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Abstract
Despite huge damages at laboratories and facilities, most of medical facilities in the Tohoku University Hospital

had minimum damage due to quake-proof structures, no patients or staff members were injured or killed. We had
established headquarter around 15 minutes and started recording chronologies at headquarter and emergency center
within an hour from the onset. We would like to present what has happened in our hospital during the first 72 hours
after the disaster through the two chronological records

We had to face with huge mismatches between explosive requests (life saving, medical needs, establishing
temporary organization) and losses and out of function issues (infrastructures including electricity, gas, water,
telecommunication, transport and sudden loss of material and human supplies) during this period. We also
experienced so many “beyond our expectation” issues despite the efforts for emergency preparedness in advance.

Through present analysis, we will discuss 1) Importance of understanding portfolio of disaster to facilitate
initial action, and to establish temporary organization, 2) Importance of expecting “unexpected” medical needs
related to types and extent of damages of infrastructures, 3) Importance of multidisciplinary approach for disaster
preparedness, 4) Importance of understanding and controlling environment.
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ABSTRACT. This paper explains a semantic mechanisms which are used in a Japanese
national DB project named *Integration DB project”. The semantic mechanisms consists of
th and the integration is established

1 f

3 2 g 3
with the virtual integration of datab 'y mapping each base in a ] ontolo&y
with three-layered methodology. Although two types of mgegratqon approaches which are the
nosological approach and the pathobiologjcal approach exist, this paper focuses on the
fog pp i mainly. The semantic navigation is estabalishe with the user interface
manager, the semantic navigating engine, and the database (DB} manager. A methodology

or and semantic navxﬁangn based on no{s‘o ogical ontology has laegn
e e

blished on the el 1 databases of the Hep u ases an
Parkinson's Disease databases. This paper discusses the importance of semantics in the
ulrgcgmlhgn and the navigation of clincal omics databases and the ethical issue of handling
clinical data.

1 Introduction

Presently, Japan is in the gmcess of establishing a national integrated database
roi'ect. named as “Integrated Database Project” which targets to integrate the
o] o%lcal databases and the clinical databases that are existing in Japan since 2007
T 2008]. This national lpro_;c-:ct is organized by the Ministry of Education,
ulture, Science and Technology (MEXT). It aims to support post-genomic research
from inofrmatics perspectives as a part of the national biomedical IT infrastructure.
The project is led by a central organization, three sectoral allocation organizations,
and other organizations that preside over the subsidary programs. The three main
target sectors of the sectoral allocation organizations are the molecular information,
the clinical information, and the single nucleotide polymorphism (SNP)-based
information. This paper focuses on the clinica] information mainly. In the mte%rated
biomedical database, the clinical information is integrated with omics information
that is sum of the hierarchical molecular network information in a human body,

The integrated clinical omics database is a part of the national biomedical 1
infrastructure. To support post-genomic research as social informational
infrastructure, this infrastructure needs standardization, security, and translational
research informatics (TRI) [Nakaya 2007][Nakaya 2006]. The standardization is
essentjal for sharing, exchanging, and appﬁ'mgl e information. The security is
essential to protect personal information, Here Omics information is a kind of
ultimate personal information which needs well protection. The TRI is essential as a
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pipeline of social infomational infrastructure to actualize experimental medicines
such as omics medicines [Nakaya 2005]. The two important elemental technologies
re%uu-ed for social informational infrastructure are omics Electronic Health Record
(0EHR) and integrated clinjcal omics database (iCOD), and these must be coupled
and liaised effectively. In addition, three basic technologies such as ontology, data
exchange format and information model are required. Standardization and sécurity
are fundamental bases for the object that this infrastructure woks out properly.
Ultimately the information itself must be utilized actively at any points of social
informational circle which includes any of social facilities.

. In post-genomic era, researchers are¢ trying to integrate all hierarchical omics
information with phenomics information and clinical information which are kinds of
essential expressions of cause-effect results in a human body. To apply omics
information to clinical information as a typical post-genomic research, we
additionally need information about abnormal states of a human body, which have
disease information, dlﬁgnOSlS information, treatment information, and environmental
information [Nakaya 2008]. To provide this clinical information and omics
information with an organized manner, an integrated clinical omics database having
an organized ontological gp]l:roaqh can be a basis of national IT infrastructure.

