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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 4 0  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 t h e  1930 's ,  t he  viral  interference h a s  been  a well 

known p h e n o m e n o n  in virology. Viral interference means  

that  infect ion wi th  a n  avirulent o r  inactivated virus  protects 

cells f r o m  subsequent  infect ion wi th  live o r  (more)  virulent 

virus.  Dur ing  studies o n  viral interference in t he  1950's ,  

two  g roups  o f  authors  have  independently reported that  the  

interfering virus induced a soluble substance that m a d e  other 

cells resistant  t o  subsequent  viral  infection. Discovered as 

a vi rus  interference fac tor  in 1954 b y  N a g a n o  and  Koj ima  

in rabbits  (Nagano  a n d  Koj ima,  1954), this substance has  

b e c a m e  m u c h  m o r e  popula r  under  t he  n a m e  " interferon"  

(IFN) - a t e rm  coined fo r  a similar antiviral agent produced 

b y  chicken cells  b y  Isaacs and  Lindenmann three years  lat­

e r  (Isaacs a n d  Lindenmann,  1957). Ever  s ince the  discov­

ery, IFN presented bo th  a p romise  and a challenge to sci­

entists in  var ious  f ie lds  o f  biomedical  research. Dur ing  en­

su ing  years ,  i t  b e c a m e  c lear  that  t he  t e r m  " I F N "  covers 

a g roup  o f  prote ins  w i th  a broad  spect rum o f  effects ,  and 

that  t he  antiviral activity is only o n e  o f  m a n y  o f  IFN func ­

tions. Unti l  1980, m o s t  experiments  wi th  IFN have been  

pe r fo rmed  wi th  a material  o f  which  less than 1% was  t rue  

IFN.  Achievements  in  t he  f i e ld  o f  molecular  biology in  t he  

Abbreviations:  3D = three-dimensional; IFN = interferon; 
JAK = Janus kinase; STAT = signal transducers and activators of 
transcription 

early 8 0 ' s  led to  a qualitative shi f t  f r o m  the  s tudy  o f  IFN as  

a n  antiviral fac tor  whose  existence w a s  regarded b y  m a n y  

wi th  considerable scepticism t o  the  s tudy o f  I F N  as  exactly 

def ined  molecules  wi th  k n o w n  a m i n o  acid sequence.  

IFNs are  a fami ly  o f  inducible (glyco)proteins produced 

by vertebrate cells  ( f i shes ,  reptiles, birds and  m a m m a l s ,  

except  amphibia)  to  dif ferent  biologic  s t imuli  (Borecký,  
1983; DeMaeyerand DeMaeyer-Guignard, 1988). The abil­
ity to  induce IFN is not  an  exclusive proper ty  o f  viruses,  

IFN-inducers  include also bacteria,  mycop lasma  and  proto­

zoa,  certain cytokines,  mitogens ,  natural  a n d  synthetic dou -

ble-stranded R N A  and other  substances  (Borecký,  1983). 
Most IFNs are glycoproteins, however, their sugar  moiety 
has not an apparent structural or functional role (Kontsek, 
1994). Apart  f rom their antiviral activity, b y  which they were 
discovered, IFNs exert also other activities including inhi­
bition o f  cell growth,  ant i tumour  action,  ef fec ts  o n  cellular 

differentiation and  a w ide  r ange  o f  immunomodula to ry  e f ­

fects.  IFNs  are  not  t he  ef fec tor  molecules  in  their  own  right.  

They confer  pleiotropic activities a f te r  b ind ing  t o  spec i f ic  

receptors o n  the  surface  o f  target cells,  which  are  coupled 

to  intracellular s ignal  t ransduction and  second messenger  

pathways (Borecký,  1983; Pestka et ai, 1987; DeMaeyer 
and DeMaeyer-Guignard, 1988). A receptor to nucleus s ig ­

nal  transduction by  IFNs  involves the  activation o f  tyrosine 

kinases o f  the  Janus  k inase  (JAK) fami ly  a n d  the  phospho­

rylation o f  latent cytoplasmic transciption fac tors  - STAT 

proteins (the signal t ransducers and  activators o f  transcrip­

t ion) that dimerise and translocate f r o m  the  m e m b r a n e  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 etal., 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 Maeyerand DeMaeyer-Guignard, 
1988). 

