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METHODS AND COMPOSITION FOR THE PREDICTION OF THE 
ACTIVITY OF ENZASTAURIN 

Cross Reference to Related Applications 

[0001] This application claims priority to U.S. Provisional Application No. 62/382,734, 

entitled "Compositions and Methods Using a Pharmacogenomics Marker," filed 

1 September 2016, and U.S. Provisional Application No. 62/414,601, entitled "Compositions 

and Methods Using a Pharmacogenomics Marker," filed 28 October 2016, the contents of which 

applications are incorporated herein by reference in their entireties for all purposes.  

Submission of Sequence Listing on ASCII Text File 

[0002] The content of the following submission on ASCII text file is incorporated herein by 

reference in its entirety: a computer readable form (CRF) of the Sequence Listing (file 

name: 669602000440SeqList.txt, date recorded: August 30, 2017, size: 5,903 bytes).  

Technical Field 

[0003] The present invention relates to the field of pharmacogenomics, which applies one or 

more genomic biomarkers and the related diagnostic methods, devices, reagents, systems, and 

kits, for predicting varied individual responses such as, for example, efficacy or adverse effect, 

to therapeutic agents.  

Background 

[0004] Pharmacogenomics is the study of inheritable traits affecting subject response to drug 

treatment. Differential responses to drug treatment may be due to underlying genetic 

polymorphisms (genetic variations sometimes called mutations) that affect drug metabolism.  

Testing subjects for these genetic polymorphisms may help to prevent adverse drug reactions 

and facilitate appropriate drug dosing regimens.  

[0005] In the clinical setting, pharmacogenomics may enable physicians to select the 

appropriate pharmaceutical agents, and the appropriate dosage of these agents, for each 

individual subject. That is, pharmacogenomics can identify those subjects with the right genetic 

makeup to respond to a given therapy. In addition, pharmacogenomics can identify those 

subjects with genetic variations in the genes that control the metabolism of pharmaceutical 

1



WO 2018/045240 PCT/US2017/049747 

compounds, so that the proper treatment (or no treatment) decision can be made, and the proper 

dosage can be administered.  

[0006] Cancer is a disease with extensive heterogeneity. Although conventional histological 

and clinical features may correlate to cancer prognosis, the same apparent prognostic type of 

tumors varies widely in its responsiveness to therapy and consequent survival of the patient.  

New prognostic and predictive markers, which would facilitate an individualization of therapy 

for each patient, are needed to accurately predict patient response to treatments, such as small 

molecule or biological molecule drugs, in the clinic. The problem may be solved by the 

identification of new parameters that could better predict the patient's sensitivity to treatment.  

The classification of patient samples is a crucial aspect of cancer diagnosis and treatment. The 

association of a patient's response to a treatment with molecular and genetic markers can open 

up new opportunities for treatment development in non-responding patients, or distinguish a 

treatment's indication among other treatment choices because of higher confidence in the 

efficacy. Further, the pre-selection of patients who are likely to respond well to a medicine, 

drug, or combination therapy may reduce the number of patients needed in a clinical study or 

accelerate the time needed to complete a clinical development program. The ability to 

determine which patients are responding to anti-angiogenesis therapies or predict drug 

sensitivity in patients is particularly challenging because drug responses reflect not only 

properties intrinsic to the target cells, but also a host's metabolic properties. Efforts to use 

genetic information to predict or monitor drug response have primarily focused on individual 

genes that have broad effects, such as the multidrug resistance genes mdrl and mrpl.  

[0007] There is a need for new and alternative compositions and methods to determine drug 

sensitivity or monitor response in patients to allow the development of individualized treatment 

for diseases and disorders based on patient response at a molecular level. Pharmacogenomics 

may be used to discover and/or develop new and improved compositions and methods for cancer 

treatment and prognosis.  

Summary 

[0008] The summary is not intended to be used to limit the scope of the claimed subject 

matter. Other features, details, utilities, and advantages of the claimed subject matter will be 

apparent from the detailed description including those aspects disclosed in the accompanying 

drawings and in the appended claims.  
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[0009] In one aspect, the present disclosure describes one or more genomic biomarkers that 

correlate with different responses (e.g., efficacy, adverse effect, and other end points) among 

patients receiving a cancer treatment regime, such as enzastaurin, for treating diseases such as 

lymphoma, glioma/glioblastoma, and other cancers. The biomarker or biomarkers can be used 

in companion diagnostic tests which can help to predict drug responses and apply drugs only to 

those who will be benefited, and/or exclude those who might have negative outcome and/or 

adverse effects due to the treatment.  

[0010] In one aspect, the present invention provides a panel of biomarkers comprising a 

single nucleotide polymorphisms (SNPs) selected from the group consisting of rs309605, 

rs309604, and other SNPs such as those from Tables 1A to 1H and Table 2, or complementary 

sequences thereof, and/or sequences in linkage disequilibrium therewith. In some embodiments, 

the biomarkers may comprise the nucleotide sequences set forth in SEQ ID NOs: 1-28, for 

example, SEQ ID NO: 1 and SEQ ID NO: 2, or complementary sequences thereof, and/or 

sequences in linkage disequilibrium therewith. In some embodiments, the biomarkers may also 

include chromaturia, which is also associated with enzastaurin efficacy.  

[0011] Ina further aspect, provided herein is a reagent for the assessment of the biomarkers 

disclosed herein, which may comprise one or more molecules for assaying the SNP. In some 

embodiments, the molecules may be oligonucleotides or polypeptides. In some embodiments, 

the oligonucleotides may comprise the nucleotide sequences set forth in SEQ ID NOs: 1-28, for 

example, SEQ ID NO: 1 and SEQ ID NO: 2, or complementary sequences thereof. In some 

embodiments, the SNP may be assayed by PCR, sequencing, capillary electrophoresis, mass 

spectrometry, single-strand conformation polymorphism (SSCP), electrochemical analysis, 

denaturing HPLC and gel electrophoresis, restriction fragment length polymorphism, 

hybridization analysis, single-base extension, and/or microarray.  

[0012] In an additional aspect, provided herein is a kit for the assessment of a panel of 

isolated biomarkers, which comprises the reagent disclosed herein. In some embodiments, the 

biomarker or biomarkers comprise one or more single nucleotide polymorphisms (SNPs) 

selected from the group consisting of rs309605, rs309604, rs5894240, rs1494748, rs7836309, 

rs309607,rs2132025,rs11990158,rs6469570,rs309603,rs923967,rs1494751,rs2575943, 

rs167446,rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911,rs309609, 

rs170132,rs386413735,rs2642789,rs2642788,rs2575944,rs309614,rs309601, a 

complementary SNP thereof, and a SNP in linkage disequilibrium therewith. In some 
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embodiments, the kit may further comprise instructions for using the biomarker to conduct a 

companion diagnostic test.  

[0013] In yet another aspect, provided herein is a companion diagnostic test for a treatment.  

For example, the companion diagnostic test uses one or more markers selected from the group 

consisting of: rs309605, rs309604, rs5894240, rs1494748, rs7836309, rs309607, rs2132025, 

rs11990158,rs6469570,rs309603,rs923967,rs1494751,rs2575943,rs167446,rs309606, 

rs72675965,rs309602,rs309608,rs309610,rs2575911,rs309609,rs170132,rs386413735, 

rs2642789, rs2642788, rs2575944, rs309614, rs309601, a complementary sequence thereof, and 

a sequence in linkage disequilibrium therewith. For example, the companion diagnostic test 

uses a panel of isolated biomarkers comprising one or more markers selected from the group 

consisting of: rs309605, rs309604, rs5894240, rs1494748, rs7836309, rs309607, rs2132025, 

rs11990158,rs6469570,rs309603,rs923967,rs1494751,rs2575943,rs167446,rs309606, 

rs72675965,rs309602,rs309608,rs309610,rs2575911,rs309609,rs170132,rs386413735, 

rs2642789, rs2642788, rs2575944, rs309614, rs309601, a complementary sequence thereof, and 

a sequence in linkage disequilibrium therewith. In some embodiments, the companion 

diagnostic test may comprise: a) obtaining a biological sample from a subject that is undergoing 

a treatment or is considered for a treatment; b) isolating genomic DNA from said biological 

sample; c) assaying the panel of biomarkers; d) generating an output with a computer algorithm 

based on the assay results of said panel of biomarkers; and/or e) determining the likely 

responsiveness of said subject to said treatment. In some embodiments, the SNPs may be 

assayed by PCR, sequencing, capillary electrophoresis, mass spectrometry, single-strand 

conformation polymorphism (SSCP), electrochemical analysis, denaturing HPLC and gel 

electrophoresis, restriction fragment length polymorphism, hybridization analysis, single-base 

extension, and/or microarray.  

[0014] In one aspect, disclosed herein is a panel of isolated biomarkers associated and/or 

linked with two, three, four or more of the SNPs disclosed herein, for example, rs309605 and 

those in Tables 1A to 1H and Table 2. In another aspect, disclosed herein is a companion 

diagnostic test for a treatment using one or more isolated biomarkers associated and/or linked 

with one, two, three, four or more of the SNPs disclosed herein, for example, rs309605 and 

those in Tables 1A to 1H and Table 2.  

[0015] Further provided is a method of prognosticating responsiveness of a subject to a 

disease treatment using the companion diagnostic test disclosed herein. In some embodiments, 
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the treatment may comprise a therapeutic regimen using enzastaurin or other PKC-$ inhibitors.  

In some embodiments, the disease is selected from the group consisting of DLBCL, 

glioblastoma, lung cancer, prostate cancer, and breast cancer. In some embodiments, the 

method is used for selecting a patient who is likely to benefit from the treatment and/or 

excluding a patient who is likely to experience an adverse effect from the treatment.  

[0016] In still another aspect, provided herein is a method of identifying a new biomarker 

using the panel of isolated biomarkers disclosed herein. In some embodiments, the new 

biomarker may be a DNA, a RNA, a polypeptide, a siRNA or another form of biomarker.  

Further provided herein is a method of identifying a drug target using the panel of isolated 

biomarkers disclosed herein. In some embodiments, the drug target may be identified based on 

a biological pathway related to a biomarker, wherein the biological pathway may be selected 

from the genes related to or regulated by the genomic regions affected by the SNP(s) disclosed 

herein, such as rs309605 or rs309604.  

[0017] In one aspect, disclosed herein is an isolated polynucleotide comprising, consisting 

of, or consisting essentially of a single nucleotide polymorphism (SNP) selected from the group 

consisting of rs309605, rs309604, rs5894240, rs1494748, rs7836309, rs309607, rs2132025, 

rs11990158,rs6469570,rs309603,rs923967,rs1494751,rs2575943,rs167446,rs309606, 

rs72675965,rs309602,rs309608,rs309610,rs2575911,rs309609,rs170132,rs386413735, 

rs2642789, rs2642788, rs2575944, rs309614, rs309601, a complementary SNP thereof, and a 

SNP in linkage disequilibrium therewith. In one embodiment, in the isolated polynucleotide of 

the present disclosure, the SNP is rs309605, rs309604, rs5894240, rs1494748, rs7836309, 

rs309607,rs2132025,rs11990158,rs6469570,rs309603,rs923967,rs1494751,rs2575943, 

rs167446,rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911,rs309609, 

rs170132, rs386413735, rs2642789, rs2642788, rs2575944, rs309614, or rs309601. In another 

embodiment, the SNP is rs309605, rs309604, rs5894240, rs1494748, rs7836309, rs309607, 

rs2132025,rs11990158,rs6469570,rs309603,rs923967,rs309606,rs72675965,rs309602, 

rs309608,rs309610,rs2575911,rs309609,orrs309601. In yet another embodiment, the SNP is 

rs309605, rs309604, rs5894240, rs1494748, or rs7836309. In one embodiment, the SNP is 

rs309605 or rs309604.  

[0018] In another aspect, disclosed herein is a panel of isolated polynucleotides comprising, 

consisting of, or consisting essentially of two or more, three or more, four or more, or five or 

more of the isolated polynucleotide of any one of the preceding embodiments. In one 
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embodiment, the SNPs comprise two or more, three or more, four or more, five or more, or all of 

rs309605,rs309604,rs5894240,rs1494748,rs7836309,rs309607,rs2132025,rs11990158, 

rs6469570,rs309603,rs923967,rs1494751,rs2575943,rs167446,rs309606,rs72675965, 

rs309602,rs309608,rs309610,rs2575911,rs309609,rs170132,rs386413735,rs2642789, 

rs2642788, rs2575944, rs309614, and rs309601. In another embodiment, the SNPs comprise 

two or more, three or more, four or more, five or more, or all of rs309605, rs309604, rs5894240, 

rs1494748,rs7836309,rs309607,rs2132025,rs11990158,rs6469570,rs309603,rs923967, 

rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911,rs309609, and rs309601. In 

yet another embodiment, the SNPs comprise two or more, three or more, four or more, or all of 

rs309605, rs309604, rs5894240, rs1494748, and rs7836309. In one embodiment, the SNPs 

comprise rs309605 and/or rs309604.  

[0019] In any of the preceding embodiments, the isolated polynucleotide can comprise, 

consist of, or consist essentially of a sequence set forth in SEQ ID NOs: 1-28, a complementary 

sequence thereof, or a sequence in linkage disequilibrium therewith. In one embodiment, the 

isolated polynucleotide comprises, consists of, or consists essentially of a sequence set forth in 

SEQ ID NOs: 1-11, 15-21, and 28, a complementary sequence thereof, or a sequence in linkage 

disequilibrium therewith. In one embodiment, the isolated polynucleotide comprises, consists 

of, or consists essentially of a sequence set forth in SEQ ID NOs: 1-5, a complementary 

sequence thereof, or a sequence in linkage disequilibrium therewith. In another embodiment, 

the isolated polynucleotide comprises, consists of, or consists essentially of a sequence set forth 

in SEQ ID NOs: 1-2, a complementary sequence thereof, or a sequence in linkage 

disequilibrium therewith.  

[0020] In one aspect, disclosed herein is a kit comprising the isolated polynucleotide or 

panel of any one of the preceding embodiments, which kit optionally comprises an instruction 

for use.  

[0021] In another aspect, provided herein is a microarray comprising a substrate and the 

isolated polynucleotide or panel of any one of the preceding embodiments directly or indirectly 

immobilized on the substrate.  

[0022] In yet another aspect, disclosed herein is a reagent for detecting one or more single 

nucleotide polymorphisms (SNPs) selected from the group consisting of rs309605, rs309604, 

rs5894240,rs1494748,rs7836309,rs309607,rs2132025,rs11990158,rs6469570,rs309603, 

rs923967,rs1494751,rs2575943,rs167446,rs309606,rs72675965,rs309602,rs309608, 
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rs309610,rs2575911,rs309609,rs170132,rs386413735,rs2642789,rs2642788,rs2575944, 

rs309614, rs309601, a complementary SNP thereof, and a SNP in linkage disequilibrium 

therewith. In one embodiment, the reagent is for detecting one or more SNPs selected from the 

group consisting of rs309605, rs309604, rs5894240, rs1494748, rs7836309, rs309607, 

rs2132025,rs11990158,rs6469570,rs309603,rs923967,rs1494751,rs2575943,rs167446, 

rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911,rs309609,rs170132, 

rs386413735, rs2642789, rs2642788, rs2575944, rs309614, and rs309601. In one embodiment, 

the reagent is for detecting one or more SNPs selected from the group consisting of rs309605, 

rs309604,rs5894240,rs1494748,rs7836309,rs309607,rs2132025,rs11990158,rs6469570, 

rs309603,rs923967,rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911, 

rs309609, and rs309601. In one embodiment, the reagent is for detecting one or more SNPs 

selected from the group consisting of rs309605, rs309604, rs5894240, rs1494748, and 

rs7836309. In one embodiment, the reagent is for detecting rs309605 and/or rs309604.  

[0023] In any of the preceding embodiments, the SNP or SNPs can comprise a sequence set 

forth in SEQ ID NOs: 1-28, a complementary sequence thereof, or a sequence in linkage 

disequilibrium therewith. In one embodiment, the SNP or SNPs comprise a sequence set forth 

in SEQ ID NOs: 1-11, 15-21, and 28, a complementary sequence thereof, or a sequence in 

linkage disequilibrium therewith. In another embodiment, the SNP or SNPs comprise a 

sequence set forth in SEQ ID NOs: 1-5, a complementary sequence thereof, or a sequence in 

linkage disequilibrium therewith. In another embodiment, the SNP or SNPs comprise a 

sequence set forth in SEQ ID NOs: 1-2, a complementary sequence thereof, or a sequence in 

linkage disequilibrium therewith.  

[0024] In any of the preceding embodiments, the reagent can comprise one or more 

molecules for assaying the SNP or SNPs. In one embodiment, the one or more molecules 

comprise an oligonucleotide and/or a polypeptide. In one embodiment, the oligonucleotide 

comprises a sequence set forth in SEQ ID NOs: 1-28, or a complementary sequence thereof. In 

any of the preceding embodiments, the oligonucleotide can comprise one or more primers for 

genotyping the SNP or SNPs.  

[0025] In one aspect, disclosed herein is a kit comprising the reagent of any of the preceding 

embodiments, which kit optionally comprises an instruction for use. In another aspect, disclosed 

herein is a kit comprising the isolated polynucleotide or panel of any of the preceding 

embodiments, which kit optionally comprises an instruction for use. In one embodiment, the 
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isolated polynucleotide or panel comprises a SNP selected from the group consisting of 

rs309605,rs309604,rs5894240,rs1494748,rs7836309,rs309607,rs2132025,rs11990158, 

rs6469570,rs309603,rs923967,rs309606,rs72675965,rs309602,rs309608,rs309610, 

rs2575911, rs309609, and rs309601, and the reagent is capable of detecting the SNP(s). In 

another embodiment, the panel comprises rs309605, rs309604, rs5894240, rs1494748, and/or 

rs7836309, and the reagent is capable of detecting the SNPs. In one embodiment, the panel 

comprises rs309605 and/or rs309604, and the reagent is capable of detecting the SNPs.  

[0026] In any of the preceding kit embodiments, the reagent can be capable of detecting the 

SNP(s), and the isolated polynucleotide or panel can serve as a control for a detection assay.  

[0027] In one aspect, disclosed herein is a microarray comprising a substrate and the reagent 

of any one of the preceding embodiments directly or indirectly immobilized on the substrate. In 

another aspect, disclosed herein is a microarray comprising a substrate and the isolated 

polynucleotide, panel, or reagent of any one of the preceding embodiments directly or indirectly 

immobilized on the substrate. In one embodiment, the reagent is capable of detecting the 

SNP(s) and the isolated polynucleotide or panel serves as a control for a detection assay.  

