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W RIS RSB . Bl L Al 27 4 A 2 P R ST Y BB N 3R . A I LM AR S B Al
i LR (AECs) 545 HAL R A BRARRAE . ABCs X AR5 L B i) 5 Bk S AR 35 e o2 285G 2. A
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FESES Q2, Q25

AL TS AR, SRR T UARSE He T
B, SR OR Il 2H 2 6 52 PR 0 3y F B s
fifivfs I JZ 4iffd (alveolar epithelial cell, AECs) 7
i AEMR I, B IR B ok o B e, R
Jifi A PR AP VE T o AR ¥ AECs B 4544 5 Th g i AN
[, AR 320 o il v 12 b B2 4l (alveolar
epithelial type I cells, AEC T) Flffifd 115 [ {7 4 fifg
(alveolar epithelial type II cells, AECII), AEC 1%
d PR R AR Y 95%, FRME T — AL <
PR, A2 BEA R RS =, T AEC T2
i IR AR Y 5%, B3 WA 22 Rt 48 248 Jfd Pl 5
RAEEYT, SAFEENZRR, R
R ic R, SRR IR S Y DG A R
43 %, AECs XTI 8L i . AR S # A4
Gl AR OCH Y, Y H P S B A A2 3
PG, S5 AR 1) K e o 12k BELZE PR it
(chronic obstructive pulmonary disease, COPD) kf
J& AECs FlIN Kz 4 S S i 2 B, I Rk 25
WG Z AP A R, AR A RS T . DNA
Wit AME. AT, B
FRASFNNG L H] PR B IR . AECs M B4R IMGE N K
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HEWFAER R, IR S0
RGETRE . Rk, RARFSE CS X AECs Ay fi
B, A BT S g PR A S i e . Aggak
PR CSA LML . FWE . LRk ThnERs
. RN, RAE. s, bR FE i
b 25 5 A R o B AL A B CS X AECs T4 i 2
RERSEI , 57 BITST CS 451403 i 60 A4 £ 3 127
PLUHI SR BEER S IR

1 CSEEAECsk S

CS P A R G0 M2 5 | A AL Y
BB AN U 22 R A A5 5 A 5
=, KReE G SE 28 (reactive oxygen species,
ROS) Ui 4HMa b AR DGR 5 B, B4 it
Piski T o 5% BB NS HEELY) (cigarette smoke
extraction, CSE) ##4hJ5, AECT (JF{CAECTI
HAbas3)) g E AR RS SR LR 2 OG- 2
(nuclear factor-erythroid 2 related factor 2, Nrf2) K
M 21 & %A B 1 (heme oxygenase-1, HO-I) .
Hsp70 Ml Fra ik ¥ 2350 "', 5% CSE (A549
i) FEFE48 hJn, ROS BEWIN, ANHLAITETE
FPUEAIACE . BUEL RN B FRIB I B K
TEREAL 2 SSHEPE A, CS (3%~15% CSE,
YEI12 h, AS49 41l MEME CSTBL/6I /N, 1 hvd,
800 mg/m KiARY), 2J8) 2wk A [ e
JUR 5 2 i RNA %5 45 /i 1 (adenosine deaminases
acting on RNA, ADAR1) RIREAE, HEm T I8 %
WAL (superoxide dismutase, SOD) FIHO-1
RIK, WA A AR SEAR R Y . JF BAREST
AECII, AEC IXfCS H#UR. XLEprFERI], &2
JECS#ix, wolEAMMIN R ARE, BG4
WP RGEHEA TR, B R R B CS B i
FRERAET, HUA A S PTEEPLTR O S BR 2
(1 ROS i 23t — 2 S EUIR i A AL Fndn i o=
Horpr, J0E Nef2 7] J3 sh Z R AL ii T ia g,
1 14 0 A AR - P e = R 3% B (glutamate-
cysteine ligase, GCL) ik . #&& MM H KK
S 1 Nrf2 3 I 45 2 N AECs XL CSE 55 /Y
AR BN B B AL AL R RS
B N ZAlaE A K ROS W/ IR i A A A
1% Nrf2 8 #0855 CS /- bt e AL i e ) B 5%
AART 7, L) A B RH Lk AR A A 5 A i
it

