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Microglia are a major cellular component of gliomas, and abundant in the centre
of the tumour and at the infiltrative margins. While glioma is a notoriously infil-
trative disease, the dynamics of microglia and glioma migratory patterns have
not been well characterized. To investigate the migratory behaviour of microglia
and glioma cells at the infiltrative edge, we performed two-colour time-lapse
fluorescence microscopy of brain slices generated from a platelet-derived
growth factor-B (PDGEFB)-driven rat model of glioma, in which glioma cells
and microglia were each labelled with one of two different fluorescent markers.
We used mathematical techniques to analyse glioma cells and microglia motility
with both single cell tracking and particle image velocimetry (PIV). Our results
show microglia motility is strongly correlated with the presence of glioma,
while the correlation of the speeds of glioma cells and microglia was variable
and weak. Additionally, we showed that microglia and glioma cells exhibit
different types of diffusive migratory behaviour. Microglia movement fit a
simple random walk, while glioma cell movement fits a super diffusion pattern.
These results show that glioma cells stimulate microglia motility at the infiltra-
tive margins, creating a correlation between the spatial distribution of glioma
cells and the pattern of microglia motility.

1. Introduction

Microglia function as part of the innate immune system within the central ner-
vous system (CNS) and play a central role in the reaction of brain tissue to
virtually all forms of injury and disease. Confocal time-lapse studies conducted
in hippocampal slices in the normal brain, found that under normal conditions,
the microglial cell body remains non-motile and has a ramified morphology
with fine processes able to scan the microenvironment for signals that might
indicate pathologies [1]. Activating pro-inflammatory signals such as TNF-q,
lipopolysaccharides, and other cytokines elicit a series of morphological
changes in which microglial fine processes are replaced by motile protrusions.
These activated microglia acquire a motile phenotype able to translocate and
phagocytose targets [1,2]. In the context of glioma, microglia comprise up to
30% of the primary tumour cellular composition [3-6] and their presence in
glioma is positively correlated with histological grade [7].

Glioma is a diffuse, infiltrative disease; however, the dynamic behaviour of
microglia and glial cell motility has not been well quantified. Characterizations of
the cellular composition and molecular signatures of the glioma inner core versus

© 2018 The Author(s) Published by the Royal Society. Al rights reserved.
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the infiltrative margins reveal that the tumour edge is enriched
in microglia [8]. Microglia abundance has been associated with
increased tumour migration [3,8—13]. Previous dynamic studies
of microglia in other pathologies have led to defining microglia
activation states by examining morphology and migratory be-
haviour during brain trauma and pathologies [1,14,15]. These
dynamic studies examine microglia activation when clearing
away dead cells [16], their response to brain injury as a function
of extracellular ATP concentration [17], and their surveillance be-
haviour in the brain under ‘resting’ conditions [18]. Describing
the motility of cellular populations can therefore provide insight
into activation states, and their interactions with other cellular
populations. To date, the mathematical descriptions of micro-
glial and glioma cell motility have not been well characterized.
Here we use mathematical descriptions of anomalous diffusion
and individual motility characteristics to examine the spatial and
temporal patterns of migratory behaviour between glioma and
microglia cells at the infiltrative edge. As a mathematical
description, this work can serve to inform mathematical
models of glioma dispersion, particularly models examining
dispersion among two different populations. From a biological
perspective, this work provides insight into how these cellular
populations navigate within the same physical space, and how
they may influence one another.

To study the dynamic behaviour of microglia and glioma
cells within living brain tissue, we used a previously
described rat glioma model, in which PDGFB-IRES-GFP
expressing retrovirus is injected into the subcortical white
matter, where it infects PDGFRa+ glial progenitors, and
induces the formation of tumours that recapitulate histologi-
cal features of human glioblastoma [19,20]. We generated
acute slice cultures from this glioma model and performed
two-colour time-lapse microscopy to visualize the motile be-
haviour of glioma cells and microglia at the infiltrative
margins of glioma. We applied quantitative techniques on
single cell tracking data and used particle image velocimetry
to describe their migratory behavioural properties such as
speed, directionality and movement type. Using the novel
combination of these techniques, we were able to demon-
strate that (i) the spatial patterns of microglial motility
correlate with higher densities of tumour cells, and (ii) micro-
glia and glioma cells exhibit different migratory behaviours,
even when localized to the same region of brain tissue.
These results show that glioma cells stimulate microglia to
acquire a migratory phenotype at the infiltrative margins of
glioma and provide new insight into the motile behaviour
exhibited by glioma and microglia.

