Online Data Supplements-Materials and Methods

Antibodies The following antibodies (Abs) were used: anti-CD24 mAb (SN3), anti-WT1 mAb (F6), anti-megalin mAb (H-245), anti-Oct-4 pAb (Santa Cruz Biotechnology, Santa Cruz, CA), anti-BmI-1 mAb (F6) (Upstate, Temecula, CA), anti-Nanog pAb, anti-Sodium Channel beta pAb (AbCam, Cambridge, UK), anti-CD133/2 mAb (293C3), (PE-conjugated anti CD133/2 mAb (Miltenyi Biotec GmbH, Bergisch Gladbach, Germany), E-cadherin mAb (36), rat anti-mouse CD31 mAb (MEC 13.3), APC- conjugated anti-CD34 mAb (8G12), PerCP-conjugated anti-CD45 mAb (2D1), FITC-conjugated anti-CD44 mAb (L178), PE-conjugated mouse anti-human IgG1 (MOPC-21) and anti-IgG2b (MPC-11) (BD Biosciences, San Diego, CA), anti-human HLA-I mAb (W6/32), anti–SMA mAb (1A4) (Sigma-Aldrich, SanLouis, MO, USA), anti-vWf pAb, anti-calponin mAb (cALP), anti-smooth muscle myosin heavy chain mAb (SMMS-1) (Dako, Glostrup, Denmark), PE-conjugated anti-CD106 mAb (1G11B1), PE-conjugated anti-CD54 mAb (Southern Biotech, Birmingham, AL), FITC-conjugated anti-CD29 mAb (4B7R, Ancell Corporation, Bayport, MN). The anti-LAP (TGF-1) mAb (27232) was from R&D Systems (Minneapolis, MN). The anti-THG goat pAb was from MP Biomedicals, Verona, Italy. Alexa Fluor® 488-, 546-, 633-labelled goat anti-mouse IgG1, Alexa Fluor® 488-, 546-labelled goat anti-mouse IgG2a, Alexa Fluor® 546 and 488-labelled goat anti-rabbit IgG, Alexa Fluor® 488 and 546-labelled goat anti-mouse IgG2b, Alexa Fluor® 546-labelled rabbit anti-goat IgG Abs or Alexa Fluor® 488-labelled goat anti-rat IgG Abs, were from Molecular Probes, Eugene, OR. 
Isolation and culture of CD24+CD133+REC To obtain CD24+CD133+REC, the embryonic kidneys were minced and digested with collagenase IV (500U/ml) for 20 minutes at 37°C. The renal suspensions were collected and checked for simultaneous expression of CD133 and CD24 by flow cytometry. CD133 was evidenced by using a PE-conjugated anti CD133/2 mAb combined with an anti CD24 mAb (IgG1) followed by an Alexa Fluor® 633-labelled goat anti-mouse IgG1. Since CD133+ cells represented a subset of whole CD24+ cells, the CD24+CD133+cells were isolated by using the CD133 Cell Isolation Kit (Miltenyi Biotec GmbH).22 The positive cell fractions consisted of >99% of CD24+CD133+ cells; the recovered cells were plated in EGM-MV (Cambrex Bio Science, East Rutherford, NJ) 20% FBS (Hyclone, Logan, UT) and then used for cloning. Generation of clones from CD24+CD133+REC was achieved by limiting dilution in 96-well plates in EGM-MV 20% FBS. Two hours after plating, wells that contained only one cell were identified by microscopy examination and marked. Plating of 1800 CD24+CD133+REC derived from four different donors was required to seed 518 single cells. A total number of 212 clones were obtained and 29 were collected and analysed. CD24+CD133+REC were also maintained in culture as bulk, and  routine cell passaging was performed. Medium was changed twice a week. The cell counts and cellular dilution factor were recorded at each passage. This process was repeated for a 4-months period. The number of population doublings (PD) was calculated by solving the following equation: n° of PD = log2(Ni /No), where Ni is the number of cell yielded and No the number of cell plated. APEMP were obtained from 10 adult human kidneys as previously described.22
The human pluripotent embryonal carcinoma cell line NTERA-2 clone D1 was purchased from European Collection of Cell Cultures (ECACC, Salisbury, Wiltshire, UK). Primary cultures of RPTEC were obtained from Cambrex and cultured as previously described.22
Confocal microscopy Confocal microscopy was performed on 5-m sections of renal frozen tissues, or on cells cultured on chamber slides by using a LSM 510 META laser confocal microscope (Carl Zeiss, Jena, Germany), as previously described.41 
Staining with FITC-labeled DBA, FITC-labeled LTA (Vector Laboratories, Burlingame, CA, USA) and with Alexa Fluor® 488 Phalloidin (Molecular Probes) were performed following manufacturer’s instructions. 