CS iy LR | T RO S 2 4 S L 1
W i 32 A 3 47 (transient receptor potential protein,
TRP) BB M shH, CSE#EE (10%, fEH
24 h) J5, AS49ZfiE/EE I A TRPAL I TRPV1 &+
WIEFTHF, Ca” Wi, PrefbIER R, Tl
2 3E I T T8 AT db e A A i Y A oK
S CS IR 2 R M B 1 T A O R R, R
a0 i 9 4K 525 4 70 (heat shock proteins 70,
HSP70) 3Rk, JF7E & W BE CSE B (10%.
20%, 4h) BESHEBILCSE (1.25%. 2.5%, 24h)
KR5S MAPK 6% 0. —FEiA S
Ji g A A A AR Rl AR, b CSE
(10% 57 20%) 754 his}, AS49 4N IH T Hedg
., ZHE24 hFAMRIE S e T Bz, g
s ROS (B IJE AECS BT IIE N 2 —, HRIEE
AR AR DGR LAR PT E IR, A RS
RPN R S A A 5 B — 20 S 301 AECs 44

2 CSXAECsHEMERIE0m

IO A Y BT s i) R R A AN S R S
BAREBHEEAEN, &R B A T 4540 i s
A, o E AN S FEAEIET . CS (250 pg/L
871000 pg/L, 1EH24h, AS49400) 7S 414
RS, AT K HERL Sk F O3a (forkhead
box transcription factor O3a, FOXO3a) ik [,
M3k HE H 5% [H F O1  (forkhead box transcription
factor O1, FOXO1) FRik LM, H WA XHEH
(Beclinl . ATG5. ATGI12, ATG16 f1LC3B) [H%
IREEIN, AR Bl A W BR A2 A0 1 SO AR A
—E R EE bR e N i R R A Y (HA G
FOXO1 45 1) FOXO3a & 15 21 i P 17 W S 1 ) I
WAL M ATEAE , A RrE— D2 Y BN
CSE (0.5%~1%) #FrIAIMIFFERM, Sl 4 i
FIWE (PINKI1 siRNA Zb BRI =406l ) 233958 CS
Wi b R . GORR ROS 7= A iz 2
HEFRRIRR . iR CSE (0.5% CSE, 36 h)
2338 175 S UUERAE B R 2 A5G 1 (silent
information regulator factor 2-related enzyme 1,
SIRT1) Ri& KM MLE-12 41 (/)N B - Kz 2
ML) (AW, R B 2 20 {2 AEC 1T
2 KBRS RW],  HETERRR B CS K
XA RAT PR ER]

CSE n] i 4 175 3 A W {2 F AECs JET- . # i
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i, 75 CSiESAICOPD &, HMEKFEIE5R S
PEE CS 5T A I B i A& 2 TR AT B JE: CS
AR (5% CSE, 24 h; HEtE C57BL/6 /MR,

SAd/F, FREE10 ) BT AS49 40t % AR
FINur77 (nuclear hormone receptor 77, Nur77)
F& 3K IR 3 Nur77 F1 Bel-2 2 Bl i AH BAE S, fd
Bel-2 A Beclin-1 ( AWEAREE ) HffEEs, Ml
75 AS49 40 il & B H O EPESE T . ROk RNA
(circRNA) 15 518#2 AECs i A . CircRNA J&
—FhAFIR AR SR PRI RNA, AT LR miRNA 7
Y52 mRNAs UL 2 CSREES (2%, 4%5K
8%CSE, 48 h, A549 #iififi; COPD i3 filfi yfu ¥ vk
W /NEZEEE 168, 0. 100, 2001 300 mg/m’ 4
% ERIAIY ), AECs HF Y circRNA_ 0026344 A i i
W% B miR-21 T P i miR-21 3L [ PTEN ) 3635 ,
HE I ERK, (e 2F F W R 40 A 08 1 it S i
KA PR RN, ARTHE CSITERINSR
T I R 05 B S R SR 2 CS K R R
Y H WA AECs P8 TR 175 5 /0 BRUIH A A A
COPD ', JEF b, WA T # CSiFES 1Y AECs H
WAL BT & S5 e A 255 )~ T S s ke ol i
CSiF5 1Y 9RAE MR BRIV o