To mtegrate many clinical omics databases with wide spread scope, the data
format and the ontology format should have interoperability mutua 6, and should
stand on worldwide standards such as ISO {ISO 2006], HL7 [HL7 2008], and CEN
[’CE_N 2008]. In this way, we have been collaborating with the international standard-

odies in this project.

Only semantic interoperability has power to overcome both language differences
and domain differences [Nakaya 2007-21. For this reason, we intentionally have used
Japanese in this project with a goal to eventually achieve this interoperability.

2 Objectives

This paper shows an ple of nti hnisms of clinical omics databases
from two perspectives; semantic integration and semantic navigation. The integrated
database project aims to integrate existing biological databases and clinical databases

in Japan virtually in a semanfic way.-

3 Methods

We classify the semantic mechnisms of the clinical omics database into two
categories which are semantic integration and semantic navigation, each of which is
discussed in the following. .

3-1 Semantic Integration

Semantic integration is established virtually with the three-layered methodology.
The three-layered methodology cut up the infegration steps into 3 steps. Cut up three
hierarchical %yers are the integration layer, the concept fayer, and the information
model la:ger (Fig. 1). The integration layer has the meta classification of nosolog;

ayer G 0BY:
and which integratés the conceptual ontologies. The concept layer has ontologies that
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consist of classifications and terminologies. The information model layer has a data
format with its own structure and definitions. The data format mapger stores the
mii;vppmg‘relatlons. The data in each database are connected to the data format of the
information layer. This data format is semantically connected to the ontology of the
concept layer, and the ontology is connected to the meta ontology of the infégration
layer. Consequently, the elemental databases are mapped on the ontologies.

Threo Layer Method: Three hieracchical model of database

Established . [0 S % 2types of Integration approact{

EY Knowledge i wrEbERes.  Integrationbased on
‘gﬁ {textbook) (uiSgologicalSystemiily  esmblished knowterige
Y \  Novel disease

3 classification system

EHR

CEN en13606
Archetype

ABojojuo

Jafe ydeduod

Fey Y]
19POW o}
*3POiN “ogu)

Cancer Nerurological Disorder

Fig. 1 Three Layerd Method

Having thjs three-layer methodolo%!, we integrate databases semantically with the
two types of integration approaches. One is the nosological approach that follows an
established conceptual system such as nosology, and the other is a systems -
athobro]o%y approach that is based on the resuft of systems pathobiology research.
his paper Tocuses on the nosological approach. The nosplog approach assumes the
disease terminology and classification are in Japanese (Fig. {
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Disease Classification
Disorder}

index

Fig. 2 Nosological Integration

Nosological integration integrates the meta classification and the disease
classification. The meta classification is a combination of the anatomical
classification and the etiological classification. The disease classification is a
combination of the etiological classification and the nosological classification.
Disease knowledge is described with a common template that is normalized for all
diseases. The structure of this template is also used as the standard data format for
storing the clinical case data. This template is applied to all hierarchies of the
integrated database regardless of the information grading scale. Sharing the template
between the standard data format and the knowledge makes virtual mapping of the
database of the ontology possible, and also makes a data search by semantic retrieval
possible. For the nosoldgical ontology, the databases are [ntehgrated virtually by
mapping their information and by keeping each database in the status quo condition.

3-2 Nosological Ontology

Nosological ontology which is used in this project is hierarchically classified |
disease knowledge written in Japanese [Nakaya 2006-2]. The disease knowledge is
classified according to the combined hierarchy of anatomical hierarchy and
etiological hierarchy. Each disease is described with unified description rules, and
the third normalized skeleton format is the common template. This ontology contains
almost all diseases described in all clinical fields. The nosological ontology has a
liaison with the other major national ontology project in Japan and also has a relation
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with the ISO GSVML international project [Nakaya 2006-3] [Nakaya 2010], and it
was a candidate for the WHO-ICD11 semantic background .
For the integration of the nosolo%xcal ontology and the omies ontology, this

ontology follows an architecture called Evidence-Based Logical Atomism fEBLA)

Nakaya 2006-4]. EBLA architecture defines a coceptual core which is called as

logical atom" and which is a conceptual unit at each hierarchy. Fig. 3isan
architecture of our disease ontology based on EBLA. The disease ciassification is
based on a combination of the anatomical hierarchy and the etiological hierarchy.
The disease termmologles are described with the third normalized skeleton template,
which is the same as the common template.