For quantification of fibrosis in glycerol-injected SCID mice (see later), four random fields of kidney tissue stained for -SMA or TGF-1 were recorded using a x20 objective and scanned from each tissue of 24 mice (eight mice that were treated with CD24+CD133+REC, eight mice from the saline-treated group and eight mice treated with HMC). All random scans of the kidney tissue for each treatment group were recorded at the same photo multiplier tube, pinhole aperture, and laser voltage setting and analyzed using LSM 510 confocal microscopy software 3.0. This analysis resulted in a data set expressed as fibrotic tissue (-SMA or TGF-1 positive) area in µm2 per image field. 
Real-Time Quantitative RT-PCR Taq-Man RT-PCR was performed as described.32 BmI-1, CD133, CD24, Na/H exchanger, aminopeptidase A, Na/Gluc1, γ-GT, AQP1, AQP3, Na/Cl transporter, calbindin D28K, ENaC-β, Runx2, Osteopontin, AP, adiponectin, PPAR-γ, KDR, Tie-2, VE-cadherin, α-SMA, calponin, and elastin quantitation was performed using Assay on Demand kits (Applied Biosystems, Warrington, UK). vWf, Oct-4 and Nanog primers and probes were previously described. 22,41,42
In vitro differentiation Tubulogenic differentiation was obtained by culturing clones of CD24+CD133+REC in commercially available REBM medium containing SingleQuotes (hydrocortisone, hEGF, FBS, epinephrine, insulin, triiodothyronine, transferrin and gentamicin/amphotericin-B) (Cambrex Bio Science), and supplemented with 50 ng/ml HGF (Peprotech, Rocky Hill, NJ) for 21 days, as previously described.22 

Osteogenic, adipogenic or endothelial differentiation of CD24+CD133+ cells-derived clones was induced as described elsewhere.22,41,43 For osteogenic induction, CD24+CD133+REC were cultured in -MEM, 10% horse serum, containing 100 nM dexamethasone, 50 M ascorbic acid and 2 mM -glycero-phosphate (all from Sigma-Aldrich). The medium was changed twice a week for 3 weeks. For adipogenic differentiation, CD24+CD133+REC were incubated in DMEM high glucose (hg) (Invitrogen, Carlsbad, CA, USA) containing 10% FBS, 1 M dexamethasone, 0.5 M 1-methyl-3-isobutylxanthine (IBMX), 10 g/ml insulin, and 100 M indomethacin (all from Sigma-Aldrich). After 72 hours, the medium was changed to DMEM hg, 10% FBS and 10 g/ml insulin for 24 h. These treatments were repeated three times. The cells were then maintained in DMEM hg, 10% FBS and 10 g/ml insulin for one additional week. For endothelial differentiation CD24+CD133+REC were plated in EBM-2 medium containing SingleQuotes (hEGF, hydrocortisone, GA-1000, FBS, VEGF, hFGF-B, R3-IGF-1, ascorbic acid) (Cambrex Bio Science) supplemented with VEGF 100 ng/ml (Peprotech) for three weeks. For stromal differentiation, CD24+CD133+REC were plated in -MEM, 10% FBS, containing 5 ng/ml TGF-1 (Peprotech), for 2 weeks. 
In vivo differentiation To evaluate in vivo differentiation potential of CD24+CD133+REC towards endothelium, cells were maintained in endothelial differentiating medium and after 21 days, 1x106 cells were stained with PKH26 Red Fluorescence Cell Linker Kit (Sigma-Aldrich), resuspended in 50 l of EBM medium (Cambrex Bio Science), added to 50 µl of Matrigel (Becton Dickinson) at 4°C, and injected subcutaneously into the flanks of SCID mice (n=4) (Harlan, Udine, Italy). Fifteen days later, mice were sacrificed, Matrigel plugs recovered and analyzed by confocal microscopy for vWf expression.

