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Ramon Llull (1232 — 1315)

+  Glymour, Ford and Hayes, Ramon Llull and the Infidels

Al Magazine (1998)

OMpuiaiGRal

Ramon Llull was a writer and
philosopher born into a wealthy family
in Palma, Mallorca, then part of the
Crown of Aragon.

His first major work was Art Abreujada
d 'Atrobar Veritat (The Art of Finding
Truth).

Llull believed that there were a limited
number of basic, undeniable truths in
all fields of knowledge, and that we
could understand everything about
these fields of knowledge by studying
combinations of these elemental truths.
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+  http://en.wikipedia.org/wiki/Ramon_LIull _



The AutomatienreiFDISCeVERY,

. Pick something out of the haystack; subject —— Hago sciences
it to a severe test. Decide if it is a needle.

Continue until you find the needle or until

civilization comes to an end.

. Pick something you like out of the haystack. PSYCHoLOGY,
—

Subject it to a severe test. If it doesn’t pass ECONOMICS
test, find weaker test that it can pass.

. Try 1 for a while, and if no needle turns up,

start studying hay. \ POST-MODEZNISM
0ST-MODEEN|

.Try 1 for a while, if no needle turns up,
change the meaning of “needle”. —

. Set haystack on fire and blow away the 4 QUANT FINANCE,
ashes to find the needle. FINANCIAL ENGINEERING

. Run a magnet through the haystack. Sort APPLIED COMPUTATIONAL
out screws, paper clips, nails and needles. ’ PHAZMA-EPISTEMOLOGY
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Freely modified from: Glymour; The Automation of Discovery. Daedalus (2004) —



Example ApplicatiGniARLIGEG

» Latent Semantic Indexing (LSI) - LSl is a technique in natural
language processing, in particular in vectorial semantics, of
analyzing relationships between a set of documents and the
terms they contain by producing a set of concepts related to the

documents and terms.

» LSI enables three comparisons of interest:
= How semantically similar are two terms?
= How semantically similar are two documents?

= How associated are term i and document | ?

=
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Identify Objects of Possible Interest

Identify Relations of Possible Interest

Aid in Human Interpretation of Results

Semantic Representation
and Analysis

Visualization
=
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B*¥— Pfizer Project Overview,

» Text mine biomedical literature to identify putative
[molecular] biomarkers by tumor type

Ovarian, NSLC, colorectal, pancreatic, melanoma,
gastric, HRPC, breast

» There were two chief questions relevant to this
project:
Can you tell us something we didn’t already know
(find me a new biomarker)?

Can you find what we may already know and
organize it in ways that are simpler to search and
analyze?



Prognostic significance of clinical factors
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and Akt activation in patients with
bronchioloalveolar carcinoma

Junji Tsurutani®9, Seth M. Steinberg®, Marc Ballas?, Matthew F
Jaclyn LoPiccolo?, Hiroshi Sodad, Shigeru Kohnod,
Valgardur Egilsson €, Phillip A. Dennis®*
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P-606 | Prognostic faclor analysis of locally advanced non-srmall call
lumg cancar with surgical rassction: Poor dissass fras survival in
patisnts with low expression of bax

4 Chol H Lm, J. Park, H. Les, ¥ Jung, H Kim, ¥ Oh, 5. Heang, H. Chao,
4 Han. Ao Univarsdy School of Medicine, Suson, Soulh Koma

Background: Tho prognosis of locally advanced non-small call lung cancar
{NSCLC) patents {pis) who undersent surgical resechon is generally moor
mvon with adjuvan! reamen (TX)

Mathode: Wa imasigated fie pragnashe sgnitcancs of vanods cincopats-
gie charactsnstes incl ding apoploss relaled probeine, phl, bax, and galechs-3
in 104 pts with locally adwanced NSCLGC who underwont surgical resection
(slago Il 47_ [lA A0 WIE 10, IV 7). Eighty twe pls (78%) roceived adjuvant
[X (chamatheragy O radeferapy 17, bol 56)

