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Effect of antibiotic-induced intestinal flora dysregulation on pulmonary fungal infection and
related mechanisms
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Abstract Objective To explore the effect of antibiotic-induced intestinal flora dysregulation on pulmonary fungal infection and its
underlying mechanism. Methods A total of 96 female C57BL/6] mice were divided into four groups:SCS: cefoperazone (=) + cyclo-
phosphamide (+) + Aspergillus fumigatus (=) ; CCS:cefoperazone (+) + cyclophosphamide (+) + Aspergillus fumigatus (=) ; SCA
cefoperazone (=) + cyclophosphamide (+) + Aspergillus fumigatus (+) ; CCA:cefoperazone (+) + cyclophosphamide (+) + Aspergillus
fumigatus (+). The 7-day survival rate,body weight, and fecal characteristics were assessed. Alterations in gut microbiota were analyzed,
eosinophils in the peripheral blood and bronchoalveolar lavage fluid (BALF) were counted, histopathological examinations of the lungs and
small intestine tissues were performed,and the expression of Fractalkine and CX3CR1 mRNA was analyzed. Results  Compared to the
SCS group, mice in the CCS group exhibited changes in gut microbiota composition and a reduction in microbial diversity. Compared to
the other three groups, mice in the CCA group exhibited lethargy , reduced activity , decreased appetite , severe diarrhea,and a significantly
lower 7-day survival rate (P < 0.05). HE staining revealed typical inflammatory responses in the lungs and small intestine tissues of mice
in the CCA group. The EOS counts increased in the blood and BALF of mice in the CCS and CCA groups (all P < 0.05). Compared to the
SCS group, mice in the CCS group exhibited significantly higher expression of Fractalkine and CX3CR1 mRNA in the lung and small intestine
tissues (P < 0.05). Conclusion  Antibiotic-induced intestinal flora dysregulation exacerbated lung inflammatory responses in Aspergillus-
infected mice and reduced survival rates. EOS, Fractalkine, and CX3CR1 may be involved in fungal immunity in the lungs.
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L1 A R

A 25 T AR (AR5 ATCC13703), 1 I 22
LR A BR S T o 2 BESCHR (4] 1977356 4540
I A AR, S IR SR (S 0% D7 2 o 0 ot 5 1T
22 B
1.2 S sh s

SPFZ.6~8 & A EECSTBL/6 /N KL, W [ VT 950 48
LA DR B A B ] Y ATHIES SCXK (F5)
2018-0003 . fIr A5 sh ) 3L s e R Yl T A R EE B fe B2
B2 A% (AUP-250217-LHP-0108-01) .,

1596 FU/INERBEHL > M4 : SCSAH [ Sk ANRER () +
IETERE (+) +X0 8 (<)) CCSZH [SLIRMRRER (+) +3F
% 96 e (+) +08 fh 2% (=) ] SCAZ [ 3k 61 UR il () +3F
B I B (+) +H08 1l 5 ()] CCAZH [k F8 IR Bl (+) +3F°
BEBERE (+) Mt E (4)), B2H24 2 42 /NI
S PTG G R T , 265 6K M M S PR B I 150
mg-keg "+ d™, SRR I AL TS mg-kg ' d 7o
230K [4-5] Tk, ST /N BRSO IR R, 7525
THAIR S, il 2 piA: 27 i i il e 9/ B
FRY, SCSEH /I B S R ik T 5 A= R 7K 5 d, 100
mg kg +d” . CCSH/INERI%E L R i ik i 5 Sk A DR T
5d,100 mg-kg™'+d™'. SCAZ /N ik 22 2 i ok 7 5
A BEERJKS d,100 mg-kg™ -d7 BB IOR G U
25T MR B£1 x 10° CFU/S0 wL, CCAZH /)N RLE 2L
E Ik S Sk FURERS d, 100 mg-kg ™ -d™, EE 10K ZS,
ERRE S TMME 1 x 10°CFU/50 uL.

