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Aktivace vyvojovych mechanismu
u dospelého organismu



Kdy a procC se reaktivuji procesy
spjate s embryonalnim vyvojem?

* odpoved je logicka: tehdy, kdyz je potreba
znovu vytvaret struktury poskozené Ci
znicene tj. kdyz je potreba regenerovat

* v lidskem organismu bezne regeneruji
cele tkane — napr. vlasove korinky (doba
,zivota“ 3-4 roky), epitel streva, epitel plic,
krevni bunky nebo jatra



Salamander Regrowing
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Morphogenetic pathways (canonical Wnt
signalling, Hedgehog, TGF, Notch) are
required for regeneration in multiple

organisms
axolotl zebrafish

C  wild-type hsWnt8 F  wild-type hsWnt5b
2 2 \

© ° A

2 = =

Q [}]

= 2




Aktivace nadorovych kmenovych bunék jako dusledek
chronickeého poskozeni a regenerace

A a Resting epithelium

Oncogenic
event(s)

—_—

b Injury and activation of
repair programme

Qﬂ P ___Q_UD

¢ Repair
elofols) (olefele] [ofelgle]e]
b [
B Tissue injury

d Parsistent activation following chronic injury

£832084008800A00

i

Cncogenic

Active stem cells
(HhAWnNt active)

Quiescent stem cells
(HhAWNtin inactive)

TizzUe

regensration
Figure 2 IModel for carcinogenesis resulting from persistence of a state of injury repair,
A Cellular events of epithelial repair, a, Resting epithelium with several differentiated
el phenotypes {brown, orange, and yellow) derived from tissue stem cells, now
quiescent (red). Pathways such as Hh and Wit signalling pathways that have arole in
the renewal of stem cells are not active, b, Epithelial defect resulting from acute injury,
Loss of epithelial continuity activates a repair program which is driven By Hh or Wit
gignalling. This program results in the acquisition by epithelial cells of a more
mesenchymal phenctype, including flattening and movementof cells (straight arrow) to
cover the wound, activation (green), and expansion of stem cells through renewal
divisions (curved arrows). ¢, The wound is repaired, first by rapid cell movement, and
then by restoration of cell numbers resulting from the amplification of stem cells and

event(s)

—

Cancer stem cells
(HRAWNt active)

the differentiation of their progeny. Subsequently, either epithelial continuity and
patterning is restored, Hh and Wit signaling ceases, and the stem cell compartment
returns to quiescence (a); or oncogenic event(s) may trap a stem cellin an activated
state of continuous renewal, which is driven by autonomous Wit or Hh signalling (d).
Further genetic or epigenetic change in such a persistently activated stem call {curved
red armows) might produce a cancer stem cell (green) which is capable of aggressively
propagating a cancer (e). This may result from enhanced proliferation and production
of more cancer stem cells aswell as from differentiated cancer cells (plug). B, Stem
cells cycle between quiescence and activity as a consequence of Hh/AWNt driven
responses to injury. Oncogenic event(s) may trap activated stem cells ina permanent
state of HhAWnt driven activity, resulting in cancer stem cells.,



Kmenoveé bunky
a) sebeobnova (selfrenewal)
b) multipotence

* embryonalni

kmenové (ES) - tkanove specificke

blastocysta vyvijejici se tkan (organ) dospéla tkan




Priprava embryonalnich kmenovych bunek:

den 0 den6 den7 ~den 11 ~den 12 ~den 17
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ontogeneze

blastocysta vyvijejici se tkan (organ) dospéla tkan

v




@ > O > O
kmenova progenitorova diferencovana

Kli¢ové regulatory (Velka pétka): Wnt, Shh, BMP/TGF, RTK (FGF), Notch

wild-type+4OHT ANB=eateninER+40H

Celso, C. L. et al. Development 2004;131:1787-1799



Kde jsou adult stem cells a jak
vypadaji?



