Ossejtek, 6ssejtterdpia - alapfogalmak és alapjelenségek

- alapfogalmak

* transzdifferencidcio

+ mezenchimdlis sejtek (MAPCs)

- sejtfdzio

+ az "igazi kldnozas" (SCNT)

+ az igazi attérés ? (iPS) - reprogramming
» a klinikai alkalmazas lehetdségei, korldtai
+ Ossejtek és a gydgyszerkutatds

+ etikai megfontoldsok



klonozds: azonos genetikai dllomdanyd egyed Iétrehozdsa szoveti sejtbdl

transzdifferencidcio: végdifferencidlt felnétt sejt fenotipus-vdltdsa
franszdetermindcio: alternativ fejlédési dtvonal vdlasztdsa

dedifferenciacio / reprogramming: kordbbi, kevésbé elkotelezett
fejlédési potencidl visszanyerése

sejtflzio: 2 szomatikus sejt egyesitése (4n!)

regenerative medicine / regenerativ orvoslds: kdrosodott szerv /
szovettipus pétldsa, .Ujrancvesztése”

plaszticitds: kiilsé kornyezeti hatdsokra a sejtsors (cell fate)
megvdltoztatdsa



Az 6ssejtek plaszticitdsa: mindenbdl lehet minden?

O Mltipctent stem cel

stem el
O Multipotent stem- cell resenve? D

l Transdetermination? > l
Progenitr
O I_‘E'II

/ \‘ Source of trophic factors? /

\ Specialised
O O Fsion? % I.'E'||

De-differentigticn ¢

Transdifferentiation?

C M Rice, N J Scolding; Lancet, 364:193-199. 2004



Testi sejtek .4jraprogramozdsa”

Four strategies to induce reprogramming of somatic cells

Nuclear transfer Cell fusion ,,,.2:}'."0,, Jum y?r‘:f"
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O Raproductive Customized Aegrogramming
s claning ES cells in the tast tube
$ Ratroviral
4 Clones are '":{:fc‘:m' Fused cells Lamited 10 vactors,
w abnormal Falaaar e are 4n germ cells? mutations,
g °99 tumors
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Stem Cells, the Molecular Circuitry of

Pluripotency and Nuclear Reprogramming
Call 152, S67-582, Fabnuary 22 2008 ([ oo vous



Testi sejtek ,ljraprogramozasa”

u Nuclear transfer E Cell fusion
M
S = —
,V_\"\._/ =, = &
pY ) C (©
,',/ - \_ _/’/
- nd y 3 » >~ , £\ A. Mudear transfer into an anucleated oocyte reprograms a somatic nucleus,
7 jg (_ﬁy ) ( C O thus generating a blastocyst from which ES cells can be dedved.
L‘.,_ﬁ ‘ ‘.__l' ‘ X 4 B. Cell fusion exposes two different nuclel to the same cytoplasm, and one
— . nucleus may impose its transcriptional program (red) over the other (blue).
Embryonic stem calls (ES) Hybrid cell €. Transfer of specific transcription factors may reprogram a somatic cell

(vellow) to a pluripotent (iPS) or to another differentiated cell type (red).

D. Transplantation of a genetically labeled (blue nucleus) differentiated cell
(red) to a different tissue (yvellow) may activate that developmental
program in the transplanted cell.

Q
I\ L, e ‘Hearts and bones’: the ups and downs
. - of ‘plasticity’ in stem cell biolo
Pluripotent Different P y 8y
stem cells (iPS) ceil type Paola Bonfanti", Yann Barrandon®, Giulio Cossu™***

EMBO Mol Med 4, 353-361



1. : végdifferencidlt felnétt sejt fenotipus-vdltdsa

* nyeldcso: simaizombdl vazizom (Patapoutian Science 1995 270:1818-1821) -
DE Rishniw Genesis 36:81-82, 2003

csontveld -> izom (Ferrari Science 279:1528-1530 1998)

neuron -> vér (Bjsrnson Science 283: 534-537 1999)

vér -> neuroh (Mezey 2000 Science 290:1779-1782)

vér -> hepatocita (Lagasse 2000 Nat Med 6:1229-1234)

[manapsdg .. “-nak, azaz kérnyezeti
djraprogramozdsnak nevezik....]



