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The Opportunity and the Challenge of Cytokine Therapeutics

Inducing stimulus Biological effect
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Recegtor

Cytokines: Small proteins that facilitate immune system signaling to

and .2, e
Challenges of Developing Cytokine Therapeutics: Harnessing the Power of Cytokines Requires:
Wild type cytokines are highly pleiotropic A Deep understanding of cytokine structure, function,

. . . . and downstream immunological signalin
A Drive divergent activity on multiple cell types, and when used J J J

therapeutically frequently result in: A Extensive insights into cytokine receptor expression
A Dose limiting toxicities on immune cells at various activation states

A Limited efficacy, and A Creative protein engineering to introduce selectivity
A Narrow therapeutic window and improve drug like properties

Innovative development strategies to rapidly

A Haltlife extended versions of wiltype cytokines (PEG or Fc) have A He PITIE!
evaluate clinical significance

the similar challenges
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Synthekine Was Founded By Licensing Wetlidss Cytokine

ReceptorLigand Interaction Insights From Garcia Lab
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Structure-based decoupling of the pro- and
anti-inflammatory functions of interleukin-10

© Atmsun, kit Mosan.

Ttor compler woukd enable the rtonsl

of the hexameric IL-30-1L-10Ra-IL-10RS com-
ple. Using this stabOizmd comples, we then
determioed:

in I
s sceonet 100, 1t s, &6
proniced an

i ngineering buepeiat for
1he design o 110 variasts with which we
conld phasmacolagically probe the nature of
1130 functonal pleiotropy.

racrzaion of e 110 s re-

design of

el spociichy nd tmproved tcrapesti
wtilty.

vealed
i exentely acroms e ol ype

secreted honodimer that €ngAges two coples

‘expression. In pardeular, we fund that myekoid

ey mwmll. s e s
st

momtiey bt e B3 11,10 b
epenly amened shearrial ki)

o e s o R
g . Homeves, 130 s shown e
Merapestic ey, due in part o s ple-

the private seecptoe subusit, 110K, and the
shared wlun, 1L JORS.

01110 varinens acvussa e rarg: of L1083~

dimertzstion of 1L30Ra d 1LIORA n tum
of the transaription factar

activgn
STATS, which medishs the diverse bio
elfcts o 11,10, Howere,

Iympicytes was Beghly tisnable. Sevoral eng)
‘eeres 1,10 variants exploftd these differences
0 elcit myeloid-biased sigraling i both cell

tropic natare

piex i acken

i o ) 0P%1) o oo 8
peodacian by O

RESULTS:

RATIONALE: We hypatbesized that obtaining
the comp

srwcturd itormustion. | ines und b prphcrl oo sxoormcear 1

o complo 1,1 moptr daiog o | e TR Pl e \MHE
08 macrophiape activation i viv and promeeed 3

survival in & mouse modd of sepsis, ths retn. 3

. we st | ing the may win §

Howeves, they b - F

enginect 8 “super 10 variast with graly en- | ucsy o i prindatory e G- §
AORS, i

£

10 recegtor congles &

S ¢ o St 371, 1222 (301

00 11 CD5

Cell

Structural basis for IL-12 and IL-23 receptor sharing
reveals a gateway for shaping actions on T versus
NK cells
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Immunity

The tissue protective functions of interleukin-22 can
be decoupled from pro-inflammatory actions
through structure-based design

Graphical abstract

Highlights

* 2.6-A-rosohstion structure of a stabilized IL-22 receptor
temary complex

« Structure-based design of STAT3-biased IL-22 receptor
agonists

 Biased IL-22 variant 22-B3 licits tissue-selective STAT3
activation in vivo

functions of IL-22

3, 2021 © 2021
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In brief
Saxton et al. engineer a high-affinity
interloukin-22 (IL-22) super-agonist that
enables structure deterination of the IL-
224IL-22Ra-IL-10RB temary complex. IL-
22 receptor agonists designed based on
these structural insights elicit activation
of STATS but not
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Selective targeting of engineered
T cells using orthogonal IL-2
cytokine-receptor complexes

Jonathan T, Socholosky,"* Eleonora Trotta, ™
Alan C. Le," Akanksha Chivabra, Stephanie L. Silveria,” Benson M.