Prostredi
kmenovych
bunek (stem

cell niche)

vlasovy kofinek

Fgure 4 The hair follicle. Stem cells reside in the bulge niche. Cealls can migrata
upwards from here to populate the sabaceous gland and the imerfolicular
epidermis. Cells that migrate dowmvards enter the matri where they rapidhy
praliferate and then differentiate to form the hair. @dapted from ef. 90

Reya & Clevers 2005, Nature



Prostredi
kmenovych
bunek (stem

cell niche)

kostni diren

Figure 5 Proposed model of HSC development in the niche, HSCsare shown (dark
green) at the endosteal marrow adjacent to the bone's surface mainly at the
trabecular bone, and are postulated to migrate imvard in the central mamow as they
differentiate {precursors in light green; differentiated cells in yellow, orange and red)
away from a possible gradient of self-renewal cues. (Adapted from ref. 44.)

Reya & Clevers 2005, Nature
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Hunt for the adult stem
cells

strevni epitel — latest developments
aneb jak opravdu na to (Barker et al.,
Nature, October 2007)

A. Priprava transgenni mysi €. 1 za
ucelem zjistit, kde je novy potencialni
stem cell marker exprimovan (in vivo
expression profiling). Lgr5 je
exprimovan specificky v burikach ve
spodni €asti krypty.

Figure 3 | Restricted expression of an LgrS-lacZ reporter gene in adult

mice. a, Generation of mice carrying lacZ integrated into the last exon of the
Lgr5 gene, removing all transmembrane (TM) regions of the encoded Lgr5
protein. Neo, neomycin resistance cassette; SP, signal peptide; LRR, leucine-
rich repeat region; C-Ter is carboxy terminus. b—h, Expression of Lgr5-LacZ
{blue) in selected adult mouse tissues. b, ¢, In the small intestine, expression
is restricted to six to eight slender cells intermingled with the Paneth cells at
the crypt base. d, &, In the colon, expression is confined to a few cells located
at the crypt base. f, g, Expression in the stomach is limited to the base of the
glands.
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stfevni epitel — latest developments
aneb jak opravdu na to (Barker et al.,
Nature, October 2007)

B. Priprava transgenni mysi 2,3 a 4
za ucelem zjistit, co vSechno vznika z
Lgr5-pozitivnich bunék (Lgr5+
lineage tracing). Lgr5 pozitivni buniky
davaji vzniknout vSem ¢astem
bunééného epitelu.

Figure 5 | Lineage tracing in the small intestine and colon. a, Lgr5-EGFP-
IRES-creER T2 knock-in mouse crossed with Rosa26-lacZ reporter mice 12 h
after tamoxifen injection. b, Frequency at which the blue cells appeared at

carrying activated Cre. c—e, Histological analysis of LacZ activity in small
intestine 1 day after induction (), 5 days after induction (d) and 60days after
induction (e). f-h, Double-labelling of LacZ-stained intestine using PAS
demonstrates the presence of goblet cells (f, white arrows) and Paneth cells
(g, blue arrows) in induced blue clones. Double-labelling with synaptophysin
demonstrates the presence of enteroendocrine cells within the induced blue
clones (h, black arrows). i—k, Histological analysis of LacZ activity in colon 1 day
after induction (i), 5 days after induction (j) and 60 days after induction (k).
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a  Lgrs-sxpressing cells

Lﬂ_ﬁ f,m +Tamoxifen

Has®

A F lacF [yl
ﬂ_.osaa;g,

stfevni epitel — latest developments
aneb jak opravdu na to (Barker et al.,
Nature & Sato, Nature 2009)

C. Lgr5 pozitivni bunky in vitro davaji
vzniknout kompletni villus-crypt
strukture in vitro (Doposud se to s
zadnymi jinymi bunkami nepodarilo)

GFP




stfevni epitel — latest developments
aneb jak opravdu na to (Barker et al.,
Nature, October 2007)

D. Zavér: Kmenové burky epitelu
tlustého i tenkého streva jsou
protahlé, drive nepovsimnuté bunky,
v relativni pozici 1°, 2" a 3'od spodu
krypty.

o

Positive cells (%4)
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Rosa26 locus in Mouse, Chré Cre recombination

