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Background

Japan has the highest rate of aging in the world, and this rate continues to rise according to the
White Paper on Aging Society in 2021, which states that the population aged 65 and over in Japan
was 36.19 million, with an aging rate of 28.8%. Therefore, by 2065, about 38.4% of the population will
be 65 years old or older (The Cabinet Office of Japan 2021). As aging increases, the issue of long-term
care for older people is becoming more apparent. There are two primary forms of long-term care:
informal and formal care. Formal care for older people usually refers to paid services provided by a
healthcare institution or individual for a person in need. Informal care refers to unpaid care provided
by family, close relatives, friends, and neighbors (Jia li 2019).

Conceptual framework

There is a lack of models to validate the factors affecting the attitudes towards the informal care of
older people. However, in contrast to informal care, Rabiner (1996) argued that older people's attitudes
and beliefs would directly influence their choice of the healthcare system. According to the Andersen
Behavioral Model (BM), factors such as demographic characteristics, including age, sex, ethnicity,
educational background, and attitudes (predisposing factors), as well as marital status, number of
offspring, frequency of contact with relatives, health insurance, family income, and personal possessions
(enabling factors), all have some influence on such choices. When older people encounter functional
difficulties that ultimately render them incapable of living independently, they require personal and
health care services. By collecting information on such personal "predisposing” and "enabling" factors,
as well as "'need" factors, long-term care preferences of older people would be considered better. BM
has been widely referenced and used as a conceptual framework in the west and east. This study
thus argued for applying and validating BM as a theoretical basis.

Hypothesized model

The hypothesized model of this study (Fig. 1) was derived from the BM developed by Ronald M.
Andersen. The model assumes that some predisposing factors, enabling factors, and need factors are
associated with the preferences of older Japanese people for family caregiving and public caregiving.
In addition, there may also be associations within the three groups of factors above. In this study,
predisposing factors refer to gender, age, cohabitants, support from the community, and social
participation (self-enlightenment activities and community contributive activities), enabling factor
refers to family savings or income, and need factors to refer to self-efficacy (behavioral activeness,
self-confidence in physical ability, and self-confidence in intellectual ability). Moreover, psychological
factors such as awareness of family caregiving and psychological indebtedness are also associated
with the preferences of older Japanese adults for family caregiving and public caregiving.

Participants and analysis

300 older Japanese who were able to live independently at home were asked to complete the
questionnaire online. Data were collected in March 2022 using an online survey based on a structured
self-report questionnaire with questions based on the variables demonstrated in the conceptual
model above. In order to examine the correlations between preferences for caregiving and various



factors with hypothesized causal relationships, a model was developed based on the concept of the
Behavioral Model (BM). That is, the influence of predisposing factors (age, cohabitants, social
participation, support from the community), enabling factors (family savings), need factors (chronic
diseases), and psychological factors (awareness of family caregiving, psychological indebtedness,
self-efficacy) on preferences for nursing care and the direction and strength of the influence
between variables were examined.

Result

Fig. 2 shows thew test and of the hypothesized model and parameter estimates. A fully adjusted
model controlling all of the study variables was tested, and the final model is shown in Fig.2. The model
fifits the data well (GFI=.972, AGFI=.943, CFI=.976, TLI=.959, SRMR=.041, and RMSEA=.045). There
were significant direct and indirect effects between various factors and the preferences of older Japanese
people for long-term care. Regarding the predisposing factors, social participation (f =.559, p<.001)
and more support from the community (f =531, p<.001) were directly associated with the preferences
for family caregiving. Regarding the enabling factors, lower family savings (g =-.110, p<.001) was
directly associated with the preferences for family caregiving. Regarding the need factors, having fewer
chronic diseases (f =-520, p=.029) was directly associated with the preferences for public caregiving.
Regarding the psychological factors, stronger awareness of family caregiving (f =568, p<.001) and
stronger psychological indebtedness ( g =.104, p<.001) were directly associated with the preferences
for family caregiving, lower awareness of family caregiving (f =-.322, p<.001) and lower self-efficacy
(B =-724, p=.001) were directly associated with the preferences for public caregiving. Moreover,
lower preferences for family caregiving was directly associated with the preferences for punblic caregiving
(p =-148 p=.005). In terms of indirect effects, older age was indirectly associated with the preferences
for public caregiving via self-efficacy ( f =-.050, p=.011) . Cohabitants was indirectly associated with
the preferences for family caregiving via self-efficacy (f =.213, p=.001), and was indirectly associated
with the preferences for caregiving via the awareness (g =.837, p<.001) of family caregiving.

The siganificant direct effects of the findings suggest that various predisposing factors, enabling
factors and need factors can influence the preferences for caregiving. This is consistent with our
hypotheses based on Andersen's behavioral model and previous studies. Furthermore, the influence
of psychological factors on the care preferences of older people has also been demonstrated. The
significant indirect effect suggests that age and cohabitation can influence the care preferences of
older people by influencing other psychological factors (self-efficacy and awareness of family
caregiving) in this study.

Discussion and conclusion

This study explored the influence of various factors on older Japanese people's informal and formal
care. Although older people's preference for long-term care varies, and the processes that shape
them can be complex, this study identifies some factors that influence older people's preference for
long-term care, some consistent across studies. Although the quality of care is crucial, satisfaction
with the type of care provided by caregivers is equally, if not more, important to older people. In
addition, the results of this study demonstrate the importance of psychological factors when studying
the long-term care preferences of older people. Psychological factors are often neglected because they
are difficult to be observed directly. However, effectively capturing the psychological characteristics
and status of older people can help us understand the relationship between long-term care needs and
satisfaction with long-term care. It can also help older people choose care based on their attitudes
and preferences. Eventually, we can create happier golden years for older people.
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SHoMELE LCiE, ABEPIIEZE X 0 IRHPA» D ERICEIEL TV L 2 & T Bimo
PEEIEL, SO BILZHAMAEL TN I L THE, T/ AW ALOERFEZHRNT 572
DIZIE, SHORFATHE SN EOPOFL, PIZIEA VI —OFERREZROLT = 7
Far—YatVediEREDN, BERROREITEL G220 N0 Th, &5
REROD TV LEND S,
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#n N F 7 4 TEREDE T

—J-REIT & TOPIX DN T « AL 9 F V7 « EFVki—

EAMH BEEALY
WTEDIJER REVEEIC MRBA 294 N0 3210210005
T % X

AW AR SR S PLE M AT BN (Government Pension Investment Fund : BLF.
GPIF) #3212 mE e (EIWAS. EIPMRS. SHERES. AAERS) T & 7z 284K
AR=DF7+VF AN FTATEE A VT FTAINFTIVF X —, TIAX—=} - 274
F AL AEE) ZBAAED0T%HHRATS %IZH] X FIFCHEET 52 & O ZWREEL 72,
FIEGHOFERDP S, AN T F T 4 TEENOEIREH 2512, HEEOMBEEZH O wE
W) a1 720

AL OMKIZ, F1TIILDIT, FE2EWTRHRAAWIEEZ L 2—L, B3 RIS
MS EFVOFMZFHWT S, HA4ZIIMS EFNVICIAHERHEEZRL, E5ETHA4ZEOH
ERERZE GPIF ORAR =1+ 7+ VFIMRALTE=L+ 7+ FDY ¥ =2 2 27 OWGLEE AT
W, FOETHMmESBEOREZ RS,

EIEEOMIH Lz~ nva7 - 24 v F v 7 - 5NV (Markov Switching Model : BLF.
MS EFN) OFMZHEHLTWA, MS EFIVOEFME L L Tld, Hamilton [1989] ®RAZE
BT 0MPHEHTH D, T TIREYEGNP 2 VT, RAZLEHZ2 75— & AR
TAHAMEN R EMEL, REP~ IV a7 W > TELT S HA R AR EF LV (MS-AR
EFNV) LV BREAEFHOGH 21T > TV b MS-AR EFIVIZFEE GNP DR EFRAS 2 IRED V-
BVEBLOFFNVTH Y. RO KI & i/ % s CHEE L7z, NBER (& KREEHIFZERT)
PG LR RS olkikE LTWwb, TOE. MS EFIVHEE L 2B A MR O LK
LHi/MNIE. NBER DB ARELTWAEDDENLRY AN EEH LT L TWw5b, Hamilton 1.
MS EF IV ASKE DO BELAIERZ IR A TVLHZEIEL, ZhUBE. MSEFVIEZZ7 74 F
VA T=IRMICEHEND LX) IT o7z AMEIZBNTDH. MS €7V GPIF 2345k #
MERRLIZANSY ST 4 TEED J-REIT (FEERERFIL) SR ERETH S TOPIX (K
X)) ORBOBINELTVWD EEZ, FIADIITHH L7,

BAZORENEH L2 MS EFVIZLL T oMY Th b,

Ye =tis, + e, e ~N(0,63), G.1)
Us, = P1S1e + UzS2e + -+ + UmSmes (32
Uszt = 0fS1¢ + 0585 + -+ + S (3.3)

AT Tid. 2RBL SRBOHELZIToTWVE, £V y—OHCHBZ#%EL AR
(1) BEFVIHE) MS EFNVIZOWTH G292 &5, 2ok s, 31) RN

Ye = Us, T ¢St(yt—1 - Hst_l) + e, e ~ N(0, Uszt) (34
bs, = P1S1c + G252 + -+ duSmes (3.5)

L%bo WFTEIOEFNVE MSAR (1) EFVERRILIZT S, EHIT, U F— DY
ZRELT, ) —houliso—MEoy s —r% (34) REMLZETFTVEEZ S,

Yt = Us, T ¢st(}’t—1 - Iist_l) +vs,(Xe-1) + ey, e ~ N(O: Uszt) (3.6)

Ys, = Y1S1c T V2Sac + - + YuSme 3.7
UTFTIZZOETFTIVAE MSAR (1) XTEFNVEMRREZ LIZT 5,



MS EF VORI, o LA (LT, 7V & TR (TR, X7 H3%)
D 2REEETFTNVIIWIEICIRZ . IHRORERINHER & HEEH RO LRI —B L Tnwb I L
PHEFETE 720 MSETNWVIZX 5T HHOERRABOR DO —BTdH % J-REIT HANXTTHIZH
AT, RO TAR) I 7 ARFEERKO—BRE LTGPIF AR — b7+ ) T O
REBDIZZLIZE S TOPIX ~NOBENRW S E o720 2R MSAR (1) EF VO HEIZ,
JREIT 3 TOPIX b HilIOMICHEZZ T TWAH L VI HERIAETH 72, 2 IRE MSAR (1)
XT EFNVOHERE RS S, J-REIT & TOPIX D ZFNZEND—HRIDY ¥ — VA B GRS
S, HEOWYIZBEDY & — BN D 5 2 EAVRE N, HoREEZ 3RBICLT
Mg LR, EF VA PL Y F2WRALIENTEYT., 2IREBEOEFLVONLTIEZTY)HARN
VIR E o720 SHOSMREDL S, MSEFVIEHHO TV ERXTHEEZ S T
ATWBLIENMRTEZ, SO 95 J-REIT & TOPIX O ZNZFNDTHiN 07— 7 IZWAE
T AL RERZY SPICTE72DICMS EF VAT A LIZENTHLEEZ O,

5% Tlx. J-REIT ORI HEE 5 %S 5 2 £ 2%, GPIF O3EARR— b7+ 1) 2458k
BREOHEZ G5 2500 %WEET 5720, MS EF VO ER B % GPIF AR — 7+ Y F1C
RALFHR L7z 2IREBMS EF VO T VGO ¥ — Oz A L/ RIE. HHY
¥ — 13457 % B 5431% £026% DA FADY) ¥ — v oty RTHBDOY ¥ — Vi,
423% CTHY . XTHLEO) ¥ —id. TVHEOY ¥ — Y XD HEIZ< 4 F 20.08% F 35 5 H
Yol AR=—TI 75V FTDYZAZIZ, 128% % 511.7% £ 1.1% BT 2HE R TH o 7o N
THEDOY A7 OHEEMZMRALRERIZ. 7V ERUCIL7T% TH ol TORBENLSLID
I BBEREROLEEIZ, VA7 OBIRICENEL —FHT, V¥—VII~vAF AL LI EHS
Nehotze LAL., CORPBIEMEOPMPEIEICH->72bD0TH Y., BIEDOE 4 Mo gt
WDV EERTIE Ve BIEEDO GPIF AN Y F T 4 TERRPL LB HT 5 A L ET
MW EETH 5 4 & (EWNAEZR. BN, AAERES. SAERS) 2825% D7 = 4 F Tk
ELTWD, ANTF T4 TEEDBEHIZS %% ERELTWED, MV LGRS FIAELT
Wbhbh T nwZ L LEBROREWFIZIERARTH D FFEOR— 17 + V) & TIEIBGEDH
THbo LPLERSLESHIOELMIZE ST, NI F T4 TEREOHRERRZEDLI LT
BB OMBEEZHRE OV E VI RPNz B - B - K4 [2021] @ J-REIT % 4l
MLREHEZ AL LTHERT 2 LENORGETIE, BITEF VY F 57 4 TEEFHINT 50
BHEZRBRLCTY XA 7ERFEOFMEZHERT ZRHICH 2 L) HEITED TV S5,
GPIF 234 W% F 7 4 TEEZREN T2 T8V, FNVSFT 4 TEHEOKEE (L V7
FGANG I Fx—. TIAR=F - 74 T4, A8hE) 2HERL, By L-EEIIRAEL
TVAZ LN =V RRTIUENRDLLEZONS,

HOEIX, W S HBOMETH Do AMIEEDF RN, TN T F T 4 TEHENDILGEEHH
HlI. THEEOMEERON LV E V) R EN/2e LA L JREIT HiORMBRICE > THHE
W BBAIER L, WBEAE T LI LI oTY A2 E) ¥ — Y OREDZIL L T L WRENE
BRWIZH D, L7z T J-REIT i OB OFHER O T T RETHAH. T2
JREIT & TOPIX ® 2 207217 T4 <. EINAHZRRAERE S SAEKRK L o 725N E
EDGMOUETHLHEEZONS, GPIF DEHOSN 2T 21CHlzoTid, MEDESET 7
VEFOR=TIT7 4V LORKLEETHA 5. EHMIHEL KD GPIF © ) 7 — 2 133.69% TR
B OPWLEENZ105IH TH %0 GPIF IZBHE L W2 5 OR204E M T, 105IKHDINZEZE 9 A72 LT
Who LA L20224EFE 0 AR E PRI TH D, LB A FAD) ¥ =V THoTh
FNUHAELNIZIRM OIS S ML kb b, TLHEEEZ50% AL TVLR— T
74 VG Tk, EROGERRIFICKIBEZ L HEED H 5. GPIF 2MH ) SR V. &OF B L O
EHOEBZWALT 5 Z L3RS TldZe v, GPIF # B¢ 2 A5 EE R, WBZHEHL TV
LWHBE. GPIF ORARR— M7+ VA OEERHRE KRE S EE IS L AR — MMIRRRHEE
BIZXoTHD FLEDOLNT WAL E, GPIF OEHEBKICIE. 2L DBITFHRHL Y EHS Y
BRXZONT WS, 12KHZEH L TWADENONBNRGE LN LW, F4T
DBHE L B EHEDS . GPIF OEHEB OB O Z I T 5. GPIF O 38 OBGEIXZ
BTREVDSHD GPIF OREARR—F 7+ )+ 2FEH L. HADESR A EYISHEHN Sh
TV PEIDRWRIET 572012, MS EFVD X ) HHRHIEF IV & 72508 28k LT w
ElonEEZTwh,



CHEMZEIME 32 H)

Hscu KB BRI O ) 7I2ET S
bl PR B S i i sk 2 i L 7
ab i BRI BY 9 5 WF e

TAHH MR
REGTAMETER AIRGESEHE B 2924 (2022429 B T)  ZHENo. 3220201001

e k" A

AREFZEIE. W FAER R E D (DUF, i v oo) offlimAa R Emibm (DT, %
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RN IR OTEHCHE T AEE IR EH O NITT 5 2 & T, AN ORE) 7 ORI A
DFEJUCINT - K EZRETEHHOTH 5,

F1ETIE, MIEOWRE BN, ML & RIFZEDMEM . IR0z B L7,
COWTIE, EE. BIHROWE ) T AF I BRARmHIRICEE S hTwbs Z L IZHEH L.
RO E DR KO XY v b Th I AKX (DT, FX L)) DmEEEFH
ERBAMR O 7 T ICHETH Y, B2 HE2EXL L8N DL 2R LI,
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e LLEELTWDE L, @OF%. F1HOHRKICIZE=S ) ¥ FHENERS NS Z & T,
RN HIE O RIAER SN D 7280, EBHIKRE TH 72 % XRIEEF O TR L E - FATHWIE
TE5Z L, OBR2BMMIBIEEOWREED GO T, HoML 2HBEE, FHRKP RS
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FHEXIRAERET S22 TR, HRHFECIZMADOHT A FI4 R4 E T T ZHLH
BT R HE I L= BRI R BIOEZ T EZWON T LI ENARLE VDI L,
@OMIBAERDOI T A Z D 2 720120F. TERHFIFICE 25X O XM EAEO®A % Lo Tk
PENTHE I L. ORREY a vy 2EHT L7205 HBATIIR %2 3 2 B OB B
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1. %8

LA EAE (Osteoarthritis) & 1%, MiEhE & HICHEMB OB REICH 2KTF DT VKDY
REAMBEHEICL D BOHFHIELRBRTRION A Z & U 55 0MERD A U % EAT O L T5
BTH b,

AWZEIE. OA D722, JATHIZE THIZE S 207 W ) [l Bl A ] B8 7 SH T 260 22 I e 3R g il
AT A%, MHEECTELZZ)OBFELEMmEZICHHEHTE S L) ICHIE 2 H3EI L. BIR
TR T T TN r—F 2R L7z 720 KV AT 20MEFEB L OCFEHELZEIZOW
T. FDTD #:12 X 2 Bl ET B & OVRMEREE 2 T W 72 i 9288 % 47 - 726

2. B
AWZECTHE T 5 LIRS > 2 7 & Tid. RSN %2 RS ICHAL, Yz v b
¥ MBI O R ERIC X o THIRE— F2 4 S8, WRETIESTEE 2o Tna "%,
Fig. WCHIER 22 IL3RkeR O~ i 2 R 22 ILRE o~ 33, AiE400mm, & S 300mm. 1§
120mm & L. AKRBEZ AT 2 HIE EEE160mm & L, E#EKR T — 0V PRz, B3
25mm & L7z, V¥ T ¥ MFE. EAE0mm, & 365mm THh b,

3. Fi&

3.1 AR AR 7OV & O B bt

PR 1 & O 2B AR E 7V OB BN (SAR) 504i . FDTD & w T
fAT Uy RIS R 2 SR 8D 72 BT BE /A AT 2 47 5 720 Z DIRFI A RIERIE KT 75V DTl
B2 kg ICTA L, B2 =2 b F ¥ FEBEICKRE L2, 2 ORI BB
450.32MHz TdH - 7z,

Antenna

120 Impedance
matching unit

Amplifier
25

300

N7
Inner I [mm] Resonant cavity applicator
clectrodes
Fig. 1 Dimensions of the applicator. Fig. 2 Developed prototype applicator.

