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BACKGROUND/AIMS
The aim of this study was to investigate the antiproliferative and apoptotic effect of gingiva-derived mesenchymal stem cells (GMSCs)
on the Jurkat cells as t-cell acute lymphoblastic leukemia cell line.

MATERIAL and METHODS
The Jurkat cells were cocultured with GMSCs or alone at 37�C 5% CO2 humidified atmosphere with different culture periods and con-
centrations. The Jurkat cells were subjected to flow cytometry analysis for proliferation, apoptosis, and necrosis by staining the cells
with Annexin V and 7AAD antibodies. Intracellular IL-2 secretion in the Jurkat cells was analyzed to determine the proliferative cyto-
kine secretion. CD4þCD25þFoxP3þ cells were analyzed to determine the regulatory T cell population. TNFR1 and TNFR2 expressions
were analyzed for cell death signaling pathways.

RESULTS
GMSCs significantly reduced the proliferative response of the Jurkat cells in 48 hours of culture period in 1:1, 1:2, and 1:5 (GMSC:Jurkat)
ratios. The minimum inhibitory effect on the proliferative response was found to be in 1:5 ratios. GMSCs significantly increased the rate
of early apoptosis and necrosis of Jurkat cells in 1:5 (GMSC:Jurkat) ratios. Intracellular IL-2 secretion of the Jurkat cells significantly
reduced with GMSCs (P < .05). GMSCs tended to increase CD4þCD25þFoxP3þTcell population in the Jurkat cells in 24 and 48 hours of
culture periods, but no significant difference was observed (P > .05). TNFR2 expression on the Jurkat cells significantly increased within
the culture periods when cultured with GMSCs.

CONCLUSION
This study demonstrated that GMSCs can response to acute leukemia T cells and can modulate the proliferative response by increasing
the apoptosis and necrosis and TNFR2 expression and by decreasing IL-2 secretion. Further in vitro or in vivo studies can be performed
to investigate the molecular mechanisms or suppressive effects of GMSCs on acute leukemia T cell cells.
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INTRODUCTION
T-cell acute lymphoblastic leukemia, which are aggressive proliferations of transformed T-cell progenitors, account for
10-15% of T-cell acute lymphoblastic leukemia cases in children and 25% of adult T-cell acute lymphoblastic leukemia
cases.1 In addition to current T-cell acute lymphoblastic leukemia treatment, it is important to develop a new strategy to
support the apoptosis of lymphoma cells. Most apoptosis inducers currently used in the treatments for T-cell acute lym-
phoblastic leukemia contain large amounts of heavy metals and, therefore, have many side effects.2 Therefore, it is nec-
essary to develop new cell-based therapies with lower toxicity.

Gingiva tissue-derived mesenchymal stem cells (GMSCs) are easily accessible multipotent stromal cells originated from
oral cavity, which have both anti-inflammatory and anticancer effects as well as its regenerative effects on tissue dam-
ages.3,4 Although the effects of mesenchymal stem cells (MSCs) on tumor prognosis are uncertain, it has been demon-
strated by previous studies that their inhibitory effects on tumor growth processes have been observed, and they have
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been shown to be targeted anticancer agents that can inhibit
tumor growth by blocking various tumor processes by regulat-
ing the growth of many tumor cells through paracrine
mechanisms.5

The immunosuppressive properties of MSCs play an important
role in preventing cancer progression. MSCs derived from vari-
ous sources such as bone marrow, adipose tissue, or umbilical
cord have been shown to be able to regulate the immune
response by affecting the activation, maturation, proliferation,
differentiation, and effector function of immune system cells.6

Although MSCs have the same morphological features, they
develop different immune responses depending on the tissue
from which they originate and the inflammatory niche. To date,
most studies on the modulatory effect of MSCs on acute lym-
phoblastic leukemia have mostly been performed with bone
marrow MSCs.7 However, the diverse immunosuppressive
mechanisms of MSCs isolated from different tissues, uncover-
ing new sources of MSCs that may have higher immunosup-
pressive capacity will contribute to the expansion of cellular
therapy options. Therefore, we investigated the antiprolifera-
tive and apoptotic effects of gingiva MSCs on the Jurkat cells
as T-cell acute lymphoblastic leukemia cell line by evaluating
the antiproliferative and apoptotic responses, FoxP3 expressing
T regulatory cell frequency, and IL-2 secretion by culturing
acute T cell lymphoma cells in vitro for the first time.