[0028] In any of the preceding embodiments, the kit, reagent, or microarray can be used for 

the assessment of an isolated biomarker or a panel of isolated biomarkers. In particular 

embodiments, the biomarker or biomarkers comprise a SNP selected from the group consisting 

ofrs309605,rs309604,rs5894240,rs1494748,rs7836309,rs309607,rs2132025,rs11990158, 

rs6469570,rs309603,rs923967,rs1494751,rs2575943,rs167446,rs309606,rs72675965, 

rs309602,rs309608,rs309610,rs2575911,rs309609,rs170132,rs386413735,rs2642789, 

rs2642788, rs2575944, rs309614, rs309601, a complementary SNP thereof, and a SNP in 

linkage disequilibrium therewith. In one embodiment, the isolated biomarker or panel is assayed 

by sequencing, polymerase chain reaction (PCR), capillary electrophoresis, mass spectrometry, 

single-strand conformation polymorphism (SSCP), electrochemical analysis, denaturing HPLC 

and gel electrophoresis, restriction fragment length polymorphism, hybridization analysis, 

single-base extension (SBE), allele specific primer extension (ASPE), restriction enzyme 

digestion, strand displacement amplification (SDA), transcription mediated amplification 

(TMA), ligase chain reaction (LCR), nucleic acid sequence based amplification (NASBA), 

primer extension, rolling circle amplification (RCA), self sustained sequence replication (3SR), 

loop-mediated isothermal amplification (LAMP), hybridization, nucleic acid sequencing, and/or 

microarray. Optionally, the nucleic acid sequencing is selected from the group consisting of 
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Maxam-Gilbert sequencing, a chain-termination method, shotgun sequencing, bridge PCR, 

single-molecule real-time sequencing, ion semiconductor (ion torrent sequencing), sequencing 

by synthesis, sequencing by ligation (SOLiD sequencing), chain termination (Sanger 

sequencing), massively parallel signature sequencing (MPSS), polony sequencing, 454 

pyrosequencing, Illumina (Solexa) sequencing, DNA nanoball sequencing, heliscope single 

molecule sequencing, single molecule real time (SMRT) sequencing, nanopore DNA 

sequencing, tunnelling currents DNA sequencing, sequencing by hybridization, sequencing with 

mass spectrometry, microfluidic Sanger sequencing, a microscopy-based technique, RNAP 

sequencing, and in vitro virus high-throughput sequencing.  

[0029] In any of the preceding embodiments, the kit, reagent, or microarray can further 

comprise an instruction for using the isolated biomarker or panel to conduct a companion 

diagnostic test for a treatment, e.g., a cancer treatment. In one aspect, the companion diagnostic 

test for the treatment is conducted using a panel of isolated biomarkers comprising one or more 

SNPs selected from the group consisting of rs309605, rs309604, rs5894240, rs1494748, 

rs7836309,rs309607,rs2132025,rs11990158,rs6469570,rs309603,rs923967,rs309606, 

rs72675965, rs309602, rs309608, rs309610, rs2575911, rs309609, rs309601, a complementary 

SNP thereof, and a SNP in linkage disequilibrium therewith. In one embodiment, the 

companion diagnostic test for the treatment is conducted using a panel of isolated biomarkers 

comprising one or more SNPs selected from the group consisting of rs309605, rs309604, 

rs5894240, rs1494748, rs7836309, a complementary SNP thereof, and a SNP in linkage 

disequilibrium therewith. In another aspect, the companion diagnostic test for the treatment is 

conducted using a panel of isolated biomarkers comprising one or more SNPs selected from the 

group consisting of rs309605, rs309604, a complementary SNP thereof, and a SNP in linkage 

disequilibrium therewith.  

[0030] In any of the preceding embodiments, the treatment can be a cancer treatment. In 

some embodiments, the cancer is a lymphoma, a leukemia, a brain cancer, a multiple myeloma, 

a pancreatic cancer, a liver cancer, a stomach cancer, a breast cancer, a kidney cancer, a lung 

cancer, a colorectal cancer, a colon cancer, a prostate cancer, an ovarian cancer, a cervical 

cancer, a skin cancer, an esophagus cancer, or a head and neck cancer. In some embodiments, 

the cancer is diffuse large B-cell lymphoma (DLBCL), glioma/glioblastoma (GBM), non-small 

cell lung cancer (NSCLC), breast cancer, prostate cancer, ovarian cancer, colon cancer, 

pancreatic cancer, renal cancer, and other hematology tumors such as cutaneous T-cell 
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lymphomachronic lymphocytic leukemia, multiple myeloma, or a non-Hodgkin lymphoma, such 

as Waldenstrom's macroglobulinemia.  

[0031] In any of the preceding embodiments, the treatment can comprise administering to a 

subject in need thereof a pharmaceutically effective amount of a bisindolylmaleimide or an 

analogue or derivative thereof. In one embodiment, the bisindolylmaleimide or analogue or 

derivative is enzastaurin or an analogue or derivative thereof.  

[0032] In any of the preceding embodiments, the treatment can comprise administering to a 

subject in need thereof a pharmaceutically effective amount of a protein kinase inhibitor, such as 

a protein kinase C (PKC) inhibitor, e.g., a PKCP inhibitor. In one embodiment, the protein 

kinase inhibitor is enzastaurin or an analogue or derivative thereof.  

[0033] In any of the preceding embodiments, the protein kinase inhibitor can suppress 

phosphorylation of AKT, mammalian target of rapamycin (mTOR), p70S6K, ribosomal protein 

S6, 4EBP1, cAMP response element-binding protein, and/or GSK30, and/or the protein kinase 

inhibitor can inhibit or reduce the response of an endothelial cell to an angiogenic stimulus, e.g., 

VEGF.  

[0034] In any of the preceding embodiments, the kit, reagent, or microarray can further 

comprise a bisindolylmaleimide or an analogue or derivative thereof, and/or a protein kinase 

inhibitor, such as a protein kinase C (PKC) inhibitor, e.g., a PKCP inhibitor. In one 

embodiment, the bisindolylmaleimide or analogue or derivative and/or the protein kinase 

inhibitor is enzastaurin or an analogue or derivative thereof.  

[0035] In one aspect, disclosed herein is a companion diagnostic method, comprising: 

[0036] a) obtaining a biological sample from a subject that is undergoing a treatment or is 

considered for a treatment, and optionally isolating genomic DNA from said biological sample; 

[0037] b) assaying the biological sample for one or more single nucleotide polymorphisms 

(SNPs) selected from the group consisting of rs309605, rs309604, rs5894240, rs1494748, 

rs7836309,rs309607,rs2132025,rs11990158,rs6469570,rs309603,rs923967,rs1494751, 

rs2575943,rs167446,rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911, 

rs309609,rs170132,rs386413735,rs2642789,rs2642788,rs2575944,rs309614,rs309601, a 

complementary SNP thereof, and a SNP in linkage disequilibrium therewith; and/or 

[0038] c) generating an output, e.g., a score, for example with a computer algorithm based 

on the assay results of said SNP or SNPs, in order to determine the likely responsiveness of said 

subject to said treatment.  

10



WO 2018/045240 PCT/US2017/049747 

[0039] In one aspect, disclosed herein is a method for classifying a subject for eligibility for 

a treatment, comprising: 

[0040] a) obtaining a biological sample from a subject that is undergoing a treatment or is 

considered for a treatment, and optionally isolating genomic DNA from said biological sample; 

[0041] b) assaying the biological sample for one or more single nucleotide polymorphisms 

(SNPs) selected from the group consisting of rs309605, rs309604, rs5894240, rs1494748, 

rs7836309,rs309607,rs2132025,rs11990158,rs6469570,rs309603,rs923967,rs1494751, 

rs2575943,rs167446,rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911, 

rs309609,rs170132,rs386413735,rs2642789,rs2642788,rs2575944,rs309614,rs309601, a 

complementary SNP thereof, and a SNP in linkage disequilibrium therewith; and/or 

[0042] c) generating an output, e.g., a score, for example with a computer algorithm based 

on the assay results of said SNP or SNPs, in order to classify the subject as eligible or ineligible 

for the treatment or continued treatment.  

[0043] In one aspect, disclosed herein is a method for screening a subject or a population of 

subjects for a treatment, comprising: 

[0044] a) obtaining a biological sample from a subject or a population of subjects 

undergoing a treatment or being considered for a treatment, and optionally isolating genomic 

DNA from said biological sample; 

[0045] b) assaying the biological sample for one or more single nucleotide polymorphisms 

(SNPs) selected from the group consisting of rs309605, rs309604, rs5894240, rs1494748, 

rs7836309,rs309607,rs2132025,rs11990158,rs6469570,rs309603,rs923967,rs1494751, 

rs2575943,rs167446,rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911, 

rs309609,rs170132,rs386413735,rs2642789,rs2642788,rs2575944,rs309614,rs309601, a 

complementary SNP thereof, and a SNP in linkage disequilibrium therewith; and/or 

[0046] c) generating an output, e.g., a score, for example with a computer algorithm based 

on the assay results of said SNP or SNPs, in order to determine whether the subject or the 

population is likely to benefit from the treatment or continued treatment, and/or to determine 

whether the subject or the population is likely to experience an adverse effect from the treatment 

or continued treatment.  

[0047] In one aspect, disclosed herein is a method for monitoring a subject during a 

treatment, comprising: 
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[0048] a) obtaining a biological sample from a subject undergoing a treatment, and 

optionally isolating genomic DNA from said biological sample; 

[0049] b) assaying the biological sample for one or more single nucleotide polymorphisms 

(SNPs) selected from the group consisting of rs309605, rs309604, rs5894240, rs1494748, 

rs7836309,rs309607,rs2132025,rs11990158,rs6469570,rs309603,rs923967,rs1494751, 

rs2575943,rs167446,rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911, 

rs309609,rs170132,rs386413735,rs2642789,rs2642788,rs2575944,rs309614,rs309601, a 

complementary SNP thereof, and a SNP in linkage disequilibrium therewith; and/or 

[0050] c) generating an output, e.g., a score, for example with a computer algorithm based 

on the assay results of said SNP or SNPs, in order to determine whether the subject should 

receive continued treatment.  

[0051] In any of the preceding embodiments, the method can further comprise obtaining 

information of the subject's chromaturia status before, during, and/or after the treatment. In one 

embodiment, the information of the subject's chromaturia status is obtained from the subject's 

medical record, and/or obtained by self-reporting and/or analysis of a urine sample of the subject 

during the treatment.  

[0052] In any of the preceding embodiments, the SNP(s) assay output and the information of 

the subject's chromaturia status can be both used in guiding treatment decision-making.  

Optionally, the output and the information produce a synergistic effect.  

[0053] In any of the preceding embodiments, the method can further comprise subjecting the 

subject to the treatment or continuing the treatment on the subject.  

[0054] In any of the preceding embodiments, the method can further comprise not 

recommending the treatment on the subject or withdrawing the subject from the treatment.  

[0055] In any of the preceding method embodiments, the one or more SNPs can be selected 

from the group consisting of rs309605, rs309604, rs5894240, rs1494748, rs7836309, rs309607, 

rs2132025,rs11990158,rs6469570,rs309603,rs923967,rs1494751,rs2575943,rs167446, 

rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911,rs309609,rs170132, 

rs386413735, rs2642789, rs2642788, rs2575944, rs309614, and rs309601. In one embodiment, 

the one or more SNPs are selected from the group consisting of rs309605, rs309604, rs5894240, 

rs1494748,rs7836309,rs309607,rs2132025,rs11990158,rs6469570,rs309603,rs923967, 

rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911,rs309609, andrs309601. In 

one aspect, the one or more SNPs are selected from the group consisting of rs309605, rs309604, 
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rs5894240, rs1494748, or rs7836309. In another aspect, the one or more SNPs are selected from 

the group consisting of rs309605 and rs309604.  

[0056] In any of the preceding method embodiments, the SNP or SNPs can comprise a 

sequence set forth in SEQ ID NOs: 1-28, a complementary sequence thereof, or a sequence in 

linkage disequilibrium therewith. In one aspect, the SNP or SNPs comprise a sequence set forth 

in SEQ ID NOs: 1-11, 15-21, and 28, a complementary sequence thereof, or a sequence in 

linkage disequilibrium therewith. In another aspect, the SNP or SNPs comprise a sequence set 

forth in SEQ ID NOs: 1-5, a complementary sequence thereof, or a sequence in linkage 

disequilibrium therewith. In still another aspect, the SNP or SNPs comprise a sequence set forth 

in SEQ ID NOs: 1-2, a complementary sequence thereof, or a sequence in linkage 

disequilibrium therewith.  

[0057] In any of the preceding method embodiments, the SNP is or the SNPs can be assayed 

by sequencing, polymerase chain reaction (PCR), capillary electrophoresis, mass spectrometry, 

single-strand conformation polymorphism (SSCP), electrochemical analysis, denaturing HPLC 

and gel electrophoresis, restriction fragment length polymorphism, hybridization analysis, 

single-base extension (SBE), allele specific primer extension (ASPE), restriction enzyme 

digestion, strand displacement amplification (SDA), transcription mediated amplification 

(TMA), ligase chain reaction (LCR), nucleic acid sequence based amplification (NASBA), 

primer extension, rolling circle amplification (RCA), self sustained sequence replication (3SR), 

loop-mediated isothermal amplification (LAMP), hybridization, nucleic acid sequencing, and/or 

microarray. Optionally, the nucleic acid sequencing can be selected from the group consisting 

of Maxam-Gilbert sequencing, a chain-termination method, shotgun sequencing, bridge PCR, 

single-molecule real-time sequencing, ion semiconductor (ion torrent sequencing), sequencing 

by synthesis, sequencing by ligation (SOLiD sequencing), chain termination (Sanger 

sequencing), massively parallel signature sequencing (MPSS), polony sequencing, 454 

pyrosequencing, Illumina (Solexa) sequencing, DNA nanoball sequencing, heliscope single 

molecule sequencing, single molecule real time (SMRT) sequencing, nanopore DNA 

sequencing, tunnelling currents DNA sequencing, sequencing by hybridization, sequencing with 

mass spectrometry, microfluidic Sanger sequencing, a microscopy-based technique, RNAP 

sequencing, and in vitro virus high-throughput sequencing.  

[0058] In any of the preceding embodiments, the treatment can be a cancer treatment. In 

one aspect, the cancer is a lymphoma, a leukemia, a brain cancer, a multiple myeloma, a 
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pancreatic cancer, a liver cancer, a stomach cancer, a breast cancer, a kidney cancer, a lung 

cancer, a colorectal cancer, a colon cancer, a prostate cancer, an ovarian cancer, a cervical 

cancer, a skin cancer, an esophagus cancer, or a head and neck cancer. In some embodiments, 

the cancer is diffuse large B-cell lymphoma (DLBCL), glioma/glioblastoma (GBM), non-small 

cell lung cancer (NSCLC), cutaneous T-cell lymphoma, or a non-Hodgkin lymphoma, such as 

Waldenstrom's macroglobulinemia.  

[0059] In any of the preceding method embodiments, the treatment can comprise 

administering to the subject in need thereof a pharmaceutically effective amount of a 

bisindolylmaleimide or an analogue or derivative thereof. Optionally, the treatment can further 

comprise another therapy, such as a standard care for a disease or condition, e.g., rituximab

cyclophosphamide, doxorubicin, vincristine, and/or prednisone (R-CHOP) for cancer treatment.  

In one aspect, the bisindolylmaleimide or analogue or derivative is enzastaurin or an analogue or 

derivative thereof.  

[0060] In any of the preceding embodiments, the treatment can comprise administering to 

the subject in need thereof a pharmaceutically effective amount of a protein kinase inhibitor, 

such as a protein kinase C (PKC) inhibitor, e.g., a PKCP inhibitor. Optionally, the treatment can 

further comprise another therapy, such as a standard care for the disease or condition. In one 

embodiment, the protein kinase inhibitor is enzastaurin or an analogue or derivative thereof. In 

any of the preceding embodiments, the protein kinase inhibitor can suppress phosphorylation of 

AKT, mammalian target of rapamycin (mTOR), p70S6K, ribosomal protein S6, 4EBP1, cAMP 

response element-binding protein, and/or GSK30. In any of the preceding embodiments, the 

protein kinase inhibitor can inhibit or reduce the response of an endothelial cell to an angiogenic 

stimulus, e.g., VEGF.  

[0061] In one aspect, also disclosed herein is a method of identifying a new biomarker using 

one or more single nucleotide polymorphisms (SNPs) selected from the group consisting of 

rs309605,rs309604,rs5894240,rs1494748,rs7836309,rs309607,rs2132025,rs11990158, 

rs6469570,rs309603,rs923967,rs1494751,rs2575943,rs167446,rs309606,rs72675965, 

rs309602,rs309608,rs309610,rs2575911,rs309609,rs170132,rs386413735,rs2642789, 

rs2642788, rs2575944, rs309614, rs309601, a complementary SNP thereof, and a SNP in 

linkage disequilibrium therewith. In one embodiment, the new biomarker is a DNA, a RNA, a 

polypeptide, a siRNA or another form of biomarker.  
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[0062] Also disclosed herein, in one aspect, is a method of identifying a drug target using 

one or more single nucleotide polymorphisms (SNPs) selected from the group consisting of 

rs309605,rs309604,rs5894240,rs1494748,rs7836309,rs309607,rs2132025,rs11990158, 

rs6469570,rs309603,rs923967,rs1494751,rs2575943,rs167446,rs309606,rs72675965, 

rs309602,rs309608,rs309610,rs2575911,rs309609,rs170132,rs386413735,rs2642789, 

rs2642788, rs2575944, rs309614, rs309601, a complementary SNP thereof, and a SNP in 

linkage disequilibrium therewith. In one embodiment, the drug target is identified based on a 

biological pathway related to the one or more SNPs.  

Brief Description of the Drawings 

[0063] FIGS. 1A-1C. FIG. 1A depicts the enzastaurin phase 3 Prelude trial design.  

Enzastaurin's anti-tumor activity in DLBCL was examined in a phase 3 maintenance trial 

(Prelude) where 758 patients were randomized in 2:1 ratio in enzastaurin treatment arm vs 

placebo control arm. FIG. 1B shows the correlation of chromaturia with enzastaurin efficacy.  

Overall survival analysis of patients treated with enzastaurin (N = 504) vs patients treating with 

placebo control arm (N = 254) was shown and there is no significant difference between 

enzastaurin arm and placebo arm. FIG. 1C shows the survival analysis of patients experiencing 

chromaturia (N=96) vs patient without chromaturia (N=408) following enzastaurin treatment, 

and also vs. the control arm (N = 254). By this analysis, the patients experiencing chromaturia 

after Enzastaurin treatment exhibiting significantly longer overall survival than that of the 

control group (Hazard Ratio = 0.46 and p-value = 0.025).  

