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FORTY YEARS OF INTERFERON
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Summary. � The nature and mode of action of interferon (IFN) have been intensively studied for more
than 40 years. In this review, we summarize the current knowledge of IFN putting emphasize on transitions in
its definition, understanding of its physiological role and nomenclature, and on brief characterization of indi-
vidual IFN families. Finally, the evolution of IFN and relations between the IFN families are discussed.
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From antiviral protein to pleiotropic cytokine

Since the 1930�s, the viral interference has been a well
known phenomenon in virology. Viral interference means
that infection with an avirulent or inactivated virus protects
cells from subsequent infection with live or (more) virulent
virus. During studies on viral interference in the 1950�s,
two groups of authors have independently reported that the
interfering virus induced a soluble substance that made other
cells resistant to subsequent viral infection. Discovered as
a virus interference factor in 1954 by Nagano and Kojima
in rabbits (Nagano and Kojima, 1954), this substance has
became much more popular under the name �interferon�
(IFN) � a term coined for a similar antiviral agent produced
by chicken cells by Isaacs and Lindenmann three years lat-
er (Isaacs and Lindenmann, 1957). Ever since the discov-
ery, IFN presented both a promise and a challenge to sci-
entists in various fields of biomedical research. During en-
suing years, it became clear that the term �IFN� covers
a group of proteins with a broad spectrum of effects, and
that the antiviral activity is only one of many of IFN func-
tions. Until 1980, most experiments with IFN have been
performed with a material of which less than 1% was true
IFN. Achievements in the field of molecular biology in the

early 80�s led to a qualitative shift from the study of IFN as
an antiviral factor whose existence was regarded by many
with considerable scepticism to the study of IFN as exactly
defined molecules with known amino acid sequence.

IFNs are a family of inducible (glyco)proteins produced
by vertebrate cells (fishes, reptiles, birds and mammals,
except amphibia) to different biologic stimuli (Borecký,
1983; DeMaeyer and DeMaeyer-Guignard, 1988). The abil-
ity to induce IFN is not an exclusive property of viruses,
IFN-inducers include also bacteria, mycoplasma and proto-
zoa, certain cytokines, mitogens, natural and synthetic dou-
ble-stranded RNA and other substances (Borecký, 1983).
Most IFNs are glycoproteins, however, their sugar moiety
has not an apparent structural or functional role (Kontsek,
1994). Apart from their antiviral activity, by which they were
discovered, IFNs exert also other activities including inhi-
bition of cell growth, antitumour action, effects on cellular
differentiation and a wide range of immunomodulatory ef-
fects. IFNs are not the effector molecules in their own right.
They confer pleiotropic activities after binding to specific
receptors on the surface of target cells, which are coupled
to intracellular signal transduction and second messenger
pathways (Borecký, 1983; Pestka et al., 1987; DeMaeyer
and DeMaeyer-Guignard, 1988). A receptor to nucleus sig-
nal transduction by IFNs involves the activation of tyrosine
kinases of the Janus kinase (JAK) family and the phospho-
rylation of latent cytoplasmic transciption factors � STAT
proteins (the signal transducers and activators of transcrip-
tion) that dimerise and translocate from the membrane to
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the nucleus and effect the transciptional activation of spe-
cific target genes (Darnell et al., 1994). New proteins pro-
duced after signal transduction confer upon the cell those
activities we ascribe to IFNs.

