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Umeéle zkonstruovany mysi zub

Ikeda e. et al.: Fully functional bioengineered tooth replacement as an organ replacement
therapy, PNAS 106, 2009, 13475-13480.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2720406/figure/F1/




Somatické bunky |ze preprogramovat
na pluripotentni kmenové buﬁky !

Ptfeprogramovani ...co to Jeﬁ

fibroblast //

neurony

kardiomyocyty ~ hepatocyty

Takahashi K & Yamanaka S. Cell 126, 2006, 663-676

Komunikace mezi bunkami:

1. Syntéza a

2. uvolnéni signalni molekuly burikou ktera
signalizuje

3. Transport signalu k cilové buice

4. Detekce signalu specifickym
receptorovym proteinem

5. Spusténi jedné nebo vice signalnich drah
(transdukce signalu)

6. Specificky u¢inek na bunécny
metabolismus, vyvoj, diferenciaci atp.
7. Odstranéni/ukonéeni signalu




{A) ENDOCRIMNE
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Signalni molekula (ligand):

= Peptidy/proteiny

— ACTH, inzulin, glukagon, riistové
faktory, cytokiny a mnoho jinych

= Malé lipofilni molekuly:

— steroidy, thyroidni hormony,
prostaglandiny

= Malé hydrofilni molekuly
— AMK nebo derivaty AMK -

katecholaminy, histamin, serotonin,

glutamat, GABA, glycin aj.

= Plyny: NO




Receptor

m Vzdy protein
= Vazba ligandu + konformacni zména
—— prevod signalu (signalni transdukce)

= Specifita vzhledem k
—vazbé ligandu
— naslednému ucinku
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Receptory pro signalni molekuly
na povrchu bunky

= Iontové kanaly
= Receptory sprazené s G-proteiny
= Receptory s enzymatickou aktivitou

Receptory pro signalni molekuly
na povrchu bunky

— pro Na*, K+, Ca2+, CI
— napf. Receptor pro acetylcholin, GABA,
glutamat, glycin

= Receptory sprazené s G-proteiny
= Receptory s enzymatickou aktivitou
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Receptory pro signalni molekuly
na povrchu bunky

= Iontové kanaly

EXTRACELLULAR
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Molekularni vypinace
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(B} SIGMALING BY GTP-BINDING PROTEIN
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G-proteiny:
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Druhy posel:

= Cyklicky
adenosinmonofosfat
(cAMP)

= Cyklicky
guanosinmonofosfat
(cGMP)

= Inositol-1,4,5-tris-
fosfat

= 1,2-diacylglycerol

= Calcium

= (NO, kyslikoveé
radikaly)
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PKA aktivuje stépeni zasobniho
triacylglycerolu v tukové bunce

M Hormone Adenylate
receptor cyclase

Free fatty acids
ATP cAMP Glycerol

Protein  Protein
kinase kinase Other lipases

/\ Diacylglycerol
Triacylglycerol Triacylglycerol
lipase lipase

@ Triacylglycerol




Signalizace pres fosfolipazu C
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Calcium v bunce:

= V cytoplasmeé jen 0.1-0.2 pM, cca 1 pM
je jiz signal
m Zdroj signalu je:
— zvnéjsku:
= ligandem aktivované Ca2+ kanaly
= hapétim Fizené Ca2* kanaly
—ze zasob v ER:

= PI3 receptor/kanal

= ryanodinovy receptor/kanal
— zavisly na membranovém potencialu (kosterni sval)

— zavisly na Ca2* (srdce, CNS)
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Kalmodulin (148 AMK)

peptide portion of
target protein,
e.q., CaM-kinase
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a Elementary events

b Global Ca2+ wave (intracellular) ¢ Global Ca2+ wave (intercellular)

obr.: Berridge et al., Nature 1998: 395, 645-648.

