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Summary. — IFN is a product of a growing family of IFN-genes 
in the vertebrate cell. It is a polypeptide which fits the definition 
both of lymphokines and/or “local” hormones, and, cannot be 
anymore considered an “autonomous antiviral factor”, as postu­
lated originally. Rather, IFN increasingly seems to play in the 
organism the role of a “master-lymphokine” that mediates, 
potentiates or regulates the effects of various lymphokines in 
differentiation, growth and antigen expression of cells. The anti­
viral, antiproliferative, cell- and antigen-activating activities of 
IFN formed the basis for expectations that IFN will be utilized 
in therapy. These expectations were only partially fulfilled. In 
some diseases, however, the results of clinical tests are convincing. 
In such tests, we learned that the successful application of IFN 
in disease requires other strategies than with cytostatics etc. IFN 
may be deleterious for the organism when present for a long 
time in circulation and/or applied in high doses. This follows 
both from observed side effects of IFN and from the mitigating 
effect of anti-IFN sera in some diseases.

Key words: interferons', lymphokines', production in vivo; therapy; 
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Introduction

Since its discovery in 1957 by Isaacs and Lindenmann, interferon 
(IFN) continuously attracts the interest of scientists. To a great deal, this 
interest was catalyzed by a relatively fast progress in elucidation of its pri­
mary structure, solving the problem of large scale production by recombinant 
technology and, by a deeper understanding of its biological significance 
(Rubinstein, 1987; Nagata et al., 1980). In a relatively short time-span of 
30 years, the concept of IFN has changed from a broad-spectrum antiviral 
agent to a cell regulator that incorporates the properties of both lymphokines 
and hormones, and, as such, presents a new promise in the therapy of viral, 
neoplastic and, autoimmune diseases (Finter, 1987; Vilček, 1987). In the same 
time, the new view of IFN has opened new avenues for exploration of the com­
plicated network of cell regulation in the animal organism.
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Table I. PROPERTIES OF IFN GEXES OF MAX AXD THEIR PRODUCTS (ACCORDING 
TO WEISSMAXX AND WEBER: 1387 AND BOCCI 1987)

Hu IFN a Hu IFN (3 Hu IFN у

Number of functional IFN genes 
Chromosomal location 
mRNA 5' nontranslated region 
mRNA 3' nontranslated region 
Number of introns 
Length of signal peptide 
Length of mature protein 
Position of cystein in natural protein 
Position of putative N-glycation site 
Molec. weight (kD)
Functional form 
Stability at pH2 
Stability at 56 °C 
Isoelectr. point 
Receptors
Location of receptor genes (chromosome) 
AV induction

15 + 6 (?) I 1
9 9 12
67-69 73-75 127
240-440 200 584
0 0 3
23* 21 20
166 166 146*
1, 29, 99, 139* 17, 31, 141 1, 3
0 80 28, 100
18.5-19.4 19 17
Monomer Dimer Tetramer
Stable/but Stable Labile
labile subtypes/ Labile Labile
5.7 —7.0 5.2—6.3 8.7
Common Common Specific
21 21 6
Fast (30 — 60 
min)

Fast Slow

* Many exceptions

INTERFERONS TODAY-. THE INTERFERON GENE-FAMILY
IFNs are polypeptides known in 3 antigenic, physicochemical andfunctional 

species, IFN-a, IFN-J3 and IFN-y, which are coded by a superfamily of 
about 24 a, 1 (3 and 1 у genes (Weissmann and Weber, 1987). At least 14 of 
IFN-a genes are potentionally functional nonallelic members. The IFN-a 
genes can be grouped into 2 subfamilies: the subfamily IFN-al comprises 
at least 15 loci (with 1 pseudogene), while the subfamily IFN-all repre­
sents 6 or 7 genes with 5 pseudogenes. Two pseudogenes (IFN-all and 
IFN-al2) may represent two additional subfamilies. The genes of subfamily 
IFN-al have been further subdivided into 2 groups on the basis of their 
relatedness to members of subfamily IFN-al. Group 1 consists of genes 
IFN-al, al3, 2, 5, 6 and group 2 of genes LelFC, LelFF, a4b, a7 and al6 
(Table 1). However, not all sequences found in subtypes fit this clasification 
(Weissmann and Weber, 1987). The IFN genes, groups and families are evo­
lutionary developments resulting, most probably, from a common ancestral 
gene which appeared about 300 million years ago (Pestka and Langer, 1987). 
The genes in the IFN-al group differ from each other by values of 8.3 ± 2.5 % 
for replacement substitutions (which alter the function of polypeptide) and 
23 ± 8.3 % for silent substitutions which may remain unrecognized. These 
differences are larger in IFN-all group (Weissmann and Weber, 1987).

Some of IFN gene sequences, such as GX-1 and/or IFN-al4 represent 
remarkable instances of natural hybrid genes, probably, of very recent 
origin. They may have arisen by crossing-over or gene conversion.
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The genes coding for IFN-a and IFN-J3 are in man located on chromoso 
me 9, while the gene coding for IFN-y is on chromosome 12.

According to some experts, IFN-x and IFN-J3 coding regions have a 
repeat structure, the first half of molecule being homologous to the second 
half. In contradistinction to IFN-y, they lack introns.

THE IFN POLYPEPTIDES

Many of IFN genes were cloned and the corresponding recombinant IFN 
types and subtypes were obtained. They were the first proteins purified to 
homogeneity (Nagata et al., 1980; Derynck et al., 1980; Taniguchi et al., 
1980), (Table 1).

The products of IFN-x genes, preinterferons, are composed of a 23 residue 
signal sequence (with the possible exception of IFN GX-1 with only 16 
residues) and of a mature sequence with 166 aminoacids. The human IFN-a2 
is shorter by one while human IFN-xII-1 (IFN “со”) is longer by 6 residues.

The IFN-a molecule (166—165 amino acids) has 4 cysteine residues, while 
IFN-(3 (166 amino acids) encodes 3 cysteine residues and IFN-y (146 amino 
acids), 2 residues. Interestingly, the replacement of cysteine at position 17 by 
serine contributed effectively to stability of recombinant IFN-(3 (Mark et al., 
1984) and, as a commercial product, the modified preparation is now used 
in therapy of human diseases. The IFN-a molecules are rich in leucine and 
glutamic acid-glutamine (Pestka and Langer, 1987). They are, in general, 
non glycated. The IFN-a subtypes differ from each other by up to approx­
imately 20 % of their residues (Valenzuela et al., 1985).

