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expressing the second kinase, wherein first and second signals are effected by the reporter

gene, and a data processor identifies a kinase as being inhibited by a pharmaceutically active

compound using the first and second signals. It should further be appreciated that in

contemplated screening systems, the first and second kinases may belong to the same kinase

5 signaling pathway or to different kinase signaling pathways, and the same considerations for

the kinases and kinase pathways as described above apply. With respect to the cells, the

reporter genes and the acquisition system, the same considerations as discussed above apply.

Furthermore, it should be appreciated that by employing a cell based and normalized

test system, biologically relevant inhibition data (e.g., data that reflect transport of test

10 compounds into a cell, metabolic conversion of a test compound in a cell, etc) may be

generated. Moreover, by employing a high-throughput format (e.g., 384 wells per plate in a

microtiter-plate based system), libraries oftest compounds can be examined in a relatively

short time, and multiple assay cells expressing multiple kinases (from the same or different

kinase signaling pathway, or from the same kin~se subfamily or different kinase subfamilies)

15 may be tested simultaneously or separately in a normalized environment.

Examples

In an exemplary and generalized outline of contemplated screening methods, a cell

line is transformed with a reporter gene under the control of an element (e.g., transcription

factor) of a kinase signaling pathway to generate the founder cell, and some founder cells that

20 now include the reporter gene are further transformed with a gene encoding a first kinase

(e.g., belonging to the MEK-ERK kinase signaling pathway). Other founder cells that now

contain the reporter gene are transformed with a gene encoding a second kinase (also

belonging to the MEK-ERK kinase signaling pathway).

Both resulting assay cells (designated Kl and K2) are exposed to a plurality oftest

25 compounds (potential kinase inhibitors), and the kinase-driven signal readout is measured

with a detector such as a luminometer. The founder cells can be employed as further control,

and toxicity, specificity and activity of the potential kinase inhibitors may then be determined

in a normalized manner (here: data normalized via parallel experimental set up, normalized

against the same cellular background and the same signal readout of the reporter, and further

30 using same control cells).
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Stable Expression ofMEK and MEK* in 293 Cells

Cells that contain inducible wild type or mutant MEK (referred to as MEK*) were

generated by transfecting 293T via lipid-mediated gene transfer of the following plasmids.

Plasmids for the Tet repressor (Invitrogen pCDNA6-TR), Gal4-Elkl (Stratagene), Gal4 UAS

5 dependent luciferase (Stratagene), and Tet-On MEK or Tet-On MEK* (Invitrogen) were

transfected into cells and the cells placed under selection in SOOug/ml geneticin, 100ug/ml

zeocin, and 2.5ug/ml blasticidin. Tet-On MEK was created by placing the cDNA sequence

for human MEK under the control ofthe Tet-On promoter in pCDNA4TO (Invitrogen).

Tet-On MEK* was created by site-directed mutagenesis ofS218 and S222 to aspartic acids in

10 the human MEK cDNA sequence. Figure 5 depicts an autoradiograph (ECL) showing

expression ofMEK/MEK* in 293T cells.

Effect ofMEK and MEK* expression on ERK phosphorylation

Upon establishing Tet-On MEK and Tet-On MEK* clones, we tested the abilit"y of

doxycycline to induce gene expression that resulted in ERK phosphorylation and activation

15 was tested. These clones were tested by plating cells from the respective clones and adding

1ug/ml doxycycline for the times indicated. Cells were lysed and the proteins run on an

SDS-PAGE gel. Proteins were transferred to a membrane and the levels ofERK

phosphorylation were detected by Western blotting with anti-phospho-ERK antibodies (Cell

Signaling Technologies). The presence ofphospho-ERK was visualized through attachment

20 of a secondary antibody (goat-anti-rabbit) conjugated to alkaline phosphatase (AP). AP can

cleave substrates thus releasing light to be captured on film or by a scanner as depicted in

Figure 6.

Specificity ofassay signals in MEK*expressing Assay Cell Line

To test the specificity of the MEK* expressing cell lines, cells were trypsizned,

25 counted, diluted to appropriate concentrations, induced with 100ng/ml doxycycline, and

plated onto compound containing plates. Compounds were used at 10/-lM and the bars
.I

(Figure 7) represent the average of three samples with standard deviation. U0126,

PD098059, and PD184352 are MEK inhibitors. U0124 is a control for U0124. ZM336372

and SB203580 are Raf and p38 inhibitors, respectively. Cells were incubated for 24 hours.

