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Deferoxamine-induced Autophagy Increases Mitochondrial Iron Content and
Promotes Cell Migration in Triple-Negative MDA-MB-231 Cells

DU Peishan, WANG Shicheng, LIU Ping
(MED-X Research Institute, Shanghai Jiao Tong University School of Biomedical Engineering, Shanghai 200030, China)

[ Abstract] Cancer cell metastasis is a major cause of death for breast cancer patients, and iron overload due to abnormal iron
metabolism could promote proliferation and migration of breast cancer cells. The deferoxamine (DFO) is widely used, which inhibits
the proliferation of tumor cells and decreases the iron content in estrogen receptor (ER)-positive human breast cancer cells but
increases the iron content in triple-negative breast cancer (TNBC) cells. In addition, DFO could increase the iron content of
mitochondria. However, the source of iron in mitochondria remains unclear. Iron metabolism and autophagy-related proteins in
aggressive breast cancer MDA-MB-231 and nonaggressive breast cancer MCF-7 were examined by immunofluorescence, western
blot and inductively coupled plasma-mass spectrometry. The possible regulatory mechanism of increased mitochondrial iron was
explored by autophagy inhibitor. In this study, we found that iron content in mitochondria was due to the degradation of Ferritin by

DFO-induced autophagy, which was essential for DFO-induced increase in cell epithelial mesenchymal transition and cell migration.
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Moreover, the increased level of mitochondrial calcium uniporter (MCU) and mitoferrinl(Mfrnl) might be involved in the

DFO-induced increase of iron content in mitochondria. The study provides a research base for exploring new approaches to target iron

metabolism for triple negative breast cancer in the clinic.
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. MR T 37°CHIEA 5% CO, i IREe .
1.2 £HpERREN

Ji I AL 10pM M (CQ, Sigma, 7R HM,
FE) WAL 1 /N, FfJS A 200uM DFO ( Sigma,
SINELM, SR ) AbEE 24 /NEF CKRIEE R B A AE
A 1mM ZKH LS 5 ( Phenylmethylsulfonyl Fluoride,
PMSF ) ) RIPA ZL#2% bl ( Millipore, =1 %€
M, SEED) TR, S0 ER PR R A R L R
il BOE, R i, F BCA & kil &
( Thermo Fisher Scientific, i 28, EE ) MEE
FIVREE
1.3 SRR FNZ R E B2

WM A, SRRSO & (Ra X,
g, ) SREERAR . fRTE 2, KR A e
TN T 1mM PMSF B4R A 53 25150 b, UK 10 ~
15 2h. KRR B o Ak TS, G
3 A 4% € R S R ST IR, o Ak BRI 4 SV 7 800
4°CIIAME T B0 10 408k BEJG WA BIW, 7E
11000g., 4°CHIZMETFEL 10 %0, 77 B3, Yk
BYTI e85 i L Eo A N G R N o 38
W) SEIRERREE . AR LR IARRE S A
% 1mM PMSF MZRRIARRRIE , AP E T,
BCA & ARSIt S0 e 2 (R
1.4 Waestern Blot

Vg4 4 L RN A B 1 R A A ()R S S
I EREZE MR, BEJG A 10%88 12.5%09 SDS-PAGE #E
JEEXoT 4 A L 2 RO AR L ET TR LK, IR RS
F A — 9 24 (Polyvinylidene Difluoride, PVDF,
millipore, ThEHEZEM, JEE) L, i BSA 17
/4], f# A Ferritin. LC3-2. Fibronectin, Vimentin.
TfR1, DMTI1, Mfml ( Abcam, F¥#, F[E) . MCU
(Novus, BIEHZM, 3EHE ) . GAPDH F1 Actin ( 28
=R, B, HE) 7R, I HRP ARid
f) 3T (KPL, ShESEZEM, £ ) Ffbas ke
W (HERg, i, hED) #FTEAS.

