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Introduction 

Interferon, a protein with antiviral effects has been discovered by Isaacs and 
Lindenmann more than 25 years ago [39]. For the first 20 years, progress has been 
slow, mainly for the reason that purification, molecular characterization and produc- 
tion have met great difficulties. Rapid progress has been made during the past 5 years 
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and various interferons are now well characterized. Three aspects are noteworthy 
regarding the progress of  recent years (for a review see refs. 48 and 67): 

(1) There are numerous interferons, some of which are closely related, whereas 
others are quite different from each other. 

(2) The interferons have a multitude of diverse biological effects [31 ], some of which 
are understood to a certain degree, whereas others are understood poorly, and perhaps 
others again that are as yet undiscovered. 

(3) Interferons are the products of different cell types. Some of these are cellular 
components  of the immune system such as T lymphocytes and macrophages [49]. The 
functions of the cells of  the immune system are regulated and thus, presumably 
interferon production is also regulated. Also, the functions of these cells are well 
studied by immunologists,  and in interferon research this knowledge should be used 
for a better understanding of the interferon system. 

(4) Interferon production is genetically controlled [17]. 
Interferons are now being tested for their clinical effectiveness and it is obvious that 

they cause objective responses in tumor bearers or in individuals suffering from viral 
diseases [9,70]. Yet the number  of  situations in which this causes a clear-cut benefit for 
the patient is limited. It is hoped that it will be possible to identify additional clinical 
situations in which interferons represent a useful addition to already available drugs. 

It is the purpose of this paper  to stress another aspect of  the interferon system, which 
is, as is my belief, that the interferon system represents an integral part of the body's  
defense system. Studying this system will allow deeper insight into the mechanisms by 
which the body defends itself against infections and perhaps tumors caused by infec- 
tious agents. The knowledge derived from these studies may then lead to better 
concepts of  treatments or prevention. 

Definition of interferons 

Interferons are defined by their antiviral effect which is typical and different from 
antiviral effects of other compounds,  for example antiviral drugs or antibodies. 
Pretreatment of cells by interferon causes protection against subsequent virus in- 
fection. Thus, this effect is in reality an effect on cells and requires intact cellular RNA 
synthesis. Interferons have a certain species restriction in that they usually protect cells 
of the species of  which they are derived but not cells of  other species. There are however 
exceptions to this rule. Since the antiviral effect of interferons indicates an effect on 
cells it is not surprising that interferons have multiple additional effects on cells. 

The interferon system - multiple interferons 

It is now recognized that there are a variety of  different interferons, and probably 
there are others that have not yet been discovered. Currently, one distinguishes 
between three types of interferons. These have been identified in all animal species in 
which one has looked for them. They include: interferon alpha (IFN-ct), interferon 



beta (IFN-13), and interferon gamma (IFN-~,). It is well established that action of all 
three types of interferon commences by binding to cell surface sites which are of high 
affinity and selectivity [2]. One class of high affinity sites seems to be of broader  
specificity accommodat ing the various IFN-ct subtypes and IFN-13, the other exclusive- 
ly recognizes IFN-y. 

Interferon alpha 

Interferons of  the a-type are products of a multi-gene family sharing up to 80% 
homology with each other on the genomic level [87]. Whereas some of the genes are 
pseudogenes, several others are expressed. Whenever leucocytes (or lymphoblastoid 
cells) are induced to produce IFN-ct, a number  of these genes are expressed resulting in 
a preparat ion that contains a mixture of different IFN-ct subtypes. It seems to be 
worthwhile to entertain the speculation that different types of white blood cells are 
producing different types of IFN-cc Perhaps the stage of differentiation is relevant in 
regard to the subtype of IFN-ct produced. Alternatively, in the same cells several 
interferon genes are activated simultaneously and this may also differ between induc- 
ers. 

