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The Immuno-Endocrine System:
Hormones, Receptors and Endocrine
Function of Immune Cells.
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Abstract. Immune cells (lymphocytes, monocytes and macrophages, granulocytes and mast cells) produce numerous hormones,
store and secrete them. In addition these cells have receptors for hormones and signal transduction pathways. These functions are
under the control of the central nervous system (neuro-immune regulation), and there is a dynamic multi-directional interaction
within the neuroimmune circuitry. Considering the high amount of immune cells, their hormone production can rival to that of
the “classical” endocrine glands. However, in contrast to the endocrine glands, which are in general mono-producers, 1.) the
immune cells are poly-producers, the same cell can produce different hormones at the same time and also poly-receivers, having
receptors for different hormones, 2.) immune cells are mobile and can transport the hormones in a packaged form, even though
they are able to synthesize and secrete the hormones locally. 3.) immune cells have the capacity to recognize the site where their
hormones are needed. It is proposed that under the control of the nervous system immune cells produce hormones for general
regulation, for intrasystem regulation and for remote, local regulation. Hormone production is gender dependent. Receptors are
affected by hormonal imprinting during the critical developmental periods of target cells and the imprinting influences also the
hormone synthesis of immune cells for life. Some hormones can be demonstrated in the nucleus of mast cells, however their
function is not known. The knock-out of one hormone’s gene disturbs hormone balance in immune cells. The importance of the
packed-transport hypothesis is discussed.
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INTRODUCTION

The classical endocrine system is composed of a
few endocrine organs, which produce hormones (sig-
nal molecules) which are responsible for the hormonal
regulation of the organism. The hormones bind to the
specific receptors of the cells to be regulated. Later
numerous new sources of hormones and hormone pro-
ducing cell groups were recognized, which broadens
the spectrum of the endocrine system. This means that
the concept of the “endocrine system” has to be mod-
ified according to our technical development.

*Correspondence to: Gyorgy Csaba, Department of Genetics,
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More than 150 years ago Claude Bernard proposed
that not only the endocrine glands, known in his time
are able to produce homeostasis regulating signal mol-
ecules, but also other—non endocrine- cells [8, 115].
This was an ingenious guess however, it is not surpris-
ing in the light of recent results: already at the lowest
phylogenetic levels, -the unicellular Tetrahymena-
synthesizes a treasury of signal molecules [43, 44],
functionally and structurally similar or identical to
mammalian hormones [39, 121-123]. These signal
molecules influence the other members of the popu-
lation, as hormone receptors—similar to mammalian
ones- are also present in the membrane of these cells
[38]. Microbes (bacteria, yeast and fungi) are also
contain some hormones [120] however, their receptors
and functions have not been examined.
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In the eighties of the last century J.E. Blalock
and co-workers demonstrated polypeptide hormones
in immune cells [16, 33, 172] and since this time
many —not only polypeptide- hormones were observed
in different cells of the immune system. Hormone
receptors and influence on immune function were also
found. This was the dawn of the neuro-immune con-
cept, which is absolutely accepted today [14, 15, 34,
135, 160, 191]. Not denying the priority of the neuro-
immune regulation, here the endocrinology of the
immune system will be discussed.

THE IMMUNO-ENDOCRINE REGULATION
Proopiomelanocortin (POMC) regulation

The POMC gene is present in the pituitary gland,
giving information for production of different peptides.
These are the adrenocorticotropin (ACTH), melan-
otropin, lipotropin and the endorphins. However, the
presence and secretion of biologically active ACTH
and beta endorphin were demonstrated in rat mononu-
clear blood cells [21, 39, 175], later the quantitative
determination of ACTH was also done and the pres-
ence of POMC gene in lymphocytes was demonstrated
[11, 96, 148]. By using immunocytochemical method,
ACTH (Fig. 1) and endorphin were demonstrated
also in human immune cells, granulocytes included
[58]. Both B and T lymphocytes produce ACTH and
endorphin [92, 155]. Although some authors deny the
existence of lymphocyte-derived POMC [195], the
evidence in favour of positive results is overwhelming.

Lymphocytes not only produce and secrete ACTH,
but have receptors for it [20]. In addition, these cells

Fig. 1. Three lymphocytes and a mast cell. Anti-ACTH antibody. In
the mast cell the nucleus and the granules are intensively fluoresc-
ing, while in the lymphocytes the cytoplasm contain the fluorescing
material and the nucleus is paler. (Csaba and Kovacs, Horm Metab
Res 41, 2009, 621-625).

