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AbstractAbstract  

As biopharmaceutical research into new therapies continues, it is becoming more important 

to precisely detect the low abundance levels of cytokines in plasma & serum as important 

biomarkers. In this series of studies, a panel of quantitative cytokine assays for serum & 

plasma was developed with a novel, non-optical detection technology known as AMMP using 

a homogeneous sandwich assay format and run on an automated sample preparation 

workstation (ViBE). The AMMP assay development process comprises four phases and 

drastically reduces the development efforts traditionally encountered using common 

techniques. First, feasibility testing of antibody pairs generates a working AMMP sandwich 

assay specific to each cytokine in less than 1 day. Phase two is assay optimization using the 

best antibody pair and uses modifications to bead concentration, detector concentration and 

bead loading. During Phase three, AMMP assay verification testing for spike recovery & 

linearity and reporting is completed. And finally, in-matrix testing of normal & disease 

samples, in this case serum and plasma, is completed. The results to be presented are 

based on the rapid development of sensitive assays for IL-6, IL-8, IL-10, IL-12p70, IL-13, IL-

17A, IL17A/F, and TNF-α. In general, these cytokines found in human serum & plasma can 

be detected and quantitated at sub-picogram levels, which is an improvement of 1-90 fold 

over assay performance of other technologies with antibody-pair and range-finding assay 

development for an analyte completed in < 1 week. Open system assay development affords 

the flexible selection of only analytes of interest. Results of analysis for IL-6 from 10 matched

-subject normal human serum and plasma samples show that endogenous levels of the 

analyte are similar in each matrix using the exact same AMMP method and dilution levels. In 

conclusion, the rapid development and robust nature of the AMMP assays, which 

reproducibly detect and quantitate cytokines in difficult matrices such as serum and plasma, 

provides researchers a much needed tool for biomarker research & clinical evaluation.  

Instrumentation and AMMP AssayInstrumentation and AMMP Assay  

An AMMP assay measures antigen 

concentration by measuring changes in 

oscillation frequency caused by the binding 

of magnetic microparticles to the sensor 

surface. It consists of four major 

components: (1) a ViBE cartridge that 

contains a functionalized eight sensor chip 

(2) antibody labeled magnetic 

microparticles, (3) Fluorescein tagged 

antibody (Fl-Ab) that binds to the surface of 

the functionalized chip (4) samples 

containing the analyte of interest.  

BioScale’s biosensor is a resonant device 

that contains eight individual membranes 

with separate fluidic paths. The membranes 

change oscillation frequency in response to 

mass accumulating on the surface, and this 

frequency change is used to quantitate the 

amount of added mass.  

Materials and MethodsMaterials and Methods  Assay Development ProcessAssay Development Process  

The assay development process 

enables rapid creation and optimization 

of each assay. Following the selection 

of  analyte, the source of the natural 

analyte (e.g., cell, tumor, serum, 

plasma, urine or other biological fluids) 

and selected antibodies to the analyte 

from either a commercial source or 

custom-sourced, the assay can be  

developed. 

 

The process is streamlined with each of 

these cytokine assays developed and 

verified in 3-7 days as compared to 

months when using other assay and 

western blot techniques. 

 
A full verification study includes multiple 

lots of reagents and cartridges with 

different operators over multiple days.  

This type of study measures: precision 

(LOD, LOQ, range), accuracy  (recovery 

& linearity),  specificity and cross-

reactivity, in matrix disease state 

(Signal Ratio = S/N)
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CAPTION: In this  example, we screened commercial antibodies for IL-6 and IL-8 antibody pairing. 

We tested duplicates of high and low calibrators and a negative control. The cross matrix assay 

tested & optimized  various concentrations of  hapten-Ab and bead-Ab combinations to provide a 

selection of optimal antibody pairs.  The pairs with the greatest signal to noise difference  (indicated 

in the chart) were chosen. 

