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ABSTRACT: Objectives: Microglia are considered as the primary immune effector cells in the brain and have a
critical role in all brain lesions. We wanted to find out if there is any difference in the way that white and gray matter
microglia react to the same type of lesion. Material and Method: We used 14-16 weeks old single transgenic
CX3CR1-EGFP mice, whereon microglia were labeled by expression of the green fluorescent protein EGFP and the
L1-L2 dorsal spinal columns were exposed. After 10 min of continuous base line image acquisition, we made a micro-
lesion by focusing and raising the power of the laser and, than, we monitored it for an additional hour. Laser-lesion
and image recording were also made in the right somato-sensory cortex. We quantified microglial response and
compared white vs. grey matter. Results: 5-10 min after the lesion, microglia already showed signs of polarization by
extending their processes both in white and gray matter. Processes were sent by the microglial bodies situated at a
distance of 50 to 100 um, depending on the lesion size. Microglial processes did not display a preferred target site
from the lesion; in contrast, they formed a uniform “shielding” ring around the lesion. Conclusions: Microglia showed
targeted responses to acute injuries in grey and white matter also; no major differences were observed besides the
speed of the process, due probably to particular cortex and spine architecture.
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Introduction

High resolution imaging of the central nervous
system (CNS) is now a real possibility, in vivo, by
using two-photon laser scanning microscopy
(2PLSM). The major limitation of this method is
the presence of fluorescent proteins which could
be exited using pulse laser [1].

This technique allows the scientists to further
investigate the role of resident glial cells in the
CNS. Transgenic animals express florescent
proteins in different CNS cells; that permit
scientists to analyze the labeled cells, for long
periods of time, through windows to the brain [1,
2] or spinal cord [3, 4].

There are a number of injury models to
investigate different levels of the CNS. These
models can be used to evaluate different aspects of
brain inflammation. Some of them disrupt the
continuity of the dura like pial vessel disruption
[5, 6], stab injury [7, 8] and so on. The
inflammation in these models is too big for an
accurate long term evaluation but they are perfect
for acute cell reaction. Others keep the dura intact
like middle cerebral artery occlusion using an
intraluminal filament [1] or laser induced injuries
[9] and these models are more suitable for long
term imaging. From all of them only the laser
induced injury allows investigators to evaluate an
individual glia reaction towards inflammation,
because in this model brain the process will be at
the minimum level around the injured area.

In this study we wanted to see if inflammation
of the brain has the same characteristics no matter
the level at which it is produced. To see this, we
tested if the immune response, initiated through
microglial activity, is the same in white and gray
matter.

Material and method

For this purpose we used six adult transgenic
TgH (CX3CR1-EGFP) mice (14-16 weeks of age
at the beginning of the experiments) for in vivo
imaging experiments. These mice expressed a
green  fluorescent protein  in  monocytes,
macrophages and microglia, achieved by the
placement of the EGFP reporter gene into the
Cx3crl locus encoding the chemokine receptor
CX3CR1 [10].

Mice were anaesthetized using
Ketamine/Xylazine solution (120 mg/kg; 12
mg/kg), and supplemented when needed with half
of the initial dose. Bepanthen gel (5%
dexpanthenol) was applied to maintain eye
moisture, as the cornea of mice got dry under
anesthesia. The depth of anesthesia was verified
by toe pinch reflex.

In order to have a good visualization of the
cortex we removed the skin and subcutaneous
tissue, and so we exposed the upper part of the
skull. By using a driller we made a small
craniotomy. After the bleeding has stopped we
placed a small amount of low melting agar 1% on
the intact durra. Over the agar we placed a glass
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cover slip and pressed it until we had a nice flat
imaging plane. While the cover slip was hold in
place so that no bubbles will get under it, we glued
everything to the skull.

For the spine, around the surgical site, the hair
was shaved and the skin was cleaned with iodine
solution. In all mice we exposed L1-L2 spine by
relieving the skin, tendons and muscle tissue at
this level, so that the L1-L2 spinal processes and
arcs appeared. The removal of spinal arcs needs a
special attention in order to keep an intact durra
mater and to have a clear view of the Goll and
Burdach tracts.