1.5 ZHAEXIIRSELG

N T I TA AR S, K 3% 10° AR TE 6
LA, B ZE 70% ~ 80%K, F 200uL #3k
W Kt B 0 RS T i Bk T LA R R .
PBS LBrMidsdni, EE 3 k. H 10pM SEHETiih
PRANAL 1 /N, SRIGFES 1% FBS 1 DMEM HiA
200uM DFO AbBE 24 /NiF, i FIE) B B 630%5% (Leica
DMBI3000 B, BARM, 8E) /4 5 W ENIR)S 0
/BT 24 /NEPERIUENG . BifiJE {8 Tmaged 437 0 /)N
BRI 24 /N ok i DR B B AR Ak I 4]
1.6 TR

il FH G I 375 05 7R S B AN MG, TR AN B
3x10° /mL.7E 8 pm FLFRfY Transwell £45( Corning,
AL, EE) B EFAA 100uL AR, £ FE
IMAEH 10% FBS ) DMEM 1553, 78 37°CHYTRE
TEE AR, A RE . FEBR Transwell /N A ZH
MakEgRaE, EYCHT 10uM CQ Ay B IR I T AL B4 i
1/NiF, SRIEHNA 200uM DFO 4bBE 24 /NF . F5BR/N
TNIIRESREL, AR AR AR B e /N 3 TS A 240
FH PBS e 3 WUn, FH 4% H 4l e T 5 R = 1)
. 10 73EPEsE L2 R PR, H PBS BEk 3 Ik, &
Je s Sy ta . i FHIE B BMEE (Leica DM2500,
AR, TEED) 09 5 EYBRIES . REHT 33%
TRVENISS s, AR E ODS40, EALIERN)
g2l
1.7 BEERBEFETFERIE (ICP-MS) 771

fii ] PBS E{ &AL FE MDA-MB-231 40 1 /)N
itiE, A PBS B, DFO 4ZbBH 24 /N, #EA T 3 YNy
SCHG, SR A R A IR FH AT LAY ( Nexcelom
Bioscience, =i ZEM , EE ) 18 UMMk
TEE R T H 70%89m82 ( Sigma, %75 HI, EE ) H
fft i, ARG ddHLO R A RRARE b () Sk 15 et A
JHEBR A S TR 51 (ICP-MS ) ( Thermo Fisher
Scientific, HEHEZEM, FKE) WE.
1.8  ZRI{F Fe? 4N SCIh

¥ 5x10% A RERD T LR AL (Squarix, J63E
I-BUI R, FEED) B, ZEHAEK R 70% ~ 80%
W, BBRANMIREFRIL, WA 0.5uM 192 FHH B-
[ (1,10-FEX' -5k ) -2 Ak | 1K (RPA, Squarix,
JESEP - M , FEE) 7E 37°CAMF T U 20
Sy5F. F HBSS Z2npil (Buk, bifg, R Pk



(CEPBE = TR ) 2023 4555 44 B 2 ) EYUMBIS D FEYF - 131 -
Ja, O IERE AT (Leica TCS SPS, AAErERE B [ WK1 (a) o (b) | o EHERE,

AR, TR X A B LR A T RS I, i ImageJ
3BT RPA ZLA R
1.9 Zitoh
SEO R 2 3 YOS SR I AR 2 o
GraphPad Prism 7.0 #X{4 ( GraphPad, filF#E/2 M,
FE ) XEEEHEIT Student’s t K3, P<0.05 #EIA
NHAGFE X (P < 0.05, ** P < 0.01, ¥** P <
0.001, **** P<0.0001) .
2 LIGER
2.1 DFO IR{2i# T MDA-MB-231 4HREAIEK1REL
AP LT 5 R, &4k DFO b3,
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H gk Er I AR A AR i 2 T RE S
Hk o LAIER, FHik, ROTE %M Western
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AR TR KK -7 MDA-MB-231 4l g fl MCF-7
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o
DMT1|§| l* ]
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FEI'I'IIIII

DMT1

Relative expression
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©
1 DFO 4I2J5 TfR1, DMT1 # Ferritin ) FRi%7KF
Fig.1 Expression levels of TfR1, DMT1 and Ferritin after DFO treatment

MCF-7

(a) Western Blot #:ill DFO 4b¥/5 TfR1. DMT1 F Ferritin 35 R 0% & ;
(¢) DFO #2315 DMT1 35K B G HR 5

