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ABSTRACT

Interferons are member of cytokines family that alter a broad range of cellular activities. These are low molecular
weight, host encoded proteins or glycoproteins that induce a series of interferon stimulated genes that code for anti-
viral proteins. There are three classes of interferons that can induce interferon stimulated genes, type 1 with alpha
and beta, type 2 includes only gamma and type 3 with only lambda interferons. At first interferon was isolated
from animals for therapeutic uses but now it is produced either by genetic engineering or by natural methods its
production is induced in cell cultures. In host cells Viruses, Polymers, Small molecules, Bacteria, Immunogens and
many others act as inducers for IFNs production. INFAR are the receptors for interferon binding. Type-1
interferons exert diverse biological effects. Most important among these effects is anti-viral activity that controls
virus replication and pathogenesis. Interferons promote antiviral and antibacterial innate immunity and on the other
hand they also suppress immune response by anti-inflammatory cytokines. Type-I1l interferons are the components
of innate immune response against HCV. This review focuses on brief introduction of interferon, what are the
inducers of interferon production, its mode of action and different applications of interferons by which it is used to
enhance public health standards.

KEYWORDS: Cytokines, INFAR, alpha Interferon, beta Interferon, gamma and lambda Interferon.

INTRODUCTION Lindenmann in 1957, it was found that if cells were
treated with heat killed viruses that cells were able to
resist infection by live virus. Experiment included
release of soluble anti-viral factors by treating cells of
chick chorioallantoic membrane with heat inactivated
influenza virus A. They showed that factor which is
involved is not specific for virus type and this factor
induces anti-viral state. The factor was nhamed
“Interferon”. They were named so because they interfere
with replication of live viruses, establishment of
interference was due to release of interferon (Isaacs and
Lindenmann, 1957). Fig 1 shows experiment performed
by Isaacs and Lindenmann that lead to discovery of
interferons. And stepwise research related to interferon is
summarized in table number 1.

IFNs are members of cytokine family and cytokines are
cell active molecules formed by a wide range of cells,
perform their function by interacting with cells and
altering their behavior. IFNs are secreted molecules that
represent one of the cell’s first lines of defense against
pathogens. These are low molecular weight proteins or
glycoproteins depending upon species of origin and
whether they are produced naturally or recombinally.
These interferons are produced by all vertebrate cells
(Wilson et al., 1983) and perform many functions in cells
including interfering viral replication, cell growth and
immune response stimulation.

Interferon was the first cytokine to be discovered. Viral
interference, a phenomenon in which replication of one
type of virus in a cell prevents replication of other types
of viruses in same cell. This phenomenon was first
described in 1935 (Hoskins, 1935). Study of this
phenomenon lead to discovery of interferons. Vial
interference was first reported by Jenner in 1804 when
vaccination remained unsuccessful in patients that
suffered from herpetic affections. And second time it was
more properly reported by experiments of Isaacs and
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Fig 1: Experiment by Isaacs and Lindenmann that
lead to discovery of interferon.

Three species of interferons are alpha a (leucocyte), beta
B (fibroblast) and gamma y (immune). Other than these
there are lambda interferons. These species differ from
each other in cellular origins, biological, antigenic and

Table 1: History of research on interferon.

physicochemical properties. Alpha and beta interferons
are called type | interferons and gamma interferons are
type Il interferons, lambda interferons are type IlI
interferons. Generally type | interferons are acid stable
and type Il interferons are acid labile (Langford et al.,
1979). Type | interferons are produced by all nucleated
cells. In in vitro experiments alpha interferons are
released by stimulated leukocyte or Lympho-blastoid
cultures and beta interferons are produced by fibroblasts
or epithelial cells. Production of alpha and beta
interferons is stimulated by bacteria, bacterial product,
viruses, antigens, polymeric chemicals and foreign
nucleic acids (Epstein, 1979). Whereas gamma
interferons are true lymphokines as these type Il
interferons are released from T-lymphocytes after
stimulation by IL-2, mitogens and antigens (Epstein,
1981). There are 15-17 genes in humans for alpha
interferons, two or more beta interferon genes and only
two gamma interferon genes (Allen et al., 1980).

Date Event

1957 Type | IFNs were discovered.

1964 Type Il IFNs were discovered.

Mid-1960s Human IFNs in treatment of viral infection was used as first trial.

Early 1970s Human IFNs in treatment of malignant disease was used for the first time.
Mid- 1970s Type | IFNs were purified.

1979 to early 1980s | IFN genes were cloned and expression was studied.

1982 It was demonstrated that IFNy is a T cell lymphokine.

1980s It was demonstrated that IFNs play wide biological effects in immune system.
1980s Extensive clinical trials show that IFNs have little therapeutic efficacy

Early 1990s IFN signal transduction mechanisms were defined.

