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Abstract
Mesenchymal stem cells (MSCs) are capable of modulating the immune system and have been
used to successfully treat a variety of inflammatory diseases in preclinical studies. Recent
evidence has implicated paracrine signaling as the predominant mechanism of MSC therapeutic
activity. We have shown in models of inflammatory organ failure that the factors secreted by
MSCs are capable of enhancing survival, downregulating inflammation, and promoting
endogenous repair programs that lead to the reversal of these diseases. As a marker of disease
resolution, we have observed an increase in serum IL-10 when MSC-conditioned medium (MSC-
CM) or lysate (MSC-Ly) is administered in vivo. Here we present an in vitro model of IL-10
release from blood cells that recapitulates this in vivo phenomenon. This assay provides a
powerful tool in analyzing the potency of MSC-CM and MSC-Ly, as well as characterizing the
interaction between MSC-CM and target cells in the blood.
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1. Introduction
Bone marrow mesenchymal stem cells (MSCs) are resident nonhematopoietic progenitor
cells that possess potent immunomodulatory abilities (1–3). Allogeneic MSC transplants
have been used to successfully treat hematological (1, 4), cardiovascular (5, 6), as well as
neurological (7, 8) and inherited diseases (9, 10) in preclinical studies, and allogeneic
transplantation of MSCs has been given expanded access as a treatment for padiatric GvHD.
Recent studies involving MSC transplantation have revealed that the therapeutic activity of
these grafts is independent of differentiation, and paracrine interactions of MSCs with tissue
and immune cells provide the majority of therapeutic benefit (11–15).

We have found administration of concentrated MSC-conditioned medium (MSC-CM) or
MSC lysate (MSC-Ly) can reproduce the effects of an MSC graft in vivo and significantly
increase serum IL-10 levels in two animal models (13, 14). IL-10 is a well-known
antiinflammatory cytokine that can inhibit the secretion of proinflammatory cytokines and
protect cells from apoptosis and necrosis in the context of acute inflammation (16–18). We
have determined that MSC-CM and lysate also substantially enhance IL-10 secretion by
peripheral blood mononuclear cells (PBMCs) in vitro and have developed an assay based on
this discovery. This assay allows for rapid and reproducible assessment of the potency of
MSCs and MSC molecular products in a manner relevant to animal and human testing of
cell therapy.
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Conditioned medium and cell lysate are derived from human MSC cultures and can
subsequently be used for both in vitro and in vivo experimentation (see Fig. 1). Below we
provide methods for an ELISA-based IL-10 assay for in vitro testing, a powerful tool to aid
in determining the efficacy and underlying paracrine mechanisms of MSC transplants and
MSC-based therapies.

2. Materials
2.1. Isolation of MSCs from Whole Bone Marrow and Maintenance of Culture

1. Whole bone marrow aspirate: can be obtained commercially (Lonza) or from a
consented human donor.

2. Phosphate-buffered saline (PBS) (see Note 1).

3. Ficoll-Paque density 1.077 g/mL (GE Healthcare).

4. Table-top centrifuge capable of 1,500 × g.

5. Hemocytometer and microscope, or other method capable of determining cell
count.

6. Human MSC medium: α-minimum essential medium Eagle (Sigma Aldrich)
supplemented with 15% (v/v) fetal bovine serum (HyClone), 2% (v/v) penicillin
streptomycin solution (GIBCO), 1 µg/mL gentamicin (Sigma Aldrich), 1 ng/mL
bFGF (R&D Systems). Store at 4°C.

7. 37°C incubator.

2.2. Collection, Concentration, and Storage of MSC-CM
1. Conditioning medium: Dulbecco’s modified essential medium (Sigma Aldrich)

supplemented with 0.5% (w/v) bovine serum albumin and 2% (v/v) penicillin
streptomycin solution (GIBCO).

2. 1× Trypsin prepared from 10 × 0.5% Trypsin-EDTA (GIBCO).

3. Hemocytometer.

4. For small volume of MSC-CM: 3 kDa centrifugal filters (Amicon Ultra
Ultracel-3K, Cat No. UFC800396). Centrifuge capable of spinning at 4,000 × g.

5. For large volume of MSC-CM: Amicon pressure concentrator (no longer
manufactured), pressurized nitrogen gas and 3 kDa regenerated cellulose
ultrafiltration membranes (Millipore Ultracel).

6. +4°C freezer for storage.

2.3. Preparation of MSC Lysate
1. Sonicator.

2. Benchtop centrifuge capable of 1,500 × g.

3. +4°C freezer for storage.

2.4. Isolation of PBMCs from Whole Blood
1. Fresh whole blood from consenting donor.

1It is recommended that the bone marrow or blood be diluted 1:1 with PBS, as the larger volume provides a greater margin of error
during the collection of the buffy coat.
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2. PBS.

