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Abstract

Low-density lipoprotein receptor-related protein 1 (LRP1) is a large, endocytic cell surface receptor
that is highly expressed by oligodendrocyte progenitor cells (OPCs), and LRP1 expression is rapidly
downregulated as OPCs differentiate into oligodendrocytes (OLs). We report that the conditional
deletion of Lrpl from adult mouse OPCs (Pdgfra-CreER :: LrpI™") increases the number of new
myelinating OLs added to brain, but that each new cell elaborates a normal quantity of myelin. OPC
proliferation is also elevated following Lrp1 deletion in vivo, however, this is likely to be a secondary,
homeostatic response to increased OPC differentiation, as our in vitro experiments show that LRP1 is
a direct negative regulator of OPC differentiation, not proliferation. Deleting Lrp! from adult OPCs
also enhances remyelination, as cuprizone-induced lesions are smaller in Lrp/-deleted mice, and
parenchymal OPCs produce a larger number of mature OLs. These data suggest that the selective
blockade of LRP1 function on adult OPCs may enhance myelin repair in demyelinating diseases, such

as multiple sclerosis.
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Introduction

Oligodendrocytes (OLs) myelinate the central nervous system (CNS) to facilitate the saltatory
conduction of action potentials and provide essential metabolic support to axons (reviewed by 1). The
majority of OLs are produced during development, however, new OLs are continuously produced
throughout life from oligodendrocyte progenitor cells (OPCs; 2-8), and add new myelin internodes to
the CNS (7,9). A number of signaling pathways have been identified that regulate developmental and
adult OPC behavior and oligodendrogenesis, including Notch1 (10-12), fibroblast growth factor 2 (13-
15), mammalian target of rapamycin (16-18) and platelet-derived growth factor A (19-21) signaling.
However, microarray (22) and RNA sequencing (23,24) experiments have uncovered a number of
genes that are differentially expressed across OL development, but have no known regulatory function

in this lineage. One such gene is the low-density lipoprotein receptor related protein 1 (Lrpl).

LRP1, also known as CD91 or the a2 macroglobulin (a2M) receptor, is highly expressed by OPCs and
is rapidly downregulated during OL differentiation (25). This large cell surface receptor, comprising
a 515kDa extracellular a-chain and an 85kDa [-chain, could influence OPC behavior in a number of
ways, as it interacts with a large variety of ligands, as well as extracellular and intracellular proteins,
to facilitate signal transduction (reviewed by 26,27). In other cell types, LRP1 acts as a receptor or co-
receptor to initiate intracellular signal transduction, but also facilitates ligand endocytosis, transcytosis
or processing (28-34), as well as receptor, channel and transporter trafficking (28,35-40) to influence
blood brain barrier permeability (41), lipid metabolism, glucose homeostasis, neuroinflammation

(42,43 and reviewed by 44) and synaptic plasticity (45).

Lrpl knockout mice are embryonic lethal, as the blastocysts fail to implant (46), but the conditional
deletion of Lrpl from cultured mouse neural stem and progenitor cells (NSPCs) has been shown to
impair NSPC proliferation and particularly reduce the number of OL lineage cells produced (47,48).
Furthermore, the conditional deletion of Lrpl from Olig2* cells (Olig2-Cre :: Lrp '/ mice) impairs
oligodendrogenesis in the developing mouse optic nerve, reducing both the proportion of axons that
are myelinated and myelin thickness by postnatal day (P)21 (49). This phenotype may reflect a
developmental delay in myelination, as myelin thickness is normal in the optic nerve of Olig/-Cre ::

Lrp "/ mice at P60 (50).

As OPC physiology changes considerably between development and adulthood and can also differ
between CNS regions (51-53), we aimed to determine the importance of LRP1 for adult OPC function.
The conditional deletion of Lrpl from OPCs (Pdgfra-CreER :: Lrpl™") revealed that LRP1 is a
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negative regulator of adult oligodendrogenesis in the healthy mouse brain. Lrp/ deletion was
associated with an increase in adult OPC proliferation and a significant increase in the number of
newborn myelinating oligodendrocytes added to the cortex and corpus callosum. Furthermore, Lrpl
deletion prior to cuprizone delivery was associated with smaller callosal lesions and a larger number

of mature OLs being produced by parenchymal OPCs.

Materials and Methods

Animal housing and mice

All animal experiments were approved by the University of Tasmania Animal Ethics (A0016151) and
Institutional Biosafety Committees and were carried out in accordance with the Australian code of
practice for the care and use of animals for scientific purposes. Pdgfra-CreER™ mice (2) were a kind
gift from Prof William D Richardson (University College London). Pdgfra-CreER™ (5,
RRID:IMSR JAX:018280), Pdgfra-H2BGFP [Pdgfra-histGFP (54);1 RRID:IMSR JAX:007669]
and Lrp " (46; RRID:IMSR_JAX:012604) mice were purchased from Jackson Laboratories. Cre-
sensitive  Rosa26-YFP  (55; RRID: IMSR JAX:006148) and  Tau-mGFP  (56;
RRID:IMSR JAX021162) reporter mice were also purchased from Jackson laboratories. Mice were
maintained on a C57BL/6 background and inter-crossed to generate male and female offspring for
experimental use. All mice were weaned >P30 to ensure appropriate myelin development, were group
housed with same-sex littermates in Optimice micro-isolator cages (Animal Care Systems, Colorado,
USA), and were maintained on a 12-hour light / dark cycle at 20°C, with uninhibited access to food

and water.

Please note that two distinct Pdgfra-CreER transgenic mouse lines were used in this study: the Pdgfro-
CreER™ transgenic mouse line (5), was used for the majority of experiments, and the lower efficiency
(LE) Pdgfra- CreER™ transgenic mouse line (2), was used to perform the Tau-mGFP lineage tracing
experiments, as we have previously demonstrated that the Pdgfia-CreER™ transgenic mouse line
cannot be used to induce OPC-specific recombination of the Tau-mGFP reporter, despite achieving

the OPC-specific recombination of other transgenes (52).
Genomic DNA extraction and PCR amplification

For genotyping, ear biopsies were digested overnight in DNA extraction buffer (100 mM Tris-HCI, 5
mM EDTA, 200 mM NacCl, 0.2% SDS and 120 ng of proteinase k) at 55°C. Cellular and histone

proteins were precipitated by incubating samples with 6M ammonium acetate (Sigma; A1542) on ice,
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and the DNA subsequently precipitated from the supernatant by incubating with isopropyl alcohol
(Sigma; 19516). The DNA pellet was washed in 70% ethanol (Sigma; E7023), resuspended in sterile
MilliQ water and used as template DNA for polymerase chain reaction (PCR). Each 25 pL reaction
contained: 50-100 ng DNA; 0.5 uL of each primer (100 nmol/mL, GeneWorks); 12.5 uL of GoTaq
green master mix (Promega) and MilliQ water. The following primers were used: Lrpl 5’ CATAC
CCTCT CAAACC CCTT CCTG and Lrpl 3° GCAAG CTCC CTGCTCA GACC TGGA ; Rosa26

wildtype 5 AAAGT CGCTC TGAGT TGTTAT, Rosa26 wildtype 3 GGAGC GGGAG AAATG
GATATG and Rosa26 mutant 5" GCGAA GAGTT TGTCC TCAACC; Cre 5 CAGGT CTCAG
GAGCT ATGTC CAATT TACTG ACCGTA and Cre 3' GGTGT TATAAG CAATCC CCAGAA,

or GFP 5" CCCTG AAGTTC ATCTG CACCAC and GFP 3° TTCTC GTTGG GGTCT TTGCTC in
a program of: 94°C for 4 min, and 34 cycles of 94°C for 30”, 60°C for 45 (37 cycles for Rosa26-YFP
genotyping), and 72°C for 60”, followed by 72°C for 10 min. Following gel electrophoresis [1% (w/v)
agarose in TAE containing SYBR-safe (ThermoFisher)] the DNA products were visualized using an

Image Station 4000M PRO gel system running Carestream software.
Tamoxifen preparation and administration

Tamoxifen (Sigma) was dissolved in corn oil (Sigma) at a concentration of 40 mg/ml by sonication for
2 hours at 21°C. Adult mice received tamoxifen (300 mg/kg) daily by oral gavage for 4 consecutive
days.

Tissue preparation and immunohistochemistry

Mice were terminally anaesthetized with an intraperitoneal (i.p) injection of sodium pentobarbital
(30mg/kg, Ilium) and were transcardially perfused with 4% (w/v) paraformaldehyde (PFA; Sigma) in
phosphate buffered saline (PBS). Brains were cut into 2 mm-thick coronal slices using a 1 mm brain
matrix (Kent Scientific) before being post-fixed in 4% (w/v) PFA in PBS at 21°C for 90 min. Tissue
was cryoprotected in 20% sucrose (Sigma) in PBS and transferred to OCT (ThermoFisher) before being

snap frozen in liquid nitrogen and stored at -80°C.

30 um coronal brain cryosections were collected and processed as floating sections (as per 57).
Cryosections were exposed to primary antibodies diluted in blocking solution [10% (v/v) fetal calf
serum (FCS, Serana) and 0.05% (v/v) triton x100 in PBS] and incubated overnight at 4°C on an orbital
shaker. Primary antibodies included: rabbit anti-LRP1 (1:500, Abcam ab92544; RRID:AB 2234877);
goat anti-PDGFRa (1:100, R&D Systems AF1062; RRID:AB_2236879); rabbit anti-ASPA (1:200,
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Abcam  ab97454; RRID:AB 10679051); rabbit anti-LRP2 (1:100, Abcam ab76969,
RRID:AB_10673466); rat anti-GFP (1:2000, Nacalai tesque 04404-26; RRID:AB_2314545); rat anti-
MBP (1:100, Millipore MAB386; RRID:AB_94975), rabbit anti-OLIG2 (1:400, Abcam ab9610;
RRID:AB_570666); guinea pig anti-IBA1 (1:250, Synaptic Systems 234004; RRID:AB 2493179),
and mouse anti-NaBC1 (BCASI; 1:200, Santa Cruz sc-136342; RRID:AB_10839529).