The ViBE Workstation is uniquely suited to allow efficient 

development of highly sensitive assays.  Determining antibody pairs 

for AMMP immunoassays is a straightforward screening process on 

the ViBE Workstation as shown.  Many antibodies and assay 

configurations can be probed within a microtiter plate to determine 

the best antibody pairs and bead/hapten configurations with which to 

move forward into assay development.  This assay, in addition to 

determining the best antibody pairing and configurations, is done 

with the proteins in the native state.  The data from AMMP assays 

also show the non-specific binding and the Ab-analyte binding 

strength. 

Analyte Specificity & CrossAnalyte Specificity & Cross--reactivityreactivity  

 CHO and HEK293 are mammalian expression systems for recombinant IL-17A/F 

 PBMC are Peripheral Blood Mononuclear Cells stimulated with PHA (phytohemagglutinin) 

Cytokine assays were tested for reactivity with natural and availa-

ble recombinant forms of each cytokine analyte, and also mole-

cules that could show cross reactivity in the assay.  The recombi-

nant analyte may be expressed in bacteria, or insect or mammali-

an cells. Here we show the data from the AMMP IL-17 A/F assay 

specificity and cross reactivity testing. 

Cytokine Standard CurvesCytokine Standard Curves  

CAPTION: Limits of detection are defined 

by the mean negative signal level and 

the Standard Deviation of the Negative 

signal levels within the plate.  LOD = 

Intersection of Mean Negative + 2.5 

Negative Standard Deviation to 5PL 

curve fit. 

The AMMP Assay standard curves 

generated with recombinant cytokine 

calibration standards run on the ViBE 

Workstation demonstrated a clear signal  

over a 2 to 3-log range with  lower limit of 

detection of approximately 0.14 – 0.78 pg/

mL.  The dashed lines are the negative (no 

antigen) signal levels.  The average CVs 

from calibration curves are less than 9.8% 

for multiple runs of each analyte.  

Calibration Curve Fitting 

The AMMP Assay standard curves generated with 

recombinant cytokine calibration standards run on the ViBE 

Workstation demonstrated a clear signal  over a 2 to 3-log 

range with  lower limit of detection of approximately 0.14 – 

0.78 pg/mL.  The dashed lines are the negative (no antigen) 

signal levels.  The average CVs from calibration curves are 

less than 9.8% for multiple runs of each analyte.  

A = Bottom Asymptote (Minimum y-value). 
B = Top Asymptote (Maximum y-value). 
C = Inflection Point of Curve (on a symmetric curve, where E = 1), this would be the EC50. 
D = Slope Factor. 
E = Symmetry Factor (1 = a symmetric curve about the EC50 and when E = 1, the 5PL equation = a 4PL 

Assay ReproducibilityAssay Reproducibility  

The ViBE Workstation and 

AMMP assay have a proven 

level of reproducibility across 

multiple systems, operators 

and cartridges. We have 

performed a standard IL-6 

assay across 12 instruments 

and multiple cartridges for 

more than two years and 

demonstrated signal CVs of 

less than 10% in the picogram/

mL range.  

 

These results demonstrated an 

expanded test run into the 

femtogram levels and illustrate 

intra-cartridge signal CVs less 

than 8% in femtogram/mL and 

inter-instrument signal CVs 

<13% in the femtogram/mL 

range. 

3 - Pooled serum lots spiked with High, 
Medium, & Low Level of IL-17A

DAY 1
Intra Assay CVs

5-DAY Summary
Inter Assay CVs

In-Plate Signal 1.40% 2.77%

Plate to Plate Signal 2.49% n/a

Day to Day Signal n/a 5.22%

In-Plate Recovery 8.97% 11.65%

Plate to plate Recovery 6.00% 11.76%

N=36 runs N=180 runs

Spike:  High = 66.67 pg/mL Medium = 22.22 pg/mL  Low = 7.41 pg/mL

Robust DayRobust Day--toto--Day PrecisionDay Precision  

Intra-Plate (or “In-Plate”):  
Uses mean and standard 
deviation of replicate sample 
wells within a plate for a given 
sample type. 