Relative expression

Z:3:k DFO 4b3, DMT1 HyRix/KF-7E MDA-MB- 231
A g, {HAE MCF-7 4 rpysi/b [ LR 1 (a) |
(c) ] . Mok, Zid DFO 4b¥, MDA-MB-231 Al
MCF-7 #0Jfish Ferritin fY 2 35 /K -4 B S FEAIC,
MCF-7 4l Jfi [ 25 %8 MDA-MB-231 4 Jifd B it kP D
K1(a) ., (d) ], PiE#dEERY, DFO 43S
3 MDA-MB-231 1 MCF-7 4t v i i, 15
MDA-MB-231 4ifd 7] LLid 1k F i DMT1 () A3 58 %F
BRI ICRE T
2.2 DFO iS5 MDA-MB-231 ZRiAY B RE4EF
PR AT, R R I A ORI A
FEART IR b LC3-2 kKPR Y
FRAEPY N THSE DFO J& il i 5 [ Wk Ak R
M, ABFFEHH Western Blot A& T LC3-2 3
KA A5 R, 4058 DFO AR FE, LC3-2 7E MDA-MB-
231 giparb ) & i R E N, (B MCF-7 40 by &
i [E 2 (a) o (b) ] . XFEMH, DFOERT
MDA-MB-231 #fiJflifii A& MCF-7 4 [ b

--
&n

o
n

Relative expression
= -
=

MDA-MB-231

MCF-7

®

Ferritin
1.5

?lﬂi .

MDA-MB-231 MCF-7

3 PBS
Il DFO

(b) DFO Ab3JF TIR1 R8RS HE 5
(d) DFO Ab¥J5 Ferritin 3235 K BE(E 4531

(a) Representative graph of TfR1, DMT1 and Ferritin expression after DFO treatment by Western Blot; (b) Statistical graph of grayscale

values of TfR1 expression after DFO treatment; (c) Statistical graph of grayscale values of DMT1 expression after DFO treatment;

(d) Statistical graph of grayscale values of Ferritin expression after DFO treatment
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2 DFO 2325 LC3-2 fRikKF
Fig.2 Expression level of LC3-2 after DFO treatment

(a) Western Blot #ill DFO ZbHUF LC3-2 ik it fU&KIE; (b) DFO ALHUS LC3-2 Fk KEE(HSE A
(a) Representative graph of LC3-2 expression after DFO treatment by Western Blot;

(b) Statistical graph of gray scale values of LC3-2 expression after DFO treatment

2.3 DFO iFSHBREIERRH TRERRERE

Wi HARIE MDA-MB-231 4 if v 2k 28 11 [ i
HAWEZRIMCR, AHFRAEMH DFO i &
(CQ) FAbHRANAL , S = —Fh A WEam s, @l b
VAR 0 pHAE, T R EREAK B 076 P, M
T 20 B P T A R R T STEUARAE, A
kv PBS X BRZH, 40Tl 4b 35 MDA-MB-231 ZHfgrh
) LC3-2 K- Fif [ DB 3 (a) o (b) ] . BESh,
5 Ul Y DFO AbPRZEAH Eb , S T Ak ¥ 5 755 B DFO

2xip B LC3-2 AR LI 3 (a) © (b)) ],
12 B M 1T DUAT 8ol A o R PBSS X BRZHAH L,
B S0 I AN RS Ferrintin A9 A 7KF [ WLE 3
(c) . (d) ], HfdiH DFO ZbBER#R T Ferrintin fiY
TR WE3 (c) . (d) ] i, S5/ DFO
ALFRAR L, SRS DFO ACFREE 530 T Ferrintin f1Y
Fik [WEI3 (c) . (d) ]. PIEZEEYW, DFO
AT MDA-MB-231 4l Ay [ W, ek T8 EH
IRt o

3 BEHIHFFISEINE T DFO BSMkE AR E
Fig. 3 Autophagy inhibitors CQ inhibited DFO-induced degradation of Ferritin

(a) Western Blot #ill] CQ 1 DFO AL FH/7 LC3-2 ikt E; (b) CQ Fl DFO AR LC3-2 RIBKEHLEIHAL;
(¢) Western Blot il CQ I DFO 4bHUS Ferritin ik i#fU#K & ;  (d) CQ I DFO ALHS Ferritin Fik K BE(H LTI
(a) Representative graph of LC3-2 expression after CQ and DFO treatment by Western Blot; (b) Statistical graph of grayscale values of

LC3-2 expression after CQ and DFO treatment; (c) Representative graph of Ferritin expression after CQ and DFO treatment by Western Blot;

(d) Statistical graph of grayscale values of Ferritin expression after CQ and DFO treatment
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24 DFO FSHHEHBRSHMEAMZER AR
HIsk S =18