The definition of IFN has evolved in association with
transition from biological and physico-chemical criteria to
recent molecular-biological ones. In 1973 (Lockart, 1973),
seven criteria were suggested for use in classifying an anti-
viral substance as IFN. In 1980, these criteria were con-
densed into a brief definition of IFN as a factor of protein
nature which exerts virus-unspecific antiviral activity at least
in homologous cells through cellular metabolic processes
involving RNA and protein syntheses (Stewart et al., 1980).
Later, the biological attitude was stepping aside and the most
important criterium for classifying a protein as an IFN be-
came the nucleotide and amino acid sequence of the re-
spective gene and its protein product, respectively. From
the functional point of view, IFNs together with interleukins,
chemokines and growth factors are now regarded as cy-
tokines.  Cytokines are secretory regulatory proteins or glyc-
oproteins, which act in organisms as chemical communica-
tors between cells and are involved in a number of impor-
tant physiological processes (Callard and Gearing, 1994).
A recent brief definition of IFN is following: IFNs are plei-
otropic cytokines possessing antiviral, antiproliferative and
immunomodulatory activities. At present, special attention
is paid to regulatory functions of IFNs in association with
their hormon-like effects. IFN is considered an important
mediator of cellular communication between neuroendo-
crine and immune systems (Borecký, 1992). This led to
a reevaluation of the physiological role of IFN and to a more
complex understanding of its position in organism: IFNs
belong to a network of regulatory cytokines that are all in-
volved in the homeostatic control of cell function and repli-
cation under normal conditions, and that become active
participants in host cell defense when an emergence arises
because of infection (De Maeyer and DeMaeyer-Guignard,
1988).

Nomenclature of IFNs

IFNs were initially classified based on cell types from
which they were derived, their chemical properties and their
antigenicity (Stewart, 1979). Three types of IFNs were
recognized: leukocyte (alpha), fibroblast (beta) and immune
(gamma). Whereas IFNs alpha and beta were acid-stable,
IFN-gamma was acid-labile. Such classification served the
purpose until the 1980�s. With the cloning of IFN mole-
cules this nomenclature has also evolved, recently being
based primarily on the structure of IFN genes and proteins.
In mammals, there are six IFN families designated alpha,
beta, gamma, delta, omega and tau. These IFNs have been

grouped into two separate classes: type I and II. The
type I IFN comprises IFN families alpha, beta, omega, tau
and delta, the type II IFN contains IFN-gamma only. These
two classes represent distinct structures of alpha-helical glob-
ular proteins (Figs. 1,2) recognized by distinct multicom-
ponent cellular receptors for type I and type II IFNs (Za-
vyalov et al., 1989; Farrar and Schreiber, 1993; Uzé et al.,
1995).

Characterization of IFN families

Type I IFNs represent a heterogeneous group of
polypeptides sharing sequence homology. They are divid-
ed into five families: alpha, beta, omega, tau and delta,
based primarily on divergence in nucleotide sequence and
antigenic distinctions. The number of genes and polypep-
tides in each family varies from species to species. Whereas
non-mammalian vertebrates (fish and amphibia) contain
only IFN-beta genes, other vertebrates contain both IFN-
alpha and -beta genes (Wilson et al., 1983). Type I IFNs
are encoded by a set of clustered intronless genes, a fact
which is rare for eukaryotic nuclear genes. In addition to
the identical three-dimensional (3D) structure (Zavyalov
et al., 1989; Senda et al. 1995), all the type I IFNs share
the stability at pH 2, bind to the same cellular receptor,
are inducible by viruses, and their functional unit is
a monomer. In the JAK-STAT signalling pathway,
type I IFNs induce the phosphorylation and activation of
the tyrosin kinases tyk-2 and Jak-1.

IFN-alpha is represented by a family of related polypep-
tides. They are produced after virus-induction especially by
peripheral blood leukocytes and haematopoetic cell lines.
IFN-alpha was first cloned by Nagata et al. in 1980 (Nagata
et al., 1980). Multigene families of IFN-alpha have been
detected in all mammalian genomes examined to date (Pest-
ka et al., 1987).

IFN-beta is historically the first discovered and first
cloned (Taniguchi et al., 1979) type of IFN. The IFN-beta
family is represented by a single gene in many species in-
cluding man. There are also species with two (horse, lion,
rabbit) or even more (swine, cattle) IFN-beta genes. Natu-
ral producers of IFN-beta are fibroblasts induced with vi-
ruses or double-stranded RNA. IFN-beta seems to be more
species-specific than IFN-alpha (DeMaeyer and DeMaey-
er-Guignard, 1988).

