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Part 1
Antiproliferative Activity of Piceamycin by
Regulating Alpha- actinin-4 in Gemcitabine-
resistant Pancreatic Cancer Cells

Piceamycin® AAIEFR] A4 7 Al 2o A
Alpha—actinin—4 Z4& &3 Al A% A3



1. Introduction
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gemcitabine 7|®FS] d¢hstst Qo= W&

—

5
T 5 AEEo] 10% m|Fto R oEHE WS uwf off] T ToAE Felek
5 =

A= = o A= = = = =
G g%l g e sEolth (o 9HE 59 AEE Fol, %7} P RAlE)
9%, ‘93-'95 ‘'96-'00 ®m‘01-05 m'06-'10 m'11-'15
100
&80
60
40
0 B 2
AR F{ EfEay Al
Ll A% uay H w4 i Hay s P U3
9395 428 548 942 11.3 719 10.7 55.9 2.4 17.3 62.0
='96-"00 466 58.0 4.9 127 832 13.2 67.2 L6 19.7 661
0105 7.8 6.7 98.4 16.5 8.6 0.4 504 24 231 136
=06 10 68.1 FES] 99.9 201 91.1 281 911 24 268 784
=11-"15 754 76.3 100.3 26.7 92.3 336 94.1 10.8 29.1 822
a8 ErE 215 LS 154 144 £2.9 a2 14 11.8 0.2

* B 930954 CHE| 11-154 REETS] MEF To|

o] tAal AR HAADC (Siegel et al., 2021). @S 84, A 59, 44
QQl W oy AHE XFs oy 2oz s 3] TSt Slth (Zhao

and Liu, 2020; Park et al., 2021). 9|4 dAl=S 27] A A5 7 £34

¢l Ao g ZFFE XNk (Park et al., 2021). &Aoo A mAAQ AAl
stek ¥] Qo= A4k A5 JFAo] vk AAIEM Y HF-aZE g Adnkd

o7 12 e o7 AFRE AU (Siegel et al., 2021), °FE A Q] wIwE Wk
& Ao FAZRl 1o ® ojojxIt} (Zhao and Liu, 2020). whebA], A oF

®
W4 Agere aeEe A2 s (FU ALSHAS A AT A



Alpha-actinin-4 (ACTN4)= A& A3 dWA O] family 4], nlo|A2 HeE
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2019). o8] =X ACTN4 7} AEe] 5 49 Hol& FZlsh= do] &«
AR - FF24A JEE shrba Hydtal QIth (Tentler et al., 2019).
FH Aol ACTNA AAI7F &5 SAS Asd + vt ®Basiv
(Gao et al., 2015; Watanabe et al., 2015; Wang et al., 2017; Tentler et al., 2019). ©]&{3t
AN ACTNA A% A9e ZHOoZ s 2S gl FAH ok
2 FEay) 9% shbel gEa g wAel @ 4 olth webd ACTNA

AAE A ACTNG AT ALY 2B AL B4 B8 Qo] wgaA

N =
X/

v

o= A SRl A ol F U

Ad=2 o= o 9 Jtke] T3k ods gty 50% ol &ehAl7t
A =4olA g 22 A =#o|th (Lichota and Gwozdzinski, 2018).
Piceamycin = Bombyx mori = ol oA 23t Streptomyces sp. SD53
strain(~ESET| A A & SD53 AEFQH)OERE AHdE wiazRgEA Ao
@ =22 (Schulz et al., 2009; Yu and Sun, 2013; Shin et al., 2020), ©] <15-<]

2w A4, 7, 3 2 s X@e oy ATl dis 4 3 AlxE

=4 GAS vebitt . g A 9t} (Schulz et al., 2009; Yu and Sun, 2013; Shin et
al., 2020). 1} #HA&L AMEeA  piceamycin & TS A W FAF

o

HAY S obA wre A A ekttt

Q7bwolEE QIREe AV|E EWE 3D FEEA, 2D Al Hfekel s Q1A
T%9 © §AFETE (Nagle et al., 2018; Kim et al., 2020). H &7]2] So]Z
AEZE FEgsta, Z717F Ad 54 JVles Adeb, AAl Aok fARst
JH 2 374 A3 7bsst 27w o]E (organoid) BES AFE-Sk= 7o)
dF7F Ha vk @A A8 BRe oF #2224 fF# 27Fwo]l= (Patient-
derived Organoid, PDO)7} FHESIth o]# st o7lvolt Rd2 oy AFE
ol v A Edd vluste] HEe ZEs AA FFY Fd7 I
e} FAS, 54 AR FEAPY A APRE HolFe

°bm Adedel &8 7hsde EAFslal, et gl o] -

olr



e RoEATE webd okEe) FHE Aol ke NG AR
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e7bwolEE Bt RS GBS oY f83 Pooldn B+ A

2 Ao AAERL A #8d Al #xF fE Ay 2ol = eA
HAE FHY =4 e E49, piccamycin & =24 A3} B2 wAYSS

gQlstglty. 53|41t piceamycin o oJ3]A ACTN4 whlz o] o] At
2

AEA TR AR AZde SH ddo] as Bt



2. Materials and Methods

2. 1. Kaplan—Meier Plotter analysis

Kaplan-Meier Plotter (http:/kmplot.com/analysis/) 212 74 32} AA YE&
(Overall Survival; OS) %! FZ138] A& (Relapse-Free Survival; RFS)= 7}l U
AFEE AT 95% 212 F-7F (CI) log rank p-value & AF83F ¢/ H] (Hazard Ratio;

HR)E AlxhE ST,

2. 2. Cell culture and reagents

#dd AE (AsPC-1, MiaPaCa-2, " Panc-1)i= American Type Culture Collection
(Manassas, VA, USA) ZFH FY33ch. AlZE2  penicillin-streptomycin (10,000
units/mL sodium penicillin G, 10,000 pg/mL streptomycin) 2} 10% FBS 7} =o]3F vt o]
(DMEM; Panc-1, MiaPaCa-2, RPMI; AsPC-1)°1A] 5% CO,, 37°C, o] HFAH=
AsHoly A A 71t M Hjeke] AFE® HEE AJ2FE Gibco® Invitrogen
Corp °llA %18+ t} (Grand Island, NY, USA). Piceamycin (HPLC 2] ol 93t =%>
98%)<> Bombyx mori Tt TFolol oA FEIg Streptomyces sp. SD53  strain
(RE#Evlo] A2~ £ SD53 # ) 2HE ®E3t Zoltl Stock £N(1 mg/mL)S
"Byt PBS oA A FekaL, -20°C ol A Bekgithk. AAEFRIS Sigma-Aldrich (St. Louis,
MO, USA)EFH T3t MTT E4 ] AFEE 2E AR Sigma-Aldrich (St.
Louis, MO, USA)Z%E, AnnexinV/PI 4 7]E+= BD Biosciences (San Jose, CA,
USA)ell A 22 -9 8k t}. Caspase-Glo® 3/7 4] 7] Ei= Promega Corporation ©f 4]

T3 th (Madison, Wisconsin, United States).

2. 3. Cell proliferation assay



A MAE (2 x 10* cellsymL)E 96 well plate °ll seeding 3FiL HHAR wlj &F3FSI T}
oz, MEE AAH 559 piceamycin = FAEHIOZ AHElstal A AlH

AlZE ERE 5% CO,, 37°C o] 75 QIsfdlolg oAl wjeketgith. ek 5, Alsze]

C

MTT & Yl 37°C oA 4 AlZF F_F w<FslSit} (Sigma-Aldrich, St. Louis, MO, USA)
(0.5 mgmL). &5 WiAE ZAHAAHA AASEAL, DMSO (200 pL)E Z+2He] well ©f
A7veeh Zb well @] 3T E 570nm oA S48l MXE AEES AAsH=d
Aol s

AlAFE ST (version 7.01; GraphPad Software, Inc.). A3 °F&9] %23 d¥+= v

M

ARE3EITE 1ICso %> GraphPad Prism & ARgsto] nldd 3]

2ol 23 A4 (cnel WA A s AAE Sl (Cl = D1/(Dx)1 + D2/(Dx)2, D1 4
+ ddEHe 59E G48skes A8E AE k=9 wEola Dx)1 ¥ (Dx)2 &

D
9 Fx oAE9 Frolth). I #e HiE 7]$OF Chou-Talalay "ol 23]

i)

4= AT}k (Chou, 2010).

2. 4. RNA-seq analysis

2. 4.1 RNA preparation, library preparation, and RNA-Seq

RNA + 7Z}7Z} piceamycin (1.25 uM) A 2|¥ AAEFR] U4 AsPC-1 M>x Y
piceamycin S % A2 ¥ A k2 AAEFR] U4 AsPC-1 A|ZZHE F292 A
747y 3 9] well ZHE FH3F3k F RNA & Al22ke] A Ao wh2k TRIzol AlF
(Invitrogen Life Technologies, NY, USA)S A}g3te] FZ31%th B & RNA 5% &
Quant-IT RiboGree 23] ZAAE AT} (Invitrogen, #R11490). A A RNA o] FZ2AA S
H7Vek7] el ABELS TapeStation RNA 278 EHo|ZE A&t (#5067-5576,
Agilent Technologies, Santa Clara, CA, USA). RIN ©] 7.0 Xt} & Z RNA %F RNA
gholB g FFof AREH U
Zto] 22 2] & Illumina TruSeq Stranded mRNA A= Az 7|E] & 2 AMZof
thall 1pg 9] total RNA = HHZA O =2 A F3A Tt (#RS-122-2101, Ilumina, Inc., San

Diego, CA, USA,). AWA WA= poly-T-F2 wl1dlg H|=E AFE3o] mRNA



B25 ¥38He= poly-A = AASFAL, A 3, mRNA = 112 dlolq 2 7} ol &S
Abgete] A2 xZto g WHst itk du® RNA WS SuperScript 11
A AALE A9t random primers & AFESte] FEHA 7Y cDNA 2 HAE T
(#18064014, Invitrogen Life Technologies, NY, USA). ©]°{A] DNA %3 &4 I, RNaseH 2!
dUTP & AF&-3F 21 2 7} cDNA S X1 3heh. o]2f3h cDNA @2 HF 5
1, &l ATl F7F 2 oo¥iE A4 AR v A== PC

72
TE3lo] HFE cDNA golH e E AAdsith glolB ¥l gPCR AF ZZRE

=

7Fo] = (#KK4854, KAPA BIOSYSTEMS, Basel, Switzerland)®]l ™2} Illumina seq

&G KAPA FholBele] A3t 7|ES ARgstol A#3hE 910 ™, TapeStation

sl

D1000 ScreenTape & AF&3Fo] AT H AT (, # 5067-5582, Agilent Technologies). Tl
Aty 2o]H 2 2]E Illumina NovaSeq (Illumina, Inc., San Diego, CA, USA)]

A% 3} L, Macrogen Incorporated A1 #oj & Tk (2x100 bp) Al = 35T

2. 4. 2 Data processing

glo] B 22| FH]i= Illumina TruSeq Stranded mRNA LT A& Hxg 7|Ee] 23|

T3t Hlumina gH] oA A d A A4 #5530 (101 bp)= FastQC 2 A4

o
X,
s

A3 (version 0.11.7). 4 A|Zet7] el Trimmomatic (H < 0.38)

(Bolger et al, 2014)& Algsto] oy A AAE AAstL HF read oA 7]

wdol 3 Hu wE HolAE AASIH Ed &Eteld dxg Ed WS
Abgstd A7) =4 ° w4 =159 algstA e wol ATt AR, 17

(o]

Hat
U #H 4 dol7t 36bp Q1 B ke Al7iste] Ao vlolgE A g
2. 4. 3 Aligning reads to homo sapiens reference genome
Ay = ZhS HISAT v2.1.0 (Kim et al, 2015)& AFg3sto] 35 ApgdA

(GRCh38)ell FH=AE AAA oA Eg = 49 w53 37 StringTie v2.1.3b

(Pertea, Mihaela, et al., 2015, 2016)°] &3t FF FHAAF FAlof] 7] %3] S}
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2. 4. 4 Differentially Expressed Genes (DEG) analysis

ol AEHoE WA FAAE EHek 6 AHgHch ol AN BAA,
BEM 0 o B BE ALE gl sht olgel R AU BF glo)

= LS E dHolgRHFE =7 QA 9w GHApdE

(RLE) B oz A3t skoivk 25 2d dolHe A4 #
Fh+-E 9}l &7 DESeq2 nbinomWaldTest (Love. et al.,, 2014) & A}&3}o] AR SN

False Discovery Rate (FDR)=> Benjamini-Hochberg algorithm & A}&3}0] p-3ks
2oz Aot dolgt w3 {-dxtel] o3l fold change = |fold change| >2

9 rawp o] WSS}
2. 5. Protein-Protein Interaction (PPI) network analysis

PPI WEY A #4] (Wimalagunasekara et al., 2022)-> <& % PPI ¢ =% PPI &
BF F3sts Az AE 5-4AF (STRING) (https:/string-db.org) H|©]E Ho|AE

