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Aim: Blockade of interleukin-6 (IL-6) or its receptor (IL-6R) is effective in preventing the progression of autoimmune diseases, such as 
systemic lupus erythematosus and rheumatoid arthritis. In the present study, we established a novel cell-based assay for identifying 
small molecule IL-6R antagonists.
Methods: HEK293A cells were transfected with recombinant plasmids pTaglite-SNAP-IL6R and pABhFc-IL6 to obtain membrane-
bound IL-6R and recombinant human IL-6 coupled with human Fc fragment (rhIL-6), respectively. A novel screening assay based on 
the interaction between IL-6R and rhIL-6 was established, optimized and validated. The stability of the assay was also assessed by 
calculating the Z′-factor.
Results: RhIL-6 dose-dependently bound to IL-6R expressed at HEK293A cell surface. The IC50 value of the known antagonist ab47215 
was 0.38±0.08 μg/mL, which was consistent with that obtained using the traditional method (0.36±0.14 μg/mL). The value of Z′-factor 
was 0.68, suggesting that the novel assay was stable for high throughput screening. A total of 474 compounds were screened using 
the novel screening assay, and 3 compounds exhibited antagonistic activities (IC50=8.73±0.28, 32.32±9.08, 57.83±4.24 μg/mL). 
Furthermore, the active compounds dose-dependently inhibited IL-6-induced proliferation of 7TD1 cells, and reduced IL-6-induced 
STAT3 phosphorylation in U937 cells.
Conclusion: A novel cell-based screening assay for identifying small molecule IL-6R antagonists was established, which simplifies the 
procedures in traditional cellular ELISA screening and profiling and reduces the costs.
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Introduction
Interleukin-6 (IL-6) is a key cytokine that was originally 
identified as a B-cell differentiation factor in 1985; it is a 
multifunctional moderator regulating acute phase reac-
tion, immune response, inflammation, bone metabolism 
and hema topoiesis[1, 2].  However, under some pathological 
conditions, continuous addition of IL-6 has been shown to 
increase autoantibodies, such as anti-double-stranded DNA 
(anti-dsDNA) antibody production, making significant con-
tributions to the inflammatory response and accelerating the 

progression of autoimmune diseases such as systemic lupus 
erythematosus (SLE) and rheumatoid arthritis (RA)[3–5].  A 
blockade of IL-6 or its receptor has been demonstrated to pre-
vent elevated anti-dsDNA antibody levels and the progression 
of autoimmune diseases in addition to improving survival 
rates[6].  

Tocilizumab, a humanized monoclonal antibody (mAb) 
against the α-chain of the IL-6 receptor (IL-6Rα, also known 
as IL-6R), prevents the binding of IL-6 to membrane-bound 
IL-6R[7].  The safety and efficacy of tocilizumab has been 
assessed in many clinical trials in patients with RA, SLE, 
juvenile idiopathic arthritis, and Castleman’s disease[8–10].  
However, therapeutic mAbs are usually produced from non-
human cell lines, and consequently, the exogenous biomacro-
molecules theoretically can invoke anti-globulin responses in 
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some patients[11, 12].  Therefore, it may be a reasonable strategy 
to develop small molecule drugs against IL-6R in the patients 
with anti-globulin responses to therapeutic mAbs.  However, 
there are currently no small molecule drugs in clinical use or 
in late clinical trials that specifically target human IL-6R.  For 
these reasons, research and development of novel IL-6R antag-
onists with a higher efficacy and less side effects should be of 
significance in clinical applications.

With a focus on drug discovery, various assays for identify-
ing IL-6R antagonists have been developed during the past 
several years, which have significantly improved screening 
efficiencies.  A classical cell-based assay, the 7TD1 cell model, 
was established by Van Snick in 1986; this assay used an IL-6 
dependent mouse-mouse hybrid cell proliferation model to 
determine the blocking effects of compounds[13].  It is an effec-
tive method for identifying human IL-6R antagonists and 
is widely used in targeted drug discovery and fundamental 
research[14, 15].  However, its long testing cycle (often 3–4 d) for 
a proliferation inhibition experiment may be a weakness to 
rapid screening, and the detection index (cell survival rate) 
itself seems to incapably rule out false positives resulting from 
drug toxicity.  

