Supporting Information

Text S1. Detailed experimental procedures and supporting references.
Cell Culture and Differentiation

Embryonic chorionic villi were obtained from the fallopian tubes of un-ruptured pre-implantation embryos in women with ectopic pregnancy (gestational age: 5-7 weeks) approved by the Institutional Review Board on Human Subjects Research and Ethics Committees. Tiny villous tissues were well-minced in serum-free α-MEM (Sigma-Aldrich, St. Louis, MO) and identified under microscopy followed by trypsinization with 0.025% trypsin/EDTA (Sigma-Aldrich) for 15 min and by adding α-MEM containing 10% FBS to halt the reaction. Adherent cells were obtained and cultured in conditioned α-MEM, 10% FBS, and 1% penicillin-streptomycin at 37oC in 5% CO2. After two passages, the level of hCG became undetectable measured by a commercial kit (Dako, Carpinteria, CA). For cell differentiation, cells at passages between 5 and 8 in cultivation were used for cell differentiation or transplantation. After 5 passages, differentiation into a variety of specific cell phenotypes was achieved as described previously (In't Anker et al., 2004; Yen et al., 2005) with modifications (Table S1), including osteoblasts, chondrocytes, myocytes, adipocytes (Fig. S1B) and neural cells (see text). For osteogenic identification, Alizarin red S (AR-S) assay (Sigma) was used to detect calcium mineral content in the cytochemical mineral matrix. To identify the calcium deposits, cells were fixed and incubated with a 2% silver nitrate solution (w/v) for 10 min in the dark. After thorough washing with de-ionized water and exposure to bright light for 15 min, cells were subjected for von Kossa staining. Alkaline phosphatase activity was measured using a commercial kit (Sigma-Aldrich). Chondrogenic cells were confirmed using Alcian blue staining (Sigma-Aldrich) at an acidic pH level. Myogenic cells were induced for 4-weeks and analyzed by the myosin heavy chain stain. Briefly, the washed cells were incubated with 3% hydrogen peroxide in phosphate buffer saline (PBS) for 10 min to quench endogenous peroxidase enzyme activity. The non-specific sites were blocked by PBS containing 10% HS and 0.1% Triton X-100 for 60 min. The cells were washed in a blocking buffer for 5 min, incubated in blocking buffer containing skeletal muscle myosin heavy chain-specific monoclonal antibody (Vector Laboratories, Burlingame, CA) for 1 hr, and stained using the VectaStain ABC kit (Vector Laboratories). Adipogenic cells were verified by Oil red O stain. Briefly, the cells were fixed for 60 min in 4% paraformaldehyde containing 1% calcium and washed with 70% ethanol followed by exposure to 2% oil red O reagent (Sigma) for 5 min. The excessive stain was removed by 70% ethanol followed by water rinses.  Oil red O stain was used as an indicator of intracellular lipid accumulation.  Neural stem cells were induced with basal media containing 10 (M all-trans retinoic acid (Sigma-Aldrich) in ethanol. Antibodies including neurofilament (BioGenex, San Ramon, CA), nestin (Chemicon, Temecula, CA), and GFAP (Santa Cruz Biotechnology, Inc., Santa Cruz, CA) were used for flow cytometry. Pancreatic islet (-cells were induced by using a two-step procedure and identified by immunoflorescence staining of insulin and dithizone (DTZ) (not shown). All antibodies used were listed below (Table S2). 

RT-PCR  

Total RNA was extracted using TRIZOL reagent (Invitrogen) and mRNA expression by using a Ready-To-Go RT-PCR beads kit (Amersham Biosciences, Buckinghamshire, UK). RT-PCR assay was done as described previously [18]. All the primers used were described below (Table S2). 

Western Blots 

For Western blots, method used was described as previously [18]. Cells were seeded into 10 cm dish with the serum–free medium overnight and treated with or without RA (10 μM) for various time intervals as indicated. After stimulation, cells were washed twice with ice-cold PBS and lysed by RIPA lysis buffer (Minipore). Protein concentration was determined by BCA protein assay kit (Thermo). Equal amount of protein (30 μg) was resolved by 8% SDS-PAGE, transferred onto PVDF membrane and blocked with 5% non-fat dry milk for 1 hr at room temperature. After blocking, the membrane was incubated with primary antibodies for 4 hr at 4°C.  Cells were washed three times with phosphate buffer saline Tween-20 (PBST) and incubated with horseradish peroxidase (HRP)-conjugated secondary antibodies for 1 hr at room temperature. After washing six times with PBST buffer, the membrane was incubated with a chemiluminescent substrate (GE Healthcare) for 1 min. Specific bands were visualized using an enhanced chemiluminescence kit (ECL) (Amersham). All the antibodies used were described below (Table S2).