Muscle Regeneration by Bone Marrow—-Derived 577 = Yok 217 = e MARCH G
Myogenic Progenitors

Giuliana Ferrari, Gabriella Cusella-De Angelis, Marcello Coletta,
Eale Paolucci, Anna Stornaiuolo, Giulio Cossu,” Fulvio Mavilio®

scid egér roncsolt
izmdba MLC-LacZ
egérbdl izolalt
csontveldi sejtek
beiiltetése




Turning Brain into Blood: A 2. szubletdlisan besugdrzott Balb/c

Hematopoietic Fate Adopted by egerekbe ROSA NSC visszaiiltetés
.\ -> LacZ detekcio
Adult Neural Stem Cells in Vivo QR
Christopher R, R. Bjornson,*{{ Rodney L, Rietze,*§ 1§} Z Z
Brent A. Reynolds, M. Cristina Magli, Angelo L. Vescovi] g B v ©
= 5 <
22 JANUARY 1999 WOL 283 SCIENCE S 8 8 g %) —8 —8

1. NSC (nheural stem cell) izoldlas
LacZ+ ROSA egerekbdl

U

ROSA

-> in vitro klén-formdcié (de endogén
hematopoetikus SCs is detektdlhatd)

P> ) -~ & » »l
B § Cl
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in vitro differencidcié: neuron,
asztroglia, oligodendroglia




Turning Brain into Blood: A
Hematopoietic Fate Adopted by
Adult Neural Stem Cells in Vivo

Christopher R, R. Bjornson,*{{ Rodney L, Rietze,*§

3. FACS: ROSA-specific (H-2KP) vs T
/ B limfocia /myeloid markerek

’ ’
Brent A. Reynolds, M. Cristina Magli, Angelo L. Vescovi] aZOHOSITGSG
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Turning Blood into Brain: Cells

Bearing Neuronal Antigens o
CX

Generated in Vivo from Bone
Marrow
Eva Mezey,'* Karen ). Chandross,? Gyéngyi Harta,’
Richard A. Maki,** Scott R. McKercher? o
SCIEMCE WOL 290 1 DECEMBER 2000 ] v ec
¢ |_v ;
PU.1-- egér: hematopoetikus lineage b i
hiany, makrofdg, neutrofil, hizésejft,
oszteoklaszt, T és B limfocita nélkiil S A
sziiletik -> donor csontveld kell; néstény G B
egerekbe him csontvel6 -> Y kr.
lokalizdcié az agyban
0.3 - 2.3% Ykr / NeuN sejtek
Age DA Pl-positive MELI-positive Y chromosome— Y chromosomeMEL Meu-positive nuclei Y chromosomes Y of Neu-positive
(months) nuclei counted nuclei counted positive cells (double-labeled) in all cells (%) in all cells [%) cells [%)
4 4831 1908 120 & 39 2.5 0.3
4 1322 221 &0 5 7 4.5 2.3
3 3675 1483 130 16 40 35 1.1
3 4550 1825 105 15 40 23 0.8
2 373 1039 162 16 28 4.3 1.5
1 1913 464 B& B 24 4.5 1.7
1 1660 380 76 7 23 4.6 1.8




: végdifferencidlt felnétt sejt fenotipus-valtdsa
problémadk:
» sejtfuzio (de pl. vdzizomndl ez természetes)
- endogén 6ssejtek aktivdldsa
* nem lineage-specifikus donor 6ssejtek izoldldsa

+ in vitro differencidacié azonositdsa marker fehérjék
megjelenésével, ill. idegen marker specificitdsa -
funkciondlis megjelenés kelll

» in vitro artefakt / transzformdlé hatds

» Gssejt-populacio inhomogenitasa

* "igazi" pluripotencia teszt (pl. in vivo teratoma kialakitas)
szamos esetben hidnyzik

- elég ritka / nem kovethetd folyamat
* nagyfokd atalakuldst, repopuldciét igényel
» féleg alacsonyabb rendi gerincesekben

* napjainkban mdr tabu kifejezés...... de az enviromental
reprogramming kezd djra divatba jonni - és a transdifferentiation isl!