MATERIAL and METHODS
Cell Lines
The Jurkat cell line (ATCC, Clone E6-1) was used as acute T cell
leukemia cell line and obtained from the Muğla Sıtkı Koçman
University Research Laboratories Center culture isolates.
GMSCs from five healthy donors in the third passage were
obtained from culture isolates of the same center. The ethical
approval for GMSC isolation was previously obtained from the
Muğla Sıtkı Koçman University Clinical Research Ethics Com-
mittee (10/VII 01.10.2020).

The Analysis of GMSCs for the Cell Surface Markers
GMSCs from five donors in the third passage were analyzed
for the positive (CD29, CD73, and CD105) and negative (CD3,
CD28, and HLA-DR) cell surface markers for MSCs. In brief,
frozen cells were thawed at 37�C, washed with phosphate buf-
fered saline (PBS) (Sigma–Aldrich, Germany) twice, and centri-
fuged at 1,500 rpm for 5 minutes. The remaining cell pellet was
stained with anti-CD29 (APC), anti-CD90 (PerCp), anti-CD105
(FITC), anti-HLA-DR (APC), anti-CD3 (PerCp), and anti-CD28
(PE) and incubated at þ4�C for 30 minutes. All antibodies were
purchased from BD Biosciences, USA. Cells were analyzed via

flow cytometry for the mean fluorescent index % (MFI%) on the
Accuri C6 Plus software (BD Biosciences, USA).

Culture Conditions
GMSCs were separately seeded in 24-well plates with the
amount of 5� 104 cells per well in Dulbecco’s modified Eagle’s
medium (Pan Biotech, Germany) supplemented with 10% fetal
bovine serum (FBS) (Pan Biotech, Germany) and 1% pencillin/
streptomycin (100 IU mL�1, 100 mg mL�1) (Thermofisher, USA)
48 hours before the coculture. The Jurkat cells were cultured
alone or with GMSCs with the ratio of 1:1, 1:2, 1:5, and 1:10
(GMSCs:Jurkat cells) suspended in RPMI 1640 medium (Pan
Biotech, Germany) supplemented with 10%FBS (Pan Biotech,
Germany) and 1% pencillin/streptomycin (100 U mL�1, 100 mg
mL�1) (Thermofisher, USA) in 24-well plates at 37�C and
5%CO2 incubator for time periods of 6, 12, 24, and 48 hours. T
cell stimulation was done with anti-CD3 and anti-CD28 (Ther-
mofisher, USA) 10 and 2 lg mL�1, respectively. At the end of
each culture periods, the Jurkat cells were collected and ana-
lyzed for apoptosis, necrosis, proliferation rate, IL-2 secreting
CD3þ cells, FoxP3 expressing CD4þCD25þ T regulatory cells,
and tumor necrosis factor receptor 1 (TNFR1) and tumor necrosis
factor receptor 2 (TNFR2) expressions via flow cytometry, as
described in the analysis sections. The minimum antiprolifera-
tive response was determined by observing the significant
decrease in the proliferation ratio in the cocultured cells com-
pared to the Jurkat cell line cultures alone.

Coculture of the Jurkat Cells with GMSCs
After determining the minimum concentration of GMSCs:Jurkat
cells, we cultured the Jurkat cells in the presence and absence
of GMSCs or GMSCs with healthy mononuclear cells sus-
pended in RPMI 1640 medium (Pan Biotech, Germany) supple-
mented with FBS (Pan Biotech, Germany) and 1%pencillin/
streptomycin (Thermofisher, USA) with the specific T lympho-
cyte stimulation with anti-CD3 and anti-CD28 (Thermofisher,
USA) 10 and 2 lg mL�1, respectively, in 24-well plates at 37�C
and 5%CO2 incubator for time periods of 6, 12, 24, and 48 hours.

