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o {RINE(ETREEZEH IS - NEERYANT T TFIRAT S (FePOZORAL 1 20E il
—HRAR AR T WIS B AL EEY) Geftinib(GEF) 2 £ HTEE ARt 4R - 28
AU A TR HTRER - e B & D R AL R (ICP-OES)Hy&E R th 883 » BATE
Fp SR R AR AR GRHBTELAR BTN HCC827 4 - A E R EMZ ki FEEE - I
TEAHAEEE S /R BR(Colony formation assay) HEIZEE] - GRHAMAEAEREZTORML TR BIAGE ]
SEC > AHFRETETE S BB R EL - BT 5 SR AN EERGE R 383 > GRUEAVILT
P Ry L (Ferroptosis) » &R DA E&ER - BfMIEERESH7o RN T-HEE BA pid Ry e IR RE 2
VI EEYINE ) -

Abstract

Cancer is become a leading cause of death worldwide. Drug resistance continues to be
the principal bottleneck for clinical cancer treatment. In this study, using iron platinum alloy
nanoparticles (FePt NPs) as a novel strategy to induce cellular cytotoxicity and overcome the
resistance in Geftinib, a tyrosine kinase inhibitor (TKI), resistant lung cancer cells was
processed. According to the result acquired from Inductively Coupled Plasma Optical
Emission Spectroscopy (ICP-OES), GR+ cells, more resistant to Geftinib, exhibited higher
cellular uptake of nanoparticles then parent HCC827 cells was found. Furthermore, by using
colony formation assay, the survival of GR+ cells were declined after FePt NPs treatment
which accompanied with the generation of reactive oxygen species (ROS). Meanwhile, the
death mechanism in FePt NPs treated GR+ cells was also identified as ferroptosis by western
bloting assy. Collectively, these findings suggested that FePt NPs exhibited great potential to

become a nanodrug to overcome TKI resistance in lung cancer.
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1. 6-7nm FePt nanoparticle synthesis

(1) ZBEEPAEE$A(T) (Platinum(II) acetylacetonate)
(2) 1, 2-F7 b E
(3) JHif%(Oleylamine)
(4) JHIEZ(Oleic acid)
(5) ZFE:E(Dioctyl ether)
(6) TifRAE(Fe(CO)s)
(7) “FBEZ(Cysteamine)

2. Cell sub-culture
(1) EEERPMI medium)
(2) mRlEEELEE A THEE/K 1x PBS (for cell culture)
(3) FEEHAES(1x 0.05% Trypsin-EDTA)
(4) R&4-mE FBS (Fetal bovine serum)
(5) FHfEZ/ e 214 Z P/S (Penicillin & Streptomycin)
(6) FEFEZEY)(Gefitinib)

3. MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay
(1) MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide)
(2) DMSO

4. Western blot
(1) ZEHEZAE Lysis buffer: (RIPA buffer)
(2) Protease inhibitors tablet (Roche)
(3) Loading buffer: 6x Sample buffer
(4) Bio-Rad Protein assay buffer
(5) Running buffer (pHS.3)
(6) Transfer buffer (pHS.3)

(7) Tris-buffered saline with Tween 20 (TBST) buffer
3



(8) Blocking buffer (5% non-fat milk)
(9) SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis) Gel
(Resolving Gels and 5% Stacking Gels: 30% Acrylamide/Bis (29:1) ~ Tris pHS.8,

tris pH6.8, 10% SDS ~ TEMED -~ APS)

(10) ECL substrate solution
(11) Polyvinylidene fluoride (PVDF) membrane
(12) Kodak films

(=) ekt Feastst
1. 6-7nm FePt nanoparticle synthesis
(1) B
(2) s
(3) wBEAnEVE,
(4) =OEEH

(5) BIRAHEE -

2. Cell sub-culture
(1) 4fipEisEm
(2) 37°CHEEHM
() fEEEFES
4) &

(5) LR A
(6) ETKFF

(7) BEdmEAE R
(®) IRAGTE
) REEEes
(10) = ERUHE LM
(11) EIT AR i = B 85
(12) 1= 20 014
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3. MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide)
assay
(1) 96 L
(2) Thermo Scientic Multiskan EX reader (/2% G2 HIzE %)
4. Western blot
(1) EREEEs (Pipette)
(2) EHILE (pipette aid)
(3) SDS-PAGE &k f#
(4) Bio-Rad MK{RBEEE
(5) At