Nomenclature o f l F N s  

IFNs were initially classified based on cell types from 
which they were derived, their chemical properties and their 
antigenicity (Stewart, 1979). Three types o f  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 tail. 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 o f  IFN famil ies  

Type I IFNs represent  a heterogeneous  g r o u p  o f  
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  o f  genes and polypep­
tides in each family varies f rom species to species. Whereas 
non-mammalian vertebrates (f ish 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  funct ional  uni t  is 
a m o n o m e r .  In t h e  JAK.-STAT s i g n a l l i n g  pa thway ,  
type I IFNs induce the phosphorylation and activation of 
the tyrosin kinases tyk-2 and Jak-1. 

IFN-alpha is represented by  a family o f  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 etal. in 1980 (Nagata 

et al., 1980). Multigene families of IFN-alpha have been 

detected in all mammalian genomes examined to date (Pest-

ka etal., 1987). 
IFN-beta is historically the first  discovered and first 

cloned (Taniguchi et al., 1979) type o f  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-
cr-Ouignard, 1988). 

IFN-omega was described independently by three groups 
of authors in 1985 (Capon et al., 1985; Feinstein etal., 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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Fig.  1 
Structure  o f  t y p e  I IFN ( m o n o m e r )  

Five alpha hcliccs (A-E) arc connectcd by loops. N- and C-termini arc F'g- 2 
indicated. Adapted from Mitsui et al. (1993). Structure o f  t y p e  II IFN ( h o m o d i m e r )  

Twelve alpha hcliccs (A-E, A ' - E \  A B  (2x)) arc conncctcd by  loops. N-
and C-tcrmini arc indicated. Adapted from Mitsui et al. (1993). 

type I 

IFN 

3 5 0  mil.  y e a r s  type II 

310-400 mil .  years 

1 2 0  mil.  y e a r s  

3 5 - 6 5  mil.  y e a r s  

1 8 0  mi l .  y e a r s  

beta tau omega alpha delta gamma 

Fig.  3 
Phylogenetic tree  o f  IFN 

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

166-residue-long IFN-alpha/beta polypeptides. IFN-omega 
is predominantly secreted b y  the same cells as  IFN-alpha. 

IFN-tau has  been known as  ovine trophoblast protein 
until I m a k a w a  et al. ( 1 9 8 7 )  proved  its relation to the 
type I IFNs.This  172-amino-acid-long polypeptide exhib­

its t he  h ighes t  similari ty t o  IFN-omega.  IFN-tau is no t  read­

ily inducible b y  virus  a n d  is p roduced  b y  the  trophoblast o f  

t he  conceptus  dur ing  a short  period close to  implantation. 

It is the  f i r s t  t y p e  I IFN w h o s e  biological role  was  no t  pri­

marily antiviral. IFN-tau is expressed from a multigene f a m ­

ily which  is restricted t o  ruminant  ungulate  species (e.g. 

cattle, ovine, goat)  (Leaman  and Roberts ,  1992). 

IFN-delta. was  discovered only recently in  p igs  b y  Lefe -

v re  and  Boulay (1993).  This  IFN is produced by  the  tro­

phoblast dur ing the  per iod o f  implantat ion in uterus.  T h e  

mature  polypeptide is 149 amino  acids  in  length and  repre­

s e n t s  s m a l l e s t  t y p e  I I F N .  I F N - d e l t a  i s  de r i ved  f r o m  

a mult igene fami ly  containing only a s ingle funt ional  gene.  

