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Succinate receptor mediates Foxm1 expression to promote pulmonary fibrosis
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[ Abstract]Objective . To investigate the role and mechanism of succinate receptor(SUCNR1) in the occurrence and development of
pulmonary fibrogenesis. Methods ;: A bleomycin—induced lung fiber model was constructed using SUCNRI1 knockout (SUCNR1 ")
mice to observe the effects on pulmonary fibrosis. Transforming growth factor 81(TGF-B1) stimulated SUCNR1™ primary lung fibrob—
lasts cell proliferation was detected by MTT,and extracellular matrix (Collagen I and a—SMA) was detected by western blot. The
expression of forkhead box protein M1 (Foxml) in the lung tissue of each group of pulmonary fibrosis mice was detected. TGF—1
and succinate stimulated primary lung fibroblasts were treated with Foxm1 inhibitor, and the effects on cell proliferation and extra—
cellular matrix formation were observed. Results ; The pulmonary fibrosis of SUCNR1~~ mice were significantly less than SUCNRI™.
The cells proliferation,and Collagen I and «-SMA production was significantly reduced in SUCNR1~~ primary lung fibroblasts.
Foxml was significantly elevated in the bleomycin—induced pulmonary fibrosis model , but significantly reduced in the SUCNR17"
model. Inhibition of Foxm1 reduces TGF-B1 and succinate—induced lung fibroblast proliferation, Collagen I and a—SMA generation.
Conclusion . SUCNRI1 participates in the development of pulmonary fibrosis,and its possible mechanism may be to activate lung fi—

broblasts by promoting Foxm1 expression.
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1.1 A

82k % 2 (bleomycin, BLM) ([RI{=4¢ &%k, HAS) , TGF-
B1(Sigma 23w, ), SUCNRI Collagen [ o FHHLALS
# H (ae—smooth muscle actin,a—SMA ) —#T (Abcam 2\ H] , 9
[#), XSLHESE H M1 (forkhead box protein M1, Foxml) .-
actin — 4L (CST A Al , 2 [ ), AR L Masson i &
CRBRAYHEARLN A HE) , ol R & (T2 a0,
D,
1.2 7k
1.2.1  BhREIAgHl4 10 H SUCNRI &% (SUCNR1) Al
20 HEF/E A (SUCNRI™)CS7BL/6 /N (8 J&,20~25 o/ H) I
AFEl A /NIRRT R RS s ol IPF 4
B s, R S R R SE R B ) rh O SE R B A B
BORPA TSI

i A AR AR ) 25« /I BRUPH G 2t 13 2 L 22 A s 132 S5 R
P, B o 300 K Bk /o0 B SR LR 2R B E R,
1 mL RSN E PR A AE N FT A 200 wL(10 mgkg)
BLM, 28 & Jek, 1N H G, Wisiib st/ N US| s, A F
5 49 22 5% FP I i1 52 MO B D 7, LA il 4 21 F--80 “CHR AT
FRINENA
122 HE §eft 47 Nl 4% R P EEEE G, sl b s
VIR 22 60 CHEES 2 h J5, —H 2K 10 min x 2 U, BEEET RS FI
BTG KA)G , TRARE YD S min, 1% KBRS 7
1k, KR TE 30 min, BHETGLEE 1 min, BEEETFDRE K , hbERT
BE A, AR S YELFEE S IR Asheroft Scores iF
T PE4,
1.2.3  Masson Ye(t A5V IS KAL) e e & KR Y
YUARAZ , 1% 1P ER RIS 20 TR BORD , F R K ke, 7K i e 55
YRR M ELLYL(E, 5~10 min, ZEME /K PG | AR AL
i 3~5 min, APZHEGLE 5 min, 1%VKEER 046 1 min, BRI
KGR, PR iR d i WA IR, Image J RN B
TP IR BRI 2] I 9 AN RET S-S, A
AAXHE.
1.2.4 Western blot  HEHUIlZH 2L sl 40 Ma i) B2 1, il # SDS—
PAGE HL3K i, 80 V HLIK 30 min J5 90 V Bk 60 min, FREHL
YRR 1 aE 90 V HL#% 120 min 2| PDVF B |, 5% 205
W IRE A 2 h, —Hi (1:1 000) & i1, ZHi (1:10 000)
FIEWEE 1 h 5 ECL 52 440 1 Tmage T FPF0 2 K FE(E,
5 B-actin [ FAEAE AN SR 4,