Knowledge Architecture based on Evidence Based Logical Atomism -

Logtcal Unit (LU) p— @
2

Features Assnarines Electrronic
Evidences

Single Scoped
Knowledge Representation

Scale Free Knowlédge Unit
Network. (KU)
Index — e

Atom

Genome  Cel  y pATY Backbone
Logically Extended Anatomically Hierarchical Index

Organ Human

Gene Ontologles Clinical Ontologles

“Vagro Anafomy.

Fig. 3 Knowledge Architecture on EBLA

3-3 Semantic Navigation

Semantic navigation is achieved with three modules, which are the user interface
manager, the semantic navigating engine, and the database manager (Fig, 4). The
User Interface Manager converts user input to a standardized representation through
the terminology and the thesaurus dictionary. After receiving this standardized user

* input from the user interface manager, the semantic navigating engine navigates users
to the targeted databases on the mapped nosological ontology. The DB mana%er
converts the queries for each database by following the data format mapger. he data
format of each database and the data exchange manner are preset in the data format
mapper. The DB manager sends queries to the targeted databases according to the
manner of each database and receives the records of the targeted databases. The DB
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manager consjsts of a server module and client modules. The server module sends the
standard queries and receives data in the standard format. The client module converts
the received standard queries to customized queries with the data format mapper, and
retrieves data from each database. The obtained records are reconverted by the client
modules, and they are summarized by the navigating engine. Then they are output by
the user interface manager.

~1I ‘i‘é i r;
n i} "e"nL

Fig. 4 Semantic Navigation

An example scenario of the navigation using the phrase “Symptoms: digestive
sgfmptoms” and the background movements are illustrated in Fig. 5. In case of input
the phrase "digestive symptoms” as a symptom, the system automatically generates
the standardized search condition. The standardized search condition includes the
semantically searched phrases such as “constipation” and "anorexia" addition to the
direct search condition of "digestive symptoms". These semantic relations of the
phrases are defined in the disease ontology.
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Category: Symptoms Resu
Keyword: Digestive
Symptoms

* Searoh diseases having digestive
symptoms in the symptons
category from nosology.

« Find other representation of
"digestive sympotms” from
terminology, thesaurus, and

nosology

ISymptoms:

Symptoms.]

ISymptoms:

ISymptoms:
Y/

Direct Search Conditions =

Sermntic Soorch Ganditions :

y Ontology Ct 2012 7

its display with

constpation] or
snoroxis]

Fig. 5 An example scenario of the navigation

4 Results

We developed the semantic integration and semantic navigation system based on
nosological ontology with JAVA. The example of the nosological ontology is abouta
neurological disorder and hepatic cancer. A &art of the meta classification is the

combined classification of the anatomy and

¢ etiology. The meta classification

points to the classification of the hepatic cancer and the neurological disorder. Each
disease classification points to a part of the disease knowledge, such as,
hepatocellular carcinoma and Parkinson’s disease. All knowledge is written by
foﬁowing the common temﬁl[zge in Japanese with XML. The depth of knowledge is

generally.at the intemship MD | >
in the standard data format. This standard data format receives the p!
the data format of each ¢lemental database, The el tal datab

level. The structure of the common template is shared

rojection from
of the glrototype
e

are the cancer database [Nakaya 2008], which i a relational database, and
neurological disorder database Yg\lakaya 2008-2], which is also a relational database.,
a

At this moment, the cancer database has more than 500 clinical case;

s of

hepatocellular carcinoma (HCC), and the neurological disorder database has 1more

than 800 clinical cases of Parkinson’s disease.
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Symptoms category: 6 clinical cases
having the symptoms of dopression

Fig. 6 An example of Search Results

. A search input screen is shown in Fig. 6a, Left side box is the map of the
mteﬁrated database, which shows semantic locations of each database on the disease
ontology. Input box of search conditions is in upper right. Results of the search are
appeared in lower right. If necessary, users can specify a search category based on
the common template. X .

Fig. 6b shows an example of a categorized semantic navigation that searches data
within the indicated category of the common template. An exam%le is the search by
the phrase “digestive symptoms” and the category “Symptoms”. From the cancer

.database, zero cases of the direct search and three cases of the semantic search were

found. From the Parkinson’s disease database, zero cases of the direct search and 35
cases of the semantic search were found. Among the search results, “D” indicates a
direct search, which means a search by unchanged words. “S” indicates a semantic
search, whlpﬁ searches data with semantically converted words by using the
thesaurus dictionary and the nosology. .

