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Abstract: [ Objective] To explore the effect of ovalbumin(OVA )—induced cough variant asthma (CVA) on the intesti-
nal flora of mice, based on the traditional Chinese medicine theory of "exterior—interior relationship between the lung and
the large intestine" and 16S ribosomal DNA gene sequencing technology.[ Methods] Twenty BALB/c female mice were ran-
domly divided into model group and control group, and were sensitized and stimulated with OVA to establish a CVA mouse
model. After modeling, the body weight and the cough response of mice were recorded by ammonia water—induced cough
method. Hematoxylin—eosin staining was used to observe the pathological changes in the lungs of mice. The feces of mice
were collected for 16S rDNA high—throughput sequencing analysis.[ Results] Compared with the control group, the mice in
the model group were in a poorer general state, being restless, scratching their ears, and losing weight (P<0.01). The
model group mice had increased cough times (<0.01) and shortened cough latency (P<0.01) in comparison to the control
group. Pathological results showed that the model group mice had obvious inflammatory infiltration, thickened airway

smooth muscle, and epithelial cell necrosis. 16S ribosomal DNA sequencing showed that the species richness and diversity
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of the intestinal flora of mice in the model group increased, and the structure of the intestinal flora changed significantly.

At the phylum level, the relative abundance of Firmicutes in the model group was decreased, and the relative abundance of

Bacteroidetes and Euryarchaeota was increased. At the genus level, the relative abundance of Lactobacillus was decreased

in the model group, and the relative abundance of Methanobrevibacter and Prevotellaceae UCG-003 was increased.[ Conclu-

sion] OVA—-induced CVA mice had intestinal flora disorder, which provides new idea for the treatment of CVA, and fur-

ther enriches the traditional Chinese medicine theory of “exterior—interior relationship between the lung and the large intes-

tine”.

Key words: cough variant asthma; intestinal flora; high—throughput sequencing; exterior—interior relationship be-

tween the lung and the large intestine

N% Wik AR 54 % g (cough variant asthma, CVA)
Bl DLASE A I e PR OB O
BERFAE A I IR R Gt o LI PR 32 B AR Ry 08
PERZIE 10 JC B A2 i S SR, 009 D ) 1
UM, Fe V0 53 KR A R Sy AR I W | 1 ) A
WP MRS CVA M & R L T s
CIRRZT TR A A I R BRI
A il 5 ORI AR L D il RTR g 7R AL 4
2% A 2 AN R RO ELAE T AHAAH 8, 8 e
PR =24 i -t o BF9E R W T TR 2R L
W R E SRAE 8 P BH ZEVE T 28 i Sh e 4 10 5
it F8 R 0 s VI AR DG, AR R T il 5 K
AHZR B P E PSR D E RS CVA I A
P, LU DA 38 S8R W R BE IR N T il CVA Kbl
il Ly CVA I RIA YT S B g4 | i — 25 R AR
= N T

1 #M#HE57*

1.1 SKIEEhY

SPF 2% BALB/c /I 20 H K Fi i 18~22 ¢, 6~8
JEVU W o PR GRS G S A R4S mIRE R
F el UES - SCXK (J11)2020-030, 47 37 F i %
(20~25) °C, FHXFR JE 309%~70% , ¢ B IHE] 12 h Y
PO RSl R E LR sy b IR EBROK Al . il
TR I )4 R T A i A 1) % 2 S 55 Bl 8 B S i
S0 ) (1988 4F ) AT . Ir A7 sl ¥y 92 55 34 28 P e A8
RSN S PR 51 S
1.2 ENESIKFA

T KGR ER AR B (BB, 1L : 2018010101, A%,
HB R 2= A BR A FD IR  (OVA 1845

[J SUN Yat-sen Univ(Med Sci),2022,43(4):582-590 ]

A5503, Sigma A 7] ) , DNA Microprep Kit (it %5 :
D4301,ZYMO RESEARCH /& ] ) , Hiseq Rapid SBS
Kit v2($1L 5 : FC-402-4023, llumina 2\ & ) , 72 18
WAL (B5 . HiSeq 2500 &I, Tllumina 2A 7 ) , PCR
P8 (A5 . 9700 A, Applied Biosystems A ) ) , #2
AL (RS 402A1, VI I5 f IR BE 7 3 45 LA A
FRAFD
1.3 CVA/NRERR S H