BT S 1 17 RARFE3 /N, T 1

28 SCAS: 00 W T2 4 K7 241 Jfd (eosinophil , EOS) T4
HEZ 8, SEIFPCR o & A 4 12 5N T 2R A7 3
53T
1.3 Sk
1.3.1  — B BUER : N2 T 00 il 2 5 T IR, B R
WESREIFGETH 25 4/ N RIS 1B D0, RF2E7 s WS/
FEMRAS B A ARTE GBI RGO SR
501,510 1 TR 4/ R
1.3.2 /N R0 DA A v 3 A0 U PR AR SR A O
DRIRH B A7 R W) 58 B o WCER /DN BRI T B 254, ol FH
DNA#E B 50 & 6 47 56 K ZUDNA 42 )5, 1935
JIE W B I H VKR I DNA T 56 & 1 232, SR FHNano-
DropOne43 ) 36 BE 1T (32 [ ThermoFisher Scientific
5] KEMDNA R e B 4l LSS P ZHDNA K 45
M, 18 7 Barcode/Index ¥ 51 f 5| 9 S PremixTaq
(H ZAKTaKaRaZy #]) #E47PCRY 14 5|4 P %) : 341F/
806R, 1F 15 -TCGTCGGCAGCGTCAGATGTGTATA
AGAGACAGCCTACGGGNGGCWGCAG’ -3, 7 [f]5°-
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGG
GACTACHVGGGTATCTAAT -3° ., F|flGene Tools
Bt (Version 4.03.05.0, 2 [E Syngene A 1) X PCR™
WA T U BT LU, A T S U B A5 A BT
T RBL K A PCRI= )R & o i FH EZN.A.® Gel Ex-
traction Kit #E 82 1A 5] & [FIUKPCRIE & 7= 9, TE
22 R [T H FRDNA AT B o Ji 2244 BENEBNext®
Ultra™ DNA S i 28 1280 70) 650 o i Rt 1 4 7 42 I
Vi, Z 5 76 i s 57 6 34T B LI I 15
B 0 FEUGBE SO, S R0 o BT Ak Ry Dt
HINEE S , 3B GRS RN 22 R
1.3.3 i3IS R AR /N BRI AN i L SR AR
109 BV 181 7 A s A A 20 e HES 5,0
B T WSS A= O DAL AT S
134 EOSH: I TESS B35 T (300 wl/25 g) ik
T/ INBR, WSO A1 it R S S I YL EE R (bronchoal-
veolar lavage fluid , BALF) 1A%, i LA SAGHIIEOST 44
1.3.5  SCHTPCR : 42 B A1/ 41 ZUBR AR ELRNA,
W55 S A eDNA L 7= 4 1.5 %35 g W Ha ik, B i
AR Z G4, R FHQuantity One V443K 1 5 45 it
15 5% 5 Mo 51 90 ¥ 51 :B-actin,, 1 [7]5"-ATCTACG
AGGGCTATGCTCT-3", 2 [15’-TACTCCTGCTTGCT
GATCCA-3" ;CX3CRI1, IE [75-TCGCCCTGCCCTTG
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CTTAT-3", JZ [15-AGACCCATCTCCCTCGCTTGT-
3’ ;Fractalkine, 1F [15° -AGTGCCCCACCTGTAAA-
3, 115 -GCTCTTGGAGAATGCTATG-3"
1.4 Geiteeobr

K FlGraphPad Prism 6F1SPSS 22.0%% £ it 17 4t
0T o T PR DAk + s8R, 240 0] HL sk Rl 37
FEAR 50, Z2 41 0] L3R FH B R 28 5 26 0 ir, i —
AP LR FTukey i 50T, P<0.05 822 7 A 45

PEI-98
2 R

2.1 —fRIE AR
el UG, SCSE /N BURS #l KL 4, 16 Tk W50,
BRI, FAF 4 NIE ; CCSE/IN B O IR, AT

SR HEfE R 2, 80 R eaka, Jrh RIEH3 AR
UF i s SCAHL /N RS P IRY AT 8h 2818, B R 4+EL, K
fEIEH ; CCAHL/NRKG PR ZEBE AT 8hIR 8%, BRARIL,
AR, GBS RAERE
2.2 IREARCAAAF RS
EA~SKPUAER 25 ), £5 41/ B iR Bl
FBHBE N IE H K BB S R R , 4541/ BUARE T4
TR AHAL ) 22 g L (P > 0.05) 55510
KITFU , dh B Y (SCALL .CCAL) /Bl T %,
CCAZ/N AR FREE I, SCSHLAICCSA 1, 26
17R 555K EI0K L, /N BRA E AR LA I B 5
SCAZL /N UK B FR 54T B CCAZL b, /N UK ER
B R (P <0.05) 5517 K, CCAZ /)N U 1]
BALFSCSA (P<0.05) L1,

x1 BHEMREEEL(Q)

