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HREMAR MDAR K BES TEBEEE KA, cwp R B A/ E Fii 4B 4R GSH/GSSG B
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Role of ferroptosis in coal dust induced mouse models of coal workers' pneumoconiosis LIU
Taiyang, SUN Yue, BAO Rui, HAO Wei, WANG Qiushi, LIU Yaoyang, WANG Meng, CHANG Sirong,
LI Yuanyuan, LIU Zhihong (School of Public Health and Management/NHC Key Laboratory of
Metabolic Cardiovascular Diseases Research, Ningxia Medical University, Yinchuan, Ningxia
750004, China)

Abstract:

[Background] Coal workers' pneumoconiosis (CWP) is a serious occupational disease. Whether
ferroptosis, a form of necrotic regulated cell death, is involved in coal dust induced mouse
models of CWP needs further survey.

[Objective] This experiment is designed to elucidate the role of ferroptosis in the formation of
CWP induced by coal dust in mice.

[Methods] C57BL/6J mice were randomly assigned to a saline group or a CWP group, with eight
mice in each group. The mice were treated with 0.1 mL normal saline or 0.1 mL coal dust
suspensions (50g-L™) via intra-tracheal instillation. HE staining and Masson staining were used to
show lung injury and lung fibrosis. Iron concentration in mouse lung tissues was measured using
iron assay kit. Lipid peroxidation was estimated in lung tissues by malondialdehyde (MDA)
concentration and immunofluorescence intensity, and the ratio of glutathione (GSH) to L-
glutathione oxidized (GSSG). Western blotting and real-time fluorescence-based quantitative
PCR were used to test protein and mRNA expression levels of glutathione peroxidase 4 (GPX,)
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and ferritin in mice.

[Results] Coal dust injured pulmonary structure, thickened alveolar wall, and caused collagen deposition and infiltration of inflammatory
cells in the CWP group. The iron concentration in the CWP group [(10.75 + 5.42) mg-L™'] was higher than that in the saline group [(1.14 +
0.37) mg-L""] (P<0.01). The MDA concentration in the CWP group [(37.32 + 12.18) umol-L™"] was higher than that in the saline group
[(18.70 % 8.22) umol-L™"] (P<0.01). The immunofluorescence intensity of MDA in the CWP group was stronger than that in the saline
group. The GSH/GSSG ratio decreased in CWP treated mice (1.50 + 1.70) compared with the normal saline treated ones (4.95 + 2.86)
(P<0.01). Compared with the saline group (38.84 + 15.61 for GPX,, 225.90 + 54.34 for ferritin), the relative expression levels of GPX, and
ferritin mRNA in the CWP group were downregulated (14.29 + 7.21 for GPX,, 106.70 + 36.70 for ferritin) (P < 0.01). Compared with the
saline group (1.47 + 0.54 for GPX,, 1.73 + 0.34 for ferritin), the relative expression levels of GPX, and ferritin protein in the CWP group
were also downregulated (0.92 + 0.22 for GPX,, 0.97 + 0.09 for ferritin) (P < 0.05).

[Conclusion] Ferroptosis may be involved in the formation of coal workers' pneumoconiosis induced by coal dust in mice.

Keywords: coal workers' pneumoconiosis; ferroptosis; lipid peroxidation; glutathione peroxidase 4; ferritin

J& T 22 Ffi( coal workers' pneumoconiosis, CWP) &
— M FEITERERKIARAE LS [ ERIAHERER
7, WA BAR ) FE 2019 FHRTIZHIRY 15947
ZAFMEBEED, WP EFEZ LN —FU LY, BF
cwp BN & L EIH R 2 EER, Ballak L8 FE
FEANERTT MEBRFH R .

CWP BI& il &I E 2%, IRIELHR0 L8 K B BB B 8]
RE, S hZHEFEHABETHFRARELRHBZFE
W AT, BRE, BATE cwp BRRETINE
TEEAG, LB BFEXZHRESEERAME
|, ERATHEXEFANTE LR, FRATHNAE,
BMEFEIEIEACNRE, 8K THN¥ RS EREQEENER

EPRATHEXEFNARIERRLZE". BREHARIE
TRA D S RRAEREN AR, cwp BE KR BBIE
MEIE 0, 7E cwp E£E B B WA AL L IIE
L, RIRFATEFIHATAL R P LI, #1%] cwp EEL)
RALAT. B%/GE, cCwWp B EH REAE &R, E LI
18 cwp WAL RTREEHMNFIS S,

