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3 Neural stem cell Markers: Nestin and Noggin
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Negative Positive T98 U251 .
Control Control (GFAP negative) (GFAP positive) The GFAP gene is
o : .\ differentially expressed
/ A / in glioma cell lines.
Cores = i Vi GFAP-positive U251
= o . cells express GFP when
6 ' transduced with the
GFAP-GFP reporter
. ; virus. The reporter is
a / / silent in GFAP-negative
5. A < | 798 cells.Both gioma
S,:I- L7 cell lines are readily
G : ' infected with a control
L lentivirus (CMV-GFP).
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Overview of Stem Cell Markers

Embryonic Stem Cells
Embryonic Stem Cell Markers

intracellular
c-Myc

mouse Nanog
human Nanog
Oct3/4
SMAD2

Sox2

STAT3

Stat3 (pS727)
Stat3 (pY705)
Stat3-interacting protein
1

Trophoblast Markers
intracellular

CDX2

Cytokeratin 7

surface

CCR4

CD9

CD24

CD29 (Integrin B1)
CD30

CDA49f (Integrin a6)
CDw338 (ABCG2)
E-Cadherin
SSEA-1(CD15, Lewis x)
SSEA-3

SSEA-4

TRA-1-60 Antigen
TRA-1-81 Antigen

surface
Trop-1
Trop-2

Induced Pluripotency Markers

intracellular
c-Myc

human Nanog
mouse Nanog

Germ Cell Markers
intracellular

Oct3/4

VASA (DDX4)

Oct3/4
Sox2

surface
CD15 (SSEA-1, Lewis X)
CD117 (SCF R, c-kit)

Ectoderm Markers

Early Ectoderm Markers

intracellular
Nestin

surface
Notch1

Neural Stem Cell Markers

intracellular
Ki67

Nestin
Notch1

Sox2
Vimentin

secreted
Noggin

Neuronal Markers
intracellular
alpha-synuclein
alpha-synuclein (pY125)
Beta Il Tubulin (TUJ1)
ChAT

Doublecortin

GAD65

Glutamine Synthetase
MAP2 (a+b)

MAP2B

MASH1

N-Cadherin

Nestin
Neurofilament NF-H
Neurofilament NF-M
p150 Glued

surface

CD15 (SSEA-1)
CD15s (Sialyl Lewis x)
CD24

CD29

CDA49f

CD54

CD81 (TAPA-1)
CD95

CD146

CD184 (CXCR4)
CD271 (p75, NGFR/NTR)
CDw338 (ABCG2)

Pax-5

PSD-95

SMN

Synapsin |
Synaptophysin
Synaptotagmin
syntaxin

Tau

Tubby
Tyrosine Hydroxylase
Vimentin

secreted
ApoE

Ectoderm Markers (continued)
Neuronal Markers (continued)

surface

CD24

CD56 (NCAM)

CD81 (TAPA-1)

CD90 (Thy-1)

CD90.1 (Thy-1.1)
CD90.2 (Thy-1.2)
CD112

CD271 (p75, NGFR/NTR)
Contactin

GABA A Receptor
GABA B Receptor
GAP-43 (Neuromodulin)
GIuR 82

Astrocytes
intracellular
GFAP

Oligodendrocyte Markers
surface
CD44

CD140a (PDGF receptor a chain)

Neural Crest Cell Markers

intracellular
MASH1
Neurogenin 3
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Mesoderm Markers
Early Mesoderm Markers
intracellular surface
GluR2 NF-YA CD31 (PECAM-1)
GluR4 CD34
GIuR5/6/7 CD325 (M-Cadherin)
Jagged1 Sca-1 (Ly6A/E)
mGIuR1
mGluR1a Skeletal Muscle Markers
Neuroglycan C Intracellular
Neuropilin-2 Actin p-calpain
Nicastrin a-Actinin MyoD
P-glycoprotein B-Enolase Myogenin
Serotonin Receptor 5-HT 2AR Desmin N-Cadherin
Serotonin Receptor 5-HT 2BR Titin
TrkB surface
M-Cadherin MCAM