=
—)  FePtZRKMFERL

(
%%

WIFEREETTA

gy DB SR A E AL - Platinum (1) acetylacetonate ~ 1, 2-hexadecandiol
Oleylamine ~ Oleic acid ~ Dioctyl ether ~ Iron pentacarbonyl {1 A = C1EER T - #FF4& IO
P - EERREEET > D8 15°CTHRE 240°C » 485 30 43818 - BARAANEIEE - e
AR - PAECYE(Hexane)/ ZEZ(ECOH)F A =R » HZEHR @ KA SR 2528 - =00
PRIF ©




1,2-hexadecanediol  FePt NPs

240-250 °C (oil)

Fe(acac)s, Pt(acac),
Oleic acid, Oleylamine

FePt NPs Cysteamine /EtOH solution‘ FePt NPs

(oil) 40 °C sonicate 4hrs (aqueous)

FePt KK FE RN REIE

(=) 4HpEssE(Cell culture)

RPMI-1640 FHikEFEAIE T R BET-417K(900 pl) - LA 2g NaHCOs B &394 » 5% pH {H
B 7.2 AR /KR AT 838 0. 22 pm HYFEER 2E R E 8 BN 5% Had-I% (Fetal Bovine
Sera, FBS) & 1% #14: Z(penicillin-streptomycin) » JEERBREL 4°CKFH -

EEE: R medium - DL PBS RN —2K > JIA 0.05% Trypsin-EDTA (SRS &
I - SEERY 37°CRE 1 7riET% » IS EHY medium 4% (1 Trypsin {EH « MRFHREIERS 2 8L
B 1200 rpm, 3 JrEEEEL o KB EIER » TIAEE medium - KRG 2T - BUBEE 4R
RIS R R M SRR L 55800 37°C ~ 5% CO2 3R -

(=) 4ifEERMTT)RE

SEARFARAEET B 96 FLIRL T - FEFLEETE 3000 FEAHAR - BFEERS 5% CO2 » 37°CHIEA - 1517
HAHREE &% » (RIFIIAK IR FePt kR FEM 24 /N - IMSFLIAIIASAGHRER 0.5
mg/mL MTT solution ZfER{/INFF » 775 medium » il A 200ul DMSO » JUE % 2 5 ARy
B > RS 5388 > ODoown EUHI S FLAVEEAE -

()  4HAEEEERGEES (colony forming assay)

SFRIGFURREA 2x10°5 4HFEH 6 well plate B2 42 » 151% H4HHE 1% - (FEIIAR R
[ FePt ZUKEEYIERT 24 /NI - BITRHAIAELL trypsin (£ - BUM B ARSI/ 8L 1500 FE41
B EFARRIEITE 2 10em BEE I - BT 37°C ~ 5% CO2 B3 - 49 8~9 H » EEI4fu4faRe%
TR AN - 1% L. methanol/ /KIS & & B & 7 R/ I R {IE/ NI » FERL 0.5% crystal violet
LTI/ o DIEEE T /K S A BIYE S - AT - EBRLL Image] SCBS T AHARREE K

JIN o



(A)  A4HREE(flow cytometry) sy AfralE

£ GR+HHFE 2105 7F 6 well plate 55 24 /NI AFERANA FePt 2541 7(1.0 mg/mL)
Y BITERT 0.5~ 1.0 ~ 2.0 J 4.0 /NI » ZER5RAEN% - FIF Trypsin K4S T RGO ZIRAE - 00T
A 10 uM K H2DCFDA JAME3E 4 FE R 30 4048 » 2 {2 FIVKAY 1| X PBS JEIRAHAE 3
R Bl 500 ul 4HHEEG TR FLR AN 68 EDANE M-S L E (ROS) A i &t -

(7))  PE=EE(western blotting) 23774

LLPBS 4R > 6cm EFEITANA 40 ul RIPA buffer » EHIFJE] ML » HAEK EIEH
30 434 > DL 13000 rpm B0y 15 5348 » B F3%% » Ll Bio-Rad protein assay buffer &8 &
HRE -

