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Preface

Good Heavens! For more than forty years I have
been speaking prose without knowing it.
(MOLIERE, Le Bourgeois Gentilhomme)

This volume of Lymphokines is, in a manner, an update of Volume
3 of this serial publication which dealt with Lymphokines in Macro-
phage Activation. As a hallmark of changing times, the deliberately
vague term “lymphokines” can now be replaced by “interferon y (IFN-
v),” a product bearing the distinctive marks of the protein aristocracy:
a cloned gene and a complete amino acid sequence. Originally a step-
child, reluctantly accepted by old-school immunologists into the
lymphokine community, IFN-y became the enfant terrible of the fam-
ily, outstanding in the multiplicity of its actions and the variety of its
target cells. The original claim concerning HFN-y that was not sub-
stantially modified by the influx of newer experimental data is that it .
is produced by T cells only, albeit not only in the course of a typical
immune response. The field most thoroughly revolutionized by the
changing view of IFN-y was macrophage physiology. Faced with the
irrefutable evidence of the IFN-y nature of the macrophage activating
factor (MAF), immunologists felt, just as Moliére’s hero did, that they
were working for years with a well-defined lymphokine without being
aware of it.

In the opening chapter to this volume, Viltek et al. most appropri-
ately provide a complete and thought-provoking introduction to the
immunoregulatory properties of human and murine IFN-y. They point
out that one of the central unsolved mysteries of interferon research -
is the finding that immune and nonimmune interferons share so many
activities in spite of separate genes, structural differenoagzemd distinct
target cell receptors. Citing De Maeyer, Viltek et al. summarize this
situation as follows: “IFN-y is an immunomodulatory lymphokine
which also exerts antiviral activity, while type I interferons are antiviral
proteins which also can act as immunomodulators.” In the subsequent
chapter, Johnson discusses a rarely approached aspect of IFN-y—the
cellular mechanism of its production. The author proposes a model in
which IFN-vy production is regulated by the interaction between help-
er, suppressor, and lymphokine-producing T cells. The helper cell ef-
fect is mediated by interleukin 2 (IL-2) that induces a sequence of
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intracellular events culminating in IFN synthesis. The intracellular
reaction chain is composed of Ca®* influx, phospholipase activation,
arachidonate release, leukotriene synthesisfan increase in cellular
cyclic GMP, and the activation of cyclic GMP-dependent protein ki-
nase. Macrophages could be involved in this process by providing in-
terleukin 1 (IL-1) to stimulate IL-2 production by helper cells and by -
secreting leukotrienes that can act directly on the IFN—prog}ucing cell.
. The modulation of a wide range of phenotypic markers on cells within
and outside the immune system by IFN-y is described in great detail
by Wong and Schrader. They find that IFN-y induces the expression
of H-2 antigens on all cell types examined. Class II MHC antigens
are induced in a more restricted range of &ells that, nevertheless; in-
cludes, in addition to macrophages, mast, endothelial, thyroid, and
pancreatic cells, keratinocytes, fibroblasts, and astPocytes. The intri-
guing question of the nonimmunological functions of Ia antigens and
the apparent inability of IFN-a/B to induce class II MHC antigens are
also discussed. Wong and Schrader cite the evidence for an in vivo
role of IFN-y-mediated modulation of MHC antigens in phenomena
such as allograft rejection, infection, and autoimmunity ang then list
a number of physiological factors capable of opposing IFN-y action
(growth factors, glucocorticoids, and prostaglandins). Concentrating on
the macrophage-directed effects of IFN-y, Schreiber and Celada review
the evidence showing that IFN-y, in both mouse and man, represents
the major MAF for tumor cytotoxicity. They are careful not to exclude
the possibility that non-IFN-y MAFs exist, but they make the’ pertinent
remark that proof of their reality will have to be based on biochemical
and not merely functional criteria. The accumulating information on -
cellular receptors for 1.'N-y and the evidence supporting the existence
of distinct domains in the IFN-y molecule responsible for specific bi-
ological effects are also dealt with. A somewhat different and more
conservative view is expressed by Gemsa et al. who discuss the mac-
rophage-activting activities of mouse T cell clone products. The
spectrum of macrophage ‘activities examined by the authors is very
wide and includes purely biochemical parameters (RNA and protein
synthesis, glucosamine incorporation), indicators of oxidative and ar-
achidonic acid metabolism, functional assays, parasite and tumor cell .
killing, and suppressor activity. Different T cell clones produce
lymphokines that have different and sometimes opposing effects on
