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[HE | E=5H8: WEAEBEEREE1A (carnitine palmitoyl transferase 1A, CPTIA ) [R5 5FIRE B E UG
ZEAHIE,  ELRBAR RSO AT g i i R R I de R PR b 42 =5 =B IR 1T ( triphosphate, ATP) j=#, #R1f, CPTIAFEFLAR
FEE R IPE RIS RE . AT B AR AR LR TP R AR D BERR A% 5 CPT 1 A/ AME 5 I T 34 (extracellular signal-
regulated kinase, ERK) 5556 G B [ A5 FL IR G EA T M OBLE] o F53K 3l fl AT IE 25 R S MIshRNA T HAE AL
FE AN ZAMDA-MB-23 L FIMCF 73 A sk i {IRCPT 1A, K4/ ANCHL . CPTIAZIFISshCPTIAZ] . >R transwell 546
AR ZERE ST . R BN ( Western blot ) 237 21 it Hh o S8 AL 4 A 38 B 380006 2 ARy Bl 385 TR - 1o ( peroxisome
proliferator-activated receptor y coactivator-la,, PGC-1a.) . ERK1/2FICPTIATE [IMIFRIE . RALRARLT YL /0 HrMDA-
MB-23 1 FIMCF74I il R I ZRARARTER, I BRI R B ARIT IR GE . SR 53RN IRBUARMAINIAH L, CPT1AT
FIRFEMCF74 I FIMDA-MB-23 14 i 4272 RE 73858 ( P<<0.05) , shCPT1AREMRFE 401228 fE IFEAR (P<<0.05)
ENCAAHLEL, CPTIAZIMDA-MB-23 1 FIMCF740 il 4ebifR sy A< 8 i #4840 (P<<0.05) , ERK1/2, PGC-lazRibi &
Hm (P<<0.05) , shCPTIAZIMDA-MB-231FIMCF74i il s 2 iR 43 32 K 38 K (P<<0.05) , ERK1/2. PGC-laf
kIR (P<<0.05) . A, SNCZHAMI, CPTIAZHMDA-MB-23 140 5L Al FR I BE 7 L B2 ATP 2 & 14 1
(P<<0.05) , TMishCPT1AZIMDA-MB-23 14 g JEfifi Fl iR KIF IR BE 7 LA S ATP™ i i R (P<<0.05) . £5i8: CPTI1AY
B HERK 1/2-PGC- Lo 5 Sl AR OB 4y 240 LA A0 M B T R R A H .
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[ Abstract ] Background and purpose: The overexpression of carnitine palmitoyl transferase 1A (CPT1A) is related to the
poor prognosis of breast cancer, and it can promote the utilization of fatty acids by mitochondria and maximize triphosphate (ATP)
production. However, the role of CPT1A in breast cancer metastasis is still unclear. This study aimed to explore the mechanism
that mitochondrial dysfunction and CPT1A/extracellular signal-regulated kinase (ERK) signaling pathway in breast cancer jointly
regulate the malignant behavior of breast cancer. Methods: The lentivirus system and shRNA tools were used to overexpress or
knock down CPT1A in human breast cancer cell lines MDA-MB-231 and MCF7, and the cells were divided into NC group, CPT1A
group and shCPT1A group. The invasion ability of cells was detected by transwell assay, and the protein expressions of peroxisome
proliferator-activated receptor y coactivator-lo. (PGC-1a), ERK1/2 and CPT1A were analyzed by Western blot. The mitochondrial
morphology of MDA-MB-231 and MCF7 cell lines was analyzed using mitochondrial red staining, and mitochondrial respiratory
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capacity was analyzed by oxygen consumption rate. Results: Compared with cells expressing control vector, overexpression of
CPT1A resulted in enhanced invasion abilities of MCF7 cells and MDA-MB-231 cells (P<<0.05), while knockdown of shCPT1A
resulted in decreased invasion abilities of cells (P<<0.05). Compared with NC group, the length of mitochondrial branches in MDA-
MB-231 and MCF7 cells in CPT1A group was significantly shorter (P<<0.05), and the expressions of ERK1/2 and PGC-1a increased
significantly (P <<0.05). In shCPT1A group, the length of mitochondrial branches in MDA-MB-231 and MCF7 cells increased
significantly (P <<0.05), and the expressions of ERK1/2 and PGC-1a decreased significantly (P<<0.05). In addition, compared
with NC group, the cellular basis, maximum respiratory capacity and ATP production of MDA-MB-231 in CPT1A group increased
significantly (P <<0.05), while the cellular basis, maximum respiratory capacity and ATP production of MDA-MB-231 in shCPT1A
group decreased significantly (P<<0.05). Conclusion: ERK1/2-PGC-1a activated by CPT1A Signaling pathway plays a key role in
mitochondrial division mediated breast cancer cell metastasis.