30 Steady-Glo luciferase reagent (Promega) was added and the plates read. Samples were
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standardized to internal positive and negative controls and the plates analyzed as depicted in

Figure 7.

Selectivity and Specificity ofCell Based Assay with MEK*expressing Cell Line

To determine the specificity and selectivity of the MEK* inducible cell line, cells

5 were treated as above. Compounds used in these experiments were titrated from 50J.lM down

to 2.5nM by three fold dilutions at each step. The target of each compound is indicated in

Figure 8. IC50 were from references for each compound. EC50s were generated by taking

the average of each data point and analyzing the data with ExcelFit. The data indicate that

only compounds at the level ofMEK or downstream ofMEK result in luciferase inhibition.

10 Parallel pathways involving p38 and PI3 Kinase had little effect also. Therefore, the MEK*

cell line is sensitive and selective for MEK or ERK inhibitors.

Kinase Signaling Pathway-dependent Reporter Gene Expression

In Figure 9, the expression of FLAG-tagged IKK2 is correlated with the increase in

NFkB-mediated luciferase expression. Cells were trypsinized and plated, then treated with

15 100ng/ml doxycycline. Samples were taken at the indicated times after induction and

assayed by Western blot for IKK2 expression and using Bright-Glo (Promega) to determine

luciferase expression.

Data Analysis for Identification ofCompounds with High Selectivity and Low Toxicity

Data analysis may be performed in numerous manners, and it is contemplated that all

20 manners of data presentation are considered suitable for use herein. However, it is generally

preferred that multiple (i. e., at least two) sets of inhibition data, which mayor may not be

calibrated against a negative control, are graphically depicted in a scatter plot as shown in

Figure 10. Here, 600000 data points from a collection of 100,000 compounds were plotted

against %inhibition, and predetermined cut-off values were used to color the corresponding

25 data points falling within the ranges of the cut-off. In this example, inhibitor data points

indicating kinase specific (here: inter-kinase pathway specific) and strong inhibition were

marked green if the inhibition for the first kinase is between 75-100% and between 0-25% of

the second kinase. Similarly, inhibitor data points indicating somewhat kinase specific and

moderate inhibition were marked yellow if the inhibition for the first kinase is between 30-

30 75% and between 30-75% of the second kinase. In contrast, where inhibition data points
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show inhibition that is greater than 30% for both kinases, data points were marked red to

indicate no specificity and potential toxicity. Likewise, where inhibition data points show

inhibition that is less than 30% for both kinases, data points were marked blue to indicate no

inhibition and no potential toxicity.

5 Thus, specific embodiments and applications of parallel inducible cell-based kinase

screens have been disclosed. It should be apparent, however, to those skilled in the art that

many more modifications besides those already described are possible without departing

from the inventive concepts herein. The inventive subject matter, therefore, is not to be

restricted except in the spirit of the appended claims. Moreover, in interpreting both the

10 specification and the claims, all terms should be interpreted in the broadest possible manner

consistent with the context. In particular, the terms "comprises" and "comprising" should be

interpreted as referring to elements, components, or steps in a non-exclusive manner,

indicating that the referenced elements, components, or steps may be present, or utilized, or

combined with other elements, components, or steps that are not expressly referenced.

15
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1.

2.

3.

A method of kinase inhibition profiling, comprising:

simultaneously generating a first data set having a first plurality of data elements, and

a second data set having a second plurality of data elements;

wherein the first data set is associated with kinase inhibition in a first kinase signaling

pathway, wherein the second data set is associated with kinase inhibition in a

second kinase signaling pathway, and wherein each data element in the first

and second data sets corresponds to an inhibition result of a kinase in the first

and second kinase signaling pathways, respectively; and

using at least one of the data elements from the first data set as reference data against

at least one of the data elements from the second data set to calculate a

normalized inhibition profile.

The method of claim 1 wherein the step of using at least one of the data elements

comprises using each of the data elements from the first data set as reference data

against each of the data elements from the second data set to calculate the normalized

inhibition profile.

