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Regenerativni medicina

lekarské postupy, které umoznuiji télu opravit,
nahradit nebo regenerovat poskozené nebo
nemocne bunky, tkane a organy

bunécné terapie

tkanove inzenyrstvi
biomaterialové inzenyrstvi
produkce rlstovych faktord
transplantacni medicina
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Bunécné terapie

Definice FDA (Federal Drug Agency, USA):

e prevence, lecba, odstraneni nebo zmirneni
onemocnéni nebo poskozeni lidskeho organismu
aplikaci autolognich, allogenich nebo xenogennich
bunék, které byly zpracovany nebo zménény ex
Vivo

 autologni bunky = bunky téhoz organismu

e allogenni bunky = bunky jiného organismu tehoz
zivocisneého druhu

e xenogenni bunky = bunky jiného zivocisSného druhu
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Program prednasky:

e genove terapie

e imunoterapie nador

e priprava organovych, tkanovych a bunécnych
derivatl /n vitro

e vyuziti adultnich a embryonalnich SCs
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GENOVE TERAPIE
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Metody:

e nahrada exprese patologického genu

e oprava defektniho genu /n situ

e nahrada patologické alely standardni alelou

Terapie ex vivo (cell-based delivery):

e odbér bunék pacienta, kultivace, geneticka zména
/n vitro, pomnozeni, reimplantace

o deficit ADA, familiarni hypercholesterolémie

Terapie /n vivo (gene drugs, direct delivery):

e aplikace vektoru do téla pacienta
(injekce, aerosolovy sprej)

e cysticka fibroza
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IMUNOTERAPIE NADORU
A PROTINADOROVE VAKCINY
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Immunotherapy

Radioisotope Herceptin
I Growth Herceptin

Antibody !‘ factor blocks
receptor

Antigen

L

B Breast
| - cancer cell
» o
«,

Lymphoma
cell

Lymphoma cell
destroyed

oS

Growth slows

Vyuziti monoklonalnich protilatek
napr. Herceptin (trastuzumab)
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Protinadorove vakciny

e Kklinicke testy pro karcinomy prostaty, prsu,
vajecnikd a kolorektalni karcinomy

a) nadorove bunky pacienta + dendritické bunky —
vakcina rozpoznava a likviduje specificky bunky
nadoru

b) nadorové bunky pacienta pozmeénény in vitro —
vyssi schopnost indukce imunitni odpovedi

Zvyseni imunitni odpovédi vUici nadoru

e odbeér T- Iymfocytu od pacienta s nadorem, jejich
pomnozeni /n vitro, reimplantace paC|entOV|
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Dendritic Cells That Attack Cancer

W

Tumor
antigen is
linked to a
cytokine

Complex binds
to dendritic cell
precursor

-
v
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Complex is
taken in by
dendritic cell
precursor

Cancer cell

Dendritic cell
matures and is
infused back into
patient

Dendritic cell
displays tumor
antigen and
activates T cells

Atmors by Joarre K

T cells attack cancer cell
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1. rozsev karcinomu vajecnikl v
brisni dutine

2. odber nadorove tkane,
kultivace in vitro

3. inzerce genu pro GM-CSF
pomoci viroveho vektoru

| 4. inaktivace nadorovych bunék
|| ozarenim

5. reimplantace pozménénych
nadorovych bunék — aktivace
imunitniho systému v{ci
bunkam nadoru
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PRIPRAVA ORGANOVYCH,
TKANOVYCH A BUNECNYCH
DERIVATU IN VITRO
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3 zakladni strategie regenerace tkani
o cell-based

oprava tkane transplantaci zdravych bunek do
mista poskozeni

o scaffold-guided

porézni blodegradovatelny material, ktery slouzi
jako "leseni" pro darcovské zdrave bunky, casto
aplikace v kombinaci s rlstovymi faktory

(ekvivalent extracelularni matrix)
e bioactive molecule-guided

indukovana proliferace a diferenciace bunék v
poskozené tkani aplikaci rlstovych faktord
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Praktické vyuzit

| "cell-based" strategie:
oprava poskozenych chrupavek v kloubech
oprava poranéné rohovky

oprava poranéné michy

posileni ¢innosti imunitniho systému
terapie autoimunitnich onemocnéni (AIDS)

terapie neurodegenerativnich onemocneni
(Alzheimerova choroba, Parkinsonova choroba)

léCba aterosklerdzy
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Oprava poranéné rohovky:

e odbér bunék z oblasti limbu — kultivace na feeder-
layer (mysi fibroblasty) — kultivace na gelu —
transplantace

Structure of human eye Structure of cornea

Epithelium: The outermost layer of the cornea,
composed of cormeal epithekal cells.

