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Supplementary METHODS

Cell culture and transfection

HCN-A94 and freshly isolated AHNPCs cells were prepared and cultured as described1. For neuronal differentiation, cells were cultured in N2 medium (Invitrogen) containing retinoic acid (RA, 1(M, Sigma) and forskolin (5 (M, Sigma) for 4 days. For astrocyte differentiation, cells were cultured with 50 ng/ml BMP-2 (R&D systems), 50 ng/ml LIF (Chemicon), and 1% FBS (HyClone) for 4 days. For oligodendrocyte differentiation, cells were cultured in N2 medium with 100 ng/ml IGF-1 (Chemicon) for 4 days. Mixed differentiation was induced in N2 medium containing RA (1 (M, Sigma) and 0.5% FBS (HyClone). CCg-containing medium came from cells over-expressing the gene constructs cystatin-C and bFGF-22. Primary skin fibroblasts and mesenchymal cells were isolated from female Fischer-344 rats. Hippocampus primary rat astrocytes and neurons were acquired from QBM Cell Science. Human CD34+ hematopoietic progenitor cells were acquired from ATCC. Plasmid transfections were done by Fugene6 (Roche) for luciferase assay and by electroporation in all other experiments following the manufacturer’s instructions (Amaxa Biosystem).

Luciferase assay and siRNA sequences

Luciferase activity was measured with the Dual-Luciferase reporter assay system (Promega) according to the manufacturer’s protocol. Luciferase activity was usually measured 48h after transfection. A plasmid containing the Renilla luciferase gene was used as an internal control. All the experiments were done at least 3 times independently. The 5’UTR from LRE3, Sox2 and Synapsin-1 promoters were cloned into pGL3-basic (Promega). The sequence of the Sox2 siRNA is 5’ – GGAGCACCCGGAUUAUAAATT - 3’, whereas that for the Psd-93 is 5’ – UCUAACAGAGUGGCUUGGCTT – 3’. Negative control siRNAs were purchased from Ambion. The L1 5’UTR-Sox2 mutant plasmid was a gift from Dr. J. Athanikar, Ann Arbor, Mi, USA. The Sox2 promoter and cDNA were gifts from Dr A. Rizzino, Omaha, NE, USA. The Synapsin-1 promoter region was a gift from Dr G. Thiel, Hamburg, Germany. The Psd93-egfp was a gift from Dr D. Bredt, San Francisco, CA, USA.

Chromatin immunoprecipitation (ChIP)

ChIP assay was done essentially following the manufacturer’s protocol using a ChIP assay kit (Upstate). In brief, 106 cells were fixed in formaldehyde, suspended in a lysis buffer and sonicated and then cell extracts were harvested by centrifugation. The extracts were incubated with antibodies overnight and then immunoprecipitated with Protein-A-Sepharose. The following antibodies were used for the assay: anti-Sox2 (Chemicon), anti-HDAC1 (Upstate), anti-dimethyl-histone H3-K4 (Upstate), anti-dimethyl-histone H3-K9 (Upstate), and anti-acethyl-histone H3-K9 (Upstate). Precipitates were heated to reverse the formaldehyde cross-linking. The DNA fragments in the precipitates were purified by phenol/chloroform extraction and EtOH precipitation. Purified DNA fragments from fixed whole cells extracts (input) or co-precipitated with specific antibodies were amplified by PCR using primers for the rat L1 5’UTR promoter region (L1.3, accession # X03095, SOX binding site at 312-bp).

Immunofluorescence and immunoblotting


Immunofluorescence was performed as described using the following antibodies at the indicated dilutions3: rabbit anti-b tubulin-III (Tuj-1; 1/1000, Covance), guinea pig anti-Gfap (1:1000; Advanced Immunochemical, Inc.), mouse anti-Rip (1/250, Immuno), mouse anti-Map2(a+b) (1:100, Sigma), rabbit anti-EGFP (1/500, Molecular Probes), mouse anti-S100-( (1/100, Sigma), mouse anti-NeuN (1/750, Chemicon), rabbit anti-Sox2 (1/300, Chemicon), mouse anti-GST( (1/500, BD Pharmingen) and mouse anti-ORF1 (1:1000). The mouse polyclonal ORF1 antibody was a kind gift from Dr S. L. Martin, Denver, CO, USA. Protein concentrations were estimated by performing Lowry Assays (Biorad), and 30 g of protein was loaded per well. Western blotting was carried out using standard protocols with the following antibodies at the indicated dilutions: rabbit anti-Chapsyn110 (1/250, Sigma), rabbit anti-Tuj-1 (1/750, Covance), mouse anti-Actin (1/500Ambion), and rabbit anti-Sox2 (1/100, Santa Cruz). All secondary antibodies were purchased from Jackson ImmunoResearch.

