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Gene Trapping and Gene Targeting
Kit Ligand and Epiregulin

Targeting Genes that Cause Cancer

ACTR10 IGHG1 (Immunoglobulin heavy chain) PSMD11 (26S proteasome regulatory subunit) no mRNAs 10p15.3 unidentified 10q11.21
ADK IL1RAPL1 PTPRA (VPS16) no mRNAs 10p15.3 unidentified 10q21.2
AP1B1 KCTD9 (potassium channel tetramerization domains) Rab3GAP1 no mRNAs 10q22.2 unidentified 11q24.1
ARL5B KIAA0232 RAF-1 no mRNAs 11q23.3 unidentified 14q22.2
ARNTL KITLG (Kit Ligand) RALBP1 (RalA binding protein) no mRNAs 11q24.1 unidentified 15q24.2
ATXN1 LAPTM4A Raptor (regulatory associated protein of TOR) no mRNAs 12q21.2 unidentified 15q26.1
AYTL2 LASS6 (Longevity assurance homolog) RCL1 (RNA cyclase) no mRNAs 12q21.33 unidentified 16p13.3
BMPR1 Lin10 RFX3 no mRNAs 12q24.22 unidentified 17q24.3
BRCA1 LRCH3 (leucine rich_calponin homology) RFX3 (diff't integration than H.9.2.G2) no mRNAs 12q24.22 unidentified 1q44
C13Orf10 MARK3 (MAP/microtubule affinity regulating kinase 3) RPS29 (Ribosomal protein S29) no mRNAs 14q32.12 unidentified 22q13.2
C16Orf57 MATR3 RREB1 (ras responsive element binding protein) no mRNAs 16p11.2 unidentified 2p13.2
C8orf36 MBNL2 (muscleblind-like 2) REVERSE RRM2B (ribonucleotide reductase) no mRNAs 16p11.2 unidentified 2p13.3
CAMK1D (REVERSE) Methionine Aminopeptidase 1D SAMM50 no mRNAs 16q24.3 unidentified 2q13
CD46 (REVERSE) MICAL2 (microtubule associated monoxygenase… SAP30BP no mRNAs 18q21.1 unidentified 2q14.1
CDK8 MID1 (REVERSE) SCN8A (Sodium Channel voltage gated) no mRNAs 19p12 unidentified 2q21.2
CLSTN1 MLL3 (myeloid/lymphoid or mixed-lineage leukemia 3) SENP2 (SUMO1 processing) no mRNAs 19q13.2 unidentified 3p25.1
CNOT6 mo mRNAs 13q31.1 SEPT10 (septin cytoskeletal GTPase) no mRNAs 1p34.2 unidentified 4q32.3
COPS7B MRPS6 (ribosomal protein S6) SFXN2 (sideroflexin2) no mRNAs 1p36.13 unidentified 4q32.3
CTAGE5 (Cutaneous T-cell lymphoma-associated antigen 5) MSRB3 (methionine sulfoxide reductase B3) SHRM (neural tube formation) no mRNAs 22q13.2 unidentified 4q35.1
CYB5B (cytochrome b5 outer mito membrane) MTM1 (myotubularin) REVERSE SIL1 (Marinesco-Sjogren syndrome) no mRNAs 2q21.2 unidentified 5p13.3
DDX19-DDX19L (DEAD box RNA helicase) REVERSE Myelin Protein Zero-Like SLC37A3 no mRNAs 2q23.1 unidentified 6q25.3
DELGEF (deafness locus associated) Myo5B (no RefSeq) SQRDL (Sulfide dehydrogenase like) no mRNAs 2q24.1 unidentified 8q23.1
DEPDC1B (DEP domain containing) Myo6 (myosin VI) SRGAP1 (Slit-ROBO GAP1) no mRNAs 2q24.2 unidentified 8q24.13
