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• Simplify the relations between genes and diseases into typed binary 

relations



biological events 

We conclude that MMP-7 over-expression

correlates with breast cancer in vitro invasiveness 

and that MMP-7 may promote invasion by 

increasing the secretion and activation of proMMP-2 

and proMMP-9. (PMID:16019136)

Gene Expression and Cancer
An example sentence

http://www.ncbi.nlm.nih.gov/pubmed?term=16019136


biological events 

An example sentence

From Nature Reviews Cancer 4, 106-117

In carcinoma cells that lack PTEN activity, PI3K/AKT 

signalling is active, resulting in phosphorylation of 

FOXO and p27 by AKT. FOXO phosphorylation 

promotes its nuclear export in a CRM1-dependent 

manner, so that it can no longer activate transcription 

of its target genes. (PMID: 16450001)

14732865

http://www.ncbi.nlm.nih.gov/pubmed?term=16450001


biological events 

RRR-alpha-tocopheryl succinate-induced apoptosis of human breast cancer cells involves Bax translocation to 

mitochondria. (PMID:12750270)

In breast cancer cells, NGF inhibits C2-induced apoptosis through binding of p75NTR and NF-kappaB activation. 

(PMID:17638883)

Since breast cancers 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)

http://www.ncbi.nlm.nih.gov/pubmed?term=12750270
http://www.ncbi.nlm.nih.gov/pubmed?term=17638883
http://www.ncbi.nlm.nih.gov/pubmed?term=16457848


For ~ 200 cancer names, 

1,391,019 sentences were scored.

Breast Cancer 93,672

Cervical Cancer 11,308

Colon cancer 49,934

Gastric cancer 19,024

Glioblastoma 9,939

Hepatocellular cancer 18,079

Kidney cancer 10,998

Liver cancer 39,946

Lung cancer 38,205

Ovarian cancer 41,298

Prostate cancer 176,875

Retinoblastoma 43,955

For ~ 700 nervous system diseases names, 

130,451 sentences were scored.

Alzheimer Disease 64,986

Back Pain 11,139

CNS Diseases 15,129

Chronic Pain 11,139

Dementia 7,587

Hearing Disorders 3,341

Multiple Sclerosis 3,999

Parkinson Disease 6,433

Pituitary Diseases 15,129

Seizures 3,850

Stroke 4,001

Tics 88,565

http://gcancer.org/digsee



evidence sentences 49
124 genes

expression changes regulations
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In tumor samples, ING1 proteins aberrantly localized to the cytoplasm, and to a lesser 
extent, to the nucleus of glioma cells. [PMID:14676120]
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Gene mentions in documents Gene Symbols

Alpha 2 macroglobulin

A2M

Alpha2 macroglobulin

Alpha-2 macroglobulin

Alpha-2-macroglobulin

…

Androgen receptor

AR
AR protein

…
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The effect of MSC on tumor growth, AR, and prostate-

specific antigen (PSA) expression was examined. 

AR expression in tumor tissues and serum PSA levels 

were considerably decreased in MSC-treated mice 

compared to the vehicle controls.

Pharmacological dose of MSC inhibits the growth of 

LNCaP human prostate cancer in vivo accompanied by 

a decrease in the expression of AR and PSA.

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 

lines including androgen sensitive LNCaP and androgen insensitive 

DU145 and PC3 cells in vitro. Previous study revealed a novel 

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 

tumor xenografts were established in nude mice by co-inoculating 

LNCaP cells with Matrigel. The mice-bearing tumors were treated 

with or without MSC ( 100 microg\ ) via intraperitoneal injection 

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 

levels were considerably decreased in MSC-treated mice compared 

to the vehicle controls. Pharmacological dose of MSC inhibits the 

growth of LNCaP human prostate cancer in vivo accompanied by a 

decrease in the expression of AR and PSA. These findings suggest 

that selenium ( MSC ) can serve as a therapeutic agent aimed at 

disruption of AR signaling for prostate cancer. 



