SP300299W000 DESCRIPTION BIOLOGICAL INFORMATION PROCESSING METHOD AND
DEVICE, RECORDING MEDIUM AND PROGRAM 5 TECHNICAL FIELD [0001] The present

~ technology relates to a biological information processing method and a deyiseg aygeqrding medium
and a program, and particularly to a biological 10 information processing method and a device, a
recording medium and a program that predict and control future changes in the state of a human
organism. BACKGROUND ART 15[0002] A decrease in productivity of development in a new
treatment scheme, diagnostic scheme, and prevention sgheme has been a significant issue in
resolving a social problem associated with health. The decrease in 20 productivity is caused since

enormous perception OBtained i basit bidiBdy Faildtshel dife el Us o ressIvetan issue in clinical

practice (Non-Patent Document &) Agoordingme secentinternationahfesearch, the current world
population having diabetes has increased to 285 25 million. The population having diabetes is

expected to exceed 435 million, which is larger than the population of North America, by the year
2030. This ingigates: that prevalence of diabetes of adults in the world is close to 7%. 30[0003]

(0001]

The present technology relates to a bioclogical
information processing method and a device, a recording
medium and a program, and particularly to a bicleogical

10 information processing method and a device, a recording
medium and a program that predict and control future

changes in the state of a human organism.

BACKGROUND ART

15 [0002]

A decrease in productivity of development in a new

Lreatment scheme, diagnostic scheme, and prevention
scheme has been a gignificant issue in resolving a social
problem asscciated with health. The decrease in

20  productivity is caused since enormous perception obtained
in basic bilology fails to be effectively used to resolve
an issue in c¢linical practice (Non-Patent Document ).
Acceording to recent international research, the current
world population having diabetes has increased to 285

25 mwillion. The population having diabetes is expected to
exceed 435 million, which is larger than the population
of North America, by the year 2030. This indicates that
prevalence of diabetes of adults in the world is cleose to
7%,

30 [0003]

A human includes 60 trillion cells, has complexity



A human includes 60 trillion cells, has complexity SP300299WO000 of storing DNA (Deoxyribonucleic
acid) information including 6 billion base pairs in each cell, and is a dynamic system that performs cell
divisions 1016 times in the human's life. In addition to millions of base substitutians,gixersity in a DNA
structure such as loss, duplication, and inversion of a DNA sequence is observed between two
individuals. [0004] One of characteristics of biology is a hierarchy. 10 A human body is based on a
"cell" including molecules such as DNA or protein, and is characterized by a subsystem, a tissue, and

an organ incladingnarious cells. The bierarahyrdiversifies-a-time scale-ofa responsive reaction with
respect to a stimulus from an environment. 15 An information propagation within a cell proceeds in a

unit of millisetBfid &7 5880, Hn e matiortprapagation befteerceits proteedsinfa scale of a

minute or an fieukrand & precesswof a-celbgrawth or diffgrentiation: progseeds<in.g ynit of date and hour.
The diversity of 20 the time scale causes a time delay in an organism. [0005] In a complex and

diverse life ph&fofefaR, Fasid biology had darifieea Eaudsl rerkhsBR befwdés molecules included in

an organjsm o representianQrganissa As:a 25 fmechanisal systen. This is implemented by a scheme
of selecting a particular molecular parameter from among a plurality of parameters, and changing the
particular mofédidarFarafietes [0D06] BOHS A nital scidhte Seiseasecis ticatel byrved

between two individuals.
(0004}
One of characteristics of biology i1s a hierarchy.
10 A human body is based on a "cell" including molecules
such as DNA or protein, and is characterized by a
subsystem, a tissue, and an organ including various cells.
The hierarchy diversifies a time scale of a responsive
reaction with respect to a stimulus from an environment.
15 An information propagation within a cell proceeds in a
unit of millisecond or second, an information propagation
between cells proceeds in a scale of a minute or an hour,
and a process of é cell growth or differentiation
proceeds in a unit cof date and hour. The diversity of
20 the time scale causes a time delay in an organism.
[0005]

In a complex and diverse life phenomenon, basic
biology has clarified a causal relation between molecules
included in an organism to represent an organism as a

25 mechanical system. This is implemented by a scheme of
selecting a particular moclecular parameter from among a
plurality of parameters, and changing the particular
molecular parameter.

[0006]
30 In a clinical science, disease is treated by

emphasizing alleviation of associated symptoms.



emphasizing alleviation of associated symptoms. 5P300299W000 [0007] In addition, to obtain a
clinical effect, an experimental rule such as a relational expression and a rule between an intervention
such as dosing and a 5 clinical outcome is inferred from a biological index if.a spegiied time. [0008] A
significant objective in modern medicine is to provide appropriate health management or treatment to
10 each individual. When a treatment scheme or medication of which safety and efficacy have been
statistically verified is marketed and used by a large-scale group, a side effect or no efficacy is
observed in a/partipn of patients. One of the causes thereof is genetic diversity 15 of a patient
receiving treatment. With re%ard to a difference in disease onset rate due to genetic diversity, an

analysis has been recéhtRFinidrogfesstsy ‘1BeROMe Witk dsserintioh Seady; GWAS)" (Non-Patent

Document 2)e20 SITAZHONLISTINONPATENT.DOGUMENT, [0009] NonRatent Decyment 1: Nature

453; 840-9, 2008 [0010]
rule between an intervention such as dosing and a

5 clinical outcome is inferred from a biological index in a
specified time.
[ocos]
A significant objective in modern medicine is to

provide appropriate health management or treatment to

10 each individual. When a treatment scheme or medication
of which safety and efficacy have been statistically
verified is marketed and used by a large-scale group, a
side effect or no efficacy is cbserved in a portion of
patients. One of the causes thereof is genetic diversity

15 of a patient receiving treatment. With regard to a
difference in disease onset rate due to genetic diversity,
an analysis has been recently in progress by “{Genome

wide assoclation study; GWAS)” (Non-Patent Document 2).

20 CITATION LIST
NON-PATENT DOCUMENT
(0009}
Non Patent Document 1: Nature 453; 840-9, 2008
[0010]
25  Non Patent Document 2: J. Hum. Genet. Doi:

10.1038/9hg.2010.19

SUMMARY OF THE INVENTION
PROBLEMS TC BE SOLVED BY THE INVENTION
30 00131

However, in a current clinical practice, to measure



25 Non Patent Document 2: J. Hum. Genet. Doi: 10.1038/jhg.2010.19 SUMMARY OF THE
INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION 30[0011] However, in a current
clinical practice, to measure 55300299W000 a limited biological index only i, adimjteehtime, and
statistically average the index, various characteristics acquired by various people included in a group
over time are abstracted accordingly. In addition, as opposed to 5 basic biology emphasizing a
micro-scale issue, clinical research handles, as a clinical outcome, a macro-scale issue of an

individual level suchias:a physicaldisability; ®lessef a physiologiealfunction,and g, particular illness
or body condition. In basic biology 10 and clinical research, a gap is included between levels. [0012] In

addition, a cuiféht tréatmeht Strategy 39 forbe td BoRstruct adisease by apstracting-divérsification

acquired over time; and thys everydreatment srategy isdSa symptomafic.therapy. However, an
original health state may not be recovered from a disease by alleviating a symptom. [0013] These
issues indicate that Atoreepeof & CtfEnt 20 basic biologi drdirical practierariay nbepredict and

control afutuse shange in a himan;hilogical state, making.it difficult.to, develop, an effective
prevention scheme and treatment scheme.
research handles, as a clinical outcome, a macro-scale
issue of an individual level such as a physical
disability, a loss of a physiological function, and a
particular illness or body condition. Tn basic biology
10 and clinical research, a gap is included between levels.
[0012]

In addition, a current treatment strategy is forced
to construct a disease by abstracting diversification
acquired over time, and thus every treatment strategy is

15 a symptomatic therapy. However, an original health state
may not be recovered from a disease by alleviating a
symptom.

[0013]

These issues indicate that a concept of a current

20 basic biclogy or clinical practice may not predict and
control a future change in a human bioclogical state,
making it difficult to develop an effective prevention
scheme and treatment scheme.

[0014]

25 The present technology has been contrived in view

of the above circumstances, and may predict and control a

future change in a human biclogical state.

SCLUTIONS TO PROBLEMS
30 [0015]

An aspect of the technology is a biological



[0014] 25The present technology has been contrived in view of the above circumstances, and may.
predict and control a future change in a human biological state. SOLUTIONS TO PROBLEMS
30[0015] An aspect of the technology is a biological SP300299WO000 inforpatien g%%ing method
including the steps of: measuring an expression level of molecules in an organism over a specific time
interval; dividing measured time-series data into a periodic component, an environmental 5 stimulus
response component and a baseline component; identifying constant regions of the time-series data
from variationsincthesaseting component onfremstheiamplityde or pedodicyariatiens of the periodic
component, and identifying causal relation between the 10 identified constant regions; and inferring

changes in tﬁpee§l%1’f€6?@1e36}g§ﬁ%ﬁ?ﬁ%ﬁ?fheli%8ﬁﬁﬁéﬁfc%§a¢Fé%ﬁé;n betwéerPtheadorstant regions.
[0016] The identifying stepanay further-ideniity;the 115 relafion hetween changes inthe state of the

organism and the external environment, and the inferring step may further infer disease onset in the
organism frofiftheSdeftifiet refdtivrbétiebh chang@sne i state of thevdrganisnn and the external

environment 2010017} - cEhe.measuring step, may,measyre the molecules representing a general
state, a local state, and a chromosome state. [0018] 25The molecules may be blood molecules of the
identifying constant regions of the time-series data from

variations in the baseline component or from the
amplitude or pericdic variations of the periodic
component, and identifyving causal relation between the

10 identified constant regions; and inferring changes in the
state of the organism from the identified causal relation
between the constant regions.
[001¢6]

The identifying step may further identify the

15> -relation between changes in the state of the organism and
the external envirconment, and the inferring step may
further infer disease onset in the ocrganism from the
identified relation between changes in the state of the
organism and the external environment.

20 [0017]

The measuring step may measure the molecules
representing a general state, a local state, and a
chromosome state.

[0018]

25 The mclecules may be blood molecules of the
organism.
[0C19] |

The molecules may be molecules associated with
metabolic syndrome.

30 [0020]

The molecules may be molecules in a culture medium.



organism. [0019] The molecules may be molecules associated with metabolic syndrome. 30[0020]
The molecules may be molecules in a culture medium. SP300299W000 [0021] According to an
aspect of the technology, an expression level of molecules in an organismsis-{neasuigdqyer a specific
time interval, measured time-series data 5 is divided into a periodic component, an environmental
stimulus response component and a baseline component, constant regions of the time-series data are
identified from variations in the baseline component or from the amplitude or periodic variations of the
periodic 10 comyponent, and causal relation between the identified constant regions is identified.
Changes in the state of the organism are inferred from the identified causal relation between the

constant regions. [0022F 458 BiGlogiaf ThiGfR&TIn Brock8sing eelicel adEcomfing medium, and a
program of the aspectiof.the terhnologyare-a-biclegicy] information pracessing-device.

over a specific time interval, measured time-~series data
5 is divided into a periodic component, an environmental
stimulus response component and a baseline component,
constant regions of the time-series data are identified
from variations in the baseline component or from the
amplitude or periodic variations of the periodic

10  component, and causal relation between the identified
constant regions is identified. Changes in the state of
the organism are inferred from the identified causal
relation between the constant regions.

[CC22]

15 A biological informaticn processing device, a
recording medium, and a program of the aspect of the
technology are a biological information processing device,
a recording medium, and a program corresponding to the
biclogical information processing method of the aspect of

20 the technology described above.

[0023]

Another aspect of the technology is a biclogical
information processing method including the steps of:
acguiring cell memory information of a biological

25 molecule of an organism of a subject; acquiring
environmental information associated with an
environmental condition of the organism of the subiject;
acquiring gene information associated with a gence
sequence included in the organism of the subject; and

30~ searching for similar information of an organism of a

person other than the subject associated with the



a recording medium, and a program corresponding to the biological information processing method of
the aspect of 20 the technology described abeove. [0023]. Another aspect of the technology is a
biological information processing method including the steps of: acquiring ggl meraryJpfprmation of a
biological 25 molecule of an organism of a subject; acquiring environmental information associated
“with an environmental condition of the organism of the subject; acquiring gene information associated
with a gene sequence included in the organism of the subject; and 30- searching for similar

information of amorgaaisa:ofa personother tharsthesubject assegiatedhwith the SP300299W000
acquired cell memory information, environmental information, and gene information. [0024]. The

gene informatidn thaY bt Hsingr-hicisstide s pbitdipRism and a structural polymorphism. [0025]
The searchinggnay be performed based on similarity in a correlation among the cell memory

information, the . ‘
The gene information may be a single nucleotide

5>  polymorphism and a structural polymorphism.
[0025]

The searching may be performed based on similarity
in a correlation among the cell memory information, the
environmental information, and the gene information.

10 [0026]

The step of acquiring cell memory information
includes the steps of: measuring an expression level of
molecules in an organism of the subject over a specific
time interval; dividing measured time-series data into a

15 periodic component, an environmental stimulus response
component and a baseline component; and identifying
constant regions of the time-series data from variations
in the baseline component or from the amplitude or
periodic variations of the periocdic component, and

20  ddentifying causal relation between the identified
constant reglons.

[0027]

According to the other aspect of the technology,
cell memory information of a bilological molecule of an

25 orqanism of a subject is acguilred, environmental
information associated with an environmental condition of
an crganism of the subject is acquired, gene information
associated with a gene sequence included in an organism
of the subject is acguired, and similar information of an

30  organism of a perscn other than the subject associated

with the acquired cell memory informaticn, environmental



environmental information, and the gene information. 10[0026] The step of acquiring cell memory
information includes the steps of: measuring an expression level of molecules in an organism of the
subject over a specific time interval; dividing measured time-series data intg-a d&pefigdi¢ component,
an environmental stimulus response component and a baseline component; and identifying constant
regions of the time-series data from variations in the baseline component or from the amplitude or
periodic variations of the periodic component, and 20 identifying causal relation between the identified

constant regionsd0027} on, Aecotdingte the otheraspect oftheteehnelagy.cell memory information
of a biologicaftﬁrbolgc_iule of an 25 organism of a subject is acquired, environmental information
associated with ‘d@n eénvironmental condition of an organism of the subject is acquired, gene information

associated with a gene sequenge:includeddpan-arganisra ok the; supjectjs agquired, and similar
information of an 30 organism of a person other than the subject associated with the acquired cell
memory infornF&tir BivireRfental 3P306289 RO InfoFmatien C&RE §eAS RFGIMAtion is searched

for. [0028] 1A biclegical infermation:processing device, ategarding, mediym,and a program of the

other aspect of 5 the technology are a biological information processing device, a recording medium,
and a prograft#err&spendifiG t thie Biolsfitatinforfidtion processingrnathoershthe wher aspect of

the technology.desgibeg above. 10 EEFECTS.OF THE INVENTION [0029], - As described above,

according to an aspect and another aspect of the technology, it is‘possible to predict and control future
Changesinﬂﬂigﬁge@ggect of the technology described above.

10  EFFECTS OF THE INVENTICN
[G029]
As described above, according to an aspect and
another aspect of the technology, it is possible to
predict and control future changes in the state of a

15 human organism.

BRIEF DESCRIPTION OF DRAWINGS
[0030]
fig. 1 is a block diagram illustrating a
20 configuration of an embodiment of a biclogical
information processing device.
Fig. 2 is a flowchart illustrating a health state
prediction and control process.
Fig. 3 is a diagram illustrating a model associated
25 with a causal relation using a constant region as a node.
Fig. 4 is a block diagram illustrating a
configuration of another embodiment of a biolegical
information processing device.
Fig. 5 is a flowchart illustrating a prediction and
30 control process of a cellular state of a cultured cell.

Fig. €& is a diagram illustrating a configuration of



15 human organism. BRIEF DESCRIPTION OF DRAWINGS [0030] Fig. 1 is a block diagram
illustrating a 20 configuration of an embodiment of a biological information processing device. Fig.
2 is a flowchart illustrating a health state prediction and control process. Figs 34§ asdiggram illustrating
a model associated 25 with a causal relation using a constant region as a node. Fig. 4 is a block
diagram illustrating a configuration of another embodiment of a biological information processing
device. Fig. 5 is a flowchart illustrating a prediction and 30 control process of a cellular state of a
cultured cell. Figuhiésla diagrameillustrating a configuration of SP300299W000 a model of a cell.

Fig. 7 is a diagram iIIustratir%g a change in state of a cell. Fig. 8 is a diagram illustrating a causal
relation 5 of informatfoh? - 7 Fig. & isgé%ﬂf@é%iéér]aﬁﬁlﬁ%ﬁéﬂﬁg A configtifation of ahether
embodiment ®f adiglegical information processing device. Fig. 10 is a flowchart illustrating another

health 10 state prediction and control process.
Fig. 8 is a diagram illustrating a causal relation

5 of information.

Fig. 9 is a block diagram illustrating a
configuration of ancther embodiment of a biclogical
information processing device.

Fig. 10 is a flewchart i1llustrating another health

10 state prediction and contrel process.

Fig. 11 is a diagram illustrating a model
associated with a causal relation of a lifestyle.

Fig. 12 is a diagram illustrating a matrix

representing a history of a cell memory.

MODE FOR CARRYING OUT THE INVENTION
[0031]
Hereinafter, a mode (hereinafter, referred to as an
embodiment) for carxrying out the technology will be
20 described. Description will be made in the following

order. |

Progress

Definition

First embodiment

25 Second embodiment
Third embodiment
Fifth embodiment

, Sixth embodiment

30 Seventh embodiment

1
2
3
4
5
6. Fourth embodiment
7
8
9
1

0. Eighth embodiment



Fig. 11 is a diagram illustrating a model associated with a causal relation of a lifestyle. Fig. 12isa
diagram illustrating a matrix representing a history of a cell memory. 15 MODE FOR CARRYING OUT

THE INVENTION [0031] Hereinafter, a mode (hereinafter, referred to as an-embogdimpent) for
carrying out the technology will be 20 described. Description will be made in the following _order.
1. Progress 2. Definition 3. First embodiment 254. Second embodiment 5. Third
embodiment 6. Fourth embodiment 7. Fifth embodiment 8. Sixth embodiment 309. Seventh

embodiment 10. Eighth embadimestSP300299W000 11. Ninth embodiment
0032}
<Progress>
[0033]
5 First, a progress of the technology will be
described as follows.
[0034]

Developers of the technology have closely examined

a method of representing a time evolution of a human

10 organism and predicting and controlling a direction of
change of the future. As a result, in addition to three
parameters of a genetic Lype, a phenotype, an external
environment conventionally used to formulate a life, Dy
introducing a new parameter referred to as a “cell mamery

15 undergoing a time evolution,” it is found that a problemn
of a human crganism undergeing a time evolution may be
resolved. In addition, to formulate the “cell memory
undergoing a time evolution,” the developers of the
technology have noted that a cell memory of a

20 transcription factor having a property of a bistable
switch expressed in each cell changes over time due to
epigenetic modification and genetic modification. The
epigenelic modification includes DNA methylation or
histone modification, and the genetic modification

25 includes a DNA mutation or a structural change.
[0035]

The developers of the technology have constructed
the “cell memory model undergoing a time evolution” which
indicates that genetic modification and epigenatic

30 modification change a. cellular state by altering an

expression level of a target gene product controlled by a

10



[0032] <Progress> [0033] First, a progress of the technology will be described as follows. [0034]
Developers of the technology have closely examined a method of representing a time evolution of a
human 10 organism and predicting and controlling a direction of change of the iy, Ag @ result, in
addition to three parameters of a genetic type, a phenotype, an external environment conventionally
used to formulate a life, by introducing a new parameter referred to as a "cell memory 15 undergoing a
time evolution," it is found that a problem of a human organism undergoing a time evolution may be

resolved. In additiem te fesmuate. thericellmemasy:-undergeing-a timesevolution; the.developers of the
technology have noted that a cell memory of a 20 transcription factor having a property of a‘bistable

switch expreSS&tFin e5tPEGIPdshgesiovit tRTe dbé 16 Bpigehitic AfotificatoRsargéhstic

modification.tthe epigensticmedification includes DNA methylatiorrar-histone, modification, and the
genetic modification 25 includes a DNA mutation or a structural change. [0035] The developers of
the technology havé'esrstruciéd tise "delrmemory nfodel mdergoig atinte evslatiGiavhich indicates

that genetic mogdification and epigenetic-30.modificatian change a;celllar state by altering an
expression level of a target gene product controlled by a 39300299W000 bistable switch. Further,

according to the “Eelthémory fiddet aihtiergoing a time evolution,” the developers of the technology
have constru%@ foncept referred to as a "chromosome state" including a transcription factor that 5

functions in a chromosome, genetic modification, and epigenetic modification. [0036]
Next, tTo estimate the “chromoscme state” from an

observed value of a general state or a local state, the
10 develcpers of the technology have linked the generate
state, the local state, and the “chromecscme state” which
are three different levels constituting a human organism
system to cne another. For this, the developers of the
technology have constructed a macro model, a meso model,
15 and a micro model corresponding to each level of the
general state, the local state, and the “chromocsome
state.” Further, using this “organism level link model,”
the developers of the technology propose a method of
linking and feormulating the macro model, the meso model,
20 and the micre model 1irn units of cells.
[0037]

Next, to chserve the “chromoscme state’” that
manages a time evolution of a human organism, the
developers of the technclogy have examined development of

25 a method of integrating the “organism level link model”
into a2 time-series model, and found a new integration
method using a “biclogical state space model.” Then, the
developers of the technology propose a method of
extracting the “chromosome state” by dividing time-series

30  data of a molecular marker that reflects the general

state using the “biological state space model” into a

11



Next, to estimate the "chromosome state" from an observed value of a general state or a local state,
the 10 developers of the technology have linked the generate state, the local state, and the
“chromosome state” which are three different levels constituting a human erganisng system to one
another. For this, the developers of the technology have constructed a macro model, a meso model,
15 and a micro model corresponding to each level of the general state, the local state, and the
"chromosome state." Further, using this ‘'organism level link model, the developers of the technology

propose a method®f linkingrand:-formylatingthe macradnedel, theimesa madel,20 apd the micro
model in units of cells. [0037] Next, to observe the "chromosome state" that manages a time

evolution of & TMARTrGanidhf the BETEIPRFSs HLIHEBERYIclogy have examined development of 25 a
method of integraging the "organism level link model" into a time-series model, and found a new
integration method using a "biological state space model." Then, the developers of the technology
propose a method of Edractindg the™ cHroRR6 e state by tdivibie tirig-deries 30ldatalof a molecular

marker that reflecis {he;9gnerad siate vsingethe "biglegical %ﬁ%@eslpa&smgd%%&fg%af SR300239W000

periodic component, an environmental stimulus response component, and a baseline component.
[0038] Next, thHe'evelepersiviilid tedholsyyhave Elosely Sexamihed devetopmentef a control

e B B
change" indi¢atfhgithaeanimitial inputthe technology find a concept of a
“constructed change” indicating that an initial input
10 from an external envircnment changes responsiveness to a
subsequent input from the external environment, and
propose a “dynamic construction model” in which the “cell
memory undergoing a time evolution” is controlled by the
“constructed change.”
15 [0039]

In addition, the developers of the technology have
conducted a close examination to apply the “dynamic
construction model” to an issue in clinical practice, and
proposed a method of an “organism local censtant region

20 model” for identifying a constant region of time-series
data associated with an expression level of a molecule
produced in an organism using the “biological state space
model.” Furthermore, the developers of the technology
propose a method of analyzing a causal structure and a

25 biological state tracking using, as a node, an organism
local constant region found during a time series
variation of an expression level of a molecule produced
in an organism.

