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1. Specifikace endodermu

(a) Zebrafish (b) Xenopus (c) Chick (d) Mouse
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Current Opirdon in Genetics & Development

Fate maps of (a) zebrafish, (b) Xenopus, (c) chick and (d) mouse showing the localisation of the endoderm and mesoderm progenitors in early gastrula
stage embryos. "Suprablastoporal cells.




1. DETERMINATION OF THE ENDODERM:

- pri zakladni specifikaci zarodecnych listu - klicova role
maternalnich faktoru

- navzdory odlisné gastrulaci je molekularné velmi konzervovana

- klicové transkrip¢ni faktory: VegT, Sox17, Mix1, Mixer and
GATA1-4.

-animals with nodal loss-of-function can not form the definitive
endoderm.
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2. Formovani
endodermailni trubice
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trends in Genatics

Endodermal, mesodermal and ectodermal layers are respectively shown in yellow, red and blue. (a) A
series of chicken embryos at 1-, 5-, 15- and 46-somite-stage (E3.5). (b) 5-, 11- and 20-somite-stage
mouse embryos (E8.0, 8.5 and 9.0). (c) Gastrulating Xenopus embryos at stages 10, 11 and 13. In
chicken and mouse embryos, the anterior intestinal portal (AIP), a crescent-shaped fold, appears in the
endoderm at the level of the tip of the neural tube and moves posteriorly as indicated by arrows. A
similar fold, called the caudal intestinal portal (CIP), later arises at the very posterior end of the embryo
and moves anteriorly. The two folds meet at the yolk stalk, which connects the embryo to the yolk sac. In
the mouse, convergence of the AIP and CIP is facilitated by the turning of the embryo (big arrows). The
latest stages of mouse and chicken development show that the mouth is open anteriorly whereas
anal/urogenital plates are not yet open. In Xenopus, the endoderm that gives rise to the ventral part of
the gut tube comes from the subblastopore region (sh), whereas the endoderm that gives rise to the
dorsal part ingresses from the suprablastopore zone (sp) on the dorsal side. Deep endoderm cells of the
gastrula will contribute to the foregut. Abbreviations: A, anterior; P, posterior; D, dorsal; V, ventral.




Early bud Early-somite
TS 11c 1512 Organogenesis
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expressed in the definitive endodermn (arow) and anterior visceral endoderm (AVE, asterisk). C: Formation of the gut tube showing the location of the
endodermal precursora of the foregut (orange), midgut (pink), and hindgut (vellow) at the early-bud, early-somite, and forelimb-bud stages. At the early
somite stage, the foregut pocket (FP) is extending deeply into the anterior region of the embryo and closing, but the hindgut pocket (asterisk) is just
beginning to form. The embryonic gut is shown schematically in a ventral view to illustrate the morphogenetic movement (arrows) associated with the
closure of the foregut and hindgut pockets and the ventral folding of the lateral body wall in the formation of the embryonic gut. At the organogenesia
stage, the foregut pocket, hindgut pocket, and the lateral endodermal walls have met at the yolk atalk, thus closing the gut tube.
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3. Anteroposteriorni
specifikace
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FigureS Signals thatestablish pattern in the forming guttube. The top panel represents an embryo that has a notochord, somites, a foregut and
a hindgut, but not a fully formed gut tube (early somite stage chick/mouse embryo). Endoderm, yellow: notochord and somites,. red; and cardiac
mesoderm and posterior mesoderm, pink. The boxed regions are shown schematically enlarged below. The lower lefi panel is a schematic
of early hepatogenesis (liver formation) in mouse. As the anterior endoderm of the embryo folds over to form the foregut pocket, cardiac
mesoderm begins to condense next to the ventral foregut endoderm. Signals arising from the cardiac mesenchyme act positively on adjacent
endoderm and result in expression of the liver marker albumin. Negative signals from dorsal mesoderm and/or ectoderm act concurrently
to repress albumin expression outside of the ventral foregut (liver) domain. Interestingly, ventral foregut endoderm is necessary for cardiac
induction as well (arrow from endoderm to cardiac mesoderm). The lower middle panel depicts signals involved in pancreas formation in chick.
Prepancreatic endoderm (endoderm fated to become pancreatic) responds to permissive factors from the adjacent notochord by expressing
pancreatic markers. Deletion of the notochord results in loss of pancreas formation. Specifically, FGF2 and activin secreted by the notochord
act to repress expression of s/ in pancreatic endoderm, which results in pancreas marker expression. The lower right panel illustrates signals
that pattern the hindgut in chick. shh expression in hindgut endoderm induces hmp4 expression inadjacent mesoderm, which induces posterior
Hoxd 13 expression in mesoderm, thus posteriorizing adjacent endoderm. At this time mesoderm is condensing into mesenchyme around the
gut, which acts later to further pattern the gut tube.
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Klicové morfogeneticke udalosti pr1
specifikaci endodermalni trubice.

