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Abstract 63 

Spontaneous remyelination occurs after spinal cord injury (SCI), but the extent of myelin 64 

repair and identity of the cells responsible remain incompletely understood and 65 

contentious. We assessed the cellular origin of new myelin by fate mapping PDGFR +, 66 

Olig2+, and P0+ cells following contusion SCI in mice. Oligodendrocyte precursor cells 67 

(OPCs; PDGFR +) produced oligodendrocytes responsible for de novo ensheathment of 68 

~30% of myelinated spinal axons at injury epicenter three months after SCI, 69 

demonstrating that these resident cells are a major contributor to oligodendrocyte 70 

regeneration. OPCs also produced the majority of myelinating Schwann cells in the 71 

injured spinal cord; invasion of peripheral myelinating (P0+) Schwann cells made only a 72 

limited contribution. These findings reveal that PDGFR + cells perform diverse roles in 73 

central nervous system (CNS) repair, as multipotential progenitors that generate both 74 

classes of myelinating cells. This endogenous repair might be exploited as a therapeutic 75 

target for CNS trauma and disease.   76 

 77 

Significance Statement:  78 

Spinal cord injury (SCI) leads to profound functional deficits, though substantial numbers 79 

of axons often survive. One possible explanation is loss of myelin, creating conduction 80 

block at the site of injury. SCI leads to oligodendrocyte death and demyelination, and 81 

clinical trials have tested glial transplants to promote myelin repair. However, the degree 82 

and duration of myelin loss, and the extent and mechanisms of endogenous repair, have 83 

been contentious issues. Here, we use genetic fate mapping to demonstrate that 84 

spontaneous myelin repair by endogenous oligodendrocyte precursors (OPCs) is much 85 

more robust than previously recognized. These findings are relevant to many types of 86 

CNS pathology, raising the possibility that CNS precursors could be manipulated to 87 

repair myelin in lieu of glial transplantation.  88 

 89 

 90 

 91 

 92 

 93 
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Introduction 94 

Spinal cord injury (SCI) causes both primary neural injury and secondary tissue 95 

damage (Kwon et al., 2002; Kwon et al., 2004; Norenberg et al., 2004). Secondary injury 96 

leads to oligodendrocyte death and axon demyelination, which may leave axons 97 

vulnerable to degeneration (Bresnahan et al., 1976; Blight, 1983; Crowe et al., 1997; 98 

Totoiu and Keirstead, 2005; McTigue and Tripathi, 2008; Plemel et al., 2014). 99 

Remyelination of axons in and around the SCI site is viewed as an important element of 100 

regeneration (Bunge et al., 1960; Totoiu and Keirstead, 2005; Almad et al., 2011; James 101 

et al., 2011; Powers et al., 2012; Plemel et al., 2014) and has provided a rationale for 102 

clinical trials involving transplantation of neural precursor cells (Cummings et al., 2005; 103 

Keirstead et al., 2005; Priest et al., 2015). To avoid the costs and safety concerns of 104 

transplantation, an alternative strategy may be to augment spontaneous remyelination 105 

after SCI (Assinck et al., 2017). However, it is critical to determine the contributions of 106 

various endogenous progenitors to this regenerative process (Barnabe-Heider et al., 2010; 107 

Gregoire et al., 2015; Stenudd et al., 2015). 108 

The extent of oligodendrocyte remyelination following SCI has been quantified 109 

using indirect measures, based on the assumption that new myelin sheaths are thinner 110 

(Blakemore, 1974). However, using internodal length to identify new myelin sheaths and 111 

axonal tracing to identify a specific tract after SCI, it was discovered that new myelin is 112 

only marginally thinner after SCI in rodents (Lasiene et al., 2008; Powers et al., 2012; 113 

Powers et al., 2013). Evaluating the extent of spontaneous remyelination based on thin 114 

myelin likely represents a considerable underestimation of repair; thus, the true extent of 115 

spontaneous oligodendrocyte myelination following SCI remains unknown.  116 
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Myelinating oligodendrocytes are derived from oligodendrocyte precursor cells 117 

(OPCs), characterized by the expression of NG2 and platelet-derived growth factor 118 

receptor alpha (PDGFR ) (Nishiyama et al., 1996; Rivers et al., 2008; Kang et al., 2010; 119 

Young et al., 2013). Mice expressing inducible Cre recombinase (CreER) under control 120 

of PDGFRα promoter/enhancers allow in vivo tracking of oligodendrocyte lineage cells 121 

(Rivers et al., 2008; Kang et al., 2010) and reveal that PDGFR -expressing cells generate 122 

new myelinating oligodendrocytes as late as three months after SCI (Hesp et al., 2015). 123 

Given the persistence of OPC differentiation, it is particularly important to determine the 124 

magnitude of their contribution to remyelination after SCI.  125 

 In addition to oligodendrocytes, Schwann cells contribute to the myelination of 126 

axons after central nervous system (CNS) damage, both in SCI (Bresnahan, 1978; Bunge 127 

et al., 1993; Guest et al., 2005), and in demyelinating lesions of the spinal cord 128 

(Blakemore, 1975). In these settings, Schwann cell myelination of spinal axons is 129 

predominately localized to areas of significant astrocyte loss (Itoyama et al., 1985). The 130 

prevailing view has been that Schwann cells migrate into the damaged spinal cord from 131 

the peripheral nervous system (PNS) via spinal nerve roots, meningeal fibers, or 132 

autonomic nerves following breakdown of the glia limitans (Franklin and Blakemore, 133 

1993). However, PDGFR + cells also give rise to Schwann cells following 134 

demyelinating chemical lesions (Zawadzka et al., 2010). The contribution of OPCs to 135 

oligodendrocyte and Schwann cell myelination after a clinically relevant contusion SCI 136 

has not been determined using in vivo fate mapping techniques. 137 

Here, we systematically assessed the capacity of multiple cell types to form 138 

myelinating oligodendrocytes and Schwann cells following contusion SCI. We 139 
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demonstrate that PDGFR + OPCs contribute to approximately 30% of myelin sheaths 140 

surrounding axons in the vicinity of the lesion site 12 weeks after injury. We further show 141 

that PDGFR + OPCs give rise to the majority of myelinating Schwann cells found in the 142 

spinal cord after injury, with only a small contribution stemming from the P0+ peripheral 143 

Schwann cell population. These data reveal the diverse behavior of endogenous 144 

PDGFR + cells in response to SCI and reveal that they contribute substantially to myelin 145 

regeneration.  146 

 147 

Materials and Methods  148 

Transgenic Mice and Cre Induction 149 

Two lines of PDGFRα-CreERT2 mice, PDGFRα-CreERTM (I; Kang et al., 2010; 150 

#018280, Jackson Laboratories; RRID: IMSR_JAX:018280) and PDGFRα-CreERT2(II; 151 

Rivers et al., 2008), were crossed with Rosa26-eYFP (#006148, Jackson Laboratories; 152 

RRID: ISMR_JAX:006148) or the membrane tethered Rosa26-mGFP(mT/mG) (#007576, 153 

Jackson Laboratories; RRID: ISMR_JAX:007576) reporter mice. In addition, Olig2-154 

CreERTM (Takebayashi et al., 2002) and P0-CreERT2 (Leone et al., 2003) mouse lines 155 

were individually crossed with the Rosa26-eYFP reporter mouse. PDGFR + cells for in 156 

vitro experiments were isolated from PDGFR :H2B-GFP mice (Hamilton et al., 2003) 157 

(#007669, Jackson Laboratories; RRID: ISMR_JAX:007669) via flow cytometry (FACS). 158 

An overview of the transgenic mice used is provided in Table 1 and Table 2. 159 

All experiments were carried out in accordance with protocols approved by the 160 

University of British Columbia and University of Calgary animal care committees and 161 

the Canadian Council on Animal Care. Mice of either sex were group housed (2-6 162 
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mice/cage, genders separated) in secure conventional rodent facilities on a 12-hour 163 

light/dark cycle with constant access to food and water. Cre-mediated recombination was 164 

induced at 8-10 weeks of age via intraperitoneal tamoxifen (Sigma, T5648) dissolved in 165 

corn oil at 20mg/mL. PDGFRα-CreERTM(I):Rosa26-eYFP, PDGFRα-166 

CreERTM(I):Rosa26-mGFP(mT/mG), PDGFRα-CreERT2(II):Rosa26-eYFP, Olig2-167 

CreERTM:Rosa26-eYFP, and P0-CreERT2:Rosa26-eYFP mice received 3mg of tamoxifen 168 

per day for 5 consecutive days; PDGFRα-CreERT2(II):Rosa26-mGFP(mT/mG) received 169 

0.5mg of tamoxifen for 2 consecutive days. Tamoxifen-free controls (corn oil only 170 

injections) were included in all mouse lines both in injured and non-injured mice. 171 

 172 

Surgical Procedures 173 

After the final day of tamoxifen injection, we allowed two weeks for tamoxifen 174 

clearance following the final tamoxifen injection before mice received a SCI. One and 2 175 

week clearances in the PDGFRα-CreERTM (I):Rosa26e-YFP mice were tested; results 176 

were qualitatively similar for both clearing intervals. All spinal cord, dorsal root, and 177 

sciatic nerve injuries, as well as the harvesting of dorsal roots and sciatic nerves from the 178 

PDGFRα:H2B-GFP mice, were performed at 10-12 weeks of age. 179 

 180 

Spinal cord injury 181 

Thoracic contusion SCI was delivered with the Infinite Horizons Impactor 182 

(Precision Systems Instrumentations). Animals were anaesthetized using isofluorane (4% 183 

induction, 1.5% maintenance) and received buprenorphine (Temgesic®; 0.02 mg/kg, s.c., 184 

McGill University) pre-operatively. After the skin at the surgical site was shaved, cleaned, 185 
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and disinfected, the animal was secured in a stereotaxic frame on a warming blanket; 186 

body temperature was maintained at 36.5°C. The spine was exposed via a midline 187 

incision in the skin and superficial muscles, and blunt dissection of the muscles over the 188 

T8–T11 vertebrae. The spinal cord was exposed via a T9-T10 laminectomy and the 189 

vertebrae were stabilized with clamps. The impactor delivered a 70 kdyne midline 190 

contusion injury. After injury, the muscle and skin were closed with continuous 5-0 191 

Vicryl sutures, and interrupted 4-0 Prolene sutures, respectively. Animals received 192 

buprenorphine and lactated Ringers (1ml, subcutaneous injection [s.c.]) every 12 hours 193 

for 48 hours following SCI. Bladders were expressed twice daily until spontaneous 194 

micturition returned (approximately 1-2 weeks after SCI). A subset of animals, received 195 

