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ABSTRACT

The interferon (IFN) is a cytokine produced by immunocompetent cells in response to
various stimuli. Five types of IFNs are identified: alpha, beta, gamma, tau and omega 1. In
particular, interferons inhibit viral replication directly by antiviral mechanisms, as they do
so indirectly by amplifying immune responses to viral proteins. Likewise, they are also
essential elements in clinical oncology. They are used in the treatment of chronic
myelocytic and hairy cell leukemia, multiple myeloma, non-Hodgkin's lymphoma,
melanoma, renal carcinoma, and Kaposi's sarcoma, as well as in the papilloma. They are
also used in diseases of viral origin such as hepatitis B and C, acute respiratory syndrome,
and HIV (experimentally in the latter), as well as in neurodegenerative diseases, including
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multiple sclerosis or amyotrophic lateral sclerosis. The combination of interferons with
other therapies is contributing to enhance its antiviral and antitumor activity. This work
aims to present an updated reference on the use of interferons in the medical field.

Keywords: Cancer, hepatitis, HIV, therapeutic effect, type I interferons.

RESUMEN

El interferon es una citoquina producida por células inmunocompetentes en respuesta a
diversos estimulos. Se identifican cinco tipos de IFN: alfa, beta, gama, tau y omega 1. Los
interferones inhiben la replicacion viral directamente por mecanismos antivirales e
indirectamente amplificando las respuestas inmunes hacia las proteinas virales. Los
interferones son imprescindibles en oncologia clinica. Se utilizan para tratar leucemias tipo
mielocitica crénica y de célula pilosa, mieloma multiple, linfoma non-Hodgkin, melanoma,
carcinoma renal, sarcoma de Kaposi y papilomas. Ademas, se utilizan en enfermedades de
origen virico como la hepatitis B y C, sindrome agudo respiratorio, y se usan
experimentalmente frente al VIH. Otra aplicacion es en enfermedades neurodegenerativas
como la esclerosis multiple o esclerosis lateral amiotrofica. La combinacion de los
interferones con otras terapias esta contribuyendo a potenciar su actividad antiviral y
antitumoral. Los objetivos de este trabajo son presentar un referente actualizado del uso de
los interferones en la clinica médica.

Palabras clave: Cancer, efecto terapéutico, hepatitis, interferones tipo 1, VIH.

