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Development of Design Space in Twin-screw Type Granulation (Third Report)

- Scale-up considerations -

Hidemasa NAGAI, Hiroe HONDA, Masayuki HAY ASHI,
The Drug Formulation Study Group in Toyama Pharmaceutical Research Association
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Summary

Continuous manufacturing is a method of continuously producing without a break between
the processes, unlike batch manufacturing, and is being introduced worldwide. The continuous
granulation system installed in our institute uses a twin-screw type granulation and a spiral
drying system, which is a different granulation mechanism from the fluidized-bed granulation
method commonly used in conventional batch manufacturing. Aiming to promote the introduction
of continuous manufacturing technology, we have so far learned quality control methods using
Process Analytical Technology (PAT) and created a design space, which is essential for the
construction of a management strategy for continuous manufacturing. In the present study,
we verified the relevance of the design space developed at a laboratory scale for continuous
granulation to the production ones. First, we used a Gf-105 continuous granulator: a smaller-
scale machine that was the same as a laboratory scale under increased granulation speed. After
requirement analysis for particle average diameter and moisture content, the products under the
four speed conditions (2-5 kg/h) showed desired values at viewpoints of tablet hardness (not
less than 40N) and disintegration time (not more than 60 sec). Next, we used a Gf-215 continuous
granulator: a production-scale machine, and the product obtained at the highest speed (15 kg/
h) under one condition (25% moisture content) met the desired values noted above. These results
suggest that the continuous production of tablets with the desired values is possible under
production scales.

F—J—RF:kERE 2R 2= TP VAR=Z; A= VT v TS
Key words : Continuous manufacturing ; Twin-screw : Design Space : Scale-up
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rpm, =774 —=FVa—fil

5) e Wyt A
SEAIREEEEE (PC-30, RRIHIAS T0K) % HIVCHEEE
ZHE (n =20 $HEEHIT, HEERERE (NT-
2HS, BWINEZEW) %M CHERHE 2% L7
(n=12).

woR

1. GBHALEREZ EITEZZREHTORBELERE/ND
X—BRDERE

] —%& 8 TR LB E 2 FIF 72 T A — v
7y THEHIEE, Sk E  (GE105) %
A THER DY CEOR B XK E) DSH—&
T HBEINTG XA =¥ G L7z, MAUIEZ R LT
AAEB X ORI &2 8 0 G- L7258, ok 628%
E30%DEMTIZBWT, (FIZH—EEWYE (F
R 0 200~250 um, K 20~30%) HfF6h
HIERSMH S & o7z (Table 1, Fig. 1). &

Table 1. EfLEHEFICH T HEREE (R OESEE) CAET—4
SR AL R 2 kg/hr 3 kg/hr 4 kg/hr 5 kg/hr
A2 1) 2 — AR 66 rpm 100 rpm 133 rpm 166 rpm
o AL 120C 120C 130C 135C
PRSI #70C F70C F75C 78T
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Ké&

i

K MERELIRFIK S 5

(n=4)

" 2kg/hr  3kghr  4kghr  Skghr | 2kghr  3kghr  4kghr  Skghr

mKEIE28% k& &30% kB 528% k& &30%
Fig. 1 &EHNEREZ EIFFETOERDE

B, A7) a—HEEOEEIIOWTIE, FEMLE =
ERERMEE O E —EIZT 5 2 L THEORBY
PRONDLZEFMEEINTBY Y, ZOHFEIHED
TR LHERE &L O E —EI2T 5T L TRRE L.

2. EHNIEREZ EIFZRETOTYA 2 AXR=A
DIREE
BEFRIZ B THESE L 72 iR O 7 4 &~ AR —
Z (Fig. 2) l22oWT?, A7 —NVT v T&iT-723
HTHLHEHTEETH S I & 2#MIES 5729, Table 1
DFAMCHR 2 BME L, T8 % EA W o RN %
fTolz. B, BEROTFTYAL v AR— 2 IIME L
e &2 EEAEAEYE (CQA) (2% L TR L 7-.
BHI— GRHERB I OER) RHBHMEICOVT
BCQALEZ b DA5, 4 nlid M (0 v] 68 7 §¢
KIWTECH AR X ORI 238 L7z, 79 A
YAR—ANDRR ZAET 5720, MKEE13228%

2 ‘e\‘ \“'\ Q"‘n

£ GERWEE AONBIE.
W@ L % FAIREERT 60.sec AT
® J * ‘p'q,!_.."" "._'

1.5 f % s

o '\'
&% %,

‘# I“. o (‘(‘ 4"“ ui.h{v
‘E) .}é‘(f‘({‘ \. 4
: #F il

160 180 200 220 240
PR T (um)

Fig. 2 EFEHREOT YA ANX—-2

BEU30%D2KEEL L, WHEEIZ2, 3, 4, 5
kg/hr? 4 et Ciah 21T o 72, WRRISITEEL, $E
AWVE 2 B L 72855, $RTORBEEIZ B W T,
FERI OWVEME I HERE (S REREAONDL L, i BRI ]
60K LIN) Zii7z L7z (Fig. 3).

3. RAEEBERWERT—IWVTYTILBIBTHA
> ANR—ADIEEE

WIZ, FHEEEREZH VA — VT v FI2BNWTY
FHAL VAR=APEITE DL Z L2 WRGAET 5720,
FAEERE (GE215) ZMiH L7-EBr% FhE L7, g
WX R ERKETH H15 kg/hr& L, MAKEEIX
20, 25, 28, 30%® 4 KMEZ TN ERREI T2, £
DFER, MK E25%DFRL D AT H A 2 AR— R
PIZA->TWAZEPHLNER -7 (Fig. 4). Z
DOFRNZDONTI GEtk, SEAIWMEZ S L 7-/%, B
Tl (SERIAIEE40 NLLE, ARBEREERI60RPLIN) % i 72
LTWw5 2 EDMER S NIz (Table 2).

z B

A8 X AR 2% T I N C 0 i fe A i Bty D5
AL, EENEEOEEALEZNLZ L2 AL
L CHfe A o s & H v 72 BRI BRSS9 2 Wi & 5
fELTWwW5b29, ZhITomahicky, #diLEo
EHEIEOMEICAEN 2 T A Y AR=ZIZDO0nT,
THNNTXA=FITMA, dEfEkfice=41) 70
REZe K L PR TR EZ W2 T A Y AR— A%
L7, SIS TEBoRETIX, EEWE
HPE (CMA) 2PATY —VIZEkhE=ZFY) VL,
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Table 2. AT —LWT7YTEICE B TYA D AXN—ADIKELER

k&

25%

SEAI L

568 N

i SR ]

49.3 sec

74— Ny ZHlESEERT) I LICLY, HEETS
i B O FEA & R I BE T REE 4 5.
FITHEBIIAr— VT vy FRMEL, H—¥%E
CHRONAUTE R & 2 2 oYty & FEAEBERR A L 72
BIZBWT, WELLTYAL Y AR=ADEHTE S
CLEMEEL:. ZORRE, MATr—IV7 v 7RI
BWT, THA Y AR-AWNTHER L 72BN %2 HWwT
Frge L 7-ge i HAAE (REEE40 NBL b, 3w [
60 LIN) ZWi7z L7z, EEERTORATr—VT v
FEERTIEA T — V7T v THRUOBEREMA»EL, 7%
AV AR=ANDORD 1 LB NGl

LS, 1HOARTOWMGEE Bo/2b DD, FHA »
AR—=ADHEHTEL Z MR INT. T2, 5K
B TIIMAKE628-30% T D IERIFIZFH A » ZAX— R
WIZAZ R 215 2 ENTETWID, EAEERT
XTHA VAR=ANICAL Ld o7z, TOEKE L
T, EAERTOEBARSBEZ ONL0, 5%
Bl R ORI ETH AL LEZBNS. &
DICEAEFERTOR T =T v 75T AL L
HIT, BRI X 28 AGMENOREIIOWTH
AT LUENRDHLEEZD.
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Anti-tumor mechanism of a succinic acid derivative of betulin
in a B16 melanoma-burden mouse model.

Masaru OGASAWARA, Masahiro HAMADA !, Hiroe HONDA, Tsutomu YANAGIBASHI,
Yasuharu WATANABE, Takayuki MATSUNAGA, Noriyuki NAKAJIMA !, Yoshinori NAGAI 2,

Kiyoshi TAKATSU

*1.2 Department of Pharmaceutical Engineering, Faculty of Engineering,
Toyama Prefectural University

AHFZETIEZ, X)) ¥ D 3L 28I a7 B2 AN L 723584k (BD-17) OHUEE#)A & 1EH
AHZANIOWTHGET L7z, BIGEMREEOR P~y A7 VIZHEWT, BD-173 L O
R ARICEHEILZ2. LA L, BDATIZEBRENIZ B W TTGE- B 12 & 0 #i] & 1L 7= NKHllig o i 45
T2 MEIE R0, DNARA 707 LA NTIZE VT, BD-1713B16F10M1f (2 3B1F % Mitf
AR T 0SBl 2 3 O 5 430 1l L7z, Mitf mRNAIZH % siRNAIZB16F 10AMd o> 1 5l
% #180%FHE L, BD-17% JREEIZARAF LTI 2 B L 72, BD-17IEMit AR O FEB % Hl 5 5 s
BERFSox10D#IZ TR L E IR L7z, Thoo#iRD 5, BD-171&Sox 108 (5T O s BN %2

I UMt OFEHZ IR L, £ ofER, BleEE RO 2 i L2t 2 5hi.

Summary

In this study, we examined the antitumor effect and mechanism of action of a derivative of
betulin (BD-17), where succinic acid is added at the 3rd and 28th positions of betulin. In the
subcutaneously inoculated mouse model of BI6F10 melanoma, BD-17 treatment significantly
inhibited tumor growth. However, BD-17 did not restore the cytotoxic activity of NK cells
suppressed by TGF- fin vitro. Using DNA microarray analysis, we found that BD-17 decreased
the expression of the Mitf gene to about one-fifth of that in the control group in B16F10 cells.
siRNA targeting Mitf mRNA inhibited B16F10 cell proliferation by approximately 80%, and BD-
17 also inhibited B16F10 cell proliferation in a concentration-dependent manner in vitro. BD-
17 strongly suppressed the mRNA level of Sox/0, a transcription factor that controls Mitf gene
expression. These results suggest that BD-17 inhibited the growth of B16 melanoma in mice by
suppressing Mitf gene expression through the inhibition of Sox/0 gene expression.

F—T—NK: XYY VEFEAR  Mitf; SoxI0 ; BI6F10:ia
Key words : betulin derivative ; Mitf'; Sox10 ; B16F10 cells

Z <D CHEEEANE 2 5 A
B RN i LAY

F7— (NK) Mz 75 L pibliReE z s s &
B DL REHZRTAL

(TGF- B X U'PGE:) D) & % fbrd 2 WE ORFKE
n%ﬁﬁ_&) FiE  (Betula platyphylla) O K5O X
V) VICHWET2HERMEEZ RB LAY, 5612, 28
ABRER 7 ATV & VTSP S, X)) Vi3
BE R E R 2R3 & & ICEE RN F 29 v

EWEIAE I N TV R oz b, XYY Uik
LW A TOPAGHREIC R L0V H S &%
A, ARG E VAR T AET IV E w723
il 2 D T E 72, TORGR, XV LTH NN —
MG 7 3 B E AN S R 7 AR DB e DU



WRERTIEEZME LAY, LaL, ZhoHE
RITER D IIERRIEIRZ L) S e E sz, 22
T, BERD» A% B IERER R TILE WO
RAHE LA OFEEKIZOVWTIMEED L 2
B, XYY D 3L AN BEMNINL-HE
Kk (BD-17) (Fig. 1 A) S REAIEREZES 2 & %
CHIRVWBUEBIAI R Z R L2 R Lz ABFETid
BD-17OEH A B = X KO WTHE L7,

eSS Wb

1. EBRRE
1-1. BARE

N 1) vidExtrasynthesek DA L 72, RY A
IR FYUEE (R (IC) KOTGF-p ik
InvivoGen . O’PeproTech X ) ZNZFNEEA L 7. ¥
VBRI (FBS) ZHyclone?2» 5HEA L 72, R=
YUYy, ANV T bIRA VY, 2ANVHET LY
J — )V} OFRPMI-1640%% # 1ZGIBCO X v B A L 7-.
Calcein- AMIF R Ab =W ZERT L D EA L7, 2577
F+—¥ARUDNase I 1317 2 FOSigmak ) ZhZ
WEA L 7. PiCD16/32pifk (24G2), APC-Cy7
PLCD4SHL /& (30-F11), APCHINKLIPL & (PK136)
K OY7AADIZ HABDX 9 i A L 72. FITCHICD 3
e Pufk (145-2Cl11) iZeBioscience X V) B A L 7.
U0126, Y A7 9 F v JU5-FUIL, ThEFh7u
A K, Wako, LU+ H I 4 X YEEALZ MITF
SIRNAK 82 >~ b 1 — )UsiRNAIZAmbion & ) A L
7z

