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Abstract

Since late 1970s, the global incidence of breast cancer increase a lot. The American
Cancer Society released cancer statistics data on A Cancer Journal for Clinicians every
year, which showing that breast cancer is still one of the most common cancers among
women. Breast cancer is expected to account for about a quarter of the new estimated new
cases of all women cancer types. Its mortality rate (estimated deaths) ranks the second
after lung cancer.

Although China is not with high incidence of breast cancer, however, in recent years
the incidence rate of breast cancer increased a lot. Until 2008, the new cases of breast
cancer in China accounts for 12.2% of the global, deaths accounted for 9.6%.

Data released from the Chinese National Cancer Center and Bureau of Disease
Prevention and Control of Ministry of Health in 2009 showed that breast cancer incidence
ranked the first of female malignant tumors. Notably, however, the average diagnostic age

of Chinese breast cancer patients is about 50 years old, ahead about 11 years than the
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average age of the western women (about 61 years old). Thus, breast cancer has become
one of the most common and highest incidences of malignant tumors both in the western
countries and China. Especially, the onset age of breast cancer in our country is becoming
more younger, seriously affecting women's physical and mental health.

Now there are several different therapy strategies of breast cancer, including surgery,
radiotherapy, chemotherapy and molecular targeting therapy etc. And the molecular
targeting drugs developed most rapidly among all the fields. According to the expression
levels of three different receptors of HER2 (Human Epidermal growth factor Receptor-2),
ER (estrogen receptor) and PR (progesterone receptor), breast cancer is classified into four
different subtypes, such as Luminal A, Luminal type B, HER2 positive and triple negative.

HER2 is a cell membrane receptor closely related to tumorigenesis. Its high
expression will predict the worse prognosis of breast cancer patients. The statistics show
that nearly a quarter of breast cancer patients are HER2 positive, and most of them with
advanced malignant diagnosis. Therefore, it’s vital significance to develop the molecular
drugs targeting HER2 receptor.

The humanized HER2 monoclonal antibody (Trastuzumab), developed by Genentech
company, can significantly extend the overall survival of HER2 positive metastatic breast
cancer. Trastuzumab was approved by the United States FDA in 1998, and became the
milestone of monoclonal antibody targeting drugs research. Later, FDA approved
Trastuzumab as the first drug for the neoadjuvant therapy of breast cancer. However, most
of HER2 positive patients acquired resistance after one year treatment of Trastuzumab,
and finally caused distant metastasis.

Lapatinib is a new small molecule inhibitor, which can inhibit the intracellular ATP
binding sites of HER2 and EGFR, and block the downstream proliferation signal
transduction. Clinical studies have confirmed that combination of Capecitabine and
Lapatinib can significantly extend the time to progression (TTP) and progression-free
survival (PFS). Especially, Lapatinib was still effective to breast cancer patients resistant
to Trastuzumab treatment. Lapatinib targeting HER2 was approved to treat the advanced

or recurrent breast cancer with combination of Capecitabine by USA FDA and China
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SFDA in 2007 and 2013 respectively.

Studies have shown that EGF (epidermal growth factor) can activate HER2 receptor
signal transduction signaling, triggering downstream signal cascade reactions. HER2
receptor activation can induce PI3K, Akt, mTOR and p70SK activation, and promote the
proliferation of tumor cells. Lapatinib can inhibit PI3K and Akt activation to block
downstream signal transduction and the proliferation of HER2 positive breast cancer cells.
However, the clinical response rate of Lapatinib is only about 24%. Primary or acquired
resistance to Lapatinib severely limited its therapeutic efficacy. Therefore, the
development of drug resistance is the major reason of treatment failure of Lapatinib. The
resistance mechanism elucidation and effective intervention will help to further improve
its clinical application.

Autophagy is one of important mechanisms of cellular self-protection under extreme
conditions, such as nutritional deficiencies and drug intervention etc. Autophagy can
promote cell survival, but excessive autophagy induces cell apoptosis. Therefore, whether
autophagy to promote or inhibit the tumor cell survival is still under controversy. Recent
studies have shown that autophagy may participate in the process of tumor cells acquiring
resistance. And PI3K/Akt/mTOR, LKBI/AMPK/mTOR signaling pathway might be the
main upstream regulatory signaling. At the same time, the response of cellular reactive
oxygen species (ROS) was also involved in the process of tumor cells to acquire resistance.
To activate the cellular ROS level might be one of important mechanisms to reverse tumor
drug resistance.

Based on the above research background, in this subject we mainly answer the
following questions: (1) Whether cellular autophagy plays important role in HER2
positive breast cancer cells acquiring resistance of Lapatinib; (2) Whether autophagy
inhibition can restore Lapatinib treatment sensitivity; (3) What is the molecular
mechanism of autophagy activation? (4) Compare the ROS level differences between
parental and resistant cells and elucidate whether berberine can kill Lapatinib resistant
cells through raising cellular ROS levels. Answering these questions will clarify the

mechanism of Lapatinib resistance of HER2 positive breast cancer cells. And provide
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important therapeutic strategy to restore Lapatinib sensitivity.
Methods and Results:

1. Screening and validation of HER2 positive cell lines with Lapatinib resistance: (1)
Treat HER2 positive breast cancer cell lines BT-474 and AU-565 with gradual
increasing dosage of Lapatinib. And maintain for 12 months to select the stable cells
with Lapatinib resistance; (2) Analyze the resistance ability of BT-474 and AU-565
cells through MTT, plate cloning and soft agar colony formation ability etc. Results:
The selected resistant cells demonstrated Lapatinib resistance capacity with cell
proliferation, colony formation, which is suitable for the following experiments.

2. Functional evaluation of autophagy promoting HER2 positive breast cells to acquire
Lapatinib resistance: (1) Whether autophagy increases in BT-474 and AU-565
resistant cells using transmission electron microscopy analysis; (2) Transfect
GFP-LC3 fusion protein (autophagy biomarker) into BT-474 and AU-565 cells and
then detect the autophagosome distribution using laser confocal microscope; (3)
Determining the function of BT-474 and AU-565 Lapatinib-resistant cells by MTT,
EDU, colony formation and flow cytometry analysis respectively; (4) Treat the
Lapatinib-resistant cells with autophagy inhibitors (CQ, 3-MA and BA) and analyze
the cell proliferation and apoptosis. Results: Autophagy can promote the HER2
positive cell lines acquiring Lapatinib resistance. And inhibiting autophagy may
significantly enhance the sensitivity of resistant cells to Lapatinib.

3. Mechanism analysis of autophagy activation in Lapatinib resistant cells: (1) Analyze
the expression difference of AMPK/mTOR signaling pathway in BT-4747 and
BT-474"*R cells using Western blot; (2) Use AMPK phosphorylation inhibitor
Compound C to block AMPK signaling pathway and analyzes its impact on drug
resistant cells function. Results: The phosphorylation level of AMPK increased in
BT-474""R cells, suggesting AMPK activation in resistant cells, maybe the main
reason inducing cell autophagy. Compound C could block the downstream signaling
pathways of AMPK and the transformation from LC3- 1 to LC3-1I. Thus, increase

the sensitivity of Lapatinib treatment.
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4. Analyze reactive oxygen species status in Lapatinib resistant cells and berberine
intervention research: (1) Using MTT, EdU and flow cytometry analysis to determine
whether berberine could inhibit BT-474"%R cells proliferation and increase apoptosis;
(2) Using reactive oxygen species detection kit to analyze how berberine affecting the
proliferation of BT-474"*R cells. Results: DCFH-DA labeling and flow cytometry
analysis showed that there was less ROS in BT-474"**R cells. Berberine can
dramatically increased the sensitivity to Lapatinib and induced resistant cell apoptosis
through increasing intracellular ROS levels.

Conclusion:

1. The resistant breast cancer cells of BT-474 and AU-565 had stable resistance to
Lapatinib.

2. Autophagy increased in Lapatinib resistant breast cancer cells, and promoted the cells
acquiring Lapatinib resistance.

3. Autophagy inhibitors could restore sensitivity of resistant cells to Lapatinib treatment.

4. Berberine can increase ROS levels of BT-474""R to increase the sensitivity of

Lapatinib treatment.

Key words: Lapatinib; HER2; Breast cancer; Drug resistance; Autophagy; Apoptosis;
CQ; 3-MA; BA.
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HER2 & —A 5 M98 & A2 % VDA SC IO A B IS 3R T 32 A, "B IR e s 5 3L s S8
A RS B VIR S &R o« NIEAL HER2 B 38 FE 144 Trastuzumab BE-Er 4k A LA 25 4E
K HER2 PFHE R M 7L IR B A7 . SR, K384 HER2 PH M & & 76 4
Trastuzumab 597 1 LA S HBUN 5. /N7 30155 Lapatinib =] PA[RJ B #1#] HER2
HEGFR Ja N Bty ATP &5 & A, FHIT I saE = ki, Mk, &5
Capecitabine B & 7697 MIHEE K Ve Reolie O & kA4 Trastuzumab i 24 i) FL R AT
A3 RGF 1R RICR o AELTN 245 [F)RE R AT B 1) 25 Lapatinib 7E 11 AR 19 82 H , 1] W] Lapatinib
T 2L REAT A U010 KA BT v el R R AN

MHAERY, MREWaARSs 7 MREMRRAEW TR, m
PI3K/AKUMTOR . LKBI/AMPK/MTOR S5 = I i W 2 4H A 5 1 5 78 10 32 22 B s i 4
Oy o AR S I B4 AR 1 W 75 4E HER2 PR L ARE 40 M 3545 Lapatinib ifif 25 14
IR RS I A, I I A FE AL o 85 20 B SR A4 AN 24 4a i H ROS
K ZE 57, B /NBEI S 24 2 75 v] LLIdE IS B ROS 7K 2% % Lapatinib ffif 24 4H il .
RS RS, EFRATIYIE ARG T HER2 BRYEFLARE A1 AR 3RS Lapatinib i 2514 1
B, S FR T BURPESR AL T R AR

713,



FOFEXFALFLAX

Sk =] e

—. HER2 FHMEILERE K Lapatinib B FABUIR
(—) HER2 FHFLAME B R & AEH

FUMRE A e N L ARG R, B PR . 4R 5 [ R P s
WA 2014 SEECE o, LRI K 50 2 2o v SRR e 6, 2 5 P v
SR I 4y 2 —, HIET SR AALK T, HE 58—, 20 RisE T B 1) 15%.
P26 [ 2015 kA FLIE T A% 6 231,840 AM. i THEZ25ES. AET R
SFHRRAPREAT, TaoR, FUMEERE R AOR R 2 2R B . 2008 AEIH
Eion, RIEILA 169,452 1 B E w2 Wi AL FLE  (invasive breast cancer).
o LA R R AT Y 12.2%, FETSHCEIN S E) T 9.6%!2 . T [ FL R
H PRI WHER L8 50 &, W7 LRI AR (L9 61 5 $RET T4 11 4F
IR FHTT3) 2021 4, A 10 Ji% Lot (55-69 %) H LR A A B0k B 1 /b
F 60 Nz 100 AL AP, Hkn] W, LR CBON ot R LI RIR R B
PRI R

HER2.ER Fll PR =Fft 52 fAAE S o A7 AN [R] 1 RABIRES o« MRS RAL TP A [,
THEEE ML RE, @ P LR 7 YA E AL, B Luminal A B (ER BHTE
F1/8% PR BHE, HER2 [ 4) Luminal B ZY(ER FH M4 A1/5% PR FH 14, HER2 BHYE). HER2
FHE(ER F1 PR FAE, H HER2 BH%) A1 Basal-like ZUsifx =FA Y (ER. PR 1 HER2
BT, Hoh HER2 PR FLARIE L) 5 ik 1 20%-25%1 . BLCUARE, HER2 f3d /%
FIOE ] BN AR AN IR . BB RL R ), LR R H AT E
TFR . B Rs, BT U E R AL, AT 37%0) HER2 PHIEFLIR
i R U R R, TRk, £EXT HER2 970 1B [ 25 40H0F 32 BN B0 1o JBE

