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Historical Background

Historical Background
- Beatrice Mintz and Barry Pierce (1970-1985)

_-Oncogeny partially recapitulates Ontogeny in an inappropriate
temporal and spatial context (embryonal carcinomas).
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-Embryonic microenvironment (Mintz/Hendrix) or the adult stem cell niche (Smith) can
redirect or reprogram tumor cells to normal cellular lineage restriction and
differentiation (Dominance of the Niche).

~Tumor microenvironment/niche can reprogram adult tissue stem cells and iPS cells to
acquire properties of cancer stem cells (CSCs) or tumor initiating cells (TICs),
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Embryonic stem cells

Embryonic Stem (ES) Cells
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48 Genes overexpressed

Forty-eight Genes Overexpressed by
Microarray Analysis in hESCs compared to
Differentiated Cell Types in at least 40
studies

POU5F1 (Oct3/4) POU domaln class 5, transcription factor 1 6p21.31 Hs.249184

DPPA4 Developmental pluripotency associated 4 3q13 13 Hs 317659 16 30 1
LIN2 24 8
NANOG Nanog homeobox 12p13.31 Hs.329296 15 88.9

15 27.8
TERF1 Telomeric repeat binding factor (NIMA-interacting) 1 8q13 Hs.442707 15
SEMAG6A Semaphorin 6A 5q923.1 Hs.156967 15 12.3
M6PR Mannose-6-phosphate receptor (cation dependent) 12p13 Hs.134084 15 10.6
SNRPN Small nuclear ribonucleoprotein polypeptide N 15q11.2 Hs.525700 15 7.3
FLJ10884 Hypothetical protein FLJ10884 1p31.3 Hs.562195 14 260.7
LEFTY1 Left-right determination factor 1 1q42.1 Hs.278239 14 34.1 “T - _t lT - t »
GAL Galanin 11q13.2 Hs.278959 14 21.4
SEPHS1 Selenophosphate synthetase 1 10p14 Hs.124027 14 6.3 rl n ! y rl u mve ra e
GABRB3 Gamma-aminobutyric acid (GABA) A receptor, beta 3
1 2

X2 SRY (sex determining region Y)-box 2 3q26 3-q27 Hs 518438 13
LECT1 Leukocyte ce e -q 39112 37.2
LOC90806 Similar to RIKEN cDNA 2610307121 1q32 3 Hs. 157073 1214.6
BUB1 BUB1 budding uninhibited by benzimidazoles 1
homolog
2q14 Hs.469649 12 11.2
PSIP1 PC4 and SFRS1 interacting protein 1 9p22.3 Hs.493516 12 5.4
INDO Indoleamine-pyrrole 2,3 dioxygenase 8p12-p11 Hs.840 11 34.4
HELLS Helicase, lymphoid-specific 10q24.2 Hs.546260 11 19.3
GPC4 Glypican 4 Xq26.1 Hs.58367 11 15.4
ITGB1BP3 Integrin beta 1 binding protein 3 19p13.3 Hs.135458 11 15.3
CYP26A1 Cytochrome P450, family 26, subfamily A,
polypeptide 1
10923-q24 Hs.150595 11 14.2
MCMS5 MCMS5 minichromosome maintenance deficient 5 22q13.1 Hs.517582 11 11.9
MTHFD1 Methylenetetrahydrofolate dehydrogenase 1 14q24 Hs.435974 11 8.7
PPAT Phosphoribosyl pyrophosphate amidotransferase 4q12 Hs.331420 11 8.3
SLC16A1 AKRY7 family pseudogene 1p12 Hs.75231 11 7.8
NASP Nuclear autoantigenic sperm protein (histone-binding) 1p34.1 Hs.319334 11



Interdependent Cross Regulation
of NOX genes and Their Targets

Interdependent Cross Regulation of NOS Genes and Their Targets
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NOS-KM Single Target Genes

NOS-KM Single Target Genes

Table 1. Numbers of promoters occupied by transcription
factors in ES cells

Protein Number of promoters
CSoxZ S 819
Daxl 1754
Nacl 204
 Octd_> 783
CKIE > 1790
paa | 601
Rexl 1543
3542

Data from Kim et al. (2008 [© Elsevier]).