EdU administration and labelling

For the in vivo labelling of dividing cells, 5-Ethynly-2’-deoxyuridine (EdU; E10415, Thermofisher)
was administered to mice via their drinking water at a concentration of 0.2 mg/ml for up to 21
consecutive days (as per 58). For in vitro labelling, cells were exposed to 2.5 pg/ml EdU in complete
OPC medium (see below) for 10 hours before the cells were fixed with 4% (w/v) PFA in PBS for 15
min at 21°C. The EdU developing cocktail was prepared according to the AlexaFluor-647 Click-IT
EdU kit (Invitrogen) instructions, and brain slices were exposed to the developing reagent for 45 min
at 21°C, while coverslips of cultured cells were exposed for 15 min. EdU developing was performed
immediately after the secondary antibody was washed from tissue or cells during

immunohistochemistry or immunocytochemistry.
Primary OPC culture and in vitro gene deletion

The cortices of P1-10 mice were dissected into Earle’s Buffered Salt Solution (EBSS; Invitrogen,
14155-063), diced into pieces ~1 mm® and digested in 0.06 mg/ml trypsin (Sigma, T4799) in EBSS at
37°C for 10 min. The trypsin was inactivated by the addition of FCS, before the tissue was resuspended
and triturated in EBSS containing 0.12 mg/ml DNAsel (Sigma, 5025). The cell preparation was filtered
through a 40um sieve (Corning, 352340), centrifuged and resuspended in complete OPC medium [20
ng/ml human PDGF-AA (Peprotech), 10 ng/ml basic fibroblast growth factor (R&D Systems), 10
ng/ml human ciliary neurotrophic factor (Peprotech), 5 pug/ml N-acetyl cysteine (Sigma), 1ng/ml
neurotrophin-3 (Peprotech), 1 ng/ml biotin (Sigma), 10uM forskolin (Sigma), 1x penicillin /
streptomycin (Invitrogen), 2% B27 (Invitrogen), 50 pg/ml insulin (Sigma), 600 ng/ml progesterone
(Sigma), 1 mg/ml transferrin (Sigma), 1 mg/ml BSA (Sigma), 400 ng/ml sodium selenite (Sigma) and
160 pg/ml putrescine (Sigma) in DMEM+ Glutamax (Invitrogen)]. Cells were plated into 6 well plates
coated with >300,000 MW Poly D Lysine (PDL; Sigma, P7405). After 7 DIV, the cells were dislodged
by incubating in 1:5 TrypLE (Gibco) in EBSS for ~10 min at 37°C, before the trypsin was inactivated
by the addition of FBS, and cells were collected into EBSS. OPCs were then purified by

immunopanning as previously described (59). In brief, the cell suspension was transferred to a petri

5
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dish pre-coated with anti-PDGFRo (BD Pharmigen 558774; RRID:AB 397117) and the OPCs
allowed to adhere for 45 min at 21°C. The non-adherent cells were then removed by rinsing with EBSS
and the purified OPCs were stripped by treating with TypeLE diluted 1:5 with EBSS for 5 minutes in
an incubator. The recovered cells were then plated onto 13mm glass coverslips in complete OPC

medium.

For experiments where Lrpl was deleted in vitro, OPCs were plated in complete OPC medium at a
density of 20,000 cells per PDL-treated 13 mm coverslip and allowed to settle for 2 days. OPCs were
then exposed to 1uM TAT-Cre (Excellgen, EG-1001) in complete OPC medium at 37°C / 5% CO: for
90 min. The TAT-Cre-containing medium was then removed and replaced with fresh complete OPC
medium and the cells returned to the incubator for 48 hours. To induce differentiation, the complete
OPC medium was removed and replaced with OPC differentiation medium [complete OPC medium
lacking PDGF-AA and containing 4pg/ml triitodothyronine (Sigma)] for 4 days before cells were fixed
by exposure to 4% PFA (w/v) in PBS for 15 min at 21°C.

Whole cell patch clamp electrophysiology

Acute coronal brain slices (300um) were generated from adult mice carrying the Pdgfra-histGFP
transgene, using a VT1200s vibratome (Leica) as previously described (52). Brain slices were
transferred to a bath constantly perfused (2 ml/min) with ~21°C artificial cerebral spinal fluid (ASCF)
containing: 119 mM NaCl, 1.6 mM KCl, 1 mM NaH,POs4, 26.2 mM NaHCOs, 1.4 mM MgCl,, 2.4 mM
CaCly, and 11 mM glucose (300 + 5 mOsm/kg), saturated with 95% O,/ 5% CO,, Whole cell patch
clamp recordings of GFP" cells in the motor cortex were collected using a HEKA Patch Clamp EPC800
amplifier and pCLAMP 10.5 software (Molecular devices; RRID: SCR _011323).

To record AMPA (a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid) / kainate receptor
currents, recording electrodes (3—6 MQ) were filled with an internal solution containing: 125 mM Cs-
methanesulfonate, SmM TEA-CI, 2mM MgClz, SmM HEPES, 9mM EGTA, 10 mM phosphocreatine,
5 mM MgATP, and 1 mM Na,GTP, and set to a pH of 7.2 with CsOH and an osmolarity of 290 + 5
mOsm/kg. Upon breakthrough, cells were held at -50 mV and a series of voltage steps (up to +30 mV)
applied to determine the presence of a voltage-gated sodium channel current. GFP' cells with a
voltage-gated sodium current > 100 pA were considered OPCs. All subsequent recordings were
undertaken in ACSF containing 50 um (2R)-amino-5-phosphonovaleric acid (APV; Sigma) and 1 uM
tetrodotoxin (TTX; Sigma). Cells were held at -60 mV and currents elicited by applying 200 ms

voltage steps from -80 to 20 mV (20 mV increments). After taking baseline recordings, currents were

6
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then elicited in ACSF containing 100 uM kainate. The mean steady state current (last 100 ms) of each

voltage step was measured.

Voltage gated calcium channel (VGCC) current recordings were made using solutions previously
described (52). All other voltage gated currents (potassium and sodium) were blocked. To record L-
type VGCC currents, OPCs were held at -50 mV and a series of 500 ms voltage steps (-60 to +30 mV)
applied using a P/N subtraction protocol. The current-density relationship is presented as the average
steady state current (the last 100ms of the voltage steps) from ~3 recordings per cell. To elicit currents
through T-type VGCCs, OPCs were held at -50 mV and the cell was hyperpolarized to -120 mV for
200 ms before applying voltage steps from -70 mV to 30 mV (as per 60,61). The maximum amplitude
of the fast, transient inward current, revealed by the brief hyperpolarization, was measured from ~3

recordings per cell.

Access resistance was measured before and after all recordings and an access resistance >20 MQ
resulted in exclusion of that recording. Due to the high membrane resistance of OPCs (>1 GQ) during
VGCC current recordings, recordings were made without series resistance compensation. However,
series resistance compensation was applied for AMPA current recordings (60-80%). Measurements

were made from each data file using Clampfit 10.5.
Cuprizone administration and black-gold myelin staining

Mice were transferred onto a diet of crushed mouse food (Barrestock) containing 0.2% (w/w) cuprizone
powder (C9012, Sigma), which was refreshed every 2 days for 5 weeks. Mice were perfusion fixed
and their tissue processed as described previously, and 30um coronal brain floating cryosections
collected into PBS. Cryosections were transferred onto glass microscope slides (Superfrost) and
allowed to dry, before being rehydrated in milliQ water for 3 min and incubated with preheated 0.3%
black-gold II stain (Millipore, AG105) at 60°C for 30 min. Slides were washed twice with milliQ
water before being incubated with preheated 1% (v/v) sodium thiosulphate solution at 60°C for 3 min,
washed in milliQ water (3x2 min), dehydrated using a series of graded alcohol steps, incubated in

xylene (Sigma, 214736) for 3 min, and mounted with DPX mounting medium (Sigma, 06522).
Microscopy and statistical analyses

Fluorescent labelling was visualized using an UltraView Spinning Disc confocal microscope with
Volocity software (Perkin Elmer, Waltham, USA). The motor cortex and corpus callosum were

defined as regions of interest using anatomical markers identified in the Allen Mouse Brain Atlas, in
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brain sections collected between Bregma level 1.10 mm and -0.10 mm. Confocal images were
collected using standard excitation and emission filters for DAPI, FITC (Alexa Fluor-488), TRITC
(Alexa Fluor-568) and CY5 (Alexa Fluor-647). To quantify cell density, or the proportion of cells that
proliferate or differentiate, a 10x or 20x air objective was used to collect images with 2um z-spacing,
that spanned the defined region of interest within a brain section, and these images were stitched
together using Volocity software to create a single image of that region for analysis. A minimum of 3
brain sections were imaged per mouse. To quantify oligodendrocyte morphology and measure myelin
internodes, a 40x (air) or 60x (water) objective was used to collect images with 1um z-spacing of
individual mGFP* OLs or single fields of view containing internodes within each region of interest.
Black-gold myelin staining was imaged using a light microscope with a 2.5x objective, and images
were manually stitched together using Adobe Photoshop CS6 to recreate the region of interest. Cell
counts were performed by manually evaluating the labelling of individual cells, and area measurements
were made by manually defining the region of interest within Photoshop CS6 (Adobe, San Jose, USA)
or Image J (NIH, Bethesda, Maryland). All measurements were made blind to the experimental group

and treatment conditions.

