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DESCRIPTION
BIOLOGICAL INFORMATION PROCESIING METHOD AND DEVICE,
RECORDING MEDIUM AND PROGRAM

TECHNICAL FIELD
{0001]

The present technology relates to a biclogical
information processing method and a device, a recording
medium and a program, and particularly to a biclogical
information processing method and a device, a recording
medium and a program that predict and contrcel future

changes in the state of & human corganism.

BACEGROUND ART
(o002}

R decrease in productivity of development in a new
treatment scheme, diagnostic scheme, and prevention
scheme has been a significant issue in resoclving a social
problem associated with health. The decrease in
productivity is caused since encrmous perception obtained
in basic biology fails to be effectively used to resolve
an issus in clinical practice {Non-Patent Document 1}.
According to recent international research, the current
world population having diabetes has increased to 285
million. The population having diabetes is esxpected to
exceed 435 million, which is larger than the population
of North Bmerica, by the year 2030. This indicates that
prevalence of Giabetes of adults in the world is close to
T%.

[G003]

i

A human includes 60 trillion cells, has iplexity

9]
9

b

et



10

25

SP300289W000

of storing DNA {Deoeribonucleic acid) information
including € billion base palrs in each cell, and is a
dynamic system that performs cell divisions 10%* times in
the human’'s life. In addition to millicns of bhase
substitutions, diversity in a DNA structure such as loss,
duplication, and inversion of a DNA sequence is observed
between two individuals.
(000473

One of characteristics of bioclogy is a hierarchy.
A human body 1s based on a "cell" including molecules
such as DHA cor protein, and 1s characterized by a
subsystem, a tissue, and an organ including various cells.

The hierarchy diversifies a time scale of a responsive

- reaction with respect teo a stimulus from an environment.

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 0f a cell growth or differentiation

proceeds in a unit of date and hour. The diversity of

the time scale causes a Lime delay in an organism.
[0005]

In a complex and diverse life phenomenon, basic
biclogy has clarified a causal relation between molecules
included in an organism to represent an organism a8 a
mechanical system. This is implemented by a scheme of
selecting a particular molecular parameter from among &
plurality of pérametars, and changing the particular
molecular paramster.

[0o0g]
In a clinical science, disease 1s treated by

emphasizing alleviation of asscciated symptoms.
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(00071

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
clinical outcome is inferred from a biclogical index in a
gpecified time.
roooeg]

A significant objective in modern medicine is to
provide appropriate nealth management or treatment to
cach individual. When a treatment scheme or medication
of which safety and =fficacy have been statistically
verified is marketed and used by a large-scale grcup, a
side effect or no efficacy is observed in a portion of
patients. One of the causes thereof is genetic diversity
of a patient receiving treatment. With regard to =
difference in disease onset rate due to genetic diversity,
an analvysis has been recently in progress by “{Genome

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

CITRATION LIST

NON-PATENT DOCUMENT

(00081

Non Patent Document 1: Nature 453; 840-9, 2008
(00101

Non Patent Document 2: J. Hum. Senst. Doi:

10.1036/104.2010.19

SUMMARY OF THE INVENTION
PROBLEMS TC BE SOLVED BY THE INVENTION
[0011]

Howeveyr, in & current clinigal practice, To measurs
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a limited biological index only in a limited time, and
statistically average the index, various characteristics
acguired by various people included in a group over time
are abstracted accordingly. In addition, as opposed to
bagic biology emphasizing a micro-scale issue, clinical
regearch handles, as a clinical outcome, a macro-scale
igsue of an individual level such as a physical
digability, a loss of a physiological function, and a
particular illness or body condition. In basic bioclogy
and clinical research, a gap is included between levels.
f0012]

In addition, a current treatment strategy is forced
to construct a disease by abstracting diversification
acquired over time, and thus every tréatment strategy is
a gymptomatic 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
basic biology or clinical practice may not predict and
control a future change in a human biological state,
making it difficult to Gevelop an effective prevention
scheme and treatment scheme.

[0014]

Embodiments of the present invention have been
contrived in view of the above circumstances, and may
predict and control a future change in a human biological

state.

SOLUTIONS TO PROBLEMS
[0015]
According to a first aspect of the present

invention, there is provided a biological
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information processing 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 pericdic compeonent, an environmental
stimulus response component and & baseline component;
identifying constant regions of the time-series data from
variations in the baseline component cor from the
ampiitude or periodic variations of the pericdic
component, and identifying causal relation between the
identified constant regions; and inferring changes in the
state of the organism from the identified causal relation
between the constant regions.

[0016]

The identifyving step may further identify the
relation between changes in the state of the corganism and
the external environment, and the inferring step may
further infer disease onset in the organism from the
identified relation between changes in the state of the
organism and the external environment.

[Q017]

The measuring step may measure the molecules
representing a general state, a local state, and a
chromosome state.
ro0te]

The molecules mavy be blood molecules ¢f the

organism.

The molecules may be molecules asscciated with
metabolic syndrome.
(00201

The molecules may be molecules in a culture medium
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[0021]

According to above asgspect, an expression level of
moleculeg in an organism is measured over a gpecific time
interval, measured time-geries data ig divided intc a
periodic component, an environmental stimulus response
component and a bageline 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 compeonent, and causal relation
between the identified constant regiong ig identified.
Changes in the state of the organism are inferred from
the identified causal relation between the constant
regions.

[0022]

A biclogical information processing device, a
recording medium, and a program of the above aspect of
the invention are a biological information processing
device, a recording medium, and a program corresponding
toe the biological information processing method of the

above aspect of the invention.

[0022a]

According to a second aspect, there is provided a
biological information processing device comprising: a
measurement unit that measures an expression level of
molecules in an organism over a specific time interval; a
dividing unit that divides measured time-series data into
a periodic component, an environmental stimulus response
compeonent and a baseline component; an identification

unit that identifies constant regions of the time-series
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data from variations in the baseline component or from
the amplitude or periodic variations of the periodic
component, and identifies causal relation between the
identified constant regions; and an inference unit that
infers changes in the state of the organism from the
identified causal relation between the constant regions.
[0022Db]

According to a third aspect, there is provided a
recording medium having recorded therein a program that
causes a computer to execute the steps of: measuring an
expregsion level of molecules in an 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-serieg 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
censtant regions; and inferring changes in the state of
the organism from the identified causal relation between
the constant regions.

[0022c¢]

According to a fourth aspect, there is provided a
program that causes a computer to execute 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
stimulus response component and a baseline component;

identifying constant regions of the time-series data from

6a
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variations in the baseline component orxr frxrom the
amplitude or periodic variations of the periodic
compenent, and identifying causal relation between the
identified constant regions; and inferring changes in the
gtate of the organigsm from the identified causal relation

between the constant regions.
[0023]

Disgclosed herein is a bioleogical information
processing method including the steps of: acquiring cell
memory information of a biclogical molecule of an
organism of a subject; acquiring environmental
information associlated with 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
an organism of a person other than the subject assoclated

with the

&b
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acquired cell memoxry information, environmental
information, and gene information.
[0024]

The gene information may be a single nucleotide
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.
[oc26]

The step of acquiring cell memory informaticn
includes the steps of: measuring an expression level of
molecules in an crganism of the subject over a specific
time interval; dividing measured time-serieg data into a
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 varilations of the periodic component, and
identifying causal relation between the identified
constant regions.

[6027]

According to the above disclosure, cell memory
information of a bioclogical molecule of an organism of a
subject is acguired, environmental information associated
with an environmental condition of an organism of the
subject is acquired, gene information associated with a
gene sequence included in an organism of the subject is
acquired, and similar information of an organism of a
person other than the subject associated with the

acguired cell memory information, environmental
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information, and gene information is searched for.
10028]

A biological information processing device, a
recording medium, and a program of the above disclosure
are a biological information processing device, a
recording medium, and a program corresponding to the
biclogical information processing method of the above

disclosure.

EFFECTS OF THE INVENTION
[0029]

As described above, according to embodiments of the
present invention, it is possible to predict and control

future changes in the state of a human organism.

BRIEF DESCRIPTION OF DRAWINGS
[0030]

Fig. 1 is a block diagram illustrating a
configuration of an embodiment of a biological
information processing device.

Fig. 2 is a flowchart illustrating a health state
prediction and control process.

Fig. 3 is a diagram illustrating a model asgsociated
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
control process of a cellular state of a cultured cell.

Fig. 6 is a diagram illustrating & configuration of
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a model of a celi.

Fig. 7 is a diagram illustrating a change in state
of a cell.

Fig. 8 is a diagram i1liustrating a causal relation
of information.

Fig. 9 is a block diagram illustrating a
configuration of another embodiment of a biological
information processing device.

Fig. 10 is a flowchart illustrating another health
state prediction and contrel process.

Fig. 11 is a diagram illustrating a model
assocliated with a causal relation of a lifestvle.

Fig. 12 is a diagtam illustrating a matrix

representing a history of a cell memory.

MODE FOR CARRYING CUT THE INVENTION
[00311]

Hereinafter, a mode (hereinafter, referred to as an
embodiment} for carrying out the techneology will be
described. Description will be made in the following
order.

Progress
Definition
First embodiment

Second embodiment

1

Z

3

4

5. Third embodiment
6. Fourth embodiment
7. Fifth embodiment

2. 8izxth embodiment

9. Seventh embodiment
1

0. Eighth embodiment
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11. Ninth embodiment
To632]
<Progress>
[G033]

First, a progress cof the technology will be
described zs follows.
[0034]

Developers of the technology have closely examined
a method of representing a tTime evolution of a human
organism and predicting and controlling a direction of
change of the future. As a result, in addition to three
parameters of a genebtic type, a phenotype, an external
environment conventionally used to formulate a life, by
introducing a new parameter referred to as a “cell menmory

rr

undergoing a time evolution,” it 1s found that a preblem
of a human crganism undergeoing a time evolution may be
resolved. In addition, teo formulate the “cell memory
undergoing a time evolution,” the developers of the
rechnoloegy have noted that a cell memory of a
transcription factor having a property of a bistable
switch expressed in each cell changes over time due to
epigenetic modification and genetic modification. The
eplgenetic modification includes DNA methylation or
histone modification, and fThe genetic modification
includes a DNA mutation or a structural change.
10035] |

The developers of the technology have constructed
the “eell memory model undergoing a time evolution” which
indicates that genetic modification and epigenetic
modification change a. cellular state by altering an

expression level of a target gene product contreoiled by &

10
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bistable switch. Further, according to the “cell memory

rs

model undergoing a time evolution,” the developers of the
technology have constructed a concept referred to as a
“chromosome state” including a transcription factor that
functions in a chromosome, genetic modification, and
epigenetic modification.

