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Search disease-related genes

« Simplify the relations between genes and diseases into typed binary
relations
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Search disease-related genes with biological events

 Understanding the gene—disease relation can be further enhanced by identifying in
which biological events the genetic effect is valid for the disease development.

» Biological events

« Gene expression, transcription, protein catabolism
« Related to protein production and breakdown

An example sentence Gene Expression and Cancer

We conclude that MMP-7 over-expression
correlates with In vitro invasiveness
and that MMP-7 may promote invasion by
increasing the secretion and activation of proMMP-2
and proMMP-9. (PMID:16019136)
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http://www.ncbi.nlm.nih.gov/pubmed?term=16019136

Search disease-related genes with biological events

 Understanding the gene—disease relation can be further enhanced by identifying in
which biological events the genetic effect is valid for the disease development.

» Biological events
« Phosphorylation

a Normal cell b Carcinoma cell

An example sentence G\R\ w5 Y= i\i(& oo )’f
that lack PTEN activity, PI3K/AKT B T ( -
signalling is active, resulting in phosphorylation of — @rmp\@&,@m
FOXO and p27 by AKT. FOXO phosphorylation ( : C G profferation
promotes its nuclear export in a CRM1-dependent T SIS e &2,
manner, so that it can no longer activate transcription (ch;‘:’“s @ Cmm féfcsé':ziz’s,m\
of its target genes. (PMID: 16450001) ,,__\\@E\z‘"““’“‘;&we ) Q:’/Cmcfji///

~ — — - s —

Nature Reviews | Cancer

From Nature Reviews Cancer 4, 106-117
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http://www.ncbi.nlm.nih.gov/pubmed?term=16450001

Search disease-related genes with biological events

 Understanding the gene—disease relation can be further enhanced by
identitying in which biological events the genetic effect is valid for the
disease development.

« Localization: A change of the location or presence of a protein

RRR-alpha-tocopheryl succinate-induced apoptosis of human cells involves Bax translocation to
mitochondria. (PMID:12750270)

» Binding: The binding of two or more proteins, the binding of a protein and DNA

In cells, NGF inhibits C2-induced apoptosis through binding of p75NTR and NF-kappaB activation.
(PMID:17638883)

 Reqgulation: A regulatory or causal relation between the above event classes or proteins

Since that overexpress COX-2 are associated with a higher rate of metastasis to bone, we
hypothesized that COX-2 expression in tumor cells would induce IL-11. (PMID:16457848)
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Dl (; C;) {;E http://gcancer.org/digsee

Dises { 1€ Search Engine
with Evidence Sentences
yYer. cancel

About us Help Publication

Genes Disease List search

Events Gene expression [¥]Regulation [¥]Protein catabolism [¥| Phosphorylation [¥] Localization [¥!Binding [¥] Transcription

For ~ 200 cancer names, For ~ 700 nervous system diseases names,
1,391,019 sentences were scored. 130,451 sentences were scored.
Breast Cancer 93,672 Alzheimer Disease 64,986
Cervical Cancer 11,308 Back Pain 11,139
Colon cancer 49,934 CNS Diseases 15,129
Gastric cancer 19,024 Chronic Pain 11,139
Glioblastoma 9,939 Dementia 7,587
Hepatocellular cancer 18,079 Hearing Disorders 3,341
Kidney cancer 10,998 Multiple Sclerosis 3,999
Liver cancer 39,946 Parkinson Disease 6,433
Lung cancer 38,205 Pituitary Diseases 15,129
Ovarian cancer 41,298 Seizures 3,850
Prostate cancer 176,875 Stroke 4,001

Retinoblastoma 43 955 Tics 88,565




Example query (1)

Microarray experiments often identify
more than hundreds of candidate
cancer-related genes.

Finding literature evidence of these

genes is the first step to validate them.