Immunoprecipitation (IP)
Cells were serum-deprived overnight and treated with RA (10 μM) for 30 min. After pre-cleaning with protein G-agarose (Minipore) for 30 min, specific primary and secondary antibodies were added to culture for overnight. After incubation with protein G-agarose for 2 h, the beads were washed three times with RIPA lysis buffer, boiled in sample buffer, resolved by 8% SDS-PAGE and subjected to immunoblotting analysis. All the antibodies used were described below (Table S2).

Southern Blots
The telomere length of hTS cell was measured at passages 3 and 7 by Southern immunoblot analysis as described previously (Tsai et al., 2002).  Briefly, the fragments were transferred to Hybond-N+-nylon membranes (Amersham Biosciences) and hybridized at 65°C to a probe of TTAGGG repeats labeled with α-32P-dCTP using Ready-To-Go labeling beads (Amersham Biosciences). Terminal restriction fragments (TRFs) were visualized by hybridization with labeled oligonucleotides complementary to the telomeric repeat sequence. The size distribution of the TRFs was compared with a DNA length standard.

Flow Cytometry

Method used was described as previously (Wang et al., 2010). Cells (5 ( 106 cells/ml) were incubated with a variety of primary antibodies for 30 min and then incubated with the appropriate fluorescein isothiocyanate (FITC)-, phycoerythrin (PE)- or Rho-conjugated secondary antibody (Jackson ImmunoResearch, West Grove, PA) at adjusted dilution for 1 hr at 4oC. After thorough washing, cells were re-suspended in PBS (1 ml) and subjected to flow cytometry (FACScan, BD Biosciences, San Jose, CA). The data were analyzed with Cell-Quest software (BD Biosciences). All the antibodies used were described below (Table S2).

Immunocytochemistry

For SSEAs assays, LSAB kit (Dako, Carpinteria, CA) was used according to the manufacturer’s instruction. Briefly, cells were fixed with 4% paraformaldehyde, rinsed with tris-phosphate buffered saline (TBS), and H2O2 (10 min) followed by blocking agent with goat serum (1: 200, Dako) for 30 min. Then, cells were treated with primary antibody overnight followed by streptavidin (20 min) after wash. Cells were stained by biotin (20 min), washed and treated with 3, 3' diaminobenzidine tetrachloride (10 min, Boehringer, Mannheim, Germany). Finally, cells were counterstained with hematoxylin and subjected to immunocytochemical assays before thoroughly washed with PBS. For TH and serotonin assays, cells were incubated in 0.1M PBS at 4oC overnight after washing with PBS. After incubation with blocking solution (50 ml 0.1 M PBS, 0.05 g sodium azide, 1% horse serum, and 10% Triton X-100) for 1 hr at room temperature. After wash, cells were incubated with primary antibody, i.e., TH-2 (1:200, Sigma) and serotonin (1: 100, Sigma) for 2 hr and washed with PBS. After incubation with anti-mouse IgG with FITC or PE (Sigma) for 1 hr, cells were thoroughly washed with PBS and subjected to confocal microscopic immunofluorescence analysis (Olympus, Japan). 