1-2. BD-17

BD-1713, LT oK ETER L. x> 1) ¥ (1.00
g, 2.26 mmol) B L 4- (dimethylamino) pyridine

(DMAP, 55 mg, 045 mmol) % pyridine (45 mL)
WCHER L. ZOBWIIc 0 C TKkanzig (113
g 11.3 mmol) ZMz, HE52LH 8 T IZhdTH
WA A VNZZERL, TIVITYEHLAT T 24 B
MLz HErux 774 —TRXY Y YD
ARy FOHIEMHR L. KEH, KEMZTK
E kD, 10% HEEE HwCEBEIC L. XvEy
THHML (x3), @AKELK, 5% EEE K fa
MEIEARONEC TS L, WK MY 7 L TR
L7 WREEF FY 22 ABTHRE, BEEZ I NK
L—y =T L7 BiEEZ VX vhsrruax
b9 74— (10% MeOH in CHCl;) THE#4 5L
BD-17 (1.28 g, 88%) A" H@FRE L TfHbN7z. 1%
SN7ALEWIZ LT O ER A 5BD-17 (betulin- 3,

28-succinate) TH 5 T & ZMERA L7 Re = 033 (10%
MeOH in CHCl3) ; mp = 110-112 C (EtOH-EtOAc) ;
[a]p®® = +9.61 (c 1.04, CHCl3) ; 1H-NMR (400
MHz, CDCl3) 6= 0.62-1.80 (m, 43H) , 1.90 (m,
1H) , 237 (dt,J =108 and 100 Hz, 1H) , 257-2.70
(m, 8H) ,384 (d, J=108 Hz, 1H) ,427 (d,J =
104 Hz, 1H), 446(dd, J = 164 and 9.2 Hz, 1H), 456
(s, 1H), 466(d, J =16 Hz, 1H)ppm; *C-NMR (100
MHz, CDCl3) ¢ = 148, 16.0, 162, 16.5, 18.2, 19.1, 20.8,
23.6, 25.2, 27.0, 27.9, 29.0, 29.1, 29.3, 29.6, 29.7, 34.1, 344,
37.1, 376, 379, 384, 409, 42.7, 464, 47.7, 48.8, 50.3, 554,
63.2, 76.7, 81.6, 109.9, 150.1, 171.8, 1724, 178.1, 1782
ppm; ATR-IR (neat) v = 2942, 2872, 1730, 1709,
1642, 1452, 1390, 1363, 1235, 1159, 1106, 1043, 1007
975, 915, 882, 843, 802, 748 cm'; ESI-LRMS (neg) m/
z =641 (IM-H]") ; ESI-HRMS (neg) m/z = calcd for
C38H570 8 641.4059, found 641.4062.

2. DABHEYIAET IV ERWEREEDRRVE
EANKH A DEER
2-1. #RXUHEE
~ v AEEERAEME (BI6GF10) K U~< w7 X
YAC- 1 A AR 22 2 27k 22 Fe 16 P i el e O
s =X ATFL, 10%DIEBILFBS, 100 U/mL
DOXR=Y) ¥V, 01 mg/mLOANLT <A T VR
55 UM®D 2-A VA7 v 1% ) — )% &L RPMI-16405;
ol THEAR, HMEREL 72,

2-2. mEESHROME

BI6F10Mila 2~ A DB TIZEBM L7 ET7 V& H
W, PR ICHE T CHER L 720 BAKICIE, BI6F10
M % 2 x10° /005 mL ') > P& 1 A PR A K
(PBS) IZ#H#L L, C57BL/ 6~ A (84, M,
SPL/HE) 12~ A4720005 mL3 O FIEHE R FI12#
fli L72. BD-17120.1% Tween 80% & t»PBSIZH& L,
WAHM%2HEB25I5HHEEC1HI1R, BD17%
<~ 7 A 2472045 nmold H & THEH NI E- L7z (50
uL/~ ). WHEIIZEE (01% Tween 80% & és
PBS) #ZFEkICHeS- L7z HEEEE2HDAH VI3 H
BEICHEL, AT oMEEARRE, BEXWEE XM
/2 CHIB L WMWY oxy ) VFEEARTIRES
%1 H BB G5B JH B & A 70 SEFERERE IR ASEL
bN7=ZEh5, BDITIZOoWTdHE5% 1 HEICE
FERRIERDF M OWTHEIZE L., 7 ZEH I
72BRBETTCHETE L, IO & KEAKZ HHENZIEE
TE5 L9105 27, —HBOP L%, FEBIMt
L7z 3T OB EIZ20154F B & L ISR F R A0



T v ¥ — IR
7=.

B P CTHEML

k=13

HEDK

2-3. BEBERANKHEEOEN

2-2. PUEERFREOME OFIZHE L CTC57BL/6 <
v A (8:E4, ME, 3VL/EE) CBI6F104M My % B2 fl
L7, PAEEZ2HE2S59HHBEFTIHILM,
BD-17% ~ ¥ A %472 ) 45 nmol® JH & THEH NI x5
L7z dREEICIEBEE (01% Tween 80% & EPBS)
RIS Lz, #&5G%k1HH, 4HH, RV
SHHEIIZHKAMBZ R L 72, PPAMBEZ 1 mg/mL
254 F—+EAKU200 U/mL DNase I THLE (37C,

) L, NI b, FAer T4 vy —
(70 pmAR 7% A4 X) (Falcon) 2L TF7 V) A%
Brde L7z, .0 430 x g, 10 min) %, EiEZB
L, BoNMIEE210° fl/mL& %5 X9 IZH# L
7z, MlE % PiCD16/320k (24G2) THLE (1.5 ug/
mL, 4T, 15 min) LFecx®&RKzZ 70y 7 L7z,
APC-Cy 7 $tCD45%t & (30-F11), FITCHICD 3 ¢ #it
fk (145-2C11) K OFAPCHINKL1HL f& (PK136) T
MLiE (025 ug/mL ~1.25 ug/mL, 4T, 058F[H) L
7o, MM A BEEEE, TAADERMLT7O—H%A4 b
X —%— (FACSCantoll, HABD) ZX DifllzE L 7.

3. TGF-BIZ & WIMH S h/=NKi#lfa D fREEE
HICHT BRE

PESRICHE U TR L 722, BAAMIZE, v A

(BALB/c, 7-8#4, M) X 02 ERICL, MLl
Ml 2L 72, "V v HDWIEBDA7IEY A F U

ZNWVEF T F (DMSO) IZ#EM L T5mMBEWR & L,
C DR % 8 H AR L TR BRI A U i TO.5F

MILE L7, SHEBEIZIZDMSO%#01% & 7 5 X 912
miz. Zot%, KU (IC) BXUTGF-%10 ug/

mL&% 0805 ng/mL& % % X 9 Zd@mL, 967 = v 7
L— b (FALCON) IZHfL TA vy Fax—%—N
(5% CO2z, 37C) T20WEMLE L. ZoMisz
R (10% FBS% & & RPMI-164055#1) Tt L —
77— (E) L7 #—%v Ml (T)
2id P Hcalcein-AMA HL ) A £ 4 7-YAC- 1 iz
W7o IS RZE/THRIOE & THEE#ZL, 41
Mo LiEhosotE %l E (BioTeck, FLx800)
L7z, Ml Emrid kR c X Dl L7,
MR = (%)

CHEME — F AR ) /
¢

= (i
(RRHDEE - HAAHE) %100

4. PAMBROEGETFRERICKITFIZE
4-1. DNAYA -0O7 LA @&

5% JE ) {tFBS% & t-RPMI-1640%; #i TB16F10
Al % 4 x10* B/ mLIC#HEL, 67z V7L —F

(Corning) 128w = V4 7-0 4 x10* Ml 2 #& Ml L
7o, MDY L — MICEEAER, BD-17% #iEE20 uM
b XolwmmL, 4 vyFax—%—»N (37C,
5% COz) T3HMRELZ., I ¥ Fa—VICIEHE
B2 WAL L 72, BE#8#% T 1%, RNeasy mini kit
% HWTARNAZ #iH L, BioSpec-nano (581
Fr) IS X DRNAREZMWE L7z, 05 ug/ul (O.D.
260/280fH IEBD-17ALE K ¥ 3 >~ + o — Vg w3 h
H22TH-72) IHELDNAYA 7 a7 L AL
72. DNA~Y A4 717 L 4 2i1XGeneChip Mouse gene
2.0 ST array (Affymetrix) ZH\w7z. DNA~Y A 7 1
TUVADFEIT7 4 NVY = VKB L. 7— 7 O
MrixGenenSpringV 7 b v 27 (7YLV ¥ b 52 )
oY —) #HWTIT, 2N A Y o A AT IZIngenuity
Pathway Analysis¥ 7 b7 =7 (747 V) 2w
THREL 72

4-2. MitfROTyr BIFDEEPCRE#R
EE%’( CHEUTEML 2. REEME A W RE
A%, 5 %D IEMILFBS % & TrRPMI-164055 #s C
B16F107ﬁﬂ]ﬂ'ﬂl% 4 x10* fA/mLICHBL, 6 VT
L—MIZHET 2 V4720 4 x10* il 2 #EFE L 72,
faA7 L — MZ#EHEEL, BDITZRML, 4 v F =2
NX—=%—W (37C, 5% COz) TI1~ 3 HHLERE,
RNeasy mini kit (# #5854 %) ZHWTERNA%Z
L 7=

R YA HOIBE O, BABHI~ Y AET
VOIEIZHE T TCH7BL/ 6~ A (84, M, 3T
/HE) ICBI6F10Mfe 2 #AE L, DSAHEMEZ 2 HE» S
OHHZTT1HI1M, BD-17% <~ 7 A 472145 nmol
O ETHERENICRS L sFRECEEE (01%
Tween 80% & &PBS) % [MEkIZH G L7z, &5k
#%1HH, 4HH, KO8 HHICHAMEZRIL,
T DAY AHRRA 5RNeasy mini kitw H v T4RNA
ZHh L7z,

%€ ®PCRIZSYBR Premix Ex Taq II (¥ # F /54
F) %M v T, Mx3000P qPCRY¥ A 7 & (Agilent
Technologies) CX D FEfE L7z, "I AF -7
BAE T 1213~ 7 ARpsI8 mRNA%Z vy, xfFREEICL
% AR ICLE L 72/ife 2 w72, <7 ARpslS,
Mitf, Tor mRNAICHT 27 T4~ —E5 5554 *
2HWEALZ (Table 1).



Table 1. Real-time PCR primers.

Gene

Gene Gene Name BmES
Symbol

Ribosomal protein S18 Rps18 | Mus musculus ribosomal protein S18 | MA050364

. . . Mus musculus microphthalmia-
M|crophthalm|a-assomated Mitf associated transcription factor, | MA172967
transcription factor . .

transcript variant 1

Tyrosinase Tyr Mus musculus tyrosinase MA156850
SRY (sex determining Mus musculus SRY (sex determining
region Y)-box 10 Sox10 region Y)-box 10 MA111002
Paired box 3 Pax3 Mus musculus paired box 3 MA111849
CAM.P responsive element Creb1 Mus mus.cullus cAMP responsive |\ 1110837
binding protein 1 element binding protein 1
Lymphoid enhancer binding Lef1 I\/'Ius' musculus Iymphqd gnhancer MA153348
factor 1 binding factor 1, transcript variant 2

5. fMBIIEFEIC RIFTMITF siRNA. BD-17TRUN
V) DRE

5% k) {tFBS% & &RPMI-1640%% # TB16F10
MR 2 2 x10* fH/mLICAE L, 247 =V 7L — b
(Corning) 12& 7 =)V ¥7-0 1 x10* fHZ B L 7.
MIfaAS 7 L — MCHER, (LAY EZRETHRML
£ vFa~_R—%—H (37C, 5% CO:) T3 HMM
Bl oy b= VICAEZRBRCRINL 2. 5
BT, HF7 o5 M) 7Y VXY MR
ZEILL 72, UL /08 b Uy 7OV —Z 3
L, MEREIEMRE W CAEMBEZE L. MITF
SIRNADEH O MENZ B Tix, BI6F104H 1 % 10%
DI LFBS % & & RPMI-164055:# (HiEWEAE)
T1 x10* i/ mLICFAB U721, 247 = V7L — FIZ
Z VK720 ImLy oML, [ v Fax—%—
WCT—BR L7, 2ok HriEsiicsciil,
MITF siRNAE A& D 533 >~ b a— ) LsiRNAE
A2 A SCGEICRE VIR L&Y = VI L 7z,
£ vFax—%—P (37C, 5% CO;) T3 HIML
B, £z uhn YT I X DRI % Y
L, IMEREHEAR Z MBI R E 5 L 72, EAI
VR TI =GB X ) B,

6. MitFEEFDRIRICKIZT HMIETERREXR DFE
5% JE M {LFBS % & $:RPMI-1640%; # TB16F 10
faZ 4 x10* fll/mLICB# L, 67 V7L — MK
x4 <10 AR L 2. Ml T L —
MIEELER, LEWERML, 41 v Fax—-¥F—H
(37C, 5% CO:) T3 HIMMET%, RNeasy mini
kitZz v TERNAZ i L 7. & &PCRIX, 4-2.
Mitf e O Tyr 15T O 2 mPCRIGNT OIH & FARIZ L T

FEh L 7.

