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Abstract

Aim of the study: interferon alpha-induced arthritis and activation of the type 1 interferon pathway 
during rheumatoid arthritis (Ra) has been well documented but the underlying mechanism remains 
unclear. This study addressed the binding specificity of antibodies with recombinant interferon alpha 2b  
(riFn α-2b) in sera from different Ra patients. Utilization of anti-hriFn α-2b antibodies as a probe for 
estimation of interferon α-2b concentration in RA patients’ synovial fluid (SF) was also investigated.

Material and methods: Binding specificities of antibodies from the sera of 60 Ra patients and  
35 controls subjects were studied by direct binding, inhibition ELISA, and quantitative precipitation 
titration. Inhibition ELISA was also used to estimate patients’ SF interferon α-2b concentrations.

Results: RA IgG from patients’ sera showed strong recognition to hrIFN α-2b in comparison to 
commercially available interferon (iFn α-2b) (p < 0.05) or the gene encoding this interferon (iFn α-2b 
gene) (p < 0.05). The affinity of Ra antibodies for riFn α-2b (1.10 × 10–7 M) was found to be high as 
assessed by langmuir plot. no significant difference in the level of interferon α in the SF of RA patients 
was observed as compared to the healthy controls. 

Conclusions: riFn α-2b presents unique epitopes that might explain the possible antigenic role in 
the induction of Ra antibodies and anti-riFn α-2b antibodies represent an alternative immunological 
probe for the estimation of interferon α in the SF of RA patients.
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Introduction
Interferons are important cytokines that are secreted 

by leukocytes, fibroblasts, and lymphocytes. They can be 
used as targets for antiviral and anticancer treatments [1]. 
Interferons are glycoproteins that are classified into three 
major types based on properties such as antigenicity and 
biological and chemical traits. They include alpha (leuko-
cytes), beta (fibroblasts), and gamma (immune). After the 
medical potential of interferons was recognized, the FDA 
approved the drugs, which primarily include recombinant 
α interferon 2a (Roferon A) and interferon α 2b (Intron A) 
for the treatment of malignant tumors and viral diseases  
[2, 3]. However, many autoimmune diseases (including 
RA) have been triggered following interferon therapy [4]. 
As an immune modulator, IFN-α can exacerbate autoim-
mune diseases. Earlier reports have demonstrated a rela-
tionship between IFN levels and disease activity in differ-
ent RA patients [5]. Both IFN α and β have been detected 
in synovial fluids (SF) and tissues from these patients [6].  
The role of IFN in RA is ambiguous. Genomic studies have 

shown a significant overexpression of type I IFN inducible 
genes in the peripheral blood from different RA patients [7]. 
Type I interferon gene expression has not been associated 
with clinical parameters, and an association between IFN 
levels and RA disease activity has not been shown [8].  
In addition, IFN was anti-osteoclastogenic and inhibited 
osteoclast formation in RA [9]. IFN-α contributes to auto-
immunity, not only in RA, but also in other types of diseas-
es such as type 1 diabetes (DM), multiple sclerosis (MS), 
and systemic lupus erythematosus (SLE) [10]. 

Interferons have multiple effects on the immune sys-
tem, which may contribute to the development of autoim-
munity and disease progression in multiple autoimmune 
diseases. IFN α-induced effects may increase various au-
toimmune diseases, which includes increased production 
of immunoglobulins, inhibition of T-suppressor cell func-
tion, activation of cytotoxic T-cell functions, activation of 
large granular lymphocytes, and activation of monocytes/
macrophages to secrete cytokines, prostaglandin, leukot-
rienes, and various other compounds involved in inflam-
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mation [11–17]. Autoimmune phenomena (especially RA) 
have developed in patients with chronic hepatitis C virus 
(HCV) infection following IFN-α therapy [18]. These pa-
tients were positive for anti-cyclic citrullinated peptide 
(anti-CCP) antibodies [16]. Although RA is one of the 
most common autoimmune diseases induced/exacerbated 
by IFN α-2b therapy [19], the main focus was primarily 
given to other autoimmune diseases. 