Enviromental / direct reprogramming

‘Hearts and bones’: the ups and downs
of ‘plasticity’ in stem cell biology

Pacla Bonfanti’, Yann Barrandon®, Giulio Cossu™***

EMBO Mol Med 4, 353-361

Reprogramming

Figure 2. Changing the model of cell determination and differentiation. Grey arrows indicate the ability of ES and iPS cells to give rise w germ and somatic
layers, that proceed (lightblue arrows) towards their various differentiated tissues. Green arrows represent the possibility of reprogramming differentiatedcellsto
a pluripotent state or directly to a different differentiated cell type, independently from the germ layer of origin.
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transzdifferencidcid és direct reprogramming

Table | Examples of different types of cellular reprogramming
and their corresponding reprogramming factors used for directing

Direct conversion

W

Fibroblasts Lineage specific cell

Octd — Sox2
Kif4 c-MYC

Partially induced pluripotent
stem cells

Direct reprogramming

—>

Lineage specific cell

—

Differentiation
Reprogramming

7

® D

j Induced pluripotent stem cells

Direct reprogramming of adult cells: avoiding
the pluripotent state

Abbreviations: Ascl], achaete-scute homolog |; B, (brain-2) also called Pouf3
or POU dlass 3 homeobox 2;c-MYC, c-myelocytomatosis oncogene; ERG |, epilepsy-
refated gene I ETV2, ETS translocation variant 2; FLII, Fi-1 proto-oncogene; ETS,
transcription factor (previous name: Friend leukemia virus integration 1); GHMT,
Hand2 + GMT. Hand2, heart- and neural crest derivatives-expressed protein
L iP5, induced pluripotent stem; KH4, Kruppel-like factor 4; Mafa, v-maf avian
musculoaponeurstic fibrosarcoma oncogene homolog A; Meflc, myocyte-specific
enhancer factor 2C; MEFs. mouse embryonic fibroblasts; miR-1, micreRMA-1: miR-
133, microRMA-133; MyoD. myogenic differentiation; Mytll, nvyelin transcription
factor |-like; Mgn3, neurogenin 3; Oct4, octamer-binding protein; Pdx|, pancreatic
and duodenal homeobox |; Sox2, sex determining region T-box containing gene Z;
Thue5, T-bow transcription factor; VEGF, vascular endothelial growth factor.
Stem Cells and Cloning:Advances and Applications 2014:7 19-29

cell fate switch
Cell origin Derived References
cell type

Examples of reprogramming

Fibroblasts iP5 cells
Oct4, Sox?. Kif4, c-MYC Takahashi"
Oct4, Sox2 + valproic acid Huangfu
Oct4, Soxd, ¢-MYT + Lyssiotis™
kenpaullane Li®

Oct4, KIf4 + CHIR99021
(MEFs)

Examples of transdifferentiation and direct reprogramming

Fibroblasts
MyoDr
Pancreatic (exocring)
Mgn3, Pdx|, Mafa
Fibroblasts
Ascll, Brn2, Mytll
Fibroblasts
Gata4, Meflc, Thx5
Gata4, Meflc, Tbx5, Hand2
Gata4, Meflc, Thx5, VEGF
Mef2c, Myocardin, and Thx5
Fibroblasts
Myocardin, miR-1,
miR-133, GHMT
Fibroblasts
Oct4, Soxl. K4, c-MYC
{(4-day partial reprogramming)
Oct4, Soxd. Kif4. c-MYC
{Short reprogramming)
Amniotic
ETVZ FLII, ERGI

Muscle

Pancreatic
(beta cells)
Meuraons

Cardiomyocytes

Cardiomyocytes

Endothelial cells

Endothelial cells

Davis*
Zhou*
Yierbuchen
leda®™

Song®
Mathison*

Protze*

Mam*®

Margariti=

Lis

Ginsberg™




mezenchimdlis (csontvel6i) 6ssejtek vagy MAPCs

(multipotent adult progenitor cells)
THE MESENGENIC PROCESS
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{ b rl Mesenchymal Stem Cell (MSC)
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Pluripotency of mesenchymal stem cells 1vreivor aisfjuy 20|
derived from adult marrow

