UPORABA MATICNIH CELIC V
HUMANI MEDICINI

Primoz Rozman
Zavod RS za transtuzijsko medicino, Ljublj:

December 2008



REPRODUKTIVNO KLONIRANJE

Stara zaveza 1 Mz 2,22

1. Mojzesova knjiga (Geneza)
Poglavje 2

Psalm 22

“In gospod Bog stvori iz tistega rebra, ki
ga Je vzel cloveku, zeno, in jo privede k
Cloveku.”



REGENERATIVNA MEDICINA V SLOVENII
19. STOL.
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MATICNA CELICA - DEFINICIJA

nespecializirana celica zarodka, ploda all
odraslega, ki ima sposobnosti;

® neomejenega samoobnavljanja
" diferenciacije v specializirane celice
® plasticnosti



MATICNA CELICA - ODKRITJE

HSC: Till JE and McCulloch EA. Radiat Res 1961;
MSC: Friedenstein et al. Transplantation 1974
EPC: (endoth. prog. Cell) Asahara et al. 1997
EMC: Thomson JA et al. 1998



IZVOR MATICNIH CELIC
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VRSTE MATICNIH CELIC

— *Totipotentna - dif. v vse celi¢ne vrste
Cells

(>200), tudi v spermije in oocite
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LASTNOSTI MATICNIH CELIC - 1

= Asimetriéna delitev (identiéna®
MC + usmerjena prednica)

= Aktivne telomeraze -
O0mogocajo samoobnavljanje
(dodajajo nukleotide na
telomerne konce chr.)

= Popravljalni mehanizmi DNA

= Znacilen set povrsinskih
antigenov CD



LASTNOSTI MATICNIH CELIC - 2

" Diferenciacija: zmanjSa sposobnost samoobnavljanja

" Plasticnost: sposobnost MC, da

" se razvijejo v celice drugih nesorodnih tkiv
"= pridobijo fenotip celic drugega tkiva
" preskocijo iz ene embrionalne zarodne linije v drugo



MEHANIZMI PLASTICNOSTI

1. transdeterminacija 3. dediferenciacija
2. transdiferenciacija 4. celicna fuzija
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Pluripotentnost
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EMBRIONALNE MATICNE CELICE (EMC)

inner cell mass

pluripntﬂnt cells
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ESM so edine pluripotentne celice

& @ ) Committed Stem or
Q 2y Progenitor Cells
in vitro differentiation
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Pluripotency of
embryonic stem
cells. Cell Tissue
Res Oct. 2007
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MC V POPKOVNICNI KRVI

14



MATICNE CELICE ODRASLEGA

1. KM 1. Hemangioblast

- krvotvorna MC (CD34+) angl. HSC (CD34+)
- angioblastna MC (endotelij, zile)

3. Mezenhimska MC
4. Multipotentne celice odraslega

2. MC tkiv in organov

15



Diferenciacija MC in vitro

citokini in rastni faktorji

KMC trombociti, eritrociti, levkociti IL-1, IL-3, IL-5, IL-6, IL-7, IL-11,
G-CSF, GM-CSF, Epo, Tpo
MMC osteoblasti BMP-2, bFGF, R-glicerol-P, dexamethasone,
askorbat
hondrociti TGF-R3, dexamethasone
zivéne celice EGF, BDNF, RA
masScobne celice dexamethasone, inzulin, indometacin
MAPC nediferencirane fibronektin, EGF, PDGF-BB, 2% FBS
osteoblasti fibronektin, dexamethasone
hondrocii TGF-R1

endotelijske celice

fibronektin, VEGF

hepatocitom podobne celice

FGF-4, HGF




EMC odraslega (ESC-A)

(i) E?ggér;elial Progenitor Cells (EPCs) (Asahara et al. 1997; Shi et al.

