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KuttopokaAALEpyeLeC eVNALKWY BAACTIKWVY
KUTTOPWV

» Awpornolntika BAaotika kuttapo (Hematopoietic Stem Cell, HSC)
» Meogyxvpatika BAaotika kuttapa (Mesenchymal Stem Cell, MSC)
» Nevpwa BAootika kuttapa (Neural Stem Cell, NSC)

» Muika BAaotka kuttopa (Muscle-Derived Stem Cell, MDSC)



Hematopoietic stem cell (HSC)
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[TNYEC QLLLOTIOLNTLKWY BAACTIKWY KUTTOPWV
(HSC)

Hrtop epBpuwv
2TTAAvacC EUPpLWV

OudaiomAakouvtiako aipo (Umbilical Cord blood)
MueAOC ooTWV

MNepldeplko aipa

neta ano enidpoon G-CSF/GM-CSF



TauToTtroinon Kal atropuovwaon BAAoTIKWY KUTTApwWYV TTou BaaileTal
OTNV £KPPAON TTPWTEIVWV-HOPTUPWYV

stem cell markers

Fluorescent tag
attached 1o surface
marker

Ceils in suspension
are tagged with
fluorescent markers
specific for undifferentiated

Stem cell stem cells.

N FLUORESCENT
.~ ACTIVATED CELL
g —t SORTING (FACS)

Labeled cells are sent
under pressure through
a small nozzle and pass

Cell receptor —— through an electric fleid.
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MEBodoI etriAoync HSC

MHSC (murine HSC)

Spangrude et al, 1988 c-kit+/ Thyl.1+/ lin-/ Scal+
Wolf et al, 1993 Rho low, Hoechst low
Jones et al, 1996 ALDH bright

Osawa et al, 1996 Single CD34-

Goodell et al, 1996 SP (Side Population)
Lanzkron et al, 1998 PKH+

hHSC (human HSC)
Baum et al, 1992 lin-/ Thyl.1+/ CD34+/
CD133+/c-kit+
CD38-/ CD33-/ HLA-Dr low



lepapyia KUTTAPWYV QiaTOC

PHENOTYPE
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lin (lineage markers)
B220 (B-cells)
CD4, CD8 (T-cells)
Gr-1 (granulocytes)
Mac-1 (myelomonocytic cells)
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NAEITOUPYIKOC XapakTnpliopogc HSC In vivo

s human HSC: éveon o€ tTovTikia NOD/SCID uetd atrd pepikn | kaBoAou
QKTIVOBOAiIa = PEAETN TNG HAKPOXPOVIAC IKavoTnTag Twv hHSC yia
dla@popOTToinonN o€ OAQ Ta KUTTAPA TOU AiATOC KOl QUTOAVAVEWON ME
deuTEPN pETAPOOXEUON (secondary transplant)

sub-lethal irradiation

i& SC|D Bone- SC|D

MATow

Primary Secondary
transplant transplant
recipient reciplent
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KaAAiepyelia HSC
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XpAon AIJOTIOINTIKWY KUTOKIVWY JE OKOTTO TN DIEYEPON TNG AUTOAVAVEWONG

H pakpoxpovia kaAAiEpyeia Twv HSC atraitei Tnv TTapoucia KUTTtdpwy feeder

NMapouoia 0poU: Iscove modified Dulbecco’s medium (IMDM), 12.5% FCS, 12.5% HS, L-glutamine, folic
acid, myoinositol, heparin, 2-mercaptoethanol, penicillin/streptomycin

ATtrouoia OpOl’J: IMDM, L-glutamine, folic acid, inositol, heparin, 2-mercaptoethanol, bovine insulin,
lecithin, cholesterol, human transferin, BSA, hydrocortisone, penicillin/streptomycin



In vitro OOKIYEC YyIa TNV TauTotroinon HSC kai
TTPOYOVWYV OIQPOPOTTOINUEVWYV KUTTAPWYV

Long term culture (LTC) assays

Makpoxpovia dokiun =2 kuttapa HSC (LTC-IC)

