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Abstract

Interferons are biopharmaceutical agents which were discovered based on the phenomenon of viral interference, in 1957.
Three categories of interferons were described: IFN I (IFN-a, IFN-f), IFN II (IFN-y) and IFN III (IFN-A). These cytokines,
whose importance is comparable to that of penicillin, act on specific receptors and activate the signal transducer and activator
of transcription (STAT) complexes which regulate the expression of over 200 genes of the immune system. Based on their
antiviral and immunomodulatory effects, they were approved in 1993 for the treatment of multiple sclerosis, becoming a part
of the Disease Modifying Therapies - DMTs drugs category. The studies that followed demonstrated a long term good safety
profile and an acceptable efficacy. New formulas meant to improve the adherence to treatment, were approved recently. At
the moment, the research is focused on developing new pharmacogenetic markers for enabling a personalized treatment with
IFN. This treatment should approach to the score of 4 points in NEDA (no relapses, no disability progression, no MRI
activity, and no change in the brain volume).

Rezumat

Interferonii sunt agenti biofarmaceutici ce au fost descoperiti pornind de la fenomenul de interferenta virald, in 1957. Au fost
descrise trei mari categorii de interferoni: IFN I (IFN-a, IFN-f), IFN II (IFN-y) si IFN III (IFN-L). Aceste citokine, a caror
importanta este comparabild cu cea a penicilinei, actioneaza pe receptori specifici si activeaza complexele signal transducer
and activator of transcription (STAT) care regleaza expresia a peste 200 de gene ale sistemului imunitar. Considerand
efectele lor antivirale si imunomodulatorii, in 1993 au fost aprobati pentru tratamentul sclerozei multiple, intrdnd in categoria
medicamentelor care modificd evolutia bolii (Disease Modifying Therapies - DMTs). Studiile care au urmat, au demonstrat
un bun profil de sigurantd pe termen lung si o eficacitate acceptabild. Noi formule care sd imbunitateascd aderenta la
tratament au fost aprobate recent. In momentul de fati se cautd markeri farmacogenetici pentru implementarea tratamentelor
personalizate cu IFN, care sa se apropie de scorul 4 NEDA (fara pusee, fara progresia invaliditatii, fard semne de activitate
imagistica si fard modificari ale volumului creierului).
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Introduction today being used for the therapy of chronic viral
infections, malignancies, multiple sclerosis and other
inflammatory pathologies. IFNs systemic use in
high doses and for long periods of time, as they are
currently administrated, it is still difficult to accept
by the body [3, 24].

There are several types of IFN, according to
signalling receptors:

* Type I IFNs that link to type a or B receptors [14].
They are produced by monocytes and fibroblasts
and prevent the replication of viral RNA and DNA.
IFN-a is used in the treatment of B and C virus -
hepatitis and IFN-p is used to treat multiple sclerosis.
* Type II IFN, human IFN-y, is activated by inter-
leukin-12 and released by T-helper-1 cells, inhibiting

Interferons (IFNs), biopharmaceutical agents, are
signalling proteins, which belong to the class of
cytokines, produced and released by cells, in the
presence of pathogens such as: viruses, bacteria,
parasites or tumour cells. Their name derives from
their ability to interfere with viral replication and,
in this way, to protect the infected cells, acting
through complex mechanisms involving the immune
response activation [13].

Immunomodulatory properties of IFNs have been
demonstrated in numerous studies. Thus, in the few
decades since their discovery, interferons were
assigned important roles in the infectious, neoplastic,
inflammatory, autoimmune or metabolic processes,
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the proliferation of T-helper-2 cells. The two cell
types Thl and Th2 activate different ways of immune
response. In this way, IFN-y worsens multiple
sclerosis [14, 30].

« Type III IFN, IFN-A is the most recently
discovered, and the cellular singling implies complex
receptors IL10R2 (CRF2-4) and IFNLR1 (CRF2-12).
It plays an important role in some viral infections,
being similar, from this point of view, to IFN I o or
B [23].

IFNs act on their specific receptors and activate the
signal transducer and activator of transcription
(STAT) complexes which regulate the expression
of over 200 genes of the immune system [1, 41].
IFN type I (IFN-a and IFN-B) use a common
complex receptor IFNAR, whose genes are located
on 21 human chromosome [46]. Even if they have the
same receptors, I[FNs o and 3 cause different biological
effects. IFN-y links to the IFNGR receptor, and IFN
type III links to IFNR1 and IL10R2 receptors.

