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ABSTRACT
Background: Anakinra (Kineret®), an IL-1 receptor antagonist, is 
the first FDA-approved biologic drug for antagonizing IL-1 effects 
in patients with Rheumatoid arthritis. Notably, the less expensive 
production of this drug might help reduce the final therapeutic costs. 
Objectives: This study aimed to evaluate the possibility of 
producing biologically active recombinant IL-1Ra by a single-step 
purification procedure mediated by a self-cleavable intein. 
Methods: Soluble expression of the rIL-1Ra was performed in 
E. coli BL21 (DE3) infusion to intein1 of pTWIN-1 vector and 
its cleavage induction using an elution buffer (pH 6.8) at room 
temperature. Evaluation of the antagonizing efficacy of this protein 
in various concentrations was performed on A375 and HEK293 
cells treated by a constant concentration of IL-1β (2 ng/mL). 
Results: IPTG induction of E. coli BL21 (DE3) transformed with 
the recombinant pTWIN-1, revealed a band approximately in 45 
kDa, which is related to the intein1-rIL-1Ra fusion protein in the 
SDS-PAGE. Moreover, protein purification was confirmed by 
observing a band in 18 kDa. Finally, the percentage of inhibition 
effects of rIL-1Ra and Kineret® against IL-1β was not statistically 
significant in IL-1-responsive A375 cells. The inhibition percentage 
was calculated as 86% in cells treated with 15µg/mL of rIL-1Ra, 
which was 96% for the inhibitory effects of the standard drug. 
Conclusion: In this study, biologically active soluble rIL1-Ra 
was successfully produced with high purity through a one-step 
procedure. This method can reduce the cost and time of production 
for this protein and might be applicable for producing other biologics. 

*Corresponding author:
Fatemeh Shafiee, 
School of Pharmacy and 
Pharmaceutical Sciences. 
Isfahan University of Medical 
Sciences, Hezar Jarib Ave. 
Isfahan, Iran
Tel: +98 31 37927058
Fax: +98 31 36680011
Email: f_shafiee@pharm.mui.ac.ir

Cite this article as:
Adelnia R, Shafiee F. 
Recombinant Production and 
One-Step Purification of IL-1Ra in 
Escherichia coli and Evaluation of 
its IL-1 Antagonizing Efficacy. Iran 
J Immunol. 2021; 18(2):141-149, 
doi: 10.22034/iji.2021.89103.1929.

Received: 2020-11-24
Revised: 2021-03-16
Accepted: 2021-03-16

Keywords: rIL-1Ra, Anakinra, Purification, IMPACT, Rheumatoid 
arthritis

INTRODUCTION

Rheumatoid arthritis (RA) is the most 
common inflammatory arthritis in adults 

such that it affects 0.5-1% of the world’s 
population. RA can lead to pain and stiffness 
of the joints and decreasing the patient’s 
quality of life (1). Although the main reason 
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causing RA is still, it has been evidenced that 
IL-1 has a role in joints and bones erosion (2). 
In vitro studies have shown that IL-1 can lead 
to cartilage destruction by releasing matrix 
metalloproteinase and other destructive 
agents. It can also cause bone erosion by 
stimulating osteoclasts differentiation and 
activation (2). In RA patients, the IL-1 
level increases in synovial fluid and plasma 
while there is not sufficient production of 
endogenous IL-1Ra (3). In experimental 
models, IL-1 blocking agents such as IL-1 
receptor antagonist (IL-1Ra), significantly 
decrease clinical and histological symptoms 
of the disease. Thus inhibiting the activity of 
IL-1 using the human recombinant form of 
IL-1Ra (Anakinra) is useful in the treatment 
of RA (4). 

Today, biotechnological drugs have 
become an important part of modern 
pharmacotherapy such that they are expected 
to affect 50% of the pharmaceutical market 
in the next few years. The expiration of the 
patent form of many biological drugs has 
made the companies to produce them with 
maximum similarity with the reference drug 
called Biosimilar (5).

Anakinra (Kineret®), the recombinant 
non-glycosylated form of human IL-1Ra, 
is the first biologic drug that was specially 
designed and produced (by Amgen company) 
for antagonizing IL-1 activity in RA patients. 
Anakinra was approved by FDA in 2001 
and by Europe in 2002 for the treatment of 
RA (6). This protein, with 153 amino acid 
residues and a molecular weight of 17.3 kDa, 
is synthesized in Escherchia coli expression 
system. The only difference of this protein 
with the human IL-1Ra is the presence of a 
methionine residue at its N-terminus. 

