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Roles and mechanisms of the H,S metabolism genes 3-MPST and SQOR in pulmonary fibrosis
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Abstract Objective To explore the roles and underlying mechanisms of hydrogen sulfide (H,S )-metabolizing genes 3-mercaptopyruvate
sulfurtransferase (3-MPST) and sulfide quinone oxidoreductase (SQOR) in pulmonary fibrosis. Methods Forty Sprague-Dawley rats were
randomly divided into the control and bleomycin-induced pulmonary fibrosis model groups,and lung tissues were sampled at 14 and 21
days post-treatment. The expression levels of 3-MPST and SQOR in the rat lungs were assessed via immunohistochemistry and quantitative
real-time PCR. In vitro, A549 cells were divided into the control, TGF-B1,TGF-31+NaHS,siRNA-3-MPST,siRNA-3-MPST+TGF-31,
siRNA-SQOR ,and siRNA-SQOR+TGFB1 groups. The expression levels of 3-MPST,SQOR,a-SMA ,and E-cadherin were assessed via
Western blotting and quantitative real-time PCR. The content of H,S and the level of reactive oxygen species (ROS) were also determined.
Results The expression level of 3-MPST was significantly downregulated, whereas the expression level of SQOR was upregulated in
the fibrotic lungs of rats in the model group compared with those in the control group (P < 0.05). Compared with A549 cells in the control
group , the A549 cells in the TGFB1 group displayed decreased levels of 3-MPST, E-cadherin,and H,S,and increased levels of SQOR,
a-SMA ,and ROS (P < 0.05). These effects were attenuated by NaHS in the TGF-81+NaHS group compared with those in the TGF-31
group. Compared with the TGF-B1 group,the levels of E-cadherin,SQOR ,and H,S in the siRNA-3-MPST + TGF-B1 group were
significantly decreased (P < 0.05),while the levels of a-SMA and ROS were significantly increased (P < 0.05). In the siRNA-SQOR +
TGF-B1 group, the levels of a-SMA ,3-MPST , and ROS were significantly decreased (P < 0.05), while the level of E-cadherin and H,S
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were significantly increased (P < 0.05). Conclusion 3-MPST appears to inhibit EMT and pulmonary fibrosis by increasing H,S content

and reducing ROS level ,whereas SQOR may promote fibrosis by decreasing H,S content and increasing ROS level. NaHS can also inhibit

EMT and pulmonary fibrosis.

Keywords pulmonary fibrosis; epithelial-mesenchymal transition; 3-mercaptopyruvate sulfurtransferase; sulfide quinone oxidoreduc-

