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BELWH) A X=TTL &9 » ? #BIEFIHEHIZ 1990 45
IR T ADA (Adenosine deaminase) KHHIE S
X9 BB E T IRIEDT Db T 30 4ELL LD A HsRES,
BUECII AR B ERN GBEEFEHEEMS) & LTKR
AEh, BROBYCHERHINLRER->TETY
5. BAZFIHHEGIIERE R T2 S/ 4 VAR
75— EIHLEAA, HEe MENICERG-$ % in vivo
R THEEEGE, ARNK DMl GEmE#ie ) >
NERZRE) RO L, FOMBIERAEET 2
AP G B ex vivo AL TR T 0T 5
N5, RIUICHARTER SN TV S #m RN
AT in vivo BARFIHHEE G & LT 2020 412K S
N7z AAV X7 & — 2 X 2 BFMVERZEME 2 8o & L
T2 TWA Y A= ] R ex vivo MG FIHEBENTH S B
MIRBPE MR R ) > /8 % ) & L7z CAR-T #: T
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History of Gene Therapy

Takashi Shimada

Emeritus Professor, Nippon Medical School

Abstract

Once a dream cure for genetic diseases, gene therapy came to be considered potentially

realizable with the advent of recombinant DNA technology in the 1970s. In the 1980s, viral

vectors were developed, and ethical issues regarding human gene manipulation began to be
addressed. In 1990, the world’s first gene therapy was launched in the United States. Since

then, various gene therapies have been tried around the world, but have failed to show clear

efficacy. In addition, safety problems, including a fatal accident and the development of

leukemia, have occurred with gene therapy. Consequently, the once high expectations for gene
therapy declined. Since the end of the 2000s, however, the efficacy of gene therapies for

treatment of genetic diseases and cancer has been confirmed time and again, and expectations

for gene therapy have been revived. At present, more than 20 gene therapy products have

been approved, and gene therapies are now poised to become practical medicine.

(HARBERR AR MRS 2023; 19: 199-204)
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1= 113 DNA
DNA o 2 52 AMsE (Watson, Crick)

1970  WHWEHBO T AV A KG:
HizFiEE (GT) o2 (Friedmann)

#1462 DNA $4ff (Cohen, Boyer)
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HH 2 DNA FEERBLH]
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Lhav A4 VAxRy ¥ —F% (Mulligan)
BIETFIHEWETA 54~ (NIH)

ES fifaft . (Evans)
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HAHE#) GT (ADA KIE%E) (W10
R L#5 (Orkin, Motulsky)
SECH (OTC RIBSE) (Gelsinger F4)
£7%) (X-SCID) (Fisher)
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iPS M (i)

2010 A% (hFv 37, IMAkE, MLD, L)
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H%) (SMA)

TALEN Bi%
CRISPR-Cas Bi%¢ (Charpentier, Doudna)
TS5 4] iPS Bkl iE#E (AMD) (F48)

A (Kymriah, Luxturna, Zolgensma, Zynteglo)

2020  7&# (Limeldy, Skysona)
PaVeGT (NIH)
BGTC (NIH, FDA, @3, %&, BHEX)
7&7 (Roctavian, Hemgenix, Upstaza)

AT 5 LMERLEBMEOREIZEL DS 2 & HHERR
EN7z 1970 E1C1E, EIZWOWHE % H B AER
DNA 7 £ VA % HEBE TG T 5 EBEERITTH
N7z, TOEHERRARAICfERREE F 72 Friedmann
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575 (in vivo BIZFIRH) &, M CRIZTFZEA
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Ehzma—RERY, MHEPTHEREEFIHBEIES—F
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Br7-12in vivo BIZTFIHEHIMEZ 2T 7/ 74 VAN
75 =77 HEY 4 VA (AAV) X7 7 —HF%E
ENhiz, WERBOEMLFLZTTE L, EeA Ak
&% L OPFBICIEA L7z, 1995 4E121Z H AT b AL iffEE
KT ADA KIBRE DB FiHHA Tz,

B FIEROBRRRBROBUIZWIIIE 2 7225, S
PREIEIIMRTE e d oz, BETHRBICNT
WIRRIREEIIE T L, LR L Tzl EERcid v
P, BIMZRIR LR TE ] Lv ) iHiiicEbo
Tiro7:. BRFOMALEZI LT/ NIH25 0, &
Pl 2 WIRR 720 CHURIIZE % AED 2 D Tld e {, FEBERT
RIVHRERETH D &) Bl LEISEAH ST
W5 (Orkin Motulsky LR— k)2,

3. EETFAREICKIEXREH (2000 F£5{E)

AR TIHRHRITR 5 2 Fh 2B O AT LT Vv 72 1999
EAKECHEIZ T RIS L 2 RAE L. 7
TS IANARY & — & Afi 5 72 FFBE O a1 5 R
(OTC RIB%E) Dk % Z1F T 72 Gelsinger H4EAS
4 BV S BOSIEEE CHEC L7z, KREIcfb- sz
T T 7 AV ARETATHR T B B A G SR AN & 72
LERLNI. ZORBFHRIE, TOROBGEET, #
FRMEZT TR, A Y T7+—LF a2y M8
BT DN TR o722 & Rifged @ COL I/
BB oI LR ENBREL, REeSWMEEL
o7z (Gelsinger F4). ZOFHNZ o0 FIZ%D
BRRIFZEIC 54 v 74— A Fa vk v FOMIK,
IRB o#REsL, COl ¥4 —3 X ¥ b OFKLLITH
NbHEH1ko7.

Gelsinger F+:C, KE O #Em TR I3 2 B0 28
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HEE T2 1999 4E1C27 5~ A D Fisher ® 7V — 7
SRTFHBEOMBI D HE SNz, WRE L S72D
e RMESRIEARSHE (X-SCID) T, L b AL AN
75— %Ml o T MBI R K #Em T (L2 2284k
HEART) ZEAT 5 & MG (A TR CREOR
ERREOWEATER SN0 1 O BHE THRIEHEDR
P L7 pIof & 2y [ NEILEERZ ik L
7o) &, HFRPICRE CHE S L.

L TAH, LD 2002 ELIRE, REEER T B
MR A EHMIFEEFIEL 722 EDRH SN o725 K
B & Z BN TV BIETIREET, REOFERL
DALz tz, WMRBPTREEE o572, FEZE
WA 2 MGRE S T b 2R, L ke 4 VAR
¥ —DREIR T ORI S N, Fd a1 2 G
L7722 EBHLNIRo72. LIEIANVANRY & —
Zfifi o 72 5 IR O BRI O —2 72 AT REPE IR W
EEZOLNTWI[IAZRIC L 2 m T oL
MEBRIGEXTLE o722 LRI N

Gelsinger R HILIR O FAEATH 72 Z & T, #in
THBIIERRZ L V) B 2 0, s IR
HIRRE—SFICHRELTLE o7z TH, TOEHIZIPS
ML DFE A H ) B WIFFEE D% SR THED? S
FAEEBICT—<E2ET L7 5bTw5. iges
RIFIEE D KIS LTL Fv, #Efza K
RIIZ A>T LE o7

4. BIEFEEOEE (2010 F#7i%)

AR THEBT IR 2 5 3 EH Shk R o Tzt
2213 STz, Z 0 HA%2000 £ 05
Wb LI kot

AAV R ¥ —REEHBI A VANY 7 — L LTHE
ZENED SN T E 2D, AAV X2 ¥ — % fli 5 72 1E
PR S (LCA), Ik, MREMAHREE (LPL
RIIE) 7 EOBKRRB TR A LA #E SN
725 B TIRIENEIM (BBB) Z@#T&E % AAV
N7 7 —OFRAES- 2 X 2 FBEHZEE (SMA)
DGR TR R IR RPHER SN TN D,

Lhao A IVANRY & —(2 X 5 HMEARIREIC 2 -
72A%, WUV bao A VARHCRT 224 A7 4 VA
HIV) kDL v F 2 4 VAR & — Tl Lo G
PEDPMENZ EPHL IR, LYFIA VAR
5 — % fli o 7z MM E R TR T b S L H 12
oz FERWREARSE (X-SCID, ADA KIHIE,
WAS 7% &), #fntmZRE (ALD, MLD), #
fRlEIm (727, SRRRINEKE) % & CTHRME
AHE SN TVDY,
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2 KAESNT-BEEHOBETIHE (202344 H)

X G PR 5k HBAGBIRT N7y — (%) TR RRAF
LPL Ki8%E in vivo (IM) LPL AAV (Glybera) 2012 (EU)
ADA KABIE ex vivo (HSC) ADA RV (Strimvelis) 2016 (EU)
LCA in vivo (SR) RPE65 AAV (Luxturna) 2017 (US, EU)
SMA in vivo (IV) SMN1 AAV (Zolgensma) 2019 (US, EU, H)
Yo7 ex vivo (HSC) Bruvy LV (Zynteglo) 2019 (EU, US)
MLD ex vivo (HSC) ARSA LV (Libmeldy) 2020 (EU)
ALD ex vivo (HSC) ABCD1 LV (Skysona) 2021 (EU)
AADC RIESE  in vivo (IC) AADC AAV (Upstaza) 2022 (EU)
M A in vivo (IV) F8 AAV (Roctavian) 2022 (EU)
A% B in vivo (IV) F9 AAV (Hemgenix) 2022 (US, EU)

LPL: VK& 78—+, ADA: 77/ ¥ 77 I+ —+¥, LCA : Leber S RIEHE AR, SMA :

FREMEFI ZEME, MLD @ Y E YA ba7 14—,

ALD : FIBHEY A a7 4 —, AADC:

FHERL 7 3 7 BBRMERESE, IM - AW, HSC : wEifiddiie, SR : M, IV @ 8 IkMN, IC:
AN, AAV : 7F 2 BfEY A VA, RV: L ba A VA, LV: LUFIA4IVA

FXBETRROEELZGRHERBLEEZEZ SN TW
T, BRES, ARBETHRE T TRy AR
W, WO FUHELE, BAaT U —FAHREE
NTE7z BIETHEFE LTERDZ  OBKRED
ARADNTZDS, BEEHERTE T b o7z, ik
W2 D EPUR Z LT E 5 T LAk (TCR) %,
Pk TCR DF 2 7450F (CAR) &) Y NERCTHBL
S/ D8 L\ AT RS R TR CRIN 2 iR RS
WwEINTHEY

B LW S TR & U CGRETBEEORSED
Bin S 7z, DNA WS AW (DSB) kI3 &
MFEMIRZ ORRIEE Y, BB 2 IEFEET
&I 2 BETFBESTRTHL. HEL TR
SEAE T OB DSB #2223 Rl RM AT X 7 L
77—+ & LT ZFN % TALEN 2B5 &7z £ 512,
A CTIEMTE o b D RIERHE Td %5 CRISPR/Cas %
IS L7277 ZmEEd g SN Tn 5,

5. BIETFABEOERAL (2010 E/XEF L)

BIEFIBBFEOBG L2 ERELSMbND X H Ik
D, —HICERRRB G S e, KRFOBIEMED
ZATEHEICRY, GREMLORRICA-72LF
bR TWD. TNFETIZ2 % B2 5 EETHEBFEELGD
e LTRBAIN TV S,

BIER AR LB R FIER RN R 2 IORT.
P 2SR IE SR 9 5 Zolgensma (& HAT 3 KR
ENTWT, &HRTIE 1400 AP RIS ShTwy
5. SMA BIETFHRBEPR L7722 & T, ThETHE
XN Twie AAV R & —olfiih KERG 237 bh
%5 X 9512% Y, Duchenne i A 127 4 — (DMD)

DB LEEAB SNz Fofl, AAV EIETHE
1 200 L. EOWRERATHELTHRTH 5.
WEOBEIETHEBETIECARZRBT A V88 %
ffio 7z CARTHIEZRE LR EB T 0D, Th
FCIT) VN E/A MR 2 #5125 f8H (Kymliah,
Yescarta, Tecartus, Breyanzi, Carteyva), %387k
B & 3 G0 2 FE8EH (Abecm, Carvykti) @ CAR-T
WRBENTWES. ZoMicd 600 2L o CAR-T
MEDBE 7T b 2 — L SETHTH 5.

6. BIzFAEDEE

B TR O A RIVEAE R S NIEHALAHE A 7223,
— N CH T EED WS- TEL. Zethsms
WEEZOLNRTWE AAVARYZ ¥ —, KEHRS DT
bbb EHITRD, TORIEFEERLIENEMEDHER S
NDHENTHRoTWD., AAV NT 7 —H3FIIC g
3% & CTLIC X B IFMifafEs i E 5. £/, Hifk
& DO RS RMARDIHVEALIZ X 0 A 5 5 R0 Il 52 s
EDLTENMEEINTVS, @R 2 5038 SR &
EZONBEEHELDIEL TS, L b TIEHREN
VA, YT ATIE AAVARZ ¥ —DFAZLRIZL S
NHEDFEDHE & TV A AL R X 2 70T
PRIV EEZ SN TV LY FIAL VAR §—%
i 5 72 3% MR R TR C b ialt, ‘B RS HGEE
Bl (MDS) OFREFIA WG SN TWE, Thb0
ANWART ¥ —=1ZEBRWERD A J1 = X 2I3AW 7 18
4L, REW N EEEE 720D %ENHED ST
W5,
REVEDOMEE NS, IR IR EFHER I
ToTwbI L RELMETH L. CART HH#IX
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$373000 ( H A& T 12334977 M ), Zolgensma i&
$2.1 million (HATIX 146,700 1Y) LiEkmEnT
W, BREHPNEAT, BEEDSES NS EETHR
WMOBHE LTRIRGE2/EVEEDR TS, 372,
—HEE, B0 R LSS R BRI TR & R

MUT 1 M TRE OB RIG T X 528 IE TR
LTLIEBELLREAEVEVIRERDDS. L
2L, WITNICH X ZOEHEZ I L2BHEIIRLNT
LEV, HAR®D X ARl TR PERHIEE O b
DR S NG. KRETRERRD 2D o 72551133
WA AHMA DM S Tn 5
CNETOMIET, BEETHEHICE DS DOBIEH
DEBEIQRETHHZ LI LI THAE. LarL, &
DEHBTETHEL T 2O TR &
DY, WOl THEAITBIoNRW. D
MEZRRT 27200H LT 7 —F 2 RE SN T
W 5. 20204F A & NIH T B 45 S 11 72 PaVeGT
(Platform Vector Gene Therapies) 72 3¥ x 2 b T
X, ERILICHRIEEZRE T A0 TR, FALCH
LTHBETEBEBOEBIIHN LT, Bl EF22
RBLIZFTHENYZ ¥ —, [ UKGHETHRT a0
ELTEDTVD, MGHEEINE> THHELHP T
HI R ARBRORE R A A LT, T& 2 7207 SRR I R
BRI A 2 LA HIICLTWDE S5
2021 4EA B, BEEMSE 4 BESILBIMLE
BGTC (Bespoke Gene Therapy Consortium) & A ¥ —
FLTWA, UL, &5 EREE CTHEZ ED
L9 EWVIFEHET, N7 & — OB IS
DWTERYZaTVEERT LI 81285 TwA. £
72, ERRBAZEICH L ClE R VB2 5 FDA 235 L
T, HHOMEILDd HEORMF LT TH I LIk
Twa"

by

EET DB SN TH S 304FE L EARGH L 7.