(ii) Meser)mhymal Stem Cells (MSCs) (Peister et al. 2004; Prockop et al.
1997),

(iii) Multipotent Adult Progenitor Cells (MAPCs) (Jiang et al. 2002)

(iv) Marrow-is)olated Adult Multilineage Inducible (MIAMI) cells (D’lppolito et
al. 2004).

(v) McGuckin et al. 2005 - Cell Prolif. cord blood-derived embryonic-like
stem cells (CBE)

(vi) Precursors of germ cells (oocytes and spermatogonial cells) in BM
(Johnson et al. 2005; Nayernia et al. 20006).

(vii) Very Small Embryonic-like Stem Cells (VSELSs) (Kucia et al. 2006)
(viii) Embryonic Stem Cells of an Adult (ESC-A) Virant Klun et al. 2008
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ZDRAVLJENJE S KRVOTVORNIMI
MATICNIMI CELICAMI

Hematoloske bolezni
1959 presaditev alogenskega KM bolniku z AML, {
1965 prva uspesna presaditev alogenskega KM, T+ GVHD

1988: prva presaditev popkovnicnih KMC (dg.
Fanconijeva anemija)
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ZDRAVLJENJE S KMC 12
POPKOVNICE

Akutne levkemije
Aplasticha anemija
Limfomi
Avtoimunske bolezni
Kronicne levkemije
Dedne bolezni
Tumorji

19
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eurocord

Single Unrelated CBT according to the recipient
age/year reported to Eurocord

Children (1176)
*Still collecting data

Adults (590)
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ZDRAVLJENJE Z DRUGIMI MC -
REGENERATIVNA MEDICINA

Parkinson’s Disease:
Dopaminergic neurons

Spinal Cord Injury: Heart Failure:
Glial cells N ol | Cardiomyocytes

Diabetes: Drug Metabolism:
Islet cells ; Hepatocytes

Osteoporosis and Hematologic Diseases:
Bone Fractures: Hematopoietic cells
Osteoblasts

Arthritis: Wound Healing:
Chondrocytes Telomerase activation




KLINICNA UPORABA MATICNIH
CELIC V HUMANI MEDICINI -

zivcevje

22



Bolezni ziv€evja

Alzheimerjeva bolezen

Parkinsonizem

Mielinizacija zivenih vlaken (studer etal. 1998; Watts etal 2002)
Nadomescanje nevronov, astrocitov in celic glie po
mozganski kapi (Hofstetter, 2005)

Poskodbe hrbtenjace — stevilni podatki studij na zivalih

23



PARKINSONOVA BOLEZEN - studije

Diferenciacija EMC v nevrone, injiciranje v mozgane podgan s
Parkinsonovo bol., | poskodb (en-Hur et.al. 2004)

Striatum .

Substantia
nigra

Blastocyst Wi N
(100-200 calls) g r = e Inner cell

Lrl-'ll dissociate

Pluripatent embryenic stem cells 1
(about 4 days / faclors added

Bone
marrow
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W95\ Pancreatic
: .~ islet cells

Merve
cells

Heart
muscle

Authentic DA neurcns

Langston JW. The promise of stem cells in Parkinson disease. Clin. Invest. 115:23-25, (2005). Green: BrdU; red, tyrosine hydroxylase—positive (TH-posit%)%A ne



Survival of ES cell-derived DA
neurons in the striatum.

(A-C) Grafted cells (BrdU-labeled, green)
survived and differentiated into DA
neurons (TH-positive, red) along the
needle tract (merged image C).

Scale bar: 500 pym.

