System Biosciences (SBI)

. Tools to Study
Ste

m-Cell Biology

Y4 L]

| 1
) i ™ 'n.‘_: !'-,| f e — % . \_‘_ “#
__',.-"- oy Ny
b

| :.{r -r) . -...r'-h " & 4 \i- 3

N T N\,
AT Jacobtesnik™ WA \

BT, Assoc. Product Manager

\
#




Tools for Stem Cell Biology

SBIlI’s Suite of Tools for

Studying

Stem Cells

- Stem Cell leferentlatlon Reporters

- ES Cell Plurlpotency Ref

- IPSC Reprogramm

- Signaling Pathway}Re

of téﬁ’? e o W% i )
ng Fa ‘} =
A LS -
6rt%_‘%'"“’* <

v « )&

i ﬂ"f&;\“-s B\

Lincon Stamp, Monash Institute for Medical Research
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Types of Stem Cells

Cluster of epithelial progenitor cells grown from hES cells.
Ernst Wolvetang, Monash Institute for Medical Research
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Stem Cell Differentiation Reporters

- Cell-specific promoters drive GFP and Zeocin
selection in differentiated cells — monitor differentiation
In real time

- Rapidly create transgenic lines and ES reporter cells

Figure: New generation of dual _

reporter vector uses both GFP ALTR Cell-specific

and ZeoR reporters Promoter
ZeoR ;. , COPG FP
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Stem Cell Differentiation Reporters

Sorting & Selection

Figure: New generation of dual _ .
reporter vector uses both GFP IALTR Cell-specific
and ZeoR reporters Promoter

ZeoR 3,, COPG FP
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Stem Cell Differentiation Reporters

- Data from collaborator: HUIAT opgivh
Dr. Rouel Roque and TJ
Bartosh

- Testing the effect of retinoic
acid (RA) on cardiomyocyte
differentiation. N
- Infected cells with human
and murine TNNT2 reporter
virus and differentiated with
RA

FI g u re: Card I aC m yO b I aStS h9c2 rat cardiac myoblasts exposed to lentiviruses, then incﬁbated in
Infected W|th TNNT2 reporter |n the presence or absence of ATRA 10 nM for 2 days.
presence or absence of ATRA
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Astrocytes derived from neural stem cells co-express endogenous GFAP
and GFP from a lentiviral mGFAP promoter. Clockwise from top left; DAPI

(blue), mGFAP_GFP (green), merge, GFAP (red). Data provided courtesy of
Dan Hoeppner, McKay Lab, NINDS.
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Stem Cell Differentiation Reporters

| Panel | TargetCelltype | Species | Reporter Gene
Structural  [Chondrocyte [Mouse __ |col2al
Osteoblast
. Osteoblast Osteocalcin
- Avallable as

Hematopoetic __[CD8T-cell __________ [Mouse
prepackaged Hematopoctic  [Erythroid —|Human _[HiADRa |
: : Hematopoetic _[Macrophage, microglia__[Mouse __[cbes |
VIrus or plasmld Hematopoetic  [PanT-cel [human JcD2(ciiy)

[Myogenesis  |cardiomyocyte  [Mouse  facTc
off the shelf Myogenesis — [Cardiomyocyte  [Human MGy ]
v N e 1YY 50 R R TV s
T R G 1YY 50 145 Ly TVt 2 A —
g | vt TR ST T o [ o R—
- Neural ~~ |Astrocyte |Human__ |GFAP |

Custom Neural — Astrooyte — [Mouse [GFAP ]
: Newral — [Microglia — Humen Jcpitp ]
construction for Neural _ |Microglia _____ |Mouse  [EMR1 |
Newral — Microgiia —— Mouse Jiba-1 ]

Newal —Mullergiis——— Wouse —Jcod ]
any Reporter Newral ——Newron——— [human JeMss ]

Neural —— TNawron ——— Mouse — [CAMIGE ]
Gene also offered T e e
T T T I T —
Nebrel — TNetron————— Mouse— [Tal oiubuin
Neursl —oligodendrocyte—[Mouse —[M8B. ]
e L T T e [ e T T
5 ey M— T E— 1R 1Y 3] T —