12,5 JEARRELT HEARME Y 3 B ARG SR SUCNRLZ-FEFA: 2
C57BL/6 /INEUBT ALY )5 , 2647 0 28 W 23 R Il P I 78 v )
ML, 5 B AT AL 40, K A AL U IR R BT B9 74 1 mm x
1 mmx 1 mm /NRJF & 1% W01 10% FBS 55 55 5L 5
B 5l B A IR SR ORES , B R R . TR 3 mL
T 1%RHTR 10% FBS M3EFREE A 37 °C 5%CO, BEff T
4 h, BRI, AR S R . — S T PR A AR IR A
JHL, v PR A S5 AR ARG 3%, () 3~5 UMb A 75256
1.2.6 MTT {15 3 AURARET 4R 400, el il Akt EUs
$i2 1x10* AALFRT 96 LA, 8555 24 b F AN /2125 T 1%
YN, AETIUE ] S BREEFREE, A 200 wL TEILH A DMEM
REFRAE TR 10 WL i MTT(5 mg/mL) ZkZE15 5% 4 h J5 5
ks 338 4L 100 wl DMSO, #23% 10 min, 45 54 78
A3 TEARAY 490 nm B AS IG5 A
127 fyEdifh I SUE YRR RS KA A R AL
B HUR, 3% FALEIR M 10 min, L 2F 100 B 5
Foxml —31 (1:100) & 4 Cid 77 ,PBS i5 V)G , BAR M ARiC
(94T (1:200) % HEFEE 1 h, PBS ik, INA DAB &0, i
KB R SR
1.2.8  BRFAMKEAGIN il 16 78 Pk v RN 200 b 3 3k L3 vp
BEFRE KR A8 B HR b i) 52 358570 &5 (Bio Vision Mil-
pitas, CA, USA) AT, 06 1o A 4 i FR UL BH B4 T
129 Q-PCR W JH Trizol(Life 2 7], 35 )34 5 RNA,
Takara J2 % 5% 157 & (Takara A 7], HAS) 0% i cDNA .
2 pL ¢DNA, 5 10 pL 2 x SYBR GREEN R4, FF-IIA 6 pL
ddH,0 FLE 514945 1 pL(I-COM-1 5[4 :F ACCAGA-
CCCTGGAGATGGAGA ,R ACCGTGGGCTTCACACTTCA ; CT-
GF 8% .F ATCCCTGCGACCCACACAA,R GTACACGGACC—
CACCGAAGA;IL-6 514 :F CCACTGCCTTCCCTACTT, TTG-
GTCCTTAGCCACTCC;GAPDH 5|4 :F GCACCGTCAAGGC—
TGAGAAC;R TGGTGAAGACGCCAGTGGA), 1REAI 4 20 WL 2
MR ZR A 95 °C.5 ming95 °C .15 5,60 C. 60 s,40
APEIR, FHXSFIR R 22 15,
13 Zitsam

N SPSS 22.0 Geit=# 3, Br A B4 LI AL + il
% (v £5)JELEIR, R One—Way ANOVA J7 500 1
SR Levene T 257 MRS, 0 7 2555k H AL A L1
BHMERAGI R et —SE2E IR, ZH KR
JH LSD % K556 7K F @=0.05, K GraphPad Prism5.0 A4
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1176 HE & 0 | Ashceroff Score ¥F 43 1] W, BLM % S 11
SUCNRI™ /NG ZH 2L 4 i fb AR W . (5.76 £1.36 vs. 0.43=
0.65,1=14.364, P<0.001) , 1] BLM 553 SUCNR1"~/]N il il &7
i A% BLM 2 W B 0855 (2.94+1.27 vs. 5.76 +1.36,1=2.432,
P=0.008) (&l 1A), Masson Jeatin] UL BLM 755/ SUCNR1--
/N B 2 40 A £ e BT AR BLML 4 B I 082 (5.46 + 0.80
vs. 12.89 + 1.54 ,1=4.294 P=0.004) (& 1A), $RIAlZHZ 40
1, AT L BLM 41/NR4141 5 SUCNR1 Fil Collagen 1 FE 17K
SEHBHE control ZH WA 34T (SUCNR1:0.29 +0.02 vs. 0.07 =
0.003,:=13.77,P<0.001 ; Collagen 1 :0.51 +0.02 vs. 0.24
0.02,1=10.87,P=0.002) , ifif BLM+SUCNR1-~/)» Ui £ £ v 3t
A3k SUCNRI # 1, Collagen 1 #5 F/KF-4¢ BILM 411
B T R4 (0.39 £ 0.02 vs. 0.51 =0.02,1=4.711, P=0.000)
(1B, aE— 25Kl il vt 7 e & h SUCNR 354 3h 751 35 30 2
LK, & B BLM 2 1 BLM+SUCNR1--2H /)N Uil 2H 21 rh
B% 3 12 £h /K SF- #B 4 control ZH B G (61.10 £ 11.89 vs.
2429 +4.87,1=2.864,P=0.014;73.78 + 12.45 vs. 24.29 + 4.87,
=3.701,P=0.001) (& 1C)
22 &t SUCNRI #.32 TCF-B1 3 584 M ax, 45 4 4w 038 74
ot JLS AR R A R,
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B. Western blot ¥l fifiZH £ 45 17 7 SUCNR1 F Collagen I E K