Several studies have considered the 
efficient expression of Anakinra recombinant 
production using inclusion bodies refolding 
or auto-induced systems. The amount of 
total protein has reached 2 and 0.3 g/L of the 
medium culture, respectively (7, 8).

Producing a soluble form of the protein 
instead of inclusion bodies can lead to 

bypassing difficult and expensive steps of 
inclusion bodies solubilizing and refolding. 
Also, the use of intein-based purification 
methods reduces the steps and final cost of the 
purification of the recombinant protein (9).

As mentioned before, Anakinra is one of 
the drugs used to treat RA. The patent form of 
the Anakinra expired in May 2009 in Europe 
and in February 2022 in the US. Therefore, 
with the expiration of the patent form of this 
drug, the production of its Biosimilar will 
lower the costs so that patients can have easy 
access to it (5). Accordingly, the aim of the 
present study was the recombinant production 
of the IL-1 receptor antagonist in Escherichia 
coli and its intein-mediated purification, 
followed by evaluating its IL-1 antagonizing 
ability compared to the commercial form of 
this drug (i.e., Kineret®). 

MATERIALS AND METHODS

Plasmid and Gene, Cell Lines, Bacterial 
Strain and Reagents

Intein Mediated Purification with an 
Affinity Chitin-binding Tag (IMPACT™) 
Kit was purchased from New England Biolabs 
(Ipswich, MA, USA). Ampicillin was obtained 
from Sigma (San Diego, California, USA) 
and used for selecting transformed bacteria 
with plasmid. The coding sequence of IL-
1Ra was obtained from DrugBank (https://
go.drugbank.com) with an accession number 
DBCAT002727. Next, it was synthesized and 
cloned to pTWIN-1 vector using Seamless 
Cloning and Assembly technique (Iranian 
Institute of Cell & Gene Therapy (IICGT), 
Tehran, Iran). The expression procedures 
were performed in E. coli BL21 (DE3). The 
A375 and HEK293 cell lines were purchased 
from the National Cell Bank of Iran (Pasteur 
Institute of Iran, Tehran, Iran). Anakinra was 
obtained from Amgen (US) andIL-1β was 
purchased from PeproTech. All other chemicals 
were obtained from other commercial 
sources and were of molecular biology grade. 
All molecular biology experiments were 
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performed according to standard procedures 
(10) unless otherwise mentioned.

Expression of Intein1-IL-1Ra Fusion Protein 
and Its Establishment by Western Blotting

The pTWIN-IL-1Ra plasmid was used 
to transform the E. coli BL21 (DE3) cells, 
followed by selecting recombinant colonies 
on LB-agar plates containing 100 µg/mL of 
ampicillin. The selected colonies were then 
cultivated overnight and used to inoculate 
fresh cultures to reach an OD600 of 0.4 to 0.6. 
Next, the soluble expression of Intein1-IL-
1Ra was induced by 0.4 mM IPTG for 16 hrs. 
at 15 °C. Then, the cells were harvested via 
centrifuging at 7000×g for 10 min at 4 °C. 
Finally, the protein expression was evaluated 
by 12% SDS-PAGE. The band accuracy was 
confirmed by western blot analysis using 
an anti-CBD monoclonal antibody (New 
England Biolabs, USA). 

Purification of the Recombinant Protein
As mentioned before, on-column cleavage 

and purification of IL-1Ra were mediated by 
the IMPACT™ purification system. Briefly, 
the cell pellets were re-suspended in B1 buffer 
(Tris–HCl 20 mM, NaCl 500 mM, and EDTA 
1 mM, pH 8.5), followed by sonicating for 
the cell disruption. The sample was then 
centrifuged at 7000×g and 10 °C for 15 min 
and finally, the supernatant was loaded on 
the chitin column. The flow-through was 
discarded and replaced with B2 buffer (Tris–
HCl 20 mM, NaCl 500 mM, and EDTA 1 
mM, pH 6.5). The column was incubated for 
24 hrs. at 25 °C. Eventually, various elutions 
were collected and analyzed by 15% SDS-
PAGE. All elutions were mixed and subjected 
to dialysis against phosphate-buffered saline 
(PBS) pH 7.4 for 24 hrs. at 4 °C. Finally, 
the protein concentration was determined 
using the Bradford method against various 
concentrations of human serum albumin 
(HSA, Octapharma, Sweden).

