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Effect of Aspergillus fumigatus on DNA damage and IL-33
expression in human bronchial epithelial cells and its mechanism
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ABSTRACT Objective: To discuss the effect of Aspergillus fumigatus (Af) on DNA damage and
interleukin (II.)-33 expression in the human bronchial epithelial cells, and to clarify its related mechanism.
Methods: Different concentrations (1, 5, and 10 mg-L ') of Af were used to stimulate the bronchial
epithelial BEAS-2B cells to select the appropriate stimulation concentration. When the BEAS-2B cells
were treated with N-acetylcysteine (NAC) and Af, the cells were divided into control group, Af group,
NAC group, and Af+NAC group. When the BEAS-2B cells were treated with DNA double-strand break
repair inhibitor NU7441 and Af, the cells were divided into control group, Af group, NU7441 group,
and Af+NU7441 group. The comet assay was used to detect the percentages of comet tail DNA of cells in
various groups ; immunofluorescence method was used to detect the expression levels of DNA damage-
related protein phosphorylated H2AX (yH2AX) in the cells in various groups; 2, 7-dichlorofluorescein
diacetate (DCFH-DA) fluorescence probe was used to detect the levels of reactive oxygen species (ROS)
in the cells in various groups; real-time fluorescence quantitative PCR (RT-qPCR) method was used to
detect the expression levels of interleukih-33 (11.-33) , thymic stromal lymphopoietin (TSLP), and
interleukih-25 (11.-25) mRNA in the cells in various groups; Western blotting method was used to detect
the expression levels of phosphorylated nuclear factor kB (p-NF-kB), phosphorylated ataxia telangiectasia
mutated (p-ATM) , and YH2AX proteins in the cells in various groups. Results: Compared with control
group, the percentage of comet tail DNA and the expression level of YH2AX in the cells in 1 mg-L !
Af group showed no significant difference (P>>0.05) , while the percentage of comet tail DNA and the
expression level of YH2AX in the cells in 5 mg-L ~ ' Af group were significantly increased (P<Z0.01) ;
compared with 5 mg+1. "' Af group, the percentage of comet tail DNA and the expression level of YH2AX
in the cells in 10 mg-L.~" Af group were significantly increased (P<Z0.01). Compared with control group,
the ROS levels in the bronchial epithelial cells in 1 mg-1.~ ' Af group was significantly increased (P<C
0.05) ; compared with 1 mg-L. — ' Af group, the ROS level in the cells in 5 mg-1. ~ ' Af group was
significantly increased (P<Z0.01); compared with 5 mg+L.~! Af group, the ROS level in the cells in
10 mg- L~ Af group was significantly increased (P<C0.05). After treatment of NAC, compared with
Af group, the percentage of comet tail DNA (P<C0.01), the expression level of YH2AX (P<C0.05), and
the ROS level (P<C0.01) in the cells in Af+NAC group were significantly decreased; after treatment of
NU7441, compared with Af group, the percentage of comet tail DNA and the expression level of YH2AX
in the cells in Af+NU7441 group were significantly increased (P<C0.01). The RT-qPCR results showed
that after treatment of NAC, compared with control group, the expression level of IL.-33 mRNA in the cells
in Af group was significantly increased (P<Z0.05) ; compared with Af group, the expression level of 11.-33
mRNA in the cells in Af+NAC group was significantly decreased (P<C0.05) ; after treatment of NU7441,
compared with Af group, the expression level of 1L.-33 mRNA in the cells in Af+NU7441 group was
significantly increased (P<C0.05). The Western blotting results showed that after treatment of NAC,
compared with control group, the expression levels of p-NF-kB, p-ATM, and yYH2ZAX proteins in the cells
in Af group were significantly increased (P<C0.05) ; after treatment of NU7441, compared with Af group,
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the expression levels of p-NF-kB, p-ATM, and yH2AX proteins in the cells in Af+NAC group
were significantly decreased (P<C0.05); After treat ment of NU7441, compared with Af group, the
expression levels of p-NF-kB, p-ATM, and yH2AX proteins in the cells in Af+-NU7441 group were
significantly increased (P<C0.05). Conclusion: Af promotes the 11.-33 expression in the human bronchial