Statistical comparisons were made using GraphPad Prism 8.0 (La Jolla CA, USA; RRID:
SCR_002798). Data were first assessed using the D’ Agostino-Pearson normality test. Data that were
normally distributed were analysed by a parametric test [t-test, one-way analysis of variance (ANOVA)
or two-way ANOVA for group comparisons with a Bonferroni post-hoc test], and data that were not
normally distributed were analysed using a Mann-Whitney U test or Kolmogorov-Smirnoff test.
Lesion size (black-gold staining) data were analyzed using a t-test with a Welch’s correction, to account
for the uneven variance between groups. Data sets with n=3 in any group were analysed using
parametric tests, as the non-parametric equivalents rely on ranking and are unreliable for small sample
sizes (GraphPad Prism 8.0). To determine the rate at which OPCs become labelled with EAU over
time, these data were analysed by performing linear regression analyses. Details of the statistical
comparisons are provided in each figure legend or in text when the data are not presented graphically.

Statistical significance was defined as p<0.05.

Results

LRP1 can be successfully deleted from OPCs in the adult mouse brain

In order to determine the role that LRP1 plays in regulating adult myelination, Lrp/ was conditionally

deleted from OPCs in young adult mice. Tamoxifen was administered to P50 control (Lrp /"y and

8
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Lrpl-deleted (Pdgfra-CreER™ :: Lrp 17/y mice and brain tissue examined 7 or 30 days later (at P50+7
and P50+30, respectively). Coronal brain cryosections from control (Fig. 1A) and Lrp/-deleted mice
(Fig. 1B) were immunolabelled to detect LRP1 (red) and OPCs (PDGFRa, green). Consistent with
our previous findings (25), essentially all OPCs in the corpus callosum of control mice expressed LRP1
(Fig. 1C; P50+7: 99% + 0.6%, mean = SD for n=4 mice; P50+30: 99.7% £ 0.3%, mean = SD for n=3
mice). However, in the corpus callosum of P50+7 LrpI-deleted mice, only 2% + 0.8% of PDGFRa"
OPCs expressed LRP1 (mean = SD for n=4 mice), and by P50+30, only 0.5% =+ 0.5 of OPCs expressed
LRP1 (mean + SD for n=3 mice; Fig. 1C), confirming the successful deletion of Lrp/ from adult OPCs.
Similarly, in the motor cortex of P50+7 control mice, 100% + 0% of PDGFRa” OPCs expressed LRP1,
while only 0.4% + 0.4% of PDGFRa." OPCs expressed LRP1 in the motor cortex of Lrpl-deleted mice
(mean + SD for n=4 mice per genotype). Furthermore, LrpI-deletion was specific, as other brain cell
types that express LRP1, such as neurons and astrocytes, retained their expression of LRP1 (e.g. white
arrows in Fig. 1B). As the Cre-mediated recombination of the Lrpl”" transgene deletes the
extracellular coding region of Lrpl, recombination was also confirmed by performing a PCR analysis
of genomic DNA from the brains of control (Lrpl ) and LrpI-deleted (Pdgfra-CreER™ :: Lrp1/"f
mice after tamoxifen treatment. Lrp/-deletion enabled the amplification of a recombination-specific
DNA product from LrpI-deleted brain DNA that was not amplified from control brain DNA (Fig. 1D).
These data confirm that tamoxifen administration to Pdgfra-CreER™ :: LrpI/" transgenic mice

efficiently and specifically deletes Lrp/ from adult OPCs.
Lrpl-deletion increases adult OPC proliferation

OPCs divide more frequently in white than grey matter regions of the adult mouse CNS (62), and their
homeostatic proliferation ensures that a stable pool of progenitors is maintained (6). To determine
whether LRP1 regulates the frequency at which OPCs re-enter the cell cycle to divide, or the fraction
of OPCs that proliferate, we delivered a thymidine analogue, EdU, to P57+7 control and Lrp/-deleted
mice via their drinking water for 2, 4, 6 or 20 days. Coronal brain cryosections from control (Fig. 2A-
D) and Lrpl-deleted (Fig. 2E-H) mice were processed to detect PDGFRo" OPCs (green) and EdU
(red). When quantifying the proportion of OPCs that became EdU labelled over time, we found that
20 days of EdU-delivery resulted in EdU uptake by all OPCs in the corpus callosum of control and
LrpI-deleted mice (100% + 0% and 100% + 0% respectively), indicating that the proportion of OPCs
that can proliferate is not influenced by LRP1 signaling. Furthermore, the rate of EAU incorporation

by OPCs was equivalent in the corpus callosum of control and Lrp/-deleted mice (Fig. 21I), suggesting
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that LRP1 does not influence the rate at which OPCs enter or transition through the cell cycle to become
EdU-labelled. While OPCs in the motor cortex incorporated EAU at a slower rate than those in the
corpus callosum (compare the slope of the regression lines in Fig. 2I and Fig. 2J), OPC proliferation

in the motor cortex was also unaffected by Lrp/-deletion (Fig. 2J).

These data indicate that the loss of LRP1 does not immediately influence OPC proliferation, however,
LRP1 may regulate processes such as receptor and channel recycling at the cell membrane (36,40,63-
65), such that LrpI-deletion may not immediately perturb OPC behavior. To explore this possibility,
we delivered tamoxifen to young adult (P57) control and LrpI-deleted mice and waited a further 28
days before administering EdU via the drinking water for 4 consecutive days. Coronal brain
cryosections from P57+32 control (Fig. 2K) and Lrp-deleted (Fig. 2L) mice were processed to detect
PDGFRo" OPCs (green) and EdU (red). The proportion of OPCs that incorporated EAU over the 4-
day labelling period was significantly higher in the corpus callosum of Lrp/-deleted mice than controls
(Fig. 2M). This increase in OPC proliferation was not accompanied by a change in the density of
PDGFRa" OPCs, which was equivalent in the corpus callosum of control and LrpI-deleted mice (Fig.
2N). These data suggest that Lrpl deletion from adult OPCs results in a delayed increase in OPC
proliferation. As OPC density remains unchanged, the large number of new cells must either

differentiate into new OLs or die.
LRP1 is a negative regulator of adult oligodendrogenesis

To determine whether LRP1 regulates OL production by adult OPCs, tamoxifen was given to P57
control (Pdgfra-CreER™ :: Rosa26-YFP) and Lrpl-deleted (Pdgfra-CreER™ :: Rosa26-YFP ::
Lrp Iy mice, to fluorescently label adult OPCs and the new OLs they produce. At P57+14, coronal
brain cryosections were immunolabeled to detect YFP (green), PDGFRa (red) and OLIG2 (blue), to
confirm the specificity of labelling (Fig. S1). Consistent with our previous findings in control mice
(57), all YFP" cells in the corpus callosum of control and LrpI-deleted mice were either PDGFRa"
OLIG2" OPCs or PDGFRa-negative OLIG2" newborn OLs (Fig. S1). In the motor cortex, the vast
majority of YFP" cells expressed OLIG2 (control: 96.2% + 0.91; Lrpl-deleted: 94.3% + 1.02, mean +
SD for n=3 mice per genotype; Fig. S1), and the small number of YFP" OLIG2-negative cells identified
in the cortex had the morphological characteristics of neurons, consistent with previous reports that the
Pdgfra promoter is active in a small subset of cortical neurons (58), and were excluded from all

subsequent analyses.
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To determine whether LRP1 influences oligodendrogenesis, we quantified the proportion of YFP* cells
that were PDGFRo-negative OLIG2" newborn OLs in the corpus callosum (Fig. 3A-F) or motor cortex
(Fig. 3G-L) of P57+7, P57+14, P57+30 and P57+45 control and Lrp/-deleted mice. At P57+7 and
P57+14, oligodendrogenesis was equivalent in the corpus callosum of control and Lrp/-deleted mice,
however by P57+30, a larger proportion of YFP" cells had become newborn OLs in the corpus callosum
of LrpI-deleted mice, and this effect was sustained at P57+45 (Fig. 3M). Similarly, for the first two
weeks, OL production was equivalent for OPCs in the motor cortex of control and Lrp/-deleted mice,
however, by P57+30, the proportion of YFP* cells that were newborn OLs was higher in the motor
cortex of Lrpl-deleted mice than controls (Fig. 3N). At P57+30, we also performed cell density
measurements and found that that the density of new OLs was significantly increased in the corpus
callosum (control: 107.2 + 14.9 cells / mm?; Lrpl-del: 161.8 + 27.4 cells / mm?; mean + SD, n= 7
control and n=4 Lrpl-deleted mice; t-test, p=0.0005) and motor cortex (control: 42.55 £ 9.2 cells /
mm?; Lrpl-del: 61.34 + 7.0 cells / mm?; mean + SD, n=4 mice per genotype; t-test, p=0.004) of LrpI-
deleted mice compared to controls. These results suggest that LRP1 is a negative regulator of adult

oligodendrogenesis.
LRP1 reduces the generation of mature, myelinating oligodendrocytes

As OPCs differentiate, they rapidly downregulate their expression of PDGFRa, the NG2 proteoglycan
and voltage-gated sodium channels (NaV) (58,66-69), and become highly ramified pre-myelinating
OLs, that either die or continue to mature into myelinating OLs, that are characterized by the
elaboration of myelin internodes (4,6,52,62,70,71). In order to determine whether Lrp/-deletion
increases the number of myelinating OLs, we fluorescently labelled a subset of OPCs in the adult
mouse brain with a membrane-targeted form of green fluorescent protein (GFP), allowing us to
visualize the full morphology of the OPCs and the OLs they produce. We have previously shown that
tamoxifen delivery to adult Pdgfra-CreER™ :: Tau-GFP mice does not result in the specific fluorescent
labelling of OPCs and their progeny (52). Therefore, for this experiment, we instead delivered
tamoxifen to adult LE-control (Pdgfia-CreER™ :: Tau-GFP) and LE-LrpI-deleted (Pdgfra-CreER™
:: Tau-GFP :: Lrp'"M) mice. The Pdgfra-CreER™ transgenic mouse (2) has a lower recombination
efficiency (LE) than the Pdgfra-CreER™ transgenic mouse (5), so we first evaluated the efficiency of
Lrpl deletion using this mouse model. Coronal brain cryosections from P57+30 LE-control and LE-
Lrpl-deleted mice were immunolabelled to detect PDGFRa and LRP1 (Fig. 4 A, B), and while 100%
+ 0% of PDGFRa" OPCs expressed LRP1 in the motor cortex of LE-control mice, only 35% + 9% of
PDGFRa" OPCs expressed LRP1 in the motor cortex of LE-Lrp-deleted mice (mean + SD for n=3
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mice per genotype). The recombination efficiency was similar in the corpus callosum, with 100% +
0% of OPCs expressing LRP1 in LE-control mice and only 37% £ 7 in LE-LrpI-deleted mice (Fig.
4C).

