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MAPK Cascade as a Signaling Convergence Point in Cancer Therapy:

Simultaneous Detection of Activated pJ8, ERK and JNK

O /\bstract

The mitogen-activated protein kinase (MAPK) pathways, through major groupings like p38, ERK and JNK, constitute interrelated signal transduction
cascades that regulate several diseases. In meeting the challenges of system biology and linear drug discovery, we present MSD’s MULTI-SPOT®
platform for simultaneous detection of phosphorylated forms of p38(T180/Y182), ERKI/2(T202/Y204)/(TI85/Y187) and JNK(TI83/YI85). The assays
were performed in multiplex format and showed high sensitivity; phospho-p38 was quantifiable at attomoles, or from about 5,000 stimulated cells.
High signal/background ratios were registered for phospho-p38 and phospho-JNK targets in UV treated HEK293 or NIH3T3 cells, and from the
phospho-ERKI/2 target in Phorbol-ester treated Jurkat cells. Total pools of ERKI/2 and p38 were also detected quantitatively from cell lysates in
the same well. These tools enable the rapid identification of drug candidates and promote the comprehensive understanding of the role of MAPK
signaling pathway proteins.
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© |50 MULTI-ARRAY ™" and MULTI-SPOT® Plates
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© 1150 Singleplex Phospho-pa8 (T180/Y182) assay

in purified recombinant preps in HEK293 Whole Cell Lysates in NIH3T3 Whole Cell Lysates
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Growing HEK293 cells were treated with Rapamycin (I uM; 3 hr)(+RP), while serum deprived HEK293 cells were harvested 30 minutes
after UV irradiation (40m}/cm2)(+UV). Serum deprived NIH3T3 cells (-) were harvested 30 minutes after UV irradiation (40m)/cm2)(+UV).
Whole cell lysates were added to MSD MULTI-SPOT 4 Spot 96-well plates coated with phospho-p38 antibody on one of the four spatially
distinct electrodes per well. Phosphorylated p38 was detected with 10 nM anti-p38 antibody labeled with MSD SULFO-TAG reagents.
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@ IS0 Multiplexed Phospho-p38 / Total-pd8 assay

in NIH3T3 Whole Cell Lysates
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o |50 Singleplex Phospho-ERK1/2 (T/Y:202/204:185/181) assay

in Jurkat Whole Cell Lysates in Jurkat Whole Cell Lysates
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Logarithmically growing Jurkat cells were treated with LY294002 inhibitor (50 LM; 2.25 hr)(LY) or PMA (200 nM; I5 minutes)(+PMA).
Whole cell lysates were added to MSD MULTI-SPOT 4 Spot 96-well plates coated with anti ERKI/2 antibody on one of the four spatially
distinct electrodes per well. Phosphorylated ERKI/2 was detected with [0 nM anti phospho-ERKI/2 antibody labeled with MSD
SULFO-TAG reagents.
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@ IS0 Multiplexed Phospho-ERK1/2 / Total-ERK1/2 assay

in Jurkat Whole Cell Lysates
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Logarithmically growing Jurkat cells were treated with 1Y294002 (50 nM; 2.25 hr)(-) or PMA (200 nM; I5 minutes)(+). Whole cell lysates
were added to MSD MULTI-SPOT 4 Spot 96-well plates coated with anti ERKI/2 antibody on two of the four spatially distinct electrodes
per well. Phosphorylated and total ERKI/2 were detected with 10 nM anti-total-ERKI/2 antibody labeled with MSD SULFO-TAG reagent.
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© |50 Singleplex Phospho-JNK (T183/Y185) assay

in HEK293 Whole Cell Lysates
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Logarithmically growing HEK293 cells were treated with +/- UV. Whole cell lysates were added to MSD MULTI-SPOT 4 Spot 96-well
plates coated with capture antibody on one of the four spatially distinct electrodes per well. Phosphorylated |NK was detected with
[0 nM anti-phospho-|NK antibody labeled with MSD SULFO-TAG reagents.
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© \SD Multiplexed MAPK Panel : p-p38 / p-ERK / p-JNK

in HEK293 Whole Cell Lysates i .
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Logarithmically growing HEK293 cells were treated with +/- UV. Whole cell lysates were added to MSD MULTI-SPOT 4 Spot 96-well

plates coated with capture antibody on three of the four spatially distinct electrodes per well. Phosphorylated proteins were detected
with MSD SULFO-TAG detection antibodies.
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© \SD Multiplexed MAPK Panel : p-pd8 / p-ERK / p-JNK  (continued

in Jurkat Whole Cell Lysates
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Experimental

Logarithmically growing Jurkat cells were treated with LY294002 inhibitor (50 pM; 2.25 hr)(LY) or PMA (200 nM; I5 minutes)(+PMA).
Whole cell lysates were added to MSD MULTI-SPOT 4 Spot 96-well plates coated with capture antibody on three of the four spatially
distinct electrodes per well. Phosphorylated proteins were detected with MSD SULFO-TAG detection antibodies.

0600

Meso Scale Discovery

Adivision of Meso Scale Diagnostics, LLC.



MAPK Cascade as a Signaling Convergence Point in Cancer Therapy:

Simultaneous Detection of Activated pJ8, ERK and JNK

o (onclusion

|. We present highly specific multiplexed assays for simultaneous detection of phosphorylated MAPK proteins,
phospho-p38 (pT180/pY182), phospho-ERKI/2 (pT202/pY204 and pT185/pY187) and
phospho-JNK (pT183/pY185).

2. These assays specifically identify phosphoproteins from human and murine cell lysates as well as recombinant
purified proteins. The phospho-p38 detection assay identifies attomole levels of recombinant purified active
protein with high sensitivity; signal / background ratio of about 380 (active vs inactive protein).

3. The phosphoprotein assays could be run in duplex format, thus simultaneously determining the phosphorylated
and total levels of the target protein.

4. The methods we present are general, demonstrating that multiple phosphoprotein members of signaling
pathways can be assayed simultaneously in a single well in short (3 hr) or long (overnight) incubation
periods, using specific antibodies immobilized on MSD MULTI-SPOT plates.

5. The MULTI-ARRAY technology-based assays are useful supplements to gold-standard methods like western blots
because these versatile assays are highly quantitative and easily automated, suitable for HTS, and save time
and labor compared to existing techniques.
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