In this study, we investigated the binding affinity of the 
RA autoantibodies with recombinant human interferon alpha 
2b (rIFN α-2b), IFN α-2b, and the IFN α-2b gene. The tar-
get DNA fragments were first cloned and expressed in the 
prokaryotic Escherichia coli strain, BL21. The recombinant 
protein, rIFN α-2b, was also used as a triggering antigen to 
induce antibodies that can be used to estimate IFN-α con-
centrations in the SF from RA patients. We also evaluated 
the characteristics and binding properties of induced anti-
bodies against rIFN α-2b and IFNα-2b. 

Material and methods

Patients and controls

Study RA patients were diagnosed according to the 
American College of Rheumatology classification criteria 
[20]. Blood was collected from RA patients (n = 60). Pa-
tients included three 3 males and 57 females (ages 63 ±7 and 
67 ±4 years, respectively) admitted to the district hospital. 
Thirt-five healthy subjects (2 males and 33 females, ages  
60 ±8 and 58 ±7 years, respectively), who were employees 
of the same hospital, served as control subjects. None of 
the control subjects had any history of illness (viral or any 
other disease), which was confirmed by a physician. At the 
time of admission, all patients were receiving nonsteroidal 
anti-inflammatory drugs, various disease-modifying anti-
rheumatic drugs, or both. All serum samples were heated 
at 56°C for 30 min to inactivate complement protein and 
stored at –20°C with 0.2% sodium azide. Serum samples 
were centrifuged at 1,500 g for 10 min before being treated 
with heat to inactivate complement protein. The study was 
approved by the Institutional Ethics Committee of the Cen-
tre and informed consent was obtained from each subject. 
For IFN-α estimation, cell free SF was obtained from ten 
patients (RA, n = 10) and 10 controls and were stored at 
–20°C until analysis. SF samples were collected into tubes 
containing ethylenediaminetetraacetic acid (EDTA) and 
kept at –20°C. Before assaying the samples, SF was digested 
with hyaluronidase (30 U/ml, Sigma, St. Louis, MO, USA) 
at 37°C for 30 min to reduce viscosity and then centrifuged 
at 4°C for 1 min at 8050 g to collect supernatant.

Bacterial strains, vectors and primers

Escherichia coli strain DH5α, BL 21(DE3), and clon-
ing vectors pET28a, pET32a, and pTZ57R/T were obtained 
from Invitrogen, USA, Novagen, USA, and Fermentas, USA, 

respectively. Primers were either selected from the available 
literature or designed using Primer 3 software supported by 
manual calculations and finally verified for specificity using 
the National Centre for Biotechnology Information BLAST 
server. Oligoes (in lyophilized form) and IFN α-2b were ob-
tained from Sigma Aldrich. DNA isolation kits were obtained 
from Gentra systems and all the restriction digestion enzymes 
(BamHI, EcoR1, Ndel) were purchased from Sigma.

Isolation of genomic DNA from human 
leukocytes

DNA was isolated using either the DNA Purification 
from Buffy Coat protocol (Gentra Systems) with several 
modifications or the phenol chloroform method by Sam-
brook et al. [21]. 

Amplification and cloning of human interferon 
alpha 2b gene into expression vector

A 520-bp fragment coding for human IFN 2b was 
amplified from human genomic DNA using PCR tech-
nology with a forward primer: 5’TTGAATTCATAT-
GTGTGATCTGCCTCAAACCCACAGC-3’and reverse 
primer:5’-CCTAGGTAATAAGGAAGAAGAATTT-
GAAAGAACG-3’ [22]. The amplified DNA fragment 
was restricted and cloned into BamHI/EcoRI-digested 
pUC19. Subsequently, the hu-IFN-2b fragment was cut 
from pUC-IFNα and cloned into a BamHI/NdeI-digested 
pET-32a expression vector.

The amplified fragment (520bp) was double digested 
and cloned into BamHI/EcoRI-digested cloning vector 
pTZ57R. Subsequently, the cloned DNA fragment was 
cut from pTZ57R/T-IFN and subcloned into a BamHI/
NdeI-digested pET 28a expression vector (Invitrogen).  
The ligation mix was then introduced into DH5 alpha com-
petent cells, and the recombinant clones were screened by 
colony using the IFN gene specific primers. The PCR pos-
itive clones were later selected by restriction digestion, and 
the selected clone was designated as pET28a-IFN.