While only ~65% of OPCs lacked LRP1 in the LE-Lrp/-deleted mice, this was sufficient to increase
adult oligodendrogenesis. Brain cryosections from P57+30 LE-control and LE-Lrpi-deleted mice
were immunolabelling to detect GFP (green), PDGFRa (red) and OLIG2 (blue) (Fig. 4D, E), and we
found that the proportion of GFP" cells that became PDGFRo-negative OLIG2" newborn OLs was
significantly elevated in the motor cortex of LE-Lrp/-deleted mice (56.3% + 2.06%) compared to
control mice (49.2% + 1.51, mean = SD for n=4 mice per genotype; t-test p=0.03). Furthermore, by
using the morphology to further subdivide the newborn OLs into premyelinating and myelinating OLs,
we determined that Lrp/-deletion significantly increased the proportion that were myelinating OLs

(Fig. 4F), confirming that Lrp/-deletion enhances adult myelination.

Despite the difference in overall cell number, the morphology of the myelinating OLs added to the
brain of control and Lrp/-deleted mice was equivalent (Fig. 4G, H). Our detailed morphological
analysis of individual GFP" myelinating OLs in the motor cortex of LE-control and LE-LrpI-deleted
mice revealed that neither the average number of internodes elaborated by GFP" myelinating OLs (Fig.
41) or the mean length of internodes elaborated by GFP" myelinating OLs (Fig. 4J) was changed by
Lrpl-deletion. Additionally, the length distribution, for internodes elaborated by newborn myelinating
OLs in the motor cortex of LE-control and LE-Lrp/-deleted mice, was equivalent (Fig. 4K). These
data indicate that LRP1 negatively regulates the number of myelinating OLs produced by OPCs in the

healthy adult mouse brain but does not influence their final myelinating profile.

LRP1 does not influence NaV, AMPA receptor, L- or T-Type VGCC, PDGFRa or LRP2
expression by OPCs

LRP1 has the potential to influence a number of signaling pathways that directly or indirectly regulate
oligodendrogenesis. The conditional deletion of Lrpl from neurons in vitro and in vivo increases
AMPA receptor turnover and reduce expression of the GluA1l subunit of the AMPA receptor (72).
Adult OPCs express AMPA receptors (73-75) that enhance the survival of premyelinating
oligodendrocytes during development (76), and glutamatergic signaling regulates OPC proliferation,
differentiation (74,77) and migration (75). To determine whether LRP1 regulates AMPA receptor
signaling in OPCs, we obtained whole cell patch clamp recordings from GFP-labelled OPCs in the
motor cortex of P57+30 control (Lrp ™" :: Pdgfra-histGFP) and Lrpl-deleted (Pdgfia-CreER™ ::
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LrpI"" :: Pdgfra-histGFP) mice (Fig. 5). OPCs elicit a large inward voltage-gated (sodium) current
(Ina) in response to a series of voltage-steps (Fig. SA) and we found that Ina amplitude was not affected
by LRP1 expression (Fig. SB). The capacitance (approximation of cell size; Fig. 5C) of OPCs was
also unaffected by LRP1 expression. AMPA receptors were subsequently activated by the bath
application of 100pum kainate, which evoked a large depolarizing current in control and Lrp/-deleted
OPCs (Fig. 5D, E). The amplitude of the evoked current was equivalent for control and Lrp/-deleted
OPCs across all voltages examined (Fig. SE), suggesting that Lrp/-deletion has no effect on the

composition or cell-surface expression of AMPA / kainate receptors.

LRP1 has also been shown to regulate the cell surface expression and distribution of N-type voltage
gated calcium channels (VGCC) by interacting with the 020 subunit (35). In adult OPCs, the closely
related L-type VGCCs have been shown to reduce OPC proliferation in the motor cortex and corpus
callosum (52), and influence the maturation of OPCs into OLs in vitro (78). The other major VGCCs
expressed by OPCs are T-type VGCCs (60,79) which are activated at lower (hyperpolarized) voltages
than L-type channels and inactivate quickly (transient). To determine whether the distribution of
VGCCs is altered following Lrpl deletion, we performed whole cell patch clamp electrophysiology
and measured the current density (pA/pF) in OPCs from control and Lrpi-deleted mice (Fig. SF-I).
We found that the VGCC current density was equivalent for OPCs in the motor cortex of control and
Lrp1-deleted mice (Fig. SF, G). The current density was also equivalent between OPCs from control
and LrpI-deleted mice when measured currents were elicited selectively through L-type VGCCs (Fig.
5H, I), indicating that LRP1 does not influence L- or T-type VGCC expression in adult OPCs.

Tissue plasminogen activator (tPA) is an LRP1 ligand (80,81), and its addition to astrocytic cultures
increases PDGF-CC cleavage and activation (33). While PDGF-CC is a ligand of PDGFRa, a key
receptor regulating OPC proliferation, survival and migration (66,67,82), increased mitogenic
stimulation would not account for LRP1 reducing OPC proliferation. In other cell types, LRP1 has
instead been shown to influence the cell surface expression of PDGFRp (63,83), a receptor that is
closely related to PDGFRa. When performing immunohistochemistry using an antibody against the
intracellular domain of PDGFRa, it is not possible to specifically quantify the cell surface expression
of PDGFRa in OPCs with and without LRP1, however we were able to quantify PDGFRa expression
(mean grey value; Fig. 5J-1), and determined that LRP1 did not influence total PDGFRa expression.

The low-density lipoprotein receptor related protein 2 (LRP2) is a large cell surface receptor that is

closely related to LRP1, with a number of common ligands (84). LRP2 can increase the proliferation
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of neural precursor cells in the subependymal zone (85), and the proliferation and survival of skin
cancer cells (86), however, it is unclear whether cells of the OL lineage express LRP2 (22-24), or
whether Lrpl-deletion could alter LRP2 expression. We examined this possibility by performing
immunohistochemistry on coronal brain cryosections from P57+30 control and Lrp/-deleted mice to
detect LRP2 and PDGFRa or ASPA (Fig. S2). We determined that LRP2 is not expressed by OPCs
or OLs in mice of either genotype, despite the robust expression of LRP2 by Ibal" microglia (Fig. S2).
These data indicate that compensation from LRP2 or a change in LRP2 expression by OPCs is not

responsible for the elevated OPC proliferation and differentiation observed in Lrp-deleted mice.
LRP1 ligand-mediated activation and Lrpl-deletion do not alter OPC proliferation in vitro

Our data suggest that in the healthy adult mouse CNS, Lrp-deletion either increases OPC proliferation
which then results in an increased number of newborn OLs, or increases OPC differentiation, which
subsequently triggers a homeostatic increase in OPC proliferation to maintain the OPC population.
Previous studies have shown that Lrp/ deletion could enhance the proliferation of retinal endothelial
cells (87), while the activation of LRP1 by tPA could enhance the proliferation of interstitial fibroblasts
(88). To determine whether LRP1 directly suppresses OPC proliferation, we generated primary OPC
cultures from the cortex of PO-P5 control (Pdgfra-hGFP) or Lrpl-deleted (Pdgfra-hGFEP :: Lrp /")
mice. After 7 days in vitro (DIV), OPCs were incubated with 1uM TAT-Cre for 90 min, and LRP1
expression was determined at 9 DIV by performing immunocytochemistry to detect PDGFRa (red),
GFP (green) and LRP1 (blue) (Fig. 6A, B). Following Tat-Cre treatment all OPCs cultured from
control mice expressed LRP1, however, only ~21% of PDGFRa" OPCs cultured from LrpI-deleted
mice retained LRP1 expression (Fig. 6C). At the same time-point, additional control and Lrp-deleted
OPC cultures were exposed to EdU, to label all cells that entered the S-phase of the cell cycle over a
10-hour period. By performing immunocytochemistry to detect GFP (green), LRP1 (red) and EdU
(Fig. 6D, E), we found that LRP1 expression did not influence OPC proliferation in vitro, as the
fraction of PDGFRa" OPCs that were EAU" was equivalent in control and Lrp-deleted cultures (Fig.
6F).