= O tom jakou informaci Ca2+* signal
nese, rozhoduje jeho

— LOKALIZACE
— FREKVENCE
— AMPLITUDA
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Receptory pro signalni molekuly
na povrchu bunky

= Iontové kanaly
= Receptory sprazené s G-proteiny

— samy maji enzymovou aktivitu:
receptorové tyrosinkinazy (pr. inzulin, EGF)

— asociované s tyrosinkinazou (pr. cytokiny,
interleukiny)

Receptorové tyrosinkinazy

signal molecule in form of & dimer
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pr.: RassMAPK
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Ruistovy faktor—— =

GDP

Neaktivni Ras

Monomerni receptor-TK

Vazba ligandu, dimerizace
receptoru, autofosforylace
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Sos (Guanine Nucleotide Exchange factor)
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Sos (Guanine Nucleotide Exchange factor)

Sos (Guanine Nucleotide Exchange factor)

Ras aktivovan
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Ras

Raf (Ser/Thr kinaza)
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MEK (Ser/Thr i Tyr kin4za)
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Ras

g3
PP
®®)

Raf (Ser/Thr kinaza)

MAPKKK: MAP Kinase Kinase Kinase

MEK (Ser/Thr i Tyr kin4za)
MAPKK: MAP Kinase Kinase

ERK 1/2 (MAPK: Mitogen Activated
/ \Pmteijl kinase)

MAPK/ERK in Growth and Differentiation
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growth factars
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transmembrane receptors
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Signalizace do bunécného
jadra
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Jak signal ovlivihuje funkce
proteinti

= Modifikace struktury/ funkce
stavajicich proteini

= Zména spektra /mnozstvi proteinti
v bunce

- .... regulace genové exprese

Regulace genové transkripce u eukaryot

activator protein
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Model interakce vice aktivatori
transkripce s mediatorovym komplexem
DNA-binding
domain O Mediator

Activator
domain

TBP TFIIB

obr.: Lodish et al.: Molecular Cell Biology,
5. vyd., W.H.Freeman & Co., N.Y. 2004.

Eukaryotické transkripcni faktory:

= Rozdéleni podle strukturnich motivii:
— homeodomény
— zinkove prsty (,,zinc fingers")
— leucinové zipy (,leucine zippers")
— bHLH (basic Helix-Loop-Helix) proteiny
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Eukaryotickeé transkripcni faktory:

= Rozdéleni podle zplisobu
exprese/regulace:
— inducibilni
— konstitutivni
— ligandem aktivované

Inducibilni TFs: pr. AP1 (Activator Protein 1)

TGACTCA

TRE [TPA (phorbol ester) response element]

= Jun family: c-Jun, JunB, JunD
= Fos family: c-Fos, FosB, Fra-1, Fra-2
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Konstitutivni TFs: pr. CREB
(cAMP/Ca2* response element binding protein)

®

/Ser133

TGACGTCA
CRE [cAMP/Ca?* response element]

Ligandem-aktivované TFs:
Nadrodina jadernych receptori

1 - [ [ ]ss3 Estrogen receptor (ER)
1 - [ |46 Progesterone receptor (PR)
1 - | |777 Glucocorticoid receptor (GR)
1[.]:'408 Thyroxine receptor (TR)
1] ] | |32 Retinoic acid receptor (RAR)
N— | | [ C General primary structure

/
Variable region DNA-binding Ligand-binding
(100-500 aa) domain (68 aa) domain (225-285 aa)

Amino acid 0 42-94% 15-57%
identity:

obr.: Lodish et al.: Molecular Cell Biology, 5. vyd., WH.Freeman & Co., N.Y. 2004.
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Receptory pro glukokortikoidy a estrogeny
jsou ligandem aktivované transkripcni faktory,
které translokuji do jadra

Hormone

V<

Exterior

Inhibitor el

&
@D {Le0)
/ GR

[

obr.: Lodish et al.: Molecular Cell Biology, 5. vyd., W.H.Freeman & Co., N.Y. 2004.

