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The function of hematolymphopoietic cytokines in the nervous system,

unrelated to neural-immune interactions
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R 1L-3, 4,5, 7, 8,10,
MO R GM-CSF, M-CSF, SCF
(HR=EDE
g HiRRERs &
PEREKRORE) CNTE. LIF,
CNTF, LIF, IL-1B, 3, IL-2, 3, 6, 8,
GM-CSF, M-CSF,
IFNy, EPO ‘%\ IL-10, 11, 12, 15
BFGF(*+IL-5,7, 9, — G-CSF, M-CSF,
and TGFe) ™ @ \ PR SCF, EPO, TPO
IFNasy
wfgmfg@ﬁ CNTE bFGF(+IL-5, 7, 9,
METST - ' FT AR - HI and TGFo)

IL-1B, 2,6

NTF, bFGF(+IL-5, 7, 9,
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bFGF: basic fibroblast growth factor, CSF: colony-stimulating factor, CNTF: ciliary neurotrophic factor, EPO: erythropoietin,
G-CSF: granulocyte CSF, GM-CSF: granulocyte-macrophage CSF, IFN: interferon, IL: interleukin, LIF: leukemia inhibitory
factor, M-CSF: macrophage CSF, SCF: stem cell factor, TGF: transforming growth factor, TPO: thrombopoietin
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*p<0.05, *p<0.01 (Mann-Whitney U 7 A })
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ANOHA MAA V- VT FVORERRE ORI A

_5_



DOHb, THICEEEET, ¥4 M H A v O/ERH
RA~DERIER & BV, AR % s+ 2176/
(beneficial effect) &, ZMELDDdH % MM % k3t
3 5EH (detrimental effect), & SIZIZHA M A~
OMFEMILHIK & 7)) 7 MBS HIK T O & R AE D&
WEBOLDIZT DI LD, WEHRANDIEHOE KL
R5Bo AFKIZZ OBRBOGERNOISH TR EKD 5
LZAHTHAHD, MADOHERL LRSI LICHD
TBEV,

SEM

1) Mehler, M.F., Kessler, J.A. (1997). Hematolymphopoietic and
inflammatory cytokines Trends
Neurosci., 20, 357-365

2) ABEEM# (2003). MBS A A4 L BRRIE,
39, 58-66

3) “Hanisch, U.-K., Quirion, R. (1996). Interleukin-2 as a
neuroregulatory cytokine. Brain Res. Rev., 21, 246-284

4) Hanisch, U.-K., Neuhaus, J., Rowe, W., et al. (1997).

Neurotoxic consequences of central long-term administration

in neural development.

of interleukin-2 in rats. Neuroscience, 79, 799-818

5) Mennicken, F., Quirion, R. (1997). Interleukin-2 increases
choline acetyltransferase activity in septal-cell cultures.
Synapse, 26, 175-183

Petitto, J.M., McNakamura, R.K., Gendreau, P.L., et al.
(1999).
hippocampal neurodevelopment resulting from interleukin-2
gene deletion. J. Neurosci. Res., 56, 441-446

7) Kamegai, M., Niijima, K., Kunishita, T., et al. (1990).

Interleukin-3 as a trophic factor for central cholinergic neurons

6

=

Impaired learning and memory and altered

in vitro and in vivo. Neuron, 4, 429-436

8) Tabira, T., Konishi, Y., Gallyas, F.Jr. (1995). Neurotrophic
effect of hematopoietic cytokines on cholinergic and other
neurons in vitro. Int. J. Devl. Neurosci., 13, 241-252

9) Konishi, Y., Harano, T., Tabira, T. (1999). Neurotrophic effect

~

of interleukin-3 (IL-3) and its mechanisms of action in the
nervous system. CNS Drug Rev., 5, 265-280

ANFER (2001). ) AAEBEHRHEBORERT &
L T ®interleukin-3. FIRES, 20, 275-283

11) Konishi, Y., Chui, D.-H., Hirose, H., et al. (1993). Trophic

effect of erythropoietin and other hematopoietic factors on

10

=

central cholinergic neurons in vitro and in vivo. Brain Res.,
609, 29-35

12) Wang, Y .-Q., Berezovska, O., Fedoroff, S. (1999). Expression
of colony stimulating factor-1 receptor (CSF-1R) by CNS
neurons in mice. J. Neurosci. Res., 57, 616-632

