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SUMMARY

The role of the neurovascular niche in CNS
myelin regeneration is incompletely understood.
Here, we show that, upon demyelination, CNS-resi-
dent pericytes (PCs) proliferate, and parenchymal
non-vessel-associated PC-like cells (PLCs) rapidly
develop. During remyelination, mature oligoden-
drocytes were found in close proximity to PCs. In
Pdgfb™""®t mice, which have reduced PC numbers,
oligodendrocyte progenitor cell (OPC) differentia-
tion was delayed, although remyelination pro-
ceeded to completion. PC-conditioned medium
accelerated and enhanced OPC differentiation
in vitro and increased the rate of remyelination
in an ex vivo cerebellar slice model of demyelin-
ation. We identified Lama2 as a PC-derived factor
that promotes OPC differentiation. Thus, the func-
tional role of PCs is not restricted to vascular
homeostasis but includes the modulation of
adult CNS progenitor cells involved in regen-
eration.
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INTRODUCTION

Although the adult mammalian CNS has a limited capacity for
regeneration, lost oligodendrocytes and the myelin they produce
are restored during remyelination. In response to demyelination,
oligodendrocyte progenitor cells (OPCs) proliferate and migrate
to the lesion, where they differentiate into remyelinating oligo-
dendrocytes (Franklin and Ffrench-Constant, 2008; Zawadzka
et al., 2010). Remyelination restores saltatory conduction and
ensures axonal survival, and its impairment renders demyeli-
nated axons vulnerable to irreversible degeneration (Franklin
et al., 2012). Thus, promoting remyelination is a major therapeu-
tic objective in chronic demyelinating diseases such as multiple
sclerosis, where remyelination becomes increasingly inefficient
with disease progression (Goldschmidt et al., 2009).
Myelination during development is strictly coupled to angio-
genesis (Yuen et al., 2014), where OPCs use the vasculature
as scaffolds for migration (Tsai et al., 2016). Similarly, regenera-
tion in the CNS is coupled to the vascular niche (Manavski et al.,
2014). The CNS vascular niche consists of endothelial cells
(ECs), vasculature-associated cells such as perivascular cells,
astrocytes, neurons, OPCs, molecules derived from these cells,
and blood-derived elements. Pericytes (PCs), which are located
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Figure 1. Pericytes React to Demyelination
(A) Ethidium bromide-induced demyelinated lesion in the CCP of adult rats.
(B) PDGFRb expressing PC and RECA-1+ ECs in NAWM.
(legend continued on next page)
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at the abluminal surface of capillaries and embedded within the
basement membrane, regulate angiogenesis and neovasculari-
zation and control microvascular blood flow (Armulik et al.,
2010). The CNS contains the highest PC density in the body,
ensuring proper blood-brain barrier (BBB) structure and function
(Armulik et al., 2010; Winkler et al., 2011). CNS-resident PCs also
share features with mesenchymal stem cells (MSCs), expressing
similar genes and differentiating into cells of the mesenchymal
lineage in vitro (Crisan et al., 2008). MSCs secrete a plethora of
paracrine signaling molecules (Chen et al., 2009), including fac-
tors that promote oligodendrocyte differentiation (Jadasz et al.,
2013; Rivera et al., 2006). We hypothesized that PCs act in a
similar fashion (Lange et al., 2013). This assumption is supported
by the close physical proximity between PCs and OPCs in
healthy cerebral white matter (Maki et al., 2015) and by the ability
of PC-derived transforming growth factor § 1 to regulate OPC
migration during cortical development (Choe et al., 2014). Here
we analyzed PCs, their response to a demyelinating lesion,
and their functional role in oligodendrocyte differentiation during
remyelination. In vivo relevance was studied through a genetic
mouse model with reduced pericyte coverage. Moreover,
molecular and cellular analysis identified the PC-derived factor
modulating OPC differentiation.

RESULTS

Pericytes Respond to CNS Demyelination

We first analyzed the proliferative response and localization of
ECs and PCs following induction of white matter demyelination
upon injection of ethidium bromide into the caudal cerebellar
peduncles (CCPs) of adult rats (Figure 1A). In this model, demye-
lination occurs within 24 hr of injection and induces OPC prolifer-
ation and migration, which peaks at 5 days post-lesion induction
(dpl), followed by OPC differentiation, which is ongoing at 14 dpl.
Remyelination is completed by 21 dpl. There was a significant in-
crease in proliferating (Ki67-positive) rat endothelial cell antigen
1 (RECA-1)-expressing ECs and a robust proliferative response
of platelet-derived growth factor receptor beta (PDGFRb)-ex-
pressing PCs within the demyelinated lesion at 5 dpl (Figures
S1C and S1D), although the vessel area was not altered between
5 and 21 dpl (Figures S1A and S1B). In the normal-appearing
white matter (NAWM), PCs are restricted to the perivascular
region (Figure 1B). The total number of PDGFRb+ cells within
the lesion was significantly increased at 14 dpl compared with
NAWM (Figures 1C and 1D). This was accompanied by the
appearance of PDGFRb+ cells away from blood vessels, which,
because we cannot be certain of their origin, we defined as peri-
cyte-like cells (PLCs) to distinguish them from PCs close to blood

vessels (Figure 1C). Within the whole PDGFRb+ population (i.e.,
PCs and PLCs), the proportion of PCs declined during remyelina-
tion (Figure 1E), whereas the percentage of parenchymal PLCs
increased and was highest at 14 dpl (Figure 1F). Consistent
with the unaltered density of ECs and PCs during remyelination
(Figures S1E and S1F), the EC:PC ratio, crucial for BBB stability
(Armulik et al., 2010), remained the same (Figure 1G). At 5 dpl,
there were numerous Ki67+ PDGFRb+ cells in the lesion that
peaked at 14 dpl but declined thereafter and were absent at
60 dpl (Figures 1H-1K). By 60 dpl, when the lesion is fully remye-
linated, PDGFRb+ cell numbers and localization were similar to
that in NAWM, where only PCs and no PLCs were found (Figures
1C-1G). Staining for desmin, another PC marker, supported
these findings (Figure S4A).

We hypothesized that, if PCs and/or PLCs were involved in the
differentiation of OPCs into remyelinating oligodendrocytes,
then the differentiated cells would tend to be located in close
proximity to PDGFRb+ cells. We therefore assessed the dis-
tance between Olig2+/adenomatous polyposis coli (APC)—
OPCs and Olig2+/APC+ oligodendrocytes to the nearest
PDGFRb+ cell at 14 dpl. We found that oligodendrocytes were
preferentially located close (i.e., within 10 um) to PCs, whereas
OPCs showed no preferential clustering close to these cells;
neither was there clustering of either OPCs or oligodendrocytes
close to PLCs (Figures 1L and 1M; Figures S1G and S1H). These
results suggest that PCs and PLCs may have differential roles in
modulating OPC function during remyelination.

Impaired Oligodendrocyte Differentiation during
Remyelination in PC-Deficient Mice

To determine whether CNS-resident PCs influence remyelina-
tion, we used Pdgfb"™"™ mice, in which a mutation in the reten-
tion motif of the Pdgfb gene causes a 75%-85% reduction in
capillary PC coverage compared with heterozygous littermates
(Figure 2A; Armulik et al., 2010; Lindblom et al., 2003). PDGFRb
is still expressed in these mice and can still be used as a marker
for residual pericytes.