[ Key words ] Breast cancer; Mitochondria; Carnitine palmitoyl transferase 1A; Extracellular signal-regulated kinase; Malignant

behavior

LRI O L R DL R 2 —
R FEIERBI30% , X A R RE A I T 1Y
15% o o R FLBRRE 04 S SR RIAE T SRR 4k |
TH L R R FLIOIRIE 12T B UG E R
J& , AEURE T 6 S0 R0 4 B e L R 8 o B = A ALY
B TB D L FUE A M RE ST R TR A
GILURIIREE, RS EIAMEAE . Ry
BT — AW E B sh A M4, FE LR A Y
R T RE R O E T, AR . R
A PSRRI MU AR AR I PR A i At
Too AT U BoR, kiR f e B S S
Jed S A AV RT S M oA 4 3 S ) A B
by SOV NTITR (S5 3L Bl L | 0 O L B et
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1.1 ZHAEEESF

LI 20 M Z MDA -MB-23 1 HIMCF 71
H 36 [E A5 T Y R o0 . MDA-MB-2317E
37 C. ECOM&ZMT TEHA10%MH4 1
% (fetal bovine serum, FBS, FELife
Technologies/A & ) FSETHAE R L-1585 3858 (36
[E|Life Technologies/AH) ) H153E ., MCF740ig
1E37 C. COMM BB N5 % M FMT TEHA
10%FBSIDMEM;3E5E ( 32 E Life Technologies
oHl ) HhEER
1.2 fasbi2

KT ZEECPTIARMKAMDA-MB-23 17
MCF 740 Mo = 28 9 52 0, R 20 Jfd 53 S NC 4
shCPT1AZl ., NCALFIshCPTIAH4IMEZANC
FMIshCPTIAR Y, MEMDA-MB-231HIMCF7
i N e B (2T v N S B S/ K
FipGPU6/GFP/Neo#f& & M .CPT1A-shRNAs
(shCPTI1A, IEMJF4IH5-CCGGACGGCGCG
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GGAGGAATAAATTCTCGAGAATTTATTCCTC
CCGCGCCGTTTTTTG-3', JIiJF4IH5 -AATT
CAAAAAACGGCGCGGGAGGAATAAATTCTC
GAGAATTATTCCTCCCGCGCCGT-3") HishfAT:
XTHERNA (NC, J¥51H5'-AACGCTTGGTAGTA
CGGACTATGGACACGAATGGGCG-3") ., fiiJf]
Lipofectamine 3000 ( & E Invitrogen/y ) ) 4 ki
Wi YL FIMDA-MB-23 L FIMCF740 i, SR
P ERR9%: ( Western blot ) 0 HrAfiiA S 75 2 ik
KT CPT1A3E M

H T HEECPTIA KKK MDA-MB-231 7
MCF741 MR 220 I s, 4215 NCZL A
CPTIAX ., W b1 Hh I 25 AR BRAA wl i HI LA
T oYk B pIRES2-CPT1A G k. : 1E[7 51455
$5'-CACCGTTCCTCAGAATTTATCCAGT-3',
RIEGIYF5 N5 -AAACACTGGATAAATT
CTGAGGAAC-3', 5T 14K ACPTIA
Yt 5, EitNhe 1 FlSac 17w H v 2]
pIRES2-AcGFP#{A ( ZE[EClontech/AF] ) i, 4k
J&, ffi HLipofectamine™30005 7K J5 ki It i) s
YL FMDA-MB-23 1 HIMCF 7411+, %] Western
blot/ HrfiA = B ik T CPT1AREA

