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Objective. Bidirectional communication between the neuroendocrine and immune systems is
now a subject of an intensive investigation. Growth hormone-releasing hormone (GHRH) is synthesized by the hypothalamus, but is present also in the immune cells. Some recent data indicate
also an immunomodulatory role of the neuropeptide. The aim of the study was to examine the
influence of GHRH(1-44)NH2 on interleukin-6 and interleukin-8 secretion from human peripheral
blood mononuclear cells cultured in vitro.
Methods. Peripheral blood mononuclear cells (PBMC) were isolated by centrifugation using
Böyum technique and cultured in a humidified atmosphere of 5 % CO2 and 95 % O2 at 37 0C for 24
hours in the presence of lipopolysaccharide (LPS) at the concentration of 2 µg/ml and
GHRH(1-44)NH2 (the final neuropeptide concentrations to be tested were 10-12 to 10-6 M). ELISA
methods were used to measure IL-6 and IL-8 concentrations in the supernatants of cultured cells
Results. GHRH(1-44)NH2 influenced IL-6 secretion from cultured cells, but significant inhibition of IL-6 release was observed at 10-6 M (p<0.001). The negative correlation between the GHRH
concentration studied and the IL-6 level in the supernatants was found (r = -0.759; p<0.001).
GHRH had no influence on the secretion of IL-8 from activated PBMC.
Conclusions. Our results demonstrate that GHRH in vitro modulates IL-6 secretion from the
human peripheral blood mononuclear cells, without any significant effect on IL-8 secretion.
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Recent studies clearly indicate close bidirectional
communication between the neuroendocrine and the
immune systems, and hypothalamic releasing hormones, apart from their neuroendocrine role, has been
shown to influence immune function (BLALOCK 1994;
PAWLIKOWSKI et al. 1994; SPANGELO and GOROSPE 1995;
WEIGENT and BLALOCK 1995). Growth hormone-releasing hormone (GHRH) is produced not only by neurosecretory cells of hypothalamic nuclei, but is also synthesized by immunocompetent cells (KHORRAM et al.
2001; STEPHANOU et al. 1991; WEIGENT and BLALOCK
1990; WEIGENT et al., 1991) and may modulate their
function acting possibly via GHRH-receptor (GUARCELLO et al., 1991).
Interleukin 6 (IL-6), produced by several cells including monocytes/macrophages, T cells and B cells,

is a cytokine that plays a central role in the defense
mechanism regulation, acute phase reaction and hematopoiesis (AKIRA et al. 1990; HIRANO et al. 1992;
VAN SNICK 1990). Some modulatory effects of IL-6 on
the neuroendocrine system have been demonstrated
(SPANGELO and GOROSPE 1995; ARTZ et al. 1998; GLODDEK et al. 2001; THIELE et al. 2003). Overproduction of
IL-6 is associated with a spectrum of age-related conditions, including cardiovascular diseases, type 2 diabetes and certain cancers (KIECOLT-GLASER et al. 2003).
Interleukin 8 (IL-8), a member of CXC subfamily
of chemokines, is also produced by numerous types of
cells (including monocytes/macrophages, T cells, neutrophils, fibroblasts, endothelial cells, keratinocytes,
hepatocytes, astrocytes, chondrocytes) (DUNLEVY et al.
1995) in response to proinflammatory stimuli such as
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lipopolysaccharide (LPS), interleukin 1 (IL-1) and
cachectin (TNFα) (BAGGIOLINI et al. 1995). It is a potent
neutrophil chemotactic and activating factor (WATANABE
et al. 1989; COLLINS et al. 1991). Il-8 is also a modulator
of angiogenesis and tumour growth (KOCH et al. 1992;
MASOOD et al. 2001; MOORE et al. 1998; INOUE et al.
2000). Depending on the cells source, at least four Nterminal variants of human IL-8 containing 79, 77,
72, or 69 amino-acids have been described. Both the
72 amino-acid (also referred to as the leukocyte form)
and 77 amino-acid (endothelial-derived form) forms
of IL-8 show similar biological activities.
So far, the effect of GHRH on IL-6 and IL-8 secretion from PBMC has remained unknown. Thus, the
aim of the study was to evaluate the influence of somatoliberin (GHRH(1-44)NH2) on IL-6 and IL-8 secretion from human peripheral blood mononuclear cells
cultured in vitro.

