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Imposition of stem cell features
on daughter cells
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The hair follicle as a model system to study stem cells.
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A bi-compartmental organization of different adult mammalian stem cell niches.
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A schematic of stem cells in many tissues. Because
stem cells have a slow cell cycle, they can be
identified by their ability to retain nucleotide analogs
such as bromodeoxyuridine (BrdU) longer than other
cells, resulting in their name as label retaining cells
(LRCs). (A) The hair follicle stem cell niche is
organized into two different epithelial compartments,
the hair germ and the bulge. The hair germ (light
green) is located close to the mesenchymal dermal
papilla (red), which acts as a signaling center. The
bulge (dark green) is located further away from the
dermal papilla. The cells with the most label retention
are found in the bulge. (B) In the hematopoietic
system, dormant hematopoietic stem cells (d-HSCs,
dark green) and activated (a-) HSCs (light green)
have been identified. The d-HSCs retain label better
than do the a-HSCs and are probably located closer
to the endosteal niche of osteoblasts (red), whereas
the a-HSCs are probably further away from the bone
and closer to the vasculature (red vessel). (C) In the
intestine, stem cells are positive for Bmi1 (dark
green) and are located in position +4 in the intestinal
crypt. Lgr5-labelled stem cells (light green) have also
been identified at the base of the crypts. The
differentiated Paneth cells (red) could possibly
function as a niche for the Lgr5* stem cells. (D) In the
subventricular zone of the striatum, two groups of
astrocytic stem cells have been identified: Gfap™ Egfr
~ astrocytes (dark green) and Gfap* Egfr* astrocytes
(light green). These cells presumably rely on the
ventricle and the blood vessels as a niche (red).
Bmi1, B lymphoma Mo-MLYV insertion region 1; Egfr,
epidermal growth factor receptor; Lgr5, leucine-rich
repeat-containing G-protein-coupled receptor 5; LRC,
label retaining cells.



Cre-recombinase-based lineage tracing system.
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Cre-recombinase-based lineage tracing system. Cre recombinase expression can be spatially restricted by expressing it
under the control of a tissue-specific promoter. Temporal restriction is achieved by fusing it to the tamoxifen-responsive
hormone-binding domain of the estrogen receptor (Cre-ER™M). The Cre enzyme is in an inactive state in the absence of the
ligand tamoxifen. Once tamoxifen is added, the Cre is active and can translocate to the nucleus. When these Cre constructs
are used in conjunction with reporter genes, such as green fluorescent protein (GFP) ubiquitously expressed under the
control of the ROSA26 (R26) promoter for example, and placed downstream of a STOP codon flanked by Cre recombinase
recognition (loxP) sites, reporter gene expression can be activated in specific cell types at defined time-points. (A) In the
absence of tamoxifen, no expression of the reporter gene is observed because of the presence of the stop signal upstream
of the reporter gene. (B) When tamoxifen is administered, the Cre is activated and mediates recombination between the
loxP sites in cells. As a consequence, the STOP codon is excised and the cells are permanently marked by the reporter
gene. ER, estrogen receptor; GFP, green fluorescent protein.



Testing cell potential with lineage tracing.
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The inducible Cre system can be utilized to specifically
mark different subsets of cells within a tissue. The
persistence of labeled cells within a tissue is influenced by
the turnover rate of the tissue, as well as by the cell cycling
properties of the labeled cells. If cell-specific promoters are
available (for stem cells, transit-amplifying cells or
differentiated cells), several different labeling scenarios can
be predicted. (A) If the stem cell population is marked, the
whole tissue will be labeled and this label will persist for a
long time, as stem cells are multipotent and long-lived. (B)
If stem cell progeny are marked, and stem cells directly
contribute to the organ regeneration, the transit-amplifying
and differentiated cells will have a mosaic pattern (labeled
and non-labeled cells) in the short term. If the progeny is
also long-lived, this mosaic pattern will be sustained long
term as well. (C) If transit-amplifying cells are marked, their
differentiated daughter cells will also be marked in the
short-term. However, as the transit-amplifying cells are
short-lived, both labeled transit and differentiated cells will
be replaced by unlabelled cells in the long term. (D)
Conversely, if differentiated cells are marked, the label will
be quickly lost, as differentiated cells are, in most tissues,
short-lived and replaced by new stem cell progeny (there
are exceptions of long-lived differentiated cells, such as
memory B and T cells). By using this scheme, it is possible
to address the regenerative potential of each of the cellular
compartments without disrupting normal tissue physiology.



