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Roles of cytokines in differentiation of T-cell subsets and CBC
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Traditional arsenal of therapies in cancer treatment

Surgery

Chemotherapy

Affects healthy tissues

Radiotherapy

Affects healthy tissues




Main theories in immuno-oncology :

Immunosurveillance, Immunoediting -

Cancer immunosurveillance

Lymphocytes act as sentinels in
recognizing and eliminating
continuously arising nascent

transformed cells

Immunosurveillance component of
Cancer immunoediting

3 phases
Elimination Equilibrium
Potential cancer cells are A balance is reached and tumor cell The tumor variants evade the
created but they don’treach a proliferation equals the death cause immune system and become
clinical status because the by immunity. Cancer cells maintained clinically detectable.
immune system recognizes chronically or immunologically
them and eliminates them. sculpted to produce tumor variants.
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Phase 1 - Elimination
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Phase 2 - Equilibrium




Phase 3 - Escape

Tumor cells

Tumor Ag '
immunogenic} Reduced T Cells e, .. T Gells
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Tumor escape mechanisms

Suppressive cytokines
IL6, IL10, TGFB, GM-CSF

Transformed fibroblasts
CCL2, CXCL2

Immune checkpoints

Suppressive cells cell blockade

Treg (regulatory T cells),
IL10 secreting B cells

* Reduced tumor antigen:

, Low immunogenicity
\.

PGE2
Reduced immune
function

J

Increased survival Apoptosis resistance

STAT3 Bcl2
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Immuno-therapy landscape

»

Anti-tumor mAbs

Multi specific Abs
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Immuno-therapy landscape

Anti-tumor mAbs

Multi specific Abs

Oncolytic viruses

Cellular therapies

ACTIVE
THERAPIES

PASSIVE
THERAPIES

Therapeutic vaccines

Cytokine treatments

O therapies
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Passive therapy

Anti-tumor monoclonal antibodies
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f,tonjugated Ab
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Passive therapy

Oncolytic viruses

Viral REPLICATION

Viral Tumor cell
INFECTION DEATH

Virus release
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Passive therapy

Oncolytic viruses
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Passive therapy

Oncolytic viruses

Viral REPLICATION

Viral
INFECTION

5 Tumor cell
) DEATH
« Virus release

'O Cytokine release (e.g.
GM-CSF)
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Passive therapy
Bi/Multi specific antibodies

L P e
ollmulatory
e

vitokines

o9 D&
. . / 2 3 i § | |E‘
® 0 /)
. . v r_.‘._. S._.
@ “
o}

\_—Z [Hr"/'r (/:;f

Benefits ADCC
= T cell activation

= High cytotoxicity

= Binds to weak antigens

= Avoids treatment resistance
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Passive therapy
Cellular therapies — CAR T cells

Chimeric Antigen Receptor T cell Genetically engineered

Full antigen
recognition

ﬁi T cell
Isolation

KL
S

TCR

signaling

ZAP cascade T cell |
activated V s Transduction
T cell Expansion
Cytokine Infusion Activation
release Patient
Cell death
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Passive therapy
Cellular therapy: TCR

T cell receptor Genetically engineered

Extracellular

£t
Engineered TCR =S

Blood

Cancer cell T cell
/m recognition Isolation
TCR signaling T cell
Intracellular Activation

A

= T cell ransfection

T cell receptor Cell death Infusion Expansion

Patient




Passive therapy

Cellular therapy: TlLs

Tumor infiltrating lymphocytes

T Cell NK Cell
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TILs

Patient

o TILs isolation
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TILs expansion
infusion
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Active therapy:

Cytokines

First & oldest treatment /

| Tumor cell B ¥
Natural Killer Cell Apoptosis /

Activation

i '
T cell DESTH

jrowth factor
Immune system
Activation
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Active therapy:

Therapeutic Cancer Vaccines (TCV)
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Active therapy:

Immune checkpoints

\ a»
Ipilimumab {Yervoy) Pembrolizumab (keytruda)
CTLA-4 Inhibitor pd-1 inhibitor
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Active therapy:

Immune checkpoints

SIGNALING
CASCADE
ACTIVATED

ZAP cascade
activated

T cell activation

Cytokine release
IL2-IFN

Cell death

Stimulatory
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Active therapy:

Immune checkpoints
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Priming and activation

Anti-CTLA4
Anti-CD137 (agonist)
Anti-OX40 (agonist)
Anti-CD27 (agonist)
-2
IL-12

Release of @

Trafficking of
T cells to tumors

Infiitration of T cells
@ into tumors

Recognition of
cancer cells by T cells

CARs

Killing of cancer cells

Anti-PD-L1
Anti-PD-1
DO inhibitors



Reactivating your immune system to fight cancer



Overview

* Immune evasion as a hallmark of cancer
* Immune suppression in the Tumor Microenvironment

* Phosphatidylserine (PS) as an immune suppressive
factor

« Antibody-mediated PS blockade activates the immune
system

The future of medicine, toda



Hallmarks of Cancer, circa 2000

Sustaining proliferative
signaling

Resisting Evading growth
cell death suppressors

inducing Activating invasion
angiogenesis and metastasis

Enabling replicative
immortality

Douglas Hanahan, Robert A. Weinberg, Hallmarks of Cancer: The Next Generation. Cell, Volume 144 Issue 5, 2011, 646 - 674
hitp:/fdx doi org/10.1016/].cell 2011.02.013




F : \
\Emerglng Hallmarks )

Deregulating cellular Avoiding immune
energetics destruction

Genome instability 2y Tumor-promoting
and mutation Inflammation

Enabling Characteristics

Douglas Hanahan, Robert A. Weinberg, Hallmarks of Cancer: The Next Generation. Cell, Volume 144, Issue 5, 2011, 646 - 674
hitp:/fdx.dol.org/10.1016/).cell 2011.02.013



Immune evasion is a hallmark of cancer

Key Cytokines:
IEN-y, TNF-a, IL-12,IL18,
IL-10, IL-1B, IL-6, IL-2

Elimination Equilibrium Escape

Net loss of tumor cell number Little change in tumor cell number Net gain of tumor cell number
Net tumor volume shrinkage Little change in tumor volume Net gain in tumor volume
Net loss of tumor vascularity Little change in tumor vascularity Net increase in tumor vascularity

Brett Burkholder, et al., Tumor-induced perturbations of cytokines and immune cell networks. Biochimica et Blophysica Acta
(BBA) - Reviews on Cancer, Volume 1845, Issue 2, 2014, 182 - 201




Tumor microenvironment (TME)

Cancer Stem Cell (CSC)

Cancer-Associated Fibroblast

2
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Endothelial Cell (EC)
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s

Local & Bone marrow-
derived Stromal Stem

& Progenitor Cells TI

0600

nvasive Cancer Cell

Douglas Hanahan, Robert A. Weinberg, Hallmarks of Cancer: The Next Generation. Cell, Volume 144, Issue 5, 2011, 646 - 674,
hitp:/idx dol.org/10.1016/].cell 2011.02.013




Tumor microenvironment (TME) cont.
necrosis

nests of adenocarcinoma

Figure 13.28 The Biology of Cancer (© Garland Scence 2007)



Macrophages in the TME

Joyce lab, MSKCC,; n

Gupta Lab, UCSF, m

Karin Lab, UCSD; n




Immunotherapy Primer: MDSCs and M2 Macrophages are Key
Gatekeepers in Determining Immune Response to Tumors

High Level

MDSC's
/'

TGF-B

M1 mac

Immature DC

Associated
With Poor
Outcome in
Cancer

Patients Naive T cell




Key Messages

W

* Phosphatidylserine (PS) is exposed on the external surface of cells and
vesicles in the tumor microenvironment

= PS exposure is immunosuppressive

= PSsignaling is an immune check point that is upstream of PD-1/L1, CTLA-4
and IL-2 signaling

* Antibody-mediated inhibition of PS results in immune activation and durable
anti-tumor responses




Healthy Cell Plasma Membrane: PS on Interior Leaflet
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Exposure of Phosphatidylserine (PS) on the surface of cells
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PS Signaling suppresses immune surveillance

Exposed PS in the tumor environment provides a fundamental upstream immunosuppressive signal

.