Resulte: 'With a modian folow-uo of 54 manths (26150 months) In sundwors,
d-ynar diseasa-fred survival (DFS) and overall sunaval (CS) of (ola pis
wara 9% and 42%, respactwely, axcuding 6 deats from postopamtve
compleations. High axpression of pi3, bex, and palecin-3 was obaorwd
In 43 (41%), 20 (18%}. and 48 (44%) pls wsing Immunohislochamistry
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The query

represents a
concept around
which all other

User: Jim Golden (goldenj)

Search Repositany: Cluery successful and saved as "Last suecesstul query™. documents in the
| JGolden-Medline-1995up-1 v | ERasTE T e
Query Text compgred for
Minimum Score meaning
|EI | Frognaostic significance of clinical factors and Akt activation in patients with bronchialoaleolar B
carcinoma =

[ Junji Tsurutania,d, Seth M. Steinberdgb, Mare Ballasa, Matthew Robertson a, Jaclyn LaPiccaloa,
Hiroshi Sodad, Shigery Kohnod,

] Yaloardur Egilssonc, Phillip A Dennisa,~

a Medical Oncalogy Branch, Center for Cancer Research, Mational Cancer Institute, Uinited States

+He- keywwords
Disallow Qptimizer?

Query Text Locala: b Biostatistics and Data Management Section, Center for Cancer Research, Mational Cancer bl
en |
Reszult Docs par Fage: Like DraclDs:
10 | |
Mumber of Result Terms:
10 | .
Cuery Results Queny Date: Fri Dec 01 08:02:51 EST 2006
Save Thiz Queny: Found 10 Terms: @est Score = 10000
o 5““""\ .
Query: 1. prognoses 4108 Semantically
| Last successiul query v| 2. COXS . 3772 related
= 3 kaplan-merr 2697 concepts
Relrieve 0
Delete 4. m"f‘“‘?de‘ 2681 derived from
metastasis query
9. substage 2672 document
6. 1aslc 2657
7. substaging 2626
8. tom 2612
9. contre 2487
10, nonsmall 2472



ENtSINHCorpUs:

Document S267592 of set S25754942 and locale "en_US" (score S455)

Surmrnary: -erbB-2 expression in small-cell lung cancer is associated with poor prognosi=s.
Source: filedhomefmhobszon/medline/medlinez0058 0 adfmedlinedSnd<gd233E_ <ml

Fird Nike docaments Wiew Plain text [] =roup FindLike

Oocument GO7S592 of =2t GO75592 and locale "en__US" (score 23207

Surmrary: ldentification of HER-Z/neu overexpresszion and the clinical course of lung carcinoma in non-=mokers with chronic lymphooytic
leukemia.

Source: filedhome’mhobszondmedline/medline2005 M o addmedline0Sn0A32_ =ml

Firdd didie docwarents Wiew Plain tesdt ] @roup FindLike

Docurent 7547114 of set 7547114 and locale "en_UE" (zcoare 22057
Surmrnary: Phospha-akt expression is associated with a favorable outcome in non-small cell lung cancer.
Source: filehomesmhobzon/medline/medlinezZ00G o ad/medlinedSn0S0S__<ml

Firdd dibie docoarents Wiew Plain tesdt [] @roup FindLike

Docurent 490239459 of set 44032959 and locale "en_UE" (zcore TEE7)
Surmrary: Association of immunoreactive hepatooyte groveth factor with poor survival in resectable non-=mall cell lung cancer.
Source: filedhome/mhobson/medline/medlinez005fMoadfmedlinedSnd270_=<ml

Firdd didie docwarents Wiew Plain tesdt ] @roup FindLike

Document G53290322 of set GEI2022 and locale "en__ 15" (score 75697

Surmrary: Carbonic anhydrase 1% is an independent predictar of survival in advanced renal clear cell carcinoma: implication=s for prognosis and
therapw.

