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(chemotherapy—induced peripheral neuropathy)
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EPBEORELSEMLL
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EVOURFY
EVOVRFUBREH2MAALURNIZRET S . 1[H
DEREEMN2 Mgl L TEELGHESHEELCPTUY,
TxH9)TSF
SMER  BREEELN 51, 2BLURIZRET S
EIEME : 700~800 mg/m2E#BZ 5 EHIRYRY
NaES
RILTYET
1.0mg/m2 HBWNME 1.3 mg/m2 @ 2[E], 2% 1
HA4H)LELT, #E30mgm2 FA5HA49)L)
MTRIELPT <5,

) YRR THFE—E(RIEFE)

CIPN DJELR

. C;EN@E%L&K fEE =N 25 REMHRDOELHICT L THF
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 REMEOBEICL 2HUERED L UM, FBHo
;ﬁf%&/iﬁ}%ﬁﬂbﬁﬁﬁ FfIBERIC T B RECRER
FE,

EBWREEE (HEMR. BHHET. BREEREZ L) ©
- BEWREEES (B, BB, #TEE. BIREELY)

CIPNDFRFERIL, A AEDEEFOFTH I HRHAICEK
YEZDMN, BXFI0~60%EHEBIINTINS, LAL. S
oM —RICERDEIREEZET 5D TIEALY,
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Y. CIPNDOEEELLEET HIENBESNTIVS,

OMMAFIDEE K> TREMHIEAERH
FEC B AN X L $E (FREMAEBFH)

REERESTORESLFICT. REABFHETICK
57 ¥EICT,

#H 3 EE (axonopathy) .

IR (AFEE (neuronopathy) .
FEHEZE (myelinopathy) 29 (TN 5,
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https://survivorship.jp/peripheral_neuropathy
/summary/02/index.html A
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https://www.nips.ac.jp/release/2017/02/post_337.html
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TIAFOVERRIEOCS D0 LRGEED H D,

ﬁ

19

EHEERRMERERBAMET=aT7 L

EE AR AIEE

REDEL, HEMRATRIRMEENETING =D,
“REICEHROBHOBELAONT | BEITEL,
FOTHREHIERLEENRADLENIEN S EBE®
HRREREDHMRRNVBEVAHRELETINDIIELE L R
HELHMAAFIEZ, BERANARIDSRTSF
FHXRHITSFUTHS.

EDYRF LRI R IE TRAFIEE DIFEL

REHRF EAT7ILAOCMREREBRZOM/NEERKESL.
FaIVODEEANBEESN, BIEREUAEDHESN D,
BEINHMRISHLTHRDEBELCBLELZEET T 5,

RERH KRER®R 27 AURIZRET D,



ERERAEIR : FIENEERETHRIET 5., Z<IXMEE
RAUEDEENEEELY ., BREOMEAEES
SNhd, GHEFRET 5L BREREMSHIEL.
REBEEDRERELLIVSELLD, FOEIEFIZCE,
BEHOTROGELINAZEEROVEAICHSN
5, AETIEIFECFEOHEH. EOEREMNES
SINPFL, 7~10 HORBETRRIZETTHIEE
H5, BEEZICS|IEHEEMW. KEAGEDBEMH
BEENECEIZIELHD,

EZRDREHRIEICKY, HRERKFETOSEL
BIZRRERRICEET 5, REDNHTHIETNIE
MAETEIRRICEEL EERELHFIEE 4EL
RIZERRT D,

TFYYTSF BRI E DIFEL

OEMERK : AFDBREERNS1. 2BUNAIZ, FEA
E251(85~95%) DEMFIZFE, ELOEEEIED
EERE CREABER) AHohHhhb, £-.1~2%
DEHITIE ., FFE0% R 2 Ol T EE 4 5 REEMEEE X E
BEELAHLONEZENH D, BEEDKREEZ TR
L. EEAZBOON-BEICIEEE. ARZFOEY LN
BZE{To2&,

BEICHLTIE. SO KRB HFMEK ., HEEMEEERK
BEEEL, HIEEXEIA=O0DEO~NDEBREICKYE
EXTERTEHE, ZLIEFRFIDHREEIZHOHOND
MAREICKYRIETDHEENZ N EETRITEHBAT S
LEBIT, A=W ERAMOKDERZEE T, (KRFRFIZE
REFZEHLEWKESIEETEHIL,

RIERER (X, MM OMAZIEIZT oxalate & Ca AY
FL—rEREL. Na FrRILRAZEETHILIZE
HESNTULVS,

Jaggi A. S., Singh N., Toxicology, 291, 1-9 (2012)
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K. BREMTEBKH. BEMRERGEERIL.HN
ETEBRETHD,

RERH: SRAECTEALLGRE. RS ®R 1~3
HEETREIT I EHD.

