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Abstract 30 

Microglial cells in the central nervous system play important roles in neurodevelopment and 31 

resistance to infection, yet microglia can become neurotoxic under some conditions.  An early 32 

event during prion infection is the activation of microglia and astrocytes in the brain prior to 33 

damage or death of neurons. Previous prion disease studies using two different strategies to 34 

manipulate signaling through the microglial receptor CSF-1R reported contrary effects on 35 

survival from prion disease. However, in these studies, reduction of microglial numbers and 36 

function were variable, thus confounding interpretation of the results. In the present work, we 37 

used oral treatment with a potent inhibitor of CSF-1R, PLX5622, to eliminate 78 to 90% of 38 

microglia from cortex shortly after and during the course of prion infection. Oral drug treatment 39 

early after infection with the RML scrapie strain significantly accelerated vacuolation, 40 

astrogliosis and deposition of disease-associated prion protein. Furthermore, drug-treated mice 41 

had advanced clinical disease requiring euthanasia 31 days earlier than untreated control mice. 42 

Similarly, PLX5622 treatment during the preclinical phase at 80 days post-infection with RML 43 

scrapie also accelerated disease and resulted in euthanasia of mice 33 days earlier than 44 

infected controls. PLX5622 also accelerated clinical disease after infection with scrapie strains 45 

ME7 and 22L. Thus, microglia are critical in host defense during prion disease. The early 46 

accumulation of PrPSc in the absence of microglia suggested that microglia may function by 47 

clearing PrPSc resulting in longer survival. 48 

  49 
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Importance 50 

Microglia contribute to many aspects of health and disease. When activated, microglia can be 51 

beneficial by repairing damage in the CNS or they can turn harmful by becoming neurotoxic. In 52 

prion and prion-like diseases, the involvement of microglia in disease is unclear. Previous 53 

studies suggest that microglia can either speed up or slow down disease. In this study, we 54 

infected mice with prions and depleted microglia from the brains of mice using PLX5622, an 55 

effective CSF-1R tyrosine kinase inhibitor. Microglia were markedly reduced in brains, and prion 56 

disease was accelerated, so that mice needed to be euthanized 20 to 33 days earlier than 57 

infected control mice due to advanced clinical disease. Similar results occurred when mice were 58 

treated with PLX5622 at 80 days after infection, which was just prior to the start of clinical signs. 59 

Thus, microglia are important for removing prions, and the disease is faster when microglia are 60 

depleted.  61 
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Introduction 63 

 Prion diseases are fatal transmissible diseases caused by a proteinaceous infectious 64 

agent that can infect the lymphatic and nervous systems (1). Prion diseases include Creutzfeldt-65 

Jakob disease in humans, scrapie in sheep, chronic wasting disease in cervids, and bovine 66 

spongiform encephalopathy in cattle (2). The clinical features can vary, but common hallmarks 67 

in the central nervous system (CNS) are deposition of abnormally folded protease-resistant 68 

prion protein (PrPres or PrPSc), astrogliosis, microgliosis, neuroinflammation, and 69 

neurodegeneration (3-7). In experimental models of prion infection, activation of astroglia and 70 

microglia in the brain occurs before detectable neurodegeneration (3, 8). Thus, gliosis may be 71 

involved in the early response to the infectious agent or initial neuronal damage. 72 

 Microglia are important first responders to foreign agents and damaged cells in the CNS, 73 

but also have many essential functions in the healthy CNS, from neurodevelopment to 74 

maintaining homeostasis through surveillance and phagocytosis within the brain parenchyma 75 

(9-11). Though microglia are important in defense and maintenance of the CNS, there is 76 

evidence that their activation can lead to a dysfunctional microglial phenotype that can 77 

contribute to or exacerbate many neurological diseases including Alzheimer’s disease (12, 13), 78 

multiple sclerosis (14), Parkinson's disease (15), and HIV-associated dementia (16). 79 

 Microglia are derived early during embryogenesis from erythro-myeloid progenitors in 80 

the yolk sac that migrate to colonize the CNS rudiment (17, 18). Once in the CNS, these cells 81 

become self-renewing (19), but they are reliant for survival on continual signaling through CSF-82 

1R, a tyrosine kinase receptor (20-22). CSF-1R has two known ligands, CSF-1 and IL-34, which 83 

are produced and secreted predominately by astrocytes and neurons in the CNS (23). In mice 84 

deficient in IL-34, microglia were reduced by 17-64% of normal in 5 brain regions (24). Similarly, 85 

in mutant op/op mice, which are unable to produce CSF-1, brain microglia were reduced by 34-86 
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47% of normal (25). Thus, manipulation of CSF-1R function might be an effective way to alter 87 

microglial function during scrapie infection.  88 

 In prion disease, the role of microglia has been studied in vivo in two different systems 89 

altering CSF-1R signaling; however, these studies appeared to give contrary effects on prion 90 

disease tempo and survival. In the first model, using IL-34-/- mice, a 14-21 day decrease in 91 

survival time was noted, implying that microglia may be protective during prion disease. 92 

However, microglia were not decreased in these scrapie-infected mice, as they had been in 93 

uninfected mice. Thus, the effect on survival time might not be due to microglia, but rather to 94 

another effect of IL-34 deficiency (26).  95 

 In the second model, blocking of microglial proliferation by oral treatment with a CSF-1R 96 

inhibitor, GW2580, resulted in a 26-day extension of survival time. This was associated with a 97 

50% reduction in microglia and in alteration of expression of microglial genes possibly 98 

associated with neurotoxic functions (27). The authors suggested that GW2580 blocked not only 99 

microglial proliferation, but also production of a neurotoxic substance, which resulted in the 100 

increased survival observed. Thus, microglia may have two contradictory effects in prion 101 

disease, both revealed by experiments involving the CSF-R1 receptor.  102 

 In the present studies, we used a more potent CSF-R1 inhibitor, PLX5622 (Plexxicon, 103 