Analysis of Apoptosis of the Jurkat Cells
To analyze the apoptosis or necrosis of the Jurkat cells, the col-
lected cell suspension was stained using Annexin V (PE) and
7AAD (BD Biosciences, USA) in the room temperature in the
dark for 15 minutes. Cells were analyzed via flow cytometry
and data recorded as MFI%. The Jurkat cells were gated from
total cell population and gated for CD3þ cells. Four quadrants
were analyzed as follows: lower left quadrant for cell survival,
lower right quadrant for early apoptosis, upper right quadrant
for late apoptosis, and upper left quadrant for necrosis.

Analysis of Proliferation of the Jurkat Cells
The Jurkat cells were labeled using Carboxyfluorescein succini-
midyl ester (CFSE) labeling kit (Thermofisher, USA) at the
beginning of the culture period. Briefly, cells were washed with
PBS and centrifuged at 1,500 rpm for 5 minutes. Remaining cell
pellet was resuspended in 1 mL of PBS, and 5 mM of CFSE solu-
tion was added in the cell suspension and incubated at 4�C for
20 minutes in the dark. Cells were then washed twice with
RPMI medium supplemented with 10%FBS. Thereafter, culture
period cells were analyzed via flow cytometry in the FITC
channel. The proliferation of the Jurkat cells was detected by
gating CD3þ cell population and analyzed for CFSE signaling

Main Points

• Gingiva mesenchymal stem cells (GMSCs) downregulate
the proliferative response of T-cell acute lymphoblastic
leukemia cells by decreasing IL-2 production.

• GMSCs have an apoptotic effect on T-cell acute lympho-
blastic leukemia cell line.

• The activation and proliferation of T-cell acute lympho-
blastic leukemia cells can be reduced with GMSCs
depending on the cell ratio.
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via flow cytometry (BD Biosciences, USA). Histogram analysis
was performed for proliferation ratio.

Analysis of CD41CD251FoxP31 T Cells
T regulatory cell population is a suppressive cell type in
immune responses. Therefore, we analyzed
CD4þCD25þFoxP3þ T regulatory cells after culture periods.
The Jurkat cells were washed twice with PBS, cell surface
staining was performed using anti-CD4 (FITC) and anti-CD25
(APC) at 4�C for 30 minutes, and intracellular staining was per-
formed using anti-FoxP3 (PE) at 4�C for 20 minutes. Cells were
analyzed via flow cytometry, and CD25 cells were gated to
analyze CD4þFoxP3þ cells. The data were recorded as MFI%
in the dot plot analysis.

Intracellular IL-2 Analysis
The Jurkat cells were analyzed for intracellular cytokine secre-
tion for IL-2, which induces T cell proliferation. The cells were
first stained using anti-CD3 (PerCp) for the cell surface marker
of T lymphocytes and incubated at 4�C for 30 minutes in the
dark. After washing the cells using PBS, permeabilization buffer
was added and incubated for 20 minutes at 4�C. The permeab-
ilized cells were then stained with anti-IL-2 (APC) (BD Bioscien-
ces, USA) antibody for 30 minutes at 4�C and analyzed for
intracellular IL-2 secreting T lymphocytes. All antibodies were
purchased from BD Biosciences, USA.

Analysis for TNFR1 and TNFR2 Expression
TNFR1 and TNFR2 signaling pathways are key regulatory fac-
tors that generate apoptotic cell death signals in many of the
cells. We analyzed TNFR1 and TNFR2 expressions on the Jurkat
cells at the end of the culture periods. Cells were stained using
anti-CD120a (PE) for TNFR1 or anti-CD120b (PE) for TNFR2
expressions. Histogram analysis was performed for the
expression of TNFR1 or TNFR2 for the Jurkat cells via flow

cytometry. Histogram analysis was performed for CD3þ cell
population.

Statistical Analysis
Differences between groups were analyzed using the SPSS
program and the Graphpad Prism program version 8.0 (Graph-
pad Software, Inc., CA, USA). Data were given as mean 6

standard deviation (SD) (minimum-maximum) values in each
group. Comparison of the data of two groups was done by
one-way ANOVA test. P < .05 values were considered
significant.

