Supplementary Information

Supplementary materials and methods

Histology, Ashcroft Lung Fibrosis Score and Morphological Analysis
Lungs from each group of animals were excised at 7, 14, and 21 days after bleomycin-induced lung injury. The lung tissues were fixed in 4% paraformaldehyde, dehydrated using a graded ethanol series, embedded in paraffin blocks, cut into 3-μm sections, and stained with hematoxylin and eosin (H&E) using standard histologic techniques. Blind histopathologic evaluation of the severity of pulmonary fibrosis was performed by two separate investigators using the Ashcroft scoring method (1). Lung fibrosis was scored on a scale of 0 to 8 according to the following criteria: grade 0, normal lung; grade 1-2, minimal fibrous thickening of alveolar or bronchiolar wall; grade 3-4, moderate thickening of walls without obvious damage to lung architecture; grade 5-6, increased fibrosis with definite damage to lung structure; and grade 7-8, severe distortion of structure and large fibrous areas. Following the examination of 30 randomly chosen regions in each sample at 100x magnification, the mean score of all the fields was taken as the fibrosis score for each sample.
The destruction of alveolar walls was quantified according to the destructive index value, which was measured using a previously described technique (2). Airspace size was quantified by measuring the mean linear intercept (Lm) using a modified Thurlbeck method (3). Briefly, 30 fields at 200x magnification were randomly observed on two slides from each mouse, and point counting in each field was performed. Then, the total distance divided by the number of alveolar intercepts provided the value for Lm.
Immunohistochemistry 

Immunohistochemical staining was performed using primary antibodies targeting Ly6C (Santa Cruz Biotechnology, Santa Cruz, CA), collagen I (Abcam, Cambridge, UK), and alpha-smooth muscle actin (α-SMA) (Biomeda, Foster City, CA). Briefly, paraffin sections of the lungs were de-waxed and rehydrated. Lung sections were subjected to antigen retrieval and blocked with a peroxidase-blocking reagent. Sections were incubated with primary antibody overnight at 4°C. After washing, the lung sections were incubated with a SuperSensitiveTM system horseradish peroxidase-labeled polymer (BioGeneX, San Ramon, CA) for 1 hour at room temperature. The sections were then visualized with 3,3’-diaminobenzidine tetrahydrochloride (BioGeneX, San Ramon, CA) and counterstained with hematoxylin. To quantitatively analyze the IHC intensity of the scratched area, the percentage of IHC signal per photographed field was analyzed using Image Pro Plus software (Media Cybernetics, Inc., Silver Spring, MD). The mean value of 15 randomly selected fields was calculated.

Hydroxyproline Assay

To assess collagen accumulation, hydroxyproline was measured using previously described methods (4). Briefly, homogenates from frozen lung tissues were incubated on ice in trichloroacetic acid and then baked in 12N HCl. Aliquots of the samples were reconstituted in distilled water and then incubated in 1.4% chloramine T in 10% isopropanol and 0.5 M sodium acetate for 20 min. Erlich’s solution was added, and the samples were incubated at 65°C for 15 minutes. Absorbance at 550 nm was measured, and the amount of hydroxyproline was determined according to comparisons against a standard curve.

Myeloperoxidase (MPO) Activity

The lung content of myeloperoxidase (MPO) was measured to quantify the degree of pulmonary neutrophil sequestration, as this enzyme is found almost exclusively in neutrophils, and this analysis was performed according to previously described methods (5). Excised lungs from three to four mice per treatment group were frozen in liquid nitrogen, weighed, and stored at -80°C. The lungs were homogenized for 30 seconds in 1.5 ml of 20 mM potassium phosphate, pH 7.4, and centrifuged at 4°C for 30 min at 40,000 g. The pellet was re-suspended in 1.5 ml 50 mM potassium phosphate, pH 6.0, containing 0.5% hexadecyltrimethyl ammonium bromide, sonicated for 90 s, incubated at 60°C for 2 h, and centrifuged. The supernatant was assayed for peroxidase activity and corrected to lung weight.
Pulmonary Function Measurement: Plethysmography

Pulmonary function in conscious and unrestrained mice was evaluated using whole-body non-invasive plethysmography (Buxco Electronics, Shorn, CT) with Biosystems XA software. Unrestrained plethysmography was calibrated according to the manufacturer’s instructions. The Bias Flow Regulator was calibrated at room temperature with the humidity and flow set at 1.2 liters per minute. Each animal was allowed a 3-min equilibration period, during which the data were observed but not recorded. Measurements of tidal volume, respiratory frequency, and minute ventilation were then collected over a 10-min period. Average measurements were recorded every 50 consecutive respiratory cycles with an overlap of 25 cycles during this 10-min period. The values were then averaged over the entire 10 minutes. Tidal volume was calculated using the equation of Drorbaugh and Fenn (6). After the tidal volume was determined, the inference minute ventilation (tidal volume x respiratory frequency) was also calculated.
Cytokine ELISA Array

