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. H#Léﬁﬁ%
B2, BHR, B, BET, IMaKS BREZ

[WZE)] B8 LTRSSl T SRAE LA R L . F7iE ARSCEE R 2021476 A
22022410 o BRI BEAS-2BAAL, K HBENL /- MAH (2 EXTIR) | B4 (1 nmol/LJE T4b#24 h) |
C4L (10 nmol/LJE 1 T A4b¥E24 h) . DAL (100 nmol/LJEty TAbEE24 h) | E4L (1 wmol/LJE 7 T4bHE24 h) | F41 (10
wmol/LJE i TALRE24 h) . GHH (100 wmol/LJEd TALRE24 h) . HZH (1 mmol/LJEdy T 40324 h) | 144 (5 mmol/L
Jeilr TAbRI24 h) . JH (10 mmol/LJE 1 T4bFH24 h) . KZH (15 mmol/LJE Ty T AbF24 h) |, RAAUMHEOR 7 &8
(CCK-8 ) Haill £ ZH 40 B A i Pk . OO BUAE R BEAS- 2B, K JLBAML A3 28 UV HRZH 555 mmol/LJE v T4
(5 mmol/LJEH T4bBI24 h) , R TOEERBPCREEIZHIL-18 . 1L-8 mRNAZFL/KF, BOFEAE KA BEAS-
2BANAE, W5 HBEHL S R 2s AN IRZH 55 mmol/LJE T T4 (5 mmol/LJEy T AbH24 h) , RAELISAKGINALHIL-18 |
IL-8 [13RIA/KT . BUEUA: KN BEAS-2BAIIE, RHILRENL /3 25 XS IR S mmol/LJEH T4 (5 mmol/LJEH T
AbE24 b)), WA NS AT SR IR . R SE SO I PCRIGHIE 22 57 %A 2K . SR FclusterProfiler T H.
AN 2 57 IR FE R HATCODIRE & 4R /T FIKEGGIB I s 2200, 455 141, J4 . KL ZEIG AR T AZL . B4,
C4l. D41 (P<0.05) ; J4l. KRG TEA . T4, c4l. H4. 14 (P<0.05) ; KL G5 MEAT
TIJH (P<0.05) . 5 mmol/LBi TAIL-1B . 1L-8 mRNAZIAK P& T2 X M2H (P<0.05) o 5 mmol/LJETH T4H
IL-1B . IL-88EHFRAAVm T2 HXT A (P<0.05) o FsgpdAMp 4R WoR, Hekiili24 7514050, 7 539
AN EFFIREER (3 774 FEHFEE B, 550.02%; 3 768N EHFEIA T, 749.98% ) . kil PIEA/INI194 25
FIRFEEN, SETOGERPCRIEIMSE B /R, EGR3, IL-24. NOV, CXCL8., CXCL2. JUN, FASN., HSPA5. AXL,
IGFBP4, FADSI. ANXA3, TUBAIA, ACSS2, EZR. STMN3., CPA4., HMGCS1. UCP25RiK/K N 51 20 4 46 ) 45
H—3. GOMREREMMEREIR, A4YER (BP) Fii, FR191M2EFRAEFEFZESDNAZ N . WEFEY
ARG AR RIS A OC . FEAIEAL Sy (CC) JrTH, FiR19N TR R S A BE . M-SR BRI 4
YHMOIE PR AESE AR OC s FESr T h6E (MF) i, Lo 25 RAENFE SEFHERASE . EMT4546 .
%’%RNA/mfﬁﬁf KEGGIl B 5 M4 R Bon, s BR324 KEGGE S, 115454 W1k WLEh 2 1 40 o - 22