With the innovation of the polymerase chain reaction (PCR) 
technique and optimization of the Escherichia coli expression 
system, a screening assay based on phage display technology 
for identifying IL-6R antagonists was established and applied 
in the recent past[16, 17].  It is a burgeoning and efficient screen-
ing technique, particularly for identifying candidates with 
a high affinity.  Moreover, the emergence of fully synthetic 
human phage surface display technology opens up a new 
method for reducing immunogenicity[18, 19].  However, there 
is no doubt that a micro-molecule polypeptide library or a 
miniaturization antibody library is required; consequently, the 
novel screening assay based on phage display technology is 
merely used for discovering specified types, such as polypep-
tide drugs, antibodies and other biological agents.  

Some methods derived from soluble receptor-ligand binding 
assays are also widely used in screening IL-6R antagonists[20, 21].  
However, each of the assays seemingly has pros and cons.  
For example, the radioactive ligand-receptor binding test is 
considered to be an effective, sensitive, and classical analysis 
method, but safer methodologies than radiolabeled assays 
allow the use of radioactivity to be avoided[22].  A safe method 
based on the receptor-ligand binding assay mechanism is the 
enzyme-linked immunosorbent assay (ELISA); this is a quick, 
simple and extensive approach[21, 23].  However, the ELISA still 
has room for improvement.  For example, it has not yet been 
addressed whether the operation steps can be simplified with-
out influencing detection sensitivity or whether the binding 
process of the receptor and its ligand could be similar to the 
process of the natural membrane-bound receptor binding to 
its ligand.

Therefore, developing novel, effective and ingenious assays 
for identifying IL-6R antagonists may provide opportunities to 
screen for discovering potent, effective antagonists.  We report 

herein an innovative, cell-based screening assay for identify-
ing IL-6R antagonists by using two new forms of proteins: 
human membrane IL-6R, located on the HEK293A cell surface, 
and recombinant human IL-6 (rhIL-6) coupled with the human 
Fc fragment.

Materials and methods
Materials and instrumentation
The human IL-6 and IL-6Rα genes were purchased from 
Origene Technologies.  The HEK293A cells, 7TD1 cells and 
U937 cells were obtained from the Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China).  The expression 
plasmid pTaglite-SNAP was purchased from Cisbio Bioas-
says Corporation.  The competent Escherichia coli cells Top10 
were purchased from TransGen Biotech Corporation (Beijing, 
China).  Restriction enzymes, such as Not I and Xba I, were 
purchased from New England Biolabs.  Thermus aquaticus 
DNA polymerase and T4 DNA ligase were purchased from 
Takara Biotech (Dalian, China).  RPMI-1640 culture medium, 
α-MEM culture medium and fetal bovine serum (FBS) were 
purchased from Gibco Life Technologies.  The transfection 
reagent Lipofectamine 2000 system was purchased from Invit-
rogen Corporation.  A total of 474 small molecular compounds 
that belonged to our in-house library were provided by the 
National Center for Drug Screening, Institute of Materia 
Medica, Chinese Academy of Medical Sciences, and each of 
the compounds was stored in DMSO and had an initial con-
centration of 10 mg/mL.  The microplate reader, SpectraMax 
M5, was purchased from BD Biosciences.  The nucleus dye 
4’,6-diamidino-2-phenylindole (DAPI) was purchased from 
Partec Flow Cytometry Technology (Görlitz, Germany).  The 
cellomics arrayscan VTI HCS reader was purchased from 
Thermo Scientific.  The cell counting kit-8 (CCK-8) system was 
purchased from Dojindo Molecular Technologies Inc (Kyushu, 
Japan).  The Gel DocTM XR+ system and the Quantity One 1-D 
analysis software were purchased from Bio-Rad Laboratories.  
All of the manufacturers’ materials and instrumentations 
described above were obtained from the USA unless otherwise 
specified.  The primary antibodies and secondary antibodies 
used in this study and their working concentrations are listed 
in Table 1, and the DNA primers designed and used in this 
study are listed in Table 2.