5-ethynyl-2’-deoxyuridine (EdU) (Invitrogen, A10044) daily (50mg/kg, intraperitoneal 196 

injection [i.p.]) for the first two weeks following SCI. Injured mice were euthanized and 197 

transcardially perfused at 1 week(s) post injury (1 wpi), 3 wpi, and 12 wpi.  In addition, 198 

‘uninjured controls’ were perfused 2 weeks post tamoxifen when the injury would have 199 

been sustained and ‘uninjured age matched controls’ were perfused alongside the 12 wpi 200 

group to assess cell formation at these time points in the absence of injury. 201 

 202 

Root and nerve injury 203 

We performed a dorsal root crush or a sciatic nerve crush in PDGFRα-204 

CreERTM(I):Rosa26-mGFP(mT/mG) mice. As for SCI, animals were anaesthetized using 205 

isofluorane and received buprenorphine pre-operatively. The skin at the surgical site was 206 

shaved, cleaned, and disinfected. For sciatic nerve crush injury, a small proximal-to-distal 207 

incision was made in the skin immediately posterior to the left femur. The sciatic nerve 208 



 

 9 

was exposed and crushed twice 3mm distal to the obturator tendon for 15 seconds with 209 

#5 fine Dumont forceps. Similarly, for dorsal root crush injury, the left C5 and C6 roots 210 

were exposed via a lateral hemilaminectomy and durotomy, and crushed twice for 15 211 

seconds. Mice were perfused 2 weeks post tamoxifen and termed ‘uninjured controls’ and 212 

injured mice were perfused at either 4 wpi or 12 wpi. 213 

 214 

Tissue Preparation and Immunohistochemistry 215 

Mice were deeply anaesthetized and transcardially perfused with PBS followed by 216 

cold 4% paraformaldehyde. The spinal cord, dorsal root, and sciatic nerves were 217 

harvested and post-fixed in 4% paraformaldehyde (2 hours post-fixation for dorsal and 218 

sciatic nerves; 6 hours for spinal cord) before cryoprotection in a series of increasingly 219 

concentrated sucrose solutions. Tissue was frozen in OCT Embedding Compound 220 

(Tissue-Tek; Electoron Microscopy Sciences, PA USA), sectioned in either the 221 

longitudinal or cross-sectional plane (as stated in figure legends) at 20μm thickness on a 222 

cryostat, and stored at -80 °C. Prior to immunohistochemistry, frozen sections were 223 

thawed, then rehydrated in PBS, and incubated in 10% donkey serum dissolved in PBS 224 

with 0.1% Triton. Prior to immunohistochemistry targeting myelin, delipidization was 225 

performed using ascending and descending ethanol washes.  Primary antibodies (Table 3) 226 

were applied overnight at room temperature, followed by application of the appropriate 227 

Dylight or Alexa Fluor secondary antibodies (Jackson ImmunoResearch Labratories Inc.) 228 

for two hours. In some sections, nuclei were labeled with Hoechst 33342 229 

(RRID:AB_2651135; 1:1500). To visualize EdU, the Click-iT® EdU Alexa Fluor® 647 230 

(Invitrogen, C10340) Imaging Kit was used according to the manufacturer’s instructions. 231 

 232 
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FACS and Immunocytochemistry 233 

Sciatic nerve segments (5mm distal to the sciatic notch) and dorsal root/dorsal 234 

root ganglia (DRGs; distal to dorsal root entry) were harvested from PDGFRα:H2B-GFP 235 

mice (4 independent experiments with 2-5 mice pooled per experiment) at 10-12 weeks 236 

of age. Tissue was finely chopped then incubated at 37oC for 30 min in collagenase Type-237 

IV (Sigma, 1mg/ml) followed by trituration (4x every 10 min) until a single cell 238 

suspension was obtained. Cells were resuspended in 0.1% bovine serum albumin 239 

(BSA)/Hank’s balanced salt solution and passed through a 40μm filter, and GFP+ and 240 

GFPNEG cells were sorted using FACS (BD FACS Aria III, pressure 20 PSI, nozzle 241 

100μm). Sorted cells were collected and expanded for 1-2 weeks on coated poly-D-242 

lysine/laminin (20μg/ml) plates/slides, in Schwann cell proliferation/ differentiation 243 

media (1% horse serum, 1% penicillin/streptomycin, 2% N2, bovine pituitary extract 244 

[20ng/ml], neuregulin [10ng/ml], forskolin [5mM], L-glutamine in DMEM/F12). For 245 

immunocytochemistry, cells were fixed in 2% paraformaldehyde (PFA) for 5 minutes, 246 

then incubated with 0.5% TritonX and 5% BSA for 1 hour. Primary antibodies (Table 3) 247 

were applied overnight at 4°C, and appropriate Alexa Fluor secondary antibodies 248 

(Jackson ImmunoResearch Laboratories, Inc) were applied for 2 hours at room 249 

temperature followed by Hoechst stain (1:2000, 5 minutes). Images were captured on an 250 

Axio Observer inverted light microscope (Zeiss) or an Observer Fluorescence microscope 251 

(40x objective, Zeiss). 252 

 253 

 254 

 255 
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Cell Counting and Analysis  256 

For assessing recombination efficiency in oligodendrocyte precursor cells (OPCs) 257 

in the uninjured spinal cord, the PDGFRα-CreERTM(I):Rosa26-eYFP and 258 

PDGFRαCreERT2(II):Rosa26mGFP(mT/mG) T9/10 mouse spinal cord sections at time of 259 

injury were processed immunhistochemically for GFP, PDGFRα, and Olig2 (n=3 260 

mice/group). Recombination efficiency percentages were reported as follows (% = [# of 261 

non-vascular associated GFP+ PDGFR + Olig2+/ # of non-vascular associated 262 

PDGFR + Olig2+] *100). An average of 150 cells was counted per mouse.  263 

For assessing oligodendrocyte lineage cell counts in PDGFRα-264 

CreERTM(I):Rosa26-eYFP mice, we investigated either uninjured mice (uninjured 12 wpi 265 

age matched control; n=3) or mice post SCI (3 wpi, n=4; 12 wpi, n=6) using sections 266 

stained for Olig2 (nuclear marker specific to the oligodendrocyte lineage), PDGFR  267 

(OPCs), CC1 (oligodendrocytes) and YFP (recombined cells). A blinded observer 268 

determined the lesion epicenter by selecting the section with the least spared tissue based 269 

on axonal staining on another slide. Systematic random sampling was conducted in a 270 

single section (20x) at the epicenter or an equivalent T9/10 section for uninjured 12 wpi 271 

age matched controls. This systematic random sampling included placing a large grid 272 

over the entirety of the cross-section at injury epicenter and randomly selecting a 273 

coordinate in each 3 X 3 sub-gridded area and imaging all the appropriate boxes within 274 

these coordinates. Boxes were equally spaced apart with 400 m between boxes in any 275 

direction to ensure adequate sampling. All counts were conducted within optical dissector 276 

boxes with an area of 20000 m2 each and cells were required to be Olig2+ to be 277 

included in the analysis. We then went on to count the number of Olig2+ cells that were 278 
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PDGFR +, CC1+, and/or YFP+. Percentages were calculated by taking the density of the 279 

cell of interest and dividing it by the density of the total population.  280 

For examining oligodendrocyte ensheathment/myelination in PDGFRα-281 

CreERT2(II): Rosa26-mGFP(mT/mG) mice, we investigated either uninjured mice 282 

(uninjured 12 wpi age matched control; n=3) or mice post SCI (3 wpi, n=4 and 12 wpi, 283 

n=5) using sections stained for β3-Tubulin, NF-200, and SMI312 collectively (to 284 

visualize axons), MBP (myelin), P0 (specific to peripheral myelin) and GFP (recombined 285 

cells). A blinded rater determined the lesion epicenter as described above. High-power 286 

(63x primary magnification) systematic random sampling was conducted in a single 287 

section at the epicenter or an equivalent T9/10 section for uninjured 12 wpi age matched 288 

controls. This systematic random sampling (as described above) used optical dissector 289 

boxes equally spaced apart (in the x-y plane) with a distance of 230 m between boxes in 290 

any direction to ensure adequate sampling. The number of MBP+ axons were counted 291 

and then of those axons, the proportion of GFP+/NEG sheaths around axons were counted. 292 

Additionally, we counted axons that were surrounded by GFP but were MBPNEG. All 293 

counts were conducted within optical dissector boxes with an area of 400 m2 each and 294 

extrapolated to the entire cross section of the cord. Ensheathed/myelinated axons were 295 

only counted when a mGFP+ tube (new ensheathment/myelin) or MBP+ tube (myelin 296 

marker) entirely surrounded an axon profile (collectively: β3-Tubulin+, NF-200+, and 297 

SMI312+). Total MBP+P0NEG axons at epicentre were counted. Percentages of new 298 

mGFP+MBP+ axons at epicentre were calculated as follows: 299 

(mGFP+MBP+P0NEG/MBP+P0NEG)*100. We then calculated the number of GFP+ tubes 300 
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surrounding axons (split into the MBP+ or MBPNEG ratios) as follows: 301 

(GFP+MBP+P0NEG) + (GFP+MBPNEGP0NEG). 302 

In order to examine the contribution of PDGFRα+ cells to Schwann cell 303 

remyelination after SCI, spinal cord sections from PDGFRα-CreERTM(I):Rosa26-eYFP 304 

were processed immunohistochemically for β3-Tubulin, NF-200, and SMI312 305 

collectively (to visualize axons), P0 (peripheral myelin) and YFP (recombined cells). 306 

High-power (63x primary magnification) cross-sectional images at lesion epicenter (as 307 

defined above) were captured (Week 12 uninjured; n=4; 3wpi, n=7; 12wpi, n=7), and 308 

P0+/YFP+/NEG myelin sheaths were counted.   309 

To examine the contribution of P0+ cells to Schwann cell remyelination after SCI, 310 

spinal cord sections from P0-CreERT2:Rosa26-eYFP mice were processed 311 

imunhistochemically for β3-Tubulin, NF-200, and SMI312 collectively, P0 and YFP. 312 

High-power (63x) images were captured to encompass the spinal cord section at the 313 

lesion epicenter (Week 12 uninjured control, n=4; 1wpi, n=5; 3wpi, n=6; 12wpi, n=7), 314 

and P0+/YFP+/NEG myelin sheaths were counted.  In addition, recombination efficiency 315 

was assessed by counting the number of P0+ tubes that were co-labeled with YFP in 316 

three consecutive T9/T10 dorsal and ventral root sections in uninjured control P0-317 