2. Materials and methods

2.1. Retroviral injections

The retrovirus pQ-PDGFB-IRES-GFP was generated as previously
described [19,20] and concentrated to titres of 10° CFU ml ™. We
anaesthetized neonatal Sprague Dawley rats (P2-P3) by submer-
ging them in ice water for approximately 8 min. The heads were
then placed in a stereotactic apparatus (Stoelting, Avondale, IL,
USA) and virus was injected into the rostral subcortical white
matter at stereotactic coordinates 2 mm lateral and 1 mm rostral
to the bregma. A 33 gauge Hamilton microsyringe (Reno, NV,
USA) was inserted to a depth of 1.5 mm, and 1-2 pl of virus
was injected at a rate of 0.4 ul min~'. All animal experiments
were performed according to the guidelines of the Institutional
Animal Care and Use Committee at Columbia University.

2.2. Two-colour time-lapse microscopy of microglia and

glioma cell migration in brain slice

Rat pups injected with PDGFB-IRES-GFP were killed by decapi-
tation at 10-12 days post injection (dpi) as described previously
[20,21]. Brains were isolated, and 300 wm coronal sections of the
injected hemispheres were made using a Mcllwain Tissue Chop-
per (Campden Instruments, Loughborough, UK). Sections that
had a significant number of GFP+ cells around the level of the
injection site indicating tumour formation were transferred
onto a 0.4 pum culture plate insert (Millipore) and placed on top
of a well with 1200 pl of serum-free medium of a 6-well glass
bottom plate (MatTek, Ashland, MA, USA). The plate with the
slices placed on top of the insert filter were transferred to 95%
0,, 5% CO, incubator for an hour of recovery. All slices were
stained with the same concentrations of Isolectin-B4 (Cy5-1B4,
Life Technology) as described previously [1]. Briefly, the slices
were incubated in IB4 (5 pg ml™') dissolved in serum free
media for 30 min and rinsed three times also with serum-free
media. Thus, all microglia were subjected to the same concen-
trations of lectin prior to imaging. The time-lapse experiments
were performed in a stage-mounted incubator with CO, and
temperature control, using a Nikon TE2000 inverted fluorescence
microscope (Melville, NY, USA) with the controls from Meta-
morph software, as previously described [21]. Images were
acquired at 40x magnification at 3 min intervals for up to 24 h.
The imaging analysis was performed in regions where the
glioma cells were intermingled with the surrounding brain
tissue, and thus represents the infiltrative margins of the tumour.

To verify that the Rhodamine-IB4+ slices labelled microglial
cells, we subjected the Rhodamine-IB4 slices that were labelled
and used for time-lapse microscopy experiments to double immu-
nofluorescence staining with an antibody against Ibal, a well
characterized marker of microglia [22]. The double immunofluores-
cent labelling of the slices that we tested with Rhodamine-IB4 and
anti-Ibal antibody conjugated to Cy5 convincingly revealed that
the large majority of Ibal cells are also IB4+ cells (electronic
supplementary material, figure S1) as predicted from previous
published studies [22,23].

2.3. Immunofluorescent staining of slices

After time-lapse microscopy was performed, some tumour slices
labelled with Rhodamine-IB4 were fixed with 4% paraformalde-
hyde for a 15 min rinse with PBS and blocked with 5% horse
serum with 1% triton X-100 for 1h. Slices were rinsed three
times with 0.1% Triton X-100 in PBS and incubated with anti-
Ibal antibody overnight at 4°C in blocking solution. Slices were
then washed four times with 0.1% Triton X-100 in PBS for
15 min and incubated with anti-rabbit conjugated to Cy-5 for
2 h, washed four times for 15 min and mounted on slides. Con-
focal images of anti-Ibal and IB4 were taken with a Zeiss and
were colour combined in photoshop.

2.4. Single cell tracking

Using Metamorph software (Molecular Devices, CA), cells were
manually tracked frame by frame over the course of 8-18h,
15 min per frame and, in some cases, at 3 min per frame, in
order to be able to track the fastest cells. Cells from each popu-
lation were randomly chosen for tracking across three separate
experiments, yielding 100 tumour cells, and 248 microglia in
experiment 1, 190 tumour cells and 100 microglia in experiment
2, and 50 tumour cells and 55 microglia in experiment 3.