S100B

CD44H (Pgp-1, H-CAM)

surface

CD271 (p75, NGFR/INTR)
CD49d

CD57 (HNK-1)

Notch1

Skin Precursor Cell Markers

intracellular
CRABP2
Nestin
Vimentin

surface
Sca-1
secreted
Fibronectin

Endoderm Markers

Definitive Endoderm Markers

intracellular
GATA4

HNF-1B (TCF-2)
N-Cadherin
B-Catenin

surface
CD184 (CXCR4)

Primitive Gut Tube Markers

intracellular
HNF-1B (TCF-2)

Intestinal Endoderm Markers

intracellular
Cdx2

Pancreatic Endoderm Markers

intracellular
Gad65
Gad67

surface
CDA49f (Integrin a6)

Neurogenin 3
Synaptophysin

Neuropilin-2

Hepatic Endoderm MarkerS

intracellular
HNF-1alpha

surface
CD29 (integrin p1)
CD44H

secreted
ApoE

HNF-1beta
Tat-SF1

CD49f
CD90 (Thy-1)

Smooth muscle markers
intracellular

Desmin Vimentin

Heart - Cardiogenesis Markers

intracellular surface
o—Actinin ALCAM (CD166)
Annexin V CD31

Annexin VI CD34
Caveolin-2 CD66

Caveolin-3 CD66¢

Desmin CD106 (VCAM-1)
GATA4 CD117
M-Cadherin Connexin-43
Myogenin FLK1
N-Cadherin TIE2

NF-YA VE-cadherin

Hemangioblast Markers

surface

CD31 CD324 (E-Cadherin)
CD34 Flk-1 (VEGF-R2, Ly-73)
CD144 TIE2

Hematopoietic Stem Cell Markers
Positive Markers

intracellular

CaM kinase IV NF-YA

N-Cadherin

WASP

surface

CD31 (PECAM-1)  CD184 (CXCR4)
CD34 CD201/EPCR

CD44 CDw338/ABCG2/Bcrp1
CD59 Flk-1 (VEGF-R2, Ly-73)
CD84 G-CSF

CD90.1/Thy1.1 Ly-6A/E/Sca1
CD90/Thy-1 MRP1

CDw93 (C1qRp) Notch1

CD105 (Endoglin)  P-glycoprotein
CD106 (VCAM-1)  TIE2
CD117/c-kit TIE2 (pY1102)
CD164 TIE2 (pY992)

continued...
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Overview of Stem Cell Markers (continued)

Mesoderm Markers (continued)

Hematopoietic Stem Cell Markers (cont'd)

Negative Markers
intracellular
GATA3

surface
CD2
CD3
CD4
CD10
CD13
CD14
CD15
CD15s
CD16
CD19
CD20

CD24
CD33
CD36
CD38
CD45
CD45R
CD48
CD56
CD97
CD114
CD138 (Syndecan-1)

Hematopoietic Lineage Markers

Monoblast
Surface
CD11c
CD13

CD15 (SSEA-1, Lewis X)

Megakaryoblast
Surface
CD34

CD36

Proerythroblast
Surface

CD71 (Transferrin R)
CD105

Myoblast
Surface
CD13

CD15 (SSEA-1, Lewis X)

CD33

CD33
CD115
CD116 (GM-CSF R)

CD41
CDé1
HLA-DR

PU.1
Ter 119

CD91
CD114 (G-CSF Receptor)
CD116 (GM-CSF R)

Committed Lymphoid Progenitor

Surface
CD10

CD34

CD38

CD90 (Thy1)

CD117 (SCF R, c-kit)
CD124 (IL-4 Receptor-a)
CD127 (IL-7 Receptor a)
HLA-DR

TdT (Terminal Transferase)

