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Motivation

Better understanding of diseases
Risk detection and early diagnosis
Better treatment of patients

For a health system:
* more efficient, less expensive

For a patient:
* better healing
* better quality of life




Some problems...

for some diseases and disorders, causes and risk
factors are not known

some diseases have very diverse symptoms and/or
courses of development

several diseases share similar symptoms
some cases are very rare
some investigations are very expensive or invasive

some cures are very expensive or have severe side-
effects

Towards solutions...

How medicine copes with these problems:

epidemiologic studies

studies related to genetics

development of new diagnostic methods
development of new cures and drugs

Knowledge technologies can help by

development of tools for accessing the data, data
analysis, knowledge discovery and decision support




Knowledge Discovery in Databases (KDD)
(Fayyad et al., 1996)

KDD - a process consisting of the following steps:

* understanding the domain
« forming the data set and cleaning the data

» extracting regularities hidden in the data (formulating
knowledge in the form of patterns or models)

» postprocessing of discovered knowledge
» exploiting the results

Knowledge Discovery in Databases (KDD):
process of identifying valid, novel, potentially useful
and understandable patterns in data
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« Data Mining (DM):
— away of doing data analysis, aimed at finding patterns,
revealing hidden regularities and relationships in the
data




Data mining in medicine

Large quantities of data are collected
Most often

— predictive DM used for classification models (for
diagnosis, prognosis, treatment planning)

— data (represented in tables) collected from
measurements or acquired by experts

— overview of methods, examples and an exahaustive
list of references e.g. in (Lavrac and Zupan, 2005)

Data in different forms
— e.g. images, texts

Text mining in biomedicine

(overview and examples in Cohen and Hersh, 2005)

Extracting interesting information from biomedical
knowledge represented in digital text forms

Used also for

— Relationship extraction
(to recognize occurences of a pre-specified type
of relationship, e.g. between genes and proteins)

— Hypothesis generation
(to uncover implicit relationships, worthy further
investigation, e.g. potential new uses of drugs)




Swanson’s example

(Swanson, 1990)

Literature about Literature about
magnesium (A) migraine (C)
(38.000 articles) (4.600 articles)

(B)

65 articles on migraine (BC) and
63 articles on magnesium (AB)

Analysis resulted in 11 pairs of implicitly connected
arguments

Each of the 11 pairs consistent with, and suggestive of,
the hypothesis that magnesium deficiency may be a
causal factor in migrain.




Argument 1
(magnesium literature)

Mg is a natural calcium
channel blocker.

Stress and Type A behavior
can lead to body loss of Mg

Magnesium has

anti-inflammatory properties.

Argument 2
(migraine literature)

Calcium channel blockers can
prevent migraine attacks.

Stress and Type A behavior are
associated with migraine.

Migraine may involve sterile
inflammation of the cerebral
blood vessels.

Swanson’s ABC model

Literature on agent A that causes
phenomenon B

Literature on agent B that influences
phenomenon C

Hypothesis: agent A may influence
phenomenon C




« ARROWSMITH (Smalheiser and Swanson, 1998)

— connecting fish oil and Raynaud’s syndrome
— anticipating adverse drug reactions

— identifying mechanisms by which bioactive
compounds modulate cellular or organismal
responses

— identifying potential animal models for human
disorders

Work that followed

LitLinker (Pratt and Yetisgen-Yildiz, 2003)
— potential causal links between biomedical terms

DAD (Weeber et al., 2003)
— new potential uses of the drug thalidomine

BITOLA (Hristovski et al., 2005)
— identifiction of disease candidate genes

RaJoLink (Urbancic et al., 2007)

— identifying potential relations that might
contribute to better understanding of autism




Generation of a hypothesis
A may influence C

For a given C, how do we find A?

Swanson:

Search proceeds via some intermediate literature (B)
toward an unknown destination A. ... Success depends
entirely on the knowledge and ingenuity of the searcher.

Wheeler:

Our whole problem is to make the mistakes as fast as
possible.

