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Abstract: It has been well known that catecholamines (CAs) in the body, including norepinephrine (NE), epinephrine (E) and
dopamine (DA), are synthesized and secreted by neurons and endocrine cells and mainly modulate visceral activities such as cardiovascular,
respiratory and digestive functions. The studies over the past nearly 30 years have shown that CAs can also regulate immune function.
The immunomodulation of CAs is generally considered as a role mediating the regulation of nervous and endocrine systems. However,
recent studies reveal that immune cells can also synthesize CAs, which is an update of traditional concept. A classical metabolic
pathway of CAs shared by the nervous and endocrine systems is present in the immune cells, i.e., the immunocytes have the enzymes
for synthesis of CAs [e.g. tyrosine hydroxylase (TH)] and the enzymes for degradation of CAs [e.g. monoamine oxidase (MAO) and
catechol-O-methyl transferase (COMT)]. The endogenous CAs synthesized by immune cells can regulate many immune functions,
including cellular proliferation, differentiation, apoptosis and cytokine production. These roles of the endogenous CAs may be
mediated by an autocrine/paracrine pathway via relevant receptors on the immunocytes and intracellular cAMP. Intracellular oxidative
mechanism may also be involved in immunoregulation of endogenous CAs in immune cells. In addition, some metabolic abnormalities
of CAs in the immune cells probably induce some autoimmune diseases, such as multiple sclerosis (MS) and rheumatoid arthritis.
These findings not only provide evidence for the new concept that the immune system is possible to become the third CA system other
than the nervous and endocrine systems, but also extend our comprehension on functional significance of the endogenous CAs
synthesized by immune cells.
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免疫细胞内源性儿茶酚胺的免疫调节作用
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摘  要：机体内儿茶酚胺(catecholamines, CAs)包括去甲肾上腺素(norepinephrine, NE)、肾上腺素(epinephrine, E)和多巴胺

(dopamine, DA)。CAs 由神经元和内分泌细胞合成和分泌，其主要功能是调节心血管、呼吸和消化等内脏活动。近三十年

来的研究说明，CAs 也参与调控机体的免疫功能，但 CAs 的这种免疫调节作用一般视为神经和内分泌系统调节的介导作用。

然而，近年来的研究发现，免疫细胞也能合成 CAs，这是对传统观念的一种补充和提高。免疫细胞内存在经典的 CAs 代谢

途径，既有合成CAs 的酪氨酸羟化酶(tyrosine hydroxylase, TH)又有降解CAs 的单胺氧化酶(monoamine oxidase, MAO)和儿茶酚

氧位甲基移位酶(catechol-O-methyl transferase, COMT)。免疫细胞合成的内源性 CAs 可以调控细胞的增殖、分化、凋亡和细

胞因子生成等多种免疫功能。CAs的这些作用可能主要通过自分泌或旁分泌途径作用于免疫细胞上相应受体和细胞内环磷酸腺

苷(cyclic AMP, cAMP)实现。细胞内氧化应激机制可能也参与免疫细胞内源性 CAs 的免疫调节作用。此外，一些自身免疫

性疾病如多发性硬化、风湿性关节炎可能也与免疫细胞内 CAs 的代谢异常有关。上述发现不仅为免疫系统有可能成为除神经
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和内分泌系统以外的第三个 CA 能系统提供了证据，而且为免疫系统内源性 CAs 的功能意义拓展了认识。

关键词：儿茶酚胺；淋巴细胞；酪氨酸羟化酶；肾上腺素受体；环磷酸腺苷
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Over the past 20 to 30 years, an interesting development in
the studies of neuro-endocrine-immune interaction is that
some cells in the neuroendocrine and immune systems can
synthesize neuropeptides/neurotransmitters, hormones and
cytokines, as well as their relative receptors. These media-
tors coexisting in the neuroendocrine and immune sys-
tems can be used as common mediators or common lan-
guage in the neuro-endocrine-immune modulating network[1].
Through these common mediators, the nervous, endocrine
and immune systems are able to regulate their activities
reciprocally and make the body respond properly accord-
ing to various changes of internal and external environments.
Thus, functional homeostasis of the body can be main-
tained and diseases can be prevented.