MIBBN A T = v EOBEICBVTIE, 5% OIEMHE
{LFBS#% & trRPMI-1640%5 b TB16F 10 i % 6 x10°
fE/mLICFHE L, 150 coiffifaissE 7 9 A 21287 5 A
2720 6 x10° HEIBMEL 72, M7 5 A a1
H, ALEWEREML, 4 v Fax—¥—P (37C
5% CO;) T3IHMMWELZ ZFof %75R2
PO MY T VBN E DA RN L, MEREHEAR
W TAMBEZR L MBI Y ST
V=G 2 X ) Brnie, ZHREICOWT, 1.2 x 108
DOEMIZERL Yy ML TEEIE L.

7. MitfEEFDRBR ERICEELRGETRFHDE
EFRERBICKIFIHE

BEHICHE U CER L 722, BARMIZIE, 5%DIE
B fLFBS% 4 £ RPMI-1640%55 #1 TB16F105M i % 4 x
10" i/ mLICBB L, 67V 7L —bMIEKET
17204 x10* HAEFHEL 72, M2 7L — MicH
H%, BD-17%2#MEE20 uME 25 Lo ZimmL, 4
Y¥Fax—=%—PH (37C, 5% CO,) T3 HMLE
#, RNeasy mini kit W TERNAZHIH L7z, &
HPCRIZ 4-2. MigfR.UTyr B{ETF 05 BPCRIFH O
HERMICLTEBLE N AF—¥ v T#EaT
[Z1E~ 7 ARps18 mRNAZ My, WFHARRICIZ W%
FIREICHLE L 7-5a % fv72. <™ &, SoxI0, Pax,
Creb 1, JULefl mRNAIZHWHTAHTIA4~3—1k%
B INA F P OHEA LT (Table 1).

8. #EHLIE
MEMEOAH EFXABEX, Student® t BEIZ X D fT-
7z.



w R PUE B S B o W THiEF L7z (Fig. 1). B16F10%
W% 2HHXYISHH T CTBD-172 ENICRS- L7
1. DABEYIAETIZRAWnEEDIRKROE EZ A, XA THEE QM ASA B &

BANKHE DEEHT h (Fig. 1B), HAEMBEOLERENRD S/ (Fig
1-1. MEESHRORE 1C). HG-EALIEBIZW] S 2 7% SRIERRIEIR TR D 5

BI16F10# 2 © Bz T & Hli € 7 v % v T, BD-17® Wih o7z (Figs. 1Dand 1E).
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Fig. 1. Anti-tumor effects of BD-17 in tumor-inoculated mouse model and analysis of tumor-infiltrated NK cells.

(A) Chemical structure of BD-17. (B, C) B16F10 cells were subcutaneously injected into mice. BD-17 or vehicle was
intratumorally administered daily starting at 2 days after tumor cell injection. Every 2 or 3 days, tumor nodules were
measured with a caliper. Data are expressed as the mean + S.D. of eight mice. Survival of the mice in each group was
checked every 2 or 3 days. Open circles indicate the vehicle-treated group; filled circles indicate the BD-17-treated group.
(D, E) Photographs showing representatives of mice on day 1 of post treatment with BD-17 or vehicle. Arrows indicate
tumor nodules. (F-H) Representative FACS profiles (F), percentages (G), absolute number (H) of NK cells (CD3e NK1.1*
cells) in CD 45" cells accumulated at tumor tissues. (I) Tumor tissue weight of mice administered BD-17 or vehicle as
described in Fig. 1B. (J) Absolute number of NK cells per g tumor tissue. Data are expressed as the mean = S.D. of 9
mice pooled from three independent experiments. *, P<0.05, **, P<0.01 vs. vehicle treatment; N.S., not significant.



1-2. EEANKHHRRORR
FTalTINF TIT, REFEL T CSAMERAL~< >
AETFIVICBVWTRY Y ¥ EEHENICES L2EE,
JE 355 J&3 FIT~ O NK e o> #7535 186 il 0 ) 1 2 T 2
ThHIERZMELTWAL. BD17IZ2WT b Ak
WCHGET L& 25, HBG5BMH4HRD 8 HIRICBWT
NEKHIHL o 814 K OSHI B B ok BB 12 LT B
o7z (Figs. 1F, 1Gand 1H). —7, BEEALKEE
HIIBD-17H G- CHEICKL - 72 (Fig. 1) 2 &
A5, BEEHRRER Y ) ONKHI B, WEEE e
BD-17# 5B OB THERZ I kb -7z (Fig. 1]).

2. TGF-BIZ &Ml X /=NKHB DM REEE

HICH T BRE
XYYk, KU 1:C) OHFLEFIZBWTTGE-
B & 0 B S A7 NKAHIIE o0 M 455 2 06 1 % Il 45 &
502, BDATHRY Y v EREOER %2R 3 28
L7248, BD-17 (125 ~ 5 uM) ZTGF-12& Y
P S A7 NKA L o M B 455 5 06 14 % 14 S & 7 22 o
72 (Fig. 2). —%, Bl eE LTHwAxY ) ¥
(5 uM) IITGF-BIZ L 2l ZME Sz, T
DFERD S, BD1TOPER A A = XA L1E XY 1) v &
WFRAEBEEZT.

30
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Cytolytic activity (%)
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Fig. 2. Effects of BD-17 on TGF-B-induced suppression of cytolytic activity of NK cells.

Splenocytes treated with BD-17, betulin or vehicle for 30 min were incubated with 0.5 ng/mL TGF- § in the presence
of 10 pg/mL poly(I:C) for 20 h. The vehicle control was applied in the same manner. The cytolytic activity of cells was
evaluated at an effector/target ratio of 100/1 using YAC-1 cells. Data are expressed as the mean = S.D. of triplicate wells.

** P<0.01; N.S., not significant.

3. PAMRDOEEFRRICRIFIZE
3-1. DNAY A 707 L1 f&h
BD-17/3BI6F10M B IS HEA/EH L T2 & & 2
DNA~ A 7 a7 L A % v CTBI6F10MIHL 0 (515
HICH 2 B2 M U7z, BEALE U 72 e x5
LHBD-17ALE L 7-Mifa o En FElEZ g L 728 2
5, A1/ 5 LTI Lz # 5289 Ff, 56%
PLEIZ ES U728 5 725168580 S 7z (Table 2).
WA 2 ANz EL72E 25, BERGHNT
T& % microphthalmia-associated transcription factor
(Mitf) ZHl& 32 8HEDBIE T DI A A
CWBEZITWDLI e Grotz (Fig 3). 20
MOBIZTFIZOVTIIMHEOEIZED S5
7. INLHOERPS, BDATOEH X 7 = X L1
MitfBZF OFRBREI G- L TnWb e E 2 7.

3-2. MitfRUTyr BIzFDEEPCREEMN

MITF% T idFa >+ —¥ (Gr) BT oz
L w5, 22T, WEBRENIZBIT 5BI6F10
22 W TMitf e O Tyr mRNADFEH I3 T 5
BD-170 %% % #iif L 72 (Figs. 4A - 4D). BD-17
(&, Mitf mRNA® S8 % WL H 8O OV BE AR
LCHBEIHHIL, 20 uMT 3 HFEWLE L2354,
REEDFRI20%12 F CTHIH) L 72 (Figs. 4 A and 4B).
BD-17137Tyr mRNADFEBIE b FARIZHH L 72 (Figs
4Cand 4D).

WIZ, =7 AWK TRH L 7-BI6F10M g 12> w»
T, Mitflt O'Tyr mRNAD 5B & 128§ 5BD-170 3¢
B g mPCRICE Y #i L7 (Figs. 4E and 4F).
BI6F10fi e o # A4 2 H H & Y BD-17% JE 55 4 12 58
H¥5 L2k 25, Mitf mRNADSEH &35 1
H H CX T OK60%ICHH S h, #5#%4HHET
X #930%12 T THIHl X 7z (Fig. 4E). BD-17135r
mRNADFEH = b FAICHH L7 (Fig. 4F).



Table 2. DNA microarray analysis of BD-17-treated B16F10 cells.

Expression rate

Gene symbol Gene (BD-17/control)
Nr4a3 Nuclear receptor subfamily4, group A, member 3 0.08
Hpgds Hematopoietic prostaglandin D synthase 0.1
Insc Inscuteable homolog (Drosophila) 0.14
Mc1r Melanocortin 1 receptor 0.16
Bace2 Beta-site APP-cleaving enzyme 2 0.17
Mitf Microphthalmia-associated transcription factor 0.17
Prickle1 Prickle homolog1 (Drosophila) 0.19
Miph Melanophilin 0.19
Abcal?2 ATP-binding cassette, sub-family A (ABC1), 019

member 12
Akr1b7 Aldo-keto reductase family1, member B7 18.3
Sic40a1 Solute carrier family 40 (iron-regulated 95
transporter), member 1
Wisp1 WNT1 inducible signaling pathway protein 1 8.8
Ngo1 NAD (P) H dehydrogenase, quinone 1 7.5
Cyr61 Cysteine rich protein 61 7.5
Steap1 Six transmembrane epithelial antigen of the 74
prostate 1
Fn1 Fibronectin 1 7.4
Gsta3 Glutathione S-transferase, alpha 3 7.4
Gadd45a|E230016 Growth arrest and DNA-damage-inducible 45 79
M11Rik alpha |RIKENcDNAE230016M11 gene '
Timp3 Tissue inhibitor of metalloproteinase 3 7.2
Adh7 Alcohol thydrogenase 7 (class IV), mu or sigma 6.3
polypeptide
Dgka Diacylglycerol kinase, alpha 6.2
Progestin and adipo-Q receptor family member Il|
PaarafBmpzk B e kinase ’ 6.0
Srxn1 SulfiredoxinThomolog (S. cerevisiae) 5.7
Fam129a Family with sequence similarity 129, member A 5.6
Ccl5 Chemokine (C-C motif) ligand5 5.1

B16F10 cells were treated with BD-17 or vehicle for 3 days at 37°C, then RNA of the cells
was extracted and applied for DNA microarray analysis. Genes showing the expression
rates over 5.0 or under 0.2 are shown.
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Fig. 3. The interaction network obtained by using the genes shown in Table 2.

Interaction network was modeled using Ingenuity Pathway Analysis software. Solid lines represent direct interactions,
dashed lines indicate indirect interactions. Network shapes display biological functions of genes.
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Fig. 4. Effects of BD-17 on mRNA expression of Mitf and Tyr genes in vivo and in vitro.

(A, C) B16F10 cells were treated with 20 uM BD-17 or vehicle for indicated days at 37C. (B, D) B16F10 cells were treated
with BD-17 or vehicle for 3 days at 37C at the indicated concentrations. Then, RNA of those cells was extracted. (E, F)
B16F10 cells injected into mice were treated with BD-17 or vehicle as described in Fig. 1, then RNA of the tumor was
extracted on the indicated days. cDNA synthesis and real-time PCR were performed for Mitf and Tyr genes as described
in the Materials and Methods. Data are expressed as the mean = S.D. of triplicate wells (A-D) or three mice (E, F). **,

P<0.01 vs. vehicle.