Biological Assay
MTT assay was performed to evaluate 

the proliferative effects of IL-1Ra protein on 
the A375 cell line (as IL-1 receptor-positive 
cells). HEK293 (as IL-1 receptor-negative 
cells) was cultured in Dulbecco’s modified 
eagle medium (DMEM) and RPMI-1640 
containing 10% (v/v) fetal bovine serum 
(FBS) and antibiotics (100 IU/mL penicillin 
and 100 μg/mL streptomycin) at 37 ºC in a 
5% CO2 incubator. To determine the effective 
anti-proliferative concentration of IL-1β, first, 
180 μL of the medium containing 3×104 cells/
mL of the A375 cells was poured into each 96 
wells of microplates and was incubated for 24 
hrs. at 37 ºC. Afterward, 20 μL of the IL-1β 
with the various concentrations (0, 0.1, 1, 10, 
100, 1000, and 10000 pg/mL was added to 
each row of the plate except for blank. After 
48 hrs. of incubation at 37 °C in 5% CO2, 20 
μL of MTT (5 mg/mL) was added to each 
well for the other 3 hrs. of incubation. All 
well contents were replaced with 150 μL 
of dimethyl sulfoxide (DMSO) to dissolve 
formazan crystals. Finally, the plates were 
subjected to absorbance read at 570 nm by a 
microplate reader (Bio-Rad, USA).

At the next stage, to determine the 
antagonizing properties of recombinant IL-1Ra, 
160 μL of the cell suspension (3×104 cells/mL 
of each cell line) was used. Next, after 24 hrs, 
20 μL of the IL-1β with the final concentration 
of 2 ng/mL was added to the upper half of the 
plate except for blank and negative control. 
After 1 hr, 20 μL of the purified rIL-1Ra with 
the final concentrations of 15, 7.5, 3.75, 1.8, and 
0.94 μg/mL was added. The first row, which 
was used as blank, contained only 200 μL of 
the culture and the second row contained 20 
μL PBS (as a negative control). Afterward, they 
were incubated for the other 48 hrs. at 37 °C 
in a CO2 incubator. Finally, MTT (5 mg/mL) 
treatment was performed and absorbance was 
read at 570 nm by a microplate reader. This 
experiment was repeated for Kineret® (Amgen, 
US) instead of rIL-1Ra, for both cell lines. 

Statistical Analysis
To ensure the accuracy and reproducibility 

of data, the MTT test was performed for each 



Adelnia R et al. 

Iran J Immunol Vol. 18, No. 2, June 2021144 

cell line as a triple-independent experiment. 
Cell culture media used as blank, PBS treated 
cells considered as a negative control, and cells 
treated with 2 ng/mL of IL-1β, were assumed 
as the positive control. SPSS 25 software 
was used for statistical analysis. Analysis of 
variance (ANOVA) followed by Tukey’s post 
hoc test were used to determine the differences 
between groups. P<0.05 was considered the 
statistical significance of the analyses.

RESULTS

Expression of rIL-1Ra and Western Blot 
Analysis

Expression of the Intein1-IL-1Ra fusion 
protein was evaluated by 12% SDS PAGE. 
Expression was done in two various conditions. 
Figure 1a represents the expression at 37 °C 
after the addition of 1 mM IPTG. As shown, 
expression induction using 1mM IPTG, 
revealed a band approximately in 55 kDa, 
for cells transformed with a non-recombinant 
pTWIN-1 plasmid which corresponds to the 

molecular weight of intein 1 and 2 fusion 
protein. For E. coli BL21 (DE3) cells containing 
recombinant pTWIN1-IL-1Ra, on the other 
hand, induction with 1 mM IPTG, represents 
a band approximately in 45 kDa which 
represented the expression of IL-1Ra in fusion 
to intein 1 which was confirmed by Western 
blot analysis as shown in Figure 1b. Figure 
1c represents the protein expression in 15 °C. 
Expression in the mentioned condition revealed 
the correct band after cell lysis and centrifuge in 
7000 ×g for 10 min. According to the Bradford 
method and using the GelAnalyzer software, 
the amounts of expressed protein in soluble 
form were calculated as 175 µg/ml toward the 
383 µg/ml of total expressed protein.