H{ 40pg ZE R & 6X protein loading dye » {EEZ/A % | 100 °CHIEN 10 Sy SR 1 & - 1
EENVE 'S K, protein marker J3 A 8~12% SDS-PAGE kR f##d » DL 100 (RIS BEESE
Tk 90 738 - HEARFETFERNIESESHE -

Ty HERYEE E PA 100 (RFFEEBRIEDESY 90 38 » [EE Y PVDF % | - PVDF F&LL 5% non-fat
milk/TBST blocking 1% > Il A—#kHiAG (Primary antibody) » {2 818 B K HE - FALA &1
#&(Secondary antibody)Ei—&R TG4 & » &8 ECL substrate 2 (08157 » s LUER BER %EhR -
LU/ R AR A A o B PR AY 85 B B R B hi 8Os ) -

STRENERJEKRIRZEZE M BIO-RAD EHEE &% DURE S 10 mg/ml #Y BSA(4-T
SE A )8 ddH20 {5k BSA sample > fif#f# BIO-RAD DYE REAGENT(5X) > i1 sample J&.
&0 JIA 96 well dish H A 2 T i HIFE RG] ODsosnm 2 JEME S EYTEEHE - MRS S
(EAT DL s B R dh 4R e - Frp4eEh 2 & 0 B BIO-RAD [ZJER - (ERF R R i HIREE T
MHAYEOE(E - fadili/E BSA sample Y2 H'E Y ug/mL -

CHE R fh 4 AT EE (9 F1 6x sample buffer~ RIPA' buffer E&5% western blot sample °

6 il -O DAL/ Fsoliy- & |1 2 (ug/ml)
0.7
0.6 /
05 / e
0.4 /
0.3 —
—
0.2 y=0.0372x+0.2546
0.1 RZ =(0.9961
0 T T T T 1
0 2 4 6 8 10
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OV BBERE

Lk FePtZ= i+

CEET K o Platinum (11) acetylacetonate »
Oleic acid ~ Dioctyl ether -
 FRE DI ATEEE o

FePt ZofHFLUMEEE G
1,2-hexadecandiol ~ Oleylamine -

Iron pentacarbonyl {51 A = L& -

{
|
{
B
{
i

T ]

® [RERIEEL(RPMI); 4R H5TE HCC827 ~ HCC_GR* » BifE HCC_GR*
i T 4IRS i A Gefitinib DL4ER B gk -
HE;LTVTTEEJF?M E/E BiRES OD490nm /E'JEU&J[ETE ’ ﬂf”r nj:f%
(Geftinib)AYHiEE
(EAE
ﬁi%g;ﬁ% ® A ICP-OES 5287C/ 3T HCC827 Ky GR+ATMIAEFEIHLS T FePt 255k
B Ptk HIF(1.0 mg/mL)24 /NEF &+ REILEHEE FePt ZOKALFHIRR -
[ﬁ—j—ﬁﬂfﬁﬁ’j = || @ BEEAFEHIINETTEL -
SIS | | @ RIS A E B s 2E FePt #OKKL -1 HCCB27 2 GRe4]
PR A B R e IR &
HE.}J:g = J_._. Ji(%
|
o )rfrF Ptk ® FIAAAE E(flow cytometry) 2B Z245 T FePt 37 +ﬁz¥f§ e
s Er1E BT FE LR GR-AIRE S8 M L
® U EBLARIZIEE AT FEELE R -




