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Introduction

It is well known that mammals and other phyla produce and
release interferon (IFN) in the blood stream at the onset of a
viral and bacterial infection; this early reaction, by inducing an
anti-viral resistance in cells, usually limits the spread of the
infection, and has been well documented in human and animal
infections (Green et al., 1982). The IFN response during an
acute viral infection is probably one of the oldest defensive
responses (Stewart, 1979), and today nobody doubts its exist-
ence and meaning. On the basis that this response occurs during
acute viral infections, autoimmune diseases (Preble & Fried-
man, 1983), and even in neoplastic patients, several years ago I
considered it an acute phase, or emergency response, in order to
imply the stringent cause-effect relationship (Bocci, 1981).

The idea that monokines and lymphokines (for the sake of
brevity I will refer to them as cytokines), such as IFNs and
interleukins (ILs), could be produced in physiological condi-
tions was first considered in depth 8 years ago (Bocci, 1980). The
thesis that cytokines are produced in healthy animals through-
out life was developed, and the expression of a 'physiological
IFN response' was coined in distinction with the acute-phase
response.

In the equation healthdisease-.death, health can be
considered a dynamic and transient state, in which our defence
systems efficiently counteract noxious influences trying to alter
homeostasis. Even though exogenous stimuli are potentially
pathological, provided they are efficiently counteracted they can
be considered as 'physiological' stimuli able to temporarily
induce an optimized production of cytokines that help to shift
the reaction to the left in order to maintain the animal in a state
of health.

Correspondence: Dr V. Bocci, Institute of General Physiology,
University of Siena, 53100 Italy.

As we shall see, physiological production of cytokines is a
rather non-specific process most frequently induced by 'physio-
logical' exogenous or endogenous stimuli. Unfortunately, con-
fusing adjectives such as 'preformed', 'spontaneous', 'endoge-
nous' or 'constitutive' IFN production have been used, because
of the lack of conceptual framework to explain apparently
different phenomena in a unified way. It is now clear that
'preformed' IFN does not exist (reviewed by Stewart, 1979), and
we shall see that most, ifnot all, of the IFN produced during the
physiological response is induced and, therefore, not sponta-
neous (i.e. uninduced). The use of 'endogenous' does not clarify
the process sufficiently, while the adjective 'constitutive' is
inappropriate and its use should be restricted to continuous
cytokine production by abnormal or neoplastic cells, where
either an integrated proviral genome or another promoter
favours the transcription of some IFN mRNA (Jameson &
Grossberg, 1979; Sugamura et al., 1983; Ymer et al., 1985). In
contrast, the physiological response is a miniaturized and
desultory process of induction, where mainly monocytes and
lymphocytes may occasionally and transiently produce and
release some IFN around their pericellular environment. It is
proposed that this background production is called 'physiologi-
cal IFN'.

This article aims to clarify the concept of the response taken
as a paradigmatic example (which is by no means restricted to
IFN) and to show that it has important practical implications.

Rational basis of the physiological IFN response

Even by using a very sensitive biological assay system (able to
detect as little as a few units IFN/ml equivalent to about 10-1'
M), it is difficult to detect IFN unequivocally in normal animal
sera (Chisholm & Cartwright, 1978; Walker et al., 1982).
Obviously, this is not clear-cut proof that IFN is not produced
but only indicates that either IFN is not present in blood or that
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we are unable to detect it. Thus, the generally accepted
conclusion that IFN, being absent in blood, is not produced in
healthy animals is not warranted.

In fact, there are anatomical, microbiological and immuno-
logical observations indicating that normal newborns are sterile
and almost virgin of foreign agents, although any semi-
allogeneic newborn may have already undergone some immu-
nological interactions while in the uterus. But, obviously, it is
only after birth that the newborn becomes fully exposed to the
microbial world and endotoxins (LPS), as Erwin Neter wrote:
'host and microorganism seemingly take a marriage vow: for
better or for worse, for health or disease' (McGhee, Kiyono &
Alley, 1984). Geographical, social, hygienic conditions and
breast or artificial milk feeding (Rogers & Synge, 1978)
influence the development of the immune system. The profound
anatomical, microbiological and immunological differences
noted between animals reared either in conventional or in germ-
free conditions (Wostmann, 1981; Gustafsson, 1985), suggest
that only conventional conditions may allow full expression of
the physiological IFN response. It is reasonable to imagine that
interactions among bacteria colonizing the gut and other
mucosae, besides inducing antibody formation, are taking place
with local production of cytokines such as IFNs and ILs.
Circulating antibodies passively acquired through the placenta
or secretory immunoglobulin A (sIgA), and other factors
present in milk (Mata, 1986) with a poorly developed lymphoid
system (Nair, Schwartz & Menon, 1985; Wilson et al., 1986),
may limit somewhat the physiological response, which reaches
full activity after weaning.

