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What is cancer?

Animation from Cancer.Net



Cancer: Cells gone bad

Normal cell Cancer cell



Hallmarks of cancer cells

 Uncontrolled proliferation
 Uncontrolled growth

e Sustained life span

* Invasive

* Escape killing by immune system




How are normal cells transformed into cancer cells?

* Changes in DNA (mutations)
* Uncontrolled signalling
* Changes in cellular membranes






Protein recruitment to membranes
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The lipid PI3P recruits FYVE domain proteins to membranes
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Lipid-binding proteins decode the
phosphoinositide code and translate it to cellular responses
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2XFYVE as a probe for PI3P:
PI3P is found on endosomes
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Gillooly et al.
EMBO Journal
2000



PI3P on endosomes
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Schink et al.
Nature Comm. 2021



A phosphoinositide code for cellular membranes
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EEA1 mediates
Endosome fusion

Simonsen et al.
Nature, 1998
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The ESCRT protein machinery is recruited to membranes by PI3P
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Raiborg et al., J.Cell Sci. 2001
Raiborg et al., EMBO J. 2002
Bache et al. J.Biol.Chem. 2003
Bache et al., J.Cell Biol. 2003



receptor {

Early endosome

Raiborg et al. Nature Cell Biol. 2002
Bache et al., EMBO J. 2004
Raiborg & Stenmark, Nature, 2009
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Inwards budding of the
endosome membrane

Wenzel et al
Nature Comm. 2019
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ESCRT-III transiently localizes at chromatin discs during late anaphase

Early anaphase Late anaphase Telophase Late cytokinesis
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ESCRT-Ill is recruited where the reforming NE engulfs spindle MTs

anti-g»Tuhulin mCherry-KDEL
OHMPAB-GEP 2 2= DNA
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Microtubules
Nuclear envelope
Nuclear pore

Late anaphase

Cytokinesis

Nuclear envelope fenestration

] - s '

Microtubule remodeling Nuclear envelope closure
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From «Perspective» in Science, 2015, by Sundquist and Ullman

Vietri et al.,
Nature 2015



DNA damage in ESCRT-III depleted cells
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Vietri et al.,
Nature 2015



Phagophore
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Autophagy — self-eating
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STED nanoscopy of autophagosomes
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ESCRTs in mitophagy

Mitochondria
ESCRT-MI

Yan Zhen



Zhen et al.
Autophagy, 2020
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The lysosome has many functions

Activation of hydrolytic enzymes
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Lysosomal damage activates cell death

Lysosomotropic drugs
Pathogens
Neurotoxic aggregates
Silica crystals
Altered lysosomal lipid composition

Death-receptor-activated caspases
Bcl-2 family proteins
p53
Ca?* - calpains
Oxidative stress

Pyroptosis
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Cancer cell lysosomes are vulnerable to damage

Potential for anti-cancer therapy!



Lysosome damage causes accumulation of ESCRT-IIl on lysosomes
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LLOMe, a compound that
causes rapid and reversible
lysosome damage

Radulovic et al.
EMBO J. 2018
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Increased lysosome-ER contacts rapidly after lysosome damage
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PI4P is rapidly formed on lysosomes upon damage
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Radulovic et al.
EMBO J. 2022



PI4P is required for repair of damaged lysosomes
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Cholesterol transfer to lysosomes in response to membrane damage
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Cancer cells ,,drink” by macropinocytosis

Schink et al.
***Nature Comm. 2021



The PI3P binding protein Phafin2 localises to forming macropinosomes
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The PI3P binding protein Phafin2 localises to forming macropinosomes
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Phafin2 knockout in pancreatic cancer
cells inhibits uptake of albumin
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Phafin2 mediates albumin-dependent survival of pancreatic
cancer cells under conditions of low glutamine (Q) availability
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Knockout of the FYVE domain protein WDFY2 causes RPE1 cells to become invasive
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Sneeggen et al.
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Amplification
» Mutation
m Deep Deletion

WDFY2 is frequently deleted in cancers
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Low expression of WDFY2 in breast cancer is associated with poor prognosis
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ER lumen

Protrudin. '/

Protrudin, a FYVE domain protein in the endoplasmic reticulum (ER) membrane
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The Protrudin pathway translocates late endosomes to
the cell periphery to generate cellular protrusions

Camilla Raiborg

Raiborg et al., Nature 2015
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Cancer cells use invadopodia to break through extracellular matrix
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Protrudin is important for cancer cell invasion

Breast cancer cells lacking Protrudin Control breast cancer cells

Pedersen et al.
J. Cell Biol. 2020




Endosomes localize close to invadopodia

Endosomes
Invadopodia
Gelatin

Pedersen et al.
J. Cell Biol. 2020



Protrudin mediates exocytosis of the metalloprotease MT1-MMP to promote cancer cell invasion

Active

Inactive
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Pedersen et al., J. Cell Biol. 2020



Survival probability

High Protrudin levels are associated with poor prognosis in cancers
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Cellular membrane dynamics and cancer
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nanoscopy

far-field

Belhassen et al,
nanoscopy

Adv. Photon.
Nexus, 2023

Stefan Stanciu

Stanciu et al,
PNAS, 2022

The MEDYCONAI project:

Nanoscopy in studies of
cancer cell membranes

RO-NO-2019-0601: MEDYCONAI
medyconai.cmmip-upb.org
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Chen et al, nanoscopy

ACS Photonics
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micro- and
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bioimaging

Du et al,
Biomaterials
2022
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