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General organization of stress responses
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What is RCD?
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Regulated \\

cell death




Main variants of RCD
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Morphological definition of cell death

Apoptosis Necrosis

Apoptosis Necrosis

Outdated and potentially misleading



Biochemical definition of cell death
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Based on measurable phenomena and
pharmacological/genetic interventions



Molecular mechanisms of cell death: recommendations of the
Nomenclature Committee on Cell Death 2018
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General organization of stress responses
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General organization of stress responses
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Autophagy

An evolutionary old mechanism of adaptation that relies on

the lysosomal degradation of cytoplasmic entities



General organization of stress responses
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Classical approach

Non-malignant cell Tumour cell

Dying
tumour cell

Autophagy inhibitors
HCQ, CQ

Improved
cytotoxic response

Galluzzi et al. — Nat Rev Clin Oncol 2017



Inhibition of autophagy for cancer therapy

Table 1| Selected examples of the effects of autophagy modulation on the efficacy of anticancer therapy in mouse models
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Intervention

Therapeutic benefits from phagy i

3-Methyladenine

Chloroquine, Lys05

Chloroquine

Hydroxychloroquine

Wortmannin

ATG4B-targeting
shRNA, NSC185058
ATG5-targeting shRNA,
ATG7-targeting shRNA,
chloroquine
ATG5-targeting shRNA,
chloroquine
Atg5-targeting shRNA,
ATG5-targeting siRNA,
BECN1-targeting siRNA
ATG7-targeting siRNA,
3-Methyladenine
ATG7-targeting shRNA,
chloroquine
BECN1-targeting
shRNA, chloroquine
MAP1LC3B-targeting
shRNA, rapamycin

Hepatocellular carcinoma model; improved
response to treatment inimmunodeficient mice;
pharmacological specificity issues

Oesophageal carcinoma model; improved
response to treatment in immunodeficient mice;
pharmacological specificity issues

Melanoma and CRC models; standalone therapeutic
effectinimmunodeficient hosts; pharmacological

Glioblastoma model; improved response to treatment
inimmunodeficient mice; pharmacological specificity

CRC models; improved response to treatment in
immunodeficient mice; pharmacological specificity

Melanoma model; improved response
mechanistically linked to vessel normalization,
independent of autophagy inhibition

Transgene-driven lymphoma model; pharmacological

Pancreatic cancer model; standalone therapeutic
effect inimmunodeficient hosts; pharmacological

Multiple myeloma model; improved response to
treatment in immunodeficient mice; pharmacological

Breast cancer model; improved response to
treatment in immunodeficient mice; pharmacological

Breast cancer model; improved response to
treatment in immunodeficient mice; pharmacological

Melanoma model; pharmacological specificity issues

Osteosarcoma model; standalone therapeutic effect
inimmunodeficient hosts

Breast cancer model; improved therapeutic response
inimmunodeficient mice

CRC model; improved therapeutic response in
immunodeficient mice

CRC and NSCLC models; improved therapeutic
response inimmunodeficient mice

CRC models; improved therapeutic response in
immunodeficient mice

Clioblastoma models; improved therapeutic response
inimmunodeficient mice

HNC model; improved therapeutic response in
immunodeficient mice

Host Tumour type Therapy Notes
hibition or detril | effects from phagy
nu/nu mice HepG2 cells (H) Radiation therapy
nu/numice EC9706 cells (H) Radiation therapy
nu/numice 1205Lu cells (H), None
8161 cells (H), HT29
cells (H) specificity issues
nu/numice US7MG cells (H) Temozolomide
issues
SCID mice HT29 cells (H) Bevacizumab,
oxaliplatin
issues
C57BL/6 mice B16-F10 cells (M) Cisplatin,
dacarbazine
C57BL/6x129 MYC-driven Cyclophosphamide
mice lymphoma specificity issues
nu/numice Patient-derived None
pancreatic cancer (H)
specificity issues
SCID mice H929 cells (H) Doxorubicin,
melphalan
specificity issues
Rag2” mice ~ MDA-MB-231 cells Epirubicin
specificity issues
Rag2” mice  JIMT-1 cells(H) Gefitinib
specificity issues
C57BL/6 mice  B16-F10 cells (M) Silver nanoparticles
nu/numice Saos-2 cells (H) None
nu/numice MDA-MB-231 cells Cyclophosphamide
(H) and/or doxorubicin
NOD/SCID HT29 cells (H) Photodynamic
mice therapy
nu/nu mice CT26 cells (M), A549  Radiation therapy
cells (H), H460 cells
(H)
nu/numice DLD-1 cells (H), 5-Fluorouracil
HCT116 cells (H)
nu/numice GBM39 cells (H) Bevacizumab
nu/numice FaDu cells (H) Cisplatin
nu/numice SK-N-BE2 cells (H), Genistein

IMR-32 cells (H)

Brain cancer models; improved therapeutic response
inimmunodeficient mice
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Table 2 | Selected clinical trials evaluating inhibition of autophagy

Chloroquine Brain 73

metastases
Hydroxychloroquine  Advanced- 8
stage NSCLC
19
Advanced- 25
stage solid
tumours 21
39
40

Glioblastoma 76

multiforme
Pancreatic 20
carcinoma
Refractory 25
myeloma

Whole-brain

irradiation
None
Erlotinib

Rapamycin (sirolimus)

Vorinostat
Temsirolimus

Temozolomide

Radiation therapy
plus temozolomide

None

Bortezomib

Cl, confidence interval; NSCLC, non-small-cell lung cancer: RR, relative risk.

