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Abstract. Accumulating evidence has highlighted the importance of histamine in immune

responses. The H1 receptor is involved not only in allergic inflammatory reactions but also in

augmentation of helper T cell (Th)1 responses, whereas H2 receptor suppresses Th responses and

participates in immune tolerance through interleukin-10 and transforming growth factor-β.

Identification of the H4 receptor, which binds to histamine with high affinity and of which

expression is limited to the hematopoietic system, has enhanced the importance of histamine in

immune responses. However, since a majority of previous studies has evaluated the effects of

exogenous histamine, it remains largely unknown how endogenously produced histamine is

involved in regulation of such kinds of immune responses. Insight into precise roles of histamine

in the immune system can not be obtained without correct understanding of both the pre-

dominance of a certain type of histamine receptor and the regulation of histamine synthesis. Here

we review a part of the recent progress in histamine research in the field of immunology with

attention to the source of involved histamine.
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Introduction

Histamine plays a diverse role in physiological and

pathological responses by acting on its specific mem-

brane receptors, H1, H2, H3, and H4. An array of recent

studies highlights the important function of histamine in

the immune system. The recently identified H4 receptor

has greatly expanded the field of histamine research,

especially in the immune system, since this receptor

subtype is primarily expressed in immune cells. Accumu-

lating evidence has shed light on the complex regulatory

roles of histamine in immune responses. Insight into

precise roles of histamine in the immune system can not

be obtained without correct understanding of both the

predominance of a certain type of histamine receptor and

the regulation of histamine synthesis. Here we review a

part of the recent progress in histamine research in the

field of immunology with attention to the source of

involved histamine.

Inducible histamine synthesis in immune cells other

than mast cells

A wide variety of studies has suggested that histamine

is involved in regulation and modulation of immune

responses. However, since a large part of these studies

has evaluated the effects of exogenous histamine, it

remains largely unknown how endogenously produced

histamine is involved in regulation of such kinds of

immune responses. Mast cells and basophils are the

major source of stored histamine (1, 2). Granule-stored

histamine is liberated upon various stimuli including

IgE-mediated antigen stimulation, and this kind of

histamine release, degranulation, is characterized by its

rapid and transient nature. Pro-longed and continuous

production of histamine was often observed in post-

anaphylactic phase (3), which can not be attributed to

transient release of histamine from mast cells and

basophils. In contrast to the static granule-stored form,

histamine with a dynamic property was designed as

‘inducible or nascent’ histamine (4), which is generally

accompanied by induction of l-histidine decarboxylase

*Corresponding author. s_tanaka@mwu.mukogawa-u.ac.jp

Published online in J-STAGE:

DOI: 10.1254 / jphs.FMJ06001X5



S Tanaka and A Ichikawa2

(HDC), the rate-limiting enzyme for histamine synthesis

in mammalian cells. Histamine synthesis in non-mast

cells was first confirmed using W /WV mice, which

genetically lack mature mast cells, upon stimulation

with a phorbol ester (5). Recent studies have indicated

that the possible candidates for the source of ‘inducible’

histamine are activated macrophages and neutrophils

(6 – 10). Since these cells were found to exhibit rela-

tively high enzyme activity and release histamine sponta-

neously, they fulfill the requirement for ‘inducible’

histamine. Although histamine synthesis was also

reported in Con A-activated T lymphocytes previously

(11), further supporting evidence should be required

to establish the concept of T cell-derived histamine.

IgE-mediated induction of histamine synthesis in

mast cells

Since mast cells and basophils are the dominant

source of stored histamine, the regulation of histamine

synthesis in these cells is critical for immune modulation

by histamine. A recent topic in this field is ‘monomeric

IgE’-induced histamine synthesis in murine cultured

mast cells. Interleukin-3 (IL-3)-dependent bone marrow-

derived mast cells (BMMCs) were found to be activated

by certain IgE clones in the absence of the specific

antigen, leading to their survival, cytokine secretion,

histamine synthesis, adhesion, and migration (Review in

reference 12). A drastic and transient induction of HDC

(approximately 200-fold in activity) was found in

BMMCs stimulated by IgE alone, which was much

higher than that upon antigen stimulation, and this

induction resulted in the increase in stored histamine

(13). A recent study demonstrated that the anti-apoptic

effects of monomeric IgE on BMMCs were largely

mediated by IL-3 in an autocrine fashion (14). Although

IL-3 was found to have a potential to induce HDC in

bone marrow cells (15), monomeric IgE-induced

histamine synthesis may not be mediated by IL-3 (14).