NL AR T2 (HERIEGFR) KIS T M BRI Z 14, A 4 A,
439 EGFR (HER1). HER2. HER3 fil HER4 (F& 1), H.&5H 3= B35 40 i 5 4
OO0 FF P A 2 3ol B IS 85 5 S0 40 R EE 1A 0 £ T 2 PR TRl 42 A 3R . T 8 37 AR Fp Ak,
AU PIBK/AK 252 5% TS Sk, WIS, W, REMEFE, HER2
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RHP R NBEENR A2 —, HATMAKN HER2 [ RRR 4. EGF %15 HER2
RSB A&, (R AR A RN R BT VR — SRk, AT IR0 M P B 1 R 5
FIBEERAL, FRBOR T WE IS R o i FH R 57 (R et P 4 B ) B2 A 45 45 X

B8 ) FH /NG5 T30 70 FEL BT G A BRI ATP S5 55, #80T LA HER2 HO{R M B8 1
I (L. BT EGFR KIRMINUF 321k, LAEAEZ MAFELHAER, FR 3R
731 MAPK A1 PI3K 8545 5 18 % 22 B A7E 5 H0Rh S o5 0] %R0 22 > AN [R] J2 IR A

75 HER2 (45 T-I2 M 4840 1557 8 4 244090,

(] @ HER1 ligands / O Heraa ligands

@) T-DM1
\\ HER2 HER2 Q@ O
v 6. 4 Pertkz imab
HER1/(EGFR) \ 0 \ ) “ e O
Trastuzumab - ;

/ @ € @ — MEMBRANE
./\ -

\/Lapatmlb ’
N OROURR

\.l.
..

,——\ Gene expressnox

(\ Cell cycle progression

/1 = ~

Angiogenesis

H ER4

Proliferation Survival Metastases

B 1 ARREKRETRERREZARIRBEMNHFUERSRE

Figure 1 Members of epidermal growth factor family and working model of

receptor tyrosine kinase inhibitors

(Reference from: Rimawi MF et al. Annu Rev Med. 2015; 66: 111-28)

Slamon DJ 253 KL, HER2/neu 15 K%y 30% 1 FLIE 4 e s 48, A

HER? ()75 3355 FUME 3% (AN R TS 3 UIAR G114 oy bS8 45 BEIE S HER?2
s AR, n] DA SR A R PO I S . X RS HER2 RO FL R 1Y
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BEN ARG, JFRCN HER2 PR 7 B EseAR™ . Rk, AT 54
HER2 ) &M BOHC A4 45 5 DXORH B A BB IR A DX AT B8 10) 51, Wi 40 T RE IR VR YT 24
Yo, i HER2 BYZEMDETE, BHHZ A4 ) T s 5, s i e K.
(=) HER2 43-FEEMZ¥) K Lapatinib B 5T IR

BT HER2 [FRIA/KF 2 U E HER2 FH 4 7L i 19 5 12 28 Ae )1 M A R 5%
e, EHXF HER2 7 LR 25 ONTR YT HER2 BIVEAL A /) TR HEl, %
YLK DA B — B RER, 720 THRFIRST 25940 Trastuzumab. % Bk 5471

(Pertuzumab) F1 Lapatinib % CfEIGIRFFGE N, 11 HER2 [ FHHRES & M 1% 3K

FRIRIRTT 2 1) B ELAR R

Trastuzumab J& Genetech 2 m At A B4 PEEE X HER2 M dbah & IX Y NI ST
&, T 1998 3R E FDA it Brir, TR EGYT, )5 XAtk
HF 7L R BT . TE SRR B A A2 RE S 0T 25 Bk R
Trastuzumab 7] {2 < HER2 PR 38 B Im ARG ST SN R L To AE A7 TR B AR A A7
02, KT, BT HER2 A[LL5 EGFR. HER3 RS — 3R Ik, BOF FiptiE 5
iM%, Al Trastuzumab B224 8 H I PR OB 3R A 12-34%, X 35 %/ 44 ) HER2
BH A Ll (858 0 Trastuzumab 69777 ZA X I H 2 BUEFAERIT 1 F 4 A 1
2% M, JAREAM BT HER2 321k JE 848 . HUB 21k 35 8% 8 8 HER2 F
JefE 5. PISK/AKt & Ras/MAPK {5 5@ g FFELIEL . HER2 AR A LEL AL
%25 22 FLAI 315 Trastuzumab (TR 251, A SEGATT RGN Pl s oL T, B
R/ 730 570 35 B 5 AR Trastuzumalb i 25 P M I AR 075 g ok (14 0] R

B R Pertuzumab 7] LABHIT HER2 5 EGFR. HER3 1454 . IRARIRE WK,
Pertuzumab ¢4 Trastuzumab 19677 FCR LT Trastuzumab 1825 3 FH M, GSK 2 ]
W B /N 43 F- 301155 Lapatinib 1 22N T HER2 FH M4 FL AR VG YT - Lapatinib /5
BB 52 PRI BR BRI 7). (Tyrosine Kinase Inhibitor), 1 LA #ii] EGFR A0
HER2 Jg P Bl X ATP G55 o XA I HI P BASE A 245t HER2 R
AT ST A%, AT U0 1) J e 4 P PR P 6 5 . ARG T Trastuzumab 85 52— 324k
BELIKT7, Lapatinib AT 47 fVGIT RCR, o B4 Trastuzumab i 24 () 84, 7
RLFH Lapatinib BfARIR AT LASRAT RAFHYT R HARERZ, BT 0 T80Eh,
Lapatinib 5 5% i i i e s, 72 0 e i % # 10 3R 97 7 DR 5 E R . B AT H
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Lapatinib 597 555 P Wi 8 CL 2 BN IR R 70 OGS, JRBESE e L F e g8 R4
R R e, R, AEX T Trastuzumab P8 [ O EE T &, Lapatinib A
KRS F BER BN IS MRS Sk, R S i 4,

P A Lapatinib J6 97 MEVA 14 HER2 PR 4% FLIRE YT RO A B8, (HAERK
FAALI7 20t Capecitabine i U Ay g S5 iF OO 388 3 TN PRBE LI B 5,
Lapatinib 55 Capecitabine (55 H &5 S B 248 T Capecitabine (5. 88 H . Lapatinib 5
SRS (I P AR T 22 R 5 SRS I (0 4t m 2 4R s BRI VE T R B3R, K
B PFS MLEAA 7] (Overall Survival, 0S) 121,

(=) Lapatinib T Z5HLEIHF IR

HAR Lapatinib 7£ HER2 BAMEFL AR K67 b o AR I IO R A 5%, (HRATT A
A2 R EE TR PR G WK RN, Lapatinib BIEPRIGST RSN 24%,
1M R VEFISR TG I (kR M) T 24 /2 52U Lapatinib Y97 R R Z R K . Rk,
BRI ST Lapatinib (141 25 HLET VT AT AP R G ST BUs v SR A0 i) S8k

H AT T2 KL Lapatinib iy 25 L F 22045 (1 PIBK RAZE, pl10a it F ik,
A S ECR UGS S S AL, T PISK 01575 BAY 80-6946 Fll p1100: 57 0
I BYL719 A BT 251422 2 (& 2); (2) AXL B ZARRHL, TS5
HER2 S2 kAR MY Akt 25 R {5 S @B Him Y (3) @3N Ras (it RiE, W18
FMEK-ERK 451958 5 51 44, MEK 11 551365 Lapatinib B DA 32 i 24 200 f0 5 1

(4) Src WEGHIL A, PR BEARIGTE, (5) SR 33 HIF Lo {5 5B HEAL,
AN DUSP2 1L, i HER2 A 7L i 4 R AE SR EVIRZS TR Lapatinib i 24 .
HIREEXT Lapatinib (R FE D& IRAS— g BERE, (H2 L 2HLHI AR Be 5 2 B
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Pertuzumab
IGF-IR MoAb
HER2 z

HERS kR Trastuzumab-
0000 D%

GDC-0941 17AMAG—| HER2{

Triciribine
(P) Akt | ——@ RAD00O1
QO ccl-779

Elevated levels of p27

B2 HZIREGNDLIEEJE K0T e 2L

Figure 2 Molecular mechanism of Trastuzumab and Lapatinib resistance

(Reference from: Esteva FJ. et al. Nat Rev Clin Oncol. 2010; 7(2): 98-107)

Z. HEWETRBER
(=) e RAETE

Ashford A1 Porter T 1962 4F 75 X R I T 41l B L% (autophagy) . “Autophagy”
— PRI T A IEE, SEE “HOrZEC”. EAER DR ST 4T RS R B,
IX ST G MG A RIS B AL 2 — . MRS ZEME R, RREASEEFN
BRI, BWOSRERIEUE 3. RS SREREAR. oA
JHO 5 PN 25 3 1 U2 S 45 4 1) L e /N YR B T A & Cautophagosome), 5
A5V E RS TE B ARG A, B TR A, AT 2k 40 i e A4
P TR PR e 41 i 28 1 5B 3200

AR5 P2 fle IR W) 0 e 12 28 VA AR HO AR AN R], T4 1 1 23 DA DL R = AAS /] 26
Al AW (microautophagy). E H M (macroautophagy) 14> T fEAR A5 1) H K
(chaperone-mediated autophagy, CMA) 25271 — g2 | (it 1 W3 5 48 1 2 B 1 I
I WA A% 2 i A A P — R AR VIR, E 20 B A B B v £ B PR e R £
F. RSy, XYERFIER AN A A ThREAR B RO H B IE M . JCHZAE
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YUHRSE B 7% 5 AN R I, 4 P LSRR I [ W dod 2 a0 AR R 20 B R b 45,
AZERR e B (AR

Y0 A e R DL AR (R T R E R AE M b o R AT FE W AR T i) L
RSB BEAVELN 53 T WL 9 oK 52 4 1, (E OB L AR = AN SEAR I BE (LR 3) P8,
(1) WIEEBYBE: 75 A J5T I 8 e /R AR T8 BB H T IO RR B, R ] 46 7 il
(phagophore), X—ifE 325 AMPK. mTOR. ATGL/ULK % (s 54 71
A (2) BWRERIREMBTE: PR s H R BERAREm, R&WE, KR
BRIV (0 F W AR B /N, N EL S AR B I A B . B R B AR AR . X
— I FEZ B ARZ BV AR N (autophagy-related gene, ATG) I, T EMFE
Beclin, ATG5. ATG12 1 ATGI16L 557> HIHIZE . ERIZHI E AR L5141 il
ATG5/ATG12/ATG16L E& MM E WA EIRE . BEJo, ATGA F1 ATG3. ATG7 HH4kRE
P LC3, FHefd LC3- T #4k LC3-11 . LC3-11 5 HWgAES: & )5, Rt &S
WEEARL G (3) EMRERETB: B WRRFIA R AR A Y i B VSR A, a2
ML RLALEI A . B A AR, R AR mR . IR 7 MR S5 A (L 4 M A A
FH

® o @

@ \(Sa) )

Autophagosome

?

