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Abstract

Microglia, the main immune cells of the central nervous system (CNS) have long been
known for their remarkable sensitivity to tissue disturbance or injury, but its implications to
the interpretation of results from ex vivo models of the CNS have remained largely unclear to
date. To this end, we have followed the course of microglial phenotype changes and
contribution to neuronal network organisation and functioning in acute brain slices prepared
from mice, widely used to study the physiology of the brain from nanoscale events to complex
circuits. We found that upon acute slice preparation, microglial cell bodies dislocate and
migrate towards the surface of slices, alongside with rapidly progressing morphological
changes and altered interactions with neurons. This is accompanied by gradual depolarization
and downregulation of P2Y12 receptors, which are instrumental for microglia-neuron
communication. Quantitative post-embedding immunofluorescent labelling reveals time-
dependent increase in the number of excitatory and inhibitory synapses upon slice preparation
in the cerebral cortex, which are markedly influenced by microglia. In line with this, the
absence of microglia diminishes the incidence, amplitude and frequency of sharp wave-ripple
activity in hippocampal slices. Collectively, our data suggest that microglia are not only
inherent modulators of complex neuronal networks, but their specific actions on network
reorganisation and functioning must be taken into account when learning lessons from ex vivo

models of the CNS.
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Introduction

Since its first applications several decades ago (Andersen, 1981; Yamamoto &
Mcllwain, 1966), the acute brain slice preparation technique has become an instrumental tool
in the field of neuroscience and have extensively contributed to our understanding of cellular
physiology. As the methodology of slice preparation went through numerous iterations over
the years (Brahma et al., 2000; Richerson & Messer, 1995; Ting et al., 2014), improvements
have led to acute slices even capable of producing spontaneous oscillations, similar to those
observed in vivo (H4jos et al., 2013; Mann et al., 2005; Perumal et al., 2021; Wu et al., 2005).
Meanwhile, ex vivo studies of non-neuronal cell types such as astrocytes and microglia have
also been emerging (Kettenmann et al., 2011; Verkhratsky & Nedergaard, 2018), alongside
with increasing focus on bidirectional communication between neurons and glial cells (Eyo &
Wu, 2013; Pannasch & Rouach, 2013). Microglia are the resident immunocompetent cells in
the nervous system, with essential roles beyond their immune function under both
physiological and pathological conditions (Masuda et al., 2020; Prinz et al., 2019). Because
microglia are heavily involved in brain development and maintenance of neuronal populations
(Kierdorf & Prinz, 2017; Thion et al., 2018), as well as their functional alterations are linked
to a wide range of human diseases (Salter & Stevens, 2017; Song & Colonna, 2018; Wang &
Colonna, 2019), interest in understanding microglial function has substantially increased over
the last decade. As such, acute slice preparations also proved to be an essential tool for the
investigation of microglia, since robust transcriptomic, proteomic and functional differences
have been revealed between cultured and acute microglia properties (Boucsein et al., 2000,
2003; Butovsky et al., 2014; Féarber & Kettenmann, 2005; Hellwig et al., 2013; Kettenmann et
al., 2011; Melief et al., 2012; Schilling & Eder, 2007a; Schmid et al., 2009). In fact, the
microglial gene expression profile is altered within minutes to hours of being in culture, as

demonstrated by the downregulation of various important homeostatic genes
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(e.g.: Tmem119, P2ry12, THIK, NKCCI1), whereas acute slice preparations have been
suggested to better preserve a microglial phenotype resembling that seen under physiological
states (Bennett et al., 2018; Bohlen et al., 2017; Butovsky et al., 2014; Gosselin et al., 2017;
Izquierdo et al., 2019). However, it is also acknowledged that microglia can rapidly become
reactive in slices and translate to an amoeboid phenotype (Haynes et al., 2006; Petersen &
Dailey, 2004; Stence et al., 2001). Importantly, while the acute slice technique have contributed
with major advancements to microglia physiology (Boucsein et al., 2000; Farber &
Kettenmann, 2005; Kettenmann et al., 2011; Schilling et al., 2000; Schilling & Eder, 2007b),
the sensitivity of microglia to the slice preparation procedure and the impact of methodological
practices that are essential for optimal electrophysiological measurements have remained
vaguely characterized. This may be particularly important in light of the remarkable sensitivity
of microglia to even subtle changes in their microenvironment (Hirbec et al., 2019; Masuda et
al., 2020). A further unexplored territory is how microglia may influence complex neuronal
circuits and their reorganization via time-dependent changes upon acute slice preparation. To
this end, we set out to investigate microglia and the neuronal network simultaneously in slice
preparations using an experimentally relevant timeframe. Our results suggest that microglia are
inherent contributors for basic features of neuronal networks in acute slice preparations, which
is remarkably influenced by microglial phenotype changes due to the slice preparation and
incubation procedure. We suggest that these observations may be of high importance for both

microglial and neuronal studies applying the acute brain slice technique.
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Results

Microglia gradually migrate towards the surface of acute slice
preparations

Microglia are well known to react rapidly to injury or tissue disturbance in the brain
parenchyma (Davalos et al., 2005; Nimmerjahn et al., 2005). This is characterized by extension
of their highly motile processes towards the injury site, which may be followed by translocation
of their cell body depending on the nature and the extent of the insult. To investigate how injury
caused by acute slice preparation influences microglia functions on a population level, we first
tracked microglial cell body and process distribution during a 5 hour incubation period in 300
um thick acute hippocampal slices from CX3CR17°F microglia reporter mice (p.n.:~35 days).
We consistently used a strictly controlled preparation and incubation procedure across all
measurements (see details in Methods), which has been optimized for studying neuronal
network dynamics, as slices prepared with this method are able to produce sharp wave-ripple
activity (SWR) spontaneously (H4jos et al., 2013; Schlingloff et al., 2014). To monitor time
dependent changes, slices were immersion-fixed at different time points after cutting (Figure
1A). Subsequently, preparations were resliced to obtain cross-sections and mounted onto glass
plates for analysis (Figure 1B). Only the native microglial GFP signal was imaged via confocal
laser-scanning microscopy, to avoid artefacts that might occur due to antibody penetration
issues during immunofluorescent labelling. Original images were masked in order to display
cell bodies or processes only, and a virtual grid was used to quantify distribution changes along
the top to bottom axis of slice preparations (Figure 1C).

We found that translocation of microglial cell bodies occurs rapidly after slice
preparation with most extensive changes in the top region (~40 um) of slices (Figure 1D). Here,
the density of cell bodies gradually increased by 75% throughout the 5 hours of the incubation

(independent t-test, p<0.01), and reached significance at 42% (p<0.05) as early as 2 hours of
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85 incubation (Figure 1E; blue). We also observed a decreasing trend of cell body density in the
86  bottom region of slices, which started to increase again after 2 hours of incubation (Figure 1E;
87  green, n.s.). Top region of slices showed a 42% higher density of cell bodies when compared
88  to the bottom region (independent t-test, p<<0.01) already after 2 hours of incubation (Figure
89 1E, black statistical indication). Since the gradually increasing density of cell bodies towards
90 the top region suggested a displacement of cells during the incubation process, we decided to
91  quantify these changes. To this end, we calculated the lowest distance of cell displacement in
92  order to reach the 5 hours distribution starting from the 0 minute distribution (Figure 1F). Our
93  results show that the translocation of cell bodies is a composite of two effects: a stronger effect
94  acting in the direction of the top surface (median displacement from the bottom of the slice:
95 17,08 um) and a smaller effect acting towards the top and bottom cut surfaces away from the
96 middle of the slices (7,99 um from the middle). The total number of microglia located in whole
97  cross sections did not differ significantly during the course of the experiment (43.07 cells/grid
98 at 0 min, 41.50 cells/grid at 5 hours; p=0.788), suggesting that microglia loss does not
99  contribute substantially to the observed changes in cell distribution.
100 In line with this, the spatial distribution of microglial processes within the slice showed
101  similar, but even more pronounced alterations during the course of the incubation process
102  (Figure 1G). We observed that the percentage of the fluorescent signal corresponding to
103  microglial processes in the top layer increased significantly by 21% (p<0.05) as early as 2 hours
104  ofincubation and by 29% (p<0.001) after 5 hours of incubation (Figure 1H, blue). Contrary to
105  microglial cell bodies, process density at the bottom layer showed a significant drop by 15%
106  (p<0.05) already after 2 hours of incubation (Figure 1H, green). Here, we also observed 23%
107  (p<0.05) lower process density at the bottom region of slices compared to top after 5 hours of

108  incubation (Figure 1H; black statistical indication, independent t-test). Importantly, the total
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percentage of area covered by microglial processes dropped to half between the 0 minute and
5 hour time points (p<0.0001, independent t-test, Figure 11).

To capture these changes in real time, slice preparations were transferred into a
recording chamber for confocal imaging (Figure 1J). The native signal of microglia
(CX3CR1"6™) was continuously imaged for at least 6 hours after slice preparation (Figure 1K,
Supplementary Video 1-2). We found that individual cell behaviours correlated with the
quantitative data (Figure 1E-F, H-I), as we saw both processes and the cell body of microglia
(Figure 1K, coloured dots) express directed movement towards the top surface of slices (Figure

1K, white stripped line).
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118  Figure 1. Microglia gradually migrate towards the surface of acute slice preparations
119 A. Schematic representation of the experiment. CX3CR1*/S™ littermates (N=3; p.n.: ~35 days) were used to

120 create acute hippocampal slice preparations and placed into an interface-type incubation chamber for
121 recovery. Slices were immersion-fixed immediately (0 minute) or after 20 minutes, 1 hour, 2 hours or 5
122 hours of incubation.