IFN-omega was described independently by three groups
of authors in 1985 (Capon et al., 1985; Feinstein et al., 1985;
Hauptman and Swetly, 1985). IFN-omega is widely distrib-
uted among mammals. It constitutes multiple genes in cattle,
horse and human, but apparently was deleted from the ca-
nine genome (Adolf et al., 1990). Functional IFN-omega pro-
tein consisting of 172 amino acids is a little bit longer than
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166-residue-long IFN-alpha/beta polypeptides. IFN-omega
is predominantly secreted by the same cells as IFN-alpha.

IFN-tau has been known as ovine trophoblast protein
until Imakawa et al. (1987) proved its relation to the
type I IFNs. This 172-amino-acid-long polypeptide exhib-
its the highest similarity to IFN-omega. IFN-tau is not read-
ily inducible by virus and is produced by the trophoblast of
the conceptus during a short period close to implantation.
It is the first type I IFN whose biological role was not pri-
marily antiviral. IFN-tau is expressed from a multigene fam-

ily which is restricted to ruminant ungulate species (e.g.
cattle, ovine, goat) (Leaman and Roberts, 1992).

IFN-delta was discovered only recently in pigs by Lefe-
vre and Boulay (1993). This IFN is produced by the tro-
phoblast during the period of implantation in uterus. The
mature polypeptide is 149 amino acids in length and repre-
sents smallest type I IFN. IFN-delta is derived from
a multigene family containing only a single funtional gene.
In other mammalian species, IFN-delta has not been detect-
ed yet.

Fig. 1
Structure of type I IFN (monomer)

Five alpha helices (A-E) are connected by loops. N- and C-termini are
indicated. Adapted from Mitsui et al. (1993).

Fig. 3
Phylogenetic tree of IFN

Estimated times of branch points in millions (mil.) of years.

Fig. 2
Structure of type II IFN (homodimer)

Twelve alpha helices (A-E, A�-E�, AB (2x)) are connected by loops. N-
and C-termini are indicated. Adapted from Mitsui et al. (1993).
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Type II IFNs comprise the only species, IFN-gamma,
which was discovered by Wheelock in 1965 (Wheelock,
1995). In contrast to the type I IFNs, IFN-gamma is acid-
labile and is inactivated at pH 2 in few minutes. Its induc-
tion occurs during immune reactions in mitogen- or anti-
gen-stimulated T or natural killer cells. Of particular im-
portance are the immunomodulatory effects of the IFN-gam-
ma, which is one of the few physiological inducers of the
histocompatibility class II antigen (Billiau, 1996). The ef-
fect of IFN-gamma is highly species-specific and is medi-
ated via the type II IFN receptor. In the JAK-STAT signal-
ling pathway, IFN-gamma induces phosphorylation and
activation of Jak-1 and Jak-2. IFN-gamma was cloned in
1982 (Gray et al., 1982; Devos et al., 1982). Only a single
gene for IFN-gamma which contains three introns and codes
for polypeptides shorter than other type I IFNs has been
detected in mammalian and avian species. The functional
unit of IFN-gamma is a homodimer and its 3D structure
was solved by Ealick et al. in 1991 (Ealick et al., 1991).

Evolution of IFN

The type I IFNs possibly evolved from a common pri-
mordial progenitor gene - ancestral IFN-beta - by gene
duplication. It has been estimated that the split of IFN-
alpha/beta genes could have happened just before the mam-
mals-birds/reptiles divergence about 310-400 million years
ago (Miyata et al., 1985; DeMaeyer and DeMaeyer-Guig-
nard, 1988) (Fig. 3). Since several mammals including man
contain multiple IFN-alpha gene loci, it appears that the
multiple loci had been established before the mammalian
radiation (85 million years ago), whereas the origin of their
sequences is new and goes back to a single ancestor about
40 million years ago (Miyata et al., 1985). As the next
evolutionary oldest type is considered IFN-delta, whose
ancestral sequence diverged from IFN-alpha gene about
180 million years ago, while IFN-omega and IFN-alpha
genes diverged about 120 million years ago (Capon et al.,
1985; Lefévre and Boulay, 1993). The IFN-tau genes
evolved from virus-inducible IFN-omega within the last
30-65 million years. Their most recent divergence could
explain why their existence in mammals is limited to ru-
minants (Leaman and Roberts, 1992). Each class of
type I IFN is encoded by a multigene family, but the rea-
son for the evolutionary selection of such gene families is
largely unknown.

