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Abstract: Objective This study designed and synthesized a novel ergosterol peroxide derivative EP-Cy5 with fluorescence
localization and visualization function, aiming to reveal its mechanism of action on breast cancer MCF-7 cells. Methods EP-Cy5
was obtained by conjugating EP with the cyanine dye Cy5 via an esterification reaction. The MTT assay was used to evaluate the
antiproliferative effects of various concentrations of EP-CyS on MCF-7 cells after 24, 48, and 72 hours of treatment. Cellular uptake
and co-localization were examined using confocal laser scanning microscopy: cells were stained with red fluorescent EP-Cy5, while
simultaneously co-stained with green fluorescent probes targeting the nucleus, lipid droplets, Golgi apparatus, lysosomes, endoplasmic
reticulum, and mitochondria. In vivo imaging performance of EP-Cy5 was assessed using a zebrafish model. To deeply explore the
specific mechanism by which EP-Cy5 inhibits MCF-7 cells, flow cytometry was used to detect the effects of EP-Cy5 on the apoptosis
rate, ROS level and mitochondrial membrane potential change (JC-1) of MCF-7 cells. The expression of mitochondrial apoptosis-

related proteins was detected by Western blotting. Results The antiproliferative activity (ICso) of EP-Cy5 against MCF-7 cells was
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4.48 pmol/L, which was 4.25 times that of the parent drug EP (ICso = 19.02 pmol/L). The fluorescence intensity of EP-Cy5 increased

in a time-concentration dependent manner. Highly co-localized with mitochondrial fluorescent probes, the total apoptosis rate of cells

and ROS were increased (P < 0.01, 0.001), and the mitochondrial membrane potential decreased significantly. Western blotting

indicated that the expression of the Bcl-2 were decreased, the protein expressions of Bax, Cyt-c, cleaved Caspase-9, and cleaved

Caspase-7 were increased (P < 0.01, 0.001). Conclusion [n vitro experiments showed that compound EP-Cy5 mainly accumulated

in the mitochondria of breast cancer MCF-7 cells. It could increase the level of ROS and significantly reduce the mitochondrial

membrane potential, and regulate the expression of apoptosis-related proteins.
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Fig.1 Synthetic route of EP-Cy5
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EP H155 55 M IR = 52 B 25 5 Bt 230k 0t 7L =
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Caspase-9 Z &Pk (L5 PAS-105272). iH1LHI
Caspase-9 (cleaved Caspase-9) Hifk (#t5 PAS-
17605). Caspase-7 % v & HifA (flt'5 PA5-114688).
1%L Caspase-7 (cleaved Caspase-7) fiufk (L5
PA5-105272) ¥ H g 288 KR BHEA R
A]; Bel-2 Fiifk (L5 FNab00839) Iy H stiX JE A
YRS A A PR/ 7] Bax $ii/k (L5 ab32503) 1y
H Abcam plc; Cyt-c Fitik (Hlk'5 ab133504) JH
Abcam ple; HhEE-3-BE R I =8 (GAPDHD $ifk
(#'5 G6019-100UN) i) |5 42 [ 2R v 25 HEE A 7]
P 1gG =4t (iS5 LF102) WWH iR A4
YRR AR A A @88 ECL Baikila s
P10300) W B 7R M B e AR AR A . JE#H
SRR & (kS C20538) . my/RHEfALE
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2.1 EP-Cy5 MI&ERSMRITME

2.1.1 AWM EP-Cy5s HIA K FREX Cy5 #R%F (26
mg, 0.050 mmol) T 50 mL [JEFH, A 10
mL ZS VRN VAR, I EDCI (10 mg,
0.052 mmol) Al DMAP (3.0 mg, 0.024 mmol) =
E R HEEE 0.5 he EDCIFRIRIG A AT E 1 O-
FEHE SR A4 DMAP 1E SR Etb 712 O-
TR FE SR, Az B v P R I S e 845 SR P B A . 2
G, AR RIS A A S (20 mg, 0.046
mmol), BT 40 CPEEFAMF FHFRM 1~2 h,
Fgh b i R o e S ke 5 £, 2B H
FRBEALT=Y) o ST R 2 il (TLC) ¥
W N EFE, EEFERSEARE R, RN,
VR fa, DR AT R R A i o g 4l
b, BEE G &R - HEEARR (200 1), 1§
FIH LAY EP-CyS.