123 B. Cross sections were made from slice preparations that were fixed at different time points (top). Maximum
124 intensity projection image shows cross-sections of slices mounted onto glass plates while preserving their
125 top and bottom directionality according to their position in the incubation chamber. Native GFP signal of
126 microglia were imaged via confocal laser-scanning microscopy (bottom, bar: 500 pum).

127 C. Original images were further processed (to contain either cell bodies or processes) and a 7x3 grid (violet)
128 was used consequently for the quantification of cell body or process distributions along the grid layers (bar:
129 100 um).

130 D. Representative sections of processed images at 0 minute and 5 hours showing distribution of microglial cell
131 bodies along the top and bottom axis of slices (left, bar: 50 um). Bar-plots are showing percentages of total
132 cell bodies counted respective to the layers of the analysis grid (right). N=3, 3 slices/animal, mean + SEM,
133 independent t-test, **: p<0.01.

134 E. Line-plots representing measured changes of microglial cell body percentages across different time points
135 within the top (blue) and bottom (green) layers of acute slice preparations. N=3, 3 slices/animal, median +
136 SEM, independent t-test, ns: not significant, *: p<0.05, **: p<0.01. Blue statistical indications show
137 significant changes compared to 0 minute time point, black statistical indications compare top and bottom
138 means at each time point.

139 F. Cell body translocation quantified as displacement (um) towards the top measured from bottom (green) or
140 middle (grey). N=3, p.n.: ~35 days; 3 slices/animal.

141 G. Same as in D) respective to microglial process fluorescence intensity calculated for each layer in the grid,
142 mean + SEM, independent t-test, **: p<0.01, ***: p<0.001.

143 H. Same as in E) respective to microglial process fluorescence intensity. N=3, p.n.: ~35 days; 3 slices/animal;
144 mean + SEM, independent t-test, ns: not significant, *: p<0.05, **: p<0.01, ***: p<0.001.

145 I. Percent of area covered by processes at the 0 minute and 5 hour time points, independent t-test, ****:
146 p<0.001.

147 J.  CX3CR1*®F? mice (p.n.:45-80 days) were used to create acute hippocampal slices and transferred into a
148 recording chamber for confocal or 2P imaging after cutting.

149 K. Extracted timeframes from Supplementary Video 1. Images show the translocation of microglial processes
150 and the cell body towards the surface of slice preparations (white stripped line). Scale bar: 10 um.
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Microglia undergo rapid, progressive morphological changes in
acute slices

151 Microglial cells are well known to retract their processes as an early response to injury
152  and translate into an amoeboid, reactive phenotype. (Haynes et al., 2006; Petersen & Dailey,
153 2004; Stence et al., 2001). Our results on the decrease in area covered by microglial processes
154  after 5 hours (Figure 1I) suggested robust changes in microglia morphology taking place in
155  acute slice preparations. This behaviour was also evident in the data gathered by our imaging
156  experiments, where we saw rapid transformation of individual microglial cells into a reactive
157  phenotype (Figure 2A, Supplementary Video 3). To define the spatio-temporal characteristics
158  of these pronounced morphological changes, preparations were immersion-fixed at different
159  time points during incubation. In parallel, a group of mice were transcardially perfused to
160  obtain slice preparations from the same region as controls (Figure 2B). Confocal images were
161  analysed with a recently developed automated morphological analysis tool (Figure 2C; Heindl
162  etal., 2018).

163 Confocal stacks showed drastic morphological differences in microglia induced by slice
164  preparation. We observed rapid retraction of processes already visible in maximum intensity
165  projection images created from the analysed z-stacks (Figure 2D), as well as on individual cell
166  morphologies and skeleton reconstructions via the analysis tool (Figure 2E; Supplementary
167  Video 4). Sphericity values of individual cells (measuring how amoeboid-like a cell is, where
168  retraction of processes translate to higher sphericity values) increased by ~50% on average
169  already after 20 minutes of incubation (independent t-test, p<0.0001), and peaked at ~100%
170  increase (p<0.0001) between 1 and 2 hours of incubation both in regions of the cortex and in
171 the hippocampus (Figure 2F). At the same time, total number of process endings dropped by
172 ~50% after 20 minutes of incubation (p<0.0001), and this reduction also peaked between 1-2

173 hours of incubation with ~80% decrease in average (Figure 2G, p<0.0001). We also conducted

10
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this experiment in an older group of animals (p.n.: ~95), and observed the same extensive
changes concerning both cortical and hippocampal regions (Supplementary Figure 1).

In comparison with other studies, microglia after 1 hour of incubation showed
extremely similar morphological characteristics (sphericity and numbers of process endings)
to cells measured at peri-infarct cortical areas in experimental stroke models of mice (Morrison
& Filosa, 2013; Sadler et al., 2020; Singh et al., 2018). Moreover, difference in the number of
process endings observed in a study comparing control and Alzheimer’s disease patients’
microglial morphology (Davies et al., 2017) closely resemble the changes that we observed
(~50% drop) after 20 minutes of incubation. Based on these observations, we concluded that

microglia showed rapid morphological changes in acute slice preparations.

11
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Figure 2. Microglia undergo rapid, progressive morphological changes in acute slices
A.

sphericity

Extracted timeframes from Supplementary Video 3. CX3CR1*/¢*" signal of a single microglial cell was
captured via confocal imaging at different time points after acute slice preparation. Scale bar: 10 pum.
Schematic representation of experiment. CX3CR1*/¢? [ittermates (N=8; p.n.: ~35 days) were used either to
create hippocampal slice preparations, which were immersion-fixed before (0 minute) and after 20 minutes,
1 hour, 2 hours or 5 hours of incubation (blue arrows), or animals were perfusion fixed to obtain slice
preparations with the same dimensions as acute slices (red arrows).

Slices were stained and z-stack images were obtained via confocal laser-scanning microscopy (left, bar: 20
pum). Images were analysed with an automated morphological analysis tool (Heindl et al, 2018) which uses
raw z-stacks (1.) to isolate and segment the images to separate microglial cells (2.). Separate cells are further
segmented (3.) to cell body (yellow) and processes (blue, purple). Finally, a skeleton is constructed (4.)
representing a 3D-model of each individual microglial cell (right, bar: 10 um).

Maximum intensity projections of analysed confocal images showing microglial cells in perfused or
immersion-fixed slices (bar: 50 um).

Top row: individual microglial cells at each time point respective to section C) above (yellow: cell body; blue,
purple: processes; bar: 5 um). Bottom row: reconstructed skeletons for each cell depicted in middle row,
together with their sphericity values (black) and total number of process endings (violet, cell body: red dot,
bar: 5 um).

Quantification of extracted morphological features regarding sphericity in cortex (green) and in
hippocampus (pink). N=8 animal, p.n.: ~35 days; Mann-Whitney, ns: not significant, *: p<0.05, **: p<0.01,
***: p<0.001, ****; p<0.0001.

Same as in E) regarding number of process endings / cell in cortex (green) and in hippocampus (pink). N=8
animal, p.n.: ~35 days; Mann-Whitney, ns: not significant, *: p<0.05, **: p<0.01, ***: p<0.001, ****:
p<0.0001.
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Supplementary Figure 1: Morphological changes of microglia in acute slice preparations obtained
from an older group of mice (p.n.: ~95 days)
A.

Quantification of extracted morphological features regarding sphericity in cortex (green) and in
hippocampus (pink). CX3CR1*/¢" littermates, N=5 animal, p.n.: ~95 days; Mann-Whitney, ns: not significant,
*: p<0.05, **: p<0.01, ***: p<0.001, ****: p<0.0001.

Same as in E) regarding number of process endings / cell in cortex (green) and in hippocampus (pink). N=5
animal, p.n.: ~95 days; Mann-Whitney, ns: not significant, *: p<0.05, **: p<0.01, ***: p<0.001, ****:
p<0.0001.

13


https://doi.org/10.1101/2022.04.12.487998
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.04.12.487998; this version posted April 15, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

Rapid downregulation of P2Y12R is accompanied by gradual
depolarization during the incubation process

216 To further investigate the extent of microglia activation during the incubation process,
217  we next examined changes in microglial P2Y12 receptor (P2Y12R) levels, through which
218  microglia sense and influence neuronal activity and fate (Cserép et al., 2020; Dissing-Olesen
219  etal., 2014; Eyo et al., 2014; Gu et al., 2016; Kato et al., 2016), and which are downregulated
220  upon inflammatory challenges (Haynes et al., 2006; Mildner et al., 2017). Standard pre-
221  embedding immunofluorescent labelling indicated a marked reduction of P2Y12R labelling
222 intensity already 1 hour after slice preparation (Figure 3A).

