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A B S T R A C T   

Anti-CD25 antibodies have been approved for renal transplantation and has been used prior to 
and during transplantation by the Food and Drug Administration (FDA). However, no reported 
bioassays have been reflected the mechanism of action (MOA) of anti-CD25 antibodies. Here, we 
describe the development and validation of a reporter gene assay (RGA) based on the engineered 
C8166-STAT5RE-Luc cells expressing endogenous IL-2 receptors and a STAT5-inducible element- 
driven firefly luciferase in C8166 cell lines. The RGA was fully validated according to the In
ternational Conference on the Harmonization of Technical Requirements for the Registration of 
Pharmaceuticals for the Human Use-Q2 (ICH-Q2). After optimization, the assay showed excellent 
specificity, linearity, accuracy, precision, and robustness. Due to the MOA relatedness and the 
excellent assay performance, the RGA is suitable for exploring the critical quality attributes 
(CQAs), release inspection, comparability and stability of anti-CD25 mAbs.   

1. Introduction 

The diversity of cell types involved in homeostasis and immune responses are regulated by interleukin-2 (IL-2), which was firstly 
discovered in 1976 as a lymphocyte growth factor with a size of 15 kDa [1]. IL-2Rα (CD25), IL-2Rβ (CD122), and IL-2Rγ (CD132) 
constitute heterotrimeric receptor and its expression levels depends on immune cell activation state [2,3]. The expression of IL-2R is 
essential for IL-2 signal transduction and also plays a role in a variety of functions in cell differentiation, survival, and effector 
functions. IL-2 signals through the JAK/STAT pathway followed by a succession of signaling cascades that rely on the principal 
signaling molecule STAT5 [4–7]. 

A recombinant murine and human chimeric IgG1 kappa monoclonal antibody (mAb), Basiliximab, which targets the alpha subunit 
of CD25, was approved to be used in renal transplant patients as an induction agent prior to and during transplantation in the United 
States since 1998 [3,8]. T cells expressing the IL-2R release pro-inflammatory cytokines after binding with IL-2. Basiliximab has a 
strong and specific affinity for CD25 on the surface of activated T-cells to play the role of restraint T cell activation, proliferation, and 
response in transplant recipients [9–11]. Furthermore, Basiliximab has been shown to improve long-term graft and patient survival via 
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lessening the speed of acute cellular rejection after solid organ transplantation. 
In clinical practices, mAbs are extensively used as a biological product, which are developed and manufactured strictly following 

the international and regional guidance documents [12]. The desired product quality should be controlled and ensured through critical 
quality attributes (CQAs). CQAs include physical, chemical, biological, or microbiological properties or characteristics with an 
appropriate limit, range, or distribution. Potential drug substance CQAs are used to guide process development [13]. Therefore, the 
International Conference on Harmonization (ICH) Q6B has suggested guidelines for complex molecular agents such as mAbs, since the 
higher structure cannot be comprehensively and explicitly determined from physicochemical information but can be inferred from 
related biological activities. The biological activity of mAbs mainly depends on both Fab and Fc fragments. The traditional ELISA assay 
can give the information of binding ability between antibody and the target. However, the binding activity can not reflect the 
downstream reaction after the binding of antibody and target. 

IL-2 not only exerts most of its effects on T lymphocytes but also participates in many pathophysiological roles, such as gene 
regulation and producing other cytokines such as TNF-α, by activating downstream signaling pathways. Therefore, a method which 
can reflect the complicated mechanism of action (MOA) of mAb should be developed to measure the bio-activities. Based on the 
experience obtained from our previous studies, a cell-based reporter gene assay (RGA) was capable to obtain the near-real biological 
activity through dose-dependent blockage of the downstream signaling pathways [14,15]. Herein, we constructed a T-lymphatic cell 
line C8166 that was stably transduced with a pLV-STAT5 RE-Luc-PGK-zeocin reporter gene to indicate the biological response in RGA 
assay [16,17] (the principle was shown in Fig. 1). We validated biological activity related parameters of specificity, linearity, precision, 
accuracy, and robustness [18,19] through optimizing conditions to evaluate the biological activity of related antibodies. 

