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[Abstract] Objective To observe the effect of Mfn2 protein on the formation of pulmonary fibrosis in
ARDS induced by lipopolysaccharide (LPS) at the cellular level. Methods LPS acted on human embryonic
lung fibroblasts ( HELF) with the concentration gradient and time gradient,the expression level of intracellu-
lar collagen was detected and the ARDS cell model was established. With replication-of deficient adenovirus as
the carrier,the Mfn2 protein was tranfered to HELF, the level of Mfn2 protein in HELF was detected by
Western blot,and the proliferation situation of HELF was observed by MTT, the Coomassie brilliant blue
method was used to determine the total intracellular protein level and the Sircol collagen assay kit was used to
determine the collagen content. Results The LPS concentrations of 0.5,1,5,10 pg/mL were used to stimu-
late HELF for 24 h,and the intracellular collagen levels were (70. 97 =1. 03) ,(71.31=+0.82) ,(76.50=+
1.31),(76.84+1. 44) pg/mg respectively,compared with (69. 0842, 48) ng/mg in the control group,and the
differences were statistically significant (P = 0. 028,0.011,0. 000,0. 000) ,moreover the effect was significant
when the LPS concentration was 5pug/mL. When HELF was treated with 5 pg/mL LPS for 6,12,24,48 h,the
intracellular collagen levels were (70.674-0. 96),(73.3940. 80),(76.01+0.59),(76.91+0.79) pg/mg re-
spectively ,compared with (69.6640.99) pg/mg in the control group, and the differences were statistically
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significant (P =0.031,0. 000,0. 000,0. 000) ,moreover the effect was obvious at 24h. LPS induced the expres-
sion of HELF collagen in a concentration and time-dependent manner, the appropriate condition for establis-
hing the ARDS cell model was 5pg/mL LPS to stimulate HELF for 24 h. Meanwhile it was also found that the
expression of Mfn2 protein in the LPS group was significantly down-regulated compared with the control
group (P =0.000) ;after transfection with Adv-Mfn2.the expression of Mfn2 protein in the LPS+ Adv-Mfn2
group was significantly up-regulated compared with the LPS group (P = 0.000); compared with the LPS
group,the cell proliferation rates (0. 9340.06,1. 4840.03,1.7640.01) at 12,24,48 h in the LPS+ Adv-
Min2 group were significantly decreased (P <C0. 05), moreover the collagen levels were significantly reduced
[(72.1240.30),(73.21 +0.26),(73. 46+0. 25)ug/mg, P<C0. 05]. Conclusion The overexpression of Mfn2

can reduce the LPS-induced lung fibroblast proliferation and reduce the collagen production.

[ Key words |

tress syndrome;pulmonary fibrosis

Z MEIE I 30 255 HE CARDS) 5 8 5 5 fifi 41 4k 1k
) A5 BE S5 1A 56 . 7E ARDS (7 51301 B A5 i 4 4 4k 19 %
A LEEXT ARDS FOH 2R 4E 34 4R 1936 97 & 2% ARDS
i i B B . AR A0 M AN R R 4 ) AR A e L B
B A9 E A AR BAE T, i B 2T 4 40 i S5 8 3
AL SRR R A R N, & ARDS HE& & A il 2T 4 1k
A EHLR . ABFSE N ARDS Jili £F 4 4k 14 % 9k Bl
il & o B 5 200 3 2 A ) 56 PR CHSG, SURR 2R A il
HHEE 2, Min2) J& 75 AT 8 3 0 6 AR 25 4 4 j Y 1 A=
WA BTG ARDS fifi 25 4E 4k i A R0R 1%

1 #RE5AZ®
1.1 XA 544

ARl BT 4E 40 e C(HELF) Wy [ o [ RBk2% Be 40 i
WIRE, W& Z(LPS) I B 3£ E Sigma 2 7 (G5
14391) ;rMnf2 £ 5o R BT A& OR IE T X5) A HT XS — Hi
H GenWay Biotech Inc 28] ;3% D72 5 15 8 H i
& M Sircol BRI 5 55 & B Y& [ Biocolor A Al .
1.2 7%

1.2.1  ABEAR R 4F 4 2m o (HELF) 84 3% 5%

W AAF M HELF 364k )5, & 10 % )6 40 1 i &
WL DMEM K5 77 3L E 4785 3% .12 h J5 55 #0087 5 7
RO AR KO EE R K 80 % L b R AT I AL BT,
TEAR) B 0 GO T UL SR A R A, 3k A LR S R A 1Y
HELF #1735 .