(D-I) Colocalization (arrows in F and I) of
BrdU (D, F, G, and I, green) and TH (E
and F, red) or DAT (H and I, red) shows
that graft-derived cells have dopaminergic
character. Scale bar: 50 um.
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Takagi Y. et al. Dopaminergic neurons generated from monkey embryonic stem
cells function in a Parkinson primate model. J. Clin. Invest. 115:102-109, (2005)
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ALZHEIMERJEVA BOLEZEN

Presaditev EMC v poskodbe mozganov, obnovljena zmoznost u¢enja in pomnenja
pri primatih (Grigoryan et.al. 2000)
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MS

Mielinizacija zivénih vlaken (Studer et.al.
1998; Watts et.al 2002)

CVi

Nadomescanje nevronov, astrocitov in glia
celic po mozganski kapi (Hofstetter, 2005)
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ZDRAVLJENJA VIDA S CELICNO TERAPIJO

lzguba vida:
starost, poskodbe zivca, izgube pigmentnih celic ali povezav teh celic z
drugimi - najpogostejSa nevrodegenerativna motnja

Vir celic:

- celice ocesne mreznice
-Schwanove celice
-maticne celice

(UMC, MMC, EMC)

Kultura pigmentih celic retine, Lund et al, Cloning and Stem cell, 2006; 8: 189-199



Superman

Actor Christopher Reeve dies

Reeve had become an advocate for spinal
cord injury researchSuperman star
Christopher Reeve, who lobbied for medical
research after being paralysed in a fall nine
years ago, has died aged 52.

Reeve was paralysed in 1995 when he broke
his neck after being thrown from a horse.
He later became an advocate for spinal cord
injury research.
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]

€he New 1Jork Times

F.D.A. Approves a Stem Cell Trial
By ANDREW POLLACK

Published: January 23, 2009

the federal government will allow the world’s
first test in people of a therapy
stem cells

Geron’s trial with embryonic stem cells will
involve people with ,
and will mostly test the therapy’s safety.

Federal drug regulators said that political
considerations had no role in the decision.
Nevertheless, the move coincided with the
inauguration of President Obama, who has
pledged to remove some of the financing
restrictions placed on the field by President
George W. Bush.
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KLINICNA UPORABA MATICNIH
CELIC V HUMANI MEDICINI -

diabetes
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DIABETES

In vitro in in vivo gojenje aktivnih Langerhansovih
otoCkov

Ekspanzija 3 celic (premalo uCinkovito)

Ekspanzija MC, predvsem EMC (soriaetal. 2001) in KMC (chen

etal. 2004)

Massimo Trucco. Regeneration of the pancreatic 8 cell J. Clin. Invest. 115:5-12 (2009). 3 2
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Regeneracija B-celic v NOD misih z diabetesom

A) Infiltracija limfocitov T v Langerhansove
celice - po 20 tednih 85% misi kazalo
znake diabetesa (200x povecava)

B) Uspesna presaditev MC kostnega
mozga — ni znakov avtoimunske
aktivnosti, ni znakov tvorbe inzulina
(400x povecCava)

C) Rumene puscCice kazejo deleCe se
celice, ki proizvajajo inzulin (modro)
(400x povecCava)

D) 3-4 tedne po presaditvi KM so misi
obnovile produkcijo inzulina (rdece
celice) (200x povecava)




KLINICNA UPORABA MATICNIH
CELIC V HUMANI MEDICINI -

pljuca

35



Table 2: Major lung diseases potentially treatable by stem cell manipulation.

Disease Category Injured, Depleted, or Deranged Cellular  Therapeutic Goals
Compartment*
Congenital lung hypaplasia Alveolar epithelium, Interstitial fibroblast, Generate alveolar septa

Chronic lung disease of prematurity ~ Capillary endothelium,
Pulmonary emphysema

Neonatal RDS Alveolar epithelium, Capillary endothelium
Adult RDS

Pulmonary fibrosis Alveolar epithelium, Interstitial fibroblast
Asthma Airway epithelium, Myofibroblasts, Airway

smooth muscle

Cystic fibrosis Airway epithelium
Bronchiolitis obliterans Airway epithelium
Lung cancer Epithelium