M, kA R E SR LD S B T IHETE il’%%
ZiEld, ZO10FETR - L RHAFHASE £ ), FH
{EDBRIZ A > TWE. 2D X)) R OBIRISH L,
HARTOBEBETHENIBIIRECERTLE>TW
5. INETICHARTHIE S @ ZT g T
FAIRNDATGT IV ENVRATIANVADT) F
7 N2FT, Wb HREWNZZ T O LR & &
ATHLH, B, WRPCHESESTDhTn5
BIATFIEEDERTHEIANART ¥ — iwit%
FEINTWZRV, HADBIEFIHEIIZEEN 2R R
WL O0H 5, FORIZHRED 5 O R A MG 2
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Bl olZEBREEEL TS, HARTIPS M
FEBHE SN2 L DY, SLiRERNOIRIL A
IR > Tz, Z07208IE RO E T
WE72S, WEHY A NVARY 7 — 5% ik b B
ENTVWR VIRV Tz, BRI 2S, Z
DRWEFTHET L, G5 EERLSINTETO [
ARRERRE Ay NI =2 Tu s T A ORMREE
ELTHZICHBIZFIHRBS A7 THAE - MR -
gﬁ%m%%ﬁ%ﬁw7U77AJﬁ%#éné &
o7z, ZHICXD, in vivo BETIEED &2
E R~ O RIS 3R, N7 7 — 8ok
AEBHTLEEZONTWS. HRTH BIETHHE
WA, HABOBRZFIHREMDS  OBERYE
WHROBBRICEM TE L L) IR L2 MLV
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Hematopoietic Stem Cell-Targeted Gene Therapy Using Lentiviral Vectors

Naoya Uchida
Cellular and Molecular Therapeutics Branch (CMTB), National Heart, Lung, and
Blood Institute (NHLBI), National Institutes of Health (NIH)

Abstract

Gene therapy targeting hematopoietic stem cells (HSCs) is a promising treatment for a variety of
genetic disorders, including immunodeficiency, hemoglobinopathies, congenital cytopenia, and metabolic
diseases. HSCs can reconstitute peripheral blood throughout life due to their capacity for self-renewal and
their hematopoietic multipotency. This makes it possible to cure genetic diseases for an entire lifetime by
replacing or repairing pathogenic mutations/deletions in HSCs. Autologous HSC-targeted gene therapies
entailing lentiviral gene addition as well as gene editing are currently under development. These can be
widely applied to most patients, as there is no requirement for a suitable donor. Current gene addition/
editing therapies are based on harvesting the patient’s CD34" HSCs, performing gene modification ex vivo,
and then transplanting the modified HSCs back into the patient. The efficacy of ex vivo lentiviral HSC
gene therapy has been proved in recent trials; however, the ex vivo process requires a GMP-level cell
processing center and is expensive, which limits its global application. It is therefore crucial to develop in
vivo HSC gene therapies, in which a therapeutic gene or gene editing tools can be delivered directly into
bone marrow HSCs via systemic administration without ex vivo culture. This manuscript presents an
overview of the current HSC-targeted gene therapies using lentiviral vectors.

(HAERREEAZMERE  2023; 19: 205-210)

Key words: hematopoietic stem cell, lentiviral vector, gene therapy, gene editing
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Abstract

The development of gene therapy products using adeno-associated virus (AAV) vectors is

progressing, and the gene therapy market is rapidly expanding. AAV shows no pathogenicity

in the human body, has extremely low cytotoxicity and, unlike lentiviral and retroviral vectors,

rarely integrates into chromosomes. Consequently, risk associated with AAV was thought to

be low. In recent years, however, adverse events such as hepatotoxicity have become

apparent as cases accumulate among laboratory animals and in clinical trials. In this paper, we

present an overview of the integration of AAV vectors into the genome of infected cells,

which is thought to be the cause of adverse events.

(AARERR AR SR 2023; 19: 211-217)

Key words: adeno-associted virus vector (rAAV), integration into genomic DNA, insertional

mutagenesis, the risk of rAAV-mediated oncogenesis
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Development of Herpes Simplex Virus-based Vectors for Gene Therapy
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Abstract

In recent years, gene and cell therapies have become widely accepted as new therapeutic
modalities, and a number of gene therapy drugs have been approved. Underlying this advance
are innovations in gene delivery tools, especially viral vectors, which are no longer simply
gene transfer tools in basic research. Since its initial inception, all aspects of gene therapy have
been dramatically improved, including their safety, functionality, and production technology.
On the other hand, with use of gene therapies clinically, new safety and efficacy concerns have
emerged, and gene therapy is now entering a new phase. Both preclinical and clinical data
have demonstrated that simple overexpression of a therapeutic gene at a disease site through
transduction by a gene delivery vector is not sufficient to ensure safety and therapeutic
efficacy. Maturation of this field will require more sophisticated gene delivery vector systems
and highly regulated therapeutic gene expression systems to precisely introduce these genes
into target cells and express them to the appropriate degree at the appropriate time. Herpes
simplex virus (HSV)-based vectors are extremely safe and functional vector systems that have
the potential to meet current challenges in gene and cell therapy. This makes HSV vectors
promising gene delivery vehicles for gene therapy. This chapter will focus on the current
trends in the development of HSV as a delivery vector for gene therapy.
(HARERR R AL 2023; 19: 218-223)

Key words: herpes simplex virus-based vectors, gene therapy, detoxification
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AT B R, etk BEREVE, A EEHU
FITRTOMMIIBVORBEN L EEENRZIT O S,
—77, FERRICTERIZTFHNEREIMEH S NS X H 12
BT BHIZONT, Fehwa&R Ao ME T LL
TETHBY, BIETHERIH-LZREZ DTS,
INFE CORIEK - BR7T—7 0BRHICXY, HEET
BRI & — % BB S LT, HICHREE
TR BBRH S5 2R Eetyi g sn g, +
SRBENEREON R EDRLICH LN E 25
TETWV5. 5, ReEIHESNIZEoE#EE
THBERIRMEL TV 2D121E, IIHEEE R D A
WHRPEEIEF R EAT A 2 ENEREN, WIS
RSP REEY I VU — L TX L0048 L
BoTLAh INOLOREEERTHDITIE, XD
PRI NI IETHEBINRT 5=V A7 L EEICa
Y bE— VIR R GEEE T RARPLEE 5. AN
VRATAIVA (HSV) R27 & —i, 20k BT
DR TFERIIBT 2 A8 2 ik 3 2 W heltk %
7D TEREN - ORI ¥ - AT ATH
D, BEAGEEE NS E L EE IRk E LT
FEHRENTWD. ARFTIE, HSV Otz T iEET 7
YN) =R F—L LCORBHIIIT +—H A LT
WS 5. JEEAEMRYE HSV X7 ¥ —12onwTlix, #
BOBRWEHPD L7120, TH0E2 T /2&7

Wl

1. HSV XY 2 —Bi%
HSV X727 & — g E i3l <, 1980 41822 5
HSV # B EARNZ #—L LCHIHLE) &L
SRAPITBITWA. HSV 2R & — & LCHAHT
LY, MRA BN DL 1) R/ ISR
DM F; DI 4 MR AE 20k L TR RS RE ) & #:80.
2) IANAF I AHDTREN®D (~150 kb),
E R OB OB EE T 2 @M Tdh 5. 3) HSV
&Gtk YA NAA ) NFRERICHARTINE 2 &
BABNICEEY, BEGTEY =L LTHET 5.
L72h - C, BT AZROGRHIED 2. 4) kg
MBI R L CiMRIESe T X B 720, BN ZENICH
BT IR TH 5. FFETREIE, BL-T
FOWEfsTHEREEDTH A . BUE, EfsTHEBEHAN
27 =L LCELISHDPHEATH S 7 7/ btk £ v
ARG F =R L Y FIALNVANY ¥ —I%, BT
BECZL < (4~9 kb), FRAGHEILIGHELR T O
AZCEYREINTLE). FAFHEICHEEOME
&L TR 2GR EA T ORBEREIIC OV T
W, HLRRAEILNG - IRR IR B0 7 i T A <o B ARG
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MR OB L EARUNRE R DH, DX RIEH
HIAEEEHNIAE 4 12 L THiMED D A4 AR E W0,

BAEONRY & —TIIHERT LI ENTER Y. —F

HSV X7 ¥ — OB EE T O 8 S 1384 DT
I L D EHESINTENY, INSOREE BRI
SHRWHETH 5. Nz T, 4 HSV X7 ¥ — ik
Heihspase S, o 72/l - RIS LT A HSV
Ry —%RETHIENRICR)DOH ST, &
DEHICHSV X7 ¥ —1%, BAEOBEIET BB A
LRI O ZENTELIEFIHBIM Ry
5=V AFLTHAD ZNEFTHSV 2Ry ¥ —L L
THHT % L ToRERHEIE, ZomuilllaEzkT
H - 72 HSV IZMREHIB DA DL L OMINBIZ BTG
FICHEBL, HFHOBCTA NS VS0 B % mHH
T5. FAMRIICR LCiE, R 2 kA X
B0, FEEIM S ORI E Z T B L FETEILL, T
OB AZHBLT, #ly o2 E2KEBlT5. 20
7o, WAEMHASV 2Z20FFNy 5 —L LCHMHT
LZORWEHETH S, HSV NY ¥ —0eWn oo
12, L DB > THA 7 HSV 7/ 2 O # 1z
FHRENHEENTE. TSR NOR, waetho
BRFHIIB ISR SN, RFOXRZ ¥ —Y AT
AFIEFICREMITEN L DI R > T D, ROIE
X0, EDXHIITHSVARY ¥ —FRBEIN, L4
PEAHAREE N TV o 72 F DR AW 2 .

(1) #H—#K

HSV X7 & —ifgealiic BV Cix, HSVAR 7 ¥ —
LI H 720 & 7 AR (2B D % AR T HEOBERE
B L O DEEF RIBZEF O FEE IO W TFIITHE
et bz, ZORE, HSV 7/ & FI25 OfFfE
9 % Immediate-early (IE) #Z 1OV & DOTH b
BNTICPAELTH 5 WIERNA 7ut v ¥ > 7B
KT ICP27 #inT- A R SEH T LI2L D, HSV 2
BRHEBICGETE L 2 enasnz (RS 20
WFgED P, BEFSHIRN TOMGIZLATIZZ W,
WhbWLT7 7 ) BIETFHOFEAESN, ool
(RFHEEARIR A TIRAICE N TH L Z L BRI
7o, fERL SN TE SR FARMKRISEREIIRE 7 575,
RIS IE @2 8mMiEr o b7 ¥ 2258
LT ETHIWRETHLZEPRENTZDY

HSVARZ % —FIZBWTHD CTHELZ—RTH -
VARARY -3

(2) K
A ofFFEIc BT, HSV 2 SRR S ZE T
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AICPO AICP27 AJdoint AICP4
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4 LAT BICP22

X1 HSV T % —hkiE

X5 2 LI S NzAY, R EfE T o HsuEfs 7R 18
ZRTIE, HSVHERM#E 2 L3 s L3 TE R
W2 EBHBLZS 22T, &5 7% AR ETERRE
HigE LT, fh4 RMlAaB b TIE @ H %2 K
SR HSV R ¥ = s h, Zoretk - it
Yo a2 b7z, Krisky S, Litos—iit
fCHSV N2 & — |2 TR &7 ICP4, ICP27 M5 T
WA T, WBEHEKN YT 5 IE iz T ICP22 iz
THRBZRBEE M) TVEFEKOBFIRII L 72
(BT, Zoxz & —i, HSV BN 3EE DK
AR XN TV A ICH D 5, MR LT
RN BT EAWNRETH L Z e s
FEENC, HSVZ 2 2i2h b 220087 X v U,
Us %554 23543 (Joint $Hl) ZXR\PEXELHI &
T, NI =57 AOREEPHETIENY TR,
PEEET #IAT B AR—ZAFELHBETELI LD
IS Ak Szt AR HSY X2 ¥ — O BSE D
EoplF LY, HSVARY ¥ — OFEEFIEEICH IR
ECHELZLE->THME TRV, FEEE, EEER
IRWFZEIZHE A T 2 B FIBHA HSV X7 ¥ — 13,
B OBETRELS SN TS HSV R & —
Ny 7 R—=VZFH L TWAH. HSV X2 & — DG FF
FEDHEIFIRIIC DO VT, BOTHTHL L HEHT 5.

(3) HE=ittK

ICP4, ICP27, ICP22 fEfn-FFEHAVRIA L 72 HSV X
787 —1E, ERARSHMRI$ 2 B a TEAILD VT
FRWEEEZRT SO0, KIKE L UNHMERS €0
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o FEpRSIER I BV TRV #E 2 R 3720 o
W, HSV 7 ARG AL O CEE 23 %2 £
72¢ IE EE T ICPO A% 5> T b Z L IGEKT A, 2
DIEAET B HSV HRANEEE 2 52 4 2TH £ 3 5 i
e LT ICPOMIZT 27/ A X VBRETHI ENE
BB EINED, ChEERTSHICE2O0KE%
ez 7 ) 7 L hiE e o Rw,. 0EDIEHSV T
J AOWEREERETH 5. HSV IS Y L 72
%, HSV Bz TRIAZ G, HEEZHBRT S
A5, ICPO & > 73 7 BIEAHAE T O h, w5 LIk
57, HSV Y/ ZOKEGHBERLPIHA Lo v
FENDLY. HSV X7 ¥ —IZHA SN L GBHREE T
HA L FROEGHIE %5207 5720, ERHERICB
BRI R IR TR W2 5. D) ED
IR ¥ —AEOMETH L. HRo L5 ICHSV IE
AR F AT RIE E #5127 4 v 2 LA
5Ty RICHRT A 2 L THEEREE % 5 A%, ICPO
A EEATEFICE L, DIFh R =2 BHTL Y
AWV A ERI O AAT: - VRIS 5 7-@, ICPO 1#
R RBR LR EEML Y AR A2 L
NTERWE, L7ad o7, RICICPO &L %4HE IE
B TRIHASV AR 7 —FE L7 LTH, #hF
ISR 7 —ERERIT) S EDEFICHELY. b
DOFREDT & 7 ), HSV N7 & — O PRI P 1%
FEUVWHBOCTHRENTH -7z, bbbk, TEIN
Lk E A WRT 2 EHELHSV AR ¥ — Y AT 4
JANI ZB5E L725. AR ¥ =Y A5 A TlE, HSV Y
J A FWHAET 5 5209 RCO IE #is T3 % iz
FHEIZ L > TRIBEES T EICX Y, HSV HIskA
FHEOREBRFIEI L TwE,. Lk Tk <, ICPO
BEETEBETLEHASV 7 ) 20 70— Vi)
LAY AV Y IPFEBRINDLD, KRR I =T AT
LTIL, ICPO & ¥ 78 7 BIFAFAE T T WV in GG %
O HSV 4 7 A8 &£ L T, Latency associated
transcript (LAT) #HIZFEL, ZhzaEans
FEBUCHIH T 5 & CARBEE R L7: (B1). Bk
W 20T, LAT #IUCIRA SN iGFEE TR
ty ME,F AT A LYYy I LEIINICRES R,
BBV CTHERET 2B TEL LA L
2. 72, ZOL)BLEIEEMRTRIEHSV XY
5 —OEFEICHT HEIE, ICP0 ¥ v X7 O %
HARICHIZET A2 LA TE 5 e MFRIENIZHK U20S
ER=ZL LTy A NVAEEM BT 5 2 & Cfif
oINS oW, MliEEO R ICPO B 1-%
HREMIBIGEAT 2 BEN VD, T4V AARE
M2 R MRS A 2 EDSTE D, TS OHH
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PHEF SN, I F TR D 7 B b HSV X7
7 — OB L OEORFEN LRy & —EREINER S
N7z, BRI {L HSV R ¥ —1%, fkx itk
N KRR AR 2 ML ISR R C BT EAT S 2
ENWEETH - 720 72T v MERHARICH LT, M
Mz EEd 52 &% BICbh )8 AT 2 06
T 5 ZEDRER I NS ZFotk, HEE HSV X
7y —xR—=R12, 545N LY B LER
FYEEBINTWALEY, bhvbhid, = HSY
N7 ¥ — OFEREEHii 2 7V, 5 X o TR
- IR ST RICBWTY, b6 H
VLEFB L CGEABETEHTLZEZHLNEL
Tw3. PDEo#RE, HEEHAHSV Ry ¥ — 5%
fEHSV N7 & — X 0224tk - #Retk2sBaz 2 R L
TWAHIZERFHLTED, HSVARZ ¥ —% w724
T RROBHEPICOWT O RIEICIEATE 2 L
PRSI D.

