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Abstract

 

We have shown recently that leukemia inhibitory factor

(LIF) and oncostatin M (OSM), two members of the gp130-

dependent cytokine family, stimulate murine proopiome-

lanocortin (POMC) transcription and adrenocorticotropin hor-

mone (ACTH) secretion. LIF and corticotropin-releasing

hormone (CRH) also synergistically induced in vivo ACTH

secretion in fetal nonhuman primates. To elucidate the role

of the gp130-related cytokines in human pituitary hormone

regulation, we tested expression of gp130-related cytokine

receptors in human fetal pituitaries. Using RT-PCR, mRNA

expression of receptors for LIF, IL-6, and CRH, and the

gp130 subunit, were all detected in fetal pituitaries of 18-

and 31-wk gestation. Recombinant human IL-6, LIF, and

OSM treatments of primary human fetal pituitary cultures

(16–31 wk) increased ACTH secretion by up to 48% (

 

P 

 

,

 

0.05) using doses of 1 nM, and when fetal cultures were

cotreated with CRH, ACTH was induced five- to sixfold as

compared to CRH alone (three- to fourfold;

 

 P 

 

5

 

 0.01). Incu-

bation with gp130-specific antibody suppressed basal and

cytokine-stimulated ACTH secretion (alone or with CRH)

from human fetal cells. Human POMC promoter 

 

2

 

879/

 

1

 

6

fused to the luciferase reporter gene and transfected into

AtT-20 cells, was stimulated by LIF (7-fold), which also ex-

erted strong (22-fold) synergy with CRH on POMC tran-

scription. Growth hormone (GH) release from fetal cultures

was modestly stimulated (15–31%, 

 

P

 

 

 

,

 

 0.05), while other

anterior pituitary hormones were not altered by these cyto-

kines. Thus, physiologic concentrations of the gp130-related

cytokines have direct effects on ACTH and GH regulation

in the human pituitary, indicating that gp130-dependent

signals serve as a paracrine system controlling early human

pituitary function. (

 

J. Clin. Invest. 

 

1997. 100:357–363.) Key
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Introduction

 

The adenohypophysis abundantly expresses several cytokine
types and their respective specific receptors (1–6). TNF

 

a

 

, IL-1
and -6, and leukemia inhibitory factor (LIF)

 

1

 

 stimulate the hy-

pothalamic-pituitary-adrenal (HPA) axis in vitro (7, 8), and
also mediate in vivo ACTH secretion in rats (9, 10), primates
(11), and humans (12–14). These immunoinflammatory media-
tors thus activate the HPA axis and interface between the neu-
roendocrine and immune systems (7, 15).

The family of receptors for IL-6, IL-11, LIF, oncostatin M
(OSM), ciliary neurotrophic factor (CNTF), and cardiotro-
phin-1 share the same 130-kD transmembrane signal transduc-
tion glycoprotein, gp130 (16–23). These cytokines mediate
pleiotropic and redundant biological activities, i.e., each factor
exerts multiple effects in different cells, and different cytokines
can act on the same cell type to mediate similar effects. These
target actions include differentiation, proliferation, and sur-
vival of hematopoietic, osteogenic, neuronal, adipogenic, he-
patic, and embryonal cells (8, 18–21). Cytokine functional re-
dundancy may be explained by the molecular biology of their
respective receptors and signal transduction pathways (17).
LIF and OSM bind with high affinity to the same receptor
complex, consisting of a heterodimer of the low affinity LIF re-
ceptor (beta subunit) and the ubiquitously expressed subunit
component, gp130 (23), thus explaining the many overlapping
biological responses shared by both peptides (24). The exist-
ence of OSM-specific receptors consisting of gp130 complexes,
however, has been suggested (25), recently cloned, and charac-
terized (26). CNTF also shares the low affinity LIF receptor
beta subunit, but for signaling also requires an alpha subunit,
as does IL-6. Cardiotrophin-1 also binds to and induces its bio-
logical effects via the LIF receptor and gp130 signaling sub-
units (20). Blocking antibodies to gp130 inhibit responses to
CNTF, LIF, and OSM (21, 27). Whereas the gp130 signal
transduction protein is ubiquitously expressed, expression of
the specific cytokine-binding receptor subunits is restricted to
specific cell types associated with the observed differences in
biological activities of the cytokines.

