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Abstract
In the study we aimed to estimate the number of functional MSCs by performing colony-forming
unit-fibroblast (CFU-F) cultures from pediatric hematopoietic stem cell transplantation recipients and
their healthy donors. Secondly we compared the concentration of cytokines interleukin 2 (IL-2), IL-4,
IL-10 and tumor necrosis factor α (TNF-α) in stem cell serum and in supernatant of mesenchymal stem
cell cultures. We included into the study 19 consecutive pairs of donors and recipients of allogeneic stem
cell transplantation from one pediatric bone marrow transplantation center. Cultures of mesenchymal
stem cells were performed according to the research protocol for enumeration of human mesenchymal
progenitor cells using the CFU-F assay and the expansion of human mesenchymal cells in vitro (StemCell Technologies, USA). Interleukin 10 and TNF-α concentration were measured by high sensitivity
(Quanikine HS) human immunoassay (R&D and Bender, USA). Interleukin 2 and IL-4 concentration
were assessed by human IL-2 ELISA Version 2 assay (Bender MedSystems, Austria). The number of
CFU-F colonies in cultures increased with the dose of mononuclear cells given, but the difference between
donors and recipients was not significant. The TNF-α level significantly decreased, and IL-10 and
IL-2 increased in CFU-F supernatant as compared to stem cell serum. The concentration of IL-4 was
higher in CFU-F cultures, although p value in donors was not significant. We concluded from the study
that the immunomodulatory effect of donor and recipient MSCs may partially depend on secretion of IL2 and IL-10 and inhibition of TNF-α secretion.
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Introduction
Mesenchymal stem cells (MSCs) are a population of
pluripotent cells occurring in the bone marrow and, under
the influence of appropriate stimulation, they may differentiate towards various tissues including bone, cartilage
and fat [1]. Human MSCs have immunosuppressive and
anti-inflammatory properties, which are independent from
human leukocyte antigens (HLA) [2]. Mesenchymal stem
cells are currently used in immunosuppressive therapy of
different autoimmune diseases. Although the clinical effect
of MSCs is confirmed, the mechanism of their immuno-

modulatory effect is not fully understood. Mesenchymal
stem cells, part of the bone marrow microenvironment, are
believed to play a role in proliferation, differentiation and
maturation of the hematopoietic cells. In clinical settings,
MSCs have been used for supporting hematopoiesis, treatment of Graft-versus-Host Disease (GvHD) [3] or repair of
mesenchymal tissues [4]. Recent studies suggest that secretion of cytokines may play a key role in the immunosuppressive properties of MSCs.
Interleukin 2 (IL-2) is known to be crucial in activating
T lymphocytes upon antigen stimulation and acts by differ-
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ent IL-2 receptors, which are located on both na ve T-cells
and memory T-cells. Stimulation of T-helper cells increased
B-lymphocytes activity through one of the IL-2 receptors
[5, 6]. Most commonly used immunosuppressive regiments
are based on inhibition of IL-2 receptor [7]. Tumor necrosis
factor α (TNF-α) plays a main role in development of graftversus-host disease (GvHD), one of the most serious
immunologic complications after hematopoietic stem cell
transplantation [8, 9]. Interleukin 10 has immunosuppressive properties and is involved in the development of anergy in specific T-cells [10] while IL-4 has a potential antiinflammatory effect and can inhibit production of TNFs [11].

before analysis. Interleukin 10 and TNF-α concentration
were measured in bone marrow serum and in supernatant
from CFU-F cultures by high sensitivity (Quanikine HS)
human immunoassay (R&D and Bender, USA). The mean
minimum detectable dose of IL-10 was 0.5 pg/ml (range:
0.08-50) and TNF-α – 0.12 pg/ml (range: 0.06-0.32) according to the test manufacturer. Interleukin 2, IL-4 concentration were assessed by human IL-2 ELISA Version 2 assay
(Bender MedSystems, Austria). Limits of detection of
IL-2 and IL-4 were 9.9 and 1.32 pg/ml, respectively.
Statistical analysis and data presentation were prepared
using computer software Statistica for Windows 7.0. The
study was approved by the ethical committee of the Medical University of Lublin.

Aim
In the study we aimed to estimate the number of functional MSCs by performing colony-forming unit-fibroblast
(CFU-F) cultures from pediatric hematopoietic stem cell
transplantation recipients and their healthy donors. Secondly
we compared the concentration of cytokines IL-2, IL-4,
IL-10 and TNF-α in bone marrow and in supernatant of
mesenchymal stem cells cultures.