Pathways regulated by Oct4

Pathways Regulated by Oct4 (PouF1)

Table 1. Pathways of which gene componcots show significant expression changes between the OCTY and EGHFFP knockdowns at 72 hours aficr
transfection

KECCID Pathway description Genes® T score® £ value” OCT4-RNA-UP ECFP-RNA-UP
h=a(4610 Complcment and coagulation cascades 25 2973214 0001473563 18 7
h=a00230 Purine maotabolism 58 2914534 0001778544 2 35
h=a04510 Focal adhesion 64 2.70B439 0003380077 43 21
h=al4E10 Regulation of actin cytoskelcton =) 26696 0003797128 45 24
h=a(4080 Neourmoactive ligand-receptor imteraction 49 2660901 0003896637 30 19
h=a03050 Protcasome 18 2591246 O0.0MTBI487 4 14
h=aD01 on 58 Z s

010 MAPK sngn-lmg pathway 92 2476518 0006633556 55
Hon 7 225835 0011961885 9
hs‘)OS‘?O Prostaglandin and keukotricne metabolism B 2240448 001530885 T 1
h=a(4520 Adhcrens junction 7 2234325 0012730806 19 B
h=a00251 CGlutamate metabolism 6 2171768 0014934653 L 12
h=a0252 Alanine and aspanaic melabalism 7 202837 0021261181 1 6
h=al5110 Chaolem: imfection i3 1991741 0023199671 9 4
hsi)OT]D Cnrhcm fixation - 1820364 0034351738 2 a6
b coyialmne, Lyraosine, and trypiophan béosynthesis -] 1.75292 DLO3SEOTEDS 4
()4 630 .lz& SI'AT slgmlmg pahhay 40 1693603 0045170345
S 155934 7
52 1575497 0.0O5757089
iF 28 1525685 0063544186 B

h=ald40 Aminophosphonalc 3. T 1521278 00095065 2 5
h=al0052 CGalaciosc mctabolism 10 1477977 0065707001 B 2
h=a00250 Clycine, scrine, and throonine metabalism 17 1443812 0074395975 5 12
h=al4110 Cell cycle 45 1439163 0075052216 21 24
h=a00640 Propanoatc metabalism 15 1306312 0095723304 9 6
h=ald4Z10 Apoplosis 30 130609 0095761041 I8 12

Pathways wore taken from the KEGO datsbase. Gene expression was comparcd in the GCTd RNAI and EGFFP RNAI at 72 bours, and the
diffcronocs of array signals were uscd for compuating Wilcoxon™s paired signed rank test. Genes that were judged as nondeiectable by the
background value critcrion wore excluded from analysis. Shown arc pathways with genc nombors >4, but it should be notod that the normal
approximation s valid for sample sives >25. The compiele list of the pathway results is given in supplomental online Table 8.



CO-OCCUPIED NOS TARGETS THAT ARE
ACTIVATED OR REPRESSED

CO-OCCUPIED NOS TARGETS THAT ARE ACTIVATED
OR REPRESSED

Model of core ES cell regulatory cireultry

é@
7 0 R R B R

f it 3
k
|




Signaling Pathways

Signaling Pathways Regulating NOS Gene Expression
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Induction of Pluripotential Stem Cells (iPSCs)
from Differentiated Adult Somatic Cells

Induction of Pluripotential Stem Cells (iPSCs) from Differentiated Adult Somatic Cells
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Cancer Heterogeneity

~ = = ~ =Si= - -
@ C ole @ = ole
@ = a randao 3 O aVve SHelells al 1O be Ca B
= = O allo O = O onNa Ode
all AE abple and pree o psetl O = = = are Ca
O =li[e O © = B = - olguelgele[S [e) =
e B O era = Ode

2. Classical CSC Model
= 1 »
/ \ ) :-:-‘.'x'.».‘. -
D o -

1. Aberrant expression of embryonic regulatory genes
1. Clonal Evolution 2. Alteration in niche signaling or interactions
with niche components

.
: J 3. Plastic CSC Model

J %rans-d;ffe” Pntion by EMT
=




Factors regulating CSCs in a Tumor

Factors Regulating the Frequency or Representation of
CSCs in a Tumor

1. Normal cell of origin from which the tumors arise

2. Genetic and epigenetic modifications that the tumor cells
have accumulated during tumor progression

3. Contextual signals that the CSCs experience in the tumor
niche/microenvironment.

4. The immunological status of the host in which the tumor
develops.



Cancer stem cell




Niche environment

Niche Microenvironment

Figus 2. Stem-Call Systems.
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Pathways Involved in Self-Renewal that are Deregulated in Cancer
Stem Cells Wnt, Shh, and Notch pathways have been shown to contribute
to the self-renewal of stem cells and/or progenitors in a variety of organs,
including the haematopoietic and nervous systems. When dysregulated,
these pathways can contribute to oncogenesis. Mutations of these
pathways have been associated with a number of human tumours, including
colon carcinoma and epidermal tumours (Wnt), medulloblastoma and basal
cell carcinoma (Shh), and T-cell leukaemias (Notch).