We first examined myelination in Pdgfb™"! mice and found
that, on post-natal day 12 (P12), the density of mature oligoden-
drocytes (Olig2+/APC+) was lower and the density of OPCs
(Olig2+/APC—) higher than in control mice. However, on P17,
no differences were observed in OPC differentiation and myeli-
nation (Figure S2).

Following lysolecithin-induced demyelination in the ventral
spinal cord white matter (WM), the number of PDGFRb+
increased substantially in both Pdgfb™V™! and control mice.
The number of PDGFRb+ cells in Pdgfb™¥™! mice at 5 dpl was
less than in control mice, and there were fewer PLCs. However,

(C) Proliferating PDGFRb+ cells and ECs (PDGFRb/RECA-1/Ki67) within lesions at 5, 14, and 21 dpl. White arrows indicate proliferating PCs and yellow

arrowheads PLCs.

(D-K) Quantitative analyses of different PC parameters in response to demyelination.

(L) Immunohistochemistry showing the distance of OPCs (Olig2+/APC—), mature oligodendrocytes (Olig2+/APC+), and PDGFRb+ at 14 dpl; yellow arrowheads
indicate OPCs and white arrows mature oligodendrocytes. The high-magnification image shows mature oligodendrocytes close to PDGFRb+ cells.

(M) The graph displays the distance distribution of OPCs and mature oligodendrocytes from PDGFRb + cells.

(C-M) 3 or more animals were analyzed for each time point.

(L and M) 150 or more distance measurements were performed from oligodendrocytes to PDGFRb+ cells per animal.
Means + SEM are shown. Data were analyzed by one-way ANOVA followed by Tukey’s post hoc test, Student’s t test, or chi-square test. *p < 0.05, **p < 0.01,
***p < 0.001. Scale bars, (B) 20 um; (C) 50 um; (D) 50 um, high-magnification 10 um; (E) 50 um, high magnification 10 um.
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Figure 2. OPC Differentiation Is affected during Remyelination in Pdgfb"™"™t Mice

(A and B) lllustrations of decreased PC coverage in Pdgfb™/! mice (A) and of lysolecithin-induced demyelination (B).

(C and J) Mature oligodendrocytes (Olig2+/APC+) and OPCs (Olig2+/APC—) in lesions of control and Pdgfb™/ ! mice at 14 dpl (C) and 21dpl (J).
(D-G and K-N) Quantitative analyses of oligodendroglia at 14 dpl (D-G) and 21 dpl (K-N).

(H and I) In situ hybridization and quantification for PLP of control and Pdgfo™V! mice at 14 dpl.

(O and P) Toluidine blue staining of remyelination in control and Pdgfb"™"™! mice at 21 dpl (O) and its quantification by relative ranking analysis (P).
Means + SEM are shown. Data were analyzed by Student’s t test or Mann-Whitney U test. *p < 0.05, **p < 0.01, ***p < 0.001. Scale bars, 100 um.
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by 14 dpl, the density of PDGFRb+ cells was the same in both
groups because of a higher proliferative response of these cells
in the Pdgfb™"™! mice (Figures S3A-S3F). No differences were
detected in the astrocyte or in the macrophage/microglial
response between Pdgfb™™' mice and control mice (Figures
S3G-S3I). Microglia/macrophages showed the same pro-in-
flammatory and anti-inflammatory cell profile distribution in
both groups (Figures S3J-S3L), and no differences were de-
tected in BBB stability in the lesion area (Figures S3M-S3Q).

The total number of Olig2+ cells within the lesion was reduced
in Pdgfb™V™t mice compared with controls at 14 dpl. There was
no significant difference in the number of Olig2+/APC— OPCs
between Pdgfb™V™! and control mice (Figures 2C and 2E). How-
ever, the number of Olig2+/APC+ mature oligodendrocytes was
significantly reduced in Pdgfb"""*'mice (Figures 2C, 2F, and 2G).
In situ hybridization for proteolipid protein (PLP), a major myelin
component, generated consistent results (Figures 2H and 2I).
However, the densities of Olig2+ cells and Olig2+APC+ oligo-
dendrocytes were the same in both groups by 21 dpl (Figures
2J-2N). No differences were detected in the extent of remyelina-
tion, as assessed by ranking analysis of toluidine blue-stained
resin sections in which demyelinated and remyelinated axons
were discernable (Figures 20 and 2P).

These data indicate that Pdgfb™"™! mice show a delay in OPC
differentiation because of the decreased numbers of PDGFRb+
cells at the earlier stages following demyelination. However,
because the PDGFRb+ cell numbers normalize by 14 dpl, this
delay does not translate into a decrease in remyelination.

PCs Promote OPC Differentiation and Enhance
Remyelination Ex Vivo

We next examined how PCs might directly influence OPC func-
tion. We therefore exposed cultured OPCs to PC-conditioned
medium (PC-CM) and evaluated the rate of differentiation.
MSC-conditioned medium (MSC-CM), previously identified as
a strong inducer of OPC differentiation (Jadasz et al., 2013),
was used as a positive control. Primary PCs exhibiting MSCs
features, including mesenchymal differentiation potential, were
isolated from adult rat brains (Figure 3A; Figures S4B-S4D).
Upon incubation with PC-CM, a higher proportion of OPCs had
acquired 2’,3'-cyclic-nucleotide 3'-phosphodiesterase (CNP)
and myelin basic protein (MBP) expression at 2 days in vitro
(DIV) compared with those exposed to non-conditioned control
medium (Figures 3B-3D). We also found a significantly higher
proportion of NG2+/0Olig2+ OPCs in the PC-CM-treated cultures
(Figures 3B and 3E). This effect was likely due to an anti-
apoptotic effect of the PC-CM because PC-CM significantly

decreased the proportion of caspase-3-positive OPCs com-
pared with control conditions (Figure 3F). Proliferation, assessed
by Ki67 staining, was not affected by PC-CM (Figure 3G).

We next examined whether PCs can enhance remyelination. We
used postnatal rat-derived cerebellar organotypic slice cultures as
an ex vivo model of remyelination (Yuen et al., 2013; Zhang et al.,
2011). In this model, P10 rat cerebellar slices were demyelinated
using lysolecithin (Birgbauer et al., 2004) and then exposed to
PC-CM or control medium (Figure 3H). Remyelination was
analyzed at 0, 2, 4, 6, and 8 days after lysolecithin treatment by
immunohistochemical staining for MBP and neurofilament heavy
chain (NFH). PC-CM significantly enhanced the remyelination
rate after lysolecithin-induced demyelination (Figures 3l and 3J).