The cloned recombinant DNA constructs (prepared 
previously) were transformed into E. coli BL21 (DE3) 
competent cells. A 200 µl aliquot of chemically-competent 
cells was thawed on ice in 1.5 ml microcentrifuge tubes. 
Approximately 30 ng plasmid DNA was added to 200 µl 
of competent cells and mixed gently. The cells were in-
cubated on ice for 30 min, heat shocked at 42oC for 45 s, 
and subsequently incubated on ice for 5 min. One milliliter 
of LB medium was added to the cells and incubated at 
37oC for 1 h at 4 g. A 200 µl aliquot of the transformation 
mixture was plated on a pre-warmed LB agar containing 
the appropriate antibiotic. The inverted plate was incubat-
ed overnight at 37oC. The transformants (colonies) were 
selected on LB agar plates supplemented with ampicillin 
(100 µg/ml) and Xgal (40 µg/ml). The transformants were 
named E. coli: JW1.
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Expression and purification of recombinant 
human interferon α-2b protein

For expression experiments, constructs were trans-
formed into E. coli host BL21 (DE3) as described above. 
Strains harboring relevant constructed recombinant plas-
mids were recovered from frozen (–70°C) glycerol stocks by 
streaking onto LB-agar plates containing kanamycin (50 µg/
ml) and incubated at 37oC overnight. Subsequently, a single 
colony was transferred to LB liquid medium supplemented 
with 50 µg/ml kanamycin in 10 ml Falcon tubes and were 
grown for 2–3 h in a 37oC shaking water bath 4 g until the 
optical density (OD) reached 0.5–0.6. The freshly grown 
culture in 250 ml (0.5–0.8%) was taken and induced expres-
sion by the addition of auto-induction medium for overnight 
at 37oC as described by Studier [23]. The cells were harvest-
ed by centrifugation at 1280 g at 4oC for further use.

The constructed recombinant proteins expressed in  
E. coli were purified using TALON affinity chroma-
tography (Clontech, USA). Fifty milliliters of bacterial 
culture were incubated with lysozyme (100 µg/ml) with  
5 ml of buffer (50 mM sodium phosphate, 300 mM NaCl).  
The suspension was sonicated and centrifuged at 1280 g 
for 10 min at 4°C in order to separate the supernatant as 
a soluble protein with the pellet. Further centrifugation at 
2010 g in 5 ml of resuspension buffer for 10 min at 4oC 
separated the supernatant with cell debris. The superna-
tant was incubated with the TALON resin for 1 hr at 4oC 
followed by the upload of the sample into the column.  
The column was washed twice with 10 ml of washing buf-
fer (50 mM sodium phosphate, 300 mM NaCl and 6 M 
GndCl) and proteins were eluted with 4 ml of elution buf-
fer containing 250 mM imidazole. Protein samples were 
loaded using SDS-PAGE to check the expression of re-
combinant human interferon α-2b (rIFN α-2b) [24]. 

Antibodies against recombinant interferon α-2b 
and commercially available interferon 

Antibodies against the respective antigens (rIFN α-2b 
and IFN α-2b), along with suitable controls, were induced 
in experimental animals (female rabbits, random bred, New 
Zealand White, 5n) as described previously [25]. Briefly, 
antigens (50 µg) were emulsified with an equal volume of 
complete Freund’s adjuvant (Sigma-Aldrich) and injected 
intramuscularly into female rabbits. Subsequent injections 
were given in incomplete Freund’s adjuvant. Each animal 
received a total of 400 µg of antigen that was administered 
weekly for eight weeks. Blood was collected from the mar-
ginal vein of the ear. Preimmune serum was collected prior 
to immunization. The sera were stored in small aliquots at 
–20°C with 0.1% sodium azide as preservative.

Purification of immunized immunoglobulin G

Using a protein A-agarose column (Sigma), immu-
noglobulin G was isolated from the sera of RA patients/

immunized animals. The homogeneity of isolated IgG was 
confirmed on 7.5% polyacrylamide gel electrophoresis 
PAGE [26]. 