CreERT2:Rosa26-eYFP mice (n=4). An average of 600 cells were counted per uninjured 318 

mouse.  319 

 320 

Experimental Design and Statistical Analysis 321 

Generally, male or female mice were given tamoxifen at 8-10 weeks of age and 322 

then sustained a SCI, dorsal root or sciatic nerve injury at 10-12 weeks of age and tissue 323 
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was harvested at different points post-injury (see above for specific details). Mouse lines 324 

are defined in Table 1, overall animal numbers are outlined in Table 2, and specific 325 

animal numbers for each quantification are outlined in methods above. Imaging and cell 326 

counts were performed on a Zeiss AxioObserver.Z1 inverted confocal microscope 327 

equipped with a Yokogawa spinning disk and Zen 2012 software (RRID:SCR_013672). 328 

Investigators were blinded to the animal identity (i.e., uninjured control or post-injury 329 

time point). All data are reported as means +/- standard error of the mean (SEM) using 330 

GraphPad Prism 5 (GraphPad Software Inc.; RRID:SCR_002798). For all analyses, 331 

quantifications were completed on cross-sectional tissue and the significance was tested 332 

using SPSS software (IBM; RRID: SCR_002865) and measured using the Kruskal-Wallis 333 

test with a follow up Mann-Whitney U test (reported in figure legends) and considered 334 

significant if p values = < 0.05.  335 

 336 

Results 337 

Genetic fate mapping identifies PDGFR  progeny in the adult spinal cord 338 

We systematically assessed the ability of different cell types to form myelinating 339 

cells in response to SCI using seven transgenic mouse lines. Due to the inducible nature 340 

of Cre recombinase by tamoxifen in the main six mouse lines used for in vivo fate 341 

mapping experiments, cells were labelled prior to injury with no additional recombination 342 

taking place after SCI. Animals were allowed to survive for three or twelve weeks after 343 

SCI. The first goal of our study was to obtain an estimate of the amount of new myelin 344 

formation following SCI and determine its cellular origin. As it is widely accepted that 345 

oligodendrocytes are produced via the differentiation of OPCs, we performed OPC fate 346 
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mapping with two independent mouse lines driving the expression of a tamoxifen-347 

inducible Cre recombinase under the PDGFR  promoter: PDGFRα-CreERTM mice, 348 

((Kang et al., 2010) denoted throughout as PDGFRα-CreER[I]) and PDGFRα-CreERT2 349 

mice ((Rivers et al., 2008) denoted throughout as PDGFRα-CreER[II]).  350 

 We examined the extent and identity of recombined cells (defined as cells that 351 

were PDGFR  promoter active cells at the time of tamoxifen dosing and hence positive 352 

for YFP or mGFP) in the adult uninjured control PDGFRα-Cre:-YFP or -mGFP mice. 353 

Tamoxifen was administered at 8-10 weeks of age, and recombination in the spinal cord 354 

with the attached dorsal roots was examined 14 days later (Figures 1 and 2). In all four 355 

mouse lines, tamoxifen induced Cre activation induced abundant and robust expression of 356 

YFP or mGFP. The PDGFRα-CreER(I):Rosa26-mGFP(mT/mG) and PDGFRα 357 

CreER(II):Rosa26-eYFP mouse lines were investigated to confirm observations made in 358 

separate mouse lines but no quantification was performed in these mice. Oligodendrocyte 359 

lineage cells are identifiable by characteristic protein expression: Olig2 is expressed in 360 

both OPCs and mature oligodendrocytes, while PDGFRα and NG2 are expressed in 361 

OPCs, and CC1 and myelin regulatory factor (MYRF) are specific to oligodendrocytes 362 

(Kitada and Rowitch, 2006; Emery et al., 2009; Bujalka et al., 2013). Example images 363 

taken two weeks after tamoxifen induction—at the time when the injury would have been 364 

inflicted—demonstrate YFP co-labeling with OPC markers PDGFR /olig2 (Figure 1a-c) 365 

and NG2 (Figure 1d), in cells that have a typical OPC morphology visualized with the 366 

membrane-tethered reporter (Figure 1e, f). The recombination efficiency at the time of 367 

injury (number of non-vascular GFP+ PDGFR + cells divided by the total number of 368 
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non-vascular PDGFR + cells) in the spinal cord of PDGFRα-CreER(I):YFP and 369 

PDGFRα-CreER(II):mGFP mice was 85 ± 2% and 69 ± 1%, respectively.  370 

 In addition to cells in the oligodendrocyte lineage, tamoxifen-induced 371 

recombination was also observed to a lesser extent in other PDGFR expressing cells in 372 

both PDGFR CreER:YFP or mGFP mice lines. Within the CNS, we encountered 373 

recombination in vascular-associated cells (Figure 2a-e). Blood vessel-associated cells 374 

expressing YFP were located on the outside of the endothelial layer (delineated by RECA 375 

and Glut1; Figure 2a,b) and on the inside of the outer basal lamina (Figure 2c), consistent 376 

with the location of pericytes. The majority of YFP+ cells in this region expressed 377 

PDGFR  and PDGFR (Figure 2d) which classifies them as type A pericytes (Goritz et 378 

al., 2011). A second small subset of YFP+ vascular-associated cells appeared to also 379 

express the vascular-associated cell marker SMA (Figure 2e; defined as type B 380 

pericytes by Goritz et al., 2011). We occasionally observed recombination in some 381 

central canal-associated cells, whose cell bodies were located immediately outside of the 382 

ependymal layer with a process extended towards the lumen of the canal (Figure 2f, g).  383 

 In the PNS, recombined cells in PDGFR CreER:-YFP or -mGFP mice were 384 

found in the dorsal root (Figure 2h), dorsal root ganglion (Figure 2i), and sciatic nerve 385 

(Figure 2j). These GFP+ cells in the PNS are endoneurial cells and expressed fibronectin 386 

(Fig. 2k). YFP+ vascular-associated cell bodies were also encountered in the PNS (e.g., 387 

Figure 2l), with associated processes encircling blood vessels in the dorsal root. 388 

Importantly, recombined cells in the dorsal root did not co-express the myelinating 389 

Schwann cell marker P0, or p75 which is typically expressed in non-myelinating 390 

Schwann cells (Figure 2; i,j,l,m).  391 
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PDGFR + cells, recombined prior to injury, contribute to new oligodendrocyte 392 

ensheathment/myelination after SCI 393 

To estimate the amount of new ensheathments/myelin formed by endogenous 394 

oligodendrocytes after SCI, we performed lineage tracing of OPCs in PDGFRα-CreER:-395 

YFP or -mGFP mice recombined prior to injury (Figure 3a). Twelve weeks after SCI, 396 

YFP+ cells had retained EdU (Figure 3b), indicating that they proliferated in response to 397 

the trauma. In contrast to the uninjured scenario (at time of injury), where the majority of 398 

recombined cells co-expressed PDGFR  and NG2 (indicating they are OPCs; Figure 1), 399 

most of the recombined cells at 12 weeks after SCI co-expressed CC1 (identifying them 400 

as new oligodendrocytes; Figure 3c). In mGFP mice (i.e., carrying the membrane-401 

tethered reporter), recombined cells with the morphological features of both OPCs and 402 

oligodendrocytes were highly enriched around the injury site, and these cells were also 403 

encountered at great distances from the injury epicenter. These morphological cellular 404 

features of recombined cells correlated with immunohistochemical profiling: OPCs 405 

characterized by ramified processes and the expression of PDGFR Figure 3d) and a 406 

larger percentage of mature oligodendrocytes with tube formation and rostro-caudally 407 

aligned processes also expressed the transcription factor MYRF which is essential for 408 

myelination (Figure 3e) (Emery et al., 2009; Koenning et al., 2012). Crucially, the 409 

expression of the contactin-associated protein (Caspr) in the axonal-glial contacts of the 410 

paranodes could be easily co-labelled with mGFP+ tubes, indicative of the presence of 411 

Ranvier nodes and suggestive of oligodendrocyte ensheathment and ongoing myelination 412 

(Figure 3f).  413 
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To quantify the extent of new oligodendrocytes formed after SCI, we performed 414 

analysis in PDGFRα-CreER(I):YFP mice and co-immunostained Olig2+ cells for either, 415 

PDGFR  (OPCs) or CC1 (oligodendrocytes), and counted their total number and their 416 

number also staining for YFP+ (recombined cells). Recombined YFP+ cells co-labelling 417 

with Olig2 and PDGFR  represent OPCs and co-labelling with Olig2 and CC1 is 418 

indicative of differentiation into oligodendrocytes. There was no difference observed 419 

following injury in the density of total OPCs (PDGFR +Olig2+ cells) nor in the 420 

recombined subpopulation of OPCs (YFP+PDGFR +Olig2+; Figure 3g). In contrast, 421 

there were significantly more oligodendrocytes at 12 wpi compared to 3 wpi (Figure 3h). 422 

Presumably this increase in new oligodendrocytes was due to OPC differentiation into 423 

new oligodendrocytes as there were more new oligodendrocytes (YFP+CC1+Olig2+) at 424 

12 wpi compared to the 12-week uninjured control group (Figure 3h). We found that 425 

oligodendrocytes continued to differentiate between 3 and 12 wpi as there was a higher 426 

percentage of recombined new oligodendrocytes (83%) compared to 3wpi (65%) and the 427 

week 12 uninjured groups (49%) (Figure 3i). Reciprocally, the 12 wpi group showed the 428 

lowest percentage of recombined OPCs (17%) compared to the 3wpi (35%) and week 12 429 

uninjured groups (51%; Figure 3i) in the recombined oligodendrocyte lineage 430 

(YFP+Olig2+). Further, our data reveal that there is a 5-fold increase in the amount of 431 

new oligodendrocytes at 12 wpi (13929 +/-1356) compared the 12 week uninjured control 432 

group (2978 +/- 1031) and that 53% of the epicenter oligodendrocytes at 12 wpi are from 433 

new YFP+ oligodendrocytes (Figure 3i). Collectively, these data demonstrate that 434 

following SCI there is considerable oligodendrogenesis from PDGFRα+ OPCs 435 

recombined prior to injury, and this is a prolonged process after SCI. 436 
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In order to determine the extent of ensheathment/myelination by recombined 437 

