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My Views of the Immune System.

mab plusipiimumd

—
= T2l A LR
’ - A .,\"
L~ Iy .' ‘-,'
£ < ‘&
) ’, - e ' - -
R Lo ] - %R
‘o P ’ N Mg c
— 1 " T A
- e A, S | -
o’ - . N - ’ » v
,;' 2 ot S \_ks s 2 W
pa N a‘{, '.P‘ P __,.l‘lw, Y, .9 .\
SN B e e A » Y
% LR Y N
2 & “ \
\1"‘. -~ 5 y" e .
}. ,','/’ | ¥ & \

Y 3 ; L o g L o e

e Rl - il it ' ."
] [} . 4 5 .- ..

5 LA

étald T

Molecular Subcellular Multicellular Clinical

IMMUNO 3¢ KRUMMELLab

.




Cai et al. Unpublished



My Views of the Immune System
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Interactive Immune Systems are at the
Center of Cancer (And Other Diseases)




IMMUNE SYSTEMS
WITHIN ACTIVELY

GROWING TUMORS

100 um

t
.‘3‘

‘ 4

B
-
»
s A

“

\-I 1 | 1 1 1




Can the Immune system regulate Cancer Progression?

A primer on adaptive and innate Immunity
Cells of the Immune system in the context of the tumor microenvironment

Short List of Cell Types
(Not Inclusive)

M®D B

NK

o
CTL

TuDC
A

Treg Stroma
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A primer on adaptive Immunity: How do our bodies recognize non-self?

&

B-call encounters antigen B-cell maturation to plasma cell Releasad antibedies neutralise antigen

Legend:  BCR Antigen P

(b) T cell dependent B cell activation
Dendribc cell

Effector plasma cell

T, B a
»
—— Ight
\‘.'/
- \\ " ,//,»"':
- N ' BCRs and TCRs
: are selected
R S - against self-
antigen presenting cell .
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Organization of the Lymph Node

(A) Tcel-anddendritic B cell specific
- - i 4

1 cell-specific chemokine
chemokine
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Naive
T cell

B cell zone
(Lymphoid
follicle)
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© Elsevier. Abbas & Lichtman: Basic Immunology, Updated 2e - www.studentconsult.com
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Experimental system for 2-photon imaging of OTI-GFP

OT-I-GFP
T cells
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T cell and B cell Scanning in Lymph Nodes
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The Motile Nature of the Immune System

Tonsilsand |0 o . . .
adenoids | ©© Estimates vary but suggest it takes a given

S L>’“1131‘ lymphocyte 24 hours-1 week to survey all
i secondary lymphoid organs.

An insult to the host (e.g. infection) requires

Lymph 0

000 000
nodes [fi 0O ge response ASAP.
Spleen ] . o
D An insult does not necessarily occur within
e the secondary lymphoid organ but much of
(\ (I'Q . . .
Appendix { % (8;;’ satalies the action happens in secondary lymphoid
organs (spleen, lymph nodes, peyers
- oSo Lyu;ph patches) as well as some specialized sites
one 00 nodaecs .
marrow <§ E( Tsstihiatie (such as in the gut).
VCSS(‘]S
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Lymph Nodes
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Peyers Patches

stomach
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Immune Components of Host Response

Innate Adaptive

@ Macrophage

Dendritic
cell

Natural
killer cell
Eosinophil —

T cell ¢%

Antibodies
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= A primer on Innate Immunity

Blood Neutrophils + Myeloid Cells (Macrophages, Dendritic Cells) +
Epithelium/Endothelium

Can all recognize patterns that initiate ‘innate’ programs within these cells.
PAMPs (Pathogen-Associated Molecular Pattern)

TLRs RLRs NLRs
-’fé&ﬁps. DA}\_P;::  RNA, DNA D CRNA D (o) @ W)  Pamps, oavPen, (DNA)D
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DAI, ’
TLRs 3,7-9 RIG|, MDAS other sensors NOD1, NOD2 NLRP3 AIM2

N - N

[ IRFs e ’ NFx8 | Caspase-1
NFxB AP1 | | inflammasome
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The Immune System as a Spatiotemporal Information System
and a Spatial Coincidence Detector?