2.5. Assessment of general movement type
The single cell tracking data was used to generate mean squared
displacement (MSD) versus time plots. For both the tumour and
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microglial cell populations, the MSD of cells were computed for
overlapping time intervals equal to multiples of 15 min (e.g. 15,
30, 45 etc.) up until 18 h of observation. For example, overlapping
time intervals of 15 min multiples indicates: MSD is calculated for
0-15 min, 15-30...1065-1080. Then MSD is calculated for 0—
30 min, 30-60...1050-1080 up until 18 h of observation, and so
on. The plot of average MSD versus time interval was then log
transformed and a line fit to the data using the Matlab linear
regression algorithm within the statistics toolbox. The fitted
slope (A) of the linear fit was then used for each cell type to deter-
mine the type of movement behaviour. A slope of 1 represents
simple diffusion, and a slope not equal to 1 is considered anoma-
lous with A >1 representative of super-diffusive and A <1
sub-diffusive behaviour. Super-diffusive behaviour is associated
with persistence in directional movement, and sub-diffusive
behaviour is associated with movement in restricted spaces [24].

2.6. Localized movement analysis

To assess averaged regional behavioural properties of the cells we
analysed the time-lapse microscopy images using the method of
particle image velocimetry (PIV). PIV is a technique that deter-
mines velocity of particles over time, and has previously been
used to determine motility and flow of fluorescently labelled
cells [25]. In general, PIV analysis is done by dividing the region
of interest into many smaller tile segments called interrogation
windows. The cross-correlation of the pixel intensities between
time frame i to frame i + 1 in each interrogation window is then
calculated via a direct Fourier transform. The average movement
of all the cells contained in that interrogation window is associated
with the shift between frame_i to frame i + 1 corresponding to the
highest correlation determined from the cross-correlation calcu-
lations. This average movement is then translated into a velocity
by considering the time interval between frames. While the vel-
ocities calculated with PIV analysis are representative of an
average velocity in the interrogation window, they are accounting
for all of the cells in the field of view. This is of importance as
single cell-tracking is limited by sampling since there are thou-
sands of cells with a great deal of behavioural heterogeneity in
our system of interest.

The field of view for our time-lapse microscopy images is
799 x 1042 pm for experiment 1 and 1392 x 1039 wm for exper-
iments 2 and 3. To perform PIV analysis, we used PIVlab [26],
a freely available Matlab package and considered interrogation
windows of 102 x 102 pm (64 x 64 pixels). We were interested
in the spatially resolved speed of the cells within each window,
so PIV output velocity vectors were converted to all positive
values, and then averaged into 64 by 64 pixel squares.

The background noise of time-lapse images was reduced
using the band pass filter and background subtraction tools in
Image]. After removal of the fluorescence background, the
time-lapse images of glioma and microglia were separately con-
verted into binary images so pixel noise was removed leaving
only cell movement to be correlated. For correlations involving
tumour speed (electronic supplementary material, figure S6)
we weighted the linear fit by the density of tumour cells.

3. Results
3.1. Glioma cells induce microglial motility

To investigate whether the migratory behaviour of microglia is
influenced by the presence of glioma cells, two-colour fluor-
escence time-lapse microscopy from acute brain slices of a rat
PDGEFB-driven model was performed where the glioma cells
were GFP+ [19,20] and microglia were labelled with isolectin
IB4 conjugated to either Rhodamine or Cy5 [1]. At the glioma

infiltrative edge, we observed that microglia exhibited hetero-
geneous migration speeds depending on their spatial
proximity to the tumour. For example, in experiment 1, 44%
of the tracked microglia moved between 0 and 5pmh™!
(figure 1a), while 56% moved greater than 5 wm h™ L Interest-
ingly, the majority of microglia that travelled between 0 and
5 wm h ™! were located in the peritumour area, beyond the mar-
gins of identifiable glioma cell infiltration, while microglia that
moved greater than 5 pm h ™! were found in regions of glioma
cell infiltration (figure 1b). Of particular note, 2% of microglia
that were tracked travelled with speeds greater than
30 pmh ! indicating large differences in migration speeds
within the tumour infiltrative edge. Similar results were seen
in experiments 2 and 3 (electronic supplementary material,
table S1). The observation that microglia migrate significantly
faster within regions of glioma infiltration provide dynamic evi-
dence that glioma cells are inducing microglial activation. This
analysis also showed that tracked glioma cells within the infil-
trative margin of the tumour migrated significantly faster
than the microglia. It was observed that 9% of tracked glioma
cells travelled with speeds under 5 pmh™"', while 91% of
glioma cells travelled greater than 5 pm h™" (figure 1c).