epithelial cells by causing DNA damage, and its mechanism may be related to the activation of ATM/NF-kB

signaling pathway.
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modified Eagle medium, DMEM) W4T I ifg 5 55 A4
YR B A R A E L, AfIE T 32 [ Stallergenes
Greer =¥l 253 7], CometChip i 5 & W T 3€ [
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(phosphorylated YH2AX, yH2AX) ¥ {4 Wy T 18 [
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fluoride, PVDF) JE . 20 M1 2L i W . — vds bk P iR
(bicinchoninic acid, BCA) 5l & (HamA) F1-1
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dodecylsulfate-polyacrylamide gel electrophoresis,
SDS-PAGE) 7 &M T M8 = KA H AL R
OS], B SRR B AT SE R 28 6 E B PCR - (real-time
fluorescence quantitative PCR, RT-qPCR) i #] &
W TR B AE R E DR FRA W], Western blotting
bt AR H ok BE -3- wE W W A B (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) . # A F kB
(nuclear factor kB, NF-kB) . # R &t NF-«B
(phosphorylated NF-kB, p-NF-«kB) . ¥ 28 £ 41
Il & ¥ 5k & 48 (ataxia telangiectasia mutation,
ATM) Hl# R 1k ATM (phosphorylated ATM,
p-ATM) g F 3 [H Cell Signaling Technology 2 Fl ,
1 g8 k2% % Ot (enhanced chemiluminescence,
ECL) il & T WiEM A A RAFR, N-Z
e & B (N-acetyleysteine, NAC) W F 3%
Sigma-Aldrich 24 7, DNA B Wi 24 & & 41 il 5
NU7441 1 F € E Selleck Chemicals 24 7], 4% £ %
R Aot = AR BR A E L AR v &
(bovine serum albumin, BSA) I Ff# E BioFroxx
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Y 5 min, 5 Alexa Fluor 5558 — %1 (1 : 500)
EER TR 2h, iR T RA DAPIL Y {4 41 i 4%
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RERAEH D EEmied ROSKF 7 “1.27
v a2 5 ¥ R AT NAC 313 BEAS-2B 41 i .
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GE PRV, R RO BT L X I R R
Spinl0 M L 41 ff h ROS 2 6 B, L4541 40 i
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1.6 RT-qPCR & & 48 45 i o 1L-33. M A £
#k & 4m e £ B & (thymic stromal lymphopoietin,
TSLP) # & % M A % 25 (interleukin-25, 1L-25)
mRNA & A R-F B 4b HL U (4 40 4% B8 RNA 2 5
I 2 B0 45 R B RNA ;SR R 0 6 6 3t
D7 20 B e B RNA 20 B Rk B, 2 0f A (260) /
A (280) 7E1.8~2.2, W2 ug K HEA B RNA, R
FH 0 e Sl 0] & A B cDNA L R AR F R 20 pl. .
RNAFIddH,03£16 pl., RT-qPCR Master Mix 4 pl..
Wik R 37°C. 15min, 85°C. 5s., cDNA 4l
fJE R PCRAGHAT PCRY . B SRR R 10 pl
cDNA #8421 pL, 5% 1 pl., SYBR qPCR Master
Mix 5 pL, ddH,O 3 pL. PCR & B # ¥ : 95 C
WASHE30s, PIIPEER95°C. 5, 56°C, 345, 4t
40N E . LA GAPDH &, R 2784t
B 40 R TL-33. TSLP Al IL-25 mRNA % i
K. RT-qPCREIMIFHILFE 1.

#£1 RT-qPCRE|YHEF]
Tab. 1 Primer sequences of RT-gPCR

Gene Forward sequence (5'—3') Reverse sequence (5'—3')

11.-33 GCCTGTCAACAGCAGTCTACTG TGTGCTTAGAGAAGCAAGATACTC
1L.-25 AACCGCCACCCAGAGTCCTGT ACAGGCAACGGGCGTGGTACA
TSLP TATCTGGTGCCCAGGCTATTCG TGAAGCGACGCCACAATCCTTG
GAPDH GTCTCCTCTGACTTCAACAGCG ACCACCCTGTTGCTGTAGCCAA