Fig. Gc shows a case of a two-stage conversion search, The two-stage semantic
conversion is represented by “SS”. From the cancer database, zero cases of the direct
search and five cases of the SS search were found. From the Parkinson’s database,
six cases of the direct search and zero cases of the semantic search were found. For
four of the five SS cases, the first stage is to convert the input from “slow movement”
to “depression”, and the second stage is to convert “d ion” to “lassitude”,
shown in Fig. 6¢. The search is then based on the word “lassitude”. Though the
system allows any level of multistage semantic conversions, we stop, the stages after
two levels in this prototyge because it fully demonstrates the semantic convérsion.

Fig. 6d shows a case of a search of all the categorics of the common template. The
search phrase is “depressive state,” and the search category is “all.” From the cancer
database, zero cases of the direct search and six cases of the two kinds of semantic
searches were found. From the Parkinson’s database, zero cases of the direct search
and 21 cases of the two kinds of semantic search were found. In this case, 15 clinical
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cases that use a tricyclic antidepressant in the therapeutic category and six clinical
cases having the symptoms of depression in the symptoms category were searched
simultaneously in one search.

5 Discussions

The semantic apg:ogch makes int%gration flexible and easy. Introducing
knowledge makes the integration understandable and flexible. Introducing the
sharable data format makes the integration reproducible and simple. The separation
of the integration knowledFe and the data format makes the integration valid. The
separation of the elemental database and the mapping rules makes the integration
flexible, virtual, and reversible. Keeping the elemental databases untouched makes
the integration recoverable.

The organized environment of the knowledge and the data presented in the shared
template makes the ntic navigation easy and accurate. Responding to the user
input, the navigating engine drives users to the semantically on-target terms, and the
DB manager can find the on-target data from each elemental database by following
the found on-target terms. To keep the accuracy of this navigation, the input to the
navigation engine must be standardized. The user UF gnter ace) manager
standardizes the user input with the terminology and the thesaurus,

In our national plan, this prototype must become the full version within the next
two years. To become the filll verSion, some issues remain to be solved.

The ethical handling of the clinical data containing personal information is the
most serious task. Currently we are drafting ethical regulations to protect personal
information when disclosing the clinical data in the Japanese integrated clinical
omics database. As a starting point, we distributed a guestlonnaxre survey to
researchers about the Japanese clinical databases, and the following results were

indicated:
- 80% of Jap clinical datat have an obligation to limit access.
- 80% of Jap clinical datab: should exclude the personal information

at the data import phase, K

To make the integrated clinical omics database safe and user-friendly, we need to
prepare regulations to use the clinical data for the integrated database project. We
also need to keep open the discussion of opening clinical data and protecting
gersonal information. In preparation for using regulations we need to keep surveying

or the public opinion about the ethics of the integrated clinical omics database.

Easier integration is our next issue so that we can include more databases. To
make integration easier from the data provider’s viewpoint, packaging this system
and delivering the package are our future plans. The standard package will contain
the interface modules to the integrated database center, the standard integration rules,
a data format mapper, and the interface modules for each database. At the installation,
individual customization rules will be applied. i K

To enable a widespread system in Japan, we also must consider the interfaces to
other Japanese ontology frameworks [Nakaya 2008-3]. We started a liaison council
with other frameworks, such as the clinical top ontology grolect and the Japanese
EHR project, Through the liaison, we will keep an open di

0 iscussion to promote the
harmonization of issues such as the mapping of ontologies. .

In the post-genomic era, a very explosive amount of information means processing
a huge quantity of cpncefxts in computers, In many projects, including the =
abovementioned national projects, semantic grocessmg is essential for smooth and
efficient computerization. We contend that the current computer capabilities can
manage the ontologies. However, one inevitable jssue for clinical omics ontology is
ontology integration. There are difficult hurdles in overcoming this issue. Practically,
the most severe hurdles are in the differences of the recognition systems, which are
summarized in the following three points: the grading scale, the scope difference, and
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the thoughtway mismatch betéveep the clinical on_tologﬁ.and the omics On?OIO(F{'
EBLA tries to overcome these points by introducing a hierarchically modified logical
atomism [Nakaya 2006-5].