[G040]
30  <Definition>

[0041]

12



10 from an external environment changes responsiveness to a subsequent input from the external
environment, and propose a "dynamic construction model" in which the "cell memory undergoing a
time evolution" is controlled by the "constructed change." 15[0039] In agdifan sihe-dayelopers of
the technology have conducted a close examination to apply the "dynamic construction model” to an
issue in clinical practice, and proposed a method of an "organism local constant region 20 model" for
identifying a constant region of time-series data associated with an expression level of a molecule
produced in an organism using:then'biolegicalrstate-spacesmadel:’ Hythermaresthe.developers of the
technology propose a method %f analyzing a causal structure and a 25 bioélggritcal state tracking using,
as a node, ar Organtsi idc¢al Ronbtaht FégiBR FoGd dlirirg atime §éfidsiP&iation of an expression
level of a molggulkezproduced in an organism. [0040] 30 <Definition> [0041] SP300299W000 Next,

definition of terms used in description of embodiments of the technology will be described. [0042]
A time evolution of a Aumdiofganishy ifticétés & protess MAWRich HistaisdFa faction of a human

organism irreyersily €hanges over ime: Athuman dies after;undergoing irreversible changes such as
generation, birth, growth, and aging from a moment of fertilization. An onset of a disease progresses to

a previous step ¥t 10THe bhEaY ficeiiy aPotentidl chaRge theonset, & panticuldredisordered
physiologicalfunetion, al0ss of ﬁﬁ%ﬁi&t&%&@@@'&g%H@&HO%&thé%cg'e%ié%%%%”d a death.
This indicates that an instant in a human organism and the time of another instant are not 15
homogeneod%iﬁﬁﬂ@]ngWthr and aging from a moment of fertilization.
An onset of a disease progresses to a previcus step of
10 the onset receiving a potential change, the onset, a
particular disordered physiclogical function, a loss of a
particular physiological function, a physical disability,
and a death. This indicates that an instant in a2 human
organism and the time of another instant are not
15  homogenecus.
[0043)
The “cell memory undergoing a time evolution”
indicates that a cell memory constructed by a
transcription factor is changed by genetic modificaticn
20  and epigenetic modification introduced as an
environmental input to a cell or a result from an
accident. A cell memory has conventionally been defined
28 a phenomenon in which a change in state of a cell
acguired by a stimulus from an external environment is
25 maintained even after the stimulus from the external
environment disappears {Cell 140: 13-18, 2010). A
cellular state is represented by a ty?e; an amount, and a
modification property of a molecule expressed in a cell,
and a maintenance and a change of the cellular state is
30  controlled by a transcription factor.

[C044)

i3



The "cell memory undergoing a time evolution" indicates that a cell memory constructed by a

transcription factor is changed by genetic modification 20 and epigenetic modification introduced as an

environmental input to a cell or a result from an accident. A cell memory has ggnveniignally been

defined as a phenomenon in which a change in state of a cell acquired by a stimulus from an external
environment is 25 maintained even after the stimulus from the external environment disappears (Cell
140: 13-18, 2010). A cellular state is represented by a type, an amount, and a modification property of
a molecule expressedima cell, and adnaintenanceiand-a thasge ef therepliular.state is 30 controlled

by a transcription factor. [0044] SP300299WO000 That is, a conventional cell memory provides a

concept that 8 Staterof a-¢éll provitled & p&rticiilar it by & charactéristiciéfa bistable switch

included in adranscrption:facier. Koweyver.anly the-upiferm time;of QN and-QFF gf a switch may be
provided. However, actually, genetic modification and epigenetic modification introduced over time

is, in the "cell memory undergoin
by a history tHatM4ybe RkeH

change a celllfdr & broVide d By & HahEfpiSh fRicrdver tife aHerobyfattiet Biversifying a state

of a cell when compated t0:20 dhe crlluansiaterassurmed pnly by alanscription fagtor. [0045]

a time evolution," a diversity of a cellular state may be formulated
SUchI&s 85 HenBfie kiddifidation areFepgigéneticambdification, and the

That

“cell memory-undergeing a.time-pvaliition: s essentially different from a,gonyentional gell memory in

that the non-uniform time may be managed. [0046]

10

20

25

provided by a transcription factor over time, thereby

further diversifying a state of a cell when compared to

the cellular state assumed only by a transcription factor.

[0045]
That is, in the “cell memory undergoing a time

i

evolution,” a diversity of a cellular state may be
formulated by a history that may be inherited such as
genetic modification and epigenetic modification, and the
“cell memory undergoing a time evolution” is essentially
different from a conventional cell memory in that the
non-uniform time may be managed.

[0046]

A transcription factor forms a molecular base of a
conventional cell memory. When a circuit of a
transcription factor is nonlinear and indicates a
bistable characteristic, a state of a molecule is in
equilibrium of ON or OFF, and the memory is inherited
even after a cell division. An affinity formed between a
transcription factor and a binding site of a promoter,
and cooperativeness or multimerization among a plurality
of tranécription faétors provide a characteristic of a
nonlinearity to a transcription factor.

[C047]

The nonlinearity resists a transient disturbance

14



20A transcription factor forms a molecular base of a conventional cell memory. When a circuit of a
transcription factor is nonlinear and indicates a bistable characteristic, a state of a molecule is in
equilibrium of ON or OFF, and the memory is inherited 25 even after a celsdivision A affinity formed
between a transcription factor and a binding site of a promoter, and cooperativeness or multimerization
among a plurality of transcription factors provide a characteristic of a nonlinearity to a transcription
factor. 30[0047] The nonlinearity resists a transient disturbance SP300299WO000 and causes an
expression levelto-be ferited bypreviding a ihresholddikecchanacteristicitag response of a

transcription factor. In addition, a transcription factor acquiring a sufficiently great Hill coefficient by 5 a
positive feed ggﬁ%?ﬁ%%sﬁivgh&eﬁzlg% iéegdh%?fe%%%ﬁ?: AeqUives & characteRsROEES bistable switch,

and a change in state islockeg even aftecan:original inputidisappears: FThatds-a e @n amount, and
a post-transI%tai{or]ﬁaclJ £nodification of a transcription factor 10 expressed in a cell forms a skeleton of a

conventional ¢&ll TRemory: [0048GBn&tic modification sttehHs &'dihgleRdiédtide pblyRbrphism
observefl in a humantgenomecaslefectoa 15 duplication, and a charge in the.number of copies of a

portion Ofa%gé eaqg}%ngg’q%g%ggigaence:ggrmaocdtifeizcj?it_iggic of a bistable switch,
and a change in state is locked even after an criginal
input disappears. That is, a type, an amount, and a
post-translational modification of a transcription factor
L0 expressed in a cell forms a skeleton of a conventional
cell memory.
[0048]

Genetic modification such as a single nucleotide

polymorphism observed in a human genome, a defect, a

15  duplication, and a change in the number of copies of a
portion of a DNA sequence, and epigenetic modification
such as DNA methylation, histone modification, and a
protein denaturation manage a molecular base of the “cell
memory undergecing a time evolution” (Nature Review

20 Genetics 7: 85-97, 2006, Cell 128: 655658, 2007).
[(0049]

Pach of genetic modification and epigenetic
modification directly or indirectly changes a parameter
associated with & characteristic of nonlinearity or a

25  bistable switch of a transcription factor, thereby
modifying a function of a conventional cell memory.
[0050]

As for genetic modification, a relation between a

single nucleotide polymorphism and a disease onset rate
30 is analyzed by a genome-wide linkage analysis scheme.

Using the analysis scheme, nineteen genes have been

15



such as DNA methylation, histone modification, and a protein denaturation manage a molecular base
of the "cell memory undergoing a time evolution” (Nature Review 20Genetics 7: 85-97, 2006, Cell 128:
655-658, 2007). [0049] Each of genetic modification and epigenetic modificatiom diregthy or indirectly
changes a parameter associated with a characteristic of nonlinearity or a 25 bistable switch of a
transcription factor, thereby modifying a function of a conventional cell memory. [0050] As for genetic
modification, a relation between a single nucleotide polymorphism and a disease onset rate 30 is
analyzed by adgyemome-witleslinkagesdredlysis geheme £Usingdahe analyisiscechemeachigetegn genes
have been SP300299WQO0Q identified as a related gene of type 2 diabetes. However, only 1% of the
total is diabeﬁg%gtize%ts#g\%r%bea%ﬁjgt%ﬁt %ﬁaté%g :%0%@%&,%0@)@%?&@%@ ABREAR1/2 gene
mutation is obSetveddn dfily: 3%00f-the gntize beeast 5 cances patients. Bran experimant comparing a
lifespan of iden];tical twins to a lifespan <?f non-identical twins, an epidemiologic investigation indicates
g |

that a perceftage of ContBution T Aifespar By & geheSeqtficE 18 ab6u s s 25% (Hum. Genet
97: 319323,ck01996) 1805k« s . Epigeneticonedification is-defined:as,an ajteration.of a gene function
that may be inherited without , , ‘ , _

of ldentical twins to a lifespan of non-identical twins,

an epildemioclogic investigation indicates that a

percentage of contribution to a lifespan by a gene

sequence is about 15% to 25% (Hum. Genet 97: 319-323,

10 19%6;.

[0051]

Epigenestic modification is defined as an alteration
of a gene function that may be inherited without
entailing a change in a DNA seqguence. DNA methylation

15 and chemical medification of a chromatin protein are a
molecular substance of epigenetics. In addition, an
alteration of a cell function due to denaturation of
protein such as prion protein and amyloid protein is
classified as epigenetics in a broad sense. A concept of

20  epigenetics was proposed by Waddington to describe a
mechanism in which genetic information is changed to a
phenctype in a process of generation.

(00521

However, a function of epigenetics affects

25 establishment and maintenance of & tissue or a cell-
specific genetic expression. In addition te this, a
stimulus due to nutritive conditions, a social stress,
and chemical substances introduces epigenetic
modification. It has been reported by an epidemiological

30 research of humans that a stimulus from an environment

received during the stage of an unborn baby or a newborn
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entailing a change in a DNA sequence. DNA methylation 15 and chemical modification of a chromatin
protein are a molecular substance of epigenetics. In addition, an alteration of a cell function due to
denaturation of protein such as prion protein and amyloid protein is classifiec:as epiggpetics in a broad
sense. A concept of 20 epigenetics was proposed by Waddington to describe a mechanism in which
genetic information is changed to a phenotype in a process of generation. [0052] However, a function
of epigenetics affects 25 establishment and maintenance of a tissue or a cell-specific genetic
expression. Inaditiohftecthis, astinues duette nufritivectonditionsqa segiad stress, and chemical
substances introduces epigenetic modification. It has been reported hy an epidemiological 30 research
of humans th%?%qgf?rinou(flﬁ %r%%ogﬁ %n@% r%%%F receiv %Cgﬁz}ir%et %e s%&e of an ]Léﬂ)a%% 6aby ora
newborn SP300299W000 baby affects an onset rate of a chronic disease in adulthood through
epigenetics (Eié%rg?) ell Res. 4; 157-164, 2010). [0053] 5The above-described epigenetic modification
is referred to as environmental epigenetics to be distinguished from development-type epigenetics

associated with cell ditferentiatien.dehe-develapers:ofdhe tachnalegy-have-foundsthat a function of 10
environmental epigenetics is regarded as a "function of updating DNA information based on a change

in external eAVIFOIMI&HL inforMaten Y {eeEAe tal epigenetics to be

distinguished from development-type epigenetics
associated with cell differentiation. The developers of
the technology have found that a funciion of
10  environmental epigenetics is regarded as a “function of
updating DNA information based on a change in external
environment information.”
[C054]
A scale of the time to be inherited is different
15 between genetic modification and epigenetic modification
affecting alteration of a function of a transcription
factor. Genetic modification is a primary cause of a
cell memory inherited from parents to a child. ©On the
other hand, epigenetic modification performs a primary
20 function as a cell memory acquired in a generation.
| [0055]

However, a discovery of
transgenerational-epigenetics indicates that
environmental eplgenetics introduced in a germ line

25 resists an initialization of generation, and is inherited
from parents to a child (Stem Cell Res.4; 157-164, 2010).
In addition, new genetic modification such as a DNA
mutation or transposition introduced in a somatic cell is
regarded as a primary cause of carcinogenesis.

30 [0056]

A "model of a cell memory undergoing a time

17



_A.scale of the time to be inherited is different 15 between genetic modification and epigenetic
modification affecting alteration of a function of a transcription factor. Genetic modification is a primary
cause of a cell memory inherited from parents to a child. On the other hand,gpigenstie mpdification
performs a primary 20 function as a cell memory acquired in a generation. [0055] However, a
discovery of transgenerational.epigenetics indicates that environmental epigenetics introduced in a
germ line 25 resists an initialization of generation, and is inherited from parents to a child (Stem Cell

Res.4; 157-16402010) hv additianrew genetis madificationsuchas a HNA mutatiop or transposition
introduced in_a somatic cell is regarded as a primary cause of carcinogenesis. 30[0056] A "model of a

cell memory ufiiergdiiga tithe " SB30t99We00 eV6IuTisRLe a fEw condeptitradnged to formulate

the "cell meraary undergoing & time gvelution” thatchanges Hver time.dug to genetic modification and
epigenetic modification. An expression signature of a transcription 5 factor, genetic modification, and

epigenetic mbaifitaticn thattharlye Gveriings hré'intégratéd to 8 Fchrohiosorme Srte®0057] This is
differentdfronra cenyentional celt memeny; 10 which dsfines.only twa states, of ON and QFF with

respect to a transcription factor, in a chromosome state of the technology, an inhibitory effect and an
induction with ?édpedt ¥ dtarjet Hehétsroduc: Byna tansenstionfactor disdretety chawge. By
introducing a;gongept of 15 the chromosome state, a cellular state is formulated as a connection of two

time series variations of the
[0057]

This is different from a conventional cell memory
10 which defines only two states of ON and OFF with respect
to a transcription factor. In a chromosome state of the
technology, an inhibitory effect and an induction with
respect to a target gene product by a transcription
factor discretely change. By introducing a concept of
15 the chromosome state, a cellular state is formulated as a
connection of two time series wvariations of the
chromosome state and an external environmental state of a
cell. Further, the “cell memory undergoing a time
evolution” is formulated as a functiocn of a time series
20  wvariastion of the “chromosome state.”
[G058]

An “organism level link model” is a new model
proposed for a connection of the “chromosome state” and
an “individual state” requested to use the “cell memory

25 undergoing a time evolution” for a prediction of a health
or é disease of an individual level. A human individual
is a continuum hierarchically pﬁt in order. A cell is
formed from molecules, and a further complex entity such
as a tissue and an organ is constructed on cells. A

30 state of a human body may be classified into a general

state, a local state, and a chromoscme state based on the

13



chromosome state and an external environmental state of a cell. Further, the "cell memory undergoing
a time evolution” is formulated as a function of a time series 20 variation of the "chromosome state."
[0058] An "organism level link model" is a new model proposed for a cormegtionehthe
"chromosome state" and an "individual state" requested to use the "cell memory 25 undergoing a time
evolution" for a prediction of a health or a disease of an individual level. A human individual is a
continuum hierarchically put in order. A cell is formed from molecules, and a further complex entity
such as a tissliergad @aorgandsiconstructed: bnaklls tA80tstate, ofahumandabdy may be classified

into a generaéﬁg%]%, %g’i@as@}% asngaﬁ ggroor@o%on(jg state based on the, SP300299W000
above-described hierarchical structure, and a model &’th%%stﬁalﬁer%fﬁ?s@él%gooflflﬁé'cr%?meso, and
micro may beccorstructédih respoase o each statecf0059:5A macro model is a model regarding an
entire body a e. Thus, the state may be defined by an expression signature of a molecule
diffusing in the entire body. Representative examples of the molecule diffusing in the entire body

include & hormone ofami6endactae system aran immunersystemaa grawth-factergand a cytokine.
In addition, adrenaline and noradrenaline affecting a control of an autonomic nervous system defines a

state of an efitirebody” [0060] 18R me'sdmodels dmbdRFhAEHisRETersa sfate of a

expression signature of a meclecule diffusing in the
entire body. Representative examples of the molecule
diffusing in the entire body include a hormone of an

10 endocrine system or an immune system, a growth factor,
and a cytokine. In addition, adrenaline and
noradrenaline affecting a control of an autoncmic nervous
system defines a state of an entire body.

[0060]

15 A meso model 1s a model that discovers a state of a
homogeneous local space within an organism. Each organ
or tissue forms a homeogeneous state as a unity. In
general, a symptom of an inflammation and the like
specifically occurs in a local site. This includes

20 multiple cells forming an inflamed site. On the other
hand, a rejuvenescence of a tissue is controlled by
propagation and differentiation of a few tissue stem
cells. As such, the mesc model includes the different
number or type of cells such as one cell, an inflamed

25 tissue, a tissue, and an crgan. rThe local state is
defined by systematic molecules in addition to an
autocrine and paracrine melecular group expressed within
a local environment.

[0061]
20 ' A micro model 1is a model that discovers a state of

a chromosome included in each cell. A reason why the
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homogeneous local space within an organism. Each organ or tissue forms a homogeneous state as a
unity. In general, a symptom of an inflammation and the like specifically occurs in a local site. This
includes 20 multiple cells forming an inflamed site. On the other hand, a rejyveneseeneg of a tissue is
controlled by propagation and differentiation of a few tissue stem cells. As such, the meso model
includes the different number or type of cells such as one cell, an inflamed 25 tissue, a tissue, and an
organ. The local state is defined by systematic molecules in addition to an autocrine and paracrine

molecular group-expressed withima tocah eavicenment {0061:30A miarg modelis aimede! that
discovers a state of a chromosome included in each cell. A reason why the 5P300299W000 micro

model is not in & callfiEr Stafé BTRAEH cRlldiar Sthté bnfitrebréaits Endveredelbmetmory driven by a
transcription taciors apd:a:petential-ehangedneluding.genaticomodifigation eor,epigengtic modification is
5 abstracted. A chromosome state is defined by genetic modification, an epigenetic modification
characteristic! ahd arF e XprésdioRsigidtur otk HaRseiptiortadiof L [pas2PEpigenetic modification and

an expression:signature-30 of & transcription factor in.a state of a,chromosame are controlled by a

local environment and a systematic environment of a cell having the chromosome. A cell that produces
systematic mofstifd<REI8H controlfett By adbéal Sta@idtiaediand alchrembsometstate in addition 15

to a general state. Anca sel hat producss. an utageing anparacing faglorahich Js a molecule of a

. - ctor.
local environment is controlled by the general state, the local environment of the ceﬁ, and the
chromosomels$t8fez That is, it is clear from an analysis that it is formulated 20 that the "chromosome

state," the local stateyar e : ently,determine a change of one another, are
: 2 B%éﬁ%@f@ Jtate copeyrrentt : : '
concurrently directed, gn concurrently ungergo a%mae }éivoafaltiden}?zi ﬁ%sf%%n%%'la%i%ﬁ% reféred to as an

"organisin level link modelc25/0063] factor in a state of a chromosome are

controlled by a2 local environment and a systematic
environment of a cell having the chromosome. A cell that
produces systematic molecules is also controlled by a
local state of a cell and a chromosome state in addition

15 teo a general state, and a cell that produces an autocrine
and paracrine factor which is a molecule of a local
environment is controlled by the general state, the ifocal
environment of the cell, and the chromosome state. That
is, it is clear from an analysis that it is formulated

20 that the “chromoscme state,” the local state, and the
general state concurrently determine a change of one
another, are concurrently directed, and concurrently
undergo a time eveolution. The formulation is referred to
as an “organism level link model.”

25  [00863]

A human receives stimuli from various different
envircnments depending on a social environment, a
behavioral characteristic of the human, and the like. A
stimulus from external environments is recognized by

30 varicus systems bf'a somatic cell, and is translated into

an internal enviromnment change of a human body.

20



A human receives stimuli from various different environments depending on a social environment, a.
behavioral characteristic of the human, and the like. A stimulus from external environments is
recognized by 30 various systems of .a somatic cell, and is translated into@minternakenvironment
change of a human body. SP300299WO000 Therefore, due to individual differences of a sematic cell
system receiving a stimulus, a stimulus from the same environment may not necessarily induce the
same change of an internal environment. This indicates that a 5 quantitative measurement of an
environmentélifactef alone mhay faibto.acturatély: pretictizchangssincstate ofcarhuman body. A
stimulus fromcgli fngironment may.be classifieg , cc%ording to a characteristic, into a physical stress

i ol a .
(temperature- oXygen. urravislet fay’ 10 the fike) "5 ch@midal SteES (dridderinddisruptor,

carcinogen, andntheclike) ra psyehosocial stress,canexereise,stiessy adourishment stress (excessive
eating and starvation), ?1 infection stress, a wound stress, and the like. 15[0064] A stimulus from

an environmé&ntis Hetetted By A fecEpiidn SYSeht Eidthen iSitransidted finth achdite 6f a general

state, a focalstate; and ai"chramesemensiate” with-different time,delays. As:such, tq expand the "cell
20 memory undergoing a time evolution" to a memory of an entire body level, time needs to be

regarded as Atiscréte distibtitioh Tathet tha 88 a<Cortintbas dstiButiim iistasiliey of a time delay is

controlled by:a:feedbagk system within anorganism Accerdingly,,25 when 2 ghange in state may be
discovered in a time unit in which a change from a feedback system to a néw feedback system may be

discovered, & probiérh i timedeiay ifayise abstracteatpobsfic, into a

physical stress (temperature, oxygen, ultraviolet ray,

10 and the like), a chemical stress (endocrine disruptor,
carcinogen, and the like), a psychosocial stress, an
exercise stress, a nourishment stress (excessive eating
and starvation), an infection stress, a wound stress, and
the Iike.

15 [0064]

A stimulus from an environment is detected by a
reception system, and then is translated into a change of
a general state, a local state, and a “chromosome state”
with different time delays. As such, to expand the “cell

20 memory undergoing a time evolution” to a memory of an
entire body level, time needs to be regarded as a
discrete distribution rather than as a continuous
distribution. Instability of a time delay is controlled
by a feedback system within an organism. Accordingly,

25 when a change in state may be discovered in a time unit
in which a change from a feedback system to a new
feedback system may be discovered, a problem of a time
deiay may be abstracted.

