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A B S T R A C T

Microglia are the principal resident immune cells in the central nervous system (CNS) and play important roles
in CNS development, maintenance and repair. The survival and development of microglia depends on colony-
stimulating factor 1 receptor (CSF1R), a member of the platelet-derived growth factor receptor (PDGFR) family
of tyrosine kinases. Recently pharmacological CSF1R inhibition has been used to investigate the effects of mi-
croglial depletion in numerous animal models of CNS disease. However, the effects of CSF1R inhibitors on other
cell types in the CNS remains incompletely characterized. In this report, we compared the effect of two com-
monly used CSF1R inhibitors, PLX5622 and PLX3397, on microglia and oligodendrocyte progenitor cell (OPC)
numbers. In ex vivo cerebellar slices and adult mouse brain, both PLX compounds caused robust microglia loss;
the kinetics of microglial depletion was more rapid with PLX5622. While high-doses of PLX5622 and PLX3397
reduced OPC number in primary cultures in vitro and ex vivo, low-doses of PLX5622 did not affect the number of
OPCs or mature oligodendroglia in culture or in vivo. In adult mice, treatment with PLX5622 had no effect on
OPC numbers for 7 days; however, a mild reduction was observed after 21 days in some CNS regions. In contrast,
PLX3397 caused significant OPC loss after 7 days of treatment, despite only modest microglia depletion. Neither
PLX compound had a remarkable effect on mature oligodendrocytes or myelin protein expression following long-
term oral administration. Our results show that CSF1R inhibition with PLX5622 can selectively deplete microglia
ex vivo and in vivo without affecting OPC number, demonstrating that microglia are not essential for OPC via-
bility in ex vivo slice cultures or adult CNS tissues.

1. Introduction

Microglia are the main resident immune-competent cell population
of the central nervous system (CNS), and are ubiquitously spread
throughout the CNS. They are versatile effectors and regulators for CNS
homeostasis during development and aging (Grabert et al., 2016;
Matcovitch-Natan et al., 2016) and in pathology (Salter and Stevens,
2017). Survival and development of microglia critically depends on
colony-stimulating factor 1 receptor (CSF1R) signaling (Elmore et al.,
2014; Spangenberg et al., 2016). CSF1R is a tyrosine kinase belonging

to the platelet-derived growth factor receptor (PDGFR) family of type
III receptor tyrosine kinases, which includes PDGFRα and β (Robinson
et al., 2000). Recently, several pharmacological CSF1R inhibitors have
been developed to effectively deplete microglia, and these reagents
have been frequently employed to probe the role of microglia in models
of CNS disease (Han et al., 2017).

PLX3397 and PLX5622 (Plexxikon Inc.) are commonly used CSF1R
inhibitors. Administration of PLX3397 or PLX5622 in rodent chow
depletes approximately 90% of microglia from adult brain and spinal
cord in 21 days without functional impairment (Acharya et al., 2016;
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Elmore et al., 2015; Elmore et al., 2014; Li et al., 2017; Rice et al., 2017;
Spangenberg et al., 2016; Szalay et al., 2016). Dose-dependent studies
of PLX5622 chow have demonstrated that a low dose (300mg/kg) re-
sulted in a loss of 30% of the microglia in the cortex following 7 and
21 days of treatment, however, a with a high dose (1200mg/kg), 80%
of microglia are depleted within 7 days and 90% by 21 days of ad-
ministration (Dagher et al., 2015). Dosing studies with PLX3397 in-
itially used a dose of 1160mg/kg, which was later titrated to 290 and
then 275mg/kg without any notable differences in microglial depletion
(Elmore et al., 2014; Peranzoni et al., 2018). Withdrawal of PLX3397
resulted in rapid microglial repopulation from CNS-resident, nestin-
expressing cells (Elmore et al., 2015).