(as well as macrophages and mast cells) have corti-
cotropin releasing factor (CRF) receptors [29, 98], by
which ACTH and endorphin production can be stimu-
lated [35, 107, 136]. The receptor-hormone connection
can be disturbed by exogenous factors, e.g. by chronic
alcohol abuse [165, 193].

The presence of POMC receptors on the surface
of immune cells makes it possible to instruct such
cells by the neuroendocrtine system and by various
immune cells. This instruction can influence (by CRF
receptor) the ACTH and endorphin production, by
ACTH receptor the immune response and by endor-
phin the pain, caused by inflammation. ACTH induces
the production of cyclic AMP [104], activating some
immune processes; increases B lymphocyte prolifer-
ation [23]; stimulates transient calcium uptake [40];
modulates IL2- production from (concanavalin A) acti-
vated lymphocytes [192]; initiates antibody production
[135] and decreases TGF beta production [74]. POMC
derived hormones are potent inhibitors of the anti-
body response in vitro [92]. It is generally accepted
that ACTH and endorphin are potent immunoregula-
tors directly affecting immune cells or influencing the
production of other immunologically competent hor-
mones [9, 18, 125, 126]. Lymphocyte derived ACTH,
cooperating with other hormones may have special role
in the maintenance of pregnancy [78].

The role of endorphin in calming pain in the case
of inflammation, where a mass of immune cells are
present seems to be unequivocal. However, it is inter-
esting that in men more endorphin is present in (and
may be secreted by) granulocytes, than lymphocytes.
Granulocytes show an outstanding presence in the
inflamed area [17, 36, 155].

Regulation by thyroid hormones

The thyroid hormone, triiodothyronine (T3) is
present in immune cells. Not only lymphocytes of the
blood, but also the peritoneal fluid and thymus con-
tain this hormone. In addition, T3 was demonstrated in
other members of the immune system, such as mono-
cytes, macrophages, granulocytes and mast cells [55].
The cells do not take up T3 (produced by the thyroid
gland) from the blood circulation but the hormone —in
a bioactive form- is generated by immunocytes [174].
These cells have also enzymes for converting thyroxine
(T4) to T3 [171].

The thyroid hormone receptor belongs to the steroid
receptor superfamily, which is localized in the nucleus
and cytoplasm of the cells and can bind both T3 and T4.
There is a similar situation in the case of the immune
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cells, where these receptors were demonstrated in ani-
mal (rat) and human immune cells [117, 134, 169].
This means that there is a possibility of regulation of
the function of these cells by the thyroid hormones
produced by the thyroid gland, by the neighbouring
immune cells (paracrine regulation) or by autologous
stimulation (autocrine regulation).

Lymphocytes produce immunoreactive thyrotropin
(TSH) when they are treated with a T cell mitogen
[174], or stimulated by thyrotropin releasing hormone
(TRH) [94]. However, TSH regulates T3 concentration
in the immune cells both in vivo and in vitro [68] and
this means, that TSH receptor is also present in (on)
the immune cells. The sensitivity of receptor is very
high, not more than 0.1 mU TSH/ml cell suspension
is enough for provoking 50% increase of T3 produc-
tion. At the same time TSH can enhance the antibody
response [19]. The whole circuit, which is characteris-
tic in the case of the thyroid gland can be found: TRH
enhances TSH production of the immune cells [114],
and this latter increases T3 production [68].

Although the specific enzymes were not studied, it
seems likely that the immune cells (first of all lym-
phocytes) have the same machinery which is present
in the thyroid gland. This is supported by the fact
that thiamazole, an antithyroid drug can influence T3
production by immune cells [56]. Thiamazole (methi-
mazole) inhibits the enzyme thyroperoxidase which
have a key role in T3 synthesis. [74]. This means that
this enzyme is also present in the immune cells.

What is the function of the TSH-T3 production
and reception in the immune system? There are many
experiments demonstrating immune stimulatory and
inhibitory effects. Some results point to the effect of
TSH-T3 on the number and maturation of immune
cells. Experiments demonstrated the increasing con-
centration of growth hormone in the serum —caused by
TSH- which influenced the growth of lymphoid organs
and the production of lymphocytes [90], while other
experiments (in an other species) did not justify this
[183]. TSH needed for the in vitro antibody produc-
tion [113], and functions as a lymphokine [113]. In
in vitro conditions it regulates the immune response
[114]. Thyroid hormone deficiency reduced lympho-
cyte production [4] and receptor binding capacity
[100], however T4 inhibited T cell cytokine pro-
duction [196]. T3 regulates dendritic cell maturation
and function [133] and helps to express interleukin
receptor on peripheral blood mononuclear cells [146].
The results are partial and sometimes contradictory,
demonstrating that the thyroid hormones can influence
immune events, however the real target of the hormonal

effect is unclear. In addition it is not known whether
the circulating (thyroidal) hormones are responsible
for the experimental results in natural conditions, or the
hormones produced by the immune cells themselves.