15™ ANNUAL

Example)124 differentially expressed
genes on prostate cancer using
microarray experiment (Jia et al. 2011)

DigSee returns evidence sentences for 49
genes of the 124 genes, which are highlighted
with the expression changes and regulations
of the candidate genes in prostate cancer.
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Search Results: 228 documents gene co-occcurrences (Search result)

Total [Z228] Gene expression [162] Regulation [123]

Searched genes (Mumber of abstracts)
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Show 92 more
Related
Literatwurse Detail
Geaenes
RJd Jin, % Lho, ¥ Wang, M Ao, MFPF Revelo, SW Haywsard, ML Wills, Sk Logan, P Zhang, Rd Matusik - Cancer resegaoch, 2008, (FMID : 1848324 1)
Title - Down-regulation of p&S7KIip2 induces prostate cancer in the mouse.
CDKM1C showw
Ewvidence sentence | Here, we show that the expression of pS7F (Kip2) is significanthy decreased in human
- amnd the oversxpression of pS7T (Kip2) in prostate cancer cells significantlhy suppressed
cell proliferation and reduced invasive ability. (score @ 0.903)
CS Sung, MM Hill, M Bastiani. RG Parton, MO Parat - Eurcpean journal of cell kiclegy, 2011, (PMID : 2007732728 CAN T
Title - PTRF-cavin-1 expression decreases the migration of PC32 prostate cancer cells - role of matriz metalloprotease 9. PTRE
g show
Evidence sentence | Cawveolin-1 expression and secretion are increased in metastatic - amd (2 more)
caveolin-1 seems to contribute to prostate cancer growth and metastasis. (score - 0.889)
L Li, & Yang. S Ebara, T Satoh, % Masu, TL Timme, T Ren, J Wang, S48 Tahir, TC Thompson - Cancer reseacch, 2001, {PMID : 113899065)
Title - Cawvecolin-1 mediates testosterone-stimulated sursivall growth and promotes metastatic activities in prostate cancer
cells.
AN show
Evidence sentence | Previoushy, we demonstrated that up-regulation of caveolin-1 {(cawv-1) was associated
Wity metastasis, biochemical recurrence after radical prostatectomy., and androgen
insensitivity . (score - 0_.882)
K =e, F Minhas, J Duhadawsay., MC Mao, D Wilsen, R Buoccafusca, D Sakamuro, P Melson, SB Malkowicz, J Tomassewski, 5C Prendergast -
International journal of cancer. Journal intermmaticonal dou cancer, 2000, {(FMID : 1073282400
Title © Loss of heterozygosity and tumor suppressor activity of Bin1 in prostate carcinoma. BEird1 Show
MNMEZ
Ewvidence sentence | Ectopic expression of Bin1 suppressed the growith of limes in witno.

(score - 0.871)
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FPTRF-cawvin-1 expression decreases the migration of PC2 prosizsie cancar cells - role of
matrizc metalloprotease 9 _

Title
Related genes AN (H., &) PTRF (H. &) ADARKMS (H, S) MMPS (H, &) BLZF1 (H. &)
(HSMNC link, GeneCards link) ’ ’ ’ : ’

Evidence sentences Max
score

o889

Related cancer Prostate cancer

£ termm B ancer termm

Cawveolase are specialized plasma membrane subdomains with a distinct lipid and protein composition, which play
an essential role in cell physiology by performing trafficking and signalling functions. The structure and functions
of cawveolase hawve been shown to require cawveclin-1, a major protein component of cavecolase. (1) Cawveolin—1
expression and secretion are increased in metastatic prostate cancer, amnd caveolin-1 seems o
contribuite o prostate cancer growith and metastasis. Recently, a cytoplasmic protesin named PTRFE
FPolymerase | and Transcript Release Factor ) or cavin-1 was found to e required. in concert with cawveoclin-1, Tor

the formation and functions of caveclase (2) Genetic ablation of PTRF results in loss of caveolae while
caveolin—1 is still expressed, albeit at reduced lewvel, but associates with flat plasma membramne
(32 Im Mmetastatic PC3 prosiate canceaer cells that express abundant caveolin-1 bwt mo PTREF,
heterologous PTREF expression restores caveola formation amnd cawveolin-1 distribwtion { Hill et al_
2008 ; Cell 132, 113-124 ). We now showw that PTRF. -1 - expressing PC2 cells exhibit decreased migraticon,
and that this effect is mediated by reduced PMMPS production PTREFLY -1, and to a lesser extent, cawvin-2, -2, and -
all decreased MNMMNMFS We Turther show that the PTRFY -1 - mediated reduction of MMFS production is independent
of cawveola formation («3) Taken together, our results suggest that P TR -1 expression alters
prosiabe Ccancer aggressiveness
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Example query (2)

« Show a list of genes whose localization and transcription are related to
brain cancer.