Interferon beta 

In contrast to the large number  of  IFN-ct genes, the number  of genes of IFN-13 seems 
to be much smaller. Although data suggestive for the existence of two IFN-13 genes in 
man have been presented, the current consensus is that there is only a single human 
IFN-13 gene. In other animal species (bovine) there may be two. It is not known 
whether IFN-13 is produced in vivo during viral infections. The genes coding for the 
human et-IFNs and for I~-IFN show about  30% homology on the genomic level [87]. 
They are located on the same chromosome and are believed to be derived from a 
common ancestor gene [58,83]. In the mouse, the genes for IFN-a  and IFN-13 are 
usually expressed simultaneously thus resulting in preparations containing mixtures of  
both interferons. The term IFN-a/13 is used to indicate this fact. However, we have 
recently found that a low molecular weight interferon inducer, CMA (10-carboxyme- 
thyl-9-acridanone) induces exclusively IFN-13 in mouse macrophages [11]. 

Interferon gamma 

By definition, IFN-~, is not only an interferon but also a lymphokine, since it is a 
product exclusively of lymphocytes. The gene coding for IFN-), shows little if any 
homology with the genes for IFN-ct and -13. In addition, it contains introns which are 
absent in the other interferon genes [30,88]. Recently, the gene of another lymphokine, 
interleukin-2, has been reported to share a certain degree of homology with the IFN-y 
gene [26,57]. As stated above, the receptor for IFN- ' /on  the cell surface is distinct from 
the receptor common for IFN-ct and -13 [10]. Thus, at first glance, it appears surprising 
that IFN-~/shares so many biologic effects with IFN-ct and -13 and it makes one inclined 
to assume the existence of a second messenger common to all interferons. This 
however, is not validated by experimental data at the time of this writing. 



All available evidence points to the conclusion that the production of IFN-T is a 
specialized function of T-lymphocytes [56]. It has in addition been shown that the 
so-called 'large granular lymphocytes'  are capable of producing IFN- T (besides other 
lymphokines) [20]. These cells are known to act functionally as 'natural killer cells'. 
Their position within the lineages of the hemopoietic systems is still unclear. 

It seems an interesting question why among the cells of the immune system only 
T-lymphocytes but not macrophages or B-cells express the IFN-T gene. There has been 
a recent report that B-lymphoblastoid cell lines produce IFN-T upon 'heat shock' [89]. 
This report still awaits confirmation. 

Multiple interferon effects 

Many of the effects of interferons have been discovered by adding interferon to 
tissue cultures or by injecting them into experimental animals (or more recently, into 
patients). It is assumed that the effects are identical when interferons are produced 
endogenously after infection with a virus or after injection of an inducer. From the 
acute side effects of interferon we have learned that they resemble the systemic 
symptoms of acute virus infections such as influenza (fever, chills, malaise, leukopenia, 
etc.) [80]. The symptoms of influenza are probably in part caused by the interferon 
induced and not exclusively by the virus itself. 

It is now obvious that interferons have many effects on cells including effects on 
membranes, cytoskeleton and cellular metabolism. Some of these are still poorly un- 
derstood. Others, particularly the induction of certain enzymes, have been analyzed 
to a considerable degree, as was competently reviewed in Ref. 4. Certain effects of 
interferon may influence the interaction between cells of the immune system, i.e., 
interferons activate macrophages for increased phagocytosis of bacteria [22] and 
cytotoxicity against tumor cells [62,79,92], to name but a few. Interferons also activate 
NK cell cytotoxicity [27]. Thus, one can imagine that interferon production by the 
primary effector cells leads to amplified effects on other cells. Even more importantly, 
interferons cause an increased expression of immunologically relevant membrane 
constituents such as products of the major histocompatibility locus [52,74]. Since the 
I-a antigens, for example, are considered to be crucial membrane molecules for 
interactions between immunocompetent cells, the conclusion is almost inevitable that 
interferons are immunoregulatory molecules of high potency. 

Recently, it has been shown unequivocally that IFN- T is one of the factors involved 
in driving the maturation of resting B-cells to active immunoglobulin synthesis [84]. 
Finally, there seems to be a differential effect of IFN-T and the other interferons as far 
as the expression of histocompatibility antigens is concerned [74,95]. Whereas IFN-T 
induces the expression of both class I and class II antigens in a variety of cells [97,98], 
the other interferons only cause expression of H-2 antigens and not of Ia-antigens [42]. 
Interferons have also been shown to act on the differentiation of cells, particularly on 
the cells of the white blood cell system [5]. 