The method of claim 2 wherein the inhibition result is acquired in vivo from a cell that

expresses, from a stably transfected gene, and in response to an inducer, the kinase in

a catalytically active form.

4. The method of claim 3 wherein inhibition of the kinase alters a signal effected by a

recombinant reporter gene.

25

5. The method of claim 4 wherein the recombinant reporter gene is functionally

controlled by a transcription factor that is activated by a component of at least one of

the first and second kinase signaling pathways.
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6.
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A method of analyzing intra-pathway kinase inhibition of a pharmaceutically active

compound in a kinase signaling pathway, comprising:

providing a plurality of cells that express from a stably transfected gene and in

response to an inducer a plurality of kinases in a catalytically active form,

respectively, wherein the plurality of cells further express a reporter, gene in

response to catalytic activity of the kinases, and wherein the reporter gene in

each of the plurality ofcells is the same;

wherein the plurality of cells are derived from a single cell type, wherein a first kinase

of the plurality ofkinases is different from a second kinase of the plurality of

kinases, and wherein the first and second kinases are members of the same

kinase signaling pathway;

simultaneously inducing the plurality of cells with the inducer, and simultaneously

presenting the cells with the pharmaceutically active compound;

acquiring from a cell expressing'the first kinase a first signal effected by the reporter

gene and acquiring from a cell expressing the second kinase a second signal

effected by the reporter gene; and

identifying a kinase within the kinase signaling pathway as being inhibited by the

pharmaceutically active compound using the first and second signals, wherein

the first signal is normalized using the second signal.

The method of claim 6 wherein the catalytically active form is a constitutively active

kinase mutant or an autophosphorylating kinase.

8. The method of claim 7 wherein the reporter gene is expressed in response to

activation of a transcription factor, and wherein the activation is effected by a kinase

within the kinase signaling pathway.

25 9. The method of claim 8 wherein the kinase signaling pathway is selected from the

group consisting of a MEK-ERK mediated pathway, a IKK-NFkB mediated pathway,

a p38 mediated pathway, a JNK-Jun mediated pathway, a PI3K-Akt mediated

pathway, and a JAK-STAT mediated pathway.

24



wo 2004/061409 PCT/US2002/040757

10. The method of claim 9 wherein the inducer is doxycycline and the reporter gene is a

gene encoding luciferase.

11. The method of claim 10 wherein the cells are mammalian cells.

12. The method of claim 11 wherein the mammalian cells are 293 cells.
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13.

14.

A method of analyzing inter-pathway inhibition of a pharmaceutically active

compound in a first kinase signaling pathway and a second kinase signaling pathway,

comprising:

providing a plurality of cells that express from a stably transfected gene and in

response to an inducer a plurality of kinases in a catalytically active form,

respectively, wherein the plurality of cells further express a reporter gene in

response to catalytic activity of the kinases, and wherein the reporter gene in

each of the plurality of cells is the same;

wherein the plurality of cells are derived from a single cell type, wherein a first kinase

of the plurality of ~inases is a member of a first kinase signaling pathway, and

wherein a second kinase of the plurality of kinases is a member of a second

kinase signaling pathway;

simultaneously inducing the plurality of cells with the inducer, and simultaneously

presenting the cells with the pharmaceutically active compound;

acquiring from a cell expressing the first kinase a first signal effected by the reporter

gene and acquiring from a cell expressing the second kinase a second signal

effected by the reporter gene; and

identifying a kinase within the first and second kinase signaling pathways as being

inhibited by the pharmaceutically active compound using the first and second

signals, wherein the first signal is normalized using the second signal.

The method of claim 13 wherein the catalytically active form is a constitutively active

kinase mutant or an autophosphorylating kinase.
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15. The method of claim 14 wherein the reporter gene is expressed in response to

activation of a transcription factor, and wherein the activation is effected by an

element within at least one ofthe first and second kinase signaling pathways.
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16.

17.

18.

19.

20.

21.

The method of claim 15 wherein the first and second kinase signaling pathways are

selected from the group qmsisting of a MEK-ERK mediated pathway, a IKK-NFkB

mediated pathway, a p38 mediated pathway, a JNK-Jun mediated pathway, a PBK­

Akt mediated pathway, and a JAK-STAT mediated pathway, and wherein the first and

second kinase signaling pathways are not the same kinase signaling pathway.