The physiological IFN response is envisaged as a localized
response mostly limited to the lymphoid system and induced in
only a few cells at a single time. In the gut-associated lymphoid
tissue (GALT), once immunological equilibrium has been
achieved, the fraction of the daily antigen load escaping sIgA
binding and able to reach either a membranous cell (Owen,
1977; Sneller & Strober, 1986) or a macrophage, is most
probably minimal. Moreover, the presence of suppressor factors
(Bland & Warren, 1986) prevents excessive boosting of the
immune reaction.

As the response is limited to a few cells, generalized hypo-
responsiveness to further induction does not occur, as it does
after administration of oral IFN inducers (as a drug) able to
involve a far larger number of cells (Wierenga, 1985). On the
basis of the lymph flow, a funnel-shaped concentration gradient
is likely to be established around stationary cells so that
neighbouring cells and cells in transit may be activated by the
factor or, in other words, one single secreting cell may activate
many thousands of cells passing by.

Hormonal interaction is of paracrine type and most of the
secreted cytokine is used locally at short range, and only traces
may spill-over into the lymph and into the circulation.

The results of work on the distribution and catabolism of
IFN have been instrumental in understanding why it could not
be detected in blood (Bocci, 1985b). Lymph has a flow about
3000-fold lower than plasma and contains only a trace of IFN,
which disappears altogether on entering the plasma pool where
dilution, cell binding and renal filtration take place (Fig. 1).
Thus, the inability to detect IFN and other cytokines in blood is
due to their modest spill-over in a rapidly turning-over pool.
Finally, an important corollary is that activated monocytes and
lymphocytes, by virtue of their circulatory ability, can exert and
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Figure 1. A general scheme of the main sites of cytokine production in
physiological condition. Although most of the cytokines are consumed
locally, some spill-over occurs in the lymph and in the venous
circulation. Cytokine levels do not become apparent in plasma because
of extensive dilution, redistribution and excretion. GALT, DALT,
BALT, SALT and IALT are abbreviations used to define gut-, duct-,
broncho-, skin- and internal-associated lymphoid tissue.

even transfer (Blalock et al., 1982) their biological activities all
over the body in the absence of circulating cytokines.

Sites of the physiological IFN response

Although most of the discussion will be centered on IFN,
wherever available pertinent data for IL-1, IL-2 and tumour
necrosis factor (TNF) will be reported. So far, attention has
been focused on the GALT, on the duct-associated tissue
(DALT), on the bronchial-associated lymphoid tissue (BALT),
on the skin-associated lymphoid tissue (SALT), on the internal-
associated lymphoid tissue (IALT) and on the placenta and its
annexes. A seventh site, the central nervous system (CNS)
remains to be explored.

As far as the GALT and the liver (which is in close functional
relation to the gut) are concerned, most of the potential IFN
inducers are of exogenous origin (Bienenstock & Befus, 1980).
LPS, derived from the indigenous intestinal microflora (Savage,
1986) can normally be traced in the portal blood but is taken up
by the hepatic reticuloendothelial system (RES) so that periph-
eral blood is practically endotoxin-free (Jacob et al., 1977;
Mathison & Ulevitch, 1979; Ruiter et al., 1981). The fraction of
LPS present in normal lymph is probably bound to specific
antibodies, chylomicrons, lipids and lipoproteins (Ulevitch &
Johnston, 1978), but its neutralization by antibodies does not
hinder its IFN-induction ability (Borecky, Lackovic & Russ,
1970). An additional route of LPS excretion via the lung has
been recognized in the rat where LPS-carrying macrophages
migrate to the broncho-alveolar space for over 2 weeks
(Freudenberg et al., 1984).