BLM+SUCNR1" 4

TCF-B1)i7 T/ BUFAC AL LT 4E 41 ity , il W.SUCNR1 & 4 Al
BRI R £ /K S 5 e B KT PE 3% Jin (SUCNR1 :0.48 + 0.03 |
0.59 = 0.04,0.63 0.04 vs. 0.17 +0.02;:=10.240, P=0.001 ;1=
8.979, P=0.009;:=10.73 , P=0.000 ; B AR £k . 47.45 + 7.31 |
65.05 +5.39 85.15 +5.07 vs. 29.63 + 2.88;1=2.270, P=0.086;
1=5.798 , P=0.004;1=9.526,P=0.001) (¥l 2A B), H] TGF-B1
PR IR A BT AR AR, 7T DL AR SUCNRI Y Al n 2T 4
2 B 355 48 BE 748 SUCNRI™ 41 AH 28055 (48 h:1.90 = 0.02
vs. 2.27 +0.04,1=7.841,P=0.000) (& 2C) , 3 H 20 i 41 3
Jii Collagen | 1 «—~SMA A= A% 8,38 SUCNRI™ 41 BH I o /0>
(Collagen 1 :0.73 £0.04 vs. 0.91 +0.04,:1=3.328, P=0.029; —
SMA:0.83 +0.04 vs. 1.01 = 0.05,:=3.071,P=0.037) (¥ 2D)
2.3 SUCNRI1 £ %5 TGF-B1 i $49 Foxml &k
BRI A AR /N R 2 Foxm 1 FRIATE L,
PEH LU (immunochemistry, IHC) Fll Western blot 55 7 |
BLM 1% %2 (1) SUCNRI™ /)N BRI £F 2 AL 4 P Foxm] ik K
control £ W] i 7175 (THC: 8.50 + 0.76 vs. 2.70 +0.52,1=6.287,
P<0.001 ; Western blot:0.27 + 0.02 vs. 0.06 = 0.01,:=10.860,
P<0.001) ,Tii BLM 5 % SUCNR17/NFUZHZL T Foxm1 £
SRR AEAL 4B B AR (THC : 3.90 £ 0.69 vs. 8.50 £0.76, 1=
4.468 , P<0.001 ; Western blot:0.11 +0.02 vs. 0.27+0.02,

P=0.008 P=0.004
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1=6.973,P<0.001) (¥ 3A B) , 7€ TGF-B1 FIBEIARRERAE 11 SUCNRI1-/INFUSAR il s ET 44N Al , TCF-B1 FBE IR L1545 %
sINEURA ST AT 440 T, Foxm] 2348 control 21 W & T By Foxm1 335 #% BH 2 4% (TGF-B1:0.07 £ 0.01 vs. 0.17 =
(TGF=B1:0.17 £ 0.01 vs. 0.020 = 0.003,¢=9.999, P=0.001 ; 0.01,:=5.616,P=0.005; 35 IR 5 . 0.04 £ 0.004 vs. 0.16 =

BEHIRER :0.16 £ 0.02 vs. 0.020 = 0.003,:=11.72,P=0.000) ; 0.01,:=10.380,P=0.001) (/& 3C).