Hypothesis generation: a case study
(Urbancic, Petric, Cestnik and Macedoni-Luksic, 2007)

* Motivation:

— To provide more systematical support in looking
for A for the Swanson’s ABC model

— To contribute to the understanding of autism




Problem domain: Autism

Pervasive developmental disorders

Anbormal development of cognitive, communication
and social interaction skills

Heterogeneity of disturbance
(ASD — autism spectrum disorders)

Very important:
Early diagnosis and treatment (3Y -> 1Y and less)

One of the problems:
Lack of studies about risk factors (Zerhouni 2004)

Data source: PubMed

US National Library of Medicine’s bibliographic
database

more than 5.000 journals

more than 15 M citations from mid-1950’s to the
present

more than 1.500 complete references added daily

10.821 documents with autis*
354 entire text in PubMed
217 published in the last 10 years
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[11: Dev Med Child Neurol 2007 Jul,49(7):503-F Related Aricles

Leber's congenital amaurosi:

is there an autistic component?

Fazzi E, Rossi M, Signorini 8, Ressi G, Bianchi PE, Lanzi G

Depattment of Child Neurology and Psychiatry, IRCCS C. Mondine Instituts of Neurology, Univetsity of Pavia, Pavia, ltaly

There is much evidence in the literature suggesting that children with congenital blindness can also present autistic fike
features. The aetiopathogenetic and clinical significance of this association is still unclear. Given the central role played by
vision in development, we set out to establish the i of autistic-like behawi in children with eardy-onset severe
visual impairment, Our sample comprissd 24 children (13 males, 11 females; mean age Jy 2mo; range 2-11y) affsctsd by
Leber's congenital amaurosis (LCA). The results of our administration of a modified Childhood Austism Rating Seale -
exchading tem VI (Visual Responsivensss) - showed that, only four of the children gave an overall scare indicating the
presenice of autism (moreover, of mild/moderate degree). Hardly any of the children in our LCA sample presented major
dysfunctions in their relationships with other peaple or in their sosial and emotional respansiveness, thus allowing us to
exclude a genuine comorbidity with a picture of autism. Indeed, the risk facing the visually impaired child seems to concemn
their early interactive experiences, whish may e affected by their inability to connect with others, and may he prevented
through the development of specific strategies of intervention.

PMID: 17593121 [Publed - in prosess]

[J2: Actas Esp Peiguiste 2007 Jul- Aug,35(4):271-6 Ralatad Aticlss

Newobiology of autism: newropathology and newronnagmg studies.

£

10



Getting acquainted with autism...

Which are the main topics in recent research of autism?
Which topics attract most attention?

How could the domain be structured?

Dataset of articles from PubMed Central

Building ontology with OntoGen

OntoGen v1.0

(Fortuna, Grobelnik, Mladenic, 2006)

Ce=—"

Designed for B
construction of topic -

ontologies

Clustering algorithms
used for topic
suggestion

Keyword extractions
methods help the user to
name the concept

Interactive user interface
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Autism ontology example

Concepts of autism ontology with 7 subgroups, built on 214
abstracts from the PubMed Central database
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Another autism ontology example
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Looking for rare terms

Dataset of articles from PubMed Central
Ontology construction with OntoGen
* txt.stat files

Rare terms

P 214Texts.txt.stat - BeleZnica EE®

Datoteka Urejanje Oblka Pogled Pomof
ITEXT_BOX_CLICKS' 113264, 1 ‘TEXT_Box' 113265, 1 ' TEXTBOOKS 113266, 1 -~
'TETRAHYDROPTERIN' D13267. 1 ' TETRAHYDROBIOPTERIN_BIQSYMTHESIS_REGEMERATING' n13268 1

! TETRAHYDROBIOPTERIN_BIOSYMTHESIS' 013269. 1 ' TETRAHYDROBIGPTERIN' 013270,

'TEST_SERIES' 013271. 1 'TEST_S4M' 013272, 1 'TEST_PICTURE'013273. 1
'TEST_DERIVED_TRANSFER'013274. 1 'TENSION' 013275, 1 ‘TEMNIS_BALL'O013278. 1