Adipose-Derived Stem Cell Markers

Positive Markers
intracellular
Vimentin
surface
CD9

CD10

CD13

CD29

CD44
CD49d
CD49%e
CD54

secreted
Fibronectin

Negative Markers
surface

CD11b

CD14

CcD19

CD34

CD55

CD59

cD73

CD90 (Thy-1)
CD105
CD106
CD146
CD166

HLA |

CD45
CD79a
c-Kit
HLA-DR

Endothelial Cell Markers
intracellular

HIF-1a

Nestin

STAT3

surface

CD14

CD15

CD18

CD29 (Integrin B-1)
CD31 (PECAM-1)
CD34

CD36

CD45

CD45R

CD49d (Integrin a4)
CD49e (Integrin a5)
CD49f

CD54 (ICAM-1)
CD56

CD62E

CD6é2L

CD62P

CD93 (C1qRp)
CDw93

CD102 (ICAM-2)
CD105 (Endoglin)
CD106 (VCAM-1)
CD109

CD112

CD116 (GM-CSF Receptor)
CD117

STAT3 (pS727)

STAT3 (pY705)
STAT3-interacting protein 1
Vimentin

CD120a

CD120b

CD121a (IL-1 Receptor)
CD124 (IL-4 Receptor-a)
CD141 (Thrombomodulin)
CD144 (VE-Cadherin)
CD146 (MCAM, MUC18)
CD147 (Neurothelin)
CD151

CD152 (CTLA-4)

CD157

CD166

CD184 (CXCR4)

CD192 (CCR2)

CD201 (EPCR)

CD202b (Tie2)

CD209

CD209a

CD252 (OX-40 Ligand)
CD253

CD262

CD325 (M-Cadherin)
Flk-1

IP-10

Ly-6A/E (Sca-1)

MCAM

TIE2

Mesenchymal Stem Cell Markers

(from bone marrow)
Positive Markers
intracellular
Vimentin

surface

CD10

CD13

CD14

CD15 (SSEA-1, Lewis X)
CD29 (integrin b1)
CD44H (Pgp-1, H-CAM)
CD49d-e

CD51

CD54 (ICAM-1)

CD71 (Transferrin Receptor)
CD73

Negative Markers
surface

CD11a

CD11b

CD31

©DY0 (Thy-1)
CD105 (Endoglin)

CD106 (VCAM-1)

CD117 (SCF R, c-kit)
CD120a

CD120b

CD166

CD271 (p75, NGFR/NTR)
CD318 (CDCP1)

Flk-1 (VEGF-R2, Ly-73)
Ly-6A/E (Sca-1)

CD34
CD45

Mesenchymal Stem Cell Differentiation Markers

Adipocyte (Fat) Markers
secreted
Acrp30 (Adiponectin)

Chondrocyte (Cartilage) Markers

surface
CD44

Osteoblast (Bone) Markers

surface
Fibronectin

CD151

IGFBP-3

Mesenchymal Stem Cell
Differentiation Markers

Myoblast (Muscle) Markers

intracellular
actin
desmin

p-Calpain

surface
MCAM

MyoD
titin
beta-Enolase

N-Cadherin

Stem Cell Relevant Signaling

TGF beta Signaling

intracellular
c-Myc

DP-1

E2F-1

E2F-2

E2F-3

Id1

1d2

1d3

surface
BMPR-II

Wnt Signaling
intracellular
14-3-3

14-3-3¢

CaM Kinase Il
Casein Kinase | ¢
Casein Kinase Il o
Casein Kinase Il B
a-Catenin
B-Catenin

secreted
Wnt16

Notch Signaling

intracellular

CBP (CREB-
Binding Protein)

Neurogenin 3

p16 INK4
p107
p300
PP2A
ROCK-I
ROCK-II
Smad2/3
Smad4
SP1

IFN-y R, 8 chain

B-Catenin (pS45)

3-Catenin

y-Catenin

CBP (CREB-
BindingProtein)

GSK-3 Beta

GSK-3 Beta (pY216)

HDAC3

PP2A Catalytic

surface

Jagged1
Nicastrin
Notch1

Erk-MAPK Signaling

intracellular

C-Raf ERK3
ERK Mek1
ERK1 Mek1 (pS298)
ERK1/2(pT202/pY204) Mek1/2 (pS222)
ERK2 Mek2
p38 MAPK (pT180/pY182)

Ras
secreted
basic FGF
Jak-STAT Signaling
intracellular
STAT1 STAT4 (pY693)
STAT1 (pY701) STAT5 (MGF)
STAT3 STATS5 (pY694)
STAT3 (pS727) STAT6
STAT3 (pY705) Stat6 (pY641)
STAT4
surface
gp130 gp130 (pS782)
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Stem Cell Type Progenitor or Differentiated Cell Type

Embryo

am cel(a&m}ironment
o [T .