3. Ficoll-Paque density 1.077 g/mL (GE Healthcare).

4. C-10 medium: 500 mL 1× RPMI medium (GIBCO 1650), 50 mL inactivated fetal
bovine serum, 6 mL MEM nonessential amino acids solution 10 mM 100× (GIBCO
Cat No. 1140-050), 6 mL 100× sodium pyruvate (GIBCO 11360), 6 mL glutamate,
6 mL penicillin streptomycin solution (GIBCO 15140), 6 mL sodium bicarbonate,
3 mL betamercaptoethanol. Sterilize with corning bottle top filter or other means of
sterilization. Store at 4°C.

5. Centrifuge capable of spinning at 1,500 × g.

6. 96-Well plate.

7. 37°C incubator.

2.5. Preparation of Samples and Stimulation with LPS
1. 96-Well plate seeded with 50 µL per well at 2 × 106 PBMCs/mL.

2. MSC-CM and lysate, 50 µL per well.

3. LPS (Escherichia coli 0111:B4, Sigma-Aldrich L4391) at 30 µg/mL, 50 µL per
well. Stock solution is diluted in C10 medium.

4. 37°C incubator.

5. −80°C freezer.

2.6. ELISA and Analysis of Results
1. BD OptEIA™ human IL-10 ELISA Set and recommended buffers and solutions, or

other human IL-10 ELISA Kit.

2. BD Falcon™ Microtest™ 96-well ELISA plate or other high-binding ELISA plate.

3. Plate reader (spectrophotometer) capable of reading at indicated wavelengths in
ELISA Kit (450 nm with correction at 570 nm for BD OptEIA™ Human IL-10
ELISA set).

4. Microsoft Excel or other program capable of processing data from
spectrophotometer.

3. Methods
Overview: MSC-CM or lysate is prepared and added to PBMCs freshly isolated from whole
blood and plated in a 96-well plate. As a mock cell control, we perform the assay with CM
and/or lysates from fibroblasts. The plate is incubated overnight at 37°C for 16–18 h. The
PBMCs are then stimulated with LPS for 5 h, at which time the plate is centrifuged and the
supernatant stored for ELISA (see Fig. 2).

3.1. Isolation of MSCs from Whole Bone Marrow
Whole bone marrow centrifuged with Ficoll results in a pattern comparable to that of
centrifuged whole blood; the corresponding “buffy coat” is enriched with MSCs. This layer
is collected, counted, and plated on tissue culture polystyrene. The purity of MSCs isolated
from whole bone marrow is relatively high due to their ability to differentially adhere to cell
culture substrates compared to other hematopoietic marrow cells. Subsequent medium
changes eliminate hematopoietic cells and other nonadherent cells. The identity of MSCs
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can be confirmed through phenotype and multipotency analysis using flow cytometry or
differentiation media, respectively (see Note 3).

1. Wash bone marrow with equivalent volume of PBS, thus diluting the bone marrow
1:2. Prepare 5 mL Ficoll for each 10 mL of diluted bone marrow. Add diluted
whole bone marrow slowly; avoid disturbance of the boundary between Ficoll and
marrow (see Note 1).

2. Spin 30 min at 1,500 × g with no brake. Collect the resulting mononuclear cell
layer and wash with 5 mL PBS.

3. Spin 10 min at 1,500 × g, high brake. Resuspend pellet in 1 mL hMSC medium.
Determine cell count and seed at a density of 1–10 × 103 cells/cm2.

4. Let cells adhere and grow for 10 days. Perform first medium change at day 10; the
following medium change is done at day 17. Subsequent medium changes should
be performed at a frequency of every 3 or 4 days. Cells are typically used between
passages 1–6.

3.2. Collection, Concentration, and Storage of MSC-CM
By convention, 1× MSC-CM is defined as conditioned medium from two million cells
concentrated to 1 mL of volume. MSCs are incubated for 24 h in conditioning medium and
concentrated to 1×. For small volumes, centrifugal filter tubes can be used. For larger
volumes, the Amicon pressure concentrator and pressurized nitrogen gas offers a more
efficient method.

1 Perform medium change on MSC cultures with two PBS washes. Add
conditioning medium, incubate for 24 h (see Note 4).

2 Collect MSC-CM. Trypsinize cells; determine cell count and final volume of 1×
MSC-CM.

For small volumes:

3 Add 4 mL PBS to centrifugal filter tube. Let centrifuge spin to 4,000 × g for a
few minutes for the PBS to run through the filter to remove residual glycerin in
the ultrafiltration membrane. Discard the PBS in both compartments of the
centrifugal filters.

