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ABSTRACT

Background: Several studies have demonstrated the immunosuppresive effects of mes-
enchymal stem cells (MSCs) in allogeneic or mitogenic interactions. Cell-cell contact
inhibition and secretion of suppressive soluble factors have been suggested in this re-
gard. Objective: To investigate if adipose derived MSCs could inhibit Jurkat lym-
phoblastic leukemia T cell proliferation during coculture. Methods: Adherent cells with
the ability of cellular growth were isolated from normal adipose tissues. Initial charac-
terization of growing cells by flow cytometry suggested their mesenchymal stem cell
characteristics. Cells were maintained in culture and used during third to fifth culture
passages. Jurkat or allogeneic peripheral blood mononuclear cells (PBMCs) were la-
beled with carboxy fluorescein diacetate succinimidyl ester and cocultured with increas-
ing doses of MSCs or MSC culture supernatant. Proliferation of PBMCs or Jurkat cells
under these conditions was assessed by flow cytometry after 2 and 3 days of coculture,
respectively. Results: Results showed the expression of CD105, CD166 and CD44, and
the absence of CD45, CD34 and CD14 on the surface of MSC like cells. Moreover, ini-
tial differentiation studies showed the potential of cell differentiation into hepatocytes.
Comparison of Jurkat cell proliferation in the presence and absence of MSCs showed no
significant difference, with 70% of cells displaying signs of at least one cell division.
Similarly, the highest concentration of MSC culture supernatant (50% vol/vol) had no
significant effect on Jurkat cell proliferation (p>0.6). The same MSC lots significantly
suppressed the allogeneic PHA activated PBMCs under similar culture conditions.
Conclusion: Using Jurkat cells as a model of leukemia T cells, our results indicated an
uncertainty about the suppressive effect of MSCs and their inhibitory metabolites on
tumor or leukemia cell proliferation. Additional systematic studies with MSCs of differ-
ent sources are needed to fully characterize the immunological properties of MSCs be-
fore planning clinical applications.
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INTRODUCTION

Over 40 years ago, Friendenstein and colleagues showed that transplanted bone marrow
contains a population of heterogeneous cells with properties of self-maintenance and
self-renewal, called mesenchymal stem cells (MSCs) (1). In humans, MSCs are derived
from different organs and tissues; however, at the moment bone marrow and adipose
tissues are the main sites of MSC isolation. In bone marrow, MSCs represent 0.001%-
0.01% of the total cell population (2,3). They are plastic-adherent, spindle-shaped cells
that express a series of key markers used for their characterization in different studies,
although there is no unique immunophenotype marker (2,4).

Mesenchymal stem cells have high growth plasticity and are able to differentiate into
lineages of other tissues (3-9). Many potential applications have been suggested for
various clinical situations, such as tissue regeneration and hematopoietic stem cell
transplantation (10,11). Adherent bone marrow-derived stromal cell cultures supported
the production of hematopoietic progenitor cells over a period of several weeks to
months (8). In this connection, the simultaneous injection of donor marrow stromal cells
with hematopoietic stem cells accelerates the recovery of hematopoiesis after total body
irradiation (12,13).

A major breakthrough in MSC application was the finding that they are able to suppress
immune cells (7). Mesenchymal stem cells are able to arrest T cell division induced by
alloantigens or mitogens (14-16), inhibit the differentiation and maturation of dendritic
cells (17), reduce the proliferation and immunoglobulin expression of B cells (18), in-
hibit the formation of cytotoxic T cells by secreting soluble factors, but are not able to
interfere with CTLs and NK cell lysis (19). They also decrease the production of in-
flammatory cytokines by various immune cell populations (20). The exact mechanisms
underlying such effects of MSCs have not been clearly identified; however, many stud-
ies concur that cell-cell contact-dependant mechanisms and the secretion of soluble fac-
tors are involved in MSC suppression (7,8,21). Among the soluble factors released by
MSCs that may affect cell proliferation are hepatocyte growth factor, indole amine di-
oxygenase, and inhibitory cytokines such as transforming growth factor-p and inter-
leukin-10 (22-26).