To further confirm that LRP1 activation by ligands does not directly influence OPC proliferation, we
added vehicle (milliQ water) or the LRP1 ligands tPA (20nM) or activated a-2 macroglobulin (*a2M;
60mM) to OPC primary cultures for 10 hours, along with EdU (Fig. 6G-J). By performing
immunocytochemistry to detect PDGFRa (green) and EdU (red), we determined that the proportion of
OPCs that became EdU-labelled did not change with the addition of tPA or *a2M (Fig 6J), indicating
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that LRP1 activation by these ligands is unable to modify OPC proliferation in vitro. These data

suggest that LRP1 does not have a direct or cell intrinsic effect on OPC proliferation.
Lrpl-deletion increases OPC differentiation in vitro but the ligand activation of LRP1 does not

In vitro, OPCs can be triggered to differentiate by withdrawing the mitogen PDGF-AA and providing
tritodothyronine (T3) in the culture medium. To determine whether Lrp/ deletion can enhance OPC
differentiation, Tat-Cre-treated control and Lrpl-deleted OPCs were transferred into differentiation
medium for 4 days before they were immuno-labelled to detect PDGFRo." OPCs (red) and MBP" OLs
(green) (Fig. 7A, B). We determined that the proportion of cells that were PDGFRa" OPCs was
reduced in the Lrpl-deleted cultures, while the proportion of cells that were MBP"™ OLs was

significantly increased compared with control cultures (Fig. 7C).

To determine whether the ligand activation of LRP1 was sufficient to suppress OPC differentiation,
OPC primary cultures were instead transferred into differentiation medium containing vehicle, tPA
(20nM) or *a2M (60nM) for 4 days. By performing immunocytochemistry to detect PDGFRa" OPCs
and MBP" OLs (Fig. 7D-F) we found that the activation of LRP1 by tPA or *a2M had no impact on
the proportion of cells that differentiated over time (Fig. 7G). These data suggest that LRP1 normally
acts to suppress OPC differentiation, however, this effect is independent of tPA and a2M signaling.
Furthermore, the effect of LRP1 on OPC proliferation in vivo is likely to be a secondary consequence

of the influence that LRP1 exerts on OPC differentiation.
OPC specific Lrpl deletion reduced lesion volume in the cuprizone mouse model of demyelination

Having shown that Lrp/ deletion increases adult OPC differentiation and consequently myelination,
we wanted to determine whether the deletion of Lrpl/ from OPCs could improve remyelination.
Control (Pdgfra-CreER™ :: Rosa26-YFP) and Lrpl-deleted (PdgfraCreER™ :: Rosal26-YFP ::
Lrp /"'y mice received tamoxifen by oral gavage at P57, and at P64 were transferred onto a diet
containing 0.2% (w/w) cuprizone. Cuprizone feeding induces significant OL loss and demyelination
of the corpus callosum, but also triggers oligodendrogenesis. After 5 weeks of cuprizone feeding,
control and LrpI-deleted mice were perfusion fixed and coronal brain sections stained to detect myelin
by black-gold staining (Fig. 8). We detected overt demyelination in the corpus callosum of control
and LrpI-deleted mice (Fig. 8A-D), however, LrpI-deleted mice had significantly less demyelination
than controls (Fig. 8E).
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When mice received EdU via their drinking water from week 2 to week 5 of cuprizone feeding, we
found that the vast majority of OLIG2" cells in the corpus callosum of control and Lrp-deleted mice
became EdU-labelled during this period (Fig S3). Despite being newborn cells, many of the PDGFRo*
OPCs (red) and PDGFRa-negative OLIG2" OLs (blue) within the corpus callosum of control and Lrp1-
deleted mice did not co-label with YFP (green) (Fig. 8F, G), indicating that these cells were not derived
from the YFP" parenchymal OPC population. Following cuprizone-induced demyelination, both
parenchymal OPCs (YFP-labelled) and neural stem cell-derived OPCs (YFP-negative) contribute to
OL replacement and remyelination (89). As the proportion of OPCs that were YFP" parenchymal
OPCs was equivalent in the corpus callosum of control and Lrpl-deleted mice after cuprizone
demyelination (Fig 8J), and total OPC density was unaffected by genotype (838 £ 165 OPCs / mm? in
control and 740 + 134 OPCs / mm? in LrpI-deleted corpus callosum; mean + SD for n = 5 control and
n=3 Lrpl-deleted mice; unpaired t-test, p = 0.67), we can conclude that the expression of LRP1 by

parenchymal OPCs does not influence OPC production by neural stem cells.

Following demyelination, YFP" parenchymal OPCs present in the corpus callosum of LrpI-deleted
mice lacked LRP1, however, the YFP-negative neural stem cell-derived OPCs had intact LRP1
expression (Fig. S3). Furthermore, parenchymal OPCs no longer generated more OLs in Lrp/-deleted
mice compared to controls, as 60% + 15% of YFP" cells were PDGFRa-negative OLIG2" newborn
OLs in the corpus callosum of control mice and 65% + 5% of YFP' cells were PDGFRa-negative,
OLIG2" newborn OLs in the corpus callosum of LrpI-deleted mice (Fig. 8K; mean + SD for n=5
control and n=3 LrpI-deleted mice). As total OL density was also equivalent in the corpus callosum
of control and Lrp-deleted mice (Fig. 8L), a change in oligodendrogenesis could not account for the
reduced lesion size detected in Lrp/-deleted mice. However, by performing immunohistochemistry to
detect YFP, the OPC marker PDGFRa, and Breast Carcinoma Amplified Sequence 1 (BCASI1), a
protein expressed by some OPCs and all pre-myelinating OLs (90,91), we were able to determine that
the fraction of YFP" cells that were mature OLs (YFP" PDGFRa-neg BCAS1-neg) was increased in
the corpus callosum of Lrp/-deleted mice compared to controls (Fig. 8M-0). These data suggest that
adult OPCs express LRP1 that acts to suppress the production of mature, myelinating OLs in the
healthy and injured CNS of adult mice.

Discussion

Within the OL lineage, LRP1 is highly expressed by OPCs and rapidly down-regulated upon
differentiation (22,23,25,50), suggesting that LRP1 regulates the function or behavior of the progenitor
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cells. As LRPI can signal in a number of different ways (26,27,92), and has been shown to influence
cellular behaviours relevant to OPCs, such as proliferation, differentiation (48,87,93) and migration
(94-98), we took a conditional gene deletion approach to determine whether Lrp/ influenced the
behavior of adult mouse OPCs. We report that LRP1 is a negative regulator of adult
oligodendrogenesis in the healthy adult mouse CNS. LrpI-deletion increased the number of OPCs that
differentiated into OLs, including the production of mature, myelinating OLs. However, Lrp/-deletion
did not alter the number or length of internodes produced by the myelinating OLs. Following
cuprizone-induced demyelination, when the drive for oligodendrogenesis is increased but callosal
OPCs are exposed to myelin debris and an environment that promotes glial activation, we found that
LRP1 no longer influenced the number of newborn OLs added to the corpus callosum, but did impair

the maturation of the newborn OLs.

Why does Lrpl-deletion have a delayed effect on OPC proliferation in the healthy adult mouse
CNS?

At any one time, the majority of OPCs in the healthy adult mouse CNS are in the Go phase of the cell
cycle (62). In young adulthood, all OPCs in the corpus callosum re-enter the cell cycle and divide at
least once in a 10-day period, but a similar level of turnover takes ~38 days for OPCs in the cortex (4).
In this study, we found that Lrp/-deletion increased the rate at which OPCs re-entered the cell cycle,
but the onset of this phenotype was not coincident with Lrp/-deletion. More specifically, 7 days after
tamoxifen delivery, Lrp-deletion did not alter the rate at which OPCs entered S-phase of the cell cycle,
as an equivalent proportion of the OPC population became EdU labelled over time in control and Lrp1-
deleted mice (Fig. 2). However, when the analysis was delayed by another 25 days (32 days after
tamoxifen), we found that the rate of EAU labelling was significantly higher for OPCs in the corpus
callosum of Lrpi-deleted mice relative to controls. It is feasible that LRP1 directly suppresses OPC
proliferation, as LRP1 is known to modulate the proliferation of other cell types (48,87,93,99-101),
suppressing the hypoxia-induced proliferation of mouse and human retinal endothelial cells by
regulating the activity of poly (ADP-ribose) polymerase-1 (PARP-1) (87), and suppressing the
proliferation of cultured mouse vascular smooth muscle cells by reducing PDGFRJ activity (101,102).
However, the inability of Lrpl-deletion to acutely influence OPC proliferation in vivo, or directly
influence OPC proliferation in vitro [Fig. 6; (49)], suggests that LRP1 indirectly affects OPC

proliferation.

17


https://doi.org/10.1101/2020.05.21.108209
http://creativecommons.org/licenses/by-nc-nd/4.0/

514
515
516
517
518
519
520
521
522
523
524

525

526
527
528
529
530
531
532
533
534
535
536
537
538
539
540

541
542
543
544

bioRxiv preprint doi: https://doi.org/10.1101/2020.05.21.108209; this version posted May 22, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC-ND 4.0 International license.