4. MRRIEFEICRIZTMITF siRNA. BD-17TRUON
V) DRE

MITF ZB16F 10/ g o> 5 5ifi .2 8 % 2 Ml N 43+ C
HHIEPHEERTWSEY, 22T, REBRENIC
B\ TBI6F10M i o B4 5t 12 %F 3~ 2 MITF siRNA K O
BD-170 32 & % i 5f L 72 (Fig. 5). B16F10#i iz %
MITF siRNAT 3 HMLE L7-& 25, MBI
MEEE (367 = 34 x 10ME) 1k L CRLERETIX7.3
£ 11 x 10ME & & 0. K38 5L R 80% ] X L 7:

(Fig. 5A). BD-17% B16F10#fH Jiw o 5 5ifi 2 #9] L,
50%PBHEHREE 13415 uMTH - 72 (Fig. 5B). BD-17
OEEERZ, RERE LTHWAXY Y ¥ (50%
PR EE © #932 pM) X D d§§h oz, ThH DR
K5, BD17TEMitfiEfn+ 05 2 Wi+ 5 2 &£ T
B16F10Mifa D¥ghi z2 fHE L T o & E R 7.

5. MitfEEFORRICKRIZT HHIETERER ORE
BD-1712 & 2 MitfiE =1 O SE BLINHI I, Al e 5 il
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Fig. 5 Effects of MITF siRNA, BD-17 and betulin on B16F10 cell proliferation in vitro.

(A) B16F10 cells were seeded at a density of 1 X 10* cells per well in a 24-well plate with RPMI-1640 medium containing
10% FBS without antibiotics, and cultured overnight in an incubator. (37C, 5% CO.). Subsequently, the medium was
replaced with fresh medium, and MITF siRNA transfection solution or control siRNA transfection solution prepared
according to the manufacturer's instructions was added to each well. The cells were incubated for 3 days at 37C. (B)
B16F10 cells were seeded at a density of 1 x 10* cells per well in a 24-well plate with RPMI-1640 medium containing
5% FBS. Subsequently, compounds were added at various concentrations, and the cells were incubated for 3 days in an
incubator (37 C, 5% CO,). Control cells were given vehicle in the same way. (A, B) After the incubation, cells from each
well were harvested by trypsinization. Dead cells were excluded by trypan blue staining, and the number of viable cells
was evaluated using a hemocytometer. #, P<0.01 vs. control siRNA, **, P<0.01 vs. vehicle.
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Fig. 6. Effects of cytotoxic agents on mRNA expression of Mitf gene and melanin level in B16F10 cells.

(A) B16F10 cells were treated with BD-17, cytotoxic agents, or vehicle for 3 days at 37°C at the indicated concentrations,
then RNA of those cells was extracted. cDNA synthesis and real-time PCR were performed for Mitf gene as described in
the Materials and Methods. Data are expressed as the mean + S.D. of triplicate wells. (B) B16F10 cells were treated with
each agent indicated under the same conditions as in Fig. 6A. After the treatment, cells were harvested by trypsinization
from each well, dead cells were excluded by trypan blue staining, and the number of viable cells was counted using a
hemocytometer. Equal numbers of viable cells (1.2 x 107 cells) in each treatment group were pelleted and photographed. (C)
B16F10 cells were treated with BD-17 or betulin and applied for the analysis of mRNA level of Mitf gene as described in
Fig. 6A. ** P<0.01 vs. vehicle. #, P<0.05, *# P<0.01.



HEEHOMRECTHLTRELEZEZONSL., 22
T, Mitfi& 1z OB B A3 e b 5t BH 2541 o 5 22
ZOWTHES L7 (Figs. 6 A and 6B). EBRIZIZ,
B16F10M g o Hi5iti # Fig. 5 BOALE 44 F T50% 2L 1
FHES 22 iz ZofE, U0126&% 085 -FU
WLIEZ X ) Mitf mRNAO R BT AEIC LA L
(Fig. 6 A). Y AFS5F VY IIRBRICHELH5 2%
Moz, —J5, BD-1713Mitf mRNADFEHE % A 512
P L 7=

MITEFS F 3 DrBm FORMUHEHEZ ML TR T =
AR LIRS L TWwA Y, £ 2T, BI6F10MM
#Fig. 6 AlRTHEUTENZTNOLEY TRLIE L 72
%, KA CEMBEEEHLRLY Y ML THETH
RBL7z. ToME, BOCHRTEL A= romi
BD-17ALERECTIEHI & 2 I TF L7228, U0126, ¥ A
T5F KROS5 -FURBRTIXITE A EEEIED S
NZih o7 (Fig. 6B). Thb5nZ EA5, BD17IC
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& B Mitig{n- O FEBUIHNZ, R85 e 121X
AL TWaEWEEZ BN REBSIRE LTHW
XY VB EPIIMit mRNADO S & 2 #0) L 7228,
Z O WHEH EBD-170 F 25K B Al W A - 72 (Fig.
6C).

6. MitFEEFDORALARICEEZELREGETRAFEHOE

EFRRICKIFTHE

Mitfi g1z + o 5B, 5K ¥ Td 5S0X10,
PAX3, CREB, RULEF1IZX ) IEICHIW ENT
WwWp?  ZFZT, INHEGRTFOBEMETFHEIIIN
T ABD17TO R E M Lz (Fig. 7). ZORHE,
BD-1713Sox10 mRNA® % Bl & % x¥ B @ #50%12
PHI L, Pax3 mRNADFEBLE b K75% 2 #PiH L 7.
Creb 1 mRNAY Lef1 mRNADIFEHEIZIZHEILR
DOENGo Tz,
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Fig. 7. Effects of BD-17 on mRNA expression of transcriptional factors crucial for upregulation of

Mitf gene.

RNA was extracted from B16F10 cells treated as described in Figs. 4 (A, C). cDNA synthesis and real-time PCR were
performed for mRNA of Sox10 (A), Pax (B), Crebl (C) or Lefl (D) as described in the Materials and Methods. Data are
expressed as the mean = S.D. of triplicate wells. **, P<0.01 vs. vehicle



z ¥

ELlZINFTRYY YRR ) VFERIZES
5 —HDOMEIZB T, K%L FERO AR~
7 AET IV EHCCTHESE R RO 247> T & 72
20 LR 7B L 7-BD-17TOPUESE R R, <
7 A 472045 nmold & T— H —MEENIZEKS L
7ot BGBIGR11H B CRES G % $74%80H) L
72 (p < 0001 vs XFHERE). Z PRI L, BEHT
N7 ) Yy ofulEgRR (150 nmol/~ 7 A, [
H CToOIHIEF68%, p < 0.05 vs dFHEAE) 2 kb
R 72708, A IVN A — MEEEEAR (45 nmol/~ 7
Z, [ B TOMHERI9%, p < 0.001 vs HHEEE) 3
L7 3 7 B EM (15 nmol/~ ™ A, [WHT®
PIHIEA99%, p < 0.001 vs NHEEE) ) OPUELRNE
XV§r o7z, —J5, BD17IZ I SFEARTED S
N7z X9 PGB B2 2R EER &
DRIEMIER % 42 Bigd 3, REBENTONAMIE
B R EER (0% EHRE) b X)) YOk 3450
LICIKTF L, Sz &5, BD1TIZEITEH A
KiglZBZEENALEWTHhr L EZ ORI, L2 A
2%, BD-171&TGF- £ 12 & 0 #1l] & 172 NKHiE o i g
BEMEZNES Loz, 2O RS, YuE
ML CTW/exy Y v OfE gl H %2 sk L7256
EROBIICIZBES VI EASHB L7 L L,
BD-17OAK 83 % & B W HUlES RN R 1L, TERDOPLHTAF
CIXRLBZHLUNEH A = X5 THEEL T\ 5T Rk
PWEIRETLHEEZT. 22T, BDATOEH A =
AL DWTHETL, P AHIBZC BT 5 AT
OWVWTHEELT.

REBENTOME D 5, BD-17IENKHI L 12 B 1%
HLTwhwekEz 507 (Fig 2). 2T, A
MR L Cw b EIRE % 7. C, DNAY A 2
a7 L AIZE )AL EEFRBICY 2 b
ZWMRIz. FOME, BD-1THMitfEls 2 dl & L
TBETHOBBZREJMMT SR W00 o7
(Fig. 3). Mitfi{z o %BMENL, AEENO )
A7 TR = R L - BENICB VT
M Tx7 (Fig. 4E). ThHsoZ s, BD1TO
YEH X H = X DA MitfiE 5T O FE BN AL 70 £
HEHoTWBEEZ 2.

MITFFRREERTFO—>Th Y, EHHKRICE
WTIEEICBREME (X5 794 ), BRI,
BB, NE O BREML 0T ER L, BEiBICEE
TH5HY. —h, BAMETIE, LobiFAT ¥4
b 5 58 U 7 B e il o0 B it % OV A8\ S T 7 4
FELTHEHEIRTWSY . FE, AL THEGL 2

DNAX A 7 a7 L A OME T, Mg &z
Breast Cancer 1 /& UfCyclin-Dependent Kinase 2 ®
BIZFRBABD-1712 X ) W3 F75%3HH S 7z

(F—=240E). 2o OBEETIIMITFSTI2X D
REBHEHEZ T 5720, BDITOELREH A =X L
I Mit & T OFEBIPIH] & 2128k S Ml L ©
horrlEZ LN

T, BD17I2 &ED X 912 L TMitfiEfz T O
ZIH L T B0 ? MifEnFosBliE, FICHE
WcAMPZ Y FAv Yy Ix =353 7F 0
B KEOWt/ B AT =y 7 F VRO
EwiFE s 25 K7 (CREB, LEF1, SOXI10,
PAX3) KXW IEDfl#HlZ =2 Tnws"., ZhFT
W2 ERERREEE O BLEIC b & O L MitfiE Az T I B/
MELTIE CAMYFT7TEFI—EHEAICLS
Sox 108151 OFEBIH, F7-, HIVIEHEER L 7 4
F YW X B Pax 3 AR T OFBIH & 4 L 72 #2 1
PESIN TS0 KEFZETIX, TNHIE T
D BT HRBNBITTBD-17TOHEIZOWTHRE L7:
& 2%, BD1753Sox108 NPax 3 @in T OB % 4
Bl sz 2 R L7 (Figs. 7A and 7B).
B ZSox 10z T OB 2B L2 &0 5,
BD-1713 £ 12Sox 105 (T O FE BLHIH] 2 4 L TMitfi
EFORBEIH LW EE LN

—7%, BD-171%, HBRENIZBWT, A AMIE
(=7 ZATIHIMR) KOs AMIE (=7 ACT26
MifERk) oMb EST S (F—F4WK). £25
B, TNSDAMBLORGIZ BT B MITEZ T OB
RS EHE ShTuiwy, 2o ki, BD-17H°
SOXI0-MITF#E I 2 FF ZWICHE L TWAHDOTIE %
<, DSAMIBCEEINAFTE LIRES 2 0 T2 iR &
LTWABURENZRIET S, ZOEIZOoWTIE, 4%
ESICHMEAPLETH 5.