Multiple producer cells of interferons 

Leucocytes of various types are important interferon producers. Thus, T-lympho- 
cytes are capable of producing IFN-ct and IFN-y [16]. They possibly also produce 
IFN-13, but this is established only for tumor cells of the T cell type but not for normal T 
cells [60]. Long-term cultures of T cells grown in the presence of(and dependent on )T  
cell growth factor (IL-2) are also potent producers of interferon [56,61]. As has 
repeatedly been shown, they produce IFN-y. Recent studies of our laboratory have 
established that such lines are producing IFN-~ when stimulated by CMA [85]. 
Resting T cells purified from spleen cell suspensions did not respond to CMA 
treatment with interferon production. 

B lymphoblastoid cells transformed by EBV can be induced with viruses to produce 
IFN-ct whereas this has not been established for normal B cells. Macrophages produce 
IFN-ct when exposed to viruses [72,75]. Mouse macrophages produce IFN-I~ when 
stimulated with certain low molecular weight compounds such as CMA [11]. Proba- 
bly, NK cells are also among the producer cells of interferons. 

A question that has been debated for years is that concerningspontaneous ('constitu- 
tive') production of interferon. The transformed B cell lines appear to produce low 
levels of interferon spontaneously, whereas high titers are produced upon activation. 
There are only few additional examples of spontaneous interferon production in vitro 
[24]. There are certain diseases in which circulating interferon has been detected but 
this may merely indicate a yet undetected infection [19,23,36]. 

A variety of  cells other than leucocytes can produce interferon in vitro, e.g. fibro- 
blasts which produce IFN-13. It is not clear whether fibroblasts or other structural cells 
in the intact organism such as hepatocytes or muscle cells produce interferon. It may be 
rewarding to consider the possibility that different structural cells are capable of 
producing interferon and by doing so activate immune effector cells. In this sense one 
could envision a broad network of  defense mechanisms involving not only immuno- 
cytes but other cells as well. 

What evidence is there that endogenous interferon is important in defense 

There has been a long-standing debate on whether endogenous interferon produced 
during the course of an infection is of relevance in this very infection. An argument 
often raised goes as follows: In some experimental infections high interferon titers are 
observed concomitantly with maximal virus titers, yet the fatal outcome of the 
infection is obvious. From these data it would appear that the interferon production 
associated with general virus spread is of little significance for the outcome of the 
infection. 

However, the first indication contrary to this argument came from the experiments 
of Gresser [34] which documented that injection of anti-interferon serum was capable 
of breaking resistance of mice against virus infections. Recently, we have presented a 
series of experiments documenting that in at least one viral system the magnitude of the 
early interferon response correlated positively with resistance [99]. In this system 



(herpes simplex virus, HSV), maximal local interferon titers are produced already 
within 2 h after infection, that is well ahead of the termination of the first round of viral 
replication requiring at least 8 h. 

Genetic control of interferon production after virus infection 

As first established by De Maeyer [17] the in vivo interferon response of mice 
towards virus injection is genetically controlled. There are high-producer and low-pro- 
ducer inbred mouse strains when for example Newcastle disease virus (NDV) is used as 
an in vivo inducer. However, the loci coding for high production are not generally 
responsible for high interferon production towards all viruses (or inducers) but they 
differ between viruses [18]. For  example, high interferon production in response to 
herpes simplex virus (HSV) in mice is genetically controlled by loci different from 
those controlling high interferon production in response to NDV [100]. 

We found the situation with HSV quite interesting since, in contrast to NDV, which 
is apathogenic for mice, HSV is highly pathogenic for certain mouse strains whereas 
others are relatively resistant. There was a positive correlation between high interferon 
production and resistance and it is our hypothesis that resistance results from the 
capability to mount  a high and early interferon response towards the infection. The 
data in the HSV system apply only to the early interferon titer. Thus, there are high 
titers in the resistant mice at 2 h after infection whereas at this time the titers in 
susceptible mouse strains are essentially zero. At later times, in fact, the differences 
may be the other way around,  that is higher interferon titers are observed in the 
susceptible mouse strains eventually prone to acquire lethal encephalitis. 