2. Materials and methods 

2.1. Reagents and cell lines 

RPMI-1640 medium containing GlutaMAX™, fetal bovine serum (FBS), and zeocin were purchased from GIBCO (USA). Recom
binant human IL-2 (rhIL-2) was purchased from (Biotechnology). Cell culture flasks were purchased from Corning. Bright-Glo was 
purchased from Promega (USA). Commercialized antibody Basiliximab was obtained from Novartis (Basel, Switzerland) and preserved 
in our laboratory. T-lymphatic cell line C8166 (BNCC, BNCC339673) and human Hodgkin’s lymphoma cancer cell line HDLM-2 
(ATCC, CRL-2955) were cultured in RPMI-1640 medium. 

Fig. 1. Schematic diagram of IL-2/STAT5 reporter gene signal transductions and anti-IL-2ɑ antibody as an inhibitor.  
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2.2. Construction of plasmid and cell line generation 

The full length of luciferase coding gene and five copies of STAT5 response element (AGTTCTGAGAAAAGT) with a minimal TATA- 
box promotor was amplified from pGL4.47 plasmid [luc2P/STAT5 RE/Zeocin] by PCR (forward primer: CGTCTAGATATTGGA
CAGGCCGCAATAAAATAT; reverse primer: CCACGCGTTTACACGGCGATCTTGCC). This PCR product was then cloned into plasmid 
pLV-CMV-PGK-zeocin (OBiO Technology, Shanghai, China) where the CMV promoter was displaced by MluI/XbaI digestion. To 
package the lentivirus of pLV-STAT5，RE-Luc was co-transfected with pCMV-dR8.2 and pCMV-VSV-G into HEK293T cells using 
lipofectamine (Thermo Fisher, USA). Two days later, cells were ultracentrifuged at 120,000×g for 1.5 h at 4 ◦C, and the supernatant 
containing lentivirus was harvested. Subsequently, the lentivirus was integrated into the genome of C8166 cells and HDLM-2 cells to 
screen the stable cell clones expressing STAT5-actuated luciferase. 

2.3. Flow cytometry analysis 

IL-2R consists of three receptors: CD25, CD122, and CD132. To measure the expression of these three receptors in C8166 cells, 
C8166 cells (1 × 106 cells/mL) in 24-well plates were first harvested and washed twice with 1% BSA/PBS, resuspended with 1 mL of 
1% BSA/PBS, and co-incubated for 60 min at 4 ◦C with 20 μg of FITC anti-CD25 antibody (Cat No.: 11025742, Thermo Fisher, USA), PE 
anti-CD122 antibody (Cat No.: 46122842, Thermo Fisher, USA), PE anti-CD132 antibody (Cat No.: 12132942, Thermo Fisher, USA) or 
the corresponding isotype control (Mouse IgG2b-FITC, CatNo.: 11473281; Mouse IgG1-PE, Cat No.: 46471482; Rat IgG2b-PE, Cat No.: 
12403182, Thermo Fisher, USA), respectively. 

To measure STAT5 phosphorylation, 1 × 106 C8166 cells for each test in 24-well plates were harvested and stimulated for 60 min at 
37 ◦C with 10 ng doses of IL-2. The samples were then fixed and permeabilized with Intracellular Fixation & Permeabilization Buffer 
Set (Cat No.: 88882400, Thermo Fisher, USA) following the manufacturer’s instructions and incubated for 60 min in 4 ◦C in different 
doses of PE anti-phospho-STAT5 (Tyr694) antibody (Cat No.: 12901042, Thermo Fisher, USA) and isotype control (Cat No.: 12471482, 
Thermo Fisher, USA), respectively. Finally, the cells were measured using a flow cytometer (BD FACSCalibur) and analyzed with 
FlowJo software (Flow Jo LLC, Ashland, OR, USA). 

2.4. Selection of C8166-STAT5 RE-Luc cell clone 

Five cells/mL, at a total of 50 mL, were cultured in 96-well transparent plates with 100 μL assay medium containing 50 μg/mL 
zeocin (1640 medium containing GlutaMAX™ with 10% FBS) and cultured at 37 ◦C with 5% CO2 for approximately 3–4 weeks. The 
selected cells were transferred to a 24-well plate and then transferred into a 25 mL culture flask. Cells (1 × 106 cells/mL in assay 
medium, 100 μL/well) and rhIL-2 (starting concentration of 500 ng/mL in 1:10 dilution ratio, 50 μL/well) were co-cultured in 96-well 
white plates. After 24 h of incubation, 50 μL of Bright-Glo luciferase assay reagent was added to each well. The relative light unit (RLU) 
values were recorded using an Envision bioluminescent reader system (PerkinElmer, USA). 