PDGFR + cells, we performed quantitative analyses in PDGFRα-CreER(II):mGFP mice 438 

using cross-sections of the spinal cord from animals 3 or 12 wpi and uninjured age-439 

matched controls (Figure 4). At 3 and 12 wpi, mGFP+ cells could be visualized 440 

extending processes that surrounded nearby axons but only some of these mGFP+ tubes 441 

co-labelled with MBP (Figure 4a, b).  Following a moderate-severe contusion SCI, there 442 

was a ~75% reduction in the number of MBP+ myelin sheaths remaining at 3 and 12 443 

weeks after SCI compared to the uninjured age matched spinal cord (Figure 4c). By 3 444 

weeks post-SCI there were newly generated oligodendrocyte-derived myelin sheaths (i.e., 445 

in mGFP+MBP+P0NEG cells); the production of new oligodendrocyte-derived myelin 446 

sheaths continued as the percentage of these newly generated sheaths increased by 12wpi 447 

(Figure 4d). The percentage of new myelin produced by oligodendrocytes accounted for 448 

about 20% of the total myelinated axons at the epicenter (i.e. mGFP+) by 12 wpi. This 449 

percentage of newly myelinated axons represents an underestimate, because 450 

recombination efficiency in this mouse line was only 68% (calculated during initial 451 

mouse characterization). When we account for this recombination efficiency we estimate 452 

that de novo myelin generation at injury epicenter by 12 weeks after SCI approaches 30%. 453 

To our surprise, even at 12 wpi about one third of these mGFP+ rings surrounding axons 454 

did not reveal detectable MBP expression, suggesting that mGFP+ tubes label either OPC 455 

processes engaging with axons or early oligodendrocyte ensheathment (MBPNEG; Figure 456 

4e).  De novo myelin production in the uninjured age-matched spinal cord was much 457 

slower and 2.16% of the MBP+P0NEG myelin sheaths were mGFP+, i.e. newly-generated 458 

over a comparable period of 12 weeks (Figure 4d). Taken together, these data 459 



 

 20 

demonstrate that there is a 6-10 fold increase in de novo myelination at the lesion 460 

epicenter in the three months following SCI compared to uninjured age-matched controls. 461 

 462 

The majority of myelinating Schwann cells in the injured spinal cord are derived 463 

from PDGFR + cells 464 

 Schwann cell myelination is prominent following contusive SCI, and PDGFR + 465 

cells have been show to produce myelinating Schwann cells following chemical 466 

demyelination (Zawadzka et al., 2010). To determine if PDGFR + cells are also 467 

responsible for Schwann cell myelination, we examined the expression of myelinating 468 

Schwann cell markers in recombined cells of PDGFR CreER:-YFP or -mGFP mice. In 469 

PDGFR CreER:mGFP mice the membrane-tethered reporter allowed us to readily 470 

visualize co-expression of mGFP and P0 in myelin tubes after SCI, suggesting that 471 

PDGFR + cells gave rise to myelinating Schwann cells after contusion SCI (Figure 5a-d; 472 

arrows). Twelve weeks after SCI, PDGFR + progenitor-derived Schwann cell tubes 473 

exhibited many characteristics of mature Schwann cell myelin including the expression 474 

of Caspr in the axonal-glial contacts of the paranodes (Figure 5a) as well as the formation 475 

of Schmidt-Lantermann incisures (Figure 5b). Although this was not quantified, example 476 

images revealed that recombined myelinating Schwann cells expressed the transcription 477 

factor Krox20 (Figure 5c) and were surrounded by a basal lamina staining for laminin 478 

(Figure 5d), both hallmarks of myelinating Schwann cells. Importantly, P0+, PDGFR -479 

derived myelin was abundant in both independent PDGFRα-CreER mouse lines (i.e., in 480 

lines I and II) after SCI and PDGFR -fate mapping did not label Schwann cells in the 481 

peripheral nerve (Figure 2h-m). 482 
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 We next examined the distribution and contribution of OPC-derived myelinating 483 

Schwann cell profiles in the PDGFRα-CreER:-YFP or -mGFP mice to the myelination of 484 

axons at the SCI epicenter (Figure 6a-d,f). We observed that the P0+ Schwann cell 485 

myelin was most concentrated in the dorsal regions of the cord near the injury epicenter. 486 

Due to the nature of the dorsal contusion injury, the cytoarchitecture of the spinal cord 487 

was most disrupted within the lesion core and in the dorsal column regions, indicated by 488 

sparse GFAP staining (Figure 6a’). Twelve weeks after SCI, these dorsal areas of 489 

substantial astrocyte loss were populated by YFP+ myelin sheaths that also expressed the 490 

Schwann cell-specific myelin marker P0 (Figure 6a,a’,a’’). Because Schwann cell myelin 491 

is surrounded by a thicker cytoplasmic outer wrapping compared to oligodendrocyte 492 

myelin, we were able to observe distinct recombined rings around Schwann cell-493 

myelinated axons in both the YFP (Figure 6a-d) and mGFP (Figure 6e) reporter lines. 494 

Schwann cell myelin sheaths in the vicinity of the dorsal root entry zone were typically 495 

not derived from PDGFR + cells (i.e. were YFPNEG; Figure 6c’); in contrast, the medial 496 

dorsal columns contained many P0+ and YFP+ myelin sheaths (Figure 6c’’). 497 

Recombined P0+ myelin sheaths possessed morphological characteristics indicative of 498 

myelinating Schwann cells. For example, they myelinate axons with a one-to-one sheath-499 

to-cell ratio (Figure 6d; arrowheads) and expressed a basal lamina (Figure 5d). 500 

Recombined myelinating Schwann cells were also observed in mGFP reporter mice 501 

(Figure 6e,e’). The number of myelinating Schwann cell profiles derived from 502 

recombined PDGFR  progenitors (YFP+) in the injured spinal cord increased over time; 503 

by 12 weeks post-SCI, 67 ± 7.4% of the P0+ myelin co-expressed YFP suggesting an 504 

ongoing production of Schwann cells by PDGFR  progenitors after injury (Figure 6f). In 505 
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contrast, there was no change in the extent of ensheathment/myelination by peripherally-506 

derived (YFPNEG) Schwann cells between three and twelve weeks post-SCI. The 507 

percentage of recombined myelinating Schwann cell profiles represents a slight 508 

underestimate considering that the recombination efficiency in this mouse line was 84%. 509 

After accounting for this recombination efficiency, we estimate that approximately 70-510 

80% of the myelinating Schwann cell profiles at injury epicenter 12 weeks after SCI were 511 

derived from PDGFR  cells and their progeny. Keeping in mind that PDGFR  labels 512 

several populations of cells in the spinal cord and dorsal root, these data are consistent 513 

with an early appearance of Schwann cells derived from PDGFR NEGcells—presumably 514 

migratory Schwann cells (see below)—from the dorsal root entry zone coupled with an 515 

ongoing increase of Schwann cells derived from PDGFR + cells and their progeny.   516 

 517 

Olig2+ cells give rise to P0+ Schwann cells in response to contusion SCI.  518 

Considering that fate mapping using PDGFR- CreER:-YFP or -mGFP mice 519 

labels other cell types in addition to OPCs, we wanted to test whether cells specific to the 520 

oligodendroglial lineage can give rise to P0+ myelinating Schwann cells after SCI. We 521 

lineage traced the Olig2+ cells using Olig2-CreER:YFP mice.  In the spinal cord of 522 

uninjured control Olig2-CreER:YFP mice, we observed tamoxifen-induced 523 

recombination in oligodendrocytes and OPCs (Figure 7a), as well as in a subset of gray 524 

matter astrocytes, as previously described (Dimou et al., 2008). Importantly, unlike the 525 

PDGFR CreER:-YFP or -mGFP lines, there was no recombination in vascular-526 

associated cells, central canal-associated cells, or cells in the dorsal roots (Figure 7b), 527 

suggesting that the only cellular overlap between Olig2-CreER and PDGFR CreER  is 528 
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with OPCs. Despite having a low recombination efficiency in OPCs at time of injury 529 

compared to the PDGFR CreER mice, Olig2CreER:YFP+ cells were encountered in the 530 

dorsal columns (Figure 7c) and adjacent to the lesion epicenter cavity, at twelve weeks 531 

after SCI (Figure 7d). A subset of these recombined cells expressed P0 and exhibited the 532 

morphology of typical myelinating Schwann cells (Figure 7d). This confirms that cells of 533 

the oligodendroglial lineage give rise to myelinating Schwann cells after contusion SCI. 534 

 535 

Recombined PDGFR -expressing cells from the PNS do not give rise to myelinating 536 

Schwann cells in vitro or in vivo. 537 

Migration of Schwann cells from the periphery into the CNS parenchyma was 538 

originally considered the primary source of myelinating Schwann cells after SCI 539 

(Franklin and Blakemore, 1993). To examine the potential of peripheral PDGFR -540 

expressing cells to give rise to myelinating Schwann cells, we FACS-isolated GFP+ (and 541 

GFPNEG) cells from dorsal root/dorsal root ganglion (DRG) and from sciatic nerves of 542 

adult PDGFR H2B-GFP mice and characterized the fate of these cells in vitro (Figure 543 

8). When grown in Schwann cell proliferation/differentiation media for one week, 544 

GFPNEG cells exhibited a bipolar morphology consistent with Schwann cell 545 

differentiation (Figure 8d,f), while GFP+ cells assumed a flattened morphology (Figure 546 

8c,e). Cells from the GFPNEG cell fraction (Figure 6o-v) expressed proteins characteristic 547 

of Schwann cell precursors, such as p75 (o, p), nestin (q, r) and Sox2 (s, t). In contrast, 548 

GFP+ cells (Figure 8g-n) did not express Schwann cell lineage markers, but expressed 549 

αSMA, consistent with a fibroblast-like fate.  550 
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Considering that progenitor populations can behave differently in their quiescent 551 

state compared to in the wake of injury, where they have been noted to proliferate and 552 

contribute to repair (Joe et al., 2010; Almad et al., 2011), we wanted to specifically look 553 

at the responses of the peripheral PDGFR recombined precursors in response to local 554 

injury. To determine whether injury-activated PDGFR + cells in the dorsal root or sciatic 555 

nerve produce myelinating Schwann cells, PDFGR CreER:mGFP mice were given 556 

tamoxifen two weeks before dorsal root (Figure 9a,b,d) and sciatic nerve (Figure 9c) 557 

crush injuries.  After PNS injury, recombined cells with a flattened and branched 558 

morphology were numerous in the endoneurial spaces; Figure 9a-c). Twelve weeks after 559 

dorsal root crush (Figure 9d), there was no evidence of mGFP+/P0+ Schwann cells in the 560 

dorsal root (Figure 9d’,d’’) or DRG (Figure 9d’’’). In the PNS, neither dorsal root injury 561 

nor sciatic nerve crush stimulated PDGFR  cells to express the Schwann cell marker P0; 562 