It is of interest to note that the interferon response of an organism is rapid. Thus, 
after intraperitoneal injection of virus, high interferon titers in the serum are observed 
already within 2 to 4 h [6] and this interferon will be cleared again within a few hours. It 
is an interesting problem to find out what the significance of the serum interferon is 
and where it is derived from. It may be simply an overspill product  from other sites. 
Alternatively, it may be a product of circulating leukocytes. It remains a tantalizing 
problem to find out where the serum interferons come from and what their potential 
role could be. Perhaps, interferon is a molecule which is predominantly important  at 
the local site. 

Genetic control of interferon gamma production 

Production of IFN- T by T lymphocytes might also be genetically controlled. Cer- 
tainly, the production of IFN-T in mixed lymphocyte culture upon recognition of 
alloantigens is controlled immunogenetically [28,44]. Thus, differences both in the KD 
ends of H-2 as well as in the I region are capable of  inducing IFN-  T production in the 
murine MLC [51]. Even differences in minor H-2 loci alone are sufficient to cause 
interferon production [78]. The human MLC is more difficult to study in regard to 
interferon production and most investigators have observed only low titers. Yet, the 
situation appears to be similar to that observed in the mouse [3,54]. 



Cole et al. [15] and Kirchner et al. [50] reported a novel mitogen derived from 
Mycoplasma arthritidis (MAS) that is a potent inducer of IFN-y. This mitogen is a 
soluble protein obtained from the cell-free supernatant of cultured mycoplasmata and 
has a molecular weight of approximately 13 000. Thus far, M. arthritidis appears to be 
the only mycoplasma species elaborating the mitogen. Most excitingly, IFN-7 produc- 
tion in response to MAS is stringently controlled by the I-E subregion of the major 
histocompatibility locus of the mouse. Thus, spleen cell cultures of mouse strains 
unable of expressing I-E on the cell surface (e.g., C57BL/6) do not produce interferon 
after treatment with MAS. The response of T cells towards MAS is also dependent on 
accessory cells [53]. 

IFN-y may be induced not only by immunologically specific stimulants but also by 
nonspecific mitogens. Usually, in the laboratory plant mitogens are used, such as 
lectins derived from beans (e.g., concanavalin A). However, as exemplified by the 
mycoplasma mitogen there may be mitogens in microorganisms capable of eliciting 
the production of IFN-~, in hosts not immune to them. The conclusion then is that 
IFN-7 may not only be important in specific immune reactions but also in the 
nonspecific primary defense. Recent concepts put major emphasis on the role of 
Ia-expression in the autoimmune reaction: One may then speculate that this increased 
expression is caused by IFN-y which may be induced by mitogens present in certain 
microorganisms. 

In vitro, IFN- 7 is readily induced by mitogens such as PHA and Con A or by 
alloantigens. It has, however, been found extremely difficult to induce production of 
IFN-y in the intact animal, at least in our laboratory. There has been only one 
exception, which is the protocol in which mice are prestimulated by BCG and subse- 
quently injected by PPD [37,38]. One wonders whether it is at all possible to induce 
IFN- 7 in vivo by injection of allogeneic cells. One also wonders why ten-thousands of 
units of IFN-c~/]3 are found in the serum of mice after injection of an appropriate 
inducer, whereas it is very difficult to induce even small quantities of IFN-~,. 

Cellular control of interferon production 

Above, I have discussed the evidence that leucocytes may be the main producers of 
interferon in the intact organism. If this assumption is correct, interferon research will 
touch closely with immunology, i.e. the discipline that studies the biology of the white 
blood cells. We already know of many interactions between different types of leuco- 
cytes. Many T cell reactions are dependent on accessory cells, for example macro- 
phages. In this context it is highly interesting that the induction o f IFN-  7 by MAS in T 
lymphocyte cultures is dependent on accessory cells [53]. Immune reactions are 
carefully regulated by many types of interaction and one expects to find this also for 
the production of interferon. Undoubtedly, many further studies will be required to 
delineate the immunological control of lymphokine production including interferon. 



Molecular control of interferon production 

We have already alluded to findings that certain types of leucocytes produce 
interferon. Different interferon subtypes seem to be produced by different subtypes of  
leucocytes. Also the inducers used in a given experimental set-up appear  to be crucial. 
For example, at present it appears that T lymphocytes are the sole producers of  IFN-,{. 
Since all nucleated ceils of  the body contain the interferon gene it will be of the greatest 
interest to find out what causes the interferon gene expression in certain cell types and 
what inhibits it in others. Interesting in this regard are leukemia cells representing 
'frozen differentiation states'. It will be also interesting to find out which interferon 
genes are expressed in different leukemia cell lines, for example with regard to the 
different members of the IFN-a  gene family, or IFN-y. 