A Fated tissue domains B Tissue domains at time of specification
prior to specification (Sagittal view)
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FIGURE 2. Regional expression of transcription factors in endoderm
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trand’s in Genetics

The transcription factors shown on the left, mostly homeobox genes, are mapped to specific regions of the endoderm, as shown on the right. Although we have mapped
their expression in the chicken embryo, their homologs are also expressed in a regional manner inthe mouse. These genes are not only regionally expressed in already
shaped organs (as shown in the E4 chicken gut tube), but also in the endodermal sheet prior to organ formation (as shown at 15-somite stage), with stable expression
domains that can be used as markers of presumptive regions. Thetop |eft pink triangle shows Hex expression in the thyroid. The bottom left triangle refers to pancreas
bud and the bottom right triangle to liver bud. BA1-4 represent branchial arches 1-4. Compiled mostly from unpublished in s#o hybridizations on adjacent sections

performed in our laboratory as well as from Ref. 71.




PRIKLADY KLICOVYCH TRANSKRIPCNICH FAKTORU:

Pax9 that is critical for development of thymus and parathyroid

A £

Absence of thymus, parathyroid glands, and ultimobranchial bodies in Pax9-deficient mice. (A-D) H/E-stained transverse sections of the neck region
at E14.5. (A) Two thymic lobes (th) are present in the wild-type embryo. (B) At the same level, Pax9-deficient embryos are completely devoid of the
thymus. Thymic rudiments were also not found in other regions of the neck and upper trunk (data not shown). (C) The parathyroid glands (pt) are
attached to the thyroid gland (thy) in wild-type embryos and are absent in homozygous Pax9/lacZ mutant embryos (D). (E-J,M,N) Ventral view of
cleared whole-mount X-gal stainings of the pharyngeal pouches and their derivatives in Pax9lacZ mutant embryos. (E) In heterozygous Pax9lacZ
mutant embryos at E10.0, Pax9lacZ is expressed in all four pharyngeal pouches (I-1V). (F) At the same stage, the third and fourth pharyngeal
pouches are also present in homozygous Pax9lacZ mutant embryos. (




PRIKLADY KLICOVYCH TRANSKRIPCNICH FAKTORU:

Pax9 that 1s critical for development of thymus and parathyroid
Nkx2.1 is essential for for thyroid and lungs
Pdx1 that is a critical regulator of pancreas development

FoxA2 which loss-of function leads to lack of development of fore- and
midgut.




4. Bud formation - "puc€eni endodermalnich organu"
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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 47,6 -diamidino-2-phenylindole. White arrows point to  Images are adapted from (36). S, pair somite stage; E, embryonic day.




Priklad

INDUCTION OF PANCREATIC BUDS:

- both dorsal and ventral buds give rise to the same range of pancreatic cells

- dorsal bud appears where notochord

contacts the gut roof. It is the region of suppression of the otherwise ubiquitous

expression of Shh and Indian hedgehog (Ihh). The effect of notochord can be mimicked by administration of

Activin or FGF

- ventral pancreas is formed from the adjacent region of the foregut floor to the liver only in the absence of FGF, that
functions in maintaining the Shh, It thus appears that dorsal bud 1s induced by FGF whereas the ventral bud developi
because of an absence of FGF, although the common factor is suppression of Shh expression in the endoderm. Once

both buds are formed, their continued

outgrowth and differentiation depends on close proximity of the pancreatic

mesenchyme, that executes a permissive effect on bud outgrowth. A signal that carries this function appears to be

FGF10.
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5. Diferenciace
endodermalnich
progenitoru
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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 vHnf1 in hepatic development (81). Pdx1 initially marks duodenum and caudal stomach
progenitors (not shown) as well as the pancreatic domains (28).
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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.




Praktickeé duvody pro detailni poznani vyvoje
endodermu:

- ptiprava hepatocytti pro toxikologické studie - doposud se
hepatocyty nedaji kultivovat in vitro!

- cell replacement therapy - zeymena pro cukrovku
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Praktickeé duvody pro detailni poznani vyvoje
endodermu:

- ptiprava hepatocytti pro toxikologické studie - doposud se
hepatocyty nedaji kultivovat in vitro!

- cell replacement therapy - zeymena pro cukrovku

- pochopeni vzniku a progrese nadoru (zeyména tlustého
stfeva, plic, jater a slinivky bf1Sni) - dohromady
zodpovédné za vice nez 60 % tmrti na nadorova
onemocneni




Figure 1.1: The 20 most common causes of death from cancer, UK, 2006

Lung
Colorectal
Breast
Prostate
Oesophagus
Pancreas
Stomach
Bladder
Non-Hodgkin lymphoma
Ovary
All leukaemias
Kidney
Brain with central nervous system
Liver
Multiple myeloma
Mesothelioma
Malignant Melanoma
Oral
Uterus
Bone and connective tissue
Other

Males
Females

0

10 000 20 000 30 000 40 000

Number of deaths