The intracytoplasmic region of the IL-6 receptor is rela-
tively short, and apparently is not involved in signal transduc-
tion. IL-6 ligand triggers association of the IL-6 receptor sub-
unit and a homodimer consisting of two non–ligand-binding
transmembrane gp130 molecules that possess a large intracyto-
plasmic domain (28). This extracellular association (18) results
in cytoplasmic tyrosine kinase activation of gp130, rapid ty-
rosine phosphorylation of intracellular kinases, and signal
transduction (28). As gp130 functions as a common signal
transducer for IL-6, LIF, OSM, CNTF, and the other cytokines
in this family, gp130 may be a determinant of the common ef-
fects elicited by these cytokines in different biological systems.

We have shown previously that LIF and OSM exert syner-
gistic effects with corticotropin-releasing hormone (CRH) to
induce proopiomelanocortin (POMC) transcription and ACTH
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secretion from murine pituicytes (5, 29–31). LIF also stimu-
lated acute ACTH secretion in fetal nonhuman primates (11),
whereas disruption of the LIF gene in mice by the knockout
approach resulted in attenuated ACTH response to stress,
which was restored by LIF replacement (32). When taken to-
gether with reports (12–14) that IL-6 stimulates in vivo ACTH
secretion in humans, these observations indicate that cytokines
sharing gp130 as a signaling receptor subunit may be involved
directly in human ACTH regulation. We, therefore, studied
the in vitro direct effects of LIF, OSM, and IL-6 on human fe-
tal anterior pituitary cells. We demonstrate here that gp130-
mediated signaling regulates human pituitary hormone secre-
tion and POMC transcription.

 

Methods

 

Peptides and antibodies.

 

Recombinant human LIF and OSM were
obtained from R & D Systems, Inc. (Minneapolis, MN). Recombi-
nant human IL-2 and IL-6 were obtained from Sigma Chemical Co.
(St. Louis, MO). Goat anti–human soluble gp130 IgG was obtained
from R & D Systems Inc., preimmune goat IgG was from Sigma, and
human CRH was purchased from American Peptide Company Inc.
(Sunnyvale, CA).

 

Human fetal pituitary tissue.

 

Human fetal tissues (16–31-wk ges-
tation) were obtained from an independent facility for therapeutic
pregnancy termination, with no direct or indirect involvement of our
investigators in the third party termination referral. Studies of human
tissues followed guidelines of the National Advisory Board on Ethics
in Reproduction. Written informed consent was obtained for anony-
mous distribution of aseptic tissue specimens.

 

Human LIF, IL-6, and CRH receptors, and gp130 subunit mRNA

expression.

 

Normal adult human pituitary glands (obtained from
Zion Diagnostics, New York), and fetal pituitaries (18- and 31-wk
gestation) were harvested and kept at 

 

2

 

70

 

8

 

C for RNA extraction.
Tissues were homogenized, and total RNA was extracted using TRIzol
(GIBCO BRL, Gaithersburg, MD). Reverse transcriptase (RT) fol-
lowed by PCR amplification was performed as previously reported
(33) to detect human growth hormone (GH), LIF receptor, IL-6 re-
ceptor, CRH receptor, and gp130 subunit mRNA expression. In
brief, 1 

 

m

 

g of each RNA sample was treated (amplification grade
DNase 1; GIBCO BRL) to eliminate contaminating genomic DNA.
RNA then was used in a 20-

 

m

 

l RT reaction containing Oligo(dt)16 as
a primer, and SuperScript II (GIBCO BRL). RT incubation was for
50 min at 42

 

8

 

C. Samples were also incubated without RT enzyme as
negative controls. 1-

 

m

 

l aliquots from the generated cDNA and the
negative control reactions were used for subsequent PCR amplifica-
tion in the presence of 1.5 mmol/liter MgCl

 

2

 

 (2.5 mmol/liter for IL-6
receptor) and 5 U 

 

