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Results: Prediction Performance In Figure 1, the y axis shows the p-values for the Mann-Whitney U-test discussed above. The p-value indicates the probability of observing a collection of MSE's at least as extreme as the observed ones, assuming that the null hypothesis is true. Since the null hypothesis implies that the labels are no better than noise, a small p-value provides strong evidence that a drug’s efficacy responses are useful. The x axis shows the 24 cancer drugs ordered by their increasing IC50 p-value. Based on Figure 1, it is clear that Activity Area is the better measurement. For all 24 drugs, its p-value is less than the typical 5% threshold of significance and overall its p-value is significantly smaller than that of IC50’s in all cases. In fact, Figure 1 suggests that the data for 7 of the IC50 drugs with p-values greater than 5% may contain considerable noise (see the 7 rightmost drugs on the x axis). Therefore we expect to obtain more accurate results by using Activity Area in our further analysis.
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Figure 1: Comparing p-values across 24 cancer drugs for IC50 and Activity Area.
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Figures 2: Comparison of Mean Squared Error of Activity Area predictions for Nuclear Norm and



Elastic Net for 24 cancer drugs.



The y axis of Figure 2 shows the mean squared error computed via cross-validation (testing error) of Activity Area predictions for Nuclear Norm and Elastic Net. The smaller the mean squared error, the more accurate the model is. The x axis shows the results across 24 cancer drugs, which for comparability, are arranged in the same order as in Figure 1. Standard deviation error bars are overlaid onto each bar, representing the one standard deviation from the mean of 11 trials. As Figure 2 suggests, Nuclear Norm outperforms the current state of the art, Elastic Net, for every single drug. On average, the improvement is 35% and the largest improvement of 61% was achieved for drug AZD6244.
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Figures 3: Comparison of Mean Squared Error of IC50 predictions for Nuclear Norm and Elastic



Net for 24 cancer drugs. Figure 3 is analogous to Figure 2 and shows the comparison between Nuclear Norm and Elastic Net for IC50. Yet again, on average, Nuclear Norm outperforms Elastic Net by 12%, though not for every drug. For the 7 drugs whose p-values are greater than 5%, the performance increase is only 3%, validating our noise analysis and suggesting that the bottleneck for performance is the noisy data, not our algorithm. This is further substantiated by the fact that the best performing drug, with an improvement of 40%, is again the low noise drug AZD6244. Even when the 7 noisy drugs are removed, the performance increase is still less than that observed with Activity Area, 16% vs 35% respectively. This can be explained by the fact that the probability of noise in these remaining 17 drugs is still higher in IC50 than in Activity Area. This all suggests that accuracy is inversely correlated with noise, and that our model can further benefit from better data.
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Hierarchical Clustering I performed Hierarchical Clustering on the first nine right singular vectors in matrix V from the SVD of the coefficient matrix ܹ as previously described. Specifically, Ward's Minimum Variance Method is run for both Nuclear Norm and Elastic Net and the results are presented in Figures 4 and 5. Only the first nine right singular vectors were used because they explain 95% of the variance in ܹ and the remaining columns of V most likely capture noise. Within the CCLE database, there are 4 natural groups of drugs: RAF inhibitors, EGFR inhibitors, MEK inhibitors, and Topo I inhibitors, which inhibit the targets RAF, EGFR, MEK, and Topo I, respectively. Each group of drugs is represented by a different color, see the legend. As shown in Figure 4, the Nuclear Norm algorithm clusters all the drugs that inhibit the same target into distinct clusters and clearly identifies all four major categories of drugs. Nuclear Norm Hierarchical Clustering
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Figure 4: Hierarchical Clustering of the first nine right singular vectors in matrix ܸ for Nuclear Norm



In contrast, the Elastic Net algorithm performs a considerably cruder clustering, see Figure 5. While Elastic Net manages to group the MEK inhibitors and partially the Topo I inhibitors, it fails to do so clearly and incorrectly clusters those 4 drugs with 5 other unrelated drugs. Similarly, Elastic Net completely separates the RAF inhibitors: PLX4720 is on the other 4
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side of the dendrogram from RAF265 and further still from Sorafenib. Clearly, Nuclear Norm offers considerably more biologically meaningful predictions.