 

Inter-Plate (or “Plate to Plate”):  

Uses mean and standard 

deviation of mean values from 

each individual plate (mean 

values of a plate are the mean of 

the replicate sample wells within 

that plate). 

Linearity of DilutionLinearity of Dilution  

A linearity of dilution 

analysis provides 

information about the 

accuracy of assay results 

for samples tested at 

different calibration curve 

levels, by dilution of the 

sample in the assay 

sample diluent.  Here we 

demonstrate the linearity 

of dilution for IL-12p70 

assay with recoveries  of 

70-108% with a  dilution 

range from 1:1 to 1:128.  

Average % recovery is 

102%. 

In Matrix Testing In Matrix Testing   ConclusionsConclusions  

AMMP IL-6 Assay for Matched-Donor
Serum and Plasma

1:4 Dilution

Plasma
pg/mL

Std.
Dev.

Serum
pg/mL

Std.
Dev.

Donor 1 32.63 0.03 31.12 0.24

Donor 2 7.41 0.13 7.81 0.07

Donor 3 7.88 0.18 8.21 0.08

Donor 4 11.69 0.07 11.69 0.20

Donor 5 7.52 0.10 4.68 0.05

Donor 6 4.82 0.06 5.95 0.30

Donor 7 4.62 0.18 6.59 0.70

Donor 8 6.17 0.14 5.80 0.07

Donor 9 6.35 0.31 9.31 0.03

Donor 10 8.80 0.03 9.59 --

In this study, 10 matched-donor plasma and serum samples were analyzed 

for endogenous IL-6 content. Endogenous concentrations in the aggregated 

study ranged from 5- 39 pg/mL (%CVs: 4.7-18.3) in serum and 6-31pg/mL 

(%CVs: 4.1-15.9) in plasma. There was concordance between all of the 

matched-donor plasma and serum in the analysis for IL-6. 

This table shows 10 

serum & K2 EDTA 

plasma samples from 

the same donors 

( Bioreclamation)  

which were run using 

the AMMP IL-6 assay.  

The results show the 

concentration of IL-6 

averaged from 1:2, 1:4, 

1:8 &1:16  dilutions 

(each in replicate)  with 

2 different ViBE 

cartridges.  (n=16) 

 

 AMMP assays represent highly accurate tools for cytokine 
research as demonstrated by the thorough assay characterization 
and validation using benchmarked industry-standard 
methodologies. 

 

 Sensitive and highly reproducible AMMP assays ensure robust 
and  accurate analysis even with low-level or less abundant 
cytokine biomarkers. 

 

 The AMMP checkerboard antibody pair-testing looks at multiple 
parameters, antibodies and proteins in the native state and affords 
the greatest chance of defining the optimum antibody pair for 
cytokine studies.  

 

 AMMP assays are specific for natural and multiple forms of 
analytes (glycosylated/not-glycolsylated) from multiple 
recombinant protein expression systems and recombinant industry 
standards (WHO or NIBSC).  Results provide accurate 
measurement of natural analyte in serum, plasma and culture 
supernatants. 

 

 AMMP assays can be used confidently with in-matrix analyte 
measurements as demonstrated by concordant results from 
matched-donor plasma and serum samples. 

AMMP IL-6 Assay for Matched-Donor  Serum and Plasma 
n=16 

Sample ID 
Plasma 
(pg/mL) 

CV% 
Serum 

(pg/mL) 
CV% 

Donor 1 30.87 4.1% 38.50 8.1% 

Donor 2 7.41 8.8% 8.07 4.7% 

Donor 3 7.06 7.3% 9.75 6.9% 

Donor 4 12.34 15.9% 13.25 10.8% 

Donor 5 6.22 7.5% 5.14 7.8% 

Donor 6 6.55 6.7% 9.12 15.6% 

Donor 7 6.06 7.9% 7.65 12.9% 

Donor 8 11.75 8.0% 10.19 13.7% 

Donor 9 7.91 13.2% 11.74 18.3% 

Donor 10 10.52 13.9% 14.89 13.1% 

For more information: 

