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Release of Multiple Hormones by a Direct Action of
Interleukin-1 on Pituitary Cells

EpwarRD W. BERNTON, JUDITH E. BEACH, JoHN W. HOLADAY,
ROBERT C. SMALLRIDGE, HENRY G. FEIN*

Exposure to bacterial endotoxins has long been known to stimulate the release of
anterior pituitary hormones; administration of endotoxin was at one time a common
clinical test of anterior pituitary function. Endotoxin is a potent stimulus for
production of the endogenous pyrogenic protein, interleukin-1 (IL-1), by macro-
phages and monocytes. The possibility that IL-1 has a direct effect on the secretion of
hormones by rat pituitary cells in a monolayer culture was investigated. Recombinant
human IL-1$ stimulated the secretion of adrenocorticotropic hormone, luteinizing
hormone, growth hormone, and thyroid-stimulating hormone. Increased hormone
secretion into cultu{e supernatants was found with IL-1 concentrations ranging from
10~°M to 107 '2M. Prolactin secretion by the monolayers was inhibited by similar
doses. These concentrations of IL-1 are within the range reported for IL-1 in serum,
suggesting that IL-1 generated peripherally by mononuclear immune cells may act
directly on anterior pituitary cells to modulate hormone secretion in vivo. Incubation
of IL-1 solutions with antibody to IL-1 neutralized these actions. These pituitary

effects of IL-1 suggest that this monokine may be an important regulator of the
. /

metabolic adaptations to infectious stressors. -, o

NTERLEUKIN-1 (IL-1), A MONOKINE

secreted predominanty by stimulated

macrophages and monocytes, increases
the proliferation of antigen-stimulated lvm-
phocytes and the production of lvmpho-
kines (7). In addition to these well-described
cffects on immune function, IL-1 also sup-
presses adipocyte lipoprotein lipase activity
in vitro (2), stimulates hepatic synthesis of
fibrinogen and iron-binding proteins (1),
downregulates hepatocyte  glucocorticoid
receptors and gluconeogenesis (3), and in-
creases prostaglandin production by various
cells, including fibroblasts, chondrocvtes,
and endothelial cells (1, 4). Other hormone-
like regulatory effects of IL-1 are demon-
strated bv its actions on the classical endo-
crine systems. For example, IL-1 inhibits the
release of insulin from islet cells in vitro (5)
and stimulates the secretion of adrenocorti-
cotropic hormone (ACTH) and cortisol
when it is injected into mice (6). IL-1 and
another monokine, hepatocyvte-stimulating
factor, have been reported to stimulate
ACTH secretion by AtT-20 cells, a mouse
pituitary tumor line (7).

Although these studies showed that IL-1
has an effect on specific hormones of the
pituitarv-adrenal axis, the possible effects of
IL-1 on other anterior pituitarv hormones
are unknown. Also unknown is whether the
pituitarv responses to IL-1 are mediated by

E. W. Bernton and J. W. Holaday, Division of Neuro-
psvehiatry, Walter Reed Army Institute of Research,
Washingron, D.C. 20307-5100.
J. E. Beach, R. C. Smallridge, H. G. Fein, Division of
Mediiine, Walter Reed Armv {stitute of Rescarch,
Washingron, D.C. 20307-5100.

*To whom all correspondence should be addressed.

neuroendocrine actions on the hypothala-
mus or are a consequence of direct actions
on pituitary cells. To address these ques-
tions, we examined the effects of recombi-
nant human and mouse [L-1 on secretion of’
ACTH, luteinizing hormone (LH), prolac-
tin (PRL), growth hormone (GH), and
thyroid-stimulating  hormone (TSH) by
monolavers of rat antcrior pituitary cells in
short-term culture.

Using 3-dav cultures of cells obtained
from pituitaries of normal female Sprague-
Dawlev rats (8), we found that recombinant
murine (9) and human IL-1 (10) stimulated
the release of ACTH, LH, GH, and TSH.
This stimulation was dose-dependent (Fig.
1). Murine IL-1 also increased the secretion
of all tour hormones at concentrations of
10 *M 1o 107'""M, but this effect was less
clearly related to dose. Prolactin secretion,
in contrast, was inhibited by both murine
and human IL-1 in doses of 107°Af to
10~ "M in various experiments (Fig. 2).