2.5. RGA procedure 

The assay medium of C8166-STAT5RE-Luc cells prepared with 1640 and 10%FBS. The viable cell density and viability should meet 
the requirement of 2.5 × 105 cells/mL and over 80% respectively. The cell suspension (100 μL/well in the density of 2.5 × 105 cells/ 
mL) was added into 96-well white plates. Basiliximab was prepared at the initial concentration of 10 μg/mL, and serially diluted at a 
1:3 ratio with medium containing 10 ng/mL IL-2. The diluted Basiliximab was transferred into 96 well plates with cells and incubated 
for 22 ± 2 h at 37 ± 2 ◦C, 5 ± 1% CO2 and ≥85% relative humidity. Bright-Glo (50 μL/well) was added and incubated at ambient 
temperature at least 2 min for reading. 

2.6. Generation of force-degradation antibodies 

Many factors affect the stability of antibodies during the development of therapeutic protein, such as temperatures, repeated 
freezing and thawing, and other factor. Basiliximab was heated in a water bath of 90 ◦C and 70 ◦C, respectively, for 10 min and treated 
by UV radiation for 24 h. Another set of samples from the same batch was heated in a water bath of 60 ◦C for 24, 72, 120, and 168 h. 
Basiliximab was repeatedly frozen and thawed once, twice, and three times at a low temperature at − 80 ◦C. The above samples were 
processed for the bioactivity assay, which was run three times. 

2.7. Size-exclusion chromatography 

We performed size-exclusion chromatography (SEC) to gather data on the aggregates and fragments of proteins. Basiliximab was 
diluted in deionized pure water and assayed at the absorbance of 210 nm in high-performance liquid chromatography (HPLC), with the 
G3000SWXL (7.8 mm × 30 cm, TSK, JP) as separation column and potassium phosphate (Cat No.: p5655 Sigma, GER) as mobile phase. 
Chromatography condition: Flow rate 0.4 mL/min, Detection UV, 210 nm Column temperature Ambient (25 ± 5 ◦C), auto-sampler 
temperature approximately 5 ± 3 ◦C, injection volume of 20 μL, and run time of 40 min. 
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2.8. Cation-exchange chromatography 

We conducted charge heterogeneity analysis with cation-exchange chromatography (CEX) using the absorbance wavelength of 
215 nm, using a ProPac WCX-100 column (4.0 mm × 250 mm, Cat No.: 054993, Thermo Fisher, USA) and with potassium phosphate 
(Cat No.: p5655, Sigma, GER) as mobile phase. We set 20 mM potassium phosphate, pH 6.0 as mobile phase A and 20 mM potassium 
phosphate, pH 6.0, containing 1 M potassium as mobile phase B. Samples were injected under conditions of 93% mobile phase A and 
7% mobile phase B. A linear gradient from 7% mobile phase B to 16.5% at 57 min was initially applied. After 58 min, a linear gradient 
from 16.5% mobile phase B to 50% mobile phase B was applied to elute all proteins from the column. After 61 min, the column was 
returned to its original state using 70% mobile phase A and 30% mobile phase B for 10 min before the next injection. 

2.9. Statistical analysis 

All data were analyzed with GraphPad Prism 7.0 (GraphPad Prism, San Diego, CA, USA). The RLU value (y) and log-transformed 
concentrations of sample or standard reference (x) were fitted using a four-parameter equation (y = (a – d)/[1 + (x/c)b] +d) to 
calculate the IC50 (half maximal inhibitory concentration) of sample or standard reference. The results of RGA assay depend on factors 
such as the state of the cells, the proficiency of the operators, and the types of key reagents and consumables, indicating that the IC50 
values obtained in different individual tests do not have direct comparability. If it is necessary to accurately reflect the biological 
activity of the sample, the usual approach is to introduce a standard reference. The standard reference and the sample are tested under 
identical experimental conditions. The ratio of the IC50 value of the standard reference to the IC50 value of the sample is used as the 
relative activity of the sample. In this case, the results obtained by different laboratories and operators using the same method are only 
comparable. Hereinafter, we use relative potency to establish, optimize and validate the RGA method. In the above equation, coef
ficient a, d, b and c represent the maximum response (value from the y-axis) at the upper asymptote, the minimum response (value 
from the y-axis) at the lower asymptote, the slope of the concentration response curve between the lower and upper asymptotes, and 
the IC50 at which 50% of the response is generated at concentration x, respectively. 