Early 1990s Gene knockout experiments confirm importance of IFNs in resistance to infectious diseases
1997 Worldwide sales of IFNs exceed US$2 billion dollars annually

Production of Interferon

Interferons can be produced on large scale by
recombinant DNA technology and it can be obtained by
natural sources (Cantell and Hirvonen, 1978). Natural
sources for production of interferons are cells. Cells in
culture are stimulated for production of natural
interferons (native interferon) and then interferon is
purified from supernatant. This stimulus can be any
virus, when cells are infected they produce interferon. In
a series of activities interferons are produced by
recombinant DNA technology. This type is of pure
quality as compared to natural sources. Because in
natural method when interferon is collected from cell
culture this is in form of mixture of different types of
interferons and other lymphokines (Vilchek et al., 1983).
Commonly viruses are used to induce production of IFNs
in cell culture. Although single stranded RNA are good
inducers for production of IFNs but double stranded
RNA are best inducer for production (Cantell and
Hirvonen, 1978). When culture of cells are infected these
cells retain RNA of virus as transcriptive intermediates.
And induce production of interferon. Viruses irradiated

with UV light are also used to induce interferon release
from cell (Portner and Kingsbury, 1972).

Induction

There are many substances that can induce interferon
production these substances include both living and non-
living agents: Viruses, polymers, small molecules,
bacteria, immunogens plant phyto-hemagglutinin, a
fungal cell wall carbohydrate, bacterial endotoxin and
mitogens. Most active inducer of interferon is double
stranded RNA. It triggers induction of interferon and it is
analog of a viral replicative intermediate. Some factors
control inductive property of double stranded RNA
which are temperature, molecular weight and nuclease
resistance (Pitha and Hutchinson, 1977). Different
viruses have variable interferon inducing capacity and
this capacity varies with virulence of virus. Synthetic
anionic plastic copolymers, bacteriophage, double
stranded synthetic ribonucleotide homopolymers and
double stranded RNA isolated from Helanine (a fungal
virus) all these can stimulate interferon (Ruiz-Gomez and
Isaacs, 1973).
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Induction of interferon is a regulated process in which
maximum induction can be easily achieved even after a
minor and short time duration exposure. Together with
this now cell becomes hyporesponsive for induction.
‘Priming’ is pretreatment of cell with release of
interferon after induction. If inhibitors of RNA or protein
synthesis are used an effect opposite to hypo -
responsivity can be achieved. This effect is called super-
induction. Once interferon production is started now
metabolically labile repressors are required to suppress
its release. After the cell interferes with inducers, mRNA
of interferon is translated. The mRNA of interferon is the
only protein in eukaryotic cell that has ability to be
translated in cell free system (Pestka et al., 1975). Super-
induction is a phenomenon in which synthesis of
interferon is increased and metabolic stability of
interferon MRNA is also increased. It is found that
catabolic pathway of RNA which is usually present in
interferon activated cells is not correlated with decay of
interferon MRNA. It was noticed that during priming
although this catabolic pathway has also started but this
pathway has no effect on stability of interferon (Sehgal
and Gupta, 1980). But opposite to this in priming a large
increase in translatable interferon mRNA occurs. This
interferon  MRNA translation is not effected by
reticulocyte lysates. This enzyme that inhibits translation
of double stranded RNA (Lebleu et al., 1978).

Mode of Action

If inhibitors of RNA and Protein synthesis are added to
interferon producing cell then effect of interferon can be
blocked on target cell. Interferon when produced it
stimulates production of another protein which is ‘anti-
viral protein’ because this protein protects from viral
infection. This protein inhibits synthesis of viral proteins

on ribosomal level. So viral proteins are not formed.
Although target cell may be destroyed but replication of
virus and further spread of virus to others cells is stopped
now. A new protein appears in interferon treated cells on
ribosomes (Marcus and Salb, 1966). ‘Stimulon’ or
‘enhancers’ are virus induced proteins these proteins
inhibit interferon action thus promoting replication of
viruses. On the other hand ‘Blockers’ are those proteins
by which action of interferon remains unaffected but it
blocks further production of interferon. And these
proteins are not sensitive to proteolytic enzymes (lsaacs
et al., 1966). Activity of interferon can be inhibited by
using different substances for example 40 percent fetal
calf serum or 5 to 10 percent dimethyl-sulfoxide
(DMSO) (llcek and Lowy, 1967).

Stimulus (viral | non-viral)
Few interferon molecules are svathesized that act on cistron of host cell
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Fig 2: mode of action of interferon.

