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B O IFX Al E T AN I ERESNERF T2 %, 2hamd £RT @k
TARREF T BRFGEATERNEAEAR. LB ) IRAHME TR 4 B AL M KRR & 2
mIeE T A4t XA F AT 27, [HE1 ALy BREAEE, £ME % (lipopolysaccharides,
LPS)#5 49 Caco-2 e X EARR &, Mm@ LFRMH @ie; dt— X0 KA F RBARMIET
s K RAER, Al B atirEE, nmi L E Caco-2 mfbfa s R4 ML F it
ATAdt B FTRARERE, @it KRR, PRKREFHIF. [(ER] AHLEMT 5 BFE 6 KhE,
4% 2T Enterococcus. Lactobacillus. Sharpea #= Mitsuokella. £ LPS % X J& Caco-2 8 et ¥ JE
AR %, Lactobacillus amylovorus LGM 2 % T i & %8/~ % (interleukin, IL)-4 #= IL-17 4 mRNA
%34 (P<0.05); Enterococcus cecorum LGM 422 2 3 T T & -F 4% % B -F (T-box expressed in T cells,
T-bet). XK k45 3& B F 3 (forkhead box P3, Foxp3). IL-17 =464k 4+ K E F-B (transforming growth
factor B, TGF-B) mRNA & i (P<0.05). /£ B & & § 4 X s {3X% F , R A Lactobacillus amylovorus
LGM %% 80 2 i &40 K5, R4 MK E, M F Foxp3. GATA %4 4-% & 3 (GATA binding
protein 3, GATA-3)#=F #% -y (interferon-gamma, IFN-y) mRNA & ix EH#(P<0.05). #8 R H,
Mitsuokella jalaludinii LGM 422 hn & 4 M4 45, 4048 ¥ F K% -y mRNA £ EK-F 3 (P<0.05).
[4££)6 %ha B A HMHEL MK GRETER TR, X5 AR AT mieR AR R LGETA
% . Lactobacillus amylovorus LGM i# it _F i 45 B & #9445 X B ¥ Foxp3 #= GATA-3 T VA X —F 42
B AU K EAEA .
KRR A, #; LKA, &KX, @R T
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Bacteria from porcine colon regulate cytokine and
transcription factor expression in the gut of the mouse model
of colitis

LING Yidan, CHENG Yingzhou, PAN Long, MU Chunlong*, ZHU Weiyun

Laboratory of Gastrointestinal Microbiology, Jiangsu Key Laboratory of Gastrointestinal Nutrition and Animal
Health, National Center for International Research on Animal Gut Nutrition, College of Animal Science and
Technology, Nanjing Agricultural University, Nanjing 210095, Jiangsu, China

Abstract: [Background] Microorganisms in the mammalian digestive tract are important for
maintaining gut homeostasis, while the regulatory role of gut bacteria in cytokine expression
remains unclarified. [Objective] To compare the regulatory effects of different isolated from
porcine intestinal tract on the expression of cytokines and transcription factors in the model of
colitis. [Methods] Bacteria were isolated from the porcine colon, and the culture supernatant
of each isolate was used to treat the Caco-2 cell model of lipopolysaccharide-induced
inflammation. Furthermore, a mouse model of colitis was induced by dextran sodium sulfate
(DSS) and then administrated with bacterial suspension by gavage. The gene expression of
cytokines and transcription factors in Caco-2 cells and mouse colon tissue, the cell growth
rate, and the mouse weight after bacterial treatment were determined. [Results] Six strains of
bacteria were isolated from porcine colon, belonging to Enterococcus, Lactobacillus, Sharpea,
and Mitsuokella. In the Caco-2 cell model of inflammation, Lactobacillus amylovorus LGM
down-regulated the mRNA levels of interleukin (IL)-4 and IL-17 (P<0.05); Enterococcus
cecorum LGM down-regulated the mRNA levels of T-box expressed in T cells (T-bet),
forkhead box P3 (Foxp3), IL-17, and transforming growth factor-f (TGF-B) (P<0.05). In the
mouse model of colitis, only L. amylovorus LGM alleviated the colon inflammation, restored
the colon length, and up-regulated the mRNA levels of Foxp3, GATA Binding Protein 3
(GATA-3), and interferon-y (IFN-y) in the colon tissue (P<0.05). However, Mitsuokella
jalaludinii LGM aggravated colon injury and up-regulated the mRNA level of interferon-y in
the tissue (P<0.05). [Conclusion] The bacterial isolates have different regulatory effects on
porcine colitis, which is related to the regulation of cytokine gene expression. L. amylovorus
LGM exerts an anti-inflammatory effect by up-regulating the expression of Foxp3 and
GATA-3 in the colon.