QEMER HEREOFIHTHOEEDOLUNKET
RIET D, BIREENEMNTHICON, LUNE, FBH.
EEREIEMEIBICEMNY ., RrlFEEEES, EEIHERE
[EEEIIEEFINGL,
ERDNBEIZHIERBE M EHRAETETHL1H5,
ZE&dF 2 kY 80% DRI TIE—EERDHENH 5
. 40%DIEFIT6~8 ARICIIELICEET 5, %R
HREMAEICA ) TSFONEIEL., RO RSB
MERBEEMENEEFTINSEICKYRES,

TV ETFERE KRG RIEEE DIF

RIEME RILTYITIX, MIERNICFEETIERES
KIJOT7Y—L 1 ZBEETH LTI EHIEMREER
ERET D, TOTT7Y—LIE. HBANTRELLGEST=-4
VINVBENRTHERTHY. MEEAHICEELKRE
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FBRRER R REOFRMTEOLUNR, EHT
FIEY %o BRETAVHEL ., RABRELEE NG &
BRI TRERMUABREETSNGD. FFE~F
EREESNGFILFEET S, RIEHREEES 359 35%
DIEBITRIET Do

FAERFHER - RRAEZR: RBERFHAIL. 1.0 mg/m2 HBHULE
1.3 mg/m2 %@ 2 [A], 2 B%E 1 HA4U)LELT, #8= 30
meg/m2 ($9 5 YA D)L) LI THRIET S,
HEBEEBELLTEREBEICLIFEREE. HRRF. 12
7L A=) EEETREOEBREATL,

OCIPNIZX g &3 iEIZDULNT

CIPNAHIE LR, BMEERZRECHEEERLRE
AERECTRHEBREEZTD I L—RF2H5 VLT L—
FISFETEEEMNET L. REAEVDBE. KiEH D
WEFRIEZZERT DBELH D, TFYIVTSFL0
s, —EARELT, HE5—EDHAVILEICEKEZ
B9 HStop and GoAXZEMYANS Z EITK UM

BRICHEELRIFT LG CIPNOHKBFELETT
EHE—BBMESNL TS,

Tournigand C. et al., J. Clin. Oncol., 24, 394-400 (2006)

EE, ERMFEE LT, FREAARENEESNT
W5, ChiF, iINAERBEPE K VEIRICHENS
A—JBLVYVYIARTFREAINTHIEITKY,
BREEROEBERFOMPREDE—Y ZMA ., KHH
HRRIHEADDENFTEHIENSI DT, /T UEF
FEILICEACIPNIZH L TFHHENR OGNS EMN
wESNTLS,

Hanai A. et al., J. Natl. Cancer. Inst., 110, 141-148 (2018)
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JIVT FLFYY ERYRAHBEE (SNRD)
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Hershman D. L. et al., J. Clin. Oncol., 32, 1941-1967 (2014)
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L CIPNDEKRDIDTHARAZHFT HITEBET
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BASAYR—T 4 T 7E2F (EREKR)  (2017)
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ERNTIE, #2F9) TSFUIZEBCIPNIZR L TEAR
ETHHFEBEIILLCa/MEFABLNSNDZ EMN
ZMh o1,

FEHRACCa/MBEFIOBENMEZE TR L SHBE
ENf=A, RWEDVRATITAVILEA—BLY
ABEFICEY . TOAEMEFEESN TS,

Hoshino N. et al., Int. J. Clin. Oncol., 23, 434-442 (2018)
Kuriyama A., Endo K., Support. Care Cancer, 26, 1051-1059 (2018)
Ruo A. et al., Exp Ther Med, 5, 933-937 (2012)

Loprinzi CI., et al., J Clin Oncol, 10, 997-1005 (2014)
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BHERLET, RKIROCEEN NS, BN HT=57E DEWMET
fligctmaERLET,
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%, ZDJUTHRIE. —2a—0rOYBMREHEIRLE X
LNTUWVA, Za—0OVDFEEZHIELTLAELTER
EEHTVD FIC. J)THIETRRABE SHET7 AL
HAME, Za—AVICHFYR. PFTREBSLIIEFE
LELDHBREEVEZBRERBEL TS, /0T )7
[ZDWTIFEEEZ -2 —0  DBRECBEREELRE
SHIHEEEROON Tz, PIRHBRTRIEAERL
REDQENMEERFWLEORIREBSHETHS,

https://blog.goo.ne.jp/kfukuda_ginzaclinic/e/3
600423774bdfbabff599¢c197bebf8af

EBRDOERT—F

HEEEHEBL TR ANOERKEDOE R

YA IUERIETATA T+ —€ (MAPK) h R —RIE, A8
BhE. kR, 2. BEEBRB LUV TR —REED I LA
TR ERERIET2EHRGES T FIVEERVNT—DFRABL
F9 . MAPFFT—F (X, B FDTI/EEO—REH DR TEIZE
DWNTHIRaS S F ILEREI 75—+ (Extracellular Signal-
regulated Kinase, ERK). p38. JNK(c—Jun N-terminal kinase) [Z%3
BEnbd,

ERK1/2h B RICRITT ELDEELNRESN T, EFEEE
B IZK>TERKAEHRIL SN ENHESINTLVS,

T. Komatsu, et al., Neurosci Lett. 686:127-132 (2018)
T. Komatsu, et al., Neuropharmacology, 61, 608-613 (2011)
RR. Ji, et al., J. Neurosci, 22, 478-485 (2002)
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EEOPYERT — 2 & BRL son froy 05,