Taq

 

 DNA polymerase (GIBCO BRL). Amplifica-
tions were carried out for 38–40 cycles, with an initial denaturation
step at 95

 

8

 

C for 5 min, and a final 7-min extension step at 72

 

8

 

C. Each
cycle consisted of denaturation at 94

 

8

 

C, annealing (60

 

8

 

C for GH, 55

 

8

 

C
for LIF receptor, 58

 

8

 

C for IL-6 receptor and gp130 subunit, and 64

 

8

 

C
for CRH receptor), and elongation at 72

 

8

 

C, each step for 1 min. The
following primer sets were used: GH, 5

 

9

 

-CTTTTTGACAACG-
CTAGTCTC (exon 1, 453–473) and 3

 

9

 

-CAGGCTGTTGGCGAA-
GACACT (exon 3, 1013–1033) (34); LIF receptor, 5

 

9

 

-AAGATA-
TAGCTGCAGAAGAGG (3219–3239) and 3

 

9

 

-TAACAATACT-
TCACAGGAT (3559–3577) (19); IL-6 receptor, 5

 

9

 

-GAGACAG-
CGTGACTCTGACCT (556–576) and 3

 

9

 

-CCGGACTGTTCTG-
AAACTTCC (889–909) (35); gp130 subunit, 5

 

9

 

-CATGCTTTG-
GGTGGAATGGAC (1566–1586) and 3

 

9

 

-CATCAACAGGAAGT-
TGGTCCC (1871–1891) (16); and CRH receptor, 5

 

9

 

-CATCCGGT-
GCCTGCGAAACA (664–683) and 3

 

9

 

-GGCCCTGGTAGATG-
TAGTCG (1030–1049) (36). The PCR products thus generated are
279 (GH), 359 (LIF receptor), 354 (IL-6 receptor), 326 (gp130 sub-
unit), and 386 bp (CRH receptor). The PCR product of human LIF

 

receptor was digested by AvaII, the DNA product of the IL-6 recep-
tor by BstXI, human gp130 by KpnI, and the CRH receptor by FspI
restriction enzyme (all enzymes obtained from GIBCO BRL). The
PCR products were visualized with ethidium bromide after electro-
phoresis on 1.8% agarose gel.

 

Primary fetal pituitary cell culture.

 

Specimens were harvested
within 0.5–2 h of the termination procedure. Fetal pituitary was
washed in low glucose DME supplemented with 0.3% BSA, 2 mM
glutamine, and penicillin/streptomycin, and was then minced and
enzymatically dissociated using 0.35% collagenase and 0.1% hyaluron-
idase (both from Sigma Chemical Co.) for 45–60 min. Cell suspen-
sions were filtered and resuspended in low glucose DME supple-
mented with 10% FBS, 2 mM glutamine, and antibiotics. For primary
cultures, 

 

z

 

 5 

 

3

 

 10

 

4

 

 cells were seeded in 48-well tissue culture plates
(Costar Corp., Cambridge, MA) in 0.5 ml medium, and were incu-
bated for 72–96 h in a humidified atmosphere of 95% air/5% CO

 

2

 

 at
37

 

8

 

C. Medium was then changed to serum-free defined low glucose
DME containing 0.2% BSA, 120 nM transferrin, 100 nM hydrocorti-
sone, 0.6 nM triiodothyronine, 5 U/liter insulin, 3 nM glucagon, 50 nM
parathyroid hormone, 2 mM glutamine, 15 nM EGF, and antibiotics,
and cells were treated for 24 h with LIF, OSM, IL-6, or IL-2 (con-
centration of 1 nM), with or without CRH (10 nM), after which me-
dium was collected and stored at 

 

2

 

20

 

8

 

 for later hormone measure-
ments. A single pituitary was divided and plated into 40–60 wells,
depending upon the age and size of the specimen, and was used for
one experiment where 6–7 wells served as controls (treated with vehi-
cle solution), and groups of 6–7 wells were treated with specific cyto-
kines and/or CRH. Time-dependent (6 h, 24 h) experiments were
performed. Experiments were also performed using goat anti–human
gp130 IgG, where cells were incubated with anti-gp130 or preimmune
goat IgG at concentrations of 100 

 

m

 

g/ml serum-free defined medium
for 24 h in the presence of added agents.

