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Aim: The soluble isoform of the IFN-β receptor (sIFNAR2) can bind IFN-β and modulate 
its activity, although its role in autoimmune diseases remains unknown. Methods: 
A recombinant human sIFNAR2 protein was cloned, expressed and purified after 
which we developed and validated an ELISA for its quantification in human serum. 
Serum sIFNAR2 were assessed in multiple sclerosis (MS) patients and healthy controls. 
Results: The ELISA has a dynamic range of 3.9–250 ng/ml and a detection limit of 
2.44 ng/ml. Serum sIFNAR2 were significantly lower in untreated-MS patients than 
in healthy controls. Conclusion: The ELISA is suitable for quantification of sIFNAR2 
in serum and should facilitate the study of sIFNAR2 in neuroimmunological diseases 
such as MS.

Multiple sclerosis (MS) is a T-cell- 
mediated autoimmune disorder characterized 
by inflammation of the central nervous sys-
tem, demyelination and axonal damage [1–3]. 
The cytokine IFN-β is a key molecule in this 
disease, as it maintains the anti-inflamma-
tory status of the immune system [4] and is 
one of the most widely used treatments for 
MS patients.

The biological activity of IFN-β is medi-
ated through interaction with the IFN α/β 
cell surface receptor (IFNAR), composed 
of two subunits, IFNAR1 and IFNAR2 [5]. 
IFNAR2 bears the IFN-β-binding domain 
and IFNAR1 is needed to form and stabilize 
the high-affinity IFN-β-receptor complex [6]. 
The IFNβ/IFNAR interaction activates a 
complex intracellular pathway that involves 
the JAK–STAT family proteins and con-
cludes with a variety of biological responses, 
including antiviral, antiproliferative and 
immunomodulatory effects [7,8].

Soluble cytokine receptors participate in 
the control of cytokine activity by modu-
lating their binding to anchored membrane 
receptors and generating the biological 
response. These receptors can act as bio-
logical agonists, protecting the ligand from 
proteolysis, improving its stability, modu-

lating ligand pharmacokinetics or decreas-
ing clearance, or by acting as antagonists 
in competition with the cell surface recep-
tor for ligand binding [9,10]. There are two 
major mechanisms for the generation of 
soluble receptors, alternative splicing of the 
RNA that encodes the cytokine receptor and 
cleavage of the membrane receptor [11]. The 
IFNAR2 subunit has three isoforms result-
ing from alternative splicing; the short form 
(IFNAR2.1/IFNAR2b) is a nonfunctional 
transmembrane protein, whereas the long 
form (IFNAR2.2/IFNAR2c) is a transmem-
brane protein that composes the functional 
receptor together with IFNAR1 [12]. The 
other transcript encodes the soluble recep-
tor form, sIFNAR2 (IFNAR2.3/IFNAR2a). 
This protein, which lacks the transmembrane 
and cytoplasmic domains [13], is detected in 
body fluids [14] and bind type I IFN [15]. A 
modulatory function has been postulated 
for sIFNAR2 as an agonist or antagonist of 
IFN-β bioactivity, depending on sIFNAR2 
concentration [16,17]. The contribution of sIF-
NAR2 in MS and other autoimmune diseases 
nonetheless remains unknown, although 
it might modulate not only endo genous 
IFN-β but also exogenously administered 
therapeutic IFN-β [17].
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In this study, we cloned, expressed and purified a 
recombinant human sIFNAR2 protein, after which we 
developed and validated an enzyme-linked immuno-
sorbent assay (ELISA) for its quantification in human 
serum. We applied the validated assay to quantify 
serum sIFNAR2 in MS patients and healthy controls.

Materials & methods
Cloning & expression of recombinant soluble 
IFNAR2
sIFNAR2 was cloned in the prokaryotic system pEcoli-
Cterm 6xHN Linear (Clontech), which bears an 
ampicillin resistance gene. The insert was synthesized 
by PCR using specific primers and separated by aga-
rose gel electrophoresis based on size (924 base pairs). 
The specific band was purified with the QIAquick Gel 
Extraction kit (Qiagen) and ligated to the plasmid 
using the In-Fusion Dry-Down pellet kit (Clontech) 
following manufacturer’s instructions. Replicative bac-
teria (MAX Efficiency DH5α Competent Cells [Invi-
trogen]) were transformed with the plasmid, seeded 
in lysogeny broth (LB)-agar plates supplemented with 
100 μg/ml ampicillin and incubated (37°C, over-
night). Colony-forming units were isolated, seeded in 
LB supplemented with ampicillin and incubated over-
night with agitation. The plasmid was purified with 
the PureYield Plasmid Miniprep System (Promega), 
the nucleotide sequence and correct reading frames 
were verified, and BL21(DE3) bacteria (Invitrogen) 
were transformed to express the recombinant protein 
sIFNAR2. The culture was grown in LB supplemented 
with ampicillin to an optical density (OD) of 0.8 

(λ = 600 nm) and protein expression was induced by 
adding 0.5 mM isopropyl β-D-1-thiogalactopyranoside 
followed by incubation (37°C, 4 h, with agitation). 
Bacteria were harvested, resuspended in lysis buf-
fer containing a protease inhibitor cocktail (Roche), 
incubated for (30 min, room temperature; RT) with 
constant shaking and sonicated. The suspension was 
centrifuged and the supernatant filtered.