ELISA

A direct binding ELISA was performed for antibody 
screening in the sera from RA patients/immunized animals 
[26]. Competition ELISA was performed to determine the 
specific binding of RA/immunized antibodies to rIFNα-2b 
and IFN α-2b [27]. Briefly, 100 µl of an antigen aliquot 
(rIFN α-2b or IFN α-2b; 2.5 µg/ml) were coated onto 
microtiter plates, incubated for 2 hr at room temperature, 
and overnight at 4°C. The plates were washed with TBS-T  
(50 mM Tris, 150 m NaCl, and 0.05 Tween 20, pH 7.6) 
and blocked with 150 µl of 1.5% bovine serum albumin 
(BSA). Immune complexes were prepared by mixing  
100 µl of a 1 : 100 serum dilution with increasing amounts 
(0–20 µg/ml) of respective antigens and incubated initially 
at 37°C for 2 h and overnight at 4°C. One hundred mi-
croliters of the immune complex was added to each well,  
followed by anti-human IgG-alkaline phosphatase conju-
gate (Sigma-Aldrich). The reaction was developed with 
p-nitrophenyl phosphate as substrate (Sigma), and absor-
bance was recorded at 410 nm on a micro plate reader 
(Labsystem Multiskan EX, Helsinki, Finland). 

Formation and quantitation of immune complexes

Formation and quantitation of immune complexes have 
been done as described earlier [28]. Briefly, one hundred 
micrograms of IgG were incubated with varying amounts of 
different interferons in an assay volume of 500 µl. Normal 
IgG served as control. The mixture was incubated for 2 h at 
room temperature and overnight at 4°C. The immune com-
plex was pelleted, washed twice with PBS, and dissolved in 
250 µl 1N NaCl. Free protein and complex-bound proteins 
were measured by colorimetric methods [29]. The binding 
data were analyzed for antibody affinity [30]. 

Statistical analysis

Significance of difference from control values was de-
termined with the Student’s t-test (IBM SPSS, Statistic 22).  
A value of p < 0.05 was considered statistically significant. 
The values are presented as mean ±SD wherever indicated.

Results

Genomic DNA and human interferon α-2b gene 
fragment

The purity of blood-based DNA was confirmed with 
gel electrophoresis and spectrophotometry. Only a sin-
gle DNA band was observed on the agarose gel (data not 
shown). It is clear that all the extracted DNAs were of high 
quality with no smear formation. In addition, the ratio of 
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absorbance at 260 nm and 280 nm (A
260

/A
280

) was 1.8 
showing the purity of isolated DNA.

The extracted DNA samples from randomly selected 
blood samples were used as a template to amplify the INF 
α-2b gene using forward and reverse primers as described 
earlier (see: Material and methods). The PCR conditions 
were optimized with respect to annealing temperature, tem-
plate concentration, MgCl

2
, and extension time. Figure 1A 

presents an analysis of PCR-amplified products of the  
INF α-2b gene fragment from the genomic DNA extracted 
from blood samples in conjunction with negative and pos-
itive controls and a 50 bp DNA marker. As expected, the 
PCR process resulted in the formation of 520 bp. No ampli-
fication was observed in the negative control. All of the am-
plified PCR DNA fragments were cloned in the expression 
vector pET28a. The constructed recombinant plasmid was 
transformed in E. coli BL21 (DE3) cells. The transformants 
(white colonies) were selected as blue/white colonies on the 
LB agar plate supplemented with antibiotics. Recombinant 
plasmids containing the amplified DNA were isolated from 
the transformants. Finally, the construct was confirmed by 
restriction enzyme digestion (data not shown).

Expression of recombinant protein 

To examine the expression of recombinant DNA con-
structs, the engineered E. coli strain (E. coli JW1) harbor-
ing respective constructs were grown overnight in minimal 
media containing kanamycin (50 µg/ml) and induced by 
lactose/glucose. The bacterial cells were harvested, lysed, 
and fractionated into supernatant and inclusion bodies 
(formed as cells) using chromatographic methods.

