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Research progress on bronchiolitis obliterans syndrome after lung transplantation

QIAO Yetian, LI Xiaoshan, WU Bo’

Department of Lung Transplantation Center, the Affiliated Wuxi People’ s Hospital of Nanjing Medical University,
Wuxi People’s Hospital , Wuxi Medical Center, Nanjing Medical University, Wuxi 214023, China

[Abstract] Lung transplantation (LTx) is an effective treatment for end-stage lung disease, significantly prolonging patient survival
and improving quality of life. However, bronchiolitis obliterans syndrome (BOS) ; which represents a frequent manifestation of chronic
rejection following LTx, significantly compromises long - term patient survival. Consequently, early diagnosis and comprehensive
treatment are crucial for improving prognosis, while exploration of individualized therapeutic strategies is needed to optimize clinical
management. This review comprehensively examines the clinical manifestations, diagnostic approaches, pathogenesis, risk factors,
therapeutic strategies, and prognostic characteristics of BOS, aiming to provide evidence-based guidance for clinical management and
future research directions.
[Key words] lung transplantation; bronchiolitis obliterans syndrome; chronic allograft dysfunction
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b & il 2 45 (lung transplantation, LTx) #MEHE AR
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85.29%F159.0%", AL A A7 1M 6.3 4. SRTMT, ZA
Ja G SRR OB B PR ZE VR A SR R SR B AE
(bronchiolitis obliterans syndrome, BOS) %5 Jf- & i [
B4, LTx 5% 3% (LTx recipient, LTR) (R A J5 4= 17 %47y
BERT HALS RS TR, BOS/Z LTx R &
LRI PEHE T R RE 2 —, 2 BR i A AR
FREEREK. FFRER, LTx KRG BOSHIKEZRN
8.5%", fE IR A # vl 1k 30%" . {E K42 BOS
[ LTR A, S0 5 0000 8% il 52 2 0 A A2 A7 A 4 3l
H 3.16 4 F1 3.58 4, 1 3 i T K K 4 BOS &
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ICE A BOS Ml R LI A2 W 7V R IR L SE K
DR 2R Bl i SR L TR R AT 2508, B AR DN ol
R FR AL AR IR A SR B 2% .

1 EX KRR

AR [ s o0 i 2 4 27 42 T 2019 £ AT 18 1
% 18 i T g B 15 (chronic lung allograft dysfunction,
CLAD)ILIN, CLAD #4d) 53y 4 2 BOS . BR il B A2 4
fiffi 2% I (restrictive allograft syndrome, RAS) | NoRagit!
B AWMy 8 . b, BOS /&4l 3 U AR AL Ak
AR PT BN AT PN ROE T ZE 2R 5 AE, Ho2 bRty
5180 H 1S 5 (forced expiratory volume in one
second, FEV ) {H ¥ £ 3 J& {IK T 2 4 A 1) 80% , H.
FEV./H J1JifiiE & (forced vital capacity, FVC)<0.7, 5
A5 270 B OR L WA I S 253 . P R 2 E E X
N2 K E AR FEV U481 248, 2 TG 2 ] g
L3 A

BOS f3# 511 H LU ) REHEAT P T B Oy 32 2
I PRI » R = g S IR 5 BB e, W] H 3L
W K PR 0 S P R R SR . 70 J 2
SRR, S SR e S R B e DA O
2215 B 2 REAE T AR DUASUTE Dy bl B A | I
BN RAFTERI B 4E4L . 7E BOS ¥, 2
T3% 7L B Y P FE A 40 S U8 R, BRI
VRV i A NS B R RS P g R L A N
By W RV ELR, B 3 2% B4R >500 wm 5]
kAR AR REAEAT B S5 . 29 42% 10 35 & 9018
PEMLE R AS . LR R0 A8 32 2 B S 0 B BR
iR 5% TR R i i 2R 23 A1

2 RIEHH

BOS kA2 Z MR R FEEHR SR, 2
AL [F] PP AR e 5 I B B e IO JE T A
FIER B D, Hor, [FFR AR % OB 5 H 5
HoJ% S EAE BOS B A R e vh R 1 RBEEF o
2.1 R FRAREZERE