On the other hand there are some materials that enhance
activity of interferon one example is ‘Coferon’ this is a
protein extract from E.coli and it is active in vitro to
promote activity of interferon. Another example is poly
L-ornithine, poly-cationic nature of poly L-ornithine
allows greater penetration of interferon into treated cells

(Tilles, 1967). Fig number 2 illustrates how interferon
works. All viruses are sensitive to interferon but their
sensitivity varied from one another. Most resistive
viruses that are inhibited by interferon but to lesser
extent are Adenovirus and Cytomegalovirus. Reason
behind this resistivity is perhaps similarity in RNAs of
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cell and these viruses. Therefor these are translated by
ribosomes as they are detected as cellular RNA (Oxman
et al., 1967). Trachoma conjunctivitis group which are
more like bacteria than viruses in their replicative cycle,
they also have their own ribosomes they are also
inhibited by interferon (Hanna et al., 1966). Toxoplasma
gondii, a protozoan is also inhibited in tissue culture by
purified interferon. P. Berghei malariae is also inhibited.
It was noticed that once anti-viral activity of interferon is
started then if interferon is separated from tissue culture
then this anti-viral activity is retained for 28 hours and
then started to decline. And after interferon is added
increase in protection is checked after seen hours. This
protection is maintained only when transcription and
translation of interferon gene is continued. But if mMRNA
synthesis and protein synthesis is blocked then this
activity is stopped (Baron et al., 1967).

Temperature required for activation of interferon
function in chick cells is 37°C (98.6 °F). Effect of
interferon was also checked against DNA virus. It was
found that interferon reduces concentration of DNA
polymerase and viral DNA (Levine et al., 1967).
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Replication of mature virus in host cell requires many
enzymes, all these enzymes are inactivated by interferon,
for example vaccinia virus requires alkaline DNAse, and
this enzyme is also inhibited (Bodo and Jungwirth,
1967). Interferon also effects oncogenic virus, e. g; in
newborn hamsters interferon inhibited tumor formation
by polyoma virus and in chick cells by Rous sarcoma
virus (Bader, 1962). If ribosomes are isolated from
interferon treated cells these ribosomes contain different
proteins than normal cells. These ribosomes also have
ability to distinguish between viral and cellular genetic
material. And this ability by which they distinguish can
be inhibited by trypsin.

Applications of Interferons

Antiviral activity

Interferon acts in different ways. It activates series of
enzymes by which viral replication is stopped. These
enzymes effect transcription, translation, protein
synthesis and viral assembly. Some of these inhibitory
enzymes and their actions are given in following figure
No. 3.
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Fig 3: Effect of Interferon on viral replication.
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Different families of mammalian viruses use different
ways and strategies for replication, and IFNs also effect
different viruses in different way. It is dependent on type
of virus that which step of virus replication will be
effected. Interferons are released from cell after
glycosylation and this addition of carbohydrate occurs in
membranous structures before they are released (Ng et
al., 1972). IFNs are released from cell prior to formation
of antibodies so that against a specific virus interferons
are present prior to antibodies (Gerber et al., 1978).
Interferons do not directly interfere with virus particles
but they exert their effect on infected cell make a cell
able to stop viral replication in different ways. Several
enzymes are changed some are activated and some are
stopped so that a cell retains anti-viral state (White,
1984). For example enzymes that are activated are oligo
A synthetase (2-5A synthetase), endoribonuclease
(RNase L), and protein kinase. When oligo A synthetase
is activated it activates endoribonuclease that results in
destruction of cellular mRNA and rRNA. Protein kinase
inactivates elF-2 by phosphorylation, elF-2 is the peptide
chain initiation factor so viral and cellular protein
synthesis is inhibited (Besancon and Ankel, 1974).
Elongation of viral protein is stopped due to action of
phosphodiesterase and post-translational modification of
viral proteins is stopped due to action of
Glycosyltransferase. So IFNs induce a series of enzymes
and all these enzymes exert their effect in different way.
Interferon interact with cell by receptors after attachment
fluidity of cell membrane decreases this electrophoretic
mobility change then lead to effect viral attachment
maturation and release (Castiglia et al., 2016).

Antibacterial activity

INFs also play a protective role as anti-bacterial
molecules e. g; Alpha type of interferon play a role as
critical resilience-promoting cytokines in infection with
different streptococcal species (Besancon and Ankel,
1974). Several bacterial, fungal and viral infections
induce production of IFN-alpha. Gram negative bacterial
cell wall has LPS lipopolysaccharides that stimulate
IFNs and bacterial nucleic acid also induce IFNs
(Carrero et al., 2006). This type of interferon induce
hundreds of different Interferon Stimulated Genes (ISG)
by activating transcription factors e. g; the homodimeric
STAT1 and the heterotrimeric STAT1-STAT2-IRF9
(i.e., ISGF3) transcription factors. Bacterial DNA
induces production of beta type of interferons. There are
different pathways for its induction, most common of
which is cytosolic DNA sensor cyclic GMP-AMP
synthase. This pathway is described for Francisella
novicida, group B streptococcus (GBS) (Streptococcus
agalactiae), Legionella  pneumophila, Listeria
monocytogenes, Mycobacterium  tuberculosis, and
Neisseria gonorrhoeae (Andrade et al., 2016).