223 To quantitatively examine these changes during the whole incubation process, acute
224 slice preparations were immersion-fixed at different time points during incubation (Figure 3B),
225  followed by visualization of P2Y12R with a recently developed quantitative post-embedding
226  immunofluorescent labelling technique (Holderith et al., 2020), enabling unbiased assessment
227  of P2Y12R labelling intensity changes (Figure 3C). We quantified P2Y 12R labelling intensity
228  at microglial cell bodies (Figure 3D, left), thick processes (Figure 3D, middle) and thin
229  processes (Figure 3D, right), to investigate whether different subcellular compartments are
230 affected to a different extent. Confirming our immunofluorescent results, we found a
231  consistent, rapid decrease in P2Y12R labelling intensity in all of these compartments until 1
232 hour of incubation, followed by a small increase towards the 5 hour time point (Figure 3E).
233 This course of downregulation and subsequent modest upregulation turned out to be the most
234  prominent in thick and thin processes (Figure 3E, middle, right), while P2Y12R levels at
235  microglial cell bodies seemed to be less affected by the slice preparation procedure (Figure 3E,
236 left). As such, after 1 hour of incubation the labelling intensity (arbitrary unit, see: Methods)
237  dropped by 25% on thick processes (p<0.01), 29% on thin processes (p<0.001) and 20% at cell

238  bodies.
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239 Microglial phenotype changes have also been shown to correlate with changes in
240  resting membrane potential, while the tonically active K+ channels responsible for maintaining
241  resting membrane potential are known to be potentiated by P21Y12R actions (Madry,
242  Kyrargyri, et al., 2018; Swiatkowski et al., 2016), especially in response to injury when high
243  ATP/ADP exposure occurs. Therefore, rapid P21Y12R downregulation is expected to be
244  accompanied with membrane depolarization. To test this, we performed electrophysiological
245  recordings from microglia in acute slices. As in previous experiments, acute slice preparations
246 were placed into an interface type incubation chamber for recovery and then transferred to a
247  recording chamber at different time points during incubation, to measure microglia in whole
248  cell patch-clamp configuration. Targeting of microglial cells was guided by the intrinsic GFP
249  signal across the hippocampal CA1-CA3 stratum lacunosum-moleculare and stratum radiatum
250  regions, and below ~40 pm measured from the slice surface (Figure 3F). Our results showed
251  that microglial cells became gradually more depolarized throughout the total 5 hours of the
252 incubation process (Figure 3G, left; N=158 cells measured in slices from a total of 10 animals),
253  while we did not observed significant changes in input resistance (Figure 3G, right). Taken
254  together, microglia undergo rapid phenotype changes in acute slice preparations, as
255  characterized by cell body and process translocation (Figure 1), quick morphological shift
256  towards an ‘“amoeboid” shape (Figure 2), as well as early P2Y12R downregulation and

257  gradually depolarizing resting membrane potential (Figure 3).
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Figure 3. Rapid downregulation of P2Y12R is accompanied by gradual depolarization during the

incubation process

A. Single image planes of multi-channel confocal laser scanning microscopy z-stacks, depicting microglial cells
with pre-embedding immunofluorescent labelling (IBA1, red; P2Y12 receptors, white) before (0 min) and
after 1 hour of incubation (bar: 3 um).

B. Schematic representation of the experiment. CX3CR1*/¢*? littermates (N=3; p.n.: ~35 days) were used to
create acute hippocampal slice preparations and placed into an interface-type incubation chamber for
recovery. Slices were immersion-fixed before (0 minute) or after 20 minutes, 1 hour, 2 hours and 5 hours of
incubation.

C. After fixation, P2Y12 receptor labelling was performed by a post-embedding immunofluorescent labelling
technique: slices were dehydrated and embedded into resin blocks. Subsequently, ultrathin slices were cut
onto glass slides and labelled after resin etching. Finally, z-stack images were gathered from preparations
via high-resolution confocal laser scanning microscopy.

D. Representative images of P2Y12 receptor labelling via the post-embedding technique. Microglial cell bodies
(left), thick processes (middle) and thin processes (right) are shown together with the P2Y12R labelling (top
row) and P2Y12R labelling only (bottom row) at 0 and 20 minute time points (bar: 2 um).

E. Quantification of P2Y12 receptor labelling intensity (arbitrary unit, see: Methods) in microglial cell body
(left), thick processes (middle) and thin processes (right.) N=3 animal, p.n.: 35 days; 3 slices/animal;
independent t-test, ns: not significant, *: p<0.05, **: p<0.01, ***: p<0.001.

F. Schematic representation of the experiment. CX3CR1*/¢ littermates (N=10, p.n.: ~95 days) were used to
create acute slices. Microglial cells were measured in whole cell patch-clamp configuration. Microglial cells
were targeted via their intrinsic GFP signal across the hippocampal CA1-CA3 stratum lacunosum-moleculare
and stratum radiatum regions.

G. Resting membrane potential (left) and input resistance (right) of individual microglial cells at different time
points of the recovery process. N=10 animal, p.n.: ~90 days; N=158 cells measured in total; independent t-
test, ns: not significant, *: p<0.05, **: p<0.01, ***: p<0.001.
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Microglial phenotype changes are accompanied by rapid
alterations of microglia-neuron interactions

284 Next, we wanted to investigate whether changes in microglial phenotype paralleled
285  altered microglia-neuron interactions in acute slice preparations. To this end, we looked at
286  microglial contacts with synaptic elements and neuronal cell bodies (Cserép et al., 2020), in
287  order to examine how the number of these contacts might change during the incubation process.
288  Native GFP-signal of microglia was enhanced by anti-GFP labelling, neuronal cell body
289 identification was established via Kv2.1 labelling, and synaptic elements were identified via
290 VGLUTI1-Homerl and VGAT-Gephyrin co-localization (Figure 4A, C).

291 We found that the total percentage of neuronal soma contacted by microglial processes
292 gradually decreased throughout the incubation process and dropped by ~23% (independent t-
293  test, p<0.01) after 5 hours of incubation (Figure 4B, left). We also investigated how the
294  percentage of somatic area covered by microglial processes changed over time, which has
295  doubled at 0 minutes compared to the perfused controls (from 4% to 8%, independent t-test,
296  p<0.05). This observation indicates extremely rapid microglia actions taking place during the
297  ~I1-3 minutes between brain extraction and slice fixation. The massive initial increase was
298  followed by a gradual decrease dropping back again to control values (purple indication;
299  independent t-test, p<0.05) after 5 hours of incubation (Figure 4B, right). In line with this,
300 microglia-synapse contact prevalence showed similar alterations after slice preparation in the
301 case of glutamatergic synapses (Figure 4D, left), where average percentage of contacts
302 increased by 46% between the perfused and 0 minute conditions (independent t-test, p<0.05)
303 and gradually dropped back to control values. In the case of GABAergic synapses (Figure 4D,
304 right), we did not observe significant increase immediately after slice preparation, however we
305 measured a prominent and gradual decrease in contacts during the incubation process resulting

306 in a 42% drop after 5 hours of incubation (independent t-test, p<0.0001). Based on these
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observations, we concluded that microglia-neuron interaction sites underwent rapid and
progressive changes, as somatic coverage and contact prevalence on glutamatergic synapses

significantly increased immediately after slice preparation, followed by a gradual decrease over

time.
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Figure 4. Microglial phenotype changes are accompanied by rapid alterations of microglia-neuron

interactions

A. Representative section of a maximum intensity projection image created from confocal z-stacks used to
quantify microglial contact prevalence and process coverage on neuronal soma. White arrows point to areas
(overlap of microglia and Kv2.1 labelling) where microglial processes are likely to form contacts on neuronal
soma (bar: 5 um).

B. Quantification of contact prevalence (left) and coverage (right) of neuronal soma by microglial processes
(left). N=3 animal, p.n.: ~¥90 days; independent t-test, ns: not significant, *: p<0.05, **: p<0.01. Black
statistical indication: perfused values vs. 0 min — 5 hours. Purple statistical indication: 0 min vs. 5 hours.

C. Single image planes from confocal z-stacks used to quantify contact prevalence of microglial processes onto
glutamatergic (left) or GABAergic (right) synapses. (Inserts show image channel pairs from the boxed area,
from top to bottom: pre- and postsynaptic marker, microglia and postsynaptic marker, microglia and
presynaptic marker, merged.) Arrows show identified individual synapses contacted by microglial processes
(bars: 1 um).

D. Quantification of microglial contact prevalence onto glutamatergic (left) or GABAergic (right) synapses. N=3
animal, p.n.: ~90 days; independent t-test, ns: not significant, *: p<0.05, **: p<0.01, ****: p<0.0001.
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Synaptic sprouting is accompanied by increased Sharp Wave-
Ripple activity after acute slice preparation

327 Given the observed changes in microglial contact prevalence on synapses, we next
328  examined how the density of synaptic elements changed during the incubation process. To this
329 end, we used the quantitative post-embedding labelling method to precisely determine both
330 glutamatergic and GABAergic synaptic density changes (Figure 5A) in acute slices.

331 We found significant increase in both glutamatergic (20% increase compared to 0 min,
332  independent t-test, p<0.01) and GABAergic (9% increase compared to 0 min, p<0.05) synaptic
333  densities after 1 hour of incubation (Figure 5B), similarly to that seen in previous studies
334  (Bourne et al., 2007; Kirov et al., 1999; Trivino-Paredes et al., 2019). Interestingly, measuring
335  synapse densities at multiple time points during the incubation process revealed robust time-
336  dependent changes concerning the proportions of excitatory and inhibitory synapses. While we
337  observed similar, gradual increase in glutamatergic and GABAergic synaptic density towards
338 the 1 and 2 hour time points, there seemed to be an interesting 1 hour lag in the case of
339  GABAergic synapses (Figure 5B, left vs. right), which peaked after 2 hours of incubation (20%
340 increase compared to 0 min, independent t-test, p<0.001). Coincidentally, we observed a
341  significant drop in glutamatergic synaptic density which occurred between 1 and 2 hours of
342  incubation (Figure 5B left, purple statistical indication; 9% drop, independent t-test, p<<0.05).
343  We observed the highest density of glutamatergic synapses after 5 hours (28% increase
344  compared to 0 min, independent t-test, p<0.01), whereas at this time point there was a tendency
345  of decrease in GABAergic synaptic density (Figure 5B right; pink statistical indication; 10%
346  drop, independent t-test, n.s., p=0.051). Based on these observations, we concluded that the
347  neuronal network is most likely to be reorganized by the slow and gradual build-up of

348  excitatory synapse numbers, which is followed by the inhibitory synapses in the same manner.
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349  The inhibitory sprouting seemed to reach its maximum after 2 hours of incubation, while
350  excitatory synapse numbers further increased towards the 5 hour time point.