 

Hormone assays.

 

RIA for human GH was performed using a kit
purchased from Diagnostics Products Corp. (Los Angeles, CA) after
1:5 dilution of the collected primary culture medium. Human ACTH
(1:3 dilution) was measured by immunoradiometric assay (IRMA) (Di-
agnostic Systems Laboratories, Inc., Webster, TX), and thyroid-stim-
ulating hormone (no dilution) and prolactin (PRL) (no dilution) levels
were measured by IRMA (Diagnostics Products Corp.). RIA for in-
tact lutenizing hormone (LH) was performed using reagents provided
by the National Hormone and Pituitary Program, National Institute
of Diabetes and Digestive and Kidney Diseases (Bethesda, MD).

 

Transcription studies.

 

Full-length human POMC-luc (

 

2

 

879/

 

1

 

6)
reporter plasmid was the kind gift of Dr. M. Low (Vollum Institute,
Portland, OR). AtT-20 cells were obtained from the American Type
Culture Collection (Rockville, MD), and grown in DME supple-
mented with 10% FCS, 2 mM glutamine, and antibiotics. Transient
transfection using lipofectin was performed as described (29). In
brief, cells were washed with serum-free medium, and were incubated
with DNA (2 

 

m

 

g/2-ml well) and lipofectin (GIBCO BRL) for 5 h, at
which time medium was changed to DME containing glutamine and
BSA 0.1%. Treatments were added after 16 h, and cells were har-
vested 6 h later. Cell lysis buffer contained 25 mM Tris phosphate
(pH 7.8), 10 mM MgCl

 

2

 

, 0.1% BSA, 15% glycerol, 1% Triton X-100,
and 1 mM EDTA. Luciferase activity was measured in the presence
of 0.8 mM ATP and 0.3 mM 

 

D

 

-luciferin (Berthold Lumat LB 9501 lu-
minometer; Wallac, Inc., Gaithersburg, MD), and light emission inte-
grated over 15 s.

 

Statistical analysis.

 

Results are expressed as mean

 

6

 

SEM. Differ-
ences were assessed by the unpaired 

 

t

 

 test or one-way ANOVA when
appropriate. For both statistical tests, 

 

P 

 

,

 

 0.05 was considered signif-
icant.

 

Results

 

Receptor mRNA expression in human pituitaries.

 

RNA ex-
tracted from human adult pituitary and fetal pituitaries (18-
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and 31-wk gestation) was subjected to RT followed by PCR
amplification. Results of the PCR reaction revealed the pres-
ence of human LIF receptor (359 bp), IL-6 receptor (354 bp),
gp130 subunit (326 bp), and CRH receptor (386 bp) (Fig. 1,

 

A

 

–

 

D

 

, respectively) in adult pituitary and fetal glands of both
18- and 31-wk gestation. To confirm the pituitary origin of the
mRNA, testing for GH expression in these tissues resulted in a
279-bp PCR product, as expected (Fig. 1 

 

C

 

). Specificity of ex-
pressed bands was confirmed by restriction enzyme digestion.
The 359- and 354-bp bands representing LIF receptor and IL-6
receptor expression in the different pituitary preparations
were appropriately digested by AvaII to 214- and 145-bp re-
striction products (Fig. 1 

 

A

 

), and by BstXI to 201- and 153-bp
DNA products (Fig. 1 

 

B

 

), respectively. The human gp130 sub-
unit and the CRH receptor PCR products were cut by KpnI
(to 115- and 211-bp bands, Fig. 1 

 

C

 

) and FspI (144 and 242-bp
products, Fig. 1 

 

D

 

), respectively. All sample products were
negative when reactions without RT were amplified by PCR,
thus confirming that the positive PCR product bands represent
the presence of specific pituitary mRNA transcripts.

 

gp130-dependent cytokines stimulate ACTH in human fetal

pituitary.