macrophages. Gemsa et al. do not argue with the view that If N-y has
potent macrophage-activating properties, but they offer a series of ar-
guments supporting the existence of non-IFN-y MAFs among which
are the persistence of tumor cytostasis-inducing activity in material
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treated at pH 2.0 and the existence of a cytotoxicity-inducing factor
resistant to anti-IFN-y and acting as a second signal (similar to LPS).
Both Schreiber and Celada and Gemsa et «l. are sympathetic to the
hypothesis that separate molecular domains are responsible for MAF
and antiviral effects and that molecules incorporating the first but
lacking the second domain may exist and be regarded erroneously as
totally different from IFN-y. The next two chapters deal with the mo-
lecular mechanisms by which activated macrophages destroy tumor
and microbial targets. Johnson et ¢l. provide an overview of work orig-
iu;ltil.lg mainly from their own laboratories on the_cytolytic serine pro-
tease secreted by activated murine macrophages capable of destroying
neoplastic but not normal target cells. The authors describe the bio-
chemicalproperties of the 36- to 40-kDa protease, the signals required
tor its secretion, and the substances that suppress its liberatipn. Al-
though the natural trigger for the release of the cytolytic protease is
contact of the macrophage with tumor celils, LPS and stimulation of
the scavenger receptor for modified lipoproteins can act as alternative
signals. Lehrer et al. describe their finding of two cationic peptides
in rabbit alveolar macrophages with péotent bactericidal, fungicidal,
and antiviral activity which also act as nonspecific opsonins. The two
peptides are each 33 amino acids long and differ from one anothér at
only one residue. They are probably localized in primary and sec-
ondary lysosomes, and their cellular concentration is remarkably high.
A question that Lehrer et «l. intend to investigate in the future is the
mechanism of the microbicidal effect. This issue is made especially
intriguing in the light of the finding that the cationic peptides show
similarity to certain neurotoxins of snake venoms. Macrophages are
major producers of arachidonic acid metabolites, and this subject has
been dealt with repeatedly in previous volumes of this serial publi-
cation. Now, Blackwell and Parente discuss the endogenous inhibitor
of phospholipase activity known as macrocortin. The material is pro-
duced by macrophages, neutrophils, thymus cells, and renal medullary
cells in response to glucocorticoids. The steroid was shown to stimulate
both the synthesis and extracellular release of macrocortin following
a pattern characteristic for secretory proteins. Because inhibition of
phospholipase activity will have as.one of its consequences the in-
hibition of eicosanoid synthesis, the antiinflammatory potential of ma-
crocortin was examined. The authors report that macrocortin admin-
istered in vivo was indeed capable of reducing carrageenan-induced
inflammation suggesting a second messenger role for the protein in
the antiinflammatory effects of glucocorticoids. The final two chapters
deal with the cytoregulatory role of macrophage-derived factors. Gil-
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lespie et al. review the quite extensive literature on the elaboration
by macrophdges of growth factors for mesenchymal cells, principally
tibroblasts. These factors act similarly to platelet-derived and fibroblast
growth factors. The authors describe the properties of one particular
monokine, termed macrophage-derived competence factor, and show
that it is distinct from IL-1, aifother mitogenic monokine. Interestingly,
there is evidence for independent modulation of the production of
these two factors in the course of macrophage activation and stimu-
lation. The final chapter by Ooi et al. provides the missing link be-
tween the research laboratory and the patient’s bed. The authors dis-
cuss the involvement of monokines in the pathogenesis of nephritis.
They show that macrophage supematants contain factors that can either
stimulate or suppress mesangial cell proliferation'in culture. It was
found that .the suppressive effect is mediated by the stimulation of
endogenous prostaglandin synthesis in the target cells. Subsequent
studies demonstrated that human monocyte supernatants also exert a
stimulatory effect on endothelial cell proliféfation. The authors con-
clude that monocytes—macrophages that are present in the glomeruli
of patients with nephritis are major mediators of glomerular hyper-
cellularity and subsequent impairment of function.

This volume illustrates emphatically the changing scene of lymph-
okine research. The early descriptive period that was so essential in
bringing lymphokines into the forefront of biomedical progress is end-
ing. The future belongs to molecular and cell biology, and intracellular
events at both the synthetic and target cell poles of lymphokine func-
tion will keep us busy for many years to come.