DNAJB6 N4BP2 (Nedd4 Binding Protein 2) ST7 (Supressor of Tumorigenicity 7) no mRNAs 2q32.1 unidentified 8q24.13
DNAJC10 NEDD1 (REVERSE) TBD52 (tumor protein D52) (REVERSE) no mRNAs 2q32.1 unidentified 8q24.23
DNAJC16 NEDD4L TDRD3 (tudor domain containing protein 3) no mRNAs 2q36.3 unidentified 9p21.1
DNAJC3 NF1 TDRD3 (tudor domain containing protein 3) no mRNAs 3p12.1 unidentified 9p22.1
DSG-2 (desmoglein-2) Notch2NL Telomeric Chr 9, 19, 1 no mRNAs 3q12.2 unidentified 9q31.1
DUSP14 (dual specificty phosphatase) Numb TLK2 (Toussled-like kinase 2) no mRNAs 4p15.1 unidentified Chr 4
EED (embryonic ectoderm development) OR51I1 (odorant GPCR) TNFRSF21 (TNF receptor superfamily) no mRNAs 5p13.3 unidentified FAM49B
EIF2C2 OXNAD1 TTLL7 (tubulin tyrosine ligase like 7) no mRNAs 5q33.2 unidentified X p11.3
ELAVL1 PALLD UHRF1/ICBP binding protein 1 no mRNAs 6q14.1 unidentified Xq22.1
ENSG00000176857 (Pseudogene) PALLD (diff't integration than H.9.5.A11) UMPS (uridine monophosphate synthase) no mRNAs 8q22.1 unidentified Xq26.2
EREG (Epiregulin) PAPSS1 (3'-phosphoadenosine 5'-phosphosulfate syn VAV2 no mRNAs 8q22.1
EYA3 (Eyes absent 3) PARK7 (Oncogene DJ1, Parkinson's associated) VIL2 (ERM family) REVERSE no mRNAs 8q23.1
FAF1 (Fas associated factor) PAXIP1 VPS13D no mRNAs 8q24.13
FAM33A PCDH7 (protocadherin) VTI1A (SNARE vti1beta) REVERSE no mRNAs Xp11.3
FBXL21 (F-box protein) PCDH7 (Protocahdherin 7) WDR20 (WD domains) Hypothetical 18q11.2
FBXW7 (F-box) PCDH7 (Protocahdherin 7) REVERSE XRCC4 (X-ray repair cross complementing) hypothetical 19q13.42
FER1L3 (myoferlin A) PDLIM5 (LIM domain) ZBTB20 (zinc finger BTB domain) Hypothetical 3p22.1-p21p33
FER1L3 (myoferlin A) (diff't from H.9.13.A12) PITPNC1 (phoshatidylinositol transfer protein) ZFAND3 (Testes expressed 27) Hypothetical Chr 3 (TMEM16K)
FHIT (fragile histidine triad gene) PLA2G12A ZHX2 (zinc fingers and homeoboxes 2) hypothetical FAM107B (REVERSE)
FHIT (fragile histidine triad gene) - different integration site POPDC3 ZNF148 (zinc finger protein 148) hypothetical FLJ10803 7p13
GALNT7 (GalNAc transferase 7) PPIL4 (Peptidyl Prolyl Isomerase-like 4) ZNF42 (REVERSE) Hypothetical FLJ13154 19q13
GAPVD1 (GAP and VPS9 domains) PPP1R8 (Protein Phosphatase 1, regulatory (inhibitor) sZNF559 hypothetical KIAA0232 4p16.1
GNB1 (heterotrimeric G-protein beta) Predicted FLJ16231 ZNF7 hypothetical MGC61571 3p24.1
GP6 (platelet glycoprotein VI) REVERSE Predicted Loc91661 hypothetical TMEM118
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Production of Kit Ligand and Epiregulin reporter cells in HCT116 
colon cancer cells by gene trapping. 