A gasztro-intesztinalis rendszer fejlodése

DEVELOPMENT OF THE GUT
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Fig 2. Anteior-postenor (AP) pattem dewelopment in the gut The left diagam shows the anterior
ntestinal portal (AIP) and cawdal intestinal portal (CIF) and opposite poles of the embryo. The middie figure
shows early AP regonalization into foregut, midgut. and hindgut with near adult epithelial (radial) different-
ation of specific regions shown on right.



Az emésztorendszer tagolédasat szabalyozo6 faktorok csirkében
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Fig. 4. Expression boundaries of selected factors in the endoderm and mesoderm with specific reference
to sphincter placement. (Adapted from Grapin-Botton and Melton, 2000).
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A bélham fejlodése emloésokben
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Figure 1. From development to differentiation of the intestinal epithelium. During early embryonic development, the visceral endoderm
appears uniform and presents stratified cell layers. Intestinal epithelial cytodifferentiation occurs during fetal development and is marked
by mesodermal growth into the lumen, and villi formation. These villi are separated by proliferative intervillus epithelium. AP axis differ-
ences appear and are characterized by long and thin villi in the small intestine and by transitory wide and flat villi in the colon. The inter-
villus epithelium of the small intestine is reshaped downward forming crypts. In humans, the final architecture of the small intestine is
reached before birth and is characterized by the crypt-villus unit. The colonic villi disappear at the time of birth and the mature colonic
epithelium presents tubular glands (crypts) [adapted from ref. 111, fig. 2].
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Figure | The sructure of the adult small intestine. Putative stem cells reside imme-
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cells, may also behave a5 stem cells. Progenitons stop proliferatng o the crypt-villus
Juncticn and e xpeess di fferentiation markers. Entercend ccrine, absorptive, and mucose-

creting celks migrate upward, whereas Pameth cells migrake dosnward mnd kcalze at
the bottom of the crypts.

kehelyseitek

boholyham

boholy-
stroma bélbolyhok
rétege
bélboholy
hosszmetszete
lamina
ropria
£ Ueberkifa
kryptékkal -
Lieberkiihn-
kryptak

lamina
muscularis
mucosae

13-31. abra. Jejunum nyélkahdrtydja (HE, 270x).



villus

Small intestine

Colon
epithellum._

surface
epithelium

crypt




B [“Absorptive ceiis ][ Gobiet ceii

Migration

Differantiation

Amplification
comparnment

companment

s || Endocrine cells || Pa

-
ol R
- ', g » ’ 4 - '
. Wy 'l K R - »..
\‘ h
;

A nyalkahartya
(lamina epithelialis)
féobb sejttipusai:

4-5 nap alatt
cserélodnek

enterocitak: felszivéham
kehelysejtek: mucin termelés a
nyalkahartya védelmére
enteroendokrin sejtek: peptid hormon

termelés
Paneth sejtek: a baktérium fléra

Jkarbantartasa”



Gastrointestinalis epithelium
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Akkor mégis melyik az Ossejt? =
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Fig. 1. Schematic representation of a section through the mammalian small
intestine along the crypt villus axis indicating the location of the various
cell types and the transit and stem cells. A section of the crypt region is
enlarged to show the relationship between the stem and TA cells in terms of
proliferation. Vertical arrows indicate direction of cell migration and differ-
entiation. Expression domains of 7¢f-4, Cdxl, Cdx2 and HFHI1 are also
indicated.
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Gastrointestinalis epithelium