[0065]
30 A “blological state space model” is a new nodel

proposed to apply the “organism level link model” to a



30A "biological state space model" is a new model proposed to apply the "organism level link model"
to a SP300299W000 time-series model. Various models used for a time-series model may be
generally managed in a unified manner by a state space model (Chapters ®p1doandii@;, twanami
bookstore, Kitagawa Genshiro, Introduction to time series 5 analysis). In addition, a large number of
problems of a time series analysis are formulated as a problem of a state estimation of the state space
model. [0066] The state space model includes two submodels of a 10 system model (x) and an
observation mbuety} ancstwoointerpretations ase pogsibie. When the-ohservation: ;yodet is regarded
as a regressil%l mn del tha(%jexpresses g ftructure in \C/ilhich observed time-series data yn is observed, a

s A 15 reégrassion constarit. IWthis'casd™ tHE §ystBrh Model is a model

state xn of the sys em model (Q) isa
that expressesta istateof ademposal cftangetinasregression gadfficient.1@a theother hand, when the
state xn is regggqutas a signal to be estimated, the sgstem mode] represents a model that indicates a

20 generating Mechanism of A dgraicand U dbServafion fbHer tepresents A stafie i Which the signal

is convested and hpisesis added whenthe.signal issaciually:ebserved. [0064] ka "dynamic
construction model,” xn expresses a 25 state of an actual human body, yn is assumed to be a

multivariate timEsefigs Vecttor HesCihfedWith SomBHS GBI Exprassibhided@ ot Anvextracellular factor

group, and the:state ¥R s regarded as acsignalighe estimpated. Mhen the "organism level link model"
is 30 applied to a clinical prediction, it is not realistic to measure all of the "chromosome state" and the

local state. SPF0H269W000
The state space model includes two submodels of a

10 system medel (x} and an cbservation model ({y), and two
interpretations are possible. When the observation model
is regarded as a regression model that expresses a
structure in which cbserved time-series data yn is
observed, a state xn of the system model (x)} is a

15 regression constant. In this case, the system model is a
model that expresses a state of a temporal change in a
regression coefficient. On the other hand, when the
state xn is regarded as a signal to be estimated, the
system model represents a model that indicates a

20 generating mechanism of a signal, and the observation
model represents a state in which the signal is converted
and noise is added when the signal is actually cobserved.
[0067]

In a “dynemic construction model,” xn expresses a

25 state of an actual human body, yn is assumed to be a
multivariate time-series vector asscciated with a
measurable expression level of an extracellular factor
group, and the gtate xn is regarded as a signal to be
estimated. When the “organism level link model” is

30 applied to a clinical prediction, it is not realistic to

measure all of the “chromosocome state” and the local state.
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However, an extracellular factor that circulates in an entire body such as a hormone, a growth factor,
and a cytokine may be measured. [0068] 5The "organism level link model" clarifies that the
"chromosome state," the local state, and the general state concurrently deterstine @asghange of one
another, are concurrently directed, and substantially undergo a co-time evolution. This indicates that
data of a time 10 series variation of an extracellular factor that circulates in an entire body contains a
change of the "chromosome state" and the local state. That is, components of the local state and the
"chromosomé&stateeare directlytoranditéctharefléetedcon yimwhichiiscLb mtdtivatiate:time-series data
including a sg%[grjpgéickt))é%od fact%r of a human bodé/ state xn. Tﬁi\i formulation scheme is referred to

as the "biological state spa\(/:esr%g eﬁS[O%G fﬁfﬁz iie-sérids Gata Y 8F A Extraélivtar factor that

circulates in ary entirenbody:maly<bendecompased into a periodic component using a seasonal
adjustment %q}eé 1n environmental stimulus response component using a multi-linear model, and a
baseline component using a polynomial 25 smoothing spline model, respectively. A cell memory is

reflectecbon an amplitide and gfraquencywf B periodie.camponentasseciated yyith an expression of a
molecule progduced in an organism, a maximum expression level of a stimulus response component,

" and a change GFAT61G 8t 36 baselindReddrGimglys by cembinifigthe "6fjamisn level link model”
with the "biolgg&aés@&&@mm@ﬂyl,&gtéE’@@Q%9%WQQQA§QOé%ib!ﬁJ@ represent the, cell memory

undergoing a time evolution" specifically and in chronological order. [0070]
concurrently directed, and substantially undercc a co-
time evolution. This indicates that data of a time

10 series variation of an extracellular factor that
circulates in an entire body contains a change of the
.“chromosome state” and the local state. That is,
components of the local state and the “chromosome state”
are directly or indirectly reflected on yn which is

15 multivariate time-series data including a systematic
bloced factor of a human body state xn. This formulation
scheme is referred to as the “biclogical state space
model . ”

[0069]

20 Time-series data yn of an extracellular factor that
circulates in an entire body may be decomposed into a
periodic component using a seasonal adiustment model, an
envirenmental stimulus response component using a multi-
linear model, and a baseline component using a polynomial

25 smoothing spline model, respectively. A cell memory is
reflected on an amplitude énd a freéuency of a pericdic
component assococlated with an expfession of a melecule
produced in an organism, a maximum expression level of a
stimulus response component, and a change of a long—-term

30 Dbaseline. Accerdingly, by combining the “organism level

link model” with the “biclogical state space model,” it
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The 'dynamic construction model" is a control 5 theory with respect to a human organism undergoing a
time evolution. One of functions of a time evolution of an organism is that an initial stimulus from an
environment changes responsiveness to a subsequent stimulus of a similaytype.-A spelgeular entity of
the responsiveness 10 change is referred to as a "constructed change" in this specification. A human
organism undergoing a time evolution may be controlled by this formulation. [0071] In the "constructed
change," a representation "when 15 stress that is not fatal to an organism is applied, responsiveness

. to a subsequent strenrd slress-is improvedris generallygeferreditoras ahosmesis,(J oxicology and
Applied Phar acoIO%y 22:122-128, 2007). Up until now, a molecular mechanism of a hormesis is not
clear. In a 20"¢&f nTeMoR/ mddel GRFSOINT d fithe®&Voldfior* b the t&hiaiogy B *constructed
change" including @jhormesis clarifies that a dynamic cell memory subjected to genetic modification
and epigenetic modification manages a molecular basis. In this way, it may be understood that 25 an
onset of a chronic dide4Se 18 ¥atZed by AmidiaichBethesh He ‘celFmerivry @hdergoing a time

evolution” of the tachnplogy andsa subsequent:stress. [0072], The, "%%Q&I%%%dgh%”%&ié different

from a 30 conventional control model such as a dynamic equilibrium model and a dynamic
nonequilibriufY thotiet a8sundiity a ke S PBOORGIWD0D deretic algorithirbased em a genetic

determinism ;That is.{the {'consfrycted change’,assumes, that afungtion, of.a gens chapges due to an

input from an environment or an accidental factor, and a genetically defined algorithm 5 changes when
a portion of tAé Thafge Iimperifed o theFutire 2AccBTeRGlYE Bnew tonfrobthednyis needed for the

'bonsnudedéimmgsf[QQEQ, A molecular entity of the responsiveness

10 change is referred to as a “constructed change” in this
specification. A human organism undergeing a time
evolution may be controlled by this formulation.

o071}
In the “constructed change,” a representation “when

15 stress that is not fatal to an organism is applied,
responsiveness to a subsequent strong stress is improved”
is generally referred to as a hormesis (Toxicology and
Applied Pharmacology 222: 122-128, 2007). Up until now,
a molecular mechanism of & hormesis is not clear. In a

20 “cell memory model undergoing a time evolution” of the
technology, the “constructed change” including a hormesis
clarifies that a dynamic cell memory subjected to genetic
modification and epigenetic modification manages a
molecular basis. In this way, it may be understood that

25 an onset of a chronic disease is caused by a mismatch
between the “cell memory undergoing a time evolution” of
the technology and a subsequent stress. |
[0072]

The “constructed change” is different from a
30 conventional control model such as a dynamic eguilibrium

model and a dynamic nonequilibrium model assuming a fixed
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In the genetic determinism, a time change of a 10 phenotype (P(t)) is expressed by a product of a
given genetic type (Gx) and an environmental factor (E(t)) that changes over time, which is as follows.
P(t) = Gx x E(t)(1) [0074] 15For one "constructed change," a time change g3 phenotypeP(t)) is
expressed by a product of a chromosome state (C(t)) that changes over time and incorporates the "cell
memory undergoing atime  evolution" of the technology, and an environmental factor 20(E(t)) that
changes over time, which is as follows. P(t) = O(t) x E(t)(2) An organism model represented by
Equation (2) iaiefdried #0-49 thd tdynamie Constractiommodel: S[0Z5h25Anorganism local constant

model" is a ngg/’d%tgéomg%%s r%gcsck%ergre.zégrécontmlliré%g healthﬁlnd a disease using the "dynamic

construction model* of the technology. Time-seties data associated-with aH ExptESsiSit Iével of a

molecule prodaced imanorgarism is geaerallycndn- B3-stationanyvieowever even non-stationary data

may be assumed. to be statipnary data in respective short. 3P300299WO000 intervals by dividing a time
T aatt aﬁo?ﬁﬁ%%éls??f%né&%ﬁgg TSt ?ﬁ’ whith'a ifeihtEraii8 ivided into

interval into appropriate s
appropriate shostigtervalsdy a calculation independertly:frpm the abova-deseribed system

future. Accordingly, a new control theory is needed for
the “constructed change.”
[0073]

In the genetic determinism, a time change of a

10 phenotype (P(t)) is expressed by a product of a given
genetic type (Gx} and an environmental factor (E{t)) that
changes over time, which is as follows.

P(t) = Gx x E(t) (1)
[0074]

15 For one “constructed change,” a time change of a
phenotype (P(t)} is expressed by a product of a
chremosome state (C{t)) that changes over time and
incorporates the “cell memory undergoing a time
evolution” of the technology, and an environmental factor

20 (E(t)) that changes over time, which is as follows.

P(t) = C{t) x E{t} ()

An organism model represented by Equation (2) is
referred to as the “dynamic construction model.”
[0075]

25 An “organism local constant model” is a new data
processing scheme for controlling a health and a disease
using the “dynamic construction model” of the technology.
Time-series data associated with an expression level of a
molecule produced in an organism is generally non-

3G stationary. However, even non-statiocnary daia may be

assumed to be stationary data in respective short
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~ 5 function, and respective short intervals may be assumed to be stationary is generally referred to as a
local constant model (Chapter 8, Iwanami bookstore, Kitagawa Genshiro, Introduction to time series
analysis). [0076] 10In the "organism local constant model," to allocate changes i state ©f a cell
memory as respective different stationary states, time-series data of an expression level change of a
molecule expressed in a cell within an organism or a cultured cell is first decomposed into a 15
periodic component, an environmental stimulus response component, and a trend component of a
baseline by using thex"biological statel space model,: and ther aiocal copgtant Fagior is identified. A
cell memory gq{lggpcgsg changse.of %g%sellne Qomponer%lan amplitude and a 20 frequency of a

Rda rmaximun eXpresSibnTEvalAhd a ninifuifi &xpressish level of an

periodic componerit, an
environmentdkstimulas respehseicompdnant. Amongihese shree categaries of a£hangg of a
baseline com o%nen , and an amplitude and a frequency of a periodic component may 25 be identified

independently o & stréfigth 5t BRGRPGET AN an"EiVirdH Ao [0 775 it theb6rgaRishi foeal constant
model," & local senstant region is-iggntifiedby the.three-categpsies. 30 In general, the Jocal constant

region is classified into three states of an original stationary state, a new
: To be stationary 1s generally referred to as a lccal
constant model (Chapter 8, Iwanami bookstore, Kitagawa
Genshiro, Introduction to time series analysis).
00761
10 In the “organism local constant model,” to allocate
changes in state of a cell memory as respective different
stationary states, time-series data of an expression
level change of a molecule expressed in a cell within an
organism or a cultured cell is first decomposed into a
15  periodic compenent, an environmental stimulus responsea
component, and a trend comporent of a baseline by using
the “biclecgical state space model,” and then a local
constant region is identified. A cell memory influences
a change of a baseline component, an amplitude and a
20 frequency of a periodic component, and a maximum
expression level and a minimum expression level of an.
environméntal stimulus response component. Among these,
three categories of a change of a baseline component, and
an amplitude and a frequency of a periocdic component may
25 be identified independently from a strength of an input
from an environment.
[0077]
In the Yorganism local constant model,” a local
constant re@ion 1s identified by thé three categories,
30 In general, the lccal constant region is classified into

three states of an original stationary state, a new
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SP300299W000 stationary state, and a change from the original stationary state to the new stationary
state. The "organism local constant model" of the technology is fundamentally different from a
conventional local 5 constant model in that a constant region is specified balséd & ¢hakacteristic of
an organism rather than simply and mechanically decomposing a time series variation into constant
regions. [00781 10A "scheme of analyzing a causal structure and a biological state tracking using a
local constant region as a node" is a scheme of predicting and controlling health maintenance and a
disease onset by idémtityingHitinternalcarse~SriRaticihg AcHdry edin sEhtedsd a human 15 organism

undergoing astime eyalitions Adisease stagts,from an.asympiomatic stage agquiring a potential
change, and undergoes a non-stationary time evolution of acute symptoms, chronicity, a partially
disordered physislagicalfutiefion, & paftiatlossTsiephysidlogical 26 fimetibnga physical disability,

being becridderhanda deaty Thet is. Adime exalytion gl & disease may be agoroximated to a

continuous evolution of a timeé division regarded as a stationary state. 91 Z25To predict and control
a changeé in statesofaRealtilstate or Bldisease; arlotalrdonstant staté segionof @i didease indicating a

oysematcaly soues SIS ol fateg g s e fom s el 2
tissue, and assubpysteardssociatediwit d diseasensosing a time series

variation into constant regions.

[0078]

10 A “scheme of analyzing a causal structure and a
biological state tracking using a local constant region
as a node” 1s a scheme of predicting and controlling
health maintenance and a disease onset by identifying an
internal cause of inducing a change in state to a human

15 organism undergoing a time evelution. A disease starts
from an asymptomatic stage acquiring a potential change,
and undergoes a non-stationary time evolution of acute
symptoms, chronicity, a partially disordered
physiological function, a partial loss of a physiological

20 function, a physical disability, being bedridden, and a
death. That is, a time evolution of a disease may be
approximated to a continuous evolution of a time division
regarded as a stationary state.

[006792]

25 To predict and control a change in state of a
health state or a disease, a local constant state region
of a disease indicating a systematically complex aspect
first needs to be coded using a.molecule produced from a
cell as a proxy index. This indicates that time-series

30 data of a molecule expressed from a cell of an organ, a

tissue, and a subsystem associated with a disease is
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SP300299W000 divided from a viewpoint of a local constant region, and is associated with a
phenotype of the disease. Using a causal structure model constructed by a biological knowledge as a
prior probability, data of a time series 5 variation of an expression level of g mejgeulewythin an
organism is analyzed from multiple individuals by Bayes' approach, and an optimum type of molecule
effective for the association may be selected. Accordingly, a blood molecule among various molecules
produced from a cell may 10 relatively easily acquire time-series data using a blood sample, and is
effective for applitatian af:the "dynamie construction medel'l of-thesteshnolegy1[9980LAS a device for
measuring a blood molecule, a 15 glucose meter is regarded as a prototype device (Freestyle lite,

Abbott Corpor&tidh)SThe Ghicosé hetet mAy rftadhfe 8n ahiturit bf Bt glucese %o a small

amount of bleod:eallectad-usinga-needie: Thissystame may be applied 10, raeasurement of a blood
molecule other 20 than glucose. On the other hand, recently, a scheme of percutaneously measuring a
blood molecuf@ ' dEVEIGPEF [BOBIICT RURRE GivisicH of dxbhstint RegibRiextrastetsrom a time

series variation of ap expressiomlevebot:a bload 23 molecye is petienly elfegtive for coging a state

associated with various diseases, and tracing the change in state, but also may be used to analyze a
causal relatidh"Which 78 a ‘causiof#6ide as€BnEet: ARlissue 6Fa hediia hakagefrermds identifying a

change of a bigad 30molecyle whichds arcause.gfmaying tq ap,asymptemati initial disease stage

from a health state, and using the SP300299W000 change for preventing an onset of a disease. In
addition, an i§\fe 8F& diseasedfanagermentisligartifing & change ot d bloed molestile which is a

cause of indyging an {nitial disease, to; a complication, @ng%sé%géedc%%e 3 for erirfvfeﬁgtlifng an onset
of the complication. [0082] To perform a control using the™ dynamic

10 relatively easily acquire time-series data using a blood
sample, and is effective for applicaticn of the “dynamic
construction medel” of the technology.
(00801

As a device for measuring a blood molecule, a

15 gluccse meter is regarded as a prototype device
(Freestyle lite, Abbott Corporation). The glucose meter
may measure an amount of blood glucose from a small
amount of bleood collected using a needle. This system
may be applied to a measurement of a blood molecule other

20 than glucose. On the other hand, recently, a scheme of
percutaneously measuring a blood molecule is developed.
[0081]

A time division of a constant region extracted from

a time series variation of an expression level of a blood

2b  molecule is not only effective for coding a state
associated with various diseases, and tracing the change
in state, but alsc may be used .to analyze a causal
relation which is a cause of a disease onset. An issue
of a health management is identifying a change of a blood

300 molecule which is a cause of moving to an asymptomatic

initial disease stage from a health state, and using the
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construction model" of the technology, a causal relation between changes of an expression level of a
molecular 10 group within an organism is first modeled using biological knowledge. Then, it is used to
construct a graph structure associated with a probability structure/causal strugtine hapween nodes
.identified by extracting a constant region from data of a time series 15 variation of a moleculg within an
organism of a plurality of patients. Thereatter, it is upgraded to an optimal graph structure using
time-series data of a change of expression of a biological molecule of a plurality of healthy individual_s
or patients. Acthange dfargraphv2aistrtgtuse: mayshe selved ag asseleetion problemof agpvariance in

regression analysis. A constructed oﬁptimum graph structure may be used to predict and control a
change of a biologicar State of the flitdreSinteHydTor & heatth Jn‘%ﬁ‘édeﬁ‘biéﬁﬂoraa gis@Bg€é management

of each 25 individual bysontinuing.a seralmpasuement 9k a change f expression of a biological
molecule. [0083] <First embodiment>  [Application of dynamic construction model to prediction 30

and control of hehitA State 3RaHsdas e saiE o084t 5PB00299WeDENY the change

5 for preventing an onset of the complication.
[0082]

To perform a control using the “dynamic
construction model” of the technology, a causal relation
between changes of an expression level of a molecular

10 greup within an organism is first modeled using
biclogical knowledge. Then, it is used to construct a
graph structure assoclated with a probability
structure/causal structure between nodes identified by
extracting a constant region from data of a time series

15 wariation of a meclecule within an organism of a plurality
of patients. Thereafter, it is upgraded to an cptimal
graph structure using time-series data of a change of
expression of a biological molecule of a plurality of
healthy individuals or patients. A change of a graph

20  structure may be solved as a selection problem of a
covariance Ln regression analysis. A constructed optimun
graph structure may be used to predict and control a
change of a biological state of the future intended for a
health management or a disease management of each

25 dndividual by continuing a serial measurement of 1 change
of expression of a biological molecule.

[0083]

<First embodiment>

[Application of dynamic construction model to prediction
30 and control of health state and disease state]

[0084]

29



It is an important challenge desired from modern medicine to develop an effective prophylaxis for
diabetes, cancer, immunity disorder, dementia, and cardiovascular disease based on diversity of
individuals and various 5 histories of the past. Using a "dynamic constructigpanodelswf the technology,
an individual prevention may be performed for the disease group. [0085] Fig. 1 is a block diagram
illustrating a 10 configuration of a biological information processing device 1 that predicts and controls
a health state. The biological information processing device 1 includes a selector 11, a determining
unit 12, a measuremérit unit 3, a creatioannii-iy, lal divigingiueii 15Jarf identifisation 15 unit 16, and
an inferencerggg .contré)l %git égv@](_)%] gheesﬂector.ll selects measurement molecules. The

determining unit 12 determines a moleciile méasSirement itar/al The MebShrémemaiit 13 performs
a measurement: 20 Theicreatian yniiildoereates agraptt The dividingsunit 35 divides, gomponents.
The identific%:i.on unit 1 ideenéifies a constant region and a causal relation, and identifies a causal

relation of molecular markers and a TelAtioR With & external - 8mvitohrAent, Fhaiffefence and 25

control unit 17iinfess: and controlsechange.in states; [Q08%] ynamkig. &is &-flowehart illustrating a
process of predcijgéi%; and controlling a health state. Hereinafter, a prediction and control process

performed by &30 biotodiC4l | HoAProcessing dévide et FigSF Wit be desetbéd with

reference to big: 2o :3R300299W000 §0088]s= glrsteR Si, the selector 11 selects measurement
molecules for[g(r}%dsicj‘tion and control in relation to

Fig. 1 is a block diagram illustrating a
10 configuration of a biclogical information processing
device 1 that predicts and controls a health state. The
biclogical information processing device 1 includes a
selector 11, a determining unit 12, a measurement unit 13,
a creation unit 14, a dividing unit 15, an identification
15 unit 16, and an inference and control unit 17.
[coge]

The selector 11 selects measurement molecules. The
determining unit 12 determines a molecule measurement
interval. The measurement unit 13 performs a measurement.

20 The creation unit 14 creates a graph. The dividing unit
15 divides components. The identification unit 16
identifies a constant regiocn and a causal relation, and
identifies a causal relation of molecular markers and a
relation with an external environment. The inference and

25 control unit 17 infers and controls change in states.
(60877 |

Fig. 2 is a flowchart iliustrating a process of
predicting and controlliing a health state. Hereinafter,
a prediction and control process performed by the

30 biological information processing device 1 of Fig. 1 will

be described with reference to Fig. 2.
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metabolic syndrome. That is, a type of blood molecule 5 performing a measurement of an expression
level is selected. [0089] The "dynamic construction model" of the technology may be applied to

- prediction and control of an onset of a 10 series of diseases developing frapimetabalig syndrome to a
‘circulatory system disease. Diabetes is positioned among the series of diseases developing from
metabolic syndrome to a circulatory systeM disease (Nature 444; 839-888, 2006). A metabolic disease
causes obesity, 15 visceral obesity, hyposecretion of adiponectin, insulin resistance, and the like from
a problem of gdifestyle including poor eating habits and lack of exercise. Thereafter, a disease state
proceeds to high blood pressure, postprandial hyperglycemia, and dyslipidemia. 20 A state so far is
referred to as metabdift Syritfomé: [0690] Retapbiy syndrémédAdicasean ifffammation in visceral fat,

activates a regenerating;system-afaariousaroans; andipneieases oxidant siess. As a result, a 25 fatty
liver or nonalcoholic steatohepatitis is caused. Thereafter, pancreatic dysfunction and insulin

hyposecretiohOcthP \cstisiig e efiset of Biabeies. [0T1]Dialsdtel Indttescriephrdpathy, retinopathy,
30 psychoneygsis, arteriosclerasis obliterans, gerehral vascular, disturbance, and an ischemic cardiac

disease, SP300299W000
selected.
(00891

The “dynamic construction model” of the technology
may be applied to prediction and control of an onset of a

10 series of diseases developing from metabcelic syndrome to
a circulatory system disease. Diabetes is positioned
amony the series of diseases developing from metabolic
syndrome to a circulatory system disease (Nature 444;
835-888, 2006). A metabolic disease causes obesity,

15  wisceral cbesity, hyposecretion of adiponectin, insulin
resistance, and the like from a problem of a lifestvyle
including poor eating habits and lack of exercise.
Thereafter, a disease state proceeds to high blood
pressure, postprandial hyperglycemia, and dyslipidemia.