Expression profile analyses

To normalize for processing errors, each replicate consisted of cells that were plated at the same time from the same starting bulk population. The following cells were profiled: CCg-responsive cells (30 96-well plates), neurons (20- to 30 96-well plates), and astrocytes (20 96-well plates). There were at least 3 independent replicates/sample. The resultant cRNA from each sample was hybridized to DNA microarrays (Affymetrix Rat Genome RG-U34A). Data analysis was performed using Affymetrix MAS4.0 software to search for transcripts differentially expressed in CCg-responsive NPCs as compared to proliferating bulk progenitors and differentiated cells. The results were analyzed using 3 different data mining tools: Bullfrog, an empirically based filtering algorithm4, dChip software for model-based expression analysis5, and Felix Naef’s statistically based perfect match only algorithm6. A more detailed protocol and all the analyses can be found in the online supplementary material SM1.

RT-PCR analysis


Total RNA was prepared using RNAeasy kit (Qiagen). First strand cDNA synthesis was performed using the Superscript II kit (Invitrogen). PCR was carried out using Taq Polymerase (BMH). Cycling parameters were as follows: 94oC for one minute and then 30 cycles with the following parameters: 94oC for one minute, 50-60oC for one minute, and 72oC for one minute. The following primer sets were used: GAPDH, forward 5’-ACCACAGTCCATGCCATCAC and reverse 5’-TCCACCACCCTGTTGCTGGA-3’; LINE, ORF1, forward 5’-TTGGGACACACGGAAGCAGAAT and reverse 5’-TTGGCTTTTTCCTCTGGCGTC-3’; LINE, ORF2, forward 5’-TCAGTTGCCTTCCTCTATACA-3’ and reverse 5’-GGATTGGTATTTTGATGGGGAT-3’. Because of the sequence variability of the 5’UTR and N-terminal half of ORF1, PCR primers for ORF1 were based on sequences obtained from 5’RACE experiments that were conducted to determine the 5’-terminus of LINE mRNAs that are expressed in CCg-responsive NPCs (data not shown). Primers for the conserved EN and RT domains of ORF2 and Psd-93 gene were designed according to PubMed sequences.

Retrotransposition assays


Antibiotic selection (puromycin, 1 g ml-1) was begun 48h after electroporation. After 7 days, transfected puromycin-resistant cells were analyzed with a Becton Dickenson FACStar Plus containing a blue argon laser (488 nm) and fluorescein filter sets (530/30 bandpass). A total of 10,000 events were analyzed based on forward scatter versus side scatter profiles. Dead cells were excluded by propidium iodide gating. Live cells were analyzed for fluorescence intensity. Data analysis was performed using the CellQuest software package. Positive controls were performed by using the same plasmid backbone (pCEP4, Invitrogen) containing the EGFP driven by the CMV promoter. Transfected cells with the JM111-EGFP were used to determine the false positive frequency in each of 5 independent transfection experiments. The EGFP PCR primers used here were previously described7. The L1 retrotransposition cassettes were gifts of Dr. H. H. Kazazian, Jr., Philadelphia, PA, USA.

