
Antibody Characterization, 
Immunogenicity and Clinical 
Assays Based on Di�ractive 
Optics

Dickerson K, Smith PT, Hu 
W, Bernstein G, Pak B.
Axela Inc., Toronto, ON, 
CANADA.

Abstract

Materials and Methods

Puri�cation

Immunogenicity
Clinical Testing

Conclusions

1.3

1.4

1.5

1.6

1.7

1.8

1.9

0 200 400 600 800 1000 1200 1400 1600 1800

Time (s)

DI

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 200 400 600 800 1000 1200 1400 1600 1800

Time (s)

DI

Ag SerumNHSWBW

Ag SerumNHSWBW

Healthy

Filaria
1.3

1.4

1.5

1.6

1.7

1.8

1.9

0 200 400 600 800 1000 1200 1400 1600 1800

Time (s)

DI

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 200 400 600 800 1000 1200 1400 1600 1800

Time (s)

DI

Ag SerumNHSWBW Ag SerumNHSWBW

Ag SerumNHSWBW Ag SerumNHSWBW

Healthy

Filaria

The development of an e�ective antibody therapeutic 
requires a thorough understanding of expression 
levels and quality at each stage of production and de-
velopment.  Rapid monitoring of active concentration 
at high sensitivity along with analysis of contaminants 
at each stage of puri�cation is critical to a cost e�ec-
tive process. Ideally, the same platform would be uti-
lized in clinical development and trials to measure 
clinical concentrations and therapeutic response. The 
ability to monitor immunogenicity in a point of care 
setting would provide further bene�t.
Recently detection using grating-based light di�rac-
tion to monitor molecular interactions has been ap-
plied to these applications. Capture molecules are 
pre-patterned in disposable biosensors, which when 
illuminated by a laser light generate a consistent dif-
fraction image. The subsequent binding of molecues 
increases the intensity of the di�raction image, yield-
ing a quantitative, real-time measurement. The use of 
this approach to facilitate assay development1, expres-
sion monitoring2, puri�cation, immunogenicity and 
clinical testing will be discussed.

dotLab® Sensors: Polystyrene sensors immobilized 
with avidin. Instrumentation: All experiments were 
carried out on the dotLab® System. Puri�cation: Each 
sample was pre-mixed with the antibody solution con-
taining 2 µg/mL of biotin chicken anti-protein A (bt. ch 
anti-PA), 6 µg/mL chicken anti-Protein A conjugated to 
horse radish peroxidase (ch anti-PA-HRP) and varying 
concentrations of Protein A (PA) for the calibration 
curve. Precipitating TMB was used to amplify the 
signal. Immunogenicity: A biotinylated recombinant 
immunodiagnostic antigen (bt. NIE) was immobilized 
and probed with serum samples from three clinical 
groups: i) Strongyloides stercoralis larvae positive; ii) 
healthy and iii) positive for other parasitic infections. 
The isotyping assays were performed post sample 
binding with isotype speci�c antibodies purchased 
from AbD Serotec or BD Biosciences. Clinical Testing: 
A biotinylated monoclonal anti-Human neuron spe-
ci�c enolase antibody (bt. Hu anti-NSE) was used to 
capture the antigen. The NSE was then detected by a 
monoclonal anti-Human neuron speci�c enolase con-
jugated to horse radish peroxidase (Hu-NSE-HRP). Pre-
cipitating TMB was used to amplify the signal.

Figure 1. Detection of Protein A Contamination on the 
dotLab System. 
Through the use of HRP-labeled reagents and precipi-
tating TMB substrate, it is possible to detect proteins in 
the pg/mL range. Here, a Protein A residual assay has 
been used to detect Protein A in the presence of high 
concentrations of IgG.. Below shows a schematic of the 
assay format (A). The normalized precipitating TMB 
signal at varying concentrations of Protein A is also dis-
played (B). 
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Figure 2. Contamination Measurement. 
Using the normalized TMB signal at 10 seconds, the 
points were plotted against the known concentrations. 
A sample of unknown concentration was then extrapo-
lated from the linear curve. The two blinded samples 
that were tested yielded 9.4 pg and 1.7 pg of Protein A 
per mg of IgG.
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Figure 4.  Representative 
assay results from: (A) 
Strongyloides positive; 
(B) Healthy; (C) Schistoso-
miasis positive; and (D) Fi-
laria positive patients.  
Note the detection of an-
tibody binding to NIE 

D

Figure 5. Direct Antibody Isotyping from Serum. 
Antibodies recognizing the NIE protein were captured 
from patient serum samples. The sub-population of the 
antibodies was then identi�ed using isotype speci�c an-
tibodies. By sequentially probing with anti-IgG1, anti-
IgG3, anti-IgG4 and anti-IgE antibodies, we found that 
the immunogenic antibodies in the strongyloides posi-
tive sample contained IgG1 and IgG44 (A). A control was 
done using serum from an uninfected patient and all iso-
type speci�c antibodies did not show any signal (B).

Figure 6. NSE Assay Format. 
The NSE assay was transferred directly 
from an ELISA kit to the dotLab 
System5. The format remained consis-
tent as seen in B. The real-time data 
and methods of determining calcula-
tions are outlined in A. The total assay 

time was reduced to 20 minutes to suit the clinical re-
searchers needs for variable clinical sample numbers 
and minimizes consumption of precious samples.
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Figure 7. Calibration Curve for 
Neuron Speci�c Enolase.
NSE concentration vs ∆2/∆1 
DI ratio for the TMB signal at 
various time points along the 
curve. The R2 for linear regres-
sion between 5 to 25 seconds 
was 0.98. The optimized assay 

was linear in the range of interest (10-80 ng/mL of NSE). 
This range was optimized to suit its application in the de-
tection of NSE as a potential marker for traumatic brain 
injury in a research trial.

 antigen in the Strongy-
loides positive sample 
and the absence of 
binding in the healthy, 
Schistosomiasis and 
Hookworm positive 
samples.  Assay time 
was approximately 30 
minutes.

Figure 3.  36 
samples con-
sisting of 11 
St ro n g y l o i -
des positive, 
12 healthy in-
dividuals and 

13 other parasitic infections 
were analysed for the levels of 
serum antibodies against NIE.   
Panel A shows the individual 
normalized signal obtained for 

each sample in the study.  The orange dotted line indi-
cates the threshold above which samples are consid-
ered Strongyloides positive.  Panels B  summarize the 
average normalized signal obtained following patient 
serum analysis (data represent mean ± SEM). 
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The dotLab System can be used for various applica-
tions with the ability to yield sensitivity ranges that are 
suitable for monitoring Protein A contamination from 
puri�cation steps and clinical assays requiring low pro-
tein concentration detections. The ability to sequen-
tially probe enables detection of antibodies in seum 
samples and then identify isotypes.
- Detection of Protein A at levels of picogram per milli-
gram of antibody
- Di�erentiating antibodies from Strongyloides posi-
tive patients and other parasitic infections
- Determining isotypes of antibodies from captured 
immunogenic samples from Stronyloides positive 
serum
- Develop and optimize assays for Neuron Speci�c 
Enolase, used for research trials in traumatic brain 
injury 
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