3.2 AABMBIERT 7 ¥ b &%z e 7 IE 5
Fig. 3ICAMEL 72> A 7 A 2R § o AMEWHERER 7 7 ¥ P A2 HWT, IS Z 17 -



Too EBGHEE LT, ZRRBONBICTF 70 v EEEE. MAAHER 7 7V 22501
R, B2 Y Y b Y PHBEICRE L2 2 FT—I T FIAFEL Y E—F TR
BEGZHMN UIERMEBEZR LML, MiizfT-> 7. Z ORO IR #%133686 MHz TdH -
720 MmEER 2555, I EIIS0W ThR IR % 17 - 720

4. R

4.1 fAbTRERE

Fig. 4 (a). (b) &ZhZhix1 (LB, K2 GHEM) (A L2z S R & offd 2
HIEEHE ANAKE 7V D RN BT % FR I O SAR 546 AT RS R %2 R 3. BB oM T ©
WAL EB T ANV FARREPLTVDLZ EPMHRATE S, £72. MR HWEBM LA O B F v
FIRADBRWZEND, RMRY AT 2 0RENER LT

4.2 FEERRR

Fig. 5 (a). (b) @ZxhTh, K1 (EEN). 2 G (26 A L7z MEBEERZIRIEXR
7 7 ¥ b A ONHE R ORI — FWI{RZ R K1 OMMEISST ., i E234C, it
JEEA46C TH o720 R 2OMPIELNOC, EE226TC, W EA36CTH o720 TDE
B R L 0. MBS TE TS I LR TE 5, /2. ZOWE LAIZOW
THRBETH -7

Fig. 3 Normalized SAR distributions Fig. 4 Infrared thermal images of leg shaped agar phantom.

5. ®#8

AWZETIE, PERDHTEI M LIRS MR > X 7 A Z IR TR T W T 7Y r—% L LTH
ikl Uy FDTD AT X O FEER 217 o 720 Wik GIRBET A TE 5 2 & 28 L.
A > 27 2 OHHEZ R L 5HBOTEL LT, BN EANMEHEERER 7 7 ¥ P AB X
KW Z VT, NRERZE/-T L2 TFETHL, 61T Pa. AR, BETLREOBEERD
A2 Z R L 7280k TORET 2179 o

SE K

(1) P RS, Bl RREsA. g AIC  Z2O0BPEIEBE N Ol Bda ik 2 HiW & L 725 i
VAT AOMEER, HABWAREWMNAL AL I =7 ¥ 7 am B 11, 1
(2014) 199-200.

(2) Shindo Y. Takahashi K, Ikuta F. et al. Improved Deep Thermal Rehabilitation System
with Temperature Measurement Function Using Ultrasound Images. Thermal Medicine.
2017, Vol. 33, No.3, p.91.
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1. #a5

e b C-RtES v 878 (CRP) &, N7 7V 7R LM & &4 U CRIEH & Alifkig
HERESEZ2WM S V7 HATHY, RIES—H—L L TAF Ly YV IOFREDIF',
BEMEEDTMETH 5 poly (34-ethylenedioxythiophene (EDOT)) (PEDOT) :poly (4-styrene
sulfonate (SS)) (PSS) &, HEVE»OERITRETH 5 2 &2 S AN A o & ¥ F~DIEH A3
BEtshz?", L, N4 4ty o v ZIBICid s Tl o 550 %ETh b, €2 T,
SS & 2-methacryloyloxyethyl phosphorylcholine (MPC) & d3tEAIZL D, BEREME F—/8> b
ZHEWK L. CRP Z BRI T 20 ikt EB YRS T2 H VA N VAT 2 —%—
DRI Y #LA 72, MPC H1® phosphorylcholine 3£1x. Ca* OFFEAfE T T CRP & HRICH &
THIEIMOENTWE", PEDOT % poly (SS-random-MPC) OFEAE F CEMEEGT LI L
XY, M I CRP #i#%iE % 43 % PEDOT : poly (SS-~-MPC) #Biz E# L7z, Z DM
T CRP 7 ik BZ o\, BN 2 72 Ferricyanide/ Ferrocynide (Ferri/Ferro) D
ILEICEBRDOEIEL D CRPHRNZEB I %o 72,

2. FEE

PEDOT:poly (SS,-7-MPC,,) & FigliZ/RTAF—ATHKZB I R o7z0 AN, poly (SS,-
r-MPC,) #& MK L7zc NaSS & MPC % 7 : 3 (mol : mol) ®T05 M. 1mol% ® V-501% 4
20 mL 27 % X 9 IKICHE L7 BHRFMAT.69C . 24IEICTT Yy A kHEZ BT o
720 RIBBRICINRL =7 —2 W THEELZREZ L. 3 HEOMAKZEN (MWCO : 35kD) 12X
DR Z B v, W TAHRBRE /.

EBL L 7z poly (SSwMPCsx) &, FEAKIZHEM L. 'HNMR (JEOL, 500 MHz) 2 CTHLK % 3Ffff
L720 ¥£72.GPC (JASCO) IZTHTEZMEL. & T 51310 um B TSK gel- a 5000 (Tosoh)
ERAMPTERMIS (RI-2031, JASCO) %MW T25C Tl L72. BEHIZ10 mM LiBr &t
MeOH 70% T, iAFHEEI1Z1.0 mg/mL. #1205 mL/min T& - 72, PEO BE#EWE % VT
AR L7z BHARIZ045 um 7 4 VS —CRHELZz0H, WE L7, KBrehlikic X s
FT-IR (Nicolet iS5, iD1, Thermo Fisher Scientific) 12 C ‘H #& % % & ¥4 3¢ fili L 72 &K 12,
PEDOT :poly (SSw-7-MPCx) 7NV IFBETUNE LN T AH—F ANEHER. H s dE s,
Ag/AgCl ZHEMZ v, poly (SSw--MPCx) 1.2wt% & EDOT 10 mM % & & /KB P TR T
v aA# v b (VersaSTATS, Prinston Applied Research) % Jilv»7z Cyclic Voltammetry (CV)
B2 Y, HIZT-06 VA HL1 VOBEMHEPTOL V/s OEARE TIOMET L, 7EHEMK



I PEDOT : poly (SSw-r-MPCx) ZIKBEL7z. Z0#, #FZ F— 3 b odikr% HMIZ, #
% 96 % Tl I 10V IZIE L7205, HiKkTY Y A L7z,

fE#L L 72 PEDOT : poly (SSw-r-MPCwx) #ifiE7% ITO A FICEMESISTYER L. XPS (ULVAC-
PHI, PHI Quantera 1) ZMW7-KMITEINT B Ro7ze XMIRIZIE ALKa (15 kV) ZH
WV, 90° OBEREAMECHNI L7z ATR 212X % FT-IR (Nicolet iS5, iD7, Thermo Fisher Scientific)
W THBES &2 AT L 72,

DPV #llEix. 1 mM CaCl.£100 mM NaCl % & & MOPS #%& i (pH 64) HiZCTCRP (0~
320 nM) % PEDOT : poly (SSuw-»-MPCs) #2207 FiHE L. SEHTY Y A L7205, 5mM
ferri/ferro % A U 728 P IS CHEXBEM . Ag/AgCl ZHREM %2 H v TG /S V XK
Z A M) — (DPV) #BIZ % o7 WEE-04V 2506V THEIL, 7OV AEZ25 mV, /8
VAME0.05 sv AT v T E10 mV, AT v 705 s, 256C TIHMi L7z,

4.4'-Azobis(4-
cyanovalenc acid) poly(SS,- rMPC‘.,} . ”
+ O waler waler O (o]
69°C 25°C
O;Na 24h 5) electro- : o

3
\Pf polymerization )
:.. d.r ~0
—N_ —N— ! g’ —N_
| | S s |
L
NaSs MPC poly(SS,-~MPC,) EDOT PEDQOT:poly(SS,-+-MPC,)

Fig.l PEDOT:poly (SS,random-MPC,) &HA F— A4

3. KiRELEE

5 v F NILEEITTH poly (SSw--MPCs) DIUEIE
86% TdH o720 HNMR IZTHARMY O E J < —HLK
o sz GPCHMEZ LY, BB r &I
380kDa FEEE. £ 5B 1X203TH o720 FTIR X ) KV
S—OHEBEHRY -2 MR L CVED,
PEDOT : poly (SSw-7-MPCx) & AR FLE F v 3 0.8 R

Y5V ADRMBHAS NI E DD, BRET~O S Y R Concentate /ot
T 23R S 72 XPS IR ATR FT-IR JIEI2 & 9.
Wt o MPC OAFED R S N7z DPVIlE L D
CRP REEICIS A L CHERMO M 23R S iz (Fig. 2)o TMiE. CRP ® PC HEADFFR
WA 12 & O ferri/ferro OEEALE TG ASHLE S, BILEBSBRS L2812k 5,

SHRIZXDRRNZL CRP M2 HIE L, BILE S T PEDOT (poly (SSw-MPCwn) ZiHE L,
(LA X ) MR EREE 2 B 2 v, CRP 4 Tk Ol 2479 o
4. BEXE

1) Pepys M.B. et al,, J. Clin. Invest. 2003, 111, 1805-1812.

2) Goda, T. et al., ACS Appl. Mater. Interfaces. 2015, 7 (49), 27440-27443.

3) Hai, W. et al, ACS Appl. Mater. Interfaces 2017, 9, 16, 14162-14170

4) Goda, T. et al,, Adv. Healthcare Mater. 2014, 3, 1733-1738

I/l

Fig2 CRP #FL L DPV ¥ — 7 Bt
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1. BLBHIZ
BIHEHOAMI T AL AL LT BN V FFECREIEREE T BZ WY BT
ﬁEﬁ%%ﬁ?é%/971-XE%i¢ﬂﬁfﬁﬁV%ﬁf§\W%%ﬁﬁ%é:kﬁ%ib
o LMFJE%E TIid MOSFET 5 BB 1ERF O - it dsVE IS HN 2 R B 20l L 2R & 3
%@m%%%b FEREMEMIEZ EBL L T& 720 L L, MBOEBFEED6IV &R, <A
AYF Y THEIA v F 72— A E LTHERT 2 \IMKEEALA L ETH - 720
Grial, N &SRR IC ORBELEO LA TH o 7235 ml e & 57 RIS 0] 2% R Pl 2 i
MURETEALZ X o 720 3IEIC OMERMRICI D, 4 a3 v F v 7L LT RN EEREE33
VALDEHZ MR L 720
2. NEIRBAMED LB
NEFELJICOEBE T Yy 7 XNZX 1

Input Output
R AEEICEC TR, HRERLE Log > Ngilti;)lz/z - :upu
ANEFIT, XEBEHE y AR bE onv. Y onv.

B REERT 5. TR X8 Jin () v (i) in ¥

iy ZEFIICWETLIEITID, XE K1 ~XFEHICOMEBKTTY 7 X

BEAM y 2 EEOMICHBTE 5,

3. REEALIU THFE L 7Bl

RN ERBEBRNBO Ty 72 ZNZENK2 LK 3ITRT, WEILICK (a) 290k

W, X (b) AMREMEETDH 5. BIREEOEIRICHNT TER LS L2 FHil 2 L FIC305 %,

(1) SEROFEREMPETIE, K2 (a) IIRT LI, BEEE FICHBEARTTEIN T2 AT
fer@EME. M2 (b) ITRTEYEHILL CTEBREE 2K #H 7oy Z2lTiEHrL v
b3 5 —NE CML. CM2% W= EiilE 5 2 1{x%.

(2) K2 (b) IRTERENPBEONA T ABRLACE D, BN 7 AER L EE5ERL 2
MV RETREE T A ETREFIAFTIv LYV RIEK,

(3) WERDOIEBEHEMEE TIIK 3 (a) WT/RT LI ITHER A S T W7z 8 T2 ¥ i
V-Icon #, CM3& CM4% A L7-EBiifs 51k & 0 x4k U TIKEEALICHE ) i oK
T 2R, IKBEALIZHE) N 7T ABEOEBIZE S My Me®DH T ALy T gV Y —
7 BR L OWFNCEY, B4 FIvr Ly Vb,

8 B T .
RO —Jj

G_:il_—ll\ll 3. 53_ I, ——
P L 11O @, X | Ven

I'-'lﬂll':“rl‘maal ‘I--l I, ll'_:dD

Tﬂ_"“ -

Vovi2V,,,

o 9 NS “%w n$;”»m S e
Yo T LU Aol L
(a) HEA Il (b) FEZ Ml (a) BEH I (b) FEZ Ml

M2 SEERHEOTTY 7K B3 fFEEREEOT Ty 7



ST, BHZEBOEOM D ER L 13X (1) CXoTELTIENTEX S,
Vein

Iout — Irout X 10 S(n)+S(p) .............. (1)

Sy : Pch MOSFET My, Mz D% 7 AL v & a L N R 4 ¥ 7l
Sty : Nch MOSFET My, My, D% 7 AL v v a v KA 4 v 7l

4. M I2L—Ya v ORRE
NEBEM y 2050, 1.0, 20ICHELZBOREZF A FI v 7Ly VI3427dB iR TE. ¢
3 IC W2 L4.9dB $k L 7=,

5. MIEICONRY — LA 7 Mgt (15 pegroeqa (1,5 m x 0.9 men)
06um CMOS 7ua t 2 %2 W Tk
L7y =LA 7y PRZR SIS R T 0 B T

R $o MI3E M14, M50~M55, M58% : Ei?”l- R TR R

Mb9IX & F gy iz B 13 % EE il

MOSFET X7 T %o HiHE %M g
INEFIBN I 2 TE 5 2 Uk B % )
XL, 150% LA EoiEs] MOSFET
Ty 72X k% L7z, OP1~0P6I
FXRT VTHEEERL TV 5,

-
=
]

5-1
2
50

g
o
=
(=]
=]
o

=

=
g
=]
=1
.
17
=

Logarithmic converting circuit

6. PEHR

AT EEONEREZ X 5 12K 1OE+01 o
Fo NEFEHAEy 2050, 10, 2012 3% 2 omeco (oL W
ELIBEDR T AFIv Ly Io = i
WEMIX, NERBD 2 4 XEHRIHE .Hé LOE-01 F :j
KL T300 dBICHEF L7 o £ L0E-02 | A h
BHFA4FIvrLryofizklc © sgens | E? BT
FLDo B ST 310dB 1)
5 1.0E-04 --ﬁ ] 208 T
7. ¥&9 1.0E-05 & aiiii i -
ARt Y ALl N AT T 1.0E-02  1.0E-01  1.0E+00  1.0E+01
BHICE Y, BEFy4FIvrLyy Input current I, [pA]
BRRLLGDS, NS RFLRICOE BI5  AHUIEE ORISR
PBEE 2R D63V 2 533V I L
720 MMEICOMEIZE 5T, 555 #1 EBEy¥A4FrIvrLyy
/f j_ 3 ;y 7V ‘/:};:/ fﬁ30.0 dB %1%(- % Power exponent value y 0.50 1.0 2.0
TwbZ é: %ﬁﬁ‘““ L 720 Conventional circuit [dB] 493 499 37.8
él\fﬁ o)ﬁ%% ‘i\ E“irEa: }]‘3 U’ 5 1%‘7':'3‘ 4 (Simulate'd rgsults) i i i
£AFIvILYVDIAERLIET Pfgfﬁj;g;;ijﬁf} 500 536 427
b B e gy 0310320
EEEN

(1) KFREW : [EEME v HHER ) 7Y - 5727 Y A5 4L, 1998,

(2) Tim Tiek. Paulus Thomas Johannes Gennissen. "Arrangement for linearizing a non-
linear sensor". Patent EP2128579B1. 02 12 2009

(3) ZJEMKER, EAKE, WHE :[# 27 - = & VLSI ORBES 2 e, Ak i,
pp.231 (2013)
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#En BRICICE BV —KR Uy ODERE
WA MEHMLE

AR WAERE
BUT2AREJERt I8 MEaiiaee 2 %4 #8ENo 36D0210009

R M K

1. ¥5

MEMEIRF 2 ik #E (Carbon nanofilaments; CNFs) X8kl 48 & iR FEH H A & OFfih SO
WCEDRONEF 2 IRFEMETH 5. HSULCKRE OISR, B, P AR DI FIE LK
NG RA—=FZEZDHILET, TORECHMMBEENIZNT L LrAWEEN TS, CNFs ®
FRRLAEEDD 72 O TN S, HEBREIMTbNTE 25 Toho—o& LT, REEM
OB BRI W B TN T E 720 72 & 21X, CNFs ORUGHIHE R &, TEH il o5
BEOMAEIEEZ RITTIERHEShTwE Y,

< 1) EH—FK>Y (Marimo-like Carbon; MC) X% 4 Y& Ffb 2L L. ZOEMITH
Fe L7t 408 & RALKRES A L O ISIZ X ) CNFs ZE S THOLNLH L spsp’F
) RFEBREMETH B FAIE. Ni fltBERR %2 i, Cu® R Co 2D 8 e FE O RM A
MBI R T BEZ WO L TE e Nifiltliis X & v L OIS X ) H L7z CNF 3%
MICEH D75 722y V%A L. CNF 2T 5275 7 = Vi spiE B OREEN R,
no KA 5. MC Z Bk &5 TR R (PEFC) o Pt iAW 2 & ¢, Biho
EHEGEIOEHIMEZHRL TV S Y MEREER KSR ZHOTER LA MC I, 47
I LRIV MC K FARTE L. PEFC OBEEBZEGARZER T 2. B 5L 0WHIToF
MAEL S, 22T, WERMERNSREEZH L EA L, AEEIX, APV T2 45—
ZHEE 2 I ENTE L7209, KISTOMBRREIC L Y MC O&EERBONHALHFTE %,
HHE L7 MC Z Bl A E LTIV BAICIE. PN T 0SS 2425 CNF DY 5
Ty VOREZHD, AR TA—7 LOMBREWISNICTEIENEETH L, AW
Tl WEREHEXGREEZH W72 MC HROBOEFIFE 485 A —F L CNFs O KR
RS & OBREZH O T T A7, SN MC O FEN I EB X OAEBAREIZ KT
BRI, E5ITHW L MC Z2HWT Pt L DBEILZRART,

2. FEER

EAENm L FD ¥ A4 Y& ¥ M KZ2E RSP CRIBEILWLH (450C, 3h, in air) L
720 WEENI (1) AAKAPOKBHICKREBICUHZL /254X E Y FEMA, FRECX
DALY A4 Y FHFENI il (Ni G wt%) /O-dia) Z##E L. Zha MC Aot L
720 MC DA I BIRHEAAREEZHNT, K1 DOEMTITo 72, &HED MC ZREH
SLVEMH Lol L., KESM 27, MEY T I Ko MC 2w THEILASRKE
WHC, BunEHWwzF 2 aaf FIEECX ) Ptk 72 #HFE L Pt/MC 23 L7z, MC B
X UPU/MC OEKMIERED X Ok &3, ERBIEEAE FHMEE (FE-SEM) B X U0ZE#
RIS (TEM) % CEMili % 17 - 72,

3. WiRBXUOEL:

B 1RO & R BT M EOBRZ R T, MK O0rpm B P 5rpm EHELDHEHH. K
ISTREDRE L B ERENHENPZ 2D, 550CB L OS5 CHETHRAMBRE L SHZ 05D
Molze EHITHIBIRESICIZAR 5 Lk FENMHEIZRATITHD Lz ShEERH VTV
ERNEBEOGHRA R L OB TH o720 MA T, V777 —DEIT R FENIMRERITIZEA
EWB LW Wb ol K228 L7 MC @ SEM 838 X OHHERSR 04 2 /R MRAERS



534 id SEM 14742 5 CNF % 2 Zh90A 3 OB, EAEZME L THAi & L. RISTEES00T
B L US75C DA 13 CONF MR ¥ — 7 235820 ~ 30nm fHk 72> 720 12%F L. S ESS0C D
Y 3 EE 2550nm A E D KOG A DIED - 720 FIBIRES00C B X O575C & ) $550C @
JiAK CNFs 238 b 7ze SO FOBTREARSFEE DR R S . BERAEE O R L Fko 6N
Tholzo ILIESSC, 3h, V727 7% —Min ¥ 0rpm BL I S5rpm THEK L7z MC #0#% 3
HE, KETTIVDLED MC20rpm DYEIZEERD41.2%. 5rpm DEEIXERD272% &
hole Lo T, V7277 —HES5rpm THKT S E Orpm DH LT, WEYT
IVYUEDOMCOBED 1T HPL LB L7z Pt & OBEAILIZB VTS, CNF 2R LT Pt ik
FHRESMTHFINTVE L ZMERTE /2. WEREEXGEREEZHWTER LA MC IZ
BT, ARG EAEREBOBBREZHONICT S ENTE . AKEZHVWLZ LT, Kb
FROMEIEENC X YRR 7 IV D EO MC R F-OHEGEZROTIENTETH Y. PEFC OE
Ml AR & L CE SR D MFED)ILS ) 23R EI N b,

#1 MCHEM 3 200
= Oo
A5 i Ni(5 wt.%)/O-dia. E 3 Soom ¢ o
fik . e 200 mg o 0t
BRI 450°C~590°C e ©
¢ ~ £ 100
F5 s 1~3h e 8
s 77 A CH, g
AR 150~900 sccm - 50‘5 0
U7 7 Z—[ElEE 0~7rpm e ,
= il 1 1 FaY
7 450 500 550 7600

FIGRE G
1 RFENEO RS EARLE:
(CH, : 300 sccm, 1 h)

30 30

251

20+

BT
=

10

5¢

010 20 30 40 50 60 70 80
HHEE Inm

010 20 30 40 50 60 70 80
HEMHEE /nm

X2 MC ® SEM %3 X O 754
(CH, : 300 sccm, 1 h, 5 rpm. Ut (a) 500C. (b) 550C. (c) 575C)

010 20 30 40 50 60 70 80
HHEE /nm

BN

1) N. M. Rodriguez, J. Mater. Res. 8, 3233 (1993).