tase; hydrogen sulfide metabolism
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POBT BRI T RS B T AR S AS4941 Y
LA HE K I FB1 (transforming growth factor-B1,
TGF-BL) AP J5 m] LAT | b B2 (8] 5 £k (epithelial-
mesenchymal transition, EMT), EMT-2 3K 3 fitfi £ 4 1.
K BB, WA 2T AEAL T 5 A A M
w12 AL S (hydrogen sulfide, H,S) J&— 1 S A& {5
SOy BATUR BUREE A AR PR bl
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Smad 2/315 538 i FIMAPKA 538 [ 30 il FH s 5
F T L B AEMT R0 ) o H,S T 23 1 3
Tit (1% Tt 2 4 P ™ A=, B DG A Bik B—15 T8 (cystathionine
B-synthase, CBS) JEai ik v -4 (cystathionine
v-lyase , CSE ) 13— 3 N Bl R i 4% L i (3-mercapto-
pyruvate sulfurtransferase , 3-MPST) 5l CBS.CSETE
ilf £ 2 Ak b B9V B A WE T HRE , (H23-MPSTTE
Jits £F A Hh A T B AL v R DL i 3 I 7L 3h )
HYHLS 3 it AT A4 55 — 25 oh AL 16 0 1t S A it
(sulfide quinone oxidoreductase , SQOR) 1 1k, , 1% il 7F
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il £ R U2 AE AR , 137 I TGF-B1375 5 A5 4941
JIEEMT, SN 2F AEAL A MY R FHRNA T4
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Ok 8 2 FITCF-B1 H 7 [E Sigmaly 7] ; NaHS
W | B Rz T 30 (i) A R 2 W) 5 3-MPST/SQOR
B9/NTHERNA FR 7 35 B 245 HoR A R 76
TRIzolis 571 A1 Sz % 53837 &6 W A 32 [E ThermoFisher
Scientific/Zy 7] ; SYBR Green 2 i 5 HPCRFU IR 128 71
(Master Mix) 4  H ZAKTOYOBO/A &) 5 SLL AT FH A5 25—
LA —HT A 32 [ESanta Cruz BiotechnologyZy 7] ; DAB
BRI AL PR SR A H ARG R AR .
1.2 s msrd
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T 10% 04 M35 F19% 75 75 R 4R 22 AT I Ham ' s
F-12 KGR 1637 °C .5 % COJGFA R 3% s 55
24 hJ5 , B ASAZH M B AIL 73 72, 43 ) Ry ke B EH
TGFBI£H . TGF-B1+NaHS#H \siRNA-3-MPST# \siRNA-
3-MPST+TGF-B14H .siRNA-SQORZH .siRNA-SQOR+
TGFRIH . Jr2H AL PRI B 25 )k & - TGFB1 6 ng/mL,
NaHS 450 wmol/L, siRNA-3-MPST 4 wmol/L,siRNA-
SQOR 4 pmol/L, 73 HITEA B 12 .24 .36 hillt£E 45 41
YA, T IR S,
1.4 Jiik
L4 A Uk G R FH e s Al 2 Ak 2
o A6 0 K U 2H 40 R 3-MPSTHISQOR Y 26 ik . 4H 41
5 B U) 5, —$0 (3-MPST, 1 : 50;SQOR,
1 @ 400) W& ,DABR (A, IR KRG Y, 658 F AR
ORI E S FEE S
1.4.2  SZEF5E fEPCR : i FHTRIzol3 751 45 B 41 Jifd A
Jili 25 2R Hf EARNA B 5% 55 e DNA G 7353 LR B A
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NHWIGAPDH A W 2=, i I 4% ik PR 36 3K 155 100 55 I
FEBPCRAAF:95°C 5 min,95%C 15 5,59°C 30 s,
72°C 30 s, A0 EI 51 )7 5 : GAPDH (K ),
1E 15’ -CACCATCTTCCAGGAGCGAG-3" , JZ [1]5°-G
GCGGAGATGATGACCCTTT-3" 33-MPST (K {), iF
M5’ -GCCGCAGCCCTGCAA-3’, JZ[1]5”-CCACCCAC
TGAGCAGATACC-3" ;SQOR (KFR), IEM5’-CCATG
GCACAACAGCCTGA-3", JZ 115’ -ATGCAATTGGAG
GGGTCCAG-3" ;GAPDH (N\), iE 5’ -GGAGCGAG
ATCCCTCCAAAAT-3", JZ [1]5° -GGCTGTTGTCATAC
TTCTCATGG-3’ ;E-cadherin (\),1E[8]5°-CTGAGAA
CGAGGCTAACG-3",JZ 115’ - GTCCACCATCATCAT
TCAA-3’ ;a-SMA (N\), 1E 1115’ -TTACGAGTTGCCTG
ATGG-3", ) [1]5°-TGCTGTTGTAGGTGGTTTC-3" ;
SQOR (), 1F 15’ -AGACCAGTCCTGTGGCTGAT-
3, 2[5 -TTCCTGACTGGGCAGCTACT-3" 5 3-MPST
(M), IE[5’-CCCGCCTTCATCAAGACCTA-3" , JZ [A]
5’-AGGTTCAATGCCGTCTCGG-3" . FH27 "k i1 &
A IR AR FR A

1.43  Western blotting: &% [1#F i ZERIPAZL# . BCA
E B E, MR AT B — BT (3-MPST, 1 : 100;
SQOR,1 : 2000) FI—HUiFf , fe 2 ity A0
5, LIB-actins{ GAPDH A N 215 hR AL
1.44 RNATHE: FHHREFEAYL (560 V) #£3-MPST .SQOR
[HsiRNA KOO BESINC 3 5152 A A 5% 4 e, 4 240

3-MPST

A2 x 10° /LAY % B A 6L, 157536 b/ Uz 4
Ji, SR F SRt 2 F PCRIGHIE A% YLl o e LR (AR
B9/ T HPERNAFH1 (siRNA-3-MPST,5’ -GAAGA
AAGUGGACCUGUCUTT-3" ;siRNA-SQOR,5’-CCC
AAGUGAUUUCAUAUGATT-3") TG 4525 .
1.45 5P % (reactive oxygen species, ROS) | %2 :
Hr ASA94H a4 Fh T96FLR (1 x 10*/4L), B K 7510
pmol/L. DCFH-DA Y JC il 7% B3 373k , 37 CHREEIFE F 20
minJi , THOCHHFRY (Ex/Em = 488/525 nm) N A&l
DECIRIE
1.4.6  HST & 05 - 8 45 2 AS4940 i IS 4 F 15 0
VTR, B 03 1 W AR DT TE B e |, 42 a7
UL TR
1.5 it