Glulla Parisl,** Lora Picton,' Leon L. S
oorge,

Indigo €. King,” Matthew R. Tiffuny,” Kevin Jude,' Leah V. Sibener,'”

David Baker,” Judith A. Shizru, Antani Ribas,
Jeftrey A Bluestone, " K. Chiristopher Garela'

Interleukin 2 (IL-2) is a cytokine required for effector T cell expansion. survival, and
function, m-mw, for engineered T cells in adoptive cell immunatherapy, but its

plolotropy

stimulation and immune well

o oyvioeic tanicity, Nitig 1t therpeutic use. o sngineered 12 ylokine receplor

s, but

4o ot iteract with thelr it cytokine and receptor counterparts. \ntroduction of
ortholL-2Rf into T cells enabled the selective cellular targeting of ortholL-2 to engineered
€D4* and CDB* T cells in vitro and in vivo, with limited off-target effects and negligible
toxicity. Ortholl-2 pairs were efficacious in a preclinical mouse cancer model of adoptive
cell therapy and may therefore reprosent a synthetic approach to achieving selective

epithelial protection
without inducing 108
inflammation,
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Cytokine Surrogate
receptors agonists
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In Brief
" Structures of the IL-12 and IL-23 recep
complexes guide design of T-coll-biase
Design of IL-12 | Control of Tcellbiased | !L-12agonists with reduced cytokine
partial agonists | STAT signaling | IL-12 agonists | Pleiotropy to support anti-tumor
— immunity without inducing toxicity.
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Highlights
« Crystal structure of the complete IL-23 receptor complex
« Cryo-EM maps of the complete IL-12 and IL-23 receptor
complexes
» The p40 subunit of IL-12 and IL-23 is a common gateway for
induction of STAT signaling
« T-cell-biased IL-12 agonists elicit anti-tumor response
without inducing toxicity
& Glassman ot al., 2021, Coll 184, 963-999
Febrary 18, 2021 © 2021 Elsovi
A RapeTiaolorg10.10164 can 202101 616 @ CelPress
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Highlights
« Aplatiorm to expand and diversify cytokine biology with
modular surrogate agonists

« IL-2 surogates reveal signaling plasticity and biased
activities on T and NK cells.

« Type-l IFN surrogates are potent antiviral agents with
reduced cytotoxic properties

 IL-2/10 surrogates drive non-natural receptor hetero-
dimerization on T and NK cells

® Yen et al. 2022, Cell 185, 1414-1430
Aprl 14, 2022 © 2022 Elsovier Inc.
hitps/clol.org/10.10164.cell. 2
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Facile discovery of surrogate cytokine agonists
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In brief
A discovery platiorm for functios
diverse cytokine surrogates.

of engineered cells.
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“This i gverned by the nteraction between (1,2
and the 112 moeptor (1L-2K), which consists of
. and y subunits (6). L- 208 and the common

including the production of sufficient quantities
of cells for Infusion and the fallure of transfemred
T cells to perist and reman functional in vivo.
1n the dinic, the concamitant administration of
the T cell growth factor interleukin-2 (1L2)
proves the survival, function, and antitumor a0
tivity of transplanted T cells (3, 4), However, the
use of 112 o poteatiate ACT Is complicated by

and bind 112 with moderate affinity, whereas
IL2Ra (CD25) d

0 wikdtype IL2 (g 1,10 E) The IL 2R hot-
wpot residues His™ and Tyr'™ make numerous
contacts with 11,2 that scntatt s oty of
the bindirg free energy between 2
() (Fg. 1), A double mutant 11 mm
Asp (HI34D) and Tyr™ — Phe (Y135F)]. lﬂrrwd
0 hereln as orthot L 2R lacked detectable bind
010 11,2 (. 10, even i the presence of CD25
(M. $1) (7,9