B 20 il i AR e iR 12 2 5 BOS R A K
J&&  FLAUHIELHE 2 Wb PoAA L 3G 5 be IR 52 2 68 ) SRR
TR 2 M A M IR 145 . B SRR, B B2 4 B 32 22
T o WA R 2R AN T 1gG Ak 2 518 M G g% IO, T
56 R B1 20 U] = 2 53 WA R AR TgM 3 AT ik — D Ak
FlgGo BHHIME 7 WA 1eG AT PTAR TS0 R 30, i i
5 Fey 32 R 456 WO B VR A0 B AN 5 SR %45 T 41 A
(nature killer T cell, NKT) 41 fifd, [F] 5 3 538 Pt J5 42 2

BE 70, UK T 20 0 2 255, AT i 1E /N 38 21 4E AL K
BOSHRFEHEJE™ . thAh, BANIRE 1S L R 40 f Al
[ fny-"F41 3 A1 A A 3 (interleukin, TL)-17A ] B
JEC, e 3 Th YT 40 J 3% A0 Sk iR g 2, it —2b
TNEE G R AT AE A REN . BE AR A I A R kA
B A SR AT 52 2 A NS B Al 4T R Chuman
leukocyte antigen, HLA) HL/4& X ic 12 B 4 il . X &6
HLA S48 i B0 PR 4 i, 75 5 08028 1T A0
TR S P-i B2 B AME, e Bt i /ISR AR K 1 4
FRRRL, BT 0 28 I S AE S B2 i BOS Efg

T 240 B AE AU A 18 L% G2 B S 478 v A 47 7
B, FREBOS KA 5 L% L. CD4
8 B T 20 i e e TR RT Y E HILA BT, 2 1 B 41
PR BE 5 73 A, DT G i [R] A 57 A G 8 B 8 5 3 9
P T 4 i (regulatory T cells, Treg) U 8 is 41 g B He 4%
fi A1 1) 70 JE 7 52 SR A0 1) T 4 L Y B D 9
SN FFYERE B B S LT 32 o X B ) A F AT g 1)
P& BOM B B AR OB I AT YA, BT HES)
BOS i,

FARZ AT VR A AR G RO S AL A L R
MRS SREIR A0 D -t 7T 734 DRy 3 AL R LR £ 4R 40 i
IR LT 44, 25 BOS B S e B R . A 5%
7~ HE il A K 1 4k A2 K R B (transforming
growth factor-beta, TGF-B) 7] B 2y ifi ¥4 = W 410 g
(alveolar macrophages, AM) 73 W ¥ 10 K+ CCL2, i
1M %54 CCR2" S 4 i £ R A AL, FE4 TGF-B %2
2 9 T 0 A D B A I SR U ) i A9 1 R 4
(monocyte-derived AM, Mo-AM) . Mo-AM 1] it — &
WOE AL 2R 3F B2 2 M CD8”™ T 41 Y (tissue - resident
memory CD8" T cell, TRM) , Jt H /& Gzmb" Blimp-1*
TRM 41, AT 2 A8 453473 7 sk BOS A fe ™
22 AFRERR

H & G HLHIAE BOS A ot 7 B A,
F2 L5 S AR At U H 2 PR (self-antigen, SAg)
IR I DIAR < o BEIRE TECH) S0 A 7T #5715 SA g+
ST HLA 537 S 5 9% 9 FH AT 2 A0 AH G 16 S 28 1T
PEmiRNA, 7] fEiE T PI3K-AKT. Wnt.MAPK A1 TGF-8
HESIEMES 5 R IFEED . ST B R i
240 Cantigen-presenting cell, APCO$EHL, FiHid B
2 < 1 2 B L A6 [ o S A R g A s 1 SRR
41 9 1] Toll # 52 44 (Toll like receptor, TLR) {5 = i
6, BET 55 T AL AL, (2 3E TL-17 55 A R 1 /Y
A%, G AV AN T G N, A N T 4
A 2OREN T Horb, SAg e85 3 IL-17 ¥ 43
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B 50 (AR HILA F SAg 1 998 N, HE 8 G0 9% I vE
)9 ER R f e
2.3 A RIE B KR 4E A
BOS [k fid 52 21| 22 Ml E o R 3R KI5l . WP
TEEEE (U E 4R £ P53 ANA R U B RNA,
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28 TLR7/8 JBH IS A SORANM, I HLA- 1T 2853
TRk, AT 9 A4 Ry 53 M BT (donor-specific
antibody, DSA) P2 E . DSA HE— 5 G #MAE %, &
B B A kLA R I B B R
(gastroesophageal reflux disease, GERD) 4 # 1A N &
BOS ) HE Zfaf KRz —, Hilid B BRI A<
I8 F R 53 TL-33 B0 W ILC2 40 73 WA TL-13,
BET I8 STATG 3 A 12E B 2T 4k 41 i 35 58, (7)1 175
5 M2 7 B R A AR AL, T AR AT AE A A 5
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DSA: donor-specific antibody; FeyR: Fe gamma receptor; HLA : human leukocyte antigen; Mo-AM: monocyte-derived alveolar macrophages; Treg:

regulatory T cell; TRM: tissue-resident memory CD8" T cell; TGF-[3: transforming growth factor-beta.