BILTZ 2012 FRMN—FE T ELAMIET S
No KB FIHEBHFE T AENMNERHZ— FE
BT S S5 = N B A B9 E 1% SR (reactive oxygen
species, ROS) MR B AR M A B EAFL T HIL S
o ARADRERERIGEMEELH AR ZE
(malondialdehyde, MDA) , ElItt MDA BN BB &
Y RBIEITZ — BT HEXMNELHRTY, B
Bt H I R YIE8 4(glutathione peroxidase 4, GPX,)
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SFESRATERERTIEX, MRERMHETS
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ﬁﬁ'%%%tﬁ’lﬁi, 25184 EEM M ERIREE;

RARFABHRAMEBE L FSHEmMRS
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MRS RS S TE X", BLPESEREHY
BT, HELWI NSRS, B R E IR 4 Fik,
A 5| e kB FIE AR AR IR, NS EASE
THEE, Ak, AFAFREIZ/NER cwp RE, 127\
LLLHFﬁéﬂéR%Eliﬁ ERIEANER RRHIETHE
CWP R EAIEER.

1 WR5HE

1.1 ¥

1.1.1 LEmY TEERKZEXRRIYHOREMS
C57BL/6) /N, 1REE (22 +£2)g(8~10 A) . SRIOFE
FETEERAFLRKRYHOLRMCIEEZR
SEIZ, RS YXK(T) : 2020-493,

112 20 HEFRNRANE. aREK
(glutathione, GSH) /L-5& 1¢ B! & Bt H BX (L-glutathione
oxidized, GSSG) MIXFI & (P EZ K L), MDA 1
HANE(PEDNE) , REE GPX, K. RETEH

E8HAE. LWEZHE MDA- RIS BRI E(FITC)
PUR(ZEE abcam) , BBUZEA AT E(PEFERE

), 2 RNA 1B F & (TIANGEN, 1 [E), TB Green ik
AIy‘:,iﬁt?'JA H 7K TaKaRa), 5x L 45 4iR (H E
BRAMHE), HE R B RXFIZ(FEILREIR), Masson
FERFZ(FERER).
1.1.3 FZVEE  BetRX(130412¢, ZEREE), B
29N EIT(SimpliNano, XEER) ,, Bt HERER
MR (LSM800, B A% 7)), (L F & SR R S (XBS+,
EEAR), KHKTEE PCR X (qTower3G, EEEFE)
1.2 HiE
1.2.1 sh¥YiEAENT cs57BL/6) N AR BEN 9 B A 18
kAT cwp iREBAA, F4H 8 R, KA ERE
BETEXAMXAE LT X, S EaEREGEER. X
BRERIEEF/NEMIRE, RIEIIZNT: /)
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RE T 7# 2 AR B EHE A TRRER(£9 10~155),
MEEREEE, BEEMEMIL, BREEEE, FRAFAT]
PIFNEIEE B, N D BREABERALR, FIEL
2R 0.1 mL(50gL ™) 0.1 mLEBE/KARZESE
B, ByUR, FR BB, BRI NEHIE
EESX At 10 R, fE IR L BR S E IR ER 7K H NN H39
0w, PEES, fNMeHD EAF. BiEG 8 A3,
122 FAASEFRENE ERREVNRE DA
FAHZAAR, 2 1.9 AR SEREKES; 1E4°C
ZHETHIMWAR, 2500 rr-min™ B0 10 min, BIOVFER
6 cm, BY BB FRIEEABINNK MK, £ 520 nm
MAZ E B,

1.2.3 MDA BYIGI 351K MDA T2 %R R
FEK ML MDA JRE ., MDA XTI EMME: 72
AR BEEEMA B L ZER(TBA) TIER. EANK
7. MDA ¥ i&. MDA D B &, BN ERBREE 1.
2. 5. 10. 20. 50 ymol-L ", IRIFT=HE. tNEE. NE
EMAMENRMNEZR; BSE 95 °C A 40 min;
3000xg B0 15 min f&, BX_E/BTER K 532 nm 04830
HEEE, RERNE: TIEE 2 A AR HI AR
Yk, KORTIF M-20 )C BN, FEMEEER; 4R
FAEE 20 min; B A WEXIE; 0.3% Triton-X100 §¥
B 10~20 min, BiFRELE R (PBS) 7%t 3 R, BIX 3 min;
5% 55 £ ] 30 min; LW 3F 2 52 f# 31 MDA-FITC HT{K
(1:100) i¥F,4°C 137K, [Cl)R/F PBS 75t 5 /X, &R 5 min;
1 mgLl™" 4,6-— BKE 2- K E 05| % (DAP) Z B 5 min,
PBS /%t 5 K. AHREBHIRHITRCEFRER,
1.2.4 GSH/GSsGERYIE ®IFFEMARITEK,
3500 r-min” B0 10 min, BIOVFER 6 cmo BX BT, 1%
GSH 2 GSSG AR NEE, % E TESAR(Y A, 7£ 405 nm
A Z E B,