4 Add 4 mL MSC-CM under sterile conditions and spin at 4,000 × g for 5–15 min.
Discard flow through and fill the centrifugal filter tube with new MSC-CM.
Pipette the conditioned medium up and down to wash the filter and lessen
congestion of the filter with proteins. Repeat process until the desired volume is
reached.

For large volumes:

3Phenotype and multipotency analysis.
While the identities of relevant cell surface markers of human MSCs remain controversial, Table 1 offers a certain immunophenotype
of MSCs. It is possible to label for certain cell surface markers and conduct flow cytometry for isolation.
MSCs have been shown to be capable of differentiating into bone, cartilage, adipose cells, and myoblasts in vivo (9). Lee et al.
developed differentiation media in which, under the right conditions, MSCs can be observed to differentiate into these tissues in vitro
(23). Table 2 includes specialized media used to encourage differentiation of MSCs. MSC differentiation kits are also commercially
available from vendors.
It is also possible to perform multipotency tests in vivo through subcutaneous transplantation of MSCs. While it is beyond the scope of
this paper to discuss in vivo assays, the reader may find it worthwhile to refer to the work of Bianco et al. concerning the formation of
ectopic bone marrow using subcutaneous transplants of MSCs (24).
4This volume is typically 15 mL for Corning T-175 Flasks. For other containers, a similar volume per cell ratio should be achieved,
although small variations are negligible as the final definition of 1× and 10× medium is based on cell count and not initial volume.
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3 Sterilize the ultrafiltration membrane with 70% ethanol and let dry. Assemble
pressure concentrator according to the manufacturer instructions. Place pressure
concentrator onto stir plate and prepare a waste bottle.

4 Run 20 mL of PBS through the concentrator.

5 Discard waste and add MSC-CM. Monitor waste level in the bottle to determine
the volume of MSC-CM.

6 Let run until desired final volume is reached. Disconnect and depressurize
concentrator.

3.3. Preparation of MSC Lysate
While cell lysate can be obtained through lysate buffers and other chemical means,
sonication, which causes physical disruption of the cell membrane, provides pure lysate
without chemical contaminant and possible confounding factors.

1. Trypsize MSCs and pellet in tabletop centrifuge at 1,000 × g.

2. Discard supernatant and gently layer 1 mL PBS per 2 × 106 cells on top of cell
pellet. To visualize lysis, do not resuspend cells into solution.

3. Sonicate cell pellet at 3 AU for 5 s with three pulses and collect in ice.

4. Centrifuge lysate at 2,000 × g for 2 min to precipitate membrane fragments. Retain
the solution phase. The solution phase from this process is considered MSC-Ly.

3.4. Isolation of PBMCs from Whole Blood
1. Calculate the number of wells needed to conduct the assay to estimate the amount

of blood needed, leaving extra wells for standards and controls. A total of 100,000
PBMCs will be required per well. Collect fresh whole blood from a consented
donor. It is best to plate the PBMCs and add the MSC-CM or lysate on the day of
the separation to ensure maximum viability (see Note 2). We have found 5 mL of
blood to safely supply 10–15 million PBMCs, but this count varies from donor to
donor.

2. Wash blood with equivalent volume of PBS, thus diluting the blood 1:2. Prepare 5
mL Ficoll for each 10 mL of diluted blood. Gently layer diluted blood on the Ficoll
column (see Note 1).

3. Spin 30 min at 1,500 × g with no brake. Collect buffy coat and wash with 5 mL
PBS.

4. Spin 10 min at 1,500 × g. Resuspend pellet in 1 mL C-10 medium and determine
cell count.

5. Dilute or concentrate to two million cells/mL. Seed in 96-well plate at 50 µL per
well (100,000 cells per well). Incubate at 37°C for storage if MSC-CM or lysate
cannot be added immediately.

3.5. Preparation of Samples and Stimulation with LPS
1. Add 50 µL of MSC-CM or lysate to each well in the blood plate and incubate at

37°C for 16–18 h.

2We found that blood stored for prolonged periods before use tends to be activated during storage and can thereby confound the
results of the assay. Freshly obtained PBMCs are preferred.
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2. Prepare LPS solution. Vortex well before dilution. Prepare 6 mL per plate of LPS
diluted in C-10. Add 50 µL to each well, thus yielding a final concentration of 10
µg/mL in the wells, and incubate at 37°C or 5 h.

3. Spin plates at 1,500 × g for 10 min to settle PBMCs to the bottom of the wells.
Collect supernatant in a new 96-well plate and store at −80°C (see Note 5).