1.7 Western blotting 3 #& M| & 41 48 & 7 p-NF-kB.
p-ATM #Fo yH2AX & & & & KP4 0 3 45 K
Jo, WAL, PBSYRK LR, A 1% B R
it 10 441 0 A1 1 mmol - L' 28 5L 6l B 98 10 24 0 U
100 pL. vk | 2% 10 min 5, K 40 M 22 i W
12 000 remin~" (4°C) B.0> 10 min, W LEWHR,
FH BCA WA &M e &AW E., RAR¥HELS
SDS-PAGE 4 11 | # 22 oh W IR 21, 100°C 72 %

5 min, Bl 12% f SDS-PAGE % it , 80 V Hi Ik
1.5h, 200 mA ¥ 2 h, 5% BIRWIFEMA 1 h, =
¥ e S Y Be o VR 20 2 W (tris-buffered saline
with Tween-20, TBST) ¥E#% 3K, A ¥t ik
GAPDH (1:2000), p-NF-kB (1:1000), NF-kB
(1:1000), p-ATM (1:1000), ATM (1 :1000)
M yH2AX (1:1000), 4 Cit%MWE . TBST %
B3W, 4°CIEE —Pi2h, TBSTHK 3K, ECL
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F1 3R KK =yH2AX 8 [ 4570 KIE(H/GAPDH
PR K BE(E, 2 R kK P =B R fb 2 11 A5
IR BEAR /SR AR KB

1.8 %t EH#H R SPSS 23,048 i i 47
it F ot 4 2 A0 R R T DNA i 3 %
YH2AX % ik K ¥, ROS/KF, IL-33, TSLP #I
IL-25 mRNA % ik K -, p-NF-«kB. p-ATM #l
YH2AX % H Rk K AR, Lhats &
N, ZHBFEARE BRI R T 2000, A
[ A A< 25 550 A EE R A Tukey-Kramer £ 55 . DA
P<<0.05 M EFAGI¥#E L.

2 7 R

2.1 AfjEEAAmrEZREEDNAGT L £
o yHZAX R B K F  HXMAKE, 1 mg- L'

AfH 40 b £ R R B DNA [ 20 K 2 5 L4 i+
B (P>0.05), 5mg-L "Af4H 40 2R
DNA H 43 0 8 A& (P<<0.01); 55mg-L"
AR, 10 mg- L "AF4L4n i b £ & B3 DNA
AARH BT E (P<0.01), WE 12, i
e RIS R B oR: XAk, 1mg- L
Af#fi i b yH2ZAX Rk K P E R BRI E X
(P>0.05), 5mg- L "Argigiffe s yH2AX £ ik Kk
FH TR (P<<0.01); 55mg L 'Af4 HE,
10 mg- L "Af4 40 i b yH2AX 33k K F B & T &
(P<<0.01), ULIE 3F1E 4. Western blotting ¥ K
MR E R SXTRALE, I0mg- L "Ardl
4 L b yH2AX 8 (1 R XK B A& (P<
0.05); H5mg-L "Afdltb#e, 10 mg- L "Af44
L yH2AX 23 1 R B KU R s (P<<0.01),
L& 5,

C D

A: Control group; B: 1 mg+L ™" Afgroup; C: 5mg-1." " Afgroup; D: 10 mg-L." " A/ group.
A1 A4A4fHERERE DNARIKBELR(X200)

Fig. 1 Expressions of comet tail DNA in cells in various groups
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Fig. 2 Percentages of comet tail DNA in cells in

various groups

2.2 AfRZEEHZMEmEF ROSKTE SXHEAL
B, 1mg- L "AFHANMH ROS /KB FH 5 (P<
0.05); H1mg L 'A/giHA:, 5mg- L "Ardiguf
I ROS /K- B TR (P<<0.01); H55mg-L "Af4
Fed, 10 mg- L' Af4 4 Ml b ROS 7K F W] &8 Tt 5
(P<<0.05), WIE6F17, G295k 10 mg L "Af
Y S5 241 57 i