2) J-S. Zheng et. al., Electrochem. Commun. 9, 895 (2007).
3) M. Shiraishi et. al, SN Appl. Sci. 4, 126 (2022).

4) K. Baba et. al, Trans. Mat. Res. Soc. Japan 42, 51 (2017).



CCEEME R E 2 )
SO PAREMBLZ PR S B MO BEBS
LRI & A GHGs AR IC B 39 50 b

FAHE IR
BT AR7eRE MBS 7 A W80 AR 24924 23 No. 36E0210002

% B oM &

1. (FUBHIC

HATI, BUE, BEHES A (GHGs) HEHEZBIR L. 20504E F TICEHLEQIZTH I L
ZHEEL LTWD, LA L. 202040 HARICBT 5 GHGs HEIHEIZ1148500005t H 0 . A5,
W) 7% GHGs HEH A 25RkO 5 s s HAIZH T 5 GHGs HEliROW. T b IOk
BESIZAEWHE &b CO21390% DL EZ2 5D 55, BT AN F— (Lo AT 2L ¥ —
NORBEOH Y MAIZ L Y HIRO FHEI /RSN TS, —JF. CHR N0 3IET AL F—je
I8 GHGs EIEn, FICEREREEDWIA, JoRUIEVWIFEI ST Twd, ZhH0IET R
F—itEH GHGs ICB LTid. FEMMED D 2 HIHE - BESHEA TV,

TAEBIZBIT S CHB L N0 OFAEF I 2HEICARINE NS, 12 HIE FARERKLILY
ANDWAKIZE TN HEY R BTS2, BN TOIHTEHIRIC & 2 0HIZ W, i
W4T 5 GHGs Th bo 20 HIZWFLY A & OIS HEK % k2 5V i 26 i) TR ET 5
GHGs Th Do S HITHEERAIE, WHBICBIT 2 WBEMTER T 2 b O DB BIEKIZH
HRELTEAL, MIITHARELRD 0. MEBPEKIZIERAT 5 BOD % NHi-N 25
2RI NN S Nty WIRICAEMR E UCHAET 2BEWIC LY. AW vAE
RSN 5B CHiE AL - P& USSR VCEIERY - AR & L TAERI NS N:0 23H 5, BEH:
e 5. EHERAEO CHAERICRITT RER 13, 5. BOD B, KR%ICL 58
ZTBIEDPWEENTVS Y, T2, NoO BRI KIFTEERTFIE. NO2- OFHE. DO, pH.
C/NHHEIZXZHELZTAIEIMEIATVSEY, LA L, THOMBBIEKICEREST 24
B J OV R B RIS ET 5 CHLB L OTN0 ICB L Cld. ZO8ALIER 23 5 54k
WASRICHAET AR TH DD H Y BERICHEFH I L, GHGs ERICHEE
FTFEER PSR o TRV, T2 TARIE TR, FAELIBEIKABIR S 5l
WZBWWT, MBS S5 4§ 5 GHGs ZERIC R T T B2 M T 52 L2 HME L7,
2. AL - ERFHE

AFFEIE, RN D 3 DD F KBRS & MBI KA S W 5 B3 (A% BRBEH
H) FRIEE A~C TN T 5 325512, 20194E 7 H A 5202248121 £ Tl Z EMi L 72
ARG & L7z PR AR MBS L) o2 £ 1 IR T . AENRTH 5 &MINZBWT,
WLBR AR HEACCTE BT ) oA, WK & BRSBTS 0% St1& Ly BB WIS
I LMK St.2 ~Fifci i 2 8 Ly A - 3K - MAEAIT o720 BB, Stlid. WK Em
HBHADPERTAHMEZIRLTWAED, IO Z2HHS LT SLIOBRELZRMN L, B
JHE LT)Ilo DO, pH, ORP, Kilit. i, mMESZOMWEZIT) LI —T VF ¥ 3=k
WX DA AR (G) GHGs ZHRM L7z BAAE (D) FAGHHY I Vi3Sl ce s -
Va3 i — bii20% (CEWiETERLEA) 2 i LAY UG & L S8, EERBICH DR 725K,
ANy FAR—ZPHEIZEDY GHGs 28I L 720 X AR (G). HBAERE (D) CLBXUN0 11X, #h
. R e e e
BE ST Y 7 IVIZE D ICEREICHD KB # MBS ay REEE
W 5 7= %, JIS K 01021 % 4 L BOD. SS. B2 BRISE

VSS. T-N. NH-N. NO:-N. NON % 0 5k A | m e °
TR o 72 SIS BRI R, KT o REEMEEZ S A
B & GHGs DIIFRIZ W TN 247 > 720 ¢ BETHERE v ¢




3. BREEE
3. 1. CH 4 &/%H4E

B 1T REL PR E K A S 72 D ZAMNZ B 2 D-CHAER R & AW EI& 2R
LTw%, D-CHAS L St2DRE, CHaREICY — 7 03 U722 &9 6. St2BL R0 e K fill &
St1DFHE CHAREDZIKEZ R L TRD 7. K155 a &Il & D-CHAERRIZZTh
Zh49, 95g/h TH B DI L. Wil y 1320g/h LW E B L 2~ 4 R WRRTH o 720
C AU T ARELBI R PR IZTRAT S 5 AW 22 & L7z D-CHAER BN, il y oW B S

14 0.007 50 25
1 || ONHeN e @ OD-CHE RS
AR P& T4 || sEEARNEE 208
g0 || () mpREER 0.005 i 3 (OBEEEED 4
£s 0004 ¥ f'g 30 15%
% 6 0.003 % H 20 10ﬁ
z = T b
Z4 0.002 T o g
2 0001 2 a 10 h 5
0 0.000 0 0
Ao "IJIIB ANy Ao g ANy
(B) ()] (B) (A) ©)

K1 &HEINCHTS D-CHAEES?,%&:EEE#&%EU‘% X2 ZAIICH TS NH-N RE EERIBREDREF

B D-CHARZRESELRETH o722 EZ ON 5, Hu Hid. WJIAKP O D-CHAKIX
FICABYEZGOREB LR SEEL, SO DOREDOEE. 25 /iﬂi%@ﬁiﬁ#
WAL L KR D-CHAS KIS E N, 2 2 MELTwB Y RIFFEICH T 2 0B HE
B FHTNNC BT 5 FHEEA R ES . W) a : 7.0%. W)l ﬂ 0 2.2% &R A
RTH27-DHRWEEGIMLADITH L, Iy 13123% & &< 72 D-CHaEE & R EAEY
HEOMEREIZ r=073L BWHIBEBRTH o720 TNOHOFERN S, WMPBIEKIERAET A
B 2R & L7z D-CHA L., KEHARDE GOSN EREECm AR L. T 20Pk
PEABGRERTINC BT 2 G WEB L OCERAMPE LA, ARY 2 ICHE) DOHEIRE %

Z & THAEYBENICER RSN L, CHARPMEE I NS 2 LAVRIBRI N,

3. 2. N:O &

21% StUTBT %1 NH-N BEE & II2 B 5 NHeN A& 1209 5 D-N20-N B ji&E o
HEE L ORLAREREZ /R L TwbHs D-N:O-N ¥z, D-CHMhE & Mk i cH M
L7zo NHeN @A RIE, St12 5 D-NON i KM F TOXBD@WARE Lz ZORRE. St1i
BB EHE NHAN BEEE, W o <l y < BOMNCE L ) MHBZBIEKITKRD S <
NHeN 235 L T2 BI2BWT, 42 mg/L EikdbEBWEE oZze LA L., AR EIZ
FRIFEE CTH By ITBWT00037& i d H < StUT BT 5 NH-N B EEICRAFE T,
NH:N 22 5 D-N2O ~NOERIERNEH O RE oo TNIXERBEILHEFH A TH LW 1T
100mg/L & &\ DO BB X 2 HIEH 280720, IR B W TR 2 2 i b 5O 2347
bbb H L, BREILERR CCTH AWMy i3KHD DO BEDDS6me/L EACL, WIREAE
YIRS A L7722 & Ty AERIBUS I X D NoO B AMEE S b Z L AVRB E iz,
4. £&O

AWEFERE RS, CHAERK X, KEARYEGHE <K DO IEOMINNIH L. A YA 5L
T HUBBHEARS TS B L CH4EEJZ7§ AT L L EZ LN —T. N0 EiZ. WIoH
FEH MG L K DO BRIFOMIINIH L. BRI DIRATT 5 WALV S b Ll
BB 2 AWML OS2 55 S & NoO AT 2 L E 2 bz,

HIEE
AWFFEITBRBEE BB e A HEER (JPMEERF20192002) (2 X D Efi S Nize & CITRELH#
HEET,
SEZ 3
1) HEBR eI 20204E B (1 2 4R ) OISR E A AP E (i) . https://
www.nies. go Jjp/whatsnew/GHG2020_Final_Main (J) .pdf (B%H : 2022/10/25)
2) Zeyad Alshboul, etal: Export of Dissolved Methane and Carbon Dioxide with Effluents from
Municipal Wastewater Treatment Plants, Environ. Sci. Technol, 50, 11, 5555-5563 (2016)
3) WHREF. VWEAE KB TRICBT 5 N0 OFA45E K EBEK Vol52 No.3 (2010)
4) Beibei Hu,, et.al: Greenhouse gases emission from the sewage draining rivers, Sci. Total
Enviro., Volume 612, Pages 1454-1462 (2018.1.15)



CHEMZEIME 32 H)

Hscu VAW N Z2THbEMLT Y —D
NENTEEICE KITTIR LD ST E
B9 2 W %E

TAHH FHE—
BT A0seR  SEE e MLaiiEE 24 FENe 36F0210002

K & W i

1. L ®IC

AV Y= MEEICHERT T A —F X HOR, ZOMAHEIX. BN G EOBREWH S E
BRI O Y 1 £ T, ZEITh 725,

AW ZZ T 2HLHLT v H—2 R0 o 72BNV R ve T2y 7 ¥ A —HEAHOEHR
HIXOW (LLTF. WESEIER), 227 ) — 2R )VES0REZ2ZELTE5Y. ThobE
ThH b,

MAT, 7oA =M oBMEEHE coli (NVHX - 1ZLdbE) oI, TAKNDZZT5
BEOKFEH MO ETCORETHLILHENFTINTES T, TORBOMHLRDOND,

AW TIZ. T ¥ A —DERITZT B8 AW IR AT BE 22 3B E Y 2 VW T S0 EBR %
1oy LD ERWERS . A YESITMA T, AN T ¥ H —Faefiil (B0 - Fom) 25
AW N %2 T BHERD EMLT ¥ —DNFENNEIC G2 5B 2HONCTAIEZHNE L,

2. HEBRES
2.1 HREESEHE
BE— 1 [ZEARRBREE O E R AREEIEM - RS TR ST, ChzllABbETAT
4 FERHZELET, Ty A—MobfiEz#ME L, HEEBIROZEEZRZ T L 2w Tnh,
2.2 #HEFEBLVBEER
AEBEZ, My 7)) = MNCHTIN24KD07 v h—f GF— - B2, £33 7 v —HhE
T GE B ORICEE L. BENICEY PLZMEY ¥y vy FI2X 0247572
BLHEA-BHET Y H—. BLO, EERTORNIBZNET HLE0MFZ A-BHET, KOOk
TEEF L WERRID, 7V AP RBIROER L Lo TR L 2R LT,

3. HERE

FZEBORBAR—-EER—1 IR T, F—EBRTOIZ LD X 3:135d=80mm (d X7 ¥ » —#itk) L
FYED, REWHOTIOOmMm. MEWVWHDOTIOmmE L, N X JHETRToORBRIKT
25d=40mm L. ¥ % FA5165mm & L7z,

BOREBRTOIR LD EFHEZ. AN T 22— VIR OAPSHME L) X kT s7d 23k
WELT, ZNILD/PIEINVHDTIOOMm (56d). KEWVWHDTI0mMm (=8d) & L. N0 dH&FEid,
B—EERETME Lz PRVESIE, B - R RVES4) To, R/MEERAMEL Y HEE L.

BE=FEEBRTORLDHE - AN DHEJEEFRENLEFNR, 260mm £290mm * 326mm & 356mm & L7z, W
FThd, BELW'RSELE LY ICHESNAMHZ KE L B> Twab,

T YA —WITRO - ODEILIE, TRTOERICBWT, EILED ¢ 20mm. AAIEDAARE A
7d=112mm & %% £ 9. T & TiT-> 7,

I — PREERERZEE L, FeADLF4 I 7 A bary 2z U—b2Hv, Sk, wihd
SD345T D10% & 1E 512, D16% 7 ¥ A — /i, D22% EMITH W20 IR SS4004 2 > M22 42
ATRN MM L7z, AREARIZ. T RF VBIROFAEZEERY 7 I Oi{bA ZiREG3 51EA
HROb e L, MEREAEFZ. AV NELIVETEGETEH TV ERODDEMEH L7,

4. EEBRER

4.1 EBREREME

B LD ETENBMT S EICX 5, BEFFOMENDEAR SN, T, WNEREM IR A A B &
WCEZBHBIVLRVN, BRI ZLEBIRENC LG,

PRYVEEINE VDR, REAKTHMICB N CTHEMEMERIRHL 25 2 EAmRENT,

BLDHEX - ANDVHERTHTHLE. ZORXEICHEL ST, KMHHIZIZIZFAMKOMEER L. 72
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1350
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20 —Afll £ 20 —AflE

—YTE ! -==-MAIF
10 —rAm@E 10 —Bfil £
o Er@F o f BAIT
0 2 4 6 8 1012 14 16 0 2 4 6 8 1012 14 16
(a) 130-30-4-A (b) I -100-30-2-D

K—1 BAMRELEAMEHEEOEFEO—HE
(B AMTTE [KN] —ZfLE [mm])

®1 HBREG—E
L | Y S|P

i b | x| s | [EH
55— ER

100-2~100-4 | 100mm

70-1~70-4 70mm | 165mm | 240 | &Y |2
-1 ~fE_3 70mm 2L [ L
R (Fumfll b [FER)
100-30-1~100-30-4 | 100mm 30mm A
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Introduction
Carbon nanobelt (CNB) is a carbon compound, in which benzene rings are condensed and

loopedl1-3. It is a unit structure of a single-walled carbon nanotube. In recent years, various types of
CNBs have been successfully synthesised and their applications have attracted a lot of attention4-6.
C60 is a football-shaped molecule composed of 60 carbons. C60 is formed by five-membered and six-
membered rings, and therefore various chemical reactions are induced due to electronic interactions.
Nickelocene, which is an unstable transition metal complex, is a molecule in which nickel is
sandwiched between five-membered rings. A novel methodology for producing uniform spherical
particles composed of CNBs and C60 at room temperature has been inventedl. In the present study,
I imposed magnetism on the particles employing some simple synthetic method. The bonding is
weaker than that of the other metal complexes and therefore nickelocene is easily oxidised, thanks
to which it is often used as a reducing agent. Considering this reactivity, I investigated the
possibility of nickel/nickel oxide being incorporated onto/into the particles. I found that magnetic
particles are created by simply mixing those three types of molecules; i.e., CNBs, C60 molecules and
nickelocene, in a vial at room temperature.

Experimental details
The experimental and characterisation procedure is summarised below.

(a) 0.782 mg of CNBs, 1.51 mg of C60 and 3.97 mg of nickelocene were introduced into a 5 ml vial (see
Fig.1 (a)).

(b) 45 ml of monochlorobenzene was introduced into the vial so that the molar concentrations of
CNBs, C60 molecules and nickelocene were, respectively, set at 0.7, 1.4 and 14.0 umol ml-1,
followed by sonication for 5 min (Fig.1 (b)).

(c) The solution was placed in a black box and left still for 1 week (Fig. 1 (c)).

(d) Then, the precipitate was extracted using 100 nm filter paper and a deaerator. The filter paper
was exposed to pure water and the precipitate was dissolved in water using an ultrasonic
cleaner. The aqueous solution of the precipitate was placed close to a neodymium magnet for 1
h (Fig.1 (d)). Particles attracted to the neodymium magnet was collected with a pipette.

(e) 100 ml of the solution was dropped onto a silicon substrate set on a hot plate, the temperature of
which was set at 70 ° C, and then the particles were observed by scanning electron microscopy
(SEM). The nanostructure of the particles was also observed by transmission electron
microscopy (TEM).

(e) The components and physical properties of the particles were characterised by time-of-flight

S > e e T ) r :_ ’ 3 ¥

Fig. 1 Synthesis of particles. (a) Powders of CNBs, C60 and nickelocene in a vial. (b) Powders were
dissolved in monochlorobenzene. The molar concentrations of CNBs, C60 and nickelocene were 0.7, 1.4 and
14 umol ml-1. (c) One week after the dissolution of CNBs, C60 and nickelocene in monochlorobenzene. (d)
The solutions placed near a neodymium magnet.



mass spectroscopy (TOF-MS), Zetasizer, spectrophotometry, and a superconducting quantum
interference device (SQUID).

Results and discussion

Fig. 2 shows an SEM image of particles produced
by the present synthetic methodology. The size of the
particles varied from 400 to 500 nm. It was confirmed by
EDS analysis that the particle was composed of carbon
and nickel. According to TEM observation of a particle,
crystalline structures were formed on the surface of the
particle. It was also confirmed by TOF-MS that the
particles are formed by CNBs and C60 molecules. The
zeta-potential of a particle was - 20.2 = 0.52 mV,
whereas that of the particles in the absence of nickel
was - 3883 = 0.73 mV. Although the absolute value of
the zeta- potential of the magnetic nanoparticles was
slightly lower

than that of the particles without nickel, the present
magnetic particles were still monodisperse in water.
The magnetisation-magnetic field curve of the present

Fig. 2 SEM image of the magnetic nanoparticles.
The scale bar represents 50 pm.
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nanoparticles is shown in Fig. 3, which indicates that E; j:

the magnetic nanoparticles have weak magnetism. %

There are important points for the formation of the ?::

magnetic nanoparticles by the present synthetic method; g _;_m

that is, g e
(a) The room temperature synthetic method is 2

9.E-04

very simple. The particles are composed of -
compounds formed by C60-CNB-C60 via charge s
transfer_ -2 -1.5 -1 0.5 ‘ [1] 0.5 1 L5 2
(b) The decomposition of nickelocene into nickel Magneti field [kA/m]
and two five-membered rings occurs at room Fig 3 Magnetisation-magnetic field curve of
temperature. the magnetic nanoparticles.
(c) The particles are self-assembled via electrostatic aggregation.
Summary
I developed a simple method for producing magnetic nanoparticles based on the previous
method I invented. I successfully synthesised magnetic nanoparticles composed of CNBs, C60
molecules and nickel at room temperature. I characterised the physical properties of the particles
and found that the particles are monodisperse in water thanks to the high absolute value of the zeta-
potential, which may be very important for the application of the present particles to biomedical
studies. My future task is to clarify the mechanism of the room temperature self-assembly of the
particles.
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This paper investigates the pattern of annual and quarterly financial reports constructed
by Extensible Business Reporting Language (XBRL) with a build research methodology - to
make a practical python program demonstrate that XBRL annual and quarterly financial
reports can be used for trade credit analysis automatically. More specifically, this paper,
through identifying the patterns of Japanese XBRL format financial statements, explored an
approach for creditors to acquire data from XBRL datasets used in the default risk analysis -
trade credit analysis. This result supports that XBRL adoption has a positive effect on

financial information acquisition for its potential users.