Healthy humans harbour over 400 bacterial species weigh-
ing about 1270 g (wet weight), which is almost equivalent to the
weight of the liver (Gustafsson, 1985). Of all of these bacteria,
about 1000 g (or about 104 bacterial cells) are present in the
intestines. Thus, it is indeed a marvel to be able to keep at bay
such a multitude of foreign cells which easily out-number our

own. The amount of LPS absorbed every day is probably an

exceedingly small fraction of the total in the gut, but as few as

eight molecules of LPS per monocyte can prime it and maintain
an optimal oxygen radical response (Pabst, Hedegaard &
Johnston, 1982).
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LPS is a remarkably good inducer ofIFN-a and -y, IL-I and
TNF (Blanchard et al., 1986; Le et al., 1986; Kirchner, Weyland
& Storch, 1986; Beutler & Cerami, 1987). Although LPS acts as

a fundamental immunological signal (Vogel & Fertsch, 1987;
Gessani et al., 1987) it is not the only one. In fact, examination of
the insurgence of Igs in germ-free animals (Wostmann, 1981)
reveals that it is not only necessary to remove microbial
stimulation but that the dietary antigenicity of sterile solid diets
and their endotoxin content must also be eliminated. Even with
chemically defined amino acid-glucose 'antigen-free' diets, a

limited amount ofIgM could become detectable, suggesting that
immunological reactivity has not been wholly shut down
(Wostmann, Pleasants & Bealmear, 1971). Moreover, muramyl
peptides, as breakdown products after macrophagic phago-
cytosis of bacteria, also can express important immuno-adju-
vant effects (Karnovsky, 1986; Masek, 1986).

From a histological and functional point of view, DALT
may be considered as part of GALT (Nair & Schroeder, 1986).
DALT is minimal at birth and, unless animals are kept under
germ-free conditions, the local microflora (the adult mouth and
the vagina contain about 40 g of bacteria) and other exogenous
antigenic stimuli bring about its development. Johnson, Petzold
& Galask (1985) have shown the presence of at least 54 bacterial
species in the vaginal microflora and again, one needs little
imagination to realize how the local immune response must be
active all the time to control potentially pathogenic micro-
organisms and fungi.

The human broncho-alveolar surface is not less than 100 m2
and is variably exposed to an almost infinite number of
vegetable, animal or industrial substances and, more or less
directly, to cigarette smoke. House dust contains, among other
allergens, mite (Genus Dermatophagoides) carcasses and fecal
pellets which may act as cytokine inducers, although little
research in this specific field has been carried out so far (Tovey,
Chapman & Platts Mills, 1981). Fortunately, against the
bombardment of so many agents, we normally have a good
protection because particles over 1 y diameter have little chance
of reaching the alveolar space and are eliminated by the
normally efficient muco-ciliary escalator. Besides the ubiquitous
sIgA, the pulmonary surfactant system contains substances able
to inhibit bacterial and fungal activity and, while it primes
alveolar macrophages, it down-regulates lymphocytes, prob-
ably in order to contain the lymphocytic response to the
frequent antigenic challenge (Claypool & Fisher, 1983). Briefly,
it has been shown that activated alveolar macrophages (Acton &
Myrvik, 1966; Koretzky et al., 1983) can release IL-1, TNF and
IFN-a, -y, but most of these cytokines would be used or

inactivated locally. However, a small fraction of these scavenger
cells re-enters the circulation via the lymph and afterwards their
fate is unknown. Similarly, the basal production ofcytokines by
the BALT would be utilized locally, although traces may be
transported away via the lymph (Fig. 1).

The skin is the body's largest organ and, under physiological
conditions, contains, among other cells, Langerhans' cells, mast
cells, macrophages, keratinocytes and 'homing' T lymphocytes
which contribute to make this organ an active element of the
immune system (Streilein, 1978). The activity of about 200 g of
the indigenous bacterial flora is normally contained by the
presence of a thin film of sweat and sebaceous material layered
onto the horny layer, but, once again, the environment, the
climate and, particularly, sun exposure, as well as parasites and

hygiene, may have considerable influence on the activity of
exogenous stimuli. Both IL-I and IFN-a, -y have been detected
(Hauser et al., 1986; Yaar, Palleroni & Gilchrest, 1986) in
normal human epidermis and, therefore, it is possible that,
besides serving as local immunoregulatory signals, they contri-
bute to maintain the host immune system alert by way of
circulatory cells.

