
 

 

Interferon Beta and Multiple Sclerosis 
The family of Type I interferons, which include the Interferon-alpha (IFN-α) proteins and Interferon-beta (IFN-β), are secreted by 
many cell types including macrophages, lymphocytes, fibroblasts, endothelial cells and others. They stimulate cells of the immune 
system including both macrophages and NK cells to form an antiviral response, and they have also been shown to be active 
against tumors. IFN-β is known to also be produced in the central nervous system (CNS) by both the glial cells and astrocytes. 
Endogenous IFN-β production is thought to be mainly regulated by signaling through toll-like receptors (TLRs) that respond to 
ligands expressed by pathogens. However, several studies suggest that the intracellular signaling pathways for IFN-β induction are 
different for viral and non-viral inducers, and each pathway is likely to depend on discrete second messenger mechanisms. Each 
signaling pathway can induce or modulate a varied subset of other cytokines and chemokines that contribute to the innate immune 
inflammatory response. All of the Type I interferons have been shown to have important roles in regulating innate and adaptive 
immune responses. 

Multiple sclerosis (MS) is an inflammatory disease of the CNS. In the last decade, there has been an increase in the number of 
studies trying to determine the immune mechanisms that mediate tissue damage in MS (Javed and Reder, 2005; Weiner, 2008). 
IFN-β is effective for treating Multiple Sclerosis (MS); however the mechanism by which the therapeutic effect takes place remains 
somewhat elusive to date (Pozzilli and Prosperini, 2008). It is thought that among other pathogenic targets, IFN-β down-regulates 
T-cell activation by altering the expression of proteins involved in antigen presentation, and studies indicate that it also promotes 
the differentiation of activated T cells away from a T-helper-type 1 Th1 response (pro-inflammatory) and towards a Th2 response 
(anti-inflammatory). Accordingly, IFN-β decreases the expression of IL-12 and promotes the expression of anti-inflammatory 
cytokines like IL-27 by macrophages. (Baccala et al., 2005). 

 

Figure 1. IFN-β diminishes the ability of activated T cells to cross the blood-brain barrier and 
enter the central nervous system parenchyma 

 



 

 

 

Systemic administration of IFN-β has been shown to slow MS disease progression, reduce relapse rate, and decrease the number 
of CNS lesions. Although the signaling pathways remain to be deduced, results clearly implicate the involvement of IFN-β in 
regulating the inflammatory response in the CNS. Other autoimmune diseases similar to MS that are characterized by a T-
lymphocyte delayed-type hypersensitivity response include rheumatoid arthritis (RA) and Type I diabetes mellitus (DM). The 
diseases are caused by the similar immune deregulation found in the synovial membrane lining the non-cartilaginous surfaces of 
the joints, and the b islet cells of the pancreas, respectively. FDA-approved use of injectable IFN-β 1b (Betaseron®, Bayer) (Lin, 
1998) to treat MS has been shown to decrease neuronal lesions by 80%, whereas Phase I trials using intramuscular treatment of 
IFN-α2a (Roferon A, Roche) yields a reduction in the clinical signs of relapse-remitting MS. Moreover, Phase I clinical trials using 
ingested recombinant human IFN-α2 showed a 30% preservation of b cell function in Type 1 diabetes, as well as a 20% reduction 
in the signs of symptoms associated with painful and swollen joints in RA (Brod, 2002). Crohn’s disease is another more recently 
described autoimmune condition which is also thought to arise primarily due to inappropriate chronic T-lymphocyte activation, 
with tissue damage induced by secondary macrophage activation. The prospect that Crohn’s disease is a form of T-helper type 1 
(Th1) cell-dominant autoimmune disease is gaining acceptance, with support from the current use of immunosuppressants, and 
the possibility of IFN-β utilization as a therapeutics becoming much more probable (Rossi et al., 2009). 

IFN-β treatment of MS patients restores immune dysfunction to a degree, but not completely. The incomplete 
resolution of immune dysfunction by IFNs partly explains their significant, but modest therapeutic effects. This 
also suggests that there are immune mechanisms in MS and probably other autoimmune diseases that are resistant 
to IFN therapy. In all autoimmune diseases, abnormalities may exist at several points along the IFN signaling 
pathway, including molecular defects in the IFN signaling pathways. Currently, many studies are focusing on 
evaluating ways of differentiating and modulating IFN effects. IFN-β was the first agent to show substantial clinical 
benefits in the treatment of MS. Many years of experience with these molecules has confirmed clinical efficacy 
over extended time. In the near future, IFN-based therapeutics will likely continue to play a significant role in 
treating a variety of autoimmune disorders. 
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