351 Since the slice preparation approach has been previously optimized to enable the
352  recording of spontaneously occurring SWR events (H4jos et al., 2009; Schlingloff et al., 2014),
353  we examined whether these synaptic changes are also accompanied by changes in the activity
354  ofthe hippocampal network. To this end, acute hippocampal slice preparations were transferred
355 at specific time points from the incubation chamber into a dual-perfusion recording chamber
356  (Hajos & Mody, 2009) to measure spontaneously occurring sharp wave-ripple (SWR) activity
357 via local field potential (LFP) recordings (Figure 5C). As a readout for network activity
358 changes, we compared SWR amplitude, rate and Ripple amplitude registered from the CA3
359  pyramidal cell layer of the hippocampus (Figure 5D, E). Our results showed that there was a
360  significant increase in SWR amplitude (76%, Kruskal-Wallis test, p<0.01), rate (55%, p<0.01)
361 and Ripple amplitude (91%, p<0.01) in slice preparations measured between 1 and 2 hours of
362 incubation (Figure 5F), where after the amplitude of events and Ripple amplitude started to
363  gradually decrease, while SWR rate remained at elevated levels towards the 5 hours’ time
364 point. Based on these observations, we concluded that gradual excitatory and inhibitory
365  synaptic density changes show correlations with the quality of neuronal activity in our acute
366  slice preparations, since we observed the highest synaptic densities in parallel with increased

367  amplitude and rate in SWR activity.
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Figure 5. Synaptic sprouting is accompanied by increased Sharp Wave-Ripple activity after acute

slice preparation

A. Representative sections of maximum intensity projection images created from confocal z-stacks used to
quantify glutamatergic and GABAergic synaptic densities. Images were created using the post-embedding
labelling technique. A large area of glutamatergic synaptic labelling is shown (left, bar: 5 um) and zoomed-
in insets of glutamatergic (right, top; bar: 1 um) and GABAergic synaptic labelling (right, bottom; bar: 1 um).

B. Quantification of synaptic density changes during the incubation process regarding glutamatergic (left) and
GABAergic (right) synapses. N=6 animal, p.n.: ~65 days; independent t-test, ns: not significant, *: p<0.05,
**: p<0.01, ***: p<0.001.

C. Schematic representation of the experiment. CX3CR1*/¢? [ittermates (N=8; p.n.: ~65 days) were used to
create acute hippocampal slice preparations and placed into an interface-type incubation chamber for at
least 1 hour of recovery time. Subsequently, slices were transferred at specific time points (hourly after 1-5
hours) into a recording chamber to measure sharp-wave ripple (SWR) activity via local field potential
recordings (LFP) registered from the CA3 pyramidal layer of the hippocampus.

D. Representative LFP recordings measured after 1 (yellow) or 2 hours (purple) of incubation. Grey lines
represent detected SWR events (bars 10 s, 50 pV).
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384 E. Representative averaged traces of detected SWRs (#50 in total) measured after 1 hour (yellow: average,

385 grey: individual events) or 2 hours (purple: average, grey: individual events) of incubation (bars 100 ms, 25
386 MV).

387 F. Quantification of SWR amplitude (left), rate (right) and Ripple amplitude (right) comparing events measured
388 after different time spent in the incubation chamber before recording. N=8 animal, p.n.: 65 days; Kruskal-
389 Wallis test, ns: not significant, *: p<0.05, **: p<0.01.

The absence of microglia disrupts time-dependent synaptic
sprouting in acute slices

390 Increasing evidence suggests that microglial cells are essential for the formation,
391 pruning and maintenance of synapses both in the developing and in the adult CNS (Ikegami et
392 al, 2019). We wanted to examine whether microglia can also actively contribute to the
393  observed time-dependent structural and functional changes in synaptic density detected in acute
394  slice preparations. To this end, we measured changes of synaptic densities in acute slice
395  preparations in the absence of microglia (induced by elimination of microglia with PLX5622
396 for three weeks in vivo prior to slice preparation, Figure 6A-B). Depletion of microglia with
397  PLX3373 or PLX5622 in vivo has previously been shown to induce no substantial changes in
398  neuronal cell numbers and morphology, as well as they caused no deficits in cognition and
399  behaviour, although dendritic spine numbers showed a slight increase (Elmore et al., 2014; Han
400 et al., 2017; Strackeljan et al., 2021). To measure and compare synaptic density changes
401  between control (CTRL) and depleted (DEPL) condition, we used the previously described
402  post-embedding labelling method (Figure 6C).

403 We found that time-dependent synaptic density changes after slice preparation were
404  markedly influenced by microglial actions (Figure 6D). To our surprise, the absence of
405 microglia abolished the gradual increase of glutamatergic synaptic density observed under
406  control conditions, and — after a slight and non-significant increase at 1 hour — returned to the
407 initial values after 5 hours, resulting in a 27% lower synaptic density in DEPL compared to

408  CTRL, (p<0.001, Figure 6D, left).
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Even more prominent differences were observed regarding GABAergic synaptic

densities (Figure 6D, right). The absence of microglia led to a marked initial increase of

GABAergic synaptic density, peaking at 1 hour, followed by a radical drop at 2 hours and a

slight increase after 5 hours. This course fundamentally differs from the delayed and gradual

increase observed under control conditions, which peaks at 2 hours (19% higher in CTRL,

p<0.001, Figure 6D, right). These results clearly indicate that microglia differentially controls

excitatory and inhibitory synaptic sprouting in acute slice preparations, initiating

glutamatergic, while repressing GABAergic synapse formation, at least during the early stages

(<lhour) following acute slicing.

A A e :
: DEPL b DEPLETED cell count
acute slice i ; .‘ 3| 21-G CX3CR1-GFP ddek e
preparatlon B IR B e 1000
o EEE K 800

B

L 1/

=\ & 0 min = 600
= } 20mins | 8
_—— | 1 hour g 400
S— —' =1 2 hours g 200
e 5 hours 1= o
post-embedding immunofluorescent
labelling & CLSM imaging DEPL
D GLUT GABA
1.6 1.6, ( *hkk
DEPL *kk
2 14
£ 1,
5 ®
o
8 1.2 *
g ns
i} g
o @ 1.0
(]

08'0m 20m 1h 2h 5h 08 om 20m 1h 2h 5h

Figure 6. The absence of microglia disrupts time-dependent synaptic sprouting in acute slices

A

Schematic representation of experiment. CX3CR1*/¢" |ittermates were used to create a control (CTRL; N=3,
p.n.: ~65; green) and a microglia depleted (DEPL; N=3, p.n.: ~65; blue) subgroup of animals. Slice
preparations were obtained from both groups and immersion-fixed at different time points during recovery.
Maximum intensity projection images showing microglial cells in acute slice preparations obtained from
animals that either belong to control (left) or depleted (middle) group (bars: 100 um). Quantification
comparing the total number of microglial cells counted in control (CTRL, blue) or depleted (DEPL, green)
acute slices (right). N=6-6 animal, p.n.: ~65 days; independent t-test, ns: not significant, ****: p<0.0001.
Representative sections of maximum intensity projection images created from confocal z-stacks used to
quantify and compare densities of glutamatergic (left) or GABAergic (right) synapses in control (top row) or
microglia depleted (bottom row) acute slices (bar: 5 um).
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429 D. AQuantification of synaptic density changes during the incubation process regarding glutamatergic (left) and

430 GABAergic (right) synapses. Synaptic density changes are compared between control (green, data also
431 shown in Figure 5b) and microglia depleted (blue) acute slices. N=6 animal, p.n.: 65 days; independent t-
432 test, ns: not significant, *: p<0.05, **: p<0.01, ***: p<0.001, ****: p<0.0001.

The absence of microglia impairs Sharp Wave-Ripple activity in
acute slice preparations

433 We observed markedly lower glutamatergic and GABAergic synaptic densities after 2
434  hours of incubation when microglia were absent (Figure 6D), while in parallel SWR parameters
435  showed a significant increase in control slices after 2 hours (Figure 5F). Thus, we set out to
436  examine whether synchronous events are also positively affected by the presence of microglia.
437  To this end, we decided to compare features of spontaneously occurring SWR activity
438  measured from control (CTRL) or microglia depleted (DEPL) acute slice preparations using
439  simultaneous recordings from both conditions (Figure 7A-B).

