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Role and molecular mechanism of mesenchymal transition in pulmonary fibrosis
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Abstract: Pulmonary fibrosis is a chronic interstitial lung disease characterized by extracellular matrix abnormal deposition and
collagen proliferation, which ultimately leads to irreversible lung scar formation and respiratory failure. Studies have shown that
mesenchymal transition plays an important role in the occurrence and development of pulmonary fibrosis. This paper summarized
the roles of epithelial mesenchymal transition ( EMT ), endothelial mesenchymal transition ( EndMT ), and macrophage
mesenchymal transition (MMT)in pulmonary fibrosis; namely, EMT inhibits epithelial markers ( E-cadherin) and up-regulates
mesenchymal proteins (a-SMA, collagen) through TGF-B/Smad, Wnt/B-catenin and Notch pathways; EndMT is dominated by
TGF-B signaling and closely associated with caveolin-1 ( CAV-1) deficiency and hypoxia-inducible factor-loe ( HIF-1a) axis
activation, leading to endothelial barrier disruption and collagen deposition; relying on the TGF-B/Smad pathway promotes the
differentiation of M,-type macrophages into myofibroblasts, accelerating the fibrosis process. The three pathways form a self-
amplifying synergistic network through sharing TGF-B hubs, transcription factor networks ( Snail/Zeb, etc. ), and
microenvironmental interactions, that jointly promoting the progression of pulmonary fibrosis. Currently, targeted therapy still faces a few
obstacles such as systemic toxicity of TGF-f inhibitors, limited efficacy of multi-targeted drugs etc. , therefore, in-depth analysis of the
dynamic synergistic mechanism of mesenchymal transformation would provide some new idea for the prevention and treatment of
pulmonary fibrosis.

Keywords: epithelial mesenchymal transition( EMT) ; endothelial mesenchymal transition ( EndMT) ; macrophage mesenchymal

transition( MMT) ; TGF- signalling pathway; hypoxia-inducible factor-lae( HIF-1a) ; collaborative network
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BEBWE A AL 2~ 3 4, IR 18 PR 25T |
R ORI 5 e A A O L RV I JE IR 2
KR e T T AR 2 i g vy, (H AT B E A R R
W, PRI AT A & i DL T AT R TR 22 G R

VEAERFSE R I, 1] B A2 USUET 4k 20 i ) S R IR, (1)
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TR, RERER

1.2  EMT 4 a4k o a9 4 ) B oF HLfl

1.2.1  #AkA K HF-B (transforming growth factor-g, TGF-B)
R TCF- {5 % @B EMT i3 b & & 2 AE M.
TGF-B it 5HAZ IR G, WS 4301 Smad MR (F 558 #%
FNEE Smad MRS Ti@ I, JHTE EMT HCHR P FRL, Lt
() Smad J@ T, TCF-B BLIK S Z AL G5, BRIRIL Smad2/3
5 Smadl/5, JEK Smad Z G917, HEA A0 5 803 S Bh
THiG, MEEEE, /b, TBREITE, Smad EE5W 5
Snail , Zeb1/2 &% EMT M CHE SR AF45 G, B EMT {2 # 5 &
Yy, W ER S (A0 E-cadherin) 263K, (k8] R R 11 [ %
JE & 1 (vimentin ) F1£F 3% 25 4 ( fibronectin ) ] i ZR 35, MM HES)
EMT i #, Ak, TGF-B i il i IE Smad ARS8 % ( 4N PI3K/
Akt, MAPK , NF-xB %5 ) ¥ EMT, X 2658 ¥ 0] 34005 B3 12 254
G TRAF | TAK1 6+, fE8F EMT AHCER MRS, TGF-B
Y5 Snail | Slug 555 57 R F 22 [0 F74E (19 1E R G5 42 W i — 2554k
EMT 2 2%, TGF-B i 3 1o VA #2 4F 4 % RNA (41 microRNA-
200 ZWAHEEAE A% RNA) B3R5, S0 EMT AH JCEE R (975
P, Willis 221 BF5ERW], TGF-B REASAE ik Sl L Kz 240 g
(AEC) & A B Bt % AL i AR K R 7, 2500 T HAE 0 WU S R
EMT " 9/ER . TGF-B {2 2k BRIy 1 Bz 4 i v b J A
B0 ] B b i B A B, 17T AR SR A6 X T - ( tumor necro-
sis factor-alpha, TNF-a) Wi — X — 5 fbid 72 .
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TR NICD Wi B4 ™ . LA B AL W] EMT i £ 2
TR RS alii T, iR k& | BE KT 4efbiieE,
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( VE-cadherin, VE-cad) . L& 1l 4 %% Al F (von willebrand fac-
tor, vWF) | Ifil/INiR-P B2 41 i %5 43T ( platelet-endothelial cell
adhesion molecule, PECAM1) , J1-J3 8l a-SMA F Collagen 1 [B] J5z
YNARF=H Ik, FEX—idRe s, PR AN a4 e as , iF
FERE I HGR | B W 2R IR ) BRI O 430 ECM, S84 414
He1k.,