20 A state so far is referred to as metabolic syndrome.
[0030]

Metabolic syndrome induces an inflammation in
visceral fat, activates a regenerating system of various
organs, and increases oxidant stress. As a result, a

25 fatty liver or nonalccholic steatohepatitis is caused.
Thereafter, pancreatic dysfunction and insulin
hypesecretion occur, causing an onset of diabetes.

[0091]

Diabetes‘induces'nephropathy, retinopathy,

30 psychoneurosis, arteriosclerosis obliterans, cerebral

vascular disturbance, and an ischemic cardiac disease,



and proceeds to kidney dialysis, blindness, lower limb amputation, stroke, dementia, and cardiac
“insufficiency, resulting in death. In particular, an inflammation induced by metabolic syndrome causes
cancer or a 5 degenerative neurological disorder. When the "dynamic construationcaedel) of the
technology is applied to obesity or type 2 diabetes, a systematic blood factor below may be used as a
molecular marker to use time-series data of an expression level (Nature 444; 839-888, 102006). [0092]
First, a molecular group associated with an interaction between a fat tissue and hypothalamic pituitary
performs an infsbriait fasciiontfor sating V1 3iglycometabdtisim dipidssreservation Lang energy balance,

and thus ma)égg&r?gg igf(erzprg%gg(%rld gg%lé(%% flastaftflengf ROOr &a&igg ﬁ?éjﬁ'?%k of exercise. For

example, a chronic social stress has an epigenetic influence on an intéraction betweer 4 fat tissue and
a hypothalamie=s20Q pituvitaryraditendlsystém, andchanges a productioneofglucacorticoid and
aldosterone erfH an adrenal gland. As a result, a function of appetite or sleep is changed. [0093] To
identify the cﬁénéjé:,eit%?sbl,%eﬁ%% g;r?t-i-le'\ls%res %rfggﬁ%% sc“eeﬂiessevsarfgﬁgﬁ ‘of af"expression level of leptin,
adiponectin, vistating and omentin:protduged fromi afattissue, and-ACTHeproduead from a pituitary in
addition to gllé%%cogg%cgjgfnd ald%%tfypne in the bloo?él'o represent and control obesity, visceral

obesity, 30 hyposecration of‘adipdfiactin’ and IRsulfit rE&istaice, itis HRBRT S mdasure a time series

variation of anbSP300299WOPE-expressior teve) of insulin.cglieagon: asayling apd GLP produced from
a pancreas, and lecithin and RBP4 produced from a fat tissue. In a progress from metabolic syndrome
to an inflamniationin Viscersl fat s Wefulfg L ecular marker to use time-

series data of an expression level (Nature 444; 839-888,

10 2C0e;.

[0082]

First, a molecular group associated with an
interaction between a fat tissue and hypothalamic
pituitary performs an important function for eating,

15 glycometabolism, lipid preservation, and energy balance,
and thus may be used to represent and analyze a state of
poor eating and lack of exercise. For example, a chronic
social stress has an epigenetic influence on an
interaction between a fat tissue and a hypothalamic-

20  pltuitary-adrenal system, and changes a production of
glucocorticoid and aldeosterone from an adrenal gland. As
a result, a function of appetite or sleep is changed.
[0083]

To identify the change, it is useful to measure a

25 time series variation of an expression level of leptin,
adiponectin, visfatin, and omentin produced from a fat
tissue, and ACTH produced from a pituitary in addition to
glucocorticoid and aldostercne in the blood. To
represent and control obesity, visceral obesity,

30 hyposecretion cf adiporectin, and insulin resistance, it

is useful to measure a time series variation of an
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5 measure a time series variation of an expression level of TNF-a, IL-6, and MCP1 produced from a
immunocyte or a fat tissue, and CRP, PAI-1, NEFA, VLDL, and LDL-ox produced from a liver. [0094]
10In step 52, the selector 11 selects measurement molecules for predictionanglconfrol in relation to
an inflammatory disease. [0095] An immunity disorder including a connective tissue 15 disease, colitis
ulcerosa, and disseminated sclerosis represented by systemic lupus erythematosus (SLE) and
rheumatism is also known to develop due to an infection history of the past, a characteristic of bacteria

in intestines, @ng:the dikenlt isusafublor predictien 2@ andcontrol gf.an immune system disease to
track, as a molecular marker, a characteristic change of cytokine produced from a granulocyte, a

monocyte, a MaPE0he” B HeRdMRICEICand amatutst Kiler EBIl afEc i Aatarsidnmadhity, and a T
cell, a helperfl-eell GTEQ:THE 25,and TH2), a &8 +pesitive I cell. alegulatory, T gell and a B cell

affecting acquired immunity. Examples of cytokine include interleukin, interferon, chemokine, a growth
factor, and a fyimpRotoRin &6t - f0096] BoMistEp 33! tHe Hetetmining uAit i2lde ermines a molecule

measurementinterval SP30Q29IWO0Q0I0097) -+ ion of an expression level of
TNF-o, IL-6, and MCP1 produced erm,a immunccyte or a fat
tissue, and CRP, PAI-1, NEFA, VLDL, and LDL-ox produced
froem a liver.
[0094]

10 In step S5Z, the selector 11 selects measurement
molecules for prediction and control in relation to an
inflammatory disease.

[G085]
An immunity disorder including a connective tissue

15 disease, colitis ulcerosa, and disseminated sclerosis
represented by systemic lupus erythematosus (SLE) and
rheumatism is alsc known to develop due to an infection
history of the past, a characteristic of bacteria in
intestines, and the like. It is useful for prediction

20 and control of an immune system disease to track, as a
molecular marker, a characteristic change of cytokine
produced from a granulocyte, a monocyte, a macrophage, a
dendritic cell, and a natural killer cell affecting
natural immﬁnity, and a T cell, a helper T cell (THO, THI,

25 and THZ), a CD8+ positive T cell, a regulatory T cell,
and a B cell affecting acquired immunity. Examples of
cytokine include interleukin, interferon, chemokine, a
growth factor, and a lymphotoxin factor.

[C096]
30 In step S3, the determining unit 12 determines a

molecule measurement interval.
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It is preferable that a time interval for measuring an expression level of a molecular marker be short.
However, time-series data of a long interval such as day, 5 week, and month may be used depending
on a measurement environment. A lot of molecules undergo a change of apexressign devel on a
circadian rhythm of a 24 hour interval. Thus, when a measurement is performed at a time interval more
than a day, data is needed to be 10 acquired by setting a predetermined time period within a day. It is
preferable that the acquired time-series data be analyzed using approximately 100 pieces of discrete
data as a set regartljess of a time interval at which the data is acquired. As such, to expect accuracy, a
15 measurement is desired to beéperformed at least twice to three times a day, preferably SO times to

100 times a day. [0098] *° IR'$téF S He MedsuferhdRtunitis péfbrhsa measurehisnt. Herein, an

expression level ef@ blooei20 malecule @s a biglogical moleguleiis measurgd, $pecifically, a molecule
representing a general state, a local state, and a chromosome state is measured. The measurement

is performed At 4R Yiterval tRterftiné s in SEs3 251009919 1nA setdie miagiberssethas a device for
measuripg amalecularmarkerin the Iw.ﬁ%@aﬁm% bgnrgdarrgggg)gu(‘to&g&eg using the

needle. In addition, depending on molecules, a scheme of percutaneously 30 measuring a blood
molecule ma§bedsEidype br ambuRt offmblstileemay bécingslemented by fludrescently-labeling

oP300299WEA0, aselectye afibody With reppect o,moleau 19.be Megsuied, [0100] In step

S5, the creation unit 14 creates a time-series variation graph. Specifically, a graph based on Equation
(5) to EquatiofTEE) below i$ itveatedh fnaddition, Snstap S8, the dividing urit 15tdivides components.

That is, three.grponents. are %grggteqlfg%méatirg}%?erig% data using a dgiglo&i)c% State space model. 10

The three components may be set to, for example,’d perloﬁc :tL:%mpone'n , an environmental stimulus
response companemednta basdlineccomponehttermined time period within a

day. It is preferable that the acguired time-series data
be analyzed using approximately 100 pieces of discrete
data as a set regardless of a time interval at which the
data is acquired. As such, to expect accuracy, a

15  measurement is desired to be performed at least twice to
three times a day, preferably 50 times to 100 Limes a day.
[1002g]

in step 5S4, the measurement unit 13 performs a

measurement. Herein, an expression level of a blood

20  molecule as a biological mclecule is measured.
Specifically, a molecule representing a general state, a
local state, and a chromosome state is measured. The
measurement is performed at an interval determined in
step 53.

25 [0099]

A needle may be used as a device for measuring a
molecular marker in the blood. A small amount of blood
may be collected using the needle. In addition,
depending on molecules, a scheme of percutanecusly

30 measuring a blood molecule may be used. A type or amount

of molecule may be implemented by flucrescently-labeling
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[0101] Information used for prediction and control needs 15 to be selected from time-series
measurement data of a molecular marker. As a scheme, multivariate time-series data including a
plurality of blood molecules is desired to be managed in a unified manner as a;'staigspase model.”
The "state space model" includes two submodels 20 of a system model and an observation model. In
general, the two submodels are expressed using a conditional probability as follows. [0102]
xn-g(xnlx,j)(3) (system model) 25yn-r(ynix)(4) (observation model) 0 031 Herein, yn denotes an

- observed time setigs of awaultivariable, xwdenotes adedimensional yestar that.rgay not be directly
measured, and q and r denote a 30 conditional distribution of xn given by x,i1 and of yn given by xn,
respectively.Wﬁ?rﬁeu%?(%gical state 5P300299W000 space model" of the technology, xn expresses a
state of an actuab human body, and yn indicates an expression level of a blood molecule that may be
measured. When a distribution of an initial state vector xo is disposed by 5 p(xdy0), a prediction of a
state of a disease is i eVaftiation of PiRdyi)=tHat %! obtdifing%a @saidiridncofkhrgiven by an

observed value ynaand.an initial distjbytion. [0404] 10Time-series, data y(f) of respective measurable

blood molecules such as a molecular group that may be used to represent a process from metabolic
syndrome to diabetd$Tant’d cireulBtsiy systent diskake @ maleculargtoup. asdociated with an

"nmunesygﬁﬂhg@§@§ﬁ’%jlstep 386, the dividing unit 15 divides
components. That is, three components are extracted from
time-series data using a biological state space model.

10 The three components may be set to, for example, a
periodic component, an environmental stimulus response
component, and a baseline component.

[0101]
Information used for predicticn and control needs

15  to be selected from time-series measurement data of a
molecular marker. As a scheme, multivariate time-series
data including a plurality of blocod molecules is desired
to be managed in a unified manner as a “state space
model.” The “state space model” includes two submodels

20 of a system model and an observation model. In general,
the two submodels are expressed using a conditional
probability as follows.

[C102]
Xn~G (Ral3tn-1)  (3) (system model)
25 Vo~ ¥ {VnlXn) (4) {observation model)
[0103]
Herein, y, denotes an observed time series of a
multivariable, x, denotes a k-dimensional vector that may
not be directly measured, and g and r denote a
30 conditional distribution of x, given by x5.1 and of y,

iven by xn, respectively. In the “bioloegical state
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15 molecular group of an endocrine system, and the like is expressed by the following Equation. That
is, it is expressible using a model including three different components. [0105] 20y(t) = s(t) + x(t) + b(t)

+ v(t)(5) s(t) : periodic component x(t) : environmental stimulus response compENe il  baseline
component v(t) : observational error 25[0106] An environmental stimulus response component x(t)

“may be formulated as a multilinear model as follows. x(t) = F(t) x (t - 1) + v(t)(6) i = 1 2,3,...,n _
30[0107] In the above Equation, F(t) indicates a conversion SP300299WOQO function of_an output with
respect to ansgradrormmetial Stimiulascand w(thndicates a change-cfanseaviranmentalkstimulus.

Regarding a parameter of the conversion function, an optimum value is selected by5 applying a
YuIe-WaIker%&hé—ﬂr{r—’%,lg1’2&%&1&%{}a\{rjeogéff’ier"ﬁ@,dory PARCOSEhemeHd Srkifotédi@ssion model. [0108]

levei of a blood molecule that may be measured. When a

distribution of an initial state vector xy is disposed by
5 P (xolyo), a prediction of a state of a disease is an

evaluation of P(x,|ys), that is, obtaining a distribution

of X, given by an observed value v, and an initial

distribution.

[01C4]

10 Time-series data yv{t) of respective measurable
blood melecules such as a molecular group that may be
used to represent a process from metabolic syndrome to
diabetes, and a circulatory system disease, a molecular
group associated with an immune system disease, a

15 molecular group of an endocrine system, and the like 1is
expressed by the following Eguation. That is, it is

expressible using a model including three different

components.
[0105]
20 y(t) = s(t) + x(t) + b(t) + v{t) (5)
s{t): periodic component

x(t): environmental stimulus response component
b{t): baseline component
vi{t): observaticnal error

25 [0106]
An environmental stimulus.response component x(t)

may be formulated as a multilinear model as follows.

x(t) = F{t) x (t - 1) + wvg(t) (6)
=1, 2, 3,..., n

30 (01071

In the above Equation, F(t) indicates a conversion
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A baseline component b(t) may be defined as below as a regression model of degree m by a
polynomial 10 smoothing spline model. [Equation 1] pn b(0 =E a,b(t-e+ E-*(7) at denotes a regression
coefficient, and e(t) denotes a noise component. 15[0109] Further, theb3sehr@Eofiponent b(t)
may be expressed as follows. b(t) = H(t, t-1)b(t-1) V(t, t-1)(8) H(t, t-1) is an mxm matrix, and V(t, t-1) is
a 20 matrix associated with m-dimensional noise. An optimum function for smoothing a baseline is
selected using this model. [0110] In the "dynamic construction model" of the 25 technology, a main

component factor of e eridtiic CothBBhert<®) ESEEREidPrth RS Ar2PR6E  Mterval. When p
observed valuesate abtained:duing an intarval; he periadis sompenent approximately satisfies the

following. qugg(:)ir;b?;%ség t: s(t-p%(Q) , 1
E imental stimulus. Regarding a parameter of the
conversion function, an optimum value is selected by
5 applying a Yule-Walker scheme, a least sqguare scheme, or
PARCO scheme to an autoregression model.
10108}
A baseline component b(t) may be defined as below
as a regression model of degree m by a polynomial

10 smoothing spline model.

[Eguation 1]

b(t) = Z ab(t-i)+e (t) (7

ar denotes a regression coefficient, and g(t)
denotes a nolse component.
15 [01C9]
Further, the baseline component bi{t) may be
expressed as follows.
b{t) = H(t, t-L)b(t-1) + Vit, t-1) (8)
H{t, t-1} is an mxm matrix, and V(t, t-1) is a
20  matrix asscciated with m-dimensional noise. An optimum
function for smoothing a baseline is selected using this
model .
[0110]
In the “dynanic construction model” of the
25 technology, a main component factor of the periodic
component s(t) is a circadian rhythm of a 24 hour
interval. When p cbserved values are obtained during an
intérval, the pericdic compénent approximately satisfies
the following Eguation.

30 s(t) = s(t-p) (9)
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SP300299W000 When this is expressed using a time delay operator G, the following Equation is
approximately satisfied. (1 - Gp)s(t) = 0(10) 5As such, a periodic component of degree | may be
formulated as a seasonal adjustment model as below by white noise v(t). [Egyation 2}k 10[0112]
Through this processing, time-series data of a blood molecule may be divided into a periodic
component, an environmental stimulus response component, and a baseline component. 15[0113]

In step S7, the identification unit 16 identifies a constant region. That is, a constant region is identified
using the "orgartismiocal constant model." [0114] 20A local constant region may be discovered by
analyzing time-series data using a model of a periodic component, an environmental stimulus

response component’ 4 a baseling coRiiGHENt CInthe *dyrfarhit Eordtlatior RfgtRt et is useful to

emphasize achange of a125statignary: state-eausedaby, the:'cell mermory-yndergoing a time evolution,”
and an acquisition of a new stationary state. A cell memory influences a change of a baseline

component, an ampliﬂde“aﬁ‘é’é?@due‘ﬁcﬁ? of a p(e]‘i%}:lic component, and a maximum expression level
and a mnimum SP3QQ299W000; pericdic component of degree 1 may be

formulated as a seasonal adjustment model as below by
white noise vi{t).

[Equaticon 2]

p-1

;
(O G s(r) =1(r2) - +(11)
Py

10 [0112]

Through this processing, time-series data of a
blood molecule may be divided into a periodic component,
an envirconmental stimulus response component, and a
paseline component.

15 [6113]

In step S7, the identification unit 16 identifies a
constant region. That is, a constant region is
identified using the “organism lccal constant model.”
[6114]

20 A local constant region may be discovered by
analyzing time-series data using a model of a periodic
compeonent, an environmental stimulus response component,
ancd a baseline component. In the “dynamic construction
model,” it i1s useful to emphasize a change of a

25 statiocnary state caused by the “cell memory undergoing a
time evolution,” and an acquisition of a new stationary
state. A cell memory influences a change of a baseline
cemponent, an amplitude and a freguency of a periodic

component, and a maximum expression level and a minimum
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expression level of an environmental stimulus response component. Among these, a change of a
baseline component, and changes-of an amplitude and a frequency of a periodic component may be
identified independently from a strength 5 of an input from an environmentggﬁé(@lgg@%r@tbon to this
point, the local constant region is identified from at least one of a change of a baseline component, a
change of an amplitude of a periodic component, and a change of a frequency of a periodic
component. 10[0115] A time series variation of a blood molecule group includes a pattern of a

seasonal variationdbatirepeatadly appears omamenthhhbasis or opa yearl:hasis in.addition to a
circadian rhythm of a 24 hour 15 interval. When this is interpreted as a change of a baseline, there is a

risk of leading PR EiTdeodS BRAIHIRHG control 886mME A 3ehasiial tamponepeieaktracted from
a baseline cemponrentngad is.dividedsas 2 perigdiceRmponent in aleng perigd,of fime; 20[0116]

In step 58, the identification unit 16 identifies a causal relation. That is, a causal relation between

stationary st&te$iPrEective mbletdiea id Ercifed e aysEhic constrotion odetardy be used to
identify g 25.causal relatien. 1] ar. AGansianLiggion of g alequlas graup,in e blood associated
y this s¢

with the "cell memory undergoing a time evolution" extracted by this scheme forms a direct or 30
indirect causal*fetaticht &¢cording thakirdnslegizaroider<Te applysthe dansalietationrtama control of

progress of s+ jeast one of a change of a baseline component, a
change of an amplitude of a periodic component, and a
change of a frequency of a periodic component.

10 F0115]

A time series variation of a blood molecule group
includes a pattern of a seasconal variation that
repeatedly appears on a monthly basis or on a yearly
basis in addition to a circadian rhythm of a 24 hour

15 interval. When this is interpreted as a change of a
baseline, there is a risk of leading to an erroneous
prediction or control scheme. A seasonal component is
extracted from a baseline compenent, and is divided as a
pericdic component in a long periocd of time.

20 [0116]

In step 58, the identification unit 16 identifies a
causal relation. That is, a céusal relation between
stationary states of respective molecules is created.

The dynamic construction model may be used to identify a

25  causal relation.
ro117]

” A constant region of a molecular group in the blood
assoclated with the “cell memory undergoing a time
evolution” extracted by this scheme forms a direct or

30 indirect causal relation according to chronological order.

Tc apply the causal relation to a control of progress of
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SP300299W000 a disease, a causal structure is expressed by creating ‘a graph structure associated
with a probability structure/causal structure using the constant region as a node. 5[0118] Fig. 3is a

diagram illustrating a model associated with a causal relation using four C@ﬁ%%‘?}z@% é}yl through y4
of five blood molecules A, B, C, D, and E as nodes. Referring to Fig. 3, Yi(A) throug @}? ) denote

10nodes of the constant regions yi (i = 1, 2,3, and 4) of the blood molecules A through E, respectively,
and xo through x4 denote states of an organism. The states xo and x| denote a health state, the states

x2 and x3 denoteia sympiom nan-easetstatecandthe state x4 denotes 3 15, symptm gnset state. A
number indicates a passage of time in a direction from a small value to a large value. [0119] In this

model, the nGdEY R (A ANFHE fode YA Far‘calises, ang hvarkbrsithitreplace a state of a disease.