Phagophore

Cytosolic proteins
and organelles

Hydrolases

2 G
(%] O

Lysosome

Autolysosome

R AL NN

Figure 3 Autophagosome formation process

(Reference from: Xie Z. et al. Nat Cell Biol. 2007; 9(10): 1102-9.)
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(2D 4RERE5ARET. MR

REVFIESS, 4B e RE . KRR REEZEIEM . A, SCk
HAE A5 R IEA— 3. F0 I J5 R 32 R A R A PR R A L PR BE R 24 45 A
[FI B B4l o AN [F) ) f (o SMRTIT 5, 40 R Jir e v Hh mT e A 4% T R R 2
RERIRUE AR, (5 LA A% A A1 FE U e B0 1) 338 PR R DA B B ARt e 7
PR AR R B Al B W R S A A R IR O . A G ) AR R B AN AR E A
RATRAMBIE T, Fw MR IGsE . AT, FEMIR R R RSN AR T 24 1 )
AR, B WE R SRR A R AR AR R, dESFRER LN, S 4H i RE
TEBVAL B IR SR AN RIS R A79E, B (Rt e 4 i A= K () o 38 J5i R 2> 201,

2 W 5 R T 2 T 6 R 4 DY, W (Rt s ) 0 R T T
A E WIAEYE S 3 . F AR IE R Atg5 Al Atg7 35 DR 50 B /s SRS 26 B AT 1R 13
AN Ee AT IR, LA SR KR A0 3 A R ROE RS M R I A BT H
KA ITE R Beclin 1 A e — AN 2R B, L AE 7L s S5 e 4 20 A W 2
BAIR. Beclin 1 44 & PEBUG /N 5 & 2 Rl R, SR, KEATFAERI, Zi T
DAL E A 7R A A MR RISE . AR R T2 . SR BRI T AR A T AR, A
BT AR AN A B ORI, R OR3P0 5L DR 2 f e e 3% 34,

ZH P R AE e A L 245 AR P B A 32 500, KT 9T s E WA A T
Je8 A AE TR A Y7 485 B i 2% A1 A IR R 3 B R A L T 24 R A A% 52 ) iR
IR, 20 15 W T LA HER2 B4R Trastuzumab #2272, LC3 shRNA M
T DA 0 B S R, R TR 24 40 B Trastuzumab ¥4 97 HOBBURRERSY . 4 1
AT AL ke R 4 i 4 £ L7 (chronic myelocytic leukemia, CML) 40 i 3R45 %t 43
FHEFZGH D e Clmatinib) TR 25 PO, (2 4o 45 968 40 B 3K 45 X A A 5-
FURMENRE (5-FUD 25 251, MR A RNAT T H40 M 5 b8 7 7 i858
B W 1) 750 T DA B2 3K i 24 20 B XV T U . DRI, (o) B 4 L e
e A 0 SR AT 24 1 I A b BOATL AR A0 A= P 2 Tl e A B T o A e 4 B 244, Dl R
TRTT SR AL EE L I 25 PR A

24 i 8 Wk A 1) ) T AR B 4 i B W R, AR R R i 2 T2 A . R
W B WA S CQ ik & (Hydroxychloroquine, HCQ). 3-MA il BA
B eIV E LR R AR, CQ A HCQ J& T B iR i B L 77, 32 B i v A
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VAR pH R PRI E R AR R 3-MA BRI PISK I3 0 [ 05 e 2
AR BA JE T 22 H00 77, 88 3 ] 1 A 5 A A 1 Rl T ) 1 AR T T B
H BT A 50 23 I R85 VP A 4 P 5 W 00 1) 75K A o7 2 75 A B T4 i e 1) T 7
R
(=) MBI FRELH]

QAT , SRR R R AR WS S S . AR AT S 2 AR,
FCA I FR U R b Ui R 4% R T R A0 B 1 A T e RR PR T . R W S B AR
R EEFESNT, FEAFR PISK-Akt-mTOR, LKB1-AMPK-mTOR, P53, Beclinl fl
Bel-2 3570 715 5 IEEK .

PI3K-Akt-mTOR J& % AL ECIRAS 1) = 25 Sl 2 —, (£ 2 R s 40 o
RILT PISK (1 2 (158738, 41 E542K ., E545D il E545K %%, iX 4658735 53 PI3K-Akt
F 5 RALE, #E mTOR (mammalian target of rapamycin) i #0140 g B Wt
Fo #E R PTEN ] LAFHIET Akt VGG 5, IMBOEAM E W . mTOR &N
5 1) S BAE5, mTOR 15 5 18 28 13E 10 B3 AtgL/ULK S 3 4 A 20
HE . 1 mTOR #1575 E % 2 (Rapamycin) F1 RADO001 I ] LA#] mTOR &4k
Ji5 B4 . 1 3ot AR 30,

AMP 0% 1) 2K 1 4 (AMP-activated protein kinase, AMPK) H a. p Al y =4NE
AR, RN e R A IR Z A8 . MR E LN AR R, AR ATP WK
FRIFEAR B AMP 36 38 N 3E 5 AMPK [ y W3E4E &, (RS R R & A2 .
LKB1 25 A i {f, AMPKo V3£ (1) 172 £ 572 B R A B R AL, AT % AMPKI, AMPK
ATFEPL mTOR V& Ak TS A M 5 W 7, 4 P58 . AMPK 4155
Compound C JUI AT BELIWr4H i B Ml 7 o (EASE B2, ZHOBUIK, BT w]ULAR, E2Ep
BE. NBEDR. VAR YT W ER AR R S5 T LAE AMPK/MTOR 5 i@ i,
T A B e FH IR 2 B A HAAR T 25, R I Pl SR H A g AR K 4 Y
H AT IEA 40 AR I PR BEAT RS 10 7E 4 B BRI A4 FH — R GUNICRART =] 7 AR i 7 B
TR IR B RRCR, L SEIR A R TT B PR TR T SR B I

P9 SEIR p53 HT LA AMPK J:401H] mTOR, i AWl 2. AR p53 ik
APRLME R T P T K4l B WS £, W Sestrinz. DRAM
(damage-regulated autophagy modulator). Bax 1 PUMA 254 ©1 Beclinl H3#5 Ny
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Atg6, T EEiliL 5 Vps34, UVRAG il AtglaL 5 E &5 5 40 i 8 AR TE %
WIHEM BT . T Bel-2 U £ Bt 5 Beclind 454, 40 E o FE RN, Btk
2N, . AFRIMREL (Endoplasmic Reticulum Stress). [z wiig 4 & 7RI
JONESE 2 P 5 5 B I TT LAY B i e B W

=, EHER (ROS) ShhEm 2y

WETE% (ROS, Reactive oxygen species) GFHHAMNE T &8 AWM EEEH
45, ROS edif e SR AR IR, BO BT AR SR A S A PR BE AL S IS
KA MRS ROS FAAE £ BRI . 29Ab . FR AL DR 32 55 22 Bl LA 35 T ok
B ROS 774, FEERAGE MY REZ 1 FERIAAREVERI NG, T35 &l
M A AR . A R T,

ROS W S4iffi A4, Akifk. EAMRELS S, BIAEATNRSEN, (21
MR ANZRAR KL DNA iR, RASSE— R, 23 B 5L R 4L S5 M A A e
B BF A,y T YRR R 40 SRR JEUK T, 4H N AR E S IR ROS
Bk R, WA B EE(SOD). A Bt H kI IR B (GSH). NADPH 454 A L
ARG, REENSRARBIE R P AR~ ER ROS. (HZ, BE. BEFRAL. mER
o PR SR R R AT R KR ROS 724, BRI IR R AR, S RAMAKE
TR, BEAGIESE, ROS SR RA . KBHEIAISC. BEHER Kras AT LLis it
FIA ROS 7K1 IR b R 4t i e A= AR e OB (R AR, IS PR BRI A2 1
ROS 7 A U A LA Kras [ 7E 44 o fig 111,

SR, iR 40 M SR AG i 24 PR R A, 20 I /KSP i ROS i B8 A5 1T i
22240 M R PR 20 B R o SRS AR R T ROS KF, /b ROS S H ik PR 4H 46
1 ] TR T 2 e R 4 P T 245 1 S8 e 2 7 ) B B L) 2 — 70 i 4 s
{21t ROS HIE BRAIFEAR LA PRI ROS ™ AR S5 W9 7 AL, BEAR4EAR AT ROS
K AR TR AR AE AT 25T I E R R A (B 4D SEURSHINIE S 2Py v]d
N ROS K P B 1 A% 107 BT 400, 42 BT v 7 U1, 5-FUL BLb R4
SEALTT 2GR 1 N ROS AT A4 i Ri 4m A 500, T UL, 194 i P Y54 ROS
KR AT B IR VR T SRR, A BT R AT 2RI R R
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ROS stlmull
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PN
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\
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Bl 4 ROS 5 e & A=A e i 24

Figure 4 Redox adaptation in cancer development and drug resistance

(Reference from: Trachootham D. et al. Nat Rev Drug Discov. 2009; 8(7): 579-91.)

9. /NEERE RPN R 7R B 5T

NEEDR (BR) XNARBIER, aARER—MESRZY), NEERMEY EERZET
PR S nd kA . BR HA R RN E, RERERTRIAT 1\ il 28 3R B 55 2
T ARSI ER, IR B BPE . BR HUIRIEAN G AL, A DL 2Y
TAMNGIERE RS B, BR BIMZGKERAC, BIERED, fElRR BE R RiG
ST ANGE I B 5 RIS T AL TE 5

BRPUBEAE AL, IR R Y] BRI HA VF 2 Hoe 25 B, AT F T e A
RE O L R 25 BL A AR TN, e FE BRI 1 4 32 55 . BEALR
L, BR AT LA LR e o 5 s AP0 P e 55 22 ol Jev e 240 PR PR MG B, {7 4 L 07
ToER R Y, A GO/GL WiEk G2/M IR B R AR B BR 5K
BRI P 7 B A 24 K P I LA B S e R 2K T A ) P 2 L G

723,



FOFEXFALFLAX

TR 251 . A2 NFE/N4E il 4H L (AS4 AT H1299). A LR b e+ 41 i
(Cancer Stem Cells, CSCs) Flai %1 40 (DU145/PC-3 Fll LNCaP) I | A&k 4hsE
W ERIESE T BR MIFMIRfE AP, 54k, BR & T LB EGE Beclin-1 A3l
MTOR {7 538 B3 40t 15 e v 121800 i (9 — S50 75 2 B, BR AT LI p53 i %
SAHPERIZE G Spl A Etsl, MIMZERE SRR T A B A Z AN R A375 ) DAXX
ik, fRatomanimE T, K5 2 BR HuMR 1 AT REMLHICA,

o
e
0 N

l

oy
O ; \Fas/FasL

III L

4/*\ Pro-caspase-8

.Bcl-z Bel-xL | G Caspase-8 |
W 5oy Bak Bad |
Pro-caspase-3

O rom
l=|I.='C.ytoch o. ecAL af1T D
O _’-/T' !