On contrary, IFN-y after separation by HPLC etc appears in 3 species. 
This heterogeneity is ascribed to varying degrees of glycation (Rubinstein, 
1987). IFN-y (called also “immune” or type II IFN) behaves as a classical 
broad-range lymphokine: it is produced by activated T-lymphocytes after

Table 2. BIOLOGICAL ACTIVITIES OF IF\S 
(ACCORDING TO VILČEK et al., 1987)

IFN a/p: INDUCTION OF AV STATE
INDUCTION OF 2'-5'-OLIGOADENYLATE SYNTHETASE
INDUCTION OF eIF-2PROTEIN KINASE
INHIBITION OF CELL GROWTH
ACTIVATION OF NK-CELLS
ACTIVATION OF Tc-LYMPHOCYTES
INDUCTION OF CLASS I HLA (H2) ANTIGENS
STIMULATIONS OF BUELL DIFFERENTIATION

IFN y: INDUCTION OF CLASS II (HLA-DR AND H2-Ia) ANTIGENS
INDUCTION OF Ig Fc RECEPTORS 
ACTIVATION OF MACROPHAGES 
INDUCTION OF MONOCYTIC DIFFERENTIATION 
INHIBITION OF INTRACELLULAR PROTOZOA AND BACTERIA 
STIMULATION OF IL-I AND IL-2 SYNTHESIS 
STIMULATION OF Ig PRODUCTION



. REVIEW o81

immune (specific, antigenic) or mitogenic stimulation, and affects prefer­
entially cellular functions related to immune response. In general, the anti­
viral (AV) potency of IFN-y is lower than that of IFN-a/(3. It seems possible 
that IFN-y exerts its AV activity by induction of IFN-а/p in IFN-y treated 
cells (Hughes and Baron, 1987).

The repertoir of biological activities of IFN- yappears to be broader than 
that of other IFNs: it functions as differentiation factor in monocytes, as 
modulator of gene expression in fully differentiated cells, as growth regulator 
in somatic cells etc (Hovanessian et al., 1980; Blalock et al., 1980). Probably, 
due to its more “classical” lymphokine character, IFN-y has been, with the 
exception of malaria, rarely found in man during infectious diseases (Rhodes- 
Feuilletter et al., 1981), (Table 2).

The molecular weight of IFN-a is between 18.5 and 19.4 kD. In solution, 
it is predominantly in monomeric form, while the antivirally active IFN-(3, 
with a molecular weight between 31 and 42 kD, is in solution present pro­
bably as a dimer since the molecular weight of experimentally determined 
recombinant IFN-(3 was 19 kD. The molecular weight of the glycated IFN-y 
appears to be around 45 kD (Vilček et al., 1985), while the recombinant 
monomer had a molecular weight of 17 kD (Pestka et al., 1985). This suggests 
that the functional form of IFN-y is a tetramer (or trimer). IFN-y, again in 
contradistinction to IFNa/p, is acid- and thermolabile and, (as mentioned) 
is produced solely by T-lymphocytes. In accordance, patients with profound 
disturbance of the T-cell system (such as ataxia-teleangiectasia) have a 
diminished capacity to produce IFN-y (Paganelli et al., 1984).

IFNs have a very high specific biologic activity: the antiviral (AV) activity 
of some IFN-a preparations can be detected at levels as low as 10~12 to 
HD13 M and, about 20 molecules per cell seem sufficient to trigger activation 
(Weissmann and Veber, 1987; Biliard et al., 1986). IFNs of IFN-a II-l group 
may antigenically differ from other subtypes (Adolf, 1987). This, and the 
presence of additional 6 amino acides in the primary chain of IFN-aII-1, led 
once to consider a subtype of IFN-aII-1 as a new, “<o” type of IFN 
family, as was also the case of “IFN-p2” that is now considered identical 
with interleukin-6 (IL-6) (Annual Meeting ISIR, Washington, D.C., U.S.A., 
1987). While the AV, antiproliferative (AP) and NK-cell stimulating as well 
as HLA-enhancing activities may be inportant for the therapeutic explo­
itation of IFNs, the emerging capabilities of IFNs to regulate growth and 
differentiation of cells support a “physiological” role of IFNs in the organism. 
The AV and AP effects of IFNs-a/ (3 and у are synergistic and often mediated 
through an increase of receptors on cell surface.

Usually, about 10 IFN-a loci are expressed in various normal and leukaemic 
cells. In consequence, the proportion of various subtypes in natural IFN 
preparations obtained from blood cells may vary. This may influence the bio­
logical activity of natural preparations because the various subtypes often 
show distinct quantitative patterns of AV, AP, NK-cell stimulating and 
other activities. For instance, IFN-al and IFN-a8 differed in AV potency by 
a factor of 330 (Pestka et al., 1985).
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The recombinant technology made recently possible the construction of 
man-made hybrid IFNs which were used by Pestka et al. (1985) to measure 
the relative activities of IFN subtypes.

Hybrids prepared from recombinant IFN-aA and IFN-aD were used to 
define the “specific molecular activity” of 2 subtypes included as the mole­
cules per cell necessary to elicit a specific effect. The comparison showed 
that, in addition to differences in AV, AP and NK-cell activating potency, 
new activities of IFN were generated in hybrids. Whereas the AV activity 
on bovine MDBK cells was similar for all tested IFN species, their activities 
differed when tested on cells from other species: unlike the parental IFN 
species, the hybrids were active also on feline and mouse cells. The sub- 
types of IFN-a may also show different capacity to stimulate NK-cells. 
The difference between IFN-aB and IFN-al was, in this respect, more than 
1000-fold (Pestka et al., 1985). Also, the hybrid IFN-aA/D was active as 
NK-cell activator while the parent species were not active (Brunda et al., 
1986). Finally, the hybrid IFN-aA/D showed an increased capacity to stimu­
late the expression of Fc-receptors on macrophages (Yoshie et al., 1985) 
and had an augmenting effect on resistance of immunosuppressed mice 
against melanoma (Nishimura et al., 1986). Such experiments showed that 
small differences in the amino acid composition (lack of 3 amino acids) of 
identical hybrids may profoundly influence also the depressing effect of IFN 
on enzyme systems like cytochrome P-450 etc (Renton et al., 1984).