VOFERETTmiRNA L ARAEE . BRACE . WEEER. S50 e TESRGE B AN S 0E I N AL PT AR S EGR3
IL—24\ NOV., CXCL8, CXCL2. JUN, FASN, HSPAS, AXL. IGFBP4, FADSI, ANXA3, TUBAIA, ACSS2. EZR.
STMN3., CPA4, HMGCSI., UCP2(SH FBA I, W SRS . A rRr n fa e BURL 5 AR S 8 . 4 L i Zh
45, WIEhE A4 A AT ie XL AN 2207 . JEAE T miRNA | 208 B A5 i
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[ Abstract )
on transcriptomics. Methods This experiment was conducted from June 2021 to October 2022. BEAS-2B cells at logarithmic

Objective To analyze the mechanism of nicotine—induced airway epithelial cell inflammation based

growth stage were randomly divided into group A (blank control) , group B (treated with 1 nmol/L nicotine for 24 hours) , group
C (treated with 10 nmol/L nicotine for 24 hours) , group D (treated with 100 nmol/L nicotine for 24 hours) , group E (treated with
1w mol/L nicotine for 24 hours) , group F (treated with 10 p mol/L nicotine for 24 hours) , group G (treated with 100 p mol/L
nicotine for 24 hours) , group H (treated with 1 mmol/L nicotine for 24 hours) , group I (treated with 5 mmol/L nicotine for 24
hours) , group J (treated with 10 mmol/L nicotine for 24 hours) and group K (treated with 15 mmol/L nicotine for 24 hours) , and
cell proliferation activity of each group was detected by cell counting kit 8 (CCK-8) . BEAS-2B cells at logarithmic growth stage
were randomly divided into blank control group and 5 mmol/L nicotine group (treated with 5 mmol/L nicotine for 24 h) , and real—
time fluorescence quantitative PCR was used to detect mRNA expression levels of IL-1 and IL-8 in each group. BEAS-2B
cells at logarithmic growth stage were randomly divided into blank control group and 5 mmol/L nicotine group (treated with 5
mmol/L nicotine for 24 h) , and the expression levels of [L.—1 8 and IL-8 protein in each group were detected by ELISA. BEAS-
2B cells at logarithmic growth stage were randomly divided into blank control group and 5 mmol/L nicotine group (treated with 5
mmol/L nicotine for 24 h) , and cells from each group were collected for transcriptomic sequencing. The differentially expressed
genes were verified by real-time quantitative PCR. GO functional enrichment analysis and KEGG pathway enrichment analysis
of differentially expressed genes were performed using clusterProfiler toolkit. Results The cell proliferation activity of groups I,
J and K was lower than that of groups A, B, C and D (P < 0.05) . The cell proliferation activity of groups J and K was lower than
that of groups E, F, G, H and I (P < 0.05) . The cell proliferation activity of group K was lower than that of group J (P < 0.05) . The
mRNA expression levels of IL-1 3 and IL-8 in 5 mmol/L nicotine group were higher than those in blank control group (P < 0.05) .
The expression levels of IL-1 3 and IL-8 protein in 5 mmol/L nicotine group were higher than those in blank control group (P
< 0.05) . Transcriptomic sequencing results showed that a total of 24 751 genes were detected, including 7 539 differentially
expressed genes (3 771 genes were upregulated, accounting for 50.02%; 3 768 genes were downregulated, accounting for 49.98%) .
The 19 differentially expressed genes with the smallest P value were selected, and the real-time quantitative PCR detection
results showed that, the expression levels of EGR3, 1L.-24, NOV, CXCL8, CXCL2, JUN, FASN, HSPAS, AXL, IGFBP4, FADSI,
ANXA3, TUBATA, ACSS2, EZR, STMN3, CPA4, HMGCS1 and UCP2 were consistent with the results of transcriptomic detection.
GO functional enrichment analysis showed that in terms of biological processes (BP) , the 19 differentially expressed genes were
mainly related to DNA replication, cofactor biosynthesis, granulocyte activation, etc; in terms of cell components (CC) , the 19
differentially expressed genes were mainly related to adhesion plaques, cell-matrix adhesion junctions, cell matrix junctions,
ete; in terms of molecular function (MF) , the 19 differentially expressed genes were mainly related to calcium adhesion protein
binding, cell adhesion molecule binding, single stranded RNA binding, etc. The results of KEGG pathway enrichment analysis
showed that 322 KEGG pathways were enriched, and the first 5 pathways were actin cytoskeleton regulation, miRNA in cancer,
cell cycle, carbon metabolism, and lysosome. Conclusion The mechanism of nicotine—induced inflammatory response in airway
epithelial cells may be related to the abnormal expression of EGR3, 1L.-24, NOV, CXCL8, CXCL2, JUN, FASN, HSPAS, AXL,
IGFBP4, FADS1, ANXA3, TUBATA, ACSS2, EZR, STMN3, CPA4, HMGCS1 and UCP2, involving cellular functions such as
granulocyte activation, neutrophilic granulocyte degranulation and associated immunity, cell-matrix adhesion junctions and actin
binding, and pathways such as actin cytoskeleton regulation, miRNA in cancer, and cell cycle.
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Inflammation; Epithelial cells; Nicotine; Transcriptomics

