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Mesenchymal stem cells (MSCs) can be isolated from a wide variety of accessible
human tissues and exhibit multipotency and immunoregulatory properties. Because
these cells are easily expanded in vitro and do not induce allogeneic immune
responses upon transfer to unmatched individuals, they have received much attention
as a practical source for cell-based therapies in regenerative medicine and for the
treatment of immune-mediated disorders. Several clinical trials testing the efficacy of
MSC-based treatment for autoimmune disease have shown mixed results, with some
showing effective immunosuppression and others little or no effect. One possible
explanation for these discrepancies is intrinsic variability of immunosuppressive
functions between MSC lots arising from different human donors or as a consequence
of differing manufacturing protocols. The experiments presented here use in vitro
methods to compare the immunosuppressive activity of MSC lots using both human
and murine target cells. The expansion and harvest of MSC cultures is described, as
well as methods for co-culture of MSCs with targets cells derived from human
peripheral blood cells and murine splenocytes and lymphocytes. Several methods for
assessing activation of T cells are described as well, using flow cytometry to measure
expression of activation-induced cell surface markers, proliferation, and production of
inflammatory cytokines in T cells. These methods are adaptable to a variety of
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experimental designs, such as comparing the immunosuppressive activity of MSCs
obtained from different donors or expansion techniques, and investigating potential
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Re: JoVE Cover Letter
Dear Editors,

We are submitting the manuscript titled “Measuring the Immunosuppressive Activity of Human
Mesenchymal Stem Cells in vitro” for consideration as a research article in the Journal of Visualized
Experiments (JOVE).

Duto to its unique differentiation multipotency and immunomodulatory capacity, multipotent Stromal
cells (MSCs, also termed mesenchymal stem cells), have been extensively used in investigational studies
to treat a variety of tissue injuries and immune diseases both in experimental and clinical settings.

Currently, there is increased need to establish novel quantitative bioassays suitable for measuring
differences in immune-inhibitory activity of MSCs from different donors or at different passages in tissue
culture. There is a related scientific need to identify the molecular mechanisms underlying MSC-mediated
immunosuppression, which also requires accurate assays to measure the immunosuppressive activity of
MSCs. Such methods could potentially also be used to predict MSC behavior after transplantation.

To address this need, the manuscript submitted here describes a novel method to characterize the
immunosuppressive acitivity of human MSCs. We developed novel immune inhibition assays using
clonal murine T cell populations responding to known peptide antigens, and MSCs derived from human
donors. MSCs are known to be immunosuppressive across xenogeneic barriers, allowing us to assess the
use of easily obtained clonal murine T-cells as a method to reduce variability in T-cell based in vitro
immune suppression assays. In our system, hMSC clearly show inhibitory properties, altering multiple
aspects of murine T cell activation, including reduced proliferation, inhibited or stimulated cell surface
marker expression, and decreased cytokine expression. Therefore, clonal murine T cells can be used to
characterize and quantify the immunosuppressive activity of human MSCs, representing a promising
approach to improve bioassays and to elucidate the mechanisms for MSC-mediated immunosuppression.

We believe that this manuscript is very relevant in light of the wide potential application of MSCs in
treating GVHD and various autoimmune diseases (such as Crohn’s disease, type 1 diabetes, multiple
sclerosis etc.). The findings reported in this study would be of general interest to immunologists, stem cell
biologists, transplantation biologists and scientists in the cellular therapy field. It would be of special
interest to the autoimmune disease and immunoregulation community. This manuscript is not under
consideration elsewhere, and all authors have approved its submission.
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We welcome your comments and thank you for your consideration.
Sincerely,

Cheng-Hong Wei, PhD.
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SHORT ABSTRACT:

Mesenchymal stem cells (MSCs) are a readily-accessible source of immunoregulatory
cells that can potently inhibit pathogenic immune responses, but significant variability
exists between MSC lots. Here, we present protocols for quantifying and comparing the
immunosuppressive effectiveness of MSCs in vitro using both human and murine target
cells.