Small Intestine




8 weeks

Intestinal Crypt Homeostasis Results
from Neutral Competition between
Symmetrically Dividing Lgr5 Stem Cells
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Prostredi kmenovych bunek (stem cell niche)

Under Normal Physiological Conditions

Niche Niche Self-renewal

Transient
signal

Regulated preliferation and
proper differentiation

Stem cell Dominant Stem cell
{Quiescent) signal (active or in division, but still
in the state of slow cycling)

In Cancers or Tumors

Niche
a0
_-_ Uncontrolled proliferation
———= and impaired differentiation
poised for additional genetic mutation
Stem cell
(Quiescant) (active, but slow cycling)

Cancer Research Reviews ;.‘"({




Cancer stem cell hypothesis

ontogeneze

blastocysta vyvijejici se tkan (organ) dospéla tkan

tvorba nadoru

nadorovost




Klasické morfogeneticke drahy (Wnt, Hh,
Notch a dalsi) reguluji regeneraci, tkanoveée
specificke kmenoveé bunky i nadory

Figure 1 Hh and Wnt signalling pathways. Simplified views of the Hh and Wnt
signalling pathways, with emphasis on components implicated in cancer or tissue
regeneration. Green and red colours denote pathway components with primarily
positive or negative roles, respectively, in pathway activation, Shaded components
have been causally implicated in tumorigenesis (see Table 2 and text; more
complete pathway descriptions are available in refs 32—34 for Hh and refs 17, 46
for Wnt), a, Activation of the Hh signalling pathway is initiated by binding of a Hh
ligand to Ptch. This lifts suppression of Smo, activating a cascade that leads to the
nuclear translocation of Gli and the activation of target genes. HIP is amembrane
protein that antagonizes pathway activity by bincing to Hh ligands, and Fu, SufFu),
Rab23, FKBPE and the IFTs (intraflagellar transport proteins) act downstream of
Ptch and Smo to requlate Gli. The function of Rab23, FKBPE and the IFTs outside
the CNS is not established. HF, Hh-interacting protein; Rab23, a member of the Rab
family of GTPases; FKEPS, a member of the FK50E-hinding protein family. b, The
Whntsignalling pathway is activated by binding of Wnt ligands to their receptors Fz
and LRF5/6, leading to the release of p-catenin from the degradation complex and
facilitating its entry into the nucleus, where it regulates target gene transcription
through association with TeF/LEF, Legless (Lgs) and Pygopus, SFRE WIF and Dl
are secreted antagonists of Wnt signalling, APC, Axin, GSK3p and CK1a are
components of the B-catenin degradation complex, WIF, Wnt inhibitory factor; Dk,
Dickkopf; GSK3R, glycogen synthase kinase 3@; Ck1a, casein kinase 1a.




Table 2 Hh and Wnt pathways in cancer

Tissue Tumour Evidence of pathway involvement References
Hh pathway
Brain Medulloblastoma Tumorigenesis by inactivation of PTCH; allograft and cell-line growth inhibition by
cyclopamine; inhibition of autochthonous tumour growth by synthetic small
molecule antagonist
Tumorigenesis by inactivation of Su(fu) 86
Glioma Gli amplification; 87,88
growth inhibition of some cell lines by cyclopamine
Skin Basal cell carcinoma Tumorigenesis by inactivation of PTCH; in vivo tumorigenesis by expression of activating
form of SMO or by Shh overexpression and in vitro growth inhibition by synthetic Hh pathway
antagonist; inhibition of human tumour growth topical cyclopamine
Muscle Ehabdomyosarcoma Tumorigenesis by inactivation of PTCH reviewed in 6

Oesophagus

Adenocarcinoma

Cell-line growth inhibition by cyclopamine, Hh blocking antibody

Stomach Adenocarcinoma Cell-line growth inhibition by cyclopamine, Hh blocking antibody 42

Pancreas Adenocarcinoma Xenograft and cell-line growth inhibition by cyclopamine, Hh blocking antibady; 42,43
tumour initiation (in mouse) by Shh overexpressicon

Biliary tract Adenocarcinoma Xenograft and cell-line growth inhibition by cyclopamine, Hh blocking antibady 42