The IALT comprises thymus, bone marrow and spleen, and
is likely to undergo induction mainly by endogenous stimuli,
including autoctonous lectins, cytokines, hormones, growth
factors, oxygen radicals and proteinases released by macro-
phages and neutrophils (Bocci, 1981). The latter compounds are

likely to act more efficiently in organs, such as the spleen, where
the peculiar blood circulation favours plasma skimming with a

strictly localized deficiency of proteinase inhibitors (Bocci,
1976). Moreover, the influence ofexogenous inducers cannot be
entirely dismissed because a comparative analysis of the spleen
and thymus weights between germ-free and conventional ani-
mals suggests that foreign antigens or LPS bound to macro-

phages may reach these organs (Gordon & Wostmann, 1960).
Fowler, Reed & Giron (1980) found IFN-like activity in the

murine placenta. This study was followed by somewhat contro-
versial findings in human normal amniotic fluid (AF). While
Cesario et al. (1981) could not detect IFN but actually found
anti-viral antibodies and inactivators against IFN-fl, Lebon et
al. (1982) detected IFN-a in almost all AF samples collected
between the 16th and 20th week. A later study (Duc-Goiran et
al., 1985) has clarified that the low but consistent amount ofIFN
can be masked by antagonistic substances.

So far there are no data to indicate that there is physiological
production of cytokines in the CNS. There are no lymphatics,
and practically no lymphocytes, in the normal brain, and the
presence ofthe blood-brain barrier (BBB) limits the entrance of
hydrophilic inducer molecules. However, astrocytes and ame-

boid microglia can be induced to produce IFN, IL-l and IL-3-
like factors so that, potentially, there may be production at a

basal rate (Fontana et al., 1982; Frei et al., 1985; Tedeschi,
Barrett & Keane, 1986).

Finally, production of IFN-fi2 (also referred to as 26-K
protein, human B-cell differentiation factor, BSF-2, and IL-6)
by human diploid fibroblasts has been reported recently
(Kohase et al., 1986; Sehgal et al., 1987; Revel et al., 1987). It
appears that the expression of IFN-112 is not as stringently
regulated as that of IFN-f,3 and is promptly inducible by
polynucleotides, IL- 1, TNF, platelet-derived growth factor and
bovine serum. Its normal production in vivo remains uncertain
but the fact that IFN-J2 is easily induced by endotoxins and acts
as a potent hepatocyte-stimulating factor, raises the interesting
possibility that IFN-fi2 may be the factor stimulating the hepatic
synthesis of fibrinogen and of acute-phase reactants in normal
and emergency conditions, respectively.

Observational results of the response

Direct evidence so far available can be distinguished as follows:

Studies in vitro
Human blood monocytes and bone marrow, rabbit tissues
(liver, spleen, bone marrow, Peyers's patches, sacculus rotun-
dus, lungs), rabbit and mouse peritoneal and alveolar macro-

phages obtained from animals reared in conventional condi-
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tions but apparently 'pathogen free', immediately after isolation
release in culture some anti-viral activity that, by several criteria,
corresponds to IFN-a/fi and y. In general, release of IFN
become progressively lower with time, suggesting that IFN
production, without further induction, is slowly turned off
(Smith & Wagner, 1967; Haller et al., 1979; Blach-Olszewska &
Cembrzynska-Nowak, 1979; Fischer & Rubinstein, 1983; Mar-
tinez-Maza et al., 1984; Bocci et al., 1984b; Paulesu et al., 1986;
Belardelli et al., 1987). On the other hand, peritoneal macro-
phages obtained from germ-free animals do not release detect-
able IFN (De Maeyer, Fauve & De Maeyer-Guignard, 1971).