 

To determine the effect of LIF, OSM, and IL-6 on

ACTH secretion from normal human pituitary cells, primary
cultures of human fetal pituitary cells (16–31-wk gestation) were
incubated for 24 h with the different cytokines, alone or in the
presence of CRH. LIF (1 nM) induced 29% induction in ACTH
secretion (

 

P

 

 

 

,

 

 0.05) over controls, CRH (10 nM) alone in-
duced the expected three- to fourfold induction of ACTH (37),
and combination of the two compounds was synergistic, stimu-
lating ACTH production five- to sixfold (

 

P

 

 

 

5

 

 0.01 versus CRH
alone; Fig. 2). Similar stimulations of ACTH were demon-
strated when pituitary cells derived from different gestational
periods (23, 24, and 31 wk) were used for these experiments.
The cytokine did not alter ACTH during 6 h of incubation, and
required 24-h treatment to induce ACTH. Similarly, OSM
(1 nM) mildly induced ACTH release (13%, NS). When OSM
was incubated together with CRH, however, ACTH produc-
tion was increased by 37% above levels induced by CRH alone
(

 

P 

 

,

 

 0.05; Fig. 2). IL-6 (1 nM) increased ACTH secretion by
48% (

 

P 

 

5

 

 0.005). Furthermore, when CRH and IL-6 were
added for 24 h to the cell cultures, ACTH secretion was stimu-
lated by 80% above levels induced by CRH alone (

 

P 

 

,

 

 0.05;
Fig. 2). In contrast to these cytokines, IL-2, which does not sig-
nal through gp130, had no stimulatory effect on ACTH release

Figure 1. Human LIF receptor (A), IL-6 receptor (B), gp130 receptor subunit (C), and CRH receptor mRNA expression (D) in adult human pi-
tuitary, and in 18- and 31-wk gestation human fetal pituitaries. Extracted RNA (1 mg/reaction) was treated with deoxyribonuclease, and was sub-
jected to reverse transcription using Oligo(dT) as primer. Samples incubated without RT enzyme served as controls. Aliquots from the gener-
ated cDNAs and negative controls were subjected to subsequent PCR amplification (38–40 cycles) of LIF, IL-6, and CRH receptors, gp130 
subunit, and human GH using the primer pairs indicated in Methods. PCR products and enzyme digestion products were resolved on a 1.8% 
agarose gel. The expected PCR products of LIF receptor (359-bp band, digested by AvaII), IL-6 receptor (354 bp, digested by BstXI), gp130 
subunit (326 bp, digested by KpnI), and CRH receptor (386 bp, digested by FspI) are shown in A–D, respectively. Human GH RNA expression 
(279-bp band; C) confirmed the pituitary origin of the studied mRNA. L, 100-bp ladder; 1, with RT; 2, no RT added.



 

360

 

Shimon et al.

 

from human fetal pituitary cells (Fig. 2), emphasizing that
ACTH stimulation is a specific characteristic of the gp130-
related cytokines.

 

Anti–human IgG effects on ACTH secretion.

 

To elucidate
the role of the gp130 receptor component in human pituitary
LIF and LIF-related cytokine signaling, we tested the effects
of goat anti–human gp130 IgG on ACTH secretion from hu-
man fetal pituitary cultures. In the absence of added cytokine,
incubation with gp130-specific antibody inhibited basal ACTH
release by 25% (

 

P 

 

,

 

 0.05; Fig. 3), as compared to hormone re-
lease from cultures incubated with preimmune goat IgG at the
same concentration. These observations were consistent with
an autocrine effect of LIF on ACTH secretion from normal
pituitary corticotrophs. gp130 antibody, when added to LIF-
treated cells, significantly suppressed ACTH by 18% (

 

P 

 

,

 

0.05; Fig. 3). The antiserum also attenuated LIF (1 nM)-induced
ACTH secretion by 32% (

 

P 

 

5

 

 0.01) in cell cultures cotreated
with CRH (10 nM) (Fig. 3), but not in cultures incubated with
CRH with no added cytokine (Fig. 3). In the presence of IL-6
(1 nM), which also signals through gp130, the specific antibody
abrogated ACTH induction by 35% (

 

P

 

 

 

,

 

 0.005; Fig. 3), thus
reducing ACTH to below basal (without added IL-6) levels.
Moreover, the antiserum also attenuated ACTH production
by 17% (

 

P 

 

5

 

 0.05) when added to primary pituitary cell cul-
tures cotreated with CRH and IL-6 (Fig. 3).