Recombinant sIFNAR2 was purified on high- 
capacity Ni+2-iminodiacetic acid resin columns 
and detected in western blot with anti-IFNAR2 
human MaxPab (Abnova) (Figure 1A). Recombi-
nant sIFNAR2 was also identified by MALDI-TOF 
(Supplementary Figure 1).

Standardization of a sandwich ELISA to 
detect sIFNAR2
Reagents & buffers
The reagents and buffers are summarized in 
Supplementary Table 1.

Serum samples
Human serum samples were obtained from 137 
untreated patients with relapsing-remitting MS 
defined according to the revised McDonald criteria [18], 
recruited from the Málaga Regional University Hospi-
tal (Malaga, Spain). The samples were always obtained 
when the patients were in clinical remission. As con-
trols (HC), 88 unrelated age-matched healthy indi-
viduals were selected. Samples and HC were processed 
following standard procedures and frozen immedi-
ately after reception by the Málaga Hospital-IBIMA 
Biobank, as part of Andalusian Public Health System 
Biobank. All patients who participated in the study 
gave informed consent and protocols were approved by 
institutional ethical committees (Comité de Ética de la 
Investigación Málaga Nordeste).

Recombinant sIFNAR2 was quantified by den-
sitometry analysis using a bovine serum albu-
min standard and analyzed with ImageJ software 
(Supplementary Figure 2). The sIFNAR2 standard 
curve was generated, and prepared freshly for each 
assay. The curve covered a range from 3.9 to 250 ng/ml, 
using six serial dilutions of recombinant sIFNAR2. 
The reference standard throughout the validation 
process was a single lot of protein with >95% purity.

Definition of quality control/nominal value
As quality controls (QC

1
–QC

5
) we used five neat serum 

samples derived from the study population, as recom-
mended by Valentin et al. [21]. These samples were ana-
lyzed in three duplicate assays and the mean of the three 
experiments was used as nominal value for intra- and 
inter-assay accuracy and imprecision assessments.

Key terms

Multiple sclerosis: A T-cell-mediated autoimmune 
disorder characterized by inflammation, demyelination and 
axonal damage of the central nervous system.

IFN-β: Cytokine with antiviral, antiproliferative and 
immunomodulatory effects that acts through interaction 
with its cell surface receptor (IFNAR), composed of two 
subunits, IFNAR1 and IFNAR2.

sIFNAR2: Soluble isoform of the IFNAR2 subunit, 
generated by alternative splicing of the RNA encoding 
IFNAR2 or cleavage of membrane receptor, with ability to 
modulate the biological activity of IFN-β.

Validation: Is the confirmation, via extensive laboratory 
work, that the performance characteristics of an assay are 
suitable and reliable for intended analytical use.

Accuracy: The accuracy describes the closeness of mean 
test results obtained by the method to the true value 
(concentration) of the analyte.

Imprecision: The random dispersion of a set of replicate 
measurements and/or values expressed quantitatively 
by statistic such as standard deviation or coefficient of 
variation.
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Figure 1. Detection of sIFNAR2 by western blot and standard curve of the ELISA. (A) Purified recombinant 
sIFNAR2 was resolved in 12% SDS-PAGE (1.), followed by western blot analysis using IFNAR2 purified MaxPab 
rabbit polyclonal and antibody and phosphatase alkaline-coupled goat anti-rabbit IgG. A colorimetric reaction 
using NBT/BCIP solution was used for visualization, which showed the 30 kDa band corresponding to the size 
of purified sIFNAR2 (2.). (B) Representative standard curve of sIFNAR2. The correlation coefficient was equal 
to 1, y-intercept (A) was equal to 0.118 (the response value at 0 standard concentration), and the slope of the 
regression line (B) was 1.12. The estimated response at infinite standard concentration (D) was 6.91. 
M: Molecular weight marker.
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ELISA
This protocol describes the ELISA procedure used 
for the validation process. Concentrations of capture 
and secondary antibodies, as well as crossreactivity, 
pH, incubation temperature and time were optimized 
previously (not shown).