PC-Induced OPC Differentiation Is Mediated through
Lama2

We have previously shown that Lama2 mRNA expression is
decreased in the microvessels of Pdgfb™"™t mice compared
with control mice (Armulik et al., 2010; Figure 4B). The Lama2
gene product is highly expressed during remyelination (Zhao
et al., 2009) and has been shown to modulate OPC function (Re-
lucio et al., 2012). Given that the main source of Lama2 within the
microvessels is PDGFRb+ cells, as shown by RNA sequencing
(RNA-seq) (He et al., 2016; Figure 4A), we investigated whether
Lama2 is a mediator of the PC-induced effect on OPC differen-
tiation. RNA in situ hybridization of healthy brain sections
revealed a specific expression of Lama2 in cells expressing the
PC markers PDGFRb and CD13 (Figure 4D). In control mice,
Lama2 was mainly detected around cell bodies and processes
of PCs, whereas Pdgfb™”™ mice had less Lama2 protein
expression that, when present, was always associated with
residual PCs (Figure 4E). Cultured PCs also expressed Lama2
(Figure 4C). Pre-incubation of PC-CM with an anti-Lama2 anti-
body resulted in a significant decrease in the Olig2+/CNP+ and
Olig2+/MBP+ populations compared with PC-CM pre-incu-
bated with a general immunoglobulin G (IgG), reducing OPC
differentiation to a level indistinguishable from control conditions
(Figures 4F and 4G). These results were replicated in OPCs
exposed to PC-CM harvested from PCs treated with either
non-targeting or Lama2 small interfering RNA (siRNA) for 48 hr
(Figures 4H and 4l). Taken together, these data identify Lama2
as a PC-derived molecule that promotes OPC differentiation.

DISCUSSION

This work reveals an unidentified role of PCs in CNS regenera-
tion. We show that PCs in the vessel walls respond to

Figure 3. PCs Promote OPC Differentiation and Accelerate Remyelination in Demyelinated Organotypic Slices

(A) Schematic of the experimental design.

(B-E) Fluorescence images (B) displaying CNP+/0lig2+, MBP+/0lig2+, and NG2+/0lig2+ oligodendrocytes at 4 DIV and their respective graphs (C-E).
(F and G) PC-CM increases the generation of oligodendrocytes from OPCs. Graphs display (F) the OPC survival rate (NG2+/Caspase+) and (G) the OPC

proliferation rate (NG2+/Ki67+) under different conditions.
(H) lllustration of lysolecithin-induced demyelination of slice cultures.

() Images showing axons (NFH+) and myelin (MBP+) of remyelinating cerebellar slices exposed to control medium versus PC-CM at 4, 6, and 8 days post

lysolecithin treatment.

(J) Quantification of the MBP/NFH ratio shows that PC-CM increases the remyelination rate. 3 or more independent OPC and slice preparations were used.
Means + SEM are shown. Data were analyzed by two-way ANOVA followed by Bonferroni’s post hoc test. “p < 0.05, **p < 0.01, ***p < 0.001. * indicates statistical

difference for PC-CM and # for MSC-CM. Scale bars, (B) 100 um and (I) 50 pm.
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demyelination by proliferation. We describe a parenchymal cell
population expressing PC markers such as PDGFRb and desmin
that appears soon after the induction of demyelination. Although
these cells express PC markers, we cannot be certain of their
origin, and, therefore, we refer to them as PLCs. Upon demyelin-
ation, both PCs and PLCs have a high proliferative response;
however, mature oligodendrocytes are preferentially located in
higher frequency close to PCs. These data suggest that, even
though both populations respond to demyelination, they may
have differential roles in their interaction with OPCs during re-
myelination, which will require further investigation. In mice
with a reduced PC density, OPC differentiation is delayed in
the demyelinated lesion, resulting in fewer mature oligodendro-
cytes at 14 dpl. Moreover, exposure to PC-CM accelerated
OPC differentiation and enhanced ex vivo remyelination. We
identified Lama2 as a key factor responsible for the effect of
PCs in promoting OPC differentiation.

In humans, loss of LAMA2 gene expression causes WM
abnormalities, manifested at an early postnatal age, when devel-
opmental myelination occurs (Allamand and Guicheney, 2002).
Similarly, a mouse model for Lama2 deficiency (Lama2~'")
shows developmental delays in oligodendrocyte differentiation
and the accumulation of OPCs, leading to defects in myelination
in the corpus callosum (Chun et al., 2003; Relucio et al., 2012).
Lama?2 regulates OPC function through its interaction with dys-
troglycan (Leiton et al., 2015). In the CNS, Lama2 is expressed
by PCs and upregulated during OPC differentiation (14 dpl) in a
toxin-induced demyelination model (Zhao et al., 2009). Lama2
seems to be relevant for PC function because Lama2~'~ mice
have decreased microvascular PC coverage associated with
BBB defects (Menezes et al., 2014). Our data suggest that PC-
derived Lama2 has a key role in promoting OPC differentiation
because the PC-CM effect in OPCs was inhibited when exposed
to an anti-Lama2 antibody or when PCs were treated with Lama2
siRNA. Consistent with this, we observed that OPC differentia-
tion was delayed in adult Pdgfb™"™' mice after lysolecithin-
induced demyelination. These findings indicate that PCs provide
an appropriate milieu for differentiating OPCs through Lama2.

This study indicates that PC functions are not restricted to
vascular homeostasis but, rather, extend to CNS regeneration.
This is supported by studies illustrating that PCs respond with
high proliferation to acute lesions such as stroke or spinal cord
injury (SCI), where they modulate inflammation or the formation

of fibrotic scar tissue (Géritz et al., 2011; Ozen et al., 2014).
Here we show that, besides stabilizing CNS vasculature and
regulating EC function, pericytes also have a high proliferative
response following CNS demyelination and directly influence
CNS-resident progenitor cell differentiation during remyelina-
tion, most likely by secretion of Lama2.

EXPERIMENTAL PROCEDURES

Animal Work

Animal experiments within this research have been regulated under the
Animals (Scientific Procedures) Act 1986 Amendment Regulations 2012
following ethical review by the University of Cambridge Animal Welfare
and Ethical Review Body (AWERB) in accordance with United Kingdom
Home Office regulations (Project License 70/7715) and in accordance with
Austrian laws on animal experimentation and were approved by Austrian
regulatory authorities (Permit No. BMWF-66.012/0001-11/3b/2014; license
codes BMBF-66-012/0037-WF/V/3b/2014 and BMWF-66.012/0032-WF/V/
3b/2015). During this study, 2- to 3-month-old Sprague Dawley rats and 12-
week-old Pdgfbret/ret mice (hetero- and homozygous), which were previously
described by Armulik et al. (2010) and Lindblom et al. (2003), were used for
toxin-induced demyelination.

Cell Culture

Preparation of CNS pericytes was performed following the Dore-Duffy proto-
col (Dore-Duffy et al., 2006) with modifications. Rat bone marrow-derived
MSCs were prepared as described previously by Rivera et al. (2006). OPCs
were prepared from neonatal PO-P2 Sprague-Dawley rats, cortices and hippo-
campi were digested with papain solution, and dissociated cells were seeded
into poly-D-lysine-coated T75 flasks. Mixed glial cultures were kept for 11 DIV
in medium with DMEM (Gibco) and 10% fetal bovine serum (Biosera). OPCs
were isolated as described previously (McCarthy and de Vellis, 1980).

Organotypic Cerebellar Slices
Remyelination of rat cerebellar slices was prepared as described previously
(Birgbauer et al., 2004). After 7 DIV, the medium was replaced with organotypic
slice medium containing 0.5 mg/mL lysolecithin for 16 hr. After 16 hr, the
medium was replaced with PC-conditioned organotypic slice medium and
non-conditioned control medium.

