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Effect of Physalis Calyx Seu Fructus Alcoholic Extract on Ferroptosis
of Breast Cancer Cells by Regulating SLC7A11/ALOX12 Pathway
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Abstract This study aimed to explore the effect of PCF (physalis calyx seu fructus) alcohol extract on fer-
roptosis of breast cancer cells through the SLC7A11 (solute carrier family 7 member 11)/ALOX12 pathway. This
study selected breast cancer MCF-7 cell lines and assigned into five groups: control group, low concentration PCF
group, medium concentration PCF group, high concentration PCF group, high concentration PCF+activator group.

EdU detection, lipid peroxidation detection, iron determination, and GSH (glutathione) content determination ex-
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periments were conducted; qRT-PCR was used to detect the mRNA expression of SLC7411 and ALOX12 in cells.
In addition, Western blot was used to detect the expression of SLC7A11 and ALOX12 proteins in cells. The results
showed that compared with the control group, the EAU positive rate, GSH content, SLC7A11 mRNA and protein
expression in MCF-7 cells were reduced in the low, medium, and high concentration PCF groups, the degree of lip-
id peroxidation, ferrous and total iron ion contents, ALOX12 mRNA and protein expression were elevated (P<0.05),
and the effect of PCF alcohol extract on MCF-7 cells increased with increasing concentration (P<0.05). Compared
with the high concentration PCF group, the EdU positive rate, GSH content, SLC7A11 mRNA and protein expres-
sion in MCF-7 cells were raised in the high concentration PCF+activator group, the degree of lipid peroxidation,
ferrous and total iron ion contents, ALOX12 mRNA and protein expression were reduced (P<0.05). The addition of ferrop-
tosis inhibitor Ferrostatin-1 reversed the effect of PCF ethanol extract on ferroptosis of breast cancer cells (P<0.05). PCF

ethanol extract may promote ferroptosis of breast cancer cells by regulating SLC7A11/ALOX12 pathway.
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BRIE T 7 Ferrostatin-114 H 3
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(EdU, 55 : GJ02505))t H d Pt THEA R A A
Click-iT EdU4H i 34 58 8 A7) & . BCA &
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PCFfiG. . &iREH 7 K H2.5 pg/mL. 5 pg/mL
F10 pg/mL PCFREFEHUALFEN, PCF iy ik FE 0
FZH K H 10 pg/mL PCFAI12 pmol/L Ferrostatin-13t
[ A BE DA SLCTATTERIE M, % 20 240 i 245 ) Ak 3
48 h.
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1.8 qRT-PCRIMSLC7411, ALOXI2 mRNAZ
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Zx | fd 2728 VL SLCTATTFI ALOX1 2/ ) mRNA
FKikE. SIWFHISLCTALLIE : 5'-CTA ACT AAC
TGG TCC TCA ACT C-3'; SLC7411 [ : 5'-CCT
AAG AAA CAA CGC AAT CC-3'; GAPDHIE ] : 5'-
AAT CCC ATC ACC ATC TTC-3"; GAPDHJZ [ : 5'-
AGG CTG TTG TCA TAC TTC-3"; ALOXI21E[A]: 5'-
GCT CCT GGA ACT GCC TAG AA-3"; ALOX12J [
5-TCA TCA TCC TGC CAG CAC T-3'.
1.9 Western blot#&il SLC7A11. ALOX12EH
FKIKIER

155 FH 25 A6 B 1 It A0 ) R0 0 6% TR IR A 1) 7R 1)
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SDS PAGE&/I LUK J5 77 B9 5 8 [ JF e 7 31 1
FRAFYE MR b, S% IR 4 °CHIA 1 h, Bk )a,
EN#Zi i 5 GAPDH. SLC7A11. ALOXI24% 34—
PR [GAPDH(1:20 000). SLC7A11(1:1 000).
ALOX12(1:1 000)]7£ 4 °CH¢ & 1L %, 5 HRPHRIC I
IgG=$i(1:50 000) = i ILHF F 1 ho ECLIAFE 4,
Image VPG K FEAE .
1.10 Zitoth

Graphpad Prism 7.08 4 T 7 A 5t . #dis
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() EQU A PE R B4 (P<0.05), HIREE B, R
K (P<0.05); 5 PCF ik FEAH LU, PCF ik FE -+
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1. ERAI#EL,
2.2 ZLEAMCF-7T4RMfE Rid S LIZE LLEL
HXTHA L, PCFIK. o\ mikE4H MCF-7
4 o Jig o 0 A FE FE $ = (P<0.05); HLBE PCFREE
HEIZ T = (P<0.05); 5 PCFERIZEA LL#E, PCF
T VR BE -HIBE 7 2H MCF-740 o g Jo it S8 AL R A

Control L-PCF

EdU

Hoechst
33342

Merge

(P<0.05), WLIE3. KE4FzR2.