Background signal obtained with all the possible 
combinations of the antibodies (capture, detection and 
enzyme-linked secondary antibodies), in the absence 
of sample, is shown in the Supplementary Figure 3, 
along with a standard curve and a negative control.

The strategy and steps followed for the develop-
ment and validation of the ELISA are shown in 
Supplementary Figure 4.

Amino surface 96-well microtiter plates were coated 
with 0.2 μg rabbit polyclonal antihuman IFNAR2 anti-
body (Abnova) in 100 μl/well coating buffer (0.05 M 
carbonate-bicarbonate, pH 9.6) and incubated (over-
night, 4°C). Wells were then emptied, washed four-
times with 300 μl/well washing buffer (WB:Tris-buff-
ered saline + 0.05% Tween-20) and blocked with 200 
μl/well casein blocking buffer (2 h, RT). The plate was 
washed four-times with WB, and 50 μl standard curve 
or serum samples (diluted1:2) were added to wells in 
duplicate and incubated (1 h, RT). Blocking buffer was 
used as a blank. Plates were washed and 50 μl mouse 

polyclonal antihuman IFNAR2 antibody (1 μg/ml in 
assay buffer; Abnova) added per well and incubated 
(1 h, RT). After three washes, 50 μl horseradish per-
oxidase (HRP)-conjugated goat antimouse IgG (H+L) 
adsorbed against human immunoglobulins (diluted 
1/10,000 in blocking buffer; Southern Biotech) was 
added to each well and incubated (1 h, RT). After three 
additional washes, 100 μl/well TMB One Component 
HRP Microwell Substrate (BioFX Laboratories) was 
added and incubated (10–15 min, RT, in the dark). 
Color development was terminated by adding 50 μl/well 
1 N H

2
SO

4
. Optical density (OD) was measured at 450 

nm in a VERSAmax microplate reader.

Sample analysis
sIFNAR2 concentration in human serum samples was 
evaluated in duplicate. Each assay included a standard 
curve with seven concentrations, two quality controls 
and a negative control. The sIFNAR2 concentration 
was determined by OD interpolation from the samples 
and controls in the standard curve. The calibration 
curve was established using a four-parameter curve 
fitting model (Softmax Pro, Molecular Devices).

Sample measurement was considered acceptable 
if the coefficient of variation (CV) of the duplicates 
was <10% and the interassay CV of the standard was 
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<20%. Less than 2% of samples were below the lower 
limit of quantification and were not included as they 
were outside the calibration range.

Validation of the sIFNAR2 assay in human 
serum
The assay was validated following the Q2 (R1) Valida-
tion of Analytical Procedures of the ICH Harmonised 
Tripartite Guideline [19] and the recommendations of 
Lee et al. [20] and Valentin et al. [21].

Statistical analysis
The data were analyzed with SPSS 15.0 (SPSS, Chi-
cago, IL, USA). Quantitative variables were reported as 
median and interquartile range. As a non-normal dis-
tribution was established in the Kolmogorov–Smirnov 
test, nonparametric Mann–Whitney U test was used 
to compare sIFNAR2 concentration between MS 
patients and controls. A p < 0.05 was considered 
statistically significant.

Results
Calibration curve
The curve was based on six serial dilutions of recom-
binant sIFNAR2 in blocking buffer and had a con-
centration range from 3.9 to 250 ng/ml. Back-cal-
culated concentration of the standard in the defined 
range met the acceptance criteria of mean accuracy 
within the range of 80–120% and imprecision less 
than 20% [21]. The standard recovery showed val-
ues from 97.46 to 107.55%. The assay imprecision 
(CV) was <5.1% for OD values and <8.1% for the 
back-calculated values (Table 1 & Figure 1B).

Parallelism of sIFNAR2 assay
Five serum samples were freshly diluted in sample 
diluent (blocking buffer) at 1:2, 1:4, 1:8 and 1:10 and 
evaluated to assess the parallelism of the assay. Accu-
racy of IFNAR determination in each sample was 
within the range of 103.18 to 130% compared with 
values determined at the 1:2 dilution, which complies 
with acceptance criteria for accuracy within the range 
of 70–130% (Table 2 & Figure 2) [21].

This experiment demonstrated that the signal was 
produced by the analyte of interest, showed propor-
tionality between the endogenous sIFNAR2 form 
and the reference standard, and that there was no 
apparent effect of dilution of human serum from 
1:2 to 1:10 on sIFNAR2 determination. The mini-

mum required dilution (MRD) to achieve acceptable 
accuracy and precision was thus 1:2.

