https://www.plengegen.com/blog/digital-health/

Back-ups



Mendelian
randomization



Mendelian randomization: nature’s clinical trial

Randomized controlled trial

Randomization into groups

N

Intervention

Control

'

'

Protein biomarker Protein biomarker
lower HIGHER
Disease risk Disease risk
lower HIGHER




Mendelian randomization: nature’s clinical trial

Randomized controlled trial

Mendelian randomization

Randomization into groups

N

Random allocation of alleles

O

Intervention

Control

'

I

Protein increasing
allele(s) absent

Protein increasing
allele(s) present

+

v

Protein biomarker

Protein biomarker

Protein biomarker Protein biomarker
lower HIGHER
Disease risk Disease risk
lower HIGHER

lower HIGHER
Disease risk Disease risk
lower HIGHER




. Genetics can bridge biomarker with clinical data,

" establishing a causal link for drug discove

Causal Intermediate Disease
{ Genotype :> traits :> outcome

pathway

Data _[ Genotyping, Protein levels, Clinical
sequencing functional assays data

\ Genotype-biomarker association studies ,

Relevant ‘ Genotype-disease association studies

studies ‘ Epidemiology studies

¢ Confounder Dx

G—>|—>D‘ VS. G—>|




Large-scale proteomic databases are limiting

Causal i; Intermediate Disease
pathway { Genotype traits E> outcome

Data _[ Genotyping, Protein levels, Clinical
sequencing functional assays data
\ Genotype-biomarker association studies ,
Rele\_/ant | Genotype-disease association studies ,
studies

| Epidemiology studies ,

¢ Confounder Dx

G_>I_>D‘ VS. G_>|




Emerging resource of pQTLs for MR

* Tested 3,622 plasma proteins in 3,301
healthy individuals from INTERVAL
population cohort

* [dentified 1,927 genetic associations
with 1,478 proteins

 Example: /L-6R RA protective allele
increases slL-6R levels (see figure) but
decreases membrane-bound IL6R

* Therapeutic hypothesis: preventing
IL-6 signaling through IL-6R via
blocking antibodies should treat RA
symptoms

Sun, Maranville et al (2018) Nature

IL-6 sRa plasma levels (normalized)

n

-

N

P =7 x 101101

==

CC TC
Genotype at rs4129267

T



Mendelian randomization establishes a causal link

between IL-6 pathway and risk of rheumatoid arthritis

v

G—1—D]

IL-6R minor — Less membrane IL-6R — Protection
variant and less signaling from RA

Thus, therapeutic targeting of IL-6R should
be beneficial in treating RA patients



Tocilizumab mimics mutation by reducing IL-6R signaling

-6 + SolubletIL-6
receptor //

\\ ,y \ TOC|I|zumab | é//

*
4
*
Q

||_ 6 Membrane
bound IL-6
gp1 30 receptor

_wuml_l’* *'l-l,—.L

Return to dose-response

Slgnal transductlon .




Phenome-wide

associlation study
(Phe\WAS)



- EHRs, Claims .
Disease- Questionnaires. etc Test association of selected SNP
Agnostic T with clinical endpoints

cohort . | ‘

9200 o & &0 90 Clinical _ surrogate for
By ] A + ‘ =  data —> J;PheWAS code 1 'I’ISK
releamlsetm PheWAS code 2
) Oligy /’ LoF PheWAS code 3
el m SNP PheWAS code 4
\ ‘risk surrogate for
: PheV_VAS code 5 toxicity
—>» | Genetic||| =—> :
2 PheWAS code 500

High —
Toxicity

GWAS, exome
sequencing, etc.

Low

GOF LOF



nature LETTERS
genetlcs https://doi.org/10.1038/541588-018-0216-7

IFIH1 gene

Fine-mapping and functional studies highlight
potential causal variants for rheumatoid arthritis
and type 1 diabetes

Harm-Jan Westra'234520, Marta Martinez-Bonet ©®42°, Su

YangLuo"?*3*4, Nikola Teslovich'?34, Jane Worthington®'°, <t I~
Lars Klareskog™®, Solbritt Rantapaa-Dahlqvist, Wei-Min g 'c\) 8
JohnA.Todd", Steve Eyre®'°, Peter A. Nigrovic*'®, PeterK. <t N~ -
SoumyaRaychaudhuri ®"234919% : 8 c’; Dataset Freq uency Odds-ratio
(‘:“‘?,‘,l‘ Cases Controls 0.4 1
rs35667974 — J4- :
protects from T1D GITIA Combined 0.621 0.599 (reference):
T1D 0.638 0.596 (reference)
rs72871627 — IN®!N Combined 0.016 0.02 —o— !
rotects from T1D T1D 0.01 0021 —@— !
P Eiill Combined 0.009 0.011 —,
ATA haplotype — T1D 0.008  0.014 te !
protects from T1D B N . : :