Materials and Methods
Subjects. Four healthy adult volunteers (in order to
determine IL-6 secretion) and eight healthy adult volunteers (for IL-8 secretion determination) (men;
age:27-30 yrs) were examined in this study. Blood samples (40 ml) were taken between 08.00-09.00 a.m.,
with the subjects having fasted overnight.
Cell culture preparation. The peripheral blood
mononuclear cells (PBMC) were isolated from the
freshly heparinized blood by density centrifugation with
Lymphoprep (Nyegaard & Co. A/S, Oslo, Norway),
according to a technique described by Böyum (BÖYUM
1968). The cells were washed twice with RPMI-1640
medium containing 10 % fetal calf serum (FCS, Hungarpol) and gentamycin (Krka, SLO) (1 µg/ml). Cell
numbers were determined by light microscopy count,
and viability was assessed by the trypan blue dye exclusion technique. Then, the cells were suspended in
RPMI-1640 medium with 10% heat inactivated FCS
and distributed in 700 µl aliquots per disposable 24
well tissue culture plates (Nunclon Multidish 24 wells,
NUNC, Denmark) at the final concentration of 2 x 106
cells/ml. The cells cultured at 37 °C in a humidified
atmosphere of 95 % of air and 5 % of CO2 were stimulated by the suboptimal dose (2 µg/ml) of lipopolysaccharide (LPS, Sigma, USA) and after 2 hours of preincubation, the growth hormone-releasing hormone
[GHRH(1-44)NH2, Sigma, USA] (at the final concentrations 10-12, 10-10, 10-8 and 10-6 M) was added. The
equal volume of culture medium was added to the ap-

propriate wells (in order to obtain the final volume of
1 ml in each culture well).
Twenty hours after the addition of tested peptides,
incubation was stopped and samples of supernatants,
after centrifugation, were collected and frozen at -80 °C
until IL-6 and IL-8 determination.
Human IL-6 and IL-8 ELISAs (R&D Systems, USA)
were used to measure IL-6 and IL-8 concentrations,
respectively (lower levels of assay sensitivities were:
<0.7 pg/ml and 3.5 pg/ml, respectively. Intra-assay and
inter-assay precisions were <4.4 % and <3.7 % for
Quantikine IL-6 immunoassay, and <4.7 % and <8.1 %
for Quantikine IL-8 immunoassay respectively. The
Quantikine IL-8 immunoassay is based on antibodies
raised against the 72 amino acid variant of human IL8 derived from E. coli and it is calibrated with the
same recombinant factor.
Statistical evaluation. All results are expressed as
means ± SEM. Comparisons between tested groups
were made by Student’s t test. The differences were
considered significant at p<0.05. For the obtained IL6 concentrations, Pearson’s index was calculated (r)
and correlation’s significance was measured with t-Student’s test.

Results
Cell viability in the presence of GHRH was not significantly different from that observed in control cultures (estimated by trypan blue dye uptake after 24
hours of cell cultures incubation).
GHRH alone (without LPS) had no influence on
IL-6 secretion [data not shown]. The suboptimal dose
of LPS significantly stimulated IL-6 production
(p<0.05) (Tab. 1). GHRH(1-44)NH2 influenced IL-6
secretion into the supernatants of cultured cells and
statistically significant inhibition was observed at high
concentration of 10-6 M (Tab. 1). In addition, significant negative correlation between the GHRH concentration and IL-6 secretion was found (r=-0.759;
p<0.001) (Fig. 1).
As expected, the suboptimal dose of LPS significantly stimulated IL-8 secretion (p<0.01), but
GHRH(1-44)NH2 did not modulate the secretion of IL8 from the activated cells (Fig. 2).