Significant differences were found also between IFN-aD and IFN-al sub- 
types in capacity to stimulate surface expression of tumor associated antigens, 
whereas their AV and AP activities were intact. A hybrid between murine 
IFN-al and IFN-a4 had a 10 to 100 times higher specific antiviral activity 
than the natural parental subtypes (Zwerthoff et al., 1987). Three regions 
were found to influence this activity. Such findings led Pestka et al. (1985) 
to conclude that either are the various IFN activities mediated via different 
cell-receptors (i.e. receptors with different affinities for IFN subtypes), or, 
different constituents of one common cell-receptor may function as mediators 
of various activities (Schwarzmeier and Schwabe, 1987).

The construction of hybrid IFNs seems to be prospective also as thera­
peutic inprovement. Recently, fusion proteins between IFN- and lympho- 
toxin were constructed which showed enhanced AV and direct cytotoxic 
activity (Feng et al., 1987).

Since the biological activity of IFN molecule is determined by recognition 
of its structures by receptors and/or fluid (antibody etc) molecules, the ana­
lysis of reactive epitopes on IFN subtypes is important for structure-function 
analysis.

The features of IFN molecule necessary for recognition by cell-receptors 
have not been satisfactorily defined (Weissmann and Weber, 1987; Pestka 
and Langer, 1987). Various binding models were proposed which, however, 
need experimental verification. At present, it seems that the 10 to 11 amino- 
acid residues at COOH-terminus are not necessary for the cellular activity of 
IFN-a/(3 or IFN-y and, after binding to cell, the IFN activity remains tern-
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porarily accessible to antibody (Arnheiter et al., 1983). In accordance, a mono­
clonal antibody that recognizes an epitope at this end of molecule did not 
neutralize the biological activity of IFN-a (Gray and Goeddel, 1983), Ga- 
rotta et al. (1987) found even an increase of biological activity of IFN-y 
when a deletion was limited to 10 carboxyterminal aminoacids. Similarly, 
the biological activity of IFN-a molecule was retained when the NH2- 
terminus was modified by deleting the first 4 aminoacids or by extending it 
with the signal peptide in IFN-a2 (Nagata et al., 1980; Trotta and Nagab- 
hushan, 1985). Recently, it has been reported that a relatively conserved 
region between the aminoacids No 128 and No 132 is important for binding 
of human IFN-y to specific receptors (Garotta et al., 1985) and, Shearer and 
Taylor-Papadimitriou (1987) found a similar region between amino acids No 
107 and No 113 in human IFN-a2 and, another one, at amino acid position 
121. Also, a largely conserved region was found near the carboxylterminus. 
When a corresponding synthetic fragment, consisting of 56 aminoacids found 
between amino acids No 111 and No 166 of intact IFN-а/13 was used for 
immunization, it stimulated antibodies that bound both to synthetic frag­
ment (used as antigen) and to intact IFN-al and IFN-a2 (Arnheiter et al., 
1981). Cleavage experiments with thermolysin showed that the AV activity 
persisted in the “large” (12 kD) fragment of IFN-a2 containing 110 amino 
acids, while the “small” (5.42 kD) fragment of IFN-a2 (aminoacids No 111 
to No 153) was only irregularly active, depending mostly on isolation con­
ditions (Ackerman et al., 1984).

THE 1FN RECEPTORS

The effect of IFN on the cell is mediated through cellular receptors. Usually, 
the number of IFN-receptors on established cell lines is higher than on 
fresh cells taken from organs. An increase of their number was found on 
hybridomas (Borecký et al., 1984). Lack of binding of IFNs to receptors 
seems to be the primary basis of species-specificity. As found by competition 
tests, the receptors are common for IFNs- a and (3 and different for IFN-y. 
(Receptors of 1st and Ilnd class). Their number on cell surface was estimated 
to be about 2 x 102 to 6 x 103 per cell for both IFN-а/(3 and IFN-y. The 
dissociation constant for IFN receptors is 1 X 10-9 to 1 X 10-10 M (Pestka 
and Langer, 1987). The number of receptors may be down-regulated by 
IFN-y, while their recovery was inhibited by cycloheximide suggesting 
proteosynthesis in their formation.

The gene for IFN-а/(3 receptor is in man located on chromosome No 21. 
This gene is synthenic with that for SOD-1, the protooncogene ETS, the gene 
for amyloid [3 as well as the gene for phosphoribosylglycinamide synthetase 
(PRGS) (Tan et al., 1973; Moore et al., 1977; Ashley and Cox, 1987; Lovett 
et al., 1987). In accordance, the cells obtained from patients with 21 trisomy 
(Down’s syndrome) were found to be more sensitive to IFN than are the 
cells from healthy persons (Funa et al., 1986). In contradistinction, the gene 
coding for receptor of IFN-y has been located on chromosome No 6 in the 
vicinity of HLA-genes, tumor necrosis factor (TNF) gene, and C-ros (ere)
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and other oncogenes (Ucer et al., 1987). Nevertheless, the presence of chromo­
some No 6 alone in human cells is not sufficient for protection of cells by 
IFN-y suggesting the necessity of additional genetical structures for proper 
signal transduction. For some activities of IFN-y such as HLA-induction, 
a collaboration of chromosomes 6 and 21 seems to be required (Epstein, 
1987). The molecular weight of IFN-y receptor is around 90 kD (Mao et al., 
1987). On the importance of receptors in mediating the action of IFN-a/(3 
on cell points the observation that direct injection of IFN-a/ (3 into cells 
failed to inhibit the replication of vesicular stomatitis virus in treated cells. 
However, a certain compartmentalization may change the result of micro­
injection since previous incorporation of IFN-a/ (3 into liposomes and sub­
sequent injection into cell led to activation of AV mechanisms (Pestka and 
Langer, 1987). At 37 °C, the amount of IFN bound to cell surface that becomes 
gradually insensitive to trypsin or acid increases. This suggests the consecutive 
internalization of the IFN-receptor complex. However, others do not find 
internalization of IFN inevitable for its effect in the cell (Bocci, 1982).

THE INTRACELLULAR TRANSMISSION OF THE IFN SIGNAL
Two IFN-induced, ds-RNA dependent enzymes (2’-5’- oligoadenylate 

synthetase and the Pi/eIF2 protein kinase) have been identified as regulators 
of viral and cellular macromolecular synthesis and degradation in the cell. 
They are activated as a consequence of IFN binding to cell receptor. First 
a small thermostable compound, 2’,5’ oligoadenylate (2’,5’- An) with 5-ter- 
minal phosphate residue is synthesized by the 2’,5’ oligoadenylate synthetase 
since after viral infection of the cell its amount rises, while, without ds-RNA, 
the intracellular level of 2’,5’ oligoadenylate or Pi/eIF2 protein kinase does 
not increase.