Statistical Analyses

Graphs show mean values + SEM, and statistical analysis were performed
using GraphPad Prism 5.0 (GraphPad) and SPSS 20 (IBM). Parametric one-
way ANOVA, Tukey post hoc analyses, Student’s t test, or Mann-Whitney
U tests (when not normally distributed) were used when comparing one
parameter. For statistical analysis with two parameters, such as time course
experiments with different treatments, two-way ANOVA with Bonferroni post
hoc was used. For distance frequency distribution analysis, chi-square test

Figure 4. PC-Derived Lama2 Promotes OPC Differentiation and Is Decreased in Pdgfb™"™! Mice
(A) RNA-seq data showing the expression of Lamaz2 in the microvasculature (mainly consisting of a majority of ECs with very low PC contribution) versus sorted

PCs (data extracted from He et al., 2016).

(B) Downregulation of Lama2 in microvessels of Pdgfb™"™! mice (Affymetrix array data extracted from He et al., 2016).

(C) Western blot image indicating Lama2 expressed by PCs in vivo (brain) and in vitro.

(D) RNA in situ hybridization images showing PC-specific expression of PDGFRb, CD13, and Lamaz2.

(E) Confocal images of CD31/PDGFRb-GFP/Lama2/desmin of Pdgfb™V* x Pdgfrb-EGFP mice compared with Pdgfb™V"! x Pdgfrb-EGFP indicate PC-specific
expression of Lama2 and show a decline of PCs and Lama2 in Pdgfb™?™! mice. Boxed areas represent high-magnification images.

(F) Fluorescence images of oligodendrocytes (Olig2+/MBP+) 2 DIV with control medium, PC-CM with IgG, and PC-CM with anti-Lama2-blocking antibody.

(G) Graph displaying the percentage of Olig2+/MBP+ cells.

(H) Fluorescence images of OPCs in control medium, PC- CM from non-targeting siRNA, and PC Lama2 siRNA-treated-CM.
(I) Graph displaying the Olig2+/MBP+ cell population in the presence of the different siRNA-treated PC-CMs. n = 4 mice per group, and 3 or more independent cell

preparations were used, except for siRNA experiments, where n = 2.

Means + SEM are shown. Data were analyzed by Student’s t test or one-way ANOVA followed by Tukey’s post hoc test. *p < 0.05, **p < 0.01, **p < 0.001. Scale

bars, (C) 5 um; (D) 100 um, high-magnification 10 um; (E) and (G), 50 um.

1762 Cell Reports 20, 1755-1764, August 22, 2017



was used (Figure 1M; Figures S1G and S1H). All experiments were performed
as indicated by n in the figure legends. Significance was as follows: p* < 0.05,
p*™* < 0.01, and p*** < 0.001.

For further details, see the Supplemental Experimental Procedures.

SUPPLEMENTAL INFORMATION

Supplemental Information includes Supplemental Experimental Procedures
and four figures and can be found with this article online at http://dx.doi.org/
10.1016/j.celrep.2017.08.007.
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Figure S1: ECs proliferate during remyelination, Related to Figure 1

(A) Confocal images showing RECA-1 staining with indicated lesion area in ethidium bromide
demyelinated rat CCP (5, 14, 21 dpl). (B) Graph displaying fraction of RECA-1+ area within lesion
area at 5 and 21 dpl. (C) Confocal images illustrating typical RECA-1/Ki67 staining. Arrows
indicate proliferating ECs (RECA-1+/Ki67+). (D) Graph showing proliferating ECs within the total
EC population. Graphs display (E) total EC numbers (RECA-1+) and (F) total PC (vessel associated
PDGFRb+) numbers within the lesion area, during remyelination. (G, H) Graphs displaying the
frequency distribution of Olig2+APC+ and Olig2+ APC- cells and their distance to PCs and PLCs.
n > 3 animals were analyzed for each condition and time point. Quantified data are represented as
mean £ SEM. Data were analyzed by one-way ANOVA followed by Tukey’s post hoc test,
student’s T test or Chi square distributions respectively *p < 0.05, **p < 0.01, ***p < (0.001. Scale
bars: (A, C) 300 pm.
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Figure S2: Oligodendrocyte differentiation is delayed in Pdgfbret/ ret mice development,
Related to Figure 2

(A) Schematic illustration of the analyzed white matter region in the unlesioned spinal cord. (B, C)
Confocal images display mature oligodendrocytes (Olig2+/APC+) in spinal cord ventral NAWM at

P12 and P34. (D) Graph shows content of Olig2+/APC- cells / mm? and (E) Olig2+/APC+

cells/mm2 of NAWM in P12, P34 and 6-8 months old control and Pdgfbret/ et mice. (F) Light
microscope images display myelination in the ventral spinal cord area at P17 observed by toluidine
blue staining. n = 2 animals were analyzed for each condition for immunofluorescence and n=3
animals were analyzed for each condition by toluidine blue staining. Quantified data are presented
as means + SEM. Data were analyzed by two-way ANOVA followed by Bonferroni’s post hoc test.
*p<0.05. Scale bar 100 pm.
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Figure S3: PDGFRb+ cells show a high proliferation rate in Pdgfbret/ ret mice upon lysolecithin
lesion induction, Related to Figure 2

(A, B) Confocal images show the PC and PLC distribution and proliferation in the lesion at 5 and
14dpl. (C-F) Graphs display the quantification of PDGFRb+ cells and their proliferation.
PDGFRDb+ cells density is lower at 5dpl but catches up at 14dpl showing a high proliferative

response in the Pdgfbret/ et mice. (G-I) Immunostaining and quantification showing astrocyte and

microglia/macrophage cell marker expression in the lesion in control and Pdgbret/ et mice. J-L)
Confocal images and graphs showing the expression of pro-inflammatory and anti-inflammatory

ret/ret

microglia/macrophages in the lesion of control and Pdgfb mice. (M) Immunostaining of

fibrinogen and IgG at 14dpl in control and Pdg]‘bret/ret mice to determine blood brain barrier
stability. (O) Graph displays quantification of fibrinogen and IgG integrate density per lesion area.
(P) Images showing immunostaining for dextran extravasation at 21dpl in lesions from control and

Pdg)‘bret/ et mice. (Q) Graph displays the quantification on the dextran’s integrated density per

lesion area in control and Pdg]‘bret/ret mice. n=4 mice per condition were analyzed at 5 and 14dpl

and n=3 mice were analyzed at 21dpl. Quantified data are represented as means + SEM. Data were
analyzed by Students t-test or U-Mann Whitney test per time point. **p<0.01. Scale bar 50pm.
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Figure S4: Immunohistological characterization of PCs, Related to Figure 3

(A) Confocal images showing expression of PDGFRb, desmin and RECA-1 in lesion area of
ethidium bromide demyelinated rats (21 dpl). Boxed areas are shown in the lower panel in higher
magnification. (B) Fluorescence images display cultured PCs positive for the PC-specific markers
PDGFRb, NG2, ASMA, CD146, Nestin, and did not stain with Lectin, a staining indicating EC, the
microglial marker Ibal and the astrocyte marker GFAP. (C) Graph shows quantification of
different markers expressed by cultured PCs. (D) Phase contrast and fluorescence images showing
mesenchymal lineage differentiation potential of cultured PCs: adipocytes (Oil red O); osteoblasts
(Alizarin S) and chondrocytes (Collagen II and Agrecan). Scale bars: (A) 100 pum, high
magnification 20 um, (B) 100 pm, (D) 50 pm.