[0036]

¥

Next, to estimate the “chromosome state” from an
obgserved value of a general =tate or a local state, the
developers of the technolegy have linked the generate
state, the local state, and the “chromosoms state” which
are three different levels constituting a human organism
system to one another. For this, the developers of the
technology have constructed a macro model, a meso model,
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 of
linking and formulating the macro model, the meso model,
and the micro model in units of cells.
(00273

Mext, to observe the “chromosome state” that
manages a time evelution of a human orgenism, the
developers of the technology have examined development of
a method of integrating 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 fechnology propose a method of
extracting the “chromoscme state” by dividing time-series
data of a molecular marker that reflects the general

state using the “biological state space model” into a

bt
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pericdic component, an environmental stimulus. response
component, and a baseline component.
[0C38]

Next, the developsrs of the technology have closely
examinedrdevelopment of & control model using data ¢f the
time evolutional change of a human organism that can be
represented by the technology for the first time. Then,
the developers of the technology find a concept of a
“constructed change” indicating that an initial input
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 evelution” is controlled by the
“constructed change.”

[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 ¢f an “organism local constant regilon
model” for identifying a constant region of time-series
data associated with an expression level of a molecule
produced in an organism using the “biclogical state space
medel.” Furthermore, the develcopers of the technelogy
propose a method of analyzing a causal structure and a
biclegical state tracking using, as a node, an organism
local constant regicn found during a time series
variation of an expression level ¢f a molecule produced
in an organism.

[00407]
<pefinition>

[0041]
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Next, definition of terms used in description of
embodiments of the technology will be describad.
[oo4z]

A time svoiution of a human organism indicates a
process in which a state or a function of a human
organism irreversibly changes over time. A human dies
after undergeoing irreversible changes such asg generation,
birth, growth, and aging from a moment cf fertilization.
An onset of a dissase progresses to a previcus step of
the onset receiving a potential change, the onset, a
particular discrdered physiological function, a loss of a
particular physiclogical function, a physical disability,
and a death. This indicates that an instant in a human
organism and the time of another instant are not
homogeneous.

10043]

The “cell memory undergoing a time evcolution”
indicates that a cell memory constructed by a
transcription factor is changed by genetic meodification
and epigenetic medification introduced as an
envircnmental input to a cell or a resulit from an
accident. A cell memory has conventionally been defined
as a phenomenon in which a change in state of a cell
acguired by a stimulus from an external environment is
maintained even after the stimulilus from the external
environment disappears (Cell 140: 13-1g, 2010). A
cellular state is represented by a ty?e, an amount, and a
modification property of a molecu}é expressed in a cell,
and a maintenance and a change 0f the cellular state is
controlled by a transcription factor.

(00441
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That is, a conventional cell memory provides a
concept that a state of a cell provides a particular
equilibrium by & characteristic of a bistable switch
included in a transcription factor. However, only the
uniform time of ON and GFF of & switch may be provided.
However, actually, genetic modification and epigenetic
nodification introduced over time change a cellular state
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.
(00457

That 1s, in the “ecell memory undergoing a time

7

evolution,” a diversity of a celiular state may be
formilated by a history that may be inheritad such as
genetic modification and epigenstic modification, and the
“cell memcry undergoing a time evelution” is essentially
different from a conventional c¢ell memory in thait ths
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 facitor is nonlinear and indicates a
histable characteristic, a state of & molecule is in
egquilibrium of ON or OFF, and the memory is inherited
even after a cell division. 2n affinity formed between a
transcription factor and a binding site of a promoctern,
and cooperativeness or multimerization among a plurality
of tranécription factors preovide a characteristic of a
nonlinearity to a transcription factor.
r0G47)]

The nonlinearity resists a2 transient disturbance

14
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and causes an expression level To be inherited by
providing a threshold~like characteristic to a response
of & transcription factor. In additicon, a transcription
factor acguiring a sufficiently great Hill coefficient by
a positive feedback or a positive or negative dual
feedback acquires a characteristic of a bistable switch,
and a change in state is locked even after an original
input disappears. That 1s, & type, an amount, and a
post~translationgl modification of a transcription factor
expressed in a cell forms a skeleton of & conventional
cell memory.

[0048]

Genetic modification such as a single nucleotide
polymerphism cbserved in a human genome, a defect, a
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 undergoing a time evolution” (Nature Review
Genetics 7: 85-97, 2006, Cell 128: ©655-658, 2007).

00497

Bach of genetic modification and epigenetic
modification directly or indirectly changes a parameter
associated with a characteristic of nonlinearity or a
bistable switch of a transcription factor, thereby

modifying a function of a conventional cell memory.

!

By

P

050

[~

hs for genstic modification, a relation betwsen a
single nuclectide polymorphism and a disease onset rate
is analyzed by a genome~wide linkage analysls scheme.

Using the analysis scheme, nineteen genes have been
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identified as a related gene of type 2 diabetes. However,
only 1% of the total is diabetlc patients having & mutant
(Nature 462: 307-314, 2009). Similariy, a BRCA 1/2 gene
mutation is observed in oniy 3% of tThe entire breast
cancer patients. In an experiment comparing a lifespan
of identical twins to a lifespan of non-identical twins,
an epidemiologic investigation dindicates that a
percentage of contribution to a lifespan by a gene
sequence is about 15% to 25% (Hum. Genet 97: 319-323,
1996) . |

[0051]

Epigenetic modification is defined as an alteration
of a gene function that may be inherited without
entailing a change in a DNA seguence. DNA methylation
and chemical modification of a chromatin protein are a
molecular substance of eplgenetics. In addition, an
alteration of a cell function due to denaturation of
protein such as prion protein and amyloid protein is
classified as epigensetics in a broad sense., A concept of
epigenetics was proposed by Waddington to describe a
mechanism in which genetic information is changed to a
phenotype in a process of generation.

(00521

However, a function of eplgenetics affects
establishment and maintenance of & tTissue or a cell-
specific genetic expression. 1In addition to this, a
stimulus due To nutritive conditions, a social stress,
and chamical substances introduces eplgenebic
modification. It has been reporﬁed by an epidemiological
research of humans that a stimulus from an environment

received during the stage of an unborn baby or a newborn
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baby affects an onset rate of a chronic disease in
adulthood through epigenetics {Stem Cell Res. 4; 157-1&4,
2010).

(60537

The above~described eplgenetic modification is
referred to as environmental epigenetics to be
distinguished from development-type epigenetics
associated with cell differentiation. The developers of
the technology have found that a function of
envircnmental epigenetics is regarded as a “function of
updating DNA information based on a change in external
environment information.”

[0054]

A scale of the time to be inherited iz different
petween genstic modification and epigenetic modification
affecting alteration of a functioen of a transcription
factor. Geneltic medification is a primary cause of a
cell memory inherited from parents te a child. On the
other hand, epigenetic modification performs a primary
function as a cell memory acquired in a generation.

(00551

Howaever, a discovery of
transgenerational-epigenetics indicates that
environmental epigenetics introduced in a germ line
resists an initialization of generation, and is inherited
from parents to a child (Stem Cell Res.4; 157-164, 2010).
In additicn, new genetic modification such as a DNA
mutation or transposition introduced in a somatic cell is
raegarded as a primary cause of carcinogenesis.

[0056]

A "model of a cell memory undergolng a time

17
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evolution” is a new concept introduced to formulate the
“cell memory undergoing a time evolution” that changes
over time due to genetic modification and epigenetic
modification. An expression signature of a transcription
factor, genetic modification, and epigenetic modification
that change over time are integrated into a “chromcsome
state.”

(0057}

This is different from a conventicnal cell memory
which defines only two states of ON and CFF with respect
to a transcription factor. 1In a chromoscme state of the
technolegy, an inhibiteory effect and an inducticn with
respect to a target gene product by a Lranscription
factor discretely change. By introducing a concept of
the chromosome state, cellular state is formulated as a

connection of two time series variations of the

B

chromosome state and an external environmental sfate of a
cell. Further, the “cell memory undergoing a time
evolution” is formulated as a function of a time series
variation of the “chromosome state.”

[0058]

An “organism level link model” is 2 new model
proposed for a connection of the “chromcsome state” and
an “individual state” requested to use the “cell memory
undergoing a time evolution™ for a predicticon of a health
or a disease of an individual level. A human Individual
iz a continuum hierarchically pﬁt in order. A cell is
formed from molecules, and a further complex entity such
as a tissus and an organ ls constructed on cells. A
state of a human body may be classified into a general

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

18
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above-described hierarchical structure, and a model of
three different scales of macro, meso, and micro may Eé
constructed in response to each state.

[0058]

A macre model is a model regarding an entire body
as a state. 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 a hormone of an
endocrine system or an immune system, a growth factor,
and a cytokine. In addition, adrenaline and
noradrenaline affecting a control of an autonomic nervous
system defines a state of an entire body.

(00601

L meso model 1s a model that discovers a state of a
homogenecus local space within an organism. Each organ
or tissue forms a homogeneous state as a unity. In
genaral, a symptom of an inflammation and the liks
specifically occurs in a local site. This includes
multiple cells forming an inflamed site. On the other
hand, a rejuvenescence of a tissue iz controliled by
propagation and differentiation of a few tissue stem
cells. Ag such, the meso model includes the different
number or type of cells such as one cell, an inflamed
tissue, a tissue, and an orgarn. _?he local state is
defined by systematic molecules in addition to an
autocrine and paracrine molecular group expressed within
a local environment.

[0061]
A microc model is a medel that discovers a state of

a chromosome included in each cell. A reason why the

15
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micro model is not in a cellular state is that a cellular
state only represents an cvert cell memory driven by a
transcription factor, and a potential change including
genetic modification or epigenetic modification is
abstracted. A chromosome state is defined by genetic
moedification, an epigenetic modification characteristic,
and an expression signature of a transcription factor.
[6062]

Epigenetic modification and an expression signature
of a transcription factor in a state of a chromosome are
controlled by a2 local environment and a systematlic
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 additiom
te & general state, and a cell that produces an autocrine
and paracrine facter which is a molecule of a local
environment is controlled by the general state, the local
environment of the cell, and the chromosome state. That
is, it is clear from an anaiysis that it is formulated
that the “chromosome state,” the local state, and the
general state concurrently determine a change of one
another, are concurrently directed, and concurrently
undergo a time evolution. The formulation is referred to
as an “organism level link model.”

{0063]

A human receives stimell from various different

environments depending on a social environment, a

behavioral characterlstic of the humen, and the like. A

stimulus from external environments 1s recognized by

various systems of & somatic cell, and is translated into

an internal environment change of a human bedy.
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Therefore, due to individual differences of a somatic
cell system receiving a stimulus, a stimulus from the
same environment may not necessarily induce the sane
change of an internal environment. This indicates that a
guantitative measurement of an envircnmental factor alene
may falil to accurately predict a change in state of a
human body. A stimulus from an environment may be
classified, according to a characteristic, into a
physical stress (temperature, oxygen; ultraviclet ray,
and the like), a chemical stress (endocrine disruptor,
carcinogen, and the like), a psychosocial stress, an
exerclse stress, a nourlshment stress (excessive eating
and starvation), an infection stress, a wound stress, and
the like.

