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Immunological surveillance =~ Cancer immunoediting

Burnet FM: Transplant Rev. 1971;7:3-25. Robert Schreiber (2002Nat Immunol. 3(11):991-8.

Elimination Equilibrium

"In large long lived animals....inheritable genetic
changes must be common in somatic cells and a
proportion of these changes will represent steps
toward malignancy.

It is an evolutionary necessity that there should R T —

Immune selection

be some mechanism for elimination or inactivity

Tolerance
of such potentially dangerous mutant cells and it ( Supmessmﬂ
. Immunity , = | Block
is postulated that this mechanism is of Neoantigens f . I Creck peinte
Boost Cancer :lr{;?macmp'mgc
immunological character". T cells, et al. Nal = ; > St
oTX, AY Mictobloine.



https://www.ncbi.nlm.nih.gov/pubmed/12407406/

Animal model of cancer immunity

Immunity is Individually Tumor Specific

irradiated
tumor cells
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10 different methylcolanthrene-induced murine fibrosarcomas

Tumors Used to Immunize
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Figure 2: Determination of the immune cell densities by image analysis software with a dedicated Immunoscore module
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Figure 3: Kaplan-Meier estimates of disease-free survival




1. Tumor specific antigens (TSA): Tumor

Rejection antigens, mutated antigens

(Neoantigens), Non-self antigens the potential best
targets.

2. Tumor associated antigens (TAA):

non-mutant tumor antigens, self antigens, also expressed by normal cells.

1. Cancer germline antigens: expressed germline cells and in a variable
proportion of many cancer cells but not

NY-ESO-1, MAGE-A1, ) ..
in normal adult somatic tissues.

etc.

2. Differentiation antigens expressed in normal adult tissue as well as in
tumors derived from that tissue
MART-1, gp100, CD19, etc.
3. Tumor overexpressed proteins expressed in normal tissues lower than their
CEA, p53 expression in malignant cells

Tumor immunity is
mediated by T cells

TCRs recognizes MHC

presented antigenic peptide

contact
residue
of peptide -§

anchor
residue
of peptide —_

polymorphic
residue
of MHC

pocket
of MHC
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A. Karolina Palucka and Lisa M. Coussens: The Basis of Oncoimmunology, Cell 2016



Timeline | The history of cancer immunotherapy

First report of
allogeneic bone
marow
Description transplantation'*
of immune
infiltrates in Hypothesis of cancer
tumours by ‘immunosurveillance”
Virchow by Burnet™

Dizcovery of MHC|
-restricted CD8*
T cell recognition
by Zinkernagel

and Doherty™¥

First study
with IL-2%7

(1991,1994)
Characterization
of human
tumour-associated
antigens by
Rosenberg and
Booniox10

TCR-T
Morgan et al.
Science 2006

CAR-T

Kochenderfer et al.

Blood 2010

Rediscovery of Mon-myeloa

the regulatory chemotherapi
T cell by adoptive T ce
Sakaguchi'™ inmelanoma®

ve
and
ransfer

‘ LAKZE

1985

1991

1992

1995

1996 2002

2008

2009

Targeting
neoantigens

Treatment of
cancer with
bacterial products

by Coley!

Discovery of
the dendntic

cell by

Steinman®

Discovery of First study with

crosspresentation adoptive cell

by Bevan™ transfer in cancer'™
I

First study with |

BCGin bladder First study with

cancer'® IFNa in melanoma®™

First study of
isolated limb
perfusion with
TMF in melanoma
and sarcoma*"

(1996, 1997, 2000)
Discovery of the
immunological
function of
Toll-like

receptors! i8I0

Imigquimeod
used to
treat
lell

FDA approval of
sipuleucel-Tin
prostate cancer’
and ipilimumab
in melanoma®

Important basic immunological discoveries and key clinical trials are shown. BCG, bacille Calmette—Guerin; IFNa, interferon-a; IL-2, interleukin-2;
MHC, major histocompatibilty complex; TNF, tumour necrosis factor; VIN, vulvar intraepithelial neoplasia.

W. Joost Lesterhuis et al. Can C er | m m U n Oth erapy - reV| S | ted Nature Reviews Drug Discovery 10, 591-600, 2011.
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Nonspecific Active Immuno- Passive immuno- Precision
Immunotherapy therapy therapy Immuno-therapy
Lymphokine- | | Immune gene TCR gene Comrehensive
activated Modified Modified and precision
Killer cell Cancer cell T cell T cell
(LAK cell) vaccine therapy therapy
PBMC + IL-2 Endogenous T cells  Engineering T cells  Active & passive T cells
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High affinity TCR gene therapy for anticancer
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Maus-T-Zelle mit Vermehrung von
humanem T-Zell humanem
Rezeptor T-Zell Rezeptor l

HiGTETCR —
EiE T @@é‘

Einschleusen von humanem T-Zell Rezeptor in die T-Zelle
eines Patienten fiir neue, hochspezifische Erkennung von
Krebsantigenen und anschlieRender Ubertragung auf Patienten

TCR

o —

LTR: engl. Abklrzung fur long terming/ repeat — langs DMA-Stucke, de einem Gen helfen, sich
in ein anderes Ganom einzubauen
TCR: engl. Absdrzung fir T cell receptor (T-26ll Rezeptor)

|
t

How to isolate high affinity T cell receptors (TCRs)for TAA?