Five companies, TOYOTA MOTOR Corporation, KOSE Corporation, Suntory Holdings
Limited, NIKON Corporation, and General Oyster, Inc., from different industries are selected
as coding samples (Table 1). In other words, three XBRL annual financial reports (S1000C13;
S100NSBC; SI0O0NQ22) and two quarterly reports (SI00PG2W; S1I00PKBK) are applied. Three
annual reports represent three potential types of XBRL instances guided by distinctive
accounting regulations and types of firms: IFRS x PUBLIC; J-GAAP x PUBLIC; and IFRS x
PRIVATE. In addition, in Japan, only consolidated statements are required for listed firms’
quarterly submission, therefore, only listed companies, NIKON and OYSTER which are
adopting IFRS and J-GAAP respectively are chosen for analyzing quarterly consolidated
financial statements. The samples were chosen aim to maximumly represent different

taxonomy datasets used for XBRL reporting.

To test the samples, four default risk analysis models, Z score, Z” score, J-UK, and
SAF2002 are employed for XBRL financial reports data mining purposes. By acquiring XBRL
data through the Electronic Disclosure for Investors’ NETwork Application Program Interface
(EDINET API), it is founded that XBRL financial statements’ taxonomies are designed
following a pattern closely associated with the accounting nature. First, the ‘jpdei_cor:

AccountingStandardsDEI' (DEI Taxonomy) tag provides information about accounting



standards which indicates the regulation used for consolidated financial statements. Based on
this tag, two significant prefixes of the XBRL financial statements, jppfs_cor: (Financial
Statements Taxonomy) and ‘jpigp_cor: (IFRS Taxonomy), can be identified for consolidated
financial data utilization. Second, individual statements only adopt the ‘jppfs_cor:’ taxonomies
due to Japanese regulation. In other words, the value of ‘jpdei_cor: Accounting
StandardsDEI’ does not affect the taxonomy set used for individual financial statements
(Table 2). Third, by separating the format of financial standards from content, an important
pattern of XBRL financial statements is detected. Based on the taxonomies and XBRL syntax,
through accessing pre-defined concept ID (prefix: concept name) with its compatible
ContextRef, a unique value of the fact in the XBRL instance can be identified and

reconstructed arbitrarily for further analysis.

<jppfs_cor:NetSales contextRef="Priorl YearDuration" unitRef="JPY" decimals="-6"> value </

ippfs_cor:NetSales>

Table 1
TOYOTA KOSE SUNTORY NIKON OYSTER
Period Annually Annually Annually Quarterly Quarterly
FS Individual Individual Individual Consolidated = Consolidated
standard IFRS J-GAAP IFRS IFRS J-GAAP
Prefix jppfs_cor: jppfs_cor: jppfs_cor: jpigp_cor: jppfs_cor:
Edinet no. E02144 E01049 E22559 E02271 E31321
File id S1000C13 = SI00NSBC | S100NQ22 S100PG2W S100PKBK
Public/ Public Public Private Public Public
Private
Table 2
AccountingStandardsDEI IFRS JP GAAP
Consolidated FS IFRS JP GAAP
Consolidated FS Prefix jpigp_cor: jppfs_cor:
Individual FS JP GAAP JP GAAP
Individual FS Prefix jppfs_cor: jppfs_cor:

This result, by exploiting XBRL taxonomies, exanimated that it is possible for creditors
that obtain default risk analysis-related information mechanically and automatically, therefore,
providing robust evidence for the benefits of XBRL adoption. The findings explore the utility
of the XBRL dataset to fill the gap in how XBRL can impact the business analysis process as

an effective automatic information system.
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BARYVHB =L BRoTWIHETVFFMEAL TS, FHPICEAZRKBHOFERT—F—
R, FHAVIFVGT IV CM OHEAET D Tl FHOAKXYA vy —0hTiE, Y2 ¥
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AWFETIZ. EDX)BAPERZINRTONIONVT, [BEHTELZWERELY)BH D L X
2. o 2Rt &2 2T AN BB (Teunisse et al, 2020) L EFKSNS [BIhPT ] %,
[ERFH BN B IBTEHRD O DEOZITRT S (ZITFTANRT )] XHT 2 220K [#h
YR - TAEH] OB L7z

WA, (V=Y y=7) 7] EIFEn5 [AMOFARRLLIIZOTAKR, TR
AR E NS Z TN 2 ik (XX 2V 74 - T v 7EHR@#S - @T. 2018) 2w
e A N—JUFESWIMEICH Y (FL Y P A 78, 2018), iDAEEHKO Y -7y Me kb
RRICR o720 LAL, BRI TE] KHTLINTTOMRTIE, [HARE] OREIVR
BINedHd, ZOFFHMIZOVWTIRTFICHRFE SN TEL LTV LWIRIICH 572 (George
et al, 2020) .
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Bl DER % T — I L7 DBAE TR, [ EHERP BIBERD» S OREDOZITRT
S (ZITFANRT )] LI FEAFEOHFEVH LM R > TS (&, 2011; Ridley et al,
2013 PERER 2019), Chid, [MBADE R, B&. BE, THEZES» O MILHIRHT T %8
M| (American Psychological Association, 2022) & E#F I N5 [HFEN] &, [HLOEER
BAZED 72012, BRRPERRH/RICHE S I | (Gudjonsson, 2003; Ridley et al, 2013 ¥R
2019) LEFSIND [WEN] D2 00RITLH LM SN TELMETH D WRICIE, B
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V) RIS AR E0EVICE > THRIE N S,
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TV, RPEEIRALZNZIC, BRENRTIRE - 724 A= (B - 488 2 SRS
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o KM L7z,
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FHETHLIEZRBRTEHDTHL, Ll AROEEICH72o T, [Hshe¥s]-
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BNV EFANEBEORERZEHML, MERBRICZVFAPEELZRHEL, EFHZVFAD
ANRE L% AR S HT & OMREL SBBIL Tw b, BARICIZ. 2V EAD [H2Z

— 132 —



e Wit R RORE ] & LTHETYA 2 U5 4 OVBICEIN, FICHBERZEEE L
T Z#ED 72 IV 2 TRHUK L 725E & FEBOR OIS TH D el 7z milfiihTtnb, $7:%
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2= F 4RI LTI —ED M2 o> TWAMINAR S 225, FofEH 7 v FA
WCOWTHESLBICIE, HBZ 2 I 227 4 ICHNE SRR L) 2S5MdH Y. R LTN, 7
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BTET, HP—IHEID» Do 2RISR B HOEREDNKit 28T 5. O ABKEOE) T
. HADFEY DT 4 7 4 —VOBRICEBERRICANZWIEHZ V F AOW BB RZ 5,
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1. IU&IC

BEER T, AEOHEMEED SN TE Az, FEBIS, BAMERAEEER LFHIT T, #HELD
TRy FT7—AWEETAL VIEASRTWS, DEiL D, Xy b7 =22 Hu72WREiEcEs %
WFFeI3ED HNTE 7225 FEROMETIET — 20 WEIRNTLIWAREZIIECEX v, 22T, &
MFECiRe Ry b7 —2ZHEO FICERT LI LT, L0ECHLIWEoREZHIEY, ¥/ T
BTIER SN COEEIRD S, BHOERRY ) ZELAWEREESH . €2 T A%
TIEZ) LB TOfADBEL, S MANBHTE2rA=Ff — Ve Ry FEflvwaZ
ol e By 8

2. ERkE

AWF7ECld. Figl®d X 9 12 Arduino L # @ Tinkerkit Braccio (L Fa K> b 7—24) %, Nexus
robot #t B D3WDI100mm * A =K f —ruaKy b =547 (LFA A=k —nuXry b) Okl
WO THHT 5, £72. #4513 ELP 48 ELP 13MP High Resolution Autofocus USB Camera
ZHHL. Ny FOEFICHERE L7z, B{ROMEIEIEX. 640x480 [pixel]l TH b, . WFLHICIZ
F =TV —=ATHhHb OpenCV ZH\ 5, BFHRIZ, Fig2n & 9 2wy — L offnizif, .
MoKy 7L L, TOHPLIRELtoa Yy 7 (W5H) 28 sE5,

= (xC'yC'zC)

y . > x
Figl w&Rv b Fig2 g (k2o%, K &)  Figd 0xy b7 —2DEFN

3. OFRvy b7 —LOFHREE & B0 A K
(WL TG L7 E ol Al & [HhY FEILRWollEs] 3. EZBRLV1RX0 L) &l
RIZH B Z DD o7,

s =1.111 x 1054706470 (1)

BRI Gk Z2R A 200Xy b7 —20MHiM 0, 0,%NiESE T, WFRWAWROHL

WS X919 5 (Figd)e COEE, Willks LHMIMO,. Ny FEMDMBEG,, (= 0,+60,+0,) &
DR ORERE (x,,3.,2) ZRDDBI LDV TE %,

WEWELFESE L7202 N FE (r,y.,2) REPHERVD, 2Ry b7 —AII30EE

BDEDTRHPIE—DICEETLRV, ZTT BN LR T SOREL L2 MEBEEZHVTANY FO

PR PD D, B, TRIEE w 32X TRDBZ ENTELY, 7272L, JiZuXy h7—2 0¥

AT &3 %,
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N FONEEAEDN (x.,v.,2,0.,) XL T—2%28) LBoOMEA (6,0,0, 0,
. WEBEEHOTHETAIENTE D, FITy 0,%45 [°] 5135 [°] FTEILEE-L X
DFTRTCOLBEOMEAZRD, FOXMRITOVTUWERIEE2) 2T 5, ZOMEMPIRKE 45 HHA
(0,60,80,60,) *HEMHMAELTHBETLZ2ZIETNHNYFE (1,5, 2) TTHIL. IR LR
2H 5,

4. FLZFRA—0OKy bOFIE
LI DH 2N ELFFT 272012, FA=Ff—aRy b
ZET. RPN TE 2D, T2k, —uaXy beZ
DX GWDIih ¢ (Figd) WA - T, #HE60 [mm/s] THED
b, TOLE AT DOES v, [mm/s] & yRGTDOHEES v, [mm/
s] 3ZENENKRDEH TR 5B,
v,= 60 cos ¢ (3)
v,= 60 sin ¢ (4)
T vRy PAMIEELZWVWE ) IWCAT v, 2. PLHI#EZHW
THRDEIICED D, 72721, el ZHERESM wv,=0 [rad] &
BIEOHARO MRS v [rad] L DAL T 5,

Vy = kpew + kifew dt <5>
ZL T, (6123), (4, BRDOMEMRAL. FHEOHEEREE v4n 0o 05T ED Do

V3 1

Vay -5 5 1\ /v
v |= 0 -1 1]|[v (6)
Ud3 3 1 Uw

2

B HEOMEEEIL P 2 HWTHBA L, (7)XTRDZHE o, [(mm/s] (1=1,2,3) 2+ L=FKf—NL
2Ry MIANT B, Co& &, HEME v, Imm/s] EBAEOHEEOME v, [mm/s] & DREE ¢,
55,

%

Figd Xy b

BLRE TNV

N

N | =

u; = k{,evi + k{ f ey dt (l = 1,2,3) (7>

B (R THOWIWHITZ A ¥ ke k) BGTA ¥ ke kN E FEBWIZORY F2ERLEHND 9 L
B{ET 2z L. FFN007. 026, 0.007. 0.02& L7z,

BB, RFETHE) BR Y b7 — 2D 2 2 W HIEEORAKMHIZH48000TH . WHIEELZO
50% DAE T3 5240000k L2225 F TRy FEWNEWITEDHE 5, lAH240000L B2k -7256, + A4
ZFL—nvaXRy bOBXZILD, T—ATHEDEZRHESES,

5. KB

oXRy PO 3 [m] BN SALICE] [m] PN, W25 05 21695 [mm] UL E
3655 [mm] LLFOEEOMEIZT y T2 EWT, 8FHEELIERET-72. TRThOBITOWTIO0
M OEERZAT o 7omi R, TRNTHFFIRI L7ze SOBE MrA o3y 7S 0 ICHE L72hs K
Loy TR LTI 22 LA TE 7

6. BHWIC

EREZ T L E0N e, A AR —VICERL20Ry P 7 -2 THREEE S
CLENTE, COLE, BRY b7 —2OWBEEIZESVWTINREEDD 5 ¥ A7 2 0Hl#H %217 >
720

SEX

[1] BLEEASIRER : "Leap Motion Z Wz AORDOB & IZHbEL-aXRy b7 — 2 DOEMEMAE ", 20214E
| R Y N 11

(2] FHIMER 7Ky b7 —2OWEERE ", HATKRy FEAGE, Vol2, Nod, pp.63-67, 1984
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CRARSRTZTD
womn  JCIESZTEE G 2 H V7208 O BERY S 8 9% 7K
D IEREBE

TAHHE IR
BT ARERTR 42248 Z28ENo 16B0190068

PN

[ZER] PARFICBOTIHSAFEDE, SRR, BRI CHr 7z B & L COaiE
EATEHENTW S, EEOPAAKNIER & 72 2 MBS I X 20 225, 8D O 5 K% 12
DEXEEL-OL T, HIEHZRIETAZENMEL > TWwb, RIIFETIE. FrE DI RO KA
WX I A RIS AR EDS5-TI 2 L7 VB (5-ALA) ZEEZHWT, el E %
ﬁ@?ﬁ%gm;5%%%mwuﬁ?ém@%%%%mﬁb‘ﬁwm@&&w%Mﬁﬁwgﬁﬁ%%
'??O Zo

1. MIEHER=EHB

EVRAEY  PAZEENROEETFEROERICI > TRETHEEZONTEY, HEWZ L
THZ R EPICEEEZ37:5F . SHOHARDHE-IZH TS, FERERE LTHAICTT S
ZWIRIBERONIIEN kA B THED LN TS, ZO70, EVBAMNEYL Y ¥ —ORFETIE, L
PEASARHBA R ERBETEDLNADPMEATETVS, ZOLEHIZHYWH TR TVWA T, EL4RER
ML TV BB TVIEARATH Do TV AIZMD A & HRTH D TRERA LI MIZL
< EATHED L. BHRAIR, EEER. ¥E 2 EOERBASN D, FERPFEHL72& X12iF
T TIARPIZHRADHET LTV B 720, NEHERLHE RO AAGH CIIEERAR L Dmnwd oL i
D125, ZD720. BWER 7% . BUEERIEDFED SN 58 L WIHREOEIRKD 5 b,
BABERIZBN T, BEH DML FAERWE D Y AR L D AR S 2 WHEIC X 2 iH# O
PIrbNb X))k otz £ THAE. ARG X 0 Mtk 2 i3 2 0w E 2 vz
LW ABREETH 50650 0EHE: (PIT=photoimmunotherapy) 25VEH ShTwb, LaL. FEEIC
Wb T B REREFRIE I DT T RBGEH SN E BB TIE—2 721 Th 5,
RPN TERSNET IV BO—MTHAH5-7TI /L7 B (5-ALA) FHAHE, . 74 ~
HEDRBANMIZLLETNA, MBIV ATRTI a2y FY 7THETOEFZERME Y 87 Y
BEKROHPLE R ANLDERICEE RS FTHHIEDBAONT WS, 5-ALA Ot LT, A&
ZERTHBOHBKTHL 7O bRV T 4 ) VA, BEOWREONREZYRTLI L THEZRIET S
EDMEENTEY, BHIHAAMBICBOTIE, AATRZL EVHMIBRHEEOBVTTI FRLT7 1) ¥
PEHINR TV EDHMON TV S,

Z 2Ty AW TIZ 5 A ELER IO TRV & EN DB TVIRAT AT 5 R ORI E L
Ty 5-ALA Z2f0FE & LR ZUWE 2 W72 iB A BIC OV THRET A2 2 HIWE L,

2. WEZEM Rl X OV i ik
R N OSHI e

AifFETId e MR TH 5. PK-1, SUIT-2, BxPC-3% il L72o H52EHIC1Z RPMI-1640 (nacalai
tesque) %= FEMERTHL & L GlutaMAX (gibco), Sodium Pyruvate (gibco), Penicillin Streptomycin (gibco)
ZZN#N1%. Fetal Bovine Serum (biowest) %10% IZFH# L7z D& L7z,

M3 1E, AlamarBlue i3 2 H W CHIRRANICIY C Fh@ i SN2 WE Z2 W6 (v F
E—F<vA4 7287 L— 1Y —%— SpectraMax M V) — X : Molecular Devices) T#Hll L7z,

Sk AL AW & LT5-ALA (FUJIFILM) ROStEZHoH2WEE LTHE0H L7 74 b7
3 % )V bergamottin K OF dihydro bergamottin % DMSO T S i L7z GRFIEEIONM) 72,
5-ALA 1Z5mg/ml T1 X PBS I C TS L7,
£ YiRiA

2-1. T WIEAS AR % 5-ALA ORMBaEER)

@® 16mL F2—=7%ZARHEL T, #HT 200280 L%, BEiE L Y PK-1%4x10'cells/mL

SUIT-2& BxPC-3% 6 x10'cells/mL (2. ¥R Lo
@ 96wellplate ~100ul/well 2 ZhZh ML % R L 72,
@ BEMECTHIR AR AR L. BOFHIC X VRO Y 234 U e v X 5 ¥ L <T37C
59%CO\ZT24F R L 720
@ REOBEEWRZVDT, 15ml F2—7 % 8K L7z (R AKIEESOLM)
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G 5-ALA ZRERE LR KIEE (15nM) 2 SERFRICHRL 720
® BERELLZAEZERBEODLONSHERHF L, (B&EE PK-1 2x10'cells/ml SUIT-2 -
BxPC-3 3x10'cells/ml)
@ HiMLA37C 5% CO» A8MFRIRERE L,
FiEBRE L, B TLORCA R L 72 Alamarblue 33 % 100ul/well 01 L 72,
©® =4 27u7sL—rY—%— (Molecular Devices) IZTHGHE (Ex560nm/Em590nm) % &1l
L7z
22, TWIEAS AR A3 5 5-ALA I 0N, SEHREHC & 2 i s s S o Beat
O WFHEEMoRAMZHE LIGml F 2 — 7 TERERMS L7 (&% PK-1 - SUIT-2 -
BxPC-3 3x10%cells/ml)
Eﬁ@ 6well plate ~HBICZFNEFN oML Z 3 ml/well $O#
L7z,
B ZFHhZENORIEEEZS0uM ICHBELZhZRD Y =)V
WCHRRE L 24BE R RE L 72
@ 405nm OFEEDNZ 3T 5 LED HIRHEE (A ER
(BR) 1F#) ZHWTICoHEEEHOTTIRHBI 2
ﬁ%#%%%ﬁﬁo<%%%Kmﬂanmm3me 65.0V
0.1A -
G WS 1 HB X2 HE IS AH SRS Tl o 1 S W
PR LEHEZIET 50 LR IWASAKI
® LA L. Propidium lodide (PI) ¥ CYsikfs. '
Ta—H4 bR Y —TRMBEZWE L7, 1 EEREE RRERE24050m)

3. FEBRRIR

3-1. 5-ALA D224k 30l BRAA SR
BAIC 5-ALA il o g2 AR xy e
FTHMENZRELZEZTHH L. 20 o
5 -ALA KBEEE1SnM T b g 25 A
faizxt LChEREI R EZ RS 3. 5-ALA
RS E LavwEga, #ellfifitci s 3
%%JT&)Z) ML 720 SUIT-2

3-2. 5-ALA EOEHHIC X 5T WliEATA
e o iz 5k

PK- 1,SUIT- 2 BxPC- 3 ZhZFhD§
Jig As AR RR ISR LTy 5-ALA OR#&

K2 5-ALA XXGHEY O X 2 WA MO EREZAL

12405nm DGR 2 47 v, MR R R R & PK:1 |- mes SUIT-2 | @ mea
Wit L7ze 2O, BETI IS IKAE L C . = B
IR AR O I SE 2 BB B & O PT N —
LCHRT 5T LA TE72, 405nm O E . .