R ) VT2 —#OWZEICB T, IhFETI
10U O 758 AR % G LA R O 5/l % #£ D T & 7225,
R Y OGIERHIFRRR) R E LA A A RS
Twiw, —hHT, BABH~ T ZETVIZBW T
WHLEE R R 2 R TILAW L LTCBD-17% "’ L 7-.
X5, PRI TIEd 5255, BD-1725e MEM
BEEOBERTHD NI A F = TOHEENE %
Bl6HEMRAER A~ 7 A € FIVIZB W THE I
THILEROTNWD (F—F4MK). F/2, BD17
WXEG7 TV YN OB TR~ AETIVIZBENT
PIPD- 1 SR O PUIES RN R 2 Bk 3 5 2 & S5 2
L2, ZHETICIN I AF=ToNEERE LB
PD- 1 PR PUlES xR % & IR 2 LAWidH
HENTWRW, BD17AED L) LTI b5T
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WHRICE T AWRESELRD L. 2O HICBWTBD-17
GERRLEMTH DL EEZD. Gk, TDOHRTAN
Z A LDV THEM G 2 D 720,
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Relative Quantitative Proteomic Analysis of Cultured Cells Treated with
Tunicamycin and Peony Extract

Rieko KOJIMA, Yasuharu WATANABE, Takeharu MINAMITANI, Tsutomu YANAGIBASHI,
Yukihiko AIKAWA, and The Biological Analysis Group in Toyama Pharmaceutical Research
Association

®

l\"

AR TS B SREII IS WM A DHEEIIB VT, 705+ — AR OFA I 0] felk %
L, EBICZOFEARBET A2 L2 HIZ, MaERA ML AFEH Y = AL v BT v s
X7 ¥ A %YL 7zHeLafiig 2 v, Tandem-mass tag (TMT) I XNVIZX AHxfE®E 70
TN EERLI. Yoh~<A Y VUBIZE D RRAZ ML ARE (UPR) My >
Ao WmL, Mak2 ML AREFFEINLZ PR TEL —F, Yyr7Y¥ s
AMPETIE, RERBFB LY VY — 2 EFHKSHE LT L, FICIVATO—LVRh 7
VY FMUHBEE Y 2 HogBEnrsRo oz T/, A—=—NX—=FF T FJVRLF—F¥2
(SOD2) OFEBIPWIMLZ DS, Px 7 X7 TFANI Ay R T7TOBILA ML AREE
MU CHUBALIER 2 R T WS E 2 5N 5. RIFERICE Y, Ta5+— AN ER OB 72 =k
JARA D = A LRI LA 2 EATRE N7

Summary

In this study, we performed TMT-labeled relative quantitative proteome analysis on HeLa
cells treated with the endoplasmic reticulum (ER) stress inducer tunicamycin and peony extract,
as part of the activities of The Biological Analysis Group in Toyama Pharmaceutical Research
Association. Tunicamycin treatment increased the expression of proteins related to the unfolded
protein response (UPR), confirming the induction of ER stress. Peony extract treatment suggested
alterations in lipid metabolism and lysosome-related pathways, particularly by increasing the
expression of proteins involved in cholesterol and ganglioside metabolism. Furthermore, peony
extract upregulated superoxide dismutase 2 (SOD 2) expression, suggesting that it may exert
antioxidant effects by modulating the mitochondrial oxidative stress response. We believe that
this study highlights the potential of proteome analysis in elucidating novel mechanisms of drug
action.

F—T— K Tk — 2T, TMT#EN, MaEX ML R, Y277 2F X
Key words : Proteomic analysis, TMT analysis, ER stress, Peony extract

TUTF— AR, TS U BEOSRBlE
ZEIR ORI 5 5 2 LR 720,
BAISBEE R 5 TR BN <~ —h — ok, SEAE
OB 2 2GS, EREMEEOFEIIKE L
FHLTWD., TEOHEBESIETOMA L LI, 7
O 7 — A ENTHAN S REEICRE L TB Y, MK
B, wm B, MEESmELTwS. 51T, #
KAIHMETH o 729 TVETLBICOWT D, RO
7Tk — AR ARy AT S 2 & Tff
O RHNERTREE 72> T & 72

WHIBEM RS > ¥ —TIZ I T TS, AR
ZERSE DR PIREL A2 H IR L 22028 iG 8o —8t & L C,
FoWksu< NS TA4F YN Ty TRV RGHT

FE VT, (1) FEAAREERRGEE %2 v 72 e =
Tu T F— AfEN, (2) ) YERILT O T — AT
(3) MHEAEH S ¥ 287 BT, (4) N4 BRI
HORKYTH HmEEH MLy > 378 (HCP) fif
BHCOWTHETL T &, 22 CTHH 6 SEEDE LI
WHEMIER LY AT, 707 4 — LRI OB i)
REVEZ PR L, EBRICZFOTHEZEBTAI L2 HW
ELT, (1) MfARERRRAIEZ ik Ew 7 o
T — AT OISHEG L LT, FEME R s L
72 23 B ORI BT 2 FE G L 7. BT
HTIE, RELHEBOLFE—F =L ENT o —f
& Z fA A b TlH— O &% 5728 72 A AR %
AHTH % Tandem-mass tag (TMT) ZHWT, R



Bhoy R8s 8 (RTFF) ZHE#HL, MSPANRY
MVIZBIFAELR—=F =D A F ViRELRIERIZ, Bk
LB o 5 2oy BB E RIS E R T 5 Tk
RO SRIOMHT T, WAL Z G L 725280
Moz 3k L, JRLERMIG & DI X ) 7 v 82 g
B OB E RN, 707+ — AfFHTO%E
BRI 70 BRI 2 RO 72,

B

. ER L 7=Hlfe & FH

ﬁmnfi b b S R O HeLafii i 12
wﬁ74//bl0/ﬁﬁﬁﬁl#2%ﬁmt,%
NS Ta st — 2B b xR s462 L& L7
HeLaflif i3 PLAMES L OHBMELIE L, s8R
FHEDETNVE LTLALFHEINAMIETH S 2
L, BB, VEARA T VRIS Ta T4 — A
AL EHMICHE SN TWBE I e 25, KFZRIC
BULETUMBBE LTERLZ, v=d<Af TV
&, MREANTORRBRIBHTH S5 NG IR
flizflET L2 EICL ) /MMIEA L ARFEL, ¥
VNTEBEDT =T A Y ITBEAERAR Y VR

JEOERETIEREZTY. PMEKRA ML A E 2T
72MiNETix, AMEAAA L 2% (UPR, Unfolded
Protein Response) #%&EPEfbsih, ¥ r~xuo» @ﬁi?’?f
. BB o BOREREE, ARy V80 E
ﬁ%%ﬁ%ﬁbfﬁ%@@%@%h%léﬁ,zb
VARMBENC R L ETRM=VANFERIEIND
2 NAAA ML A %EZUT72 HeLa MBI 5 70
74— L2 LE Ttzhak SICX > THESRTHEY Y,
UPR {SEACICHZE /N R A b L ZRGFEH] DR R
RUPRIRE], S SICEBICHEIIBIMS 2 & 7 B8
HOENZ>TWwA., RIFFETIE, Tust—2%1t
PEEHOFEH & UCTOMIEA ML AFERETH L Y
=HhRA Ty RBIRL, MEEA L AICHEET S S
YR EOFBDERIIIEINT 5 2 L 2 ERRT A 720
ORI E L7,

—7, 7uTd— AR MOKER L LT, B
PSEHEME S AR oSNE 10%) OEER A
TORGHEREEL, VY77 X A% RIRL /2.
¥ x 27X 2 (Paeonia lactiflora Pallas) ORZIFHH 5
WEND v Y 727X 7 2% 20%, #m, S, G,
WHATER Z A L, PLREMERSCIIBILIER 256 %
cEzZohTnwss Y, F72, YA ZO 77—
RAW264A7HIBLIC BV T Y ¥ 7 XY 7 ZF 2 2R (%
HBEE1I00~1000 ug/mL) 4 &, WAOWEYE
ThHTURY 5T VE2 (PGE:) DR

Hl4 5 ERMEEINTVSY . TF AT EERS
ELTRF=7a)y, Treryay)y, XA
REfF=gayy, FrovREFEGEINTBY, A
JETIX, TNHORGEELY Y 7V 7 F A5
DT AT F—ANIHZBEEELHN L, TOREMER
FEZHONCT AL 2R AT, VX 27X 7 %R
&, BINRERAMYEEE Y ¥ — T I N v 2
X7 OMMPHEHRS TR L. B, K%
THwW/ZY Yy 7Y 7% A (200 uyg/mL) HOT Y F
MY rEE, HARERTOEFHAKROBMEME (025
EU/mLLLF) #7232 &6, TV RFFFI VR
& N7 GBI BT DT REE D TR W & E 2
5Nb.

2. fHRIEE EFFRM, HAAEIR

v b f e S B Rl kHeLafi e (HeLa S3
JCRB9010, JCRBAMIME /N~ 27 (BESEIEAE - fEHE - 5
FMERT) 1, 10%IE@ LY ki (FBS, =
FLANAFH AL Z), 100 U/mL "= 7,
0l mg/mL ANV =AY, 292 pyg/mLL-7
VIV, RO1uM EVE VRS MY T 22 &T
DMEMK; #112 THEAC, #EFF L7z, HeLa S 3#iiligid12
7 V7 L — M2 90,000 cells/well& 72 % X 9 #%FE L,
CO2 A v F 2 X—%—"T37° C, 0[R2 L 7214,
VA=A Ty (mHERES ng/mL, n=3, §L7
ANV LAEHEE) L3 72X 7 2 F X (RAEIRE200
ug/mL, n =3) OFET 72 IEFEAET (Vehicle
& L CDMSO% i #% i E04% (v/v) &b X9
B, n=3) T22MFMHEFE L. MIE3KkE L722PBS
T3mPEE L, 500 uLOPTS buffer (12 mM Sodium
deoxycholate, 12 mM Sodium lauroyl sarcosinate,
50 mM Ammonium bicarbonate, Protease inhibitor
Complete EDTA-free) # M2 CEXy 54 ¥ 7 IZ
IDBEHEL, MULLZ v 7Y 7 X A0REIR
RAW264.7# i THISENEH DR STV B IRIE %
ST, BAIEE %200 ug/mL & L7,

3. SPIIEICEBE /NI EHE, ExX7ILFIL,
2N EHEE
REFFECTEME L 72 TMT T XV & 2 M3t 7 a
FF =LA ORNEZRK L ISRT. MiE»r505 >~
N7 B, BT T VX ovAk, FEm A O B2,
FZ 11X, SP3 (single-pot solid-phase-enhanced
sample preparation) 3% ¢ 12X D47 72 M
95° CTH A4 v Fa_— b L CREEHEZ LGS
7otR12, B IR E IS L ) B L 72 (Hightt g,
30 sec x 15[, BIORUPTORII, V=v % - )3f %).
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EITTILFILE
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T UiEE
L ooy
Bt

N
TMTSA)L1E

RTIFRHE
LC-MS3fI5E
fRHT

B1: TMTSALIZK PR ER
JoFA—LBFOFN

MR D 5 >3 7 B EIEBCAT v 4128 D
% # L (Pierce BCA Protein Assay Kit, Thermo
Fisher Scientific), % ¥ /%27 %20 ug% #1100 pL & %
%5 X HPTS buffer CIRB L7z, 05M MU R (2-H )
RAFTyTFINV) FA7 4 ¥ (TCEP) %#2ulliz T
37° CT 1A v FaxX—=1E, 05 MI—F7+t b
73 Fx4 uyLhnz37° CT305MA »Fax—=bFL,
BRICT WV F VLB &2 1T - 72, BICT WV F VALl Bt
T IWIISP3 ¥ — X (Sera-Ma SpeedBead
Carboxylate-Modified [E 3] Magnetic Particles&
Sera-Mag SpeedBead Carboxylate-Modified [E 7 ]
Magnetic Particles (Cytiva) #%®{EA& L, REK
THHALLAZd D) Z5ulz, =%/ —VEH v
T EERNZ TEERTL05 M, 750 rpmTHRE L,
N EESPI =R IIN K EE. Y TvE
X7 Ay PAY U FIES B RER 80%T ¥
J=VIZE B E—XDWEE 3TV, 1Y) =&
B 72SP 3 ¥ — X250 uLOH bW (4 ng/ul b
VS (Y= 77 L—TF, Promega), 4
ng/uL VYV Y KRTFF—¥ (Baohr L —
F, 8L 74 V2AMEHE), 50 mM Ammonium
bicarbonate) % Wl 2 THE¥#:%, 37° C, 750 rpmT—
WadRgE L, ¥ N7 EEHELL -

4. BHEETMTSNIVE, XTF KOSE
27, CI18REIFHIH 7+ A2 (CDS Analytical)
POER LAY 5 5 24 (C18 Stage Tip) 7 8
EHWTHIE®, HHELCEMEE (SpeedVac,
Thermo Fisher Scientific) (2 & 0 ¥ L 7. #Hw

T, TMTI10plex Isobaric Label Reagents (Thermo
Fisher Scientific) Z MW THED 70 k a3 )VIZHEw
TMT I NIUALRIG 24TV, & Y 7V 2 RE LTI
DIZF L BEBOT VT VIE, BH-GA 4 v
T2 v 5T L (C18-SCX StageTips) = Hw T,
RLICRT7THEOBEICZLY ATy 774 XEH
ATV, GWLAT Y. GWiEOLY TV, GE
TR R X D 2%, 10 uLoSC buffer (0.1%
TFA, 2%7tb=F V) ZEEL, £09 505
uL$ o ZLC-MS* g2 fit L 7-.

TMT#RE X, BALL2EEOLR—F =T
V= L RS DR TR — O YR E R 2 [H
MR RAETH B, T2, TMTHNIE, BHEOY
VTN EEFNEFNR G ATMTRECE#RL, —HEL
THMET AT L CHEHBERHNEREZTEE T4 70
TF — AR T TH L. TMTRETIT NV ENRT
NR7F FiE, MSHIIEICBW TSNS LKR—-% —
AF YOBRBIZHEDOOWTER SRS, AL TIE,
TMT I NIWALRICES Y TV ERA LR VT
VOB RS LT o v 7 BRIERSB L OE
RN LESEL 0, SH-BEAF 5T L%
WTC 7% 7.