Galluzzi et al. — Nat Rev Clin Oncol 2017

Improved control of metastases: RR 0.31,95%, Cl 0.1-0.9;
P=0.046; but no significant differences in response rate or
overall survival

Mostly grade 1-2 adverse effects; no responses to
hydroxychloroquine

Mostly grade 1-2 adverse effects; a single objective
response to hydroxychloroquine plus erlotinib was observed

Overall response rate: 40%, disease control rate: 84%

Mostly grade 1-2 adverse effects; a single objective
response and a further two patients had stable disease

Mostly grade 1-2 adverse effects; no objective response,
but the disease stabilization rate was >65%

Mostly grade 1-2 adverse effects; three partial responses
and six incidences of disease stabilization (amongst patients
with melanoma)

No significant improvement in overall survival

Only 10% of patients had stable disease at 2 months

Six patients had partial responses (of which three were
minor) and 10 patients had stable disease
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Quantity




Quantity versus quality




Cellular adaptation and organismal homeostasis
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Immunogenic cell death

Immature
DC

Dying
tumour cell

Memory T cells

Galluzzi et al. - Nat Rev Immunol 2017
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Nature Reviews | Inmunology



Mechanisms of ICD

Immunogenic
cell death

Galluzzi et al. - Nat Rev Immunol 2017



Alternatiye approach

Non-malignant cell (®) _ (o Tumour cell

tumour cell

Autophagy inhibitors l Autophagy inducers

HCQ, CQ Starvation, CRMs

Galluzzi et al. — Nat Rev Clin Oncol 2017



Autophagy activation for cancer therapy

Detrimental effects of autophagy inhibition

a BALB/c nuwnu b BALB/c WT
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Activation of autophagy for cancer therapy

Anticancer effects of caloric restriction

A MCA 205 -0 PBS-MTX -4 NF= NF+MTX
A225 T WT mice g 230 1 @ Kxk 2251 WT mice . 3007 nu/nu mice
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Pietrocola et al. — Cancer Cell 2016

...depend on the immune system



(Immunogenic) cell death in context
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it looks like
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Self/Non-self theory

Cancer-centric view

Galluzzi et al. — Immunity 2013

Implications for drug development

Chemical library

Direct cytotoxic effects
assessed on human
cancer cells only

Preclinical activity against
human tumors growing in
immunodeficient hosts

v
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p

FDA approval

Chemical library

Direct and immunological
antineoplastic effects assessed
in the presence of immune cells

‘.

Preclinical activity against
tumors growing in
immunocompetent hosts
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Models for ICD studies

Kroemer, Galluzzi et al. — Annu Rev Immunol 2013

Tumor growth experiments

b Engraftment Treatment Outcome

Live tumor cells

In vivo chemotherapy Optimal
with ICD inducer response
? ‘ '\/;_—:I_ = w
In vivo chemotherapy Suboptimal
with ICD inducer response




Models for ICD studies

Kroemer, Galluzzi et al. - Annu Rev Immunol 2013

Vaccination experiments

a Vaccination Rechallenge Outcome

Tumor cells killed in vitro

with ICD inducer Live tumor cells
No tumor
0 !
N W 0
Tumor cells killed in vitro
with non-ICD inducer
Tumor growth




Models for ICD studies

The abscopal effect

Days EI 2 14 18 19 20 28 162 Irradiation Setup
|
T T1T1 ! Top view * Cross section
s‘é ﬁ‘i <‘ RT RT RT : &
f & ’ S
Flt:l- L —
o _.{// \.-"\_;z | @
g o |
Head
s =‘@=] il

Lead

N
ol - i ™
3% 8 Gy E (1) 10x Fita-L ; I‘;\. @/ : -,I
. |' . .l\l‘ ,'.

°

v ™, I
1 HIJ-\H-H_ 'd--/ Plaxiglas lray
\ Tail i _/J
| Secondary Tumour | I o P
N N Irradiation Lead shiekling - o .
CRE - = = 4 LIngur
RT Non-RT Primary Tumour " d

Habets et al. — PLoS One 2016



The quantity-quality conundrum

A lot of cell death Immunogenic cell death



"Size matters not. Look at me. Judge me
by my size do you?" - Yoda
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