SDS-PAGE was used to examine the protein profile 
of transformed E. coli strain containing the constructs and 
the E. coli strain without constructs. Figure 1B shows 
the generation of new protein bands (Fig. 1B, lanes 4 
and 5); these protein bands were absent from BL21 or 
BL21(DE3)+pET28a (Fig. 1B, lanes 1–3). The lysed pro-
teins from the transformed E. coli cells (recombinants 
harboring construct), non-transformed E. coli, and E. coli 
cells plus vector pET28a were fractionated into soluble 
supernatant and pellet. The recombinant protein from the 
transformed bacterial strains (JW1) was highly expressed 
in pellet fractions when compared with the soluble frac-
tions (Fig. 1B, lanes 4 and 5). The expressed proteins 
were further purified by the TALON affinity chroma-

Fig. 1. Gel electrophoresis of human 2b alpha interferon gene, interferon alpha 2b protein and purified interferon alpha 2b. 
A) Analysis of amplified PCR product of human 2b alpha interferon gene from different genomic DNA isolates. Lane 1: 
50 bp DNA ladder (MBI, Fermentas). Lane 2: Negative control. Lanes 3-8: amplified product of human 2b alpha 
gene (520 bp). B) Expression and purification analysis for proteins. Lane M: Protein marker, Lane 1: BL21 (superna-
tant), Lane 2-3: BL21(DE3)+pET28a (Supernatant and pellet) respectively, Lane 4-5: JW-1(Supernatant and pellet).  
C) Purified expressed proteins by talon affinity chromatography. Lane M: Protein marker, Lane 1: Negative control, 
Lane 2-7: Purified protein (20 kDa)
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tography. There was exactly one 20 kDa band (Fig. 1C,  
lanes 5–10). 

Detection of anti-rIFN α-2b antibodies  
in the sera of RA patients

RA sera from different patients were screened for the 
presence of antibodies against rIFN α-2b, IFN α-2b, and 
IFN α-2b genes by direct binding ELISA. Almost all of 
the sera showed higher recognition of rIFN α-2b than IFN 
α-2b (p < 0.05) or IFN α-2b gene (p < 0.05) (Fig. 2). 

No appreciable binding was observed in the sera of 
healthy subjects. Binding specificity was also checked with 
IFN α-2b. Their binding is low in comparison to the rIFN 
α-2b. IFN α-2b genes do not show any specificity with RA 
or control antibodies. 

Specific recognition of RA antibodies by rIFN α-2b, 
IFN α-2b, and IFN α-2b genes was also ascertained by 
competitive-inhibition ELISA. The rIFN α-2b had an in-
hibition of 58.3 ±8.1% (43.1-70.2%) in 60 RA sera, while 
the IFN α-2b and IFN α-2b genes showed a lower inhibi-
tion ranging from 15.8% to 53.3% (32.1 ±6.5%) for IFN 
α-2b and 2.5% to 16.1% (8.4 ±4.1%) for the IFN α-2b 
gene (Fig. 3A).

RA IgG was purified by affinity chromatography on 
protein A-agarose columns. Purified IgG eluted as a sin-

gle symmetrical peak on SDS-PAGE under non-reducing 
conditions showed a single homogenous band (data not 
shown). In competitive inhibition assays, the RA IgG 
showed inhibition ranging from 50.1% to 80.1% (average 
65.3 ±8.2%) for rIFN α-2b. IFN α-2b showed an inhibi-
tion of RA IgG ranging from 25.3% to 58.5% (average 
35.3 ±6.5%) (Fig. 3b). Again, the IFN α-2b gene showed  
a negligible inhibition ranging from 3.8% to 15.3% (av-
erage 12.1 ±3.4%). The antigen-antibody interaction was 
also characterized by quantitative precipitation titration. 
Increasing amounts of interferons and their respective 
genes (rIFN α-2b, IFN α-2 band, and IFN α-2b gene) 
were added to 100 µg of RA IgG (n = 15). Normal IgG 
was the negative control. The results showed that 24 µg of 
rIFN α-2b was bound to 73 µg of RA IgG. With IFN α-2b,  
39 µg of IFN α-2b was bound to approximately 59 µg of RA 
IgG. With the IFN α-2b gene, a maximum of 49 µg of anti-
gen was bound to 51 µg of RA IgG. Langmuir plots were 
used to evaluate the apparent association constants (Fig. 4).  
The constants were computed to be 1.10 × 10-7 M,  
1.41 × 10-6 M, and 1.31 × 10-6 M for rIFN α-2b, IFN α-2b, 
and the IFN α-2b gene, respectively. The binding affinity 
was also verified according to the use of anti-TNF therapy 
or any other drugs taken during the course of the study. We 
have divided 15 patients’ sera into groups, which were fur-
ther divided into those patients that were taking methotrex-
ate, NSAIDS, infliximab + methotrexate, and adalimumab.  
It was found that the binding of rIFN α-2b with the pa-
tients’ sera who have been taking infliximab + methotrex-
ate was 41.3%, which was the lowest among all of the 
groups. The binding of the other group with rIFN α-2b was 
adalimumab (52.1%), NSAIDS (61%), and methotrexate 
(55.8%) (Fig. 5).