AR A AN BT, dNAY J5H AEHEL IS W 48T+

At} Aolst 2o whE DEG 7He #FAA A5 FES 37] 98], STRING =17}

2. 6. Western blot analysis


https://string-db.org/

AEY dd F=H5LS 5x sample loading buffer [250 mM Tris-HCI (pH 6.8), 40%
glycerol (80%, v/v), 8% sodium dodecyl sulfate (SDS), 2% [-mercaptoethanol, 0.1%
bromophenol blue, 100 mM Dithiothreitol (IM)]ell =48] E At HMZo dwlz sE=
BCA ©wild HX 7|EES Al8-35Fo] A &3} T} (Thermo Fisher Scientific, Waltham, MA,

USA). L3 oF @A (20-30 pug)s 6-13% SDS-polyacrylamide gel electrophoresis

ol

(PAGE)°ll 7195 3k 3L, polyvinylidene fluoride membranes (PVDF ™ H #}1)0 &

%71 $° (Millipore, Bedford, MA, USA), 5% bovine serum albumin (Sigma- Aldrich, St.
Louis, MO, USA)°. 2 E&sla, AW 94 5 22 U} antibody & &3tk
Anti-ACTN-4, anti-a-tubulin, anti-B-Actin, anti-vinculin, anti-FAK, anti-Rac, anti-Slug, anti-
Snail, anti-CDK2, anti-CDK4, anti-cyclin E, anti-cyclin D, anti-Bax, anti-Bcl-2, anti-cleaved-
caspase 3, anti-caspase 3, anti-MMP2, % anti-cytochrome ¢ 5 2] antibody & Cell Signaling
Technology (Beverly, MA, USA)o| Al +%] 3} TF.  anti-N-cadherin = BD Biosciences (San
Jose, CA, USA) ZHE 43It 217] LA} antibody + 4°C oA @ WL}ols}he]

2tk 3 W 948 o)Fo] atstgart #3292 A antibody S ALolA 4 A3t

29 % 7 3}shastw] (ECL) (Thermo Fisher, USA)S AF&3&to] whuld wi==
gkttt

2.7. Cell cycle analysis

A F7] B AR s SAEEAT. AAERD W4 AsPC-1 AZEE
60 mm dish ] 5 x 10° celldish = 71931, At 24 A7+ < 0, 1,2 D 5 uM
piceamycin = g F wiYsiitt RE AR W R 5 AEE EHAS
st -5kl WAl 2 F3kAIZ1 3, PBS (Invitrogen, Carlsbad, CA, USA)= 2 3]
A ABFATH AFEE 4°C oAl HA 30 & 5 70% (viv) e 2 14 oA
MEZE PBS = A H3E &, AoA] 30 & F<F 50 pg/mL RNase A (Sigma-Aldrich, St.

Louis, MO, USA)S -F3l= 5 uL 2 PI (1 mgmL)E JMstAct 34 Fxe=
u g

—

FACSCalibur 4] 352 7] (BD Biosciences, San Jose, CA, USA) “Joll 4 =431t 7



A0 sl F 10,000 /NS MEE Agetal, ME F718 2 @A (GG, S, G

M)l M2 AE BEE S|AETRH T EAST

2. 8. Caspase 3/7 activity assay

Caspase 3/7 B4 ¥A caspase 37 AL St #d @3F FAo|r

Y
off
0

AAEF U4 AsPC-1 AIXZE 10,000 cell/well == 96 well plate ol 4] 48 A
H @F3}FaL, 10 uM piceamycin & A 2|3t Th ¢FE 54 xR MXE e s AHEH
MEZE EZ3SF= white wall 96 well plate ¢ Z} well © 100 pl 2] Caspase-Glo® 3/7
Aok H7bstar, Aol 30 & WAl 3 AIRE s kst EEolE wE

WYSPAA 4 BB 2P FH T, dolH: BT + EFVAE

2. 9. Colony formation assay

AAER A AsPC-1 AIEZS 6 well plate (500 cell/well)oll A=t} WhA] F-2H3)
MAES Tt 55 (0, 1,5 2 10 pM)9] piceamycin 0.2 *J&|stal, HjX] & 3 Lwlt}
WA ST colony Aol BA wl wjX]i= A|AESAT} colony & ZF7FE- PBS %
FE==] A A& 3FaL, 4% paraformaldehyde (PFA)®l 15 & &<QF 11783 tha, 0.5% crystal
violet (ddH.O & 0.5% methanol, 0.5% crystal violet % 1% PFA)C. 2 30 & &<t
AASFATE o FE] crystal violet & FTRTE Ao Wi HdEZAZ ¥, colony =
A7 (inverted microscope; Olympus CKX41, Shibuya, Tokyo, Japan), 40x W& =2 AR &

Hoth 7} ARS Aoz sty

2.10. Annexin V-fluorescein isothiocyanate and PI double staining

Annexin V/PI @S 81t A AXE HuolAq MIEAES %E SA3S T

AMAEFL A AsPC-1 AlEE ZF welld 1x10° A 3EZ 6-well plate o] A 12 A]7F o] A

10 !



HjeFstath MEE F2AIZ] tha, 48 AlZF F<LE piceamycin (PBS ol &A% 0,0.1, 1,
2, 5 9 10 puM piceamycin) 2 A8k HE FEA, ALE ENS
gl AW, wAR FHAZ o8, pBs = AFeln, Axwd ol
AT AE AR B4 S, AEE 300500 W o oAl AT ehE el
HELAI 7] 3L, 5ul 2] PI(1 mg/mL) % 5uL ¢ AnnexinV fluorescein 4 5= *{2]3}1l, 15
BB A4S o] WAL olF& 23} ALl AU Singlecell & A7)
st e A 2] 3t o BD FACSArialll 434 7] (BD Biosciences, San Jose, CA,
usayell oJal EAskith AlZAPE Ao MEas FdFAor AAsH. 7
Age Ao s,

2. 11. Wound healing assay (cell migration assay)

Scratch wound healing assay & &3t0] AXE9 ol s A3t AAER U4d
AsPC-1 A|XXE 6 well plate (500 cell/well)°ll seeding FSitt. WAl F-2Hek & Fzkw
AETE ~70% BA e Fo 200 pL B FAHES AREEte] AET
AdCE wound & FOIUATE T %, ZF well & HIAIE 2 3] FERHA AH 5
FH53 AXE AASGT AEZ 0,1,2 H 10 uM 2] piceamycin 0. % =] 2|8}l
RPMI (10% FBS)H| Aol A] wjoFalAt). 48 h B¢ #lF 3, AEE 1x PBS & 2 3
AA s, dnAd Aol el st Axls ZFGsith. AlE o] F2  100x

H&o] £Y Av|ZOm 0 A% B 48 Algke] S E v

2.12. Transwell cell invasion assay

24 well transwell membrane insert (%} 73: 6.5 mm, 7]& =17]: 8 um; Corning, Tewksbury, MA,

USA)E 77} 10ul ¢ 13 collagen (0.5 mg/mL, BD Biosciences, San Jose, CA, USA)¥} 20

ul ] Matrigel (BD Bioscience, San Jose, CA, USA)¥} PBS & 1:20 o] H| &%) 23 =2

-~

TR 48 Al7F Bt Aoldt F 2 piceamycin (0, 1,2 E 5 uM)S. 2 FAJER

WAl AsPC-1 AlEeo| A3t & F&ata, T3 vjxo] 3AEeA 7|1, W Eg Aol

11



K

Y ¥ Trasnwell A AHolA T2 (2 x 10 ° cell/chamber) 3} TF 30% FBS &

Rt

ok WA= S chamber oA FFSFAIAZ A ARG QATE 48 AIZF Wi F,
- chamber & 2] WO R o]F3t AXE 11743}, 0.5% crystal violet (ddH,O &

0.5% methanol, 0.5% crystal violet % 1% PFA)C.Z 30 & &<t AN Th o9

ol,

crystal violet & S 7% o] Wil AXAI & BHOZF o]53t AXE dn

(inverted microscope; Olympus CKX41, Shibuya, Tokyo, Japan), 40x H|&=Z A}X]

~

Fogsroirt. 7 e AnEow FYster

2. 13. Organoid culture medium and 3D culture viability assay

o

S F:

ke

T 2ol A AFRo} 37°, 5% CO./95 % 571 FolA wiekst Ab
HAAY @70l (PDPCO):= Wnt-3A, R-spondin 1 % m-Noggin ©] $h-% ulj =] ]
hEGF 50 ng/mL, hFGF10 100 ng/mL, nicotinamide 10 mM, 500 nM A83-01, 1x B27 supplement,
N-acetylcysteine 1.25 mM %! hGastrin 1 0.01 uM = 50% + DMEM (FBS 10 % + 1 %
penicillin/streptomycin) 50%(v/v)= Y o{A] TH=SITh Wnt-3A, m-Noggin, 2! R-spondin
1 & L-WRN (ATCC® CRL-3276TM) A|EXFE 7] FSHS AFo] B 7, HE
% A2 AFE-3FSItE PDPCOs += seeding §- 72 AIZF 7]%-11, kA 72 Al &
AZLA A3 up2l Cell Titer-Glo 3D A] @F(Promega Corporation®, Madison, Wisconsin,

United States)°ll 9]3ll =3 H7Fskaioh

2. 14. Data analysis

BE dolH: 3 /e 59 AFoRRE Hy £ TFHAR AAsSiTh
SAA e (!p <0.05, **p <0.01, B ***p <0.001)> AFHE 7Y S ARk
B7 e Th. 1Cso 5792 GraphPad Prism (version 7.01; GraphPad Software, Inc.)<

ALg-eke] Aarekel

12 !



3. Results

3. 1. The clinical significance of ACTN4 expression in patients with pancreatic cancer

ACINA = W& =elA ofe7bA) gkl A&y} dojo] whedo] glubal uhs|A
STh (Gao et al., 2015; Wang et al., 2017; Tentler et al., 2019; Huang et al., 2020). ACTN4 °]
Ay Y &2 AESEHRE AWEdEs gl fdl, AT SbelA
ACTN4 L& e 32 Kaplan-Meier & &ato] &lsialth (44 BE=E(0S) &

Ay AYEE RFS)). 17 1 oA vrebd nhel o] gt gxtelA A4CTNA 9

< A AEER FAY AEE BFE AT, ACTNG o B2

13 !



Pancreatic ductal adenocarcinoma

Overall Survival (OS)

ACTN4
= HR =2.71 (147 - 5)
logrank P = 0.00086
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Y low=43/ high=134
z o | Y
= !
o
g -
£ 3 N
(=]
{LFH—F
~ 4
o Expression
— low
o | — high
o T g T T T
0 20 40 60 80

Time (months)
Pancreatic ductal adenocarcinoma

Relapse-Free Survival (RFS)

ACTN4
24 n
LLL logrank P = 0.00031
Iy,
@«
S ty X
B low=21/ high=48
2 <] 1
= o -
'(% sl
Q2 -
S <
o o —
N
© | Expression .
— low
o | — h
24 T]Igh

0 10 20 30 40 5 60 70

Time (months)
Figure 1. The Kaplan-Meier survival curve according to the ACTN4 expression level.

The Kaplan-Meier survival curve represents the overall survival (OS) and relapse-free survival

(RFS) of pancreatic cancer patient according to the ACTN4 expression level.
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3. 2. Antiproliferative activity of piceamycin (PCM) in pancreatic cancer cells

Ho} o] Aol AbgE R HAAAEY A=

o v

[
_—m

2
gHow AeFE AT F QST (AsPC-1, Panc-1 3l MiaPaCa-2) (3 1).
AR A8 #48 ARE 8 fist line ARHOE dE] AMEHE

orzolth. 2Rz HAEY fAelM AAEmIe] Aol Sl= A oAl Ehs

ok =
SHo] Adjz AAH (Xu et al., 2018; Koltai et al., 2022). WA A EFH ) Ad o]
N AEZo A S piceamycin o thet G35 AT35H7] flste] WA AY A A

A Aol AAEL g5o] QA st 2

N

o
ol

2133kt (Hu et al.,

2012). AsPC-1 Alx7F Aol ARGE HAZIAEE TolAd 7HE AAERIl

rir

Aol Qorz (i +3), AsPC-1 HEE 74| 3L piceamycin (18 2)9] A&
&

al
Al mIeF ACTN4 ¥ A3 AgS sk Ao gd Az 5 A8

15 :



Figure 2. The chemical structure of piceamycin.

16



Table 1. Antiproliferative activities of piceamycin against human pancreatic

cancer cell lines.

Cell line IC,, (UM)
AsPC-1 2.08
MiaPaCa-2 1.13
Panc-1 1.20

Results are expressed as the calculated half maximal inhibitory concentration (1Cso)

of piceamycin (uM) treated for 48h.