Animal Studies 

The animal experiments were conducted according to the guidelines of the ethical board of the Institutional Review Boards of Kaohsiung Medical University Hospital and Ethical Committee at Medical College of National Chung Kong University, Taiwan. The establishment of hemiparkinsonian model was described previously [19]. Before experiment, adult Sprague-Dawley rats were anesthetized by using Zoletil (50 mg/kg, s. c., Virbac Lab. Carros, France) following unilateral intracranial injection with neurotoxin 6-hydroxydopamine (8 μg 6-OHDA in 0.02 % L-ascorbic saline infusion at 1μg/ 0.5 μl /min for 8 min; Sigma) into the right medial forebrain bundle (MFB; AP +2.8 mm, +Lat 2.0 mm, Dep 8.0 mm) with respect to bregma and dura and awaiting for 10 min at the site. To avoid bias, the apomorphine-induced rotation test after 6-OHDA injection was evaluated weekly to achieve a stable hemiparkinsonian status (>300 rotations/hr) before study. Six rats at 0-week (n=2), 1-week (n=2), and 6-week post-injury (n=2) were used to analyze the damages of striatum and SNC for immunohistofluorescence analysis. 
For transplantation, the GFP-tagged hTS cells were prepared by using F1B(-540)-GFP plasmid construct (a gift of Dr. I. M. Chiu) with a transfection rate over 95% for experiments. In acute PD rats, transplantation of the RA-induced GFP-tagged tNSCs (3 x 106 cells/5 μl/5 min) into the lesioned striatum was performed at two sites (AP +1.0 mm, Lat +2.7 mm, Dep 6.4 mm and AP +0 mm, Lat +2.7 mm, Dep 6.4 mm) under anesthesia. The cell viability remained stable between 96% and 98% during the implantation procedures. Graft effect was assessed every 3 weeks by apomorphine-induced rotation test until 12 weeks. After 18 weeks, rats were anesthetized and trans-cardially perfused with saline (50 ml, 0.9% w/v) followed by ice-cold paraformaldehyde (200 ml, 10% w/v in 0.02 M PBS). Brain sections were subjected to immunofluorescence imaging analysis and immunohistochemistry. In chronic PD rats, rats (body weight: 560 ± 65 g at pre-test and 548 ± 46 g at post-test) were divided into two groups; group II (n=6) received tNSCs and group I (n = 6) as control. tNSCs (1.5 x 106) were grafted into the lesioned striatum at site (AP +1.0 mm, Lat +2.7mm, Dep 6.4 mm), while the vehicle received PBS solution. Behavioral assessments were carried out every 3 weeks until 12-weeks post-implantation. After 12-weeks, rats were sacrificed as before. A series of brain sections were subjected for immunohistofluorescence (n=2) and immunohistochemical analysis (n=4). Determination of both SNC and striatum investigated corresponds to the map in The Rats Brain in stereotaxic coordinates (eds. Paxinos, G. and Watson, C., 6th edition, Academic Press, SF, 2007).  
Behavioral Assessments

All behavioral assessments were performed as described previously [19] as follows:

1) Apomorphine-induced Rotation Test. PD rat was placed in a large round chamber (32 cm in diameter) over a period of 40 min after administration of apomorphine (0.5 mg/kg; in 0.01% ascorbic acid and 0.9% saline, s.c.; Sigma). Round sticks with different color were pasted on the rat’s back for identification of the torso direction. All rotations were recorded by using a digital video camera (EX-F1, Casio, Japan) and analyzed at 10 min interval.  The net rotation asymmetry was calculated by using an image analysis program MATLAB (MatWorks, version 7.6 R2008a). Data were calculated as the difference of rotation numbers between the contralateral and ipsilateral rotations with respect to the 6-OHDA lesioned side.

2) Bar Test. For bar test in akinesia, rat was placed gently on a table with a posture that both the contralateral and ipsilateral forepaws were placed on a horizontal acrylic bar (0.7 x 9 cm). The time from placing of forepaws to the first complete removal of each of them from the bar was recorded. Total time (sec) spent by each paw on the bar was recorded and analyzed. 
3) Footprint Analysis. All footprint analyses were performed in a well-designed cage for acquiring more spatiotemporal parameters of gait. All data were recorded by video camera (Fig. 6G). Before test, rats were placed in the walkway for 20 min to allow them to walk freely on the track. The walking task was repeated in both directions in order to get a correct recording of each hindlimb movement without pause. Walking patterns were analyzed, including walking speed, step length, stride length, and base of support. For accuracy in measurements, the camera was set at a high speed mode (300 sample/sec) with lower image resolution (512 x 384 pixels) to capture the temporal parameters; and then, a high resolution mode (60 samples/sec) at a higher image resolution (2,816 x 2,112 pixels) to capture the spatial parameters. At least 20 footsteps were counted for each gait parameter and 4 spatial and 3 temporal gait parameters were determined after identification of sequential footprints. The spatial parameters included step length, stride length, and base of support, while the temporal parameter was walking speed. 
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