Lung Small-cell lung cancer Xenograft and cell-line growth inhibition by cyclopamine, Hh blocking antibody 4

Prostate Adenocarcinoma Xenograft and cell-line growth inhibition and suppression of metastasis 29,89,90
by cyclopamine; increased xenograft growth by Shh and Gli overexpression

Bladder Urothelial carcinoma Increased tumour induction (in mouse) by alkylating agent in Pich heterozygote 91

Oral cavity Squamous cell cancer Growth inhibition of cell lines by cyclopamine; 92

Whnt pathway
Colon Adenocarcinoma Tumorigenesis by inactivation of APC, Axin; tumorigenesis by stabilization of -catenin;
epigenetic inactivation of SFRPs
Liver Hepatoblastoma Tumorigenesis (in mouse) by inactivation of APC and by stabilization of B-catenin
Blood Multiple myeloma Cell-growth inhibition by dominant negative TCF4; growth stimulation by Whnt ligand 93
Hair follicle Pilomatricoma Tumorigenesis (in mouse) by overexpression of B-catenin reviewed in 45
Bone Osteosarcoma Dkk3 and LRPS expression inhibits tumour cell growth in vitro 94,95
Lung Non-small-cell carcinoma Apoptosis and cell-growth inhibition by short intefering RNA 96
and a blocking antibody against Wnt2
Pleura Mesothelioma Apoptosis and cell-growth inhibition by transfection of SFRP 97

Emphasis is placed on functional data

showing a requirement for pathway activation in tumour formation and/or tumour cell growth. (See Fig. 1 and text for gene abbraviations.)



ontogeneze

blastocysta vyvijejici se tkan (organ) dospéla tkan
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Experimentalni dukaz:
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Nekontrolovana aktivace kmenovych bunek ma
fatalni nasledky
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DMBA/TPA-induced skin carcinogenesis

- benign papilomas, which in some cases progress into squamous cell
carcinoma (SCC)

Involutin
J Early cancer Advanced cancer

Normal Papilloma

DMBA-TPA



DMBA/TPA-induced skin
carcinogenesis
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Figure 2 | Cancer stem cells efficiently initiate secondary tumours that
recapitulate the organization of the primary tumour. a, Diagram
summarizing the frequency of tumour formation in orthotopic tumour
transplants using unsorted cells (filled diamonds) or CD34™ cells (open
circles) in varying amounts. The n value for each point is shown.

b, Abundance of CSCs (CD34"7AAD CD31 CD45 ) in secondary

tumours derived from orthotopic transplantations of CD34 ™ cells.

Malanchi et al. 2008, Nature
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Table 1 The table lists the size of the CSC population in different tumor types as determined by using the indicated markers

Cancer type Reference  Stem cell marker Abundance (%) Transplanted cells (efficiency in %)
Acute myeloid leukemia [1] CD34°CD38" 0.02-1 100000 (ND)
Breast [2] CD44*CD24"°" 11-35 5000 (100)

[2] CD44fCD24bWE5A+ 25-5 1000 (100)

[3] ALDHMah _ 3-10 500 (100)

CD44*CD24"°"ALDH"g" 0.9-1.2 20 (100)

Brain (medulloblastoma and glioblastoma)  [4] CD133" 19-29 100 (100)
Colon [5] CD133" 2=24 100 (25}, 500 (83)
Liver [6] cDao* 0.7-6.2 5000 (50)
Lung [7] CD133" 0.4-7 10000 (ND)
Melanoma (8] ABCB5™ _ 1.6-204 100000 (50)
Prostate [9] CD44 a2p1M"CD133" 0.1-0.3 ND

[10] CD44 *CD24"" ND 100 (ND)
Pancreas [11] CD44 "CD24 ESA™ 0.2-0.8 100 (50)*
Head and neck SCC [12] CD44+ 10-35 5000-10000 (50)
Skin SCCP [13**] CD34" 13-20 1000 (50)

The minimal number of cells inducing secondary tumor formation upon transplantation is included, as well as the efficiency of tumor formation with this

number of cells.
“Some growth from non-CSC population.
® Mouse; ND, not determined; SCC, squamous cell carcinoma.