K GraphPad Prism 8.08X - E4 748 43 #1922
E T TR x + s307R , 240 0] HL iR H 2 I
T3 25001, 240 0] LB R G 560 P < 0.05 22 5%
Gt E L

2 #R

2.1 REUMHLIF3-MPST .SQOR mRNAFIFE 11k
5% PR ZH A, 140121 dint A8 70 20 R U 2H 41
H3-MPSTHE 1 K345 5 /0, mRNAR IR K- 3
A (P < 0.05), TISQORZE 13815 1 % 1 2, mRNA
TR E T (P<0.05) LA L,

SQOR

Fig.1 Immunohistochemical staining of 3-MPST and SQOR proteins in the lungs of rats x 200
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Tab.1 Comparison of 3-MPST and SQOR mRNA levels in the lungs of rats
3-MPST mRNA SQOR mRNA
Time point
Control group (n = 10) Model group (n = 10) Control group (n = 10) Model group (n = 10)
14d 1.029 + 0.063 0.698 +0.042" 0.993 +0.038 1.714 £0.031"
21d 1.005 + 0.068 0.570 +0.047" 1.025 +0.057 1.896 +0.031"

1) P < 0.05 vs. control group.

22 KHA54940 0 a-SMA FIE-cadherin mRNA
ik

5% B S, TGFB14H (siRNA-3-MPSTZH Fil
siRNA-3-MPST+TGF-814a-SMA mRNAZE ik 7K °F- i
Tt &, E-cadherin mRNAFE 15 7K 3 i 2 K (P <
0.05), MTGF-B1+NaHS# FlsiRNA-SQORZHa-SMA
mRNAZE K 7K 8 2 AR, E-cadherin mRNAZ 357K

R T (P <0.05) o TGF-B1+NaHSZH FlsiRNA-

SQOR+TGF-B141 H1a-SMA mRNAZTA/K V- EK T

TGFBI4H , E-cadherin mRNA A /K i 2 75 T TGFB1
4 (P <0.05) Z55H/R, 3-MPST ila-SMAZR X,
1R E-cadherinEi5 , SQORFITGF-BIE Hra-SMAZ
ik, Wil E-cadherin#e 3% , TMNaHSHE & [lla-SMA 3 35
IKF 4 5 E-cadherin#Z 35 K- W32,

F2 HAASA94RE Fo-SMAFIE-cadherin mRNAZR A 7K B b 42
Tab.2 Comparison of a-SMA and E-cadherin mRNA levels in A549 cells in each group

G a-SMA mRNA E-cadherin mRNA

roup 12h 24h 36h 12h 24h 36h
Control 1.001 % 0.042 1.003 = 0.089 1.006 = 0.137 1.001 = 0.049 1.001 = 0.053 1.001 = 0.61
TGF-B1 1278 £0.007"  1.323+0.009”  1.399£0.002"  0.728 +0.046”  0.667 £0.010"”  0.424 +0.032"
TGF-B1+NaHS 0.810 = 0.054”%  0.763 £0.037"?  0.778 £0.014"?  1.188+0.069"? 1.118 =0.012"?  0.811 +0.059"?
siRNA-3-MPST 1.244 +0.079" 1.290 + 0.055" 1.621 £0.040”  0.809+0.023"”  0.617+£0.076"  0.539 +0.044"
siRNA-3-MPST+TGF-B1  1.630 £0.018"%  1.761 +0.049"”?  1.909 + 0.040"  0.473 £0.038"*  0.298 +0.014"?  0.313 £ 0.012"?
siRNA-SQOR 0.798 £ 0.004”  0.852+0.012"”  0.759 = 0.020" 1.442 £0.051" 1.516 = 0.024" 1.668 +0.011"

siRNA-SQOR+TGF-B1 1.150 £0.036"?  1.160+0.011"?

1.214 £0.015"?

1.264 £0.009">  0.828 +0.010"?  0.639 = 0.007""?

1) P < 0.05 vs. control group;2) P < 0.05 vs. TGF-B1 group.