WA, 8 mg, 72 20%. MS (ESI) m/z
895.32. 'H-NMR (600 MHz, CDCls) ¢: 8.20 (s, 2H),
7.36 (m, J = 6.6 Hz, 4H), 7.22 (d, J = 7.3 Hz, 2H), 7.08
(d, J=22.1 Hz, 3H), 6.88 (s, 1H), 6.41~6.32 (m, 2H),
5.34 (s, 2H), 4.32~3.89 (m, 3H), 3.72 (s, 3H), 3.65 (s,
2H), 2.35 (t, J="7.3 Hz, 4H), 2.04~1.32 (m, 35H), 1.25
(s, 9H), 1.08~0.69 (m, 10H); 3C-NMR (150 MHz,
CDCls) o: 173.9, 173.5, 172.9, 154.0, 142.8, 142.1
141.4, 141.0, 128.6, 128.5, 126.7, 125.1, 125.0, 122.3,
122.2110.4,110.3,104.2, 103.8, 49.4, 49.3, 44.2, 337,
31.9,29.7,29.3,28.2,28.0,27.1,26.4,24.6,22.7,14.1,
2.1.2 {LEW EP-CyS JeHs it i 5 ob iz e Y vF
fli A BDE M RAEAEW N 1.6 pmol/L
DMSO R AT o A8 FH By UV-2450 B4 5841 - 1]
WA HEHEEE T IE LA - RO, A
FEl A 550~750 nm. %% #r R FH H 57 F-4600 %Y
WA EE T AL HAE B ISR N AR E
PE, VETE TSR T IR, JEFE TR A] A5
(0. 10, 30. 60. 90. 120min) FREFICFHMICE S
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A-643 nm BHEIRS T EP-CyS MM A6, B-692 nm WGBS~ EP-CyS MM IE Al Heotk ik .
Absorption spectrum and fluorescence spectrum of EP-Cy5 in DMSO solution under 639 nm (A)and 662 nm laser irradiation (B). fluorescence intensity
2 643 nm HKBHT (A) 692 nm HAEBHT (B) EP-Cy5 IR RIS & 51 1E
Fig. 2 Absorption spectrum and fluorescence emission spectrum of EP-Cy5 under 643 nm laser irradiation (A), and 692 nm
laser irradiation (B)

2.2 {ApELEFE

MCF-7 7R EH 10%M64- M55 1% % %/
FERE R DMEM £33 25T 37 C. 5% CO, H1ER
Y RE FRAE R
2.3 MTT AN 4HREE S

OGB4 K10 MCF-7 41, R0 T 96 FLES 3%
RN, BERNEEEEN 3X10% N4l FRgii 58 4Nk Bk
i, FRILNEA IR, AR E XA, EP-
Cy5 (2.5, 5.0, 10.0. 20.0. 40.0. 80.0 umol/L) #H..
EP (2.5. 5.0, 10.0. 20.0. 40.0. 80.0 umol/L) #.
BEEZFL BN 150 pl %o R B 2 24 58 A ks
Frdk, XTI ZERAZE DMEM K5773E. 433
TEZWIVER 24, 48, 72h )&, BFLIOA 20 LMTT
TAEW, BEGKA TAREENTE 4h; I E 450G R
WAL EIERE TR, AL 150 pL DMSO, K

IR 10 min FR AR R B . R BEAR AT
490 nm PAALAT I 5 FLBOGE (4D {EH. 15 SPSS
25.0 G ATEAR 0T, A EROCR, 1HE
EP-Cy5 {EFH T MCF-7 41 g 24. 48, 72h {5410
I FE 1Cs00

G TN 2 =1 — A w4 e
2.4 KB FORTEIAE KM AR R A SR

PL 1X10° 20BN BER MCF-7 40 e fh 2
A AR R B+ —FLR R . £E 37 C. 5% COx
FRAAR R 24 h BEANGEE. PBS Yk 2 ik, H
4% % 5 H I [ 5 41 B2 20 min, PBS ¥ 2 K. i
PL 2. 4. 6. 8. 10, 12 umol/LEP-Cy5 %5 20 min,
PBS Wi 3 K. K4 B EE A 15~20
uL FIFL e K R ) Lo O R L R = R
s A% 2 R R B EP-Cy5 4R i E . 20
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Fi 8 umol/L EP-Cy5 4b#E 10, 20, 40. 80 min. [d]
R ERAEE R, SRS BB WA [ R
] EP-Cy5 [FHHUE
2.5 T4HRBRELL

YA B F) 2.4 TR o RS IS RS 1007 ZIEAT
Yl AS gkl Y t, AL4% Hoechst 33342, IR0
JeHREF (BODIPY493/503) . IRBEH AL (00 Y IR EN
( Lyso-Tracker ) PN Jii W 4% 5 %% 6 #8 £ ( ER-
Tracker). m/RFEARLSEETIEIREE (Golgi-Tracker)
FILRIAREE O 6 R ET (Mito-Tracker Green) . M &
J&, F PBS EBE 3 X, HBOCHREILER st
TR -
2.6 HSBEEAMEG

