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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.  
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 Here we compared the activity of three generations of EGFR 

inhibitors to prevent the stimulation by EGF on both a high  and  

low EGFR expressing cell lines.  As expected EGF causes the 

phosphorylation of EGFR receptors on the A431 cell line and 

subsequent activation of MEK and ERK.  Interestingly EGF 

stimulation also caused activation of MEK and ERK in MCF-7 cell 

line where no EGFR is detectable.  

 First generation gefitinib and second generation afatinib EGFR 

inhibitors had no real effect on receptor activation on either cell 

line tested though gefitinib did appear to dampen the activation of 

downstream kinase ERK in the MCF-7 cell line.    

 The third generation EGFR inhibitor neratinib had the most effect 

in both A431 and MCF-7 cell lines blocking EGFR and HER3 

activation on A431 and some inhibition of HER3 activation on 

MCF-7.  Downstream of the EGF receptors on A431 cell line no 

inhibition of MEK or ERK was detected but in the MCF-7 cell lines 

activation of MEK and ERK were significantly inhibited. 

 This study reveals that on-target activity of EGFR inhibitors may 

be difficult to predict. More importantly this inhibition may not be 

indicative of downstream blocking effect.  An assay panel that 

measures kinases indicative of the activity of multiple downstream 

pathways may a more appropriate tool to understanding drug 

activity and possible roots of drug evasion.    
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AbstractAbstract  

The efficacy of kinase inhibitors, a highly studied class of drugs used to treat many forms of cancer, remains difficult to predict or tailor to individual specific 

carcinomas. Monitoring multiple biomarkers in the course of drug development may lead to more successful therapeutic design and patient treatment 

regimens. Here we discuss the generation and use of assays to measure a panel of kinase biomarkers using Acoustic Membrane MicroParticle (AMMP) 

technology on the VIBE Workstation to efficiently monitor both on- and off-target effects of kinase inhibitors directed against the EGFR family of tyrosine 

kinase receptors. These results may be used to better understand the roots of drug resistance. Two cell lines were selected for use in this study on the basis 

of EGFR expression. The epidermoid carcinoma A431 cell line is a high expressor of the endothelial growth factor class of receptors and, therefore, subject to 

EGFR inhibition. This line was used to evaluate ‘on-target’ effects of the selected EGFR inhibitors. In contrast, the MCF-7 breast cancer cell line, a low 

expressor of EGFR class of receptors, should be much less susceptible to EGFR inhibition, and was used to better understand the ‘off-target’ effects of the 

EGFR inhibitors.  Cells were preincubated at reported IC50 concentrations of EGFR inhibitors gefitinib and neratinib, then stimulated by EGF, lysed, and 

assessed for cell surface receptor (EGFR and HER3) and cytosolic kinase (MEK, ERK, p38, JNK and AKT) activity. As expected, EGF stimulated a large 

phosphorylation event of EGFR, HER3, MEK and ERK in the A431 cell line, with little observable change for the MCF-7 cell line. A significant increase in the 

phosphorylation of p38 but little change in JNK was seen in both lines.  The phosphorylation of EGFR and HER3 in the A431 cells appeared unaffected by 

gefitinib, but completely inhibited by neratinib. Unexpectedly, no downstream inhibition of EGF-stimulated MEK or ERK phosphorylation was observed in the 

A431 cell line for either inhibitor. In contrast, EGF-induced p38 phosphorylation was significantly inhibited in both the A431 and the MCF-7 cell lines.  Here we 

have constructed a panel of assays that may be used to better predict biological activity, not only at the target site of a kinase drug, but also downstream of 

that site. This panel demonstrated that EGF was still able to activate both MEK and ERK despite failing to phosphorylate either the EGFR or HER3 receptors, 

revealing that EGF may be acting through other receptors. Consequently, blocking of this class of receptors may only be partially effective in preventing EGF-

induced activity. Further, preventing the phosphorylation of the EGF class of receptors may not be sufficient to completely inhibit the ligand induced 

phosphorylation of the Mitogen Activated Kinase pathway. 

These studies were designed using AMMP (Acoustic 

Membrane MicroParticle Assay) as run on the ViBE 

Workstation (BioScale).  Assays were constructed so that a 

strepavidin coated magnetic microparticles were loaded 

with analyte-specific biotinylated antibody and the solution 

phase sandwich partner antibody was conjugated with 

fluorescein.  The complex of bead-analyte and fluorescien-

labeled antibody was detected by the acoustic membrane of 

the ViBE.  All of the antibodies used in these assays were 

procured from Cell Signaling Technologies, unless 

otherwise noted in Table 1. 

AnalyteAnalyte  Bead conjugateBead conjugate  Detector conjugateDetector conjugate  

p(Tyr1068) EGFR anti-phosphoEGFR (tyr1068) 3777 anti-EGFR 2256 

Total EGFR anti-EGFR 2646 anti-EGFR 2256 

p(thr202/tyr204)ERK1/2 anti-p44/42 MAPK 4695 anti-phospho-p44/42 MAPK (thr202/

tyr204) 4376 

Total ERK1/2 anti-p44/42 MAPK 4695 anti-ERK 3374 

p(ser217/221) MEK1 anti-phospho MEK1/2 (ser217/221) anti-MEK1 2352 

Total MEK1 anti-MEK1(C-Term)(MAP2K1) 1235 

(Epitomics) anti-MEK1 2352 

p(thr180/tyr182) p38 anti-p38 alpha MAPK 9218 anti-phospho p38 MAPK (thr180/

tyr182) 4511 

p(thr183/tyr185) JNK anti-SAPK/JNK 9258 anti-phospho-SAPK/JNK (thr183/

tyr185) 4668 

p(ser473)AKT1 anti-phospho-AKT (ser473) 4058 anti-AKT1 (pan) 2967 

p(tyr1197)HER3 anti-phospho-HER3/ErbB3 (tyr1197) 