2.3 FAIASA94A L H13-MPST mRNAFIEE 11K

55 %F R4 #, TGF-B14 .siRNA-3-MPST4 .
siRNA-SQORZH3-MPST mRNAFIZE |1 2 ik 7K F i %
A% (P < 0.05) . TGF-B1+NaHSZH3-MPST mRNAFI
HEHFRIIKF B Em TTCFRIA (P<0.05) . siRNA-

1 2 3
B-actin 12 h

3-MPST+TGFB14H .siRNA-SQOR+TGF-B14{3-MPST
mRNAFIE £ ik K F B EF K TTCF-R14] (P <
0.05) 45 LR, TCF-BI i 3-MPSTH: [H 1) =2 3k,

NaHSFISQORXI3-MPSTH ik v] Ge A {2 7 FH . UL ]
2.%3,
4 5 6 7

T ——— — N — — — ) |0’

3-MPST 12 h S e -f— ——D — il 33x10°
Buactin 24 h ——-——-— #2x10

B-actin 36 h

3-MPST36h W &

— — - - —-— -

33 % 10°

— — — — — — — | |()

33x10°

1, control group;2,TGF-B1 goup;3,TGF-B1+NaHS group;4,siRNA-3-MPST group;5,siRNA-3-MPST+TGF-B1 group;6,siRNA-SQOR group;7,

siRNA-SQOR+TGF-B1 group.

E2 &EAS49HH3-MPSTEHRIFRIE
Fig.2 Expression of 3-MPST protein in A549 cells in each group
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£3 KLAAS4948BH3-MPST mRNAFIZE B FiA K FHI LL AL
Tab.3 Comparison of 3-MPST mRNA and protein levels in A549 cells in each group

3-MPST mRNA 3-MPST protein
Group
12h 24 h 36 h 12h 24 h 36 h
Control 1.006  0.126 1.000 £ 0.17 1.002 +0.126 0.988 = 0.046 0.980 = 0.050 0.983 + 0.071
TGF-B1 0.782 + 0.033" 0.665 +0.012" 0.543 + 0.005" 0.852 +0.037" 0.635 +0.047" 0.552 +0.022"
TGF-B1+NaHS 1.171 £0.026"%  0.855+0.039"?  0.811 £0.058"?  1.124+0.067"? 0.777 £0.013"?  0.719 + 0.023"?
siRNA-3-MPST 0.531£0.008”  0.460+0.033”  0.416+0.004”  0.742+0.039”  0.642+0.031”  0.550 = 0.026"

siRNA-3-MPST+TGF-B1  0.430 +0.012"7  0.407 +0.014”” 0365 +0.029"”  0.608 +0.010"”  0.470 +0.009"”  0.418 +0.015"”
siRNA-SQOR 0.756 £0.012"”  0.630+0.028"”  0.495+0.010"  0.646+0.008"”  0.557+0.029”  0.560 = 0.010"
siRNA-SQOR+TGF-B1 0.597 +0.006"”  0.522+0.006"%  0.439 +0.007"?  0.564 +0.009"””  0.458 £0.020">  0.426 + 0.007"?

1) P < 0.05 vs. control group;2) P < 0.05 vs. TGF-B1 group.

2.4 L ASA94HHEEHSQOR mRNAFIEE H ik siRNA-3-MPST+TGF-B14 .siRNA-SQOR+TGF-B14H

5% B4 U 58, TGF-BI4ISQOR mRNAFIZE 1 SQOR mRNAFIEE [ ik K-l A (P < 0.05)
FIR K8 T (P <0.05),siRNA-3-MPSTZH Al 25 42 7R, TGF-BIE #ESQORFE ik, NaHSHI ilSQOR
siRNA-SQORZISQOR mRNAFIE FIRB/KTFBERE ik, Mi3-MPSTRI EXTSQORZEAF {2/ . UL ]
ik (P<0.05) . 5TCGF-RI14] b %, TGF-B1+NaHS&] ., 3 .54,

1 2 3 4 5 6 7
GAPDH 121 (s Gl SIS GRS G e quumpy 6 [0’
SQOR 12h  e— - CEE— — . —— o m— 50 x 10°

CAPDH24h wae THENED Tnee anmee NS S - ()’

SQOR24h Ch— — — - w— 50 x 10’

GAPDH36h s S s TS TS G s 36 [0’
SOOR 36 L e S S S — O — 5() 5 | ()]