Purification of the rIL-1Ra
The collected fraction from the chitin 

column was incubated for 24 hrs. at room 
temperature and was analyzed on the 15% SDS-
PAGE. In Figure 2, a band of approximately 
18 kDa represents the recombinant IL-1Ra. 
The final yield of recombinant protein 
production was calculated to be 2.1 mg per 

Figure 1. a. 12% SDS-PAGE for analysis of the Intein1-IL-1Ra expression at 37 °C for 4 hrs. and with 1 
mM IPTG. Lane 1: protein marker, Lane 2:  induced E-coli BL21(DE3) cells containing pTWIN1-IL-1Ra, 
Lane 3: un-induced E. coli BL21(DE3) cells containing pTWIN1-IL-1Ra, Lane 4: induced E. coli BL21(DE3) 
cells containing non-recombinant pTWIN-1, Lane 5: un-induced E. coli BL21(DE3) cells containing non-
recombinant pTWIN-1,  Lane 6: the cleaved IL-1Ra from the intein 1. b. western blot analysis of expressed 
proteins. Lane 1: protein marker, Lane 2: un-induced E. coli BL21(DE3) cells containing pTWIN1-IL-1Ra, 
Lane 3: induced E. coli BL21(DE3) cells containing pTWIN1-IL-1Ra, Lane 4: un-induced E. coli BL21(DE3) 
cells  containing non-recombinant pTWIN-1, Lane 5: induced E. coli BL21(DE3) cells  containing non-
recombinant pTWIN-1, Lane 6: un-induced non-recombinant E. coli BL21(DE3) cells, Lane 7: induced 
non-recombinant E. coli BL21(DE3) cells. c. 12% SDS-PAGE for analysis of the soluble expression of 
recombinant IL-1Ra, following 16 hrs. incubation at 15 °C and induction with 0.4 mM IPTG. Lane 1: protein 
marker, Lane 2: induced E. coli BL21 (DE3) cells containing pTWIN1-IL-1Ra after sonication, Lane 3: 
cell lysate supernatant of the E. coli BL21 (DE3) cells containing pTWIN1-IL-1Ra after centrifuging, Lane 
4: the remained cell pellet of the E. coli BL21 (DE3) cells containing pTWIN1-IL-1Ra after centrifuging 
Lane 5: the total cell pellets of E. coli BL21(DE3) cells containing pTWIN1-IL-1Ra suspending in PBS.
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liter of bacterial culture medium.

In vitro Assays
Evaluation of the anti-proliferative effects of 

IL-1β showed that increasing the concentration 
of this cytokine lead to a decrease in A375 cell 
survival. This effect was statistically significant 
in the concentration of 10 pg/mL (P=0.03) 
and above (P value for the concentration of 
100 pg/mL was equal to 0.007 and for lower 
concentration was <0.001) compared to the 
cell treated by PBS (Figure 3). The A375 cells 
treated with various concentrations of IL-1Ra, 
after the incubation with a fixed concentration 

of IL-1β (2 ng/mL), the results showed that, in 
the similar concentration of the antagonist (15 
µg/mL), there were no significant differences 
between the effects of our recombinant protein 
and Anakinra (Kineret®) (P=0.297). However, 
there were significant differences between 
the A375 survival after treatment with the 
recombinant IL-1Ra in the presence of IL-1β or 
its absence (P=0.013). Overall, it is concluded 
that the produced rIL-1Ra was able to inhibit 
the interaction of IL-1β to its receptor. These 
results were repeated for these cells treated 
by Kineret® (P=0.000). For HEK293, on the 
other hand, IL-1β led to less survival percent of 
these cells and both types of antagonists (rIL-
1Ra and Kineret®) could increase this survival; 
however, these effects were significantly less 
than A375 cells (P=0.043) (Figure 4). 

Figure 2. 15% SDS-PAGE for the evaluation 
of the purification procedure. Lane 1: protein 
marker, Lane 2: purified recombinant IL-1Ra after 
the first elution of the column with B2 buffer, Lane 
3: the second elution of the column, Lane 4: the 
third elution of the column, Lane 5: the fourth 
elution of the column.