Constructions of the recombinant eukaryotic expression 
plasmids 
The full length of the human IL-6Rα chain gene and the 
IL-6 gene were amplified by PCR using the specific prim-
ers listed in Table 2.  Using the instrumental enzymes of the 
gene engineering mentioned above, the DNA products were 
reconstructed separately in plasmid pTaglite-SNAP, which 
is a commercialized vector expressing the receptor of interest 
at the cell surface, and in plasmid pABhFc, which is used to 
express secretory IL-6 coupling with the human Fc fragment at 
the C-terminus[24, 25].  The recombinants, pTaglite-SNAP-IL6R 
and pABhFc-IL6, were analyzed and identified by restriction 
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enzyme digestion and a sequencing analysis.

Cell culture and treatment
The HEK293A cells were maintained in α-MEM medium sup-
plemented with 10% heat-inactivated FBS in a 37 °C incubator 
with 5% CO2.  For all the experiments, the cells were grown 
to an 80% confluence with no more than 20 passages.  The 
cells were transfected separately by the expression plasmids 
pTaglite-SNAP-IL6R and pABhFc-IL6 using the transfection 
reagent Lipofectamine 2000 system according to the manufac-
turer’s instructions.

The 7TD1 cells were maintained in RPMI-1640 medium 
supplemented with 10% heat-inactivated FBS and rhIL-6 (4 
ng/mL) in a 37 °C incubator with 5% CO2.  For the prolif-
eration inhibition test, the cells were washed three times to 
remove the growth factor IL-6 and were inoculated in 96-well 
plates.  After being pre-incubated with or without the test 
compounds for 1 h, the cells were exposed in the presence or 
absence of different concentrations of rhIL-6 (or IL-6).  The 
number of viable cells was counted by an automated cell coun-
ter every 12 h over 3 d.  After 72 h, the viabilities of the 7TD1 
cells were measured by the CCK-8 system[26].  

The U937 cells were maintained in RPMI-1640 medium sup-
plemented with 10% heat-inactivated FBS in a 37 °C incubator 
with 5% CO2.  

Immunofluorescence assay
The expression level of IL-6R was examined by an indirect 
immunofluorescence assay using a rabbit anti-human IL-6Rα 
polyclone antibody and its corresponding secondary antibody.  

Briefly, the HEK293A cells transfected by the gene pTaglite-
SNAP-IL6R for 36 h were washed, fixed with 4% paraformal-
dehyde for 30 min at room temperature (RT), and blocked 
with 2% BSA for 1 h at 37 °C.  Next, the cells were incubated 
with the primary antibody mentioned above for 1 h at 37 °C, 
followed by the Alexa Fluor® 488-conjugated secondary anti-
body.  Finally, after being washed, the cells were incubated in 
DAPI solution for 5 min at RT in the dark.  Live cell imaging 
was simultaneously viewed using a Cellomics arrayscan VTI 
HCS reader at an excitation wavelength of 355 nm for DAPI 
and 495 nm for Alexa Fluor® 488.

Western blotting assay
The expression level of IL-6R was quantified by a Western blot 
assay.  After transfection with the gene pTaglite-SNAP-IL6R, 
the HEK293A cells were collected, and the total protein was 
extracted in lysis buffer as described by Schreiber et al[27].  A 
total of 20 μg of protein extract was resolved on a 10% SDS-
PAGE gel, transferred onto a polyvinylidene fluoride mem-
brane, and blocked with 5% BSA in Tris-buffered saline (TBS) 
for 1 h at 37 °C.  The membrane was washed three times in 
TBS with 0.1% Tween 20 (TBS-T) and incubated with the anti-
IL6Rα polyclone antibody at 4 °C overnight.  The membrane 
was washed three times in TBS-T for 10 min and incubated 
with anti-rabbit IgG (HRP conjugate) in TBS.  After another 
three washes with TBS-T for 10 min, the membrane was 
reacted with an enhanced chemiluminescence system for a 
moment and was then exposed to films.  The expression level 
of IL-6R was quantified by scanning densitometry using a 
Quantity One 1-D analysis system.

Table 1.  Antibodies used in this study.  