1, control group;2,TGF-B1 goup;3,TGF-B1+NaHS group;4,siRNA-3-MPST group;5,siRNA-3-MPST+TGF-B1 group;6,siRNA-SQOR group;7,
siRNA-SQOR+TGF-B1 group.
E3 ZHAS49MEHSQOREHHIRIE
Fig.3 Expression of SQOR protein in A549 cells in each group

R4 FBHEASL9MHKHSQOR mRNAFIE A RIEKERILLE
Tab.4 Comparison of SQOR mRNA and protein levels in A549 cells in each group

SQOR mRNA SQOR protein
Group
12h 24 h 36h 12h 24 h 36h
Control 1.002 = 0.067 1.001 +0.051 1.001 +0.048 1.000 + 0.013 1.017 £ 0.032 1.010 £ 0.018
TGF-B1 131120.026”  1.333+£0.017”  1438+0.033"  1.425+0.024"  1415+0.014”  1.393 £0.025"
TGF-B1+NaHS 1.175 £ 0.040"? 1171 £0.012”%  1.151 £0.014"?  1.113£0.010"?  1.150 + 0.049"?  1.139 +0.037"?
siRNA-3-MPST 0.723£0.015” 0676 +0.043"  06190.015"  0615+0.019”  0.632+£0.038"  0.509 +0.020"

siRNA-3-MPST+TGF-B1  0.886+0.011"%  1.228 +0.014"?  1.235+0.008"?  0.701 £0.011”?  0.775 +0.004"?  0.649 + 0.016"?
siRNA-SQOR 0.405+0.012”  0.455+0.033” 0464 +0.005"  0.650+0.040"  0.607+0.058"  0.582+0.016"
siRNA-SQOR+TGF-B1 0.828 0.010"?  0.747 £0.021"  0.639 £0.007"  0.792 +0.003"?  0.825 +0.005"?  0.798 = 0.032"?

1) P < 0.05 vs. control group;2) P < 0.05 vs. TGF-B1 group.
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2.5 AALLASA T ROS/K - FIH,S & A8 fk
5% R ZH A, TGFB14H FlIsiRNA-3-MPSTZHROS
KT, H ST R (P < 0.05), MisiRNA-SQOR4]
ROSHCFR#EAR, HS T i+ (P < 0.05) o 5TGF-B14
H 3, TGF-B1+NaHSZH \siRNA-SQOR+TGF-B14{ROS

IR R, HL,S & 5 T (P < 0.05), 1MijsiRNA-3-MPST+
TGF-BIZHROS/K V- T, H, S i AR 45 R R
3-MPSTHIHIROST= 4= , SQORAE #EROSFZ £ ; 3-MPST
PEHEHLSAE A, T SQORVE/H,S A i W5 .

R5 FHHAS49HAHROSKFIH,SEERI LR
Tab.5 Comparison of the ROS level and H,S content in A549 cells in each group

. ROS H,S (umol/107 cells)
STroup

12h 24h 36 h 12h 24 h 36 h
Control 6.733 £0.125 11597 +0.314 12.233 +0.103 0.052£0.0003  0.045+0.0003  0.037 £0.000 1
TGF-B1 12.606+0.319” 16982 +0.647"  19.765+0.283"”  0.050+0.0001"  0.042£0.0004"  0.035+0.000 1"
TGF-B1+NaHS 10.616 £0.572"2 15217 £0.712"?  17.946 £0.163"?  0.059 +0.0002"? 0.047 +0.000 1"? 0.039 + 0.000 3"
siRNA-3-MPST 10286 +1.004”  17.741 £0.150” 19316 +1.364”  0.035+0.0001"”  0.035+0.0001"”  0.030 + 0.000 2"
$iRNA-3-MPST+TGF-B1 18.590 + 0.375"”% 19352 +0.334"% 21339 +0.233"%  0.035+0.000 1" 0.034 +0.000 1" 0.029 + 0.000 2"
siRNA-SQOR 5.171 £0.059" 9.594 + 0.659" 9.700 £0.234"  0.061+0.0001"  0.048 £0.0002"  0.047 +0.000 1"

siRNA-SQOR+TGF-B1 10379 £0.123"%  13.973 £0.125"?

17.643 £0.415”% 0.051 +0.0004"”%  0.047 +0.000 0" 0.045 + 0.000 0"?

1) P < 0.05 vs. control group;2) P < 0.05 vs. TGF-B1 group.

3 iTtig

3.1 TGFBIEFAS4941 e & A EMT, NaHSHI [ EMT
R A il 2T A Ak 2 — b P 18] 5T P A, HE
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