1. INTRODUCTION

Interferons (IFNs) are cytokines secreted by lymphocytes and macrophages previously
infected by a virus (Shi-Fang et al, 2017). They represent a family of natural proteins,
which show similar antiviral, anti-inflammatory, antiproliferative, antitumor and
immunomodulating effects (Degrave and Mendonca-Lima, 2017; Kretschmer and Lee-
Kirsch, 2017). In addition, interferons are a family of pleiotropic cytokines whose name
was assigned because of their condition to inhibit viral replication (Ahmed and Casol,
2017). The actions of interferons include modulation of immune functions, including
elevated phagocytosis and enhancement of the cytotoxic activity of T cells (Adams and
Holland, 2009). After secretion, interferons bind to uninfected cells and mark them to
secrete antiviral proteins. As part of the non-specific defense system, IFNs delay the spread
of viral infections and increase the activity of existing leukocytes (Adams and Holland,
2009). Three types of major interferons have been identified in humans: alpha, beta and
gamma. Alpha and beta interferons are type I, while type Il is represented by interferon
gamma. In particular, several cell types, including fibroblasts and macrophages, produce
interferon beta. In general, type | interferons have the ability to increase nonspecific
suppressor function of T cells (Palacios, 2004). Type | or classical interferons are divided
into four classes: IFNa, IFNB, IFN® and IFNt. In particular, [IFNa constitute a family of
related proteins, which are encoded by different genes and synthesized by leukocytes,
whereas IFNP are a single protein encoded by a distinct gene, which is produced by
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fibroblasts. Type | interferons are important proteins in innate immunity. They occur in
response to viral infection, while they have antiproliferative capacity, in addition to
showing immunomodulatory effects and antitumor activity (Boxx and Cheng, 2016).
Recently described, type Il interferons are known as IFN-As, being that for humans they
have been described as IFNA1, IFN-A2, and IFN-A3. These types of interferons are different
from type | interferons in their structure and genetics, although they share biological
properties and signaling pathways with type I interferons. The difference lies in the fact that
the former bind to different membrane receptors (IFNLR and IL10R2). The class of
interferons that has the greatest clinical utility is that related to interferon alpha, of which
there are six different conformations: IFN alpha-2a, IFN alpha-2b, INF alpha-n3, INF
alpha-nl, peg INF alpha-2a and peg INF alpha-2b (when used as medicine, the spell
changes from alpha to alpha). In the two peg formations, the inert polyethylene glycol
molecule binds to interferon. This addition extends the half-life of the drug, thereby
achieving the application of one dose per week. Indications for alpha INF treatment include
hairy cell leukemia as well as Kaposi's sarcoma related to Acquired Immune Deficiency
Syndrome, chronic myeloid leukemia (alpha-2a) and chronic hepatitis B or C (alpha-2b)
(Adams and Holland, 2009). The interferon beta is composed of two different formulations,
beta-1a and beta-1b, which are reserved primarily for the treatment of severe multiple
sclerosis (Arnason, 2005). A third such drug, gamma-1b INF, shows limited clinical
application in the treatment of chronic granulomatous disease and in severe osteopetrosis
(Adams and Holland, 2009). Interferon beta (IFNB) is a protein molecule that can be
secreted by several types of human cells. It has the ability to modify the functions of
lymphocytes and other cells. INF beta has the ability to deactivate some mechanisms that
might be called "aggressive" in the immune system, which are responsible for damaging
nerve tissue in multiple sclerosis. There are other applications for interferon beta in the
field of medicine, based on its antiviral, antimicrobial and antitumor properties. Before,
although the biological effects between the different classes are similar, IFNy or type II
immune interferon does not share receptors with type | and type Il interferons for its
structure is different and its gene is located in a different chromosome from other. Different
investigations conclude that IFNy potentiates the transcription of genes involved in
immunomodulatory, antiviral, antitumor and antiproliferative activities (Parmar and
Platanias, 2003). In the immune system, IFNy increases the cytotoxic and phagocytic
activity of macrophages, while inducing the expression of major histocompatibility
complex (MHC) class I and Il molecules in dendritic cells and other antigen presenting
cells. In addition, IFNy increases the development and differentiation of T helper cells 1
(Th1). Because of the above, IFNy acts predominantly in the control of bacterial, fungal,
viral and parasitic infections (Schroder et al., 2004). Likewise, IFNy has a dual role, being
both pro and anti-inflammatory, a condition that makes it a unique protein because its
behavior depends on the environment in which it is found. New therapeutic strategies have
been developed with the purpose of enhancing the immune response or replace the
deficiency of the expression of its gene, being that the results in humans have proved to be
successful. As a result, the recombinant IFNy is safe (Mata-Espinosa and Hernandez-
Pando, 2008). As previously mentioned, the objective of this review article is to indicate
the use of type I interferons and their potential therapeutic effect against human diseases.
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2. TYPES OF INTERFERONS

The presentations available in our medium are interferon 3 1-a (Avonex® and Rebif®) and
interferon 3 1-b (Betaferon®). Both interferon B 1-a and R 1-b are useful in the
management of patients with multiple sclerosis chronic recurrent form, as both allow
reducing the number of exacerbations. In particular, interferon 3 1-a has been shown to
delay the time to onset of symptoms of disability progression significantly. In turn,
interferon 3 1-b has been proven useful during the treatment of multiple sclerosis as a
secondarily progressive form. Table | shows some characteristics of the available products
of interferons (Vaquero and Yecora, 2001).

Table 1. Available interferons and approved therapeutic indications (Ramos-Belloa and
Ramos-Niembrob, 2008).

Type Disease

Interferon a-2a: Chronic hepatitis C, chronic myelocytic leukemia, hairy cell
leukemia, chronic Philadelphia chromosome-positive myelocytic
leukemia, Kaposi's sarcoma associated with  human
immunodeficiency virus infection, non-Hodgkin's lymphoma.