Es mennyi van bel6liik?
LHunitarianus hipotézis”: Egy Ossejt képes létrehozni egy teljes
kriptat. Kripta: klonalis?
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Figure 1 Clonal origin of normal human infestinal crypts and small intestinal villi. (A) Monockonal origin of human colonic crypts: normal colonic
mucosa in an XO/XY mosaic individual stained by in situ hybridisation for a Y chromosome specific probe showing a XO crypt (central) surrounded
by two XY crypts (courtesy of M Novelli). (B) Villi, receiving cells from more than one crypt of different clonal derivation, show a polyclondl pattern in
this X0/ XY patient. Apart from the occasional Y chromosome positive inflammatory cell (red chromosome label) the majority of cells on the right of this
villus are XO (green chromosome paint) whereas on the left side the cells are XY (red and green chromosome paint) (courtesy of R Poulsom).



Figure |. Mowse embryo aggregaton chimers, XXXY chimeric mice, and Xeinactivation mice in gastroemestrl donality studies.
(a) Crosssection drowgh cypts in necnatal ducdewm of a B6.SWR chimen smained with DBA (B6 =back sarng
SWR=urstaned). A alhnced contribution to mixed crypts (m) and manodioml crypts ) s ssen (Fom ref 16, with permssion).
(5) Y-spot pattern in the gastric mucom and underfying tissues of an XX-XY chimen (cowrtesy of EE M. Thompson) (c) DBA
staning patems in small ntestine of ENU.treated (12 wedcs) CS7BUELSWR Fl chimeras showing wholly negative and positive
(bhdc stanirg) orypts (from ref 20, with permission). (d) G6PD histochemistry in frozen sections of cobnic mucom in an ENU-

treated C3H mowse (i) partally negatie crypt () completaly negative crypt: (M) cross-saction of an eight<rypt patch at 21 weds
(from ref 26, with permission)

@ A Lieberkuhn kriptak egysejt eredetliek?

1, Embrioé aggregacios kiseérletek: C57BI/
6XxSWR egerekben a DBA (Dolichos

biflorus agglutinin) kétédeés vizsgalata =
csak monoklonalis kripta

2, XX/XY kimérak vizsgalata
3, X inaktivacios vizsgalatok: kezdetben
poliklonalis, majd monoklonalissa valik

probléma:monotipikusak vagy
monoklonalisak a kriptak?

4, Ossejt mutacios kisérletek
(besugarzas, DMH, ENU mutagenezis):

* DIb-1 analizis: DBA kotés vizsgalja

«X inaktivacios kisérletek: G6PD*-



Gastrointestinalis epithelium

G6PD ,,mediterran” mutacidja (szardiniai nék 17%-a heterozigéta):
2260 kriptat megvizsgalva nem talaltak vegyes fenotipusut:

Kriptak valoban
monoklonalisak
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Figure 3. The crypt opcle. Emergence of rarsformed crypts ater mutation in a srgle stemn coll Solid black arrows indicate the
crypt division cycle, triggered by syrmrnetnic stemn cell divisions (p), whereas paler arrows show asymmetric stemn cell divisions (r).
Thes s ndependen of the aypt cyce and ermblks ndividual crypts to marman a constant number of stemn colls and to replce
difierertatad progeny contruously over a aypt cell tumover trne, on avergge (fom ref 26, with permssion)
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Figure 1| Lgr5 is a Wnt target gene in a human colon cancer cell lineand is
expressed in mouse crypts. a, Northern blot analysis (upper panel);