1.25 EEE=0N X Western blotting &1
EARIK, EHRTEVEALR 50 mg, IINRFRE K
1mL, WIEBSRNOEK, RiRBPIRNER. B ZER
FRBAEEEERFERNERRE. EE
s5x FEE KR SERES, 100 °C, 5 min EHRTMHE, B
+ T IR B MR N ER R IS B AR R AR (SDS-PAGE) BB K, 7R
FER(IBE 80 V), P ER(1BE 120 V) ; AEEXFEAN
RIB & 2% (PVDF) FE R, 5%BE BS 9 # £ 1) R 7 1)
2h, Bi—11 4 °C IR, FKEREMNER Zin, I¥8 2h,
PBS %t 5 o ALFER N ERNER ST, ITEBER
EREHRESHABRE(B-actin) FHFREZEIHLL
B, IR EREQNENESE, SALREE 3K,
1.2.6 mRNA F=A G R A KB R EE PCR

(RT-qPCR) 1271l mRNA FYRX, 5140807 : GPX,, Likf
5'-TGTGCATCCCGCGATGATT-3', Fi#5'-CCCTGTACTTATCC
AGGCAGA-3'; & H, L Ff 5'-CAAGTGCGCCAGAACT
ACCA-3', T if 5'-ACAGATAGACGTAGGAGGCATAC-3';
GAPDH, _E % 5'-AGGTCGGTGTGAACGGATTTG-3', F iif
5'-GGGGTCGTTGATGGCAACA-3's RT-qPCR [ [ 1K %
W F: 30 s TE(95°C), 5 s B N (95°C), 30 s Ik fH
(60°C), 40 NMEIF. KA 27 A1t E EERBMEY
KR KF,
1.3 HirEHZE

K F3 GraphPad 8.0 2R {4 73 #T #4348, It EZE KL LA
xts T, MBI LR A t 1, WML, 3K
M =0.05,

2 &R
21 FARRIEFTN

HE 2B &I, cwp R B A/ NRHEFIE R £ 2
0, FEEEEEE N, B R AEARARIRIE, 1Rk
INREBEEZENRIETH(E 1A) o Masson B LT,
cwp R BA/NE A ER R R &R BN AR IR £ IR Eh UK 4R R
SIEMN(E 1B), CWP EEILH/ NSRRI,

50 pm

50 um
[E]A: HE 3 f8; B: Masson 2f; 1 4EIEEhK4E; 2: cwp A,
IR =50 pm, LI EETKARKEMIRE, BEETKAREIFN
FiiELEH, EEEFARRREIR.
1 WANRIFER G R T ENER
Figure 1 Lung injury and fibrosis of mice in each group
2.2 [HALRBEFTHR
KMER BR, cwp R B AH/ R ATAALR B S F R
2R E [(10.7525.42) mg- L) B A IR Eh K 4 [(1.14+
0.37)mg-L] ¥ H0(P<0.01),
2.3 fALREERIREKEREHR
cwp & B 28 /N B§ i 42 45 MDA IR £ [(37.32 =
12.18) umol-L™"] BRAE IR ER /K £H [(18.70 £8.22) umol-L ]

wWww.jeom.org


www.jeom.org

#445-5523: &% | Journal of Environmental and Occupational Medicine | 2021, 38(11) 1261

HAN(P<0.01) (& 2A) » CWP 1EBYLH/ R FtiZH4E MDA
KtEEETFEIEEKA(E 2B), cwp 2B A/

60 .