Xenograft in SCID Mice Model of ARF Models of rhabdomyolysis-induced ARF were performed in female SCID mice (Harlan, Udine, Italy), as described previously, 22,44 by intra muscle injection of hypertonic glycerol (8 ml/kg body wt of a 50% glycerol solution; Sigma-Aldrich) into the inferior hind limbs. Animal experiments were performed in accordance with institutional, regional, and state guidelines and in adherence to the National Institutes of Health Guide for the Care and Use of Laboratory Animals. Three groups of mice  on days 3 and 4 after glycerol received an intravenous injection into the tail vein as follows: group 1, saline (n = 76 mice);  group 2, CD24+CD133+ REC (n = 76 mice; 0.75 x 106 cells on day 3 and 0.75 x 106 cells on day 4) labeled with the PKH26 Red Fluorescence Cell Linker Kit (Sigma-Aldrich) immediately before injection (in some experiments CD24+CD133+ REC cells obtained from human donors of different gestational age were pooled; in other experiments, cells obtained from a single fetus of 9 weeks and another of 13 weeks of gestational age were injected separately); group 3, HMC cells (n= 44 mice; 0.75 x 106 cells on day 3 and 0.75 x 106 cells on day 4) labeled with the red fluorescent dye PKH26 and obtained from three human donors. At least 8 mice were sacrified at each time point (days 3, 7, 11, 14 and 16) for each group of treatment, and samples for BUN determination were collected. BUN levels were measured in heparinized blood by the Aeroset c8000 test (Abbott, Wiesbaden, Germany). BUN levels that exceeded 40 mg/dl were considered abnormal. Normal range in our experiments was between 30 and 37 mg/dl, as calculated in 16 additional untreated mice (day 0). Kidneys were collected from all groups of animals.

In other experiments, after intra muscle injection of hypertonic glycerol (day 0), two groups of mice  received intravenous injections on day 0 as follows: group 1, saline (n = 24 mice);  group 2, CD24+CD133+REC (n = 24 mice; 0.75 x 106 cell four hours after glycerol injection and 0.75 x 106 cells twenty hours after glycerol injection) obtained from two different human donors and labeled with the PKH26 Red Fluorescence Cell Linker Kit immediately before injection. Eight mice were sacrified at each time point  (days 4, 6 and 14) for each group of treatment, and samples for BUN determination were collected. BUN levels were measured as described above, and kidneys were collected from all groups of animals.

In 10 mice cellular proliferation in response to tubular injury was examined after glycerol injection with BrdU. After intra muscle injection of hypertonic glycerol (day 0), mice  received intravenous injections of CD24+CD133+ REC labeled with the PKH26 Red Fluorescence Cell Linker Kit (0.75 x 106 cell four hours after glycerol injection and 0.75 x 106 cells twenty hours after glycerol injection). Mice were given a single dose of 100 mg/kg of BrdU intraperitoneally daily and were sacrificed at day 4, 5 and 6, 1 hour after BrdU injection. BrdU was detected with a mouse  monoclonal antibody against BrdU (Sigma). Sections were incubated with 2 N HCl at 37°C for 1 hour, then buffered with 0.1 M sodium borate, pH 8.5, followed by incubation in PBS. 