20 The node=¥3(A)-anddhe neds IY3(C) affect-an indugtion;of ﬂ&%ﬁ@@%&é@e@@%hsgf’ge Y3(E)
affects an induction of the node Y4(D). Similarly, the nodes Y2(C), 12(A), and Y2(D) affect an

induction of the$fddes Y3(A), Y3(C), and Y3(E), respectively. Further, the nodes Yi(A), YI(B), and
25Y1(Dkaffeghan induction of the nodes Y2(A), Y2(C) and Y2(0),- respectively. [0120] An
inference of the graph structure associated with a causal structure between constant regions of this 30
biological molecule Migyibe forkiulatediasbalow. Fisgarating a model associated

with a causal relatiocn using four constant regions Y1
through ys of five blood molecules A, B, C, D, and E as
nodes. Referring to Fig. 3, Yi(A) through Yi(E) dencte
10 nodes of the constant regions y; (i = 1, 2 ,3, and 4y of
‘the blood molecules A through E, respectively, and x,
through x4 denote states of an organism. The states g
and x; dencte a health state, the states X, and x; denote
a symptom non-onset state, and the state x; denctes a
15 symptom onset state. A number indicates a passage of
time in a direction from a small value to a large value.
103119]
In this model, the ncde Y4 (A) and the node Y4 (D}
are causes, and markers that replace a state of a disease.
20 The node ngA} and the node Y:3(C) affect an induction of
the node Y4(A}, and the node Y3(E) affects an induction
of the node Y4(D). Similarly, the nodes Y2 {C), Yo(A), and
Y2(D) affect an induction of the nodes Ys(A), Y3 (C), and
T3(E), respectively. Further, the nodes Y;(A), Y, (B), and
25 Y. (D) affect an induction of the nodes Y, (A}, Y» (C), and
Yz (D), respectively.
[0120]
An inference c¢f the graph structure associated with
a causal structure between constant regibns of this |
30 biological melecule may be formulated as below. First, a

value of a stationary state of a biological molecule
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value of a stationary state of a biological molecule SP300299W000 Molecule 1 is regarded as a
random variable. That is, under a circumstance, an amount of Molecule 1 is regarded as an instance
of a random variable XI. Observation data processed by the organism loca ohsgtaht maddel of the 5
embodiment may be regarded as data measuring an instance of a random variable of p types of blood
molecules under a circumstance. Since a stationary state is observed in various time periods and
circumstances, the observation data processed by the local constant model may be 10 expressed as a
data matrix. FRatiselsservatiort datarineriding r diffsrentstatiorary statesTBatpXrsmatrix size. An

object of the angysiss o nigh.a dependengy iation in,palfix datg, J03 21, .45 A scheme of

inferring a graph indicating a dependency relation between random variables from™a data matrix,
various matheinatical moderscsuchtas BoatetrmetanilkBayesian néheerky a giraphicaltGaussian

model, and g ordinary dffsyential equation afe propased, and 20 may bey used o Ine embodiment
Among these, by assuming 5epen e%cy rélation expressed using a npn-close& path directed graph
betweerprandotnoddriables, aad dssuming acMdrkoy chair rule irs adependendy: relatior:between a

node and a sé@cgureaof é@)e n%ll-_clcé)ﬁ3 dep%t dir_eé:tedegracgp,Q?O%Sdinrgerf[]ce sing Ba e_sian net_work
expressed by & prodact o?conoﬂﬁon; probabilitied based on agiven Sefsitahido fables with
respect to paxentivariable isuseful farthe embadimeat 40122]130A:furthesisletailed-adaptation of
Bayesian netyark May 2pRY 32519702 useq 23 daia analys's of 3 ONA ehip SP300299W000
data processed by the local constant model may be
10  expressed as a data matrix. That is, observation data
including n different stationary states is a pxn matrix
size. An object of the analysis is to infer a dependency
relation in matrix data.
[0121]
15 Ag a scheme of inferring a graph indicating a
dependency relation between random variables from a data
matrix, various mathematical models such as Boolean
network, Bayesian network, a graphical Gaussian model,
and an ordinary differential equation are proposed, and
20 may be used for the embodiment. Among these, by assuming
a dependency relation expressed using a non-closed path
directed graph between random variables, and assuming a
Markov chain rule in a dependency relation between a node
and a structure of the non-closed path directed graph, an
25  inference using Bayesian network expressed by a product
of conditional probabilities based on a given set of
random variables with respect to parent variable is
useful for the embodiment.
10122]
30 A further detailed adaptation of Bayesian network

may apply a scheme used for a data analysis of a DNA chip
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(333-356, Second issue, Volume 54, Statistical Mathematics, Yoshinori Tamada, Kiyochika Imoto, and
Satoru Miyano). Specifically, it is implemented by matching an expression level of a stationary state of
the 5 embodiment to an expression level of mMRNA of a DNA chip. An existing physiotagymodel may
be used as a previous knowledge to infer a stationary state graph structure of the embodiment. [0123]
10A graph structure is first constructed in an individual level. An existing physiology model may not
sufficiently match diversity or diversification of an individual, and thus an error may occur in a graph
structure infefehce: Totoptifwizeradgraphistructiuread Sogluratitys of individual graph structures are

compared to gne,another, and ¢lassified intg.a small group having a similar structure, and a graph
structure is sbglség%:ée(ingga{‘i%.s ht %%véﬁoé‘"r% ooﬁﬁ%%drﬁagra%%{/)&%%&% 5 E0hRtructed. 20[0124] A
route of a cadse-amd effégtieading tpa comman symptamiof aiplyralit:-af patients may be different

among individuals. As such, an optimum graph structure is determined for each group having the
g 3 g

same causal' S5 StHictdre Tattserthan cat ingThE optimun radh Sttadtire i Eenvetgé iifto one.

[0125] I step:S89s theriglentification wnip16 identifies @< 1 causalialation of mejacular markers and a
relation with 30 an exterpal environment. That is, a causal relation between respective molecules and

ardaﬂonVwﬁyédaéb%Béﬁggﬁkxﬁiology model may be used as a previous
knowledge to infer a stationary state graph structure of

the embodiment.
[(0123]

10 A graph structure is first constructed in an
individual level. An existing physiology model may not
sufficiently match diversity or diversification of an
individual, and thus an error may occur in a graph
structure inference. To optimize a graph structure, a

15  plurality of individual graph structures are compared Lo
one another, and classified into a small group having a
similar structure, and a graph structure is selected
again. In this way, an optimum graph structure is
constructed.

20 [0124]

A route of a cause and effect leading to a common
symptom of a plurality of patients may be different among
individuals. As such, an optimum graph structure is
determined for each group having the same causal

25 structure rather than causing the optimum graph structure
to converge into one.

[0125]

In step 5%, the identification unit 16 identifies a
causal relation of molecular markers and a relation with

30  an external envircnment. That iz, a causal relation

between respective molecules and a relation with an
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environment are created. A measurement value of a time series variation of a lifestyle may be used as
an external environment. [0126] 5When an input from an environment may be quantitatively
measured, a "constructed change” may be represented and applied to a ceptighby;analyaing a
mechanism in which stimulus of different intensities received in different periods influences
responsiveness 10 of a blood molecule. For example, a negative stress level may be measured by a
DRM (Daily Reconstructive Method) (one day constitution method.). This divides a day into an average

of about 24 degreesfareachevent angrexpresses saspactive posifive andyregativevalues in 15
numerical values of 0 through 6 in a step-by-step manner. [0127] Referring to an influence of meal, by

electronically“fetofding 2onteht BFe&éh Redf 58 P&t Meadd@cintikedRformation such as

calorie, 20 carhebydrate (gluycide);fat, protein, vitamin, and phytochemical. In addition, it is possible to
measure an amount of intake of a supplement and the like. When a correlation is observed between
an environméftaf&timulus and a change of an expression level of a blood molecule, 25 the

environmental stimuliys may; he sgd for-a caniral efa change.of an expression level of an intended
blood molecule, that is, a change in state of an organism. [0128] In stéep 510, the inference and control

unit 17 30 infé¥SAnd cohtrBR Ichafges 4 sthte aTharis sa fatire Ehahge e $tate vf aa organism of a
human'S"ﬁ%%%%e§g§QQ§QQWéxgbplied to a contrel by analyzing a

mechanism in which stimulus of different intensities
received in different periods influences responsiveness

10 of a bloocd molecule. For example, a negative stress
level may be measured by a DRM (Daily Reconstructive
Method) (one day constitution method}. This divides a
day into an average of about 24 degrees for each event,
and expresses respective positive and negative values in

15 numerical values of 0 through 6 in a step-by-step manner.
[G127]

Referring to an influence of meal, by
electreonically recording content of each meal, it is
possible to measure intake information such as calorie,

20  carbohydrate {(glucide)}, fat, protein, vitamin, and
phytochemical. In addition, it is possible to measure an
amount of intake of a supplement and the like. When a
correlation is observed between an environmental stimulus
and a change of an expression level of a blood molecule,

25 the environmental stimulus may be used for a control of a
change of an expression level of an intended blood
molecule, that is, a change in state of an organism.
[0128]

In step $510, the inference and contrecl unit 17

30 infers and controls changes in state. That is, a future

change in state of an organism of a human is inferred,
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and an intervention scheme including a prevention scheme is proposed. [0129] An inference of a
change in state classifies a 5 group by a mutual similarity of a causal structure between constant
regions acquired in step S8. In this way, a future change of a disease preligpinap,areupassified in
the same group may be inferred by a causal structure acquired from a patient undergoing a 10
progression of a disease. In addition, a causal structure in which a disease is recovered to a health
state without an onset of a disease from a potential change prior to an onset of a disease may be used
for a control schime: of preventing anronset ofa disease: The 15 eausakrelation ef malgcular markers
(that is, an internal environment) and a relation with an external environment identified in step S9 may
be used for alccjorﬁr}:o?%i%r 20 <Second embodiment> [Application of dynamic construction model to
standardization of eultured cell] [0131] Fig. 4 is a block diagram illustrating a 25 configuration of a

biological information processing device 51 that predicts and controls a cellular state of a. cultured cell.
The biological informattor précessiry ddvite 514RdGdéS atetdctord B SPiebErément unit 62, a

determining waib63, @ glividing unit 64; ani3Qidentification wnit;§5,:and an infgrence and control unit
66. SP300299WO000 [0132]

between constant regions acguired in step S8. In this
way, a future change of a disease preliminary group
classified in the same group may be inferred by a causal
structure acquired from a patient undergoing a

10 progression of a disease. In addition, a causal
structure in which a disease is reccovered to a health
state without an onset of a disease from a potential
change prior to an onset of a disease may be used for a
control scheme of preventing an onset of a disease. The

15 causal relation of molecular markers (that is, an
internal environment) and a relation with an external
environment identified in step 59 may be used for a
control.
[0130]

20  <Second embodiment>
[Application of dynamic construction model to
standardization of cultured cell]
[0131]

Fig. 4 is a block diagram illustrating a

25 configuration of a biological information processing
device 51 that predicts and controls a cellular state of
a cultured cell. Tﬁe biclogical information processing
device 51 includes a selector 61, a measurement unit 62,
a determining unit 63, a dividing unit 64, an

30 identification unit 65, and an inference and control unit

66.
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‘The selector 61 selects measurement molecules. The measurement unit 62 performs a measurement.
The determining unit 63 determines a measurement interval. 5 The dividing unit 64 divides

components. The identification unit 65 identifies a constant region, and id%rg'@i%zag

%W structure

between molecular markers and a causal structure of a molecular marker and an environmental
condition. The inference and control unit 10 66 infers and controls a cellular state of a cultured cell.
[0133] Fig. 5 is a flowchart illustrating a process of predicting and controlling a cellular state of a
cultured 15 cefl1 Heneinafter, a prediction and control process performed by the biological information

processing device 51 of Fig. 4 will be described with reference to Fig. 5. [0134]

In step S31, the

selector 61 selects MesutEMaRt 20 nfolediiiés b1 35p2 s vCkamgiig aprepery: involVee in cultivation
by a culturedcelkis a-major obstacle in g.constryetion of.an eyalyation sysiem using a cell or a

development of a 25 medicine using a cell as an active ingredient. In a prediction and control of a
change in st&eFErdiidied vedlk itds pdssiplertonserferna formslatiort with eproblem of a state

inference of a;mesosecale. A, state of a gn%%q;fg[‘%isc%gig%%seeigtbsy a lacal extracellular 30 environment

formed by a component added in a culture medium an

a molecule profuced from a cultured cell. As

3P300299W0D0esuEH Lined: $tate prediction dntkvontidlesf sacultured zelt, a-timecseriesrvariation of a

molecular group,prodyced from. culfured ell and,a molecule in a eulture mediur

5[0136]

and a causal structure of a molecular marker and an

is measured.
ers

environmental condition. The inference and control unit

1C 66 infers and contrels a cellular state of a cultured

cell.
[0133]

Fig. 5 1s a flowchart illustrating a process of

15

20

Z5

30

predicting and controlling a cellular state of a cultured
cell. Hereinafter, a prediction and control processg
performed by the biological information processing device
51 of Fig. 4 will be described with reference to Fig. 5.
[0134]

In step 531, the selector 61 selects measurement
molecules.
[0135]

Changing a property involved in cultivation by a
cultured cell is a major obstacle in a construction of an
evaluation system using a cell or a development of a
medicine using a cell as an active ingredient. 1In a
prediction and control of a change in state of a cultufed
cell, it is possible té perform a formuilation with a

problem of a state inference of a mesoscale. A state of

- a mesoscale is expressed by a local extracellular

environment formed by a component added in a culture

medium and a molecule produced from a cultured cell. As
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A molecule produced from a cultured cell includes a molecular group expressed in a cell surface in
addition to a secretory cell, but excludes an intracellular information transduction molecule or a
transcription 10 factor. As a component in a culture medium, it is useful to seasye ggncarpount of IGF-I
or insulin. As a molecule produced from a cell, an integrin family molecule, a growth factor including
FGF-2, EGF, and PDGF in addition to insulin and IGF-I are useful. 15[0137] In step S32, the
measurement unit 62 performs a measurement. [0138] A molecule produced from a cultured cell and a
20 molecule muaulture meditsm are measuretbby asguiting ar-smaler ameunt:af sample when
compared to theﬁulture medium. In addition, for a molecule that is acquired by an extracellularly

expressed molecule And 458s Hot 1155t iR A cultur€ tnédiufh AMoRG MalEcHIES Produced from a cell, 25

fluorescent laheling e performed onthemelacue; and thenaguaatitative gstimatignds, performed by
an image analysis of a cultured cell. In addition, for a molecule that is difficult to be measured, a
substitute mMeasurSmefit i55ErTATEd by a genetic expression of a 30 secretory protein or a
membrane praieindyy using a reporter system within a cell. SP300299W000 [0139] In step S33,

the determining unit 63 determines a measurement interval. [0140] 5It is preferable that the
measurement intervdt pgc+ecule produced from a cultured cell includes a

molecular group expressed in a cell surface in addition
to a secretory cell, but excludes an intracellular
information transduction molecule or a transcription

10 factor. As a component in a culture medium, it is useful
To measure an amount of IGF-I or insulin. As a molecule
produced from a cell, an integrin family molecule, a
growth factor including FGF-2, EGF, and PDGF in addition
to insulin and IGF-T are useful.

15 [0137]

In step 532, the measurement unit 62 performs a
measurement.
[0138]
A molecule produced from a cultured cell and a

20 molecule in a culture medium are measured by acquiring a
smaller amount of sample when compared to the culture
medium. In addition, for a molecule that is acquired by
an extracellularly expressed molecule and does not float
in a culture medium among molecules produced from a cell,

25 fluorescent labeling is performed on the molecule, and
then a quantitative estimation is performed by an image
analysis cof a cultured cell. 1In addition, for a molecule
that is difficult to be measured, a substitute
measurement is performed by a genetic expression of a

30 secretory protein or a membrane protein by using a

reporter system within a cell.
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in a range of-about ten minutes to an hour. When a reporter system is used, continuous data is
acquired. [0141] In step 534, the dividing unit 64 divides 10 components. In addition, in step S35, the
identification unit 65 identifies a constant region. [0142] To extract informatign; frgpyagqifred
time-series data of a molecular marker, multivariate time series 15 including a molecule produced from
a cultured cell and a molecule in a culture medium is treated in a unified manner as a state space
model. The state space model includes two submodels of a system model and an observation model.
In general, thedwesubmodels are 20 expressed using a conditional probability as follows. [0143]
xn-q(xdx".1)(12) (system model) yfl-r(ydxn)(13) (observation'model) [0144] 25Herein, yn denotes an
observed time series%?a%ﬁﬁivﬁﬁéble??ﬁ denbfed™ Ridimengibhalvedier gt hEsAnet be directly

measured, ang:g anddngdenote @ conditional distribution of xn given by xn_j and of yn given by xn,
respectively. In the "biological state 30 space model," xn expresses a state of an actual cultured cell,

and yn indicatés-4n Iexpression level of a molecule -
5 It is preferable that the measurement interval be

in a range of about ten minutes to an hour. When a
reporter system is used, continuous data is acguired.
(G141
In step 534, the dividing unit 64 divides
10 components. In addition, in step 835, the identification
unit 65 ddentifies a constant region.
[C142]
To extract information from acquired time~-series
data of a molecular marker, multivariate time series
15  including a molecule produced from a cultured cell and a
molecule in a culture medium is treatéd in a unified
manner as a state space model. The state space model
includes two submodels of a system model and an
observation model. In general, the two submodels are

20 expressed using a conditional probability as follows.

[0143]
Zn~ (KnfRnoy ) {(12) (system model)
Vn~I (Va[Xn) (13) (observation model)
[0144]
25 Herein, vy, denoctes an observed time series of a

multivariable, x, denotes a k-dimensicnal vector that may
not be directly measured, and g and r denocte a
conditional distribution of x, given by x,, and of Vo
given by x,, respectively. 1In the “biological state

30 space model,” x, expresses a state of an actual cultured

cell, and vy, indicates an expression level of a molecule -
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SP300299W000 produced from a cultured cell and a molecule in a culture medium that may be
measured. When a distribution of an initial state vector xo is disposed by p(xoly0), a prediction of a
state of a cultured cell may be 5 formulated by an evaluation of p(x,dyn), thatig coblaiing a
distribution of xn given by an observed value Yn and an initial distribution. [0145] Time-series data yn
of a molecular group produced 10 from a cultured cell may be decomposed into a periodic component
using a seasonal adjustment model, an environmental stimulus response component using a

multi-linear modelandia baseline companent using aspelynomial smepthing spling madel,
respectively, ang.be extgacted. 15 A cell memory of a cultured cell is reflected on an amplitude and a -

frequency of 35Er8tic-EompBREnt & MERIMUR Expréb&itn fevel 8F ah BabireRmeAta Btimulus

response compeonent; and a-¢change-of.a Qg\sggn@i%@ggg&hqie,ﬁélga%gzgnsdtant region associated
with an 20 amplitude and a frequency of a periodic component, and a change of a baseline are noted

as the "cell ey Unddtgbihg fitidtévdittioh. CloL W8T RfstEp 5B6R#e Rientification unit 65
identifies 25 & caysalrelation, between molecular markers, In step 5371l the identification unit 65

identifies a causal structure of a molecular marker and‘an environmental coridition. [0147] A change of
an amplitude®id afredieRcy 6F A 30°pérHGIc ebniporeht sa change: obh baselink, wfime change of
an artificial cgmpenent addgd {9 giculture mediym,and SP300299W000 an environmental stimulus
response component form direct or indirect causal relation according to a time series. To apply the
causal relatior¥te*a €ontrol of a change in state of a cultured cell, a causal structure is expressed by

creating a graph strustyre associated,with a probability, structyre/causal structure using, as a node,

i0 from a cultured cell may be decomposed inte a periodic
component using a seascnal adjustment model, an
environmental stimulus response component using a multi-
linear model, and a baseline component using a polynomial
smoothing spline model, respectively, and be extracted.

15 A cell memory of a cultured cell is reflected on an
amplitude and a frequency of a periodic component, a
maximum expression level of an environmental stimulus
response component, and a change of a baseline. Among
these, a local constant region associated with an

20 amplitude and a frequency of a pericdic component, and a
change of a baseline are noted as the “cell memory
undergoing a time evolution.”
[0146]

In step 536, the identification unit 65 identifies

25 a causal relaticn between molecular markers. In step 537,
the identification unit 65 identifies a causal structure
of a molecular marker and an environmental conditién.
[0147] ”

A change of an amplitude and a frequency of a
36 periodic component, a chahge of a baseline, a time change

of an artificial component added to a culture medium, and
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a local constant state of a molecular group in various culture media and a molecular group produced
from a cultured cell. 10[0148] The graph structure is created based on a conventional biological
knowledge, and then upgraded to an optimum graph structure using time-g%@%ggtﬁq&%hange of a
graph structure is solved as a selection 15 problem of a covariance in regression analysis. A route of a
cause and effect of a cultured cell leading to the same change in state may be different depending on
origins. As such, an optimum graph structure is determined for each group of a cultured cell having the

20 same causal sifucives Fatharihan causing.ihe QRIFR orapl, STUGIUre- 10, converge jnto one. A

change in state characteristic of the "biological state space model" is used for a classification of this
group. In addiffor, " éarsal straeitre foraiinteveRton by -anchargeofdmes enviremsmental condition

such as a cuby e:medlim compenegs acalkeutye donsity. AN QYN PAtaliessuE, and a
u

temperature is separately created. [0149] In step S38, the inference and control unit 6%%0 infers and

controls a cefilifaf Steté ok aulthired:cel:§0150]2 SP300299WO00C tun inferexice eamslecbntrol of a
change in st%tﬁ q{laeg}g%%d ge%mlbes E’EUS@Q?Q fré):g% a gggg@gl{j}stgﬁéggreaof the past in which a cell

originated from the same tissueis cultured in a similar condition. In addition, a 5 control in a direction
of obtaining &stdte’of hidell may beperfofmedsfrdmsa causal structsie of achamgedastate of a cell

oo R T oo
Next, a modeloftaicell thati produceds a molesule Arsegreted ip theibloed is examined. As illustrated in
Fic 15 6, the ccgil thﬁalrsetge (E%Ikolvying characteristic.
10 [0148]
The graph structure is created based cn a
conventional biological knowledge, and then upgraded to
an optimum graph structure using time-series data. A
change of a graph structure is solved as a selection
15  problem of a covariance in regression analysis. A route
of a cause and effect of a cultured cell leading to the
same change in state may be different depending on
origins. As such, an optimum graph structure is
determined for each group of a cultured cell having the
20 same causal structure rather than causing the optimum
graph structure to converge into one. A change in state
characteristic of the “biological state space model” is
used for a classificaticn of this group. In addition, a
causal structure for an intervention by a change of an
25 environmental condition such as a culture medium
compenent, a ceil culture density, an oxygen partial
pressure, and a temperature is separately created.
(01491
In step 538, the inference and control unit 66
30 infers and controls a cellular state of a cultured cell,

[0150]
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() A control is performed by a circadian rhythm in a stationary state. (2) An induc_:ed expressio_n IS
generated in response to a stimulus from an environment. 20(3) A positive and negz_itlve feedback is
‘received by a repressor R and a receptor of the molecule A. (4) An expressiary dcantrolled when
the repressor R is epigenetically modified. [0153] 25A time series variation of the moleculg A secreted
in the blood from the cell changes as y of A of Fig. 7. Time-series measurement data y(t) is presumed
as follows. [0154] 30y(u) = s(t) + x(t) + b(t) + v(t)(14) s(t): periodic component SP300299WO000 x(t) :-
environmental stimuléi§'re e compotient B ¥ baselineicornpoaentiv(t)s tobservetional error [0155]

5An environmental stimulus respoRse,comReReni () i formulated, as.3 multilinear model as follows.
X(t) = F(t) x (t- 1) + Vv(t)(15)
the past in which a cell originated from the same fissue
is cultured in a similar condition. In addition, a
5 control in a direction of obtaining a state of a cell may
be performed from a causal structure of a change in state
of a cell and a change of an environmental condition such
as a culture medium component, a cell culture density, an
oxygen partial pressure, and a temperature.
10 [0151]
<Third embodiment>
[0152]
Next, a model of a cell that produces a molecule A
secreted in the blcoed i1s examined. As illustrated in Fig.
15 6, the cell has the following characteristic.
(1) A contrcl is performed by a circadian rhythm in
a stationary state.
{2) An induced expression is generated in response
to a stimulus from an environment.
20 (3) A positive and negative feedback is received by
a repressor R and a receptor of the molecule A.
(4) An expression ls controlled when the repressor
R is epigenetically modified.
[0153]
25 A time series variation of the molecule A secreted
in the blood from the cell changes as y of A of Fig. 7.
Time-geries measurement data y(t) is presumed as
fellows.
[0154]
30 vi{t) = st} + =x{(t) + b(t) + v(t) (14)

s(t): periodic component
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[0156] In the above Equation, F(t) indicates a conversion 10 function of an output with respect to an
environmental stimulus of a cell, and v(t) indicates an environmental stimulus. Regarding a parameter

of the conversion function, an optimum value is searched for using an aut%rg%%%%%dgg)@el. 15[0157]
A baseline component b(t) is defined as below as a regression model of degree Z,"and i5 used. b(t) =

atilb(t-1) + at22b(t-2) + vB(t)(16) Herein, aj denotes a regression coefficient, and 20 vB(t) denotes a
noise component. Then, b(t) is expressed as follows. b(t) = H(t, t-1)b(t-1) + V(t, t-1)(17) [0158]
Herein, H(, 1) is & &x@-matibnancMiichiis 25 imidimensionalnoise. g apimized function is

selected so that a baseline is smoothed. [0159] A periodic component s(t) is’based on a circadian
rhythm of a 24 hour iRtefval. TRES \WHEN pBBEeRsd-30 values are obtained during an interval, the

periodic component gpproximately,safisfigs the following Equation. s(t) = s(t-p)(18) When this is
expressed using a time delay operator
[0155]
5 An environmental stimulus response component x{(t)
is formulated as a multilinear model as follows.
x{t) = F(t) x (t-1) + v (%) {15)
[015¢6]
In the above Equation, F(t) indicates a conversion
10 function of an output with respect to an environmental
stimulus of a cell, and v(t) indicates an environmental
stimulus. Regarding a parameter of the conversion
function, an optimum value is searched for using an
autoregression model.
15 L0157)
A baseline component b(t) is defined as below as a
regression model of degree 2, and is used.
bit) = apab(t-1) + acb(t-2) + wva(t) (186)
Herein, a; denotes a regression coefficient, and
Z20 vs{l) denotes a nolse compeonent. Then, b{t) is expressed
as feollows.
bi{t) = H{t, t=-L)b(t~1) + V{t, t-1) (17}
[0158]
Herein, H{(t, t-1) is a 2x2 matrix, and Vi{t, t-1) is
25 two-dimensional noise. An optimized function is selected
se that a baseline is smoothed.
[0152]
A periodic component s(t) is based on a circadian
rhythm of a 24 hour interval. Thus, when p observed
30 wvalues are obtained during an interval, the perio&ic

component approximately satisfies the following Equation.
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G, the following Equation is approximately satisfied. (1-G5)s(t) = 0(19) 5[0160] As such, a. periodic
‘component of degree | may be formulated as a seasonal adjustment model as below by white noise
v(t). [Equation 3] 10 p-1) s(i) = v(t2) fr-o [0161] -(20) Using this model, thestirhe&epiegalata of y of A of
Fig. 7 is decomposed into a periodic component s, an environmental stimulus response component X,
and a 15 baseline component b. Here, i in A of Fig. 7 denotes an induction component. [0162]

