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S u m m a r y . The pineal gland is part of the
neuroendocrine system that modulates immune
functions. Because the gland is outside the blood-brain
barrier, i t is accessible to direct feedback from
circulating cytokines that affect the synthesis and
secretion of melatonin. Recent studies have suggested
lhat intrinsic immunoregulatory cytokines mediate these
neuro-immune interactions under the control of
sympathetic innervation to the pineal. This study focused
on the expression of transforming growth factor-B1
(TGF-81) and interleukin-6 (IL-6), two cytokines that
have important regulatory functions on both neurons and
immune cells. Northern blot RNA analysis showed that
TGF-01, but not IL-6, was expressed in freshly dissected
rat pineal glands from neonatal age (l-day-old) into
adults. Immunocytochemistry for TGF-B1 in adult
glands revealed localization of this protein in astrocytelike cells. The sympathetic neurotransmitter
norepinephrine (NE) increased transcript levels for both
TGF-B1 and IL-6 in adult pineal organ cultures. The
effect of NE on IL-6 expression was not found in
dispersed cell cultures established from neonatal pineal
glands. The immunoregulatory molecule interleukin-1B
(IL-113) up-regulated the expression of both IL-6 and
TGF-B1 in adult pineal organ cultures, but not in neonate
pineal organ cultures. These findings suggest that TGFB1 and IL-6 have intrinsic regulatory roles in the pineal
gland and that both neural and immune factors are
important mechanisms of regulation.
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Introduction
There is now a convincing body of evidence
supporting the concept that immunoregulatory cytokines
affect neuronal functions, and vice versa. The pineal
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gland is one of several circumventricular organs in the
brain that plays an important role in these neuro-immune
interactions. On the one hand, the principal pineal gland
hormone melatonin influences a variety of immune
functions (Guerrero and Reiter, 1992). On the other
hand, because the pineal gland is outside the blood-brain
barrier, i t is accessible to circulating cytokines that
modulate the synthesis of pineal indoles. For example,
IFN-y, granulocyte-macrophage colony stimulating
factor (GM-CSF) as well a s granulocyte-colony
stimulating factor (G-CSF) increased, and IL-1B
decreased melatonin production in vitro as well as in
vivo following peripheral injection (Withyachumnarnkul
et al., 1990, 1991; Mucha et al., 1994; Zylinska et al.,
1995). These feedback interactions have led to a
working hypothesis that the pineal gland is an important
"gateway" for neuroimmune communications (Guerrero
and Reiter, 1992; Tsai and McNulty, 1997).
Currently, little information is available on the
expression and regulation of cytokines produced
endogenously in the pineal gland. We reported
previously that IL-IB was expressed in the adult pineal
gland and was up regulated by the neurotransmitter
norepinephrine (NE) as well as the cytokine IFN-y plus
lipopolysaccharide (LPS) (Tsai and McNulty, 1999).
This present study examined two additional cytokines,
TGF-B1 and 1L-6, which are expressed by glia in other
parts of the brain (Constam et al., 1992; Sawada et al.,
1992). Previous studies also demonstrated that both
TGF-B1 and IL-6 affect the differentiation and survival
of neuronal cells (Krieglstein and Unsicker, 1994;
Maeda et al., 1994; Mehler and Kessler, 1997).
We specifically addressed the hypothesis that
cytokine expression in the pineal gland is regulated by
both neural and immunological mechanisms. Neural
regulation is particularly important because the principal
innervation to the pineal gland is from postganglionic
sympathetic neurons from the superior cervical ganglia.
The circadian metabolic functions of the pineal gland are
mediated by adrenergic mechanisms following the
release of NE from the sympathetic nerve terminals
(Vollrath, 1981). The density of sympathetic fibers
innervating the pineal gland gradually increases from

