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Towards Improved 
Characterization of MSCs

Steven R. Bauer, Ph.D.

Cell and Tissue Therapy Branch

Division of Cell and Gene Therapy

Potential For 
MSC-Based 
Regenerative 

Medicine Products:

Repair

Replace

Restore

Regenerate
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MSCs

bone

fat

muscle

stroma

other

Sources:  
Bone marrow (MSC)

rare cell
Adipose tissue (ASC)

abundant cell
Others

Clinical Uses:
Regenerative

Cardiac repair
Bone repair

Immunomodulatory
GVHD

4

Self
renewal

Self
renewal DifferentiationDifferentiation

Terminal
Differentiation

Terminal
Differentiation

Environmental InfluencesEnvironmental Influences
Developmental StagesDevelopmental Stages

Clinical
Response

control

What do you 
measure to identify 
the effective cells?

Nothing

active

Marginal 
effect

Total cure
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Identification and correlation of MSC attributes with 
in vivo and in vitro assays of safety and efficacy: 
CBER/FDA MSC consortium McCright Lab: in vivo model of 

critical hind limb ischemia

Product characteristics

Multipotent Stromal Cell 
Characterization

Bauer Lab: in vitro
quantitative proliferation  

and differentiation

Wei Lab: in vitro, 
in vivo

immunosuppression

adipogenesis

Hursh lab: 
epigenetics, 
karyotypes

Moos Lab: gene 
expression, 
qRT-PCR, 
single cell PCR

Alterman Lab: proteomics

Puri Lab: genomics

Correlate 
candidate 
attributes 
with assay 
outcomes

Cytoplasm
33%

Unknown
25%

Nucleus
24%

Membrane
13%

mT-cell
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Goal:  8 donors
• Expand to ~100 T175 flasks
• Change media every third day
• Expand to ~ 80% confluence
• Harvest at p3, p5, p7
• Cryopreserve, snap freeze, or
initiate analytical procedures

Yield ~ 2-3 x 108 cells per passage

Jess Lo Surdo
Eva Rudikoff

MSC Manufacturing
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MSC Production
 Publicly available sources

 Single method, single lab, uniform media
 One lot of FCS

 Sufficient MSCs for multiple characterization approaches

Source: ALLCELLS,    LONZA
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PCBM1641 P7 Size Distribution (n=15)
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PCBM1641 P5 Size Distribution (n=16)
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PCBM1641 P3 Size Distribution (n=13)
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PCBM1632 P3 Size Distribution (n=13)
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PCBM1632 P5 Size Distribution (n=13)
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PCBM1632 P7 Size Distribution (n=5)
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Average Diameter = 14.70um

Average Diameter = 15.45um

Average Diameter = 16.28um

Average Diameter = 14.41um

Average Diameter = 15.97um

Average Diameter = 19.67um

Cell Size Distribution Patterns Changes 
with Tissue Culture Passage

Average Size = 14.70um

Average Size= 15.45um

Average Size= 16.28um

Average Size = 14.41um

Average Size = 15.97um

Average Size = 19.67um
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Cell Size Increases with Tissue 
Culture Passage: Donor Differences
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CFU-F Activity Decreases with Tissue 
Culture Passage: Donor Differences
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Osteogenesis

INDUCTION MEDIA (-) CONTROL
MSC 

Functional
Assessment:
Tri-lineage

Differentiation

MSC
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Limiting Dilution Assay

Responding
Wells:

Cell Dose:
(cells/well)

A

B

C

D

E

F

G

H

1 2 3 4 5 6 7 8 9 10 11 12

1000 100 10 1

24/24 16/24 7/24 2/24

= responding wells
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e
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Cell Dose

1.0

0.1

0.01

exponential form: y=AeBx

y = 0.37
x = precursor frequency

Lo Surdo, JL, and Bauer, SR. Quantitative Approaches to Detect Donor and Passage 
Differences in Adipogenic Potential and Clonogenicity in Human Bone Marrow-Derived 
Mesenchymal Stem Cells. 2012. Tissue Engineering: Part C 18: 877-889.
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PCBM1632 Precursor Frequency
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PCBM1632 Limiting Dilution (n=3)

0

0.2

0.4

0.6

0.8

1

1.2

1000 500 250 125 63 32

Cell Dose (cells/well)

F
ra

ct
io

n
 o

f 
R

es
p

o
n

d
in

g
 W

el
ls

Passage 3

Passage 5

Passage 7

P3 = 1 in 125

P5 = 1 in 126

P7 = 1 in 2,444

PCBM1641 Limiting Dilution (n=3)
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0.00001

0.0001

0.001

0.01

0.1

1

10

0 100 200 300 400 500 600 700

Cell Dose (cells/well)