Restore complex three dimensional structure

Enhance surfactant production
Reinforce endothelial and epithelial barriers

Prevent alveolar epithelial loss
Inhibit fibroblast proliferation

Create an anti-inflammatory environment
Inhibit airway wall remodeling
Inhibit smooth muscle hypertrophy and hyperplasia

Deliver functional CFTR

Reinforce the epithelium against toxic, viral or
immunologic injury

Detection, monitoring or treatment based on molecular
regulation of stem cell proliferation and differentiation

RDS = respiratory distress syndrome, CFTR= cystic fibrosis transmembrane conductance regulator *Each cell type listed in this column is affected

in all of the specific conditions listed in the left hand column



(C) Fluorescenéna mikroskopija: s FISH tehniko oznageni Y kromosomi (rumeno
zeleno obravani) znotraj jedra celic (barvano z DAPI).

Imunohistokemicno
barvanje in FISH
analiza sapnic

(A in B) svetlobni mikroskop,
obarvano imunohistokemiéno z Ab
Camb.2, ki se specifiéno veze na
citokeratine 8, 18, in 19.

Pozitivno obarvane epitelne celice
So rjavkaste, kar je posledica
naknadnega barvanja z
hematoksilinom.

Puscica: epitelne celicez Y
kromosomom dajalca - . ne
izrazajo citokeratinov, verjetno MC
darovalca, ki so se naselile v epitelu
sapnic.
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KLINICNA UPORABA MATICNIH
CELIC V HUMANI MEDICINI

srce in ozilje
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SRCE IN MC

Bolezni srca in ozilja najpogostejsi vzrok smrtl

Ireverzibilna poskodba srca po 20" ishemije

Poskodovani kardiomiociti, vaskularne celice,
fibroblasti, zivci

Nekroza, nato vnetje (N, MF), granulacija in

brazgotina (2 mes.)

Tanjsanje stene in dilatacija vetriklov, kontraktilna

disfunkcija

39



Figure 2. Myocardial infarction 1s induced in adult female mice by ligation of LCA.

BMSCs from adult eGFP transgenic male mice are enriched by flow cytometry
Lin- c-kit+ subpopulation consists of both stem and progenitor cells. Drawing by Darryl Leja (National Human Genome Research
Institute, NIH, Bethesda, Md). 40




MMC - prisotne v ventriklu odrasle misi

!ﬂy' -

Pittenger MF,Circ Res. 2004;95:9-20

E ‘ :
o - ‘ b _ l

* MMC oznacene z Ab proti produktu gal (zeleno)

* kardiomiociti oznaceni z Ab, ki prepoznavajo dezmin (rdece) 41



Prisotnost MMC in
njihova funkcija pri
angiogenezi
poskodovanega tkiva

Imunohistokemicno barvanje podganje
sréne misice po infarktu

L
i r:‘i . [ ?t.;‘-"
o 2 Modro: MMC so pred IV injiciranjem v
¢i"'.-" ,, podgano oznacili z DAPI (modro).
‘}m g -
b Zeleno: misicni aktin, znacilen za gladke

misice (razvijajoCa se zila)
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Apliciranje MC :
Operativno ali preko katertra

Infuzija MC v koronarno arterijo infarktnega predela ali

Izplavljanje MC iz kostnega mozga z G(M)-CSF — naravni proces migracije MC v predel poskodbe

Slika prikazuje predel injiciranja mati¢nih celic (c-kit) v predel Miokard 20 dni po inplantaciji mati¢nih celic (c-kit) (rde¢e obarvano —
infarktnega miokarda (rdece obarvano —miozin, zeleno mati¢ne celcie miozin, zeleno - mati¢ne celice z EGFP, modro — propidijev jodid)
EGFP)

Beltrami AP, et.al. Cell, 2003 43



MC IN SRCE - HUMANE STUDIJE

Y+ kardiomiocite nasli v srcih dajalk srca (cirkulirajoCi
progenitorji bolnika) in obratno (pri BMT)