PheWAS example: IFIH1, autoimmunity, asthma

« PheWAS in ~800,000 individuals from Vitiligo
four population cohorts T1D
* Tested 25 SNPs for association with
1,683 clinical endpoints Psoriasis
* 10 novel associations discovered SLE

« Example: IFIH1 LOF allele protects
from autoimmunity (known) but Asthma
increases risk of asthma (novel finding) UC

* Therapeutic hypothesis: inhibiting IFIH1
may be effective in some autoimmune
diseases but may make asthma worse

Diogo et al (2018) Nature Communications

-l

-
-
-

il

0.7 08 09 1

Odds ratio

1.1



Predicted impact of therapeutic inhibition of |FIH1

Efficacy Vitiligo -l
High _ TD - |
Toxicity o :
Psoriasis -
| SLE - 5
: Asthma o

GOF LOF

| | | | |

07 08 09 1 1.1

Beneficial effect for some autoimmune <«<—— (Qdds ratio —»

diseases, but increase risk of asthma and UC efficacy safety



FinnGen is a unigue PheWAS resource

500,000 | o
individuals National Registries,
EHRSs, etc. Test association of selected SNP

(~10% of : AL _
population) —_— with clinical endpoints
Clinical . surrogate for
mh W > “data | > PheWAS code 1 Wrisk
/, PheWAS code 2
SNP PheWAS code 3
PheWAS code 4
\ ‘ : surrogate for
® PheWAS code 5 risk toxicity
FINNGEN —> | Genetic||| = :
data Efficac
PheWAS code 500
ig

Toxicity

Genome sequencing,
Axiom array, imputation Return to dose-response

i
Low
GOF LOF




ILOR as a
validated target



Two forms of IL-6R: soluble and membrane-bound

Trans-mgnalmgl
IL 6 + soluble IL-6

receptor//
Cis-signaling " ,y
' 'L i R
oun
gp1 30 receptor

-IWI-I#N‘I—

Slgnal transductlon

Cis-signaling via membrane
bound IL-6 receptor complex

Trans-signaling via soluble
IL-6 receptor

Levels are inversely related:
more SIL-6R, less mIL-6R

What is the effect of the
protective allele on IL-6R?



More soluble IL-6R, but...

B2M normalized expression [AU]

0.0010¢

0.0008F

0.0006

0.0004 +

0.0002F

+175.9%

+113.3%

o i o
° e ®
..:. A o::=o ®
g° e
.. %0

Asp/Asp  Asp/Ala  Ala/Ala
(AA) (AC) (CC)
N =29 N =44 N =15

A (Asp) =risk allele  C (Ala) = protective allele

Initial observations confusing: protective RA allele

appeared was associated with more circulating IL-6R

Ferreira et al. (2013) PLoS Genetics



More soluble IL-6R, but...

0.0010

0.0008

0.0006

B2M normalized expression [AU]

+175.9%

+113.3%

Protective IL-6R variant consistent w/ loss-of-function

... less cell surface IL-6R

4000 i -37.1%

3000

0.0004} . ot
S, E::gs ::
0.0002} ' o
Asp/Asp  Asp/Ala  Ala/Ala Asp/Asp  Asp/Ala Ala/Ala
(AA) (AC) (CC)
N =29 N =44 N =15

A (Asp) =risk allele

C (Ala) = protective allele

Ferreira et al. (2013) PLoS Genetics



i Protective IL-6R variant consistent w/ loss-of-function

Less cell surface IL-6R leads to less |IL-6R signaling across cell types

A CD4+ Naive T cells CD4+ Memory T cells Monocytes
_ -40 -15 -15

100 = Png_ 8.6x10 100 - Png- 51x10 100 = Png- 3.4x10
o
g | so- 80 + 80 -
=
& | 60+ 60 = 60 =
o
o)
= | 40+ 40 - 40 -
+
® | 20- 20 20 1/}
=
(g. 0 ;3 T T 0= T T 0 h g T
° 0 0.1 1 10 0 0.1 1 10 0 0.1 1 10

IL-6 concentration (ng/ml) -~eo— Asp/Asp
-a- Ala/Ala

A (Asp) =risk allele  C (Ala) = protective allele Ferreira et al. (2013) PLoS Genetics