201 TAE BRGSO A oE o, FREEHE AR LK
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AR AR E 13,7112, — T4 (secondhand smoke,
SHS ) Z#s AHFHE3.40212 N, @&4712.6077
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AR o, 158 XU R AR E R 1826.6%, Hip
50.5% HAERYE L BIAPSA 2R E RSy, W
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RS A R4 T O L ARk, RS B
M) 12 T TS OGRSk AL Wb . ANF
I8 BRI THE SR AT el TR AGE T A e
SN ML, BRGE T .

1 #R5H®

1.1 SCEGETE] ASCEG AR 20214F6 H 2£20224F
10A .

1.2 SEmbR

1.2.1 SCIHNM  AOE L BEAS-2BAI I [ H [
Bl2EBe AN E

1.2.2 FZLEEGH A HE0LH &8 (cell counting
kit-8, CCK-8) A A M FaAEYRH A FRA R,
S A 8 . TB GreenPremix Ex Taq Il ( Tli RNaseH
Plus ) g HTaKaRa, DEMEZHE: 35 MG A i35 1 H
Gibcoo

1.3 LRk

1.3.1 4R A2 x 10° /4L % B K BEAS-2B4H
M dFh TS ALAR T, A B 10% 06 24F 175 D EMEZ i
FFRME, T8 5% CO,M37 CHILRFRAa IR .

1.3.2  CCK-8HK il 4 e 338 58 3 1 B0 5 A K 0 19
BEAS-2B4 L, fifi FH M BRI B0t B A7 40 M it %k, DA
5 x 10°/ml A% K A2 PP T964LAL (100 wl/fL)
B HBEDL S AL (ZSEHXTRR) o B4L (1 nmol/LJE T
AbFE24 h) . CHL (10 nmol/LJg i T 4b¥E24 h) . DA
(100 nmol/LJE iy TAbFH24 h) . E4H (1 pmol/LEd T
Ab324 h) L F4 (10 wmol/LJgih TAb¥E24 h) | G4
(100 wmol/LJEH T 4324 h) | HZH (1 mmol/LJETy
ThFE24 h) | 140 (5 mmol/LJgdy TAb¥24 h) | J4H
(10 mmol/LJE 7y T4bBE24 h) . K4 (15 mmol/LJEd T
Qb4 h) , BA3NESL, BT 5% CORY37 CHif
KM gR24 h, BFLINALO pl CCK-8FM, 4h&k
WEE2 hy B 96fLA, FHEEAR UM A LE450 nmih
FIMOEEE (AMH) , TR,