1.2.2 LPS# % HELF A KR

HELF ‘& #L85 35% , BOS 80 K Wy 4l i, 7 DA
[ ¥ LPS(0.5.1.5.10 pg/mL LPS) #|# HELF,
TEASASBF B) 45 Sircol Jisg it il 52 32X 550 & 4G DU 200 it o8 G
S K.

1.2.3 S£khaou

¥ HELF 43 A x%f B4, LPS 41, LPS+ Adv-vec-
tor 41, LPS+ Adv-Mfn2 21, (1) X} RE4 . 58 @ K5 57 3
Bigg, (DOLPSH 44T 5 pg/ml LPS+ K 3R 5
24 h, (3)LPSH Adv-vector 4. : I 5 #i4& Adv-vec-
tor &2 LPS.DMEM 5 35 J: 1% 35, (4) LPS+ Adv-
Min2 4 . If 9% 5 2K Adv-MIn2 } LPS.DMEM 3

lipopolysaccharide; Mfn2 protein; human embryonic lung fibroblasts;acute respiratory dis-

FIREFE
1.2.4 KR &&aRikREaNKF

HELF 42 415 S AL # s 1% 5 B2 5 1k
T 5E 20 M P9 28 1 Sircol BB A 3 ) & 2 B
K. 0 N i R 2 17K F (pg/mg Protein) =
RN AR A 19 e B & & (pg/mL) = FRIAEAS (1 8 8K
JKAF-(mg/mL) .,

1.2.5 Western blot %3 Mnf2 &8 & &

WA 5 I 2H 2R S BCA 3330 & 1000 2 7 0 A s 2
HE., 5% BSA ZiREM 1 h, Hp—HtH 5%
BSA W 1+ 200 Fi k.4 CHETF LK., 9t K
M at 48 1k W W A5 90 19 1gG) 5% BSA M W 4%
1:2000fikE, ZHME 2h . HECL B53%.

1.2.6 MTT k4 m HELF ¥ 7 H R

HELF 42 43 4175 A B S L 57 25 IH 85 7% 9.
BELIMA 20 L MTT W F 4 h J5 ZBREEFRE. IMA
DMSO 100 mL, % 45 fiR )5 » 2 T g A A I 1
570 nm Ab IR G CADE LA A9 /)N 52 40 it 7Y
FETRDL . AT R Y0 = (4254 A {H — B X R
HAAE/CPHMEXT R A H— B B4 A {f) X
100%.

1.3 %itsas

K 58 4 B LT CBR R b, R A SPSS
26. 0 M ATGAT 200 T A B LA = -5 F/om . 2
2 ) LA S 2R O 22 A, AL ) LR T ¢ K
B, L P<<0.05 WERASITEE L.

2 2 g
2.1 FRRE.RREAEMRE LPS s HELF 49 /2 A
KRG W %R

A TR e BE ) LPS 43 HELF 24 h, i Sircol &5
I 3370 8 D e S DR 2 K OF L R TR R BE Y LPS 41
(0.5.1.5.10 pg/mL) B J5 25 7K 5 X B [h A 25
SEA G E (P {H5 24 0. 028.,0.011.,0. 000,
0.000) , H B R 2 /KRl LPS ¥ 5 0 38 i 52 3 7=
PLLPS IR R EMEAE S HELF A REE N, 4
W] 8, LPS 2H (5 pg/mlD 5 LPS #H (1 pg/mL) L