Malanchi et al. 2008, Curent Opinion in Oncology



Cancer stem cell based therapy

Cancer stem cell
specific therapy

Conventional Tumor relapse
cancer therapy :

Tumor regression




Cancer stem cell based therapy - nadegje pro
nemocneé s nadorem slinivky?

Pancreatic adenocarcinoma -
Ctvrty nejCastéjsi divod umrti u Cancer stom coll

specific therapy

pacientl nadorovych
onemocneéni -
Median survival - 4-6 months o«

5-year survival - 1%

Treated with gemcitabine -
does not work

Tumor regression

Conventional Tumor relapse

cancer therapy
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Terapie budoucnosti?

gemcitabine

Cancer stem cell
specific therapy

Factor X ° .

Conventional Tumor relapse
cancer therapy
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Figure 4 | The migrating cancer stem (MCS)-cell concept. A | Normal stem cells are located in basal
crypt areas of normal colon mucosa. Stationary cancer stem (SCS)-cells are embedded in benign
adenomas and might still be detectable in differentiated central areas of carcinomas and metastases
(corresponding to phase |, see FIG. 3). A decisive step towards malignancy is the induction of epithelial to
mesenchymal transition (EMT) (corresponding to phase Il, see FIG. 3) in tumour cells, including SCS-cells,
which now become mobile, migrating cancer stem (MCS)-cells. This step could be activated by aberrant
environmental signals (in late stage colorectal adenomas this would correlate with the crossing of the
border between the mucosa and the submucosa (lamina muscularis mucosae)). B | Detailed view of the
paotential function of MCS cells in carcinomas and metastases. MCS cells divide assymetrically; one
daughter cell starts proliferation and differentiation (a). The remaining MCS cell either migrates a short
distance before undergoing a new asymmetric division, thereby adding mass to the primary tumour (b), or
eventually starts long-range dissemination through blood or lymphatic vessels and produces a metastasis
after subsequent asymmetric divisions at its new location (¢). Therefore, the basic mechanisms are the
same for primary carcinomas and metastases.
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Metastasis driving cancer stem cells: proof from
cell lines (pancreatic cancer)
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Metastasis driving cancer stem cells: proof
from human tumor (colorectal cancer)

A Subpopulation of CD26" Cancer Stem Cells
with Metastatic Capacity in Human Colorectal Cancer

Roberta Pang,'? Wai Lun Law,® Andrew C.Y. Chu,? Jensen T. Poon,? Colin 5.C. Lam,! Ariel K.M. Chow,? Lui Ng,’
Leonard W_H. Cheung,' Xiao R. Lan," Hui Y. Lan," Victoria P.Y. Tan,' Thomas C. Yau,' Ronnie T. Poon,*?
and Benjamin C.Y. Wong'-2*

CD133" CD133
No. cells ' '
Case injected | unsorted (CD26° | CD26" CD26 CD26 CD26 CD26" CD26 CD26
CD44” CD44 CD44™ CD44 CD44” CD44 CD44" CD44 ||

Metastatic tumor
CD133°CD44™ CD26”

1x10° 0/0(0) 3/4(4) U1(D) 1/1(0) 1/2(0) 3/3(3) 1/1(1) 0/1(0) 0/0(0)

1x10° 0/0(0) 3/4(4) 22(2) 2/1(0) 2/1(0) 3/4(4) 1/2(2) 2/2(0) 0/0(0)

1x10° 212(2) 44(4) 2/3(3) 2/3(0) 37407 2/2(2) 3/4(4) ND 0/0(0)

Dissociated cells were isolated for 9 different cell subpopulations and unplanted inte nuce subcutanecusly or orthotopically (4 ammals zach group).
Tumer formation was cbserved for both groups, and animals in the orthotopic implantation group were further observed for development of liver
metastasis. Hence, the first two numbers in each cell represents the number of mice with subcutaneons and orthotopic tumer formation respectively.
The third number (in parentheses) refers to the oumber of animals with liver metastasis develeped from the orthotopic implantation group. No liver

metastasis was observed in mice with subcutaneons implantation.