LONG ABSTRACT:

Mesenchymal stem cells (MSCs) can be isolated from a wide variety of accessible
human tissues and exhibit multipotency and immunoregulatory properties. Because
these cells are easily expanded in vitro and do not induce allogeneic immune responses
upon transfer to unmatched individuals, they have received much attention as a
practical source for cell-based therapies in regenerative medicine and for the treatment
of immune-mediated disorders. Several clinical trials testing the efficacy of MSC-based
treatment for autoimmune disease have shown mixed results, with some showing
effective immunosuppression and others little or no effect. One possible explanation for
these discrepancies is intrinsic variability of immunosuppressive functions between
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MSC lots arising from different human donors or as a consequence of differing
manufacturing protocols. The experiments presented here use in vitro methods to
compare the immunosuppressive activity of MSC lots using both human and murine
target cells. The expansion and harvest of MSC cultures is described, as well as
methods for co-culture of MSCs with targets cells derived from human peripheral blood
cells and murine splenocytes and lymphocytes. Several methods for assessing
activation of T cells are described as well, using flow cytometry to measure expression
of activation-induced cell surface markers, proliferation, and production of inflammatory
cytokines in T cells. These methods are adaptable to a variety of experimental designs,
such as comparing the immunosuppressive activity of MSCs obtained from different
donors or expansion techniques, and investigating potential immunosuppressive
mechanisms used by MSCs against both human and murine target cells.

INTRODUCTION

Mesenchymal stem cells (MSC, also known as multipotent stromal cells or
mesenchymal stromal cells) are a heterogeneous cell population with the capacity to
differentiate into several types of cells under appropriate conditions in vitro, including
osteocytes, chondrocytes, and adipocytes'. They are present in a wide variety of
clinically-accessible tissues including bone marrow, umbilical cord blood, adipose
tissue, and dental pulp, and are easily isolated and expanded in vitro®. Importantly,
MSCs do not elicit an allogeneic response upon transfer into an unmatched recipient
due to their low expression of MHC class | and class Il molecules and their use of
multiple active immunoregulatory mechanisms®*. These combined qualities have led to
intense interest in MSCs for their potential as a cell-based therapy for a wide variety of
diseases.

Several clinical trials testing the efficacy of MSCs in treating autoimmune disorders
have completed or are currently underway®. These studies have yielded mixed results,
with the effectiveness of MSCs in ameliorating autoimmune symptoms varying between
studies®. One possible explanation for these discrepant results may be variability
between MSC preparations derived from different donors or expanded by different
commercial production methods. A standardized and repeatable bioassay for comparing
the immunosuppressive activity of MSC preparations could help to identify MSC lots
most likely to be effective clinically. Additionally, such a bioassay would aid in the
identification of biomarkers correlated with immunosuppression in MSCs, or better
characterize molecular mechanisms important for their in vivo function.

We present here protocols for assessing the immunosuppressive activity of human
MSCs using both human and murine target cells. Using peripheral blood mononuclear
cells (PBMC) as target cells allows for the assessment of the full complement of
immunosuppressive mechanisms used by MSCs, but requires a less biologically-
relevant stimulus to elicit T cell stimulation (in this case, activation by beads coated with
anti-CD3 and anti-CD28). Additionally, PBMCs from distinct donors may have varying
susceptibility to MSC-mediated immunosuppression, which makes comparisons
between experiments more difficult to interpret. In contrast, using murine target cells
allows for a more biologically-relevant, repeatable, and reliable form of T cell stimulation
(antigenic stimulation of transgenic T cells), but has the disadvantage that although
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cross-species effects of human MSCs have been reported, some mechanisms
employed by MSCs might not be cross reactive between species”®.

PROTOCOL

All procedures performed on animals were approved by the Institutional Animal Care
and Use Committees at the Center for Biologics Evaluation and Research and
performed in facilities accredited by the Association for Assessment and Accreditation
of Laboratory Animal Care International. For more detailed protocols for isolation
immune cells from spleens and lymph nodes see Kruisbeek, 2001°. Perform all steps in
a sterile laminar flow hood.

1) Expanding MSCs in Culture

1.1) Purchase MSCs from a commercial vendor at passage 1, or isolate from human
tissues according to established protocol®.

1.2) Prepare MSC culture medium using a-MEM supplemented with 16.5% fetal bovine
serum, 100 U/mL penicillin/streptomycin, and 2 mM L-glutamine.

1.3) Culture MSCs in T175 flasks at an initial concentration of 60 cells/cm? in MSC
culture medium.

1.4) When MSC cultures attain 80% confluence, remove media and detach the
adherent MSCs by incubating with 0.25% Trypsin/EDTA and for 5 minutes at 37°C.
Collect cells and wash with HBSS. Return MSCs to culture in T175 flasks at 60
cells/cm?.

