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Plasticity of Myeloid Phenotype and Activation State

Pro-Inflammatory (anti-tumor)

1. Cell Types

1. Dendritic Cells

2. M1 Macrophages

3. N1 Neutrophils

4. Monocytes
2. Features

1. Antigen Presentation
Co-stimulation (B7-1/-2)
Inflammatory cytokine (IFN, IL-12)
T/NK/Inf. Myeloid recruitment
NOS, ROS, Phagocytosis

e wnN

Immunosuppressive

1. Cell Types

1.
2.
3.
4.

Granulocytic MDSC
M2 Macrophages
Monocytic MDSC
Mast cells

2. Features

1.

oOukwnN

Nutrient deprivation (Arginase, IDO)
Co-inhibition (e.g. PD-L1/-L2)
Suppressive cytokine (TGF-f3, IL-10)
M2 and Treg recruitment and support
Angiogenesis (VEGF)

Adenosine production (CD73/CD39)
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Goals

1. Understand the features of active versus suppressive
polarization in key myeloid stromal populations.

2. |ldentify and define the functions of key myeloid receptors
influencing their active versus suppressive fate.

3. Become familiar with interventions under investigation to
reverse suppressive myeloid polarization and activate anti-
tumor immuno-supportive functions.
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Tumor Myeloid Stroma: The Players
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Dendritic Cell (DC) Activation Initiates Tumor Immunity

IFN-u/B

Activated
mature DC IL-12
e® @ PY

Immature DC

N
s 9 TLR, STING, CD40, FcyR, TNFa

ﬁ
®

Support of Effectors ® |
Conditioning of TME

Naive T cell
getting activated

Low endocytosis

Low antigen processing

High co-stimulation

High pro-inflammatory cytokine

High endocytosis

High antigen processing

Low co-stimulation

Low pro-inflammatory cytokine

Tumor > Tumor Draining LN Tumor Draining LN >> Tumor Tumor >> Tumor Draining LN
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Suppressive Macrophages Maintain Tumor Immune Privilege

CD68 roinflammato H
i Q. ;n‘fﬂz " 1. Activated M1 macrophages

S e & iy 1. Pro-inflammatory cytokines (IL-12, TNFa)
HLA DR gy e 2. T cell co-stimulation (CD80/86)

SR 3. T cell chemokines
IL-4
IL-10

};(;ﬁﬁ 2. M2 Macrophages suppressive and tumor

Activin A supportive

o 1. Suppressive cytokines (TGF-B, IL-10)

T cell co-inhibition (PD-L1/2, VISTA)
Angiogenesis and DC suppression (VEGF)
Support invasion and metastasis (MMPs)

Nutrient deprivation (Argl, IDO)

PD-L1/VISTA
Arg1/IDO \

TGF-b, IL-10

Macrophage
plasticity
=2

-

- CD163 m /e
CD204 « o TAM

CD206

Alternatively activated,
protumor

RN

~ Angiogenesis-promoting
TAM

TGE-p

VEGF-A and VEGE-C

PDGF
MMP-9

bEGE

Sainz et. Al., Mediators Inflamm. 2016;2016:9012369. Adenosine, VEGF
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Drivers of Macrophage TME Polarization

MO macrophages

1. M1 Macrophage determinants
p 1. Pro-inflammatory cytokines (IL-12, IFNy)
2. Myeloid costimulatory receptors (CD40, 4-1BB)
&> 3. Pathogen associated molecular patterns (LPS)
et i iy i 2. M2 Macrophage determinants

A=,
— 5
i L
- =
v

High expression
sro-inflammatory cytokines

Suppressive cytokines (TGF-B, IL-10, IL-13, MCSF)
Myeloid co-inhibition (LILRB, Siglec, VISTA)

TME metabolism (lactate, hypoxia, adenosine)
Certain TLR with immune complexes (TLR2)
Certain chemokine receptor signals (CSF1-R)