Ta KUTTOPO JEYOAWVOUV TTAVW O OTPWHA KUTTApWYV feeder (KUTTaPA TTOU
Molalouv JE TO TTEPIBAAAOV OTPWHA TOU HUEAOU TWV 0OOTWV) KAl TOUG
TTAPEXOUV TA BACIKAG DIEYEPTIKA KOOI AVAOTAATIKA OAPOTA VIa TRV puBUIoN
TNG AVATITUENG TOUG

OPEeTITIKO PECO: IMDM e 0pO XwpPIG ETTITTAEOV KUTOKIVEG

Colony-forming cell/unit assays

2.UVTOMOG XPOVOG OOKIUNG 2> TTPOOPOMOI OIAPOPOTIOINHMEVWY KUTTAPWYVY

Ta KUTTOpO PEYOAWVOUV aTToudia KUTTapwV feeder TTavw o€ NUI-OTEPED
UAIKO (methylcellulose, koAAayovo, dyap) JE OPETTTIKO HECO EVIOXUMEVO ME
KUTOKIVEG, TTOU €ival ATTAPAITNTEC YIA TOV TTOANATTAQCIQOUO KAl TNV
dlagpopoTroinon Twv TTPpoyovwy KUTTapwv (1rX. SCF, IL-3, GM-CSF, G-CSF,
EPO)



Colony-forming cell/unit assays (CFC, CFU)

m Prepare Cells g

Process human cells by:
e ammonium chloride lysis
« density gradient separation

MDM + 2% FBS), then count
and adjust cell concentration.

* CD34* cell enrichment with Cell ]
StemSep™, RosetteSep™ or Suspension l
FACSorting

Wash cells (e.qg. in Iscove’s '
.
p

Add Cells to
MethoCult™

Add cells to MethoCult™
and vortex.

Plate &
Incubate

Incubate human cells for 14-16
days, murine cells for 7-14 days,
in humidified incubator at 37°C

and 5% CO,, B amoow e,

m Count Colonies

Count and evaluate colony types
using inverted microscope and
gridded scoring dishes.
Alternatively, individual colonies
may be plucked for routine staining,
PCR, or cytogenetic analysis.

Methocult

Methylcullulose pe KUTOKiVEG
Stem cell factor (100 ng/ml)
IL-3 (10 ng/ml)
GM-CSF (10 ng/ml)

G-CSF (10 ng/ml)
erythropoietin (3U/ml)



2 XNMATIOMOC ATTOIKIWY ATTO avOPWTTIVA AIUOTTOINTIKA
KutTapa (CFU)

CFU-E (Colony forming unit-erythroid)

atroikia TTou TrepIExel 8-200 epuBpPoBAACTEC
BFU-E (Burst forming unit-erythroid)
OUMTTAEYUOTA OTTOIKIWY PE > 200 £puBpoBAACTEC
CFU-GM (Colony forming unit-granulocyte,
macrophage)

atroikia pe >40 KOKKIOKUTTOPA Kal JAKPOPAya
CFU-G trepi€éxel 40 ) TEpIOOOTEPO KOKKIOKUTTOPQ,
CFU-M Ttrepiéxel 40 A TTEPICOOTEPA HAKPOPAYQ
CFU-GEMM (Colony forming unit-granulocyte,
erythroid, macrophage, megakaryocyte)
TTEPIEXEI EPUBPOPBAGOTEG Kal 20 ) TTEPICCOTEPA
KOKKIOKUTTOPA, HAKPO@PAYQ KAl HEYAKAPUOKUTTAPA

MEP .
\ BFU- CFU-E

Erythrocyte

Megakaryocyte
/Platelets

Eosinophil

Neutrophil

Monocyte/
Macrophage



Aokiyn LTC yia tTnv Tautotroinon long-term culture-
Initiating cells (LTC-IC)

Figure 1: Limiting Dilution LTC-IC Assay
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Figure 2: Bulk Culture LTC-IC Assay
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Epappoyec TG KaAAiEpyeiac HSC
% Tautotroinon Tapayoviwy TTou puBpifouv (OIEYEPTIKA 1l AVACTAATIKA)
TNV QIgoTTOiNON

\/

% MeAETEC DIO@OPUWIV JETALU KAVOVIKWY KAl KAPKIVIKWY KUTTAPWV

(ouykpion kKaAAiEpyelag LTC atrd aoBeveic pe CML pe uyiry dtoua)