' TELEPHOMED_RADIO' 013277, 1 'TEACHING_WOCAS' 013278, 1 TEACHING_TRIAL'EIlBZ?‘E. 1

' TEACHING_RECEPTION' 013280. 1  TEACHERS_BEHAVIOR ' 013281. 'TDI' 013282, 1

'TBS' 013283, 1 'TASTE_PREFER'013234. 1 ' TASK_SEQUENCE' u13285 1 ' TASK_INTERSPERSED' O
13286. 1 ' TASK_IMSTRUCTOR'013287. 1 ' TARGETED_TOPOGRAPHY ' 113288, 1

' TARGETED_SOCIAL_SKILLS' 013285, 1 ' TARGETED_SOCIAL' D13250. 1 ' TARGETED_PROMPTED' 013291.
1 ' TARGETED_COMMUNICATION' 013282. 1 ' TARGETED_APPEARED' 013283, 1 " TAGMAN_RT ' 013294.

1 ‘TALK_FRIEWDS' 013295, 1 ‘TACTS_TEST ' 013296. 1 TACTS_INTRAVERBALS' 013297.

'T203M' 013208, 1 SYSTEM_HYPOTHESIS' 013259, 1 SYNTHETIC_CHEMICAL 013300,

' SYNOMYMOUS_SNPS' I13301. 013302, 1 ' SYMPTOMS_COUNTED' D13303. 1

'SYMMETRICAL_REQUESTS' 013304, T SWISS_FROT u13305 1 ‘SWIss' 013306, 1

' SWEDISH_MOBIUS'013307. 1 SUZIE_MOTHERS 013308, SUZIE'013308. 1 |SURVIVORS'013310.

1 "SURVEYS_REPORTS ' 013311. SURVEYS POPULATION' 013312, 1 SURVEYS BASED' 0

13313. 1 SLIF'ERIMPOSITION_PROCEDURE 013314, 1 SUPERIMPOSED_EDIBLE' 013315,

' SUNDEERG_PARTINGTOM' 013316, 1 ! SUCROSE_SOLUTION' n13317 1 ' SUCROSE. CITRICJCID 013318,
'SUCROSE_CITRIC 013319, 1 SUCCESSFUL Low' 013320, 1 ' SUBTYPES_GROUPS' 0113321 1

' SUBSTITUTE_REINFORCEMENT ' 013322, ' SUBJECT. CONTROL 013323. 1 SUBJECT_ASD 013324.
‘SUBITIZING' D13325. 1 STUDY FUNISHED' 013326, 1 ' STUDENT _DIRECT _INSTRUCT' 013327,

B 2147exts. txt.stat - BeleZnica Q@El

Datoteka Urejanje  Chlika  Pogled  Pomoi

'LEARNING_OUTCOME_TEST'014186. 1 ' LEARNING_OUTCOME ' 014187, 1 'LD_HD ' D14188. 1 P
'LARRY'D14189. 1 ' LARGE_SMCS' u14190 1 'LARGE_MAGNITUDE ' 014191, 1

' LAPSED_VIDEOSOMNOGRAPHY ' 014152, ' LANGUAGE_SUBTVPES_GROUPS ' 014193, 1

' LANGUAGE_SUBTYPES' 014194, 1 LANGUAGE_MILESTONES‘ 0141895, 1 'LAMININ' 014196, 1

' LAMIMAR_COMPARTMENT ' 014197, 1 'LAMBL' 014198, 1 'LAGS_SCHEDULE' 014199, 1 'LAGS_DRA'D
14200, 014201, 1 LACING 014202, 1 'KYLE' 014203, 1

