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( 4-hydroxytamoxifen ) St H 35 (tamoxifen, TAM ) AUMCF-7/TAM. RAGIMIITHERH £ (cell counting kit-8,
CCK-8 ) frMi4nff i sEBE 1, BIEmt 251 . RSB H BB G IEDOE Y44 (immunofluorescence staining, IF) SCHMIELL
BARIERS . il S 2O B RS EHE RV (real-time fluorescence quantitative polymerase chain reaction, RTFQ-PCR ) .
FEFELE (Western blot ) KrlSIRT3 . OPA1MSEH FAFIER (K. RAIC-1 4L ORI A, SR A L0
(dihydroethidium, DHE) J@iGiliiG e, SirZbifkThae. RARNA TUHARLER 2540 P i INSIRT3, SRS #5
RAE AN P FIRSTRT3 S YMETLTHE WA= Y (wild type, WT) | B BEAIRAEZR AR (mutant, MUT K237Q)
W2 QBERIRAS 22458 (MUT K237R) o SRIGIEDIER AR (immunoprecipitation assay, TP ) KIF/M#HrSIRT3H5YMEILIL
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Yl bt 2R SIRT3,  FLARIE 40X TAM A SEURE BT R . AT 25 20 i v IR SIRT 3, i 24 40 Ff %ot TAMIP) SR P 35
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[ Abstract ] Background and purpose: Silent information regulator proteins (sirtuins, SIRT) are a class Il histone deacetylases
with nicotinamide adenine dinucleotide (NAD") as coenzyme. YMEI like 1 ATPase (YMEILL1) is essential for the maintenance
of mitochondrial morphology, function and plasticity. Optic atrophy 1 (OPA1) mainly mediates mitochondrial fusion. The aim of
this study was to explore the expression of SIRT3 in the endocrine resistance of breast cancer, the relationship between SIRT3 and
YMEILI and OPA1, and the mechanism of SIRT3 in the endocrine resistance of breast cancer. Methods: 4-hydroxytamoxifen was
used to induce tamoxifen-resistant MCF-7/TAM cells. cell counting kit-8 (CCK-8) was used to detect cell proliferation and verify
drug resistance. The mitochondrial morphology was observed by transmission electron microscopy (TEM) and immunofluorescence
staining. The expressions of SIRT3 and OPA1 were detected by real-time fluorescent quantitative polymerase chain reaction (RTFQ-
PCR) and Western blot. JC-1 staining was used to detect mitochondrial membrane potential, and dihydroethidium (DHE) staining
was used to detect reactive oxygen species (ROS) to verify mitochondrial function. SIRT3 was knocked down in drug-resistant cells
by RNA interference, and SIRT3 and YMEIL1 wild type (WT), simulated acetylation state mutant (MUT K237Q), and simulated
deacetylation state mutant (MUT K237R) were overexpressed in parental cells by overexpression plasmid. Immunoprecipitation
assay (IP) and immunofluorescence (IF) were used to verify the interaction between SIRT3 and YMEIL1. Results: RTFQ-PCR and
Western blot results showed that SIRT3 gene expression and protein level was significantly higher in drug-resistant cells than in
parental cells. Overexpression of SIRT3 in parental cells decreased the sensitivity of breast cancer cells to tamoxifen. Knockdown
of SIRT3 in drug-resistant cells enhanced the sensitivity of drug-resistant cells to tamoxifen. DHE staining showed that the ROS
level was lower in tamoxifen resistant cells than in parental cells at the same concentration. Transmission electron microscopy and
fluorescence staining showed that the mitochondria of the drug-resistant cells were elongated compared with the parental cells.
Western blot results showed that the expression level of L-OPA1 protein was higher in drug-resistant cells than in parental cells.
Overexpression of SIRT3 in the parental cells resulted in enhanced mitochondrial function and longer mitochondrial morphology
compared with the control cells. Western blot showed that the expression of L-OPA1 was upregulated. When SIRT3 was knocked
down in drug-resistant cells, the opposite result was obtained. We further verified how SIRT3 regulated OPA1 protein, affected
the morphology and function of mitochondria, and promoted drug resistance of breast cancer. Overexpression of YMEIL1 (wild-
type and mutant plasmids) in parental cells showed that overexpression of YMEILI1 in the simulated deacetylation state resulted
in similar results as overexpression of SIRT3, and overexpression of YMEIL1 in the acetylated state resulted in similar results as
knockdown of SIRT3. IP assay confirmed the interaction between SIRT3 and YMEIL1 in breast cancer cells. The acetylation level
of YMEIL1 was different at different SIRT3 expression levels. IF assay showed that YME1L1 was co-localized with SIRT3 in MCF-
7 cells. Conclusion: SIRT3 is highly expressed in tamoxifen-resistant breast cancer cells. SIRT3 upregulates L-OPA1 expression
by deacetylating YME1LI, thereby promoting mitochondrial fusion and enhancing mitochondrial function, and promotes tamoxifen
resistance in breast cancer.
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WFoE 1 KB, OPATTT LI = B HEFL i 2k
Koo GARRRI RS 5354 5 ZUIRIE N 4R UM IR YT 245
JEAHSE, PIANTEEE .