Other hormones and their receptors

Melatonin

This hormone was isolated from the pineal body
more than half century ago, because of this, for a
long time the pineal was believed as a sovereign
source of it. However, in the last time the synthesis
and presence in and secretion by the immune cells
were demonstrated [130]. The basic molecule, tryp-
tophan is consumed by the cells [84] and the four
enzymes (tryptophan hydroxylase, aromatic amino
acid decarboxylase, serotonin N-acetyl transferase
and hydroxyindole-O-methyltransferase) which are
needed for the production of melatonin are present in
lymphocytes [30]. In the presence of excess tryptophan
the production of serotonin and melatonin increases
[131].

Not only the hormone synthesizing machinery, but
melatonin receptors are also present in lymphocytes.
These receptors can react to exogeneous melatonin
(e.g. which is secreted by the pineal body), and by
this they respond in a circadian fashion [22, 110, 163]
and a regular transduction pathway was demonstrated,
resulting the inhibition of adenylate cyclase and stim-
ulation of phospholipase C [87]. These receptors can
be specifically inhibited by luzindole or thiazolidine
diones.

It is supposed that lymphocyte-derived melatonin
can act as an intracrine, autocrine or paracrine regu-
lator [30]. Its effect is manifested in the increase of
antigen presentation and T cell proliferation [162],
induction of T helper cell activity and IL.-2 production
and release [32] by T helper cells and IL-12 release
by dendritic cells [124]. It also stimulates the produc-
tion of NK cells, CD4 +and of progenitor cells for
granulocytes-macrophages, while inhibits CD8 + cells
[28, 162, 176].

Growth hormone (GH)

GH is produced by mononuclear leukocytes and this
was demonstrated by RNA analysis and by immuno-
cytochemical methods (Fig. 2) [46, 187, 189]. This
hormone is identical with pituitary GH in bioactiv-
ity, antigenicity and molecular weight [187]. Studying
lymphocyte subpopulations, a heterogeneity in their
ability to produce GH, was found however, B cells,
macrophages, T helper cells, cytotoxic T cells as well
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Fig. 2. Four mast cells and lymphocytes after anti-GH treatment.
The strong fluorescence in the mast cell nucleus is clearly visible.
Lymphocytes are also lightning. (Csaba and Kovacs, Horm Metab
Res 41, 2009, 621-625.

as NK cells have RNA with GH-information. In addi-
tion, growth hormone releasing hormone (GHRH) and
receptors for this hormone also can be found in lym-
phocytes [89, 188].

GH stimulates T and B cell proliferation and
immunoglobulin synthesis, modulates cytokine res-
ponse, enhances the maturation of myeloid progeni-
tor cells [112, 129, 137, 197], and thymic functions
[86, 106]. It seems to have some interaction with lectin
[75, 166]. There is also an autocrine function, by which
it maintains immunocompetence [12]. The effects do
not require a transmitter, as they are direct effects [112,
129, 166]. GH produced by immune cells did not influ-
ence weight gain in dwarf mice [190] however this does
not exclude an effect locally.

Insulin (INS)

INS was found in macrophages and granulocytes
as well as in peritoneal fluid and thymic lympho-
cytes [55]. If resting lymphocytes were activated by a
mitogen (concanavalin A) an mRNA with information
for insulin receptor appeared and also cryptic insulin
receptors in the plasma membrane have been exposed
[88]. Insulin can influence the content of other hor-
mones (histamine and T3) in lymphocytes both in vitro
and in vivo [57].

Gonadotropins

Blalock and his coworkers investigated thymocytes
and found that a luteinizing hormone releasing hor-
mone (LHRH)-like molecule —with similar bioactivity
and antigenicity to hypothalamic LHRH)-was pro-
duced [95, 128]. This was followed by experiments
demonstrating human chorionic gonadotropin (HCG)
secretion by mononuclear white blood cells (first of
all monocytes and NK cells) during pregnancy [1].
The HCG could have a first and decisive role during
early pregnancy, ensuring tolerance to the half-foreign
embryo [184].

