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Abstract

Objective: This study aims to investigate the effect of interleukin-37 (IL-37) on the biological behaviors
of paclitaxel-resistant lung adenocarcinoma cells. Methods: A paclitaxel-resistant A549 (A549/TAX)
cell line overexpressing IL-37 was established using lentiviral infection. The CCK8 assay was per-
formed to evaluate the resistance of A549/TAX cells to paclitaxel and the effect of IL-37 on the
cytotoxicity of paclitaxel against A549/TAX cells. Colony formation, wound healing, and Transwell
invasion assays were conducted to assess the effects of IL-37 on the proliferation, migration, and
invasion capabilities of A549/TAX cells, respectively. Fluorescent staining was used to detect intra-
cellular reactive oxygen species (ROS) levels. Quantitative real-time PCR was employed to measure
the mRNA levels of IL-37 and GAPDH. Western blot analysis was performed to examine the protein
expression levels of IL-37, poly (ADP-ribose) polymerase 1 (PARP1), caspase-3, and GAPDH in the
cells. Results: Paclitaxel exhibited a concentration-dependent anti-proliferative effect on both A549
and A549/TAX cells. Overexpression of IL-37 significantly enhanced the cytotoxic effect of paclitaxel
on A549/TAX cells in vitro and inhibited the proliferation, migration, and invasion of A549/TAX
cells. Furthermore, IL-37 overexpression induced ROS accumulation and promoted apoptosis in
drug-resistant cells. Conclusions: Overexpression of IL-37 inhibits the proliferation, migration, and
invasion of A549/TAX cells and induces ROS accumulation and apoptosis in these cells.
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1. 518

TRAE 2022 4 [ Bl o MU B B il TH S, s 1 0008 2R R A0 T2 28 AE A BRI g b A 8
A, 7B g N A R (1], AB/ N e (Non-small Cell Lung Cancer, NSCLC) /2 ifif A& I H. &2 4%
MRAY, (4R TR 85% A AT, Forh, e A L o LA v DA RO P AR R A ) 4 B[ 2]

LA HE (Paclitaxel, PTX)fE N NSCLC M—2e4byT 254, iAo iU 5 A BEL 40 i J 9 F 15 =
PR BRI, Ll PR S & RN 24 1 1 32 ) 7™ B PR 1 [3] LM 25 AL =28 248, WA T ABC #iz A K
I HIE L M A A DA AR T mIRNA. S S B AN L - 18 78 R AL B 5 4] [5].
PRI, oo ISR AZ B 24 /2 NSCLC 697 A% Pk, 2 o5 A TS IO TT 1A)

FI4A A %-37 (Interleukin-37, IL-37)& IL-1 SRR 51, A2 FLAT ) G FIpe 28 R0 1) 40 B R -1 [6]
IL-37 AT LAd i fa AL 55 B N AL T (5 5 %, AT se M4l BE R « 8 T R SRE B[ 7] AR
HETEARE SR, 1L-37 72 e 2 M 5 A2 & B AR, KSR 5 W s A 2 )3t e S JB 3 TS
ANRBEYIMFK, IFHNEMHEL A/ 37 (Recombinant human interleukin3d7, rhlL-37)a] LAAA &4 fii fig
SR AN TE . IERE AR 28(8] [9]-

AW BRI T RIL 1L-37 R R A BEM 24 i B 4 M e e . 3T . RBAIH TS5 %

DOI: 10.12677/acm.2026.1641340 1076 Il R 125 23k i


https://doi.org/10.12677/acm.2026.1641340
http://creativecommons.org/licenses/by/4.0/

JEIR, HEIRIK

2. 5 HE
2.1. EERFIFFEM

SEIGAE FH AT R 4T B 2R ABA9 RIS AZ T 2 A il e 40 il R ABA9/TAX. AB49/TAX & k97 3L
W B B A AR A PR A F] ;s Ham’s F-12K 3537580 B 25 & Thermo Fisher BHE AT A IL-37 %
IR ik 2R A 180 7 W B U AE YR A BRA 7

2.2. YHpASCLS

2.2.1. HpREESFT

AB49 AU M FH & 10%A 4 MG 1% #E 8 2 1 Ham’s F-12K K530 9% . BASEET 25 AS49 411
Z(AS49/TAX ZHifa) 1L-37 1 RIA M AS49 i 245 41 il (AS49/ TAX IL-37 4 ) 18995 75 4 et I 1) AB49 i
2541 I (A549/TAX NC 41 )8 FH & 0.5~1 pg/mL KAZEERI & R 75