 

Human POMC transcription.

 

To determine directly effects
of human LIF on human POMC gene transcription, a frag-
ment of the human POMC gene 

 

2

 

879/

 

1

 

6 fused to the lu-
ciferase reporter gene was transfected into AtT-20 cells that
express POMC and secrete ACTH. This promoter region of
the human gene contains the elements required for pituitary

expression and regulation of the human POMC gene (38). 1 nM
LIF exerted a 7-fold induction of reporter activity (Fig. 4),
whereas CRH (10 nM) stimulated the expected 3.5-fold in-
crease in the human POMC transcription. The combination of
CRH (10 nM) and LIF (1 nM), however, was synergistic, in-
ducing a 22-fold stimulation in reporter gene activity over ve-
hicle-treated control cells (Fig. 4).

 

Cytokine stimulation of GH secretion from human fetal pi-

tuitary cell cultures.

 

LIF, OSM, and IL-6 (1 nM) also caused a
significant 15–31% induction in GH secretion from primary fe-
tal pituitary cultures after 24 h (

 

P 

 

,

 

 0.05; Fig. 5). The cyto-
kines, however, did not alter PRL, thyroid-stimulating hor-
mone, and LH secretion from primary cultures of human fetal
anterior pituitary cells.

 

Discussion

 

This study shows that physiologic concentrations of human
LIF, OSM, and IL-6, the members of the cytokine family that
induce their biological effects via receptors associated with the
common signal transducer gp130, directly stimulate ACTH
and GH secretion in human fetal pituitary cells. Moreover, the
cytokines have synergistic effects on ACTH secretion and
POMC transcription when combined with CRH. The effects of
the gp130-related cytokines on ACTH secretion were blocked
by specific antibody to the human gp130 subunit. The gp130-
dependent cytokines therefore regulate ACTH and GH pro-
duction and release from the human pituitary.

For our studies we used primary cultures of human fetal pi-
tuitaries obtained at the second trimester. At this time, the
hormone-producing cells including corticotrophs and soma-

Figure 2. Effects of LIF, OSM, IL-6, IL-2 (1 nM each), and CRH 
(10 nM) on human ACTH secretion. Human fetal pituitary cells in 
dispersed primary cultures were incubated for 24 h with the indicated 
cytokines alone or in combination with CRH, in serum-free medium. 
Results are expressed as percent change over vehicle-treated control 
wells (100%). Each bar represents mean (6SEM) of ACTH secretion 
in five to six wells. *P , 0.05, versus vehicle-treated controls; #P , 
0.05, versus CRH-treated cells. Black bar, cytokine (1 nM); dark 

striped bar, CRH (10 nm); light striped bar, cytokine 1 CRH.

Figure 3. Effects of anti–human gp130 IgG on human ACTH secre-
tion. Primary cultures of human fetal pituitary cells were incubated 
for 24 h with goat anti–gp130 IgG (100 mg/ml) or preimmune goat 
IgG (100 mg/ml), and 1 nM of each of the indicated cytokines (alone 
or in combination with 10 nM CRH), in serum-free medium. Results 
are expressed as percent change over normalized controls (10065%). 
Each bar represents mean (6SEM) of ACTH secretion in four to six 
wells. Black bar, control; striped bar, anti-gp130. *P # 0.05; **P , 
0.005.
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totrophs are well-differentiated (39). Corticotrophs are the
first hormone-secreting cells recognized in the human fetal an-
terior pituitary, and are evident by 6 wk of gestation (39). GH
immunoreactivity is identified in well-differentiated soma-
totrophs by 8 wk (39). ACTH and GH are released from hu-