1 BOSHY & fHHLH
Figure 1 Pathogenesis of BOS
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HLA-DQ2 Bl AR . i AR [ DSA &R IA L
AR J5 B & DSA 5 7] I 3 10 BOS & AR RS, i PR
G BGBu 7 e = [ 5 s
32 JFrHMMXEAE

A b % FH S IR 3R AL 45 I e . GERD . Jiti 0 ik g =
KRR S . Hodr, ERYLTE BOS [ AR AL H 5
BT o B FC I, PP MR 7 75 B G 1T 35 A
IR AN U PR 7R A 3K B AR A A 5 A BT I DNA R
RNA, 680 W05 26 R G 72 30 B RPN 5 I 97 38, 338 1
73 bR - 7 B AL, Ik BOS k™. k4t
o 2R P PR T R G A R B M S BOS 2 3 AH
Ko IUFLIR I MR AT 5] R SR HE EUG 18 RS
W F R 5B E RN, A FEUS A4 A, 1
S LG HUi AR H TSR RIS Wi bs ™
GERD 72 LTx A 5 & W.W B W18 I K 0E, FRw L
5 J 1 wih 8 45405 A Gz i B B R VE A . 3k
T A 22 453495 AT S50 S IR B N e ek 55 AT 2
LB IE BRI REFRAS, R 5 & FHELINLIhRE
SR B HE A B R . G 0 254 1R A5 R ) 2 4
I8 Wil 5 A 2, 5 %O 7 W TR M I R 5
SR, 3 — D3N B &8 RO ORI AR, 212 BOS
KA. HATERXT GERD [ TS it (L 45 B I8 AR
KB BNFRIT™ . B EREEE -
TRMANEL . — 00 =] PR BF 74, RS 4 H P H
B A R il sl Bk opk 4% T4 A BOS RUTB E fE IG5 5 s R
Je 1A P IR B s SR i S22 1) o B 00 RT BB R R
BOS Fk & , %o FL 1R 51 BOS A 5 Bl AR & s

4 BEAR

LTx J& 5 4 BOS B 52 F K Wi 2 1] 1A 50%,
U, B2 W 5 iR 97 6 G B Tl e 2o D,
H #1T, BOS [f112 W1 3= BAR i 2 =0 S8 B v A Il Dh g
LI iR HE SR VR AT BRSSP OB TE R R
FRIIRE R, PN 7R 30 55 22 Tl T B o

XA BIERLVE 2 W LTx 5 BOS 1“4 br
e, S BR T iG A 2 2/ A 2k A,
HHf 12 R (45.7%) , R 7 IR iz i 27
M2 R, &3 E ARG SRIE K H 4544 58
BMHAEA, BEERS T WS E X (A
85.7%) , (E R 5 S A7 AE 358 i 1A FF R RIS 5 £ 5% 1)
B S A AT Y . DR I R T
AV E B REEER R R e A
77 s
Jiti Ty e A DU & BOS 7 25 A% 0 T B, AR

T E Ve, N T IR K2 W, (EAE 53R )
/NS IE R AR TT T BURIEA R, B 5 %2 B8 T
HIFER il D BEARBLIIFEA o 3T 4K, 38 < BT A
AR R (U 22 P IR b I il 42 B i i I 8 50 B
TN TE R A )RR A U RE I LK FR
TG PR SR MV E W 43 A 4E BOS
2 Wt B RN B . TS0 I, e I
O R A I B A5 T v L UTE B B R A R
AU A6 T bR BP0 B, 2T HR7R BOS #E &, IF
A HE RSO ARRIGIT B AL (R TR — P IR