Berkeley, CA), capable of causing microglial apoptosis and long-term elimination in vivo.  After 104 

oral administration, this drug can reduce mature microglia in the CNS by 90% in 7 days resulting 105 

in nearly undetectable numbers in as little as 21 days (20, 21, 28, 29). The question posed in 106 

our study was whether elimination of microglia during scrapie infection in vivo would have a 107 

positive or negative effect on survival. In PLX5622-treated mice a large decrease in microglia 108 

was observed, and this correlated with the early appearance of PrPSc in brain, and a 31-33 day 109 

decrease in survival time following infection with RML scrapie. The results from experiments 110 
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with three different scrapie strains were similar. Thus, microglia were indispensable during 111 

scrapie infection and were critical to host defense against the disease.  112 

 113 

Results 114 

Long-term reduction in microglia with PLX5622. In C57BL/10 mice, scrapie is a slow disease 115 

requiring 130 to 180 days to reach the clinical stage. Therefore, to determine whether PLX5622 116 

therapy would be able to deplete microglia for this duration, we treated mice inoculated with 117 

normal brain homogenate (NBH) with PLX5622 for up to 181 days. Treated and age-matched 118 

untreated mice were compared to determine the drug-induced reduction in mature Iba1 positive 119 

microglia in the brain. At various times, similar regions of cortex and thalamus were sectioned, 120 

stained for Iba1, and observed by light microscopy (Fig 1). Treatment with PLX5622 was 121 

extremely effective at reducing mature microglia in both regions of the brain at all times tested 122 

from 80 to 181 days, with losses ranging from 80% to 99% in the cortex (Fig 1A) and 79% to 123 

91% in the thalamus (Fig 1D). Treatment with PLX5622 for up to 181 days did not affect 124 

neuronal densities in the hippocampus, cortex, or cerebellum when assessed by H & E staining 125 

(not shown).   Furthermore, the number of GFAP positive astrocytes were unaltered with long-126 

term PLX5622 treatment when regions such as the cortex, thalamus, hypothalamus, or olfactory 127 

bulb were assessed by GFAP staining (not shown). Uninfected PLX5622-treated mice showed 128 

no signs of distress or weight loss and were not adversely affected by these long treatments. 129 

Our results were like those seen previously, where mice treated for up to 84 days with PLX5622 130 

had reduced microglia with no observable astrogliosis (28). These initial studies indicated 131 

treatment with PLX5622 should allow adequate microglia ablation during the extended 132 

incubation times seen in scrapie prion infections.  133 

 134 
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Reduction of microglia 14 days after prion infection augments disease. Using different 135 

experimental approaches during prion infection, microglia have been proposed to be either 136 

neuroprotective (26) or neurotoxic (27) in the brain, two diametrically opposed concepts. To 137 

better understand the influence that microglia have on prion pathogenesis, we infected mice 138 

intracranially (ic) with scrapie and allowed the mice to convalesce for 14 days. After this 139 

recovery period mice were either untreated or treated with PLX5622 to eliminate microglia for 140 

the duration of the study. Three scrapie strains (RML, ME7, or 22L) were tested in independent 141 

experiments. A similar cohort of treated and untreated mice was injected ic with NBH as a 142 

control, which did not develop disease. The time to reach advanced clinical disease requiring 143 

euthanasia was significantly altered (P < 0.0001) in prion-infected mouse cohorts treated with 144 

PLX5622, and drug-treated mice with reduced microglia required euthanasia 20 to 31 days 145 

earlier than untreated infected mice (Fig 2 and Table 1). Moreover, all PLX5622-treated mice 146 

regardless of scrapie strain displayed accelerated signs of scrapie infection and poor nesting 147 

behavior relative to scrapie-infected untreated mice (Fig 3), indicating a more rapid 148 

advancement in disease with reduction of microglia in the brain. 149 

 Histological examination of brain tissue from PLX5622-treated and untreated mice 150 

infected with RML scrapie indicated that mice with reduced numbers of microglia had greater 151 

PrPSc deposition and spongiform change at early time points relative to infected controls (Fig 152 

4). This was seen in some treated mice at 80 dpi in the RML-infected cohort of mice, but the 153 

differences between the infected treated and untreated mice were consistent starting at 100 dpi 154 

(Fig 4) and beyond. 155 

 PLX5622 treated and untreated RML scrapie-infected mice were also compared for 156 

patterns of PrPSc deposition, aggregate morphology, and regional distribution and no 157 

differences were observed in the brains when comparable stages of clinical disease were 158 
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assessed with immunohistochemistry (Fig 5). Similar results were seen when 22L- or ME7-159 

infected mice either treated or untreated were compared histologically (not shown). 160 

 Additional assessment of disease associated PrP accumulation was performed by 161 

immunoblot. Densitometry of immunoblots of brain homogenates from RML-infected mice 162 

indicated PrPres accumulated to significantly higher levels in PLX5622-treated relative to 163 

untreated mice at 80 dpi, 100 dpi, and at the experimental endpoint (Fig 6). These results 164 

suggested that reducing microglia produced faster onset of neuropathology and increased 165 

PrPres accumulation, which correlated with more rapid clinical disease as documented above.  166 

 Enumeration of Iba1-positive microglia in cortex and/or thalamus indicated PLX5622 167 

treatment caused a decrease in microglia throughout disease (Fig 7). However, microglial 168 

numbers gradually increased in treated infected mice as the disease progressed (Fig 7 and 8). 169 

This was especially evident around areas of prominent vacuolation in infected PLX5622-treated 170 

mice, where microglia were seen to cluster (Fig 8, panel F).  171 

 172 

Ablation of microglia by PLX5622 treatment alters proinflammatory gene expression.  173 

Much of the inflammatory response associated with prion disease is proposed to be of microglial 174 

origin (30). Therefore, reduction in microglia using PLX5622 would be expected to reduce the 175 

expression of several proinflammatory genes during scrapie infection. We assessed the 176 

expression of several genes in the thalamus and whole brain that were previously identified as 177 

increased in the brain during scrapie at 80 dpi (5, 31). Our preliminary results from thalamus of 178 

scrapie-infected mice indicated that expression of several genes predominately expressed by 179 

microglia were reduced in PLX5622 treated mice relative to untreated mice (Table 2, bolded 180 

genes). A more robust analysis of transcripts confirmed many of these changes in brain, but for 181 

most genes, the difference in fold change was not as large as in thalamus. In addition, there 182 
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were three genes tested (Cxcl5, Cxcl1, and Tnfsf11) that were increased in thalamus and whole 183 

brain of PLX5622-treated relative to untreated mice. Furthermore, there were several 184 

proinflammatory genes that are increased during scrapie infection at 80 dpi whose expression 185 

was unaffected by PLX5622 treatment, including Cxcl10, IL1b, and Ccl2 (Table 3, bolded 186 

genes), suggesting that their expression during prion disease was less dependent on the 187 

presence of microglia. 188 

 189 

PLX5622 treatment to reduce microglia at preclinical onset also accelerates disease. The 190 

preceding results indicated that microglia were likely important in controlling prion infection, and 191 

that early elimination of microglia leads to accelerated disease. Although, microglia might be 192 

beneficial at the early stages of prion disease, they might become more neurotoxic and 193 

destructive with prolonged activation during neuroinflammation. Therefore, we hypothesized that 194 