2. HSV X7 2 —% AV EEFREERRE
HSV X7 & — % w72 EIRIFgE I, AR L
TIHEFIEAATDONTEY, BHRORT ¥ —0EHR
RBRAREC, MR THEEE L TRAIN TV SBY,
—7J7, RBEE T TN =Ry =L LTH, HSV
DREMEZ TG L7 bk % e BB TR 7 7 — DB %
SNTEY, BRI IEEICITbNLTnS. LITFIS,
BB S LI E ORISR 2 R X5

(1) &=&E

PR TIEB L2 15 B AAEEN 2 E0Iw LA T
WhEINTED, 4% mEittazlz, 25AE
RPN ERAT B0, S SICEBRE NS 2 2
EDHAENTWS, —F, EHEEOMIMILED
59, ARMRBHEIEBEONTWS, — L) &
NBIEAT A FUEPIRIERSL T L L F7T=Z b
e EOFFEANE, BRI L THR L IEBR ST
ZORIMERIAE 2 A B FK - Bk o X
I BHEEORINE b0, RERBEE 2> T
. BIZTIREE, PR - RS AESR OREE DM
MM 2 LS % 2 L ASRECTH Y, —RHokE T
RS TE 2205, BAEOEGHRE
PRI T E L VIEZ WIS 2 W 27 Ta—F &
LT, EEMBEIEATEY, ZOEMERDED K
L |BEENTWARE, HSV R & —iF, ZOEW»
FEEBRIE 2> & A R TERNR 7 - L
TINITHIEIMTORTEBY, %< DK
5ZOREN - AREDPTHER SN TV E2E, K
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TWHBFEHHASVR 7 ¥ = DL LTHIEEI N
NP2 &, IE i#&f{x¥ ICP4, ICP27, ICP22 i#{n 5%
RELIZE RO HSV X2 ¥ —TH ), PREZ
B X5 v b Preproenkephalin (PENK)
BETIHEAA LY M2 a8 —FEHIN TS, NP2
FEAEG- S5 &, TSR LIS L) BRI
fii (DRG) (SEIX N RES 2 L S, DRG N
TPENK#E 2 + 2 B H 7 5. BB S L&
Proenkephalin 7 5 Met-3 & O Leu-enkephalin %% 4=
L, IhodH A FRERICKeTL LT, £
EZRMRELZIR T A LEZONTWS, EHEE,
NP2 IZERWEE T NVIZB T, BWiEelh & Eink
MR ESMER S NBY 2N S ORTERRIF RS Rz 5
D&, NP2 & 7238 IR 3 5 BRI ZE A%
7z (NCT00804076)%. £ I HHRERTIX, NP2 0%
2 - WA EFHET A BWE LT, 10 Bo#aHE
Wi PR B ISR LT NP2 @ S BCAie T~ Rz N 5%
Tz, ZOE, wIFNo dose IZBWTHEER
HEFRIIMERSNT NP2 OBWEEEI/REINT.
I 7R EER S EE (107 pfu/cohort) I2BWTIXBEE 7
KRR RO N Lo/ b 00, |- BEE
58 (10°% 10° pfu/cohort) (ZBWTIZA HITIEmE
R RA D SNz HwT, 6 IIHRERIE, NP2
SO %A - BRI T 2 B THEB I
ZEEWRABTH Y, 1720 ES, 1640
77RO S, NP2 2SLRARE TR AL S
7o KABRIZB W CIE NP2 G RO EE L ERHR
BHER SN h o 72728, HSV R 7 7 —\2 & &R
WOBWEAEMDER I N, —J, T RifLlt
BL, ARGEMGHEMEVHREIN o7, 20
#®i, MREZAEEEOYUEEZ HIEL T, Glutamic
acid decarboxylase (GAD), Endomorphin-2,
Transient receptor potential vanilloid 1 (TRPV1) &,
B2 R ERGHGEIE T 23R L 72 HSV X7 & —H%H
BENEE ZNSEOXRY ¥ = 3ERMEWET IV EH
WZHERIZBWT, BWAMERZRLTWwEZD, 4
BOBIRM e 7= 5. -8B %4
P - BEREMEATRIEIC M) b U 7288 = AR HSV X7 & —
EHIC X 2R OUE D HFHFIN TV S,

(2) EEHKRE

Sy A a7 4 —EEKERE (RDEB) 1%, K
T8 R0 K B AR 2 45 M oD T E S AS MK SE T
5. AEBTIE, BERLEELEZMEGTSL VT —
U A S COLTAL B FARICK D IREL, H
Bz & R DTG T 0T L 272, RDEB
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BEORBEIEFINEL 7Y, AERGEBERIME T
B IR A & P9 KR B R 2 AR 0 9. BUAE,
AP 2 AN 5ETR & & A IR e T, fER
RIS B 72O DMILE D AR D I, KEEE 5
T LAV TS 2 WY 2 W6 BBAN O BIFE AR 0 5
T 7z, HSV IR KBRS R 3R 12 &5 5
ZEPHBENTWBED, HSVAR Y ¥ — 132 D% i
FIHEF LTS, L2 o T, BREEREIEHSV X
75 —DBRITOEKERTH L L F 2 5. BVEC
(Vyjuvek; beremagene geperpavec) &, % o
MR ASV X7 ¥ —% Ny 7 K= LTHW
THBY, COLTAl Bz FRBA Ly P EERL 2
RDEB & (=GB H HSV X2 ¥ — & L CHgs s e,
Hi R BRI B W C B-VEC |4 RDEB & B8 € 7V
%> RDEB & # 1 2k Bz i Al i 128 L T, #Rm i
COL7Al BIZFAEATE S I LAURENIz. HNRY
& —%& 728 VIR, BIEAILT T € R AR
ABEE L TIADRDEBEE A L CTHEM X R,
B-VEC 5 WE7 It Rz 12 BEIZHO7-0#DEL
TN I 53 5 & & TREM - AR O AT
b7z (NCT03536143)". Zo#EH, B-VEC #5122
WY 2 EELRAEFRIIRDOLNT, EFHEKICB
% COL7 & 87 BORBMEN RO b, EVEll
BN S N7z 8 AR, M=
EEMR T 7 LRI & L CReet - s
AES, 20224E 1 HIZE T LTWw5b (NCT04491604).
UL, WAL ERBTH bR AR (ARCD
DIEWER 7 57— L TKBIOG 2SI NTB Y, K
REEAHE D ST W B,

BhUIZ

HSV % Hl W72 @ T HE BT R 7 & —Hfii o 1
Py, BRI L7 i B B IC R £ 5 7,
ZOISHFPIZIAATY # HETW5b, X7 ¥ —D it
LR HBROEHEIT LY, DIAnd s 78 A28 L
o 7RI OWTH, B LTREE 2D o0H 5.
Bz, F=MHSY X2 7 —id e g A,
PRWHIEC b B T EADRETH L 2 DS L
HoTHBYS, Gtk IhoOMBTRAET AEEZ N
Gl L@ riagEmEbHfEsh s, £72B-VEC%
BA%E L7z Krystal Biotech #LIZZEHMEFMERE % XF 5t &
L 723851690 HSV X2 ¥ — KB407 DB b o
TBYY, ZTOHEITHKERD 2022 FICHB L T 5
(NCT 05504837, NCT05095246). % D#kHI2iEHAs
#3525, DbEoXkHiz, HSV L, #BEOWEEDI 4
e HRBEINC LY, IO R {E TG AT
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RNEZEHEFT, g vz E8m T E LB
FEObDLR), ThITEBMAVELATTET
Ho o HERBETBRTCELER T TIEL TV
5. INHONRY ¥ —OKERERAM A S g,
ZOWRNEE S ITMHELT 5 2 EPBESND. 514,
BN R~ e B BASH$ 5 HSV R 27 & — it R H o
B AR, % OWREREBICHE LOEFICEDOS
WBRTHEESTER 2 L 2> T 5.
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Gene Therapy for Metachromatic Leukodystrophy; MLD

Noriko Miyake

Department of Biochemistry and Molecular Biology, Nippon Medical School

Abstract

Lysosomal storage diseases (LSDs) are a heterogeneous group of diseases caused by
genetically determined defects in lysosomal enzymes. Specific molecular mechanisms and
disease phenotypes depend on the type of storage material affected. Current treatments for
LSDs include enzyme replacement therapy (ERT) and hematopoietic cell transplantation
(HCT) from allogeneic healthy individuals. However, those approaches are applicable only to a
limited number of LSDs and lack efficacy for some clinical conditions. Hematopoietic stem cell
gene therapy (HSC-GT) incorporating lentiviral vectors has shown strong clinical efficacy
when administered to patients with metachromatic leukodystrophy (MLD) and is now
registered as a pharmaceutical product. More recently, HSC-GT has also shown promising
results in patients with Hurler's syndrome. Here, we report on the treatment for MLD
currently being used in clinical practice and the gene therapy for MLD being studied at
Nippon Medical School.
(HARERFRFZE MRS 2023; 19: 224-228)

Key words: hematopoietic stem cell transplantation, blood-brain barrier, adeno-associated virus

vector, neonatal gene therapy, intrathecal administration

T &IC

Ry HE Y A MO 7 4 — (metachromatic
leukodystrophy : MLD) &, V VY —AMETH LT
YIVANVT 77—+ A (arylsulfatase A ; ARSA) ®
KABIT & 0 FERE S 5 B Gt RS PR R O e RACH
HETH 5. BEFRORIBAMEDL X OWIEHLERIZ 2 v
77 FOEREZLZLL, T - FiEfREEL 2
T 5. THAREIRE OBE T RSB W THEE 2 5
DI, EHHRET A RN 2 5 — 2505
™ (blood brain barrier : BBB) #ifi# & ¢ 50&Ww
I ETHAH. bbb BBB @B HET, W

RO B3R BR TR A DS R 7 7/ Btk A v
2 (adeno-associated virus ; AAV) X7 & —% w7z
PRI E DB FIERIEDORMIEZITo T a. K
T CIZBEI T T WA MLD DR & TS HET
MEEINTWD AAV X7 ¥ —%2fH L 72 ik kem
BEOBIZTHEBEOT 70 —F 28N T 5.

1. BEMEES X207 1 —
MLD 1%, 94 VvV —2AERIE (lysosomal storage
diseases ; LSDs) O —#H T ARSA &KL D, B
FUE, WA - AR, B R Sl AV T 7T
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FAFERL, Fi2I) YEEMETH S, Wik (F
VIFFaYA M) BLXOKN (a7 M) o
REEICK D BidiZ T S L, WK - KRR %
B9 5. BEHEIZ4~16 5 A1 AT, FEIERY
W ERRFEEIC X, FURE, FAER, AR
Eha, ARANT 23R ECTICHRIEL, HBRILT, %
B SO 2, AT 2 5 L AR 50~60% %
O, ROHBBELLL TS PRARTH A, HHEMIT4
~6 R EIITEAE L, SIAREZME, AR, JSEVERRE
RERZEL, RARIZ 10 RF-DIRICE# RS, S5k
Bisk, ok, FEAEIRZ & THAEL, 5~10 FFE0fE#E
TH#ETT 5.

2. MLD D&%

MLD DG TEEZ DI, W2 PR R o R
EERHEBETHNPENIZTETHY, FHITY ) B
My 7 (F723#8ETF) VA2 BBB #@# S
&, PHRRBEE A G T A0 E o TV A,

(1) B2 A% (enzyme replacement therapy ;
ERT)

FEFRMA R TH VILMHEBERRBAT b TV 5.
LA L ad 55 RiES CTIEREEIEBBB 2z vz
D Z ORKRRRTIEC BT HENIEY % E TN A A
(BEFRZWT BTN A) ZFMICTHD AT,
recombinant human ARSA (rhARSA) % dose
escalation study (10, 30, 100 mg) T # % 5
(NCTO01510028) 2547 T\ 52 fE & L CTrhARSA
BIH O FEE 2 HE RS (serious adverse events ;
SAEs) ZEIE SN TR WA, BED 25% A RN
R F 7T AE LB S 5 SAEs & #RER.
i (cerebrospinal fluid ; CSF) ® ANV 7 7 F ¥ B
LV ANT 7F FLNVIE, E#E 100 mg &%
B U7 CIEFEFEMNIET L, (S ERS ClEm
BoOREE & HITHEEEREDO BRI T 2D - 72
25,100 mg 2 SN BFETIEENIETIEHV 22w
R ) T - 7.

(2) BfzFEE

1) BN ERRS-

AAVOFH LWILER D 9 5, FRE O AAVrh10
&, AAVI, AAV2, AAV5, AAV7, AAVBHEI X D
b NTES AL SR & < PEHs %', ARSA JE3
AAVrh10 (AAVrh10-ARSA) N7 ¥ — & RN I
B35 B 07T I/ILAIGRERER (NCT01801709) 7%
frboh, FEIER £ 72 3FEENO 4 A EBZ I LT

225

N 12 A2 1x10% or 4% 10" vector genomes
(vg) ZAFIICID U TG 3 N7z, REEENICITMIN
N h o 7258 O ARSA ST A RIS (Rt D FFAl
THIED 20~T70%1EL72) EAo72d 00, FEIR
DB RS D BE TIRERAEAL Uiel), MeREfEE o
FEW O BH TIHERDFEI L2720, HEDO ARG
EEBERERBD Lo TORE, AREo KN
12X D WFgRIEHE T L7

2) &M (HSC transplantation : HSCT)

HWAE, MLD @ Gold standard & IFEIL TV 5 D75,
ANV TDOTNV—=TIZEoTiITbhiTwa, Ly Ty
ANV % v CEIMEMILIC ARSA 2 KREIZFHEI S
THRRALT 5 HETH L. ZORBTHGRE o7z
HFEIT 294 T, 16 A0 5RMFEE, 13 40wl 4E
WIRC, BIER F 2 3RENNOBETH L. ZDH
FEEIE MLD 2BV C, HfiK - SRR AT
] - BIE IS 2 LA TREMH S Lz T
HBH. LH LRSI AHD, F 72 30HEIR
DBZEIZL M ThNT VRN &, F 75 RAH 5 i
T ANT 7 VI X B EHBEz bR, ZhiZX b
SAEs B TWwW5 Z &, 29 A4 A EHEIZ ARSA $t
HRTEZ LR EOMBERBA LNz, T OFEEE
BREFLETED LD, HAXESETWDD0, Ik
DTVWLOPFHEMIAHTH L. 20224FE D4 HI
Libmedly * & v 9 i i 4 CRESE S (A= DR e S5 L)
LTI TS,

(3) WAEEDOHBERLEE

PLEGRARC & 723 ) BUR O EFR O M L iE L
LT, ERT Ti&, rhARSA B3 EEE % SAEs 13
BENTWRWDS, BED 5%, HFENEE T 21
S R VETE T B SAEs 2SR b7z, 72, MLD
WX A HEPEN ERT B2 TH 575, ARSA O
Mz4ATHY, BEOEE IO TR T 2130
T hARSA %53 2 LENH 5. Bz THEETIE
BRI 5§ 5 T5ETIREBES R 7% ik &
o THY, EiMHHILE R TR CIERER £ 721
SEEMIH OB THET 2 LENRH D, T OMEIL,
DRI AR 2 S 7z MLD BB o Wapilikic B S T v
HEVHEEDND 5.

3. BRE#XZE (L4%ZE) TO
MLD DEGFARERR
WS ClE MLD BTV~ & & J 75 T i5 98
g% fToCETHBY, STV a I VAXRY
=l EHWEBM, LyFUALNVARY ¥ =10k



226

HEEREESEE 2023, 19(3)

F1 YUHEITHITFH MLD OEIETIHENZE

Byl P 5 Ry 57— P G- % FCSEER

SW Lenti P G iR ) Brain Res. 2006 : 1094 : 13-23.

8W AAV1 TP (B Mol Ther. 2007 ; 15 : 3843
8W AAV1 BEN J Gene Med. 2009 : 11 : 498-505.

. 12W Retro B Mol Ther. 2010 ; 18 : 1373-8.

MLD EF L=< 2 :

7 Pl (44 AAV9 BRI Gene Ther. 2014 ; 21 : 427-33

12W AAV1 e Sci Rep. 2014 : 4 : 5506.

18W scAAV1 g Sci Rep. 2015 : 5 : 13104,

6W, 12M AAV9 B Sci Rep. 2021 ; 11 : 20513

ZHIEHRRR AAV X7 & =2 X BEHIRN, HMEN,
TN G THEMEEZRE L CT&E 2. bhvbhpsEl
£ F TIAT > T & 72 MLD O TR EE R 11
F L.

(1) Ex vivo BIcFAEE

D) s (HSCT)

LSDs Tl HSCT 25— #IZIE {AfTbNTWwhb. b
NbEMLD EFV~< 7 A 2H L, BRI E
Mg % Bl & & 5 #8568 % #%2 HoxB4 (Homeobox
B4) @IzT P &EATAILICLY, BRFEOML,
AN OBRHIILOBMNCEII L TB Y, WrhiaER
DUFEDRDOTNAE. F72, HoxB4 2 5Bls €L &
LD, BNIEBWTHY) IF Y Fad A bAosHb
LRADTWD. bHAAFEMAREHNOMEIZILET
HAHH, BN RS OB A TFIE#S
HHESHRES NS,

(2) Invivo BInFAEE

1) W=ENES

ARSA 781 1 #1 AAV (AAVI1-ARSA) X7 % —%
MM CI 595 &, INERE O FAGHINE R IR 12
ERICEETEASIREZY 2RS0T £ VAN
77—\ H Y, MR EIEE$ %5 CSF (ki
B S N 2B Y v 7 E OB & L CHkE
BLUHRIEDS D B 728, W < DO h DAL T IGHENIZE T
W&o Tnbt 2 AAVI-ARSA X7 7 — Z R~
1 OP5 T ERMBIGE B R T ORHADHES
M, LAEDERRET 5 2 &, ARSA ol coEl
FEHL (>56 w), CSF HADGZW (>12 w) AR S
nr.