2.2 EndMT F25f £F 4248 ¥ 6948 B B oF Pkl

2.2.1 TGF-BfEFi@M TCF-B {55 M7EJH#E EndMT fr
RIEOAER . TGF-B &K% B 35 TGF-B1, TGF-B2, ‘H
A& % 4 % H (bone morphogenetic proteins, BMP) Fll i 1§ &
SEel st TGF-B ZIE ST . A 1
ORI R 37 R4l i, Hivb TGF-BR2 & Ay 1T B 32 {4, 1
ALK1 T ALKS J& =20 1 B2 A1 ) TGF-B 55 TCF-BR2 4%
B RS ALK 3¢ ALKS, #FiMiE ) Smad 7% 5% K £ K 3%
Ko WG Smad R AR E &YW AMIEE, 5 Snail |
Snai2, Zebl, Zeb2 S5 HEH SEA FAIE AR, S35 F HE
RIS FA AR | 2% S EndMT, B4, TCF-B 55
PR 5 MAPKs | PI3K #l miRNA 25 HAR A2 X, #E— 1%
¥ EndMT, R4 TGF-B EZE T LM Smad 75 F8#, (A
FAEAEZ MR 4%, 0 BMPT7 Al Smad7, 5833 14 EndMT P-4
SR

2.2.2 CAV-1 4 fi 5 B i 8 i £ R4, CAV-1 BYERIK
5 EndMT KJiEF4eibin) kA= B OIAH G, MR R, CAV-1-/-
JNELAEP fe 4 B & R EndMT, R o-SMA Y2 %,
PEFIR | ISR T BRI A A AR A, LA s il R
Snail I Snai2 {9 >, X5 F4A5 4k 5 TGF-B1 % F 19
EndMT i #2—2, $&/8 CAV-1 2] fEil i fE i EndMT 25
FlT - 2t A mp 4 20 23 2 2 Ak R A5 5 78 dE R . CAV-1 3 i iR 9%
TGF-B Z RNk | iz A > | S TGF-B fF 515 5 &
HA SRl R, TE NG LLsis T, CAV-1 BYFRILTE
[&] J5 1 Bl 95 ( interstitial lung disease, ILD) R & P il 2 4 1k
(idiopathic pulmonary fibrosis, IPF) FBE il 4H 2 P S AR
ST R, WA CAV-1 ThEE, Unkh3e/Nes 28 1 S 2R 45 4 etk Bk
IRIRTEN 00 CAV-1 FE3R T 2 IE AR LT 4 fb R 527 JAE i
ZF Y0 A i 20 ik s R 3h R R e SR R YT . (B
CAV-1 7€ EndMT H i) HARFE T8 — 258, 28 1, CAV-1
BRJE RS EndMT FIHEEE TCF-B 55 8%, 7EMisr 4eib &
AL v 2 ¥ SRR T, L) B 2 VT 58 0 £F 4R A 4R 1153R
IT R