Brief history of the discovery of interferons

At the basis of the discovery of IFNs, it was the
phenomenon of viral interference, explained by the
inhibition of virus replication. This means that,
under certain conditions, the animal cells infected
with a virus cannot develop a second one. Viral
interference was first highlighted in 1804 by the
physician Edward Jenner who noticed that herpes
infections hampered the vaccine virus to act, and it
was named by the British researchers Gerald Frank
Findlay and MacCallum in 1937 [19].

Yasuichi Nagano and Yasuhiko Kojima, Japanese
researchers from the Institute for Infectious Diseases
of the University of Tokyo, Japan, have discovered
an "inhibitor viral factor”, while they were trying to
get a better vaccine against smallpox, using rabbits,
publishing their discovery in 1954 [38].

However, the discovery of interferon is attributed to
the British virologist Alick Isaacs and the Swiss
researcher Jean Lindenmann, from the National
Institute for Medical Research in London, UK, who
called this inhibitor factor “interferon” in 1957 [26,
27, 33].

However, Polish-born American doctor, Sidney
Pestka is known as the “interferon’s father". In the
laboratories from the Roche Institute of New
Jersey, USA, he tried to purify interferon obtained
from rabbits and he discovered the two types of
interferons alpha and beta. These concerns were
also specific to other laboratories in the world [24].
The amounts of IFN produced in the body are
infinitely small, but it is a highly potent molecule.
As a result, the main problem was obtaining the
purified form of interferon and in sufficient
quantities for research and therapeutic purposes.
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In 1960, Kari Cantell from the National Blood
Transfusion Service from Helsinki, Finland, has
developed a synthesis pathway for interferon with a
purity of only 0.1% on human lymphocytes,
implying the exposure to increased Sendai virus on
chicken embryos [9, 43].

In 1962 it was conducted the first clinical trial on
human volunteers, which demonstrated that IFN
was devoid of side effects, but refuted by
subsequent research work [42].

An analysis of 25 studies, made by Finter in 1966,
concluded that not only the dose and site of
administration of interferon is important, but also
the time of administration, in connection to the
onset of viral infection. The study also showed the
difficulty to obtain sufficient quantities and optimal
purity of IFN [4].

In 1967, Friedman found that IFN links to the
specific receptors at the cell’s surface [17].70s were
the golden age of IFNs, considered to be able to
cure all diseases, but especially neoplasia [43].

Ion Gresser and collaborators have demonstrated
that the in vivo inactivation of IFN by administering
neutralizing agents, dramatically influence the evolution
of infections in various animal species [22].

The attempt to obtain IFNs from fibroblasts and
leukocytes, in several laboratories in the world, led
to another discovery namely that these molecules
are different. In this way there were discovered the
IFN-ao (the main component of leukocyte IFN) and
IFN-B (the main component of fibroblast IFN)
interferons [12].

Branca and collaborators published in 1981 evidence
that the type I IFNs have a common receptor,
different from the type II IFNs receptor [5]. The
multigenic nature of genome encoding in the IFN
became evident in the same year [21]. In the search
for solutions to obtain greater amounts of IFNs, the
1980s represented a huge step forward, enabling the
cloning and expression of a gene for human IFN-a
in Escherichia coli and later for human IFN-f,
leading to products that have a comparable activity
to the natural IFNs [15, 39].

The systemic side effects of IFNs are: malaise, low
grade fever, chills, myalgia, fatigue, leucopenia,
hepatic cytolysis, depression, and hypothyroidism.
They are explained by the state of cellular stress,
caused by the release of inflammatory cytokines
(IL-1, IL-6, TNF-a), due to the systemic administration
of large amounts of IFNs for long periods of time.
The mean discontinuation rates due to side effects
ranged from 16% to 27% [10]. They appear at the
initiation of the treatment and disappear after a
period of time [18]. For this reason, the PEGylation
of interferon is an important step, because the half-
time increases, the doses administered in this case
being smaller. Beside the systemic effects, there are
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also local effects, represented by erythema, pain,
pruritus, trophic changes.

The immunogenicity of biopharmaceuticals such as
IFNs may represent an obstacle in the treatment’s
efficacy, by the appearance of antidrug antibodies
(ADAs), affecting pharmacokinetics, bioavailability
and autoimmunity [45].