5. LC-MS3*HIE

WEIZHWZLCMS S 2 X 2 1R 9. HEoMr
FEIZIE, PALLSIA — b4 >» 75— (AMR) %%
%t L 7zUltiMate 3000 RSLCnano UHPLC (Thermo
Fisher Scientific) &, A4 7V v FN& & 5 #r 5t
Orbitrap Fusion Lumos (Thermo Fisher Scientific)
PO SNS LCMSY AT 2 2fffiL7:. bT v
7715 AZix PepMap Neo C18 (300 um X 5mm,
Thermo Fisher Scientific) %, Z#F % 7 &4 121XC18
NANO HPLC CAPILLARY COLUMN (75 um X
120 mm, HX727 /7 R) #fEHL, #7724 —T>
1340° CIZERE L7z, 7 82100 pglhr % 40 L7z
7z LCMS3MEICHL, B #5% (0
) =+ 35% (90 4) FTOV=TrIIJ Ty ML
DR7FFEBEH LA (AW 01% FEE B #100%
7t b= K1), #WEIESynchronous precursor
selection (SPS) - MS®€— N Toro 7.

6. FEMT

WA LALCMS T — % 1%, @iy 7 b7
Proteome Discoverer 2.4 (Thermo Fisher
Scientific) =MW TN L7z, £ OLC-MS*T —
FIEHMAEL, WTFTOIRSG A —7 —REIFEOIWT Y v
N7 EOMER X = %47 - 72, Protein Database,



®1: RIFFGEICAN-EE

— Al
acetat

onium
e (mM
0

0

0

0
100
500
500

LCEE: PAL-LSIA —I 42T 5— (AMR) +
UltiMate 3000 RSLCnano UHPLC
(Thermo Fisher Scientific)

7EEF=R)IL (%)
30

30
30
30
30
30
30

O oo wWN

MSZE & : Orbitrap Fusion Lumos Tribrid (Thermo Scientific)
MS&E#(SPS-MS¥E—F)

Parameter Value
LC&EH 4aMS2 Teolation Wi
e vk . solation Window (m./2) 0.7
* "“"li : 0.28 pL/min Activation Type CID
« 7L C18 NANO HPLC CAPILLARY Collision Energy Mode Fixed
COLUMN (75 pm x 120 mm, 3 pm) Collision Energy (%) 35
« (AmETH/A, NTCC-360/75-3) Detector Type lon Trap
«  FBEFEA 0.1% XEE lon Trap Scan Rate Turbo
« FBEIEB: 100% 7Ek=FJJL AGC Target Standard
. HSTITUR ddMS3 Synchronous Precursor Selection On
«  0-90 min: 5-35% B Number of SPS Precursors 10
. Activation Type HCD
*© 90-91 m!n‘ 35795 B HCD Collision Energy Type Normalized
* 91-93 min: 95% B HCD Collision Energy (%) 55
+  93-94 min: 95-5% B Detector Type Orbitrap
* 94-120 min: 5% B Orbitrap Resolution 50000
. ﬁf’-bfnsngi 40°C Scan Range Mode Define m/z range
« JEAE: 1L Scan Range (m/2) 100-500
AGC Target Custom
Normalized AGC Target (%) 300

B2 fEICAL-LC-MS3&

UniProt Homo Sapiens (Human) (UP000005640) ;
static modification, TMT labeling of N-terminus and
lysine, carbamidomethylation of cysteine; variable
modification, N-terminal protein acetylation,

methionine oxidation; mass tolerance, 10 ppm;
Fragment ion mass tolerance, 0.6 Da; digestion
parameters for enzyme, Trypsin; maximum false
discovery rate (FDR) on protein, peptide and PTM-
site level, 0.01; peptides to use, Unique+Razor;
reporter abundance based on, Automatic; protein
ratio calculation, Protein Abundance Based;
hypothesis test, ANOVA (Individual Proteins) ;
normalization mode, Total Peptide Amount. ¥ > /¥
YHEDOERIIE, BEDY YT HIZORFET S
——27 X7 F (Unique peptide) &, BEDF >3
JRBNIH SNDDMENT IR RNy Vo7 BIZH]
D¥THNEL—HF—XTF F (Razor peptide) @
WA MW F72, %2 7V O ERE % FIET
57280, BXRTF KOKRY 7 F IV (Total Peptide

Amount) 12X 2 IEHILEZITo 70 X7 T FORER
Bt EEVESR (False Discovery Rate) # 4k
D1 %KM IR AHIEHEIZEE Lz BEE O£
OGN, %% v 87 OB EIIH L THiss
#t (ANOVA) ##H L, HMICHEERLEEZRT S
YN EPIE (BEHESR) (ZHESWTHE L7,

S

V=A< A Ty EHMLzHeLafifd 2B % 71
TF—LDORBPEEAERVI— Ty MIRLT
(3). 514320 % v 2 ENFAESH, Z0D9
LWL EET L, oM FIcEE L H
Wi X7z (p < 005) &> /87 %385 ([MEy v /8
BoK2%) ThHotz. SEHBIML 725 237 -H
56, WA L7125 VI EHH29TH -7z, UPRD
FELA— =L LTHALNL/NEY xR D
BiP/GRP78 (i#fx¥% : HSPA5) &, #38f5%H&E
ML 7z, FARICUPROIEMEALIC E b 2 Wit &



AN B 2 & Ao TV AGRPY4 (HSPIOB 1)
RPANFFT Y (CANX), ANVLF 4 Fa2) >
(CALR) % O/Naky v Xua v oind Ml T X
7. —HT, 5K & LUTUPREME Y » 37 D
SHIFE 2 ) ATF 4 R XBP 1 ZFE S Nz d o 7.
INOORGRTIE, MR N L AR E 2T
R DL — RIS BB I3~ 2 78, 2012137 4 —
Foxy 7RI X ) ER LIS NG 7202, 4l
DOEWFRN (22B/]) DA ML AFE T CIBmB IR
Mol E2ONS. VA=A Y UTINC L Y %BL
B L 72560 % >~ 7327 ' % Gene Ontology (GO) ZHF
L 7-#& %, “Protein folding in endoplasmic reticulum”
# 13 U, UPRRERAD (/) g & B4 3 45 fi#, ER-
associated degradation: /MEAKNTI A7+ =V FL
TRy N B ERMIEANBITSE, TuT T Y —
DARLFINC RS B aV BT BARHE. /NIRAR A b L R
Bo—BELTHIETS) Fo/hafkA bR LEREE
B BERE LT 2 R ER ASHE BT IO I A B ISR S e
(Thbb, ZEy 7 EBEINLOREIH-> T
ZLEENTHWR) (K4). HVTT I JBOGHER
R#, (RNADT I 7 7 ¥ IAb L B L 72 585 D5 i fi
ENs BB oOEERTFATF4E7 3 7 BRACHICH
b2y NI EOHEBEZRH L TWwEZ &%, UPRH
My 87 ORI IZRNA D B ) 2 B 25 E

Down-regulated protein: 29

WTHoHI LhH?, UPREHiO—HELTINHOD
T D Z 7 YN EORIPEML 72D LE R
bNa. ULEOHRENS, voh~<A4 ViR D
IR A N L ADSFHE SN, UPRICEME S 2 % v o8y
BOFEBAEIMU, ML A H PR )0 72 8 e s
BERLTWAIENTT T+ — AMENTIC L Y HEET
7.

VX X7 X A&EIL 7zHeLafifg 12 BT,
FEHME DML B L 727 v 2 H 117 (B
27%) HY, ) HLFEBMIML725 287 0589, M
WA U728 VS EH28TH -7z (K5). GOBH
OFER, BB L% v 7 BRE %L L O
BB G $ 2 BEEDHF ISR SN, kT v
v — LB OREAEMm S N (K6). 51, 3
AWMUz % 82 809 BIREICE T % Hfk
EROLDOEMNLIEZA, TLATFTO—LOH
W AE, BLXORT 4 vIRE (B FIE V)
DRI G 5 7 VST EBRFNENS DR SN
72 ((2). MAT, V)V UVIREEZ&EGZOMOIRE D
SRS 5 5 o B OSHE L o Shiz
(F2). NSO UNRZEDELHNY V=4I
RfET 52 ens, REZELESERAENRG T 05
DPELTHONE) VY —2I2BWT, RENAH
HRELSBAL L2 et dmg Sz, 72, Pt

Up-regulated protein: 56
* HSP90B1(GRP94)

7 _*PDIA4
« HSPAS
6 (BiP/GRP78)
*PSATI
°
S5 DNAJBIt *ASNS
[ . CANX s’
] (calnexin) « AARS1
e : " BNAUC3
[ ]
3 . PDIAG(P5) ¢%. AN
. CALR(calreticulin)®e ® «
TI° 3 “_}(I:.aralcum.... “CLU
2.
1
0 .
-1 2

0 1
Log, (fold change)

E3: Yo hTAUEmMIZEST70T4H—LDEREEL
WZhT A5 ug/mL) £f-[EVehicle (DMSO)ZEFEMLF-HelLa SIHIMBIZH T2
BRBALARIILOERERLERILS—/70vk, ERyMIB A ORELV AV EERL.
n=3MRIEFHFRIZE I Log: fold change D R{ELHET BplEETOVILI=, V=h
TAVNBIZEYFEBAFEICERLIAV/YE (p<005)EFL—DITYTITRSE
., E@INLE=22 OB IEER., BV OB IRERIZHRT S, INEFEARLRIZ
FARBEFELABRMDAIATHIE, —EY KEFLEFY A TEARRL,



* Protein folding in endoplasmic reticulum =

% Reg. of PERK-mediated unfolded protein response
L-serine metabolic proc

Serine family amino acid biosynthetic proc

Glutamine metabolic proc

*PERK-mediated unfolded protein response

TRMNA aminoacylation for protein translation

TRNA aminoacylation

Amino acid activation

*|RE1-mediated unfolded protein response
*Post-translational protein targeting to endoplasmic reticulum membrane
*MNegative reg. of response to endoplasmic reticulum stress
*Protein folding

Alpha-amino acid biosynthetic proc

*Reg. of response to endoplasmic reticulum stress

Cellular amino acid biosynthelic proc

#* Chaperone-mediated prolein folding

Water-soluble vitamin metabolic proc. = [l

*Response to endoplasmic reticulum stress =

% Ubiquitin-dependent ERAD pathway -

o-..

5l0 1EI!0 1%0 2(l)0
Fold Enrichment

B4: Y=hIA4oUFEmMICKYRBREMLT-562> /0 EDGORHTER
Web_E TGO Hr AV BRI REZL Shiny GO (http://bioinformatics.sdstate.edu/go/) Z LN T,
Biological Process(Gene Ontology Consortium: https://geneontology.org) IZE IGO0
EEELI-. Y=hIADUHRMICKY BBRAEMUI= 2B IZTDOWT, MEMICEE
TEAEM RO SN T-Biological ProcessZFold Enrichment®{E TRL71=(—logiw(FDR) > 5),
INBARR ML R IZEERIZESE T BBiological Process|Z[E*%{FL1=,

Down-regulated protein: 28 Up-regulated protein: 89
5. +LDLR
#SOD2
4 ;
_eMSMoO1
= £
3
i, NRC1e,SCD
g . PPTissHEXA
° 2| iz *HEXB
52 - Plapdi pne
T CTSASACAT2
: §ﬁ'cL_B|,
1 'L
=2 -1 i 1 2
Log, (fold change)

E5: v v HOTXAFEMEST0TA—LORBREEL
LI THE R (200 pg/mL) £f=(EVehicle (DMSO) & HENL1-HelLa S34ARA
IZBFB N BRBLAILDEREZRLERIL S —/7Ovk, &RYRE
BrORES 2 EERL.n = 3OAFEHERIZE I<{Log: fold changeDH
RIELF T DplEETOVRLT =, SO YT X FEMIZEYRBERERIZE
BILI=22 /398 (p<00)ES L—DITYTFITRESh L4202 F I
G BLLEAV VB ERICAFRT S, IV I I XA FMICEYEE
ALl EREEA N\ U E(F2SB)ESUIZS0D2E—EY KELEFVMT
WEFR R LIz,



#* Cholesterol import

* Lipoprotein catabolic proc.

% % Lysosome organization

* % Lylic vacuole organization
*Cholesterol metabolic proc.
Secondary alcohol metabolic proc.
*Sterol metabolic proc.

