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The Goal

To discover publications relevant to entities in a pathway model using a
pathway model visualization for a user interface and text mining tools

for knowledge discovery

Pathway Visualization Publications
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Publication Counts Demonstration
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First, the user logs in to Payao (or another compatible pathway visualization) and
selects a “PathText enabled” model.
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The user then selects one or multiple nodes from the model, in this case “TAK1”
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The user then presses the “Publlcatlon Counts” button and a request is sent to PathText.
A list of Nodes with publications co-occurring with the user’s selection is returned

These results are displayed as document icons color coded according to the number of
publications discovered.
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View Publications Demonstration
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First, a user selects one or multiple nodes in the pathway, in this case a reaction

describing the activation/phosphorylation of a complex with TAK1 as a modifier.
The user then presses the “View Publications” button
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Search Results for Model: NFKB for PathText Project

Sort by: Publication Date | Publication Ranking | Author
Positive and negative requlation of IkappaB kinase activity through IKKbeta subunit phosphorylation.

In mammalian cells, phosphorylation of two sites at the activation loop of IKKbE was essential for activation of KK by tumor necrosis factor and
interleukin-1. Yiew Annotation

Whereas the Serl?7-= Alal?7 (S1774A) mutation in [KKb slightly decreased cytokine responsiveness, the S181A mutation had a more severe effect,
and the replacement of both sites abolished KK activation altogether, View snnotation

Science, 1999 Apr 9, 284(5412%:309-13, PMID: 10195894
Delhase M, Hayakawa M, Chen ¥, Karin M.

Laboratory of Gene Regulation and Signal Transduction, Department of Pharmacology, University of California, San Diego, 9500 Gilman Drive, La
Jolla, CA 92093-0635, USA,

Annotation by K. Od3

TAK1 is a ubiquitin-dependent kinase of MKK and IKK

Significantly, the TAKL kinase once activated by Ubcl3-UevlA-mediated ubigquitination was able to phosphorylate IkKkKbh specifically at 5177 and
S181. Thus, TAKL is a ubiguitin-dependent kinase of IKkh, Yiew Annotation

Nature, 2001 Jul 19, 412(6844):345-51, PMID: 11460157

Wang C, Deng L, Hong M, akkaraju GR, Inoue J, Chen Z2J

Department of Molecular Biology, University of Texas Southwestern Medical Center, Dallas, Texas 75390-9148, USA
Annotation by K. Oda

Mammalian TAK1 activates 8nfl protein kinase in yeast and phosphorylates AMP-activated protein kinase in vitro.
Mammalian TAKY activates Snfl protein kinase in yeast and phosphorylates AMP-activated protein kinase in vitro

The Journal of biological chemistry, 2008 Sep 1, 281(35):25336-43, Epub 2006 Jul 11, PMID: 16835224
Momcilovic M, Hong SP, Carlson M.

View Publication | Create annotation | Mark "Mot Pelevant”

Constitutive activation of TAK1 by HTLV-1 tax-dependent overexpression of TABZ induces activation of JINK-ATF2 but not
IKK-NF-kappaB.

... Transforming growth factor-beta-activated kinase 1 (TAK1) has been shown to play a critical role in these transcription factors, Here, we found
that TAK1 was constitutively activated in Tax-positive HTLY-1-transformed T cells. Tax induced persistent overespression of TAK1-hinding protein
2 (TAB2), but not TABR3, which is essential for TAK1 activation. Surprisingly, TAK1 wZas not involved in thye activation of NF-kappaB. On the other
hand, JNK and p38 mitogen-activated protein kinases were activated by TAKL. In addition, ATFZ2, but not CREB, was a target for the TAK1-INK
pathway, and EIBEI negatively regulated TAK1 activity through TaB1 phosphorylation. These results indicate that Tax-mediated TAK1 activation is
Important for the activation of ATF2 rather than NF-kappaB.

The Journal of Biological Chemistry, 2007 aug 31, 282({35):25177-81, Epub 2007 Jul 11, PMID: 17626013
Suzuki 5, Singhirunnusorn P, Mari 4, Yamaoka 5, Kitajima I, Saiki I, Sakurai H.

Yiew Publication | Create Annotation | Mark "Not Relevant”

A new window (or tab) is then opened in the user’s browser and the PathText
results are displayed.
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Search Results for Model: NFKB for PathText Project

Sort by Publication Date | Publication Ranking | Author

Positive and negative regulation of IkappaB kinase activity through IKKbeta subunit phosphorylation.