L*4 von Frey7 A FMZ& Y EEBBORBREEZRFIT I ENTES,
° BHIZ, BEREET7TOT A 7R RETAENAZDETIL
DEHEHMTH D,
s EERAE

von Frey7 X I

PO DEDEHE
A A BB REREHREE 23T B SSRI,
SNRID LL A& 5

« IAFER DIH R
S 8% L VBRI R R R T
2 HNEFEL D 3h Rk T
von Frey test F}MEEBRDOT—2(EVD)XF CIPN)
BOTHALTY FOIIRDREIZH L TEEICvon Frey HairhBim 5 FE T
LD, YN EHITHHEBRBOBEZRET 5, 1133318 VCR injection
w 107
B
e 8
2 Saline
E 61 VCR dose
g == 0.025 mg'kg
s ¥+ 0.05 mg/kg
.E 24 —— 0.1 mg'kg
ER
0 T T T T 1
0 7 14 21 28 35
Day after VCR administration
*** P=0.001,when compared to saline treated group.
** P<=0.01,when compared to saline treated group.
14 days BWEBRDT—4(ELIYRFUHASDE HrAKRS)
" 10 - wEE TE ] 7HH
E .
= -
S g I
P :
[} 5 wxx -
E o ;.
4 105
“6 4 o Cont i 10 20 40 25 5 10 20 Z;; i 14E E
E Flu (mgikg, i.p.) Mil (mgikg,ip.) Dul (mgkg,ip) 2 °1
E 2 - ***P=0.001,when compared to control group. .—g N
z 2
2 4
0 5
Saline 0.025 0.05 01 2,
- FluZ)LARFH3> 2
VCR (mQIkg! Ip} ML Fo TS5 " ont 40 10 20 40 25 5 1020
***P=0.001,when compared to saline treated group. Dul: FaAFEFY Flu{molks, L) Wil (mghs.ip)  Dul (mghks. ip)

***P=<0.001,when compared to control group
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Number of withdrawals /10 trials

21AH

x xex
amn
H xxn

Flu (mgikg, Lp.) Mil (mg/kg, .p)  Dul (maikg, 1.p.)

FYEERDT—2 (/1) 32X/l CIPN)

PTX injection
| 2222

14HH

Cont 40 5 10 20 40 25 5 10 20 *ﬁao%i@*ﬁg‘i;ﬂ%m L

*P=0.05,when compared to control group.
***P=(.001,when compared to control group.

@

@

IS

r

Number of Wthdrawals / 10 trials

=)

Cont 30min 60 min 30 min 60 min 30 min 60 min

Flu (40mglkg, i.p.) Mil (40mg/kg, i.p.) Dul (20mglkg, i.p.)

BMEBROT—2 () AX LS OE HRAKE) BYMERBROT—2 ()% IL+H5DE FRAKRE)

5H H

O DRERRSEMREL

10HH

BYMEBROT—2(ERE/D52%+IL CIPN)
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BYMEROT—2(FFH)TS5F CIPN)

OX single injection

BYEROT 2 (A FHIVTSFUHRIDE ERKS)

5HH

7HH

O DRERIRSEIMELL

FluZ)LiRFH3>
Map: X 7RF )2 (BRD/ILTRL T OBRYAHEBEEL. TOEBEEEERTH/ER)
Dul: TaRFtEF
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7days

1485 H

21HE

BMEROT 2D AFIHAIDE)
1. RAARISBRERHERESETILICH LT, BEERS
TS DEF. ARGNHNRER O LEEHN 12,

2, SSRIMF, EHIZEITE>THLHENFELNT . SNRIPE
BRROH S DEICE > THHFHRENR oM F=AEEEE T
FIBRERT CEFLEM o1,

3. S 2EO#MBEIREMN D, /LT FLF ) UAEEE
HEODEENEZ DN D,

Katsuyama S et al., Biomed Res 34 105-111 2013
Katsuyama S et al., ISRN Pain Article ID 915464, 7 pages 2014
Katsuyama S et al., Journal of Japan Mibyou Association 22(3) 1-7 2016



BYMERBROT—2 () E%1ILET ) THIR)

BYMERBOT 22X ILEFEMKE
REMEEESHBE+O /07980 L HIFFED)

87 Saline PTX 87 salne PTX
»  TA % 74
[
F 6 5 6
225 %g 5-
R =
5o 41 B2 4]
2" S
5 E 5
3 2 5 2

14 14

0- 0-

0 10 0 25 5 10 0 1.0 0 02505 1.0
GFAP(7R hOH A FOT—H—FEH DIC (mg/kg) YKS (g/kg)

;glial fibrillary acidic protein)

BYEBDOT—2 (D) 251 )LHIRFED

PRS2 ) 2 X VEREOTR FAY A MNEEZIIFTS
Katsuyama S et al., Journal of Japan Mibyou Association 24 (1) 42-46 2018

(A)

Formalin — + + +

Sinomenine — — + +

T S CIPNIZ& BfEAIc LTF 20

PERK2 i TEFUOBANRYFY, TL
YA v S— HINY 273 EOmEREEERS
AN 2 ST % e SREEARVLNDA., 2O
L AD BLBREHTHY . CIPNEF
ERK D JD g TEREEFRELL, FH&,

ICE35 g 20 CIPND FIHHE AN & U B4 (- A2

- BEh, LYUBNIEREDD

g 1.0 . WEFHENREEINSGC LT

Los5 # H1FT 5,

-

Formalin — + + +

Sinomenine — - + +

Naloxone — - - 4
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Zi£50.2% (2A1SLA)

- BEASATRCT HHE R (2019507 — FICESL)
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NCBI&Y 5|
.
akvx 8IE o RIETRE
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=
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wu TIZWVTSZY uew Ay Fayr vey YARTAY
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wa o v UAA i UGA [ [ A
uuG uce UAG 6 FUTETTY
cw ccu v RS
cue 1o ¢ 7auy CAC ” ) cac % =
cua cca T, A [ A |
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z

A A G)AAU ansxy AU o &
AUC fYOAYY A A aac AGC
AUA ML A e,
AUG AFFZ ARG AGG
Guu Geu [T
auc acc - Gac 66, c

AUP PEED (e
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GUG GCG GAG GGG

51 F : http://iss.jaxa.jp/kiboexp/theme/first/protein/a bout/w‘hat.html
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1. KA EEFRE KIRVERES (familial tumor) : IBDHZRED P TRELTND AL A