It has already been mentioned that murine and human
placentas produce IFN, some ofwhich is ofan unusual type and
size (Duc-Goiran et al., 1985). Owing to transplacental transfer
of protein molecules, IFN present in AF may derive from the
mother's blood or, more probably, may be produced at the feto-
maternal interface. In attempting to exclude any maternal
influence, we have evaluated the IFN production by the human
isolated and perfused normal placenta at term, obtained after
Caesarean section (Bocci, Paulesu & Ricci, 1985c). With some
variability attributed to 'good' or 'poor' responders, all placen-
tas released into the perfusate detectable anti-viral activity
which, by the use of IFN antisera, has been attributed to IFN-a
and to IFN-fl. Whether production of these IFNs is due to an
interaction in vivo between antigens of the semi-allogeneic
conceptus and the maternal immune system, to unusual hormo-
nal levels during pregnancy and/or to a transient derepression of
particular IFN genes during fetal life, remains uncertain but
these findings and more recent ones (Chard et al., 1986) have
shown unequivocally that the placenta is indeed a site of
physiological IFN production. However, in comparison with
the preceding sites, unusual IFNs (in terms of size and type) are
present in the placenta and amniotic fluid, and this may be
related either to the anatomical, functional and immunological
peculiarities of the placenta, or to the fact that unusual IFN-#
have enhanced growth-regulatory or immunosuppressive acti-
vities. IL-l-like activity and TNF have also been detected
recently during normal pregnancy in murine (Jyonouchi, Voss &
Good, 1987) and human amniotic fluids (Jaattela, Kuusela &
Saksela, 1987).

Biochemical studies
Traces ofmRNA for IFN-cx, -f2 and more rarely -y have been
isolated from several organs of normal mice and individuals
(Tovey & Gresser, 1986; Tovey et al., 1987). This approach
proves that transcription ofIFN genes is taking place in vivo, but
it neither defines which cells are producing IFN at the time ofthe
test, nor proves that IFN is produced in vivo without induction.
These uncertainties may eventually be overcome by applying
either the method of in situ hybridization on tissue slides, or
locating IFN-producing cells in human tissues by using enzyme-
labelled anti-IFN antibodies.

The circumstantial evidence can be summarized as follows:
Studies aiming to detect typical enzymatic markers. Two

enzymes: 2'-5' oligoadenylate synthetase (2-5A) and protein
kinase (p67K), known to be specifically induced with IFN in
vitro and in vivo, show some selective localization in vivo. These
enzymes markers could also reveal the presence of IFN in its
absence (Schattner et al., 1981). The ensemble of the results
(Hovanessian et al., 1981; Gresser et al., 1985; Galabru et al.,

1985; Proietti et al., 1986; Vogel & Fertsch, 1987) could not
support the concept that the physiological IFN response is
mainly modulated by exogenous stimuli better: 2-5A and p67K
levels are indeed measurable (IFN was not) in circulating cells,
tissues and plasma samples of healthy men and mice. Moreover,
as predicted (Bocci, 1981), enzyme levels are low in germ-free,
pathogen-free, antibiotic-treated and anti-IFN antibody-
treated mice.

Studies revealing IFN activities on effector cells. Another lead
has been to evaluate whether effector cells obtained from
animals kept in conventional conditions could manifest biologi-
cal activities better than cells drawn from germ-free or conven-
tional animals pre-injected with potent anti-IFN a/fl antisera.
Here again mouse peritoneal macrophages derived either from
normal or anti-IFN antibody-treated mice have been found to
restrict or to permit viral multiplication, respectively, implying
that macrophages in an anti-viral state have either produced
IFN or had a previous contact with it in vivo (Belardelli et al.,
1984, 1987; Vogel & Fertsch, 1984, 1987; Proietti et al., 1986). It
must be noted that macrophages kept in culture progressively
lose their viral non-permissiveness, 2-5A activity and other
characteristics, in line with the concept that production of IFN
is not consitutive but is regulated by inducers. Furthermore,
rapid activation of NK cells in mice coincided with the full
development of the intestinal microflora and consumption of a
conventional diet, suggesting that at weaning, local production
of IFN and IL-2 stimulates this immunological function and
establishes the usual background activity (Wigzell, 1981; Barti-
zal, Salkowski & Balish, 1983).

Studies in vivo. As it is suspected that the simple addition of
fetal calfserum to cells in vitro may in itselfcause IFN induction,
we have mostly approached the problem in vivo, trying to
evaluate whether IFN is detectable in rabbits, rats and mice kept
in conventional conditions, either in abdominal lymph (Bocci et
al., 1984a, 1985a) and intestinal venous blood (Bocci et al., 1986)
or in lymph from the hind leg or arterial and peripheral blood.
Results show that consistent spill-over of IFN occurs from the
GALT: IFN-y levels are significantly higher in lymph drained
from the cisterna chyli and venous (appendix, ileal-cecal valve,
mesenteric, portal, splenic) blood. IFN is practically undetec-
table in peripheral blood. We have also investigated whether in
man a sudden activation of lymph production and inflow may
cause a transient increase of plasma IFN levels (Bocci et al.,
1985b; Viti et al., 1985). A fat-rich meal and vigorous physical
exercise can indeed cause a transitory increase of plasma acid-
labile IFN-a levels, in keeping with either an enhanced lymph
inflow into the plasma during the digestion and/or diminished
renal filtration during exercise. Also, IL-1 levels are transiently
increased after strenuous exercise (Evans et al., 1986; Cannon et

al., 1986).