Supplementary Experimental Procedures
Animals, surgical procedures and tissue processing

Animal experiments within this research have been regulated under the Animals (Scientific Procedures)
Act 1986 Amendment Regulations 2012 following ethical review by the University of Cambridge Animal
Welfare and Ethical Review Body (AWERB) in accordance with UK Home Office regulations (Project
License: 70/7715) and in accordance with Austrian laws on animal experimentation and were approved by
Austrian regulatory authorities (Permit No. BMWF-66.012/0001-11/3b/2014; license codes BMBF-66-
012/0037-WF/V/3b/2014 and BMWF-66.012/0032-WF/V/3b/2015). During this study, 2-3 months old

Sprague Dawley rats and 12 weeks old Pdgfbret/ret mice (hetero- and homozygous), which were
previously described in (Armulik et al., 2010; Lindblom et al., 2003; Nystrom et al., 2006)), were used for
toxin induced demyelinations. Rats were anesthetized by inhalation of Isoflurane/Oxygen (2-2.5 O2
1000ml/min) under analgesia (Buprenorphine 0.05mg per kg body weight) and demyelinated in the caudal
cerebellar peduncles by ethidium bromide local injection as previously described in (Woodruff and
Franklin, 1999). Rats were sacrificed at different time points 5, 14, 21 and 60 dpl by transcardial infusion
of 4% paraformaldehyde (PFA) (under terminal anaesthesia) and brains were post-fixed overnight in 4%
PFA (at4 °C). Tissue was cut on a cryostat in 12 pm slices.

Mice were anesthetized with 65 mg/kg Ketamin, 13 mg/kg Xylazin and 2 mg/kg Acepromacin by intra
peritoneal injection or by inhalation of Isoflurane/Oxygen (2-2.5 O2 1000ml/min) under analgesia
(Buprenorphine). Local Lysolecithin-driven demyelination in mice was induced in the ventrolateral spinal
white matter as previously described in (Fancy et al., 2009). Mice were sacrificed 5dpl, 14 dpl and 21dpl
by transcardial infusion of 4% PFA under terminal anesthesia and spinal cord tissue was post-fixed for 6
hrs in 4% PFA (at 4°C). Tissue was cut on a cryostat in 12 pm slices. For toluidine blue experiments mice
were sacrificed at 21dpl by transcardial infusion of 4% Glutaraldehyde under terminal anesthesia and
spinal cord tissue was post-fixed for 2h in 4% Glutaraldehyde (at 4°C). Tissue was embedded in resin and
cut in 1pm resin sections with the microtome.

For the blood brain barrier stability experiment (Dextran extravasation measurement) 10kDA biotin
conjugated Dextran molecule (Sigma Aldrich) was injected intravenously to each mice and 15min after
the mice were euthanized without intracardial perfusion. Spinal cords were post- fixed in 4% PFA and
then embedded in OCT for further cryostat sectioning.

Transgenic mice

PDGF-B retention motif knock-out (Pdgfbret/ret, pericyte-deficient) and control (heterozygous
littermates) mice (Lindblom et al., 2003) were used in this study either alone or crossed with Pdgfrb-eGFP
mice (Gensat.org. Line name: Tg(PdgfrbeGFP)IN169Gsat/Mmucd). Pericyte-deficient mice have only 15-
25% of brain capillaries covered by pericytes as compared to the control mice (Armulik et al., 2010).
Animal experiments were approved by the Stockholm North Ethical Committee on Animal Research
(Permit number N16/12), the Uppsala Ethical Committee on Animal Research (Permit number: C224/12
and C225/12), and by the Cantonal Veterinary Office Zurich, Switzerland (ZH196/2014).

Preparation of primary CNS pericytes

Preparation was performed following Dore-Duffy protocol (Dore-Duffy et al., 2006) with modifications.
Briefly, rat primary pericytes (PCs) were isolated from 6 — 8 weeks old female Fisher 344 rats. 5 Rats
were anesthetized by Isofluran and subsequently decapitated. Brains were collected in ice-cold alphaMEM
(Gibco). Meninges were removed properly and brains were minced in alphaMEM by a douncer until
homogenized. Half of a centrifugation tube was filled with 4°C cold 15% dextran solution in alphaMEM
(autoclaved) and carefully overlayed with brain homogenate and centrifuged at 5000 g at 4°C for 10 min.
Pellet containing cerebral vessels was collected and washed once with alphaMEM (1000 g, 10 min, 4°C).
Vessels were resuspended in alphaMEM and filtered through a 150pm mesh and the flow-through was
again filtered through a 40 um mesh to get rid of single cells. Microvessels were collected in alphaMEM.
After centrifugation (1000g, 10 min, 4°C), microvessels were digested in a waterbath for 30 min at 37°C



with 0.01% papain (Worthington Biochemicals, England), 0.1% dispase II (Sigma), 0.01% DNase I
(Worthington Biochemicals), 0.1% collagenase 1 (Life Technologies) and 12.4 mM MgSO4 in HBSS
without Mg2+/Ca2+ (Life Technologies). Every 10min digested microvessels were resuspended and
centrifuged (1000 g, 10 min) and the pellet collected. Cells were cultured in 1 well of a 12 well plate in
alphaMEM containing 20% FBS (Gibco) and 100U/ml Penicillin/ 100pg/ml Streptomycin (Thermo
Fisher) in a humidifying incubator (20% 02, 5% CO2 at 37°C). PCs were cultured in alphaMEM
containing 20% FBS and from passage 1 they were cultured in alphaMEM containing 10% FBS.
Passaging was done by 0.25% Trypsin in PBS. Passages 6-10 were used for the experiments.

Preparation of primary bone marrow-derived mesenchymal stem cells

Rat bone marrow-derived mesenchymal stem cells (MSCs) were prepared as previously described in
(Rivera et al., 2006). Briefly, 6 — 8 weeks old female Fisher 344 rats were anesthetized by Isofluran and
sacrificed. Bones were isolated from the hind limbs and bone marrow was washed out and dissociated in a
petri dish using a filled syringe with alphaMEM. Bone marrow was washed twice with alphaMEM and
seeded in a P100 petri dish in alphaMEM containing 100U/ml Penicillin/ 100pg/ml Streptomycin
(Thermo Fisher) and 10% FBS and cultured in a humidifying incubator (20% 02, 5% CO2 at37°C).