Response element

Nucleus

Signalizace do bunécného
jadra

= do jadra jde
— ligand
— receptor
— transkripcni faktor
— jina signalni molekula (kinasa, druhy
posel)
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Kaskada transkripcni odpovédi
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obr.: Platenik et al., Life Sci. 2000: 67, 335-364.

Amplifikace signalu
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Integrace signalu
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Builka reaguje na souhrn signali:
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Cross-talk signalnich drah

—
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NMDA receptor
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Analyzy genomu (Science 291, 2001):

cell adhesion (577, 1.9%)
miscellancous (1318, 4.3%) chaperone (159, 0.5%)
cytoskeletal structural protein (876, 2.8%)
extracellular matrix (437, 1.4%)
immunoglobulin (264, 0.9%)
transcription factor (1850, 6.0%) ion channel (406, 1.3%)

motor (376, 1.2%)

structural protein of muscle (296, 1.0%)

viral protein (100, 0.3%)

transfer/carrier protein (203, 0.7%)

protooncogene (902, 2.9%)
select calcium binding protein (34, 0.1%)
intracellular transporter (350, 1.1%)

transporter (533, 1.7%)

nucleic acid enzyme (2308, 7.5%)

signaling molecule (376, 1.2%)

receptor (1543, 5.0%)

kinasc (868, 2.8%)

vononpsuey [Busis

sclect regulatory molecule (988, 3.2%)

transferase (610, 2.0%) %, 7 GO categories

synthase and synthetase (313, 1.0%) :
oxidoreductase (656, 2.1%)

lyase (117, 04%)

ligase (56, 0.2%)

isomerase (163, 0.5%)

hydrolase (1227, 4.0%) molccular function unknown (12809, 41.7%)

Panther categories

Lidsky kinom:
518 kinas

(Science 298, 2002)

Zdroj obr.:
Cell Signaling Technology
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“"MASTER SWITCH":

Jeden gen/protein vladnouci vsem ...

s

QQQ o @

Horb, M.E., et al.:
Current Biology, 13, 105 - 115, (2003).

m Transientni exprese
jediného genového
konstruktu, kddujici
modifikovany kliCovy
TF Pdx1, zméni
trvale jaterni bunku
na pankreatickou,
produkujici inzulin,
glukagon a
amylasu...
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Somatické bunky |ze preprogramovat
na pluripotentni kmenové bunky !

. @

Oct3/4, Sox2, KIf4, c-Myc

fibroblast / /

neurony

kardiomyocyty ~ hepatocyty

Takahashi K & Yamanaka S. Cell 126, 2006, 663-676

&

iPS cell

Regenerative Neural el Cardiac cells  Hepatocytes ~Pancreatic
medicine B-cells

Toxicology, disease model,
drug screening

Obr. z: Yamanaka S. Cell 137, 2009, 13-17.
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Epi. derived

stem §ells
Epi. cells : “

Induction
Mes. mass

" @ ) culture Implantation Regeneration

Mes. cells . /( recombination

2N

7
Tooth mes.
stem cells

A blueprint of stem cell-based tooth regeneration with a scaffold-free approach. Schematic
procedures of stem cell-based scaffold-free tooth regeneration in humans. The procedures include
induction of iPSCs or epithelial derived stem cells into epithelial (epi.) sheets and induction of iPSCs or
dental mesenchymal (mes.) stem cells into mesenchymal masses with odontogenic potential, tissue
recombination, in vitro organ culture of the recombinants to the late bud or early cap stage, implantation
of bioengineered tooth germs into the lost tooth sites of patients, and regeneration of functional
replacement teeth.

Zhang and Chen Cell Regeneration 2014 3:8 doi:10.1186/2045-9769-3-8

“When dental stem cell therapies become routine it will be
historic, and the most fantastic time to practice as a dentist.”

http://singularityhub.com/2012/05/10/toothless-no-more-researchers-using-stem-
cells-to-grow-new-teeth/

Citat: prof. Peter Murray, College of Dental Medicine, Nova Southeastern
University
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