NhewWNRE

globulin
Complexes

M2a M2b M2c M2d

Debris Regulatory Regulatory Proangiogenic
Removal Macrophages Macrophages Activity

Int Immunopharmacol. 2019 May;70:459-466.
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From N1 Neutrophil to Granulocytic MDSC

N1 : Effector potentiation and direct killing

a Activation of antitumour

adaptive immunity MEE TER [

IENy—o

Type Il —
interferon
receptor

GM-CSF ."I Immature

GM-CSFR -/ neutrophil neutrophil

b Tumour cell killing ® e ® Ca
G-CSF—e /- CXCLS
o - CXCR2 TRPM2+ Ca®
G-CSFR B overload

CXCR1/2

o CXCL8

TGFBR1—

Je

SM16-©

N2 (Gr-MDSC): Argl, NO, PD-L1/2, angiogenesis

@
[}
Arachidenic

@ acid @

= Immunosuppression

Genetic instability

Epithetial 7 YIYRYN\YARYAK
" and miR-155 @ cell

qiﬁl ) Tumour cell proliferation
® integrin
o © MMP9 Laminin-111 c
O o NE degradation &
(@]

. © IFEE I-]IDGFO
— [
oG ©

®p ® MMP9 —> @ VEGFA ~ Angiogenesis
Og @ Bvs S~ /
O © $100A8/9
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Jaillon et. Al., Nat Rev Cancer. 2020 Sep;20(9):485-503.
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Mo-MDSC also Suppress T cells and Promote Angiogenesis

Induction of diffentation

D ifferentia tion and expantion NK cell activation
Treg cell inhibition
Inhibition of
ggpr::slo_n of humoral immunity
s fungtion
IL7-R
w7k Apoptosis|
G

Diffemntiaﬁon'
! into TAM
hi

i Adenosine {—s

Mmps, VEGF, Wt
Tumor metastagis
o "nﬂk)ggmjs

cell activation
inhibition

Niration of CCL2
Recruitment of T cells | ( cell activation
. TcrR Recruitment of MDSCs | inhibition
Immune checkpoint
blockade
TCR downregulation
Niration of TCR

T cell cycle inhibition

Yang et. Al., ) Hematol Oncol. 2020 Jan 31;13(1):10.

Law et. Al., Cells. 2020 Feb 27;9(3):561.
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How Can The Underdog Immune Response Win?

Anti-Tumor Immunity Losing Anti-Tumor Immunity Winning

Myeloid-Derived
(' Suppressor Cells

N1 Neutrophils

Tumor cells

P
Glucose
-«

Lactate

M1 Macrophages

Y N

2

- L - w ) £
) 2 ‘ ¢
U ’ 9 . Myeloid-Derived U . g ' '

Suppressor Cells PD-1 PD-L1 PD-L2 B7-1B7-2
PD-1 PD-L1 PD-L2 B7-1

CTLA4 CD28 CD8 MHC TCR CTLA4 CD28 CD8 MHC TCR

Activated DCs
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Tumor Myeloid Stroma: Pro-Inflammatory Activation

35 Anniversary Annual Meeting & Pre-Conference Programs (sTED #SITC2020

2020 gumm



Activation 1: Cytokine Activation

| ‘ N %‘ 1. IL-12 and Flt3-Ligand (Flt3L) favor M1 / pro-
expa‘y cfector function /pam‘on inflammatory myeloid polarization
cytotoxicity
v survival
Turtigr gells 2. GM-CSF favors development of an immune-
_‘ [ P suppressive over supportive myeloid stroma
| ' THA +Stemness
effector : . .
: funV T 3. Interferons favor pro-inflammatory myeloid
r @ e differentiation but also trigger acquired resistance
—— W\ ﬁ 3 mechanisms
pansion
phenotype ',.»‘
, - 4 4. 1L-12 can be uniformly beneficial but also has high
p expansion .. .
GM-CSF) —————> < APC g +MHCIAI toxicity systemically.
’ direct
. \'PD'UD anti-tumor
expansion & /\ +HMHCII @
ZTESESZ':E%J 2 2"
f'/ expansion
maturation