AWFE B AR FLE SIRT 37 FLR I H )
PR R AR LRI D9 IR P T 25 P, DA
SIRT3. YMEIL1. OPALZ[aIMAHEANEN, AT
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1 BORAT %

1.1 FEAHA
DMEMIEE 73 . a4 171G ( fetal bovine
serum, FBS) MW H &G 78 4E fr Bt A TR A
A, ZHISTR, B E S (tamoxifen, TAM )
I [ 5 [E Sigma-Aldrich/A &), 4050875 &
(cell counting kit-8 ) 4 { S FEAEYRME (T8
M) ARAT, FREFRL, siRNAYIY H i
H I HI 25 AR A BR/A ], Lipofectamine™3000%%
Ye 5o A 2 E Invitrogen A F), 2SR &
W H HATaKaRaZA R, SEIAEOEE B 545 B BE
W ( real-time fluorescence quantitative polymerase
chain reaction, RTFQ-PCR ) 3|y H It 5 4=
KEEHARARAF, JC-1J 6 | REETITE
(immunoprecipitation, IP) &M H k3
“REVBARRAN AR/ F, Hoechst 333424
ORI H AL R R BR A R, 5 RS
k5 — & 2 (dihydroethidium, DHE)
4", 6- JKFHE-2-ELN|WE (47, 6-diamidino-2-

phenylindole, DAPI) Il [ b5t ) S JE R 47 R
AHFR/NT], MitoTracker™ Red CMXRosl [ 35 [
Thermo Fisher/A ], HTSIRT3. $LYMEIL1L. #i
OPA1HIHLGAPDHEI [ 5 [H Proteintech 2y 7,
B P —PUSIRTIPLAN H 5 [F Santa Cruz/y
A, VLB ZERL . “EPi i Alexa Fluor488 .,
Pt Bl Alexa Fluor647%¢ )G —PrAIBEbREs & 0 — il
H 3¢ €] Signalway Antibody LLC /A .

1.2 YpEIEFR RS

NGB (MCF-7) W B & 1R B9

FHIATIRA R . 407 547 10%FBSHI % 7 5 21
/EERE R W R FIDMEM B 3236 137 G COLfk
R BO S %Y 2645 T g% . MCF-T/TAMZR g £E
FREAFAEL p mol/L TAMIY) E FEDMEME: 37 3
e, WIN10% FBS. 1% HHER/MHER., LR
HHTAMNA-FABSEEJF (4-hydroxytamoxifen )
(H6278, 10 umol/L ) H|#48 h. FAEKMRER
U R R EIC A M T oFLAR . FH AR B e oot
W FRIBFORL . sIRNASEH AFLIRIE AN b . HRff:
R TCRERERE, A HE IR Lipofectamme™
3000 ff FHUEHI A TGS, TR IR JeROR

1.3 ZERKRENSEE ( Western blot ) #:illl

20 i A S A ER T A A R A Y R T SR

( phenylmethylsulfonyl-fluoride, PMSF ) F/%&
P nh AW, JFAE4 “CRF L3 000 7/min
B05 mine F WA R ( bicinchoninic acid,
BCA ) HEHME G & (Jeat FPRAE AR
R ) Ed BIEWRAEEWRE, 5 EREZ
TRAIFIEL00 CAEWES min, FEAMZ T T IE LR
FNR NI EEC YK ( sodium dodecylsulphate
polyacrylamide gel electrophoresis, SDS-PAGE )
TR ER R R 8 M (polyvinylidene
fluoride, PVDF ) i [ M JBEAE R T 5%
IRk B A2 h, JF5—$i (SIRT3 1 : 4 000,
OPA1 1 :4 000, YMEIL11:2 000, GAPDH
1:1000) 4 ClRFLR . FHHRPARICH —4Thn
FME FIFIRE22 h, SRJEHIECLAOLIR (IR 52
NAEYIRHE AR F ) FWestern blot BEIGIL AR
25 fliH]image J 8.0 #BAFHAT K EEAE T
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1.4 RTFQ-PCRi&