Strong T cell O RGN Other B coll
epitopes RSNl  opitopes

“The Insult”
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Langerhan Cells Interspersed in the skin (Langerin-GFP). Sentinels

Kissenpfennig et al., Immunity 22, pp.643-654



Innate Cells Carry Material from Tissue to Lymph Node

Antigen capture
by dendritic la%SS of DC
cells (DC) adhesiveness
Inflammatory
Antigen cytokines -5:3
capture e
Migration
DC in epidermis: 2 of DC
phenotypically =
immature | Afferent
|| lymphatic

| vessel

Maturation
of migrating
DC

Mature
dendritic cell

Antigen - O i
) - presenting
presentation )gjﬁ Q | antigen to
T cell ) naive T cell

© Elsevier. Abbas & Lichtman: Basic Immunology, Updated 2e - www.studentconsult.com
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The principle of random motility-> recognition:
synapse formation

Germinal
center in
Afferent « follicle
lymphatic A\
vessels \ e —— Capsule
! . Subcapsular
sinus
Trabecula

Efferent
lymphatic
vessels

Afferent f:cii
Iymphatii/,_f";\
(f - CD11c+ Dendritic Cells OTI polyclonal T cells

Medullary sinus
Medullary cord
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The Immune System is
Embedded in your tissues
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REVEAL

INNATE AND ADAPTIVE
IMMUNE CELLS CAN
ALSO LIVE ‘PERMANENTLY’
WITHIN TISSUES

—WITHIN TUMORS.

IMMUNE SYSTEMS ARE PART
OF ALL YOUR TISSUES.




IMMUNE CELLS COMMUNICATE PRIMARILY THROUGH
MAKING CONTACT




IMMUNOTHERAPY REMOVES THE BRAKES
AND CURES CANCERS.

“CHECKPOINT BLOCKADE”

2016 Stage 4:
3 months typical survival, historical

Before treatment

Anti-CTLA-4 plus Anti-PD1: 6 weeks



THE IMPORTANT ROLE OF BASIC QUESTIONS & LOOK-SEE
EXPERIMENTS.

CTLA-4 and CD28 Compete tn Natarmina

Frasier Straus.\ the Outcome of TCR! | —-SaiN only
rasier,otraus, R o SEBsCULmAD SN —e- Control

SEBe 4D mAS A — Anti-CTLA-4
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©- Nivolumab plus ipilimumabd. L™
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- Ipilimumab
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)ays after tumor injection

jression-free survival (%)

Fig. 1. Schematic representation of .
occur during antigen recognition at
presenting cell {,

Follow-up (months)
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% Survival:
Metastatic
Melanoma

Checkpoint Inhibitors:
Breakthrough, Not a Panacea

,

YERVOY.®

OPDIVO

Non-responders

anti-PD-1

Responders

anti-CTLA-4

Graphic based on: Hodi. PMID: 20525992, Postow, PMID: 25891304



B Non-Responder

I Responder
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The Immune System and Disease—
Not Just Cancers

Neurodegeneration

Alzheimer’s disease and
microglial cells

COPD & Asthma Atherosclerosis
Predominance of Plague and activated
Th-17 and CD4+ T-cells immune cells
Diabetes
. Autoimmune, type 1 Cancers
: and inflammation, type 2

Immunosurveillance and _
tumor escape

IMMUNOX

Pathogens \
Commensal and pathogen

discrimination Ak




How Do We Proceed to Study these?

IMMUNO ¢
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Linking Studies through Shared




Our Vision for Collaborative
Patient-Centric Discovery

SPECIMEN
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S85 ¢ Making Movies

ot ® “...like the billowing dancing figures in a
ie brightly lit ballroom that you gaze into
L from outside in the dark—and from a dis-

- tance so great that you can no longer hear
3 the music... the turning and twisting move-
: ment of the couples seems senseless.”
g ‘ " Gustav Mahler, on the third movement
s : - of his second symphony
A )
. /
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Inhibitory and Stimulatory Immune
Landscapes Co-Exist within Cancers

T cells
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COUNTING AND MEASURING CELLS FROM TISSUES
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a2z What Class of Immune System You Have
saegme Matters
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NK and cDC1 numbers are tightly linked and
are correlated with response to Checkpoint Blockade