R T AR S FL R A M S S AR A Sy
A5, KCPT1AL FIAMDA-MB-23 140153 K
T H I ( dimethyl sulfoxide, DMSO ) 2 .
LA BRI FIMdivi-1 20 FIZR AR & 55 35 7
M4, ¥ Mdivi-1 ( EIEEHAFFAEYREARA
Al ) LA25 mmol/LIYAk#5 kB2 i i 7/EDMSO ',
H BRI B LA 225 umol/LIE AR . H
M1 ( EESigma/An] ) LLS mmol/LAYHR B A
DMSOHt, JEHIEFR IR BELIIA SIS pmol/LIK e
ZRIE

T B CPT A 5 1 i S Ak W) il 1A 3
B0 T A2 ARy Bl O I F- 1o ( peroxisome
proliferator-activated receptor y coactivator-1a,
PGC-lo ) AYUOHE 2 A5 406 T 20 i SME 5 08 1y
PHF1/2 (extra cellular regulated kinasel/2,
ERK1/2) MmEfRfk, FAS[FF & ERK/2i8

HEAM I FIPD032590 14 AR 2E 1 635 CPT1A M
MDA-MB-2314ii/f18 h. #PD0325901 ( [
Selleckchem/y ] ) A1 mmol/L A4t & 1 i 8
& TDMSOH, Jf IR MBS0, 10041
200 nmol/L,
1.3 J|EARSH

fif HHRIPAZL A 22 vhil ( L3R = KAV
AR A BRAE] ) il 5 4 200 i 24 6 1y 5 4ok 14
S48, I8 G e S R 0 SR DN A T g 5
g HL 3K ( sodium dodecylsulphate polyacrylamide
gel electrophoresis, SDS-PAGE ) ff##HT 45 & 198
FIBT (K10 pg®I30 pg) o HE A B FIPVDF
B ( & EMillipores ] ) b, JfF7E4 CF 5PGC-
la (1:1 000, [FECell Signaling TechnologyZy
F ) . ERK1/2 (1:1 000, %[ECell Signaling
TechnologyZy @l ) . CPTIA (1 :1 000, £H
Cell Signaling Technology/AH] ) . BHE i &
1 (voltage dependent anion channel, VDAC,
1:1000, FECell Signaling Technology/
Al ) . DNAHZEHFLREET ( DNA methyltransferase
1, DNMTI1, 1:1 000, 3[ECell Signaling
Technology/A ] ) FIGAPDH (1 : 2 000, 3[H
Cell Signaling Technology/A Fl ) —HiL[FliE & i
W WK, TEER T 5HR I S A bR iC 1)
¥t (3E[FECell Signaling Technology /Al ) F:[A]
WAL WG, i O & (e
YRR A RA T ) MEEHRER . A S
T3
1.4 R HAtranswell SLIEH M 402 22 48

PrAL B B4R LL2 X 10 LI FIHE TR A
100 pL 1 pg/pL matrigelZ£ 5t ( S2[EBD Biosciences
2sw] ) Wtranswell/VE ( 3E[E CorningZA H] ) HiH]
TAZZEMAE o 53 5K TG LT 35 5% RN 58 2 15 57
W mEl L=MTE, BE24 hE, RELIH
FHA% 22 B BRI T 5, FH 1 %45 f 58 G (0 i 4%
0, R T, A S 2 T3IR
15 ZHESZKEMNEN

20 M FiMitoTracker Red ( ZE[E Thermo Fisher
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ANTEDD) et IR FHAXT0R s (fEE Carl
Zeiss/A ] ) W& SRJE 1 HImagel FMitoE 2%
Marco Plug-in3 i BUE . T A S50 2 /D131
1.6 ZAEHFEEEIN

1 5 XFe9643 1% ( 3[F Agilent Technologies
ANED) F I E GORLARIE I RE T B2 X 10%4
2 HEL % T T X 40 B G FL AR JF 37 CTR B3R
24 ho SRJGTFEMIERT T Wb 20 M 5 1 5 XF AL Al 35
FH (3£ [E Agilent Technologies/yr] ) RH . 1F
W2 i FE b AR E RS, K1 pmol/LEE%RE 3R
A. 0.5 pmol/L FCCPH10.5 pmol/L fa R il /i 75 %
A ( [ Agilent Technologies/y &) ) I 1 53
AL, ISEFEE, rfasned
T3
1.7 SREHERYEE