Inverse PCR


Genomic DNAs (10 (g) were digested for 4h with Ssp I or Xba I, extracted with phenol and then chloroform, and subjected to overnight ligation in a 0.6 ml volume. The products then were re-extracted and ethanol precipitated, and a 5 (l aliquot was subjected to first round PCR amplification using the primers for the EGFP expression cassette 5'- CTTGAAGAAGATGGTGCG-3' and 5'-ACAACCACTACCTGAGCACC-3'. PCR reactions were carried out with the Expand Long kit using buffer system 1 following the manufacturer’s directions (Roche). We used 5 (l aliquot from this reaction in a second-round nested PCR reaction using the primers 5'-TTGAAGAAGTCGTGCTGC-3' and 5'-AAAGACCCCAACGAGAAGCG-3'. The PCR product was gel purified, cloned into pCRII (Invitrogen) and sequenced. The L1 pre-integration sequence was identified using Blast (http://www.ncbi.nlm.nih.gov/BLAST/) and the Celera database (http://www.celeradiscoverysystem.com/).

L1 Transgenic Animal


The 12.6kb DNA fragment containing the transgene was released from its plasmid by restriction enzyme digestion and was separated from the vector backbone on 1% agarose gel. DNA was purified using Nucleospin extraction kit (BD Bioscience). Transgenic mice were generated using the standard pronuclear injection protocol8. Briefly, zygotes were collected from superovulated B6D2F1 females crossed to B6D2F1 males. The purified DNA was diluted to 1 ng/ml in injection buffer (10 mM Tris-HCl, pH7.4, 0.25mM EDTA) and injected into the pronuclei of zygotes. The surviving zygotes were transplanted into oviducts of pseudopregnant ICR females. The potential founders were screened by PCR using primers previously described7. The L1RP/EGFP construct was a generous gift from Dr. H. H. Kazazian, Jr., Philadelphia, PA, USA.

Tissue Preparation

Adult animals (4-5 weeks old) were sacrificed with an overdose of anesthetics (a cocktail of 75 mg/kg Ketamine, 10 mg/ml Rompun, and 5.6 mg/kg Acepromazine) and perfused transcardially with cold 4% paraformaldehyde in phosphate buffer (0.1 M, pH 7.4). The brains and other organs were removed and stored in the fixative overnight. Next, they were transferred into 30% sucrose and cut after an additional 48h. Brains were cut coronally (40 µm) on a sliding microtome from a dry ice-cooled block. Sections were stored at        -20˚C in cryoprotectant containing 25% ethylene glycol, 25% glycerin, and 0.05 M phosphate buffer. For immunoflourescence, tissue sections were washed 3 times in TBS and blocked for 1h at room temperature. Primary antibodies were applied in TBS with 3% donkey serum and 0.3% Triton X-100 overnight at 4oC. Sections were then washed in TBS, blocked for an additional hour and incubated with the secondary antibodies for 2h at room temperature, before mounting. Antibodies dilutions were used as described above (Immunofluorescence and immunoblotting). Images were taken by a z-step of 1 (m using a Biorad radiance 2100 confocal microscope.
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METHODS FOR ARRAYS:

Maintenance of progenitor cells

Unless specified, experiments were performed using either a previously characterized adult hippocampus-derived neural progenitor cell line (HCN) at passage eight through nineteen.  Cell lines were maintained on poly-l-ornithine and laminin (Becton Dickinson Labware)-coated flasks in N2 medium comprised of Dulbecco’s modified Eagle medium (DMEM/F12) (1:1) (Invitrogen), N2 supplement (Invitrogen), 2 mM L-glutamine and 20 ng ml-1 FGF-2 as described previously (see main manuscript for more information).

Collection of conditioned medium

HCN cells overexpressing the gene construct cystatin-C and bFGF-2 were plated at 750,000 cells on poly-l-ornithine and laminin coated T75 flasks in ten milliliters of N2-medium with 20 ng ml-1 FGF-2.  After 54 hours, the conditioned medium (CM) was collected, centrifuged and filtered through a 0.2 M filter.  Filtered conditioned media [FCM-1] were stored in 11 ml aliquots at –70oC.  10 ml of fresh N2-medium with 20ng ml-1 bFGF-2 were re-applied to the cells and conditioned for an additional 30h before being collected as the aforementioned medium [FCM-2].  For all low-density experiments, FCM-1 and FCM-2 were thawed in equal portions and filtered through a 0.2M filter to remove any protein precipitates before use.