[0064] The Kaplan-Meier estimate, also known as the product limit estimate, is a non

parametric statistic used to estimate the survival function from lifetime data. Plot based on such 

estimate method is called Kaplan-Meier plot. Kaplan-Meier technique is widely used in medical 

and clinical research to analyze time to event variables, such overall survival and disease-free 

survival. These time to event variables often do not satisfy an underline specific survival 

function, such as exponential or Weibull distribution. Therefore, Kaplan-Meier technique 

provides a practical and least-bias estimate of survival function for common time to event 

variables.  

[0065] FIGS. 2A-2C show the prediction of enzastaurin efficacy by the genetic biomarker 

rs309605. . FIG. 2A depicts the overall survival analysis of patients from the enzastaurin arm.  

The survival curves show patients carrying rs309605 genotype AA and AB vs patients carrying 
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genotype BB. FIG. 2B shows the overall survival analysis of patients from the placebo arm.  

The survival curves show patients carrying rs309605 genotype AA and AB vs patients carrying 

genotype BB. FIG. 2C shows the result of predicting enzastaurin efficacy by combining 

rs309605 and chromaturia.  

[0066] FIGS. 3A-3F show the biomarker analysis in enzastaurin Phase 2 DLBCL 1 line 

induction trial. FIG. 3A shows the phase 2 DLBCL Trial design. FIG. 3B shows the overall 

survival analysis in general patient population. FIG. 3C shows the survival analysis in patients 

carrying different rs309605 genotypes. FIG. 3D shows the biomarker analysis in placebo 

group. FIG. 3E shows a Kaplan-Meier plot of Study S028, showing the overall survival in 

patients with International Prognostic Index (IPI) Score > 2 and Genotype AA+AB. FIG. 3F 

shows a Kaplan-Meier plot of Study S028, showing the Progression Free Survival (PFS) in 

patients with IPI Score > 2 and Genotype AA+AB.  

[0067] FIGS. 4A-4B show the biomarker analysis in enzastaurin in GBM Phase % first line 

trial. FIG. 4A is a Kaplan-Meier plot showing time to overall survival in the AA+AB group and 

BB group. FIG. 4B is a Kaplan-Meier plot showing time to overall survival in the chromaturia 

group and non-chromaturia group.  

[0068] FIGS. 5A-5B. FIG. 5A shows a linkage disequilibrium map around rs309605. In 

this example, the Linkage Disequilibrium of rs309605 is for CEU. The result is from 1000 

GENOMES phase 3 data. CEU represents Utah residents with Northern and Western European 

ancestry. FIG. 5B shows a detailed analysis of rs309605 and TRPS1 gene, indicating the 

physical location of rs309605 on Chr8 and its closest gene TRPS1.  

Detailed Description of the Invention 

[0069] A detailed description of one or more embodiments of the claimed subject matter is 

provided below along with accompanying figures that illustrate the principles of the claimed 

subject matter. The claimed subject matter is described in connection with such embodiments, 

but is not limited to any particular embodiment. It is to be understood that the claimed subject 

matter may be embodied in various forms, and encompasses numerous alternatives, 

modifications and equivalents. Therefore, specific details disclosed herein are not to be 

interpreted as limiting, but rather as a basis for the claims and as a representative basis for 

teaching one skilled in the art to employ the claimed subject matter in virtually any appropriately 

detailed system, structure, or manner. Numerous specific details are set forth in the following 
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description in order to provide a thorough understanding of the present disclosure. These details 

are provided for the purpose of example and the claimed subject matter may be practiced 

according to the claims without some or all of these specific details. It is to be understood that 

other embodiments can be used and structural changes can be made without departing from the 

scope of the claimed subject matter. It should be understood that the various features and 

functionality described in one or more of the individual embodiments are not limited in their 

applicability to the particular embodiment with which they are described. They instead can, be 

applied, alone or in some combination, to one or more of the other embodiments of the 

disclosure, whether or not such embodiments are described, and whether or not such features are 

presented as being a part of a described embodiment. For the purpose of clarity, technical 

material that is known in the technical fields related to the claimed subject matter has not been 

described in detail so that the claimed subject matter is not unnecessarily obscured.  

[0070] All publications referred to in this application are incorporated by reference in their 

entireties for all purposes to the same extent as if each individual publication were individually 

incorporated by reference.  

[0071] All headings are for the convenience of the reader and should not be used to limit the 

meaning of the text that follows the heading, unless so specified.  

[0072] Throughout this disclosure, various aspects of the claimed subject matter are 

presented in a range format. It should be understood that the description in range format is 

merely for convenience and brevity and should not be construed as an inflexible limitation on 

the scope of the claimed subject matter. Accordingly, the description of a range should be 

considered to have specifically disclosed all the possible sub-ranges as well as individual 

numerical values within that range. For example, where a range of values is provided, it is 

understood that each intervening value, between the upper and lower limit of that range and any 

other stated or intervening value in that stated range is encompassed within the claimed subject 

matter. The upper and lower limits of these smaller ranges may independently be included in 

the smaller ranges, and are also encompassed within the claimed subject matter, subject to any 

specifically excluded limit in the stated range. Where the stated range includes one or both of 

the limits, ranges excluding either or both of those included limits are also included in the 

claimed subject matter. This applies regardless of the breadth of the range. For example, 

description of a range such as from 1 to 6 should be considered to have specifically disclosed 
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sub-ranges such as from to 3, from 1 to 4, from I to 5, from 2 to 4, from 2 to 6, from 3 to 6 

etc., as well as individual numbers within that range, for example, 1, 2, 3, 4, 5, and 6.  

A. General Techniques 

[0073] The practice of the present invention will employ, unless otherwise indicated, 

conventional techniques of molecular biology (including recombinant techniques), 

microbiology, cell biology, biochemistry, and immunology, which are within the skill of the art.  

Such techniques are explained fully in the literature, such as, "Molecular Cloning: A Laboratory 

Manual", second edition (Sambrook et al., 1989); "Oligonucleotide Synthesis" (M. J. Gait, ed., 

1984); "Animal Cell Culture" (R. I. Freshney, ed., 1987); "Methods in Enzymology" (Academic 

Press, Inc.); "Current Protocols in Molecular Biology" (F. M. Ausubel et al., eds., 1987, and 

periodic updates); "PCR: The Polymerase Chain Reaction", (Mullis et al., eds., 1994).  

B. Definitions 

[0074] Unless defined otherwise, all technical and scientific terms used herein have the same 

meaning as is commonly understood by one of ordinary skill in the art to which this invention 

belongs. All patients, applications, published applications and other publications referred to 

herein are incorporated by reference in their entireties. If a definition set forth in this section is 

contrary to or otherwise inconsistent with a definition set forth in the patients, applications, 

published applications and other publications that are herein incorporated by reference, the 

definition set forth in this section prevails over the definition that is incorporated herein by 

reference.  

[0075] As used herein, the singular forms "a", "an", and "the" include plural references 

unless indicated otherwise. For example, "a" dimer includes one or more dimers.  

[0076] The term "biomarker" or "marker" as used herein refers generally to a molecule, 

including a gene, protein, carbohydrate structure, or glycolipid, the expression of which in or on 

a mammalian tissue or cell or secreted can be detected by known methods (or methods disclosed 

herein) and is predictive or can be used to predict (or aid prediction) for a mammalian cell's or 

tissue's sensitivity to, and in some embodiments, to predict (or aid prediction) an individual's 

responsiveness to treatment regimens.  

[0077] As used herein, a "pharmacogenomic biomarker" is an objective biomarker which 

correlates with a specific clinical drug response or susceptibility in a subject (see, e.g., McLeod 
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et al., Eur. J. Cancer (1999) 35:1650-1652). It may be a biochemical biomarker, or a clinical 

sign or symptom. The presence or quantity of the pharmacogenomic marker is related to the 

predicted response of the subject to a specific drug or class of drugs prior to administration of 

the drug. By assessing the presence or quantity of one or more pharmacogenomic markers in a 

subject, a drug therapy which is most appropriate for the subject, or which is predicted to have a 

greater degree of success, may be selected. For example, based on the presence or quantity of 

DNA, RNA, or protein for specific tumor markers in a subject, a drug or course of treatment 

may be selected that is optimized for the treatment of the specific tumor likely to be present in 

the subject. Similarly, the presence or absence of a specific sequence mutation or polymorphism 

may correlate with drug response. The use of pharmacogenomic biomarkers therefore permits 

the application of the most appropriate treatment for each subject without having to administer 

the therapy. Methods for discovering pharmacogenomic biomarkers are known, for example, as 

disclosed in U.S. 2014/0031242 Al, which is incorporated herein by reference. Exemplary 

pharmacogenomic biomarkers have been discovered to correlate with varied individual 

responses (e.g., efficacy, adverse effect, and other end points) to therapeutic retinoid X receptor 

modulator, such as bexarotene, in treating diseases such as, non-small cell lung cancer, for 

example, as disclosed in U.S. 2015/0368720 Al, which is incorporated herein by reference.  

[0078] As used herein, the term "polymorphic locus" refers to a region in a nucleic acid at 

which two or more alternative nucleotide sequences are observed in a significant number of 

nucleic acid samples from a population of individuals. A polymorphic locus may be a 

nucleotide sequence of two or more nucleotides, an inserted nucleotide or nucleotide sequence, a 

deleted nucleotide or nucleotide sequence, or a microsatellite, for example. A polymorphic 

locus that is two or more nucleotides in length may be 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15 or 

more, 20 or more, 30 or more, 50 or more, 75 or more, 100 or more, 500 or more, or about 1000 

nucleotides in length, where all or some of the nucleotide sequences differ within the region. A 

polymorphic locus is often one nucleotide in length, which is referred to herein as a "single 

nucleotide polymorphism" or a "SNP." In some embodiments, the high-density genotyping may 

be conducted by using SNPs. In some embodiments, about 1,000-5,000,000 or more SNPs, may 

be used. In some embodiments, the high-density genotyping may be array-based. In some 

embodiments, the high-density genotyping may be conducted by using sequencing, such as 

high-throughput sequencing.  
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[0079] Where there are two, three, or four alternative nucleotide sequences at a polymorphic 

locus, each nucleotide sequence is referred to as a "polymorphic variant" or "nucleic acid 

variant." Where two polymorphic variants exist, for example, the polymorphic variant 

represented in a minority of samples from a population is sometimes referred to as a "minor 

allele" and the polymorphic variant that is more prevalently represented is sometimes referred to 

as a "major allele." Many organisms possess a copy of each chromosome (e.g., humans), and 

those individuals who possess two major alleles or two minor alleles are often referred to as 

being "homozygous" with respect to the polymorphism, and those individuals who possess one 

major allele and one minor allele are normally referred to as being "heterozygous" with respect 

to the polymorphism. Individuals who are homozygous with respect to one allele are sometimes 

predisposed to a different phenotype as compared to individuals who are heterozygous or 

homozygous with respect to another allele.  

[0080] Single-nucleotide polymorphisms may fall within coding sequences of genes, non

coding regions of genes, or in the intergenic regions (regions between genes). SNPs within a 

coding sequence do not necessarily change the amino acid sequence of the protein that is 

produced, due to degeneracy of the genetic code.  

[0081] SNPs in the coding region are of two types, synonymous and nonsynonymous SNPs.  

Synonymous SNPs do not affect the protein sequence while nonsynonymous SNPs change the 

amino acid sequence of protein. The nonsynonymous SNPs are of two types: missense and 

nonsense.  

[0082] SNPs that are not in protein-coding regions may still affect gene splicing, 

transcription factor binding, messenger RNA degradation, or the sequence of non-coding RNA.  

Gene expression affected by this type of SNP is referred to as an eSNP (expression SNP) and 

may be upstream or downstream from the gene.  

[0083] In genetic analysis that identifies one or more pharmacogenomic biomarkers, 

samples from individuals having different values in a relevant phenotype often are allelotyped 

and/or genotyped. The term "allelotype" as used herein refers to a process for determining the 

allele frequency for a polymorphic variant in pooled DNA samples from cases and controls, 

and/or in separate DNA samples from each individual subject. By genotyping DNA from each 

group, an allele frequency for each locus in each group is calculated. These allele frequencies 

are then compared to one another. In some embodiments, DNA samples are genotyped using 

whole genome SNP arrays, such as those manufactured by Affymetrix (Santa Clara, Calif.) 
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and/or Illumina (San Diego, Calif.), such as the Affymetrix 500K array. In addition to 

Affymetrix arrays, Illumina chips and Sequenom MassArray can also be used. Any suitable 

genotype calling algorithm(s) may be used. In some embodiments, the genotype calls are 

generated using the Robust Linear Model with the Mahalanobis Distance Classifier (RLMM) 

algorithm, the RLMM with a Bayesian step (BRLMM) algorithm, the AxiomTm GT Ialgorithm, 

the BRLMM using perfect-match probes (BRLMM-P) algorithm, or the Birdseed algorithm 

(Rabbee etal Bioinformatics (2006) 22:7-12; Korn et al.,Nat Genet (2008) 40:1253-60).  

[0084] A genotype or polymorphic variant may be expressed in terms of a "haplotype," 

which as used herein refers to a set of DNA variations, or polymorphisms, that tend to be 

inherited together. A haplotype can refer to a combination of alleles or to a set of SNPs found 

on the same chromosome. For example, two SNPs may exist within a gene where each SNP 

position includes a cytosine variation and an adenine variation. Certain individuals in a 

population may carry one allele (heterozygous) or two alleles (homozygous) having the gene 

with a cytosine at each SNP position. As the two cytosines corresponding to each SNP in the 

gene travel together on one or both alleles in these individuals, the individuals can be 

characterized as having a cytosine/cytosine haplotype with respect to the two SNPs in the gene.  

[0085] Sometimes, a polymorphic variant is reported in a database without determining 

whether the variant is represented in a significant fraction of a population. Because a subset of 

these reported polymorphic variants are not represented in a statistically significant portion of 

the population, some of them are sequencing errors and/or not biologically relevant. Thus, it is 

often not known whether a reported polymorphic variant is statistically significant or 

biologically relevant until the presence of the variant is detected in a population of individuals 

and the frequency of the variant is determined. A polymorphic variant is statistically significant 

(and optionally often biologically relevant) if it is represented in 1% or more of a population, 

sometimes 5% or more, 10% or more, 15% or more, or 20% or more of a population, and often 

25% or more, 30% or more, 35% or more, 40% or more, 45% or more, or 50% or more of a 

population. For certain genetic diseases and/or rare diseases, however, a variant may represent a 

very small percentage of a population and yet is still biologically relevant.  

[0086] The term "sample", as used herein, refers to a composition that is obtained or derived 

from a subject of interest that contains a cellular and/or other molecular entity that is to be 

characterized and/or identified, for example based on physical, biochemical, chemical and/or 

physiological characteristics. For example, the phrase "clinical sample" or "disease sample" and 
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variations thereof refer to any sample obtained from a subject of interest that would be expected 

or is known to contain the cellular and/or molecular entity that is to be characterized.  

[0087] The term "tissue or cell sample" refers to a collection of similar cells obtained from a 

tissue of a subject or patient. The source of the tissue or cell sample may be solid tissue as from 

a fresh, frozen and/or preserved organ or tissue sample or biopsy or aspirate; blood or any blood 

constituents; bodily fluids such as cerebral spinal fluid, amniotic fluid, peritoneal fluid, or 

interstitial fluid; cells from any time in gestation or development of the subject. The tissue 

sample may also be primary or cultured cells or cell lines. Optionally, the tissue or cell sample 

is obtained from a disease tissue/organ. The tissue sample may contain compounds that are not 

naturally intermixed with the tissue in nature such as preservatives, anticoagulants, buffers, 

fixatives, nutrients, antibiotics, or the like.  

[0088] The biological sample herein can be a plasma, serum, whole blood, or dried blood 

spot sample. "Plasma," or "blood plasma," as used herein, refers to the intravascular fluid part 

of extracellular fluid (all body fluid outside of cells). It is mostly water and contains dissolved 

proteins, glucose, clotting factors, mineral ions, hormones and carbon dioxide (plasma being the 

main medium for excretory product transportation). Blood plasma is prepared by spinning a 

tube of fresh blood containing an anti-coagulant in a centrifuge until the blood cells fall to the 

bottom of the tube. The blood plasma is then poured or drawn off. "Blood serum" is blood 

plasma without fibrinogen or the other clotting factors (i.e., whole blood minus both the cells 

and the clotting factors).  

[0089] "Polynucleotide," or "nucleic acid," as used interchangeably herein, refer to 

polymers of nucleotides of any length, and include DNA and RNA. The nucleotides can be 

deoxyribonucleotides, ribonucleotides, modified nucleotides or bases, and/or their analogs, or 

any substrate that can be incorporated into a polymer by DNA or RNA polymerase. A 

polynucleotide may comprise modified nucleotides, such as methylated nucleotides and their 

analogs. If present, modification to the nucleotide structure may be imparted before or after 

assembly of the polymer. The sequence of nucleotides may be interrupted by non-nucleotide 

components. A polynucleotide may be further modified after polymerization, such as by 

conjugation with a labeling component. Other types of modifications include, for example, 

"caps", substitution of one or more of the naturally occurring nucleotides with an analog, 

intemucleotide modifications such as, for example, those with uncharged linkages (e.g., methyl 

phosphonates, phosphotriesters, phosphoamidates, cabamates, etc.) and with charged linkages 
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(e.g., phosphorothioates, phosphorodithioates, etc.), those containing pendant moieties, such as, 

for example, proteins (e.g., nucleases, toxins, antibodies, signal peptides, ply-L-lysine, etc.), 

those with intercalators (e.g., acridine, psoralen, etc.), those containing chelators (e.g., metals, 

radioactive metals, boron, oxidative metals, etc.), those containing alkylators, those with 

modified linkages (e.g., alpha anomeric nucleic acids, etc.), as well as unmodified forms of the 

polynucleotide(s). Further, any of the hydroxyl groups ordinarily present in the sugars may be 

replaced, for example, by phosphonate groups, phosphate groups, protected by standard 

protecting groups, or activated to prepare additional linkages to additional nucleotides, or may 

be conjugated to solid supports. The 5' and 3' terminal OH can be phosphorylated or substituted 

with amines or organic capping groups moieties of from 1 to 20 carbon atoms. Other hydroxyls 

may also be derivatized to standard protecting groups. Polynucleotides can also contain 

analogous forms of ribose or deoxyribose sugars that are generally known in the art, including, 

for example, 2'-O-methyl-2'-O- allyl, 2'-fluoro- or 2'-azido-ribose, carbocyclic sugar analogs, 

u-anomeric sugars, epimeric sugars such as arabinose, xyloses or lyxoses, pyranose sugars, 

furanose sugars, sedoheptuloses, acyclic analogs and abasic nucleoside analogs such as methyl 

riboside. One or more phosphodiester linkages may be replaced by alternative linking groups.  