N . - > = RRATHADRERESH5ND
& EBEGENREATERMICELE-NAVRIES .
BAEFEOAEFREL O H-BEBERICE->THIERISH,
BIRIZE B LD T T AL

2. &£EMRARIELEFRE FERMERD SBIIEBII55510%FET
BHOSZTHBVENAURIERS
BAD
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Inorganic arsenic compounds (As,S3, ASySy4, AS,03)
1 A7 Yo

AEM
(I##, As,S,)

Myelodysplastic syndrome (MDS)
(B BERTAUERRD)

Arsenic trisulfide (As;Ss3)
(orpiment, yellow arsenic)

g(_
=

Tetfra-arsenic tetra-sulfide (As;S,)
\ Burning /

-7C9-AG7D8FEDV;:EH)

2004 b Ut/ v IR v 41) 24 BOA@<AEQ@

Acute promyelocytic leukemia (APL)

(RIMERTBBERRIE A M%)

Arsenic trioxide (As,0s3)
(ATO) (white arsenic)

g Yuan B et al., Application of arsenic trioxide therapy for patients with leukemia, In: Sun HZ (Ed.),
Biological Chemistry of As, Sb and Bi. John Wiley & Sons, New York, 2011, pp. 263-292.
g & BRANB7LILT JAIARA+AS+. AR)t)
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Organic arsenic compound (darinaparsin)

S-dimethylarsino-glutathione
DA (darinaparsin, Dar)
A4t

NP
K#<PH? HYE7@DBBED:A
Ax#a A

£
o o P o
] —_—
w ~ NQ&
HO’ Y N/\H/ OH
H N
NH, o

S-dimethyl-arsino-cysteine
(DMAC)

<Ya'NUVR Possible drug indication:
(BFREE)
Peripheral T-cell lymphoma (PTCL)
CGRASIETHRRL Y >/ <E)

-7COAGTDERED;:EH)

v Dal )24 BOA@<HE@

7c v 7C) @AD=@ST@E ;- 8EA@
87CAGTDBREDV; EH

g Kumagai, Y., and Daigo Sumi, D.
Annu. Rev. Pharmacal. Toxicol. 47, 243-262 (2007)

g Garnier et al., Mol Pharmacol 85(4), 576-585. (2014)
g Romero-Canelon, I., and Sadler, P.J. PNAS, 112, 4187-4188 (2015)
g Ogura et al., Jpn J Clin Oncol, 51(2):218-227 (2021).

Conventional therapy for acute promyelocytic leukemia

Physiological i
concentration CoA Conventional therapy:
(0.01 uM) All-trans retinoic acid (ATRA) alone
Trandaapsestiational or combination with chemotherapy
repredgiiction

Outcomes:
90% de novo APL patients achieved
complete remission, and 70% of them

X have been cured.
Pharmacological

concentration  CoR CoR .
(0.1-1uM) Ces e

Transdrgammibtional ?szas;):nﬁahems relapse and become
repressiatuction .

-«

Arsenic trioxide (ATO)-based regimen
for relapsed and refractory APL patients

CoR, nuclear receptor corepressor; RXR, retinoid X receptors; RARE, retinoic
acid response element; CoA, nuclear receptor coactivator, Ac, acetylated

i
istones Fang J et al., Caner Biol Ther. 1, 614 (2002)

Arsenic trioxide
(white arsenic)

LF/AF8H 2307V FLF/ADTEL

Pathways of uptake and efflux, and biotransformation of arsenic
) in mammalian systems

As'', MAs!!' As'', MAs"
As'', As’ -

aquaporins; , glucose transporter; . organic anion transporting polypeptide-C; 5
multidrug resistance-associated proteins; , P-glycoprotein; cyclosporine; PNP, purine
nucleoside phosphorylase; AS3MT, arsenic (+3 oxidation state) methyltransferase; 6STO, glutathione
S-transferase; SAM, S-adenosylmethionine

Yuan B et al., Application of arsenic trioxide therapy for patients with leukemia, In: Sun HZ (Ed.), Biological Chemistry of As, Sb and Bi.
John Wiley & Sons, New York, 2011, pp. 263-292.

As,0; (ATO) DR A 1T D IR i & K UERER IS A

Cause of acute promyelocytic leukemia (APL)

Schematic

Blood cell differentiation PML-RARa formation

Characterization:
Rapid increase in immature white blood cells,
rapid progression and accumulation of the
malignant cells

Symptoms:
Anemia, thrombocytopenia and coagulopathy,
enlargement of the spleen, disseminated
intravascular coagulation (DIC)

PML: promyelocytic leukemia
(transcriptional regulator)
anfioncogene

retinoic acid receptor a
associated with development,
differentiation, homeostasis
http://enwikipedia.org/wiki/File:Blood_cells_differentiation_chartjpg cillenaiopo.ests

Wang ZY and Chen Z, Blood 111, 2505 (2008)

Application of arsenic trioxide (As,O3, ATO)

Prescribed method Complete

P a . remigsion

Remission induction therapy f

Administration of ATO by intravenous infusion
0.15mg/kg/day

Consolidation therapy
Administration of ATO by intravenous infusion

Drug
withdrawal 0.15mg/kg/day

Maximum of 60 times 3-6 weeks 25 times in 5 weeks

ATO (As™™) has shown a remarkable clinical efficacy in the

treatment of relapsed and refractory APL patients, whereas its
side effect are still a serious concern.