In vitro differentiation of HCN for microarray

Neuronal differentiation of bulk progenitors:  HCN were plated at 50,000 cells on either 6-well plastic plates (3 ml volume) or on 4-well LabTek glass chamber slides (1 ml volume) (Nalge Nunc Intl) in N2-medium containing 20 ng ml-1 FGF-2 (growth medium).  One day later, one half of the growth medium was removed and differentiation was initiated by the addition of an equivalent volume of N2 medium containing all-trans retinoic acid (RA) (Sigma) and forskolin (Fsk) (Sigma) for a final concentration of 0.1 M and 5 M, respectively.  Differentiation medium was replaced every other day for a total of 4-5 days.  At the specified differentiation time points, cells were either collected for total RNA extraction or fixed with 4% paraformaldehyde for immunostaining.

Neuronal differentiation of CCg-responsive cells:  HCN were trypsinized and dissociated to single cells with a fire-polished Pasteur pipette before being plated at 180-200 cells/well in 96-well plates containing 60% CM (equal protion FCM-1 and FCM-2), 40% N2-medium and 20 ng ml-1 FGF-2 in a final volume of 200 l.  After 4-5 days, differentiation was initiated with N2-medium containing RA and Fsk.  On the first day of differentiation (Dif-1), one half of the well medium (100 l) was removed and replaced with 100 l medium containing 40% CM (equal portion FCM-1 + FCM-2), 60% N2-medium, 0.2 M RA and 10 M Fsk for a final concentration of 0.1 M RA and 5 M Fsk.  At differentiation day 3 (Dif-3), one half of the well medium (100 l) was removed and replaced with 100 l media containing 20% CM (equal portion FCM-1 + FCM-2), 80% N2-medium, 0.2 M RA and 10 M Fsk.  At differentiation day 4 (Dif-4), cells were either collected for total RNA extraction or fixed with 4% paraformaldehyde for immunostaining.

Astrocytic differentiation of bulk progenitors:  HCN were plated at 50,000 cells on either 6-well plastic plates (3 ml volume) or on 4-well LabTek glass chamber slides (1 ml volume) in N2 medium containing 20 ng ml-1 FGF-2 (growth medium).  One day later, one half of the growth medium was removed and differentiation was initiated by addition of an equivalent volume of N2 medium and 20% fetal bovine serum (FBS) (Hyclone) to obtain a final concentration of 10% FBS.  Differentiation medium was replaced every other day for a total of 9-10 days.  At the end of 9 days, cells were either collected for total RNA extraction or fixed with 4% paraformaldehyde for immunostaining.

Astrocytic differentiation of CCg-responsive cells:  HCN were trypsinized, dissociated and plated at 180-200 cells/well in 96-well plates as mentioned above (see low-density neuronal differentiation).  After 4-5 days, differentiation was initiated with the removal of one half of the well medium and the addition of an equivalent volume (100 l of medium containing 20% FBS and 80% N2 medium for a final concentration of 10% FBS.  Differentiation medium was replaced every other day for a total of 9-10 days.  At the end of 9 days, cells were either collected for total RNA extraction or fixed with 4% paraformaldehyde for immunostaining.

