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» Objev inhibiénich mechanismu imunitni odpovédi a
jejich vyuziti pro protinadorovou terapii

CTLA-4 Antigen Presenting Cell PD-1
2 APC o APC
T cel T =" T =
Cancer cell
anti-CTLA-4 anti-PD-1
A

APC
T

| s
N )

" T

CTLA-4 brake T-cell accelerator T-cell receptor PD-1 brake

Figure: Upper left: Activation of T cells requires that the T-cell receptor binds to structures on other
immune cells recognized as "non-self”. A protein functioning as a T-cell accelerator is also required for T
cell activation. CTLA- 4 functions as a brake on T cells that inhibits the function of the accelerator. Lower
left: Antibodies (green) against CTLA-4 block the function of the brake leading to activation of T cells and
attack on cancer cells.

Upper right: PD-1 is another T-cell brake that inhibits T-cell activation. Lower right: Antibodies against
PD-1 inhibit the function of the brake leading to activation of T cells and highly efficient attack on cancer
cells.



Viastnosti bunék v prubéhu embryonalniho vyvoje

Danio rerio




Viastnosti bunék v prubéhu embryonalniho
vyvoje




Viastnosti bunék v prubéhu embryonalniho vyvoje

» Rychlé bunécné déleni

» Dynamické zmeny diferenciacniho stavu (cell fate)
» Intenzivni migrace

» Zmeny tvaru a velikosti bunky

» Schopnost odpovédi na posSkozeni celého embrya



Klicové molekularni komponenty vyvoje

Co poskytuje bunce tyto informace”?

a) signaly z okolniho prostredi

transkripce urCuje

jednotlive citlivost buriky k
signaini vnéjsim signalliim
drahy (napf. regulaci
moduluji exprese receptord
transkripci a &i komponent
strukturu pfenosu signalu)
chromatinu

b) transkripCni program v jadre



Hlavni signalni drahy dulezité v
embryonalnim vyvoji




Klicové molekularni komponenty vyvoje




TGF/BMP

* TGF — transforming growth factor (transformuijici
rustovy faktor)

 BMP — bone morphogenetic protein (kostni
morfogeneticky protein)

e patfi do TGF[ nadrodiny



TGF beta nadrodina:

TGFB nadrodina ma nasledujici podrodiny:

TGFB1-3

BMPs — 20 ruznych ligandu

GDF (growth differentiation factor): 9 ligandu
activin/inhibin/nodal

> w e

Spole€énym znakem je signalizace pres:

- konzervativni rodinu Ser/Thr kinazovych receptort — jsou dvou typu a po
vazbé ligandu dimerizuji

- cytoplazmaticka signalizace pres tzv. SMAD proteiny



Signalni draha BMP

BMP
chordin, noggin,

BMP-RIIEE JABMP-RI ’ schlerostatin

Smad6
Smad7 A
p38, Erk1/2




Inhibitory BMP faktoru

jsou kliCové pro fyziologické funkce BMP

_ A
* noggin

* chordin (Chd)
» sklerostin

Prima fyzicka interakce mezi chordinem
a BMP je podstatou inhibicniho
pusobeni chordinu



Role BMP inhibitoru v Spemannové
organizatoru (Xenopus

Spemanniv organizator u obojzivelniki (= Hensenlv nodus u ptaku)
— organizacni centrum, které umoznuje spravny prubéh gastrulace

ectoderm binds ectoderm
BMP4; becomes I cannot bind
epidermis (skin) *ﬁ'{‘ 4 ™ "EMF-fI; takes

i default path to
become central
ervous system

Daorsal

Spemann
organizer

@ = BMP4
= = chordin, noggin, others

® - inactive complesxes



Kliova role BMP inhibitoru produkovanych
notochordem pri indukci nervoveé ploténky

Neurulation

Neural plate  Neyral fold

Notochord

Epidermis

Crump Institute for Biological Imaging

notochord (= chorda) produkuje faktory, které specifikuji ektoderm a vedou ke tvorbé
nervové ploténky (neural plate). Jde zejména o nasledujici faktory: noggin, chordin a
follistatin (inhibitory BMP a aktivinu). Samotna produkce téchto BMP inhibitor( specifikuje
anteriorni (pfedni) nervovou trubici, v kombinaci s FGF specifikuje posteriorni (zadni)
nervovou trubici.