Next, from a variability characteristic of a baseline, a decomposition is performed into three 20constant
regions of Y1(A), Y2 $AY; lard ¥3{A)P A cell irftludes an input from an environment between time k and

oo oo LAY SR ORI D AR respect
G, the following Equation is approximately satisfied.
(1-G®)s(t) = © (19
5 [0160]
Ag such, a pericdic component of degree 1 may be
formulated as a secasonal adjustment model as below by
white noise v(f).
[Equation 3]
p-1 !
O G s(r)=v(12) -+ -{20)
10 =
[0161]
Usging this model, the time-series data of y of A of
Fig. 7 1is decomposed into a periodic component s, an
environmental stimulus response compohent ¥, and a
15  baseline ccmponent b. Here, i in A of Fig. 7 denctes an
induction component.
[0162]
Next, from a variability characteristic of a
baseline, a decomposgition is performed into three
20 constant regions of Y{(A), Y2(A), and Ys(A). A cell
includes an input from an environment between time k and
time 1, and an envirconmental stimulus response component
of Y;(A) 1s a direct input with respect to the input. In
addition, in this autogenous control model, a time change
25 division Y,(A) of the molecu}e.A is a cause of changing
an expression state of a factor A from Y,(A) to Ys(A). As
illustrated in B of Fig. 7, this relation is expressed as
a change from Y;{A) to Y3;(A) by a graph structure using,

as a node, a constant region associated with an

52



25 division Y2(A) of the molecule A is a cause of changing an expression state of a factor A from
Y1(A) to Y3(A). As illustrated in B of Fig. 7, this relation is expressed as a change from Y2(A) to Y3(A)
by a graph structure using, as a node, a constant region associated with afi "SP300290\/000
expression level change of the molecule A. [0163] In this way, in each embodiment, it is possible
to formulate a time evolutional change of a human organism, 5 to predict and control a change of a
biological state that may be used for a health management, a disease prediction, a disease radical
cure, and theSKe” 1547 h additionCit i'96ssiblets appltheembadiment 10 to a control of an onset
of a chronic diggase;and a progress of a chronic disease resulting from a long-term lifestyle that may
not be treated using a conventional scheme. Further, the embodiment may simultaneously manage
commonality and hetéidgehélty betwedm irfdiddusisb o5 andthus istan effectiveitobkfor @an individual

medical care <ln,additiqn, the @m%o@gpgﬁ&@ n%antrCoA gﬁlgrsifi%atg)n?rg%ulting J_1‘rom a time evolution of

a cell induced by a cell culture, and be applied to a standa gizca)ltlon of a cell evaﬁjaé%l:?)%ms'ystem or a cell
20 therapy. [(163}xFdurth embBodipments J0166]Mostchilren bomlwith addwaweight as a result of 25

o, hereby hauinar S Soehof & chid Borvath & STindE Lo8aS el WHER STow oaloric diet i
received as ardiet afterithwe, birthda grewth toechich Upthe delayris the like.
[Cl64]
In addition, it is possible to apply the embodiment
10 to a control of an onset of a chronic disease and a
progress of a chronic disease resulting from a long-term
lifestyle that may not be treated using a conventicnal
scheme. Further, the embodiment may simultaneously
manage commeonality and heterogeneity between individuals,
15 and thus is an effective tool for an individual medical
care. In addition, the embodiment may control
diversification resulting from a time evolution of a cell
induced by a cell culture, and be applied to a
standardization of a cell evaluation system or a cell
20 therapy.
[0165]
<Fourth embodiment>
[0166]
Most children born with a low weight as a result of
25 hypogenesis caused by a nutritional insufficiency in the
womby grow to catch up the delay by the age of two,
thereby having a build of a c¢hild born with a standard
body weight. When a low caloric diet is received as a
diet after the birth, a growth to catch up the delay is
30 inhibited, and a growth may not catch up the delay even

with & high caloric diet received after the age of two.
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30 inhibited, and a growth may not catch up the delay even with a high caloric diet received after the
age of two. SP300299W000 When a rapid growth is exhibited to catch up the delay, a risk of
observing an insulin resistance in the future increases (Rotteveel, J. et al. Eutepeandeuypal of
Endocrinology 158; 899-904, 2008). Even when a build is 5 recovered, a decrease in a differentiation
efficiency of a pancreatic p cell changed by epigenetics to adapt to a nutritional environment in the
womb, responsiveness of an insulin signal, an appetite level, a stress responsiveness, and the like are

not recoveredihehich is- 3@ infegediasha cause {036 7However; netalk owweightbapies, resulting
from hypogenesii, exhibiting a growth to catch up the delay undergo an onset of an insulin resistance.

An insulin 15'se¢ret8ly AMRY- Sh s @i SigRsrepdRsvenessCan Hppelife Ve EAd a stress

responsivenessof€aeh indivisiuak dedw} exhibita kapid ghangs:swchyas &.growth to catch up the
delay, while being changed by a lifestyle. Thus, by monitoring an amount of insulin in the blood, an 20

amount of et MheBidGE anamhouRP 8t §ltitocarBibsid in the Blostherbobsub@r level, an caloric
intake, and theslike,using A schemme of the embodiment, itis, pessible; o predict and coptrol an obesity

trend, an insulin resistance onset trend, and the 25like. [0168] Specifically, when a relation of
caloric intakelby 8&tiig ahiambunt bt inshiin Sedrdtivn aftep eathg.cand a thnie change of a

E'r%%i;i?ognaé evel-e measired and-30.campared eaeh dayd! s Ragslhie 10 Mpasyre fhat,an amount of
insulin signal, an appetite level, a stress
responsiveness, and the like are not recovered, which is

10 inferred as a cause.
(01671

However, not all low-weight babies, resulting from

hypogenesis, exhibiting a growth to catch up the delay
undergo an onset of an insulin resistance. An insulin

15 secretory ability, an insulin signal responsiveness, an
appetite level, and a stress responsiveness of each
individual do not exhibit a rapid change such as a growth
to caten up the delay, while being changed by a lifestvyle.
Thus, by monitoring an amount of insulin in the blood, an

20 amount of leptin in the blood, an amount of
glucocorticoid in the blood, a blood-sugar level, an
caloric intake, and the like using a scheme of the
empodiment, it is possible to predict and control an
obesity trend, an insulin resistance onset trend, and the

25  like.
[0168]

Specifically, when a relation of caloric intake by

eating, an amount of insulin secretion after eating, and
a time change of a blood-sugar level is measured and

30 compared each day, it is possible to measure that an

amount of production per caloric intake of an insulin
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SP300299W000 secretion, and a change of a strength of insulin responsiveness change from a
stationary state to another stationary state. A change of a stationary state may be classified into a
change in a direction in which an 5 insulin resistance is improved and a changedn asgicgntion in which
an insulin resistance is degraded. An increase in an amount of insulin secretion and a strength of
insulin responsiveness is a change in an improving direction, and the opposite is a change in a
degrading 10 direction. [01691 Using a scheme of the embodiment, an amount of secretion of
glucocorticoid BF léptihdhay bedirst fohmukred Asa cliangedidémaerstationaryrstate to another 15

stationary St@%g\%}?@jﬂ%ﬂ%@%‘”&ﬁf@%@guﬁg n of Ie&iggv}éié%}(r}eﬁgecta%)t% p{%determ'ned caloric intake

is low, a suppression of food intake is reduced, and an o nd i€'incredsed WAET an amount of
glucocorticoi@ ishighnam vbesit: rendrardh arcireutatory system diseage 2:0nsetdrenskare increased

through a plurali active sites. Thus, a change of a stationary state in a direction in which an
el @E%Qe S o o A gﬁ’fo%ﬂt of's&Ctetibn dfleptin is increased is

amount of secretion of glueocorticoid is decreasedan
a change in a diFedtion inawhich 25can insulinpesistancerand-an-anseidrend af an associated disease
are |mprovedd 017chio . On%%fc%}aracterlstlgs, of the embodiment is widely tracking a time change

of a molecule within vanous 30" organistis. TS the ehibodimertmas (et idlin 8eretion, insulin
responsiveness; asglueoconticoid 256300299W000u1in secretion and a strength

of insulin responsiveness is a change in an improving

directicon, and the opposite is a change in a degrading
10  direction,

[0169]

Using a scheme of the embediment, an amount of
secretion of glucoccorticoid or leptin may be first
formulated as a change freom a stationary state to another

15 statlonary state. When an amount of production of leptin
with respect to a predetermined caloric intake is low, a
suppression of food intake is reduced, and an cbesity
trend 1s increased. When an amount of glucocorticoid is
high, an obesity trend and a circulatory system disease

20 onset trend are increased throuch a plurality of active
sites. Thus, a change of a stationary state in a
dirvection in which an amount of secretion of
glucocorticeid is decreased and an amount of secretion of
leptin is increased is a change in a direction in which

25 an insulin resistance and an onset trend of an associated
disease are improved.

[017C]

One of characteristics of the embodiment is widely
tracking a time change of a molecule within various

30 organisms. Thus, the embodiment may use an insulin

secretion, insulin responsiveness, a glucocorticoid
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secretion, and a leptin secretion to identify an unknown molecule within an organism involved in a
change from a stationary state to another stationary state. In addition, by clarifying a relation of a new -
associated 5 biological molecule and a record of a lifestyle using a scheme ©f ghe gghodiment, it is
possible to propose a hew improvement scheme for improving an insulin resistance or obesity. [0171]
110 <Fifth embodiment> [0172] An amount of DHEA-S in the blood in which sulfuric acid is added
to dehydroepiandrosterone starts to increase at the age of about six to seven, reaches a peak 15 at

the age of ahowit twelverto thirteen, majntainsdhe high value sintibthewage, otaboutithisteen to
twenty-five, andghen linearly decreases with aging, for both sexes. In a long-term follow-up research,
S

a plurality of TESEErENSs 4if pArtS of the”WORB chatify st e BRHER S22 haitesn HéBlodd of a male is

inversely coreglatetowith-a death kate oran-emset of ecardigvasculardisease{vol5. Nol. 42-46, 2009,
antiaging medicine, Toshihiko Yanase). However, currently, it is unclear what decreases an amount of

production of BREA-8™ AcBErding 35 1d i embBaiAenta Kidlogicafmalécine hakeeiated with
changing an amau of DHEA-S-secretian rom astatiopary state 1g-another statigpary, state, and a

lifestyle associated with a change of the biological molecule may be clarified, a new proposal of a

scheme of infifbififF a3 déctes8d fFDIEA-6 by be perforifele [0173) TSP366299Wa00 <Sixth

embodimentx{@Lidlerment scheme for improving an insulin resistance or
obesity.
f0171]
10 <Fifth embodiment>
[0172]

An amount of DHEA-S in the blood in which sulfuric
acid is added to dehydroepiandrosterone starts to
increase at the age of about six to seven, reaches a peak

15 at the age of about twelve to thirteen, maintains the
high value until the age of about thirteen to twenty-five,
and then linearly decreases with aging, for both sexes.
In a long-term follow-up research, a plurality of
researches all parts of the werld clarify that a DHEA-S

20 wvalue in the blood of a male is inversely correlated with
a death rate or an onset of a cardiovascular discase
(vold5. Nol. 42-46, 2009, antiaging medicine, Toshihiko
Yanase) . However, currently, it is unclear what
decreases an amount of production of DHEA-S. According

25 to the embodiment, a bioleogical molecule associated with
changing an amount of DHEA-S secretion from a stationary
state to another stationary state, and a lifestyle
associated with a change of the biological molecule may
be clarified, a new proposal of a scheme of inhibiting a

30 decrease in DHEA-S may be performed.

[0173]
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A most effective scheme for delaying aging and increasing a life expectancy is a restriction of calories.
5 A restriction of calories is a restriction of calories performed while taking optimum nutrition rather
than merely reducing a size of a meal. However, sufficient scientific evideriges regasdingoaptimum
nutrition or an appropriate caloric restriction level is not present. 10 The embodiment may be used to
clarify an optimum nutrition intake level or caloric intake level at an individual level. [0175] For
example, when a restriction of calories is 15 imposed on a patient who is likely to get diabetic, it is
possible to neaktife atie déres variation of c-reactive protein (CRP) corresponding to an
inflammatory{i@q%,]and an adiponectin production and an active oxygen production corresponding to
an index of a qualitative change of a 20 fat cell. In this way, it may be formulated that a state of a fat
cell, an active oxyge# stress staté carid ar inflammatdry state lchange from acstatignary state to

e ol e e o P e e ey e,
newly discov@retttimeiseriesrecord-associated wvithea biclegicatrheolecule markersand a meal may be
used 30 to individuyally optirize & puifitional infake and a calpric intake. SPS00299W000 [0177]
merely reducing a size of a meal. However, sufficient
scientific evidence regarding optimum nutrition or an
appropriate caloric restriction level is not present.
10 The embodiment may be used to clarify an optimum
nutrition intake level or caloric intake level at an
individual level.
[0175]
For example, when a restriction of calories is
15 imposed on a patient who is likely to get diabetic, it is
possible to measure a time series variation of c-reactive
protein (CRP) corresponding to an inflammatory index, and
an adiponectin production and an active oxygen production
corresponding to an index of a qualitative change of a
20 fat cell. 1In this way, it may be formulated that a state
of a fat cell, an active oxygen stress state, and an
inflammatory state change from a stationary state to
ancother stationary state.
[6176]
25 In addition, the embodiment may also be used to

identify a new bioclogical meclecule associated with a

change from the stationary state to another stationary

e )'.*’l"" ) s . N .
‘wEter A newly discovered time-series record associated
with a biological molecule marker and a meal may be used
30 to individually optimize a nutritional intake and a

caloric intake.
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<Seventh embodiment> [0178] A difference in sensitivity to stress induces an 5 onset of depression or
suicide entailed by chronic stress. Sensitivity to stress depends on a strength of a negative feedback

of a neuron of glucocorticoid responsiveness projected from a hippocamptéspgjg%r} g?a/ﬁ?gloid nucleus.
In addition, a strength of a negative feedback of the 10 neuron depends on epigenétic modification of a

glucocorticoid receptor gene. When a suicide is compared with a control group as to epigenetic
modification of the neuron, it is indicated that a person suffering from child abuse or child neglect has a
glucocorticoid 45 yegeptor gene suppressed by epigenetic modification (Hyman, S. Nature
Neuroscience Vol. 12, No. 3, 241 243, 2009). [0179] When a level of sensitivity to stress is identified,
20 it is possibie ¢ preéventahcshset ot depression by quantitatively identifying a person who is likely to
undergo an opsetghdepression, and providing an appropriate environment. When a time series
variation of glucocorticoid in the blood is measured at short 25 intervals of about ten minutes using the
embodiment, the timé seriéd earation maydsedividediinto a daily vasatiomecompenent and a stimulus

dependent coppanent, Usi ily variation component, an average amount of secretion of
glucocorticoid in the blood %}t%@r%%%ée%renst%bc&gg rﬁgf Bé cafcutated InAtiditich: Uiy the
stimulus depénderitconigonent, a relative strengtisof@negatives SP300299W 000 feedback may be

calculated byfrgggtsi%%q(_g g{n%xirr{lurgggnougt o{ secretion and duration. Accordingly, when the
embodiment is applied, it is possible o maastre Senaitivity 16 Stre5 SaT HtFRA€4 Process in which 5

sensitivity to stress changeswithaa lfestyte:40180] to an amygdaloid nucleus.

In addition, a strength of a negative feedback of the

10 neuron depends on epigenetic modification of a
glucocorticoid receptor gene. When a suicide is compared
with a control group as to epigenetic modification of the
neuron, it is indicated that a person suffering from
child abuse or child neglect has a glucocorticoid

15 receptor gene suppressed by epigenetic modification
{Hyman, 8. Nature Neuroscience Vol. 12, No. 3, 241 243,
2009) .
[0179]

When a level of sensitivity to stress is identified,

20 1t is possible to prevent an onset of depression by
quantitatively identifying a person who is likely to
undergo an cnset of depression, and providing an
appropriate environment. When a time series wvariation of
glucocorticoid in the blood is measured at short

25 dntervals of about ten minutes using the embodiment, the
time series variation may be divided into a daily
variation component and a stimulus dependent component.
Using the daily variation component, an average amount of
secretion of glucccerticoid in the blood at a measurement

30 date may be calculated. Tn addition, using the stimulus

dependent compenent, a relative strength of a negative
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The most notable hypothesis associated with a depression onset mechanism regards, as a cause, a
lowering of BDNF (Brain Derived Neurotrophic Factor) 10 which is a neurotrophic factor (Shi, Y. et al.
Psychiatry and Clinical Neuroscience 64, 249-254, 2010). BONE is producedfrem psa-BQNE (BONE
precursor) by t-PA (tissue-type plasminogen activator). That is, using the embodiment, it is possible to
infer an onset or a 15 curative effect of depression by observing a time series variation of BONE,
pro-BONE, and t-PA in the blood, and identifying a change from a stationary state to another
stationary statedntagdition: théembodiméat mayibe usedstordisgoveranew hiolegisakhmolecule

marker 20 asggcigte%jrw%ggg %nggtgggé%r%ventio%of depression. [0181] <Eighth embodiment> [0182]
A chronic overwork such as a nursing caré o w25 p%?fﬁre?%aﬂa ]p‘éycﬁiaﬁﬁicaparess increases a

frequency of amlinféctieus:diseaseretuces the abilityefaveund healing: anddncreases a frequency of
high pressure or a liver illness. A biomarker associated with the chronic overwork and psychological

stress includ&s Thflammatory30 cytokineIL-6 {ifiteri8ukin®) It is RAG\WA TRat ID-6"s 145 ociated with a

circulatoty systers tiseaseyancSB300299WH0psteqparmsis, type diabstes, cancer, a gum disease,
fragile habitu? organ failure, and the like that develop aging dependently. IL-6 is induced to develop
through expe i%% Qlentailing depression, negative feelings, and 5 stress. In addition, an increase in

IL-6 in the blood withis,aotiegable in peoplergnaaged n nuksing care wheycompared to people not
engaged in nursing care (KiecoltGlaser JK et al. Proc. Natl. Acad. Sci. USA 100: 9090- 9095). As

such, by tracRiFig e M edre¥Si6A eI 06T IR 6 R is pbssibleatossredict and prevent an onset
of an age-relatagedisease.er astressuelaied diseaseJO183)-sNinth gmbodiment> [0184]

10 which is a neurotrophic factor (Shi, Y. et al. Psychiatry
and Clinical Neuroscience 64, 249-254, 2010). BDNF is
produced from pro-BDNE (BDNF precursor) by t-PA (tissue-
type plasminogen activator). That is, using the
embodiment, it is possible to infer an onset or a

15  curative effect of depression by cbserving a time series
variation of BDNF, pro-BDNF, and t-PA in the blood, and
identifying a change from a stationary state to another
stationary state. In addition, the embodiment may be
used to discover a new biological molecule marker

20 associated with an onset and prevention of depression.
(01817
<Bighth embodiment>
[0182]

A chronic overwork such as a nursing care of a

25 partner and psychological stress increases a frequency of
an infectious disease, reduces the ability of wound
healing, and increases a frequency of high pressure or a
liver illness. A biomarker associated with the chronic
overwork and psychological stress includes inflammatory

30 cytokine IL-6 (interleukin 6). It is known that IL-6 is

associated with a circulatory system disease, an
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15A human body is an open system, and a future of a body condition is not a mere repetition of the

- past. A cell memory of the technology may acquire a process in which an-organism undergoes a time
evolution according to a history only by a measurement of a biological mo@g%;&%fprmulme the
process. To apply this formulated time-based change to an individuated health care, appropriate
options of a future lifestyle need to be provided based on diversity and diversification of an individual.
25[0185] In addition, DNA-sequence information of individuals inherited fron parents is useful for
inference of suhstanca-efdiversityanddiversification of the-past beforg initiating a.biological state 30
measurement of individuals based on the technology. A current diversity of each individual is formed

by SP300299%E60 Refdtitahy diversificatiohrard a fifestyie of fite paste Astrtichdby integrating three
pieces of enviranmentalinformatiop based gn cell m%@%i“{f&!%i@&@ﬁ"%ﬂgy phism

information, and a lifestyle of a biological 5 molecule undergoing a time evolution of the technology, it
is possible t&* &8RRI At URAC)Pofla Ritu e predthction of Mealtht [0186] ¥¥ith dewelopmeént of base

arrangementtechnalogyy it 104s possible tn,analyze afull-genome, sequence of jndividuals. From a

sequencing analysis, it is possible to detect a single nucleotide polymorphism and structural
polymorphisiihElutied e indiddials. Arrelztionlsetween @egenisticrdiversity and healtheor illness may
be

compared to people not engaged in nursing care (Kiecolt-

Glaser JK et al. Proc. Natl. Acad. Sci. USA 100: 380%0-

9085). As such, by tracking a change in expression level
10 of IL-6, it is possible to predict and prevent an onset

of an age-related disease or a stress-related disease.