F
ra

ct
io

n
 o

f 
N

o
n

-R
es

p
o

n
d

in
g

 
W

el
ls

Passage 3

Passage 5

Passage 7

P3 = 1 in 82

P5 = 1 in 70 P7 = 1 in 73

Adipogenic Precursors Can Change 
with Tissue Culture Passage

P5 = 1/70
R2= 0.96

P7 = 1/73
R2= 0.99

P3 = 1/82
R2= 0.99

P3 = 1/125
R2 = 0.93

P5 = 1/126
R2 =0.86

P7= 1/2444
R2=0.96
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Adipogenic Precursors are 
Associated with Smaller MSCs

Small cells 
= 1/138

Large cells 
= 1/298

P= 0.024
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Automated Microscopy For Adipogenesis

 To exclude edge effects, outer 15% of well was not sampled 
 25 images per well
 Nile Red positive cells associated with nuclei counted and normalized 

to total nuclei count per image
 n=3/Donor/passage
 Imaging ~4% of specified area at 10X

= Adipogenic stimulation

= Undifferentiated control

P3

P5

P7

17

A B

Automated Microscopy for 
Adipogenesis

DAPI (DNA) 
Nile Red (intracellular fat)

Image Processed for Counting

Nuclei/ Fat /Nuclei with Fat
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Adipogenic Activity Decreases with 
Tissue Culture Passage: Donor 

Differences
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***P<0.001
****P<0.0001
Relative to P3

Lo Surdo JL et al., Cytotherapy, 2013. In Press.
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International Society for Cell Therapy: Cytotherapy (2006) Vol. 8, No. 4, 315-317.  MSCs are characterized as 
being adherent to plastic, capable of tri-lineage differentiation, >95% of the MSC population must express 
CD105, CD73 and CD90, as measured by flow cytometry. Additionally, these cells must lack expression 
(</2%positive) of CD45, CD34, CD14 or CD11b, CD79a or CD19 and HLA class II.

Consensus MSC Markers do not Correlate with 
Functional Heterogeneity, Donor or Tissue 

Culture Age Differences
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Proteome harvesting

2D NanoLC/2D NanoUPLC

LTQ, Thermo MALDI‐TT, ABSciex Synapt G2, Waters

Tandem MS MSE

Processing  Processing

Sequencing Sequencing

Proteome fractionation
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80% confluent mesenchymal stromal cells

Cell culturing, protein harvesting using various 
platforms, and proteome fractionation

Mass spectrometry-based protein identification, 
quantitation, expression dynamic profiling

MALDIESI

1561
21%

3886
52%

2306
31%

Proteome coverage (7753 proteins in total)

1. Proteomic characterization scheme
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Development, 
8%

Cell cycle, 5%

Immunity, 5%

A
po

pt
os

is
, 2

%

I. Proteome functional Class summary

Donor ID % Variability 

PCBM1641 28.4

167696 8.7

PCBM1632 23.3

110877 22.2

8F3650 17.1

PCBM1662 25.7

2. Overview of proteome summary and comparison between donors

II. Shared proteins between donors

III. Proteomic variability between donorsIV. Comparison between donors based on function

% variability: ratio of proteome size of a donor as 
compared to proteome size constructed using 
proteins expressed in at least 3 donors 
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MSC Immunosuppresion

 Important attribute for allogeneic use
 Measured by cell-based assays
 Use of human cells T-cells contributes to 

variability of assay read out

 Can mouse T-cell functions be suppressed by 
human MSCs?
 Use T-cell receptor transgenic mice
 All T-cells express same antigen receptor
 Known antigen
 No genetic variability
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Immuno-
suppression 

Assay

 MSC 
concentration-
dependent

 MSC specific
 HepG2 

hepatocarcinoma
 HT-180 epithelial 

line

 Ongoing
 Apply to all donors, 

all passages

NOD/ShiLtj mice
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Modulation of surface activation markers on murine T cells by human MSCs, 
as determined by mean fluorescence intensity (MFI) 



5

25

Significance for Cell Therapy

 Quantitative functional assays; a crucial part of a 
systematic approach to identify and qualify predictive 
product characteristics for cell therapy products
 Consensus MSC Markers do not Correlate with Functional 

Heterogeneity: Donor or Tissue Culture Age Differences
 Robust enumeration of functional sub populations illustrates 

importance of extensive single cell analyses
 Assess 

 Differences between MSC donors
 Impact of tissue culture conditions and duration
 Correlation with other characteristics of MSCs
 Enrichment techniques

 Application to understanding mechanisms controlling 
stem-cell differentiation and function
 Heterogeneity
 Improved understanding of “stemness”
 Mechanisms of function

gene 
expression

P

Exploratory 
research

Characterization 
studies

The Rosetta Stone

Biological 
characteristics

Critical Quality 
Attributes

In-process 
and release 

tests
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