Practical implications
By using several approaches, direct and circumstantial evidence
has been presented supporting the existence of a basal produc-
tion ofIFN localized at particular sites and taking place more or

less continuously in relation to external cues. Other cytokines,
such as ILs have been less well investigated but probably follow
the IFN pattern, and traces of them have been detected in body
fluids (English & Whitehurst, 1984; Spitz et al., 1985; Cannon &
Dinarello, 1985). An emerging view is that normal cells do not

V. Bocci4



The physiological IFN response

produce IFN unless they are induced by exogenous or endoge-
nous stimuli and that production ceases shortly thereafter; it
may be resumed later when the cells become responsive and if a
new stimulus occurs. On the other hand, continuous (constitu-
tive) production ofIFN takes place in transformed cells, but this
aspect cannot be related to a truly physiological response and
may be harmful to the host.

The following reasons suggest that the physiological re-
sponse serves to maintain active defence systems essential for
survival:

(i) The effect of having a quota of circulating cells in a
primed state (Stewart, 1979), the enhancement of the expression
of the MHC class I and II antigens on various cells (Capobian-
chi et al., 1985), the activation of monocytes and macrophages
(Steeg et al., 1982; Murray, Spitalny & Nathan, 1985), and the
induction of a state of alertness in some of the NK, cytotoxic T
cells and neutrophils (Donahoe & Huang, 1976; Shalaby et al.,
1985) are examples of the practical usefulness of such a
response. It is possible that only an efficient level ofthe response
may prevent infectious diseases and inhibit or delay tumour
growth (Gresser et al., 1983) for a long period of the life span.
Obviously, rather than IFN alone, a concerted production of
cytokines is essential to keep immune defences geared to
maintain the state of health.

(ii) Although a paracrine-type secretion seems of para-
mount importance, limited autocrine and truly endocrine
interactions may occur. Nonetheless, only trace levels of
cytokines are present in the circulation. This implies that in
health, cytokines apparently do not display toxic effects that
become evident, either during viral or bacterial infections, or
during administration of IFN, IL-2 and TNF through conven-
tional routes yielding high plasma levels. In fact, severe bone
marrow depression, fever, cerebral depression and coma, fluid
extravasation and disseminated intravascular coagulation are
some of the side-effects noted (Scott, 1984; Rosenstein, Ett-
inghausen & Rosenberg, 1986; Beutler & Cerami, 1987). There
are two conclusions to bear in mind: one is that cytokines are
not, and should not be considered, circulatory proteins like y-
globulins, and the other is that knowledge of their distribution
and mode of action compels consideration of their administra-
tion by novel strategies (Bocci, 1985c, 1987).

(iii) There is now little doubt that in the bone marrow trace
levels of IFNs and TNF may exert either chalone-like activities
and/or differentiation effects to balance colony-stimulating
factors and erythropoietin-like activities (Broxmeyer et al.,
1983, 1986; Zoumbos et al., 1985; Mamus, Beck-Schroeder &
Zanjani, 1985; Trinchieri et al., 1986). IFN is a pleiotropic agent
and the activity displayed in this case is the regulation ofgrowth
and differentiation of haemopoietic cell lineages. Similarly,
IFN-y and IL-2 appear to play a role in B-cell activation and
differentiation (Jelinek, Splawski & Lipsky, 1986).

(iv) Low levels of IFN-#2, if they are present in the normal
animal, may also mediate priming of the IFN system and, more
specifically, enhance immunoglobulin secretion or exert autoc-
rine regulation of cell proliferation (Kohase et al., 1986; Revel et
al., 1987).

(v) Continuous presence ofIFN in strategic sites is probably
helpful in inhibiting the integration of viral genomes into
cellular DNA (Avery et al., 1980) or, alternatively, could induce
repair mechanisms of gene function and reversion to non-

malignancy as observed with the C-myc and V-mos oncogenes
(Dani et al., 1985; Sergiescu et al., 1986; Newmark, 1987).