2) RN

i) AR o4 gHs

MLD DG TEELZ DI, WIS R o R
EEBBETDHPEVITETHY, Lo THEIET B

FATOWCBWCIHEE 25013, HHTEET 20k
ICBBB 2l X o) 2 ThbL. bhvbh
VIR L BAE O BV 9B AAV (AAVY) N2
y— ARG 5 Z 212X BRI 2 A
FPHICEETEANTRETHLZEZ2HELTHY
(B D" ZOWMZEBEZET 2, PRARGEREZ L
FAERMY MLD €7V~ ZDE#E KL Tw
5.

PrAERMCRS 352 Eofi e LT1) BBB Ak
FER T, RN ¥ — - BN BBB i@ L,
AR D IBIRAS RETH 5. 2) RO ¥ —H
TOWRHBENFRETH D, T A M, REMEITBWTH]
NERD. 3) BINGEHRT L2 LX), Wiko#E
K COWBIRRTH D, WADOERLPIT, LR
B ERIES A cE 5. bhvbhdAk 1 A H
D MLD EFIV~= 7 A2 ARSA %3 AAVI &l (AAV9-
ARSA) X7 & —ElRIES L, iz bh iz ) #n1E
ASNTWDEZEZRD, F-855% 1EHICED &
ABETDRBLTWAZ ERERL. DX
AAV9 % B 7280 A4 BT oo 4 B P 5 3 Al e IR
PR EEEMEBICEHTH L EEZ LN ZDT
DIIIIREIEED Y 27 3 5 KFEZ BT 5 WIS R
HEETH Y, HERMS Y AT L08R T 728
EiiELLEING.

i) BRI o 4 B 5

W AR D MFREIE IR DB BIGHLE DM IZ BT, #k
EFHIEIE IO FV AAVI-ARSA X7 & — % v
THMEIPRL V72012, self-complementary (sc)
AAVORIRZ & =2 2 L TR MLD €7V~
ZAZFIRFIPE G- L7z, SIS X ) ik~ 212BWT
b AR TR A RO, ANVT 7 F FEROW
WZMRL, TEERIIBLTHUEZRLBD.

3) WERENPE G-

MLDETFT NV~ X% H v, AAVI-ARSA X 7
& =1 F7213 AAVI-ARSA X7 & —1 % §EEPICTE
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Specific antibodies Merge
l\e‘u.l\g._ P

Calbindin

1 GFPBLI R AAV X727 ¥ —OFHERI = 7 A~OF RN S
BB o~ 7 A~ GFP %8l 9 Bl AAV X7 ¥ — (AAV9-GFP) % 15x 101vg RS L, 18 /1 H 141Gt

T GFP O%H % et L 7-.

a MBLOHEMTOGFPIBL. b. REiEECc=a—ay, 7Y T7HIME, c 7V iy, d EH=2—v i GFP

DIEFNFRD LTz,

NeuN (a neuron marker), Calbindin (a purkinje marker), ChAT (a motor neuron marker).

a b c
Alcian blue staining Behavioral test
Spinal cord
Untreated AAV9-ARSA o0 . Latency 10 Slips
s

g 10 + g 5

> 0 0
Un- AAVY9 Un- AAV9
treated -ARSA treated -ARSA

DRG; dorsal root ganglia

M2 AR MLD EFN< 7 AND 9T AAV N7 7 — OB 5-# O & 5T 583 & B 3
a. AAV9-GFP (40x10lvg) OREMENSES-. 5% 12 7 H, /WK, e % 0B #E, DRG ~NOEWWIHIAIR % B 72,
b. ARSA JEBl AAV9 DR MLD €7 V=7 ANOHEENT G- Alcian  blue il X 2N TDO ANV 7 7 F FERHD
P2 MR, ¢ NI VA=A T A ML AITEERTHE (*p<005) IZHE LD,

ATHIETEY, A, ez OISR, R
REMIN ORISR Z MR L, WIS 2 KHH
% ARSATEE 2320 2 L IICEREW TH 5 AV
77 F FORDZRDH (R2). BRENEGI3AEAE
BG- L IIFRENTH Y, L )EENLHTETDHS
LEZLND.

BhIC
Pk, MLD OBLROBEHEEL L OBHE=HIZTT-
TE7BETIHBRITFE 2 A L7z, ARSA #tfn 1% %
AL7ERMZRBAET A2 12X 0, MLD O
PAIEROBETZMIZ SN2 LIFEBN R Z &L TH
D, MLD @& 7% &3 B IR % i ) I EOBIET
HEIRBEE LTS NG —FHT, BHBHICL S ex
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vivo WAE T IHE IR O FIERICBE SN TV 5B & v
MDD 55 Lo TITRTOBEELBHET HICIE
AAV R 7 & — 2 7oA REETFERE SO 28
L\ MLD O#EFHEFELFEI LT oL b
nas.

Stk BMEZYELRY, XRRIEORBRZ
¥ — T 52 LT, v ETEHWEBRE
PEONDG L) BREELBRY ¥ —FEPLIN TS,

7z, METHIRZ EBEMEO ICVIEAR L, 7
e HEHEEMAADELD, B AAV R
Y —OREZENGITN A, WENEG OMAEDE %
WL PSRN ORI YGE S N, L) B
KRN RS SN D REWED D ), X 0 #EFT L 7RRED
BESADOHRBEDWEEIC RS LEDbNS.

COMRITHARER KR HWERETRS RABFS
25-043, 26-064) ¥ X OVHARERFKEMIE 2 DNA EBik 4
ZHR% R E  H223) kA - KB L7271 bani
HEo CTHEIEE N7z,

A2 JSPS RBHFE JP15K09604, JP18K07859 o Bk
BZIF b 0TY.
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Gene Therapy for Hypophosphatasia in Alplf/f mice (infantile HPP model)
—Toward Clinical Application

Tae Matsumoto
Department of Pediatrics, Nippon Medical School Tama Nagayama Hospital

Department of Gene Therapy, Nippon Medical School

Abstract

Hypophosphatasia (HPP) is an inherited bone disease resulting from a deficiency of tissue-nonspecific
alkaline phosphatase (TNALP). It is fatal in its severe perinatal and infantile forms. Asfotase alfa
(Strensiq®) is an approved enzyme replacement therapy for HPP. It's use requires injections 3-6 times per
week for all of the patient’s life. Therefore, although this treatment is effective, it is also burdensome. We
investigated the efficacy and safety of a gene therapy drug (TNALP-D10-expressing type 8 adeno-
associated virus vector: ARU-2801) administered intramuscularly to Alpl”’~ mice (infantile HPP model)
and non-human primates with the aim of developing a less burdensome treatment. After administration
of 3.0x10" vg/body (n=4/7) or 1.0x 10" vg/body (n=5/7) ARU-2801, treated mice maintained high plasma
ALP activity and exhibited body weight gain and bone maturity similar to wild-type mice throughout
their survival period, which was up to 18 months. Biodistribution of ARU-2801 was detected only in the
intramuscular region on the administration side. There were no tumors or ectopic calcification detected
at autopsy or histopathological examination. After administration of 1.0x10" vg/body ARU-2801 to
juvenile macaque monkeys, durable high plasma ALP levels were sustained for up to 38 weeks with no
biochemical abnormalities detected in the blood. Radiological and histopathological examinations also
showed no abnormality. The clinical chemistry parameters for ARU-2801-treated mice and macaques
indicated that plasma ALP activity is maintained with no toxicities at levels that are potentially clinically
efficacious. Thus, ARU-2801, which can be administered as a single dose, has the potential to improve the
quality of life of HPP patients by eliminating the need for indefinitely repeated injections.
(HARERRFESSMRE  2023; 19: 229-234)
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Gene Therapy for Cancer

Seiji Kuroda, Makoto Sukegawa
Department of Biochemistry and Molecular Biology, Nippon Medical School

Abstract

A quarter of a century has passed since the expected realization of “Conquering cancer in
the 21st century’ due to advances in pharmaceuticals and medical technology. However, the
effectiveness of treatments for malignant tumors, especially refractory cancers, remains
inadequate and is difficult to achieve with conventional treatment methods alone. For example,
there are high rates of metastasis and residual recurrence following surgical treatment, while
chemotherapy and radiotherapy all too quickly lead to disease resistance, and their side effects
significantly reduce patients’ quality of life. Under such circumstances, gene therapy products
targeting cancer are some of the most highly desired therapies worldwide. The advantages of
these innovative treatments are their clear mechanism of action and clinical efficacy based on
molecular pathology. Several gene therapies have been approved for hematologic tumors and
have shown dramatic therapeutic effects. On the other hand, the efficacy of gene therapies
against solid tumors remains limited and improving their therapeutic efficacy remains a major
challenge. In this review, we report the background and current status of gene therapy for
cancer. In addition, oncolytic virus therapy and CAR-T cell therapy, which have the potential
to be curative and are undergoing research and development, will be introduced in detail.
(AARERFRFZE A SMERS 2023; 19: 235-241)

Key words: cancer gene therapy, oncolytic virus therapy, CAR-T cell therapy
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1. BICHT 2 BIEFAEOES

FEH T 2@ E TR0 RN <, SRS A IR
P A Vv 29 (oncolytic virotherapy) 484813 20
AL DI F TH#M A, 1950 FAUTIE T TITFE IR
stUET 7 F U8k GERIRT 72 F 7)) REERY 4L
AATTFIIA4NVA) ZObDEMACIZEEI DI
Tz, LA LLE, fbREradicihLc&7:
— i TR R R 2 MDA SN D DA DR
ATz, 72720, 2ol b5 TAwE - Bin 1T
EDOFE - PR 2 RS A OV AR - AL -
KRBT (2D W T ORFZEIEAEAR, 1989 4F 12 )& THE
PR AE B E O TNF B8 AR Y ~ /85K
DO¥GI TN L &2 FEY DI, KREZFLIIHEA
BT 5 BB THEIARK G Sz, AR
TdH 1998 41T HHURFZERH AW FERT © GM-CSF #
BT % W72 BHE 2 A O @ Am T IEREERITZE 2T b
N7z, 4H, BIEFHRBEOBREIED 350 2130A
BEEZWNRIZLIZNEICR > Twh. £ LT oncolytic
virotherapy (Z22W T3 1991 4£ & b glioma (2%t 5 Jif
BEIYE Y 4 Vv ADFREDFE R S, 1997 SE LT
FIIANVA - FRIBET A VA - KIBYELINZEY £V A
(VSV) - LA o A VA - HifliA L2 4L A
(HSV) « &> ¥4 7 4 VA% ER 4 BRI £ L 2
HN—RA LT DEBEREY A VAR AL LD
BRIRFFZEDS T D, DWIZIRFIRGE & 15 72 B A8
T5HETIC otz 72, CAR-THIEHEEIZOWTIE
1987 4EICAF L ) CARD I v 27 bt HE % A0
ZEMRAY, Z LT CAR HRIZ 1993 4124 AT TV D
TNV—TIZEDIZ LD THE S5 1998 412135 2
TAC CAR 2MZ L THUG S, D% BIFE A3k A
2010 4EARICIZ R 4 L BRIRIASIEDS MG S b X 9
270, BUETIZEZS { ORKEIEDEY LT 5100,

2. PABEFEEOHATIGEHRE L SEDEIR
FRaaF AV - I FUTHEY ) T4 EL
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T OBIRFIHEFREAN O PR A )L SRS
722lbHD, SRIGEETIHBRER OB
REIZESHICHLE 2T EEZ LN, HIZIE, it
R OWEREHERIE Y £ v ZFE OB 2022 4E12 1
3040 IR FVICIEL, 4% 2023 £ 5 2028 4E D
12 2090% @ CAGR (AEP¥R ) 2R, 2028
EFTICA459260 K FIVIZET S ETFHIhTW
5. F7z, RO CAR-T ML#eE ol B 2022
412 28 £ 583 J1 K MV & HfEE &, 2028 4E F TI2 135
18 304 J3K Boviz, 2022 4E75 2028 4ED 12 CAGR
T2994% DWENRTFHMINTWS. 7272L, ThHD
MABIETIHH & W UEgiko—o2 L LTz bR
LWIEF = v 7 RA 2 BLER o E A
2021 4F12 311 5,029 Jiok Fov & %2 b, 2029 412 1%
1324 & 2741 TA FVICET 2 FHENDL L %%
25 EARRH O TH 5 DIFHEV W

3. HEAMD AICKT BEEOEIR

EEMPAL Y F —hEROBEIC L B L, AFICE
JBAAGE (GERNE - SRR @ 5 AEALERIL
684% (2009~2011 4FHERI) LiR4ICM ELT&TW
B—75, BERE - IRENE - PR E - BN - 50
FH R EDVbW L HEENADTFHRITVEZICRR
EEDLEDLEER V. BIAIZEEZ, 5EELERI
9% & HEMMES; O THOMD TFHEAR LI TH L. B
EERAE IR L 22 ARIECII B O R R - B
e bicaducmL <, EAaSmEE N BRER
FHC X % & 2021 4EI2 B BT E B EM B A W 12
X B ETERD 101% (38579 N), FEFET-HBIEN
IZBWTHAN TH - 72, —J7, FEHEHHE & L CFAl -
(LSRR - AR BT SN B, BB
RETED & 2 IGFE I TN X 2582 BROATH
b, 1272l BEBEBECCTEEDNIIZFEBE LD
T BHRICIIEER VO BURTH D, Bie iEHRkI
U 2 7R3N 72 & OBERTEATANIKT S B HrBliG##
EORBLRABIPHNIEFZIIBIZKE2HEED 1D
Thb.

4. Fl-BAREEIE L CEBEFAEDORR

FEIRTEDS A AR T 7B BLGHE & LTS AR
THBEOFEAEIZIEFICH L, S 44E7 HIChfEs
7255 28 ol H AB AR -G 2 (JSGCT2022) T
® oncology £ v ¥ a Y THIFL AL TRTOHHEN
JE 55 T IRE 7 4 OV A& CAR-T Mg THD 5
Niz. 22T, TZTIEENS 2HHEOFIMRAEREEC
DWTIHHT 5.
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1 oncolytic virus DfHlA  FERES: Vol.38, No.2, 156-162 X 1 & ) et

(1) FEBEHEEY 1V ZXEX

JEGEIRYE Y 4 VA L ERR T 72 I EIETIRES R
oA NVAT, EEHBRCREDOEREZ5 252 %
 REBLHLKR N T B LI - Pk U BESG R 2 i
THIANVASTHY (K1), ZhE vz EEEiR
PE™7 A OV ZAFEEEI A ANTKTT B in vivo BAET-THEHE (K
WICEZ TR EHREATS) 158 EN5. £ on
AHINETIE ™ AV ARG RT3 2 B R ASE e b L
TWh 720, IFEALDY ANV AFIEFMREL D Dk
% &G L3 W AR 7 A v R 1325 AR
MICID AAE NS ERIEFEMICHOHEHBL, ToBfT
TEF & o 7o AR AR L S 5. IS TR
WKEDBH LI A NVABITDBAPUED TSNS &
ZNHDT A WAL B JE PO D AL O ERIZM
Z, HEEM/NREE (TME) 250 €57 Y 7 ENT £
ARV A M AA Y OFEL TR B RIEVED A5 —
FEREBEINSL. 2L T, oI 20 Ttk
AL U 7200 B f 0k T iR AR ~i2 18 L A% A i %
WS 5 L2 5NTWAEYS, RIFTOREEEREY
4V ADIFEIZ bbb ORFLE 7 IV — 7 O 5T
K- BEEK BN KL EATHSV R— 2 12H#ED T W
BN, FILKRERBRIET T/ 74 VA, PRk
Ft A4V IINKRIZZ YT A VAR L,
BIFFEE DM & D7 A4 IV A DI % THEH L7-HFFeh3 7
EINTnW5.
HSVZHWBZE DA v M &2 320#MAT5HE, 1
D HIkk A iR IL T 2 MAOAD IR EOK

& &, 220 HIZHN 2 PiEEAGEYETH 5. HSV i 150 kb
Vi bE® 2 K8 DNA 249 2 KB D7 £ )V 2T 10 kb
VU EOBETOWANWETDH Y, FLIFTTTO
AR 2 B C & BEBHARRN R AT & ) FE YD
5. ZLT32HIZ, HEEMREY AV AXEROD
HAA & 3o TIEHHNIZ I EHED 72 OREEH IR &
AERBOBCY, T—AERRH;FEL TS HSVIZ
EHY AV AE (Aciclovir) 253 TISAFEL TWD &
W) ZETREWIPHRENTVE I L THA.