Lung tissues for ELISA were homogenized in PBS with protease inhibitors containing 10 μg/mL Aprotinin, 10 μg/mL Leupeptin, and 10 μg/mL Pepstatin. Triton X-100 was added to a final concentration of 1%. Samples were frozen at ≤ -70°C, thawed, and centrifuged at 10,000 g for 5 min to remove cellular debris. Quantitation of sample protein concentrations in the supernatants was performed using a total protein assay. Cytokine levels were determined according to the manufacturer’s instructions provided with commercial ELISA kits (R&D Systems, Minneapolis, MN). Cytokine array data on developed X-ray film was quantified by scanning the film with an ImageScanner III (GE Healthcare) and analyzing the array image file using ImageQuant software (GE Healthcare).

Reverse transcription (RT)-PCR 

Total RNA was extracted using TRIzol reagent according to the manufacturer’s instructions (Invitrogen). The reverse-transcription reaction was performed using 1 μg total RNA that was reverse-transcribed into the first-strand cDNA by Superscript II reverse transcriptase with random primers (Fermentas). The primers used are shown in Suppl Table 1. Quantitative real-time PCR analysis was performed using Fast SYBR green PCR Master Mix (Roche) as per the manufacturer’s instructions (7900HT, Applied Biosystems, CA, USA). The relative expression of each gene was normalized against glyceraldehyde-3-phosphate dehydrogenase (GAPDH).
Immunofluorescence
To investigate the microscopic fate of transplanted cells, mouse 3-gene iPSCs were transfected with pCX-EGFP, according to previously described methods for inducing constitutive expression of green fluorescence (7). At 24 hours post-bleomycin injection, 2 x 106 3-gene iPSCs labeled with EGFP were administered via the tail vein. Transplanted EGFP-labeled 3-gene iPSCs were located using indirect immunofluorescence at 1 day after 3-gene iPSCs delivery. Briefly, paraffin lung sections were de-waxed and rehydrated, and lung sections were blocked with 5 mg/ml bovine serum albumin (BSA) (Sigma-Aldrich) in PBS for 1 hour at room temperature. A primary mouse anti-EGFP monoclonal antibody (Clontech Laboratories, CA) was applied at a 1/200 dilution, and sections were incubated overnight at 4°C. After washing with PBS, the Alexa Fluor( 488-conjugated goat anti-mouse IgG (EMD Millipore Corporation, Billerica, MA) secondary antibody was applied at a dilution of 1/100, and the sections were incubated for 2 hours at room temperature. Slides were then washed with PBS, counterstained with 0.5 μg/mL 4,6-diamidino-2-phenylindole (DAPI), and observed with an Olympus BX61 fluorescence microscope (Olympus, Hamburg, Germany). Each slide was evaluated by two separate investigators in a blinded manner. To quantify the scattered density of the incorporated cells, a total of 10 randomly selected fields from each sample on each slide were counted at a magnification of 100x.

Supplementary Results 
Evaluation of tumorigenecity of 3-genes iPSCs graft
We further performed a 2-month, extended follow-up study, and remarkably, and no tumor formation was observed in the lungs of bleomycin-treated recipients of 3-gene iPSCs treatment (data not shown). In this follow-up study, we scanned for tumors using gross necropsy, in vivo GFP imaging, and histological examination, and the results confirmed the low tumorigenicity potential of transplanted 3-gene iPSCs, as described previously (7-9).
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Supplementary Table
Table 1. Primer sequences used in real-time PCR

	Name
	Sequences
	Length    ID

	IP-10
	CGTCATTTTCTGCCTCATCCT

TGGTCTTAGATTCCGGATTCAG
	227      NM_021274



	MIG
	ACTCAGCTCTGCCATGAAGTCCGC

AAAGGCTGCTCTGCCAGGGAAGGC
	479      NM_008599

	ITAC
	ATGAACGGCTGCGACAAAGT

GCATGTTCCAAGACAGCAGA
	225      NM_019494


	IFN-(
	TGATGGCCTGATTGTCTTTCAA

GGATATCTGGAGGAACTGGCAA
	110      NM_0083337



	CXCR3
	AGAATCATCCTGGTCTGAGACA

AAAGATAGGGCATGGCAGCTA
	256      NM_009910