Prolactin (LTH)

The lactogenic hormone of the pituitary gland is
also produced by immune cells [13], and the cells
also have receptors for the hormone, which seems to
be common with the receptors for GH. Different sub-
types of immune cells, mainly B and T lymphocytes
synthesize prolactin [24, 140], and this is influenced
by the pituitary gland, as the prolactin production of
lymphoid tissue was strongly reduced after hypophy-
sectomy [12, 145].

Prolactin is a multifunctional immune regulator
[108], which participates dendritic cell maturation
[103], influences B cell, NK cell and macrophage func-
tion [12, 159], and behaves as a cytokine [138]. In
the last time the elevation of prolactin level in autoim-
mune diseases was demonstrated and its role in the
autoimmune process was surmised [73, 103, 138].

Leptin (LEP)

LEP synthesis in immune cells is not known. How-
ever, leptin receptors are present in lymphocytes. By
using these receptors leptin has an important role as
a mediator of inflammatory reaction [83, 109, 132],
influences the proliferation of CD4 +cells [7, 109]
and induces GH secretion of blood mononuclear cells
[77].

Histamine (HIS)

It is generally accepted that HIS is present in mast
cell granules [41, 64, 80, 168] and this biogenic
amine is secreted by degranulation [80]. However,
lymphocytes, macrophages and granulocytes also pro-
duce histamine, and contain histidin decarboxylase
(HDC) enzyme [52, 147]. Histamine can be demon-
strated already in lymphatic cells of newborn rats
[156]. Mast cell derived histamine has important role in
inflammatory and allergic reactions and many immune
processes [81] directly or influencing the cytokine bal-
ance [102, 149].
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Serotonin (5HT)

An other biogenic amine, SHT was also found in
mast cell granules [41, 64, 168]. Later it was cleared
that SHT is also present in mononuclear blood cells as
well, as in macrophages [5, 51, 52, 147, 156]. In blood
lymphocytes a serotonin transporter was demonstrated
[6] and also serotonin receptor, the inhibition of which
by SHT antagonists hampered T lymphocyte function
and cell mediated immunity [5]. SHT participates in a
lot of immune reactions, influencing lympokine secre-
tion [151], interferon gamma production [97], splenic
T lymphocytes [198] and dendritic cells [144].

Hormonal imprinting of immune cells

Hormonal imprinting takes place perinatally, in a
critical period, when the first encounter between a
hormone and its developing target receptor, causes
a change in the cell’s response for life [42—44]. During
this critical period, the presence of foreign molecules
which also can bind to the receptor cause faulty
imprinting also with life-long consequences. In addi-
tion, there are other critical periods, e.g. weaning when
the continuously dividing cells, as the blast cells of
immune cells are also sensitive to imprinting. This
imprinting could also change the other hormones’ con-
tent in the imprinted cells. If female rats are treated
with beta endorphin in the 19th day of pregnancy, lym-
phocyte, monocyte and granulocyte serotonin content
is reduced when adult [58], while histamine content
of monocytes and granulocytes increased. Neonatal
imprinting with vitamins A or D [61], or benzpyrene
[65] can dramatically influence the hormone content

of adult rat white blood cells. When the animals were
treated at weaning or in adult age, with endorphin,
serotonin or an antihistamine; serotonin, histamine or
endorphin content of immune cells were changed for
a long time [52-54]. This means that the cells of the
immune system can be always hormonally imprinted
and these effects have lifelong influence on the hor-
monal activity of immune cells.

The effect of perinatal hormonal imprinting can be
transgenerationally transmitted. Neonatal imprinting
by vitamin A almost doubled the offsprings’ ACTH
and T3 content in the immune cells [60], and beta
endorphin exposure of the dams in late pregnancy
changed histamine and serotonin content of immune
cells up to the third generation [50, 157].