i F TRIzol ( 2% Invitrogen/AH] ) HEHI 4
MIIRNA, Fff FHPrimeScript RTIAF & ( HA
Takara Bio/AF] ) %%, #RJ5 i TaqMand K 5
TR E LA DN AR i 5 12 I 12 0 Lo A
Ty, RS R AU T8 S rRNAYE A ki
AXTIE, TR S5 2 /D BT
1.8 Zrit#4biE

i FHPrism 9. 0% A4 X B HE AT 58 140 #r o
BRI AR DX +s3RoR . P ama Ll - e H
Student K5 SLANOVAKL S , 222 [H] P Y LU AR
FILSDER G K% . SRR E:, P<0.05H255
Boil¥E L, FIFHGEPIAKHEZE ( http://gepia.
cancer-pku.cn/ ) HFLIRIESE 1R HT IE LR
AR LR 12U CPTIA mRNAFYER
ik, R H#FECPTIA mRNAFIAF{ECPTIA
mRNARIAFLIRIE B 1 Kaplan-Meier[&] .

2 4 R

21 CPTIAEFRI:ZEZRERBHEX

S AT GEPTASLHE i v L It 88 9 191 9 ek 1y 285
RoR, FEFLIRR AR5 5 I CPTLA
RNAE KK (P<0.05) , JHHCPTIAFKILBE

AT A EH (Kl1A. 1B) .
CPT1AZR IR T T8 TR 5 FLAR IR B Ps
2% (F1C) o ERAEHIE/REMCFTFHIMDA-
MB-23 1L B g 4 il h A e i RIBCPT1A (K
ID. 1E) Ji, 535 XF A0 40 M A L,
CPT1AR I R FEMCF741 s IMDA-MB-231
LR 2EfE Sy (P<<0.05, [EI1F. 1G) . i
ShRNAFERMCF7FIMDA-MB-23 1 7L A5 9 20 o
CPTIAMIZ L (KIH, 11) , 5K AL
MIAH LG, shCPTIARR FEMCF741 it HIMDA -
MB-23 141 il {z 28 6E J1 Ik (P<<0.05, [E1J.
1K) .
2.2 CPT1AESHZ&H G HE2IREMARE
ZHER

S5NC#AM K, CPTIA4AMDA-MB-231
FIMCF 74 v 4 b 44 5 324 B i 35 48 g
(P<0.05) , shCPTIAZIMDA-MB-231FIMCF7
A TP AR S SR R E AR K (P<0.05, K
2A~2D) o T RIRN L 3 1 2R R
ST AR 220 R . 5 HIDMSOAR B 1) 2
MO EE, 7EMdivi-1FIM- 14 B A CPT1 A E A Y
MDA-MB-23 1 4 fifg 1 ) AL BN Zbr 1A oy S K i
FARK (P<0.05) , JFHANMIZZERET) B
it (P<<0.05, E2E~2H) .
2.3 CPT1A@FERK1/2-PGC-10iR 12 1R 1 %
LRI

g T i — 5 B CPT 1A QA 75 S 26 ks AR 43
2, T TEABRURES T, SRR,
ERK /2557 B 1 (KI3A) . Western blot4)
Mrigsn, SNCAMLL, CPTIAZIMDA-MB-231
i P ERK1/2 %5 FIPGC-1 a3 35 & 2 1 N
(P<0.05, KI3B, 3C) . N TH5ECPT1AW
FHIPGC-1a iy % & R KM TERK /2, HA
[] 741 5 Y ER K 1/238 B4 1 51| PD032590 1 Zb B AR
EEFIECPTIAMDA-MB-2314i /I8 h, Ffi#
PD032590 13 & i34 in, 7EMDA-MB-23 141
WMELFERK 1/2335 FIPGC- 1 a8 ik 3 5L 5] AR i
PEINH] ( P<<0.05, 3D, 3E) .
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Fig. 1 Abnormal expression of CPT1A in breast cancer tissue promotes tumor metastasis

A, B: The expression of CPT1A mRNA in breast cancer tissues (n=1 085), normal breast tissues (7=291) and breast cancer tissues with different
stages was analyzed by GEPIA. C: Using TCGA GEPIA to generate Kaplan-Meier diagram of breast cancer patients. The data of 1 069 breast cancer
patients were divided into two groups according to the median percentile of CPT1A expression. D, E: Western blot representation and quantitative
analysis of the expression level of CPT1A after overexpression. F, G: Transwell were used to determine the invasive ability of breast cancer cells
expressing CPT1A or negative control vector. H, I: Western blot representation and quantitative analysis of the expression level of CPT1A after
shRNA knockdown. J, K: Transwell were used to determine the invasive ability of breast cancer cells or negative control cells after CPT1A knock-
down. *: P<<0.05, compared with normal breast tissues; ***: P<<0.001, compared with NC group.