1.3.3  SEAF2GE  PCREGIMIL-1 8 . 1L-8 mRNAZ A
K BOWMEA K BEAS-2B4H M, {57 if Bk -45 b
PEATARETEL, LS x 10°/ml i) %5 B8 K 40 i 122 7 T-96 4L
B (100 w AL ) , K FLFEHLI A2 X IRZ 5 S mmol/L
JEH T4 (5 mmol/LJE Tl TAbH24 h) |, SRHISERTZEN
FEEPCRAIASHIL-18 . 1L-8 mRNAZFKIAKF-. fii
JHRNAisof& BUERNA , i FH S sl ) GO RN A S 5%
SFMcDNA, {#iFHTB GreenPremix Ex Taqll ( Tli RNaseH
Plus ) I & TERIDOEE HPCR, 519751 LKL,
LA R IR P TR E . SCge s AR 3R
1.3.4 ELISAKEMIL-18 . IL-88 I #ik/KFE Bkt
BAKBIMBEAS-2BA M, o H ifn Bk 1450t 17 40 g
T, LAS x 10°/ml %% 54 40 B B2 Al T 96 FL A ( 100

R SEHPOEERPCRIINIL-1B . IL-8 mRNARKACHIYF #1751
Table 1 Primer sequence of IL-1B and IL-8 mRNA expression levels

detected by real-time quantitative PCR

HEH Eiies1¥ (5-37)

TS (5-3)

GAPDH GGAGCGAGATCCCTCCAAAAT GGCTGTTGTCATACTTCTCATGG
IL-18 AGCTACGAATCTCCGACCAC CGTTATCCCATGTGTCGAAGAA
IL-8 ACTGAGAGTGATTGAGAGTGGAC AACCCTCTGCACCCAGTTTTC

wl/AL) , B AL A X IR 5SS mmol/LE T T

ZH (5 mmol/LJE i TAbFE24 h) , RIHELISAK I &40
IL-18 . IL-88 FIRBAKT, HAD B Ui k1T
BE . SRS A 3K

1.3.5  Hesgdl2miy B K BEAS-2BAI
B BN A AT IRZE 55 mmol/LJE it T4H (5 mmol/L
Jedr ThbE24 ) , WS (4381, Fheh
FE ) Sk B Rt ARBOR RN B0 A PR FI I 154 5%
T o HfeatureCounts B S 214~ JE A (115248
HR A I R K BE TR AN FE A FPKM (B 1 7 B %)
DU (R S AR P 30 e B ) B TR R B T e )
FEH AW N2 A28 . RIE 5 DESeq2 3 b4
2 FHR IR 55 mmol/LJE T T A RILES, U
P<0.05 Hllog,FCI = 1 hRifEdiiE 22 5 #A 5L A

1.3.6 LA HOEE mPCRIGIE 2 RN Ri2ER
FEIEFL R PAE X LA THE Y, Ok Hh PR AR /N 204>
2 FGRIEH . BOSTEAE KA BEAS-2BAfE, K sy
Fas X IRAL 55 mmol/LJE T T4 (5 mmol/LJEy T 4b
24 h) , SRR E S PCRAGIN A5 2H 22 7 3RA 5
R kK, DU IE S skl P 4 SR iyl Sk, B
PR TR R1.3.3, SIYIFS) 2,

1.3.7 GOXfiE. KEGGHE I E £ XK
clusterProfiler T EAL X 2% S FEIA KK HFTCOTh BE & 44y
HrAKEGGH B & 47t , 8 1E Ho b Y R DR B 2
1.4 Siilsegrik R GraphPad Prism 9% E4 75045
M. THERERILL (x+5) Fon, Z410E] LR H AR
RIr 2000, AP ELECR FILSD-th: 5. LAP<0.05
HEFRHGIFE L,

2 HR

2.1 AAMO3ErETGE AZH. B4, C4. DA . EAH.
F4H . G4H. HAL. T4l . T4 . K140 M 34 58 05 v 40 51
J9 (1.00+£0) . (1.03+0.05) . (1.00+0.06) .
(1.02+0.07) . (0.96+0.02) . (0.95+0.02) .
(0.97+0.01) . (094+0.03) . (0.89+0.05) .
(0.68+0.02) . (0.39+0.03) . 11ZH40MIB45E I
i, Z2REGE L (F=126.52, P<0.001) . H
WAL, JA . KA ARG AR ALl B4, c4l. D
4, ZRAGIHFEY (P<0.05) ; J4H . K40
OISR TR . F4 . G4, H4. 141, ZRAGI¢
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B (P<0.05) ; KAAMEIEFEIEVEIR TI4, 254
et E X (P<0.05) o