Interferon a-1: Chronic Hepatitis C

Interferon a-2b: Chronic hepatitis C, chronic hepatitis B, condylomata acuminata,
follicular B cell lymphoma, hairy cell leukemia, Kaposi's
sarcoma associated with human immunodeficiency virus
infection, malignant melanoma, non-Hodgkin's lymphoma

Interferon a-n3: Condylomata acuminata.

Interferon p-la: Multiple sclerosis, relapses and relapsing multiple sclerosis
Interferon p-1b: Multiple sclerosis, relapses and relapsing multiple sclerosis
Interferon y-1b: Chronic granulomatous disease, osteopetrosis

Peg interferon a-2a:  Chronic Hepatitis C
Peg interferon a-2b:  Chronic Hepatitis C

Varieties of cells have receptors for type | interferons. IFNa and IFNf share and compete
for the same sites in the cells, while gamma interferon occupies different receptors while
also inducing similar cellular responses. Together, interferons have antiviral, anti-
inflammatory, and anti-tumor actions. Contrary to what was commonly thought, it is
practically safe to consider that modifying the course of multiple sclerosis when using
interferon beta, has no relation to its antiviral action, but rather to its anti-inflammatory
action and probably its immunoregulatory actions. T-cell-derived interferon gamma has
mainly proinflammatory action, which explains why the activity of multiple sclerosis
WOrsens.

The use of interferon beta in the treatment of multiple sclerosis has been retrospectively
recognized, with its anti-inflammatory and immunoregulatory action, together with its
ability to inhibit the action of interferon gamma, represent the current bases in its
application. In particular, it has been shown in in vitro cultures that the release of interferon
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gamma by mononuclear cells is reduced in patients treated with interferon beta. Patients
with definitive diagnosis of multiple sclerosis, chronically recurrent or secondarily
progressive, represent the best candidates for treatment with interferons. In this regard, the
candidates suitable to start treatment are those patients who show two episodes of relapse in
the previous two years. The treatment is applied on an outpatient basis, it being necessary
to educate the patient for demonstrating a suitable adherence to the treatment (Ramos-
Belloa and Ramos-Niembrob, 2008).

3. IMPORTANCE OF THE TYPE OF INTERFERON

The superiority of PEGylated interferon alpha 2-a on PEGylated interferon alpha 2-b was
demonstrated by the controlled clinical studies carried out by the European Association for
the Study of the Liver (EASL) and the American Association for the Study of Liver
Diseases (AASLD) in 2008. Researchers found sustained viral responses from 66.0% to
68.7% with PEGylated IFN alpha 2-a, compared to responses in the range of 54.0% to
54.4% with Peglytated IFN alpha 2-b, registering a statistical significance of p = 0.008. A
clear superiority of PEGylated interferon alpha 2-a was also demonstrated with a Risk
Ratio of 1.10 (95% ClI, 1.04, 1.19, p = 0.004), which was verified through the conduction of
a meta-analysis. This test consists of eight studies with random assignment where the use of
PEGylated IFN alpha 2-a (40 KD) with that of PEGylated IFN alpha b-2 (12 KD) was
compared (Jacobsons et al, 2005).

4. OTHER TYPES OF INTERFERONS

Albuferon represents a recombinant 87.5kDa protein, which consists of an alpha interferon
molecule to which an albumin molecule has been added. It is administered in at 900ug
dosage schedule every two weeks, taking advantage of having a longer half-life and being
applied over a longer period (twice month). Studies with this drug, along with ribavirin,
have not shown a significant difference with respect to response rate when compared to
standard PEGylated IFN alpha 2-a plus ribavirin treatment (79.8% vs. 84.8% in the case of
genotype 2 and 48.2% vs. 51.0% for genotype 1, respectively). As a result, the only
advantage is its application every two weeks (Jacobsons et al, 2005). There is another type
of interferon, which is the “consensus” (interferon alpha cons-1), whose molecular weight
is 19,500 Daltons. This class consists of 166 amino acids, and its homology with interferon
beta is 30 %. It is a cellular receptor of binding with high affinity with the type 1 of
interferons. It has been observed that the daily dose of interferon consensus is cumulative
so its treatment can be beneficial and effective. In the United States of America, interferon
consensus is used in research studies aimed at the retreatment of patients who have not
responded adequately to therapy, whose SVR rate ranges from 27.0% to 37.0% (Cisneros-
Garza, 2011).