4561 anti-HER3 MAB3481 (R&D) 

Table 1 
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For the EGFR inhibitor studies cells were treated with EGFR inhibitors Afatinib 

(13nM), Gefitinib (37nM) or Neratinib (92nM) (Selleckchem), for 2 hours in 

basal media prior to EGF stimulation of 100ng/ml for 10 minutes.  TPER was 

supplemented with phosphatase and protease inhibitors (ThermoFisher/Pierce) 

as described by the manufacturer.  The cells were lysed by pipetting the TPER 

on the adhesion cell layer.  Cell lysates were collected into conical tubes, 

placed on ice, and vortexed every 5 minutes for a total of 20 minutes before 

aliquoting and freezing on dry ice.  A standard BCA protein assay was used to 

determine total protein concentration of the lysates. 

1. Add 40 µL of 2-fold serially diluted lysate (diluted in MPER) and 40µL  of 

BioScale diluent into the appropriate well of a 96-well microplate. (triplicate 

analysis) 

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

magnetic microparticles). 

3. Program and initiate the desired protocol.  

4. Load the plates onto the ViBE Workstation and incubate (4 hours). Assays 

were run in a sandwich format, with simultaneous incubation of the sample 

with the beads and fluorescein-labeled antibody.   

5. Analyze the samples. 

6. Negative controls containing the bead only with the samples (no 

fluoresceinated antibody) were run and the ViBE response was subtracted 

from the sample signal readings to determine the specific assay signal. 

AMMP Assay ProtocolAMMP Assay Protocol  
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Discussion 

 EGF stimulation of the EGFR high expressing A431 cell  

line leads to phosphorylation of EGF receptors and 

downstream activation of the MEK/ERK pathways.  Cells 

pre-treated with EGFR inhibitor gefitinib had no inhibitory 

effect on EGFR, ERK or MEK activation caused by EGF 

stimulation and similarly with afatinib.  Neratinib pre-

treatment completely inhibited both EGFR and HER3 

activation but the activation of MEK and ERK were not 

inhibited.  

 

 Though the doses of each drug used in this study have 

been shown to cause growth inhibition of A431 cell lines 

none were able to cause inhibition of downstream kinase 

activation downstream of the EGF receptors. 

Discussion 

 EGF stimulation of low EGFR expressing  MCF-7 cell lines 

lead to activation of both MEK and ERK without detectable 

phosphorylation of EGFR or the expression of EGFR.  

There was a low expression and activation of HER3.  Pre-

treatment with afatinib had no effect but gefitinib partially 

inhibited the phosphorylation of ERK with no other kinase 

effected.  Neratinib pre-treatment partially inhibited HER3, 

ERK and MEK activation. 

 The activation ERK and MEK seen by EGF stimulation was 

unexpected due to the undetectable levels of EGF 

receptors seen in this cell line.  Additionally the ability to 

neratinib to inhibit ERK and MEK phosphorylation was also 

unexpected.   

 One could conclude that EGF activated another EGF 

responsive receptor other than the ones studies here and 

neratinib is able to block that activation. 

 
No TreatmentNo Treatment  EGFEGF  

Neratinib +Neratinib +  
EGFEGF  

Afatinib +Afatinib +  
EGFEGF  

Gefitinib +Gefitinib +  
EGFEGF  

pP38 0.1269 0.1965 0.1521 0.1903 0.1940 

pAKT1 0.1720 0.2079 0.1417 0.1882 0.1867 

pJNK 0.0000 0.0000 0.0041 0.0091 0.0052 

pMEK1 0.2508 0.7227 0.6480 0.6758 0.6500 

pERK 0.1270 0.7043 0.6946 0.6921 0.6964 

pEGFR 0.0652 0.8057 0.0809 0.6766 0.7332 

pHER3 0.4894 0.5239 0.1135 0.4200 0.4594 
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No TreatmentNo Treatment  EGFEGF  

Neratinib +Neratinib +  
EGFEGF  

Afatinib +Afatinib +  
EGFEGF  

Gefitinib +Gefitinib +  
EGFEGF  

pP38 0.1663 0.1703 0.1252 0.1365 0.1472 

pAKT1 0.1576 0.2299 0.1845 0.2497 0.1996 

pJNK 0.0008 0.0020 0.0107 0.0134 0.0087 

pMEK1 0.3216 0.4182 0.2470 0.4810 0.4614 

pERK 0.2097 0.5027 0.3068 0.4415 0.3276 

pEGFR 0.0000 0.0074 0.0000 0.0038 0.0055 

pHER3 0.1136 0.1546 0.0873 0.1411 0.1518 
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EGF + NeratinibEGF + Neratinib  

Inhibition of phosphorylation at 

the EGF and HER3 receptors 

but not at MEK1 or ERK  

EGF + AfatinibEGF + Afatinib  

No inhibition of phosphorylation 

at any kinase tested 

EGF + GefitinibEGF + Gefitinib  

No inhibition of phosphorylation 

at any kinase tested 
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EGF StimulationEGF Stimulation  EGF + NeratinibEGF + Neratinib  

Partial inhibition of phosphorylation of 

HER3, MEK1 and ERK  

EGF + AfatinibEGF + Afatinib  

No inhibition of phosphorylation 

at any kinase tested 

EGF + GefitinibEGF + Gefitinib  

Partial inhibition of phosphorylation of 

ERK but no change at HER3 receptor  