1.5) For cryopreservation, harvest MSCs after passage 3 or greater as in step 1.4 and
wash with HBSS. Re-suspend MSCs in freezing media containing 5% DMSO, 30% FBS
(heat inactivated), and 100 U/mL penicillin/streptomycin at 10° cells/ml.

1.6) Aliquot the cell suspension into cryoprotective vials and place into a passive
freezing device. Place the passive freezing device in a -80°C freezer overnight, then
transfer MSC aliquots to a liquid nitrogen storage vessel until needed for experiments.

1.7) To use cryopreserved MSCs in subsequent experiments, culture a thawed aliquot
of MSCs as in step 1.3 until 80% confluent, then harvest and wash as in step 1.4.

2) Co-culture of MSCs with human peripheral blood mononuclear cells (PBMCs)

2.1) Obtain cryopreserved PBMCs from a commercial vendor or isolate from human
blood according to established protocol **.

2.2) On the day before cultured MSCs will be ready for experiments, thaw an aliquot of
cryopreserved PBMCs and culture overnight in standard RPMI medium (RPMI 1640 +



L-glutamine medium supplemented with 10% FBS (heat inactivated) and 100 U/mL
penicillin/streptomycin) at 10’ cells/5 ml in 6-well plates.

2.3) Harvest PBMCs from culture plates, wash with HBSS, and count using a
hemocytometer. Re-suspend PBMC at 20 x 10%ml in pre-warmed HBSS containing 0.5
UM CFSE (carboxyfluoroscein diacetate, succinimidyl ester). Incubate cells for 20
minutes at 37°C. Wash cells with HBSS and re-suspend in an appropriate volume of
standard RPMI medium.

2.4) Harvest MSCs from culture flasks as described in step 1.4. Wash with HBSS,
count, and re-suspend in an appropriate volume of standard RPMI medium.

2.5) Wash T cell activating beads by diluting with HBSS and placing the vial in a
magnet. Pour off HBSS while the magnet retains the beads in the vial. Re-suspend
beads in an appropriate volume of standard RPMI medium.

2.6) Set up PBMC/MSC co-cultures in flat-bottomed 96-well plates. Add PBMCs (0.1 x
10° — 0.2 x 10° cells/well), MSCs (5,000-20,000 cells/well), and T cell activating beads
(at a 1:1 bead to PBMC ratio) to each well with a final volume of 200 pl/well.

3) Assessing activation-associated surface markers and proliferation of human T
cells

3.1) After 3-4 days in culture, remove PBMCs from a flat-bottomed plate and move to a
round-bottomed plate. Wash cells twice with staining buffer (1X HBSS, 2% heat-
inactivated FBS).

NOTE: Activating beads are easily identified and excluded from flow cytometry analysis
by their distinctive size and density, and therefore there is no need to separate cells
from beads.

3.2) Prepare an antibody cocktail with fluorochrome-labeled antibodies against surface
antigens in staining buffer according to manufacturer’s specifications.

NOTE: Useful antibodies for comparing the activation status of T cells include anti-CD4,
anti-CD8, anti-CD25, anti-CD69, and anti-CD44.

3.3) Spin cells down at 300 x g for 10 minutes and remove excess staining buffer after
final wash. Re-suspend with a vortex and add 50 pl of the antibody cocktail. Incubate
cells at room temperature for 30 minutes while protecting them from light.

3.4) Wash cells twice with 200 pl staining buffer, then re-suspend in 200 pl of staining
buffer and read immediately on an appropriate flow cytometer. Alternatively, washed
and stained cells can be fixed overnight in 2% formalin and analyzed by a flow
cytometer within 2 days of fixation.



4) Quantifying cytokine-producing human T cells
4.1) Set up PBMC/MSC co-culture plates as described in step 2.1 through 2.6.

4.2) After 2-5 days in culture, remove and reserve 100 pl of supernatant and replace
with 100 ul of standard media containing a secretion inhibitor such as brefeldin A.
Return plates to the incubator and allow cytokines to build up in PBMCs for 6-10 hours.

NOTE: Avoid incubation periods longer than 10 hours, as brefeldin A is toxic to cells
and can lead to significant cell death.

4.3) Remove PBMCs from a flat-bottomed plate and move to a round-bottomed plate.
Wash cells twice with staining buffer.