Y+ celice tudi v vaskularnih stenah koronark (cirkulirajoCi
endoltelijski progenitorji)

Ta repopulacija presibka za ozdravitev po Ml

44



Klinicne studije -srce

Tehniéno mozno, relativno varno

Relativno malo zapletov

PoveCana kontraktilna funkcija, povecCana perfuzija (le

do 14%)
Ni bilo dvojno slepih Studij
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UMC in Buergerjeva bolezen

46
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KLINICNA UPORABA MATICNIH
CELIC V HUMANI MEDICINI

misice in veziva
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MC ZA SKELETNO MISICJE

"= s satelitnimi misicnimi progenitor;ji
=z nediferenciarnimi MC iz drugih tkiv

= MC iz KM lahko migrirajo v podrocja poskodbe misicja in
diferencirajo v miocite - regeneracija tkiva

49



PREOBRAZBA CELIC KM
V SKELETNO MISICO

_ Cardiotoxin injured
«8%" anterior tibialis muscle

., ina GFP to C57BL/6
transplant model

\_  AB: infiltracija
* hematopoetskih celic v
poskodbo (puséice)

C,D: nastanek GFP+
miocitov

Day +14 fr f ‘4 ,/ Day +28

Mehrdad A. et al. Critical variables in the conversion of marrow cells to skeletal muscle. Blood First Edition Paper, online May 3, 2005 5 O



MMC IZ KM PRI CELJENJU RAN

Fathke, C. et al. Stem Cells 2004;22:812-822.

(A): lezija na kozi miSi kamor so vbrizgali KMC
himerne misi (EGFP)

(B): 42 dni po poskodbi vidimo EGFP+ celice po
celotnem podkozju, kjer je prislo do
regeneracije poSkodbe s KMC

(C): lezija na kozi misi kamor so vbrizgali MMC
himerne misi (EGFP).

(D): 42 dni po poskodbi vidimo EGFP+ celice po
celotnem podkozju, kjer je prislo do
regeneracije poSkodbe z MMC.

okrajSave:

EGFP: enhanced green fluorescent protein;
KMC: krvotvorna mati¢na celica

MMC: mezenhimska mati¢na celica.
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KOZA

Zdravljenje globokih in obseznih opeklin Rasuiovetai. 2005)

Uspesna osamitev, presaditev in usemerjena diferenciacija v
kozne, lasne, lojne folikle (model golih misi)

MMC, epitelne MC in MAPC za kozne nadomestke

MC koze za zdravljenje pleSavosti @anpain etal2004




POSKODBE HRUSTANCA

= MMC za zdravljenje in nadomescanje obrabe hrustanca

" regeneracija meniskusa

" preprecujejo osteoartritis

kontrolni meniskus meniskus z
injiciranimi MMC

http://www.osiristx.com
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MC ZA ZDRAVLJENJE ZLOMOV

Schmidmaier et al. 2004

IzboljSana regeneracija kosti

Pospeseno celjenje
Povecano oziljanje kosti

Povecanje vsebnosti kolagena
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J3-6290 Zdravljenje nezaceljenih zlomov kosti 7 uporabo
trombocitnih rastnih dejavnikov in avtolognih maticnih celic




A) Predoperativno

B) Postoperativno — 12 m.
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KLINICNA UPORABA MATICNIH
CELIC V HUMANI MEDICINI

jetra in prebavila



MC IN BOLEZNI JETER

(A) Imunohistokemiéno barvanje z MAb CAM5.2 (B) FISH tehnika barvanja X (rdece) in Y
(citokeratini) moskega presadka KM v jetrih kromosomov (modro)

zenske bolnice. Jetrne celice ze kazejo fibrozo zaradi
hepatitisa C.