22 IL-1B . IL-8 mRNAFRIAKF 5 mmol/LJET T4
IL-1B . IL-8 mRNAZRIA/K i T25 IR IRAL, 2547
SR (P<0.05) , W3,

2.3 IL-1B . IL-8FEHEKIAEKFE 5 mmol/LJE i T 4l
IL-1B . IL-8EEHRIAAT = T2 HA A, 2RA%
HEE Y (P<0.05) , WL3R4,

2.4 BesRdsEDN AR K24 751, K
17 539422 R I (3 771 R REL B, &
50.02%; 3 1681 HENFIE T, 1549.98% ) .

2.5 ERFINERBUELSR PEERE/D20M2Z5E
KL SMIHEGR3, 1L-24, NOV, CXCL8. CXCL2,
JUN., FASN, HSPA5., AXL., IGFBP4, FADSI,
ANXA3, TUBATA, ACSS2, EZR., STMN3, CPA4,
HMGCS1., UCP2. TRIMI16L, HATRIMI6LH T5|4i%
FTHRMORSENERIE, SENZOEE B PCREGIN S R R,
EGR3. IL-24, NOV., CXCL8, CXCL2, JUN, FASN,
HSPAS., AXL. IGFBP4, FADS1, ANXA3, TUBAIA,
ACSS2. EZR. STMN3. CPA4. HMGCS1. UCP23&ik/K
SR RN A R, DLEIL,

2.6 GOYIfE. KEGGHEEEMIEIR GOURER
MR ER, HEERT 61910COThfELH, Hrf
5 825110 KWy #2 (biological process, BP) | 7314~
W ANIZH 5y ( cellular component, CC) . 10637 &
4y TII8E (molecular function, MF) ; 7EBPJyH, FiA
19122 R H EZ S DNAKH | 4 F AW s
ORGSR S . HKBIDN A DNA
= N ok v v R T AN RE G e 1) s S 2 N 2
KL MG 02 5 e RN . A 2253 F4 20 B R AR AE |
TR G R AFAN G FECCTT T, iR 194225+
RKIFEEN FLEHRER . M- RS, . dipu L
g5 SRRRERT . BB . AR E R . WL g
R g N Pt 2 2 N U 1575 SN 1 oS i e
Ky FEMEJTTH, IiR194 28 5 Rk FE N F 2 AL &
WHZE . HIRRM T T456 . AEERNAZE G . SIS
TR TR R (guanine dinucleotide phosphate, GDP)
it WshER4E . HOBIDNARATPREN P . JHE
JHiz BRI R4 — A% H R ( nicotinamide adenine dinucleotide,
NAD) #4545, BEEDNAZS G | HlELS S . GTPasedliil ]
TEVESERIOG, ILEI2,

KEGGHH % & s R wn, LEEH3225%
KEGGH #%, 12045535y WL 2h 28 H 240 B 229075
FAE T miRNA, SRR, BRACH, SRR, N
Jitides , PRI R AL ZOR ) (advanced glycation
end products, AGE ) —BHIALZK =Y Z K (receptor

R2 ETEEE B PCRIVIEZE S FIA B K 5 149 )7 471
Table 2 Primer sequences of differentially expressed genes verified by

real—time fluorescent quantitative PCR
HEH L (5-37)
GAPDH  GGAGCGAGATCCCTCCAAAAT
EGR3 GACATCGGTCTGACCAACGAG
1L-24  TGTGAAAGACACTATGCAAGCTC
NOV CACGGCGGTAGAGGGAGATAA
CXCL8  ACTGAGAGTGATTGAGAGTGGAC
CXCL2 GCTTGTCTCAACCCCGCATC
JUN TGTGTGGAATCAAGCACCTTC
FASN CCGAGACACTCGTGGGCTA
HSPAS CACGGTCTTTGACGCCAAG
AXL GTGGGCAACCCAGGGAATATC