2.3 NACKRZEEEMmEPHEZAEFDNAG S
F yH2AX R A KF A ROSK-F #2506 45
Bon: SXFIA b, Ardgnid R R DNA
TR I E (P<<0.01), NAC 2% 40 i v &
A DNA A /3 R 22 5 LGt E L (P>0.05);
HAHAWE, Af-NACHAMEHERRERDNAH
SRR B REAL (P<<0.01), REFOCHLER BN
X IR E, A dn il yH2AX K3k K I 2
e (P<<0.01), NAC 440 yH2AX ik K-
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Af+HNAC H 4 g b yH2AX Feik K0 B E (P<<

Lane

A B C D

A Control group; B: 1mg-L ™" Afgroup; C: 5mg-L ' Afgroup; D: 10 mg-L ™' Af group.
B3 SR tRRm & 4L 4 b yH2AX FRIBE BL (< 400)

Fig. 3 Expressions of YH2AX in cells in various groups detected by immunofluorescence assay(><X 400)

60 0.05), DCFH-DAZOGHEHER A R ER: 5XF
WAL LA, Af4 405 ROS K B IH R (P<
0.01), NAC #40fdsf ROS K2 F IG5 it %2
X (P>0.05); SArAHHE, AfF+NACHAEH
ROS /KB B FEAL (P<<0.01), WLEI8AN9,

2.4 NAC & 2 & % 4%+ IL-33, TSLP #=
IL-25 mRNA &% &KF RT-qPCRZRE/R: 5
PR g, AfZH AN 11L-33 mRNA % ik KF 3
WFE (P<<0.05); HAfAHLE, AfFFNACHY
Jfl v T1L-33 mRNA Kk 7K F- B @ Bk (P<<0.05) .

40

20

Expression level of YH2AX (7/%)

0

.01 ws control group; “P<20.01 vs 5 mg+L ' Af group. KA A TSLP F11L-25 mRNA FE ik K L 2=
4 AT yH2ZAXRIBKF SEGIEEL (P>0.05). WLE 10,

Expression levels of YHZAX in cells in various

2.5 NACKREEZ MA@+ p-NF-kB.p-ATM Fo
YH2AX & & % ik K+ Western blotting ¥ Il 2%

BN SXPREA R, AfH4NM p-NF-kB. p-ATM
M yH2ZAX & H R A KU 8 I+ (P<<0.05),
NAC 2040 il p-NF-kB ., p-ATM Fl yH2AX % 11335

it B X (P>0.05); 5 Af4 %,
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1: Control group; Lane 2: 1 mg*L."" Af group; Lane 3: 5 mg-L.”"" Af group; Lane 4: 10 mg'L."" Af group. "P<C0.01 ws control

group; “P<0.01 vs 5 mg+L.~ " Af group.

B 5 AP yH2AX FEHRB A K E (A) fEKE(B)

Fig. 5 Electrophoregram (A) and histogram (B) of expressions of YH2AX protein in cells in various groups
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Fig. 6 Expressions of ROS in cells in various groups detected by DCFH-DA fluorescence probe method(<X200)
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Fig. 7 Levels of ROS in cells in various groups

KFEZERLGIHE X (P>0.05); 5 A48,
Af+NAC 4 40}l 7 p-NF-kB. p-ATM Fl yH2AX
I RBAKFBREL (P<<0.05). WEI11.
2.6 NUTMIXZERAmE T E2ZREFDNAF
4 F A yH2ZAX 2 K-F HEILRGARER: 5
XFRRAH L, AL R R E DNA [ 20 K B
IR (P<<0.01); HAFHLHE, Af+NU744144
20 it B BRI DNA B 48 20 B 7w (P<<0.01).
BRI R BN HXTIRA i, Ardl g
YH2AX FRIE KU T (P<<0.01), 5 Af4it
B, AfENUT7441 20 40 i vh yH2AX 3R 387K 1 W] 12
FHE (P<<0.01). WK 12113,

2.7 NUT441 4 2 )6 & 48 29 #6 F 1L-33 mRNA #=
p-NF-kB.p-ATM & yH2AX & & % & KF RT-gPCR
B g W . 54l R, AFdlgn i
IL-33 mRNA £ikKF-Fhm (P<<0.01), NU74414]

4 ffg  TL-33 mRNA £ KK 2R LS i E X
(P>0.05); H5Af#HLE, AfHNU7441 4140 1
IL-33 mRNA 3K 35 7K °F B & 7+ & (P<<0.05) .
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