These alternative linking groups include, but are not limited to, embodiments wherein phosphate 

is replaced by P(O)S("thioate"), P(S)S ("dithioate"), "(O)NR 2 ("amidate"), P(O)R, P(O)OR', 

CO or CH 2 ("formacetal"), in which each R or R' is independently H or substituted or 

unsubstituted alkyl (1-20 C) optionally containing an ether (--0--) linkage, aryl, alkenyl, 

cycloalkyl, cycloalkenyl or araldyl. Not all linkages in a polynucleotide need be identical. The 

preceding description applies to all polynucleotides referred to herein, including RNA and DNA.  

[0090] "Oligonucleotide," as used herein, generally refers to short, generally single stranded, 

generally synthetic polynucleotides that are generally, but not necessarily, less than about 200 

nucleotides in length. The terms "oligonucleotide" and "polynucleotide" are not mutually 

exclusive. The description above for polynucleotides is equally and fully applicable to 

oligonucleotides.  

[0091] "Amplification," as used herein, generally refers to the process of producing multiple 

copies of a desired sequence. "Multiple copies" means at least 2 copies. A "copy" does not 

necessarily mean perfect sequence complementarity or identity to the template sequence. For 

example, copies can include nucleotide analogs such as deoxyinosine, intentional sequence 

alterations (such as sequence alterations introduced through a primer comprising a sequence that 
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is hybridizable, but not complementary, to the template), and/or sequence errors that occur 

during amplification.  

[0092] The term "array" or "microarray", as used herein refers to an ordered arrangement of 

hybridizable array elements, such as polynucleotide probes (e.g., oligonucleotides), beads, or 

binding reagents (e.g., antibodies), on a substrate. The substrate can be a solid substrate, such as 

a glass or silica slide, a fiber optic binder, or a semi-solid substrate, such as nitrocellulose 

membrane. The nucleotide sequences can be DNA, RNA, or any permutations thereof.  

[0093] As used herein, the term "phenotype" refers to a trait which can be compared between 

individuals, such as presence or absence of a condition, a visually observable difference in 

appearance between individuals, metabolic variations, physiological variations, variations in the 

function of biological molecules, and the like. A phenotype can be qualitative or quantitative.  

An example of a phenotype is responsiveness to a treatment, such as a drug.  

[0094] "Responsiveness" can be assessed using any endpoint indicating a benefit to the 

patient, including, without limitation, (1) inhibition, to some extent, of disease progression, 

including slowing down and complete arrest; (2) reduction in the number of disease episodes 

and/or symptoms; (3) reduction in lesional size; (4) inhibition (i.e., reduction, slowing down or 

complete stopping) of disease cell infiltration into adjacent peripheral organs and/or tissues; (5) 

inhibition (i.e., reduction, slowing down or complete stopping) of disease spread; (6) relief, to 

some extent, of one or more symptoms associated with the disorder; (7) increase in the length of 

disease-free presentation following treatment; (8) decreased mortality at a given point of time 

following treatment; and/or (9) lack of adverse effects following treatment. Responsiveness can 

also be assessed using any endpoint indicating side effect and/or toxicity to the patient.  

[0095] "Treating" or "treatment" or "alleviation" refers to therapeutic treatment wherein the 

object is to slow down (lessen) if not cure the targeted pathologic condition or disorder or 

prevent recurrence of the condition. A subject is successfully "treated" if, after receiving a 

therapeutic amount of a therapeutic agent, the subject shows observable and/or measurable 

reduction in or absence of one or more signs and symptoms of the particular disease. For 

example, significant reduction in the number of cancer cells or absence of the cancer cells; 

reduction in the tumor size; inhibition (i.e., slow to some extent and preferably stop) of tumor 

metastasis; inhibition, to some extent, of tumor growth; increase in length of remission, and/or 

relief to some extent, one or more of the symptoms associated with the specific cancer; reduced 

morbidity and mortality, and improvement in quality of life issues. Reduction of the signs or 
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symptoms of a disease may also be felt by the patient. Treatment can achieve a complete 

response, defined as disappearance of all signs of cancer, or a partial response, wherein the size 

of the tumor is decreased, preferably by more than 50 percent, more preferably by 75%. A 

patient is also considered treated if the patient experiences stable disease. In some 

embodiments, treatment with a therapeutic agent is effective to result in the patients being 

disease-free 3 months after treatment, preferably 6 months, more preferably one year, even more 

preferably 2 or more years post treatment. These parameters for assessing successful treatment 

and improvement in the disease are readily measurable by routine procedures familiar to a 

physician of appropriate skill in the art.  

[0096] The term "prediction" or "prognosis" is used herein to refer to the likelihood that a 

patient will respond either favorably or unfavorably to a drug or set of drugs. In one 

embodiment, the prediction relates to the extent of those responses. In one embodiment, the 

prediction relates to whether and/or the probability that a patient will survive or improve 

following treatment, for example treatment with a particular therapeutic agent, and for a certain 

period of time without disease recurrence. The predictive methods of the invention can be used 

clinically to make treatment decisions by choosing the most appropriate treatment modalities for 

any particular patient. The predictive methods of the present invention are valuable tools in 

predicting if a patient is likely to respond favorably to a treatment regimen, such as a given 

therapeutic regimen, including for example, administration of a given therapeutic agent or 

combination, surgical intervention, steroid treatment, etc.  

[0097] As used herein, the term "specifically binds" refers to the binding specificity of a 

specific binding pair. Recognition by an antibody of a particular target in the presence of other 

potential targets is one characteristic of such binding. Specific binding involves two different 

molecules wherein one of the molecules specifically binds with the second molecule through 

chemical or physical means. The two molecules are related in the sense that their binding with 

each other is such that they are capable of distinguishing their binding partner from other assay 

constituents having similar characteristics. The members of the binding component pair are 

referred to as ligand and receptor (anti-ligand), specific binding pair (SBP) member and SBP 

partner, and the like. A molecule may also be an SBP member for an aggregation of molecules; 

for example an antibody raised against an immune complex of a second antibody and its 

corresponding antigen may be considered to be an SBP member for the immune complex.  
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[0098] As used herein, the term "homologue" is used to refer to a nucleic acid which differs 

from a naturally occurring nucleic acid (i.e., the "prototype" or "wild-type" nucleic acid) by 

minor modifications to the naturally occurring nucleic acid, but which maintains the basic 

nucleotide structure of the naturally occurring form. Such changes include, but are not limited 

to: changes in one or a few nucleotides, including deletions (e.g., a truncated version of the 

nucleic acid) insertions and/or substitutions. A homologue can have enhanced, decreased, or 

substantially similar properties as compared to the naturally occurring nucleic acid. A 

homologue can be complementary or matched to the naturally occurring nucleic acid.  

Homologues can be produced using techniques known in the art for the production of nucleic 

acids including, but not limited to, recombinant DNA techniques, chemical synthesis, etc.  

[0099] As used herein, "complementary" or "matched" means that two nucleic acid 

sequences have at least 50% sequence identity. Preferably, the two nucleic acid sequences have 

at least 60%, 70%, 80%, 90%, 95%, 96%, 97%, 98%, 99% or 100% of sequence identity.  

"Complementary or matched" also means that two nucleic acid sequences can hybridize under 

low, middle and/or high stringency condition(s).  

[00100]As used herein, "substantially complementary or substantially matched" means that 

two nucleic acid sequences have at least 90% sequence identity. Preferably, the two nucleic acid 

sequences have at least 95%, 96%, 97%, 98%, 99% or 100% of sequence identity. Alternatively, 

"substantially complementary or substantially matched" means that two nucleic acid sequences 

can hybridize under high stringency condition(s).  

[00101]In general, the stability of a hybrid is a function of the ion concentration and 

temperature. Typically, a hybridization reaction is performed under conditions of lower 

stringency, followed by washes of varying, but higher, stringency. Moderately stringent 

hybridization refers to conditions that permit a nucleic acid molecule such as a probe to bind a 

complementary nucleic acid molecule. The hybridized nucleic acid molecules generally have at 

least 60% identity, including for example at least any of 70%, 75%, 80%, 85%, 90%, or 95% 

identity. Moderately stringent conditions are conditions equivalent to hybridization in 50% 

formamide, 5x Denhardt's solution, 5xSSPE, 0.2% SDS at 42°C, followed by washing in 

0.2xSSPE, 0.2% SDS, at 42°C. High stringency conditions can be provided, for example, by 

hybridization in 50% formamide, 5x Denhardt's solution, 5xSSPE, 0.2% SDS at 42°C, followed 

by washing in 0.1xSSPE, and 0.1% SDS at 65°C.  
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[00102]Low stringency hybridization refers to conditions equivalent to hybridization in 10% 

formamide, 5x Denhardt's solution, 6xSSPE, 0.2% SDS at 22°C, followed by washing in 

1xSSPE, 0.2% SDS, at 37C. Denhardt's solution contains 1% Ficoll, 1% polyvinylpyrolidone, 

and 1% bovine serum albumin (BSA). 20xSSPE (sodium chloride, sodium phosphate, ethylene 

diamide tetraacetic acid (EDTA)) contains 3M sodium chloride, 0.2M sodium phosphate, and 

0.025 M (EDTA). Other suitable moderate stringency and high stringency hybridization buffers 

and conditions are well known to those of skill in the art.  

[00103] As used herein, the term "output" refers to a value or score generated from a 

computer algorithm. The output may be generated based on assay results using the biomarkers 

disclosed herein as inputs to the computer algorithm. An "output" can be either quantitative or 

qualitative, and can be used for determining the likely responsiveness of a subject to a treatment 

in a companion diagnostic test.  

[00104]A companion diagnostic test or method generally provides information that is 

essential for the safe and effective use of a corresponding drug or biological product. The test 

helps a health care professional determine whether a particular therapeutic product's benefits to 

patients will outweigh any potential serious side effects or risks. In certain aspects, a companion 

diagnostic test disclosed herein can identify patients who are most likely to benefit from a 

particular therapeutic agent, such as an acyclic bisindolylmaleimide (e.g., enzastaurin 

(LY317615)); identify patients likely to be at increased risk for serious side effects as a result of 

treatment with a particular therapeutic agent; and/or monitor response to treatment with a 

particular therapeutic agent for the purpose of adjusting treatment to achieve improved safety or 

effectiveness. Companion diagnostics may be co-developed with one or more drugs (or a 

combination therapy such as a cocktail) to aid in selecting or excluding patient groups for 

treatment with that particular drug on the basis of their biological characteristics that determine 

responders and non-responders to the therapy. In some aspects, companion diagnostics are 

developed based on companion biomarkers, biomarkers that prospectively help predict likely 

response or severe toxicity. In some embodiments, the present disclosure provides a companion 

biomarker comprising one or more, for example, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more of the SNPs 

disclosed herein.  

[00105]It is understood that aspects and embodiments of the invention described herein 

include "consisting" and/or "consisting essentially of' aspects and embodiments.  
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[00106] Other aspects, advantages and features of the present invention will become 

apparent from the following specification taken in conjunction with the accompanying 

drawings.  

C. Biomarkers for Predicting Enzastaurin Responsiveness 

[00107] Enzastaurin (LY317615), an acyclic bisindolylmaleimide, is a potent and selective 

inhibitor of protein kinase C beta (PKC; half maximal inhibitory concentration [IC50] 

approximately 6 nM), as well as other PKC isoforms (e.g., c, y, 8, IC50s 40-100 nM) (Graff et 

al. 2005) and other AGC-family kinases including p90RSK and MSK (Parsons et al. 2008).  

In cultured cancer cells (e.g., colon, non-small cell lung cancer [NSCLC], glioblastoma, 

diffuse large B-cell and cutaneous T-cell lymphoma, multiple myeloma, and Waldenstrom's 

macroglobulinemia), enzastaurin treatment at clinically relevant concentrations blocks 

intracellular signaling through the PKC and P13K/AKT pathways, specifically suppressing 

phosphorylation of AKT, mammalian target of rapamycin, p70S6K, ribosomal protein S6, 

4EBP1, cAMP response element-binding protein, and GSK3p. Accordingly, enzastaurin 

inhibits tumor cell proliferation, induces tumor cell apoptosis (i.e., programmed cell death), 

and suppresses tumor-induced angiogenesis (Graff et al. 2005; Querfeld et al. 2006; Rizvi et 

al. 2006; Neri et al. 2008; Parsons et al. 2008). By blocking these signaling pathways, 

enzastaurin also blunts the response of endothelial cells to angiogenic stimuli (e.g., VEGF) 

(McNulty et al. 2008).  

[00108] Oral dosing with enzastaurin (to achieve plasma exposure levels similar to those 

in human clinical trials) suppresses VEGF induced angiogenesis in the rat comeal 

micropocket model. Single-agent enzastaurin treatment also suppresses growth of multiple 

human cancer xenografts, including colorectal carcinomas, glioblastomas (Graff et al. 2005), 

diffuse large B-Cell lymphomas (Rossi et al. 2005), Waldenstrom's macroglobulinemia, and 

multiple myeloma (Moreau et al. 2007; Podar et al. 2007). Enzastaurin treatment enhances 

the activity of radiation in pancreatic cancer (Spalding et al. 2007), metastatic breast cancer 

(Dudek et al. 2008), and intracranially implanted glioblastomas (Tabatabai et al. 2007).  

Similarly, enzastaurin enhances the efficacy of numerous targeted agents, including sunitinib 

in renal cell carcinoma (McNulty et al. 2008) and bortezomib in multiple myeloma (Podar et 

al. 2007). By suppressing signaling through the AKT pathway, which is frequently involved 

in chemoresistance (West et al. 2002), enzastaurin also potentiates the activity of oncolytics, 

such as temozolomide in glioblastoma (Parsons et al. 2008). The antitumor activity of 

enzastaurin reflects multiple mechanisms of 
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action: a direct effect on tumor cells (suppression of tumor cell proliferation, and the induction 

of tumor cell death), and an indirect effect on tumor-associated endothelial cells (suppression of 

tumor-induced angiogenesis).  

[00109]Enzastaurin has been tested in more than 60 clinical studies including many different 

types of tumors such as lymphoma, leukemia, brain cancer, lung cancer, breast cancer, prostate 

cancer, colon cancer etc. As of 13 September 2013, a total of 4387 cancer patients and healthy 

subjects have been enrolled in Eli Lilly and Company-sponsored clinical trials, of whom 

approximately 3337 individuals received enzastaurin. Of the approximately 3337 individuals 

who received enzastaurin, 3149 were cancer patients and 188 were healthy subjects in 9 

completed clinical pharmacology studies. In 2014, Denovo Biopharma LLC (Denovo) 

completed the transfer of ownership of Enzastaurin to enable its further clinical development.  

Denovo is identifying unique subsets of patients who have responded favorably to enzastaurin, 

and will continue the clinical development of enzastaurin for the treatment of cancers such as 

DLBCL and glioma/glioblastoma, in selected sub-populations of patients more likely to respond 

to enzastaurin.  

[00110]In one aspect, the present disclosure provides a method of predicting responders to a 

therapeutic regime which includes enzastaurin and/or other PKC$ and other AGC kinases (such 

as GSKs, p90RSKs, MSKs, GSK3p) inhibitors, by using results generated by genotyping the 

genetic biomarkers.  

[00111] Enzastaurin (LY317615) is an oral serine/threonine kinase inhibitor that selectively 

targets PKC0 suppressing signaling through the phosphotidyl-inositol 3 kinase/protein kinase B 

(PI3K/AKT) pathway, decreasing tumor proliferation, and inducing apoptosis in cancer cells.  

Based on early phase clinical data, enzastaurin was shown to be well tolerated using daily oral 

dosing. Enzastaurin's anti-tumor activity has been tested in a large number of clinical studies, 

particularly in DLBCL and glioma/glioblastoma/central nervous system (CNS) tumors.  

[00112] Enzastaurin is a PKC Beta selective inhibitor. Enzastaurin has the chemical name 3

(1-methyl-iH-indol-3-yl)-4-[I-[I-(pyridin-2-ylmethyl)piperidin-4-yl]-1H-indol-3-yl]-1H

pyrrole-2,5-dione and is disclosed in U.S. Patent 5,668,152. Any pharmaceutically acceptable 

salt of enzastaurin is also within the present disclosure and can be used in the composition 

and/or method disclosed herein. For example, U.S. Patent 8,114,901 discloses a crystalline 2,5

dione-3-(1-methyl-iH-indol-3-yl)-4-[I-[I-(pyridin-2-ylmethyl)piperidin-4-yl]-1H-indol-3-yl]
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1H-pyrrole mono-hydrochloride or a hydrate thereof. A pharmaceutical composition comprising 

enzastaurin or a salt thereof and a pharmaceutical carrier is also within the present disclosure.  

[00113]Prelude trial is a multicenter, phase 3, randomized, double-blind, placebo-controlled 

trial enrolled patients at high risk of recurrence following rituximab-cyclophosphamide, 

doxorubicin, vincristine, and prednisone (R-CHOP). Seven hundred fifty-eight patients with 

stage 2 bulky or stage 3-4 DLBCL, 3 or more International Prognostic Index (IPI) risk factors at 

diagnosis, and a confirmed response (CR)/unconfirmed complete response (CRu) following R

CHOP were assigned 2:1 to receive oral enzastaurin 500 mg daily or placebo for 3 years or until 

disease progression or unacceptable toxicity. Primary endpoint was DFS 3 years after the last 

patient entered treatment (FIG. 1A). Although enzastaurin failed to demonstrate statistically 

significant efficacy overall patient population (FIG. 1B), it is disclosed herein that a subset of 

patients who experienced chromaturia with exhibited significant anti-tumor activity in DLBCL 

in PRELUDE trial (FIG. 1C). By this analysis, the patients experiencing chromaturia after 

enzastaurin treatment exhibiting significantly longer overall survival than that of the control 

group (Hazard Ratio = 0.46 and p-value = 0.025). Thus, chromaturia itself could be a biomarker 

predicting enzastaurin efficacy, however, chromaturia only can be observed after patients taking 

enzastaurin. The pharmacogenomic biomarker which can predict enzastaurin efficacy would be 

more desirable as these biomarkers can be used to identify potential enzastaurin responders 

before taking the drugs.  