Since induction of histamine synthesis also occurs upon

IgE-mediated antigen stimulation, it remains contro-

versial whether these two modes of FcεRI activation

share a common signaling pathway. However, recent

studies have revealed the qualitative differences between

them: 1) monomeric IgE-induced Ca2+ influx is mediated

by a distinct channel from that activated upon antigen

stimulation (16), and 2) PKCβII plays a critical role in

monomeric IgE-induced histamine synthesis in mast

cells, but not upon antigen stimulation (17). Since only

small levels of increase in histamine synthesis by

monomeric IgE were found both in purified rat perito-

neal mast cells and in vitro maturated BMMCs, stimulat-

ing effects of monomeric IgE on mast cells may be

limited to immature mast cells (16). However, it is

likely that monomeric IgE-induced histamine synthesis

exacerbates the symptoms of chronic allergy, since

drastic increases in the levels of serum IgE are often

observed in such diseases.

Effects of histamine on immune cells

Monocytes and dendritic cells

Recent studies have demonstrated that histamine has

a potential to modulate maturation and function of

monocytes and dendritic cells. Although activated

monocytes and dendritic cells may have a potential to

produce histamine, a majority of researches in this

field was performed with exogenously added histamine.

In human monocytes, histamine was found to suppress

the production of tumor necrosis factor-α (TNF-α) and

IL-12 and to enhance the production of IL-10 in

response to Toll-like receptor ligands by acting on the H2

receptor (18 – 20). Similar suppression of IL-12 and

augmentation of IL-10 production was observed in

human monocyte-derived dendritic cells, which leads to

acquisition of DC2 phenotype that drives the develop-

ment of helper T cell (Th)2 cells (21, 22). Recently,

involvement of the H4 receptor in suppression of IL-12

was also reported (23). In addition, expression of co-

stimulatory molecules such as CD80, CD86, and MHC

class II, and several chemokines was enhanced by

histamine exclusively in immature dendritic cells via the

H1 and H2 receptors (24). Very recently, Jawdat et al.

demonstrated that Langerhans cell migration to the

draining lymph node upon the cutaneous IgE /antigen

stimulation is mast cell-dependent and is blocked by

an H2-receptor antagonist, cimetidine (25). This result

obtained in vivo strongly indicates the significance of

mast cell-derived histamine in efficient antigen presenta-

tion by Langerhans cells in the draining lymph node.

In the P. acnes-primed and LPS-induced hepatitis

model, endogenous production of histamine by Kupffer

cells /macrophages was found to play a protective role

by acting on the H2 receptors (8). These two studies were

performed with attention to endogenous histamine

synthesis, with mast cells in the former case and Kupffer

cells /macrophages in the latter.

T cells and antibody responses

One of the most important findings in the recent

progress in histamine research is the modulation of Th

responses by histamine via the H1 and H2 receptors.

Jutel et al. demonstrated that histamine enhances Th1-

type responses by acting on the H1 receptor, which is

predominantly expressed in the Th1 cells, whereas

histamine suppresses both Th responses by acting on
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the H2 receptor (26). Suppression of interferon-γ (IFN-γ)

production and dominant secretion of Th2 cytokines

were observed in the H1 receptor deficient mice, whereas

total up-regulation of both Th cytokines was observed in

the H2-receptor-deficient mice. Although augmented

production of IL-4 and IL-13 was observed in the H2-

receptor-deficient mice, IgE production was suppressed

due to the increased production of IFN-γ in the

ovalbumin-induced allergy model, indicating the potent

role of H1 receptor-related Th1 responses in suppression

of humoral responses (26). A recent finding that an

autoimmune-disease-related gene, Bphs, encodes the H1

receptor makes perfect sense in interpretation of the

immunological role of this receptor (27). Indeed, the

H1-receptor-deficient mice showed delayed onset and

decreased sensitivity in experimental allergic encephalo-

myelitis. Furthermore, histamine was found to enhance

anti-IgM-induced proliferation of B cells by acting on

the H1 receptor. Furthermore, antibody production

against a T cell-independent antigen was significantly

decreased in the H1-receptor-deficient mice (28). In case

of T cell-dependent antigen, higher levels of specific

IgG1 and IgE production was observed in the H1-

receptor-deficient mice (26). It remains to be clarified

what kinds of cells produce histamine that affects the Th

responses and antibody production.