[0183]

<Ninth embodiment>

[0184]

'_..A
(@3

A human body is an open system, and a future of a
body condition is not a mere repetition of the past. A
cell memory of the technology may acquire a process in
which an organism undergoes a time evolution according to
& history only by a measurement of a bioclogical molecule,
20 and formulate the process. To apply this formulated
time-based change to an individuated health care,
appropriate copticns of a future lifestyle need to be
provided based on diversity and diveisification of an
individual.
25 (0185}

In additiocn, DNA-sequence information of
individualsg inherited from parents is useful for
inference of substance of diversity and diversification
of tThe past b@fore initiating a bioclogical state |

30 measurement of individuals based on the technology. A

current diversity of each individual is formed by
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15 classified into four types of a chromosome anomaly, a monogenic disease, a multifactorial genetic
disease, and an idiopathic disease (Thompson & Thompson "Genetic Medicine, Seventh Edition"
Medical Science International, 2009). 20[0187] A human somatic cell gg@t@g&%ﬁg%s 46
chromosomes, and 22 pairs among them are autosomal chromosomes excluding a difference between
the sexes. A remaining pair is referred to as a sex chromosome. A 25 female has two X
chromosomes, and a male has an X chromosome and a Y chromosome. An onset frequency of a

chromosomah abaermality;ishigh -and abeut six newibarmbhabies per every. 1,000 new born babies are
affected. Among chromosomal abnormalities, an abnormality 30 corresponding to an increased

number of cHtSmdE6mestiegtiehfiy betary Wher theopamber offclirormiosomes SP300299W000
increases by ong, itis refered 10 ag tBaor@giE%@m%eimﬁ&%%}&QUS%%? disease called Down

syndrome. About one of every 800 people is born with Down syndrome. [0188] 5A frequency at which
a baby is bof Wit DeWhH. sihdiorhe axpohentianihcrease8axittyar agé of omotheri and about 1% of
babies are botnwith Down syndromewhen fe.age js 45 or more. £ main ssuie of Down syndrome is
a mental retardation. However, furthermore, a risk of 10 leukemia increases, an a ot'of patients with
Down syndrorfie developdementiccoftheatizheinmertype afterfthe dge of-40 00% of cavses of trisomy
21 are included in a progess of a reduction division that forms an egg of a mother. As such, a trisomy
21 abnormality occurs from a 15 moment of the fertilization. However, a symptom occurs in various
periods, and &@'%ivde delay" is included between a formation of a hereditary cause and an onset of
mness[0189]ZOArnﬁgggeggégﬁ%ﬁﬁégéig§e82%éh%hgg¥$gg§g§%atechnology, it
10 is possible to analyze a full-genome sequence of
individuals. From a sequencing analysis, it is possible
to detect a single nucleotide polymorphism and structural
polymorphism included in individuals. A relation between
a genetic diversity and health or illness may be
15 classified into four types of a chromosome anomaly, a
monogenic disease, a multifactorial genetic disease, and
an idiopathic disease (Thompson & Thompscn “Genetic

Medicine, Seventh Edition” Medical Science International

2009) .

r

20 [0187]

A human somatic cell contains 23 pairs, 46
chromosomes, and 22 pairs among them are avtosomal
chromosomes excluding a difference between the sexes. A
remaining pair is referred to as a sex chromoscme. A

Z25 female has two X chromosomes, and a male has an X
chromosome and a Y chromosome. An onset frequency of a
chromosomal abnormality is high, and about six new born
babies per every 1,000 new born babies are affected.
Among chromosomal abneormalities, an abnormality

30  corresponding to an increased number of chromosomes

frequently occurs. When the number of chromcsomes
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result of genomic mutation of a gene, and is referred to as a Mendelian disorder. So far, 3917 types of
Mendelian disorders are being reported. A mode of inheritance includes a dominant mode and a
recessive mode. A 25 dominant mode is a mode of inheritance that developsandy byirhetiting a
genetic mutation from one of a mother and a father. A partially recessive mode indicates a mode of
inheritance that develops only when a genetic mutation is inherited from both parents. It is known that
a 30 monogenic disease is realized by 2% of a group at a time of life. SP300299WO000 [0190] A
monogenic diseasedssa giseaserthat mostly developsahuring chidkradd: dtgwever about less than 10%
of monogeniceg{iggaﬁ%s e>t<:peri8eonce sﬁygmtoms after \%bert . 5 Further, 1% or less may experience
symptoms latér in life dfter the end of the Feprodutive Vears SREGartifeh s 64 pEHEE irPifFé in which a
symptom staiscaitimendelay” is-ebservathbetwsen-an acguisition of variatien agd anenset of
symptoms. 13[8%%& A disease observed at birth such as a congenital anomaly, and a chronic
disease that develops at a middle age such as cardiac infarction, cancer, diabetes, rheumatism, a

mental disease, demantia.caneihe likearerla-refarred te as & multifactenial disgrder. A frequency at
which this type of disease appears at birth is about 50 people per every 1,000 people. However, since

a lot of peopl& A8 HHECIeF Ry A ThTdrid tiseHie” 3 8Botit 60D pEoE Het everyie 0oepeople when

seen from a griewp= Ac2Q: plurality of genetic factors somhines, foran.onsetjin which,aregular exposure
or a chance exposure to a particular environmental factor is considered to be involved. A genetic

influence of thisSmaRfact6ridi HisordBPiscanakyzBa by o sehsme feferred t6'asda garorhe- 25 wide
association SUdL(GWAS).[0192 - ; AN idjopathic, disease js nositioned betyeen g mendelian

genetic variation and a multifactorial disorder. Parkinson's disease or Alzheimer's disease is included
in 10 leukemia increases, and a lot of patients with Down

syndrome develop dementia of the Alzheimer type after the
age of 40. 90% of causes of {risomy 21 are included in a
process of a reduction division that forms an egg of a
mother. As such, a trisomy 21 abnormality occurs from a

15  moment of the fertilization. However, a symptom occurs
in various periods, and a “time delay” is included
between a formation of a hereditary cause and an onset of
illness.

[0189]

20 A moncgenic disease is a disease that develops as a
result cof genomic mutation of a gene, and is referred to
as a Mendelian disorder. So far, 3917 types of Mendelian
disorders are being reported. A mode of inheritance
includes a dominant mode and a recessive mode. A

25 dominant mode ié a mode of inheritance that develops only
by inheriting a genetic mutation from one of a mother and
a father. A partially recessive mode indicates a mode of
inheritance that develops only when a genetic mutation is
inherited from both parents. It is known that a

30 monogenic disease is realized by 2% of a group at a time

of life.
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30 an idiopathic disease in addition to a familial disease. Unlike a multifactorial disorder, an individual
genome SP300299W000 sequence analysis needs to be used to identify this sporadic variation.
[0193] For any of a chromosome anomaly, a mendelian 5 monogenic dise%% m %%%té)rial disease,
and an idiopathic disease, a time delay is included between an acquisition of variation and an onset. In
addition, it is inappropriate to describe that a plurality of environmental factors causes a disease to
develop as an 10 instant responsive reaction. A "time delay" is included between a point in time when
a hereditary faetog @nd an environmental factor are included and a point in time when a disease
develops. That is, a hereditary factor and an environmental factor create a potential change in 15 an
organism as a cell mémBRFER B ctdakizetl 45 asyHiptemawhéh tHe hereditary factor and the

environmental f3dopfosma epmbination {4941 A gell tamen. s aeauired when.a chgnge of an 20
t

environmental condition is added to genetic polymorphism, and thus quanti atlve?ynrecording an
environment&} Eofilitionds effectvieefor asfuturpgrédiction ofhpakimsAmobhg envirbamental conditions,

cLre istory by Do cUamatoly Mgs /ot (0095 Crass 1 ABo g e hER HdiUGA do ot

adapt  to tReénvirdriment; dndfeeling steessoidudifferent 36 hetweengpeopte for she same

env"onMenugé?gggogh life in which a symptom starts, a “time delay”
is observed between an acguisition of variation and an
onset of symptoms.

10 [0191]

A disease observed at birth such as a congenital
anomaly, and a chronic disease that develops at a middle
age such as cardiac infarction, cancer, diabetes,
rheumatism, a mental disease, dementia, and the like are

15 referred to as a multifactorial disorder. A frequency at
which this type of disease appears at birth is about 50
people per every 1,000 people. However, since a lot of
pecple are affected by a chronic disease, it is about 600
pecple per every 1,000 people when seen from a group. A

20 plurality of genetic factors combines for an onset, in
which a regular exposure or a chance exposure to a
particular environmental factor is considered to be
involved. A genetic influence of this multifactorial
disorder is analyzed by a scheme referred to as a genome-—

25 wide association study (GWAS).

[0192]

An idiopathic disease 1is positioned beﬁween a
mendelian genetic variation and a multifactorial disorder.
Parkinscen's disease or Alzheimer's disease is included in

30 an idicpathic disease in addition to a familial disease.

Unlike a multifactorial disorder, an individual genome
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Thus, stress may not be identified only from an SP300299W000 environmental condition. It is
effective to record stress by, for example, a. Daily Reconstruction Method (DRM scheme) (Kahneman

D, Krueger AB, Schkade DA, Schwarz N, Stone AA. "A survey method fo%;&z;%g%?ggodaily 5 life
experience: the day reconstruction method. " Science. 306: 1776-1780, 2 . This
scheme divides an event of a day into 24 degrees, and records respective mental positive and 10
negative values. In this way, it is possible to identify a stress coping circumstance at each moment. By

continuing thesecerding, sifess may e glassified,inta.a shot term H%S%h%f about several hours to a

day, a medium-term stress of about several days to a month, and 15 a long term stress of over several
months. [0197pcradiith Fegdrdtdendiet habit, by recording content of meals divided into cooking
ingredients, it is,| ible to record an amount of intake of calorie, a carbohydrate 20 ratio, a protein
ratio, a type and amount of fat, vitamin, phytochemical, trace metal (iron, zinc, copper, cobalt, iodine,
selenium, manganeseemotyhdenting, chromeyboron, andmnwahadium hdnaking=alcohol), and the like.

[0198] 2§WItH r%%ard to an,amount of exercise, i 'chgsr%'blﬁ t automatlcalg | easure a quality or

! d
guantity of walking and F’unnllrsuf %Ss’%’g a plbﬁHabIe device inc n%gsgﬁ Accel®ratioi sensor. [0199]

idiopathic disease, a time delay is included between an
acquisition of variation and an onset. In addition, it
is inappropriate to describe that a plurality of
environmental factors causes a disease to develop as an

10 iInstant responsive reaction. A “time delay” is included
between a point in time when a hereditary factor and an
envircnmental factor are included and a point in time
when a disease develops. That is, a hereditary factor
and an environmental factor create a potential change in

15 an organism as a cell memory, which is actualized as a
symptom when the hereditary factor and the environmental
factor form a combination.
[0194]

A cell memory is acquired when a change of an

20  envirommental condition is added to genetic polymorphism,
and thus guantitatively recording an environmental
condition is effective for a future prediction of health.
Among environmental conditions, an exterior environment
such as stress, a diet habit, an exercise habit, an

Z25 infection history, and a cure history may be
guantitatively measured.
[01585]

Stress 1s recognized when individuals do not adapt

to the environment, and feeling stress is_different

30  between people for the same environmental éondition.

Thus, stress may not be identified only from an
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30An infection history or a cure/dosing history may be identified by electronic chart data of a private
SP300299W000 medical doctor. In addition, a Chinese medicine or a general medicine taken by an
individual may be recorded by the individual. [0200] 5As described in the fg d)r)zg3 %rbetic diversity
of individuals may be classified using a single nucleotide polymorphism and a structural polymorphism
of DNA which is a cause of a chromosome anomaly, a monogenic disease, a multifactorial genetic
disease, and an 10 idiopathic disease. It is possible to quantitatively record a time-based change of an

environmentalconditiondising asiressistate, anintake ingredient Jjakgn,by. 2 meal, an amount of
exercise, an infection history, a cure/dosing history. 15[0201] To integrate three pieces of

environmentdl iffofifatién baséd r el mentory ifdrmatiore DNA pelyimerphismatormation, and a
lifestyle of a hiptegical malesule wndergoing & time gvglution of tlg%ﬁqgg@glqu’, a2qQ relation among

three small groups below is clarified using a conditional probability. The three Small groups are a small
group divided'baSé®Bf a'denetit diversiy, ashaligroap diided: based ohrauchbrigeyof an

environental,candition. and;a small group, divided hased,on cell memory 25 infarmation of a

biological molecule. The small group divided based on a genetic diversity Is a group baséd on a
genetic diversity of & sitfgte héiBleotide polymorphism and a structural polymorphism of DNA which is a
cause of a ci‘tr@%)gfme anomaly, a monogenic disease, a 30 multifactorial genetic disease, and an
idiopathic disease. The small group divided based on a change of an SP300299W000

This scheme divides an event of a day into 24

degrees, and records respective mental positive and

10 negative values. In this way, it is possible to identify
a stress coping cilrcumstance at each moment. By
continuing the recording, stress may be classified into a
short term stress of about several hours to a day, a
mediun-term stress of about several days to a month, and

15 & long term stress of over several months.

[0197]

With regard to a diet habit, by recording content
of meals divided into cooking ingredients, it is possible
to record an amount of intake of calorie, a carbohydrate

20 ratio, a protein ratio, a type and amount of fat, vitamin,
phytochemical, trace metal {iron, zinc, copper, cobalt,
icdine, selenium, manganese, molybdenum, chrome, boron,
and vanadium), drinking {(alcohol), and the 1like.
r01eg]

25 With regard to an amount of exercise, it is
possible to automatically measure a quality or guantity
of walking and running using a portable device inciuding
an acceleration sensor.

[0199]
30 ' An infection history or a cure/dosing history may

be identified by electronic chart data of a private

65



environmental condition is a group based on an environmental condition such as a stress state, a diet
habit, an exercise habit, an infection history, a cure/dosing history. The small group divided based on 5
cell memory information of a biological molecule is a group based on a chg%%% 823%%82?%" state
represented by Fig. 3 produced from a process illustrated in the flowchart of Fig. 2 10As
illustrated in Fig. 8, the relation of a conditional probability of a group may be broadly classified into the
following three relations. I) Relation between a genetic diversity and an environmental condition

15) Relation hetyeeran, epyirgnmental qg&lggg)&andaagjl Iggig I siate. . iii) Relation between a
genetic diversity and a biological state [%203] 20Applying t%e tec%no%ogyct%ngn individuated health care
is providing cptions of theflitgrento rhairtaintheaith basedwonddata of aycélkmemaory &f the past of a
subject of a q%;lltp}cear%jlr&d.icatgga%_a causal relation between constant regions of an expression level

of a 25 molecdle of an orgér‘{iém. A scheme of identifying options of the future include referring to a

record of a lifesB0& of another person (that is, a person other than a subject) synthetically having a

history similar to that of the subject such as a history of gene information, a 30 history of an
m B, SR A ety of 2 BloBie et St TS SChEmE e bES i Hented by

. . 2 &
environmental condition, and a his ory of a biolog
of individuals may be classified using a single

nucleotide polymorphism and a structural polymorphism of
DNA which is a cause of a chromosome anomaly, a monogenic
disease, a multifactorial genetic disease, and an

10 idiopathic disease. It is possible to quantitatively
record a time-based change of an environmental condition
using a stress state, an intake ingredient taken by a
meal, an amount of exercise, an infection history, a
cure/dosing history.

15 (0201

To integrate three pieces of environmental

information based on cell memory information, DNA
polymorphism information, and a lifestyle of a biological
molecule undergoing a time evolution of the technology, a

20 relation among three small groups below is clarified
using a conditional prebability. The three small groups
are a small group divided based on a genetic diversity, a
small group divided based on a change of an environmental
condition, and a small group divided based on cell memory

25 information of a biological molecule. The small group
divided based on a genetic diversity is a group based bn
a genetic diversity of a single nucleotide polymorphism 7
and a structural polymorphism of DNA which is a cause of
a chromoscme anomaly, a monogenic disease, a

30 multifactorial genetic disease, and an idiopathic disease.

The small group divided based on a change of an
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SP300299WO000 clarifying a similarity in a correlation among cell memory information of a biological
molecule of individuals, gene information such as DNA polymorphism information, and environmental
information based on a 5 lifestyle illustrated in Fig. 8. [0204] The similarity of data;may be
determined by applying a conventional clustering method. The clustering method may be broadly
classified into a 10 division type clustering and a hierarchal clustering Specifically, it is possible to
apply a scheme described in A. K. jain, M.N. Murthy and P.J. Flynn, Data Clustering: A Review, ACM
Computing Reuiews;(+299)0r Ying Zhaoand George-Karypis: sHierarchigal Clustering 15 Algorithms
for Document Datasets”, Data Min. Knowl. Discov. 10(2): pp.141-168 (2005). [02051 When a
process of th& eMBGHifent i perfitthdd: Abidlbgicatl nfBrmiaticieproseasing devitee 101 is 20

configured as:Hbstratedrin &igs:9: The biglogical inforrpation: pracessingodevicg 101 includes a selector
111, a determining unit 112, a measurement unit 113, a. creation unit 114, a dividing unit 115, an
identification Tt 118> 8 detedtor 187 Ya sebliéh Gt 11874 dlakathisei25¢1 9 agmdianinference and

control ugit 120. Functiens.of the selectarckll, the, dgtermining unit 112, the measurement unit 113,

the Creation unit 114, the dividing unit 115, the identification unit 116, and the inference and control
unit 120 are BaSiEally Shifdr & fuhcfirs 30 of the sbitefordisite deeimining Unita; tuk

measuremenk yni 13, the gregtion unitehd,ing diding SPEIIRIINER0 Nt LS, fhe identification unit
ate

16, and the inference and control unit 17 illustrated in Fig. 1. As such, description may be repeated,
and thus will beprevided. [020B}9- 2.

[0202]

10 As illustrated in Fig. 8, the relation of a
conditional probability of a group may be broadly
classified into the following three relations.

i) Relation between a genetic diversity and an
envircnmental condition

15 ii) Relation between an environmental condition and
a biolcgical state

iii) Relation between a genetic diversity and a
biological state
[0203]

20 Applying the technology to an individuated health
care is providing options of the future to maintain
health based on data of a cell memory of the past of a
subject of a health care indicated as a causal relation
petween constant regions of an expression level of a

25 molecule of an organism. A scheme of identifying options
of the future include referring to a record of a
lifestyle of aﬁother person (that is, a person other than
a subject) synthetically having a history similar to that
of the subject such as a history of gene information, a

30  history of an environmental condition, and a history of a

biological state. This scheme may be implemented by
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5The detector 117 detects gene information. The search unit 118 searches for a similar history from
the database 119. [0207] The database 119 stores information of multiple 10 individuals by classifying
the information into any one of the three small. groups described above Wi%ﬁ@@;@ﬁég&ig. 8. That
is, information of examination results of multiple people obtained by performing the process of Fig. 2
described in the foregoing is stored. In addition, 15 in this instance, a measurement/examination for
obtaining information used to determine one of the three small groups to be classified into is added.

Specifically, &m&@ﬁﬂﬁmgmﬁem’mﬂpg@ig@@g@tiw@if@@ggg@g%ing@M§f@egg@gle nucleotide
polymorphism and a 20 structural polymorphism of DNA is added in addition to a
measurement/&X&hihatioh B eirohmeéntal Coriticit SudtPas astresafstate, a diet habit, an

exercise habit a1 ipfegtiondistosy, ewre/dosing bistory. and a rpgaswemsnt/examipation of cell
memory information of a 25 biological molecule. [0208] This process of the embodiment is illustrated in
a flowchart of-Fif° 102HéféInaftér tid Frocess ot five- efibodimertiwill Besdestribedawith reference to

Fig. 10. 30[0209]dn stgp.S101,,a datahase;fprmafion process is SP300299W000 performed. That is,
the process illustrated in the flowchart of Fig. 2 is performed on multiple individuals concurrently with a

measurement/ex&rhination that specifies a genetic diversity of a single nucleotide
The similarity of data may be determined by

applying a conventional clustering method. The
clustering method may be broadly classified into a

10 division type clustering and a hierarchal clustering.
Specifically, it is possible to apply a scheme described
in A. K. Jain, M.¥N. Murthy and P.J. Flynn, Data
Clustering: A Review, ACM Computing Reviews, (1999) or
Ying Zhao and George Karypis, “Hierarchical Clustering

15 Algoerithms fbr Document Datasets’”, Dafte Min. Knowl.
Discov. 10(2): pp.141-168 {2005).
[0205]

When a process of the embodiment is performed, a

picleogical information processing device 101 is

20 configured as illustrated in Fig. 9. The biological
information processing device 101 includes a selector 111,
a determining unit 112, a measurement unit 113, a
creation unit 114, a dividing unit 115, an identification
unit 116, a detector 117, a search unit 118, a database

25 112, and an inference and control unit 120. Functions of
the selector 111, the determining unit 112, the
measurement unit 113, the creation unit 114, the dividing
unit 115, the identification unit 116, and the inference
and contrcl unit 120 are basically similar to functions

30 of the selector 11, the determining unit 12, the

measurement unit 13, the creation unit 14, the dividing
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5 polymorphism and a structural polymorphism of DNA of each individual, and a result is stored in the
database 119. However, information is stored in a form of concealing privacy of individuals. [0210]
10As described in the foregoing, the information stored in the database 11§ﬂ§§g)a2$§gﬁgoi5|to a group
based on a genetic diversity, a group based on a change of an environmental condition, and a group
based on cell memory information of a biological molecule. Then, three 15 relations below of each
group are analyzed using a conditional probability. i) Relation between a genetic diversity and an

environmental,copditon the idhRelation betweeman environmental condition and.20a biological
state iii) Relation between a genetic diversity and a biological state [0211] For convenience of

description, tA& dafiHse 25 Biratibn prodessiisdlexéribed BsStep 1 of ¥ heal state prediction
process of thadlowehartiof:Figa10ddowayer, when a database is, previqusly, ggnerated using a

scheme and is present, the database may be used. In this case, the database formation process may
be skipped. 30[62£2] Processes of step S102 through S109 of Fig. 10 are SP300299W000 basically

simiar 0 step Si 1oy siep S8.ASFig 2 Descapionul be efly made sine s repeated. That s,

in step S102, the selector 111 selects measurement molecules of a subject of a health care. In 5 step
5103, the detefitfifig Whit 1 1Didetemminesesmblecule misaslireméntintervalf rostep3104, the

measuremen&éﬂggbase 119.
[0207]
The database 1195 stores information of multiple

10 individuals by classifying the information into any one
of the three small groups described above with reference
to Fig. 8. That is, information of examination results
of multiple people obtained by performing the process of
Fig. 2 described in the foregoing is stored. 1In addition,

15 in this instance, a measurement/examination for obtaining
information used to determine cne of the three small
groups to be classified into is added. Specifically, a
measurement/examination that specifies a genetic
diversity of a single nucleotide polymorphism and a

20  structural polymorphism of DNA is added in addition to a
measurement/examination of an environmental condition
such as a stress state, a diet habit, an exercise habit,
an infection history, a cure/dosing history, and a
measurement /examination of cell memory information of a

25 bilological molecule.
(02087

This process of the embodiment is illustrated in a

flowchart of Fig. 10. Hereinafter, the process of the
embodiment will be described with reference to Fig. 10.