JRES e HSV 3 BiAE, S=MAE THEDIEA
T, BARMICIEE—MA 0 1 AT oEE 22 5R
SRPES CRIICHIECTE 2 X )12 L72d o, F
A HWRETOBMET2UET LI LTI W Eek
Zmoizbo, HEAA  IRRICLERIBRER T %
BALVIESE S REEED-b 0L SN b, 201546121
BEVEREE 0 LoRE, e TR T8 AR A
f#PE HSV @ Imlygic (talimogene laherparepvec ; M
o T-Vec) 2% Firstin-Class [R3Edh & L CTAE S
722 T-Vec & 4 IV A D HY AMBLEE S 22 395812 X 5
HHOPERE R A, SeEBRECEH O H 2 Bk
~rua7vy—yao=——jl#KT (GM-CSF) #ix
T 2T 5 2 & THIEEIENERE N TS, £
L CTARIRT D DWIZ 2021 4F, AR IR 1R L SEER
T RS E B EE DI E % 2 THSs S - 55 = A
BB MAYEHSV @51 ¥ 7 b (teserpaturev ; B4 :
GATA) D BUERE S N72P. GATA X HSV @ 3D D
B 2% Z S, FMLTo Y £ v 2 BG6E & PuE
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KA
cytokine
Y
}»mm%ﬁﬁ o
°
R & @ fEiE
°
°
°
. STAT3
O IL-2R 3 <:
fHBaPSE NFAT ' °
\ JAK
G112
RN

2 CAR ORI (HF—HA~EIAR) H4 v Y= PR SEH X ) Sk

FIEAHR SN T WD, F 72 GATA [N RE 5 )
DIR IL12 AR T 2 B LB 2% 2 51250
72 T-hIL12 O /I MR B b b5, —
F, BEBERKFTRAINY I 551 AR5 % #
BT & 72 HIRERA O IEEA R HSV Td % C-REV
(Canerpaturev ; B4 : TB-1401, IH#s : HF10) &,
KET 2009 4E20 S5 T, 2014 4E20° 5 45 11 AHERR R
BrAs, EINTH 2017 4E 20 5 55 AR R ABR 25 E i S
n7z* 2oy, EIAFUEHMN 2 v TS A
THRIEME 7 X7 AW HT 5 & 5 REAL (armed)
L 72 8B A 4 )V A ORISR, HRIBUADL S Dk
B LW, WA EOHHLELTRMEL VA ¥ O
A7 LRI L 72D F TV 3 I RICHEAE
L, W7 —~& LTHOREBINTH D™,

(2) CAR-T #pasE%

CAR-T Mlilfg & 1Z A BEH 2 SR 72 T M2,
¥ X I HUE 524K CAR (Chimeric Antigen Receptor)
FRITEALLELDTH LM Z L TRV TOR 2
HE oMM 2R CTE 72 CART MR Z A BHE
NG T A LT, PAPUREZRH#RL N EENE
L T - 1539 5 CAR-T Mg 13 ex vivo B 1n T
HHEE (RIS B R T 2 | A LTS
T5) IZHEHEINL® CAR M /3T IHF R I
WETHMEREGNAL Y E VI RAAL Vb D
MRa A eI, CAR Z Bl ISR E LY &7 FREiks
7 F v & RN MEE T AR Bl as, T Mo
HHALICEEF 532 MM N 2 4 > & ¥ 7 F I nE
R XA 255 7% BHIBHHEBD 3 D07 SHEK S
nTwns,

CAR-T Mif2 (X BAE, EHAAR T TR EA TY

5. BARMIZIESE— A —AREHBUE scFv 12 CD3E &
HHEBF 208 87 B e LRSS T M,

AR - 1 CAR-T @ scFv & CD3{ o iz 3k
PR 2 4 >~ (CD28 or 4-1BB) ##iF7-d», H=
A il K 2 £ > 25 (CD28 and 4-1BB) % (¥
72bo, LTI G - AL - 2tz
=8 5 72 DI FALE Y T CAR OIS HEME 217 9
(switch CAR-T Milld)*, HHRREZMILT 572012
IL7% CCLI9 &2 L %2 3B &€ 5% (prime CAR-T
Ha)7, W= 3 A+ K D7D BE RO T Hilfig
TRELANY 7 PHLEEMEHTE S (2= =%
CARTD)®*ZE&hHironsd (K2). bhAalZIhFE
TR E ZF 72 CAR-T MBI 3R ik
RObDOTH 5. 20234 3 HBUE, AHTIIKRD 5D
OB ST - Tl voNE - SREERELR E 0
MwWERE I LRBI N TWSE FAYT
(Tisagenlecleucel, 20194F) - 4 = A H N %
(Axicabtagene ciloleucel, 20214 ) - 7 L ¥ » ¥
(Lisocabtagene maraleucel, 2021 4F) 1ZW3nd Bl
oD FEPLE TH 5 CD19 = ilak$ 5 scFv & & e
CARZHC THIRICIEIHE /2B DT, CD19 % 3H
9% BAMTE RS 2 55 S0 1 RREE L ORI B S 14 2
AT F ALY T O CAR I CD19 $itfhkd scFy, i
WorF 4-1BB, CD3L$HDH R ZH, A ZAH VT T
ST LTCD28, TLY I TR v YR
AL ELTIgGABHWSENRTWS, F2%21) 7 -

TLYXY Y VIECARDEBEAIZL VY FIALNVARYT F —
M, AZZAHINZEL FATALIVART =05
NTW3HY, B piggyBac b I Y ARV Vi LIk
7 ANV ABEFRE R 7z CART ORI D
fibhTwa. WIZ, CD19 A oA % 7 BEHRE O
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REDBHER, 727 < (Idecabtagene vicleucel, 2022
) £ —V¥ 27 54 (Ciltacabtagene autoleucel, 2022
1) 3L FEMEE MR O T M g R E M 1Ic o
AIEH L T3 BAEEAGE (BCMA) W& L
TWwb, TRZIIER CAR OHUEK A F AL v &
FIkk, FEHHB X OEHE25 %5 scFv 2L TWw5
DIZFL, H—Er7FAF2HEOY Y IV AL ¥
itk [ESPUAROWZ#E (VHH) 18 X 0 VHH2]
TR ENZBCMA AN AL V2FLTWA.

¥ 72 CAR-T Mg o, EEERTF F %
FERICEHT 5 Tz A4 (TCR) Bz T2 YA
WANRY & =7 T THRICEALZ TCRT Mgz
HWT, EIZERD AT A58 5E b A AT
NTHL?, SRBRIIEFNOAFHICE L /RET LI
BT LEIICRBLEEZLONTVS.

(3) BRELHRAAEAICOVT

22 % B EIE Y A v A & CAR-T il
FIZOWTIHRARTE 228, e oHIRITBW T
HUC OFFICETE AR AN T 2 HH RN R £ 72BRER
EEDLELRER. TOERE LT, HEESA
F 5N 2 3365 D RERE & 73 B %5 2o MHETS HCE BV o
AAE, SPEEIHEIYE TME 2 ERHIT oMb, 7272 L%
W Z LI, IhE TR L CE A IR R
BTICELTBY) W OrHMAHEDLEL I L
(combination therapy) TZN 5 %Ik T& % & WAk
ENTW5, flziE, bhbhos7v—7TLH%E%
HEDTVBLNELED, BEEERETA NV AOF Y YT
& LCHIZEREMNE (MSC) % v 5 2 & T~
DRIEMITHEETE B L) IS LIESEARZ M E S
7208, JEESRE Y A VA DEGZ X B TME D) &
71 >~ 2 (hot tumor) (Z& 0 CAR-T fBEDIEMHE - ¥
ot - BREDOBIRA YT 5 Z & T D EOEBERIHEA
BITE, BUEFERMEANOEMHHSHED STV DY F
72, R ~® MEKi+STAT3i #5725 TME # 1) €5
) Y7 LSEF = v 7 RA v b HER QYRR H )
U S MEBZ R GBRASB AR S 72 h3°, T v ik
TANABFIET v 7R ¥ EROBRD %
TR 590 2 L 2SRRI ZE TR EhTw
5. TN OB L PTG OHE R OB IR %
AEb¥s I L THREDEMTFHOERIIORNS L
EZbNb.
ZoMOFE L U TRIZFIEROLGE, R A b
HB L Z 1,000 J5H~2 51 & e TR MY
b5, RKETERFEEOEESMEH SN L HT
BIROF FCIidmmyzERE LTS 2 RetkEix
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v, BREER BT b OREERAHMIEITMZ T,
KM A S OFEFENEZ 7V 795 2 & HIFHICHE
THhh. ZORFMHEZBITX, bhvbhohf
ZERETIRLEI & D AAVRHSV AR Y ¥ — 0Bl T %
AL 782 HAQ, W OhDNT F—IZFL T
FE 70 b= )VOERIZH T L TW»B™,

BH)IC

FELZ S BRI 30 TR I JE D < DRk 2
VERBET & BRRARIRA &, RIS 1025 A th
HLoORANIEMO—2 L LTI T2, ko
WY, A MR EMEIRE L CTHREPIIRATIES 5
DE S BIZFHROMIESIRII 2 ARTEB Y, 4%
FERRIEIER R L D IGRIATPNL EE R BN
5. ZNHOELIZINT Thhvbh b 20— %M
IR I H b H A, MBI TH 5.
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Gene Therapy for Ophthalmic Diseases

Tsutomu Igarashi
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Abstract

In the field of ophthalmology, gene therapy has focused on hereditary retinal dystrophy,
including retinitis pigmentosa. Hereditary retinal dystrophy is a group of intractable diseases
for which there is currently no effective treatment, and expectations are focused on gene
therapy and retinal regeneration therapy using iPS cells. In recent years, results of a number
of clinical trials of gene therapies for hereditary retinal dystrophy have been reported from
Europe and the United States. Since 2017, gene therapy drugs for Leber congenital amaurosis
have been approved after being found to be safe and therapeutically efficacious. In this article,
we will discuss the current state of gene therapy for retinitis pigmentosa and the use of

adeno-associated virus (AAV) vectors in gene therapy.
(HARBERIRAZE - 2MEEE 2023; 19: 242-246)

Key words: gene therapy, ophthalmology, retina, retinitis pigmentosa, hereditary retinal

disease
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(1) AAYV vector serotypes
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(2) Self-complementary (sc¢) AAV Vector
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Current Status of Minimally Invasive Surgery for Gastric Cancer in Japan

Nobuyuki Sakurazawa
Department of Digestive Surgery, Nippon Medical School

Abstract

Gastric cancer used to be the leading cause of cancer mortality in Japan, but the rate has
been decreasing in recent years due to declining numbers of Helicobacter pylori infections.
However, even now, it is still a major cancer in this country, ranking third in both the number
of cases (2019) and number of deaths (2020). Treatment in the preoperative stages has
improved thanks to the increased accuracy of preoperative examinations such as endoscopy
and computed tomography, with treatment decisions based on prognosis in consideration of
the stage of the disease, and the degree of invasiveness the patient will be able to tolerate.
Endoscopic resection is indicated for mucosal cancer without lymph node metastasis (stage IA),
while anticancer agents are used for stage IV patients with peritoneal dissemination and other
cases where radical resection is impossible. Otherwise, surgery is the main treatment. In the
past, open surgery dominated, but in recent years, minimally invasive laparoscopic surgery
that creates smaller wounds has become widespread. Recently, robotic surgery with such
functions as camera shake prevention has been developed, and this enables even more precise
surgery. With reference to our own research, this article outlines the historical evolution of

gastric cancer surgery and the current status of minimally invasive surgery.
(HARERFRFE MRS 2023; 19: 254-262)

Key words: gastric cancer, minimally invasive surgery, laparoscopic gastrectomy, robotic
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A Case of Chronic Expanding Hematoma of the Adrenal Gland with Positron Emission Tomography

Parametric Imaging

Nobuhiko Hayashi', Tomonari Kiriyama', Rika Kobayashi', Teppei Nakagomi',
Nahiro Yan', Shin-ichiro Kumita', Go Kimura® and Yukihiro Kondo®

'"Department of Radiology, Nippon Medical School Hospital
*Department of Urology, Nippon Medical School Hospital

Abstract

Chronic expanding hematomas (CEH) are hematomas that continue to expand at least one
month after onset. CEH often occur in the thoracic cavity or in the extremities secondary to
trauma, surgery, anticoagulation therapy, or bleeding disorders. Few studies have reported
CEH in retroperitoneal organs such as the adrenal glands and lesions without an apparent
etiology. An 80-year-old woman was referred to our hospital for evaluation of a retroperitoneal
tumor that was incidentally detected on ultrasonography. Computed tomography and
magnetic resonance imaging showed a large left retroperitoneal mass (14 cm in diameter) with
gradual peripheral enhancement and a suspected hemorrhagic component within the lesion.
Parametric imaging using positron emission tomography (PET) showed mild accumulation of
the tracer at the margins of the mass on the conventional standard uptake value images,
relatively low accumulation on the slope images, and slightly higher accumulation on intercept
images. Postoperative histopathological examination of the resected specimen revealed a mass
that was encapsulated with fibrous tissue and primarily consisted of organized clots without
evidence of tumor cells; the mass was diagnosed as an idiopathic CEH of the adrenal glands.
The margins of the mass showed few inflammatory cell infiltrates consistent with the findings
of parametric imaging, which appeared to accurately reflect the dynamics of
fluorodeoxyglucose (FDG) in the body. PET parametric imaging can separately assess the
metabolism and distribution of FDG in vivo and may be useful to determine the etiology and
diagnosis of CEH.

(HARERFRZFE SRS 2023; 19: 263-268)

Key words: chronic expanding hematoma, parametric imaging, adrenal hemorrhage, adrenal
tumor, positron emission tomography
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NEZQE Y, MUME, 74 7)Y D RED AL
MR AR L, PO BN O%EZ FHRT
5 &I, M OFE BT BMINE 2> 5 o Hill
EPRETLH. ML YIMENMATLEEZOLNT
Ww5o,

AFEFITIE, 755 CT ONER LD 15 F P
PWIZHE L - BB 2 KL Cwb & E 2 bhi:.
%72, MRI @ T2 i i5 TR 2 RO RE 5
1, AR HERIGHT L IiE & A o iE o 55
FIHIETHIANEYFY VERBLTWAS EEbh
7z. PET TI3AMER T4l 2 W B IR A & 20 %
Mgf - F#ERN O CEH I2B W T, WHEERIC SUV  max
31~55 DHERZ RO L MENDH 51320 TH O
Btk CEH TRIERLFEDO~ 7 17 7 — Y ORI
—3 LT SUV max 155 LIEFITHWEROBEDL H
A, REFNE SUV max 29 & RO FRREET
HoTe.

FDGZ 7 Vv a— R L BRICHEED 7 v 32— X b
FTYAR=F =2 X o THIRMIZELY A, ~FV
FF—XiZLh) yBibshs. FDG6-) v I #E
PR TR S, MIIBPRICER SN D 85 2 F )y
IARXA=T 7 TRAH IR TV FDG DR
M54 T B intercept W L, fH () UERL)
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FBELTHS LT REEY»DH 5. AIEFIE CEH
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WMETHLH. S, NTAN) v 24 A=V THE
Je3 g, CEH B 2 KM g o fE 5 = £k
NCTEHMIiC &, CEHERD A 1 = X & OB < 8 5
PWCHEBTX 2L b, 5% EMOERNIE
Ihs.

