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Chapter 17

Brain inflammation and
psychogeriatric diseases

H Akiyama, H Uchikado

BRAIN INFLAMMATION AND NEURONS

The long-held concept of the immune privilege
of the brain has been revised significantly in the
past 15 years. The blood-brain barrier (BBB)
exists, but isolation from the periphery by the
BBB is not as complete as it was thought to be
and plays a limited role in the immune privilege.
Recent evidence suggests that the brain
, has unique mechanisms for
regulating immune and inflammatory responses.
For example, expression of CD200,! inter-
cellular adhesion molecule (ICAM)-S/telen-
cephalin? and transforming growth factor
(TGF)-B% may contribute to the maintenance of
the anti-inflammatory environment of the brain.

parenchyma

Despite these mechanisms, low-grade inflamma-
tion occurs in association with brain lesions
such as Alzheimer’s disease,* cerebrovascular
diseases and head trauma, with the full
complexity of peripheral inflammatory
responses, Studies on these non-immunological
diseases have revealed that the brain has its own
innate immune system and shares a variety of
cytokines and other bioactive molecules with the
peripheral immune system.

In the brain, mieroglia and astrocytes are
thought to be the major cell populations that are
engaged in the inflammatory responses. In a

classic view, neurons are regarded as cells that
perform only passive roles in inflammation.
Neurons may become bystander victims that
fuel the inflammatory processes by providing
cell debris, which has to be removed by
phagocytic cells and triggers further activation
of these cells, However, there is a growing body
of evidence that neurons not only respond to a
number of inflammatory mediators but also
produce many pro- and anti-inflammatory
molecules.’ These include complement proteins
and inflammatory cytokines, as well as cyclo-
oxygenase (COX)-2, prostaglandin E; receptors
and inducible nitric oxide synthase, iNOS.
Figure 17.1 illustrates the expression of COX-2
by hippocampal pyramidal neurons in an
Alzheimer’s disease patient, complicated with
prolonged convulsion at the agonal stage.
Interestingly, the literature indicates that some
inflammatory molecules are involved in the
modulation of neuronal functions such as
neurotransmission,>~’

The physiological relevance of inflammatory
molecules in neuronal activity leads to the
hypothesis that mild or moderate inflammation,
which does not visibly destroy brain tissue, can

- interfere with brain functions. It has been known
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that very strong systemic inflammation, as in
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Figure 17.1 Cyclo-oxygenase-2 expression by hippocampal pyramidal neurons. An Alzheimer's disease case
complicated with prolonged convulsion at the agonal stage. Scale bar, 100 im

sepsis and toxic shock syndrome, are associated

with central nervous system symptoms.®’
Clinical manifestations include delirium and
other consciousness abnormalities, which are
generally considered to be transient disorders, In
these conditions, peripheral inflammation
appears to disturb neural transmission in the
absence of apparent encephalitic pathology. It
has to be emphasized that, in elderly patients
with such brain lesions as Alzheimer’s disease or
cerebrovascular diseases, even mild systemic

inflammatory
6,10,11

"diseases

frequently  cause

delirium,.

ACTIVATION OF VASCULAR CELLS BY
SYSTEMIC INFLAMMATION

Vascular endothelial cells and perivascular cells
are located at the interface between the
peripheral blood and the brain parenchyma,
These cells could therefore be involved in the
transmission of inflammation from the
periphery to the brain. The BBB may be effective
in preventing large molecules such as
complement and other inflammatory proteins
from entering the brain, However, it may easily

pass inflammatory signals through activation of

. these vascular cells.
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We investigated activation of vascular
endothelial cells and perivascular cells in the
cerebral cortex of postmortem brain from
patients with or without brain lesions. Many
patiénts suffer from a variable degree of
systemic inflammation at the agonal stage. In
some cases, we used serum concentrations of an
acute-phase reactant, C-reactive protein (CRP),
as an index of systemic inflammation. Since the
serum concentration of CRP at the agonal stage
was available only in a limited number of
patients, we estimated the degree of systemic
inflammation by the intensity of immuno-
histochemical staining of the residual blood in
brain tissue for CRP. In cases where we were able
to obtain from the clinical records the serum
CRP concentration on the day of or a day before
death, intensity of CRP immunoreactivity in
brain tissue showed a good correlation with
serum CRP concentration.

g
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Activation of vascular endothelial cells was
investigated with three markers; ICAM-1, CD40
and COX-2, ICAM-1 s a cell adhesion molecule
that belongs to the immunoglobulin superfamily.
In the periphery, ICAM-1 expression plays a
principal role in leukocyte adhesion to vascular
endothelial cells and subsequent infiltration into
tissues at the site of inflammation.’* In the
brain, reactive astrocytes and vascular
endothelial cells express ICAM-1,% Figure 17.2a
illustrates low expression of ICAM-1 by
vascular endothelial cells in a control case
without systemic inflammation, In cases without
significant brain lesions, ICAM-1 immuno-
reactivity increased in parallel with the degree of
systemic inflammation (Figure 17.2b). In
neurological cases such as Alzheimer’s disease,
the correlation was less clear. A number of cases
with brain lesions were high in vascular ICAM-
1 expression even in the absence of systemic
inflammation (Figure 17.2¢). '

Figure 17,2 Intercellular adhesion molecule-1 (ICAM-1) expression by vascular endothelial cells in the temporal
cortex. (a) A control case without systemic inflammation, Scale bar, 100 pm, a—c are at the same magnification. (b) A
control case with strong systemic inflammation at the agonal stage. (c) A case with Alzheimer’s disease without
systemic inflammation, Patchy labeling of the brain parenchyma indicates ICAM-1 expression by reactive astrocytes
around senile plaques. Note that vascular ICAM-1 expression is comparable with that in (b) even in the absence of