                                   Antibody                                                                                                Dilution                                                            Source  
 
Rabbit anti-human IL-6Rα polyclone antibody (#sc-13947) 1:100 (for IF); 1:1000 (for WB) Santa Cruz Biotechnology
Goat anti-human IgG (H+L) (HRP conjugate, #ZB-2304) 1:2000 ZhongShan Golden Bridge Bio
Specific anti-IL6R antagonist antibody (#ab47215) Gradient dilution Abcam
Phospho-stat3 (Tyr705) (D3A7) XP® rabbit mAb (#9145) 1:2000 Cell Signaling Technology (CST)
Anti-rabbit IgG (H+L), F(ab′) 2 fragment (Alexa Fluor® 488 conjugate) 1:1000 CST
Anti-rabbit IgG (HRP conjugate) 1:2000 CST
β-Actin (13E5) rabbit mAb 1:4000 CST
Stat3 (124H6) mouse mAb (#9139) 1:2000 CST

IF, immunofluorescence assay; WB, Western blot assay.

Table 2.  DNA primers designed and used in this study. 

         Name                                                Sequence (5′→3′)                                                                          Tm value (°C)         Restriction site
 
 p-IL6-F AGTGAATTCGCCGCCACCATGAACTCCTTCTCCACAAGC 61 EcoR I
 p-IL6-R TGAGCTAGCCATTTGCCGAAGAGCCC 63 Nhe I
 p-IL6R-F AATGCGGCCGCATGCTGGCCCCAAGGC 58 Not I
 p-IL6R-R GGTTCTAGAGGGCTATCTGGGGAAGAAGTAGTC 55 Xba I

Base sequences underlined were the sites for restriction digestion; F and R separately referred to forward primer and reverse primer.
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The levels of the protein signal transducer and the activa-
tor of transcription 3 (STAT3) phosphorylation were also 
quantified by a Western blot assay.  The U937 cells were pre-
incubated with or without the test compounds for 1 h and 
were then stimulated by rhIL-6 (or IL-6) for 30 min in a 37 °C 
incubator with 5% CO2.  The following procedures for the 
Western blot assay are similar to those described above except 
for the primary antibody involved.

Purification of rhIL-6
After transfection with the plasmid pABhFc-IL6 for 72 h, the 
HEK293A cell culture supernatants were collected and fil-
tered with a 0.45-μm filter membrane.  Next, the rhIL-6 in the 
supernatants was purified by the protein A chromatography 
method described by Ng et al[28].  The molecular weight and 
purity of the purified products were detected by 10% SDS-
PAGE.

Cellular ELISA
The direct binding capacity of rhIL-6 coupled with human Fc 
and the secondary antibody (HRP conjugate) was investigated.  
Each well of a high-binding 96-microwell plate was coated 
with different concentrations of rhIL-6 (or bevacizumab or 
ab47215) for 1 h at 37 °C.  The plate was blocked with 2% BSA 
for 1 h at 37 °C; then, anti-human IgG goat mAb (HRP conju-
gate) was added to each well.  After three washes with PBS, a 
colorimetric assay format was followed as described by Emon 
et al[29].  The absorbance of each well was determined in a dual-
wavelength manner (492–630 nm) using an ELISA reader 
(Microplate Reader SpectraMax M5).  

The binding capacity of rhIL-6 coupled with human Fc and 
the membrane receptor was investigated.  After transfection 
with plasmid pTaglite-SNAP-IL6R for 36 h, the HEK293A 
cells in each well were washed and fixed with 4% paraformal-
dehyde for 30 min at RT and blocked with 2% BSA for 1 h at 
37 °C.  Next, different concentrations of rhIL-6 were added 
to the wells, followed by incubation for 1 h at RT.  The cells 
were washed three times to remove the dissociative rhIL-6.  
The following procedures for the ELISA were similar to those 
described in the previous paragraph.

Some potential factors, such as temperature states and 
blocking systems, which may influence the binding capacity of 
rhIL-6 and the membrane receptor, were investigated by the 
cellular ELISA as described above.