Nodal a pravo-leva symetrie

gastrulace u mysi

AVE — anterior visceral endooderm

5.75 dpc 6.75 dpc

Anterior

AVE
movement

. Expression of Nodal pathway ligands — Activity of Nodal pathway ligands

Posterior I'II
AVE

B Expression of Nodal antagonists — Activity of Nodal antagonists




Nodal a pravo-leva symetrie

A 8.0 dpc (0-2 somite pairs) B 8.25 dpc (3-8 somite pairs)
Anterior Anterior
2 3
E. [ =1
g

Nocal | 7 Nodal

5'-.
—_%E/’//\

G ! fom Cor2
=== =modal
"'".'.' flow ?
Lateral plate Node Lateral plate Lateral plate MNode Lateral plate
mesoderm mesoderm mesoderm mesoderm
Left Posterior Right Left Posterior Right

Fig. 5. Sequential function of Nodal signaling in left-right
patterning in the mouse embryo. (A) Following initial symmetry
breaking around the node, possibly as a consequence of ciliary-based
nodal flow, Nodal (green arrow) andior Gdf1 signals become elevated
on the left side of the node, and are antagonized by Cer2 (red). Nodal
pathway activity then propagates to the left lateral plate mesoderm to
activate left-sided Nodal expression, most likely through direct long-
range action. (B) Nodal auto-regulates its own expression, which
spreads through the left lateral plate mesoderm (green) through a
positive-feedback loop. Leffy2 is induced through a negative-feedback
loop, and subsequently downregulates Nodal expression (rad bar). Axial
midline exprassion of Lefiy 7 prevents the spread of lefi-sided Noda/
signals, and suppresses actopic Nodal activation on the right side.



Nodal a pravo-leva symetrie

Analyza pomoci hybridizace in situ ukazuje rozdilnou expresi gent
uréujicich levou stranu




Vytvareni levopravé asymetrie tela - role cilii

« asymetricka exprese genu jako leftyl, lefty2, nodal a pitx2
* nodalni cilie (9+0, dynein — pohyblivé) béhem gastrulace vytvari svym

rotaCnim pohybem tzv. nodalni proud

Current Biology



Vytvareni levopravé asymetrie téla -
role cilii

Current Biology

e naruSena funkce cilii — vznika az situs inversus
(vnitfni organy usporadany obracené podle stfedni
osy téla) nebo situs ambiguus

Yokoyama, 2004




Nodal a pravo-leva symetrie

KIF3A/B knockout mysi, iv d
mutanti (nodalni proud neni
vytvafen — lefty exprimovan
bilateralné)

(A) Normal
—_—

Figure 2. Analysis of situs defects in Gdfl-/- mice.

a, Gdfl +/- and Gdfl -/- newborn mice with stomachs (arrowheads)
on the left and right sides, respectively. Ventral views of tissues
from newborn Gdfl +/- (b,d,f,h) and Gdf1l -/- (c,e,g,i) mice are
shown. b,c, Reversal of the orientation of the abdominal organs in
Gdfl -/- mice. Note also the streak-like appearance of the spleen
and the abnormally shaped medial lobe of the liver.

H, heart; Lv, liver; St, stomach; Sp, spleen; AC,



GDF8 (myostatin) — priklad tzv. master
regulatoru konkreétni tkane




Klicové molekularni komponenty vyvoje




Notch

* Notch=zarez — podle
prvniho fenotypu
octomilky se zarezy
na kridlech (T.H.
Morgan, 1919)




Notch

Regulation and
Destruction Signaling dimerization | joon 4 hinding
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Notch ligandy Jagged a Delta

Transmembranove — jsou vazany na bunécény
heterodimerické receptory povrch

Notch 1-4



Notch draha - overview

Vazba ligandu Notch receptor aktivuje dvé proteazy (enzymy specificky $tépici protein)
Proteazy jsou z rodiny ADAM a gamma-sekretaz

St&peni Notch t&mito protedzami uvolriuje tzv. NICD (Notch intracellular domain), ktery
se uvolfiuje a do cytoplazmy a nasledné presouva do jadra

NICD pfimo interaguje s transkrip&nimi faktory CBF1/Mastermind a spousi transkripci



Notch a vznik asymetrie

Model: Prvni bunécnd déleni na modelu hadatka (Caenorhabditis elegans)

Asymmetric divisions segregating P granules into the founder cell of the C. elegans germ line.

The micrographs in the upper row show the pattern of cell divisions, with cell nuclei stained blue with a DNA-
specific fluorescent dye; below are the same cells stained with an antibody against P granules. These small
granules (0.5—-1 uym in diameter) are distributed randomly throughout the cytoplasm in the unfertilized egg (not
shown). After fertilization, at each cell division up to the 16-cell stage, both they and the intracellular machinery
that localizes them asymmetrically are segregated into a single daughter cell. (Courtesy of Susan Strome.)