Existence of the avian IFN-gamma indicates that the emer-
gence of the two principal types of IFN predated the diver-
gence of birds and mammals that had occured some 350 mil-
lion years ago (Digby and Lowenthal, 1995). Nevertheless,
an evidence for a common ancestral gene for type I and II
IFNs still lacks, and their evolutionary relationship remains

unclear. IFN-gamma shows no apparent homology in amino
acid sequence to type I IFNs. Although partial structural sim-
ilarity between human IFN-gamma and human IFN-alpha/
beta was already reported (DeGrado et al., 1982), their se-
quence alignment on the basis of predicted secondary struc-
ture does not indicate a significant homology. However, com-
parison of 3D structures of type I and II IFNs reveals some
similarity in folding topology of polypeptides (Ealick et al.,
1991). At present, the most significant evidence on the possi-
ble evolutionary relationship between type I and type II IFNs
comes from the structural homology between their receptors
(Bazan, 1990) and existence of the shared components used
in the signal transduction pathways of type I and type II IFNs
(Vilèek and Oliveira, 1994).

Acknowledgements. This work was supported in part by grants
Nos. 2/1245 and 5305/005 of Slovak Grant Agency for Science.

References

Adolf GR (1990): Monoclonal antibodies and enzyme immu-
noassays specific for human interferon (IFN)w1: Evi-
dence that IFN-w1 is a component of human leukocyte
IFN. Virology 175, 410�417.

Bazan JF (1990): Shared architecture of hormone binding domains
in type I and II interferon receptors. Cell 61, 653�654.

Billiau A (1996): Interferon-gamma: Biology and role in patho-
genesis. Adv. Immunol. 62, 61�130.

Borecký L (1983): Vírusy, imunita a interferón. Osveta, Martin
(in Slovak).

Borecký L (1992): Cytokines in health and disease. World J. Micro-
biol. Biotechnol. 8(1), 54�57.

Callard R, Gearing A (1994): The Cytokine. Academic Press, Lon-
don.

Capon DJ, Shepard HM, Goeddel DV (1985): Two distinct fami-
lies of human and bovine interferon-alpha genes are co-
ordinately expressed and encode functional polypeptides.
Mol. Cell Biol. 5, 768�779.

Darnell JE Jr, Kerr IM, Stark GR (1994): Jak-STAT pathways and
transcriptional activation in response to IFNs and other
extracellular signaling proteins. Science 264, 1415�1421.

DeGrado WF, Wasserman ZR, Chowdhry V (1982): Sequence and
structural homologies among type I and type II interfer-
ons. Nature 300, 379�381.

DeMaeyer E, DeMaeyer-Guignard J (1988): Interferons and Oth-
er Regulatory Cytokines. John Wiley, New York.

Devos R, Cheroutre H, Taya Y, Degrave W, Van Heuverswyn H,
Fiers W (1982): Molecular cloning of human interferon-
gamma cDNA and its expression in eukaryotic cells.
Nucleic Acids Res. 10, 2487�2501.

Digby MR, Lowenthal JW (1995): Cloning and expression of the
chicken interferon-gamma gene. J. Interferon Cytokine
Res. 15, 939�945.

Ealick SE, Cook WJ, Vijay-Kumar S, Carson M, Nagabhushan
TL, Trotta PL, Bugg ChE (1991): Three-dimensional



353 KONTSEK, P. & KONTSEKOVÁ, E: REVIEW

structure of recombinant human interferon-gamma. Sci-
ence 252, 698�702.