fFHTRIZol L HE HUAN RN A , B SRS )
Hoali B B . e R R & v 4, 7
37 °C 15 min, 85 °C 5s, 4 CREEFFEMUTE
M cDNA . K5 ¥ G R cDNA #% 8 PCR
WA G BR R EIR AW, BE A
e WAEPEIS °C 30 s MEIAFLN HA0EER,
95 °C 10's, 60 °C 30 s; RlfFIZ95 «C 15 s,
60 C 60 s, 95 °C 15 s, 5|¥WNZSGAPDHI I
W1 F 5] 5 -ACCCAGAAGACTGTGGAT
GG-3', TIF519F5 45 -TCAGCTCAGGGATG
ACCTTG-3', BIWSIRT3W 519 F 5 R
5'-CCCAGTGGCATTCCAGACTT-3", FiFg|¥
F£351 M5 -AAGGGCTTGGGGTTGTGAAA-3', ]
274 AR SIRT3 AR F A B
1.5 i EKFI&E ( cell counting kit-8,
CCK-8 ) &l

FUREE AN g 24~48 h, TWHALITE B EIAR
F 96 FLAH0 (FE4LS 000 40, 100 wL) ;
17 200 JHO U BE 5 B 4 5 A S [V B A5 TAMY 85 5%
B, 24 WG B A A CCK-8 TAEWRM BE (35 55
S&, ARFL100 pL, A REEEDE, FRET
2h EHLIE 450 nm ZEWOERE (D) {H.
1.6 ESTHEE

JFE 490 ) 0 ) B4R i 5 FH G T R e [
T o BAN[FMR B L REBK G PR A,
MBS ALY R (f8E Leicas®) ) , YK
8L Rl S A TR BT gLt , o FH A S F R
LRRIES (HARBSIAT) o Fifsgs R
Image J 8.0 #XAFHEA TEARARTE 53T
1.7 ZRAEEBALNE

FKHIC- 1A &R MMCF-7 L Uk 5, &
TAMA PR f5 Zhi AR LA (AR 1k . HFIC- 152kt
AR AT 4R, #£37 CF I E 20 min.
FEAG I 22 wh 1 VR 4B M2V, IR 4R B T R IR
S, SRIE PG BRI
1.8 IPZI&

TP S B3 WA £ DT BT . 538 %

WS, MMCF-74i i $E i A e, I 587
FERE—Pt ( LB R RS SIRT3 ) M (A i
A+GIEWE B IEERIE4 C TR IR B . Wik
DRI, R RieE G WE LS i
FWhUENL. N T EYMEILL) ZBEL AR B L)
SIRT3FIYMEIL1Z [ AH AR, & B ik
SDS-PAGE4r &, FIH5FH8/RI—Pt (YMEILI
1:3000) ff4 CTREFIR. HMLRY
Western blotf) /7 A [A]
1.9 ZHEEHIRN

A5 220 LR S R, A ) D A
ML, UCEE AN B T Eppendorfid & . R
VRS, i R 73 2550 & (22 E Thermo
Scientific/A 7] ) HEEZERIARE .
1.10 REWKN

B (3 x10°4) RigRpe LRI,
PEAT G YL S Rb B, 4 % 22 S H A == IR T [ 2
15 min, 0.5%MAYTriton100i8 %20 min, 2%
1M¥E A& (bovine serum albumin, BSA ) #f
4 30 min, J@EH 1L (1 :400) F4 CIK.
FEiRMOCEER L P (1:100) 1 h, ¥
Y3, DAPIYL(RS min, X T £&biik 47 i
PEoe)G (immunofluorescence, IF) 4, ¥
MitoTracker™ Red CMXRosH1Hoechst 333424 (7,
WRC S TR, MR E 40 min, JHILRMER
B RAEEIE .
111 &R