Catecholamines (CAs) in the body, including dopamine
(DA), norepinephrine (NE) and epinephrine (E), have been
well known to be modulators from nervous and endocrine
systems and to regulate various functional activities of the
body. The modulation of cardiac muscles, smooth muscles
and glands by CAs allows the functional homeostasis of
various systems in the body, such as cardiovascular,
respiratory, digestive and renal systems. However, recent
studies have found that CAs are not only important modu-
lators regulating various functional activities, but also com-
mon language in the neuro-endocrine-immune interactive
network. The sympathetic nerve fibers directly innervate
lymphoid organs[2-4]. CAs can modulate immunocyte
proliferation, differentiation, apoptosis and cytokine pro-
duction through the receptors on the immunocytes, in-
cluding β2-, α1-, α2-adrenoreceptors and D1, D2-like DA
receptors[5-13]. Our previous studies also have shown that
NE can suppress concanavalin A (Con A)-induced lym-
phocyte proliferation[12] and interleukin-2 (IL-2) production,
and also attenuate cytotoxicity of natural killer (NK) cells[13].
For many years, we have believed that only neurons and
endocrine cells can synthesize CAs. Therefore, the
immunomodulation of CAs is considered as a role of ner-
vous and endocrine systems. Recent studies, however,
have revealed that besides neuronal and endocrine cells,
many kinds of immune cells can synthesize and secrete
CAs. The endogenous CAs synthesized by immunocytes
may regulate various immune functions through paracrine/

autocrine or other pathways. These new findings not only
pose a challenge to the traditional views on origins and
roles of CAs, but also extend our understanding of
neuroimmunomodulation of CAs, and meanwhile provide
more research space for the common mediators in the
neuro-endocrine-immune modulating network.

1  Evidence for synthesis of CAs by immune cells
In 1994, Bergquist et al. firstly determined CAs in lympho-
cytes of human cerebrospinal fluid (CSF) by means of capil-
lary electrophoresis with electrochemical detection and found
that intracellular CAs per lymphocyte are about 2×10-18

mol[14]. Three years later, they reported that intracellular
DA in human peripheral blood mononuclear cells (PBMCs)
is 1.6×10-18 mol and NE 1.0×10-18 mol per cell[15]. Further,
they utilized the technology of electrospray ionization mass
spectrometry to show structural characteristics of these
compounds in immune cells and proved that they are CAs
containing a specific structure called catechol[16]. Moreover,
Knudsen et al.[17] and Cosentino et al.[18] also confirmed
the existence of CAs in PBMCs by the aid of radioenzymatic
assay and high-performance liquid chromatography,
respectively. In human neutrophils[19] and macrophages[20],
CAs are found as well. Besides human, mice are also de-
tected for CAs in their splenocytes and peritoneal mac-
rophages [21] as well as mast cells[22].

However, it is possible that the intracellular CAs detected
in the immune cells are not from an active synthesis of the
cells, but from a passive uptake from exterior of the cells.
Further investigations have clarified the issues. Cosentino
et al.[18] and Josefsson et al.[21] respectively examined hu-
man hematopoietic cell lines (NALM-6 and U937) and T
and B cell hybridomas (HCQ6 and 6B9E4) and found CAs
in these cells, although CAs in these clones are less than
those mentioned above in immunocytes freshly isolated
from human and animal body. Since these clones have
been cultured for long time in vitro, the CAs detected in
the cells are impossible to originate from neuronal and en-
docrine cells. Thus, these results on the one hand demon-
strate that immunocytes are able to synthesize CAs and on
the other hand suggest that CAs in the immunocytes may
partly be due to the uptake of the cells from the exterior.
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Recently, some evidence from our laboratory further
reveals the ability of lymphocytes to synthesize CAs. We
found that there was the expression of tyrosine hydroxy-
lase (TH), an initial rate-limiting enzyme in the process of
CA synthesis, in the mesenteric lymph nodes, spleen and
thymus of rats, and the distributive density of TH-positive
cells was highest in the lymph nodes, lowest in the thymus
and middle in the spleen[23]. Resting lymphocytes can ex-
press TH mRNA and Con A-activated lymphocytes up-
regulate the expression of TH mRNA[24]. More directly,
we detected the three kinds of CAs, DA, NE and E, in the
cultured lymphocytes, and found that all the three kinds of
CAs were more in the Con A-activated lymphocytes than
in the resting lymphocytes[24]. These results from our labo-
ratory not only further demonstrate the ability of lympho-
cytes to synthesize CAs but also suggest a change of CA
synthetic ability depending on various lymphoid organs and
different functional states of the lymphocytes.