CSF1R inhibitors have variable specificity and can also bind to other
type III receptor tyrosine kinases. PLX3397 binds and inhibits CSF1R
and c-Kit with a half maximal inhibitory concentration (IC50) of 20 and
10, respectively, as well as inhibiting other kinases in vitro (FLT3 and
KDR) (DeNardo et al., 2011). PLX5622 is more specific for CSF1R than
PLX3397, with at least 50-fold selectivity over 4 related kinases and
over 100-fold selectivity against a panel of 230 kinases (Dagher et al.,
2015; Kim et al., 2014). Among these kinases, PDGFRα is highly ex-
pressed by oligodendrocyte progenitor cells (OPCs) and is essential for
their survival (Nishiyama et al., 2009; Tap et al., 2015). Other than in
vitro assays reporting IC50 concentrations against individual kinase
molecules, there are few studies that characterize the effects of CSF1R
inhibitors on other CNS-resident cells. Indeed, potential off-target

effects of CSF1R inhibitors on other receptor tyrosine kinases may ex-
plain the variabilities observed following microglial depletion in dif-
ferent animal models (Han et al., 2017).

In this study, we compared the effects of two common CSF1R in-
hibitors, PLX3397 and PLX5622, on microglia elimination and OPC cell
number in ex vivo cerebellar slice cultures and in vivo adult brain. We
observe that both PLX compounds can significantly reduce the numbers
of OPCs in a dose dependent manner in cerebellar slices. However, in
vivo, we revealed significant differences between PLX5622 and
PLX3397 in the efficacy of microglia depletion and effects on OPCs. Our
results demonstrate that complete and selective depletion of microglia
may be achieved using low doses of PLX5622 ex vivo or short term
administration in vivo. In addition, our results demonstrate that mi-
croglia are not essential for OPC viability in ex vivo slice cultures or
adult CNS tissues.

2. Materials and methods

2.1. Animals

The care and euthanasia of animals are in accordance with
University of Colorado IACUC policy for animal use and the NIH Guide
for the Care and Use of Laboratory Animals.

Fig. 1. CSF1R inhibitors PLX5622 and PLX3397 effectively depleted microglia without affecting oligodendrocytes or astrocytes in cerebellar slices. PLX5622 or
PLX3397 were applied to cerebellar slices prepared from PLP-eGFP pups at various concentrations as indicated for 3 days. A. Representative confocal images of Iba1
immunostaining in control (DMSO), PLX5622 or PLX3397 treated slices. B. Quantification of the number of Iba1+ cells in slices for all treatment groups. Cell count
was normalized to DMSO control (CTR) slice. n=3–4. C. Confocal images of PLP-eGFP and GFAP immunostaining in slices treated with DMSO or 2 μM PLX5622 or
PLX3397. Scale bars: 25 μm.
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2.2. Compounds

PLX5622 and PLX3397 stock solutions were provided by Plexxikon
Inc. at 20mM in dimethyl sulfoxide (DMSO). Mouse chows were for-
mulated in AIN-76A standard chow by Research Diets Inc. at 1200mg/
kg for PLX5622 and 275mg/kg for PLX3397.

2.3. Cerebellar slice culture

Sagittal cerebellar slices (300 μm) were prepared from PLP-eGFP
mice (Mallon et al., 2002) at P10–12 and cultured on MilliCell 0.4 μm
membrane inserts (Millipore, Billerica, MA) in slice media: 25% Hank's
balanced salt solution (HBSS), 25% heat-inactivated horse serum, 50%

minimum essential media (MEM), 125mM HEPES, 28mM D-Glucose,
2 mM L-Glutamine, 10 U/ml penicillin/streptomycin, all from Life
Technologies, Carlsbad, CA) at 37 °C (Sheridan and Dev, 2012). Media
was changed within the first 24 h of plating, and then every 2–3 days.
Slices were cultured for 7–10 days prior to treatment. DMSO, PLX5622
and PLX3397 were applied at indicated concentrations in slice media
for 3 or 8 days. Media was changed every 2–3 days. Following treat-
ment, slices were rinsed once in PBS, fixed in 4% PFA in PBS for 30min,
and subjected to immunostaining.