3 CSESAECSZ&RI{KINEEIERG

LR A 20 B P AR B AN B R AR A L
XoF At g RS S R 47 J () A S P A R A
EH . N 28 Bl 4 20K AR /Y 5 41 i RNA I
(scRNAseq) Z3HT &I, AEC 11405 £k
ARG ALIE TR AT B A DG PR Rk S8 Y, CS
(10%CSE, 6h, A5494iiffl; MM C57BL/6T/INER,
SA/FE, FEek4FR) NS LR AR PR LAY iR i e
AR 12 K 11 (adenine nucleotide translocator,
ANT), B8 bR B . BRSO A
WD ATP (A B, 52 2RI ) T 2 S 2Rk iR A
Mgk B, AS49 4l il 2 #8 T CSE (3%CSE,
48 h) ZJa, AR GOR R A AR S, Sk
AR 4 o 1) 5 1A 1TV (97K T B ARG, Rk
TRoy 2888, ZORIARL AU, SRR B WEAHSCHY
PINK1 2 K REAIE 2 LRI, CSHAI %
ANJT N AECs WP B ZRIA T RE

W & B, CSiES MLk IR fERE TS
SIRT1#HK, CS#FR (0.5%CSEALFE36 h) 2 fdijfy
N DNA fitffi, MM DNA 1652 fiff PARP1, 12

55 SIRT1 5a FPETHFENE N Y NAD", {75 SIRT1 %
PRI, BEmIIRIZoRR AN, 5 SERRA N
P, SAEWCHRE AR E L R A
(FEZmtoE T, WARE TR 2434 (CT) %
JE=>4% B2 A BT IO B9 AEC TLAH i
FEAETE Z SR E A, HAM R Ao
A DNA (mitochondrial DNA, mtDNA) #i4i/KF
i, X PN mtDNA #5147 & i T 4 M rh SRR F b
ST 1 DNA L 52 5% (topoisomerase 1 DNA
covalent complex in mtDNA, TOPImt-cc) Y[ fi#
ZA S E M B 25%CSE 255 24 h 7] L FH S
AS49 i 2R TR R, BRI E ROS
FIRE T mtDNA , 1128 5 77 B st /) B rh il
KERH S AEf, KR MZRIATIiE
B M AT AEAL I R LA DG, e AT LR R i
LF AL 0 iR TT RS Y AN, ECSIE RN
COPD /s B A v & 3, N6- I 356 i 4 18 A 1)
circRNA SAV1 (circSAV1) i id 54 YTHDF1 {
HEIREB2 () BFOR il Bk AE T, BREEG R %
PN UL 2 R IE T Bt ifL 6473, cireSAVL
. AT /E R COPD fIR YT HIL AT B X SEpfF5R 3R I,
CS 15 5 DNA 5 mtDNA 7 8 1] f & 2 R ) BiE
Bl b Nz —, CS Al REiE 175 5 DNA s . £k
o BOE ANT & 200 )7 IS Zoni R D e 52 i
B 1 - S 1 1) 11 = A A 7 3411 /15 N i R/
ST

4 CSIHEEAECsE 4 KR M R

T (endoplasmic reticulum, ER) A& hE .
BRI U, RS IR, XA Y
Yy s B HE . ER NV ECUE AN A —Fh B FRAR
L], ATRRRAEM PR S R AR, BRI
RABEAE , {HR A Y ER 2 B0 B S PR
-5 5% S AECs - ®. CS (10%CSE, 12 h,
JFAC AEC 11) 5 87 2338 e S I K 26 1 il 12
PR TR 5 CHOP /K-, 1755 AECs T, 7Rl
WA ER B I —Fh B3 92 RiEH:ME (Hrdl) MOFIE W
FWIN, WK Hrdl 2 5B M TR B0 2 45 LA
I, U ER W FE P Hed 1 A9 K38 i%F AECs
HA—EMYTER ", CS (10% CSE, 24h, L-1324
Jif) 5519 ER A 2 ER H Y Ca? it A B
WO NLRP3 RAE /A, 5] b e /iR 28 11 7 1
(Caspase-1) - FHYIL-1B A IL-18 Bk, T2 4 fif
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T BEMEUE PF 1 & BT