Yuehua Jiang*f, Balkrishna N. Jahagirdar* 1, R. Lee Reinhardts, Robert E. Schwartz*, C. Dirk Keene||, Xilma R. Ortiz-Gonzalez||,
Morayma Reyes*, Todd Lenvik*, Troy Lund*, Mark Blackstad*, Jingbo Du*, Sara Aldrich*, Aaron Lisherg*, Walter C. Low||,
David A. Largaespada & Gatherine M. Verfaillie*:

mezenchimdlis sejtek pluripotensek?
-> mezenchima
-> viscerdlis endoderma
-> neuroektoderma
-> endoderma

Figure 4 Chimaerism detection by X-gal staining and anti-8-gal staining in animals
generated from blastocysts micrainjected with a single ROSA26 MAPC (ses also Tablke 1
and Supplemertary information Fig. 4). a—h, Images from X-gal-stained indwidual organs
from a 45% chimaeric mouse, determined by Q-PCR for Neo on tail clip. Tissue sections
were from: brain (a), skin (b}, skeletal muscle (c), myocardium (d), iiver (e}, small intestine
(f), kidney (g) and spleen (h). i, j, Images from an X-gal-stained section through a mouse
that was not chimaeric (i) or was 45% chimaeric {j). Magnification, x 20.




mezenchimdlis (csontvel6i) 6ssejtek vagy MAPCs
(multipotent adult progenitor cells)

Mesenchymal Stem Cell-Based Therapy

-Proliferation Vaibhav l\f[\.u'ldra,1 Ivan C. Gerl'mg,T and Ram L. Mahato®"

JDifferentiation

. VGIéSZiﬂl’jleg f6 oy B Cells .
jelentéségiik a trofikus kit [ A 12 wrion
MSC

hatds: szamos GF :
termelése -> endogén, - -
szovetspecifikus e / \ T i
progenitorok , e N  Rotoon
"reaktivdlasa" oo (- Caciion

APCs

Monocytes iDCs /HLA-DR CDla expression
JL-12 secretion
1 CD80, CD83 and CD 86 expression

Figure 1. Immunomodulatory effect of MSCs. MSCs affect proliferation, maturation, and cytokine secretion by different immune cells. NK cells,
natural killer cells; iDCs, immature dendritic cells; APCs, antigen presenting cells.

» immunoldgiai elimindcid A
csokkentése, regenerativ Raducedbey ol popio
. .. / nereased beta cell proliferation
mikrokérnyezet fenntartdsa e

+ type 1 diabétesz kezelése: . B
Reduced secretion of proinflammatory cytokimes

iZO Idl .l- béTCl Sej Tekkel / . :E:: i;ilfm;.ulh*,h, cells Intibition of activation of APCs and T cells
. /s e s Increased CD4-+CD25+Foxp3+ regulatory T cells
szigetekkel kotranszplantacio



sejtfuzio
* heterokarion, poliploidia; regenerativ szévetekben gyakran eléfordul
(féleg mdj, de simaizom, cerebellum, sziv, méh, pajzsmirigy)

» csontveld dtiiltetés utdn donor sejtek

mikroglia/makroglia Cell fusion
agy {
Purkinje sejt P v
mdj A A
sziv (donor sejtek féleg ott vannak, I

ahol normdlisan sok a flziondlo sejt)

+ betegség esetén a poliploidia elény lenne?



