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Outline

« Background

« Tools for cell surface marker antibody screening:
« BD Lyoplate™ screening panels
- BD FACS™ CAP

* Applications:
* |dentification of surface signatures of neural cell types
« Multiplexing antibody screens with intracellular flow
cytometry
* Increasing throughput with fluorescent cell barcoding
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The Devil is in the Details — Heterogeneity

Heterogeneity of cell cultures is a major challenge
Potential solutions:

« Defined cell surface signatures for stem cells and their
derivatives

* Robust methods for cell sorting

« Quantitative analysis tools for heterogeneous cell cultures

& BD
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Outline

« Tools for cell surface marker antibody screening:
« BD Lyoplate screening panels
« BD FACS CAP



BD Lyoplate Screening Panels

Enabling researchers to immunophenotype cell populations by flow cytometry or
immunofluorescence microscopy using BD'’s portfolio of monoclonal antibodies

» Accelerate discovery of unique cell surface “signatures”

« A unique, cost-effective alternative to screening using
hundreds of single-vial reagents

Product Contents Size
BD Lyoplate Human » 242 CD Markers* 5 tests
Cell Surface Marker Screening Panel * Isotype Controls

Cat. No. 560747 * Alexa Fluor® 647 Second Step

BD Lyoplate Mouse « 176 CD Markers

Cell Surface Marker Screening Panel * Isotype Controls 5 tests
Cat. No. 562208 * Alexa Fluor® 647 Second Step

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



BD Lyoplate Screening Panels

Overview
 The plate-based format is compatible Reconstitute plates
with automation and multichannel
pipetting.
* The proprietary lyophilized format Stain cells with 1° antibody in 96-well plates
allows for room-temperature storage. (adherent or in suspension)

* Open wells permit the use of additional
markers of choice.

 May be combined with drop-in Wash 2X
conjugates.

. Compatible with BFP, CFP, GFP, YFP, _ _ _
OFP,pand RFP-expressing cells. Stain cells with 2° antibody

» All antibodies are available separately
in conjugated formats or kits for
building post-screen panels using Wash 2X
markers of interest.

« Microsoft® Excel® data analysis :
templates are available. Run cells on flow cytometer or imager

& BD



BD Lyoplate Screening Panels

Analysis Template

Plate 1 mean (MFI)
Buffer cD1a CD1b cD1d cD2 CD3 Cch4 CD4W4 chs CD6 cDv CD8a
CD8b CD11a CD11b CD11c cD14 CcD15 CD15s cD16 cD1a
CcD19 cD20 ch21 ch22 CcD23 CD24 CD25 cD26
cDI ch3z2 cD33 CcD35 CD36 cD3r CcD3a
Cch42a ChD42kb ch43 CD45 CD45RA CD45RB CD45R0O
CDs0 CD51/61 CDs3 CDs4
cOs4 | 06 (acde)
cd79B cDan

* Microsoft Excel 2007

» Reorganizes data into corresponding 96-well format

 Performs normalization to isotype controls

 Analysis of % positive, median fluorescence intensity (MFI), bimodality, and
normalized values

» Thresholding allows for analysis of specific cell populations

» Templates available for BD FACSDiva™ and FlowJo™ software

* http://www.bdbiosciences.com/support/resources/stemcell/index.jsp#stemtools %BD



BD FACS CAP Service

BD FACS CAP (Combinatorial Antibody Profile) is a custom
multicolor immmunophenotyping and analysis service.
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Graphical representation of BD FACS CAP
screen showing relative expression of cell
surface markers on multiple cell types from
multiple donors. Color key represents
percentage of positive cells.
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The in-depth analysis service provides an inventory
of markers present on the cell surface, yielding an
information-rich “fingerprint.”

« 212 fluorescently-labeled anti-human antibodies

 Multicolor cocktails in each well of a 96-well plate

* Flexibility to integrate researchers’ specific
markers

 Analysis supported by proprietary software

www.bdbiosciences.com/services
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* Applications:
* |dentification of surface signatures of neural cell types
« Multiplexing antibody screens with intracellular flow
cytometry
* Increasing throughput with fluorescent cell barcoding

& BD



Applications
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Cell-Surface Marker Signatures for the Isolation of Neural
Stem Cells, Glia and Neurons Derived from Human
Pluripotent Stem Cells