P=0.000 . P=0.001
08q —m— _
P=0.009 .
— T80
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‘ 360
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Bactin |M—_.Gy A A— =
£
0.0 0
0 1 5 10
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A. Western blot IR Rl BE TGF-B1 55/ UK B. ELISA KA e 2 40 i 5 7 5 rp 3R F iR £ K
A AN o SUCNRT 25 117K F- N
X7
&
N c"$ P=0.037
25 = & &\W’ @ 12 1.2 4 P=0.013
0.000 & & & £ £
20 |P= . 508 208
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HE P<0.001 El g' g:-
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g =S AR LA ) P
" N 25 P 210
i 5 T o 65 ?3':'\ A 0l - "~- : EE 5
. ’ \_‘:;,: ¢ 5‘;: ‘:{"l‘;ﬂ g‘ 3 2 ' £ 0
R Y CBSR e 3
B H 4R R A 100 wm C“"&QJQ;Q@
AL ARSI 5 2H /N BRUTZH 2P Foxm] 85 K- g
&
<
\XL@’ 0.4 £<0.001
& P<0.001
QC» e —
s &% o £
& » e 8
= — 402
Foxm1 |_ - - 5 ' , -~ \] ‘—g o Foxml
R M T B-actin
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2.4 &ALy SUCNRI it & 3 Foxm] AL3AR L7 4L B F A=
fm L Sh IR R R,

ffi FH Foxm1 M550 RCM—-1 WAk B AR B ZF 440, nT
DIBA A0 TCF-B1 FNIEFARRER U5 S 1 40 L4 5 (48 h TGF-
B1:1.83 +0.03 vs. 2.35 +0.05,1=9.232, P<0.001 ; B AR ;.
1.84 £0.02 vs. 2.17 £0.01,:=14.80,P<0.001) (& 4A) {2 £}
i {b A F CTGF . ICAM—-1 Fl IL-6 mRNA (CTGF;TGF-B1 ;
0.02 +0.00 vs. 1.00 +0.09,:=11.210, P<0.001 ; BE FAHZ 5 .
0.21 £0.05 vs. 0.61 +0.09,:=3.727, P=0.004 , ICAM-1; TGF-
B1:0.07 +0.01 vs. 1.00 +0.13,:=7.278,P<0.001 ; BEFA R £h .
0.01 +0.00 vs. 0.12 +0.01,1=8.972, P<0.001 ; IL-6: TGF-B1 ;
0.10 £ 0.01 vs. 1.00 +0.08,7=11.190, P<0.001 ; B 3R E; .
0.42 +0.05 vs. 1.15 +0.14,1=4.836, P<0.001 ) /K *F- (& 4B~D)
FIZRIANERT Collagen | Fl a—SMA HI2E A (Collagen 1 :TGF-
31:0.03 +0.00 vs. 0.17 +0.01,:=9.645, P<0.001 ; BE 3R & .
0.15 £0.02 vs. 0.30 +0.03,1=3.883, P=0.018 ;a—SMA ; TGF -
B1:0.26 +0.03 vs. 0.77 = 0.04,:=11.490, P<0.001 ; BEFAZ & .
0.54 = 0.05 vs. 0.89 + 0.04,1=6.841, P=0.002) (/%] 4E) ,

RO

SUCNRI 1Y GPRO1, J& = FRER G AR v ]
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B OO A S PGS R LT 4R AL B R
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LI AZ 1A SUCNRI J& ml A shiR 25 FiE i, 2 5 4
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/NG A e R | filiZH 21 SUCNR1 3Rk
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25 = = z
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- & \\/\U& 04 = P<0.001
% O -
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H S 380 ; TR e QAR AR o TGR-B 1 155 T i £F
HeAAfaHh SUCNRI ik IR AR PERG N, @bkt
] B AL SUCNRI J& , o] LLBA S8 30 il 1ok 2 0%
SN U LT 4EAL AT TCF-B1 75 51 4T 4k 4n i 4
LA A ANREIEAE . 3R R SUCNRT 2 5 li4f
b R,

Foxm1 & X K AHE (forkhead box, FOX) 2 H %%
R Z—, FOX J2—ZEEA — Bk “ SRR e s
F&" DNA 455 30 s R 17 REAEAF I R 30,
Foxm 1 7 142 20 M 14 58 200 B A1 Jo A= ol b A A
IR R A LT YR F LR T2 — 8 AR A
M, FETR T ZiA SR 4L T, Foxm1 2350 B
B s Wi R SUCNR /N H , k8 A TGF-
B1 A Foxm BEnwi Wl Al R E LAY,
i Foxm1 #3570 GEAM | TGF-B1 FIBEFAMR EL 15
IR AT A A M B L LT 4R DR A R4 A
SRR, IR BEFIRRER TE AL SUCNRT 7]
BTN Foxm1 FRiR e SEMi£F 4k &A= K e

Zi LTk ,SUCNR1 25 T Hli¢F 4e it & A= %
Ji&  HAHLHI AT g @ a2 F Foxm1 F3R10 5 2 A
FYEANI, v 22 SUCNRI BERCM LT 41k i6) T Ay HE
Mo AR EIR Z AL, 15 e B B il 41
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