2.4. Animal chow treatment

Male and female PLP-eGFP animals (4–5 per group) aged

Fig. 2. PLX5622 and PLX3397 demonstrated dose-specific effects on OPC cell number. A, B. Representative confocal images of NG2 or PDGFRα immunostaining in
slices treated with control (DMSO), PLX5622 and PLX3397 at the indicated concentrations for 3 days. C, D. Quantification of the number of NG2+ or PDGFRα+ cells
for all groups in slices. Cell count was normalized to the DMSO control (CTR) slice. Statistical analyses were performed by unpaired Student's t-test. ****: p < .0001,
n= 3–4. Scale bars: 25 μm.
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8–12 weeks were placed on formulated PLX Chow (1200mg/kg for
PLX5622 and 275mg/kg for PLX3397) or standard diet for 7 or 21 days.
Following treatment, animals were perfused with ice cold PBS followed
by 4% paraformaldehyde in PBS. Brains and spinal cords were dis-
sected, post-fixed overnight and then cryoprotected. Tissues were sec-
tioned at 30um on a cryostat and collected in PBS for free-floating
immunostaining.

2.5. Immunostaining

For immunohistochemistry, explants or free-floating tissue sections
were rinsed in PBS. For myelin proteins, tissues were permeabilized
10% Triton X-100 in PBS (PBSTx) for 20min and then rinsed in PBS.
Tissues are blocked with 5% normal donkey serum (NDS) in PBSTx
(1%) for 1 h, and then incubated with primary antibodies overnight at
room temperature. Following 3, 10min washes in PBS, Alexa Fluor-
labeled secondary antibodies (Jackson ImmunoResearch, West Grove,
PA) were applied (1:800) 2 h at room temperature, washed 3 times for
10min in PBS, mounted on slides with water, dried and cover-slipped
with Fluoromount G (Southern Biotech, Birmingham, AL). The fol-
lowing primary antibodies were used: Rat anti-PLP 1:100 (Yamamura
et al., 1991), Rabbit anti-S100b 1:500 (Sigma, S2644), Rabbit anti-
GFAP 1:1000 (Sigma, G9269), Goat anti-Iba1 1:400 (Abcam, ab5076),
Guinea Pig anti-NG2 1:2000, Rabbit anti-NG2 1:2000, and Rabbit anti-
PDGFRa 1:500 (Gifts from William Stallcup, Burnham Institute).

2.6. Microscopy

Images were acquired with either a Leica SP5 laser scanning con-
focal microscope (Leica Microsystems GmbH, Wetzlar, Germany) or
Zeiss Axio-Imager epi-fluorescence microscope (Carl Zeiss Microscopy,
Thornwood, NY). At least 4 sections from similar regions of each

explant section, brain or spinal cord were imaged with identical set-
tings.

2.7. Purified primary OPC cell culture

Primary murine OPC culture was prepared from PLP-eGFP pups as
described (Liu et al., 2016). Briefly, mixed glial cultures were prepared
from P0-1 dissociated cortices and plated on poly-D-lysine (Sigma)
coated T75 flask. Purified OPC monocultures were prepared by shaking
flasks of confluent mixed glial cultures overnight at 200 rpm to detach
the OPCs. OPCs were plated on poly-D-lysine/laminin (Sigma) coated
dishes and maintained in media containing 10 ng/ml PDGF (platelet-
derived growth factor)/FGF (fibroblast growth factor) (Peprotech,
Rocky Hill, NJ) for 24–48 h prior to experiments.

2.8. IncuCyte live cell imaging

Live cell imaging was performed using IncuCyte Zoom from Essen
BioScience (Ann Arbor, MI) as described (Liu et al., 2016). Cells were
grown and scanned on 24-well plates in the cell culture incubator. Each
well was scanned with a 10× objective lens in 9 randomly selected
positions at 15min intervals with high definition phase contrast and
epifluorescence microscopy using the 585/635 nm filter (red fluores-
cence, to detect the DRAQ7 dead cell nuclei; Cell Signaling Technology,
Danvers, MA). Image processing and cell counting were performed
using IncuCyte and ImageJ software.