Shauna H. Yuan'*, Jody Martin®, Jeanne Elia”, Jessica Flippin', Rosanto |. Paramban”, Mike P. Hefferan®,
Jason G. Vidal®, Yangling Mu®, Rhiannon L. Killian"®, Mason A. Israel™®, Nil Emre®, Silvia Marsala®,
Martin Marsala®’, Fred H. Gage®, Lawrence 5. B. Goldstein', Christian T. Carson®*

1 Hawveard Hughes Medical Ingtitute and Depatment of Cellular and Malecular Medicnme, Schoal of Medicine, University of Californea Sam Diego, La Jalla, Calilomia, United
States ol America, 2 Depamment of Neuresdiences, Schaal of Medicine, University ol Calomia San Diego, La Jalla, Calilornia, United States ol America, 3 BD Biosciernoes,
La Jolla, California, Unived States ol America, 4 Anesthesiology Research Laboratory, Department of Anesthesialogy, University of Calilomia Zan Diego, La Jolla, Calilomia,
Unated States ol America, §Laboratory of Gepetics, The Salk Institute for Biological Studies, La Jolla, Calitormia, United States of Armesica, §Biomedical Stences Graduste
Pragram, University ol Caliloria San Diegao, La Jolla, Calitornia, United States of America, 7 Instiite of Neurobiolegy, Skevak Academy of Sciences, Kodice, Slavakia



Neural Induction of Pluripotent Stem Cells

Cell sorting by flow cytometry using

unique cell signatures of sub- hESC/hiPSC
hESC/hiPSC populations provides: SFEB, SDIA,
SFEB, SDIA, SMAD inhibition
SMAD inhipition « Efficient standardized method for

isolating NSCs to eliminate
batch-to-batch variability

* Robust standardized methods for

isolating terminally differentiated ‘ FACS
NSC, NSC contaminants, other cells neurons

Manual isolation o
« Identification of transplantable cell

types that do not cause tumors

NSC

| >

Neurons, Glia, NSC

Glia Neurons



Cell Surface Marker Screen —
Fluorescence Activated Cell Sorting (FACS)
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AEWATES

% positive Plate 1

CD184pos
' CD15 pos
% positive Plate 2 CD54 neg
CD29
CD71
CD49c
CD49%e
CD63

CD57
MFI Plate 1 CD47

CD59
CD58
CD56
-CD46
CD24 pos
MFI Plate 2 CD55
CD271neg
CD50
CD44 neg
CD40
CD30

CD10 neg
http://www.bdbiosciences.com/support/resources/stemcell/index.jsp#stemtools CD9 neg




CD184*/CD44/CD271/CD24* Define a Cell
Signature for the Isolation of NSCs
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Sorted NSCs Differentiate to Mixed Cultures of Neuro
and Glia and Differentiate to Neurons in vitro and
In VIVO

H9 NSCs differentiated for 3 weeks HUES-9 NSCs 8 weeks post-
engraftment in rat spinal cord

Images courtesy of Mike Hefferan and Martin
Marsala, University of California, San Diego

B-Ill tubulin = neurons, Nestin = NSCs, GFAP = astrocytes



Summary
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Cell Surface Marker Screen — Imaging

Hit verification
Examples from imaging screen from imaging screen

Differentiate NSCs in 96-well plates

Analyze cells on BD Pathway™ 435 bioimager
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CD44

Glia
CD184*/CD44+

CD15

Neurons
CD184-/CD44-/CD15°W/CD24*




Sorted Neurons are Viable and Functional

Data courtesy of Yangling Mu and Fred H. Gage, Salk Institute
y gling g %BD



Summary

hESC/hiPSC

SFEB, SDIA,
SMAD inhibition

BD Stemflow™ Neural Cell Sorting kit

Specificity Isotype Clone Format
Antibody Conjugates
NSC, NSC contaminants, other cells CD24 mlgGl MLS PE
‘ CD184+/CD271/CD44/CD24+* CD271 m|gG1 C40-1457 PerCP-

Cy™55

CD44 migG, G44-26 PerCP-
Cy5.5

CD15 migM HI98 PE-Cy™7

CD184 mligG; 12G5 APC

Neurons, Glia, NSC

CD184+/C D44/ \CD1 84-/CD44-/CD15-°W/CD24+
Q)
L))

Glia Neurons



Nature. 2012 Jan 25,482(7384).216-20. doi: 10.1038/nature10821.

Probing sporadic and familial Alzheimer's disease using induced pluripotent stem cells.
Israel MA, Yuan SH, Bardy C, Reyna Sh, Mu Y, Herrera C, Hefferan MP, Van Gorp 5, Nazor KL, Boscolo FS, Carson CT, Laurent LC, Marsala M, Gage FH,

Remes AM Koo EH, Goldstein LS.