Since the recombinant IL-1 preparations
we used were derived trom Gram-negative
bacteria, it was important to cstablish
whether these endocrine actions of our 1L-1
could be a consequence of endotoxin con-
tamination. Heat denaturing (11) complete-
v abolished the abilitv of human IL-1 to
alter hormone  sccretion  trom  pituitary
monolavers. Since this treatment would not
inactivate anv endotoxin contaminating the
recombinant preparation, these heat-dena-
turing experiments demonstrate that endo-
toxin contaminants cannot be mediating the
hormonal cftects observed in these studies.
Morcover, when human I1-1 was preincu-
bated with specific antibody to recombinant
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Table 1. Effects of incubation of rat anterior prrvrtary cells with 10 %A1 IL 1 with or withour antibody

to human IL-1 (12). Values are means * SEM for four to six determinations in each experiment.

ml) did not increase secretion of LH, TSH,
or GH, thereby excluding a paracrine etfect
of ACTH on the sccretion of these hor-

ACTH GH LH TSH . c seererion \
(pg/ml) (ng/ml) (ng/ml) (ng/ml) mones. This finding is conststent with the
— y results of another study in which, under

itnout ant: Y e vy ‘ .
2967 + 344 7163 + 999 Y 4l 16 45+ 0.6 cond.mons snml.lar to ?urs. no interactions of
With antibody multxplc releasing taa.to'rs or anterior pitu-
947 = 99* 2827 = 275* T 35x06% 1.5 + 0.2« itary hormones on pituitary cells in mono-

*P < 0.05, **P < 0.01 by nonpaired Student’s 7 test.

human IL-1 (12) all of the effects of IL-1 on
pituitary monolayers were significantly neu-
tralized (Table 1).

We found that IL-1 acts directly on pitu-
itary cells to stimulare the release of ACTH,
LH, TSH, and GH while simultancously
inhibiting the release of PRL. These effects
occurred at concentrations of IL-1 similar to
those observed in vivo. In normal volunteers
and in patients with sepsis, IL-1 activity
equivalent to that of 1x107'M 1o
2 x 107°M was demonstrated in plasma
(13). Our studies also suggest that the stim-
ulation of ACTH release in vivo following
IL-1 injection reported by Besedovsky ez al.
(6) may have been mediated by direct pitu-
itarv actions of IL-1. In their studies, the
injection of 1000 ng of IL-1 probably re-
sulted in circulating levels exceeding the
concentration of 17 ng/ml (107°M) that
elicited maximal ACTH secretion in our
pituitary monolayer studies.

IL-1 has been shown to stimulate prosta-
glandin E; (PGE;) in fibroblasts and other
cell lines (4). We observed that mouse IL-1
also increased PGE, secretion by pituitary
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monolayers (29.8 = 8 pg/ml in media with
107" IL-1 versus 3.9 = 0.8 in controls).
However, the stimulatory effects of IL-1 on
hormone secretion do not appear to be
mediated by PGEo;, since addition of indo-
methacin at 3 or 6 pg/ml blocked IL-1-
stimulated PGE; secretion without attecting
the stimulation of ACTH or LH release.
Arachidonate metabolites may mediate oth-
cr actions of [L-1, such as induction of 1L-2
secretion by T cells, but these appear to be
products of the lipoxygenase, not the prosta-
glandin synthetase pathway (14).

The absence of capillary perfusion exposes
cells in monolayer cultures to high concen-
trations of secretory products that accumu-
late in the media. Since ACTH release by
clonal corticotrophs is directly enhanced by
IL-1 (7), we considered the possibility that
the effects of IL-1 observed on other pitu-
itary hormones were due to the direct ac-
uons of ACTH. Therefore, pituitary cells
were incubated with ACTH at concentra-
tions comparable to those measured in wells
containing IL-1-stimulated monolayers.
These concentrations (2000 and 5000 ng/
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laver culture were tound (15). Moreover, in
preliminary studies with perifused pituitary
fragments, we noted that both mouse and
human IL-1, at concentrations similar to
those added ro pituitary monolavers, stimu-
lated a rapid release of GH, ACTH, TSH,
and LH (I6). Since perifusion greatly re-
duces accumularion of secretory products in
the media, this provides further evidence that
hormones or cytokines elaborated by the pitu-
itary do not mediate any of the stimulatory
responses to [L-1. Although our data show
that IL-1 1s a potent pituitary secretagogue,
further studies will be required to determine
its precise subcellular loci of action.

