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Tumour cellular identity (tumour cell fate)

If cellular fate was immovable, cancer would not be possible, since no new lineages could
be generated other than the normal, physiological one.

Which is the impact that oncogenes have in establishing the identity of the tumour cell?

Clinical malignant tumor mass
‘billion-cell threshold”
(Oncology remission means 0 ---- 10° cells)



Early decisions in cancer: reprogrammed tumor cell fates

genetic program:

-specific cancer cell targets,
-biomarkers,

-predict cancer response, etc

mouse and human
normal stem cells
are similar
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1- Current model of cancer

2- Tumoral epigenetic stem cell reprogrammimg hypothesis

3- Experimental validation and clinical application

4- Implications in the development and treatment of cancer



Current model of cancer

-Heterogenous tumor cell composition.
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-Initiating genetic alteration is present in both CSC and differentiated tumor cells.

-Homogenous mode of action for oncogenes within cancer cells.

-Brief inactivation of oncogenes can cause cancer remission in model systems:oncogene addition

-However, unfortunately, the therapies based on this cancer model fail to eradicate tumours in humans.

Do the oncogenes have a mode of action that is not homogeneous
throughout the cancer cell population?



Classical model for the role of human cancer gene defects
in tumour cell fate specification

1 A

Primary oncogenic lesion

£

Traditionally, the human cancer genetic defects have been thought to act on cells already committed
to a differentiation program, in such a way that the tumoural phenotype is derived from that of the initial differentiated target cell



Presumptive Celular Origins of Chromosomal translocations
in Human B-cell malignancies

Assignment of human B-cell
malignancies to their
normal B-cell counterparts

@~~~ 0000~ ®

Lymphoid pre-pro-B pro-B pre -Bll Immature B Mature Plasma cell
Stem Cell (early B) ar e (small) B cell
CD34 CD34 CD34 CcD10 CcD10 cD19 CcD10 cD38
CD117 CD117 (CD117) CD19 CD19 CD24 CD19 CD138
IL7R CcD10 CD10 CD24 CD24 CD20 CD24
SURFACE IL7R IL7R (CD20) CD20low CcD22 CD20
MARKERS cD19 cD22 cD22 CD40 cD22
CD24 CcD79 CD79 CcD79 CD40
(CD22) pre-BCR pre-BCR IgM CD79
IgM
NUCLEAR | 14T TdT TdT RAG RAG
EXPRESSION RAG RAG RAG
CD79 CD79 VpreB VpreB K/ K/ K/
CYTOPLASM VpreB VpreB AS AS uHC uHC uHC
15 uHC uHC
IMMUNO-
GLOBULIN DJH VDJH VDJH VDJH VDJH VDJH VDJH
GENES Vi Vi, Vi, Vi

CSR/SHM CSR/SHM
Cobaleda & Sanchez-Garcia, BioEssays, 2009



Alternative model for the role of human cancer gene
defects in tumour cell fate specification

Primary oncogeni

N

Alternative view in which the oncogenic lesion acts on stem/progenitor cells by imposing
a given, oncogene-specific, tumour-differentiated cell fate.




The tumoural stem

cell reprogramming hypothesis

Tumoural reprogramming: the process by which the initial oncogenic lesion(s) can
‘reset’ the epigenetic and/or transcriptome status of an initially healthy cell
(the cancer cell-of-origin), therefore establishing a new, pathological differentiation program

ultimately leading to cancer development, where the oncogenic lesion(s) does not need

Tumoural reprogramming to be present anymore once the initial cancer fate-inducing change has taken place.

Vicente-Dueiias et al. The EMBO Journal 2013
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Normal tissue (Blood system)
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We reasoned that a similar organization could be happening for cancer formation

(hypothesis-driven research project).



