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Abstract
Background: Treatment failure to Interferon-beta (IFN-β) in Multiple Sclerosis (MS) 
can only partly be explained by anti-IFN-β neutralising antibodies (NAb). Myxovirus 
resistance protein A (MxA) mRNA, reflecting IFN-β bioactivity, is studied as an alternative 
biomarker for IFN-β therapy response. Although absent IFN-β bioactivity is associated 
with NAb and NAb are associated with reduced drug efficacy, the direct relationship 
between IFN-β bioactivity and clinical disease activity is largely unknown. 

Methods: We enrolled 126 consecutive relapsing-remitting MS patients on IFN-β 
treatment. MxA mRNA expression was assessed 4 hours after IFNb injection. Biological 
response status was determined after 3 months, by combined measurement of MxA 
mRNA expression and induction (MxA mRNA expression after/before IFN-β injection). 
Patients were considered biological non-responders when both MxA mRNA expression 
and MxA mRNA induction were negative. 

Results: Biological non-responders showed a significantly higher annualised relapse 
rate and a smaller proportion relapse-free patients compared to biological responders 
(relapse rate 0.81 versus 0.37; proportion relapse free 37% versus 67%). 

Conclusions: Our results suggest that a lack of IFN-β bioactivity is associated with the 
occurrence of relapses and therefore can be useful as a biomarker for unresponsiveness 
to IFN-β.
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Introduction
Interferon-beta (IFN-β) is widely used as a first-line treatment for relapsing-remitting 
multiple sclerosis (RR-MS), producing an approximately one-third reduction in relapse 
rate1,2,3. Not all patients respond to IFN-β treatment4 and with the increased availability 
of alternative treatment, it is important for clinicians to identify the patients suitable 
for other forms of disease modifying therapy5. Anti-IFN-β neutralising antibodies (NAb) 
blocking the biological functions of IFN-β by interfering with IFN-β binding to its receptor 
develop in a significant proportion of patients treated with IFN-β3,6,7,8. NAb are associated 
with a reduced drug efficacy as seen on MRI and as determined with clinical parameters 
for disease activity9,10,11,12,13. Because NAb titres fluctuate and NAb may even disappear in 
some patients with continuous treatment and no consensus exists on how to use NAb tests 
in clinical practice14, IFN-β bioactivity markers are studied as an alternative for measuring 
responsiveness to the drug. Myxovirus resistance protein A (MxA) messenger RNA is a 
specific and commonly used biomarker to assess IFN-β bioactivity15,16,17,18,19. Whereas MxA 
mRNA response to IFN-β is associated with NAb status16,20,21 and NAb status to efficacy of the 
drug9,10,12,13,22,23, the direct relationship between IFN-β bioactivity and clinical disease activity 
is still largely unknown. In this study we aim to evaluate whether the lack of IFN-β bioactivity 
is associated with an increase in clinical disease activity during IFN-β treatment. 

Methods
Well-monitored consecutive patients with clinically definite MS receiving IFN-β treatment 
for at least 6 months were enrolled in the study between March 2006 and November 2007. 
IFN-β bioactivity was evaluated according to a previously described method19 considering 
two aspects of IFN-β bioactivity: absolute MxA mRNA expression levels and the increase 
of expression after IFN-β injection, i.e. MxA mRNA induction. At screening MxA mRNA 
expression was measured 4 hours after IFN-β administration, using reverse transcriptase 
polymerase chain reaction (rt-PCR). MxA mRNA results were normalised to the ‘housekeeping 
gene’ glyceraldehyde 3-phosphate dehydrogenase (GAPDH). MxA mRNA expression was 
considered negative when < 0.2, intermediate when between 0.2 and 1.0 and high when 
>1.0. A previous study from our lab has shown that 4 hours after IFN-β injection, MxA mRNA 
expression values < 0.2 are associated with the presence of NAb and expression levels >1.0 
with the absence of NAb19. Because patients showing high MxA mRNA expression levels 
(>1.0) at screening were likely to have sufficient IFN-β bioactivity, in these patients IFN-β 
bioactivity assessment was not repeated. All other patients were re-tested three months 
after screening, for MxA mRNA expression (4 hours after IFN-β injection) but also for MxA 
mRNA induction (rise in expression after IFN-β injection compared to expression of mRNA 
just before IFNb injection). Both factors were combined to determine a biological responder 
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status. If at second assessment either MxA mRNA expression was >0.2 or MxA mRNA 
expression had increased 3-fold after IFN-β injection compared to pre-injection (MxA mRNA 
induction ≥ 3.0), patients did show response to IFN-β administration on one or on both 
measures of IFN-β bioactivity. They were considered biological responders. If MxA mRNA 
expression after IFN-β administration was <0.2 and MxA mRNA induction was <3.0 patients 
were considered biological non-responders. To determine clinical disease activity status, 
relapse rate and corticosteroid use one year before testing were scored from the medical 
files. This study was approved by the Medical Ethical Committee of the VUmc and informed 
consent was obtained from all participants.