20 H BALB/c W/ BRARFEATL 0] 43S % B2
FRERIZ B0 10 H il i PEMESR 1R, HF iR s
B XFHRZ1 0.7, 14 d B 55 0.2 mL B IR T
(1 mg IR T PBS) , BERIZH 25 T 55 i OVA IR &
(50 wg OVA+1 mg AL T PBS) 521 d A4 /N R
T 2 DA 35 W 55 AR, ) BR A 4 R AR B R K, A5
RIZHFH 1% OVA, % 4K 30 min, £722 3 J5 . 721 A]
NREE /N B — P AARAE 52 B e SRAR T
1.4 DEm s Rz il

TSR 1R W X6 IR 4 F0AE AU 26 /N UK Uik
N BB, A A Z K 1 min, K25
& b/ RT B B NAE 1 min [5G IC /D R
TE 4 min A 1Y RZ IR UCRON R IR TS AR D
1.5 INREFERKE

RIKIERL 24 h ), WA /N RS 3 ~ 4 T K
WUVRFEE N 5 5% 8 T WA IR AT, 2RISR 58 L
Je HGHEFE RS 22 -80 CAHif -
1.6 16S -DNA BB =NF 757

K FH NG M e Uk 72 $2 BURL DNA, FH PicoGreen
YUk ik EATAEAS DNA Y ARG I, i FH 45 57 51 9
515F F1 806R Xif £ A 4 16S #% B & DNA (16S ribo-
somal DNA , 168 rDNA ) V4 [X I8 7F 17 58 4 Bl 4% F2 i
(PCR)Y™ 14 , 2% B e bl Bk e kA7 H Y F B P Tk RS



584 HlR AR 2 (R A2 ) 5 43%

RS A% ey B 5y Fr Be i s 2i Ak e &, 1]
NEBNext Ulira I DNA Library Prep Kit for lllumina
% 1F HiSeq 2500 “F- 15 b4 T i@ &0 . 3L F
Usearch 14 , 7 97% B — B0 AKF X R MF
GUHEAT 53 HRAE R T (OUT) B3, AT Alpha ZFF
PE Beta ZREVE TRFLELI S A 22 5 00 BT o
1.7 /NRATERRESERE

W B SE 2S00 5, S RIAR BB /IS B, BCH JHE il 2 21
[l € T 40 o/L Z R HEEh K AL U0 (HE 3
0 ALl ZH 2 B L
1.8 HEXESMEZITFELE

{8 J Spearman 5 %5 43 1 CVA /)N B Y 1% K UK
B I PRI AT S R AR DG .
FH SPSS 23.0 B REAT 20 AT , BB i 22 (5 + ) B
LB M (Po~P) F7n SERR AR o A0 2R A 4 80
Z )RS R A oA B 22 55 T e K, an SR
JEJT 22550 SRS IE ¢ K S0 BB FOAS 35 . A 38 7K
fEa=0.05. P <0.05 %25 BAGITE L.

2 # X

2.1 CVANMNR—mREERERET
YRR, GF R 20 S5 AR 2 /N BUORS MRS R, B

ROCEMN AR MR E w6 3 B, O B
FE AT B O 2% 5 5 7E OVA B B, P4 /I
FURBLIEH (R B O B 25 5 7E OVA Z54b i &
BB, CVA R A /N B 308 X W, 3R T 38, 1%
WK, A AN HERE OB BN B R B R
WD S LRSI R AOIR AR 2l 22
JOT R G N , B  XA  [i) A A o o B B T R
(P<0.01;%1),
2.2 CVA/INRIZEE & Bz iz

5 RRZAAR LY, CVA BRI ZH /N B 4 min P B
YRR 380, R OB R B B AR, 2 R A S
P E X (P<0.01;32),
23 CVA/MNEMALRERE

ANERAl AL 20 HE Yt 25 S an i 1 i o X B8
A REESEW R, R ARIE S IE S, T
IRBE A DL B {5 R M4 B 12 1 5 R 2 . fili 4 2 4544
ZEL, DA AP PR 40 AN Ak L 40 B Sk = A8 R M IR I
8, AGE LR R il 6 BE A IR 8 00 | R A
IFE.
24 CVANMNRIBEREEHNTHL
24.1 OUTH#r RG24 h 5, B FEHLEH
6 HUNER AT 16S tDNA T 43 #7012 FEAS 38 2o
1 18 ) e 3645 254 856 £% Raw tags, i JER i i |

®1 ERPESENMNRERELL

Table 1 Changes of body weight during modeling in each group (x+s,n=10)
Sensilization stage (g) Atomization stage (g)
Groups
0d 7d 14d 21d 28d 35d 42d

Control 17.96+0.68 19.58+0.76 20.19+0.99 20.49+1.18 20.95+1.12 21.82+1.11 21.97+1.02
Model 18.26+0.36 19.60+0.43 20.12+0.40 19.79+0.86 18.07+1.41" 17.68+1.30" 16.18+0.52"
t/z -1.213 -0.072 -0.341 1.510 4.907 7.445 15.819
P 0.241 0.944 0.733 0.148 <0.01 <0.01 <0.01

P values were compared by T test or Mann — Whitney U test (14 d) as appropriate. '’ compared with control, P < 0.01.