W USC4E 30 1) 0 59 F 55 T R IR 1R T K R R v
e 2~3 IR, BBRATFRARERY) . ik H 10 4 o
P B3GR MBS, ARG R 30~50 7L,
IKERZEIN 1/2 80 2/3 Ab. BARZRBNEIR R
AT AL . AL A LA 04 24 44 64 8. 10 umol/L
EP-Cy5 % & 30 min & F 3t R A8 BB T LA
2.7 HHBATIERAA

H{ MCF-7 41, 22 BRI A 5 34T 4 -4
PL1X 105 AN/AFLIMAH M2 FEHAR T 6 FLIR, BT
37 C. fHIRIEFRFREIE 24 h, FrHRsE e NGEE, S2
I6 0 NXFHEZL. EP-Cy5 (2. 4. 6 umol/L) #H. %4
VIFFEEAEF 48 h 5, WG 2GR EE, TR PBS 4%
R4 1 UK SR EDTA JBREGTE L4t e,
BRI EZE 1.5 mL B0 A, 2000 r/min 2
0 3 min, FF_EJF; PBS HETRKYIM 2 K. M
A MIRE B AR R ANN 500 pL 45 & 2% (Binding
Buffer). 5puL 4L ARE (PD. 5 uL Annexin V-FITC
e, BFIRAE, EEEEIE 20 min. 1 H 4
IR 3L EI R FH i A AR U A S A T K, SRS
HedE 8 FlowJo 10.8.1 #4347 0 Hr b 7.
2.8 ZAREZE R BEER SIS

BY 2.7 TiT-FALHE 5 i MCE-7 41, 7754 41
MuBE IR0 IMNTCBE PBS 3Pk dii 2 Ik, 5%
TR IEFREE G 2R 00 kS R JC-1 iR I L A7
MR BB A5, FCRIRRE L JC-1 TAE L a3
[ 2R DN R & IC-1 MR gL, BT 37 C.
5% CO-fHIRFEF=ME LT E 30 min; I H L NS,
W FF g, TR 1 XRFIEZE MR (1 X Buffer)
Ve, ERRARE G2 RGO HL, =
b Sl =R = O A= s wed 1 R G S 1Y 1L P S

RGN M5 T s AR SL IR , {8 FlowJo 10.8.1
AT EAR 0T, Gort FHPEAih 75 2 4 i 2 A b
HLA K AR

2.9 4AfE ROS #

MCF-7 #5575 5P ERAE[R] 2.7 T T2
SEEG S MK AL . EP-Cy5 (2. 4. 6 umol/L) 4.
HHMILR ZIALRE 48 h 5, FERRE Z5RGFRAE, PBS it
WPEEE 1 IR SR EDTA JAR (IBFH L4 p, Ui
LB T 1.5 mL E0E W, 2000 r/min 20 3
min, 7 FiF; PBS SR E 2 U4 2 IR 1A%
HARMTIE R I 207 - R AN E LR
(DCFH-DA) TAE#, ETRFHANEILIE 20
min; W FEHREFF BIE, LG TR 2
W, BFEIIN 500 puL 15 772 H 2 4i i R A =R
JLASCRG: 00 % ZEL 40 BfL P9 ROS 7K F, K6 00 4 5 138 i
FlowJo 10.8.1 {347 73 Hir kb 3
2.10 Western blotting 1;#H X & A 3RIA

T8 2.7 TR 5k AT 4i 1 7 RN 45 245 4y 2H 5K
3% . K H RIPA e & A )5, @i BCA ¥
5 B IR AT AL . R ARt bt
FEORIREN-TR N I e e FE Uk (SDS-PAGE) HEK
BRI E R R N (PVDF) B, [ 514
5% IR G 1h, 5#kE—PH0 (110000 4 C
EILR. 4 TBST Weik/a, MAFR Pt (1:
2000) EEFFE 1.5h. 5K ECL B RSk
WHES, (B g R eRERIE, J7iEid Image
JAEAT B =T
211 GitESH

8 SPSS 26.0 B A0 5258 B 48 247 G vt 2 oy
Br, FEEELL x £s Fox, L4 2 Rmd
R ESWAIE, £A 2R —0 KM LSD-t k&
S5 L
3 &4
3.1 EP-Cy5 X MCF-7 Ap R E5E KIS0