1 thank the authors for their cooperation in making this book a reality,
Dr. Steven B. Mizel for sharing the editorial task, and the staff of Ac-
ademic Press who assisted the editors with their customary dedication
and competence.

EDGAR Pick
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I. Introduction

The molecule now referred to as interferon y (IFN-y) was first de-
scribed by Wheelock (1965) as an IFN-like protein produced by human
white blood cells exposed to the T cell mitogen, phytohemagglutinin
(PHA). The original demonstration of the ability of PHA to induce inter-
feron (IFN) was the result of a serendipitous observation. Wheelock’s
real aim had been to study IFN induction by viruses in white blood cells,
and PHA was employed merely to agglutinate and remove red blood
cells from the freshly collected human blood. However, cultures of
human blood cells exposed to PHA in the absence of virus also produced
a factor with antiviral activity. This factor was originally termed “IFN-
like” by Wheelock because, unlike typical IFN, its activity was destroyed
by exposure to pH 2.

Subsequently, other investigators confirmed that various mitogenic
plant lectins and bacterial products stimulate IFN production in lympho-
cytes (Friedman and Cooper, 1967). It was also shown that IFN could be
induced in sensitized lymphocytes exposed to specific antigens (Green et
al., 1969). However, very little progress had been made in the elucida-
tion of the properties of the IFN derived from lymphocytes by mitogenic
stimulation until Youngner and Salvin (1973) pointed out that, in addi-
tion to a lack of stability at pH 2, this IFN was antigenically distinct and
_ possessed other unique properties. They proposed the term “type II
IFN,” in contradistinction to “type I IFN” typically produced by both

Copyright © 1985 by Academic Press, Inc
All rights of reproduction in any form reserved
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lymphoid or nonlymphoid cells in response to viruses or double-stranded
RNA. [It is now known that type I IFNs are heterogeneous and include
the large family of interferon a (IFN-a) proteins and at least one inter-
feron B (IFN-B) protein.] The same authors also had pointed out that
“type II IFN” is usually produced together with other lymphokine ac-
tivities (Salvin et al., 1973). Hence, the concept of IFN~y as a member of
the lymphokine family was established. At about the same time, Falcoff
(1972) proposed the term “immune IFN,” based on the unique induction
mechanism and distinct physicochemical properties of IFN produced by
“lymphocytes after mitogenic stimulation. .

Soine years later, studies performed with-crude or partially purified
preparations of IFN-y suggested that this IFN was more potent than
IFN-a or IFN-B as an immunomodulatory agent (Sonnenfeld et al.,
1978) or as an inhibitor of tumor cell growth (Crane et al., 1978; Blalock
et al., 1980; Rubin and Gupta, 1980). Recent studies with highly purified
preparations have shown that the potency of IFN-y as an immunomodu-
latory agent and the range of its activities on various immune functions
exceed all earlier expectations. On the other hand, the potent direct
inhibitory action on tumor cell growth and viability has not always been
seen with pure IFN-y.

It is evident that many different types of immunomedulatory activities
observed in the past with various lymphokine preparations can now be
ascribed to IFN-y. One example is a lymphokine activity termed “mac-
rophage activating factor” or MAF. For a long time, MAF activity was
thought to be associated with a unique protein. However, most earlier
reports of MAF activity can now be ascribed to IFN-y (see below).
Similarly, a T cell-derived lymphokine activity operationally termed
“macrophage Ia+ -recruiting factor” most likely is one and the same as
IFN-y (see below). Another lymphokine activity described some time
ago as “Fc receptor-augmenting factor (FRAF)” now also is known to be
mediated by IFN-y (see below). Although IFN-y was originally embrac-
ed by virologists, its many demonstrated immunomodulatory activities
have turned this lymphokine into an object of keen interest to immunolo-
gists. :

Our review will concentrate on two areas in which startling progress
has occurred within the last year or two, i.e., characteristics of the IFN-y
molecule and -elucidation of its various immunoregulatory activities.
Other aspects, including the cellular origin of IFN-y, studies on IFN-y
receptors, and the possible role of IFN-y in immune disorders, have
been recently reviewed elsewhere (Kirchner and Marcucci, 1984; Ep-
stein, 1984). ‘