1 l \ = ——— C--31

Apoptosis

B 5 NEEHRTEE R

Figure 5 Proposed model for BR -mediated anti-cancer effect

(Reference from: Ho YT. et al. Anticancer Res. 2009; 29(10): 4063-70)

WIRTATIA, ROS FEMMRIK A KBS FE B oy SRR R, T 24 4t i i
H# ROS ACFEHAR, 1M H4ERRX — K PIREH R T 54447, M4, BR #E
il 3% ROS /KP4 fae ? FFtor, BR ATLLGE il ROS 7K-~F15 11
AMPK JEHE, iR g i B 5 AR 28, 1T AMPKal BN U ATHGY BR [Hix Ly
B BRI, BR AT L@ ] MAPK. INK. Akt FIE5 & i 5 £
BN ROS K, S EMMET®, [, @it Ei§ ROS, B#iF Caspase-3
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FOLRARL AR R AN T3 e, (2 N 4N i yE -1, BR & ] DA A 0T $2
HA G 6 7 HE BT 0 B 2 e A0 M O T, G S AR A AL R R Bax,
caspase-3 25 T-f5 5, FfHl HO-1 5Kk ROS fie /114, (HAZ, 4%f BR % ROS
it A RA R WA HIE SR, BR ATLAH ROS (=L . HEARES
AR, AEFREAT . RIFERR S 2 AR RASC. Flin, BR AILAFES ROS ZEHT4
FR I MR S, T A I b B 4 A UG st O 9,
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E X

% —3R%- Lapatinib & 25 HER2 a4 2 i 4k
T % B AT TG M AT

TR 2 LR B WL R B v R R, 4 R I 2 —. H
i, REREFAELA 1,300,000 44 ZPEBAS W TR, JFA7 4 470,000 44 21tk B HE
T . TRE R FURE AR IE T R R B B EHES, Bk
A 5 ) AR R A HER2 PHPEFL AR 24 o FLARE B A 259% A0 47, 38 Tl S e 2%
H 1T, HER2 B FLARE FII6 T % LA HER2 #1367 45 & 1kJ7 3= - Lapatinib /2 GSK
oy \) AP IR 4] EGFR A HER2 /N7 71, 7T'55 Capecitabine BX& 697
WU . SR NI /2, Tomasello G 2534 Lapatinib 15 ~— 2254k
TG IR SER A R BT, R A I AR RS 24% i, FLI PR SR # FI3R 76 %
SR b TR AT . AT LI 24 R B Lapatinib AT R EE R K . N T BHFR
Lapatinib [ 25016, F5 R A e i UK 5. FEAS I r 280 b, FRATT 3G B EAT
Lapatinib fif Zi¥k % . 15 Jai B HER2 PH % FL IR 40 BT-474 A1 AU-565, 437
457 Lapatinib &b B IF4ERF 12 A H, BATAFHATT 25 PE A Mabk . 9 vPOr i 24 44
%t Lapatinib fITHZG6E 71, 23 BRI MTT . PR e b R Bt i o b 0 B g 7045 ik ik
ATREIN, E S TR 2 PO 24 A R RRUE i 24, i e R S B B A

1 ##8

1.1 fHREFR
N\ HER2 BH 1 3L e 41 il 2 BT-474 11 AU-565 341 [ 3% [H ATCC (American Type

Tissue Culture Collection).
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1.2 EERXFISHR

Lapatinib

DMEM #;3% 3k

RPMI-1640 %% 773

Jif A L iE

JEEE 1

DMSO

MTT

Giemsa stain

Cell-Light™ EdU DNA Cell Proliferation  Kit
Jlg 5 4A Lipofectamine ™2000
JORL A BT

GFP-LC3

DAPI

M 2R (RIPAD

MG T RAEE . ARG TR
Triton X-100

FH it

1.3 FEMNHRREF

e

T R

ERE (A

CO, ¥iFiff

W3 5 FH UK FE DW-25W388 7Y
ABARIRVKFE Forma 702 #Y
415D il v B AL
N

Infinite®F500 % IhAEREFRX

727,

2% & Selleck Chemicals 2 )
S[H Gibco

2 [ Gibco A #

S [H Gibco

% & Sigma-Aldrich 2 7]

5% [ Sigma-Aldrich 2 7]

2% & Sigma-Aldrich 2 7]

%% [# Sigma-Aldrich 2 )

TN AR PR A 7
Invitrogen /A ]

RARA T

RPN Y

2% & Sigma-Aldrich 2 ]

B REVTARR T
S CORNING A

%% [# Sigma-Aldrich 2 )

% [ Sigma-Aldrich 2 ]

2 Gilson A ]

HZA Olympus ]

PO AR B T

2%[E Thermo Scientific 2 ]
T iR A

2%[E Thermo Scientific 2 ]
% Eppendorf 2]

2% [E Thermo Scientific 2 ]

¥+ Tecan A#]
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DTG HZ4A< Olympus /7]

14 EREAR
PBS ZZii: KCI0.2g, NaCl8.0g, Na,HPO,1.44 g, KH,PO40.24¢g, INZEIMKZE

800 mL, EAZE 1L, I pHEIAZE 7.4.

2 J53&

2.1 fRELESE . K. BEMEHR

N HER2 BHM4: FL AR 4 i R BT-474 FH & 10%M54F i 9 DMEM £% 753, AU-565

FIE 10%f6 4 1175 i) RPMI-1640 15 773 4F 37°C . 5%CO, 3758 TR 1 75 . A G2F
TN MORES, RIEAEKEN, & 3 RIEA E#h—IREEFRIHE,

1)

2)

3)

4)

R IR 5

LG BRI | B0 L AR IR LS4 (o SR BRIZ T I . iR 28K 30
S, HATHET 8 M AIIEE IR 96 FLAREE 6 FISREIZ ML 7, T *°Co
RV 5

S R B

TR HEBERTI T 75% WG, FLLRIMEIR S 30 /40 L .

2 i SR8 YRR (R B 1«

HHIEFEE: DMEM 1 RPMI-1640 15 7 B2 FLIE L )85, ETRREIREL T 1%
9:1 FILLBIIN ARG A 3G BEATECH, S HEAT 0 B LI IR TIE . REC 1 (1 1 75 ik
T 6 fLikH, BfL2y 2 mL, §E T CO 8 F-MH 72 /Mo PIRR STV M
S, e B TS MM KN A . RS 4T B
0.25% /%5 H BBV AL : 14 /B EE Al K 5 PBS 4% 0.25 g : 100 mL ¥ EL 4l 47 7iC
W, FEEMRIGIL IR . (RATME: ACHEEA.

PPFRAEW: & 10%JI6 4 135 f 15 736 /1 DMSO 18 9:1 ILL@lvR &, fi RS
FETC L T IR o

e S P R T T 1

R FLAA A LR FH i TR 280K VAV B, BOR FH — I T B I8 T8 19 & P U
BB, IFordpvhEse, DL 2 R, DRAF SR HRYE 75 2L 4°C 3V ik
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-20°C B HHHRAT -

5) JCBHHRAE:
TERHAT W ERE AT, BTEREHF R AN KIE FIE Ve T S T, FF 14505 8 - — itk
AITFE, DL 75%IAEHEIE R . BIE S Py AR ECE Y, T BOL ey
PR SR o JEHRET, N 75%IEAE MR ER RO 1, A T4 5 RS AT SMGE P
Role, FE a5 FAME K U 30 1RO RS o A P 52 B 5 T 7 PR RE AT e K s
7] ARG -

6) iR FRAE A
TETCH AN, A0S I D N & 40 A A2 B2 10001 4 I3 5 % 2,
HE T 37°C.5%CO, M5 IR0, Frdi g E 2 15 7R K2 80%I BRI AT #EAT AL 4K
JEES S W B 3 R A R WORBEBOR, 77 23 Hh 55 % B AR R IR SR 4H i
H 2-3 mL PBS Sz vk4niu /e, ZEMH INAZ) 1 mL [ 0.25%)8 & F B 1L
M. =R FAKFEE 2-3 S, PGSRBS ISEMRIEE . SaiETT
BRI 323 10 BB, AN 1 mL 45 M5 1R R 3L 2 b Ak o FH 25 3k
BRI A0 27 TR R A b . Jegn i B sE 2 5.0, 800 rpm B0
5505, FEET B, IMAEEREEFRE, JFLUHERWR, T4iEs. K
M EIRIAI 5153 B 2-3 4%, Ay IS NS LRGSR b R U 37 . B A S TE 24 /)
I P B A K

7) YHARVRAE A J5
280 L R A7 2 70 IS T 2 R PR g S
PRVRAR: POEBOSECE K AR, 20T 24 /N EE e — kR IR . VRAERT S
F 0.25%]8 2 1 gy AL A, K A P EiRe N B0 800 rpm B0 5 7B FE
WL OMANGIMUAAE, DS E RN . RO, B
FEPREAMAR S B VRAEIT R o VRA7 I ARIE B T 4°C UKFRLRAT 30 4340,
T8 T-20C VKAGHRAE 2 /NI, -80°CUKFEVRTEIL R, VU T K (R AF
MM T5: BUHRAEE, T 37°CUR/K P POs b A 20, 78 G B PR ok 4 i R
WRENEOE, FEIAN 9 AR 7R 5L, 800 rpm 5.0 5 34, 7% G, H
Br IR B RN S R T AR I, IR B R FREE, BE T 37°C. 5% CO,
BEFRAARRE TR, 24 /N JE R e — R R A
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2.2 BT-474 1 AU-565 THZ54ARRA I IS5

1)

2)

3)

Lapatinib fi % ¥ ) B il -

Lapatinib 23 Ry AR, 4T84 581, AI/ETLHIAEE N FH DMSO ¥ il Fi ke ik 2
MM [FIfig &, S UERISIERR A S 25T EP B, bRk AR, IR A K e il it ]
B ARATT-20°C VKA .

BT-A74 fiif 24 40 i 148 4 S 355 5«

e NFLARSE 4k BT-474 FIH &7 Lapatinib (WK E Y 0.5 - 2 uMD [R5 37 31
SR¥EFE, BTG N Lapatinib RS, 4ERETRE 12 4 H , LUE R BT-474 1] Lapatinib
M 2540 (Resistant, LAR 54 BT-474%°F), 4 10% i 4135 ) DMEM 3%
Frdk, T 37°C. 5%CO, AT 5. 0.25%/REE ARG AL, HL4E 4
FERABGL, 83 RAEAMEMR LR, e BB P SRAMRIES.

AU-565 [ 24 240 i 1) A 2 S 35 7«

# N FLE4E Ak AU-565 MR & 4N 1 - 5 uM Lapatinib ] RPMI-1640 5%
FREERFELR IR, BTG N Lapatinib WA, 4EHFIRL 12 N H L, LUEEL AU-565 (1)
Lapatinib 2541/ (Resistant, LA F a5 A AU-5652PF), FI&4 10% fa2E i
) RPMI-1640, - 37°C . 5%CO, 4 g 3% 7546 T 55 77 . 0.25% k8 1 Big v A A% AKX
MRYEH A KAF DL, 3 RAAEMR LK, o BAE T WRAMIEA.

2.3 MTT SRS HrémpaxdRia e e av gkt

1)

2)

MTT ¥ BC i -

MTT 23 AR, FFETTH . #OEHEE T4 100 mg : 20 mL ) ELBAE T PBS
AP VAR, SRR VERR A S R T EP R, FRIEARR. IRE K
P IR), BEEIRAET 4 CUKRE. 20W: 2 F.

Wi b T 5 BB KW BT-474 SEARZHM0 (Parental, DL TR &5 4 BT-474™) A
BT-474%PR 5351 F 0.25% 45 (IR & MU A0S 250, YEgnyiie . A& s i
B Rk R AN I T, 4% 10 DN IIAL I bR AE B R T 96 FLIR, IR INI% IRt
Z 100 pL.

AU-565 SEA4IH (Parental, AR a5 A AU-5657") Fil AU-565PF 1% 8>10° /M4l

iiaVET I 7 X (B R
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3) HERh 24 /NS LSRG M AR KA D, AEIUEE S R 2R REIREL, N 200 pL B AN
W Lapatinib 3955 (0, 0.25, 0.5, 1, 2, 4, 8 f1 16 pM), FFMNKEFXK 5
ANEFL, TN 37°C. 5%CO, Br 7540 i M 77

4) hnzh 96 /NN JERFFLINANIREE Y 5 mg/mL i) MTT ¥&W 20 pL, 37°CHEHE 4 /)
Ja & IbRE TR

5) /NLIRFEALAREFREE, I 150 uL/fLIY DMSO, &% 10 705, LG4 AR
SRR I HBEARACLE 490 nm PRI E RO A IFTHS IS ME . LA Lapatinib K
REARER, 4TI EE SR ONYNALRR, ] GraphPad Prism 5.0 %44 il 41 Al 384 i
2k .

2.4 EdU 4R

%
ih]
a*
1)

2)
3)

4)

5)

6)

7)

Gt

CRFE-2- i E R E R (5-ethynyl-2-deoxyuridine, EdU) & — g figms ng

5-
FERZRA, LG SHIN BE N IEAE R DNA 707 . 2T EdU S5k}
Jt

ERNL CRLLE), TR ORI T S WAL ], SR 4

IR TR IFWUER BT-474 F1 AU-565 4 5, TH AL 250 J i) 1 5 40 B
ARG TR 4 < 10° M IHU/AL, B4R & 24 FLIL, REFREEANE 500 pL.
FRA ARG BE JS , T 3B R IR L IR Lapatinib (0.5-2 pMD T 37°C. 5% CO,
BEIRFE T IR 48 /NI, A OGRS R B P DMSO.

