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[ Abstract ] Background and objective Epidermal growth factor receptor (EGFR) gene mutations are the most
common driver mutations in non-small cell lung cancer (NSCLC). To prolong the survival of the patients, EGFR tyrosine
kinase inhibitors (TKIs) resistance in NSCLC is a major challenge that needs to be addressed urgently, and this study focuses
on investigating the mechanism of cigarette smoke (CS) induced Gefitinib resistance in NSCLC. Methods PC-9 and AS49
cells were cultured in vitro and treated with 1 pmol/L Gefitinib for 4 h and 10% cigarette smoke extract (CSE) for 48 h. Western
blot was used to detect Sirtuin 3 (Sirt3) and superoxide dismutase 2 (SOD2) protein expressions; DCFH-DA probe was used
to detect intracellular reactive oxygen species (ROS); CCK-8 kit was used to detect cell activity, and EdU was used to detect
cell proliferation ability. Sirt3 overexpression plasmid (OV-Sirt3) was transfected in PC-9 and AS549 cells and treated
with 1 umol/L Gefitinib for 4 h and 10% CSE for 48 h after N-acetylcysteine (NAC) action. The expressions of Sirt3 and
SOD2 were detected by Western blot; the ROS level in the cells was detected by DCFH-DA probe, and the cell activity was
detected by CCK-8. Results CSE induced an increase in the 50% inhibitory concentration (IC,;) of both PC-9 and A549 cells
to Gefitinib (P<0.01) and enhanced the proliferation of PC-9 and A549 cells, suggesting that CS induced Gefitinib resistance
in NSCLC. ROS was involved in CSE-induced Gefitinib resistance (P<0.05). CSE induced low expressions of Sirt3 and SOD2
(P<0.01), and Sirt3/SOD2 was associated with poor prognosis in lung cancer patients (P<0.05). OV-Sirt3 in PC-9 and A549
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cells reversed CSE-induced Gefitinib resistance (P<0.05) and significantly reduced ROS production. NAC reversed CSE-
induced Gefitinib resistance in PC-9 and A549 cells (P<0.05). Conclusion The ROS/Sirt3/SOD2 pathway is involved in CS-

induced Gefitinib resistance in NSCLC.
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HEAFAFNEGFRITENSCLCHH I — & ALIT 25119, AR
EGFR-TKIsZ B 1ok T B F MR 4%, EREH )7
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it 25 240 L H iE P4 (reactive oxygen species, ROS ) FlI
PUAA AL R G0 A 3 B 25 P AR AL 2 — ) By
SRR A REAA 2 T AL IS PR A DU BRI 5 213 ( Sirtuin 3,
Sirt3 ) ©1, W] 5 HEHROSLATA TR K IE H T g is o,
TV 0 BRI T, R R A A R DG Y PR, SRR IR B
Sirt 338 o Va2 BORE A A T HRHT LIRS 5 AR Tk K
I R AN P A H g ftil /E F I8 205 BRROS Y
Sirt3WL A RE S SR MR 24, SR 7 EFEEL b,
HAHZS (cigarette smoke, CS) RIME HEfifid . FLARIE . 45 B
I BB S IR AR ML S B L (R RS, TR T WA T
e IARRAE i A R R g XU, JFE e S e AR DG fe e 02,
WG R 2 i e A R K e LA R, L EGFRIEAE
MSE IR 2, FEZIMEGER-TKIsY7 3L 0, (HHATMAA
WFFERIE Sirt3EM TS I 2L P AOVERT . ABIFSE %
TEFHIECS F R EGFR-TKIs i R B M 25 EFIBLE,
I R A RENSCLC i AR fE i 244 e R it .
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1.1 A0 55 5408 EGFRZEZS MY 35 A8 Je Uk i A
Jiili 85 2 A% (PC-9) FEGER A= 76 ity N Jiti B 96 44 e ke