PLX5622 treatment to chemically ablate microglia just prior to clinical onset (80 dpi) might 195 

increase survival. To test this, mice were inoculated with scrapie strain RML and fed control 196 

chow for 80 dpi and then switched to PLX5622 supplemented chow until experimental endpoint. 197 

Surprisingly, mice treated starting at 80 dpi had a more rapid disease progression and had to be 198 

euthanized due to advanced disease approximately 33 days earlier than the untreated control 199 

group (Fig 9, panels A and B; Table 4). Significant differences were also seen when nesting 200 

scores and scrapie severity scores were compared (Fig 9, panels B and C). This result was 201 

comparable to the preceding experiments where PLX5622 therapy was begun at 14 dpi (Fig 2, 202 

panel A and Fig 3, RML).  203 

 We also assessed the reduction in the microglial population after delaying PLX5622 204 

treatment. Iba1-positive cells were reduced at all timepoints in the cortex and the thalamus of 205 

late-treated RML-infected mice relative to untreated RML-infected mice at 104 dpi (24 days 206 

post-treatment) and at the experimental endpoint. (Fig 10). The level of microglial reduction in at 207 
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104 dpi was comparable to that of our previous experiments at a similar timepoint (Fig 7, panels 208 

A and B, 100 dpi), indicating that PLX5622 treatment beginning at 80 dpi was as effect as 209 

treatment starting at 14 dpi to reduce activated microglia during prion disease. These findings 210 

suggested that microglia depletion even at the later stages of preclinical prion disease also 211 

accelerated prion pathogenesis. Therefore, microglia are likely beneficial throughout prion 212 

disease. 213 

 214 

Discussion 215 

  In the current work, we utilized PLX5622, an effective CSF-1R inhibitor, to eliminate 216 

microglia in scrapie-infected mice in vivo to study the role of microglia in scrapie pathogenesis. 217 

In uninfected mice, treatment with PLX5622 reduced microglia by 79-99% in thalamus and 218 

cerebral cortex during treatment up to 181 days in duration. Therefore, PLX5622 appeared to 219 

have excellent potential for use in long-term studies involving prion infection. In scrapie-infected 220 

mice, depletion of microglia by oral treatment with PLX5622 dramatically reduced survival (Fig 221 

2). The largest decrease in survival time (31-33 days) was seen in mice infected with the RML 222 

scrapie strain, but similar changes were also seen in mice infected with ME7 and 22L scrapie 223 

strains. In the presence of PLX5622 treatment, hallmarks of typical prion disease including 224 

gliosis, PrPSc deposition, and vacuolation, appeared 20-30 days earlier than usual. The early 225 

appearance of PrPSc deposition in mice treated with PLX5622 was consistent with the 226 

hypothesis that when microglia are present, they catabolically degrade PrPSc resulting in a 227 

more prolonged disease course.  228 

 Evidence for destruction of PrPSc by microglia was shown previously in scrapie-infected 229 

tga20 cerebellar organotypic slice cultures, where removal of microglia expressing thymidine 230 

kinase by treatment with ganciclovir resulted in higher levels of PrPSc (26, 32). However, a 231 
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similar effect has been more difficult to demonstrate in vivo. Reduction of microglia in vivo 232 

during scrapie infection was attempted by preventing stimulation of CSF-1R required for 233 

microglial growth by using IL-34-/- mice. In these scrapie-infected mice, a significant decrease in 234 

survival of 14-21 days was observed; however, the mice did not show evidence for depletion of 235 

microglia (26). Analysis of microglia at presymptomatic and clinical time-points showed no 236 

difference between wild-type and IL-34-/- mice, which was contrary to reports by others using 237 

uninfected mice (24). The authors concluded that IL-34 was not required for microglial activation 238 

in the presence of prion infection. However, this explanation leaves open the question of what 239 

caused the decrease in scrapie survival in the IL-34-/- mice that had normal levels of activated 240 

microglia. One possibility is that in the absence of IL-34, phagocytosis or catabolism of PrPSc 241 

by microglia might be impaired. 242 

  In contrast to the above results, the correlation between elimination of microglia and 243 

decreased survival from scrapie was very strong in our present studies using PLX5622. 244 

Throughout most of the incubation period, the microglial numbers were quite low, but near the 245 

clinical endpoint microglial numbers were higher with values around 50% of those in untreated 246 

control mice (Figs 7 and 10). Increased numbers of microglia at the end of the disease 247 

suggested that advanced prion infection was indeed a powerful stimulus for targeted expansion 248 

from microglial precursor cells. Nevertheless, these late-appearing activated microglia did not 249 

appear to be sufficient to halt the deteriorating clinical course in these mice.  250 

 Surprisingly, initiation of PLX5622-treatment at a preclinical time point, 80 dpi, caused an 251 

acceleration of clinical disease similar to that seen when treatment was initiated at 14 dpi (Fig 252 

9). Thus, the role of microglia in combating disease progression appeared to be more prominent 253 

in the late preclinical phase rather than in the early phase of infection between 14 and 80 dpi. 254 

The reason for this difference is not clear, but it might be related to the exponential increase in 255 

PrPSc over time after infection (33). Perhaps at early timepoints when PrPSc quantities are very 256 
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low the removal of additional PrPSc has a nominal effect, whereas when levels are intermediate 257 

(i.e. during the late preclinical phase), microglia might have a more important impact on PrPSc 258 

expansion. Nevertheless, when PrPSc amounts reach a higher level nearer to the clinical end-259 

point, microglia are apparently no longer able to effectively control further PrPSc accumulation 260 

and the disease proceeds to a terminal state.  261 

 Other groups have previously been able to alter microglial numbers and function during 262 

prion disease in vivo, but these experiments resulted in quite different conclusions from ours. 263 