OPC proliferation is intimately linked to OPC differentiation in vivo (6). As the number of new OLs
that are added to the adult mouse brain increases following the conditional deletion of Lrp/ from adult
OPCs (Fig. 3 and Fig. 4), it is possible that LRP1 indirectly suppresses OPC proliferation by directly
suppressing OPC differentiation. This initially seemed unlikely as a previous report indicated that
Myrf, Mbp and CNPase mRNA expression was equivalent in Olig/-Cre and OligI-Cre :: Lrp """ OPC
cultures after only 2 days of differentiation (50), however, we found that the deletion of Lrp! from
cultured mouse OPCs was sufficient to increase their differentiation into MBP" OLs over a 4-day
period (Fig. 7). The direct suppression of OPC differentiation by LRP1 could certainly explain both
the increased number of newborn OLs and the increased OPC proliferation detected in the brain of
Lrp1-deleted mice (see Fig. 9), as increased OPC differentiation would stimulate the proliferation of

adjacent OPCs, ensuring the homeostatic maintenance of the progenitor pool (6).
LRP1 is a negative regulator of adult oligodendrogenesis

New OLs are added to the adult mouse CNS throughout life (2,3,103,104), however, when we followed
the fate of adult OPCs after Lrpl deletion, we observed a significant increase in the number of new
OLs added to the corpus callosum and motor cortex within 30 and 45 days of gene deletion. By
contrast, in the developing mouse optic nerve, deleting Lrp! from cells of the OL lineage (Olig2-Cre
:: Lrp ") reduced the number of OLs produced and resulted in hypomyelination by P21 (49). This
phenotype was largely attributed to the ability of LRP1 to promote cholesterol homeostasis and
peroxisome function, and consequently developmental OPC differentiation (49). Differences in the
developing and adult brain environments (51), regional differences in signaling between the brain and
optic nerve, or changes in gene expression between developmental and adult OPCs (53) could account
for this clear difference in LRP1 function. As LRP1 can suppress the differentiation of OPCs cultured
from the developing mouse cortex, it seems more likely that LRP1 signaling differs between OPCs in
the optic nerve and brain. However, it could also be explained by Olig2 expression in neural stem /
progenitor cells or its transient expression by astrocytes (105,106) resulting in, for example, the
unintended deletion of Lrp/ from some neural stem cells, which is known to reduce the overall

generation of cells of the OL lineage (47,48), and would be predicted to impair myelination.

It is important to note that deleting Lrp/ from adult OPCs not only increased oligodendrogenesis but
increased adult myelination. In the healthy adult mouse brain, there is a significant population of pre-
myelinating OLs (90,107) that are constantly turned over, as ~78% of newly generated pre-myelinating

OLs survive for less than 2 days (9). By using LE-Pdgfra-CreER™ :: Tau-mGFP transgenic mice to
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Running Title

visualize the full morphology of the newly generated OLs, we were able to confirm that Lrp/-deletion
effectively increased the number of newborn, myelinating OLs added to the brain (Fig. 4), which
equated to a larger number of new myelin internodes being added. However, Lrpl-deletion did not
seem to directly influence OL maturation in the healthy mouse brain, as the proportion of newborn
OLs that were at the pre-myelinating and myelinating stages of differentiation was equivalent between
control and LrpI-deleted mice. Furthermore, the myelinating profile of individual myelinating OLs
was unaffected by LRP1 expression, as OLs in the cortex of control and Lrp-deleted mice supported
the same amount of myelin in an equivalent configuration (Fig. 4). Therefore, LRP1 appears to

regulate the overall number of new OLs generated in the adult mouse CNS, but not their maturation.
LRP1 indirectly suppresses callosal remyelination

As Lrpl-deletion increased OPC differentiation in healthy adult mice, we predicted that Lrp/-deletion
would enhance oligodendrogenesis in response to a cuprizone-demyelinating injury. We instead found
that OL production was unaffected by LRP1 expression. It has been reported that within 3.5 days of
cuprizone withdrawal, Oligl-Cre :: Lrp "/ mice have more OLs and increased MBP coverage of the
corpus callosum than Olig/-Cre control mice (50). In our study, it is possible that Lrp/-deletion was
less able to direct parenchymal OPC differentiation, as a significant number of OPCs within the
environment retained LRP expression i.e. the injured corpus callosum contained a mixture of Lrpl-
deleted OPCs and neural stem cell-derived Lrpl replete OPCs. However, this seems unlikely, as a
similarly mixed population of LRP1" and LRP1-negative OPCs was present in the cortex of healthy
adult LE-Lrp-deleted mice, due to their low recombination efficiency, and yet OPCs continued to
produce a larger number of new OLs in the cortex of LE-Lrp/-deleted mice when compared with
controls. An alternative, and perhaps more likely explanation, is that the cuprizone-induced
demyelination acted as a robust stimulus for OPC differentiation (89,108), and effectively masked the

effect of LRP1 on oligodendrogenesis.

Despite our observation that parenchymal OPCs produced a similar number of newborn YFP" callosal
OLs in control and LrpI-deleted mice, and OL density was also equivalent, we determined that LipI-
deleted mice had significantly more callosal myelin and a greater proportion of the YFP* cells had
become mature OLs. This effect is unlikely to be a cell autonomous effect of LRP1, as LRP1 is not
expressed by newly generated OLs (25). However, LRP1 signaling may allow OPCs to reduce the
maturation of nearby OLs within the injury environment (see Fig. 9). Neuroinflammation impairs OL

generation (109), and OPCs can modulate neuroinflammation, releasing cytokines in response to
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interleukin 17 receptor signaling (110), and expressing genes associated with antigen processing and
presentation (111,112). LRP1 can bind and phagocytose myelin debris (113-115) and LRP1 expression
by OPCs can influence the inflammatory nature of the remyelinating environment. RNA profiling of
the remyelinating corpus callosum of Oligl-Cre and Oligl-Cre :: Lrpl" mice, 3.5 days after
cuprizone withdrawal, revealed that inflammatory gene expression was reduced in the Olig/-Cre ::
Lrp " mice (50). LRPI signaling could lead to OPCs secreting pro-inflammatory factors or releasing
a cleaved, soluble form of LRP1 to enhance the inflammatory response of nearby microglia (42,43).
However, LRP1 may also facilitate antigen presentation by OPCs, as the deletion of Lrp! from OPCs
reduces their expression of MHC class I antigen presenting genes in the corpus callosum of cuprizone-
demyelinated mice, and reduces the ability of OPCs to cross-present antigens to lymphocytes in vitro
(50). As LRPI signaling may differentially influence OPC function in the healthy and demyelinated
CNS, further research is required to fully elucidate its direct and indirect affect on myelination and

remyelination.
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Figure 1: Lrpl can be conditionally deleted from adult OPCs at high efficiency

Coronal brain sections from P57+7 and P57+30 control (Pdgfra-CreER™) and Lrp1-deleted (Pdgfra-CreER™ ::
Lrp1™ mice were immunolabelled to detect OPCs (PDGFRa., green), LRP1 (red) and cell nuclei (Hoescht
33342, blue). (A-A’’) Compressed z-stack confocal image of LRP1* OPCs (solid yellow arrow heads) in the
corpus callosum (CC) of a P50+7 control mouse. (B-B’’) Compressed z-stack confocal image of LRP1-neg
OPCs (solid white arrow heads) in the CC of a P50+7 Lrp1-deleted mouse. White arrows indicate PDGFR-neg
cells that remain LRP1* in the Lrp7-deleted mice. (C) The proportion (%) of PDGFRa" OPCs that express LRP1
in P50+7 and P50+30 control and Lrp7-deleted mice [mean + SD for n=3 mice per genotype per time-point; 2-
way ANOVA: Genotype F (1,10) = 2.8, p <0.0001; Time F (1,10) = 0.52, p = 0.5; Interaction F (1,10) =3.44,p =
0.09]. Bonferroni multiple comparisons **** p < 0.0001. (D) PCR amplification of genomic DNA from the brain
of P50+7 control (Pdgfra-CreER™) and Lrp1-deleted (Pdgfra-CreER™ :: Lrp1"") mice indicates that
recombination (producing the Lrp7 reco band) only occurs in Lrp1-deleted mice. Scale bars represent 17 ym.
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Figure 2: Adult OPC proliferation increases following Lrp1 deletion

(A-H) Compressed confocal z-stacks from the corpus callosum (CC) of control (Pdgfra-CreER™) and Lrp1-
deleted (Pdgfra-CreER™:: Lrp1™) mice, immunolabelled to detect OPCs (PDGFRa, green) and EdU (red) after
2, 4, 6 or 20 days of EdU delivery. () Graph showing that the proportion (%) of OPCs that incorporate EdU,
after 2, 4 or 6 days of delivery, in the CC of control (black) and Lrp7-deleted (grey) mice (n = 3 mice per genotype
per timepoint). The rate of EJU uptake was unaffected by genotype (p=0.7; linear regression for controls: m =
9.2 + 1.8 % per day and R? = 0.7; linear regression for Lrp1-deleted: m = 10.2 + 1.8 % per day and R? = 0.8).
(J) Graph showing that the proportion (%) of OPCs that incorporate EdU, after 2, 4, 6 or 20 days of delivery, in
the motor cortex of control (black) and Lrp7-deleted (grey) mice (n = 3 mice per genotype per timepoint). The
rate of EdU uptake was unaffected by genotype (p=0.3; linear regression for control: m = 2.9 + 0.3 cells per day
and R? = 0.9; linear regression for Lrp7-deleted: m = 3.4 + 0.3 cells per day and R?= 0.9). (K-L) Compressed
confocal z-stacks from the CC of P57+32 control and Lrp7-deleted mice that received EdU via the drinking water
for 4 consecutive days (from P57+28), and were immunolabelled to detect OPCs (PDGFRa, green) and EdU
(red). (M) The proportion (%) of OPCs that were EdU labelled in the CC of P57+32 control mice (black) and
Lrp1-deleted mice (grey) that received 4 days of EdU labelling (mean + SD, n=3 mice per genotype; unpaired t-
test, p=0.008). (N) Quantification of the density of OPCs in the CC of P57+32 control mice (black) and Lrp1-
deleted mice (grey) (mean + SD, n=3 mice per genotype; unpaired t-test, p= 0.6). Solid white arrow heads
indicate EdU-neg OPCs. Solid yellow arrowheads indicate EdJU* OPCs. Scale bars represent 17 ym (A-H) or
70 um (K, L).
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Figure 3: LRP1 reduces oligodendrogenesis in the adult mouse corpus callosum and motor cortex