8 A 10%6 45137 (fetal bovine serum, FBS) fFIDMEM
R IR AL, BT 37 °C L A S%CO, I A I TE IR KT TR AR
W, RS AR E H70%-80% . FBS (P30-3306) I T [
PAN-Biotech/A 1], DMEM (11965092) = i B 7= 3L 14 F
F[EHGibco ATl F Y| Lipofectamine 2000 (11668019)
I F 5% E ThermoFisherFt £ A PR F] o Sirt34d 26 3K ik
M BT DR AR A R EE . Sire3 R BAdt . ALY 1k
fi}2 (superoxide dismutase 2, SOD2) f Ly W FILI8
FFF (Affinity) APWF7E PO BRA ], B-actin e HLhi
(1:1,000) HFLIKI FHE Abcam /A w], BARFEERIC 1112
PihlgG Pl T E AHA (Abbkine) AEWFHE/AF]
FAERE (Gefitinib, ZD1839) 4% . N-Z Bt M2 ik 2.1
(N-acetylcysteine, NAC, HY-B0215) ¥4 T EMCEZ
o CCK-84H 5 sl B A Ui 70 45 0 T H AR [l Ak 2
5T, ROSKEIR 7] £ . EQUZN GG 57 & (DAB
) BT A R AR T T
1.2 CSEHUY) (CS extract, CSE) HIHRHL CSEMHl £ SR
P LTS 28 SCHR ) A Tl R e 0] o —3 2T
ERAEM (A3 mgfEil . 1.3 mg/e i T) S F1 mL
DMEM LA G IR b, RS F AR 2 /0°S min. 5842
BRBES A AL RIS S mL CSE-RBDMEMIF R, FHfpHIM
HEN7.40, JH0.22 um LR T SE RS L UE BRI, W2 UL
W H100%CSE, 75 )5 223255 FHDMEMBS S S5 B 2 B
TAHHRE, F-80 *CUKA A7 £
1.3 Western blot3256 WBr4-2H AN PR 2 5 4RI, FHE B
TV RIPA 2 il FIPM SFIR A VR 24 40 30 min), 42
USRI, o B C AR 1R R Sk U 25 A i B 1k
FE, IS FREZE MR T K 3510 miniF A TR
AP, EAET10%SDS R EICEERE, FUKAX eIk 32
1, PVDFAEIEL | S%/BERE W0 3412 he J T B H
MIEE A —Pih4 CEF I, PUATBVREE : Sirt3 5t
(1:1,000) . SOD2 it (1:1,000) , J5 FEHRHP P E
2 h, BB, DS E A E A 3K, i Flmage JHIF
HEA T 45 IR BEAE 3T

(AS549) YT 2% G WA W] PC-9ﬁAsﬁﬁﬁlﬂh 1@2&1@%‘%@@% (CCK-8) BEXHA K H A KR
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A RAFHIPC-9FIAS 492 i 5341 I B £L.S,0001 2 L H2 b T
o6fLARHY, FEHIGRE . fi FH = BEDMEME: 77 JL s $2 Hy
CSEFiFEN10%., (1) HARR A A= iDMEME;
T A e A RIVEEE (1 pmol/L. S pmol/L .
10 pmol/L. 50 umol/L. 100 umol/LF1500 pmol/L ) , 4K
TIMA96fLBR i FR24 h;  (2) FHAEEE+10%CSEA :
1 umol/Li5IE R JE X PC-9MIAS49 A M Fil Ak P4 b, SR)S
510%CSEFLMFFH48 h;  (3) HAEEJE+10%CSEZ+OV-
Sirt341: 1 pmol/L 7 AEE:JE X D% Y Sirt33:d #38 TORL 1Y
PC-OFIAS4OZH I Fikb #4 h, SRS 1510%CSEALMFH 48 h;
(4) FHAEEJE+10%CSELH+NACH : JeXIPC-9FIAS4941H
JfEF5 pmol/L NACTIAL ¥4 h, SRJ5 F1 umol/LiIERE
AbFE4 b, FZ510%CSEILEF 48 ho LFRIHSEFREIMA
100 uLTCIM 557 5L, BALINA L0 yL CCR-81F, W HE
WA A AR A S B0 20 S W 40 I 5 3R . CCR-8IR IR
FLYE RS FIXT IR . 7EANMRE IR AP E 1 h-1.S him, fH
FHBERAAGIN 450 n OB EE . LA BSR4 84 30,
1.5 EJU DABERG ARG 5 O BB KR PC-9 1
ASA9YH AN T ofLAR T, HEgdl g g Aalm], R4
WEE 5 109 CSE 5 AR R e, 4k2 87748 he A6 4 i
HAFE, #4537 cCHIEAT10 pmol /LEEAU TAEH I AFLAR i
H2 b, F4%Z R HEEF E1S min. PBSTEVE3RJA, 0.3%
Triton X-10038 %15 min. PBSIF L3, WIEME ALY
it DA 2 T 0 2.0 miino 22 R AR AR AR 6 150 B S L
Click W i, %I HEYEHF 730 min, PBSTHIE3K G, HE
BB il Streptavidin-HRPIAE W, 27 530 min, fiff
FADABR ()5, T E 2= B iss F gt .
1.6 3 FRIKFR LA Lipofectamine 2000%% 44 it 5
JE—Fh TR B2 (DNAFIRNA ) 5 e 1) ELAZ 41 i P 1)
LRI ., 4320 s 5L Y Sirt33: 2635 ki I PC-94H (OV-
Sirt3 PC-9) | ¥ Y2 # ik P C-941 (OV-NC PC-9) | #%
YeSirt3 i) F iR R IAS494H (OV-Sirt3 AS549) | FEezs
WKL AIAS494] (OV-NC A549) . #EYLni—K, AT BEff
Y i R A B A A YL B iR 517096 -8 0% o KT AN YLk
A, AR 25 £ R W)-Lipofectamine 20002 5 #): (1) 1E
A MLIEAYS0 uL Opti-MEMIE LI 15 553 Hh 5 B620 pmol
1 FRIR TR (2) il TR IR A Lipofectamine 2000,
SRIGTESO uL Opti-MEMIR MG K5 SR I B, iR A,
W NIEES ming (3) FH B R Y 56BN
Lipofectamine 20005454184, FPESEIR T E 20 min., K5
RIA&-Lipofectamine 2000545 WA S 454> 5 A 41 M A
FRILMIFLA, 4 h-6 b5 Al B b IR, ﬁﬂ%éﬁf@ﬁ7 ﬁl