Extracellular Matrix (ECM) Molecules, Growth Factors, and other Factors Used to
Promote Stem/Progenitor Cell Proliferation and Differentiation /n Vitro

ECM, Growth Factor/Cytokine, and/or Other Factor

Embryonic stem cell Expansion of undifferentiated ESC8241-43
Pancreatic endocrine progenitor?
Pancreatic islet?®

Expansion of Nestin+ neural progenitors®
Neuron®'®

Survival of ES-derived motor neurons'!
Glial progenitor cells'

Adipocyte®

Chondrocyte'™

Osteoblast’

Dendritic cells'®

Endothelial cells'

Bone Marrow

BD Matrigel™ Matrix, BD™ PuraMatrix™ Peptide Hydrogel, Gelatin, LIF
bFGF

bFGF, nicotinamide

Laminin, bFGF, poly-ornithine

Laminin, poly-ornithine, RA

BD Matrigel™ Matrix, BDNF, NT-3, CNTF, GDNF
bFGF, PDGF-AA

RA

BMP-2, BMP-4

RA, dexamethasone, ascorbate, B-glycerol phosphate
GM-CSF, IL-3

Collagen IV, VEGF

Mesenchymal stem cell Osteoblast'82°
Chondrocyte'®2!
Neuron, Glial cells??
Adipocyte'9.20
Multipotent adult Expansion of undifferentiated MAPCs?®
progenitor cell Osteoblast®
Chondrocyte?
Endothelial cells?
Hepatocyte-like cells?
Hematopoietic stem cell Platelets, red/white blood cells?®
Expansion of undifferentiated progenitors
Megakaryocytes, Platelets
Reticulocytes, Erythrocytes
B lymphocytes
Granulocytes
Monocytes, Macrophages, Dendritic cells

Mast Cells

Thymus

BMP-2, bFGF, dexamethasone, ascorbate, B-glycerol phosphate
TGF-B3, dexamethasone

EGF, BDNF, RA

Dexamethasone, insulin, indomethacin, 1-methyl-3-isobutylxanthine
Fibronectin, EGF, PDGF-BB, 2% FBS

Fibronectin, dexamethasone, ascorbate, B-glycerol phosphate
TGF-B1

Fibronectin, VEGF

BD Matrigel™ Matrix, FGF-4, HGF

IL-3, IL-6, G-CSF, erythropoietin, thrombopoietin

IL-3, IL-6, Stem cell factor, FIt3 ligand, thrombopoietin

IL-3, IL-6, GM-CSF, thrombopoietin

IL-3, IL-6, IL-9, erythropoietin, GM-CSF

CXCL12, IL-3, FIt3 ligand, IL-7

G-CSF, GM-CSF, IL-3, IL-6

GM-CSF, M-CSF, TNF-ot

IL-4, IL-6

Multipotential T lymphocytes
thymic precursor NK cells

Dendritic cells

Adult Tissue

IL-7
FIt3 ligand, IL-7, IL-15, IL-2, IL-12, IL-18
GM-CSF, IL-3, IL-6, Flt3 ligand

Liver Expansion of undifferentiated oval cells??
Hepatocyte?®
Pancreatic islet?”.28
Hepatocyte Progenitor®

Neural stem cell/ Expansion of NPCs?®

Neural progenitor cell .
preg Neuron, Glial cells3*-3*

Neural, Glial Progenitors*®

Fibronectin, SCF, Fit-3 ligand, IL-3, LIF
Fibronectin, HGF, EGF

Fibronectin, SCF, Flt-3 ligand, IL-3, nicotinamide
BD™ PuraMatrix™ Peptide Hydrogel