DNP 2T > LHITDOAR, 5-ALA D
TR EEARAE I 7 W 2 Al A8 S 7z,

4. BHRLSBOEY X Y | iy I,

ARFZE T, 5-ALA Z#5 L7293 WiEads SANPERREEM) SAAPERRAEM)
Qm@ﬁ«\—%ﬁ%%%%%ﬁacaf
DU IR 242 2 LATTE B 2 LA 3 EEARAENZ5-ALA & GIRETHC X 2 Ml ks 220 5
T&72. LA L. RUIETIREESAMMIE
WCHRERIMEAT o T B 720, EBEOBHRTREMHFICT 21T FHRNICERLZEBICCh S ok%E%
WEEE BRI 4D, OB BRI DPHE SN L EXRH L. Lizh > T P 5 247 W ER AT O
AIZ5-ALA 2835 2 LA TENIE, MR TH L2 TVBBAICHEMEH ZA>D, X1 ikk
PR EDOLT EBWHFTE S,

SHOBELE LT, BEL HEREZUEWEZIHVTAZ ) —= v ZF 2TV X VRN L WE 2581
T 5HLENBFIC, EREOEICEZ2FEZHH L, REERZMEESE T PETH D, F72. B
FUIZREZ E VR A U P CTHET 272D ICHRICH G ST 2 LIBWT, PR S T ToXRREICE
F5, AROZIIZOVTHERF L TVWELWEER S,

5. &Mk

1) Kobayashi H., Choyke P. L., Acc. Chem. Res,, 52, 2332-2339 (2019).
2) Nakajima K. Takakura H., Shimizu Y. Ogawa M., Cancer Sci., 109, 2889-2896 (2018).

HEREFR(%)
HRREFR(%)
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CCEEME R E 2 )
s RN A—F A =% =R HBUE
T2 I [ D HE ¢

AR WA
BT BEAEFHMTER 495 #8No 16C0190056

K H i

1. BIEEREHm

20254FH L ), A — M A= —DWREH I TH 21042 D 0P HRIERAT— P A —F —
NORWDBIEFE B0 CORMAAIT— I A=F =2 VB ET, BELD D EHITHEDPDIA
WHIPH T ORI DR ESFF I N TV B A TIE, HFEOFRLTORFE BT, kit
A= A= —ICHERINLBEEZTH L. FROLORE LRI EZRETH 2 L2 HI
4%,

2. RRA<— P A—% —DWHE

A= A= —=biF, —ERHTEOERMHEZEL., BEHREBICE>TTF—% %@k
WIZKD e THBKREE ZWREICT2EDEFTHE, /20 Av— b A—F—TIUEL /27—
¥ EBTAIMERE YV RANGHT AR EENHEORBLE o T0D,

BUE, B DX HEETEHEZ HIF T4 LT, OBHL VY v 205k, @ R
B X BBl FELE R EROTRE L. OFERFRZRON LO=Z200HiFohTnwd, 2h
SOEJNCMF2EI DX Y — L E LT, RKIMRAT— b A —=F =P ED TSN, Ch
ezl R - HERNOBALRH LVl ik, LHBEH R & ok bR B B sk At
AR — P A—F—IZ&NT V5,

3. HHEMRRTEORH

HEHOBENEL LTEICADPBEEShTWE, Thd, OREBEHHILY ZA52 (H
B). QA= A= =0tz vz, @R =Y ¥ 7HhE. @ Last Gasp #ETdH
%o TNENO T I E FHHFFEIC» 0 REMIZTOEB ) TH 5,

O BMEHBLY Z 72, EEOFKXEZBEICKRE L, 5K XA T HE)
MICERERD VAT A TH D, FIXEFEHk. MEEEPBYECHA LEEHMHZ S5
DTV, X (1) TEEE X 55 EBEIFH & HBICh 22 HME 35,

A X 5% (1)

@ AR—FA—F—DLEBENMHROFT— B —ERMTEICEONTL 5, TD720,
bLT—BEONT I VXD Y6, TIREEIEE - ML TWDE EALRT
CENTED, X (2) TxOEFHREE, 10507 — 7 OEHEER, 200137 — 7 D&
R LT 5,

x 75 +10%) +20%5 (2)

@ BEBEBFEZNO LM ATFLINHLAT— A= —ICHAELERETEZREEL. TOKRY
B DHETAT— I A =7 —DRMEZHRTELERENR—=) Y IREETH L, T4b
b, EERERICEEEFDAI— M XA —F —~F—1 ¥ 7 &479 Z & THYHE I oE
MW ReE b, X (3) TEHEX 15ER—-Y Y 7 IERORZERM LT 5,

BB X 154 (3)

@ Last Gasp BETBIZEBRAEFICAT— M A=Y —DBEG2RTHBETH L, ThiZk
D, EERERREZEHRLPICHIBTEX LA, A9 — M A —F —ICEBBLEZBRT 2555
Hbo T, WEIREILOBANITE WD, HEIHEZRIZTE v,
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4. PR %ﬁ%rw%mwt$mﬁﬁ%ﬁﬁ®wﬁ
J|,, & ol B e g D E
:)‘ J i f;
i\ ( N
1”\. .

1 EEREETNV [1]

M1CRERHRETVERT, MEXEICBWTHHRIERAE L, Zof@ERe (o ik
M) ORZEITI)ETH, CORBBOFREZHFET L HELE LTCREHILY 25724 (H
). A=t A= —0FHIEZ Wi, B=) Y ZREO=Z2%w5b, R (1) ~(3)
ZHOTHNLARECETIRMEZR1ITRT, B, SHIZENZhOLE THE M EIZ
P05 ERKREHTRDO TS, T TORKRREE, FROA L-BENERENOX O
BOBEBHETHS7SHEDOTETH S,

i

RKIDPOBEHILY AT LAER-) V7B £1  BXETOFRIIE E TORKITEREH

BE I IS E CORBIERARICRX L
BrzFb, —Ji. Av— b A —F—0FHIE
ZHOHETERECETIRMAE—ETH
bo ZD%, BHEDZ VA, B, EXHT
wﬂﬁyx%Awm%Eﬁmvx%Aibéﬁ
WHITRENTEETH 5, L L, BEHE®
Bz C, DEWT@E%E@%&X?AIU
LR ZETLIENH D, T2, KEHBL
VAT AT, ERBYE R, FgEo
B ZAT) 720, BEIRABDOI X M9 h o
TLEHe AX— M A—F—DFMEZ W72
HERe A=Y v 7Tl

X[

B

C

D

BREOH ()

25

11

FRRHEIAD D
EH(EEA L) (4]

140

125

35

55

80

ERRFEISH DD
KR (30418) [43]

60

60

60

60

60

ERAFEICH DD
kR (5918) (9]

35

35

35

35

35

FHRFFEICH DD
KR (1918) (9]

31

31

31

31

31

FRRFEICH D B
B(E-U>2) 4]

28

25

11

16

512, HHTORETRWAD, REL LaEDN%L, MEEIRTITWSE E VR 5,

ERSE M

v HEE R S TH LB ) 220 F M2 AT, IFRARV, &

[1] BEIK MER2EERER L A~v— b A= — & U2 BRI o 8L

[2] KRR — P A —=F —HflERTE [RIERZA<T— b X —F —HIERFTIWD £ & D]

(202245 1)
https://www.meti.go.jp/shingikai/energy_environment/jisedai_smart_meter/
pdf/20220531_1.pdf

[3] 46 KEAAT—FX—F—HERFS &1 SHEEO@mM] (202149 H 1 H)
https://www.meti.go.jp/shingikai/energy_environment/jisedai_smart_meter/
pdf/006_01_00.pdf
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(CREW R E 2 B

wscn iR RED RS & SR TR b

THEUH FRRY
BT LR 44 2ENo 16D0190062
AN |

(B - 15537]

&R P (Saccharomyces cerevisiae) (&, IV F 7213/ HIE O BEMAEYM TH 5. WASM
TELZERBRETTT VI - VRBEZITV, PO T VI VRRBAAZERT 5. €L
Ty THhA—=VRF TR, HHOFY ZHEOT 2 FQE0 WICHS§ 2 ABe7 I /1R
SHERT B, T, BERZIEKT A, WAHICEFF 2 ER L & WE, Mo Saccharomyces
cerevisiae L IR L W IF-oTVd, T FIFLHEHOFHIMAE SN TVEH, Thoo
BEALRBE E)DPVERTSBIT, 95RMEZHVTHIEIN TS, TD, HHO%E
BALRLBEPEAL Z D . AE2 S0 8 S MR S TS ICHH ST b, F72. BHEHEDOHAN
BN HHEA TV S 7200 HAWEOEN MR IZRPEANCDH 5. £O—T5 T, il T,
HAR 7 — 2% 25 RN cHE L TB Y., kBl oshs,

CNOLDEFEDE, BRI X 27 HROWENHZERL, HHEZ SRS e L1
L0, IHFEHMA RN TE S, 2. FHEEZEL TSI LT, BRI 2HEhH, #
REZRNTD 5 ) &0 BlEd S RN~ OWFF TE %,

Lo TRMETIE, 2 OHHELZH LOBHRIC L 2. HFRICH 22 E b ORETI U F
WHHOMEEZAHNE L.

(928875 1]

A7) ==Y 7T, YPD-M ¥ ZHH L7z RPEMNIZAERL T 2 Hi D LR % %2 RN
L. T% 7 —ViIRED 3 % F72135 %O 2 FHOWAR I T30C T 1AM~ 1 » H¥# L, £
O 2 BARR I 8RAT L CHUBER:., BAMEEEE 2w, IFBTH L 0% 1 RiEMikE L
7o

KT, BEHiIvED S DNA Z 4l L. 58S-ITS #I® PCR ¥R Z L L. 830 bp fFiid d
D% 2Bk E Lz TNHDITS B X U26S rRNA DI/D2 K X 4 ¥ OIFEIEERH) DOFEFRIC X
0. Saccharomyces cerevisiae LR TE 72 O % itk & L7z,

NS RMBERRICOWT, BB D720, BB O @R Z 1T - 720 RBUE DR ER
Bicix., TTCHefaidli, 9 -k, 7V vy 7 v 7 —oftathiRk, » Vv AKEHBT
DT, ©FF VERMRBB XLy ) — ViR 2T o 720 TS ORBUM O E R T
. 2 b= LT, & 39 PVERT01S & EEREREEE BY4742% Wiz,
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(R - B2
AT ==V TORR, TIVHA 00 3K, Y~ 55 2HOEE 5 D Saccharomyces
cerevisiae DI EEIZHI) L 72,0
s ROV—=2VJ DR

XEDXEDIE DI D
( EAGRERBARRIC £ BikR | [ 5.8S-ITSSAKIC K BilE | [ IEBACSIREHT

- IR R ORR
{BHbtE SRR 1BEHE(%)  GAPS
61-3a  Saccharomyces cerevisice  99.59 0726 61. 65. 66. P
65-3a  Saccharomyces cerevisiae 98.19 3/827
66-5a  Saccharomyces cerevisiae 9934 0761
T71-3a Saccharomyces cerevisiae 99.88 /803
T1-5a Saccharomyces cerevisiae 99.64 2/825

71, U

5 —RBR TR, ETOBMBKRPEETH > 72720, THh S REHBEEICANT S LT
XD LWbhotze TTC Pt ikBr T ETOMRMMEA, TV YT v TN —0Retati kTl
71-5a DAV DBRIREDS, & X 9 PVEERET01 5 L I3 R 2 20 Z2 R Lz, SHODRE2S, T
VT VTNV — DGR TT01 & [ U 2 /R L7271-5a DA, & 2 9 WV ERREZ W TER L
TIEHORY L DECHR SN VTR S S Z EDbh ol #) 7 AR CTORGER
BCid. & TORMRD, 701 & KT 5 & K& RGN 2R S h o 7225, BY4A742L &\,
AN AR T CTOMAEZTAIEDRMRETH L L V) T ePbh ol EFF v ERMER
BRClX. 66-5a. 71-5a D 2kkAS, EAF U MELOFMTH, EFF VA0 ORiHb & #tn 7 { Bl
L. 701 W UM EZR L7z TOM3kD. EEBERRTH S BY4A7425 ) B w\3aEn 2 /R
Lo % — Vit T3, 71-5a DA, BY4742% ) 15 % Uie o 7225, L4 kK. FFIC
71-3a 1. 7011245 5 R WIRTEIN 2 B2, ShODOHENS, =¥ ) — itk 7152 L
MO BRI RIS CTE 2 WHREED L L v T Ldbhoiz,

(%4 - TR0 IER]

R X B, B H/mRERORET 7 ¥ FiGHOMBEEZHME LT, EBEfTo7 TV
A PO 3. YL H0 2HOEREIS D S. cerevisiae D/EEIIKI) L7z F 5 —PEikER K
e F VEORWRER, AV 7 AKREREHTORERR, 5 ) — VigERBROR -5, =%
J — Vit O T71-5a DA O 4 BRIZTE R E LTHHT A2 LS TE LM H 5 2 L 28
bhoize HRIBGTOERIHMET 2R TH S TTC Jetaikbh, 7V 7 v 7TV — 0GRk
BROFERD S, T1-H5a UMD ARIZE £ 9 0B Z W THERT L L 1EF Y OR2 50l
EERTLIENTELNREEDLI LD o7z TOZTENL, HEELZSHKDS.
cerevisiae D5 H, TF ) —VIFHEDIMEL . TVI T U TV —OROERBTE & 9 hVEhE e
A LM Z R L72715a DAL D 4 BRiE, Y ORLZLHEZER T2 2 L TE W HEMEIVR S
N7zo 5#IE. ChODEZHWTREBEE 21TV, ERICED L) RIFNEZERT L2 L8
TEAD &AL TWE v,
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(CREW R E 2 B

AR ZHR E LR 2 V¥ =i

aii S8 H
I2X % CO IR DERT
EAEHE NEHA
BT WA V%8 494 425ENo 16E0190058
BRIk
1. RZOE= - BN

20154 RN E N [ g ] 29T T A R HEEOZRICINT T, K& RE#Ez2R-TEE 2
DRNTVEDPEZAINF =R TH D, WRIFEFEICHEATED, SHLLEDZETHANF—IZNITT
KA ZANVF—OFHAPEDEIN TS, RAHZ ANV —ICRZHELHELR T ANV —EHITE S
. BURTIEESI)IKRR FARI K DORPE T 2OV F —R TABENPEE, T - ZETPER, HEpfE
HER G E0%H ), e — bR Y TIREBMNHZ EHBIEMA TH 5,

AMETIE, ZTRAODORTF VI VZBBT AL ZHMET 5, BAAMIZIE, BiREZH5E L
T WK « FRMBUKFI . BESEW LB o BEHBFH . BEEPERAE. ZhZho CONIAY
BIZOWTHERT 5,

2. 7K - FKNEKF A
(1) #EaT R o
AR T, BERCEEOHHREN 2 2B LT, EMZ2HEN (6 ~9H). BEN 11H~2

H) W Toieitorze 3. WIIRER PR, Kikg EOWEBET — & 284 2 HR 5t h

LZOFMREREZRM Lz, KIS, RETORMEIZEZE L 2&KN 2 AR REE28EI L2

(F1, #£2)o B, WETORIBERICH LTI, BN ICHRO X, B ENIE3.65%. BRI

8.05% ZHE— L 726
PG R OB A2 K 3 IR L7z, WIAKRIZOWTIE, HiREHEOHEIIRIBL TV 720,

BRI O T — 5 2P L2 R Lze FARRBKD HRBGEARICO W TR, SRR OER

SE R RIS L & o LB o0 H it 2 &K

D7 ANERARLL S ECEB L, F1 KA BT 5 G ik R
(2) 75~ COP o

75 v b COP L 3Bk, K> 7. g, % Zod or | oe S
T T 7 VR GAT N =T VONETH D, o BMEEAET(T)) | 27240.7| 38624.9| 50011.5| 31180.6
. ABEE — MK Y TOMEO ML ST, Bk FIRAAHEE(T)) 272.4 386.2 500.1 311.8
DEKITIED TRV L% L. Jelkik HHHamIHEE (T)) 262.5 372.2 481.9 300.4
i) COP 120854 FeF 52 L7y v hCope L | BEl W 1R [ 128 [ AR | 25
7»,0 F 7. KBJE—FEYTDOCOPIZOWVT MEEAFHT)) | 17022.6] 16140.3| 7890.9| 7895.7

T KRBT AGR B 6 FH &2 01z FIRATTEEE(T)) 170.2 161.4 78.9 79.0
J:ofﬁtli L77e COFETIR. JiREFHVTAL HIAFTRER (T)) 156.5 148.4 72.6 72.6
b z L5t 1 HE H A—5B
£ 2 TARRHEKFHIZBT 5T HE R #3 HIMA—E
SEHA 68| 7TH | 8A | 9A HiR BHA—K
BEFEAHT)) 147.4| 82.3| 188.6 250.7 ek |PATEREMY/ B) X RIRREEK)
FIRAER (T) | 1178 65.7] 150.6] 200.3 i X FCR(MU/t - K) x SLER(t/m)
= 3 —_
BIGTIAER (T)) | 113.5| 63.3] 145.1] 193.0 /A | fxmmk ﬁfmﬁﬁ%ﬁi(m /R) * (A BIBGRAR— A B3
EEH 118 1128 | 18 | 28 SUB) (K) x tEE(MI/t - K) x LEE(t/m°)
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Abstract

The role of universities in driving innovation and economic growth via academic
entrepreneurship has long been recognised, yet more research needs to be conducted on the
Japanese entrepreneurial ecosystem. In the last ten years, the Japanese government has tried
to reform the policy landscape to promote the creation of university ventures. Their efforts
can be traced back to the 2001 Hiranuma Plan, which aimed to create 1000 university start-
ups which gave way to many more academic entrepreneurship support initiatives in the last
decade. In coordination with government efforts, universities have also embraced their role in
nurturing academic start-ups with entrepreneurship education and other venture-supporting
services. However, in 2021, the entrepreneurial mindset and attitude of Japanese people, as
measured by GEM (2021), remains drastically low compared to regional and global averages,
which calls for an urgent evaluation of the entrepreneurial ecosystem in Japan. Our study
aims to do so from the perspective of a university venture.

