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B E:. [Fx%])] ARELBEKREZEG A (immunoglobulin A, IgA) /&% M B & 4 A J%& 5 (chronic
obstructive pulmonary disease, COPD)#RIZA ¥ F KB E T ZH . AMMEIE KRR IgA £
COPD JRA2 P ¢91E Fl A Lk A MAE s R~ #h. [ 8 691 3K+ COPD > M kR IgA QL4 M 8 %
At FERAARLRAREA, [FH]RAJEANE S BRELFMEAL S# 2 COPD
‘mﬁio%%UPD$m%%iﬂdm§&ﬁ%kuﬁn@AM%%@@A@&%%&M&%
HA, 16STRNAAFE AN 5o HaR A, [ER] ALk Mmamagrh ke, F
¥ W At 18] % (mean linear intercept, mLI)A=/ifi /i /5’@&5\7" B F K EIESE COPD 2R R EAE R,
OTU #= £ a4 4 #7 (principal component analysis, PCA)34 & IL 7 20 18] EAEAF 5u F kB IgA QA%
AMBEEEFK, BATHH., o ZHEE>TR AL R M S 0L RE % F £ F(P>0.05).
WY L0 AR AT B %ﬂ%%ﬁ@A@ﬁ%mﬁ%%%mﬁf A %t % & L (P<0.05). COPD
M A BT RF S E0E A A $2INH B (Bdellovibrionales). #: # B (Clostridiales)f= S AT
B (Bifidobacteriales); #t 2@ » X+ 5 £ £ 22 L FKKH F(Prevotellaceae) . # & A
(Clostridiaceae) . % 3f 764 i #} (Paenibacillaceae) . #£ 7K & #} (Bdellovibrionaceae) & X 3% 4F & #F
(Bifidobacteriaceae); ® 2 & @ # %k £ %% &ML F KK H ZE(Aloprevotella). 45 3 Fo4F & /&
(Brevibacillus). % X # # /& (Clostridium-sensu-stricto) . 7~ -+ 4F & /& (Turicibacter). £ A7 & 2
(Faecalibacterium). & o7k ¥ /& (Vampirovibrio)#4= 3 4T # /& (Bifidobacterium). # 2 £ % 4 Bid it
AR E 5 A H 87 A4 $ (Kyoto encyclopedia of genes and genomes, KEGG)#k 48 /& 18 35 & 047
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4 RIEF COPD AtminA K 5T . HMBFBRARBMARIEIER G4l XBIKH T LR, ™IS H48%
@R ETHE. [44] COPD ) M kiR IgA QLM B4 M A T4 AR E o e 2R,
KfiE: BMIMEMM AR, £EKREG A QMM EMKEY; 16S IRNA £ B A F