4.1 Interferon alpha-2a

The prototypic drug denominated interferon alpha-2a is a biological response modifier that
has the same function and indications as interferon alpha-2b. It is a natural protein
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produced by human lymphocytes between the first 4 and 6 hours after viral exposure. In its
drug facet, it is prepared by the use of recombinant DNA technology, being available for
use through disposable pre-filled syringes for subcutaneous administration. Interferon
alpha-2a acts on cancer cells through two mechanisms. Regarding the first mechanism, the
drug increases or stimulates the immune system for the purpose of eliminating the antigens.
As a second mechanism of action, it suppresses the growth of cancer cells. This type of
interferon also shows antiviral activity. Indications for interferon alpha-2a include
tricholeukemia, chronic hepatitis C infection, and malignant melanoma, conjunctival
squamous cell carcinoma (Cruzado-Sanchez et al, 2017) while other uses are for hepatitis B
and HIV-related Kaposi's sarcoma (Adams and Holland, 2009). Notwithstanding the
foregoing, they do not meet the approved indication.

5. APLICATIONS
5.1 Use of interferons in multiple sclerosis

Multiple sclerosis is a demyelinating entity with autoimmune etiology, which affects
myelin of the central nervous system. It also represents a neurological disease of unknown
cause that intermittently affects the white matter (myelin) of the spinal cord and brain. As a
result, nerve communication is delayed or interrupted, with myelin being replaced by
hardened tissue plaques (sclerosis). Taking into consideration that this destruction occurs in
different and multiple places, the disease has been named multiple sclerosis, and it causes a
negative impact on whoever suffers it (Vaquero and Yecora, 2001). The number of patients
who develop this disease is very high, being that there are about 2.5 million people with
this disease in the world (350,000 people affected only in the United States of America). In
general, the disease occurs in individuals with an average age of thirty years and in full
productive stage in their life, where approximately 30.0% of them show moderate to severe
disability. Symptoms of the disease are considered secondary to areas of inflammation and
demyelination of the white matter in the brain and spinal cord. Likewise, the disease is
presumed to be initiated by a process mediated by cellular immunity in which the
Th1CD4+ cells are involved, which recognize a type of antigen in myelin of the nervous
system. These cells pass the blood-brain barrier, initiating a specific immunological
reaction that attracts other non-specific cells. Consequently, induction and release of
cytokines, and antibody production, along with activation of microglia and astrocytes are
presented. When new myelination takes place, it does not fully complete so that myelin,
oligodendrocytes and axons are lost. This causes sequelae and the disease tends to progress.
There are four forms of the disease according to their evolution in time and clinical point of
view: chronic recurrent, secondary progressive, primary progressive and recurrent
progressive. Even when patients (up to 80%) may experience a variable course, the chronic
recurrent form of the disease is present. The use of interferons modifies the course of the
disease for the benefit of patients, so knowing their nature, indications and side effects
becomes a priority. These compounds began to be used in the treatment of the disease
considering that it was related to a viral infection and latent in the nervous system. At an
early stage, no distinction was made between the type of interferon to be used and the route
of administration of element, which could be systemic or intrathecal. Subsequently, a series
of pilot studies were conducted in a few patients in the 1980s, mostly uncontrolled, where
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the interferon alpha, beta and gamma classes were used. These studies demonstrated that
gamma interferon should not be used in patients with multiple sclerosis (Palacios, 2004).

In Spain, three commercial brands of IFN beta have been approved: Betaferon® (IFN beta
1b; dosage: 0.25 mg/48 h; mean of administration: subcutaneous), Avonex® (dosage: 30
Hg once a week; mean of administration: intramuscular) and Rebif® (both are IFN beta 1a;
Dosage: 22 ug 3 times per week or 44 pug 3 times per week; means of administration:
subcutaneous), with the first drug being indicated both in the relapsing remitting form (RR)
and secondary progression (SP), whereas the other two drugs are only indicated in the RR
form (Vaquero and Yecora, 2001).