Source: filehomemhobszonmedlinesmedlinez200G o adimedlinelSn0HS T =ml

Firdd dibie docoarents Wiew Plain tesdt [] @roup FindLike

Docurent 7594722 of set FE99723 and locale "en_UE" (zcore 75457
Surmrary: Owerexpression of 510022 protein as a prognostic mader for patients with stage | non small cell lung cancer.
Source: filedhome/mhobzond/medline/medlinezZ005 M cad/medline0Sn0S10_=<ml

Figd Mihve docuarerids Wiew Plain text |:| ZGroup FindLike

Docurent 57194552 of set 5714252 and locale "en_UE" (zcore 7507

Surmriary: Fhosphaorylation, but not overexpression, of epidermal growth factar receptaor is associated with poar prognosiz of non-small cell lung
cancer patients.

Source: filedhomefmhobszon/medline/medlinez0058 0 adfmedlinedSnd<S9_ <ml

Firdd dibie docoarents Wiew Plain tesdt [] @roup FindLike

Docurent 7022119 of set 7022119 and locale "en_UE" (zcore 75257

Surmrary: Synchronous owverexpression of epidermal growrth factor receptor and HERZ-neu protein is a predictor of poor outcome in patients with
stage | non-=mall cell lung cancer.

Source: filedhomefmhobszon/medline/medlinez005/MoadfmedlinedSndd25_ <ml

Sird likie docoments Wiew Plain tesd [ @roup FindLike
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Summarize Text

Prognostic significance of clinical factors Nl summarize |

and Akt activation in patients with

bironchioloalveolar carcinoma

Junji Tsurutania,d, Seth M. Steinbergh, Marc Ballasa, Matthew Robertson a, Jachn LoPiccoloa,

Hiroshi Sodad, shigeru Kohnod,

Yalgardur Egilssonc, Phillip A. Dennisa,~

a Medical Oncology Branch, Center for Cancer Research, Mational Cancer Institute, United States »

Summary of Given Text

Best concept 1 (13 Fort-six patients with histopathologically proved BAC, in accordance with the WHO classification of lung tumaors
revised in 19949 [20], were enrolled in this study, Please cite this aricle in press as: Tsurutani J et al., Progrnostic significance of clinical
factors and Akt activation in patients with bronchioloakeolar carcinoma, Lung Cancer (2006), doi:10.10160 . lungcan.2006.09.026
Frognostic significance of clinical factors and Akt activation 3 Table 1 Patient characteristics n= 46 Median age (range) 65 (33—84)
Gender Female 28 Male 17 Uinknown 1 Clinical stage 11610111 118 IV 9 Unknown 2 Smoking Mever smoker 9 Smoker 23 Unknown 14
Histology Mucin 8 Mon-rmucin 37 Unknown 1 and median age was 65 years old (range 38—384).

Best concept 2 (0.8152): Dennisa,~ a Medical Oncology Branch, Center for Cancer Research, Mational Cancer Institute, Uinited States h
Biostatistics and Data Management Section, Center for Cancer Research, Mational Cancer Institute, United States ¢ Department of
Fathology, Mational Uiniversity Hospital, 101 Reykjavik, [celand d Second Departtment of Internal Medicine, Nagasaki University Schoal
of Medicine, 17-1 Sakamoto, Magasaki 852-8401, Japan Received 22 June 2006; received in revised form 19 September 2006;
accepted 24 September 2006 KEYWWORDS Bronchioloakeaolar carcinoma; Prognostic factor; MECLEC; Akt Smoking Surmmary Purpose:
Lung cancer is the leading cause of cancer related maortality in the world.

Best concept 3 (0.74449): Evaluating an additional phosphorylation site (T308) appeared to improve the prognostic value of Akt activity
Tahle 54 Final Cox proportional hazard model based on 43 patients with complete data (except for smoking) Yariable Parameter
estimate p-Yalue HR 95% C| for HRE Gender Stage 0.81 0.7 7 0.032 0.049 224 217 1.07—4.71 1.004—4.71 HR, hazard ratio; 21,
confidence interval.