Three types of IFNs (alpha, beta and gamma) effect
division of both normal and tumor cells. Rate of division
is reduced by IFNs (Czarniecki et al., 1984). But it is
found that the growth rate of rapidly dividing cells is

more effected as compared to rate of normally dividing
cells. So interferon can be used as antineoplastic agent.
But this inhibition of cell growth is more by natural IFNs
than that of recombinant IFNs (Stebbing et al., 1981).
Anti-proliferative effect differs among different species
of interferon. Natural gamma interferons have more anti-
proliferative effect than natural alpha and beta
interferons. Anti-proliferative effects of IFNs is due to
elongation and extension of phases of growth G;, S and
G, phase. IFNs have more effect on early events of G;
than S and G, phases. For example interferon induces an
enzyme, 2-5 A synthetase that in turn activates 2-5
oligoadenylate, this enxyme causes delay in entry to S
phase of cell division (Kimchi et al., 1979).

IFNs and immune response

Interferons and their preparations stimulate process of
phagocytosis and also induce antibody production.
Interferons induce antibody production, gamma
interferons are more potent in this aspect than other
types. Exposure time and doses of interferons are factors
that control antibody production. If interferons are added
to cells prior to antigen exposure they suppress antibody
production and stimulate production if added in cells
after antigen exposure. If interferons are added to
patients, low doses induce more antibodies than do high
doses. Interferons can regulate differentiation of
macrophages (Vogel and Friedman, 1984). Non-specific
and receptor mediated macrophages, both are stimulated
by interferons. Gamma interferons and macrophage
activating factor that are lymphokines derived from T-
cells are identical molecules. Antibody dependent cell
mediated cytotoxicity a process in which macrophages,
neutrophils and killer cells cause lysis of antibody coated
cells (viral infected cells and tumor cells). And on the
other hand Natural Killer cells lyse tumor cells and other
viral infected cells in absence of antibodies. This process
of Antibody dependent cell mediated cytotoxicity
increased by alpha and beta interferons. And three types
of interferon increase cytotoxicity by natural killer cells
(Droller et al., 1979).

Cross species activity of interferon

Interferons are generally thought to be species specific
but in cross species activity interferons have defined host
range. Alpha, beta and gamma all have cross species
activities. But their host range differs. There is a little
effect of phylogenetic relations on IFNs cross species
reactivity. Interferons are more effective on cells of
distantly related species than similar species. For
example human’s leukocyte interferon if injected in
monkey, bovine or feline cells there will be more effect
on bovine and feline than on monkey (Ahl and Ramp,
1976).

Type | Interferons

Type-1 interferons that include alpha and beta type of
interferons provide a sophisticated system that governs
early defense mechanisms to provide protection from
microbial functions and provide assistance in adaptive
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immune response. INFAR are the receptors of INF-1. 13
are the sub species of interferon alpha in humans. IFN-1
also performs potent immune modulatory functions
together with inhibiting viral propagation. IFN-1
regulates MHC-1 expression in various cells (Lindahl et
al., 1976). This expression is required for optimal
stimulation, differentiation and expansion of T-cells.
Dendritic cells are activated by autocrine functions of
IFN-1 and their T-cell stimulating capacity is enhanced.
IFN-1 also has stimulatory effect on CD8 T-cells,
enhancing their proliferation. Time for which IFN-1
exposes with CD8 t-cells determines magnitude of
response (T-cell activation). As IFN-1 effects T-cells it
also effects B-cells. INF-1 signaling inhibits survival and
maturation of immature B-cells. And it promotes B-cell
activation and antibody production (Lin et al., 1998).
IFN-1 has both protective and pathogenic control in viral
acute infection. Some viral proteins prevent IFN-1
production and signaling or one of both, despite these
proteins an elevated level of type 1 interferon is seen
after acute viral infection. Thus interferon-1 influence
virus control. Despite viral proteins that inhibit interferon
production, a robust increase in concentration is seen
after viral infection. For curbing viral replication and
inhibiting viral pathogenesis type 1 interferons are
necessary. Experiments in which anti-IFN-B and anti-
IFN-a neutralizing antibodies were used against West
Nile Virus their results reveal that IFN-a is necessary for
controlling virus replication and pathogenesis. In
pathogenic control, many pro-inflammatory cytokines
and chemokines are produced due to INFARL1 signaling.
And these control viral infection and pathogenesis
(Davidson et al., 2014).

Some events characterize chronic infection. Chronic
immune activation, negative immune regulator
expression, an elevated interferon concentration and
Ilymohid tissue destruction are the events that occur in
persistent or chronic infection of virus. A highly increase
concentration of IFN-1 is seen HIV and HCV infection
in humans and non-human primates also in Lymphocytic
Choriomeningitis Virus in mice (Hahm et al., 2005). So
IFN-1 therapy is beneficial in persistent viral infection.
IFN-1 therapy can be used in both acute and chronic
viral infection.