Case of cultured corneal epithelium transplantation (chemical burn)

Bi8120 Aplikovana bunécna biologie / 10 / 27.4.2015

18

18



Praktické vyuziti "scaffold-guided" strategie:
e komercné dostupneé:

klize, chrupavka
e ve stadiu vyzkumu:

chrupavka, kost, jatra, cévy

oprava poranéné michy

mocovy mechyr, ledvina
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scaffold-guided strategie - obecné schéma
(autologni provedeni)
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Priprava umélé klze

(artificial skin):

e autologni, allogeni

e keratinocyty z 1 cm?
— az 1000 cm? kiize
béhem 2 tydnl
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80leta zena
autologni

graft

po 12 més.

68lety muz

allogenni
graft a
kultivovana
epidermis
po 6 més.
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MENDING A SEVERED SPINAL CORD

scaffold-guided strategie — poranéni michy
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Oprava poskozené chrupavky v kolennim kloubu: 24

e odbér malého objemu chrupavky Z kloubu —
rozvolnéni chondrocytu — smichani s kolagenovym
gelem — vytvarovani — kultivace — transplantace

Cultured Cartilage

Before transplantation

Transplantation of aufologous cultured cartilage (knee-joint)

B

Camlage specimen
. m
cwoct-on of cartilago -

Cultured cartilage transplanted

and covered with periostoum
‘ .. ... | taken from the tibla

mmm
in atelocoliagen gel
(about four wooks)

After transplantation
(1-2 years following surgery)
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Current Opinion in Biotechnology

Rekonstrukce mocoveho mechyre:

a) scaffold s nasazenymi bunkami

b) spojeni scaffold osazeneho bunkami s plvodnim
mechyrem

c) implantat je pokryt fibrinovou hmotou (pripojeni —
omentum)
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STEP 1: Doctors STEP 2:Cells
harvest the patient’s are grownona STEP 4: The
kidney cells biodegradable, full organ

kidney-shaped takes shape
scaffold

: , Scaffold|
Kidney cells ' ;

-

The scaffold is like the frame of a

house, except once the house is STEP 3: Bl
done~the organ s in place and vessels feed {
fed by blood vessels—the frame growing kidney
disappears.

scaffold-guided strategie — "umeéla" ledvina
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Viytvoreni funkcni transplantovatelné ledviny: 27

e odstranéni bunék z plvodni kadaverozni ledviny
(decelularizace) — osazeni epitelialnimi a
endotelialnimi bunkami — kultivace v bioreaktoru —
transplantace pokusnym zviratim — funkcni ledvina

nature,, .
medicine

na » journal home » advance online publication » technical report » abstract

ARTICLE PREVIEW

view full access options

< B &

Regeneration and experimental orthotopic
transplantation of a bioengineered kidney

Jeremy J Song, Jacques P Guyette, Sarah E Gilpin, Gabriel Gonzalez, Joseph P Vacanti &
Harald C Ott

Affiliations | Contributions | Corresponding author

Nature Medicine (2013) | doi:10.1038/nm.3154
Received 04 September 2012 | Accepted 11 February 2013 | Published online 14 April 2013
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Priklady nosicl (scaffolds) biologického pilvodu

28

strevni submukdzni tkan kolagenova matrix
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Current Opinion In Biotechnology

Rekonstruovana mocova trubice
s vyuzitim kolagenove matrix
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Prakticke vyuziti
"bioactive molecule-guided" strategie:

e rlstové faktory:

PDGF, BMP-2 (bone morphogenetic protein)
e chrupavka, kost
e hluboka poranéni tkani
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Lécba hlubokych
poraneni
(kombinace vSech
3 strategii)
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VYUZITI ADULTNICH
A EMBRYONALNICH
KMENOVYCH BUNEK
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Health Problems that Might be Treated by Stem Cells

1) 1002 Ganatic Scionce Loarning Conter, Undversity of Utah

Spinal Cord Injuri

35
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Transplantace kostni drené

e SCs hematopoetické, SCs mesenchymalni,
progenitorove bunky...