(vi) Finally, I would like to entertain the possibility that
cytokines produced in some of the envisioned sites may exert
regulatory activities on the CNS. As I have mentioned, trace
amounts of these hormones are transported through the lymph
and into the plasma pool where they disappear. As yet there is
little proof that IFN or other ILs are produced at physiological
levels in the CNS while, on the other hand, the BBB is practically
impermeable to cytokines; however, even a practically invisible
cytokine level in the plasma may have physiological effects if
these cytokines reach and are bound to strategic sites in the
hypothalamus (somnogenic and thermoregulatory centers,
neurosecretory nuclei) through particular areas (infundibular
recess, median eminence and choroid plexus) which structurally
may allow some passage of proteins. This interaction, though
limited, could be important and in line with current thinking
(Riley, 1981; Besedovsky, Del Rey & Sorkin, 1985) in establish-
ing a link between the immune system and vegetative and
neurosecretory sites.

Areas for future progress

Several factors can influence the normal production of 'physio-
logical IFN' and in order to clarify the relevance ofthe response,
it may be worth-while evaluating certain parameters such as
genetic background (De Maeyer& De Maeyer-Guignard, 1979;
Dreiding, Staeheli & Haller, 1985), sex (Bever, McFarlin &
Levy, 1985), presence of inhibitors and antibodies for IFNs and
ILs (Lelchuk & Playfair, 1985; Lefkowitz & Fleischmann, 1985;
Liao et al., 1985), nutritional status, types ofdiet, environmental
conditions, stress and hormonal changes (Palmblad et al., 1976).

Age is a very important factor and a slow but progressive
decay of the response is envisaged in man (Bocci, 1981). Blach-
Olszewska, Cembrzynska-Nowak & Kwasniewska (1984)
showed that the maximal production of 'physiological IFN' is
observed in 8-week-old mice and afterwards declines until it
reaches unmeasurable levels in 1-year-old animals. It is remark-
able that maximal production of IFN occurs shortly after
weaning when the animal bears the brunt of the environmental
exposure, and it would be instructive to perform a similar study
in man. It appears not coincidental that both background and a
prompt and efficient IFN response in young animals is one of
the most important factors in determining the outcome of viral
infections (Mogensen, 1978; Zawatzky, Engler & Kirchner,
1982). Several questions remain open: Why does production of
physiological IFN decrease with age? Is there any relationship
with thymic involution? Is there also a derangement of the
response in the sense that there is a change in the type and
relative production of cytokines? Are thymic hormones or IFN
inducers able to restore and correct the response?

As far as the IFN daily cycle is concerned, our studies have
indicated that the response has a nyctohemeral rhythm: in rat
exposed to the normal light-dark cycle, the IFN peak level is
connected somewhat with the intake of food (Paulesu et al.,
1985) and in man there is an increase in IFN plasma level
throughout the day (Bocci et al., 1985b). It is important to
clarify whether daily IFN variations depend upon external cues
or internal ones (such as corticosteroids) and if they change
throughout the year. So far, bearing in mind the daily cortisol
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cycle and its relationship to the lymphocyte circulation, it has
been suggested that IFN should be administered at night rather
than in the morning (Bocci, 1985a).

Conclusions

For three decades of IFN research, there has not been a clear
appreciation of the possible production and role of IFNs and
other cytokines in normal individuals. There is now evidence
that an array of exogenous and endogenous inducers cause

production of a number of cytokines at basal rates in localized
micro-environments.

The paracrine-type secretion and local activation of effector
cells followed by their continuous circulation throughout the
body make the physiological IFN response particularly suited
to protect the host against a number of noxae without the
disadvantage of significant cytokine levels in the blood. In order
to improve the therapeutic index of cytokines (or biological
response modifiers), their pharmacological use should simulate
the physiological distribution and mode of action. The response
has a nyctohemeral rhythm and, on ageing, follows a pattern
similar to that observed for thymic hormones. There is now the
need to evaluate the response by practical tests and to clarify the
role ofmany factors which may influence it. Considerable work
remains to be done in order to make the physiological IFN
response useful for predicting immune deficiencies, or derange-
ments, and amenable to pharmacological manipulation for
possibly preventing or minimizing viral diseases and tumours in
man.
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