\/

s MeA€ETeg €mTidpaong VEWV QAPPAKWY

\/

¢ EKTigynon Tou duVAIKOU TTOAAATTAQCIACHOU DEIYUATWY ATTO MUEAO

OO0TWV Kal TTEPIPEPIKO aiua TTou Ba xpnoiyoTroinBouy yia JETapNOoXEUON

\/

¢ EKTiuynon Tou duvapIKOU TTOAAQTTAACIOCHOU OEIYUATWY PETA ATTO eX VIVO
XEIPIOPOUG, OTTWG KPUOCUVTAPNON, TIPIV ATTO HETANOOXEUON

s Tlovidiakn Bepartreia (d1EUKOAUVON TNG METAPOPAC AEITOUPYIKWYV YOVIOiwV

MEOW 1LV O€ KUTTAPA KOl ETTEKTACT TWV ETTIMOAUCHUEVWYV KUTTAPWYV)



Mesenchymal Stem Cell (MSC)

Haematopoietic
stem cell

Stromal
stem cell

Mn aigotrotroinNTIKA BAACTIKA KUTTApPA
MECEYXUMATIKA BAACTIKA KUTTOPO
multipotent marrow stromal cells

ANeiroupyia MSC

Ta MSC cival €évag eTepoyevig TTANBUOUOG
KUTTAPWYV TTOU TTPOOKOAAWVTAI O€ TTAACTIKO
TTIATO KAAAIEPYEIQC KAl MOIAlOUV TTOAU [E
IVOBAACTEC

in vivo: uTTooThPIEN TS avATITUENG Twv HSC
in vitro: xpnon wg kuttapa feeder yia Tnv avamrtuen Twv HSC (11.%. dokiun LTC)




Mesenchymal Stem Cell

Stom Colls

ouxvornta human MSC: 1/100.000 kuTtTapa pueAoU ooTwWV



Aokiyn CFU-F yia Tov In Vvitro xapaktnpiopyo Twv MSC

Whole bone
marrow

Mononuclear
cells

|

Mix with MSC Medium

Incubate in 100mm
tissue culture-treated
\ /4 Petri dishes

Incubate for 14 days
at 37°C in 5% CO,

Wash plate to remove non-adherent cells.
Fix with methanol and stain with Giemsa. 9 v

‘ .
“w °
Manually count colonies G - '
over the whole Petri dish. ]
@ [
- o

1971, Friedenstein et al




Atropovwaon MSC apxIKa atrd JUEAO OOTWV Kal
METETTEITA ATTO TTOIKIAIQ I0TWV, OTTWG Aila OPPAAIOU
AWPOU, TTEPIPEPIKO aipa, AITTwodn 10TO, TIVEUUOVEG,
OKEAETIKOUG MUEG

YTTApXEl TTOIKINOOP®Pia OXETIKA LE TOV PAIVOTUTIO
Twv MSC (di1agpopol 10Toi TTPOEAEUONG, DIOPOPETIKEC
ouVvONnKeg KAAAIEPYEIQC, TT.X. OIAPOPEC OE BPETTTIKA
UAIKA KAAAIEPYEIQG, DIAPOPES OE TTUKVOTNTA
KUTTAPWV KAl TIGC OUVONKES 0CUYOVOU)

Mesenchymal Stem Cells (Pittenger)

Mesodermal Progenitor Cells (MPC) (Verfaillie)
Marrow Isolated Adult Multilineage Inducible (D’Ippolito)

s Ta MSC dev ekppalouv aIPOTTOINTIKOUG
MapTupeg (CD45, CD34, CD11b, CD14)

s Ta MSC ouvribwcg ekppalouv CD105, CD73,
CD29, CD44, CD90, CD71, CD106, CD166,
STRO-1, GD2, CD146