A. Gene Trap Schematic:
Libraries of Reporter Cells

B.  Gene Trap Efficiency C.  Reporter Cell Examples: KTLG and EREG
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Production of Kit Ligand reporter cells in HCT116 and MCF-7 cells 
by gene targeting. 

B.  PCR Validation of Gene Targeting

HCT116 Cells

High Content Screening of Kit Ligand and Epiregulin Reporter Cells

Gene trap vectors used in this study 
capture 4 to 5 times more genes 
than traditional (standard) gene trap 
vectors.

A promoterless gene trap vector 
was used to introduce a  
reporter gene (β-galactosidase) 
into endogenous genes so that 
expression of the reporter is 
regulated by normal promoters / 
enhancers / suppressors.

The resulting library of reporter cells contained known genes, 
predicted genes, and unpredicted transcripton units.  Included 
were reporters for Kit Ligand and Epiregulin.

A. High Content Drug Discovery
By screening gene expression reporter cells, every gene product or interaction within a cell is a potential target for siRNA and
compound intervention (e.g. High Content Screening).  Screening with siRNA libraries identifies regulators of gene expression 
and potential drug targets, while screening with compounds identifies drug candidates

F. siRNA Against High Mobility Group A1 (HMGA1) Induces Kit 
Ligand Expression in HCT116 and MCF-7 Cells
HMGA1 induced expression of Kit Ligand reporter activity in both HCT116 cells and MCF-7 cells 
indicating a potential regulatory role for HMGA1.  In contrast, siRNA directed at β-galactosidase
(Positive Control) suppressed reporter activity while “random” siRNA sequences had no effect.

B. Stimulation of Kit Ligand Expression in HCT116 and MCF-7 Cells by Known Bioactives
Ro 31-8220 (an inhibitor of Protein Kinase C) and 5-Iodotubercidin (an inhibitor of ERK2, Adenosine Kinase, CK1, CK2, and 
Insulin Receptor Kinase) stimulated expression of Kit Ligand in both HCT116 and MCF-7 cells.  Stimulation as high as 15 fold was 
observed.  For comparison, the response of three reporter cell lines pre-selected (“Induction Cloned”) for responsiveness to 
Cantharidin (an inhibitor of protein phosphatase 1 and 2A) is also shown.  The data indicate that Kit Ligand is regulated by 
different pathways than those regulating cantharidin-selected clones.     
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A) Gene Targeting 
Schematic:
Promoterless gene trap elements 
were flanked by sequences 
homologous to Kit Ligand, 
introduced into HCT-116 colon 
cancer and MCF-7 breast cancer 
cells, grown on G418 (NEO 
expression), and screened to 
identify those cells with vector 
homologously integrated into the 
Kit Ligand gene.

Clones screened for homologous recombination (7 HCT116, 8 MCF-7) as well as negative controls (Neg.) 
were analyzed by diagnostic PCR to verify gene targeting.  The predicted 3.5KB PCR product is was 
obtained in 7 out of 7 HCT116 clones and 8 out of 16 MCF-7 clones.
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Gene Trap Vectors

siRNA CompoundsRegulatory Pathways
Drug Targets
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Enhancer /
Suppressor

Promoter
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Kit Ligand Epiregulin

Compound Activities HCT116 MCF-7

GAMBOGIC ACID AMIDE 28.0 8.2
PRISTIMERIN antineoplastic, antiinflammatory 23.7 6.0
THIMEROSAL antiinfective, preservative 22.8 3.9
PRISTIMEROL DIACETATE 22.7 5.7
GAMBOGIC ACID antineoplastic, antiinflammatory, cytotoxic 20.6 6.6
CALCEIN chelating agent (Ca, Mg) 20.5 8.7
ETODOLAC antiinflammatory 20.3 6.6
TETRACHLOROISOPHTHALONITRILE antifungal 17.7 5.3
LORATADINE H1 antihistamine 17.4 6.0
ANTHOTHECOL 17.2 4.7
DIMETHYL GAMBOGATE 16.9 6.2
PRISTIMEROL 16.3 5.9
ALBENDAZOLE anthelmintic 16.0 3.4
PHENYLMERCURIC ACETATE antifungal 14.8 4.4
ACLACINOMYCIN A antineoplastic 14.4 4.8
CELASTROL antineoplastic, antiinflamatory, NO synthesis 

inhibitor, chaperone stimulant 13.2 2.6
ANDROSTERONE ACETATE androgen 11.3 3.1
DIHYDROCELASTRYL DIACETATE 11.2 4.9
PYRITHIONE ZINC antibacterial, antifungal, antiseborrheic 11.0 4.4
1-BENZYLOXYCARBONYLAMINOPHENETHYL  
CHLOROMETHYL KETONE

peptidase inhibitor, esterase inhibitor
10.8 3.6

DEOXYSAPPANONE B 7,3'-DIMETHYL ETHER 10.6 2.8
TOMATINE antifungal, antibacterial, antiinflammatory agent 9.9 3.5
DIHYDROCELASTROL 9.9 4.4

C.  Primary Kit Ligand Reporter Screen (HCT116 Colon Cancer  & MCF-7 Breast Cancer Cells)
Kit Ligand reporter cells (HCT116 and MCF-7) were screened with a panel of structurally diverse compounds. Primary screening 
was at 20μM, 48 hour incubation.  β-galactosidase activity is presented relative to activity in DMSO treated control cells.