2  Metabolic pathways of CAs in immune cells
Some evidence proposes that metabolic pathways of CAs
in immune cells are similar to the classical metabolic routes
of CAs in nervous and endocrine systems, including their
synthesis, storage, release, reuptake and degradation.
2.1  Synthesis of CAs in immune cells
As mentioned above, lymphocytes have TH mRNA ex-
pression and TH protein, and the TH mRNA expression is
up-regulated and meanwhile CA synthesis increases when
the lymphocytes are activated by Con A or phytohemag-
glutinin (PHA)[23-26]. These facts show that synthesis of
CAs in lymphocytes relies on TH.

Report from laboratory of Musso et al. indicates syn-
thetic characteristics of CAs in immune cells. They added
L-tyrosine and L-dopa to lymphocyte cultures and found
that CAs increased in the lymphocytes in a dose-depen-
dent way, but D-dopa did not influence the CA synthesis
of the lymphocytes[27]. Further, they added [3H]-L-dopa to
the lymphocyte cultures and one hour later [3H]-NE and
[3H]-DA were detected in the lymphocytes[27]. The data
suggest that lymphocytes are able to take the precursors
of CAs from extracellular fluid and synthesize CAs.
Moreover, they found that CAs in lymphocytes decreased
in a dose-dependent manner after the lymphocytes were
treated with either α-methyl-p-tyrosine (α-MT), an in-
hibitor of TH activity, or benserazide, an inhibitor of dopa
decarboxylase[27]. Recent studies of our laboratory sup-
port the report of Musso et al. We observed that α-MT
decreased content of intracellular DA, NE and E in Con A-

activated lymphocytes and pargyline, an inhibitor of
monoamine oxydase, increased the content of intracellular
DA, NE and E in the Con A-activated lymphocytes[24].
Besides, NE content decreased but DA increased in lym-
phocytes after the lymphocytes were treated with disul-
firam and fusaric acid, inhibitors of DA-β-hydroxylase
(DβH)[27]. Taken together, these findings suggest that as
nervous and endocrine cells do, immunocytes can utilize
tyrosine to produce L-dopa under catalysis of TH; subse-
quently the L-dopa is converted to DA via action of dopa
decarboxylase; and lastly, DA is transformed to NE by the
enzyme DβH.
2.2  Storage and release of CAs in immune cells
Reserpine has been known to inhibit the uptake and stor-
age of CAs into vesicles[28]. After immune cells are in-
cubated with reserpine for one hour, intracellular CAs
including DA, NE and E are remarkably reduced, but
CAs in the culture supernatants of the cells are signifi-
cantly increased[18,19]. The information suggests that CAs
in immunocytes may be stored in vesicle-like structures,
similar to that in neurons.