Genes Disease  brain cancer List search

Events [|Gene expression [ Regulation "I Protein catabolism [ FPhosphorylation ¥ Localization O Binding Tranan:riptit:n

» DigSee system returns a list of 224 genes with evidence sentences in which
localization and transcription events of these genes are related to brain
cancer.

In tumor samples, ING1 proteins aberrantly localized to the cytoplasm, and to a lesser
extent, to the nucleus of . [PMID:14676120]
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Indexing and searching processes in the DigSee system

Searching Indexing
S INPUE e
N~ Genes : i :
Disease X i
Events : Lucene ' Inverted Index |
' I Index Searcher |::| (Evidence Sentence, |:
OlIJtPUt | Abstract) |
| ! ¥ !
Ranked Articles J» Scoring Lucene
with Evidence Sentences Sentences i Index Writer
Gene, Disease, Event>
Genes (Entrez Gene Symbol | <Gene, ’
Normalization Evidence Sentence
gene ID) PMID
ABNER: - /‘\k
PubMed Gene Symbol c Er .
Abstracts Extraction vent extraction
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Gene symbol extraction and normalization

« Entity recognition system (NER), ABNER, was used to recognize
gene/protein names
« Recognized genes were normalized using Moara

« Moara uses gene synonyms from UniProt and the HUGO Gene Name
Consortium

Gene mentions in documents Gene Symbols

Alpha 2 macroglobulin

Alpha2 macroglobulin
Alpha-2 macroglobulin A2M
Alpha-2-macroglobulin

Androgen receptor

AR protein AR

15™ ANNUAL
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Biological event extraction
» Turku event extraction system

» Extract complex events among genes and proteins from biomedical literature
 Require named entity recognition system and sentence parser

Epidemiological studies and prevention trials suggest selenium is a

promising preventive agent for prostate cancer. Selenium-

containing compounds inhibited the growth of prostate cancer cell The effect Of MSC on tu Mmor grOWth, AR, and prOState-
lines including androgen sensitive LNCaP and androgen insensitive - - - - -

DU145 and PC3 cells in vitro. Previous study revealed a novel Sp@lelC antlgen (PSA) expl‘ESSIOI‘] Wwas examil ned .
mechanism of selenium action in which selenium (' methylseleninic

acid ( MSA ) ) markedly reduced androgen receptor ( AR )
signaling in prostate cancer cells , suggesting that selenium might
act as an antiandrogen , which could serve as a therapeutic agent for
prostate cancer. In this study , we tested whether selenium
('methylselenocysteine ( MSC ) ) affects tumor growth of human
prostate cancer cells by targeting AR signaling in vivo. Prostate

AR expression in tumor tissues and serum PSA levels
tumor xenografts were established in nude mice by co-inoculating were COI’]SIdeI‘ably decreased in MSC-tl’eated mlce
LNCaP cells with Matrigel. The mice-bearing tumors were treated

with or without MSC ( 100 microg\ ) via intraperitoneal injection Compared tO the Veh |C|e (6{0) ntI’O|S.
for 2 weeks. The effect of MSC on tumor growth , AR , and
prostate-specific antigen ( PSA ) expression was examined.
Methylselenocysteine ( MSC ) significantly inhibited LNCaP tumor

growth (P <0.05). ARexpression in tumor tissues and serum PSA PharmaCOIOg|CaI dose Of MSC |nh|b|ts the gI‘OWth Of

levels were considerably decreased in MSC-treated mice compared

to the vehicle controls. Pharmacological d_ose_of MSC inhipitsthe LNC&P human prOState cancer |n VlVO aCCompaﬂled by
Cacreas inthe expresion of AR and POA. Tvéii’eaﬁﬁér?npgi” a decrease in the expression of AR and PSA.
0 a

that selenium (MSC ) can serve as a therapeutic agent aimej
disruption of AR signaling for prostate cancer.

15™ ANNUAL
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Scoring sentences

« DigSee services the evidence sentences with information such that ‘which genes’ are involved in the
development of ‘which disease’ through ‘which biological events'.