3.6. ELISA and Analysis of Results
1. Perform ELISA for human IL-10 according to the manufacturer instructions. Use

spectrophotometer to read plates at wavelengths indicated by ELISA Kit and
import raw data into program of choice.

2. Perform linear regression to generate standard curve and equation.

3. Convert raw absorbance data into concentration values using linear regression
equation and generate bar graph. High IL-10 secretion by PBMCs indicates high
potency of treatment.

3.7. Conclusion
MSCs are promising candidates for cell-based immunomodulatory therapy. They can be
easily isolated from bone marrow aspirates, expanded 50 population doublings in 10 weeks
with minimal loss in potency, and to date have not been found to cause adverse immune
responses in allogenic transplantation recipients (19). Despite controversial theories
regarding the primary therapeutic mechanism of action, the uses of MSC treatments have
become diverse (9). Currently ongoing clinical trials exist for the use of MSC transplants in
steroid refractory graft vs. host disease (20), periodontitis (21), and severe chronic
myocardial ischemia (9, 22) among others. In our laboratory, we have demonstrated the
effective use of MSC-CM and MSC-Ly in treating multiple organ dysfunction syndrome. To
harness both the secreted and intracellular metabolism of MSCs, we have also created an
MSC extracorporeal device for the treatment of organ failure (13, 14).

By quantifying the potency of MSC-CM or MSC-Ly, this method enables optimization of
dosage, growth, and storage conditions, as well as treatment procedures for clinical use of
MSCs and MSC-based products. In future development of these products, the
antiinflammatory activity that these cells possess can be measured reliably and reproducibly
with this assay, providing for better consistency and more rigorous release criteria. The
assay also provides a valuable tool in elucidating the mechanism underlying MSC
immunomodulation. The speed at which MSC transplantation conveys therapeutic activity
(~hours) is considerably faster than that of other cell transplants for regeneration purposes
(~days to weeks), an inconsistency that can only be explained if other hypotheses for the
mechanism of action other than engraftment and differentiation are considered. The time
scale of these results could plausibly be explained by the occurrence of MSC lysis and the
release of what would be paracrine factors during transplantation. This potency assay can
account for and facilitate decomposing the “lysate effect.”
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5Despite centrifugation, the supernatant may still be contaminated with PBMCs during the collection process. Freezing before the
ELISA is recommended to lyse all remaining cells.
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Fig. 1.
Schematic of in vitro and in vivo potency tests of MSC-derived materials.

Jiao et al. Page 9

Methods Mol Biol. Author manuscript; available in PMC 2013 September 02.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Summary of in vitro inflammation assay for the testing of MSC-derived factors.
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Table 1

Immunophenotype of human MSCs (19)

Positive Negative Inducible

CD13, CD29, CD44, CD49a, b, c, e, f, CD51, CD54, CD58, CD71,
CD73, CD90, CD102, CD105, CD106, CDw119, CD120a, CD120b,
CD123, CD124, CD126, CD127, CD140a, CD166, P75, TGF-bIR, TGF-
bIIR, HLA-A, B, C, SSEA-3, SSEA-4, D7, PD-L1

CD3, CD4, CD6, CD9, CD10, CD11a, CD14, CD15,
CD18, CD21, CD25, CD31, CD34, CD36, CD38,
CD45, CD49d, CD50, CD62E, L, S, CD80, CD86,
CD95, CD117, CD133, SSEA-1, ABO

HLA-DR

CD cluster of differentiation; TGF transforming growth factor; HLA human leukocyte antigen; SSEA stage-specific embryonic antigen; ABO
blood group antigens
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Table 2

Differentiation media for MSCs (23)

Differentiation
medium Composition

Osteogenic IMDM with 0.1 µM dexamethasone (Sigma-Aldrich, St Louis, MO), 0.2 mM ascorbic acid (AsA; Sigma-Aldrich), 10 mM-
glycerol phosphate (Sigma-Aldrich)

Chondrogenic High-glucose DMEM (Bio-fluid, Rockville, MD) with 0.1 M dexamethasone, 50 g/mL AsA, 100 g/mL sodium
pyruvate(Sigma-Aldrich), 40 g/mL proline (Sigma-Aldrich), 10 ng/mL TGF-1, and 50 mg/mL ITS premix (Becton
Dickinson; 6.25 g/mL insulin, 6.25 g/mL transferrin, 6.25 ng/mL selenius acid, 1.25 mg/mL bovine serum albumin (BSA),
and 5.35 mg/mL linoleic acid)

Adipogenic IMDM with 0.5 mM 3-isobutyl-1-methylxanthine (Sigma-Aldrich), 1 M hydrocortisone (Sigma-Aldrich), 0.1 mM
indomethacin(Sigma-Aldrich), and 10% rabbit serum (Sigma-Aldrich)
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