Transporters associated with the uptake and efflux of arsenic

. Speciation of ATO metabolites in clinical biological samples from
APL patients undergoing ATO treatment
. Combination of arsenic and natural products

*>CA246<<[BRAH46>CA2C:?>B
ICP-MS (analytical conditions)

Instrument ELAN DRC-e/PerkinElmer
RF power 1500 W
Nebulizer gas flow 1.0 L/min
Mode DRC
Reaction gas 0,
Cell gas flow 0.9 mL/min
Monitor ion AsOt (m/z91)
IGR-MS

Yoshino ¥, Yuan B et al., Anal. Bioanal. Chem. 393, 689 (2009)



AQP9, a predictive marker for the successful outcome of

ATO treatment-1
Uptake assay: 0.5 yM ATO
60
z aNB4 NB4 K562 Jurkat
350 MFL:95.7 MFI:83.0 MFI:55.3
o BHT93A
&40
=30
Ex g
—_— =
=10 £
<, &
30 60 120 240 8 HL-60 HT93A
Uptake time (min) 2 MFL:36.4 MEFL73
]
5
AQP9 B-actin =
NB4 =
HT93A
21 24 27 30 33 36 39

——cycles-

AQP9
ZRN[A\* R FRIPRR R[_VeAB; *

NB4, HT93A: two APL cell lines; HL-60: an acute myeloid leukemia cell line
Result: K562: a chronic myeloid leukemia cell line; Jurkat: a T-cell leukemia cell line

The rank order for the expression levels of AQP9: NB4 > K562 > Jurkat > HL-60 > HT93A
Iriyama N, Yuan B et al., Oncol Rep. 29, 2362-2368 (2013).

Upregulation of AQP9 expression in HT93A cells
by ATRA and ATO

(A) (B)

35,@<9

%
AQP9 expression (MFI)

ATRA: all-trans retinoic acid

granulocyte colony-stimulating factor
kiik 2 0 = —RIHEAF)
ATO: As,0,

S
& §°° o ¥
& & T

8 »

* 1 p<0.05 vs. control; T: p<0.01 vs. control

HT93A cells were treated with 1 pM ATRA, 0.125 pM ATO and 50 ng/ml G-CSF, alone or in combination, for 7 days.
(A) Representative histogram of AQP9 expression in HT93A cells is shown. Cells were treated with 1 uM ATRA for 7 days followed by AQP9 staining.
(B) Effects of ATRA and ATO in the presence or absence of G-CSF on AQP expression.
Iriyama N, Yuan B et al.,
Oncol Rep. 28, 1875-1882 (2012)

Effects of As™ on MRP4 overexpressing HEK293 cells and Mock cells

100 ®  Mock S 100 o MRP4

g ® Mock (MK571 10uM) = = MRP4 (MK571 10uM)

£ 4 Mock (MK571 250M) £ A MRP4 (MK571 25uM)

g ]

2 50 2 50

3 8

° o

2 =

8 & A

g o g o

10° 102 107 10° 10! 102 10° 1(; ® 102 10t 100 10! 102 10°
Arsenite concentrations (uM) Arsenite concentrations (uM)
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Result: MRP4 could be one of major contributors to arsenic resistance

MK571, an inhibitor of MRP4

Cyclosporin A, (CsA), a broad-spectrum inhibitor of ABC transporters Yuan B et al., Oncol Rep. 35, 147-154 (2016).

AQP9, a predictive marker for the successful outcome of
ATO treatment-2

Cell viability assay: 1.0 uM ATO; 48 h

Samples AQP9 | CDI1Ib | CDI3 | CDI5 | CD34 | CD56 Additive 100
PE L ey | e | o | oo | o) | ) | chromosome 5 g0
H
NBa | 957 | as2 | ors | 617 | 05 | s2 complex ig
HT93A | 73 12 | 64 | 243 | 881 | 995 |w2n@spl3) S 60
£ S50
Patient 1 | 54.8 05 127 | 652 0.1 0.1 Add(11)q(25) i; 40
Patient2 | 48.6 05 | 428 | 27 | o1 0.6 &) £
'ﬁ 20 NB4
Patient3 [ 395 | 03 | 431 | 199 | o1 | 18 ) 2 10 (3
= 0
Patientd | 369 | 19 | 900 | 130 | 03 | o1 © CRE o o P o 00
Patient 5 | 33.1 16 | 975 | 788 | 82 | 862 -10,-12 AQP9 (relative MFT)
Patient6 | 94.3 237 | 975 | 191 01 | 278 )
Result:

The expression levels of AQP9 were positively correlated with ATO-induced cytotoxicity in
the APL cell lines and the primary APL cells from patients

add: FRFTADBEZEAERS) (Additionaml material of unknown origin)
FE {5350 (Short arm of chromosome)
g FEAER (Long arm of chromosome)

Iriyama N, Yuan B et al.,
Oncol Rep. 29, 2362-2368 (2013).

As[intra] in HT93A cells treated with ATRA alone
or in combination with 6-CSF

| DASE@A

AB A%8 8 >>D

1)/o+83& GDSAGEA*AR+3B.(ACD$43, AAQORS )h+38.(AGD$43, AL 0

Aslintra] in ATRA+G-CSF-treated HT93A cells exposed to ATO. After treatment with 10 nM or 1 iM ATRA in the presence or absence of 50 ng/ml G-CSF
for 7 days and followed by exposure to 0.5 uM ATO for 30, 60 and 120 min, As[intra] was measured.