PDGFRα derived cells also did not possess Schwann cell morphology or close 563 

associations with axons (Figure 9a-d). Consistent with our findings above, inadvertent 564 

spinal cord damage during dorsal root injury did stimulate recombined cells to express P0, 565 

indicative of Schwann cell production, but these cells were restricted within the injured 566 

spinal cord (Figure 9d below dotted line).  These findings indicate that PDGFR -567 

expressing cells residing in the PNS do not give rise to Schwann cells in vitro nor after 568 

local PNS injury in vivo. 569 

 570 

Peripheral Myelinating Schwann cells migrate into the spinal cord after injury and 571 

contribute to myelination. 572 
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In order to examine the contribution of mature, myelinating Schwann cells in the 573 

PNS to myelination after SCI, we used P0Cre-ER:YFP mice. In uninjured control mice, 574 

recombination occurred in only 6.9 ± 1.18% and 24.1± 2.37% of the dorsal and ventral 575 

myelinating Schwann cells, respectively; no recombination was observed within the CNS 576 

(Figure 10a-d), as expected from the specificity of P0 for PNS myelin. Twelve weeks 577 

after SCI, a small population of myelinating Schwann cells was observed at the lesion 578 

epicenter (Figure 10e,e’). Importantly, the relative contribution of the recombined 579 

YFP+/P0+ myelin sheaths was small relative to the number of P0+ myelin sheaths both 580 

three and twelve weeks after SCI (Figure 10f). When taking the low recombination 581 

efficacy into consideration, the percentage of P0+ cell-derived Schwann cells is less than 582 

10% of the total P0+ tubes in the injured spinal cord, supporting the notion that OPCs 583 

generate the majority of Schwann cells in the cord after SCI. 584 

 585 

Discussion 586 

Here we determined which cell types contribute to the regeneration of myelin 587 

following contusion SCI, by systematically assessing the contributions of PDGFRα+, 588 

olig2+, and P0+ cells to the generation of myelinating glia and axonal 589 

ensheathment/myelination following SCI.  590 

The extent and source of spontaneous remyelination in the injured spinal cord has 591 

been the focus of considerable interest and debate, with important implications for 592 

treatment development after SCI. Previous fate mapping experiments of PDGFR  593 

progeny using various recombination time points after SCI revealed that 594 

oligodendrogenesis and new myelin formation is an ongoing process in chronic SCI 595 
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(Hesp et al., 2015). Here, we recombined PDGFR  cells prior to injury to characterize 596 

the amount of de novo oligodendrocyte- and Schwann cell-derived myelination over time. 597 

At 12 weeks post-injury, we found an extensive increases in new oligodendrocyte 598 

formation and in ensheathment/myelination by oligodendrocytes derived from PDGFRα+ 599 

progenitors labelled prior to injury. Importantly, the vast majority of myelinating 600 

Schwann cells in the injured spinal cord are centrally-derived:  both PDGFRα+ 601 

progenitors and Olig2-expressing cells gave rise to myelinating Schwann cells, while 602 

only a minority were derived from the P0+ peripheral population.  603 

 604 

OPC derived ensheathment/myelination is substantial after SCI 605 

The notion of ongoing demyelination after SCI as a pathological process limiting 606 

functional recovery (Blight, 1983; Totoiu and Keirstead, 2005) has fuelled both 607 

preclinical and clinical research (Plemel et al., 2014). There is some evidence in pre-608 

clinical work that transplanting myelinating cells can increase or accelerate myelin repair 609 

compared to spontaneous repair (Keirstead et al., 2005; Karimi-Abdolrezaee et al., 2006; 610 

Cao et al., 2010; All et al., 2015). Consistent with previous findings, we observed 611 

extensive oligodendrocyte production from OPCs in the astrocyte-rich parenchyma 612 

surrounding the injury (McTigue et al., 2001; Tripathi and McTigue, 2007; Sellers et al., 613 

2009; Hesp et al., 2015) and the contribution of new oligodendrocytes to the myelination 614 

of axons in the chronic injury site (Hesp et al., 2015). By tracking cumulative 615 

myelination of spinal axons over time after injury (Figure 4), we found that spontaneous 616 

myelination is progressive over time: at 3 weeks after SCI, de novo 617 

ensheathment/myelination accounted for ~15% of all MBP+ myelin sheaths, and by 12 618 
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weeks post-SCI this number approximated 30% at injury epicenter. Considering that the 619 

overall myelin (Figure 4c) did not demonstrate a significant change between 3wpi and 620 

12wpi and yet there is a significant increase in the amount of new myelin (Figure 4d), 621 

this suggests that myelin is being turned over and replaced between 3wpi and 12wpi.  To 622 

our surprise, about one-third of the 6,000 de novo ensheathments did not reveal MBP 623 

expression at 12 wpi indicative of OPC processes or early oligodendrocyte 624 

ensheathments. Taken together, there is considerable new myelin production after SCI 625 

and even in the chronic setting there is ongoing myelin turnover.  626 

These findings of extensive new myelin production after SCI may be an important 627 

contributor for functional recovery after SCI. Still, new myelin production may not just 628 

represent a regenerative process for the sole purpose of regenerating lost myelin segments. 629 

For example, even in the fully myelinated optic nerve and in the absence of 630 

demyelination there is de novo myelination by intercalation between existing myelin 631 

sheaths (Young et al., 2013). Such de novo myelination that is not linked with active or 632 

ongoing demyelination may occur after SCI, and is unlikely to contribute to functional 633 

recovery. Even if new myelin production is regenerative (i.e. replacing lost myelin), we 634 

cannot differentiate between ensheathment/myelination of spared axons, proximal stumps 635 

of cut axons that have been severed outside of the plane of section, or newly-sprouted 636 

axons. This is important because we do not yet know whether newly-637 

ensheathed/myelinated axons are functional. Oligodendrocytes can myelinate even dead 638 

axons and/or artificial axons (Lee et al., 2012; Lee et al., 2013; Bechler et al., 2015) and 639 

thus some of the new myelin produced after SCI might be around severed axons, which is 640 

unlikely to provide a functional benefit. These considerations underscore the importance 641 
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of addressing the functional importance of new myelin production and how it is 642 

associated with spontaneous recovery after SCI.  643 

 644 

The majority of myelinating Schwann cells in the contused spinal cord are derived 645 

from PDGFR + CNS progenitors 646 

For many decades and in diverse animal models, Schwann cells have been 647 

observed in the injured spinal cord, including in humans (Bunge et al., 1961; Bresnahan, 648 

1978; Bunge et al., 1993; Beattie et al., 1997; Guest et al., 2005; James et al., 2011). 649 

Schwann cells are generally believed to migrate in from the PNS to contribute to 650 

myelination within the CNS (Franklin and Blakemore, 1993; Sims et al., 1998; Jasmin et 651 

al., 2000). Here, we demonstrate that approximately 70-80% of the myelinating Schwann 652 

cell profiles in the spinal cord 12 weeks post contusion SCI are derived from resident 653 

PDGFR + cells. The CNS origin of Schwann cells is supported by our findings that 654 

Olig2-recombined cells also give rise to myelinating Schwann cells after SCI. We 655 

conclude that PDGFR + OPCs thus are the primary contributor to the myelinating 656 

Schwann cell population observed in the injured spinal cord. We also estimate that less 657 

than 10% of the myelinating Schwann cell profiles in the cord after injury are derived 658 

from peripheral myelinating Schwann cells. Therefore, via these indirect measurements, 659 

we can only account for the cellular origin of about 80-90% of the myelinating Schwann 660 

cells encountered in the contused spinal cord suggesting the existence of one or more 661 

other contributing cell populations. It is possible that non-myelinating Schwann cells or 662 

other dorsal root ganglion progenitors (Vidal et al., 2015) could be producing Schwann 663 

cells in response to injury. 664 
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The generation of Schwann cells from PDGFR + OPCs after CNS injury—and 665 

not from migration and/or differentiation of recombined PDGFR + precursors residing 666 

in the dorsal or ventral roots—is consistent with previous observations after focal 667 

chemical demyelination of the spinal cord (Zawadzka et al., 2010). In agreement, OPCs 668 

transplanted into demyelination lesions are able to generate Schwann cells (Talbott et al., 669 

2005; Talbott et al., 2006). A recent study proposed a CNS origin of Schwann cells after 670 

SCI on the basis of dorsal rhizotomies (Bartus et al., 2016). Here we provide conclusive 671 

evidence using fate mapping of various candidate cells expressing Cre from the PDGFR  672 

and Olig2 promoters after contusion injury. The production of Schwann cells from OPCs 673 

is not observed in culture or after co-transplantation with astrocytes and thus 674 

differentiation is BMP-dependent (Talbott et al., 2006). De Castro et al. recently reported 675 

that cell specific deletion of STAT3 in astrocytes decreases remyelination by 676 

oligodendrocytes in favour of Schwann cells using a chemical demyelination model 677 

(Monteiro de Castro et al., 2015). Taken together, these findings suggest that an 678 

astrocyte-derived signal is required for OPC differentiation into oligodendrocytes. In 679 

agreement with this hypothesis, OPC-derived Schwann cell differentiation was observed 680 

after contusion SCI mainly in the dorsal columns where astrocytes are rare. Astrocytes 681 

within these regions may also be phenotypically different from astrocytes in other regions 682 

of the cord (Tsai et al., 2012). A better understanding of the regenerative potential of 683 

OPCs and their molecular regulation may provide new avenues in CNS repair. 684 

Schwann cell transplantation elicits moderate functional improvements in pre-685 

clinical models (Pearse et al., 2004; Biernaskie et al., 2007; Sparling et al., 2011) and is 686 

currently being studied in clinical trials (Clinical trial.gov: NCT01739023, NCT0235425). 687 
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Schwann cell transplantation can result in an even greater endogenous Schwann cell 688 

response after SCI (Hill et al., 2006; Biernaskie et al., 2007; Sparling et al., 2015). 689 

Therefore, gaining a better understanding of the endogenous Schwann cell response 690 

observed after injury in both rodents and humans could help to develop future treatment 691 

strategies. Importantly, the finding of Schwannosis in the chronic clinically injured SCI 692 

population (Bruce et al., 2000; Norenberg et al., 2004) has been discussed as a cause of 693 

functional decline pointing to the need of a better understanding the biological processes 694 

regulating Schwann cell production after SCI. Transgenic deletion of neuregulin-1 in all 695 

cells prevented myelination by Schwann cells in the injured spinal cord of mice and these 696 

mice showed worse functional outcomes in an open field locomotor test as early as one 697 

week after SCI (Bartus et al., 2016). However, this recovery could also be due to other 698 

neuroprotective effects of neuregulin-1 after SCI (Gauthier et al., 2013; Alizadeh et al., 699 