Transplanted bone marrow generates new neurons in

human brains

Eva Mezey*!, Sharon Key*, Georgia Vogelsang®, lldiko Szalayovas, G. David Lange", and Barbara Crain®

1364-1360 | PMAS | February 4 2002 | wol 100 | no 2

* ndi transzplantdltakba férfi donor csontveld; ¥ kromoszoma detektalas

+ sokféle sejttipus, besugdrzott egyedek

+ csoportos elhelyezkedés

* magyardzat: stem sejt bejutds és differencidcid, de inkdbb sejtfidzid

Four female patients who had had bone
marrow transplants from male donors
were selected from the autopsy files of
The Johns Hopkins Hospital. Patient 1
had Omenn’'s syndrome, was transplanted
at 9 months of age, and died 10 months
later. Patient 2

had Hodgkin's disease and was
transplanted at 34 years of age. Patient
3 had acute lymphocytic leukemia and
was transplanted

at 10 years of age. Patient 4 had acute
lymphocytic leukemia and was
transplanted at 20 years of age. Patients
2-4 died within 2 months of receiving
their transplants.

D




Contribution of transplanted bone marrow cells to zms wol 100 | no.d
Purkinje neurons in human adult brains

James M. Weimann*?, Carol A. Charlton*t, Timothy R. Brazelton®, Robert €. Hackman®, and Helen M. Blau*$

Fig.3. Evidence of male Y chromosome in Pui

kinje ne . (A-C) Th = | f | 2 - . 5
injg:neurans. (A 1e= Sxamplss of M3 Fig.4.  Evidence for fusion between donor-derived bone mamrow cells and
bonemarrow-derived nudeiin Purkinje cell. Eac

neuron has one X (red arrow) and cne Y (gree NSt Purkinje neurons. Two examples of triple sex chromosomes in Purkinje
arow) chromosome. These Purkinje neuronsap  neurons. (4) Male to female transplant. There are two X (red) and one Y
Pearbtﬁlbew'e_i'hlnteg;atw 'mo,:hf SU"_'CUIT‘:!'W (@reen) chromeosomes in this cell. (8) Same image as A without the nudear
cerebelium with a mature morphology includin .

deiciflns: (D) Saivie s ds A-Cwith & counterstain. .The two X chfomosomes are 4.22 pm apart, whereas the Y
blue nuclear counterstain removed to highligh  chromosome is4.44 um and 6.08 um separated from the two X chromosomes.
the red and green probes. The single X chrome¢  The distance between each chromosome indicates that these are each unique
some imaged '"bB a“dghafsad“mb'b?';:!"a;e' chromesomes. (C) Male to female transplant. There are three distinct X
kel bl req"’e‘m y. This Ehr¢ o promosomes (red arrows) in this cell. These chromosomes are 4.16 um, 6.12
mosome is enlarged in the inset (E) to demor

strate that it is a single chromosome. Note th  #M, and 4.61 um apart. (Scale bar: 10 um.)

wisp of red-labeled chromatin conrecting the

two lobesthat are 1.18 um apart, whereas the Y

chromosome is 3.52 um from the X. (Scale bar:

20um.)




F“sion of bone_marmw_derived NATURE | VOL 425 | 30 OCTOBER 2003 |
cells with Purkinje neurons, 8
cardiomyocytes and hepatocytes

Manuel Alvarez-Dolado’, Ricardo Pardal”, Jose M. Garcia-Verdugo’,
John R. Fike', Hyun 0. Lee’, Klaus Pfeffer®, Carlos Lois’,
Sean J. Morrison” & Arturo Alvarez-Buylla'
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az "igazi" klonozds: SCNT

Evidence of a Pluripotent Human
Embryonic Stem Cell Line
Derived from a Cloned Blastocyst

Woo Suk Hwang,* Young June Ryu,’ Jong Hyuk Park,?

Eul Soon Park," Eu Gene Lee,’ Ja Min Koo,* Hyun Yong Jeon,’
Byeong Chun Lee,’ Sung Keun Kang," Sun Jong Kim,? Curie Ahn,®
Jung Hye Hwang,® Ky Young Park,” Jose B. Cibelli,®
Shin Yong Moon®*

....es az igazi nagy gdz

Patient-Specific Embryonic
Stem Cells Derived from
Human SCNT Blastocysts

Woo Suk Hwang,?* Sung Il Roh,? Byeong Chun Lee,’