Iriyama N, Yuan B et al.,
Oncol Rep. 28, 1875-1882 (2012)

mal cell culture system

_—

Fetalside E M S Maternal side

Amnion Chorion | Myometrium

E, epithelial cells: M, mesenchymal cells: S, spongy layer; T, trophoblast.

Yuan B et al., Reactive Oxygen Species. In: Uchide N and Toyoda H (Eds.) Molecular and Cell Biology in Rupture
of Human Fetal Membranes. Research Sighnpost/Transworld Research Network. Kerala (2011, pp. 89-118)
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Patient’s data and treatment protocol

Clinical history
- Developed initial APL in September, 2003
Patient 1 = :crievej .c:mp:\lglte. reAmis.slic;nOg\éATRA
_ 4 elapsed into in April,
_ H9 ‘yiir‘lsst;lti)Jap/a\:;zsg,hiegloek Achieved complete remission by ATRA
!9 L em/Welght 67.9 %9 Relapsed into APL in November, 2009
No critical complications

2009.12.8 2010.1.19

Arsenic analysis

17 21

Days after the start of administration
Preparations of clinical samples [

- Peripheral blood (PB) samples were collected before treatment (
56 days after the start of administration

Bone marrow (BM) aspirations were collected before treatment ( ), and
start of administration

1

).and 3,7,10, ,17,21,
, ., days after the

Iriyama N, Yoshino Y, Yuan B et al., J. Hematol. Oncol. 5, 1 (2012)

Arsenic species analysis in peripheral blood plasma

PNP AS3MT 65TO SAM
AsV A MAsY MASTI DMAsY
SAM 6SH AS3MT
8- As(V) -o-As(V)
025 025

DMAsTIZ

020 020

s
b3

S o015
s

As (uM)

s
)

g 010

0.05 = 005 §f=
/8- '\r—F P
[T == =~ = raner————— ] 000 a—t—+9 28

-1 3 7 11 1519 23 27 31 35 39 43 47 51 55 0 5 10 15
Days from the start of administration Days after the start of administration

Results:

The PB plasma concentrations of methylated arsenic metabolites substantially increased after the start of

administration, while those of inorganic arsenic were still kept at a low levels, followed by substantially increase
on the day-14 after administration.

Patient -+ Patient
years old Japanese, female

years old Japanese, male
- Height 159.0 cm/Weight 67.0 kg o

Height 159.0 cm/Weight 53.0 kg

Iriyama N, Yoshino ¥, Yuan B et al., J. Hematol. Oncol. 5, 1(2012) Yoshino ¥, Yuan B et al., Anal. Bioanal. Chem. 393, 689 (2009)

Arsenic species analysis in bone marrow plasma

mAs(V)

000 6= S c—

-3 7 111519 23 27 31 39 43 47 51 55
Days after the start of administration

PB BM PB BM PB BM PB BM PB BM

PB, peripheral blood; BM, bone marrow
Results:

Speciation of ATO metabolites in clinical samples of APL patient

AS3MT ! SAM
s' P DMAsY

AS3MT
PNP, purine nucleoside phosphorylase;

PB, CF and BM AS3MT, arsenic (+3_ oxidation state)

oo 3500 B methyltransferase; 6STO, glutathione 5
,500 rpm, 30 min

transferase; SAM, S-adenosylmethionine
Blood cell

Digestion

PNP
As! mmm—p- ASTIE

P DMASTT
TO

PB: peripheral blood
BM: bone marrow
CF: cerebrospinal fluid

Digestion Ultrafiltration
'&" 8&8&A< D;
[2>10,000 rpm, 4°C, 30 min

Dilution iluti olecular
CQMU. weight fraction
I
l l Total arsenic analysis
Filtration Filtration 4 M<A
&$+ARAMRRYL &$+AIRAMRRYL

Total arsenic analysis Total arsenic analysis
4 %<A 4 2H<A

High-molecular
weight fraction

Inductively Coupled Plasma Mass Spectrometry (ICP-MS)

Yoshino ¥, Yuan B et al., Anal. Bioanal. Chem. 393, 689 (2009)
Kiguchi T, Yoshino Y, Yuan B et al., Leuk. Res. 34, 403 (2010)

Arsenic species analysis in peripheral blood plasma
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A3 7 111519 23 27 31 35 39 43 47 51 55
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Results:

The concentrations of inorganic arsenic and methylated arsenic metabolites in PB plasma started decreasing
markedly from the last administration (day 42).

Patient
years old Japanese, female
- Height 159.0 cm/Weight 67.0 kg =

Patient
years old Japanese, male
Height 159.0 cm/Weight 53.0 kg

Triyama N, Yoshino ¥, Yuan B et al., 7. Hematol. Oncol. 5,1 (2012
riyamaN, Yoshino Y, Yuan B et ol, J. Hematol. Oncol. 5,1 (2012) y 1./ yion B et . Anal. Bioanal. Chem. 393, 689 (2009)

Total arsenic concentrations in high molecular weight fraction
of PB and BM plasma

-e-PBRBCs

00"
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: I _200
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- |

5
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000L

-1 3 7 111519 23 27 31 35 39 43 47 51 55
Days after the start of administration

-1 14 28 42 56 -1 14 28 42 56
Days after the start of administration

, peripheral blood; BM, bone marrow;
LMW-F, low molecular weight fraction

The arsenic speciation profiles between PB and BM plasma showed a close similarity throughout the remission
induction therapy, although a slight difference in the concentrations of respective arsenic metabolites was
observed at each time point.