K 9 SR ET DHEAS 1 7L A7 968 41 A w36 1
% (reactive oxygen species, ROS) /K. ¥
M (3 x 1074 ) 3% 3778 20 5 A5 10 P 40 ff Ak 2
J& . DHEBCHI B T AR IR F 40 min, DAPIHL{
5min, LR DMBERERIZ,
112 Sit=4ahE

K Graphpad Prism 9.0X} 50881 74811240
Bro FFEIES A EHRE X £ s, 241805
)R R R 2500, P4l Z s s Frk
iy, P<0.05h2ESA%1H 5 L.
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2.1 WMBERERILIRETZ5 MK
KGR A TAM M %, S AFLUIRE
MCF-7/TAMITN 2540tk . JEZLLIME N T wmol/L
TAMIWREFR IR 250 . S5 oK, it 25410
Y AE AN TRV FE I TAM T 40 B RIS 0 5, TERH
TATRIM R RN 258k (P<0.01, K1) .
2.2 SIRTIEFLIREMZS A ERiE
RO 0 L 8 % A 41 A B T 24 200 Bt ik 1 STRT 3
RO IATE M, I RTFQ-PCREA S Western blotk:
MZLEANA (MCF-7) | TifZ540i % ( MCF-7/
TAM ) I SIRT3AFIAIK-o FEPIAPFLAREA 20

Morb, TR25 40 SIRT3 A RNA K AR (257K
TREAZUMEAIAR (P<0.05, K2) .

L5 W MCF-7
I MCE-7/TAM

0.5F

Cell growth (% of control)
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Fig. 1 Construction of stable drug-resistant breast cancer cell lines

CCK-8 assay was used to detect the cell viability under tamoxifen
treatment. ~: P<0.01, MCF-7 compared with MCF-7/TAM. ns: No
significance.
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Fig.2 SIRT3 is highly expressed in tamoxifen-resistant breast cancer.

A: SIRT3 mRNA expression was detected by RTFQ-PCR. B, C: SIRT3 protein expression and quantification in both cell lines were detected by
Western blot. “: P<0.05, compared with each other; " P<0.001, compared with each other.

2.3 IREEMMARE, LhiEshhFMIhEE

LRI IR IR ET W ER T 245 21 4R AT 25 A1
SH K (P<<0.01, EI3A. B) , #ERFLIREA
Jiifi 245 J5 bR a A R, 2k, BB IiER
SRR NN, TG R R R RKATIR, A
ML bR S BE . AN, ORI RIS L (P
<0.01, K3C. D) ., Western blotF il &5 5 i
7N, L-OPA1FRIA/KFFEM 255 F (P<0.05,
K 3E. F) . fli [ HROSH: R 9¢ 61K 4 DHEV
f S AL IOK S LR R AR Th e . 45 R B, 1F
XTTAMBYHE T, 1 25MCF-7/ TAMAR i ™= A= 1)
ROSHEAMCFE-THY /K- SRR, X e L3R
B TAMI 25 3 B R R T g s 58 (P<<0.01, [

3G, H) .
2.4 BYRSIRT3{RFHEMCF-7/TAMS 24 49 & %
h T 3 — 2 B SIRT 3 7E i 24 4 i v 4 7
F, AR 25 40 i v 4l si-RN AR ICSIRT3 . 4%
WA, METXHIEA, SIR4SIRT3MFREK
S E AL (P<<0.05, K4A. B) . CCK-83K
IS A TAMAL B R 40035 71, 25 &0, M
BT XTREZE, SIRT3mARLH 2 38 1 it 245 4 i
STTAMAEURNE (P<<0.05, KI4D) . IFWEEH
A ISIRTI MR T SbRIE S s, Gk
FE T R I B 4508 (P<0.01, E4F. H) .
Western blotZ5 3R 7, TERIIKE, L-OPA1KIA
BEAk (P<<0.05, KEI4A. C) , #2303 TIFY
SRR R I BRATE SR 455 . TAMI
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Fig. 3 Detection of mitochondrial morphology and function in breast cancer after endocrine resistance

A, B: Mitochondrial length was observed and quantified by fluorescence staining (scale bar=5 um); C, D: Mitochondrial morphology was observed
and quantified by transmission electron microscopy (scale bar=200 nm); E, F: Western blot was used to detect and quantify L-OPA1 protein in
parental cells and drug-resistant cells. G, H: DHE staining assessment, ROS levels and quantification in parental and resistant cells (scale bar=200
um). ": P<0.05, compared with each other; : P<0.01, compared with each other.