The 2’,5’ oligoadenylate synthetase is one of 3 enzymes that are required 
for the functioning of the 2’,5’- An system to which belongs also and endo- 
ribonuclease (activated by 2’,5’- An structures) and, a phosphodiesterase that 
catalyzes the hydrolysis of oligonucleotides with 2’,5’ phosphodiesterase 
(Pestka and Langer, 1987). The catalysis of the synthesis of oligonucleotides 
of the general structure pppA/pA/n with n > 2 from ADP and ATP is the 
only known function of 2’,5’ oligoA-synthetase. However, it is less sure that 
IFN is its only inducer. The size of the thermostable oligonucleotide extends 
from dimer to pentadecamer. The induction levels depend on the growth 
state of the cell and may substantially differ in various cells depending on 
basal enzyme level, differentiation status, hormonal status etc. The 2’,5’- An 
is known at least in 4 isozyme forms which are present in different proportions 
in different cells (Lengyel, 1987). The enzyme is encoded by a single gene in 
man present on chromosome No 11.

The 2’,5' An dependent endoribonuclease (2',5' RNAse L) is activated by 
2',5'-An. It catalyses the cleavage of both viral and cellular mRNAs on the 
З'-side of predominantly UA, UG and UU sequences to yield 3'-phosphate 
terminated products. The level of this enzyme increases about 2-fold after 
IFN treatment. Several viruses (EMC etc) may inactivate it in its function.
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The 2',5'-phosphodiesterase (and phosphatase) catalyses the rapid degra­
dation of 2',5'-An to yield AMP and ATP. Its level in untreated and IFN- 
treated cells (with exception of mouse L-cells and human Daudi cells) is 
comparable.

A ribosome associated protein of about 68 kD size, if activated by ds-RNA 
(or heparin), first phosphorylates itself and then the small (38 -kĎ) subunit 
of protein synthesis initiation factor (Pi/eIF-2). The phosphorylation results 
in inhibition of peptide chain inititation. The cellular level of Pi/eIF-2 kinase 
is extremely sensitive to treatment with IFN. The increase of phosphorylation 
in IFN-treated cells is dependent on either virus infection or addition of ds- 
RNA to cells. It is about 30 %, while in non-treated cells it is only 5—10 %. 
The main target of phosphorylation is the O-phosphoserin-phosphoester 
linkage (Weissmann and Weber, 1987; Lengyel, 1987). This enzyme is also 
sensitive to the inhibitory effect of various viruses (Whitaker-Dowling and 
Youngner, 1986).

While it has been shown that 2',5'-An and the ds-RNA dependent enzymes 
efficiently inhibit the protein synthesis in vitro, their antiviral activity in 
vivo is less clear. This may be the consequence of a rapid degradation since 
stabilized analogues of 2',5'- An upon microinjection into cells effectively in­
creased the AV resistance of the cells (Defilippi et al., 1986). Even less clear 
is the role of Pi/eIF-2. Both a correlation and a lack of correlation has been 
found between the functional Pi/eIF-2 protein kinase system and various 
viruses infecting cells. Also, the type of IFN and of cells used played a role 
in showing correlation or its absence. It is also not clear whether these en­
zymes are specific gene products induced by IFN.

In addition to above mentioned ds-RNA dependent enzymes, a dozen 
of proteins appears in IFN treated cells whithin hours which suggests that 
IFN regulates the expression of several genes. These proteins, resolved by 
various gel electrophoresis systems, range from 15 to about 120 kD and in­
clude HLA antigens thymosin B4, metallothionein and other polypeptides 
(Pestka and Langer, 1987). Several studies indicate a correlation betwen 
appearance of these proteins and the development or decline of the AV 
state (Rubin and Gupta, 1980). Some of them are identical after induction 
with either IFN-a/(3 or IFN-y, but others, such as HLA-DR antigens, are 
specific for IFN-y (Epstein, 1987). It should be mentioned that overlapping 
patterns of polypeptide induction were observed also when either IFNs, 
or, IL-1 or TNF were used for stimulation of fobroblasts (Epstein, 1987).

Faster appearing changes were observed in unsaturated membrane lipids 
of IFN treated cells leading to its rigidity. The available evidence suggests 
that the enhanced activity of prostaglandin synthetase and SOD enzymes 
are involved in this effect of IFN. In addition, IFN treatment of cells is 
accompanied by free radical release which are most probably responsible 
for depression of cytochrome P 450 and activation of macrophages and 
NK-cells (Das et al., 1986).
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WHAT KINDS OF INTERFERONS ARE PRODUCED IN VIVO?

The answer to this question cannot presently be satisfying. In general, 
production of IFN by a cell is a transient phenomenon and normally IFN 
cannot be found in the blood. This is often used as argument against the 
hormonal nature of IFN. However, IFN can be induced by a variety of 
exogenous and endogenous inducers. In natural conditions they may exert 
a frequent, if not continuous, low grade stimulation of cells in various parts 
of body, especially in organs rich in lymphoid tissue which function as a 
natural filter in the organism. This may result in local production of IFN 
with short-range effects on neighbour cells such as growth regulation, differ­
entiation, antiinvasive defense etc (Bocci, 1987). Such IFN production can 
be considered “physiological” in contradistinction to “emergency” pro­
duction occuring during the acute phases of infectious diseases, or, during 
massive induction of IFN with therapeutic intentions. In the first case, 
the production is of paracrine type, in the second-endocrine. The IFN 
produced by paracrine mechanisms exerts, as mentioned, its effect in 
the vicinity of the producer cells, does not reach the circulation and 
cannot be detected in the blood. Such an unorthodox view on production 
of IFN in healthy conditions is supported by isolation of IFN mRNA from 
organs of non-stimulated mice (Tovey and Gresser, 1985), by measuring the 
levels of 2',5' oligoA-synthetase in lymphoreticular cells (Hovanessian et al., 
1980), by finding mouse macrophages in an induced (antiviral) state (Belar- 
delli et al., 1986), and by finding various organs and cells releasing IFN-oc 
and IFN-y in vitro (Smith and Wagner, 1967; Blach-Olszewska and Cembr- 
zynska-Nowak, 1979).