Figure 4 | EGFP expression in an Lgr5S-EGFP-IRES-creER T2 knock-in mouse
faithfully reproduces the Lgr5-loc expression pattemn in the intestinal
tract. a, Generation of mice expressing EGFP and creERT2 from a single
bicistronic message by gene knock-in into the first exon of Lgrs. 5A, splice
acceptor; UTR, untranslated region. b, ¢, e, Confocal GFP imaging counter-
stained with the red DNA dye ToPro-3 confirms that Lgrs expression is
restricted to the six to eight slender cells sandwiched between the Paneth
cells at the crypt base of the small intestine. b, The entire crypt—villus unit;
¢, enlargement of crypt regions; d, immunohistochemical analysis of EGFP
expression in intestinal crypts. e, Two-dimensional image of three-
dimensional reconstruction (Supplementary Movie 1 and Supplementary
Fig. 2). f, Confocal imaging of EGFP expression in the colon confirms that
Lgr5 expression is restricted to a few cells located at the crypt base. g, Cryo-
electron microscopy section of crypt stained for GFP with immunogold
(scalebar, 1,000 nm ). Quantification of specificity oflabelling: gold particles
were counted over 255 pm® of CBC cell cytosol (1,113 particles), 261 pm* of
Paneth cell cytosol (305 particles) and 257 pm” of fibroblast cytosol (263
particles) outside the crypt. Thus, CBC cytoplasm had 4.36 gold particles per
pm”; in contrast, the Paneth cells had 1.17 gold P.I.rl'.lL].Ei per pm” and the
fibroblast control had 1.02 gold particles per pm”, C, crypt lumen; P, Paneth
cells. h, Unlabelled cryo-electron microscopy section (scale bar, 2,000 nm),
underscoring the ultrastructural characteristics of CBC cells and their
positions relative to Paneth cells.
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. , Figure 5| Lineage tracing in the small intestine and colon. a, Lgr5- EGFP-
IRES-ereERT2 knock-in mouse crossed with Resa26-lac? reporter mice 12 h
after tamoxifen injection. b, Frequency at which the blue cells appeared at
specific positions relative to the crypt bottom, according t© the scheme in the
inset. Results are depicted as means and standard deviations of four

inde pendent stretches of proximal small intestine totalling 400 positive crypts.
Most of the Cre™ LacZ-labelled CBC celk occurred at positions between the
Paneth cells, whereas only 10% of these cells were observed at the +4 position
directly above the cells (blue line). Quantitative data on the position of long-
term DNA-label-retaining cells obtained in adult mice after irradiation

. imarking the “+4’ intestinal stem cell) were published recently'”. The graph

. shows a comparison of these data (red line) with the position of CBC cells

*; carrying activated Cre. c—e, Histological analysis of LacZ activity in small

¥ intestine 1 day after induction (c), 5 days after induction (d) and 60 days after
¢ induction (e). f-h, Double-labelling of LacZ-stained intestine using PAS

§ demonstrates the presence of goblet celks (f, white arrows) and Paneth cells
ig, blue arrows) in induced blue clones. Double-labelling with synaptophysin
demonstrates the presence of enteroendocrine celk within the induced blue
clones (h,black arrows). i-k, Histological analysis of LacZ activity incolon 1 day
after induction (i}, 5 days after induction (j) and 60 days after induction (k).



Figure 2. The sten o=l niche hypothesis. (a) G6PDstaned frozen section of colonic mucom from a CH3 mowse 14 days dfter a
sirgle dosz of DMH showirg a srgle wholly mutated crypt i which all s lave been replaced by a mutart phenoype (fom
ref. 25, with permission). (b) Dagrammatic represermation of the stem coll niche. An active muitipotent stem ool 5C) produces a
daghter call (C) that gives rise to emerocytic nmges, and another which generates goblet, Paneth, and emercendocrine colls
(although it & not loown whether all derive fom M) GLP-2 produced by a subset of emtercendocrine colls strmuates prolferation
of the C, dauginer va an imeraction with entenc nervous system newrons that express the GLA2 receptor (GLR2R). The natwre of
the newroml sigml tat affecss C. s wnlnown (from ref 100 wath permission)

TABLE 1 Markers of cell typs of compartment in the intestiral epithelium

Osseijt niche

*Wnt szignalizacié

*FGF, EGF, TGFb, IGF-1,2
*PDGFa

*Shh, Ihh

A specialis mikrokornyezet meghatarozo
elemei:

*ISEMF sejtek? (Fhk-6=HSPGs-Wnt/b-

catenin)

ol type Reforences (‘) Table 1
Prolifective
Ki&e? All pedlifentive cdl: (vin de Weterds 1. 2002
e e o o m de etng o 2. 20020 Additional genes affecting cell renewal in the intestine.
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A gastrointestinalis ,,stem cell niche”

- Musashil (RNS-kot6 fehérje) és Hes-1 (lasd: Notch) koexpresszigja a feltételezett stem
sejtekben (Hes-1 egyediil expresszalodik a migralo progenitorokban)

- Cdx-1 ¢és Cdx-2 (homeobox transzkripcios faktorok): Tcf-4 kontrollja alatt (Iasd Wnt);
proliferacio gatlasa, differenciacio

- Fox1 (forkhead box transzkripcios faktor): gastrointestinalis mezenchymara jelemz6 =
novekedese

- Dickkopf (Wnt receptorokhoz kot): proliferaciot csokkenti

- TGFf (BMP)-Smad-utvonal: magas BMP4 expresszio a bolyhok k6zotti mezenchymaban (de
nem proliferativ régidban): a proliferacio gatlasa, a Wnt-rendszer antagonizalasaval (PTEN =
PI3K = Akt gatlasa, €s igy P-catenin gatlasa)

-TIhh (indian hedgehog) -/- allatokban csokken a bélbolyhok szama (de nem a proliferacid
csokkenése miatt)

A lieberkuhn kriptat
* Intestinalis SubEpithelialis MyoFibroblastok (ISEMF)/SMA*, desmin/ és
* Cajal féle sejtek (ICC) /ISMA*, desmin*, c-kit*, CD45"*/ veszik kordl.

PDGFa

Lamina epithelialis ISEMF/kotészovet

HGF, TGFB, KGF +—



Wnt szignalizacio szerepe a bélham Ossejtjeinek szabalyozasaban

Wnt

Active

B " wnrecepiorcomoec Canonical Wnt signals are
essential for homeostasis

of the intestinal epithelium
Daniel Pinto, Alex Gregorieff, Harry Begthel, and

Hans Clevers!
GENES & DEVELOPMENT 17:1709-1713 © 2003

wnt Inactive , L ; . .
Wnt Receptor complex maodszer: villin promoterrel kifejeztetett Dkk1

Essential requirement for Wnt signaling in
proliferation of adult small intestine and colon
Fig. 2. Simplified Wnt signaling. A: in the absence of Wnt, an adenomatous revealed by adenoviral E}{prESSion of DlekDpf'1

olyposis coli (APC)-dependent protein complex inactivates (3-catenin, target-
l.) ).pO ( . ) P P P <. “. B ‘ arg Frank Kuhnert*, Corrine R. Davis®, Hsiao-Ting Wang*, Pauline Chu®, Mark Lee*, Jenny Yuan*, Roel Nusse®,
ing it for degradation (curved arrow). B: when Wnt binds its receptor compleX,  and calyin J. Kuo*s

the APC-dependent protein complex is inactivated leading to an accumulation
of active 3-catenin in the nucleus, altering gene expression. Note that inacti-
vating mutations in various components of the APC-dependent protein com- modszer: Dkk-t expresszald adenovirus fertézés
plex, including APC, can lead to a similar accumulation of active 3-catenin in

the nucleus, mimicking constitutive Wnt signaling. Wnt signaling can be

suppressed by extracellular Dickkopf, which binds to a component of the Wnt

receptor complex (C), inducing its internalization (D).
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Figure 1. Dkkl ectopic expression deleteriously affects crypt—vil-
lus organization. Representative sections of the small intestine from
wild-type (A,C) and transgenic (B,D-F) adult animals stained with
hematoxylin/eosin. The number and the size of crypts and villi are
drastically reduced in the transgenic mucosa to rare residual crypt-
like structures (arrowheads in D) or few residual villi [arrows in F).
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Figure 2. Intestinal cell proliferation is inhibited in Dkkl trans-
genic mice. Immunohistochemical analysis of small intestine sec-
tions from wild-type (4,C) or transgenic (B,D) adult mice stained
with an antibody against proliferating cell antigen Ki-67, and wild-
type (E| or transgenic (F) adult mice labeled with BrdU and stained
with an anti-BrdU antibody. Note that proliferative cells are abun-
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Dickkopf1 overexpresszio hatasara a Paneth