H AT CS 755 ER BLS ML v AN BB, AR A
KM FELEFAE I 2, ¢S ] fig i i 4 i) ER i
FER WM. WAL, CSE (25% CSE,
24 h, AS494id; MEME CSTBL/6 /MR, 500 mg/m’
FWMZE, 50 min/Ak, 2W/d, F52E3d) FHRIIA
ARSI A T BBk 26S M (A& (AT FEAR £ FhK
fiflg) . MNIMICIL PR Z IR 0, FEUE AN ER L
WA & AR ' b SIRTI A8 2634 AT DL % ER I
P, SIRTI W AT RES 5 ER NSRRI . At ]
) ER N 38 3 B0 AECs KRB T- 2 W3R 1 B Bt i
JEAE#E COPD (1) & & ', 38 3k 8 15 40 i PN Hrd 1
SIRT1 &5 [ 1 &3k 5k n] Il s CS 175 519 ER N
KA i

5 CSIR{FEAECSHIRIEL &

COPD. PF %172 CS AH I 1 I 28 50 9590 1%
INAIERAEER . CSTETFRISAILNI L . ER WK
MZRAA D RERE R 45 Z g e s it — AR R
SERE, WS HIRAS & R A B Z R 1 3
(nucleotide-binding
receptor protein 3, NLRP3) 4 5if /MK, ¥F 1k
Caspase-1, fi #F 4 5iE A+ IL-18 F1 IL-18 (1) 2 F1
Sy, FECAIMEAET . Ah, CS (1 mg/L,
6 h) A2 AS49 40l - NLRP10 F NLRP12 %
Tl g IE /IMA R S22 38 i, TL-1B, IL-18 B4, 4
RS bzt (RPAE4E) 7E NLRP10 I NLRP12
RGP REEAEN, T T ks
IS 66 118 235 A >k AR AV R AR 73 A2 1 9 e g . CSE
(25011 000 ug/L, 24 h, A5494Hf1; Wil C57Bl/6
AR, BREE 6 ) LSy o BOTE A0 M T Y
NLRP10, #F—3#7% NF-kB Al MAPK 475 (1 4 4
WP, RN, T ARk, BR
iE P 58 1k B, AR 3F R ORE I N 1 i — 2P
R

CS ] o 175 S B L0 3 1 o 1) 8 Sk (2 i AR
A, (HEX SRR 5T 5 RN Z [A] 1Y ¢ R b A Ttk
— BRI . CSYWEEY (50, 100 mg/L, 24 h,
AS49 FIWI26 i) g AT AR A4 5 3G i i
fitf A2 (phospholipase A2, PLA2), %0 /- F4k
A DU R A5 AT A BT R ;. 0] PLA2 Bl 1 4 £k
TEPERT AR CS AR M 40T, T REF% 41 M i 10
JHT-%, BFE T CSE (0.25%~1%CSE, 24 h) iy

oligomerization  domain-like

A549 4 Jfi v IL-8. p-ERK. W g % #% & M
(phospholipid transfer protein, PLTP) ik I 3 14
hn, FEBRPLTP )=, CSi#-5:HY IL-8 #l p-ERK [ 3R15
I [, RO PLTP I fgiE o ERK1/2 {5538 i
W CSE1E R RAE RN, ¢ A2 IL-8 AR5l
REHIC

RNA 7K - A7 7E 95 AH A JH 5 HL I . CSE
(2.5%CSE, 24h, MLEI12 400 ; 6~8 J& % it Ik
C57BL/6/MR, BHREREE T 5 B CS, 21d,
SA/JE, gk 12d) BEEfE, 4T CircFOXO03
(—®4h i+ CireRNA) 2 B, Jfad b
CircFOXO03/miR-214-3p/IKK- B # 7if # 1 5% [+
(NF-xB) {55, 75RAERN I EAE T,
BN circFOXO3 1 7] B J& —FpEE X CS 15 T 1 %
S (BT el . FiSCh R, FOXO %5k -+
AT AS49 4RI A W, AL L 235 0 AS49
21 B Hp A1 B R B AR R T Rk, R RAE R
NS eA, BRI CS A RIM A, Ak
TR 1Y A549 MU 5% CS J5 4l NF-«B 1
R AL TSR ), BT 2, CS Al REiE L X 40 %
FERIIOE . BN R SCE RIS . sk
TR A AL A 15 A 9 S SNy, T
FENRESLIG T ER I, i SR8 S N & AR T g5
COPD 1) &R LTI AT ¢ 0 AH I 1 7 5 & AT 3
T PN JRE /M B IE . VT Sk R el AR AR A
DIRERH W AT AR5 05 T . I S5 A BT AT,
AR A COPD B B TG 7 H A A A o