Composition and gene functions of intestinal IgA-coated
microbiota in the mouse model of chronic obstructive
pulmonary disease
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3 Center of Medical Laboratory, General Hospital of Ningxia Medical University, Yinchuan 750004, Ningxia, China
Abstract: [Background] Immunoglobulin A (IgA) secreted by small airways plays a key role in
the pathophysiology of chronic obstructive pulmonary disease (COPD). However, the role of
IgA derived from intestinal mucosa in the pathogenesis of COPD and the IgA-coated microbiota
remain unclear. [Objective] To investigate the composition, abundance, and differential gene
functions of intestinal-derived IgA-coated gut microbiota in the mouse model of COPD.
[Methods] A mouse model of COPD was established by intranasal instillation of
lipopolysaccharide combined with cigarette smoking. Twelve fecal samples from COPD mice
and 12 fecal samples from wild-type mice were collected. I[gA magnetic beads were used to
separate IgA-coated gut microbiota, followed by 16S rRNA gene high-throughput sequencing.
[Results] We examined the modeling of COPD in mice by comparing the staining of lung tissue
sections, mean linear intercept (mLI), and inflammatory cytokine concentrations in the alveolar
lavage fluid between the two groups. Both OTU and PCA showed that the intestinal IgA-coated
microbiota in fecal samples were different and comparable between the two groups. The alpha
diversity analysis showed no statistically significant difference in the species diversity between
the two groups (P>0.05). The structure of intestinal-derived IgA-coated microbiota had
differences between the two groups (P<0.05). In the COPD group, the bacterial orders that were
significantly enriched were Bdellovibrionales, Clostridiales, and Bifidobacteriales; the mainly
enriched bacterial families were Prevotellaceae, Clostridiaceae, Paenibacillaceae,
Bdellovibrionaceae, and Bifidobacteriaceae; and the mainly enriched bacterial genera were
Alloprevotella, Brevibacillus, Clostridium-sensu-stricto, Turicibacter, Faecalibacterium,
Vampirovibrio, and Bifidobacterium. The results of KEGG pathway enrichment analysis of
differentially expressed genes showed that the cell growth and death, nucleotide metabolism,
and digestive system-related pathways in the COPD group were significantly up-regulated,
while the membrane transport pathway was significantly down-regulated. [Conclusion] The
CODP mice present altered intestinal-derived IgA-coated gut microbiota and gene dysfunction.
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18 Pk BH ZE % fili % 9% (chronic obstructive
pulmonary disease, COPD)/&—Fh H. A il 22
F 5 BB L I R R I R B 4 0E , &2
B2 i S o AN A R A, BT T A AT
(A P ZEN T KA 5 5 R 25 i COPD ik
FEEM R R, AR COPD Y B R AW
b FHEI AR H g5 )™ E A A BR AR (), T tE
2030 AR AER A H R TR ASET KA =
R A PR B v W AN B R R
MITEZHINRE] COPD 5 AKMA A Z
(] FR K 2R o ARG A S ZE 1 M o 2 — b IR I 3R
P, SAE A Y2 5 H 2 A 1 R L E e
AT A BT B COPD 38 P b 4512
P B e e i & AT, TR I i A 4L A
COPD &/ER @i TH KM . Chiu 5
RIERZ HHIRITH) COPD &, il
A ) —BE P AR A It D AR R A OC, dLaR T
TIHiEW A AE COPD HITEEER . [FIF:
A H A AT UE S i 38 A R A N 5 ) A
HIXAZE % S /Nl COPD % i, 3F I BH T COPD
Hr g A I <l - =22 T o A e R U IR
o T A ) REAR S R AE COPD Y & A R o

HyEEREE H A (immunoglobulin A, IgA) 3%
H W TE | 11 s R e s S R P 2 2 2 e ) AR
W, NG F R AR 3-5 g gAY, 7Rk
1) IgA ZRALSS 5 b R 20 R R A M 2R 1R Y
RE R PEBERE 152K (polymeric immunoglobulin
receptor, pIgR)ZE &I N . FMfi)5, plgR %
i S 2 T1gA (secretory immunoglobulin A,
SIgAYR! ", FERA I, SIgA 5B s —
E PR W IE b G52 0 AT 3 3R 1A
AN, SIgA i3 52 % 1y 1B Tl A ) ey i KA
R I R 5y TR RSP ol 0,

BWFIEUERA SIgA FIVE AN B FCI a8, 2ieis
9B FE R A I R A R a2 s
B AT BT 18 R, IF X IR AR
J it v SR R F e

HATE AW IEN] COPD B IMiE IgA
HEFEY, 7 EH COPD WA A8 A Bk e
TP TgA =AY, I H/NVSIE 1gA 78
COPD  Ji HJ2: Jili = i 22 78 1% o B A= B2 vp R 44
HEAERMY, HRA R IEA 1gA ¥ COPD ¥k
FEH VR A A HR0E , LA ZE IR IR TgA fus
(IR I REL I AE COPD & ML v B 4 FE A
2 BES - R SR AL AR
BH B -

AWFFELL COPD (RS UM X S,
FH 16S rRNA J [K] /5738 20 77 42 AR X COPD /)R
Ko 7 A= RN BRAEAEAE 5 16S rRNA FE PRI 7 f5 17
AW E B2, ¥R COPD /N kIR
IgA HUIR LB B RE R ALR S F AR 1h , PEAG TR
WS s ) BRSSO, < - il el B4 A B
SRRl A, 4 COPD TP IGYT $R 48
%o

