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[ ZE]1 BaY: WP FeRAb 7T Catorvastatin, Ator) /& 75 7] 175 5 /N BB 5 B4H B Ak MIN6 41 M0 A AR BRAE T, FRER 1 HmT BE 10
PERIBLH . 7555 5 MING 4 73 S IR ZH L Ator 4\ Ator+I T4 77 (Z-VAD-FMKD 2. Ator+38 SEA01 177 (necrostatin-1, Nec-1)
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L5 M4 (reactive oxygen species, ROS)FI Fe 7KT-; B I 0 22 MK it 138 (enzyme-linked immuno sorbent assay, ELISA) il i — %
(malondialdehyde, MDA FlId Ji7 B4 23 Bt H K (glutathione, GSH) 15 & 5 SEH 2% i€ & PCR % (quantitative real-time PCR, RT-qPCR)
ORI T R~ [ 2 B 2 11 3 (caspase-3) IR AU PR SZ AR 45 45 24 20 BR V5 2 BR VT 3 (receptor-interacting serine threonine kinase 3,
Ripk3) BRAETAH I R K B BB L 4 8 A 5 Bl 4 Cacyl-coA synthetase long-chain family member 4, Acsl4) R 51 i 25 P i &AL
& i 2 (prostaglandin-endoperoxide synthase 2, Ptgs2) F145 bt H i S AL P i 4 (glutathione peroxidase 4, Gpx4) FI mRNA 1A 7K
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Study of atorvastatin induced ferroptosis in MING cells and its related mechanisms
WEI Qianying, CHEN Xin, QIN Yao, LI Yuxiao, QIN Lu, ZHANG Mei’
Department of Endocrinology , the First Affiliated Hospital of Nanjing Medical University , Nanjing 210029, China

[Abstract] Objective: To explore whether atorvastatin (Ator) can induce ferroptosis in pancreatic B-cell line MING6 cells and its
possible mechanism. Methods: MING6 cells were divided into control group, Ator group, Ator+apoptosis inhibitor(Z-VAD-FMK) group,
Ator+necrostatin-1(Nec-1) group and Ator+ferrostatin-1(Fer-1) group. Cell viability was detected by cell counting kit-8 (CCK-8)
method. The ultrastructure of cells was observed by transmission electron microscopy. The levels of reactive oxygen species (ROS) and
Fe’* were observed by fluorescence microscopy. The contents of malondialdehyde (MDA) and glutathione (GSH) were detected by
enzyme-linked immunosorbent assay (ELISA) method. Real-time quantitative PCR was used to detect the mRNA levels of caspase-3,
receptor-interacting protein kinase 3 (Ripk3), acyl-CoA synthetase long-chain family member 4(Acsl4), prostaglandin endoperoxidase
synthase 2 (Ptgs2) and glutathione peroxidase 4 (Gpx4). Western blot was used to detect the proteins levels of 4-hydroxynonenal
(4-HNE) and GPX4. Results: Compared with the Ator group, cell viability of MIN6 was higher in Ator+Z-VAD-FMK group and Ator+
Fer-1 group (P < 0.01). MING6 cells, which were treated with Ator, exhibited the characteristic morphologic features associated with
apoptosis, ferroptosis and autophagy under transmission electron microscopy. Compared with the control group, the levels of the

intracellular Fe’*, MDA and ROS in the Ator group were increased and GSH was decreased. The mRNA relative expression levels of
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caspase-3, Acsl4 and Pigs2 were increased, as well as the protein relative expression level of 4-HNE (all P < 0.05). The mRNA and

protein relative expression levels of GPX4 were decreased (P < 0.05). Compared with the Ator group, the levels of the intracellular

Fe**, MDA and ROS in the Ator+Fer-1 group were decreased and GSH was increased. The mRNA relative expression level of Acsl4

was decreased and Gpx4 was increased (all P < 0.05). The protein relative expression levels of 4-HNE was decreased and GPX4 was

increased, though the changes were not statistically significant. Conclusion: Atorvastatin may induce ferroptosis in MIN6 cells by down-

regulating GPX4 expression through inhibiting mevalonate pathway.

