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Introduction

The activity of numerous therapeutic antibodies is mediated in part by antibody-dependent cell-mediated 
cytotoxicity (ADCC). Traditional methods for quantifying ADCC activity are labor intensive and have a high 
level of inherent variability to the use of primary human NK-cells from different donors as the effector 
cells. These limitations can be overcome in part by the use of an engineered effector cell line expressing 
the low affinity Fc receptor, FcgRIIIa (CD16), that responds to ligation of the Fc moiety of an antibody 
bound to the specific antigen expressed on target cells by activation of a NFAT responsive reporter gene. 
There is a need, however, for an ADCC assay with improved sensitivity, specificity, and tolerance to the 
presence of human serum. 

Results

I. Establishment of an Engineered Effector Cell Line

Figure 5.  
Quantification of the ADCC Activity of Rituximab using Frozen Ready-to-Use Cells (Fold Induction, 4 hours)

Figure 2. Synergistic activation of the ADCC-Luc reporter construct
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Figure 4.  
Quantification of the ADCC Activity of Rituximab 
using JE5.35 Effector Cells & CD20++  
 
Target Cells: Determination of the Optimal E:T ratio

Figure 3. Cell surface expression of CD20 was visualized using an inverted fluorescent microscope (Evos, Life Technologies Inc.) and 
a FITC labelled anti-CD20 monoclonal antibody (FAB4225F, R & D Systems).

Conventional ADCC Target Cell 
 
(Target expression varies as a function of 
serum concentration, cell cycle.) 

A different cell type is used as the 
negative control yielding variable results

Engineered Target Cell 
 
Ideal Control - Identical Cell with 
single gene deletion - consistent 
results

BM Engineered Target Cell

•	 High density target markedly increased 
assay sensitivity 

•	 Constant target expression enables 
detection of subtle differences in 
ADCC activity of candidate drugs to be 
detected
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Figure 6. Quantification of the ADCC Activity of Rituximab in the presence of Normal Human Serum

II-2: Establishment of the Optimal E:T Ratio

 
III. Quantification of the ADCC Activity of Rituximab using Frozen Ready-to-Use Cells 

IV. Quantification of the ADCC Activity of Rituximab in the presence of Normal Human Serum

In order to establish a reporter-gene construct that responds optimally to ligation of the FcgRIIIa 
receptor (CD16),Jurkat cells were co-transfected with a chimeric promoter containing binding sites for 
the principal transcription factors (NFAT, NFkB, AP1, CREB, and STAT) that mediate signaling from the 
FcgRIIIa receptor, driving transcription of the firefly luciferase (FL) reporter-gene from a minimal SV40 
promoter (Figure 1), an expression vector for FcRgIIIa (v variant), and the NL reporter gene, under the 
control of a constitutive promoter, that allows drug-induced FL activity to be normalized with respect 
to the constitutive expression of NL (Figure 2), rendering assay results independent of variations in cell 
number, serum matrix effects, or lysis of the effector cells by the target cells. 

The use of this novel effector cell line 
confers improved sensitivity, dynamic range, 
tolerance to human serum, and a reduced 
incubation time, relative to engineered 
effector cell lines that express a NFAT 
regulated reporter-gene, when used in 
an ADCC assay together target cells that 
have been engineered to over-express a 
constant high level of the specific antigen 
recognized by the therapeutic antibody, and 
homologous control cells in which the gene 
encoding the specific drug target has been 
invalidated by CrisPR/Cas9  genomic editing.  

II-1: Establishment of an Engineered Target Cell Line Expressing High Constant Levels of CD20  
at the Cell Surface

The gene encoding CD20 was invalidated in the 
B-cell line Raji (ATCC®  CCL-86) using CrisPR-Cas9 
genome editing. CD20 -/- Raji cells were then 
transfected with a CD20 expression vector and 
stable clones were isolated and characterized for 
CD20 expression (Figure 3) and ADCC activity in the 
presence of JE5.35 effector cells and rituximab and 
then sub-cloned. 

In addition to providing a convenient and 
cost-effective means of quantifying the 
ADCC activity of therapeutic antibodies, 
frozen ready-to-use effector and target cells 
also provide the basis for the establishment 
of highly precise and reproducible assays 
with a low degree of vial-to-vial and lot-to-
lot variation as illustrated in Figure 5.

A fixed concentration of effector cells (E) was incubated with varying concentrations of CD20++ target cells 
(T) in order to determine the optimal effector target cell ratio (E:T) for the quantification of the ADCC activity 
of rituximab (Figures 4A & 4B). The optimal E:T ratio was found to be 3:1 (Figures 4A & 4B) after 4 hours 
incubation in the presence of increasing concentrations of rituximab. The level of Nano-Luc expression did 
not increase as a function of the E:T ratio (Figure 4C) and can thus be used as a normalization gene.

The response of JE5.35 effector cells & CD20++ target cells  was significantly greater than that of the 
NFAT effector cells & wild type Raji cells both in the presence and absence of human serum (Figure 6). 
Thus, a dynamic range of approximately 150 fold and an EC50 of 2.0 ng/ml was obtained for the JE5.35 
effector cells & CD20++ target cells versus a dynamic range of 10 fold and an EC50 of 1.2 mg/ml for the 
NFAT/WT Raji cell assay in the absence of human serum. The JE5.35/CD20++ assay was markedly less 
affected by the presence of human serum (10 % final concentration) compared to the NFAT/WT Raji 
assay (Figure 6). The response of JE5.35/Raji -/- target cells was unaffected by increasing concentrations 
of rituximab (Figure 6). 

Conclusions

The iLite effector cell line JFRN5.35 provides a highly sensitive, precise, and specific means of quantifying 
ADCC activity. The availability of both frozen ready-to-use effector and target cells, provides a convenient and 
cost-effective means of quantifying the ADCC activity of therapeutic antibodies, and also provides precise 
and reproducible assays with a low degree of vial-to-vial and lot-to-lot variation. The iLite effector cell line 
and specific target cells and the homologous target negative control cells can be used for both a potency 
assay and for the quantification of ADDC activity in clinical studies due to both the improved tolerance to 
human serum and the Nano-Luc normalization gene that provides a means for compensating for serum 
matrix effects, or killing of the effector cells by the target cells observed at high concentration of antibody in 
certain clinical samples.