Preparation of Oligodendrocyte Progenitor Cells

OPCs were prepared from neonatal PO-2 Sprague Dawley rats. Rats were anesthetized with Pentobarbital
and sacrificed. After removal of the hindbrain/midbrain, olfactory bulbs and meninges, cortices and
hippocampi were digested with papain solution (1.2U/mL cysteine protease papain (Worthington),
3.7mg/mL DNase I type IV, 2mM L-Cysteine and 1U/mL Penicillin/ Streptomycin (Sigma Aldrich) in
DMEM (Gibco). Dissociated cells were seeded in Sug/mL poly-D-lysine coated T75 flasks. Mixed glial
cultures were kept for 11DIV in medium with DMEM (Gibco), 10% fetal bovine serum (Biosera) and
Mycozap PR-Plus (Lonza) prior to OPC isolation. OPCs were isolated as previously described (McCarthy

and de Vellis, 1980). OPCs were seeded on 13mm coverslips in a density of 30000 cells/cm2 and
cultured at 37°C in 5% CO2 in SATO medium (DMEM (Gibco), 1U/mL Penicillin/Streptomycin, 10
pg/mL BSA, 0.06 pg/mL progesterone, 16.1ug/mL putrescine, 0.005 pug/ mL sodium selenite, 5 pg/mL
insulin and 50 pg/mL holo-transferrin (Sigma)). 10ng/mL of PDGF-AA and 10ng/mL bFGF (Preprotech)
were added daily to keep cells as precursors. After 3 DIV medium was changed to PC-CM or MSC-CM.
Conditioned media was replaced every 2 days and OPCs were fixed with 4% PFA at 0, 2, 4 and 6 days.

Collection of conditioned media

PCs and MSCs were each seeded at a cell density of 12,000 cells per Cm2 and incubated in the appropriate
medium. After 3 days of incubation, medium was filtered using a 0.22 pm filter and kept at 4°C until use.
Independent cell preparations were used for each conditioned media collection and each experiment was
done with different conditioned media.

Differentiation of pericytes

For differentiation into adipocytes, PCs were seeded in 12 well plates and treated with AdipoLifeTM
DfKt-1TM Adipogenesis Medium (Lifeline Cell technology) for 2 weeks. For differentiation into

osteoblasts, PCs were seeded in 6 well plates and treated with OsteoLife | M (Lifeline Cell technology)
osteogenesis medium for 3 weeks. For chondrocyte differentiation, PCs were pelleted in 15 ml Falcon
tubes and treated with ChondroLife™ chondrocyte differentiation medium (Lifeline Cell technology) for
3 weeks.



Blocking of Lama2 in pericyte-derived conditioned medium

PC-CM was collected as described above. To block Lama2 in the PC-CM, the medium was incubated
with a 1:50 dilution of either general rabbit IgG antibody (Santa Cruz Biotechnologies) or rabbit anti-
Lama2 antibody (Santa Cruz Biotechnologies) in rotation for 2h at room temperature and covered from
light. Following incubation, the OPC medium was replaced by the PC-CM (pre-incubated with the
different antibodies). This process was repeated with every medium change (at 0, 2 and 4 DIV). As a
control for the effect of the antibodies in OPCs, the pre- incubation with the corresponding antibodies
was also performed for the control unconditioned medium in parallel.

PCs were trypsinized from 10cm dishes, counted and seeded at a density of 75000 cells per 12 well. The
following day media was changed to basic OPC control media without P/S and the next morning PCs
were transfected using Lipofectamine siRNA max. PCs were transfected using Opti-Mem (Gibco), 2.5ul
Lipofectmine RNAi max (Invitrogen) and 50nM of non-targeting or rat -Lama2 siRNA (Dharmacon) per
12 well. After 6h media with transfections reagents was removed and fresh OPC control media added.
OPC control media was incubate for 48h with the transfected PCs and then collected and filtered through
a 0.22um filter prior to its addition to OPCs.

Demyelination of organotypic slices

Remyelination of rat cerebellar slices was prepared as previously described (Birgbauer et al., 2004).
Briefly, P9 Sprague Dawley rats were euthanized by overdose of anesthetic and the cerebellum was cut in
300 pum thick sagittal slices using a Mclllwain Tissue chopper. Slices were incubated on 4.0um pore
30mm diameter filter (Millipore) for 7 DIV in organotypic slice medium (50% basal Eagle medium
(BME) (Gibco), 25% heat inactivated horse serum (Gibco), 25% HBSS (BME) (Gibco), Smg/mL glucose,
1X Glutamax (Gibco) and 1X Mycozap — PR plus (Lonza)), with medium changes every other day. After
7 DIV, medium was replaced by organotypic slice medium containing 0.5mg/mL lysolecithin for 16h.
After 16h medium was replaced by PC conditioned organotypic slice medium and non-conditioned
control medium. Medium was replaced by new PC-CM every other day and slices were fixed at Odpl,
2dpl, 4dpl, 6dpl and 8dpl with 4% PFA for 1h at room temperature. Slices stored at -20°C in PBS until
immunostaining was performed. Independent slice culture preparations were used to generate the data.

Immunocytochemistry
Pericytes

PCs and MSCs were detached by 0.25% Trypsin and seeded on uncoated glass coverslips at a density

of 1x10% cells/em?. Cells were fixed with 4% paraformaldehyde (PFA) with pH 7.4 for 10 - 15 min and
washed 3x with phosphate buffered saline (PBS). Cells were blocked with fish skin gelatin buffer (FSGB)
containing TBS (0.15 M NaCl, 0.1 M Tris-HCI, pH 7.5), 0.1% Triton-X100 (only for intracellular
antigens), 1% bovine serum albumine (BSA) and 0.2% Teleostean gelatin (Sigma, Germany) for 2hrs at
room temperature (RT). Primary antibodies were applied in blocking solution overnight at 4°C. Cells
were incubated with fluorochrome-conjugated species-specific secondary antibodies at RT for 2hrs and
washed 3x with PBS. To analyze the marker expression profile the following antibodies were used.
Primary antibodies: rabbit anti-glial fibrillary acidic protein (GFAP) 1:1000 (Dako); mouse anti-rat
Nestin 1:500 (BD Pharmingen); rabbit anti-NG2 1:200 (Millipore); goat anti platelet-derived growth
factor receptor beta (PDGFRD) 1:100 (R & D Systems); rabbit anti Kir 6.1 1:100 (Abcam); mouse anti
CD146 (MUCI18) 1:100 (Invitrogen); mouse anti alpha smooth muscle actin (ASMA) 1:500 (Sigma);
rabbit anti Ibal 1:300 (Wako); biotinylated Lectin from B. simplicifolia (1:500, Sigma-Aldrich); mouse
anti RECA-1 1:500 (Abcam); rabbit anti Desmin 1:200 (Abcam). Secondary antibodies: donkey anti-
rabbit conjugated with Alexa 568 1:1000 (Invitrogen); donkey anti-rabbit conjugated with Alexa 488
1:1000 (Invitrogen); donkey anti-rabbit conjugated with Alexa 647 1:1000 (Millipore); donkey anti-goat
conjugated with Alexa 488 1:1000 (Invitrogen); donkey anti-goat conjugated with Alex 568 1:100
(Invitrogen); donkey anti-mouse conjugated with Alexa 488 1:1000 (Invitrogen); donkey anti-mouse



conjugated with Alexa 568 1:1000 (Invitrogen); donkey anti-mouse conjugated with Cy5 1:1000
(Jackson); Streptavidin conjugated with Alexa 488 1:500 (Invitrogen); Streptavidin conjugated with Alexa
568 1:500 (Invitrogen, Austria). For the detergent-sensitive antigens (i.e. NG2) Triton X- 100 was omitted
from FSGB. Nuclear counterstaining was performed with 4’ 6’-diamidino-2-phenylindole
dihydrochloride hydrate 0.25 pg/ul (DAPI; Sigma). Specimens were mounted on microscope slides using
Prolong Antifade kit (Molecular Probes).

