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[FEE] a& FITRFEEARHEEN 1 (GLI pathogenesis-related 1, GLIPR1 ) Jk KXo F 40 4 55 2% 5 /)N B A4 i 8
WS, & s A T U0 B AR AR 55 5% 58 COPD /) [RAB AL, 2 C57BL/6 /N FRURT GLIPR 1 366 PR f 5 /N B
BEML NMEF AT IRL (WT 4 ) . B R AF I E R 7241 (WT _SMOKE # ) . GLIPR1 KRR x4l ( GLIPR1 4 ) F
GLIPRI R @ Br A M A 25 25 541 ( GLIPR1_ SMOKE 2l ) . “RHH 16S rRNA T ARG LGSR+ e 2 HEEfR R R
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FIHRHT (LDA) $P48=3.1367 logl0, P=0.006], GLIPR1 SMOKE ZH AU T % & ( LDA 1F43=3.465 logl0, P=0.042)
FIZERFTR] S0134_terrestrial group ( LDA 1-4r=3.115 logl0, P=0.041) FEim. %44 FHMWNEFEEES, GLIPR1
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group 25 SR .
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Effects of GLI pathogenesis-related 1 gene on lung microbiome of mice exposed to cigarette smoke

ZHU Wen-si, PENG Wen-jun, HAN Lin-xiao, WU Yuan-yuan, ZHOU Jian"
Department of Respiratory, Zhongshan Hospital, Fudan University, Shanghai Institute of Respiratory Diseases, Shanghai 200032, China

[ Abstract | Objective To explore the effect of GLI pathogenesis-related 1(GLIPR1) gene on the lung microbiome of mice
exposed to cigarette smoke. Methods Mice were exposed to cigarette smoke to established COPD mouse model. C57BL/6 mice
and GLIPR1 konckout mice were randomly divided into 4 groups: wild-type control group (WT group), wild-type cigarette smoke
exposure group (WT SMOKE group), GLIPR1 gene knockout control group (GLIPR1 group), and GLIPR1 gene knockout cigarette
smoke exposure group (GLIPR1_SMOKE group). Then 16S rRNA sequencing technology was used to analyze the differences among
the lung microbiome of mice in 4 groups. Results There were significant differences in B diversity among the lung microbiota of 4
groups (Pnosiy=0.003). At the genus level, there were 28 differential bacterial genera among the 4 groups. LEfSe analysis showed that
compared with WT group, the proportion of Blautia in mice of WT_SMOKE group decreased by 0.25% (LDA score=3.137 log10,
P=0.006). The proportion of Bifidobacterium (LDA score =3.465 log10, P=0.042) and Gemmatimonadetes.S0134_terrestrial_group
(LDA score =3.115 log10, P=0.041) were highest in GLIPR1 SMOKE group, respectively. Conclusions After exposure to cigarette
smoke, the distribution of lung microbiome in GLIPR1 gene knockout mice is higher than that in WT mice, and Blautia, Bifidobacterium

and Gemmatimonadetes.S0134_terrestrial_group play important roles.
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1% Pk FH ZE PE il % %5 (chronic obstructive
pulmonary disease, COPD ) J&—#f LA4F22 A I i
i RN A2 PR ZERAAE A 8 UL T R G950,
H AT 423K R P B8 240 T e 1P 0 JUE s R A
At HF R R 40 4E R ROB RGN . AR
FREE . ARG BRI R R Y A R
How WEUK R 2R, H bR A R e e = ek
%LBJ .

W% e 4 16S rRNA T AR B KR, AR
3 Wt BT A B B B e T 2 R
s 1Y) A A A e 5 i S R R ) el 2 7 DA O,
it 4k 2T iR S B ERE T K coPD
Haldar 45 % i, fit HE 3238 % 15 COPD Z1& # 1Y
R YA R E XS, Hhy-TIRENE
COPD EALAHSE. HE, HAT{isk= COPD ¥ fifi
SEURA P4 AR Y

Jist J5 88 % i A & 2 H 1 ( GLI pathogenesis-
related 1, GLIPR1 ) 7£ A J5HF 40 fg e b i 285k,
AR IR AT R B,
MR GLIPR1 HEPH AEA% 18 i 4% PLAU/EGFR 5 %
Sl B i DR N TR U AN i E e
Al A P A (IL) -6, IL-1B B0 i,
INEE /N R S e . T RE R
RIR, NER TR RE I 0 g | R AR T A A
P23, R, GLIPRI A g ik 3 7 il

£ COPD #EJf . ABF5Ti T 168 rRNA 74
A3 GLIPR1 J RO A A 25 7% i 75 5 19 /)8 Bl
COPD 5 ifi &8 A FHE 114 520

1 #MREREE
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WA 1 1 T3 5 S G sh A FR B2 4E A Rl . GLIPRI
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FIARA T ARG BARPYR: @t RS SR
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ST E] CSTBL/6T /NI AZKE B h, 248 PCR ™
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H AR Y, B H#EZ 12 b6 2
S ARAT AT B A B b Ll BR B S G B W e B2
B2t (2022-032) .