d. Patients—profiled pre-treatment with anti-PD1
Sy, & M‘i'anoma. o e. Responders NonResp.
- “of
- 1hd N 0 e e ey priaue
0 g 4 547 BDCA3+ DCs/HLADR+ 0.0021
6 il e L® NK Cells oo
aZl 5 Sl @ HLADR- CD4+ T Cells 0.0556
. ® o CD4+ T Cells 0.1229
g 9 1_/.‘ " S Sy PD1- CTLA4- Theper Cells 0.1624
o bes o s CD14- TAMS/HLADR+ 0.2101
0 e S HLADR- CD4+ CD8+ T Cells 0.2101
0 1 2 3 4 5 6 7 CD4- CD8-T Cells 0.2372
HLADR- CD4- CD8- T Cells 0.2372
0 Treguitory Cells 0.2372
7oNK Ce”f HLADR+ CD8+ T Cells =
of CD45 pDCs/HLADR+ 0.3023
HLADR+ CD4- CD8- T Cells 0.4069
e NK T Cells 0.4475
" 03 BDCA1+ DCS/HLADR+ 0.4902
o CD4+ CD8+ T Cells 0.4902
@ . HNSCC PD1+ CTLA4+ CD8+ T Cells 0.4902
Ok x pDCs 0.5187
0O So2- 0.’ CD14+ TAMS/HLADR+ 0.5349
8 i o Neutrophils 0.5349
< < ® PD1+ CTLA4+ Theper Cells 0.6298
o = y CTLA4+ Theper Cells 0.6796
A Lo ’ PD1+ CD8+ T Cells 0.7309
a5 2 PD1- CTLA4- CD8+ T Cells 0.7309
’ Pearson- = 0.9082 Eosinophils 0.7833
2 /@ p-value = <0.0001 aninop

S . o HLADR+ CD4+ T Cells 0.7833
002 l : CD8+ T Cells 0.8366
HLADR- CD8+ T Cells 0.8366
0.00 001 0.02 0.03 0.04 PD1+ Treper Golls 08366
) 3 T Cells 0.8366
7oNK Ce”i CD16+ Monocytes 0.8907
of CD45 B Cells 0.9452
HLADR+ CD4+ CD8+ T Cells 1.0000
CTLA4+ CD8+ T Cells 1.0000
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Archetypes Of Immune Systems in Tumors-Generally

tumor microenvironment

Archetype here defined as:

t?fumtze' 7 Collections of cells in linked states, across tissue types,
: uncuon¢ . . . .
@ Delivery of FIt3L s typically following an evolutionary design
—_—e
ki CD103" cDCA1
. CD8 T cells
tumor-draining lymph node e cDC1 Dendritic Cells

activation/ \
I N 0,6\ differentiation i NK Cells
) e 0)0)0)
. CD8' T cell R

Are all part of a key ‘Archetype’ of responsiveness to tumors

naive CD8' T cell
L CD8' T cell tumor microenvironment
O \ dependent tumor
infiltration rejection

to tumor A
. . (7,“ 4 2
reactivation® - @ %
§a

5 |

Nature Med 2018




Archetypes Of Immune Systems in Tumors-Generally

tumor microenvironment

NK

tumor-draining lymph node

°
<

to tumor

/’
reactivation® ', 2 @ o
° o :
o ©
%0

Delivery of FIt3L
@©—

CD103" 00015

activation/
differentiation

FORR O O @i/} o

number
(function?)

naive CD8' T cell

L CD8' T cell tumor microenvironment
O ) dependent tumor
infiltration rejection .

5 ‘

Class I:
BDCA3-hi

CD8-based
Responder to anti-

PD1
NK Cells Co-
segregate

Decent OS

All Patients

A “Better” Immune System in Human Cancer

This partnership appears to define a ‘better’ immune
system that harnesses CD8 immunity that is more
receptive to Checkpoint Blockade.

AKAR

| \Y 4
I MUNO’\
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A CD4-Enhanced Class of Melanoma Patients
Also Can be Checkpoint Responders.

Patients—profiled pre-treatment with anti-PD1

e. Responders NonResp.
p-value
BDCA3+ DCs/HLADR+ 0.0021
H NK Cell 0.0262
HLADR- CD4+ T Cell 0.0556
80- CD4+ T Cell 0.1229
PD1- CTLA4- Theper Cell 0.1624
DT TANSRLADR 0.2101
i HLADR- CD4+ CD8+ T Cell 0.2101
g 60_ CD4- CD8-T Cell 0.2372
(0] O HLADR- CD4- CD8- T Cell 0.2372
O Treguiatory Cell 0.2372
- HLADR+ CD8+ T Cell 0.2982
+ pDCs/HLADR# 0.3023
™ 404 HLADR+ CD4- CD8- T Cell 0.4069
sa) NK T Ce 0.4475
@ BDCA1+ DCs/HLADR+ 0.4902
> CDa+ CD8+ T Cell 0.4902
- 20~ PD1+ CTLA4+ CD8+ T Cell 0.4902
2 pDC 0.5187
== CD14+ TAMs/HLADR+ 0.5349
Neutrophil 0.5349
0 PD1+ CTLA4+ Theer Cell 0.6298
CTLA4+ Theper Cell 0.6796
S PD1+ CD8+ T Cell 0.7309
| N PD1- CTLA4- CD8+ T Cell 0.7309
) O Eosinophil 0.7833
HLADR+ CD4+ T Cell 0.7833

