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AbstractAbstract  

 The p38 enzyme, also known as mitogen activated protein kinase or MAPK (pT180/pY182), is responsive to cellular stress such as 

osmostic shock, heat shock, and irradiation, and when activated, modulates the cell cycle, activation of DNA repair, regulation of protein 

translation and initiation of immune response. The p38 pathway consists of a cascade of protein kinases which ultimately leads to its 

phosphorylation of specific tyrosine and threonine residues. Growth factors play an important role in the activation of p38 MAPK. The 

binding of EGF or other specific growth factors to external receptors activate it’s kinase activity. The activation of p38 MAP kinase can 

directly influence gene transcription. A growing number of transcription factors are known to be direct targets of p38, thus its implication in 

many forms of cancer. 

In the A431 human epidermoid carcinoma cell line, proliferation and migration responses to extracellular stimuli require activation of distinct 

pathways. In this study we describe the use of the BioScale ViBE Workstation and AMMP (Acoustic Membrane MicroParticle) assay 

technology to study the expression of p-p38 alpha in lysates of A431 epidermoid carcinoma cells with or without stimulation of surface 

receptors for epidermal growth factor, compared to xenograft tumors of the same cell line. The AMMP p-p38 assay is robust and 

reproducible, with CVs less than 6% for within day and between day measurements. The assay demonstrates little interference from cell or 

tumor lysate matrices. 

Results from the p-p38 AMMP assays demonstrate that, in a group of ten A431 tumors, all were positive for the activated analyte. There 

was heterogeneity in the expression of the p-p38 in the tumors but all gave a positive assay response. Recombinant p-p38 was used as a 

positive control in each experiment. In a separate experiment, the same tumor lysates were negative for p-EGFR. 

The results of the p-p38 AMMP assay were compared to western blots for the detection of p-p38 in EGF stimulated A431 cell lysates and 

unstimulated tumor lysates. The western blots were confirmation of the presence or absence of the AMMP measured analyte in the 

samples. p-p38 was detected by the western blots with similar intensity for equal protein loading of each sample type. 

The experimental elucidation of p-p38 in A431 tumors in untreated nu/nu mice was unexpected as the EFG receptor was not activated 

based on AMMP results for p-EGFR derived from the same tumor sample set. This would indicate that the p38 is activated through a 

pathway other than the EGFR (growth factor) pathway. The observation of similar signals between the p-p38 levels detected between EGF 

stimulated A431 cells grown in vitro and A431 in in vivo tumors was also unexpected, again pointing to different pathways of activation. 

These results demonstrate that the BioScale AMMP assay for detection of p-p38 can be a powerful tool for the study of cancer, apoptosis 

or cell signaling, giving sensitive and reproducible results without interference from matrix components. 

Materials and MethodsMaterials and Methods  
P38, also known as mitogen activated protein kinase or MAPK 

(pT180/pY182), is responsive to cellular stress such as osmotic 

shock, heat shock, and irradiation.   p38 modulates the cell cycle, 

activation of DNA repair, regulation of protein translation and 

initiation of the immune response.  The p38 pathway includes a 

cascade of protein kinases which ultimately leads to its 

phosphorylation on specific tyrosine and threonine residues.  In 

mammals there are four isoforms of p38; alpha, beta, gamma and 

delta, the most abundant of which is p38 alpha.  p38 is important in 

cell cycle regulation, apoptosis, and cancer. 

AMMP® Assay Format p38 

Assay Protocol: 

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  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. (incubate for 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. 

Reagent Preparation 

Streptavidin-coated paramagnetic beads (Dynal) were coupled 
with biotinylated rabbit anti-analyte antibodies (Cell Signaling).  
A mouse or rabbit anti-analyte antibody (Cell Signaling) was 
labeled with fluorescein for the ViBE assay detection reagent.  
These reagents were diluted for assay use in standard 
biological diluents (BD Diluent, Becton Dickenson) to AMMP 
assay-specific concentrations.   

 Detector Antibody Microparticle Bead Antibody 

Species Rabbit Rabbit 

Clone D3F9 N/A 

Isotype IgG Polyclonal 

Immunogen P-Thr180/Tyr182 Peptide C-terminal peptide 

Specificity P-Thr180/Tyr182 Total p38 alpha 

Purification Peptide Affinity Protein A, peptide affinity 

CellCell--Line Lysate and Tumor Lysate PreparationLine Lysate and Tumor Lysate Preparation  

ResultsResults  

Tumor Injection Preparation/ Injection 

1.Thawed BD Matrigel™ Matrix HC at 4 °C on ice overnight.  
2.Chilled all pipette tips, pipettes and microcentrifuge tubes overnight at 4 °C. 
3.Obtained A431 cells from the Cell Culture Department at TGA Sciences, Inc. 
4.Prepared a 1:2 dilution of cells into the Matrix on ice immediately prior to 

injection into mouse.  The final cell concentration of the dilution was ~1 x 10
6 

cells/ 100 µL.  
5.Using the syringe needle a subcutaneous pocket was formed by swaying the 

needlepoint to the right and left after needle insertion.  The 10 mice were split 
into 2 groups, Groups C and D, with 5 mice per group. 