MESENCHYMAL MIAMI

MARKER STEM CELLS MpC CELLS
co4 Ve nd nd
Ccog9 +VE nd nd
COTa +Ve EC] +Ve
COT1a Ve nd nd
COT3 +VE +va nd
COT4 Ve nd nd
CO1s Ve nd nd
COT8 e nd nd
COZ5 Ve nd nd
COzS +VE nd +VE
COET Ve Ve nd
CO34 e I KT
CO26 nd Ve -ve
coz3g nd Ve nd
CO44 VB +ve flow] +VE
CO45 Ve EC] Ve
CO4%; +VE nd nd
CO450 +VE +va nd
CD45 +VE nd nd
CO45d Ve nd nd
CO4b%e +VE nd +ve
COED Ve EC] nd
COET +VE nd nd
COE4 +VE nd -ve
CDER nd nd -ve
COEE +VE nd nd
COET +VE nd nd
COEZa Ve EC] nd
COEZL +VE nd nd
COEZp e nd nd
COE3 nd nd +Ve
COTT +VE nd nd
CO73{SH3 and SH4) +We nd nd
COET nd nd +ve
COE3 +VE +ve flow] +VE
COT3E +VE nd nd
CO103 nd nd +Ve
COT04 +VE nd nd
COTOS [5HZ) +We nd nd
COT05 +VE EE] nd
COT nd nd KT
CO113 nd nd nd
CO117 -ve e -vg
COT14 +VE nd nd
COTd0a +VE nd nd
COTZ0b +VE nd nd
COT2T +VE nd nd
conaz nd nd +Ve
CO123 VB nd nd
COT24 e nd nd
COT28 +VE nd nd
COT27 +VE nd nd
COT40a +VE nd nd
COT6E4 nd nd +Ve
CO164 +VE nd nd
HLA class T +VE e ET]
HLA-DF Ve EC] ET]
LHGFR +VE nd nd
HTPTZ nd EC] nd
Bata 2 microglobulin nd +ve flow) nd

ELR nd +vi flw) +we flow

FIET nd +ve flow) +ve flowd
Fibroblast surface antigan nd ve nd

nd = not described; +we = positive; -ve = negative




MSC aTro JUEAG 0OTWYV hMSC atré ou@aAOTTAAKOUVTIOKO aijd

Marrow stroma Muscle Bone Adipose Tendon
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lepapXia KUTTAPWYV OKEAETIKOU JUOC

Sca-1+
Muscle-Derived CD3M /4
Stem Cells MDSC  sa2-
all MRFs -

Pux7 upregulation

m-cadherin /4
c-Met +
. . . : CD34 + (truncated isoform)
Quiescent Satellite Cell  myrs -+

MyoD .+

desmin ~/+

Pax7+
MyfS/MyoD VOCAM-L +
involved

. 3 X X m-cadherin +
Activated Satellite Cell/ o-Met +
. it : . % CD34 + (full length)
Proliferating Myogenic Precursor MyfS +
MyeoD +
desmin +
myogenin ~/+

Terminal Differentiation

Myogenin +
MRF4 +
CD34 -
Pax7 -
. other MRFs +
MRFs: Myogenic Regulatory Factors



Amtopovwon Muscle-Derived Stem Cells (MDSC) pe
TNV TEXVLIKN Tov preplating

e Skeletal Muscle
\
=

Skeletal Muscle

Derived Cells 2hrs 24hrs

2o
T

24hrs 24hrs 24hrs

24-72hrs

RN BRIl TR RPN
ppl pp2 pp3 ppé

pPp5 pp6(LP)
| replate | I

removal of
| + dead cells

e 5 N, tq. - s';:;'

e N
EP B 2 RS
. . MDSC clone MDSC
BpeTTTIKO HECO KAAAIEPYEIQG
DMEM / l \
10% horse serum
b8
10% FBS - w
MDSC subclones

0.5% chick embryo extract

, Qu-Petersen et al, 2002
avTIBIOTIKA



XapOKTNPLOUOC KUTTAPWYV TIOU OITOOVWVOVTOL UE
TNV TEXVLKN ToUu preplating

Table I. The phenotypes of EP, LP, and long-time proliferating cells
IMDSC) investigated by immunocytochemistry, flow cytometry,
and RT-PCR