Elastic Net Hierarchical Clustering
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Figure 5: Hierarchical Clustering of the first nine right singular vectors in matrix ܸ for Elastic Net. Gene Ontology Enrichment Analysis The biological relevance of Nuclear Norm’s predictions is further validated by performing Gene Ontology Enrichment Analysis. The Gene Ontology is a resource that provides a controlled, expert curated, vocabulary of terms for describing gene product characteristics and annotations [Ashburner et al., 2000]. It associates genes with terms that describe the gene's known implications in biological processes (the BP ontology), its molecular functions (the MF ontology) and the cellular locations where the gene product has been observed (the CC ontology). By performing Gene Ontology Enrichment analysis, we explore which GO terms (from the BP ontology) have a larger than expected representation in the top 100 features identified by Nuclear Norm, as determined by a hypergeometric test. Examining the top 30 GO terms together, sorted by their nominal p-values, elucidates important biological processes that our model picks up on. Ideally, these would represent the mechanisms of action of our drugs. 5
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GO enrichment analysis was performed with the R Bioconductor package, topGO. For more detail see [Alexa et al., 2013]. While a comprehensive explanation of each drug’s enrichment profile is beyond the scope of this paper, three representative profiles are presented. Significantly, for all 24 of the drugs in our database, the gene enrichment profiles derived from Nuclear Norm’s predictions precisely captured each drug’s mechanism of action. Table 1 shows a representative GO enrichment profile for the drug Erlotinib. Table 1: Gene Enrichment Profile for the drug Erlotinib GO.ID GO:0006468 GO:0016310 GO:0002376 GO:0060255 GO:0042127 GO:0019222 GO:0042325 GO:0080090 GO:0001932 GO:0008283 GO:0031323 GO:0009893 GO:0043170 GO:0010468 GO:0044260 GO:0048534 GO:0048522 GO:0031325 GO:0006796 GO:0008285 GO:0002520 GO:0048523 GO:0030097 GO:0033554 GO:0006793 GO:0050794 GO:0006915 GO:0031399 GO:0060216 GO:0012501



Term protein phosphorylation phosphorylation immune system process regulation of macromolecule metabolic pr... regulation of cell proliferation regulation of metabolic process regulation of phosphorylation regulation of primary metabolic process regulation of protein phosphorylation cell proliferation regulation of cellular metabolic process positive regulation of metabolic process macromolecule metabolic process regulation of gene expression cellular macromolecule metabolic process hematopoietic or lymphoid organ developm... positive regulation of cellular process positive regulation of cellular metaboli... phosphate-containing compound metabolic ... negative regulation of cell proliferatio... immune system development negative regulation of cellular process hemopoiesis cellular response to stress phosphorus metabolic process regulation of cellular process apoptotic process regulation of protein modification proce... definitive hemopoiesis programmed cell death



Genes Annotated to Term 1142 1291 1979 4236 1215 4907 892 4396 834 1600 4454 2066 7296 3389 6617 583 3192 1958 2446 543 619 2984 548 1255 2492 7796 1570 1069 21 1584



Overlap 28 29 35 52 27 55 22 51 21 29 51 33 67 43 63 17 41 31 35 16 17 39 16 24 35 68 27 22 5 27