Tumor immunity

Several H2 receptor antagonists, especially cimeti-

dine, have been found to have a suppressive effect on

tumor development (29, 30). Recent concepts for the

function of histamine in immune responses can provide

a good explanation for the anti-tumoral effects of the H2

antagonists. As described above, the H2 receptor is

involved in suppression of Th responses in helper T

cells. In addition, histamine was found to induce the

production of IL-10 from dendritic cells and Th2 cells

and to enhance the immune suppressive effects of

transforming growth factor-β on T cells, both of which

are mediated by the H2 receptors (21, 31, 32). Although

the main source of histamine involved in suppression of

tumor immunity remains unknown, Takahashi et al.

demonstrated using an experimental tumor model with

HDC-deficient mice and a stable tumor cell line express-

ing HDC that local synthesis of histamine in the tumor

tissues suppresses the local expression of cytokines,

such as IFN-γ, TNF-α, and lymphotoxin-β, by acting on

the H2 receptor (33, 34).

Eosinophils

Although eosinophil migration induced by histamine

via the H1 receptor was previously reported, recent

studies revealed that the H4 receptor plays a critical role

in eosinophil migration (35). H4-receptor-mediated

migration was also reported in neutrophils, dendritic

cells, and mast cells (23, 36, 37). The H4 receptor is

coupled with a heterotrimeric G protein, Gi, and trigger-

ing of the H4 receptor induces Ca
2+ influx, which is

reminiscent of chemokine receptors. Indeed, since liver-

expressed chemokine /CC chemokine ligand 16 was

reported to be a functional ligand for the H4 receptor in

eosinophil migration, involvement of this chemokine

should be noted in evaluation of H4-receptor-mediated

chemotaxis in vivo (38).

Mast cells and basophils

Although little attention has been paid to the autocrine

effects of histamine on mast cells and basophils, recent

studies shed light on the role of histamine in mast cells

and basophils. In HDC-deficient-mice, peritoneal and

skin mast cells exhibited aberrant granules with very low

electron density, indicating the drastic decrease in the

granule contents such as granule proteases and sulfated

proteoglycans (39). Although critical roles of histamine

in cutaneous and systemic anaphylaxis have been

documented using the HDC-deficient mice (40, 41),

there remains a possibility that decreased granule

constituents, such as proteases, make some contribution

to the relief of anaphylaxis in the mutant mice. Further

studies on the impact of absence of histamine on mast

cell function should be required to comprehend in detail

how histamine regulates allergic responses through

maturation of tissue mast cells. Effects of histamine

were also reported in the migration of mast cells, which

were mediated exclusively by the H4 receptor (37).

Since fetal liver tissues were found to express high

levels of HDC, which was rapidly diminished after birth

(42), involvement of histamine in hematopoiesis has

been focused on. An adult hematopoietic organ, bone

marrow, contains certain kinds of cells that can produce

histamine in response to IL-3 (43, 44). The role of IL-3-

induced histamine synthesis in bone marrow remains to

be clarified. However, a recent study depicted a unique

circuit of newly synthesized histamine and its role in

basophil precursors (45). This study demonstrated that

bidirectional transport of histamine is mediated largely

by organic cation transporter 3 (OCT3) in the plasma

membranes of the FcεRI+, c-kit− bone marrow cells,

and strongly indicated that intracellular accumulated

histamine in the OCT3-deficient cells has suppressive

effects on expression of HDC, IL-4, and IL-6. This

system may contribute not only to feedback inhibition

of histamine synthesis but also to suppression of Th2

cytokine production by immature basophils. Histamine

transport across the plasma membrane was also reported

in the other studies, indicating the involvement of OCT2
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and an unknown system other than the OCT /OCTN

family in addition to OCT3 (46, 47).

Concluding remarks

Accumulating evidence has suggested that histamine

plays a modulatory role in immune responses. The H1

receptor is involved not only in allergic inflammatory

reactions but also in augmentation of Th1 responses,

whereas the H2 receptor suppresses Th responses and

participates in immune tolerance through IL-10 and

TGF-β. Identification of the H4 receptor, which binds to

histamine with high affinity and of which expression is

limited to the hematopoietic system, has enhanced the

importance of histamine in immune responses. Indeed,

recent progress in this field has deepened our under-

standing of the role of histamine in regulation of immune

responses (Fig. 1). It should be critical for making a big

picture to reveal when and how histamine is synthesized

and functions in immune responses.
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