¥ A
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FEERL 72, ST A MY v 7 A4 A= 73 CEH DK
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Machine Learning for Prediction of Successful
Extubation of Mechanical Ventilated Patients in
an Intensive Care Unit: A Retrospective
Observational Study

(J Nippon Med Sch 2021; 88: 408-417)

Factors Influencing the Mental Health of
International Students, as Observed in a
Longitudinal Study on Former Japanese
Government Scholarship Students
(J Nippon Med Sch 2021; 88: 475-484)
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Development of an Outer Tube That Reduces
Nasal Pain and Epistaxis during Transnasal
Endoscopy

(J Nippon Med Sch 2021; 88: 516-523)
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Effectiveness of the 2019-2020 Influenza Vaccine
and the Effect of Prior Influenza Infection and
Vaccination in Children during the First
Influenza Season Overlapping with the COVID-
19 Epidemic

(J Nippon Med Sch 2021; 88: 524-532)
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BIZBIFEL 7V Ty F a8 (Vaccine
Effectiveness : VE) EHiS— A YDA v 7 VI VR
BIOA Y INZ VY 0 F U EROLS Y XD T
WLV FRENOBBEERGT 22 TH 5.
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Physical Compatibility of Nafamostat with
Analgesics, Sedatives, and Muscle Relaxants for
Treatment of Coronavirus Disease 2019

(J Nippon Med Sch 2021; 88: 533-539)
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Effects of Thrombophilia and Antithrombotic

Therapy on Embryonic Chromosomal
Aberration Rates in Patients with Recurrent
Pregnancy Loss

(J Nippon Med Sch 2022; 89: 40-46)
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Post-Traumatic Stress Disorder among Children
Involved in Traffic Accidents and Their
Parents in Japan

(J Nippon Med Sch 2022; 89: 47-55)
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oIS TeRw, ZEHERICE72TEb L 2DH
DO PTSD FHEF L, VAV ERNEMFATL2I L2 HME
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HEEMR L7z PTSD @) A2 7 7k LT, PTSSC-15(15-
item Post-traumatic Stress Symptoms for Children), IES-
R-J] (Japanese version of the Impact of Event Scale-
Revised) Zfw/z (WFAMLZAZRITET ). /-,
ANTFH 5, ISS (Injury Severity Score) 2D\ TDIH
WA, AHBOHT, 8o, mERESTE FERL 7.

BRI TIOANOTFLED L 104 NOBr MG EG. F
EHD102%, BD221% %5, PTSD VA Y R 7 BEIZFE%
ML FELEHOA L AR A TIZZIEOME D
0, HEOT-LLOFEREIZAOHEEH 72, £
OHEHBELLB, FLUIPARLABIE, AFLAR
ITHBAEEIFE > o7 1SS, HMBEOFMIER & X b L
ARIT DML, AERHEIEZ»-72.
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B RBFICE - -T2 LHOLINRED 720
W21, FEBRTTRIBUCHFFFICE & 2T 217w, R
FZr 7 25 205D H 5. PTSD O R 7 G-l A
HATHY, ISSIZh0bo 3w, RENCTr 725 %
iz iz 5 2 &5, FhEfl, B Eizohas
bHEEZ BN,

of Rikkunshito for Functional
Heartburn: A Prospective Pilot Study

(J Nippon Med Sch 2022; 89: 56-65)

Efficacy

BEEEMB R T IS T I ARNEFHBOERM - simE /N1
Oy NAR

Az REERE BIIEIL HH 227
M MGRRE T2l fEHEST
Hi w AUBE
H AR R L d R 7

BEY : BB OIS AMEE £ E (NERD)
BFIIRT 2B TFHOEMEIRE SN TV B, HE
MR RO EBIEHETH % Rome IV 1281 5 NERD
DY T TN —=THNOREFHEOHENEIHE ST
V. RO B, BERETER R B T A AN E T
DHEMEZRARLZETH 5.

Fik LA BAER O B 2 et 1 B 10 A& &
SLABRFH L3S L. GERDEEIRIZH L T
FSSG, QOL Zxf L T QOLRAD-], A% - #19 2 EIRIC
st LCHADS %, $5-0i, #5-48%, 8HRICENE
NEE L7z, F7:9%5- 85H %12 OTE (GREmENE) %5
fili L 7-.

BR 1 AoBEIIHRY 4 8% H EMICHBEZ PR L
72. P—%JVFSSG 2 2 7%, ihEEE (183+107) X
b 8 TR F 71k ki (132+8.0) ICAEIC (P=0.039)
KT %5072, QOLRAD-] X 2 7 I3 {A#HT & K L THA
8 WM F 71k IR LA 95 (QOL 253 %) M
M25AR HNTAs, AEAEIROEH»o72. HADS A2 T
VLIRIEHT & I L CUA I 8 MR F A IR IS KT
(R - ) D OY) 133D %A > 72h%, b—% )L FSSG
2 a7 bE L HADS ANE A 2 7 EAL = ORI AH & R I1E
OEATRD bz (FHBIREL 0684, P=0.027).

HEER AR IR U BB ST AR T RO
W L2 ORFZETH 0, ANE T3 I3 RERE TN <
FBEICH LENTH 5 HEIRIB SN
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Use of Liquid Biopsy to Detect PIK3CA
Mutation in Metastatic Breast Cancer
(J Nippon Med Sch 2022; 89: 66-71)

EBMIBEBRECSTBVX Y NNAF T —TOD
PIK3CA ZED#&H

RN BAMER EEdH V' R
EHET RJREE INHEER i
AT EH O W MIERET O KRR

"HARBEFRER A w5 B 2L R
FHARBERR AL @5 e AL 2 sk
THARBEFRIK S 2 IE R L BB
CHARBE RSS9 e BLES Ak

T PIK3CA B 0#ETLE L TB Y, LTI
ZOEFEDWERE . RFZETIEMET, R ES
K, BETOBNEY TLVY AL ATHILZIEDNTEDY
v M4+ 7Y — (LB) CHEBMUINEERICBIT S PIK
3CAZH OB ZHNE L7

FHiE 202044 A2 5 202049 A F T, MRS
fERR S N7 IR 2 8 ) A E A g & Lz, M
(ctDNA) BXUL* VYV — 2L (exoDNA) 75758 DNA
ZHi L7z, Droplet digital PCR % M\ T PIK3CA &
(7YY 9B XU20) ZMAHL7.

BR 2ZOBHEDS L, 16 LA IEEHM T 7213 Mk
HIZ PIK3CAZRZHFLTBY, T0H) by v 9%R
(E542K B L UVE545K) #3944, =27 v ¥ 2045 (H1047
LB XU HINTR) S84 THo7:. 52%4DEHDHIH S
% (15%) T, ctDNA % ]\ 72 LB T PIK3CA % B H3 4%
maEh, 209554 (9%) TctDNA, 6% (11%) T
exoDNA, Z L T3% (6%) TctDNA B X U exoDNA
DWW )T PIK3CA ZFE M S 7z, LBIZ X Y PIK3CA
BIETERPBINES N8O BHEDS B, 3 I I
#3712 PIK3CA 2R % 8D b o 7z

#E5R 1 PIK3CA 22543, JRFENESF 1C PIK3CA Z25EH3 70 W
BEICBVWTHIBZHVTHHT A2 LW ETH -
72, L7203, MkAERE LB 2 M AL b2,
FBHAIZ L o THIRISHH MM E RS 5 2 L2958
g3,
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Risk Factors for Early Peritoneal Dialysis
Discontinuation: Importance of Heart Failure
(J Nippon Med Sch 2022; 89: 72-80)

RPHEESHERICSTIVRIT7 775 — 072
NEEM

SFHOEM ERE CPRIER MR R
AT IE
H AR BE R R B s P R

Ex 0 HARERRFAEMRBEC B 2 BEELEN (PD) &
FZEE 5 EMTHEML TV 5%, PD ZHEB 3 2 BEK
LELBIML TS, ARIFFED HEIE PD Mkbii i & fil %
DR FROBMZE 5452 & T, PDEEBICBITZ Y
AV RTERETHILTH 5.

BHA&Y : 20154E 4 H25 20204 3 H £ TITYHBEICTPD
A LB L TV 87 DO BEICOVWTHASINE
WA 24T\, PD kBN & RR I H 12 3B1) 5 B %
Nz F e, AR, BB, BITEESC X S ABEE PD
MBI 1 35 0F 2 B IZ DO W T H A L7z

R PD 3 AKFIZ BT % renin-angiotensin-aldosterone
system inhibitors (RAS) OfH (P=0.0218), =5k
% (LVEF) >50% (P=0.0194), estimated glomerular
filtration rate (eGFR) =6 (mL/min/1.73m* (P=0.0013)
TiX, ZheENn LY Ev PD ARG & A RICBdL, O
AN ABi% U728 T3 IS PD B A3 0 - 72.

#5858 - PD S ARRICBIT 5 RASI OffHl, LVEF >50%,
eGFR=6 (mL/min/1.73m*) B X7, WAL EEAR K0
NPT 57200 BRI a > b a—)vid PD &
HIZB VT PD Mkl 2 83 2 WEsE S 5.

Surgical Outcomes of Coronal Shear Fracture
of the Distal Humerus in Elderly Adults
(J Nippon Med Sch 2022; 89: 81-87)

EEEICH T B LB =N O Coronal Shear
Fracture DFMRIEIC DL T

A RS
HARERFK LTSV

RN YN Y

S5 ARWFZE T, i b A e IR B T i T
(Coronal Shear Fracture : CSF) 1Zxf LT, fBlMAIRE
N[ SEAR % 4T o 72 5E B O H B AN DWW T L 7=,
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Fi% 20024E4 H 25 20194E3 H o 17 FE B2, Lk
FmArus O CSF % %5 L7z wi s 8 Bl (763+517%) %
L PaARY T4 TISHA L AT B IR G OHE,
R OTEE, HoiEr a7 ) 7 (Mayo Elbow
Performance Score ; MEPS) & L7:.

R CFHBEIINIE 2361394 HTH - /2. CSF
&, HERAARANY FLAZAZ ) a—FEF Ly a
F =R, AERRINER 7 ) 2=, SMlle ¥ 7T L —
FowsFhy, F0E B2 H L TRELZ. ki
RN BT LR o 7z, TR EIGE % 1572
A5, 1 BIAMBEAG & 7% o 7o BERIE S o 5% 1 IR0,
3BNCEIE OB 2 (2mm PLk), 2 BN IXBIHETIN o 13
w0 ERE/NE S EOWM T ICEEOREAR SN
THERITIE, BRI ROEEZ R, /NE - W53
e o Tz, RS BIR O N BY 8 P32 ) Bl 813 i ith
1163127, ) -288+141°TdH » 72. MEPS @ |- 34
fifi 12 788 +10.2 1 C, FFAlli & Excellent (n=1), Good (n
=3), Fair (n=4) THo7:.

SR SIS B B g s A CSE IRk el o
MAFATNEER L, BESMBREEIEO T L
L, BIETI OB RE R, BT R O E tF o 72 5E B
TIRIGEDPHEETH > 72,

Molecular Targeted Therapy for Hormone
Receptor-Positive, Human Epidermal Growth
Factor 2-Negative Metastatic Breast Cancer in

Clinical Practice
(J Nippon Med Sch 2022; 89: 88-94)

KEERICH T B RIVEZEREFGHE, Her2 [ait, ET
BRIEICXHT 22 FEEEE

MIEFERT O HERZE EASE s
Wkt R PR

NETLEES v & — LRSI VRE

ST ERR > & — 58

IMECR 27 R 20 W s MECR 1 e e 5 P R

B MERAR AL

ST RELERFHS T AT LR AR IR R

[FUSIC  TAERNVE v ZHRMEB %, Her2 B4, H#E4T
TRFEFLIE X3 5 0 FAEEHEE (DT MTT) &0,
VI FNE AT ORIEINEOREREIGAIKE CELL Tw»
%. Y B C palbociclib, abemaciclib, everolimus \» 3 1L
2D MTT Z M L 7RGl OGHRE, FRREE, Zatkic
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D\ C retrospective [ZHET L7z,

W& - Hik 201444 A5 202045 F £ T, v3
Ty A T OEITEHEILT LT, 3HT o MTT
R L7450 ARx S E Lz, 40 253 W BLRE (1155
ABE), 5HIAS TR LI 2 kipHE (RUBEAR) Tho
7o, ARWFIE DR R % BEAE O B SABRAS L & Ik L 72,

BR BT OEREAANE (PFS) U fElx 53 4
H (95% X [CI] 28~84) Td -7z, BAKEHT
&, FUREARE G5 A H, 95%CI 1.8~) & HBIE AR (5.1
A H, 95%CI28~94) ®PFSIXHEETH - 72, 11 H123
LAELL R U MTT % ke L, (GHRkR S 15 fld - 72,
2361 (51%) 1%, everolimus 2544 7V Y AKAF ¥ 9 —
¥ (CDK) 4/6 FHERNCEAT L TG-S Twiz, Rifs
@ PFS @ Kaplan-Meier i # % PALOMA-3 & [L &K 3 %
&, AHEFIIHBRICKT 23RO, ZhDED
PALOMA-3 @ F)VE ¥ Bl & 25l L7z, CDK4/
6 HEHTEMED grade 3D LEOFEFHL (AE) 14
PERIRAIETH Y, everolimus TlE, =2 —EFET AF A
fiige, BufdE, HN%ERETH- 7.

EE L RWTIETIERIEE ARE & S AREC PFS 1213
2% TH - 72 %%, Kaplan-Meier Ml 1 PALOMA-3
RIVE Y HAEFNZ I L T 7z, mTOR B # &R E
BOREMD L L, BEBEARNS (, ERAKIRSITW»
72 Z & 2% limitation & LTHEIF 5N 5. MTT oI,
BECRKBOMGEZ D582 EETRETH
5.

Glucagon Response to Glucose Challenge in
Patients with Idiopathic Postprandial Syndrome
(J Nippon Med Sch 2022; 89: 102-107)

Idiopathic postprandial syndrome ZR$EEDT K
BEFHROTIVAT R

ANEHE BEEERRERER MBI BRI &
B8 WHRR HEEE

H AR B 2 ER PR 7 R R AU AR 7203 B

BH# : Postprandial syndrome (Z&EHZDZEW, i), K
TAMRIEROFE B Z R, Z OBV H TV IRERE
ThHbHIEDWRBENT DD, HHEONWEN I
iz, ERERGIEFCTWS. ik, Z Vg 3yl
TEEWED VY~ B 1 v F ELISA 2RSS hre.

753 : Idiopathic postprandial syndrome @ 14 #Jo B
WA HRAME E CERE L2Z27g 7 N o8& 6 il b
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(OGTT) %Mif7L7z. 7 FwHiL 4 v R) Y2z, 7
WA Ty RWE LT

ER:BEFZOERHLE BMIOFHEIZZENFN 40 5% &
249 THho7z. OGTT T 1 BIASHEIRFEHY, 2 B AT Ak R
ER AR L7 A 2 2 Y OFEHIE 7.6 uU/mL
Thh, BAWE305D4 A Y Y HiE737ulU/mL T
Holz. A VAY VITAW 180 7t EFCRAER L. 2%
JERE D 27 v 7 T v O34 211 pg/mL, E A1 O Ak
DI AN 60 57 T69pg/mL THY, 37D1D
FEBIASARFIZIITED Z N A T Y LRVITR - 7255, Zh
AU 180 20 F TH IV I V43 ShoTw 7z,
bivbIUL, 227 VA T2 WAL X SIS
HEND, HDVIIEBEREZ VG T2 5WEIER ~RiET
WICKELBVEND 20D T VA T VD5 4 7
ZHRM L7

e CNoDT =5, (EROBIERA LI, 7
)V Jp I 2 43w 78 Idiopathic postprandial syndrome @ %
TR E N Z RN SN KRR T— 5 1&
Idiopathic postprandial syndrome OFREB LI OX 5745
WFRICEHIKT 5 2 EAVRIE S /e,

Relationship between Severity of Varus
Osteoarthritis of the Knee and Contracture of
Medial Structures

(J Nippon Med Sch 2022; 89: 108-113)

AREFMBOEERE & RRIBKEHNE S OREICDOW
<

SRR KRB RFRELER ER %
FEER EIHES
H AR BE R R AT VR

BT BENERECINERER AR O AE L T
WAIREED D A, Lav L, ZIIEMEEE e o B & N
AR DI & DBRIZOWT O RV, Rz
HAgE, PRE BEEIBR 2 4T - 72 BRI WIRRE ) O A IEAS
WRERNRETE AR (BEMAEE) 2ot 35628, £
7o, ZTOMERIHRT, BIERICEORELDND 5 0% Biad
THIETHA.

Fik oG N LB E RN (TKA) %17 L72%
T REEIERE 27T R TH L. FETF—Ta v P AT A
I, EBkEEig T, e LB L0 10N-m 0)7*)51
MV ST, ERMUERE, 30 T iR, 60 iR 4%
hip-knee-ankle fi (HKA) # &l L7z, o {ﬁ, Yk L
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e BMOWEEME Lz, BiRE 1 mm H7: ) OTFHEIE
R ARSI L, ROC W% v CRIME A B & 5 L 7.
HKA % ThDEIEEEL, BEMEL)REVEBLAE
WA E TR L 7-.