3.2. Microglia demonstrate a unique migration pattern
as compared to glioma cells at the infiltrative edge
of glioma

In addition to individual cell speeds, we were interested in a
more detailed characterization of the two cell types” move-
ment patterns. We began by considering the question at the
population level by assessing whether population movement
patterns of all tracked cells resembled a simple, sub- or super-
diffusive process. A simple diffusive process would imply the
cells were moving in a fairly non-restricted environment in a
pattern consistent with a random walk. A sub-diffusive pro-
cess is associated with movement in a restricted environment,
and a super-diffusive process is associated with persistent
directionality in movement patterns [24].

When all microglia were analysed as a population, micro-
glia exhibited a movement pattern characteristic of a simple
diffusive process across three separate experiments (A = 0.98—
1.0), whereas glioma cells exhibited super-diffusion (A=
1.41-1.48) (figure 2b; electronic supplementary material, table
S1). Figure 2a,b also highlights that the glioma cells, on average,
travelled much farther distances than the microglia as the MSD
of glioma cells is much greater over the same time span. These
different migration patterns were particularly evident when
examining a wind rose plot which show the individual trajec-
tories of glioma and microglia cells initialized to the same
starting point in space (figure 2c,d). The glioma cells exhibit
much greater directionality (electronic supplementary material,
figure S2), and cover more area than microglia.

We then examined whether the microglia movement pat-
tern was modified due to an apparent activation state defined
by speed. By aggregating microglia tracks based on average
speeds as defined in figure 1, we found that microglia
moving at speeds greater than 5 umh™" (located primarily
in higher tumour densities) travelled larger net distances in
terms of their MSD, compared to those travelling less than
5umh™! (located primarily in lower tumour densities).
However, microglia often followed a behaviour that was
characterized at most by a simple diffusive process
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Figure 1. Microglia and tumour cell tracks coloured by speed and plotted on top of tumour microscopy background. Data from 248 microglia tracks and 100 tumour
cell tracks from 18 h of recording from one slice of tumour. (a) Per cent of microglia categorized by average speed of 0 to 5, 5 to 10 and greater than 10 um h ™.
(b) Microglia tracks plotted in their native position on top of tumour background, coloured by colour scheme of a based on average speed. (c) Per cent of tumour
cells categorized by average speed as done in a. (d) Tumour cell tracks plotted in their native position on top of the tumour background as done in b.

throughout all three speed subdivisions (electronic sup-
plementary material, table S1). Together, figures 2 and
electronic supplementary material, table S1 show that as a
population, microglia move according to a simple diffusive
process, and that this tends to holds true for microglia located
in regions of glioma infiltration, and for microglia that are
located beyond the margins of glioma infiltration.

To look at the individual migratory properties of micro-
glia and tumour cells, we used the single cell trajectories to
assess the efficiency of direction of each cell by computing
a metric of directionality called confinement ratio [24].
Linear movement is considered more efficient (i.e. confine-
ment ratio closer to 1). The confinement ratio is defined as
the displacement (net distance from start to finish) divided
by the total cumulative distance travelled by a cell. Interest-
ingly, when grouping microglia by three average speed
categories (0-5, 5-10, 10+ pmh ') and assessing average
microglia directionality per category, we found that microglia
directionality was increased among lower speed categories
compared to microglia grouped in higher speed categories.
Glioma cell movement exhibited the opposite behaviour.
Glioma cell directionality was increased among higher
speed categories compared to glioma cells grouped in lower
speed categories (electronic supplementary material, figure
S3). Not surprisingly, on average glioma cells were more

directional than microglia across all three speed categories,
highlighting the stark differences in movement behaviour
between microglia and glioma. We found that the relation-
ships between speed and directionality were evident among
microglia cells, which tended to display lower confinement
ratios among areas of high glioma cell density. However,
we did not see any relationship between the directionality
of glioma cell migration and microglia cell density (electronic
supplementary material, figure S4).