RESULTS
GMSCs Showed Positive Cell Surface Markers Expression for
MSCs and Formed Fibroblast-Like Colonies in the Culture
The third passage GMSCs were analyzed for positive and neg-
ative cell surface markers expressions to confirm these cells as
MSCs. The cells were expressed as CD29, CD73, and CD105
over 95% and lack the expressions of negative markers. The
cells showed fibroblast-like colonies in the culture flasks
(Figure 1).

The Proliferation of the Jurkat Cells Reduced with GMSCs
The proliferation analysis was performed to evaluate the sup-
pressive effect of GMSCs on the Jurkat cells. Five separate cul-
tures were performed for each of GMSCs with the Jurkat cells.
CFSE-labeled Jurkat cells were cultured in the presence and
absence of GMSCs with the ratio of 1:1, 1:2, 1:5, and 1:10
(GMSCs:Jurkat cells) or Jurkat cells alone, and analysis was
done for 6, 12, 24, and 48 hours of the culture periods. The
proliferative response of the Jurkat cells significantly increased
in 24 hours (24.6 6 5.7) and 48 hours (43.1 6 4.8) culture
periods compared to 6 and 12 hours of the culture periods
(6 hours: 6.4 6 2.1, 12 hours: 10.8 6 2.9) (P < .001). GMSCs signifi-
cantly inhibited the proliferation ratio of the Jurkat cells in 1:1, 1:2,
and 1:5 cocultures in 48 hours of the incubation period

Figure 1. Characterization of GMSCs. Flow cytometry analysis for the positive cell surface expressions (CD29, CD90, and CD105) and negative cell
surface expressions (CD3, CD28, and HLA-DR) for mesenchymal stem cells. GMSCs expressed positive cell surface markers over 95% and lack
the expressions of negative markers. GMSCs showed fibroblast-like colonies in the third passage.
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compared to 48 hours of culture period of the Jurkat cells alone
(11.8 6 2.4, 16.2 6 4.3, and 21.4 6 3.7, respectively) (P < .01, < .01,
and < .05).

The Jurkat cells cultured with GMSCs in the ratio of 1:10 tended
to decrease the proliferation ratio (39.6 6 4.8) in 48 hours of
culture period, but no significant difference was observed
when compared with 48 hours of the Jurkat cell cultures alone
(P > .05) (Figure 2).

The minimum suppressive ratio of the cocultured cells was
found to be 1:5 (GMSCs:Jurkat). Therefore, we continued the
cell cultures in 1:5 ratio with the culture periods of 6, 12, 24, and
48 hours for the analysis of apoptosis, intracellular IL-2 cytokine
secretion, CD4þCD25þFoxP3þ T cell frequency, and TNFR1 and
TNFR2 expressions.

GMSCs Increased Early Apoptosis and Necrosis in the Jurkat
Cells
The analysis for apoptosis was performed by staining the cells
with Annexin V and 7AAD antibodies to analyze early and
late apoptosis and necrosis in the Jurkat cells. The Jurkat cells
cultured alone showed low ratio of early apoptosis (6 hours: 1.1
6 0.2, 12 hours: 10.4 6 0.5, 24 hours: 11.8 6 0.3, and 48 hours: 11.9 6

0.2), late apoptosis (6 hours: 3.2 6 0.3, 12 hours: 0.6 6 0.2,
24 hours: 2.0 6 0.4, and 48 hours: 1.7 6 0.4), and necrosis
(6 hours: 1.6 6 0.1, 12 hours: 4.8 6 0.4, 24 hours: 3.3 6 0.5, and
48 hours: 6.6 6 0.3). GMSCs significantly increased the early
apoptosis and necrosis of the Jurkat cells (early apoptosis:
6 hours: 7.5 6 0.4, P < .05, 12 hours: 16.8 6 0.3, P < .05, 24 hours:
55.6 6 5.7, P < .001, and 48 hours: 59.2 6 4.8, P < .001; necrosis:
6 hours: 8.7 6 0.6, P < .01, 12 hours: 13.7 6 1.9, P < .01, 24 hours: 7.8

6 3.2, P < .005, and 48 hours: 15.6 6 4.2, P < .01) compared to
those in the Jurkat cells alone (Figure 3).