Numberof Cases  Controls Odds ratio (95% Cl)
studies
Primary outcome
All CHD (fatal and non-fatal) 34 25458 100740 B 0-95 (0-93-0-97)
Secondary outcomes: cardiovascular/metabolic
All CVD (fatal and non-fatal) 26 17595 76321 0-98 (0-95-1-00)
All stroke (fatal and non-fatal) 27 6904 90512 0-98 (0-94-1-02)
Type 2 diabetes 28 12859 86807 0-97 (0-94-1-00)
Secondary outcomes: non-cardiovascular
All cancer 12 22504 58743 100 (0-96-1-04)
Breast cancer 3 14726 21484 1-00 (0-95-1-06)
Colorectal cancer 2 1863 1002 L » 1.03(0-96-1-12)
I I I I
0-9 0-95 1.05 11
< >
Lower risk Higher risk

Swerdlow et al (2012) Lancet




- =

Tocilizumab effect
(standardised mean difference, tocilizumab 8 mg/kg vs placeba)

PheWAS-like approach can differentiate between on-

target vs off-target effects of a drug

2-00 - '
Null effect of SNP! T
Total I
1-00 — ' 17 cholesterol
LDL cholesterol ‘ E Haemoglobin o
1 § | Interlevkin &
K:—i—l HDL cholesterol
() = S e S D e e Wi e e e e e e e e m s s e s m e e s m e m e a s s mmmmmmemmeeeeoe-
Null effect of drug
C-reactive protein®
=S Platelet count
Fibrinogen*
-2-00 = ; T T T
-0-1 =L 0 0-05 0-10 0-15
ILGR effect

(standardised mean difference per minor allele rs7529229)

Drug but not
protective allele has
effect on
cholesterol levels

» Off-target ADE

Protective allele
and drug leads to
more slL-6 but less
CRP and fibrinogen

» On-target effect




Return to examples

Ischemic heart

disease ——____

Coronary
atherosclerosis

%

Abdominal aortic aneurysm
v

Aortic aneurysms

Aortic aneurysm
v

10
_ Other chronic
Return ’%) dose-response echemtcheart Other aneurysm
= disease, unspecified -
= - » Atherosclerosis of native arteries of the extremities with intermittent claudication
b4 Atherosclerosis of the extremities ) . " .
T gsticg . Penpheral vascular disease, unspecified Hemoglobin
Myocardial infarction \ A
Degenerative skin conditions Albumin
Atherosclerosis and other dermatoses
Sy Peripheral vascular disease \ .
| Aneurysm of iliac arter »
= Gouty arthropathy > 5 % \’ b, s :‘ . A9
A

Cai et al (2018) JAMA Cardiology

Phenotype



IMMUNOTHERAPY

Reengineering chimeric antigen
receptor T cells for targeted therapy
of autoimmune disease

Christoph T. Ellebrecht,’ Vijay G. Bhoj,> Arben Nace,' Eun Jung Choi,' Xuming Mao,'
Michael Jeffrey Cho,' Giovanni Di Zenzo,?> Antonio Lanzavecchia,* John T. Seykora,’
George Cotsarelis,” Michael C. Milone,>* Aimee S. Payne'*t

Ideally, therapy for autoimmune diseases should eliminate pathogenic autoimmune cells
while sparing protective immunity, but feasible strategies for such an approach have been
elusive. Here, we show that in the antibody-mediated autoimmune disease pemphigus
vulgaris (PV), autoantigen-based chimeric immunoreceptors can direct T cells to kill
autoreactive B lymphocytes through the specificity of the B cell receptor (BCR). We
engineered human T cells to express a chimeric autoantibody receptor (CAAR), consisting
of the PV autoantigen, desmoglein (Dsg) 3, fused to CD137-CD3( signaling domains.

Dsg3 CAAR-T cells exhibit specific cytotoxicity against cells expressing anti-Dsg3 BCRs

in vitro and expand, persist, and specifically eliminate Dsg3-specific B cells in vivo.

CAAR-T cells may provide an effective and universal strategy for specific targeting of
autoreactive B cells in antibody-mediated autoimmune disease.