Farrar MA, Schreiber RD (1993): The molecular cell biology of
interferon-gamma and its receptor. Ann. Rev. Immunol.
11, 571�611.

Feinstein SI, Mory Y, Chernajovsky Y, Maroteaux L, Ni U, Lavie
U, Revel M (1985): Family of human alpha-interferon
like sequences. Mol. Cell. Biol. 5, 510�517.

Gray PW, Leung DW, Pennica D, Yelverton E, Najarian R, Si-
monson CC, Derynck R, Sherwood PJ, Wallace D, Berg-
er SL, Levinson AD, Goeddel DV (1982): Expression of
human interferon gamma cDNA in E. coli and monkey
cells. Nature 295, 503�508.

Hauptmann R, Swetly P (1985): A novel class of human
type I interferons. Nucleic Acids Res. 13, 4739�4749.

Imakawa K, Anthony RV, Kazemi M, Marotti KR, Polites HG,
Roberts RM (1987): Interferon-like sequence of ovine
trophoblast protein secreted by embryonic trophecto-
derm. Nature 330, 377�379.

Isaacs A, Lindenmann J (1957): Virus interference. I. The inter-
feron. Proc. R. Soc. Ser. B 147, 258�267.

Kontsek P (1994): Human type I interferons: structure and func-
tion. Acta Virol. 38, 345�359.

Leaman DW, Roberts RM (1992): Genes for the trophoblast in-
terferons in sheep, goat, and musk ox and distribution
of related genes among mammals. J. Interferon Res. 12,
1�11.

Lefévre F, Boulay V (1993): A novel and atypical type one inter-
feron gene expressed by trophoblast during early preg-
nancy. J. Biol. Chem. 268, 19760�19768.

Lockart RZ Jr (1973): Criteria for acceptance of a viral inhibitor
as an interferon and a general description of the biolog-
ical properties of known interferons. In NB Finter
(Ed.): Interferons and Interferon Inducers. North Hol-
land, Amsterdam, pp. 11�17.

Mitsui Y, Senda T, Shimazu T, Matsuda S, Utsumi J (1993): Struc-
tural, functional and evolutionary implications of the
three-dimensional crystal structure of murine interfer-
on-beta. Pharmacol. Ther. 58, 93�132.

Miyata T, Hayashida H, Kikuno R, Toh H, Kawade Y (1985): Ev-
olution of interferon genes. In I. Gresser (Ed.): Interferon.
Academic Press, New York, pp. 1�30.

Nagano Y, Kojima Y (1954): Pouvoir immunisant du virus vacci-
nal inactive par des rayons ultraviolets. C.R. Soc. Biol.
48, 1700�1702.

Nagata S, Taira TH, Hall A, Johnsrud L, Streuli M, Escodi J, Ball
W, Cantell K, Weissmann C (1980): Synthesis in E. coli
of a polypeptide with human leukocyte interferon activ-
ity. Nature 284, 316�320.

Pestka S, Langer JA, Zoon KC, Samuel CE (1987): Interferons
and their actions. Annu. Rev. Biochem. 56, 727�777.

Senda T, Saitoh S, Mitsui Y (1995): Refined crystal structure of
recombinant murine interferon-beta at 2.15 A resolution.
J. Mol. Biol. 253, 187�207.

Stewart WE (1979): The Interferon System. Springer Verlag, Berlin.
Stewart IIWE Blalock JE, Burke DC, Chany C, Dunnick JK, Fal-

coff E, Friedman RM, Galasso GJ, Joklik WK, Vilèek
JT, Youngner JS, Zoon KC (1980): Interferon nomencla-
ture. J. Interferon Res. 1, vi-vii.

Taniguchi T, Sakai M, Fujii-Kuriyama Y, Muramatsu M, Koba-
yashi S, Sudo T (1979): Construction and identification
of a bacterial plasmid containing the human fibroblast
gene sequence. Proc. Jpn. Acad. Ser. B 55, 464�469.