2017). Hence, the functional significance of endogenous Schwann cell myelination still 700 

remains to be shown. This formation of Schwann cells in the areas of most extensive 701 

spinal cord damage, where astrocytes become sparse, might represent an endogenous 702 

repair mechanism and a target for future therapeutic interventions; bridging severe 703 

injuries by stimulating OPCs to produce Schwann cells might allow for a more conducive 704 

environment for axonal growth and myelin formation. 705 

  706 

Conclusion 707 

Endogenous OPCs are capable of extensive myelination after SCI. The majority 708 

of OPCs remain lineage-restricted and produce myelinating oligodendrocytes that 709 

ensheath axons. PDGFR + cells (likely OPCs) are the source of the majority of Schwann 710 
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cells present in the spinal cord after clinically-relevant (contusion) SCI. This repair 711 

mechanism by endogenous, CNS-derived Schwann cells may represent a novel 712 

therapeutic target for repairing the injured spinal cord in areas of grossly disrupted 713 

cytoarchitecture. 714 
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Legends  1006 
 1007 
 1008 
Table 1. Overview of Transgenic Mouse Lines  1009 
 1010 
Table 2. Overview of Specific Animal Numbers that Underwent Quantitative or 1011 
Qualitative Analysis. See methods for specific animal numbers for each analysis.  1012 
 1013 
 1014 
Table 3. Primary Antibody Table. 1015 
 1016 
 1017 
Figure 1. Genetic labeling of NG2 glia in tamoxifen-inducible PDGFRαCreER 1018 
uninjured control mice. (a, b) After the 2 week tamoxifen wash-out period, Tamoxifen-1019 
induced YFP expression in the cytoplasm was observed in two independent 1020 
PDGFRαCreER mouse lines (line I and II) crossed to the YFP reporter line. The majority 1021 
of PDGFRα+ (red)/Olig2+ (blue) cells exhibited recombination (green) in 1022 
PDGFRαCreER(I):YFP mice (a, a’); recombination was more modest in 1023 
PDGFRαCreER(II):YFP mice (b, b’) when observed in uninjured control mice at 14 days 1024 
post tamoxifen treatment. (c-d) In both lines, YFP (green), Olig2 (red), and PDGFRα 1025 
(blue) were co-expressed (c), and the recombined population of cells was also co-1026 
expressed with the NG2+ (red) population. Arrows point to rare examples of GFP+ cells 1027 
not overlapping with NG2+ cell (d). (e) PDGFRαCreER mice were crossed with 1028 
membrane-tethered (mGFP; green). (f) 3D rendering at fourteen days after tamoxifen 1029 
treatment, the majority of PDGFR + cells are recombined (mGFP+; green; arrows) with 1030 
a small subset of PDGFR + cells not recombined (arrowhead). It was rare to find 1031 
recombined cells that had matured into an oligodendrocyte (CC1+; blue) at time of injury. 1032 
(g) Confocal image including Z plane from outlined box in 1f demonstrating that 1033 
PDGFR  does not overlap with CC1 (blue) cells but it is two independent cells on top of 1034 
one another. All images were taken in spinal cord cross sections. Scale bars, 200 m (a, b, 1035 
e); 50 m (d); 10 m (a’, b’, c, f);. 1036 
 1037 
Figure 2. Recombination in central canal-associated cells, pericytes and a subset of 1038 
PNS endoneurial cells in PDGFR CreER uninjured control mice.  (a, b) In the 1039 
uninjured spinal cord of PDGFR CreER:YFP or mGFP, recombination (green) was 1040 
observed in a subset of blood vessel-associated cells (arrow) located on the outside of the 1041 
endothelial layer (RECA, red; Glut1, blue) but inside the outer basal lamina, (red; c) 1042 
consistent with the location of pericytes. The majority of the YFP-expressing vascular-1043 
associated cells expressed PDGFR (blue; d) and PDGFR (red; d), referred to 1044 
previously as type A pericytes. A small subset of the YFP+ vascular associated cells 1045 
appeared to co-express of YFP (green) and SMA (red; e; referred to previously as a type 1046 
B pericytes marker). (f, g) Recombination can also be seen in a small number of cells 1047 
located peripherally in the wall of the central canal, each with a process extending into 1048 
the lumen of the canal (f); these cells were also NG2+ (red; g). (h-l) A subset of 1049 
endoneurial cells and pericytes (green) that exhibited recombination (i.e., YFP+ or 1050 
mGFP+) were found in the dorsal root (h), dorsal root ganglion (i), and sciatic nerve (j) in 1051 
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the uninjured PNS in both lines of PDGFR CreER. Many recombined cells in the dorsal 1052 
root co-expressed fibronectin (blue; k). Rarely were YFP+ pericyte cell bodies 1053 
encountered (e.g., arrow, nucleus, 3D rendering, l), with associated processes encircling 1054 
blood vessels in the dorsal root. (m) Importantly, recombined cells in the dorsal root did 1055 
not co-express the non-myelinating Schwann cell marker p75 (cyan; m), or the 1056 
myelinating Schwann cell marker P0 (red; i,j,l,m). All images were taken in spinal cord 1057 
cross section. Scale bars, 100 m (a); 50 m (i); 10 m (b, c, f, g, h, j, k, m); 5 m (d, e, l).  1058 
 1059 
Figure 3. PDGFR + progenitors proliferate and contribute to oligodendrocyte 1060 
lineage cells in response to SCI. (a) Timeline for SCI experiment. Tamoxifen was 1061 
administered to 8-10 week old mice; mice were given a 2-week tamoxifen washout 1062 
period prior to a T9/T10 contusion SCI. Twelve weeks after SCI, recombined YFP+ cells 1063 
incorporated EdU (red; b) and many recombined cells (green) differentiated into CC1-1064 
expressing (red) oligodendrocytes (arrow; c). Note: schematic in top right corner of 1065 
images indicates approximate location where image was taken based on spinal cord cross 1066 
section. Using the mGFP reporter mice, a small subset of recombined cells continue to 1067 
express PDGFRα (blue; arrow; d) while the majority of recombined cells are now 1068 
oligodendrocytes with extended processes ensheathed/myelinated axons and express 1069 
MYRF (red; arrow; e).  (f) mGFP+ oligodendrocytes expressed the paranodal marker 1070 
Caspr (arrows) with split channels (f’). There were no differences observed in the overall 1071 
number of OPCs (PDGFRa+Olig2+) or recombined OPCs (YFP+PDGFRa+Olig2+) 1072 
across the groups (g). (h) The amount of total oligodendrocytes and new YFP+ 1073 
oligodendrocytes differed significantly among the groups ( 2

(2) = 8.57, p=0.014 and 2
(2) 1074 

=6.18, p=0.045, respectively). There was a decrease in the overall oligodendrocytes 1075 
(CC1+Olig2+) at 3 wpi and 12 wpi compared to the week 12 uninjured group (U(5) = 0.00, 1076 
p=0.034 and U(7)= 1.00, p=0.039 respectively; h). There were more overall 1077 
oligodendrocytes at 12 wpi compared to 3 wpi (U(8) = 2.00, p=0.033; h). There were more 1078 
new oligodendrocytes (YFP+CC1+Olig2+) at 12 wpi compared to the week 12 uninjured 1079 
group (U(7)= 0.00, p=0.020; h) but the difference observed between the week 12 1080 
uninjured group and 3wpi did not reach significance (U(5)= 1.00, p=0.07; h).  (i) Amongst 1081 
the total YFP+Olig2+ population, the percentages of oligodendrocytes 1082 
(YFP+CC1+Olig2+) and the percentages of OPCs (YFP+PDGFR +Olig2+) differed 1083 
significantly amongst the groups ( 2

(2) = 8.27, p=0.016; 2
(2) = 8.27, p=0.016, 1084 

respectively). Amongst the total YFP+Olig2+ population, there was a higher percentage 1085 
of oligodendrocytes (YFP+CC1+Olig2+) at 12 wpi compared to both 3 wpi (U(8) = 2.00, 1086 
p=0.033) and the week 12 uninjured control group (U(7)= 0.00, p=0.02; i). Reciprocally, 1087 
there was a lower percentage of OPCs (YFP+PDGFR +Olig2+) at 12 wpi compared to 1088 
the 3 wpi (U(8) = 2.00, p=0.033) and the week 12 uninjured control group (U(7)= 0.00, 1089 
p=0.02; i).  Images were taken in both epicenter spinal cord cross sections (b, c, d) and 1090 
longitudinal sections (e) near epicenter.  *= p<0.05; += p< 0.1. Scale bars, 20 m (b, c); 1091 
15 m (e); 10 m (d, f); 2 m (f’). 1092 
 1093 
 1094 
Figure 4. Extensive new ensheathment/myelination by oligodendrocytes derived 1095 
from PDGFR + progenitors 12 weeks after SCI. Twelve weeks after contusion injury, 1096 
large numbers of membrane-bound mGFP+ tubes (green) were observed in 1097 
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PDGFRαCreER (II):mGFP mice indicating new ensheathment/myelination (Figure a, b). 1098 
Slides were stained of axons (a, white; b; blue), MBP (a, red; b, purple), mGFP (green), 1099 
and P0 (not shown). Note: Some images are displayed as flattened images (combining 1100 
large numbers of z-stacks into one image; a, b, b’) while others are a single z-stack image 1101 
(=a confocal optical section) (a’, b’’). A proportion of sheaths co-expressed MBP (e.g., a’ 1102 
and b’’; single optical plane at higher magnification; arrows denote clear mGFP+ [green] 1103 
and MBP+ [red or purple] tubes).  (c-e) Quantification of axons myelinated by 1104 
oligodendrocytes after SCI (i.e., MBP+, P0NEG processes) at the lesion epicenter 1105 
demonstrated group differences ( 2

(2)= 6.37, p=0.041; c) with significantly less 1106 
myelinated axons at 3wpi and 12wpi compared to uninjured age matched controls (U(5)= 1107 
0.00, p=0.034 and U(6)= 0.00, p=0.025, respectively; c). The percentage of newly 1108 
myelinated axons (surrounded by both mGFP+ and MBP+ tubes) to total myelinated 1109 
axons (surrounded by just MBP+ tube) differed by group ( 2