A regular source of “spontaneous” IFN seems to be also the murine placen­
ta and the human amniotic fluid (“embryonic” IFNs) (Fowler et al., 1980; 
Lebon et al., 1985).

How much is the “physiological” IFN identical with IFNs produced in 
man during infection or induction in human cells in laboratories, is, as yet, 
not known.

A new quality of IFNs may represent the “atypical” IFNs found in patho­
logical conditions such as autoimmune diseases (systemic lupus erythematosus 
— SLE, psoriasis etc), or AIDS (Hooks et al., 1979; Abb, 1985), or, in con­
genital rubella (Lebon et al., 1985) and Down’s syndrome (Funa et al., 1986). 
These IFNs are “atypical” in the sense that they seem to be of а-type but 
are usually acid- (at pH2) and thermo-labile (at 56 °C) (Hooks et al., 1979; 
Sibbit et al., 1983; Ytterberg and Schnitzer, 1982; Borecký et al., 1986). First 
they were considered of IFN-y type which is also acid- and thermo-labile. 
However, specific anti-IFN-y serum did not alevays neutralize the IFNs 
found in SLE, psoriasis or AIDS, while they were neutralized by polyclonal 
anti-IFNa sera (Preble et al., 1988). Also, tubuloreticular inclusions (TRI) 
were found by electron microscopy in lymphocytes obtained from patients 
with autoimmune diseases and/or exposing cultivated Raji-cells (derived 
from Burkitt’s lymphoma) or blood cells of healthy persons to sera of SLE pa­
tients containing IFN-a or, to IFNa preparations prepared in laboratory (Bo-
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řecký et al., 1987; Rich, 1981). IFN-a may induce also polvkaryon formation 
(Rich, 1981; Weinberg et al., 1985). This, together with the known lympho- 
penic effect of IFN administration suggests the possibility of a direct 
injurious activity of both “normal” and “atypical” IFNs when present in 
circulation in elevated concentrations and for longer periods of time. Some 
authors consider SLE as “hyperinterferonaemia” (Rosenbach et al., 1984 etc.)

However, alpha-IFN of acid- and thermo-labile type may be found also 
as a regular constituent of normal human leukocyte IFN-a preparations 
obtained after induction of human blood leukocytes with viruses such as 
NDV or Sendai (Chadha, 1985; Matsuoka et al., 1985; Borecký et al., 1986). 
Also the IFN-a/ (3 found in sera of mice after induction with poly I : C is 
usually thermolabile. However, the thermolabile IFN-a seems to be different 
from the natural IFN-a found in amniotic fluid (Fowler et al., 1980; Lebon 
et al., 1985). Hopefully a monoclonal antibody which was recently obtained 
by us and seems to be capable of differentiating the thermostable human 
IFNs of alpha type from the thermolabile alpha IFNs of SLE-type, may be 
useful in its purification and elucidation of its properties (64 — Annual 
ISIR-Meeting, 1987, Washington, D.C.; Borecký et al., 1989, in press; 
Kontsek et al., 1989). The monoclonal antibody against the human acid- 
(thermo)-labile IFN-a has been prepared by using for immunization freshly 
obtained, high titered (1 : 128 000 per ml) human leukocyte IFN-a after 
induction with NDV. The proportion of thermostable IFN component in 
this preparation was about 0.2 per cent. After removal of the majority of NDV 
from preparation by high speed (30 000 rev/min/90 min) centrifugation, 
this IFN-a preparation was used for immunization of Balb/c mice. Fourty- 
eight hours after the third injection, the spleens of immunized mice were 
used for preparation of splenocytes and fusion experiments with NSO 
myeloma cells. The reactivity of the obtained monoclonal antibody with 
various IFNs such as recombinant IFN-a2 (Boehringer) and IFN-al (obtain­
ed from prof. Bodo, Vienna), IFN-J3 (Toray Ind.), IFN-y (Finnish Red 
Cross) and human acid-(thermo)-labile IFN-a (AL-IFNa) showed that the 
monoclonal antibody T18 as well as 2 similar monoclonal antibody prepara­
tions. Tl and T19, did not inhibit the AP effect of recombinant IFN-al, a2 
LeIFN-a (prepared in the Institute of Virology, Bratislava), or the LeIFN-a 
prepared by Celltech, U.K., while the monoclonal antibodies against the acid- 
labile IFN (AL-IFN-a) reacted also with other (available) acid- and thermo­
labile IFN-a preparations such as SLE-IFN-a and psoriatic IFN-a. However, 
it seems important that the neutralization of the acid and thermolabile IFN-a 
(AL-IFNa) with various polyclonal anti-IFNa sera was not regular suggesting 
a dependence on the presence of specific antibodies against AL-IFNa in the 
preparation. Neither the type of producer cell, nor the inducer of the acid- 
and thermo-labile IFNs are known presently. However, Funa et al. (1986) 
reported to find null lymphocytes producing the acid-labile IFN-a in Down’s 
syndrome. The type of inducer may also play a role in derepression of various 
IFN genes. It has been reported that (mouse) macrophages produce IFN-y 
when stimulated with low molecular weight compounds, and IFN-a and 
IFN-[3 when stimulated with viruses or LPS (Kirchner, 1986).



388 BORECKÝ, L.

As mentioned above, appearance of IFN-y in circulation of man in natural 
conditions was only exceptionally reported. Such was malaria and a diabetic 
child (Rhodes-Feuilleter et al., 1981; Tovo et al., 1984). Also the reported 
cases of IFN-production deficiency are rather rare. Ikeda et al. (1986), Okabe 
et al. (1986), and, Carvalho et al. (1985) reported that patients with active 
visceral leishmaniasis, chronic hepatitis В and/or myelodysplasia have a 
reduced capacity to produce IFN-a and IFN-y. A defective IFN-y production 
has accompanied also ataxia-teleangiectasia (Paganelli et al., 1984). In mice, 
thymic dysfunction may lead to impaired IFN production suggesting a re­
gulating role of thymus in IFN production in vivo (Huygen et al., 1983).

WHAT CAN INTERFERONS DO AND WHAT REGULATES THE 
REGULATOR?