0.8366
0.8366
0.8366
0.8366
0.8907
0.9452

%% =kLab

CD8+ T Cell

HLADR- CD8+ T Cell

PD1+ Theiper Cell

YO T Cell

CD16+ Monocyte

B Cell

HLADR+ CD4+ CD8+ T Cell
CTLA4+ CD8+ T Cell




CD8 Responses

tumor microenvironment

Nature Med 2018

Tumoral Immunity Axes

CD4 Responses

tumor microenvironment
T number function function
ion? suppresion migratior migration
Delivery of FIt3L .« (imction?) Ppr e ol v
—e @ ] *'l
NK Treg CD11b* ¢cDC2 T | depletion
CD103" ¢cDC1 -

t ~draining | h nod. tumor-draining lymph node

umor-draining lymph node T oA gly f i N

anas® .-.{O) differentiation gnae® - differentiation :

°° o d\ . .\O—.)@ migrauon °° o O\\ \O_-)@ m'graﬁon
e @ to LN ° o T 1-like to LN

=~—"CD8" T cell : J  CD4* Tcell ;
naive CD8' T cell naive CD4' T cell
2 CD8' T cell tumor microenvironment » CD4' T cell turmor microenvironment
O \ dependent tumor O \ dependent tumor
infiltration rejection infiltration rejection
to tumor o to tumor -
reactivation = @ o, ° @ o .
e ~ . s o I
%0 O \ @0 O \
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The Paired presence of Treg, together with cDC2
numbers classifies patients with a ‘better * CD4 Response

A human tumors B C :
- CD4* T  expression

40- head & neck region
5 2 gyl = 100 fo % Py
5‘ 304 Py & 8 2] P : o 3
T o L ’.""
< ° : 604 o = ©
O ‘ o e a o °
Q 20- 5 ? & D o i
o w 404 8 S50+ o
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Q 19 H20]e ©® i— 3 ¥ et @
- ; & T ° 2 e fe Ve ®
S 04 — T 1 Q 0 04— R T
0 20 40 60 o~ @ cDC2"HT, tow 0 50 100
% T, of CD3* T cells :°°°2:‘:'v‘” - PD-1 (scaled MFI)
cDC2LWT
D cancer stage at analysis —— E
100+ 100+ 100 - _
©
= 100+ +
. : Treg
(2] -
£ mv : Treg
T 50- . 50- 50 i =
0
o\o M | g |
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Archetypes Of Immune Systems in Tumors-Generally

Class |l

BDCA1-hi
Treg-lo

Class lll:

Limited BDCA1
Limited BDCA3

CD4-based
Responder to anti-
PD1

Poor Response to Checkpoint

BETIAON

Class I:
BDCA3-hi

Worst OS

CD8-based
Responder to anti-
PD1

Decent OS
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Archetypes Of Immune Systems in Tumors-By Indication

Class I:
BDCA3-hi

CD8-based

Responder to ClaSS I I I

anti-PD1

BDCAZ-hi

Decent OS Class Il
BDCA1-hi
Treg-lo

Class Il

Class Il
BDCA1-hi

Treg-lo
CD4-based

Responder to

CD4-based Responder
anti-PD1

to anti-PD1

Decent OS Decent OS

Melanoma HNSC
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What to do for the Non-responders?

B Non-Responder
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The Next Generation of Cures: Modulate the
Biology of Type Il Patients...

Control “Tuned’

Il Bcells

Bl Tcells

[ DC

[ Patrolling Mono

Bl gMDSC/Neutrophils

[ mMDSC/Conventional Mono
B TAMs

Frequency of CD45+ cells

2000 Dosed Dosed Dosed Dosed

£ /" Control

E // Checkpoint Blockade

S // ‘“Tuned’

£ ‘Tuned’+Checkpoint Blockade

a
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’
s
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IMMUNOTHERAPEUTICS




The Immune System

d D .
Alzheimer’s disease and
microglial cells

COPD & Asthma Atherosclerosis
Predominance of Plague and activated
Th-17 and CD4+ T-cells immune cells
Diabetes
. Autoimmune, type 1 Cancers
: and inflammation, type 2

Immunosurveillance and _
tumor escape

IMMUNOX

Pathogens \
Commensal and pathogen

discrimination Ak