'KRISTINA 014204, 1 KINMEY '014205. 1 ‘KIDS' 014206, 1 KIAAO?lG 014207, 1
'KIAAODSEG' 014208, 1 'KETO' 014209, 1 'KERRY' Dl4210. 1 'KELSEY' Dl4211 1
'KELLY_COREY'D14212. 1 'KATES_RESPOND' 014213, 1 ' KATES_PROELEMS_BEHAVIOR' 014214, 1
'KATES_PROBLEMS'014215. 1 FANNER_CRITERIA’ 014216, 1 KAMPS 014217, 1
'KALSCHEUER_AL ' 014218, 1 | KALSCHEUER' u14219. 1 'JUNG' 014220, 1 TIULY_RITA' 014221,
1 'IULIUS' 014222, 1 "JUAN' 014223, "JOINT_EFFECTS' 014224, 1 ' JOHN_CASEY' 014225,
1 'JOEL' 014226, 1 'JoDY' 014227 1 " JIM_THERESA' 114228, 1 "IIM_KELLY' 014229,

1 'IILL' 014230, 1 '1IG' 014231, 1 ! JEREMIAH_BEN' D14232. 1 ' JEREMIAH' 014233,

1 'JEFF' 014234, l 'JEE'D14235. 1 '1Cv' 014236, 'JAY_SIES' 014237, 1
IAPAN' 014238, 1 'JANE_RICK' 014239, 1 JAMES_STEREOTYPIES 014240, 1 ' JAKE_KYLE' D
14241, 1 ' JACK_MOTHERS' u14242 1 ' JACKSON_HACKENBERS' 014243, 1 "IV _DPP'DLl4244, 1
IvleJflUTATIONS 014245, 'IVEL3' 014246, 1 "Tvan’ D14247. 1 'ITEMS_PRODUCE'D
14248. ' ITEMS_HPG' n14249. 1 CITEMS_FALSE' 114250, " IRRELEVANT_MANDS 014251,

1 IQ_NV 014252, 1 IPSYN‘I]14253 1 'IP'014254. 1 'TOWVANNOME ' 014255, 1

' INVOLWEMENT _CRANIAL' 014256, 1 'IMVERTING_FACE'014257. 1 'INTRAVERBALS_TRAINED' 014258, 1
'INTRAVERBALS_TEST' 014259, 1 'INTOLERANCE' 014260. 1 'INTERVALS_PECS_TRAINED'014261. 1
'INTERVALS_PECS' 014262, 1 CINTERVALS_ DAY 014263, 1 "INTERRUPTION_ACTIVATION' 014264, 1

' INTERPRO_DOMAINS' 014265, 1 'INTERPRO' 014266, 1 'INTERMITTENT_PUNISHED'014267. 1

' INTERGEMIC_EMHANCE' 014268, 1 ' INTERGEMIC'014269. 1 'INTERACTION_YB' 014270, 1
INTERACTION STAFF 014271, 1 ' INTERACTION_RELEVANCE_OBJECTIVE' 0114272, 1
'INTERACTION_RELEVANCE'014273. 1 ' INTERACTION_ELABORATED_UNSCRIPTED' 014274, 1 v




For further investigation we choose:
» lactoylglutathione

* synaptophysin

» calcium channels

Why?
» icrease of polarity of glyoxalase | in autistic brain,
glyoxalase system involves lactoylglutathione

« altered synaptic function in autism, synaptophysin is a
protein localized to synaptic vesicles

« abnormal calcium signalling in some autistic children

Do chosen rare terms have something in common?

Looking for joint terms

Wyord |Tatal| calcium_channels |lactoylglutathione| synaptaphysin

Record: [14 ] 4] Sesq [ P [M1]F o+ of 30071

CYPRUS_INSTITUTE' 1 1
CYS'
CYS_CYS'

CYS CYS CYS'

[y — — b2

‘CY¥STEINE_MOTIF!
‘CYSTEINE_RESIDUE'
‘CYSTEINE_RESIDUES
‘CYSTEINE_RICH'
‘CYSTEINE_RICH_DOMAINS
CYSTEINE_STRIMNG'
CYSTEINE_STRING_PROTE
CYSTEINYL'