Interferon as a general defense system 

Interferons have been discovered initially because of their in vitro antiviral effect. It 
is obvious that this effect is a cellular effect in that the metabolism of the cell is changed 
in a way that the cell is incapable of supporting viral replication. It is, however, 
remarkable and speaks for the importance of the interferon system that quite a variety 
of different pathways exist for inhibiting the multiplication of different viruses by 
interferon. For example, for some viruses a correlation has been established between 
the enzyme cascade induced by interferons and inhibition of translation of viral 
proteins [4]. On the other hand, this does not apply to all viruses and for example 
certain RNA tumor viruses are inhibited by interferons at the stage of viral budding 
through the cell membrane [8]. In addition, a number of different types of antiviral 
mechanisms have been described, for example for bovine papil loma virus [91] and 
SV40 [12]. More recently, the effects ofinterferons on the replication of herpes simplex 
virus have been studied [21,29,65]. In contrast to earlier opinions replication of HSV 
may well be inhibited by interferon. It has been shown that the early HSV-coded 
13-proteins are inhibited in interferon-treated, HSV-infected tissue cultures. 

Interferons have antiviral effects in vivo as well as in vitro and this effect appears to 
be caused in part by the activation of certain cellular defense elements [77], of which 
the macrophages are only one example. It is obvious, that these nonspecific defense 
elements are not involved exclusively in antiviral defense but in resistance against other 
pathogenic microorganisms. It is therefore my belief that interferons play a role in 
defense mechanisms of the body against a variety of different infections, including for 
example those caused by bacteria [46]. There has been a recent report documenting 
this for the infection of the mouse with intracellular bacteria [43]. 

Antitumor effects of interferons 

Already in 1970 Gresser [32] has shown that interferon treatment inhibits tumor 
growth in mice. This was found not only for virus-induced tumors but also for tumors 
induced by chemical carcinogens. Since then, considerable efforts have been put into 



the elucidation of the anti tumor effects of interferons and yet they are poorly under- 
stood. Interferons have an antip~oliferative effect on cells themselves [66]. Further- 
more, it seems that the main contribution to the in vivo antitumor effects stems from 
the activation of relevant defense cells. More recently, two sets of data, that may be 
actually related have been presented concerning the anti tumor effects of interferon. 
Brouty-Boy6 [13] and Hicks et al. [35] have shown a reversion of the malignant 
phenotype upon prolonged cultivation of transformed cells in interferon-containing 
media. Several groups, on the other hand, have reported that the expression of 
oncogenes in tumor cells is reduced after interferon treatment [40,41,76]. Oncogene 
expression may be causing the malignant phenotype and thus, by reducing oncogene 
expression, interferon causes the reversion of the malignant phenotype. 

The successful treatment of hairy cell leukemia with interferon [71] seems notewor- 
thy and there are strong suggestions that the clear-cut beneficial effect is not caused by 
an antiproliferative effect on leukemic cells but rather by influencing differentiation by 
mechanisms that remain as yet unclear. 

Surveillance against tumors 

The issue of immune surveillance against tumors is controversial (see the competent 
review by Stutman [86]). Maybe, if surveillance mechanisms exist they may be repre- 
sented by nonspecific aspects of the defense system and not by immunologically 
specific mechanisms. I have expressed the point of view that surveillance mechanisms 
may be operative against oncogenic DNA viruses [45]. Since interferons do have 
antiviral properties one may speculate that they may be operative against oncogenic 
DNA viruses for example human papillomaviruses [47]. There are certainly sufficient 
clinical data indicating that human papillomas are susceptible to in vivo treatment by 
exogenous interferon [63,81,96]. I would like to suggest that during immunosuppres- 
sion papillomavirus infections occur with frequency because of  a defect of the interfer- 
on system. The same may apply to other tumorigenic viruses. 

Clinical implications 

I believe that the interferon system represents a system of molecules produced 
mainly by white blood cells and consisting of a large number of different molecules. 
The activity of this system is genetically controlled by cellular interactions. I see two 
potential clinical implications: 

(1) There may be defects in this system facilitating disease (mostly infections, 
perhaps tumors induced by oncogenic viruses). 