Statistical analysis

Differences in demographic characteristics between biological responder groups were 
evaluated with the Kruskal-Wallis and chi-square tests. To determine if a lack of IFN-β 
bioactivity is associated with clinical disease activity we compared patients with negative 
MxA mRNA expression to patients with intermediate and high MxA mRNA expression 
at screening, using a log-linear Poisson regression. Furthermore, we assessed whether 
a persistent lack of MxA mRNA expression (two consecutive negative test results) was 
associated with higher relapse rates and an increased use of intravenous steroids. In addition, 
we compared the relapse rate and the use of intravenous corticosteroids of biological non-
responders, defined as patients with a negative MxA expression and a negative MxA mRNA 
induction at second visit, to biological responders. The proportion of relapse free patients 
was compared between groups with the Fisher’s exact test.

Results
Patients

126 patients were included, 36 (29%) men and 90 (71%) women. Part of this study cohort 
has been described previously elsewhere19. Median treatment duration was 48 months 
(range 6-153) and median disease duration was 8.6 years (range 1.3-32.1). Patients were 
treated with intramuscular IFN-β-1a 30 μg once weekly (n = 28), subcutaneous IFN-β-1a 22 
μg three times weekly (n = 29), subcutaneous IFN-β-1a 44 μg three times weekly (n = 25) 
and subcutaneous IFN-β-1b 250 μg every other day (n = 44). No differences were found with 
respect to gender, age, disease duration, treatment duration, IFN-β product of treatment 
and MS subtype between described groups (Data not shown). 

MxA mRNA expression at screening and clinical disease activity

At screening 38 (30%) patients had negative MxA mRNA expression, 62 (49%) showed 
intermediate and 26 (21%) high MxA mRNA expression levels. A single negative MxA mRNA 
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expression result at screening was not significantly associated with increased clinical disease 
activity (for relapse rate p = 0.13 and for corticosteroid use p = 0.43) and the proportion of 
relapse-free patients was similar (Table 1). In the 26 patients with initial high MxA mRNA 
expression, IFN-β bioactivity measurements were not repeated. These patients showed an 
annualised relapse rate of 0.58 and a proportion of relapse free patients of 14 out of 26 
(54%).

Table 1. Results at Screening visit for the association of MxA mRNA expression and clinical features.

MxA mRNA expression Negative (<0.2) Intermediate (0.2-1.0) High (>1.0)

Relapse rate mean (SD) 0.71 (0.8) 0.45 (0.6) 0.58 (0.7)

IVMP mean (SD) 0.45 (0.7) 0.32 (0.5) 0.44 (0.6)

Relapse-free n (%) 17/38 (45) 33/62 (53) 14/26 (54)

MxA, myxovirus protein A; mRNA, messenger RNA; SD, standard deviation; ivMP, intravenous methylprednisolone. 
No significant differences were observed between groups regarding the relapse rate, the use of corticosteroids and 
the proportion of relapse-free patients.

Repeated MxA mRNA expression and clinical disease activity

After screening, 100 patients were invited for a second assessment. In 84 patients MxA 
mRNA expression was repeated after at least 3 months (mean interval 3.6 months, range 
3-5). The majority of patients with negative MxA mRNA expression at screening were 
negative at second assessment (25/38 (66%)). The 25 patients with a persistent lack of MxA 
mRNA expression showed a statistically significant higher relapse rate compared to others 
who completed both visits (χ2: 4.1, df: 1, p = 0.042) and a smaller (although not significant) 
proportion relapse free patients (44% vs. 63%; p = 0.15). 

