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Stem Cell Research
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Challenges in Stem Cell Research

Characterize cell types and stages of differentiation
by identifying cell-type specific biomarkers

ldentify and isolate cells of interest from a
heterogeneous pool

Analyze cells for quality and purity

Analyze cell function

~ BD
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Self Renewing Pathway
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Immunophenotyping

Immunophenotyping is a cellular analysis method for the identification of biomarkers and
their expression/co-expression profiles using directly- or indirectly-fluorochrome conjugated
antibodies and an analyzer such as a flow cytometer or imaging system.

The identification of biomarkers using immunophenotyping methods facilitates the
characterization of a cell type, its identification, and its isolation.

Identification of cell subpopulations:
Cells suitable for transplantation
Tumor initiating cells

Isolation of pure cell populations for downstream assays:
Arrays/sequencing
In vitro disease models
Biochemistry
Transplantation

Development of quality control assays for cell preparations:
Assessing purity
Identification of contaminants

~ BD

For Research Use Only. Not for use in diagnostic or therapeutic procedures.



Tools for Immunophenotyping

BD Lyoplate™ Screening Panels support the rapid, cost-effective
immunophenotyping of stems cells and stem cell-derived cells.

BD Lyo_plate Contents Applications Cat. No.
Screening Panel
242 CD Markers* ,
Human Cell Isotype Controls Flow Avallable
Cytometry September
Surface Markers ®
Alexa Fluor® 647 Bioimaging 2009
Second Step
200+ CD Markers
M Cell Isotype Controls Flow Available
ouse Ce
Cytometry
Surface Markers Alexa Fluor® 647 Sioi _ Fall 2009
ioimaging
Second Step

*CD and other cell surface molecules. One marker per well.

Plate-based format is compatible with automation and multichannel pipetting

The proprietary lyophilized format allows for room temperature storage, long shelf life
Open wells permit the use of additional markers of choice

Compatible with BFP, CFP, GFP, YFP, OFP, and RFP expressing cells

A",
Alexa Fluor ®is a registered trademark of Molecular Probes, Inc. The Alexa Fluor ® dye antibody conjugates in this product are sold under
9 license from Molecular Probes, Inc., for research use only, excluding use In combination with microarrays, or as analyte specific reagents.
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Tools for Immunophenotyping

BD FACS™ CAP (Combinatorial Antibody Profile) is a custom multicolor
immunophenotyping and analysis service. The in-depth analysis service
provides an inventory of receptors and markers present on the cell
surface, yielding an information-rich “fingerprint.”

212 fluorescently-labeled anti-human

antibodies 1 - L
Multicolor cocktails in each well of a R — e

96-well plate ! g
Flexibility to integrate researcher’s _ié, Y |G
specific markers ‘ A SEE:
Analysis supported by proprietary | L= i —= — H

software = [[ o

CellType; A |B | C

In addition, the BD Custom Technology Team helps researchers to create
multicolor antibody cocktails for in-house flow cytometry immunophenotyping.
Optimized multicolor cocktails streamline sample preparation, acquisition and

analysis, and improve standardization between experiments. A, BD
10 \\o/J
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Stem Cell Multimarker Applications Applications

Research Analysis . Q&A
Overview Methods '\Nﬂggs Félurlpcc):tel?t Session
Overview . tem Cells

Screening of MSCs
Screening, isolation and analysis of hESC-derived NSCs,

glia, and neurons
w BD
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Mesenchymal Stem Cells (MSCs)

Mesenchymal
Stem Cell

Adipocyte
(Fat)

Myoblast

Chondrocyte Fibroblast

(Cartilage)

Osteablast
(Bane)

Myotube
(Muscle)

MSCs are the progenitors
of multiple mesenchymal
lineages

Bone, cartilage,
muscle, fat tissue, and
marrow stroma

MSCs can be isolated and
cultured in vitro

Promises of MSCs
Regenerative medicine

In vitro models of
human diseases

Drug screening
Toxicology
Basic research

A, B D




Characterization of MSCs

Objective: correlate CD marker profile to lineage capacity and multipotency
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Experimental results using a beta version of the BD Lyoplate™ Human Cell Surface Marker Screening Panel
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Neural Stem Cells (NSCs)
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Neural Stem Cell Research