Keywords: gut microorganisms; pigs; lactic acid bacteria; colitis; cytokines

WE RS R 2, e bS5 BB £ 00E O R R R
APy R R Y miEeE e e . 4B Brachyspira hyodysenteriae
JEP O VE AT REAEE R AR e, R SR R AN T (1 40 e/ 2 (interleukin, IL)-17
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SERFeR, MG RAEA DGR ; 4522 [RHIHE:
Y 210 T 2% 100 W BE IR 22 B (lipopolysaccharide,
LPS)# 1% Toll ¥E3Z2{K 4 (toll-like receptor-4
TLR-4)75 | B AL I S0 B AE 7 A=)
WA 25 PR AE S 55, Bacteroides
fragilis 11 45 1L-6  IL-8 F IL-1p FE K F ik Al
A FiE{E B 41 « 58534 5% T (nuclear factor
kappa-light-chain-enhancer of activated B cells,
NF-«kB) il 4 o i 5 25 I R AE ™, Lactobacillus
jensenii 45 NF-«xB 122 24 J5i 3G 1k 25 11 34 1
(mitogen-activated protein kinase, MAPK)f55if
FELATL TIL-10 S840 F s R RE S, FLIR
B Lactobacillus animalis LGM F 14574 /) UL
R INF IL-4 1 IL-17 mRNA 359,
EMAEY RA R RERGE T T Ak
KT 5 A A 7 B Rk PR, b s
+ T & FF 5K F(T-box expressed in T cells,
T-bet). GATA %5411 3 (GATA binding protein
3, GATA-3). RAR #HKHNJLAZ 1A (RAR-related
orphan receptor gamma t, ROR-yt)F1 St 3k 5% 53
[AF 3 (forkhead box P3, Foxp3)JH 17 4hHE T 4iifify
Bk, %% T K v (interferon-gamma,
IFN-y)., IL-4, IL-17 A1 IL-10 FERFEiL, T-bet
T GATA-3 S i T 40 A -F- 743 57 Foxp3
PERTEIE T AR EZ —, S22 T 40
sk R SR 2 wmﬁiﬁaf P ROR-yt
SHERIUNT, Kreuzer 5K ERBE S
25 FE VST G (Salmonella: Typhimurium)/& 44
FIATHE , B A E W 22 I B 45 R Foxp3
T GATA-3 IEEN L IA ¥ MR, Lactobacillus
plantarum F1 Bifidobacterium animalis 754K 5
FWREZEFMAEF A Foxp3 JEFFILF CD4”
CD25" Foxp3" T s, SR s i 1 240 o ot
A 53 DR 40 L DAL 15 DR 2 3K A2 il 1 ANV 2
T 5 4 1 T 2K TR %) 2L TR T %o 9 8 10 2 ) 1A

TAER A BT I B X M R A s e o 51
Lactobacillus plantarum 7/ Uz A 330 i
GiZEVD I TR 5A ERE AR Ao
Oy BRI AR, IR R R By S LPS
AEFRIY) Caco-2 AHMEALERTFR, SRAMHr X 4 fi iy 52
W . 6B, FH S Bl B BR BN (dextran sulfate
sodium, DSS)i%E 451 9 /NG, 14 T4 T TR B TR
HEH , WEIT AN W 18 AR AE Y 520