4.4) Prepare an antibody cocktail with fluorochrome-labeled antibodies against CD4 and
CD8 in staining buffer. Stain cells as described in step 3.3.

4.5) After staining, wash cells once in staining buffer and fix by adding 100 pl of
fixation/permeabilization buffer. Incubate for 20 minutes at 4°C. Wash twice with 150 pl
of BD permeabilization buffer to permeabilize the cells.

4.6) Prepare an antibody cocktail with fluorochrome-labeled antibodies against cytokine
antigens in permeabilization buffer according to manufacturer’s specifications. Useful
antibodies for comparing the activation status of T cells include anti-TNFa and anti-
IFNYy.

4.7) Incubate cells in with antibody cocktail for 30 minutes at 4°C while protecting from
light.

4.8) Wash twice with 200 ul of permeabilization buffer, and once with 200 pl of staining
buffer. Re-suspend cells in 200 pl of staining buffer and store in the dark at 4°C until
ready for analysis on a flow cytometer. For best results cells analyze within two days of
staining. To confirm results obtained by flow cytometry, measure the concentration of
cytokines in the supernatant reserved in step 4.2 by enzyme linked immunosorbent
assay (ELISA) or a multiplex cytokine quantification method.

5) Co-culture of human MSCs with murine transgenic T cells
5.1) Obtain T cell transgenic mice such as the NOD 8.3 TCR transgenic strain from a
commercial source. CD8" T cells from NOD 8.3 mice express a MHC class I-restricted

TCR that recognizes an epitope derived from IGRP, an islet-associated antigen.

5.2) Obtain wild type control mice from a commercial vendor. For the NOD 8.3 mice, the
appropriate control strain is NOD/ShiLtj.



NOTE: These mice will be used as a source of antigen-presenting cells to activate T
cells from the transgenic animals.

5.3) Thaw and culture an aliquot of MSCs as described in steps 1.3 — 1.4. Wait until the
MSCs are 80% confluent before preparing mouse cells as described below.

5.4) Euthanize several NOD 8.3 mice with carbon dioxide and remove spleens and
lymph nodes. Crush lymph nodes and spleens with a syringe plunger in HBSS and pass
through a cell strainer to remove debris. Wash pooled lymph node cells with HBSS and
count using a hemocytometer. Spin down pooled splenocytes at 300 x g for 10 minutes
and remove most of the HBSS.

5.4.1) Re-suspend splenocytes in the residual HBSS and add 1 ml of ACK lysis buffer
for each spleen to the re-suspended pellet. After one minute, directly add HBSS to
dilute the ACK buffer and spin down splenocytes at 300 x g for 10 minutes. Pass cells
through a cell strainer and wash twice with HBSS.

5.5) Pool splenocytes and lymphocytes together for isolation of CD8" cells by negative
selection. Follow the manufacturer’'s protocol for selection using magnetic cell sorting.

5.6) After separation, re-suspend NOD 8.3 CD8" T cells at 20 x 10%ml in pre-warmed
HBSS containing 0.5 uM CFSE. Incubate cells for 20 minutes at 37°C. Wash cells with
HBSS and re-suspend in an appropriate volume of standard RPMI medium.

5.7) Euthanize several NOD/ShiLtj mice with carbon dioxide and collect spleens.
Process pooled spleens as described in step 5.4. Irradiate splenocytes after isolation
with 4,000 rads. Wash twice with HBSS and re-suspend in an appropriate volume of
standard RPMI medium.

5.8) Harvest MSCs from culture flasks as described in step 1.4. Wash with HBSS,
count, and re-suspend in an appropriate volume of standard RPMI medium.

5.9) Dilute an aliquot of the relevant IGRP peptide (206-214) in standard RPMI medium.

5.10) Set up cultures in a 24-well flat-bottomed plate. Add NOD 8.3 CD8" T cells (2 x
10%well), irradiated NOD splenocytes (4 x 10%well), MSCs (0.2 x 10° — 0.5 x 10%well),
and IGRP?°°2%'* peptide (1 pg/ml final concentration) for a final volume of 2 ml/well.

6) Assessing activation-associated surface markers and proliferation of murine T
cells

6.1) After 3-4 days in culture, remove non-adherent T cells from the 24-well plate and
move to either a 96-well flat-bottomed plate or individual tubes for staining. Wash cells
twice with staining buffer.