— Prognostic L ungdrumorsiiexX ey,

e Du:u:ument5| Docurnent Taxonomy | L.;.g|

Compuke taxonomy

4 1P-607 Evaluation of bwa phosphorylation sites establishes Akt activation as a poor prognostic factor for all stages of NSCLC tumorsP Dennis, 1. Tsuruts
= 4§ 74 Cells, Treatment, Growth (941 docs)
- 66 Small (71 docs)
£ | 64 Normal, Rale (31 docs)
- | 62 Tensin, Pleckstrin (23 docs)
-] 60 Mode, Lymph, PTHM (46 docs)

- | 59 Effects (39 docs)

-] 59 Muclear, NF-kappaB, Akkl (17 docs) El)?mtsafg%c;rggd
_| 53 Follow-up, Long-term {111 docs) on new query
-] 58 Period (95 docs)

containing 941

-] 58 Mutant, PTEN, Ser473 (44 docs) documents

- | 58 Chest, Type, Surg (22 docs)

-~ ]58 (22 docs)

-] 57 (66 docs)

-] 57 Erk, Extracelular £33 (50 dors)

-] 56 iGlattic (2 ) _
. )ssHode, g T@xonomies (or conceptually organized clusters of documents) are

~_]s4Renal, af  generated specifically for the query — the query is used to organize

:ZII o okamy®  the corpus of documents and each cluster is given an appropriate title.

. 1s3pata(zz(  All documents are then placed in their most relevant conceptual cluster.
- |52 {54 docs
=] 49 ASCO, Annual, Yol (46 docs)




Therapeutic Biomarker Biomarker Panel Journal Reference Protein/Gene ID Synopsis
Area
Oneolagy (Crratiah anginpoletin-2 Wast cell density, angiogenesis, blood  |hittpliwrsns nebd nlen nib, |Warer hold anglopotetin-2 responsible for
(Carcinota clotting, and proguosis in women with  |govientrez/ouery feg?dh | progression of brain, ovarian, hepatocelular and
&dvaru:ed wmim CANCEY. Cha:n K, -gene&cmd-Retrim&d bl&ddﬁr pancers. [n addition to specﬂatinn a}:lnut
Oneolagy (Crratiah LPds The LP. Eg tm.nscnptmn f'actn:lr Iz hitty:hangnar nchi nlin, ru.h LP. Eg EXPIESSION 15 upreg‘ulated m advamed
(Carcinota upregulated in atvanced-stage ovarian  |govientrez/ouery feg?dh |stage orarian carcinoma cotpared to eatly-stage
carcinorna, Blin Gidessapd Aune Catlone |=sene&omd=FRetnevedd |oapeinommas. borderline turgors, and the ovapian |
Oneology Crvatian LRHI LRHI, Expreasion of the tumor suppressor gene | hittpofanane nebi o nih, |PORPOSE: ARHI, an taprinted putatnee tumor
Carcinotna P2 WAFLICIFL) LBHI m epithelial cvarian cancet 1s aovlentreziouery fogi?dh |suppressor gene, 1 expressed n novnal ovarian
associated with nereased expression of  |=genedemd=Fetnevedd epithelial cells, but its expression is down-
pAlWAFLICIP] and prolonged opt=full reportélist uid |regulated or lost in reost ovarian cancer cell lines.