17



3. 3. The effects of piceamycin on gemcitabine-resistant pancreatic cancer cells

Piceamycin 2] AATERR] W/ Gk AlzelM o] &= 2Qlsty] S8 AsPC-1

gemcitabine = 2|3} W], 100 pM ©]73 2] IF AT Arold= AXE 7FA 1L

1>
oo

S AETE o] HMAIEN YA AsPC-1 AFEE AES 50 % AFEAY]=

FE7F 9 AsPC-1 Al Ko 30 H) o] F2 Ao el 4= QA (F 2).

124 Piceamycin ©f] thdt oFE REEE= @ AsPC-1 Mz AAIEFR] U4 AsPC-1
X

U FAT F Yt (F 2). ©] HolHES T

18



Table 2. Drug resistant profiles of AsPC-1 cells with resistance to gemcitabine.

Gemcitabine-
ICs," (UM) AsPC-1 resistant Fold difference®
AsPC-1
Piceamycin 2.08 1.37 0.66
Gemcitabine 3.23 =100 =30

* Results are expressed as the calculated half maximal inhibitory concentration (IC50) of

piceamycin (uM) and Gemcitabine (UM).

® The fold difference was calculated as the ratio of IC50 values between gemcitabine-resistant

AsPC-1 and parent AsPC-1 cells.

19



3. 4. The effects of Piceamycin on the ACTN4 expression in gemcitabine-resistant

ASPC-1 cells

AAERRL Aol AGA A piceamycin 2] AME A A3 mI7F ofd
TR AHER Aol A FRlsr] flete] AAIER Ul AsPC-1 Az

piceamycin & ICs ol 33t E% (1.25 uM)E A 2lstaL, 48 A7E o] Fof MEH

tlo

ste] RNA A4S stal, 23 dolH & 243kt Piceamycin A 2 Al 74 2] -}
tju]eto] xfo]7} = pathway . FAAE F1E 5 A (¥ 3 I I¥ 4,
53] Biological Process (BP), Molecular Function (MF) 2 Cellular Component (CC)°| 4]
actin polymerization, focal adhesion %! epithelial mesenchymal transition (EMT) ¥&¥
A=) piceamycin = AHPUE W FAHZT (control ) HUPE O
AAEDS A = ARG (18 3 H 4). 1 FolA piceamycin = *E]A] ACTN4
AR AARHE W dio] Wstel=A] gRlety] 91eke], RNA AldA R
ofue}, ezl el Wty gk AR ES APS Sl gleith 17 5 9F 64

glgt 4= Ql%o] piceamycin = FAIEFRL U4 AL ML ACTN4 ] mRNA ¢}
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- Cellular component organization

- Anatomical structure development *BP

- Multicellular organism development (EMT)

- Microtubule (Actin polymerization; ACTN4,

VCN, ACTG, and ACTB)

- Cell leading edge (Focal adhesion; VCN ce
and Rac)

- DNA-binding transcription
repressor activity (cell cycle; CDK2, MF

Cyclin E, Cyclin A, and Cyclin D)

Figure 3. Heatmap of one-way hierarchical clustering using z-score.

RNA-sequencing data (gemcitabine-resistant AsPC-1 cells were treated with piceamycin (1.25
puM) for 48h. Heatmap of one-way hierarchical clustering using z-score (-2 <z <2) for normalized
value (log, based) (4,347 genes satisfying with fc 2 & raw. p)

(*GO functional analysis: BP; Biological Function, CC; Cellular Component, MF; Molecular

Function) All data represent at least three independent experiments.
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cellular component organization -+

Biological Process

Top 20 terms of GO functional Aanlysis

anatomical structure development -

multicellular organism development -

negative regulation of cellular |

process

regulation of signaling -
regulation of cell communication -

response to arganic substance -

cellular response to chemical |

stimulus

intracellular signal transduction -

regulation of localization -

cellular response to organic |

substance

cellular response to stress -

positive regulation of molecular |

function

regulation of cell death -

response to endoplasmic reticulum |

stress

response to topologically |

incorrect protein

response to unfolded protein -

cellular response to topologically _

incorrect protein

cellular response to unfolded |

protein

endoplasmic reticulum unfolded |

protein response

GeneRatio (intersection_size/query_size)

Intersection Size
® 250
@® 50
@
@
. 1250

Adj. p-value

le-07
2e-07

3e-07

Figure 4. Top 20 terms of GO (Gene Ontology) functional analysis.

RNA-seq assay was performed in gemcitabine-resistant AsPC-1 cells treated with piceamycin

(1.25 pM) compared with control (PBS with DMSO-treated). The dot color represents the p-

values. The scale of the spots indicates the number of genes involved.
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PCM CON

Min= -2 Max=2

17.8

-
b
o

Normalized value
-
™
P

-
~
fa

17

Down-regulation
Up-regulation

O ricea
con

==

PICEA con

Actinin alpha 4

(ACTN4)

Figure 5. Effect of PCM on ACTN4 mRNA expression.

expression from RNA-seq analysis. Data are presented as mean + SD (n=3).

23

RNA-seq assay was performed in gemcitabine-resistant AsPC-1 cells treated with piceamycin
(1.25 uM) compared with control (PBS with DMSO-treated). (A) Heatmap shows ACTN4 mRNA
expression according to z-score (-2 <z <2). The color represents z-score (yellow; positive score;

upregulation, blue; negative score; downregulation). (B) Normalized value of ACTN4 mRNA
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a-tubulin

PCM (uM)

Figure 6. Effect of PCM on ACTN4 protein expression in gemcitabine-resistant AsPC-1 cells.
Gemcitabine-resistant AsPC-1 cells were treated with the indicated concentrations of
piceamycin for 48 h, and the protein expression level of ACTN4 was determined by western

blotting. a-Tubulin was used as an internal control.
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3. 5. Piceamycin suppressed actin polymerization signaling pathway in gemcitabine-

resistant AsPC-1 cells.

ACTN4 ¢} QIAetA dzatdstes ddsS &lshy] slste] 22kl dHlo]E

wlo] 2 7]Wke] STRING & %3 dvd @z 3

o

sl1l, mRNA AlAE& F3l
A oyZ heatmap 1] 3L Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway =
F3 ACTN4 7} €l 3} (actin polymerization) A& HGHZ e} ##o] Qo=

13+ Ty (Z1™ 7; Protein-Protein Interaction, “L% 8; heatmap of actin polymerization,

H

¥l 9; normalized mRNA level, “7% 10; modified KEGG pathway).
wok AAER A #HFS MAEANA piceamycin = *E]8FS Wl ACTN4 ##
AAZFAZS] AR Od JEE 27 9 oAt Zo] glsiqitt. 19 8 ¥
9 oA H ¥ piceamycin = AAIEFHL U4 G MEel AH2etlE W piceamycin
FA 2Rt alpha-actinin-4 (ACTN4), actin beta (ACTB), actin gammal (ACTGI) %
viniculin (VCN) &°] B 24 HdE = Ae AT 5+ ATt (ZH 8 7 9; heatmap,
heatmap z-score, and normalized value of mRNA). HAFAS] LAY L vl o}

G o] wd JE % piceamycin o FE7F F7MEel wEl A4St RS AAW

iz
o

gS Ed e = Y (19 6 I 19 11). o] BE HolHE

o
of\
o
ot
e

o piceamycin 2] 2874 A3 @ @7F AAIERR] WA G M EZoAS] ACTN4 (alpha

actinin-4) - VCN (vinculin) - ACTB (actinin-beta) - F-actin A17J2]

12

gl Z3 (actin

polymerization)2] #3¢} Aol Sl&& AT & Uk (2™ 10 9 11).
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Z
VBLL

Figure 7. Protein-Protein Interaction (PPI) for ACTN4 from the search tool (STRING)
database.

(A) Interacting proteins for VCN (Vinculin) Gene: ACTN4 (Actinin alpha 4) - VCL (Vinculin)
- ACTN (Actin) (B) Interacting proteins for ACTB (Actin beta) Gene: ACTB (Actin beta)-
ACTG] (Actin gammal) (C) Interacting proteins for ACTN4 (Actinin alpha 4) Gene: ACTN4

- VCL (Vinculin)
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Actin

polymerization

PCM CON

ACTG1
ACTB
Vinculin
ACTN4

Min= -2 Max=2
(Z-score)
B
PCM - CON
AVE STD AVE STD
-0.978 0.112343 0.978 0.339731
-0.99763 0.01002 0.997567 | 0.110405
-0.958 0.024576 0.958 0.492232
-0.94433 | 0.182856 0.944333 | 0.536353

Z-score of actin polymerization

Down-regulation

Up-regulation

Figure 8. Effect of PCM on mRNA expression of actin polymerization related genes.

(A) The heatmap was visualized from the RNA-seq data (according to z-score of actin

polymerization related genes) and (B) displayed on the bottom column (z-score; -2 <z <2, AVE;

average of z-score, STD; standard deviation of z-score, n=3).
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17.8
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Mormalized value

17.2

17.6

17.5
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Normalized value

i7

16.9

16.8

Actin beta (ACTB)

O rPrcea
con

Actin gammal (ACTG1)
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Figure 9. Normalized value (mRNA level) of ACTB and ACTG]1.

Normalized value of ACTB and ACTG1 mRNA expression from RNA-seq analysis treated

with piceamycin (1.25 uM) versus control (PBS with DMSO-treated) in gemcitabine-resistant

AsPC-1 cells. Data are presented as mean + SD (n=3).
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Fold change

Modified KEGG pathway from KEGG

ACTN4 VCN
~ ACTN4

Filopodia/ Lamellipodia formation

Figure 10. Modified KEGG pathway of the genes related to actin polymerization signaling
pathway.

Modified KEGG pathway from Kyoto Encyclopedia of Genes and Genomes (KEGG).
Modified KEGG pathway treated with piceamycin (1.25 pM) for 48 h compared with control
(PBS with DMSO-treated) in gemcitabine-resistant AsPC-1 cells. The box colors of modified

KEGG pathway represent fold change.
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VCN -— Gwn exn o) G

ACTE | < il - o S

cwbuin | B S

0 0.1 1 2 5 10

PCM (uM)

Actin

-polymerization

Figure 11. Effect of Piceamycin (PCM) on the proteins related to actin polymerization

(VCN and ACTB)

The protein expression related to actin polymerization biomarkers were analyzed by western

blotting. Piceamycin was treated on the gemcitabine-resistant AsPC-1 cells with indicated

concentrations. a-tubulin was used as an internal control.
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3. 6. The combination of gemcitabine and Piceamycin is effective in the gemcitabine-

resistant AsPC-1 cells.

AAERRL A S M3EelA] piceamycin = A2 O EA AMAIEMIC] of gt

oz WeRE FART ¢ odeA Fds] fEA, 4] g sE9

_I
il

e
piceamycin ¥} AAEFRIS W3reto] AAIER U] FHEE AlZe] 48 AzHE<h

A skar, A2 54 (MTT) A8 H3taye] oist F 71 (CI; Chou-Talalay method;

Chou, 2010)E &3t AAEFFIZ} piceamycin & Weldls o 72t k=S AT o

31

b



Table 3. The effect of drug combination on gemcitabine-resistant AsPC-1 cells.

Concentration (uM)

Combination index (Cl values)
Piceamycin Gemcitabine

1.25 125 0.53138804 Synergism

2.5 25 0.54395158 Synergism

5 50 1.093662394  Nearly additive
10 100 2283837682 Antagonism

Combination index: antagonism (CI >1), additivity (CI=1) and synergism (CI<1).

Cell viability was measured after combined piceamycin and gemcitabine treatment for 48 h in
gemcitabine-resistant AsPC-1 cells.

Based on cell viability results, CI values were calculated to demonstrate the effect of drug

combination on gemcitabine-resistant AsPC-1 cells.

. A2 g



3. 7. The effects of Piceamycin on the expressions of focal adhesion biomarkers in

gemcitabine-resistant AsPC-1 cells

o
ok

ACTN4 71 ¢kl Holo] FQash ofed U= Zlo] A Q7] wiEel
(Honda, 2015), FATEFRL A4 g M)A piceamycin = *2]A] ACTN4 9]
o] 7HAE 3} FA el focal adhesion ¥ AFy] 7+ o]&] (EMT) @& wlo] @ uwlA 7}

oj@ A wWslsh=A IRt AMAER A AL AlEe] piceamycin = *] 2] A]

focal adhesion ¥} #+#¥® 72} (ACTN4, VCN, ACTB, ACTG, % Rac)e] AR wkedo]
DS gtold 4= Qv (2% 12; heatmap ¥ heatmap z-score). KEGG pathway ©l 4]

_l (
o
ol
25
=
2
ol
5
rlr

FAAE WS Folx modified KEGG pathway & WHS3lal
KEGG pathway |- &= I Au T A3 focal adhesion #& 212 walo] Zhads
Ais gl F SSg (2¥ 13) AARY wd A 9wl
BTN FEE A=A FRlay] flste]l AAERL WA #HE e Al

piccamycin = SEEE AZlsto] Al 55 F3l focal adhesion (ACTN4, VCN,

o) = A=~
gk =

odd
o
K

=
FAK, Racl, ACTB) #= wuize]l wds I3y wdst 4

AATH (ZLH 6, 11, 14).
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Z-score of focal adhesion

Figure 12. Heatmap of mRNA expression related to the focal adhesion signaling pathway

in gemcitabine-resistant AsPC-1 cells.