Undifferentiated
Undifferentiated
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Stem Cell Differentiation Reporters

| Panel | Targetcelltype | Species| Reporter Gene

Structural  |Chondrocyte [Mouse __ |col2al

Osteoblast

Osteoblast Osteocalcin
Hematopoetic _ |[CDBT-cell ~ |Mouse |cpg |
(Hematopoetic___|Macrophage, microglia___ |[Mouse  |cDeg8 |

Hematopoetic ___|PanT-cell _____ |Human _ ICD2 (ciii) |

Myogenesis  |cardiomyocyte  [Mouse  |acTc ]
Myogenesis ____|Cardiomyocyte __ [Human _ [MLC-2v |
Myogenesis ____ |Cardiomyocyte __ [Human _ [Tnnt2 |
Myogenesis ____|Cardiomyocyte __ [Mouse _ [Tnntz |
Myogenesis ____ |Smooth muscle myocyte [Mouse  [SM22a |
Neural ~~ |Astrocyte |Human__ |GFAP |
Neural _ |Astrocyte  [Mouse  [GFAP |
Neural _ |Microglia __ [Human _[cDilb |
Neural _ [Microglia ___ [Mouse _ [EMRL |
Neural ____ |Microglia __________ |Mouse _ Jiba-i ]
Neural —— [Muller glis——— [Mouse D4 ]
Neural —— [Neuron —— [Human |eM8S ]
Neural —— INewron —— [Mouse __|CAMKZE ]
Beta cell Neural —— INeuron —— [Mouse |GAD6T ]
Neural —— INeuron — [Rat —INSE ]
Meural @ INeuron === |[Mouse  |Tol c-tubulin
Neural —_ |Oligodendrocyte — [Mouse  [MBP |
Rep orter Neural _ |Photoreceptor ____ [Human _ [Opsin |
Secretory _ |Betacell  [Human [Insulin |

Undifferentiated
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cel Cell Stem Cell
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Potency and Fate Specification
in CNS Stem Cell Populations In Vitro

Rea Ravin,!:5 Daniel J. Hoeppner,1:5 David M. Munno,! Liran Carmel,2 Jim Sullivan,? David L. Levitt,? Jennifer L. Miller,!
Christopher Athaide,® David M. Panchision,* and Ronald D.G. McKay'-*

Laboratory of Molecular Biology, National Institute of Neurclogical Disorders and Stroke, National Institutes of Health, Bethesda,

MD 20892, USA

2National Library of Medicine, National Institutes of Health, Bethesda MD 20894, USA

3EYE Biomachines, Houston, TX 77005, USA

4Center for Neuroscience Research, Children’s Research Institute, Children’s National Medical Center, Washington, DC 20010, USA
SThese authors contributed equally to this work

*Correspondence: mckay@codon.nih.gov

DOl 10.1016/j.stem.2008.09.012

SUMMARY A complete stem cell lineage remains to be determined for the
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MGFAP Reporter used to trace Astrocyte Differentiation
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Figure 6. GFAP Reporter Expression in
MNeural Stem Cell Lineages Validates Early
Astrocytic Fate Specification

(A) Lineage fate map from a single infected founder
cell. The vertical colored lines represent fate. The
colored ovals indicate GFP expression level at
each point of fluorescence imaging. The GFP
scale represents mean fluorescence, in arbitrary
units, as discrete colors. Example fluorescence
micrographs and corresponding DIC micrographs
demonstrate the background-subtracted signal
for each cell. Scale bar, 100 um. Media conditions
and CMNTF pulse chase are shown o the left (black
boxes represent the duration of CNTF pulse).

(B) AF/F at the indicated time points. The inset
magnifies the low values centered at day 2.5. Error
bars reflect SEM.

ablation discussion above). There is
significant interest in the mechanism of
reprogramming somatic cells to apluripo-
tent state after viral transduction (Taka-
hashi and Yamanaka, 2006). It has also
been demonstrated that it is harder to
reprogram fully differentiated B cells in
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mGFAP_GFP all cells
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Stem Cell Pluripotency Reporters

- Reporters for Human and Mouse
Nanog & Oct4 allow easy monitoring of
undifferentiated ES cells

pGreenZeo
lenti-reporter

Figure: New generation of dual
reporter vector uses both GFP
and ZeoR reporters

Cell-specific
Promoter

ZeoR 3,, COPG FP
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Nanog & Oct4
Reporters

