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AntiAnti--cancercancer therapiestherapies



Development of strategies that may prevent relapse in 
cancer patients after chemotherapy.

MAIN GOAL

cancer patients after chemotherapy.



CCANCERANCER CCELLELL FFATEATE

UPONUPON ANTIANTI--CANCERCANCER TREATMENTTREATMENT

Cancer cell

Chemotherapy
Radiotherapy

Primary aim of existing

anti-cancer therapies

CELL DEATHCELL DEATH

CELLULAR SENESCENCECELLULAR SENESCENCE

STRESS-INDUCED PREMATURE SENESCENCE 
• oncogenes activation, DNA damaging

agents, oxidative stress

• independant on telomere shortening



HHALLMARKSALLMARKS OFOF SENESCENCESENESCENCE
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TTHERAPYHERAPY--INDUCEDINDUCED SENESCENCESENESCENCE ININ PATIENTSPATIENTS
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Locally advanced non-small cell lung cancer following neoadjuvant
chemoradiotherapy (CMT) or chemotherapy (carboplatin/ paclitaxel 3).

TTHERAPYHERAPY--INDUCEDINDUCED SENESCENCESENESCENCE ININ PATIENTSPATIENTS

Wang et al. 2012

SA-β-galactosidaze (SA-β-gal)
marker of senescent cells



DDOXORUBICINOXORUBICIN INDUCESINDUCES SENESCENCESENESCENCE OFOF HCT116 HCT116 CELLSCELLS

ANDAND THETHE PROCESSPROCESS ISIS REVERSIBLEREVERSIBLE

Sliwinska et al., MAD, 2009



NNEOSISEOSIS: : AA NEWNEW TYPETYPE OFOF CANCERCANCER CELLCELL DIVISIONDIVISION??
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WWHYHY COULDCOULD WEWE NOTNOT KILLKILL ALLALL TUMORTUMOR CELLSCELLS??

CancerCancer stemstem cellcell isis aa cellcell
withinwithin aa tumortumor thatthat possesspossess
thethe capacitycapacity ofof selfself--renewrenew andand
toto causecause thethe heterogeneousheterogeneous
lineageslineages ofof cancercancer cellscells thatthat
comprisecomprise thethe tumortumor ((ClarkeClarke etet
alal.. CancerCancer Res,Res, 20062006))..



A SENESCENT CANCER CELL IS A SENESCENT CANCER CELL IS A SENESCENT CANCER CELL IS A SENESCENT CANCER CELL IS 
A TUMORA TUMOR--INITIATING CELL.INITIATING CELL.



IINN VITROVITRO EEXPERIMENTALXPERIMENTAL MMODELSODELS

• Human colon cancer cell line HCT116

• Drugs: doxorubicin, 5-FU, oxaliplatin, 
irinotecan
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Was et al., Oncotarget, 2017

Was et al., Can Biol Ther, 2018



HCT116 HCT116 HCT116 HCT116 CELLSCELLS UNDERGOUNDERGO SENESCENCESENESCENCE ININ RESPONSERESPONSE

TOTO REPEATEDREPEATED DOXO DOXO TREATMENTTREATMENT

untreated chemo

• Cell morphology and SA-β-gal activity

# - p < 0,05, ## - p<0,01, ### - p<0,001 - untreated vs. CHEMO, N≥3 Was et al., Oncotarget, 2017
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• Polyploidization
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HCT116 HCT116 HCT116 HCT116 CELLSCELLS UNDERGOUNDERGO SENESCENCESENESCENCE ININ RESPONSERESPONSE

TOTO REPEATEDREPEATED DOXO DOXO TREATMENTTREATMENT
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Was et al., Oncotarget, 2017# - p < 0,05, ## - p<0,01, ### - p<0,001 - untreated vs. CHEMO, N≥3
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DDIVISIONIVISION OFOF SENESCENTSENESCENT CANCERCANCER CELLSCELLS –– CAUGHTCAUGHT REDRED--HANDEDHANDED??
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IRINODOXO5-FU

• Nanog expression

IRINODOXO5-FU

control

• SA-β-gal activity

SSENESCENTENESCENT CANCERCANCER CELLSCELLS SHOWSHOW CERTAINCERTAIN FEATURESFEATURES OFOF STEMSTEM CELLSCELLS
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Was et al., Can Biol Ther, 2018







SSENESCENTENESCENT CANCERCANCER CELLSCELLS SHOWSHOW FEATURESFEATURES OFOF STEMNESSSTEMNESS

ININ OTHEROTHER EXPERIMENTALEXPERIMENTAL MODELSMODELS

Polyploid cancer cells may differentiate in other cell types – breast and ovarian cancers

Zhang et al. Oncogene 2014 

Gerashchenko et al. Histochem Cell Biol 2016 

Cancer cells present in breast tumors resistant to chemotherapy show features of senescence and 
stemness



(day 18th) 00:00:00

SSENESCENTENESCENT CANCERCANCER CELLSCELLS SHOWSHOW BBLASTOCYSTLASTOCYST--LIKELIKE MMORPHOLOGYORPHOLOGY

18:45:00

43:00:00
OVARIAN CANCER

Was et al., Can Biol Ther, 2018



CCONCLUSIONSONCLUSIONS

• Colon cancer cells treated with repeated cycles of chemotherapeutics

exhibit hallmarks of SIPS, specifically: hypertrophy, poliploidization,
augmented granularity and SA-β-Gal activity, elevated expression of cell
cycle inhibitors, and SASP.

• Senescent cancer cells show certain features of stemness: upregulation of

Nanog, increased numbers of CD24+ cells and augmented side population.Nanog, increased numbers of CD24+ cells and augmented side population.

• Senescent cancer cells may exhibit blastocyst-like morphology.

• Some senescent cells carry abnormal divisions. After drug removal

population of small and highly proliferative progeny appears.



TTAKEAKE HOMEHOME MESSAGESMESSAGES

• A senescent cancer cell displays a 
specific phenotype being a mixture of 
stem-like and differentiated cell 
features. 

• A senescent cancer cell can be 
considered as a dormant, tumor-
initiating cell, that contribute to cancer 
re-growth after chemotherapy. 
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