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Satellite glia of the adult dorsal root ganglia harbor stem cells that yield

glia under physiological conditions and neurons in response to injury
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SUPPLEMENTAL INFORMATION 
SUPPLEMENTAL FIGURES AND LEGENDS 

Figure S1 related to Figure 1. In Situ characterization of slowly proliferating cells in the adult 
spinal cord. (A-F) Double immunohistochemistry for EdU and cell specific markers in the central 
canal (A-C) and parenchyma (D-F). Detection of Iba1+ microglia/macrophages (A-D), NG2+ 
oligodendrocytes precursors (B, E), GFAP+ glial cells (C, F). Boxed areas are enlarged in right panels. 
Scale bar: 50 µm. 

 



 

Figure S2 related to Figure 3. Characterization of DRG-GFPcyt (A, B) and DRG-CFPnuc (C, D) 
positive cells. Co-expression with GFAP (A, C) or SOX10 (B, D). Insets are enlargements of A-D. 
Scale bar: 50µm 



 
Figure S3 related to Figure 3. Characterization of GFPcyt+ or CFPnuc+ cells in the adult DRG of 
Nestin-GFPcyt and Nestin-CFPnuc reporter mice. (A-F) Double immunohistochemistry for 
GFPcyt (A-C) or CFPnuc (D-F) and cell specific markers to detect P0+ myelinating Schwann cells 
(A, D), CD34+ endoneurial fibroblasts and endothelial cells (B, E) and CD13+ pericytes (C, F). 
Boxed areas are enlarged in right panels. (G-L) Electron microscopy analysis of Nestin-CFPnuc 
DRG after CFP immunogold labeling. Immunogold particles are never detected in myelinating 
Schwann cells (G, H), macrophage-like cell (I, J) and perineurial fibroblast nuclei (K, L). Lower 
panels are enlargements of top panels. Scale bar: A-F, 50 µm; G, 2µm; I, K, 5µm. A: Axon, M: 
Myelin, N: Nucleus, SGC: Satellite cell.  

 

 



Figure S4 related to Figure 4. FACS purification of CFPnuc expressing cells of the spinal cord 
and DRG. (A, E) FACS gating of CFP+ cells. After sorting cells were allowed to adhere a few hours 
and were imaged for CFP and Hoechst: (B, F) Hoechst and CFP overlay, (C, G) CFP expression, (D, 
H) Hoechst expression. Based on Hoechst+ nuclei, around 98% of cells expressed CFP. Scale bar: B, 
C, D, F, G, H, 100µm. 

 



 

Figure S5 related to Figure 5. Characterization of DRG-NSC in non-injured adult Nestin-
CreERT2/Rosa26-YFP mice. Immunohistochemistry for YFP and cell specific markers to detect co-
expression of YFP with (A, B) GFAP+ SGC, (C, F) P0+ myelinating Schwann cells and Iba1+ 
microglia/macrophages, (D, G) CD13+ pericytes, (E, H) CD34+ endoneurial fibroblasts and endothelial 
cells at 2- and 90 Dpi. Boxed area for each marker is enlarged in the right panel. Scale bar: A-H: 50 
µm.  



 

Figure S6 related to Figure 7. Characterization of DRG-NSC in injured adult Nestin-
CreERT2/Rosa26-YFP mice. Immunohistochemistry for YFP and cell type markers to identify Iba1+ 
microglia/macrophages and P0+ myelinating Schwann cells (A, D), CD13+ pericytes (B, E), and 
CD34+ endoneurial fibroblasts and endothelial cells (C, F) at 2- and 90 Dpi, and YFP+/NEU-N+ 
neurons at 90Dpi (G-I). Boxed area for each marker is enlarged in the right panel. Scale bars: A-I: 
50µm.  

 

  



Table S1. List of marker cell specificity for each cell type. 

Cell marker Cell types 
IBA1: ionized calcium binding adaptor 
molecule 1  

microglia 1 
macrophages2 

GFAP: glial fibrillary acidic protein  astrocytes3 
stem cells4 
perineuronal satellite glial cells5 

NG2 glycoprotein oligodendroglial precursor cells6 pericytes7 
perineuronal satellite glial cells8, 9 

SOX10 transcription factor neural crest cells and their derived progeny including SGC10, 11 
PV25 parvalbumin neuronal marker12, 13 
CD34 transmembrane phospho-
glycoprotein protein  

endoneurial fibroblasts14 
endothelial cells15 

CD13 aminopeptidase N  pericytes16,17 
P0 myelin protein zero myelinating Schwann cells18, 19 
CNPase 2′,3′-cyclic nucleotide-3′-
phosphodiesterase  

oligodendrocytes20, 21 

MAP2-5 microtubule associated 
protein 2 and 5 

neurons22, 23 

SMA smooth muscle actin  myofibroblasts24, 25 
NEU-N Fox-3, Rbfox3, or 
Hexaribonucleotide Binding Protein-3 

neurons26, 27 

CASPASE 3 apoptotic cells28, 29 
 

 