2.2.2. CCK8 3§

M R BE IS B 70%~80%H ,  FH A Ak 200 M -4 4 i 23 5ol FH 6 A s 9 ik 8 BOR AT, Al T H0OF T
B 1 x 108 AN/mL [4nf B, R E 96 LA, I\ 100 uL 58 k53t . franpuiee G, 3FLeaisn
H, K A549 4fin. AS49/TAX 4HABAT A549/TAX IL-37 243 57 FH 56 4 55 R BE ML A 04 2. 4. 8 pg/mL
BRI, AR NRE B 5 A PATILR 2 AT BRAL, 2 At LA UM 100 L 5848597 .
TEREFR 48 h i, TESEIGZHAFLINA 10 ul ) CCK8 ¥R, B T4NMuss =4 N EERE % 2 h, 7EBEAR b
450 nm A& E % FLIR O (OD f8) i 5%

2.2.3. 1BRERR

BAERRS R IR E T B MRS 3x 108 4MmL, 6 fLARSHIR, 2mL/fL, A 37°C, 5% CO;
BRFE R IR . B R AEGIMIE A R T 30%2 509 #E47 5 1R UL (12 /IMARURYSE), WL 40
JRARFRES, N 1mL &F 1 pgpolybrene 1584157745, BUHA MOI =20, K e R4, %
BIRS . MRS 4h JEF I 1 mL Se4sasdt. BYLE 24h, WESHRFME R, b
B SO A BE IR, ARG IR, Y T2 h 5, BHMTEEM R ERTIE, NN 5.0 ng/mL RIS E R E A
BRI N2 48 h Hcw VA B 3 40 T I 1) S0 A B SR AR R 7% o J5 AR 23 40 M 1 AR K T R R AT S 2 0
WEMS R RN IEfa,  FFAN BRI 1S Yt A AR 5%

2.2.4. SupEW AL

A Rh A B IA R 70%~80%KT, I REETH AL 41 E T4 1000 4, R T 6 FLi. rdl)E, Fseask:
FREEHE IR 14 K. WARRGIRIE, H PBS iETRIEFAIM. FEERE T 20 rph, F 1945 SR et 10 435 .
FENLIABRAETE G, T Imaged 1144,

225 fOMEEE

TR MR & IR F] 70%~80%I05, FHFEEEH AL IF 150 5 75440, Befh T+ 6 FLA. 7ERRINTS TH S
TCEEME 3 2 TAT I E LA NARE . HEH 10%06 4 M35 A1 190 RI B FR 348 42 2 mL, 15397 24 h. 41
MR A R E S, ARk 3 A 5t ELEEAMNRIE. LBRIEFRE, H PBS HHE M Ik %Rz
VAR . M TC ISR 7R, FAMEN O /N 45 5. #2SRIa vt 72, W1 AS49/TAX A1 AB49/TAX IL-
37 4. £ 24 h A1 48 h i FH R IE, BFLBENLIE 3 XK. RIVRTEAH Imaged 747 .

2.2.6. Transwell R Z&5C16
SEECH UKAR R TA T M B 7R A M Sk, Btk Martigel iEIE4% 1:8 ELBIHRRAE Jo ML B 3L .
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YR RE S5 (1 Martigel BRI Transwell /e B2 RHS,  BORI SIEEE, AKALFERRME 30 2080 . 4HMufl & &
L F) 80% A AR, FHBREE S (LA A IE 1145 20,000 4>, SO Transwell /M= (8 pm fL4E). EEIIATCIMLE
B EL, TEIMAE 10% FBS e ks itk . Kiat 48 /Nil e, WidsisssRss, FH PBS ¥ —k, HEEH
SEAHM 20 738 e H PBS JEBE—IK, 1B 0.1%%5 58 h 445 10 7381, H PBS JHBE M I ABE R 45
AL R ERE FRENLIESE 5 MLEFHI IR, Imaged THE % I /N = (41 fu 4L

2.2.7. ERPEKER PCR

FEMBIREFREE, H PBS ek NEBEA, A H 1L 5 R RNA Easy Fast 2142021/ 41 L 5t RNA
BRI S I IAN LS RNA, SR )5 #H TAKARA — 257 RT-qPCR 71 &, JEAT 5L 5% & PCR 4744,
{4 F Thermo Fisher &} 22 & & ) PCR 514, {1 7500 Fast Real-Time PCR System LK PCR #4174y
Hro 2788CUH T332 L) GAPDH g5 3% [ #I 3 [K] (R AF G ik .