: : " l pGreenZeo {
available in 3 lenti-repo rt
Cell-specific

different
backbones:

pGreenZeo

P RedZeo Ienti—report Ienti-report
B Cell-specific N Cell-specific

pPRedTK
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Stem Cell Pluripotency Reporters

- Data from collaborator: Dr. Tim Kamp and Chad Koonce

mOCT4-pGreenZeo H9 hES cells

pGreenZeo-mOct4

pGreenZeo-mNanog
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pGreenZeo-CMV pGreenZeo-mOct4 pGreenZeo-mNanog
49 hES cell Transduced Transduced Transduced
CElS H9 hES cells H9 hES cells H9 hES cells

Phase
Contrast

GFP

H9 hES cells were transduced with pGreenZeo reporter constructs containing specific
promoters for CMV, mOCT4, or mMNANOG. Cells were cultured for 8 weeks on Matrigel
coated plates with MEF conditioned medium containing 1 ug/ml Zeocin. Cells
photographed here were split and grown on MEF feeders layer for four days. Data
courtesy of Dr. Timothy Kamp and Chad H. Koonce, UW-Madison Medical School &

WiCell Research Institute.
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Stem Cell Pluripotency Reporters

- Data from collaborator: Dr. Tim Kamp

pGreenZeo-CMV transduced cells

pGreenZeo-mOct4 transduced cells

Figure: GFP-Reporter and Oct4-Immunostained Double Positive Cells
LEEEEEEE——————————
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Stem Cell Pluripotency Reporters

- Data from collaborator: Dr. Tim Kamp

pGreenZeo-CMV

Figure: Embryoid bodies
transduced with lentivirus
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Stem Cell Reporters

- Also can use positive control (CMV promoter) to
create Tracer Lines for tracing cell lineage

Figure: Human Mesenchymal
Stem Cell Reporter Line

pGZ-CMV
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Image: Christina Ullman
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Induce Pluripotency with IPSC Factors

Reprogram adult cells to create IPS cells with
SBI's pluripotency factor constructs

IPSC Factor Expression Vector Six iPSC Factors for Stem Cell
Reprogramming

Octd o SOX2

PUC o Pluripotency Vector .'_"i NEII‘IDQ e KLF4
j-'f;'— EFlc

\ o Lin-28 e c-Myc
G40 Rl
ST s

sl — \ o

RFP . -
"The Ilagic Brew ™ - Rossant, 2007

Click here to download piPSC vector
Sequence
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Mouse with
sickle cell anemia

- Transplant __—\— —4

Collect skin cells _ //I_/:‘ J

Ditferentiate ma.:) J J
) 9
blood stem cells J

. .-.._-—-
-~ L (-3 |
F;" r_/ . - - Genetically
¥ ° ecoversd mouse comected iPS cells
Octa, Sox2
KIf4, c-Myc
Reprogram Viruses
into ES like-
iPS cells — e
Correct mutation

Genetically identical
iPS cells -~

Wurstratsoen by Tom Del esace




Translontly expressed proteins In 293 cells
Western Blot probed with o-HA Antibody
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Induce Pluripotency with IPSC Factors

Nanog iPSC Factor Transactivation
HEK 293 Nanog Reporter Cell Line
RFP Fluorescence GFP Fluorescence

piPSC Nanog
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pGreenFire Pathway Reporters

- Accurately monitor activity of transcriptional factors natively
- Easily construct stable reporter cell lines

- pGreenFire: New generation of dual reporter vector uses both
GFP and Luciferase reporters

V. S1TR Multiple

| Cloning Site
Q. v forTRE
cPPT . Clal
pGreenFire /. f Yo
lenti-reporter “momv e
; : Ell:al'rlHI
Figure: New generation of dual | COpGFP

reporter vector uses both GFP
and Luciferase reporters

T2A peptide
Luciferase
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pGreenFire Pathway Reporters

Sorting & Quantitation

Multiple
Cloning Site
for TRE

‘

cPPT Clal
. ¢ .+% EcoRl
pGreenFire e "'f{::::é.m

lenti-reporter “momv e

Ell:al'rlHI
Figure: New generation of dual CopGE?
reporter vector uses both GFP

. T2A peptide
and Luciferase reporters

Luciferase
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pGreenFire Pathway Reporters