Sung Keun Kang,' Dae Kee Kwon,' Sue Kim," Sun Jong Kim,?
Sun Woo Park,” Hee Sun Kwon,' Chang Kyu Lee,’? Jung Bok Lee,?
Jin Mee Kim,? Curie Ahn,* Sun Ha Paek * Sang Sik Chang,5
Jung Jin Koo,® Hyun Soo Yoon,® Jung Hye Hwang.s

Youn Young Hwang,® Ye Soo Park,® Sun Kyung Oh,* Hee Sun Kim,*
Jong Hyuk Park,” Shin Yong Moon,* Gerald Schatten”*

SCIENCE WVOL 308 17 JUNE 2005

SCIENCE VOL 303 12 MARCH 2004

* humdn somatic cell nuclear
transfer (SCNT): enuklealt
petesejtbe a petesejt-donor
sajgt szoveti sejtmagjat ultetik
vissza

+ ~25%-a az embridknak eljut a
blastocysta stddiumba

* SCNT-hES-1 ES-szer( sejtvonal
izoldlasa az ICM-bdl

* in vitro és in vivo fejlddés:
teratéma képzddés in vivo, DNS
fingerprint...

* human somatic cell
nuclear transfer
(SCNT): 11
sejtvonal idegen
donor sejtmaggal
(NT-hSC Y
sejtvonalak) g

Nuclear transfer

valdszin(ileg
partenogenetikus
(sz(iznemzés)

eredet + hamisitds....



induced Pluripotens Stem sejt (iPSs)

+ elsé kozlemény 2006-ban, Nobel dij 2012-ben [Yamanaka; Gurdon- 1958!]
* egér / humadn, embriondlis / felnétt fibroblasztok "djraprogramozdsa"

Spg‘rm Oocyte Fertilised

i
| In vitro thaggete Cel
g, ‘ <@ ),
Patient Model System #»7 Mass
Transplant t G
5 €¥ Human

Embryonic Stem Cell
Y Differentiate m
RPE Cells

Induced Pluripotent
Stem Cell

/ Reprogram with

1"§ Oct4, Sox2,
g T o KIf4, Myc,

Blood cells % Somatic Cells Nanog, Lin28

Fibroblast cells




Klinikai alkalmazasok problémai

biztonsdg

+ spontdn tumorok kialakuldsa ~ ¢m) ° beliltetés el6tti ESC
differenciacio, szelekcio

» proliferdciéban fontos gének

kilitése
- N-oleoil-serinol (518): osztodo
sejtek ellen

* tdl sok normdl sejt beaddsa? (ld. dopamin-termeld sejtek
beiiltetése Parkinsonos betegekbe)

* beiiltetett sejttipus definidldsa

- izoldlds, tenyésztés standardizdldsa; markerek

feeder layer - mds fajbal
szérum vs. definidlt faktorok

* klinikai I/IT fdzis: human ES-eredeti sejtekkel csak >15 év utan!
http://www.clinicaltrials.gov/



http://www.clinicaltrials.gov/

Klinikai alkalmazasok problémai

beiiltetett sejttipusok tisztitdsa

» vizudlis marker, gradiens centrifugdlds - nem megbizhaté

+ FACS, MACS (magnetically ativated cell sorting) - kis
kapacitds, markerek?

+ genetikai szelekcio - elvileg nagy tisztasdg, de az exogén
szelekcids gén tovabbi kockazat

beiiltetett sejtek mennyisége, a graft mérete

- sejtpusztulds, tdlélés ardnya
+ sejtproliferdcid - a befogado szovetre is hat! (fibroézis, glidzis)

hegszovet képzddése

* még a kialakuldsa el6tt meg kell(ene) akaddlyozni



Klinikai alkalmazasok problémai

transzplantdcids technikdk, vizsgdlatok

+ kisérletekhez xenotranszplantdcié (emberi ESC beiiltetés dllatba)

idedlisan: 1) recipiens j6 befogadd legyen
2) jo betegség-modell legyen
3) élettani tényez6k az emberéhez hasonlitsanak
4) gyors, hatékony vizsgalatok

kutya, disznd, birka, emberszabdsuak vs. egér

» allotranszplantacio (dllati ESC beiiltetés dllatba)
egyeldre hatékonyabb.....