In contrast to the result of an earlier study
in which corticotropin-releasing factor was
used (15), incubation of pituitary monolav-
ers with ACTH inhibited PRL secretion by
23%. Furthermore, the maximal inhibition
of PRL occurred at the same doses of IL-1
as the maximal stimulation of ACTH. From
these data, it is possible that the inhibition
of PRL secretion by IL-1 added to this
monolaver svstem is mediated indirectly
through its stimulatory® effect on ACTH
secretion.

Brodish (17) reported that “tissue cortico-
tropin-releasing factors” appeared in the

7,000 [—

5000

®

Fig. 1. Effects of recombinant human IL-1 (10 3M to 10" '*M) on secretion
by rat anterior pituitary cells in vitro. Details of techniques arc in (8). TL-1

performed by nonpaired two-tailed Student’s ¢ test with a Bonferroni
correction  for  four dependent  measures  per  variable.  *P < 0.05;

(hatched bars) significantly stimulated TSH, GH. LH, and ACTH sccretion  **P < 0.005.
(mean * SE) over control wells (open bars). Statistical analvses were
§20 SCTFNCE, VOL. 238
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Fig. 2. Effccts of incubation of rat anterior pitu-
itary cells with 107 '°M human IL-1 with or
without antibody to human IL-1 (12). Control
levels (mean = SE) are shown by the open bar,
IL-1 alone by hatched bars, and incubation with
IL.-1 and anubodv by solid bars. *P < 0.05,
**P < 0.005 by nonpalrcd two-tailed Student’s ¢
test with Bonferroni correction.

blood of rats after abdominal surgical stress,
resulting in activation of the pituitary-adre-
nal axis. Qur dara and those of others (6, 7)
suggest that this factor may well be IL-1,
released after inflammatory responses are
initiated. Although IL-1 appears to act di-
rectly on pituitary cells, it is also possible
that IL-1 may act indirectly on pituitary
secretion through hypothalamic factors. The
validation of a pituitary site of endocrine
actions does not rule out additional suprapi-
tuitary actions of IL-1 via effects on other
neuroendocrine systems. For example, brain
astrocvtes were reported to produce IL-1
(18), and IL-1 was extracted from the brains
of endotoxin-treated mice (19). IL-1 also
increased PGE; release in the hypothalamus,
a probable pyrogenic mechanism (20), and
was reported to displace opiate ligands
bound to brain sections (21). Such data
suggest that IL-1 could modulate, by these
or other mechanisms, aminergic or peptider-
gic neurotransmitters affecting anterior pitu-
itarv hormone release or other central ner-
VOUS SYSICM responses.

Our data show that the processes of infec-
tion or inflammation and consequent im-
mune activation may serve as potent, direct
pituitary stimuli for the secretion of ACTH,
LH, TSH, and GH while inhibiting PRL.
We, and others, have observed that PRL is
an important physiologic immunopermis-
sive hormone in vivo (22). In contrast,
ACTH release results in elevations of endog-
enous adrenal corticosteroids, which have
immunosuppressant and anti-inflammatory
cffects. The combined effects of increased
IL-1 on raising corticosteroid levels and
decreasing PRL may thus serve as a mecha-
nism to limit the acure physiological re-
sponscs otherwise initiated by increased svs-
temic levels of IL-1. With chronic infection
or inflammation, sustained IL-1 levels may

23 OCTOBER 198~

ultimately deplete pituitary hormones, re-
sulting in their decreased concentration. Fi-
nallv, IL-1 may act in concert with more
classically defined stress-responsive neuroen-
docrine mechanisms to further modulate the
secretion of pituitary hormones in response
to systemic infections.

Definition of important physiological net-
works between the neuroendocrine and im-
mune svstems has only recently begun. For
example, as shown herein, many of the
anterior pituitary hormones may be shared
messengers under the control of both the
immune and nervous systems. ACTH, en-
dorphins, PRL, and TSH apparently bind
to lymphocytes and can modulate lympho-
cyte function (22, 23). Furthermore, lym-
phocvtes synthesize and secrete ACTH, en-
dorphins, TSH, and gonadotropins in re-
sponse to various immunologic stimuli (24).
The sex steroids under control of pituitary
gonadotropins also have immunoregulatory
effects (25). The results of the present stud-
ies illustrate a direct mechanism by which an
important immunologic messenger (IL-1)
can affect neuroendocrine funcrion, an ex-
ample of the dynamic regulatory interac-
tions between the immune and neurocndo-
crine systems.
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