Uzé G, Lutfalla G, Mogensen KE (1995): Alpha and beta interfer-
ons and teir receptor and their friends and relations. J.
Interferon Cytokine Res. 15, 3�26.

Vilèek J, Oliveira IC (1994): Recent progress in the elucidation of
interferon-gamma actions: Molecular biology and biolog-
ical functions. Int. Arch. Allergy Immunol. 104, 311�316.

Wheelock EF (1965): Interferon-like virus inhibitor induced in
human leukocytes by phytohemagglutinin. Science 141,
310�311.

Wilson V, Jeffreys AJ, Barrie TA (1983): A comparison of verte-
brate gene families detected by hybridization with hu-
man interferon DNA. J. Mol. Biol. 166, 457�475.

Zavyalov VP, Denesyuk AI, Zavyalova GA (1989): Theoretical
analysis of conformation and active sites of interferons.
Immunol. Lett. 22, 173�182.



354

BOOK REVIEW

Oncogenes as Transcriptional Regulators

M. Yaniv, J. Ghysdael (Eds): Oncogenes as Transcriptional Regulators. Vol. 1: Retroviral Oncogenes. Vol. 2: Cell Cycle
Regulators and Chromosomal Translocation. Birkäuser Verlag, Basel - Boston - Berlin, 1997, pp. 249 (Vol. 1), 162 (Vol. 2).

Study of a transcriptional regulation of the gene expres-
sion has been one of the basic approaches leading in the last
decade to a better understanding of biological role of many
genes. To become ready to undertake such a study in newly
identified experimental systems, scientists have not only to
be able to use appropriate methods, but also to be aware of
a diversity of molecular mechanisms taking place during
the processes of transcriptional activation and repression
and of a variety of components participating in transcrip-
tional machinery.

Many transcriptional regulators play an important role
in molecular pathways that control cell proliferation,
differentiation and transformation. They are encoded by
genes defined either as oncogenes or as tumour suppressor
genes. These genes and their products attract a lot of
attention of scientific community due to their crucial position
in cellular processes. Currently published monograph
entitled �Oncogenes as Transcriptional Regulators�, edited
by M. Karin within a series �Progress in Gene Expression�,
represents a valuable source of many data on structure,
specificity of DNA binding, and function of target genes
regulated by transcriptional factors derived from viral and
cellular oncogenes and tumour suppressor genes. In addition
to these data, the book contains many schematic illustrations
for an easier understanding of described regulatory pathways
and a large list of relevant literature sources.

The monograph is divided into two volumes. The first
one consists of six chapters describing classical retroviral
oncogenes whose discovery was the first step to identifica-
tion of their cellular counterparts. The subjects of discus-

sion are products of myc, myb, ets, erbA, rel, fos and jun.
These transcriptional factors are activated upon mitogenic
stimulation and their oncogenic activity is frequently linked
to a block of differentiation. The team of authors that is
composed of renowned specialists in the field paid atten-
tion not only to transcriptional activation and/or repress-
sion mediated by these proteins, but also to signalling path-
ways leading to their oncogenic conversion, to functional
interactions of oncoproteins, their cross-talk with other tran-
scriptional factors, and to their non-transformational func-
tions, e.g. role of Myc in apoptosis.

The second volume is dealing with regulators of cell cycle
and products of tumour suppressor genes, namely EF2
transcriptional factors, Rb protein family and p53 protein.
Furthermore, the volume contains two chapters reviewing
consequences of chromosomal translocations that result in
chimeric proteins with aberrant or dual functions. Finally,
the editors decided to include a chapter on EBNA2, a viral
protein regulating transcription of both viral and cellular
genes that is essential for the immortalisation of human B
lymphocytes by the Epstein-Barr virus.

The authors of the monograph offer a complex picture
built up of up-to-date knowledge of the biological processes
studied at the level of transcriptional regulation. A detailed
analysis of data and intelligible text makes this book suitable
for both experienced investigators and those who are recently
entering the fields of molecular and cellular biology as well
as related areas of research.

 S. Pastoreková, Bratislava