Determination of the Z′-factor
The Z’-factor was determined to evaluate the stability and 
suitability of the method in a 96-well format by three sepa-
rate experiments.  To calculate the Z’-factor of the assay, the 
rhIL-6 reactions (containing 2% BSA) were assayed in 25 non-
marginal wells of a plate; another 25 non-marginal wells of 
the plate were used for background controls (containing only 
2% BSA, assuming that rhIL-6 was neutralized by the antago-
nists).  Throughout the cell culture assays and cellular ELISA 
that followed, the same medium or PBS was added to all mar-
ginal wells to reduce the errors.  The Z’-factor for the assay 

was calculated as described by Zhang et al[30].

Verification of the modified screening assay
A known antagonist, ab47215, was used to assess the reli-
ability of the modified assay[31, 32].  Different concentrations 
of ab47215 were added to the rhIL-6 reactions and incubated 
together with membrane IL-6R for 1 h at 37 °C.  After three 
washes with PBS, a secondary antibody was used to detect the 
rhIL-6 that was bound to membrane IL-6R as described above.  
To calculate the block rate (inhibition rate), the mathematical 
equation was used: 
Inhibition rate=

      (ODrhIL-6 alone–ODantagonist+rhIL6)/ODrhIL-6 alone×100%      (Eq 1)

Preliminary screening and verification of active compounds
A total of 474 compounds from the small molecular compound 
library were added separately to the rhIL-6 reactions (the final 
concentration of each compound was 0.1 mg/mL) for primary 
screening by the cell-based assay.  The positive compounds 
were re-screened in a secondary screening to test and verify 
the results.

A previous model described by Vardanyan et al[21] was used 
to examine the functions of the active compounds obtained 
by the preliminary screening and thus to assess the reliability 
of the novel assay (several negative compounds in the pre-
liminary screening were included as a control).  The proce-
dure is as follows: the plates were coated with soluble IL-6R 
overnight at 4 °C and pre-blocked with 1% BSA at RT for 1 h.  
After three washes, the wells were incubated with human IL-6 
plus one of eight concentrations of the compounds at RT for 
2 h.  After washing to remove any unbound IL-6, the wells 
were incubated with an anti-human IL-6 antibody (primary 
antibody) at 37 °C for 1 h, and washed and incubated with a 
secondary antibody (HRP conjugate) at 37 °C for 30 min.  The 
IC50 of each active compound was calculated using Eq (1) 
described above.

Statistical analysis
The results are expressed as the mean±SEM of at least three 
independent experiments.  The statistical significance was 
assessed by Student’s t-test for paired populations or a one-
way ANOVA followed by an appropriate post hoc test.  P val-
ues <0.05 were considered statistically significant.

Results 
Construction of the recombinant eukaryotic expression plasmids
We initially amplified the IL-6Rα and IL-6 genes by PCR using 
two pairs of specific primers listed in Table 1.  One percent 
agarose gel electrophoresis was used to detect the relative 
molecular weights of the amplification products.  As shown in 
Figure 1A, the electrophoresis band analysis revealed that the 
DNA products were 1000–2000 base pairs (bp) in length and 
500–750 bp in length, respectively, which was in agreement 
with the theoretical molecular weights of the IL-6Rα and IL-6 
genes[33, 34].  Similarly, we detected the validities of the recom-
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binant plasmids pTaglite-SNAP-IL6R and pABhFc-IL6 with 
an electrophoresis analysis after the accomplishment of gene 
recombination (Figure 1B).  The results of this electrophoresis 
analysis and the DNA sequencing analysis (data not shown) 
confirmed that the human IL-6Rα-chain and IL-6 genes had 
been cloned correctly into the eukaryotic expression vectors.

Expression of membrane IL-6R
After transfection with pTaglite-SNAP-IL6R for 36 h, the 
expression level of IL-6R was investigated by an immuno-
fluorescence assay.  As shown in Figure 2A, the transfected 
cell surface could emit a forceful green fluorescence, which 
suggested that plentiful receptors existed at the cell surface 
compared with the normal control group and the control plas-
mid group.  The expression level of IL-6R was quantified by a 
Western blot assay which had a similar result as the immuno-
fluorescence assay.  Compared to normal cells and cells that 
were transfected by the control plasmid pTaglite-SNAP (blank 
load), the level of IL-6R significantly increased (Figure 2B).  
The results above demonstrated that IL-6R was successfully 
expressed and oriented at the HEK293A cell surface.