13) Berezovskaya, O., Maysinger, D., Fedoroff, S. (1996). Colony

stimulating factor-1 potentiates neuronal survival in central

cortex ischemia lesion. Acta Neuropathol., 92, 479-486

Berezovskaya, O., Maysinger, D., Fedoroff, S. (1995). The

hematopoietic cytokine, colony-stimulating factor 1, is also a

=

14

growth factor in the CNS: congenital absence of CSF-1 in
mice results in abnormal microglial response and increased
neuron vulnerability to injury. Int. J. Devl. Neurosci., 13, 285-
299

15) Kalla, R, Liu, Z., Xu, S. (2001). Microglia and the early phase
of immune surveillance in the axotomized facial motor
nucleus: impaired microglial activation and lymphocyte

recruitment but no effect on neuronal survival or axonal

regeneration in macrophage-colony stimulating factor-
deficient mice. J. Comp. Neurol., 436, 182-201

16) Chang, Y., Albright, S., Lee, F. (1994). Cytokines in the
central nervous system: expression of macrophage colony
stimulating factor and its receptor during development. J.
Neuroimmunol., 52,9-17

17) Michaelason, M.D., Bieri, P.L., Mehler, M.F., et al. (1996).
CSF-1 deficiency
development. Development, 122, 2661-2672

18) Murase, S., Hayashi, Y. (1998). Expression pattern and

in mice results in abnormal brain

neurotrophic role of the c-fims proto-oncogene M-CSF receptor
in rodent Purkinje cells. J. Neurosci., 24, 10481-10492

19) Masuda, S., Okano, M., Yamagishi, K., et al. (1994). A novel
site of erythropoietin production. J. Biol. Chem., 269, 19488-
19493

20) Bernaudin, M., Bellail, A., Marti, H.H., et al. (2000). Neurons

EPO mRNA:
mechanisms that involve the redox-state of the brain. Glia, 30,
271-278

21) Masuda, S., Nagao, M., Takahata, K., et al. (1993). Functional

and astrocytes express oxgen-sensing

erythropoietin receptor of the cells with neural characteristics.
J. Biol. Chem., 268, 11208-11216
22) Morishita, E., Masuda, S, (1997).

Erythropoietin receptor is expressed in rat hippocampal and

Nagao, M., et al

cerebral cortical neurons, and erythropoietin prevents in vitro
glutamate-induced neuronal death. Neuroscience, 76, 105-116
23) Chin, K., Yu, X., Beleslin-Cokic, et al. (2000). Production and
processing of erythropoietin receptor transcripts in brain. Mol.
Brain Res., 81, 29-42
24) Lewczuk, P., Hasselblatt, M., Kamrowski-Kruck, H., et al.



25)

26)

27)

28)

29)

30

=

31)

32)

33)

34)

35

=

36)

37)

(2000). Survival of hippocampal neurons in culture upon
hypoxia: effect of erythropoietin. NeuroReport, 11, 3485-3488
Sakanaka, M., Wen, T.-C., Matsuda, S., et al. (1998). In vivo
evidence that erythropoietin protects neurons from ischemic
damage. Proc. Natl. Acad. Sci. USA, 95, 4635-4640

A.-L., Fratelli, M., Brines, M., (2001).

Erythropoietin prevents neuronal apoptosis after cerebral

Sirén, et al
ischemia and metabolic stress. Proc. Natl. Acad. Sci. USA, 98,
4044-4049

Wiessner, C., Allegrini, P.R., Ekatodramis, D., et al. (2001).
Increased cerebral infarct volumes in polyglobulic mice
overexpressing erythropoietin. J. Cereb. Blood Flow Metab.
21, 857-864

T., S.T., Shimazaki, T. (2001).

Erythropoietin regulates the in vitro and in vivo production of

Shingo, Sorokan,

neuronal progenitors by mammalian forebrain neural stem
cells. J. Neuroisci., 21, 9733-9743
M., Lipton, S.A. (2001).