Type Il Interferons

IFN-y is the only member of type II interferon. In
contrast to type | interferons that are secreted by all
infected and damaged cells, IFN-y is secreted by
activated T-cells, NK cells and other activated immune
cells in neurodegenerative and neuro-inflammatory
conditions and in return they activate other immune cells
and enhance MHC-I and MHC-II expression and add up
in net immunity (Steimle et al., 1994). It clears
neurotropic viruses such as measles viruses from
neurons. In neural diseases it helps in neurodegeneration.
It acts to modifies activity of Neural Stem or Progenitor
Cells.

When [FN-y is secreted it binds with its receptors
IFNGR (IFN-y receptors). There are two subunits for this
receptors IFNGR1 and IFNGR2. If IFN-y binds with
IFNGR it will hetrotetramerize this receptor and activate
kinases. For example Janus Associated Kinases JAK that
will phosphorylate STAT1 (among STATSs family, IFN-y
effects STATL). It will translocate to nucleus and then
will activate IFN-y stimulated genes. There are 500
different such genes. Viral clearance, inflammatory
control and cell growth control are different functions of
these genes (Ramana et al., 2002).

IFN-y when overexpressed it cause pro-inflammation
and damaging effects but when expressed in lower
concentration it has protective and regulatory role in
neuronal inflammation. There are two types of glial cells
(that provide functional support to neurons) in CNS:
microglia and macroglia (including astrocytes,
ependymal cells and oligodendrocytes).
Oligodendrocytes are myelin producing cells and IFN-y
play critical role in determining survival of
oligodendrocytes. Low level of IFN-y is helpful for
oligodendrocytes in oxidative stress and also enhance
proteasome activity. These two factors cause apoptosis
of oligodendrocytes (Balabanov et al., 2007). Microglia
control inflammation, neural modulation and repair.
Their phagocytic activity is enhanced by IFN-y. Which
also enhances MHC-II expression and as a result these
behave as antigen presenting cells, leading to
inflammation and demyelination (Merson et al., 2010).
Astrocytes control brain homeostasis. And maintain
structure and function of brain blood barrier. If astrocytes
are exposed to IFN-y these cells will induce myelin
specific T-cells and Thl differentiation. IFN-y effects
innate immune cells and effector memory cells. Normal
conc. of interferon gamma re important for optimal
functions of innate immune cells. And it is also critical
for survival and functioning of memory cells. Innate
immune cells mechanisms are enhanced by IFN-y
priming. These are the multipotent populations of cells in
brain. NSPCs proliferation and differentiation is
controlled by JAK-STAT family. That is controlled by
IFN-y. Interferon gamma controls NSPCs function by
activating STAT family of proteins. That will inhibit
NSPCs proliferation because G1 phase of cell cycle is
stopped. So interferon gamma has anti-proliferative
effects on NSPCs (Avalle et al., 2012).

Type Il Interferons

This type of interferon includes only lambda (L)
interferons also called IL-28 or 1L-29 for which there are
four ligands from IFNL-1 to IFNL-4. IFNL-1 is also
called 1L-29, IFNL-2 is IL-28A, IFNL-3 is IL-28B and
IFNL-4. First three ligands from IFNL 1-3 are more
similar to each other and IFNL4 is different from these
only share 40.8% similarity in amino acid sequence with
IFNL3. Type 2 myeloid dendritic cells are the main
source of IFN-A (Zhang et al., 2013). Anti-viral in vivo
activity of type Il interferon is more apparent against
those viruses that infect epithelial cells of respiratory,
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gastrointestinal and urogenital tract. If we see mode of
action of type three interferons, after its secretion IFN-A
binds to its receptor IFNLR (having two subunits one is
a and other is B-subunit) binding affinities for these
subunits differ from IFNL 1-4. Janus kinase 1 and
Tyrosine kinase 2 become activated after binding. These
kinases phosphorylates STAT-1 and STAT-2. And many
IFN stimulated genes are activated (Egli et al., 2014).

In respiratory epithelial cells, IFN- A receptors are
expressed in high amount. Mice exhibited decreased
inflammatory response and lowered viral titre when
human meta-pneumovirus (HMPV) was injected in mice
cells treated with IFN-A (Banos-Lara Mdel et al., 2015).
When human myeloid and bronchial cells are treated
with rhinoviruses these cells produce a high amount of
IFN-X and this interferon lambda will inhibit replication
of rhinovirus in bronchial epithelial cells. When humans
were inoculated with rhinovirus, it was found that there
is an inverse relation in conc. of interferon lambda and
virus load and also with severity of disease (Contoli et
al., 2006). Type | and type Il interferons are produced
by respiratory epithelial cells (Mahlakoiv et al., 2015)
whereas epical and basolateral surfaces cultured cells
respond to type Il interferons (Fox et al., 2015;
Hamming et al., 2013).

