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Introduction: It takes many
cancer cells to seed a new tumor
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o Most tumors are clonal, the progeny of a single cell

o BUT: new tumors can only be (experimentally) seeded
if > 106 cells are injected

o many types of cancer cells have limited proliferative
capacity and tumorigenic potential (e.g. AML)

o small pool of *“‘stem” cells? intrinsic hierarchy

o small probability of re-entry into cell cycle? homogeneity

—

o variations in microenvironment, subclones,
independent somatic mutations? | heterogeneity but not a hierarchy

Dick, J. E. Breast cancer stem cells revealed. Proc Natl Acad Sci U S A 100, 3547-3549 (2003).
Reya, T., Morrison, S. J., Clarke, M. F. & Weissman, |. L. Stem cells, cancer, and cancer stem cells. Nature 414, 105-111 (2001).
Lobo, N. A., Shimono, Y., Qian, D. & Clarke, M. F. The biology of cancer stem cells. Annu Rev Cell Dev Biol 23, 675-699 (2007).




A singlle cancer cell can tnitiate
leukemia. (Not all, select few.)
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Lapidot, T. et al. A Cell Initiating Human Acute ) . .
Myeloid-Leukemia After Transplantation Into % Hematopmetlc mahgnanCleS

Scid Mice. Nature 367, 645648 (1994). retain remnants Of n()rmal

: 5% e OO differentiation programs
N l ,t _ i _t o Idea extends to solid tumors
o breast cancer: CD44+/CD24-

Al-Hajj, M., Wicha, M., Benito-Hernandez, A.,
Morrison, S. & Clarke, M. Prospective
identification of tumorigenic breast cancer cells.
Proc Natl Acad Sci U S A 100, 3983-3988 (2003).

o brain tumors

Singh, S. K. et al. Identification of a cancer
stem cell in human brain tumors. Cancer
Res 63, 5821-5828 (2003).

Normal blood cells Leukemic blasts

o prostate

Rosen, J. M. & Jordan, C. T. The increasing complexity of the
cancer stem cell paradigm. Science 324, 1670-1673 (2009). o




Cancer stem cell 1 5pothes£s takes

the Lead
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Stem cell

o differentiation -
heterogeneous progeny ->
diversifies in a hierarchical
Process

o self-renewal - form new
stem cell with 1dentical
potential

o homeostatic control -
modulate and balance the
first two
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Cancer Stem Cell

o tumorigenic potential -
heterogeneous progeny ->
all subpopulations of the
tumor

o self-renewal - form new
cancer stem cell with
1dentical potential

o hot good with homeostasis

Reya, T., Morrison, S. J., Clarke, M. F. & Weissman, |. L. Stem
cells, cancer, and cancer stem cells. Nature 414, 105-111 (2001).




Stem cells and some CSCs divide
assy m&tricaLLg
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Stem cells establish polarity before
division to ensure assy m@trg
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Neumueller R. A. & Knoblich, J. A. Dividing ceIIuIar asymmetry Cicalese, A. et al. The tumor suppressor p53
asymmetric cell division and its implications for stem cells and regulates polarity of self-renewing divisions in
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cancer. Genes & Development 23, 2675-2699 (2009). mammary stem cells. Cell 138, 1083—-1095 (2009).




Induced EMT is a pathological “way
back” from differentiation
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o Tacit assumption: assymetric division & differentiation

are one-way

o two daughters -> different fates

o Epithelial Mesencymal Transition
generates stem cell-like cells

(e D

Type | GMC Neuron
neuroblast

EMT -> CD44+/CD24-
mammospheres -> number &
structure

markers: Vimentin & FN1 (also in
normal mammary SCs)

o BUT: induced EMT ->

Cancerous SCs
E Mani, S. A. et al. The epithelial-mesenchymal
transition generates cells with properties of

< stem cells. Cell 133, 704-715 (2008).
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Wwhy are cultured cancer cells
heterogeneous tn proufemtu\/e potential?
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In vivo tumors In vitro tumor cell lines
o typically have a slowly o aquired mutations that
proliferating pool of cells drive proliferation
o = CSCs o many lines also have
o proliferative heterogeneity slowly proliferating
correlates with populations
o time to detection o how can these remain in
o growth competition in spite of
o metastasis selection for fast growing

o lreatment response cells?



Slowly proliferating MCFF cells
have Low Levels of ROS
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o MCFT7s: hlghly proliferative ROS'" RO

cancer line (ER*/ERBB2-) . . . . Estrogen
: ; merged merged l'eceptOI'
o synergy between mutations in
CDKN2A & PIK3CA . . .
merged merged

o Looking for CSCs: ROSIow ROSHig"

. - Proliferation &
o slowly cycling hematopoietic, ribosomal RNA
neural and breast adult and merged merged (R
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Two other cancer cell Lines mimie
heterogeneity of MFCF cells

PESIETERE A B Tt AT o S DAY S A Tty 5= OV LT A2 I e R . PP SOP Ao

ROS!ow ROShigh
HCT116

H3K9me2 H3K9m62
. -

MDA MB 231
oy MDA MB 231 -

breast cancer
. .