D.  Synopsis of the Primary Screen:  
Stimulators of Kit Ligand Expression (Fold Induction)
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Cantharidin “Induction Cloned” Reporter Cells Kit Ligand Reporter Cells

E. Co-Stimulation of Kit Ligand and Epiregulin Correlates 
with Cytotoxicity in HCT116 and MCF-7 Cells
Kit Ligand and Epiregulin reporter cells were stimulated with gambogic acid or tomatine
at indicated concentrations.  FDG (100μM) was added to cultures 6 hours after addition 
of compound and read for β-galactosidase activity 14 hours later.  Cell respiration was 
used as an indicator of cytotoxicity using Cell Titer Blue ® (Promega).

Background:

High Content Target Discovery and Drug Discovery Strategy:
Genomics and proteomics have identified large numbers of genes / gene products whose abnormal expression is 
associated with cancer (e.g. disease progression, maintenance of disease, drug response, relapse of disease).  A strategy 
for drug discovery includes production of gene expression reporter cells for cancer-associated genes and screening with 
libraries of siRNAs and chemical compounds to identify regulatory pathways, drug targets and drug candidates (e.g. High 
Content Drug Discovery).

Kit Ligand:
Kit Ligand is expressed in colon, breast, ovarian, testicular, prostate, small-cell lung and gastric cancers.  Binding of Kit 
Ligand to its receptor, c-Kit, activates oncology-relevant signaling through the Ras/ERK pathway.  Kit Ligand stimulates 
anchorage independent growth of colon cancer cells, has been implicated in regulation of growth of cervical cancer and 
leukemia cells, and has been implicated in Schwann cell neoplasia, neuroblastomas, and gynecological tumors.  The 
receptor for Kit Ligand, c-Kit, is also abnormally expressed in tumors.  Imatinib (Gleevec) is an inhibitor of receptor tyrosine 
kinases that include platelet-derived growth factor alpha, c-ABL and c-Kit.  Gleevec is active against gastrointestinal stromal
tumor (GIST) where improved survival is associated with its effecton c-Kit activity.  

Epiregulin:
Epiregulin is a member of the EGF family and binds to EGFR (ErbB1) and ErbB4.  It is rarely expressed in adult 
tissues/cells but is often over-expressed in human cancer cell lines and can contribute to tumorigenesis in nude mice.  
Activated Ki-Ras appears to stimulate Epiregulin expression.  EGFR is currently a target for drug discovery (e.g. EGFR-
specific mAbs such as cetuximab (Erbitux) and panitumumab (Vertibix)).  The tyrosine kinase activity of the EGFR has also 
been targeted (e.g. gefitinib (Iressa), erlotinib (Tarceva), and lapatinib.  

HMGA1:
HMGA1 is over-expressed in naturally occurring human cancers, including colon, prostate, thyroid, breast, pancreas, 
uterus, skin, intestine, brain, lung, and blood.  It is a bonafide oncogene, since over-expression causes neoplastic
transformation of nonmalignant cells and promotes progression from a low grade malignancy to a highly metastatic
phenotype.  Over-expression of HMGA1 can induce expression of Kit Ligand (by DNA array analysis). 

Results:

Gene Trapping and Gene Targeting Kit Ligand and Epiregulin:
Traditional gene trap and gene targeting vectors have limited success rates for production of gene expression reporter cells 
by transfection or infection (including AAV vectors).  Using modified vectors designed to enhance this success rate, we 
demonstrate the trapping of 4 to 5-fold more transcriptional elements (in known, predicted and unpredicted genes) 
compared to traditional vectors.  The modified gene trap and gene targeting vectors were used to generate gene expression 
reporter cells (β-galactosidase reporter) for Kit Ligand and Epiregulin in HCT116 human colon cancer and MCF-7 human 
breast cancer cells.

High Content Screening:
Screening reporter cells with a known bioactives library revealed agents that stimulated Kit Ligand expression in both 
HCT116 and MCF-7 cells. Further screening with a structurally diverse chemical library, including known antineoplastic
agents, revealed additional families of compounds that augmented expression of Kit Ligand in HCT116 and MCF-7 cells by 
as much as ~30 fold and Epiregulin in HCT116 cells by as much as ~30 fold.  Further investigation indicated that gambogic
acid and tomatine induced both Kit ligand and Epiregulin reporter activity  as well as cytotoxicity at similar concentrations, 
suggesting that these agents may function within the regulatory pathways for Kit Ligand and Epiregulin.  One possible 
target / pathway for inducing Kit Ligand reporter expression is HMGA1, since siRNAs against HMGA1 stimulated Kit Ligand
expression in both HCT116 and MCF-7 cells.  Gambogic acid has previously been shown to inhibits the catalytic activity of 
human topoisomerase IIα, and induces apoptosis.  Derivatives of gambogic acid are currently under investigation for cancer 
indications (Maxim Pharmaceuticals, San Diego, CA).