Gomez-Nichola et al. used a different inhibitor of CSF-1R, GW2580, to block microglial 264 

proliferation during prion disease (27). In these experiments, drug-treated scrapie-infected mice 265 

had a 26.5 day increase in survival time compared to untreated mice. In addition, there was a 266 

delay in various behavioral clinical signs of disease and in neurodegenerative pathology. These 267 

beneficial effects associated with blocking of microglial proliferation correlated with a 50% 268 

reduction in microglia in both hippocampus and thalamus, a decrease in expression of genes 269 

associated with the M1 phenotype, and an increase in genes associated with the M2 phenotype. 270 

These authors suggested that this switch in microglial gene expression profile might increase 271 

survival time by reducing the prion-induced neurotoxic effect of microglia. 272 

 The above findings are contrary to those reported in our present experiments using 273 

PLX5622 to reduce microglia. However, these two sets of experimental results might be 274 

reconciled if one considers that microglia might have multiple influences on prion disease. 275 

Based on the available evidence, we postulate two major effects of microgliosis during prion 276 

disease: 1) phagocytosis of PrPSc and 2) production of a neurotoxic component. PLX5622 277 

affects microglial survival, leading to microglial death through apoptosis (20, 28). Therefore, 278 

treatment with PLX5622 might prevent efficient PrPSc clearance by microglia and result in an 279 

increase in disease tempo (Tables 1 and 4, Figs 2 and 9). Alternatively, treatment with GW2580 280 

effectively blocks microglial proliferation but does not eliminate the microglial population. 281 
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Furthermore, treatment with GW2580 also shifts the gene expression profile. This situation may 282 

result in continued destruction of PrPSc by microglia but may also reduce the neurotoxic effects 283 

of microglia due to the altered gene expression. These events might explain the increased 284 

survival time with GW2580 treatment reported by Gomez-Nicola et al. Therefore, microglia 285 

appear to demonstrate both neuroprotective and/or neurotoxic properties during prion disease, 286 

and these differing properties might be observed to varying degrees depending on which CSF-287 

1R inhibitor is used. 288 

 Microgliosis occurs prior to neuronal loss and spongiform change in the brain during 289 

prion disease (3, 8), and there is a close association of increased microgliosis in regions with 290 

greater spongiosis and astrogliosis (34). These facts suggest that microglia may contribute to 291 

prion-induced neurodegeneration. However, in our experiments microglia were not required for 292 

early spongiform change, since spongiosis was observed in the thalamus as early as 80 dpi in 293 

PLX5622-treated scrapie-infected mice that lacked normal numbers of functional microglia. In 294 

addition, astrogliosis, another hallmark of prion disease, was also present when microglia were 295 

absent or reduced. Thus, astrocytes appeared to activate directly in response to PrPSc and/or 296 

to damaged or dying neurons and did not require additional signaling from activated microglia. 297 

 Microglia exist as multiple subpopulations in the CNS that result from regional influences 298 

(35-37). With the multitude of proposed activation states (38-40), it is possible that these 299 

subpopulations of microglia may demonstrate neuroprotective characteristics, neurotoxic 300 

properties, or both at different times during prion and prion-like neurodegenerative diseases. 301 

Instead of therapies to reduce microgliosis during neurodegenerative diseases, strategies to 302 

increase specific microglial responses advantageous to the host should be considered, along 303 

with identifying and reducing microglial processes that are harmful. 304 

 305 

 on N
ovem

ber 9, 2018 by guest
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/


 

14 

 

Materials and Methods 306 

Ethics Statement. All mice were housed at the Rocky Mountain Laboratories (RML) in an 307 

AAALAC-accredited facility in compliance with guidelines provided by the Guide for the Care 308 

and Use of Laboratory Animals (Institute for Laboratory Animal Research Council).  309 

Experimentation followed RML Animal Care and Use Committee approved protocol 2016-043-E. 310 

 311 

Normal brain and scrapie inoculations/infections. C57BL/10 (C57) mice were originally 312 

obtained from Jackson Laboratories and have been inbred at RML for several years. Six to 313 

eight-week-old male and female mice were inoculated intracranially (ic) with 30 µl of either 1.0% 314 

NBH or 1.0% scrapie brain stock strains 22L, RML, and ME7.  These scrapie stocks had been 315 

titered previously in C57 mice and contained the following ID50 in each 30 µl volume:  22L, 6.0 316 

x 105; RML, 2.4 x 104; ME7, 5.0 x 104. At selected time points post-inoculation, mice were 317 

euthanized by isoflurane anesthesia overdose followed by cervical dislocation.  Brains were 318 

removed and divided into portions for histochemical, RNA, and protein analysis. Brain portions 319 

for histochemical analysis were immersed in 10% neutral buffered formalin (3.7% formaldehyde) 320 

for histology. 321 

 For determination of the scrapie severity score (41), mice were scored weekly for clinical 322 

signs beginning at 85 dpi. Observers were blinded to the PLX5622 treatment group. A single 323 

score was assigned to each individual mouse based on the extent and level of clinical signs 324 

observed. Scorers paid particular attention to the severity of somnolence, kyphosis, gait 325 

abnormalities and decrease in body condition. Scores were as follows: 0 = normal; 1 = subtle 326 

clinical signs; 2 = moderate clinical signs; and 3 = advanced clinical signs. Mice were 327 

euthanized when they reached a score of 3. 328 
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 Nesting was scored as described previously (42). Briefly, a cotton square (nestlet) was 329 

added to each cage. After a 24-hour period, observers that were blinded to the PLX5622 330 

treatment group assessed nest building. Scoring was as follows: 1, untouched (90 % intact) 331 

nestlet; 2, partially (50–90 % intact) torn nestlet; 3, mostly (>90 %) torn nestlet, but no defined 332 

nest site; 4, identifiable nest without walls; 5, nest resembles a crater with walls. Nesting is a 333 

communal activity in mice, however in some situations where disease progression differs 334 

among mice within a box, one or more healthy mice in the box could bias the data. Even though 335 

nesting can be an early predictor of disease in mice, we feel the scrapie severity score is a more 336 

accurate indicator because mice are assessed individually. 337 

 Multiple t-tests comparing the nesting and scrapie severity scores at each time point 338 

between the PLX5622 treated and untreated groups was performed using GraphPad Prism 339 

version 7.03. For a more powered analysis, the assumption was that all samples are from 340 

populations with the same scatter. The statistical significance was determined using the Holm-341 