‘which genes’
‘which disease’ ‘which biological events’

Significantly, down-regulation of SOX9 by siRNA in prostate cancer cells reduced 

endogenous AR protein levels, and cell growth indicating that SOX9 contributes to AR 

regulation and decreased cellular proliferation.[PMID: 17234760]

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]



16

Events Binding
Gene

expression
Localization Phosphorylation

Protein

catabolism
Transcription

Positive 11 20 9 19 6 5

Negative 26 20 23 24 24 45

Total 37 40 32 43 30 50

Events Binding
Gene

expression
Localization Phosphorylation

Protein

catabolism
Transcription

Positive 18 52 19 18 8 22

Negative 29 46 38 38 17 26

Total 47 98 57 56 25 48

[ Feature selection sentences]

[Performance testing sentences]

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

Significantly down-regulation

of
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by

siRNA

in

cells

prostate cancer
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AR protein and growth

cell

indicating

contributes

that SOX9 AR
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event

cancer
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Significantly, down-regulation of SOX9 by siRNA in prostate cancer cells reduced endogenous AR 

protein levels, and cell growth indicating that SOX9 contributes to AR regulation and decreased 
cellular proliferation. [PMID: 17234760]

Gene-Event distance

Event-Regulation distance

Event-Cancer distance



• Agent

gene-gene relationship 
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decreased

CRA expression In 

event

gene

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

bcl-2
vitro

and in

PBMCs

agent



Significantly, down-regulation of SOX9 by siRNA in prostate cancer cells 

reduced endogenous AR protein levels, and cell growth indicating that 

SOX9 contributes to AR regulation and decreased cellular proliferation. 
[PMID: 17234760]

Cancer link keyword

Cancer hallmark keyword

20
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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]

Negative scores
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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–

cancer distance)

72.5 72.5

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
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• SVM classifier (Bag of words model): 239 words were used.

• Random order (Baseline method): Sentences were randomly ordered 100 times

Biological events Bayesian classifier SVM classifier Random order

P R F AUC P R F AUC P R F AUC

Binding 80.0 91.2 83.6 87.1 45.7 88.3 60.0 62.6 42.2 94.1 57.8 50.7

Gene expression 66.7 96.2 78.7 79.3 65.7 88.7 75.5 73.7 54.4 98.6 70.0 50.7

Localization 66.7 53.3 59.0 72.5 56.0 75.0 63.9 71.5 37.5 90.7 52.1 50.5

Phosphorylation 75.0 85.0 79.3 93.7 90.0 51.7 65.3 75.2 37.2 90.0 51.4 50.9

Protein catabolism 100 70.0 80.0 96.7 40.0 80.0 52.0 61.7 42.6 87.4 55.4 52.0

Transcription 63.3 87.0 73.1 74.7 54.3 86.0 66.4 71.0 48.5 97.2 64.5 48.6

Total 62.6 86.9 72.7 80.5 53.7 81.0 64.5 71.2 43.7 93.0 59.4 49.8
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Biological Events AUC Precision Recall F-score

Binding 77.9 80.0 80.0 80.0

Gene expression 78.1 68.2 83.3 75.0

Localization 77.4 72.4 100 84.0

Negative regulation 89.4 86.7 100 92.9

Phosphorylation 86.6 81.0 100 89.5

Positive regulation 74.6 77.8 93.3 84.8

Protein catabolism 87.0 83.3 93.7 88.2

Regulation 70.0 83.3 100 90.9

Transcription 60.7 42.9 100 59.9

Total 78.9 73.0 88.5 80.0

Biological Events AUC Precision Recall F-score

Binding 86.9 81.2 86.7 83.9

Gene expression 78.7 73.7 77.8 75.7

Localization 89.3 84.0 100 91.3

Negative regulation 95.2 89.7 100 94.5

Phosphorylation 89.9 80.9 100 89.5

Positive regulation 80.8 80.0 93.3 86.2

Protein catabolism 83.9 75.0 93.7 83.3

Regulation 98.3 90.9 100 95.2

Transcription 63.8 52.4 91.7 66.7

Total 84.2 70.8 82.7 80.3

 Training with gold standard sentences from 

cancer

 Training with gold standard sentences from 

Alzheimer’s disease



AlzGene DB 
(http://www.alzgene.org/) 

DigSee search engine

A 8 to 16-fold GFAP increase in Alzheimer

brain was established. [PMID:2514723]

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

http://www.alzgene.org/
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Crawling from 

PubMed

Gene Symbol 

Extraction

Gene Symbol 

Normalization

Biological Event 

Extraction

Scoring Evidence 

Sentences
Total

Cancer

Our previous work

# of abstracts 3,010,235 2,056,082 2,056,082 2,056,082 1,117,325

Processing time using a single CPU (days) 34 95 47 713 1 890

Hard disk (GB) 1.5 2 2 120 20 145.5

All diseases

Current work

# of abstracts 25,923,285 17,282,190 17,282,190 17,282,190 8,641,095

Processing time using a single CPU (days) 300 800 400 6000 8 7508

Hard disk (GB) 13 18 18 960 160 2951
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