Significantly, down-regulation of SOX9 by siRNA in cells reduced
endogenous AR protein levels, and cell growth indicating that SOX9 contributes to AR
regulation and decreased cellular proliferation.[PMID: 17234760]

« DigSee demotes sentences that do not show relation between gene and disease (For example, explaining
an experimental procedure)

To determine the role of CD147 in the invasiveness properties of prostate cancer, we
successfully down-regulated CD147 by RNA interference (RNAI) technology, in
at high level of CD147 expression.[PMID: 16627983]

15™ ANNUAL
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Scoring sentences: Corpus

The ranking step measures the relevance of the candidate evidence sentences
« Gold standard data: 207 positive and 356 negative sentences from cancer-related articles

[ Feature selection sentences]

Binding S::fession Localization Phosphorylation Ic);:at;ic:ism Transcription
Positive 11 20 9 19 6 5
Negative 26 20 23 24 24 45
Total 37 40 32 43 30 50

[Performance testing sentences]
Gene Protein

Binding Localization Phosphorylation Transcription

expression catabolism
Positive 18 52 19 18 8 22
Negative 29 46 38 38 17 26
Total 47 98 57 56 25 48

Gene expression event contains positive regulation, negative regulation, and regulation events.

15™ ANNUAL
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Feature selection rules for ranking evidence sentences

 Based on Turku event extraction system
« Normalized event SVM score
« Normalized edge SVM score

« Based on the dependency parser tree
« Distance between gene and event

Distance between event and regulation

Distance between event and cancer

Event depth

Agent

 Based on terms in the sentence

« Cancer link keyword count

« Cancer hallmark keyword count: apoptosis, angiogenesis, growth, invasion, metastasis, and
proliferation

« Negative scores (to + infinitive, study-related keywords, negative keywords)

15™ ANNUAL
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Feature selection rules for ranking evidence sentences

 Based on dependency parser tree Gene-Event distance

Event-Regulation distance
Event-Cancer distance

Significantly, down-regulation of SOX9 by siRNA in cells reduced endogenous AR
protein levels, and cell growth indicating that SOX9 contributes to AR regulation and decreased

cellular proliferation. [PMID: 17234760]
event

ndogenous levels indicating and decreased
of EEELELL _— N\ \ \

AR  protein) and growth proliferation
R > "
cell  contributes

Significantly

cellular

by
- that SOX9 AR
siRNA
~— /\
in to regulation
cells
/\

cancer
prostate cancer



19

Feature selection rules for ranking evidence sentences

 Based on dependency parser tree

« Agent: the genes that have relations with a query gene in a sentence

» Since our goal is to find the disease-gene relationship, the sentence only

containing events for the gene-gene relationship is more likely to be classified as a
negative sentence.

CRA decreased bcl-2 expression in vitro and in PBMCs. [PMID: 10561278]

event decreased
‘@ expression In

m vitro
agent [T

15™ ANNUAL
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Feature selection rules for ranking evidence sentences

« Based on terms in the sentence

 Cancer link keyword count
- # of cancer terms or cancer-related keywords in the sentence
« Hyponyms and hypernyms of cancer collected from WordNet
 Cancer hallmark keyword count:

- Keywords of known characteristic of cancer during its initiation, development,
and progress

« Apoptosis, angiogenesis, growth, invasion, metastasis, and proliferation

Cancer hallmark keyword

Significantly, down-regulation of SOX9 by siRNA in prostate cells
reduced endogenous AR protein levels, and cell growth indicating that
SOX9 contributes to AR regulation and decreased cellular proliferation.
[PMID: 17234760]
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Feature selection rules for ranking evidence sentences

« Based on terms in the sentence S

« Negative scores : phrases to detect negative sentences
- to + infinitive: to determine, to find, to assess
» Study-related keywords: troponym of study from Wordnet
- Negative keywords: not, never

To determine the role of CD147 in the invasiveness properties of prostate cancer, we
successfully down-regulated CD147 by RNA interference (RNAI) technology, in PC-3 cell line
at high level of CD147 expression. [PMID: 16627983]

15™ ANNUAL
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Bayesian classifier

 Bayesian model

» A Bayesian classifier with these features was modeled to identify positive
evidence sentences from negative sentences

- Same prior for positive and negative evidence sentences
« Likelihood ratio of features

p(features | positive)

L(features) = _
( ) p(features | negative)

« Assuming independency between features except two cases

p(features; | positive)

L(features) = :
( ) ., p(features; | negative)

feature

p(cancer keywords | positive, event-cancer distance)

-p(canccr keyvwords | negative, event-cancer distance)
plagent | positive, hallmark keywords)
'p(agcnt | negative, hallmark keywords)