Stem/progenitor cell self-renewal Tumorigenesis

Haematopoiatic Epidermal

-

Haematopaoletic

®
@

M Lﬂ’mﬂdt Y




Tumor grade
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Activation of ESC Module in Human Cancers

Activation of ESC Module in Human Cancers
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A similar correlation was observed in primary liver, lung, prostate and gastric carcinomas.



Breast Cancer: A
Heterogeneous Disease
(Molecular and Clinical
Subtypes) 230,000 women/year

TIME Investigation

e with 39,000 deaths

I IM L Lifetime risk of 1 out of 8 women

Why

Breast <w Early menarche (E2 exposure
Cancer y ( P )

Is Spreading

Nulliparity or late parity

Obesity (premenopausal with a 70%
Increase in risk)

Family history/5-10% (BRCA1 and
BRCA2)




Breast anatomy
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Histological classification of breast cancer

Histological classification of breast cancers
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Molecular Classification and Subtypes of Breast Cancer
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Postnatal Mouse Mammary Gland Development
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Virgin Mouse Mammary Terminal End Bud (TEB)
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Autocrine and Paracrine Effectors of MaSC Development
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Assays for Assessing Cancer Stem Cell Activity

MATERIAL
Cell line Mouse xenograft
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Figure |
Markers and model for breast cancer stem cell studies. The main assays, markers and models used to study breast can-

cer stem cells are schematically represented. Models and assays rely on the main stem cells properties that are self-renewal
ability and differentiation potential. The various markers illustrate the great phenotypic diversity of the cancer stem cell popu-

lation.



Mammary epithelial cells
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Figure 3. FACS profiles of phenotypically defined subsets of mammary
epithelial populations. (A) Human mammary epithelial cells from three-day
cultures of primary cells stained with specific antibodies to detect cell surface
expression of EpCAM and CD49%f as described in reference 9. Subpopulations
that are enriched for progenitors that generate pure luminal cell colonies
and multi-lineage colonies in vitro are indicated. (B) Freshly isolated mouse
mammary cells were depleted of hematopoietic and endothelial cells and
then stained with specific antibodies to detect cell surface expression of
CD24 and CD49f as described in reference 11. The subpopulation that is
enriched for the progenitors (Ma-CFCs) that generate colonies in adherent
in vitro colony assays as well as a subpopulation that is highly enriched for
mammary stem cells (MRUs) are indicated.



Mammary surface markers

Table1. Commonly Used Surface Markers to Identify
Mouse and Human Mammary Stem Cells

Mammary Gland | Marker
Stem Cells

CD24, CD29, CD49f, CD61, Sca-1.

Human ALDH1, c-KIT, CD10, CD24, CD44, CD49f,
CD90, CD133, EpCAM, MUC-1




NOS Target Gene Expression and Breast
Tumor HR, Molecular Subtype and Grade

NOS Target Gene Expression and Breast Tumor HR, Molecular Subtype and Grade
Breast tumor -nitiating cells:
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Supplementary Figare 3. Gene-set enrichments in breast cancer tumor-
imitiating and non-tumor-initiating cell fractions, Gene set ennchaments 1
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NOS signature in Breast Cancer

NOS Signature in Breast Cancer Relative to ER status,
Tumor Size, Subtype and Grade versus Survival
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Cumulative survival rate

NOS genes versus survival

Expression of NOS Genes in Breast Tumors versus Survival
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Cancer stem marker and their
distribution

Tablel. Cancer stem marker and their distribution

Marker Tumor type Marker Tumor type
Brain[85] Breast [91]
Prostate [86] Lung [92]
Pancreas [ 87] Head and neck [25]
CcD133 Melanoma [88] ALDH G_-:rlon [93]
Colon [88] Liver [17]
Liver [89] Pancreas [94]
Lung [19] Gastric [95]
Ovary [90] Prostate [96]
Colon [97]
Breast [8]
cD44
Prostate [13] ABCBbH Melanoma [99]
Pancreatic [98]
Pancreas [100)]
Lung [101]
Limbal epitheli 102
Blr:ma[fgé] efium [ ] T-acute lymphoblastic leukemia [108]
ABCG2 cD90 Gliomas [109]
prostate [104] Liver [110]
Liver [105]

Ovarian [106]
Retinoblastoma [107]