Intracellular IL-2 Secretion in Jurkat Cells Reduced with GMSCs
IL-2 is a cytokine that induces activation and proliferation of T
cells. In this study, we analyzed intracellular IL-2 secreting T
cells to determine the effect of GMSCs on the activation of the
Jurkat cells. The Jurkat cells were stained with anti-CD3 for cell
surface marker of lymphocytes, and intracellular staining was
done with anti-IL-2 antibody. The Jurkat cells cultured alone
showed a high ratio of intracellular IL-2 in 24 and 48 hours of
culture periods (14.1 6 1.7, 16.3 6 0.8, respectively). GMSCs signif-
icantly decreased intracellular IL-2 secreting cells in 24 and
48 hours of cocultures, compared to cultures of the Jurkat cells
alone (24 hours: 9.2 6 0.4, P < .01, 48 hours: 8.3 6 0.2, P < .005,
respectively) (Figure 4).

Frequency of FoxP3 Expressing CD41CD251 Tregulatory Cells
in the Jurkat Cell Population Tended to Increase with GMSCs
We evaluated the effect of GMSCs on FoxP3 expressing
CD4þCD25þ T regulatory cell population in Jurkat cells. The
cultured cells first analyzed for cell surface expression of CD4
and CD25, and intracellular FoxP3 staining was performed to
determine CD4þCD25þFoxP3þ T regulatory cell frequency.
The cultured Jurkat cells showed low frequency of
CD4þCD25þFoxP3þ T cell population when cultured alone in
6, 12, 24, and 48 house of culture periods (6 hours: 1.3 6 0.2,
12 hours: 2.2 6 0.1, 24 hours: 2.6 6 0.6, and 48 hours: 3.3 6 1.1).
GMSCs tended to increase the CD4þCD25þFoxP3þ cell popu-
lation in 24 and 48 hours cultures, compared to those in Jurkat
cells alone cultures (6 hours: 1.6 6 0.3, 12 hours: 3.1 6 0.2, 24 hours:

Figure 2. Lymphoproliferative response of the Jurkat cells. CFSE-labeled Jurkat cells were stimulated with anti-CD3/anti-CD28 for specific T
lymphocyte responses. The Jurkat cells cultured alone showed high proliferation ratio within 24 and 48 hours of culture periods. GMSCs signifi-
cantly reduced the lymphoproliferative response of the Jurkat cells in 1:1, 1:2, and 1:5 (GMSC:Jurkat) ratios. The minimum suppressive response for
the proliferation of Jurkat cells cultured with GMSCs was found to be in 1:5 ratios. Statistical analysis of the proliferation of the Jurkat cells in the
presence and absence of GMSCs. The proliferative response of the Jurkat cells with GMSCs did not significantly change in 6, 12, and 24 hours
culture periods but tended to decrease in 24 hours. GMSCs significantly decreased proliferation ratio of the Jurkat cells in 48 hours of culture
period in 1:1, 1:2, and 1:5 ratios (P < .01, <.01, and <.05, respectively). *P < .05, **P < .01, ***P < .005, and ****P < .001.
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3.2 6 0.1, and 48 hours: 3.6 6 0.2), but no significant difference
was observed (P > .05) (Figure 5).

GMSCs Increased TNFR2 Expression on the Jurkat Cells
We analyzed TNFR1 and TNFR2 expressions for the apoptotic
signals on the Jurkat cells. The Jurkat cells showed low expres-
sion of TNFR1 and TNFR2 when cultured alone (6 hours: TNFR1:
1.0 6 0.2, TNFR2: 1.9 6 0.5, 12 hours: TNFR1: 1.5 6 0.3, TNFR2: 2.1 6

0.4, 24 hours: TNFR1: 2.9 6 0.8, TNFR2: 2.6 6 0.1, and 48 hours:
TNFR1: 2.1 6 0.4, TNFR2: 3.0 6 0.5). TNFR2 expression was not
significantly changed in the Jurkat cells in 6 hours culture
period with GMSCs, but GMSCs significantly increased TNFR2
expression on the Jurkat cells in 12, 24, and 48 hours of culture
periods (6 hours: 3.5 6 0.7, P > .05, 12 hours: 19.7 6 3.8, P < .001,
24 hours: 26.9 6 4.2, P < .001, and 48 hours: 28.9 6 3.1, P < .001,
respectively). There was no significant difference in TNFR1
expression in cultures of Jurkat cells with GMSCs (P > .05)
(Figure 6).