6.2) Prepare an antibody cocktail with fluorochrome-labeled antibodies against surface
antigens in staining buffer according to manufacturer’s specifications. Useful antibodies
for comparing the activation status of T cells include anti-CD4, anti-CD8, anti-CD25,
anti-CD69, anti-CD44, and anti-CD62L. T cells expressing the transgenic TCR can be
identified by using an anti-Vp4 TCR antibody.

6.3) Spin cells down at 300 x g for 10 minutes and remove excess staining buffer after
final wash. Re-suspend with a vortex and add 50 pl of the antibody cocktail. Incubate
cells at room temperature for 30 minutes while protecting them from light.

6.4) Wash cells twice with staining buffer, then re-suspend in 200 pl of staining buffer
and read immediately on an appropriate flow cytometer. Alternatively, washed and
stained cells can be fixed overnight at 4°C in 2% formalin and analyzed by a flow
cytometer within 5 days of fixation.

REPRESENTATIVE RESULTS:

Activation of T cells results in proliferation, production of cytokines, and changes in the
expression of various surface markers. Representative results from co-culture of human
PBMCs and human MSCs are presented in Figure 1 and Figure 2. Using multicolor flow
cytometry, CD4" and CD8" cells can be analyzed from a single sample. MSCs inhibit
proliferation of both CD4" and CD8" T cells as measured by dilution of CFSE (Figure
1A). Activation-induced expression of CD25 is also inhibited by MSCs (Figure 1B). Pro-
inflammatory cytokines such as IFNy and TNFa are produced by T cells upon activation,
and the frequency of T cells producing these cytokines is reduced by co-culture with
MSCs (Figure 2). Culture of purified NOD 8.3 transgenic T cells with antigen-presenting
cells in the presence of IGRP peptide results in increased surface expression of the
activation markers CD69 and CD25 (Figure 3A and 3B). When MSCs are present, these
signs of activation are inhibited (Figure 3A and 3B).

FIGURES LEGEND:

Figure 1. MSCs suppress proliferation and CD25 expression in activated human
CD4" and CD8" T cells.

Peripheral blood mononuclear cells were stained with CFSE and activated with beads
coated with anti-CD3 and anti-CD28 in the presence of increasing numbers of human
mesenchymal stem cells. Graphs represent mean values * standard deviation. (A)
Representative histograms of CFSE staining and quantitation of CFSE-diluted cells
among CD4" and CD8" cells. (B) Representative histograms of CD25 staining and
quantitation of CD25" cells among CD4" and CD8" cells. Significance was tested by a
Student’s t test comparing activation in the presence or absence of MSCs (***p<0.001).

Figure 2. MSCs suppress secretion of TNFa in activated human CD4" and CD8" T
cells.

Peripheral blood mononuclear cells were activated with beads coated with anti-CD3 and
anti-CD28 for three days. Brefeldin A was added for the final 12 hours in culture, and
cells were stained for intracellular TNFa. (A) Representative dotplots of TNFa staining
among CD4" and CD8" cells. (B) Quantitation of replicate samples from the experiment



presented in (A). Graphs represent mean values + standard deviation. Significance was
tested by a Student’s t test comparing activation in the presence or absence of MSCs
(***p<0.001).

Figure 3. MSCs suppress expression of CD69 and CD25 in activated murine NOD
8.3 CD8" VB4' T cells.

CD8" T cells from NOD 8.3 TCR transgenic mice were isolated and co-cultured for three
days with irradiated NOD splenocytes and IGRP peptide in the presence or absence of
MSCs at two T cell: MSC ratios. (A) Representative histogram overlays of CD69 and
CD25 expression among CD8'VB4" T cells. (B) Quantitation of median fluorescence
intensity (MFI) and % positive for each marker from replicate samples from the
experiment presented in (A). Graphs represent mean values + standard deviation.
Significance was tested by a Student’s t test comparing activation in the presence or
absence of MSCs (*p<0.05 and **p<0.01).

DISCUSSION:

The efficacy of human MSCs in treating inflammatory conditions such as type 1
diabetes, graft-versus-host disease, and Crohn’s disease has been tested in several
clinical trials with sometimes conflicting results®*2. Variability in immunosuppression due
to varying donor sources, culture passages, tissue sources, and expansion protocols
may be the source of these discrepant outcomes. To better understand the biology
behind this variability, as well as predict which specific MSC lots are likely to be most
effective clinically, a reliable and repeatable bioassay for the immunosuppressive
capacity of MSCs is required.