Sidar method for multiple comparison correction, with an alpha = 0.05. 342 

  343 

PLX5622 Treatment. Mice were fed purified rodent diet AIN-76A (D10001, Research Diets, 344 

Inc.) with or without supplementation with compound PLX5622 (1200 mg/kg chow, kindly 345 

provided by Plexxikon Inc., Berkeley, CA). This concentration of PLX5622 in rodent chow has 346 

been shown to reduce microglia in the brain by approximately 80% within 7 days and 347 

approximately 90% within 21 days of administration (28). In most experiments, six to eight-348 

week-old male and female mice were fed control chow for 14 days after inoculation with prions 349 

or NBH to allow mice to convalesce. Then treated mice were switched to PLX5622 350 

supplemented chow and maintained on this diet until the experimental endpoint. In experiments 351 

where treatment with PLX5622 was delayed, six to eight-week-old male and female mice were 352 

inoculated with prions, fed control chow for 80 days, and then switched to chow supplemented 353 
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with PLX5622 just prior to clinical signs. Mice were then maintained on supplemented chow until 354 

experimental endpoint.  355 

 356 

Immunoblot detection of PrPSc. Dissected brain tissue was homogenized in PBS to create a 357 

20% w/v brain homogenate (BH).  Homogenization was done using a mini-bead beater 358 

homogenization system for 45 seconds on the homogenate setting.  For proteinase K (PK) 359 

treatment, samples were incubated with detergents and PK as follows:  20 µl of a 20% tissue 360 

homogenate was adjusted to 100 mM Tris HCl (pH 8.3), 1% Triton X-100, 1% sodium 361 

deoxycholate, and 50 µg/ml of proteinase K (Roche Diagnostics) in a total volume of 31 µl. 362 

Samples were digested for 45 minutes at 37°C. The reaction was stopped by adding 2 µl of 100 363 

mM Pefabloc (Roche Diagnostics) and placed on ice for 5 min. An equal volume of 2X Laemmli 364 

sample buffer (Biorad, Hercules, CA) was added, and then tubes were boiled 5 minutes. 365 

Samples were run immediately or frozen at -20°C until electrophoresed on a 16% Tris-Glycine 366 

SDS-PAGE gel (Life Technologies, CA) and gels were transferred to polyvinylidene difluoride 367 

(PVDF) membranes using the 7-minute transfer program 3 of the iBlot transfer system (Life 368 

Technologies). The PLX5622-treated and untreated mouse samples at 80 dpi, 100 dpi, or 369 

terminal were transferred to the same PVDF membrane and blocked overnight in 2.5% dry milk 370 

in Tris-buffered saline. Membranes were probed with a 1:100 dilution of monoclonal human anti-371 

PrP antibody D13 derived from cell culture supernatants produced in our laboratory from CHO 372 

cells expressing the D13 antibody construct (43) that were kindly provided by Dr. R. Anthony 373 

Williamson. Monoclonal antibody D13 recognizes residues 94-105 in PrP (44) derived from 374 

mouse, hamster and squirrel monkey, and has been extensively used for detection of PrP in 375 

immunoblots and immunohistochemistry. The secondary antibody was peroxidase-conjugated 376 

anti-human IgG, used at 1:5,000 (Sigma), and immunoreactive bands were visualized using the 377 

SuperSignal West Femto substrate detection system (Thermo Scientific) for the 80 and 100 dpi 378 
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sample immunoblots or the ECL Western Blotting substrate detection system (Thermo 379 

Scientific) for the terminal sample immunoblots. Densitometry on unsaturated immunoreactive 380 

bands was performed on exposed film using the Bio-Rad ChemiDoc MP system. Adjusted 381 

volumes for immunoreactive bands were calculated by taking the total band volume and 382 

subtracting the global background using Image Lab software version 5.0 (Bio-Rad). Statistical 383 

analysis of densitometry by two-tailed Student t-test was performed using GraphPad Prism. 384 

 385 

Immunohistochemical detection of PrPSc, microglia, and astroglia. Portions of brain were 386 

removed and placed in 10% neutral buffered formalin for 3 to 5 days.  Tissues were then 387 

processed and embedded in paraffin. Sections were cut using a standard Leica microtome, 388 

placed on positively charged glass slides, and air-dried overnight at room temperature. The 389 

following day slides were heated in an oven at 60ºC for 30 min. 390 

Deparaffinization, antigen retrieval and staining were performed using the Ventana 391 

automated Discovery XT stainer. Because of the intense aggregation of PrPSc, immunostaining 392 

PrPSc requires stringent antigen retrieval using high temperatures. In the present experiments 393 

PrPSc antigens were exposed by incubation in CC1 buffer (Ventana) containing Tris-Borate-394 

EDTA, pH 8.0 for 100 minutes at 95°C. Staining for PrP was done using human anti-PrP 395 

monoclonal antibody D13 described above. For immunohistochemistry, D13 culture fluid was 396 

used at a dilution of 1:100 for 2 hours at 37°C. The secondary antibody was biotinylated goat 397 

anti-human IgG at 1:250 dilution (Jackson ImmunoResearch, West Grove, PA), and 398 

streptavidin-biotin peroxidase was used with DAB as chromogen (DAB Map kit; Ventana 399 

Medical Systems, Tucson, AZ).  Hematoxylin was used as a counterstain for all slides.  400 

To stain microglia, rabbit anti-Iba1 was used at a 1:2000 dilution and was a gift from Dr. John 401 

Portis, RML, Hamilton, MT. To stain astrocytes, rabbit anti-glial fibrillary acidic protein 402 
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(GFAP)(Dako #Z0334) was used at a dilution of 1:3500. Primary antibodies were diluted in PBS 403 

containing stabilizing protein and 0.1% Proclin 300 (Ventana Antibody Dilution Buffer). Diluent 404 

without antibody was used as a negative control. Ventana streptavidin-biotin alkaline 405 

phosphatase system was used to detect Iba1 and GFAP (45) with the exceptions that the 406 

secondary antibody was goat anti-rabbit Ig, (Biogenex, HK336-9R) and Fast Red chromogen 407 

was used. Slides were examined and photomicrographs were taken and observed using an 408 

Olympus BX51 microscope and Microsuite FIVE software. Comparisons of the number of Iba1 409 

positive microglia between PLX5622 treated and untreated cohorts were compared by unpaired 410 