Antibodies production and their 
characterization 

The antigenicity of different antigens (rIFN α-2b and 
IFN α-2b) was also determined by inducing antibody pro-
duction in rabbits against these antigens. The antigenic 
specificity of the induced antibodies was assayed by di-
rect binding and competitive ELISAs. The direct binding 
ELISA was used to characterize the immune response in 
rabbits following immunization with rIFN α-2b and IFN 
α-2b. The rIFN α-2b was highly immunogenic. Antisera 
showed high titer antibodies (≥ 1 : 25,600) in the direct 
binding ELISA. Pre-immune serum served as the negative 
control and did not show any appreciable binding to rIFN 
α-2b. After immunization with IFN α-2b, the antiserum 
showed nearly the same binding as the antigen. The titer 
shown by IFN α-2b was similar (but low) in comparison 
to rIFN α-2b. 

The competitive ELISA further validated the specific-
ity of the induced antibodies. A maximum of 74.5% in-
hibition in antibody activity was obtained at a rIFN α-2b 
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Fig. 2. Direct binding ELISA of controls and RA patients. 
Direct binding enzyme-linked immunosorbent assay of 
control (1, n = 35) and RA antibodies (2, n = 40) to rIFN 
α-2b ( ), IFN α-2b ( ) and IFN α-2b gene ( ). Microtitre 
plates were coated with 2.5 µg/ml of the respective anti-
gen. The reaction was developed with p-nitrophenyl phos-
phate as the substrate and the absorbance was recorded at  
410 nm as described in Material and Methods. Absor-
bance at 410 nm can be used to measure binding of IgG 
with different interferons. Each histogram represents the 
mean±SD. Significantly higher than control (#p < 0.001) 
and IFN α-2b (p < 0.05) and IFN α-2b gene (p < 0.05)
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concentration of 20 µg/ml. The concentration of immuno-
gen (rIFN α-2b) required for 50% inhibition was 8.8 µg/ml 
(Fig. 6A). For INF α-2b, a maximum of 72.8% antibody 
inhibition was obtained at an immunogen concentration of 
20 µg/ml; 50% inhibition was achieved at 12.8 µg/ml of 
immunogen (Fig. 6A). 

IgG was isolated from pre-immune and immune rabbit 
sera by affinity chromatography on a protein A-agarose 
column. The IgG purity was evaluated by SDS-PAGE in 
the absence of a reducing agent. The purified IgG migrated 
as a single band upon electrophoresis, and direct binding 
ELISA of these IgG samples showed strong recognition of 
rIFN α-2b. Pre-immune IgG served as a negative control 
with negligible binding. The specificity of purified IgG 
was also evaluated by competition inhibition assays. In the 
competition ELISA, the anti-rIFN α-2b antibodies showed 
a strong preference for the immunogen (rIFN α-2b) caus-
ing 94% inhibition in antibody binding at 20 µg/ml of the 
immunogen (competitor concentration). Fifty percent inhi-

bition was observed at only 2.75 µg/ml of the immunogen 
(Fig. 6B). For IFN α-2b, a maximum of 92.8% inhibition 
in antibody binding was observed with the immunogen as 
the inhibitor. The concentration required for 50% inhibi-
tion was 5.5% µg/ml. 

The antigenic specificity of the induced antibodies 
(against rIFN α-2b and INF α-2b) was characterized by 
competitive inhibition assay using IFN-β, IFN-ω, IFN-γ, 
and IFN-λ as inhibitors. The anti-rIFN α-2b antibodies 
demonstrated very low degrees of binding toward all of 
the other interferons except rIFN α-2b and IFN α-2b in 
which the inhibition values were quite high (Fig. 7A). In 
contrast, anti-IFN α-2b antibodies showed a high degree 
of binding toward rIFN α-2b followed by IFN-β and IFN-γ 
(Fig. 7B). There was very little inhibition with IFN-ω and 
IFN-λ other than to its own antigen. 

