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Abstract: Mesenchymal stem cells (MSCs) have been showngpress proliferation and
activation of T lymphocytes in vivo and in vitrafaugh the molecular mechanism of the
immunosuppressive effect is not completely underkto To investigate the
immunoregulatory effects of mice bone marrow mekgmal stem cells on T lymphocyte,
MSCs from NZBWF1 and BALB/c mice were isolated angbanded from bone marrow,
and identified with cell morphology and the surfgmeenotypes. CD3T lymphocytes
isolated by nylon wool columns were co-culturedwv®MA with or without the two strains
of MSCs. Then T cell apoptosis and intercellulaokines of T cell were assessed by flow
cytometry. Quantification of transcription factdrsoox (T-bet) and GATA-binding protein
3 (GATA-3) expressed in T cells was detected byAROR and western blot. Our results
showed that there was a decrease of TD@ell apoptosis when NW MSCs or Bc MSCs
were added, and an increase of Th2 subset by NWI\B@E Thl subset by Bc MSCs were
observed by co-culturing MSCs with T lymphocytédssisuggested that, by favoring Thl-
cell development and inhibitory Th2-cell developterormal MSCs might interfere with
the SLE development, and that marrow-derived NW [BIS®ad defective
immunoregulatory function when compared with MSfo# T healthy mouse strains.
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1. Introduction

There is a complex immunologic dysregulation inllaekground of SLE. It is now well established
that T cells play a key role in the regulation mimunologic processes. Much evidence supports the
central role of T cells in the pathogenesis ancetiggment of SLE [1]. Depletion of T cells was shown
to prevent the development of SLE in SLE-prone njJe T helper subsets can be distinguished
according to their cytokine secretion capacitied eontradictory data about the dominance of Thl or
Th2 cytokines in SLE were presented [3,4]. On ttieeohand, some reports thought that autoimmune
diseases might be stem cell disorders and fourtddéfacts of hematopoietic cells in the diseaes [5]
Preliminary reports on cotransplantation of MSCd &ematopoietic stem cells (HSCs) indicated a
significant reduction in acute and chronic graftsus-host disease (GVHD) [6,7] and an enhancement
of HSCs engraftment [8,9]. In addition, in vitrolttwe-expanded autologoddSCs could be infused
intravenously without toxicity [10]. It was repodt¢hat co-transplantation of MSCs along with HSCs
was prior to simple HSCs transplantation in MRLApice [11].

Bone marrow-derived mesenchymal stem cells (MS@s)n@nhematopoietic stem cells, which
compose the bone marrow microenvironment and regygl@wth and differentiation of hematopoietic
stem cells. They demonstrate extensive prolifeeattapacity and can differentiate into osteocytes,
adventitia, chondrocytes, adipocytes, muscle @eliserve cells in vitro and in vivo [12-14], and yna
be useful in the repair or regeneration of damagedutated tissues [15,16]. Recently, several studi
have shown an immunosuppressive effect of MSCsvim and in vitro although the exact mechanism
is still unclear. The cultured MSCs do not expreA$ ligand and immune phenotype, such as B7-1,
B7-2, or CD40L,and MHC Il [17-19]. This phenotype is regarded as nonimmuniogamd suggests
that MSCs might be effective in inducing toleranB&Cs can suppress lymphocyte proliferation in
mixed lymphocyte culture [20,21], and mitogen- adldantigen- activated human CDZXD4, and
CD8 T cells were all inhibited by human MSCs [22,23utBew studies have focused on the
polarization of T lymphocytes, which might haveraical role in the pathogenesis of SLE. Therefore,
this study was undertaken to elucidate the immurthriadory effects of MSCs from NZBWF1 and
BALB/c mice on the polarization of T lymphocyte &8 to understand the role of MSCs in the
pathogenic mechanism of SLE. NZBWF1 mouse straiontgmeously develops an autoimmune
disease resembling human SLE [24,25]. These micenifesa clinical and immunological
abnormalities, including high levels of antinucleantibodies, hemolytic anemia, proteinuria, and
progressive immune complex glomerulonephritis. Ui studies, BALB/c mice were used as control.
The lupus-prone NZBWF1 animals are henceforth refeas NW, whereas the control BALB/c strain
is indicated as Bc.
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2. Results
2.1 MSCs cultures

MSCs from mouse bone marrow were isolated basdtieoanhanced adherence to plastic in culture
plates. Homogeneous population of fibroblast-likelsc with 90 % confluence in NZBWF1 and
BALB/c mice were seen at a median of 7 or 10 ddiex anitial plating, respectively. After the first
passage, the cells grew exponentially, requiringeklye passages. Morphologically, NW MSCs
appeared very similar to normal counterparts. Herem primary and continued cultureNW MSCs
seemed to be more viable in the same culture donditAs shown in Figure A2 and B2, isolated
colonies of NW MSCs are more typical. We have sBBWF1 and six BALB/c mice conducted, with
each marrow sample yielding similar results.