FTHRESF 202157 A% 50 5% 14 8

LR G FE X (P =0.000).1f LPS 41 (10 pg/
ml) 5 LPS 41 (5 pg/ml) WK Z R LG % E X
(P=0.68), WK 1,

PR E R 5 pg/mL [ LPS il HELF, &
LPS Ab 5 AR B[R] (0. 6,12, 24,48 h) 41 B P i IR
K A A LPS 41(6.12.24.48 h) it )5 &
FI7K 7 50 A L3 25 S 3890 Ge ik 22 3 (P B 4300
7 0.031,0.000,0. 000,0. 000) , H i It 7 19 7K F Fifi
LPS il 3 Bsf (5] () 38 o 2 38 755 fa 3, LPS DL (i) 46 56 74
%5 HELF A RIRE A, A, LPS 41 (24 h)
HIPSH (12 h kB ERAZRITFE L (P=
0.000) 1M LPS 41 (24 h) 5 LPS 41 (48 h) tb# 2 5+ Tt

G2 L (P=0.054), WA 1,
80 =

=
=23

~
o
1

RN REERS
(ug/mL)
3
i

4

65 -
0 0.5 1.0 5.0 10.0

LPSIRFE (ng/ml)

80 =

BEERAE
~
o
1

il
(ug/mL)
3
1

4

65 =

0 6 12 24 48
LPS{EF BT IE] (h)
“.P<C0.05,": P<C0. 01, 5% B AL AH L%,
1 AERE AEERARE LPS HELF 4858 M iR R
EAREER

2.2 Aumwmie Mnf2 &G &k 6t

WS K 5 pg/mL 1) LPS #l3#% HELF 24 h,
Western blot £l Mnf2 £ 1 235 101 00, LPS 41 %%
XTHEZ] Kvl, 5 R B W T (P =0. 000);
LPS+ Adv-Mfn2 20 % 1LPS+ Adv-vector 2 .LPS 2
Mnf2 % [ %k EIH(P=0.000), WA 2,
2.3 L Mnf2 2 s HELF 358 & & 0 e W I8 &
FAKFHI R

LPS 241 R HZME 5 pg/mL () LPS Jll# 12 .24,
48 h J5., HELF 40 i 3% %8 R 4> %l 1. 01 £ 0. 02,
1.76+0. 01,2, 0440. 01, % XF P2 B S 48 i (P <
0.05), i1t #2315 Mnf2 5, LPS+ Adv-Mfn2 40 4 Jfi
B AR 0.9340. 06,1, 4840, 03,1, 76+£0. 01,
A LPS 48] B AR (P <<0. 05) . WL 3,

LPS 20 (& J¥ 5 pg/mL . fll L] 12,24 .48 h)
2 A PN D B 1 K 43 0 R 73.39£0..30.76. 01 £
0.22.76. 904 0. 30, B X} B4 & 15 m (P <<0.05);

2373

LPS+ Adv-Mfn2 4 & 5 & H K F 4359k 72,12+
0.30.73.2140.26.73. 46+0. 25,% LPS 41 & 2w />
(P<C0.05), W& 3.

MFN2

GAPDH

1 2 3 4

1. %R 4H; B. LPS 4 ; 3: LPS+ Adv-vector 41 ;4: LPS+ Adv-Mfn2
4. P<<0.01. 5 X IRAAMIEL .

B 2 %40 HELF 405 Mnl2 EEREWER
257 e stmam

| PSZA
2.09 _aps+Adv-Mfn2eH
-¥-LPS+Adv-vectorfl

1.5+

AME

1.0
0.58

0.0

0 12 24 36 48
Bt 8] (h)
78 = -o- XTERLH
= LPS{H
76 4 * LPS+Adv-Mfn24H
-¥- LPS+Adv—-vector

74 -

72 1

RIE &R KT (ug/mL)