Student’s t-test using GraphPad Prism. 411 

 412 

RNA isolation. Total RNA was isolated from the left hemisphere of mouse brain by dissociation 413 

of tissue in 2 ml TRI-reagent (Sigma) following the manufacturer’s protocol. Isolated RNA was 414 

rinsed in 2 ml 75% ethanol, centrifuged for 10 min at 13,000 x g, and air dried. Total RNA was 415 

suspended in 100 ul of DNase reaction buffer (Ambion) and digested with 6 units of DNase I 416 

(Ambion) of 30 min at room temperature. RNA was re-isolated and cleaned using RNA Clean & 417 

Concentrator-25 column kit (Zymo Research), eluted with 150 ul nuclease-free water with 1 x 418 

RNase Inhibitor (SUPERase-In, Ambion), and stored at -80°C until use.  419 

 420 

qRT-PCR analysis. For quantitative analysis of changes in transcription using qRT-PCR arrays, 421 

400ng of high-quality RNA from each sample was reverse transcribed to synthesize cDNA using 422 

the RT2 First Stand Kit per manufacturer’s instructions (Qiagen). Each cDNA reaction was 423 

mixed with 2x RT2 SYBR Green Mastermix purchased from Qiagen with RNase-free water to a 424 

final volume of 1.3 ml. Ten microliters of the mixture was then added to each well of a 384-well 425 

format plate of the Mouse Inflammatory Cytokine & Receptors super array PAMM-011ZE 426 
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(Qiagen). The analysis was carried out on an Applied Biosystems ViiA 7 Real-Time PCR 427 

System with a 384-well block using the following conditions: 1 cycle at 10 min, 95C; 40 cycles 428 

at 15 s, 95C then 1 min, 60C with fluorescence data collection. Melting curves were generated 429 

at the end of the completed run to determine the quality of the reaction products. Raw threshold 430 

cycle (CT) data was collected with a CT of 35 as the cutoff. CT data was analyzed using the web-431 

based RT² Profiler PCR Array Data Analysis 432 

(http://pcrdataanalysis.sabiosciences.com/pcr/arrayanalysis.php). All CT values were normalized 433 

to the average of the CT values for the housekeeping genes Actb, Gapdh, and Hsp90ab1. 434 

Changes in transcription were calculated by the software using the ΔΔCT based method (46). 435 

Statistical analysis was performed using the unpaired Student’s t-test to compare the replicate 436 

ΔCT values for each gene in the control group versus infected groups. A mean of ≥ 2.0 fold 437 

change and p-value of ≤ 0.05 considered significant. For qRT-PCR data, no effort was made to 438 

adjust p-values for multiple comparisons since we were interested in only controlling for the 439 

individual error rate, where an adjustment for multiple tests is deemed unnecessary. 440 

 441 
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 576 

 577 

Figure legends 578 

Figure 1. Long-term reduction of microglia with PLX5622 treatment. Mice injected with 579 

NBH were continually fed control chow (untreated, PLX5622 -) or chow supplemented with 580 

PLX5622 (+) for up to 181 days. Similar paraffin-embedded sections of cortex and thalamus 581 

were fixed and stained with antibody to Iba1. Iba1 positive cells were enumerated at 80, 98, 582 

133, 161, and 181 days post-treatment and reported as the number of positive cells per mm2 (A 583 

and D). The white columns represent the mean number of Iba1 positive cells in mice fed control 584 

chow (PLX5622 -) and the grey columns represent the mean number of Iba1 positive cells in 585 

mice fed PLX5622 chow (PLX5622 +). Each dot represents an individual mouse. Error bars 586 
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represent one standard deviation. The percent reduction with treatment for each time point 587 

relative to control is given. Untreated and PLX5622 treated groups at each time were compared 588 

by unpaired t-test, where * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001, **** P ≤ 0.0001. For a visual 589 

reference, representative images depicting approximately a quarter of the counting area of the 590 

cerebral cortex (B and C) and thalamus (E and F) at 80 days are shown at the same scale as 591 

indicated. 592 

 593 

Figure 2. Survival of PLX5622-treated and untreated mice infected with scrapie strain 594 

RML, ME7, or 22L. Survival curves showing mice fed control chow (Untreated, filled circles) or 595 

chow supplemented with PLX5622 (open circles). Mice were infected with scrapie strains RML 596 

(A), ME7 (B), or 22L (C) and monitored by observers blinded to the treatments for clinical signs 597 

of scrapie requiring euthanasia. Data are percentage of animals not euthanized versus days 598 

post-infection (Days). The day each individual mouse was euthanized, median day of 599 

euthanasia for each mouse cohort, and the number of animals in each group is given in Table 1. 600 

Statistical analysis was performed using Mantel–Cox log-rank analysis comparing PLX5622 601 

treated to untreated. 602 

 603 

Figure 3. Nesting and scrapie severity scores of mice either treated or untreated with 604 

PLX5622 and infected with scrapie strain RML, ME7, or 22L. Mice infected with scrapie 605 

strain RML, ME7, or 22L were either treated with PLX5622 (open circles) or untreated (closed 606 

circles) and scored by observers blinded to the treatments for changes in nesting behavior and 607 

severity of clinical presentation (scrapie severity score) at various days post-infection (DPI). 608 

Nesting behavior was scored on a scale of 1 to 5, where 5 was a near perfect nest and 1 was 609 

no nest. Severity of clinical presentation was scored from 0 to 3, where 0 represented no signs 610 
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and 3 were signs requiring euthanasia (see methods for details). All scores are representative of 611 

the average score of the study group at each DPI. To emphasize the differences, scrapie 612 

severity scoring is reported for each scrapie strain until the PLX5622-treatment group averaged 613 

a score of 3. The number of mice per cohort is in Table 1. Error bars represent the standard 614 

error of the mean. Multiple t-test was performed comparing PLX5622 treated and untreated 615 

groups of mice at specific time points using GraphPad software. Statistical significance was 616 

determined using the Holm-Sidak method to correct for multiple comparisons, with alpha = 0.05. 617 