F2m s FR BB EdU VAR 2 AU 50 pM, BEFLINA 200 b & EdU 1 5%
FEEEPFE UM 4 BT

W7 3G, FH PBS Pk 2 Ik, BRFLIIA 200 L 2 4% 22 5% PR F 4 i 1 7
% H 30 704

F & BRI i (B e 3 5 B3, PBS WEI 2 W, RHIR 5 kb REALINA
200 pL 7 0.5% Triton X-100 [ PBS it t4, REIR I & 10 4% ; PBS G He 4 2 X,
BRIR 5 7%

EdU faill:

FUNR F 5 IC D 1<Apollo MR CIAIIRAC): 21 5-7/K- Apollo J B2
M GAFT B)- Apollo fEAEFIVE W GRAFF C)- Apollo %864kl (55 D)- Apollo
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e Galsfl BD.

8) THSLANIA 100 pl 1<Apollo Jet e i, &6, FiRFE 30 7740,
9) W3 EiE, PBS BEMk 2 RGN DAPI B (100 pl/fL), #%, iR E 30
P SRIGH PBS BEik 2 IR, Uil DAPI MR, IR 5 4rED.

10) FH#G BB /B 4 TR s B, AT G T
£ 1 1xApollo [ Sk HED

il

Apollo Zett ) iR 500 pL 1mL 5mL 10 mL
EETK 469 P 938 L 4.69 mL 8.39 mL
Apollo gz GalFl B) 25 L 50 Pl 250 Pl 500 il
Apollo #EfLFIER GlF C 5 L 10 i 50 Pl 100 pi
Apollo ekl GA7 D) 1.5 W 3L 15 pL 30 L
Apollo ZZs gl Gl ED 5mg 9mg 44 mg 88 mg

2.5 HIFRE =BT RBE N 4R

1) O EUE KA BT-4747 1 BT-474R 211 73 1) FH 0.25%5 2% (1 BT A0 )5 B0, Uk
EMMITTIE, BRI, M E 1x10° MmL.

2) il TEEM GREN0.5%), 1% 0.5 mL/fLuEHE: 24 FLAR, =im At .

3) & LEEE GREN 0.3%), 540 RIS, A3 500 M4HH/mL, 4% 1 mL/

FLEEVE 24 FLHL, IR EER .
4) HREETR 3-4 F.

5) HMEIFRE TOL LB T, MMM A, FRHE I R GO R

= (CERBUBEMIIRED =<100%) .
2.6 GirELH

F1 SPSS 16.0 it Hiftxt seis i 45 B B BEAT et 70 b o X 4 AT T-test
T, VRIS AL B R R AT A E R . SRR R R E N p <0.05, A4t

TR
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3 &R

3.1 MTT &5y Hr4mBaxt Lapatinib BYTH 2514
Iy F BT-4747 F1 BT-474-PR | AU-5657 #ll AU-565R AS[A) /& 1) Lapatinib
YEFH 96 /NSt 455 R BT-4747 F11 AU-565" 7E Lapatinib W%y 0.125 pM I,
TR B IR AN H) . B Lapatinib < BEROIE N, 40 B BE AE ) B3 PR K. T
BT-474%PR il AU-565"PR 7F Lapatinib #Z N 4 uM I {5 HE4ERE 60% LA_E 1358 Ak
(P& 1-1). M 25240 M ) 1C50 S5 25 v TS5 AS 0 M, 358 A i 265 40 0 B AT 1R 47 R T 25 66 1

1.25 1.50

S
o © 125
)
T 1.00 - i Par
© . AT x u AU-565
c o 3 & AU-565-PR
o & BT-474-%P 0
: —
© 0.751 E
—
2 £
° ¥ o
o 050 o
Q

o
>
rm ©
[} : -
x 0.251 \e g o

P 14
[ ]
0.00 ; ; : : 0.00 , . . ,
0 8 16 24 32 0 8 16 24 32
Lapatinib (uM) Lapatinib (uM)

Bl1-1 MTToEANEWRE R LapatinibfEF T, BT-474F1AU-5655% 4= 4 F AT i 2
Y i )G TR RE
Fig 1-1 Proliferation analysis of parental and resistant BT-474 and AU-565 cells

3.2 EdU ES# R A ARRFNTH ZH 4R Lapatinib ACERRT4ARISEENER

HE— 25 WAL 25 U R AR A A 7E. Lapatinib AbERIS 4 SO IRSE AE T2 5%, Al
H EdU FRiciERIILE 2 uM Lapatinib AbFERF (25 5. 45 BN 1-2 fiior, BT-474™
A AU-5657" {5 15% 4 A4 HI4i kb T S JHCDNA & 1), 1 BT-474"PF il AU-565*F
I 50% 4 ARTE Lapatinib £EH] T ABSR AL T POs G AOIR AT, B0 HH iR 25 4 il LA 1R 47
(RIS 24 1
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-
N
o

g [ Control
BT-474Par  BT-474'FR o Bl Lapatinib N
y 2 100;
(<]
>
Control gl
(]
]
Q
2 501
Lapatinib lg
(2 um) 2 25
(1]
®
X o
BT-474P" BT-4742PR
<125
AU-565Par  AU-56512PR i Jj Conmet, .
' 1001
Control & 2
2 751
o
(=N
3 50
Lapatinib |:
(2 uM) 2 25
s
L)
x ol

AU-565Pr AU-565-2PR

E1-2 EdUHTZEARFIIRE LapatiniofEF R, BT-474F1AU-5655% 4% R 25 41 i
HIH5E 8 1

Fig 1-2 Proliferation and DNA replication analysis of parental and resistant
BT-474 and AU-565 cells treated with different concentration of
Lapatinib (EdU assay)

3.3 RIRBE Se A D A L B AN Z5 2P 7E Lapatinib L IEM R FE BEBENHOER:

N T 43T BT-474 UALE = 4ExE 7R T I U B BRE 77, R SR B HE T B 7
SLHEATIRM . BE%E Lapatinib 3R EZRIIIN, BT-4747 & 1 v e (40 H BTk b, 7E
100 nM [t Lapatinib /£ JUF-RBEF 5400 50 B - 110 BT-4745°R () 50 B T2 i Ak J1 %%
BT-474™ T #4458 (18 1-3, p<0.05), HM#iEmIKIE Lapatinib FI/EH R, KARE L)
40% FAI 4 AR T LA B 35 FO AR e I o IX— 45 UL, BT-474"°R 7E Lapatinib /EF T
AR BAT TR UT A 3R B i o M T i i
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A Lapatinib
Parental
Resistant =« @

B [
= [ BT-474 Parental
® 1.004 4 Bl BT-474 Resistant
£ *
S
Y= 0.75- i
>
c
K=
8 0.50- *
O ‘ \
>
S 0.25-
i} | |
[
o l

0.00 , : : r
0 25 50 100

Lapatinib (nM)

B 1-3 KIFHETERETL R SEIE T BT-474° A1 BT-474-2°R 40 i) 72 R T R B 7 (n=3)
Fig 1-3 Soft agar colony formation analysis of BT-474™" and BT-474"%"R cells treated

with different concentration of Lapatinib (n=3)

4 Vg

Lapatinib 7677 HER2 B 7L 197 0™ 852 BT 29 P =28, ) B L 24
PUH RS N B, W3R EAT R E I Lapatinib i 24 1 6 40 Bk 2 B A 1T JE i 24 0L
RO T BB 7C (0 B B RR A . AR SRIG b, FRATRI A HER2 BH A I 2L e 40 il R
BT-474 fll AU-565, 7#%5F 0.5-2 UM A1 1 -5 UM ¥ Lapatinib K 3HANH, & HTHE
MZFIE, FREIRIE 12 AN H DRI Zidk. HAIH MTT. EdU RIS 2 b T
JRBE J1 5 TS 2 A, UE SEFITOR I6 H AT 24 240 M BAT AR E 1Y) Lapatinib i 2451, 1%
#43 LAE 1 B Lapatinib (7 25 23T WL BT 5 82 5 H 2L
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% =35 mie 8 ER 3t HER2 fatk &m gtk
343 Lapatinib & 25 bk &9 2h 88 iR 4

RS — 8B/ s, BATE 12 A A Wik R LR B EE 1 BT-474 Al
AU-565 [t Lapatinib i 254 fuik. LG E pyoMHE RSN L0 s, AT R L)
BT-474%°R §1 AU-565-""% (] 1C50 1f b SCHRARIE (40 R 5 5, i HL R 0 Fa e 1
M 257 . JBR Lapatinib —ANH 5, SR 25 40 i i UG T i 251 23T, 45 SR R 1C50
BT IBRAR, 5 A2 AL 24 Pz

BAROCT Lapatinib fif 251 (0 78 A /-1, H2 i 24 M AL AT o 56 42 )
W o ) FH 22 I 8 A S R TR 24 4 R 76 L3 23 S o, FRATTEE ERE ST AN i B MR AE HER2
BH 1 200 M Kk 3R 45 Lapatinib i 24 1 72 b 4R P

FRATE SR 3 5 HBE 43 T BT-474 A AU-565 11515 A R 245 41 i T 25 34T W0
8%, WA H VR SRR 2940 3% 0 . 2RI GFP-LC3 43 5l i Yok AR irf 2541
i, WS BRI SCHE ST LC3 ZE4RI T 3 AT tE . IR B 7] CQ. 3-MA %5
BEWT B, 45T Lapatinib /ER, -rabfusdiEiRat . &5, FIHFRSEREE
Fin 9 A A S5 G T 240 B 4 5 I T R R T O, VR B R R R
et HER2 Pk 3L I 4 3R 45 Lapatinib BT 2414

1 ##

1.1 BRI SR

Lapatinib %[5 Selleck Chemicals A ]
DMEM #5373 Gibco 2 ]

RPMI-1640 77 2k Gibco A ]

a4 g Gibco A ]

iR £ 1 T RAEDHFARF IR AT
DMSO % Sigma-Aldrich A &]

MTT (ThiazolylBlue Tetrazolium Bromide) 25 [& Sigma-Aldrich /A 7]
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Giemsa stain
3-MA

BA

CQ

Cell-Light™ EdU DNA Cell Proliferation  Kit

TritonX-100
Glycine
Propidium lodide
Annexin V-FITC
JE A& Lipofectamine "™2000
R B &
GFP-LC3

DAPI

A0 5 T
RAFE

il jabpiSin

1.2 EENHEE

CO, 1H i 40 fu 5 7= 48

U e T B L

R 0L

T e T B L

% ThREBEhRAX

RO R
JEM-1230 % 5 B 7 il %

Ui T X
Nanodrop-2000c

F[H Sigma-Aldrich 24 7]
2% E Sigma-Aldrich 2 7]
Z[H Sigma-Aldrich 24 7]
2% E Sigma-Aldrich 2 7]

JIM B R AR ATBR 24 7
EIRIR AR R A TR 2 A

5% [ Sigma-Aldrich 2 7]
BD Pharmingen™

BD Pharmingen™
Invitrogen A ]
R H]

WL oK o ZE

5% [# Sigma-Aldrich 2 )
% E CORNING A H
ZE CORNING A H]
% HE CORNING A ]

F%[E Thermo Scientific 2\ 7
%[E Thermo Scientific A &
F%[E Thermo Scientific 2\ 7
%[5 Eppendorf /A ]

it Tecan A ]

HZA< Olympus 2 7]

H Ao kit

%I[E Becton Dickinson A ]
% [H Thermo A 7]


http://www.biomart.cn/ff80808122fb54b401230471ad5b2053/index.htm
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2 J53&

2.1 YREEST. R HEMER

L (RS RFRC St A IR

2.2 EGTE RN Z0R B

A

% Lapatinib, 40T 0 B K I BT-47452PR 51 AU-5652R i 24 48 il F AN &
Laptinib F55 7R3 E: 75— A

1 0.259%J1 25 [ i 4> BN 1k BT-4747/BT-474R 1 AU-565""/AU-565"*R, #& A\
EP %, LA 1500 rpm, 5.0 15 208k, 13 40 o FE e A B o

RS ISR, K 1 mL F ] VRO BE R R IO B0 P, IR L AR
TR R 54T BT R

2.3 GFP-LC3 #3x K 41 i 5& fr 43 H

1)

2)

3)

4)

5)
6)

1% Lapatinib, 54T %4 K191 £ BT-47422PR 11 AU-5652PR 411 jfd F| A~ 25 Laptinib
s IR B o —

¥ BT-474™/BT-474%PR JI AU-5657"/AU-565PR i HIE 1L . B0y, ELEAH it
TE 6 FLA P TR BON 1o FE K B 385 s % 1>0° i/ FLEE Rl T 6 FLAR Y, b
FRIGFRIERE 2 mL. A FIRRE) 6 FUIR, AL IS5, N 37°C.
5% CO, K5 #5486 H 15 7% = 41 U B H % A 31 60%.