Tab.1 Changes of body weight of mice in each group(g)

Group 1d 5d 10d 17d

SCs 22.02 +0.84 22.76 + 0.81 22.18+0.73 2252075

CCS 2235 +0.61 22.98 +0.59 2212 +0.62 22.02 +0.60

SCA 22,59 +0.81 23.25+0.79 22.45+0.86 21.03+0.75
CCA 22.00 £ 0.57 23.10 £ 0.48 22.51+0.55 20.32 + 047"
F 0.1514 0.086 1 0.071 4 2.1330

P 0.928 4 0.967 3 0.9750 0.108 3

1) P <0.05 vs. 5 d within group;2) P < 0.05 vs. 10 d within group;3) P < 0.05 vs. SCS group at the same time point.
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*P < 0.05 vs. SCA group.
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Fig.1 Changes of survival rate of mice in each group
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>R FH16S rDNA =7 3 12t I 77 4347 288 00 B 4
RN, 5SCSHH /N L, CCSEH /N FREEAH A T
B TR ZEFAT R s 15 22, JERE TR 1] DRI B 1] AL
FEET 18D (B12A) o oZFEMEFR B ITEE R ER,
CCSZH ) ZREVEAR TSCSAH (KI2B) 35 k4 1) 22
TR I 5 AL o fiff FH Sk FRLUR A 175 5 S CCSZ /N B
Ji 38 T B 2 REE FRAR (K12C) o PCoAl1 T AR AR HT
S5 7R, SCSTICCSHL/IN R A= Wy b 2 ] 43 A
R B AT YR A B2 K (B2D)
2.4 JiliF/ N LR LA AR L

HEZL (8,25 5 5 3% | SCSEH i v 45 # 56 4%, 48
HEZ L 55, Mili 6 s PN G H I 38 95 CCSEH i e 45 4
SEHE, R LS E A M 5 SCAZH it v 1] iy 1 v, 20>
T RE A0 IR s CCAZL A0 M HE S 25 6L, 1 iz 4 e
JIR V5 IR B, i 76 s P B Sk 7 L K B K e R 2
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CCSZHFCCALL/ Nz RE R b, Z RS20 IR 7% , iR AR
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JA L AP EOSTHEC 2 5 T-SCAZL (3P <0.05) . SCA
FICCAZLH, 5517 R INBALFFI AN & i P EOST 4k
WRETHESK BR3P <0.05) 2.
2.6 FractalkineFICX3CR1 mRNARJFE A
SEHFPCREE S 7%, CCSZH /I BRI 4H 23 0/ i
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A, bar chart of intestinal flora composition; B, a diversity index chart; C, analysis of the differences between index groups; D ,PCoA 1 principal coordinate

analysis. CO1-C05,SCS group; T01-T05, CCS group.
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Fig.2 Composition of intestinal flora in mice after injection of cefoperazone
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Fig.3 Pathological changes of lung and small intestinal tissue of mice x 200
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Tab.2 Comparison of levels of EOS in blood and BALF of mice at different time points

BALF Blood
Group
Day 5 Day 11 Day 17 Day 5 Day 11 Day 17

SCS 0.02 £0.01 0.02 +0.00 0.01 +0.00 0.02 £0.01 0.07 £0.03 0.02 £ 0.00

cCcs 0.65+0.17" 0.02 £ 0.00 0.02 £ 0.00 0.22 £0.05" 0.04 +0.02 0.04 £ 0.01

SCA 0.01 + 0.00” 0.07 = 0.02">" 0.31 +0.07"24 0.02 £ 0.00” 0.09 + 0.04 0.16 + 0.03"2+-
CCA 0.64+0.12""  0.11£0.03"2 1.09 + 0.20"23-4-9 0.23 +0.05" 0.05 + 0.03 0.33 £ 0,032
F 10.740 5.324 22.980 8.295 0.370 33.540

P <0.000 1 0.007 3 <0.000 1 0.000 5 0.775 3 <0.000 1

1) P < 0.05 vs. SCS group at the same time point;2) P < 0.05 vs. CCS group at the same time point;3) P < 0.05 vs. SCA group at the same time point;4)
P < 0.05 vs. day 5 within group;5) P < 0.05 vs. day 11 within group.