Because MSCs are able to downmodulate the immune system, it is possible to exploit
these cells for the treatment of autoimmune diseases (7,10). Moreover, the homing
property of MSCs toward tumor sites raises the possibility of using MSCs for tumor
therapy and tumor suppression. However, the inhibitory action of MSCs on the immune
system may interfere with this application and enhance tumor growth by suppression of
immune cells (27). More studies are needed to predict the inhibitory effects of MSCs
under different conditions. Therefore, we designed the present study to investigate
whether normal human adipose-derived MSCs could inhibit or stimulate the prolifera-
tion of Jurkat leukemia T cells when cocultured with them.

MATERIALS AND METHODS

Isolation and Culture of Human Adipose-Derived MSCs. Informed consent was
obtained from patients scheduled for abdominoplasty to use part of their discarded tis-
sue for research purposes. Fragments of adipose tissue were washed with phosphate-
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buffered saline (PBS), minced into small pieces, and digested with 0.2% collagenase
(Gibco, UK) at 37 °C on a shaker for 2 h. The resulting suspension was centrifuged at
400 x g for 10 min. Stromal cells were purified by Ficoll gradient centrifugation at
400 x g for 30 min and cultured in DMEM medium (GIBCO, UK) containing 10%
fetal bovine serum (GIBCO) and 100 1U/mL penicillin and 100 pg/mL streptomycin
(Biosera, UK). Nonadherent cells were discarded after 24 h of culture. The adherent
cells were cultured by changing the medium every 4 days and harvesting the cells in
passage 3 after almost 30 days of culture. All MSCs used in this study were under
their fifth culture passage. The culture supernatants (SN) from MSC cultures were de-
rived from 7-day cultures of different lines and kept frozen at —70°C until use in Jur-
kat cultures.

Jurkat Cell Culture and Maintenance. The Jurkat leukemia T cell line (28) was cul-
tured in RPMI 1640 medium (Biosera, UK) supplemented with fetal bovine serum,
penicillin and streptomycin as above. Jurkat cell cultures were kept at 37 °C in a hu-
midified incubator with 5% CO,. At approximately 80% confluence, cultured cells were
harvested and used to seed fresh cultures.

Labeling Jurkat Cells and PBMCs with Carboxy Fluorescein Diacetate Suc-
cinimidyl Ester (CFSE) Dye. Washed Jurkat cells or PBMCs were resuspended at 2
x10" cells/mL in PBS and mixed 1:1 with CFSE at 5 pM. Cell suspensions were incu-
bated for 15 min at 37 °C with frequent agitation. An equal volume of complete RPMI
culture medium was added to the cells and left for 1 min at room temperature to stop
the labeling process. The cells were washed 3 times and resuspended in complete cul-
ture medium.

Coculture of MSCs with Jurkats or Allogeneic PBMCs. Mesenchymal stem cells
from 3 independent donors’ adipose tissues at densities of 1.5 x 10° and 3 x 10° were
plated in 24-well plates 24 h prior to coculture with Jurkat cells. Carboxy fluorescein
diacetate succinimidyl ester-labeled Jurkat cells were added to MSC preloaded wells at a
concentration of 1.5 x10° cells per well in complete culture medium. In this way, the ra-
tios of MSC to Jurkat cells were estimated at 1:5 and 1:10, as suggested by others (29).

To assess the inhibitory effect of metabolites in MSC culture supernatant (SN), serial
concentrations (10%, 30% and 50%) of culture SNs were added to separate Jurkat cul-
tures in a total volume of 1.5 mL. Jurkat cell proliferation was studied after 2 and 3 days
of culture by flow cytometry.

Similarly, to show the suppressive effect of MSCs, allogeneic peripheral blood mono-
nuclear cells (PBMCs) were separated by Ficoll gradient, labeled with CFSE and cocul-
tured with MSCs in the presence of PHA as a stimulator. PHA activated PBMC cultures
without MSCs were considered as controls. Proliferation of PBMCs was analyzed by
flow cytometry on day 3 of culture.

Immunophenotyping of MSCs and Flow Cytometry Studies. To observe the expres-
sion of different markers by MSCs, cells were harvested by mild trypsinization (Bio-
sera, UK). The expression of CD14, CD34, CD44, CD45, CD105 and CD166 was ana-
lyzed by immune staining of cells with appropriate fluorescent conjugated monoclonal
antibodies (all supplied by BD Biosciences, USA) and flow cytometry. The same cells
also were stained with fluorochrome-labeled isotype-matched antibodies to exclude
nonspecific staining as a negative control. Moreover, cultured MSCs were able to dif-
ferentiate to hepatocytes under the influence of specific differentiation and growth fac-
tors (data not shown).
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CFSE labeled PBMCs or Jurkat T cells were harvested from cocultures with MSCs at
different time points, washed twice with PBS and analyzed by flow cytometry.