5.2 Intralesional Interferon (1V, C)

Natural or recombinant interferon which is used in the treatment of VGs and has been
administered systemically (e.g., subcutaneously at a distal site or IM) and intralesional
(e.g., injected into warts), while systemic interferon is not effective. The efficacy and
relapses of intralesional interferon are comparable to other treatment modalities. Interferon
works because of its antiviral and/or immunostimulating effect. Nevertheless, interferon
treatment is not recommended for routine use because of the inconvenience of its
application means, the need for frequent visits to the clinic, and the association of its use
with the frequent occurrence of systemic adverse effects on the patient (Squiquera, 2006).

5.3 Acquired Immunodeficiency Virus and JC virus

The cytokines interleukin-12 (IL-12), IL-4, IL-6, IL-16 and interferon gamma (IFN-y)
determine whether an adaptive immune response type Thl or Th2 predominates. In
particular, the Th1 response coordinates the action of the immune system against infections
by intracellular germs, such as HIV-1, whereas the Th2 response regulates immunity
against extracellular pathogens by stimulating antibody secretion and observes what
predominates in patients infected with HIV-1, especially those who are in advanced stages
of the disease (Altfeld et al, 2000). Other cytokines, such as tumor necrosis factor-alpha
(TNF-0) and interferons (IFN) also affect HIV-1 replication (Montoya et al, 2006). In
recent years, some soluble factors (defensins, chemokines and ribonucleases) that are
secreted by different cells during the immune response and that have antiviral activity
(Montoya et al, 2006) have gained importance in the process of natural resistance to HIV-1
infection. This has allowed to propose a new model of anti-HIV-1 immunity that involves
the suppression of viral replication without eliminating the infected cell, enhancing other
specific anti-HIV-1 cellular mechanisms. These soluble factors include CCL5 (RANTES),
CCL3 (MIP1-a) and CCL4 (MIP1B) chemokines, stromal cell-derived factor 1 (SDF1 or
CXCL12), antiviral factor derived from CD8 + T lymphocytes, Type | and Il interferons,
and leukemia inhibitory factor. Likewise, lysozyme and RNase associated with human
chorionic gonadotrophin, alloantigen-induced soluble factor (ASF), beta defensins,
leukocyte secreted protease inhibitor and other more recently defined factors such as
proteins with TRIM motifs (Zapata et al, 2006), which function as cellular mechanisms.
Neurovirology is the branch of medical science dedicated to the study of viral agents that
affect the nervous system. The JC virus is a DNA-type neurotropic virus that causes
progressive multifocal leukoencephalopathy (PML) (Cedeno et al, 2006). It is recognized
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that 80.0% of the general population produces antibodies directed against the JC virus.
Notwithstanding the above, seroconversion occurs as a reflection of asymptomatic disease.
The incidence of Progressive Multifocal Leukoencephalopathy (PML) cases has been
increasing in parallel with that of the outbreak of the AIDS epidemic, along with the era of
transplant immunosuppression and antitumor therapy. PML is an attractive disease for its
study due to the rapid evolution of the cognitive, motor and visual deterioration of the
patient, as well as to the sudden death of the patient. Also, interest in the disease stems from
the absence of treatment, which also translates into the exploration and development of
effective and novel forms of therapy (Cedeno et al, 2006).