In mammalian cells, phosphaorylation of two sites at the activation loop of IKKb was essential for activation of IKk by tumar necrosis factor and
intereukin-1. View Annotation

Whereas the Serl?7-> Alal77 (S1774) mutation in IKkb slightly decreased cytokine responsiveness, the 51814 mutation had a more severe effect,
and the replacement of both sites abolished KK activation altogether. Yiew Annotation

Science, 1999 Apr 9, 284{5412%:309-13, PMID: 10195894
Delhase M Ha}fakawa M, Chen ¥, Karin M.

Lahuratury of Gene Regulatlun and Signal Transduction, Cepafment of Pharmacology, University of California, San Diego, 9500 Gilman Drive, La
Jolla, C& 92093-0636, LISA.
Annotation by K. Oda

TAK1 is a ubiquitin-dependent kinase of MKK and IK

Significantly, the Takl kinase once activated by Ubc13-Uew 1A
S181. Thus, TAK1 is a ubiguitin-dependent kinase of KKb. Wie

ediated ubiquitination was able to phosphorylate IKkb specifically at S177 and
Annotation

Mature, 2001 Jul 19, 412{6844): 345-51, PMID: 11460167
Vidang C, Deng L, Hong M, akkaraju GR, Inoue J, Chen 2]

Department of Maolecular Biology, University of Texas Southwest@n M
Annotation by K. Oda

ical Center, Dallas, Texas 75390-9148, USA

Mammalian TAK1 activates Snfl protein kinase in yeast phosphorylates AMP-activated protein kinase in vitro,

Mammalian TAKL activates Snfl pratein kinase in yeast and phas
e Jowrt The first two results are publications that were annotated manually
by a biologist using the PathText annotation tool. The tool assists
] the user in linking a specific node in a pathway model with

IKK-NF1 gnnotations in a publication. The information is then stored in the
war el PathText annotation repository. This repository is then queried by [l fi5s: e fane

rylates AMP-activated protein kinase in vitro

NK-ATF2 but not

hand il the PathText service and these results are generated. S e Tak e
athway, — ed TAK1 activation is

important for the activation of 4TF2 rather than HF- kappaB

The Journal of Biological Chemistry, 2007 Aug 31, 282{35):25177-81, Epub 2007 Jul 11, PMID: 17626013
Suzuki 5, Singhirunnusorn P, Mon A, Yamaoka S, Kitajima I, Saiki I, Sakurai H.

Yiew Publication | Create Annotation | Mark "Mot Relevant"”
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The next result comes from a “subject verb object” query generated by PathText and
processed by a web service, in this case Medie.

The “View Publication” link will display the original document, such as the PDF file on the
PubMed website.

The “Create Annotation” link will take the user to the PathText annotation system which
facilitates creating a link between the publication and a node or nodes in a pathway model.

The “Mark Not Relevant” link allows the user to mark the search result as “Not Relevant”. This
data will be stored by the PathText system and used to generate more accurate search
results for future users.

wedrig L, LETIL L, U LG _P.KK:I[\:IJL,I L_.'ll'i, 1[_I|_|L,I|:.‘ J, TTETT )
Department of Malecular Biolagy, University of Texas Southwestern
Annotation by K. Oda

dical Center, Dallas, Teras 75390-9143, LISA

Mammalian TAK1 activates Snfl protein kinase in yeast ghd phosphorylates AMP-activated protein kinase in vitro.

Mammalian TAKL activates Snfl protein kinase in yeast and plyphorylates AMP-activated protein kinase in vitro

The Journal of biological chemistry, 2008 Sep 1, 281(35):25336-43. Epub 2006 Jul 11, PMID: 16835226
Momecilovic M, Hong 5P, Carlson M.

Yiew Publication | Create Annotation | Mark "Not Relevant"”

ConstituEue activation of TAK1 by HTLVY-1 tax-dependent overexpression of TAB2 induces activation of JNK-ATF2 but not
IKK-MNF-kappaB.

... Transforming growth factor-beta-activated kinase 1 (TAK1) has been shown to play a crtical role in these transcrnption factors, Here, we found
that TAK1 was constitutively activated in Tax-pasitive HTLY-1-transformed T cells, Tax induced persistent overespression of TAK1-binding protein
2 (TaB2), but not TAB3, which is essential for TAKL activation. Surprisinglv, TakKl w2as not invalved in thye activation of NF-kappaB. On the other
hand, JHK and p38 mitogen-activated protein kinases were activated by TAK1. In addition, ATFZ2, but not CREB, was a target for the TAK1-JNK
pathway, and p38 negatively regulated Tak1 activity through TaB1 phaspharylation, These results indicate that Tax-mediated TAKL activation is
important for the activation of ATFZ2 rather than MF-kappab.