Secretion expression and activity identification of rhIL-6
The plasmid pABhFc was an engineering vector that was used 
for expressing secretory human IgG heavy chains that were 
constructed by our laboratory[19, 25].  Based on the character-
istics of the plasmid, we obtained soluble recombinant IL-6, 
which is a homodimer protein (purity >90% by SDS-PAGE), 
as shown in Figure 3A.  After the disulfide bond was broken 
by reduction loading buffer, rhIL-6 assumed a monomer form 
with a 50 kDa relative molecular weight, which was consistent 
with the expected results.

To assess the functions of rhIL-6, we investigated its biologi-
cal activity using the 7TD1 cell line, which is an IL6-dependent 
mouse cell.  The number of 7TD1 cells ceased to increase at 

36 h in the absence of rhIL-6.  However, the number of 7TD1 
cells in the presence of rhIL-6 (even at a low concentration 
of 1 ng/mL) continuously increased until the nutrients were 
depleted at 72 h (Figure 3B).  The results of the CCK-8 assay 
showed that cell viability declined in a dose-dependent man-

Figure 1.  Constructions of the recombinant eukaryotic expression 
plasmids.  (A) Electrophoretogram of the PCR products.  M, low molecular 
weight DNA markers; 1, IL-6Rα gene; 2, IL-6 gene.  The arrows separately 
indicate the theoretical molecular weights of the IL-6Rα and IL-6 genes 
(similarly hereinafter).  (B) Electrophoretogram of the recombinant 
plasmids identified by the restriction enzyme digestion.  M, high molecular 
weight DNA markers; 1, plasmid pABhFc-IL6; 2, plasmid pTaglite-SNAP-
IL6R.

Figure 2.  Identification and quantification of the expression level of IL-
6R.  (A) Indirect immunofluorescence assay for identification.  The images, 
from top to bottom, represent the IL-6R protein, nucleus and merged 
images with the IL-6R protein and nucleus.  IL-6R was detected by Alexa 
Fluor® 488-labeled immunostaining (Green.  Exposure time, 0.08 s); the 
nuclei were stained by DAPI (Blue.  Exposure time, 0.02 s).  Scale bar, 100 
μm.  Camera, ORCA-R2 in the Cellomics arrayscan VTI HCS reader system.  
(B) The Western blot assay for the quantitative analysis.  The bands for 
IL-6R were normalized to β-actin.  The data represent the mean±SEM 
from three separate experiments.  cP<0.01, significant compared with the 
control group (untreated) and the control plasmid pTaglite-SNAP group 
(blank load).
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ner with decreasing concentrations of rhIL-6 (Figure 3C), 
which was in agreement with that of the above cell number 
count analysis.  

After being stimulated by different concentrations of rhIL-6 
for 30 min, the level of protein STAT3 phosphorylation in 
human U937 cells significantly increased compared to the con-
trol group (Figure 3D).  Phosphorylated STAT3 (p-STAT3) is 
a crucial signal molecule in the JAK/STAT signaling pathway 
that is mediated by IL-6[35, 36].  The binding of IL-6 to mem-
brane IL-6R induces phosphorylation of STAT3 at Y705 resi-
dues, and p-STAT3 dimerizes and translocates to the nucleus, 
where it binds to the promoter of target genes to regulate 
transcription[35, 37].  Our results here indicated that rhIL-6 was 
able to bind to natural human IL-6R and then mediate signal 
transduction.

All the findings using the 7TD1 and U937 cells above con-
firmed that the homodimer protein rhIL-6 coupled with the 
human Fc fragment showed a bioactivity similar to that of 
natural IL-6.

Establishment of a screening assay based on a cellular ELISA
We initially determined the usefulness of the Fc fragment of 
rhIL-6 by using a simple and easy ELISA.  As shown in Figure 
4A, the absorbance value increased with the rise of the con-
centrations of rhIL-6, indicating that rhIL-6 could bind to anti-
human IgG goat mAb in a dose-dependent manner, consistent 
with the positive control bevacizumab (a human IgG-targeted 
VEGF).  However, the negative control ab47215, which was 
a mouse mAb that did not contain the human Fc fragment, 
could not bind to the secondary antibody.  These results pro-
vide a foundation for the establishment of a simple and conve-
nient cellular ELISA.