Neil D. THEISE et al. Liver from Bone Marrow in Humans. HEPATOLOGY 2000;32:11-1 65



StEMmt CHIS

T LATI LanD Crsical BESEA

acterization and Clinical Application of Human CD347
Stem/Progenitor Cell Populations Mobilized into the Blood by
Granulocyte Colony-Stimulating Factor
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MC za zdravljenje jetrne ciroze

Klinicha studija 1. na ljudeh:

izolacija CD34 celic iz periferne krvi

« osamitev omnicitov (EMC: Rex-1, Oct-4, Nanog; KMC: CD34, CD133,
CXCR4)

* infuzija v poskodovana jetra skozi portalno veno ali jetrno arterijo

* sledenje bolnikov na 15 dni in merjenje parametrov

« 2 meseca po inplantaciji CT in ultrazvok jeter

60



Patient 1 (Hepatitis B cirrhosis) Patient 2 (Alcoholic cirrhosis) Patient 3 (Hepatitis C drrhosis)
40— 9 §
<]}

0
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Figure 5. Post-
transplant follow-up of
patients in phase | trial
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KLINICNA UPORABA MATICNIH CELIC
V HUMANI MEDICINI

imunomodulacija in genska terapija
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IMUNOMODULACIJA Z MMC

= MMC imajo imunosupresivne lastnosti

= V mesanih kulturah zavirajo rast limfocitov

= Zavirajo vnetni odziv sprozen s strani CTL in celic NK
= [|nhibirajo aloreaktivnost, preprecuejo GVHD

UPORABA:
= Zdravljenje akutne oblike GVHD

" PrepreCevanje avtoimunskega vnetnega odziva
= Pospesujejo hematopoezo in prijetie KMC

63



Immunomodulatory effects of MSCs

1 proliferation

B cells 1 differentiation to plasma cells

1 proliferation {1 proliferation

! cytotoxicity + + 1 CTL formation
L IFN-y J, IFN-y, T IL-4

IFN- ¥ IFN y
- —>T|L1

OPGE?2
O TGF-B

MSC T cells

OPGE2 d activation
OM-CSF

OIL-6
OIL-10
O TGF-S

| differentiation | maturation

| activation
—>

Monocytes

Nauta, A. J. et al. Blood 2007;110:3499-3506



L: endoskopija Crevesa D: endoskopija istega Crevesa
bolnika z GVHD 2 tedna po prejetju MMC

Endoskopska primerjava Crevesa pri bolniku, ki je razvil GVHD, pred in po zdravljenju z
MMC. Z modro je obkrozena razjeda, ki je posledica GVHD

http://www.osiristx.com




GENSKO ZDRAVLJENJE

MC idealne tarCe za gensko zdravljenje

- lahko dostopne
- mozna manipulacija, gojenje

DIRECT DELIVERY
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POTENCIALNE NEVARNOSTI
UPORABE MC

= Tkivna neskladnost pri presaditvah KMC

= Neprimerna fenotipska diferenciacija

= Uporaba brezserumskega medija za gojenje MC
= Nediferencirane EMC povzrocajo teratome

" | obstein, Recamier's (1829), Virchow (1853),
Cohnheim (1889):

= tumorji kosti izvirajo iz hrustancnih celic rastne ploScice
= embrionalni ostanki generirajo vse oblike tumorjev in raka
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ESC lines: some have signs of
neoplastic progression

Expressing pluripotency markers at high levels
High proliferative capacity

Growth factor independence

Increase of frequency of tumor initiating cells
Niche independence

Chrosmosomal abnormalities as revealed by genomic
hybridisation techniques (not by standard cytogenetics)
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RAZVOJ V PRIHODNOSTI

Identifikacija celicnih podvrst (markerji + DNA)
Optimizacija postopkov za osamitev MC

IzboljSati vodenje diferenciacije MC

Nadzor prezivetja in proliferacije MC

Identifikacija faktorjev ki vplivajo na izplavljanje in homing

Identifikacija faktorjev, ki v organih po presaditvi MC
povzroCajo vnetne in fibrozne odgovore
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