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4D imaging of brain and the immune system during cerebral malaria
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The dysfunction of BBB is the main feature of cerebral malaria; however, little
is known how it occurs. We have shown by ultra-high field MRI and multiphoton microscopy that the
olfactory bulb is physically and functionally damaged by Plasmodium parasites. The trabecular small
capillaries comprising the olfactory bulb show parasite accumulation and cell occlusion followed by
microbleeding, events associated with high fever and cytokine storm. Early detection of olfaction loss
and blockade of pathological cell recruitment may offer potential therapeutic strategies.
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The dysfunction of the
blood-brain-barrier (BBB) is the main
feature of various central nervous system
inflammatory disorders including cerebral
malaria (CM); however, little is known how
it occurs. Evidences suggest that there is
a " cross-talk” between brain and immune
system. In this study, we aimed to
elaborate immune cells dynamics causing
BBB leakage and cerebral malaria by a new
approach, bringing together immunology,
neuroscience and imaging technologies.

Blood-brain barrier is believed to be a key
player to control trafficking of cells to
the brain. The dysregulation of the BBB
could be the most common key feature for
various neurological inflammatory
disorders as diverse as multiple sclerosis
and cerebral malaria. To comprehensively
investigate cross-talk between brain and
the immune system during CM, one of the
powerful approaches is to use highly
advanced 1imaging techniques such as
magnetic resonance imaging (MRI, 11.7 T)
and/or  two-photon microscopy brain
imaging. Advanced whole brain
non-invasive MRI imaging offers new and
fast diagnosis of CM. Two-photon live
imaging provides advantages for studying
single-cell dynamics in tissue explants
and living mice that offers to observe the
dynamics of immune cells in detail during
CM. Thus, our purpose was to elaborate
pathology of CM by combining these
cutting-edge technologies.

1. Non-invasive imaging of brain during CM
by 11.7T MRI. In collaboration with Prof
Yoshioka of IFReC, Osaka University, we
extensively visualized CM brain by
ultra-high-field MRI to understand which
parts of brain is the most affected by
parasites.

2. Investigation of the inflammatory cells
which play important role in the
pathogenesis of CM; The CD8+ T cells have
been known to migrate and responsible for
the pathology of CM. Together with

parasites, how and in which order these
cells migrate into brain has not been fully
addressed. By using multiphoton
microscope, we investigated how CD8 T
cells and parasites interact in brain.

3. Investigation of cause and result of
immunological  events occurring in
olfactory bulb during CM by immunological
methods such as IHC and FACS analysis.

1. We have identified in mice that the
olfactory region is a vulnerable location
for vascular leakage during experimental
cerebral malaria in which this discovery,
a physical disruption of olfactory bulb,
could only be possible by using an
ultra-high field MRI.

2. By using simple assay, a buried-food
assay, olfactory bulb was also found to be
damaged functionally (loss of smell) by
Plasmodium parasites. In addition, this
event is followed by high fever. Thus, we
identified that there is an early symptom,
olfaction loss, before the onset of coma.

3. We confirmed MRI findings with
multiphoton live imaging that olfactory
bulb is a very unique organ with special
architectural structure, therefore,
olfactory easily undergoes parasite
accumulation and cell occlusion followed
by micro-bleeding.

4. Additional immunohistochemistry
analysis  showed that circulating
parasites in the olfactory vessels are
sensed by astrocytes around olfactory
glomeruli at the early stage of infection,
and may release CCL21 and may have a role
for the recruitment of pathological CD8 T
cells into brain.

5. We further evaluated this novel
understanding into a novel intervention
strategy by blocking chemokine-receptor
interactions when the early symptom of
experimental cerebral malaria, olfaction
loss, was evident. Functional blockade of
the CCL21 receptors CCR7 and CXCR3
respectively results in decreased CD8 T
cell activation and recruitment as well as
prolonged survival.



6. Given that even 1 day early detection
of malarial coma could increase treatment
success dramatically; this previously
unnoticed, truly overlooked location and
detection of olfaction loss during malaria
infection may provide early, cheap and
easy diagnosis of cerebral malaria.
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