Immune cross-reactivity of anti-rIFN α-2b and anti- 
IFN α-2b antibodies toward IFN α-2b and rIFN α-2b, re-
spectively, allows us to use anti-rIFN α-2b antibodies as 
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a probe to estimate IFN α in the SF from RA patients. INF 
α levels in SF as estimated by anti-rINF α-2b antibodies, 
was further confirmed by Interferon α ELISA Kits (Bender 
Med SystemsTM, San Bruno, CA, USA). The level of inter-
feron α-2b, as estimated by anti-rIFN α-2b antibodies, was 
150.8 ±3.1 pg/ml, which is comparable to the data obtained 
by using Interferon α ELISA Kits (150.1 ±4.8 pg/ml)  
(r = 0.98, p < 0.001). In healthy individuals (n = 10), the 
mean interferon α-2b was 145.3 ±5.1 pg/ml (Table 1). No 
significant differences in INF α levels in the SF from RA 
patients was observed when compared with healthy controls.

Discussion
INF α constitutes a group of proteins known for their 

antiviral, antiproliferative, antibacterial, and immunomod-
ulating activity. They are important therapeutic proteins 
that can be used as targets for the treatment of various dis-
eases such as hepatitis B and C and several types of cancer. 
These are the most widely used members of the interfer-
on family. They exert many biological actions including 
broad-spectrum antiviral effects, inhibition of tumor cell 
proliferation, and enhancement of immune function [31, 
32]. Recombinant interferon therapy has been widely used 
to treat chronic viral hepatitis and several different malig-
nancies. These therapies not only improve the prognosis 
of many malignancies, but also have been associated with 
some unexpected side effects, the most important of which 
is the development of antibodies against it.

It is well known that various autoimmune diseases, 
including systemic lupus erythematosus, vitiligo, autoim-
mune thyroid disease, autoimmune thrombocytopenia, an-
tiphospholipid syndrome, polymyositis, diabetes mellitus, 
autoimmune hepatitis, and rheumatoid arthritis [33–41], 
can be triggered following IFN therapy. In addition, stud-
ies have also demonstrated that the development of autoan-
tibodies or clinical manifestations of autoimmunity during 
adjuvant high-dose IFN treatment can lead to RA [41]. 

Naturally occurring autoantibodies to recombinant 
interferon α-2b have been discovered in various healthy 
blood donors [42]. RA can be linked to interferon based 
on the relationship between interferon levels and disease 
activity [5], although the role of IFN in RA is obscure. 
Some studies have shown an association between IFN lev-
els and RA activity while others do not. Interferon α has 
been detected in the synovial fluid and tissues in different 
RA patients with a significant overexpression of type I IFN 
inducible gene in the peripheral blood of these patients [6, 
7]. There are no evident associations between the peripher-
al IFN signature in established RA and clinical parameters 
[8]. This would suggest that IFN is not an indication of 
disease activity. However, its immunomodulatory proper-
ties in RA may cause various other autoimmune manifes-
tations. This cannot be explained unless the specificity and 
binding properties of anti-RA antibodies are investigated. 
To explain this important aspect, which has been neglect-
ed for over three decades, the binding of RA antibodies 
with rIFN α-2b, IFN α-2b, and the IFN α-2b gene was 
examined to check multiple antibody specificity in RA. 
The binding specificities of antibodies from the sera of  
60 RA and 35 normal subjects to rIFN α-2b, IFN α-2b, 
and the IFN α-2b gene were confirmed by direct binding, 
inhibition ELISA, and quantitative precipitation titration. 
rIFN α-2b showed higher binding with RA sera in com-
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Table 1. Clinical data and estimation of interferon α by 
anti-rIFN α-2b antibodies in different RA patients

Factor RA patients
(n = 60)

Control
(n = 35)

Age, years 66 ±5 50 ±3

No. of men/no. of women 3/57 2/33

Disease duration (years) 8.8 ±4.1 –

CRP level, mg/dl 4.1 ±1.8* –

ESR 42 ±3.9* –

SF nuclear cells 19110 ±3998* –

SF protein (g/l) 45.5 ±2.9* –

WBC count, × 103/l 9.1 ±3.5* –

Rheumatoid factor positive (%) 72 –

Anti-CCP positive (%) 68 –

Methotrexate dose mg/ 
week (mean) (n = 50)