Figure 3. Effect of different concentrations of IL-
1β on A375 cell survival. Error bars represent 
SD. n=3. Stars show statistical differences of 
each concentration in comparison to the negative 
control. *P<0.05, **P<0.01 and ***P<0.001

Figure 4. a. comparison the antagonizing effect of rIL-1Ra and Anakinra on A375 survival percent after 
the treatment with IL-1β. b. comparison of the antagonizing effect of rIL-1Ra and Anakinra on HEK293 
survival percent after the treatment with IL-1β. Error bars represent SD, n=3. Stars show the significant 
differences between groups and the positive control (cells treated with IL-1β) in the same concentrations. 
*P<0.05, **P<0.01 and ***P<0.001.
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DISCUSSION

In the present study, the recombinant IL-
1Ra was produced by an E. coli expression 
system and purified using intein mediated 
procedure. Finally, antagonistic activity of the 
recombinant IL-1Ra was evaluated against 
A375 and HEK293 cell lines in the presence 
of IL-1β.

Anakinra, as a non-glycosylated protein, 
has been produced with the recombinant 
approach using the E. coli expression system. 
For instance, in (11), the human U937 cells 
produced IL-1Ra, which was produced in this 
expression system  (12).

The E. coli expression system has many 
advantages such as rapid growth in large 
volumes without needing expensive substrates, 
known genetics, and the presence of a large 
number of cloning vectors (13). Nevertheless, 
there are several drawbacks related to this 
expression system including lack of post-
translational modifications, low solubility, 
recombinant protein misfolding, the formation 
of inclusion bodies, endotoxin problems, and 
inability to secrete the produced protein (14).

 Recombinant production of proteins as 
inclusion bodies is one of the most important 
problems related to the E. coli expression 
system. However, there are several solutions 
to prevent insoluble protein production. 
These strategies include the co-expression 
with molecular chaperones, increasing the 
time of protein synthesis by lowering the 
temperature as well as inducer concentration, 
as well as using highly soluble polypeptides 
as fusion tags (14, 15). Despite these solutions, 
some tags such as glutathione S-transferase, 
MBP, and thioredoxin cannot perform the 
purification process alone and the presence 
of some affinity tags along with thioredoxin 
is required for their separation after the 
purification. In this respect, inteins can 
cleave themselves from the protein precursor 
alone and bind the two deflected parts with a 
peptide band (16). 

Expression of protein at lower inducer 
concentrations leads to a significant reduction 

in the expression of recombinant protein. 
For example, in one study, the effect of 
increasing concentrations of IPTG on the 
expression of DT386-BR2 protein in E. coli 
was evaluated. The results showed that with 
the concentration of 1 mM IPTG, the highest 
amount of recombinant protein production 
occurs but as an inclusion body. In the current 
study, to produce the soluble protein, IPTG 
was used in 0.4 mM concentration.

Another effective factor in the expression 
of recombinant proteins is the incubation 
temperature after induction. Generally, the 
formation of inclusion bodies decreases in 
lower temperatures (17). For example, in one 
study for the synthesis of recombinant human 
G-CSF, decreasing the temperature to 15 °C 
and increasing the incubation time to 6 hrs., 
led to the soluble expression of desired protein 
with the final yield as 5 mg/L of purified 
soluble protein, comparable with the amount of 
soluble protein eared in our study as about 2.1 
mg/L with yield purity of 95%.(18). Although 
the amounts of total protein were lower than 
similar studies such as Bashir et al, (2 g/L as 
an inclusion body), the final protein was soluble 
with appropriate folding for biological activity. 

For industrial scales, intein usage can 
significantly lower the costs of producing 
recombinant proteins by providing a highly 
specific purification system and inexpensive 
substrates such as chitin columns. The 
conventional intein system raises costs 
due to the need for reducing agents such 
as dithiothreitol (DTT). Nevertheless, the 
methods used today are completely optimized 
and they can reduce all the costs (19). Using 
intein1 (ssp DnaB) of the pTWIN-1 plasmid 
is more convenient owing to induction of 
its self-splicing activity by changing pH, 
same as the previous study for purifying the 
recombinant human G-CSF(18).

Another study using the IMPACT system 
is about the recombinant production and 
purification of the human brain natriuretic 
hormone using ssp DnaB intein in 37 °C, 
with 0.4 mM IPTG, and for 4 hrs. After 
refolding, the protein was purified on the 
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chitin column. This purification was done 
by changing the pH to 7 at 25 ° C for 16 hrs. 
with high efficiency (20). The yield of purified 
recombinant protein was calculated as 2.44 
mg/L which was equal to our study output 
but as refolded inclusion body.