R2 BN RIS B R I A HA

Table 2 Number of cough and cough latency of mice in each group

(M (P,~P,), n=10]

Groups Number of cough (4 min) Cough latency/s
Control 6.00 (4.00~7.75) 75.50 (62.50~84.50)
Model 21.50 (15.75~27.00)" 39.50 (34.75~43.75)"
z -3.749 -3.784

P <0.01 <0.01

P values were compared by Mann — Whitney U test as appropriate. ' compared with control, P < 0.01.
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HE-stained slices of lung tissue sections revealing pathological changes of lung tissues, X200. A showed that control group; B showed that model

group.

1 NRITHEARFERE

Fig.1 Pathological examination of lung tissue in mice
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Fig. 2 Veen graph based on OUT distribution (7=6)
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B 3 TR 3 & A B R B R 2 T
XTHRZH (23).

%3 Alpha SHMESTER
Table 3 Alpha diversity analysis results

(x+s, n=6)
Groups Chaol Simpson
Control 1 757.94+£321.50 0.926 2+0.015 7
Model 1 920.89+289.92 0.979 7+0.009 5"
¢ 0.922 7.131
P 0.378 <0.01

P values were compared by T testas appropriate.” compared

with control, P < 0.01.
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NMDS based on Weighted Unifrac distance
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Fig.3 NMDS analysis results
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The relative abundance of microorganisms was expressed in ordi-
nate; Different colors represent different flora; The relative abundance
of all gates except top 10 and those without annotation information was
shown by others. n=6.
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Fig. 4 Barplot of relative abundance at

the phylum level
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The relative abundance of microorganisms was expressed in ordi-

nate; Different colors represent different flora. n=6.

5 BATEMHMEEZRRERE
Fig. 5 Barplot of relative abundance

at the genus level
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Fig. 6A shows the LDA scores for different taxa abundances (ILDAI > 4.0 means significant differences) ; Fig. 6B shows the LEfSe analysis of the

cladogram diagram. n=6.

B6 Z=RUMON

Fig. 6 Difference of species analysis
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Table 4 Spearman’s rank correlation analysis between CVA characteristics and intestinal microflora of mice  (n=6)

S Number of cough Cough latency Body weight 42 d
r, P r, P r, P

[Eubacterium Jcoprostanoligenesgroup -0.242 0.449 0.642 0.024 0.252 0.430
Alloprevotella -0.568 0.054 0.782 0.003 0.529 0.077
Bacteroides -0.816 0.001 0.740 0.006 0.902 0.000
Catenibacterium -0.644 0.024 0.740 0.006 0.741 0.006
Desulfovibrio 0.067 0.837 -0.084 0.795 -0.350 0.265
Escherichia—Shigella -0.760 0.004 0.775 0.003 0.881 0.000
LachnospiraceaeNK4A 136 group -0.592 0.043 0.060 0.854 0.399 0.199
LachnospiraceaeUCG-008 -0.467 0.126 0.401 0.197 0.336 0.285
Lactobacillus 0.711 0.010 -0.856 0.000 -0.839 0.001
Methanobrevibacter -0.714 0.009 0.915 0.000 0.639 0.025
PrevotellaceaeNK3B31group -0.564 0.056 0.298 0.346 0.762 0.004
PrevotellaceaeUCG-003 -0.686 0.014 0.765 0.004 0.781 0.003
RikenellaceaeRC9gutgroup -0.767 0.004 0.632 0.028 0.783 0.003
Ruminiclostridium9 -0.835 0.001 0.849 0.000 0.718 0.009
RuminococcaceaeNK4A214group -0.392 0.207 0.811 0.001 0.510 0.090
RuminococcaceaeUCG-005 -0.049 0.879 0.527 0.078 0.189 0.556
RuminococcaceaeUCG—013 -0.568 0.054 0.791 0.002 0.452 0.140
RuminococcaceaeUCG—014 0.515 0.087 -0.007 0.983 -0.182 0.572
Ruminococcusl -0.242 0.448 0.738 0.006 0.371 0.235
Treponema?2 0.518 0.084 -0.698 0.012 -0.531 0.075
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