Oncology Crrariah p2AUWAFLICIPL) LBHI, Expression of the toraor suppressor gene |hittpolorsne nebi o nih, |PURPOSE: ARHI, an imprinted putatres turaor
(Carcingtia p2LWAFLICIPL) LRHI in epithelial ovarian cancer is aovlentreziouery fomi?dh | suppressor gene, 15 expressed I normal ovanan
associated with nereased expression of  |=genedemd=Fetnevedd |epithelial cells, but its expression is down-
WU & BT TR and swnlaned o=l sevnstBliot wid wamlatard av lnet in wnct auavian sansey oll line
Oncology Crratian B7-H4 B7-Hd overexpression in ovarian turaots. |http: v nchinlim, |Despite great advances n therapentic
Carcinomma Trngler B, Lin W, Corral L, Torkko KC, |nik. unw’entrezfquew managetnent, the mortality rate for ovanan cancer
Ennwetn T Thnrdeaw © T neis KIS FAREST hac varnained velatizalis ctabla cuvay the wact S0 |
Oneolagy (Crratiah hone morphogenetic hetal integyin suburat,  |Differential gene expression inovarian | hitpohanene, ru:hl Hln. ru.h (Crrariah cancet retnaing the fifth leading eanse of
parCInOTA protein-T hone rorphogenetic carcinotna: Wentification of potential — |govlentrezfouery fog?dh |cancer death for women in
protein-7, clandin-d, biorarkers. Hibbs K, Skubitz KN, =genedord=Fetrevedd |the United States. In this study, the gene
pollamen trma TV Pawbnesion OF Macars B Boelocew  Jrwtefill sowet £lict 0id |asmevascinn of W sesesian
Oneology Crvatian claudin-4 betad integrin suburat,  |Differential gene expression hovarian [ httpherene nohinli nb, (Chearian cancer rervaing the fifth leading canse of
CAICINONA hione morphogenetic carcinona: Wentification of potential govlentreziyuery fogi?dh [cancer death for women
protem-7, claudin-4, hinmarkers. Hibha K, Skuhitz K, =genedomd=Retnevedd (the United States. In this study, the gene
collagen type [X Parbuceian 5, Casey BC, Burleson |opt=full report&list wd |expression of 20 ovarian
alnha? rellnlar vetineie BB Cleaewmas TH Ty Thuﬂe IT ﬂ-ﬂhﬂ]p_g_m A0 ravrinnvnae 17 mmwam:mag_mﬂaﬂaﬂﬂn_
Oneology Crvatian eollagen type [ betad ntegun subunat,  (Differential gene expression novarian | hittpswesew nchinlim, |Ceearian cancer retnaing the fifth leading canse of
CArCInOrma alphad hone rorphogenetic carcinota; Wentification of potential nibgovientrez/guery |cancer death for wormen h
protein-7, clandin-d, biorarkers. Hibbs K, Skubitz KN, foni?db=renedomd= |the United States. In this study, the gene
eollagen type [X Pardbuceian 5F, Casey RC, Butleson | Datripve &ednpt=full re |[Spression of 20 ovanan