HCT116 -
human colon
cancer




Microarray profiling of ROS“"
cells polnts to Gy phewo’cgpe
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o Differential expression in low ROS versus high ROS cells
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" Proliferation, Cell cycle =~ HES]1 -
D2, Go marker

o No enrichment in CSC markers Coller, H. A., Sang, L. & Roberts, J. M.

A new description of cellular

o CD44+/CD24- quiescence. PLoS Biol 4, e83 (2006).
o No EMT markers

ROS/ow ROShigh

S NOT CSC-like
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The _ROSLOW popuLatiow does not
revmeaLn quiesaewt
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0 hours 24 hours 0 hours 24 hours

H3K9me2 f H3K9me2 H3K9me2 B H3K9me2

o After 24h in identical
culture ->
convergence to
similar average

ROSIow
ROShigh

o Colony forming
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Protewn profile of ROS“CY cells
potnt to olbwwvwshed AKT SL@ na ling

PESIETERE A B L Tt BT Prmar GG DAY S Tty S O ST CAI I v i L lande [ PRSP

o Differential protein levels in low ROS versus high R()S cells

T A

g ©
A ,:‘ A '{\ ° ° ° °
$&6 & o Akt protein level and activity is
| |
L LT low in ROSOW cells
F"--I.:' --'-1:': 0.021
01 T I 3 0 J_“_I} Roslow Roshlgh
1’| RSk S _"I-I . 0.128
GSk J_:n:ﬁﬂ B 0.154 %’
IGFIRAR vy | 0206 = |
She Y317 0.220 E
*n:-:réq: TE4r': I 0.248 E
GF 1R |‘ - 0.248
1 Y1022 0248 o2
* 036K T389 WMo E
PIC 'T' 5 B o023
*u <F 52385236 [ 220 0%
SERP 524075244 0.206
ACC 879 0.206 § pan-AKT
ATF2 TT71 0 186
IRS 15612 0188 2 GAPDH
MEK1/2 5217221 . 012
PDK1 5241 007y &
RasGRF1 5916 0079 =
p38 MAPK T180/Y182 .. 0.066 ==
MSK1 S360 0066 %
p27 T187 0049 o
Cyclin B1 h 0 049 g
5]
S

low ! high
T 11

=2 =10 1 7




Go-LiRe cancer cells arise through
infequent assymetric division
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o Forced Akt A A
expression by AKT1- A B
mCherry fusion B
protein Lf4
o did not change % of ©
o these downregulated D
both endogenous AP
and fusion Aktl E
o Some, but not most .
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Telophase: low
proliferation mark with
high NUCLEAR Akt

Interphase:

low overall
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ARE tnhibition boosts frequency
of assymetric division
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o Full Akt inhibition A B AKT-A12
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o rapamycin, DAPT and a
general protein kinase
inhibitor fail to affect
assymetric proliferation
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Effect of ARE Lnhibition on overall
proliferative potential is reversible
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Two daughter cells with inter-
m&totw ttmcs
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Original: @ 14h
D1: @ 60h
D1-D1 @170h
D2:@175h

No difference |
in size or
morphology |




DMSO ~| DMSO
2 ng AKT-1/2i 2 ng AKT-1/2i
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A Cell cycle time (hours)

within 6h after mitosis
6-12h after mitosis
6-12h before mitosis
within 6h before mitosis




Go-LiRe cells are enriched after
agtotoxw treatmewt LA \/L\/O
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Go-LiRe cells L vitro survive
eytotoxic insult
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Blscussion § Brawbacks
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o Akt supressing cancer therapy could backfire by enriching
the resistant, slow growing population

o Authors speculate: “cancer cells divide assymetrically like
normal stem cells”’, but the Go-like daughter fails to exit
cell cycle

o turns original paradigm around S - G
o Background very very weak = e e e
o may not be the author’s fault

o No in vivo model they can
manipulate

o show environmental modulation of
slow cycling cell pool




Blseusston: Ass Y metrie diviston
need not be a one-wa Y street!
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o Assymetric division need not be a one-way street

OB 2 8 A

neuroblast

Cell fate (terminal differentiation) Back and forth flux

between phenotypes

o A new dimension to heterogeneity in cancer
o implications to remission, resistance
o does not appear to be a stem-cell like mechanism
o does not correlate with EMT
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o Multi-stablity in the regulatory system

(latent) property of all cancer cells (nature)

ey modulated by environmentally regulated signaling pathways

(nurture)

o Stochastic transitions
o A cell population can
hedge its bets by adopting

a mixture of opposing
strategies

cells © o General phenomenon in

G eells in fast viruses to mammals
v cycle

Balazsi, G., van Oudenaarden, A. & Collins, J. J. Cellular decision making
and biological noise: from microbes to mammals. Cell 144, 910-925 (2011).
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