Due to HCV and HBV infection there is great concern
with role of type Il interferon in liver. These two viruses
stimulate production of IFN-A rather than that of type |
interferons. And INFLR (receptors for interferon
lambda) are present in high amount in liver (Sato et al.,
2015). Different protective alleles of interferon lambda
pose different effect against HCV. For example one
allele from promotor of type Il interferon lambda gene,
controls infection of HCV by promoting Interferon
Stimulated Genes (Tanaka et al., 2009). And an
unfavorable allele is formed as a result of elevated levels
of interferon stimulated genes that allele will code for
protein that in result will render antiviral activity
(Sheahan et al., 2014). GIT is a main site were microbes
attack, and in mice stomach and intestine there is great
amount of IFNLR1 (Sommereyns et al., 2008).
Gastrointestinal tract epithelial cells are the main
effectors after production of IFN-A (Pott et al., 2011).

CONCLUSION

Interferons play crucial role in body as they maintain
anti-viral state in body. IFNs have broad spectrum of
effects on different cells including neurons, immune cells
and other normal cells of body. There are many inducers
for interferon production either by using these inducers
interferon can be produced naturally or it can be
produced by using genetic engineering. IFNs have
numerous applications in body and use of synthetic
interferon can be helpful in combating a no. of viral
diseases.

ACKNOWLEDGEMENTS

The author acknowledges Vice chancellor of
Government College University Lahore and Director of
Institute of Industrial Biotechnology, Government
College University for their services to promote research
in department.

REFERENCES

1. Ahl R, Rump A. Assays of bovine interferons in
cultures of the porcine cell line I1B-RS-2. Infect.
Immun, 1976; 14(3): 604-606.

2. Allen G, Fantes K.H. A family of structural genes
for human lymphoblastoid  (leukocyte-type)
interferon. Nature, 1980; 287: 408-411.

3. Andrade W.A, Agarwal S, Mo S, Shaffer S.A,
Dillard J.P, Schmidt T. Type | interferon induction
by Neisseria gonorrhoeae: dual requirement of
cyclic GMP-AMP synthase and Toll-like receptor 4.
Cell Reports, 2016; 14(15): 2438-2448.

4. Avalle L, Pensa S, Regis G, Novelli F, Poli V.
STATL1 and STATS3 in tumorigenesis: a matter of
balance. JAKSTAT, 2012; 1(2): 65-72.

5. Bader J. Production of interferon by chick embryo
cells exposed to Rous sarcoma virus. Virology,
1962; 16: 436-443.

6. Balabanov R, Strand K, Goswami R, McMahon E,
Begolka W, Miller S.D. Interferon gamma
oligodendrocyte interactions in the regulation of
experimental autoimmune encephalomyelitis. J.
Neurol. Sci., 2007; 27(8): 2013-2024.

7. Banos-Lara M.R, Harvey L, Mendoza A, Simms D,
Chouljenko V.N, Wakamatsu N, Kousoulas K.G,
Guerrero-Plata A. Impact and regulation of lambda
interferon response in human metapneumovirus
infection. J. Virology, 2015; 89: 730-742.

8. Baron S, Buckler C.E, Levy H.B, Friedman R.M.
Some factors affecting the interferon induced
antiviral state. Proc. Soc. Experim. Biol. Med., 1967;
125(4): 1320-1326.

9. Besancon F, Ankel H. Bindings of interferon to
gangliosides, Nature, 1974; 52: 478-480.

10. Bodo G, Jungwirth C. Effect of interferon on deoxy-
ribonudease induction in chick fibroblast cultures
infected with Cowpox virus. J. Virology, 1967; 1(3):
446-471.

11. Cantell K, Hirvonen S. Large-scale production of
human leukocyte interferon containing 10" units per
ml. J. Gen. Virol, 1978; 39(3): 541-543.

12. Carrero J.A, Calderon B, Unanue E.R. Lymphocytes
are detrimental during the early innate immune
response against Listeria monocytogenes. J.
Experim. Med., 2006; 17(203): 933-940.

13. Castiglia V, Piersigilli A, Ebner F, Janos M,
Goldmann O, Dambock U. Type | interferon
signaling prevents IL-1beta-driven lethal systemic
hyper inflammation during invasive bacterial
infection of soft tissue. Cell Host Microbe, 2016;
9(19): 375-387.

www.wijpls.org

20




Sikander et al.

World Journal of Pharmaceutical and Life Sciences

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Contoli M, Message S.D, Laza-Stanca V, Edwards
M.R, Wark P.A, Bartlett N.W, Kebadze T, Mallia P,
Stanciu L.A, Parker H.L. Role of deficient type IlI
interferon-lambda production in asthma
exacerbations. Nature Med., 2006; 12: 1023-1026.
Czarniecki C.W, Fennie C.W, Powers D.B.
Synergistic antiviral arid anti-proliferative activities
of E. cdi-derived human alpha, beta, and gamma
interferons. J. Virol., 1984; 49(2): 490- 496.
Davidson S, Crotta S, McCabe T.M, Wack A.
Pathogenic potential of interferon alpha beta in acute
influenza infection. Nature Comm., 2014; 5: 38-64.
Droller M.J, Borg H, Perlman P. 1979. In vccro
enhancement of natural and cytotoxicity against
tumor target cells by interferon. Cell Immunol.,
1979; 47: 248-260.