DISCUSSION
T-cell acute lymphoblastic leukemia is one of the most common
T lymphocyte-related malignancies, accounting for 10-25% of
all cancer cases in children and 25% in adults.8 Although many

treatments have been developed on tumor cells, the effective-
ness of the treatments is still not sufficient, and innovative ther-
apeutic approaches are needed. In this study, we investigated
the antiproliferative and apoptotic effects of GMSCs on the
Jurkat cells as T-cell acute lymphoblastic leukemia cell line. The
results showed that GMSCs downregulated proliferative
response of the Jurkat cells by enhancing early apoptosis and
downregulating IL-2 secretion. In addition, GMSCs upregulated
TNFR2 expression on the Jurkat cells; this may be evidence of
an apoptotic effect of GMSCs on Jurkat cells through a
member of the TNFR family.

GMSCs are the most easily isolated stromal adult stem cells
with a high doubling time and high anti-inflammatory effect
compared to many other sources. In a previous study, it was
demonstrated that GMSCs inhibit the proliferation of oral
cancer cells by inducing proapoptotic signals with the soluble
factors.3 In addition, bone marrow or Wharton’s jelly MSCs
have an anti-tumoral effect on lung cancer cells, colorectal
cancer, or bladder tumor cells by inducing macrophages in the
regulatory phenotype or inducing apoptosis of cancer cells.9

We, therefore, in the present study, investigated the effects of
GMSCs on the proliferative responses, apoptosis, and T regula-
tory cell frequency in the Jurkat cells.

Figure 3. Analysis for apoptosis, necrosis, and cell survival of the Jurkat cells in the presence and absence of GMSCs. Representative analysis for
Annexin V and 7AAD in the Jurkat cells. Analysis of quadrants was done as following: lower left: cell survival; lower right: early apoptosis;
upper right: late apoptosis; upper left: necrosis. Statistical analysis for apoptosis and necrosis. The Jurkat cells showed low ratio of early and late
apoptosis and necrosis when cultured alone in 6, 12, 24, and 48 hours of the culture periods. GMSCs significantly increased early apoptosis and
necrosis in Jurkat cells compared to the Jurkat cell cultures alone (early apoptosis: 6 hours: 7.5 6 0.4, P < .05, 12 hours: 16.8 6 0.3, P < .05, 24 hours:
55.6 6 5.7, P < .001, and 48 hours: 59.2 6 4.8, P < .001; necrosis: 6 hours: 8.7 6 0.6, P < .01, 12 hours: 13.7 6 1.9, P < .01, 24 hours: 7.8 6 3.2, P < .005, and
48 hours: 15.6 6 4.2, P < .01). *P < .05, **P < .01, ***P < .005, and ****P < .001.
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Avoiding apoptosis is an important feature of cancer and is
vital for maintaining a balance between proper apoptotic sig-
naling, cell survival, and cell death. The dysregulation of apo-
ptotic pathways in cancer cells not only promotes tumor
formation but can also make cancer cells resistant to anti-
cancer agents.7,10 However, antitumor effects of MSCs are still
controversial. Additionally, different results obtained in studies
may vary depending on the source of MSCs or the type and
stage of cancer. In this study, we demonstrated that increasing
concentrations of GMSCs and increased expression of TNFR2
in Jurkat cells, which may be directly involved in cell death. Tar-
geting TNFR2 is crucial in cancer therapy since it controls both
immunosuppression and angiogenesis in cancer cells.11,12 The
results showed that the proliferation of the Jurkat cells
decreased with GMSCs in concentration-dependent manner.
The inhibition of proliferative responses found to be the
increasing rate of early apoptosis and necrosis of the Jurkat
cells.