The Journal of Biological Chemistry, 2007 Aug 31, 282{35):25177-81, Epub 2007 Jul 11, PMID: 17626013
Suzuki 5, Singhirunnusorn P, Mon A, Yamaoka S, Kitajima I, Saiki I, Sakurai H.

Yiew Publication | Create Annotation | Mark "Mot Relevant"”
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Search Results for Model: NFKB for PathText Project

Sort by Publication Date | Publication Ranking | Author

Positive and negative regulation of IkappaB kinase activity through IKKbeta subunit phosphorylation.

In mammalian cells, phosphaorylation of two sites at the activation loop of IKKb was essential for activation of IKk by tumar necrosis factor and
intereukin-1. View Annotation

Whereas the Serl?7-> Alal77 (S1774) mutation in IKkb slightly decreased cytokine responsiveness, the 51814 mutation had a more severe effect,
and the replacement of both sites abolished KK activation altogether. Yiew Annotation

Science, 1999 Apr 9, 284{5412%:309-13, PMID: 10195894

Delhase M, Hayakawa M, Chen ¥, Karin M,

Laborataory of Gene Regulation and Signal Transduction, Department of Pharmacolagy, University of California, San Diego, 9500 Gilman Drive, La
Jolla, C& 92093-0636, LISA.

Annotation by K. Oda

TAK1 is a ubiquitin-dependent kinase of MKK and IKK

Siomificontle tho TaAkd bimoco omeo octieotod b e d ol lowd A modiotod pibionitimotion was oblg to mhocnboeedotg TEER cmgeific gl of S177F oed

The final result comes from a web service that processes space separated query terms,
such as Facta and Kleio.

As with the previous result, the user can view the publication, generate annotations or
mark the result as “Not Relevant”

OTIT] T 2006 JUT 1L, Pl I6e 35220
Momecilovic M, Hong 5P, Carlson M.

Yiew Publication | Create ghnotation | Mark "Not Relevant"”

Constitutive activation of TAK1 by HTLY-1 tax-dependent
IKK-MNF-kappaB,

... Transforming growth factor-beta-activated kinase 1 (TAK1) has been shown to play a crtical role in these transcrnption factors, Here, we found
that TAK1 was constitutively activated in Tax-pasitive HTLY-1-transformed T cells, Tax induced persistent overespression of TAK1-binding protein
2 (TaB2), but not TAB3, which is essential for TAKL activation. Surprisinglv, TakKl w2as not invalved in thye activation of NF-kappaB. On the other
hand, JHK and p38 mitogen-activated protein kinases were activated by TAK1. In addition, ATFZ2, but not CREB, was a target for the TAK1-JNK
pathway, and EIBE neqgatively regulated TAK1 activity through TAB1 phosphorylation. These results indicate that Tax-mediated TAKL activation is
important for the activation of ATFZ2 rather than MF-kappab.

erexpression of TAB2Z induces activation of JNK-ATF2 but not

The Journal of Biological Chemistry, 2007 Aug 31, 282{35):25177-81, Epub 2007 Jul 11, PMID: 17626013
Suzuki 5, Singhirunnusorn P, Mon A, Yamaoka S, Kitajima I, Saiki I, Sakurai H.

Yiew Publication | Create Annotation | Mark "Mot Relevant"”
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So how does it work?

Probably out of time by now,
So please ask me later:
satre@idi.ntnu.no
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A request is sent by Payao to the PathText web service.
| This request contains the selected model and a unique identifier for

] each selected node.
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Repository PathText Web Service

Pathway Visualization

The PathText web service receives the request
containing the selected nodes.

This data is then processed using the PathText

Model Repository to convert the node ID(s) into

queries compatible with various text mining web
services.

Text Mining Web Services

PathText sends a request for manually generated
annotations to the “PathText Annotation Repository”
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PathText Annotation
Repository

Text Mining Web Services

Pathway Visualization

PathText Web Service

Search results from the various text mining web
services and from the PathText Annotation
Repository are returned to the PathText Web Service.

The PathText web services then compares, ranks
and formats these results to generate an HTML
results page with a unique URL identifier.