 

 

  



SUPPLEMENTAL EXPERIMENTAL PROCEDURES 

Animals  
Nestin CFP-nuclear, Nestin-GFP cytoplasmic, Nestin Cre ERT2, Rosa26-YFP lines were bred and 
housed under standard conditions of 12-hour light/ 12-hour dark cycles with ad libitum access to dry 
food and water cycle at ICM pathogen free animal facility. Male and females were included. 
Experiments were performed according to European Community regulations and INSERM ethical 
committee (authorization 75-348; 20/04/2005) and were approved by the local Darwin ethical 
committee. 
 
Sciatic nerve axotomy.  
After a resting period of 10 days, tamoxifen-induced animals were anesthetized (Ketamine (100mg/kg) 
and Xylazin (10mg/kg, Rompun Bayer). In half of the group, the right sciatic nerve was exposed in 
mid-thigh and cut. A nerve segment of 2 mm was removed to prevent rapid sciatic nerve regeneration. 
The skin was sutured and mice received two doses of buprenorphin (0.05 mg/kg) in 24 hours. To 
establish a time course of lesion and re-generation, injured or non-injured induced mice (n= 3-5 per 
time-point and per group) were sacrificed 2, 14, 30, 60, 90 days dpi. Spinal cord, DRG and sciatic 
nerves were surgically removed together, in one piece to unambiguously identify the injured DRG (L3-
L4-L5), and were processed for immunohistochemistry. 
 
Tissue processing for fluorescent immunohistochemistry.  
Four months-old Nestin-CFPnuc and Nestin-GFP-cyt mice (n= 3-4 per line and experimental group) 
were sacrificed by over-anesthesia (Ketamin-Rompan) and perfused trans-cardially with a solution of 
4% paraformaldehyde (PFA) in phosphate saline buffer (PBS) 1X. DRGs, sciatic nerves and spinal 
cords were post-fixed for one hour in the same fixative, cryo-protected overnight with sucrose 20% in 
PBS 1X, embedded in Cryomatrix, and frozen in isopentane cooled by liquid nitrogen. Tissues were 
coronally or horizontally sectioned at 12µm thickness with a cryostat (CM3050S; Leica).  
 
For immunohistochemistry, tissue sections were pre-treated with 0,1 M Glycine for 10 min when 
needed, followed by incubation in washing buffer (4% bovine serum albumin, BSA) in PBS 1X 
containing 0.25% Triton) with the following primary antibodies: Chicken anti-GFP (1/300, Aves GFP-
1020), mouse anti-NESTIN (1/100, Millipore MAB377), mouse or rabbit anti-GFAP (1/500, Millipore 
MAB3402 or Dako Z0334), mouse anti-MAP2 (1/200, Sigma M1406), mouse anti-MAP5 (1/200, Sigma 
M4528, mouse anti-SMA (1/200, Sigma A2547), rabbit anti-NG2 (1/100, Chemicon AB5320), rabbit 
anti-P75 (1/1000, Millipore AB1554), mouse anti-P0 (Hybridoma30), rat anti-CD34 (1/100, BD 
Biosciences 551387), anti-CASPASE3 (1/400, Cell Signaling), goat anti-SOX10 (1/1000, R&D 
Systems AF2864), mouse anti-NEU-N (1/100, Millipore MAB377), rabbit NF200 (1/200, Sigma 
N4142), mouse anti-CNPase (1/200, Millipore MAB326), anti-PDGFRa (1:100, Santa Cruz 
Biotechnology, sc-338), anti-IBA1 (1:200, Wako, 019-19741), anti-CD-13 (1:50, Biorad MCA2183). 
After 3 hours, samples were washed three times and incubated for 1 hour with the appropriate 
fluorochrome-coupled secondary antibodies and Hoechst 33342 (Sigma) diluted in 4% BSA in PBS 1X 
containing 0.25% Triton. After several rinses in buffer, EdU staining was performed using Click-iT EdU 
imaging kit (C10340, Invitrogen, Carlsbad, CA) as described in the supplier’s protocol. Briefly, slides 
were incubated with a Click-iT reaction cocktail containing Alexa Fluor 647 azide during 20 min, and 
washed three times prior mounting in Fluoromount (Sigma). All steps were carried out at room 
temperature. 
 