e leukemie, lymfomy, aplasticke anemie, vrozene
metabolicke poruchy

e pfima transplantace nebo separace
nematopoetickych SCs

e klinicky vyuzivano od 60. let 20. stoleti
e nedostatek vhodnych darc(
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SCs z pupecnikové krve (umbilical cord blood)
e mozna alternativa k transplantaci kostni drené

e mensi riziko komplikaci pri transplantaci od
nepribuznych darct - tzv. GVHD (graft-versus-
host disease)

e nizSi naroky na pribuznost darce

e nevyhodou relativné malo SCs v odebraném
materialu (reseni: moznost kombinace)

e darovani vs. archivace pro vlastni potrebu

CORD BLOOD =
COLD STORAGE \

Bi8120 Aplikovana bunécna biologie / 10 / 27.4.2015

37

37



38

Terapeuticky potencial lidskych ASCs

o dedicna forma anemie, thalasemie, poruchy
tvorby krevnich desticek, imunoterapie

o kardiomyopatie, ischemicka choroba srdecni
e demence, degenerativhi onemocnéni CNS

o dédicna onemocneéni jater, cirhdza (produkce
o-1-antitrypsinu)

e svalove dystrofie
e diabetes
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Adult

stem cells

Committed
progenitors
-
& \\ ‘
— (o) —
\&5

Hematopoietic

) EE—

Cardiac

| 3
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Gastrointestinal

Potential disease
applications

Inherited anemia
Thalassemias
Platelet disorders
Immune theraples

Cardiomyopathies
Ischemic heart disease

Dementias
Degenerative discases

Inherited discases

Biliary = clotting factors
Cirrhosis = ce«1 antitrypsin

Muscular dystrophy

Becell transplantation/
diabetes

Possible direct therapeutic utility
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CUSTOM-MADE STEM CELLS Treatment

After discovering a reliable method for transforming human gree”{f;:‘t:é“\ﬁ::sa
stem cells into nerve cells in rats, researchers have proved ¢ cocktail of proteins
that those neurons can reach targeted muscles. that makes them

Embryonic cells functional.

Fertilized egg
Researchers use
human eggs
fertilized in vitro.

Zygote
The embryo starts
dividing into
multiple cells.
Implantation
- z Once inserted in rats,

llj‘omada i ( = these primed cells can

p Y : develop into neurons

J the fertilization C
the embryo reaches z attached to muscular

or functional nerve cells

a size of 16 cells. tissue.

Embryorl\ic stem cells é:a? give |
rise to almost any kind of specialized
cells by changing the chemical or Cold storage
thermic environment of the culture, Unspecialized
or inserting specific sequences cells can be
of genes into their nucleus. kept in
liquid

nitrogen
for long

gli“::': p?riods
Blastocyst ver the course of time
When the embryo reaches 200 of several days, the for further
cells or more its inner mass can cells proliferate and use.
be cropped for small groups of begin to crowd a
30 stem cells. culture dish.
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Prvni klinicka studie s vyuzitim lidskych ESCs
e leden 2009 — schvaleno FDA

e vyuziti hESCs pro léCbu poskozeni michy

e Geron Corporation

Geron’s Phase |

Clinical Trial in
Spinal Cord Injury

click for more information >
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Geron Phase I C

44
linical Trial

e GRNOPC1:

Geron's hESC-
Progenitor Cel

Derived Oligodendrocyte
S

o vyuziti hESCs
Preklinické testy

oro leéCbu poskozeni michy

na hlodavcich

e dobré vysIedky na testy toxicity i na tvorbu
teratomU (pouze benigni cysty v misté

poskozeni)

e zadna migrace bunék mimo nervovy systém

e 7zadna imunitn

i odpoved’ viic¢i GRNOPC1
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20X

2 -

(Loss of Neurons and Myelin) (Myelinated Rat Axons)

Vysledky preklinickych testll na krysach
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GRNOPC1 Phase 1 Multi-Center Spinal Cord Injury Trial

* Open Label Trial

¢ Subacute, Functionally Complete
Spinal Cord Injury with a
Neurological Level of T3 to T10

e 2x10°¢ Cells

e Transplant 7-14 Days Post Injury

* Temporary Immunosuppression with
Low Dose Tacrolimus

* Primary Endpoint: Safety

- Neurological
. cOR - Overall
2‘:,’:‘3:’?,;5 e Secondary Endpoint: Efficacy
::':i:.)::g - ASIA Sensory Score
Limited by# - Lower Extremity Motor Score
Investigatios

Stability
of trunk

Cervical

[

BU05»

Thoracic

Lumbar

Sacral

s

& -
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Geron’s Intellectual Property Portfolio

Geron WARF

Geron developed Exclusively licensed
proprietary technologies | fundamental patents
for hESC differentiation, for hESCs

scalable manufacturing
and therapeutic cell
preparations

University of California

Exclusively licensed
technology developed
under Geron-UC Irvine
collaboration for hESC-
derived oligodendrocytes

Vv

GRNOPC1 CELL THERAPY FOR SPINAL CORD INJURY
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TheScientist
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(‘3 (} The World's Finest Optical Filters
) / 1-800-824-7662

News & Opinion Follow The Scientist

First hESC Trial Kaput flin] ¥k

Geron is terminating a clinical trial testing a human embryonic stem cell
treatment for spinal cord injury.