[Key words] atorvastatin; ferroptosis; new-onset diabetes mellitus; MIN6 cell
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JR i (new-onset diabetes mellitus, NODM) F JX\ 5 1%
I 10%~12%" - 7T K254 512 NODM [ H] BEHL
LA 5T B BN B R AR R T IR K R,
R R L 1) P S AN W e R 7 A
A & ESE I P4 7 1 — B 0T A

BRACT 2 — i by B AOHS ) Ml ot id S A il
R FEUH AR P e o™ O B FUIE
SEAh YT S8 2 W AT DA T R 4 L T AR 40
(hepatic stellate cell, HSC) « JIg JIi7 2t B2 Sz WL4H i & A=
BRAETC . ARURE A HT IR TR AR AR T i
MING6 Al e AR R AE T SR, AV T 2R 25 R 5 2
753 S B L R A R FE TS, 2 5 NODM 1 & A2 i
AR IWARIE -

1 #RFTE

1.1 ##
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K B-Fi A OB (Gibeo 2 7], EED 5 FTFEAR A
71 Catorvastatin, Ator) - 2k 58 - 1 ] 371] (ferrostatin- 1,
Fer- 1) I8 T2 #1 il] ] (Z- VAD-FMK) & 5 40 ] 751
(necrostatin-1, Nec-1) . CCK-8 i /f] & (MCE 2 & , 3
) 5 ¥ P %8 (reactive oxygen species, ROS) ¢ Y &
. P 1 (malondialdehyde, MDA) {7 & « if Ji 7Y
2 W H B (glutathione, GSHD IR 7 £ 25 11 24/
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BRI E AL B AR e L S BN R B BRI
AN Aric i FE PR i BB S RAFD;
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TRIzol iR 7] & (TaKaRa 22 &), H A< ; e 5 7 &
(HIScript Il All-in-one RT SuperMix i 7l £ ) « % )
€ B PCR B 71 & (B 5t i ME B &\ ) s BALE) 2R
H (B-actin) B 5g [ 144 CECIL Proteintech 2 7] ) 5
4-F2 7 T J# 1% (4-hydroxynonenal , 4-HNE) . 57 [ 71
4 (Thermo Scientific 2> 7], 3% D s 23 Bt H Ik 4k
Y 4 (glutathione peroxidase 4, GPX4) B 7d [ P &
G AB clonal A 7)) ; —HFEEEHK(dimethyl sulfoxide,
DMSO) (Sigma 2 &, S
1.2 Fik
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KA E T 5 15%0GF S 1% &R -5
RA0.1% B-3i 2 LW Bl 15 R 3, £ 37 °C.
5% CO, AL B F7 47 b 55 97, 15 4 3 3L 70%~
80% I FEAT 5 SEHRAF . K MING 21 53 Dy Xt B 41
(control) « Ator 2 (Ator 25 pmol/L) « Ator+Fer-1 21
(Ator 25 wmol/L+Fer-1 5 wmol/L) « Ator+Z-VAD-
FMK 41 (Ator 25 pmol/L+Z-VAD-FMK 10 pmol/L) «
Ator+Nec-1 2 (Ator 25 pmol/L+Nec-1 10 pmol/L) ,
T AL 48 ho
1.2.2  CCK-8 &4& M) tm e & 7

He A I LA 2x 104 AL R 22 96 FLAR, #2 Bk sk
5653 2053 3 T 1 48 h ), #4E CCK-8 4 ) &
YEVLRH, BEFLIIN 10 pl CCK-8 ¥A ¥R, 37 “CRELIE &
2 ho BEAFACIE 5L 450 nm AR IO FE IR T 4N
IR,
1.2.3 #H4E T BRI m e AR LA
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W o> LT 48 h S ER AT, IO 2.5% 8 — 8 4 “C[#]
FE TS, 190K TR ] 5 40 2 h, LR FE Mt 7K )5 P14
W6 3 ) s 3% 5 R B A A TR B X
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1.2.5 MDA M=
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11148 ho B S WCEEAN L, 42 MDA Aoz il X
TG U B, A5 FH i AR AN 7 B AL 532 nm A& (W
£ AR FE AR AE Hh 4 1H 55 MDA 7K.
1.2.6 GSHM =