{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, toe expand the “cell
memory undergoing a time evolution” to a memory of aﬁ
entire body level, time needs to be regarded as a
discrete distribution rather than as a continuocus
distribution. Instability of a time delay is controlled
by a feedback system within an organism. Accordingly,
when a change in state may be discovered in & time unit
in which a change from a feedback system to a new
féedback system may be discovered, a problem of a time
delay may be abstracted.

[0065]
A “biological state space model” is a new model

proposed to apply the “organism level link model” to a
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time-series model. Various models used for a time-series
medel may be generally managed in a unifled manner by a
state space model (Chapters 9, 11, and 12, Iwanami
bockstore, Kitagawa Genshire, Introduction fo time series
analysis). In addition, a large number of problems of a
time series analysis are formulated as a problesm of a
state estimation of the state space model.
(00661

The state space model incliudes two submodels of a
system model (x} and an observation model (vy), and two
interpretations are possible. When the observation model
is regarded as a regression mcdel that expresses a
structure in which cbserved time-series data yn is
observed, a state zn of the system model (x) is a
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 1s regarded as a signal to be estimated, the
system model represents a medel that indicates a
genarating mechanism of a signal, and the observation
model represents a state in which the signal is converted
and nolse is added when the signal is actually observed.
[0067]

In a “dynamic construction model,” xn expresses a
state of an actual human body, yn iz assumed to be a
multivariate time-series wvector associated with a
measurable expressicn level of an extracellular factor
roup, and the state xn is regarded as a signal to be
estimated. When the “organism level link model” iz
applied to a clinical prediction, it is not realilstic to

measure all of the “chromosome state” and the lccal 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.

[00&8]

The “organism level link model” clarifies that the
“chromosome state,” the local state, and the general
state concurrentliy determine a change of one another, are
concurrently directed, and substantially undergoc a co-
time evolution. This indicates that data of a time
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 lccal state and the “chromosome state”
are directly or indirectly reflected on yn which is
multivariate time-series data including a systematic
blood facteor of a human body state xn. This formulation
scheme is referred to as the “biological state space
model . ”

{G60e593

Time-series data yn of an extracelilular factor that
circulates in an entire body may be decomposea into a
periodic component using a seasonal adiustment model, an
envircnmental stimulus response compenent using a multi-
linear model, and a2 baseline component using a polynomial
smoothing spline model, respectively. A cell memory is
reflected on an amplitude and a frequency of a pericdic
component associated with an expression of a molecule
produced in an organism, a maximum expressicn level of a
stimulus response component, and & changs of a long-term

L34

baseline. Accordingly, by combining the “organism level

link model” with the “biclogical state space model,” it

23



10

15

20

30

SP300298W0CC

is possible to represent the “cell memory undergoing a
time evolution” specifically and in chronological order.
(00741

The “dynamic coenstruction model” is a control
theory with respect to a human organism undergoing a time
gvoiution. One of functions of a time evolution of an
organism 1is that an initial stimulus from an environment
changes responsiveness to a subsequent stimulus of a
similar type. A molecular entity of the responsiveness
change 1is referred to as a “constructed change” in this
specification. A human organism undergoing a time
evolution may be controlled by this formulation.
(00713

£

In the “constructed change,” a represantation “when
stress that is not fatal to an organism is applied,
responsiveness to a subseguent strong stress is improved”
iz generally referred to as a hormesis (Toxicology and
Bpplied Pharmacology 222: 122-128, 2007). Up until now,
a molecular mechanism of a2 hormesis is not clear. In a
“rell memory model undergoing a time sevelution” 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 bazsis. In this way, 1t may be understood that
an onset of a chronic disease is caused by a mismabtch
between the “cell memory underéoing a time evolution” of
the technology and a subsequent stress. -
(0072] |

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

model and a dynamic noneguilibrium model assuming a fixed
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genetic algorithm based on & genetic determinism. That
is, the “consgtructed change” assumes that a function of a
gene changes due to an input from an environment or an
accidental factor, and a genetically defined algorithm
changes when a portion of the change is inherited to the
future. Accordingly, & new control theory is needed for
the “constructed change.”
(00731

In the genetic determinism, a time change of a
phenotype (P(ti} is expressed by a product of & given
genetic type {Gx}) and an environmental factor (E{(L)) that
changes over time, which is as follows.

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

£

For one “constructed change,” a time change of a
phenotype {P{t}) is expressed by a product of a
chromosome state (C{t)} that changes over Lime and
incerporates the “cell memory undergoing a tinme
evolution” of the technology, and an environmental factor
(E{t))} that changes over time, which 1s as follows.

F(r; = C{t) x E(t; {(2)

An crganism model represented by Equation (2} is
referred to as the “dynamic construction model.”

[0CT5]

An “organism local constant model” is a new data
processing scheme for controlling a health and a disease
using the “dynamic constructien medel” of the technology.
Time-serjies data associated with an expression level of a
molecule produced in an organism 1s generally non-
stationary. However, even non-stationary dafa may be

assumed to be statlonary data in respective short
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intervals by dividing a time interval into appropriate
short intervals. Time-series model in which a time
interval is divided into appropriate short intervals by a
calculation independently from the above-described system
function, and respective short intervals may be assumed
to be staticnary is generally referred to as a local
constant model {(Chapter 8, Iwanami bockstore, Kitagawa
Genshire, Introduction to time series analysis).

(00761

r

In the “organism local constant model,” to allocate
changes in state of a3 cell memory as respective different
staticnary 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
pericdic component, an environmental stimulus response
componient, and a trend component of a baseline by using

P

the “kiclogical 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
freguency of a periodic component, and a maximum
expression level and a minimum expression level 0f an
environmental stimulus response componeni. Amcong Lhese,
thrae categories of a change of a baseline cocmponent, and
an amplitude and a freguency of a periodic component may
he identified independently from a strength of an input
from an environment.

[0077]

In the “organism local constant model,” a local

3

constant region is identified by the three categories.
In general, the local constant region 1s classified into

three states of an original stationary state, a new
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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
constant model in that a constant region is specified
based on a characteristic of an organism rather than
simply and mechanically decomposing a time series
variation into constant regions.

[ooig]

A “scheme of analyzing a causal structure and a
biological state tracking using a2 local constant region
as a node” is a scheme of predicting and contrelling
health maintenance and a disease onset by identifying an
internal cause of Iinducing a change in state to a human
organism undergoing a Time evolution. A disease starts
from an asymptomatic stage acguiring a potentizl change,
and undergoes a non-stationary time evolution of acute
symptoms, chronicity, a partially disorcered
physiological function, a partial loss cof a physiological
function, & 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.

160791

To predict and contrel a change in state of a
health state or a disease, a lcocal constant state region
of a disease indicating a systematlically complex aspect

first needs to be coded using a.mclecule produced from a

‘cell as & proxry index. This indicates that time-series

data of a molecule expressed from a cell cf an crgan, a

tissue, and a subsystem assoclated with a disease tis
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divided from a viewpoint of a local constant region, and
igs associated with a phenotype of the disease. Using a
cauvsal structure model constructed by a biological
knowledge as a prior probability, data of a time series
variation ¢of an expression level of a molecule within an
organism is analyzed from multiple individuals by Bayes'
apprcach, and an optimum type of molecule effective for
the asscocliation may be selected. Accordingly, a blood
molecule among various molecules produced from a cell may
relatively easily acquire time-series data using a blood
sample, and is effective for application of the “dynamic
constructicon model” of the technology.

[0080]

As a device for measuring a blood molecule, a
glucose meter is regarded as a prototype device
(Freestyle lite, Abbott Corporation). The glucose meter
may measure an amount of bloed glucose from a small
amount of blood collected using a needle. This systen
may be applied to a measurement of a blood molecule cther
than glucose. On the other hand, recently, a scheme of
percutaneously measuring a blood molecule is developed.
foogll

A time division of a constant region extracted from
a Time geries variation of an expression level of a bhlood
molacule ig not only effective for coding a state
associated with varicus diseases, and tracing the change
in state, bﬁt alsc may be used . to analyvze a causal
relation which is a cause of a disease onset. An issue
of & health management is identifving a change of a blood
molecule which is a cause of moving to an asymptomatic

initial disease stage from & health state, and using the
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hange for preventing an onset of a disease. In addition,
an issue of a disease management is identifying a change
of a bleood molecule which i1s a cause of inducing an
initial disease to a complication, and using the change
for preventing an cnset of the complication.

[oogz]

To perform a control using the “dynamic
construction model” of the technology, a causal relation
between changes of an expression level of a melecular
group within an organism is first modeled using
biclogical kncwledge. Then, it is used to construct a
graph structure associated with a probability
structure/causal structure between nodes identified by
extracting a constant region from data of a time series
variation of a molecules within an organism of a plurality
of patients., Thereafter, 1t 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 individuals or patients. A change of a graph
structure may be solved as a selection problem of a
covariance in regression analysis. A constructed optimum
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
individual by continuing a serial measurement of a change
of expression of a biclegical molecule.

[0683]

<First embodiment>

tApplication of dynaﬁic construction model to pradiction
and contrel of health state and disease state]

[0084]
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It is an important challenge desired from modern
medicine to develop an effective prophylaxis for diabeteas,
cancer, immunity disorder, dementia, and cardiovascular
disease basad on diversity of individuals and various
histories of the past. Using a “dynamic construction
medel” of the technology, an individual prevention may be
performed for the disease group.

[0085]

Fig. 1 is a block diagram illustrating a
configuration of a biological information processing
device 1 that predicts and countrols 2 health state. The
biclogical information processing device 1 includes a
selector 131, a determining unit 12, a measurement unit 13,
a creation unit 14, a dividing unit 15, an identification
unit 16, and an inference and control unit 17.

[0086]

The selector 11 selects measurement molecules. The
determining unit 12 determines a molecule measurement
interval. The measurement unit 13 performs a measurement.
The création unit 14 creates a graph. The dividing unit
15 divides components. The identification unit 16
identifies a constant region and a causal relation, and
identifies a causal relation of molecular markers and a
relation with an external envircmnment. The inference and
control unit 17 infers and controls change in states.
(00877

Fig. 2 is & flowchart illustrating a process of
predicting and ceontrolling a health state. Hereinafter,

a prediction and control process periformed by the
biological information processing device 1 of Fig. 1 will

be described with reference to Filg. 2.
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[0088]

In step 51, the selector 11 selects measurement
molecules for prediction and control in relation to
metabolic syndrome. That is, a type of blood molecule
performing a measurement of an expression level is
selected,

[0082]

The “dyramic constructicn model” of the technology
may be applied to prediction and control of an onset of a
serieg of dissases developing from metabolic syndrome to
a circulatory system disease. Diabetes 1z positioned
among the series of diseases developing from metabolic
syndreme to a circulatory system disease (Nature 444;
8§35-888, 2006). A metabolic disease causes obesity,
visceral obesity, hyposecretion of adiponectin, insulin
ragsistance, and the like from a problem cf a lifestyle
including poor eating hablts and lack of exercise.
Thereafter, a disesase state proceeds to high blood
pressure, pestprandial hyperglycemia, and dyslipidemia.
A state so far is referred o as metabolic syndrome.
[00OS0]

Metabollc syndrome induces an inflammation in
visceral fat, activates a regenerating system of various
organs, and increages oxlidant stress. As a result, a
fatty liver or nonalcoholic steatohepatitis is caused.
Thereafter, pancreatic dysfunction and insuvlin
hyposacretion occur, causing an onset of diabetes.
(0083}

Diabetes-induces‘nephropathy, retincpathy,
psychoneurosis, arteriosclerosis obliterans, cerebral

vascular disturbance, and an ischemic cardiac disease,

(S8}
e
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and proceeds to kidney dialysis, blindness, lower limb
amputation, stroke, dementia, and cardiac insufficiency,
resulting in death. In particular, an inflammaticn
induced by metabelic syndrome causes cancer or a
degenerative neurological disorder. When the “dynamic
construction model” 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-
serles data of an expression level (Nature 444; 839-3838,
2006y .