[00114]Unlike most oncology biomarker studies focusing on mutations or target protein 

overexpression in tumor cells, germline genetic polymorphisms also contribute to the various 

responses to the same drug in different patients. Thus, germline DNA samples extracted from 

blood of patients enrolled in Prelude trial were used to identify pharmacogenetic biomarker for 

enzastaurin. In discovery phase, 282 samples from enzastaurin treatment group (95 were from 

patients with chromaturia and 187 were from patients without chromaturia) were genotyped 

using the whole genome single nucleotide polymorphism (SNP) arrays from Illumina, which 

contain about 5 million SNPs.  

[00115]It was found that a specific configuration for two SNPs located on chromosome 8, 

Reference SNP ID 309605 (rs309605) and Reference SNP ID 309604 (rs309604), was strongly 

associated with survival in the enzastaurin arm. Patients with heterozygous or homozygous for 

the presence of a thymidine at both rs309605 and rs309604 had significantly improved survival 

in enzastaurin treated arm (FIG. 2A). In one embodiment, the presence of a thymidine at 
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rs309605 (homozygous or heterozygous) and a thymidine at rs309604 (homozygous or 

heterozygous) in the same subject will cause the subject to be classified as "biomarker positive" 

and the presence of cytidine (homozygous) at either SNP will cause the subject to be classified 

as "biomarker negative." 

[00116]It was identified that rs309605 and rs309604 were strongly associated with 

enzastaurin anti-tumor activity as patients carrying A allele of rs309605 and rs309604 (AA + 

AB genotype) exhibited significant longer overall survival comparing to patient carrying BB 

genotype. For both rs309605 and rs309604, allele A represents T and allele B represents C.  

Among patients who had events, there are 22 carrying BB genotypes vs 31 carrying AA+AB.  

Among patients who survived, there are 22 BB carrying genotype patients vs 209 patients 

carrying AA+AB genotypes, which gives a p-value 5.75 x 10-9. A p-value smaller than 5 x 10-8 

is usually considered the threshold for genome-wide significance. Since rs309605 and rs309604 

are in linkage disequilibrium, the results from rs309605 is used here as an example. The 

prediction of enzastaurin using rs309605 on overall survival in these DLBCL patients is shown 

in FIG. 2A.  

[00117] To examine whether rs309605 is merely a prognostic biomarker, DNA samples from 

238 patients from placebo control group were genotyped at rs309605 using the Taqman SNP 

assays. FIG. 2B shows that there is no significant difference in overall survival between 

patients carrying AA + AB genotype vs patients carrying BB genotype. Therefore, rs309605 

associated improvement in survival is related to enzastaurin treatment, and rs309605 appears to 

be a pharmacogenomics biomarker for predicting enzastaurin anti-tumor activity.  

[00118]As both rs309605 and chromaturia are associated with enzastaurin's anti-tumor 

activity, the interaction between these two biomarkers was next examined. FIG. 2C shows that 

patients carrying AA+AB genotype at rs309605 with chromaturia exhibit the best overall 

survival and the interaction is between the two biomarkers are statistically significant (p value= 

0.017, Table 3). In some aspects of the present disclosure, like what is observed in DLBCL 

prelude trial, the predicative power for enzastaurin responsiveness is even better when rs309605 

is combined with chromaturia (Table 3). In addition, DNA from 177 patients from enzastaurin 

treated patients without chromaturia was genotyped, and there was no significant difference in 

overall survival between patients carrying AA+AB genotypes vs. patients carry BB genotypes, 

this result may partially explained by the lack of chromaturia in this subset of patients.  
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[00119]Next it was examined whether the association between rs309605 and enzastaurin 

activity is unique to DLBCL patients under the maintenance mode (Prelude trial), DNA samples 

from patient enrolled in S028 trials, where enzastaurin was tested in 1" line setting in 

combination with R-CHOP (FIG. 3A), was genotyped at rs309605 using Taqman assay.  

Although there is no significant difference between the enzastaurin arm and the control arm in 

general patient population (FIG. 3B), FIG. 3C shows that patients carrying AA or AB at 

rs309605 (AA+AB) also exhibited significant better survival than patient carrying BB genotype 

in enzastaurin treatment arm, and rs309605 genotype has little impact on overall survival of 

patients in control arm when R-CHOP along was administrated (FIG. 3D). This result confirms 

that rs309605 as pharmacogeonomic biomarker for enzastaurin activity in DLBCL under two 

very different trial design. In one aspect, since there are only five patients were reported having 

experienced chromaturia, it may not provide meaningful result to examine the interaction 

between chromaturia and rs309605 in this phase 2 DLBCL trial. In one aspect, the low 

incidence of chromaturia in this trial may be due to the under-reporting as chromaturia was not 

key clinical outcome required to record under original protocol. In one aspect, patients having 

IPI >2 experienced better survival from enzastaurin treatment. Thus, subgroup analysis was 

conducted using both IPI and rs309605 and rs309604. FIGS. 3E-3F show that patient carrying 

AA+AB at rs309605 and rs309604 and having IPI > 2 exhibited superior efficacy in both overall 

survival (FIG. 3E) and Progression Free (PFS) survival (FIG. 3F), particularly the hazard ratio 

of overall survival reached to 0.28 in favor of the enzastaurin treatment arm.  

[00120] To verify the genotype results from these archived clinical samples, some of the 

samples were genotyped by more than one technology, such as Illumina SNP arrays, Taqman 

Assay, and Sequencing, and they mostly generated identical results. In addition, these DNA 

samples were also genotyped at rs309604, and similar results to those at rs309605 were 

observed.  

[00121]Because the biomarker identified herein for enzastaurin is germline genetic 

polymorphisms instead of mutations or target overexpression in tumor cells, which may 

associated with specific tumor type, this same genetic polymorphism, rs309605, might be a 

potential pharmacogenetics biomarkers for enzastaurin efficacy in other tumor types too. The 

DNA samples from blood of GBM patients in S008 trials were used to genotype rs309605 by 

Taqman assay. FIG. 4A shows that patients carrying AA or AB genotype at rs309605 

demonstrate better overall survival comparing to patients carrying BB genotypes. The 
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correlation between chromaturia and enzastaurin's efficacy was also examined. FIG. 4B shows 

that GBM patients experiencing chromaturia has significant improved survival vs. those without 

chromaturia.  

[00122]Biological plausibility of the genomic biomarker and its potential mechanism provide 

further consideration of these effects. The gene closest to rs309605 and rs309604 is TRPS1, 

which encodes Transcriptional repressor GATA binding 1 or Tricho-Rhino-Phalangeal 

Syndrome Type I Protein (FIG. 5B). TRPS1 represses GATA-regulated genes and plays a 

central role in cell cycle control and tumor development. Enzastaurin is a potent inhibitor for 

PKC- , PI3K, and AKT, which are also known to be involved in cell cycle regulation as well as 

interact with GATA factors directly and indirectly. However, the precise mechanism by which 

these SNPs affect enzastaurin and its effect on survival remains to be elucidated.  

[00123] Thus, in one aspect, described herein is one or more novel genomic biomarkers that 

correlate with the activity of a kinase inhibitor, such as enzastaurin. These biomarkers can be 

used to identify the patients who are most likely to benefit or experience adverse effect from the 

kinase inhibitor (such as enzastaurin) treatment.  

[00124]Generally, an isolated SNP-containing nucleic acid molecule comprises one or more 

SNP positions disclosed by the present invention with flanking nucleotide sequences on either 

side of the SNP positions. A flanking sequence can include nucleotide residues that are 

naturally associated with the SNP site and/or heterologous nucleotide sequences. Preferably the 

flanking sequence is up to about 500, 300, 100, 60, 50, 30, 25, 20, 15, 10, 8, or 4 nucleotides (or 

any other length in-between) on either side of a SNP position, or as long as the full-length gene 

or entire protein-coding sequence (or any portion thereof such as an exon).  

[00125]In one aspect, the biomarkers of the invention are rs309605 and those provided in 

Tables 1A to 1H and Table 2, and others in linkage disequilibrium with them, and 

complementary sequences thereof. For example, in CEU and CHB populations, the minor allele 

of the following SNPs is designated allele B, and the major allele is designated allele A.  

[00126]Marker rs309605 (e.g., as shown in SEQ ID NO: 1 or a complementary sequence 

thereof):TGGGGAATGTCATTCCATGTTAGGC[A/G]TCATGTTGAAACATATTATTTCAT 

A. The SNP can be retrieved from NCBI, available at 

ncbi.nlm.nih.gov/projects/SNP/snpref.cgi?rs=309605. The above sequence is in reverse 

orientation and the forward orientation is 
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TATGAAATAATATGTTTCAACATGA[C/T]GCCTAACATGGAATGACATTCCCCA. The 

alele frequency table uses theforward orientation in which the variationsite is [C/T.  

RefSNP Allles:AG(NEV 

Ancestral Allele: G 

C02.4285/2146 
(1000 

MAFtMinorAlleleCount: Genomes) 
-0.4426/12889 

{TOPMED) 

[00127]Marker rs309604 (eqg, as shown in SEQ ID NO: 2 oracomplementarysequence 

themof):GAAGGAACACITCCCTA ATGCCCA[C/TI]GAAGGAACA AGO ATTCTGATAGC 

TT The SNP can be retrieved front NCBI, available at 

nichtam.nih.gov/projects/SNP/snpjofcgi?rs=309604, 

HGVS4mes 
SNV: NO 00000.10:g116130309>T 

Variation Class:single nucleoide•NO 000o08.11:g.1151180800>T 
variation 

RefSNPAlleles: C/T(FID) 
Ancestral Allele: C 

C=0A287/2147 
(1000 

MAFlMinorAlleleCount: Genomes) 
=0a4428/12893 

(TOPMED) 

[00128]For both rs309605 and rs309604, allele A represents T and allele B presents C at 

the SNP site.  

[00129]Marker rs5894240 (e.g- as showa in SEQ ID NO: 3 or complementary sequence 

thereof):AAAAGCAAAAAAA.AAATAAAAAAAT[

/A]AAAAAAAAAAGGCAAAGAGACAGAA. The SNP can be retrieved from NCBI, 

available atncbitimnih-gov/projects/SNP/snprecg?rs=5894240.  

Alte HGVStNamen 

Variation Class: d NC90000.10:g116130397deA 

variaion * NC O000008,11:g.1511818deA 
RefSNPAlleles:-A(FWD) 

Ancestral Allele: A 
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An0,3644/1825 MAF/MinorAlleleCount:(10Gnms 
(1000 GE no mes) 

[00130]Markers 494748 (ag as shown in SEQ ID NO: 4 or a complementarysequence 

thereoIf:CACCCGTTAAAAAAAAAAAAAAATC[G/TiGTCACTAATTGTTCCGGTTACTA 

TT, The SNP can be retrieved frm NCBL available at 

nebi nlrm.nih.gov/projects/SNP/apeidfcgirs=1494748.  

SNV:•N 0081:g16379> 
Variation Class: single nucleotide G 327790v'T 

variation * NC 000008,11:.115120550G>T 
RetSNP Allles: GT (FWD) 

Ancestral Allele: G 

G=0.4295/2151 
(1000 

MAF/MinorAleletounl: Genomes) 
G=0.4433/12909 
(TOPMED) 

[00131]Marker rs7836309 (ag. as shown in SEQID NO: 5 or a complementary sequence 

thereof):atageaatageaacaaacaaacta[G/T]caatatgtaagtaccaaaag, The SNPcan be retrieved 

from NCBI, available at nbininmaih.govprojectsSNP/sp recgi?rs=7836309.  

Allele NGVS Names 
sNV: 

Variation Class: singlenucleide + NC_000008,10:g.116154006T>G 
variation • NC..000008.11:g;.115141777T>G 

ReISNP Alleles: GT (FW) 

G=0.4575/2291 
(1000 

MAFlMinorAlleleCount: Genomos) 
(0.4818/14029 
(TOPMED) 

[00132]Markerrs309607(e.asshowninSEQIDNO:6oracompemetarysequence 

theireof):CAT.TCTCATCATAGiTCTGCTTCTCA[C/ITTTGATTCAGTATTGGATGAAGATC 

A. The SNP can be retrieved from NCBavailable at 

achitnlmtnih.gov/projects/SNP/snpjretcgi?rs=309607 

SNV:•N_0081:g16169> 
Vacation Class:singlenucleotide 

variaion *NC_000006.11:g.115106460G>A 

RefSNP Alleles:OT(&EV) 
Ancestral Aele: C 

G=0.4393/2200 
MAFiMinorAleleCoun:(100
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Genomes) 
G=0.4559/13274 
FORMEDD) 

[00133]Markerrs2132025 (eAg, as shown in SEQ ID NO: 7 or complementary sequence 

thereof)GCTCTA TTTATAAAGTCTATTAACJTTTTAACTCAAATCAAAATAACTAC 

A. The SNP can be retrieved from NCBI available at 

nebinimnih.gov/projects/SNP/sprecgitrs=2132025, 

All GQVS Namens 
SNVN 

single NC_000008 10:g.1161463270>T 
Varatin~lssnucleotide * NC_000008-11:g.115134098C>T 

vaniation
RefSNP Alleles:C/TFWD) 

Ancestral Alee: T 
T=O4S11/2259 
(1000 

MAF/MinorAlleleCount: Genomes) 
T-=4725/13757 
(TOPMED) 

[00134] Marker rs11990158 (e.g as shown in SEQ ID NO: 8 or a complementarysequence 

thereof): tgaatticatecaaagctttttg[GTatetatttagataataatgtggt.The SNP can beretrieved from 

NCBL av ailable at ne im~nih.gov/projcts/SNP/sngrefqci?rs=11990158.  

SNV: NC_000008.10:g.116150758G>T 

Varatin~lssnucleotbde * NC 000008.11:g.115138529G> T 
variation -

RefSNP Alleles: IT(FWD) 

Ancestral Allele: T 

T=03690/1848 
(1000 

MAF/MinorAlleleCount: Genomes) 
T=0.3512/10225 
(TOPMED) 

[00135]Marker rs6469570 (.g, as shown in SEQ ID NO: 9 or a complementary sequence 

thereof):atcaaagctttttggatatG/T]agtaatagtggtttttgtttt.The SNP can be retrieved from 

NCBI, available atnebLnlmnih~gov/projects/SNP/suprefcgi?r=6469570.  

SNV:NC 000.10:g.116150766T>G 
Vanation Class: single nucleotide 

varaon NC_000008.11:g.115138537T>G 
RefSNP Alleles: GT (FWD) 

AncestruaAllele: G 
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G=O.4551/2279 
(1000 

MAF/MinorAlleleCount:Genomes) 
GA4752/I3836 
(TOPMED) 

[00136]Marker rs309603 (e.g, as shown in SEQ IDNO: 10 or a complimentary seque nce 

themvof):CTA CA TGCCAAGTAACAACA GAGG[AC]CTGCTGA ATTCA TTCATTGCATT 

TT The SNP can be retrieved from NCBL vailable at 

nebi ahxn.nih.gov/projects/SNP/snpfrf.cgi7rs=309603.  

Aflele GVS Names 

SNV: • NCO00000810:gA116122316T>G 

Variation Class: ige 
NC00000811-g115110087T>G 

ReJSNP Alleles:A/C((RE) 

Ancestral Allele: C 
T=0.3349/1677 
(1000 

MAF/MinorAleleCount: Genomes) 

TOPPEDD) 

[0137]Markerrs926 (e.gas shown in SEQID NO:I I oracomplementary sequence 

thereof):AACTTOGGG(MTTCACTACTC[ATTCOXGCACGTTTTA-AAAAGTCATC 

AG, The SNP can be retrieved fom NCEL availabc at 

nchi.nlnnihbgov/projects/SNP/snp ref.cgi?rs=923967.  

SNV: 

Variation Class:smg A nucleotide NC0 
variation 

RefSNP Alleles: A/T(FWD) 
Ancestral Allele: T 

A=0.2730/1367 
(1000 

MAF/MinorAleleCount: Genomes) 
A=0O.3146/91:60 
(TOPMED) 

[00138]Marker rs1494751 (eag as shown in SEQ IDNO: 12or acopeenary sequence 

thereof):CATACACCAAGAGTTTTATAAA TAA[A/GlTTTATTTCAATATGAAGGTTAAA 

TT The SNP can be retrieved from NCBL available at 

ncbinhmnihgov/projects/SNP/snp_refcgi?rs=1494751 

[00139] 
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SNV NCJX0000810g116114984A>G 

Variation Class: single 
n N q0000S.11:g 115102755A>G 

variation 
RefSNP Aleles: AG (FWD) 

Ancestral Aele: A 
A=0.387/2197 
(1000 

MAF/MinorAlleleCount: Genomes) 
A=O.4584113349 
(TOPMED) 

[00140]Marker rs25759 43 (e. as shown in SEQ ID NO: 13 or acomplementarysequence 

thereof):TTAATCGGAATGCTCCCTGCTCCTC[A/T]CTTTATTCCCTAGATAAACGTACA 

C. The SNP can e retrieved from NCBL availalekat 

achi.nl ihgov/projects/SNP/snprelcgi?rs=25759 4 3.  

SNV: 

Variation Class: single , 1 
* NO 00,1:.115101855A>T 

variation 
RefSNP A lele:AT(REV) 

Anestral Alee: T 

A=4A411/2209 
(1000 

MAFiMinorAteleCount: Genomes) 
A-04598/13389 
(TOPMED) 

[00141]Marker rs167446 (W, as shown in SEQ ID NO: 14 or acompeenaysequence 

ther)aaeattacattaA/Ga atattagtaectaThe SNP can be rtrieved from 

NCBL available at nbiilmnnihggv/prjec/SNP/sap regcgi?rs=16744.  

Variation Class: nucleoide *NC 
variation -CG~IgI5866> 

RefSNP AIIees: A/ (RV) 
Ancestra Aleie: A 

T4).4217/2112 
(1000 

MAF/MinorAleleCount:Genomes) 
T-O.4350/12665 
(TOPMED) 

[iM142]Marikerrs309606 (eg as shown in SEQ ID NO: 15 or acomplementary sequence 

therOf)CTATT ATTTTCAGAACATTGCTTAA[CfTATGTTGGTTG AGTCCGGCAGACAA 

38



WO 2018/045240 PCT/US2017/049747 

A. The SNP can be retrieved from NCBI available at 

nbi.nkntnih.gov/projects/SNP/snpretfi?rs=309606.  