osszeesnek a bélbolyhok. Se_Jtel,(, h_om'”g'la elro_mllk o ,
Mispositioning of Paneth cells in the small intestine of Dkk1 transgenic
mice. Immunohistochemical analysis of small intestine sections from
wild-type (A) or transgenic (B) adult mice stained with an antibody
against lysozyme (Paneth cell marker), showing Paneth cells aberrantly
allocated in crypts and villi of transgenic specimens (arrowheads).
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Mi a helyzet a Wnt utvonal tulaktivacioja esetén?

Ubiquitin-

mediated ®)
(B) proteolysis Oo O
0.0

Wnt-p-catenin rendszer:

(human colorectalis tumorok
85%-aban mutans az APC —
v.0.: adenomatous polyposis)




Figure 3

Active Wnt signaling in the intestine. Nuclear B-catenin is a hallmark for active Wnt signaling.

(@) p-Catenin staining in normal wild-type intestinal epithelium. On the villus only the membranes stain
positive, and at the bottom of the crypts postmitotic Paneth cells also show nuclear 3-catenin staining.
() Early adenoma tissue surrounded by wild-type crypt and villus epithelium in an Apc™® mouse shows
elevated B-catenin levels in the adenoma cells, indicating hyperactive Wnt signaling.



Wnt szignalizacio

proliferacié szabalyozas
migracio szabalyozas (EphB)
differenciacio szabalyozasa
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In the abeence of & Wnt/Wg signal i1 the presence of a Wnt/Wg signal ? I compartment
Figure 7. The Whnt sgnaling pattway. In the absence of Wit signaling, Dishewelled is imctive (Dsh)) and Drosophio Zestawhite 3 :
or its marrnalan homobgue ghoogen synthase kimse 3 (2w GSK3) is actve. f-Catenin (blhadc durnb-bell} via association with the ]
APCZw3IGSK3 complex, undergoes phosphoryhition and degnadation by the ubiqutnr-protmsomne pathway. Manwhile, TCFs 020 0 ——-—===5 E B= N
bound to its DNAbinding site in the nudews, where it represses the ooression of genes such as Samois n Xenopes () In the | E =% | Stem cell and
presence of a Wntsigrml, Dishevelind is activazed (Dsh,), lmading to nctvation of Zw 3 GSK3 by an urknown machansm. f~Caterin B-catenin-TOF ; : Pansth cell
fals to be phosphoryhited and is no longer targetad o the ubiquitin-protmsoms pathway. Instead, it accumuhtes in the cytoplasm ON 1 compartment
and emers the nudleus by an unloown pathway whers it imencts with TCF, to aleviate repression of the dowrstream genes and L
provide a transcriptional actvation domain (Fom ref 80, with permission) Wnt?
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differentiation niche
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Figure 2. Putative intestinal stem cell niche. Scheme of the architecture and signalling in the mucosa of the large intestine
(left). Red indicates differentiated cells and pathway components inducing differentiation. Green indicates stem cells (CBCs),
transit-amplifying cells or signalling inducing it. A simplified view of the stem cell niche, which might turn out be much more
complex (right): putative signalling crosstalks defining the stem cell niche and the differentiating cell niche. In the upper crypt
regions, indian hedgehog (lhh) triggers BMP expression in stromal cells, which then activates PTEN expression in epithelial cells.
All three factors directly or indirectly inhibit VWnt signalling. In the stem cell niche, surrounding stromal cells secrete the BMP
inhibitors Noggin and Gremlin, leading to a relief of repression of Wnt signalling. In addition, the stroma provides Whnt ligands
to induce Whnt signalling through Fzd receptors in stem cells and transit-amplifying cells. Additional unknown signals specify VWnt
signalling towards expression of stem cell-associated target genes (X) or proliferation-associated target genes (Y)