SXHE AL, EP-Cy5S fEARFMKE N ALEE
MCF-7 4iiffl 5, 15435 EP-Cy5 7F 24, 48. 72 h
[ ICso {7 M 5.82. 4.48, 4.17 umol/L, W% 1.
VESXT R, EP LEAH RIS ] 55 1Cs0 {H 73 7N 24.31,
19.02, 12.82 ymol/L, W3 2. XTLCPFELE 48 h 1)
ICso{E 7] 11, EP-Cy5 HI4H M85 1 ¢ EP $2 151 149 4.25
%, RPN ) B BTSN K
F2 SR O R B ) 75 5K, G HY 24 4. 6 pmol/L
1ER EP-Cy5 W45 23R FE AT I BENLHITR 1 .
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&1 EP-Cy5 Xt MCF-7 {RREFEHIHI RSN ( x x5, n=3)
Table 1 Effect of the EP-CyS on proliferation inhibition rate of MCF-7 cells ( xts,n=3)
; ] #1%
ZH Y Vdics -1
255 W JE/(umol-L7Y) 20N 25h =
X — 0 0 0
EP-Cy5 25 17.41+0.87" 19.59+1.29" 22.14+1.58"
5.0 45.12+0.78" 58.51+1.06" 61.22+1.39"
10.0 78.25+0.66" 86.66+1.06" 88.15+2.11"
20.0 87.45+0.85" 90.25+1.47" 92.45+2.55"
40.0 88.36+0.62" 91.19+1.19" 93.15+2.24"
80.0 89.56+0.81" 91.70+£1.57" 94.56+2.08"
XA S "P<0.05,
P < 0.05 vs control group.
%2 EP X MCF-7 fARIEsEHINEIRAEM ( x +s, n=3)
Table 2 Effect of the EP on proliferation inhibition rate of MCF-7 cells ( X+ s, n=3)
; i %1%
H 5 W -1
ZH W/ (umol- L) o 25Hh o
Xof HEt — 0 0
EP 2.5 6.23+0.74" 15.26+1.21" 18.26+1.48"
5.0 10.63+0.65" 20.13+1.08" 28.45+1.25"
10.0 29.56+0.59" 36.26+1.04" 42.15+2.14"
20.0 4152+0.71" 49.56+1.36" 57.11+2.23"
40.0 62.35+0.54" 61.45+1.26" 77.15+2.41"
80.0 83.26+0.79" 84.96+1.61" 87.93+2.62"

LAt "P<0.05,
*P < 0.05 vs control group.

3.2 MCF-7 4Rpa%t EP-Cy5 BY1EENEZNT

K LR A BB L EP-CyS 7 MCF-7 411
HREEE, PRI LB R 5 1 5 20 B R TR 1) %

%o FIRFAMK R EP-Cy5 4P MCE-7 ZHJf2 30 min
Ja, HLRERMS NG, K3 Fﬁr, BE# EP-
CyS WIERIF &, PenmfE B n. X&WH EP-

Cys HAAMMIMpREEERE /. Ak, MCF-7 41
X EP-Cy5 $5 Ui [ 4K it . EP-Cy5 ¥ & 10 min
LIS s, LK RIEE S, EP-CyS 7
MCF-7 40 55 5 FE . 35 1 5 . 45 53291, EP-
Cy5 BEFEHLI [a] Py Pkt X MCF-7 4 g, H oo
FE SIS TA)AH I 1S 0

EP- Cy5/(p.m01 L ')

. D 40
p X :
o4 20 -
;ﬁzo
10/ |
\ 1 0 T T T T T 1
10 15 020 40 60 80 100

ﬂ(r‘/(pmol LY t/min

t/min

A-EP-Cy5 FIRFEKEEWEE 30 min AUEREUE SN, B-REE EP-Cy5 8 umol-L™' % & MCF-7 41 A EUS L, C-EP-Cy5 W 55 6 fIH

SRk, D-UEE I ) 55 5 6 B B AR e

A-uptake situation after incubation with different concentrations of EP-Cy5 for 30 min, B-the distribution of EP-Cy5 at 8 umol-L™! for 24 h in MCF-7

cells, C-the correlation between EP-CyS5 concentration and fluorescence intensity, D-correlation between incubation time and fluorescence intensity.

El3 MCF-7 £Bfa%t EP-Cy5 fIRER (REZA, X20)
Fig. 3 Uptake of EP-CyS by MCF-7 cells (immunofluorescence, x20)
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3.3 EP-Cy5 ¥ MCF-7 4Aa 0 I 4R A E L
WK 4A Fii7n, EP-CyS ML a5 58P 1E
iR, 5 DAPI P2 AR SO ARz LA
B o PG RMS UOCIREr . IR SR 5O
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Fig. 4 Fluorescence colocalization images of EP-Cy5 with subcellular organelle-specific fluorescent probes in MCF-7 cells

(immunofluorescence, x20)
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Fig.5 Confocal fluorescence imaging of EP-Cy5-treated zebrafish (immunofluorescence, x10)
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Fig. 7 Effect of compound EP-Cy5 on mitochondrial membrane potential in MCF-7 cells ( xts,n=3)
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