1 S

1.1 K=Y

SPF %% C57BL/6 /NRIW H I = sepERHE
A RAT . 24 J/NRIRSFEFEE ., EE.
12 h BIRE PRI RS, B R EYOK, 8Nk
TFE 1 EJEIFIR S5 . AR /N RO R E 5ol
28, BH 12 B, 2Rl EREHWT). I§
Z WA AR 55 5 55 41 (COPD) . ASHIF 55 ¥ L 17
F A s e Iy 35 47 B RL R sh it 55 18 B
TR, YA AR
(KYLL-2021-696).
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1.2 FEXFIFLEE

R MR AR SN IgA TEK Sy
W [6F 32 %5 (enzyme-linked immunosorbent assay,
ELISA)R IR &, FEECHRBHCA A A
AR 1gA $iik, BD AF]; lEEh
(lipopolysaccharides, LPS), TE ZZ P . KIRELI YL
W HE Jui, dbntaSesife AR A wl; IL-1B,
IL-6. TNF-a ELISA {54, VI3RAEW 2w Ot
FWAMEL, RRA; BOEER, R s eER
AR Al RIREOHL, Eppendorf 23 .
1.3 COPD fREU/NR BV

SPF 2% C57BL/6 /N, i&MPEmFE 1, R
FHE A LPS INEE A IHAY 57857 COPD /MR
SRR, Ay HTFE 1,29 KRBT A 6 uL LPS
(5 pg/uLl), 5% 2-30 KRR 29 K)REGERHHE,
F/INEUBOA AT BES SRS, 10 30K, 30 min/ik,
20/d, 5d/E, 4 JE L SR HRZH K SR 2R /)N
B — AE L (/N B BT, PRI Bl 5 IE
w, AXE. B, KK, S,
1.4 PRESEFRE LR (bronchoalveolar
lavage fluid, BALF)4 5 & % fiE & F 46 )

NGERRLIN R, BEMLE 5 HU/NEUR IR AL
BY., Foor B is S MU, W 2 SR AU
WEAETEIK, REHER GG IFREVEM , M1
A GV BALF EiE P 4ER 7 IL-1B.
IL-6. TNF-a i &,
1.5 /IMEAMALFELEE

B 1.4 /NI ZLT 40 o/L 2 5 FEE [ 5F
24 h, fTCBEBOK .. YT Ab3E, $2HE HE
YRR S Ul B A5 T HE Yo KRB LT
et YIRS EBUKE, AR LY,
YL 1h, Yk 10 min, J6F B R H
Mref 2 B 2R AR A
1.6 /NERAIEA IgA 22N

¥ L4 HONRES A I TF, 2 A
WIF AT EP B Hr, 500 uL PBS H &5,

2 500 r/min &0 5 min, ERRZERIE B,
12 000 r/min .0 5 WLAVTIELNER , WD &,
[T IR AIF/INR IgA S8 fE ELISA i &k
ISR, 7E 450 nm ZbSEEORGRE, I FbriErh
ST TgA WIVREE . KRk FEAr ik 2 i e
1.7 IgA ik

B 1.6 R B O R IS AR TTRE A 1 mL
PBS H &, 400 r/min .00 FiEEIHTR R E
OEETTEE@ ¥K), I 1 mL PBS B &I
BEAHIN A BT E R T & B R bt
B IgA Pilk, REHZIREYET 4 CHE
30 min, A EEEE R R R A R R 5
WEFEARTCAERE IR b, RTRRGEEZE D 2 IRCGR
1 WHIEVE EIE IR BAE N R SRR AS), £3E
¥, B0 200 uL TE (pH 8.0)H &5 V. Bl & T
—80 °CI-1F o
1.8 Fik/FHEZA 16S rRNA E FE 5

I 3k 12 DA/ B S A B S8 3K B 1 455 1Y)
B PRI DNA, 4 16S rRNA JEH 1)
V3 il V4 X7 Illumina HiSeq b4 ¥4 I ¢,
¥iig 300 PMEH . f# F Mothur v1.32 #1 QIIME v1.8.9
SENL IR HT A
1.9 HFEAEESH