Flow cytometry was done with a 3-color BD FACS Calibur machine using Cell Quest
software (Becton Dickinson, USA) for data acquisition, and WinMDI v. 2.8 software
for data analysis and presentation.

Statistical Analysis. The statistical analysis was performed by paired t-test using SPSS
software (v. 11.5). The data are presented as the mean + SE. A P-value <0.05 was con-
sidered statistically significant.

RESULTS

Phenotype of Adipose-Derived MSCs. We used flow cytometric studies to show the
presence or the absence of a panel of different cell markers to partially identify the cells
purified from adipose tissues. Established cells were shown to express CD105, CD166
and CD44 whereas they showed no significant expression of CD45 lymphocyte marker,
CD34 heamatopoietic stem cell and endothelial marker and CD14 monocyte-
macrophage marker (Figure 1). Moreover, these cells were able to differentiate to hepa-
tocytes in preliminary differentiation studies. These results together could suggest the
growing cells to be MSCs.
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Figure 1. A typical example of flow cytometric characterization of cultured mesenchymal stem cells.
Mesenchymall stem cells were purified from adipose tissue samples of abdominoplasty opera-
tions and cultured as explained in Materials and Methods. Expression of surface markers was
analyzed by flow cytometry.

a: Cells were shown to express various amounts of: CD44 (solid bold), CD105 (solid narrow) and
CD166 (dotted); b: Cultured MSCs were negative for CD14 (solid bold line), CD34 (solid narrow
line) and CDA45 (dotted line) expression. M1: Isotype control marker.

Unlike PBMCs, Jurkat Cell Proliferation can not be Inhibited by MSCs. Mesen-
chymal stromal cells were plated in duplicates 24-h prior to coculture with the CFSE-
labeled Jurkat T cell line at MSC/Jurkat ratios of 1:5 and 1:10. Jurkat cells were har-
vested on day 2 and day 3 post-culture to assess their proliferation by flow cytometry
(Figure 2). Figure 3 shows the mean percentages of dividing Jurkat cells in the presence
of MSCs in 3 independent experiments, compared to control Jurkat cell cultures. The
results at both time points were similar on day 2 post-culture, 77% of Jurkat cells
showed at least one cell division. The presence of MSCs did not significantly suppress
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Jurkat cell proliferation, and up to 70% of the cells showed signs of at least one cell di-
vision at both time points (p>0.3) (Figure 3). A slight decrease in the cell proliferation
was observed in cultures at a MSC/Jurkat ratio of 1:5. Presence of the same lots of
MSCs in coculture with allogeneic PHA activated PBMCs could suppress the cell pro-
liferation up to 75% on days 3 post culture. Figure 4a and 4b demonstrate typical exam-
ples of PBMC growth and its suppression by MSCs from multiple experiments. Figure
4c summarizes similar results from those experiments.
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Figure 2. A typical example of CFSE analysis for Jurkat proliferation in cocultures of Jurkat cells
and MSCs.

To achieve MSC/Jurkat ratios of 1:5 and 1:10, 3 x 10° and 1.5 x10° MSCs, respectively, were
plated in 24-well plates 24 h prior to coculture with 1.5 x10° CFSE-labeled Jurkat T cells. Cells
were harvested on days 2 and 3 post-culture and their proliferation was measured by flow cy-
tometry. M1 and M2 show the percentages of nondivided and dividing populations, respectively.
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Figure 3. Effect of MSCs on Jurkat proliferation.