* *Vacuole organization
*Cellular lipid catabolic proc
*Lipid localization

Behavior

*Cellular lipid metabolic proc.
*Lipid metabolic proc

Small molecule metabolic proc.
Proteolysis

Cellular catabolic proc.
Catabolic proc.

Response to organic substance =
Macromolecule localization =
Response to stress -
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Fold Enrichment

B6: ¥ I 7T X AFMICEYRBRBEMLI-895 R IUH DGOSR

ShinyGO (http://bicinformatics.sdstate.edu/go/)%& LT, Biological Process|Z& D&
GOAMUIRERERT . VX I VI I X AFMICKYRRMNIEMUI=2 /0 B&IZONT,
Mt BBLEEN R SH SN izBiological Process%Fold EnrichmentD{E TRL1=z
(—logio(FDR) > 3) , l§ & ZR8:E 9 BBiological Process|=*% . )YV —LIZEETA70¢

AlTskFFLT=,

VER %I BETHDLA—N—FF I FIZAL T —
£ 2 (SOD2) o¥masgddonsz. —FhH, v 7
Y7 X ARMCE ) BB A L7285 87 H I
DWW TGOS L7z & Z A, Biological Process® % 7
T TIAZEICEMmSNRBEIZEO N7
7%, Cellular Component® 1 7 T IZBWTI b
YR 78R8 A KL (succinate dehydrogenase
complex) B X FChromatin accessibility complex

(CHRAC), VKRV —AIZRET B 5 ¥ X0 HDH
BlICEMmIn (X7).

z ¥

AWFZETIE, DMEAEZ ML AFEHCTHLY = A~
A vBIOYY7X 7 5% 2% L 72HeLafl iz
WXL, TMTI NWVIZ K B3R 7 07 4 — A
MaE_L. vah~<f vy YizBwTi, UPR
<~ — 7% —T& ABiP/GRP78 % % 5|2, UPRBM & >~
N7 B ORI L 72, T 72GOBHIZB T/
RN LA L EFRIZEE LT % R8I S BHZE 2 A
SN2 ehn, RffECTHONTOT 4 — LT —
713, BfromA L EEEEZAL, MUEZ ML G
BVFEINTHERZM L TWE I EERLTW
B, —hHT, MEKZ LR EDOBEARRE ST
BWY YT ELIWL ORI L XV OMINERL
72, BlZIE, FA OFEICB W TEISE LS
PR B 2B 5 L T\ 4 Galectin- 3 -binding protein
(LGALS3BP) 9 %, £ /¥ b—N") VIREHZ

AL CTHIBEN O ¥ 7 F VAR E % 3 & 1 JGEE O ]
N =¥ T & % phospholipase C eta-1 (PLCH1)
0 A3 H L, FhFh, VehicleLBIZH LT, 20
28GR BESEML Tz, Thony 5y
OB MAUPRE EIEMICHET D0, HDHW»
YAV VICEBF T8 =7y FVRIRELTE
B DA U7z 003 TIZ 2 w25, UPROH727%
W2 /R_Ed 5 EdH D, 77t —2AfTroRk
MOGTHHEEZHS T 2 TR E LTOFHEEZ R
LTWwbEEZL.

VXX 7 T X AR 7zHeLafiig i BT,
GO M DR, NREOHE - IG5 T 5B
IOy — LD T O AHPHEFICEH L, FT
BIALVATH—LVRAT 4 Y IRYE R H > 7)) F
V) #ETIRERHEE Y X7 EAFEHI L T
WBLZENHLNE ST, TNODOERIE, Vv r
Y7 X AHHIE IR E A IR #IZ 22 2 T L,
R VY — 2% L7ZIRE D53 1H B X ORI R R
(=177 V=4 Z2EMALT 2 ulaEtEZ RIE LT
W5, FIEIEICB W TIRER#EIBNICELT5 2
EBMBENTWEZENDY, ZOBITY 7YY
I% ZADPLIIEVER BT O —Viit % 7R LT\ B W] BB AS
BHhH, VX IXIIFAOTEE S THAINRF =70
) 2T 7 u— BRI GE B X IR SO
FNIy MG T HE, ILATO—LVBIUED
RO L PURIENER 2R3 2 L iiE s T
WAHRZY X5, RF=Z7a) yBIUXTIVETH
VU, GVATO—=VIIMATY VIRE, A74~



R2: U INI)TXAFMICKYRREMLU-IEEREES /1 VE

RO T MBRRE

Low—-density lipoprotein (LDL)

LOL(EEILATO—/L)DFERERERY A A

Y=L, T

LDLR
receptor i} Fy—Ls, HFaE
MSMO1 Methylsterol monooxygenase 1 JLATA—)LOE - Nl
NPC1 NPG intracellular cholesterol JLATA—IL. A4 TIRE D&% Yy —Ls,
transporter 1 IRY—L
DN Isopentenyl-diphosphate Delta— aALRTO—ILOER Nk
isomerase 1 (AVTL/AEEERK) HALJIL
ACAT2 Acetyl-CoA acetyltransferase ALATE—ILIATILDERK AR,
HARJ L
HEXA B-hexosaminidase subunit o A4 THEHE R ) —L4
(GM2AI T AT E D53 ER)
HEXB P-hexosaminidase subunit A7 EEH Yy —L4
(GM2A TN AL E D53 ER)
PSAP Prosaposin R4 TRIEH O MK AR Jus)—L4,
GLB1 p-galactosidase AI42TRE (GMIFT LT VAR E) DS R Yyy—L
CTSA Lysosomal protective protein B-galactosidase M ;EMEIZ AR Juy—L
PPT1 Palmitoyl-proein thioesterase 1 INLERA JAE R INIE D3R DERI=15
SCD acyl-CoA desaturase 0N k(4 Nk S
PLBD2 Putatibe phospholipase B-like 2 UMZhe(ok 53 ) —L4

Mitochondrial respiratory chain complex Il succinate dehydrogenase complex (ubiquinone) = [ N NRNGNEGEG_—_—_G
(chromatin accessibility complex)cHrac - IR
Organellar small ibosomal subunit = [l
Mitochondrial small ribosomal subunit = [l
Small ribosomal subunit = .
Cytosolic small ibosomal subunit = [l

Stress fiber =l

Cortical actin cytoskeleton =i}
Oxidoreductase complex -.

Ribosomal subunit = l

Mitochondrial protein-containing complex -l

Ribor

M

Ribosome = ||
Focal adhesion = |

Cell-substrate jun
nucleoprotein compie

Actin cytoskeleton = |

Mitochondrial inner membrane = |

tochondrial membrane = |

Mitochondrial envelope = |

Membrane protein complex = |

LI I B
0 50 100150 200

Fold Enrichment

B7: %0V OTXZABMICEYRBRRDLI=282 VB DGO HTHER
ShinyGO (http://bioinformatics.sdstate.edu/go/)%& B VT. Cellular Component(ZE D&
GONMUTI-#ERERT . VIV I I X AFMICKYRBAR D LI=20N\IEIZD0VT,
st B B EEN R H 5N T=Biological Process%Fold EnrichmentDfE TRLT=

(—logi(FDR) > 1.5),

IHRE, FRIiRZ: CoRER# LN L CatiFEEs
WET HUREIRENTVAEY, — KT, A74 >
TREDO—FTHDBH > 7)) F ¥ FORFIH T 5
F=7a) rORBIZOWTIE, FEARES R IR
TWhw, Fr 7))+ FIdiERICBIFL Y 75
frZ R MR A BN S e P &2 729 2 L 3Al
LNTHBY, ZOREERIIY VY — LHCMRem

RO E 5720, #EYIAHBE S ND 2 L8
HETHDLELZONTWABY, 58 S v sy
IXADH TN F Y RRICHEDb S, Bl m3EiE
HOBWHPMEEENG, T2, Y¥ 272X 7 TF A2
BHEBRILEHZ BT 22 Mo TEY, 2,2-Y
7= )V-1-¥2Y )Lk F5 YV (DPPH) 5V 4V
HEBE %2 7231 BV T b P LG DR S h



TWa7, Yy 727X 7 % A%FEML7zHeLafllig <
X, SV PFNYTREMA—=IN—FF T FI R L
¥ —+¥ (SOD2) OBV HIK < 2 /B EN S
B EDHERENT. SOD2IZI hay FYTHONW
TIHUMERE (ROS) DA—S—FF T F (02) %
02 F7213H0:02 8§ A% T, I bPavyFUTH
OBLA ML AR S g% RiET 2 2 Lh
5, YXIZXZIFANI AL R TIIBIT AL
A ML ARE T A WREIRBREINS. 5%,
X 7 X7 T F AHSOD 2 s B R WIS
L5258, I b2y F)THOBLA b L A EK
WEEDLDEMRLEIZLD, X0 FHMICREEME % M
LTV BERHLEEZ D, F72, SO T
XYY 72X 7 X AWML VPGE A 53 5
B DO FBIE NI SN Do 7255, RAW264.7H
f2 CTIIPGEEAE O MHINFHER I N T VDY, T Ok
1L, MIRRREOEWITINZ, PGE 2 A Ol AR
DRBEF ZEDLTICE L TREEZRBLTEY,
P G TR BRI 72 & % B e S M I 2 RT3 51
DFETHDLEEZOND., —Tf, YX¥ XY I ITXR
WINMC Xy, I hay Py 7IRSEEAKRIRS 7 o<
FrIEF) v IIEAKRDO—DTHAHCHRAC, VK
V=LY YR BB L TnwizZ e (K
7) W5, YA X 7T FARIANF—NG, w5
W, & o7 HEKE o THIBEN O AR 72 B hE
(IR B RATTWREMED D 5. SAEIE O #i]
7 EOMPIFERERIENICEE L T AR EZ 5N
Bz, Gk, SERIEE N 2 72 s R R AR A
WERENZ XD, Y X 7Y 7 TR AN OB
= XD FEHICTR S LED D 5.

AREFZEIC LY, HEE 7T T 4 — LT A O
B A = A LWICHS LGS 2 LAURE
N, ZOAHELZUIMICRERT LI L TELLEER
5.
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ICP-MSZ AW eTHR A MM th OEREIRET (554%R)
BIR 25, Wl A3, ORI ITW, VEROWS, EHEPRRSPIBE

A basic study on the analysis of elemental impurities using inductivity coupled

plasma mass spectrometry (the Fourth Report)

Kaori YUNOKI, Nobuyuki TAKAYAMA, Tetsuya YONEDA, Masaru OGASAWARA,
The Chemical Analysis Study Group in Toyama Pharmaceutical Research Association

= i)

PRI OILRAY) % IEFEIC AT T 5720, HEMKEG T I A ERSH (ICP-MS) KB 5
Fx ) —F—N—OHIEIIEFICEETH L. RFETIE, HARERTOITCEAMMY AR THE S
ND22UTLFIZONWT, Fx ) —F—N—L ZOPHNIOWTHE L7z, TOHHE, +AIT48EK
HOF v ) —F —N—BFRENOEBORMRPR Y AT A4 VIBEOMIHIZL VPIHTE 52 L2355
Motz BB, VATAVENERT A UHPLEAT LI ETHMEICHAI T LARKEDOF ¥
J—F—N—%WHITEL. Fl, A7 OEDSHEBICHAITAPERI) IEETHRIES
LBG GBRKZHEED) 2oV THH Py TIUAND Y AT A VIRINZ L > THHITE 2 2 &5 55
Ehpol, ZOMRE FAITVLEKEOF ) —F—N—BIWFTRAIT LD 7 ik
BOBRERBOD, PATA ZIL ) FBHCHIHWTEETH L2 L 2R L TWA. KIFFEO KR,
ICP-MSHIE DR ER EICHIKT 2 &2 515,

Summary

Suppression of carryover is essential for the accurate determination of elemental impurities
in pharmaceuticals using inductively coupled plasma mass spectrometry (ICP-MS). This study
evaluated the carryover characteristics and reduction strategies for 24 elements specified in
the elemental impurity test of the Japanese Pharmacopoeia. Our study demonstrated that the
carryover of osmium and mercury was efficiently reduced by hydrochloric acid or cysteine
solutions. Furthermore, the introduction of cysteine solution via the internal standard line
enabled the suppression of carryover for these elements in a more practical manner. In addition,
the addition of cysteine following microwave digestion mitigated the overestimation of osmium
quantification. These results demonstrate that cysteine can simultaneously suppress the carryover
of osmium and mercury and mitigate the overestimation of osmium quantification. The findings of
this study are expected to contribute to improving the accuracy of ICP-MS measurements.