Array Processing

To normalize for processing errors, each replicate consisted of cells that were plated at the same time from the same starting bulk population:  CCg-responsive NPC (30 96-well plates), neurons (20-30 96-well plates), and astrocytes (20 96-well plates).  For each sample, there were at least 3 independent replicates.  Total cellular RNA was extracted from each sample using RNAeasy total RNA purification kit (Qiagen, Valencia, CA) following the manufacturer’s protocol.  The quality of the RNA was assessed by UV spectroscopy  - a 260/280 ratio in Tris-EDTA (pH 8.0) that ranged between 2.0 and 2.1.  The lack of degraded or contaminated RNA was further verified by agarose gel (1%) electrophoresis.   Total RNA from each sample was used to prepare biotinylated target RNA, with minor modifications from the manufacturer’s recommendations (http://www.affymetrix.com/support/technical/manual/expression_manual.affx).  Briefly, 5 ug of total RNA was used to generate first-strand cDNA by using a T7-linked oligo (dT)24 primer.  After second-strand synthesis, the double-stranded cDNA was purified by phase-lock gels, extracted with phenol/chloroform and ethanol precipitated with 7.5 M ammonium acetate.   In vitro transcription was performed using the ENZO BioArray High-Yield RNA transcript labeling kit (Enzo Diagnostics, Farmingdale, NY), resulting in approximately 100-fold amplification of RNA.  Labeled cRNA was purified using the Rneasy purification kit (Qiagen, Valencia, CA) and subsequently fragmented to approximately 25 base sequences by incubation at 94oC.   Each fragmented, biotinylated cRNA sample (30 ug) was hybridized to an Affymetrix rat RG-U34A chip (http://www.affymetrix.com/products/arrays/specific/rgu34.affx) for 16h and rotated at 13 rpm at 50oC.   Bacterial spike controls were added to the hybridization mixture.  Arrays were then washed and stained with streptavidin-phycoerythrin (Molecular Probes, Eugene, OR), a goat IgG antibody, and then a second streptavidin-phycoerythrin stain before being scanned on an Affymetrix GeneChip scanner.  A complete description of these procedures is available at http://biochip.salk.edu/affyprotocols.htm and also in the “Chip Washing and Staining” protocol (see below) which is not included in the website.  After scanning, array images were assessed by eye to confirm scanner alignment, the absence of significant bubbles or scratches on the chip surface and that the chips were evenly stained.  All probe sets were scaled to a target intensity of 200.  To be included in the data analysis, all chips had to meet the following criteria:  (1) the number of probe pairs called present had to be greater than or equal to 30%,  (2) the number of outliers had to be less than 500, (3) BioC, BioD, and Cre, Dapx, LysX, PheX, and ThrX had to be present, (4) 3’/5’ ratios for GAPDH and beta-actin had to approximate 1 and be less than 2, (5) the Scalar Factor had to be less than 6, (6) the noise (Raw Q) had to be less than 7, (7) the background had to be less than 200, and (8) the standard deviation of the background had to be less than 7.  Details of quality control measures can be found at http://biochip.salk.edu/affyprotocols.htm.

Data analysis was performed as described using Affymetrix MAS 4.0 software to search for transcripts that are differentially expressed in CCg-responsive NPCs as compared to proliferating bulk progenitors and differentiated neurons and astrocytes (ref D’Amour et al, PNAS 100 Suppl1, 11866-11872 (2003) and Sandberg et al PNAS 97, 11038-11043 (2000)], Aimone et al, J. Experimental Neurology (2004) (Supplementary Figure 1).  To minimize potential experimental and biological variability due to sample preparations performed on separate days, comparisons of CCg-responsive progenitors and differentiated cells were analyzed only within replicate sets.  For example, transcripts derived from CCg-responsive cells from replicate set 1 were compared only with transcripts extracted from the corresponding set 1 differentiated cell samples (Supplementary Fig. 2).  Pairwise comparisons (24 total files) were performed on CCg-responsive progenitors and bulk progenitors (duplicates were included in the analysis) (Supplementary Fig. 3).   Altogether, there were a total of 30 comparison files (6 comparison files from CCg-responsive progenitors and differentiated cell samples and 24 comparison files from CCg-responsive and bulk progenitor cell samples).  Results were analyzed using 3 different data mining tools:  Bullfrog, an empirically based filtering algorithm, dChip software for model-based expression analysis, and Felix Naef’s statistically based perfect match only algorithm (see references in the main manuscript).  Criteria for expression analysis using Bullfrog were increased/decreased expression, average difference of 50 and at least a 1.5-fold change with directional consistency in all comparison files.  Criteria for dChip were at least a 1.5-fold change and p-value < 0.1.  Criteria for Felix Naef’s algorithm were at least a 1.5-fold change, p-value < 0.05 and log ratio/noise > 1.25. Complete results are shown in the supplementary Table 1.

Supplementary Figures  

Figure 1:  Replicate Sets
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Legend:  Numbers represent replicates.  A and B represent duplicates.

Figure 2:  Comparison files within replicate sets
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Figure 3:  All pairwise comparisons (24) of CCg-responsive and bulk progenitors

LD-P1A


LD-P2



LD-P3

LD-P1B


HD-P1A


HD-P2A


HD-P3A
HD-P1B


HD-P2B


HD-P3B
Supplementary Table:

Tabe 1: L1 retrotransposons are specifically up-regulated in CCg-responsive NPCs. Nine of 15 (bold) probe sets were determined to be at least 1.5-fold differentially expressed in CCg-responsive NPCs relative to bulk progenitors and differentiated neurons and astrocytes correspond to L1 retrotransposons. Only aldolase C (italicized) was down-regulated specifically in CCg-responsive NPCs relative to bulk progenitors and differentiated cells.