(2) There may be diseases caused by dysregulation and overproduction (i.e. autoim- 
mune disease). 

Ad 1 
The role of endogenous interferon in defense against infections (particularly viral) 
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has been argued about for years. I have been attracted by the importance of the early 
interferon production. This was obvious when studying infection by a virus with a long 
replication cycle such as HSV. In this situation peak interferon titers are observed 
before the first cycle of virus replication is completed [99]. Certainly, no one is 
assuming that interferon is an antiviral defense operating against all viruses yet there 
are points that are noteworthy. 

From many clinical observations on the course of viral infections it has become 
obvious that there are differences between individual patients regarding the course of  
the infection even under conditions where there was identical exposure to the same 
virus strain. The infection may be peracute or chronic. Certain patients do not develop 
disease at all. Host  defense elements appear  to be critical for the eventual outcome of 
the infection and in our opinion interferon is a prime candidate among these. I 
speculated above that interferons are not only active against viruses but also against 
other types of infections. Macrophages can be activated by interferon against bacteria 
[46]. 

Furthermore,  one may learn from the side effects of interferon therapy. The acute 
side effects have been termed the influenza-like syndrome including leukopenia, fever, 
chills, fatigue, etc. This has led to the suggestion that some of the symptoms of acute 
viral illness are not caused by the virus per se but by interferon induced in the patient. 
Also of high interest are the psychoneurological side effects of interferon therapy 
[1,55,73]. These consist of depression, apathy and similar symptoms and may in fact, 
be serious enough to cause interruption of the therapy. Objective changes of the EEG 
are also seen. 

Ad 2 

I have described above that interferons are potent immunoregulatory molecules and 
that they are in principle capable of causing autoimmune disease-like symptoms. 
Gresser et al. [33] have first shown that treatment of newborn mice with interferon 
causes glomerulonephritis similar to the one observed in autoimmune disease. Since 
then in a number of studies the interferon system has been linked with autoimmune 
diseases. Serum interferon which is not found in healthy individuals has been detected 
in some patients suffering from autoimmune disease [69]. There is as yet no evidence 
that autoimmune disease is caused by viruses but it is tempting to speculate that the 
interferon detected may be an indicator of a chronic viral infection. 

The interferon in the serum of patients with autoimmune disease represents an 
unusual subtype of acid-labile IFN-ct [68] (before this discovery it has been held that 
only IFN-y is acid-labile). So far, to my knowledge no one has observed IFN-7 in vivo 
in man. In other patients one has detected (auto)antibodies against interferon in the 
serum [64]. Recent evidence suggests that some patients after treatment with interferon 
develop antibodies [90]. During routine screening one has also observed the existence 
of such antibodies in persons not having been treated by interferon. Finally, defects of  
interferon production have been observed in blood cell cultures derived from patients 
with certain diseases [93]. 

Recent theories of autoimmune disease put major emphasis on observations indicat- 
ing a role of increased Ia-expression on cells early in autoimmune disease. Since it is 
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one of the selective effects of IFN-y to cause an increment of Ia antigens expression, 
one has assumed a role of  IFN-y in the pathogenesis o fau to immune  disease. One may 
then ask what causes the production of IFN- 7 in such situations. I am intrigued noting 
that a mycoplasma-derived mitogen is a potent inducer of I FN-y [ 15]. Maybe, similar 
mitogens are produced by a number  of  infectious agents and chronic infections by 
them may be causally involved in autoimmune disorders. Rheumatic diseases are 
particularly interesting in this respect. The hypothesis has been entertained for many 
years that mycoplasmata  may be causally involx~ed. Thus, M. arthritidis can cause 
arthritis in experimental animals [14]. It is therefore of  particular interest that this 
mycoplasma contains an IFN-y inducing mitogen. 