The history of IFNs therapy in multiple sclerosis

Multiple sclerosis (MS) is a neurodegenerative
disease that affects mostly young adults, with an
evolution of over 30 years, which affects the quality
of life and reduces life expectancy by about 6 - 7
years [32].

It is possible that the first case ever described
belongs to a Dutch woman, Saint Ludwina of
Schiedam (1380 - 1433) as we learn from the
archives from Vatican, where there are documents
on the signs, symptoms and the evolution of the
disease. At sixteen she fell on ice, giving evidence
of weakness in the limbs. She recovered for a
while, then began to exhibit outburst imbalances,
abnormal vision, muscle weakness initially remitted.
The disease progressed and escalated, and eventually
led to premature death at the age of 53 years [29].
We thus indirectly have an estimation of the natural
evolution of the disease, the evolution uninfluenced
by therapeutic interventions, 37 years, which
corresponds to the subsequent data obtained from
different researches.

In the nineteenth century, an empirical treatment of
the disease was established, sometimes with a
relative toxic or lethal potential: different plants,
animal products, organic solvents such as chloroform,
hydro and electrotherapy, exercise, diet, etc., but of
course without tremendous beneficial results [36].
Since the 1960s, therapies for MS have been
directed towards two pathogenic pathways valid
nowadays: autoimmune attack on myelin and
existing antiviral antibodies of the MS patient. It
was also speculated the viral hypothesis for causing
this disease [25].

In 1969 it was conducted the first controlled clinical
trial that demonstrated the adrenocorticotropic
hormone (ACTH) effects, administered intra-
muscularly, in the efficient recovery of patients
after relapse. There were used the standardized
diagnostic criteria and the evaluation scales
developed by experts [37]. It was the first time the
disease had a beneficial treatment, demonstrated on a
scientifically elaborated base. Thus, corticosteroids
have remained until today the elective treatment in
the acute phase of the disease, proving once again
the role of inflammation.

In 1979 a group of neurologists with expertise in
MS have published guidelines for conducting
clinical trials in multiple sclerosis [6]. IFNs were
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investigated for their potential curative role in MS,
starting from their properties demonstrated on
animal models: antiviral, immunomodulatory, anti-
tumour. Due to biotechnology, they could obtain
the required quantities of INFs beta 1-a and 1-b,
recombinant, in E. coli and other microorganisms.
The results were positive, proving the INFs’
effectiveness as immunomodulatory agents useful
in treating MS.

The IFN-B therapy started through pilot studies
conducted in United States, published in 1993,
studies that demonstrated their effectiveness in the
relapsing - remitting MS (RRMS) forms [34, 40].
Thus, nearly four decades after the discovery,
interferons have proven to be effective in multiple
sclerosis.

It has been shown that they reduce the frequency of
relapses, delaying the appearance of disability, and
along with glatiramer acetate copolymer, entered
the class of the disease - modifying therapies
(DMTs). So, they are considered the first choice
medication in the background therapy of the
disease, in relapsing - remitting forms [28, 44]. In
1998, IFNB-1b has proven effective also for the
secondary progressive forms of the disease (SPMS)
[16].

The mechanism of action of IFN-beta in MS is not
fully elucidated. It is considered to increase the
production of anti-inflammatory cytokines, inhibiting
pro-inflammatory ones, preventing trafficking of
immune cells in the blood - brain barrier and
stimulating the production of growth factors [1].
Studies with alpha and gamma IFNs haven’t had
the expected results, so they were abandoned in MS
therapy.

Studies concerning IFNB-1a, ETOMS (Early Treatment
of Multiple Sclerosis) and CHAMPS (Controlled
High-Risk Avonex Multiple Sclerosis), published
in 2001, respectively 2002, have proven the
efficiency and importance of an early treatment in
MS, with a delay conversion of CIS (clinically
isolated syndrome) forms in clinically defined MS.
Also, the studies with IFN-B, INCOMIN (Independent
Comparison of Interferons) and EVIDENCE
(Evidence of Interferon Dose - response: European
North American Comparative Efficacy), published in
2002 and respectively 2007, revealed the importance
of frequent and high doses administration in RRMS
[34].