In vivo experimental model of tumoral stem cell
reprogramming

To be able to demonstrate this lack of homogeneity in the mode of action of oncogenes throughout the

biological history of the tumor, it would be necessary to dissect and isolate the function that the oncogene

is playing at the earliest stages of the disease, at the level of the cell-of-origin
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Redefining the relevance of established cancer cell
lines to the study of mechanisms of clinical anti-cancer

drug resistance
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Althaugh in vitra medals have been a cormerstens of anti-cancer
drug development, their direct applicability to dinical cancer re-
search has been uncertain. Using a state-of-the-art Tagman-based
guantitative RT-PCR assay, we investigated the multidrug resis-
tance (MDR) transcriptome of six cancer types, in established can-
cer cell lines (grown in monalayer, 30 scaffold, or in xenograft)
and clinical samples, sither containing »75% tumaor cells or micro-
dissected. The MDR transcriptome was determined a priori based
onan extensive curation of the literature published during the last
three decades, which led to the enumeration of 380 genes. Mo
carrelation was found between dinical samples and established
cancer cell lines. As expected, we found wp-regulation of genes
evaluated. More troubling, however, were data showing that all
of the cell Bnes, grown either in witro or in vivo, bear mare re-
semblanice to each other, regardless of the tissue of origin, than to
the dinkcal samples they are supposed to model Although oul-

tured cells can Be used te study many aspects of cancer Blology
and respanse af cells te drugs, this study emphasizes the necessity
foar maw 0 vitro cancer medels and the use of primary tumer med-
als in which gens expression can be manipulated and small mole-
cules tested in a setting that mare dasaly mimics the in vive cancer
micreenviranmant 5o a5 te avald radical changes In gene axpres-
shon profiles brought on by extended parlods of call cultura,

characterized, we chose 10 use them, and addimsenal caneer cell
lines, 1o assess the relevance of cultured cell lmes in the study of
climeal multidrug resstance (MIDE) mechanssms (12},

Orver the past 30 v, m vilre stucles kave led 1o the enumer-
ation of close o $06 genes whose expression allects resp
chemotherapy (13 Among those genes, ATP-bindmg
(ABC) ramporfers, a superfamily of 4% highly homologous
members cladsalbed m geven sublamabies, hive an imporiant role
m the plesdropse mechanizms medisting MDRE by exporting
chemotherapeut nls Lrom the cell {14, 15) Although the
rides of 13 ABC transporiers in MR have been [ully charac-
terized, recent sluclses suggest the imvelvemment of up 1o M mem-
birs ol the 48 encodisd 16 the human genomee (16, 17). Moreoser,
besides classcal dreg efflux, o has alse been demangirated that
sore ol these transporters may mediale the minacellulsr se-
questraton of chemotherpeutic drugs {15-20. This intrcel-
Iular sequestralion s the case e ABCAS, which was recently
found to be overesgpressed an chincal sampdes ol childhood AML
amwl correlatedd wath poor responde To ireatment {21).

The estabhshment of o specalie and senstive standard assay,
capable of discrmmating highly homologous genes, 18 cotical 1o
a better understanding of MDR mechanisms. We amd others
hawe shown that Tagman Low Densaty Arrays (TLIZAS) provide
the most sensilivity and specilicity in measuring the expressson
pattemns of ABC transporter genes {22, 23). Therelore, we chose
1o configure such a platform W stedy mulodiug cesstance




In vivo experimental model of
Human Cancer tissue tumoural stem cell reprogramming

Genetic defect is present in both CSC Genetic defect is only present in CSC
and differentiated tumor cells

Might cancer stem cells initially arise thorugh a reprogramming-like mechanism?
To be able to demonstrate this lack of homogeneity in the mode of actions of oncogenes throughout the biological history of the tumour.

This still unexplored possibility would have major implications for our understanding of the genesis and treatment of cancer



“What | canne . bt understand”

Richard P. Feynman

Nobel Prize in Physics 1965

Written on his blackboard at time of his death, in 1988




How to restrict oncogene expression to the stem cells
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The key feature of these Scal mice is that they express an oncogene under
the control of a promoter that is expressed in a population of stem/progenitor cells,
but is switched off after lineage commitment.



Constitutive Stem-Cell Restricted Oncogene Expression

Mouse Stem-cell-restricted gene (Transgenic Vector)
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Oncogene-induced plasticity and CSC

Genotype <« » Phenotype
‘ . Genetic
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Reprogramming in malignancies originated from stem cells
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In vivo experimental model of tumoural stem cell reprogramming

BCR_ABL —»@D HSC
CML-BP / \ CML-BP
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Additional GMP@ @MEP @ @ Additional
mutations
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Do ) 2 %O ©
@ ®® Platelets
@@®® 1- Proof of principle experiment

@@® 2- Chronic myeloid leukemia (CML) stem cells are not oncogene addicted and the therapies
that biochemically target BCR-ABL do not eliminate them (CML stem cells).