FHIROSIK V-l ot iE PR Ak ( DHERREL ) , 45
RR, FHETXI A, B 3 Ik K
BIE (P<0.01, F4E. G) .

2.5 TFRIESIRTIEHMCF-7 ( EALH
B ) XITAMMIZ4

FEEARAMCE-740 b, FRATE R kst
FIASIRT3, 4R Wn, HETXI A, SIRT3i
TR MFRK TS (P<0.05, KSA. B) .

CCK-83 K KM TAMAL FE R AN 935 J1 . S5 3%
B, AHEC T RPIEZ, SIRT3i ik &N 740
MIXF TAMASTR 251 ( P<<0.05, EISD) . Zkifk
PR AASI, 255 o, FETAMARHE T, MHET
XPHALE, i F IR SIRTIZ LRI A R i {57 B = (P
<0.01, KISE. G) . IFW%L3id % IASIRT3 ),
bR K BT IRAM AR (KESH, 1) .
Western blotZh 7, fEilRikdl, L-OPA1#E
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Fig. 4 Cell proliferation, mitochondrial morphology, and function were examined by SIRT3 knockdown in drug-resistant cells

A, B, C: Western blot was used to detect the expression and quantification of SIRT3 protein and L-OPA1 protein after SIRT3 knockdown. D:
CCK-8 assay was used to detect the cell viability under tamoxifen treatment; E, G: DHE probe was used to detect the intracellular ROS level and
quantification after SIRT3 knockdown (scale bar=200 pm); F, H: Immunofluorescence detection of mitochondrial length changes and quantification

after SIRT3 knockdown (scale bar=5 p m).

xTHE (P<0.01, ESA. C) .
2.6 YME1L1#ZEtLiEEOPA1 T SR &K HLIK

e

ABFFE N SIRT3 ] GE i 1 /E H FYMEILI
FEOPA L, M £ kiR g ) 2%,
Uniprot3U4 FE & I YME I L1 3R F 5, &k
PYMEIL1 AR 25237067 A — N & R (K)
{15 o FEMCF-740 M F- AT 4 Yo A o5 58 48 1)
YMEILFk, IBLHIY ME1L 1FE 4 P A [R]

": P<0.05, Si-NC compared with Si-SIRT3.

LTARIRZS . YMELL1-K237Q5 b 4 i 2 12237
(K) RANFABN (Q) LIBIHL L mEfLIR
Ao YMEIL1-K237R TR K 2 12237 (K ) %=
ARG AR (R) LI A WHEIRZS . Western
blotZh H B, S YLYMEILI-WTAH, %Y
YMEIL1-K237RfFik:, L-OPA1RAFE LR,
HYLYMEIL1-K237QfUkL, L-OPA1%E H k%
it (P<0.01, K6A. B) . 5HY«YMEILI-WT
AL, FYLYMEILI K237Qﬁ*ﬁﬁﬂ’]@a&ﬁi/\
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24 #YLYMEIL1-K237R Uk 44 bRl &

W% (P<0.01, E6C. D) .

2.7 SIRT3@Ed £ Z L YME1L1/EFHFOPA1
FEMCF-740 g i F 3K SIRT3, #EFMCF-7/

TAMZIE F EERSIRT3 . IPEE R BN, HAc-Ki
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Fig. 5 Overexpression of SIRT3 in parental cells examined cell proliferation, mitochondrial morphology, and function

A, B, C: Western blot was used to detect the expression and quantification of L-OPA1 protein after SIRT3 overexpression; D: After SIRT3 was
overexpressed in parental cells, CCK-8 assay was used to detect the cell viability under tamoxifen treatment; E, G: Detection and quantification of
mitochondrial membrane potential by JC-1 probe (scale bar=200 @ m); H, I: Fluorescence staining for mitochondrial morphology and quantification
(scale bar=5 p.m). *: P<0.05, compared with each other; **: P<0.01, compared with each other; ***: P<0.001, compared with OE-SIRT3 group.
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A, B: YMEILI was overexpressed, and the expression and quantification of L-OPA1 protein were detected by Western blot. C, D: Length and quantification
of mitochondria by fluorescent staining (scale bar=5 pum). ™: P<0.01, compared with each other; *": P<0.001, compared with YMEIL1-K237Q.
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