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The brain includes glial cells (astrocytes, microglia and oligodendrocytes) and endothelial cells in addition to neu-
rons. Under some pathological conditions, it is invaded by leukocytes such as neutrophils, monocytes/macrophages and
lymphocytes. Intercellular communication across these cell species is supposed to play crucial roles both in the brain
functions and dysfunctions. However, the molecular basis of such intercellular communication remains unclear. We
have studied the roles of cytokines and chemokines, which have been investigated as essential mediators in the immune
and inflammatory systems, in intercellular communication across neurons, glial cells, endothelial cells and leukocytes.
Messenger RNA expression of cytokines such as interleukin—14 was induced in brain microglia by i.p. injection of ex-
citotoxin and neurostimulant, at least, partly via catecholaminergic systems. Messenger RNA of other cytokines such as
leukemia inhibitory factor was induced in astrocytes. This cytokine specifically induced nociceptin mRNA in the cul-
tured cortical neurons. Constitutive expression of some chemokines such as fractalkine and stromal cell derived factor—
la was observed in the brain, suggesting that they play important roles in maintenance of brain homeostasis or determi-
nation of the patterning of neurons and/or glial cells in the developing and adult brains. Cytokines such as interleukin—
18 and chemokines such as monocyte chemoattractant protein—1 and macrophage inflammatory protein—la were
produced in ischemic brain and implicated in ischemic brain injury. In addition to ischemia, cytokines, chemokines and
their receptors have been shown to be involved in various neurodegenerative diseases such as multiple sclerosis, Alzhei-
mer’s disease and AIDS dementia syndrome. They are potential targets for therapeutic intervention for neurodegenera-
tive diseases.
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Fig. 1. Induction of IL-18 mRNA by i.p. Injection of Kainic
Acid, Pentylenetetrazol or Methamphetamine, or Immobili-
zation Stress

CC: cerebral cortex, HPP: hippocampus, STR: striatum, THL: thala-
mus, HT: hypothalamus, MB: midbrain, PM: pons-medulla oblongata,

CRB: cerebellum.

BEIICRE L TWSZ & insitu /N1 7T U A
Y- aliBICXOHENILTED, 2D EEY X
oY1 RV IL-1 2R EZRBEIL TWE T EHHE
RLTWS. D IS DA, MRkl EEIC

KOS N /N T RLFU HBNETY RLF
Moz 7IEMAL, IL-1/mRNA OFEH
ZHAEL, ISWEAINE IL-18 M,

NS 2 WE 7 A hado1 MERL> 52 &
ZRLTHBD, MNICBT2&—70 7 — N
JAROMEERICHT I T I > R IL-18 25
LTWEZEZRETLHDTH .

2-2. R¥REEIM & IL-1B b4 i 1 N TN VR i PR
m,%%ﬁ%ﬁﬁ%%gf%éﬁw&iy&wﬁ%
IERENR Z 2 Z &I N TR, FESIE
WREMIC & % IL-18 B TR B ZME L, Fig.
3WRTKDIT, —BMRIMEIMIC KD IL-18 &R
FRENEREIND ZEZHS ML W K&
WEOMANTEESINS IL-18 1B L T, IL-1
SRERT OHTZANDHDWITIL-1p &Rk R
EENFEIARE 2O I T EnHESINTS
0, 1519 o fREE DY —7 v hELTHEHS N
TWa,

2-3. RMLREIL-1S A B L ARBYPSEIT
B LRI R GRS ERILE > (ACTH) 23 h
BB RERIVE > OFMIREEIN S Z L3R <Al
S5NTVWBEIETHDN, ZOAX L ARKEDDI
<EH—EIZ, KEDHDWIZMNTEA SN IL-

100 |- o gy
80
60
40

20

IL-18 mRNA level (%)

UNT VEH0.010.L 0.3 1 01 1 1 1 1 (mg/ke)

PROP PIND PRZ YOH HAL
Methamphetamine (15 mg/kg)

Fig. 2. Effects of Intraperitoneal Pretreatment with Catechol-
amine Receptor Antagonists on the Induction of IL-1f
mRNA in the Hypothalamus by Methamphetamine

Antagonists at doses indicated or vehicle was injected i.p. 30 min before
treatment with methamphetamine (15 mg/kg, i.p. for 1 h). mRNA level was
expressed as % of control group (vehicle+methamphetamine). UD: un-
detectable level, UNT: untreated, VEH: vehicle, PROP: propranolol, PIND:
pindolol, PRZ: prazosin, YOH: yohimbine, HAL: haloperidol.
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Fig. 3. Induction of IL-1f mRNA in the Cerebral Cortex
(CC), Hippocampus (HPP), Striatum (STR) and Thala-
mus (THL) 15, 30, 60, 90, 120 and 240 min and 1 and 7 Days
after Transient Forebrain Ischemia

CNT: sham-operated control.
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Fig. 4. A: Induction of LIF mRNA by i.p. Injection of Kain-
ic Acid (10 mg/kg, 8 h), B: Effects of Receptor Agonists on
the Expression of LIF mRNA in Cultured Astrocytes

CC: cerebral cortex, HPP: hippocampus, STR: striatum, THL: thala-
mus, HT: hypothalamus, MB: midbrain, PM: pons-medulla oblongata,

CRB: cerebellum. Effects of acetylcholine (ACh), dopamine (Dpm),

isoproterenol (Isp), serotonin (Srt), glutamate (Glu), NMDA, kainic acid

(KA), ATP, GABA (1 mm each) on the expression of LIF mRNA in cul-

tured astrocytes. Astrocytes were treated with these agonists for 1 h in serum-

free medium.
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Fig. 5. Expression of Enkephalin (Enk), Nociceptin (Noci)
and f—Actin mRNAs in Control (C), Vehicle-Treated (V)
and LIF (20 or 80 ng/ml, 24 h) -Treated Cultured Rat Corti-
cal Neurons and the Adult Rat Brain (B)