Notch a vznik asymetrie




Notch a vznik asymetrie

" APX-1/Delta
GLP-1/Notch L%
G



Notch a vznik asymetrie

* legenda k obrazku:

Asymmetric localization of polarity mediators and cell fate determinants in the early
embryo. P granules: black discs; cytoplasmic POS-1, MEX-1, and cytoplasmic and nuclear PIE-1:
blue; nuclear PAL-1: hatched; MEX-5 and MEX-3: peach; plasma membrane localized GLP-1:
black; membrane localized APX-1: green; membrane localized MES-1: red. Although shown
discreetly localized for simplicity, the cytoplasmic proteins are present at low levels in the opposite
domain before division, and in the sister cell after division. In addition, MEX-5, MEX-3, MEX-1,
POS-1 and PIE-1 are also present on P granules. (A) MEX-5, MEX -3, MEX-1, PIE-1, POS-1 and P
granules are uniformly present in the cytoplasm just after fertilization, but become asymmetrically
localized during the one-cell stage. (B) The anterior and posterior determinants are differentially
segregated to AB and P1 as a result of the first asymmetric division. GLP-1 protein first appears in
AB at the two-cell stage, and PIE-1 protein enters the nucleus in addition to being cytoplasmic. As
the cell cycle proceeds (not shown), posterior determinants become restricted to the posterior half
of P1, while MEX-5 appears in the anterior half of P1. (C) In the four-cell embryo, GLP-1 is
expressed on membranes of both AB cells, but only ABp is in contact with the P2 cell expressing
APX-1. MES-1 is enriched at the cell contact between P2 and EMS; MES-1/SRC-1 signaling in
conjunction with Wnt signaling polarizes the EMS cell, such that it will divide asymmetrically. As the
cell cycle proceeds, posterior determinants within P2 become asymmetrically localized as in
previous P cells. MEX-5 disappears from the AB cells, but is still present in the anterior daughters
of each P division.



Notch a ,,segmentacni“ hodiny




Notch a ,,segmentacni“ hodiny
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cellular states. b | Evidence for an oscillator underlying vertebrate segmentation.

Periodic waves of transcriptional expression of the hairy 1 gene (blug) in P5M cells are
associated with the formation of each pair of somites added sequentially'®.

Part a modified with permission from REF. 14 © (1976) Elsevier Ltd.
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Notch

* legenda k obrazku:

Figure 3 | The mouse oscillator. Cyclic genes belonging to the Notch and FGF (fibroblast growth factor) pathways (the
products of which are indicated inred) oscillate in opposite phase to cyclic genes of the Wnt pathway (blue). A large
number of the cyclic genes are involved in negative feedback loops. The basic circuitry of the three signalling pathways is
represented. Dashed lines correspond to modes of requlation inferred fromwork in other systems or based on microarray
data™. APC, adenomatous polyposis coli; DACTL, dapper homologue 1; DEK1, dickkopf homologue 1; DLL1, delta-like 1;
D5H, dishevelled; DUSPS, dual specificity phosphatase 6; ERK, mitogen-activated protein kinase 1; FOFR1, FGF receptor 1;
GREBZ, growth factor receptor-bound protein 2; G5K3, glycogen synthase kinase 3; Hes1, hairy and enhancer of split-
related 1; LFNG, lunatic fringe; LRPB, low density lipoprotein receptor-related protein 6; MEK, mitogen-activated protein
kinase kinase 1; NICD, Notch intracellular domain; NKD1, naked cuticle 1 homologue; Nrarp, Notch-regulated ankyrin
repeat protein; SHPZ, Src homology region 2-containing protein tyrosine phosphatase 2; 505, son of sevenless;

Sp5, trans-acting transcription factor 5; Tnfrsfl 9, tumour necrosis factor receptor superfamily, member 19.




Klicové molekularni komponenty vyvoje




Hedgehog draha

» hedgehog (Hh) u
octomilky — nazev
Jezek” podle
fenotypu larvy

e U savcu jsou ffi
homology:

- sonic hedgehod
(Shh)

. indian hedgehog
(Ihh)

. desert hedgehog
(Dhh)
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Historie prichazi do Brna uz tento tyden!

The hedgehog gene (hh) was first identified in the fruit-
fly Drosophila melanogaster in the classic Heidelberg
screens of Christiane Nusslein-Volhard and Eric
Wieschaus, as published in 1980. These screens,
which led to them winning the Nobel Prize in 1995 along
with developmental geneticist Edward B. Lewis,
identified genes that control the segmentation pattern of
the Drosophila embryos.