Hormones in the nucleus of immune cells

The entrance of hormones binding to the steroid
receptor superfamily into the nucleus of immune cells
is well known [194]. Recently it was clarified that
polypeptide hormones and biogenic amines are also
localized in the nucleus of some immune cells. Using
isotope labelled hormones [70] or immunocytochem-
ical method combined with confocal microscopy [59]
the presence of serotonin and histamine in the nucleus
of lymphocytes as well, as in the mast cells were
demonstrated. In this latter cells ACTH and GH were
also shown [46] (Figs. 1-3). Not all of the polypeptide
hormones were present: insulin and endorphin could
not be demonstrated. The hormones (biogenic amines)
can be observed also in a perinuclear localization [45].
As these observations are new, there are no data on the

Fig. 3. Serial optical sections of a mast cell, treated with anti-ACTH antibody. a) transmission microscopic picture, b-g) serial optical sections
with 2 mm distance. (Csaba and Kovacs, Horm Metab Res 41, 2009, 621-625.
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Fig. 4,5. Control (4) and serotonin-treated (5) peritoneal cells, T3 antibody. In vitro experiment. T3 is present in the nucleus of mast cells and
lymphocytes’ cytoplasm and serotonin increased its content. Magnification: 1300x; 1500x resp.(Csaba et al., Cell Biol Int 31, 2007, 224-228).

physiological role of nuclear entrance of amino acid
and polypeptide hormones. It could be supposed that
they have a role similar to that of the steroid hormones
or thyroxine (Figs. 4, 5) however, nuclear receptors for
these hormones are not known. Considering this, fur-
ther research is needed for clearing their role in the
nucleus.

Stress and immune cells

According to Hans Selye there is an interaction
between the neuroendocrine and immune system dur-
ing stress [11]. As a consequence of this interaction,
psychological stress can influence immune function
[150], however other stress conditions does the same.
Transport of animals affects ACTH secretion from
bovine lymphocytes [76]. T3 and serotonin concen-
trations of immune cells decrease in the last hours
of prolonged stress caused by long food and water
deprivation [154]. This food and water deprivation just

before and after delivery in rat dams caused elevation
of ACTH in immune cells of the offspring, in adult
age [71] (Table 1). Such a deprivation in weanling
rats caused also disturbances in hormone (T3 and his-
tamine) production two months later [63]. This means
that stress is able to influence immunity not only dur-
ing and just after the event, but it causes (hormonal)
imprinting, probably by touching the endocrine bal-
ance inside the continuously developing immune cells.

Alcohol and immune cells

Alcohol abuse has a deteriorating effect on the
immune system [178], while moderate and permanent
alcohol consumption helps it [164]. These effects are
manifested through the alterations of immune cells.
Antigen presenting cell function and T cell functions
are directly influenced by alcohol abuse [177] as well as
the production of cytokines [72]. However, the imprint-
ing effect of alcohol also must not be underestimated.

Influence of stress before birth (BB) and after birth (AB) on the hormone content of the peritoneal immune
cells in adult male rats (Geo-mean = SD) (Csaba et al., Horm Metab Res 41, 2009, 617)

Group ACTH Histamine Serotonin T3
lymph. C 75.0+19.2 126.7+6.2 329.6+424 137.8+8.8
lymph.BB 137.6 + 14.4* 134.0+7.8 333.64+92.5 143.6+£10.5
lymph.AB 95.5+6.1 158.0 +24.0% 278.0+20.8 157.6 +£19.4
mo-gran.C 120.3+7.5 268.24+21.7 561.0+53.0 289.2+27.9
mo-gran.BB 269.6 = 35.9%* 202.6+24.1 650.6+£119.9 301.3+50.8
mo-gran.AB 180.0 £ 10.0%* 291.64+27.0 541.0+£22.3 339.0 +£22.3*
mast.C 140.6 £4.2 232.84+94 405.6+37.1 288.4£18.0
mast.BB 235.0 +20.2%* 217.0 + 3.0%* 395.6+54.6 265.01+24.3
mast.AB 196.7 £+ 32.5* 246.0+334 375.0+67.8 317.0+37.1

C=control; lymph =lymphocytes; mo-gran=monocyte-macrophage-granulocyte complex; mast=mast

cells; *=p<0.05; **=p<0.01
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When alcohol was given for rats at the 3rd day of
gestation, the offspring’s immune cells in adult age
produced significantly less insulin, than the controls
[153]. There were expressed changes also in the off-
spring’s serotonin production after treating the mother
during late pregnancy or lactation [58].

Gender and immune-endocrinology

It is known that females’ immune response is
more active and autoimmune diseases has higher
incidence in females [27, 37]. Immunomodulatory

cytokines (interleukins and interferons) are produced
by the immune cells gender dependently, influenced
by sex hormones to which receptors are present on
the immune cells [2, 27, 161,186]. The hormone pro-
duction by immune cells of the two genders is also
different. Adult female rats’ lymphocytes, monocytes,
granulocytes and mast cells contain more hormone
(ACTH, endorphin, progesterone) than that of males
[67], but T3 content of mast cells were higher in males.
In young (four weeks old) females also higher values
were observed, except ACTH (Tables 2, 3). This shows
that sexual maturation does not influence hormone pro-
duction.

