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Materials and Methods 
2.1. Mice

Balb/c (H-2d), CBA (H-2k) and C57Bl/6 (H-2b) mice were obtained from our own reproduction facilities. Balb/c mice (8–10 weeks old) were sublethally irradiated in polycarbonate boxes with 4.5 Gy X-rays (Centre Léon Bérard, Lyon, France) to induce peripheral immune deficiency. Irradiated mice were given sterilized food and water; they were housed in pathogen-free conditions. 
2.2. Transgene and retroviral vector

The human IL-10 plasmid was kindly provided by Dr Narula (Kenilworth, NJ, USA) and was inserted into the packaging cell line GPE86 (fibroblastic cell line produced from murine embryonic kidney). The GPE86 hIL-10 cell line was cultured in Dulbecco’s modified Eagle medium supplemented with foetal calf serum (FCS; 10%), L-glutamin (200 mM), penicillin (10 IU/mL), streptomycin (100 mg/mL) and 2 beta-mercaptoethanol (10-5 M) (Biowhittaker, Belgium). Supernatants containing infectious particles were harvested after 72 h of culture, and centrifuged to remove cells and cellular debris.

2.3. Preparation of foetal liver cells

Pregnant CBA mice were killed by cervical dislocation 14 days after fertilization. Uterine horns were dissected in Petri dishes. Foetuses were removed from the uterus and placed in other Petri dishes. Foetal livers were harvested and kept in RPMI-1640 medium complemented with 10% FCS. A cell suspension was prepared after mechanistic dissociation of the foetal livers. The preparation was washed and centrifuged for 5 min at +4°C. An aliquot was taken to test cell viability by Trypan blue exclusion and to enumerate nucleated white cells using Turk’s solution.

2.4. Haematopoietic cell proliferation

Samples of 0.5 ( 10-5 cells/mL TFLs were transferred into 6-well plates, and cultured in Iscove-modified Dulbecco’s medium (Biowhittaker), supplemented with FCS (30%), mouse IL-3 (mIL-3) at 10 ng/mL, mIL-6 at 10 ng/mL and mouse stem cell factor at 10 ng/mL (Tebu, France) for 48 h  to enhance cell proliferation, as is required for transduction of a gene with a retroviral vector.
2.5. Haematopoietic cell transduction

Transduction of TFLs was induced by their incubation with infectious supernatant from GPE86 hIL-10 cells and 6 mg/mL polybrene (Sigma, L’Isle d’Abeau, France). The transduction procedure involved three 8-h cycles of culture at 37°C in a 5% CO2 atmosphere. One aliquot of transduced cells was used to measure hIL-10 production before injection into allogeneic mice.

2.6. Measurement of hIL-10 with ELISA  
hIL-10 was measured in culture supernatants of transduced TFLs and in serum of mice injected with transduced TFLs using an ELISA method. For this, 96-well plates were coated overnight with purified mouse monoclonal anti-hIL-10 Ab (2 mg/mL; Pharmingen, Le Pont de Claix, France) at +4°C. Unspecific sites were then blocked by phosphate buffer saline (PBS) supplemented with 10% FCS for 1 h at room temperature. Samples of supernatants or serum, and of  recombinant  hIL-10 diluted in 10% FCS, PBS and 0.05% polyoxyethylene-sorbitan monolaurate (Tween 20; Sigma) were then incubated for 4 h. Biotinylated mouse anti-hIL-10  mAb (1 mg/mL; Pharmingen) was added for 1 h, after which extravidin-peroxidase diluted 2000 times in blocking buffer (Sigma) was introduced for 30 min. The colorimetric reaction was carried out using an o-phenylendiamine solution (Sigma). The reaction was stopped with 3 M H2SO4 and optical density readings were taken at 492 nm. All reactions were performed at room temperature and three washings, using PBS supplemented with 0.05% Tween 20, were performed between all steps.

2.7. Skin transplantation
After an intravenous injection of 107 transduced TFLs cells from C57Bl/6 mice, Balb/c mice received skin grafts from Balb/c, CBA or C57Bl/6 mice on the left flank.  Recipient mice were anaesthetized with an intraperitoneal injection of Hypnovel (Janssen Cilag) and the skin transplant was carried out as described previously (38, 39). The rejection day was defined as more than 50% of skin becoming necrotic.