X

70

B

68 T T T 1
0 12 24 36 48

B3 18] (h)
3 % HELF @A B R RERANKEEAR
KETHL

30 8

it BC£T 24 A0 it 2E R IR A i 2 ARDS
[IER SADPS i E S 0] 3 S WP R
2T YR A0 A U KT SR il 2T A Al R Y 2
FEAR . LPS R BIHERT B (G ) 20 M0 BE 1 RRAE
Ja3 s FE AT AR E 22 Fof [ A7 40 M B 2 A 40 i o s 4 e
¥, A58 &I @t LPS VR TS0 85 35 1 28 1 240



2374

JHL 85 7= A 1 400 i PR B0 A 1 % 1 A R R R S i i
2T 2 AN M 3L TR 15 3%, AT AF 5 BT 4 40 i 7 A e DB
HEIS L A BE 5T LR A e R K i e LPS fEH T
HELF, 5 X B8 21 b 55 e JAL 28 1 /K 7 B 8 34 o, i 52
LPS DL B K i AR a5 S HELF 7= 42 i U
£k ARDS Jili 21 4 Ak 41 B B R, B ) b 375 5 1 Ml B 27
i 20 o Jg DR A R S

Min2 &8 B % PO E R 22 57 Bos H R & 3
M) —AN BT, BF 98 & B, Min2 RE A% 3 i 3 4 Ras-
Raf-ERK/MAPK {553 ¥ (9 5005 » 34 i 20 i ) 1A 2
H(CDROMHIE T p21 3% p27 By 235, BT M 5 B
20 98 B 1 (Rb) 1) 19 Ak, A 0K Ml 92 Ak 90 1 344 5 1)
Rb &R, B IR G, /S 1 %% e, filf 40 Jit J) 399 B v 7
G /Gy 301, DT 90 ) 200 i 33 51 L A il g A I A
AEPEBORAEFE H, Min2 78 30 1 B e 40 i A i 4% 7
LR A S5 40 B R T 4 AR B R R
WG AR S 3T A Ok R P R A K B B R i A B S
AR P R A B ETTY L BRIE Z Ah. WANG
AL e IR A A B IR AR TR AR A 4R B
BLET 4 40 i H Min2 33K K S Ft /. Min2 7] 5 i
Ras-Raf-ERK {55 38 #% 31 il 5 2F 2 20 M 1) 15 58 A1 i
J5 J5 2R F 7K F- . ARDS Jifi 2F 2 16 #6 K 1% 41 4 40 i &
FHAAE ., L, AW HED Min2 D) EEIR S AT RE S5
ARDS i £F defb % VI AH G . AWF5E & 8 Mnf2 2 £
NIt B 1 2 240 f b A AE R 3k B LPS i35 Mnf2
B AR R L Ml T 2 A0 B G A L i R R 7 A
hnL 428 Mnf2 FE H A g5 LPS % S 19 ARDS Jiti 2 4k
ff k.

ik —25E 5 Mnf2 8 115 ARDS fifi £F 4k fk 19
X F 3 5 7 YL IR R 7 Adv-MIn2, i %35 Mnf2 &
o X2 B T 24 240 e 154 7 1 0 B M R 2R 1A 7 A A
KT Lt %k Mnf2 8 A5 . BT 2 40 i 3% 5 0 2
UL 20 P B A e R DR B KT B R A
BE AT HE It 638 Mnf2 25 [ . AT Vs 2T 4 40 f 3 A
Il /D G S R 7R A

g5 LTIk, LPS VB F AU £F 4E 40 il f7 , Mnf2 35 H
FEIE T R RSN i L JE Mnf2 Rk
AL LPS S B0 B 2T 4 4 A 3 A L 0D i IR R (Y
A, IESE Mnf2 £ H Al GEFE ARDS il £F 4 fb b &
HEHEZEM.

S % Uk

[1] SILASI-MANSAT R,ZHU H, GEORGESCU
C,et al. Complement inhibition decreases early
fibrogenic events in the lung of septic baboons
[77.J Cell Mol Med,2015,19(11) :2549-2563.