p-value 1.6E-11 5.1E-11 1.9E-10 3.3E-10 3.9E-10 2.1E-09 3.8E-09 5.4E-09 6.6E-09 8.0E-09 8.9E-09 1.1E-08 1.3E-08 2.1E-08 2.5E-08 2.8E-08 4.3E-08 4.9E-08 5.7E-08 6.7E-08 6.8E-08 7.4E-08 7.6E-08 8.9E-08 9.2E-08 9.7E-08 9.7E-08 1.0E-07 1.1E-07 1.2E-07
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In Tables 1, 2, and 3, column 3 shows the number of annotated genes in our background set and column 4 shows the number of annotated genes in our target set. Erlotinib is a tyrosine kinase inhibitor that inhibits the EGFR (Epidermal Growth Factor Receptor) pathway. Briefly, activation of the EGFR pathway by growth factors involves autophosphorylation of tyrosine residues in the intracellular domain of the receptor, which initiates signal transduction cascades along the MAPK, Akt, and JNK pathways, leading to DNA synthesis and cell proliferation. In addition, the EGFR pathway is important for immune response. For more detail see [Oda et al., 2005]. Notice how Erlotinib’s enrichment profile, see Table 1, describes exactly its inhibition of this pathway. First, we see regulation of phosphorylation on the kinase (shown in blue). Then we see regulation of DNA synthesis (indicating the regulation of MAPK as shown in purple). Finally, we observe decreased cell proliferation (shown in light green) and apoptosis (shown in red). We also observe numerous immune system terms (shown in orange), again, implicating the EGFR pathway. The GO terms illustrate completely Erlotinib’s mechanism of action, showing its entire process of inhibition. This is important as it shows the features Nuclear Norm is selecting have great biological relevance. Nuclear Norm’s predictions are capable of picking up not only a drug’s mechanism of action, but also its side effects. Table 2 shows a representative GO enrichment profile for the drug Topotecan. Topotecan is a topoisomerase inhibitor, typically used in ovarian and lung cancer, that has myelosupression as one of its side effects. Since topoisomerase plays such a fundamental role in DNA replication (a core cellular process), one would expect to see many GO terms associated with cell death with this drug [Sordet et al., 2003]. Indeed, many apoptosis terms appear in our enrichment profile (shown in red), see Table 2. Further, the presence of the immune system term (shown in orange) shows that Nuclear Norm is also capable of identifying side effects of these drugs (myelosupression). Finally, it is very interesting that Topotecan is used to treat lung cancer and we exactly see a GO term related to the respiratory system (shown in silver). Clearly our Nuclear Norm algorithm is discovering insightful characteristics about these drugs.
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GO.ID GO:0006468 GO:0016310 GO:0050793 GO:0006915 GO:0012501 GO:0048522 GO:0043067 GO:0048519 GO:0048523 GO:0048518 GO:0010941 GO:0008219 GO:2000026 GO:0016265 GO:0010604 GO:0010033 GO:0045595 GO:0007166 GO:0050789 GO:0009893 GO:0050794 GO:0031325 GO:0042981 GO:0002376 GO:0019222 GO:0060541 GO:0048584 GO:0080135 GO:1901698 GO:0070887



Term protein phosphorylation phosphorylation regulation of developmental process apoptotic process programmed cell death positive regulation of cellular process regulation of programmed cell death negative regulation of biological proces... negative regulation of cellular process positive regulation of biological proces... regulation of cell death cell death regulation of multicellular organismal d... death positive regulation of macromolecule met... response to organic substance regulation of cell differentiation cell surface receptor signaling pathway regulation of biological process positive regulation of metabolic process regulation of cellular process positive regulation of cellular metaboli... regulation of apoptotic process immune system process regulation of metabolic process respiratory system development positive regulation of response to stimu... regulation of cellular response to stres... response to nitrogen compound cellular response to chemical stimulus



Genes Annotated to Term 1142 1291 1535 1570 1584 3192 1141 3272 2984 3598 1178 1769 1180 1772 1916 2061 1097 2473 8234 2066 7796 1958 1128 1979 4907 180 1257 319 660 1916



Overlap 23 23 25 25 25 36 20 36 34 38 20 25 20 25 26 27 19 30 62 27 60 26 19 26 45 8 20 10 14 25



p-value 8.4E-09 8.3E-08 1.1E-07 1.7E-07 2.0E-07 6.9E-07 9.6E-07 1.3E-06 1.4E-06 1.5E-06 1.6E-06 1.6E-06 1.6E-06 1.7E-06 2.0E-06 2.3E-06 2.3E-06 2.4E-06 2.4E-06 2.4E-06 2.6E-06 3.0E-06 3.5E-06 3.7E-06 3.8E-06 4.2E-06 4.3E-06 5.7E-06 6.6E-06 7.0E-06



The fact that Nuclear Norm is able to pick up the exact mechanism of action of the drugs as well as their side effects, makes it a very powerful tool. Even more impressive, however, is the fact that Nuclear Norm is capable of also picking up potentially novel mechanisms of action/ qualities of the drug. Table 3 shows a representative GO enrichment profile for the drug Lapatinib.
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GO.ID GO:0016310 GO:0006468 GO:0042325 GO:0019222 GO:0060255 GO:0031323 GO:0006915 GO:0012501 GO:0080090 GO:0001932 GO:0048522 GO:0050794 GO:0050790 GO:0006796 GO:0010941 GO:0006793 GO:0042127 GO:0008219 GO:0016265 GO:0044260 GO:0048011 GO:0043067 GO:0034654 GO:0038179 GO:1901362 GO:0048523 GO:0048518 GO:0019220 GO:0018130 GO:0019438