Bars show mean percentages of proliferating Jurkats in coculture with MSCs. PHA activated
Jurkats (first column from left) were used as control culture. Results are from 3 independent ex-
periments using 3 different MSCs. The presence of MSCs did not significantly change Jurkat
cell proliferation (p>0.05).
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Figure 4. Typical example of CFSE analysis for hPBMCs proliferation suppression by cultured MSC.
Human PBMCs were labeled with CFSE prior to coculture with MSCs. PBMCs were activated
by PHA and harvested at day 3. Proliferation of harvested CFSE-labeled PBMCs was assessed
using flow cytometric analysis. In the absence of MSCs (a) majority of cells showed significant
cell proliferation while in the presence of MSCs (b), they caused massive prevention. Multiple
independent experiments (n = 6) with different MSCs produced similar results (c).

MSC Culture Supernatant has no effect on Jurkat Cell Proliferation. To assess the
possible inhibitory effect of MSC culture SN on Jurkat cell growth, cultures with differ-
ent concentrations of SN from 4 different MSCs were prepared in quadruplicates. Fig-
ure 5 shows a typical example of how Jurkat cells were growing in the presence of dif-
ferent concentrations of MSC culture SN. Similarly, Figure 6 shows the mean percent-
ages of 4 independent experiments of Jurkat cell proliferation with 10%, 30% and 50%
of MSC culture supernatants (vol/vol of the total culture medium). Jurkat cell proliferation
was analyzed by flow cytometry on days 2 and 3 post-culture. As shown, even the highest
concentration of SN (50% vol/vol) did not significantly affect Jurkat cell proliferation
(p>0.6), and more than 70% of the cells showed at least one cell division. However, the
same culture supernatants from MSCs were able to significantly suppress the growth of
allogeneic PBMCs (up to 55% of the original growth without MSCs or the MSC SN)
after PHA activation.
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Figure 5. A typical example of CFSE analysis for Jurkat cell proliferation in the presence of
MSC culture supernatant on day 2 of coculture.

Different concentrations of MSC supernatant were added to cultures of 1.5 x10° CFSE-labeled
Jurkat T cells. Jurkat cells were harvested on days 2 and 3 post-culture and their proliferation was
measured by flow cytometry. Results from two time points were similar.
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Figure 6. Effect of MSC culture supernatant on Jurkat cell proliferation.

Bars show mean percentages of proliferating Jurkats in coculture with MSCs. PHA activated
Jurkats (first column from left) were used as a control culture. Results are from 4 independent
experiments. The presence of MSC SN did not significantly change Jurkat cell proliferation
(p<0.05 was considered significant).

DISCUSSION

Mesenchymal stem cells are heterogenous cells present in different tissues which can
differentiate to produce diverse arrays of mesenchymal and nonmesenchymal cell line-
ages. Several lines of immunological research have shown that these cells can arrest
lymphocyte cell proliferation. The exact mechanism of this effect has not been eluci-
dated. In this study we used the Jurkat T leukemia cell line as a model to analyze and
compare the inhibitory effect of MSCs, as previously reported by other investigators
(30). We demonstrated that Jurkat T cell growth could not be suppressed by the immu-
nomodulatory effects of MSCs or their culture SN. In fact, none of 3 independently es-
tablished MSC lines prepared from different donors could inhibit Jurkat T cell growth
during 3 days of culture, nor could MSC culture SN. Benvenuto et al. (30) found that
bone marrow-derived MSCs were able to inhibit Jurkat cell proliferation. In their experi-
ments, MSCs apparently inhibited anti-Fas monoclonal antibody-mediated apoptosis and
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thus decreased the proportion of annexin-V-positive cells. However, fat-derived MSCs
such as the cell types we used in the present study may not be an entirely comparable
model, so other mechanisms should be sought to explain the inability of our MSCs to
inhibit Jurkat cell growth. We only partially characterized the MSCs and this may raise
doubt about the nature of these cells and their biological function, although multiple
flow cytometric analyses using monoclonal antibodies against specific markers of
MSCs or lineage-specific markers showed the cells to be potentially MSCs. Moreover,
as a test of the immune inhibitory effect of cultured MSCs in parallel experiments, we
found our MSCs fully competent in suppressing the growth of normal allogeneic pe-
ripheral blood mononuclear cells when stimulated with phytohemagglutinin. This means
our MSCs retained their immune inhibitory effect in the culture; therefore the reason for
their inability to inhibit Jurkat cell proliferation must lie elsewhere. Jurkat T cells are
immortalized leukemia cells with fast proliferative capacity, and their rapid cell cycle
may abrogate the suppressive mechanisms of the MSCs. Moreover, this alteration may
have induced mechanisms to evade immunotolerant signaling imposed by MSCs. In ad-
dition to that, the original Jurkat cell line used in this study could have a mixture of dif-
ferent cell types with different sensitivities toward MSC inhibition. Even with an effec-
tive suppression of some cells, others may overgrow and repopulate the culture. Com-
plementary studies including the cloning of this cell line and similar cell lines are
needed to better answer this controversy and clarify the exact mechanisms of this event.
Having different biological features, such MSCs hold great promise for broad applica-
tion in different disorders, although the exact mechanism of their activities such as cell
proliferation suppression remains controversial even among different species (31).
Showing the inability of MSCs on Jurkat cell proliferation in this study, can not contra-
dict the previous observations about this effect on lymphocytes and other cell types.
However, it may warn us about the necessity of further characterization of these cells
before their widespread use for human trials.