lmmature\
Denfdritic
Cell ! MDSC

2. Immune System Signaling 3. Immune Suppression

Tumor
Cell

- PS exposed on tumor is - PS signaling causes - MDSCs accumulate
a checkpoint that inhibits  increased anti-inflammatory  + DCs fail to mature
tumor immune response  cytokine expression « T-cells remain naive
« PS is engaged through * M1 Macrophages fail to develop

PS receptors 19



Bavituximab blocks PS immune suppression and

activates a robust immune response

Bavituximab blocks PS
and engages Fcy receptors

Tumor

Cell . SN ?@
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Macrophage
Bavituximab

Upstream Immune Activ

» Effector cells engage bavi-coated PS * Inflammatory cytokines

through Fcy receplors - Tumor necrosis factor-alpha (TNF-a)
« Overmrides upstream PS-mediated - Interleuken-12

immunosuppressive signal « MDSC differentiation

M2 to M1 macrophage polanzation
* DC maturation
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sustained immune Response

M1 macrophages kill cells via antibody-
dependent cellular cytotoxicity (ADCC)
Mature dendritic cells present tumor
antgens to T-cells

Tumor-specific cytotoxic T-cells




PS is a global immune checkpoint

» Suppresses dendritic cell functions

* Polarizes macrophage towards M2

* Induces the production of immunosuppressive cytokines,
such as TGF- B and IL-10

* Inhibits the production of immunostimulatory cytokines,
such as IL-12, TNFa

* Promotes T cell tolerance



Inhibitors of
VEGF signaling

Douglas Hanahan, Robert A. Wenberg, Halimarks of Cancer: The Next Generation. Cel, Volume 144, Issue 5, 2011, 646 - 674,
netp:de dolorg/10. 10164 .08l 2011.02.013



Tumors exploit multiple immune suppressive
mechanisms

)

CTLA-4 PD-1

DC antigen presentation

Phosphatidylserine (PS)

PS is a global immune checkpoint that suppresses immune activation




Regression of Radioresistant NSCLC by Treatment with PS-
targeting Antibody + Intense Radiotherapy
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Current Results: Prelim data, combining SBRT with 2aG4 in
Orthotopic A549 Rat Lung Model

Survival: 184 days after tumor implantation
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PS-Targeting antibody causes tumor macrophages to
switch from M2 to M1




PS blockade reduces tumor-infiltrating MDSCs

S tumors pooled
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PS blockade facilitates induction of tumor-specific
cytotoxic T-cells

Gever sam of wid oviw | ool oo iy w yyrgrees |98

Lol
el | SR B —
| ‘\ -
- r &
\ - -
g - | ’.'
) |

-

—_—— —
R 4 -

P Ao @ S bodky ol e ) Al v s g e D md vmes -

-
BaPE N F BT g e s Sen TR AR e

Sladt e B Tewa



Cure of transgenic model of prostate cancer (TRAMP) mice

v Cx +mchiN11**
— Cx +C44*
mchiN11*
- C44
N=23-30

Died of old age

Percent survival
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1. AACR 2012 Annual Meetina: Yin et al. & Keystone 2014 Huana et al



Summary: Bavituximab activates tumor immunity

TNF-a

Blocking PS drives
MDSC differentiation & DC maturation



MOA supports multiple opportunities with other
iImmunotherapies

Upstream Downstream
Immune + \ Immune
Checkpoint Treatments
Inhibitor
___Anti-PD-1___|

Anti-PD-L1

Bavituximab Anti-CTLA-4

(PS-targeting + -

mADb)

PAP-GMCSF
Vaccines




mch1N11 enhances the efficacy of anti-PD1 in K1735
melanoma
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Anti-PD1 + mch1N11 induced IFNy and IL-2 from splenic T-cells and an induction of
CD8+ T cells in the spleen



mch1N11 enhances the efficacy of anti-CTLA-4 in K1735
melanoma
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Key Messages - Summary

|\

Phosphatidylserine (PS) is externalized in the tumor
microenvironment and is a major immunosuppressive signal

PS is a global immune checkpoint
Antibody-mediated blockade of PS signaling breaks immune

tolerance reactivating innate and adaptive immunity and results
in durable anti-tumor responses in multiple pre-clinical models

Combination pre-clinical studies with other immmune checkpoint
inhibitors are underway and early phase clinical studies are
planned