6.A volume of 100 µL of the matrix/cell dilution was injected into the 
subcutaneous pocket formed with the needle.  The syringe was rotated during 
withdrawal to prevent leakage of the matrix/cell dilution.   

 

Tumor Growth Measurement  

1.Immediately after injection of all 10 mice the length and width (cm) of the 
tumor site was measured using a caliper measuring device. 

2.The tumor length and width was recorded daily.  The average of the length 
and width was calculated for each day of measurement. 

3.The tumors were harvested if the tumor average exceeded 0.5 cm in size or if 
the tumor site threatened to break through the skin. 

4.The harvested tumors were immediately flash frozen in liquid nitrogen and 
stored in 2 ml cryo- vials at -80 °C until processing. 

Tumor  Induction and A431 Tumor Growth StudyTumor  Induction and A431 Tumor Growth Study  

Recombinant pRecombinant p--p38 Assay Validationp38 Assay Validation 

This chart demonstrates the reproducibility of the p-p38 assay using 

recombinant p-p38 on nine different days over an entire month. 

Measurements were done in duplicate.  The between day CV = 

2.6% and the duplicate measurement CV=5.7%. 

Sample Preparation for the Detection of Target Analytes in Cell Line 

Lysates 

Human epidermoid carcinoma cells A431 (ATCC#CRL-1555) were grown to 

approximately 80% confluence in T75 flasks according to standard cell culture 

techniques.  A431 cells were stimulated for EGFR production with 100ng/mL   

recombinant epidermal growth factor (R&D Systems) in 10mL serum free medium for 10 

minutes.  Negative control cells were incubated with serum free medium without 

stimulant, also for 10 minutes.  

 

Following treatment, the A431 medium was aspirated and replaced with 3 ml TPER 

(Tissue Protein Extraction Reagent, Pierce) to lift the cells from the plastic flasks.  

Additional scraping was required to release the cells from the plastic.  The resulting cell 

suspension was incubated for approximately 15 minutes on ice with vortexing every five 

minutes for effective cell lysis.   

 

Phosphatase and protease inhibitors (HALT, Thermo Fisher (Pierce)) were included in 

the detergent cell treatment preparations.  Cell lysates were aliquotted and snap frozen 

on dry ice, and then transferred to a -80C freezer until analysis.  A BCA protein assay 

(Pierce) was used to determine total protein concentration of the lysates. 

Tumor Lysate Preparation 

Tumors from 10 Balb/c Athymic Nude Mice were excised, individually weighed  and frozen. The weights were 

recorded  for each individual tumor.  Each frozen tumor was placed into a 15 mL polypropylene round bottom 

conical. In order to process for the assays, the tumor samples were allowed to thaw at room temperature prior 

to homogenization. The volume of Complete Lysis Buffer needed was calculated using the tumor weights.  

The  Complete Lysis Buffer  (75 mL) was prepared by adding 750 µL of 100X Halt PIC and 750 µL 100X 0.5M 

EDTA to 73.5 ml of T-PER.  The appropriate volume of Complete Lysis Buffer was added to each individual 

thawed tumor sample.  Each tumor sample was homogenized using a handheld homogenizer. Samples were 

allowed to settle at 2 – 8 °C and then re-homogenized. This step was repeated two times for each sample.  

The homogenizer probe was changed between each tumor sample.  The samples were centrifuged at 3300 

RCF for 5 minutes at 4 °C.  Six 150 µL aliquots were aliquoted into 0.5 mL microcentrifuge tubes per tumor 

sample.  The remaining tumor lysate sample was stored in bulk at -80 °C until lysate processing or shipment 

to BioScale. 

Lysate Preparation for AMMP Assay 

Cell lysate samples were prepared for the assays by thawing 

them on ice then clarifying by centrifugation in a 

microcentrifuge at 14,000 RPM for 10 minutes.  Supernatants 

were removed from the samples and the total protein 

concentrations were adjusted in MPER for the assays.  Serial 

two-fold dilutions were also prepared in MPER and 

subsequently assayed in triplicate.  