CO;%?%F@ F% 5524 h-96 h, Western blotH AL YL W
1.7 %9755 (immunofluorescence, IF) 52588 ¥ TG
PR B R (R 2 A0 AL B S I PC-9 A S 4941 it FHPB S 1
P2, i 2 B EEE E 1S min, 7EIIA BRI A,
T HH0.3%Triton X-1007F1 7 4 L3837, LARIEBUARERS 2]
IRBUEIRAL . I IEH 1L 2E M3 21130 minf&, R 4ESire3
(1:200) . SOD2 (1:200) # B HIWEE B, #1714 °C
WEE R, J5 Tt Pl E iR E I F2 h, f/SDAPI
P YN E S VAR DS T A Gk
1.8 ROSK:I &1 DCFH-DADE AR AT HEATROSHE I,
AHR AR S I PC-9FIAS49 A il £ PBSTH Uk, IA 1 mL
1:1,000 I JC ML 7% 1% 75 W BRI DCFH-DA, T4 fu i 248
PRI 30 min. FIPBSZE M 8% TC I VE DMEM I fifi 5
FRILTEVR A3, B E /1 min, LATES> 2B A A4
JfIAYDCEH-DA , ¥ J488 nmi &I K. 525 nm K HF K
Tt B PR A AR, DL B 2 /03K,
Image]ﬁﬁ:ﬁ‘ﬂ?%ﬁ'ﬁﬁ'ﬁﬁﬁo
1.9 il {8 FHSPSS 26. 08 - A T4 2400, 456
ES AT A5 Rl B R 2% (Mean+SD) &
TNo @FﬁGraphPad Prism 9.3. IK/FIT BB & (509
inhibitory concentration, IC, ) {EL.. PAHSZZH2Z [A]ELAEL, #5
PIAL 2 IEA 500 H oy 2255, Wk Rk g0 s 2200 412 Jh]
(943, 7 2 ) 52 TE 25 A3 A1 I FH B DK 3R 5 22 43041 (one-
way ANOVA) o A ALIEIASIR M IEAS 4371, W3 PR RIS 3K
P<0.05% /2R BAG IR L.

