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Summary. It is well recognized that the immune 
response is under the influence of a variety of neural or 
neuroendocrine mechanisms. Much less studied is the 
possible influence of these mechanisms on hemato- 
poiesis. Here I review the existing evidence about a 
neural andlor neuroendocrine regulation of hemato- 
poiesis. The physiology of the blood forming system 
seems to be controlled at three levels, i.e. at the cellular 
level by the bone marrow stroma, at the humoral level 
by hematopoietic cytokines and finally by catechol- 
amines and neuroendocrine factors. Bone marrow 
catecholarnines originate from sympathetic nerve fibers 
and from hematopoietic cells directly. Catecholamines of 
neural origin show a circadian rhythmicity. Adreno- 
ceptors present on bone marrow cells include the a l -  
subtype which seems to mediate the catecholaminergic 
control of hematopoiesis. Neuroendocrine factors 
including substance P, neurokinin-A and the pineal 
hormone melatonin might also influence hematopoiesis 
by affecting hernatopoietic cytokines. In particular, 
melatonin seems to affect hematopoiesis via the 
induction in bone marrow T-helper cells of two novel 
opioid cytokines. A complete understanding of the 
neural and neuroendocrine regulation of hematopoiesis 
might provide new conceptual and therapeutic 
perspectives in a variety of hematopoietic and immune 
diseases. 
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Introduction 

The existence of a common messengerlreceptor 
network between the central nervous system and the 
immune system is today beyond any doubt. Cytokines 
which play a crucial role in the immune response may 
also be produced in the central nervous system and affect 
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neuroendocrine functions. Neurohormones may, in turn, 
be synthesized by immunocompetent cells and affect 
immune functions (Ader et al., 1995). On the other hand, 
almost all cytokines have been shown to affect the blood 
forming system. The link between the nervous and 
neuroendocrine systems and hematopoiesis seems thus 
straightforward. However, the experimental evidence for 
any neural or neuroendocrine/hematopoietic relationship 
is scant. Hematopoiesis depends on a highly complex 
series of events in which a small population of stem cells 
needs to generate large populations of maturing cells 
(Galindez and Aggio, 1997). The diverse differentiative 
and proliferative events as well as entry of mature cells 
into the circulation and their selective localization in 
appropriate tissues require a sophisticated regulatory 
control. Such control may well include neural or neuro- 
endocrine mechanisms. Lymphoid tissues including the 
bone marrow are directly innervated (Felten, 1993). 
Neuropeptides and/or neurotransmitters have been 
reported to influence hematopoiesis via induction of 
hematopoietic cytokines (Rameshwar et al., 1994; Ader 
et al., 1995). Consistent with the concept of a neuro- 
endocrine immuno-hematopoietic network, hormonal 
and neurbtransmitters receptors have been described in a 
variety of immuno-hematopoietic cells (Feldman et al., 
1987; Malec and Nowak, 1988; Spengler et al., 1990; 
Ader et a l . ,  1995). Very little is known about the 
presence of such receptors in neoplasias of lymphoid 
tissues. However, the most widely studied molecule on 
the surface of human leukemic cells, i.e. the common 
acute lymphoblastic leukemia antigen (CALLA, CDlO) 
has been recently found to be a neutral endopeptidase 
(E.C.3.4.24.11. enkephalinase) which may suggest an 
unknown hematopoietic function for enkephalin- 
containing peptides (LeBien and McCormack, 1989; 
Delikat et al., 1994). Consistently, it has been recently 
reported that enkephalins may influence long-term bone 
marrow cultures (Krizanac-Bengez et al., 1994). 

Beside lymphocytes and macrophages which are 
involved in antigen-specific immune responses, neutro- 
phils constitute the first defence line in case of infectious 
events and eosinophils have recently appeared to exert a 
cytotoxic action against tumor cells. Granulocytes are 