In this work we have presented protocols for assessing the immunosuppressive
capacity of MSCs in vitro using both human and murine target cells. Using human-
derived PBMCs as the target cells allows for the full complement of immunosuppressive
mechanisms used by MSCs to be tested. Unfortunately, inter-donor variability between
PBMC donors can make reconciling discrepant results obtained on different days and
from different laboratories difficult. By using murine target cells from TCR transgenic
mice some of this inter-experiment variability can be reduced, but with the caveat that
some suppressive mechanisms employed by human MSCs may not be effective on
mouse target cells. There is strong evidence, however, that human MSCs can suppress
murine cells in vitro and in vivo, and even home to tissues and survive upon transfer
into mice or rats”***°.

The assays presented herein can be used to compare the immunosuppressive function
of MSCs from different donors, passage, tissues of origin, and expansion methods.
Additionally, these techniques allow for the evaluation of candidate molecular
mechanisms for MSC-induced immunosuppression. To this end, inhibitory molecules
can be used in culture, or specific effector molecules can be knocked down in MSCs
prior to co-culture. Using mouse target cells allows investigators to evaluate candidate
molecules by taking advantage of the great number of transgenic and knockdown mice
currently available, while such experiments are not possible using human-derived cells
as targets. While the results presented here only describe experiments using CD8" T



cells, previous work in our lab has shown that these protocols also can be used to test
immunosuppression in transgenic CD4" T cells, and it is likely these techniques could
be used to test the effect of MSCs on other cell types as well*’.

In summary, we present here techniques for assessing the immunosuppressive activity
of human MSCs in vitro using both human and murine target cells. Activation is
evaluated by the presence of associated surface markers, proliferation as assessed by
CFSE dilution, and the frequency of cytokine-producing cells among both CD4" and
CD8" cells. The use of murine targets cells in addition to human targets cells allows for
increased reliability of the bioassay by eliminating donor-to-donor variation in target
cells.
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Excel Spreadsheet- Table of Materials/Equipment
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Name of the Material/Equipment

Company

Human Mesenchymal Stem Cells
MEM Alpha 1X (a-MEM)

Fetal Bovine Serum
Penicillin/streptomycin
L-Glutamine (200 mM)
Trypsin/EDTA

HBSS

Dimethyl sulfoxide (DMSO)
Peripheral Blood Mononuclear Cells
RPMI 1640 (1X) + GlutaMAX

T Cell Activating Beads (Human)
Anti-CD4-PECy5 (Human)
Anti-CD8-APC (Human)
Anti-CD25-V450 (Human)
Anti-CD69-PECy7 (Human)
Anti-CD44-PE (Human)
Anti-TNFa-PE (Human)
Anti-IFNy-PECy7 (Human)
Formalin (10%, Buffered)
Brefeldin A (GolgiPlug)
Cytofix/Cytoperm Kit

IGRP Peptide

CellTrace™ CFSE Cell Proliferation Kit, for flow cytometry
Anti-CD4 FITC (Mouse)
Anti-CD8a-APC (Mouse)
Anti-CD25-PECy5 (Mouse)
Anti-CD44-PE (Mouse)
Anti-CD62L-eFluor 450

Anti-VB4 TCR-FITC (Mouse)
Anti-VB4 TCR-PE (Mouse)

NOD.Cg-Tg(TcraTcrbNY8.3)1Pesa/Dvs) (TCR transgenic mice)

NOD/ShilLtJ (Control mice)
ACK Lysis Buffer
EasySep Mouse CD8+ T Cell Isolation Kit

AllCells, LLC

Gibco/Life Technologies
JM Bioscience
Gibco/Life Technologies
Life Technologies

Lonza

Gibco/Life Technologies
Sigma-Aldrich

AllCells, LLC

Gibco/Life Technologies
Life Technologies

BD Biosciences

BD Biosciences

BD Biosciences

BD Biosciences

BD Biosciences

BD Biosciences

BD Biosciences
Sigma-Aldrich

BD Biosciences

BD Biosciences

FDA CBER core facility
Life Technologies

BD Biosciences

BD Biosciences
eBioscience
eBioscience
eBioscience

BD Biosciences

BD Biosciences

The Jackson Laboratory
The Jackson Laboratory
Gibco/Life Technologies
Stemcell Technologies
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Catalog Number