Conclusions:

1. Improved vector design has increased the number of genes amenable to 
gene trapping and gene targeting 4 to 5 fold, thereby facilitating 
production of gene expression reporter cells.  

2. Kit ligand expression in HCT116 and MCF-7 cells was stimulated by an 
inhibitor of Protein Kinase C and by an inhibitor of ERK2, Adenosine 
Kinase, CK1, CK2, and Insulin Receptor Kinase.  

3. As indicated by reporter responses to chemical libraries, Kit Ligand and 
Epiregulin appear to be co-regulated.  For example, gambogic acid and 
tomatine induce expression of both genes by as much as ~30 fold.  

4. In a dose-response study, induction of Kit Ligand and Epiregulin
expression was correlated with cytotoxicity of gambogic acid and 
tomatine.  

5. siRNAs against HMGA1 also stimulated expression of Kit Ligand, 
suggesting a regulatory role of HMGA1.
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B-Galactosidase Activity
(% DMSO Control)

MAP kinase inhibitor.
MEK inhibitor.

p38 mitogen-activated protein kinase inhibitor.
Inhibits PKA, PKG, MLCK, and PKC.

Protein kinase inhibitor.
Inhibits PKA, PKG, CaMK, tyrosine kinases, and phosphorylase kinase.

Tyrosine kinase inhibitor.
HER1-2 tyrosine kinase inhibitor.

EGF receptor tyrosine kinase inhibitor.
Inhibits EGF-stimulated HER14 cell proliferation.

EGF receptor kinase inhibitor.
EGF receptor kinase inhibitor.

EGF receptor kinase, p56, and PDGF receptor kinase inhibitor.
EGF receptor kinase inhibitor.
EGF receptor kinase inhibitor.

Negative control for tyrosine kinase inhibitors.
Tyrosine kinase inhibitor.

EGFR inhibitor.
Tyrosine kinase inhibitor.

PDGF receptor tyrosine kinase inhibitor.
Insulin receptor tyrosine kinase inhibitor.

p56 tyrosine kinase inhibitor.
Syk inhibitor.

Src family tyrosine kinase inhibitor.
JAK-2 tyrosine kinase inhibitor.

Tyrosine kinase inhibitor.
PDGF receptor kinase inhibitor.

Tyrosine kinase inhibitor.
Phosphatidylinositol 3-kinase inhibitor.
Phosphatidylinositol 3-kinase inhibitor.

Protein kinase C inhibitor.
Protein kinase C inhibitor.
Protein kinase C inhibitor.

PKC inhibitor
PKA inhibitor.

PKA and PKG inhibitor.
PKA and PKG inhibitor.
PKA and PKG inhibitor.

Inhibits CAM Kinase II, EGF receptor tyrosine kinase, and pp60 kinase.
CaM Kinase II inhibitor.
CaM kinase II inhibitor.

MLC kinase inhibitor.
MLC kinase inhibitor.

p58 PITSLRE beta1 inhibitor.
cdc2 kinase inhibitor.

p33 cdk2/cyclin A, p33 cdk2/cyclin E, p34 cdc2/cyclin B, p33 cdk5/p35 inhibitor.
Negative control for olomoucine.

p34 cdc2/cyclin B kinase inhibitor.
Inhibits ERK2, adenosine kinase, CK1, CK2, and insulin receptor kinase.

Tyrosine kinase inhibitor.
p38 MAP kinase inhibitor.

Src tyrosine kinase inhibitor.
Inhibits SAPK2/p38.

VEGF receptor tyrosine kinase inhibitor.
Inhibitor of PDGF receptor tyrosine kinase.

cRAF1 kinase inhibitor.
PKC inhibitor.

PKC delta inhibitor.
Tyrosine Kinase inhibitor.

Negative control for Genistein.
EGF receptor tyrosine kinase inhibitor.

PI 3-kinase inhibitor.
Flk-1 kinase inhibitor.

JAK-3 tyrosine kinase inhibitor.
I-kappa B-alpha kinase inhibitor.

Casein kinase II inhibitor.
PKCalpha and PKCgamma Inhibitor.

Jun-N-terminal kinase inhibitor.
GSK-3beta and CDK5 inhibitor.

Cyclin dependent kinase inhibitor.
PP1 and PP2A inhibitor.
PP1 and PP2A inhibitor.