Spike & recovery
Five samples of human serum were spiked with 
8 ng/ml (low spike) and 125 ng/ml (high spike) of 
recombinant human sIFNAR2 and accuracy was 
assessed at 1:2, 1:4, 1:8 and 1:10 dilutions in assay 
buffer. The spiking solution was <5% of the final vol-
ume [22]. Accuracy was calculated using the sIFNAR2 
concentration determined at dilution 1:2 as a reference 
value. The accuracy of measurement of spiked serum 
samples ranged from 90.14 to 122.87%; for each dilu-
tion factor, the five samples thus met the acceptance 
criteria (Table 3). These data showed that the bio-
logical matrix does not interfere with the quantitative 
determination of sIFNAR2 in human serum.

Assay dynamic range & limits of 
quantification/detection
The LLOQ is the lowest calibration point for which 
the concentration can be back-calculated on the 
regression curve with 80–120% accuracy and a CV 
below 20%. The ULOQ is the upper calibration 
point that meets these criteria. The dynamic range 
thus extends from the LLOQs to ULOQs. In our 
assay, the dynamic range defined with recombinant 
sIFNAR2 ranged from 3.9 to 250 ng/ml. In serum 
samples, the LLOQ, and therefore the sensitivity, was 
7.8 ng/ml given the 1:2 predilution of the samples 
before analysis.

The LOD is the lowest concentration of a sub-
stance that can be distinguished from the absence 
of that substance, and its signal is therefore consid-
erably higher than the background. The LOD was 
calculated from mean signal at background + three 
standard deviations. The LOD of the sIFNAR2 assay, 
calculated from ten assays, was 2.44 ng/ml.

Repeatability
Intra-assay accuracy & imprecision of the 
standards
Three points of the standard curve (250, 62.5 and 
7.8 ng/ml) were included five-times in duplicate in a 
single assay to evaluate repeatability. Intra-assay accu-
racy and imprecision were calculated for each stan-
dard level as the accuracy and mean imprecision of the 
five measurements. Nominal values for each standard 
were determined as the mean of the five determina-
tions and were used as reference values for intra-assay 
accuracy and imprecision assessments. The accuracy 
was determined with the back-calculated concentra-
tion as the observed value and the nominal value as 
the expected value. Intra-assay accuracy was within 

Key terms

Recovery: The quantified closeness of an observed result 
to its theoretical true value. It is used as a measure of 
accuracy.
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the range of 91.04 to 111% and imprecision (CV) 
within the range of 4.24 to 8.32% (Table 4).

Intra-assay accuracy & imprecision of the serum 
samples (QC)
Five serum samples were analyzed in duplicate four-
times in a single run to evaluate ELISA repeatability. 
Nominal values of the samples were determined previ-
ously and were used as reference values for intra-assay 
accuracy and imprecision assessments. The intra-assay 
accuracy of the sIFNAR2 determination was within the 
range of 80.42 to 107.03%; intra-assay imprecision with 
the back-calculated concentration ranged from 2.50 to 
5.16% (Table 4).

Reproducibility
Inter-assay accuracy & imprecision of the standards
Interassay imprecision was determined with three 
concentrations of the standard on five different days, 
performed by at least two different analysts. Interas-
say accuracy was calculated for each point with the 
back-calculated concentration and ranged from 86.54 
to 112.69%. Interassay imprecision was 0.24% for the 
highest concentration, 4% for medium concentration 
and 10.1% for the lowest concentration (Table 5).

Interassay accuracy & imprecision of the serum 
samples (QC)
Five serum samples were assayed in five different exper-
iments to evaluate the interassay variability. As before, 

nominal values of the samples were determined previ-
ously and used as reference values for interassay accu-
racy and imprecision assessments. Interassay accuracy 
of the sIFNAR2 determination ranged from 80.43 to 
115.05%, and imprecision with the back-calculated 
concentration from 3.9 to 16.6% (Table 5).

Interference
To test analytic interference from complex forma-
tion between sIFNAR2 and IFN-β, five different sera 
were preincubated with each of the five IFN-β con-
centrations (Betaferon 400, 800, 1200, 1600, 2000 
IU) and without IFN-β. No analytical interference 
was observed when recombinant IFN-β was added up 
to 2000 IU, since the accuracy ranged from 96.2 to 
100.3%, using the sIFNAR2 concentration without 
IFN-β as the reference value.

sIFNAR2 stability in serum
sIFNAR2 stability in serum samples was analyzed 
with the same samples tested for interassay impreci-
sion, after four cycles of freezing (-20°C for at least 
8 weeks) and thawing (at RT for at least 3 h). Recovery 
was assessed against the concentration measured at day 
1 and ranged from 80.2 to 97.3% for the four samples. 
Only the sample with the lowest sIFNAR2 concentra-
tion showed a percentage of recovery less than 80%. 
The results showed that endogenous sIFNAR2 con-
centrations in human serum were stable for at least 
8 weeks at -20°C and after four freeze–thaw cycles.