#3 INBEELSFINFE LR hFractalkinef1ICX3CR1 mRNAZR & K I bL 8

Tab.3 Comparison of expression levels of Fractalkine and CX3CR1 mRNA in the lung and small intestinal tissue of mice

Fractalkine mRNA CX3CR1 mRNA
Group
Small intestine Lung Small intestine Lung
ccs 2.72+0.26" 229 +0.46" 2.06=0.15" 1.81+0.20"
SCS 0.82+0.14 0.69 + 0.06 1.01 £0.19 0.72 + 0.06

1) P < 0.05 vs. SCS group.
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S (R P e 3 T G ) el B AR 2 T
PRAZ YT B, O Bl BT (helper T, Th) 4 i 55
20 BT , 0 A A0 6 PR 9T S S N IV B
B o HO TR 17400 M 43 98 11 40 A 2 (interleukin,,
IL) -17A, 15 S HUR K™ A4, 2 5 Th1 40 i Th24 it
FIE A5 PET (regulatory T, Treg) 20 Ml 45 4T EL 1 %
FE S . Th24H S 43 WALL-4RITL- 1355 20 i K 7,
PRI T V20 B A 5 04 S8 B 7, 412 3E 158 240 i 1 55
T A, AT B8R VK70 AT B8 o I 1) o 2 3l o
Joll 8 RE 45003 . P92 1 R B, Treg 0 AT 77 A S 28 10
il 2800z PR TL- 10400 i 2o B A0 , i e A s, 3L
e 5 i BUIL- 103K J Ay n] B T2 e pse i o, 1
PR B R A
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E0SZ: 5280 G i J AT W4T 25 AE HUB A
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3 38 LA K A3 WATL-1B \IL-6 . IL-17A 7 41 - W5 24
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/I BRI 0 SR e o i RN BOAE R T i A A A R B
i 38 B AE 2% 38 7] 5| Fractalkine MICX3CR 156 ik 14
I ABATIAS T 2 B B L & 3R3E . Frac-
talkine FICX3CR R4 P 2 22 (1) S g ) 47 R 7, LA
FHYG B o R A0 B SR 4R | 9 VA% K A B B AL A
WY . CX3CLI (Fractalkine) A 454 T A 7%
PEIE 2K B4 A T A CXBCL AE %3 i 5 CX3CR1
gh b AR U R I | I A AN C DS TN it 1Y 25
RA AT 5 TR 2B CXBCLIE Ktk IH 7, 5
SAPEMMIT AL . CX3CL13 221K 0] GE NG & E
N, T B AL LA 0, e S R A R R I A L
T oI PRBFGE ) 2 TR, of 20 3 0 7™ T 2 i
BALF ™ FractalkineF+ 5, #& 78 & 2 5 i fPE <GB R
i SN o ASBIFSEHEDN , P 3 B AE S T R BU N 4 2
A SN, A M A R -, 9k L i 9 A
S EfiH S, T2 5 CX3CLIFICX3CRIAE /Mg Fl
it 58 118 2 25 7K ST, 1 il JRy B S 2 T fig, in EE AR E
4405, D855 BB T R BB J) . {H Fractalkine ICX3CR1
B S SEOSHIRE L AL LA K 98 9 I APy 5 10—
IR

25 L TIR S FRVR IR 55 4 B 1 TR R /N B
it i B SRR S RN EE, A AR AL, UE S 1A TR
FHERT i 40 0 T i ELA VR TV D P T TR AR )
FUBALFAIZME L EOS . 2 58 A, £ B /1N A i £
A Fractalkine (CX3CL1) J HAZ RCX3CR1 ik 1
i, 3 7REOSHilFractalkine/CX3CR 15 S 4 Al fE 2 5
i T R X i 8 L PR 1) S B A 1
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