440 Since we measured slice preparations from both groups at the same time and for the
441  same duration, we decided to quantify and compare the differences concerning the occurrence
442  of SWR activity between the two conditions. We observed that 18 out of 36 slices (50%)
443  presented detectable SWR activity in CTRL (for more detail in evaluation, see: Methods),
444  whereas only 4 out of 36 slices (11%) from DEPL (Figure 7C). Furthermore, our results showed
445  significant differences between spontaneously occurring SWR activity recorded from CTRL
446  or DEPL acute slice preparations, as we observed ~3.5 fold decrease in SWR amplitude, ~1.9
447  fold decrease in SWR rate and ~2.1 fold decrease in Ripple amplitude registered from DEPL
448  when compared to CTRL slices (Figure 7D). Quantification showed a median value of SWR
449  amplitude (in mV) 0.109 (q1: 0.058, q3: 0.191) in the case of CTRL and 0.032 (q1:0.021, q3:
450  0.04) in the case of DEPL conditions (Mann-Whitney test, p<0.001). Concerning SWR rate,
451  we measured (in Hz) 1.21 (q1: 0.86, q3: 1.37) in CTRL condition, and 0.62 (q1: 0.47, q3: 0.88)
452  in case of DEPL condition (p<0.05). We measured the Ripple amplitude to be (in pV) 2.27
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453  (ql: 1.59, g3: 2.86) in the case of CTRL and 1.07 (q1:0.82, q3: 1.23) in the case of DEPL
454  conditions (p<0.01). These results indicate that microglia can effectively support the neuronal
455  network in slice preparations during the incubation process, and can positively influence the

456  occurrence, amplitude and frequency of spontaneously occurring SWR activity.
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457  Figure 7. The absence of microglia impairs Sharp Wave-Ripple activity in acute slice preparations
458 A. Schematic representation of experiment. CX3CR1*/¢P littermates were subjected to 3 weeks of either

459 control or PLX3397 containing diet to create a control (CTRL; N=6, p.n.: ~65; green) and a microglia depleted
460 (DEPL; N=6, p.n.: ~65; blue) subgroup of animals. Acute hippocampal slice preparations were obtained from
461 both groups and placed into an interface-type incubation chamber for at least 1 hour of recovery.
462 Subsequently, slices were transferred together in a pairwise manner into a recording chamber, to
463 simultaneously measure sharp wave-ripple (SWR) activity via local field potential recordings (LFP) registered
464 from the CA3 pyramidal layer of the hippocampus.

465 B. Representative LFP recordings (left; bar: 30 s, 50 uV) and averages of spontaneous SWR events (right; #50
466 in total, bar: 100 ms, 25 V) registered from control (top row, green) and microglia depleted (bottom row,
467 blue) slices. Grey lines represent detected SWR events.

468 C. Pie-charts representing SWR activity occurrence in measured slices from control group (green, 18/ 36 slices)
469 versus microglia depleted (blue, 4/36 slices).
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D. Quantification of SWR amplitude (left), rate (middle) and Ripple amplitude (right) comparing events
measured from control (CTRL, green) or depleted slices (DEPL, blue). N=6 animal/group, p.n.: ~65 days;
Mann-Whitney test, ns: not significant, *: p<0.05, **: p<0.01, ***: p<0.001.

Discussion

470 In this study, we investigated how microglial cells react to the acute slice preparation
471  and incubation procedure, while we simultaneously examined how key sites of microglia-
472 neuron interactions and the spontaneous activity of the neuronal network is affected. We show
473  that the microglial cell population undergoes rapid, robust and progressive phenotype changes
474  towards a reactive state in acute slice preparations. This behaviour is reflected in rapid
475  downregulation of P2Y12 receptors located on thick and thin processes, a gradual
476  depolarization of resting membrane potential, translocation of cells towards the slice surfaces
477 and a reduced process density in the neuropil due to transitioning into an “amoeboid”
478  morphology. Furthermore, our results confirm that interactions between microglial processes
479 and neuronal somata or synapses undergo significant changes immediately after slice
480  preparation. In line with this, our results indicate that microglia heavily influence synaptic
481  sprouting in acute slices and can actively support the neuronal network to produce
482  spontaneously emerging SWR activity.

483 We first aimed to study how the slice preparation procedure affected microglial cells in
484  acute slices. Locomotive and process polarization behaviour of microglia has been observed
485  previously in slice preparations, which was ultimately directed towards dead or injured cells in
486  the vicinity of microglia (Petersen & Dailey, 2004; Stence et al., 2001). However, population
487  level changes in the distribution of cell bodies and processes along the full depth of slices were
488  not investigated in a time-dependent manner before. Microglial recruitment to the site of injury
489  is known to be driven by extracellular ADP and P2Y 12R actions (Davalos et al., 2005; Haynes
490 etal.,, 2006; Nasu-Tada et al., 2005), which in the case of acute slices is more likely to realize

491 near the surface of preparations, where the highest concentration of dead cells and cellular
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492  debris is expected. To our knowledge, we show for the first time that microglial cell bodies
493  gradually migrate and extend their processes towards the surface of slices. Interestingly, we
494  also show that microglia translocation towards the slice surfaces is asymmetric, as it is more
495  prominent towards the top surface (facing towards the upper surface of the interface chamber).
496 It is possible that a gradually decreasing level of oxygenation along the depth of the slice, as
497  well as a higher neuronal activity at the top surface could be a driving factor beside the injury-
498  related signals (Huchzermeyer et al., 2013; Ivanov & Zilberter, 2011; Mulkey et al., 2001). It
499 is important to note here that a general rule in electrophysiological investigations of microglia
500 is to avoid measurements taking place at the top 30-50 um of slice preparations (Avignone et
501 al., 2019). Our results confirm that this region is indeed the most susceptible for rapid changes
502 in microglial phenotypes, as we saw highest changes in microglial cell body and process
503 densities in the top layer, whereas layers towards the bottom of slices seem to be less affected.
504 However, our results also indicate that experimenters should expect an increased density of
505 reactive microglia over time even in the lowest regions of the slice, and measuring deep in the
506 tissue in itself cannot prevent findings from being influenced by the emergence of more
507  reactive microglial phenotypes over time.

508 Injury or tissue disturbance has been shown to extensively stimulate and recruit
509  microglia resulting in drastic morphological changes during reactive microgliosis (Kettenmann
510 et al.,, 2011; Koshinaga et al., 2000; Savage et al., 2019). Importantly, the acute slice
511  preparation technique can ultimately be considered as a traumatic event resulting in pathologic
512  signals for microglial cells, since rapid transitioning to an amoeboid phenotype has been
513  observed before in acute slices prepared via different methodologies (Kettenmann et al., 2011;
514  Matyash et al., 2017; Petersen & Dailey, 2004; Stence et al., 2001). In line with previous
515  studies, we show that robust morphological changes are already present immediately after slice

516  preparation when compared to perfusion fixed tissue, and changes during the incubation seem
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517  to generally consolidate after 1 hour, when cells reach a more “amoeboid” phenotype. It is
518 important to note that the extent of these changes are indicative of severe pathological
519  conditions, since morphological characteristics of microglia after 1 hour of slice preparation
520 are similar to cells measured at peri-infarct cortical areas in experimental stroke models of mice
521  (Morrison & Filosa, 2013; Sadler et al., 2020; Singh et al., 2018) and in severe Alzheimer’s
522  disease patients (Davies et al., 2017).

523 The extensive expression of P2Y 12 receptors (P2Y 12R) are widely considered to be a
524  signature of microglia in the healthy brain (Bosco et al., 2018; Hickman et al., 2013; Peng et
525 al., 2019), while downregulation of P2Y12R is generally observed in pathologies and
526  associated with a reactive phenotype (Lin et al., 2021; Toéth et al., 2022; Zrzavy et al., 2017).
527  Drastic downregulation of P2Y 12Rs were observed in slice cultures as well, but changes were
528 monitored in a longer timeframe (0, 8, 24 hours), and the extent has been shown to correlate
529  strongly with microglia morphology (Haynes et al., 2006). Our observations are in line with
530 these results, while we show with a fully quantitative post-embedding method (Holderith et al.,
531  2020) that rapid downregulation of P2Y12R occurs most extensively at the processes of
532  microglia already after 1 hour of incubation. Interestingly, we show that P2Y12R
533  downregulation seem to consolidate after 1 hours of incubation, similarly to the observed
534  changes in morphology. This observation further strengthens the functional correlation
535  between changes in P2Y12R expression and the transformation into a reactive phenotype. In
536  addition, resting membrane potential of microglia has also been shown to correlate with
537  morphology, as modified activity of tonically active K+ channels responsible for maintaining
538  resting membrane potential (knocking out THIK-1 or locally increasing extracellular [K+]) can
539  decrease ramification (Madry, Arancibia-Carcamo, et al., 2018; Madry, Kyrargyri, et al.,
540  2018). It has been proposed that transitioning into a reactive phenotype could partly reflect

541  decreased expression of THIK-1 (Madry, Kyrargyri, et al., 2018), as activation via LPS
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542  treatment resulted in a significantly downregulated expression of THIK-1 mRNA (Holtman et
543 al., 2015). Importantly, our results indicate that gradual depolarization, rapid P2Y12R
544  downregulation and transitioning into an amoeboid morphology are co-occurring events in
545  acute slice preparations solely at “baseline” conditions, without any additional stimuli present
546  such as LPS or extracellular ATP/ADP.

547 The described changes in P2Y 12Rs are highly important when considering microglial
548 and neuronal cell interactions, since P2Y12R function is a key modulator between the two
549  cellular populations (Cserép et al., 2020; Lin et al., 2021; Sipe et al., 2016). We examined the
550 main sites of these interactions, which are thought to be realized between microglial processes
551 and neuronal somata or synaptic elements (Cserép et al., 2020; Miyamoto et al., 2013). We
552  show that while prevalence of contacts on neuronal soma (somatic junctions) slowly and
553  gradually decreases, the percentage of somatic area covered by microglial processes undergoes
554  a more than two-fold increase immediately after slice preparation. This is a key observation,
555  since similar changes in neuronal somatic coverage has been detected in experimental stroke
556  models (Cserép et al., 2020). Furthermore, these changes were co-occurring with a similarly
557 increased and sustained number of contacts on glutamatergic synapses, while contacts on
558  GABAergic synapses were gradually decreasing over the examined timeframe. Based on these
559  observations, our results strongly indicate that microglia behaviour shows similarities to in vivo
560 experimental stroke conditions immediately after slice preparation, which action is mainly
561 realized at microglia-neuron somatic junctions (Cserép et al., 2020) and at glutamatergic
562  synapses. Moreover, these results also demonstrate that microglial cells can rapidly redistribute
563 their processes upon pathological stimuli and target specific types of synaptic elements.