] 2 G

A (100 pL JoHLiERE 7556+ 2 pg GFP-LC3 ki) /4L, FRSMEs BT H415],
iR FTBCE 5 4

B ¥: (100 pL JEIMLiE B 7534+ 5 pL TurboFect ¥ YLl 7)) /4L, FRSMR B WAT 157,
=i FTBCE 5 4

¥ AT BWRFEMRS], Sin FCE 15 o8, AR RT RS RS
72 6 FLBR T ERE IR, DA S (S G FR 3 0% 2 IR, JRERSL A 1.3 mL.
¥ AL BIRAWRUL 200 nL/fLS 3G 7= FIR ST, JHE 37°C. 5% CO2 i 748, 6 /)
I 5 B 4 R 1096 L3 P4 97 4t
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7)
8)

9)

LYY 24 /NG, FH PBS R4 2 Ik, 4% 2 W S RECIE 15 8.
FH PBS iy gmffs 2 ¥k, I 1 mL DAPI LAE (PBS #F%, 1:1000), =R
B E 10 4r8h. PBS {EPRAIAE 2 Ik, LPADEYeE FAE .

SRS N, A

2.4 MTT AU s 245 240 ffd 4 25 0 e dtk

1)
A

3)

4)
5)

[ e 1) 750 ) T 1

CQ: PBS #ift, FCLHIMKEAN 40 mM I &, -20°CBEELRTT

3-MA: PBS ks, FCHIMEE N 40 mM (%%, -20°CREYGLRAT .

BA: DMSO #iks, RCHIAEA 20 uM G &, -20°C G ARAF

Ft BT-474°R F1 AU-565-P% 41 A 5 WL 44 250, RGN T4, T BT-47459%
M 110* ANMFL, AU-565"R 41 i 8><10° ANALIIFRAE > HIFEFD T 96 FLIR, £59%
FAMZ 100 pL/AL, 37°C. 5% CO, HFfithis %,

24 /N SR AR AR DL, IV BE 5 7 23 SR IR, KAl iy 4 4H: Control
“H .. Lapatinib ZH (Lapatinib 2 M), H BRAHI57 5§25 2H (CQ 20 pM / 3-MA 500 pM
/ BA20 nM) #1 Lapatinib+ H K617 ECFH 24 (Lapatinib 2 pM, CQ 20 pM / 3-MA
500 pM / BA 20 nMD o A4 4 2L NAH RE 2459, 37°C « 5% CO, 5 748 H i MBS 7% o
N4 96 /NG, BFLIMAIKREE N 5 mg/mL MTT ¥ 20 L, 37°CHEHE 4 /N

W LN RS FREE, NN 150 uL/ALIY DMSO, 5% 10 7k, 8 @as S o
itk o B ARAAE 490 nm IR E RO FEAE TSI ME . AZGH o AR AR AR
YRR X I 5 O A KR, FH GraphPad Prism 5.0 B2 il 4 ff 436 5 it 28

2.5 EdU 23 #rsr il inf 24 28 i i) 2 P i sk ik

1)

2)

HHLRE IR BT-4745°F 1 AU-565-°F 4iiffy, 4k 250, HEEAIMIFTE, 1%
BT-474PR i1y 110° ML, AU-565-PF 4iifig 810" AN/FLEIFRHES Bl RN T 6 4L
B, IINRE RIS 4 mLAL, 37°C. 5% CO, B 3756 H AN ES 3% 24 /N .

Rt MG BE 5 5 25 IR RS 7R 2L, B4t 152 4 4H: Control 2 . Lapatinib £H (Lapatinib
2 VD, E W57 5. 245 2H (CQ 20 M) AT Lapatinib+ [ 417 il 701 5k FH 45 ( Lapatinib
2 UM, CQ 20 pMD. R¥EAHINAAH N 25 Je 355755, 37°C. 5% CO, #5748+
IR TR
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3)

2.6
1

2)

3)
4)

2.7
1)

2)

3)
4)

ZiWIME R 96 /NS, BEFLINN 200 Pl 2R 50 M 1) EdU HE4T 41 it 144 5
FIR . EdU 23 HT ) B AR ERE D IR S W —3 0o

o B~ AR e RE T LR 0 43+

W b T 5 A KW BT-4747, BT-474%PR . AU-565" FiI AU-565*R /35| i
0.25 %R ABFH LG 250, MR, BRI, % 140° M
LR T 6 LB, WInkEFRi 2 2 mL.

AR 24 NS, ¥ BT-4747 43 )9 Control 4H41 Lapatinib 40 (Lapatinib 400
nM); ¥ BT-474"*R /3>y Control 4. Lapatinib #1 (Lapatinib 400 nM), [ W#
7141 (CQ 5 MDA Lapatinib+ F Mg 11 71 1% F 25 ( Lapatinib 400 nM, CQ 5 pM).
AU-5657" il AU-565""R 4iifify /3 40 77 % 5 BT-474 HHHAE, 43258 )y Lapatinib
2 UM, CQ5 M. & 3 R —Ik, FEEFIMAARRLIMZGY), & HEFE 10-14 K.
PR LS LA g s e I 6 1B R 9, YBR[ € 15 708, PBS 1Pk 2 I

TN 2 mL 5 gE YL R /FL, FIRYLE 20 43 8h 5 A PBS WEik 2 Ik, BTG
THEUA I v FE SO FAa I

it A0 B AR A T 40 A

W I BT-4747/BT-474%*R F1 AU-565"/AU-565"2"R, BT-474™" 43>} Control

ZHA Lapatinib 41 (Lapatinib 2 pM); BT-474R /3>l Control 41. Lapatinib 41
(Lapatinib 2 M), HWEHIHIF #2541 (CQ 10 pM / 3-MA 500 M) F1 Lapatinib

+ EWEAHIFEH 2 (Lapatinib 2 M, CQ 10 pM / 3-MA 500 V). AR 45 7 4H.4m

NMRLEIZ5%), 37°C. 5% CO, B F-AH H HREF7 72 /NI .

AU-565 43y Control ZEL#1 Lapatinib £H.( Lapatinib 2 pM); AU-565"%"R 43 >4 Control

#H . Lapatinib 21 (Lapatinib 2 M), = W3] 551 5. 2541 (CQ 20 pM / 3-MA 500 M)

A1 Lapatinib + [ ME40HI 5708 FH 2 (Lapatinib 2 pM, CQ 20 pM / 3-MA 500 V),

BAE TR F

F 0.25% Ji2& [ Bk 40 M v A0 s I SE 4R ML fTvE , LA 800 rpm 250 5 43, TilvA

PBS Wik 2 Wk, AR BT 110° 4N /mL.

FH W B 22 M 1 7%, 1000 rpm 2.0 5 505

Fi 100 pL AR E 400, =i FECHFE 15 708
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5) B0 5438k (1000 rpm), WCHXANARGTEE, R E g e 1 k.
6) WIAHMAX T, R B 488 nm, ZHIE I FITC 2¢5% (515 nm) Al PI
(560 nm)

3 &R

3.1 E5T G M ER R B AT R

M W A ) T R 4 i R VS A AR R MR . D T IR 4 i 1 R 2 S
£ Lapatinib i 2540 f AL T ARES, A TR AE S B0 A i 7 BT-474 i
AU-565 [ISEA R 250 455 2-1 fion, M BT-4747 il AU-565" 4 fifd,
£ BT-474%°R F1 AU-565"R 21 fitd A7 W S5 O 200 0 8 W A S o, 2 B R () SO 2 A 3
. XU HI4IAE E R Lapatinib i 25200t 4b TSR A .

BT-474Par BT-474-2PR

AU-565P3ar

g A

e - 4.0
BT,
A "
3 ot )|
5 A
, Lo <
e
g ¢
A
&
5 W

B 2-1 E5T R g AT R
Figure 2-1 Autophagosome detection with Transmission Electron Microscopy (TEM)

CHi Sk I 48 D9 1 B 240 M 4D

3.2 WL RAERMBEME GFP-LC3 BH M4 B A RERS
LC3 w1 I AUk oy 11 R B AR AE B WA b B W A4 T B i) B R A i . g

GFP-LC3 fili &L K 5 Yeal ff i, ) o6 L 58 A= B s M 2% GFP-LC3 FE4H At N 43
H AR TR 20T DA S B B 1) 1 WA TR IR S« 1] 2-2 s, GFP-LC3 78 BT-4747
HT AU-565"" 41 it v LORERPE /3 A S 32, TAE BT-4745PR F1 AU-5652PR 241 fifa o U] 52 301
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FARA . K55 VLIS E Ve /e Lapatinib i 25240 i 5 4.

Merge DAPI GFP-LC3

BT-474Par

BT-47412R

AU-565Fr

AU-565-3PR

E2-2 BORARMBENEGFP-LCIHE L4 i B Wik RERE
Fig 2-2 Detection of autophagosome distribution with GFP-LC3 transfection

under confocal microscope

3.3 MTT #2448 Jfd i 2 sk

W B 200 M 1 W TE I 2 S R R IR A RN S, BATE— AR S5 T
HER2 PHM:4NA3ES Lapatinib M 25 PE R FE . 3 BRI FH 40 B D177 CQ. 3-MA
5 BA BhalE 4 Lapatinib AbEE BT-474"R i1 AU-565""R 4iiffs, LA MTT 4:#r4ifi
AR . SRR, PR A I CQ. 3-MA Hl BA HREA[FIFE B 3G
Lapatinib FFMGIIGEERE 7 (Bl 2-3), U601 40 M 15 Wik R B T4 ey 245 200 i <ot
Lapatinib 7677 #UB: -
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120+ 1204 1204
= AU-565LapR 3 AU-565LarR 5 AU-SBS'—*;PR
?'m“ x 1 * o 100
& i &
c 0 = B0+ c 804
(=] o 8
K b =
o 60 E 60 g 604
s = s 3
o 40 o404 o 404
g g H
E 2 % 20 EY
& 4 &
0- T 0 0
Lapatinib {2 um) - - + + Lapatinib (2 um) - - + + Lapatinib (2 uM) -
caopM) - + - + 3-MA (500 pM) = + - + BA (20 nM} - + - *
1204 120+
- BT-474LarR _ BT-474lapR - BT-474apR
£ < *
§ 100+ = ; 100+ * ; 100
e 8 | g
g ™ o £ o]
z = 3
8 S 5
£ 401 E 41 T o
@ o @
2 = 3
= g 20 o a0
& o 2
0= T 0 _ o
Lapatinib (2 pM) = - + + Lapatinib (2uM) = - + + Lapatinib (2 uM) . . + +
ca(zopm) - + - + 3-MA(S00pM) - + - + BA(20nM) - " R +