» autoldg transzplantdcié (sajat ESC)



Klinikai alkalmazasok problémai

kilokddés: ESC-n kevés MHC1, MHC2 hidnyzik & differencidciéval
jelentdsen no

* immunszupresszid

* lokdlisan termeltetett, imunrendszert gatlé anyagok (indolamin
dioxigendz, Trp degraddcid, trophoblast sejtek)

- stem cell bank
* homozigéta HLA; "dltalanos donor" ESC (pl. partenogenetikus
embrid, pESCs)

* HLA szuppresszié @& NK sejt aktivdcid

+ vérképzdszervi kimérizmus: csontvel6-transzplantdltak a donortdl
vald szervdtiiltetést jol fogadjak

etikai szempontok (hES sejtek esetében):
teljes tiltds: 6, A, I, F, Gr, Ire, P, NL, USA (Bush-kormany)
rel. szabad, kivéve a regenerativ klénozast: UK, S + F, B
Uj sejtvonal elddllitdsa tilos: Svdjc




dssejtek és etikai megfontoldsok: szabadalmaztathaté-e az
0ssejt?

Table 1. What Is Patentable and What Is Not in the US and Europe
Monpatentable Patentable

United States * Human-nonhurman chimeras * |solated purified embryonic stem (ES) cells, including hurman ES cells
* Mathods of deriving ES cells
* Culture conditions for ES calls
* Processes for differentiating ES calls
* Genetic transformation and nuclear transfer for altering ES cells

Europe * Processes for extracting stem callz from human  # Adult human stem cells and their use
blastocysts * Stem cells derived from nonhuman animal embryos and their use
# Diract destruction of human embryos
+ Available human ES cdl lines and their usa (if
destruction of human embryos was involved)=

United Kingdom  * Processes for obtaining stem calls from human * Human embryonic pluripotent stem cells
embryos
* Human totipotent calls with the potential to
develop into an entire human body

*Thiz point is under consideration with the WARF case cumrently before the Enlarged Board of Appeal of the European Patent Office. iSource: Ench
E. Veitenhaimer, a parmer with the Washington DC-basad Coolay Godward Kronish LLR.)

- 2011, EU: szabadalmi tilalom

*  nincs korldtozds / szabdlyozds: Kina, India, Dél-Korea, Izrael



Ossejtek a klinikai alkalmazds szempont jabdl

endogén dssejtek aktivdldsa

+ donté a stem sejt mikrokornyezet (fiatal - 6reg keringési
rendszer parabidzis)

+ szisztémds vagy lokdlis drog-kezelés sziikséges

mezenchimdlis dssejtek (MSCs)

+ elsdsorban induktiv szigndlokat termenek sériilés hatdsdra, de
magdba a szévetbe nem integradldodnak

SCNT (ntESCs): somatic cell nuclear transfer; szoveti sejt
sejtmagjdnak transzplantacioja ("klonozdas")
+ gyakori fejlédési rendellenesség, csokkent élettartam

+ technikai / etikai nehézségek

iIPSs reprogramming
* nincs kilokddés, egyed-specifikus
+ limitdlt etikai problémdk (petesejt, zigota)

» retrovirus haszndlata, mutacio, tumorigenitds - megoldva???
» korlatozott kapacitds, drdga



0ssejtek és a gyogyszerkutatds / regenerativ orvoslds:
business matters

Repregramming

il Pa;i_gnt-b(:erltved
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Embryos | o . dlffergnC|GC|os screen: reporter gének (pl.
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Differentiation
screans

Differentiated ) “bioakTiV QYGjTemények'l: 1500 - 5000
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erapy ’
hatasokkal

Differentiated cells
as disease models

+ adott irdnyba differencidltatott

Mol teating. therkpeatic sorens sejtpopuldcié vizsgalata
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from E11.5 secondary molecules specific marker by secondary

Copes neurospheres during chemiluminescence assays
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0ssejtek és a gyogyszerkutatds / regenerativ orvoslds:
business matters