2.9. Quantification and statistical analysis

Confocal and fluorescence microscope images were quantified
manually with ImageJ (National Institutes of Health open source). For
ex vivo cerebellar slices, 2–3 images of folia were taken, quantified, and

Fig. 3. Selective microglia depletion in slices after extended PLX5622 treatment had no effect on mature oligodendrocytes, astrocytes, or myelin protein. A. Slices
were treated with control (DMSO) or 2 μM PLX5622 for 8 days, stained and imaged for Iba1, NG2, PLP-eGFP, GFAP and myelin protein PLP. B. Quantification of the
number of NG2+ and PLP-eGFP+ cells in slices. Cell count was normalized to the DMSO control (CTR) slice. Statistical analyses were performed by unpaired
Student's t-test. ns: no significance, n=3. Scale bars: 25 μm.
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averaged. Slices from 3 to 4 independent experiments were analyzed.
For in vivo chow experiments, at least 4 sections of brains and spinal
cords were imaged in each region (cortex above hippocampus, midline

corpus callosum, striatum, and cerebellum), quantified manually using
ImageJ cell counter, and averaged. To quantify PLP fluorescence, the
mean fluorescence intensity (MFI), area and integrated density of the

Fig. 4. PLX5622 or PLX3397 chow eliminated microglia in the CNS of adult mice. Adult PLP-eGFP mice aged 8–10weeks old were fed either control chow or chow
containing 1200mg/Kg PLX5622 or 275mg/Kg PLX3397 for 7 or 21 days. A. Representative confocal images of Iba1 immunostaining in corpus callosum (CC), cortex
(CTX) and cerebellum (CB) of control mice (CTR), PLX5622-treated, or PLX3397-treated animals. B. Quantification of the number of Iba1+ cells for all groups in
corpus callosum (CC), cortex (CTR), cerebellum (CB), striatum (STR) and spinal cord (SC). For corpus callosum, the number of positive cells was presented per mm2

in the region of interest (ROI). For other regions, the number of positive cells in each field of view (FOV) is reported. Statistical analyses were performed by one-way
ANOVA between PLX treated groups at 7 days or 21 days and control (CTR), and by unpaired Student's t-test for comparisons between PLX5622 and PLX3397 at
7 days. *: p < .05, **: p < .01, ***: p < .001, ****: p < .0001, n=4. Scale bars: 100 μm.
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signal were measured from a region of interest (ROI) in the corpus
callosum and cortex, and from an area with no fluorescence (back-
ground) using ImageJ. The MFI of the signal was subtracted by the MFI
of the background. The corrected total fluorescence (CTF) was calcu-
lated as follows: CTF= Integrated density – (MFI of the background x
Area of the signal) (Leite et al., 2014). Statistical analyses were per-
formed by unpaired Student's t-test for single comparisons, one-way
ANOVA, or two-way ANOVA for grouped comparisons using GraphPad
Prism software. Data are expressed as means± SD of independent ex-
periments (n≥3). Significance is reported for p < .05.

3. Results

3.1. CSF1R kinase inhibitors PLX5622 and PLX3397 depleted microglia in
cerebellar slices

PLX5622 or PLX3397 were applied to cerebellar slices at increasing
concentrations from 1 to 20 μM. After three days of treatment, both
PLX5622 and PLX3397 at concentrations> 2 μM eliminated> 95% of
microglia (Fig. 1A,B). At 1 μM, PLX5622 caused 15% more depletion
than PLX 3397 (94.6 ± 1.1% vs 79.9 ± 2.4% Iba1+ cell loss)
(Fig. 1A,B). With> 95% loss of microglia at 2 μM, no changes were
observed in the viability or morphology of oligodendrocytes or astro-
cytes, as assessed by PLP-eGFP expression or GFAP staining with either
PLX preparation (Fig. 1C).