MxA mRNA expression combined with MxA mRNA induction (biological responder status) 
and clinical disease activity

In the 84 patients that were re-tested, biological responder status was determined by 
combining the repeated MxA mRNA expression measurement with MxA mRNA induction 
(the change in expression level after IFN-β injection compared to pre-injection levels). 
The mean MxA mRNA induction was 3.6 and the interquartile range was1.2-7.0. Patients 
with a negative MxA mRNA expression and a MxA mRNA induction <3.0, were considered 
biological non-responders 27/84 (32%). Biological non-responders showed a higher relapse 
rate (mean relapse rate 0.81 vs. 0.37; χ2: 6.8, df: 1, p = 0.009) and a smaller proportion of 
relapse free patients (37% vs. 67%; p = 0.017) compared to biological responders (Table 2). 
Comparison of the use of intravenous corticosteroids did not show significant differences. 
Sixteen patients were not re-assessed at a second visit at the time of data analysis, 11 
of which because they stopped IFN-β treatment. The relapse rate and the percentage of 
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relapse free patients of these patients were relatively high (relapse rate 0.81; relapse free 
38%) and similar to biological non-responders. 

Table 2. Biological responder status to interferon-beta (IFN-β) assessment at second visit and clinical 
disease activity. 

 Biological response status non-responder responder

Relapse rate mean (SD) 0.81 (0.8)# 0.37 (0.6)

IVMP mean (SD) 0.51 (0.7) 0.28 (0.6)

Relapse-free n/subtotal (%) 10/27 (37)## 38/57 (67)

MxA, myxovirus protein A; mRNA, messenger RNA; SD, standard deviation; ivMP, intravenous methylprednisolone. 
Biological non-responders are defined as patients with negative MxA mRNA expression (<0.2) and a negative MxA 
mRNA induction (<3.0) at second visit. # Biological non-responders showed higher relapse rates (p= 0.009); ## and 
a lower proportion relapse-free patients (p= 0.017). No differences were observed between groups for the use of 
intravenous corticosteroids.

Discussion
In this study, patients who are biological non-responders to IFN-β have a higher annualised 
relapse rate and have a lower likelihood to remain relapse free compared to patients who do 
demonstrate a biological response. As the occurrence of relapses or the annualised relapse 
rate is an important clinical criterion for the cessation of IFN-β treatment24,25,26, our results 
suggest that IFN-β bioactivity can be useful as a biomarker for the unresponsiveness to 
IFN-β therapy. Recently, the predictive value of MxA mRNA expression was demonstrated 
for the time to a next relapse, which was even more evident than the presence of NAb27. 
In our study, a negative MxA mRNA expression in two consecutive tests was significantly 
associated with the occurrence of relapses. This association was even more pronounced 
when relapse rate was correlated to biological non-responders status (defined as patients 
having twice a negative MxA mRNA expression 3 months apart and a negative MxA mRNA 
induction at second assessment), suggesting that repeated measurements including pre-
injection values provide the most sensitive marker for non-responsiveness. Blood sampling 
was performed 4 hours after IFN-β injection, an interval providing enough time for a robust 
rise in MxA mRNA expression to occur28 and also allowing before-and-after measurements 
on the same day, which has obvious advantages for implementation in clinical practice. In 
this study, patients showing a high MxA mRNA expression at screening were not re-tested 
because IFN-β bioactivity was assumed to be sufficient. Clinical evaluation largely supports 
this assumption, as a higher proportion of patients were relapse free compared to biological 
non-responders. A small group of patients was not re-tested, although results at screening 
did warrant repeated testing; these patients stopped IFN-β treatment already. Overall 
these patients showed a relapse rate and a percentage of relapse free patients similar to 
biological non- responders. Results of our study should be confirmed in future studies, 
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ideally prospectively designed and with larger patient numbers. These studies could further 
establish which combination of diagnostic tests has most relevance for identifying clinical 
non-responders to IFN-β.
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