Next, we used yeast display-based evolution to
mutate, and thus remodel, the wild-type 12
Interface region that was opposing (or facing
ite of) the 1L-2RY mutations in the crystal
structure, in onder 10 create & mobecle that bound
10 ortholL2RP but 0ot 10 wikl type TLIRA 112
residues in proxianity to the ortholl, 2R binding
Intertace were madarmly mvtate and were chosen
on the basis of a homology model of the mouse
11:2/1L21) complex (Mg 1E) derived from the
‘crywtal sructure of the usman 112 receptor com-
plex (6). A Nbrary of -10° unique 112 mutants
was displayed on the surface of yeast (g §2) and
subjected to multiple rounds of both positive
(againat ortholL2R5) and negative (againt 1L
2R) sedection (fgs. $2 and S9). This collection of
yoastdisplayed 11,2 mutants bound the ortholL-
2R, but not wikd type 11, 2R, and retained D25
‘ineting (Fig, 1D). Sequencing of yeast clooes from
the evolved IL2 libraries revealed a consensus
wet of mutations at 11,2 positions (n dose struc-
tural provimity 1o the ortholl 2Rp mutations
(fig. 54, Inerestingly, a Ghn™ — Ast (QION) 1.
tation was highly conserved across three inde-
pendent mutant 12 yeast lbraries, whereas
all other 112 positions used a restricied bt ot
specific mutational signature. We found that
1.2 Met™ — Vil (MIIV), and

adfinity of L2 for the binary () 112 receptor
tosensitize T cells to low concentrations of IL-2.

‘The activity of 11,2 as an adjuvant 1o ACT is
dependent o the

Asp™ —+ Lew or Met (DS4L/M) appear to form
small nonpolar pocket to compensate for the
1L-2R9 V135F mutation, whereas Gln™ — The,
Ser, Lyw,or Gl Tyroe
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Stratagiest
overvome thewe limitations could impeove T ocll
immunotherapy (7, ). Recognizag the need for
new approaches that afford provise targrting of
1L2-dependent functions 10 & specific ccll type
of interest, we devised a strategy to redirect the
pecbly of 11 vmand adoptidy Eambered
T cels. This method, based on

surtice 1o compernsate for the 112K HIND mu
tation (Fig. 1F)

Because of the affinity-enhancing effects of
€025 expression on the Interaction of 112 with
the binary () 112 receptor (10), 11,2 mutants
with negligibie binding o 11, 2R alooe may il
form a functional segnaling complex on cells that
also express C123 (8). Therefore, we used a yeast

orthogonalization, uses & mtant 172 ytokine
and mutant 112 receptor that

10 ane anather but 0ot 1o their wikd-type counter-
parts (Fig. 1A).

We focused on the murine [1:2/1L:2RS inter-
action o enable tn viv charactertzation In wyn

chosen a the mutant receptor because the
chain & required for signal transduction and
an bind 11,2 independently. We devised a two-
step approach 1o englneer orthogonal 1L-2/1L-

tants that bound specifically to the artholl, 2R
a oells e

ortholL2RP (Fig. 1G and fig. §5), and produced
recvenbinant forms of sebect 1L,2 musants (rtholl, 2)
for charactertzation (figx. 56 10 58).

We focused our efforts on two orthol L2 mu
tants, 1G12 and 3A10, Orthol1.2 1G12 and A0
share the consensas QION, M3V, and mu.

3A10 bound the artholL-2R3 with an affinity

11,2 high-affinity receptor comples (6) (Fig. 1)
First, pont mutations of the 1L 2R chaln were
Kentified from inspection of the interface be-
tween 112 and 1L-2RY that abrogated binding

2 March 2008

that of the wild-type IL-Y/1L2R)

and §8) but differed in their ability to activate
1L-2R) signaling in CD25-positive wikd-type
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Foundational Research and Platforms From the Garcia La

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

Developing potentiall
PINg P Y Orthogonal Cytokine Cell Therapy Platform

_ A Engineered cytokine receptor expressed on AR
programs using three and other ACTs

distinct protein engineering

platforms
Surrogate Cytokine Agonist Platform
A Novel cytokine engineering approach using
surrogate binders
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These Platforms Have Fueled a Deep, Differentiated, and Multi
Modality Pipeline “