Egli A, Santer M.D, O’Shea D, Tyrrell D.L,
Houghton M. The impact of the interferon-lambda
family on the innate and adaptive immune response
to viral infections. Emerg. Microbes Infect., 2014;
210(5): 717-727.

Epstein L.B. Induction and production of human
immune interferon by mitogen and antigen
stimulated purified lymphocytes cultured in the
presence of macrophages. Methods Enzymol., 1981;
78: 147-153.

Epstein L.B. The comparative biology of immune
and classical interferons. New York: Read Press,
1979; 433-514.

Fox J.M, Crabtree J.M, Sage L.K, Tompkins S.M,
Tripp R.A. Interferon Lambda Upregulates IDO1
Expression in Respiratory Epithelial Cells after
Influenza Virus Infection. Inter. J. Cytol. Res., 2015
in press.

Gerber J.D, Marron A.E, Kucera C.J. Local and
systemic cellular and antibody immune responses of
cattle to infectious bovine rhinotracheitis virus
vaccines administered intranasally or
intramuscularly. Am. J. Veter. Res., 1978; 39: 753-
760.

Hahm B, Trifilo M.J, Zuniga E.I, Oldstone M.B.
Viruses evade the immune system through type |
interferon mediated STAT2 dependent, but STAT1
independent, signaling. Immunity. 2005; 22: 247-
257.

Hamming O.J, Terczynska-Dyla E, Vieyres G,
Dijkman R, Jorgensen S.E, Akhtar H, Siupka P,
Pietschmann T, Thiel V, Hartmann R. Interferon
lambda 4 signals via the IFN-lambda receptor to
regulate antiviral activity against HCV and
coronaviruses. The EMBO journal, 2013; 32: 3055—
3065.

Hanna L, Merigan T, Jawetz E. Inhibition of TRIC
agents by virus induced interferon. Proc. Soc.
Experim. Biol. Med., 1966; 122: 417-421.

Hoskins M.A. A protective action of neurotropic
against viscerotropic yellow fever virus in Macacus
rhesis. Am. J. Tropical Med. Hyg., 1935; 15: 675-
680.

27

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

. llcek J, Lowy D.R. Interaction of interferon with

chick embryo cells, Ar. Gesamte Virus fors, 1967;
21(2): 253-264.

Isaacs A, Lindenmann J. Virus interference I: the
interferon. Proc. Royal Soc. London Series B Biol,
Sci., 1957; 147: 258-67.

Isaacs A, Rotem Z, Fantes K.H. An inhibitor of the
production of interferon ("blocker™). Virology, 1966;
29: 248-254.

Kimchi A, Shure H, Revel M. Regulation of
lymphocyte mitogenesis by (2'-5") oligoisoadenylate.
Nature, 1979; 282: 849-853.

Langford M.P, Georgiades J.A, Stanton G.J. Large-
scale production and physiochemical
characterizations of human immune interferon.
Infect. Immun., 1979; 26: 36-41.

Lebleu B.E, Hubert, Content J, De-Wit L, Braudo
L.A, De-Clereq E. Translation of mouse interferon
mRNA in Xenopus laevis oocytes and in rabbit
reticulocyte lysates. Biochem. Biophys. Res. Comm.,
1978; 85: 665-673.

Levine S, Magee W.E, Hamilton R.D, Miller O.V.
Effect of interferon on early enzyme and viral DNA
synthesis in vaccinia virus infection. Virology, 1967;
32(1): 33-40.

Lin Q, Dong C, Cooper M.D. Impairment of T and
B cell development by treatment with a type |
interferon. The J. Experim. Med., 1998; 187: 79-87.
Lindahl P.1, Gresser I, Leary P, Tovey M. Enhanced
expression of histocompatibility antigens of
lymphoid cells in mice treated with interferon. J.
Infect. Dis., 1976; 133: 66-68.

Mahlakoiv T, Hernandez P, Gronke K, Diefenbach
A, Staeheli P. Leukocyte-Derived IFN-alpha/beta
and  Epithelial  IFN-lambda  Constitute  a
Compartmentalized Mucosal Defense System that
Restricts Enteric Virus Infections. PLOS Pathogens,
2015; 11: 1004782.

Marcus P.1, Salb J.M. Molecular basis of interferon
action: inhibition of viral RNA translation. Virology,
1966; 30: 502-516.

Merson T.D, Binder M.D, Kilpatrick T.J. Role of
cytokines as mediators and regulators of microglial
activity in inflammatory demyelination of the CNS.
Neuromol. Med., 2010; 12(2): 99-132.