SHEFE 12 4 COPD /N 12 AXTH WT
/NEEEMES 24 MRS T T 16S rRNA HE[H
DY o % I s B0 0 P B A 7 a0 R b 3 s A5
1 reads .. =515k T5 U reads . =[5 N Y reads .
EBRAKIE Z4 I reads, #3845 clean data, K = i im
1 clean data FFJ550#7; 1%/ FLASH
v1.2.11 ¥ reads $f#E tags; FFIHHMA
USEARCH v7.0.1090 ¥ tags 24 i OTU - 5%k
WEELLXT . PrRERE; BT OTU I R4 it
TIFE SR FP Z R AT . AL AT . AL S EE )
il 2% S 3 Bt W Fh I se 43 A &5 . T ACE.,
Chaol . Simpson #l Shannon 8GR i LTS
SRR TP, T G LRI R K
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e, X TREM AR 2 S geit, (EHHESEC NS SCREREGIE . Fahise %, il
K6 Wilcoxon FRAIKGES, MAEZEFAIAR  S5HTEW . K/NG5); COPD /) BUITZH 2438 7y
P {HERIAFRAE P<0.05 THvE i 22 LM . FRmad  IiVEBERRRA , Il AU I HH Rl 52 1
FUERIE R 5 3 41 R4 45 (Kyoto Encyclopedia  AJE 5 Miilia] 5T PN Al I — 7€ A E 4 S Pk 20 M 352 7
of Genes and Genomes, KEGG)% 4 & vE1 141 TR IZESE . RS RN G
BT R A S S Rt COPDRMMUL, RAVRLIRGLCRINA 1A JF

RS 2 SR 71N, COPD #6874 fl Jiff 2 2 A7 W] A v DL ) fil 2. 21
T4efl.

2 2%1: %’5 ﬁ*ﬁ 2.1.2 FtHZR A%t EFE(mean linear intercept,
mLI)

2.1 COPD #E Ry IFM S 24 P A 18] B 4 502 BE AL o T A

2.1.1 FhELRYIRFE PH A2 R BE B DA B o ) g ol FEE K . 5 %

Xt/ IR T HE Je@ MR BRZAAR L, COPD V- 24 Jifi v ] & BT . 15

RAY . HE Qa2 A 1A FR, WT 4 (P<0.01) (&1 1B), M1t COPD il R i .
A WT COPD

HE stain

Sirius red stain

o

mLI c IL-1B IL-6 TNF-u
100 = 400 - 5250 0w 5400
80 ‘gn ek ‘§o 200 | ‘go et
5 2300 | 2 2 300t
= 60 g = 150 - =
(=] [=] (=]
5 £ 200 2 o £ 200t
g = E B E
= = =
20 g 100 g sof g 100
g g B B
o 0 o 0 ; o 0
WT COPD WT COPD WT COPD WT COPD

1 COPD #RER(COPD)SHBAWNFERLERIER TN  A: I HE @ HKRELL
Qett. B: PALF NS EIRE. C: PIZL A RESEIRAAE N TR, N B2 RSk ikl . B ZE
FRAIE A, I R, *+*: P<0.01

Figure 1 Pathological staining and detection of inflammatory factors in COPD model mice (COPD) and
control group (WT). A: HE staining and sirius red staining of lung tissue. B: Mean linear intercept between two

groups. C: Inflammatory factors concentration in alveolar lavage fluid between two groups. From top to bottom,
the arrows point to: tracheal obstruction, bullae, and increased collagen. **: P<0.01.
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2.1.3 FliEERRRERFRE

WA/ BUIERE SR, AT ELISA Al vy
4 IL-1B. IL-6, TNF-a ¥ & . 455 4nE 1C PR,
5% BEAIAH EL , COPD A5 7Y Bl i 3 9k v 2R o [
TR FE R i 2 N (P<0.01),
2.2 NRIAEE IgA EEHN

WCAE I s N ARG TgA S R4S RN 2
fin, SXHEELAH, COPD MR FUm N 1gA
B R (P<0.01),
23 MEABEESHEREANF OTU 2

TE 9T%AMUE N RIRMG LS OTU £
i, 22l Venn E(E 3), #144rH7 COPD 4iAi
WT 4 IgA i iimE R OTU 225 . Wil 3
FioR, PA/INREEE A I TR 645 Fih,

151
sk

o)

S~ .

g10r o

| o

g [

o]

; 51 Ll TS _l..L
2b .y
0 1 1

WT COPD

2 COPD A RRAMEAN IgA 22
Figure 2 Intraintestinal IgA content in COPD group
and control group. **: P<0.01.

OWwWT
—J COPD

3 3fER4HS5 COPD 4H OTU #Y Venn
Figure 3 Venn plots of OTUs in the control group
and COPD group.