Tumor Growth Study 

Tumor Growth study was performed by TGA Sciences (Medford, MA) with IACUC Study number P06-

01R5-BIS01.  The A431 tumor growth study was done in Balb/c Athymic Nude Mice.  

 We have proven the feasibility of measurement of biomarker analytes (p-p38 and EGFR) in the complex matrices 

of cell and tumor lysates. 

 We have successfully measured native phospho- and total- kinase biomarkers in cells and xenograft tumors from 

which they were derived at nearly identical levels-a novel result that we had not encountered previously in 

published literature.  

 The relationship of total protein and to cell numbers allows for an assessment of sensitivity based on cell numbers.  

This is advantageous when analyzing samples where cell numbers may be low. The numbers of cells required for 

the determinations are consistent with those that would be required for fine needle biopsy of tumors in a clinical 

setting. 

 The correlation between measured analyte in cell lysates and their tumor xenograft counterparts allows for more 

thorough p-p38 kinase pathway analysis which could aid in the study of cancer and potential therapeutic agents in 

both in vitro as well as in vivo models. 
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Introduction 

Mouse models of cancer are used extensively to evaluate the efficacy of new 

anticancer drugs.   The most frequently used models are xenografts of human 

tumors grown in immunodeficient mice.  Here we describe the use of the 

BioScale ViBE instrumentation and AMMP assay technology to study the 

expression of proteins that are central to cancer research in a nude mouse 

tumor model.  We demonstrate reproducible measurement of natural and 

recombinant p-p38 in lysates of xenograft tumors of A431 epidermoid 

carcinoma cells in nu/nu mice.  We also demonstrate the reproducible 

measurement of total and phosphorylated EGFR in the same tumor lysates.  

ViBE measurement of both analytes in tumors compare favorably with lysates of 

the same cells grown in vitro.  The assays are robust, with minimal interference 

from cell and tumor lysate matrix when comparing to analyte detection levels in 

detergent lysis buffer. Herein we will describe the experimental results that 

substantiate these observations. 

A431 Epidermoid Carcinoma Tumor CharacteristicsA431 Epidermoid Carcinoma Tumor Characteristics  

MouseMouse  
Tumor WeightTumor Weight  

(g)(g)  

Tumor SizeTumor Size  

(cm)(cm)  

Total ProteinTotal Protein  

(mg/mL)(mg/mL)  
MouseMouse  

Tumor WeightTumor Weight  

(g)(g)  

Tumor SizeTumor Size  

(cm)(cm)  

Total ProteinTotal Protein  

(mg/mL)(mg/mL)  

C1 0.37 0.46 3.6 D1 0.30 0.38 3.2 

C2 0.17 0.31 3.1 D2 0.40 0.39 3.5 

C3 0.45 0.46 3.5 D3 0.36 0.30 3.3 

C4 0.66 0.56 3.6 D4 0.24 0.30 2.5 

C5 0.19 0.36 3.4 D5 0.52 0.50 3.5 

Here we present the characterization of A431 tumors grown in 10 mice. Weight, size and total protein 
have been recorded.  Protein was determined utilizing the Thermo-Fisher Micro BCA assay against a 
purified bovine serum albumin standard.  Western blots were used to analyze the tumors for specific  
p-p38 protein using standard techniques.  Briefly, tumor samples were run on SDS-PAGE at 5 ug/lane 
and transferred to PVDF membranes.  These were probed with a biotinylated anti-p-p38 antibody and 
detected with horseradish peroxidase labeled streptavidin.  Blots were developed using ECL 
substrate for 40 seconds. 

Westerns Blot Analysis 
Probed with anti-p-p38 4511 antibody 
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ConclusionsConclusions  

pp--p38 Analysis in Mouse Tumorsp38 Analysis in Mouse Tumors  

Within Tumor Reproducibility of pWithin Tumor Reproducibility of p--p38 Measurementp38 Measurement  

Tumor C1 C2 C3 C4 C5 D1 D2 D3 D4 D5

Protein 
(ug)

0.3 2.2 6.3 7.0 3.8 5.1 4.6 7.5 6.3 2.7 5.5

0.6 3.3 5.9 6.3 3.3 5.9 5.3 1.0 3.3 1.2 4.7

1.3 6.9 2.7 4.5 4.1 2.8 4.1 3.2 2.5 3.7 2.4

2.5 4.1 2.9 4.6 2.7 1.3 2.1 4.4 2.2 2.3 2.8

5.0 3.3 2.3 8.0 3.1 5.3 2.9 3.6 2.3 0.5 4.0

10.0 1.9 0.6 1.3 0.4 2.7 2.0 0.6 0.5 2.7 3.7

20.0 1.1 1.7 3.7 0.7 1.5 4.9 1.6 0.7 0.5 1.6

Within Tumor CVs 
Discussion 

All 10 tumor lysates were 

measured at 20 µg/well and serial 

dilutions thereof to 0.313 µg/well in 

the AMMP p-p38 assay.  