Differentiation of hESCs into neural stem cells

Day 0 7 17 20 35
hESCs EBs Rosettes NSCs Neurons, Glia

mTeSR™1 withdraw bFGF N2 N2, B27, bFGF N2, B27, dbcAMP

The field needs:

Robust standardized methods for isolating NSCs to eliminate batch-
to-batch variability

Isolation of pure populations of NSCs, glia, and neurons for
downstream assays: arrays/sequencing, biochemistry, in vitro assays

A, B D
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Objective

Day 0 7 17 20 35
hESCs EBs Rosettes NSCs Neurons, Glia

mTeSR™1 withdraw bFGF N2 N2, B27, bFGF N2, B27, dbcAMP

Define cell surface signatures of hESC, hESC-derived NSCs, glia, and
neurons

Develop standardized methods for isolating these cell types by flow
cytometry

Collaboration with Larry Goldstein
University of California, San Diego (UCSD) /

Howard Hughes Medical Institute (HHMI) NG BD
16 \a/J
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Materials and Methods

hESCs EBs Rosettes NSCs Neurons, Glia

Cell Surface Marker Screen to Identify Markers for Sorting Neurons and Glia from Differentiating NSCs

Generate hESC-derived NSCs, glia, and neurons

Identify markers

Cells were screened using a beta version of the BD Lyoplate™ Human Cell Surface Marker
Screening Panel by flow cytometry and bioimaging to identify a unique cell surface signature
for neurons. Signatures were validated by multicolor flow cytometric analysis.

Detect and isolate cells of interest from heterogeneous pool
Cell were isolated using a BD FACSAria™ Il cell sorter.

Analyze for purity of sorted cells
Expression of cell-type specific markers was confirmed by multicolor flow cytometric analysis.

17
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Multicolor Analysis of hESC-derived NSCs
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Characterization of Naive and Differentiated hESCs

Experimental results using a beta version of the BD Lyoplate™ Human Cell Surface Marker Screening Panel
hESC (H9) EB 1 EB 2 EB 3 NSCs

100 A 100 100 100 100 A

80 1 80 80 80 801

“ ” 60 60

CD marker “A

40 40

201 20 20 20 20

85.2 14.8
35 65 77.5 225 L 2.1
n 31.2 68.8 L
- N

2

3
I

2
3
L

2

3]
L

% of Max
% of Max
% of Max
% of Max
8

.

% of Max

IS

3
I

N

3
L

0 ~frrre—reT T et e 0 T — 0 ey e T e 0 e et T T 0 ey T
0 10? 10% 10* 10° o 10° 10° 0 10° 10% 10* 10° 10° 10" 102 10° 10* o 10° 103 10 10°
100 4 100 4 100 4 100 4 100 4
80 | 80 80 80 80
up” 3 3 & 3 &
CD marker “B z = = z =
S S S S S
S 40 S 40 S 40 S 40 S 40
20 20 20 20 20
" 99.3 0.7
4.87 . - - 13
1.55 \ 98.5 98.3 1.71
[ T e T 0 ey AP T 0 ey e e 0 e T T T 0 ey T
0 10% 10° 10* 10° 0 10? 103 10* 10° o 10? 103 10* 105 10° 10t 102 10° 10* 0 10? 103 10“ 10°
AP~ oA e oA e oA AP~ A oA
100 4 100

% of Max
m
3
!

% of Max
5
.

100 A 100 A 100
80 1 801 80 80 801
[13 ” 60 60 60 60
CD marker “C z z z
40 S 40 S 40 S 40
201 20 20’ 20 20’
98.7 1.27
12.8 87.2 98.5 1.47 i 88

—
0 T ey e T [ e " T . 0 ey e e 0 e e e T 0 ety Ty
0 102 103 104 105 0 102 103 104 10® 0 102 14’\3 1n? 1% 100 10t 102 103 104 0 1n? 14’13 M’XA 1n®
100 100 100 100 4 100
80 80 80 80 80
CD marker “D” % o] % o] % o] 5 oo 2 o]
= = = = =
G k] G k] G
< ° o o o
S 40 S 40 S 40 S 40 S 40
20 20 20 20 zof
N 16.7 83.3
0.57 ) 99.4 388 11.2 0.22 , 99.8 }
. | . —
0~y ‘ﬁ:‘\ e [ e | T e 0 T e e e 0 't e T r 0 ey
19 0 102 10% 10* 10° o 10? 10° 10* 10° 0 10? 10% 10* 10° 10° 10t 102 10° 10* o 10? 103 104 105

For Research Use Only. Not for use in diagnostic or therapeutic procedures.