Oligodendroglial progenitor cells

OPCs were fixed in 4% PFA (pH 7.4) for 10 — 15min and washed twice with PBS for 10 min. Cells were
blocked with 5% normal donkey serum (NDS) (Sigma Aldrich) and 0.1% Triton for 1 h at RT. Primary
antibodies were applied in 5% NDS and 0.1% Triton over night at 4 °C. Cells were washed and incubated
in 5% NDS with fluorochrome-conjugated species-specific secondary antibodies at RT for 2hrs and
washed 3x with PBS. To analyze the marker expression profile the following antibodies were used.
Primary antibodies: goat anti-Olig2 1:200 (R and D Systems), rabbit anti- Olig2 1:500 (Millipore), mouse
anti-2°, 3 -cyclic-nucleotide-3"- phosphodieesterase (CNP) 1:400 (Abcam), rat anti-myelin basic protein
(MBP) 1:500 (Serotec), mouse anti- NG2 1:200 (Millipore), rabbit anti-Ki67 1:500 (Abcam) and
rabbit anti-active caspase 3, 1:500 (Millipore). Secondary antibodies: donkey anti-rabbit conjugated
with alexa 488; donkey anti-mouse conjugated with alexa 647; donkey anti-goat conjugated with alexa
488 and donkey anti-rat conjugated with alexa 568. All secondary antibodies were diluted 1:500 and they
were purchased from Invitrogen. Specimens were mounted on microscope slides using fluoromount G
(Southern Biotech).

Immunohistochemistry

Cryo sections

For Figures 1, 2, S1, S2, S3 and S4: Immunohistochemistry was performed as previously described in
Kazanis et al 2015 (Kazanis et al., 2015). Briefly, cryo sections were warmed to room temperature and
rehydrated in PBS. Antigen retrieval was performed with boiled citrate buffer (Sigma) for 10 min and
washed 3x 10 min with PBS. Sections were blocked with 10% normal goat or donkey serum and 0.1%
triton and incubated with antibodies in appropriate dilutions, washed and mounted with Fluoromount G
(Southern Biotech). Primary antibodies: goat anti platelet-derived growth factor receptor beta (PDGFRb)
1:100 (R & D Systems); rabbit anti Desmin 1:200 (Abcam); mouse anti RECA-1 1:500 (Abcam); rabbit
anti Olig2 1:300 (Millipore); Mouse anti CC1 1:500 (Calbiochem); rabbit anti Ki67 1:100 (Thermo
Scientific); rabbit Ki67 (Abcam), rat anti CD31 (BD Pharmingen); rabbit anti Laminin 1:300 (Sigma
Aldrich); rabbit anti CD68 1:500 (Abcam), rat anti MHCII 1:100 (eBiosciences); goat anti Arginase |
1:100 (Santa Cruz Biotechnologies); goat anti Ibal 1:500 (Abcam); chicken anti GFAP 1:1000 (Abcam)
and sheep anti fibrinogen 1:200 (Bio-Rad). Stainings of APC on mouse tissue was performed using
Mouse On Mouse basic kit (Vector labs). Secondary antibodies: donkey anti-rabbit conjugated with Alexa
568 1:1000 (Invitrogen); donkey anti-rabbit conjugated with Alexa 488 1:1000 (Invitrogen); donkey
anti-rabbit conjugated with Alexa 647 1:1000 (Millipore); donkey anti-goat conjugated with Alexa 488
1:1000 (Invitrogen); donkey anti-goat conjugated with Alex 568 1:100 (Invitrogen); donkey anti-mouse
conjugated with Alexa 488 1:1000 (Invitrogen); donkey anti-mouse conjugated with Alexa 568 1:1000
(Invitrogen); donkey anti-mouse conjugated with Cy5 1:1000 (Jackson); donkey anti-chicken Alexa 594
(Invitrogen), Streptavidin conjugated with Alexa 488 1:500 (Invitrogen); Streptavidin conjugated with
Alexa 568 1:500 (Invitrogen, Austria). For APC stainings, donkey anti Mouse [gG2b Alexa 647 or Alexa
488 was used. Nuclear counterstaining was performed with Hoechst (Sigma).

For Figure 4: immunohistochemistry was carried out on vibratome cut sagittal sections (50um). Tissues
were blocked and permeabilized in PBS containing 2.5% donkey serum, 1% bovine serum albumin and
0.5% TritonX-100 in PBS overnight at 4 °C. Tissues were then incubated in primary antibody solution for
48 hours at 4 °C, washed, and subsequently incubated in secondary antibody solution over night at 4 °C.
Sections were mounted in Prolong Gold Antifade (Life Technologies). The following primary antibodies
were used: goat anti- mouse CD31 (R&D Systems); rabbit anti-desmin (Abcam); rat anti-laminin alpha2
(Abcam). The fluorescently labeled secondary antibodies made in donkey were purchased from Jackson
Immunoresearch.



Organotypic Slices

For immunostaining, slices were blocked for 1h with 10% normal goat serum 0.5% Triton X-100 in
agitation and incubated overnight with primary antibodies in blocking solution. Slices were washed three
times with PBS 0.1% Triton X-100 and then incubated with secondary antibodies for 2h at room
temperature. The secondary antibodies were removed washing with PBS 0.1% Triton X-100 and then
Hoechst (1ug/mL final concentration, Sigma) was used for nuclei staining. Slices were mounted with
Fluoromount G onto poly D- lysine slides and covered with a 20mm coverslip (VWR). Primary
antibodies: rat anti-myelin basic protein (MBP) 1:500 (Serotec) and rabbit anti- neurofilament H 1:500,
(Abcam). Secondary antibodies: goat anti-rabbit conjugated with Alexa 488, 1:500, (Invitrogen) and goat
anti-rat conjugated with Alexa 568 1:500 (Invitrogen).

Developmental myelination and remyelination assessment

Microtome cut 21dpl 1pum slices were stained in a heat plate with Toluidine Blue and the excess of
toluidine blue was washed out with MiliQ water and images were taken with light microscopy. For
remyelination the different lesions were blindly ranked. Two independent people organized and ranked
them according to their level of demyelination and remyelination.

In situ hybridization

The expression of a number of marker mRNA species in demyelinated lesions was examined by in situ
hybridization with digoxigenin-labelled cRNA probe for Plp. Animals were perfused with 4% PFA via the
left heart ventricle. The tissue was extracted, post-fixed in 4% PFA overnight at 4°C and cryoprotected in

20% sucrose. In situ hybridizations were conducted on cryostat sections (12 um) using previously
established protocols (Kotter et al., 2006; Zhao et al., 2008).

Fluorescence in situ hybridization

In situ RNA hybridization was performed using RNAscope technology (Advanced Cell Diagnostics)
following the manufacturer’s protocol with minor modifications. Briefly, fresh-frozen brains from 2-
month old mice were cut into 16 um sagittal sections and mounted on SuperFrost Plus glass slides. After
dehydration, slides were subjected to RNAscope Multiplex Fluorescent Assay. First, slides were
incubated in Pretreat 4 for 20 min at RT. After that, RNAscope probes were hybridized for 2 h at 40 °C
and the remainder of the assay protocol was implemented. The fluorescent signal emanating from RNA
probes was visualized and captured using a Leica TCS SP8 confocal microscope (Leica Microsystems).
Images are presented as 2D maximum intensity projections of ~3 pum z-stacks. According to the
Advanced Cell Diagnostics, each mRNA molecule hybridized to a probe appears as a separate small
fluorescent dot.