Material and methods
Patients
We included in the study 19 consecutive pairs of donors
and recipients of allogeneic stem cell transplantation from
one pediatric center. Patients with non-malignant disease
were excluded from the study. There were 13 males and
6 females and the median age of the recipients was 4.5 years
(range: 8 months-17 years) and the median age of donors
was 15 years (range: 4-49 years). The median number of
transfused CD 34 cells was 2.2 × 106/kg body weight
(range: 0.9-12). Diagnosis and clinical details of the patients
are presented in Table 1.

Results
The number of CFU-F colonies in cultures increased
with the dose of mononuclear cells given. There was a trend
to a higher number of CFU-F colonies in recipients of
hematopoietic stem cell transplants as compared to their
donors, but in our study this difference was not statistically significant. Results are shown in Table 2.
The median concentration of IL-2, IL-4, IL-10 and
TNF-α did not differ between patients and healthy donors
either in stem cell serum or in CFU-F cultures supernatant.
Despite the difference in the number of CFU-F colonies
there was no statistically significant variation between
cytokines concentration in supernatant of CFU-F cultures
containing 0.5, 1 or 2 × 106 stem cells. The results split into
three kinds of cultures are presented in Table 3.
Table 1. Clinical details of the patients
Age of the patients
median

4.5 years

min

8 months

max

17 years

Mesenchymal stem cell cultures

Sex

Cultures of mesenchymal stem cells were performed
according to the research protocol for enumeration of human
mesenchymal progenitor cells using the CFU-F assay and
the expansion of human mesenchymal cells in vitro [12].
Reagents: basal medium (Human), mesenchymal stem
cells stimulatory supplements (Human) and technical manual were obtained from the manufacturer (StemCell Technologies, USA). Six cultures from each sample of bone marrow or peripheral blood stem cells were performed using
twice: 0.5 × 106, 1 × 106 and 2 × 106 mononuclear cells.
Colonies were counted under the microscope and average
enumeration of two colonies, with identical cell dose given, was recorded.

male

13

female

6

Cytokine concentration
Bone marrow or peripheral blood stem cells serum, as
well as supernatant from cell cultures were frozen in –70°C
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Diagnosis
acute lymphoblastic leukemia

7

acute myeloblastic leukemia

5

myelodysplastic syndrome

5

non-Hodgkin lymphoma

1

chronic myeloblastic leukemia

1

Donor
match related

10

match unrelated

8

mismatch related

1
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Table 2. Median (range) number of CFU-F colonies in cultures in donors and recipients

χ2 test

Median number of CFU-F colonies
Dose 0.5 ×

106

MNC

Dose 1 ×

106

MNC

Dose 2 ×

106

MNC

Recipients

8 (1-30)

15 (4-36)

24 (3-45)

p = 0.39

Donors

2 (1-28)

5 (1-18)

11 (3-34)

p = 0.048

A significant difference in the concentration of cytokines
in stem cells serum and CFU-F supernatant, with respect to
the cell source (donor or recipient), was found. Tumor necrosis factor α level significantly decreased in cultures in donors
and recipients (p = 0.001 and 0.004, respectively). The concentration of IL-10 was higher in CFU-F supernatant as compared to bone marrow plasma (donors p < 0.0001 and recipients p = 0.01). Interleukin 2 increased in cultures supernatant
significantly in both groups, however again a greater difference was observed in donors (p < 0.0001) than in their recipients (p = 0.002). The concentration of IL-4 was higher in
CFU-F cultures, although p value in donors was not significant and in recipients it reached 0.01 (Table 4).
Based on these results we compared the concentration
of cytokines in all tested stem cell serum specimens
(n = 38) and all analyzed CFU-F cultures (n = 114).
A decrease in TNF as well as an increase in IL-2, IL-4

and IL-10 in this analysis was highly significant. These data
are presented in Figure 1. A statistically significant correlation was found between the number of CFU-F colonies
and IL-10 concentration in cell culture supernatant from
recipients (Fig. 2), however no such correlation was found
in the donors (r = 0.07; p > 0.05).