5.4 Human Papilloma Virus

Treatment of Human Papilloma Virus (HPV) has not been adequately established. There
are multiple therapeutic trials both nationally and internationally, including cryotherapy,
laser, electro surgery and the use of biomolecules, such as interferon. The interferon, a
biological agent of recognized antiviral, antiproliferative and immunomodulatory activity,
Is an important weapon in the treatment of many viral diseases. Currently, interferon comes
in the form of bulbs, creams and tablets, the latter having advantages over other
presentations due to their manufacturing costs. Human Papilloma viruses cause alterations
in the squamous epithelium, being that several types are related to premalignant and
malignant lesions of the uterine cervix. Currently, various types of treatment have been
used in the world in order to eliminate human papilloma infection. During the conduct of
research works in this respect, the usefulness of interferon as an alternative treatment for
HPV was evaluated through a prospective longitudinal study with 72 patients diagnosed
histologically. Thirty-six individuals were asked to ingest for 24 weeks a homeopathic
sublingual tablet of 100 mg of recombinant interferon alpha, while the rest of the
population was classified as the control group without interferon alpha. As a result, a high
cyto-colposcopic correlation was observed, so the response to treatment was considered
highly acceptable over the study group (Torriente and Martinez, 2002). After nearly a
decade of combined treatment using PEG IFN-o and ribavirin, new HCV-specific drugs
have recently been developed, which offer a promising future for patients with chronic
hepatitis C infected with genotype 1 (Saludes et al, 2011). 50.0% of them have successfully
responded to standard therapy with PEGylated interferon alpha and ribavirin, with newly
approved protease inhibitors being administered with these two drugs (Saludes et al, 2011).

5.5 Interferon in chronic infection with hepatitis B virus

Hepatitis B is one of the most common viral infections in the world. It is estimated that
about 250-350 million individuals have chronic infection, representing a population that is
at risk of developing liver cirrhosis or hepatocellular carcinoma (Konerman et al, 2016;
Ramos-Belloa and Ramos-Niembrob, 2008). The first studies on the use of interferon in
hepatitis B were conducted in the mid-1970s with the use of interferon preparations
produced in leukocyte or fibroblast cultures (Ortega and Garzén, 2009). Today, large-scale
interferons are produced by genetic engineering techniques, including preparations, to
which polyethylene glycol (PEGylated interferon) has been added, an element that
increases its half-life and response rate. The goal in short-term treatment is to decrease viral
replication, which would clinically lead to the prevention of progression to cirrhosis or

26
Barrales-Curefio et al. / Mexican Journal of Biotechnology 2018,3(4):19-32



hepatocellular carcinoma and, thus, increasing the survival rate. Treatment with IFN Alpha,
which was approved in 1992, nowadays represents one of the first-line forms to treat
chronic hepatitis B. The treatment of hepatitis B with interferon has the advantage of not
being for life, where this compound is not associated with resistance to the treatment itself.
Currently, PEGylated IFNa-2a and IFNa-2b are available, elements leading to the fact that
one dose per week is only required, which translates into greater efficacy in individuals
with this disease (Hui et al, 2005). IFN-a is most studied and the only type of IFN approved
for treatment of hepatitis B in most countries. The antiviral effects of IFN-o depend on its
binding to specific receptors, which then triggers a series of intracellular success including
activation of 2°,5 -oligoadenylate synthetase (Konerman et al, 2016). The therapeutic
options in chronic hepatitis B have increased and currently six treatments are authorized:
adefovir, entecavir, lamivudine, pegylated interferona (PEG-IFNa), standard interferon
(IFNa), and telbivudine (Garcia et al, 2008).