SNVI 
Varitio~las: *NC_000008.10:g11l5126138G>A 

Variat ion Ckass: m 
u NC 000I11:.111909G>A 

variaton -

RefSNP Alleles: C/7 iEV) 

Ancestral Allele: T 

G0a6231813 
(1000 

MAF/MinorAlleleCount: Genomes)i 
G=0.20305930 
(TOPMED) 

[00143]Marker rs72675965 (e.g., as shown in SEQ ID NO: 16 oracompementarysequence 

theirof):TTATTGAAATACTTAAATTACTA[C/TJTGrAATAC T 1rTrACFrTTTATA 

The SNP can be retrieved from NCB available at 

neb.nlimnih.gov/projects/SNP/spsrefcgi?rs=72675965.  

SNV: NC_000008.0:g116147352C>T 

Vacation a single 
Variatitlass: NC 000008,I1:q115135123>T 
variation 

RefSNP Alleles:GC/J(WD) 
Ancestral Allele: C 

T=0.15*3/783 
(1000 

MAFlMinorAlleleCount: Genomes) 
T=ol060/5558 
(TOPMED) 

[0144]Marker rs309602 (e, as shown in SEQ.ID NO: 17 or a complementary sequence 

thereof :c cagg[CT]tggacaccgetzttgggattt The SNP can beretrieved 

frm NCBL availableatnebthnnih.gov/projecs/SNP/snparecg?rs=309602, 

SNV: 
IT NC 00000.10:g116123220A>G 

Variation snuceotide N 0 11:g.15110991 A>G 
variation 

ReISNP Alleles:CT(REV) 

Ancestral Allele: C 
A=0,1577/790 

MAF/MinorAlleleCounl: 

A=O 1995/580S 
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TOPPEDD) 

[001451Marker rs309608 e.,as shown in SEQ ID NO: 18 or a complementary sequence 

thereof):TCCATTTAAAATTATCACGCTTCTT[C/T]TTCTCTACTCGTCAACATCCAACA 

C. The SNP can be retrieved from NCBL available at 

ncbi nnihn bov/projectsSNP/snpurefcgi?rs=309608 

WIVT NaC SNV/G *NC_000008.10:gA16117012G>A 
Variation Classfle nucied de NC900000.11:g.115104783G>A 

variation 
RefSNP Alleles:C'T2(EV)i 

Ancestral Allele: T 

G=0.1591/797 
(1000 

MAFMhnorAllleCounl: Genomes) 
G=0.2003/5833 
(TOPMED) 

[00146]Marker rs309610 (e.g. as shown in SEQ ID NO: 19 or a complementary sequence 

thereof):CAGAACCAAGAACTTTTCTGACCTC[CiT]TCCTGTTTCTTCCCCTAAGTGCCA 

G. The SNP can he retrieved from NCBavailable at 

nbi.nkn.nih.gov/pojects/SNP/snp refegi?rs=309610.  

SNVz NC 000008.10:411611660&A>G 
Variation Class~snl nucleotidle * NC)00008.11:g.115104379A>G 

variation 
RefSNP Alleles:C/T(RE V) 

Ancestral Allele:C 

A=0.1587/795 
(1000 

MAFlMinorAlleleCount: Genomes) 
A=0.199515809 
(TOPMED) 

[00147]Marker rs2575911 (e.g, as shown in SEQ ID NO:20oracomplementarysequence 

theoif):TCGTTCACAATTCTA CCTTATCACA[A/G]GGTCAGAAACAGAACATAGTAGA 

TG. The SNP can be retrieved from NCBL available at 

ncbi.nla1tnigov/projecs/SNP/sprcgi?rs=2575911.  

Aflete HGVS Namea 

SNVC SNV: NC_000008.10:g-116121434T>C 
Variation Class: single 

nucleotide •NC0 
variaion0 
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RefSNP Alleles: G(REV) 
AncestralAllele:C 

T=.1573/788 
(1000 

MAF/MinorAlleleCount: Genomes) 
T0.1994/5805 
(TOPMED) 

[00148]Marker rs309609 (e., as shown in SEQ ID NO: 21 or a complementary sequence 

thereof):ATTATTATCTTCC.ATATTAAA TA CA[AJ/GGTTTCCTTTGTTGGGCTCAGAAA 

A. The SNP can be retrieved from NCBI, available at 

nchi.nlm.nihbgov/projects/SNP/snp ref.cgi?rs=309609.  

HGVS Iames 
SNV: 

single ~ NC_000008,10:q.116116736T>C 
Variation Class: Varnuciontide • NC_000008,11:qg115104507T>0 

variation 

RefSNP Alleles:AG(REV) 
Ancestral Allele: G 

T=0.1575/789 

MAF/MinorAfleleCount:Genomes) 
T=011/5798 
(TOPMED) 

[00149] Marker rs170132 (e.,asshown inSEQ ID NO: 22 or acopleenarysequence 

thereof):gaaaaatccatcactctatatC/Ttagcaataaacatgggaatttgaa.The SNP can be retrieved 

from NCBI, availableatnchi nhnnihgov/prjects/SNP/snpjregi?rs=170132.  

Allele HGVtSNme 

SNV: * NC_000008.10:g.116101988A>G 

Variation Class nucleotide * NC_000008.11:g.115089759A>G 
variation 

RefSNP Alleles: C/T(REV) 

Ancestral Allele: T 
A=0.4265/2136 
(1000 

MAFMinorAlleleCount: Genornes) 
A=0.4410/12842 
(TOPMED) 

[00150]Marker rs386413735 (e.g., as shown in SEQ ID NO: 23 or a complementary 

sequence thereof):GGCAACAAGAGTGAAACTTCATCTC[

/AA]AAAAAAAAAAAAAAAAAAAGCTGAA. The marker can be mtrieved from NCB , 

available atnhinrmnih.gov/projects/SNP/snpgrefcgi?rs=386413735.  
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ENV: 
A~ue NGS Name Variation lass::die~rtion •NCO000008.10:gA1161205099116120510dlAA 

variation * NC 000811:g115108280Q115108281deiAA 
ReiSNP Allles:AA (FWDt 

MAF/MinorAlleleCount:10 

[00151] Marker rs26i42789 (e.g ascshown m SEQ ID NO:24. ora complementary sequence 

themoOf:CACAGGTT[GGCGTCAGCCGAGATCC[C/1TCCATTGTACTCATTGCATTCCAG 

C. The SNP canbe retrieved from NCBL available at 

ncbi.rin11nigovprojecs/SNP/snprf cgi?rs=26427 89.  

Mele HOVSNamea 
SNV: •NC_000008.10:g-116111293T>C 

Variation Class: single 
NC000 

variaon0 
RefSNPAlleles:G CT (FWD) 

Ancestral Allele: C 

T=01625/814 
(1000 

MAFiMinorAlleleCount: Genomes) 
T=0.2043/5948 
(TOPMED) 

[00152]Marker rs2642788 (e.g., as shown in SEQ IDNO: 25oracomplementarysequence 

thereof):GCA CAGGTTGTGTGAGCCGAGATC[AC]TTCCATTGTACTCATTGCATTCC 

AG. The SNP can beretieved from NCBI, available at 

ncbi.nlmigov/prots/SNP/snpref.cgi?rs=2642788.  

Alele HVS Namne 
SNV: •NC_000008.10:g-1161112920>A 

VariationClass:n 

variations 
RefSNP Alleles: AC (FWD) 

AncestralAllele: G 
Cw0.1625/814 
(1000 

MAFlMinorAlleleCount:Genomes) 
C=0.2Q44/5952 
(TOPMED) 

[00153] Marker rs2575944 (e gt as shown in SEQ ID NO: 26 or acomplementarysequence 

themof):AA AACCAAACCAAAGACTGAGAAAT[G/TIATTAGAAGCCACTGAAGTTTT 

TTA, The SNP can be retrieved from NCBL available at 

ncbm.mdnih.gv/projects/SNP/spr efcgi?rs=2575944, 
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SNV NCQ00000.10:g16110545A>C 

Variation Class: single 
n NC 0000,8.11:g.1150983I1A C 

variation 
RefSNP Alleles:GT(REV) 

Ancestral Allele:G 
A=0.1567/785 
(1000 

MAFIMinorAlleleCount: Genomes) 
A=0.200QW5823 
(TOPMED) 

[00154]Marker rs309614 (e. as shown in SEQ ID NO: 27 or a complemenary sequence 

thereof):ATTTATCCAAATGCCTTCCATGGC[A/C]TTCACTGAGCAAATTCTGGATTTT 

T The SNP can ben trieved froNCBI, available at 

nbi.nlnnih.gov/projects/SNP/spjrecgirs=309614 

SNV: 
singleNQP00008,1:g.116106473C>T 

Variation Class: si e1 
nucle'otide * C000,1g15924> 
variation 

RefSNP Alleles:AG(REV) 
Ancestral Allele: A 

=0.1565784 
(1000 

MAFIMinorAlleleCount: Genomes) 
C=0.2000/5825 
(TOPMED) 

[60155]Marker rs309601 .g, as shown in SEQ ID NO: 28 or a complementarysequence 

thereof):TTTCCATGTAGACAGA.AGAATGAGG[A/T]GCTACCCTAOTOTGTCCCTTAAT 

GA. The SNP can he retrievedfrom NCil. available at 

achi.nlm.nihgov/prjects/SNP/snpreIcgi?rs=309601.  

SNV: * NO_000008,10:g.116124691T>A 
Variation Class~snl 

nuclectide * NCQ000008,11:g.115112462T>A 
variation 

RefSNP Alleles:ATREV) 
Ancestral Allele: A 

A=.T4657l2332 
(1000 

MAF/MnorAlleleCount:Genomes) 
A=-,4752/13836 
(TOPMED) 
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[00156] The invention includes individual biomarker and biomarker sets. The invention also 

includes other biomarkers, e.g., SNPs, which have high correlation with the biomarkers, and 

they could also be used to predict enzastaurin responses by patients. For instance, both 

rs309605 and rs309604 can be genotyped in a clinical trial or as a companion diagnostic 

method, and the name Denovo Genetic Marker 1 (DGM1) can encompass both markers. For 

example, when a subject is genotyped as AA or AB for both rs309605 and rs309604, the subject 

is classified as DGM1 positive. Thus, a DGM1-positive subject may include those with the 

following genotypes: (1) genotype AA at rs309605 and AA at rs309604; (2) genotype AB at 

rs309605 and AA at rs309604; (3) genotype AA at rs309605 and AB at rs309604; and (4) 

genotype AB at rs309605 and AB at rs309604. A DGM1-negative subject may include those 

with the following genotypes: (1) genotype BB at rs309605 and AA at rs309604; (2) genotype 

BB at rs309605 and AB at rs309604; (3) genotype AA at rs309605 and BB at rs309604; and (4) 

genotype AB at rs309605 and BB at rs309604.  

[00157] Using more than one marker (e.g., using both rs309605 and rs309604 in the case of 

DGM1) in the clinical trial can help identify and minimize the impact of errors, such as the 

sequencing errors and/or genotyping errors. However, it is not necessary to use more than one 

marker for the companion diagnostic method disclosed herein. Any one of the markers 

disclosed herein is sufficient for the method. For example, FIGS. 2-4 show the results observed 

using rs309605 as the marker independent of other SNPs. Similar results were obtained using 

rs309604 as the marker independent of other SNPs. Thus, in one embodiment, only rs309605 is 

used as the companion marker, and a subject genotyped as AA or AB is positive for the marker, 

while a subject genotyped as BB is negative for the marker. In another embodiment, only 

rs309604 is used as the companion marker, and a subject genotyped as AA or AB is positive for 

the marker, while a subject genotyped as BB is negative for the marker.  

[00158]In addition, exemplary SNPs in linkage disequilibrium with rs309605 in CEU 

populations are provided in Table 1A. The linkage disequilibrium varies in different ethnic 

groups, for instance the SNPs in linkage disequilibrium with rs309605 in Chinese are shown in 

Table lB. SNPs in linkage disequilibrium with rs309605 in British populations in England and 

Scotland are provided in Table IC. SNPs in linkage disequilibrium with rs309605 in Japanese 

populations in Tokyo are provided in Table ID. SNPs in linkage disequilibrium with rs309605 

in Toscani populations in Italy are provided in Table 1E. SNPs in linkage disequilibrium with 

rs309605 in Yoruba populations in Ibadan, Nigeria are provided in Table IF. SNPs in linkage 
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disequilibrium with rs309605 in Mexican Ancestry populations in Los Angeles are provided in 

Table 1G. SNPs in linkage disequilibrium with rs309605 in Bengali populations in Bangladesh 

are provided in Table 1H.  

[00159] Therefore, in one aspect, different SNPs may be used in patients from different ethnic 

groups to predict enzastaurin activity and/or responsiveness. Additional predicting SNPs might 

reside on genes related to the genes that markers listed in Tables 1A to 1H and Table 2 are 

associated with. SNPs that are in linkage disequilibrium may be found in various public 

databases, e.g., HapMap and 1000 Genome Project. The 1000 Genomes Project resources, 

including genotypes, sequences, and genome mapping data are available at World Wide Web 

address 1000genomes.org, or through the NCBI Browser address 

ncbi.nlm.nih.gov/variation/tools/1000genomes. The HapMap data are available via FTP from 

ftp.ncbi.nlm.nih.gov/hapmap.  

[00160]In one embodiment, a marker that exhibits correlation with rs309605 is used as the 

companion marker. In specific embodiments, the r2 value between the marker and rs309605 is 

equal to or greater than about 0.800, such as equal to or greater than about 0.808, equal to or 

greater than about 0.809, equal to or greater than about 0.827, equal to or greater than about 

0.840, equal to or greater than about 0.850, equal to or greater than about 0.852, equal to or 

greater than about 0.854, equal to or greater than about 0.874, equal to or greater than about 

0.894, equal to or greater than about 0.913, equal to or greater than about 0.915, equal to or 

greater than about 0957, or equal to or greater than about 0.978, or the r2 value is about 1.000.  

In specific embodiments, the r2 value between the marker and rs309605 is equal to or greater 

than about the r2 values listed in any of Tables 1A to 1H.  

[00161]In one embodiment, a marker that is in linkage disequilibrium with rs309605 is used 

as the companion marker. In specific embodiments, the D' value of linkage equilibrium of the 

marker is equal to or greater than about 0.900, such as equal to or greater than about 0.951, 

equal to or greater than about 0.953, equal to or greater than about 0.954, equal to or greater than 

about 0.956, or equal to or greater than about 0.973, or the D' value of linkage equilibrium is 

about 1.000. In specific embodiments, the D' value of linkage equilibrium of the marker is 

equal to or greater than about the D' values listed in any of Tables 1A to 1H.  

[00162]In some embodiments, any one of the markers listed in any one of Tables 1A to 1H is 

used as the companion marker, and a subject genotyped as AA or AB is positive for the marker, 

while a subject genotyped as BB is negative for the marker. In a specific embodiment, 
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rs5894240 is used as the companion marker, and a subject genotyped as AA or AB is positive 

for the marker, while a subject genotyped as BB is negative for the marker. In another 

embodiment, rs1494748 is used as the companion marker, and a subject genotyped as AA or AB 

is positive for the marker, while a subject genotyped as BB is negative for the marker. In yet 

another embodiment, rs7836309 is used as the companion marker, and a subject genotyped as 

AA or AB is positive for the marker, while a subject genotyped as BB is negative for the 

marker. Any two or more of the markers, from the group consisting of rs309605 and those listed 

in Tables 1A to 1H, can be used in combination. In one particular example, when a subject is 

genotyped as AA or AB for all of the two or more SNPs, the subject is classified as positive.  

[00163] The newly discovered biomarkers and others in linkage disequilibrium with them can 

be used in companion diagnostic tests which can help to predict drug responses and apply drugs 

only to those who will be benefited, or exclude those who might have adverse effects, by the 

treatment.  

[00164] The frequency report of rs309605 in various populations is shown in Table 2. A 

population is a group (usually a large group) of individuals. Human population samples 

corresponds to samples chosen from a population defined by, for example, ethnicity (population 

of origin) and geography. For example, population sample could be chosen from different 

ethnic group such as African, African-American, Caucasian, Asian, Asian-American, Chinese, 

Chinese-American, and also depending on the geography: for example Chinese-American from 

Hawaii. Alternatively, human population samples can be selected from an experimental 

population such as individuals in a diseased population or individuals that react in a particular 

manner when administered a drug and compared to a control population such as healthy 

individuals.  
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[00165]With the increasing number of single nucleotide polymorphisms, such as those 

identified by the SNP Consortium and the novel methods of genotyping, association studies 

between DNA variants and disease will increase. Because of the limitations of other linkage 

methodologies, linkage disequilibrium mapping has become the strategy of choice to map 

complex diseases through the whole genome.  

[00166]In one aspect, LD refers to a population association among alleles at two or more 

loci. It is a measure of co-segregation of alleles in a population. Linkage disequilibrium or 

allelic association is the preferential association of a particular allele or genetic marker with a 

specific allele, or genetic marker at a nearby chromosomal location more frequently than 

expected by chance for any particular allele frequency in the population. For example, if locus 

X has alleles a and b, which occur equally frequently, and linked locus Y has alleles c and d, 

which occur equally frequently, one would expect the combination ac to occur with a frequency 

of 0.25. If ac occurs more frequently, then alleles a and c are in linkage disequilibrium.  

Linkage disequilibrium may result from natural selection of certain combination of alleles or 

because an allele has been introduced into a population too recently to have reached equilibrium 

with linked alleles.  

[00167] A marker in linkage disequilibrium can be particularly useful in detecting 

susceptibility to disease (or other phenotype). The marker may or may not cause the disease.  

For example, a marker (X) that is not itself a causative element of a disease, but which is in 

linkage disequilibrium with a gene (including regulatory sequences) (Y) that is a causative 

element of a phenotype, can be detected to indicate susceptibility to the disease in circumstances 

in which the gene Y may not have been identified or may not be readily detectable. In one 

aspect, the term allele frequency corresponds to the fraction of the number of individuals with a 

given allele over the total number of alleles in the population tested.  

[00168]In some embodiments, linkage disequilibrium (LD) refers to the co-inheritance of 

alleles (e.g., alternative nucleotides) at two or more different SNP sites at frequencies greater 

than would be expected from the separate frequencies of occurrence of each allele in a given 

population. The expected frequency of co-occurrence of two alleles that are inherited 

independently is the frequency of the first allele multiplied by the frequency of the second allele.  

Alleles that co-occur at expected frequencies are said to be in "linkage equilibrium." In contrast, 

LD refers to any non-random genetic association between allele(s) at two or more different SNP 
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sites, which is generally due to the physical proximity of the two loci along a chromosome. See 

e.g., U.S. 2008/0299125, which is incorporated herein by reference.  