15™ ANNUAL
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Accuracy evaluation of identifying evidence sentences

« Accuracies of individual features from cancer-related documents

Features F-measure AUC
Normalized event SVM score 62.7 57.8
Normalized edge SVM score 60.3 42.5
Gene—event distance 62.1 52.0
Event-regulation distance 64.5 59.7
Event—cancer distance 71.5 74.1
Cancer keywords count (depending on event- 72.5 72.5
cancer distance)

Hallmark keywords count 64.4 58.8
Event depth 60.2 47.7
Negative score 68.7 59.3
Agent (depending on hallmark keywords count) 64.1 62.6
Total 72.7 80.5

15™ ANNUAL
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Accuracy evaluation of identitying evidence sentences

» Accuracies according to biological events from cancer-related documents

P: Precision, R: Recall, F; F-measure

Biological events BayeS|an classifier SVM classifier Random order

AUC P AUC
Binding 80.0 912 83.6 87.1 457 883 600 626 422 941 5/8 50.7
Gene expression  66.7 96.2 787 793 657 887 755 737 544 986 700 50.7
Localization 66.7 533 590 725 560 750 639 715 375 90.7 521 505

Phosphorylation 750 850 793 937 900 517 653 752 372 900 514 509
Protein catabolism 100 70.0 800 96.7 400 800 520 617 426 874 554 520
Transcription 63.3 87.0 731 747 543 860 664 71.0 485 972 645 486

Total 626 8069 727 805 53.7 810 0645 712 437 930 594 498

« SVM classifier (Bag of words model): 239 words were used.
« Random order (Baseline method): Sentences were randomly ordered 100 times

15™ ANNUAL
Microsoft Research Faculty Summit 2014
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Accuracy evaluation of identitying evidence sentences

« Accuracies from Alzheimer’s disease-related documents

v' Training with gold standard sentences from v' Training with gold standard sentences from
cancer Alzheimer’s disease

" Biological Events | AuC | precision | Recall | F-score NN Biobogial Events | AUC | Precision | Recall | -score
Binding 779 80.0 80.0 80.0 Binding 86.9 81.2 86.7 83.9
Gene expression 78.1 68.2 83.3 75.0 Gene expression 78.7 73.7 778 75.7
Localization 774 72.4 100 84.0 Localization 89.3 84.0 100 91.3
Negative regulation 894 86.7 100 92.9 Negative regulation  95.2 89.7 100 94.5
Phosphorylation 86.6 81.0 100 89.5 Phosphorylation 89.9 80.9 100 89.5
Positive regulation 74.6 77.8 93.3 84.8 Positive regulation 80.8 80.0 93.3 86.2
Protein catabolism 87.0 83.3 93.7 88.2 Protein catabolism 83.9 75.0 93.7 83.3
Regulation 70.0 83.3 100 90.9 Regulation 98.3 90.9 100 95.2
Transcription 60.7 42.9 100 59.9 Transcription 63.8 524 91.7 66.7
Total 78.9 73.0 88.5 80.0 Total 84.2 70.8 82.7 80.3

15™ ANNUAL
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Comparison to Alzheimer’s disease DB

AlzGene DB DigSee search engine
(http://www.alzgene.org/)

A 8 to 16-fold GFAP increase in
brain was established. [PMID:2514723]

1746

genes Accordingly, up-regulation of GSK-3 may
contribute to cytoskeletal pathology within
neurites in . [PMID: 12214113]

15™ ANNUAL
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Future works

thank to Windows Azure resource.
« 32CPU cores and 10 TB for 1 year

27

We are currently incorporating all disease types and more biological events to DigSee

Crawling from | Gene Symbol | Gene Symbol | Biological Event | Scoring Evidence Total
PubMed Extraction Normalization Extraction Sentences

Our previous work

# of abstracts 3,010,235 2,056,082 2,056,082
Cancer

Processing time using a single CPU (days) 34 95 47

Hard disk (GB) 1.5 2 2
Current work
# of abstracts 25,923,285 17,282,190 17,282,190
All diseases

Processing time using a single CPU (days) 300 800 400

Hard disk (GB) 13 18 18

15™ ANNUAL

2,056,082 1,117,325
713 1 890
120 20 145.5
17,282,190 8,641,095
6000 8 7508
960 160 2951

Microsoft Research Faculty Summit 2014
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