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Interleukins and neurohormones: a common language

Richard Knight, Nicholas Sarlis' and Anastasis Stephanou'

Department ofCystic Fibrosis, National Heart andLung Institute, Manresa Road, London SW3 6LR, and
'Neuroendocrine Unit, Charing Cross Hospital, London W6 8RF, UK

A characteristic of multicellular organisms is that
groups of cells specialize as functional units. One
example is the classical endocrine system, where
central influences affect the release of releasing
hormones, such as corticotrophin releasing hor-
mone (CRH) and growth hormone releasing hor-
mone (GRH) from hypothalamic nuclei. These
pass through the hypothalamic-hypophyseal por-
tal circulation to the anterior pituitary and
modulate release of the appropriate trophic hor-
mones, such as adrenocorticotrophic hormone
(ACTH) and growth hormone (GH). The anterior
pituitary hormones enter the systemic circulation,
from where they are mostly delivered to endocrine
end organs, such as the adrenal cortex, and there
affect the release of the final hormone in the
cascade.
For the multicellular organism to function in a

coordinated way, however, the activities of these
functionally specialized units need to be integrated.
It is becoming clear that this integration is
achieved, at least between some organ systems, by
their sharing common chemical messages and
receptors. Thus, any one system uses a set of
chemicals both for communication between the
cells of that system, and for integrative interactions
with cells ofa functionally distinct unit. Nowhere is
this integrative interaction better illustrated than in
the dialogue between the endocrine and immune
systems.

Circumstantial associations between personality
traits and 'stress' with disease susceptibility have
been noted for several centuries. The effects of
hypophysectomy' and experimental electrolytic
lesions in the hypothalamus2 on immune function,
and the actions of classical endocrine hormones on
immune responses in vitro' provide more direct
evidence for an endocrine-immune interaction. In
the reverse direction, early experiments showed
that hypophysectomized animals, which therefore
lacked a pituitary source of ACTH, could still
mount a steroidogenic response to stress.4 More

recently, immune-derived interleukins (IL) have
been shown to have direct endocrine effects. Thus
ILl causes release of corticosteroids from adrenal
cells,5 and ILl, 2 and 6 all have effects on pituitary
production of ACTH.6-8 Indeed, some ILs have
been shown to be present in the pituitary gland
itself.9
The effects of endocrine hormones on immune

responses in vitro have been particularly well
studied. Both hypothalamic releasing hormones
(CRH, GRH)'° and anterior pituitary peptides
(prolactin, GH, thyroid stimulating hormone,
ACTH and P endorphin)"'3 have some activity.T
cell proliferation, natural killing (NK), antibody
production and neutrophil function may all be
affected. The actions of P endorphin on NK and
antibody production are particularly interesting.
Biphasic effects are seen on both types of immune
reaction, with the production of specific antibodies
to Herpes simplex virus being enhanced in vitro at
concentrations as low as 10-18 mol/l.'4 We have
also observed effects of CRH on NK down to
101-8 mol/l (unpublished observations).
The low molarities at which these immuno-

modulatory effects are seen - considerably lower
than the circulating plasma concentrations - sug-
gests that inflammatory cells themselves produce
neurohormones which act very locally on neigh-
bouring cells within an inflammatory focus or
lymph node. There is now good evidence, both at
the level of gene transcription and of peptide
production, that this is indeed the case. For
example, both lymphocytes and neutrophils con-
tain mRNA transcripts of the proopiomelano-
cortin (POMC) gene - the precursor to ACTH and
P endorphin.'5 Moreover, ACTH and P endorphin
peptides have been detected in supernatants of
activated lymphocytes. 16 The accumulation of
POMC transcripts increases with lymphocyte
activation.