3.3. Glioma cell motility is weakly correlated with
microglia motility

To explore the possibility that microglia and glioma motility
were spatially correlated, we used PIV to generate a spatial
map of average speeds for each population, as described in
Materials and methods. This provided the opportunity to
assess cell movement without being confined to using only
a sample of cells that were tracked. The output of this
method is a coarsened grid, with a PIV-generated average
velocity of cell movement assigned to each grid square.
After converting the velocities to speeds, the correlation of
the co-localized speed of the glioma and microglia popu-
lations can be assessed by associating the average speed for
each grid square of the glioma cells to the average speed of
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Figure 3. Relationship between microglia and tumour density from experiment 1. Analysis conducted over 18 h of movie from one tumour. (a) Correlation between
microglia speed and tumour density (R* = 0.75, p << 001). (b) Heat maps of tumour density and microglia speed. Red regions are of high tumour densities, or
high microglia speed. Correlation was performed by correlating each square of the heat-maps of tumour density and microglia speed to one another.

its corresponding grid square from the microglia cells. On the
same coarsened grid, we also created an average density map
of glioma cells by calculating the average intensity within
each grid square and considered the correlation between
microglia speed and glioma density.

Using this approach, we found that microglia speed was
strongly correlated with the local density of glioma cells,
which is consistent with our results using single cell tracking
data (figure 3) and was found across three separate exper-
iments (electronic supplementary material, figure S5a—c).
We then assessed the correlation of the speeds of the micro-
glia and glioma cell populations. We observed that in

regions further away from the tumour infiltrative edge that
both glioma cells and microglia exhibited little motility. How-
ever, when the speed of microglia and glioma cells was
compared across the entire microscopic field of three separate
experiments, the correlation was found to be weak and vari-
able (electronic supplementary material, figure S5d-f).
Together, these results show that glioma cells stimulate
microglial motility at the infiltrative margins of the tumour,
creating a strong correlation between the spatial distribution
of glioma cells and the pattern of microglial motility. How-
ever, glioma cells and microglia showed very different
migratory behaviour, even when crawling through the
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same microenvironment. This suggests that glioma cells and
microglia are either responding to different migratory cues,
or are responding to same cues, but in different ways.

4. Discussion

We have applied a unique quantitative analysis that brings
together individual cell tracking data and particle image velo-
cimetry to infer both individual and population movement
behaviour for glioma cells and microglia. To our knowledge,
this is the first study to provide evidence of the dynamic acti-
vation of microglia due to infiltrating glioma and to investigate
motility behaviour of glioma and microglia within the brain
through slice culture. We have shown that microglia exhibit
increased motility at the infiltrative margins of glioma and
that microglia and glioma movement behaviour are categori-
cally different. Microglia exhibited a diffuse process, moving
as a simple random walk, whereas glioma cells exhibited
a super-diffusive migratory behaviour with significantly
increased directionality compared to microglia. These differ-
ences in migratory behaviour were seen even when microglia
and glioma cells were migrating through the same regions of
brain tissue. These findings highlight the nature by which
microglia are activated due to glioma, and the movement
behaviour they exhibit in response to glioma.

The migratory behaviour of microglia could be indicative
of the variety of functions that microglia may be performing.
Previous dynamic studies of microglia motility have been in
the context of the normal brain in hippocampal slices and
suggest that the low directionality exhibited by the majority
of microglia may enable more contact with cells in a short
period of time, resembling a surveillance function [1]. It has
also been observed by others that surveying microglia are ter-
ritorial, meaning they mutually repel one another upon
contact [18]. Previous work characterizing microglia move-
ment during spreading depression showed that microglia
move in a Lévy flight type pattern, a movement process
where microglia were observed to translocate large distances
depending on the state of synaptic activity [27].

We found individual microglia motility was widely hetero-
geneous in terms of speed and directionality. At a population
level this was characterized by examining the slope of the log-
transformed MSD over time. Our analysis revealed that
microglia move according to a simple diffusive process (slope
of 1), throughout different regions of the field. While we have
quantified population movement behaviour of microglia as a
simple random walk, we noted a large degree of intercellular
heterogeneity in their movement behaviour. While the majority
of microglia moved between 0 and 10 pm h™!, 2% of the tracked
microglia cells moved between 30 and 70 pm h™!, which was
much faster than the average speed of the tracked tumour
cells. These ultra-fast microglia were actually moving character-
istically faster than the tumour cells, but they exhibited much
less directionality in their movement. It is possible that these
ultra-fast microglia may have been in an increased activation
state, or had been stimulated by some other means as their
migration path moved around and through many other micro-
glia. This was in contrast to the majority of microglia
behaviour, which we observed to not overlap migration paths
with other microglia (see supplementary video).