Using the entrepreneurial ecosystem approach, we investigated systemic conditions to
assess whether or not the proposed changes were coherent and efficient. Firstly, our study
investigated the four recently available government initiatives; START, SCORE, EDGE-NEXT
and "Beyond Limits, Unlock Our Potential" and other governmental support services by
conducting secondary research on publicly available from the various ministries' websites and
official documents. We also explored the extent of entrepreneurship education within Japanese
universities by listing the number of entrepreneurship and innovation-related classes from the
online syllabus portals of the top 100 universities in Japan. In addition, we established the
presence of offices or centers specifically for venture support in these universities to
determine the extent of assistance academic entrepreneurs can obtain. We surveyed existing
university ventures to evaluate the support structures and prevalence of entrepreneurship
education. We categorised our questions based on systemic conditions of the entrepreneurial

ecosystem listed by Stam (2015) to be able to analyse the Japanese entrepreneurial ecosystem
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from various aspects. We obtained responses from 115 university ventures and conducted the
descriptive analysis using the quantitative weighted average of answers from the survey
results.

Our study contributes two significant findings to the field. The first finding is that the
Japanese government mainly focuses on increasing the number of new university ventures in
the market rather than their sustainable growth or quality. The second finding is that while
entrepreneurship education and various support structures have been made available by the
government and universities, their effectiveness and accessibility remain low, according to
our survey respondents.

Our findings contribute to a new understanding of the systemic conditions available for
the entrepreneurial ecosystem in Japan for academic start-ups. Enriching the yet limited
literature on the topic, we explored how the availability of networks, finance, talent,
knowledge and support services enabled Japanese universities to increase the scale and scope
of university-based ventures. Our study suggests that more studies should be done on the
extent of awareness of available venture support by university ventures and an in-depth
evaluation of the effectiveness of government initiatives for academic entrepreneurship.
Moreover, as our survey respondents make up 3.5% of 3,306 academic start-ups from the
METI venture database, we suggest future studies collect data from a broader range of

university ventures should more time and funds be available.
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<Abstract>

Menstruation is one of the key factors in women’s and adolescent girls’ reproductive
health and well-being. However, the basic tools and knowledge for them to manage their
menstruation with confidence and dignity are still lacking (Hennegan et al.,, 2019). In Vietnam,
there is limited data on MHM practices among local women and girls (Bui et al, 2021). This
study aims to explore the current menstrual challenges facing Vietnamese women,
particularly in terms of difficulties in purchasing and disposing of menstrual products,

menstruation-related health issues, and religious and cultural taboos.
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A mixed-method study consisting of a cross-sectional survey and in-depth interviews was
conducted in Hanoi, Vietnam. A total of 210 female respondents participated in the cross-
sectional survey. In addition, fifteen in-depth interviews were also held to understand the
menstrual health management practices as well as the social norms existing in the chosen
area. The inductive content analysis method was adopted to analyze the qualitative data and
descriptive statistics was used to summarize survey results. To understand the unique
features of MHM practices in Hanoi, a part of the survey’s data was compared with the data
from a similar research study in Japan.

Six main themes related to MHM practices in Vietnam were found from the research,
including (1) menarche, (2) difficulties in purchasing menstrual products, (3) menstruation-
related health issues, (4) challenges in the disposal of used menstrual products (5) religious
and cultural taboos, and (6) MHM practices improvement policies. In particular, most
interviewees revealed that they had little knowledge about menstruation before having their
menarche. 68.1% of respondents answered that they had difficulties accessing the necessities
for their menstrual health due to financial reasons and embarrassment in purchasing
menstrual products. 99% of them reported having physical and mental health issues related to
menstruation and 70% also confirmed the troubles with disposing of used menstrual products
including embarrassment together with lack of water, soap, and disposal places. Meanwhile,
62.9% reported that they believed in religious and social taboos associated with menstruation.
Compared to Japanese women, Vietnamese women encountered more obstacles in buying
menstrual management tools. Nevertheless, they were less interested in the free provision of
menstrual products as part of an MHM practices improvement policy.

The study found that Vietnamese women still struggle to meet their menstrual needs
owing to financial difficulties and the deficiency of menstrual infrastructure. These issues
were also exacerbated by the social stigmas associated with menstruation in Vietnam. The
Vietnamese government should provide more social support for menstruating women by
improving access to menstrual products and facilities as well as promote sex education to

eliminate negative menstrual taboos.
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<Abstract>

For a few decades, the organic food market has been expanding worldwide because of
the awareness of environmental issues and animal welfare. However, the growth of the
Japanese organic market has not been significant in comparison to other countries due to the
lack of knowledge of organic labels and insufficient transaction systems. Therefore, the aim of
this paper is to investigate the characteristics of the Japanese organic food market and
analyze the price of organic products of e- commerce with using the example of the Japanese
organic egg market.

A total of 263 observations from 100 farms are analyzed to investigate the variation of
egg prices (55 observations for free-range, 122 observations for barn, 86 observations for
conventional cage). Statistical technics applied for identifying factors influencing to egg
prices are multiple regression analysis.

Table 1 shows the results of measuring the correlation between egg prices of e-commerce

and factors estimated as influencing the egg prices. The multiple regression analysis shows
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that the variables “Free-range”, “Quantity” and “Squared quantity” have a strong relation to
the egg prices, and on the other hand “Organic logo (JAS)”, “Barn”, “Domestic feed” do not
affect the egg prices as significantly as the three other variables. Feed costs in the poultry
sector occupy the majority of the management costs but in terms of domestic feed, no
correlation to the prices are found. Some researchers elucidated that using domestic feed

would rather allow to cut management costs and add value.

Table 1 Correlation between egg prices and the variables estimated as characterizing the price.

Dependent Variable:Price

Wariables Coefficient Vale Standard error p-value

JAS 169329 414.459 06832
Freerange 1110.5 421.537 0008 ===
Barn 249481 364.553 04942
Domestic feed 391.467 349.64 0.2639
Quantity T4.778 6,839 4 20E-23 ®%*%
Squared quantity -0.114 0.022 6.98E-07 ***
Adjusted R-squared 0.755

Fi6, 257} 113.239

Observations 263

##* indicates significance at p=0.01. OLS, ordinary least squares.

Source: Author’s calculation

Based on the results of the analysis, we understand that the branded eggs sold online are
more expensive than the eggs sold in retail sales. It is because eggs produced in retail sales
mostly come from large-scale operations. Farmers who do large-scale operations can produce
eggs stable and enough quantity for distributing to retail markets, which leads to monopoly of
large-scale operations. Moreover, they can reduce management costs, while small-scale
farmers cannot manage their farm in that way. These reasons inhibit small-scale farmers form
accessing a retail market. However, in terms of selling eggs in e-commerce, small-scale
farmers can ensure the transaction route to sell their products and they are satisfied with
production costs

This is the first ever study to analyze the egg prices in e-commerce in Japan, therefore it

will be useful when investigating and analyzing the price of organic products of e-commerce.

<Key words>

Organic, egg prices, e-commerce, small-scale farmers, multiple regression analysis

— 153 —



(CREW R E 2 B

wcan  FEBCTRER BISGBORERIZIT 2B H
— BRI & B —

TAHE eSO
FIBBOE I REBDEER 4274 28N 1E10190253

N B Z

(1) RO

BEHROEZ L L TARKEIZ, BESOHAINEROKAZTELIRYMWI/AZHIZ T, 1HD
TR ERKBICL, FROFEREOHBRICEDRIEE S ve LAL, FHHHHRIEMN
JefE L2 REFEAEAT 25 @0 IRIE. 1 HOBITAREAIKIEISA v, 3k H#EAT
THEATLZVHYD 5. AWZEAHE WA S oBER» S 0BHEDLHLE DI
LoTWAMBENETFONL, LD X BERIO. IR L THERHSOHAE - HFZEIC
£0. TOX) RBRREZ T 2MPRO02BRTELVR, LEZ
(2) WIEDHW

AWFFEOHWIZ, RFEAEAT CORBEREFELEE 2 T, TOMBREHEORIELIMZ1TH
CERLMRICE > THH LR T VIR TR A A REEHET 27201213, 5B E I Vo2l
DHAZIT> TV RED, EETHIETH D,

(3) HZEDTik

© AN IASHEE OBIRE HET S

cTHNO N AR L, FebE AR - AR - bty — v 2T 5

BB ENZAD Y A X DLV R LB 5,

ORI BOEE S %2, ENOMWERT & ik %, R

Q@ PR/ BAHOBRZ HET S

CEHEOMHR - BIRILESFERICH VA bR, FEOAISSBATIRN 2 RS 5,

G BAEREIEL I HICITHEEZDLH LTV 0HHET S

HNEEED Y v v ¥ — K2 EHHET 5,

- N & DRIRT, BIEERY g v ¥V ZHTHH LR TV hRET S,

(4) W%

AT 2 BN AT, EITHIZEN S ERERFZRCZFHOAT, 1 HOBEITAKIZ 1
HE» 5% TH AHHERE., EATRERITIS R ORI 20b 5T, ih o oul&7R
WAL, 202142 % T 34ERT. BAESS40T AR EhTwd, 209 2. HIEI0ETIZIL
NS DBEIED T TWw 5,

Ui OB R RARICH Z ) % &0 ADTEBCR Ml L3 AYER D THE Vil 2 B2 [ 1 B 1
TR B RN AB L Z70% TH LD L, EATIZ86% EEWICEHWVIRARTHL I L
Mo, TRPI )AL EREHbEVHEETH L LI L7z $ 725885858 O R & A3k
WD RWE VS 72BN S, AISHERE FARIEWINAD X ) REEH»ORELIZINA%R
BONZOHBEDBEINRTEY, ChODROX SR MR WLEZ LWLz, PieT
Web LD AR TORZEBRRP LR IC A — FREBEAD LI IZ, WAEVWTHTROFEICIBRZ H5RT
WhRWH, THTET SN T2 AR BEONERLHHTEZ NS WAL VRS, AT -
727 2 — FREOGH LW O % o 72,

— 154 —



Z 2 TARMFEIZB VT, EBRIS Tl N AR AEAT 32 [ lER | (B L., S0
FEOMME B E B EORHB N Z IR L7229 2 TN Lze ZORE. DTo 81
VIR T E 72,

AFEAREAND T 7 & A R O E DT 7 ABEVEIEELTVWE Ik,

- =TI OEDOFIH BRI RN L,

WX EREETLHAHBENREUTHL L,

ST E R 2 R SRR L L CORHERBE TR I VbRV L,

L HEE R O F AR A RN &,

CHEEEEIEETHD L,

- MG 1310 ~ 20/ D H L 60 LIBED S E AL Y ThHDH I &,

- BB R TREUEONHD, EmERE CTEIBENEOMMIRL s MINH L L,

FIREC, BPRALE SRR D SRR 72720 72 Y AR O 28 A Dl 4 i i O F2 T8 % AL L 7245 .
VTo3 AR TE .

c JEERAE TEAAIAE I R e N AR o TWAIZD b ST NRAEMbRWAEE

PEREEDDLZ L,

P OFER 230 ~ 40550 DAGEIZ AEEOFHIZEFT LT LA, 405 %2 B2 5 LAlE%

FHT2EHDOEB—RICEATHI L,

- B OB E TOAEDFEEDSH, FIHOFHEZBEX ) K0 2% ., #IZHiE
HOFMHZZEL ) BEOHIHZERELRY), EHL115M/BEEOHEERETVHS S
o

AIZEEIZ X B HITCRFNDEBEORED 2D, FWEEHETOEWYIE ZhICHAE 7232
DFALXIPEEINTOEPRAE LR TR, BB ONZOREI VT X554 ik
Fto7z012, AL EEZFH L COMEE TOHEWYIZHPZRVWIRRE L ->TE) ., —~HOEE
ZHD TV EFFIC, HERFOREZBILTE TRV EELR L7,

B, ALHSETEPL L 720 odt i R H i O A LAGE & R L /R T EEA
RRBATRRTEATNE LS [THER] &, WHEORMAE SN B LKL 7,

(5) Ham

9, WAMT o727 Y7 — FREOGH P SLRETHHEE LT WAV EOFHERENGD
722 d . WEFD Web ETORARBIE fi¢ T, [OFKLWS. MBEKRS O L IEER - B
TORRY LA HERRAROILE] PR EEZEZOND, F2HkOT v 7r— MiRE&EDS
Br&y, EWEHELZRSIHET LI LR, NALSBEMHEOFEN:Z Eo, RS2 L%
BIZERL7-0120 [QRBRICH— FORBEA] BEFLWVWESZ 5,

WA T, NZOFHEH & HNERLEDOEET — 7 O5HH 5. [OMHNEEKR TR ZRA O
MO T &L T@ORMAEH IS BT 2 8k - IR A L OO wE ] 217w, 2w Lz
AR 2 BB HEEEZILDE LT RLEHITRETHL LM L. 20D, T
[OAIZLBOFUABN L LIy —F Y P2 H T, A EAHOME ] 20, i
MR AR M ETREZLE R T,

FNZEEEARETE. RECESE SR D2RY ., okt — FEE#ET %50
[OFFFRIIS U7 Tk 2 AT RR O], RO [OHIRFFE %28 ZAAZHIEORSE] 12X,
NIRRT - ISR OMEFRS - I L2 B RETH S LIRS L BAMICIE, AfEEE S
PENABHT, BI)—HREBEXZFY Y FF 2 v —CToORBBZRT L. ZD72DIHEER
THALZEMOL Y — MR BRORERMOFIELZIRRT 2 2 LT HEICFHT 5@k
BMOEGERPHEETOBEWYEEZEE], Lol ) BRHEIMENTHA ) EE R T,

Ll Y, B A iOMED - 0121%, BIHOEERHA LR 2 ZE L7 LT,
BR-EROHEEDD &, FIHFICTL2HMEOMR L SO L2 THEOIWKEMSL 2 L HPEET
oY Ra it A A

— 155 —



CCEEME R E 2 )
SO FHIABERE A P U ABRICEITS
NI Za 7)) 7OBREZAL

FHEHE REMZ
HEGRFEEE EGRERE 454 224ENe 1910190041
1 B T

(&= - BW)

HFLREBER] (WHO) O#HEIZE D ) 20O BELAM R CTHEEF 314822000 AMITEL TS
TENRTKEN, BED ) DHEOFIERIIPIC AR DORK 3% Lk oze LE L. I DWDHE
O FHNERZAW THBINB LD 2 CHBED T TR v, BEFEOR ) DEiaH (12
SSRI : #INWta = I AARESRE) ZMERIMEN D 2 FREIE WL EOMEI S
NTWb, 20720, IO L THBOBIEDOHELILEIILZ>Twb, ThET, 9D
WOFEREA A = X LITH LTy MeA ZRAGEEARIB v, ISR 0845 & i (RE o E %
EITIHEH LTHIEE N T E 7225 AHED S DA b L A DSk s% O Fl i 2 flke X2 5 2 & a8
FHEL DRI OREBEFRTHIA DS ALDBREBICHONII R VOOHh b, $7-. ik
) ONREEDOMBH O RIEVEF A4 AL OB ERATHI L, BEERBICRET BB TIE)
DMDEPHRVPE N LR EDRMEDVDH D ) OW & RKIEE OBHEAIVRR I N TS, HANDR
EREZEII 20 7IE, AL A PLAIZE DG E . REWET A P VR TR
A VR EOWENR T2 MBI T AT EDPMONTVWEDT, AMLRIZESTHDOMHMICED
WRETIZa 7)) 7THREELREHZR-LTWLZ NSNS, LML, A MLV ABREIZK
DHIZIZaZ ) TABE - ARSI TR EVIHIHEDL SRTWE D, BEA ML X
BFEICL-TIZuZ ) 70K E) Lo TVBDORREECHLN o TRV, 22T
AEFZETIZ. A P LA SAKZFLIEHE LM —>Tdh 5 HPA Mi2SHFOZ L ZXIZE D %
HFATI74—FNy 7 OHHZHESELIERNNMOENTHLEETFHAREEEZ L X
(CUMS) =Y Z&ZHWT, AMLVABREICBITZI 207 TIREEALZMTL. 9 2HICE
B3I 7uar ) T OBRE O & KA Tz,

e vy

(1) RBREMRGET IV ZOMER - 5Ffi - 8 @it C57TBL/6N M~ 7 A240L% 4 7 — J12
SFTHEL, oo~y A (1208) R HRHIRZ &0 CUMS 2 HE&b ) T 5 HlY 2
oo RV D=y A (1218) FEEMT LA E Lz, 5 MMBICKHMITHT A b (F—7 >
74—V F7 2 b, WIREHGERT A b A7 0— XA b REIKKT A BB L R EE T
A B) WX )AREATH LI D78 2 5Ffli L7z Z D%, 120t CUMS #EB X OB 2 250
25T, = (618) ZHIOMBROWMESH TV LEPZELEWEF &4 (05me/ml) Kk
FkT, Mb)i (68) % Vehicle (45mg/ml f ¥ 7 B FF A MY ¥) SAHKKT 2 HEICHH
L7z

— 156 —



(2) BdUREBEY > T UL T - %07 v 72479 ZHE» S, 2 HRIZ D72 - THZb oM
o % 5 3% 9 % 72 BrdU (5-bromo-2-deoxyuridine. 10mg/ml) %100mg/kg THEEEFHIZ L D
2M¥eh Uiz {LEW F 55 5 2 @RFH%E, CUMS BE, CUMS+ L&Y FBE, W BB, it
W+ L EWE RO KR SICIZEMIET T, AXNY Y2 EHLPBSTOLEL )R LK, 4
%PFA FEWIC & D #EGREE L, Bl Lk, REIYI 270 b—2T40u m EDORKO MR F %
PERE L 72

(3) Mt A CLrHEALREIIOTYTOBEN  Pilba 14tk (32707 7~—
J—. 1:160078) &Pt BrdU itk (1:40078) %M C, SObRmEERGBEIT -2, &
TOHRGWGITILFER L — =B 2 T L7z, Image ] ZHHWT, 3707V 70k
BELORE (BHEEPERESRY) 28R LEAH TR L, 72, &0 BrdU o B
ZWsE L, ibal ‘BrdU+ Bt o#E &b 5 L, #EETHE L 72,

[R5 & # 58]

ITBYFEROFE RS, CUMS BEHE~ 7 I BEICHART, =7V 74—V FT7 R MIBIT
% A EE) R BB EE O ERRINZ RO A, PREESSICHEREN R - 72,
SR T A D TR L 72809 DATETE WA e o 7225, D) —D2DW|H DR TH B X7
O — VL7 2 B Tld, CUMS BEIZBWT A Z 0 — VIEHESAZICRA L (K1), F72.
CUMSEEZICE D I 7 u 7)) 7 OMBARER AN K L2205, 2z SO RmAEdicmd L
7oo SDIC, PHRERIORILEREEIARIHMLE (M2B8L0°3). —H. {LAEWF
BHL22WB+ FRERL CUMS+FRTY, 32707 7ORRBEILAHHTE, ibal Btk D
CUMS BEICHARTHEIZHIM L 72 BrdU Fatk$k & ibal ‘BrdU" B PEMNE o 8424 3 72 W As
Rohhhoie bk, SHOMERR? S, B PLVABRERIZIY, I 7070 7 I3
LTRRBELT LI Ebh ol — T ALEWF OG5 CE-TH Iz a7 ) 7HANGHILT
BT ENMERENT, SBRIFAMLVABRICB TSI 7 0r) TIEMLIC X 2R - w2 L
WIRFICBIZE T 2 FPRETH Do WO DMEROBALRBICBITS2I 7027 7OREPMATEN
. D OWMDWHEHC BT Iz a7 ) THAERN RGN E 525 2 LIS 5,

+—F T 4 —IL FF X FOFT)  E—
Aok ek e
4000 had g 7 o "g 1000
E 3s00 & 2 sooq 7
'S 3000 =) 5 =4 E ¥
2500 a = 600
g 2000 i 3 ]
3 . R
£
500 = 1 E. 200
o -
CUMS Control CUMS Control 2

o

T T T T
[ CF s SF

A O—ZEERIRT R b+ (SPT)