IFNs exert a wide range of biological and biochemical effects on cells and 
animal organism. In addition, to AV and AP activity of IFNs, which is asso­
ciated with activation of several enzymes in treated cells (see above), IFNs 
influence also the function of the immune system by activating the lympho- 
kine-cascade and subsequently the macrophages, NK- and Tc-cells. The 
activation of resting macrophages is accompanied by reduction of the man- 
nose-fucosyl receptor and lysozyme level and, accumulation of S-adenoxyl- 
methionine in cells as well as high superoxide release and, la (DR) expression 
(Ezekowitz, 1985; Warfel and Zucker-Franklin, 1986; Bonvini et al., 1986). 
The enhancing effect of IFN-y on the cytotoxicity of monocytes (macrophages) 
and killing by NK-cells seems to be mediated through the “tumor necrosis 
factor” (TNF) (and possibly free radicals) induced by IFN-y in cells, while 
IFN-a may not require such a mediator (Epstein and Philip, 1986). Inter­
leukin-2 (IL-2) plays the role of a cofactor in IFN production and, subse­
quently, in macrophage and NK-cell activation. On the other side, macro­
phages may inhibit NK-cell activity through release of IFN-stimulated 
prostaglandin E (Das et al., 1986). The IFNs are also involved in driving the 
maturation of resting В-cells to active and enhanced immunoglobulin syn­
thesis through expression of HLA-I and/or HLA-II antigens and alteration 
of cell membrane on cells (Kirchner, 1986).

Participation on differentiation of cells is an important but less under­
stood function of IFN. Finding of 2’,5’ oligoA-synthetase and small amounts 
of IFN in murine myeloid Ml cells induced to differentiate into mature 
phagocytic cells, however, support the role of IFN in differentiation (Sokawa 
et al., 1981). Also, in U 937 human cell line stimulated to differentiate with 
phorbol myristate acetate (PMA), an increase in mRNA hybridizing with an 
IFN-(3 probe was found indicating the production of IFN-p during differen­
tiation and its possible participation on this process. In addition, while the 
differentiation was accompanied by rapid expression of t-myt (in mice of 
C-fos) oncogene, IFN depressed the level of oncogenes and, presumably, 
exerts a feedback regulating effect on this process (Vilček, 1987; Resnitsky 
et al., 1986; Sariban et al., 1987). The biological effects of IFN may be dose
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Table a. ENDOGENOUS INDUCERS OF IFN

INDUCER IFN-TYPE SOURCE OF IFN

IL-1 P DIPLOID FIBROBLASTS
IL-2 Y T-LYMPHOOYTES
IL-2 a/P STEM-CELLS
TNF P DIPLOID FIBROBLASTS
h2o2 Y NK-CELLS
CSF-1 P MACROPHAGES

dependent. Very small (“physiological”) doses of IFN in normal cells or, 
usual doses in leukemic cells had eventuelly a cell growth stimulating effect 
(Brinchkerhoff and Urye, 1985; Robert et al., 1986). Until recently, however, 
not sufficient attention was paid to this activity.

For obvious reasons, more studies deal with the cell growth inhibitory 
(AP) effect of IFNs. The regulatory (inhibiting) role of IFN-(3 in cell growth 
found support in studies where the stimulating effect of mitogens was sig­
nificantly enhanced after addition of anti-IFN-(3 serum and/or dexamethason 
(also an IFN inhibitor) to cells (Vilček, 1987; Barrack and Hollenberg, 1981; 
Arya et al., 1984). It has been also shown that IFN production may parti­
cipate on the cellular effects of various cytokines. Such are CSF-1 (colony 
stimulating factor-1), IL-1 (interleukin-1), poly I : C, TNF (tumor necrosis 
factor), and possibly PDGF (platelet derived growth factor) which function 
as growth stimulators in normal cells. They were found to induce in cells 
IFN production which served then as a feedback inhibitor of growth (Vilček 
et al., 1987). This assumption is supported by the finding that such cell growth 
stimulators may have also an antiviral effect which was, most probably, 
mediated through IFN (Table 3).

Other growth factors, such as epidermal growth factor (EOF), fibroblast 
growth factor (FGF) or platelet derived growth factor (PDGF) may be 
antagonistic to IFN (Inglot et al., 1980). The dual role of some of them 
(TNF, PDGF etc) may be determined by character of the cell (normal or 
transformed) as well as by concentration of the growth factor. Also “classical” 
hormones may both inhibit and/or augment IFN production and action. 
Such are the glucocorticoids which besides of IFN, antagonize also the activ­
ity of other lymphokines (IL-2) (Kelso and Munck, 1984) and (3-endorphins 
which synergistically increase the activity of NK-cells and production of 
IFNs (Mandler et al., 1986). In addition to such “natural” regulators, results 
of some investigations suggest that also exogenous substances such as anti­
biotics (adriamycin) and, possibly, cytostatics may modulate IFN activity 
in the organism (Yarvin et al., 1986).

These findings are complicated by identifying (3-endorphin and corti­
cotropin activity in IFN-a preparations (Smith and Blalock, 1981), and a 
release of neopterin (a cofactor in neurotransmitter synthesis) from macro­
phages treated with IFN-y (Huber et al., 1984).
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The growth regulatory function of IFN follows also from the observation 
that IFN depressed the stimulatory effect of tumor necrosis factor (TNF) 
and interleukin-1 (IL-1) on c-fos and č-myč mRNA levels in human fibro­
blasts preparing for mitoses (Lin and Vilček, 1987). From these reports, it 
can be concluded that an interconnection between the IFN and other lympho- 
kine and hormon producing systems becomes increasingly evident. Further, 
it is a long experience that the AP effect of IFN is reversible and seems to 
require a functioning cytoskeleton in the cell (Chany, 1987). The reversibility 
of IFN action may explain the observed transitory therapeutic effects of IFN 
in patients with papillomatosis, condylomas etc as well as the necessity 
of prolonged treatment to avoid remissions (Quesada and Gutterman, 1987). 
Finally, high doses of IFNs may reverse such low dose effects of IFNs as is 
intertypic synergism (Justesen and Berg, 1986). These findings support the 
view that lymphokines exert their activities in a dose dependent way.

Interferon may have a dual role also in inflammation. IF Ns-a and p were re­
ported as antiinflammatory agents in experiments where carrageenan was 
used as exogenous inflammatory agent in mice (Mécs et al., 1984; Billiau, 
1988). On the other hand, Billiau found evidence that IFN-y may function 
as one of proinflammatory cytokines through stimulating interleukin-1 
(IL-1) and prostaglandin E production (Karmazyn et al., 1977). Interesting 
is Billiau’s suggestion that IFN-y may trigger the Shwartzman-Sanarelli 
reaction in man (Billiau, 1988). This is supported by observation that the 
antiviral activity of IFN can be inhibited by antiinflammatory agents such 
as corticosteroids, aspirin or indomethacin. The dual role of IFN in inflam­
mation needs further elucidation. However, several reports on the beneficial 
effect of higher doses of IFN-a in rheumatic fever received, in this way, a 
rational basis (Obert, 1987).