(2)= 8.48, p=0.014) and were 1110 
significantly higher at 12 wpi compared to 3wpi and uninjured age matched controls 1111 
(U(7)= 0.00, p=0.014 and U(6)= 0.00, p=0.025; d). Quantification of MBP expression in 1112 
mGFP+ sheaths indicative of new myelin (open portion of bar) and of MBPNEG mGFP+ 1113 
sheaths indicative of either OPC process wrapping or merely ensheathing 1114 
oligodendrocytes (closed portion of bar; e). Quantification of total mGFP+P0NEG sheaths 1115 
(combined open and closed portion of bar) differed between groups ( 2

(2)= 6.37, p=0.041) 1116 
with significantly more overall mGFP+P0NEG sheaths at 12 wpi compared to uninjured 1117 
age matched controls (U(6)= 0.00, p=0.025; e). Quantification of MBP expression in 1118 
mGFP+ sheaths indicative of new myelin (open portion of bar) differed between groups 1119 
( 2

(2)= 6.37, p=0.041) with significantly more mGFP+MBP+P0NEG tubes at 12 wpi 1120 
compared to uninjured age matched controls (U(6)= 0.00, p=0.025; e). All images were 1121 
taken in epicenter spinal cord cross sections. *= p<0.05. Scale bars, 200 m (b); 1122 
100 m a); 20 m (b’); 5 m (a’, b’’). 1123 
 1124 
Figure 5. PDGFR + progenitor-derived Schwann cells express typical hallmarks of 1125 
Schwann cell myelination in PDGFR CreER:mGFP mice. (a-b) Arrows point to 1126 
paranodal marker Caspr (white; a) and to Schmidt-Lanterman incisures (area where 1127 
myelin is less compact allowing an accumulation of GFP antibody and a decrease in P0; 1128 
arrows; b); both indicative of mature Nodes of Ranvier and myelination. (c-d) 12 weeks 1129 
after injury, recombined myelinating Schwann cells expressed the transcription factor 1130 
Krox20 (arrow, c) and were surrounded by a basal lamina (d; arrows point to cell body), 1131 
both hallmarks of myelinating Schwann cells. All images taken in spinal cord 1132 
longitudinal sections near epicenter. Scale bars, 5 m (b, c, d); 3 m (a). 1133 
 1134 
 1135 
Figure 6. The majority of myelinating Schwann cells in the injured spinal cord are 1136 
derived from PDGFR + progenitors. (a) Twelve weeks after spinal cord contusion in 1137 
PDGFR CreER:YFP or mGFP mice, P0+ (red) Schwann cell myelin was abundant 1138 
within the dorsal columns in areas of substantial astrocyte loss. There were two distinct 1139 
populations (a’’) of P0+ myelin sheaths, a YFPNEG population (c’) and a YFP+ population 1140 
(b, c’’); most YFPNEG P0+ myelin sheaths were found closer to the dorsal root entry zone 1141 
whereas the YFP+ P0-postive sheaths were found mainly medially in the dorsal column 1142 
(c’’). (b) Arrowheads points to YFP+/P0+ myelin sheaths with the cell bodies of a 1143 
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Schwann cells in the image plane. The arrow denotes an oligodendrocyte ensheathed 1144 
YFP+ nerve fiber. These nerve fibers revealed the one-to-one sheath-to-cell ratio typical 1145 
for Schwann cells (arrowheads in d). (e) Schwann cell myelination was also apparent 1146 
using the membrane-tethered reporter mGFP and horizontal sections through the lesion 1147 
site (e, e’; dorsal to the left). (f) The number of YFP+ myelinating Schwann cell profiles 1148 
(green portion of bar) increased between 3 and 12 weeks after SCI (U(12)= 0.00, p=0.001). 1149 
There were significantly more overall myelinating Schwann cell profiles (grey + green 1150 
portion of bar) at 12wpi compared to 3 wpi (U(12)= 8.00, p=0.035) and the majority of 1151 
P0+ tubes were also YFP+. Images were taken in both epicenter spinal cord cross 1152 
sections (a, b, c, d) and longitudinal sections near epicenter (e). *p= <0.05. Scale bars, 1153 
200 m (a, e); 20 m (c’, c’’, a’, a’’); 10um (e’); 5 m (b, d).  1154 
 1155 
Figure 7. Olig2+ cells give rise to myelinating Schwann cells after SCI. 1156 
Olig2creER:YFP mice were used to fate-map oligodendroglial lineage cells.  (a) In the 1157 
uninjured thoracic spinal cord, recombination (YFP; green) occurred in Olig2+ cells 1158 
(white) across the oligodendrocyte lineage (preferentially observed in CC1+ 1159 
oligodendrocytes [red] and to a lesser extent PDGFRα+ OPCs [blue]) and a subset of 1160 
grey matter GFAP+ astrocytes (b). There was no recombination observed in cells 1161 
associated with the central canal (blue outline surrounds central canal; split channels with 1162 
axons [white] and YFP [green]; b’’), or the PNS (dorsal root; b’’’). (c) 12 weeks after 1163 
SCI, YFP+ cells were abundant at the lesion epicenter and a subset of the YFP+ cells 1164 
demonstrated typical Schwann cell markers and morphology in the dorsal columns (c’, 1165 
c’’) and in close proximity to a cavitation at the epicenter (d, d’). All images were taken 1166 
in spinal cord cross sections. Scale bars, 200 m (a, b, c); 50 m (d); 20 m (a’); 10 m (b’, 1167 
b’’, b’’’, c’, c’’, d’).  1168 
 1169 
 1170 
Figure 8. PDGFRα+ cells from the adult dorsal root ganglion and spinal root of 1171 
PDGFRα:H2BGFP mice do not exhibit Schwann cell fate in vitro. Sciatic nerve (a) 1172 
and dorsal root ganglion/spinal root (DRG/root; b) -derived cell suspensions from adult 1173 
PDGFRα:H2BGFP mice were sorted for GFP-expression by FACS. (c-f) 1174 
PDGFRα:H2BGFP+ and PDGFRα:H2BGFPNEG cells were grown in Schwann cell 1175 
proliferation/differentiation media for one week. The bipolar morphology of 1176 
PDGFRαH2BGFPNEG cells was consistent with Schwann cell differentiation (arrow, d, f). 1177 
PDGFRαH2BGFP+ cells derived from both peripheral sources exhibited a flattened 1178 
morphology under the same conditions. (g-n) Consistent with morphological findings, 1179 
PDGFRαH2BGFP+ cells derived from the sciatic nerve (g, i, k, m) or DRG/roots (h, j, l, 1180 
n) did not express Schwann cell lineage markers such as p75 (g, h), nestin (i, j) and Sox2 1181 
(k, l) but expressed αSMA, consistent with a fibroblast-like phenotype. (o-v) In contrast, 1182 
isolated PDGFRα:H2BGFPNEG cells derived from the sciatic nerve (o, q, s, u) or 1183 
DRG/roots (p, r, t, v) expressed markers of Schwann cell precursors such as p75 (o, p), 1184 
nestin (q, r) and Sox2 (s, t). Some αSMANEG cells were found in the GFPNEG fraction (u, v, 1185 
arrows). Scale bars, 100μm (c-f); 20μm (g-v). 1186 
 1187 
Figure 9.  Recombined PDGFR + cells in the PNS do not give rise to P0+ cells in 1188 
response to peripheral injury. (a-c) Four weeks after dorsal root crush (a, b) or sciatic 1189 
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nerve crush injury in PDGFR CreER:mGFP mice (c), mGFP+ cells had branched and 1190 
flattened processes extending in the endoneurium between clusters of P0+ myelinating 1191 
Schwann cells. 12 weeks after a severe dorsal root crush injury (d), there was no evidence 1192 
of mGFP+/P0+ Schwann cells in the dorsal root (d’, d’’) or the dorsal root ganglion (d’’’). 1193 
Only the injured spinal cord harbored recombined cells expressing both mGFP and P0. 1194 
(arrows; d’). Images were taken in root or sciatic nerve longitudinal sections (a, b, c) or 1195 
spinal cord cross sections (d).  Scale bars, 200 m (d); 50 m (d’); 20 m (d’’’); 10 m (a, 1196 
b, c, d’’). 1197 
 1198 
Figure 10. P0+ Schwann cells give rise to a small number of P0+ Schwann cells after 1199 
SCI. In uninjured controls, no recombination was observed within the thoracic spinal 1200 
cord P0creER:YFP mice (a); recombination (YFP; green) was only observed in the PNS 1201 
surrounding P0+ tubes consistent with Schwann cell morphology (dorsal root: a’, sciatic 1202 
nerve: c).  Assessment of recombination efficiency in the uninjured roots revealed more 1203 
YFP+ (green) P0+ (red) tubes in the ventral roots compared to the dorsal roots (d). (e-f) 1204 
Twelve weeks after SCI, YFP+ myelinating Schwann cells were observed at the injury 1205 
epicenter of P0creERT2:YFP mice treated with tamoxifen 2 weeks prior to injury (e, e’). 1206 
The relative contribution of YFP+/P0+ myelin sheaths was low relative to the total 1207 
number of P0+ myelin sheaths at both 3wpi and 12wpi (<5 Schwann cell sheaths per 1208 
section). There were significantly more overall P0+ profiles (grey + green bar; U(11)= 1209 
7.00, p=0.046) and more P0+/YFPNEG profiles (grey portion of bar; U(11)= 7.00, p=0.046) 1210 
at 12wpi compared to 3wpi. Images were taken in spinal cord cross sections (a), dorsal 1211 
root cross sections (b), sciatic nerve longitudinal sections (c), or spinal cord cross 1212 
sections at epicenter (e). *p=<0.05. Scale bars, 200 m (a, e); 20 m (c); 10 m (a’), 2 m 1213 
(b, e’).  1214 
 1215 
 1216 
 1217 
 1218 
 1219 
 1220 
 1221 
 1222 
 1223 
 1224 
 1225 
 1226 
 1227 
 1228 
 1229 
 1230 
 1231 
 1232 
 1233 
 1234 
 1235 
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 1236 
Table 1. Overview of Transgenic Mouse Lines  1237 
 1238 

 1239 
 1240 
 1241 
 1242 
 1243 
 1244 
 1245 
 1246 
 1247 
 1248 
 1249 
 1250 
 1251 
 1252 
 1253 
 1254 
 1255 
 1256 
 1257 
 1258 
 1259 
 1260 

Transgenic Mice Labelled Cell Populations Cellular Label Tamoxifen Reference 
PDGFRαCreERTM(I): Rosa26eYFP 
 
Short Form:  PDGFRαCreER(I): YFP 

PDGFR + Cells Before Injury:  
-OPCs 
-vascular associated cells 
-central canal associated cells 
-PNS endoneurial cells (fibroblast-like)