3.2. High concentrations of PLX5622 and PLX3397 were cytotoxic to OPCs
ex vivo and in vitro

Because CSF1R inhibitors may bind to multiple tyrosine kinases, we
examined the effects of PLX5622 and PLX3397 on OPCs, which depend
on the tyrosine kinase PDGFR⍺ for survival. OPC cell numbers were
assessed by NG2 or PDGFRα immunostaining following exposure of
cerebellar explants to increasing PLX concentrations for 3 days. At
4 μM, PLX5622 caused a 30–40% reduction in NG2+ or PDGFRα+
cells; this increased to 90–95% at 20 μM. No reduction of NG2+ or
PDGFRα+ OPCs was observed in slices exposed to 1 μM or 2 μM
PLX5622 despite robust (~95%) depletion of the microglial cells
(Fig. 2A,C). In contrast, treatment with PLX3397 significantly reduced
OPC numbers at all concentrations tested. We observed a 30–35% loss
of NG2+ or PDGFRα+ cells at 0.5 μM, despite incomplete (~70%)
depletion of microglia. OPC loss with PLX3397 was concentration de-
pendent with a 75–85% reduction at 1 μM and > 90% loss at 2 μM and
20 μM (Fig. 2B,D).

A similar effect on OPCs was observed in purified primary murine
OPC cultures. Cell type specific marker staining showed that the cul-
tures consisted of> 92% OPCs (PDGFRα),< 1% astrocytes (GFAP),
and 3.7 ± 2.1% microglia (Iba1) (Supplemental Fig. S1A). Most

oligodendroglial cells were OPCs but, occasionally (< 0.5%) maturing
OLs (O4+ with a highly complex network of processes) were noted
(data not shown). Low concentration (0.5 μM) of PLX5622 had no effect
on viability after 24 h; however, 20 μM PLX5622 resulted in increased
OPC death. In contrast, PLX3397 treatment caused significant cyto-
toxicity at 0.5 μM and 20 μM (Supplemental Fig. S1B,C). These results
indicate that the PLX CSF1R inhibitors can directly impair OPC viability
in a concentration-dependent manner.

To examine the effect of long-term microglia depletion on OPC
survival, 2 μM PLX5622 was applied to cerebellar slices for 8 days.
Although microglia were completely eliminated, we observed no dif-
ference in NG2+ cell numbers when compared to DMSO-treated con-
trols. In addition, long-term exposure to PLX5622 had no effect on the
morphology or number of oligodendrocytes (assessed by PLP-eGFP) and
astrocytes (assessed by GFAP and S100b) (Fig. 3A,B and data not
shown). Myelin protein expression (measured by PLP immuno-
fluorescence) was unchanged (Fig. 3A).

In concert, both ex vivo and in vitro data demonstrate that low
concentrations (≤ 2 μM) of PLX5622 completely deplete microglia
in the absence of direct effects on OPCs, oligodendrocytes or astro-
cytes. PLX3397 causes a significant reduction in viable OPCs even at
low concentrations. At higher concentrations, both PLX compounds
diminish OPC cell numbers in primary cell culture and cerebellar
slices.

3.3. PLX5622 and PLX3397 effectively depleted microglia in adult mouse
CNS

We next examined the extent of microglia depletion in various brain
regions of adult mice using pre-manufactured chow containing
PLX5622 (1200mg/kg) or PLX3397 (275mg/kg) for 7 or 21 days.
These doses were the lowest ones of each drug to give maximal mi-
croglia depletion based on previous studies in the literature (Elmore
et al., 2015; Elmore et al., 2014; Peranzoni et al., 2018; Rice et al.,
2017; Spangenberg et al., 2016; Szalay et al., 2016). Consistent with
prior studies, we observed a rapid decrease in the number of Iba1+
microglia in the corpus callosum (CC, 91.2 ± 4.6%), cortex (CTX,
90.3 ± 5.2%), cerebellum (CB, 90.2 ± 8.1%), striatum (STR,
94.2 ± 2.4%) and spinal cord (SC, 90.3 ± 5.4%) following 7 days of
treatment with PLX5622 (Fig. 4 and Table 1). After 21 days,> 95% of
microglia were eliminated from most brain regions and 91.5 ± 3.1%
were depleted from spinal cord (Fig. 4 and Table 1). Microglia depletion
with PLX3397 demonstrated a slower time course than PLX5622. After
7 days of PLX3397 chow, we observed ~70% loss of Iba1+ cells in
corpus callosum, cerebellum and spinal cord, and ~55–60% in cortex
and striatum. After 21 days of PLX3397 chow, ~90% of Iba1+ cells
were depleted in the brain and ~80% were depleted in the spinal cord
(Fig. 4 and Table 1). Thus, both PLX compounds effectively deplete

Table 1
Effect of PLX chow on microglia depletion and OPC reduction in various CNS regions in adult mice.