2.1 CSHIENSCLCARAF AERFEMA M 7K1 CSE
REEIE B ENSCLCH AR B2y, FATHM TPC-9
(EGFRAMNB 19578 H ) i F1AS49 (EGFREFAERY)
A RLHIIIC, o dIMLE & Bos: (1) ZEPC-94i i
1, 10%CSE+ AERF R 1IMIC,  (143.70+0.14) pmol /LI
BT X HZHIC,  (8.87+0.64) pmol/L, 10%CSERIM S
PC-9XF F AE B R I 25 E & X IR i 16.201%, H 25
HAG 73 L (P<0.01) (F1A); (2) 7EAS494H I,
10%CSE+#H JERJE HIMIC,  (93.14+1.02) pmol /LI &% T
SRR (9.1941.12) pmol/L, 10%CSERE A S49%F 75 F ¢
JeRT 25 PE 2 X IR 41 910.13 4%, H2E R HAS I 2# = X
(P<0.01) (E1B) . DL E&5RBIR, CSER[E FEGFREEAS
FIPC-9ZI I A EGFREF A= U (R A S 4941 & A= 75 A B R it
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Fig 1 Cigarette smoke induces gefitinib resistance in non-small cell lung cancer (NSCLC). The cell viability of PC-9 (A) and A549 (B) cells treated
with different doses of Gefitinib and 10%CSE for 48 h was detected by CCK-8. CSE: cigarette smoke extract.

2.2 ROSZ 5CSIEFHINSCLCH R R it 2y CAaffstie®k
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HATEL R IEE, WISOD2JE:Sirt 3HHLIE N, J475 Sirt3/SOD2
i P B I B AR RO SRR S Ab LB A BE 707, ek Aoy
K GEPIAKLIE I & P Sirt3 5 SOD2 22 [A] HA W LA IE A 54
P (P=3e9<0.01, r=0.24, [KI3A) , IEHAEA TR,
ZtWestern blot 324 & 1 10%CSEAL B J5 7EPC-9FIA 54941 ifl
HiSirt3 . SOD2 ¥ AR (F3B) , i i IFSL 56 56 uF H 3%
ijj'hjajaﬁ'%Western blotéﬁ%—ﬁ, HSirt3. SODZ@%‘Q??H}
Ji i (4) , $2& 78 CSERIENSCLCAIM 5 Sirt3 &2 SOD21)
PRI,
2.4 Sirt3/SOD2Z HCSIFEFMNSCLCH ALy
T ISIFSirt37ECS5 SNSCL C 4 i 75 JE 8 Je i 25 rh (i 1
FH, BATMIEE T 1 235 Sirt3MPC-941 e (OV-Sirt3 PC-9)
FAS494f (OV-Sirt3 AS49) , Jfif #f Western blotR iE T
HAE R h, HSOD2WE % Sirt33d k1 i, #iHISOD2&
Sirt3f PR (ESA) . Z2CCK-851IE: (1) PC-94iffiHh
10%CSE+OV-Sirt3+3 AL E4LIIC,  (6.98+1.24) pmol/L
HH KT 10%CSE+7 IR 41 (106.86£1.04) pmol /L (&
SB) , W WLOV-Sirt3J5PC-9 4 ity Xt 7t A5 B e il ff e v
10%CSEM1S.314%, 22 R B AW RSt 5 L (P<0.01) 5

(2) AS49 2l H110%CSE+OV-Sirt3+i R LLIIC,

(11.13+1.15) pmol/LE B AL F10% CSE+75 AE B e 4

(83.24£1.02) umol/L (EISB) , AT WLOV-Sirt3Jm HIAS494H
it %o AR JE BB 2 10% CSE /Y 7.48185, H 2% 5% HA
BB GE it 24 3 L (P<0.01) o DA EZ5 R T 3Rk Sirt3n]
Wi CSE S ARINSCLC T AR et 2y .

2T RN T B UESire3 & A4 il CSEIE $NSCLC™ £
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2 FEEES5REREZERESHINSCLCEIEERMZ, A DCHF-DAREHEIM10%CSEMEHIEZRRALEPC-9. ASA9HARYEIESKTE (LBHIR=100 um) , X
K %Image JNERHISEITFE 547 B EAU DABiEH# T T 10%CSE. Gefitinibiz FBZA 5] 43> A4 EEPC-9FNA549 40 M IR Y3 5ERE /1 (EEBIR=100 um) X KImage
JNERBFEITE 2. *P<0.05; *¥P<0.01; ***P<0.001,
Fig 2 Reactive oxygen species (ROS) are involved in NSCLC Gefitinib resistance induced by cigarette smoke. A: DCHF-DA probe to detect ROS

levels in 10%CSE and Gefitinib-treated PC-9 and A549 cells (Scale bar=100 um) and statistical analysis after measurement by Image J; B: EdU

DAB assay detected the proliferation ability of 10%CSE, Gefitinib after treatment of PC-9 and A549 cells respectively according to groups (Scale

bar=100 um) and statistical analysis after measurement by Image J. ¥P<0.05; **P<0.01; ***P<0.001.