11.86 –

Use of NSAIDs (%) 61 –

Infliximab (3 mg/kg) 
in combination with 
methotrexate (n)

45 –

Adalimumab 40 mg/ 
every other week (n)

16 –

#Interferon α estimation  
in SF (n = 10) by:

Anti-rIFN α-2b antibodies 150.8 ±3.1 pg/ml$ 145.3 ±5.1 pg/mla

Interferon α ELISA 
antibodies

150.1 ±4.8 pg/ml

#The amount of SF interferon α level was measured by ELISA and the values 
are presented as mean ±SD, an = 10
ESR – erythrocytes sedimentation rate, CRP – C reactive protein, SF – synovial 
fluid, WBC – white blood count
*RA vs. normal subjects p < 0.05 (Student’s t-test)
$Correlation coefficient r = 0.98 (p < 0.001)

parison to IFN α-2b (p < 0.05) and the IFN α-2b gene (p < 
0.05). These results showed that rIFN α-2b is an effective 
inhibitor with substantial differences in the recognition of 
rIFN α-2b over IFN α-2b or the IFN α-2b gene by RA 
antibodies. Therefore, RA antibodies preferably recognized 
rIFN α-2b epitopes over IFN α-2b or the IFN α-2b gene. 
Similar types of antibodies have been previously used to 
treat various RA patients [43]. 

Finally, the interferon-antibody interaction was charac-
terized by a quantitative precipitation titration, and the af-
finity of RA antibodies toward rINF α-2b was found to be 
higher with an affinity constant of 1.10 × 10-7 M. However, 
for INF α-2b, the computed constant was 1.41 × 10-6 M. 
This showed less affinity in comparison to rINF α-2b. As 
far as the INF α-2b genes are concerned, the antibodies 
had a lower affinity with this gene. Higher recognition of 

rIFN α-2b by RA antibodies demonstrated the possible 
antigenic role of rIFN α-2b in RA. Therefore, rIFN α-2b 
might generate discriminating epitopes that have been ef-
fectively recognized by RA antibodies. rIFN α-2b binding 
in different groups showed that sera of the patients with 
infliximab + methotrexate interfered with the binding of 
rIFN α-2b in this group. This might be due to the presence 
of already existing IgG in these patients, which might in-
hibit binding. All of the other groups showed slightly high-
er binding, indicating less inhibition in binding of rIFN 
α-2b with their IgGs.

Immune cross-reactivity experiments have been done 
in order to understand whether the epitopes on the anti-
gens (rIFN α-2b and IFN α-2b) are unique enough to be 
recognized by the induced antibodies or if common para-
topes are shared with other induced antibodies. The data 
clearly showed that anti-rINF α-2b antibodies recognize 
not only the unique epitopes on rIFN α-2b, but also show 
cross-reactivity with IFN α-2b. Similarly, in IFN α-2b, the 
anti-IFN α-2b antibodies showed a high degree of binding 
towards rINF α-2b. This showed that the epitopes on rIFN 
α-2b were highly recognized by anti-IFN α-2b antibodies 
in addition to other interferons. The results of these exper-
iments agree with previous studies in which the generation 
of various types of immune cross-reactive antibodies after 
IFN-α therapy was shown [44]. Because of the cross reac-
tivity shown by anti-rIFN α-2b antibodies with IFN α-2b, 
these antibodies can be used as a probe to estimate the 
INF-α concentrations in SF from RA patients. The data 
clearly demonstrated that anti-rIFN α-2b antibodies can 
be effectively used as a probe for interferon α estimation 
in different RA patients.

We have attempted to describe the possible antigenic 
role of rIFN α-2b in the production of antibodies in RA. 
rIFN α-2b generates discriminating epitopes that are ef-
ficiently recognized by RA antibodies. In addition, we 
also considered INF α-2b immune regulatory function 
that somehow produces antibodies that can recognize this 
interferon. Anti-rIFN α-2b antibodies are an alternative 
immunochemical probe for the estimation of INF-α in the 
SF of RA patients. This study demonstrates the possible 
role of rIFN α-2b in presenting unique neo-epitopes that 
may be one of the factors in the induction of RA anti-
bodies. 
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