Al AZ

Figurel. Morphological charaterization of mice MSCs. MSG=ravisolated from mice bone marrow,
and plated in LG-DMEM supplemented with 15 % FBBot®micrographs (original magnification
100 x, phase contrast microscopy) were shown foxesh MSCs at passage 0. Al: Bc MSCs at
Passage 0, A2: NW MSCs at passage 0; B1: Bc MSBas#age 3, B2: NW MSCs at passage 3.

2.2 MSCs phenotype

MSCs at passage 3 were characterized by flow cyttgras shown in Figure 2. No differences were
observed between MSCs from NZBWF1 mice and BALB/emin terms of morphology and
expression of certain cell markers. In both caBt3Cs expressed CD105 and CD106; in contrast, they
lack the expression of CD34 and CDA45, which areraomon cells of the hematopoietic lineages.
Such an antigen profile is in keeping with thosscdéed in other studies [17,29].
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Figure 2. Flow cytometric analysis of mice MSCs surface pigpe. Antibodies used were PE-labeled
anti-CD34 and CD45, FITC-labled CD106, Biotin-cartped anti-CD105. FITC-conjugated
streptavidin was added for CD105-treated celloWld by washing. Gray lines: Bc MSCs; Black
lines: NW MSCs. All MSCs used here were at pasS8a@#SCs from six separate mice were tested
with similar results. Representative results frame enouse were shown.

2.3 Different effects of MSCs on T-lymphocytes apoptosis

We then demonstrated that T-lymphocytes apoptasigdcbe affected by the different MSCs. T
lymphocytescultured in the presence or absence of NW MSCs BndMSCs were labeled with
Annexin V and PI followed by flow cytometric analysFigure 3 showes the comparison of this effect
of different MSCs onT-lymphocytes apoptosis. T cells co-cultured wibo tMSCs all resulted in
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significant decrease in Annexin V/Pl staining comsgl with simple T cells culture, from

75.29 £ 8.22 % to approximately 62.40 + 4.89 % @83 + 6.40 % < 0.05).
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Figure 3. Differences in apoptosis levels of T cells afterctltured with different MSCs. Gate R1

showed viable, single occupied CDBcells. The apoptotic cells, which simultaneousgbyake

Annexin V-FITC (FL1) and PI (FL2)\ere gated as R2. The histogram showed the pegesenfdhe
apoptotiacells in different T cells groups: (A) T cells auled after 24h in the absence of MSCs, (B) T

cells co-cultured with NW MSCs for 24 h, (C) T seatlo-cultured with Bc MSCs for 24 h.
Experiments were performed three times with sinmégults.
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2.4 Expression of T-bet and GATA-3

T-bet is a newly discovered Thl-specific transaoiptfactor, whose expression is restricted to Thl
and not Th2 cells [30]GATA-3, a member of the GATA family of zinc fingeroteins, is thought to
initiate Th2 development while inhibiting Th1 cdifferentiation [31]. The balance between T-bet and
GATA-3 expression is representative of the baldreteveen Thl and Th2 cytokines, and may provide
a useful tool to help define the Th phenotype ahume cells [32]. We examined the expression of T-
bet and GATA-3 mRNA by RT-PCR and protein by Westelot analysis in three groups. As shown
in Figure 4 and Figure 5, the Bc MSCs group enhduice level of T-bet, whereas down-regulation of
T-bet relative toB -actin expression was observed in NW MSCs groupmgased to the control
group, expression of GATA-3 was markly increasedW MSCs group, but decreased in Bc MSCs

group.

T-bet —w
f-actin —™

GATA-Z—w
f-actin —w

Figure4. RT-PCR analysis of T-bet and GATA-3 mRNA in T edileated with different strain MSCs.
Figure 4 showed RT-PCR amplification of T-bet anlT@-3 mMRNA from T cells with or without the
treatment of MSCs: (A) T cells co-cultured with NMSCs for 24 h, (B) T cells cultured after 24 h in
the absence of MSCs, (C) T cells co-cultured withMBSCs for 24 h. As an internal control, the
expression of thB-actin mRNA was examined in same materials.