+ Gssejt-terdpia és sejtpotlds .iparilag” - a személyre szabott terdpia
[egyeldre?] messze tdl drdga a rutinszer( alkalmazdshoz

o E2R
2 S

L 7
. >

- inzulin-termelés iz 3 ¥
%l 75

) =y @

EB8.0 Foregut E8.5 Pancreas E9.0 Budding E11.5 Branching E13.5 Beta and
patterning specification Ptf1a expression Ngn3 expressed in alpha cell
Foxa2 and Sox17 Pdx1 exprassion central pancreatic development
expression apithelium Ins and Glc
exprassion

» i
3 . o™ Nicotinamide
o, ActvinA Gl |, Rewncicacd L, Fori0 % g;z FQF2 @

SN = i » - f‘-" = :;ﬁ » 3 =
w % L @ ST L a9 @
3 SHH < NOTCH Sy
ES cells Detinitive Pancreatic Pancreatic Endocrine PDX1' INS*
endoderm specification progenitors progenitors Beta cells
FOXA2* SOX17° PDX1* PDX1" PTF1A® PDX1* NGN3*
PDX1" GLC*
Alpha cells

- mezenchimdlis stem sejtek: autoimmun / graft versus
host immunreakcio; csont- és porcképzés

- szivizom
- bor- és érpdtlds

- vorosvértest és vérlemezke



0ssejtek és a gyogyszerkutatds / regenerativ orvoslds:
business matters

reprogramming kit, iPS sejtvonalak, tdpok:
Invitrogen Life-Technologies (www.invitrogen.com),
STemgen'l' (WWW.STemgenT.COm), The business of exploiting induced pluripotent stem cells
ReproCELL (www.reprocell.net), e e
R&D Systems (www.rndsystems.com), o R A
Promega (www.promega.com),
Miltenyi Biotec (www.miltenyibiotec.com)
STEMCELL Technologies (www.stemcell.com)

humadn iPS-bdl szdrmazé kardiomicitdk ,.gydrtdsa” toxicitdsi tesztekhez
cellular dynamics international (CDI; www.cellulardynamics.com)
.Catalyst" program: pénzért adjdk az iPS technoldgiat

Stemgent
Fate Therapeutics

iPS felhaszndlds terdpids célokra: alapvetden csak potencidlis drogok
tesztelésére |

iPierian (www.ipierian.com) : in vitro screening
Fate Therapeutics (www.fatetherapeutics.com) : endogén éssejtek aktivdlasa



0ssejtek és a gyogyszerkutatds / regenerativ orvoslds:
business matters

* az iPS és a HTS (high
throughput screening)

Fibroblasts, etc.

Patient carrying
a mutation

)

Discovery of

— drug candidates
Patient benefits

iPS cell derived neuronal cells for drug
discovery

Ralf Heilker', Stefanie Traub', Peter Reinhardt’, Hans R. Schéler™’, and
Jared Sterneckert”

Trends in Pharmacological Sclences October 2014, Vol. 35, No. 10
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Figure 1. Overview. Induced pluripotent stem (iPS) cells are generated from primary somatic cells, such as fibro blasts, that are biopsied and cultured from patients with an
observable phenotype and known genotype. iPS cells can then be expanded and differentiated to generate theoretically limitless numbers of specialized cells that should
recapitulate pathogenic mechanisms in patients. In principle, these models can be incorporated into high throughput screening (HTS) campaigns to identify nowel
therapeutic compounds that can be developed into new drugs. Although many iPS cell based disease models have been published, there are at least two challenges that
need to be addressed in order to use these models for HTS. First, as outlined in red, iP5 cell differentiation requires up to several months and gives heterogenecus results
[top). We review the use of expandable intermediates as a possible solution (bottom). Second, as shown in the blue box, disease models have to be converted into HTS-
compatible assays. We review the three possible HTS-com patible platform technologies that can be applied to iPS cell based disease models: amplified luminescence

proximity homogenous assay (top), high content screening (middle), high throughput reverse transcriptase polymemse chain reaction (RT-PCR) ( bottom ).