Regulatory T cells are known to suppress immune functions
through various mechanisms such as the production of IL-10 as
an immunosuppressive cytokine. T regulatory cells also provide
immunoregulation by consuming the cytokine IL-2 produced by
activated T lymphocytes in the inflammatory environment.13 In
the present study, we evaluated the effect of GMSCs on the

frequency of CD4þCD25þFoxP3þ T regulatory cells within the
Jurkat cells. Although no significant difference was observed,
the results showed that GMSCs tended to increase the genera-
tion of FoxP3 expressing CD4þCD25þ regulatory T cell popula-
tion in the Jurkat cell line. One reason for the inhibitory effect of
GMSCs on Jurkat cells may be the slight increase in T regulator
cells.

IL-2 is a pleiotropic cytokine that promotes the differentiation
of both pro- and anti-inflammatory T cells. Additionally, IL-2
supports the proliferative expansion of T lymphocytes and the
proliferation of antigen-specific T cell clones.14 IL-2 transduced
MSCs can secrete or produce various antitumor agents or
mediators, which could prevent and keep from metastases.15

Studies to date indicate that MSCs can downregulate IL-2 pro-
duction from T lymphocytes through induction of CD25 cleav-
age and have an essential role in the inhibition of T cell
proliferative responses.16–18 Previous studies indicate that IL-2
produced during inflammatory responses in the microenviron-
ment may further enhance the immunosuppressive response
effect of MSCs. We investigated the effect of GMSCs on IL-2
production in Jurkat cells and found that GMSCs strongly
inhibit IL-2 production in Jurkat cells. The proliferative response
of Jurkat cells cocultured with GMSCs may have been inhibited
by down-regulation of IL-2 production.

Figure 4. Analysis of IL-2 secreting CD31 cells. The representative analysis for IL-2 secreting Jurkat cells by flow cytometry. The Jurkat cells
were gated as CD31 cell population, and IL-2 secretion of CD31 cells was analyzed by gating double positive area in the dot plot analysis. Sta-
tistical analysis for IL-2 secreting CD31 cells. IL-2 secretion significantly decreased in Jurkat cells when cultured with GMSCs in 24 and 48 hours
of culture periods, compared to those in the Jurkat cell cultures alone (24 hours: P < .01 and 48 hours: P < .005, respectively). *P < .05, **P < .01, ***P
< .005, and ****P < .001.
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In conclusion, results showed that GMSCs downregulate the
proliferative response of the Jurkat cells by increasing apopto-
sis and necrosis and reducing IL-2 production by the Jurkat
cells. In addition, GMSCs upregulate the expression of TNFR2

on the Jurkat cells, which, in turn, may promote apoptosis of
these cells. Further in vitro or in vivo studies can be conducted
with GMSCs for the cell-based treatment of T-cell acute lym-
phoblastic leukemia.

Figure 5. FoxP3 expressing CD41CD251 T regulatory cells. The Jurkat cells were analyzed for the effect of GMSCs on the generation of T regu-
latory cells in the Jurkat cell cultures. Gating strategy for flow cytometry analysis of the CD41CD251FoxP31 cell population in the Jurkat cells.
Analysis was done by gating CD251 cells in the total lymphocyte population. CD251 cells were analyzed for CD251FoxP31 cells. Comparative
histogram analysis for the Jukat cells in the presence and absence of GMSCs. Statistical analysis of the CD41CD251FoxP31 cells in the Jurkat
cells in the presence and absence of GMSCs. GMSCs tended to increase T regulatory cell population in the Jurkat cells, but no significant differ-
ence was observed when compared with Jurkat cell cultures alone (P > .05).

Figure 6. TNFR1 and TNFR2 expressions on the Jurkat cells. One of the apoptotic pathways was analyzed for the Jurkat cells cultured with or
without GMSCs. The comparative histogram analysis for TNFR2 expression on the Jurkat cells. Statistical analysis for TNFR1 or TNFR2 expres-
sions of Jurkat cells in the presence and absence of GMSCs. GMSCs significantly increased TNFR2 expression on the Jurkat cells in 12, 24, and
48 hours of culture periods (12 hours: 19.7 6 3.8, P < .001, 24 hours: 26.9 6 4.2, P < .001, and 48 hours: 28.9 6 3.1, P < .001). ****P < .001.
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