Next, a preliminary screening assay based on the cellular 
ELISA was tentatively established after the HEK293A cells 
were transfected by plasmid pTaglite-SNAP-IL6R.  The absor-
bance value increased with the increasing concentrations 
of rhIL-6 (Figure 4B), demonstrating that rhIL-6 could bind 
to IL-6R expressed at the HEK293A cell surface in a dose-
dependent manner.

Figure 3.  Expression and functional identification of rhIL-6 obtained from the transfected HEK293A cells.  (A) SDS-PAGE analysis for the secretion 
of rhIL-6.  M, protein markers; 1, non-reductive form of rhIL-6; 2, reductive form of rhIL-6 (loading buffer containing 5% β-mercaptoethanol).  (B) The 
7TD1 cell number changed over time in the mediums with different concentrations of rhIL-6.  The data represent the mean±SEM from five separate 
experiments.  (C) The 7TD1 cell viabilities declined, accompanied by multiple proportional dilutions of rhIL-6 (the initial concentration of rhIL-6 was 
20 ng/mL).  The data represent the mean±SEM from four separate experiments.  (D) The Western blot assay for the quantitative analysis of protein 
phosphorylation of the JAK/STAT3 signal pathway mediated by rhIL-6 in the U937 cells.  The bands for p-STAT3 were normalized to total-STAT3.  The data 
represent the mean±SEM from four separate experiments.  cP<0.01, significant compared with the untreated control.
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Finally, some potential factors influencing the capacity of 
rhIL-6 binding to the membrane receptor were investigated.  
We found that the capacity showed significant differences 
in different temperature states (Figure 4C), and the number 
of rhIL-6 binding to membrane receptors reached saturation 
in the first 10 min at 37 °C, indicating that 37 °C might be the 
optimum temperature for a rapid screening.  Some common 
blocking systems for immunological tests, such as 2% BSA, 
0.2% casein and 5% milk, seemingly had no obvious effect on 
the binding capacity (Figure 4D).

Assessments of stability and reliability
After optimizing these procedures, we determined the Z’-factor 
of the assay and used a concentration of 10 μg/mL of rhIL-6 
as a final concentration according to the results of Figure 4B.  
Under this circumstance, the wells coated with transfected 
cells presented intense absorbance values compared with the 
control wells, which were also coated with transfected cells 
but did not contain rhIL-6 (Figure 5A).  Using a 96-well for-
mat, we were able to screen for IL-6R antagonists with a Z’-
factor of 0.68.

The mouse antibody ab47215, which can competitively 
antagonize IL-6R, was used to evaluate the reliability of the 
assay.  As shown in Figure 5B, ab47215 could block rhIL-6 

from binding to its membrane receptor in a dose-dependent 
manner in this novel screening assay.  The IC50 of ab47215 was 
0.38±0.08 μg/mL, which was consistent with that obtained 
from the traditional model (IC50 =0.36±0.14 μg/mL).  In addi-
tion, Figure 5B also shows a comparison of the assay with 
traditional assays in terms of maximum inhibitory rates con-
verted from signal values.  The maximum inhibitory rate in 
the new method was slightly lower than that in the traditional 
method at the same concentration of ab47215.  These results 
demonstrated that our assay reported herein could identify 
known IL-6R antagonists.  

Application and evaluation of the novel assay
A total of 474 compounds were screened at random, as shown 
in Figure 6A, and ten of those compounds showed some 
antagonistic activities against membrane IL-6R.  After a sec-
ondary screening (re-screening, data not shown), the antago-
nistic activities of three active compounds were confirmed.  
The former two of the three have the same basic parent struc-
ture as 7-(methylsulfonyl)-4-oxo-3,4-dihydropyrazolo[5,1-d]
[1,2,3,5]tetrazine, and the latter compound is a derivative of 
tetrahydrofuro[3,2-c]naphtho[2,1-e]oxepine-1,3-dione.