Under certain circumstances, IFNs may exert an antimicrobial effect in 
cells infected with intracellular microbes and/or parazites (Remington and 
Merigan, 1968). This has found recently an explanation by showing that 
highly purified or recombinant IFN-y has a selective and specific tryptophan 
reducing effect in cultures of cells infected with Toxoplasma gondii and/or 
Chlamydia psittaci or Chlamydia trachomatis. In addition, it has been shown 
that IFN exerts in vivo also a plasma cholesterol reducing effect most pro­
bably mediated through inhibition of a lipoprotein-lipase or heparin-relea­
sable lipase. While such metabolic alterations were observed after ad­
ministration of IFN-a, they could not be found after IFN-(3 application 
(Borden et al., 1987). The participation of IFN in the lipid metabolism is 
a “new” activity of IFN (see above) which needs further exploration (Das 
et al., 1986).

INTERFERONS AS THERAPEUTIC AGENTS

As follows from previous chapters, various activities of IFNs allow to 
consider it as a cell regulator rather than a new type of antiviral or anti­
neoplastic agents. Nevertheless, IFN remains a candidate for therapeutic 
exploitation in various infectious diseases as well as neoplastic and immune
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disorders. However, as with other cell regulators of this type called immuno­
logic (biologic) response modifiers (IRM), the therapeutic expectations by 
employing IFNs, with some exceptions, were not yet fulfilled. A major 
difficulty which limits presently the use of IFNs and other IRM in therapy is 
the complexity of the immune network in animal organism where positive 
and negative effects of IRM may appear side by side and lead often to a 
perturbed function of the immune system (Fauci et al., 1987). These diffi­
culties can be overcome only through a better understanding and monitoring 
of the functioning of the immune system in man.

Controlled clinical studies in cancer patients with IFN were made possible 
by 1981 when sufficient amounts of recombinant IFN-a became available. 
These studies established that osteosarcoma, renal cell carcinoma and Ka­
posi’s sarcoma do respond to IFN-a (Quesada et al., 1983;Krown and Real, 
1983; Strander et al., 1982). However, the most inpressive therapeutic results 
were achieved, and later broadly confirmed, with using IFN-a for therapy 
of hairy cell leukaemia, a rare В-cell disorder for which no effective therapy 
existed previously (Quesada et al., 1984). More than 100 patients with hairy 
cell leukaemia were treated with IFN-a up to now with encouraging results. 
Impressive results were meantime achieved also using IFN for therapy of 
chronic myelocytic leukaemia (Talpaz et al., 1983). Both of these neoplastic 
diseases show a high (about 90 %) responsiveness to IFN administration 
and, after a sufficiently long lasting IFN treatment, a significant improve­
ment. Also other neoplastic diseases proved sensitive to IFN therapy although 
not in an extent observed in hairy cell and/or myelocytic leukaemia (Table 4). 
To these belong the В-cell malignancies treated in early phases of disease 
and without previous therapy (Quesada and Gutterman, 1987). Such malig­
nant В-cells usually respond also to growth factors suggesting that differen­
tiation induced with IFN-a might be the mechanism of curative effect. An 
other effect of IFN-a in hairy cell leukaemia was the repair of platelet defect 
which leads to myelofibrosis (Duply et al., 1987). Finally a direct antipro­
liferative effect of IFN-a on hairy cells cannot be excluded either. In hairy 
cell leukaemia, the level of IL-2 receptors in the blood of patients shows a 
correlation with response to IFN-a therapy (Reuben et al., 1986). In the case 
of solid tumours, however, the therapeutic success of IFN therapy is less 
impressive.

Of interest are some new therapeutic fields where IFN seems potentially 
effective. Such is the theumatoid arthritis (see above) where Obert (1987) 
reported marked improvement in-about 50 % of 111 patients treated with 
IFN-a for 12 months.

Sone et al. (1986) used recently IFN-a for treatment of subacute sclerosing 
panencephalitis in a young boy with marked improvement, although the 
disease did not respond to any other kind of therapy.

IFN remains a hopeful remedy for chronic or recurrent viral diseases. The 
effectivity of IFN therapy in condyloma aččuminata was, after 13 week 
36 % to 7 % in placebo treated group (Eron et al., 1986) and 91 % of patients 
with genital herpes treated with IFN-a2 were cured in 6 days, vs. 8 days 
in placebo group (Kuhls et al., 1986). Since such patients are at high risk for
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Table PRESENT STAGE OF EFFECTIN'ITY OF TIIE IFN THERAPY

I. HAIRY CELL LEUKAEMIA UP TO 90 %
CHRONIC MYELOCYTIC LEUKAEMIA UP TO 90 %
HATL UP TO 42 %
NON-HODGKIN LYMPHOMA UP TO 36 %
CARCINOMA OF PANCREAS UP TO 30 %
MYELOMA MULTIPLEX1 11-50 %
MELANOMA2 * * * 3-20 %
RENAL CARCINOMA2 26%
PAPILLOMAS OF VARIOUS LOCATIONS 11-60 %

II. VIRAL COMPLICATIONS (HERPES,
VARICELLA ETC) OF CHRONIC
DISEASES (LEUKAEMIA)

III. AIDS: (TEMPORARY IMMUNOCORRECTION) 30%
KAPOSI’S SARCOMA 40 %

* Based on data of Quesada and Gutterman (1987)
1. Refractemess in about 11 % of cases
2. Depends on the stage of disease
3. Depends on doses

recurrences or visceral dissemination and encephalitis, they may benefit 
from prophylactic IFN administration also.

Some diseases need further studies for establishing an optimal administra­
tion schedule for IFN. Such is AIDS, where 38 % of patients with Kaposi s 
sarcoma responded to IFN-a with a median duration of 18 months when 
high doses of IFN-a were applied (30 x 106 units), and only 3 % responded 
when the dose of recombinant IFN-aA was low. The escalation of low dose 
IFN to 36 X 10® units resulted in an additional major response rate of 
17 % (Real et al., 1986). Four out of 11 patients, who achieved a complete 
response, remained free of disease when reported, while all partial responders 
have shown disease progression (Ganser et al., 1986).