man fetal pituitary cultures at 7 and 9 wk of gestation, respec-
tively (39), and at the second trimester significant levels of
these hormones are measurable in fetal pituitary culture me-
dium (5). Fetal corticotrophs and somatotrophs are responsive
to hypothalamic releasing and inhibitory factors, including
CRH, growth hormone–releasing hormone, and somatostatin,
as early as 12–14 wk (39). Thus, these observations support the
functional maturity and appropriate responsiveness to hypo-
thalamic regulation of the fetal pituicytes used in these studies.
In the present study we demonstrate the expression of CRH,
LIF, and IL-6 receptors and the gp130 subunit in fetal pituitary
tissue at 18–31-wk gestation (Fig. 1). We used RT-PCR for
these mRNA expression studies, as Northern or ribonuclease
protection assays are limited by the amount of RNA required
for analysis. Interestingly, LIF and LIF receptor are expressed
abundantly in human corticotrophs and somatotrophs,
whereas their expression is less prevalent in lactotrophs and
gonadotrophs (5). Moreover, ACTH- and GH-producing ade-
nomas were strongly immunopositive for LIF, compared with
negligible LIF staining in PRL-secreting and nonfunctioning
pituitary adenomas (5). Thus, to gain insight into ACTH and
GH regulation by gp130-related cytokines, we used fetal pitu-
itary cell cultures as a unique model of functional human pitu-
itary tissue. These are mature hormone-producing cells that
express the relevant cytokine receptors, and the common
gp130 signal transducer.

IL-6 stimulates PRL, GH, and gonadotropin secretion from
primary rat pituitary cultures (40–42), and also may induce
ACTH release under certain conditions (42–44). More evi-
dence, however, supports the in vivo involvement of IL-6 in
ACTH secretion (45). Intravenous administration of recom-
binant human or murine IL-6 to rats resulted in a three- to
fourfold increase in plasma ACTH levels within 30 min after
injection (10, 43). In humans, subcutaneous or intravenous in-
jection of IL-6 markedly increased ACTH and cortisol levels
on the first day of cytokine administration (12–14), with no de-
tectable change in circulating CRH concentrations that were
close to the lower limit of assay detection (12, 14). In vitro and
in vivo experiments in animals, however, showed that a central
mechanism is involved in ACTH stimulation in response to IL-6
(43), and that IL-6 stimulates hypothalamic CRH secretion
(46, 47). Thus, IL-6 that is presumably produced by the follic-
ulo-stellate cells of the anterior pituitary (48, 49) induces both
ACTH and CRH. Moreover, dexamethasone, which also sup-
presses pituitary ACTH, dose-dependently inhibits release of
IL-6 from cultured anterior pituitary cells (50). Thus, the pitu-
itary negative feedback regulation by glucocorticoids may in-
clude paracrine mechanisms in addition to direct glucocorti-
coid response element–mediated suppression of POMC.

Available data on IL-6 effects on anterior pituitary hor-
mone secretion are derived from rodent pituitary cell cultures
or in vivo studies in animals and humans. In this study we show
for the first time that IL-6, LIF, and OSM have direct stimula-
tory effects on human ACTH and GH secretion from normal
anterior pituitary tissue. Moreover, these cytokines appear to
amplify the ACTH response to CRH. For these studies we
used cytokine doses (z 1 nM) within the calculated Kd of cel-
lular binding sites for IL-6 (18), LIF, and OSM (25). In con-
trast to the well-described effects of IL-6 on pituitary hormone
secretion, LIF and OSM have been the subjects of only a lim-
ited number of recent studies, indicating their role in pituitary
hormone regulation. LIF and OSM stimulate both in vitro

Figure 4. LIF and CRH effects on human POMC transcription. Hu-
man POMC gene promoter (2879/16) was fused to the luciferase re-
porter, and was transiently transfected into AtT-20 cells using lipofec-
tin. After 16 h, cells were treated with vehicle (control), LIF (1 nM), 
CRH (10 nM), or both LIF (1 nM) and CRH (10 nM) in serum-free 
medium for 6 h. The effects of the different treatments on human 
POMC promoter activity are expressed as fold induction of luciferase 
activity over control, mean of three wells (6SEM), from a represen-
tative experiment repeated three times. *P , 0.01; **P , 0.0001.