Fig. 2. Generation of C8166/STAT5-luc cells. Flow cytometry analysis of IL-2Rα (A), IL-2Rβ (B), and IL-2Rγ (C) expression on the cell membranes of 
C8166 cells. (D) IL-2 at a concentration of 10 ng/mL was incubated with C8166 cells and flow cytometry was used to assess the binding ability of IL- 
2 to cells. 
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3. Results 

3.1. Generation of IL-2-responsive C8166-STAT5 RE-Luc cell line 

To establish a stable IL-2-responsive cell line, C8166 cells were transduced with STAT5-Luc lentiviral particles. Flow cytometry was 
used to confirm the expression IL-2R on the surface of C8166 cells (Fig. 2A, B, and 2C). Subsequently, flow cytometry was also used to 
measure intracellular STAT5 phosphorylation in C8166 cells after stimulated by IL-2 for 60 min (Fig. 2D), which served as a proof of 
concept for the RGA design. Phosphorylated STAT5, in C8166-STAT5RE-Luc, that was related with intranuclear STAT5 was able to 
activate luciferase transcription. 

HDLM-2 cells highly expressed IL-2R and were also transduced with STAT5-Luc lentiviral particles, but had low RLU signals 
(Fig. 3A). The RLU signals were recorded to analysis the highest value and the lowest value ratio as signal-to-noise ratio (S/N). The 
monoclone in the well whose position was the eighth column of row C of the third 96-well plate were named as clone 3C8 by an optimal 
S/N. This cell serves as master cell bank for the process of validation (Fig. 3B). 

3.2. Optimization of the condition in the bioassay 

Adhering to the principle of keeping a single variable in an experiment to optimize major conditions, we adjusted incubation time, 
cell density, IL-2 concentration, initial Basiliximab concentration and dilution ratio, and FBS concentration. 

First, incubation times of clone 3c8 (C8166 transducted with STAT5-luc gene) were tested via S/N) at 6, 8, 15, 17, 20, 24, and 36 h 
respectively. The RLU was used to describe the intensity of signal from transgenic cells (Fig. 4A). The optimal incubation time was 
determined to be 24 h in terms of time and S/N (Fig. 4B). Cell density was also found to be a significant factor influencing the curves 
due to the number of receptors present. We tested 5.0 × 103, 2.5 × 104, 5.0 × 104, and 1.0 × 105 cells/well in the detection and found 
that 2.5 × 104 cells/well were optimal (Fig. 4C and D). 

Subsequently, intracellular STAT5 phosphorylation is activated and a downstream signaling cascade is stimulated when IL-2 binds 
to the receptor. Therefore, the IL-2 concentration is another critical factor. A primary concentration of IL-2 of 40 ng/mL, according to 
the IL-2 effective concentration curve, was used to select a proper antigen stimulation of concentration such as 100, 50, 20, 10, 5, and 2 
ng/mL. Basiliximab was serially diluted (1:5) to acquire a dose-response curve. Although four-parameter curves had different S/N 
ratios, the optimal S/N ratios were obtained when the concentrations of IL-2 were 10 ng/mL and 20 ng/mL (Fig. 5A). The final 
concentration of IL-2 was determined to be 10 ng/mL considering the cost saving. 

Finally, the concentration of IL-2 was determined to be 10 ng/mL as antigen by using a series of dilutions. In this case, an inhibition 
curve including rich points on the upper and lower asymptotes was obtained (Fig. 5B). To ensure that the points were uniformly 
distributed, dilution ratios of 1:2, 1:3, 1:4, 1:5, and 1:6 were tested to obtain a series of curves (Fig. 5C). The dilution ratio of 1:3 was 
selected as a condition in subsequent experiments. FBS is a critical external condition, and results showed that 10% FBS was the best 
concentration (Fig. 5D). By optimizing the above parameters, we obtained a best-fit sigmoidal curve of Basiliximab for this bioassay. 
The summary of the optimization parameters is shown in Table 1, which was used in the following experiments. 

3.3. Validation of the RGA 

A bioassay needs to be validated for specificity, linearity, accuracy, precision, and robustness based on the ICH Q2 (R1) guidelines 
and the Chinese Pharmacopoeia. Specificity can be shown by demonstrating that the identification and quantitation of an analyte is not 
impacted by the presence of other substances (e.g., impurities, degradation products, related substances, being repeatedly frozen and 