In  other mammal ian  species,  IFN-del ta  h a s  no t  b e e n  detect­

ed yet. 
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Type II IFNs comprise the only species, IFN-gamma, 
which w a s  discovered b y  Wheelock in 1965 (Wheelock, 
1995). In contrast to the type I IFNs, IFN-gamma is acid-
labile and is inactivated at pi I 2 in f e w  minutes. Its induc­

tion occurs  dur ing  immune  reactions in mitogen- o r  anti­

gen-st imulated T o r  natural killer cells. O f  particular im­

portance are  the immunomodulatory effects o f  the IFN-gam-

ma ,  which  is o n e  o f  the  few physiological inducers o f  the  

histocompatibil i ty c lass  II antigen (Billiau, 1996). T h e  ef ­

fec t  o f  IFN-gamma  is highly species-specif ic  and  is medi­

ated v ia  the  type  II IFN receptor. In the  JAK-STAT signal­

l ing pathway,  I F N - g a m m a  induces  phosphoryla t ion  a n d  

activation o f  Jak-1 a n d  Jak-2 .  IFN-gamma was cloned in 

1982 (Gray  et al., 1982; Devos  el al., 1982). Only  a single 

gene  fo r  IFN-gamma which contains three introns and  codes 

fo r  polypeptides shorter  than other  type  I IFNs  has  been 

detected in mammal i an  and  avian species.  T h e  functional  

unit o f  IFN-gamma is a homodimer  and its 3 D  structure 

was  solved by Ealick  et al. in 1991 (Ealick  et al., 1991). 

Evolution o f  I F N  

T h e  type  I I F N s  possibly evolved f r o m  a c o m m o n  pri­

mordia l  progeni tor  g e n e  - ancestral  IFN-beta  - by  gene  

dupl ica t ion .  It h a s  been  es t imated that t he  split o f  IFN-

alpha/beta genes  could have happened ju s t  before  the  m a m ­

mals-birds/repti les divergence about  310-400 mill ion years  

a g o  (Miya ta  et al., 1985; DeMaeye r  and  DeMaeyer -Guig-

nard, 1988) (Fig. 3). S ince  several m a m m a l s  including m a n  

conta in  mul t ip le  IFN-a lpha  g e n e  loci, it appears  that  t he  

mul t ip le  loci h a d  been  establ ished be fo re  the  mammal i an  

radiation (85  mil l ion years  ago) ,  whereas  the  origin o f  their  

s equences  is n e w  and  goes  back  t o  a s ingle  ances tor  about  

4 0  mi l l ion  years  a g o  (Miya ta  et al., 1985). A s  the  next  

evolu t ionary  o ldes t  t ype  is considered IFN-del ta ,  whose  

ancestral  s equence  diverged f r o m  IFN-alpha g e n e  abou t  

180 mil l ion  yea r s  ago ,  whi le  IFN-omega  a n d  IFN-alpha 

g e n e s  d iverged abou t  120 mil l ion years  a g o  (Capon  et al., 

1985;  L e f č v r e  a n d  Boulay,  1993).  T h e  IFN-tau g e n e s  
evolved f rom virus-inducible IFN-omega within the last 
30-65 million years.  Their most  recent divergence could 
explain w h y  their existence in mammals  is limited to ru­

m i n a n t s  ( L e a m a n  a n d  R o b e r t s ,  1992) .  E a c h  c l a s s  o f  

type  I IFN is  encoded  by a mul t igenc  family,  bu t  the  rea­

son fo r  the  evolut ionary  select ion o f  such g e n e  famil ies  is 

largely unknown.  

Existence o f  the avian IFN-gamma indicates that the emer­

gence  o f  the two principal types o f  IFN predated the diver­

gence  o f  birds and mammals  that had occured some 350 mil­

lion years  a g o  (Digby and Lowenthal, 1995). Nevertheless, 

an evidence fo r  a c o m m o n  ancestral gene for type I and II 

IFNs still lacks, and their evolutionary relationship remains 

unclear. IFN-gamma shows n o  apparent homology in amino 

acid sequence t o  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 o f  predicted secondary struc­

ture does not indicate a significant homology. However, com­

parison o f  3 D  structures o f  type  I and II IFNs reveals some 

similarity in folding topology o f  polypeptides (Ealick  et al., 

1991). At  present, the mos t  significant evidence on  the  possi­

ble evolutionary relationship between type I and type II IFNs 

comes  f rom the structural homology between their receptors 

(Bazan, 1990) and existence o f  the  shared components  used 

in the signal transduction pathways o f  type I and type II IFNs 

(Vilček and Oliveira, 1994). 
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