2.3 BEMCF- 74T SMaskEFa st R
x4 b, PCRK. H. EiRE 4 MCF-7

4 i Fe AL L 25 73 38 T =1 (P<0.05); HBEHRE

BN W T (P<0.05); 5 PCFRiik E41ELE: , PCF

1R TR P S A ZAMCF- 74 il Fe® RIS Bk B8 1 = P&

fiK(P<0.05), WIS 533,

2.4 FYAMCF-7T4ARGSHE LI
XTI, PCFIK. H. miikE4H MCF-7

M-PCF H-PCF H-PCF+activator

50 um 50 um

S0 pm 50 50 um

E1 EdUZEMCF-7T48H385E 150
Fig.1 EdU detection of MCF-7 cell proliferation in each group
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(=]
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EdU positive rates /%
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*H&

#P<0.05, 5XF AL LEEL; “P<0.05, SPCFRMK LA HLE; “P<0.05, SSPCFH LA L ©P<0.05, SPCF ik B2 LA
*P<(.05 compared with the control group; “P<0.05 compared with the L-PCF group; “P<0.05 compared with the M-PCF group; “P<0.05 compared

with the H-PCF group.

E2 SLEAMCF-74RMEdUREM
Fig.2 EdU positive rate of MCF-7 cells in each group
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*1 BEAMCF-T4EEdURA MR LA
Table 1 Comparison of EdU positive rates of MCF-7 cells in each group

il EdUBAPE#/%
Groups EdU positive rate /%
Control 58.25+5.93

L-PCF 49.83+5.04*

M-PCF 38.74+3.98*"
H-PCF 25.21£2.65%"
H-PCF+activator 47.92+4.87¢

F 44319

P 0.000

#P<0.05, 5XHRAL L *P<0.05, SPCFRIK 4L HL A P<0.05, SPCFH IR EEAL ELEK; ©P<0.05, SPCFRik FEALELE . n=6.
*P<0.05 compared with the control group; “P<0.05 compared with the L-PCF group; “P<0.05 compared with the M-PCF group; “P<0.05 compared
with the H-PCF group. n=6.

Control L-PCF M-PCF H-PCF H-PCF+activator

Qxidized

Non-
oxidized

E3 &HEMCF-7T4RaRE Fd SRR
Fig.3 Lipid peroxidation degree of MCF-7 cells in each group
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*P<0.05, 5%t BE41LLE:; #P<0.05, SPCFRIHEELLLLHK; “P<0.05, 5PCFHIREALLLEL; “P<0.05, S5PCF R B 4L L
*P<0.05 compared with the control group; “P<0.05 compared with the L-PCF group; “P<0.05 compared with the M-PCF group; “P<0.05 compared
with the H-PCF group.

El4 ZLEAMCF-7T4RAERd EHIZE
Fig.4 Lipid peroxidation degree of MCF-7 cells in each group
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*®2 ZLEAMCF-THMRAE R S HIZE LR
Table 2 Comparison of lipid peroxidation degree of MCF-7 cells in each group

Hil i S AR

Groups The degree of lipid peroxidation
Control 1.03+0.11

L-PCF 0.87+0.11*

M-PCF 0.65+0.07*"

H-PCF 0.43+0.06*"

H-PCF+activator 0.91+0.11¢

F 37.982

P 0.000

#P<0.05, 5xH R *P<0.05, SPCFRIKR FE 4L EL K ©P<0.05, HPCFHIREEL LK, “P<0.05, SPCFRIRFEHL L. n=6.
*P<(0.05 compared with the control group; “P<0.05 compared with the L-PCF group; “P<0.05 compared with the M-PCF group; “P<0.05 compared
with the H-PCF group. n=6.

5_
Il Control
*H#H& #H&

é 4 I I = L-PCF
3 - B3 M-PCF
E 3_ *#
E = H-PCF
g 21 BE= H-PCF-+activator
1=} *
3
@] 1

0

Fe* Fe
#P<0.05, 5% IR 2E LLAL; “P<0.05, S PCFRIK & 4 LU “P<0.05, SHPCF ik B 40 LLES; ©P<0.05, 5PCFmik ¥ A LLE
*P<(.05 compared with the control group; “P<0.05 compared with the L-PCF group; “P<0.05 compared with the M-PCF group; “P<0.05 compared
with the H-PCF group.