PLX 5622 PLX 3397

Microglia depleted OPC reduction Microglia depleted OPC reduction

7d CC 91.2 ± 4.6% None 72.9 ± 5.8% None
CTX 90.3 ± 5.2% None 61.6 ± 4.3% 32.1 ± 1.5%**
STR 94.2 ± 2.4% None 55.6 ± 7.5% 35.9 ± 0.9%**
CB 90.2 ± 8.1% None 74.5 ± 2.9% None
SC 90.3 ± 5.4% None 69.6 ± 3.0% 33.2 ± 6.9%****

21d CC 98.8 ± 2.5% None 94.8 ± 1.8% None
CTX 97.9 ± 3.6% 30.4 ± 11.0%** 91.7 ± 4.2% 41.8 ± 5.4%****
STR 97.5 ± 3.9% 28.8 ± 5.2%** 91.2 ± 4.5% 42.7 ± 7.4%****
CB 95.7 ± 2.7% 22.5 ± 11.6%* 90.7 ± 5.2% 24.5 ± 13.3%*
SC 91.5 ± 3.1% 22.8 ± 4.3%** 79.1 ± 1.7% 36.4 ± 2.1%****

Percentage was calculated to control animals. Statistical analyses were performed by one-way ANOVA between PLX treated groups at 7 days or 21 days and control.
*: p < .05, **: p < .01, ****: p < .0001, n=4.
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microglia in vivo, although the effect of PLX5622 is more rapid than
PLX3397 using the study dosages.

3.4. PLX compounds showed differential effects on OPC viability in vivo

We evaluated the effect of PLX treatment on OPCs in vivo by
quantifying NG2+ cells in brain and spinal cord. Following 7 days of
PLX5622 treatment, we observed no significant reduction in NG2+ cell

numbers in any CNS region despite a near complete loss of microglia.
However, following extended treatment for 21 days, a mild decline in
NG2+ cells was detected in cortex (CTX, 30.4 ± 11.0%), striatum
(STR, 28.8 ± 5.2%), cerebellum (CB, 22.5 ± 11.6%) and spinal cord
(SC, 22.8 ± 4.3%); no change was noted in the corpus callosum (Fig. 5
and Table 1). Treatment with PLX3397 caused a more rapid and sig-
nificant reduction in OPC cell numbers. After 7 days of treatment,
NG2+ cells were decreased in cortex (CTX, 32.1 ± 1.5%), striatum

Fig. 5. PLX5622 and PLX3397 chow showed variable effects on OPC number in adult mouse CNS. Adult PLP-eGFP mice aged 8–10weeks old fed either control chow
or chow containing 1200mg/Kg PLX5622 or 275mg/Kg PLX3397 for 7 or 21 days. A. Representative confocal images of NG2 immunostaining in corpus callosum
(CC), cortex (CTX) and cerebellum (CB) of control mice (CTR), PLX5622-treated, or PLX3397-treated animals. B. Quantification of the number of NG2+ cells for all
groups in corpus callosum (CC), cortex (CTR), cerebellum (CB), striatum (STR) and spinal cord (SC). For corpus callosum, the number of positive cells was presented
per mm2 in the region of interest (ROI). For other regions, the number of positive cells in each field of view (FOV) is reported. Statistical analyses were performed by
one-way ANOVA between PLX treated groups at 7 days or 21 days and control (CTR). *: p < .05, **: p < .01, ****: p < .0001, n=4. Scale bars: 100 μm.
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(STR, 35.9 ± 0.9%) and spinal cord (SC, 33.2 ± 6.9%) (Fig. 5 and
Table 1). NG2+ cell loss continued in these regions when treatment
was extended to 21 days (Fig. 5 and Table 1). Similar to treatment with
PLX5622, NG2+ cell counts were not changed in the corpus callosum
following PLX3397 administration. Similar results were obtained when
OPCs were quantified using PDGFRα+ staining. Most NG2+ cells were
PDGFRα+ (Supplemental Fig. S2A), and PDGFRα+ OPCs were re-
duced by PLX treatment (Supplemental Fig. S2B). It should be noted
that the levels of PLX3397 reached in mice in this study with chow
(typical AUC0–24 [area under the plasma concentration-time curve
during 24 h] exceeding 1,000,000 ng·h/mL) are much higher than that
in patients (AUC0–24–100,000 ng·h/mL) (Plexxikon Inc.).