** P ≤ 0.01, *** P ≤ 0.001, **** P ≤ 0.0001. 618 

 619 

Figure 4. Representative neuropathology and immunohistochemical assessment of 620 

gliosis and PrP deposition in cerebral cortex brain sections from control and RML-621 

infected mice either treated or untreated with PLX5622. Mice were inoculated with either 622 

normal brain homogenate (NBH, panels A-D) or scrapie strain RML (panels E-P) and treated 623 

with PLX5622 (panels A-H) or untreated (I-P). Sections of cerebral cortex were probed with 624 

antibodies that recognize PrP (A, E, I, and M); GFAP (B, F, J, and N); and Iba1 (C, G, K, and 625 

O); or stained by H&E (D, H, L, and P). Representative images of the cerebral cortex are shown 626 

for all at the same scale as indicated. White arrow heads in panels E, I, and M indicate patches 627 

of PrPSc deposition. Black arrows in panels H and P indicate vacuoles present in the neuropil. 628 

 629 

Figure 5.  PrPSc distribution in brains from mice with terminal RML scrapie in mice 630 

treated or untreated with PLX5622. PrP staining was performed using anti-PrP monoclonal 631 

antibody D13.  Panel A shows a representative image of a scrapie-infected mouse treated with 632 

PLX5622, panel B shows a representative image of a scrapie-infected untreated mouse 633 

euthanized at the same stage of clinical scrapie.  Both mice have similar patterns of PrPSc 634 
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distribution and aggregate morphology in the brain, demonstrated in the cerebral cortex (black 635 

arrows), hippocampus (H, upper dashed region) and thalamus (T, lower dashed region).  The 636 

scale bar in panel A is 1 mm and applies to both panels. 637 

  638 

Figure 6. Western blot and densitometry of PrPres in the brains of PLX5622-treated and 639 

untreated mice infected with scrapie. Mice infected with scrapie strain RML were treated with 640 

PLX5622 or untreated and euthanized at 80 dpi (A), 100 dpi (B), or at clinical end-point 641 

(Terminal) (C). Brain homogenates were digested with proteinase K, proteins separated by 642 

SDS-PAGE, and transferred to PVDF membranes. Blocked membranes were probed with anti-643 

PrP (D13) and bands were visualized by chemiluminescence. Panels A and B were 644 

approximately 5-second exposures to film using SuperSignal West Femto substrate, where 645 

panel C was a 10-minute exposure to film using ECL Western Blotting substrate. The dpi of 646 

euthanasia of each mouse is given below the immunoblots in panel C. Densitometry on each 647 

lane was performed to assess differences between the groups, and plots of the adjusted 648 

volumes are shown to the right of the immunoblots. Statistical analysis was performed using a 649 

two-tailed t-test comparing PLX5622 treated to untreated. P values are as indicated.  650 

 651 

Figure 7. Iba1 positive cells in cortex and thalamus during prion disease with PLX5622 652 

treatment beginning at 14 dpi. Mice infected with scrapie strain RML, ME7, or 22L were fed 653 

control chow (-, white columns) or chow supplemented with PLX5622 (+, grey columns). Mice 654 

were euthanized at 80 dpi, 100 dpi, and at clinical end-point (~157 dpi for control or ~127 dpi for 655 

PLX5622) for RML infected mice; at 98 dpi, 133 dpi, and at clinical end-point (~176 dpi for 656 

control or ~156 dpi for PLX5622) for ME7 infected mice; and at 83 dpi and at clinical end-point 657 

(~155 dpi for control or ~132 dpi for PLX5622) for 22L infected mice. See Table 1 for all clinical 658 
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endpoint ranges. Similar paraffin-embedded sections of cortex (panels A, C, and E) and 659 

thalamus (panel B, D, and F) were fixed and stained with antibody to Iba1, positive cells were 660 

enumerated, and reported as the number of positive cells per mm2. The columns are the mean 661 

and each dot in the groups represents an individual mouse.  The percent reduction with 662 

treatment for each time point relative to control is given. Error bars represent one standard 663 

deviation. Control and PLX5622 treated groups at each time were compared by unpaired t-test, 664 

where * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001, **** P ≤ 0.0001.  665 

 666 

Figure 8.  Representative neuropathology and immunohistochemical assessment of Iba1 667 

positive cells in thalamus from control and RML-infected mice either treated or untreated 668 

with PLX5622. Mice were inoculated with either normal brain homogenate (NBH, panels A-C) 669 

or scrapie strain RML (panels D-I) and treated with PLX5622 after 14 dpi (panels A-F) or 670 

untreated (G-I). Sections of thalamus were probed with antibodies that recognize Iba1. 671 

Representative images of thalamus are shown for all at the same scale as indicated. 672 

 673 

Figure 9. Survival, nesting scores, and scrapie severity scores of mice infected with 674 

scrapie strain RML and either treated with PLX5622 beginning at 80 dpi or left untreated. 675 

Mice were infected with scrapie strain RML and fed control chow (Untreated, filled circles) or 676 

switched to chow supplemented with PLX5622 (open circles) after 80 dpi. Infected mice were 677 

monitored by observers blinded to the treatments for clinical signs of scrapie requiring 678 

euthanasia (panel A). Data are percentage of animals not euthanized versus days post-infection 679 

(Days). The day each individual mouse was euthanized, median day of euthanasia for each 680 

mouse cohort, and the number of animals in each group is given in Table 4. Statistical analysis 681 

was performed using Mantel–Cox log-rank analysis comparing PLX5622 treated to untreated. In 682 
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addition, RML-infected mice were scored by observers blinded to the treatments for changes in 683 

severity of clinical presentation (scrapie severity score, panel B) and nesting behavior (panel C) 684 

at various days post-infection (DPI). Severity of clinical presentation was scored from 0 to 3, 685 

where 0 represented no signs and 3 were signs requiring euthanasia and nesting behavior was 686 

scored on a scale of 1 to 5, where 5 was a near perfect nest and 1 was no nest (see methods 687 

for details). All scores are representative of the average score of the study group at each DPI. 688 

Scrapie severity scoring stopped once the all PLX5622-treatment group averaged a score of 3. 689 

Error bars represent the standard error of the mean. Multiple t-test was performed comparing 690 

scrapie severity (panel B) and nesting scores (panel C) between PLX5622 treated and 691 

untreated groups of mice at specific time points using GraphPad software. Statistical 692 

significance was determined using the Holm-Sidak method to correct for multiple comparisons, 693 

with alpha = 0.05. * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001, **** P ≤ 0.0001. 694 

 695 

Figure 10. Iba1 positive cells in cortex and thalamus during prion disease with PLX5622 696 

treatment beginning at 80 dpi (late treatment). Mice infected with scrapie strain RML were 697 

fed control chow (-, white columns) for the duration or switched to chow supplemented with 698 