P

1.1 #m
Caco-2 #ifil, J2H = {475 C5TBL/6) /I

(BEPE, K 18-22 g), MmMILT X&KL
WEY, M ZE WS . NJAU. No.
20220509096; FR K =JLA AR A ELE N,
i RO A BRA ]
1.2 EHFRE

DMEM g H Genom A l; M2GSC K57k
Z: BSCHR[6]ME
1.3 EERAHFLER

FLERI R &, PRt AR T AR
4%Z B HERI  DNA S U G BTSN ,
HTAY TR B A FR/AF] ;. Premix Taq Ji
LA RNA $EBGAF &, Vazyme 2\ F] ; B2F I3
Gen-view BHYA R AR]; CCK-8 IR, FERtEE
Y TAREOFSTE T DSS, AR (i) By
H R/ ; PrimeScript™ RT Master Mix Al TB
Green" Premix Ex Tag™ II, TaKaRa A+, BEHRY,
Tecan A F] ; QuantStudio 7 Flex SZH} € & PCR £&4;,
Thermo Fisher Scientific A H]
14 AESESIARSENH

A 0.01% (B B0 ZL 5 9 M2GSC
iR CO, Frgl LA RAR IR A IR EE, pH (H
WATE 6.5, 432 AL Hungate 4, 115 °C
KB 20 mino BURE KR = I0 24258 1 b 3 45 W N 4%
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Yy, 37 °C PBS iR . iz 5 K A2 A it
UESCAE AP, AR S T I, 5 1 mL
RSN 9 mL M2GSC 5331, 37 °CIR A
WEEHESE 48 h Jo (640, EEMBE. Pk, 5538,
W56 3 IRAGRRE IR 7E Hungate 45 H i LE TR RS,
BiFR 24 h G PRBCREVE , BEMTERTEY M2GSC
Bigdt b, 37 °CRE5% 24 h, HBkskAgalifb o
BEEA . T 2 B B RRES 5% 24 h, FHZLERIN & i
7RI RS0 241 A LR ™ i
1.5 40 DNA 2EXFA 16S rRNA EREEFE
fii 1 DNA & Bt & 48 B o3 29 o bk 1Y
DNA, HRHE41E 16S rRNA K:[H 514 8F (5-CAC
GGATCCAGAGTTTGACATGGCTCAG-3")  #iI

1510R (5'-GTGAAGCTTACGGCTACCTTGTTA
CGACTT-3")¥E4T PCR. J:fit PCR JZ Wik &

(20 pL): 200 ng JE[H4] DNA, Premix Taq Jif
10 uL, b . F#E5I#H1(20 pmol/L)4% 1 uL, ddH,0
#ME 20 uLo PCR KWK ZR : 94 °C 5 min; 94 °C
30s, 58°C30s, 68°C60s, 35 PMEH; 68°C
10 min; 4 °CIRAF. fHH 1%B I HIEE S L Uk 48
E PCR W44 J5 28 MBI SR A= W B AR A [R
NEIMA . A BLAST (NCBI https://blast.ncbi.
nlm.nih0.gov/Blast.cgi)¥f 16S rRNA FE[K ¥ 51
17508, SEEE P e S AT R FeXT
AR R B AH G741, T MEGA 7.0 %1 A
f) Maximum Likelihood ##E &5 kK B -
1.6 MEIEF LFRSERHEE

F A K 2R, 7 ODgoo 4 1.0 BFHLH 1 mL
TEEVEW, 4 °C. 12 000xg 5.0> 10 min B
I, IFHICIE 0.22 pm JEIELL S, IRAATS IS
E. cecorum LGM . L. mucosae LGM . L.
amylovorus LGM #1 M. jalaludinii LGM %5 743 &
WIALE 37 °CIEIRIE FRA P AR %, M T %]
Hungate JR & HE. FEEMIET Hungate IR
B A8, SR 5x10° CFU/mL, 85