Gemcitabine-resistant AsPC-1 cells were treated with piceamycin (1.25 uM) versus control

(PBS with DMSO-treated) for 48 h. (A) The heatmap color represents mRNA level using z-

score (yellow; positive score; upregulation, blue; negative score; downregulation) and (B)

displayed on the bottom column (z-score; -2 < z < 2, AVE; average of z-score, STD; standard

deviation of z-score, n=3).
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Figure 13. Modified KEGG pathway of the genes related to focal adhesion signaling
pathway from RNA-sequencing data.

Modified KEGG pathway from Kyoto Encyclopedia of Genes and Genomes (KEGG).
Modified KEGG pathway treated with piceamycin (1.25 pM) for 48 h compared with control
(PBS with DMSO-treated) in gemcitabine-resistant AsPC-1 cells. The box colors of modified

KEGG pathway represent fold change.
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Figure 14. The protein expressions of focal adhesion-related biomarkers (FAK and Rac).
The protein expressions were analyzed by western blotting in gemcitabine-resistant AsPC-1
cells. Piceamycin was treated in the gemcitabine-resistant AsPC-1 cells with indicated

concentrations. a-tubulin was used as an internal control.
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3. 8. The effects of Piceamycin on the expressions of epithelial-mesenchymal

transition biomarkers in gemcitabine-resistant AsPC-1 cells

Piceamycin ©] FAJEFRl U4 AsPC-1 A |A] mesenchymal H}o] 2 wlAES (N-
cadherin, Slug, Snail) 7F4A17]& A sk &1 4 QQlth (18 15). piceamycin 2

AA BRI A QHAE Holo

1o

FFS AFst7] fske] Al3Ee]ls (wound healing) 2}
HH (transwell) A3 S 2 33FA T} piceamycin = 13 16 I 17 oA Hol= Hl9}
2ol AAERRL WA AsPC-1 AEE] olF ¥ Ide FAXNCE Fov|eA v%
oEACE TS A AT F vk o] B AS 18 E v, piceamycin
AAIERRL A& AsPC-1  A3E| Al focal adhesion ¥ EMT H}o]Q wlAE

ZAGoRA, AlZ HEI olFs JAste adE 7ML e Ae #AE

gk

37



Slug

a-tubulin

PCM (uM)

Figure 15. The protein expression levels of epithelial-mesenchymal transition (EMT)-related
biomarkers

The protein expressions (N-cadherin, Slug, and Snail) were analyzed by western blotting in
gemcitabine-resistant AsPC-1 cells. Piceamycin was treated on the gemcitabine-resistant AsPC-

1 cells with indicated concentrations. o-tubulin was used as an internal control.
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Figure 16. The effect of piceamycin on gemcitabine-resistant AsPC-1 cells migration
Monolayers of gemcitabine-resistant AsPC-1 cells were scratched mechanically and treated with

piceamycin (PCM; indicated concentrations) for 48 h. Representative images of wound closure

obtained under a light microscope. All data are presented as mean + SD (n=3, * p < 0.05, **p <

0.01).
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Figure 17. The effect of Piceamycin (PCM) on gemcitabine-resistant AsPC-1 cell invasion.
Gemcitabine-resistant AsPC-1 cells were pretreated with indicated concentrations of piceamycin

for 24 h, reseeded into the upper chamber of transwell inserts, and incubated for 24 h. The cells

that invaded to lower chambers were than fixed, stained, imaged, and counted. All data are

presented as mean = SD (n=3, * p < 0.05).
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3. 9. The effect of piceamycin on the cell cycle regulation in gemcitabine-resistant

ASPC-1 cells

Piceamycin & A|XAY Al a7t AEF7] 243 AFdo] QU=A 15
Aste], AAERRL U143 AsPC-1 ©ll 24 AJZF &<t piceamycin & 23 F A|EZF7]
X5 gRlekE flow cytometry Ao X&SEATE 29 18 oA &1 = %
Go/G; o] 327} 58.3 % (piceamycin 1+ 2] T)ollA 74.4 % (1 uM, piceamycin *] 2] ")
F7Fete Ale g1 F Utk RNA AlAAS Fote] dojdl HlolHE Hgo®

o

1o

ok
ofr

AEF7] FdE F21A2] mRNA W3 AEE

m.e)

lERe BAAE

il

piceamycin & A 2|3t AMAEFR] W4 AsPC-1 AMENA Go/Gi ©A1S] mRNA W& o]

(cyclin E, cyclin A, cyclin D, CDK2) F-Ag|Toq o S7tehs &g 4= Qlu (19

19; heatmap analysis £} z-score of cell cycle related genes, 1% 20; normalized value of

mRNA). FE3F AR oA Kol= ko] wmid oM Uehu=A Zlshy|

AaA A2EE My LS FEFS FATd 5 AT (L7 21; western blot

analysis). ©] A5 RAAE U4 AsPC-1 Al3XEoA piceamycin & A3 A%
Sl

AN 7F Go/Gr A9 arrest $F5= eIo] Sl AlAFS] FaL STk
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Figure 18. Piceamycin induced Go/G cell cycle arrest in gemcitabine-resistant AsPC-1 cells.
Gemcitabine-resistant AsSPC-1 cells were stained with PI, and cell cycle arrest was detected by
flow cytometry. Treatment with piceamycin (at 0, 1, 2, and 5 uM) for 24 h. All data are presented

as mean £ SD (n=3, * p <0.05, **p <0.01, ***p < 0.001).
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Figure 19. Heatmap of the genes related to the cell cycle signaling pathway.

Z-score comes from RNA-sequencing data treated with piceamycin (1.25 uM) for 48 h in

gemcitabine-resistant AsPC-1 cells. (A) The color represents z-score (yellow; positive score;

upregulation, blue; negative score; downregulation). (B) The bottom column indicates z-score (-

2 <z <2)related with cell cycle signaling pathway.
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Figure 20. Normalized value (mRNA level) of CDK2, Cyclin E2, and Cyclin D1
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Gemcitabine-resistant AsPC-1 cells were treated with piceamycin (1.25 pM) versus control

(PBS with DMSO-treated). Data are presented as mean = SD (n=3).
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Figure 21. The effect of piceamycin on the cell cycle regulatory proteins
The effect of piceamycin on the Go/G phase cell cycle arrest was confirmed by observing the
cell cycle regulatory proteins by western blotting. Piceamycin was treated with indicated

concentrations in the gemcitabine-resistant AsPC-1 cells. a-tubulin was used as an internal control.



3. 10. The effect of Piceamycin on apoptosis in gemcitabine-resistant AsPC-1 cells

B
1

X

Aol ACTN4 ¢ PAR AL AsAG] ML AEL zhes ANE
Aol Yk ATATE] W

wheba] AAJERR] A AsPC-1 Al3Eo| A & piceamycin = * 2| A] ACTN4 ¢] & o]

kl:l

¥ 3 Ut} (Lomert et al., 2018; Zhao et al., 2019). ©] ]|

A gy sAlel AZANES FEsbeEA ey A AFES flow cytometry
(Annexin V-FITC ¢} propidium iodide (PI) €2)E -&3sto] skt 1 A
AAERR A AsPC-1 A3 piceamycin (10 pM)S A2 Al M FAFES 355 %
S7HARAIGE e Fd AT (29 22). AATER] WA AsPC-1 Al 3ol A €]
piceamycin | 2]t M|AEZAPHO] A} AESA J)HE AHET] $5+9] piceamycin
2] Al caspase BAJES MNXANE #HA A

AAE E3S Fole] sttt 19 23 oA piceamycin (10 uM)S 3] 2] A]

o

Z}Z} caspasse 3/7 ©] Aol <t

HEZ] thu]slo] caspase-3 &} caspase-7 & &Ado] F7hghE &lEd 4 Qldlar
PAHS FtoI% caspase-3 o &A3stE FENQ cleaved caspase-3 7} piceamycin
A2 st Sl weEl SUteke Ae #RlE & AT o8t HEe] Ax
AET A-d Q= @Al Bel2 &S] Bdo] piceamycin ST S 7FE

wet 7FAskal MMP2 WA T dbg o] ZHASHA|IRE AE AREI B Qe B

1)
>

e 7 9Flo] piceamycin F =7 F7Herel wl o] Frbske AlE gl
T Atk ¥Rk ofye}, cytochrome ¢ B3 WE o] SO E QY o] & Fste] AAIEMI
g AsPC-1 Al3oA piceamycin ©] F|EFT=Elo} A¥AES do7]= A&
gRlgt 4 Utk (a9 24). o] BE s FTHE = u, AAE WA AsPC-1

M3 A piceamycin = 48 A|ZF A5} Wl cleaved-caspase ¢} Bax ¢ WdH S
3t

SWAIZIAL Bel-2 Bde ALAFORA AE AMES dols FAT 5 ol

46 :



A PCM (uM)

A 0
2|t i
pi| Z. : i
© 40
w02 100 __ w0t n;S 10? 10° 10*
AVATCA AV FITC-A
Annexin V
B
9 =0uM
.5 HO0.1puM
S 1 uM
= mip
&
2 =2uM
8 #5uM
10 M
PCM (uM)

Live cell early late necrosis
apoptosis apoptosis

Figure 22. Induction of apoptosis by piceamycin in gemcitabine-resistant AsPC-1 cells

(A) Gemcitabine-resistant AsSPC-1 cells were treated with piceamycin at different concentrations
(0.1, 1,2, 5, and 10 uM) for 48 h. Cell apoptosis was measured by flow cytometry using Annexin
V-FITC/PI staining. Representative images of Annexin V-FITC/PI staining. (B) Statistical
analysis of the cell apoptosis rate at 48 h. All data are presented as mean + SD (n=3, * p < 0.05,

*%p < 0.01).
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Figure 23. The effect of piceamycin (PCM) on caspase activity in gemcitabine-resistant

ASPC-1 cells

Gemcitabine-resistant AsPC-1 cells (80% confluent) were treated with piceamycin (10 uM) for

48h and treated with caspase 3/7 reagents. The enzymatic activity of PCM-treated AsPC-1 cells

were evaluated. All data are presented as mean + SD (n=3, **p < 0.01).
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Figure 24. The effect of piceamycin (PCM) on the expression of apoptotic biomarkers in
gemcitabine-resistant AsPC-1 cells.

The cells were treated with piceamycin versus control (PBS with DMSO-treated) for 48 h and
the expression level of the mitochondrial apoptosis regulatory proteins were detected by western

blotting. a-tubulin was used as an internal control.
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Figure 25. The effect of piceamycin (PCM) on colony formation in gemcitabine-resistant

AsPC-1 cells.

Gemcitabine-resistant AsPC-1 cells were treated with various concentrations of piceamycin (1
uM, 5 uM, and 10 puM). When colony formation was visible, the medium was removed, stained,

and imaged. All data are presented as mean + SD (n=3, * p < 0.05).
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3. 11. Antiproliferation activity of piceamycin in patient-derived pancreatic cancer

organoids

Agt A FA b= At HAgE WlFdeld 2e3 WAA
AZ Fdez 959 32 HAAZTE G (Lee et al, 2021), ©] A4+
Aegdstay AlEZF 2383 JAS 3 JABHAT. AAE ARG 3D Bl A 9
piccamycin & &IH}E  ERlalr] flete], #HAEY B FHdl UbwolZelA
piceamycin & & ¥E st AFS Ay AWMAE, AEY A F e
Q7 ol = qe AMAJERIY WA S ARSI AL, 1™ 6A o I olA SNU-
4340-TO 7} BHIAESE @7twol=s FolA] 71 Al A o] A= A

(AAJERL o] T3t eFERES- AUC

i
of
_0|L
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ot
rO
ek
>
%0,
¥
o
>
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]
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[
=
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(@]
[
2
a

Boa. H3Ao] 9L

HAER o7bwolSod FEsh /el mek 1 AFE AdAE EAE

pghA; okFol WIZHEh) (¥ 26). Piceamycin & K=

HoyFot (29 27). g, AR AdelA AAERC] 7R Aol Sl
A AAERIC] AL whgEA] ke @Ol =R SNU-4340-TO &=
piceamycin = A3 W FET7F TSl wet 2 Aol Faste As
gelg 4 Ak o] A flow cytometry & Eolol® &1 4= It} Piceamycin
T Utk o] AH{EL2 piceamycin ©] FAERH Aol Sl A A FH g

Q7bwolEo e T AlE S adHoR AN e dle BojEnh
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Figure 26. Drug response (AUC) heatmap based on gemcitabine treatment.
PDPCOs (SNU-4206, SNU-4305-TO, SNU-4425-TO, and SNU-4340-TO) treated with
gemcitabine (0.01 uM — 100 uM) for 72h and the response sensitivity was measured using cell-

titer glow, 3D reagent. Drug response heatmap (red; resistant, blue; sensitive)
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Figure 27. Antiproliferative effect of piceamycin on PDPCOs.