Markers EPq EPa LP MDSC

mm Imm Flow RT Imm Imm  Flow RT
CD34 — +/—  +i- + +/— + +/— +
Sca-1 — +/'— +/i— ND +/- + +/— HND
c-Kit ND MND — MO — — — ND
CD45 ND MND — MO WD MWD — ND
Dresmin + + ND WD 41— =i+ ND ND
Bc12 — — ND + ND + MO +
MMNF ND + ND + ND + MO +
MyoD —i+ =i+ ND + +/—  ND MO +
Myogenin  +/— +/— ND + +/— ND MDD ND
m-cadherin  +/— + ND  ND  —+ — ND ND

EP and LF cells were dissociated from the hindlimb muscle of normal
newborn mice and separated by their adhesion characteristics (see
Materials and methods for details). Two populations of EP cells were used
here: the EP cells after 3 d of culturing (EPq, relatively quiescent) and the EP
cells after 5 d of culturing (EPa, activated). The LP cells took 5-7 d to attach
to flasks and were cultured for an additional 4 d. MDSC were isolated from
a small population of long-time proliferating cells derived from the LP cells.
In immunochemistry and flow cytometry, +, =95% of the cells were
positive; +/—, 40-80% of the cells were positive; —/+, 10-30% of the cells
were positive; —, <5% of the cells were positive. Flow, flow cytometry;
Imim, immunochemistry; RT, RT-PCR.



Atrouovwon Muscle-Derived Stem Cells

Investigator(s) Isolation technique Cell phenotype
Gussoni ef al?® (1999) FACS (Hoechst 33342 exclusion)  Sca-1+, CD34+/—, c-kit—,
CD45—-
Jackson et al* (1999) Brief culturing (1-24 h adhesion) Sca-1+, c-kit+
followed by FACS (Hoechst 33342
exclusion)
Lee et al* (2000) Preplate (variable cell adhesion)  Sca-1+, CD34—, c-kit—, CD45—,
desmin+
Torrente et al*® (2001) Preplate (variable cell adhesion)  Sca-1+, CD34+, desmin-
Osteogenic
Osteocalcin

Calcium phosphates
Alkaline phosphatase activity

Hematopoietic Adipogenic
CD45 Saturated neutral lipids
Myeloid PPARy
in vitro OOKIYEG Lyhond C/EPBa
in vivo (TrovTikia) MDSC
Skeletal Myogenic l Chondrogenic
Mvosin isoforms Sulfonated glycosaminoglycans
) MRFs Collagen type 11

Other Myogenic Lineages
Smooth muscle
Cardiac muscle




MeAeTec dlagpopoTtroinong Twv MDSC og KaAAIEpyela

[MTOAAQTTAQOIOOPOG MUIKWYV KUTTAPWY WOTE Va
. KAAUWOUV TO TTIATO KAAAIEPYEIOC O€ OPETTTIKO NECO
“| 1roAAatTAacIacuou TTAouoIo o€ 0po (12-20%)

ddaon diapopoTToinong o€ BPETTTIKO NECO
dlaPOPOTTIOINONG ME MIKPN TTEPIEKTIKOTNTA O€ 0PO (2%)

A. 3" uépa dla@opoTToinoNnNG =2 MIKPOi MUOCWANAVEG

B. 7" yépa diagopotroinong =2 aug¢naon apibuou Kal
MEYEBOUC HUOCWANVWYV

o [. 2" ¢Bdoudada diapopoTtroinang = Jeyalol
~'| TToAutTUpnVOoI HUOCWANVEG PE duvaToTnTa AUBOPPNTNG
| otomaong




Aladoporoinon HUTKWV KUTTAPWVY O€ KAAALEPYELA

Bapia aAucida puocivng, DAPI

akTivivn, DAPI , aKTivivn, DAPI



Alagpopotroinon MDSC o€ ooTeoBAACTEC

MDSC o€ BpeTITIKO MDSC o€ BpeTITIKO
atroucia rhBMP-2 +200 ng/ml rhBMP-2

MDSC og BpetrTikO MDSC o€ BpeTrTikO ] ,
amrouaia rhBMP-2 +200 ng/ml rhBMP-2 EKPPACTN OOTEOKOATIVNG

g NN




Neupikad BAaoTika KUTTOpA a1rd TTOVTIKI (MNSC)