The cytotoxic and apoptotic effects of IL-
1β against cells with highly expressed IL-1R 
were established (21). Also, it has been shown 
in several studies that IL-1Ra can effectively 
bind to the receptor on the cell surface and 
inhibit the signaling pathway activation of 
IL-1R (22). Therefore, based on the previous 
studies in the evaluation of the effects of 
Anakinra in preventing the cytotoxic effects of 
IL-1β, the protocol mentioned in the Methods 
section was used.  The biological results 
showed that an increase in the concentration 
of rIL-1Ra led to a corresponding increase 
in inhibitory effects of IL-1Ra on IL-1β; 
exactly, this inhibition effects in the lower 
concentration of IL-1Ra was calculated 
as 25 %, while this percent for the higher 
investigated concentration was about 86. 
The inhibition percentage was calculated 
with the following formula: Inhibition (%) 
= [[A570M - A570I]/[A570N - A570I]] × 100; 
Here, A570I is the mean absorbance of wells 
with the addition of only IL-1β; A570M is the 
mean absorbance of wells with the addition 
of the mixture solution of IL-1β and IL-1Ra, 
and A570N is the absorbance of wells without 
the addition of both IL-1β and IL-1Ra (22). 
The study of Lui et al used this method for 
evaluating the inhibitory effects of a fusion 
protein of IL-1Ra with an extended half-life. 
the results showed that 32 nM of IL-1Ra led 
to 100 % inhibition effects of 1 ng/mL IL-
1β (21). The concentrations of rIL-1Ra used 
in the present study were higher than those 
investigated by Lui et al. In another study, 
Yu-Xin produced several mutated forms 
of IL-1Ra and compared their biological 
activities with those of native IL-1Ra. The 
results showed that at higher investigated 
concentrations (25 µg/mL), IL-1Ra  can 
inhibit the effects of IL-1 (23).

The antagonizing efficacy of rIL-1Ra 

was not statistically significant compared to 
Anakinra for highly expressed IL-1 receptor 
cells, A375. The strength of the produced 
recombinant protein was about 96% of the 
drug in the market. 

The IL-1 antagonizing efficacy of IL-1Ra 
using A375 was evaluated in two studies 
(22, 24). Lui et al. used the Pichia pastoris 
expression system for the recombinant 
production of IL-1Ra. the results showed that 
this protein could antagonize the cytolytic 
activity of IL-1β used in a concentration of 
1 ng/mL. IL-1Ra created 50 % inhibition of 
IL-1β in a concentration of about 0.5 nM. 
In this study, the antagonist and IL-1β were 
added without any time interval (24). In the 
second study, it was revealed that IL-1β led 
to apoptosis in the A375 cells. IL-1Ra binds 
to the IL-1 receptor without triggering a 
signaling cascade and competitively inhibits 
IL-1β binding, preventing its apoptosis-
inducing effect. Thus to investigate the 
inhibitory effects of rIL-1Ra against IL-1β, 
the antagonist protein was used in the final 
concentration of 50 ng/mL and IL-1β was 
used in the final concentration of 2 ng/mL. 
This article provided a standard method for 
evaluating the effects of IL-1Ra.

In the present study, following a previous 
study, the time interval for adding IL-1Ra 
protein was 4 hrs. after the treatment of 
cells with IL-1β (23). However, the results 
showed that the survival of cells treated by 
antagonist after 4 hrs. of IL-1β addition, was 
not significantly more than un-treated cells by 
the recombinant antagonist.  Therefore, a time 
interval of 30 and 60 min was investigated. 
The results showed that rIL-1Ra could 
successfully act in antagonizing the toxic 
effects of IL-1β in a time interval of 1 hr.

Gao et al. investigated time intervals of 
0.5, 1, and 2 h between the addition of IL-
1β and rIL-1Ra and, finally, selected 1 h as 
the best interval to fully antagonize the anti-
proliferative effects of IL-1β (22).