1.2 F¥am R/NEEENL AR AE R IEZE (WT
4) . BPERIE NN SRR (WT_SMOKE 4 ) |

GLIPR1 & @i X e (GLIPR1 41 ) I GLIPR1
FEIR R AN ZS 2 %4 (GLIPR1_SMOKE 41 ) |

f§4H 4~6 H ., WT SMOKE 41 5 GLIPR1_SMOKE
H/NFRETE T 45 emX 25 em X 25 cm W58 46,

PEBIM A FH CRETTT: RS 11 mg. R
MRHK 0.8 mg, —A bk 13 mg; IR ELERA
BRTTAT AT ) , B 5d, BEK 20 LFHM, #5743
A EREEHIE, NRAT G SUIRAKS - e
(H-BE) Yt BN, A8 Wi, il () fe &
WA, IR ELE Y COPD ACH 5 9 S5 il < i 2 741,
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13 PR AeRAFAZER NREFNE 2R3
MHAIE, H1.25% =ROEE (BT, 20 mL/kg)

i 1 SRR /N R, B BRI, 7543 /N UM
JiE, WU, A N AT b i B R A

- 80°CLRAE, & Ho

1.4 DNA# 3%, & & fif I DNA ffi $2 i 7
& (DNeasy PowerSoil Kit QTAGEN 12888)

P2 HURE AS 3 X 4 DNA, 38 oo By I 8 58 i H, Tk
#1 NanoDrop2000 i ] DNA ¥ f&., LI % A 241
DNA & #5 Mz, I 7 barcode B 55 5 5| 4 % 40
W 1 16S V3~4 X i 47 PCR ( Tks Gflex DNA
Polymerase ) , ifRY YERCR FIEMPE. PCR ™)
Ik FL AR, A S R ER 24k s Ak VR A
MR PR HEAT PCR Y3, HL VKA, ®iEkalife, Xty
B T

1.5 ZHi@Fn 5 183 Hlumina MiSeq /il &
FRIFF- 5 PRI ZUEAS 168 1DNA JPFIME B .

181+ Trimmomatic 4%} 16S rDNA J5iA X 51|
PEAT 2%, 224%)5 ] FLASH 5 UF kAT Bf . &%
BEHAL TS, i Vsearch 8144, B AHLE =
97% W ¥ AN A R — D HAE 4 2K o0 (OTU) o H
QIIME # -t Pk i 451~ OTU B F 751, Ik
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B GR84S Silva Bdli e (V123) #E47 HEXTE
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1.6 M3RA RS HMELSH Lo ZHEMERR
PR R S 2R, FEE AR AR EL4E Chaol 45
¥ (W) FhEE ) . Shannon 35 % 5 Simpson $§
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FEPEME . Ot A 4R 51 (principal coordinate
analysis, PCoA ) J5z B4 2H 1] Jfi 3508 v A ) ol 22 5,
BRI B ZAEPE . T8 e 40 5] 3 A 82 R /)N (linear
discriminant analysis effect size, LEfSe ) 3H1i5I4%
HIBTEbR S WRE o

1.7 it RARKMFEF (V4.1.13) U
TEAE M. TP EERI X +s R, 2R

SRR T 259381 ( ANOVA ) 5 Kruskal Wallis
H K5, WIZH ] ek H ¢ K36k Wilcoxon A5
i 3 Tukey K 50 1138 OTU RO X E fE 22 5%
1 Galaxy/Hutlab 7£ £ ¥ &5 ( http://huttenhower.sph.
harvard.edu/galaxy ) HATEYERN 8T (LDA) 1
LEfSe 73#H7. Higa/KifE (a) 24 0.05,

2 # R

2.1 MR F G B

21.1 R&EOTU i/ ZH 2 16S rRNA
B, 3815 10 332 4 OTU, Wm0, g
FEAS B OTU BT ik 100 R, AR ME T 5 4 I it
FAFHE KA OTU . A 250 4> OTU JFHIIAET 4
HFEA, 42 OTU S R a2+ E X (E 1),

= WT4]
* WT SMOKE# 30007
= GLIPR141
= GLIPR1_SMOKE4I
2000}
=
=)
)
1000}
s .
BB @w% S
T F T
P
® S & 3
N
&

B 1 #FhsiiER OTU #
A:OTU 4345 BUE ;B 4 4/NEITZH A OTU BAL 4 . OTU B2t .