6 Conclusions

A meghodolog{ of semantic int%gration and semantic navigation basedon
nosological ontology is established. A prototype is developed in accordance with this
methodology. Some issues, such as the ethical issue of disclosing personal clinical
data, are discussed and remain under discussion.
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The authors belong to the nation-wide organization
for promotion of regional healthcare information
collaboration of Japan, named “Regional healthcare
and welfare information collaboration initiative
(RHWT)”, so that, immediately after the Great East
Japan Earthquake Disaster, we got started on
participation in the reconstruction project of
regional healthcare IT systems of the disaster area;
that is, north-east area of Japan named “Tohoku”. In
this paper, we describe the grand design of
“disaster-tolerant” regional healthcare IT systems
which we have developed for Tohoku healthcare
reconstruction,

In making the grand design, we took into
account the main two conditions which should be
satisfied by the restored regional healthcare IT
systems of the disaster area. One is the disaster-
tolerance, especially against the tsunami. This
would be realized by multi-site cluster or using
cloud (ASP/SaaS) computing, the center of which is
located in disaster-free site. The other is multiplicity
of needs for healthcare IT. There are different goals
of IT systems depending on the wideness of area
where the healthcare information is shared. In order
to satisfy these conditions, we have developed “the
disaster-tolerant hierarchical health care IT systems™

2 Problem Formulation

The essential conditions which the restored
healthcare IT system for Tohoku region should
satisfies are described in more detail.

2.1 Disaster-tolerance
The disaster-tolerance. in the restored regional
healthcare systems means that medical information
or record of the patients should be stored in
“disaster-free site” in addition to the original
medical institution where the patients are treated. To
realize this goal, medical record should be
digitalized to be shared via the information network
with a data center located at “disaster-free site”.
Moreover, patient medical record stored in
“disaster-free site” should be standardized so as to
be read out in vendor-independent way in case that
disaster destroys the original one. In Japan, the
Ministry of Health, Labor and Welfare (MHLW)
established the standard storage structure of medical
information  called SS-MIX  (Standardized
Structured Medical Information Exchange) in 2006,
which is the directory structure of the standardized
patient information such as the laboratory test
results or prescription history coded by HL7. The
patient medical record in “disaster-free site” must
follow SS-MIX format,

2.2  Multi-faceted challenges

The “disaster-tolerant” regional healthcare system is
also expected to solve the various challenges which
regional healthcare itself involves. Tohoku area has
been long suffering from the problems of
depopulation, rapid aging and shortage of number of
physicians, The restored regional healthcare IT
system for Tohoku area is expected to solve the
challenges which the above situation caused. Thus
the cooperation among medical institutions to
realize the unified regional healthcare should be
urgently required to solve the shortage of medical
resource such as the number of physicians and
medical institutions.

Other problem is isolation of many elderly
sufferers who have chronic disease. Nursing care of
elderly isolated people should be executed as
efficiently as possible, by sharing their healthcare
information among various healthcare professions;
house call physician, home-visiting nurses/social
workers and administrative personnel. This need is
even more increased after the disaster because most
of the elderly sufferers now live in temporary
houses and became more isolated than before the
disaster.

Hereafter, we describe the challenges along the
hierarchies of width of regional area where -
healthcare should be taken place.

2.2.1 Prefecture-wide regional healthcare
The prefecture-wide regional healthcare is defined
as “the third medical zone” healthcare by MHLW.
In this area, the medical care of specific disease
which needs prefecture-wide cooperation among the
advanced ~acute care, convalescent care, and
maintepance period treatment, which is called
“critical pathway of regional medical cooperation”.
Another challenge which should be dealt with is
the efficient management of the prefecture-wide
emergency care system.

2.2.2 2™ medical zone-wide regional healthcare

“The second medical zone” defined by MHLW
means the healthcare area which consists of several
cities, towns, and villages, being able to execute
self-consistent ordinary medical care with efficient
hospitalization capacity, excluding the specific
advanced medical care, The main challenge of
bealthcare in this area is extensive cooperation of
regional hospitals and clinics for sharing regional
patient miedical records for joint and consistent care.

2.2.3 Daily life area healthcare
Daily life area means that of town or village
comparable to the school district of elemental or
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4 Discussion
Thus our grand design consists of three layered
regional healthcare IT systems which are (1) the
central IT systems that manage prefecture-level
healthcare information, (2) regional healthcare
cooperation IT system, (3) daily life area
comprehensive healthcare and nursing IT system.
The four systems consist of additional ASP/SaaS
EMR system for clinic along the Pacific coast other
than the above three layer systems (Fig.2).