Another study investigated the role of p53 
following the addition of IL-1, which caused 
cell growth arrest in the G1 phase. After the 
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treatment of A375-C6 cells with IL-1 at time 
intervals of 2, 3, and 5 hrs. and the amount 
of p53 protein in the nucleus was measured 
as a criterion for cell growth inhibition of 
IL-1. The results of this project showed that 
the amounts of P53 protein increased by the 
end of 5 hrs. (25). Therefore, it seems that 
the addition of IL-1Ra after 4 hrs. of IL-1β 
treatment, is ineffective. The reason is that it 
has been already internalized to cells and it 
has activated the receptor-mediated signaling 
such that antagonizing the effects of IL-1 will 
be ineffective in this time interval. 

In the end, Powers et al. used the  IL-1-
responsive A549 cell line for evaluating the 
competitive antagonizing effects of IL-1Ra 
(26). In this study, Anakinra or the Pasylated 
form of IL-1Ra was added to cells and 1 
hr later, IL-1α was added to the cells. The 
efficacy of IL-1α (in the final concentration 
of 10 ng/mL), in IL-6 release, was evaluated, 
and found that both Anakinra and Pasylated 
form of IL-1Ra antagonized the IL-6 secretion 
(26). The results of this study, also confirmed 
the Anakinra antagonizing effects on IL-1, 
only before its internalizing to the cells with 
highly expressed receptors on their surface.

CONCLUSION

In this project, we successfully produced and 
purified the recombinant IL-1Ra in soluble 
form. The antagonizing effects of this protein 
were statistically equal to its commercial 
counterpart, Anakinra (Kineret®). Given that 
this protein was produced in considerable 
amounts, the intein mediated purification 
system might be applicable for its recombinant 
production in industrial scales as well. 
However, further structural analysis, as well as 
in vitro and in vivo biological evaluations are 
required for this protein to act as a Biosimilar.

ACKNOWLEDGMENT

This work was supported by the 

Pharmaceutical Science Research Center, 
School of Pharmacy, Isfahan University of 
Medical Sciences [grant number: 298067]. 
The authors also would like to appreciate the 
valuable technical assistance of laboratory 
experts in molecular biotechnology and cell 
culture laboratories. 

AUTHORSHIP CRITERIA

F Sh, designed the study and conducted 
the experiments, performed the statistical 
analysis, and revised the manuscript. R AN 
performed the experimental test and prepared 
the manuscript.

Conflicts of Interest: None declared.

REFERENCES

1. Mertens M, Singh JA. Anakinra for Rheumatoid 
Arthritis: A Systematic Review. JRheumatol. 
2009; 36(6): 1118.

2. Abramson S, Amin A. Blocking the effects of 
IL‐1 in rheumatoid arthritis protects bone and 
cartilage. Rheumatol. 2002; 41: 972-80.

3. Kay J, Calabrese L. The role of interleukin-1 in the 
pathogenesis of rheumatoid arthritis. Rheumatol. 
2004; 43 Suppl 3: iii2-iii9.

4. Furst DE. Anakinra: review of recombinant 
human interleukin-I receptor antagonist in the 
treatment of rheumatoid arthritis. Clin Ther. 2004; 
26(12): 1960-75.

5. Scheinberg MA, Kay J. The advent of biosimilar 
therapies in rheumatology—“O Brave New 
World”. Nat Rev Rheumatol. 2012; 8(7): 430-6.

6. Waugh J, Perry CM. Anakinra. BioDrugs. 2005; 
19(3): 189-202.

7. Bashir H, Ahmed N, Khan MA, Zafar AU, Tahir 
S, Kanwal H, Khan F, Rahman ZU, Husnain T. 
Evaluating the autoinduction expression system 
and one‐step purification for high‐level expression 
and purification of gallbladder‐derived rhIL‐1Ra. 
BiotechnolApplBiochem. 2017; 64(1): 20-6.

8. Tan H, Dan G, Gong H, Cao L. On-column 
refolding and purification of recombinant human 
interleukin-1 receptor antagonist (rHuIL-1ra) 
expressed as inclusion body in Escherichia coli. 
Biotechnol Lett. 2005; 27(16): 1177-82.

9. Sharma SS, Chong S, Harcum SW. Intein-mediated 



Production and evaluation of rIL-1Ra

Iran J Immunol Vol. 18, No. 2, June 2021  149

protein purification of fusion proteins expressed 
under high-cell density conditions in E. coli. J 
Biotechnol. 2006; 125(1): 48-56.