[00169]Linkage disequilibrium is influenced by many factors, including selection, the rate of 

recombination, the rate of mutation, genetic drift, the system of mating, population structure, 

and genetic linkage, etc. As a result, the pattern of linkage disequilibrium in a genome is a 

powerful signal of the population genetic processes that are structuring it. In spite of its name, 

linkage disequilibrium may exist between alleles at different loci without any genetic linkage 

between them and independently of whether or not allele frequencies are in equilibrium (not 

changing with time). Suppose that among the gametes that are formed in a sexually reproducing 

population, allele A occurs with frequency PA at one locus (i.e. PA is the proportion of gametes 

with A at that locus), while at a different locus allele B occurs with frequency PB. Similarly, let 

PAB be the frequency with which both A and B occur together in the same gamete (i.e. PAB is the 

frequency of the AB haplotype). The association between the alleles A and B can be regarded as 

completely random when the occurrence of one does not affect the occurrence of the other, in 

which case the probability that both A and B occur together is given by the product PA x PB of 

the probabilities. A linkage disequilibrium between the two alleles exists whenever AB differs 

frompA X PB for any reason.  

[00170] The level of linkage disequilibrium between A and B can be quantified by the 

coefficient of linkage disequilibrium DAB, which is defined as DAB -PAB - PAx PB , provided that 

both PA and PB are greater than zero. The coefficient of linkage disequilibrium DAB is not 

always a convenient measure of linkage disequilibrium because its range of possible values 

depends on the frequencies of the alleles it refers to. DAB may be normalized by dividing it by 

the theoretical maximum difference between the observed and expected allele frequencies, to 

calculate the D' value: 

min(pAp p p ) 
D' 

DA > 0 

l~lf(PA'lbtP. PB) 

[00171]An alternative to the D' value is the correlation coefficient between pairs of loci, 

expressed as: 
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D2 A AB 

PSt- P)PA 0-PB) 

2n 

[00172]In some embodiments, LD can occur when two or more SNPs sites are in close 

physical proximity to each other on a given chromosome and therefore alleles at these SNP sites 

will tend to remain unseparated for multiple generations with the consequence that a particular 

nucleotide (allele) at one SNP site will show a non-random association with a particular 

nucleotide (allele) at a different SNP site located nearby. Hence, genotyping one of the SNP 

sites will give almost the same information as genotyping the other SNP site that is in LD. See 

e.g., U.S. 2008/0299125, which is incorporated herein by reference.  

[00173]In some embodiments, for diagnostic and/or companion diagnostic purposes, if a 

particular SNP site is found to be useful for diagnosis and/or companion diagnosis, then the 

skilled artisan would recognize that other SNP sites which are in LD with this SNP site would 

also be useful for diagnosis and/or companion diagnosis of the condition. Various degrees of 

LD can be encountered between two or more SNPs with the result being that some SNPs are 

more closely associated (i.e., in stronger LD) than others. Furthermore, the physical distance 

over which LD extends along a chromosome differs between different regions of the genome, 

and therefore the degree of physical separation between two or more SNP sites necessary for LD 

to occur can differ between different regions of the genome. See e.g., U.S. 2008/0299125, 

which is incorporated herein by reference.  

[00174]Methods of analysis of LD and/or identifying loci that are in LD with a known locus 

are known in the art, for example, as disclosed in U.S. 2004/0072217. Examples of software for 

analyzing and/or simulating LD include PLINK (zzz.bwh.harvard.edu/plink), LDHat 

(ldhat.sourceforge.net), Haploview (www.broadinstitute.org/haploview/haploview), LdCompare 

(see e.g., Hao et al., LdCompare: rapid computation of single- and multiple-marker r2 and 

genetic coverage, Bioinformatics 2007, 23(2):252-4), SNP and Variation Suite 

(goldenhelix.com/products/SNPVariation/index.html), GOLD 

(csg.sph.umich.edu/abecasis/GOLD/index.html), TASSEL (www.maizegenetics.net/tassel), 
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rAggr (raggr.usc.edu), SNeP (sourceforge.net/projects/snepnetrends), and Haploid 

(haploid.nongnu.org), all of which are incorporated herein by reference.  

D. Applications of the Biomarkers 

[00175]Information generated from genomic biomarkers described herein can be used to 

determine appropriate dosage and/or treatment regimens for an individual with cancers such as 

GBM and DLBCL. This knowledge, when applied to dosing or drug selection, can avoid 

adverse reactions or therapeutic failure and thus enhance therapeutic efficiency when 

administering a therapeutic composition, such as enzastaurin.  

[00176] The biomarkers disclosed herein and their associated SNPs or genes could also be 

used to predict patient's responses to treatment of other diseases or conditions besides GBM and 

DLBCL. These diseases include, but are not limited to, lymphoma, lung cancer, prostate cancer, 

breast cancer, cancer prevention.  

[00177] Pharmacogenomics involves tailoring a treatment for a subject according to the 

subject's genotype as a particular treatment regimen may exert a differential effect depending 

upon the subject's genotype. For example, based upon the outcome of a prognostic test, a 

clinician or physician may target pertinent information and preventative or therapeutic 

treatments to a subject who would be benefited by the information or treatment and avoid 

directing such information and treatments to a subject who would not be benefited (e.g., the 

treatment has no therapeutic effect and/or the subject experiences adverse side effects).  

Information generated from pharmacogenomic biomarkers using a method described herein can 

be used to determine appropriate dosage and treatment regimens for an individual. This 

knowledge, when applied to dosing or drug selection, can avoid adverse reactions or therapeutic 

failure and thus enhance therapeutic efficiency when administering a therapeutic composition.  

In some embodiments, the pharmacogenomic biomarker may be used to develop a companion 

diagnostic test.  

[00178] Therefore, in a further aspect, provided herein is a companion diagnostic test using 

the biomarkers disclosed herein. For example, in one embodiment, a physician or clinician may 

consider applying knowledge obtained in biomarkers using a method described herein, when 

determining whether to administer a pharmaceutical composition to a subject. In another 

embodiment, a physician or clinician may consider applying such knowledge when determining 
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the dosage, e.g., amount per treatment or frequency of treatments, of a treatment, administered 

to a patient.  

[00179] The invention provides methods for assessing or aiding assessment of responsiveness 

of a subject to treatment. The invention also provides methods for predicting responsiveness or 

monitoring treatment/responsiveness to a treatment in a subject. The invention provides 

methods for selecting a subject for treatment and treating the subject. In some embodiments, the 

methods comprise assessing one or more pharmacogenomic biomarkers in a sample obtained 

from the subject; and predicting, assessing, or aiding assessment of responsiveness of the subject 

to a treatment based on the genotype of said one or more pharmacogenomic biomarkers. In 

some embodiments, the responsiveness is predicted or assessed by classifying the subject using 

an algorithm such as support vector machine (SVM), logistic regression, or K-nearest neighbors 

analysis.  

[00180] The following is an example of a pharmacogenomic embodiment. A particular 

treatment regimen can exert a differential effect depending upon the subject's genotype, for 

example, at one or both alleles. Where a candidate therapeutic exhibits a significant interaction 

with a major allele and a comparatively weak interaction with a minor allele (e.g., an order of 

magnitude or greater difference in the interaction), such a therapeutic typically would not be 

administered to a subject genotyped as being homozygous for the minor allele, and sometimes 

not administered to a subject genotyped as being heterozygous for the minor allele. For 

example, when a therapeutic effect of an agent is associated with a major allele (e.g., allele A) 

and not with a minor allele (e.g., allele B), or more strongly associated with the major allele than 

with the minor allele, such a therapeutic agent typically would be administered to a subject 

genotyped as being homozygous or heterozygous for the major allele (AA or AB) and would not 

be administered to a subject genotyped as being homozygous for the minor allele (BB). In 

another example, when a therapeutic effect of an agent is associated with a major allele (e.g., 

allele A) and not with a minor allele (e.g., allele B), or more strongly associated with the major 

allele than with the minor allele, such a therapeutic agent can be administered to a subject 

genotyped as being homozygous (AA) for the major allele, but not to a subject genotyped as 

being heterozygous or homozygous for the minor allele (AB or BB). In yet another example, a 

therapeutic effect of an agent can be associated with a genotype (AA, AB, or BB) rather than the 

presence of a major or minor allele. For instance, the therapeutic effect may be associated with 
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the genotype AA, AB, and BB with varying degrees, and subjects of the three different 

genotypes may be treated with the agent at varying doses and/or for varying duration.  

[00181] or adverse effect (such as toxicity) 

[00182] In another example, where a candidate therapeutic is not significantly toxic when 

administered to subjects who are homozygous for a major allele but is comparatively toxic when 

administered to subjects heterozygous or homozygous for a minor allele, the candidate 

therapeutic is not typically administered to subjects who are genotyped as being heterozygous or 

homozygous with respect to the minor allele.  

[00183] The methods described herein are applicable to pharmacogenomic methods for 

preventing, alleviating or treating conditions such as metabolic disorders, cardiovascular 

diseases, cancers, etc. For example, a nucleic acid sample from an individual may be subjected 

to a prognostic test described herein. Where one or more polymorphic variations associated 

with increased risk of a condition, disorder, or disease, such as a cancer, are identified in a 

subject, information for preventing or treating the condition, disorder, or disease and/or 

information about the safety and/or efficacy of one or more treatment regimens for the 

condition, disorder, or disease then may be prescribed to that subject.  

[00184] In certain embodiments, a treatment regimen is specifically prescribed and/or 

administered to individuals who will most benefit from it based upon their likelihood of 

responding to a treatment regimen assessed by the methods described herein. Thus, provided 

are methods for identifying a subject with a high likelihood of responding to a treatment regimen 

and then prescribing such treatment regimen to individuals identified as having a high likelihood 

of responding. Thus, certain embodiments are directed to a method for treating a subject, which 

comprises: detecting the presence or absence of a pharmacogenomic biomarker associated with 

responsiveness to a treatment regimen in a nucleotide sequence set forth herein in a nucleic acid 

sample from a subject, and prescribing or administering the treatment regimen to a subject from 

whom the sample originated where the presence of a pharmacogenomic biomarker associated 

with responsiveness to the treatment regimen is detected in the nucleotide sequence.  

[00185] The treatment sometimes is preventative (e.g., is prescribed or administered to reduce 

the probability that a disease condition arises or progresses), sometimes is therapeutic, and 

sometimes delays, alleviates or halts the progression of a disease condition. Any known 

preventative or therapeutic treatment for alleviating or preventing the occurrence of a disorder 

may be prescribed and/or administered.  
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[00186]Pharmacogenomics methods also may be used to analyze and predict a response to a 

drug. For example, if pharmacogenomics analysis indicates a likelihood that an individual will 

respond positively to a treatment with a particular drug, the drug may be administered to the 

individual. Conversely, if the analysis indicates that an individual is likely to respond negatively 

to treatment with a particular drug, an alternative course of treatment may be prescribed. The 

response to a therapeutic treatment can be predicted in a background study in which subjects in 

any of the following populations are genotyped: a population that responds favorably to a 

treatment regimen, a population that does not respond significantly to a treatment regimen, and a 

population that responds adversely to a treatment regiment (e.g., exhibits one or more side 

effects). These populations are provided as examples and other populations and subpopulations 

may be analyzed. Based upon the results of these analyses, a subject is genotyped to predict 

whether he or she will respond favorably to a treatment regimen, not respond significantly to a 

treatment regimen, or respond adversely to a treatment regimen.  

[00187]A classification/prediction algorithm may be developed using the verification and/or 

replication dataset. An imputation algorithm that can replace some of the missing data based on 

LD among the genotyped polymorphic loci may be used. In embodiments where SNPs are used 

for genotyping, SNP databases such as Hapmap may be used for the imputation algorithm. For 

development of the classification/prediction algorithm, the verification dataset may be used as a 

training dataset. Once a classification/prediction algorithm has been developed, the replication 

dataset may be used for testing the algorithm.  

[00188]In some embodiments, the methods of the invention comprise classifying the subject 

as a responsive or non-responsive subject using a K-nearest neighbors analysis based on the 

genotype of the pharmacogenomic biomarkers in the sample from the subject and reference 

samples with known classes. In some embodiments, classifying the subject using a K-nearest 

neighbors analysis is carried out by (1) determining parameter K (i.e., number of nearest 

neighbors); (2) calculating the difference between the measured expression level of the marker 

genes in the new sample to be classified and the expression level of the respective marker genes 

in each reference sample; (3) determining the nearest reference samples by selecting those 

samples with the smallest weighted average of the absolute differences (WARD) between the 

new sample and the reference sample; and (4) determining class of the new sample based on the 

known classes of the K nearest reference samples. The weights and/or parameter K are 

determined using cross-validation with clinical trial samples with known classes. For example, 
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5-fold (such as 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, or 10-fold) to N-fold cross-validation may 

be used to minimize the weighted K-nearest neighbors classification error, wherein N is the size 

of the samples. In some embodiments, K is an integer between 4 and 13 (e.g., 4, 5, 6, 7, 8, 9, 10, 

11, 12, and 13). In some embodiments, the nearest reference samples (nearest neighbors) are 

those with the smallest weighted average of the absolute differences between the expression 

level of the new sample to be classified and the expression level of each reference sample for 

each of the pharmacogenomic biomarkers.  

[00189] The comparisons and/or calculations for predicting, assessing or aiding assessment 

can be carried out in any convenient manner appropriate to the type of measured value and/or 

reference value for the pharmacogenomic biomarkers at issue. The process of comparing or 

calculating may be manual or it may be automatic (such as by a machine including computer

based machine). As will be apparent to those of skill in the art, replicate genotyping may be 

taken for the pharmacogenomic biomarkers.  

[00190] Also provided herein is a method of prognosticating responsiveness of a subject to a 

treatment using the companion diagnostic test disclosed herein. The tests described herein also 

are applicable to clinical drug trials. In some embodiments, the pharmacogenomic biomarkers 

can be used to stratify or select a subject population for a clinical trial. The pharmacogenomic 

biomarkers can, in some embodiments, be used to stratify individuals that may exhibit a toxic 

response to a treatment from those that will not. In other embodiments, the pharmacogenomic 

biomarkers can be used to separate those that will be non-responders from those who will be 

responders. The pharmacogenomic biomarkers described herein can be used in 

pharmacogenomic-based design and in managing the conduct of a clinical trial.  

[00191]One or more pharmacogenomic biomarkers indicative of response to a therapeutic 

agent or side effects to a therapeutic agent may be identified. Thereafter, potential participants 

in clinical trials of such an agent may be screened to identify those individuals most likely to 

respond favorably to the drug and exclude those likely to experience side effects. In that way, 

the effectiveness of drug treatment may be measured in individuals who respond positively to 

the drug, without lowering the measurement as a result of the inclusion of individuals who are 

unlikely to respond positively in the study and without risking undesirable safety problems.  

[00192] Thus, another embodiment is a method of selecting an individual for inclusion in a 

clinical trial of a treatment or drug comprising the steps of: (a) obtaining a nucleic acid sample 

from an individual; (b) determining the identity of a polymorphic variation which is associated 
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with a positive response to the treatment or the drug, or at least one polymorphic variation which 

is associated with a negative response to the treatment or the drug in the nucleic acid sample, 

and (c) including the individual in the clinical trial if the nucleic acid sample contains said 

polymorphic variation associated with a positive response to the treatment or the drug or if the 

nucleic acid sample lacks said polymorphic variation associated with a negative response to the 

treatment or the drug. In addition, the methods described herein for selecting an individual for 

inclusion in a clinical trial of a treatment or drug encompass methods with any further limitation 

described in this disclosure, or those following, specified alone or in any combination. The 

including step (c) optionally comprises administering the drug or the treatment to the individual 

if the nucleic acid sample contains the polymorphic variation associated with a positive response 

to the treatment or the drug and the nucleic acid sample lacks said biallelic marker associated 

with a negative response to the treatment or the drug.  

E. Additional Biomarkers or Drug Targets 

[00193] Also provided herein is a method for identifying polymorphic variants proximal to 

the biomarkers disclosed herein. In some embodiments, the proximal polymorphic variant 

identified sometimes is a publicly disclosed polymorphic variant, which for example, sometimes 

is published in a publicly available database. In other embodiments, the polymorphic variant 

identified is not publicly disclosed and is discovered using a known method, including, but not 

limited to, sequencing a region surrounding the identified pharmacogenomic biomarker in a 

group of nucleic samples. Thus, multiple polymorphic variants proximal to a biomarker are 

identified using this method.  

[00194] The proximal polymorphic variant often is identified in a region surrounding the 

biomarker. In certain embodiments, this surrounding region is about 50 kb flanking the 

biomarker (e.g., about 50 kb 5' of the first polymorphic variant and about 50 kb 3' of the first 

polymorphic variant), and the region sometimes is composed of shorter flanking sequences, such 

as flanking sequences of about 40 kb, about 30 kb, about 25 kb, about 20 kb, about 15 kb, about 

10 kb, about 7 kb, about 5 kb, or about 2 kb 5' and 3' of the biomarker. In other embodiments, 

the region comprises longer flanking sequences, such as flanking sequences of about 75 kb, 

about 150 kb, about 300 kb, about 600 kb, about 1,200 kb, about 2,000 kb, about 4,000 kb, 

about, or about 10,000 kb 5' and 3' of the biomarker.  
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[00195] In certain embodiments, polymorphic variants are identified iteratively. For 

example, a first proximal polymorphic variant is identified using the methods described above 

and then another polymorphic variant proximal to the first proximal polymorphic variant is 

identified (e.g., publicly disclosed or discovered) and the presence or absence of an association 

of one or more other polymorphic variants proximal to the first proximal polymorphic variant is 

determined.  

[00196] The methods described herein are useful for identifying or discovering additional 

polymorphic variants that may be used to further characterize a gene, region or loci associated 

with a condition, a disease, or a disorder. For example, allelotyping or genotyping data from the 

additional polymorphic variants may be used to identify a functional mutation or a region of 

linkage disequilibrium. In certain embodiments, polymorphic variants identified or discovered 

within a region comprising the biomarker are genotyped, and it can be determined whether those 

polymorphic variants are in linkage disequilibrium with the biomarker. The size of the region in 

linkage disequilibrium with the biomarker also can be assessed using these genotyping methods.  

Thus, provided herein are methods for determining whether a polymorphic variant is in linkage 

disequilibrium with a biomarker, and such information can be used in prognosis/diagnosis 

methods described herein.  

[00197] Additionally, genes may be identified that are in proximity to the biomarkers, and 

their functions analyzed. Genes with functions that are directly or indirectly related to the 

relevant phenotype, or other genes in the same cellular pathway, may be targets for further 

analysis with the relevant phenotype, and new biomarkers may be identified.  