75 24 h JFBGH 1 mL BRI, BRERRREE 10705
FRA IR BT 37 CREFR I B T8 4
1.7 Caco-2 MRIEFFME LIFENEE
4 i

Caco-2 ZHiITE 37 °C. 5% CO, IR F%,
SE SRR O 100 U/mL 5852, 100 pg/mL
BERE R 10 % (KRS EONG 4 0175 ) DMEM.
¥ Caco-2 4MIBE 75, R 1x10° 4 T4
MIsE SR, TR R A R A F] 80%—90%,
PEAT AR, HERh T 24 FLACR, BEFL 1x10° 40
L, YA A K 80%—-90% B T HEFTAL B
¥ Caco-2 4iifs T DMEM 15373 LPS (2 pg/mL)
AT TE IS WAL R 9% 24 ho WA T
B RNA & HURIT2¢ % % 7 PCR (quantitative
polymerase chain reaction, qPCR).
1.8 ZHAEIE J 4

7E 96 fLAR P AR FLEERD 1x10° 4, S
PR Y VR ] 0 7 1 % o A A M s R 46 ) AL
A 10 uL CCK-8 M, 4#%% 37 °CH¥H 2 h,
FABEARASAGIN Auso, THEEAMARTE A1, 40 TS )
HHEAA:
N A450 (ﬁi}iéﬂ) — Atso (§§ ﬁ)
AMLTE (%) = Ayso RTHRAL) = A (35 1)
1.9 DSSESEMREMERZRED

¥ 30 H C57BL/6T /NERBENLS> N 6 4,
415 K, 35 R M SR — B JE ST 45 I R i AR
¥ WSEHE DSS (4 F i 36 000-50 000)FH 7K %
fi# R 3% (BTHE IR BO M -

RIS ZH /N U 3%0Y DSS ¥ ik 245 K — A LA
FE R, A5 U IR HoAf SRS, sk 45
KU FRME AT, fE45in R R R PR
MfERSHL. #F DSS 45 R —F)E, 0.2 mL/D
YA BV (1x10° CFU/mL)%F K iE S B /N R
—JE, BRSO R, R I
&, HEHE T KRR

x100 .
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W /N BRES I 0F RS I 4H 2, —80 °Cf
o WGP BEBREL 1 em, JH 4% 58 F sV
WIREEE . A8V AR HE Yoy
R B AR R A R R
1.10 EFEFRESH

K FH AN A RNA $2EGAR & R H Caco-2 41 il
MSEIH LR M4 RNA, SR FHEbR A0 5 F
4B i Ff] PrimeScript™ RT Master Mix 3 %% 5%
1 000 ng i RNA, {if] TB Green” Premix Ex
Taq™ 11 31 qPCR A4 i PRI =i 48 i A 4
P B KR 357K . PCR JWAAZR (20 uL):
200 ng cDNA, Premix Taq i 10 uL, . T
59120 pmol/L) 0.4 uL, ddH,O #ME 20 uL. PCR
J2 v 2K F QuantStudio 7 Flex 2EHY & & PCR &4t
K, Fe i &5 95°C 35 s, 60°C34s, 404
fEF; 95°C 15, 60°C 1 min, 95°C 15s, 5]
IR 1 535 2. PR {H (cycle threshold,
Ctffi fH 2 28 kit

1 Caco-2 W KEZSIH
Table 1  Primers used for gPCR in Caco-2 cells

.11 Fit 594

fifi H SPSS 25.0 43 #7144k , one-way ANOVA
PTG #4500, LSD ik T 2 E L, P<0.05
FREREH .

2 ZERE54

21 ZHAENBEEEERIBTEMN
i E

ARk 43 B9 I TR B 16S rRNA JE K751 5 5%
PRI FP 9 7T HOR, S50 40 B TR 5 Enterococcus
faecium LGM . Enterococcus cecorum LGM .
Lactobacillus mucosae LGM . Lactobacillus
amylovorus LGM, Sharpea azabuensis LGM #I
Mitsuokella jalaludinii LGM AR &, 20 55 1
MRS R OC 2R W RTEHE T 16S rRNA B:[H
¥ %1 i Maximum Likelihood 1 &4t & & # b (1]
1), Efi14)& T Enterococcus. Lactobacillus.
Sharpe. Mitsuokellaa.