ACKNOWLEDGEMENTS

This study was supported by grant number 87-4135 from the Research Deputy of Shiraz
University of Medical Sciences, Iran. The authors have no financial conflict of interest
to declare regarding the subject matter of this manuscript.

REFERENCES

1 Friedenstein AJ, Piatetzky-Shapiro Il, Petrakova KV. Osteogenesis in transplantation of bone marrow cells. J. Embryol Exp
Morphol. 1966; 16:381-90.

2 Dazzi F, Ramasamy R, Glennie S, Jones Sp, Roberts I. The role of mesenchymal stem cells in haemopoiesis. Blood Reviews.
2006; 20:161-71.

3 Izadpanah R, Trygg C, Patel B, Kriedt C, Dufour J, Gimble JM, et al. Biologic properties of mesenchymal stem cells derived
from bone marrow and adipose tissue. J Cell Biochem. 2006; 99:1285-97.

4 Brooke G, Cook M, Blair C, Han R, Heazlewood C, Jones B, et al. Therapeutic applications of mesenchymal stromal cells.
Cell Developmental Biology. 2007; 18:846-58.

5  Buhring HJ, Battula VL, Treml S, Schewe B, Kanz L, Vogel W. Novel markers for the prospective isolation of human MSC.
Ann NY Sci. 2007; 1106:262-71.

6  Silva WA Jr, Covas DT, Panepucci RA, Proto-Siqueira R, Siufi JL, Zanette DL, et al. The profile of gene expression of human
marrow esenchymal stem cells. Stem Cells. 2003; 21: 661-9.

7 Uccelli A, Pistoia V, Moretta L. Mesenchymal stem cells: a new strategy for immunosuppression? Trends Immunology. 2007;
28:219-26.

Iran.J.Immunol. VOL.6 NO.4 December 2009 193



10

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

31

Iran.J.Immunol. VOL.6 NO.4 December 2009

Jurkat is resistant to MSC suppression

Fibbe WE, Nauta AJ, Roelofs H. Modulation of immune responses by Mesenchymal stem cells. Ann N Y Sci. 2007;
1106:272-8.

Forte A, Napolitano MA, Cipollaro M, Giordano A, Cascino A, Galderisi U. An effective method for adenoviral-mediated
delivery of small interfering RNA into mesenchymal stem cells. J Cell Biochem. 2007; 100:293-302.

Chen X, Armstrong MA, Li G. Mesenchymal stem cells in immunoregulation. Immunology Cell Biol. 2006; 84:413-21.

Sato Y, Araki H, Kato J, Nakamura K, Kawano Y, Kobune M, et al. Human mesenchymal stem cells xenografted directly to
rat liver are differentiated into human hepatocytes without fusion. Blood. 2005; 106:756-63.

Noort WA, Kruisselbrink AB, in't Anker PS, Kruger M, van Bezooijen RL, de Paus RA , et al. Mesenchymal stem cells pro-
mote engraftment of human umbilical cord blood-derived CD34(+) cells in NOD/SCID mice. Exp Hematol. 2002; 30:870-8.
Zhang Y, Adachi Y, Suzuki Y, Minamino K, lwasaki M, Hisha H, et al. Simultaneous injection of bone marrow cells and
stromal cells into bone marrow accelerates hematopoiesis in vivo. Stem Cells. 2004; 22:1256-62.