2.2.3 A S5 EndMT il 2R HA AR e D X 42 vk
L3k O P A S = W /(1K A= 1 BT Wl | B S e A i O
it HIF-1o BB, 78 EndMT FUZT4E4k i1 % 1 2 R vl 6
HEVE ., HIF-lo 3 2 3006 T W42 2 4Efb 3L I (40 TGFB,
VEGF) 3t b 8% 5 [N 1~ Snail, 3K 30 1M 45 P9 A2 40 B 1) 8] 75 5 4%
1k, FE a-SMA FIEBEARL IO #F5e @R, fEik
SV T AR b (iR S8 R Bl A PR B 20 e ik
MM AL, #F Wi i TGF-B/Smad {5518 MK A HIF-1a AL
il fh % EndMT, X PBUMLT 4k, 167 ML N 52 40 i 4b T
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IR, TR 0 N B BRI, T 4F 4 A0 AE 5C 1 P Bz 4t i L
AEmEtk, RSB RN N KB, FEUR MK M &5 2 4
FEARSE Y L Je i M g i, IbAbh, B4 i HIF-1a 5 TGF-B
PRRIVER, A 82F LR 2 20 40 Bt 43 b 0 0 A A1 36 5 ( T 0 IR
SR, R, #E HIF-1a 8 TGF-B/Smad A 3¢ i 7] G
JI A AL SRR YT SN, (HILAE EndMT Hb i B4 4 ) 4%
st —2B 5T

3 MMT

3.1 &L IREWEANRLE R E AR SR T, i —&
SIS 5INEE 1 IFEAE | e 2R WL ZT 2k 40 i e 1 3
A BRI IE T MMT /5 TUBCET 2 40 i B SR OGS A2 1
FPEDO ) MMT AT fE7E£F 40 v & SR R T 1

3.2 MMT &/ 4 4e e b 69 45 B & F Huh)

3.2.1 TGF-B/Smad {5538 i F W40 g It 2 M, B2
TGF-B M TR IRZ — "Bl 1 7 55 AT B A% 40 i s 27
i 240 - 458 0 9 00 375 5 A B A0 3 5 R T e ik T 4 A 1) F
JRUY L TGF- i [ 48 W AN 55 40 WVE T, 0 R F Smad2/3
(G5, 5 Smadd R GYHAEN, BIGIELT gL H
fRE 5%, AT SE B MMT 33 #2175k %38 i MAPK | PI3K/ Akt
S5 DM R L E MMT, 38 58 40 B 3E A2 A ECM LR, Liu %
RIL TGF-B 7571 CCR8 ] {2k F 105 41 At %% 531k WUBL &4 4
4f, PHSLHE [ TGF-B/Smad i [ ( W1 Smad3 # 2k TGF-B
HRIHLIR) R MMT, W] Pt defbify 7 S e sk mg

4 ERELHHEE

EMT , EndMT F1 MMT 7Efii£F 44k i i = o5 5

WP, o TGF-B K5 Wnt, BREE S H, FHFAIL
REAYF- (B S [T~ Snail | Slug, Zebl ., Zeb2, Twist 45) LA
Je A2 2= 0 4N B 8] 38 TR (5% 4 W/ 3 W R 45 ) R Ak B b B 9
(ECM EEMRE) , BT —MEBLY, MHEAR /P
M2, TGF-B 4b T %M MR DX AL B, ¥ TGF-B, FL[F
SR F | HIF-1oo 33028 P )95 B F TR A8 L [R] 149 1E S BRI 34
I RE LG L — A ) B — A AL TE A R

5 RESEZE

ASCRIAE WA Tl 27 4 Ak v 18] 5 %% A6 19 23 F- AL ) B 1
FIVERT, MIEA B EMT ., EndMT F1 MMT (9 B 5] 9 2% & I
KHBIGIT LA E T A, EMT, EndMT K MMT i i3 & 24
B F MM B 3C L, UhRBRsh£F difb b @ . EMT i TGF-B .
Wt Fl Notch 15 53l i £ 5, @ iFMH E-cadherin 55 I 7 53k
Wyt B IE] AR 1 (-SMA) |, PR b Bz 406 1 SIS 2T 4k 4n
WA, T AF 4 % B, EndMT L P Bz 40 i 25 %0 45 4k
FRAE, HALH S TGF-B 1558 M . CAV-1 B R G575 T 1
HIF-la BOG B YA )G, CAV-1 BLE AT TR TCF-B 15 515 %,
M H4AUE T HIF-1o 5 TGF-B Y[R/ A AR i e SR DT A, MMT
D388 2o I 20 L 1) LB 48 400 B 534k, K6 TGEF-B/Smad 3
BRITE PR LT A AL SR RS, S — 2 AN A I T R AN,
B IS, =B TOF-B S50l e i i BE AL | Bt I
2% 14 IR 1) LA K 240 B 18] 25 23 WA 5 5 19 38 3k, 49 4n MMIT S 511
TGF-B K3 EMT/EndMT, EndMT 38 (1) St £ AL YE EMT/MMT,
BB — A FR AR 0 W [R) I 4%, 1 (] 449 B AL ok 7 4 400 i 28 R
ECM VIR SR OK 3 7, 3 Ffr ) 5 5 Ak 2 A1 G #E4) F pm s
W&k 1,