6 CSIFESAECsE#

COPD LB FR R “ Il 29% ", 7 COPD
(R B e HP AP A L AR B4 50, AECs
TEER A RAE S COPD B KIFE N, Rl 3 &b
JERIEMPEHR Z—, TEEIM AECs 253 Il 9 0E A
T, SRS RS A & B AR
FEFEPRIE AL . e S AR A4 R SRR T BE
VP EEE 2 miRNA (R e —Fh g Z A0
(FIB ALV T ALE] . E CSEAMEZ )G (2.5%,
24h), MLE-12 4f Jifd sk /) BBl 41 20 v (B 1
C57BL/6 /NEL, 5 d/JElZRER, Frgi24 ) 2 AHKC
5 M p65 BRIk M circXPO1 (—Ff circRNA)
RGN B, cireXPO1 A 5 miR-23ab-3p (—FhHi R
RNA) E#:456, MIMFE miR-23ab-3p Aiig 5 H
bR TGF- B ¥ 1% % B I/MAP3K7 25 & & 1 3
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(TGF-beta-activated kinase 1 and MAP3K7-binding
protein 3, TAB3) M mRNA %54, Mk &iES
AECs B3 MRIER KA, il cireXPO1 Bk
AP CS T R Al i Y, S Ak, CS
(8%CSE, 48 h, MLE-12 40fd) AbFE 5 40 it Ay
miR-125a-5p. &R EY p21 Flp27. Bl
fitf Fe iR B, RN B IR B miR-
125a-5p KL M AT E S WG R HEEA 1
(specificity protein 1, SP1) /SIRT1/A ST H T la
(hypoxia-inducible factor-la,, HIF-lo) i % 5 5
AECs (5%, T miR-125a-5p o[- & Sp1 1] 35
FEIX BN B, CSAR AT BB AL il (2 128 il P
(R

SIRT1 J£5 5 CSi/AF AECs T E M E T HE .
CSE (10%CSE, 0~48 h) nJgEifid f#{K SAL-RNA
(— Fl 4 85 JE 46 1% RNA) ) £ 35 2 5 SIRTU/
FOXO3a HI SIRT1/p53 {55 5 i % (1) 4 15 {2 #F AECs
FE S CSTEFM AEC 1 # &4 5 SIRT1 2%/~
S H MEAZ A & (MLE-12 4 I8, 3 836 h,
0.5% CSE; MMk CS7/NR, BRRIEEE T 5 OB
W%, 2W/d, 30 min/d, Z&EE4JH), HWEZEH
il £ 38 3 412 E L A ST N IO DG 1) DNA 45 4755
FEAICSIRTL G M, AAAE CS 152 1Y AEC L&
JE B SIRT1 Al W5 1) 1E Bt 8 45, 4 fF 4 it
2, CS BRI AN T AR R B Z
—, AT SIRTI A9 3 1 38 Bk 2 bz 44 7= 25 1) ROS
PIRE R S B CS i 510 AEC 113 3% R 1 4
b SEAE BN Al 240 i 5 4R J& COPD &AL
OCHESF, X LT PR W] B2 XL COPD (947
BORIT RS . 7o, SLMERNAMIEL, circRNA
TR, JFHALUERER Uk, R A
B2y A G EORI T, R, R Y
cireXPO1 (1) 2 5 3k ) 2> COPD & & 4iE 141 iy
S

7 CSEZAECs.E 87 R

NEER BT WIS, 25
COPD 19 & 9w L, CS (HEE Sprague-Dawley K
B, 4h/d, B 7d, FrEe16)8) B bR e
AL (epithelial—mesenchymal transition, EMT) J&
ZH/NTEEBHLE Z— . FF& T CSE
(0.25%~1% CSE, 48372 h) J&, RLE-6TN (K
B AECs) 'Y PLTP Rk AN, HAE N ALK