BREE R RRTE RS R AR, SRR R 40 M
N, TESAFAEZH ( Labile Iron Pool, LIP) 1, LIP
AT LU T4 R, 3 ik T U ARk R
P Az % B 2R AR P, ARSI 7 LT AR SE
kB, DFO ¥R %155 T MDA-MB-231 #ififiZk
KR P Y AP A SE & B DFO AbBE T80k
B SRR . AR DFO @i i [ e ik
HEARER, Z B PRUh R AR N, R
SRR RN, IR, AR5
fdFH ICP-MS 43l 7 T 58ME FZead DFO 435 =B
PEZLBRIE AR N AR AR N Bk & . 280t PBS 4b
FREGXT BEZHAR L, 2000 DFO 4b38, MDA-MB-231 4
JL AT AL A PR R L P R i 2 O [ DL 4
(a) . (b) ] o FphGms b PAE—E R AR T 20

M, (IR AR RS & [ LA 4
(a) . (b) 1. AWM, AETETRNERT
DFO k& asm [ WK 4 (a) . (b) o

RPA BRI Fe (R MERET, ZRbiiRp iy
Fe® ] LA A G K, TR (A N 1) Fe® /K] LU
AT DO B A AL, AHIF T B0
B BRI T MDA-MB-231 il 2 kiR iy
RPA /K-, 459578, MDA-MB-231 4iffirh<ekiiAiny
RPA RS EZrt DFO AHUS B 84K, FHZt
DFO 4bFH, ZRRiApy Fe* &t g [ WE 4 (c) 1.
SR, 5 A DFO ARFRAH LY, SAME AL BRI & DFO
TSR T ERLAR N RPA 2GR, FRBIZR AR Y2k
bRt [ R4 (c) 1, UL GMETRAL B T
DFO 5 KA P Fe 13

DL 4R, MDA-MB-231 4 i 24 py 1
TR T DFO 175 MR 11 F AR

4 BEHIIHFISERLET DFO FSAMAMERIARE S 28015

Fig.4 Autophagy inhibitors CQ prevented DFO-induced increased the intracellular and mitochondrial iron content

(a) ICP-MS #:illl MDA-MB-231 4 T2 b ik i 2k & 4 ;

(b) ICP-MS #:illl MDA-MB-231 4 Jifd P2k &

(¢) RPA il MDA-MB-231 40 JfaZikfA iy Fe* & it
(a) Mitochondrial iron contents in MDA-MB-231 cells were measured by ICP-MS;
(b) Cellular iron contents in MDA-MB-231 cells were measured by ICP-MS;
(¢) Mitochondrial Fe** in MDA-MB-231 cells was measured by RPA
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2.5 MCU #1 Mfrnl ATE25 T 421 DFO & EH%
MR B [E) 2 R BY R i

2 bR ES B B 1) % 32 28 11 ( Mitochondrial
Calcium Uniporter, MCU ) il Mfrnl 22k ARE |9
BBz T AR IT ANIE P k rh Ze
HEERS AL, ASBFTR A0 ICIR 1 2 PBS LI X R

ZHul % DFO 4b 3 24 /NG MDA-MB-23 1 4 i 128 i
&, FFHFH Western Blot HiARKHMZRIA I MCU Fl
Mfrnl PR HARIEKY. 45RER, 545 PBS 43
FXTREAIAH L, DFO AR 3 Fid T 4ekitk I MCU
A Ml Ak [ WA S (a) . (b) ], X3EH MCU
F Mfnl FJRES 5 T2k AR 5T ) 2k i iz

5 DFO 2IiFS MCU 7 Mfrnl & Q150
Fig. 5 DFO induced increase of MCU and Mfrnl

(a) Western Blot ¥:illl DFO #b¥ /5 MCU &4t ;

(b) Western Blot kil DFO Zb¥HJ5 Mfinl & i

(a) The content of MCU after DFO treatment was detected by Western Blot;
(b) The content of Mfinl after DFO treatment was detected by Western Blot

2.6 DFO IS ERBRZH MDA-MB-231 ZHjf
bRz -E REE L AN LB

AR Z BRI IFGE W], DFO REXGSM AN A X2k
A ISRE ST, (R ZRA PRI R, T B =]
LRI 200 6 2R v ) SR R P A AR R ) R, Ak
AAIEAE Y, T AT DR A A AL A i
IR, AMIFFEIE— 256 I T G M T Ak PR 75 1T LA
DFO %5 MDA-MB-231 4l it 6e 1. 52 Hi
(IBFFE 45 S —%L, DFO AbBRE #4375 1 1l B4 i
PRICYIRIFIE ,, R4k 1 ( Fibronectin ) I IE