TR CPIEEEIE 712220 mm 72 5 72, BRI
LY 3T OBIEES N, FBElmm d 720 04°
2ol BMEMEIR IS THorz LanL, BIEMEX
ﬁ%wﬁw—7a$éwﬁw—7%wﬁ16k,%z%v
TBIOMHEMAERO HKA ZICEEEETAON R >
7z.

HEER VI RS X BB IEASIRE T & B B A
95°CThH-o7z. LoL, ZERAEOKNIED C)Tﬁfb%
ZHED e otzZ &5, NHIHEBAROHHE AT o HEiE
LB LW EEZ BN

Serum Interleukin-18 Provides a Clue to the
Diagnosis of Adult-Onset Still’s
Findings from 6 Japanese Patients with Adult-
Onset Still’s Disease

(J Nippon Med Sch 2022; 89: 114-118)

Disease:

BRAZXFIVRICE T BI05E Interleukin-18 fEDHE AT :
BAA 6 EF D&

PFHHOS LR~ IREFVN
REE N PN SN AN 2 i
PHARBER R A I e b R

ETE RAAFVIE (AOSD) &, KB iE) &gMH
CHIEMRETH S, L L, WBTHLy—E Y
7 %13 AOSD IZHE R Tld e <, KM BHEE1Z AOSD D%
WricHEEicEr T 228 bbb RIFETIE, HEAA
AOSD /4 6 %% xF5:12, ik Interleukin (IL) -18 f#,
IL6, 7xVF v, CHRISEENZME L7

FiE LG IL-6, TL-18 I AuE Y & il 2 304 L 7.
M IL-6 ik, AL 38 umedseiz il ek (CLEIA ; = A
7=, ®WE, HA) #HAWTHH Lz i IL-18
IJEIX ELISA F v b (BRaNSALE ALY A5 RT, Al
B, BA) ZHeTHELZ.

FER IGEI AOSD T, 6 BT 7 = U F V&
CRP fliAs L5 L7z, Siid, 3o 7 =) F ik
IEHHIPE 2 DA kol - 7225 6510 CRP X XT
IEFAL L7z i TL-18 k2 5 fIc3hs L7z, AOSD
BRI 5 BITIE, MG IL-18 I IEWHPH X ) Sz
MEFR L7z, iMnd IL-6 fi5d AOSD iG By o 5 BT il 2 7R



278 HEEKEESFE 2023; 19(3)

L, ZERHIICIE 2 B2 BTk L7z,

FEER SV o I TL-18 Bl id AOSD # W o F 3
D&%, CRPIX, IL-6% IL-18 IZHRTHAEH M~ €
I —FLDIEMENAF—H—Th5.
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—HE ([EEICHIT S AIOFREM) BREAE [V RITAL] —

HARRRKRFICBIT 2 ALZHE & AT Z2iGH L7z P se

3N
HARPER RIS — 5 44 T2 2 ALEH Y > 7 — &y

Artificial intelligence education and Al-based biophysics research at Nippon Medical School

Hiroshi Fujisaki*

'"Department of Physics, Nippon Medical School

*Center of Mathematics, Data Science, and Artificial Intelligence Education, Nippon Medical School

Key words: Artificial intelligence education, Data Science, Al-based biophysics, rare event,

path sampling

1. FUBIC

ChatGPT % Stable diffusion 7 & DA R AL 1AL
FINns LI, ATARE (AD o#EfkIZEE (2023
) FTEIMALTBY, HEICBVTEIEHA
DL, BWEOBBIZBWTH AIZERT L L1
TERL 5 TETW5A. 2012 4o Hinton 5 DiEE
FRIC K LGB EREALE ZonIF L LTHS
WAT T =2, ZOBERODLETHARTD
2019 4E B IC & - T AT EEIE 2019 295K 2 S 7z,
ZITR [FYMVHED [Hh - HE - ZH1TA]
ThHhdb B - T—H A A Al OHEBEL L
DVERNETRTOERIEAR, HOHWLH5HTA
MG 5 2 LARDOLNTEY, HEERETO
KiFZ A1) F 27 AWEFRDLNT VD, 722016
EIIZNBINFIC X 5 T Society5.0 & W) BE2 D T H H
ENTBY, INEHKALRE Y 7 T—FBNAITY T
WAL SN IR A E L T b, REEEE
DFFIZBVTIE, ZHUZERSRBE IR 2 k%
REREER T — 5 % AlZ W TIRITT 2 & 0nw) 2 &
THhhH, EHREABETR2ICZOWUIDIEET S
EATROBENT WD, BHRAIIHFH 4 FREICHET SN
REEHEFITH)F 2T HIIBWTH, [EH - F

FHEM AT ] PEFFOBEE LTEMSh
TW5.
XREX2020FE0 5 T Y= LRV KA -
TF=FH AT A -AIHE T 0T T L EME
(MDASH)! % BA#i L THB Y, K%L Z OHIEOHEE
% 2022 AT VT TICREN SN TWwAhb, £2TED
IR CTIOHBICE 72D, DL BN
FEOA)TIV—HBEEIT>T0De, Lw)lt
WZOWTIKROHI TS, F72 ATHExFEiET 51
W2o T, HEBWAIMEEZIT->TVWEI L LR
WREEFLEZONLDT, HEOFET L WHS
HETO AIIRICOVWTDHE 3HTHRRS.

2. BREHKICBTZAIVTS—HFE

21 AIUTFSY—BEEITOICE> -IEE
RO FFZ 2R 2017 4R 12 SUER RS2 0 74 1 2
G E OXRFFET [FIZ 2015 £ I H RER R FEDO R E
WHAELE L. 2L &I, IhHDEFHEI
MPSLEE D% EZT L2 A, NLHHE, R
MBlE, Xy b - 7270 —035HRIRLS
DOFEHE, FEEIZWERLDOTHE7259) L, HARE
BRFLLTONEANTAT2 G T NI LR VWED
Rl ZE L F L7 ] TRPHE REMGR L TL
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72h%, TR HIEATHEZIZ LD L LERO
WENEL 2D T35, 2 2@ L 2K O
T THENE A, SHROERE, RECRIPELZV
BRIFZEscst, N A 7 H<F 4 7 A, WBHRIGH
TRy b ORSE & TR R AR AR R 5 &L
FHELTEDTVWET. LEEHNE, ZNE5DORFED
MR TN T C, WET A2 RM2 2 F L2
ETHEIRE 46 B AL, Small group leaning IZ{EH L
THEFHEREEBR LD, BE% EOERBEFEHRY —
AN L C A LHBEIC O 2T 5 FETTY. REZHR
Lo b7 ViR 7% & N LA 2 o 7250w T
fix3 & LFE T Z T 5 M2 VT ET. ] &b
NTEY!, Z0#, RFECBWTIZO Ry M P4, VR
EHOIHBERSUE, $27 v Fef FE v
T T 2 BERE EER O TE . F
Al Z V720798 & W RS BE, s, At
TEALEE, B ER e ECiRED, YIalb—va
VHEBEIWLEDLHICAIZTEHT AL v ) i b Ik
F o720

FOE ) BRRWINZBNT, 2023 FELSDHH Y
F 27 DFERICINT T, REOFFENELZRFT L
FEMEELT, ZEFEXSOEGE D 2T T, WIS
BEBFHUENTRE ST, 1HEKOA) F 25 A4
WAIEEZIMY ANDLZ EIlholz, BEFHEICE
WL, TCICHREIER I a2 )Tk
ATICEbDL B 2 —HUZTHY, WIHLHEILH
W python D70 275 IV FgELRZIToTWED
T, INHEHREL, A1) T ¥ —HEDOHSD
LMAZAHZ L L7z 202144 AICYBEHE, &
FHEORXN=TT N HEDLEEIT> T, KMEOIZHE
WERITK R EZ IO, FAT T —F 77—
TRV L TRk T2, )T T Y =G0
OEME T N TR ] L L, COR¥EEZHEET S
PRE LT, BT VAV AAIHEE LY 7 —
(AARERKS, Jeih4s Center of Mathematics, Data
Science, and Artificial Intelligence Education) #% 7%
VT hHIEbkhos (20214£9 H 28 HICHIF A THK
RN, 9H29HIZHEKE). FEFHITBIT 5 AL
BELVH) L EEAT, BIRKIZX S AIWIZEICE
TOHMBEETELILEEBNHETHI LT
2021 4F 10 A2 6 N LHREMER O FEEZ A ¥ — M &
&, 12 a5 0REEZIT-o 7 (NEICHE L T 2023
EEOLOZDTICHLTHS). 72, AIAY Fa
T AFHIIEE D H RIFC, EEENEORAESCWE
HERTHo70B, 202245 HICRE O - 77—
FH ALY - ALHE T T T HREREEIZ PG %

HEEKEESFE 2023; 19(3)

To:. ZORE, REOHEFEN20224E8 HIZY T
FY—LN\VOTarTLELTHESNT.

22 BIIDIBEDTEIRAEBERNS

YR EOEB - F— A VR - AIHBFFa s
T LNRERIEICET 2 ER 25512, DT 16 HH
EHIZOTAZEDTEDRRNE L TED. KER
e Al OB & FE N 5205, — B KRFAED
HIZO 577 —ONEE LTEMEY 2 DTH
5.

1 Ty HEPRERELOPEHITE .

2 Society5.0 &I FEIZOWTHMHNTE 5.

3 AIOER (F1K HF2K HFIK) 2o
THMNPTE 5.

4 A=V TANDY Y F25YF 42OV THP
WTED.

5 F—HIEE0X) RMEA DL, 1K, 2
RT— 5 LM HIITE 5.

6 F=F Wiy Ial—ya VIZOoOWTHN
NTED.

7 T xITR (THIL) TERDBAHNA
HHZEEJWHTES.

8 MOV THBIDTE 5.

9 HMBEHEDENIOVWTHHNTEXS.

10 gﬁéﬁ&fi BALH DA DOV TEHBIDT
5.

11 Ey 77— IOV THHRTE 5.

12 g__y.;.}—,fl‘/zo)-ﬂ-/f7)]/LZOU"C§%.EH%J§T“
5.

13 7—% Al OFNFAFEIIC O W TRARR %2 2815
THHATE 5.

14 F—=% Al ORFEHIAIIOVTHTALTE 5.

15 }\Jgi’ﬂ]ﬁﬁc‘:l@ﬁ - B E OBFRIZ DWW TN
T&5%.

16 ANTHIBEIZBET 2 A0 Zikam, ERNTE 5.

FENRE L LTI 2023 SEEEOBEZEIZ LT IC 2
%.
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1 TAF R (NTHREEL I, BWmEd, 7—7%
B, Society5.0 7 &)

2 AloEEOFEE (HB#Elm AR, AWK
AL ChatGPT Dffiv: )i &)

3 Tyl (EHEOME, POST—74,
F=TTF=5, Cy I8, FHT— N~

A &)

4 Al L HBEE (2uFBEo ABHE, AT
TP 2o e 5 00 )

5 BEMEEEE L3 (KD D EFHOTFE, ke
FH LT

6  WEZWICBITS AL (CT, MRI E{&o
WUEE AT 23 E. 0558

7 F—% AlOAEH (BT BH6, BFEIC
B 5H60)

8  EMIIBIFAMEA L AL (TKy FER, 3
BHWREZ: AL, N IVFE—F )7 AD

9 Python AM® GV R LI, &ML, Bhlkior,

—a— V)

10 Python AM®@ (FEH] L&A, BEHOFHE,
BAIAREL D ILHE)

11  Python AM® (Pandas % ffi- 72#taHLee, 2
Z 74k, 77—V IENT)

12 Python I2& %332l —v a3y (ma—tF v
FE R SIR HE 2% <)

13 Python IZ X 2 #¥M4E (S—+7bunr, ©o
VAT 4 v 7 WlgE, PLEKR)

14 PythoniZ X % 3¢ AL ¥ (I R 3% & #r,
Wordcloud, RSA 7%, "4+ A4 V7 5~<T74
7 R)

15  Python IZ X 2 REH#H (BARA=2—T L
Fv NI — 27 & EREG O

16 PUREEZHRETA720DI =T A

REFZBIF D ALY 75 v —HBFORM L LTI,
IR X D ICHIREIC L 2 ALICHT 2 i#sh s
INTVRLnHIZLTHY, Lod, 6, 825FhIZ
WM7=h. 2023 4EFEICE L TX, FhEhHaiar
DT A R B FEA,  HORERE O W] R, WREE O
FRGAMERIT 2SS L CTB Y, LB M WS, 7—
VI AR=I ¥ —OERGVH DY, FEITHIK
FLoTHWTWA X TH A,

FNPAONFEE LTIE, T3 ChatGPT D & 9 7%
Al OEH ORI (2023 FFHUAE) 2 HEf xR T, 7—
& LA, BEAEE L3 h, Eo k) IcHaTH
WHENTWEDH, LWw) Z LB LTI
2479, W27 ur 7 3 v 755 python IZ2WT D
AMZFToTHS, EEROBET — ¥ RWiET— 5 %
fioT, AIRT— Ay ZOFHEICHELTT
EEH»LTHEIEE D, SEEIBFUEOHIFEA—#
i & 2 PRI 2 S S B 5k L LT - 72,
FAELCHRBEIELLR—-FICHELTIZ4% 0
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teaching assistant (W RZFDBLRHLOFETH
D, WEERCRHRERHIETE T 5) 2%EHGiZ 4T - T
T4 =Ny 735, FEEDOREIC google form
EHOIMRT A N bITo 7.

AR LEZV T VEEIRZORATH S
GPA L& 7 v 79 AR 3AEENFONIFERLE & v )
Ta7 I ATALICOWTELIZERZLELIRETDH
. F722FEWITBVTIIHENR SPSS @ X 9 2k
BV 7 P onEFEETWS (THIZESSTE L
TIREEN LRI ETHS ). FHTOVT TV —H
BLEHEBEOBRIE R WD, REOREBETH ALIZD
WTHERI—APRITHN TS,

FF LTI A Zf ey (N LA, HARYH
A NFVIal—va YRR OBMEEICBITS
NI R OME I HEDL - 727 ZoZ b2l T 2
T, BRRZTIZED X9 % AT AFREE 25HIG L v
DOPEV) T EEmRLIIEDDHY, LRRDEI %
ATHEHEE 217 WCEHAEIC2 R > TWizEF X
b, FREBEO S5 python D775 3 v 72
PR3 %55, BUETIZWHPAE ORI 2 21T 5
ETTUr I IV TR ONETHY, TOREE
HEERNTIOUES TH - 7.

3. MERHEICH TS Al ERAVEHE

FHIARA NV RPCHFL TV EHRES Y V8
Bl EOEEKSTOY I 2L —a v E RGeS
ELTWABA, $BICy vy B O EEALIC Bk %
LboTBY, Zhr LDk HIZyIalb—1Th0L
WA ZEIEFERENLTWS. ¥R ZHITnL D
POMWELEIREEZDL-TBY, VF Y FHEiaL L
Lo THHER D SR E Z T 72 L &iE, ZOVLDHh0
REMOERZIT). 2720, REMICEESVWEHBT
AINF=DUDPEZVT-TBY, ZollE#z TEE
TAHZEWFEFICENL, MO PLHRE LD (—
WIZL T A XYM (rare event) EIMFRENEY). %
VNIRRT I 2L —MTA0IE, GTEIE
W) FENEHTHHH, THIZEFLNLVD= 12—
MR EZHMEWICHES FETH L. BEiEa
Ea— 7 VI ZAL5 T35 ELTWDHDT,
[y oy aatr A VADLH % [EXRE] 4
TREWRH) ZEDBWETH L. LirL, ¥ 378D
HEZALD LI B LTANY MZELTIE, 7222 E
BFRIRIE L2 LTH LT AN D ERIFEMICE S 2
LHZEDPHEL W ERGnoTWnE (FD LX) ER
AT SRR L 00 L V), Z 2 THEEDE
D THRT 2W5EE 1E T ORMFLD 720 DT % Fis
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LT&TEBY, TNSIE—HRWICERSSAY T ¥
2" (transition path sampling) & F:ZiL5".

BAETIEZ L DNRAY V7)) v FREIHRBE T
BY, #HIX Zuckerman 5D 7NV =70 L L HWT
WAHRHEAMN &7 v 7 )V (weighted ensemble) 3
NI V87 g5 % PINT B O &2 b2 8
L7z, ZOfE, WEZLoRERIID DERED -
7278, B R OB E ) VI MEEZ S > T 50
LV ZEIFEHET TGN E V) IRMIC
HB L7, THUTIEHE (dimensional reduction,
kI L) SN2 REEZ R L) 2L TH
D, BAETIEATARESCEWSZE OFENL CHVS
na* bhbhd LA E (manifold learning) O
—fiTH LIk~ v 7 (diffusion map) % T/
SV Y OB HMERLD 55R5ED 2 1H A4 T
HHILFTIIREIEDZI, ChEz K&y N
2B BEHAWRER DD, b o & — B EmEE O
FEEHCERELONIGHOBETH 5.