3-First animal model aniticipating human clinical results in the CSC field

EMBO J. 28(1):8-20 (2009). 4-Results were confirmed in human patients two years later

Cell Cycle 8:1314-1318 (2009)
N Engl J Med. 360(3):297-299 (2009)



, —
Research article & s cmnen sz =2

Human chronic myeloid leukemia stem
cells are insensitive to imatinib despite
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Chronic myeloid leukemia stem cells are not dependent on Ber-Abl kinase

activity for their survival
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New concept of the human cancer as a Reprogramming-like Disease

ISSN 1044-579X
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Can this hypothesis be extrapolated to other malignancies?



B cell development Lymhoma MALT

Multiple Myeloma
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Cancer as aresult of
tumoral epigenetic stem cell reprogramming

DNA damage

p53 loss should accelerate the tumor
reprogramming process



Tumour suppressors can act as barriers for
tumoural stem cell reprogramming

Scal-MafB MM development
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Cell Cycle 2012, 11(20): 3896-3900 (issue cover)



Are there evidences of tumoral epigenetic stem cell reprogramming??
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CSC Tumor Normal stem cell Normal
differentiated cells differentiated cells

compartment compartment



Genome-scale DNA methylation maps of stem cells and mature B cells
in mice predicts human cancer organization

Promoters B CpG islands
Scai-MafB B cells WT B cells
WT B cells Scail-MafB
HS/PCs cells
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Whether this mechanism is involved in the genesis of human cancers was presently not known, but recent results confirmed similar cellular hierarchy in human MM patients



Cancer Cell

Xbp1s-Negative Tumor B Cells and Pre-Plasmablasts
Mediate Therapeutic Proteasome Inhibitor Resistance
in Multiple Myeloma
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Significance

Pls, including bortezemib, are a mainstay of ireatrment for MM but fad to cure. Pravicusly reported in vitro resistance mach-
anisms have not been validaled in the clinic and reflect an arifact of cell culture. An altermative P1 resistance mechanism is
described here thal occurs in patients with MM; because this differs from in lro résistance repons, the need for clinical
confirmalion of in ¥ilre drug resistance models is highlighted. Our results reveal that MM cells tolerale XBPT inactivation,
which contributes to therapeulic resistance, suggasting thatl IRE7 inhibilors may prova ineffectual in MR, Furtharmons,
an extensive progenitor organization is revealed in primary MM, Our results suggest that to achieve cure, treatment sirate-
gies must beller address early MM progeniloss,
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RAR«2 expression confers myeloma stem cell features
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Characterization Of IgH breakpoints in multiple myeloma indicates a subset
of translocations appear to occur In pre-germinal center B cells
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Tumour stem cell reprogramming and therapeutic implications
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Reprogramming the cancer epigenome to an alternative lineage cell fate, non-tumoral fate, losing their malignancy?

Tumour stem cell reprogramming largely relies on epigenetic modifications. These, unlike genetic changes, can be erased, manipulated, and
reinitiated, therefore implying that anti-tumour reprogramming strategies can provide a new window of opportunity to interfere with the cancer
fate-inducing change.



CSCs do not have oncogene addition

|

Oncogenes cannot be used as a target to kill CSCs

|

BUT, Tumour stem cell reprogramming is a specific CSC
target

|

Could we use it to prevent/kill CSCs?



p53 RESTORATION KILLS PRIMITIVE LEUKEMIA CELLS IN VIVO

AND

INCREASES OVERALL SURVIVAL OF LEUKEMIC MICE
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Two Genomes Influence Every Cancer Patient

Germline Somatic
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Genetic background affects susceptibility to tumoral stem cell reprogramming

[ Cycle
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Strain No. of No. with  No.with No. with NO TUMORS
mice CML(%) B-cell leukemia T-cell lymphoma

B6 23 23(100) 0 0 0

B6/FVB 35 10(28,5)  6(17,2) 0 19(54,3)

FVB 11 0 0 11(100) 0

These results demonstrate for the first time that tumoral stem cell reprogramming fate
is subject to polymorphic genetic control
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Thank you for your attention!!!!