The mechanisms by which microglia may be affecting
glioma invasion are not well understood. We found that

glial cell migratory behaviour was super-diffusive, and n

characterized by an overall average increased speed and
directionality compared to microglia. One possibility for the
differences between glial cells and microglia is that activated
microglia may condition the local microenvironment in ways
that facilitate motility, for example, by modifying extracellu-
lar space to reduce the impedance to migration. If this were
case, then one may expect microglial and glioma cell motility
to be spatially correlated. Yet, there only existed a weak and
variable correlation between tumour and microglia motility
implying that microglia and glioma cells did not exhibit
similar motility patterns (electronic supplementary material,
figure S6). However, it is possible that the conditioning of
the microenvironment by microglia may happen on a different
time scale, e.g. earlier than the tumour cell invasion.

Previous work in PDGF-driven tumours have shown that
PDGF stimulates both the migration and proliferation of
glioma cells [20]. Migrating tumour cells were seen to pro-
liferate along their route, stopping to undergo mitosis for a
short time (minimum 1h) before daughter cells resumed
migration. Moreover, PDGFRa+ progenitor cells were seen
to co-opt surrounding vasculature early in tumour develop-
ment, and time-lapse microscopy confirmed that a subset of
GFP+ cells migrate along the abluminal surface of blood
vessels [20]. This perivascular migration likely contributed
to the highly directional behaviour seen among the glioma
cell population compared to microglia. Similarly, in a more
recent study, oligodendrocyte progenitor cells (OPCs) were
found to migrate along the vasculature in the developing ner-
vous system and required physical interactions with the
vascular endothelium [28]. Furthermore, the authors
showed that Wnt signalling regulates interactions between
OPCs and blood vessels via a Cxcr4 dependent mechanism.
In light of these findings, future studies should examine a
possible role of Wnt and Cxcr4 in the perivascular migration
of glioma cells.

While previous work has found evidence of an association
between microglia and tumour dispersion, our dynamic study
at the tumour infiltrative edge demonstrated that higher
tumour densities was associated with microglia dispersion,
however the relationship between microglia motility and
tumour motility was weakly correlated. One explanation for
this is that other intrinsic cellular mechanisms might be respon-
sible for their differing migratory behaviours that are not
explained by the differences in physical properties of the extra-
cellular space alone. Another possibility is that other elements
of microglia activation could influence glioma dispersion that
would not be revealed in a motility analysis alone.

Our experimental system allowed us to recapitulate
elements of human glioblastoma using a PDGF-driven rat
model of GBM. Tumours were induced by stereotactic injec-
tions of PDGFB-expressing retrovirus into the subcortical
white matter. It is possible that tissue damage at the injection
site would cause a transient stimulation of microglial moti-
lity; however, the slices were generated at a time when
tumours had grown extensively, and the margins of the
tumour were many hundreds of microns from the injection
site. Furthermore, our analysis shows that the speed of micro-
glial migration was spatially correlated with tumour cell
density (figure 3). Therefore, our results show that glioma
cells are stimulating microglial motility.

This slice culture system may provide limitations to a
motility analysis. Cell disperse in a 3D plane but our cell
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tracking measurements were measured in 2D. In some cases,
cells might have exhibited high motility along the z-axis, but
appear to have a slower motility when tracked on the x-y
plane. Another limitation might be that there exists a tem-
poral relationship between these two cell populations that
was separate from a spatial relationship; and was unable to
be unravelled by correlating their spatial-temporal relation-
ship in the time interval under study. However, these
particular possible limitations did not prevent us from detect-
ing a relationship between microglia speed and tumour
density. Further work is therefore warranted to further
understand the complicated relationship between microglia
and glioma cells, and particularly how these two cellular
populations may influence tumour growth and dispersion.

5. Conclusion

The spatio-temporal behaviour of microglia and glioma cells in
the intact brain tissue was examined here by using techniques
to characterize movement behaviours. We found that the
increased densities of glioma cells is correlated with increased
activation of microglia, microglia exhibited a diffusive pheno-
type consistent with a simple random walk, and glioma cells
moved with super-diffusive phenotype even within the same
space. This study has implications for the functional interpret-
ation of the differences of their movement strategy performed
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