[A¥B1 (transforming growth factor-p1, TGF-B1) /
Smad & H
decapentaplegic protein, Smad) 1553l A FIFE
0¥, 25 CSIESFHEMT ', il AFEA/N
SR ER5 PLTP () 25000, %88 BTt AT REFE CS
7 IR T R EEAE R . Ak, CS#EE
(3%CSE, 24 h, AS49#iiffl; COPD Mg AH# fili i
Ve ; MEME CSTBL/6 /NRR, 3k/d, WIREFEET6
B, 6 dF, 12/8) BEMKMK S FERM
3 ) Kindlin 3 #£ H (FERM domain containing
kindlin 3, FERMT3) [##&ikIF15ES EMT, ik
FERMT3 ] 5l i BH B Wnt/p-catenin i # 41l ] CSE
S0 EMT, 2] FERMT3 7] figfE i COPD Hy 7%
FERE AL

CS (1%. 5%Al110% CSE, 1J&, A5494ijig)
el i e i AECs FIMM IR LT b 5 5
EMT, ik ¥ & {5 5 i i TGF-B F1 Wnt 1) =
50 5iAh, CSHMRNE . PUIREES AT 5 A L
B2 AN ER W38, 1T ER IO 38 mT LA 7S i 79 b 2 i
) {4 8 B, T TR il b R A i b i
EMT 7 ¢ ] CS thn] BEl i 5 | A BER N i 5
EMT. BLAh, CSif5T A bR O NF-xB . r {2
HEEMT BB AR ', X eI AR REAE — 2 R I
B CS ST 4L ay A b

8 CSzzNmfiit M B _F 57 4 A0 pYy T 2HAa s it

AR AN AE BRI RN EL7, A2k 26
J&) 43k AEC IFIAEC 11, AEC I EA—E T
YN EENE, RTPE AEC 4553458 . /b AEC 1
MBS Z A0 - R4, Bl ke AEC TIAH 4N
Z— " MR, ErECSZEREE MR 1 hd#
B, S d/JH, FpgE12J8) RIYET AEC 1L AR HY
5, H AR AEC 1B IRE S 0 BA BT
GERIN, [BlWPECS 258 (/MR Wd5RER, 5 d/JH,
B, 3. SHBRBETCS, H2. 4HRETER)
A 3 3 9T R U R SR A R 3 5 AEC TR T 40 i A
Pk, I FLIX PR om0 FRr 2k CS 2 (VR
1 Wd &, Sdf, 453, 4, SIHREETCS, $1,
2 BRETESR) . AEC 1 R W11/},
AEC 11 L0 V3 34 58 531k AEC T UL 45 il 0 25
¥, 1 CS 55 AEC 113 5E 1Y 3 AL 76— 22
PR BRI T e o o B2, WA
FW], AECII b 4iii A T4y Tige, vl

(suppressor of mother against
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S sRr . BRI &, s RE
ISR T RS2 ER AT COPD [ W A 255 L {1082 0
T EE R B SR e Rl L SRR ] RE
— AT E], HAKCS ZERIGTR AEC T “TH:7 1)
B B AR Bl AH OG0 & e v Ve e A Rt —
HoRE

AHN, Wnt3ZAK (frizzled4, FZD4) {EANZEHI
SCEG M COPD (R F il 4 41 & COPD (4 IR
AEC I A RIR AT Y CS R ARSI R
PG 2T U FZD4 (%) ik, (R B R AR Wt
B-catenin 14, FEITHIH] Wnt/B-catenin SR 21y |- iz
Y MG FE A @A, T AEC 1I-AEC 1 A9 4l g
SHACFIZRERETE AL . BHHT, £ 5¢CSFM AEC II
TAMARE AT, — &= BEAE XS At 40
MO TR R SR B v, T — AR B R4
AR MASBES B R 4B A AEC TTAHAR ', HIE R
AEC I HY T4 kee 5 AR 1852 S rh i)
YER, ¥ e Tt EZ e 48 .