The six biopharmaceutical products, approved by
the Food and Drug Administration for the first
intention treatment of RR forms of multiple
sclerosis, that are based on IFN-B, are: IFN-B-la
(Avonex” - 2002, Rebif® - 2009), obtained by
glycosylation of interferon beta-1b in hamster
ovary cells; IFN-B-1b (Betaseron® - 1993 and sub-
sequently Betaferon” for Europe), non-glycosylated
forms derived from Escherichia coli; IFN-B-1b
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biosimilar (Extavia® - 1993); Peginterferon beta-1a
(Plegridy” - 2014) — (polyethylene glycol) PEGylated
interferon beta-1a.

Approximately 45% of the patients develop
neutralizing antibodies against IFN-f in the first 3 - 18
months of treatment. IFNf-1b is more immunogenic
than IFN-B-la. When it is administrated sub-
cutaneously (Rebif®) it more likely to develop
antidrug antibodies (ADAs) than administered
intramuscularly (Avonex™) [33]. The role of
neutralizing antibodies cannot be assessed with
certainty for numerous reasons: unpredictable
evolution of the disease, low efficiency of treatment
with IFNs, different immunogenicity of pharmaceutical
preparations.

All interferons used to treat multiple sclerosis have
the disadvantage that they have to be injected with
a high frequency, which varies depending on the
preparation, reducing patient adherence to
treatment because of the caused discomfort [7].

It is also the reason why peginterferon beta-1a was
approved in 2014. It was obtained by conjugation
of IFN-B with polyethylene glycol (PEG),
following the pattern of other drugs, which have
improved stability, solubility, half-life, and
efficacy. Peginterferon beta-la has an improved
pharmacokinetic and pharmacodynamic profile and
fewer side effects compared to the classic form [2].
Current therapies with interferons decrease the
number of flares with 1/3, reduce the number of
lesions detected by imagistic procedures with 70%
and delay disability progression.

Developing medicines for the treatment of MS have
as target the “no evidence of disease activity”
(NEDA) criteria, score 4 being a target for the
intended purpose (no relapses, no disability
progression, no MRI activity, and no change in
brain volume) [20]. To this aim, personalized
medicine is of great interest. Identifying responders
to the treatment with IFN-f is a laborious process,
the pharmaco-genomic markers not being found, so
far, in order to establish the efficiency criteria of the
treatment [11, 36].

Conclusions

After 60 years since the discovery of interferons
and after 23 years of use in the relapsing-remitting
and secondary progressive forms of multiple sclerosis,
IFN-B remain the first-line chronic treatment for
eligible patients. They have a good benefit-risk
ratio, proven on a large number of patients in
randomized trials. However, the medicine of the
future, aims finding specific pharmacogenomic
markers that indicate which patients will respond best
to the individualized treatment, to approach as
much as possible to the 4 NEDA score.

17

References

1.

10.

11.

12.

13.

14.

15.

Annibali V., Mechelli R., Romano S., Buscarinu
M.C., Fornasiero A., Umeton R., Ricigliano V.A.,
Orzi F., Coccia E.M., Salvetti M., Ristori G., [FN-f
and multiple sclerosis: from etiology to therapy and
back. Cytokine Growth Factor Rev., 2015 Apr;
26(2): 221-228.

Arnold D.L., Calabresi P.A., Kieseier B.C., Effect
of peginterferon beta-la on MRI measures and
achieving no evidence of disease activity. BMC
Neurol., 2014; 14: 1058.

Balaceanu A., Diaconu C., Mateescu D., Stanica
A., Hepatocellular carcinoma with hepatic and
pulmonary metastasis, inferior vena cava and left
pulmonary artery thrombosis in a patient with
asymptomatic hepatitis C. Case report. Medical
Ultrasonography, 2010; 12(4): 345-348.

Billiau, Alfons, Interferons: The pathways of discovery.
Journal of Clinical Virology, 2007, 39(4): 241-265.
Branca A.A., Baglioni C., Evidence that types I and
II interferons have different receptors. Nature,
1981; 294(5843): 768-770.

Brown J.R., Beebe G.W., Kurtzke J.F., Loewenson
R.B., Silberberg D.H., The design of clinical
studies to assess therapeutic efficacy in multiple
sclerosis. Neurology, 1979; 29: 3-23.