P U L BT 7 AR WS dE R B R
PR GSH s TR 21 [ SR iR S5 min, FFRIIA
50 plL 0.5 mg/mL NADPH ¥4 , % i ) S 25 min,
B AR A 72 B L 412 nm AL IR BE o 5 55 7 25 1
PRI ZEIFTHE H GSH & & .
127  tmfa A Fe* i)

20 DA 1.3x10°AN/FLEER P 2 6 FLAR, 4% iR sk
B H 148 ho ZBREEFRIE A PBS Peik Ja , BEAL
A1 wmol/L ] FerroOrange TAE#K 1 mL, 37 “ClkESt
% E 30 min, {4 PG BB RGP EIE . F Image
VAT 5RO 5RE 53T
1.2.8 B3 K2 2 PCR &40 B 49 4 B} mRNA
a9 & A KT

IZ F TRIzol it 751 %5 4& HU MING6 4 A 7 1) i
RNA, 3K H HiScript Il All-in-one RT SuperMix 7
&8 RNA I 555 eDNA . 383 96 % 5 & PCR R 40
HISYBR Green i 7| & # 17 qRT-PCR. ¥ 5% AF -
95 CHiAE 1 5 min, 95 °C 10 s, 1B K IEAH 60 °C 30 s,
A0 MEHM . B-actin fEN N Z IR, @ T 274"V 1
LA X RIE & . ARSI P H WK : B-actin
(Mouse) 37 5'-GGCTGTATTCCCCTCCATCG-3', K
%5 -CCAGTTGGTAACAATGCCATGT-3'; caspase-3
(Mouse) I3 5'-TGACTGGAAAGCCGAAACTC-3',
N % 5 - AGCCTCCACCGGTATCTTCT - 3" ; Ripk3
(Mouse) | 5 -CAGTGGGACTTCGTGTCCG-3', T
W 5" - CAAGCTGTGTAGGTAGCACATC - 3" ; Pigs2
(Mouse) L7 5'-GGGAGTCTGGAACATTGTGAA-3',
T 5 -GTGCACATTGTAAGTAGGTGGA -3 ; Acsl4
(Mouse) I Jlf 5" -CTCACCATTATATTGCTGCCTGT -
3", F i 5 - TCTCTTTGCCATAGCGTTTTTCT - 3 ;
Gpx4 (Mouse) | 3 5" - GCCTGGATAAGTACAGGG -
GTT-3', Fi# 5'-CATGCAGATCGACTAGCTGAG-3
1.2.9 Western blot #&| & & ¢9 /At & £ &

2T TS IR FE WO AR A, 5 FH B 1 SRR

PMSF #2 BUE 28 1, BCA V1 52 28 (R FE 5 3R AT 5
VBV EE . B ST FUK R AT, B-actin
(1:20 000).4-HNE(1:1 000).GPX4(1:1 000)—#i
E R, H E IR E P11 00001.5 h 5 ECL
REo HHH Tmage J AT AT K BE 04T
1.3 %it% 7k

K Graph Pad Prism 9.0 3% £ 23F 47 248 73 J&
TEE . FF & IEA 20 A BT & 0k LIS B b 1 22
(x + s)Kow, BT 7 Z WAL, o7 255, A
V) EU A8 SR FH ST R A ¢ A 56, 22 41 I b s R B TR
RITE T, P ELBCR H Tukey” s £ 56, P < 0.05
NEFA G
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2.1  Ator 7% MING 28 i23% 74

TS 56 45 5 5 7% Avor DA JR) R 751 B 44 i v
AN MINC U345 . 24 Ator A 25 pumol/LL,
YEFH 48 hNF, ZH B A7 15 % (68.30+0.53)% (P < 0.01,
K 1). 5 Ator ZHAH L, Ator+Z-VAD-FMK £H 48 Jifl 7
T % (78.89+1.09)% Al Ator+Fer-1 41 40 il 77 3%
(82.06£1.87) % EHE = (P < 0.01, Bl 1D