Tissue processing for immuno-gold electron microscopy.  
Four months-old Nestin-CFP (n=5) mice were sacrificed by overanesthesia (Ketamin-Rompan) and 
transcardially perfused with 4% PFA in PB 0,1M. DRG and spinal cords were post-fixed one hour in 
4% of PFA and 0.3% glutaraldehyde (Sigma-Aldrich). After serial dehydration in a graded ethanol 
series, tissues were embedded in LRW (Sigma-Aldrich). Post-embedding immunogold was performed 
incubating ultra-thin sections (80nm) mounted on grids in washing buffer (4% BSA in PB 0.1M) with 
the primary antibody (chicken anti-GFP antibody, 1/200, Aves GFP-1020). After 1 hour, samples were 
washed three times and incubated with Goat-anti-Chicken-25nm gold (1/50, Aurion, 125 244). Ultra-
thin sections were examined with a HITACHI 120kV HT-7700 transmission electron microscope. 
 
Adult DRG, and spinal cord cultures 
Isolation. Transgenic 3 to 4 months-old mice were euthanized by over-anesthesia (CO2). Spinal cords 
and DRGs were collected separately into Hank’s buffer 1X (HBSS+; Gibco) supplemented with 10% 



fetal calf serum (FCS; Gibco) and 1% Penicillin/Streptomycin (P/S; Gibco) and prepared as previously 
described31.  
Spinal cords were fragmented into 1mm3 pieces and incubated in DMEM containing 0,05% Trypsin-
EDTA (Gibco) and 1% collagenase (Invitrogen) for 30 min at 37°C, then rinsed in stop solution (DMEM 
plus 10% FCS) and passed through a 40µm cell strainer (BD Biosciences).  
DRGs were incubated for 30 min at 37°C, in 0.25% collagenase in DMEM, rinsed in stop solution 
followed by incubation for 30 min at 37°C, in 0.25% Trypsin. After rinse, DRGs were mechanically 
dissociated as described above.  
Fluorescent Activated Cell Sorting. Cells from the two tissues were purified by FACS, based on their 
endogenous expression of CFPnuc and GFPcyt (n= 6 independent replicates per transgenic lines).  
Expansion. Suspensions of FACS sorted cells were seeded at semi-clonal concentration (<5000 
cells/ml) and cultured in suspension as spheres at 37°C/5%CO2 in serum-free medium consisting of 
DMEM/F12 (1:1; Invitrogen) with B27 and N2 1X (Gibco), 0.8% Insulin (Euromedex), 0,4% glucose, 
supplemented with epidermal growth factor (EGF, 100ng/mL; Peprotech) and fibroblast growth factor 2 
(FGF2, 100ng/mL; Peprotech). Half of the medium was changed every 2-3 days during a period of 10-
15 days in vitro.  
Differentiation. After 15-20 days, spheres were plated on poly-ornithin/laminin (Sigma) coated four well 
chambers (Greiner) and left in adhesion for 1-2 hours. Adhesive spheres were cultured in the same 
medium without growth factor for 7-10 days of culture. Cells were fixed in 2% PFA for 10 min prior 
immunolabeling with the primary and secondary antibodies of interest as described above. 
 
Fluorescence imaging, Quantification and Statistics 
Imaging was carried out with an Axio Imager Z2 apotome system (Zeiss) equipped with the Zen 
software. Images were processed using Adobe Photoshop (Adobe Systems). All quantifications were 
conducted using the Fiji software. In vitro data were deduced from 3-4 experiments performed in 
duplicates. In vivo data were deduced from 5- (for Edu), 10-(for Edu cell type characterization) and 3- 
(for transgene overlap with other markers) tissue sections from at least 3-4 animals per time-point. 
Evaluation of EdU expression in situ was based on the degree (%) of overlap of EdU- and Hoechst 
stainings with low <33%, medium <66% and high>66% overlap respectively. Quantification of newly-
born neurons (NEU-N+/YFP+) after injury was performed screening 3 DRG- and an average of 700 
Neurons- and 625 YFP+ cells/mouse (n=3) and was based on Z stacks images and considering only 
cells with full overlap of YFP and NEU-N positivities.    
Statistical analysis was carried out using GraphPad Prism 6 software. All values were expressed as 
mean ± SD. Normality in the variable distributions was assessed by the D'Agostino&Pearson omnibus 
test and Grubbs' test was used to detect and exclude possible outliers. When Normality test was 
passed, means were compared by two-tailed Student’s t test. When one or both groups did not follow 
a normal distribution, means were compared by two-tailed Mann-Whitney U test. When different 
independent groups were compared, we performed a one-way or two-way ANOVA plus Dunnett’s test 
or Tukey’s multiple comparison tests as specify in each experiment. P-values lower than 0.05 were 
used as a cut-off for statistical significance. 
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