= 2 &M ibal PR MR ki HE & MR R O B
_ 1004 T 1 ».«gf"'
£ g0 5 . ecmcr
E o i é_w_ -i‘, S SF
a 7 - 3 v * { v -
60 -] \f l\\\‘\m\
g 07 § .- :\\_‘2\-.
“ CUMS Control _:cam",ég"..f.o"&"séo"m
iba1 positive cell area (um?)
1 ATEYFEBR O R 3 &0 ibal b PEMRL MR PR & MR AR R o B

— 157 —



CCEEME R E 2 )
#En FIRRINRFBICBITBF X AV F > v b
74 v Y 2aDRMEREBREDMIRE

FAE#HE Uk CH
HEaRHAT  IDHAEERE 4524 2FFENe 1920190021

ol w

(5 - HiY)

Fx R NFY Y N7 4 v Y Ietalurus punctatus 3. F~<AHA 72 Z VIV AFCIBT 5T
AN AFEFEOMAEMRAATH S, THETIZ, I—a vy EER T V7 iR &R &%
FHRAR =Y T4 v YV FOMHRELTEASH, BELTWA, HARIZBWTIE. 19714 LLRE
WA R HIWE L CEASNAZDS, &I L 22BAESFIRRIIKROE 7l - Lili 213 L%
WTHiZ R L. BELTWD, B4 LKBIZBWT, ARMOEMREMIC X 21EREDR
KEAHFEANDOEEENBREINT VS, 2020, AHIZ20055E 21T S N 7db kst
DE, FENRAEDICEEIN TV S,

FIBNIARIZ. BRBARBITMAZ ., KK EEARDPTAT HIMBRREL O LR B2 O R
ENDLKRRTHY. MALERREZAL TV S, AHIX. 2 OFBIIAREBIZ B W THM % 35
KLTBY., KREWIIEDBBE MG ERRANDBENBZENTWVS, ERRANDBE L 4l
T 5 ECTAROARERMAL 2 SO EEERALERT K TH S, LarL, FAIRIIKRICBITS
AROAWERE L, Bl - LHODDOIHRETH Y. AR Z ML - EEBHRIZZ LIk
NTH5b,

F TR TR, FIRIIARIZB O TAREORAKB. 15K E HEAPTAT 28, XiHEO
LA, B ORI AERT A ARMO &R 2R L7z, BhEo#Ax. —BRYICHNEY AT
PHWOLRATWS, LAL, TOREZHVEZT TR, S4AEWEOHILEEDENR, A0
WHEHBEDOENZL 5T, BMERISNA TADBDPEBENE DL, TD2H, BHNEWH
THELWHAR Y 4 XK ZW S22 T 5 & & HITRE - BREEHMARL G X 5 EYET
ZHETITODLEYN DL, ThO5OHEZHWTAHOALEORAEZITV. LRI L oA
FfPEB & ORBEREOERIZOWTHRET L7,

(B8 - 5]

20174E 9 H 22 520224 5 H OWIFIZ BT, T-ZEFLAIRE AT o FIAR K38, TSI HERT O F)
BN I, ¥ ER = o), T-ERENE T L O NEE O 4 D O MR CAM %2 i L
720 L 72RO EREHI 247V, ZOBRMENCI D HE MR 2R L 72, Hix. HHNEY
SR ZATV. WEMOLAEBIOCHERZMS E & HIC, WRELBY O 247572 FoHP)
#%. SOMBIHEE (%F). ffEEEE (W), HHEEEHE (9N) 258H L. Shsofliz i
WTHFEEERE (IRD & Z20E4A (%IRD) ZRD7z. MW X, L%, BREL. B
MEAT -7 BT, hedk - EREERMVARIE AT Lze 720 201745 5 20224E O W] ] 12 ARE
PR CTHIBE L 72 AM O & 22 013 540D FERIZRE - BREEFMARILSHIZRL, B0
F—% 20T, FHIBICBT 2 AMHOREERE (TL) ZiEE L7z,

(st - B%]

R, I, FUBEB LA CTHELLZF YA VFry b 74 v V2O HHAEWIIBY
LHEOHM D %IR] # AFOKRERHK T LICH S L, AKE30cm ML EofAEICBNT, gk
% HE D %IRI 25Ahs, WITHE, FVEEOTXTOMET50% 282 TH Y., KR, g
DEFEA0cm YL EOMERIZI0% % #8 2 5w ITmna a2 R L (M1), —K4. LA T
L7=AMTIE. EORERBIZBOTHAHD %IRI 2MEL . b D icHl, WY %IRI 25
oiz (K1),

— 158 —



S, FTEIE, FIBEB XA INNCB T 2 AMO b # - @R EEFAMALRME (613C. o
I5N) &, 015N 22 W Tid, A (10.6% ~ 189%) i [1HE (121 % ~ 20.1 %0) FII % i
(13.1%0~ 17.7%) DL HIZEM L T2zt Ly LA DA (11.4%~ 17.6%) 1
Kl ez (K2), W, fHEWD 615N Ofitiz W TAFOREEBEZHE LA, f
W DR IZ TL=2.85.2. W [IHEDMAKIE TL=3.7-6.0. ENFEHEOMA&IZ TL=3.0-4.3. L7 DMK
X TL=20-38¢ %0, ZhZhoikEitE. FHRTllE Sh Yo TR EVIEZRLT
Wizo ORI, TLANOBEARAS, i Th o 2, I, AgHE oMK E ik LT
FEEBEOROEEHRHMWZHAEL TVl v ) BABRWORELPE Lk o7 BT, B
WA ZIRT & SN, EE, AEEoRTh . FRCEEE O MR O KRR B MR 2
EAURENT M, WTBEOMADORED TLHEAS5 D EEEFICEWEZ R LI &R, F)
BINAFICERT 20O EETHL I DD, FMNIAFROERERITHEREIS 282
HEMEREE L o TWAB I EARBENT, HIEEOFARIZHAIED %IRI 2SEW T TR L.,
WARBIZBUII B2 EERMEZTH D FF 7 F I8N Micropterus nigricans % ¥\ HWEA& CTHiA
LTWwzZ 2 ZE L, ARIZABRICBOTREBRHBELETH 2 WEEIE V. 12520
b5, REEEIEHIEIAER I 21, AEEOARIHEESFIRIN D X 5 Zfboi)l
LTIV HMTH S Z EAVRBINT,

0 13C 1. HRITHE (-29.0% ~ -22.3%) B L OTLAN (-26.3%~ -21.1%) IZBWVWTIEL, &3
WZNENOMINTHEKD SRKIBE TIRCREREZ AT 5 —F. WHE (-26.5% ~ -22.4%0)
TIZEII LI E B OEKIRZ . FVEE (-27.2%0~ -24.3%0) TIEFVEEIZHEAL U223z F
LTwaZedmmgEns (K2),

AEFRIE. FrAVFx Y b7 4 v Y aPERBREEOR L 5 K KIBICB VTR B0 LR
WhEZ DO EZRTELEDIC, KBICE o TEOMHAKBAKE S BRL I 2R L, AR
FIBIKRIIEA B LR ARRICB W T AWM KX B2 R LA A THILZ L
DD THEFE S NL7z0

100%

ol 2 mZ Ot

80% [ R

70% [ = e
_60% = a B8
o
e 7 BRE

30% N1

20%

10% [

~20~30~40~5050~  ~20~30~40~5050~  ~20~30~40~5050~  ~20~30~40~50 50~
Tl ENFE:R AOHE TR
FEGRR (cm)

1 AR OAF D %IRI

22 ¢
o A
20 | A RIS
m ENFEA
18 | ©
3 s A +iIF)
< 16 A
=
b
® o1} A
12 *
+
10
30 28 2 20

-26 24
813C (%o)

2 AMOELIR6C - 6" N<v T

— 159 —



(CREW R E 2 B

wEn F ARy DG & PP BY

FABE BT
LRI ERERHER 7 — A TV AWE 494 EENo 1C11190015
Wom o H

(T= - B8]
KBET7TIO—RALTIURIFUNPLTARADPHRENS [95bK] E73IuxrFv
DHDPOETARANMERENS [bHK] O2HENDH L, TOHTH, KEHLTTARAZ
BLSETHOUBR LTS [afl] LAOTTEETE [SR] 15T 6NE, 20
e, KRBT THY W (B WCRELEVDPDY, TRZFROHARICFHILTY
o ARA, FlKBOWYE (AK) ZERSTH L TARAOEBIZLVHBENR TS L%
ZHNTWBY, FEIEI S22 TV,

AR TIE. FEARSC NMR O S O 5 FHAROEKEEE, 2 —FT X —%—
THEL7-FTOWEMEZIET 22 212X )., FHRBOTARAMEEMHEICED X9 2
M2d200EMATLIEEZHME L7,

€32 9,573)

MELE LT RIEAD B, AER. Bk, AR, L. EHER. HFERE X KR
D 3K H iz WEMOMTIZ. KRG ZH OCTH—FATHEL., WERFE L. 7
2 AFx—iRBE 7 V=7 A =% — (%A &4 I0FE RE2-3305C., -3305C) Z MM L7z. FA"C
NMR ¥ — % & TopSpin3.6.0 (Bruker #t) 12 X Y WL BL % 47\, KRIEMA 7 1 7 5 4 SOLA
(Bruker ) 2 X 0 #2475 720

[RER#ER]

FHR A O FEARSC NMR 2 X7 bV DN % 1T - S8 A-tyvestlh
720 TARADCIHKY 7 F Vit ofE5 L 5L LM

A 21 E B M ,._5 T AE e ,/‘vwg‘%—— RIEALEH
THY. K & IFHEOT I E RIS 5 2 L 2T RET ] P o
HbH1o K11IZiE, ClHEDO NMR AXZ MVERL ——/__/Wt Lty
oo BRITHZRNS BB FER, Wk, bR TNl A

. . ™~ it

EIEN & Atype fEm D ¥ FF VBB I Nz, — o _\“‘“"---—-_f\_____ it
aBCTH 2 LRk, FEHpby. BB, ZORBHE Rl —//‘x:‘“ﬂ-—_— R
WL s \ e T %
EEN, BEDTTHhORHL TS, ZODHM - —

108106 104 102 100 98 96 94  ppm
K1 TARAD CIEEHD
E{&"*CNMR X% ML

FEHED Y ZF IV idBll SN olze STNHD AR
7 B WA O WTIRIEIENT %2 17V R NMR 12 X %555
EEIERHEO (REAMLE) 2t L7z,
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K 1I1ZE. BERNMR 2 5RD 24 MLE L 77 2 F ¥y — ROl 2 R L7z 2V —7
A= —OPERERIE, EBRPBELIITIESDEPRE RN LE L THONE 572205 &
PFe Bt LR, MERCHE T2 9O TS50 X 2VhE L 2 ) BItOR VT — % 24
LIENTELE)NC ol FMLEL 7V —F A — & =12 X 2 MWVEAE % 3300 L 72545 5.
NMR 2 545 b 7=k ALEE & Yk O BICHBIA S 2 2 E B Sl 572, —Fl L LTHL
BE L AR EDORERZ K 2 1R Lo fEALEEA R VORBHTI R K B X OB TS < #12
PR LB AT VR E SN S L35 h o 720 R NMR A X2 bV OFENTREH 2 & JE
W% L D a RO K EWEDFPL TV D EFRENLZ RO, BHWIEIKE R
oTWize 2 WM LEORLZZAERE FPHBOREZEZ 7L Y FLZKBICX 20
X, TV Y FORICHAITLZEZW LI L7,

€39

=1 B NMR »5 R MRILE & o
59 ZF ¥ — RO YT

60 | BEH REAESH L3

215 | BXEE |BEr| 43t —— i
xEEL6H] 6.2 [ 1.8 [ 0.8 [ 020 %0
axH | 5.9 | 066 [ 086 | 660 %
Egm | 505 | 6.67 | 0.69 | 1.88E04 %w .
LEH 49,56 6.9 0.72 | 1.15E+04 &20 - /m:ﬁ -
FEH | .41 | 089 | 0.7 | 10003 .o *
=EH | 4.8 | 017 | 0.87 | 46102 10
zE® [ 1650 | 05 [073] 37000 0
zx% | 8.4 | 6.84 [ 073 13564 ° 2 e O 8
K2 EfNMR b5 KD -IERIEEE

RAFTENDERR

AIFRORER. KB ORI NMR I & 258 LE L WPEOBICHBE2H 5 2 LS S 2% -
720 BRI Z DM & TERHEEASRAE T 2 R OKBICB W THE LR ENE O, Zh
S OFEEHERIZ. NMR &2 072K o LED? S, K2 ER e L72E PR oK (=
W) OFMBTRETH S L E2RBL TV,

F 7o, ZORBHIEBRNCEDMD 5 TE Y. B NMR ORG24 S & 25 A A58 37 Ik Wi
WEOARTHY a WOKK L BREEIFEULTVEI L0170 LA L, Mo o Bk
FRMEIEIRE S R > Tz, ThiE, ZRBICIETARAVUINIL S DG EFhTBY,
BICEIND I AOWMGREDMOBEGHWEIEEL LR DL EEZONL, 20
R, KRB boWE (B EmReRRY) 22522 X ) PR E ST 2 hEtE
ZARE LTV S, KBS 2 EO@MW I 2 725545 OO LB S BRI T —<
ZrEbns,

[£&0)

VI EOFR, B NMR ICE 5 TARADERMERITZ. SRS BICBWTHOENLRTET
HHEIENGoTe TOEMIZ. FiBE2Fo 2K TRH TR EOBEMBERR. B0
HICHAMTHDLZEDNRBENT, 5HREIVZELDTF— OEHCMELZ ED LU ELH D &
&L 720
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WS B 2 E)
&S Wi RS AR 2 B & L7 NK e &
¥ % 3 ¥ E #8840 H TOHUEETEH O GT

TEHH REO%
AR ARSAAR AR —y - madkiEE s 4924 4N 1C12190032

AL S I R U

Wit - HW

) Y 8Bk O—HiTdH % Natural killer e (BIBE, NK M) ddt 4 v AR R Hulis 35 1E H
EAHTHHMBTH Y, D) Y SERE R ) WD TR U725 %2 W3 2R 2 Fo. 72,
NK M ORI IZ AL &I TwbA I 05, BENKAMBICX 2BAEEMNEH SR
TWb, —~HTHRAMBIEIBADIAE., . HRICELS S T2 0A MM & GBI HA L.
BADHMZIEKT EBAMBTHERENTVWLEIEPFASNTED ., FICHABMNIZM 7%
BRI Z RO 72D IHIB AR L I X BREDPHL <. B & &Nl d o 72D A WHINE % 7 v
ELTHBAPHRETALEEZONT VD, FPADPERTLILICL > TERUAIIITDIT
WBADOREZHNE LZEREPHRET LI LI o THIRPMFEIN R 252 L%
< FRFBIIVAOEMZHME LIZHHFRECBIT 752 L% v, 20720, BADHFREZ
LT 27203 BARMBE RN E L2BRENLELE B0, THEREZHEL IR TV RN,
C OHT NK M IZ 23 A 2 RN ICHIET 5 LB OPAMTHRESINTEY . NK
M2 RS 52 & THABMNLIC X 2BADHREEZH I ENTE S,

NK #lf12i% NK group 2 member D (BLF%, NKG2D) & IE:iEi s NK MG AL 2448054
ELTBED. COZHEERPPAMBIZBCTREWIHEIT L2022 7Y F2##ET 52
& T NK M ATE AL U R yA et 0 2 U 375 2 & C. Iz 28 AR % MR 28 ~5f 8
FTHIENTED, LHL, PAHHILIZBWTNKG2D V7Y FORBIZEDONDEH DD,
MM Rm LR L )TV FAUMEh ) F Y FELToREEZ L) T &R, VF Y MY
FFEVPREHENDEZEIZEB) Y FORBURT 2 579012, NK ML FREEZ 55
WCRETH720ICBA T THEEEZOND, T2, BENKG2ZD Y H Y FO—FTH 5
Major histocompatibility gene complex class I-related chain A and B (PAf&, MICA - MICB)
DEEGRERE 2 AL CEREB T 5 2 L MR S LT 5 Signal transducer and activator of
transcription 3 (LLF&. Stat3) ST HHIMET 2 2 EBHE SN TWEY, 20729, Stat3DHE
WEEAMHT A2 L TNKMREOPEEEH Zm L TE 2 WiEtE2H 5. LA L. Stat3oRE
PIEFEMBRICB TR INAGEIC, EREAMEHZ5EEC SN2 BEND S 2 & H
. DBAMMBEBIREDD . Stat 3SOWEER T LTOBEXEZHET LI LAMREINTNS
EWMHEEKDDOE ¥ I VE a7 8% E K a -tocopherol succinate (LLFE, TOS) &
6-O-carboxypropyl- a -tocotrienol (LLFE, T3E) Z#HH L7z

XoT. AWMZETIEINS Y ¥ I ¥ E iF8RDHNL IR A A EILIC 35 v T NK MR o Pl
M2 L35 ENTRLDD %A L7,

bk

MifakkE LCid. & PRI AT E T VAR PC-3& & b NK Al KHYG-1%2 H
W7z, %72 PC-312 Fetal Bovine Serum & Penicillin Streptomycin % il 2. 72 RPMI1640%% #b % F
VW, KHYG-1%2 S HICIL2%2 M2 CTHW, 5% CO,n 3TCOSGHTREZIT-> 72, MO THEL
72 PC-3% B27. Insulin. Epidermal Growth Factor. Fibroblast Growth FactorZ iz 72
DMEM/Ham's F125i#1 % Flv, ZR L ET LI L THRARKMBZERL, T h% PC3
stem like cell (PAR&. PC-stem) & L CTH W72, PC-stem Z TOS (10uM). T3E (10uM) X
D ZNZNI12REFLEE L 7285, KHYG-1 (KHYG-1:PC-stem =1:8) ZiRhIL C24REHIEREE L,
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FUIRTY TN — PRI K o THEMBE A G-I L7z F 72, MR Z G2 L LT
ANV —DXE [z, TRIEMHBENROERWFBEEZRTDIOTH ). ROLAREOA MM %
100% & U 7210 S ALPEE O MK AL R O WA %2 v, KHYG-1#:% P, TOS 3 X O T3E # %
P, & L7zWE, PEAIBEO PRMAD %% P, EllHAHEL2 P, L LT, P IX

P.=P,+P, (100-P,) /100

THIN, P>P. DL ZITHERR. PP, ORFICHPIAIR, P.=P, ORFITHMAI R L L7z,
E 512, PC-stem % TOS B X OF T3E # [ 5 CTI2WEHLPE L. MICA - MICB D&z 538l
X)WV %, qRT real-time PCR#IZ X o TEFli L 720 M 2 T, Stat3® Fi K 7 T3 % B cell
lymphoma 2 (PLF&. Bcl-2) O@IETRILL XV %, RT real-time PCR 12 & - CTHHli L 72

HA - BEE

PC-stem OMIIBAEFARICBWT, KHYG-1E TOSB LU Figl NK#ifaE TOS#AICES
T3E OO FHBEIERULBIRE & IbiR U CHE LI T ARSI N HlREFEERAOSE
7z (Fig. 1-2). F7=. &Pt OMBAELFOWMPFRITa 120
WE—DRIZE 5 KHYG-1EE & TOS B X O T3E B HiHA| 100 |
MPIZ LB EBENHEEEERLTREP -7, 2O LR
5 KHYG-1& TOS B X O T3E OO HICIZHERI A D 5
ZEPRBEINS, —F T, MICA - MICB ®# 1= T 538
LARVIZBWT, TOSH# B X O T3E Bl RALHEE & Lk
LCMICA TI3AELRBM%EZ . MICB T34 m 25 32 . A e
S, MRAEARICBIT 2 EmMNEEE O AN KX Con TOS NK TOSNK
WiT & MICA. MICB O EIZTRBE L XA E AN H n=3, mean SD, ** = p<0.01 (Bonferroni test)
HZ ENH, MICA-MICBOEH L X LVIZX 5T
KHYG-1D Huli A A3 i & 2 v gEE AR S 7z, Fig2 NKi#filza& TSEHAICLS

80

60

40

20

Cell Viability (% of Control)

& 512, Bl20BETRBL AVITBWT, TOS BB X HIREFENDOEE

O T3E R RULBERE & JLig U -CW A 23 72 S vz, . "

Bcl-20BEFRBL ANV Stat3lc k> THI S hTws  fw | ﬁLW

CEBRLMBNTWAEZ EH B, TOS & T3E i Stat3d S 80| “-5-'1

EGHTELCOME ZMELTOL TREIRESA £ o) |

72 3 w0/ 5
INHLORREFLEDHSH L, TOS B LV T3E i Stat3D 5 20 | i §

EERETE LCo X 2MET22LI2E>TNKG2D Y S | .