Schema Shh drahy

------

~= |ntermolecular interaction

f—‘f Inhibition

— Translocation/modification

« Sonic hedgehog (SHH) je modifikovan oxysterolem a pro sekreci vyzaduje protein
Dispatched (Disp)

* Shhvaze Patched (PTCH), ktery je za normalnich okolnosti inhibitorem Smoothened
(SMO), po vazbé Shh je tato inhibice pferusena

*  Uvolnéni SMO umozniuje aktivaci transkrip&nich faktort z rodiny GLI, které se
presouvaji do jadra a spousti transkripci



Schema Shh drahy

* legenda k obrazku:

Sonic hedgehog (SHH) is translated as a ~45kDa precursor and undergoes autocatalytic processing to produce an
~20kDa N-terminal signaling domain (referred to as SHH-N) and a ~25kDa C-terminal domain with no known signaling
role (1 on figure 5). During the cleavage, a cholesterol molecule is added to the carboxyl end of the N-terminal domain,
which is involved in trafficking, secretion and receptor interaction of the ligand. When SHH reaches its target cell, it binds
to the Patched-1 (PTCH1) receptor(3). In the absence of ligand, PTCH1 inhibits Smoothened (SMO), a downstream
protein in the pathway(4). It has been suggested that SMO is regulated by a small molecule, the cellular localisation of
which is controlled by PTCH. PTCH1 has a sterol sensing domain (SSD), which has been shown to be essential for
suppression of Smo activity. A current theory of how PTCH regulates SMO is by removing oxysterols from SMO. PTCH
acts like a sterol pump and remove oxysterols that have been created by 7-dehydrocholesterol reductase. Upon binding
of a Hh protein or a mutation in the SSD of PTCH the pump is turned off allowing oxysterols to accumulate around
SMO.This accumulation of sterols allows SMO to become active or stay on the membrane for a longer period of time. The
binding of SHH relieves SMO inhibition, leading to activation of the GLI transcription factors(5): the activators Glil and
Gli2 and the repressor Gli3. The sequence of molecular events that connect SMO to GLlIs is poorly understood. Activated
GLI accumulates in the nucleus(6) and controls the transcription of hedgehog target genes(7).



Shh

Shh = jeden z nejlépe popsanych klasickych morfogenu (tzv. model
francouzské vlajky) — v zavislosti na koncentraci morfogenu se
spousti odlisné transkripCni programy

Digit | - SHH independent

Anterior Digit Il - low SHH concentration

A

Digit Il - brief SHH expression,
high SHH concentration

Digit IV - moderate SHH expression

Posterior

e Descendants of SHH expressing cells

Napf. specifikace jednotlivych prsti koncetiny



Shh

Napf. specifikace jednotlivych prstl koncetiny



Shh
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Shh

Dorsalizujici faktory

Sonic Inhibitory
hedgehog BMP (noggin
(Shh) chordin)

ventralizujici faktory produkované
notochordem

floor plate — nejspodné;jSi Cast «
nervove trubice

paxghiah
Paxshgh

Nkx6.1. PaxgMed
Nkx6.1, Oligo2, Paxg'ow
NkxB,1, Nkx2.2

Shh, FoxA2

notochord — zdroj Shh *

Napf. specifikace jednotlivych neuronalnich typu ve vyvijejici se nervové trubici



identitu

Fig. A - A model for early spinal cord
development. The neural tube which
will form the spinal cord is patterned
into specific domains by multiple
external signals which include a
ventralizing Sonic Hedgehog (Shh)
signal from the notochord (N) and floor
plate (F), a dorsalizing BMP signal
from the roof plate (R), and retinoic
acid (RA) signaling from the adjacent
somites (S).

Elektroporace kureci nervové trubice umoznila poznat jakym
zpusobem bunky béhem vyvoje ziskavaji a udrzuji svou

Cross section of the spinal cord of an
embryonic day three chicken embryo

stained with fluorescent antibodies.
Shown here in red is the motor neuron
progenitor domain (pMN), one of many
precise domains established by earlier
signaling events. The pMN domain is
here labelled through the use of
antibodies specific for Olig2, a critical
regulator of motor neuron formation.
Developing motor neurons emerging
from the pMN are shown labelled in
green.



Prirozeneé inhibitory Shh drahy
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cyclopamin — teratogenni alkaloid z kychavice (Veratrum californicum),
poprve identifikovan jako latku zpUsobujici cyklopii (= 1 oko) a
holoprosencephalii u ovci
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Expression of Sonic hedgehog (Shh)
protein and the determination of the
midline structure in mouse embryo.
An SEM micrograph of the frontal view
of a mouse embryo (fetal age 7.75
days). Shh protein is green. The dotted
line in the micrograph shows the region:
Shh antibody reveals Shh. The part that
will become the brain (head fold) is
followed by the perchordal plate. Shh (in
green) that is expressed in the
prechordal plate induces midline
structure formation.