Example of NFkB Reporter Structure
used to create Stable Cell Lines:

_'-.
Minimal (MY pramoter |—>( R
N Fh. E is imaGtive without HF- = NEgE = NFxB = NFxB = HFaxBE = mCMy = GFP Repomes [

B activation
—I—I
Reporter

ME-ul Trarucriphion Factor Respare Elemsrits
MNF-xB Signal transduction

Structure e pathway activalion

NFa B NFaB T NF B T NFa B

et el el r_h-
Promoler ks active e T e N

Figure 1. whon NF-<B pathway = NF-xB = NFaB = NFaB = NFB — mCMV =  GFP Repoder  —

G"i"EI’UiEﬁ' GI: thE NF‘HE i% Juithedbid I

transcriptional reporter system NF-xB Transcription Factor Response Elements
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pGreenFire Pathway Reporters

Easily Sort cells based on Transcriptional Activation:

Robust GFP Signaling for Distinct Sorting by FACS

104

30X Increase
in GFP Signal

Figure: _
Jurkat/NFkB/GFP M NoTNFo added
reporter cells

- B+ THFo

sorted after
treatment with

TNF-alpha FL1-H: GFP rigure 2.
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LXRE GreenFire™ Transactivation

GFP

pGreenFire-LXRE
Sample Data +TO.901317

Luciferase

OnM 5nM
TO-901317 (nM)
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high-throughput siRNA library screen identifies
osteogenic suppressors in human mesenchymal

stem cells

Yuanxlang Zhao* and Sheng Ding®

Tissue-specific (or adult) ste

source for normal tissus hom

provdide tremendous promise for rege

their capacity to proliferate and di jiate into & wari

mature cell types. Human mesenchymal stem cells (hM5SCs)

differantiate into osteocytes, adip

cells, and neurons. However, the molacular mechanisms und
se5 are poorly understood.

a synt h'-'tl{ siRMAL library targeting 5000 human

r the endogenous r-pressc-rs of as nic specification,
when silenced could initiat of hMS5Cs into
. . c-st-:-.-blasrs Th|5 SCIEen yie essors, and 12
Figure: Example of |
pressing

sis ws. adipo-

screen using an — "
SiRNA library

mism function-
idual mRMA by ST : i m b of the alpha subunit
MNAs ; ase 8 I
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MicroRNA Profiling
S Cell tem
mltl?:?;ﬂ Iﬁﬂ C geﬁ-ﬂgiwal Set
Panel '

Hematopoietic Set /\ Organ specific

Neural Set ﬂ ?i NS
UnER
]

gPCR Array for 95 miRNAs involved In
self-renewal and development.
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SBI Launches New Website!

System Biosciences
rating Dis 5 in Functiona

HOME PRODUCT FINDER 32ERVICEZ ORDERING SUPPORT COMPANY

{ew:hnolagles

Gens 4 Gene Analysis

o I
PRODUCT FINDER | il 'Fh

AN of o peodhucts S u*ﬂ"i‘lcruRNA-Reseﬁ'ch\.

WA DOYOU ASCB 2008 NEWS: Please join Dr. Travis Antes at 5Bl's Exhibitor Tutorial on Monday,
THIMK OF QUR D mebr 15th from 4-6pm in Room #105 for a close look at SBI's new miR-5NaRES and
NEW WEBSITE? miRZips product lines.

S System Biosciences (5Bl) specializes in developing unique, innovative technologies to provide researchers

with the tools to investigate and understand genomic and proteomic function. 5Bl offers solutions for
lentiviral mediated gene delivery and knockdown, high-throughput RMNAI screens and preducts for Stem
Cell and MicroRNA research.

Hew Products . Lentiviral P MicroRNA

Technology Research

Expression Lentivectors Expression Profiling
Transcription Reporter Vectors Discovery & Cloning
Ligase-Free Cloning System MicroRNA Overexpression
Delivery ystems MicroRNA Inhibition

iRH MicroRNA gPCR R ]
E:ufilzpr = Reporter Cell Lines

pGreenFire™ Pre-Made . RNAI Libraries Research
Transcription Reporter
Constructs

o . Fluripotency Monitors
Fesbeme: July 2005 Application Overview

Differentiation Reporters
iP5C Reprogrammin

i-miR™ MicroRNA Virus Human Genome-