(A-L) Confocal images of the corpus callosum (CC; A-F) and motor cortex (Ctx; G-L) of P57+7, P57+14 and
P57+30 control (Pdgfra-CreER™ :: Rosa26-YFP) and Lrp1-deleted (Pdgfra-CreER™ :: Rosa26-YFP :: Lrp1"™)
mice immunolabelled to detect PDGFRa (red), YFP (green) and the nuclear marker Hoescht 33342 (blue). Solid
yellow arrowheads indicate YFP* PDGFRa® OPCs. Solid white arrowheads indicate YFP* PDGFRa-neg
newborn OLs. (M) Graphical representation of the proportion (%) of YFP* cells that are YFP* PDGFRa-neg
OLIG2* newborn OLs in the CC of control and Lrp7-deleted mice [mean + SD for n=4 mice per genotype per
timepoint; 2-way ANOVA: Genotype F (1,28) = 22.3, p <0.0001; Time F (3,28) =109.7, p <0.0001; Interaction F
(3, 28)= 1.902, p = 0.15]. (N) Graphical representation of the proportion (%) of YFP* cells that are YFP*
PDGFRa-neg OLIG2* newborn OLs in the Ctx of control and Lrp7-deleted mice [mean + SD for n=4 mice per
genotype per timepoint; 2-way ANOVA: Genotype F (1,26) = 22.5, p <0.0001; Time F (3,26) = 23.4, p <0.0001;
Interaction F (3, 26) = 4.56, p = 0.011]. Bonferroni multiple comparisons: * p<0.05, ** p<0.01, ****p<0.0001.
Scale bars represent 17 ym (A-F) and 34 uym (G-L).
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Figure 4: Lrpl-deletion increases the number of mature, myelinating OLs added to the motor cortex of
adult mice

(A-B) Compressed confocal z-stack images of the corpus callosum (CC) in P57+30 LE-control (Pdgfra-CreERT?)
and LE-Lrp1-deleted (Pdgfra-CreER™? :: Lrp1™) mice immunolabelled to detect OPCs (PDGFRa, green), LRP1
(red) and Hoescht 33342 (blue). Solid yellow arrowheads indicate OPCs that express LRP1. Solid white
arrowheads indicate OPCs that do not express LRP1. (C) The proportion (%) of PDGFRa* OPCs in the CC of
LE-control and the LE-Lrp1-del mice that express LRP1 (mean + SD, n=3 mice per group; unpaired t-test, *** p
=0.0008). (D-E) Compressed confocal z-stack images from the motor cortex (Ctx) of a P57+30 control (LE-
Pdgfra-CreER™ :: Tau-mGFP) mouse immunolabelled to detect PDGFRa (red), GFP (green) and OLIG2 (blue).
Solid yellow arrowheads indicate GFP* PDGFRa*" OLIG2* OPCs. Solid white arrowhead indicates a GFP*
PDGFRa-neg OLIG2* newborn pre-myelinating OL. The white arrow indicates a GFP* PDGFRa-neg OLIG2*
newborn myelinating OL. (F) Quantification of the proportion (%) of GFP* cells that are PDGFRa* OLIG2*
OPCs, PDGFRa-neg OLIG2* premyelinating OLs (pre-OLs) and PDGFRa-neg OLIG2* myelinating OLs (OLs)
[mean + SD for n =4 mice per genotype; 2-way ANOVA: Maturation stage F (2,18) = 195.1, p <0.0001; Genotype
F(1,18) = 0.032, p = 0.85; Interaction F (2, 18)= 17.1, p <0.0001]. Bonferroni multiple comparisons: * p = 0.046
and *** p = 0.0004. (G-H) Compressed z-stack confocal images of GFP* PDGFRa-neg myelinating OLs in the
motor cortex of P57+30 LE-control and LE-Lrp7-deleted mice. (I) The number of internodes elaborated by
individual GFP* myelinating OLs in the motor cortex of LE-control and LE-Lrp71-deleted mice (mean =+ SEM for
n = 10 OLs from n=3 mice per genotype; Mann Whitney Test, p = 0.38). (J) The average length of internodes
elaborated by individual GFP* myelinating OLs in LE-control and LE-Lrp7-deleted mice (mean + SEM for n 210
OLs from n=3 mice per genotype; unpaired t-test, p= 0.67). (K) Cumulative length distribution plot for GFP*
internodes measured in the motor cortex of P57+30 LE-control and LE-Lrp7-deleted mice (n=519 LE-control
GFP" internodes and n=408 LE-Lrp1-deleted GFP* internodes measured from n=3 mice per genotype; K-S test,
D =0.053, p= 0.5). Scale bars represent 34 um (A, B) or 17 um (G, H).
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Figure 5: LRP1 does not alter functional NaV, VGCC or AMPA / kainate receptor expression, or total
PDGFRa expression in OPCs

(A) Representative traces of voltage-gated sodium channels currents evoked in GFP* OPCs in the motor cortex
of P57+30 control (Pdgfra-histGFP :: Lrp1™) and Lrp1-deleted (Pdgfra-CreER™ :: Pdgfra-histGFP :: Lrp1")
mice. (B) Quantification of peak inward voltage-gated sodium current (n28 GFP* OPCs analysed from n= 3
mice per genotype; unpaired t-test, p=0.8). (C) Quantification of cell capacitance (n=9 GFP* OPCs analysed
from n= 3 mice per genotype; unpaired t-test, p=0.9). (D) Representative trace from a control GFP* OPC
responding to the bath application of 100uM kainate. (E) The current density-voltage relationship of AMPA /
kainate receptors in control (n=3 GFP* OPCs) and Lrp7-deleted (n=3 GFP* OPCs) cells [mean + SEM; 2-way
repeated measures ANOVA: Genotype F (1, 28) = 0.91, p=0.3; Voltage F (6, 28) = 31.3, p<0.0001; Interaction
F (6, 28) = 0.25, p=0.9]. (F) Representative traces show the fast inactivating leak subtracted Ica evoked in GFP*
OPCs in response to a depolarising step. (G) The current density-voltage relationship for the leak subtracted
Ica (peak amplitude) recorded from control cells (dark circles, n=11 GFP* OPCs across n=3 mice) and Lrp1-
deleted cells (grey squares, n=10 GFP* OPCs across n=3 mice) [mean + SEM; 2-way repeated measures
ANOVA: Genotype F (1, 190) = 2.85, p=0.09; Voltage F (9, 190) = 23.5, p<0.0001; Interaction F (9, 190) = 1.14,
p = 0.3]. (H) Representative traces show the leak subtracted lca Ltype €voked in GFP* OPCs in response to a
depolarising step. (I) The current density-voltage relationship for leak subtracted lca Ltype (Mean sustained
current) recorded from control cells (dark circles, n= 7 GFP* OPCs across n=3 mice) and Lrp7-deleted cells
(grey squares, n=11 GFP* OPCs across n=3 mice) [mean + SEM; 2-way repeated measures ANOVA: Genotype
F(1,176) = 1.03, p=0.3; Voltage F (10, 176) = 66.8, p<0.0001; Interaction F (10, 176) = 0.62, p=0.8]. (J-K)
Compressed z-stack confocal image of PDGFRa*™ OPCs in the motor cortex (Ctx) of P57+30 control and Lrp7-
deleted mice. (L) The mean grey value of PDGFRa staining for individual OPCs measured in the motor cortex
of P57+30 control and Lrp7-deleted mice (mean = SD; n = 24 OPCs measured across n=3 mice per genotype;
unpaired t-test, p = 0.8). Scale bars represent 17 uym.
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Figure 6: LRP1 does not affect OPC proliferation in vitro

(A-B) Tat-Cre-treated OPCs cultured from the cortex of early postnatal control (Pdgfra-histGFP) and Lrp1-
deleted (Pdgfra-histGFP :: Lrp1™" ) mice were immunolabelled to detect PDGFRa (red), LRP1 (blue) and GFP
(green). (C) Quantification of the proportion (%) of control and Lrp7-deleted OPCs that express LRP1 48 hours
after TAT-Cre treatment (mean + SEM, n=3 independent cultures per genotype; unpaired t-test, **** = p<0.0001).
(D-E) Tat-Cre-treated OPCs from control and Lrp7-deleted mice exposed to EdU for 10 hours and
immunolabelled to detect GFP (green), LRP1 (red) and EdU (blue). (F) Quantification of the proportion (%) of
control and Lrp7-deleted OPCs that become EdU over a 10-hour labelling period (mean =+ SEM, n=5
independent cultures per genotype; unpaired t-test, p= 0.3). (G-I) Compressed confocal z-stack images showing
OPCs cultured from control mice that were exposed to EAU and either vehicle (g-g’), 20nM tPa (H-H’) or 60nM
*a2M (I-I') for 10 hours and processed to detect EdU (red) and PDGFRa (green). (J) Quantification of the
proportion (%) of control OPCs that incorporated EdU when treated with vehicle, tPa or *a2M for 10 hours (mean
+ SEM, n24 independent cultures; 1-way ANOVA: Treatment F (2, 9) = 0.42, p=0.66). Scale bars represent 17
um. DIV = days in vitro; tPA = tissue plasminogen activator; *a2M = activated a-2 macroglobulin.
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Figure 7: LRP1 expression reduces the OPC differentiation in vitro