2.5 Quantification of Thl and Th2 Type Cytokine of CD3 * T Cells

Assay of intercellular cytokines of T cells was s@&d by flow cytometry. T cells were stimulated
with PMA for 24 h, and then stained with PE-Cy5dia anti-CD3, and PE or FITC labeled
antibodies direct against IL-4, IL-10, IFN-IL-6, and TNFe. One representative experiment of five
measurements was shown in Figure 6. The numbeofiye events in the dot plots and histograms
for isotype controls were subtracted from sampla dtaeach experiment. Among CD3 cells in Bc
MSCs group, there were more positive for Ifrldnd less positive for IL-4, IL-10 and IL-6 thamgile
T cells group. The difference in IL-4 expressingl oember between the two groups was statistically
significant @ < 0.01). While in NW MSCs group, production of I.-4-10 and IL-6 all increased
compared to the control. The difference of prodgdiiN-y was unobvious when present and absent
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NW MSCs. Interestingly, the ratio of TNE/CD3" T cells after co-cultured with Bc MSCs
(14.7 £ 1.5 %) and NW MSCs (18.1 £ 0.9 %) all dasexl compared to the control (20.9 £ 1.2 %).

Figure 5. Western blot of T-bet and GATA-3 in three grou@s. T cells co-cultured with NW MSCs
for 24 h, (B) T cells cultured after 24 h in thesabce of MSCs, (C) T cells co-cultured with Bc MSCs
for 24 h. After separation in 10 % acrilamyde geltpins were transferred to the nitrocellulose
membrane and tested with anti- T-bet and -GATA{badies. Membranes were stripped and retested
with anti-actin antibodies to quantify protein dsiion.

3. Discussion

MSCs have shown to be poorly immunogenic and sggpmkogeneic or autologous T cell response
[22,33,34], which suggested MSCs might be usedhémajpeutic applications. In this paper, we have
examined interactions between mice MSCs and T |yuoyes in order to understand better the
mechanisms of MSC-mediated immune modulation. Soesearchers have investigated effects of
allogeneic bone marrow-derived mesenchymal stes oal T lymphocytes from BXSB mice [35].
The present study is the first report showing M&Cs from lupus mice interact with T cells from
normal mice and are capable of altering the outcohiamune response.

Our results showed that apoptosis of T cells whsletreased when two different MSCs were
added. Our experimental approach was based oruthenty published protocol by Rasmusson [36].
In his experiment peripheral blood lymphocytes werecultured with MSCs. Previous reports
demonstrated that MSCs-T cells co-culture did eatlto T cells apoptosis [37,38]. Plumas found that
human MSCs induced apoptosis of activated T c8B§. [The different data may be due to the use of
MSCs generated by different techniguebe use of different stimuli, culture conditiongses, and
kinetics and different lymphocyte populations tested [4Din&y be, by reducing of T cells apoptosis,
MSCs induce more Thl or Th2 subset to affect immaystem, and thereby either lead to pathology,
or exert a positive impact on the disease.

The balance of Thl and Th2 cells among differemtups was then detected. We tested the
expression of T-bet and GATA-3 and intercellulatokynes in T cells co-cultured with different
MSCs. T-bet and GATA-3 are two major T helper-spedranscription factors that regulate the
expression of Thl or Th2 cytokine genes and playeial role in T-helper cell differentiation.
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Figure 6. Changes in intracellular cytokines of T cells wtitle treatment of different MSCs. Cells
were stained with fluorescent antibodies, as desdrin Section 2. Gate R1 showed viable, single
occupied cells. The cytokine-releasing cells exgrgsCD3 were gated as R2. The histogram showed
the percentage of double-positive cells in all CD3ells. Data of a representative experiment éut o

five were shown. *p < 0.05 vs controff, p < 0.01 vs control

The T- bet /GATA-3 ratio may reflect the Th1/Thatsis. The RT-PCR and Western blot analysis
both showed that T-bet was expressed at significkow level and GATA-3 had a higher level in NW
MSCs group, which was in contrary to the Bc MSQsugr The sequent cytokines assay supported this
concept. Assay of intercellular cytokines of T sellas measured by flow cytometry. Our results
showed levels of cytokines (IL-4, IL-10 and IL-6exe enhanced followed co-culturing T cells with
NW MSCs, as compared with the simple-T culture growhich is indicative of a higher TH2
response, suggesting a deterioration of SLE shadieed, most of studies revealed that the increased
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production of type 2 cytokines in SLE patients adlas in murine lupus-prone strains [41-43]. While
Bc MSCs, in their ability to inhibit IL-4, IL-10,L+6 and increase IFN-secretion, may orchestrate a
shift towards an increase in Th1l cells, which iine with the report by Deng [35].