[2] BURNHAM E L,JANSSEN W J,RICHES D W,et

[3]

[4]

[5]

[6]

(7]

(8]

[9]

[10]

[11]

[12]

FTREF 2021 %7 A% 50 4% 148

al. The fibroproliferative response in acute respirato-
ry distress syndrome: mechanisms and clinical signif-
icance ] |. Eur Respir J,2014,43(1) :276-285.
PARZIBUT G,CANIVET J L,GUIOT J,et al.
Acute respiratory distress syndrome [ J]. Rev
Med Liege,2019,74(10) :514-520.

ZHU M,AN Y,.ZHANG X,et al. Experimental
pulmonary fibrosis was suppressed by microR-
NA-506 through NF-kappa-mediated apoptosis
and inflammation[ ] |. Cell Tissue Res,2019,378
(2):255-265.

CAO Y,LIU Y,PING F,et al. miR-200b/c at-
tenuates lipopolysaccharide-induced early pul-
monary fibrosis by targeting ZEB1/2 via p38
MAPK and TGF-B/smad3 signaling pathways
[17. Lab Invest,2018,98(3) :339-359.

FOREL J] M,GUERVILLY C,HRAIECH S,et
al. Type Il procollagen is a reliable marker of
ARDS-associated lung fibroproliferation[ ] ]. In-
tensive Care Med,2015,41(1):1-11.

ZHANG L,WANG Y,WU G.,et al. Macropha-
ges:friend or foe in idiopathic pulmonary fibro-
sis? [J]. Respir Res,2018,19(1):170.

XIE Y, QIAN Y, WANG Y, et al. Mechanical
stretch and LLPS affect the proliferation, extracellu-
lar matrix remodeling and viscoelasticity of lung
fibroblasts[ ] |. Exp Ther Med,2020,20(5) ;5.
LIU X,SUN J, YUAN P, et al. Mfn2 inhibits
proliferation and cell-cycle in Hela cells via
Ras-NF-«B signal pathway[J]. Cancer Cell Int,
2019,19:197.

CHEN H.DU Y,LI Y,et al. Jixuecao Cherba
centellae asiaticae) alleviates mesangial cell
proliferation in IgA nephropathy by inducing
mitofusin 2 expression[J]. ] Tradit Chin Med,
2019,39(3) :346-355.

FENG S, GAO L,ZHANG D, et al. MiR-93
regulates vascular smooth muscle cell prolifer-
ation,and neointimal formation through targe-
ting Mfn2[J]. Int J Biol Sci, 2019, 15 (12):
2615-2626.

XU L, HAO H,HAO Y,et al. Aberrant MFN2
transcription  facilitates  homocysteine-induced
VSMCs proliferation via the increased binding of c-
Myc to DNMTT1 in atherosclerosis[J]. ] Cell Mol
Med,2019,23(7):4611-4626. CF4%55 2379 5O



FTHRESF 202157 A% 50 5% 14 8

al. Use of 3-D navigation to target the site of au-
tologous blood installation for lung volume reduc-
tion in bullous emphysemal ] ]. Chron Respir Dis,
2020,17:1479973120903556.

CAVIEZEL C, FRANZEN D, WEDER W.

Chirurgische Lungenvolumenreduktion [ Lung

[22]

Volume Reduction Surgery | [ ] ]. Pneumolo-
gie,2018,72(1) :64-78.

[23] FISHMAN A, MARTINEZ F, NAUNHEIM
K, et al. A randomized trial comparing lung-
volume-reduction surgery with medical thera-
py for severe emphysemalJ]. N Engl J Med,
2003,348(21):2059-2073.

[24] SEADLER B, THUPPAL S, RIZVI N, et al.
Clinical and quality of life outcomes after lung
volume reduction surgery [ J]. Ann Thorac
Surg,2019,108(3) :866-872.

[25] CRINER R N, YU D, JACOBS M R, et al.
Effect of lung volume reduction surgery on re-
spiratory muscle strength in advanced emphy-
semal J |. Chronic Obstr Pulm Dis,2018,6(1);
40-50.