TYSTEIMYL S YEINE

JEPN (PO PR R PR PR I SN ) P
re
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Joint terms connect sets of literature

lactovlglutathione tst stat

MmAGnEsilm,
melanoma,
wiclathee_stress

- calcil-'n-a-L-Jrin, |
cysteine,

_ -1
synaptopknyesin b stat - l”HHm | cakium_channels bt stat

Autism articles from Pubhed

For further investigation we choose
» clacineurin

Calcineurin is calcium- and calmodulin-dependent
serine/threonine protein phosphatase, which is widely
present in mammalian tissues, with the highest levels
found in brain.

To the present, no direct evidence of calcineurin role in
autism has been reported on the internet.
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OntoGen’s representation of the set of autism and calcineurin articles
according to their similarities. Two main topics (autism and calcineurin)
are listed on the left side of the OntoGen’s window. As the calcineurin
is selected, the list of documents that are in the relationship with it is
presented in the central part of the window. An outlying autism article
(1149 autism) is inside the calcineurin context documents due to its
similarity with the neighboring documents.

Ontology delails
N Merom olugy | Cancept | Concep

) wct [ 2opiy_ oot | Sow: contms cocimmess | sty sestwty 3 |[Docorewen | q
Dioeument Sdarty 1

= nn

[
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(2]
kil e
Py the Xlinkad gene encoding mathyl A

mim CpG binding protein 2 MeCPE) cause &

noeaynaromic mental retardatioe,
o, X g dssability, san. Mice
|| [sscrodemee. secimse. espresion. *
V[ Chrge | || oot

Kamport

SVM Eapvrord

Al documents: || Decument name: 1145 e

Argument 1
(calcineurin literature)

Erin et al. (2003) observed that  *

calcineurin occured as a
complex with Bcl-2 in various
regions of rat and mouse
brain.

Cofanet al. (2005) published ¢

their article about effect of
calcineurin inhibitors on low-
density lipoprotein oxidation.

Zhabotinsky et al. (2006)
described induction of long-
term depression that depends
on calcineurin.

Argument 2
(autism literature)

Fatemi et al. (2001) reported a
reduction of Bcl-2 (a regulatory
protein for control of programmed
brain cell death) levels in autistic
cerebellum.

Qiu et al. (2006) described the low-
density lipoprotein receptors that
regulate cholesterol transport, in
neuropsychiatric disorders, such
as autism.

Bear et al. (2004) reported about
loss of fragile X protein, an
identified cause of autism that
increased long-term depression in
mouse hippocampus.
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Towards the hypotheses... (1)

Which rare terms are promising for hypotheses generation?

Background knowledge is crucial.
Can we automatise selection of promising rare terms?

Partially, in some cases.
E.g., selecting terms from a neurobiological dictionary.

But at the moment,

Expert’s involvement is crucial.

Towards the hypotheses... (2)

Do these pairs of documents point towards useful hypotheses?

Expert’s evaluation is crucial.

“Continue with fragil X, this would really be interesting...”

17



Results obtained on autism domain, and on autism+fragile_X domain

Iactoy{lglpj:athione

N

N

lactoylglutathione
literature

calcineurin

pleium_channels
literature

l{iﬁlicullhle

™,

bicuculline
literature

¢_fos
literature

‘autism and fragile 3
A . cS 110 [ e

Autism literature

NF-kappaB literature

Araghi-Niknam and Fatemi [2] showed
reduction of Bcl-2, an important marker
of apoptosis, in frontal, parietal and
cerebellar cortices of autistic
individuals.

Vargas et al. [21] reported altered
cytokine expression profiles in brain
tissues and cerebrospinal fluid of
patients with autism.

Ming et al. [13] reported about the
increased urinary excretion of an
oxidative stress biomarker - 8-iso-
PGF2alphain autism.