This unique URL is then sent to the Pathway
Visualization (Payao) and the result page is
displayed in a new window on the user’s browser.
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PathText API
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Request from Pathway Visualization to PathText web service

URI Request XML Response (for publications)
server_id=(string) <pathtext_result>

request_id=(string) <request_id>(string)</request_id>
request_type=(publications, count) <result_url>(url string)</result_url>
user_id:(string) </pathtext_result>

model_id=(string)
start_date=(mmddyyyy)
end_date=(mmddyyyy)
node[]=(string array)

XML Response (for count)
<pathtext_result>
<request_id>(string)</request_id>
<node_count>

author=(string) <node_id>(string)</node_id>
publication=(string) <pub_count>(integer)</pub_count>
max_results=(integer) </node_count>

<node_count>
<node_id>(string)</node_id>
<pub_count>(integer)</pub_count>
</node_count>
</pathtext_result>
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Text Mining Web Services

List of Associated Proteins/Publication Counts from Uniprot ID(s) or Name String(s)
List of Publications from Uniprot ID(s) or Name String(s)

List of Publications from Subject,Verb,Object Query

(Future Work)

Protein Name to Uniprot ID / Uniprot ID to Protein Name
List of Protein Interactions from Uniprot ID

Protein/Gene Name Normalizer

Protein/Gene Name Synonym Service
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Text Mining Web Services

List of Associated Proteins/Publication Counts from Uniprot ID(s) or Name String(s)

URI Request

query=(string)
cat=(string)

query contains a list of uniprotids or
protein labels separated by a

space character (%20) and

grouped with parenthesis

cat contains the species
to be searched, e.g. human

Here is an example:

XML Response

<publication_count>

<node_count>
<type>(string)</type>
<id>(string)</id>
<label>(string)</label>

</node_count>

<node_count>
<type>(string)</type>
<id>(string)</id>
<label>(string)</label>

</node_count>

</publication_count>

?query=(uniprot_p19838%20uniprot_q04206)%200r%20p65&cat=human
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Text Mining Web Services
List of Publications from Uniprot ID(s) or Name String(s)

URI Request
query=(string)

query contains a list of uniprotids or
protein labels separated by a

space character (%20) and

grouped with parenthesis

Here is an example:
?query=(uniprot_p19838%20uniprot_q04206)%200r%20p65

XML Response
<publications>
<publication>
<pmid>(string)</pmid>
<pub_url>(string)</pub_url>
<pub_title>(string)</pub _title>
<journal>(string)</journal>
<authors>
<author>(string)</author>
<author>(string)</author>
</authors>
<excerpt>(string)</excerpt>
</publication>
<publication> ...</publication
</publications>
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Text Mining Web Services
List of Publications from Subject,Verb,Object Query

URI Request
subject=(string)
verb=(string)
object(string)

subject contains a list of uniprotids or
protein labels separated by a

space character (%20) and

grouped with parenthesis

Here is an example:

? subject=p65%20p50&object=NF-kappaB&verb=

XML Response
<publications>
<publication>
<pmid>(string)</pmid>
<pub_url>(string)</pub_url>
<pub_title>(string)</pub _title>
<journal>(string)</journal>
<authors>
<author>(string)</author>
<author>(string)</author>
</authors>
<excerpt>(string)</excerpt>
</publication>
<publication> ...</publication
bind </publications>
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The Pathway Text Mining Bridge
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Text Mining Tools

Here | would like to insert a description of the benefits of text mining tools.
Something similar to these excerpts from Sophia’s “Towards Text Mining
Terabytes of Text Documents” presentation:

Text mining is about knowledge discovery from large collections of
unstructured text.

The primary goal of text mining is to
—extract knowledge that is hidden in text
—present the distilled knowledge to users in a concise form.

The benefits of text mining are it enables users/scientists to
—collect, maintain, interpret, curate and discover
knowledge needed for research or education efficiently and systematically.
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Pathway Visualization Tools

Here | would like to insert a description of the usefulness of Visualization
tools (SBGN) primarily as a user input method.