Discussion
Our results indicate that GHRH is able to influence
IL-6 secretion. GHRH inhibited IL-6 secretion from
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Table 1
The effect of human GHRH (1-44)NH2 at 10-12 to 10-6 M concentrations on IL-6 levels in supernatants of PBMC
cultured in vitro (mean ± SEM)
IL-6 concentration [pg/ml]
Mean (Xe)
3878.5
39155
39495
38895
37155
34935

Control (C)
Control +LPS (C+LPS)
GHRH 10-12M
GHRH 10-10M
GHRH 10-8M
GHRH 10-6M

IL -6

y = -7 71x + 30681
r = -0.759
p = 0.0005

[pg/ml]

±SEM
103.4936
375.0889
1192.738
301.7035
1068.968
178.5824

IL-8

43000

pg/ml

41000

180000

39000

160000

*

140000
37000

120000

35000

100000

33000

80000

31000

60000

29000

P
_
P<0.001 vs C
NS vs C+LPS
NS vs C+LPS
NS vs C+LPS
P<0.001 vs C+LPS

40000
20000

27000

0

25000
-13

-12

-11

-10

-9

-8

-7

-6

-5

-4

X

GHRH concentration 10 [ M]

Fig 1 Correlation between GHRH(1-44)NH2 concentrations
and IL-6 levels measured in the supernatants of cultured
cells (r = -0.759; p<0.001).

PBMC with statistical significance observed at 10-6 M
of GHRH. The effect of GHRH on IL-6 secretion is
opposite to that observed after its functional antagonist (somatostatin, SRIF) employment. Thus, in the
study of KOMOROWSKI and STEPIEN (1995) SRIF in concentration from 10-8 M to 10-10 M significantly potentiated the release of IL-6 from LPS activated cultured
monocytes. GHRH, tested in the same concentration
range, did not change IL-8 secretion from PBMC in
the present study, whereas KOMOROWSKI et al. (2000)
demonstrated inhibitory effect of somatostatin and octreotide on IL-8 secretion from human PBMC.
The present and previous studies demonstrate that
GHRH modulates some, but not all functions of the
immune system. It has been shown that the synthetic
human GHRH inhibits the chemotactic response of
PBMC (ZELAZOWSKI et al. 1998). The natural killer (NK)
activity of peripheral blood lymphocytes was suppressed
by GRF at the concentrations of 10-10 to 10-6 M, but

C

C+LPS

10-12

10-10

10-8

10-6 M

GHRH(1-44)NH2

Fig 2 The effect of human GHRH (1-44)NH2 at 10-12 to 106 M concentrations on IL-8 levels in supernatants of PBMC
cultured in vitro (bars represent mean ± SEM; C-control;
LPS- lipopolysaccharide; * p<0.01 vs C). The results present
the pooled data from eight separate cell cultures (4 wells for
each concentration in a single experiment).

only when an effector : target cell ratio of 40:1 is used.
In contrast, at effector : target ratios of 20:1 and 10:1,
stimulatory effects of GRF were observed (PAWLIKOWSKI
et al. 1988). GHRH also modulated interleukin-2
(IL-2) and interferon-gamma (IFN-γ) secretion from
human immunocytes (VALTORTA et al. 1991; KHORRAM
et al. 1997; SIEJKA et al. 2004).
GHRH mRNA expression in peripheral blood mononuclear cells (PBMC) was significantly lower in the
postmenopausal than in the premenopausal women and
was not different in the PBMC of young men compared with old men (KHORRAM et al. 2001). Treatment
with GHRH analogue in aging men and women (mean
age of 66.9 yrs) resulted in potent activation of the
T lymphocyte, monocytes and B cell function within
1 month (KHORRAM et al. 1997). In transgenic mice
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which overexpress the human GHRH, splenocytes had
a significantly higher proliferative activity (BLAZAR et
al. 1995; DIALYNAS et al. 1999). In patients with growth
hormone deficiency, (GHD) increased levels of IL-6
concentrations have been found (LEONSSON et al. 2003).
In mice IL-6 inhibited growth hormone-releasing factor (mGHRF) secretion by cultured placental cells and
the antibodies to IL-6 or IL-6 receptors completely
blocked the inhibitory effect of the IL-6 on mGHRF
secretion (YAMAGUCHI et al. 1995).

In conclusion, our study demonstrates modulatory effect of human GHRH on certain functions of
the immune system. Thus, we show for the first time
that GHRH inhibits IL-6 secretion from human peripheral blood mononuclear cells in vitro, without any
significant effect of GHRH on IL-8 release.
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