5.6 Interferon in chronic infection with hepatitis C virus

Hepatitis C is an important health problem; thus, the diagnosis of the disease in high-risk
groups is essential because of the likelihood that it may develop the disease in a chronic
way. Some examples are cirrhosis, decompensation of cirrhosis, an eventual need for a liver
transplant or the development of hepatocellular carcinoma. Presently, the Established
Elective Treatment (EET) includes PEGylated interferon and ribavirin, compounds that
show a response rate close to 57.0% in the case of genotype 1, the most prevalent form in
Mexico. It is known that between 30.0% and 60.0% of the population in the country does
not show a sustained viral response (SVR) or cure (Cisneros-Garza, 2011). In 2002, the
National Institute of Health of the United States of America reached a consensus regarding
hepatitis C, in which it was determined that the use of PEGylated interferon (INF-PEG),
together with ribavirin (another antiviral) in a dose of 1000 mg in patients weighing less
than 75 kg and a dose of 1200 mg in patients weighing more than 75 kg for 48 weeks for
genotypes 1 and 4, would represent the EET for the management of the disease (Cisneros-
Garza, 2011). In the case of genotypes 1 and 3, the doses would be 800 mg for 24 weeks.
This treatment was ratified when the guidelines for diagnosis and treatment of hepatitis C
for 2009, as well as the guidelines of the European Association for the Study of the Liver
(EASL), were updated for 2011 (Cisneros-Garza, 2011). At present, about 50.0% of the
world population has not responded to EET (PEGylated interferon and ribavirin). Since it is
the only available therapy so far, it is necessary to optimize it for the implementation of the
strategies that will be discussed below. Hepatitis C virus infection has been compared to a
viral time bomb. According to some estimates, approximately 180 million people have been
infected worldwide, of which about 130 million show chronic infection and therefore are at
risk of developing liver cirrhosis or hepatocellular carcinoma. Attempts have been made in
the form of monotherapy for six months, which showed a response rate of 10.0% to 15.0%,
representing a ratio that has risen to the range of 20.0% to 25.0% with administration for 12
to 18 months. Nevertheless, the combination of PEGylated IFNa-2b and ribavirin is
currently the first-line therapy for patients with chronic hepatitis C. The combination has
been shown to reduce the morbidity and mortality rates of patients receiving this treatment
(Morillas et al, 2017; Ramos-Bellos and Ramos-Niembrob, 2008).
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Interferon against malignant diseases. The potential of interferon in cancer management
was initially explored in animal models of leukemia by Friend and Rauscher (Ward and
Kugelmas, 2005), and subsequently confirmed one year later in experimental animals
challenged with tumor cells (Gresser et al, 1969). Without being able to go into detail
because of the large extent of the literature, the antiproliferative properties of interferon
have been tested, with varying degrees of success, in a variety of malignant processes.
Regarding that, their use has been approved in several of these processes, either as
monotherapy or in combination therapy, among them are hairy cell leukemia (Goodman et
al, 2003; Robak, 2006); melanoma (Hurley and Chapman, 2005; Sabel and Sondak, 2003;
Gray et al, 2002); and non-Hodgkin's lymphoma (Reiser and Diehl, 2002; Solal-Céligny,
2002). Also, cutaneous T-cell lymphoma (Olsen, 2003); multiple myeloma (Dummer et al,
2003; Mellstedt et al, 1991); chronic myelocytic leukemia; and Kaposi's sarcoma (Guilhot
et al, 2007; Krown et al, 2002; Aversa et al, 2005), among others.

5.7 Interferon in miscellaneous conditions

Several interferon preparations have been used topically, intralesionally or intramuscularly,
showing relative success in other conditions. Among them are human papilloma virus
infection at various sites (Gerein et al, 2005); condyloma acuminata; Sjogren's Syndrome
(Cummins et al, 2003); Churg-Strauss Syndrome; and Behget's disease (Kotter et al, 2003;
Calguneri et al, 2003).

CONCLUSIONS

The availability of different types of interferons has allowed the realization of a wide range
of clinical treatments in humans. These drugs are used in the treatment of
oncohaematological diseases (leukemias, lymphomas), melanoma, carcinoid tumors,
mycosis fungoides and renal carcinoma. Their effectiveness has been demonstrated against
viral diseases, tumors and neurodegenerative diseases. However, due to the multiple effects
it induces in a cell, it is not surprising that we are still far from managing these molecules
optimally, taking into account the differences that occur in gene expression level among
individuals. For the above reasons, it is sought to regulate the action of enzymes induced by
IFNs, such as PKR, being that in recent studies its activation has been observed in several
pathologies, such as Alzheimer's, Parkinson's, Huntington's and Fanconi's Anemia.
Knowing the precise mechanisms of induction of apoptosis by the PKR kinase and other
proteins induced by IFNs, will serve to improve the therapeutic treatments performed with
the IFNs. Likewise, prostate cancer has been correlated with RNase L activation. In this
way, a new era has started in clinical medicine, which is aimed at activating or inhibiting
the action of genes induced by IFNSs, in order to optimize the therapeutic application of
such powerful, biological molecules. Knowledge of the broad spectrum of genes induced
by interferons by biochip techniques, and delving into the functional implications of each of
them, will serve in the future to rationalize the therapies. All these clinical applications will
be based, as it has been happening until now, on the advance of basic and clinical science.
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