Gastrointestinalis epithelium

Az egyes fejlodési iranyok
szétvalasa: Notch/Delta
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Notch: y-secretase gatlasa
(Alzheimer gydygszer)
gastrointestinalis problémakat
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szekretoros sejt lett)
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Figure 4 (a-c) Liver-hepatocellular cancer, (d-f) stomach-gastric polyps. (g) Schematic diagram to show APC inactive mutation and
TGF-fi signaling alteration during gastrointestinal tumor progression



primary tumour
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Figure 5. The migrating cancer stem cell (MCS cell) concept. (A) Normal stem cells (expressing nuclear S-catenin) are located
at the crypt base 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. A crucial step towards malignancy is the induction
of an epithelial-mesenchymal transition (EMT) in tumour cells, including SCS cells, which now become mobile, migrating cancer
stem cells (MCS) cells. This step could be activated by aberrant environmental signals [in the example of colorectal cancer,
after crossing the border of mucosa to submucosa (lamina muscularis mucosae) in late adenomas]. (B) Detailed view on MCS
cells in carcinomas and metastases. MCS cells divide asymmetrically; one daughter cell starts proliferation and differentiation (1).
The remaining MCS cell either migrates a short distance before new asymmetrical division, thereby adding mass to the primary
tumour (2), or eventually starts long-range dissemination through the blood or lymphatic vessels and builds up a metastasis after
subsequent asymmetrical divisions (3). Thus, the basic mechanisms are the same for primary carcinomas and metastases (adapted
from [103])



A maj és a hasnyalmirigy fejlodése

A Fated tissue domains B Tissue domains at time of specification

prior to specification (Sagittal view)
AIP: Anterior intestinal portal

CIP: Caudal intestinal portal

Foregut

Head

ntral-anterior
endoderm
Wnt suppressed

Paraxial mesoderm
RA source

(view into foregut)

Notochord
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Head Hepatic
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Cardiac
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Fig. 1. Cell domains and signals for embryonic liver and pancreas specification. (A) Fate map of progenitor
cell domains before tissue induction; view is into the foregut of an idealized mouse embryo at E8.25 (three- to
four-somite stage). Green arrows indicate movement of lateral progenitor regions toward the ventral-medial
region. (B) Sagittal view of a mouse embryo several hours later than in (A) showing the positions of the newly
specified liver and pancreas tissue domains. Signals and cell sources that pattern the endoderm are shown.
Dashed blue line indicates plane of view in (A).



A majbimbé fejlodésének allomasai egérben

Hepatic endoderm Liver bud Organ formation
Columnar epithelium Pseudostratified Emergence into stroma

Prox 1
Hnfé

Hhex oc-2

é é

Endothelial
signals

Hexlecz Hex'esZ

E 8.5 10 somite pairs (10S) DAPI E 9.0 (218) DAPI E10.0 (279)

Fig. 2. Stages of liver bud organogenesis. Hepatoblasts are stained blue the hepatic cells. Genes and signals that promote each transition are indicated.
(Hex*%*), cells with orange nuclei are gut endoderm (FoxA2*), and all nuclei  Similar morphogenetic stages occur during pancreas bud organogenesis.
were stained green by 4’,6 -diamidino-2-phenylindole. White arrows point to  Images are adapted from (36). S, pair somite stage; E, embryonic day.
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Fig. 3. Regulatory factors controlling cell type lineages within the liver and pancreas. Transcription factor
genes are shown in bold; their functions have been reviewed in the text and elsewhere (23, 55-57),

except for wHnf1 in hepatic development (81). Pdx1 nitially marks duodenum and caudal stomach
progenitors (not shown) as well as the pancreatic domains (28).