For imaging we wused a custom-made
microscope able to record simultaneously up to
four channels in vivo. Scanlmage software version
3 release 1 [11], modified by ourselves, was used
to drive the microscope. Photographic overviews
of the spinal cord were acquired using a 5x
objective (NA 0.15; Zeiss, Jena, Germany) and a
CCD camera. High resolution in vivo imaging was
obtained by stimulating the tissue with laser
wavelength set to 920 nm. We used a 510+41 nm
filter just before photomultiplier tube detection.
We recorded, digitized and processed uniformly
spaced planes to obtain z-stacks of images, around
40-60 images per stack.

The total acquisition time was approximately 3
min per stack. We recorded several stacks taken
continuously to get time-lapse series of microglia
action. After 30 min of continuous base line image
acquisition, we made a micro-lesion. To do this
laser damage, we focused the beam for 5-10 sec to
a plane of 2-6 um in diameter to destroy the tissue
in a spheroid volume of 20-30 um and 40-60 um
in depth in the cortex and 15-30 um in the spine.
When we applied the laser pulse we also saw, as
others described before [9], auto florescent
material caused by protein coagulation and
photooxidation processes marking the lesion site.
Microglia and blood vessels were not targeted
when the laser lesion was done, but it is possible
that in some cases, some microglia cells were
destroyed.

Using ImageJ we analyzed individual cell
movement and quantified the activation time for
each cell and process speed. 15 cells were
analyzed in the spine and 14 in the cortex.

One mouse died during the spine intervention,
due to anesthetic complications.

Results

After a small baseline acquisition we have
made a local tissue damage using high-power laser
pulses in both, gray matter (cortex) or white
matter (spine).

The microglia shown signs of polarization
by extending their processes in cortex after an
average time, called reaction time, of about 6.4
minutes with a SD=2.35. For the spine reaction
time was found at 6.6 minutes in average with a
SD=1.63 (figl.). There was no significant
difference in the two types of microglia reaction
(p>0.05).
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Figl. Microglia reaction time in cortex and spine
generated by local injury. The data show no
significant difference between the two groups.

Depending on the size of the lesion, the processes
were sent from a distance of 50 up to 100 um both
in the spine or cortex. In the same time, the
processes distal to the lesion were retracted.

Average active microglia process speed
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Fig2. Microglia process speed, in pm/min, sent as a
resource to local injury.
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Fig3. Microglia morphology reaction to local injury
in spine and cortex. In both cases microglia reacted
within the first 10 min by sending their processes
towards the lesion. After 20 min, in the spine,
microglia already formed a complete shielding ring
around the lesion but in the cortex it was fully
formed in about 30 min due to a slower process
speed.

We also quantify the speed of microglia
process sent towards the lesion site. We found that
in the spine processes move faster (p<0.01) than
in the cortex, with a average speed of 2.6 um/min
with a standard deviation of 0.6 compare to
average speed in cortex of 1.87 um/min with a
standard deviation of 0.75 (fig2).

No overall morphological difference was seen
in the white and gray matter (fig. 3).

Conclusions

Microglia response to injury has been defined
as a polarization of the cells with an extension of
their processes, migration and, in the end,
phagocytosis [25]. This reaction of microglia cells
can be seen in gray [24] and white [9] matter with
no real difference in between the two. Using a
previous used method [9], we have also shown
that, in contrast with the cell body that stays
relatively in the same place, the processes of
microglia cells are highly dynamic. Microglia
processes will extend and retract all the time
overseeing a neighboring microenvironment.
Microglia  will  not survey the same
microenvironment at the same time but border
between them are highly dynamic, thus one cell
can be overseen by more microglia over time.
When ending processes of two neighboring
microglia encounter one another, they will
mutually repel each other [25].

It is the unique way that microglia exerts their
functions permanently and “sees” the cells close to
them: have a high motility due to the filamentous
actin that the cells contain [26] and can extend
processes by a rapid rearrangement of the actin
cytoskeleton. By administering certain substances
that inhibit actin polymerization (e.g. pertussis
toxin) motility and migration of the cells can be
also affected; instead complement 5a induces
processes extension within few seconds [27].
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