Myeloid-derived Suppressor Cells
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Leveraging IL-12 for Myeloid Activation Requires Targeting

Local oncolytic virus

<E::E‘ IL-12 expressing OVs

Recombinant Viral gene @ l Infection
Qo

protein therapy

Gene therapy

° IL-12

+ TAMs

ﬁ:ﬁ 1. Local delivery of IL-12
s

increases therapeutic

WIndow' C J:g Ig'lltigen
presentation @
2. IL-12 favors M1 Th1 differentiation

inhibition

. . Angiogenesis A 1P-10 _IFN-y
polarization and DC [F] l o

activation directly and

Gen&“ﬁa"y Immuno-

el e cytokines indirectly through IFN-y
Microsphere/
nanoparticle- Dendritic cell 99 Viral / tumor .
hinsad deifvery {.E)j endritic cells ©0D8+Tcells 9 antigen —— Inhibition

. (0)
{Q3 Tumor associated . CD4+ T cells (0%0) Cancer cells —> Stimulation
Macrophage (TAMs) (>

Tugues et. Al., Cell Death Differ. 2015 Feb;22(2):237-46.
Nguyen, H-M. et. Al., Cells. 2020 Feb 10;9(2).s 2
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Activation 2: Co-stimulatory Activation

| A o @ ForRib
\ ( JED Siglec 15

Myeloid CD40 @~ - VISTA Myeloid
Co-Stimulatory | cp11p N Myeloid . UL Co-Inhibitory
Receptors | Cell - Receptors
. ™ - LILRB4
Agonism activates co-stimulatory +1BB ’___g';) Activation favors M2 and/or MDSC

function and inflammatory cytokine.

. /\ “ LILRB1 differentiation and elaboration of
FeyR#(a) (e

/\ immunosuppressive molecules.

CD40 agonist antibodies are the best established agents for therapeutic activation of tumor myeloid stroma.
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CD4U activation can re-activate myeloid antigen
presentation in “cold” PDAC mobilizing a more diverse T

cell response.
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Cell Rep. 2016 Jun 21;15(12):2719-32. doi: 10.1016/j.celrep.2016.05.058. Epub 2016 Jun 9.

CD40 Stimulation Obviates Innate Sensors and Drives T Cell Inmunity in Cancer.

Byrne KT1, Vonderheide RHZ.
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Targeted Activation of CD40 Widens Therapeutic Window

“ <€ CD40 1. CDA40 agonist bispecific antibodies are as or more effective
therapeutically versus systemic administration.
mulgG1 or
hu 1gG1 V273E 2. When localized to the TME, CD40 activation has a much larger
_ therapeutic window sparing the liver and avoiding CRS.
\ (— MSLN (or any TAA)
4T1-MSLN (5 mg/kg) s R , Cytokines
1.200q -o- control IgG 2 -E‘ " . =3 Control Ig
"E -5 Anti-MSLN i * o Control IgG g 20+ * ™ LB-1 (5mgl/kg)
% —+ LB-1 (5 mglkg) O Anti-MSLN g == 1C10 (5 mglkg)
E (o0l 8" 1C10 (5maikg) I 100 4 LB-1(Smgkg) — &
3 =) A 1C10 (5mglkg) £
c - o o . L]
E < 50 A 2 10-
: £ & & s
0 T T T 1 ‘3 0-
0 7 14 21 28 35 0

Days post inoculation
Ye et. Al., Cancer Immunol Res. 2019 Nov;7(11):1864-1875.
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Activation 3: Innate activation — Toll-Like Receptors

Cell surface TLRs Intracellular TLRs

Triacyl Diacyl .
lipopeptide  lipopeptide L Fegelln dsRNA  ssRNA  CpGDNA
lv wlr ! y } } }

TLR1 TLR2 TLR2 TLRé6 TLR4 TLRS TLR3 TLR7 TLR8  TLR9

/[

NFkB -> Pro-inflammatory Cytokines
IRF3/7 -> Type 1 Interferon Release

Noh et. Al., J Immunol Res. 2020 Jan 4;2020:2045860.