Renal morphology Kidney sections of 5-µm thickness of mice killed at day 14 were fixed in ethanol and stained with periodic acid-Schiff (PAS) reagent (Carlo Erba, Milan, Italy) and with Masson’s trichromic Glodner Kit (Bio-Optica, Milan, Italy) to evaluate the fibrosis of cortical interstitium. Nonoverlapping fields of the entire section (up to 20 fields for each mouse), were analyzed at high magnification using a x20 objective by two observers independently. PAS staining was performed for the assessment of tubular atrophy. Athrophic tubules were identified by the thickened tubular basement membranes and were graded on a scale from 0 to 3 according to the percentage of involved tubules: 0=no involved tubules; 1=less than 30%; 2=30% to 60%; 3=more than 60% athrophic tubules. The severity of renal scarring was assessed on Masson’s trichrome stained sections. Normal tubulointerstitium scored 0; mild tubular atrophy with interstitial edema or fibrosis affecting up to 25% of the field scored 1; moderate tubular atrophy with interstitial edema or fibrosis affecting 25% to 50% of the field scored 2; and severe tubular atrophy with interstitial edema or fibrosis affecting more than 50% of the field scored 3.  

Kidney sections of 5-µm thickness of mice killed at day 4 were fixed in ethanol and stained with  Hematoxylin and Eosin (Bio-Optica) and PAS (Carlo Erba) to evaluate the following changes: luminal hyaline casts, tubular cell degenerative changes (cytoplasmic vacuolization, swelling, cell flattening, PAS-positive droplets, nuclear fragmentation, cell debris), and cell loss (denudation of the tubular basement membrane). Nonoverlapping fields of the entire section (up to 20 fields for each mouse) were analyzed at high magnification using a x20 objective. Lesions were focal in distribution, and the scores ranged from 0 to 3 as follows: 0, no changes scored; 1, very occasional tubular profiles affected by lesion; 2, more evident lesions affecting a minor percentage of tubuli in each affected area; 3, lesions in most tubuli within affected areas. Sections were analyzed by the same pathologist, in a single-blind manner.
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Supplementary Figure 1. Assessment of mRNA levels for BmI-1, Oct-4, Nanog, CD133 and CD24 by real-time quantitative RT-PCR in cultured clones of CD24+CD133+ REC before (black column) and after differentiation (white column). Results are expressed as mean ± SEM of triplicate assessment in 10 different clones.
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Supplementary Figure 2. Assessment of mRNA levels fold variation of the differentiation markers -SMA, calponin and elastin, as well as of the stem cell markers BmI-1, Oct-4, Nanog, CD133 and CD24 by real-time quantitative RT-PCR, as assessed in a representative clone of CD24+CD133+ REC at different time points following induction of stromal differentiation. Results are expressed as mean ± SEM of triplicate assessment of mRNA levels fold variation over control (time 0).
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Supplementary Figure 3. Assessment by confocal microscopy of protein expression of the stem cell markers BmI-1, Oct-4 and Nanog (green) by the teratocarcinoma cell line NTERA-2 and CD24+CD133+ REC, but not by differentiated renal tubular epithelial cells (RPTEC). To-pro-3 was used to counterstain nuclei. Objective 40x.
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Supplementary Figure 4. Co-localization of PKH26 (red) and BrdU (green) in the kidney of a mouse with acute renal failure injected daily with BrdU and treated with PKH26-labeled CD24+CD133+ REC, as examined by confocal microscopy. Arrows point to proliferating PKH26-labeled CD24+CD133+ REC. Objective 40X. Zoom 2.1.
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Supplementary Figure 5. Co-localization of DBA (green) and BrdU (red) in the kidney of a mouse injected daily with BrdU after glycerol-induced acute renal failure as examined by confocal microscopy. Arrows point to proliferating DBA-expressing cells. Objective 40x. Zoom 1.1.
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