&5 SEMCF-THETHMEASETSE

Fig.5 Contents of ferrous iron and total iron ions in MCF-7 cells in each group

#F3 ZBEMCF- 74T MRSk E TR EHR

Table 3 Comparison of ferrous iron and total iron ion contents in MCF-7 cells in each group

Hil &k B f/nmol/10° SR & & /nmol/10°
Groups Fe*" /nmol/10° Fe /nmol/10°

Control 0.36+0.05 0.67+0.08

L-PCF 1.13+0.13* 1.42+0.16*

M-PCF 2.24+0.25%" 2.47+0.27*"

H-PCF 3.42+0.36%" 3.56+0.38*"
H-PCF-+activator 1.02+0.12¢ 1.14+0.14¢

F 192.932 150.331

P 0.000 0.000

#P<0.05, 55X IR *P<0.05, SPCFIRIR FE 4L LK ©P<0.05, HPCFHIREELL LKL, “P<0.05, SPCFRIREHL L. n=6.
*P<0.05 compared with the control group; “P<0.05 compared with the L-PCF group; “P<0.05 compared with the M-PCF group; “P<0.05 compared
with the H-PCF group. n=6.

2N W GSH 25 5 Bl < 5 T v 1238 PR (P<0.05); 5 PCF 2.5 BLYEAMCF-74HBaHSLC7411. ALOX12 mRNA
R L EE B, PCF 3K B I 771 4 MCF-7 40 g FTILELER
GSH& B IN(P<0.05), WE65%4. X BA LR, PCRK. W, mikE4H MCF-7
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GSH /pumol/103
N
L

0
&@\ Qé
¢ VY

#P<0.05, AR LLE "P<0.05, HPCFRHK LA HLEL; “P<0.05, SPCFrhk FELH LLAL; ©P<0.05, HPCF ik B L L .
*P<(.05 compared with the control group; “P<0.05 compared with the L-PCF group; “P<0.05 compared with the M-PCF group; “P<0.05 compared

with the H-PCF group.

&6 B{AMCF-74IGSHE &
Fig.6 GSH content of MCF-7 cells in each group

4 FHEMCF-THGSHE BELE
Table 4 Comparison of GSH content in MCF-7 cells in each group

4151 GSH #/umol/10°
Groups GSH /umol/10°
Control 5.3140.56

L-PCF 4.53+0.51*

M-PCF 3.24+0.38**
H-PCF 1.82+0.22%#
H-PCF+activator 4.78+0.52¢

F 57.249

P 0.000

*P<0.05, 5 X ERAL UL, *P<0.05, S PCFRIR B AL LA “P<0.05, S PCF IR BEALLLES; ©“P<0.05, SPCFRKR 4L . n=6.
*P<0.05 compared with the control group; “P<0.05 compared with the L-PCF group; “P<0.05 compared with the M-PCF group; “P<0.05 compared

with the H-PCF group. n=6.

HFISLC7411 mRNAZFRIL KK, ALOX12 mRNA
FiE KT (P<0.05); H PCFIKE bk, SLC7A11
HMIALOX12 mRNAZK-FAALIE B K (P<0.05); 5
PCF =ik B2 LU, PCF ik FE B0 71140 MCF-7+1
ISLC7A11 mRNAFKIEIKF-F+ 51, ALOX12 mRNAFR
KK F AR (P<0.05), WIE75 %S5,
2.6 FLEMCF-T4EHSLC7AIl. ALOX12EH
FIALLR

Ext L, PCFIK. . mikE 4 MCF-7
I SLCTA R FARIEKFREK, ALOX 125K R
KK T8 (P<0.05); H PCFR & E, SLCTA11A]
ALOXI12% [ R IEAL M FE K (P<0.05); 5 PCF

R A LR, PCF ik +305 77 41 MCF-7H 1
SLCTA11E ARIEKFHEE , ALOX12H FH KA K
PR (P<0.05), WLES. E9FIFE6.