E2-3 BOLRERABMBEMEECFP-LCIF MM B AR ERS
Fig 2-3 Detection of autophagosome distribution with GFP-LC3 transfection

under confocal microscope

3.4 EdU M 25 48 i ) 25 0 Uk

Dt —IE B0 B (R HER2 B LR 413545 Lapatinib M 254, &
153 A B Wil 7) CQ BashERIE & Lapatinib 1F T BT-474"PR F1 AU-565% 4]
i, EdU J7iERnillgn i i B AR A o 45 R A 2-4 Fs, CQ T LU 15 Lapatinib
M7 20, BABEE RN .. G54 MTT M EdU BIZHras 5, FEIT4H A & 72 T AR
SR 25 40 X Lapatinib f9697 SR
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Fig 2-4 Detection of autophagosome distribution with GFP-LC3 transfection

under confocal microscope

3.5 P e A M 25 40 f e R R K AR DL B e R
SRt — 35 W Bl MR 25 40 3R Lapatinib i 25 M R e (0 FEF, JRATIR P

BRI A T B T s ey, U 2 L | A1) 7 CQ BRAMERIER & Lapatinib 1 H -1 2541
FRLEIAR, 43 HT CQ RETS 185t Lapatinib 101 i 26 41 iy 5 B 2 B g 1 o 45 54 IE 2-5
fi7, Lapatinib §33 ] BT-474° Al AU-5657 HITEIE LA AE 17, (B BT-474“°R i
AU-565""R 7£ Lapatinib /£ TR LUER L. CQ MM T 1Bl Lapatinib #1
BT-474PR FI AU-565"F {5 . %45 R, SR g a8 Tt m
Lapatinib 41 il iy 24 40 B v B T B ) e
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A Control Lap

8

g

BT-474Par [

s

*

Relative colony formation (%)
2

Control Lap Control Lap CQ Lap+CQ

BT-474Par BT-4742pR
Lap (Lapatinib): 400 nM
CQ: 5uM

§ 1204
= *
c
0 T
AU-565Par 2
| € »
]
\ g -
AU-565LapR 18
[
>
S 204
% *
ca LaptcQ ¥ o
_— - o Control Lap Control Lap CQ Lap+CQ
AU-565Pr AU-565-2pR
AU-56512PR

Lap (Lapatinib): 2 yM
CQ: 5uM

B2-5  FEL b4 B I Mok 4 1 T 24 4 R~ AR e R T2 R BE
Fig 2-5 Autophagy inhibitor synergized with Lapatinib to block the plate
colony formation of resistant cells CA: BT-474 cells; B: AU-565 cells)

3.6 it 240 HAS I AT AL i 25 40 B TR AR
TE B BHZH A 1 WA 77 T AR Lapatinib 400 i 26 40 389 5 0 Ok |, 2R

AT FH i Q4 A 23 A WA 1] 57 2 15 P LASR v Lapatinib 55 i 24 240 i R T A 4
M. 455840 2-6 fiizn, Lapatinib ] DAB] 2% S BT-4747 F1 AU-5657 (9T, TS
AL P 25% /45 . 11 BT-474%PR AN AU-565R i Lapatinib B A 5 251, #z
L B A 20 5% PE T2, 7EBA CQ B 3-MA B U AT 72 A2 R AT & R A7 RUR -
Rl 72, CQ HXH Lapatinib F 5345 U R fe A s 24, T T2 200 25%, B %k =T+ Lapatinib
FRZGN A
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A Control  Lap (2uM) CQ(10uM)  Lap+CQ
X Cosngs 441 ‘ | | L v. 184
BT-474Far ©| "7 [ iaeg. 3 BT-474LapR: peost V| g
L ~' '23 i : | { 28 2 PN
BT-474L2pR>| : 21| | 28 BT-4742rR ‘ . { s
Control  Lap (2uM ) 3-MA (500 pM) Lap+3-MA
30+ *
? S
S 2s- *
2
S 20
L
g 15+ -, -*
=
Q —
g o
<
= 5
O I_—r..l
2= Control Lapatinib Control Lapatinib ca Lap;-cQ 3-l;llA Lap*—’s-MA
BT-474Par BT-4742rR
B ~ Control Lap (2uM ) CQ(20uM)  Lap+CQ
: : : g
AU-565Pa 22| AU-565L3PR | g 88 ‘
|5 X [ -
AU-565LapR - | 52 Lo 7.8 AU-565LaprR 16 ; ’ 54
’ 25| ‘ T as “ 5 a7l “ ;,_‘.7.
1., Control Lap (2uM ) 3-MA (500 pM) Lap+3-MA
= * 2
S= 25 =
g
E 20-] "
-2 |
8 15
= —
S o
2 e
= -
(&5 ]
o- T T T
Control Lapatinib Control Lapatinib CQ Lap+CQ 3-MA Lap+3-MA
AU-565Par AU-56512rR

Bl2-6  BH W4 i | i FR AR ik L apatinibids S 25 40 B F R T
Fig 2-6  Autophagy inhibitor synergized with Lapatinib to promote the
apoptosis of Lapatinib resistant cellsCA: BT-474 cells; B: AU-565 cells)

4 it
FEAT o SLi0 T, BATE SR FE S BT 222 Lapatinib iiff 2540 i B 1/
PRI, 454 GFP-LC3 il J: A AL MR 25 41 i 3 1O SR EE 7 AR, AT AR T4 5
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7E Lapatinib it 2520 ok T AR <
A A I W 75 5 BT 26 A0 LS T 240 1143 B PR = 4 L
FIRGRR, AL MTT . EdU 735007 1 DR 25 A B R 71 OB, DA
A A R T 24500 S e R PR s 0 L AR AR DU B A 70
i 245 0 MR TR AS RO o 38 L A 552 TS ] 6 BS540 52 FEL T A4 2 s
AR T2 A% Lapatinib (03457 BUSbE . HAT, [EBR_E3ETHIENLA RO I
RIS IEAEMEAT . ARG S0 8 TR — WV T SR T ) B S,
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% =34 mie -5 Lapatinib & 25 mpe
E AT AR R

FERTPER A seie e, FRATE e 7 HER2 BHPEFLIRE 41 ) Lapatinib it 2541
HIPk, BAWRANAL B WRAE Lapatinib T 2540 b 350, JF HAHE 7 ORIPPEIER, O
BRI 3R 1S Lapatinib i 24 1 () BRI R o AR 43 SO0 h AT E A A AT 4T 1 W L T
L2 B P AL 1 SRR 23 B

B 5%, FATHH] Western Blotting BEAK B Wi H) BT 737 AMPK FITE LIRS
BEAT T ARl BETTAI A AMPK I 7% 5T AMPK T i(E 588, 7 Hr4ii 5 mebs
W THERIEKT, JHEE AMPK #I70)AT Lapatinib 3t [EIVEH T 25400, 704
AMPK-mTOR-autophagy 15 5@ I E Lapatinib i 24 20 i 3Rk A5 26 v i R ob i AR 4 2
DhRg. A BRI 45 RAE W 1 40 5 WAL Lapatinib i 25 40 g H s AL ) 4 1AL
i, )5 SEDIRERT FT AR N B 5E FE il

1 &8
11 FERXFISHH
DMEM 4l g 5 7% 3 % [# Hyclone /A ]
Jif A v %[H Gibco A F]
Jik 2 1 g % [H Gibco A ]
oSBT 1T 2 Gibco A F]
Cocktail 2 H B 771 Z[H Roche A 7
MTT % & Sigma-Aldrich 2 7]
Lapatinib 2% [# Selleck Chemicals A ]
BSA = R~ ]

Compound C (Dorsomorphin) % [# Sigma-Aldrich A 7]
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Tris A H Z R
Tween-20
BRI E ARSI ) S E PR B 19G ik

GAPDH ik

%At p-AMPK. AMPK. p-mTOR. mTOR.

LC3B $ifk
B-actin Prik

R ROE RS (ECL)

5>1_oading Buffer
R (AP)

BCA HHE®RIAM &
HHENZE Marker #SM1851
A BN Marker #SM0671

NC Ji&

FERAEY TR A
BIB A ]

S MR R /A
o [ 1R A A ]
[ Cell signaling 2 &)

S M R /A

F[H Pierce A F]

B REVDEARB T

B REVDEAB T
%[E Thermo Scientific A ]
JN%E K Fermentas A 7]
JN%E K Fermentas A 7

F[E Millipore A ]

1.2 BERA%HME

PBS Zzi: HBoJ7 [RIHT .

TBST Z&#fi: Tris 24.2 g, NaCl 80 g, JIA 600 mL Z&18/K, $iisiHiam,
TARMEHEARZ 1L, MASR AR pH EZR 7.6, By 10<TBS f#f7
LR o A HINTEL 100 mLTBS fifi A7 22 #13, Hin 900 mL 2848 7K. 1 mL

Hi-20, JRAJEEIJY TBST TAEZ MK

1.3 BHRLEE
2 0 5 IR A0 L B R S Corning 2 7]
CO, fHIR A R 7256 2 [E Heraeus A ]
IR e B 0oL f# [ Eppendorf 2 7]
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e R H 7% Olympus 2 ]
Nano-drop2000c Z[E Thermo A H]
4 A RO EIE BT X F#ERAEA T
R IO B A %[ Bio-Rad 7]
Z T REBEFFR X B+ Tecan A H]

2 ik

2.1 RS

N HER2 FH 1 2L IR 41 i 3 BT-4747% F1 BT-474°R DL 4 10%04 4 & ) DMEM

BB 37°C L 5% CO, 3G FR40 T #i i 55 . BT-474PR () Lapatinib 4E370 5 N 2
UM . T FH ' 2 e W 2 20 R0 AR AR KA 00, 3 R e A7 i — IR K5 977 2 . AMPK
175 Compound C HIHSE 53794 0, 1, 5 F1 10 pM.

2.2 MpEeE RIS . EREERM Western Blotting 434

1)

2)

Gy BT-4747 il BT-474°°R UL K 250 A FE I (AR o KFUSCEE RO 4 MRS 5 B

FUk b, FFFHVKH 1 PBS 5% 2 . S EANIRE &, JFIREE T L5 mL EOE .

3000 rpm B0 5 Bl (4°CH, FF EIE, CREEEMEITE . IINSA S A B 6]
(Cocktail) ] RIPA 5 FZLARE E S MIDTTE, HHE TOK E2M 20 7080, AR

FIFH RS W48 T A0 P, A0 e RS A B ot 28 )55 12, 000 rpm 5.0 20 4381 (4°C),

W 2.0 FIE (HMZLARD Fe e 20 i B0 A, BT A A S B AR A I E

wAEE (BCAL) MFEMARM

e BCA VR FE B AN &R E ], B 200 pL/fLit5 e A VA B Y
B (96 FLIR), 1% 50:1 MELBIFLE A W B Wi.

¥ BSA EEARAES (2 mgimL) SFELFRRE, 20 BITEXT HEFIAEIFL A IIN 10 pL 25
FFRUE L EL 2 uL B EARES, JFLL2. 1. 05. 0.25. 0.125. 0 (mg/mL) HIEH
P ot O FBE 22 i A o T 2%

B IEE G i 96 FLIRE T 37°C. 5% CO, (R4 30 204t

) FH I G AL, 43 100 5 AR 5 P B s e RS UDRE 0 72 ABBO RO
FEAR o HRIEAS R FEARAE T W GAE, 2 flbnE i 2R, JETH S Rrll e i v B
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E R E R E WA, BOE AR S IE DY 4y 2 — 311K 5>oading
buffer, & T 100°Chn#k 10 438 fd 8 94814, 12,000 rpm &0 10 4380, HUEIEW
AT E KT

3) & A HLyk Al Western Blotting 734

A REEFRIN E FEE RS TR, EFEIHFEH 9% - 15%IK 1 B .