IV BT AR, FAWE 1 Fs:

Table 1. Reaction system

#=1 REEFER
HE[H 4 7 I F 5]

F CAGCTGAAGAAGGAGAAACTGATG
IL-37
R ACAATTGCAGGAGGTGCAGAT
F CATGTTCGTCATGGGTGTGAA
GAPDH
R GGCATGGACTGTGGTCATGAG

2.2.8. Western blot

FEEMMI R TR, H PBS VEURIGEEAM, SA)5{EH 1 mL 7 10 pL PMSF 1] RIPA 22 #2 BUE
F, FHEANURE, F4°CELERMS LIS, - 100°CE 10 408k, 8l ko 58 & A I EB T
PVDF Jii |, WIS 4 CHZtb@MReE i —huR G, (EH PR R4 IE 1:10,000 /) L 4iI#%#: GAPDH
(BN =& AEHAA PR 7], HRP-60004), 1:1000 F EL B #5HF 1L-37 (32 R o MR A TR A 7], A8206),
Caspase3 (Cell Signaling Technology, 9662S)f1 PARP1 Fifk(Z R w AR AR A, A0942). 2RJE,
TINIZHE 1:7000 ) ELBIRGREHARBE PR iC 1L 2E BT % 19G (H + L) & (RIERE AR AR A A,
AS014). i REBUR IO 8 1 4% 7 04T AT A

2.2.9. ROS ME

TG VTS AN 7 AB49 4. ABA9/TAX 4. AB49/TAXIL-37 41, F54i i & FE A F) 80%~90%
BF, A B0 gHBTHEFEL AR 5 x 105 AN /mL 4B . /SFLAR Rt 2 mL/fL, BT 37°C, 5% CO.
RFRFE N BT R, 48 /NG WA DIRES, A /S FLARI , RBRAN S 7=, LI Z T s 55
FEILFREY DCFH-DA REMEH , REFZIRE RN 10 umol/L, ZEEARE 1Y [ 1% B8 1:1000 I ELBIIMA
BH R R o K 7N LR B T TR A I 5 TR ARG 7% 20 40 FERE IR, 8 T Ui B TR BRI VR A 3 Ik,
PALEBR AL & IREr . 7RG B T B LS A P 2 5 B

2.3. Gt oA

KHI GraphPadPrism9.5 Xt Fr G £ HEAT e it oA, KU S AL S8 FH 4656, 22 4R ELBER
PR ETT 253 HT(ANOVA) . #7 ANOVA 45 3L 2.3 I3k 4T Tukey’s HSD #aide . P<0.05 W\ N EA Gt 8 X
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3. &R
3.1. IL-37 fE{ESMETR EF2EEXT AS49/TAX B9 45H

B, VP T IL-37 MR EE RS ASA/TAX JHAAE JI BRI, A T 3G IE ASA9/TAX 41 i 25 3%
A, 435I 0. 2. 4. 8 pg/mL HI4RAZEEALFE AS49 Fil AS4Q/TAX 4l 48 /INiF, 4R J5 K H CCK-8 il e ik
PP A2 BT 1K 201 it 2R 438 B0 0 0 761 o

3.2. IL-37 FEASMEIRIRIZEEXT AS49/TAX BIREH

A
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Figure 1. Upregulation of IL-37 enhanced the cytotoxic effect of paclitaxel on A549/TAX cells in vitro. (A) Cell viability
of A549, A549/TAX and A549/TAX IL-37 cells after paclitaxel treatment detected by CCK-8 assay; (B) Relative mRNA
level and relative protein expression of 1L-37 in A549/TAX, A549/TAX IL-37, and A549/TAX NC cells detected by quan-
titative real time PCR and western blot. ***P < 0.001, ****P < 0.0001

1. IL-37 S RIKIEIR T RINEAZEERS ASAQTAX BIFAA T (A) CCK8 A S AZEZ AL IR fF A549 4. AS49/TAX
HRFN AS49/TAX IL-37 HRREHVLRRRFFIESR; (B) RALATIEESE PCR JAF Western blot SE#&M 1L-37 7£
A549/TAX, A549/TAX IL-37 K A549/TAX NC A+ ) mRNA 537K FFIFERT FRIX . ***P <0.001, ****P < 0.0001

