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Cancer - a disease of cells

Gut cells Nerve cells
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100 million million cells in a human adult body 2

Cell division

» New cells are made by ‘cell division’
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Cell division

» Cell division is needed for:

Healing Replacing old cells

- Prof. Tim Elliott - University of Oxford, UK

HSTalks

In fact, in the past minute...
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Your body has made...

300 million new 12,000 million
red blood cells new gut cells new skin cells

Cell division is normally tightly controlled
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But this goes wrong in cancer
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The hallmarks of cancer
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Cancer is regulated by the immune system
e

|
} x1000

Our immune system is
able to recognise and
destroy transformed cells

Cancer cell

Immune surveillance

One of the functions of the immune system
is to identify and kill tumour cells

Immunosurveillance
E

Cancers which come to medical
attention are only those that have
managed to evade the immune system
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The hallmarks of cancer include immunoevasion
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Evidence for immunosurveillance

» The high frequency of cancers in immunosuppressed patients

* Extremes of age

*  Primary' and secondary immunodeficiency?

* Immunosuppression that arises from HIV infection
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Evidence for immunosurveillance

» The high frequency of cancers in immunosuppressed patients

* Extremes of age

*  Primary' and secondary immunodeficiency?

* Immunosuppression that arises from HIV infection

* Immunosuppressive drugs (transplants)?
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Evidence for immunosurveillance

» The high frequency of cancers in immunosuppressed patients

* Extremes of age

* Primary' and secondary immunodeficiency?

* Immunosuppression that arises from HIV infection

* Immunosuppressive drugs (transplants)?

» Increased incidence of tumours in neonatal thymectomised*

and immunocompromised mice®

* Implies that T cells are important in immunosurveillance

Evidence for immunosurveillance

» The high frequency of cancers in immunosuppressed patients

* Extremes of age

®  Primary' and secondary immunodeficiency?

* Immunosuppression that arises from HIV infection

* Immunosuppressive drugs (transplants)?

P Increased incidence of tumours in neonatal thymectomised*
and immunocompromised mice®

* Implies that T cells are important in immunosurveillance

P Genetically modified mice that lack cytotoxic machinery,
such as perforin-deficient mice, have a higher incidence of

spontaneous tumours®

Evidence of anti-tumour T-cell responses

» In people with cancer, we can find
evidence that the immune system has
responded, albeit not very effectively'?
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» In people with cancer, we can find
evidence that the immune system has
responded, albeit not very effectively'?

*  Antibodies against tumour antigens®
*  Tumour-specific T-cells*

* High frequency of
tumour-infiltrating lymphocytes®
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Evidence of anti-tumour T-cell responses

» In people with cancer, we can find

evidence that the immune system has
responded, albeit not very effectively'?

*  Antibodies against tumour antigens®
*  Tumour-specific T-cells*

* High frequency of
tumour-infiltrating lymphocytes®

» In many tumour types, infiltration by

CD8* effector T cells correlates with
better prognosis®”

*  Especially true for CD103* Ty CTL®

Overall Survival (%)
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Evidence of anti-tumour T-cell responses

» In people with cancer, we can find

evidence that the immune system has
responded, albeit not very effectively'?

*  Antibodies against tumour antigens®

*  Tumour-specific T-cells*

* High frequency of

tumour-infiltrating lymphocytes®

In many tumour types, infiltration by
CD8* effector T cells correlates with
better prognosis®’

*  Especially true for CD103* Ty, CTLE

We sometimes see spontaneous regression
of advanced and metastatic cancers®

Overall Survival (%)

ST

Tumour infiltrating lymphocytes

in colorectal carcinoma

CDg-rich

- Low T:S ratio

0 40 8 120
Time (months)

Lung squamous-cell carcinoma
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NGS evidence of anti-tumour immunity

Tamour Chemokines associated Destructive
with lymphocytes autoimmunity
«  CXCL9

« CXcCLIo
—> < CCL5

Thl signalling Acute pathogen
o IFN-y clearance

« ILI2B
+ CD8aandf
Improvements in next .

- ) . TBX21 (Tbet) N gmh
generation transcriptomic  «  STAT | D — i
profiling of tumour RNA  + IRF | rejection
has shown: Effector mechanisms
Common gene < Ferforin

8 «  GranzymeA, B,H Graft versus
signature: *  Granulysin host disease

How do T-cells recognise cancer cells?

x1000

Cancer  Cytotoxic
cell T cell

x1000

T cell
receptor

Molecular
Short i
peptide recognition
MHC
class |

How do T-cells recognise tumour cells?

» Need to distinguish normal from tumour cells

* Tumour associated antigens Viral peptide
* Tumour specific antigens
P 8 Mo M MO Virally-induced cancers
Class | — e.g, HPV-1 E6/7
Normal MHC
i = Normal proteins that
cells | e
— ) & peptide m become overexpressed
‘,/ Y - e e.g, HER2neu
\ - @) Oncofetal peptide
&y o d o Embryonic gene
T— 3 PO
@) M M M expression in adult cells
> Gl eg, MAGE-|
Majority of neoepitopes are Alte;ed self-peptide My tation generates
derived from passenger mutations (<) (@) new peptide in class |
- specific to an individual’s tumour MHC molecules
T seissiibbibbisssiossosseintes Neoepitopes' 1 /|
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Tumour neoantigens
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Tumour neoantigens
E—————————T

Some tumours like melanoma and lung cancer generate
more neoepitopes likely to be recognised by T cells
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Gene expression score