This grand design has been transformed in
detailed  specification documents and the
implementation has been started this August for two

“2™ medical zones” of Ishinomaki and Kesen-puma

area with the financial aid for recomstruction of
disaster-affected region of Great East Japan
Earthquake by Ministry of Internal Affairs and
Communications.

The remaining problem is how to unify the
disaster-tolerant regional healthcare structure and
international IHE standard architecture of XDS.

We are developing the unified architecture
satisfying both criteria.

5 Conclusion

We have developed Three-layer regional healthcare
T systcms with four essential functions. This grand
design is now being utilized to restore the Tohoku
healthcare.
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ABSTRACT: Afier the Great Japan East Barthquake Disaster, a Japanese national project named the "Tohoku Medical
Megabank” which is fated nof only to recover from the disaster but also to foster creative reconstruction of the Tohoku
region started. In the project, "disaster-tolerant” ITC system having four elemental sub-systems is under construction,
which are (1) Regional Healthcare System, (2) Health Check-up and Cohort Data Collection System, (3)Medical
Megabank Analysis and Storing System, and (4)BioBank Information Disclosure System. This paper shows these four
sub-systems and their eight "disaster-tolerant" features. They will be released gradually from next year,
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Figure 1. Four Elemental ITC Sub-Systems.

3 Disaster-Tolerant Features
3.1 Closed network for minimization of security halls
To achieve minimization of security halls, a

1 Introduction

Currently, we have devoted our effort to construct 1) the
informational infrastructure for regional cooperation in
clinical medicine and welfare, 2) the informational
infrastructure for the health checkup and cohort studies
on the basis of personal genomes that helps us and our
children to refrieve healthy lives after the disaster, and 3)
the integrated database for personal information om
medical treatments, health check ups, and personal
genomic variations in application of the highest
technology since March 11, 2011 when the Great Japan
East Barthquake Disaster broke out. The database is
expected to be the next generation biomedical
informational infrastructure including a biobank which
opens our outcome to the public under the completely
secured protection. At the construction of the
informational infrestructure for regional cooperation in
clinical medicine and welfare, we promote a widespread
use of Information and Communication Technology for
regional clinical medicine and welfare, collaborating with
Miyagi Medical and Welfare Information Network
established in November of 2011, Tsunami of the Great
East Japan Earthquake elucidated the fact that the loss of
medical information immediately disables all the medical
services, which should mever happen again. We are
working enthusiastically for more use of Information and

Communication Technology in developing the medical .

network operated by comprehensive regional cooperation
50 a5 to enable a bealthier society than before the disaster,
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2 Four Elemental ITC Sub-Systems

2.1 Regional Healthcare Systent

Regional healtheare System is called as "Miyagi Model"

which is Regional health record system for regional

medical information exchange and care information
hange, This sub-sy has not only disaster tolerance

but also vsefulness in times of peace. Through this

sub-system, we hope to establish the better medicine than

before the disaster.

2.2 Health Check-up and Cohort Data Collection System
Health Check-up and cohort Data Collection system
collects data from cohort studies. The collected data will
be of help for health maintenance of disaster suffers and
their children in future.

2.3 Medical Megabank Analysis and Storing System

Medical Megabank Analysis and Storing System
integrates the latest informational technologies such as
super computation, ontology, distributed cloud. We can
call this system as a next generation integrated
biomedical information enalysis and storing 1TC

’ platform.

2.4 BioBank Information Disclosure System
BioBank Information Disclosure System manages

" information, its disclosure mechanism and security in

biobank, The disclosure takes its stand on fair distribution
principle.

combination of closed networks such as physically
closed network in Megabank building computation
room and virtusal closed network based on IP-VEN
is basis of the platform.

3.2 3 fold anonymization

3 fold anonymization is composed of primary
connectable anonymity, secondary connectable
anonymity, and unconnectable anonymity. These
anonymization protect personal information.

33 Multi-stages access control

Multi-stages access comtrol sets limits of visible
information for users by user's authorities. It goes
together secured protection and convenience.

3.4 Multi-points back up
Maulti-points back up of data achieves disaster tolerance
from the perspective of immediate recovery of data.

3.5 Private cloud center storing

Private cloud center storing achieves comvenience of
program migration, low maintenance cost, secured
protection, and di tol together.

3.6 Data flow control

Direction of data flow is one way (Medical Megabank
refers MMWIN) on a routie basis. This featare
minimijzes a risk of ontflow of secured data.