Table 2

Comparison of the hormone contents in sexually unmatured male and female animals’ white blood cells and
mast cells. (Csaba and Pallinger, Acta Physiol Hung 96, 2009, 45-50)

Gender Source Hormone Cell Geo-mean Signif. p<
male Blood ACTH lymphocyte 21.01+£6.44

female 12.87+3.27 0.05
male endorphin lymphocyte 13.75+£2.24

female 13.92+3.31 n.s.
male progesterone lymphocyte 17.06 +3.84

female 36.26 £2.1 0.001
male T3 lymphocyte 6.43+£1.63

female 5.69 £0.45 n.s.
male perit.fluid ACTH lymphocyte 12.21£0.63

female 13.99 £1.81 n.s.
male ACTH mo-gran 20.37 £2.39

female 28.65+£3.44 0.01
male ACTH mast cell 29.74£2.73

female 34.45£2.15 0.02
male endorphin lymphocyte 9.19+£0.44

female 11.09+0.74 0.01
male endorphin mo-gran 17.9+1.74

female 24.63+1.31 0.001
male endorphin mast cell 25.81£2.55

female 30.31+£1.45 0.01
male progesterone lymphocyte 33.07£1.89

female 26.66 +3.57 0.01
male progesterone mo-gran 7.04£0.55

female 7.58+0.64 n.s.
male progesterone mast cell 9.62+£0.48

female 11.19£0.24 0.001
male T3 lymphocyte 5.44+0.46

female 7.73+0.56 0.001
male Tz mo-gran 11.63£1.28

female 15.88+ 1.4 0.01
male T3 mast cell 18.82+1.21

female 24274125 0.001
male Thymus ACTH lymphocyte 5.79+1.7

female 5.81+1.73 n.s
male endorphin lymphocyte 5.98£1.07

female 7.11£3.05 n.s
male progesterone lymphocyte 1.7+0.03

female 1.8140.09 0.05
male T3 lymphocyte 3.93+£0.82

female 7.0+£1.43 0.01

n.s. =not significant; mo-gran = monocyte, macrophage, granulocyte group; perit = peritoneal; Signif = intergender

significance.
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Comparison of the hormone contents in sexually matured male and female animals’ white blood cells and
mast cells. (Csaba and Pallinger, 96, 2009, 45-50)

Gender Source Hormone Cell Geo-mean Signif. p<
male Blood ACTH lymphocyte 9.85+1.18

female 1422 4+4.22 n.s
male endorphin lymphocyte 14.06 £2.9

female 12.28 £2.38 n.s
male T3 lymphocyte 18.68 £6.21

female 22.57+3.71 n.s
male perit.fluid ACTH lymphocyte 13.03+1.48

female 15.43+0.81 0.05
male ACTH mo-gran 24.18£3.74

female 34.6+£2.72 0.01
male ACTH mast cell 2429+3.46

female 26.31£0.99 n.s.
male endorphin lymphocyte 10.22 £0.51

female 11.35+0.93 0.05
male endorphin mo-gran 19.22 £0.67

female 26.69 +£2.48 0.001
male endorphin mast cell 19.78 £0.56

female 21.52£1.02 0.02
male T3 lymphocyte 19.37£3.13

female 18.37+2.88 n.s.
male T3 mo-gran 39.83 £5.76

female 46.15+6.93 n.s.
male T3 mast cell 37.4+3.33

female 32.78+£2.98 0.05
male Thymus ACTH lymphocyte 7.83£2.38

female 11.67+1.4 0.02
male endorphin lymphocyte 7.07+£1.22

female 11.44£22 0.01
male Tz lymphocyte 21.84+£4.0

female 26.8+6.9 n.s.

n.s. =not significant; mo-gran = monocyte, macrophage, granulocyte group; perit = peritoneal; Signif = intergender

significance.

General effect of one-gene absence

Histidine decarboxylase enzyme is needed for the
synthesis of histamine. If the gene is absent (in mice)
there is no histamine production. However, not only
histamine but the hormones of the immune cells are
touched. In histamine decarboxylase gene knock-out
mice serotonin and T3 contents are elevated and ACTH
as well as endorphin are reduced in the different
immune cells [47, 48]. At this time it is not known
whether the absence of histamine affects the hormone
balance, or the absence of gene acts at gene level.