Gene and mMRNA therapy
as programmable
therapeutics
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Primary immunodeficiency (PID) — hundreds of genes implicated,

but fewer than 5 in development

Over 350 genes implicated in PID
Range of phenotypes

— Severe Combined Immune Deficiency (SCID): profound hypersusceptibility to infections and/or cancer

— Moderate: increased risk of infection, chronic dermatologic conditions, persistent autoimmunity,
inflammatory bowel disease, chronic lung conditions (e.g., fibrosis, asthma)

Total incidence approaches 1% of the population
— SCID estimated at 1 / 30,000 live births (or ~150 new cases in US each year)

TREC assay for SCID now part of newborn screening in 50 US states (as of 2018)

Foundations (e.g., JMF) actively involved in patient advocacy, research, more
— 792 physicians at 358 institutions in 277 cities across 86 countries spanning 6 continents

Approximately two-thirds of severe PID is amenable to cures via HSCT
Gene therapy successful, but only 1 gene (out of 350) with a marketed product
How will durable cures be achieved for the entire patient population?



http://www.info4pi.org/

Autologous ex vivo gene replacement for PID leads to cure

Blood cell collection: blood HSCs
1 and other progenitor cells are taken
from the patient via leukapheresis
or bone marrow extract

Administration: Genetically
modified cells are given back to the
patient

HSC selection and purification:
HSCs, identified by the CD34+ cell
surface marker, are selected and
purified by magnetic bead selection

Conditioning: Patient is given
conditioning to “make space” for the
genetically-modified cells

Transduction: HSCs are
genetically modified ex vivo using a
viral vector carrying a normal copy
of the gene

—



Programmable therapeutics for PI1D

Programmable approach: introduce a new gene

Conventional approach: one gene, one into a “programmable” platform that has been
disease, one linear regulatory path to approved for all pre-registrational trial activities

approval (e.g., pre-clinical biology, toxicology,
CMC, early clinical dey, registrational trials)

Whole genome sequencing at birth
Gene 3

Gene 8 Gene 2 Geneb

Gene 5 Gene n

ADA WAS GCD

Pre-clinical biology —
toxicology Programmable

CMC platform

Early clinical dev.

Registrational trial Return to PgTx — R.eglstra’slonal
l trial w/ virtual

. cohorts

Regulatory approval Regulatory approval



MRNA therapy as
programmable
therapeutic in oncology



Many mechanisms of resistance to checkpoint inhibitors

Table 2. Mechanisms of Primary and Adaptive Resistance to

Immunotherapy
Mechanism Examples
tumor cell absence of antigenic  low mutational burden
intrinsic proteins lack of viral antigens
lack of cancer-testis antigens
overlapping surface proteins
absence of antigen deletion in TAP
presentation deletion in B2M
silenced HLA
genetic T cell MAPK oncogenic signaling
exclusion stabilized b-catenin
mesenchymal transcriptome
oncogenic PD-L1 expression
insensibility mutations in interferon gamma
to T cells pathway signaling
tumor cell absence of lack of T cells with tumor
extrinsic T cells antigen-specific TCRs

inhibitory immune
checkpoints

immunosuppressive
cells

VISTA, LAG-3, TIM-3

TAMs, Tregs

A Primary or adaptive resistance B

Alteration of
signaling pathways:

+ MAPK
+ PI3K
+ WNT

+ IFN

Lack of antigenic
mutations

De-differentiation
with loss of tumor
antigen expression

Alterations in
antigen processing
machinery

Constitutive PD-L1
expression

Loss of HLA
expression

Proteosome

TAP )

\

Acquired resistance

Escape mutations
in IFN signaling

Loss of target
antigen expression,
eg., ACT

B2M mutations
leading to loss
of HLA

Sharma et al Cell (2017)




High diversity of neoantigens requires programmable approach

I
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— doi:10.1038/nature22991 mononuclear  Stage llIB/C

Tumour cells Stage IVM1a/b (resectable)
procurement \ /
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* DNA and RNA sequencing to identify
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Delivery and translation

In some formudations, a lipid nanoparticle protects mRNA and
ferries it into cells, where it directs ribosomes to make protein.

Secreted
Growth factors,

&

1Dodge the immune system
The shape of the modified uridine
prevents it from locking into and
activating immune receptors that
detect foreign RNA.

2 Crank up the protein

The order and frequency of modified
nucleosides affect how the mRNA
folds, and how efficiently ribosomes
read it to make protein.

SN 3 Work where it's needed

. Sequences outside the coding region
can help target mRNA by keeping it from
being translated in tissues where it
: : doesn't belong,
Noncoding region

A Chemically modified uridine

Durable anticancer immunity from intratumoral
administration of IL-23, IL-36y, and OX40L mRNAs

Susannah L. Hewitt*, Ailin Bai*, Dyane Bailey, Kana Ichikawa, John Zielinski, Russell Karp,
Ameya Apte, Kristen Arnold, Sima J. Zacharek, Maria S. lliou, Khushbu Bhatt, Maija Garnaas,
Faith Musenge, Ashley Davis, Nikhil Khatwani, Stephen V. Su, Graham MacLean,

Samuel J. Farlow, Kristine Burke, Joshua P. Frederick'
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