PDPCOs (SNU-4206, SNU-4305-TO, SNU-4425-TO, and SNU-4340-TO) were treated with

various concentrations of piceamycin and detected by 3D cell titer-glow assay after 72 h. All data

are presented as mean + SD (n=3, * p <0.05, **p <0.01).
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Figure 28. The level of cell apoptosis by flow cytometry.
The level of cell apoptosis was determined by flow cytometry using Annexin V-FITC/ propidium

iodide (PI) staining in PDPCO (SNU-4340-TO).
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4. Discussion

Add2 7Hg 57 F5 4Fe R S5 th (Park et al, 2021). #H 2
Aget A5el TAHT dFeE EFeta, gt e AEZES oA
v} YT} (Zhao and Liu, 2020; Park et al., 2021). 1 % o]+ 42 Z7|xtho
SAZE QAL wekA FErbe e FxF Al EAlEA @] wito|th

AAERI S 9HAlZ2] DNA 4+ Wallshes =2 e 27l 34 52
]_

o

A AT FAAE $%E AT first-line chemotherapy = €] ARE-H
(Pereira and Corréa, 2018). 12} RAIEFRIS] @@ AME-2 Ao F7FekA}ol A
AAE AFdS HolAl st TEE=E AXEN Aol e AFSE

8 A Bdse AL gt

o] Ao gL Akl (AsPC-1)ol AAIERNS A 2lste] AMAJEMIS] st
ICso 7} 71ERT 30 wjo]’d Ad/do]l Q= AsPC-1 Azl AAER A S
=53 7 e e W Ve dig A5 Ayeeh AAER A Aol Sl
#Agd AlEZel piceamycin = AHESIARS W I mE Fgloed, 534
AATERR] A o] AsPC-1 Aol piceamycin = 2|3} RNA AlEAS S o,
Mz o]Fof #HHH [ARO] piceamycin F* 2] 7ol thu]sle] F-&Julstk x}o] 7}
Ae= &Feldd 4 AAY. 1 FANAE actin polymerization ¥# AT 9] mRNA
o]l piceamycin = AFA Fhske S AT 0 QAT Actin
polymerization ¥ & -2} oA ACTN4 2] mRNA ¢ W&o] FA4sh=s 22 &g
T AT I AR AR ofye}, AW ESE Fotol: WA T
piceamycin A #A FE oFEHog T Wo]l ZAasS Feld 4 iUtk

ACTN4 534}
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AAERR A gAdo] = FHF LA X chemical compound & A B3O 2 ACTNY =
A8k Aol AAEE] AP FHsk= sty axnzAl Wo] & F Qs

Zoletes Ale AlAFEH
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Piceamycin (PCM)<> H|AE AEJEU|MA & A F5(Streptomyces sp. SD53 and
Streptomyces sp. GB4-2) EHE H2l¥ nlazetg Alde d@d == o]l
Aol A e 7hA] Al A Fetdl okl Al A Al a3t kil S A
Atk ey A EAA e A Aelaatel o 7ol thelA = Aot wbob
ST}, (Schulz et al., 2009; Shin et al., 2020).

o] A= HAZY AE AsPC-l F AAENW AFA AsPC-I
Al A piceamycin ©] AF= Adfists &b e B WA EE AAE
A4 AsPC-1 AM|EZ] piceamycin = A 2] Al ACTN4 2] mRNA
dasiths As Glslv A Aol ACTNg o) =2 o]l A
2} AEES SWFEE, piceamycin ©] 23 ACTN4 ¢ #dHS AA|sh= 2

HAGdAEAM ] ACTNG A2 AEAZEH Hol5 JAsts Ao Evs &

STtk ACTN4 = 53|14} actin polymerization 7] oA F Q3 HaS Gifsl= g o

Aol M= piceamycin = AAERR] A3A FAGdAZ AHEeds vl ACTN4
(alpha actinin-4) - VCN (vinculin) - ACTB (actinin-beta) - F-actin 17J%] actin
polymerization & ¢ #1g 4 Q&< Uit

#Ho] Aol ACTN4 7} ¢Fe] Holgl &3 Ave] v AAlHa Uk
(Peng et al., 2019; Huang et al., 2020; Tozuka et al., 2022). A|3E2] o5 H{> At
FRIHE W3] AV7HAE ol F sk ¢HAIES] Hole| Fast HAojtt (Bravo-
Cordero et al., 2012). Z12] 22 ACTN4 = Ao zZH GA X2 HolE ZA3 =
AL shue] AERade He]l E 5 s Aolth By o] Aol = RNA-

seq = 539 Gene ontology 2]-S &3} (extracellular matrix organization, microtubule,

cell leading edge, and collagen-containing extracellular matrix ¢} 7> AXZ 2] o]F 4
Aea #AdE8 7)-o] AXERL AdA AsPC-1 AHEo|  piceamycin  #] 2] A
AAh= AS AT = % or, 53|} focal adhesion ¥} metastasis ¥ H
Z1do]  Asigs AT S Ao AAER AT AsPC-1 A A]
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dak fref AAE erbeolEe e event & WM 5 9l 3D FH
gk shte] =R AR Piceamycin & FAIERW U4 <]
Srbwol=E xFtete] ofe Ak f¥ HAY erbwol=o RS A
ojdstel 71%3to, piceamycin = FAER WA HAGAE FY mIHE
ebdthar ojopr|& 4= Qlrk. $-2l7h ok FellAl PDPCO °l4] piceamycin ©]
s H7rE A Agold

ofstd, o] AellA= AAIER AR/ AsPC-1 Al piceamycin & A 2] 4]
A Afasns dehdgslon, 53v ACTNA o wds) = #d 7ds

Aoz 7 adE YHepds g0 F A3, Piceamycin (PCM)<> ZFA ol A

X
~
It
ko
>~
>
o,
ofo
[o]

to

Al

kd
B[l

23t macrolactam compound = AAIEFR] A EAJ ] FHAAA A mIAHOF
ACTN4 & &S AsA 7o, 19 &% actin-polymerization & focal adhesion %!
metastasis TS 7]HES AASA T T gemcitabine-resistant AsPC-1 Al 3 o] A]

piceamycin 2] Go/G; A|XEF7] A} v|EZ=gol AXAPE 7]HE F3lo] AR

Akl WEewe 492 W AUA ZAE AT QAT =@

[e)
o
piceamycin ¥ AAEFRICS] W QW] wHAYUSFES el A7 E8F o=

W 7hae,
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> Cell cycle arrest
( GO0/G1 arrest ¢
G 25
s Bel-2 |

Epithelial- Y B | '
Mesenchymal T Cleaved-caspase3
Transition

& o ','J ACTN4 Mitochondrial apoptosis

Actin- O OH = A
polymerization ,\ / Piceamycin \
Combinatorial Effect
Epithelial- ACTN4 with Gemcitabine
Mesenchymal
Transition
inhibition Focal /
adhesion
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Part 11
Antiproliferative Activity of Krukovine by
Regulating of Transmembrane protein 139
(TMEM139) in Oxaliplatin-resistant Pancreatic
Cancer Cells

S Ed WAy FAFLd AEA
g3 ggia]139 2HLS 3 Krukovined A#
AA &% AT
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1. Introduction

Agete BE AE 7)ol ool e ok EFoITh (lovanna, 2012). 313
o, WA e, B 9 FEe 27 ¢ ARES AT P Aol FHA<
Aoz FACH (Miller et al, 2019). Teluh o] Hgere ARPE WA A

AG=EE (Rawla et al, 2019), FFeF 22 15-20 %wto] 974 A8E Hs F
Aom, A o Q] 80 % o]do] ook X 5E W=ttt (Lietal, 2022).

%3] 2] 52~ (leucovorin + 5-fluorouracil + oxaliplatin + irinotecan) ¢} ‘F3}-Z 2] g4 +
AAERES AL AEE st 7P da AFSH = QWolth (Otsu et al., 2022).
g SAYEGES AT S22 1 2k 38 eyjom de] ARGEHARE
(Santucci et al., 2022), A E2tE ] diet YA FH A7 H vk wehbA,

At Aol SdeEdtd WS 5587 913 A2 AR dego] HAs)

AGH A Aol ThsAol w& wlg FAZQ Aottt AbdelE thFEe]
AL 3= dolA Ao rw HuETE (Mizrahi et al., 2020). A3-F7HE 7o)
(EMT)= AX7E A9 EAS 41 09 SAS 53t d340 FAoltt
(Shibue and Weinberg, 2017). &+ o] A xS 9e axpxl AAE /Nt =
o2l A7) AT dAY A7 FALS W2 AEgoz Q) ATAoltt (Yuan
etal, 2022). b HolA g9t A mE&AQ AR5E A= A= o]
a8 .53 it

ST (TMEM) @9 sidel= dold 34 =& ol 9 Ax 9 714
YR 22 X AR o= WAUSZ #Ho] gth (Marx etal., 2020).
H| = 23w (TMEM) @9 Ao 7]sel tiato] ofA7bA] 2 dejx] U AT
HT WeEs SAES o BN 187 Aol ki o AX L T (Marx et
al,, 2020). <+ Ao w22 TMEMS AHX 52, 35, do] 9 s}st A4 9]

ofstttu el A 9t} (Schmit and Michiels, 2018). %3k, o] TMEM-S

gape] A AL A BAZE slem o Tl oAF miole miAR
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2+935k= Zlo7 YAt (Schmit and Michiels, 2018). ©]# 3 ¥AE& TMEM

AAA7E FFEAZA HAold Aol adAd = Adas A=A A
ool S gAtell A= KRAS (Kirsten rat 55 HiolE| A TRt

AEA)el 2 s FAATE @St Eol SAlHA &S AE ST, AlZEARE

WA 2 71EF 2ok cascadeS FFSHC} (Chen et al., 2021, Lai et al., 2018). wehA]

S
9%}
>
fol
L
g
o,
fu
als
ﬂ
oN
o

FoF AE2S s AZ AlA Rs 8 7 T2

ke
o
ofy
2
_OL
-
fu
o~
N
)
39
o
2
@
o
=
[oN
o
&
[\ &)
(e}
B

Hdol va a3l =7] gl HA EALS FAAQ FIAR A AMAACRE
A5 31 AFE-E ST} (Cragg and Pezzuto, 2016, Atanasov et al., 2021, Chavda et al., 2021,
Newman and Cragg, 2020, Tilaoui and Zyad, 2021). 1 % |4 %, krukovine (KV) < Abuta

grandifolia (Mart.) Sandw. (Menispermaceae)2hi= 2= 2 5-E] 2 bisbenzylisoquinoline

o
e

i

alkaloid == A] (Lai et al., 2018, Saa et al., 1976), bisbenzylisoquinoline alkaloid & <1
9, I, Puloleda BY F oord olans dehivn %l

(Weber and Opatz, 2019). ] 7oA KVi= PI3K-AKT-mTOR % RAF-ERK Al&

30
o

D2 gAE &l KR4S =dWol7F Sl= Adeld @ 235 Hilvx
Nl

ATE vl o} (Lai et al, 2018). wEbA] o]#dk M3 A

e7tolEE A AVIE "@e E/AE 9 3D EY A|AHoh
Q7tolEE AZF A7 FxE AAEA BEWetes Ao Jhesith whebA
HZole o= W3 o o AR x4 3], dEA HEed F&s Rd=E
] 2 231 2t} (Nagle et al., 2018, Kim et al., 2020, Vivarelli et al., 2020, Liu et al., 2021,
Kondo and Inoue, 2019). wehA, 2k F2f gt e7bwol=g Algste 2

g Aol tigt ok WS dSsk=d 182 Aotk

SUNTeE g A AY ATl G B AAUEE in vivo AL W

a
2
i
(98]
)
o
L
"
o
[
ko
i)
o
ko

f
>
ofo
ol
2
Q,
1
-

14
o
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2. Materials and Methods

2. 1. Cell cultures and reagents

KRAS =Ho] &g AlEF, AsPC-1 (¢.35G>A), Panc-1 (¢c.35G>A) % MiaPaCa-2
(c.34G>T)= ATCC ZHFH 45733 tF (American Type Culture Collection). A 325 RPMI
(2= DMEM, Gibco, USA, 10% FBS % 1% AE=Ewulo]Al/H YA d)ufx]oA] 5%
CO2, 37°C &+« AHloly 274 3Sfol sttt KV & Specs (Bleiswijkseweg,
Netherlands) 2 F-E -] 3lo, fju €A FAlo] = (DMSO; Sigma-Aldrich, St. Louis, MO,
UsA)el  gaflA AT 2ate]Ze}El S Sigma-Aldrich  (St. Louis, MO, USA)°lA]
TR KV ¢} SAE &S trgd FAto] = (DMSO; Sigma-Aldrich, St. Louis,
MO, USA)H7tetil, RIAFHSAAF(PBS)E  H7iste], AgHoz  ApEstqlth
DMSO 9] HF T5+ Be AYAM <0.1 % (v/v)S T Annexin V/PI €21 7]E+= BD