Something similar to the goal statement for SBGN:
The goal of the SBGN effort is to help standardize a graphical notation for
computational models in systems biology. Such a standard notation will
have broad impact. For example, it will add rigor and consistency to the
E D usually ad hoc diagrams that often accompany research articles in

‘ publications. It will also help bring consistency to the user interfaces of
a1l LB different software tools and databases. SBGN is a natural complement to
e SBML.
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The Goal

To discover publications relevant to entities in a pathway model using a
pathway model visualization for a user interface and text mining tools
for knowledge discovery

Pathway Visualization Text Mining Tools
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The Problem

Most pathway visualization tools do not contain the information
required to communicate with text mining tools directly

Pathway Visualization Text Mining Tools
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The PathText Solution

The PathText system provides an “association table” that can bridge
visualization interfaces and text mining tools for the discovery of
relevant publications

Pathway Visualization Text Mining Tools
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Step 1: Association Table Generation

Using data contained in the SBML/CellDesigner model description and
descriptions generated by the model designer, PathText builds a
semantically rich description of all nodes and reactions in the model.

atfext
aEiex @Q

PathText Association Table Computer Assisted
1 Description Generation

SBML/CellDesigner Model Data

Reaction_A

Reaction Type: Heterodimer Association
Reactants: Protein_A, Protein_B
Products: Protein_C ...

Tsu 2 i i Graduate School of Information Science and Technology
J The University of Tokyo



Step 2: User Selection

A user selects one or more nodes in the pathway visualization. The
selection is then sent via web service request to the PathText system in

the form of unique ids for each selected entity

Protein_A

Protein_C

Protein_B

Show me publications P
related to Reaction A at'Text

Graduate School of Information Science and Technology
The University of Tokyo

Tsuj



Step 3: Querying Text Mining Services

PathText then uses the association table to convert these ids into
queries tailored to the requirements of each Text Mining Service

Text Mining
Services

HatfAext

All publications containing
Protein_A, Protein_B Service A
and Protein_C

Reaction_A
selected
All publications where
Protein_A and ProteinB ServiceB
are associated with Protein_C
Tsu H i i Graduate School of Information Science and Technology

The University of Tokyo



Step 4: User query matched with Publications

Finally, the results are then returned to the user and can either be displayed in
the form of abstracts and links to full text, or displayed directly in the pathway

visualization

Show me publications
related to Reaction A

Tnlubition of the canonmical IET/NF kappa B pathway sensitizes human cancer cells
to doxorubicin.

The HF kappa B family iz composed by five subunits (p&57Feld, c-Rel, EelB, pl05-p50HF kappa
E(D), p100-p52/HF kappa B(2)) and controls the expression of many genes that participate m cell
cycle, apoptosis, and other key cellular processes. . Transient down-regulation of members of the
canonical pathway (p63, p52, c-Rel and IEE gammaEMO) by siBIA m Hela cells mcreased
dexotubicin cytotomcity. . To conclude, NF kappa B inhibition sensitized cells to doxonubicin,
wnplying directly p6S, 52, c-Eel and TK K gamma®TEMO subunits i chemoresistance, but not EelB.

PIOD: 17830907 Cell Cycle 2007 Jul

Transcriptional profiling of the nuclear factor-kappaB patlhoway identifies a subgroup
of primary lymphoma of the central nervous system with low BCL10 expression.

... Compared with nonmalighant germinal center centroblasts, expression of BCL10, EEL, TAP1, and
TEAF 1 was significantly lower in PCISLe, whereas that of BAS, BCTT, BCL2, MATTI,
CARDS, CARD10, CARD11, CARD14, CCND2, cFLIF, RELA, RELE, NFKBI1, NFEEZ, and
IEF4 was higher. ... Thus, these quanttative ET-PCE. data with expression of genes of the
NF-kappab tamily as well as NF-kappaB-regulated genes together wath immunohistochermical
detection of nuclear RELA and EEL indicate activation of the NE-kappabB pathway m PCISLe,
which may contribute to their high proliferative activity and the low level of apoptosis.
PIID:173563284 T Neuropathol Exp. MNeurol 2007 War

Essential roles of ¢c-Rel m TLR-mduced IL-23 p19 gene expression in dendritic cells.
... Unexpectedly, mutation of etther of these two c-Eel binding sites completely abolished the p19
promoter activity nduced by five TLE= (2, 3, 4, 6, and #) and four members of the NF-kappaB
family (c-Eel, p65, 100, and pl05).

PWID:17182554 1. Immunol. 2007 Jan 1

NFEBI1 iz a direct target of the TALL oncoprotem mn human T leukenua cells.
We recently showed that a subset of hutnan T acute Iymphoblastic leukenua (T-ALL) cell lines

AT

Graduate School of Information Science and Technology
The University of Tokyo