Isolation of Neurons by Flow Cytometry

Sorted

NSCs were differentiated 2 weeks prior to sorting

BD FACSAria Il sorter, 20 psi, 100-um nozzle

Presort
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Isolation of Neurons by Flow Cytometry

NSCs were differentiated 2 weeks prior to sorting
BD FACSAria Il sorter, 20 psi, 100-um nozzle
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Conclusions

hESCs EBs Rosettes NSCs Neurons, Glia

Further defined the cell surface signature for hESCs, NSCs, neurons,
and glia using flow cytometry and imaging

Used signatures to develop methods for identifying and isolating
these cell types by flow cytometry

These methods will enable:
More standardized and robust isolation of hESC-derived neural
stem cells

Downstream applications requiring consistent or pure cell
populations

Immunophenotyping can be applied to address similar problems in
other stem cell fields
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Stem Cell Multimarker Applications Applications

Research Analysis MSC e Q&A
Overview Methods S Surlpcc):tel?t Session
Overview NSCs tem Cells

Intracellular and cell surface marker analysis of pluripotent
stem cells

Methods for sorting hESCs

~ BD
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Challenges of Sorting Pluripotent Stem Cells

Are sorted hESCs viable?
Fong, et al. Stem Cell Rev. 2009
Nicholas, et al. Stem Cells Dev. 2007
Sidhu, et al. Stem Cells Dev. 2006

_ Stem Cell
Do sorted cells still express

markers of pluripotency?

Are sorted cells capable of
further differentiation?

~ BD
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Multicolor Flow Cytometric Immunophenotyping Kits

BD StemFlow™ Kits are comprehensive,
ready-to-use systems designed to increase
productivity and minimize assay-to-assay

variability.
z 8 | 2
= > > o )
3 o ® < 28 g S
Q = S 9 S S = I Q
a a @ o o 2 @ @ T
Human Pluripotent Stem Cell SSEA-1 FITC
Sorting and Analysis Kit Hu SSEA-3 PE \/ \/ \/
(Cat. No. 560461) Tra-1-81 Alexa Fluor® 647
Human and Mouse Pluripotent Stem Cell SSEA-1 PE
Analysis Kit Hu/Ms | Oct3/4 PerCP-Cy™5.5 v v v v
(Cat. No. 560477) SSEA-4 Alexa Fluor® 647
Human Pluripotent Stem Cell hNanog PE
Transcription Factor Analysis Kit Hu Oct3/4 PerCP-Cy™5.5 \/ \/ \/
(Cat. No. 560589) Sox2 Alexa Fluor® 647
Mouse Pluripotent Stem Cell mNanog PE
Transcription Factor Analysis Kit Ms Oct3/4 PerCP-Cy™5.5 \/ \/ \/
(Cat. No. 560585) Sox2 Alexa Fluor® 647

All kits contain BD™ CompBead Plus compensation particles, matched isotype controls, and verified protocols

Intracellular analysis kits contain fix and perm buffers “"
50 tests
ect to proprietary rights of Amersham Biosciences Corp and Carnegie

Cy™ is a trademark of Amersham Biosciences Corp. Cy™ dyes are sub{3
25 Mellon University and are made and sold under license from Amersham Biosciences Corp only for research and in vitro diagnostic use. Any
other use requires a commercial sublicense from Amersham Biosciences Corp, 800 Centennial Avenue, Piscataway, NJ 08855-1327, USA.
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Materials and Methods

Cell surface markers (BD StemFlow Human Pluripotent Stem Cell
Sorting and Analysis Kit)

SSEA-1 negative (differentiation)
SSEA-3 positive (pluripotency)
Tra-1-81 positive (pluripotency)

Cell sorting with BD FACSAria |l system
20 psi, 100-um nozzle

hESC Media Surface Enzyme

H9 mTeSR™1 BD Matrigel™ Accutase or Dispase
H9 KOSR MEFs Collagenase IV

H7 KOSR MEFs Collagenase IV
HUES9 HUES MEFs Trypsin

Accutase used to dissociate cells in single-cell suspension

mTeSR is a trademark of StemCell Technologies.
26 KnockOut™ Serum Replacement is a trademark of Invitrogen.
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Sorting is Possible Under Feeder and Feeder-Free