3.5. Microglia depletion did not affect oligodendrocyte number or myelin
expression

We also examined oligodendrocyte cell numbers and myelin pro-
teins following 21 days of PLX treatment. Although> 90% of microglia
were ablated in the majority of CNS regions (Table 1), there was no
significant change in mature oligodendrocyte cell numbers (PLP-eGFP
+) following treatment with PLX5622; a mild reduction (~17%) was
observed in the corpus callosum of animals treated with PLX3397 chow
(Fig. 6A). Similarly, no difference was observed in myelin protein ex-
pression in the cortex and corpus callosum as analyzed by PLP fluor-
escence intensity (Fig. 6B). Thus, CSF1R inhibition by PLX5622 or
PLX3397 did not significantly reduce mature oligodendrocyte cell

Fig. 6. PLX5622 or PLX3397 chow had no effect on oligodendrocyte cell number or myelin protein at 21 days. Representative confocal images and quantifications of
(A) PLP-eGFP and (B) PLP corrected total fluorescence (CTF) in cortex (CTX, upper panels) and corpus callosum (CC, lower panels) of animals fed either control chow
or chow containing 1200mg/Kg PLX5622 or 275mg/Kg PLX3397 for 21 days. Statistical analyses were performed by one-way ANOVA between PLX treated groups
and control (CTR). *: p < .05, n= 4. Scale bars: 100 μm.
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number or myelin homeostasis in adult mice.

4. Discussion

In this study, we compared the ability of the CSF1R inhibitors
PLX5622 and PLX3397 to ablate microglia in ex vivo cerebellar slice
cultures and in vivo adult mouse CNS. Although both compounds ef-
fectively eliminated> 90% of Iba1+ microglia, depletion by PLX5622
was quicker and more robust. Furthermore, PLX5622 had no detri-
mental effect on OPC numbers ex vivo and after 7 days in vivo. In con-
trast, PLX3397 directly impaired OPC viability in vitro and caused a
reduction in OPC numbers ex vivo and in vivo.

Both PLX5622 and PLX3397 are potent inhibitors of CSF1R tyrosine
kinase with in vitro IC50 of 10 nM and 20 nM, respectively (Plexxikon
Inc.) (DeNardo et al., 2011; Kim et al., 2014). Consistent with these
values, significantly lower concentrations of PLX5622 were required for
microglial depletion in ex vivo cerebellar slice cultures (Fig. 1). In vivo,
chow containing PLX5622 (1200mg/Kg chow) depleted>90% CNS
microglia in 7 days, while chow containing PLX3397 (275mg/Kg
chow) required 21 days to reach equivalent depletion (Fig. 4 and
Table 1). The rapidity of in vivo microglial depletion using PLX5622-
chow likely reflects the combination of enhanced potency, dosing and
differential pharmacokinetics/CNS penetration. The rapidity and effi-
cacy of microglial depletion in vivo depends not only on the binding
affinity for the CSF1R receptor, but also on gut absorption, metabolism,
excretion, and CNS penetration/retention of the compound. Indeed, a
recent report found that four times the dosage of PLX5622 in chow was
needed to double the drug concentration in plasma and brain tissue
(Nissen et al., 2018).

Reports have noted that PLX5622 is more selective for CSF1R than
PLX3397. PLX5622 binds with 50-fold to 100-fold higher affinity to
CSF1R than to related kinases (Dagher et al., 2015; Kim et al., 2014;
Tap et al., 2015). CSF1R is a member of the PDGFR family of type III
receptor tyrosine kinases which includes PDGFRα and ß (Robinson
et al., 2000), and PDGFRα signaling is critical for OPC development and
maintenance (Nishiyama et al., 2009). The low binding affinity of
PLX5622 for PDGFRα likely explains why this compound does not af-
fect OPC viability l at low concentration in vitro, ex vivo or in vivo
(7 days). At high concentrations in vitro and ex vivo, or following ex-
tended administration in vivo, both PLX compounds reduce OPC num-
bers independent of the extent of microglial depletion.