564 Studies have previously demonstrated that acute slice preparation induces synaptic
565  sprouting (Bourne et al., 2007; Kirov et al., 1999; Trivino-Paredes et al., 2019), and have

566  consistently shown an excessive proliferation of dendritic spines and increased density of

30


https://doi.org/10.1101/2022.04.12.487998
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.04.12.487998; this version posted April 15, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

567 synapses after 1 hour of incubation, when using ice-cold (<4°C) cutting solution and
568  subsequent warm (35-37°C) ACSF during recovery (Eguchi et al., 2020). It has also been
569 demonstrated that hippocampal field excitatory postsynaptic potentials (fEPSPs) recover in
570  correlation with these changes (Kirov et al., 1999). Our results are in line with these findings,
571  while we demonstrate that synaptic densities can vary in a time dependent manner during the
572  incubation process, and SWR activity shows a huge increase in amplitude, rate and frequency
573  when both glutamatergic and GABAergic synaptic densities are sufficiently increased (after 2
574  hours of incubation). Since the generation of SWRs in these conditions are both reliant on a
575 sufficiently large tonic excitatory activity and the action of reciprocally connected parvalbumin
576  positive basket cells (Schlingloff et al., 2014), these results indicate that a delicate balance
577 needs to be maintained between excitation and inhibition during the course of sprouting which
578 allows SWRs to emerge. In this study, we show that microglia has a major effect on how these
579  synaptic density changes are realized in acute slice preparations, as absence of microglia
580 changes the course of synaptic sprouting drastically. Importantly, microglial contacts can
581  facilitate spine formation and the development of functional synapses, which function is
582  correlated to an activated phenotype of microglia during early development (Miyamoto et al.,
583  2016). Furthermore, partial depletion of microglia can cause more asynchronous activity
584  without overall change in frequency (Akiyoshi et al., 2018), and similar depletion in the
585  hippocampus resulted in decreased spontaneous and evoked glutamatergic activity and
586  decreased glutamatergic synaptic density (Basilico et al., 2022). In contrast, in vivo imaging
587  experiments showed a rather increased excitatory and inhibitory neuron activity in the cortex
588 after microglia depletion, which results were consistent with ex vivo circuit mapping data (Liu
589 etal, 2021, 2022). In line with these studies, our results indicate that microglia can facilitate
590 glutamatergic and represses GABAergic synaptic formation in order to maintain a balanced

591  reorganization of the network after the loss of synapses due to the slice preparation procedure.
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592  We also show that this microglia modulated synaptic reorganization can happen within hours
593 after injury, therefore this effect should be taken into consideration in other specific in vivo or
594  ex vivo investigations of injury related behaviour of microglia and the neuronal population,
595  particularly in models for stroke, ischemia and brain trauma. Examination of the microglial
596  contribution to these short-term synaptic changes could help us better understand underlying
597 mechanisms behind these pathologies.

598 To our knowledge, we show for the first time that the presence of microglia can actively
599 influence SWR activity in hippocampal acute slice preparations. Taken together, we show that
600 microglial cells are active players in acute slice preparations and can heavily influence the
601  activity of the neuronal network.

602 The acute slice preparation is a well-established experimental tool, which is extremely
603  useful to study the physiology of neurons and other cells from individual synapses to complex
604  neuronal networks. However, precautions are necessary during the interpretation of results,
605  what type of physiological (or pathological) states certain changes in these conditions may
606  reflect concerning both neurons and microglia themselves. In fact, we show that microglial
607  cells in acute slices can present a rapid transition into a more reactive phenotype and can
608 actively influence the neuronal network through interactions via synaptic structures and
609  neuronal somata. Since microglial morphology strongly reflects the state of the tissue, we
610  suggest that monitoring these changes should always be considered, as it could help in the
611  contextualization of results concerning both the microglial and neuronal populations.
612  Moreover, an extensive examination and comparison of microglial phenotype state changes
613  due to different slice preparation methods could facilitate more refined and consistent
614  experimental models and paradigms to be established. In addition, our results also emphasize
615  the importance of interactions between microglia and complex neuronal networks, which may

616  be further emphasized by the sensitivity of microglia to a broad range changes in their micro-
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617 and macroenvironment. While the observed changes in microglia in acute slices may not
618 represent an undisturbed physiological state, the acute slice model also emerges as an
619 instrumental tool to test and understand the different factors, which contribute to reactive
620  microglial phenotypes, with broad implications for diseases of the CNS which are influenced

621 by alterations of microglial function.

622 Materials & Methods

623  Animals

624 In all experiments, CX3CR1"S*P or C57B1/6] mice littermates of both sexes were used.
625  Mice were kept in the vivarium on a 12 hour light/dark cycle and provided with food and water
626  ad libitum. The animals were housed two or three per cage. All experiments were approved by
627  the Ethical Committee for Animal Research at the Institute of Experimental Medicine,
628  Hungarian Academy of Sciences, and conformed to Hungarian (1998/XXVIII Law on Animal
629  Welfare) and European Communities Council Directive recommendations for the care and use
630 of laboratory animals (2010/63/EU) (license number PE/EA/2552-6/2016; PE/EA/254-
631  7/2019).

632  Slice preparation, incubation and fixation

633 In order to minimize bacterial contamination, all the tools and containers used for slice
634  preparation and incubation were routinely cleaned before and after experiments with 70%
635  ethanol and were rinsed extensively with distilled water. For acute slice preparation, mice were
636  decapitated under deep isoflurane anesthesia. The brain was removed and placed into an ice-
637  cold cutting solution, which had been bubbled with 95% 02-5% CO2 (carbogen gas) for at
638 least 30 min before use. The cutting solution contained the following (in mM): 205 sucrose,
639 2.5 KCl, 26 NaHCO3, 0.5 CaCl2, 5 MgCI2, 1.25 NaH2PO4, 10 glucose, saturated with 95%
640 02-5% CO2. Horizontal hippocampal slices of 300 um or 450 um (in case of LFP recordings)
641  thickness were cut using a Vibratome (Leica VT1000S). The process of slice preparation from
642  termination till the first slice to be immersion-fixed took ~2-3 minutes.

643 After acute slice preparation, slices were placed into an interface-type holding chamber

644  for recovery. In an interface-type chamber, slices are laid onto a mesh just slightly submerged
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645 into the artificial cerebrospinal fluid (ACSF), therefore the oxygenation of the tissue is mainly
646  realized by the direct exposure to humidified oxygen-rich air above the slices. This chamber
647  contained standard ACSF at 35°C that gradually cooled down to room temperature. The ACSF
648  solution contained the following (in mM): 126 NaCl, 2.5 KCI, 26 NaHCO3, 2 CaCl2, 2 MgCI2,
649  1.25 NaH2PO4, 10 glucose, saturated with 95% 02-5% CO2. Immediately after slice
650  preparation/given timeframes of incubation/after recordings, slices were immersion-fixed for
651 1 hour with 4% PFA solution.

652 For perfusion-fixed slices, mice were anesthetized and transcardially perfused with
653  0.9% NaCl solution for 1 minute, followed by 4% PFA in 0.1 M phosphate buffer (PB) for 40
654  minutes, followed by 0.1 M PB for 10 minutes to wash the fixative out. Blocks containing the
655  somatosensory cortex and ventral hippocampus were dissected, and horizontal sections were
656  prepared on a vibratome (VT1200S, Leica, Germany) at 50 pm thickness for
657  immunofluorescent histological and 100 pum thickness for the automated morphological

658  analysis.

659  Cross section of slice preparations and quantification of translocation

660 300 pum thick acute slices were immersion fixed immediately after slicing (0 minute) or
661  after 20 minutes, 1 hour, 2 hours or 5 hours spent in an interface-type incubation chamber
662  (Figure 1A). Fixed slices were washed in 0.1M PB, flat embedded in 2% agarose blocks,
663  rotated 90 degrees, and resliced on a vibratome (VT12008S, Leica, Germany) at 50 pm thickness
664  (Figure 1B). The sections were mounted on glass slides, and coverslipped with Aqua-
665  Poly/Mount (Polysciences). Intrinsic (CX3CR17"") immunofluorescence was analyzed using
666  a Nikon Eclipse Ti-E inverted microscope (Nikon Instruments Europe B.V., Amsterdam, The
667  Netherlands), with a CFI Plan Apochromat VC 20X DIC N2 objective (numerical aperture:
668  075) and an A1R laser confocal system. We used 488 nm excitation laser (CVI Melles Griot),
669 and image stacks (resolution: 0.62 um/px) were taken with NIS-Elements AR. Maximal
670 intensity projections of stacks containing the whole section thickness were saved in tiff format,
671  cell bodies were masked with Fiji “Analyze particles” plugin. Cell-body masks were used to
672  count cells, and these masks were subtracted from the original tiff files to get images containing
673  microglial processes only. As a validation for volume-related quantifications in acute slices,
674  the average thickness for each preparation across the incubation procedure was measured
675 (meantSD: 262+7 pm), which showed no substantial differences between groups (Kruskal-

676  Wallis test, p>0.05). For quantification, a measuring grid was placed onto the entire thickness
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677  of cross-sections (Figure 1 C), which divided the thickness into 7 equal zones. Cell body
678 numbers were counted within these grids, and microglial process volume was assessed by
679  measuring fluorescent integrated density within the grids with Fiji software. Cell-body
680 translocation calculation (Figure 1F) was performed for assessing microglial movement
681  towards the top surface, and also for away from the middle Z-depth of the slices. The
682  coordinates for cell bodies were registered in Fiji software, the distance of the cell bodies from
683  the bottom surface or the (middle Z-depth) were measured at 0 min, and also at 5 hours (the
684  number of measured cells was identical at the two time-points). The distances were sorted in
685  growing rows for both time points, and the 0 minute values subtracted from the 5 hour values,
686  thus we could calculate the minimal values cells had to travel in order to reach the final
687  distribution pattern (at 5 hours) starting from the 0 minutes distribution. For the process area
688  coverage measurement (Figure 11) the images with cell bodies masked out were used. Images
689  from slices fixed at 0 minutes and 5 hours were binarized in Fiji, and the percentage of covered

690 area measured.