. TLR agonists can mimic PAMPs and

activate both intrinsic co-stimulation
and inflammatory cytokine secretion
from myeloid cells

. Some TLR can support immune

suppression in some settings (e.g.
TLR2,4)

. TLR expression is restricted to

certain myeloid and lymphoid
subsets and some may be absent in
some tumor microenvironments
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TLR Agonists Activate Myeloid Stroma and Tumor Immunity

Tumor-localized activity

A20 Lymphoma

-
FTTTT Il TTTTI
CpG )f%@}& TLR9 Agonist

«OX40 .

100 o

— e CpG \6 .
g P , Overcoming local
* . . . .

5 50+ . \@\ 3 I|m|tat.|ons with
é systemlc. targeted
& e (G and (:OX40 \@\ delivery

o | | | | | | | |

0 20 40 60 80 100

Days after inoculation

Idit Sagiv-Barfi et al., Sci Transl Med 2018;10:eaan4488
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SBT6050: TLR8 agonist Myeloid Cell Activation: TNFa

conjugated to an anti-HER2 mAb
Antigen Binding Domain: HER2

e

Payload: TLR8

Fc

Csite >
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Monotherapy anti-tumor activity

SBT6050 Mouse Surrogate
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0 14 28 42 56 70 84 98 112

Days post-treatment

e

Latchman Y. and Odegard V. SITC 2019
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Activation 4: Innate Activation - STING

l(A)

T *+HMGB1/2

ULK] = OMPI— ENPP1

\ cGA

4
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/ |

AP1 IRF [TINFxB

Autophagosomes <+— TFAM inflammasome

Becilm_; é i i

GSDMD

TRAF3

IKKa

(IRF3) ﬁ)50[p65] — ps2

IFN- .-;j

F——— TREX1

AlM2

}
!

cell death

Aigga—— STING +— IFNAR

kS

2. In response to cytoplasmic e CTneadnt
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1. Unlike TLR, the Stimulator
of Interferon Genes (STING)
innate sensor is expressed | g @ ,

. TcellsG 4T1 Primary Tumor Growth
in most cells, although T || o —o Neive

. ML-RR-52 CDA
tumors often suppress it. =

ADU-5100
STING agonist

o, -0
»

Immunologic P
memory

Cyclic di-nucleotide

o

=]

o
M

=

A

§ ot

b0
2y
Tumor volume (mm?)

=
(=}
(=]

priming

20 40 B0
Days after inoculation of tumor cells

DNA or cyclic dinucleotides,

STING triggers NFkB Activated DG 4T1 Secondary Tumor Growth
activation and IRF3 driven £

E
secretion of IFN-o/pB. 2 1o

% 5001

2

20 30 40
Days post tumor re-challenge

Corrales et. Al., Cell Rep. 2015 May 19;11(7):1018-30.
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STING Agonists Reverse Myeloid Suppression

Function Repolarization of Myeloid Stroma Synergy of Local STING with Checkpoint Blockade
: ency Multi-focal mT4 PDAC ~ 'mplant IT 8803 IT 8803
ST\NG agon\St pot MT4-LS clone (immune sensitivea-u‘morS (25:9) (519)