The in vivo results are additionally complicated by drug pharma-
cokinetics. Extended therapy likely leads to accumulation of drug in the
CNS, facilitating off-target binding and inhibition of PDGFRα on OPCs.
Indeed, the low IC50 of PLX3397 for PDGFR results in dissociation of the
relationship between depletion of microglia and OPCs in vivo (Fig. 5 and
Table 1). Alternative dosing strategies might allow for prolonged in vivo
microglial depletion without effects on OPCs. Our results demonstrate
the need for caution in interpreting the functions of microglia using
CSF1R inhibitors. Variable, and even contradictory findings, using
CSF1R inhibitors are likely due to differences in dosing, target affinity,
and pharmacokinetics that drive off-target effects on CNS cell popula-
tions. (reviewed in (Han et al., 2017)).

PLX5622 rapidly eliminates microglia in ex vivo cerebellar slice
cultures at low concentrations (1 and 2 μM) without affecting OPCs
(Fig. 3). In vivo, microglia are reduced by>90% but OPC numbers are
unaffected in animals fed PLX5622 chow for 7 days. In contrast, mice
fed PLX3397 chow for 7 days showed a significant loss in OPC numbers
despite only a partial depletion in microglia (Figs. 4-5). In ex vivo cer-
ebellar slice cultures, 2 μM PLX5622 resulted in>95% depletion of
microglia by 3 days yet showed no impact on OPC numbers at 8 days
(Figs. 1 and 2). The lack of correlation between microglia depletion and
OPC loss following ex vivo or in vivo administration of PLX compounds
further supports the contention that the diminished number of viable
OPC is not a direct effect of microglia depletion. Moreover, the lack of a
long-term impact on oligodendrocyte cell number or myelin protein

level in PLX5622-treated mice argues against microglia playing a vital
role in oligodendrocyte homeostasis in the adult mouse CNS.

Following oral administration of the CSF1R inhibitor BLZ945 to
newborn pups for 7 days, Hagenmeyer and colleagues reported coin-
cident microglial depletion and reduced OPC numbers in corpus cal-
losum, cortex and cerebellum. However, in BLZ945-treated adult mice,
diminished OPC numbers were detected only in the corpus callosum,
despite significant microglial depletion in the cerebellum. The effect of
BLZ treatment on OPC numbers was not reported in other CNS regions
(Hagemeyer et al., 2017). Similar to our results, neither oligoden-
drocyte cell number nor myelin protein levels were diminished. While
these results may indicate that the effect of microglia on OPC numbers
may differ during development and adulthood, it is possible that the
different findings are the result of the method of delivery (gavage),
formulation, dosage, treatment duration, and pharmacokinetics of the
BLZ945 inhibitor. The method of OPC quantification may also play a
role as OPC numbers in adult corpus callosum tallied by PDGFR im-
munocytochemistry and genetic labeling were distinct. The lack of di-
rect effect of BLZ945 on OPC viability in vitro (Hagemeyer et al., 2017)
may be due to the high specificity of the inhibitor (IC50 CSF1R:< 1 nM;
IC50 PDGFRβ:> 1 μM) (Pyonteck et al., 2013) and the high con-
centration of PDGR-A (10 ng/ml, EC50- < 1 ng/ml) in the culture
medium.

In summary, by comparing the effect of PLX5622 and PLX3397, we
confirm that CSF1R inhibitors can efficiently deplete microglia ex vivo
and in vivo without affecting mature oligodendrocytes or myelin protein
expression. In addition, we speculate that CSF1R inhibitors may di-
rectly impact OPC viability through off-target binding to PDGFRα, a
member of the type III tyrosine kinase receptor family. Therefore, in-
hibitor concentration and duration of treatment must be carefully ad-
justed for the relevant experimental system. These data also question
whether microglia are essential for OPC viability in ex vivo slice cultures
and adult brain.
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