(A-B) Compressed confocal z-stack images of differentiated control and Lrp7-deleted (Lrp1"") OPC cultures
immunolabelled to detect OPCs (PDGFRa, red), OLs (MBP, green) and all cell nuclei (Hoescht 33342, blue).
OPCs were exposed to Tat-Cre, cultured for a further 48-hours, and then transferred to differentiation medium
for 4 days. (C) Quantification of the proportion (%) of cells that were PDGFRa* OPCs or MBP* OLs in control
and Lrp1-deleted cultures [mean + SEM for n=3 independent cultures per genotype; 2-way ANOVA: Cell type F
(1, 8) =212, p <0.0001; Genotype F (1, 8) = 0.00006, p= 0.97; Interaction F (1, 8) = 19.9, p=0.02]. Bonferroni
posthoc test ** p = 0.005. (D-F) Compressed confocal z-stack images of OPCs from control mice that transferred
into differentiation medium and exposed to vehicle (DMSO; D), tPa (E) or *a2M (F) for 4 days before being
immunolabelled to detect OPCs (PDGFRa, red), OLs (MBP, green) and all cell nuclei (Hoescht 33342, blue).
(G) Quantification of the proportion (%) of OPCs that became PDGFRa* OPCs or MBP* OLs after 4 days in
differentiation medium with vehicle, tPa or *a2M (mean + SEM, n=3 independent cultures per treatment; 2-way
ANOVA: Cell type F (1, 12) = 44.6, p<0.0001; Treatment F (2, 10) = 2.57e-012, p>0.99; Interaction F (2, 12) =
0.03, p= 0.97]. tPa = tissue plasminogen activator; *a.2M = activated a2 macroglobulin. Scale bars represent
34 um (A, B) or 17 uym (D-F).
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Figure 8: Lrpl-deletion enhances callosal remyelination and oligodendrocyte maturation

(A-D) Young adult control (Pdgfra-CreER™ :: Rosa26-YFP) and Lrp1-deleted (Pdgfra-CreER™ :: Rosa26-YFP
:: Lrp1™) mice were fed a diet containing 0.2% cuprizone for 5 weeks. At the end of 5 weeks, coronal brain
sections were collected and stained with black-gold to visualise myelin in the corpus callosum. Dotted white
lines define the lateral limits of the region of the corpus callosum analysed. Red dashed lines denote areas of
overt demyelination. (E) The proportion (% area) of the corpus callosum with feint or absent black-gold staining
(severe demyelination) in cuprizone-fed control and Lrp7-deleted mice (mean + SD, n = 4 mice per genotype;
unpaired t-test with Welch’s correction, * p=0.04). (F-I) Compressed confocal z-stack images of the corpus
callosum in cuprizone-fed control and Lrp7-deleted mice immunolabelled to detect YFP (green), PDGFRa (red)
and OLIG2 (blue). White dashed lines indicate the boundary of the white matter tract; yellow arrowheads
indicate YFP* PDGFRa* parenchymal OPCs; solid white arrowheads indicate YFP* PDGFRa-negative newborn
OLs; white arrowheads indicate YFP-negative PDGFRa* stem cell-derived OPCs. (J) Quantification of the
proportion (%) of OPCs in the corpus callosum of cuprizone-fed control and Lrp71-deleted mice that are YFP?,
PDGFRa* parenchymal OPCs (mean + SD, n = 3 mice per genotype; unpaired t-test, p=0.4). (K) Quantification
of the proportion of YFP* cells in the corpus callosum of cuprizone-fed control and Lrp7-deleted mice that are
PDGFRa-negative OLIG2* newborn OLs (mean + SD, n = 3 mice per genotype; unpaired t-test, p=0.9). (L)
Quantification of the density of OLIG2* OLs in the corpus callosum of cuprizone-fed control and Lrp7-deleted
mice (mean = SD, n = 4 mice per genotype; unpaired t-test, p=0.9). (M-N) Single z-plane confocal images from
the corpus callosum of cuprizone-fed control and Lrp7-deleted mice stained to detect YFP (green) PDGFRa
(red) and BCAS1 (blue). Solid yellow arrows indicate parenchymal OPCs (YFP* PDGFRa*® + BCAS1). Solid
white arrows indicate newborn premyelinating OLs derived from parenchymal OPCs (YFP* PDGFRa-neg
BCAS1*). Large white arrow indicates newborn mature OL derived from parenchymal OPCs (YFP* PDGFRa-
neg BCAS1-neg). (O) Quantification of the proportion of YFP+ cells in the corpus callosum of cuprizone-fed
control and Lrp1-deleted mice that are newborn mature OLs (YFP* PDGFRa-neg BCAS1-neg). Scale bars
represent 150 um (A, C), 30 um (B, D), 100 um (F, G), 17 um (H, 1) or 20 um (M, N). LV= lateral ventricle.
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Figure 9: LRP1 signaling in OPCs may influence myelination by different mechanisms in the healthy and
demyelinated CNS

Cell autonomous: In vivo, LRP1 signaling by adult mouse OPCs reduces OPC proliferation and the number of
newborn OLs added to the brain. As LRP1 suppresses OPC differentiation in vitro, we propose that LRP1 has
a direct, cell autonomous effect on OPCs, primarily suppressing OPC differentiation and having a secondary,
homeostatic effect on OPC proliferation. The increased production of new OLs was accompanied by an increase
in the addition of new myelinating OLs to the brain.

Non cell autonomous: Following cuprizone-induced demyelination, LRP1 no longer suppresses OPC
differentiation. This may be because the demyelinating injury alters the nature of LRP1 signaling or pro-
oligodendrogenic signals become dominant. However, LRP1 expression by OPCs hinders OL maturation and
remyelination. As OLs rapidly lose LRP1 expression during differentiation, LRP1 signaling from OPCs must
exert an indirect effect on OL maturation in the remyelinating environment. This may be the result of soluble
LRP1 or secreted proteins acting on pre-myelinating OLs or LRP1 initiating the secretion of inflammatory
molecules and enabling antigen cross-presentation to influence the behavior of other cells, such as microglia,
astrocytes or lymphocytes to influence the maturation of remyelinating OLs.
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Supplementary Figure 1: Essentially all YFP-labelled cells belong to the OL lineage

(A-B) Confocal images from the corpus callosum (CC) and motor cortex (Cortex) of P57+14 control
(Pdgfra-CreER™ :: Rosa26YFP) mice immunolabelled to detect OPCs (PDGFRa, red), YFP (green)
and the transcription factor OLIG2 (blue). Solid yellow arrowheads indicate YFP* OLIG2* PDGFRa"
OPCs. Solid white arrowheads indicate YFP® OLIG2" PDGFRo-neg newborn OLs. (C)
Quantification of the proportion (%) of YFP" cells that express OLIG2 in the corpus callosum (100%
+ 0% for control and 100% + 0% for LrpI-deleted) and motor cortex (96.1% + 0.9% from control and
94.3% + 1% for Lrpi-deleted mice) of P57+14 mice (mean £ SD, n= 3 mice per group). Scale bars
represent: 34um (A) or 17um (B).
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Supplementary Figure 2: LRP2 is not expressed by OPCs or OLs, but is expressed by microglia

(A-B) Compressed z-stack confocal images of the corpus callosum (CC) in a P57+30 control (Pdgfra-
CreER™) and Lrpl-deleted (Pdgfra-CreER™ :: Lrp1"/)y mouse, immunolabelled to detect the OPC
marker PDGFRa (red) and LRP2 (green). (C-D) Compressed z-stack confocal images of the motor
cortex (Ctx) in a P57+30 control and LrpI-deleted mouse, immunolabelled to detect the OL marker
ASPA (red) and LRP2 (green). (E) Compressed z-stack confocal image of the CC in a P57+30 control
mouse immunolabelled to detect the microglial marker IBA1 (green) and LRP2 (red). White arrows
denote the location of the OPCs (A, B), OLs (C, D) or microglia (E). Scale bars represent 17um.
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Supplementary Figure 3: The vast majority of OLIG2" cells present in the corpus callosum of
cuprizone-fed control and Lrpl-deleted mice are newborn cells

(A-D) Control (Pdgfra-CreER™) and Lrpl-deleted (Pdgfra-CreER™ :: Lrpl/") mice received
cuprizone for 5 weeks, and also received EdU for the 3 finals weeks. Compressed z-stack confocal
images show the corpus callosum of control (a, low magnification; b, high magnification) and LrpI-
deleted (c, low magnification; d, high magnification) mice labelled to detect the transcription factor
OLIG2 (blue) and EdU (red). The vast majority of OLIG2" cells in the corpus callosum of control (146
of 154 cells counted) and LrpI-deleted mice (97 of 106 cells counted) were EAU". Solid magenta
arrowheads indicate example OLIG2" EdU" newborn cells. Solid white arrowheads indicate OLIG2"
EdU-neg cells. (E-F) Compressed z-stack confocal images of the corpus callosum of cuprizone-fed
control (Pdgfra-CreER™ :: Rosa26-YFP) and Lrpl-deleted (Pdgfra-CreER™ :: Rosa26-YFP ::
Lrp /"'y mice immunolabelled to detect PDGFRa (red), YFP (green) and LRP1 (blue). YFP*
PDGFRo" parenchymal OPCs in LrpI-deleted mice lacked LRP1 (124 of 124 cells counted), however,
the YFP-negative PDGFRa" neural stem cell-derived OPCs had intact LRP1 expression (42 of 42 cells
counted). Solid yellow arrowheads indicate YFP" LRP1" PDGFRa" parenchymal OPCs in control
tissue. Yellow arrows indicate YFP" LRP1-negative PDGFRo" parenchymal OPCs in Lrpl-deleted
tissue. Solid white arrowheads indicate YFP-neg LRP1* PDGFRo" neural stem cell-derived OPCs.
White arrows indicate YFP" LRP1-neg PDGFRa-neg newborn OLs in control and Lrp-deleted tissue.
Scale bars represent 34um (A, C and E-H) or 20um (B, D). CC = corpus callosum.
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