By Jef Akst | November 15, 2011 i
Subscribe to RSS feed

Q 13 Comments @ ELike <62 @ Link this ¥ stumble [ Tweet this &Y A

The world’s first clinical trial testing a human
embryonic stem cell (hESC) therapy is closing to
further enrollment after a long, rocky ride,

according to the Geron Corporation. The Popular Posts

company, which started the trial two years ago,

announced the trial’s shuttering Monday 1. The Dark Side of Working
(November 14), along with its decision to N‘A(lhtﬁ-

withdraw from the stem cell sector

altogether—not for lack of promise, but simply a 2. Plant RNA Paper Questioned
strategic move to stay afloat during hard

economic times. 3. Best Places to Work
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Druha klinicka studie s vyuzitim lidskych ESCs
e listopad 2010 — schvaleno FDA

o vyuziti hESCs pro |eéCbu poskozeni Stargardtovy
makularni dystrofie

(nejCastejsi forma makularni degenerace u deti,
nelécitelna, priznaky: 8-10 let, slepota: 30 let)

e ATC (Advanced Cell Technologies)
e retinal pigment epithelium (RPE) cells
http://www.advancedcell.com/

Acvanced Cell Technology™
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StEm CHIS
EMBRYONIC STEM CELLS/INDUCED PLURIPOTENT STEM CELLS

Long-Term Safety and Function of RPE from Human Embryonic
Stem Cells in Preclinical Models of Macular Degeneration

BN Lu,” CHRISTOPHER .\/IALCUH'," SHAOMEI WANG,” SERGEJ GIRMAN,” PETER Francis,” LINDA LEM[EUX,b
ROBERT LANZA,b Raymonp Lunp?

“Casey Eye Institute, Oregon Health and Science University, Portland, Oregon; "Advanced Cell Technology,
Worcester, Massachusetts, USA

Key Words. Embryonic stem cells * Retinal pigment epithelium « Macular degeneration « Clinical trials

STEM CELLS 2009;27:2126—-2135
www.StemCells.com
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Advanced Cell Technologies:
2 klinické studie s vyuzitim lidskych ESCs

e Sub-retinal Transplantation of hESC Derived
RPE(MAQ9-hRPE)Cells in Patients With
Stargardt's Macular Dystrophy

o Safety and Tolerability of Sub-retinal
Transplantation of hESC Derived RPE (MAQ9-

hRPE) Cells in Patients With Advanced Dry Age

Related Macular
e 4 kohorty, v kazc

Degeneration (Dry AMD)
é 3 pacienti - rozdilné pocty

transplantovanyc

h bunék (50 — 200 tisic)

e zahajeni: duben 2011, ukonceni: 2013
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THERAPEUTICS

The Power of
Regenerative Ophthalmology”

e

e

We are developing innovative new therapies to treat vision loss with the mission.ofdgmproving the

quality of life for millions of patients worldwide.

LEARN MORE

We believe in the power of vision. Ocata Therapeutics, Inc. (“Ocata”;
NASDAQ Global Market: OCAT), formerly named Advanced Cell Technology,
is a clinical stage biotechnology company focused on the development and
commercialization of regenerative medicine and cell therapy technologies.

The company’s most advanced products are in clinical trials for the treatment
of Stargardt's macular degeneration, dry age-related macular degeneration
and myopic macular degeneration. Ocata'’s preclinical programs involve cell

Human Retinal Pigment Epithelial Cells

Ongoing Clinical Trials
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Stargardt's Disease

RPE Cell Therapy

Photoreceptor Progenitor
Therapy

Dry Age-related Macular Degeneration

Photoreceptor Progenitor
Therapy

Myopic Macular Degeneration

RPE Cell Therapy
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Retinis Pigmentosa

Photoreceptor Progenitor
Therapy

Glaucoma

Retinal Ganglion
Progenitor Therapy

Corneal Blindness

Corneal Endothelial R
Discovery >
Therapy
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“You're a selfish bastard, Lewis..! Those stem cell lines
were meant for people who've LOST an organ!”
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