10. Sambrook J RDMcalm, 3rd edn. Cold Spring 
Harbor Laboratory Press, New York.

11. Carter DB, Deibel MR, Dunn CJ, Tomich CSC, 
Laborde AL, Slightom JL, et al. Purification, 
cloning, expression and biological characterization 
of an interleukin-1 receptor antagonist protein. 
Nature. 1990; 344(6267): 633-8.

12. Eisenberg SP, Evans RJ, Arend WP, Verderber E, 
Brewer MT, Hannum CH, et al. Primary structure 
and functional expression from complementary 
DNA of a human interleukin-1 receptor antagonist. 
Nature. 1990; 343(6256): 341-6.

13. Baneyx F. Recombinant protein expression in 
Escherichia coli. Curr OpiBiotechnol. 1999; 10(5): 
411-21.

14. Ki M-R, Pack SP. Fusion tags to enhance 
heterologous protein expression. Appl Microbiol 
Biotechnol. 2020; 104(6): 2411-25.

15. Hannig G, Makrides SC. Strategies for optimizing 
heterologous protein expression in Escherichia 
coli. Tren Biotechnol. 1998; 16(2): 54-60.

16. Ludwig C, Schwarzer D, Zettler J, Garbe 
D, Janning P, Czeslik C, et al. Chapter 4 
Semisynthesis of Proteins Using Split Inteins. 
In: Muir TW, Abelson JN, editors. Methods in 
Enzymology. 462: Academic Press; 2009. p. 
77-96.

17. Shafiee F, Rabbani M, Jahanian-Najafabadi A. 
Production and evaluation of cytotoxic effects of 
DT386-BR2 fusion protein as a novel anti-cancer 
agent. J Microbiol Meth. 2016; 130: 100-5.

18. Sima S, Shafiee F, Jahanian-Najafabadi A. 
Expression and one step intein-mediated 
purification of biologically active human G-CSF in 
Escherichia coli. Mol Biol Rep. 2020; 47(4): 2861-9.

19. Sharma SS, Chong S, Harcum SW. Simulation of 

large-scale production of a soluble recombinant 
protein expressed in Escherichia coli using 
an intein-mediated purification system. Appl 
Biochem Biotechnol. 2005; 126(2): 93-117.

20. Sun Z, Chen J, Yao H, Liu L, Wang J, Zhang J, 
et al. Use of Ssp dnaB derived mini-intein as 
a fusion partner for production of recombinant 
human brain natriuretic peptide in Escherichia 
coli. ProtExpPur. 2005; 43(1): 26-32.

21. Wang C, Wang MW, Tashiro SI, Onodera S, 
Ikejima T. IL-1β acts in synergy with endogenous 
IL-1β in A375-S2 human melanoma cell apoptosis 
through mitochondrial pathway. Journal of 
Korean medical science. 2005; 20(4): 555-561.

22. Gao J, Li J, Yang M, Wu M, Tu P, Yu Y, et al. 
Development of a cell-based qualitative assay for 
detection of neutralizing anti-human interleukin-1 
receptor antagonist (hIL-1Ra) antibodies in rats. 
ImmunopharmacolImmunotoxicol. 2015; 37(4): 
335-42.

23. Wang Y-X, Yang Z-X, Zhu H-Q, Zhou X-W, 
Huang P-T. Construction, Expression and 
Preliminary Pharmacokinetics of IL-1ra Mutants. 
ChinJ Biotechnol. 2006; 22(3): 472-6.

24. Liu M, Huang Y, Hu L, Liu G, Hu X, Liu D, et 
al. Selective delivery of interleukine-1 receptor 
antagonist to inflamed joint by albumin fusion. 
BMC Biotechnol. 2012; 12(1): 68.

25. Nalca A, Rangnekar VM. The G1-phase growth-
arresting action of interleukin-1 is independent of 
p53 and p21/WAF1 function. J Biol Chem. 1998; 
273(46): 30517-23.

26. Powers NE SB, Marchetti C, de Graaf DM, 
Lerchner A, Schlapschy M, Datar R, Binder U, 
Edwards CK, Skerra A, Dinarello CA. PASylation 
of IL-1 receptor antagonist (IL-1Ra) retains IL-1 
blockade and extends its duration in mouse urate 
crystal-induced peritonitis. J Biol Chem. 2020 ; 
295(3): 868-82.