Bartholomew A, Sturgeon C, Siatskas M, Ferrer K, Mcintosh K, Patil S, et al. Mesenchymal stem cells suppress lymphocyte
proliferation in vitro and prolong skin graft survival in vivo. Exp Hematol. 2002; 30:42-8.

Di Nicola M, Carlo-Stella C, Magni M, Milanesi M, Longoni PD, Matteucci P, et al. Human bone marrow stromal cells sup-
press T-lymphocyte proliferation induced by cellular or nonspecific mitogenic stimuli. Blood. 2002; 99:3838-43.

Krampera M, Glennie S, Dyson J, Scott D, Laylor R, Simpson E, et al. Bone marrow mesenchymal stem cells inhibit the re-
sponse of naive and memory antigen-specific T cells to their cognate peptide. Blood. 2003; 101:3722-9.

Jiang XX, Zhang Y, Liu B, Zhang SX, Wu Y, Yu XD, et al. Human mesenchymal stem cells inhibit differentiation and func-
tion of monocyte-derived dendritic cells. Blood. 2005; 105:4120-6.

Corcione A, Benvenuto F, Ferretti E, Giunti D, Cappiello V, Cazzanti F, et al. Human mesenchymal stem cells modulate B-
cell functions. Blood. 2006; 107:367-72.

Rasmusson I, Ringden O, Sundberg B, Le Blanc K. Mesenchymal stem cells inhibit the formation of cytotoxic T lymphocytes,
but not activated cytotoxic T lymphocytes or natural killer cells. Transplantation. 2003; 76:1203-13.

Aggarwal S, Pittenger MF. Human mesenchymal stem cells modulate allogeneic immune cell responses. Blood. 2005;
105:1815-22.

Patel SA, Sherman L, Munoz J, Rameshwar P. Immunological properties of mesenchymal stem cells and clinical implications.
Arch Immunol Ther Exp. 2008; 56:1-8.

Djouad F, Plence P, Bony C, Tropel P, Apparailly F, Sany J, et al. Immunosuppressive effect of mesenchymal stem cells fa-
vors tumor growth in allogeneic animals. Blood. 2003; 102:3837-44.

Meisel R, Zibert A, Laryea M, Gobel U, Daubener W, Dilloo D. Human bone marrow stromal cells inhibit allogeneic T-cell
responses by indoleamine 2,3-dioxygenase-mediated tryptophan degradation. Blood. 2004; 103:4619-21.

Gur-Wahnon D, Borovsky Z, Beyth S, Liebergall M, Rachmilewitz J. Contact-dependent induction of regulatory antigen-
presenting cells by human mesenchymal stem cells is mediated via STAT3 signaling. Exp Hematol. 2007; 35:426-33.

Beyth S, Borovsky Z, Mevorach D, Liebergall M, Gazit Z, Aslan H, et al. Human mesenchymal stem cells alter antigen-
presenting cell maturation and induce T-cell unresponsiveness. Blood. 2005; 105:2214-9.

Hall B, Andreef M, Marini F. The participation of mesenchymal stem cells in tumor stroma formation and their application as
targeted-gene delivery vehicles. Handb. Exp Pharmacol. 2007; 180:263-83.

Parekkadan B, van Poll D, Megeed Z, Kobayashi N, Tilles AW, Berthiaume F, et al. Immunomodulation of activated hepatic
stellate cells by mesenchymal stem cells. Biochem Biophys Res Commun. 2007; 363:247-52.

Schneider U, Schwenk HU, Bornkamm G. Characterization of EBV-genome negative “null* and "T" cell lines derived from
children with acute lymphoblastic leukemia and leukemic transformed non-Hodgkin lymphoma. Int J Cancer. 1977; 19:621-6.
Gotherstrom C. Immunomodulation by multipotent mesenchymal stromal cells. Transplantation. 2007; 84:535-7.

Benvenuto F, Ferrari S, Gerdoni E, Gualandi F, Frassoni F, Pistoia V, et al. Human mesenchymal stem cells promote survival
of T cells in a quiescent state. Stem Cells. 2007; 5:1753-60.

Ren G, Su J, Zhang L, Zhao X, Ling W, L'huillie A, et al. Species Variation in the Mechanisms of Mesenchymal Stem Cell-
Mediated Immunosuppression. Stem Cells. 2009; 27:1954-62.

194