FESAAR AL AT 1, e 70 P8 CT T BRSOV
Pk B BENG JE LIS S U B S 2R e R
SERFAE, NI PR 12 W BOS $2& fit B 32 K 4 , (0 i
AL ATIAFAE W B SE 4R AR 8 i W IR B R
OB AR B 25 38 ARUR 7 8 HEAT TE VR Al R
FE B v, H GRS AU, B AR i I R R 2 B
PET-CT o] PR i8I % 52 W Ge Al 58 i, {H BOS
XF UF-FDG 3R BUR, B HERAE, I % &
T, N 2R . WS (thoracice ultrasound,
TUS) W FEA J5 LS9 TR 700 il s R S5 38 R =i 45
FE » AT B R AU, (ER 7t BE AR s

Wb, AR, 2 FloB % AR B B AR AN
R, WIS HUN ML L CT PE4 25 B il AT
BT R CT S & CT Wl & IR FE X 73 LU &%
R, W] H T BOS 1 5L 409 A L #as  f FR A
R, FES B2 WoRS il P52 5 T R I 00 SR, A
RALARFRAEA AN 3 41 T TF R AT 2 M PRAE T S
FH A, 75 3 — 20t 76 LAGUE I PR sz F PR
TV 53 BT R IFIR A ZR B AT BRI LTx R 5 SIE D)
TR S, BRI BOS B . AW AUIESE, —
HIA CT S E T S0 BOS 17 M fE, A kA2
VR R B PPAL T BRI I RS2

BOS BI6Y7 HARE T G2 il Dh g~ 5 CRe )
FEV, B BEAT IR T B 5 32 e 8 3 A2 A7 3 F0 AR 05
B HAT, ImPKIE T SN 32 EALHE 2V T AR A
653 B B #1971 (extracorporeal photopheresis, ECP)
490k B I 5 (total lymphoid irradiation, TLI & 7K
LTx %%, $RITBrBO 0 —2, — 8 M =2i677 .
51 Hissy

Z3WiR YT & BOS 3 B T 2R YT T B IR IEIT
RN B S8 7 — SRR T N iR . R
S TR RTZS IR IR R AN RN
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Table 1 Mechanism and adverse reactions of common drugs
Name Mechanism Major adverse reaction

Azithromycin Inhibits IL-8,regulates giant cell polarization Gastrointestinal reactions

Montelukast Antagonizes CysLT1 receptor, inhibits Th2 Neuropsychiatric reactions
inflammation

Tacrolimus Targets intracellular calcium - calmodulin Nephrotoxicity , neurotoxicity
phosphatase

Inhaled cyclosporine Targets intracellular calcium - calmodulin Cytomegalovirus infection , elevated liver
phosphatase enzymes and leukopenia

Everolimus Inhibits mammalian target of rapamycin Oral ulcers, hyperlipidemia
(mTOR)

Alemtuzumab Inhibits B cell activation Leukopenia, immunosuppression and infection

Mesenchymal stem cell
immune response
Belumosudil

transcription factors

Helper T cell (Th) 1 transforms to Th2

Inhibits ROCK2, upregulates Th17 xenobiotic

No functional or laboratory parameter changes
within 30 days post-infusion
Abdominal pain, nausea, cough and upper

respiratory tract infection

CNI: calcineurin inhibitor; CysLT: the cysteinyl leukotrienes; mTOR: mammalian target of rapamycin.

—RIBIT A B ARG A R R e AR
fth ve B W] PR E . BT AT A R R T & TR AR
F o TR P A FH o 2 2 2 ) 3 35 o5 IR PR 2,
FEFIE N 250 mg/d % 5 d, B G SO 3 R4k SRR
ST, 6 N H o da B AR N A =W S PR, )
LEF S — N 10 me/d, #5 3 H W FEV, T B#E 8
2% (<5%I 1), v % [BKIRYERFIR YT s 45 I 245
PO PR CATHAL S B » 75 V8B 2 5 mg/d Bl 5 2455
ST W Rz SO (0 B 25T A8CR BRI PR SR A FAM

T3 5 Nl 2 SR R e A BT 75 B 2 e A = I 2 M d 4t
T LA 25 508 R 5 I 2 1 A8 P B () S 9 AN R RO
Froh e B R DT A T B R R A 2 (R JE A 1
fitk B8 I 471 1) 77 Ccalcineurin inhibitor, CND) , B 25 2
N AH [, AR VE 9T AT Re AR AE 22 /. — TilBE
HUREHE R EE 27, Ath 5 22 5] 7596 J7 BOS < Ik L 41 Al
PE S AR il 2l bk g I D7 T R R AR T 3R A
2 HE R A AR RE R R .
TR R TR R 2 B AR O R 1 I
R, G 1R, 1A, R8BI RG i A
118 B 2 A (liposomal cyclosporine A for inhalation,
L-CsA-DVE N5 BiG I7 T B, £ 48 i Th e 77 1
N R RCR, Bt 2. 5 RS MR
00 a4 70 B FHY BT, A5 R P AR T R A 7K P CHE A
10~15 ng/mL, SZPRAE : 4~6 ng/mL) , (H AR A K 53
PR A AR