Mouse Mouse Mouse Mouse Mouse
BM-MDSC BM-MDSC BM-MDSC BM-MDSC BM-MDSC
No Stim + CDG +cGAMP + ML-RR + 8803

s 100 | I MDsc.cs ol =

kS 7% J a “\1 [ 8 /L 7 % 100

g 50 M \ ‘ - —e— Untreated

g = — ﬂ g g T 80- —e— 8803

0 o — | j]% g ) E — CTLA-4
STING activati MDSC ion of T cell ] DES
activation reverses suppression o cells é 40- o CTLA-4/PD-1
Human Human Human Human  Human ,;‘E 204 —e— 8803+ CTLA-4
M2 Mac+ M2 Mac+ M2 Mac+ M2 Mac+ M2 Mac + 8803 + PD-1
No Stim CDG cGAMP ML-RR 8803
0 T T 1 —e— 8803+ CTLA-4/PD-1

1 1 ]
T T T= 0 25 50 75 100 125 15

100 | = e
[ [ ] I T ¥ 1 T 1T N T ] CD86
60 P — 8 e Days Post Challenge
20 U [ CD206 =
0 e B - cni6s <
§ | | Kie7

STING activation converts human M2 macrophages to M1

LN

Allswolfn

% Pos. Cells
8

Ager, C.R. and Curran, M.A. In Revision.
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Activation 5: Blockade of “Co-Inhibition”

' FcyR#b
\ g Siglec 15

Myeloid CD40 —_— N VISTA
Co-Stimulatory [ cp1p ygmm Myeloid —~@ED LILRB2
Receptors Cell

4-1BB GO > f_mLILRB4
FoyR#(a) . i LIERE - B|0Cking
- B CSF1-R Antibody

1. Rather than induce exhaustion, quiescence and apoptosis as in T cells, myeloid “co-inhibitory
receptors are those that drive “alternative” polarization (M2, MDSC, etc).

Agonism activates co-stimulatory
function and inflammatory cytokine.

1

2. Blockade of these suppressive polarization signals, skews differentiation in favor of immune
potentiating states (e.g. M1, N1, active monocytes, etc). -
ySItCX
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LILRB2 Signals Macrophages to Adopt M2 Features

M1i-like @—
——

“Lnfﬂq

IL-6, IL-12,

iNOS
Effect;i T cells

LILRB2 antagonism

Tumor progression of cancer cells
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Anti-LILRB2

M2-like

Arg1 IL-10,
M-CSF,
ANGPTLs,
TGFp

/

Chen et. Al., J Clin Invest. 2018 Dec 3; 128(12): 5647-5662.

Donor Myeloid Cells : M2 -> M1

PD-L1 CD1*63 HLA-DR .
- Slowing of LLC Tumor Growth
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Addition By Subtraction: Remove Suppressive Myeloid Cells

Tumor-associated
dendritic cell

Activated
. mature DC 1L-12
e® @ Naive T cell
y getting activated

Naive
T cell

MyeI0|d -Derived

" Tumor associated
4\ Macrophages Suppressor Cells
Tumor associated ™

L
«C\)}“ Macrophages

.—

Tumor cells

‘ Reduce M2/MDSC
T cells A DCs/M1 can expand

CXCR2

(
{-

a.CXCR2

aCSF1-R ‘CSF]-R

CXCR2

<=
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Blockade of CXCR2 Reduces MDSC and Reactivates CD8

umor progression

PDAC (KPC) ecL'®
e i -
L
1o o o q
Q\O“BE,C'L'\““‘“\ >
cr tumor suppressive
immune response
® CD3*
Pt!he,, ) ‘}
7 Cr2 |,
ol
pancreatic "ophit s °
cancer recryjty, MDSC @
& ¢ ) ‘) &
< e

L J
tumor-promoting
immune response

asis

CXCR2 block = }MDSC & 1T-cells
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Lessons and Take-Home Messages

1. Tumor and stromal derived factors drive myeloid polarization toward
suppressive M2 macrophage, Gr-MDSC, and Mo-MDSC phenotypes

2. Pro-inflammatory re-polarization of the myeloid stroma is possible
through activation of co-stimulatory receptors or innate sensors

3. Differentiation of myeloid emigrants can be biased away from immune
suppressive phenotypes through blockade of “co-inhibitory” receptors
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