Discussion
Evidence of the cytokine-mediated effect of MSCs
comes from the animal studies, in which the mice model of
GvHD was treated with IL-10-transduced MSCs. Authors
were able to demonstrate significantly lower mortality in
animals treated with a higher concentration of anti-inflammatory cytokine IL-10 as compared to not transduced MSCs
or controls [13]. Inhibition of allogeneic T-reactive lymphocytes response in vitro, after MSCs, was noted in anoth-

Table 3. Mean values of cytokines in supernatant of donor cultures of bone marrow and peripheral blood stem cells with respect
to MNC dose in the culture
PB/BM MNC dose
PB mean n = 18
0.5 ×

106

1×

106

2×

106

n=6

0.94

NS

IL-10 [pg/ml]
10.6

NS

IL-4 [pg/ml]
3.34

NS

IL-2 [pg/ml]
7.02

0.70

10.8

3.21

6.70

n=6

1.04

10.7

3.56

6.74

n=6

1.08

10.3

3.24

7.61

0.65

7.9

3.53

6.33

0.54

6.3

3.67

6.02

BM mean n = 38
0.5 ×

TNF [pg/ml]

106

n = 13

1×

106

n = 12

0.59

8.6

3.50

6.31

2×

106

n = 13

0.80

9.0

3.41

6.66

0.74

8.8

3.47

6.55

Total mean n = 56

NS

PB – peripheral blood stem cells; BM – bone marrow; MNC – mononuclear cells

Table 4. Median values and standard deviation of cytokines in bone marrow serum and in CFU-F cultures in donors and recipients
Patients

Donors

SC serum

CFU-F supernatant

p

SC serum

CFU-F supernatant

p

IL-2 [pg/ml]

2.3 (±2.88)

5.62 (±2.2)

0.02

3.92 (±2.95)

6.46 (±2.55)

< 0.0001

IL-4 [pg/ml]

0.54 (±7.73)

5.22 (±2.73)

0.01

1.02 (±7.12)

2.68 (±2.79)

NS

IL-10 [pg/ml]

1.76 (±3.88)

5.13 (±5.78)

0.01

1.05 (±1.77)

7.13 (±7.77)

< 0.0001

TNF-α [pg/ml]

1.41 (±3.93)

0.56 (±0.96)

0.004

1.32 (±4.91)

0.36 (±0.80)

0.001
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Fig. 1. Concentration of cytokines in colony-forming-unit- fibroblast (CFU-F) cultures supernatant in comparison with bone marrow (BM) serum. TNF – tumor necrosis factor α, IL-10 – interleukin 10, IL-2 – interleukin 2, IL-4 – interleukin 4
correlation IL-10 and CFU-F, r = 0.50684, p < 0.05
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er animal study, however the clinical effect on animals was
not observed in that experiment [14]. Research performed
on human MSCs, which produced divergent results observed in vitro and in vivo suggested that the mechanism of
MSCs activity is complex. Immunosuppressive drugs can
modify MSCs activity as it was demonstrated in cultures
performed with and without cyclosporine. The result of this
experiment confirmed the synergistic effect of MSCs and
most popular immunosuppressant [15].
In another study, human MSCs were able to increase
the level of IL-10 in supernatant of mixed lymphocyte cultures, but the level of increase was not correlated with the
inhibition of lymphocyte proliferation [16]. Cytokine-mediated immunomodulatory effect of adipose tissue-derived
adult MSCs comparable with bone marrow MSCs was also
reported, however in this publication IL-10 concentration
in cultures supernatant was below the detection level [17].

15
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Fig. 2. Correlation was found between number of CFU-F colonies
and IL-10 level in cell culture supernatant from recipients
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The role of pro-inflammatory cytokines e.g. TNF-α in
immunological post-transplant complication is well documented and anti-TNF therapy is one of the possibilities of second-line GvHD therapy [18]. In a clinical study, anti-inflammatory cytokine IL-10 spontaneous production in unrelated
bone marrow transplant recipients was reported to be associated with fever, transplant-related complications and early
deaths [19]. In our patients, severe toxicities observed after
stem cell transplantation did not correlate with any of the analyzed cytokines, but the study group of patients was small.
Importance of the dose of MSCs with respect to IL-2 production was described in another report. According to published data, a low number of MSCs decreases and on the contrary high MSCs doses increase IL-2 levels in cell cultures
[20]. Similarly in our study, we did not observe a correlation
of the number of CFU-F colonies and cytokine levels, what
suggested that secretion of soluble factors is not linear.
In breast cancer, an increased level of IL-4 was considered as a part of disease pathomechanism [21], while in stem
cell transplantation setting IL-4 producing CD8+ lymphocytes
seemed to contribute to development of chronic Graft-versusHost Disease [22]. In our observation, a significant increase
in IL-4 in cultures only from recipients suggests the role of
this cytokine in the underlying disease of those patients.
In our opinion, analysis of cytokine concentration in
clinical settings presented in this work may contribute to
better understanding of changes in the microenvironment
during the stem cell transplantation procedure and facilitate
further clinical studies.
We concluded from the study that in clinical settings,
the immunomodulatory effect of donor and recipient mesenchymal stem cells may be partially dependent on secretion of IL-2, IL-10 and inhibition of TNF-α secretion.
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