WT A MImE A 84 F; COPD 4i4Ff
MIGIE A 46 Fho MG OTU K4 AREA
OTU WY #E ] LI H COPD 4 IgA Ul i iz
A OTU S 4 WT 4IRS

2.4 £ K 4 % #7 (principal component
analysis, PCA)

FIHT PCA ¥ 52 Z B - AT R E A, LATH]
AP AEAS I R BE R 4, anf&l 4 o
COPD 45 WT HNEARX &, (H i T i
A= WA R T B A AE B B A AR S DR
FEAR [BIFFAE — i 22 5 T R 21 a] e AT LR 3R
PR 1) i JE T A WD RV A B K 2 5, TR I R 24 )
HATAT O
25 o ZHMUSH

COPD 41 WT ZHHEARN coverage ¥ KT
99%, F/R R WA, BVEAE S 51 4
HH AR R o X PR AR A T o ZAE PR ] 22 57
AT, WNEL S 23R 1 s bR i A o ZHE0:
ST 4 N FEBR TS 24 ME4E (Simpson,
Shannon) Fl F= & & #§ 5L (ACE, Chaol)fff 5% 5 #ir
FEEAE S TP E D M 2R R R

PCA
0.44 |-
WT
e COPD
0.26 - ®
°
0.09 - ® .
L] ]

PCA2 (11.26%)
S
=
T
®

|
=
b
oo
T
©
®

-0.46 L1 ! ! ! I L
-0.46 —0.24 -0.02 0.20 0.42 0.65
PCAT1 (18.84%)

B4 ETF OTU KFEH PCA 217
Figure 4 PCA analysis based on OTU level.
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0.20 -

0.15 +

0.10 +

Simpson index

0.05 -

V&I/T COPD
550
500}
450}

400+

ACE index

350+

300}

WT CdPD
5 o SHMHARERER

Chaol index.

M o ZREESTRECKE , COPD 41y Simpson
5%, ACE $550F1 Chaol $5EME T WT 41,
Shannon & 5K T XF BRZL(WT) . {HiF— 1 FH
FESHUGI 57k Wilcoxon RERAG IS 720 1] HL 4%
SRR 2E e, Rl Z W0 B STt
prEs U2 E R ARG D,
* 1 FERMEER o SHEESERILE IQR
(P25, P75)

Table 1 Comparison of alpha diversity indicators of
two groups of intestinal microbiota, IQR (P25, P75)

AL WT 4 COoPD 4 P

Index WT group COPD group P value

Simpson  0.06 (0.05, 0.11) 0.11 (0.04,0.19) 0.551 17

Shannon 3.73 (3.25, 3.99) 3.38(2.91,4.04) 0.55117

ACE 442.99 (311.03, 501.54 (456.22,  0.068 36
499.91) 525.83)

Chaol 449.95 (307.94, 515.64 (448.38,  0.059 66
500.65) 529.22)

IQR: VUSMVIFIEE; P25: 55 25%E Zrhidk; P75: 4 75%
H %L
IQR: Interquartile range; P25: 25th percentile; P75: 75th percentile.

A: Simpson f§%%. B:
Figure 5 Alpha diversity differences between groups. A:

(98]
[

‘np

WT COPD

Shannon index
!\J (95
wn <o

r
o

Chaol index

(F%)

h

fa]
T

300

WT COPD

Shannon $§%4. C: ACE #5%4. D: Chaol 5%k
Simpson index. B: Shannon index. C: ACE index. D:

2.6 YIFER KR KEVTHEST ST

XFFIA] OTU AR FE A T oA Je 15 2 4
OTU X IR 258 1], BE JRAKES
T TgA AR OTEE LR 25, JFUFRh
JERTEIE . ARl 5 LA T 2

SR, T8 DKF-E(E 6), PR IgA fugh
PIVEREEYIFEER 10 17]: AEIAT J(Protecbedteria)
e ] (Merrucomicrobia) |, 4L ] (Tendericutes) .
x5 4] J(Chloroflexi) . Candidatus Saccharibacteria |
JERER T (Firmicutes) . $81FT 1 ] (Bacteroidetes) .
W] J(Cyanobacteria) . Ji#kAT 11 ] (Deferribacteres)
AR £k 1] (Actinobacteria), H AR Ui 1A
JERER T IAE L P Y B 4R TE AL TR | T 4
WA 2 R AT 1(COPD 70.64% vs.
WT 55.18%, P<0.05). ZZJE R ]1(COPD 2.25% vs.
WT 19.29%, P<0.01). $EH# I 1(COPD 0.0025%
vs. WT 0.4370%, P<0.001).

R B 7), PHAIREA TgA 8k

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RFE F | BHEEMMEAR ) RPEREIRER A SRMEYAEMREEIEES T 2683

>
ve)

100 ; i
— 1 Actinobacteria mWT
- B Deferribacteres 80 + = COPD
- B Cyvanobacteria
& 80+ acteroidetes .
& B Firmicutes &
8 ers . @
S 60l B Candidatus Saccharibacteria o
: =
2 B Chloroflexi E
5 B Tenericutes 2
o B Verrucomicrobia =
< 401 ; =
0 B Proteobacteria «
) | - %
="
0k " i 0 ok ok
WT COPD AR - AR
FFFSFE55858¢

B 6 [T7KTHFLE MR (A) K K EMFE S LLBI(B)
Figure 6 Comparison of species composition (A) and key species differences (B) at the phylum level. *:
P<0.05, **: P<0.01, ***: P<(0.001. The same below.

>
o]

100 -

W Rikenellaceae 60 = wWT
B Prevotellaceae = COPD
Enterococcaceae

' I Lactobacillaceae
- B Helicobacteraceae
B Lachnospiraceae
Others

I Ruminococcaceae
B Erysipelotrichaceae
B Desulfovibrionaceae
B Enterobacteriaceae
B Deferribacteraceae
B Bacteroidaceae
B Porphyromonadaceae

80 +

60

40 |

Relative abundance (%)

(=}
T
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WT COPD § § § ¥ ¥ ¥ ¥ Y EY Y
Yy Vv v v v Vv v v v v
§ § § §FFf§F8FFI
YN A S F £ 88X

Bl 7 RKFMER(A) KRBT E F ELA(B)

Figure 7 Comparison of species composition (A) and key species differences (B) at the family level.
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Wi A £k 13 B, b R i R
(Porphyromonadaceae) i 3= & 75 W 4 AR i 1y
fwr, {H COPD ZHREMH w2 IR R
(Prevotellaceae) 1 X} #8 20 (WT) 42 & 18 & #
(Lachnospiraceae); COPD % = {i# i J& T 12
woR T oxXE B4 (WT) 2 BRI R
(Helicobacteraceae)., Y Fh 22 57 L, MK
FXFHERZL(WT), COPD 413 75K Qs A X F
i 52 T 55 (P<0.05), BRAJF I £ (Rikenellaceae)
FIEAT AR X 4 B 2 A

FEJE KT (1# 8), RATFE A L) Barnesiella
FEEFERE ., AT WT 41, COPD 413
IR QTR JB AR 32 B 2 2 T (P<0.05), T3 A &
(Alloprevotella)  (P<0.05) #i1 42 #F J&
(Helicobacter) (P<0.01)FH %} 4= B i 2 FA%

2.7 1% # 3 4 ¥ (linear discriminant
analysis effect size, LEfSe)

P LAAREAS AT LEfSe 40 CBRIA TR AE hy
2.0), PHAREARDPIANE 9 B . PR ELSHa
TR Y 22 5 BA Gt 8 L (P<0.05), X4
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x4 (WT)HIEL, COPD /NEURIE 1gA £
HRWEHFDEESENEEZ: BINEH
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Figure 8 Comparison of species composition (A) and key species differences (B) at the genus level.
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