1.5
ok
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=
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0 T T T T
Ator(25 pmol/L) -+ o+ o+
Fer-1(5 pwmol/L) - - -
Z-VAD-FMK (10 pmol/L) - - + —

Nec-1(10 pmol/L) - - -
“P<0.01, P <0.001(n=3).
1 Ator xF MIN6 £H i1 77% 2 B #2010
Figure 1 Effects of Ator on the cell viability of MING cells
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AN 2GR JROS K-SRI MDA & &2 5 /= (P < 0.01)
1M GSH 7K “F- B 2 B#K (P < 0.01) , #M 78 Fer-1 A8 22 fif
iR (P <0.05).
2.4 Ator & MING %@ L B T \ 3R stk 70T 48 %
B A& G kA Hh

55 %t 18 41 A0 B, Avor 2H MING 41 ffg 7 1 3%
caspase-3 FRIAI (P < 0.05, B 4A), IKFERE A Ripk3
FaR BN, (22 5T 2 S BRAE T A G
Ptgs2 Fll Acsl4 ik Fif, Gpxd FiE R (P < 0.05,
4AB). 5 Ator ZHAH L, Ator+Fer-12H Acsl4 %
FIE T, Gpxd ik L (P <0.05, B 4B). Western

blot £ 45 W 2R, 555 FEZHAH L, Ator 2H 4-HNE £
HFRIEKF TR, GPX4 B A RIEKFFEK (P < 0.05,
4C~E); Fer-1 T-¥ilJ5 , 4-HNE & [ 1A K 7 B,
GPX4 B H R &K T HE RS .

3 4t it

AT FE LA/ B B B 4H i Ak MING 2 i S A 7t
A, ] Ator 40 FE MING 41 it , 45 R 7R~ Ator 7] 15 S
iR B B PR A AR R AT

MY T SR 259 2 5 36 O ML 08 ) B e 2540, J8
Tt PR ARG 25 B T B 1 AR AR e B, B 2% ) ik s A Al

Control
ST o i

In the control group, the mitochondrial structure of MING cells was basically normal, and no obvious mitochondrial shrinkage or ridge breakage was

observed. In the Ator group, the red arrow indicated mitochondrial swelling and cavitation, and mitochondrial ridge breakage or reduction accompanied

by increased double-layer membrane density. The black arrow represents the autophagosome (X5 000).
2 iESTEET MING 4B ML HE
Figure 2 Ultrastructure of MING cells under transmission electron microscopy
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A': Fluorescence probe was used to detect Fe** expression in cells of each group (x200). B: Fe’* relative fluorescence intensity of each group.

C: MDA content in each group. D: Fluorescence probe was used to detect ROS expression in cells of each group (X200). E: Relative fluorescence
intensity of ROS in each group. F: GSH content in each group. ‘P < 0.05, P < 0.01, P < 0.001 (n=3).
3 Ator 3 MING 4l Fe* R AR B3 & X Y 220
Figure 3 Effects of Ator on Fe™ and lipid peroxidation in MING6 cells
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A: Relative mRNA expression levels of apoptosis gene caspase - 3, necrosis gene Ripk3 and ferroptosis gene Ptgs2 in MING cells. B: Relative

mRNA expression levels of ferroptosis related genes Acsl4 and Gpx4 in MING cells. C: GPX4 and 4-HNE protein detection. D=E: Relative expression of

GPX4(D) and 4-HNE(E) proteins. 'P < 0.05, P < 0.01, P < 0.001(n=3).

4 Ator X MING fARESAE T A T-FIRFELAR KB E R & B RIEKTRIFM

Figure4 Effects of Ator on expression levels of genes and proteins related to ferroptosis, apoptosis and necrosis in MING6 cells
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GPX4 % . KIS HBRE G s M7 1)
& F W % 8 8 F (ranferrin, T 7 268 2 4K-1
(transferrin receptor-1, TIR1) « #% 52 /4 5 I3 25 11 4
(nuclear receptor coactivator 4, NCOA4) %5 I) & 2% il
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1ML ol R Pk FEL sk Pk 2% 2% 7% 1 3 (lysophosphatidylcholine
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