Lama2 mRNA expression by Affymetrix and RNAseq

The Affymetrix array data were downloaded from NCBI GEO database (accession number: GSE15892)
published by Armulik et al. (Armulik et al., 2010). The raw Affymetrix data were normalized using
Bioconductor GCRMA package (Bioconductor gcrma package, version 2.32.0), and Significance Analysis
of Microarrays was performed to identify the significantly differentially expressed genes (Bioconductor
Siggenes package, version 1.34.0). Also RNAseq data of Lama2 expression in sorted pericytes vs.
microvascular fragments was extracted from our previous publication (He et al., 2016).



Western Blot

Proteins were isolated from rat cerebellum in liquid nitrogen frozen, dissociated with a mortar and
resuspended in RIPA buffer. In vitro cultured PCs were harvested with a cell scraper and resuspended in
RIPA. Tissue and cells were homogenized and after 30 min incubation at 4 °C, lysate was spun at 13000
rpm for 15 min, protein concentration of supernatant was measured using Pierce BCA Protein Assay Kit
(Thermo Fisher). 3x 4ml PC- CM and control medium was filtered through a 5kDa Amicon Ultra
centrifugal filter unit (4000g, 4°C in a swinging rotor). Western blot was performed using Bio-Rad Mini-
PROTEAN® TGX Stain-Free™ Precast gradient gels in a Bio-Rad wet chamber. 10 pg of protein sample
and total amount of filtrate was loaded after adding Laemmli (95°C 5min) and run with 120 V. Precision
Plus Protein™ Dual Color Standard (Bio-Rad) as well as SeeBlue® Plus2 Pre-stained Protein Standard
(Thermo Fisher). Blotting was performed using a Trans- Blot® Turbo™ Transfer System (Bio-Rad) with
Trans-Blot® Turbo™ Mini PVDF Transfer Packs (Bio-Rad). Membranes were blocked with 5% BSA in
tris buffered saline with 0.1% Triton (TBST) for 1 h at room temperature following primary antibody
incubation over night at room temperature (rabbit anti Lama2 1:200 (Santa Cruz); mouse anti beta Actin
1:2000 (SIGMA), washed with TBST and incubated with secondary antibodies in blocking solution for 2
hrs at room temperature (donkey anti rabbit Alexa 488 1:1000 (Invitrogen); donkey anti mouse Alexa 568
1:1000 (Invitrogen)). Antibody-labeled proteins were visualized using Chemidoc (Bio-Rad).

Histological analyses

As all caudal cerebellar peduncle (CCP) lesions have been performed in both hemispheres, analyses were
carried out in both lesions and rostral, central and caudal regions were taken into consideration to
determine a mean value (cell quantification within lesion area, 2 lesions per animal and different layers of
lesion) per animal. Similarly, mean values were determined for ventral spinal cord WM lesions. All
cellular quantifications were performed within a defined NAWM (CCP/ ventral spinal cord WM) region
or within a lesion area in the respective WM. Lesions were recognized by hypercellularity indicated by
DAPI signal. Lesions affecting the neighboring grey matter were excluded from analyses.

Lysolecithin lesions were recognized by its hypercellularity indicated by DAPI signal and images
containing the full lesion of at least three section of each animal were acquired by microscopy using Z-
Stack. For quantification of the different cells a maximum projection of the confocal stacks was created
using Fiji and the different cell types quantified either manually using Cell Counter or using
colocalization masks macros in Fiji.

For immunocytochemistry at least 5 fields selected by DAPI were imaged per condition using confocal
microscopy stacks. Then using Fiji a maximum projection of each the confocal stacks was created and the
different cell types quantified either manually using Cell Counter or using colocalization masks macros in
Fiji.

Quantification of PCs and ECs

For quantifications of PCs and ECs, immunohistochemistry against PDGFRb and RECA-1, respectively,
counterstained with DAPI was carried out, followed by confocal imaging (z-stacks of 12um slices and
40x magnification) and analyzed using ImageJ. Only vessel-associated cells displaying processes
extending along microvessels, a clear roundish nucleus and PDGFRDb expression have been considered as
PCs. ECs have been quantified following criteria such as a clear RECA-1 staining and a clearly visible
cigar-shaped or elongated nucleus (within the microvasculature). A PDGFRb or RECA-1 staining without
nucleus (or without a clearly identifiable round/cigar-shaped or elongated nucleus) has not been taken into
consideration. Quantification of PLCs followed the same basic criteria, such as a clear PDGFRD staining
as well as clear round nucleus. These cells in turn, were counted as PLCs only if their processes were
completely detached from vessels. PLCs were not considered when a RECA-1 signal (even if without
nucleus) was found in close vicinity. Following these criteria the EC:PC ratio was determined upon
quantification of EC and PC total numbers within the same area.



Cell distance measurements

We analyzed the CCP / ventral spinal cord WM lesions at 14dpl. To evaluate the distance between Olig2+
cells and RECA-1+ or PDGFRb+ cells, we used Z-stack confocal images taken of demyelination lesions
(12um slices), as described above. Measurements were performed using ImagelJ distance tool. Only PCs
and ECs with visible nucleus and clear staining were considered. Only the shortest distance starting from
each Olig2-expressing nucleus present within the lesion to the edge of the respective closest RECA-1 or
PDGFRD signal was determined. Similarly, as described above, mean values have been determined per
animal.

To analyze maturation of oligodendrocytes (Olig2 and APC) and its proximity to PDGFRb+ cells, we
performed PDGFRb/Olig2/APC/RECA1 stainings. Distance from an Olig2+ cells in straight line to the
center of the closest PDGFRb+ cells was measured. Then both cells were analyzed to observed if the cells
were APC+ or APC- and if the PCs were attached to blood vessels (PCs) or not (PLCs). Based on these
criteria, we created a plot with the averaged frequency within the three animals and created a frequency
distribution for Olig2+ APC- and Olig2+ APC+ cells.

Statistical analyses

Graphs show mean values + SEM and statistical analysis have been performed using GraphPad Prism 5.0
(GraphPad Software Inc.) and SPSS 20 (IBM). P values below 0.05 were considered to be significant after
parametric one-way ANOVA- Tukey post hoc analyses, Student t-Test or U-Mann Whitney tests (when
not normally distributed). For statistical analysis with two parameters, such as time course experiments
with different treatments, two-way ANOVA-Bonferroni post hoc was used. In the case of positive
interaction between the two parameters, as it masks the potential differences between groups, the time
parameter was separated and each of the time points analyzed individually as a two-group one parameter
using either Student t-test or U-Mann Whitney. For statistical analyses comparing one parameter between
only two groups, two-tailed Student’s t test or U-Mann Whitney has been performed. For distance
frequency distribution analysis Chi square test was used (FigurelM and S1G, H). All experiments were
performed the n number indicated in the figure legend. Significance was *<0.05 *%<0.01 and
**%<0.001.
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