	
	
	Criterias
	

	
	Felix Naef
	
	

	
	D-Chip
	1.5-fold change, p-value = 0.1 (loose criteria)
	

	
	Bullfrog
	1.5-fold change with directional consistency; 30/30 files

	
	
	
	

	
	
	
	

	
	
	
	

	#
	Accession Number
	Gene Description
	FDB [Felix Naef, D-Chip, Bullfrog]

	1
	M13101cds_f_at
	LINE, ORF2 -Endonuclease domain
	F

	2
	M13100cds#6_f_at
	LINE, ORF2 -Endonuclease domain
	F, D

	3
	M13100cds#5_s_at
	LINE, ORF2 -Endonuclease domain
	F

	4
	X61295cds_s_at
	LINE, ORF2 -Reverse Transcriptase domain
	F

	5
	U83119_f_at
	LINE, ORF2 -Endonuclease domain
	F

	6
	X53581cds#5_f_at
	LINE, ORF2 -Endonuclease domain
	F, D

	7
	X53581cds#3_f_at
	LINE, ORF2
	F

	8
	X07686cds_s_at
	LINE, likely ORF1
	F, D, B

	9
	M13100cds#2_s_at
	LINE, likely ORF1, upstream ORF2
	F

	10
	rc_AA874926_at
	weakly similar to dual-specificity phosphatase
	F

	11
	D17309_at
	aldo-keto reductase family 1, member D1
	F

	12
	AF055714UTR#1_at
	hypertension-regulated vascular factro-1C-4 mRNA 3'UTR
	F

	13
	rc_AA852046_s_at
	Rat VL30 element RNA
	D, B

	14
	rc_AI639356_at
	EST, mixed tissue library rat cDNA
	D

	15
	X06984cds_s_at
	Aldolase C, fructose-biphosphate
	D


CHIP WASHING AND STAINING

Turn on scanner before opening GeneChip software

Refer to ‘Solution Recipes at a Glance’ at http://biochip.salk.edu/affyprotocols.htm for the reagent compositions. 

1. Prime fluidics station with appropriate buffers (Wash A and milliQ water)

2. Remove hyb solution (sample) from chip and save

3. Fill chip with 1X MES

4. Wash on fluidics station:  manual-ws2

5. Use vacuum to aspirate solution from chip, fill with 0.1X MES

6. Again, aspirate solution from chip, fill with 0.1X MES (no bubbles)

7. Lay flat (glass down) in 45oC oven for 30 minutes

8. Prepare SAPE and antibody solution

9. Use vacuum to aspirate solution from chip, fill with SAPE (no bubbles)

   10.  Lay flat in 37oC oven for 15 minutes

   11.  Use vacuum to aspirate solution, fill chip with 1X MES

   12.  Wash on fluidics station:  manual-ws2

   13.  Use vacuum to aspirate solution, fill chip with antibody (no bubbles)

   14.  Lay flat in 37oC oven for 30 minutes

   15.  Use vacuum to aspirate solution, fill chip with 1X MES

   16.  Wash on fluidics station:  manual-ws2

   17.  Use vacuum to aspirate solution, fill chip with SAPE (no bubbles)

   18.  Lay flat in 37oC oven for 15 minutes

   19.  Use vacuum to aspirate solution, fill chip with 1X MES

   20.  Wash on fluidics station:  manual-ws2

   21.  Use vacuum to aspirate solution, fill chip with 1X MES

   22.  Make sure there are no bubbles in chip

23. Clean glass with MilliQ water and Kimwipe, then with lens paper

24. If you have not already done so, make your experiment file 

25. Cover septa with tough spots, scan chip

26. RUN SHUTDOWN PROTOCOL ON FLUIDICS AND TURN OFF

27. PUT LASER IN COOL DOWN MODE (OR TURN POWER OFF IF FAN DOES NOT GO OFF AFTER 5 MINUTES)
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