Non-synonymous mutations
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Tumour antigens lead to a cycle of immune attack

Traffcking of
T cells to tumors

7 (CTLs)

@

Priming and activation
(APCs 8 Tcels) (3
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() Infilation of T cells
®

7| (CTLs, endothelial cells)

lymph node

Gancerantgen (7
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\6/ Recognition of
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(CTLs, cancer cells)
o)
@

)

Release of ©)

cancer cell antigens Killing of cancer cells
(cancer cell death) (Immune and cancer cells)
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Evasion of tumour immunity

> Cells could be reprogrammed to

deliver negative signals to T cells [ Escape

P Tumour microenvironment may
attract suppressive cells leading
to decreased regulation of T cells
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Evasion of tumour immunity
e

»  Tumour cells stop expressing
tumour antigen to T cells, or
they lose the ability to present
antigen to T cells Suppression
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NGS evidence for evasion of tumour immunity18

Extended signature for ICR includes genes for immune escape, suppression and exhaustion

Common gene Chemokines associated Immune escape
signature: with lymphocytes * B2m
- cxew . MHCI
CXCLI0 « MHCI
" s + Antigen processing
Thl signalling .
. Ny Immune suppression
« ILI2B « FoxP3
* CD8aandp < IDO
*  TBX2I (Tbet) 2
. STAT I Immune exhaustion
*« IRFI PDI
Effector mechanisms PD-LI
*  Perforin TIM-3
ICR = immunologic * GranzymeA,B,H TIGIT
constant of rejection *  Granulysin LAG3

Immune escape

» MHC | antigen processing signature correlates with ICR
signature and are frequently mutated in multiple cancer types'

¢ Structural proteins HLA-A/B
* -2 microglobulin
* TAPI/2

* Tapasin

» Cancer cells evolve to escape HLA restriction through mutation
of HLA class | genes?

19

Immune escape

» MHC | antigen processing signature correlates with ICR
signature and are frequently mutated in multiple cancer types'

¢ Structural proteins HLA-A/B
* B-2 microglobulin
* TAPI/2

* Tapasin

» Cancer cells evolve to escape HLA restriction through mutation
of HLA class | genes?

» The dominant oncogenic mutations in individual cancers tend
to occur in peptides that are poorly presented by the HLA
allotypes present in the patient?
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Immune escape

» Homozygosity at HLA class | associates with poor response

to immunotherapy*

the higher the cancer of neoepitopes

neoepitopes for recognition

The more diverse the HLA class | proteins expressed by tumour cells,

Therefore, loss of homozygosity reduces the number of potential
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Immune escape

to immunotherapy*

» Homozygosity at HLA class | associates with poor response

* The more diverse the HLA class | proteins expressed by tumour cells,

the higher the cancer of neoepitopes

neoepitopes for recognition

Therefore, loss of homozygosity reduces the number of potential

P Inverse relationship between tumour associated antigen

expression and CD8* CTL responses in mouse models® and

some human cancers®
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Immune suppression

Regulatory T cells (Treg)

CDA4*T cells that express FoxP3

Recruited by chemokine CCL22 secreted
by tumour cells (CCR4 on Tregs)

Secrete inhibitory cytokines (TGF-,
IL-35,1L-10)
Metabolically disruptive to Teff

(CD39/73 generated adenosine)

Express high levels of IL-2R, acts as a local
sink for the T cell growth factor IL-2

Induce indoleamine 2,3-dioxygenase
production by DC via CTLA-4
(depletes tryptophan which T cells need)

Percent survival

Liver

100 FoxP3+ Tregs Low

—— FoxP3+ Tregs High

80;

60-

20, P=0.0069

] 500 1000 1500 2000
DAYs

Patients with low FoxP3+ Tregs
had better survival outcome than
those with high FoxP3+ Treg
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Immune suppression

Tumour associated
Stomach
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macrophages (TAM)

»  Secrete CCL5, 20, 22 which attract Treg

100F;
h — Low(n=63) |
> Bone-marrow origin, polarised to M2 Lo = Highwa0) |
under influence of IL-4 € af
g 7wl
P Secrete inhibitory cytokines é Bl
(TGF-B, IL-10) [
g sof
P Secrete arginase-| which generates 40
(immunosuppressive) L-arg 303 - me et
»  Express indoleamine 2,3-dioxygenase Siinhisi(rontne)
Kaplan-Meier showing data
»  Express checkpoint molecules for low TAM density and
PD-L1/2,CD86 high TAM density

Immune suppression

Myeloid derived
suppressor cells (MDSC)

Breast
» CDI4*CDI|b*CD33* - MDSC
differentiated under the influence
of GM-CSF, G-CSF and IL-6

» Secrete arginase-|
which generates

Overall surv

MDSC levels > 1.0,

(immunosuppressive) L-arg

levels < 1.0 (%PBMC)

UPBMC)

fibroblasts (CAF)

Oral

» Develop from fibroblasts in
the presence of TGF-§

Overall survival
100

» Express markers SMA, FAP,
Tenascin-C, Periostin

g

P=0.01

Percent survival (%)

» Stimulate angiogenesis and block
T cells from attacking tumour

°
°

1000 2000 3000
follow-up duration (days)

» Induce (TAM)

P Secrete inhibitory cytokines o0 -
(TGF-p, IL-10) . PY [ ”.of 1500 200
» Express checkpoint molecules
PD-L1/2,CD86
Immune suppression
Cancer-associated

== CAFs grades 0-2

—— CAFs grade 3

4000
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