Therapeutic implications

Limited baenign
growth
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Figure 2 | Therapeutic implications of cancer stem cells. Cancer stem cells (grey) self-renew
and differentiate within tumours to formn additional cancer stem cells as well as non-tumorigenic
cancer cells (orange), which have limited proliferative potential. As the tumour grows, these cells
can either undergo limited benign growth or form disseminated malignancies. Therapies that kill,
induce differentiation or prevent the metastasis of cancer stem cells represent potential cures.
Therapies that Kill primarily non-tumorigenic cancer cells can shrink tumours, but will not cure the
patient because the cancer stem cells will regenserate the tumour. By prospectively identifying and
characterizing cancer stem cells it might be possible to identify more effective therapies. The
intrinsic differences in tumorigenic potential among cancer cells might also explain why it is
possible to detect disseminated solid cancer cells in patients that never develop metastatic
disease. The identification and characterization of cancer stem cells should therefore also lead to
diagnostic methods that can distinguish between disseminated tumorigenic and non-tumorgenic
cells, as well as provide a better understanding of the mechanisms that regulate migration of
cancer stem cells.




Cancer Progression

Developmental Processes Usurped in Cancer Progression
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EMT facilitates metastatic spread of cancer cells

EMT Facilitates Metastatic Spread of Cancer Cells

Primary Tumor Circulatory System Metastatic Tumor
Epithelial-like Mesenchymial-like Epithelial-like
Tight Cellular Junctions Migratory Regain Epithelial Phenotype
Cell Polarity Non-Polar, Elliptical Shape
E-Cadherin Expression Loss of Cell/Cell Adhesion

Vimentin Expression

EMT MET

)
Q oq

SO SOy

. SQ

intravasation extravasatio N__ Capillary Bed

Epithelial-to-Mesenchymal Transition (EMT) al-to-Epithelial Transition (MET)

Figure 1. Epithelial-to-mesenchymal transition, mesenchymal-to-epithelial transition, and the migration of cancer stem cells. In the
presence of stimulatory signaling (that is, Hedgehog (Hh), Notch, Wnt, transforming growth factor (TGF)-) primary tumor cells may undergo
epithelial-to-mesenchymal transition (EMT), a process where cells suppress E-cadherin expression and lose their tight membrane junctions. Cells
can acquire a mobile phenotype and migrate into the circulatory system by entering capillary beds. Exiting the circulatory system at a distant
anatomical site, cells undergo the reverse process of mesenchymal-to-epithelial transition (MET), reacquiring their original non-mobile epithelial-
like phenotype.



EMT Induces a Cancer Stem Cell Phenotype on Differentiated Tumor Cells

Figure 1

Factors from cancer cells
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Acquisition of metastatic and aggressive phenotypes;
Mesenchymal morphology
Resistance to drugs, stresses and anoikis
Enhanced migratory and invasive properties
Inhibition of senescence
Immunosuppression




Nanog and Oct4 Induction of EMT Target Genes in Breast CSCs
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72 hours post transfection

Figure 3: Western blot analyvses of relative expression levels of epithelial-mesenchymal transition (EMT)-related genes

in cancer stem cells (CSC) following modulating Oct-4 and/or Nanog expression in vifro. CSC were transfected with mock
or Oct-4 and Nanog siENAs, vehicle, or Oct-4 and Nanog-expressing plasmids for 72 h. The relative expression levels of EMT-related
genes m the different groups of cells were characterized at the mmdicated time points post-stimmulation by western blot assays. Data shown are
representative images (A) or are expressed as the means + standard deviation of the relative levels of each protein to the control GAPDH at
72 h post-transfection ({B) ffom 3 separate experiments. A similar pattern of the relative levels of targeting protemns to the control GAFDH
were detected in the different groups of CSC at 24 h post-simulation (data not shown). A: The mock-transfected C5C; B: The vehicle-
transfected C5C; C: Oct-4- and Nanog-silenced CS5C; D: Oct-4- and Nanog-overexpressing CS5C. *p < 0.05 vs. mock-transfected CSC;

*p = 0.05 vs. vehicle-transfected CSC.

EMock—transfected controls
OVehicle—transfected controls
O0ct—4 and Nanog co—knockdown
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Breast Cancer Development

Breast Cancer Development

Mammary duct Initiation Progression Infiltration Metastasis

@) Monocyte
{3 Tumor associated macrophage
6.'{' TAM < cancer cell hybnds

.. Cytokines



Breast Cancer Niche Factors

Primary Breast Cancer and Metastatic Niche Factors
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Therapeutic Targeting of CSCs, the
Tumor Niche or Epigenetic Pathways
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Fig. 1. Schemutic diagram of emerging strategies and related compounds to target breast cancer-initiating cells (BC0Cs).