3.7 Standardized technologies such as SS-MIX2

Towards DisasierResifiert Socisies: The Role of Univarsitias in Raduding Risks of Cofastmphic Natral Dlsasters 1 33
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A Map of Alzheimer’s Disease-Signaling
Pathways: A Hope for Drug Target Discovery

§ Ogishimal, § Mizuno!, M Kikuchi?, A Miyashita®, R Knwano?®, H Tanaka®? and J Nakaya!

Alzheimer’s disease (AD) is a complex neurodegenerative
condition, and its drug therapy is challenging. To inform AD
drug discovery, we developed the “AlzPathway” a prototype of
a comprehensive map of AD-related signaling pathways, from
information obtained through studies in the public domain.
The AlzPathway provides an integrated platform for systems
analyses of AD-signaling pathways and networks.

PATHWAY-BASED DRUG DISCOVERY AND A MAP OF
DISEASE-SIGNALING PATHWAYS

Over the past decade, whole-genome sequencing and other
‘omics technologies have revealed pathogenic gene mutations,
aberrant mRNA expressions, and dysfunctional signaling

pathways, which then have yielded novel targets for a new gen- -

eration of drugs, e.g., “molecularly targeted drugs.” This strat-
egy has succeeded to some extent but with limitations, Many
molecularly targeted drugs have been found to be ineffective
in spite of favorable pharmacokinetics or to cause significant
target-related side eflects.! In renewed efforts to address these
limitations, “pathway-based drug discovery” has been proposed
for examinations of the complicated system behavior of patho-
genic signaling affected by drugs. ’

A comprehensive map of pathogenic signaling pathways
would be informative for pathway-based drug discovery.
Comprehensive maps have already been constructed to reveal
pathogenesis and to develop drugs in the fields of cancer and
immunological disease; such maps include those fot particular
signals such as epidermal growth factor receptor, retinablastoma
(RB)/E2E, Toll-like receptor, mammalian target of rapamycin,
and dendritic cell signals.

Nearly 36 million people were suffering from dementia world-
wide s of 2010, and this figure is expected to increase 10 65.7
million by 2030.? The societal costs of dementia are already huge
and could continue to increase rapidly. Clearly, the development
of AD drugs is an nrgent need. However, despite major efforts
and funding, the development of AD drugs has remained a great
challenge. We therefore undertook this project of developing

the first comprehensive AD signaling imap to contribute to the
broader goal of developing drugs to combat and prevent AD,

CONSTRUCTION OF ALZPATHWAY

We collected 123 review articles involving AD and curated
them manually to constructa first comprehensive map of
AD-signaling pathways (AlzPathway)® using the modeling soft-
ware CellDesiguer (http://celldesigner.org/),* a modeling editor

for biochemical pathways. The number of articles in PubMed.

involving AD over the past 50 years is more than 80,000, We
therefore chose review articles as information sources for prac-
tical reasons.

AlzPathway is described based on the process description of -

Systems Biology Graphical Notation.? AlzPathway is provided
as both a standardized Systems Biology Markup Language nyap
for communicating and storing computational models of bio-
logical processes, and as a high-resolution image map, available
at http://alzpathway.org/. For community-driven updates of the
AlzPathway map, itis alsa provided as a Web service map using
a community-based, collaborative Web service platform called
Payao (http://payao.oist.jp).’ AD researchers can continuously
correct and update AlzPathway in a collaborative manner using
the Payac Web service map.

AD-SIGNALING PATHWAYS

An overview of the AlzPathway map is given in Figure 1.
The AlzPathway map comprises 1,347 species, 1,070 reac-
tions, and 129 phenotypes. The molecules are classified as fol-
fows: 650 proteins, 232 complexes, 223 simple molecules, 32
genes, 36 RNAs, 24 ions, and 21 degraded products. The reac-
tions are classified as 401 state transitions, 22 transcriptions,
30 translations, 172 heterodimer associations, 49 dissocia-
tions, 87 transports, 20 unknown transitions, and 228 omitted
transitions.® There are 34 canonical pathways in AlePathway,
such as amyloid precursor protein, mitochondrial, and apop-
tosis pathways; these contain the following AD hallmark
pathways: amyloid-f cleavage, amyloid-f degradation, and
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Figure1 Overview of AlzPathway map overlaid with canonical pathway annotations and drug targets of the existing US Food and Drug Administration--
approved drugs, acetyicholinesterase and the N-methyl-o-aspartic acid réceptor. No compensation pathway and ne undesired pathway have been identified
around these drug targets. ACh, acetylcholine; APOE, apolipoprotein E; CREB, CAMP response el t-binding; CSF, ¢ pinal fluid; MAPK, mitogen-
activated protein kinases; mTOR, manimalian target of rapamycin; NMDA, N-methyl-p-aspartate receptor.