Although the mechanisms, through which immunocytes
release CAs out of the cells, are still less clear, some au-
thors present some differences between lymphocytes in
human peripheral blood and chromaffin cells in adrenal
medulla in the characteristics of CA release. NE secretion
in both the lymphocytes and the chromaffin cells seems to
be acetylcholine (ACh)- and calcium-dependent, since ACh
can facilitate NE release of the two kinds of cells and
ionomycine, KCl and veratridine can also promote NE re-
lease of these cells via stimulation of calcium inflow[29,30].
However, as far as the lymphocytes are concerned, tetra-
ethylammonium (TEA), a blocker of nicotinic receptors,
only partly (50%) blocked the ACh-induced NE release;
and D600, a blocker of Ca2+ channel, only attenuated the
ACh-induced NE release by 30%[29,30]. Unlike the phenom-
ena of the lymphocytes, the ACh-induced NE release of
the chromaffin cells can be completely blocked by TEA
and D600. The differences of lymphocytes from chroma-
ffin cells in the NE release suggest that some distinct ion
channels or other mechanisms may be involved in CA re-
lease of lymphocytes.
2.3  Reuptake and degradation of CAs by immune
cells
2.3.1  Reuptake of CAs by immune cells
Faraj et al. are among the first to indicate a DA uptake
system in lymphocytes. They found DA specific binding
sites on human lymphocytes by using radioligand-binding
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assay[31,32]. [3H]-labeled DA was added to cultures of hu-
man lymphocyte, and ten minutes later, the [3H]-DA was
detected in the lymphocytes[31,32]. Two kinds of selective
inhibitors of monoamine transporters, cocaine and GBR
12909, suppressed both the DA binding to the specific sites
and the uptake of [3H]-DA[31,32]. On the basis of the facts,
Faraj et al. presume that a DA transporter (DAT) exists on
human lymphocytes, which is similar to that on neurons[32].
Similarly, in vivo, significant uptake of labeled DA into
lymphoid tissues was observed [33]. However, Krieger
et al. present a different view on the supposition of Faraj
et al. They consider that the phenomena of the active up-
take of [3H]-DA by lymphocytes are probably due to con-
tamination of the lymphocytes by platelets in the process
of isolation of the lymphocytes[34]. Recently, some studies
from other laboratories prove the existence of DAT on
lymphocytes. Amenta et al. observed that there were DAT-
immunoreactivity and vesicular monoamine transporter
(VMAT)-immunoreactivity on cellular membrane and
vesicle-like structures of lymphocytes in peripheral blood[35].
Human lymphocytes have DAT mRNA expression[36]. In-
cubation of human PBMCs with both desipramine, an in-
hibitor of NE uptake, and GBR 12909, a blocker of DAT,
induced an increase of DA and NE in the culture medium[37],
suggesting that besides DAT, NE transporters (NET) may
also be present on immune cells and they both participate
in the active uptake of CAs. However, further evidence for
NET on immunocytes still needs to be provided[38,39].
2.3.2  Degradation of CAs by enzymes in immune cells
The physiological effects of the released CAs are primarily
terminated through reuptake mechanism, but their final in-
activation still relies on two enzymes in the cells, monoam-
ine oxidase (MAO) and catechol-O-methyl transferase
(COMT). As early as in 1983, Bidart et al. discovered that
human T and B lymphocytes had COMT immunoreactiv-
ity[40]. Later, Balsa et al. reported that in lymphocytes and
granulocytes of human blood existed monoamine oxidase
activity[41]. Treatment of lymphocytes with pargyline re-
sulted in an increase of intracellular CAs and a decrease of
intracellular CA metabolites in the lymphocytes[24,37]. Me-
tabolites of all the three kinds of CAs (DA, NE and E) can
be detected in immune cells[18,19]. These results imply that
immunocytes not only synthesize CAs but also degrade
and inactivate CAs via MAO and COMT in the cells.