N
o

3Rk

AR/ (umol-L?)
S

0
S S CWPIEHYLH
A B

BfiZA 47 GSH/GSSG 1B (1.50+1.70) 3R IEEE /K £H(4.95+

2.86) F&1{K(P<0.01) (&) 20),

DAPI 10

GSH/GSSG{E

[CE]A: MDA JREE; B: RERMATR MDA, EEBREARAMZ, EbFIR=50 um; C: GSH/GSSG B, **: P<0.01,
2 ANEIALRRIEREFMIEFEHIER(n=8)

Figure 2 Lipid peroxidation of lung tissue sections of mice in each group (n=8)

2.4 GPX,. HxZEHM mRNA IZEAFRIALT L

cwp R B AR ATALR GPX,. BEE HBY mRNA
FEXT 2K 7K T (14.2947.21. 106.70£36.70) 13 4% 4 12
£h 7K £H(38.84+15.61. 225.90+54.34) [&1K (15 P<0.01)
(&l 3A. & 3B), [FBY GPX, . FEEAME BB FRIAK
7 (0.92 £0.22, 0.97 +0.09) 13 A IR EL K 2H (1.47+
0.54. 1.73%0.34) P& (39 P<0.05) (& 3C. &l 3D),

60 £k 300 1
A B < B
< [E]ge >
EX EX
gﬁEzo ﬁﬁmo
G f,ﬁ?u
+< 0 +<
N4 LN 4
& & 3
A » &
% & % &
% & #

Y Y
FIREE KA CWPHEAIZH

FEEE | e — - - @m 1.0

B-actin ﬂw#wmws € o ra—
W N
| )\ ) ,yvﬂ*‘ %‘j‘}/

Y @YQ X

EIEKE  cwelBRg %

(] A: GPX, B9 mRNA FEXF A K F; B: $A%E H mRNA AT RIA K
F; C: GPX, NEBBIKRE T SHENKAKTE; D: FEENEES
KEH ST RIEKTF, *: P<0.05; **: P<0.010

3 ®A/ME GPX,. BEB mRNA F1IEBFREER(n=8)

Figure 3 mRNA and protein expressions of GPX,and ferritin of
mice in each group (n=8)
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B |1k, S MDA E N Az GSG/GSSG B BYFE1E,
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BT R—MAERISMMESNEZER A
RRFET AR ARG E FRIRA D%
FR N, FE4EIT £ ROS, HMEHEARE T S
EZEY, Ak, BB FIREN I TSR ER
HEEWXM, B FHRHEIEEA FH. E5%
PHREQNEBEHRERZAE N R MNARIMNAREBANE
BF, ILUARSIE T EE, —BEREEFR
BH X BEE T LUNFISIE T A E, KXAR A
m, 7E cwp IRBA/NBEREPSREFRES TEIES
KA, I~ cwp REA DN RIRBRL AR £ B 2, ATREIR
SHYFTHEE, ARLERERIECNEERRR
BT ZREMEHREHNAE S ROS Wi, MNTTiEA
HILT, AR IEIL MDA F1 GSH/GSSG BN & I,
BLEST cwp BRA/NFRERIEUNEE, B
FIRLIE cwp BEA/NRLEHIH, THHNTS
FEL SR NFER ROS FFTRERIAEUNE
&, HMEREHIET S5 cwp &4, FIH#EN Eod
HMERSEMEHILTESE cwP RFHEHAET
BEX{ER.

HelfARIBR, Bt 5—EREMNERTE
HEYHEX. GPX, 2E—MEEBRER R, AT
HRE NIRRT, GPX, & GSSG IR GSH, BH1E4H
EEREAEKLE. BETIAN GPX, BIATHILTH
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XEEAZ—, BEBRE/ ) BERARIET RS
RZ3gmn, SHERNFET Y, AAREM, £ cwp
REB/NE R, oPX, REBREEHKARE AL
GPX, BV ERE R LA REIES cwp RELH/NRTRTE
THRE, AREIRFEARBEHEFRANG,
BRBFRANAFRESR LS, TEMNRNEEFERE
BH. BtxEASENELD, BRTEZHNEERK
BT ARESFAR, M T HFURNBRE, 2REK
ot RIE cwp REL/ NRF, SKEHPRE R, 7
BE LR, KRN ERFE T RIR S

AR ERIEE T 7E CWP BY & FEHLEIH 5 K B
ETHRE, BEXHRKERESNEMAR c(WP £
EHIXTIRE—MERIER, RRBHI KL TE
CWP REREAHGIFHITH—F R,
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