A maj és a hasnyalmirigy
sejtjeinek leszarmazasi
vonalai



v. centralis

sinus
sejtgerenda

Maj lebenyke szerkezete

v. inter-
lobularis

a. interlobularis

ductus

v. peri- N .
pe interlobularis

lobularis

a. perilobularis

14-12. abra. A lobulus hepatis térbeli dbrazoldsban. A ko-
zel hatszogletd hasab alaki mdjlebenyke kozepén halad a
v. centralis, mig az éleken az a., v. és ductus interlobulari-
sokat (portalis tridsz) talaljuk (Krstic utdn).
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Portal Tract | Hepatic Progenitor Cells == Endothelial Cells

Fig. 1. Location of hepatic progenitor cells niche within the liver. Progenitor cells are located in the canals of Hering which represent the connection between
bile canaliculi and bile duct systems.



2. M4j

- LSPC (Liver Stem/Progenitor Cell): egyelOre nincs in vivo
bizonyiték arra, hogy valodi, onmegujitasra képes dssejtek volnanak
a majban (avagy csak koztes sokszorozo).

- Az ¢rett majsejtek (egy része?) azonban képes osztodni, hepatocyta/
cholangiocyta iranyba in vivo (normal 1ill. sériilés esetén) €s 1n vitro
differencialodni.

- Extrém regeneraci0s / transzdifferenciacios képesség
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2. M4j

A maj ,,stem cell niche”

- a sejtek folyamatos, gyors turnovere: precizen szabalyozott (s
plasztikus) ,,stem cell niche”-re van sziikség

- helyszine: feltehetoleg a
Hering-f¢le csatornak

- stem cell marker: nem
1smert

- funkcionalisan
azonosithatok (BrdU, *H-
timidin)
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2. M4j

A maj ,,stem cell niche”

- sejt-sejt kapcsolatok: érdekes modon Notch/Delta rendszert még nem
irtak le a majban (kivétel: epecsatorna-epitel, ill. embrionalis vérképzés)

- sejt-matrix kapcsolatok: még csak leird jellegli adatok a Hering-
csatornaval kapcsolatban, semmi funkcidra vonatkozo elképzelés

- Innervacio lehetséges szerepe; NGF, BDNF, neurotrophin-3, -4
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Fig. 2. Differentiation of hepatic progenitor cells towards mature hepatocytes or cholangiocytes. This process is characterized by the appearance of trans-
amplifying populations represented by intermediate hepatocytes and reactive ductules.
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3. Hasnyalmirigy

- E8,5: Pdx1 ¢s HIxb9 (homeobox
transzkripcios faktorok)
-E9,5-FE11,5 kozott Pdxl1
expresszio = ductalis sejtek =
endokrin/acinus sejtek

- Notchhtigh: ductalis, Notch!o":
endokrin/acinus vonal

- a tovabbi fejlodés egyeldre
kevéssé vilagos; EGF, FGF10
szerepe

- E12,5: citokeratinok, mint korai
ductalis markerek megjelenése
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3. Hasnyalmirigy (p-sejtek)

Egy gyakorlati kérdés: csinaljunk p-sejtet!

Létezik-e egyaltalan p-0ssejt?

Raewyn M Seaberg, ..., Derek Stem cells

van der Kooy Nature
Biotechnology 22, 1115 — 1124
(2004)

Clonal identification of
multipotent precursors from
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St
Yuval Dor, et al., Nature 429, el

41-46 (6 May 2004)
Adult pancreatic p-cells are
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rather than stem-cell Trap<differentiation @
differentiation
B cell




Hasnyalmirigy 6s/progenitor sejt jeldltek:
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Exocrine sejtek
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Fig. 4. Progenitor lineage relationships in adult liver and pancreas. The thickness of the arrows
indicates the dominant mode of regeneration. Dashed lines delineate rare or hypothetical cell-fate
transitions that occur only under specific experimental conditions.



Langerhans sziget transzplantacio

1980-as évek kozepe: az elsé klinikai kiserletek
1990: az els6 hosszutavon sikeres atlltetés (Univ. of Pittsburg)
1999-2004 kOzOtt 471 beavatkozas 43 intézetben vilagszerte
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