[0092]

First, a molecular group associated with an
interaction between a fat tissue and hypothalamic
pituitary performs an important function for eating,
glycometabolism, lipid preservaticn, 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-
pituitary-adrenal system, and changes a production of
glucocorticoid and aldesterone from an adrenal gland. As
a result, a function of appetitfte or sleep is changed.
[00933%

To identify the change, it is useful to measure a
time series wvariation of an expression level of leptin,
adiponectin, wvisfatin, and omentin produced from a fat
tissue, and ACTH produced from a pituitary in addition to
glucocorticoid and aldostercone in the blood. To
represent and control obesilty, visceral cbhesity,
hyposecretion of adiponectin, and insulin resistance, it

is uzeful to measurs a time series variation of an
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expression level of insulin, glucagon, amyiin, and GLP
produced from a pancreas, and lecithin and RBP4 produced
from a fat tissue. In a progress from metabolic syndronme
o an inflammation in visceral fat, it is useful to
measure & time series variation of an expression level of
TNF-o, IL-6, and MCP1 produced frqm_a immunocyte or a fat
rissue, and CRP, PAI-1, NEFA, VLDL, and LDL-ox produced
frem a liver.

[0094]

In step $2, the selector 11 selects measurement
rmolecules for prediction and control in relation to an
inflammatory disease.

[00951]

An inmmunity discorder including a connective tissue
disease, collitis ulcercsa, and dissenminated sclerocsis
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, and the like. It is useful for prediction
and control of an immune system digease to track, as a
molecular marker, a characteristic change of cytokine
produced from a granulocyte, a monocyte, a macrophage, a
dendritic c2ll, and a natural killer cell affecting
natural immunity, and a T cell, a helper T cell (THD, THI,
and THZ:, a CDB+ positive T cell, a regulatory T cell,
and a B cell affecting acguired immunity. Examples of
cytokine include interleukin, interferon, chem@kine, a
growth factor, and a lymphotoxin factor.

[G026] 7 .
In step $3, the determining unit 12 determines a

molecule measurement interval.
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(00971

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 davy,
weak, and month may be used depending on a measurement
environment. A lot of meolecules undergo a change of an
expression level 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
acquired by setting a predetermined Time period within a
day. It is preferable that the acguired time-series data
be analyzed using approximately 100 pileces of discrete
data as a set regardless of a3 tTime interval at which the
data is acquired. BAs such, to expeci acouracy, a
measurement 1s desired to be performed at least twice to
three times a day, preferably 50 times to 100 times a day.
[ohes)

In step 84, the measurement unit 13 performs a
measuregment. Herein, an expression level of a blcod
molecule as a biological molecule is measured.
Specifically, & molecule representing a general state, a
local state, and a chromcsome state 1s measured. The
measurement is performed at an interval determined in
stap 33.

0092}

A needle may be used as a device for measuring a
moelecular marker in the klcood. A small amount of blood
may be collected using the needle. In addition,
depending on melegules, a scheme of percutanecusly
measuring a blood moclecule may be used. A type or amount

of molecule may be implemented by flucorescently-labeling
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a selective antibody with respect to a molecule to be
measurad.
[0100]

In step 85, the creation unit 14 creates a time-~
seriss variation graph. Specifically, a graph based on
Eguation (5} to Eguation (11} below is created. In
addition, in step 36, the dividing unit 135 divides
components. That is, three components are extracted from
time-series data using a bicloglical state space model.
The three components may be sel to, for example, a
periodic component, an environmental stimulus response
component, and a baseline component.

{61011

Information used for prediction and controel nseds
to be selected from time-series measurement data of a
molecular marker. As a scheme, multivariate time-series
data incluoding a plurality of blood molecules is desired
Lo be managed 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 submoedels are expressed using a conditional
probability as follows.

(01023

An~G{Habtny)  (3) {system model)

Yo~ X {Yalxn) {4y {observation model)
(0103

Herein, v. denotes an observed time series of a
multivariable, x, denotes a k-dimensional vector that may
not be directly measured, and g and r dencte a
conditional distribution of x, given by X1 and of vy

given by %5, respectively. In the “biclogical state

L
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space model” of the technology, ¥, expresses a state of
an actual human body, and yg indicates an expression
level of a bleood molecule that may be measured. When a
distribution of an initial state vector xp is disposed by
P(xslysi, a prediction of a state of a disease is an
evaluation of Pixlv,), that is, obtaining a distribution
of %, given by an cbserved value y, and an initial
distributiocn.
1010473

Time~series data y(t) of respective neasurable
blood molecules such as a molecular group that may be
used to represent a process from metabolic syndrome to
diabetes, and a circulatory svstem disease, a molecular
group associated with an immune system dissase, a
molecular group of an endocrine system, and the like is
expressed by the following Eguation. That is, it is
expressible using a medel including three different
components.
FU105]

yi{t) = s{t) + x(t) + bi{t) + vt} (5}

s{t): periocdic component

®» (t}: environmental stimulus response component

b{t): baseline component

v{t): cbservational error
[0108]

An environmental stimulus response component x{tL)

may be formulated as a multilinear model as follows.

1§

w{t) = F{t) x {(t ~ 1} + wvglt) (6]

i, 2, 2,010

i

3
(0107}

In the above Eguation, F(t} indicates a conversion
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function of an output with respect to an environmental
stimulus, and v,(f) indicates a change of an
environmental stimulus. Regarding a parameter of the
conversion function, an optimum value is selected by
applying a Yule-Walker scheme, a least sguare scheme, or
PARCO scheme to an autoregression model.
[0108]

A baseline component b{t) may be defined as below
as & regression model of degree m by 2 polynomial
smoothing spline model.

[Equation 1]

b(t) = 2 ab(t-i)+e (1 =(7)

a2y denotes a regression coefficient, and e(t)
denotes a nolse component.
[010%]

Further, the baseline component b(L} may be
expressed as follows.

bi{g) = H{t, t-i)b{t-1) + V{t, t-1) (8}

H{v, ©-1)} is an mxm matrix, and V{t, t-1) is a
matrix associated with nm-dimensional nolse., An optimum
function for smoothing a baseline is selected using this
model .

0110}

In the “dynamic construction model” of the
technology, & main component factor of the periodic
component s{t) is a circadian rhythm of a 24 houx
interval. When p observed values are obtained during an
intérval, the periodic compénent approximately satisfies

the folleowing Equatiocn.

(o)
p—

s{t) = s{t-p) {
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[01113

Khen this is expressed using a time delay opsrator
G, the following Equation is approximately satisfiasd.

(L - Gpys{t) =0 (10}

As such, a pericdic component of degree 1 may be
formuiated as a seasonal adjustment model as below by
white noise v(t).

[Equation 2]

!

2-1

(> Gy s(ry=v(12) -0(11)
i=0)
[0132]

Through this processing, time-series data of a
blood molecule may be divided inte a periodic component,
an environmental stimulus response compeonent, and a
bazeline conmponent.

01131

In step 87, the identification unit 16 identifies a
constant reglon. That is, a constant region is
identified using the “organism local constant model.”
f0114]

3 local constant region may be discovered by
analvzing time-series dats using a model of a periodic
component, an environmental stimulus response component,
and a baseline component. In the “dynamic construction
model,” it is useful to emphasirze a change of a
stationary state causéd by the “cell memory undergoing a
Time evolutiom,? and an acguisition of a new stationary
state. A cell memcry influences a change of a baseline
component, an amplitude and a frequency of a periocdic

component, and a maximom expressicn level and a minimum
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expression level of an environmental stimulus response
component. Among these, a change of a baseline component,
ang changes of an amplitude and a freguency of a periodic
component may be identified independently from a strength
of an input frem an enviromment. Paying attention to

this peoint, the local constant region 1s identified from
at least one of a change of a baseline compconent, a
change of an amplitude of a periocdic component, and a
change of a frequency of a periocdic component.

[0115]

A time series variation of a blood molecule group
includes a pattern of a2 seasonal variation that
repeatedly appears on a monthly basis or on a yearly
basis in addition to a circadian rhythm of & 24 hour
interval. When this is interpreted as a change of a
baseline, there is a risk of leading to an erronecus
prediction or control scheme. A seasonal component is
extracted from a baseline component, and is divided as a
pericdic component in a long pericd of time.

(01161

In step $8, the identification unit 16 identifies a
causal relation. That is, 2 Céusal relation betwsean
stationary states of respective molecules is created.

The dynamic construction model may be used to identify a
causal relation.
r0217]

) A constant region of a molecular group in the bleood
associated with the “cell memory undergoing a time
evolution” extracted by this scheme forms a direct or
indirect causal relation according to chronological order.

To apply the causal relation to a control of progress of

35



10

15

20

SP200283WOL0

a disease, a causal structure is expressed by creating a
graph structure assoclated with a probability
structure/causal structure using the constant region as a
nodea.

[01ig]

Fig. 3 is a diagram illustrating a model associated
with a causal relation using four ccnstant regions vy
through yq of five bhlcood molecules A, B, C, D, and E as
nodes. Referring to Fig. 3, Yi(A} through Yi(E) denote

nodes of the constant regicns y; {1 = 1, 2 ,3, and 4) of

"the blood molecules A through E, respectively, and xg

throuch x4 denote states of an organism. The states xg
and %y dencte a health state, the states xy and X3 denote
a symptom non-onset state, and the state x, denotes a
symptom onset state. A number indicates a passage of
rime in a direction from a small value to a large wvalue.
[(0119]

In this model, the node ¥Y,{A} and the node Y4(D)
are causes, and markers that replace a state of a disease.
The node YgéA} and the node Y:I{C) affect an induction of
the node Y4{RA), and the node Y3{E) affects an induction
of the node Y,(D}. Similarly, the nodes Yz(C), Y:(&}, and
Y. (D) affect an induction ci the nodes Y3;(A), Y3(C), and
Y3 (E), respecitively. Further, the nodes Yy (A}, Y1(B), and
Y. (D) affect an induction of the nodes Y, (A), ¥Y:{C}, and
Yo (D), respectively.
(01201

an inference of the graph structure asscciated with
a causal structure between constant regiéns of this
biclogical molecule may be formulated as below. First, a

value of a stationary state of a biological moleculs
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Molecule 1 is regarded as a random variable. That is,
under a circumstance, an amount of Molecule 1 1s regarded
as an instance of a random variable X1L. Observation data
processed by the organism local constant model of the
embodiment may be regarded as data measuring an instance
of a random variable of p types of blcood molecules under
a circumstance. Since a stationary state ls observed in
varicus time periods and circumstances, the observation
data processed by the local constant model mav be
expressed as a data matrix. That is, cobservation data
including n different stationary states is a pxn matrix
size. An object of the analysis is to irnfer a dependency
relation in matrix data. |

[G121]

As a scheme of inferring a graph indicating a
dependency relaticn between random variables from a data
matrizx, varicus mathematical models such as Beoolean
network, Bayesian network, a graphical CGaussian model,
and an ordinary differential equation are proposed, and
may be used for the embodiment. Among these, by assuming
a dependency relation expressed using & non-closed path
directed graph between random variables, and assuming a
Markov c¢hain rule in a dependency relation between a node
and a2 structure of the non-closed path directed graph, an
inference using Bavesian 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.