The other model, which was used to evaluate the functions 
of the three active compounds and the reliability of the novel 

Figure 4.  Establishment of a screening assay based on the cellular ELISA.  (A) The binding capacity of rhIL-6 coupled with the Fc fragment and a 
secondary antibody (anti-human IgG goat mAb, HRP conjugate).  OD492–630 refers to the difference between the absorbance at a wavelength of 492 nm 
and the absorbance at a wavelength of 630 nm (similarly hereinafter).  The data represent the mean±SEM from three separate experiments.  (B) RhIL-6 
was able to bind to IL-6R expressed at the HEK293A cell surface in a dose-dependent manner.  The data represent the mean±SEM from five separate 
experiments.  cP<0.01, significant compared with the PBS control group.  (C and D) Effects of different temperature states and different blocking buffers 
on the binding capacity of rhIL-6 and its membrane-bound receptor.
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assay, illuminated that the novel screening assay described 
in this study was reliable.  As shown in Figure 6B, the active 
compounds were able to block soluble IL-6R from binding to 
its ligand in a dose-dependent manner.  The IC50 of the com-
pounds were 32.32±9.08, 8.73±0.28 and 57.83±4.24 μg/mL, 
respectively.  The 95% confidence intervals for the mean val-
ues were approximately 23.74 to 44.0, 5.69 to 13.38 and 42.79 
to 78.16 μg/mL, respectively.  However, several negative 
compounds in the preliminary screening were unable to show 
obvious antagonistic activities (data not shown).  In addition, 
further evaluation showed that the active compounds were 
able to inhibit the proliferation of the 7TD1 cells induced by 
IL-6 in a dose-dependent manner (Figure 6C) and reduced the 
phosphorylation level of STAT3 in the U937 cells induced by 
IL-6 (Figure 6D).  These results demonstrated that the active 
compounds were antagonists against IL-6R, and the assay that 
we established was reliable for identifying IL-6R antagonists.

Discussion
In summary, an innovative cell-based screening assay was 
established by preparing two new forms of proteins, human 
membrane-bound IL-6R and rhIL-6 coupled with the human 
Fc fragment, which were obtained separately by transfect-
ing two novel recombinant eukaryotic expression plasmids, 
pTaglite-SNAP-IL6R and pABhFc-IL6, into HEK293A cells.  
The assay was stable and reliable, which was evaluated by 
applying the Z’-factor and confirmed by utilizing a known 
antagonist and an existing model.  There were two advan-
tages to this assay.  First, the orientation expression of IL-6R 
at the HEK293A cell surface and the analogous expression 
patterns targeting IL-6R have not been reported.  The natural 
membrane-bound IL-6R is now considered to play a key role 
in the physiological and pathological progress, and conse-
quently, compared with the classical soluble receptor-ligand 
binding assay at the biochemical level, this novel assay that 
is conducted at the cell level might make the process of IL-6 
binding to IL-6R expressed at the cell surface more similar 

to the natural binding process.  Second, rhIL-6, which is a 
new form of recombinant protein coupled with the human Fc 
fragment, could directly bind to a secondary antibody, anti-
human IgG goat mAb.  However, the classical ELISA usually 
requires an anti-IL6 or IL-6R antibody as a primary antibody 
followed by a corresponding secondary antibody (for instance, 
HRP conjugate).  The innovative fusion expression of rhIL-6 
in the study played the function of the primary antibody and 
thus prevented the tedious process necessary in the ELISA 
without any obvious interference.  It is well-known that com-
mercial primary antibodies are expensive, especially under 
the conditions of large-scale use in high throughput screening.  
Therefore, the new assay in this study simplified the proce-
dures and reduced costs compared with the classical cellular 
ELISA[19].  Furthermore, based on the functional performance, 
rhIL-6 would be appropriate for the soluble IL-6R binding 
assay and would be able to simplify the steps.  In conclusion, 
we established and applied an innovative cell-based screening 
assay for identifying IL-6R antagonists, which is a new and 
relatively easy method that provides a fresh strategy for other 
similar receptor-ligand binding assays.
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