9 REFREIE

SRS, ASEHREE G CS X4 A2 i AN TR]
BEAVR R BE 19 CS AN L 7= A I B I s R T
1T A58 R0 TR R 1) €S DU 38 2o 4% P L 3 8 AECs 1
BIRFE, PSR AECs. Y40 A il 1 40 i
HAIBE IR, (HRTREXT AN, il b hefs . iy 55
FEAE, PRI OGRS
B, B RTE, R RS —
EMMZES, HNWCS it —E 2R, JFA
Bl BRI B R, B N AMIEEA B —
B EE IS . By T2 DhREA RN
8577 SRR S M A B 1 AR, AR A DG
R it 08 558 L ) (B KO AR
A 100 (RS el R I B XU R R Y
EEREARER ™, Boh, R ABEAY AECs frik
PR AN —, TERFSE CS #i45 AECs AL
T B AN, B, BUERSINE CSATR
A AE , CS MR 1EH A AEC 11140 i T 40 i ks
PERTREA BY TR 0& 52, {HXF T COPD 4,

Hinl ge SR bt ) & A

CS#its AECs LI 22 24 . CSTEF AECs
RAAACNI . AN A SRR LRI RERRE AT |
PRI 8. I . FZ M EMT ., ST 41 i
FRE SRR, LR, BRI 24
MR A, P2 B ROS 235 105 40 M P B i 5k
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Abstract Smoking is the leading preventable risk factor for disease and death worldwide. Tobacco and its

smoke contain a complex mix of over 9 500 chemical substances, including oxidative gases, heavy metals, and 83
known carcinogens. Long-term smoking is a significant risk factor for respiratory diseases such as acute lung
injury, emphysema, and pulmonary fibrosis. Damage to alveolar epithelial cells (AECs) is a common pathological
feature in these smoking-related lung diseases. AECs, which line the surface of the alveoli, play a crucial role in
preventing overexpansion or collapse, secreting cell factors and surfactants, containing abundant mitochondria,
and being essential for lung tissue maturation, gas exchange, metabolism, and repair after damage. Damage to
these cells can lead to pulmonary edema and alveolar collapse. Cigarette smoke (CS) can disrupt alveolar
epithelial cell function through various pathways, resulting in cell death, tissue damage, and the development of
lung diseases.This review summarizes recent research on the damage caused by CS to AECs, showing that CS can
promote cell death and damage through induction of oxidative stress, autophagy, endoplasmic reticulum stress,
mitochondrial dysfunction, inflammation, and epithelial-mesenchymal transition. It also affects the proliferative
function of alveolar type II epithelial cells. The review highlights that CS-induced oxidative stress is a key factor

in causing various types of damage, with TRP ion channels serving as important triggers. Inhibiting CS-induced
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oxidative damage can significantly prevent cell death and subsequent diseases such as pulmonary emphysema.
The activation of the same pathway induced by CS can lead to different types of cell damage, potentially
encouraging the development of different diseases. CS can either directly induce or indirectly promote cell
inflammation through endoplasmic reticulum stress, mitochondrial dysfunction, and senescence. There are
interconnected relationships between these mechanisms, and SIRT1 is an important protein in preventing CS-
induced AECs damage. Increasing SIRT1 activity can alleviate CS-induced autophagy, endoplasmic reticulum
stress, and senescence in various cell damages; its substrate NAD" is already used clinically, and its effectiveness
in COPD treatment deserves further exploration. The impact of CS on cells varies based on concentration: lower
concentrations stimulate stress responses or apoptosis, while higher concentrations lead to apoptosis or necrosis
through various mechanisms, ultimately impairing lung epithelial function. When external stimuli exceed the
cells’ self-healing capacity, they can cause damage to cells, lung epithelial barriers, and alveoli, promoting the
development of related lung diseases. Key proteins that play a protective role may serve as potential targets to
mitigate cell damage. This review provides insights into the various mechanisms through which CS induces
damage to AECs, covering important transcription factors, DNA repair proteins, and membrane channel proteins,
paving the way for the study of new mechanisms and pathways. However, there are still unanswered questions,
such as the need for further exploration of the upstream pathways of CS-induced autophagy in AECs and the
intrinsic mechanisms of CS in enhancing the stem cell properties of AECs and its relationship to the occurrence of
lung cancer.It is expected that this article will provide a theoretical basis for future research on the mechanisms of
lung epithelial cell damage caused by CS or its individual components and inspire clinical strategies for the

prevention and treatment of smoking-related lung diseases.
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