BFGF, EGF, LIF

Fibronectin, Laminin, BFGF, EGF, PDGF-AA
PDGF-AB, PDGF-BB, NT-4, CNTF

BD™ PuraMatrix™ Peptide Hydrogel

Adipose stem cell Osteoblast®® Dexamethasone, ascorbate, B-glycerol phosphate

Chondrocyte?>3¢ TGF-B1, insulin, ascorbate

Adipocyte® Dexamethasone, insulin, indomethacin, 1-methyl-3-isobutylxanthine
Muscle-derived stem cell Expansion of MDSCs?’ Collagen, IGF-1, EGF, SCF, FGF2

Osteoblast?®

Collagen, BMP-2

Key: BM - Bone Marrow; EB - Embryoid Bodies; MSC - Mesenchymal Stem Cells; ECC - Embryonal Carcinoma Cells;ESC - Embryonic Stem Cells;
HSC - Hematopoietic Stem Cells; Hu - Human; Ms - Mouse:ECM - extracellular matrix; EGF - epidermal growth factor; LIF - leukemia inhibitory
factor; SCF - stem cell factor; HGF - hepatocyte growth factor; PDGF - platelet-derived growth factor;VEGF - vascular endothelial growth factor;
BMP - bone morphogenetic protein; BDNF - brain derived neurotrophic factor; NT - neurotrophin; CNTF - ciliary neurotrophic factor;oFGF -
basic fibroblast growth factor; TGF-s - transforming growth factor-beta; IL - interleukin; G-CSF - granulocyte-colony stimulating factor; GM-CSF -
granulocyte-macrophage colony stimulating factor;IGF - insulin-like growth factor; RA - retinoic acid; FBS - fetal bovine serum.

ECM molecules are denoted in blue; growth factors/cytokines in red; other factors in black
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Media + Additives + Surfaces =
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Complete Cell Environments

Hierarchy of Stem Cells

MIEEFEALUAAMELR  —REHEFERSR

7

(Medium Additives)flFeeder layerFT#HEY - TEEE

FREEFARETME _FEHARIEABREN @ Totipotent
AAE - AR A RAVIRIZ AT EE &R (Medium) ~ 780 (

REEEE + BT HE M B AT AL AE SR BS54 - AR

BHaL ERTRER—LURRGERERE  #H (:(j)mm“
0 7E 140 4 155 AR A0 A9 75 0+ ERTT A2 B R A B 49 B / \
BI¥)8 (Z0Cytokine ~ Growth factorEEEE) » [H4h » FIH

MEF(mouse embryonic fibroblast) {E&feeder layerf2 A XH @ @ @ @ @

BAIRLREREE  DRERTHRALR  BARTES Blood Stem Cells
WEMYEITERRRERENZERE @ FTURERIE /
ETE FIFeeder-layer freef 7[R ° ExATHASEIEE » LIARAE

HB (Extracellular matrix)EX X feeder layer * ¥&EC feeder- Q

N ‘ld . Oiiter Stem Cills l

Nerve Bone Other Tissues:

conditionedifBEE RN ARR T » MIABMARERTY |- White Blood
Dl FEfeeder layer— A+ BANARFTFEETAIEEN ©

Cells

BD Matrigel mEBEMABEBNES  FMMEHEBE ERECM(
BD Matrigelm Extracellular Matrix)&EH * BESBERMENAT » A RAVMRRE
hESC-qualified Matrix T RS EAEEEBAYE - EREARAERREREEE

1E20014F » ZNB B MBHIZEH/O\WiCell Research Institutelb B BD
Matrigel ~ Laminin ~ Fibronectin A Collagen IVAIZEI BB E (surfaces) » BEEMAME » £R3
IFBD Matrigel FIRUR 4T ° MEAT * WiCel IE2 BDFAStem cell Technology}t [R5 3 HERE & MR e A1 EHIEL 5
(mTeSR1 medium+BD Matrigel) * %5 Feeder-layer free, Serum- free, BT R IMERRFEZIEEIE