30 [0209]

In step 5101, a database formation process is
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~ 113 measures the measurement molecules, selected in a process of step 3102, at the molecule
measurement interval determined in step 3103. 10[0213] In step 3105, the creation unit 114 creates a

time- series variation graph. That is, a graph is created based on Equation; (5) throygh~{d4) described
above. In addition, in step 3106, the dividing unit 115 divides 15 components. That is, using a
biological state space model, time-series data is divided into a periodic component, an environmental
stimulus response component, and a baseline component. [0214] 20In step 3107, the identification

unit 116 identiles a;eenstantmegion. S hat iss goeenstant regionds idantified using-an "organism local
constant model." In step 3108, the identification unit 16 identifies a causal relation. That is, a causal

relation betweeR*¥8 ¢dristéant regibnsof eadhihoREl isWedted AR RaiiiE BAstFdeton model may

be used to idestifytheausal relation: [Q2E2]IR ster, 3109 the identification unit 116 30 identifies a
causal relation of molecular markers and a relation with an external environment. That is, a causal

SP300299W0B6 FéhtiBH hrtwWess Féspetiive mdletules, and atelbfion whteat édtironment are
created sA measyrementvalue gfa lime series;yariatiomof.a lifestyle may b used-as an,

individual, and a result is stored in the database 119.
However, information is stored in a form of concealing
privacy of individuals.

[021¢]

10 As described in the foregoing, the information
stored in the database 119 is classified into a group
based on & genetic diversity, a group based on a change
of an environmental condition, and a group based on cell
memory-information of a biological molecule. Then, three

15 relations below of each group are analyzed using a
conditional probability.

i} Relation between a genetic diversity and an
environmental condition

ii) Relation between an environmental condition and

20 a bioclogical state

1i1) Relation between a genetic diversity and a
biclcgical state
(02117

For convenience of description, the database

25 formation process is described as step 1 of a health
state prediction process of the flowchart of Fig. 10.
However, when a database is previously generated using a
scheme and is present, the database may be used. In this
case, the database formation process may be skipped.

30 (02127

Processes ol step 5102 through 5109 of Fig. 10 are
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external environment. Measurement values are input by 5 the subject, or are input by a measurement
device, and the like. [0216] Through the processes above, environmental information and cell
memory information of an organism of 10 the subject are obtained. [0217]5»3lp.siep 8140, the
detector 117 detects DNA polymorphism. That is, the detector 117 detects a single nucleotide
polymorphism and a structural polymorphism as 15 gene information of a gene included in the subject
of a health care. [0218] When a history of the subject is obtained as described in the foregoing, the
search unit 1i8:seanchies 20 forla:histary of @nothier persomsimilas to the history @f the subject from
information slgored in tq:e, databr?%e 119in step 5111. That is, as described in the foregoing, a similarity
in a correlation among cerméory tfofthafiont 8f A BfSogicdiRoleculeofiRBitals, gene

information 2&suchias DNA pelymarphism infiermation: apd enviroamental information based on a
lifestyle is determined, and a mast similar history is searched for. [0219 A search for a similar

history will b8 GRESTEL3G wWith referehte 4 Figss 1o 12 oy B, §&illstratéd in Fig. 11, it
is presupned thatdfive hiogd (SR30Q299W0Q0 molgsyles A through. E of a.subject of a health are

measurement interval. In step S104, the measurement unit
113 measures the measurement molecules, selected in a
process of step 5102, at the molecule measurement
interval determined in step S$103.

10 [0213]

In step 8105, the creation unit 114 creates a time-
series variation graph. That is, a graph is created
based on FEqguation (5) through (11) described above. In
addition, in step 3106, the dividing unit 115 divides

15 components. That is, using a biclogical state space
model, time-series data is divided into a periodic
compenent, an environmental stimulus response component,
and a baseline component.

[0214]

20 In step 8107, the identification unit 116
identifies a constant region. That is, a constant region
is identified using an “organism local constant model.” |
In step S108, the identification unit 16 identifies a
causal relation. That is, a causal relation between

25 constant regions of each molecule is created. A dynamic
censtruction model may be used to identify the causal
relation.

[0215]

In step 5109, the identification unit 116

36 identifies a causal relation of molecular markers and a

relation with an external envirconment. That is, a causal
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selected depending on an intention, and are measured. Similarly to a case in Fig. 3, Fig. 11 is a
diagram illustrating a model associated with a causal relation 5 using four constant regions y11
through y14 of the five blood molecules A, B, C, D, and E as nodes. Yi(A) ékroggh o) denote nodes
of the constant regions yi (i - 11, 12,13, and 14) of the blood molecules A through F, respectively, and
x10 through x14 denote states of an 10 organism. The states x10 and xil denote a health state, the
states x12 and x13 denote a symptom non-onset state, and the state x14 denotes a symptom onset

state. A numbet indicates-a passage of imecia:directionfien a small yalueite:a large value, and a
lifestyle of the subject is 15 recorded in the order. [0220] The node I-14(A) and the node Y14(D) are
causes, and fiarRerS thal rebfadl s "Stafe 6f & HeESE - The MR AT 2hd fid Wode™.13(C) affect

an induction of thedrode: 20 ¥ 4¢A) and the rodesY 13(F) affects an industion of thesnade Y14(D).
Similarly, the nodes Y12(C), 112(A), and y12 (D) affect an induction of the nodes F13 (A), F13 (C),
and Yn(E), ré3pechively. RUihér #HE hbdes ARAY AR fanteY 1£(D) i fect BRUAdEtion of the nodes

Y12(A), ¥ fl(G)n 25 and; (D), respestively[0224], - Méhen,agasedn which.a cell memory is
introduced is denoted by a sign +, and a case in which a cell memory is not introduced in denoted by a
sign - in each¢Bnstake3o region, a history of a cell memory of a subject in Fig. 11 may be expressed
as a matrix of d-ig.42. The sign + SP300299W000 and the sign - of Fig. 12 correspond to states of the

nodes Y11(A) through Y14(E) of Fig. 11, respectively. [0222] Further, it is presumed that five types of
Through the processes above, environmental

information and cell memory information of an organism of
10  the subject are obtained.
(0217]

In step 8110, the detector 117 detects DNA
polymorphism. That is, the detector 117 detects a single
nucleotide polymeorphism and a structural polymorphism as

15 gene information of a gene included in the subject of a
health care.
(02187
When a history of the subject is obtained as
described in the foregoing, the search unit 118 searches
20 for a history of another person similar to the history of
the subject from information stored in the database 119
in step S8111. That is, as described in the foregoing, a
similarity in a correlation among cell memcry information
of a biclogical molecule of individuals, gene information
25  such as DNA polymorphism information, and environmental
information based on a lifestyle is determined, and a
most similar history is searched for.
0219}
A search for a similar history will be described
30  with reference to Figs. 11 and 12. For example, as

illustrated in Fig. 11, it is presumed that five blood
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. associated molecules G(A) through G(E) are detected as gene information of a gene associated with
the blood molecules A through E. When n types of diversities in each gene are included in a compared
group from a result of a genome analysis, the group may be classified intod) 5k0.%5, @-denotes factorial)
small groups (group illustrated in the left frame in Fig. 11) from genome information. [0223] When
a search for a similar history is executed, data is first classified into small groups according to 15
genome information, and then approximate data is selected from a homogeny of the matrix illustrated

in Fig. 12. When adhoneegeny:is the fighest alkitems of the matrix match-gne agother. When it is
partially approximate, proximity is ranked according to a size. Since a record 20 of a lifestyle is

attached to dafa 64 FratfeREEAGREL MayHeldct EfutireNifestyld \AlPrétersHeass similar lifestyle

information of anether persen. [0224]dn sten-$412 sthegnference and contralynit 120 25 infers and
controls a state change. That is, a future change in a state of an organism of a subject is inferred, and
an intervention' s&tidmé chiding Bostele RGP SéRemE i¥ pidposedafox2b] BeAsimplest proposal is to

present 8 Sea/gh{gsuibatsien sl ip asubjes, Thal ieylp A, SeRrch pioess, SPA00299WO00 of siep
ea ior.

S111, a history of another person similar to a history of a subject is searc When the other
searched persbfidihsi@ diselide or An ifneds, the sabjéctis dighlydiesly tothalfe)a similar disease or

festyle 5o thes a1 SopON Sl contion i Hfarant fom et SF e GIhGr pergoRs (1 o0
=11, 12 ,13, and 14) of the blcod molecules A through E,
respectively, and x5 through x;; denote states of an

10 organism. The states xyp and x;; denote a health state,
the states x4, and x;3 denocte a symptom non-onset state,
and the state x;, denotes a symptom onset state. A number
indicates a passage of time in a direction from a small
value to a large value, and a lifestyle of the subject is

15  recorded in the order.

10220]

The node Yi4(A) and the node Y4(D) are causes, and
markers that replace a state of a disease. The node
Y12 (A} and the node Yi3(C) affect an induction of the node

20 Yis(RA}, and the node Y.3(E) affects an induction of the
node Y3z (D). Similarly, the nodes Y, {(C), Yi2{A), and
¥12{D) affect an induction cof the nodes Yy3(A), Y:(C), and
Y:i3(E), respectively. Further, the nodes Y;:(A), Yi;(B),
and Y13 (D} affect an induction of the nodes Yy, (A}, Y12 {Cy,

25 and Y2 (D), respectively.

[0z221]

When a case in which a cell memory is introduced is
denoted by a sign +, and a case in which a cell memory is
not introduced in denoted by a sign - in each constant

30 region, a history of a cell memory of a subject in Fig.

11 may be expressed as a matrix of Fig. 12. The sign +
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[0226] 10Furthermore, further options for maintaining health of the subject may be actively constructed
and provided. For example, among environmental conditions such as stress, a diet habit, an exercise
habit, an infection history, and a cure history, it may be suggested that an 353¢leaesitbaving a strong
causal relation is specified, and the element is changed. Further, when a factor associated with a gene
may be changed, the change may be suggested. [0227] 20As described in the foregoing, by searching
for information of an organism of a person other than a subject similar to cell memory information,
environmentafififorifatiohgand gehe Trfermafior of tvessabjectiof sstieditscase, itis possible to

reliably obtain 5. aparopriate dnfprmation for maintaining health of e subject, [0228] In this
specification, a step describing a process of a flowchart'includes a prgcess executed in parallel or 30
individually el/éa4Rough the process is not a time series process in addition to a process executed in a
time 52300299W00Q.serigs manner according fo.an grder. 02291 g o¢
5 associated molecules G(A) through G(E) are detected as
gene information of a gene associated with the blood
molecules A through E. When n types of diversities in
each gene are included in a compared group from a result
of a genome analysis, the group may be classified into n!
10 x5 (! denotes factorial) small groups (group illustrated
in the left frame in Fig. 11} from genome information.
(02237
When a search for a similar history is executed,
data is first classified into small groups according to
15  genome information, and then approximate data is selected
from a homogeny of the matrix illustrated in Fig. 12.
When & homogeny is the highest, all items of the matrix
match one another. When it is partially approximate,
proximity 1is ranked according to a size. Since a record
20 of a lifestyle is attached to data of a matrix, a subject
may select a future lifestyle with reference to similar
lifestyle information of another person.
(02247
In step 5112, the inference and control unit 120
25 dnfers and centrels a state change. That is, a future
change in a state of an crganism of a subject is inferred,
and an intervention scheme including a prevention scheme
is proposed.
10225]
30 A simplest propssal is to present a search result

of step 5111 to a subject. That is, in a search process
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In addition, embodiments of the technology are not limited to the embodiments described above, and
may be 5 variously changed within a scope not departing from the spirit of the technology. For

example, two or more arbitrary embodiments may be combined together. S?ﬁﬁﬁ%@@}l@% SIGNS
LIST 10[0230] 1Biological information processing device 11Selector 12Determining unit
13Measurement unit 1514Creation unit 15Dividing unit 16ldentification unit 17Inference and go_ntrol _
unit 51Biological information processing device 2061Selector 62Measurement unit 63Determining unit

64Dividing unit 65kdentification unih2%66inference AREICORtRELYRIL, similar to a
history of a subject is searched for. When the other
searched person has a disease or an illness, the Sﬂbject

is highly likely to have a similar disease or illness.

[}

Thus, for example, the subject may prevent the similar

disease or illness by changing a lifestyle so that an

envircnmental condition is different from that of the
cther person.

[0226]

10 Furthermore, further options for maintaining health
of the subject may be actively constructed and provided.
Fer example, among environmental conditions such as
stress, a diet habit, an exercise habit, an infection
history, and a cure history, it may be suggested that an

15 element having a strong causal relation is specified, and
the element is changed. Further, when a factor
associated with a gene may be changed, the change may be
suggested.

[0227]

20 As described in the foregoing, by searching for
information of an organiém,of a person other than a
subject similar to cell memory information, environmental
information, and gene information of the subject of a
health case, it is possible to reliably obtain

25 appropriate information for maintaining health of the
subject.

[0228]
In this specification, a step describing a process
offt a flowchart includes a process executed in parallel or

30 individually even though the process is not a time series

process in addition to a process executed in a time
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SP300299W000 CLAIMS 1. A biological information processing method comprising the steps of:
5measuring an expression level of molecules in an organism over a specific time interval, dividing
measured time-series data into a periodic component, an environmental stipylisrespeRge component
and a baseline component; 10identifying constant regions of the time-series data from variations in the
baseline component or from the amplitude or periodic variations of the periodic component, and
identifying causal relation between the identified constant regions; and 15inferring changes in the state
of the organismafiam theidentified causakielationhetween the constant regions. 2. The biological
information p %%ezsg,i]ng method 20 according to claim 1, wherein the identifying step comprises
further identifi/lng the relation between changes in the state of the organism and the external
environment, and therinfering step comprises furthey inferring. 25 disgasepnset inthe qrganism from

the identified_relation between changes in the state of the organism and the external environment.
imited to the embodiments described above, and may be

5> variously changed within a scope not departing from the
spirit of the technology. For example, two or more

arbitrary embodiments may be combined together.

REFERENCE STIGNS LIST

10 [0230]
1 Blological information processing device
i1 Selector
12 Determining unit
13 Measurement unit
15 14 Creation unit
15 Dividing unit
i6 Identification unit
17 Inference and control unit
51 Biological information processing device
20 61 Selector
62 Measurement unit
63 Determining unit
64 Dividing unit
65 Identification unit
25 66 Inference and control unit
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3. The biological information processing method 30 according to claim 1, wherein the measuring step
comprises measuring the molecules representing a general SP300299WO000 state, a local state, and
a chromosome state. 4. The biological information processing method acggrding &, glajm 1, wherein
the molecules are blood 5 molecules of the organism. 5. The biological information processing
method according to claim 1, wherein the molecules are molecules associated with metabolic
syndrome. 10 6. The biological information processing method according to claim 1, wherein the
molecules are molecules in a culture medium. 15 Z.&4yo0logical information processing device
comprising: a measurement unit that measures an expression level of molecules in an organism over
a specific time interval; 20a dividing unit that divides measured time-series data into a periodic

component, an envirpnpeatad stiswius; respense compopsptand abaseling gomponent; an
identification unit that identifies constant regions of the time-series data from variations in the 25

baseline confpdieht i ftemthe arhpktadeor periodic variations of the periodic component, and
identifieg causal relaﬂ%@@@f‘@ﬁf the 'QQBW%QQH?tﬁ@J@Q'O%' molecules in an

organism over a specific time interval;

dividing measured time-series data inte a periodic
compenent, an environmental stimulus response component
and a baseline component;

10 identifying constant regions of the time-series
data from variations in the baseline component or from
the amplitude or periodic variations of the periodic
component, and identifying causal relation between the
identified constant regions; and

15 inferring changes in the state of the organism from
the identified causal relation between the constant

regions.

2. The bioclogical information processing method
20  according to claim 1,
wherein the identifying step comprises further
identifying the relation between changes in the state of
the organism and the external environment, and
the inferring step comprises further inferring
25 disease onset in the organism from the identified
relation between changes in the state of the organism and

the external environment,
3. The biological informaticn processing method

30 according to claim 1, wherein the measuring step

comprises measuring the molecules representing a general
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and an inference unit that infers changes in the state 30 of the organism from the identified
causal relation between the constant regions. - 8. A recording medium having recorded therein a
program that causes a computer to execute the steps of: measurings;expressigndevel of
“molecules in an 5 organism over a specific time interval, dividing measured time-series data into a
periodic component, an environmental stimulus response component and a baseline component;
identifying constant regions of the time-series 10 data from variations in the baseline component or
from the amptitude=or perioglic: Varations, ofthe periedicceorapanent: and identifying causal relation
between the identified constant regions; and inferring changes in the state of the organism from
15 the identified causal relation between the constant regions. 9. A program that causes a computer

to execute the steps of: 20pieassging-an expressign level of maleculas in,an prganism over a specific
time interval, dividing measured time-series data into a periodic component, an environmental

stimulus resporse cohonent ahd d'baselifeccsmporiett; T5identiyng corstantregions of the
time-series data frenmvariationsi the-haseline component or from

5. The biological information processing method
according to claim 1, wherein the molecules are molecules

associated with metabolic syndrome.

10
6. The biclogical information processing method
according to claim 1, wherein the molecules are molecules
in a culture medium.

15 7. A biclogical information processing device
comprising:

a measurement unit that measures an expression
level of molecules in an organism over a specific time
interval;

20 a dividing unit that divides measured time-series

data into a periodic component, an environmental stimulus
response component and a baseline component;
an identification unit that identifies constant
regions of the time-series data from variations in the
25 baseline component or from the amplitude or periodic
variations of the periodic component, and identifies
Cagsal relation between the i@entified constant regions;
and
an inference unit that infers changes in the state
30  of the organism from the identified causal relation

between the constant regidns.
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the amplitude or periodic variations of the periodic component, and identifying causal relation between
the identified constant regions; and 30inferring changes in the state of the organism from the identified
causal relation between the constant SP300299W000 regions. 10. A biolggicalinfesmatien processing
method comprising the steps of: 5acquiring cell memory information of a biological molecule of an
organism of a subject; acquiring environmental information associated with an environmental
condition of the organism of the subject; 10acquiring gene information associated with a gene
sequence included in the organism of the subject; and searching for similar information of an

organism of a perso%othe(r: (t)f}:%ithe suebﬁct asgociated with the acquired cell memory information,

environmental 15 information. and yene information" 9 1 e Bisidgicar infdrmation processing
method accarding tarclaima10, wherein thecgenaiinfarmasion:is & sieglernuicleatide polymorphism and a
structural 20 poly Mo £, The B g oMt Progeseng metod . o
5 organism over a specific time interval;
dividing measured time-series data into a periodic
component, an environmental stimulus response component
and a paseline component;
identifying constant regions of the time-series
10 data from variations in the baseline component or from
the amplitude or periodic variations of the periodic
component, and identifying causal relation between the
identified constant regions; and

inferring changes in the state of the organism from

15 the identified causal relation between the constant

regions.
9. A program that causes a computer to execute the
steps of:

20 measuring an expression level of molecules in an

organism over a specific time interval;

dividing measured time-series data into a periodic
component, an envirconmental stimulus response component
and a baseline component;

25 identifying constant regions of the time-series
data from variations in the baseline component or from
the amplitude or periodic variations of the periocdic
component, and identifying causal relation between the
identifiéd constant regions; and

30 ' inferring changes in the state of the organism from

the identified causal relation between the constant
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according to claim 11, wherein the searching is performed based on similarity in a correlation among
the cell 25 memory information, the environmental information, and the gene information. 13. The

biological information processing method according to claim 12, wherein the stepefagayiring cell 30
memory information includes the steps of: measuring an expression level of molecules in an
SP300299W000 organism of the subject over a specific time interval; dividing measured
time-series data into a periodic component, an environmental stimulus response component and a
baseline compoenent;and Sidentifying constant regions of the time-series data from variations in the
baseline component or from the amplitude or periodic variations of the periodic component, and
identifying causal relation between the identified constant regions. 10 14. A biological information
processing device comprisingigicala caFmemorydnfasmation acquisition urit that acquires cell
memory information, of a biological molecule 15 of an organism of a subject; an environmental
information acqUfStiofrutt ﬁ%‘f at§irés Bhvironmental information associated with an environmental

conditiors of the organismuefthesublect; a.gepe informatien acguisitien unitithat agquires
molecule of an organism of a subject;
acquiring environmental information associated with
an environmental condition of the organism of the
subiect;
10 acquiring gene information associated with a gene
sequence included in the organism of the subject; and
searching for similar information of an organism of
a person other than the subject associated with the
acquired cell memory information, environmental

15  information, and gene information.

i1, The biological information processing method
according to claim 10, wherein the gene information is a
single nucleotide polymorphism and a structural

20  polymcrphism.

12. The biological information processing method
according to claim 11, whersin the searching is performed
based on similarity in a correlation among the cell

25 memory information, the environmental information, and

the gene information.

i3. The biological information processing method
according to cliaim 12, wherein the step of acquiring cell
30 memory information includes the steps of:

measuring an expression level of molecules in an
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20 gene information associated with a gene sequence included in the organism of the subject; and a
search unit that searches for similar information of another organism associated with the acquired cell
memory information, environmental information, and gene 25 information.s 15 ;AJg6Qxding medium
having recorded therein a program that causes a computer to execute the steps of: acquiring
cell memory information of a biological 30 molecule of an organism of a subject; acquiring
environmental information associated with  SP300299W000 an environmental condition of the

organism of thegsubjeet; acquiring gepedaformatien asspeiatediwith agengrsequence included in the
organism of the subject; and 5searching for similar information of another organism associated with

the acquired cell me%bVﬁﬁﬁHﬁnﬁﬁﬁﬁ’éﬁ@ﬁoﬁﬁf@ﬁfa‘??rﬁbﬁﬁaf?&{%W@in@&ﬁé{ﬁﬁ 10 16.A
program thatcayseseeomputente exesuie-the stens ofi 11 s acaujsinggellmemary information of a

biological molecule of an organism of a subject;
and a baseline component; and
5 identifying constant regions of the time-series
data from variations in the baseline component or from
the amplitude or periocdic variations of the periodic
component, and identifying causal relation betwsen the
identified constant regions.
10
14. A biclogical information processing device
comprising:
a cell memory information acquisition unit that
acquires cell memory informatiocn of a bioclogical molecule
15  of an organism of a subject;
an environmental information acguisition unit that
acquires environmental information associated with an
environmental condition of the organism of the subject;
a gene information acguisition unit that acquires
20  gene information associated with a gene sequence included
in the organism of the subiect; and
a search unit that searches for similar information
of another organism associated with the acquired cell
memory information, environmental information, and gene

25 information.

15. A recording medium having recorded therein a
program that causes a computer to execute the steps of:
acquiring cell memory information of a bioclogical
30 molecule of an organism of a subject;

acquiring environmental information associated with



acquiring environmental information associated with 15 an environmental _condition_ of the orgar_lism of
the subject; acquiring gene information associated with a gene sequence included in the organism of

the subject; and searching for similar information of another 20‘organism @g@i@%wg%he acquired
cell memory information, environmental information, and gene information.

an environmental condition of the organism of the
subiect;
acquiring gene information associated with a gene
sequence included in the organism of the subject; and
5 searching for similar information of another
organism associated with the acquired cell Memory
information, environmental information, and gene

information.

10 16. A program that causes a computer to execute the
steps of:
acquiring cell memory information of a biclogical
melecule of an organism of a subject;
acgquiring environmental information associated with
15 an environmental condition of the organism of the
subject;
acguiring gene information associated with a gene
sequence included in the organism of the subject; and
searching for similar information of another
20  organism associated with the acguired cell MEnory
information, environmental information, and gene

information.
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