" high molecular weight fraction

Results:

The total concentrations in HWW-F were much higher in BM plasma than those in PB plasma, indicating that the
underlying reason for a higher total arsenic concentration in BM plasma than in PB plasma is attributed to the
difference in the amount of arsenic contained in HAW-F.

Iriyama N, Yoshino Y, Yuan B et al., J. Hematol. Oncol. 5, 1 (2012)

Iriyama N, Yoshino Y, Yuan B et al., J. Hematol. Oncol. 5, 1 (2012)




Summary

The behaviors of arsenic speciation suggested for the first time
that arsenic speciation analysis of PB plasma could be predicative
for BM speciation.

These results may further provide not only significance of clinical
application of ATO, but also a new insight into host defense
mechanisms in APL patients undergoing ATO treatment, since

HMW proteins-bound arsenic complex could be thought to protect
BM from the attack of free arsenic species.
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(HBFADR) In cancer cells, the increase in ROS

generation from metabolic abnormalities

and oncogenic signalling may trigger a

_ redox adaptation response, leading to an
YTRAVGKO®

upregulation of antioxidant capacity and a
shift of redox dynamics with high ROS
generation and elimination to maintain
the ROS levels below the toxic threshold.
As such, cancer cells would be more

on_the ioxi system
and more vulnerable to further oxidative
stress induced by exogenous ROS-
generating agents or compounds that
inhibit the antioxidant system.
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The increase in basal ROS generation renders cancer cells highly dependent on antioxidant systems such as GSH and,
therefore, vulnerable to agents that abrogate the antioxidant system.

Normal cells which have lower levels of basal ROS outputs and are less dependent on the GSH system, can tolerate
suppression of the GSH system by PEITC or BSO.
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Potential candidate agent in combination with ATO
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Enhanced inhibition of cell proliferation by the combination of As™ and delphinidin in
HL-60 cells, but not in PBMCs Yoshino ¥, Yuan B et al., Chemico-Bio Int, 294, 9-17 (2018).

'=<=@ 78 WHA3@E:;A8;A *" $#B5I9ED 1 @IBBT 7 1,4A459=78;849M9<;5ABA3<:28;1@B<;

g A +A A
8"
?UETIIZDUDERM, HHRIC
BEHIND)" HOTRF—R
“MA O]>
2)A 0]>

L\_ URAL' A[QABNAT R'NYA WAOI>
BURZPGOVTVANNY RNPY[_ 92-Al+)"1" 280 JAC]

61>>>AB & $ & J& s &l slas g
9RYUMQV 1AB & &$ & &S$18J& &s|8

7" AU 1AU *“+AJ +AJ 1A
8 AY
2
2
6_1>>>"AB
£
E\
@
B
1AB
g
6_I>>>"AB
$
IRYUMQY
1AB 42

6[Rd ¥ A RIRPRE RLVe———————



+3CA3C7@5D;F3D;@?A376AD: 1@8@PCEC@5;3D76AG;D:A*;GRDB@?A; ?A-/#(%A57==CA = o, m p—
DB73D76AG;DAA.. A3?6A67=A:;?;6;?"A3=@?7A@BA;?A5@>4;?3D;@7?$ [ HRIcL 3 ix.%ﬂl.ﬂﬁ!ﬂ’ﬁﬁﬁiaiﬁ)( 7{_} = 0)?2’;*}? = =58 ]
OC™ETFNIA=OUDELE, BRIZEDNRA—EERIE. SFAURY 7B OET) ~ Delphinidin DRIV 74> (GSH) E~DEE ~
8" M HL-60 Intracellular GSH (48 h post exposure)
6" ’ . Delphinidin
/u “+U +U 8[ Y 14
o Nmﬂ JEA &VZA. (.0ARN 12
INRSY |8 RroRCESYZ A (-, ABN z | Delphinidin A*NF
AOA ] ] elphinidin A*NF-«xB
snINRa] JERRBIZA L ORIN 5 1ok 2! EELERET 3
on 1 rall JEn 857 A+ XON - . ?Z 08 1
LN &H 8 RoROgSYZ A% (*0ARIN g £ 06
I&NPY | J- +AON e
61>>>AB & 5 & 9§ &5 & 5 &5 & 9 IR €04
9ROV 1AB & &$[s)& &s| )& &s[s) 1hB 2
02
6_1>>>"AB
i7" s 0 - -
na | M. AON 9RYUNQY Delphinidin 8 uM +
BNPY | BON 1AB UJ As(l)  5um - <
6 1>>>AB & 5 &| § FUQNZ\ RA, BSO 1umM - - - R " N
9RYUNQV 1AB & & $ |$) As(Ill) B3R 1EHE A
As(lll) FEZHDEKIC
AARGLEN ATARNY %A Forg =
gbﬁ%&ggﬂﬁy;ﬁ%/gzﬂﬂﬁ" R8O de|phlnldln a)f#Fﬁ ok ) n’ﬂﬂﬂﬂl*.l L\_ UPAL ' AN[QABN[A R'NYA
GSH E0RMIPEET 3 SURZWPGOVTVANIY RNPY_ 5 2-A+)"1" R8O
43 m
[ RIS & 2 MR EFRHESE X h = X L BRI ] Summary
-~ Delphmldm ® NF-«B ;EE’\‘D%% Delphinidin itself decreased NF-kB binding activity and intracellular
HL-60  NF-«B activity (48 h post exposure) Intracellular GSH (48 h post exposure) As(lll) & delphinidin $£F3 ﬁg::é[']l;;::-){gmztf.:-r:;e;;:'?;:f:mﬁ:uz;fm[ﬂ%gﬁdé"g:f:: ﬁ:ﬁé’f
12 ultlmately sensitized HL-60 cells to As(lll)-mediated cytotoxicity
EP As(Il) $E3REDHL-60 (=333
29 BEELRMRIFADEEE ,Be 155> QRYU oy
goe Bol: A
£o04 A
Non specific —> .% 0.2 _7#b3
3 o *:p<0.05 L -
Free probe —> Control JSH-23 JSH-23 +;p(<vé'<§§:m” [sAg
10uM 20 pM (vs. control) A
Delphinidin8puM - 4+ - 4+ - - .
1SH-23 M - - - - 4 - Cell viability (48 h post exposure) \
TNF-a igm - - - - -4 312 ——As(lll) alone \
ISH-23 ; NF-kB 5L RE IR ! As(lll) +JSH-23 10 M [ 8NINRS [4—[8NINR® |
TNF-a ; NF-xB SR ILEEMHI § 08 /
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L\_ UPAL'N[QABNIA" R'NYA 0 5w - B
BURZ\PEOWITVANAY RNPY_ %2-A+)1" R&O Concentrations of As(Ill) (uM) 45 46
Synergistic cytotoxic effects of As™™ and tetrandrine Expression profile of autophagy-related proteins
in human breast cancer cell lines in breast cancer cells treated with As™® and Tetra
MCF-7 (ERa+) MDA-MB-231 (ERa-)