Mattson [12] reported in his review that
activation of NF-kappaB in neurons can
promote their survival by inducing the
expression of genes encoding
antiapoptotic proteins such as Bcl-2 and
the antioxidant enzyme Mn-superoxide
dismutase.

Ahn and Aggarwal [1] reported that on
activation NF-kappaB regulates the
expression of almost 400 different
genes, which include enzymes,
cytokines (such as TNF, IL-1, IL-6, IL-8,
and chemokines), adhesion molecules,
cell cycle regulatory molecules, viral
proteins, and angiogenic factors.

Zou and Crews [24] reported about
increase in NF-kappaB DNA binding
following oxidative stress neurotoxicity.
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Expert’s evaluation (reported in Urbancic et al., 2007)

It is thought that autism could result from an interaction between
genetic and environmental factors with an oxidative stress and
immunological disorders as potential mechanisms linking the two
[3], [13]. Both of the mechanisms are related to NF-kappaB as the
result of our analysis. The activation of the transcriptional factor NF-
kappaB was shown to prevent neuronal apoptosis in various cell
cultures and in vivo models [12]. Oxidative stress and elevation of
intracellular calcium levels are particularly important inducers of NF-
kappaB activation. In addition, various other genes are responsive
to the activation of the NF-kappaB, including those for cytokines. In
this way the NF-kappaB can be involved in the complex linkage
between the immune system and autism [3], [21]. So, according to
our analysis one possible point of convergence between “oxidative
stress” and “immunological disorder” paradigm in autism is NF-
kappaB.

Hypothesis A may influence C

generation:
Being interested in C, how do we find A?

If there are some rare terms that appear in the C
literature and they all have a joint term A in the
intersection of their literature, it is worthwhile

checking if this joint term has some connections to C
via linking terms (B).

If C literature and A literature have few or no published
papers in common, such (up to now uncovered)
connection might contribute to better understanding
of C.




RaJoLink method

Domain.txt.stat files

Rare terms
selection
RareTerml.txt.stat & RareTerm2.txt.stat & ...& RareTermN.txt.stat

Joint terms
i selection

JointTerm = A, Domain =C
Swanson’s ABC model

Linkini

A may influence C

term B suchthat A->Band B ->C
evaluation

Steps of the RaJoLink method (1)

Step

Ra

Input Action Tool, technique Human Output
involvement
Set of articles 1.1 Digital
about domain  Extraction of document
of interest texts archives
(about
Er;enomenon 1.2 Word
Data collection processing
preprocessing software
13 Word
Identification of  frequency
rare (R) terms statistics
1.4 Latent Indication Rterms C_R,,
Semantic semantic of C_R,..C_R,
filtering indexing interesting
R terms
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Steps of the RaJoLink method (2)

Step Input Action Tool, techniqgue = Human Output
involvement
Jo Sets of 2.1 Extraction of Digital
articles texts document
about archives
C_Ry, 2.2 Data Word
C_R,. collections processing
CRy preprocessing software
2.3 Identification Word
of each frequency
dataset’s statistics,
concepts and Clustering
subconcepts
2.4 Search for Word Selection of Joint terms
joint terms frequency significant AL,
statistics joint terms A, Ay
(agents
A)
Steps of the RaJoLink method (3)
Step | Input Action Tool, techniqgue | Human involv. | Output
Link | Joint set of 3.1 Extraction of Digital
articles texts document
about A archives
and 8
articles 3.2 Data collect!on Word .
about C preprocessing processing
software
3.3 Identification of = Semantic text
semantically analysis
related A, and C
documents
3.4 Search for Word Selection of Linking
linking terms intersection meaningful term
(agents B) terms B; s B,
B,,...
B

r
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Case-study conclusions

* Ontology construction is useful for systematical exploration of
sets of articles and for getting insight into a new domain.

e Itis worthwhile to explore rare terms for generation of
hypotheses (RaJoLink method).

e Expert's involvement is crucial for speeding up the process
(selections) and for evaluations of candidate hypotheses.

« Expert evaluation confirmed the relevance of discovered
relations in the autism domain.
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