[00198]Further provided herein is a method of developing novel therapeutic agents and/or 

identifying a novel drug target using the biomarkers disclosed herein. In some embodiments, 

the biomarkers and their associated SNPs or genes could gain insight of the underlying 

biological pathways or mechanisms underlying the studied phenotypes, such as efficacy, adverse 

effect, or other endpoints.  

F. Regents and Kits 

[00199] The present invention contemplates the preparation of kits, chips, devices, or assays 

for use in accordance with the present invention. Such an assay, chip, device, or a kit may 

comprise a plurality of primers or probes to detect genetic signature of SNPs such as rs309605 

and the ones listed in Tables 1A to 1H and Table 2. Such methods can include instruments and 
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instructions that a subject can use to obtain a sample, e.g., of buccal cells or blood, without the 

aid of a health care provider.  

[00200] The invention also contemplates the development of computer algorithm which will 

convert the test results generated from the measurement of the genomic biomarkers into a score, 

which will be used to determine in whether an individual should receive the therapeutic 

invention, such as enzastaurin treatment.  

[00201]Diagnostic kits based on the biomarkers described above might be developed, and 

they can be used to predict individual's response to the corresponding drug. Such test kits can 

include devices and instructions that a subject can use to obtain a sample, e.g., of buccal cells or 

blood, without the aid of a health care provider.  

[00202]For use in the applications described or suggested above, kits or articles of 

manufacture are also provided by the invention. Such kits may comprise at least one reagent 

specific for genotyping a biomarker described herein, and may further include instructions for 

carrying out a method described herein.  

[00203]In some embodiments, the invention provides compositions and kits comprising 

primers and primer pairs, which allow the specific amplification of the polynucleotides of the 

invention or of any specific parts thereof, and probes that selectively or specifically hybridize to 

nucleic acid molecules of the invention or to any part thereof. Probes may be labeled with a 

detectable marker, such as, for example, a radioisotope, fluorescent compound, bioluminescent 

compound, a chemiluminescent compound, metal chelator or enzyme. Such probes and primers 

can be used to detect the presence of polynucleotides in a sample and as a means for detecting 

cell expressing proteins encoded by the polynucleotides. As will be understood by the skilled 

artisan, a great many different primers and probes may be prepared based on the sequences 

provided herein and used effectively to amplify, clone and/or determine the presence and/or 

levels of genomic DNAs.  

[00204]In some embodiments, the kit may comprise reagents for detecting presence of 

polypeptides. Such reagents may be antibodies or other binding molecules that specifically bind 

to a polypeptide. In some embodiments, such antibodies or binding molecules may be capable 

of distinguishing a structural variation to the polypeptide as a result of polymorphism, and thus 

may be used for genotyping. The antibodies or binding molecules may be labeled with a 

detectable marker, such as, for example, a radioisotope, fluorescent compound, bioluminescent 
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compound, a chemiluminescent compound, metal chelator or enzyme. Other reagents for 

performing binding assays, such as ELISA, may be included in the kit.  

[00205]In some embodiments, the kits comprise reagents for genotyping at least two, at least 

three, at least five, at least ten, or more biomarkers. In some embodiments, the kits may further 

comprise a surface or substrate (such as a microarray) for capture probes for detecting of 

amplified nucleic acids.  

[00206] The kits may further comprise a carrier means being compartmentalized to receive in 

close confinement one or more container means such as vials, tubes, and the like, each of the 

container means comprising one of the separate elements to be used in the method. For example, 

one of the container means may comprise a probe that is or can be detectably labeled. Such 

probe may be a polynucleotide specific for a biomarker. Where the kit utilizes nucleic acid 

hybridization to detect the target nucleic acid, the kit may also have containers containing 

nucleotide(s) for amplification of the target nucleic acid sequence and/or a container comprising 

a reporter-means, such as a biotin-binding protein, such as avidin or streptavidin, bound to a 

reporter molecule, such as an enzymatic, florescent, or radioisotope label.  

[00207] The kit of the invention will typically comprise the container described above and 

one or more other containers comprising materials desirable from a commercial and user 

standpoint, including buffers, diluents, filters, needles, syringes, and package inserts with 

instructions for use. A label may be present on the container to indicate that the composition is 

used for a specific therapy or non-therapeutic application, and may also indicate directions for 

either in vivo or in vitro use, such as those described above.  

[00208] The kit can further comprise a set of instructions and materials for preparing a tissue 

or cell sample and preparing nucleic acids (such as genomic DNA) from the sample.  

[00209] The invention provides a variety of compositions suitable for use in performing 

methods of the invention, which may be used in kits. For example, the invention provides 

surfaces, such as arrays that can be used in such methods. In some embodiments, an array of the 

invention comprises individual or collections of nucleic acid molecules useful for detecting 

pharmacogenomic biomarkers of the invention. For instance, an array of the invention may 

comprises a series of discretely placed individual nucleic acid oligonucleotides or sets of nucleic 

acid oligonucleotide combinations that are hybridizable to a sample comprising target nucleic 

acids, whereby such hybridization is indicative of genotypes of the pharmacogenomic 

biomarkers of the invention.  
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[00210] Several techniques are well known in the art for attaching nucleic acids to a solid 

substrate such as a glass slide. One method is to incorporate modified bases or analogs that 

contain a moiety that is capable of attachment to a solid substrate, such as an amine group, a 

derivative of an amine group or another group with a positive charge, into nucleic acid 

molecules that are synthesized. The synthesized product is then contacted with a solid 

substrate, such as a glass slide, which is coated with an aldehyde or another reactive group 

which will form a covalent link with the reactive group that is on the amplified product and 

become covalently attached to the glass slide. Other methods, such as those using amino 

propryl silica surface chemistry are also known in the art, as disclosed at world wide web at 

cmt.corning.com and cmgm.stanford.edu/pbrownl.  

[00211] Attachment of groups to oligonucleotides which could be later converted to 

reactive groups is also possible using methods known in the art. Any attachment to 

nucleotides of oligonucleotides will become part of oligonucleotide, which could then be 

attached to the solid surface of the microarray. Amplified nucleic acids can be further 

modified, such as through cleavage into fragments or by attachment of detectable labels, prior 

to or following attachment to the solid substrate, as required and/or permitted by the 

techniques used.  

[00212] Throughout this specification and the claims, unless the context requires 

otherwise, the word "comprise" and its variations, such as "comprises" and "comprising", 

will be understood to imply the inclusion of a stated integer or step or group of integers or 

steps but not the exclusion of any other integer or step or group of integers or steps.  

[00213] The reference to any prior art in this specification is not, and should not be taken 

as an acknowledgement or any form of suggestion that prior art forms part of the common 

general knowledge in Australia.  
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CLAIMS 

1. A reagent for detecting at least two single nucleotide polymorphisms (SNPs) selected 

from the group consisting of rs309605, rs309604, rs5894240, rs1494748, rs7836309, rs309607, 

rs2132025,rs11990158,rs6469570,rs309603,rs923967,rs1494751,rs2575943,rs167446, 

rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911,rs309609,rs170132, 

rs386413735, rs2642789, rs2642788, rs2575944, rs309614, rs309601, and a complementary 

SNP thereof, 

wherein said reagent comprises: 

i. one or more primers that allow for amplification of a specific part of or all 

of the SNP or SNPs being assayed; and, 

ii. one or more probes that selectively or specifically hybridize to a specific 

part of or all of the SNP or SNPs being assayed.  

2. A companion diagnostic method, comprising: 

a) obtaining a biological sample from a subject that has diffuse large B-cell lymphoma 

(DLBCL) or glioblastoma (GBM) and is considered for treatment with enzastaurin and 

optionally isolating genomic DNA from said biological sample; 

b) assaying the biological sample for one or more single nucleotide polymorphisms (SNPs) 

selected from the group consisting of rs309605, rs309604, rs5894240, rs494748, rs7836309, 

rs309607,rs2132025,rs11990158,rs6469570,rs309603,rs923967,rs1494751,rs2575943, 

rs167446,rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911,rs309609,



rs170132,rs386413735,rs2642789,rs2642788,rs2575944,rs309614,rs309601, and a 

complementary SNP thereof; and/or 

c) generating an output based on the assay results of said SNP or SNPs, in order to 

determine the likely responsiveness of said subject to said treatment.  

3. A method for classifying a subject for eligibility for a treatment, comprising: 

a) obtaining a biological sample from a subject that has diffuse large B-cell lymphoma 

(DLBCL) or glioblastoma (GBM) and is considered for treatment with enzastaurin and 

optionally isolating genomic DNA from said biological sample; 

b) assaying the biological sample for one or more single nucleotide polymorphisms (SNPs) 

selected from the group consisting of rs309605, rs309604, rs5894240, rs1494748, rs7836309, 

rs309607,rs2132025,rsl1990158,rs6469570,rs309603,rs923967,rs1494751,rs2575943, 

rs167446,rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911,rs309609, 

rs170132,rs386413735,rs2642789,rs2642788,rs2575944,rs309614,rs309601, and a 

complementary SNP thereof; and/or 

c) generating an output based on the assay results of said SNP or SNPs, in order to classify 

the subject as eligible or ineligible for the treatment or continued treatment.  

4. A method for screening a subject or a population of subjects for a treatment, comprising: 

a) obtaining a biological sample from a subject or a population of subjects that has/have 

diffuse large B-cell lymphoma (DLBCL) or glioblastoma (GBM) and is/are considered for 

treatment with enzastaurin undergoing a cancer treatment with a bisindolylmaleimide or a PKCP 

inhibitor or being considered for a cancer treatment with a bisindolylmaleimide or a PKCP 

inhibitor, and optionally isolating genomic DNA from said biological sample; 
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b) assaying the biological sample for one or more single nucleotide polymorphisms (SNPs) 

selected from the group consisting of rs309605, rs309604, rs5894240, rs1494748, rs7836309, 

rs309607,rs2132025,rsl1990158,rs6469570,rs309603,rs923967,rs1494751,rs2575943, 

rs167446,rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911,rs309609, 

rs170132,rs386413735,rs2642789,rs2642788,rs2575944,rs309614,rs309601, and a 

complementary SNP thereof; and/or 

c) generating an output based on the assay results of said SNP or SNPs, in order to 

determine whether the subject or the population is likely to benefit from the treatment and/or to 

determine whether the subject or the population is likely to experience an adverse effect from the 

treatment or continued treatment.  

5. A method for monitoring a subject during a treatment, comprising: 

a) obtaining a biological sample from a subject that has diffuse large B-cell lymphoma 

(DLBCL) or glioblastoma (GBM) and is undergoing treatment with enzastaurin and optionally 

isolating genomic DNA from said biological sample; 

b) assaying the biological sample for one or more single nucleotide polymorphisms (SNPs) 

selected from the group consisting of rs309605, rs309604, rs5894240, rs1494748, rs7836309, 

rs309607,rs2132025,rsl1990158,rs6469570,rs309603,rs923967,rs1494751,rs2575943, 

rs167446,rs309606,rs72675965,rs309602,rs309608,rs309610,rs2575911,rs309609, 

rs170132,rs386413735,rs2642789,rs2642788,rs2575944,rs309614,rs309601, and a 

complementary SNP thereof; and/or 

c) generating an output based on the assay results of said SNP or SNPs, in order to 

determine whether the subject should receive continued treatment.  
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6. The method of any one of claims 2-5, further comprising subjecting the subject to the 

treatment or continuing the treatment on the subject.  

7. The method of any one of claims 2-5, further comprising not recommending the 

treatment on the subject or withdrawing the subject from the treatment.  

8. The method of any one of claims 2-7, wherein step b) comprises assaying the biological 

sample for rs309605 and rs309604.  

9. The method of any one of claims 2-8, wherein the SNP is or the SNPs are assayed by 

sequencing, polymerase chain reaction (PCR), capillary electrophoresis, mass spectrometry, 

single-strand conformation polymorphism (SSCP), electrochemical analysis, denaturing HPLC 

and gel electrophoresis, restriction fragment length polymorphism, hybridization analysis, single

base extension (SBE), allele specific primer extension (ASPE), restriction enzyme digestion, 

strand displacement amplification (SDA), transcription mediated amplification (TMA), ligase 

chain reaction (LCR), nucleic acid sequence based amplification (NASBA), primer extension, 

rolling circle amplification (RCA), self sustained sequence replication (3SR), loop-mediated 

isothermal amplification (LAMP), hybridization, nucleic acid sequencing, and/or microarray, 

optionally wherein the nucleic acid sequencing is selected from the group consisting of Maxam

Gilbert sequencing, a chain-termination method, shotgun sequencing, bridge PCR, single

molecule real-time sequencing, ion semiconductor (ion torrent sequencing), sequencing by 

synthesis, sequencing by ligation (SOLiD sequencing), chain termination (Sanger sequencing), 

massively parallel signature sequencing (MPSS), polony sequencing, 454 pyrosequencing, 

Illumina (Solexa) sequencing, DNA nanoball sequencing, heliscope single molecule sequencing, 

single molecule real time (SMRT) sequencing, nanopore DNA sequencing, tunnelling currents 

72



DNA sequencing, sequencing by hybridization, sequencing with mass spectrometry, microfluidic 

Sanger sequencing, a microscopy-based technique, RNAP sequencing, and in vitro virus high

throughput sequencing.  

10. The method of any one of claims 2-9, wherein the cancer is DLBCL.  

11. The method of any one of claims 2-9, wherein the cancer is GBM.  

12. The method of Claim 2, wherein the reagent, comprises: 

i. a plurality of primers that allow for amplification of a specific part of or 

all of the SNP or SNPs being assayed; and, 

ii. a plurality of probes that selectively or specifically hybridize to a specific 

part of or all of the SNP or SNPs being assayed.  

13. The method of any one of Claims 2-3, wherein each SNP assayed comprises 4, 8, 10, 15, 

20, 25, 30, 50, 60, 100, 300, or 500 nucleotides on either side of the SNP position.  
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699602000440SeqList.txt

                                SEQUENCE LISTING

<110> DENOVO BIOPHARMA LLC
      LUO, Wen
      SUN, Hong

<120> COMPOSITIONS AND METHODS USING A PHARMACOGENOMICS MARKER

<130> 669602000440

<140> Not Yet Assigned    
<141> Concurrently Herewith            

<150> US 62/382,734       
<151> 2016-09-01  

<150> US 62/414,601       
<151> 2016-10-28  

<160> 28

<170> FastSEQ for Windows Version 4.0

<210> 1
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = a or g

<400> 1
tggggaatgt cattccatgt taggcntcat gttgaaacat attatttcat a          51

<210> 2
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = c or t

<400> 2
gaaggaacac tttccctaat gcccangaag gaacaaggat tctgatagct t          51

<210> 3
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = null or a

<400> 3
aaaagcaaaa aaaaaataaa aaaatnaaaa aaaaaaggca aagagacaga a          51

<210> 4
<211> 51
<212> DNA
<213> Homo sapiens
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<220> 
<221> misc_feature   
<222> 26
<223> n = g or t

<400> 4
cacccgttaa aaaaaaaaaa aaatcngtca ctaattgttc cggttactat t          51

<210> 5
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = g or t

<400> 5
atagcaatag gcaacaaaca aactancaaa tatagtgtca agtaccaaaa g          51

<210> 6
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = c or t

<400> 6
cattctcatc atagtctgct tctcanttga ttcagtattg gatgaagatc a          51

<210> 7
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = c or t

<400> 7
gctctatttt ataaaagtct attaanttta actgaaatca aaataactac a          51

<210> 8
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = g or t

<400> 8
tgaatttcat ccaaagcctt ttctgnatct atttagataa taatgtggtt t          51

<210> 9
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
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<223> n = g or t

<400> 9
atccaaagcc ttttctggat ctattnagat aataatgtgg tttttgtctt t          51

<210> 10
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = a or c

<400> 10
ctacagacca agtgaacaac agaggnctgc tgaattcatt cattgcattt t          51

<210> 11
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = a or t

<400> 11
aacttggggc actctgcact actgcntgcc agcattttaa aaagtcatca g          51

<210> 12
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = a or g

<400> 12
catacaccaa gagttttata aataanttta tttcaatatg aaggttaaat t          51

<210> 13
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = a or t

<400> 13
ttaatcggaa tgctccctgc tcctcncttt attccctaga taaacgtaca c          51

<210> 14
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = a or g

<400> 14
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atatcattta cattagcaac ctctanaata aaatatttag gtattagcct a          51

<210> 15
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = c or t

<400> 15
ctattatttt cagaacattg cttaanatgt tggttgagtc cggcagacaa a          51

<210> 16
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = c or t

<400> 16
tttattgaaa tacttaaatt tactantgta aatactttta tacttttata t          51

<210> 17
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = c or t

<400> 17
gacctaggag ctccccaagc cagggntgtg acaccgtctt tggggatctc t          51

<210> 18
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = c or t

<400> 18
tccatttaaa attatcacgc ttcttnttct ctactcgtca acatccaaca c          51

<210> 19
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = c or t

<400> 19
cagaaccaag aacttttctg acctcntcct gtttcttccc ctaagtgcca g          51

<210> 20
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<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = a or g

<400> 20
tcgttcacaa ttctacctta tgacanggtc agaaacagaa catagtagat g          51

<210> 21
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = a or g

<400> 21
attattatct tccatattaa atacangttt cctttgttgg ggctcagaaa a          51

<210> 22
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = c or t

<400> 22
gaaaaatcca tcactttcct atatantagc aataaacatg tggaatttga a          51

<210> 23
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = null or a

<400> 23
ggcaacaaga gtgaaacttc atctcnaaaa aaaaaaaaaa aaaaagctga a          51

<210> 24
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = c or t

<400> 24
cacaggttgt ggtgagccga gatccntcca ttgtactcat tgcattccag c          51

<210> 25
<211> 51
<212> DNA
<213> Homo sapiens
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<220> 
<221> misc_feature   
<222> 26
<223> n = a or c

<400> 25
gcacaggttg tggtgagccg agatcnttcc attgtactca ttgcattcca g          51

<210> 26
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = g or t

<400> 26
aaaaccaaac caaagactga gaaatnatta gaagccactg gaagtttttt a          51

<210> 27
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = a or g

<400> 27
atttatccaa atgcctttcc atggcnttca ctgagcaaat tctggatttt t          51

<210> 28
<211> 51
<212> DNA
<213> Homo sapiens

<220> 
<221> misc_feature   
<222> 26
<223> n = a or t

<400> 28
tttccatgta gacagaagaa tgaggngcta ccctagtgtg tcccttaatg a          51
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