An interesting modality of IFN therapy might be its induction directly 
in patients body using for this IL-2 injections. Merigan (1987) hopes to 
achieve, in this way, production of IFN-y and mobilization of T-cells as well 
as other lymphokines for an effective prophylaxis of recurrent herpes simplex.

Tahle 5. MECHANISMS OF THE THERAPEUTIC EFFECTS OF IFNs ON CELLS

1. DIRECT: - ANTIPROLIFERATIVE EFFECT
- ANTIVIRAL EFFECT
- INCREASED DIFFERENTIATION
- REVERSED CELL PHENOTYPE

2. INDIRECT: STIMULATION OF HOST RESISTANCE VIA:
- LYMPHOKINE CASCADE
- NK, LAKCELL, MACROPHAGE ACTIVATION
- ENHANCED CELL ANTIGEN EXPRESSION
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A prospective way for use of IFN in the future seems to be also its com­
bination with synergistic IRMs such as IL-2, thymic hormones etc.

Although the spectrum of diseases which are candidates for IFN therapy 
seems broad and still growing (rheumatic fever etc), the problems associated 
with effective use of IFN in man are open and common to all IRM. They 
include dosage and timing schedules, mode of application, evaluation of 
immunological status of patients, monitoring of effectivity and toxicity of 
IRM in the organism etc. It should be kept in mind that IFN (and IRM) 
therapy differs from other types of treatment by activating interconnected 
immunological factors (hormones, lymphokines etc) with direct pleiotypic 
effects in the organism. With such agents, without a better insight into 
patients immune status possible complications cannot be safely anticipated. 
(Table 5).

CAN IFN BE DELETERIOUS ?

Gresser et al. (1976) were among the first who turned attention to possible 
“toxic” effects of IFN in animal organism. Large doses of a mouse IFN-a/p 
preparation administered by consecutive daily injections into newborn mice 
caused a progressive growth retardation and finally the death of animal. 
When the administration of IFN was stopped, the animals recovered. Even 
more surprisingly, this group of investigators (Riviere et al., 1977) effectively 
mitigated the LCM virus induced autoimmune disease in mice when a potent 
anti-IFN-a/[3 serum was administered to mice concurrently with the LCM 
virus at birth. The disease was mitigated despite of the fact that the virus 
titre rose in organs of infected mice. This observation strongly suggested that 
IFN itself was responsible for many (if not all) symptoms of chronic LCM- 
disease.

Meantime several authors reported on the presence of an unusual termo- 
and/or acid-labile type of IFN in various autoimmune diseases of 
man such as SLE etc. (See above). About at the same time, Skurkovich and 
Eremkina (1975) reported successful treatment of patients with various 
autoimmune and allergic disorders using anti-IFN-a serum and, recently, 
Skurkovich et al. (1987) presented data on improvement of haematological 
findings in 4 patients with AIDS treated with a polyclonal anti-IFN-a serum. 
Several activities of IFN produced in autoimmune disorders may contribute 
to development of the disease. Enhanced HLA-antigen expression on treated 
cells together with release of antigenic constituents from leukocytes damaged 
by IFN and otherwise, may result in triggering and/or enhancing already 
stimulated autoantibody production which may then lead to production of 
immune complexes and damage various organs, as observed in SLE, AIDS, 
chronic B-hepatitis (Schaff et al., 1986). IFN — when present continuously 
in the blood — may inhibit macrophages, Tc, LAK and NK-cells activity and 
lead to release of IL-1 and IL-2 (Borecký et al., 1987). The accelerating effect 
of IFN in autoimmune disorders was manifested in IFN-treated NZB/W 
mice both by onset and severity of the autoimmune disease (Borecký et al.,
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1981 etc). Recently, it has been reported and confirmed by observations of 
others that IFN-a may cause an exacerbation of psoriasis (Quesada, 1986). 
Also, IFN-y was proposed as the “match that lights the fire” in Shwartzmann- 
Sanarelli phenomenon (Billiau, 1988 see above).

An aggravating effect of 1FX is suspected also in the symptomatology of 
demyelinating diseases such as multiple sclerosis. This follows from the ob­
servation that IFN-y enhanced the HLA-DR antigen expression on astro­
cytes which subsequently were destroyed by specifically sensitized T-lympho- 
cytes (Fontana et al., 1984).

Based on its structural and antigenic relatedness to (3-endorphins and 
corticotropin (Blalock and Smith, 1985), the suggestion that IFN may 
participate on symptoms of psychiatric diseases predominantly as a result 
of its neurological and psychological side effects during long-term admini­
stration to patients is of obvious interest. Such side effects may be potentiated 
by lymphokines which were released from lymphocytes after (3-endorphin 
treatment both in vitro and in vivo (Wolf and Peterons, 1986). These disco­
veries support the existence of a circuit between the immune and neuro­
endocrine system and may open new fields for IFN therapy.

Finally, numerous results of local application of IFN for prevention and/or 
treatment of rhinovirus and other respiratory infections suggested the 
possibility that many of flu-like symptoms appearing in influenza and other 
infectious diseases may be caused by concurrently produced IFN-a (Monto 
et al., 1986).

CONCLUDING REMARKS

30 years ago, IFN started its existence as an autonomous antiviral agent 
which the vertebrate (?) organism evolved during evolution to protect itself 
from intracellular infectious genetic entities — viruses. This definition after 
the 70-ies was abandoned when the structure of IFN has been elucidated 
and its relationship to other polypeptide cell regulators was established. 
Nowadays, IFN competes with thymus-factors for the position of the “master 
lymphokine” in a rather complex network of polypeptide lymphokines that 
seem to regulate the growth, differentiation and normal functioning of 
cells in the organism. IFN is not autonomous anymore. Its release is, as a 
rule, accompanied by the release of various antagonistic and/or synergistic 
lymphokines and growth factors. It is involved in their activity often as a 
feedback inhibitor. IFN becomes an established remedy in some diseases 
such as hairy cell leukaemia, but we must more learn how to apply it properly 
to man and animals, It shows interconnections with some classical hormones 
such as (3-endorphins, glucocorticoids, insulin and others.

IFN is not completely innocent. It is an emergency factor which appears 
among the first when the body needs it but its continuous presence in the 
circulation may be deleterious (as in SLE). IFN excites still a non diminishing 
number of scientists because it is a fascinating product of the Nature.
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