2.8 Heterotopic heart transplantation 
Surgical procedures were performed under anaesthesia induced by intraperitoneal injection of Hypnomidate (20 mg/kg) and Midazoram (5 mg/kg). Vascularized heterotopic heart grafts from C57Bl/6 (H-2b) mice were placed in the abdomen of Balb/c (H-2d) mice and were anastomosed to the abdominal aorta and vena cava, as described previously (19). The function of the transplanted heart was evaluated daily after transplantation by regular abdominal palpation of the beating heart and by laparotomy when the beating became weak. Rejection was defined as total cessation of cardiac muscle contraction. 
2.9. Stem cell injection
107 TFLs transduced (or not) with hIL-10 were injected in the testicular or tail vein of the host on the day of heart transplantation and/or every 20 days, as indicated.

2.10. Evaluation of the microchimaerism by PCR analysis

Samples of different organs were examined for the presence of the H-2b and/or hIL-10 genes, using the following pairs of primers:

GCCCTGACTATGATCGAGACTC/ CTCACGAACTGCGTGTTGTCCA for H-2b (CliniSciences, Montrouge, France) and CGCGGATCCGCCGCCATGCACAGCTCAGCACTCTGTT/GCTCCAGCTGTCAGTTTCGTATCTTCATTGTCATG for hIL-10 (Eurogentec, USA). 

DNA was extracted from cells of each organ (PCR QIAamp, DNA mini kit, Qiagen, France), and was quantified by spectrophotometry at 260 nm. A 1-µg sample of DNA was mixed with PCR reactants (10 mM dNTP, 5 U/mL Taq polymerase, Taq buffer 1X and 1 mM of both primers). The first step of PCR was carried out for 90 s at 94°C and the subsequent steps involved 35 cycles as follows: 30 s at 94°C, 45 s at 63°C (50°C for hIL-10 gene) and 45 s at 72°C. The presence of the H-2 b (330 bp) and the hIL-10 genes (570 bp) was visualized and measured using Agilent technology.
2.11. Mixed leukocyte reaction

Peripheral blood cells were harvested from Balb/c and C57Bl/6 mice. Red blood cells were lysed using 8.7% NH4Cl. Irradiated (30 Gy) mononuclear cells from C57Bl/6 mice were used as stimulators. 2.5 × 105 responder mononuclear cells from Balb/c were co-cultured in triplicate with 2.5 × 105 stimulator cells with or without hIL-10 (1000 U/mL). At day 6 of culture, cells were pulsed with 10 μM 5-bromo-2’-deoxyuridine (BrdU) for 18 h, and the number of proliferating  cells was  measured  using the  Cell Proliferation ELISA BrdU Kit, at an optical density of  450 nm. Results are expressed as the ratio of proliferative to resting cells which corresponded to co-culture of irradiated cells.

2.12. Histological analyses
Cardiac allografts were removed and fixed in 10% neutral formalin, included in paraffin, sectioned, and stained with haematoxylin and eosin. Sections were examined microscopically and graded (from mild to severe) for acute rejection changes: presence of vasculitis, infarction, lymphocytic infiltration and thrombosis.

2.13. Immunohistochemical analysis

In-situ intragraft FoxP3 cells were analysed by an immunofluorescence technique on frozen tissue sections. Cardiac sections (8 µm) were cut with a cryostat, air-dried, and fixed with acetone. Sections were incubated the with PE rat anti-mouse FoxP3 mAb (20 µg/mL, clone FJK-16s; Ebioscience). Immunofluorescence staining was analysed using an inverted fluorescent microscope (Nikon, France). 

2.14. Flow cytometry 

Cells were extracted from organs, and stained with FITC- or PE-conjugated mAbs directed to CD4 and FoxP3+ (BD Pharmigen, France). Conjugated isotype Ab were used as negative controls. Stained cells were analysed on FACScanto II (Becton Dickinson, France) using the Diva software.

2.15. Statistical analysis 

When required, results were expressed as mean + standard error. The Student’s t test was used for statistical analysis. Results were considered to be statistically significant when p was lower than 0.05. Graft survival was calculated using the Kaplan-Meier method.
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