Biosciences (San Jose, CA, USA)l 4] ) 3} T}

2.2 MTT assay (cell viability assay)

5-Diphenyltetrazolium bromide (MTT) (Sigma-aldrich, St. Louis, MO, USA) 4%
Fsto] 2D AEZFNM AE TS SASAT. ALY AE (2 x 10* cel/mL)E

96 well plate ©|A] BeF3talct. S

i

X

|25 KV 9 E& SagEEd (0 - 100

il

FaL, ICso #h& AAtsklth. ok A2 §, 0.5 mg/mL

ol«

uM) o ® A jsto] e A
MTT £ 24 A2 9 48 Aol 7} well o 7kt MEZE A-20A] 4 AZE &b
F7F2 ket 1% A5 AS WElal formazin A4S 150 pL/well 2] DMSO =
LA F Tt 570 nm  ©|A microplate reader (Bio-Rad, USA)E A}&3}od OD #=

LN

2. 3. RNA preparation, library preparation, and RNA-seq
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KV 25 pM)E A2l S2elZete A AsPC-1 AES FZ9 2 Ads 3 79
ZdolEZRE FHAT. T RNA & AZA] AAle] mEk TRIzol A|of
(Invitrogen Life Technologies, NY, USA)= AF&3to] KV A d SAeE2d Ui
AsPC-1 M X Z#o]EZHFE FE3FUTE cDNA ZolB &gl E /93t F agilent 2100
bioanalyzer (agilent, california, USA)E Al&3sto] F2S  H7skdth. ¢cDNA
Zlo] 122 E& KAPA ZtolH #g] A& 7]E (Kapa Biosystems, Boston, MA, USA)&
Abgstel ARt WAE HERY FYAE FF 5, e AXEY AES

Ilumina HiSeq2500 = AF&3to] &< o] F+= Uk ™2 x 100bp)= A AF 3t

o

(Illumina, San Diego, CA, USA).

2. 3. 1. Preprocessing of the RNA-seq data

A9 ¥ d7I(N o2 BAE)Y >10%E E3SH reads, =28 A57F <2091 €719
>40%E L3l reads, Hi FA AF7F <20 < reads & X3Sl reads 7]l
wel A EF A reads 7F LEH HAuh FEHE ZRANAE ALY ATHEES A}L5}o]
AT YA #E5S detolu] AT E9 o] STAR B 23.0e 2 AEs}]

P2 32 Al (Ensembl, HE 72) Aol wisdHgATh FAA Fd 4

N
ro

Cufflinks W 2.1.1 & AF23}o], Ensembl, &4 72 o] F-42 4 dlo|gHHo]| A&
AMEEke] FASIAT vFY fAA J92 wiAa FA4ed o8 AAFHA
o] AL E A7 Yl "thF reads A" W "ulAA] wpo]o] A FAr

o] AgHYth e BE §HS JEgos AYHrh

|\
o
J

To
[

2. 3. 2. Differential transcriptome and functional analysis

e Hd #4S Y, FAA 5 FF-E sk dlo]E = HTSeq-count &

0.54p3 & AH83tol WYHA YYE B 35 HolHE AHgtol R £EE]

&l

371221 TCC (Bioconductor open-source project)s AMEslo] 5oz waE

324 (DEGE  AEatsith. st A= dHSZA<Ql DEGES/edgeR W&
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Abg-Eto] AlabE Tk ¢-3k> R 719 padjust 9k 7] AR S AFESt] p-
groll A AREE T DEG = 0.05 VIREE] g-3k fdAlgkel 71 %38k AE ¥ Sltt K-t

] AH Y2 MATLAB R2009a &) A& B8t S8 AoA =35t}

2. 3. 3. Molecular pathway and functional analysis
DEG 2| AE <+ Ingenuity Pathway Analysis (IPA) A2~ E 9o (IPA, Ingenuity® systems,
Qiagen, CA, USAYE AFg3to] RAslgith IPA & Abgatdl Z9d #3404 4%

Aol dis FEor Add FRAAT HolEHlolAE V|Wtor {FHA 1

AE A3t (p <0.05).

2. 4. Kaplan—Meier Plotter analysis

Kaplan-Meier Plotter (http://kmplot.com/analysis/) =212 |4 2} dA YE=&
(0S) ¥ 7338 AEE (RFS)S F7lets o AREE AT 95% A1¥ F#2HCn £

+=9 p-te A 918 W& HR)E ALE g

2. 5. Protein-Protein Interaction (PPI) network analysis

PPI WEY A #4] (Wimalagunasekara et al., 2022)-> <& % PPI ¢} =% PPI &
BF S AS&E F8A (STRING) (https:/string-db.org) U|O]E{H|o] A&
Ao 7|eA As ALS d=a= g Hed =

- A= =

ATh Adoldt 3ol whE DEG 7] A4 dazgs 37] S8, STRING =77}

64 :



2. 6. Western blot analysis

M 4 Q7}5-0°]= % protease inhibitor 2! phosphatase inhibitor & ¥-f-3}i= RIPA
F Moz L AIFt; (Sigma Aldrich, St Louis, MO). F+& AXE &3&E2 5x sample
Y W #[250 mM Tris-HCI (pH 6.8), 40% glycerol (80%, v/v), 8% sodium dodecyl sulfate

(SDS), 2% B-mercaptoethanol, 0.1% bromophenol blue, 100 mM Dithiothreitol (1M)]ell

N
=

J5 9l AEe] @M FE= BCA WA F4 7|EE AFE3ho

3= At} (Thermo Fisher Scientific, Waltham, MA, USA). Z}7] &3t k9

i

B 215 (20-30 pg) 6-13% SDS-polyacrylamide gel electrophoresis (PAGE)el #7195

}31 3L, polyvinylidene fluoride membranes (Millipore, Bedford, MA, USA)°l &% Th.

ol

HH Y 912 5% bovine serum albumin (Sigma- Aldrich, St. Louis, MO, USA)C. 2 E-2+7]
stk A~' E5tol ARE-SE antibody = Th ¥t Zth €A} antibody = phospho-ERK
(Thr202-Thy204), total-ERK, TMEM139, RPS6K, phospho-AKT (Ser473), phospho-PI3K,
total-PI3K (p110a), phospho-mTOR (Ser2448), total-mTOR, X a-tubulin & °. % CST (Cell
Signaling Technology, Beverly, MA, USA)°llA] G 3}%lt}. total-AKT + Santa Cruz
Biotechnology (Santa Cruz, CA, USA)°llA %1331t} Fluorescein-conjugated goat anti-
rabbit 72|31l anti-mouse ©]*} antibody i= Santa Cruz Biotechnology (Santa Cruz, CA,
USA)ol A 43kt W B 2912 chemiluminescence detection kit (Pierce ECL western

blotting substrate, Thermo Fisher Scientific, Waltham, MA, USA)E &3l Tz W= =

skl 59,

2. 7. Wound healing assay (cell migration assay)

Scratch wound healing 212 AFg3lo] M| o5& ATt A Z2te A
AsPC-1 A|3EZE 6 well plate o] ¥ F3FaL 0, 12.5, 25 T+ 50 uM 2] KV 2 A 2] 8} o}
200 L IAHE AREste] AMxEFel AAHE Ui, AMEE 10% FBS ¢ 1%
penicillin/streptomycin = Y-> RPMI HA| Al wjeFelAdtt. AX o]F2 0 Y

o,

32

48 A 7kell 100x¥] &2 =3 dnjgog =438}
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2. 8. Transwell cell invasion assay

24 well transwell membrane insert (%] 7d: 6.5 mm, 7] =7]: 8 um; Corning, Tewksbury, MA,
USA)E Z}Z} 10pul 8] 138 collagen (0.5 mg/mL, BD Biosciences, San Jose, CA, USA)¥} 20
ul 8] =3= (Matrigel (BD Bioscience, San Jose, CA, USA)¥} PBS & 1:20 & H| & =) =
FEEATH 48 A7 E<F 0,12.5,25 == 50uM 2] KV S A Z kel A A AsPC-
1 Ao Aeleh &, SAEEetd U AsPC-1 AIXE FEeta, FEF wA
2l
cells/chamber)3} 9 t}. 30% FBS & & 3= WA= 3} chamber A 3}8-H5-Q1 Al 2 4

ARG SITE 48 Al WiSF &, SHF chamber o] 9% ®HOR o]Fd AEE

2

["8{.‘4

ELAl7] 31, Matrigel ©] F®E transwell & A4 chamber oA AW (1x 10°

4

317 3}a1, 0.5% crystal violet (ddH,O & 0.5% methanol, 0.5% crystal violet 2 1% PFA) S =2
< Gk o9 crystal violet = TRTE Aol Ui ARAZ &

30
o) 57 X

s Y

vl (inverted microscope; Olympus CKX41, Shibuya, Tokyo, Japan)

il

40x MEE AHE] AR A 7 AP AutEow s,

2. 9. Organoid medium

B Age AFEE 2P0l Bl 5% C0/95% &7] T i 37°C A H o B ol A]
vl k& 2tk 50%2] DMEM #i¢F i A $} Wnt-3A, R-spondin 1 % Noggin ©] S°]gl&=
Hj 2o th 3t 32 EAS Yol wHE uiA] 50 % (50 ng/mL; hEGF, 100 ng/mL; hFGF
10, 10 mM; nicotinamide, 500 nM; A83-01, 1x B27 supplement, 1.25 mM; N-acetylsysteine,
0.01uM; hGastrin 1, 10% FBS, ™ 1% penicillin and streptomycin)E %3} WA &
Azt ek AZE3 Wnt-3A, Noggin, T+ R-spondin 1 & L-WRN (ATCC® CRL-
3276TM) A5 DMEM (10% FBS £} 1% penicillin and streptomycin)©l| A 8} 25}

g5 WA mobA TE] Aelshe] AHESHAT

2. 10. Organoid viability assay
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Cell Titer-Glo® 3D A2 AEE 412 thal &4 AEe] SR o ofgk mpA<] ATP
A9 AFs VIRte® 3D AE wjgelM BE Thed AR 5 AAehs
wAS otk kA e AT 7ol =1 seeding $-ofl 72 AlZE B ksl A,
thS 72 AlZF FoF k& A Fof 3D Cell Titer-Glo® 100 pl & 37}l 30 &
Foajerst & g EE S5t AERE S Alxe] ALE 50%

ICso)= AP ¥A b2 el vlsl AE JFE 50% Ask=

B o]F= Ik Y2 HiSeq Instrument o 2]3l <QA17F Al A5 w3 H Ao}
o371 Zz AlfAE vl T2 % BWA(HA 0.7.12)5 AFE3le] UCSC oAl E-2

hgl9 (NCBI ZHE 2] €¥ GRCh37, 2009 @ 2 ¥)olx, wWd Ay} 3UdL BWA-
MEM < ARg3sto] BAM Aoz A EST ©]o]A, Picard-tool (ver.1.130)
g5k, TFaL A WS FES AANNUG 22 ] wE TEAAE

2 2HARE vA Adsr] 98 FAEAT A
JEE AMESl] 712 FA AS ARAY 9 indels THY 14 AFES FAPCH
GATK °] dulAlE $&A& oldel 44 E BAM HdE 7vto g 7} AMEo fst

HolAl FdF A AFEEAT (SNP 2 A EA FHIE AEH). olys
F7F dlolE o] ~E dE ™ A

2. 12. Data analysis

ICso #h= J¥ ghelS AFEslo] FATI T Y=aX+b,Y=05b Y W], ICso=X =

-0.5b/a. B= HlolH= Aol 3 /e SilQl dgozRE e ot = 2EAAL

!
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deRilth FOE e Rovid AelE Awss] s ARUE wHo)

AR E A TE (*p <0.05, ¥*p <0.01, L **¥p <0.001).
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3. Results

3. 1. Krukovine shows an antiproliferative effect toward KRAS-mutated pancreatic

cancer cells.

KRAS &= FA7&Stel A 71+ vikdetA @ s = =ddololt}h (>90%). AsPC-1, Panc-
A

)
iy

1, 9} MiaPaCa-2 cell lines = Z}Z} KRA
(718 29)2 Z+7} (0,12.5,25,50 M) E 48h A 7H5oF X 2]t KV E BE HAES
Ao Akl (AsPC-1, Panc-1, MiaPaCa-2)S % £ oz 71 AZS A

% 30 oA 9 o] gRlg ¢ vk (LH 29, ICs).
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Figure 29. The structure of Krukovine
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Pancreatic cancer cells
25 -

1.5 4 -

Absorbance

0.5 4

0 12.5 25 50
Krukovine (UM)

———AsPC-1 e=——Panc-1 -—MiaPaCa-2
ICs0 (37 uM) (43 uM) (47 uM)
Figure 30. Cell viability assay of KV on KRAS-mutated pancreatic cancer cell lines.
KV inhibits the viability of oxaliplatin-resistant AsPC-1 cells. The viability of oxaliplatin-
resistant AsPC-1 cells were measured using the MTT assay following treatment with indicated

concentration of KV for 48 h. All data are presented as mean + SD (n=3, * p <0.05, ***p <0.001).
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3. 2. Antiproliferative activity of KV in oxaliplatin-resistant pancreatic cancer cells

KV & SaglEetel AgA e A Aol e avs F7ksty] $lske], AsPC-
1 o SAZEHds AHste] SAgZade] AFAHE Hole MxE 43d
A8e YA (ICs > 100 pM) (13 31). KV > g Z2tel A &gAdo] S+
AsPC-1 oA % KV °f thsto] AZAA As a35 Bk (29 31). o] A=
KV o] #ZdAzeA SAuEee AFES 5T F

H5E e
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Figure 31. Antiproliferative effect of KV in oxaliplatin-resistant AsPC-1 cells.