Hormone transport with local effects

In the site of inflammation lymphocytes, predomi-
nantly memory T cells appear and secrete endorphin
for reducing or killing pain [17, 18, 25, 26, 158]. In
the inflamed dental pulp endorphin containing CD3
cells appear and increase in number [143]. This local-
ized analgesia can be observed also in inflamed paw

tissue, where the number of endorphin containing lym-
phocytes corresponds with the degree of the pain [99].
However, not only the pain caused by inflammation,
but visceral pain could be reduced by T cells’ endor-
phin secretion [81, 182].

In the inflamed tissue endorphin is present in
macrophages, monocytes, lymphocytes and granulo-
cytes [51, 141, 142], in membrane packed granules,
ready for release under the effect of noradrenaline,
CRF or cytokines [26]. The cells are in an activated
state, naive cells are not present in the inflamed tissue
[26, 141, 142]. Although the local effect of endorphin
was studied mainly in the central nervous system, it acts
locally in other places of the organism. When endor-
phin was injected into the inflamed paw, this induced
analgesia which was inhibited by co-administration
of antiserum to endorphin [26]. According to Blalock
[18], the local antinociceptive effect of endorphin is
very important.

In experimental autoimmune encephalomyelitis
(EAE) lymphocytes, mainly T and natural killer cells
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infiltrate the central nervous system. These cells pro-
duce neurotropic factors (e.g. NGF) locally reducing
the inflammation and autoimmune processes, protect-
ing myelin [85, 91].

Early pregnancy is a typical case of local effects,
when lymphocytes interact with the developing
embryo. NK cells enriching in the uterus (uNK cells)
under the effect of hormones, produced by the tro-
phoblasts secrete angiogenic growth factors. They
facilitate implantation, participate in the modification
of spiral arteries and help trophoblast differentiation.
The secretory function of uNK cells is reprogrammed
by the hormonal milieu established by the develop-
ing embryo. The cells develop (progesterone) receptors
and synthesize mediator substances [79, 101, 119, 179,
180].

CONCLUSIONS

The data mentioned above unanimously demon-
strate that the immune cells produce, contain and
secrete “classic” hormones. Only those hormones were
not reported in it, which was not sourced. However, it
is not clear, whether the presence of these hormones
is not more than the capacity of any cell of an organ-
ism to produce hormones or it is specific one with an
endocrine function. Considering the spreading of the
immune cells, the quantitative measurement of the hor-
mones produced seems to be very difficult. However,
it can be estimated that the T3 production of one lym-
phocyte is tends to zero related to that of the thyroid
gland, but considering the huge amount of these cells,
their whole hormone synthesis competes with that of
the thyroid, or outraces it. It is estimated that about
400-500 x 10° is the number of the lymphocytes in
man and only 2.2% is present in the blood circula-
tion, 41.3% in the lymph nodes and tonsils, 15.2% in
the spleen, 4.3% in the gut, 10.9% in the thymus and
15% in the bone marrow [180]. Calculating in grams,
the mass of lymphocytes is about 1500 g in man and
1200 g in women [185], this is equal to that of the brain
or the liver. And this is not the whole immune system,
the amount of other —also hormone producing —cells
were not calculated.

As was seen above, the immune cells unquestion-
ably have also receptors for hormones produced by
themselves and for hormones produced by the nervous
system, the classic endocrine system or other immune
cells. Through these receptors stimulating or inhibit-
ing impulses can arrive which are transmitted inside
the cells by transduction pathways.

The basic problem is that the regulation is studied
mostly in vitro or ex vivo and in this conditions the
results of the regulation can be accepted: for example
CRF regulates the ACTH production of lymphocytes.
However, if we imagine that in the organism CRF stim-
ulate the ACTH producing machinery in all of the
lymphocytes at the same time, the secretion by them
could cause massive disturbances. There must be a fine
tuning of the mechanism, which is not known presently,
acting at gene or receptor level, which determines what
cells and in what amount of the hormone should be
produced.

An endocrine gland synthesizes and secretes one,
specific hormone: Langerhans islets insulin, adrenal
medulla epinephrine etc. The cells of the “official”
endocrine glands are in general “mono-producers”,
when the stimulus is coming (from the trop-hormone
or the initiating factors, e.g. blood sugar level) they
synthesize the hormone. As the above mentioned data
showed, the immune cells are “poly-producers”, their
hormone synthesizing ability is universal, any hor-
mone can be produced by them. This seems to be
one of the most important difference between the
two systems. The same lymphocyte produces growth
hormone, melatonin or ACTH, etc, having genes for
the initiation of synthesis and receptors receiving the
exogenous (regulatory) impulses.