Impor tant  among the diseases with unknown etiology are demyelinating diseases of 
the nervous system such as multiple sclerosis. Over and over it has been speculated that 
viruses are involved in their pathogenesis. Yet a solid association with a particular 
virus has never been found and new theories are focussing more on autoimmunity.  
Very intriguing concepts have been presented by Wekerle and his coworkers [25]. 
These are based in part  on observations that IFN- 7 causes Ia-expression on astrocytes, 
being the first cells of the brain surrounding the blood vessels. Specifically sensitized T 
cells may interact with the astrocytes causing Ia-expression via the production of 
IFN-7. On the other hand, Vervliet et al. [93] have reported a defect of  IFN-7 
production in leucocyte cultures of MS patients, while the production of IFN-ct was 
normal.  

Finally, the group of psychiatric diseases, are worthy speculation in regard to the 
interferon system. It is now obvious, that high-dose interferon therapy after long 
treatment causes neurological and psychological side effects. It is tempting to specu- 
late that in patients with psychiatric disease interferon is present and perhaps in part  
responsible for the symptoms.  Again the detection of circulating interferon may be an 
indicator for an as yet undetectable chronic virus infection. So far p roof  is lacking for 
the presence of serum interferon in the patients. However, similarly as in the patients 
with multiple sclerosis studied by Vervliet et al. [93] we have observed a significant 
defect in interferon-producing ability of leucocytes from schizophrenic patients [59]. 
This was observed for both IFN-7 and IFN-ct when a variety of interferon inducers 
were tested. Again, the situation appears to be complex and the data at the moment  
cannot be fitted in a satisfactory intellectual frame. 

Conclusions 

Interferons form a coherent system of molecules produced in vivo and in vitro in cell 
cultures. A number  of interferons are now defined in molecular terms and probably 
besides these, others exist. The 'classical' interferons IFN-ct and IFN-13 are related to 
each other and probably derived from a common ancestor gene. The gene for IFN-y is 
completely different from the latter two and so is the protein. IFN-  7 is, however, 
related to at least one lymphokine, interleukin-2. Prominent among the interferon- 
producing cells are white blood cells and it has been shown that both T lymphocytes 
and macrophages are producers of interferons. B cells transformed by EBV are also 
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producing multiple subtypes of  IFN-c~, yet it is not known if normal B cells are capable 
of interferon production. The production of interferons by leucocytes puts interferon 
in perspective with immunological regulation and one has to assume the production of 
interferons to be subjected to immunoregulation. It is not known if, in addition to 
leucocytes, structural cells of the body such as muscle cells, liver cells, etc. do produce 
interferon. 

Interferons have a multitude of biological effects, for example, ant i tumor and 
immunoregulatory effects. The latter include activity on B cells, and activation of 
macrophages and NK cells. Most importantly, interferon treatment causes enhanced 
expression of the products of  the major histocompatibility locus. In this respect, IFN- T 
is unique in that it affects class I as well as class II molecules whereas the classical 
interferons affect only class I molecules. Because of the central role of these molecules 
in immunoregulat ion the conclusion becomes inevitable that interferons are molecules 
central in immunoregulation. Since interferons are produced by leucocytes (for exam- 
ple, IFN-  T by T lymphocytes) their production is controlled by regulatory influences 
such as is the production of other products of immunocompetent  cells (i.e., lympho- 
kines). The production of classical interferons is under genetic control and so is the 
production of IFN-  T at least with certain inducers. 

Interferons have ant i tumor effects, which may result from various direct and 
indirect activities. Thus, interferons have antiproliferative effects on cells, and activate 
certain elements of the defense system such as macrophages and NK cells. Further- 
more, interferon treatment has been shown to reverse the malignant phenotype of 
tumor  cells and to act on the expression of oncogenes. 

It is my belief that interferons may turn out not only to have effects on tumors and 
virus infections but also on infections by bacteria, since interferons activate macro- 
phages and these are of  central importance in antibacterial defense. 

Clearly, the interferon system appears to be an integral part  of the body's  defense 
system. The possible clinical implications of this are twofold. There may be defects in 
the interferon system which cause or facilitate disease. For example, defective produc- 
tion of IFN- T has been described to occur in multiple sclerosis. On the other hand, 
dysregulation in the interferon system or hyperproduction of interferon may play a key 
role in autoimmunity.  Thus, in lupus erythematosus, circulating interferon as well as 
antibodies against interferon have been found. These clinical data as well as data from 
animal models suggest a role of interferon in autoimmunity,  but a satisfying concept 
yet has to emerge. 
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