3 i

FLIRE AT T W . B 4
BRI SRR T, 2020484 22675 LI 61, %
PR A BRI LR AR T I S T SR 02, e T B A
TR IR ZERLRAS , 4 ek B 7 A0 B I 1
A3 S5 87 B 2 A L8, BRI L I 3 40 %
SRR IET: 0, IE R AL L AN S a6pAE L
%, tT-GPXAHMH i 21 5 R AR IET:, SATI LI



848 BRI -

w
1

Control

L-PCF

M-PCF

H-PCF
H-PCF+activator

Kt

poonoan

Relative mRNA expression
1
*

(=]

SLC7A411 ALOXI2
*P<0.05, L%t IR AL A *P<0.05, 1S PCF{IRIR BEAL A ©P<0.05, SPCF AR LA HLER; ©P<0.05, L PCF il L4 L
*P<(0.05 compared with the control group; “P<0.05 compared with the L-PCF group; “P<0.05 compared with the M-PCF group; “P<0.05 compared
with the H-PCF group.
&7 MCF-74ffisRSLC7A411. ALOXI2HImRNAZRIE
Fig.7 mRNA expression of SLC7A411, ALOX12 in MCF-7 cells

&5 MCF-THHSLC7AII. ALOXI2EImRNAFRIAELES
Table 5 Comparison of SLC7A411, ALOX12 mRNA expression in MCF-7 cells

éGﬂriles SLC7A411 ALOXI2
Control 1.05+0.11 1.0340.11
L-PCF 0.87+0.09* 1.44+0.16*
M-PCF 0.72+.09*" 1.97+0.21*"
H-PCF 0.35+0.05%" 2.56+0.27%"
H-PCF+activator 0.91+0.10¢ 1.38+0.15¢
F 52.647 60.462

P 0.000 0.000

*P<0.05, 5 xR AL 7P<0.05, HPCFGKEALLER; “P<0.05, 5PCFAK AL LLES; ©P<0.05, 5PCFmik EALLLE. n=6.
*P<0.05 compared with the control group; “P<0.05 compared with the L-PCF group; “P<0.05 compared with the M-PCF group; “P<0.05 compared
with the H-PCF group. n=6.

A B C D E

ALOXI2 | — — e D s

Az XTHEA; B: PCFIRIRFEAL; C: PCFHRIREYL; D: PCFEIIRE 4L E: PCF ik FEH0G 77 41
A: control group; B: L-PCF group; C: M-PCF group; D: H-PCF group; E: H-PCF+activator group.
[El8 Western blotiMMCF-7£8fHSLCTAII/ALOX 12 E B RIAE R
Fig.8 Western blot detection of protein expression of SLC7A11/ALOX12 in MCF-7 cells

RAMIIEaopABE R, RIPENTRTHITM. B AMRFZIAM K. P OEUIES, BRIETER
SETRMAFM AR TR N ANMSET, RS AE 240 sERb R Pl RBEIEH , JF H Sl R ERFE T W] R 2 B
FEABRRAZE . ROSHEINANAE T AL UL RCSEAC AT i A A 8 40 Ak 7 T 24 P 1 w47 D7 i),
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Relative protein expression

SLC7A1l
*P<0.05, XL LA "P<0.05, HPCFAGHK B4 LLE; “P<0.05, SSPCFHR FELH LA “P<0.05, 5PCFmik A L
*P<(.05 compared with the control group; “P<0.05 compared with the L-PCF group; “P<0.05 compared with the M-PCF group; “P<0.05 compared
with the H-PCF group.

Control
L-PCF
M-PCF
H-PCF

H-PCF+activator

ALOX12

&9 MCF-748f1FhSLC7A11. ALOXI2MEMERRIEE
Fig.9 Relative protein expression of SLC7A11, ALOX12 in MCF-7 cells

#*6 HLAMCF-T4AFSLCTAIl, ALOXI12E B FRIALLE
Table 6 Comparison of SLC7A11 and ALOX12 protein expression in MCF-7 cells in each group

415

G SLC7AI11 ALOX12
roups

Control 1.06+0.11 0.43+0.05
L-PCF 0.89+0.09* 0.56+0.07*
M-PCF 0.64+0.07*" 0.84+0.11**
H-PCF 0.3120.04*" 1.31£0.14*%
H-PCF+activator 0.92+0.11¢ 0.52+0.06¢
F 67.523 89.838

P 0.000 0.000

*P<0.05, SHRALLEL "P<0.05, HPCFLHK A HLES; “P<0.05, SPCFHIREL LA “P<0.05, 5PCFEkIEHALLH . n=6.
#P<(.05 compared with the control group; “P<0.05 compared with the L-PCF group; “P<0.05 compared with the M-PCF group; “P<0.05 compared

with the H-PCF group. n=6.
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