B EEAMHIK: EAFREIRG RIS, HIE4ERE 120 V; BRSNS BKS,
KRR 160V, HERERMIE GERAD K7 BRI 2 b dik.

C WM. BREIFEABIKR, £ NCESKRRSME, NEAE: A5 IELR,
. NC B JELRIIN T TN Fe 7 S, DUE s 100 V %615 120 -150 4344

D Yeff: BEAEHGE, HUH NC BEE T S%RE LA geta, s IAUR
FIH 1 <TBST ZZnlididi NC i 2 Ik, IGHEINH AL,

B 5% IE WS iR M 1 /N
—HiE: p-AMPK. AMPK. p-mTOR. mTOR. LC3B. B-actin #it/&4#% 1:1000
Fikg, PLAET 4CHR.

G H 1<TBST ¥eME 3 Ik, &k 5408, —3Hi (Rt EPT HRP Axid —#Ht, 1:3000)
FIREE 1 /e,

H &5: B IXTBST Z2rilut/E 3 Ik, &Rk 5 704, A4 HEZ) ECL BRI ik
ARG E X OB .

2.3 MTT &l AMPK HIHIFIRS BT-474-"R T 25 4R AR Z5 08 B4 MR
NI AMPK {5 53 26 BT ifs K 40 i B e Dy se, FI A AMPK #1355 Compound

C 5 Lapatinib BA M, I Compound C /2 75 HE 1 5 i 24 40 it ) 25 Wi ise b

Lapatinib #5282 uM, Compound C KN 5 uM, 2Z4¥1EF T-41 /i 96 /N J kAT

MTT 73#. QHH3ER LA I MTT 204 I B AR 2D R W28 —0 4> 2.3

3 &R

3.1 AMPK fE BT-474""" it Z54mprh b F i L IR 73S

A1 Bl BT-4747 fl BT-474" PR At i, #E1T Western Blotting A&l .
AMPK-mTOR {5 5 i % 22 4 40 M 3 W B B ) B sl 2 —, 55 172 MR
MR AR A I T AMPK FITE AL AT o 40 8 3-1 7K, p-Thrl72 AMPK £ BT-474°R
B FIA A BN [FIE, 40 E ARG LC3 7E BT-474%PR vl [ BN
TR L A5 B S 1T, 5 O 4 L R T 24 2 B A TR AR S
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p_AMPKT172 - —

LC3-l » | v m———
LC3-11 > [

B-actin | S——

B 3-1 AMPKZEBT-474-"PRiin 24 48 i o &b F 5L IRFE
Fig 3-1 AMPK signaling activates in BT-474-"R cells

3.2 ##l AMPK {5518 2% 7] LA BE i 240 Al 5 8T 7=
EH AMPK {2 SERTE BT-4745R giurbi b 5emt B, FRATHE— 500

AMPK {5538 % (5 A2 15 oA TR 40 E W DGsE R 3R . RURIRBEZr 8 0, 1,
5110 uM 1) AMPK 11| 5§] Compound C FHIET AMPK {5538 i, 48 5 S AR
4T AMPK/MTOR {5 ‘5l B AH G/ T RISk . ani&l 3-2 o, R f AMPK
FIE/KF B Compound C [FIFI 34 IEHT B, (HEFER Ik mTOR (13RI KT 41%
WG N, [FI LC3 H T A% 0 T1 AL 2803 52 31 Bl R 4 )

Compound C
0 1 5 10 (MO

p-AMPKT172 [RRRRR . |
AMPK s s

p-mTORSZ““S - —— - a—

MTOR | S e s e

LC3-1 > | S

LC3-I™ L — —

B-actin | “SEESE——

B 3-2 i BT-474PR M AMPK 15538 B FEL T 40 i 1 1 S 7
Fig 3-2 AMPK signaling inhibition abrogates autophagy of BT-474-F cells
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3.3 M AMPK {55 iBg18 N BT-474"R 4RBaxt Lapatinib A& SRR
U5 AMPK #8150 AT UL 35T BT-4745PR gl i Wk 72, FRAT 13— 25 F

MTT 5% # AMPK HII5IRE S 1IN Lapatinib FO6ET7BUEME. 2518 H 1 pM
Lapatinib 228054 5 M Compound C 7EF] T BT-474*R Zij1, 96 /NI J5 43 Hr 41
WRDRAS . 45 F4nPE 3-3 T, Compound C T LA #1478 BT-474°R %} Lapatinib )
YT BURME, ULHBENT AMPK {5 518 8% R 40 i W I R A B T T 24 A i
Lapatinib Il AT 25

1254 *

1004 I

754 i

504

25

Relative Proliferation Rate (%)

0
Lapatinib (1 um) = +
Compound C (5 uM) - -

&l 3-3 ] AMPK {5 5B #1800 BT-474P% 4HHa%F Lapatinib [¥Ry7 SUsiE
Fig 3-3 Inhibition of AMPK signaling promotes sensitivity of BT-474%"R cells to

Lapatinib treatment.

4 g

LA AR 2 I 22 T 0 1 W R 0 O 3 A5 B A7 T 2453 R v R A
ERE . FATE T 2 S50 T SR I WK P76 Lapatinib T 2448 i i ) 65 39
A, ELH B 5 A RO A B B o AR 2 S, AV 0 I 1 e
> T-AMPK/MTOR 15 S3E@BSHEAT T 23K AK 4. 45 R E0R, BERRML AMPK £
T 247 40 P 6525 B, FE) AMIPI 355 G Fr s 70 T LA ) G5 BELBT 440 it e 3 HIE
B, AMPK ()35 1T LU 200 R 1 it s, T 4008 AMIPK 35 550 I 40 Bk 4 1 1
R4V FE L AT PRS2 245 40 L % Lapatini (1 42b 28 Rk

753,



FOFEXFALFLAX

FEAER Sy S2ie i, FRATOGER T BT-474 4ifd. i AU-565 41 ) AMPK AJKF%
IR RAR, ARMERIN B . X th S e T A AR A 1 A% £ T IR 2R 3 2 B R S e
g5, B VF AMPK {5 53 54 1035 1 41 AU-5652PR 41 g 40 it 1 3 11 32 B2 5 A
HX 75 BERATIAE S5 S2 00 AT b 4k 20 40 M B v A 10 L8 S IR AT 40 #7 o
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%4 Lapatinib &2 s ety ROS K-F5#7
% BR FHAF R

T (ROS) S H Wk 1) R AR B A OG . JRANTAE AT =340 SR i i Je i 5r
1 HER2 FHPEFL B 4n ik, WIRE 1 H MR 25 40 i b s Rk As « FI A B Al
TR EL T A E W A2 S, T 254X Lapatinib AOBURPER B3N, T ROS 5
20 P W FRE AR G, DRI R E AR 23 9 R BRATTHRL B ROS 7E Lapatinib i 24 48 g
(AR A A . 5256 F 2Rl DCFH-DA #ric 779%, LAAHA Lapatinib ifif 2440 i1 525
AR AR ) ROS 7K 2 572

FEOCHRIRIE, BR ATLA i ROS R M4 i . FRATEF A BR /EH
T 254080, 430 2 75 T LLH A Lapatinib $2 i 26 40 B i Ukt . A 43 S0
FEAREE MTT. 4 B AR 534 240 M 38 G R 55 F b

1 #8

11 FERFSHH

] 57 £ vE
DMEM Ziif 7= 5t fig 2 i i 2 Gibeo 4 A

iR £ 1 il

MTT % [H Sigma-Aldrich A A

i T SR ) A S MES R SRR/

DCFH-DA 2% [# Sigma-Aldrich 2 7]
Lapatinib < [E Selleck Chemicals 2 &]
N-Z Bt R (NAC) % [# Sigma-Aldrich 24 7]
BR % [# Sigma-Aldrich 2 &

1.2 BERZHHR
PBS ZE: o ik EET
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1.3 EAMNSE

R T BRI
CO, fEIR A 77 44
IR e 8 B AL

% [E Corning 7~ #]
% [H Heraeus A 7]

1% = Eppendorf 2 ]

ey =R TR i H 7 Olympus 2 ]

BEARAX 2 [H Bio-Rad A H]

R T = O L 2% [H Beckman A

VT VAL DR 2 [H Beckman A ]

BOGIL R B HZ Nikon ]
2 B

2.1 40P ROS 7K 4 (DCFH-DA ¥rigi%)
1) BREWMIECH]: DMSO #Mike, FECHIREEAN 1 mM BB &, -20°CERAT .

2) ROS ik ¥ # (Reactive Oxygen Species Assay Kit) =% F| 2% iR 4
DCFH-DA #47 ROS /K- K&l DCFH-DA R4 & H A= E 5, (HA] LH
HH %7 32 4 M Rk N B . 3E N 4T AT DCFH-DA 1T 4 AH B I BE B K A, AE Ak
DCFH, JfH AR DCFH ANBE H H 7 40 B, i 75 DCFH 5%t 5 %
FEAAE A . 200 A ) ROS AT #E— 544k DCFH #8%1, A2 pEA 72061 DCF.
Ik, DCF 7 5 Bl 7T LU RZ4H M 1) ROS 7KF- o A 43 S 46 = 2 FIH ROS
R Lapatinib i 254010 5 5% A4 2 18] ROS JK-T- 125+, JF B
BR 2T A L F AN ROS K F. IR, NAC A LAME A Bt H BRELFL BE 1K
Yy, Mg LRE ), ER ROS. FIH NAC v FHBT BR #5531 ROS 7K
.

A B KRS RIFH) BT-4747 A BT-4749PR, 0.25%/8 5% FIBHE LA, H AL
oA LT E
F & 10%J16 4 MLiE ) DMEM B 751 S i, i) i S 40 i & o

C YfEitHhiit%, REMMIKEE, % 8>10* ANFLIEEF T 24 fLtih, BAFER B
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N 100 uM, AT L /NN . S2B6 44 N: BT-474°P% (control), BT-474"%+BR
(10 M), BT-474"PR+ BR (10 uM) + NAC (100 uM). HNZ4 72 7N i K 0 208 i 6 386 7
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3) FFUNIDIRAGS RIFIHFAKE 80%, 40 FAr4Uin NHIRIRERIZ5%: Control 4,
Lapatinib (2 uM), BR (10 uM), Lapatinib (2 uM) + BR (10 uM), NAC (100 uM),
Lapatinib (2 pM) + BR (10 uM) + NAC (100 uM), NAC #5711 /MFION, & T
37°C. 5% CO, B #1577
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BT-474 43 58 75 1H B0 8CR AN ik, - BIFIAE 10 oM ) BR BL25 st G
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*p < 0.05

Kl4-1 BRT] LAWHE Lapatinib #i4] BT-474-2PR 4H ffa 8 58 ( BR, 10 pM; Lapatinib,
2 utM)
Figure 4-1 BR synergized with Lapatinib to inhibit the proliferation of
BT-474"%R cells. (BR, 10 pM; Lapatinib, 2 pM)
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Bl 4-2 BT-4747* 1 BT-474-*"R ] ROS 7K F4>#T(DCFH-DA ¥Rit)
Figure 4-2 ROS level analysis between BT-474"*and BT-474%"R cells using
DCFH-DA labelling
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Bl 4-3 BR T BA_LiF BT-474""R 4 i) ROS 7K
Figure 4-3 BR increased ROS level of BT-474-R cells (Berberine, 10 pM; NAC,
100 nM)
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(¥ DNA Z il e 7]

Control Berberine Ber+NAC

B 4-4 BR ] BT-4745R ff) DNA E#I82 #KTF ROS /K1
Figure 4-4 BR inhibited DNA synthesis ability of BT-474-" cells dependent on
ROS level increase (BR, 10 pM; NAC, 100 nM)
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Figure 4-5 BR synergized with Lapatinib to induce the apoptosis of BT-474%"R cells
dependent on ROS level increase (BR, 10 pM; NAC, 100 pM)
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