Fig. 3. (A) HDLM-2 cells transduced with the pLV-STAT5-Luc-PGK-zeocin reporter gene were stimulated with IL-2 at an initial concentration of 500 
ng/mL, with a 1:3 dilution ratio. RLU was measured after adding 50 μL/well Bright-Glo per well. Non-transduced C8166 cells were used as negative 
control, and the signal-to-noise ratio (S/N) of luminescence response was not detected. Only C8166 cells transfected with the pLV-STAT5RE-Luc- 
PGK-zeocin reporter gene stimulated with IL-2 had a dose relationship. (B) The clone 3c8 was compared to other clones, and had an optimal S/ 
N and 50% effective concentration (EC50). The error bars represent the mean ± SD from three repeated assays, *p < 0.05. 
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thawed, matrix, or other components present in the operating environment). The linearity between sample concentration and response 
should be evaluated across the working range of the analytical procedure to confirm the suitability of the procedure for the intended 
use. Accuracy should be established across the reportable range of an analytical procedure and is typically demonstrated through 
comparison of the measured results with the expected results. Precision should be investigated using homogeneous, authentic samples 
or artificially prepared samples. Precision should include repeatability, intermediate precision and reproducibility [20–22]. Robust
ness testing should show the reliability of an analytical procedure with respect to deliberate variations in parameters. 

3.3.1. Specificity of the RGA 
Specificity describes the ability to assess the analyte of relevance and the ability to distinguish between other irrelevant analytes. In 

this study, unrelated IL-2 mAbs such as Tocilizumab (the relative bioactivity was 98% using BaF cell proliferation inhibition method), 
Cetuximab (the relative bioactivity was 120% using DiFi cell proliferation inhibition method), Ustekinumab (the relative bioactivity 
was 109% using NK92MI cell binding activity), and Ixekizumab (the relative bioactivity was 109% using NK92MI cell binding activity) 
had no dose-response curves. Anti-CD25 recombinant human mAbs from other manufacturers have similar dose-response curves to 
Basiliximab (Fig. 6A). Flow cytometry method was used to determine the relative bioactivity of related IL-2 mAbs such as Basiliximab 
(100%) and Anti-CD25 rhmAb (92%), respectively. 

IL-2R is a heterotrimeric protein with CD25, CD122 and CD132 expressed on the surface of certain immune cells. We further found 
anti-CD122 antibody and anti-CD132 antibody displayed dose-response inhibitory activities (Fig. 6B). Forced degradation was also 
used to evaluate the specificity of RGA. First, Basiliximab was repeatedly frozen and thawed for one, two, and three cycles. The 
processing method did not make a difference on the bioassay of Basiliximab, confirming the stability this product (Fig. 6C). Subse
quently, we assessed the effect of temperature on product stability. Basiliximab was divided into four tubes, and each tube was placed 
in a 60 ◦C water bath for 24, 72, 120, or 168 h, which was detected using the RGA bioassay. Our findings clearly show a declining trend 

Fig. 4. Optimization of incubation time and cell density used in the RGA assay. (A) Clone 3c8 cells (100 μL/well at the density of 2.5 × 106 cells/ 
mL) were co-cultured with serially diluted rhIL-2 (50 μL/well with the initial concentration of 40 ng/mL and 1:5 dilution ratio) and incubated for 6, 
8, 15, 17, 20, 24, and 36 h, respectively. Four-parameter curves displayed the relationship between log-transformed rhIL-2 concentration and RLU. 
(B) RM one-way ANOVA and Dunnett’s multiple comparisons test was used to statistically compare the S/N values obtained at different incubation 
times. (C) Clone 3c8 cells were prepared with initial density of 1 × 105 cells/well/100 μL and 1:5 dilution ratio, followed by co-cultured with serially 
diluted rhIL-2 (50 μL/well with the initial concentration of 40 ng/mL and 1:5 dilution ratio) and then incubated for 24 h. (D) RM one-way ANOVA 
and Dunnett’s multiple comparisons test was used to statistically compare the S/N values obtained at different cell density. Notes: The points and 
error bars showed on the curves and histograms represent the mean values and standard deviations from three repeated assays. The asterisk means 
*p < 0.05,**p < 0.01, ***p < 0.001, ****P < 0.0001. 
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that strongly demonstrates the specificity of RGA (Fig. 6D). Finally, different processing methods were tested in the treated product, 
and the IC50 was calculated to compare with the untreated product. Accelerated degradation treatments include UV radiation, 70 ◦C 
and 90 ◦C incubation, which had a clear impact on bioactivity (Fig. 6E and F). Conclusively, these alterations of bioassay on bioactivity 
were successfully evaluated，The results are calculated by a four-parameter equation (y = (a – d)/[1 + (x/c)b] +d). 

