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Cytokine therapeutics: limitations and potential

* Approved drugs: IL-2, type | IFNs, EPO, HGH, G-CSF
* In clinic: IL-2 muteins, IL-12, IL-22, IL-18, IL-10

* Cytokine agonism within the immune system is pleiotropic

leads to both positive and negative effects = partial agonism to decouple efficacy and toxicity
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Partial agonism of engineered cytokines can elicit unique
therapeutic properties

Structural information on the cytokine Engineering of wild type Selection of optimized lead based
ligand / receptor interaction cytokine to alter response on signaling in specific cell type(s)
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Synthekine three-pronged approach to engineering cytokines

Cytokine Partial Agonists Platform
* Engineered from cytokine structural insights
e Published in Science, Cell, and Immunity

Developing potentially
Orthogonal Cytokine Cell Therapy Platform

) * Engineered cytokine receptor expressed on CAR-T
programs using three and other ACTs

distinct protein engineering

platforms

Surrogate Cytokine Agonist Platform
* Novel cytokine engineering approach using
surrogate binders

JC Synthekine



Pursuing partial agonism via Surrogate Cytokine Agonists (SCA)

Cell | Cytokine Partial Agonists Platform
FRcRE (iecoescy o Sropain oy ioking soumiets * Engineered from cytokine structural insights
s e, e Published in Science, Cell, and Immunity

Loon L Su, K. Cheistopher Garca

Correspondonce
kogarca@stanioed.eduy

In brie!
A discovery platfonn for functionally
diverse cytoline sarrogates.

» Aplatiorm to expand and diversify cytokine biclogy with
modular sarrogate agonists
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Highlights

» IL-2 surrogates reveal signaling plasticity and biasod
activities on T and NK celis.

« Type-l IFN surrogates are potent antiviral agonts with
reduced CY1080XIC Propenties

* IL-210 swrrogates drive non-natural receptor hatero-
dimerization on T and NK cells

ﬁ Surrogate Cytokine Agonist (SCA) Platform
‘ * Novel cytokine engineering approach using

W P surrogate binders
* Collaboration with Merck and robust internal pipeline y
Garcia Lab
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Cytokines enable pairing of a limited set of “natura

receptors
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SCAs enable both natural as well as novel receptor pairing

<

Surrogate IL-2 Novel synthetic cytokine Surrogate IL-10
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SCAs enable both natural as well as novel receptor pairing

<

Surrogate IL-10
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Our approach to developing best in class IL-10 for autoimmune
and inflammatory disease

+ TNFa

v L8

+ MHCH

IL-10 Surrogatell-10

acrophage

+ L6 : . . . :
/ ' Immunosuppressive  —p  Efficacy in autoimmune disease
M

{ " ”' %}fk f |Fh||,|,|
P : |

gﬁ“ Sy Immunostimulatory ————p Anemia, Thrombocytopenia,
Granzyme B platelet count drop
CD8+ T cell
IL-10 Partial Agonists IL-10 SCA

* Garcia lab solved complete IL-10.IL-10R1.IL-10R2 complex * SCA Discovery is Structure-agnostic
* Based on the structure, IL-10 partial agonists were designed to *  Partial agonism can be achieved via screening

weaken IL-10Rb interaction and decouple immunostimulatory from * Activity is tunable through scaffold engineering

immunosuppressive functions * Antibody-like development properties
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“Med Chem” approach to discovery of SCA at Synthekine

Discover library of binders

Generate panels of dimers

* Produce panels containing an
all-by-all matrix of VHH
dimers

Express/purify protein

* Llama immunization

* Yeast/phage display with cytokine
receptor

* Sequence and sort binders (VHH)

IL-10RB
0.5-36 nM, 4 epitope bins

Invitro screening for JUnecuvivy
desired signaling activity. SsMiRkERENEINEERNG

or cellitype bias s\/alencyEe)
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a VHH 2 ( 49 Dimers of § VHH 2 49 Dimers of — 98 IL-10 SCAs
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o - VHH 7 . ' VHH 7
| 2 I'Q Z
~ Nz | | | c I | | |
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IL-10 SCAs demonstrate broad range of signaling and cell type bias

Initial Screening: STAT3 Reporter Assay

= Panel of 98 IL-10 VHHs
= Several (~¥20-25%) generate Stat3 signals
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Evaluation of Hits: pSTAT3 Signals in PBMC-Derived Cell Populations

= Broad range of
signaling on cells:

— Recapitulation of
IL-10 signaling

— Partial agonists
with reduced EC50
and Emax vs. IL-10

= Bias of IL-10 VHHSs
towards certain cell
types observed
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IL-10 SCA delivers partial agonism and shows biased activity in vitro

Goal: Retain immunosuppressive effects

WTIL-10

&5

v
AN

i

&N
]