Table 1. Example of data from calibration curve obtained during assay validation.

Std conc. 
(ng/ml) 

Optical density Back-calculated concentration (ng/ml) Accuracy (obs/exp) ×100

Values Mean SD %CV Values Mean SD %CV

250 2.604 2.572 0.045 1.8 254.26 249.710 6.435 2.6 99.88

 2.540    245.16     

125 1.479 1.534 0.078 5.1 120.63 126.185 7.856 6.2 100.95

 1.589    131.74     

62.5 0.823 0.827 0.006 0.7 60.58 60.910 0.467 0.8 97.46

 0.831    61.24     

31.25 0.470 0.474 0.006 1.2 30.95 31.295 0.488 1.6 100.16

 0.478    31.64     

15.62 0.298 0.298 0 0.1 16.61 16.585 0.035 0.2 106.20

 0.298    16.56     

7.81 0.209 0.203 0.008 3.9 8.88 8.400 0.679 8.1 107.55

 0.198    7.92     

3.90 0.156 0.157 0.002 1.3 4.02 4.195 0.195 4.6 106.49

 0.159    4.29     

Standard curve was based on six serial dilutions of recombinant sIFNAR2 with a concentration range of 3.9 to 250 ng/ml.

%CV: Coefficient of variation expressed as percentage; Obs/exp: Observed/expected; Std conc: Standard concentration; SD: Standard deviation.
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Figure 2. Parallelism assessment of sIFNAR2 assay in human serum. The data for five samples were plotted as 
absorbance versus 1/dilution factor (A) and dilution-adjusted concentration versus 1/dilution factor (B).
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Table 2. Parallelism of sIFNAR2 assay.

 Dilution OD values Mean adjusted 
concentration (ng/ml)

Accuracy (obs/exp × 100)

Sample 1
 
 
 

1/2
1/4
1/8
1/10

0.845
0.536
0.360
0.302

110.10
119.32
128.13
116.14

 
108.37
116.38
105.49

Sample 2
 
 
 

1/2
1/4
1/8
1/10

0.995
0.665
0.451
0.384

155.60
160.55
184.97
178.97

 
103.18
118.88
115.01

Sample 3
 
 
 

1/2
1/4
1/8
1/10

0.916
0.578
0.376
0.344

122.17
132.47
138.36
148.30

 
108.43
113.26
121.39

Sample 4
 
 
 

1/2
1/4
1/8
1/10

0.781
0.504
0.341
0.308

99.36
109.07
116.98
120.62

 
109.77
117.73
121.39

Sample 5
 
 
 

1/2
1/4
1/8
1/10

0.825
0.570
0.391
0.335

106.85
129.89
137.46
139.11

 
121.57
128.65
130.20

Parallelism assessment of sIFNAR2 assay in human serum. The accuracy was calculated using the sIFNAR2 concentration determined at 

dilution 1:2 as a reference value.
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Distribution of sIFNAR2 in serum of MS 
patients & healthy controls
The validated sIFNAR2 ELISA was used to deter-
mine sIFNAR2 concentration in serum samples from 
137 untreated MS patients and 88 HC. There were not 
significant differences in gender distribution among 
patients and controls. sIFNAR2 levels in MS patients 
(median [IR]: 71.67 [39.67–128.18 ng/ml]) were sig-
nificantly lower than those in HC (median [IR]: 134.3 
[76.10–179.21 ng/ml]; p <0.00001). A slight overlap 

was observed over the distribution ranges in the two 
subject groups (Figure 3).

We tested our recombinant sIFNAR2 protein with 
a commercial kit (VeryKine Human IFN Alpha/Beta 
Receptor 2 ELISA kit; cat. number 41,385) and the 
standard protein provided in the kit was included in 
the ELISA we developed. The distribution pattern 
of sIFNAR2 in serum of MS patients and HC as 
determined by the commercial kit was similar to that 
obtained with our ELISA (not shown).
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Discussion
sIFNAR2 is found in body fluids such as peripheral 
blood and urine [14]; although its function is not fully 
defined, it can bind type I IFN [15] and appears to 
modulate the bioactivity of endogenous and systemi-
cally administered IFN-β [16,17]. Despite the evidence 
that sIFNAR2 is a potential regulator of type I IFN 
responses [17], the role of sIFNAR2 in MS and in other 
immunological diseases is unknown.