IL-4 signalings through the STAT5 and STAT6 pathways [23,24], IL-6 signals through the STAT3 and STAT5 pathways and rh-GSF 
signals through the STAT1, STAT3 and STAT5 signaling pathways [25–29]. IL-4, IL-6 and rh-GSF share the same signaling pathway, i. 
e., STAT5. They have no dose-response curves in the constructed cells (Fig. 7). 

Bioassays are vital to assess product stability and can reflect the high-level structure of numerous quality control indicators. To 
further evaluate the specificity of the RGA under the circumstances of forced degradation, SEC-HPLC and CEX-HPLC were used to 
detect aggregates and fragments (Fig. 8A and B). Aggregates and fragments of related products were increased using the different 
forced degradation methods, as determined via SEC− HPLC. Degradation products were increased using different forced degradation 
methods, as determined via CEX− HPLC. There were corresponding changes in the biological activity. These two physical and chemical 
experiments further confirmed the sensitivity and accuracy of RGA. 

Fig. 5. Optimization of RGA conditions. (A) Six IL-2 concentrations were seeded to be inhibited by diluted Basiliximab (starting concentration 40 
μg/mL, dilution ration 1:5). (B) Exploration of starting concentration of Basiliximab, according to an incubation time of 24 h and 2.5 × 104 cells/ 
well, a Basiliximab concentration of 250 μg/mL at 1:5 dilution ratio was diluted in 10 ng/mL IL-2 to obtain inhibition curves. (C) The starting 
concentration of Basiliximab was 10 μg/mL; the primary concentration of IL-2 was 10 ng/mL; dilution ratios of 1:2, 1:3, 1:4, 1:5, and 1:6 were used 
to create five inhibition curves; and C8166-STAT5 RE-Luc cells were incubated for 24 h. The full 10 points were used to fit the four-parameter 
model. Through the best-fit curve having rich points on the upper and lower asymptotes, 1:3 was found to be the best dilution ratio. (D) Opti
mization of concentration of FBS was performed. Different concentrations of FBS (0%, 5%, 8%, and 10%) were tested according to the stated 
conditions, and four inhibition curves were obtained. The error bars represent the mean ± SD from three repeated assays. 

Table 1 
Optimal conditions of main parameters for RGA assay.  

Experimental parameter Optimal condition 

Starting concentration of Basiliximab 10 μg/mL 
Serial dilution ratio of Basiliximab 1:3 
IL-2 concentration 10 ng/mL 
Cell density 2.5 × 104 cells/well 
Incubation time 24 h  
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Fig. 6. The specificity validation of RGA. (A) Six curves of different mAbs were obtained with C8166-STAT5RE-Luc cells using the same conditions. 
(B) Three curves of different mAbs were obtained with C8166-STAT5RE-Luc cells using the same conditions. (C) One cycle of relative bioassay of 
Basiliximab was detected with 82–106%. Two cycles of relative bioassay of Basiliximab were detected with 86–96%. Three cycles of relative 
bioassay of Basiliximab were detected with 93–124%. Three different types of cycle of relative bioassay were detected with C8166-STAT5-Luc cells 
using the same conditions. (D) Different times to treat Basiliximab of relative bioassay at 60 ◦C were detected with 102–109% (24 h), 86–96% (72 
h), 81–89% (120 h), 64–74% (168 h) bioactivity. (E) The treatment of Basiliximab was detected at 70 ◦C for 10 min (67–79%), with UV treatment 
for 48 h (28–35%) and at 90 ◦C for 10 min (0%). (F) The stability of Basiliximab is affected by different methods of accelerated degradation. The 1st 
sample was at 70 ◦C for 10 min, the 2nd with UV treatment for 24 h, and the 3rd at 90 ◦C for 10 min. The error bars represent the mean ± SD from 
three experiments. 

Fig. 7. Four curves of different molecules were obtained with C8166-STAT5RE-Luc cells using the same conditions.  
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3.3.2. Accuracy and linearity of the RGA 
It was directly inferred that the linear curve between the measured and expected values also showed excellent linearity with R2 as 

indicator. Here, the reference standard of Basiliximab was diluted to 50%, 75%, 100%, 125%, and 150%, respectively, as five samples 
to be tested. Through RGA assay, the measured values (y) and expected values (x) were compared and they is a linear correlation 
between the two fitted that the linear curve (y = 0.948x + 8.6) between the measured and expected values also showed linearity with 
R2 equals to 0.9936, that is, y = 0.948x +8.6, within the range of 50–150%, " (expected potency = measured potency - 0.86)/0.948″ 
holds a quadratic linear relationship with range (Fig. 9A). 