IND Clinical Worldwide
Enabling Study Rights

Program Platform Discovery Preclinical

Oncology

STKO12: IL-2 Partial Agonist ©) _ 96 Synthekine
IL-12 Partial Agonist ©) _ ' 9% Synthekine
Undisclosed Targets + |

Cell Therapy

STKO09 + SYNCA®D1 (ortholL2 + CD18thoCAR ' _ 96 Synthekine
STKO09 + SYNCABO2 (ortholL2 + GPG8thoCAR ® _ i ' 9C Synthekine

Undisclosed Targets | 96 Synthekine

Autoimmune & Inflammation
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IL-10 Partial Agonist +@) I | 3 Synthekine
IL-22 Partial Agonist +(@) H 96 synthekine
Undisclosed Targets - | ¢ MERCK

@ = Engineered Cytokine Partial Agonist @@ = Surrogate Cytokine Agonist @ = Orthogonal Cytokine + Cell Therapyj
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STKO12

Iy Jbiased |2 partial agonist
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{ & VU K SGodl: P&igeeng on the Promise of-A. Therapy

The Promise: The Limitations:

A Proleukinis toxic and difficult to dose for more
than several days

A Many engineered 2 molecules have failed to
deliver enhanced amiumor activity in the clinic

A1L-2 is a potent activator of T cells, which are
critical for antttumor immunotherapy

A Proleukir® @ldesleukin is approved as
monotherapy in several tumor types

L[HWh L[HWh

ﬁ. IL2Ry :-,...“' " : IL2Ry
L[ H L[ H

1st Generation I£2: 2nd Generation Engineered-2: BestIn-Class
(Proleukin®) (NKTR214, THOR07, NE201, etc.) Engineered H2

Design High Dose 2 abz2y A

Binds to both trimeric high & dimeric  Bindsonly to dimeric intermediate

IL-2R Blas intermediate affinity IL2R affinity 1L-2R
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The Rationale for Targeting the High Affinity-2LReceptoron

Antigen Activated fcells in Cancer

A Antigeninduced activation of T cells induces
expression of immune checkpoint receptors and
thell:H NB OSLII 2 NJ &dzo dzy A U a

Resting T cells express only a
moderate-affinity IL-2 receptor
(IL-2R § and y chains only)

Time-course of receptor expression after CD3/CD28 stimulation
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Time (day) Time (day) Time (day)

W' Yy R
' moderate-affinity
IL-2 receptor

-

A4
Activated T cells express a high-affinity
IL-2 receptor (IL-2Rq, B, and y chains)
and secrete IL-2
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IL-2 Receptor
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The Rationale for Targeting the High Affinity-2LReceptoron

Antigen Activated fcells in Cancer

A Antigeninduced activation of T cells induces
expression of immune checkpoint receptors and
thell:H NB OSLII 2 NJ &dzo dzy A U a

A Checkpoint inhibitors (e.ga-PD1) block
upregulated immune checkpoint receptors to
activate TILs

A An engineered K2 that targets the upregulated
IL-2 receptor subunits may:
A Further stimulate antigeractivated TILs
A Spare nosspecific NK and T cell activation

)‘ Synthekine

Resting T cells express only a
moderate-affinity IL-2 receptor
(IL-2R § and y chains only)

' moderate-affinity
IL-2 receptor

v
Activated T cells express a high-affinity
IL-2 receptor (IL-2Ra, f, and y chains)
and secrete IL-2
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Dimericb / ¢
IL-2 Receptor
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IL-2 Receptor
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NK Cells Mediate Capillary Leak Syndrome (CLS) in Mice

Depletion of NK cells using NK1.1 antibody abrogateg IL
mediated lethality for WT and nora-IL2 in C57BL/6 mice
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Targeting the High Affinity H2 Receptor by Disrupting the 2R
Binding Site on H2

Antigen activated T cell$CD25 high Naive Tcells and NK cell€£D25 low
LIH b L[HwWi | f2ySY
Ko~ 1uM \

P-STATS

High CD25 expression increase? flotency on Low CD25 expression reduceg [iotency on
activated T cells naive T cells and NK cells

No signaling
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