RT-PCR was performed.
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Subfamily Structure Member
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HCC-1, TARC, LARC/MIP-3c/Exodus,
ELC/MIP-3, TECK, SLC/6Ckine/Exodus-2,
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C
¢ EEEEEET Lymphotactin
CXXXC
CX;3C

% Q\Fractalkine
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Fig. 6. Chemokine Family

domain

Chemokines are classified into four subfamilies based on their structures. Most chemokines have four cysteine residues at conserved positions. In the CXC
chemokine subfamily, the two cysteines nearest the N—termini of these proteins are separated by a single amino acid. In the CC chemokine subfamily, the two cys-
teines nearest the N—termini of these proteins are adjacent. Lymphotactin is a structurally related chemokine having only one cysteine near its N-terminus and is said
to belong to the C chemokine subfamily. The CX;C chemokine subfamily has only one member, that is called fractalkine. Fractalkine has a typical chemokine-like
structure (chemokine domain) at its N—terminus, and the two cysteines nearest the N—terminus of this domain are separated by three amino acids. This chemokine
domain is followed by a long stalk which is heavily substituted with mucin-like carbohydrates. Fractalkine is embedded in the membrane and has a short cytoplasmic

domain. For abbreviations, other articles (41, 43) should be referred.
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10A). 7 FRE MK IC, RN TREAR S Nz IL-18 3
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A. Fractalkine mRNA

C. CX,CR1 mRNA
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Fig. 7. Localization of Fractalkine (A) and CX;CR1 (C) mRNAs in the Rat Brain as Visualized by in situ Hybridization with

35S—Labeled Antisense RNA Probes

Film-autoradiograms at the level of lateral 1.4 mm are shown. AOV: anterior olfactory nucleus, Cx: cerebral cortex, CAl: CA1l part of the Ammon’s horn,
CA3: CA3 part of the Ammon’s horn, CPu: caudate-putamen, DG: dentate gyrus, Th: thalamus, Ce: cerebellum, SN: substatia nigra, LV: lateral ventricle, LR4V:
lateral recess 4th ventricle. Bar=5 mm. Expression of fractalkine (B) and CX;CR1 (D) mRNAs in the whole brain (B) and cultured neurons (N), microglia (M)

and astrocytes (A).

"chemotactic factor”

Neuron
Fractalkine
(Membrane-bound form)

Fractalkine
(Secreted form)

[ CX3CR1

Neurodegeneration

Fig. 8. Hypothetical Roles of Fractalkine as a Bifunctional
Molecule

Fractalkine in membrane-bound form could play a role as an ‘‘adhesion
molecule’” in direct interaction between neurons and microglia, and be in-
volved in synaptic reorganization in normal and/or degenerated brains. Un-
der the neurodegenerative condition, a secreted form of fractalkine could be
released from neurons and play a role as a ‘‘chemotactic factor’’ to cause the
activation and migration of microglia.
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Fig. 9. Expression of MCP-1 mRNA (Upper Panels) and MIP-1o mRNA (Lower Panels) in the Rat Brain 2, 12 and 24 hr after 2-h
Occlusion of Middle Cerebral Artery

Film-autoradiograms at the level of bregmma 1.7 mm are shown.

MIP-10. mRNA

0 1 3 6 12 24 hr 0 05 1 2 4 8 24 hr

Fig. 10. A:IL-18 (10 pg/ml) Induced MCP-1 mRNA (Up-
per Panel), but not MIP-1« mRNA (Lower Panel), in the
Cultured Astrocytes

B: ATP (300 um) Induced both MCP-1 mRNA (Upper
Panel) and MIP-1a« mRNA (Lower Panel) in the Cultured
Microglial Cells
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Fig. 11. Effects of vMIP-II on Brain Infarction at 48 Hours
after 1-Hour MCA Occlusion in Mice

Infarct volumes are presented as % of contralateral hemispheric values.
Total infarct volumes were compared between the vehicle- and vMIP-II-in-
jected groups. Data are expressed as means +=SD. ***: p<{0.005 compared
with the vehicle-injected group (ANOVA followed by Bonferroni’s post hoc
test) .
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Fig. 12.

Intercellular Communication in the CNS Mediated by Cytokines and Chemokines

IL-18 mRNA is induced by neurostimulants, stress and ischemia, at least in part, via noradrenergic system. This cytokine could act through its receptors on
neurons, astrocytes and endothelial cells. ATP induces LIF mRNA in astrocytes. LIF acts through its receptors on neuronal cells to increase nociceptin mRNA ex-
pression. Some chemokines, such as fractalkine, and chemokine receptors, like CX;CR1, are constitutively produced by cells intrinsic to the CNS, and might be in-
volved in the interaction between neurons and glial cells. In disease states, astrocytes and microglia can be induced to produce some chemokines such as MCP-1 and
MIP-1a. These chemokines might be involved in the activation of glial cells and recruitment of leukocytes into the brain parenchyma. Induction of chemokine mR-

NA:s in glial cells could be regulated by ATP and IL-18.

HEE AROBEEZKADIIHID, K¥HE
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F U T2 AR AWT ORIk L BRI 3 A TR
HOBEZRLET. £k, FAERRICERIREY
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B LR DE#HWELET. Rz, AWFEZE
ST 2ITH 720 TN 2 W/ & T U R FEFSE
HOBERITIRS EH N L XT.
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