PP2A inhibitor.
Tyrosine phosphatase inhibitor.
Tyrosine phosphatase inhibitor.
Tyrosine phosphatase inhibitor.

CD45 tyrosine phosphatase inhibitor.
Mammalian alkaline phosphatase inhibitor.
Mammalian alkaline phosphatase inhibitor.

Calcineurin (PP2B) inhibitor.
Calcineurin (PP2B) inhibitor.
Calcineurin (PP2B) inhibitor.

Calcineurin inhibitor.
PTP1B inhibitor.
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B-Galactosidase Activity
(% DMSO Control)

MAP kinase inhibitor.
MEK inhibitor.

p38 mitogen-activated protein kinase inhibitor.
Inhibits PKA, PKG, MLCK, and PKC.

Protein kinase inhibitor.
Inhibits PKA, PKG, CaMK, tyrosine kinases, and phosphorylase kinase.

Tyrosine kinase inhibitor.
HER1-2 tyrosine kinase inhibitor.

EGF receptor tyrosine kinase inhibitor.
Inhibits EGF-stimulated HER14 cell proliferation.

EGF receptor kinase inhibitor.
EGF receptor kinase inhibitor.

EGF receptor kinase, p56, and PDGF receptor kinase inhibitor.
EGF receptor kinase inhibitor.
EGF receptor kinase inhibitor.

Negative control for tyrosine kinase inhibitors.
Tyrosine kinase inhibitor.

EGFR inhibitor.
Tyrosine kinase inhibitor.

PDGF receptor tyrosine kinase inhibitor.
Insulin receptor tyrosine kinase inhibitor.

p56 tyrosine kinase inhibitor.
Syk inhibitor.

Src family tyrosine kinase inhibitor.
JAK-2 tyrosine kinase inhibitor.

Tyrosine kinase inhibitor.
PDGF receptor kinase inhibitor.

Tyrosine kinase inhibitor.
Phosphatidylinositol 3-kinase inhibitor.
Phosphatidylinositol 3-kinase inhibitor.

Protein kinase C inhibitor.
Protein kinase C inhibitor.
Protein kinase C inhibitor.

PKC inhibitor
PKA inhibitor.

PKA and PKG inhibitor.
PKA and PKG inhibitor.
PKA and PKG inhibitor.

Inhibits CAM Kinase II, EGF receptor tyrosine kinase, and pp60 kinase.
CaM Kinase II inhibitor.
CaM kinase II inhibitor.

MLC kinase inhibitor.
MLC kinase inhibitor.

p58 PITSLRE beta1 inhibitor.
cdc2 kinase inhibitor.

p33 cdk2/cyclin A, p33 cdk2/cyclin E, p34 cdc2/cyclin B, p33 cdk5/p35 inhibitor.
Negative control for olomoucine.

p34 cdc2/cyclin B kinase inhibitor.
Inhibits ERK2, adenosine kinase, CK1, CK2, and insulin receptor kinase.

Tyrosine kinase inhibitor.
p38 MAP kinase inhibitor.

Src tyrosine kinase inhibitor.
Inhibits SAPK2/p38.

VEGF receptor tyrosine kinase inhibitor.
Inhibitor of PDGF receptor tyrosine kinase.

cRAF1 kinase inhibitor.
PKC inhibitor.

PKC delta inhibitor.
Tyrosine Kinase inhibitor.

Negative control for Genistein.
EGF receptor tyrosine kinase inhibitor.

PI 3-kinase inhibitor.
Flk-1 kinase inhibitor.

JAK-3 tyrosine kinase inhibitor.
I-kappa B-alpha kinase inhibitor.

Casein kinase II inhibitor.
PKCalpha and PKCgamma Inhibitor.

Jun-N-terminal kinase inhibitor.
GSK-3beta and CDK5 inhibitor.

Cyclin dependent kinase inhibitor.
PP1 and PP2A inhibitor.
PP1 and PP2A inhibitor.

PP2A inhibitor.
Tyrosine phosphatase inhibitor.
Tyrosine phosphatase inhibitor.
Tyrosine phosphatase inhibitor.

CD45 tyrosine phosphatase inhibitor.
Mammalian alkaline phosphatase inhibitor.
Mammalian alkaline phosphatase inhibitor.

Calcineurin (PP2B) inhibitor.
Calcineurin (PP2B) inhibitor.
Calcineurin (PP2B) inhibitor.

Calcineurin inhibitor.
PTP1B inhibitor.
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