Digicaylioglu, Erythropoietin-

.mediated neuroprotection involves cross-talk between jak2 and

NF-kB signaling cascades. Nature, 412, 641-647

Hirata, T., Morii, E., Morimoto, M., et al. (1993). Stem cell
factor induces outgrowth of c-kit-positive neuritis and supports
the survival of c-kit-positive neurons in dorsal root ganglia of
mouse. Development, 119, 49-56

Zhang, S.-C., Fedoroff, S. (1997). Cellular Loalization of stem
cell factor and c-kit receptor in the mouse nervous system. J.
Neurosci. Res., 47,1-15

Hirota, S., Ito, A., Morii, E., et al. (1992). Localization of
mRNA for c-kit receptor and its ligand in the brain of adult
rats: an analysis using in situ hybridization histochemistry.
Mol. Brain Res., 15, 47-54

Katafuchi, T., Li, A.-J., Hirota, SA., et al. (2000). Impairment
of spatial learning and hippocampal synaptic potentiation in c-
kit mutant rats. Learning & Memory, 7, 383-392

Ward, S.M., KM. (2001).
pathophysiology of the interstitial cell of Cajal: from bench to

Sanders, Physiology and
bedside 1. Functional development and plasticity of interstitial
cells of Cajal networks. Am. J. Physiol. Gastrointest. Physiol.
282, G602-G611

Bamber, B.A., Masters, B.A., Hoyle, G.W., et al. (1994).
Leukemia inhibitory factor induces neurotransmitter switching
in transgenic mice. Proc. Natl. Acad. Sci. USA, 91, 7839-7843
Kessler, J.A., Ludlam, W.H., Freidin, M.M., et al. (1993).
Cytokine-induced programmed death of cultured sympathetic
neurons. Neuron, 11, 1123-1132

Kotzbauer, P.T., Lampe, P.A., Estus, S., et al. (1994).

38

39

40

41

42

43

_7_

)

)

)

)

~

=

Postnatal development of survival responsiveness in rat
sympathetic neurons to leukemia inhibitory factor and ciliary
neurotrophic factor. Neuron, 12, 763-773
Murphy, M., Dutton, R., Koblar, S., et al. (1997). Cytokines
which signal through the LIF receptor and other actions in the
nervous system. Prog. Neurobiol., 52, 355-378
Hammarberg, HY., Piehl, F., Risling, M., et al. (2000).
Differential regulation of trophic factor receptor mRNAs in
spinal motoneurons after sciatic nerve transaction and ventral
root avulsion in the rat. J. Comp. Neurol., 426, 587-601
Blesch, A., Uy, H.S., Grill, RJ., et al. (1999). Leukemia
inhibitory factor augments neurotrophin expression and
corticospinal axon growth after adult CNS injury. J. Neurosci.,
19, 3556-3566
Bugga, L., Gadient, R.A., Kwan, K., et al. (1998). Analysis of
neuronal and glial phenotypes in brains of mice deficient in
leukemia inhibitory factor. J. Neurobiol., 36, 509-524
Flanders, K.C., Ren, R.F., Lippa, C.F. (1998). Transforming
growth factor- fs in neurodegenerative disease. Prog.
Neurobiol., 54, 71-85
Krieglstein, K., Strelau, J., Schober, A., et al. (2002). TGF-
and the regulation of neuron survival and death. J. Physiol.
(Paris), 96:25-30

(20024£12A18 =)



	神経系におけるサイトカインの機能 
-神経-免疫連関から切り離して-
	はじめに
	インターロイキンー2（interleukin－2，lL－2）
	インターロイキンー3（inter1eukin－3，1L－3）
	コロニー刺激因子（colony－stimu1ating　factor，CSF） 
	エリスロポエチン（erythropoietin，Epo） 
	幹細胞因子（stem　cel1factor，SCF） 
	gp130サイトカイン
	各種神経疾患の病態形成へのサイトカインの関与
	トランスフォーミング増殖因子β（transforming )growth　factorβ，TGFβ） 
	参考文献