Although biomarkers have become an important 
tool for optimizing the benefit/risk ratio of therapeu-
tics, validated methods must be used in biomarker 
studies to improve the quality of the data and their 
application in clinical practice. Although previous 
studies have evaluated serum sIFNAR2 levels in 
diseases such as hepatitis C [23], AIDS [24] and neo-
plasms [25] proposing sIFNAR2 as a biomarker, none 
of these reports describe the detection method explic-
itly and no validated assays for sIFNAR2 measure-
ment in serum have been reported. Here we describe 
the development, validation and implementation of 
a sensitive ELISA for quantification of sIFNAR2 in 
human serum.

Since no commercial sIFNAR2 peptide was avail-
able, we synthesized a recombinant sIFNAR2 in-

house. The first step in the development was to clone, 
express and purify the recombinant sIFNAR2 using a 
prokaryotic system. Recombinant sIFNAR2 was iden-
tified by western blot with the same antibodies used in 
the ELISA and then by MS (MALDI-TOF) and pep-
tide mass fingerprinting, which confirmed the identity 
of the recombinant protein.

Throughout the validation process, we used a single 
batch of protein with a purity >95% to generate the 
standards. The other reagents used in the assay were 
commercially available.

Incubation times, reagent concentrations and buffers 
used in the ELISA were optimized prior to validation 
to confirm the suitability and reliability of assay per-
formance for measurement of sIFNAR2. The method 
was fully validated in human serum, although addi-
tional validation would be necessary for measurement 
of sIFNAR2 in matrices such as plasma or CSF.

The assay was shown to be accurate and precise over 
a dynamic range from 3.9 to 250 ng/ml, and sensitivity 
in serum samples was 7.8 ng/ml.

Experiments of linearity with serum samples were 
performed to demonstrate proportionality between the 
endogenous form of the biomarker and the reference 
standard, showing that the relationship between sIF-

Table 3. Selectivity assessment of sIFNAR2 assay in human serum.

Sample Dilution
 

Low spike High spike

Observed 
(ng/ml)

Expected 
(ng/ml)

Accuracy 
(obs/exp × 
100)

Observed 
(ng/ml)

Expected 
(ng/ml)

Accuracy 
(obs/exp × 
100)

S1
 
 
 

1/2
1/4
1/8
1/10

92.46
49.51
25.18
20.21

 
46.23
23.12
18.49

 
107.09
108.91
109.29

123.11
64.09
30.99
23.54

 
61.55
30.78
24.62

 
104.11
100.68
95.61

S2
 
 
 

1/2
1/4
1/8
1/10

122.54
67.00
32.03
25.01

 
61.27
30.63
24.51

 
109.35
104.54
102.05

132.03
71.56
40.26
25.32

 
66.02
33.01
26.41

 
92.25
121.98
95.89

S3
 
 
 

1/2
1/4
1/8
1/10

60.00
31.01
15.22
12.36

 
30.00
15.00
12.00

 
103.36
101.49
103

86.41
42.62
20.23
18.12

 
43.21
21.60
17.28

 
98.65
93.65
104.85

S4
 
 
 

1/2
1/4
1/8
1/10

144.77
65.30
38.83
30.82

 
72.38
36.19
28.95

 
90.22
107.30
106.43

227.93
105.18
55.79
54.15

 
113.96
56.98
45.59

 
92.29
97.90
118.78

S5
 
 
 

1/2
1/4
1/8
1/10

146.74
71.90
45.08
35.22

 
73.37
36.68
29.35

 
98.00
122.87
120.00

266.48
120.10
68.57
56.90

 
133.24
66.62
53.30

 
90.14
102.92
106.75

Selectivity assessment of sIFNAR2 assay in human serum. 8 ng/ml (low spike) and 125.0 ng/ml (high spike) of recombinant sIFNAR2 was 

spiked in five serum samples. Accuracy was calculated using the sIFNAR2 concentration determined at dilution 1:2 as a reference value.
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Table 4. Intra-assay accuracy and imprecision of the standards and serum samples.

Identification Mean OD values Mean back-calculated 
concentration (ng/ml)

Accuracy (obs/exp) 
× 100

Intra-assay 
imprecision

Standards

250 (n = 5)
 
 
 

2.084
2.124
2.045
2.280
2.018

221.471
227.149
215.972
250.165
212.161

98.26
100.78
95.82
111.00
94.13

Mean = 225.38
SD = 16.68
%CV = 7.4
 
 

62.5 (n = 5)
 
 
 

0.723
0.733
0.781
0.762
0.762

58.252
59.272
64.198
62.217
62.249

95.12
96.79
104.83
101.60
101.65

Mean = 61.23
SD = 2.6
%CV = 4.24
 
 

7.81 (n = 5)
 
 
 