(01221
A further detalled 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, Klyochika Imoto, and
Satoru Miyano). Specifically, it is implemented by
matching an expression level of a stationary state of the
embodiment to an expressicn level of mRNA of a DNA chip.
An existing physiclogy model may be used as a previous
knowledge to infer a staticnary state graph structure of
the embodiment.

[0123]

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
plurality of individual graph structures are compared to
one ancther, and classified into a small group having a
similar structure, and a graph structure is sealected
again. In this way, an optimum graph structure is
constructed.

[C1z4}

& route of a cause and effect leading to a common
symptom of a plurality of patients wmay be different among
individuals. As such, an optimum graph structure is
determined for sach group having the same causal
structure rather than causing the optimum graph structure
to converge into one.

[0125]

In step 59, the identification unit 16 identifies a
causal relation of molecular markers and a relatien with
an external environment. Thet is, a causal relation

between respective molecules and a relation with an
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environment are created. A measurement value of a time
seriss variation of a lifestvle may be used as an
axternal environment.

0126}

When an input from an environment may be
quantitaetively measured, a “constructed change” may be
represented and applied to a contrel by analyzing a
mechanism in which stimulus of different intensities
received in different periods influences responsivensss
of a bloocd molecule. For example, a negative stress
lavel may be measured by a DRM (Daily Reccnstructive
Method} (one day constitution method). This divides a
day into an average of about 24 degrees for each event,
and expresses regpective positive and negative wvalues in
numerical values of 0 through 6 in a step-by~step mannsr.
[0127]

Referring to an lnfiuence of meal, by
electronically recording content of each mesal, it is
possible to measure intake informaticn such as calorie,
carbohydrate {glucide), fat, protein, vitamin, and
phytochemical. In addition, it is possible to measure an
amcunt of intake of a supplement and the Ilike. When a
correlation is observed between an environmental stinulus
and a change of an expression level of a blocd molecule,
rhe 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 S$10, the inference and control unit 17
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.
[0128]

an inference of a changs in state classifies a
group by a mutual similarity of a causal structure
between congstant regions acguired in step 58. In this
way, a future change of a disease preliminary group
classified in the same group may be inferred by a causal
structure acguired from a patient undergeing a
progression of a disease. In addition, a causal
structurs in which a disease i1s recovered tTo 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 disesse. The
causal relation of molecular markers {that is, an
internal environment) and a relation with an external
environment identified in step 39 may bhe used for a
control.

(01303

<Becond embodiment’>

[Application of dynamic construction model to
standardization of cultured cell]

[0131]

Fig. 4 is a block diagrem illustrating a
configuration of a biological information processing
device 51 that predicts and controls a cellular state of
a cultured cell. Tﬁe bioclogical information processing
device 51 includes a selector 61, a measurement unit 62,
a2 determining unit 63, a dividing unit 64, an
identification unit 65, and an inference and control unit

66,
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10132)

The selector 61 selects measurement molecules. The
measuremant unit 62 performs a measurement. The
determining unit 63 determines a measuremsnt inherval.
The dividing unit 64 divides components. The
identification unit &5 identifies a constant region, and
identifies a causal structurs between molecular markers
and a causal structure of a mclecular marker and an
spvironmental condition. The inference and control unit
66 infers and controls a cellular state of a cultured
caell.

G133]

Fh

Fig. 5 is a flowchart illustrating a process o
predicting and controlling a cellular state of a cultured
cell. Hereinafter, a predicticn and control process
performed by the biclogical information processing device
51 of Fig. 4 will be described with reference to Fig. 5.
[0134]

In step S31, the selesctor &l selects measurement
molecules.

01351

Changing a property involved in cultivation by a
cultured cell is a major obstacle in & construction of an
evaluation system using a cell cr a development of a
medicine using a cell as an actlive ingredient. In a
prediction and control of a change in state of a cultured
call, it is possible £o perform a formulation with =

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

sl

a mescscale is expressed by a local extracellular
environment formed by a component added in a culture

medium and a moleculs produced from a cultured ceill. As
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such, in a state prediction and control of a cultured
cell, a time series variatlion ¢f a molecular group
produced from a cultured cell and a melecule in a culture
medium 1s measured.

[0136]

A molecule produced from a cultured cell includes a
molacular group expressed in a cell surface in addition
to a secretory cell, but excludes an intracellular
information transduction molecule or a transcription
factor. As a compeonent in a culture medium, it is useful
to measure an amount of IGF~I or insulin. As a molecule
produced from a c¢ell, an integrin family molecule, a
growth factor including FGF-2, EGF, and PDGF in addition
to insulin and IGF-I are useful.

[0137]

in step 832, the measuremeni unit £2 performs a
measurement.
10138}

2 molecule produced from a cultured cell and a
molecule in a culture medium are measured by acguiring a
smaller amcunt of sample when compared to the culture
medium. In addition, for a molecule that is acguired by
an extracellularly expressed molecule and does not float
in a culture medium among melecules produced from a cell,
fluorescent labeling is performed on the molecule, and
then a guantitative estimation is performed by an image
analysis of a cultured cell. In addition, for a molecule
that is difficult to be measured, a substitute
measurement 1s performed by a2 genetic expression of a
secretory protelin or a membrane protaln by using a

reporter system within a cell.
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[0139] .

Tn step $33, the determining unlt 63 determines a
measurement interval.
(01407

It is preferable that the measurement interval be
in a range of about ten minutes to an hour. When a
reporter aystem 1s used, continuous data is acguired.

01411

e

In step 334, the dividing unit 64 divides
components. In addition, in step S35, the identification
unit 65 identifies a constant resgion.

[0142]

To extract informaticon from acguired time-series
data of a molecular marker, multivariate time saries
ingluding a molecule produced from a cultured cell and a
molecule in a culture medium 1s 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, the two submodels are
expressed using a conditional probability as follows.
[0143]

K~ (FnEne1) {12} (system model)

Y~ {Valxn) (12) {observation model)

(01447

Herelin, vy, denotes an observed time series of a
multivariable, %, denotes a k-dimensional vector that may
not be directi? maasured, and g and r denote a
conditional distribution of %y given by a1 and of y.
given by x., respectively. In the “biclogical state
space model,” %, expresses a state of an actual cultured

cell, and v, indicates an expression level of a mclecule -
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5

produced from a cultured cell and a molecule in a culture
medium that may be measured. When a distribution of an
initial state vector xp is disposed by p(xlve), &
prediction of a state of a cultured cell may be
formulated by an evaluation of p{xjyv.i, that is,
obtaining a distribution of x, given by an observed value
ve and an initial distribution.

[0145]

Time-series data yvp of a melecular group produced
from & cultured cell may be decomposed into a pericdic
component ﬁsing 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.

A cell memory of a cultured cell is reflected on an
amplitude and a frequency of a pericdic component, a
maximum expression level of an environmental stimulusg
response component, and a change of a baseline. Among
thege, a local constant region assoclated with an
amplitude and a freguesncy of a periodic component, and a
change of a baseline are noted as the “cell memory
undergoing a time evolution.”

[01467]

In step 536, the identificaticn unit 65 identifies
a causal relation between molecular markers. In step 837,
the identification unit 65 icdentifies a causal structure

of a molecular marker and an environmental condition.

e

0147]
& change of an amplitude and a frequency of a
periodic component, a change of a baseline, a time change

of an artificial component added to a culture medium, and
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an environmental stimulus response component form direct
or indirect causal relation according to a time series.

To apply the causal relation to a contrel of a change in

‘state of a cultured cell, a causal structure is expressed

by creating a graph structure asscclated with a
probability structure/causal structure using, as a node,
a local constant state of a molecular group in various
culture media and a molecular group produced from a
cultured cell.
01487

The graph structure ls created based on a
conventional biclogical knowledge, and then upgraded to
an optimiem graph structure using time-series data. A
change of a graph structure is solved as a selection
problem of a covariance in regression analysis. A route
cf 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 ©f a cultured cell having the
same causal gtructure rather than causing the optimum
graph structure to converge into one. A change in state
characteristic of the "biological stalte space model” is
used for a classification of this group. In addition, =
causal structure for an intervention by a change of an
environmental condition such as a culture medium
component, a cell culture density, an oxygen partial
pressure, and a temperalure is separately created,
(01491

In step 838, the inference and control unit 66
infers and controls a celluiar state of a cultured cell.

[G150]
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An inference and control of a change in state of az
cultured cell may be periormed from a causal structure of
the past in which a cell originated from the same tissue
is cultured in a2 similar condition. In addition, a
control in a direction of obtaining a state of a cell may
be performed from a causal structure of a change in state

a2 cell and a change of an environmental condition such

b

O

as a culture medium component, a cell culfure density, an

0

oxygen partial pressure, and a temperature.
[Gi51]
<Third embodiment>
(01521

Next, a model of a cell that produces a moliecule A
secrated in fhe blood 1s examined. As illustrated in Fig.
6, the cell has the following characteristic.

(1) A control is performed by a circadian rhythm in
a stationary state.

(2} An induced expression is ¢generated in response
to a stimulus from an environment.

{2} A positive and negative feedback 1s received by
a repressor R and a receptor of the molecule A.

{4} An expression is contrelled when the repressor
R is epigenetically modified.

0153

—
L

A time series variation of the molecule A secreted
in the blood from the cell changes as y of A of Fig. 7.

Time-zeries measurement data v{t) is presumed as
follows.
[0154]

vi{t)] = st} + x{t) + b(t) + v{t) {147

s(t}: pericdic component
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x{t): environmental stimulus response component

b{t}): baseline component

v{t}!: observational ervror
[0155]

An environmental stimulus response component x(t)
is formulated as a multilinear model as follows.

x(t) = F(t) x {(v-1} + v (&) {15}

[0156]

In the above Eguation, F({t; indicates a conversion
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 modsl.