To measure if the relative potency was close to the true or reference standard within a reasonable range (80–125%), five 

Fig. 8. (A) Different samples processing methods were acquired using data from charge isomers of CEX. Accessory and degradation substances were 
greatly changed by the different forced degradation methods as determined by CEX− HPLC, with the increase of accessory and degradation sub
stance leading to a decrease in bioactivity. (B)Different samples processing methods were analyzed by size isomers using SEC. Different methods of 
processing samples were acquired using data from size isomers of SEC. Both the high weight molecules (HWM) and low weight molecules (LWM) 
were greatly changed using the different forced degradation methods as determined by SEC− HPLC, with the increase of HWM and LWM leading to a 
decrease in bioactivity. 
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concentrations including 50%, 75%, 100%, 125%, and 150% were tested when all other conditions were kept constant. Simulta
neously, Basiliximab was detected using the optimized conditions on the same 96-well plate as the reference standards. The titer of 
reference standard was calculated as IC50. The recovery rate of 50% reference standard = (the measured results of 50% reference 
standard - 50% × the measured results of 100% reference standard)/50%. All the samples were detected nine times to calculate the 
recovery rate. The IC50 values of the five samples were calculated using the ratio to the reference (Relative potency of sample = IC50 of 
reference standard/IC50 of sample × 100%), and all the samples were detected nine times (Fig. 9B). 

The recovery is vital to assess the accuracy of RGA assay. Specifically, the drug substance has a different set of ingredients in the 
buffer system with drug products. We detected a reference recovery of equal volume by mixing a reference and the sample. Three 
different batches of samples were selected to detect recovery (Fig. 9C). 

3.3.3. Precision of the RGA 
A batch of Basiliximab was assessed for repeatability of intra-day, inter-day, and different analysts by calculating the relative 

Fig. 9. The linearity and accuracy validation of RGA. (A) The expected and measured potency of bioactivity had a high correlation in 50–150%. 
These detected data were repeated nine times. (B) 50, 75, 100, 125, and 150% of Basiliximab from the optimized primary points were detected using 
the RGA; the relative potency was in the range of 84–120% applied to individual values. (C) Three different batches of Basiliximab were mixed with 
equal volumes of reference sample and the reference recovery was in the range of 86–120%. The error bars represent standard deviation (SD). The 
results are calculated by a four-parameter equation (y = (a–d)/[1 + (x/c)b] +d). The error bars represent the mean ± SD from three experiments. 

Table 2 
The precision and intermediate precision of Basiliximab’s relative bioactivity using RGA.   

1 2 3 4 5 6 Precision 

Mean SD CV% 

1 84.18 97.22 95.04 94.62 89.7 108.67 94.9 8.21 8.65 
2 105.5 107.3 108.77 103.33 108.74 110.28 107.32 2.53 2.36 
3 93.93 102.43 91.23 89.71 84.87 85.83 91.33 6.4 7.01 
Intermediate precision Mean 97.85    

SD 9.14    
CV% 9.34     
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bioactivity. Six experiments were performed by different analysts on the same day, with each analyst conducting the experiment on 
different days. Precision and intermediate precision were expressed by the coefficient of variation (CV%) (Table 2). All of the values 
were in the range of 84–110%. Both the precision (intra-day CV%) and intermediate precision (inter-day CV%) were no moreess than 
10%. Moreover, the mean relative bioactivity was 102% for analyst A and 99% for analyst B. These data show that RGA used for 
assessment of biological activities of Basiliximab was sufficiently repeatable and precise. The results are calculated by a four-parameter 
equation (y = (a – d)/[1 + (x/c)b] +d). 

3.3.4. Robustness of the RGA 
We assessed the stability of the C8166-STAT5RE-Luc cell line. Three different cell passages (13, 24, and 39) were cultured to verify 

the robustness of RGA. These cell passages were simultaneously used to assess the bioactivities of Basiliximab from the identical batch. 
There were no statistical differences in the three cell passages for the dose dependent curves in Fig. 10B and S/N ratios as shown in 
Fig. 10A. This result confirms that the RGA is stable for cells up to passage 39. 