212 BREXHER Z5FR (K2A. K 2B) &
e BUAFEETT. JREERE T, AR T TR 1]
FERTA /BT R B 1T, WT 41/ BURT 4
PR R AT R . R R . TR IR
[CHEMFAHEE (Lactobacillus ) , 5 635K
12.605%. 2.004%. 3.467% il 3.104%. 5 WT 41
ARG, $UFT T AN 22 O 1 s - 2 7E WT_SMOKE
014, 4y 9k 15.078%. 2.885%, TE GLIPRI
SMOKE @i i#E—2E44 0, 4358 19.742% . 4.237%;
FUAF# R R fE WT_SMOKE ZH3/N (2.156% )
#£ GLIPR1_SMOKE ZHiE—0/N (1.998% )
22 M E Ao SR R (K 20~F 2E)
SR 4 2ELR] il R R 22 R M AR 22 ORI
GLIPR1_SMOKE 4 Shannon & ¥ {f T GLIPR1 41

(P<0.05) .

23 MAEABLEMARSH R (K3A) B
7~v: PCoA 1] Lk B #fy %] /> WT 41, WT_SMOKE
4. GLIPRI #H. GLIPR1 SMOKE 4 ( Pyyosu=
0.003) , fRRE 4 LR 15.66% 19745 5. ANOVA
S8t (K 3B) WoR, 4 412 8477 28 22 S 1A
J&. WT_SMOKE 4| FIl GLIPR1_SMOKE 4] /v f
AT E RS, U EERRE. 5
WT 4U/NRAHEL, ZSRUFFREJE . sl i ed)m . &
R (UCG-006, UCG-001) J&. AT EH B
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SMOKE 41 /s U H 7 Fb#8AI%, #£ GLIPR1_SMOKE
/N AR

( ruminantium_group . nodatum_group )
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0 @ » Epsilonbacteraeota HoAtl
R
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& Q@
6\} w JUFF B JE: Bacteroides
§ R R Faecalibacterium
100 IR K E_7: Prevotella_7
WALFFEE R Lactobacillus
0 W EHIKICHEE 9: Prevotella 9
W EFFEE S [Eubacterium)_coprostanoligenes_group

A%
sy % o0

VIRA KB Escherichia-Shigella

Of m— — _ EX 4 i
= BIRTE T NK4A13641: Lachnospiraceae NK4A4136_group
20 - - - AW @ Rikenellaceae RC9 gut group
- . [ . JHERERIUCG-010)%:  Ruminococcaceae UCG-010
0 N R R QD JRSAR I B Clostridium_sensu_stricto_1
&Qﬂ @o’ Q@’ @5/ I8 BRI RIUCG-005)%:  Ruminococcaceae UCG-005
Q) » QO Agathobacter
‘5@ 6/ ‘$ BEERBJE . Streptococcus
Q - QQ;\/ PEHE: Alistipes
& A
* 1.0l
11F
4000
1.00F
35001 5
3 ﬁ 10 B ;]DI —— WT ﬂ
gm = =
i g g WT SMOKE#]
S I &, 098 GLIPR14
= 3000 g £ GLIPR1_SMOKEZ#]
o = 7
| l or
2 500- H I ﬁ 0.96f
1 1 1 1 © 1 1 I I @ 1 1 1 1 @

B2 FHEPEEFEER o S
AT IACTARGS F2 B2 s B B KPR E L s C~E: Wi o 2. P<<0.05.