Ng M.H, Berman B, Vilcek J. Membrane-bound
intracellular interferon in rabbit kidney cell cultures.
Virology, 1972; 49: 322-325.

Oxman M.N, Rowe W.P, Black P.H. Studies of
adenovirus SV40 hybrid viruses. VI. Differential
effects of interferon on SV 40 and adenovorus T
antigen formation in cells infected with SV 40 virus,
adenoviruses and adenoviruses-SV 40 hybrid
viruses. Proc. Nat. Acad. Sci. USA, 1967; 57(4):
940-948.

Pestka S, Mclnnes J, Havell E.A, Vilcek J. Cell-free
synthesis of human interferon. Proc. Nat. Acad. Sci.
USA., 1975; 72: 3898-3901.

Pitha P.M, Hutchinson D.W. The mechanism of
interferon induction by synthetic polynudeotides.

www.wijpls.org

21




Sikander et al.

World Journal of Pharmaceutical and Life Sciences

43.

44,

45.

46.

47,

48.

49.

50.

51.

52.

53.

54.

55.

Interferons and their actions. CRC Press, Cleveland,
1977; 13-35.

Portner A, Kingsbury D.W. Identification of
transcriptive and replicative intermediates in sendai
virus-infected cells. Virology, 1972; 47: 711-725.
Pott J, Mahlakoiv T, Mordstein M, Duerr C.U,
Michiels T, Stockinger S, Staeheli P, Hornef M.W.
IFN-lambda determines the intestinal epithelial
antiviral host defense. Proc. Nat. Acad. Sci. USA.,
2011; 108: 7944-7949.

Ramana C.V, Gil M.P, Schreiber R.D, Stark G.R.
Statl dependent and independent pathways in IFN
gamma dependent signaling. Trends Immunol, 2002;
23(2): 96-101.

Ruiz-Gomez J, lIsaacs A. Optimal temperature
forgrowth and sensitivity to interferon among
different viruses. Virology, 1963; 19: 1-7.

Sato A, Ohtsuki M, Hata M, Kobayashi E,
Murakami T. Antitumor activity of IFN-lambda in
murine tumor models. J. Immun., 2006; 176: 7686-
7694,

Sehgal P.B, Gupta S.L. Regulation of the stability of
poly (I) — poly (C) induced human fibroblast
interferon and lack of involvement of 2',5'-o0ligo(A)
synthetase activation during the shut-off of
interferon production. Proc. Nat. Acad. Sci. USA.,
1980; 77: 3489-3493.

Sheahan T, Imanaka N, Marukian S, Dorner M, Liu
P, Ploss A, Rice C.M. Interferon lambda alleles
predict innate antiviral immune responses and
hepatitis C virus permissiveness. Cell host and
microbe, 2014; 15: 190-202.

Sommereyns C, Paul S, Staeheli P, Michiels T. IFN-
lambda (IFN- lambda) is expressed in a
tissuedependent fashion and primarily acts on
epithelial cells in vivo. PLoS Pathogens, 2008; 4:
€1000017.

Stebbing N, Weck P.K, Fenno J.T. Comparison of
the biological properties of natural and recombinant
DNA derived human interferons. The Biol.
Interferon, 1981; 25-33.

Steimle V, Siegrist C.A, Mottet A, Lisowska-
Grospierre B, Mach B. Regulation of MHC class Il
expression by interferon gamma mediated by the
transactivator gene CHITA. Science, 1994; 265: 106-
109.

Tanaka Y, Nishida N, Sugiyama M, Kurosaki M,
Matsuura K, Sakamoto N, Nakagawa M, Korenaga
M, Hino K, Hige S. Genome-wide association of
IL28B with response to pegylated interferon-alpha
and ribavirin therapy for chronic hepatitis C. Nature
genetics, 2009; 41: 1105-1109.

Tilles-Jeremiah G. Enhancement of interferon titers
by poly L-ornithine. Proc. Soc. Experim. Boil. Med.,
1967; 125: 996-999.

Vilchek J, Burke D, Chany C. Interferon
nomenclature recommendations of the interferon
nomenclature committee. J. Interferon Res., 1983;
3(4): 377-378.

56.

57.

58.

59.

Vogel S.N, Friedman R.M. Interferon and
macrophages: Activation and cell surface changes:
Interferons and the immune system. Elsevier Science
Publishers, 1984; 2: 35-59.

White D.O. Antiviral chemotherapy, interferons and
vaccines. Monographs Virol., 1984; 16: 1-112.
Wilson V, Jeffreys A.J, Bame P.A. A comparison of
vertebrate interferon gene families detected by
hybridization with human interferon DNA. J. Mol.
Biol., 1983; 166: 457-475.

Zhang S, Kodys K, Li K, Szabo G. Human type 2
myeloid dendritic cells produce interferon-lambda
and amplify interferon-alpha in response to hepatitis
C virus infection. Gastroenterology, 2013; 144(2):
414-245,

www.wijpls.org

22