&

B AR R R A

(—) BILEA Gefitinib FREEEEYHT ARz AR RS HH T8 M -

AT > By T 5558 FePt Z0KM 2 & B A T ARKEFEEEYIHTIERTDIEE - T 1A
Fi HCC827 4ipt(ffifReE H A EGFR exon 19 2L RN E R IFH45 T Gefitinib (1
UM)RVERES T #Ef AR R - HER BRI B — A PR - B0k BHTEEERT HCC827
HHAEAI Gefitinib ZEY)EREE 2 A - R AR G S AR A 4EISE T - 212
HEEYIRS BRI B SRIAIRE 2 & - MEBE R O AR A TR R4 T
Gefitinib 553 5 J& » WAEHAHEHRE ARG 25 GR » Ry 7T IR FEHigE M 4
A - EBarPiRF GR 4HAE ST BRI (E X 4H B (subline) - —JEHEE AR 4G T 4517 6 (I H
Widra Ry GR+» S5S—EHBH TS24 6 {8 H RN 45 TEE)Ilan 44/ M6 » FiTEETr
AR [E] 4R B ARG IR e 228 v 8 AR B 22 4R 22 B (morphology ) HYSE4 L - el (5
AIEEEE] - B S EHUEEERT GR+AMAEE 7 4= 45 #% iR (spindle like) K £y 2
BE 0 K o fBR H AR BAEEMEy HCC827 MR Ky BT b 5 4= & » 1 b il
EENEB LG H MR ERIROLS] -

RSN T AHRES MBI AT - BAFIRF AR SR M T T) s sk B SRy
HCC827 ~ M6 J; GR+HAE A ERFEEE LM - B - TR R EE AR
HHAE > 345 TR EDREE(O ~ 0.01 ~ 0.1 ~ 1 Kz 10uM )iy Gefitinib FEFEEER) (158 24
/INEF (B — B) » EC[EE RS (1uM YE ST BIREE 24 J 48 /NFHY B Bl s i b b (E
—C) > WEBAER P AL - BEE Gefitinib SEV1REMIES - REDIEENMER
HCC827 A HAFERGE 100% T FEE] 40.22% M ELHTEEMEAY GR+AHAEAN ALk
TREY T FEE(100%[ 5] 78.54%) » TIAHIEI R EALEL SN AT (A [E] A ARG T DA 22
F > HEEIAD AT AYBTEE AT AR T EEY) Gefitinib AR RITE
B[ AR RA R > 6 Rary s SR mT DA B R M sk o T LR i B 1
AR R AR A -
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Related Survival Rate (%)

6 months

o + HCC827_GR+
2 weeks 2 weeks 5 weeks . — (GR+)
o AP L —— by > Geftinib (+)
HCC827 =7 " HCC827_GR
ini Geftinib (- Geftinib . —
(g27) Lot ‘*’>‘ = ‘> i ‘£> (GR)
Geftinib (- HCC827_M6
' (M6)

HCC827

C.
43 827 88.5+9.50
125- GR+ — 100~ 83.416.05
) - S {rsat7.88 78.45¢8.93 = 827
o (] A M6
10¢ 5 X —I= 57.5+1.3 —
f 14 ) Hl GR+
75+ i = 604 46.7+4.14
&
504 g 40+
7
| L.
254 3 204
£
4 g
0 ® 9
0 0.01 0.1 1 10
Geftinib (uM) Time (hr)

~ SRS i R AT T R L Gefitinib SEYLARRTEER AT - (A) FIF
HCCB27 Yliffaf 17 EHi MBS EEY) Gefitinib 4HARERLFRERE - R & s R4 R As
1k - (B.) FIFHATIRAEERMTT)HE TR BTSN R EDERE > F(CHEE
TEFEAE 24 F 48 /NEE N AVATREIE R -

(Z) EEEHZENEN CREMET FePt KR FAERRENERE -
FERERE P Bt HIEURS b - BEY2 5 o] DUA S A s st BHE S B IR
FY—KRHSE - INIE > FePt KM 1245 7] USRI G R AR EEEEY ) g ey e
AR > HAHBHIAIRR A SR B R E - AEN L - FAFIFIH] ICP-OES #2357
it HCC827 k. GRHIHEAERZHEAE T FePt oKL 1-(1.0 mg/mL)24 /NEfZ > A [F]4H]
b FePt RORMIT-HVEE - —BAtG AR T A E T Bl E g - 2 &5
AT A FEIMIRE T AT sl B AGET THAR - (F G 2E— A T TRy FePt 5%
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KK T EEE A) > SR I ISR > A B PTEEMERY HCC827 YA A
AR R 0.26 ng - [ B & EHTIEEMERT GR+-A1RLE B — il o] DA &

0.81 ng » Jej&/& HCC827 4iify 3.12 % - 11 HLFR I AWz EAVERI > &R
PR A VEZE IR RN FePt oKL -HY GRAMAEIHSME = R Bk 0B IGE
7 BRI E FSE (B = B) - [NEE - FATAT AHIE B S i ggtt:
fy GRHAMFE SN By KBNS FePt Z0Ki T4 SE AVER & -

A.