24 FEWABLE LESe/tr (K 4) Wmx, 5
WT 4 AH b, A 595 %58 [G B (LDA $¥4r=3.137
logl0, P=0.006) 7 WT _SMOKE 4] /5 It i />
0.25%, {E GLIPRI #i 1 GLIPR1 SMOKE 4 #1745
AN 85 #EER R JE (LDA 1F4r=3.447 logl0,
P=0.048 ) 7E WT 4+ femy; AUEATH)E (LDA
PP 43=3.465 logl0, P=0.042) FZF Bl FF 5 1]
S0134_terrestrial_group ( LDA ¥ 43=3.115 logl0,
P=0.041) 7 GLIPR1 SMOKE 2H £ i ; BEAFH
FF (LDA i 43=3.429 logl0, P=0.022) . [ils#F B
H (LDA ¥ 43r=3.418 logl0, P=0.022) . fFT B
H _UCG_001(LDA :43=3.301 logl0, P=0.005) .
¥ W H Family XIII (LDA ¥ 43=3.186 logl0,

P=0.025) . #IfTE H UCG 001.uncultured rumen _
bacterium (LDA 7% 43=3.169 logl0, P=0.010) .

i B W Bl uncultured (LDA Y 43=3.147 logl0,
P=0.027 ) FJE7E GLIPRI 4z

P T 9T R, 5 WT 41/ BUH HE,
WT_SMOKE ZH/]N iR R B 2.1 COPD %44, BV
TRACREAM IR . AR TEBERE R v A PR A A
#¥, GLIPR1_SMOKE #{/)§l COPD 4 {k it — 4
JneE; i H, GLIPRI_SMOKE ZH /)N Ul 2 11 2
R, VL PR A Y T I A4 Y P 32 i T TL-6
436 WT_SMOKE 4 8 /= 5 ") K #F 5% il i
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16S IRNA T, &3 4 4/ A7 22 S A

AR, NIRRT IR T JERER ]
AIE BT TR R T R m, A A o5 2
F1 GLIPR1 JE[H v B J5 JCHH AR fh o 4 2Ll TR 1
o ZREZE R G E N, XRAFRNE R
55 GLIPR1 5 A b A a ok el s il s o = e
J 3k 81 COPD % J&, 5 Sze %' BB 97 45 5 —
o AR, 4 4RI R A E 22 5. B
RUNRAE NS S5, o7 R & sl A
PR IR B BRI, BeRIROK LS &
TR, det il ghos et > a1 i
REEREDRM A . AN, FILRFTEETE
GLIPR1_SMOKE 41 /5 teie A%, 130 1.998%. 7H
WEE Wow, TR FLIR T 1 R R U S 7 T £
(/N R0 5 . B aRZE F4R/R, @Bk GLIPR1 %
Pl /1N B COPD i bR i 5 5 JHL il 536 1 Fof 20 i 4 119
BB G

AT, 4 H/NRIAEAE 28 Al i s,
Hrp AT I B 7R 8 %5 2 85 J5 o L2, GLIPRI
5 DR] R 83 O ek 2 B W k. SSABUAT T AT LA A
A, R, TR, O, RRSEYR,
AR A= W Tk — S AR A 2R e Ak F e, JHerp
M e B SR AR L BT 1 i 7 55 5 5%
Jo o FedE N, GLIPRI PR R fs g st i &g, HL
J& GLIPR1_SMOKE #1/]N AR 5 B R . (HJ2,
Vieira %2 % 8, /N BUBSE il & S0 A s, 0
IR AU A B T LA ) RAE & J o Hh BRI 2 S5 1
JERATRE N (1) COPD AT 8o —fifi 48 52 TR 111
PR YL, RIER N BEE A4 (2) GLIPR1 HH
R IE, ISR BT O, WU AT R AR K A7 3 5
M. PR, UG T 5 J8 #E COPD He AR AL A 75
P RAMGE . FBMIAT R S0134_terrestrial
group 7F GLIPR1_SMOKE £ /5 et e i . 2 FR
MOAT R 1] S0134_terrestrial _group A % AP 1,
H AT 7E 24 vh T H RS R IR, Hored:
YR RE IR D

g LTI, ASHEIE KB, AR 5 R,
GLIPR1 3 PR i 53 /1N Bt 8 1 70 170 465 ) A % =
A, Hoh, UL T B R ZE AT R 1)
S0134_terrestrial_group “ GLIPR1 4 [A il [ /N

T MR AR 55 5 5 Jo B A s R A . AFR AR ST A
AN, TSR S 2 BB, 4N
FEZESE, ARTEY KA, MR,
ANRZE s [RIBTiE— 20 AT 25 SRR S RE T 1Y
FHOCHE, BRHZ O RIE I COPD #E R IALE . I
G&, BB R S R E R, DA 5%
E S AR X FhSE RN il ) 2,
i — PR T fal A WA AR A FE AT RE BRI 5E
GLIPR1 7£ COPD % J& i i Ho A FH A8 SIS o

s FrafEHE P IAAFAEN SRR
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