(01571

A baseline component b({t)! is defined as below as a
regression model of degree 2, and is used.

bit) = arqb(t-1) + asab{t-2} + vp{t) (16)

Herein, as denotes a regression coefficient, and
vy {t) denotes a nolse component. Then, b(t) is expressed
as follows.

n{ty = H(t, t-Libi{t-1} + V{t, t-1) (17}

[(6158]

Herein, EB{t, t-1) is a Zx2 matrix, and V{(t, t-1) is
two-dimensional noise. An optimized funcilon is selected
50 that a baseline 1s smcothed.

01551

A periodic component s{i) is based on a circadian
rhythm of a 24 hour interval. Thus, when p observed
values are obtained during an interval, the periodic

component approximately satisfies the following Eguation.
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st} = s{t-p} (18)

When this i3 expressed using a time delay operator
G, the following Eguation is approximately satisfied;

(1-GP)s(t) = 0 {19
[0160]

As such, a periodic component of degree 1 may be
formulated as a seasonal adjustment model as below by
white noise v{t).

[Equation 3]

H

b1 !

(Z G’y s{t)y =1(¢2) ---{20)

101611

Using this model, the time-series data of y of A of
Fig. 7 is descomposed inteo a periodic component s, an
envircnmental stimulus response compoenent x, and a
baseline ccomponent b. Here, 1 in & of Fig. 7 denoctes an
induction component.,
(01621

Next, from a variability characteristic of a
baseline, a decomposition is performed into thres
constant regions of Y:{B), Yz(A), and Ys(A). A cell
includes an input from an environment between time k and
time 1, and an environmental stimulus response component
of Yo{A) is a direct input with respect to the input. In
addition, in this autogenocus control model, a time change
division Yy{A) of the molecu@elﬁ is a cause of changing
an sxpression state of a factor A from Yi(A) to Y+ {A). As
iliustrated in B of Fig. 7, this relation is expressed as
a change from Yz (A} to ¥Yz(A) by a graph structure using,

as a node, a consitant region associated with an
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expression level change of the molecule A.
(01631

In this way, in each embodiment, it is possible to
formulate a time evolutional change of a human organism,
to predict and control a change cf a biological state
that may be used for a healih management, a disease
prediction, a disease radical cure, and the like.

(0184}

In addition, it is possible to apply the embodiment
te a control of an cnset of a chronic disease and a
progress of a chronic diseaée resulting from a long-term
lifestyle that may not be treated using a conventional
scheme. Further, the embodiment may simultaneously
manage commonality and hetercgeneity between individuals,
and thus is an effective tool Ffor an individual medical
sare. In addition, the embodiment may control
divergification resulting from a time evolution of a cell
induced by a cell culture, and be applied to a
standardizatioen of & cell evaluation system or a cell
therapy.

[016%]
<Fourth embocdiment>
[C1o6]

Most children born with a low welght as a result of
hypogenesis caused by a anutritional insufficlency in the
womb grow to catch up the delay by the age of two,
thereby having a build of a c¢hild beorn with a standard
body weight. When a low caloric diet is received as a
diet after the birth, & growth to catch up the delay.is
inhibited, and a growith may not catch up the delay even

with a high caloric diet received after the age cof two.
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When a rapid growth is exhibited to catch up the delay, a
risk of observing an insulin resistance in the future
increases (Rottevesl, J. et al. Buropean Journal of
Endocrinology 158; 85%%5-904, 2008). Even when a build is
recovered, a decrease in a differentiation efficiency of
a pancreatic B cell changed by epigenetics to adapt to a
nutritional environment in the womb, responsiveness of an
insulin signal, an appeiite level, a stresé
responsiveness, and the like are not recovered, which is
inferred as & cause,.

[0167]

However, not all low-waight babies, resulting from
hvpogenesis, exhibiting a growth to catch up the delay
undergo an onset of an insulin resistance. An insulin
secretory abllity, an insulin signal responsiveness, an
appetite level, and a stress responsiveness of each
individual do not esxhibit a rapid change such as a growth
to catch up the delay, while being changed by a lifestyle.
Thus, by monitoring an amount of insulin in the blood, an
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
embodiment, it is possible to predict and control an
obesity trend, an insulin resistance onset frend, and the
like.

[0168)

Specifically, when a relation of calcric intake by
eating, an amcunt of insulin secretion after eating, and
a time change of a blood-sugar level 1s measured and
comparaed each day, 1t is possible to measure that an

amount of production per caloric intake of an insulin
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secretion, and a change of a strength of insulin
responsiveness change from a staticnary state to another
stationary state. A change of a stationary state may be
classified into a change in a direction in which an
insulin resistance is improved and a change in a
direction in which an insulin resistance is desgraded. An
increase in an amount of insulin secretion and a strength
of insulin responsiveness is a change in an improving
direction, and the oppesite 1s & change in a degrading
direction,

[0169]

Using a scheme of the smboaiment, an amount of
secretion of glucocorticoid or leptin masy be first
formulated as a change from & stationary state to another
staticnary state. When an amount of production of leptin
with respect to a predetermined caloric intake is low, a
suppression of food intake i3 reduced, and an obesity
trend is increased. When an amount of glucocorticoid is
high, an ohesity trend and a circulatory system disease
onset trend are increased through a plurality ¢f active
sites. Thus, a change of a staticnary state in a
direction in which an amount of secretion of
glucocorticeid 1s decreased and an amount of secretion of
leptin is increased is a change in a direction in which
an insulin resistance and an onset trend of an associated
disease are improved.

10170}

One of characteristics of the embodiment is widely
tracking a time change ¢f a molecule wiﬁhin various
crganisms. Thus, the enbodiment may use an insulin

secretion, insulin responsiveness, a glucocorticeid

|3
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secretion, and a leptin secretion to identify an unknown
molecule within an organism involved in & change from a
stationary state to ancother stationary state. In
addition, by clarifying a relatlion of a new associated
biclogiczl molecule and a record of & lifestyle using a
scheme of the embodiment, it is possible to propose a new
improvement scheme for improving an insulin resistance or
obesity.
(01731
<Fifth embodiment>
(017273

An amount of DHEA-S in the blood in which sulfuric
acid is added to deshydroepiandrosterons starts to
increase at the age of aboul six toc seven, reaches a peak
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
resecarches all parts of the world clarify that a DHEA-S
value in the blood of a male is inversely correlated with
a death rate or an onset of a cardicvascular disease
fvolB. Nol. 42-46, 2008, antiaging medicine, Teoshihiko
Yanase). However, currently, it is unclear what
decreases an amount of production of DHEA-S. According
to the embodiment, a biological molecule associated with
changing an amount of DHEA-S secretion from a stationary
state to ancther stationary stabte, and a lifestyle
associated with a change of the bhiclogical meolecule may
be clarified, a new proposal of & scheme of inhibiting a
decrease in DHEA-S may be performed.

01731
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<Sixth embodiment>
[01741

A mogt effective scheme for delaying aging and
increasing a life expectancy is z restriction of calories.
A restriction of calorieg is a restriction of calories
performed while taking optimum nutrition rather than
merely reducing a =ize of a meal. However, sufficient
sclentific evidence regarding optimum nutrition or an
appropriate caloric restriction level 1s not present.

The embodiment may be used to clarify an optimum
nutrition intake level or caloric intake level at an
individual level.

[0175]

For ezample, when a restriction of calories is
impesed on a patient who is likely to get diabetic, it is
pogssible to measure a time series variation of c-resactive
protein {CRP) corresponding te an inflammatory indew, and
an adiponectin production and an active oxygen production
corresponding to an index of a qualitative change of a
fat cell. In this way, it may be formulated that a state

a fat cell, an active oxygen stress state, and an

Fh

o}
inflammatory state change from a stationary state to
ancother stationary state.

[0176]

_In.addi§103, the embodiment may also be used to
identify a new biological molecule asscciated with a
change from the statlcnary state to another staticnary
ﬁé%f@w ~#-newly discovered time-series reccrd associated
with a bioclogical melecule marker and a mesl may be used
to individually cptimize a nutritional intake and a

caleoric intake.
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[0177]
<Seventh embodiment:-
[0178]

A difference 1in sensitiviiy to stress inducss an
onset of depresssion or suicide entailed by chronic stress.
Sensitivity to stress depends on a strength of a negative
feedback of a neuron of glucoccerticoid responsiveness
projected from a hippocampus to an amygdaloid nucleus.

In addition, a strength of a negative feedback of the
neuron depends on epilgenetic modification of a
glucoccorticoid recepter gene. When a suicide is comnpared
with a control group as to epigenetic modification of the
neuron, it ig indicated that a person suffering from

child abuse or child neglect has a glucocorticoid

receptor gene suppressed by epigenetic modification

{Hyvman, 5. Nature Neurcscience Vol. 12, No. 3, 241 243,
2009) .
[0179]

When a level of sensitivity to stress ls identified,
it is possible to prevent an onset of depression by
guantitatively ildentifying a person who 1s likely to
undergo an onset of depression, and providing an
appropriate envirconment. When a time series wvariation of
glucscorticoid in the blood is measured at short
intervals of about ten minutes using the smbodiment, the
time series variation may be divided into a daily
variation component and a stimulus dependent component.
Using the daily varlation component, an average amount of
secretion of gluccocorticeid in the blood at a measurement
date may be calculated. 1In addition, using the stimulus

dependent compeonent, a relative strength of a negative
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feedback may be calculated by measuring a maximum amount
of secretion and duration. Accordingly, when the
embodiment is applied, it is possible to measure
sgnsitivity to stress, and to track a process in which
gensitivity to stress changes with a lifestyle.
(01801

The most notable hypothasis asscciated with a -
depression onset mechanism regards, as a cause, a
loewering of BDNE (Brain Derived Neurotrophic Factor)
which is a neurotrophic factor (Shi, Y. et al. Psychiatry
and Clinical Neuroscisnce 64, 24%-254, 2010). ERDNF is
produced from pro-BDNF {BDNF precursor} by t—PA (fissue-
type plasminogen activator). That is, using the
embodiment, it is possible to infer an onset cr a
curative sffect of depression by observing a time serlies
variation c¢f BDNF, pro-BDNF, and t-PA In the blood, and
identifyving & change from a stationary state to another
stationary state. In addition, the embodiment may bhe
used to discover a new biological molecule marker

associated with an onset and prevention of depression.
<Eighth smbodiment>

A chronic overwork such as a nursing care of a
paztﬁer and psychological stress lncreases a frequency of
an infectious disease, reduces tha ablility of wound
healing, and increases a freguency of hicgh pressure or a
liver illness. A biomarker assocociated with the chronic
overwork and psychologilcal stress includes inflammatory
cytekine IL-6 {interleukin 6). It is known that IL-6 is

associated with & circulatory system digease, an



20

5P300288W000

osteoporosis, tyvpe 2 diabetes, cancer, a gum disease,
fragile habitus, organ failure, and the like that develop
aging dependently. IL-6 1is induced tc develop through
exparience entailing depression, negative feelings, and
streas. In addition, an increase in IL-6 in the blood
with is noticeable in people engaged in nursing care when
compared to people not engaged in nursing care (Kiecclt-
Glaser JK et al. Proc. Natl. Acad. Sci. USBA 100: 8050~

5085). As such, by tracking a change in expression level

of Ii-6, it is possible to predict and pravent an onset
of an age-related disease or a stress-related disecase.
[6183]

<Ninth embodiment>
101841

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 acguire a process in
which an organism undergoss a time evolutlion according to
a history only by a measurement of a biolcogical molecule,
and formulate 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
individoal.