2.4 CPT1ARHZM MBI

T B FE AR (oxygen consumption rate,
OCR) 4 iE/n, SNCAHAMLL, CPTIAZIMDA-
MB-23 1 41 g 5 Al F1 5 KW BE g DL X ATP 7
R EHN (P<0.05) , 1MishCPTIAZIMDA-
MB-23 12 i BEfili 15 KW fE 7 DL S ATP ™ £ fi
EIEL (P<<0.05, Kl4A~4D) . 1AM, Western
blot/Hr i n, SNCAIME, CPTIAZIMDA-
MB-23 141 ig F'PGC-1aE 13 5 FIZEF/ADNMT1
FIkWBEWA (P<0.05) , MishCPTIAZ
MDA-MB-23 1 41l PGC-1afZ R ADNMT1

Tk B EHM (P<0.05, KI4E. 4F) . &
AR T 0 T Y AR G e R DS — A% 4T R (reduced
nicotinamide adenine dinucleotide, NADH ) X
VI FE YT 2 CH B, Hrh 7 sk %
DT (4544 ANDL ~ND6HMINDAL ) gk
PR PR ZH b i FH TaqMan 5 PR 2634 4347 Sk il
AR IADNAK, %, W HENDI~ND6HIND4L
FIFE R F kK-, SNCAHMEL, BEND6Z AN
ND1, ND2., ND3, ND4, ND4LFINDS5V 5.4y
TECPT1AZHMDA-MB-23 14l il () 22 kK S 1
FHahn (P<0.05, K4G) .
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Fig.2 CPT1A promotes breast cancer cell metastasis by regulating mitochondrial division

A, B: Mitotracker living cell mitochondrial imaging and average mitochondrial branch length of cells overexpressing CPT1A or negative control.
C, D: Mitotracker living cell mitochondrial imaging and average mitochondrial branch length of shRNA knock-down or negative control cells. E, F:
Mitotracker mitochondrial imaging and average mitochondrial branching length of CPT1A overexpressing MDA-MB-231 cells treated with Mdivi-1
and M-1. G, H: Transwell was used to determine the invasive ability of CPT1A cells overexpressed MDA-MB-231 treated with Mdivi-1 and M-1. *:
P<0.05, compared with NC group; **: P<<0.01, compared with NC group; ***: P<<0.001, compared with DMSO group.
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Fig.3 CPT1A activates PGC-1a through ERK1/2

A: Antibody array scanning of MDA-MB-231 cells overexpressing CPT1A. B, C: Western blot analysis and quantitative analysis of ERK1/2-PGC-
la expression in MDA-MB-231 cells over-expressing CPT1A. D, E: Western blot analysis and quantitative analysis of ERK1/2-PGC-1a expression
in MDA-MB-231 cells treated with different doses of PD325901 for 8 h. *: P<<0.05, compared with 0 nmol/L group; **: P<<0.01, compared with NC
group or 0 nmol/L group; ***: P<<0.001, compared with NC group or 0 nmol/L group.
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Fig. 4 CPT1A promotes mitochondrial oxidative phosphorylation

A, B: Real-time OCR tracing of MDA-MB-231 cells overexpressing CPT1A and negative control and statistics of respiratory parameters. C, D: Real-
time OCR tracing of MDA-MB-231 cells with CPT1A knockdown and negative control and statistics of respiratory parameters. E, F: Western blot
analysis of the expression and quantitative analysis of PGC-1lo and mitochondrial DNMT1 in MDA-MB-231 cells that overexpressed CPT1A and
knocked down CPT1A. G: The expression level of mitochondrial DNA coding gene was measured by Tagman assay, and the data was standardized to
18s rRNA. *: P<<0.05, compared with NC group; **: P<<0.01, compared with NC group; ***: P<<0.001, compared with NC group.
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