TNF-a is a potential proinflammatory and immunoregubhatoytokine that plays an important role
in inflammatory and immune responses. It is uncésato whether the role of TNEas a mediator of
inflammation is a beneficial or deleterious onetle susceptibility to SLE. While many authors
concluded that serum TNiclevels are clearly elevated in SLE patients asddrrelation with disease
activity [44,45], others reported increased lewally in a minority of patients with active SLE [46h
our research, the secreting TNFof T cells after co-cultured with Bc MSCs and NWSHNIs are
decreased, although the difference is not steaidyi significant between the two co-cultured grsup
(data no shown). It can be explained by: 1. Théuleel sources of TNk are diverse, including T
lymphocytes, pre-B cells, mast cells, keratinogytestrocytes and microglial cells, smooth muscle
cells, intestinal cells and mesengial ceur research only focused whether MSCs modulated th
TNF-o production of T lymphocytes in vitro, not takingher cytokine sources into account. 2. Our
finding might be partially explained by speciedali€énces.

The results imply that lupus MSCs might be defegtiut whether these defects are pathogenic to
the disease remains to be explored. Normal MSCsniaglibset a shift to Thl, which might lead to
an improvement of the illness and may offer onelanation for the clinical outcome observed by
other authors [11]. So we hypothesize that MSCslavoidluence the maturation and differation of T
cells and hence the Th polarization of an immurspaase in vivo. Interestinglywe also find there
are differences in passage-time and proliferatietwben Bc MSCs and NW MSCs. The latter has
higher proliferation and shorter passage-time. Tihiplies NW MSCs may be defective in their
function, which is supported by El-Badri who regartthat MSCdrom lupus murine model had
defective structure and function when compared M8Csfrom healthy mouse strains [47].

In summarization, through the interactions of MS@th T cells, it appears that MSCs influence the
development of Thl or Th2 cytokines and alter thegoing immune response. Yet the complete
mechanism of immune modulation by MSCs will reqdirgher investigations. Clinically, MSCs are
being proposed for a number of indications; theiadmation of normal MSCs in vivo to autoimmune
diseases such as SLE may be one potential therapeethod. These results encourage clinical use of
MSCs in treatment in of SLE. Further studies shaddfirm the clinical benefit of the injection of
MSCs to the lupus mice.

4. Experimental Section

4.1. Animals and reagents

NZBWF1 and BALB/c male mice (8-10 weeks old) wergghased from Model Animal Research
Center of Nanjing University. They were group-halige individually ventilated cages under targed
controlled environmental conditions of 24 °C and @0 relative humidity with 12 h light/dark
photoperiod (light-at 06:00 and off at 18:00). $amd mouse chow and water were available
throughout the experiment. Mice were allowed tdiawtize for 10 days prior to treatment. All cukur
media, supplements and reagents were purchasedSigmm (St. Louis, MO, USA) unless otherwise



Int. J. Mol. Sci. 2007, 8 464

noted. The culture media of mice MSCs was constitutf 85 % DMEM-LG, 15 % fetal calf serum,
2 mM glutamine and penicillin/strepromycin (100 W/amd 100 mg/ml, respectively). All antibodies
for flow cytometry were from eBioscience (San digd&A).

4.2. MCsisolation and culture

MSCs were isolated and cultured by the proceduserded previously [26, 27] with modifications.
The mice were euthanized and both femurs and tlwere removed. The marrow was flushed with
DMEM-LG using a 10-cc syringe with a 0.45-mm needlell clusters within the marrow suspension
were dissociated by vigorous pipetting and filtdaterough a 100-um cell strainer. Red blood ceills i
suspension were lysed with ACK lysing buffer (OMI5NH4CI, 1.0 mM KHCQ, 0.1 mM EDTA,
pH7.2). The bone marrow cells were plated at diessitf 16 cells/ cnf in medium (DMEM-LG,

15 %FCS) and incubated in a humidified 5 % ,CGf@mosphere at 37 °C. Non-adherent cells were
gently removed and media was replaced at firstagl8safter initial plating and then every fourttysla
thereafter. After 7 to 9 days isolated coloniesraisenchymal stem cells were apparent. These cells
were then trypsinized with 0.05 % trypsin-0.5 mM ED solution, and replated at 1@ells/cnf
(passage 1). Cells were split approximately 1:8aah passage thereafter. These cells were classifie
by morphology and immune phenotype. Differentiatpmtential was examined by culturing the cells
under favorable conditions for adipogenic and agtea differentiation (data not shown), as
previously described [28].