Butler M., Forte M.L., Schwehr N., Carpenter A.,
Kane R.L., Decisional Dilemmas in Discontinuing
Prolonged Disease-Modifying Treatment for Multiple
Sclerosis. Comparative Effectiveness Review No.
150. AHRQ Publication No. 15-EHC012-EF. Rockville,
MD: Agency for Healthcare Research and Quality; 2015.
Calabresi P.A., Kieseier B.C., Arnold D.L., Balcer
L.J., Boyko A., Pelletier J.,, Liu S., Zhu Y.,
Seddighzadeh A., Hung S., Deykin A., ADVANCE
Study Investigators., Pegylated interferon B-la for
relapsing-remitting multiple sclerosis (ADVANCE):
a randomised, phase 3, double-blind study. Lancet
Neurol., 2014; 13(7): 657-665.

Cantell K., The story of interferon: the ups and downs
in the life of a scientis. Singapore; New York:
World Scientific, 1998. ISBN 978-981-02-3148-4.
Cocco E., Marrosu M.G., Profile of PEGylated
interferon beta in the treatment of relapsing-
remitting multiple sclerosis. Therapeutics and
Clinical Risk Management, 2015; 11: 759-766.
Comabella M., Sastre-Garriga J., Montalban X.,
Precision medicine in multiple sclerosis: bio-
markers for diagnosis, prognosis, and treatment
response. Curr. Opin. Neurol., 2016; 29(3): 254-262.
Cornitescu M., Cornitescu T., Half a Century of
Research in the Field of Interferons. Romanian
Journal of Infectious Diseases, 2009; XII(2): 98-116.
De Andrea M., Gariglio M., Gioia D., Landolfo S.,
Ravera R., The interferon system: an overview.
Eur. J. Paediatr. Neurol., 2002; 6(Suppl A): A4l-
58. PMID 12365360.

De Weerd N.A., Samarajiwa S.A., Hertzog P.,
Type 1 interferon receptors: biochemistry and
biological functions. J. Biol. Chem., 2007; 282(28):
20053-20057.

Derynck R., Remaut E., Saman E., Stanssens P., De
Clercq E., Content J., Expression of human fibro-



FARMACIA, 2017, Vol. 65, 1

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

blast IFN gene in Escherichia Coli. Nature, 1980;
287:193-197.

European Study Group on interferon beta-1b in
secondary progressive MS., Placebo-controlled
multicentre randomised trial of interferon beta-1b
in treatment of secondary progressive multiple
sclerosis. Lancet, 1998; 352(9139): 1491-1497.
Friedman R.M., Interferon binding: the first step in
establishment of antiviral activity. Science, 1967,
156: 1760-1761.

Farrell R.A., Giovannoni G., Current and future
role of interferon beta in the therapy of multiple
sclerosis. J. Interferon Cytokine Res., 2010; 30(10):
715-726.

Findlay G.M., MacCallum F.O., An interference
phenomenon in relation to yellow fever and other
viruses. J. Path. and Bact., 1937; 44: 405-424.
Giovannoni G., Turner B., Gnanapavan S., Is it
time to target no evident disease activity (NEDA)
in multiple sclerosis?. Mult. Scler. Relat. Disord.,
2015; 4: 329-333.

Goeddel D.V., Leung D.W., Dull T.J., Gross M.,
Lawn R.M., The structure of eight distinct cloned
human leukocyte interferon cDNAs. Nature, 1981;
290(5801): 20-26.

Gresser 1., Tovey M.G., Maury C., Bandu M.T.,
Role of interferon in the pathogenesis of virus
diseases in mice as demonstrated by the use of anti-
interferon serum. Studies with herpes simplex,
Moloney sarcoma, vesicular stomatitis, Newcastle
disease, and influenza viruses. J. Exp. Med., 1976;
144(5): 1316-1323.

Hermant P., Michiels T., Interferon-A in the
Context of Viral Infections: Production, Response
and Therapeutic Implications. J. Innate. Immun.,
2014; 6(5): 563-574.

Hartung H.P., Gonsette R., Konig N., Kwiecinski H.,
Guseo A., Morrissey S.P., Mitoxantrone in Multiple
Sclerosis Study Group (MIMS) Mitoxantrone in
progressive multiple sclerosis: a placebo-controlled,
double-blind, randomized, multicentre trial. Lancet,
2002, 360:2018-2025.

Iannucci G., Tonorella C., Rovaris M., Sormani
M.P., Comi G., Filippi M., The prognostic value of
MR and MTI findings at presentation in patients
with clinically isolated syndromes suggestive of
MS. Am J Neuroradiol, 2000, 21:1034-1038.
Isaacs A., Lindenmann J., Valentine R.C., Virus
interference. Some properties of interferon. Proc.
Roy. Soc., Ser. B, 1957; 147: 268-273.