Comments/Description

12561-056

15070-063
11875093
CC-3232
14175-095
D2650-100ML
PBOO3F
72400-047
111.31D
555348
555369
560335
557745
561858
559321
557643
HT5012-60ML
555029
554714
N/A
C34554
553729
553031
15-0251-82
12-0441-82
48-0621-82
553365
553366
005868
001976
A10492-01
19853RF
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Title of Article:

Author(s):

ARTICLE AND VIDEO LICENSE AGREEMENT

ltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish ) via:

ltem 2 (check one box):

Standard
g

ess Open Access

The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee,

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the fast
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0  Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video{s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JOVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a} to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed {including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video)} or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in {a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
{c} to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in_Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JOVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video ~ Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. in consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto} license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on ali or any portion of the Video and exercise all
of the rights set forth in (a} above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section & is applicable, JovE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials, If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JOVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, inciuding,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JOVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author's
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expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received,

13. Transfer, Governing Law. This Agreement may be
assigned by JOVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed In counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement,

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:
Name: N
Department: '
Institution:

Article Title:

Signature: £

ot

Date:

Please submit a signed’and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe document to +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Comments
Click here to download Rebuttal Comments: Point-by-point responses to Editorial comments (10-2-14).docx

Point-by-point Responses to Editorial comments (JOVE52549R1)

Dear JoVE Editorial Team,

We would like to thank you and our 3 reviewers for the review of our re-submitted, revised
manuscript JOVE52549R1 entitled " 'Measuring the Immunosuppressive Activity of Human
Mesenchymal Stem Cells in vitro . We are particularly grateful for the detailed, insightful
comments from our reviewers. We greatly appreciate the very helpful advices and have modified
the manuscript accordingly. In this revised version, we would like to answer all the questions
from the review dated September 25, 2014 on a point-by-point basis.

1. The length is > 3 pages. Please highlight 2.75 or less for filming.
Response: We have highlighted 2.75 pages with yellow color in the revised
version.

2. Please include the removal of the activating beads at some point. (3.1?)

a. The beads are not removed prior to analysis by flow cytometry because they
can easily be distinguished from cells by their distinct size and density.

3. Steps 5.4/5.7 could use a reference or more detail.

a. We have added a reference for these isolation techniques, and directed
readers to this reference at the beginning of section 5.

4. Please keep the editorial comments from your previous revisions in mind as you revise
your manuscript to address peer review comments. For instance, if formatting or other
changes were made, commercial language was removed, etc., please maintain these
overall manuscript changes.

5. Please take this opportunity to thoroughly proofread your manuscript to ensure that there

are no spelling or grammar issues. Your JoVE editor will not copy-edit your manuscript
and any errors in your submitted revision may be present in the published version.

Reviewers' comments:

Reviewer #1:

The invited methods article by M Klinker and coauthors describes the protocol for quantifying
the immunosuppressive effect of MSCs in vitro using a proliferative assay or a mixed lymphocyte
reaction assay. Overall, the manuscript explicitly and clearly describes the procedure in a way

that should be transposable in other laboratories.

| have some minor comments:


http://www.editorialmanager.com/jove/download.aspx?id=223733&guid=7be08593-487b-4bb8-84fb-4045e170a17a&scheme=1

e Page 4: why the authors use 16.5% of FBS? The percentage of FBS used is generally
10%.

o We have found that supplementing our MSC culture medium with a higher
than normal concentration of FBS speeds the growth and improves the
health of MSC used in these experiments. The specific concentration of
16.5% is used mostly for convenience, as adding 100 mL of FBS and 5 mL of
Penicillin/Streptomycin to 500 mL of medium yields ~16.5% FBS in the final
complete medium.

e The authors often use the % of a compound instead of the concentration (for instance:
1% penicillin; 1% glutamine). Even though the supplier and reference of the product are
provided, the reviewer suggests to indicate the concentration.

o This is an excellent suggestion, and we have added the final concentrations of
media supplements to the manuscript.

e Page 4, point 2.2: the FBS used has to be decomplemented: please indicate. In the same
paragraph, the authors indicate they use 2x106 cells/ml: please indicate the final
quantity of cells used (4x106 cells/2ml should be more appropriate).