F—TJ— N LENMY, FEHET I ATHERSIE, A 705, ) —F—n— ¥
ATA Y

Key words : elemental impurity, inductively coupled plasma mass spectrometry, microwave
decomposition, carryover, cysteine

Fy)—F— =R L LTI,

KR % R G

REVEEMBRL, SEOBBIEM %5723 LTl T
HETHDH. HAERT (HR) BT, THEA
MW T 2EHIROONTEY, 240&8EIcHEIC
DVTHEEINRTWS Y,

HIROTTEAMD R TIZ, FUHET T XN
ST (ICP-AES) ¥ -l #FEMa 79 A~ HE
i (ICP-MS) o@D b Twb, ICP-MS
KT L Ir R MR HE S RE R 2, D — %
BN SN TW D2, —HoLHICBWTFy ) —
F—N=E L, WEHREOBEELIK TS5
EH 5.

#l & F 72 ¥IHEE GG S T8 D, Triton X-100%°
&, TFLUIT I VNEERE (EDTA), 2-ANVAT
FNIE )=, VATA YR EDEMUENRHRESRT
W52 U ZAFA VL, KEOF ) —F—nN—%
T 5720 CTH L, BB eE LTI HwLR
LEEWDEHNT I VB THL20, HHEHEGIZBW
TOHWD TR TV, —F, Y AT A4 Y ORFITKHR
BT 2HEPHLTHY, FAITLARZOMOH
JRBETCR I T AMETE T Tl v,

A I 7 ADICP-MSHHTTIX, ¥4 7 0 ilEnfEo
WA THBMEOME LA A I ADVER L, A



XD LERBLONL I EETH L, &
D<A 7 ORISR A4 A I AOM KL A
LY OWENZIE, TAINVE U HEEF MYy
L, XY EHEHERA ) 7 AR EDORITTHIVER E S
LT w4 7 SRR Y TN
TPNIRINT 2 LD ) BAEDEMETH 5.
AW7ETIE, HRITHESNTWE24LEDH b,
EDILENF Y ) —F—N=%F|XRILRTVON
WZOWTHR7z, ZOMER, A I T A8 IUKED
Fr)—F—=N—=LRFL, SEALIHERZ RN
FTHLIETHFy ) —F—N=DBRENLZ & 2R
L7z, 85618, 4RI LTIV ATA VBHROF v
o= = N—HIRR ARG L, WEET A sy
AT AV EREBAT BHMEEOFERELFHG L /2. ke
T, YATA VIZEFAARAI T 2D A 7 adgifikic
HELZBREHEED ) 2HWHT20ErH 52 L W
LA L7

INOORRIE, WEESS VERNLTYATA v
ZEATLHLIET, KHBIVFTZAIT2LDOF ) —
F—N—t, FRAITLADIA T PRI K B R
VB o el o BT % [ HIE T X B REE & R
LTW5. AR CHONZMAIE, EHERMORZENE
FHI S B A EFEMEM EICHS 55 L L b, WK
POFEHMN oM EBEOREICLEMRLEL L DTH
5.

Bk

A

CREW DS L OCHRERER O E I, SPEXH:
LA R (XSTC-2071, 2072, 2073) ZfHHH L 7.
WEEEOREIZIZT7T VLY 7270y —31#
Pharma Internal Standard 1 # 27z, @0 EDGRER
WCHW BRI 7YV b 77 70y —%k
$#IICH/USP Oral Target Elements Standard A, B,
C, DEHWw/z. $7-, WRRLMMBIIE L7 1 vaRl
WA HOB T THEH 7L —FOR¥EL, L-VATA4
YIEELT AV ARG RONEE RS L — F D
MM L7, $XTOHEEE L OHEHE, Merck
Milliporet: B OMIlli-Q > A 7 & T L -8tk 2
W L 7.

AR

CRBBRBR AVIIL, FAITL, XTI L,
H4, vyvh, Vr=wa, KL & 8 N
A, NV N, rai, fl, VFIL, EYTTF
vV, =, TUFEY, LV, AR, NFY

CHAEER: 025 mLOT VL b

7 A %6000 ng/mL, 7 NI72A, $f #UTr%
100.0 ng/mL, b #% 3000 ng/mL &A%, ik
BIUHEZ, #neh2% (v/v) 6% (v/v)
LB EXHTHmImL 7.

- ERAR (BREZL)  &FREE ERREFR— L,

HReEE S (0%), WROA6% (v/v) & L7

CBRAR (TI20) R 2% (v/v), WER6% (v/

v) .

RERAAR D FIEEL NV U 7-SPEX AL # AR

#E 5 (XSTC-2071, 2072, 2073) &£05 mLo 3
B2, 15 mLOMEE % %20 mLoBMKI#EmL, &
FKE VT2 mLIZ L7z, B 0EEZDITIC
ZNER
LXNVT AN TTL, FAITL, INTTT
A A4, aTYA, VFZw A, K, &
R, NU A, ax)vh, zan, §, )FY
L, BRYTTY, =V, TVYFEY, £V
v, AX, NFT A 1500 ng/mL, AR 3
A, #1)A 250 ng/mL, & 750
ng/mL, M : 2% (v/v), WHEE : 6% (Vv/v) .
LARVG EBITHE LRV TD3/54,
2% (v/v), 5 : 6% (v/v).
LARLVS R/ ITHE: LRV T /54
2% (v/v), g : 6% (v/v).

LARVA ERBITE D LRIV T O3 /508,
2% (v/v), WliE: 6% (v/v).
LARV3 ERIGHE: LRV T o1 /1085, M
2% (v/v), g : 6% (v/v).
LANV2 &EwicE LNV T7 o1 /1004, i
2% (v/v), WilfE: 6% (v/v).
LAV BRI S I —HLR (&8 o3RIk

“H)

T /0y —
#1: # Pharma Internal Standard1 &, 05 mL® 3
%, 15 mLOMEE % £20mLo@HiKICwmL, &
MiKEFWT25 mLIC L7z, BT OREx DTS
R T IVIV 2500 ng/mL, A A ¥ Y7 A 1000
ng/mL, V=L, AT TL NVFF7T7L4,
Y A< A %4500 ng/mL, #HEE: 2% (v/v),
B 6% (v/v).

- 50%MIRER © IR iR E S NERER D50%I 7% %

XL BARMICIE, 0125 mLOT VL
b - 727 /7 8aY—%#Pharma Internal Standard
1, 05 mLO¥EEE, 15 mLOAEE % #9520 mL o
AL, BHAKZEHWT2 mLIZ L7z &
DOWEEEZDLTFIRT. )V 1250 ng/mL, A A
YA 500 ng/mL, Y=L, LT



A, VFFI A, EATA %250 ng/mL, YRR :
2% (v/v), THEE : 6% (v/v).

c RATAVBR 0303 gDL-V AT A v EBHiKIC
WIRL25 mLE L7z (100 mmol/L). N ilEfik
THMLT, 01, 03, 1.0, 30, 10 mmol/LD ¥ A
TA VERERE L. B, RERICTERS X
OWHRBIERIM L T2,

cDATAVERREER 0212 gDL-VATA V&
#9120 mLOBEHAKIZEMR L, 05 mLOMERE, 1.5 mL
DOTEEE, 025 mLOT7 YLy b - 577 ay—4hHl
Pharma Internal Standard 1 &Nz, &Kz H
WT25 mLIZ L7z, KB OiELDFIIRT. L-
VAT A4 Y 70 mmol/L, 7 VIV 2500 ng/mL,
AA YA 1000 ng/mL, FhVR=T A, 4V
VUL, VFFIL, EATA K500 ng/mL,
2% (v/v), g : 6% (v/v).

K&

FHEREE T T A HESHENIT900 ICP-MS (73
Ly b7 ruy—#) &, <A 7 adsnmEE
IZ1ZMultiwave PRO (Anton Paarfhil) 7% FHwy7-.

ICP-MSOAIES K URFRSRMF

HEBRED240HE (VF o h, NFITLA 70
A, ANV, =, S, vE Ly, BEYS
AN 2 a0y N NI = SVAy NEAL ARy NI B/ N
IUA, AR, TUYFEY, NYTLA, FAITLA,
AN T A, HE & KH, YU L) BIXUONE
WILHE (AHVIIL, KUV L, 40T A4,
VFFh, LATX, TV ZHIENRTHEL
L, a9V ¥are— FCHlELA ERIZIEHERH
BEOL NV 155 7 OREMIZ X ) VR L 7 imfit
AW WEE 3N ) K LT, TR
WEME L7z, 79 71213 3 a0 &4l o B e {5 %
I —N—bt LTtk L7. F—7@iricizry vy
b % 3 »MassHunter 44 Workstation Software#% Jfi
W7z, ICP-MSOZEINT A —F — %K 1ITRT.

F1. BENSGA—%—

HE A R fiE

RE/NT — 1550 W
TIGAIHNA (TNITY) 15 L/min
WA A (THVT V) 0.9 L/min
AT IGAFETA (TNITY) 1.08 L/min
a)JarhHA (N)TL) 5 mL/min

ATV —F % yN—iRpE 2T
TR % V7 havIVF754%—(EM)

EEITEREDF v —F—N—EFOWMFIHT BIEE
DR
SIBBWOWEICHNT T, EBILEEZE T R VRE
WE7THHAELZ (M1A). &Eeme LT, i
BroUGBEREEE R VAR 2HEHLRR L2 &
BB TR S NSRRI 2 BB WICB W T
Mt h7-ERBEOEEG (SEEEE) 2HEHL
7=.

SATAVDF v ) —F—N\—IMFHEZHE
SREEAME L%, T TYATA VIBEB &
OCBREHONEFETHEL (KW2A). EBEBRTH
S-SR RE I T 2BBRICBWTRIB S
GEREOHE (GEEEE) 2B L.

ARBATA VENEESA VORELLDRIES V)

REBEA T A VB X OHNERET 4 05, BRIET,
AR D L <IE50%MNARHER 2B A L, WEH#EILHE
ZICP-MSTHlE L7z, MAEHEAT A VITRBEWR %
WEEHE 7 4 I NERER TR TN ENEA L 7B A
7Y M (eps) L ELLEEOMY Y v M
YRV E LT

MIZES A D ERWEDATA VBRDEA

ISR S 4 Vb Y AT A e %, 3F
BATA v OMESF Y IV EEBALL. WEY VT
WZEBERHBHEOL NV 125 LNV 6 FTEH
W7z,

<A I OESERY O TS E T B RNEREER

WAMFE T VR (K2) 18ISxL, K3IITRT
CREEE B ENICTIL Y s Ty Y —
ORI Z WML, BAAK3 mL, 1 mL, M
M6 mLEMZ, &0 mLOSRERZHEL, <
A4 7 aoe L7z, 52, Anton Paarth
HWpF7a 5 (945 —F100 TEFN) BX U8 AR
#Hiro—%— (§NXF100) ZJHw7-.
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Toyama Peony Branding Promotion Project

— Demonstration Studies on Drying Methods Aimed at Supporting sustainable Shipping by Farmers —

Takayuki TAMURA, Nobuyuki TAKAYAMA, Michiyo WATARAI Arihiro MIYAZAK]I,
Kazuhiko AZUMA, Masaru OGASAWARA

E:3 #

BTy FYx 22X 7 [HROM] #2853 5EEREICILIEME Y ¥ 7 X 7 OREN: AT %
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HEDTE, SN, ThEHIZLEL, EEAD [FOM] 203 2B H 3 5582 5
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Summary

With a view to establishing stable farmed production of Peony Root from the Toyama-branded
peony “Haru-no Yosooi”, a cultivar of Paeonia lactiflora, we explored a drying method using a flat-
bed dryer, considering ways to reduce both production time and cost.

In this report, we introduce improvements to the drying method that minimize heating costs.
The most cost-effective method that we tested involved using a flat-bed dryer to dry the roots
with unheated air for 15 days, followed by exposure to air heated to 30 ° C for 7 hours per day
over four days. Because most peony farmers do not own a flat-bed dryer, we also investigated an
alternative method in which roots were stacked in mesh-bottomed trays in an indoor facility and
exposed to airflow from a factory fan. Although uncut roots require a longer drying time than
cut ones, we found that 24 days of drying with a factory fan reduced even uncut roots to 60%
or less of their original weight. Moreover, after storing the roots under low-humidity conditions
(30%-40% relative humidity), the final product met the quality standards specified in the Japanese
Pharmacopoeia.

F—U—K:Txrvr, B wch BEENR

Key words : Peony root, Cultivation, Drying, Farmer’s facility
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