3  Roles and mechanisms of endogenous CAs
synthesized by immune cells in immunomodulation

3.1  Roles of endogenous CAs in immunocytes in im-
munomodulation
Large quantities of studies have showed that CAs, as me-
diators of nervous and endocrine systems, can adjust im-
mune functions. Recently, we investigated effect of the
endogenous CAs of lymphocytes on function of lympho-
cytes themselves. We found that Con A-activated lympho-
cytes up-regulated TH mRNA expression, increased TH-
immunoreactive protein and enhanced intracellular content
of DA, NE and E compared with resting lymphocytes[23,24],
suggesting that CA synthesis in lymphocytes is related to
functional state of the lymphocytes. In addition, treatment
of lymphocytes with α-MT, which decreased all the three
kinds of CAs, both intracellular and supernatant of the cul-
tured lymphocytes, led to enhancement of both Con A-
induced lymphocyte proliferation and IL-2 production; while
treatment of lymphocytes with pargyline, which increased
all the three kinds of CAs, both intracellular and superna-
tant of the cultured lymphocytes, resulted in attenuation of
the Con A-induced lymphocyte proliferation[23,24]. Our
findings, from positive and negative profiles, strongly show
that the endogenous CAs derived from lymphocytes can
modulate function of lymphocytes themselves. Our find-
ings are similar to some other relevant reports. Activation
of RAW 264.7 macrophage cell line with LPS caused in-
crease of extracellular NE and intracellular DA of the cul-
tured cells[20]. The activated lymphocytes may up-regulate
expression of adrenoreceptors[42,43]. Treatment of α-MT
and MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine),
another inhibitor of TH, and haloperidol, an antagonist of
DA receptors, depressed growth of T cell hybridoma (10I)
in a dose-dependent manner[25]. Interestingly, there was no
influence of α-MT on spontaneous apoptosis of resting
PBMCs, but there was notable suppression of α-MT on
the activation-induced apoptosis of PBMCs[44]. We reveal
that CAs in resting lymphocytes are lower, but are dra-
matically increased in Con A-activated lymphocytes[23],
implying that the increase of CAs in the activated lympho-
cytes may be necessary to their immunoregulatory role.
3.2  Immunoregulatory mechanisms of endogenous
CAs in immune cells
There are two mechanisms that may be involved in
immunoregulation of endogenous CAs in immune cells:
one is autocrine/paracrine mechanism, through which CAs
are secreted out of immunocytes and act on the cells; and
the other is intracellular mechanism, through which CAs
directly modulate function of the immunocytes themselves
without being secreted out of the cells (Fig.1).
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3.2.1  Receptor-mediated autocrine/paracrine
mechanism
It  has been well established that β 2- , α1-,  α2-
adrenoreceptors[45-49] and D1, D2-like DA receptors[50-52] ex-
ist on immune cells by using radioenzymatic assay, RT-
PCR and Western blot. These findings available provide a
structural prerequisite for the paracrine/autocrine regula-
tory mechanism of CAs. Recently, our studies showed
that α-MT induced a notable reduction of intracellular and
supernatant DA, NE and E of the cultured lymphocytes,
while pargyline caused a marked augment of the intracel-
lular and supernatant DA, NE and E in the cultured
lymphocytes, suggesting that intracellular CAs can be se-
creted out of lymphocytes[24]. Moreover, we found that
treatment of lymphocytes with pargyline plus phentola-
mine (α-adrenoreceptor antagonist) partly reversed the sup-
pressive effect of pargyline on Con A-induced lymphocyte
proliferation, while treatment of lymphocytes with pargyline
plus propranolol (β-adrenoreceptor antagonist) completely
blocked the inhibition of pargyline on the lymphocyte pro-
liferation[24]. These results propose that both α- and β-

adrenoreceptors take part in mediating modulation of the
endogenous CAs on lymphocyte function, but probably β-
adrenoreceptors are dominant in mediating the
immunomodulation of CAs. In addition, we observed that
cAMP content in the lymphocytes treated with pargyline
remarkably increased and propranolol completely blocked
the cAMP increase induced by pargyline[24]. Reports from
other laboratories that murine macrophage-derived CAs
modulated LPS-induced tumor necrosis factor and
interleukin-1β production through adrenoreceptor-mediated
autocrine/paracrine mechanism are in line with our find-
ings[53,54]. Thus, we can propose that an autocrine/paracrine
pathway conducts the immunoregulation of endogenous
CAs in immunocytes, i.e., CAs are secreted out of
immunocytes, subsequently act on β-adrenoreceptors on
the immunocytes, then increase intracellular cAMP in the
cells, and regulate functions of the immunocytes
themselves.
3.2.2  Receptor-independent intracellular regulatory
mechanism
When intracellular CAs are oxidated by MAO on mito-

Fig. 1.  Immunoregulatory mechanisms in endogenous CAs in immune cells.
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chondrial membrane, they produce a large quantity of oxy-
gen species and oxidative metabolites, which have evident
cytotoxic effect at high concentrations and induce apoptosis
of the cells[55-61]. This kind of reaction also occurs in im-
mune cells. The intracellular CAs newly synthesized by
immune cells may not be released immediately, but accu-
mulate in the cells, which results in receptor-independent
and oxidative stress-induced apoptosis of the cells[38]. An
anti-oxidant, ascorbic acid, can completely or partially pre-
vent CAs from their suppression of proliferation of
mastocytes and macrophages, and block the CA-induced
enhancement of cellular apoptosis[20]. Contrarily, preincu-
bation of lymphocytes with L-buthionine-[S,R]-
sulfoximine, an inhibitor of glutathione synthesis, increased
sensitivity of the lymphocytes to CA-stimulated apoptosis.
These data propose that CAs in immune cells may employ
intracellular oxidative mechanism to exert their
immunoregulatory function. A specific transporter for CAs
also exists on cellular nuclear membrane of lymphocytes,
via which CAs in cytoplasm can be transported into nuclei
of the cells [62]. More directly, Bergquist et al. determined
levels of CAs in nuclei of lymphocytes by using capillary
electrophoresis with electrochemical detection and found
that an even level in nucleus per cell was (5.3±2.6)×10-21