PLX5622 after 80 dpi (+, grey columns). Mice were euthanized at 104 dpi and at clinical end-699 

point (~172 dpi for control or ~139 dpi for PLX5622). See Table 4 for all clinical endpoint ranges. 700 

Similar paraffin-embedded sections of cortex (panel A) and thalamus (panel B) were fixed and 701 

stained with antibody to Iba1. Iba1 positive cells were enumerated and reported as the number 702 

of positive cells per mm2. The columns are the mean and each dot in the groups represents an 703 

individual mouse. The percent reduction with treatment for each time point relative to control is 704 

given. Error bars represent one standard deviation. Control and PLX5622 treated groups at 705 

each time were compared by unpaired t-test, where * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001, **** P 706 

≤ 0.0001.  707 

 on N
ovem

ber 9, 2018 by guest
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/


 on N
ovem

ber 9, 2018 by guest
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/


 on N
ovem

ber 9, 2018 by guest
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/


 on N
ovem

ber 9, 2018 by guest
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/


 on N
ovem

ber 9, 2018 by guest
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/


 on N
ovem

ber 9, 2018 by guest
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/


 on N
ovem

ber 9, 2018 by guest
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/


 on N
ovem

ber 9, 2018 by guest
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/


 on N
ovem

ber 9, 2018 by guest
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/


 on N
ovem

ber 9, 2018 by guest
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/


 on N
ovem

ber 9, 2018 by guest
http://jvi.asm

.org/
D

ow
nloaded from

 

http://jvi.asm.org/


Table 1. Survival times of PLX5622-treated and untreated scrapie-infected C57BL/10 mice 

 Treatment/Strain Survival times (dpi)‡ Mean dpi ± SD  

PLX5622/RML (n†=14) 115, 115, 117, 117, 117, 117, 126, 126, 133, 
136, 136, 136, 142, 142 126.8 ± 10.5 

Untreated/RML (n=12) 143, 153, 153, 153, 157, 157, 160, 160, 162, 
163, 164, 164 157.4 ± 6.2 

PLX5622/ME7 (n=12) 148, 150, 152, 152, 157, 157, 158, 158, 160, 
161, 161, 161  156.3 ± 4.6 

Untreated/ME7 (n=12) 166, 172, 172, 172, 174, 177, 177, 180, 180, 
180, 180, 181 175.9 ± 4.7 

PLX5622/22L (n=9) 126, 132, 132, 132, 133, 133, 133, 134, 135 132.2 ± 2.5 

Untreated/22L (n=10) 139, 154, 154, 154, 155, 156, 156, 156, 162, 163 154.9 ± 13.0 
† number of mice in the study group. 
‡ number of days post infection when individual mice were euthanized due to presence of 
advanced clinical signs.  
SD = standard deviation 
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Table 2. Proinflammatory genes consistently increased in 
thalamus or brain during scrapie infection at 80 dpi (5, 31) 
that are altered with PLX5622 treatment.  

 
Thalamus PLX5622 

RML (n=2)†  Brain PLX5622  
RML (n=4) 

Gene FC  FC 
Ccr1 -20.7  -3.1* 
Ccl8 -12.7  -28.8*** 
Ccr5 -11.4  -3.3** 
Ccr3 -10.6  -4.7** 
Il1a -8.0  -3.8* 
Ccl6 -7.8  -2.8** 
Tnf -7.1  1.1 
Ccl11 -4.2  -1.2 
Il1rn -4.1  1.2 
Ccl4 -3.8  -1.3 
Ccl12 -3.5  -2.1 
Il10ra -3.5  -2.7** 
Ccl9 -2.6  -4.8** 
Cxcl9 -2.6  -1.2 
Il6ra -2.6  -2.2** 
Ccl22 -2.2  -1.9 
Ccl3 -2.0  -1.5 
Cxcl5 2.3  3.0* 
Cxcl1 2.6  4.8* 
Tnfsf11 3.8  1.9 
† number of individual mice examined 
Fold Change (FC) relative to untreated RML infected mice at 
80 dpi. 
P values are calculated using the student t-test. 
* P value ≤ 0.05, ** P value ≤ 0.01, *** P value ≤ 0.001.  
P values for PLX5622 treated thalamus could not be 
calculated because of an n of 2.  
Bolded genes are predominately expressed by microglia in 
healthy brain.  
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Table 3. List of proinflammatory genes that were unchanged in the 
thalamus of mice at the 80 dpi timepoint when RNA from PLX5622-
treated mice was compared to RNA from untreated mice. 

Aimp1 Cd40lg Il10rb Il4 

Bmp2 Csf1 Il11 Il5 

Ccl1 Csf2 Il15 Il5ra 

Ccl17 Csf3 Il16 Il6st 

Ccl19 Cx3cl1 Il17a Il7 

Ccl2 Cxcl10 Il17b Lta 

Ccl20 Cxcl11 Il17f Ltb 

Ccl24 Cxcl12 Il1b Mif 

Ccl5 Cxcl13 Il1r1 Nampt 

Ccl7 Cxcl15 Il21 Tnfsf10 

Ccr10 Cxcr2 Il2rb Tnfsf13 

Ccr2 Cxcr3 Il2rg Tnfsf13b 

Ccr4 Cxcr5 Il3 Tnfsf4 

Ccr6 Fasl Il33 Vegfa 

Ccr8 Ifng   

Bolded genes were previously shown to be increased in the thalamus of RML 
infected mice at 80 dpi (31). These genes in bold were similarly increased in RML-
infected untreated and PLX5622-treated mice, therefore their expression is 
unaffected by the reduction in microglia.  
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Table 4. Survival times of delayed PLX5622-treated and untreated RML-infected C57BL/10 
mice. 
 Treatment Survival times (dpi)‡ Mean dpi ± SD  

Delayed PLX5622 (n†=12) 132, 132, 135, 135, 137, 139, 141, 141, 141, 
145, 146, 146 139.2 ± 5.0 

Untreated (n=13) 158, 160, 160, 173, 173, 181, 181, 181, 181, 
177, 163, 169, 182 172.2 ± 9.2 

† number of mice in the study group. 
‡ number of days post infection when individual mice were euthanized due to presence of 
advanced clinical signs.  
SD = standard deviation 
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