» Evlupuikn atmrodiaragn 10tou (eykepaAou) oe (wa 1 fOouadac- 2 unvwy

» KaAAiépyela povokuTTapwy o€ SFM BpeTTTIKO UAIKO

» Anuioupyia veupoo@aipwyv (neurospheres) = Taywua, avakaAAEpyElQ,
dlagpopoTroinon

Serum Free Media (SFM 100mL)

_ DMEMFI2 943 ml
30% Glucose 2.0 ml
IM Hepes Buffer 0.5 ml
Progesterone (1000x) olm
= Putrescine (100x) 1.0 ml
_B27 Growth Supplement
EGF
FGF
= [TSS
Heparin

utrodoxéag EGF, nestin




KaAAIEpyEla, TTOAAATTAQCIOOUOC, KAWVOTTOINON KAl

dlagopotroinon MNSC

o'

vaxa(“".

NeuroCust ™ Basal
Medium plus - @
NeuroCult™ Proliferation 5 ™
Supplaments =
ad EGF

Py = a0 O

Bulk Neurasphers Cusure

"

D)
> 4

Diszociale

Diflarentize

M—

C

NeuroCult™ Basal Medium

‘,‘_‘_‘ alus NeuraCull™ Praliteration Supplaments

== and EGF

e Dissociala

Newrosphares

i . NeursCult™ Basal Madium

= ' plus NeuraCull™ Dittzrentiation

= Suppéernanls
Differentiate

Neurons
Astrocytes
Oligodendrocytes

NeuraCult™
o Basal Medium
' plus NeuroCuit'™
Prodileration
Suppiements
and EGF

:

i

 emsssmm= |

Clonally-Derived Newnspheres




Alagpopotroinon MNSC og KaAAIEpyEID

OI0BECINES TTAYWMHEVEG 2 ; :

VEUPOOPAIPEG YIa ayopd

NeuroCus™ Basal Medium
== pus NeuroCus™ Differentiation

Supplemenis

C: veupwveg
D: aocTpokuTTapa
E: oAlyodevdpokUTTOpQ

Neurons Astrocyles and Neurons  Oligodendrocytes GABA-nergac Neuren

B-touptrouAivn GFAP, MAP2  mpwrteivn O4 GABA



Neupikd BAaoTika KUTTOpA a1ro avOpwtro (hNSC)

AyvwoTn n akpiBnc TotroAhoyia Twv hNSC: atropdvwan atro diapopeg
TTEPIOXEC EYKEPAAOU EUPBPUWYV Kal eVNAIKWY (ITTTTOKAUTTO, SVZ, A0IOC,
apUyOaAn) KaBwg Kal atrd VWTIAIo JUEAO euBPUWY (OXI EVNAIKWY)

H in vitro avarmrucn twv hNSC dia@épel atrdé Ta mMNSC 1T1.%. aKOMN Kal
OoTa KAAUTEPA BPETITIKA pEéoa KaAAIEpyelag Ta hNSC €xouv HIKPOTEPO
puBuo avamTucng, ue 1o pUBPO diITTAacIaoPoU va eBavel TIG 5-12 YEpeg
OUYKPITIKO pe 1-2 népec Twv MNSC

KaAAiEpyela hNSC 1Tou TTpoEpxovTal atrd EYKEPAANO EUPPUWYV EXEI

@Oaocel HEXPI Kal o€ OEKATTAACIO apIOuo
BpemTikO péoo: DMEM/F12, glucose, human insulin, human transferrin, putrescine,

selenium chloride, glutamine, sodium bicarbonate, progesterone, HEPES, heparin,
hEGF, hbFGF, hLIF

101ec ouvOnkec kaAAiEpyeiag yia Ta eviAika hNSC dev gival T600
ETTITUXEIC 600 Ta euppuakad hNSC



KaAAlEpyela kal OlapopoTroinon hNSC

Ta diaBéoipa TTaywpéva hNSC 1Tou uTTGp)ouv oTnV ayopd TTpoEpxovTal atrd hESC

CD133 Nestin Musashi

Nestin

o

VEUPWVEG oAlyodevdpoKUTTApPA aoTpoKUTTApPA

GalC