mol for DA and (2.1±0.9)×10-21 mol for NE, accounting
for 0.1%~0.2% of total amount of CAs in the cells[12]. In
addition, they observed that CAs in the nuclei interacted
with nuclear receptors (e.g. steroid receptors) and regu-
lated lymphocyte function[12]. CAs in the nuclei also influ-
enced some transcription processes of immunocytes, such
as expression of nuclear transcription factor κB, and then
induced apoptosis of the cells[63]. CAs may facilitate the
expression of proto-oncogene Bax, while attenuate Bcl-2
expression[15,22]. Since both MAO and COMT, the two
major catabolic enzymes for CA degradation, are on the
face of mitochondrial membrane or in the cytoplasm, CAs
in the nuclei are generally not degraded.
3.3  Correlation between endogenous CAs in im-
munocytes and autoimmune diseases
Recently, some studies pointed out that the endogenous
CAs in immunocytes may also be related to pathogenesis
and progression of some inflammatory autoimmune
diseases. Multiple sclerosis (MS) is an autoimmune dis-
ease characterized by demyelination of the central nervous
system. Although the pathogenesis of MS still has not been
well known, some evidence has indicated that CAs in im-
mune system may participate in MS pathogenesis[64,65]. The
key event in the pathogenesis of MS is represented by the
autoimmune recognition of myelin sheath antigens by T

lymphocytes[66], which may be favored by a failure of the
activation-induced apoptotic mechanisms leading to sur-
vival of autoreactive cells[66-69]. A recent clinical study from
Cosentino et al. revealed that incubation of PHA-stimu-
lated PBMCs with α-MT led to reduction of the activa-
tion-induced apoptosis[44]. NE level in PBMCs from MS
patients is increased[70]. PBMCs from MS patients in the
active period synthesize less DA than those from both
healthy controls and MS patients in the inactive period af-
ter the PBMCs are activated by PHA. It seems that less
CAs in immunocytes may aggravate MS due to the attenu-
ation of apoptotic mechanism. Moreover, recent studies
show cytokine interferon-β (IFN-β) facilitates synthesis
and release of CAs by PBMCs, while IFN-γ inhibits the
synthesis of CAs and expression of TH mRNA[71].
Importantly, IFN-β and IFN-γ are found to be implicated
in MS. Clinical attacks of MS are preceded by the increased
IFN-γ in cerebrospinal fluid and peripheral blood[72-74]; ad-
ministration of recombinant IFN-γ to MS patients leads to
a worsening of disease course[75]; but IFN-β is an effec-
tive immunomodulatory drug for the treatment of MS[76].
Since IFN-β and IFN-γ can influence CA synthesis in im-
mune cells, the effects of IFN-β and IFN-γ on MS may be
related to the endogenous CAs. Besides MS, other autoim-
mune diseases such as Parkinson’s disease[77,78] and rheu-
matoid arthritis[79] are also affected by the endogenous CAs
in immunocytes. At present, the knowledge about the cor-
relation between endogenous CAs in immunocytes and au-
toimmune diseases is still less known. Thus, exploring and
clarifying these issues will extend our comprehension of
the pathogenesis of these diseases and develop our strat-
egy for cure of these diseases[43,80-82].

4  Concluding remarks
The discoveries that immune cells are able to synthesize
CAs and the endogenous CAs in immunocytes are involved
in the regulation of immune functions lead to such a con-
cept that the immune system is likely to become the third
CA system other than the nervous and endocrine systems.
Although this aspect of research is still superficial and needs
to be explored further, the confirmation of the third new
CA system and its role in neuroimmunomodulation will
bring great advancement in comprehension of some
immunoregulatory issues and in prevention and therapy of
some autoimmune diseases.
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