TRIR T 2 A A X A SR A e AL A A
FE55E BOS ¥ 98 H 5 BRLREAE , 3800 BT £ 2 A0 AN G0 28 1

AR R R ke o R 25 )L A AR 4t 5
(everolimus, EVE) |2 & HL7T | ]2 BR B 50 A1 ] 78
FiT4iMI%s . EVE AR M5 R K4, B4 T
AR BOS B €. HEREFIE N 0.25~0.5 mg, & H
2R, 245 CNLIK H I 77 8 S g R 2 3 Bt
AR £ B A7 AT e 2o 400 1) B 40 0 AL, BRI 8 E /K
VS A YRR, INTTRE S Mt D e T B For, Bi©
BREAHUIH FH RSO E KT S 30 mg. B F 5
TLE] B EEE, IR AT IR IR EVE 35 fth e 5
) % B B BRI S, AT B2 e Al v B ] P T
2% BOS #t &8, {BAT 75 e oL B BEA L B Be ik — 2B 6
UE ST O 22 AR A, i ik A 1) 78 o 4
JfAE Hh L BOS SR i R I R AT Sz v, RS
F R 250, N 5E S I 25 Wik 5 B e, AR
B RSO 2R . SE NIRRT
[ A« 58 2] 5~10 ng/mL, P71 K 4~6 ng/mL, K 4E
FLH] 3~8 ng/mLs; 24 5B /NERBEL MK T 50 mL/min
I, SRR 209

BOS M & A 44118 £ (chronic graft-versus-
host disease, cGVHD) B A R UH R EH PR, A
SR R BEAT ARARAE , R AT R AR ABL R
7AW o BT R G R A ) 254 DL ST bR 0 ik
ROCK2 i3, i 1 4% ROCK2 /> & (4 L = 5
T B, 7E L5 A e 2 T T RIAROA 2L T R R
BITVER, JUHAE cGVHD W OB LR = 287697
25, O A TR IS SR O S 3 DLET # 2R VAR
J7 ] 2L BOS I R 45 &) » 24540 1A 240571 B 2 200 mg



* 304 - Mo BE R K % 2 kR

546 5552 1
20262 A

B H 111200 mg & H 2 X8 400 mg & H 1 ¢k, H
— I T A PR 8 I PE AT
5.2 ECP#=TLI

ECP4:& T HAIM S B 5otim b B, E A —
Rl 2 8 59897 T BL 76 LTx R JF BOS H (1) )3 3%
TR A N o 5 BV (el 1 [ R I | =% S e
Treg 41 ffl, AU ZE BOS 3t &, e | BB AR A7 K. Iy
PR FC 78, ECP IR YT J5 1 BOS (3 5 4 AL A7 3 W]
1% 95%, .3 & T X ECP 6T To N # 1 60%
ML BF 72 33— 25 7, ECP 7] I 12 45 € miRNA [
FIiE /K, A miR-23b-3p. L miR-155-5p, —#&
JE 7] #E 1) SMAD4 mRNA, Jf i it H 5 SMAD7 A
SMAD3 ({40 BAE FH, 75 TGF-Ri i , 78 G & i 52
Je AT YA b R PERBEVE R o E4b, Benazzo 55
5T K3, ECP YR I7 1A 1) 46 %) FEV & 7] F T i
DK AT R 7R BOS i3 B B2 52 ECP IR IT »
BT R E AT 12 2 AT IR, B S 8 B
WA 1 ANTRE. AT ECP7E BOS 3 1
B RT CE O B T KR T T B A BT
o B TS S JF TR N BOS 7 EE R FE 1 R] 42 07
i FE AR