R 3 MR R S TR EY)

A FTRbREY) AR 1) bR 54 A% W4 3 i
EMT E-cadherin . 40 85 5 ( Cytokeratin ) a-SMA | vimcqlin . fibronectin | collagen TGF-B/Smad ., Wnt/B-catenin, Notch
EndMT VE-cadherin, vWF HF | Ifil/MR P ATEGRT 7> a-SMA | T B (Collagen 1) TGF-B/Smad , CAV-1 §tZk | HIF-1a
F(PECAMI)
MMT |5 W 2 AR R (4 CD68 . CD206 %) a-SMA | JFRENUREFFEAMAFIEE 1 TGF-B/Smad . MAPK/PI3K

K LB 73 WL e A A i ARAT 2800 7 AT T W Rk e, B
AR R ZE R IRE, (1) TGF-B i #% 30 0 577 1 42 B 5
FRGEIH] TCF-B s (A FH TCF- AR | 22 PR3
2 Smad 7)) B AR A I PR R i 2 4 (A 7 v o 4
PR, (BRI AR i PR 5 A4 4 S VAN RS T 32
BE. ALERCMEMEBORAE Y | i st @A IR Y A B e
B SR G 0 A AN )RR R BRI T TGE-B L 254
IR PR 5 (2) 32238 B0 ) 50 )l e e P 5 B 2800, i flE
JEBAFE K e A 2 H BT A TR)7 IPF A9 E2225%), AA
ZALGAERIPLE], e ik e A il PDGFR | FGFR | VEGFR 4%
ZARTEZ RN ; AR JE BRI TGF-B 5 1. TNF-a Fl PDGF
S, BARLLL 2 R W REE SR NRE T K, (B PRCA R, ELAF
FE 521 5 B 3 AN B RORE T DA B M AR R S
ENIFARR AT X R A e, X 2R e A bir R 9 25 1
BORCRA R, (3) HL 1) B — A A w11 Joy KR A, i 27 24 A
EMT, EndMT, MMT AHEAZSUE B[] R 2%, ASCHE i) Hevpr—Fif

SEAR TS —E B, T RE PR ) i b T A% (0 T T 35
WA, BN, fmE TGF-B W GE LA CTGF 25 H A e 47 4k fk [H
FHFEDY ) W R R, BFSY IR & DL A
VEPEMEANGE 1) PE P SRS . (1) ¥E 0] 455 TGF-B 37 AU By il 77
., PABTIEZGY) (4 BGOOOT 1) i BHIKF TGF-B1 FH4L™" | Su#il
i ZR3R 0 TGF-B Wk, /b4 Btk (2) FZGRis iy
FVER, PR 1 T #E ) MMP-2/MMP-9, 3] EndMT, 2230
PRI RERE AL A7 U AL B 24 o 3 SE A T R R 3 SRk,
JAK2/STAT3 3l i, BLWTAies 1 52 4 pt EMT™Y , (3) #0[5) HIF-
Lo Bl, HIF-1ao /N T30 (201 PX-478, Acriflavine ) f£ ZFh4T
Ak 3h W A5 R b B R H A EndMT . EMT 0B R0 R 59 5
SRS ARG PRI Ak T M e 21 U S 8 206 R TR A T A B
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Abstract ; Sanitation workers are exposed to a variety of occupational hazards in their occupational activities, making them prone

to occupational heat stroke, respiratory system and lung function damage, frostbite, work-related musculoskeletal disorders,

BHETH . FdgEE /R AR HRBI#EE 4 (45 . 2021D01F54)

EE B . RIVL(1972—) , 2, Wi, RAEEW, S5 . Bl TAE SR .

BIEEE:. L8, IE‘EEUFﬁ, E-mail; wangjun@ 163. com