B, VLT IL-37 XHEAZRE R ABAOITAX YIAE J1MIREIA . SN T BGTE ABA9/TAX 4 it 2455
B, 5 0. 2. 4. 8 pg/mL FIEIZEEAEEE A549 Fil ASA9/TAX il 48 /N, 44 J5 K FH CCK-8 Ml vk
PEAGSEAZ B0 IX S 40 i ZR G T IR o S5 R R B AZIEXT AS49 I ABA9/TAX 4 i 35 7€ AL H IR FEAK
BT FEAE (B 1(A)), TH5HE15 2] AS49 1 1C50 {4 1.144 pg/mL, A549/TAX ) 1C50 & 6.596 ug/mL,
HE— B S 2545 5 1C50 (A549/TAX)/IC50 (A549) = 6.596/1.144 = 5.766 (>5), X HAAHT 7% o i I
ASA9TAX AT SEAZ A T 2P . BT Ml B 40 M & 1L-37 SRIA/KPAR, WA 048 A o 2 Bk L

DOI: 10.12677/acm.2026.1641340 1079 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.1641340

JERR, BRI

F ke i A 1L-37 1) AS49 EAZREM 2540 Md FH T~ — 2B S, S5 € & PCR f Western blot 45l
A549/TAX. AB49TAX IL-37 K AS549/TAX NC (18R & et ) aifuh IL-37 MR, 4RERY
AB49/TAX J AB49/TAX NC AHLL, AB49/TAX IL-37 Aiffurh 1L-37 KA L ZE T (& 1(B)). BiJ5, CCK-8
S EOR, FASFR B RAZ BEALHE ABAQITAX 4R AS49/TAX IL-37 418 48 /i), AR S F (K 1(A))
THELE RS B 1C50 (A549/TAX)/IC50 (A549/TAX IL-37) = 6.596/3.274 = 2.015 (>2), XFEH IL-37 iFF£ik
HRONER T ABA9ITAX YT K AL I H BB

3.3. IL-37 Pl A549/TAX ZRpEIETE ., TRMFEEEE
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Figure 2. Upregulation of IL-37 inhibited the proliferation, migration, and invasion of A549/TAX cells. (A) Colony
formation assay detected cell proliferation; (B) Wound healing assay analyzed cell migration; (C) Transwell invasion
assay analyzed cell invasion. Scale bar = 1 pm. *P <0.05, **P < 0.01, ****P < 0.0001

2. IL-37 TRIEINFIT ASL9/TAX MPIETE, IIBIRZE. (A) eEMBSLERNMAnIETE; B) fO0RE

LI ST ARIERE ; (C) Transwell {22850

WAMARZE. tEBHIR =1 um. *P<0.05, **P <0.01, ****P <0.0001

DOI: 10.12677/acm.2026.1641340

1080

M PR 15 2 3 fe


https://doi.org/10.12677/acm.2026.1641340

JEIR, HEIRIK

AT FCIE L e BGR G 0 T IL-37 SRkt ASAQITAX 4 RSN K Hfm . SR ER, 5
AS49/TAX ZHfuAH L, ABAITAX IL-37 4HMu A TEHIR (14 2(A)). P& LI M REH, WIR)E
24 F1 48 /NS, ABA9ITAX IL-37 41 Y A 38 5 52 20 B 2 i () 2(B)) . Transwell 1228 5256 (1 45 itk —
SAIESZ, ABATAX ZHJL % i 5 5 I 8 i S35 % T ABA9ITAX IL-37 4HB([ 2(C)). X UeHd i, IL-
37 TEARSI T ABAQITAX 4HMIAG 23 PG FEAE . JF HAWH| AS49/TAX 4 LT F A2 2268 )

3.4. 1L-37 18n A549/TAX ARl ROS 7KE

TR IL-37 XA A S B, AR ST I SO S B S B Al AS49 4 i . ABA9ITAX
YA ABA9ITAX IL-37 40 1)-T-35) 58 M6 FE R ROS HIFRIA R . 455 Won AS49 4 i i T35 9t
FEMRT AS49/TAX 4HME, AB49/TAX 4 A1 3575 S 5R FEAR T AS49/TAX IL-37 AHiff(] 3). DA AR YE 45
BAF, 1L-37 BERSIE N ABA9/TAX 41 ROS ) SR, 2 52E MR 25 40 B A S8 AL S 3