Gene name Primer sequence (5'—3") Product size (bp) Tw (°C) References

T-bet F: CCCCTTGGTGTGGACTGAGA 87 61.13 [71
R: ACGCGCCTCCTCTTAGAGTC 61.38

GATA-3 F: GTCCTCCCTGAGCCACATCT 98 60.98
R: GTGGTCCAAAGGACAGGCTG 60.89

ROR-yt F: GGCTCCCTGGATGAATAGAATG 190 58.32 [16]
R: AGGCAGAGGCAGAAAATGTAAAG 59.24

Foxp3 F: TCCCAGAGTTCCTCCACAAC 122 58.94 [17]
R: ATTGAGTGTCCGCTGCTTCT 59.68

IL-4 F: CACAAGTGCGATATCACCTT 386 55.85 [18]
R: GCTCGAACACTTTGAATATT 51.90

IL-17 F: GGTTTGACTGAGTACCAATTTGC 172 58.45 [19]
R: AAATTCCCAAGCCCAGAATC 55.95

TGF-B F: GGGACTATCCACCTGCAAGA 239 58.80 [20]
R: CCTCCTTGGCGTAGTAGTCG 59.62

B-actin F: CACTGTGCCCATCTACGAGG 154 60.18 [21]
R: AATGTCACGCACGATTTCC 56.64
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Table 2 Primers used for qPCR in colitis mice colon tissue

Gene name Primer sequence (5'—3") Product size (bp) T (°C) References

T-bet F: GCCAGGGAACCGCTTATATG 136 58.48 [22]
R: GACGATCATCTGGGTCACATTGT 60.68

GATA-3 F: CCTTAAAACTCTTGGCGTCC 533 56.73 [23]
R: AGACACATGTCATCCCTGAG 56.63

ROR-yt F: TGTTTTATGGGGTTTGGGTATG 122 56.56 [24]
R: CTGTGTGGATGTGTGTCTCTGATTA 60.57

Foxp3 F: CTCATGATAGTGCCTGTGTCCTCAA 93 62.36 [25]
R: AGGGCCAGCATAGGTGCAAG 62.56

IFN-y F: CACTGCATCTTGGCTTTGCA 252 59.68 [26]
R: GCTGATGGCCTGATTGTCTTTC 59.90

IL-4 F: CACGGATGCGACAAAAATCAC 251 58.76 [27]
R: CGAAAAGCCCGAAAGAGTCTCT 60.61

IL-17 F: TATCCCTCTGTGATCTGGGAAG 161 58.42 [28]
R: ATCTTCTCGACCCTGAAAGTGA 58.83

IL-10 F: CTTACTGACTGGCATGAGGATCA 101 59.87 [29]
R: GCAGCTCTAGGAGCATGTGG 60.53

B-actin F: CATCCGTAAAGACCTCTATGCCAAC 171 61.48 [30]
R: ATGGAGCCACCGATCCACA 61.00

25155y BT ERRE pH (3.5-8.5) T X 45 R
HEAT SRR 3R TR B bR P B AR pH AN [ (]
2A), E.faeciumLGM,. M. jalaludinii LGM Fil S
azabuensis LGM B fESGBIABE P A1, e
£ pH 7.5-8.5; E. cecorum LGM il L. mucosae
LGM fefEAE K pH 6.5, H1E35%; L. amylovorus
LGM B4 K pH 5.5-6.5, 55MRMIE ., SRR
Bi(pH 3.5-4.5)TEAR CRE BE 4ol 25 1 43 15 7R 1)
HEK.

SENp B RESE 24 h )5, E. faecium LGM Fll
E. cecorum LGM FRFLUIRIRZ , 739314 49.38 mmol/L
F148.03 mmol/L; M. jalaludinii LGM #/1 L. mucosae
LGM M ZFL W&V, 43514 8.67 mmol/L
13.35 mmol/L; S azabuensisLGM Al L. amylovorus
LGM FREFLR SRS, 7350004 37.55 mmol/L il
33.81 mmol/L; #H#F E. faecium LGM #1 E.
cecorumLGM, S azabuensis LGM = FL1i& o &
AL, L. amylovorus LGM NI #H%: F S azabuensis
LGM 2% B AK( 2B).