The other —perhaps the most important — differ-
ence between cells of the “official” endocrine glands
and hormone-producing immune cells that these lat-
ter are mobile. These cells can transport the hormone
contained to different parts of the organism and can
discharge them arising the target. In addition they are
able not only transport the hormones produced by
themselves, but can locally produce them. They trans-
port the whole hormone-synthesizing machinery to the
place where it can act. The endocrine gland can pro-
duce hormones for the blood circulation and from the
oceans of signal molecules the receptor bearing cell
select the hormone which will act to it. In the case
of hormone producing immune cells, the hormone can
be produced locally acting only in the site where it is
needed. For example, immune cells are accumulating
in the site of inflammation producing and discharg-
ing endorphin, without narcotizing the organism [127].
This is a cell-targeted paracrine effect, which could
be named to cytocrine. However, the hormone syn-
thesizing immune cells can secrete their product also
into the blood or lymphatic circulation. The problem
is that it was not at all studied the effect of a hormone,
produced by an immune cell locally, to the function,
which used to be influenced by the hormone produced
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by an endocrine gland. Always the immune function
was studied as a target (immunomodulator effect). It is
also not known what is the local hormone concentra-
tion produced and what concentration would be needed
for the effect.

Another important difference between the cells of
the “built in” classic and mobile (immune) cells that
these latter are not only universal hormone produc-
ers, but universal receivers. There are receptors for
different hormones in the membrane (and, consider-
ing the presence of hormones there, perhaps in the
nucleus) of the same cells and the cells can respond
to the stimuli. From this aspect the immune cell is a
complex individual endocrine unit, a mobile hormone
factory having a neuroendocrine regulation. However,
as major part of the system is settled in organs (lymph
nodes, spleen, bone marrow, gut) the circulating reg-
ulators can approach the cells which, after having the
stimuli, are able to hormonally influence the cell pop-
ulation around them. This establishes the condition of
an intrasystem regulation, a hormonal network inside
the immune organ or inside the whole immune system
[62, 66, 69]. As it was mentioned, at the bottom of
phylogeny, in unicellular animals there are hormones
present, functioning as regulators in a mobile cell pop-
ulation organized from individual cells. This function
could remain in the higher ranked organisms only in the
immune system, as solely this have mobile individual
cells (with hormone synthesizing capacity).

Considering the above mentioned facts and supposi-
tions in connection with the immune system, there is a
neuro-immune regulation by (endocrine) mediators of
the central nervous system, an intra-immune endocrine
regulation, a general immune-endocrine regulation (by
hormones circulating in the blood with feed-back also
to the nervous system) and a mobile, local immuno-
endocrine regulation, executed by packed transport.
This seems to be complicated, however it can better
satisfy physiological requirements, than a more simple
one.

The cells of the immune system have a highly
developed recognition capacity, which helps them
during the antibody production and killing of the
intruders or the cells, becoming non-self. There are
no data whether this or similar recognition capacity
would be at the disposal of the endocrine function
of these cells, however this is not inconceivable. In
this case the mobile immune cells would be targeted
(attracted by signal molecules) to a determined cell
or group of cells, where their hormone needed (in a
packed form) or could fulfil some function. This is
well documented already now in the above-mentioned

endorphin-inflammation relation as well, as in the
case of early pregnancy. when a trophoblast produced
hormone (hCG) attracts [167] immune cells (Tregs),
which have receptors for it, and protect the half-nonself
embryo by causing tolerance (although there are no
data on the lymphocyte-produced classic hormones by
the tolerance-inducing Tregs).

For a long time, the immune system was believed
for defending the organism from outer invaders (bac-
teria, etc) up to the realization that its original function
was the safeguarding the inner homeostasis, the recog-
nition and elimination of inner non-self features. This
broadened our knowledge on the immune system and
it was believed, it is a complete one. However, there
are not finished or closed knowledge in biology. The
immune-endocrine function requires place. At present,
hormone synthesis is handled as a side-product of
the immune cells, however, it might be equivocal to
the other ones. Further investigations are needed in
the directions mentioned above to justify the packed-
transport hypothesis. As this hypothesis could have
also clinical importance, it would be useful to study
the endocrine disturbances in case of immune-cell dis-
eases.
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