Model mice with Holoprosencephaly due to a
Sonic Hedgehog (Shh) deficiency.

An SEM micrograph of ten-day old mouse
embryos (front view of face). The mouse deficient
in Shh gene (right) has no midline structure and
only one region (eye position shown in green).
Note, too, the lack of nostril separation due to no
midline structure. The normal embryo (left), by
contrast, has both the eyes and nostrils
separated to between the two hemispheres.



Hedgehog (Hh) draha je vazana na
primarni cilie

* Abnormalni Hh/Wnt a s nimi spojena onemocneéni jsou
zpusobena defekty ve tvorbé primarnich cilii (infertilita,
polydaktylie, polycystické ledviny, degenerace retiny).

* Hh je pfimo vazan na primarni cilie.




Primary cilia vs. motile (secondary) cilia

PRIMARNI SEKUNDARNI

e struktura 9+0 e struktura 9+2
* nepohyblivé « pohyblivé
» témér vsechny bunky « epitely tracheje, vejcovodu,

(www.primary—cilium.co.uk) ependym...
« solitérni
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The primary cilium
Expert Reviews in Molecular Medicine © 2006 Cambridge University Press



Primarni cilie - funkce

délka 2-10um, prumér 0.25um

chemo- a osmosenzory
fotoreceptory
mechanoreceptory

komunikace v extracelularni matrix

nodalni cilie

— pohybliva

— blastocysta

— pravoleva soumeérnost

model trandukce — receptory iontové kanaly, efektorové proteiny,
transkripCni faktory



Intraflagelarni transport (IFT)

Poprvé popsali
Kozminski et al.
1993 pomoci DIC

MT + ends

mikroskopie
« Zatransport |
Zodpovédny Of’ég Kinesin Il
kinesin-Il —
cDynein1b
transport k 7
distalnimu ,+“ @i

konci a dynein
zodpovedny za
transport k ,,-*

° IFT B complex

konci. N come
Kif3A, Kif3B Distal Tip Complex
(podjednotky . SR
kinesinu) KO

bunky netvofi cilie.
IFT je zodpoveédny |~ I
za regulaci \
signalnich drah MT -~ énds
vazanych na
primarni cilie




Primarni cilie a Hh signalizace

?3 Anterograde Axoneme

Retrograde

Transition zone
‘ IFT

Basal body

Ciliary membrane

PTCHI
Plasma membrane h
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4 Gene)( Nuc[eus %
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+ Jespojens primérnlml ciliemi

na protein smoothened (Smo), ktery transdukuje signal pfes glioma transkrip&ni
faktory (Gli) do jadra, kde Fidi expresi Hh gend. (Glil, Gli2 a Gli3A jsou aktivatory a
Gli3R je represor). Hlavnim represorem je SuFu.

* IFT hraje klicovou ulohu ve funkci regulace Hh signalni drahy (spojuje Smo a Gli)

« Mutace Kif3A a Kif3B maji podobné fenotypy v dusledku ztraty cilie.

» Ligand se navaze na patch (Ptc) protein, coz zpusobi zru$eni inhibi¢niho efektu Ptc



Primarni cilie a Hh signalizace

IFT

Retrograde
l IFT

Anterograde

Axoneme

Transition zone
Basal body

Neural tube
patterning

Ciliary membrane
Plasma membrane

Wild type

Shh—/-

Gli3—/-




Primarni cilie a Hh signalizace: dukaz

Basal cell carcinoma — zpUsobena aktivaci Smoothened

TAM ¢
Ker14-CreERT: SmoM2™°™, Kifaa"™'*

AV @ \
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Ker14-CreFRT. SmoM2°°™. Kif3a™

Kerl14-Cre: drives expression to the epidermis
SmoM2 (cond): constitutively active Smoothened (activated by Cre)
Kif3a Flox: following Cre leads to Kif3a deletion and primary cilia loss

Wong et al., Nat. Med. 2009




Primarni cilie a Hh signalizace: dukaz

control Shh active, Shh active,
cilia present cilia absent
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Ker14-CreéERT: Ker14-CrefRT, '
SmoM2“™. Kir3a™™*  SmoM2°™:Kifza"™"~

Kerl14-Cre: drives expression to the epidermis
SmoM2 (cond): constitutively active Smoothened (activated by Cre)
Kif3a Flox: following Cre leads to Kif3a deletion and primary cilia loss

Wong et al., Nat. Med. 2009
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