Cytoplasmic YFP 
 
Short Form: YFP 

3mg/day  
for 5 days 

Kang et al., 2010; 
Jackson Labs; 006148 

PDGFRαCreERTM(I): Rosa26mGFP(mT/mG
 
Short Form:   PDGFRαCreER(I): mGFP 

PDGFR + Cells Before Injury:  
-OPCs 
-vascular associated cells 
-central canal associated cells 
-PNS endoneurial cells (fibroblast-like)

Membrane-tethered  
GFP  
 
Short Form: mGFP 

3mg/day  
for 5 days 

Kang et al., 2010;  
Jackson Labs; 007576 

PDGFRαCreERT2(II): Rosa26eYFP 
 
Short Form:   PDGFRαCreER(II): YFP 

PDGFR + Cells Before Injury:  
OPCs 
-vascular associated cells 
-central canal associated cells 
-PNS endoneurial cells (fibroblast-like)

Cytoplasmic YFP 
 
Short Form: YFP 

3mg/day  
for 5 days 

Rivers et al., 2008;   
Jackson Labs; 006148 

PDGFRαCreERT2(II):  Rosa26mGFP(mT/mG
 
Short Form:   PDGFRαCreER(II): mGFP 

PDGFR + Cells Before Injury:  
OPCs 
-vascular associated cell 
-central canal associated cells 
-PNS endoneurial cells (fibroblast-like)

Membrane-tethered  
GFP  
 
Short Form: mGFP 

0.5mg/day  
for 2 days 

Rivers et al., 2008;  
Jackson Labs; 007576 

Olig2CreERTM: Rosa26eYFP 
 
Short Form:   Olig2CreER: YFP 

Olig2+ Cells Before Injury:  
OPCs 
-oligodendrocytes 
-population of  
-grey matter astrocytes 

Cytoplasmic YFP 
 
Short Form: YFP 

3mg/day  
for 5 days 

Takebayashi et al., 2002;
Jackson Labs; 006148 

P0CreERT2: Rosa26eYFP 
 
Short Form:   P0CreER: YFP 

P0+ Cells Before Injury:  
-myelinating peripheral Schwann cells 

Cytoplasmic YFP 
 
Short Form: YFP 

3mg/day  
for 5 days 

Leone et al., 2003;   
Jackson Labs; 006148 

PDGFR :H2B-GFP 
 

Cells currently expressing PDGFR  
-PDGFR + cells in CNS and PNS 

Cytoplasmic YFP 
 
Short Form: YFP 

n/a Hamilton et al., 2003,  
Jackson Labs; 007669 
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 1261 
Table 2. Overview of Specific Animal Numbers that Underwent Quantitative or 1262 
Qualitative Analysis. See methods for specific animal numbers for each analysis.  1263 

 1264 
 1265 
 1266 
 1267 
 1268 

Group Qualitative Analysis Quantitative Analysis 
PDGFRαCreERTM(I): Rosa26eYFP 
 

  

Time of Injury (Uninjured Spinal Cord) 6 3 
3 wpi (Injured Spinal Cord) 10 7 
12 wpi (Injured Spinal Cord) 10 7 
Week 12 Uninjured (Uninjured Spinal Cord) 6 4 
Time of Injury (Uninjured Sciatic Nerve) 3  
No TA Controls (Injured Spinal Cord) 3  
No TA Controls (Uninjured Spinal Cord) 3  
PDGFRαCreERTM(I): Rosa26mGFP(mT/mG) 
 

  

Time of Injury (Uninjured Spinal Cord) 3  
3 wpi (Injured Spinal Cord) 3  
12 wpi (Injured Spinal Cord) 10  
Week 12 Uninjured (Uninjured Spinal Cord) 6  
Time of Injury (Uninjured Sciatic Nerve) 3  
4 wpi (Inured Sciatic Nerve) 3  
12 wpi (Injured Sciatic Nerve) 3  
4 wpi (Injured Dorsal Root 3  
12 wpi (Injured Dorsal Root) 6  
No TA Controls (Injured Spinal Cord) 2  
No TA Controls (Uninjured Spinal Cord) 2  
PDGFRαCreERT2(II): Rosa26eYFP  
 

  

12 wpi (Injured Spinal Cord) 6  
Week 12 Uninjured (Uninjured Spinal Cord) 6  
No TA Controls (Injured Spinal Cord) 2  
No TA Controls (Uninjured Spinal Cord) 2  
PDGFRαCreERT2(II): Rosa26mGFP(mT/mG) 
 

  

Time of Injury (Uninjured Spinal Cord) 6 3 
3 wpi (Injured Spinal Cord) 6 4 
12 wpi (Injured Spinal Cord) 6 5 
Week 12 Uninjured (Uninjured Spinal Cord) 6 3 
No TA Controls (Injured Spinal Cord) 2  
No TA Controls (Uninjured Spinal Cord) 2  
Olig2CreERTM: Rosa26eYFP 
 

  

Time of Injury (Uninjured Spinal Cord) 3  
12 wpi (Injured Spinal Cord) 10  
Week 12 Uninjured (Uninjured Spinal Cord) 6  
No TA Controls (Injured Spinal Cord) 4  
No TA Controls (Uninjured Spinal Cord) 4  
P0CreERT2: Rosa26eYFP 
 

  

Time of Injury (Uninjured Spinal Cord) 6  
1 wpi (Injured Spinal Cord) 6 5 
3 wpi (Injured Spinal Cord) 6 6 
12 wpi (Injured Spinal Cord) 10 7 
Week 12 Uninjured (Uninjured Spinal Cord) 6 4 
Time of Injury (Uninjured Sciatic Nerve) 3  
No TA Controls (Injured Spinal Cord) 2  
No TA Controls (Uninjured Spinal Cord) 2  



 

 45 

 1269 
Table 3. Primary Antibody Table. 1270 
 1271 
Primary 
Antibody 

Used as a 
Marker For 

Host Source, 
Catalogue #, RRID 

Ratio; 
IHC/ICC 

APC (CC1 Clone) Oligodendrocytes Mouse,  
IgG2bκ 

Calbiochem, OP80 
RRID: AB_2057371 

1:300; IHC 

αSMA clone  
EPR5368 

Fibroblast-like Phenotype Rabbit  Millipore, MABT381 
RRID: AB_11203118 

1:500; ICC 

αSMA Vascular-associated Cells (Type B  
Pericytes as defined by Goritz et al., 2011) 

Rabbit Abcam, ab5694 
RRID: AB_2223021 

1:500; IHC 

BIII-Tubulin  
(Tuj1) 

Neural-Specific Tubulin Mouse, 
IgG2bk 

Sigma, T8660 
RRID: AB_477590 

1:1000; IHC 

Contactin  
Associated  
Protein (Caspr) 

Paranodes Rabbit Abcam, ab34151 
RRID: AB_869934 
 

1:500; IHC 

Fibronectin  Fibroblasts and Extracellular Matrix Mouse Sigma, F7387 
RRID: AB_476988 

1:400; IHC 

GFAP Reactive Astrocytes Rabbit DAKO, Z0334 
RRID: AB_10013382 

1:1000; IHC 

GFP Reporter+ Cells (YFP+ or GFP+) Chicken Abcam, ab13970 
RRID: AB_300798 

1:1000; IHC 

GFP Reporter+ Cells (YFP+ or GFP+) Goat Rockland, 600-101-215 
RRID: AB_218182 

1:500; IHC 

GFP Reporter+ Cells (YFP+ or GFP+) Rabbit Abcam, ab290 
RRID: AB_303395 

1:6000; IHC 

GFP Reporter+ Cells (YFP+ or GFP+) Rat Nacalai tesque, 04404-84 
RRID: AB_10013361 

1:1000; IHC 

GFP Reporter+ Cells (YFP+ or GFP+) Mouse,  
IgG1 

Millipore, mab3580 
RRID: AB_94936 

1:500; IHC 

Glut1 Endothelial Cells Goat Santa Cruz, sc-1605 
RRID: AB_2239463 

1:200; IHC 

Krox 20 (Egr2) Myelinating Schwann Cells Rabbit Covance PRB-236P 
RRID: AB_291594 

1:500; IHC 

Laminin Basal Lamina, Extracellular Matrix Rabbit Sigma, L9393 
RRID: AB_477163 

1:200; IHC 

MBP Myelin Chicken Aves, MBP 
RRID: AB_2313550 

1:200; IHC 

MBP Myelin Goat Santa Cruz, sc-13914 
RRID: AB_648798 

1:500; IHC 

MYRF, 
GM98 (N terminus) 

Differentiated Oligodendrocytes Rabbit Gift from Dr. Wegner 1:500; IHC 

Nestin,  
clone 2Q178 

Consistent with an Immature/  
Proliferative Schwann Cell Phenotype 

Mouse  Santa Cruz, sc-58813 
RRID: AB_784786 

1:500; ICC 

Neurofilament  
200 

Heavy Chain Neurofilaments Mouse,  
IgG1 

Sigma, N0142 
RRID: AB_477257 

1:1000; IHC 

NG2 Oligodendrocyte Precursors Rabbit Millipore, AB5320 
RRID: AB_11213678 

1:200; IHC 

Olig2 Oligodendrocyte Precursors and  
Oligodendrocytes 

Rabbit Millipore, AB9610 
RRID: AB_10141047 

1:300; IHC 

P0 Myelinating Schwann Cells,  
Peripheral Myelin 

Chicken Aves, PZ0 
RRID: AB_2313561 

1:100; IHC 

P75NTR Consistent with an Immature/ Proliferative 
Schwann Cell Phenotype 

Rabbit Millipore, AB1554  
RRID: AB_11211656 

1:200; ICC 

P75NTR Non-Myelinating Schwann Cells Rabbit Sigma, N3908 
RRID: AB_260763 

1:100; IHC 

PDGFRα Oligodendrocyte Precursors,  
Type A Pericytes (as defined by  
Goritz et al., 2011) 

Goat RNDsytems, af1062 
RRID: AB_2236897 

1:100; IHC 
 
 

PDGFRβ Type A Pericytes  
(as defined by Goritz et al., 2011) 

Rabbit Abcam, ab32570 
RRID: AB_777165 

1:100; IHC 

Reca 1, 
clone HIS52 

Endothelial Cells Mouse,  
IgG1 

Serotec, MCA970R 
RRID: AB_323297 

1:500; IHC 

SMI312 Pan Neurofilaments Mouse Covance, SMI-312R-100 
RRID: AB_509993 

1:1000; IHC 

Sox2 Consistent with an Immature/  
Proliferative Schwann Cell Phenotype 

Rabbit Stemgent, 09-0024 
RRID: AB_2195775 

1:200; ICC 






