[0185]

In addition, DNA~-sequence information of
individuals inherited from parenits is useful for
inference of substance of diversity and diversification
of the past pefore initiating a biclogical state
measurement of individuals based on. the technolegy. A

current diversity of each individual is formed by
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hereditary diversification and a lifestyle of the past.
As guch, by integrating three pieces ¢f envirconmental
information based on cell memory information, DNA
polymorphism information, and a lifestyle of a biclogical

molecule undergeoing a time evolution of the technology,

it is possible to enhance accuracy of a future prediction

of health.
[0186]

With development of hase arrangement technology, it
is possible to analyze a full-genome seguence of
individuals. ¥From a seguencing analysis, it is possible
to detect a single nuclectide polymorphism and structural
polymorphism included in individuals. A relation between
a genetic diversity and health or illness may be
classified into four types of a chromoscme ancmaly, a
monogenic disease, a multifactorial gsnetic disease, and
an idiopathic disease (Thompson & Thompson “Genetic
Medicine, Seventh BEdition” Medical Science International,
2009).

P0L8v ]

A human somatic cell contains 23 pailrs, 46
chromosomes, and 22 pairs among them are auvtosomal
chromesomes excluding a differsnce between the sexes. A
remaining pair is referred to as a gex chromosome. A
female has two X chromoscmes, and a male has an X
chromosome and a ¥ chromoscme. An onselt freguency of a
chromosomal abrnormality is high, and sbout six new born
babies per every 1,000 new born babiles are affected.
pmong chromosomal abnormalities, an abnormality
correspending toe an increased number of chromosomes

frequently occurs. When the number of chromosomes
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increases by one, it is referred to as trisomy. For

example, trisomy 21 causes a disease called Down syndrome.
About one of every 800 people is born with Down syndrome.
[0188]

A freguency at which a baby is born with Down
syndrome exponentially increases with an age of a mother,
and about 1% of babies are born with Down syndrome when
the age is 45 or more. A main issue of Down syndrome is
a mental retardation. However, furthermore, a risk of
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 trisomy 21 are included in a
process of a reduction division that forms an egg of a
mether. As such, a trisomy 21 abnormality occurs from a
moment of the fertilization. However, a sympltom occcurs
in various periods, and a2 “time delay” is included
hetween a formation of a hereditary cause and an onset of
illness.

{0189}

A monogenic disease is & disease that develops as a
result of genomic mutation of a gene, and is referred to
as a Mendellan disorder. So far, 3917 types of Mendelian
disorders are being reported. A mode of inheritance
includes a dominant mode and a recessive mode. A
dominant mode ié a mode of inheritance that develops only
by inheriting a genetic mutation from one of a mother and
a father. A partizlly recessive mode indicates a mode of
inheritance that develops only when a genetic mutation is
inherited from both parents. It is known that a
monogenic disease is realized by 2% cf a group at & time

of life.
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{0190]

A monogenic disease 1s a disease that mostly
develops during childhood. However, about less than 10%
of monogenic diseasses experience symptoms after puberty.
Turther, 1% or less may experience symptoms later in life
after the end of the reproductive years. Regardless of a
periocd in life in which a symptom starts, a “time delay”
is observed between an acquisition of variation and an
onget of symptoms.

(0151}

A disesase observed at birth such as a congenital
ancmaly, and a chronic disease that develops at a middle
age such as cardiac inferction, cancer, diabetes,

rheumatism, a mentzl disease, dementiz, and the like are

raferred to as a multifactorial disorder. A freguency at

which this type of dissase appears at birth i1s abcut 50
people per every 1,000 people. However, since & lot of
people are affected by a chronic disease, it is about 600
paople per every 1,000 people when seen from a group. A
plurality of genetic factors combines for an onset, in
which a regular exposure or a chance axposure to a
particular envirconmental facter is considered to be
inveolved. A genetic influence of this multifactorial
disorder is anaivzed by & scheme referred to as a genome-
wide assocliation study (GWAS).

ro1e2]

An idicpathic disease 1s positioned bstween a
mendelian genetic variation and a multifactorial disorder.
Parkinson's disease or Alzheiner's disease is included in
an idicpathic disease in addition to a familial disease.

Unnlike a multifactorial disorder, an individual genome
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sequence analysis needs to be used Lo ildentify this
sporadic variation. |
(01931

For any of & chromosome anomaly, a mendelian
monogenic disease, a multifactorial disease, and an
idicpathic disease, a time delay is included between an
acgulisition of variation and an onset. In addition, it
is inappropriate to describe that a plurality of
environmental factors causes a disease to develcp as an
instant responsive reaction. A “time delay” 1s included
between a point in time when a hereditary factor and an
environmantal factor are included and a point in time
when a disease develops. That is, a hereditary factor
and an envircnmental factor create a potential change in
an organism as a cell memcry, which is actualized as a
symptom when the hereditary factor and the environmental
factor form a combination.

[0184]

A cell memory is acquiired when a change of an
environmental condition is added to genetlc polymorphism,
and thus guantitatively recording an environmental
condition is effective for a future prediction of health.
Among environmental conditions, an extericr environment
such as stress, a diet hablt, an exercise habit, an
infection history, and a cure history may be
guantitatively measured.

10185]

Stress is recognized when individuale do not adapt
to the environment,rand feeling stress is“differ@nt
between people for the same environmental éondition.

Thus, stress may not be identified only from an
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environmental condition. It is effective to record
stress by, for example, a Daily Reconstruction Method
(DEM scheme) {Kahneman D, Kruegex AB, Schkade DA, Schwarsz
N, ét@ne AA. “A survey method for characterizing daily

124

life experisnce: the day reconstruction method. Science.
306: 1776-1780, 2004).
[C196]

This scheme divides an event of a day intc 24
degrees, and records respechtive mental positive and
negative values. In this way, it is possible to identify
a stress coping clrcumstance at each moment. By
continuing the recording, stress may be classified into a
short term stress of about several hours to a day, a
medivm-~-term stress of about several days to a month, and
a long term stress of over several months.

01397}

With regard to a diet habli, by recording content
of meals divided into cockling lngredients, it is possible
to record an amount of iIntake of calorie, a carbohydrate
ratic, a protein ratic, a type and amount of fat, vitamin,
phvtochemical, trace metal (iron, zinc, copper, cobalt,
iodine, selenium, manganese, nolybdenum, chrome, boron,
and vanadium), drinking {alcohel), and the like.
ro198;

With regard to an amount of exercise, 1t is

possible to automatically measure a quality cor quantity

h

of walking and running using a portable device including

¥

an acceleration sensor.
[0199]
An infection history or a cure/dosing history may

be identified by electronic chart data of a private

o
u
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medical doctor. In addition, a Chinese medicine or a
general medicine taken by an individual may be recorded
by the individual.

[0200]

As described in the foregoing, a genetic diversity
of individuals may be classified using a single
nuclectide polymorphism and a structural polymorphism of
DNA which 18 a cause of & chromosome anomaly, a monogenic
disease, a multifactorial genetic disease, and an
idiopathic disease. It is possible to guantitatively
record a time-based change of an envirconmental conditicn
using a stress state, an intake ingredient taken by a
meal, an amount of exsrcise, an infection history, a
cure/dosing history.

[0201]

To integrate three pileces of environmental
information based on cell memory information, DNA
polymorphism information, and a lifestyle of a biological

molecule undergeing a time evolution of the technology, a

th

relation among three small groups below i1g clarified
using a conditicnal prebability. The three small groups
are a small group divided kased 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
information of a biclogical molecule. The small group
divided based on a genetic diversity is a group based bn
a genetic diversity of a single nucleotide polymorphism
and a structural polymorphiém of DNA which is a cause of
a chromosome anomaly, a monogenic disease, a
multifactorial genetic disease, and an idiopathic diseasse.

The small group divided based on a change of an

23
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environmental condition is a group based on an
envirvonmental condition such as a stress state, a diet
habit, an eXercise habit, an infecticn history, a
cure/desing histcry. The small group divided based on
cell memory information of a biclogical mclecule is a
group based on a change of a biclogical state represented
by Fig. 3 produced from a process illustrated in the
flowchart of Fig. Z.
(020273

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
environmental conditien

11} Relation between an environmental condition and
a bicleglcal state

1ii)} Relation betwesn a genetic diversity and a
bioleogical state
[020317

Applying the technology te an individuated health
care is providing opticons cf the future to maintain
health based on data of a cell memcry of the past of a
subject of a health care indicated as a causal relation
between constant regions of an expression level of a
molecule of an organism. A scheme of identifying options
of the future include referring to & record of =
lifestyle of aﬁother person {that is, a person other than
a subject) synthetically having a histery similar to that
of the subiject such as a history of gene information, a
history of an environmental condition, and a history of a

biclegical state. This scheme may be implemented by

foa)
el
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clarifying a similarity in a correlation among cell
memory information of a biclogical molecule of
individuals, gene information such as DNA polymorphism
information, and envircnmental information based on a
lifestyle illustrated in Fig. 8.

[G204]

The similerity of data may be determined by
applying a conventional clustering method. The
clustering method may be breoadly classified into a
division type clustering and a hierarchal clustering.
Specifically, it 1s possible to apply a scheme degcribed
in A. K. Jain, M.W. Murthy and P.J. Flynn, Data
Clustering: A Review, ACM Computing Reviews, (199%3) ox
Ying Zhao and George Xarypis, “Hierarchical Clustering
ARlgorithms fér Document Datasets”, Data Min. Knowl.
Digcov. 10(2): pp.141-168 (2005;).

{02051

When a process of the embodiment is performed, a
biclogical information processing device 101 is
configured as illustrated in Fig. 9. The biclogical
informatiocn processing device 101 includes a selector 111,
a determining unit 112, a measurement unit 113, a
creaticn unit 114, a dividing unit 115, an identlification
unit 116, a detector 117, a search unit 118, a database
119, and an inference and contrel unit 120. Functions of
the selector 111, the determining unit 112, the
measurement unit 113, the dreation unit 114, the dividing
unit 115, the identification unit 116, and the inferernce
and control unit 120 are basically similer to functions
of the selector 11, the determining unit 12, the

measurement unit 13, the creation unit 14, the dividing
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unit 15, the identification unit 16, and the inference
and control unit 17 illustrated in Fig. 1. As such,
description may be repeated, and thus will be provided.
[0206]

The detector 117 detects gene information. The
search unit 118 searches for a similar history from the
database 119.