Term phosphorylation protein phosphorylation regulation of phosphorylation regulation of metabolic process regulation of macromolecule metabolic pr... regulation of cellular metabolic process apoptotic process programmed cell death regulation of primary metabolic process regulation of protein phosphorylation positive regulation of cellular process regulation of cellular process regulation of catalytic activity phosphate-containing compound metabolic ... regulation of cell death phosphorus metabolic process regulation of cell proliferation cell death death cellular macromolecule metabolic process neurotrophin TRK receptor signaling path... regulation of programmed cell death nucleobase-containing compound biosynthe... neurotrophin signaling pathway organic cyclic compound biosynthetic pro... negative regulation of cellular process positive regulation of biological proces... regulation of phosphate metabolic proces... heterocycle biosynthetic process aromatic compound biosynthetic process



Genes Annotated to Term 1291 1142 892 4907 4236 4454 1570 1584 4396 834 3192 7796 1474 2446 1178 2492 1215 1769 1772 6617 275 1141 3553 278 3733 2984 3598 1276 3619 3621



Overlap 30 28 24 54 50 51 30 30 50 22 42 66 28 36 25 36 25 30 30 60 13 24 43 13 44 39 43 25 43 43



p-value 4.0E-13 9.2E-13 9.4E-12 2.1E-11 2.6E-11 4.1E-11 6.0E-11 7.5E-11 1.1E-10 1.3E-10 2.0E-10 3.2E-10 4.0E-10 5.0E-10 5.0E-10 8.4E-10 9.6E-10 1.1E-09 1.2E-09 1.4E-09 1.5E-09 1.5E-09 1.6E-09 1.7E-09 2.0E-09 2.0E-09 2.4E-09 2.7E-09 2.9E-09 2.9E-09



Similar to Erlotinib, Lapatinib is also an EGFR inhibitor that induces apoptosis. Take note of its similar mechanism of action tabulated above in red and blue, see Table 3. What’s really interesting about this profile, however, isn’t that Nuclear Norm picks up its mechanism of action, but rather the presence of neurotrophin terms (shown in green). Nuerotrophin 3 is a growth factor protein that modulates breast cancer cells to promote the growth of breast cancer metastasis [Louie et al., 2012], and Lapatinib is exactly used to treat metastatic breast cancer. And what’s exciting about this connection is that currently, to the best of our knowledge, there is no known association between Lapatinib and Nuerotrophin – yet the strong presence of neurotrophin in our gene enrichment profiles reasonably suggests one. Here we see Nuclear 9
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Norm not only picking up known mechanisms of action, but also suggesting novel ones. And while the potential connection between Lapatinib and Nuerotrophin would need to be explored further before definitely declaring a relationship between the two, we present it to illustrate the accuracy and utility of Nuclear Norm’s predictions. These results suggest that Nuclear Norm is not only a powerful predictive tool, but also a powerful biological tool to gain insight into known mechanisms of action, known and unknown side effects, as well as novel mechanisms of action.
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Career development centre. â€¢ Online vacancy listings ... Room E.16, Watford Road, Northwick Park, Middlesex, HA1 3TP. Tube: Northwick Park ... Computer Science and Engineering Careers Fair Programme 2015.pdf. Computer Science and ...
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58th Annual Science Fair-Brochure 2017.pdf 

DEFINITION AND PURPOSE. The Dutchess County Regional Science Fair is affiliated with. the International Science and Engineering Fair to be held in Los.
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2016-17 Northern Div Art Science Fair Handbook.pdf 

Manatee. Ralph Williams. R. L. Stevenson. Roosevelt. St. Mark's. Saturn. Viera Charter. Apollo. Atlantis. Audubon. Campus Charter. Coquina. Enterprise. Imperial Estates. Lewis Carroll. MILA. Mims. Oak Park. Our Saviour. Pinewood. St. Teresa. Sculptor
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SAVE the DATE - 2017 Science Fair + 2016 Outreach Day_Dr ... 

SAVE the DATE - 2017 Science Fair + 2016 Outreach Day_Dr. TJeffery.pdf. SAVE the DATE - 2017 Science Fair + 2016 Outreach Day_Dr. TJeffery.pdf. Open.
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Div Memorandum No. 141_Winner in the 2017 Division Science Fair ... 

Sign in. Page. 1. /. 10. Loadingâ€¦ Page 1 of 10. Page 1. Whoops! There was a problem loading this page. Retrying... Page 3 of 10 . ' Science Investigatory Project (SIP) â€¢ Life Science (Individual) w; mners Â· J um or H igh School. Place Code Schoo


























×
Report Google Science Fair Detailed Results.pdf





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