Isaacs A., Lindenmann J., Virus interference. The
interferon. Proc. Roy. Soc., Ser. B, 1957; 147: 258-267.
Jacobs L.D., Cookfair D.L., Rudick R.A., Herndon
R.M., Richert J.R., Salazar A.M., The Multiple
Sclerosis Collaborative Research Group (MSCRG).
Intramuscular interferon beta-la for disease
progression in relapsing multiple sclerosis. Ann.
Neurol., 1996; 39: 285-294.

Jock Murray T., The history of multiple sclerosis:
the changing frame of the disease over the
centuries, Journal of the Neurological Sciences,
2009, 277, S3-S8.

18

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Kidd P., Th1/Th2 balance: the hypothesis, its
limitations, and implications for health and disease.
Altern. Med. Rev., 2003; 8(3): 223-246.

Kieseier B.C., The mechanism of action of
interferon-f in relapsing multiple sclerosis. CNS
Drugs, 2011; 25(6): 491-502.

Leray E., Moreau T., Fromont A., Edan G.,
Epidemiology of multiple sclerosis. Original Research
Article. Revue Neurologique, 2016; 172(1): 3-13.
Lindenmann J., Burke D.C., Isaacs A., Studies on
the production, mode of action and properties of
interferon. Br. J. Exp. Pathol., 1957; 38: 551-562.
Lublin F., History of modern multiple sclerosis
therapy. J Neurol., 2005 Sep; 252, Suppl 3:iii3-iii9.
Malucchi S., Sala A., Gilli F., Bottero R., Neutralizing
antibodies reduce the efficacy of beta-IFN during
treatment of multiple sclerosis. Neurology, 2004;
62(11): 2031-2037.

Mohamad Abdulwahabe Mohamad, Niculina Mitrea,
Alina-Crenguta Nicolae, Maria-Zinaida Constantinescu,
Cristina Manuela Dragoi, Andreea-Letitia Arsene,
Carmen Gabriela Barbu. The dynamics of
adiponectin and leptin on metabolic syndrome
patients and age matched healthy subjects,
Farmacia, 2014, Vol 62 (3), 532-545.

Miller H., Newell D., Ridley A., Multiple sclerosis.
Treatment of acute exacerbations with cortico-
trophin (A.C.T.H.). Lancet, 1961; 2(7212): 1120-1122.
Nagano Y., Kojima Y., Pouvoir immunisant du
virus vaccinal inactivé par des rayons ultraviolets.
C. R. Seances Soc. Biol. Fil., 1954; 148: 1700-1702.
Nagata S., Taira H., Hall A., Johnsrud L., Streuli
M., Ecsodi J., Synthesis in E. coli of a polypeptide
with human leukocyte IFN activity. Nature, 1980;
204: 316-320.

Paty D.W., Li D.K.B., The UBC MS/MRI Study
Group and the IFNB Multiple Sclerosis Study Group,
Interferon betal11b is effective in relapsing[]
remitting multiple sclerosis, Neurology, 1993, 43,
4, 662.

Platanias LC., Mechanisms of type-I- and type-II-
interferon-mediated signalling. Nature reviews.
Immunology, 2005; 5(5): 375-386.

Scientific Committee on Interferon. Effect of
interferon on vaccination in volunteers. Lancet,
1962; 873-875.

Taisescu C.I., Iliescu G., Taisescu O., Predescu4
A., Andrei A.M., Catalin B., Silosi C., Biciusca V.,
Haematological adverse effects of interferon and
ribavirin treatment in patients with chronic C virus
hepatitis. Farmacia, 2015; 63(3): 465-469.

The IFNB Multiple Sclerosis Study Group and The
University of British Columbia MS/MRI Analysis
Group, Interferon beta-1b in the treatment of
multiple sclerosis: final outcome of the randomized
controlled trial. Neurology, 1995; 45: 1277-1285.
Tovey M.G., Lallemand C., Immunogenicity and
other problems associated with the use of
biopharmaceuticals. Therapeutic Advances in Drug
Safety, 2011; 2(3): 113-128.

Uzé G., Schreiber G., Piehler J., Pellegrini S., The
receptor of the type I interferon family. Curr. Top.
Microbiol. Immunol., 2007; 316: 71-95.