F AR EONNAHEE OBBNFE) o7 v—TL X
71 7784 4 1Y — (mechanobiology) 2B L T,
Mm% #H 4 (angiogenesis) %= EDOMIB ST A F3I 7 A D
B ZET VL L, MlRF A FI7A%2EDLH
WD L 3EWENITHERT 290 L v ) iise s
HEETIT>Tn5b, MlEFAFIZADBHENICHHE
MiZe72012, S THRITHERIDEZDENE 25,
HECIIMEENE O 7 — & BSFEERNIC S BEICH O
TWBHDT, TNEBERAR=Z2—FNVEY NT—7F
(convolutional neural network) THXKILILL, ZD
RIS Sk~ Y TR L CTHIROTOHHE S
WEMT EWIRAEITo 72, FOBIC, Mz 72
GLAMEEE T A A L MEAERD X ) RARNRIES
AT HHE LTI, RRITDT A F 37 AN ELR
LT EWghotz. LaL, RkoefbkLTLEH &,
ZOHMENYIRNY, EWFHIIEI V) BERE LD
DHPDBEHZR TP H%RLR>TLIHIDT, The
TLOERIZE T 7O OERAER DT 7 = v 7 2T
BULEND D FEESF - P T—F —
(variational autoencoder) @ X 9 7 W54 KB
B ANTHGEOFENE D X 5 Il o Byl 2 FiHEEE T
X200 ZEICHT AR ED TS, Dk
DWFEDONEE N LA G D323 T H —HFHEI R
ZTW5,
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The Current Status of Artificial Intelligence Research in Our Team

Jun Akatsuka and Yukihiro Kondo
Department of Urology, Nippon Medical School

Key words: urology, deep learning, Al precision medicine

1. Bt B

WIREFH I, B - RIS - B - BRI - B A
B EENRE LN Eo—HBTH LD, HARER
KEFEWRBFCREFTBHITRIG L, ZNZEnolEizic
B LR SERE, AT 2S00
F— LD ERIR B X O R EE L T 5. Zo
ThH, FIZHEANTW S5 25E#H# Al (Artificial
Intelligence) W78 TH %5 (Fig.1). AT TICHA
R RF IR EREClE, WIRIFEMEESE 268 e LT
[ Doctors-friendly 7% AT Feffi | % B\ 72058 % #ED T
&7z A7 5y 7Ry 7 ARMERY ~oPkik %
WLT, Al ONTREREDOAZ 59, AL OH W%
RRTR EFE T DH D 23 iy, FEEE ALRISEO SR
WO bZ e HEEE LD #HAZED TS,

2. AIHEE (AI : Artificial Intelligence) (22U T

AT TAB DA Z BT 5 ¥ AT AR O
Bl ThHh, ToLXVEZICb5. BlziE, A
WMok RAEREZRD, SMNLRMEIZESD
DS, FEED Y A7 12T %2 WHES 2 A OMED—
BEBMTH2DDOFTHRALTHSL. TNFTICALE
WaEXZD [FT4—=TF—=v 7] IR H
W a— 5 ORI I ) EREZEITTE
72, INSTF A =T F—= v TRk LR AL

e, EREMESTHO—21l k- TE 7.

3. E& ALICH

BEiE AL &3, MR, REE, AREELH
e & AL HM % RHEGEIDH LT, FEHRICE®EL
T kA8 A7 BT TAHLOTHL. ALIIB KL
BT — & % Ml ORISR CE B 2 LD,
MLIRBORAN AL EMHWT L2 EPHFEFEINTY
b, IIECICERDIICBT L BRI - 5178
3K - I 7 AN B ATBFZELE, HERAICHED
SNTER X512 AIDOF— ¥ N2 IS
5T, BEOBIEZF T T 7 4 VB2 %
LT, MEROERELIRET 5 LR RA% B ES
WARMRERAT 22 EnMfFShTws, BET
1, EEOMNLR & BB OREICEE T 2%
ATEREISHIRD 5NTEBY, FRHICEHEOH %
M EEE2 X9 il EE ALICHOBEEN fF2h
5.

4. HBRHIH T MR

AR EFICH P ESL T, [ATOT7F v 7Ky
7 ZAL) IR ELRFRETH D, AL OHIWiARM 2 A
T H 2L (BTN ~OEZEN b S
Lotz bbb OWITET — 213, ZRICHHE
L 7W B (& 7 — & LR MRI 3 U TR
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RER RSB TV TY A a kWAL, Al EERiO#
MOBENZE- 2 TRHEDMAE, MRIIZHT
5 Al OFWATEEMEICH LT, IZ Lo TERR - R
WM 24T > 72 b D TH B, Al & FEFR O L D&
ZRT A L, ATRELAICHT -HE R 70
L2 BEAD . ESIZIZEMO BT
W WIRELE R (183720 100 fEm L) 25,
HISZBRASATEFE O FIAGEE & 1T 2 90 72 e fE s & $m
THT7NITY XL L% RTEE, EEo
Wiz LR L IERRR , 525 ) L 7R, &8
- S L R ORI L CEB L2 o
Thb. AR, Al OFHTRH & AT R %
NSRS 22 L0k D, BfFroI#EZ2 -2 787
HESAR OO R B2 R L 7.
ISR AS AT BRI 70 R FE IS & D ASA D HEAT A
KELER L., ZOn, FVERECIEREYITHI
WRSADEEZRERH LAY —=2 795
HAipRd bNTE 7z WiV IRASAOBHF T, flifE
WORETHD I NS, BEERENLLHWLNR

(&R BT O SRR

HAER R AR ABFLH
5 D R

ALHFSE

Doctor—friendly

Fig. 1 HARERKWREFAHELE 5 5 RN

HEEKEESFE 2023; 19(3)

T&E7 WEEREIIMEER Y 78 4 AEcER
Twab. — AT, FRAKROESLBIZEEHENDS L UL
Z W28 (intra- and inter-observer variability) 7 &
OMEEZAFELTED, ZHMEORCHRZTREICT S
HMmarRKobhTwa, EEEE 2 h.0E L
ATICHIGEA DB 2 I8, BHEOT—% #6735
2 LT, ERMBICmI R BESfESNTE L 7V
FE— FNEN QRGN L 2 hn 50 ATFREOE
WRED—DOTH 5. bhbiud, iR ASEW
DEFZEENRE U THEBYE ZMAG DT 217
W, BB R RDSA ORISR L 7. BE)
I SNBSS E T, BERESAOH S
EATo72 A, BERIGEHKT— 5 2ha L
SRIVFE=FVEN 4T 2 LT, HIREEZ S5
LiFAZENRNTERLY, TNEHRN T2 Hw
TN L72ma e, ARICEVHRZRLTW
7o. RNVFE—F IV ALENTIE, EEEEER RS A
OFRMIFERZEL CHRESAOAHEZERTL L LD
2, BEEERoOFH - REEZRGL, BREOZH
% BFERICEHIRY 5 L WIFRE S NS, Sk, LT
MTELEHEAIOERICIT T, S5ICH%EL#ED
TWwE7zW,

5. SHROER EMIEEICOVT

FEVME T I IC B U A AT BAFE R0 23 Ak
ZHEATEY, DYPETET AT IT EEN—hE
RO ME Z EPRETH S, HARFR R AWK
FrTix, HAESKRASH (NEC), BMLAwRZenT (B
W), BBORFbE L FET, ERIFICET5E

BFHINT LAIBRZRE LERY v 77 —F 25 ARITHIT

H A B R #RF &4t (NEC)

BT HNT VAT AT T
T T > b7+ — L

BHHAIPE 7 —

SIS P G ARNT . RO &
HH R AT AR

HAER K
{SHEPED B WERE T — 4 &
B R RS

PEHR BRI I D ALH & BT VT DR GIIE E ET D,
AN DOEARYIRIRN B IEFRT — 2 2R3 2 B 1= 78 0 M7 D BB 2 AR,
TERDEEFRALY AT AT, BIMOMRAEIK T DA AL TH Y |
AR70 Y=y bCHE, EEOBREE RIS 5~ VT E— 2 VATBAF O R A BT,

Fig. 2 WFZEdHEICoWT
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THINT E AR OBMENEZ EDTWES. BT
X, EEFEEICEMET A, BBy S F—5 %
Z NIRRT 2 EMASRO SN Tw b, FEROEHE
Al VAT ATHMOMET - 2R L LTBY,
BEOBRET— 7 #FH L TRAMICHBITE 2w
EEE SNTWwAE. bivbi I TOZERK
RE b LIZ, NECHIP AT 2 EMERT— 7 &b
T57F v N7 x—2FAMR, BBASBHIE L7z L8P
RN U BRI 22 E 2 Lo~V FE— 5
VAl ZHWT, HREFRRFZEILOLT2HED
KERBEDH T BEHT — 7 #llAGbE, M
T =8 % MIIRNT T AR AL ¥ AT A0 FEFAML
ZHELTWS (Fig. 2). TNHEHR AL VAT AL
X0, WBEEETE ORELCE B O RHE L 7T — 5 D
RAREMDREL 2D, IGHRIH ORI & % R
BOHERe, EEEFEDOEBNRBUHFINS.

6. §&ICOWVT

SMBERE Yy 77— 200 - IGHT 572912
3, TP ATV RAR Al DAGRII R T ENT
EGL o T&l. BRIBTREMBERT—5 %
WL, #Fr7z% ATHET OB & FRG I3 %
fFdm <, Wit DOAMEBEREZ T T2 LPEHEE
BB 5TV E, P ORELREREZRLL T
W 72D, PRMERER IS B VT AT B OB 5
RHAENTEEAMEZFRL TV LLESH D, Al
RIS ORI I TERERLEREFE O B &
ZHMPOiHEmT 52 R TH L. HARERIKS
WIRARFETIE, 4t b ARBETIC AT il 2 v 7243
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Expectations for Al in Diagnostic Imaging
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FUBHIC

AT i Artifical Intelligence : AN THIGE D MR T H
D, TR, BICIE TATE®E] REL2 300N, Wi

BEOAERR AINA v & —F vy bRv AT IR
bETW5, WENOERHIEZD 258 [AL TH I
TOHTEDLEA) ] HOBEMLEL TS, EHEOS
PFIZBWTHLHIMITH ) AL B 2 H 720158 %
Al HMFOBAIIEE > TV BDS, AL FToifge - &
HIZH720 ATICOWTIE L WAk Z R b AbE/ L
THitLRETH 5.

KETIE, KIBI2BUT 5 ERZE O BIR, Deep
Learning (DL) Ot &, AIFrowize - EH - 9%
HIZOWCHEHT 5.

AFBIC BT BEHREZETOTIK

& 24578 O ik @ doubling  time & 1950 44X Tl
50 4F, 1980 4E4X T 7 4F, 2010 4F Tl 35 4F, 2020
FICE T3 HERESIN TS, 2023 FEFOBEITES
WM SN TV A Z EDTFRINS. WEZH D51
BV THIE - BSOS L & 1T, Ml
Wno—@&z27-E>Twa. flziE, CT o458 T,
Single Detector CT %*5 Multiple Detecter CT 7\,
WD 25005 451/16 51/64 H~, & 512 256 4
X2 320 57 & Area Detector CT ~N&Z{LL T 5.

—75C Dual Energy CT % Photon Counting CT ~%
LTS, IREESOEL LB, REROH
i, 1 s OKAR D T OBEEEBA R R 2 WA e A3
HEAL, 512, EAREGREA T4 AED, 222 TiE 10
mm AT A RAEE 572 ORWAIXS5mm AT 4 R
J2, 2L C, 1mm A J 4 RAE~NOBLTHHEF S h

FTTICHNA T A ZAEOWEBRE;N—F AL TB YR
EHIWZTnD, 351, BRBER» SO 2 RT
TRRERG, 3 WOCTHREM A OERAE S HEILL, 3
AWEBEDZELLBML T3, b 55 A
MR DEH DB S 2 L v,

EC, KRBT HHBRBERIE) THAH
. 2008 E D5 TIE, CT/MRIEZR1GBH720 D
B RRRFE B3 26 7 B39 33 N TH B 25, T o
THAREEmICA R, 03 ATHBL LT, 2015
FEOWETIZ, HARDOKGHAEMERIEE ORHT
DHMEKD 209 5 LETH Y, 2O AN THGD
fEpucH s T UL, 1 H 3794 (CT265 4, MR114
) ZEHOBEHAE L ATI 2T I LD TE S
BUE D H A BERER AT E 7 BE BB B\ TR AEH]
A% CT % 42,000 7, MRI # 14,000 f: & % < Dk
HLEBLTVDLH, BHHFHEP DA TH Y 2h
5 FHEH 5% % L CHHEZ M2 Fhti L T 5k
B, WEZWE A 3 OREEZETTETNL.

ZOXHI, EHREEEMO—&EZMs F, FHME
HEED Y =1 ¥ 7 DORED & 0 BEHREHE OB R
RO CBURD D 5. STHFHEE A3 HE 2 BR D) W35
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EREGRZHXEV AT LA

CADe (Computer-Aided Detection)
o B O

CADx (Computer—é\iqed Diagnosis)
Fi 4l

X0

A2

Fig. 1 HaHRHERC X 2 Witk — 2 70—
T—2770—DIEETRTOEAT Y TH AIHMOLEONRERY 5 5.
70— ORFEER G &0 CADe IHIY L, #BPEdser i o CADx 12

YT 5.

-,

WA 72T 572012, LD S OIRDH { 2
FN, ATEMIRICHIFFRE V. v, WS
Wiow—27 70— 3Hseres - ¥BLblcar
Vo — 782 MM % mICB T DL & oFME X
W, U= 70— T4 R ATy TIZBIT S

ATIHFER AT B OB EE D EATE TV 5.

E=l=A
LR

E&ZHDOT -7 70—

BT —r 70—13 (1) +— ¥ —[FEMZX
B BGARAAKE, (2) OB, &R, o
MR IS X % WA S0, (3) WUMEHERMIC X %
WREZWT, (4) 4 — & —[EiC X 2ZHORNTH 5.

MR IIBIT A MEEBIBWTE, RYVva=v
TR EROBRN AL ZEA LS. KV T3
TR, RIFCERE SN Al A 5 TREDK
R W0, B R E R & A, Y e
70 bV ERIRT D AL Y A T LKA TE
AENTWD, PEERICE W TIE AL HEMEE AL X
5 WROFEEELAHZE - EALSTB Y, KE
CALIZHEBRL TWAIEA, 2 %It 3 KIS FRE K
ZBWThH, ALEMIC X 2ERAAHEA TV 2.

B R R X A WRZ I CTlE, £AT v 78
ATEMIC L BZHZONRE Y, WIEREALD —
WTHEATYS (Fig. 1). W{EZW AT v 7O
TR A THR] THY, HEkoEAMm%S

Wi A7 20aTIE, WEOKME LT CADe
(Computer-Aided Detection) Z—%3 5. F72, %
FEIE IR [ THY, mgEZHe LT
@ CADx (Computer-Aided Diagnosis) (2—3 3 5.
ZLT, IhbHiEZhEh DL OfgE - EHLOR 5
L% b,

Deep Learning (DL)

ANTHfED—# & L THMS% ¥ (Machine
Learning) 7%, ZO—#E L T=a2—I NVt y 77—
27 (Neural Network) 7%, Z®O—#& L TZ% @ Neural
Netrowk Z i L7z#E5=# (DL) 2 5. BlEi,
AIEIRT—2OHESHPTHY)DLAE LR S
A%, Al & DL Zik L CHFEETIE &\,

DLE, Wi7r—% (A7 —7%) 2#ir—2% (I
HF—%) 1275 X 912 Deep Neural Network %41
LTHHSIEEFRETN), @ FHETVEHVT,
ANTF=r L CET—F2H, BhHT7—%,L LT
BT —% L UARSNS 2 & 2T 40T
» % (Fig. 2). WERVPME/ LTRVHELR L, ke
8 O Neural Network 2S5BS EH ST 5.

DL ZIZW L O DRz H Y, 4 ITEET 5
EThs. UT, HHz®TnRY
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Deep Learning

— (i — 42
T—8tvk

— Deep Learning € —
ET—4 pj-_«)b'g HAT—%

Fig. 2 Deep Learning OHEE
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