1.0 % "

b 0.81ng £y 8.12

‘\é,o.s- § 34

2 06 &

s £ 27

Q. o

204 0.26ng 3 1.0

3 T

0.0- T S0 T
827 GR+ 827 GR+
B.
FePt NPs (-) FePt NPs (+)
40X 100X 40X 100X

. I e _— ;
N
L)
(&
(&)
.-
+
(14
o

= B EhEEEH Y GRA4UIAE & Gl R EHY FePt 7oKL TIE [AIFE T - (A)FH] ICP-OES
fEEs A AT HCC827 k. GRH4IA AR FeP 7oKL THYEE - (B.) (SRR A 2
FePt FORHMLT-1% - A RIIAZSMEHYEZAE -
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HCC827

@ GR+

Numbers of clonoy per dish

g

8

n
S
1

(=) FePt KRS R RIGIEEI RN AT E 22 RAAHERCR -

Ry T BT RERY FePt SO TR (RIS M Hifiiee 4R AR P e A2 B 3578
Fo FMTH AR RSS2 s B A2 FePt oKL T-#)0 HCC827 K GR+4HAEA:
FEEERE IR BN 2 EEY TR - (R e RIS MNP RE %
It & AR H TSR N R EEE E B H B - [ > B Al
BEREE D E= A BAMEEE o IS GRAMAETEAE T 0.5 mg/mL HIH| &
TME T DA AR BRI AR S - BER B E L 183+15.56 FHEAR[EE 8.5+0.71(100%
(28 4.7£0.71%) » [ HCC827 4 HII TR S =i YA & (1.0 mg/mL) J5 A HrfiE ey
TEEE 515.5+4.95 FEERE[H 2 327+2.83(100%[% £ 63.4+0.06%)(BI= B & C) » 45
BRTSERAEE > HEE S B S EH SN GRHATEAIHEEN FePt 25K T2
BRI -

FePt NPs (mg/mL)

0 0.01 0.1 0.5 1.0

. 827 EE GR+ mm 827 El GR+
[ 827+FePt NPs — [ GR+ + FePt NPs g - [ 827+FePt NPs g 125- [ GR+ + FePtNPs
+ 2% < S
PALAL R0 5 {183+15.56 2 100% | 3 100%
§ 200 = 1004 + 100-
N s z - g
32712.83 2 450 5 75 63.4£0.06% § 757
3 3 3
45 100+ %5 504 5 50+
) 4 o T skkk
3 504 £ 254 £ 25
€ 8.5+ 0.71 H 3 4.7+0.01%
Z o 5 o 5 o
['4 ['4
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[ = ~ Fll FH AR EE 5 A B aT FePt 7ol 1391 HCC827 ke GR+AfisAAEAT AL
HYEEREECR © (A)HCC827 K GRHAFEELIAESS T IR FePt FORM T HANM RS 4
RIIEE - £ EdifEse T EERTE(1.0 mg/mL)FePt KM 24 /NRFESL T - (B)LAF
TEAIRRE R B e 2t R(COBER Stk -

(I9) FePt SoRAL T &K /A T (Ferroptosis)iHIZRIE L GR+AEMINIERSET -

Rran s 2 2R s 8 R EETEELYEROSIEHE » BAEEE R
A SRELIRE S > BRI AN ST AIRSE C th e At R S E e AR AR
RIIE > FRATRA A U AR (flow cytometry) 2B ZRES T FePt ZORKI T1% » 2%
FEE S DM GR M EESEMES(LYE - EERRIMK GRA41RAE T
FePt KK +-(1.0 mg/mL){& AR FIRYIFEEL(0.5 1.0 » 2.0 F 4.0 /NEFYEZE M
{EVrEEEER - (ER AT RS SR (BT A)F383R » GR+AMAEH FF45 T FePt
FORMITZ 0.5 /NS A] 224 = E(MFL46.0)HYEEELVE - HATRAEE 4 (8
/NEE 7 X (MF1=42.2) »