1 (Vimentin) . 5 PBS XJBRZAH G, ({40 Ms
ALFRRY, Fibronectin Fl Vimentin BZE 5 %A IAS, 1M
AMETALPRSE4THBR T DFO #5511 Fibronectin #
Vimentin [k [ WWE 6 (a) ] . X3KHH, DFO
S0 A WAE#E T MDA- MB-231 4iJflf I 8] Fih
ik, FFRT AP

I R — [ o b 2 g A4 s DA DB 2 S A6 v 4k 2 3
PR 1) EE A W AR Ao A A0 KR S
it —P 9k T DFO 7530 3 X MDA-MB-231 4
MERERE IR . DFO AbFEIEGE T MDA-MB-231
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fiERERe s [ WK 6 (b) ] . M55 DFO Ab
AR LG, S AL B T DFO % S/ MDA-MB-231
TSGR [ W 6 (b) | o IKAh, AMFSTE
Transwell SZEGN T DFO 75 S:A9 A X MDA-MB-231
IR ZRRE IR . ST RRAIMI HL, DFO ZhFE i 3
HsE T AR ZERE S [ 6 (¢) ] o Sl @it

FEJ5, DFO 50402 2ERE ) W s o I Rk
B, DFO % S8 [ dbsm T = BIvErL s an e i i 7
LR [WE 6 (¢) ] . PLE45HREY, DFO
SHEREE A A WL IE T MDA-MB-231 i ifiAY b Rz -1a)
AL AR B T, A7 B T = BAPEFLIE A5
IXCFPVE R AT A v i

6 AESAIFIFISELNE DFO F S MEMmIERMRE

Fig. 6 Lysosomal inhibitors CQ inhibited DFO-induced migration and invasion

(a) Western Blot Killl Fibronectin #1 Vimentin 357K ;

(b) LRSI MDF-MB-231 404 ;

(¢ ) Transwell SZEAGI MDA-MB-231 4iiEAYIRZE

(a) The expressions level of Fibronectin and Vimentin were detected by Western Blot;

(b) Cell migration was measured by wound-healing assay; (c) Cell invasion was measured by Transwell assay
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3 g

SRR VRS R O S5 RN A% TR 2 A A
Fio ZRMERACHAHSC B 1 IR 2 58 M R A0 %
AL HEEERNEE RS, MBI (AnekEess ) HAA
RO Z (BT e T, X LR i 245 it 1Y)
TR . —SERRE S I D A IRTERS , TR
JEEPERERY . DFO 2 —FMEEE AT, ol LASD i ZFp
i gt O, SR, MAESR—SEIF ST R BN, AE
A3 GAENE R, DFO AT LA S R 240 B %) 3 5 A £%
RESIN, g B A L SR 40 I A
PATEZLARIEANAL . 7EHLE] I, DFO 75 SRYEkEE 2%
1% HIF-1 IR SR A mE AR 2 (MMP-2) 1
Fak, T I R A A R TR S i S B e DO
AN, AT A FL, DFO SRR LIS AEIE IR 22 AL IR
AR (MCF-7) WIEL, (Hafeif R rEFL IR
iR (MDA-MB-231 ) ZH il Y FIZR AL AR YRR
M #E TNBC A E RS F11R 28 . 2R 1, HTiT% DFO
WFH MDA-MB-231 4l Py FIZRE A Py 2R R AL
il AN 2

FEBERAAT T, BRE T LA A WA A A
RAR7 3T AW LRI, 16 MDA-MB-231 4l
DFO 5 S SR A R 38 IR 5 T 19 Wk e A ik 2
M, e sE T =AML A e R AR 28, &
DFO Ab P ,MDA-MB-231 4l il H /) LC3-2 F k34,
I MCF-7 4iiffg i LC3-2 Fikdizl, X KB DFO i
i T MDA-MB-231 #fffTiidlE MCF-7 4iffary Ak, A
W5 R, %4 DFO 4bBJS, MCF-7 41 Ak o &
Bt , HEEAMERSELDRWN TR, m
MDA-MB-231 2 ifd Hh 4 2 11 9 AR ANk o REZH i) —
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