Recently, we have also detected mRNAs and
peptides related to CRH and GRH in human
lymphocytes,'7"8 although there is approximately
10 times as much GRH as CRH. Although the
peptides contained within resting lymphocytes, and
released into supernatants after cell activation,
react with the appropriate antisera, they behave
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differently biochemically. However, the lympho-
cyte-derived CRH and GRH are able to induce
transcription of POMC and GH genes, respec-
tively, in both lymphocytes and pituitary cells, and
therefore have appropriate biological activities. It
has also been reported in the mouse that
lymphocyte-derived ACTH is a truncated form of
the pituitary peptide.'9 These biochemical
differences between the lymphocyte-derived pep-
tides and their hypothalamic and pituitary
equivalents may allow the discrimination of the
relative roles of lymphocyte and hypothalamic/
pituitary peptides in immunomodulation.
However, much still remains to be understood in

this new field of neuroimmunology. It is unknown,
for example, whether all inflammatory cells can
produce all neurohormones, or whether distinct
subsets produce only a limited and characteristic
profile. If the latter proves correct, does this lead to
a new functional classification of inflammatory
cells, similar to the discrimination of ThI and Th2
subsets of helper T lymphocytes in the mouse on
the basis of their production of IL2 or IL4 respec-
tively?20 Again, no systematic studies on the inter-
relationship of ILs and interferons with
inflammatory neurohormones have been reported,
although exogenous IL2 does increase lymphocyte
expression of POMC.15 Equally importantly, are
the concentrations of inflammatory neurohor-
monal peptides sufficient only for very local
interactions with neighbouring inflammatory cells,
can they affect parenchymal cells of the organ in
which the inflammation is taking place, or can they
even exert systemic effects?

It is possible, however, to consider the potential
pathogenic importance ofinflammatory neurohor-
mones. The expression of GRH and GH by
lymphocytes has been discussed above. The final
mediator ofmost of the peripheral actions ofGH is
insulin-like growth factor 1 (IGFl). It has recently
been shown that alveolar macrophages (AM) and
lymphocytes can themselves make IGFlI21,22 and
that AM express IGFI receptors.23 IGFl increases
superoxide production by both neutrophils and
AM.24 Since the activated neutrophils and AM in
the chronically infected lungs of patients with
bronchiectasis or cystic fibrosis will already be
producing free radicals, which cause tissue damage,
any enhancement of free radical production by
inflammatory cell-derived IGFl could be still more
disadvantageous. IGF1 is also fibrogenic. It causes

fibroblast proliferation and collagen deposition.25
Moreover, mice bearing a chronically expressed
GH transgene, and who have high circulating levels
of IGF1, develop a glomerulosclerosis with in-
creased transcription of collagen, laminin and
heparan sulphate proteoglycan genes.26 It would,
therefore, be appropriate to assess the contribution
of inflammatory GFH-GH-IGFl to the fibrosis
common in chronic inflammatory disease, partic-
ularly as agents are already available which can
inhibit this pathway.
A further example is the interaction of tumours

with tumour infiltrating inflammatory cells. We
have been particularly interested in tumours of
neuroectodermal origin, since it is some of these in
which the best documented cases of immuno-
logically mediated regression have been reported.27
Neuroblastomas, for example, elaborate a wide
range ofneurohormones, some ofwhich, like IGF2
and 13 endorphin have been proposed as
autonomous growth-promoting factors for the
tumours themselves.28'29 POMC expression in
neuroblastoma is reduced when the cells are
induced to differentiate in vitro by agents such as
retinoic acid, and opiate antagonists modulate the
growth of neuroblastoma cells both in vivo and in
vitro.30 Evidence is also accumulating that neuro-
ectodermal tumours produce some interleukins,
and ILl expression in melanoma has been cor-
related with its metastatic potential.3" Thus, the
production ofcommon peptides - both neurohor-
mones and interleukins - by tumours and the
inflammatory cells that infiltrate them suggests that
tumours may influence the nature of their local
inflammation in the same way as the inflammatory
cells affect the growth, differentiation and meta-
stasis of the tumour. Clearly, a better understand-
ing of these interactions has considerable
therapeutic potential.

Therefore, at least some organ systems and
tumour cells share a common chemical language.
The individual chemical terms may have different
meanings depending on whether they are being
used as communication elements within or between
systems. Moreover, the physiological and patho-
logical meaning of a particular chemical word may
depend on the chemical syntax within which it is
being expressed. Learning how to interpret and
manipulate this language holds exciting pos-
sibilities for future medical practice.
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