A549 A549/TAX AS549/TAX IL-37

Figure 3. Mean ROS fluorescence intensity detected by fluorescence staining experiment
[E 3. eRE LN ROS FEHRLIEE
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Figure 4. IL-37 induced apoptosis in A549/TAX cells via the ROS/KEAP1-NRF2 pathway. Relative expression of Cleaved
caspase 3 and Cleaved PARP1 in A549/TAX and A549/TAX IL-37 cells detected by western blot. *P < 0.05, **P < 0.01
[ 4. 1L-37 i@id KEAPL-NRF2 i#8&iES AS49/TAX 4RAT-. Western blot #31 AS49/TAX 4AAEFN A549/TAX IL-
37 #MAfI+ Cleaved Caspase3 F1 Cleaved PARP1 BU#EX L. *P <0.05, **P <0.01
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T AHRAIE ST IL-37 % ABAQITAX AR IH T-I52m, AHE 5018 H Western blot S5 Ak 1 40 i 3 T-AH
KEARRIE SRR, IL-37 R B EH N T AS49/TAX 4iffiff) Cleaved Caspase3 Fll Cleaved PARP1
(1 E R IB K (1] 4).

4. g

IL-37 Z&—FHiRAMMBE T, FFHAEMSH NSCLC KB RIE—EMIER[10]. AUREAH TR
By, AMEYE rhIL-37 RefSAEAAR SN 25 1) i 4 MO G 5E . 3. 228, JFiEid N MDR1 SRFEICE
WBEMN 2], SO RS U5 245 MR A i ROS SR . Hr AW Fu e i, it S8 8 e 40 7 2 35 38 I ) ROS 7K
-5 SRR T T 2 0 R AR B DDA DR [11]-[13]. BT AR AN R ROS R Gu I, Al e B K
AL N IR [14]. SEEER R, FAL NI AR T R R A ARG L bR R A I A TR RS T T
S B Wi R (1) R AR AN FE[15]. BRbz 4h, Dade Rong %5 ARSI i AiE B 1 AT DL o 204k B 0
NSCLC Xf A 45 & HI RIS B M BURBE[16]. K1, 4Py It RIA 1L-37 J& 75 RETE M A M5 S8 A2 B 2
Jit e 4 L %) 280 B A P AT R R AT A

N T IRFEIL LR, ABFFELEL T IL-37 I I HT E A AS49/TAX 4Hfiid. ROS FNH I T (1 5E i o
AP S5 RN, 1L-37 I RIA AT LAFE AB49/ITAX 41 i #ii] AS49/TAX i3 ROS FLRIG(E .. IR M
ITHE, SIEEMIRET., PG ASA/TAX 4T L A2 I (i 2451

SRMAH b A — LA e, BT R 7 AN 24 1K) AB49 X — i 4 a8 24y, JF B it —
ST R SIS L IAIE OB BN LE 18 . ARWFFURIL IL-37 i Rk mT DAL E AS49/TAX 41 ROS #1 R
AL T, X ASA9TAX AT 25 1A % —E RIS, 5 23— DR e H o8 R aE g S L], an
it 25 #5585 4 ABC %%iz 5 H (ATP-binding cassette transporter), | J% - 8] 78 i # 1k (Epithelial-Mesenchymal
Transition, EMT)Ar 84, FALRN A DG Kelch £ ECH #H2C¢ & H 1-NFE2 #HC A 2 (Kelch-like ECH-
associated protein 1-Nuclear factor erythroid 2 related factor 2, KEAP1-NRF2){5 5 i@ M. Hdr, AR @i ai
R rhIL-37 RESSTEARSMEE N MDRL R EAZBEMN 25, 1T EMT W REAN S rhiIL-37 1 4% SEAZ I 2
PERILHI[L7]. 7E IL-37 L RIE ) ABAITAX 4ifiarh, iX 75 Eit— P Se i 24010 . KEAPL-NRF2 i i 2
FERIBUANLH] ) SCBE 7 T b [18] . A WFFTUEN], ] NRF2 38 B ] DU e 45 Joe 40 i o A0 7 245 Pk
[19] [20], 17 NRF2 F¥0E 7] A4ERF IEE 40 AS, DO 40 M i padi A K AE 5 [21] .

ASZIGHT L SRR, FERRE R 251 AS49TAX 4ifurf, Ihid ik IL-37 fets 2y sme
A2 PR 3% 0 4 R 061 0 6 84 B SR8 AR 28 8 77, I R DA 35 B2 e i 24 ik 8 48 i 9 1) ROS 7K-F
FHRMMAE T,

B M

AR TR AR AT X 1L-37 BFFCJE R 7 BTSRRI e S8 K 2 2] 5 THT A RN
51, RIS B

SE
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