0.220
0.233
0.230
0.217
0.222

8.025
9.358
9.051
7.732
8.298

94.49
110.19
106.57
91.04
97.71

Mean = 8.49
SD = 0.70
%CV = 8.32
 
 

Serum samples

QC1 1.130 87.62 104.90 Mean = 86.61

QC1 1.150 89.41 107.03 SD = 2.42

QC1 1.089 83.83 100.36 %CV = 2.79

QC1 1.108 85.58 102.45  

QC2 0.595 45.29 101.10 Mean = 43.63

QC2 0.575 42.97 95.93 SD = 1.10

QC2 0.572 43.32 96.70 %CV = 2.55

QC2 0.582 42.96 95.90  

QC3 0.502 35.22 84.22 Mean = 35.26

QC3 0.503 35.42 84.69 SD = 0.88

QC3 0.502 34.78 83.17 %CV = 2.50

QC3 0.510 35.65 85.25  

QC4 0.400 25.41 99.36 Mean = 24.6

QC4 0.389 23.78 93.01 SD = 1.18

QC4 0.405 25.82 101.00 %CV = 4.8

QC4 0.381 23.41 91.55  

QC5 0.215 7.35 86.65 Mean = 7.28

QC5 0.213 6.83 80.42 SD = 0.37

QC5 0.216 7.74 91.16 %CV = 5.16

QC5 0.215 7.22 85.07  

For the standards, the accuracy was calculated with the back-calculated concentration as the observed value and the nominal value as the 

expected value. For serum samples, nominal values were previously determined as the mean concentration and were used as reference 

values.

NAR2 concentration and response in serum is simi-
lar to the reference standard measured in substitute 
matrix. The antibodies recognized recombinant and 
natural sIFNAR2 with equal efficacy.

Intra- and inter-assay precision and accuracy were 
determined with the standards, and also with serum 
samples used as quality controls to demonstrate simi-
lar ranges of variation in both. All parameters and 
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Table 5. Interassay accuracy and imprecision of the standards and serum samples.

Identification Assay Mean OD 
values

Mean back-calculated 
concentration (ng/ml)

Accuracy (obs/esp 
× 100)

Interassay 
imprecision

Standards

250
 
 
 
 

1
2
3
4
5

2.572
2.636
2.695
2.310
2.393

249.71
249.85
249.89
251.17
250.43

99.80
99.86
99.87
100.38
100.07

Mean = 250.213
SD = 0.603
%CV = 0.24
 
 

62.5
 
 
 
 

1
2
3
4
5

0.827
0.664
0.919
0.785
0.765

60.91
61.83
60.71
66.67
64.22

96.88
98.35
96.57
106.05
102.15

Mean = 62.874
SD = 2.541
%CV = 4.04
 
 

7.8
 
 
 
 

1
2
3
4
5

0.204
0.171
0.312
0.247
0.281

8.40
7.96
7.37
7.09
6.45

112.69
106.79
98.87
95.12
86.54

Mean = 7.457
SD = 0.758
%CV = 10.1
 
 

Serum samples

QC1
 
 
 
 

1
2
3
4
5

1.087
1.083
1.219
1.243
1.120

83.74
83.33
90.35
86.35
90.30

100.245
99.755
108.162
103.374
108.102

Mean = 86.81
SD = 3.4
%CV = 3.9
 
 

QC2
 
 
 
 

1
2
3
4
5

0.629
0.572
0.596
0.573
0.589

46.72
42.86
45.28
42.97
42.11

104.31
95.69
101.10
95.93
94.02

Mean = 43.9
SD = 1.93
%CV = 4.3
 
 

QC3
 
 
 
 

1
2
3
4
5

0.662
0.528
0.497
0.491
0.512

44.91
38.72
35.22
35.41
42.47

107.40
92.60
84.22
84.69
101.57

Mean = 39.3
SD = 4.29
%CV = 10.9
 
 

QC4
 
 
 
 

1
2
3
4
5

0.436
0.371
0.396
0.384
0.380

28.17
22.96
25.40
23.78
25.10

110.18
89.82
99.36
93.01
98.41

Mean = 25.09
SD = 1.98
%CV = 7.9
 
 

QC5
 
 
 
 

1
2
3
4
5

0.239
0.198
0.216
0.201
0.229

9.76
7.21
7.35
6.82
9.31

115.05
84.95
86.65
80.43
109.78

Mean = 8.09
SD = 1.34
%CV = 16.6
 
 

For the standards, the accuracy was calculated with the back-calculated concentration as the observed value and the nominal value as the 

expected value. For serum samples, nominal values were previously determined as the mean concentration and were used as reference 

values.

their accuracy and imprecision meet the acceptance 
criteria for ELISA validation [21].