10207
The database 119% stores information of multiple

individuals by claasifyving the information into any cns

-t

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 foregeing is stored. In addition,

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, a
measurement fexamination that specifies a genetic
diversity of a single nucleotide pclymorphism and a
structural polymorphism of DNA is added in additicon to a
measurement/examination of an environmental condition
such as a stress state, a diet hablt, an exercise habit,
an infection history, a cure/dosing history, and a
measurement/examination of cell memory information of a
biological meolecule.

[0208]

This process of the embodiment is 1liustrated in a
flowchart of Fig. 10. Hereinafter, the process ci the
embodiment will he described with reference to Fig. 10.
[02089]

In step 5101, a database formation process is
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performed. That is, the process lllustrated in the
flowchart of Fig. 2 is performed on multiple individuals
concurrently with a measurement/examination that
specifies a genetic diversity of a single nucleotide
volymerphism and a structural polymorphism of DNA of each
individual, and & result is stored in the database 119.
However, information is stored in a form of concealing
privacy oi individuals.

[0210]

Az described in the foregoing, the information
stored in the database 119 is classified into 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
relaticns below of sach group are analyzed using a
conditional probability.

i) Relation between a genetic diversity and an
environmental condition

i1} Relation between an environmental condition and
a biological state

1ii) Relation between a genetic diversity and a
biclogical stats
(02111

For convenience of description, the database
formation process is described as step 1 of a health
state prediction process of the flowchart of Fig. 10.
However, when a database is pre%iously generated using a
scheme and 1s present, the database may be usad. In this
case, the database formatlion process may be skipped.
o212

Processes of step 5102 through 85109 of Fig. 10 are
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basically similar to step S1 through step S8 of Fig. 2.
Description will be briefly made since it is repeated.
That is, in step 3102, the selector 111 selects
measurement molecules of a subject of a health care. In
step S103, the determining unit 112 determines a molecule
measurement interval. In step $104, the measurement unit
113 measures the measurement molecules, selected in a
process of step 5102, at the molscule measurement
interval determined in step 3103.
{02131

In step 5105, the creation unit 114 creates a time-
sexyies variation graph. That is, & graph is created
based on Egquation (8) through (11} described above. In
addition, in step 5106, the dividing unit 115 divides
components. That is, using a biologlical state space
mnodel, time-series data is divided into a periocdic
component, an environmental stimulus response component,
and a baseline component.
02147

In step S8107, the identification unit 116
identifies a constant region. That is, a constant region
is identified using an “organism local constant model.”
in step 8108, the identification unit 16 identifies a
causal relation. That is, & causal relation bhetween
constant regions of each molecule is created. A dynamic.
construction model may be used to identify the causal
relation.
[C215]

In step 3109, the identification unit 116
identifies a causal relation of molecular markérs and a

relation with an external environment. That 1s, a causal

~d
[
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reiztion between respective molecules, and a relation
with an environment are created. A measurement value of
a time series variation of a lifestyle may be used as an
external environment. Measurement values are input by
the subject, or are input by a measurement device, and
the like.

[621¢6]

Through the processes above, envirconmental
information and cell memory information of an crganism of
the subject are cbtained.

(62177

In step 8110, the detector 117 detscts DNA
polyvmerphism. That is, the detector 117 detects a single
nucleotide peolymorphism and a structural polymorphism as
gene information of a gene included in the subject of a
health care.
rozig]

When a history of the sublect is obtained as
degscribed in the foregoing, the search unit 118 searches
for a history of another person similar to the history of
the subject from information stored in the database 119
in step S5111. That is, as described in the foregoing, a
similarity in a correlation among cell memcry information
of a biclogical molecule of individuals, gene information
auch as DNA polymerphism 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
with reference to Figs. 11 and 12. For example, as

illustrated in Fig. 11, it is presumed that five blood
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molecules A,ihxough E of a2 subject of & health axe
selected depending on an intention, and are measured.
Similarly te a case in Fig. 3, Fig. 11 is a diagram
illustrating a model assoclated with a causal relation
using four constant regions yi; through vyis of the five
blood molecules A, B, C, D, and E as nodes. Yi(A)
through Yi{E)} denote nodes of the constanﬁ regions y; (i
= 11, 12 ,13, and 14) of the blood molecules A through E,
respectively, and #.s through xis denote states of an
organism. The states x.; and = denote a health state,
the states Xz and xi;3 dencte a sympitom non-onset state,
and the state xi: denotes a symptom onssat state. A number
indicates a passage of time in a direction from a small
value to a large value, and a lifestyle of the subijsct is
recorded in the ordar.

(02201

The node Yi4{A} and the node Y1,{D} are causes, and
markers that replace a state of a disease. The node
Y12 {A) and the node Y3 () affect an induction of the node
Yy4 (RY, and the node Yi3(BE) affects an induction of the
node Yi4{D). Similarly, the nodes Y:(C), Yiz{h), and
Y2 (D) affect an induction of the nodes Yi3{A), Yi3(C), and
Y3 (Ey, respectively. Further, the nodes Y. {A}, Yi1(B},
and Y1 (D} affect an inducticn of the nodes Y (&), Y (C),
and Y2 (D), respectively.

[0221]

When a case in which a cell memory is introduced is
dencted by a sign +, and a case in which a cell memory is
not intreoduced in denoted by a sign ~ in each constant
region, a history of a cell memory of a subject in Fig.

11 may be expressed as a matrix of Fig. 12Z. The sign +
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and the sign — of Fig. 12 correspond to states of the
wdes Yi: (A) through Y, (E} of Fig. 11, respectively.
[az22]

Further, it is presumed that five types cf
associated molecules G{A; throuch G(E) are detected as
gene information of a gene assocociated 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 analysig, the group may be classified into nt
xh (! denotes facterial) small groups (group illustrated
in the left frame in Fig. 11) from genome infermation.
[0223]

When a search for a similar history is executed,
data is first classified into small groups according to
genome information, and then approximate data is selected
from a homogeny of the matrix illustrated in Fig. 12.
When a homogeny is the highest, all items of the matrix
match one another. When it is partially approximate,
proximity 1s ranked according te a size. Since a record
of a lifestyle is attached to data of a matrix, a subljsct
may select a future lifestyle with reference to similar
lifestvle information of another persgon.

[0224]

In step S$112, the inference and control unit 120
infers and ceontrols a state change. That is, a future
change in a state of an organism of a subiect 1s inferred,
and an intervention scheme including a prevention scheme
is proposed.

o)

A simplest proposal is Lo present a search result

]
o

of step &111 te a subject. That is, in & search process
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of step $111, a histery cf ancother person similar to a
nistory of a subject 1s searched for. When the other
searched person has a disease or an illness, the subject
is highly likely to have a similar disease or illness.
Thus, for example, the subiject may prevent the similar
diseaze or illness by changing a lifestyle so that an
environmental conditicn is different from that of the
other person.
02267

Furthermore, further coptions for maintaining health
of the subject may be actively constructed and provided.
For example, among envircnmental conditions such as
stress, a dielt habit, an exercise hablit, an infection
history, and a cure history, 1t may be suggested that an
element having a strong causal relation is specified, and
the element ig changed. Further, when a factor
associated with a gene may be changed, the change may be
suggestad.
102271

As described in the forsgoing, by searching for
informaticn of an organism of a perscen cother than a
subject similar to cell memory information, environmental
information, and gene information of the subject of a
health case, it is possible to relisbly cbtain
appropriate information for maintaining health cof the
subject.
[0228]

In this specification, a step describing a procsss

a flowchart includes a process executed in parallel ox

b Y

c
individually even though the process is not a time series

process in addition to a process executed in a time
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series manner according toe an order.
[0229]

In addition, embodiments of the technology are not
Limited to the embodiments described above, and may be
variously changed within a scope not departing from the
spirit of the technology. For example, twe or more

arbitrary embodiments may be combined together.

REFERENCE SIGNS LIST

[0230]

1 Biologlical information processing device
11 Selector

1z Determining unit

13 Measurement unit

14 Creation unit

15 Dividing unit

16 Idepntification unit

17 Infefence and control unit

51 Biclogical information processing device
61 Selector

62 Measurement unit

63 Determining unit

64 Dividing unit

65 Identification unit

56 Inference and control unit
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CLATMS
i. A biological information processing method
comprising the steps of:
measuring an expression level of molecules in an
organism over a specific time interval;

dividing measured time-series data into a pericdic

Fr.

component, an environmental stimulus response component
and a baseline component;

identifving 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 identiinng causal relation bhetwsen the
identified constant regicns; and

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

regions.

2. The biclogical informalion preocessing method
according te claim 1,

wherein the identifving 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
disesase onset in the organism from the ldentified
reiation between changes in the stste of the organism and

the external environment.

3. The biclogical information processing method

0]

according to claim 1, wherein the meassuring step

%

comprises measuring the molecules representing a general
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state, a local state, and a chromosome state.

4, The biological information processing method
zccording to claim L, wherein the molecules are blood
melecules of the organism.

5. The biological information processing method

according to claim 1, wherein the molecules are molecules

associated with metazbolic syndrome.

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

in a culture medium.

7. A biclogical informaticn processing device
COmPrising:

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

a dividing unit that divides measured time-series

data into a periodic component, an environmental stimulus

response component and a baseline component;

an identificaticon unit that identifies constant

ions of the time-series data from variations in the

]
)]
[So

baseline component or from the amplitude or pericdic
variations of the periocdic component, and identifies
causal relation between the iﬁentified constant regions;
and

an inference unit that Infers changes in the state
of the organism frcem the identified causal relation

between the constant regicons.
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8. A recording medium having recerded therein a
program that causes a computer to exscute the steps of:

measuring an expression level of molecules in an
organism over a specific time interval;

dividing measured time-series data Iintc a pericdic
compoenéent, an envirconmental stimulus response component
and a baseline component;

identifyving constant regicns 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 bastween the
identified constant regions; and

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

regions.

9. A program that causes a computer to execute the

steps of

e

measuring an expression level of molecules in an
organism over a specific fime interval;

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

identifying constant regions of the time-series
data from variations in the baseline component or from
the anplitude or periodic variations of the periodic
component, and identifying causal relation between the
identifiéd conztant reglons; and

inferring changes in the state of the organism from

the identified causal relation bestween the constant



regions.
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BIOLOGICAL INFORMATION PROCESSING METHOD AND DEVICE,
RECORDiNG MEDIUM AND PROGRAM

ABSTRACT

Provided is a biclogical information processing
method and a device, a recording medium and a program
that are able to predict and control changes in the state
of an organism. The expression level of molecules in an
organism ig measured over a gspecific time interval; the
measured time-series data is divided into a periodic
component, an envirommental 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 component; and causal relation
between the identified constant regions is identified.
The relation between the @xternal environmant and
variations in the internal environment is identified and
from the identified causal relation between the constant
regiong, changes in the state of the organism are
inferred. Further, from the identified relation betwean
the external enviromment and varistions in the internal
environment,uinferring disease onset in the organism is
possible. The molecules can be molecules in the blood or

moleculss in a culture medium.

Figure 2

81