ROS, FA K TOV-Sirt3 PC-OZH i . OV-Sirt3 AS494HfiE N
FIROS/K-. Z5F R, 2L ik Sirt3 /7B AME TCSERS:
PC-9 (EI5C) F1AS49 (EISD) AL r=A-IROS . £7 B,

PG Sirt3/SOD 25538 4% AT HH S 411 il CSE i/ NSCLCAH

(1 HZLETT )5 T
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= © e -.#&)‘ i SiN3 [ == = —— | [=—— =— == — |28kDa
& 97 e A SRR SOD2 [ e ] [ - | 25 kDa
N I N
S 8 AT S LA A B-actin [ m—— ] [ e o] 4 kDa
A * Bep SRyl ) . . .
~ 7 P oo 20 e e = Sirt3 = Sirt3
S P e, st s PC-9 A549
S A 3% . @8 SOD2 &8 SOD2
6 %u'.."'. .
;-::.'::fo - o .. ,5 1.54 " o .E 1.5 *% X%
51 . . gﬁ % *% gﬁ ****
4 "55 %% %% "55
T T T T T T g¥ 1 0- g¥1'0-
0 1 2 3 4 5 EEL 'ES
: ie ie
Log2 (Sirt3 TPM) %‘S 0.5+ %‘E 0.5 ’_}‘
2= Lo ﬂ ﬂ
g 0'0- g 00 T T T T
1 2 4 1 2 3 4 1 2 3 4 2 3 4
10%CSE - + + -+ +  10%CSE - + - + -+ -+
Gefitinib - + - 4+ +  Gefitinb- - + + - -+ o+

B 3 Sirt3/SOD25MfERETRRIUEHEX. A GEPIABIRER ZSirt3550D2 28 RIAME X ) B : Western blotifllSirt3. SOD2IRIATESR, U KImage J

REEMMTRERZEITE. **P<0.01,

Fig 3 Sirt3/SOD2 is associated with poor prognosis in lung cancer patients. A: GEPIA database search for expression correlation between Sirt3

and SOD2; B: Western blot detection of Sirt3, SOD2 expression, and statistics after Image J gray value analysis. TPM: transcripts per million; SOD2:

superoxide dismutase 2. **P<0.01.

2.5 IHIROSHT 4L CSiEF A NSCLCHN M 7 HE & e i
2y FRAT X HE— 6 IE TROSE & 5 Sirt3/SOD2 /Y
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Fig 4 Immunofluorescence was used to detect the expression and localization of Sirt3 and SOD2 in PC-9 (A) and A549 (B) cells (Scale bar=100 ym)
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Fig 5 Sirt3/SOD2 is involved in cigarette smoke-induced Gefitinib resistance in NSCLC. A: Western blot validation of OV-Sirt3 plasmid and
expression of Sirt3 and SOD2 after transfection of PC-9 and A549 cells and statistics after Image J gray value analysis; B: Cell activity of OV-Sirt3
PC-9 cells and OV-Sirt3 A549 cells after treatment with different doses of Gefitinib and 10%CSE, respectively; C, D: Changes in ROS levels after
treatment of OV-Sirt3 PC-9 (C) and OV-Sirt3 A549 (D) cells with Gefitinib, 10%CSE, respectively, and statistics after Image J fluorophotometric

analysis (Scale bar=100 ym). *P<0.05; **P<0.01.
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Fig 6 Inhibition of ROS reverses cigarette smoke-induced Gefitinib resistance in NSCLC cells. A: Changes in ROS levels after 5 umol/L NAC
pretreatment of PC-9 and A549 cells after Gefitinib, 10%CSE stimulation (Scale bar=100 um), and statistical Image J fluorophotometric analysis;
B: Cell viability of NAC pretreated PC-9 and A549 cells after 4 h stimulation by Gefitinib and 10%CSE for 48 h. NAC: N-acetylcysteine. *P<0.05;

**p<0,01; ***P<0.001.
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Fig 7 Western blot detection of Sirt3 and SOD2 expression in NAC pretreated PC-9 (A) and A549 (B) cells after 4 h treatment with Gefitinib and 10%
CSE for 48 h, and statistics after Image J gray value analysis. *P<0.05; **P<0.01; ***P<0.001.
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