altthas cellilar wetinme

EnI Clemerns TR Ir Thiele IT Civndle

WA Y ial Aoy

cateinatmas 17 fvavian carrihnmas metastatin tn |
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Genes mapped by their semantic
distance from query “BRCA1".
Distance can be seen as a
“goodness” metric

» Query and root
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bardl and cxorf53 are the
closest genes semantically
related to BRCA1 and 2
based on the strength of

a semantic relationship score
derived from 8 million Medline
abstracts
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BRCA1 but >0.85 to others in cluster)

trex
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bardl, rbbp8, and znf350 are the next
semantically “close” genes to BRCAL.
Each of these genes is connected to each

other with a score >0.85
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BRCAL and BRCAZ are the only
two genes connected with a semantic

cosine score >0.85
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LE1S A % (www.thebiomarkerexchange.com) V||E||Ei |cacgle |2 -]
File Edit  Miew Favortes Tools  Help
le |G v Cshalszong | &0 - Bookmarks+ 5804 blocked | o7 Check - iy Aukolink - e | AtoFl & Sendtow L P2 Settings+
] =
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W |q_.BinmarkEr |_| N | e > |:bPage ~ {C} Tools ~

2 News Letters RSS = Blog |
Biomarker Feople Taals B
o Research topics
IBE S
! : Here you can search the Biomarker.... o Whatis BiomakerExchange
Generally speaking, a biomarker o TBE
is used to indicate or measure a -
biological process (for instance,
levels of a specific protein in
O B Jee Mo, el Refine Search (optional); Select Therapeutic Area 2| | selectthe indication
mutations). Detecting (op ) | - il i
biomarkers specificto a disease
can aid in the idenfification, :
diagnosis,  prognosis  and search
O Research Paper ) o Tissue P
Users share information in the database _ e
- Exchange
'E-T;';E'OE"?EE:J?:”’; W— Connect with others with like interests '
exerted by circulating blood on the + + 2 Financial Widget y
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vital signs. Blood pressure is ';:'1 Bio Maker Database d
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BMood into the arteries and is FO00C 000
regulated by the response by the 1E0O——e 47700
arteries to the flow of blood. 1&000 24y
oo, 0 l2o0
By convention, an individual's L, I T ) Jo
blood pressure is expressed as 1000 f #—— 1900
systolic/diastolic blood pressure, G000 1200
for example, 120/80.The systolic 6000 9_';?‘0
blood pressure (the top number) 4000 B D
represents the pressure in the 2000 00
arteries as @ Read and write to database Connect to people 2 3 4 7 g
Jan 2808 bl
i, il |i|
[ @ Internet E100% v

‘4 Start Tnbics: - Micrasa, /2 Internet Ex.. ~ | BB M o €2 Tunes

[ 2 Microsoft of... ~ & /8] L:zoPm




/~ Biomarker - Microsoft Internet Explorer presented by Comcast
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ig’ & '_i.l_i_ﬁamar_l@er ]_| ﬁ = Rl @ 2 E}F’aga - @Tunls-v

—— i m— 7
|ovarian 1SelectTherapeuchArea -v.| Select the Indication ; Search =

i#) Biomarker () Feoples () Tools

Home | Sign in | About Us | FAGQ

2 Related People [ :
PubMed

CASICSE1L | Back |

B sundarraja

CASICSEIL is the human homaolague of the yeast gene CSE1. twas first cloned while searching for genes that rendered breast
cancer cells resistant towards toxin induced apoptosis. Since depletion of C3E1 leads to cell-cycle arrest, CAS is thought to be invalved in
proliferation. CAS functions in the mitotic spindle checkpoint. CAS is located on chromosome 20913, a locus often amplified in cancers of
various origin, e.q. colonic or breast cancer. Since genetic instability is a hallmark of cancer, amplification or over expression of the CAS
gene might interfere with or override its role in the mitotic spindle checkpoint. CAS is also implicated in the nuclear to cytoplasmic
reshuffling of importin alpha, which itself is necessary for the nuclear transport of several proliferation activating proteins, franscription
factors, oncogene and tumor suppressaor gene products such as pg3 and BRCA1. Inhibition of MEK1 mediated phosphorylation has been
shown to enhance paclitaxel (Taxol) induced apoptosis in breast ovarian, and lung tumor cell lines in-vitro. Since CAS is also
phospharylated (activated) by MEK?, and since the anti-cancer drug Taxol alters the microtubule assembly and activates pro-apoptotic
signaling pathways, altering the activity'phosphorylation status of CAS via MEK inhibition may present a potential strategy in experimental
cancer therapy.

Biomarker

Discussion

Research and Articles

I
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2 Related People PubMed News Back
o Durai Babu o
o test one E [Prediction of response to docetaxel in breast cancer ] -
o sundar raja £
4= Docetaxel, a second-generation taxane, is one of the most powerful anticancer drugs for breast cancer. It has been widely used
@ in the metastatic setting but also in the adjuvant or necadjuvant setting for breast cancer patients. However, docetaxel is not
effective for all breast cancers. The respons... @
=
3=
%]
4]
=
[X]
&
a . .
From plasma membrane to cytoskeleton: a novel function for semaphorin BA.
Class [l beta-tubulin (TUBB3) overexpression has heen reporied in ovary, lung, breast, and gastric cancer patients. Currently,
E no clinical drugs are available for a specific targeting of TUBB3, whereas the investigational drug IDN5390 specifically interacts
% with TUBB3. To gain insight into the path... &
=L
=
=
=]
o
=]
o]
=E]
7]
& |sotype expression, post-translational modification and stage-dependent production of tubulins in er...
Microtubules are cytoskeletal polymers containing repeating alpha/beta-tubulin heterodimers and are found in all eukaryotes
including the malaria parasite Plasmodium falciparum. Diverse cellular functions such as chromosomal segregation,
nrnanelle transnont and the determination of cell shane and mo 9 L]
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