Retrovirus mit T-Zell Rezeptor

T-Zellen
eines
Patienten

HFREMSE, TSREELIMAGSESEETCR!

Most TAAs differ between mouse and human

Melan-A EAA
mouse FAAGIGILIV
human EAAGIGILTV

No or less tolerance to human TAAs in mice

Identify human high affinity TCRs against human

TAAs in TCR-HLA humanized mice
ANBTCR-HLAWE: M ATHARZAERE o/pRIRYAC
H#HEEE, SHLA-A2EER, TCR-ap F1Db/B2MERE RS
BRER A E = ENRCTHIBIRIRBI R F /.

MDC

Berlin-Buch
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YAC technology
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Liangping Li & Thomas Blankenstein 2010 Nature Medicine /2014 Nature Protocol
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Breakthrough of the Year 2013
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http://www.sciencemag.org/content/342/6165/1432.full
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Mutation repertoire in human cancer
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 Tumors typically have between 10-500 protein mutations
* Over 98% mutations are unique to the specific tumor
e A fraction of these mutations produce neoantigens (1-20+)



Mutation-derived neoantigens in human cancer

Number of identified neocantigens

I CD4 epitopes

|| cD8 epitopes

<0005%  01%-0.2%
Frequency of relevant mutation

8%  []Oncogene [ |Oncogene

’ Bl Passenger | |Passenger

CD8 epitopes (n=13) CD4 epitopes (n=8)
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Targeting tumor specific antigen
REVIEW

immunology
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‘Final common pathway’ of human cancer
iImmunotherapy: targeting random somatic

mutations
Eric Tran, Paul F Robbins & Steven A Rosenberg m"ﬁ“ :
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Cancer exome-based identification of neoantigens

€

T cells from
tumor or blood

Tumor sample

TMGs containing
all mutations =
x
Mutation (@) .4—— Mutation
J, Co-culture =—— S reactive
m
.GAAACTGGGCACTTG... o ® @&
\\-‘/ “:Il'
| I I : CD4 or CD8
" A for T cell activati
- . ssay for T cell activation:
Isolate DNA and RNA Minigene Ve:,?anl:iI;S;:etS)er Cytokine ELISPOT or ELISA,
L 5 analysis of activation
T

Whole-exome molecules by flow cytometry

and transcriptome
sequencing to identify
somatic mutations

Tandem minigene
Plasmid or in-vitro-transcribed RNA

Synthetic long mutant peptides

Mutation

Transfect TMGs or pulse long
peptides into autologous APCs

Wild type: GAAACTGAGCACTTG
Mutant: GAAACTGGGCACTTG mSYSWVPEQAESRAMEN@

Kim Caesar/Springer Nature



Cancer immunotherapy based on mutation-specific CD4+ T cells in a patient with epithelial
cancer. TranE & Rosenberg SA. Science. 2014 May 9;344(6184):641-5.
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A KRAS G12D Reactivity of Infusion Product
KRAS WT KRAS G12D KRAS G12D

13%
No. of Effector Functions (gated on CD8)
CD107a 0o M1+ 2+ @3+ M4+

Rosenberg SA, Tran E, Robbins PF. T-Cell Transfer Therapy Targeting Mutant KRAS. N Engl J] Med. 2017 reb 16;376(7):el1.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenberg SA[Author]&cauthor=true&cauthor_uid=28199803
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tran E[Author]&cauthor=true&cauthor_uid=28199803
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robbins PF[Author]&cauthor=true&cauthor_uid=28199803
https://www.ncbi.nlm.nih.gov/pubmed/28199803
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Immune recognition of somatic mutations leading to

complete durable regression in metastatic breast cancer

Nature Medicine (2018.6)
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Autologous TiLs targeting immunogenic tumor
mutations mediated tumor regression

22 months 22 months
Pre-treatment post-treatment Pre-treatment post-treatment




‘I'm The Woman Whose Terminal Breast Cancer Went

ﬁ$¥M%E%U'-

(cancer free)

https://www.womenshealthmag.com/health/a211008
87/woman-terminal-cancer-immunotherapy/

Into Remlssmn After Immunotherapy

May 2016, cancer free

The side effects were
rough though. | was
lethargic, fatigued, and
dealing with pain
medications that were
first making me
constipated and then
giving me diarrhea. At
one point, | had the
shivers so badly they
had to give me a
muscle relaxant.
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