#Y K T&HAHMICA - MICBORHZBDLWHRENDOD 5 Con T3E  NK T3ENK

ANHEEESTHDLI RS, b PHMHT AL n=3, mean SD, ** = p<0.01 (Bonferroni test)

T NK M & 2 DA HFEO TR 2 /R T X WD D %o

o

BAZBOTHSBAF L EOBRFREIEZE L, BREROBERO—DL LTEZLNTWVEIA
W 2 B L 55 2 ISR T WA NKMBLIC X 5 25A DI FRlk X, TOS L O°
T3E 12X %5 NKG2D V) %~ F® MICA - MICB OB o8N %43 5 2 & T NK Mg obuEEF
Mz EXEs 05> 5,

AW BT T HIH72) . THIRME $ LR AH KRB A0S EE, LA gk
MIBBZIE AL L BT 9

ZE R

(1) Ames, Erik et al. “NK Cells Preferentially Target Tumor Cells with a Cancer Stem Cell
Phenotype.” Journal of immunology vol. 1958 (2015) : 4010-9.

(2) Bedel, Romain et al. “Novel role for STAT3 in transcriptional regulation of NK immune
cell targeting receptor MICA on cancer cells.” Cancer research vol. 71,5 (2011) : 1615-26.

(3) Galoczova, Michaela et al. “STATS, stem cells, cancer stem cells and p63.” Cellular &
molecular biology letters vol. 23 12. 22 Mar. 2018,
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CPEM AR 2 8D
#scup WEHANT T TR AMEBICRITT R ED
A3

FAEHH RBWIHA
AHRERAI R ER 474 SN 1C20190016

/A R S

I EXLHIC

HNF 7 Lid, RERMBEDLZ ITHA - BRHEOKT. BRAKR. BREEZILLTR
BEARORETH Y. BB OAE, BEEEAE. BEMEEMNRE, ACREREL E 0
PERY 2 D FETEIE B O EALICE - THHELT 50 IAF T 7 REERK. QOL DT, AL 0T
. RUBECROMNIEEST L Z MO N, A TIUEANGHEICIKIIZ /R 2 & TGN
DYEL LD, TOWRBIZVFELZRAHOIEGHE . 0L REFHZIT > THRERBOYE
PRONBZWZERH), COBERELTAHANTF I THH 20 TG ORI X ACH R
VR ONS, WEBOMEITITHEV, REARIIRBEICATEWIZREZ LML, ANFTT
DHIEBEDIRBTH L TV AT I T OER X ) RELROEALE FHIT 5 720 DY) 70 R FEE
HEFICELDPEETHLEEZONS, 72, BB RESEIZCDERC»2DD . RIE
YA A4 oA, BEFSWT 5 EMHE T oMM HET LI MG Ih Ty
5o STNHLOZELXY, FOMBIHEVWIIENBLS FEINLIRAANF I TIZBWTIX. BN
WD ZOME - BIEICELS G LTwADO TR ZWH L OS2 T, FWRRICHBT 5 BN
Wi O Il at 2 B RG22 920 L 72

o ik

ETOHWIERIZ. KIRERRVA XY 7 —8WFEBREHR % O S, FERFHWIEREH S
DERBEZTF. KIREBERA X ¥ & — B EBR. HERFEY S O 2 g THERL
72 WHANF I TIIBITLETFTN T AT~ 7 AKREGHATE C26% 2 ATV T e 8 % i
ZRRE T CHRBREES%E O 5 EilE CD2F1~ &7 A RIS (1 x10°# /200ul PBS/ PL) (0
HH) L. BAINFIT2E T IANF I THERINT I T2 EERVIEIANF T THO 2
SR OWR~ 7 A BYEK L7z, Specific-pathogen-free (SPF) ERE: T O KIEES A X~ 7 —H)
WHFENiE%. conventional ¥ T OUER BN W il &£ ftiik T Lk 2 R0 Bz fE L. &TD
<7 AIEEHESDR, HHAOKTHE L 72, Miltigts HIT, BIgUImI s £15HM & L,
T H O AHHEPER EREDORG T 5720 BATMRICB VT, AAF ¥ 7REESH I 8
HHXODREBRDZEZZLEBAINTITERD, EIAF T THIZESEH R ) AEERD Z &
EBRVWIEDPHLRIIRoTWA, LS T8HHA (FLAAFI7H) L15HH (AA~F
YT WCEAEY VT T 2T BRI E F T80T IS TIRAE L7z, BUREIRAE S M7 341
QIAamp® Fast DNA Stool Mini Kit (QIAGEN, Netherlands) Z W, A=A —X D¢t h
7271 b 2 VIZHE S T RNA Hlith 247 - 720 RNA &, High Capacity RNA-to-cDNA Kit (Thermo
Fisher Scientific. America) % M\ T cDNA IZ##5 L., Z®D#. Power SYBR Green PCR
Master Mix (Thermo Fisher Scientific. America) i/l L.LightCycler®96 Instrument. (Roche
Diagnostics . Switzerland) 2T, 95C (1053). 95C (15#). B X U60C (608) 4041 7 v
D 5T Quantitative real-time polymerase chain reactions (qRT-PCR) #:2CTHENT L7z, All
Bacteria. Bifidobacterium. Clostridium Leptum. E.Coli. Fusobacteria. Lactobacillus.

Prevotella. Roseburia Ot D FEBI R 2 Wit L. M O RERE FLR & BERIC 31T 5 I PO e 7%

— 164 —



@Lkﬁ%??o f:o

m RS

AANF T T ADBENMEEIZOWT, BB TR T L AANF I 7R ERKLTANF
7 WIZB W T Roseburia. E.Coli. Prevotella ®J$BIESAEZEICHIML 72 (p=001), T2, &
ANF VTRV HOBMREBETIEZ I ANF Y TR TE.Coli (p=003). Lactobacillus (p=0.03)
Prevotella (p=0.03). Roseburia (p=001) ORBEPHEE IV Lh o720 —FH. INF T THA
BOBERILE TIXIEAANF I TR T E.Coli HEIIV %L (p=001) Roseburia 734 E 2% 5>
7= (p=0.02),

EHIC, SPFRETCTHE Lo REEEOMARE EBIC8HHZREME L THRERBRD I
SIURE A ANF VT A L7z—F T, conventional B35 F CTHIE L 7-FRM~ 7 2 3L 0B K
FRONDPRERVIZBEEINTEAANT T ORBRIRE R o7 MAT, InFITH
DN IR 35 0 He i Tl SPF BR3E T & L L C conventional B3 FCHE L2 AANF ¥ 7RI
B\ T Bifidobacterium DI EITHFEITL L (p=0.009). EColi DM BEIIAE IV hh o7z
(p=0.008) -

I\ = T

AT BB AANF VT EEIANF T TREY ., WHINF T T ORIED DK
VETHERSHEG LT B REARR E N7z T Roseburia & Lactobacillus \ZIF A ~F ¥
THTAHARBIIRIHBN S o2 EBIE I N,

Roseburia 3EWMBMELZ = ANV F—HE UTHEE - 9352 L THSBBHRZELEL, €O
—MTHLEBAVEAIEERMEAER & LTH SN, RT3 2 B Rh R R DL RAER R = &
FTHIEDPREENTVS, ARFTH IANF I TR VBOBEBIRICBWTIEIANF T THT
Roseburia ZH B L o722 D6, BREWE DM OO RIERMEITEHN L. ANF T THRILE
P L2z Re kAR S b,

—} T\ Lactobacillus 3AENIZB TR LR OBNE., BHZBHL AV — %24
52LT. ZROIAMBE AR LENREOMER &ML ELZEEAZHS>TWE, 7uN 1 4
T A7 ADRIIH T HEEMFEICBVT, I—=7 NV FREBAD X ) AR OB E & WK
Wi FIEORIEFEICBOTHOHBESED ONTWAZ &R, MG EEIEE 2 SR B
L-RBBICARA A 25 L2 2 A, G LB L TG THAEDWND L L ot
Vb, RRFTD, IANF Y THRVFNIIBIT MK T, 2AF I T7THTRAEPGREICD
Girolze Ko TTUANF Y THIRATMERMO T O, F 7 4 7 APHLEEITHIZET, A
ANFTTOMMBIHICHFGS TEIURENRBRINS, 72, SIFRENL DHAITEVY
conventional 325 T & 5 E IR A D BB e K B LR FE S I N TS SPF REE T Tl
MR N E#H I EWDSBE SNz, SO RFEFRE (7)) = LX) o@Ew B
BHICEWE LR, ZOEPANF T T OB L FIT L2 REEIRB I NS,

VEDZEX), ARCBOTHAINF I TEFTANITRALEEAANF T TEFTIVIT ZADM
PIRI R 3 IS S S e T Roseburia & Lactobacillus DFEBLR DG H ~NF ¥ 7 OFRIE
POEV. T TERLSEG LTV A REIVRIB I NS,

VSRR
SR A 550 DR & At R A B ORRAT & 5 LT B RO IE £ 175 P
bho At WM &R0 % SR O BIEIT > CH & T, B3PI
DA ST ORI IIETBMEMYILIz 0 RN T B/ 7 1 7 AT 2 07
BRI DI AR, i ~F 3 T ORI A 5T 2 B A hEII & % 5 = & & MFFT
%o
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CCEEME R E 2 )
#En XEIIRZVROLEMMNE 2D B 5 ZHBD
Fi g PEICBY 9 2 W%

EAHA REEAR
TATTHA LR AR EWSR PR 492 FHENo 1A11190063

K 2 ®

1. WIZEHM

FROFERE £ ) 72V REZRY B BRBENE £ 5 2V EASOEELCTEHICE I RELT»
BZONPHLPIIL7 T, ExH)ZVRAGPLEL LTWEIRRY K- 2E5T 5,
2. WiEh %
2-1 SCHRE AR

& r )72V 5 WL VERRIWREER & £ ) 2V RIERDOELRIZOWTRAT 5,
22 4 V72—

197%~ 355& D & & 9 72 IR1044128F L T20214E11 ) ~ 20224E 8 O T v ¥ ¥ 2 — % 5
Jiti L 720
3. KR

& 19 2V RITINA ORI OO LTV B A, 2N 5 IZOREA 5 E
BZTHA MV AQBOBFRBEORKUNDO AN E DD Y % ED L2 HEIRENI L
Bbhhole & &9 7Z2VRABFERIZHT 2 EERITHIZE £ 9 2V EROREIHEVEf LTS
DL, ~HLTRAFRAREBEELE T I AOREZH LRI TWE L0y r—2132¢
PEBCTH o7z AW (0~55). WEH (6 ~125). FHEM (13~ 18%). Ao zh
ZhIHTTA v ea—ofReTtosr s, TTHUPHIEE 2 ) ZVMPBRIFTHLr— R
L, BEEV)DDOPYETH BTN LZ)TEZ L DWP ST ADRZHTH -
72o —HTHCEPLBANLERBLBAONLZD, FTOF RVEZIEOLNTZY T 5D
vy A RZT oMz, REN OB Y S FENEIZIIM S 20 O %2 Mk LT
L0275 =A%, TIhHHAENORELEDWBLRIZEPILEEDH LI LD
Moz, ADBEZROE oI E LTRAR»OEEZITZA ML AZH 725 FAOTE O
i, WIRLIZH 3 BN DF R LB 2 6 2, MH OSSR flikk & ik LT A5 ORED— N
THVWERD VR EOBRPHRV, #HIZ. & 29 Z0EEH ORI T 2K
BUADOANWEDOED Y 2k LIGO R RZL S 25, TO—FTRRIZH LT, HlEo
ik %2 FEO NIRRT E R WHETR, REPH 72 ENOBEVEFELE )b A LR
720 BMAWDBEDOHBRIEIZOVTIRIES2ENRH ), FROZLEZZEFELTVIARHEL TW
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BA, EBLEBERALVHMELRBVEZRATVAANSELIHTONZ0M, FBOHFEENE &
I P2V OIFHITH LKIZTRBICOV T, HFPBOE IOV TRAREES L F A L&
ZRZTOBEADE L Wids, EERRICE L Tid~ A4 F 2 DBIE721T Tk L Ao %8 cHtlk
DEZEELZEVIERL D 572,

4. B

& & 9 722V IEASH RN 2 BAFRATE O FUTR A i (B 2 L T & 2 AR -
BUIRFIISN T LR M) OFEDSDH ). IHBURREID & v o 72l A L DRI
FoTAEINZBBERIZOBANIHEOANRICL > THIESh, 22 5HEBRPRY ., A&k
ERBBOTEICNT 2 B MR BIE 2 HO 2 L ICENY REOF— 2L LTHIICHT 285
RBENEL V2R PV AOEMDRE ZREMEDND 5, F720 & 1 5 20BN 2 &R
FTENCO VT H FBRITHE I SAE L ORE D E AL, BAHRBICOE - E YV TR/AY & 1972
WIROBWEZITIED T A AWHBEBICW R WSS, 19720 BREEEIAELTWS L
KU, e To+oRMERMPEE 2ho 2R ELE LTHAMOAB2L 7Ly Y x—2 KU
D, BANORBEIOREEZRI LR TVE SRS, —HTHMEAED ) bBRICKFHICERT
W3 LB ZBRMAFLEL, B OOBHE LN O TEETE TV AE ) v RIEIBEOR
WP BRI A ST R & L TBANOMR, BlOoX AR 2nE I RZRHFEEH LTV
CENbhoiz, 7z, MAROFOREIIHLTr 77— LTORMLEEZRIL2E L) 20w
R, FOEHRONTEELS & 29 R0 RIBEECOWTHICERS R, MWE DB EEH~
DENPCHMAE SR DI L ZRDBMENIDH - 72,

A TIE, FR2SZ T 5 A ML ARBHOBFRE., RIEUSNO AW 52T 5 3BT
X 1) ZVIROEERERIEEA TR T VI ERbRozd, £ VI a—fiE2RTZOR
iz L0 BARIICMND e TE 2. & &9 Z2VIROKZ 2 KGR 4T B O BUE I IRl A D
HENPKELL Do TVEH, CORMPIAECH 722 KE2 A TE 2 AN, EBED
ErI)ZPVRIETHEINTEBY., SHICIEMEICOVWTERLEEICOWTHHAAICHES
NTw5a720, GHOA Y a2 —@ETHONZZ 1) ZVRAZLVPUEE T2 H 0L FES
ThRoTVAIHENENR LoD EERLTWE I e bholzs L2l X X9 720ENEMA
RO DEEDZHFICOVTIEFELRELZERSINTELT, Chi3&E )2V EAEFONHOH
TR TAPICROD T NETH 720, Fr I RVRZEO-RTH 2RI L LTEHH%
ELRML T BEYRH L7259, BUTKFIZIN TS LEZ ZRMOAEICOVTD, #
DEBRIEICL>TEDLLDLTLLERINTVE LREA LV, & k) BwiiEoh
CHENGE LM BOFAESRDOONE I NS, Bl ETHIHRELTLH25L)
REFOLY 2479 L THOBMMWAMMBERI N, &2 )20 EANOR}EI RV DL D
HI)EZZXD, FMIZE LI ZVRDOAENGIIA Yy a—% R L7225 FEBEDE £ 9H 72
WIREEAEZ D L TBOFERRERERFEICERLOLZ LB TE L, ExH)72viE
BoOWEOBRZM L TESLPEOBAIORITL I ENTEEIRLK L,
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CCEEME R E 2 )
%50 FELDORHL - HEFERDAKBILIZHT S
BBlOWRZ i a—¥y 7o

TAHHR PEET
TA T THA VI RIESRYR FEB IR EE 495 FEENo 1A12190029

e R

1. ARED

KFESERIC2EB 7 I ATERZ LB, TEb0RPL- HEEREOARKAL (GE—RXHL)
BRELEEZNT L RELERNTHD L2 Mo 720 BATMETIZ, TELORPL - HEFED
AAEALICH L T66.7% DRBABEWERZRITF TSI E (P, 20032). FEDBDORIL - H
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CRAERMZIN 2T
ScHA The Attacker Might Do Next :

ATT&CK Behavior Forecasting by Attacker-based
Collaborative Filtering and Graph Databases

EAEHHE  WARBH
TEHGEHE AR HHGEHE AR 4975 3N 1F10190215
Z B 8 M
1. Introduction
Cyber-attacks are causing tremendous damage around the world. To protect against
attacks, many organizations have established or outsourced Security Operation Centers
(SOCs) to check a large number of logs daily. Since there is no perfect countermeasure
against cyber-attacks, it is necessary to detect signs of intrusion quickly to mitigate damage
caused by them. However, it is challenging to analyze a lot of logs obtained from PCs and
servers inside an organization. Therefore, there is a need for a method of efficiently analyzing

logs.

2. Preliminary
21. ATT&CK

ATT&CK is a knowledge base provided by MITRE, a non-profit organization in the U.S,,
and cyber security framework based on actual observed attackers and their tactics. ATT&CK
consists of five elements: Adversary Group (Group), Software, Technique, Tactic, and
Mitigation. Out of them, group represents the attacker and technique represents method used
in the attack.
2.2. Collaborative Filtering

Collaborative filtering is an inference method often used for recommendation and
personalization in e-commerce sites. User-based collaborative filtering recommends products
based on the similarity of purchase history between users. Replacing ATT&CK with elements
of a recommendation system , each group can be considered as a user, and techniques used
by that group can be considered as a user’s purchase history.
2.3. Graph Database

A graph database is based on a graph structure consisting of three elements: nodes,

edges, and properties. Graph databases can visualize data relationships.

3. Proposed Method
In this paper, we propose a method to recommend undetected techniques to SOC analysts.

Groups and techniques from the ATT&CK data are used as training data for collaborative
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filtering. The input is a set of techniques that have already been detected in the ongoing
attack, and the output is a set of techniques recommended by collaborative filtering.
Techniques recommended by the proposed method are considered as attack predictions and
visualized as a graph database. They can assist the SOC analyst in log analysis. The flow from

techniques recommendation to visualization is shown in Figure 1.

i i output visualize Graph Database
Collaborative Filtering p! Recommendad [Fr':.al: e

Techniques

Attack Prediction
with

Tactics and Techniques

Adversary

[Type: Sef]

Figure 1:Recommendation Flow

4. Result and Conclusion

We evaluated the proposed method using publicly available ATT&CK analysis reports
and confirmed that the proposed method can predict techniques with high accuracy when a
certain number of techniques are inputted. We also confirmed that the proposed method is
general by using multiple test data. Figure 2 shows a part of the evaluation results, accuracy.
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Figure 2: Accuracy (“https://www.cisa.gov/uscert/ncas/alerts/aa22-277a” is used)

The proposed method enables analysts to predict attacks by inputting ongoing attacks
and to analyze logs efficiently. However, there is still room for improvement. This research
has not been evaluated from the SOC analyst’'s point of view. We would like to verify such
things in the future. Ultimately, we would like to enhance the real-world usefulness of the
proposed method by creating a tool that automatically maps ATT&CK techniques from logs
and developing a system that recommends techniques by inputting logs in combination the

tool.
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