Measurements were made in 

triplicate and coefficients of 

variation (CVs) between lysate 

replicates were calculated.  CVs 

ranged from 0.7 to 8%.  These 

results indicate that the AMMP 

assay for p-p38 is reliable and 

reproducible. 

Sample Types
Reproducibility (%CVs)

Triplicate Measurements
Cell Number/Protein 

Detection Limit

P-P38 Recombinant Protein < 15% 0.31 ng/ml

Cell Line Lysates
< 12%

0.31ug/670 cells

Tumor Lysates < 11%
0.31ug/670 cells

Tumor Pathway Mapping and Tumor Reactivity Tumor Pathway Mapping and Tumor Reactivity   

Discussion 

 Mitogen activated protein kinase (MAPK) 
pathways transmit signals from the cell 
membrane to the nucleus. 

 

 P38, a MAPK which is usually associated 
with stress responses, growth arrest and 
apoptosis, is activated in the A431 tumors 
that we have induced in the present study 

 

 We have confirmed that the P38 has not 
been activated by the phosphorylation of 
the EGF receptor by analyzing the tumors 
in the BioScale AMMP p-EGFR assay 
(see table). 

 

 We have demonstrated the plausibility of 
the hypothesis that P38 is activated by 
stress in this tumor study. 

 

 We have demonstrated that the BioScale 
AMMP assays run on the ViBE 
Workstation are valuable tools for 
assessing the phosphorylation of kinases 
and receptors that will aid in the study of 
models of cancer. 

In Vitro In Vitro and and In Vivo In Vivo pp--p38 Analysisp38 Analysis——Same Assay Fewer Than 1000 CellsSame Assay Fewer Than 1000 Cells  

Discussion:  

 Cells were counted prior to lysis to obtain cells/mL in culture as well as just after 

stimulation protocol.  Similar counts were obtained for the same cell lines on different 

days. 

 

 Calculations for cells/test were based on volume of lysate added per well to the AMMP p-

p38 assay in the same manner as was calculated for total protein based on micro BCA 

analysis. 

 

 The relationship between total protein and cell numbers shown in graph allows for an 

assessment of sensitivity based on cell numbers (<1000 cells/measurement).  This is 

advantageous when analyzing tumor cell biopsy samples where cell numbers are 

generally low. 
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Discussion: 

This table represents a compilation of results 

from the BioScale AMMP assays for p-p38, p-

EGFR and total EGFR on A431 xenograft tumor 

lysates excised 10 untreated nude mice.    

 

These results illustrate that while there is 

detectable EGFR present in the cell lysates,  the 

EGFR is not activated.  These results also 

illustrate that the p38 present is phosphorylated.   

 

Taken together, these results suggest that the 

activation of p38 is initiated by a pathway 

unrelated to that initiated with the activation of 

EGFR. 

 

Rather, a stress mechanism most likely plays a 

role in the activation of p38 which in turn 

mediates cell death either through apoptosis or 

necrosis.  It is well established that p-p38 induces 

pre-apoptotic proteins such as Fas and Fas 

ligand, thus implying a role in apoptosis. 

p38 Pathway 

Discussion 

This graph and plate illustration of results represent a comparison of p-p38 levels in cell and tumor lysates of A431 

cells.  Observed are similar measurements for stimulated cells in vitro and tumors (untreated mice).  Tumors were randomly 

chosen from  the group of 10 mice used in this study. “C” and “D” mice were identical except for housing in two different cages.  

Error bars illustrate good reproducibility (CVs < 10%) and the low cell numbers detected illustrate assay 

sensitivity.  Recombinant active p-p38 was used as a positive control. 

TumorTumor  PP--P38 (20 ug)P38 (20 ug)  PP--EGFREGFR  EGFR (0.125 ug)EGFR (0.125 ug)  

C1 0.49 0.1 0.47 

C2 0.60 0.1 0.34 

C3 0.54 0.1 0.56 

C4 0.56 0.1 0.52 

C5 0.34 0.1 0.30 

D1 0.51 0.1 0.25 

D2 0.58 0.1 0.26 

D3 0.64 0.1 0.43 

D4 0.60 0.1 0.28 

D5 0.45 0.1 0.54 

Tumor Analysis From Untreated Mice 
p-p38 Tumor A431 Lysates 
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A431 Tumor Growth Curve 
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