Figure 5. Effects of LIF, OSM, and IL-6 on human GH secretion. 
Primary cultures of human fetal pituitaries were incubated for 24 h 
with 1 nM of the indicated cytokines in serum-free medium. Results 
are expressed as percent change over vehicle-treated control wells 
(100%). Each bar represents mean (6SEM) of GH secretion in five 
to six wells. Black bar, control; striped bar, cytokine (1 nm). *P , 
0.05; **P , 0.005.
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POMC gene transcription and ACTH secretion in AtT-20 cells
(5, 29), and LIF stimulates ACTH secretion in primary mouse
pituitary cell cultures (30) and in fetal nonhuman primates in
vivo (14). The present study, however, is the first report on the
effects of IL-6, LIF, and OSM on normal human pituitary tis-
sue. The similar pituitary effects of these three structurally and
functionally related cytokines are not surprising, as they share
the gp130 component as a common signal transducer, and me-
diate similar functions in several tissues (8, 17, 51). Moreover,
using monoclonal antibodies specific for the human gp130 sub-
unit, we partially blocked the response of the pituitary to both
IL-6 and LIF. This effect is similar to the suppression of their
hematopoietic and neurotrophic functions by the neutralizing
antibodies (21, 26, 52), and demonstrates that gp130 is re-
quired for both IL-6– and LIF-signaling processes in the hu-
man pituitary. Thus, these related cytokines bind to their spe-
cific receptors on the pituicytes, but for signaling share the
common gp130 subunit, and may function in a redundant or
overlapping manner. We did not study other members of this
cytokine family including IL-11, CNTF, and cardiotrophin-1,
but they may have similar effects on hormone secretion in hu-
man fetal pituitary cultures. Interestingly, in the absence of
added cytokines, anti-gp130 serum suppressed basal ACTH
release by 25% (Fig. 3), consistent with the functioning of an
endogenous autocrine LIF and IL-6 effect on ACTH in the hu-
man pituitary corticotroph. As both these cytokines are ex-
pressed locally in the pituitary (1, 3, 5), this inhibitory effect of
the antibody reflects a blocked endogenous cytokine action.

The stimulatory effect of LIF on human ACTH secretion
during 24 h may be explained by enhancement of POMC tran-
scription (Fig. 4). This effect is also supported by the absence
of ACTH stimulation after a 6-h incubation with LIF. We have
recently shown a similar induction of rat POMC transcription
by LIF and OSM (29). Moreover, CRH synergizes with the
gp130-dependent cytokines in inducing human POMC tran-
scription and ACTH secretion from fetal pituitary cells. Whereas
the effect of the cytokines on basal ACTH was mild (Fig. 2),
LIF, OSM, and IL-6 exerted striking synergy with 10 nM CRH
to induce ACTH release. Interestingly, similar synergy be-
tween LIF and CRH was demonstrated in fetal nonhuman pri-
mates, resulting in up to 23-fold induction of ACTH secretion
in vivo (14).

As we have shown that LIF receptors are also expressed on
human fetal somatotrophs (5), we therefore studied effects of
these cytokines on GH secretion from fetal pituitary cultures.
IL-6, OSM, and LIF all modestly stimulated GH secretion
from normal pituitary cells. Thus, the gp130-related cytokines
may also regulate GH secretion (40, 42).

These results indicate that in addition to regulation of fe-
tal pituitary development and function by hypothalamic fac-
tors, local cytokine signals also modulate expression of hu-
man fetal pituitary hormones. Similar stimulatory effects
were observed for cytokines that share a common signal
transduction mechanism, thus emphasizing that functional
gp130-associated receptors are expressed in the human fetal
pituitary. Their respective ligands and the signaling they ex-
ert reflect an immunoendocrine interface for stress-induced
neuroendocrine responses. Thus, intrauterine neuroendo-
crine stress signaling pathways appear to be operative in the
human fetus, and gp130-dependent postreceptor signaling
may serve as an additional paracrine system controlling hu-
man pituitary function.
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