KV inhibits the viability of oxaliplatin-resistant AsPC-1 cells. The viability of oxaliplatin-
resistant AsPC-1 cells were measured using the MTT assay following treatment with indicated
concentration of KV for 48 h. Data are presented as the mean +£SD (n=3, * p < 0.05, ***p <

0.001).
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3.3. RNA levels of KV-treated pancreatic cancer cell show major metabolic pathway.

KV 9 Feass a7 siskel SueEetee] A%4E nol APAAE

—

(AsPC-1)°ll KV & ICx °l a#Tets x5 A §F FALLH 4 244

3 W2 RNA-sequencing = X 3etivitt (29 32 £} 33). 19 32 & KV

o

Aesie Wl FAe thylste] HEtE = FAA Y heatmap ©f A<l

Al =
fy S

ko
i

RoyF3, 7% 33 2 PI3K-Akt signaling, MAPK, multicellular organism,

o 7o = =
=3 .
2} metabolism in cancer pathway ¢} <2 top KEGG pathway & H.o{ =t}
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Heat map of the one-way Hierarchical Clustering
using Z-score for normalized value (log2 based)
(4,269 genes satisfying with fc2 & raw.p)

Color Key

= :3:“‘ - Regulation of multicellular organismal process

2 -1 8 1 2
value

(EMT)

- Multicellular organism development

- Nucleus

- Non-membrane-bounded organelle

- MAPK signaling pathway (MAPK 3/1)

con con con Kv KV KV - PI3K-Akt signaling pathway (PI3K-Akt)

Figure 32. Heatmap of one-way hierarchical clustering using z-score.

RNA-sequencing data in oxaliplatin-resistant AsPC-1 cells were treated with KV (25 pM) for 48h.
Heatmap of one-way hierarchical clustering using z-score (-2 < z < 2) for normalized
value (log. based) (4,347 genes satisfying with fc 2 & raw. p).

(*GO functional analysis: BP; Biological Function, CC; Cellular Component, MF; Molecular

Function) All data represent at least three independent experiments.
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KEGG Pathway

Metabolic pathways

- multiple diseases

Pathways in cancer -

MAPK signaling pathway -

Pathways of neurodegeneration |

PI3K-Akt signaling pathway -

Neutrophil extracellular |

trap formation

Shigellosis +

Transcriptional misregulation |

in cancer

Lipid and atherosclerosis -+

NOD-like receptor signaling |

pathway

Prion disease -
Alcoholism -
Systemic lupus erythematosus 5

Viral carcinogenesis -

Kaposi sarcoma-associated |

herpesvirus infection

FoxO signaling pathway -
Osteoclast differentiation -
TNF signaling pathway -

Legionellosis -

Figure 33. Top 19 terms of KEGG pathway.

® 50
@ w
. 150
@

Pvalue

1le-10
2e-10

3e-10

0.00 0.05

0.10 0.15 0.20

GeneRatio

Number of SigGenes

RNA-seq assay was performed in oxaliplatin-resistant AsPC-1 cells treated with KV (25 uM)

compared with control (PBS with DMSO-treated). The dot color represents the p-values. The

scale of the spots indicates the number of genes involved.
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3. 4. The clinical significance of TMEM 139 expression in patients with pancreatic

cancer

2 A=A trans membrane 139 (TMEM139)2] & o] kel gzt Hols}

1)

o

AT B EJE (Marx et al, 2020, Tan et al, 2022). wabx 2t

rd

riol

St} A o] TMEMI39 °] Wd o] ks dolr 7] £]3}¢9, the Kaplan—Meier method 2]

AEE B7hs &5t AZYS SAelM TMEMIZ9 o 239 4 TeAde

o&:,

4kt 18 34 oM 9 o), A dAolMe TMEMIZ9 o =L wES
3zke] dA AEE (0S; Overall Survival) ¥ F38 AEE  (RFS; Relapse Free

1:!
k=]
Survival) =575 HAAF I, TMEMI39 2] v W2 ¢35]8 AA =&Y F13

AEE 5SS/ o] A3e TMEMI39 ©) Hde] HZdeate] Y5
Al 28-3H-S dEbdvh mebd TMEMI39 = A Ao ARE A st
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Pancreatic ductal adenocarcinoma

Overall Survival (OS)

TMEM139
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4 logrank P = 0.00017
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Figure 34. The Kaplan-Meier survival curve according to the TMEM139 expression level.
The Kaplan-Meier survival curve represents the overall survival (OS) and relapse-free survival

(RFS) of patient with pancreatic cancer according to the TMEM139 expression level.
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3. 5. The effects of KV on the TMEM139 expression in oxaliplatin-resistant AsPC-1

cells

S Zete AGA AsPC-1 AlEo] KV S AEsRS w TMEMI39 EEo)
of g A Wek=A &lsty] fleto], SaelEetd AFA AsPC-1 AlEe KV = 25
h % RNA-sequencing = &3to] AAA &S, 2w &5
Gl W3lE FEH (19 32). KV 2 SatElEEtel 434 AsPC-1
AZe A TMEMI139 AR 9 el A o] W& ZFAA]Z ) (32 4, mRNA fold change,

1% 35; western blot analysis).
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Table 4. TMEM family mRNA expression (fold

resistant AsPC-1 cells treated KV.

Gene Symbol

Description

change) and p-value in oxaliplatin-

kruko/con.fc

kruko/con.raw.pval

TMEM139

TMEM160

TMEM102

TMEM187

TMEM221

TMEM249

TMEM177

TMEM92

TMEM121

TMEM203

TMEM223

TMEM238

TMEM191B

TMEM191A

TMEMS53

TMEM191C

TMEM141

TMEM115

TMEM186

transmembrane protein 139

transmembrane protein 160
transmembrane protein 102
transmembrane protein 187
transmembrane protein 221
transmembrane protein 249
transmembrane protein 177
transmembrane protein 92

transmembrane protein 121
transmembrane protein 203
transmembrane protein 223

transmembrane protein 238

transmembrane protein 191B

transmembrane protein 191A

transmembrane protein 53

transmembrane protein 191C

transmembrane protein 141
transmembrane protein 115

transmembrane protein 186

-20.08857481

-10.07644718

-9.08294669

-7.717754905

-7.22073532

-6.628590914

-5.850793145

-5.793088235

-5.624075595

-4.929095646

-4.591863583

-4.352286379

-3.783402356

-3.7829524

-3.782392019

-3.556386263

-3.384076799

-3.287999353

-3.242921449

0.000184391

0.0002668

0.000505557

0.001085602

0.019434951

0.006072763

0.004004917

0.005077808

0.005226063

0.008670705

0.011703338

0.028704807

0.034476139

0.031869069

0.027051

0.043266828

0.040373276

0.045333404

0.049370419
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Figure 35. The effect of KV on TMEM139 protein expression in oxaliplatin-resistant AsPC-
1 cells.

Oxaliplatin-resistant AsPC-1 cells were treated with the indicated concentrations of KV for 48
h, and the protein expression level of TMEM139 was determined by western blotting. a-tubulin

was used as an internal control.
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3. 6. The effects of KV on the TMEMI139-associated signaling pathway in

Oxaliplatin-resistant AsPC-1 cells.

Protein-protein interaction online database search tool (STRING)= -&3t®] TMEMI139
gl go] RPS6K 9 MAPK3/1 (Erk1/2) @Az} AbZ Ag3ts= 718 soldd &

Tk (¥ 36; Protein-Protein  Interaction). A EEtEl A A AsPC-1

M)A el KV & AHElstelS W TMEMI39 mRNA WHdo] ZadEtts= 7218 1
oAl Feldr 4= gt} L2k ZetEl A g o] = AsPC-1 Al E oA TMEM139 2}

4
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FDPK1

RPS6

i TRIM&8

TMEM139

MAP2K2

RPS6KAL

Figure 36. Protein-Protein Interaction (PPI) for TMEM139 from the search tool (STRING)

database.

Interacting proteins for TMEM 139 (Transmembrane 139) Gene: MAPK3/1 (Mitogen-Activated

Protein Kinase 3/1; Erk1/2) - RPS6KA3 (Ribosomal Protein S6 Kinase A3) - TMEM139
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Figure 37. Effects of KV on the TMEM139-associated signaling pathway in Oxaliplatin-
resistant AsPC-1 cells.

Oxaliplatin-resistant AsPC-1 cells were treated with the indicated concentrations of KV for 48

h, and the protein expression level was determined by western blotting. a-tubulin was used as an

internal control.
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3.7. KV inhibits the PI3K-Akt-mTOR pathway in oxaliplatin-resistant AsPC-1 cells.

A4 AsPC-1 AEe] A& W MAPK 7] 7% o]

=)

a}

oly 2}, PI3K-Akt-mTOR (:/_% 38; Protein-Protein Interaction; PI3K- Akt 2} PI3K- Akt-

.

KV & S

mTOR) 7|79 W3l7l Ql=x &ty SatulZetel A4 AsPC-1 A Lo
KV & A2 ¥, RNA A8 3131S 9l MAPK ¢} PI3K-Akt 7]Zdo] KV F-A 23}
thujs Folust xfolzp Q= A

&35+ phospho-PI3K, phospho-AKT (Ser473), phospho-mTOR & Z}7}9] total form ! total-

o

gt oz (19 33), A" E5S
PI3K, total-AKT, total-mTOR ©f tjun]alo] whuld o] wheof wists EQlshltt (19

39). 2" ESe] Ayg S EEtE A AsPC-1 AMxEe] KV S HE S

o} PI3K -AKT -mTOR 7| do] SAlEe &1E 5 3t} (Figure 39).
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Figure 38. Protein-Protein Interaction (PPI) for PI3K-Akt and PI3K-Akt-mTOR signaling
pathway from the search tool (STRING) database.
Interacting proteins for Akt! (AKT Serine/ Threonine Kinase) gene: PI3K -Akt and PI3K — Akt -

mTOR.
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Figure 39. Effects of KV on the PI3K-Akt-mTOR signaling pathway in oxaliplatin-resistant

ASPC-1 cells.

Oxaliplatin-resistant AsPC-1 cells were treated with the indicated concentrations of KV for 48

h, and the protein expression level was determined by western blotting. a-tubulin was used as an

internal control.
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3. 8. KV inhibits migration and invasion in oxaliplatin-resistant AsPC-1 cells.

o
S

KV o SaelZetd AP AsPC-1 AlEelAe] o] "l olFee]

gkelsl7] 918kl RNA-seq, scratch-wound healing assay, transwell analysis % ¢~

ALY ol F3} A&} wAd sl FANLI hulstel Foue ol 7t 9

Ho]F=]th (Figure 42).
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Figure 40. The effect of KV on oxaliplatin-resistant AsPC-1 cells migration.
Monolayers of oxaliplatin-resistant AsPC-1 cells were scratched mechanically and treated with
KV (indicated concentrations) for 48 h. Representative images of wound closure obtained under

a light microscope. All data are presented as mean + SD (n=3, ***p < 0.001).
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Figure 41. The effect of KV on oxaliplatin-resistant AsPC-1 cell invasion.
Oxaliplatin-resistant AsPC-1 cells were pretreated with indicated concentrations of KV for 24 h,
reseeded into the upper chamber of transwell inserts, and incubated for 24 h. The cells that invaded

to lower chambers were than fixed, stained, imaged, and counted. All data are presented as mean

+ SD (n=3, ***p < 0.001).
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Figure 42. Top 20 terms of GO (Gene Ontology) functional analysis.
RNA-seq assay was perform in oxaliplatin-resistant AsPC-1 cells treated with KV (25 uM)
compared with control (PBS with DMSO-treated). The dot color represents the p-values. The

scale of the spots indicates the number of genes involved.
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3. 9. KV showed an antiproliferative effect toward KRAS-mutated patient-derived

pancreatic cancer organoids.