Autophagy pathway

PI3K-I/AKT Signaling

T reondeine (nborof
el L F—— (inhibitor of PI3K
(Tetra) signaling)
[€21=3:2E 9] @

AAMAQQXAPS
Gy/G,; phase
S phase

AAMAQQXAPS

Membrane
Nucleation
Autophagosome
Sequestration, @
Phagophore

Lysosome
Result:

6o/6; arrest and S phase arrest contributed the synergistic cytotoxicity in MCF-7 and
MDA-MB-231 cells, respectively.

Yao M.J, Yuan B et al., Int J Oncol. 51, 587-598 (2017) Yuan B et al., Cancer Cell Int. 18, 113 (2018).

Autophagolysosome

6BE@YBESNPWNROA! RIAXIN_RA HDFO&Z NZZNYANTRA FNINZe PIA
IA@" Y NZZNYW[ANa\JUNTe 3 WYTAXIN_R

49



Antitumor activity of As™ alone and in combination with Tetra Synergistic cytotoxic effect of As™™ and gamabufotalin in U-87

in MDA-MB-231 mouse xenografts (A U-87 (B) PBNICs
®) ®) © [ o | | e |
| 1 | +) 0.77496
| 1 | ) 0.87181
—— EN +) 0.79036

BN ) 0.90709
4: "AWUWXLSXX|SLWRRFRX RXH
4:"AJTRPSHYBAKL\$

(A) Control (C) Gama 20 nM (D) As 1 uM + Gama 20nM
Gamabufotalin
(D) ‘ Pp-AMPK Gy/Gy —_— (6ama)
AMPK S  G/M
Result: | !
&3l The contribution of cell cycle arrest and g
autophagy induction was also confirmed in 3 — NN
p21 MDAP—MB-ZB!. mouse Xenografts % (B)As 1M (E) Gama 50 nM (F) As 1 M + Gama 50nM (RFEVER)
® Result:
Cyelin D1 — Go/M arrest contributed to the
ARTIQ # 1 #[] | #1ET | #FTH#T et syzergisiirfc!rffm?dﬂ%7°f IIASIII
6_AHRT( ! ! ! ! ! T and gamabufotalin in U-87 cells
wonsazTOaENe # T[] #a T [1 | #A T[] 9d
. . | 2021; 11: 628914
Yuan B et al., Cancer Cell Int. 18, 113 (2018). ——————————————————— 9C6R[ R[AX *}))" — Yuan B et al., Front. Oncol. 202 6289

. . . Molecules and membrane pumps involved
Involvement of autophagic cell death in the cytotoxicity of U-87 in cellular reactions of AsTI (ATO and Dar)
cells treated with the combination of As™ and gamabufotalin

Natural -Uptake
+

————————
4 )#:
e ———— -4

——-------Famm

2XAc<! & & & (|t v«
8HRHAS<! & (& +& & & | (& (& +& +&

Efflux
. y-glutamyl-transpeptidase;

, S-dimethyl-arsino-cysteine

Result:
Wortmannin significantly rescued the cell from toxicity caused by the combined regimen in a Gs, Autophagy

dose-dependent manner Apoptosis Necrosis

Wortmannin, a potent autophagy inhibitor

o NAC: N-acetyl-L-cysteine (a p
Yuan B et al., Front. Oncol. 2021; 11: 628914 BSO: buthionine sulfoximine (a GSH depletor)
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Fig. 3

The relationship between tumor
mutation burden and microsatellite
instability. a Specimens for which
we measured both TMB and
microsatellte instability. MS calls
were only available for 62,150
samples from the most recent
versions of the assay. Specimens
with TMB low and called as MSI-
Stable are shown in light grey,
specimens with high TMB
(mutations/Mb >20) are shown

in blue, and specimens called as
MSl-High are shown in dark

grey. b The proportion of samples.
called as MSI and TMB high (dark
blue), TMB high and MSl-Stable
(ight blue), and TMB low and MS}-
High (grey) for each of the disease
types with greater than 0.3% of
samples called as either TMB or
MSI-High

Zachary R, et. al.Analysis of 100,000 human cancer genomes reveals the landscape of tumor mutational burden. Chalmers et al. Genome Medicine (2017) 9:34
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