691  Time-lapse imaging

692  Acute brain slices (300um thick) were prepared from 80 day old CX3CR17S? mice as
693  described above. Z-stack images (lum step size) were acquired using a Nikon C2 laser
694  scanning confocal microscope equipped with a 20x CFI Plan Apo VC (NA=0.75 WD=1.00mm
695 FOV=1290.4mm) objective at 488nm, under continuous perfusion with ACSF (3 ml/min
696  perfusion rate). The image acquisition started 1h after slice cutting. Image stacks were taken in
697  every 20min for 6 hours. Video editing was performed using NIS Elements 5.00 and Imagel
698  1.53f51.

699  Automated morphological analysis of microglial cells

700 300 um thick acute slices were immersion fixed for 1 hour immediately after slicing (0
701  minute) or after 20 minutes, 1 hour, 2 hours or 5 hours spent in an interface-type incubation
702 chamber (Figure 1A). Fixed slices were washed in 0.1M PB, flat embedded in 2% agarose
703  blocks, and re-sectioned on a vibratome (VT1200S, Leica, Germany) at 100 pm thickness
704  (Figure 1B). Sections selected from the middle region of incubated slices were immunostained
705  with antibodies, and DAPI (for primary and secondary antibodies used in this study, please see
706  Table 1.). Preparations were kept in free-floating state until imaging to minimize deformation

707  of tissue due to the mounting process. Imaging was carried out in 0.1M PB, using a Nikon
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708  Eclipse Ti-E inverted microscope (Nikon Instruments Europe B.V., Amsterdam, The
709  Netherlands), with a CFI Plan Apochromat VC 60X water immersion objective (numerical
710  aperture: 1.2) and an A1R laser confocal system. Volumes were recorded with 0.2 um/pixel
711 resolution and a Z-step of 0.4um. For 3-dimensional morphological analysis of microglial cells,
712  the open-source MATLAB-based Microglia Morphology Quantification Tool was used
713 (available at https://github.com/isdneuroimaging/mmgqt). This method uses microglia and cell
714  nuclei labeling to identify microglial cells. Briefly, 59 possible parameters describing
715  microglial morphology are determined through the following automated steps: identification
716  of microglia (nucleus, soma, branches) and background, creation of 3D skeletons, watershed

717  segmentation and segregation of individual cells (Heindl et al., 2018).

718  Pre-embedding immunofluorescent labelling and analysis of CLSM data

719 Before the immunofluorescent labelling, the 50 um thick sections were washed in PB
720  and Tris-buffered saline (TBS). Thorough washing was followed by blocking for 1 hour in 1%
721 human serum albumin (HSA; Sigma-Aldrich) and 0.03-0.1% Triton X-100 dissolved in TBS.
722 After this, sections were incubated in mixtures of primary antibodies, diluted in TBS overnight
723  at room temperature. After incubation, sections were washed in TBS and were incubated
724 overnight at 4 °C in the mixture of secondary antibodies, all diluted in TBS. Secondary
725  antibody incubation was followed by washes in TBS, PB, the sections were mounted on glass
726  slides, and coverslipped with Aqua-Poly/Mount (Polysciences). Immunofluorescence was
727  analyzed using a Nikon Eclipse Ti-E inverted microscope (Nikon Instruments Europe B.V.,
728  Amsterdam, The Netherlands), with a CFI Plan Apochromat VC 60X oil immersion objective
729  (numerical aperture: 1.4) and an A1R laser confocal system. We used 405, 488, 561 and 647
730 nm lasers (CVI Melles Griot), and scanning was done in line serial mode, pixel size was 50x50
731  nm. Image stacks were taken with NIS-Elements AR. For primary and secondary antibodies
732 used in this study, please see Table 1. Quantitative analysis of each dataset was performed by
733 at least two observers, who were blinded to the origin of the samples, the experiments, and did
734  not know of each other’s results.

735 For the analysis of somatic contact prevalence, confocal stacks with double
736  immunofluorescent labeling (cell type-marker and microglia) were acquired from at least three
737  different regions of mouse cortex. All labeled and identified cells were counted, when the

738  whole cell body was located within the Z-stack. Given somata were considered to be contacted
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739 by microglia, when a microglial process clearly touched it (i.e. there was no space between
740  neuronal soma and microglial process) on at least 0.5 um long segment.

741 Microglial process coverage was measured on CLSM Z-stacks acquired with a step size of 300
742 nm. On single-channel images, Kv2.1-positive cells were selected randomly, the cell bodies of
743  which were fully included in the captured volume. The surface of these cells was calculated by
744  measuring the circumference of the soma on every section multiplied by section thickness. The
745  surface of microglial process contacts was measured likewise.

746 For the analysis of synaptic contact prevalence, confocal stacks with triple
747  immunofluorescent labeling (pre- and postsynaptic markers and microglia) were analyzed
748  using an unbiased, semi-automatic method. First, the two channels representing the pre- and
749  postsynaptic markers were exported from a single image plane. The threshold for channels
750  were set automatically in FIJI, the ,.fill in holes” and ,,erode” binary processes were applied.
751  After automatic particle tracking, synapses were identified where presynaptic puncta touched
752 postsynaptic ones. From these identified points we selected a subset in a systematic random
753  manner. After this, the corresponding synapses were found again in the original Z-stacks. A
754  synapse was considered to be contacted by microglia, when a microglial process was closer

755  than 200 nm (4 pixels on the images).

756  Post-embedding immunofluorescent labelling and quantitative analysis

757 The technique described by Holderith et al. (Holderith et al., 2021.) was used with slight
758  modifications. 300 um thick acute slices were cut from CX3CR17™ mouse line and then
759  immersion fixed immediately after slicing (0 minute) or after 20 minutes, 1 hour, 2 hours or 5
760  hours spent in an interface-type incubation chamber (Figure 1 B). Fixed slices were washed in
761  0.1M PB and 0.1M Maleate Buffer (MB, pH: 6.0). Then slices were treated with 1% uranyl-
762  acetate diluted in 0.1M MB for 40 minutes in dark. This was followed by several washes in
763  0.1M PB, then slices were dehydrated in ascending alcohol series, acetonitrile and finally
764  embedded in Durcupan (Fluca). Each block contained all slices from a respective time series
765  of one animal. Ultrathin sections were cut using a Leica UC7 ultramicrotome at 200 nm
766  thickness, and collected onto Superfrost Ultra plus slides and left on a hotplate at 80°C for 30
767  minutes then in oven at 80°C overnight (Figure 3 C). Sections were encircled with silicon
768  polymer (Body Double standard kit, Smooth-On, Inc.) to keep incubating solutions on the
769  slides. The resin was etched with saturated Na-ethanolate for 5 minutes at room temperature.

770  Then sections were rinsed three times with absolute ethanol, followed by 70% ethanol and then
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771 DW. Retrieval of the proteins were carried out in 0.02M Tris Base (pH = 9) containing 0.5%
772  sodium dodecyl sulfate (SDS) at 80°C for 80 min. After several washes in TBS containing
773 0.1% Triton X-100 (TBST, pH = 7.6), sections were blocked in TBST containing 6% BlottoA
774 (Santa Cruz Biotechnology), 10% normal goat serum (NGS, Vector Laboratories) and 1% BSA
775  (Sigma) for 1 hour then incubated in the primary Abs diluted in blocking solution at room
776  temperature overnight with gentle agitation. After several washes in TBST the secondary Abs
777  were applied in TBST containing 25% of blocking solution for 3 hours. After several washes
778 in TBST, slides were rinsed in DW then sections were mounted in Slowfade Diamond
779  (Invitrogen) and coverslipped. Immunofluorescence was analyzed using a Nikon Eclipse Ti-E
780 inverted microscope (Nikon Instruments Europe B.V., Amsterdam, The Netherlands), with a
781  CFI Plan Apochromat VC 60X oil immersion objective (numerical aperture: 1.4) and an A1R
782  laser confocal system. We used 488 and 647 nm lasers (CVI Melles Griot), and scanning was
783  done in line serial mode, pixel size was 50x50 nm. Image stacks were taken with NIS-Elements
784  AR. For primary and secondary antibodies used in this study, please see Table 1. Quantitative
785  analysis of each dataset was performed by at least two observers, who were blinded to the
786  origin of the samples, the experiments, and did not know of each other’s results.

787 For the quantitative assessment of P2Y12R expression, single high-resolution CLSM
788  image planes were used. Microglial cell bodies, thick (average diameter greater than 1 um) and
789  thin (average diameter less than 1 um) processes were identified based on TMEMI119 and
790  CX3CRI1"7SFP staining. Once the respective outlines of these profiles have been delineated,
791  these outlines have been extended both in the intra- and the extracellular direction with 250-
792 250 nm, yielding a 500 nm wide ribbon-shaped ROI. The integrated fluorescent density of
793  P2YI12R-labeling were measured and divided by the lengths of the respective ROIs, which
794  gave us the P2Y12R fluorescent intensity values applied to unit membrane lengths for each
795  profile.