- systemic inflammation
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The other two markers, CD40 and COX-2,
showed similar changes, CD40 is a cell-surface
molecule that involved in immune and
inflammatory processes and is overexpressed
“upon inflammation.!*’ . In the human brain,
CD40 is expressed by reactive microglia and
vascular endothelial cells.!$ COX is the rate-
enzyme in the ' conversion of
arachidonic acid to prostanoids. COX-2 is the
inducible isoform of COX and is expressed by
neurons and vascular endothelial cells in the

1s

limiting

brain. The intensity of vascular staining for
CD40 and COX-2 generally paralleled the
degree of systemic inflammation in cases
without brain lesions, although a number of
cases with brain lesions showed increased
expression of CD40 and COX-2 by vascular
endothelial cells in the absence of systemic
inflammation.

Activation of perivascular cells was
investigated with immunostaining for HLA-DR
and CD68. Perivascular cells constitute, with
meningeal  .macrophages, a monocyte-derived
phagocytic 7" Therefore, peri-
vascular cells share phenotypes with parenchy-
mal microglia. We distinguished perivascular
cells from microglia by their close association to
collagen IV positive vasculature and by the
absence of ramified processes. Since perivascular
cells are embedded within the basal lamina, they
look like a part of the vascular wall on light
microscopy. In postmortem brain tissue, staining
for HLA-DR revealed a variable intensity of
perivascular cell labeling. The number of HLA-
DR-positive perivascular cells in a given visual
field varied from case to case. In many cases, the
- occurrence of HLA-DR-positive perivascular
cells appeared to be increased in parallel with
the degree of systemic inflammation. In cases
with brain lesions, the relationship was less
clear. It seemed that expression of HLA-DR by
perivascular cells was increased by both systemic
inflammation and brain lesions. The occurrence

population.
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of CDé8-positive . perivascular cells showed
similar changes; it was increased upon systemic
inflammation. A number of neurological cageg
exhibited high CDé8 expression by perivascular
cells even in the absence of systemic

inflammation,

INFLAMMATION AND DELIRIUM

Our results indicate that systemic inflammation
activates vascular endothelial cells and .peri-
vascular cells in the brain, Brain parenchymal
lesions also activate these vascular cells. In the
brains of patients with neurodegenerative
diseases, activated microglia and astrocytes are
capable of producing a great variety of pro-
inflammatory mediators,* which may raise the
inflammatory level of the brain parenchyma and
activate the vascular cells, It seems thar
inflammarory stimuli in the peripheral blood
and the brain parenchyma adjunctly activate the
vascular cells, Activated vascular cells, in turn,
could be a potential source of diffusible
proinflammatory molecules such as prosta-
glandin E,' and nitric oxide.'”” Thus, even low-
grade inflammation associated with the pre-
existing degenerative brain lesions may not only
raise the basal inflammatory level of brain
parenchyma but also enhance inflammatory
signaling to brain parenchyma from the
periphery.

Advanced age and the presence of brain dis-
orders are considered to be the major risks for
delirium, an acute confusional state that is
triggered by a variety of systemic condi-
tions,'®120 The different extracerebral diseases
that cause delirium include infection, trauma
and major surgery, many of which are
associated with systemic inflammation. We
consider that the adjunctive pro-inflammatory
effect  of peripheral inflammation and
parenchymal lesions to brain vasculature are a



part of the mechanism that increases the risk of
delirium in patients with brain disorders. While
strong systemic inflammation can induce central
nervous system symptoms by itself,}’ mild to
moderate systemic inflammation may also cause
similar symptoms if the patients have pre-
existing parenchymal lesions. Our results may

Brain inflammation and psychogeriatric diseases

therefore explain the vulnerability of neuro-
logical patients to delirium caused by
inflammatory systemic conditions, Appropriate
anti-inflammatory agents might, therefore, be a
potential treatment of delirium in elderly
neurological patients.
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Application of synthetic glycolipids for treatment of autoimmune diseases : Lessons from study
on experimental autoimmune encephalomyehtls (FAE)
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Fofz. LaL, NKTHEREIZIZIFN-y 2 TNF-«
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VENHH. NKTHIEO ZEMEE, R
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EAFEMES A N 4 2 nA TIL-4, TL-5, IL-
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R LEMOITAEELENTHo T, TORE
ARG IR T A LV RO R SNTE T,
Lo, Bilic7z - €1 EWER T NKT i
BT b v eV I REY, 20PN
LT DEVI)HEDRANS, Bk L7zR
IZ 7o T\ A, BITRERES—H L2 ERL LT
i3, BATESIC BT A RBDIEL0E, REHEA
DEE RNTFEDEY, B EDEREE LT
FHNA, EELIE, RIGEOEMRIMS BET
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i, Thifiaic & 2RO TRETH A 2
Y AREWR L, R HESER e, L)y
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«-GalCer FE T, IFN-y&IL-4 D
EHPEE SN SDH, OCHRE, /i
I CD28-B7.2 A EME LAIRET
D a-GalCer FIB T, IL-4 OFEEY
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LIREFENT-INS DR IIERRICH F TF 27
ge Tl £, EFL0ERER BTG S
HOEFREETH 5.
2. OCH—RYOEHIERE ) H kY
BB X 91, NKTHfREZmEY b
DHIfRTH Y, BORERRICOWTIL, tht
T BH%8E (Th1 W4 bAoA vEEH) LHPHIT
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NKTHIRBIZIL-4 DAFEE I LD H LIk,
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