TLIAE 9 BOS B 4697 77 20, 1E 48 22 fifi U g
WA R mEE AR AR — M, LHE
FH T % BT 83 8 216 97 oA S BOS 2~3 JH I ¥
TLI ) %02 18 715 4 F 3 03 0 FE 98 41 J bk B 40 D
YR I NKT A 3 S i 52 o HGR Y7 i 2
W R A AR L D s L IR B A W I e AN R
SR, 4 Lebeer 2818 , TLLIR I f5 34 2 4F
AR IE 44% . H AT R B9 AR HE AL TLI
TN BT S Gy, 73 10 R 58 1, B IR 5 2 7k,
Frels A, 32 B X A 35 I b R e R bk L g L AT
T ) i o
53 HRLTx

X T2 B HARIET F B BOS B3,
LT ATh /2 H AT ME— Rl R A 80 T 8. RS
I, PR LTx 1) 88 SR TIUS A, I 1 4R 3 4F
S LR 5N 64%39% 1 21%, T E KT &
U LTx BE 1 84% . T1% M 61%™ . (HASEEKIE,
BRI BOS 4% 52 F§- IR # 1 1 4 o £ 3 B AR L R 5 K A
TR LA B I o Verleden 2250 =] i M BIF 98 &
B, Z 2R E ARG 14 3HEM S SE A A7 0] 43 )] 2
151 22 84% 67%H1 51% . AH PR LTx B A KA
BOS F A , I P 75 47 468 M 0 B 3 155 A4k, I B i
AR YT HEWE

6 BEMAER

B LTx BOR AWk 2, Wi XAE S BOS
B T FE O, R X I IR DR
(R Ao JEAESR, BOS AR ML IR NI Fe 4t s T
ZANETE B I6 B 5 1 R I, VR TT SRS I A AL S A1t
TR

T2 m8 T BAARNE AT H iR 7+
Ko VP A BT AR 55 . o, Treg 2 M 75 4E 45 %
PR RS HNHI RS A T 9% I BT T AR EEAEH
CNI. CTLA4-Ig A1 TL-2 $i 44 AT 3 i FEAIS Treg 40 17K
-, YR 2T Ak 5 S P ZE T mTOR #1771« 28 25
2% £ T AR T 400 1) 771) I ) 2 TL-2 A SR e 1 i 24
Jit BR B 1 AT A2 E Treg 20 B 389 51, AN T 389 5 G 728
WA S . = 4EE Treg 41 f2 (CD4°CD127""CD25"
FOXP3* CD62"'CCR7" T) 1] A & ifi 8 it i ifi 1 7
B, RS AE BT A, DUSE = e I B2 KT
HMIAMRE SRR N BOS B 16 37 50, St /)
3 -4 R0 L o PR % I B 2 (neutral sphingomye-
linase 2, nSMase2) $J1 il] 71| . #5 FR A DK 1 ] 7 44 4 Jifi
HEERRIATIRR, BESCESR T IR . COfE
OB I YR PEAS 5 S, B LR AT
AAACTIER, CA NP SRR T A A, H
BT FL VAT B, AT TR R Y M ) S R R )
ZAF TP I RIR 56 . miR-27a-3p AT 3 4111
TGF-B1/Smad 8 #5152 4 240 i 534k, 38 i fH
M TLRA/IRAKA 15 = #5148 SR K 200 i ol 8%, AT 9k
BTN G ] N . R R S AE S s ie
7R RBFHT S A H R eI RS, 475 75 2
— B IIE K2 e 597 . 54, HAUE R
it B T S100 45 45 & 52 1 A8/A9 HL 1A (S100A8/A9) .
Rk #0075 T (2R BE T AE AH DG T R SR I —
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Table 2 Clinical translation progress of potential targets
Target Mechanism of action Representative intervention
Treg cell Inhibit allograft immune responses in transplanted lungs, High-purity Treg cell infusion

promote immune tolerance

Exosome regulation

associated molecular patterns and pro-inflammatory signals
Inhibit TGF-B/Smad pathway
Inhibit ERK1/2 MAPK and mTORC1/2 signaling pathways

miR-27a-3p
Carbon monoxide

Tissue plasminogen activator B Inhibit collagen deposition

S100A8/A9 Block TLR4 signaling

Ferroptosis Inhibit lipid peroxidation

Inhibit donor-derived exosome release , reduce damage -

nSMase?2 inhibitors, salt endo-
cytosis

Liposomal miR-27a-3p

Inhaled CO(100-500 ppm)
Tissue plasminogen activator B
inhibitor

Anti - SI00A8/A9 monoclonal
antibody (ABN-101)

Atomized deferoxamine (DFO)
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