BE QI7FeolEE KRAS =AWolE &Rkl th (NGS; Next Generation Sequencing)

(18 43). 27lxolE FoA] Atd o2 thokA|

=

o] )

rlr

Q7hwol= 3 e}
ok&-of AMth A © & sensitive 3 2 7F0]= 2 7| E A A Ee] KV (0,6.25,12.5,25, and 50
uM, 72 h oFEA )]l th&k oFE WS = 5l (relatively resistant; SNU-4425-
TO, SNU-4340-TO, SNU-3947-TO, relatively sensitive; SNU-4305-TO and SNU-4206-TO)

g #HFY oUlwoltE FRgEHo T I S
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Figure 43. Mutation profile of PDPCOs.
The main representative mutations (KRAS and TP53) in PDPCOs (patient-derived pancreatic

cancer organoids) were analyzed whole exome sequencing analysis.
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Figure 44. Multi-drug response heatmap on PDPCOs.

SNU4425TO
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Everolimus

Paclitaxel

5-FU

Gemcitabine Hydrochloride
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- Mitomycin C

Sunitinib Malate
Erlotinib Hydrochloride

|| mkst08
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Apitolisib (GDC0980) 15
Vorinostat (SAHA) . i
Belinostat (PXD101) 0
Trametinib (GSK1120212)

Afatinib
cyclopamine

Olaparib

PDPCOs treated with multi-drugs (0.01 uM - 100 uM) for 72h and the drug sensitivity was

measured using cell-titer glow, 3D reagent. Drug response heatmap (red; resistant, blue; sensitive)

according to the AUC (area under curve).
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Figure 45. Antiproliferative effect of KV on PDPCOs.

PDPCOs (SNU-4206, SNU-4305-TO, SNU-4425-TO, SNU-3947-TO, and SNU-4340-TO)

were treated with various concentrations of KV and detected by 3D cell titer-glow assay after 72

h. All data are presented as mean = SD (n=3, * p <0.05).
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SNU-4340-TO

Krukovine (uM)

Figure 46. KV inhibited the growth of the tested PDPCO (SNU-4340-TO) in a dose-
dependent manner.

Representative images of the organoid treated with KV obtained under a light microscope.
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3. 10. KV enhanced the anticancer effects of oxaliplatin in KRAS-mutated patient-

derived pancreatic cancer organoids.

47-49). KRAS mutation ©] A& 27}wo]=o 9] KV 3 Sk Z e 9
CI (Combination Index)E ‘E38to] Zls] Mkt SNU-4425-TO0 27F:o]| =i
duidor KV o Hlgto] SatelEetde] diste] Wde Kolxut SabelEebe v
KV & H&atdls W AuA ayss debdos 28 g9t (Clrange, 0.3 -0.7,
Synergism) [combination index (CI)>1], additivity (CI=1) and synergism (CI<1)]. ©--1}+
SaelEd e Kv o HEene Fdtane] FA4 de dopry] ek
A28 E5& Agetls W, 7 oS WHESHA Sl cleaved PARP (poly ADPribose

polymerase)¢] #do] Z7lshe e s 5 9

32

o} (1 49).
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Figure 47. Cell viability assay for combination effect of KV with oxaliplatin.

The multi-drug resistant organoid (SNU-4425-TO) was treated with KV and/ or oxaliplatin for
72 h with indicated concentration (con; control, K 11.1; krukovine 11.1 pM, O 33.3; oxaliplatin
33.3 uM, K 11.1 + O 33.3; krukovine 11.1 uM + oxaliplatin 33.3 uM) and detected by 3D cell
titer-glow assay. All data are presented as mean + SD (n=3). All data are presented as mean + SD

(n=3, **p < 0.01, ***p < 0.001).
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K 111 0333+K11.1

Figure 48. Combination effect of KV with oxaliplatin on the growth of multi-drug resistant
PDPCO (SNU-4425-TO).

Representative images of the organoid treated with KV and/ or oxaliplatin for 72 h with
indicated concentration (Con; control, K 11.1; krukovine 11.1 uM, O 33.3; oxaliplatin 33.3 puM,
K 11.1 + O 33.3; krukovine 11.1 uM + oxaliplatin 33.3 uM). Images were obtained under a light

microscope.
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Figure 49. Effects of KV on the cleaved-PARP expression in multi-drug resistant organoid

(SNU-4425-TO).

SNU-4425-TO were treated with the indicated concentrations of KV for 72 h, and the protein

expression level was determined by western blotting. a-tubulin was used as an internal control.
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4. Discussion
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(Newman and Cragg, 2020). ©] AFolAx= S Zedl UAgde #A4g Axs

ARgstol A= Krukovine®] e EetE WA HAAS AEAM T =

o) A= xE@Ad ol @Al 3, 4 dAlel A o] Hr (Rawla et
©
=]

AV

=
ar

Ae )

o

al., 2019). 2 Aolid S #Agleld @A o] g Thedh
AgtAolo] A k& Wk AR o]oj Rt} (Wang et al., 2021). ©] AFolA KVE ©
dolgl ¥ TMEMI39 Hd SAlE &3 A&t ul4d AsPC-1 Al
ol 9 H& TS AAst AFL AxE Holg A F

RAF-ERK % PIBBK-AKT AZE KR4S =AWo7E Qe deld F 74 F2

stol¥ dA3t deAER Aot ol 2= o Ao AAMES SAIHA

%2 T2 HolE F LSkt (McCubrey et al., 2012, Ning et al., 2022). w2pA o]k
NE AG ARZE o ARNA FEe 2ol H = Ith (He et al, 2021). KV

KR4S Eo] #ek AENM AKT 215 d2g v 2453, RAF-ERK A E g

Azg oAstel FWAY ENE el 4% FEE @ B0t} (Laietal,

2018). ©] ATollA Kve SAgEed g A3 AlEZelA PIBK-Akt-mTOR
Erk-RPS6K-TMEM139 A& HAd ARE oAt wpebd KVE KR4S =<0
A Zgd A A8 AXE 2dste FAES vERd ¢ Qi

of AFelM= 3D EE A AEQD A ol HAAY 7bweo]=(PDPCO)E KV

o] ARE3Ith PDPCOS] KRAS =dwolE ©Asla, thokA| Al

i

to
N
K
o)
s

>

dElstz]l fls PDPCOCIA ths FUAE HEES FHF: A4
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KRAS EdwWol7E Q= vekAl A ertwol=elA KveE ¢ s S
gttt ol Fall Ak fd A LUbmolZelA KVel &
I ESE o712 @Uo] oA Kve EAde AT WA Aol R stk
ol A Bt A Jm A A AAET okl X3to] HAH ¥ HIEHI
SlTh (Heinemann, 2002, Lei et al., 2019, Kroep et al., 1999). ©] AF-oJx= KV&
A EeE e =9 a3E FHrieta, AR adE 2ddd AlyA a9
KV7} cleaved-PARP
HHS 7T Ae BoFla, ol SAEESEd 29" Kvrt
PDCPOQ| A FEAFH | 7] 3tth= 2l Webdith Kvel SAkeEebel o] =3 g o
Z|zsto] o] stES HAAY ARE T FAAQ ARAR 2 F s HAoE
ZIgE 4 v

2 AFoA = KRAS EWo]l AL MAESFT (AsPC-1, Panc-1 % MiaPaCa-2)%}

R

o

Ay EEE A #AE M2 (S EEE U AsPC-1 AlXE)e A S52)

A= KV ®HE FAETE KveE 22 ZdEl A AsPC-1 A 3ol A]

PI3K/Akt/mTOR % Erk-RPS6K-TMEMI139 A EZE %3] TMEMI39 Wa 2 A&
ayA oz AgAFt T3 KVE KRAS =AWo] PDPCOC| thst A ox &3

2 PDPCO°IA SAte|Eeted o Waketdls W AyuA a3E5 el

Tk, KV KR4S =<Qiwio] W SagjZetel Ul dold A3 AlzelA
Erk-RPS6K-TMEM139°] x| A& 7IHto® KR4S =<Iwio] 9 Site|Eetd
g #Ager 82 % ARES fsh AR AsARA F FAYE 7L
Atk AEAE F Ak

PI3K/ Akt/ Erk/ PS6K/ TMEM139
PI3K/ Akt/ mTOR

OH

Krukovine Combinatory effect with

TMEM protein family oxaliplatin
RNA expressions
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Abstract

Antiproliferative Activity of Piceamycin and
Krukovine in Anticancer Drug-resistant Pancreatic

Cancer Cells
Jee Hyung Lee
Natural Products Science Major
College of Pharmacy
The Graduate School

Seoul National University

Cancer is a major cause of human death, with incidence rates continuing to rise globally.
Common causes of cancer include exposure to environmental risk factors, such as certain dietary
habits and cancer-related genetic changes. Pancreatic cancer is one of the most difficult types of
cancer to detect and cure. While surgery is considered the most effective strategy to treat early-
stage pancreatic cancer patients, most pancreatic cancer patients are diagnosed at advanced stages.
Only 15-20% of patients are eligible for surgical treatment, and over 80% undergo medicinal
treatment. In the case of advanced pancreatic cancer, palliative systemic chemotherapy with
supportive care is considered the only viable therapeutic option. Gemcitabine with nab-paclitaxel
and FOLFIRINOX are commonly used as the first-line chemotherapy. However, the frequent
development of drug resistance to conventional cytotoxic agents contributes to the aggressive
progression of the disease, which greatly undermines the efficacy of the therapy. Therefore, the
discovery of novel agents to complement conventional cytotoxic agents is needed for the effective
treatment of acquired drug-resistant pancreatic cancers.

The first part describes that piceamycin, a silkworm-derived natural product, can be effectively

applicable for gemcitabine-resistant pancreatic cancer cells. Although gemcitabine-based
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regimens are widely used as an effective treatment for pancreatic cancer, acquired resistance to
gemcitabine has become an increasingly common problem. Therefore, there is an urgent need for
the development of a novel therapeutic strategy to treat gemcitabine-resistant pancreatic cancer
patients. Alpha-actinin-4 (ACTN4) plays a pivotal role in tumorigenesis and metastasis of
numerous cancers, and ACTN4 signaling is aberrantly activated in malignant tumors. Piceamycin
(PCM) is a secondary metabolite produced by a Streptomyces sp. SD53 strain isolated from the
gut of the silkworm, Bombyx mori, and was reported to exhibit an antiproliferative activity against
various cancer cells. In the present study, the antiproliferative activity of PCM was investigated
in a gemcitabine-resistant pancreatic cancer cell line (gemcitabine-resistant AsPC-1 cells) and
gemcitabine-resistant patient-derived pancreatic cancer organoid (PDPCO). PCM effectively
inhibited the proliferation of the gemcitabine-resistant cell lines and suppressed the expression of
ACTN4 in gemcitabine-resistant AsPC-1 cells. Furthermore, PCM effectively inhibited the
invasion and migration of gemcitabine-resistant AsPC-1 cells through the modulation of actin
polymerization, focal adhesion, and epithelial-mesenchymal transition biomarkers. PCM also
induced the Go/G: cell cycle arrest and the long-term exposure of PCM induced apoptosis in
gemcitabine-resistant AsPC-1 cells. The combination of PCM and gemcitabine exhibited a
synergistic antiproliferative activity in gemcitabine-resistant AsPC-1 cells. Taken together, these
findings indicate that PCM may be an effective agent for overcoming gemcitabine resistance in

pancreatic cancer.

The second part describes that krukovine (KV), a bisbenzylisoquinoline alkaloid derived from
Abuta grandifolia (Mart.) Sandw. (Menispermaceae). KV can effectively inhibit the growth and
metastasis of oxaliplatin-resistant pancreatic cancer cells. While the oxaliplatin-based
FOLFIRINOX regimen is widely used as the first-line chemotherapy for pancreatic cancer,
acquired resistance to oxaliplatin poses a major challenge to the success of the chemotherapy.
Therefore, a novel therapeutic strategy is needed to treat oxaliplatin-resistant pancreatic cancer.
In the present study, oxaliplatin-resistant AsPC-1 cells were used to evaluate the effect of KV on

the proliferation in the cells. KV showed antiproliferative activity in oxaliplatin-resistant
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pancreatic cancer cells and suppressed the expression of the transmembrane protein, TMEM139.
TMEM139 is known as inducer of tumor invasion and metastasis. KV effectively inhibited the
PI3K-Akt-mTOR and Erk-RPS6K-TMEM139 signaling pathways in oxaliplatin-resistant AsPC-
1 cells. In this study, KV also exhibited antiproliferative activity of patient-derived pancreatic
cancer organoids (PDPCOs). Furthermore, KV showed a synergistic combinatory effect with
oxaliplatin in patient-derived pancreatic cancer organoids (PDPCOs). Taken together, these
findings indicate that KV may be an effective agent for overcoming oxaliplatin-resistance in

pancreatic cancer.

Keywords: pancreatic cancer, natural products, Alpha-actinin-4 (ACTN4), piceamycin (PCM),
gemcitabine-resistant pancreatic cancer cells, epithelial mesenchymal transition
(EMT), apoptosis, krukovine (KV), oxaliplatin-resistant pancreatic cancer cells,
patient-derived pancreatic cancer organoids (PDPCOs), Transmembrane 139

(TMEM139)

Student number: 2015-31193
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