As sIFNAR2 is able to bind endogenous IFN-β [15], 
serum samples were preincubated with IFN-β to 
evaluate whether the addition of this sIFNAR2 

ligand interferes with antigen–antibody interaction 
in the ELISA, showing no analytical interference.

In terms of stability, we found no alterations in 
sIFNAR2 after repeated freeze–thaw cycles or sam-
ple storage for up to 2 months, which shows the util-
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Figure 3. ELISA determination of sIFNAR2 concentration in serum of non-treated MS patients and healthy 
controls.
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ity of the assay for analyzing archival blood samples 
up to this time.

Once the protocol was validated, we measured sIF-
NAR2 in serum from MS patients and HC. An abun-
dance of soluble circulating cytokine receptors has 
been reported, with sIFNAR2, among them [14,26]. 
Almost all samples analyzed had detectable sIFNAR2 
levels within the range of our ELISA, explained by the 
fact that the IFN-β receptor (IFNAR) is ubiquitously 
expressed on most cell types [4,27] and sIFNAR2 is an 
isoform resulting from alternative processing of the 
human IFNAR2 gene product [28,29].

The sIFNAR2 measurements with our validated 
ELISA showed that MS patients, who had not been 
treated with IFN-β had lower circulating sIFNAR2 
levels than HC. While developing the validation of 
the assay, a commercial kit for sIFNAR2 was released. 
Our recombinant sIFNAR2 was detected in the com-
mercially available sIFNAR2 ELISA kit, and the 
standard protein of this commercial kit was detect-
able with our ELISA. Moreover, some of the samples 
were analyzed with both ELISAs, showing that differ-
ences between MS patients and HC followed the same 
pattern. To our knowledge, only one previous study 
found increased sIFNAR2 levels in IFN-β-treated 
patients compared with HC by ELISA [30], although 
details of the method and the standards used were not 
described.

The present study demonstrated a significant 
increase in serum sIFNAR2 in HC compared with 
untreated MS patients, with a slight degree of overlap-
ping in the distribution of the marker in both popu-
lations. Additional studies are needed to evaluate the 
role of sIFNAR2 as a useful biomarker for the diag-
nosis or differential diagnosis in MS. If so, it will have 
the advantage of being detected in serum, unlike most 
accurate diagnostic markers previously described in 
MS such as oligoclonal IgG bands [31,32], free kappa 
light chain [32] or chitinase 3-like 1 [33], which are 
found in cerebrospinal fluid.

Conclusion
The validation data characterize this ELISA as a suit-
able method for the quantification of the soluble iso-
form of the IFNAR2 receptor in human serum. The 
availability of this sandwich ELISA will provide con-
sistent results for assessment of sIFNAR2 concentra-
tions in MS, representing a practical tool for further 
studies aimed to explore the implication of sIFNAR2 
in MS and other immunological diseases.

Future perspective
Soluble receptors of cytokines normally participate in 
the control of cytokine activity and the ability of bind-
ing to the cytokine have prompted interest in their use 
as therapeutic agents. However, the soluble isoform of 
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IFN-β receptor (sIFNAR2), which is able to modulate 
the activity of both endogenous and systemically admin-
istered IFN-β, remains poorly studied in multiple scle-
rosis, notwithstanding the evidence that IFN-β plays an 
important role in the pathogenesis of the disease.

The development of this validated ELISA has 
shown differential levels of sIFNAR2 in untreated MS 
patients and healthy controls that encourage for fur-
ther research to elucidate the possible role of this sol-
uble receptor in the MS pathogenesis and its potential 
use as diagnostic biomarker.

Nowadays, we have an ongoing replication study 
with a bigger cohort of samples and additionally we 
are performing several experiments to test the antiviral 
and immunomodulatory effects of our recombinant 
protein in vitro.
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Executive summary

•	 The soluble isoform of the subunit 2 of the IFN-β receptor (sIFNAR2) can bind IFN-β and modulate its activity, 
although its role in autoimmune diseases remains unknown.

•	 Human recombinant sIFNAR2 protein has been cloned, purified and expressed. This protein has been used as 
a standard in the development and validation of a suitable ELISA for the quantification of sIFNAR2 in human 
serum.

•	 As IFN-β plays an important role in the pathogenesis of multiple sclerosis and sIFNAR2 is able to modulate 
IFN-β activity, serum levels of sIFNAR2 were assessed in multiple sclerosis patients and healthy controls.

•	 Nontreated MS patients show significantly lower circulating sIFNAR2 levels than healthy controls, highlighting 
the importance that sIFNAR2 could have in MS pathogenesis, and encouraging further studies.
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