796 For the synapse density measurements we used double stainings for pre- and
797  postsynaptic markers (vGIluT1 with Homer] for glutamatergic, and vGAT with Gephyrin for
798  GABAergic synapses). We could validate the specificity and sensitivity of these stainings
799  based on the near-perfect match between pre and postsynaptic markers, thus we continued to
800  measure the presynaptic signals. ROIs were randomly chosen within the neuropil, avoiding cell
801  bodies. The integrated fluorescent densities were measured within these ROIs for vGluT1 and

802  VGAT channels. Measurements were performed with the Fiji software package.
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803  Selective depletion of microglia

804 CX3CR17CFP or C57B1/6] littermates were subjected to 3 weeks of either control or
805 PLX3397 containing diet to create a control and a microglia depleted subgroup of animals,
806  respectively. Extra slices were gathered from each animal by the re-slicing of immersion-fixed
807  or perfusion-fixed acute slice preparations (50 um). Success of depletion was monitored by
808  creating z-stack images of the native GFP signal of microglia with confocal laser-scanning
809  microscopy, and verified by comparing the total number of microglia counted (via Fiji counting
810 tool) at the same cortical and hippocampal locations, and through the whole depth of the slice

811  preparations.

812  Patch clamp recordings

813 Generally accepted guidelines were followed for patching microglial cells (Avignone
814 et al., 2019). After incubation for given timeframes (as specified for each experiments in the
815  Results section), slices were transferred individually into a submerged-type recording chamber
816  with a superfusion system allowing constantly bubbled (95% 02-5% CO2) ACSF to flow at a
817  rate of 3-3.5 ml/min. The ACSF was adjusted to 300-305 mOsm and was constantly saturated
818  with 95% 0O2-5% CO2 during measurements. All measurements were carried out at 33 —34°C,
819  temperature of ACSF solution was maintained by a dual flow heater (Supertech Instruments).
820  The pipette solution contained (in mM): 120 KCI, 1 CaCl2, 2 MgCl2, 10 HEPES, and 11
821 EGTA, pH: 7.3, 280-300 mOsm. Pipette resistances were 3-6 MQ when filled with pipette
822  solution. Visualization of slices and selection of cells (guided by native GFP signal) was done
823  under an upright microscope (BX61WI; Olympus, Tokyo, Japan equipped with infrared-
824  differential interference contrast optics and a UV lamp). Only cells located deeper than ~50
825 um measured from the slice surface were targeted. All cells were initially in voltage-clamp
826 mode and held at -40 mV holding potential during the formation of the gigaseal. Series
827  resistance was constantly monitored after the whole-cell configuration was established, and
828 individual recordings taken for analysis showed stability in series resistance between a 5%
829  margin during the whole recording. After whole-cell configuration was established, resting
830 membrane potential values were measured by changing the recording configuration to current-
831  clamp mode at 0 pA for a short period of time (10-15 seconds) and evaluated from the recorded
832  signal via averaging a 5 second period. Thereafter, responses to a pulse-train of current steps
833 (-2 pA to -10 pA with 2 pA increments and 10 ms duration) was recorded. Quantification of

834  input resistance of cells was derived via Ohm’s law based on the slope of voltage responses
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835 measured at each current steps. The inter-pulse interval was 100 ms. Recordings were
836  performed with a Multiclamp 700B amplifier (Molecular Devices). Data were digitized at 10
837 kHz with a DAQ board (National Instruments, USB-6353) and recorded with a custom
838  software developed in C#.NET and VB.NET in the laboratory. Analysis was done using custom

839  software developed in Delphi and Python environments.

840 LFP Recordings

841 Acute slice preparations were gathered at each recording day (6 slices/animal, 450 um
842  thick) in a pairwise manner from control and microglia depleted animals while using the same
843  solutions and equipment. The slice preparation sequence was alternated throughout the
844  recording days between the two groups, as well as the chambers that were used for the
845  incubation process, in order to minimize artefacts that might have been introduced by variance
846 in slice preparation or incubation quality. After at least 1 hour of incubation, slices from both
847  conditions were transferred together in a pairwise manner to a dual perfusion system recording
848  chamber (Hajos and Mody, 2009), and measured simultaneously via performing local field
849  potential (LFP) recordings. In this design, the slices were placed on a metal mesh, and two
850  separate fluid inlets allowed ACSF to flow both above and below the slices at a rate of 3-3.5
851  ml/min for each flow channel at 33 —34°C (Supertech Instruments). Position of slices from the
852 two conditions were also alternated in the recording chamber between subsequent
853  measurements. Standard patch pipettes filled with ACSF were used for LFP recordings. ACSF
854  containing pipette resistances were 3—6 MQ. In all experiments, electrodes were placed in the
855  hippocampal pyramidal layer of the CA3 region. Recordings were performed with a
856  Multiclamp 700B amplifier (Molecular Devices). Data were digitized at 10 kHz with a DAQ
857  board (National Instruments, USB-6353) and recorded with a software developed in C#£NET
858 and VB.NET in the laboratory.

859  Digital signal processing and analysis

860  All data were processed and analyzed oft-line using self-developed programs written in Delphi
861 6.0 by A.L.G. and Python 2.7.0 by D.S. Signals were filtered with a two-way RC filter to reserve
862  phase. SWRs were pre-detected on 30 Hz low-pass-filtered field recordings using a threshold
863  value of 2-3 times the SD of the signal. Recordings were considered to not contain SWRs if 2
864  times the SD of the signal did not result in detectable events. All automatic detection steps were

865  supervised in each recording. The predetected SWRs were then analyzed using a program that
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866  measured various SWR features and eliminates recording artefacts similar to SWRs. Namely,
867  on the low-pass-filtered signal, the program measured: peak amplitude of sharp waves (SWR
868  amplitude); inter- sharp wave interval (SWR rate). On a ripple bandpass-filtered trace (200 £30
869  Hz), the program also detected the time of negative ripple peaks. Based on this, we identified
870 the ripple cycle closest to the SWR peak and used its negative peak as triggering event for
871  averages to preserve ripple phase. Taking the absolute value of the ripple bandpassed signal
872  and low-pass filtering it, we calculated the ripple power peak (Ripple amplitude). After
873  detection, ~100 consecutive events were selected for quantification, where highest values were

874  measured along the whole recording.

875  Quantification and statistical analysis

876 All quantitative assessment was performed in a blinded manner. Sample size was
877  determined based on sample size calculations performed in our previous experiments using
878  similar models. Data were sampled in a systematic random manner. Experiments were
879  replicated by using multiple animals for slice preparations or histology (biological replicates),
880 and pooled results from experiments were presented in the figures. Exclusion criteria were pre-
881  established for quality of acute slices and immunostainings. No samples had been excluded in
882 the present paper. In the case of two independent groups, Student's t-test or Mann-Whitney U-
883  test, for three or more independent groups Kruskal-Wallis test with Dunn's multiple
884  comparison test was applied. Statistical tests were conducted in custom or self-developed
885  programs in Python environment 2.7.0 by D.S. In this study, data are presented as mean+SEM

886  or in median-Q1-Q3 format, p<0.05 was considered statistically significant.
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Table 1.

List of antibodies used in the study.

Primary antibodies host source catalog nr. RRID
Gephyrin Mouse Synaptic Systems 147 021 AB_2232546
GFP Chicken Invitrogen A10262 AB_2534023
Homer1 Rabbit Synaptic Systems 160 003 AB_887730
IBA1 Guinea pig Synaptic Systems 234004 AB_2493179
Kv2.1 Mouse NeuroMab 75-014 AB_10673392
P2Y12R Rabbit Anaspec AS-55043A AB_2298886
TMEM119 Chicken Synaptic Systems 400 006 AB_2744643
VGAT Guinea pig Synaptic Systems 131 004 AB_887873
VGLUT1 Guinea pig Synaptic Systems 135 304 AB_887878
Sec_ond?ry host source catalog nr. RRID
antibodies
Alexa 488
Streptavidin . ) S-11223 )
. Jackson
Alexa 488 anti- donkey ImmunoResearch 703-546-155 AB_2340376
chicken
Labs
; Jackson
Alexa 488 anti- donkey ImmunoResearch 706-546-148 AB_2340473
guinea-pig -
Labs
; Jackson
Alexa 488 anti- donkey ImmunoResearch 706-546-148 AB_2340473
guinea-pig
Labs
Alexa 488 anti- donkey Thermo Fisher A-21202 AB_141607
mouse Scientific
A'exar‘aﬁ?t ant- donkey Jackson 711-546-152 AB_2340619
Alexa 594 anti- goat LifeTech A11076 AB_141930
guinea-pig
Alexa 594 anti- donkey Invitrogen A-21203 AB_141633
mouse
Alexa 594 ant- donkey LifeTech A21207 AB_141637
rabbit
; Jackson
Alexa 647 anti- donkey ImmunoResearch 703-606-155 AB_2340380
chicken
Labs
Alexa 647 anti- Jackson
. donkey ImmunoResearch 711-605-152 AB_2492288
rabbit
Labs
; Jackson
Alexa 647anti- donkey ImmunoResearch 706-606-148 AB_2340477
guinnea-pig
Labs
Biotinylated anti- goat Vector Laboratories BA-9010 AB_2336114

chicken
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925  Suppl. Video 3. Morphological changes of individual microglia cells within acute brain slices depicted
926 by maximum intensity projections of XY views. The video starts 1h after slice preparation. Scale bar:
927 10um.

928  Suppl. Video 4. Morphological differences of individual microglial cells at different time points during
929  incubation within acute brain slices depicted by 3D reconstructions via morphological analysis tool
930 (Heindl et al., 2018).

931  Data availability

932  Numerical datasets will be available as “Source data files”, uploaded in an editable format.
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