Culturing Conditions

H9 day 3 post-sort HUES9 day 4 post-sort

7 day 10 post-sort

-};‘ y

.-.ﬁ' ;
E A 7200 { 4
LA 7 AT O AN Ry
mTeSR™1, BD Matrigel HUES, MEF KOSR, MEF

Goldstein Lab, UCSD
A,

27 KnockOut™ Serum Replacement is a trademark of Invitrogen. v
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Sorted hESCs Express Pluripotency Markers

Experimental results using the BD StemFlow™ Human and Mouse Pluripotent Stem Cell Analysis Kit

H9 P6 post-sort

g & ] 0.0% 93.8% o] 3.6%
=] 23 S 23
= CI: n E © ]
: 2. e
_ byl
a Q"3 5 73
"o S w3
i 3 o] % e
B3 o =3 3 73
= S < 7
. PO < .
] O = B
1 - 1.1% ’ o 5i2% % _ 11.0% 0.1%
iy [TT T T[T T T T[T T T T [TTT T[T 5 N RLRLLLLLL I B 1L 11 a T[T T T T T T T T T T T
50 100 150 200 1%50% , 10 10 10" 1t 1 g 0 10 10 i 1
FSC-A (= 1.000) SSEA-4 Alexa Fluor® 647 SSEA-1 PE

28

For Research Use Only. Not for use in diagnostic or therapeutic procedures.



Sorted hESCs Retain Differentiation Potential

H9 P7 post-sort

\ " a
e T = & -
a Yl s % ;: Eg E’é
1% % B if M i i
%‘é £x E"‘“‘ ¥ ga 23
LI LRI T 1
Mesoderm Ectoderm Endoderm

29

For Research Use Only. Not for use in diagnostic or therapeutic procedures.



Conclusions

Sorted hESCs are viable
and recoverable

Sorted cells express
markers of pluripotency,
are able to differentiate,
and maintain normal
karyotype

Standardized method for
sorting hESCs by flow
cytometry
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Spectral Overlap
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Always need a positive-
stained control

Wastes cells

Cumbersome when
assaying for markers that
might or might not be
expressed on cells

Solution = compensation
beads

Standard BD CompBead
particles work on small
cells found in blood, but
are not ideal for larger

cells
7 BD



BD CompBead Plus

Overlays of unstained cells and cells and beads stained with SSEA-4 conjugates

100 4 100 4 100
80— a0 4 20 —
x ] -3 & o B HohESC
&0 &0 60
% % % O compBead
2 4] 2 40] =2 4p ] B CompBead Plus
20 20 20 —
0 i T ‘I’t ey s | 0 i T _ffl i 0= D | L T
0 1n? an? 1nt 1:5 0 1_"‘" and ant 1[)5 a 102 1[3:i 1D'1 135
SSEA-4 FITC SSEA-4 PE SSEA-4 Alexa Fluor® 647
Autofluorescence of beads tracks hESCs
<“§ . Facilitates scatter setup
Q7| ! pompszafue - Compensation for any mouse or rat antibody
wn . . .
Negative Control (BSA) particles included
" Live H3

50 w0 150 om0 260 BD CompBead Plus Anti-Mouse Ig Set Catalog No. 560497
FSC-A BD CompBead Plus Anti-Rat Ig Set Catalog No. 560499
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Self Renewing Pathway
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BD Biosciences Technologies to Support

Stem Cell Research Applications

Extracellular Matrices (eg, BD Matrigel)
Media and media supplements
Cell cultureware, growth factors, cytokines

Validated antibodies and kits
Flow cytometry
Imaging
Western blot

Flow cytometry systems
Cell sorting (live cells)
Cell analysis (fixed cells)

Automated high-content imaging systems
Cell analysis (fixed cells and live cells)

Custom media, surfaces, reagents, instruments
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To alert the presenter you have a question
press 1, then O.

If you have further questions:
Contact your BD Biosciences Reagent Sales Account Manager
or email Applications Support
ResearchApplications@bd.com

Visit our BD Stem Cell Research page:
bdbiosciences.com/stemcellsource

~ BD
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