[26] LIM E,SOUSA I,SHAH P L,et al. Lung vol-
ume reduction surgery: reinterpreted with lon-
gitudinal data analyses methodology[J]. Ann
Thorac Surg,2020,109(5) :1496-1501.

[27] RAMSEY S D,BERRY K,ETZIONI R, et al.
Cost effectiveness of lung-volume-reduction
surgery for patients with severe emphysema
[J].N Engl ] Med.2003,348(21) :2092-2102.

[28] ROEMERS R,PATBERG K,VAN D C,et al.
Robot-assisted thoracoscopic lobectomy as
treatment of a giant bulla[J]. J Cardiothorac
Surg,2017,12(1) :31.

[29] KIKUCHI Y,ORIHARA M, MIEDA R,et al.
Nonintubated video-assisted thoracoscopic sur-
gery using adaptive servo ventilation in a pa-

tient with severe respiratory dysfunction:a case

2379

report[J]. JA Clin Rep,2019,5(1):57.

[30] #8i~>J A&, RAERE, R), 5. o8 5 % R
A 1 RN s i R R DD BR R Y LA LT . v
] A A BE 2% 75, 2019,19(11) :993-995,1003.

[31] ZE NI, 240, 0 B 2 5 A T M s
BN R FAREBEHEPRGEFNLT] HAE
2,2020,26(18) :1-3.

[32] THEODARE B,NISSY V V,SAHAJANAN-
DAN R, et al. Anesthetic challenges of a pa-
tient with the communicating bulla coming for
nonthoracic surgery [ J]. Ann Card Anaesth,
2018,21(2):200-202.

(331 fEZAh, LMy, Datly, 5. ok EES
A S8 LN s 5 i DR 9 U B R S bR SRR A2 1Y
I R I FHAE 5 [/ CD . rp 7Y B2 45 45 40 145
TZ47,2020,8(2) :83,93.

(341 FJRe. o MM e 55 T Fe 22 2k 5 I B U0 1) 48 &
ar b FRIE It W I R Lo [T ] B2 BT S
3 ,2020,18(13) :59-60.

[35] Fv0é, 4R, A e e, 45 r 400 fi s B2 il Bl /1N )
i 90 25 AR Vi o7 T R JSOR i 1 R A 1 o i
SRR R (A LT ). k2 B 2= #F L 2016, 30
(7):111-113.

[36] JioRAZ, Fuik, 5 55, 55, 4 M s g Al U1 %1 b 5 4
FARIGYT BB A i R AL . i R A B 22
#,2015,23(3) :215-217.

(37 WALt Ae Bk 53 5, 55 i s B8 T AR R 97 TH
Jeltisi AR LT 1. v B e A B g1k, 2017, 17
(5):411-414.

[38] ERIUMK, A I . sk A AR 45 A TE 3 B 7E 1 ) 45
DA A BB A B N LT ). 4 S R S AR
2019,16(8) :5-8.

(391 BAULAS. & SR AN I7 35 3R 6 4 - X0 i 1] 24
XoF it A 98 B8 3 R S BT 2 A AR T B AR Y S TR
(1. 7 Fg BE 24 0F 9T . 2020, 29(7) : 1337-1338.

(Wi B3 .2020-10-15 &I H 3 .2021-04-09)

(45 2374 50

[13] PANG G,XIE Q. YAOQO ]J. Mitofusin 2 inhibits
bladder cancer cell proliferation and invasion
via the Wnt/B-catenin pathway[]J]. Oncol Lett,
2019,18(3):2434-2442.

[14] WANG W, LIU X,GUO X,et al. Mitofusin-2
triggers cervical carcinoma cell Hela apoptosis

via mitochondrial pathway in mouse model[ J].

Cell Physiol Biochem,2018,46(1) :69-81.

[15] WANG X, WANG X, ZHOU Y, et al. Mito-
fusin2 regulates the proliferation and function
of fibroblasts:the possible mechanisms under-

lying pelvic organ prolapse development[]].
Mol Med Rep,2019,20(3) :2859-2866.

(Wi B 11 :2020-10-20 &[] H 11 :2021-03-06)