T (5-37)
GGCTGTTGTCATACTTCTCATGG
GGCGAACTTTCCCAAGTAGGT
GTGACACGATGAGAACAAAGTTG
TGGGCCACAGATCCACTTTTC
AACCCTCTGCACCCAGTTTTC
TGGATTTGCCATTTTTCAGCATCTT
AGGCGTCATCATAAAACTCGTTC
CTTCAGCAGGACATTGATGCC
CCAAATAAGCCTCAGCGGTTT
GTACTGTCCCGTGTCGGAAAG

IGFBP4 GGTGACCACCCCAACAACAG GAATTTTGGCGAAGTGCTTCTG
FADSI CTACCCCGCGCTACTTCAC CGGTCGATCACTAGCCACC
ANXA3  TTAGCCCATCAGTGGATGCTG CTGTGCATTTGACCTCTCAGT

TUBAIA  TCGATATTGAGCGTCCAACCT CAAAGGCACGTTTGGCATACA
ACSS2  AAAGGAGCAACTACCAACATCTG GCTGAACTGACACACTTGGAC

EZR ACCAATCAATGTCCGAGTTACC
STMN3 CGCACCCCAATACCGTCTAC

CPA4  AGGTGGATACTGTTCATTGGGG
HMGCSI  GATGTGGGAATTGTTGCCCTT

ucp2 GGAGGTGGTCGGAGATACCAA

GCCGATAGTCTTTACCACCTGA
GGACAGGTCAGAAGGGGACTT
TTGCTGATCTCGTCTCCATTTC
ATTGTCTCTGTTCCAACTTCCAG
ACAATGGCATTACGAGCAACAT

R3  EAMIEAES mmol/LJE T THIL-18 . TL-8 mRNAZEE/KI- L
B (x+s, n=3)

Table 3 Comparison of mRNA expression levels of IL-18 and IL-8

between blank control group and 5 mmol/L nicotine group

2051 IL-13 mRNA IL-8 mRNA
25 X HRZH 1.00+0 1.00+0
5 mmol/LJE Tt T 40 1.31+0.01 1.86 £0.21
HE 57.250 7.003
Pl <0.001 <0.001
F4  SPOIRALSS mmol/LJEl TAIL-1B . IL-88K 15K e

(x+s, n=3)
Table 4 Comparison of expression levels of IL-1 and IL-8 protein

between blank control group and 5 mmol/L nicotine group

2151 IL-1B8 &EH IL-82EH
25 X HRZH 23.14+3.92 542.59 + 59.92
5 mmol/LJE T T 41 36.29 = 7.86 1032.71 +6.05
i 3.055 14.100
Pl <0.001 <0.001

for advanced glycation endproducts, RAGE ) 155181,
MMLAP LT (extracellular matrix, ECM ) —3Z2{&4H B AE
FH, HbARH, BRI, A%
HRRUIBREE , DNAKH], NERRRIC RS, —SRMRIE
W, BBUERE, ORI RIS, AR
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Figure 1 Verification of differentially expressed genes by real-time fluorescent quantitative PCR
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%X k B ( nuclear factor kappa-B, NF-«k B) %5
R Z R A B A T (1 BRI AR,
EEAMAgEEEEN ) , LAEMHES (reactive oxygen
species, ROS) . MJEIRSEIA F o (tumor necrosis
factor—-a , TNF-a ) . IL-1B . IL-6, IL-8%AJmRNA
ME AR, BRRUL, et TR 90 KN 55 ™
2RI R, Hll i F S SRERZ . T
SRR . B A M S vt A T A A AR R b 4%
PRI, 34 AT BRI Gy 4 A5 0 4 L A1 - T L-8
IL-1B . TNF-a . IL-6. CXCL2%/K, ik, #F
FEJE T T ARG 22 BRI B PR R R w2
AW EE R BN, 141, J4 . K408 58 16 PEAR
TAH ., B, CH. DA, JH . KEHAMMIEHIGIEMRT
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