SEOR U Ry — e AT PR A AR SR AR - HRHEOR S s T R PSR
MR LYE E A AR EESARESE T (6] - fESERTINE R H 2] - GR+41 = E0E
MR EENES > HEE G FePt ZOKRFATEAEE - UL FePt 22Kk FAVAH R
7+ ARCEEI S BRSNS T Ry FePt SR TR as aysE Tk » AL - A
FAVE 7 SEBE AR 2 s U F 2 E R (EEIVY B T DA E]
ERRNE QAR E R B BN TR BB EERE 46T FePt 75K
R &M E— TR EE AP RCEEEIY B - B O DIFISEEE it - &
HIAHHREN - GPX4 2 /S EE T RIS A Ayt R TR A
REISE S OB T > fEaE R PRI LASE3 - GPX4 A BIVRBERENT
f > T N A SHATREPE TR PTGS2 & 118 Al REIIELE T FePt 2K F-HY GR+
ARG (EIPY B - ALATIH) - AR o S8R BRSNS AE4E T FePt 20K
THILHAE > T7E4G T Gefitinib AYAHBIRING A ERR G 4E o Rl eI g
GER PRI LIEAL - FePt RIS S HUEENERT GRHAMAEFTAEMIE U HIfEE 248
FHEEE T FTisERg -
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HCC827 GR+
il L Ctrl Gef FePt Ctrl Gef FePt
] gr+ stain ROS 7617 111
gr+ fept 30' ROS 7142 65
gr+ fept 1h ROS 6698 48.7 S— s |- (190KDa)
gr+ fept 2h ROS 5652 372
| gr+ fept an ROS 8440 422
TfR1
N
/_/'j N 95KDa
GPX4 | "R s SR R S - 22KDa
B _4_/\/\\ _
h - — = =
PTGS2 ili s “ “g<—u4KDa)
& o o2 ? .+ Beta-Actin —--..-{- 43KDa

FL1-H

»ROS

&Y ~ FePt FORRLTHIGE T E 2 E S LTSN GRAIfELE A EYE RO R
TR FHEAE T - (A) FIRDRAAIR AR Z A4 T FePt R T1& - JEMESEIE
VYA = EDIEEYE GRAQUAE A [FIHF BV EEAE - (B.) &EHIPE )T RRAAGHR S
HCC827 K GR+MFE 77345 T Gefitinib Jz FePt ZOKKL T 24 /NEF{% - 2L
IR P RHSE 2R BRI E -

NEERA LA IRRERBEFZA » HHPEFEERAEA R
HBEEE A RICAB B - 05 WS B RSN i o > e Al
FHANRE A B EL N S 2e R AR AL DU AEM: - AREE SR IR RPN (R i R R B 5
HSARE B - BIEA H IR A SIS CT/MRI T2 DIRE 2 FePt ZRORHI TR Ll 2 FePt
ok AMER AR - BAEEYHENE S AR EEEREE - NIER 3
B IR HA A B AR oR )3 5 Tl _ERYBH S -

FIF FePt 7ok 1A e B BATHESEY) Gefitinib S2YI5T451E 2 GRA4JRE - Mz B A
HE HCC827 AHAEAALE - MEE %3 GRHUMMAEE SRS DI E: (B —) - AlAYE
fE=E FePt ORI T46 T - JRESIRANBE AR FePt FORMT-HVAE ST EA L DTagMAe e Rl L
WEE SRR EN GRAYIMSME A 2 4 A S (B =) » AL > (e MERY B LR MRS 4
HEERIEERIE T Z & HARRER S P EERRVET R FEGEE FePt OoRAL T H° GR+
AR E AR (B =) - WA EE SR G R EYEE A (E) - e
MHRRSEE e BRI (B ) - B EeyE st AR SE Y AIiZ E—E
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It > B RRE R A LUSAI FePt ZZORKL - WEE B B — 3 A = R ACSe YU MR R 4l

HERYZETT > e H IS HE B EOE AR - I STt R eI EE MR Fe it — (B Y
H{TITE -
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