apolipoprotein E~cholesterol pathways, and neurofibrillary
tangles accumulation,® AlzPathway is the ficst comprehensive
map of signaling pathways of a particular disease that catalogs
not only intra- butalse inter- and extracellular signaling path-
ways among neurons, glial cells, microglia, presynaptic cells,
postsynaptic cells, astrocytes, and the blood~brain barrier.?

KEY MOLECULES INTHE AD PATHWAY AS DRUG TARGETS

To find key molecules in the AD pathway, we represented the
AlzPathway in binary-relation notation (Figure 2). In Systems
Biology Graphical Notation, a reaction is composed of reactant(s),
modifier(s), and product(s). In binary-relation notation, a reac-
tion is decomposed into a binary relation between (i) reactant(s)
and product(s), and (i) modifier(s) and product(s).

In accord with the edge betweenness centrality of binary
relations, we highlighted molecules with high centrality rela-
tions as key molecules (Figure 2). Betweenness cenlrality is a
measure of a node centrality in a network and s defined as the
number of the shorlest paths from all nodes to all other inodes
that go through that node. Highlighted key molecules were
amyloid-B, apolipoprotein E, microtubule-associated protein-t,
and y-secretase. The y-secretase generates amyloid-B 1-40, lead-
ing to amyloid-p oligomers that are crucial for AD progression.

2

These molecules are considered key molecules in the AD patho-
genic pathway.

From the point of view of pathway-based drug discovery,
a drug targeting a key molecule might be effective but could
also cause significant side effects as a result of off-target or
unintended downstream effects. In fact, the development of
semagacestat, a y-secretase inhibitor, was discontinued in
phase III trials because of an increased risk of skin cancer as
compared with the placebo, It was not known that y-secretase
has other targets, e.g., peripheral Notch, or that the inhibi-
tion of y-secretase causes an increased risk of skin cancer. In
AlzPathway, y-secretase shows a gelationship with Notch sign-
aling, and it is a key molecule showing high centrality—which
could cause significant downstream effects on unintended
molecules and pathways, if perturbed (Figure 2). AlzPathway-
provides comprehensive knowledge of AD pathogenesis and
signaling pathways, and informs us of a possibility of off- target
effects within the network.

Tacrine, rivastigmine, galantamine, donepezil, and memanatine
are the only drugs currently approved by the US Food and Drug
Administration to treat the symptoms of AD. These drugs are
cholinesterase inhibitors (tacrine, rivastigmine, galantamine, and
donepezil) or an N-methyl-n-aspartic acid receptor antagonist

wwwLnature.camiept
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Edge betwssnnens

Figure2 Key molecules in AlzPathway. Overview of AlzPathway in binary-relation notation, and key molecules showing high centrality, The drug targeting akey
molecule might be effective but could cause significant side effects due to off-target and/or unintended downstream target effects. ACh, acetylcholine; APOE,
apolipoprotein E;APP, amylaid precursor protein; MAPT, microtubule-associated protein v: NMDAR, N-methyl-o-aspartate receptor; TNF, tumor necrosis factot.

(memanatine). They are demientia-suppressing drugs, rather than
AD curative drugs. Of note, when mapped in the AlzPathway,
no compensatory or major interacting pathway is observed
around cholinesterase and the N-methyl-n-aspartic acid receptor
{Figure 1), implying that these pathways are vulnerable to inhibi-
tion without off-target effects. Moreover, both the acetylcholine
and N-methyl-p-aspartic acid receptors are peripheral molecules
(not key molecules) in the AlzPathway (Figare 2). Because these
target molecules have low centrality in the AD-signaling network,
their inhibitors are predicted to have relatively specific effects with-
out eliciting broader influences on off-target network elements.

‘CONCLUDING REMARKS

More than 25 drugs have been targeted to the p-amyloid path-
way, but none has been successfully marketed for various
reasons. The AlzPathway provides an integrated platform of
comprehensive AD signaling that may be used to inform the
AD drug discovery and development processes, If proven suc-
cessful, the AlzPathway will séxrve as-a model for pathway-based
drug discovery in other diseases.
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