4.3. FACSanalysis for surface molecules of MSCs

The expression of surface molecules on MSCs atagas8 was analyzed by FACS (Becton
Dicknson, San Jose, CA, USA). Staining was performaccording to a standard rapid
immunofluorescence technique. Briefly, after waghin PBS containing 0.1 % sodium azide and
1 % FCS (FACS wash buffer), the cells were incutbdde 20 min on ice with isotype-specific, FITC-
or PE-conjugated anti-mouse antibodies, and waslgath. Isotype-control antibodies were used to
determine background staining and autofluoresceAcmtal of 10,000 live cells were counted per
sample.

4.4. Preparation of allogeneic T cells

The allogeneic T cells of BALB/c mice were obtainedm spleen of suspensions by passing
through the nylon wool columns followed lysing dfetred blood cells. They were identified as
positive for CD3 and the purity was 87 + 9 %.

4.5. Co-culture of MSCswith T cdlls

The MSCs at passage 3 were treated witlgsnl mitomycin C at 37 °C for 45min, followed by
five extensive washes with FCS-containing mediutmerT T cells were implanted and incubated for
another 24 h with PMA (Phorbol- 12-Myristate-13-Aate, 40 ng/ml). The co-culture was mediated by
10,000 MSCs and 100,000 T cells.
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4.6. Apoptosis assays

Apoptosis was was also assessed by flow cytometwhich Annexin V and propidium iodide (PI)
staining were applied. T cells were washed in phaspbuffered saline and then with binding buffer
(50 nM HEPES pH7.4, 750 mM CaCIlb mM MgCh and 20 % BSA). Recombinant Annexin V
conjugated with fluorescein isothiocyanate (2@0ml) was then added for 30 min. After washing with
binding buffer, 1Qul Pl was added and then the cells were detectdidbwycytometry.

4.7. RT-PCR analysis

Total RNA was prepared from T cells using Trizajjeat. RT-PCR was performed on the cDNA
with the following sense and antisense primerg:attin: 5=AGGCATCCTGACCCTGAAGTAC,
3'=GACTGTCTGATGGAGTACTTCT, and the PCR product si289bp (accession XM903322);
2.T-bet: 5'=CAGGATGTTTGTGGATGTGG, 3'=TTCGGTGAAGTGGEGTGTTGTT CCC, and the
PCR product size=198bp (accession NM019507); 3.GATA'=GTCATCCCTGAGCCACATCT,
3'=TCAAGGAGGC TGGGGAAGA T, and the PCR product si263 bp (accession NM008091). For
semi-quantitative-PCR analyses, the number of redquiycles and amounts of total RNA to be used
was determined. After denaturing at 95 °C for 10,n®CR amplification fo3-actin, T-bet and
GATA-3 detection was performed under the followoanditions: 94 °C for 45 s, 58 °C for 30 s, and
72 °C for 45 s, for a total of 30-35 cycles. Thaateon was terminated after a 5-min elongation.
Reaction products were electrophoresis using &dldgarose gel containingul/ml EtBr, then bands
of the gel were analyze using GS-800 Calibretedsidemeter (Bio-Red, Hercules, CA, USA).

4.8. Western blot analysis

For Western blotting, equivalent amount of protgsates, obtained from T cells were separated by
15 % SDS-PAGE and then electrophoretically tramsteronto a nitrocellulose membrane. The
membrane was then incubated in blocking solutio® (8ry milk in PBS) for 1 h at room temperature.
Subsequently blots were incubated with antibodigsirst T-bet and GATA-3, overnight at 4 °C.
Expression of theB -actin was used as control. The day after, the mangbwas incubated with
peroxidase-conjugated anti-mouse IgG for 60 mimoaim temperature. The density of T-bet and
GATA-3 stained bands relative feactin expression was quantified with Quantity Otnhsitometry
software.

4.9. Quantification of intracellular cytokines

T cells co-cultured with MSCs were activated witdA (40ng/ml) and lonomycin (1ug/ml) for 6h
and Monensin (1.7ug/ml) was added at the final 2 h to inhibit cytakisecretion. The harvested T
cells were first incubated with FITC labeled anDEmAb and then the cells were fixed in w 2 %
formaldehyde in PBS for 15 miithe permeabilization of the cell membrane was aehicoy 0.1 %
Saponin. The cells were thereafter exposed to Eh€-Eonjugated cytokine specific antibodies for 30
min at 4 °C and then washed, followed by analysisigi flow cytometry. At least 20,000 cells per
sample were analyzed. The results were expresdbe asstogram of fluorescence intensity.
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4.10. Satistical Analysis

All values were expressed at mean = SEM. fHtest was used for statistical comparison in dfifer
groups. A level op < 0.05 was considered statistically significant.
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