Immunostalning

HO#ARBTEBD Matrigel+mTeSR1 MediumiZ&E T » [Marphology
RA8RIZER © BeRE R InIABAErEAEAYFIE '

1 {3 IEEBIKaryotype

1 B EEA E RIS KIF Etelomerase

1 FRREYAE-AHAEIE SRPRER - SR ELt

1l Undifferentiated iR BA ER FEABAZESAITRIR- Oct3/4

1l Teratomas assay - [RIgFRRAEMARRE T ML=
[B(germ layer)AIBE S » SR IBEBAIIEBARRAAR
$TASCID mice » #ERtBEIE—4F14 -

Teratoma Assay

SRR L

.

Medium Additive Surface
Linoleic Acid/Albumin 2.5/500mg 354227 Matrigel hESC-qualified 5ml 354277
Hydrocortisone 50 mg 354203 Matrigel [0 ml 354234
Selenous Acid 100 mg 354201 Matrigel Growth Factor Reduced [0 ml 354230
Transferrin, human 10 mg 354204 Dispase 100 ml 354235
Collagen I, Rat Tail 100 mg 354236
sts 4 Collagen IV, Human 0.25 mg 354245
VRETH MW R Collagen IV, Mouse | mg 354233
.\0800'2 I I '8 I 9 Fibronectin, Human I mg 354008
Laminin, Mouse | mg 354232
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Human Mesenchymal Stem Cells and Media

Cat. No. Product Description Size

PT-2501 hMSC Mesenchymal Stem Cells, Cryoamp 750,000 cells

PT-3001 MSCGM Mesenchymal Stem Cell Growth Medium| Kit
Bulletkit

PT-3002 hMSC Mesenchymal Stem Cell Osteogenic Kit
Differentiation Bullkit

PT-3003 hMSC Mesenchymal Stem Cell Chondrocyte Kit
Differentation Bullkit

PT-3004 hMSC Mesenchymal Stem Cell Adipogenic Kit
Differentation Bullkit

CC-3232 | Trypsin/EDTA for Mesenchymal Stem Cells 100 ml

" wBDE | __
3
8 Descruption | Format Size Cat. No. Description Format Size Cat. No.
= IL-1 Beta Human recombinant 5ug 554602 GM-CSF Human recombinant 10 ug 550068
g Mouse recombinant 5ug 554577 Mouse recombinant 10 ug 554586
g IL-2 Human recombinant 10 ug 554603 IFN-r Human recombinant 25 ug 554616
g Mouse recombinant 20 ug 550069 Mouse recombinant 10 ug 554587
2 IL-3 Human recombinant 10 ug 554604 TNF-alpha Human recombinant 10 ug 554618
§' Mouse recombinant 10 ug 554579 Mouse recombinant 10 ug 554589
% IL-4 Human recombinant 5ug 554605 TNF-Beta Human recombinant 10 ug 354066
3 Mouse recombinant 10 ug 550067 VEGF Human recombinant 10 ug 551515
IL-5 Human recombinant 5ug 554606 EPO Mouse recombinant 5ug 554597
Mouse recombinant 5ug 554581 EGF Human recombinant 100 ug | 354052
IL-6 Human recombinant 10 ug 550071 bFGF Human recombinant 10 ug 354060
Mouse recombinant 5ug 554582 HGF/SF Human recombinant 5ug 354103
IL-7 Human recombinant 5ug 554608 SCF Human recombinant 10 ug 354105
Mouse recombinant 2 ug 554583 IGF Human recombinant 10 ug 354037
IL-8 Human recombinant 20 ug 554609 2.55 NGF Mouse natural 10 ug 354005
IL-10 Human recombinant 5ug 55461 | 7S NGF Mouse natural 100 ug | 354009
Mouse recombinant 10 ug 550070 PDGF-BB Human recombinant 10 ug 354051
ILI15 Human recombinant 5ug 554630
) BT ERE®R
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Human Mesenchymal Stem cells
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