Contact:  Lee Anne Beausang   

email: lbeausang@bioscale.com 

www.bioscale.com 

Materials: 

— Normal Sera and Plasma sources 

ProMeDx, Norton, MA 

Bioreclamation, LLC, Long Island, NY 

Seracare, Milford, MA 

— ViBE Protein Analysis Workstation, BioScale, Lexington, MA 

— ViBE Universal Detection Cartridge, BioScale, Lexington, MA 

Methods: 

— Cytokine antibody labeled magnetic microparticles (prepared per BioScale protocol) 

— Hapten-tagged cytokine antibody (prepared per BioScale protocol) 

— Samples containing cytokine antigen prepared per protocol (diluted in cytokine diluent) 

Assay Protocol: 

1. Add 80 µL 3-fold serially diluted calibrator/sample (diluted in BioScale’s cytokine diluent) 

into the appropriate well of a 96-well microplate. 

2. Add 40  µL (total  hapten-tagged antibody and antibody conjugated magnetic 

microparticles). 

3. Program and Initiate the desired protocol. 

4. Load the plates onto the ViBE Workstation and incubate. 

5. Quantitate with BioScale ViBE software using standard curve fitting.  

Accuracy Accuracy --  Spike & RecoverySpike & Recovery  

The data represented in this table represent three normal human serum 

samples that were pooled and diluted to 1:16 (6.25%) with cytokine assay 

diluent, then spiked with recombinant IL-12p70 at multiple levels throughout 

the range of the assay. N=30 measurements were made for each cytokine 

level. 

Cytokine LOD pg/mL 

 AMMP Assay 

IL-6 0.14 

IL-8 0.17 

IL-10 0.53 

IL-12p70 0.64 

IL-13 0.33 

IL-17A 0.44 

TNF-α 0.78 

AMMP Human Serum IL-12p70 Assay 

Spike Recovery 

Spiked 
Concentration 

(pg/mL) 

Measured 
Concentration 

(pg/mL) 

In-Plate 
Concentration 

%CV 
% Recovery 

0 0.14 -- -- 

2.06 2.20 25.01 100.87 

6.17 6.29 14.58 99.64 

18.52 18.53 9.32 99.30 

55.56 56.03 9.94 100.59 

166.67 156.19 13.23 93.63 

  

Average Re-
covery 

104.6 

6.25% serum (1:16 dilution) 

AMMP Human Serum IL-12p70 Assay 

Linearity of Dilution 

Fold Dilu-
tion 

Concentration 
(pg/mL) 

Measured 
Concentration 

(pg/mL) 

In-plate 
Concentration 

 %CV 

% 
Recovery 

     

1 500.00 354.08 20.97 70.11 

2 250.00 207.03 14.08 82.64 

4 125.00 117.09 7.60 93.55 

8 62.50 62.45 10.74 99.91 

16 31.25 32.03 17.73 102.21 

32 15.63 16.97 18.66 106.86 

64 7.81 7.63 18.37 95.25 

128 3.91 4.24 25.80 107.67 

   Average 102.40 

High Spike (500 pg/mL) 

IL-6 pg/mL
Signal

(8 sensors)
%CV

0.09 0.102 7.5%

0.27 0.120 4.7%

0.82 0.164 2.0%

2.5 0.254 4.0%

7.4 0.480 2.2%

22.2 0.754 0.9%

66.7 0.910 0.5%

200 0.963 0.4%

Intra-Cartridge IL-6 Assay Reproducibility 
femtogram/mL Levels 

Inter-Instrument IL-6 Assay Reproducibility 
femtogram/mL Levels 

IL-6 pg/mL
Signal

(12 Instruments)
%CV

0.09 0.115 12.7%

0.27 0.131 11.4%

0.82 0.176 10.0%

2.5 0.264 7.0%

7.4 0.475 4.6%

22.2 0.752 1.8%

66.7 0.907 0.7%

200 0.960 0.5%
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Antibody Pairing & SelectionAntibody Pairing & Selection  