Monocytes/ g, 1 cells

Macrophages

myeloid-biased
IL-10 SCA

N

J .
il
b
N
Il
Monocytes / D8+ T cells
Macrophages

immunosuppressive
+
Immunostimulatory

immunosuppressive

Goal: Uncouple immunostimulatory effects

WTIL-10
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‘4&‘:{?’
i
@ N
I/' !Q
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Macrophages CD8+ T cells .

myeloid-biased
IL-10 SCA

Ot
j t",

Monocytes
ytes / CD8+ T cells
)

Macrophages

immunosuppressive
+
Immunostimulatory
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immunosuppressive

LPS-Activated
Monocyte
Cytokine
Secretion

Stimulated CD8
T-Cell Blasts
Cytokine
Secretion

IL1b (pg/ml)

Granzyme A (pg/ml)

Similar results for the IL-10
surrogate suppressing LPS-

induced:
e JL-6
* TNFa

—o— |L-10 SCA PEG
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1500 - °
1000-
500-
0 T T
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1500-
[ ]
1000-
(—="""%
{ °
|
é
500 : .
-— T x) (] °
[ ]
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10 104 102 10° 102
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Similar results for the IL-10
surrogate producing equally

less:
* IFNy
* Granzyme B
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IL-10 SCA gene activation on Monocytes is consistent with IL-10

IL-10 SCA modulates many of the same genes as IL-10
IL-10 PEG and IL10-SCA PEG are active on human monocytes and modulate gene expression

Multidimensional scaling analysis

*MDS Plot
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Coordinate 2
o
o
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0.2+
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-1.0 -0.5 0.0
Coordinate 1

Media

IL-10 SCA PEG
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b—1 —] [ ]
%- o, LR % MALT!
; . e o . ‘e © RNASE2 ; 2+ . cxes  © R c:m. cD163
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cocn Soer®® Ceum || e . g ;.-. .................................
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............................. .. g
0 T T 0 T T T T 1
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*Volcano plots of molecules compared to media alone treated monocytes

*  Human Monocytes treated with Emax concentration of IL-10 PEG (10 nM) and IL-10 SCA PEG (1 uM) for 6 hours

96 Synthekine .

Cell lysates were sent to Nanostring Technologies for RNA isolation and analysis using the Myeloid innate immune panel (780 genes)

14



IL-10 SCA PEG shows selective STAT3 induction on monocytes and

high and durable exposure in cyno

Monocytes

CDS8 T cells

JC Synthekine
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Phospho-flow of two cynos (1M, 1F) per treatment arm

Serum Conc. [ng/mL]

1000

1004

104

PEGylated IL-10 SCA showed preferential
signaling on monocytes at both the high and
low concentrations

IL-10 SCA PEG have a stable PK profile

IL-10 WT PEG (25 ug/ke) IL-10 SCA PEG (50 ug/kg)

Serum Conc. [ng/mL]

ECS50

0 20 40 60 80 100 0 20 40 60 80 100

T Time (Hours)

Time (Hours)

SC dosing
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IL10-SCA shows superior expression yields and thermostability
compared to IL10

SCA shows increased thermal stability
SCA expression yields 9x compared to IL-10
higher than IL-10
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IL-10 SCA is competitive with IL-10 for binding to the IL-10
receptors

Anti-human capture j

A0 8uM 10 uMm
)\ \e IL-10 S r
\V@ duM - 200 nM o SCA .fpﬁ;
IL-10Ra IL-10  1L-10 IL-10RB l
R
— 300 —
— >
= 2 550 | ‘\QS ]l““—m ”
o 300 \q: | \ —p
3 2 200 l . -
S 200 - S 1s0 -+
S 3 100
100 —+
&J 100 - o ]
] L 50+
B 0 8 ’
8 E 0 —+ r—== »
— o 1
m-mo '50"i'i'i'i

20 10 40 70 100 130 -20 10 40 70 100 130
Time (sec) Time (sec)
.
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IL-10 SCA crystal structure reveals a compact conformation that
mimics a cytokine

IL10 dimeric complex IL10 SCA monomeric complex

ILIOR2 ¢

P-STAT3

\ \hAnti IL-10Rat

Ny

Resolution: 1.5A
R/free: 23.7/24.6%

P-STAT3 IL10R1

IL10R1
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Conclusions

1. Surrogate cytokine agonists (SCAs) composed of
two receptor binding VHH can mimic cytokine
signaling

IL-10 SCA

2. Combinatorial screens of VHH pairs can identify
molecules with a range of agonist activity

3. An IL-10 SCA achieves myeloid-biased IL-10 partial
agonism in vitro and in vivo

4. Our IL-10 SCA displays improved development
and pharmacokinetic properties over IL-10

)C Synthekine 19
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