4. Discussion 

Basiliximab has been proved to reduce the incidence of acute rejection episodes after renal transplantation. It is a recombinant 
murine and human chimeric IgG1 mAb binding to a specific epitope on IL-2Rα in the seven amino acids string E-R-I-Y-H-F-V at po
sitions 116–122 in the extracellular domain of the α-chain. This includes the IL-2 contact sites at three amino acids I–Y–H (positions 
118–120) [30]. Basiliximab specifically binds to CD25 to inhibit IL-2-mediated proliferation of T lymphocytes. This is a pivotal step in 
the cellular immune response involved in allograft rejection. Furthermore, Basiliximab also binds to macrophages and monocytes. 

As a biological product with complex structure and function, a MOA related bioassay was crucial for evaluating the efficacy of 
Basiliximab. To realize it, an in vitro cell line naturally expressing IL-2R on the surface is essential. C8166 and HDLM-2 cells highly 
expressed IL-2R were selected as candidates. Except for capturing the mAb by expression of IL-2R, the detection of the activated 
downstream signaling is required. Based on the evidenced signaling pathway, a luciferase gene in the control of STAT5 elements was 
stably transduced into the cell line. T lymphocyte cell line, C8166, was established from T cell lymphoma in patients with leukemia. 
The proliferation of C8166 cell is mediated by an autocrine pathway involving endogenous IL-2 production and its binding to cell 
surface receptors [31–32]. In theory, the luciferase gene should be expressed and can be detected once IL-2 binds to IL-2R on the cell, 
but the response will be blocked when adding Basiliximab and the response should be dose-dependent. The data in our study proved 
the feasibility of C8166-STAT5RE-luc cell line used in the biological activity assay of anti-CD25 mAbs. But unfortunately, another 
IL-2R-expressed cell line HDLM-2 failed to act as target cells [34–36], due to relative low basal levels of phosphorylation compared to 
other cell lines. 

Based on the C8166-STAT5RE-luc cell line, we developed a highly sensitive RGA that was able to detect blocking of IL-2 binding to 
the receptor CD25 by Basiliximab. In accordance with ICH Q2-R1 guidelines and Chinese Pharmacopoeia requirements, the parameters 
such as density of cells, dilution ratio, incubation time, and initial concentration of the RGA were explored and optimized to evaluate 
the RGA of Basiliximab. Results showed that the RGA assay has excellent precision, accuracy, and high correlation with downstream 
reaction mechanisms, which can be applied in the quality control of biotechnology drugs [36]. The C8166-STAT5RE-Luc reporter gene 
cell line was responsive to anti-CD122 and anti-CD132 antibodies (Fig. 4B). In the research and development process, the cell line can 
be applied to bioassay detection for relevant targets. HEK293-based RGA for detecting the biological activity of anti-CD25 mAbs has 
already been developed, but the HEK293 cell line was simultaneously transfected with four different plasmids to express three re
ceptors and a reporter. In contrast, IL-2R heterotrimer naturally expressed on the surface of C8166 cell line and IL-2/IL-2R binding is 
the intrinsic signaling start. Therefore, C8166 based RGA has advantages in reflecting the MOA of IL-2 and anti-CD25 mAbs, when 
compared to the previously reported HEK293 based RGA. 

Basiliximab is produced as a lyophilized powder, which ultimately improves product manufacturability, delivery of the drug, 
storage stability, and administration to the patient. During the lyophilization process, lyoprotectants are essential during freezing and 
drying, as well as throughout storage to protect the mAbs. Sucrose, glycine, and mannitol are contained in the current landscape of 
excipients used in marketed biological products [37,38]. The reference standard of Basiliximab is provided in a liquid formulation. We 
evaluated the effect of lyophilization on the product’s biological activity through the recovery rate. Results proved that the range of the 
recovery rate of the reference standard is within a reasonable and effective range. Moreover, multiple attributes of the antibody were 
evaluated, including charge heterogeneity by CEX− HPLC and purity by SEC− HPLC to evaluate the product of forced degradation. 
Accessory and degradation substances were greatly changed by the different forced degradation methods as determined by CEX− HPLC 
(Fig. 9A). Aggregates and fragments increased using the different forced degradation methods, as determined by SEC− HPLC (Fig. 9B). 
These results of quality attributes were compliant with our RGA. Furthermore, these results prove that the RGA was accurate and 
precise [39]. 

In conclusion, the C8166-STAT5RE-Luc reporter gene cell line was successfully constructed by transducing with lentiviral particles 
to detect the biological activity of anti-CD25 mAbs. It showed adequate performance in the bioassay to conduct quality control of anti- 
CD25 mAbs. The RGA provides a novel method to evaluate developed antibodies drugs that specifically target IL-2 in the future. 
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