Howard Hughes Medical Insttute and Department of Cellular and Melecular Medicine, University of California, San Diego, La Jolla, California 92093, USA.




Probing sporadic and familial Alzheimer’s disease
using induced pluripotent stem cells

Mason A. Israel"?, Shauna H. Yuan"?, Cedric Bardy?, Sol M. Reyna'?, Yangling Mu®, Cheryl Herrera', Michael P. Hefferan’,
Sebastiaan Van Gorp®, Kristopher L. Nazor’, Francesca S. Boscolo®, Christian T. Carson’, Louise C. Laurent®, Martin Marsala®"'?,
Fred H. Gage®, Anne M. Remes'', Edward H. Koo® & Lawrence S. B. Goldstein'*?

Nature doi;:10.1038/nature10821
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Probing sporadic and familial Alzheimer’s disease
using induced pluripotent stem cells

Mason A. Israel"?, Shauna H. Yuan'®, Cedric Bardy®, Sol M. Reyna®?, Yangling Mu*, Cheryl Herrera', Michael P. Hefferan®,
Sebastiaan Van Gorp®, Kristopher L. Nazor’, Francesca S. Boscolo®, Christian T. Carson’, Louise C. Laurent®, Martin Marsala®',
Fred H. Gage®, Anne M. Remes'!, Edward H. Koo® & Lawrence S. B. Goldstein'

Nature doi;:10.1038/nature10821
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Outline

* Applications:
* |dentification of surface signatures of neural cell types
« Multiplexing antibody screens with intracellular flow
cytometry
* Increasing throughput with fluorescent cell barcoding

& BD



BD Lyoplate Screen with Co-staining
3-week Neural Induction Cultures

Neural induction cultures

g | 38.8% 42.4%
a |2 NE NSC
S =}
7)) o
5 \ 4
Stain with BD Lyoplate™ g
Human Cell Surface ©
Marker Screening Panel s
LL
v o
Stain with Sox1, Sox2,
Pax6, and DCX
z| @
o1 0
w | e
i I
= l¥e)

Analyze cell surface :
marker expression of g
populations defined by

transcription factor
expression CD146 @BD

0




Fluorescent Cell Barcoding to

Increase Throughput

Label each
sample with a
different
concentration of
two dyes

0
CO146 FITC-A

Analyze multiple samples
from one tube

Combine samples
into one well or tube
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Identification of Prospective Cell Surface Signatures 0
In Human Gliomas by Immunophenotyping |
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Images courtesy of Justin Lathia and Jeremy Rich, Cleveland Clinic %BD



Identification of Prospective Cell
Surface Signatures of CSCs in Human

Gliomas by Immunophenotyping
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Data courtesy of Justin Lathia and Jeremy Rich, Cleveland Clinic %BD



Summary
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BD Lyoplate screening panels
can be used to identify cell
surface signatures of diverse
cell populations

Cell surface marker antibody
screens can be combined
with intracellular flow
cytometry to facilitate
identification of cell
populations

Fluorescent cell barcoding
can be used to increase
throughput of antibody
screens by flow cytometry

Eryth
(rlataluts) adaeed call Mautrapht




e

BD Cell Analysis

Stem Cell Research:

Jeanne Elia

Nil Emre
Xiang-dong Ji
Jody Martin

Erika O’Donnell
Rosanto Paramban

l,j;;,_.»‘]ur Rohrer e

0 Wana

AU Ch

A
Cytometry Lab:
Andrea Nguyen
Dennis Sasaki

) i

UCSD

Larry Goldstein
Shauna Yuan
Martin Marsala

Cleveland Clinic
Jeremy Rich
Justin Lathia

Salk

Fred Gage
Yangling Mu

sy



If you have 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/stemcell

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

Alexa Fluor® is a registered trademark of Molecular Probes, Inc.

Cy™ is a trademark of Amersham Biosciences Corp. Cy™ dyes are subject to pro%(ieta_ry rights of Amersham Biosciences Corp and

Carnegie Mellon University and are made and sold under license from Amersham Biosciences Corp only for research and in vitro

diagnostic use. Any other use re(l\uwes a commercial sublicense from Amersham Biosciences Corp, 800 Centennial Avenue,

Piscataway, NJ 08855-1327, USA.

Microsoft and Excel are registered trademarks of the Microsoft Corporation. am

BD, BD Logo and all other trademarks are property of Becton, Dickinson and Company. © 2012 BD U BD