The method of claim 16 wherein the inducer is doxycycline and the reporter gene is a

gene encoding luciferase.

The method of claim 17 wherein the cells are mammalian cells.

The method of claim 18 wherein the mammalian cells are 293 cells.

A high-throughput screening system, comprising:

a plurality of cells that express from a stably transfected gene and in response to an

inducer a plurality of kinases in a catalytically active form, respectively, and

wherein the plurality of cells further express a reporter gene in response to

catalytic activity of the kinases;

wherein the plurality of cells are derived from a single cell type, and wherein cells

expressing a first kinase of the plurality ofkinases are separate from cells

expressing a second kinase of the plurality of kinases; \,

an acquisition system acquiring a first signal from the cells expressing the first kinase

and a second signal from the cells expressing the second kinase, wherein first

and second signals are effected by the reporter gene; and

a data processor that identifies a kinase as being inhibited by a pharmaceutically

active compound using the first and second signals.

The screening system of claim 20 wherein the catalytically active form is a

constitutively active kinase mutant or an autophosphorylating kinase.
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22. The screening system of claim 21 wherein the reporter gene is expressed in response

to activation of a transcription factor, and wherein the activation is effected by an

element within a kinase signaling pathway.

5

10

23.

24.

The screening system of claim 22 wherein the kinase signaling pathway is selected

from the group consisting of a MEK-ERK. mediated pathway, a IKK-NFkB mediated

pathway, a p38 mediated pathway, a JNK-Jun mediated pathway, and a JAK-STAT

mediated pathway, and wherein the first and second kinase signaling pathways are not

the same kinase signaling pathway.

The screening system of claim 23 wherein the reporter gene is a gene encoding

luciferase and the acquisition system comprises a luminometer.

25. The screening system of claim 20 wherein the first kinase of the plurality ofkinases

belongs to a kinase signaling pathway that is different from a kinase signaling

pathway to which the second kinase of the plurality of kinases belongs.

15
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26.

27.

The screening system of claim 20 wherein the first and second kinases of the plurality

ofkinases belongs to the same kinase signaling pathway.

A method of data processing, comprising:

providing a plurality of cells that express from a stably transfected gene and in

response to an inducer a plurality ofkinases in a catalytically active form,

respectively, and wherein the plurality of cells further express a reporter gene

in response to catalytic activity ofthe kinases;

wherein the plurality of cells are derived from a single cell type, and wherein cells

expressing a first kinase of the plurality ofkinases are separate from cells

expressing a second kinase of the plurality of kinases;

acquiring with an acquisition system a first set of data elements from the cells

expressing the first kinase and a second set of data elements from the cells

expressing the second kinase, wherein first and second sets of data elements

are measurements of signals generated by the reporter gene;

27



WO 2004/061409 PCT/US2002/040757

5

10

15

28.

29.

30.

calculating a frequency of false positives and false negatives against a plurality of

compounds to thereby validate first and second sets of data; and

calculating inhibition data from the first and second set of data elements.

The method of claim 27 wherein the first set of data elements of the first kinase is

analyzed against the second set of data elements of the second kinase of the same or

different kinase signaling pathway.

The method of claim 28 wherein the first and second kinase signaling pathways are

selected from the group consisting of a MEK-ERK mediated pathway, a IKK-NFkB

mediated pathway, a p38 mediated pathway, a JNK-Jun mediated pathway, and a

JAK-STAT mediated pathway, and wherein the first and second kinase signaling

pathways are same kinase signaling pathway.

The method of claim 28 wherein the first and second kinase signaling pathways are

selected from the group consisting of a MEK-ERK mediated pathway, a IKK-NFkB

mediated pathway, a p38 mediated pathway, a JNK-Jun mediated pathway, a PI3K­

Akt mediated pathway, and a JAK-STAT mediated pathway, and wherein first and

second kinase signaling pathways are not the same kinase signaling pathway.

31. The method of anyone of claims 6, 13, or 20 wherein the first signal and the second

signal comprises a radiologically detectable signal.
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