o The FBS used in these experiments has been heat inactivated. We have added
this information to the manuscript. We have also added the total number of
cells and final volume used in each well for this experiment as suggested by
the reviewer.

e Page 5, point 4.2: incubation of PBMC for 10-14 hours with brefeldin A may be too long.
We generally do not incubate further than 10h.

o The reviewer is correct in pointing out that long incubation with brefeldin A
can lead to significant toxicity in the cell populations studied. We have
therefore altered the protocol to use a shorter 6-10 hour incubation and have
noted that longer incubations are toxic to cells.

e Page 6, point 4.8: Best results are obtained if analysis is made within 2 days and not
longer.

o At the suggestion of the reviewer, we have altered the protocol to suggest that
analysis of fixed samples should occur within two days for best results.
Reviewer #2:

This study addresses the immunosuppressive functions of MSCs and suggests how an
appropriate methodological approach can circumvent the differences in immunosuppressive



potential by MSCs derived from different donors and species.
Using several methods for assessing T cell activation that are adaptable to a variety of
experimental designs is a key approach successfully demonstrated by the authors.

Reviewer #3:

The manuscript presented by Wei. et al has proposed feasible protocols for quantifying
immunosuppressive capability of human MSCs in vitro using target cells from both human and
murine origin. With protocols lucidly stated and results reasonably illustrated, this work was
expected to serve as a reference in testing immunosuppressive effectiveness of MSCs obtained
from various sources and culturing techniques. However, with some of the critical assays missed,
this system is only partially constructed. Direct evidence demonstrating inhibition of PBMC
proliferation and the expression level of effector molecules should be provided by additional
tests.

Major Concerns:

e The morphological change of PBMCs can provide direct evidence for
immunosuppression of MSCs. The results should include photos demonstrating PBMC
proliferation is hampered after being co-cultured with MSCs.

o Thanks for the excellent suggestion. While morphological changes can be
indicative of proliferation, they may not unequivocally demonstrate cellular
division as the CFSE dilution assay does. Additionally, CFSE dilution allows
the investigator to assess proliferation among specific cellular subsets, which
is an important consideration when a heterogeneous population such as
PBMCs is under investigation. For these reasons, as well as the brevity of the
manuscript, we think that CFSE dilution is sufficient for the assessment of
proliferation in this manuscript.

e Itis well acknowledged that IDO is the critical effector molecule in human MSC-
mediated immunosuppression. Therefore, the IDO expression level could be a strong
indicator to assess the immunosuppressive capability of MSCs. Moreover, the IDO
expression level after treatment by various inflammatory cytokines should also be
determined to mimic the microenvironment of MSCs after being injected in vivo.

o We very much appreciate our reviewer’s insightful comment on this point;
indeed many reports have observed an important role for IDO activity in
MSC-mediated immune suppression. Importantly, however, IDO-
independent immune suppression has been observed as well, with various
other effector molecules reportedly playing a role. The assays presented in
the manuscript are intended to assess the immunosuppressive function of
different MSC lots in an unbiased manner without assumptions regarding
the mechanism(s) in use. While IDO activity in MSCs has been linked to
effective immunosuppression, it is beyond the focus of this manuscript to



assess the expression or activity of the various effector molecules attributed
to MSCs. Actually we are actively pursuing the molecular mechanisms and

pathways involved in the human-MSC mediated immunosuppression in our
model system.

e In addition to the flow cytometry assay, the production of cytokines by PBMC should also
be tested by ELISA or Bio-Plex assay.

o Thanks for pointing this out, this is an excellent suggestion. Changes in
cytokine production identified by the intracellular staining technique
included in our manuscript can be confirmed by the methods suggested by
the reviewer, and we have added this information to the manuscript.

Minor Concerns:
e There should be a comma between "individuals™ and "they" in line 87.
o A comma has been added to this sentence as suggested by the reviewer.
e p values should be added appropriately in all column bar graphs.

o We have indicated where MSCs have significantly inhibited activation in
each of the representative results figures.

We sincerely thank our reviewers for their invaluable expertise and recommendations for the
manuscript, which have made this manuscript much clearer and stronger. If there are any other

comments or suggestions, we will be very happy to learn and make further changes to the
manuscript accordingly.

Thank you and with best regards,

Cheng-Hong Wei, Ph.D
CBER

FDA