2.2 ZHEXT Caco-2 40 i s 5% B F FA4H A (&
FEE FRIEKTFRIF

I T B I b UM A0 i PN e s DR ek
WYEEA MR R 5E A EAHEK, LPS
Qb BT A0 B P 5% S R F GATA-3 il ROR-yt [
PR 8 T HAEF LPS 4, E. cecorum LGM .
L. amylovorus LGM 1 M. jalaludinii LGM 4t # j5
Y T-bet HFEPHRYZRIK B3E T 8(P<0.05); E.
cecorumLGM, L. mucosaeLGM, L.amylovorus
LGM, M. jalaludinii LGM #I1 S azabuensis LGM
40 GATA-3 mRNA Kk Fif, Hr E. cecorum
LGM 41 GATA-3 mRNA #ik B & & F 25 FIXT IR
4 (P<0.05) ; L. amylovorus LGM 4 il M.
jalaludinii LGM £ T-bet mRNA #3522 i
(P<0.05), 5XFHELH FiK/KFE—E; E cecorum
LGM ZH 1 M. jalaludinii LGM 4} Foxp3 mRNA
FiRKF B E F(P<0.05); L. amylovorus LGM
20 Foxp3 mRNA £k # & T2 AXT A
LPS 4 (K 3A, P<0.05),
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FHE T XTRELL, LPS AbH2h i 2 R4 A
F IL-4., IL-17 i) mRNA #ik, TF# TGF-B ¥
mRNA k(& 3B, P<0.05). 5 LPS A,
L. amylovorus LGM. S azabuensis LGM # M.
jalaludinii LGM 412.%# T4 IL-4 mRNA 7K}
(P<0.05); E.cecorumLGM. L. mucosae LGM .

cecorum LGM, L. mucosae LGM. S azabuensis
LGM #1 M. jalaludinii LGM ¥4 5 & F 414
TGF-B mRNA /KF-(¥] 3B, P<0.05).

A KRR Caco-2 fiEiEY:, LPS A4b
RS Caco-2 4HMfL&EPE 22 T 8 ; 5 LPS 4lAfi L,
E. cecorum LGM , S azabuensis LGM . L. mucosae

LGM, L. amylovorus LGM FiI M. jalaludinii LGM
251825 T JH Caco-2 LG 1, Hh E. cecorum
LGM #1 S azabuensis LGM ZH Zfi i i 1 i Z K T
HAB TR FRLL (& 3C, P<0.05).

L. amylovorus LGM., S azabuensis LGM Fl M.
jalaludinii LGM 4 IL-17 mRNA 7Kg & R
(P<0.05), H¥EFMM T EAX A, Hi M.
jalaludinii LGM 41 J##2 i i 2% (P<0.05); E.

99 Lactobacillus gastricus strain Kx156A7 (NR 029084.1)
56/ ' Lactobacillus equigenerosi strain NRIC 0697 (NR 041566.1)
77— Lactobacillus ingluviei strain KR3 (NR 028810.1)
93| Lactobacillus fermentum strain CIP 102980 (NR 104927.1)
100/ 100 Lactobacillus mucosae strain (NR 024994.1)
‘ L. mucosae LGM
Lactobacillus reuteri strain NBRC 15892 (NR 113820.1)
- Lactobacillus crispatus strain DSM 20584 (NR 119274.1)
100 Lactobacillus acidophilus strain NBRC 13951 (NR 113638.1)
89 53ELactobacillus kitasatonis strair? JCM 1039 (NR 024813.1)
gquactobacillus amylovorus strain DSM 20531 (NR 117064.1)
100'L. amylovorus LGM
100 Lactobacillus faecis strain AFL13-2 (NR 114391.1)
100 ’ Lactobacillus apodemi strain ASB1 (NR 042367.1)
94 Lactobacillus murinus strain LMG 14189 (NR 042231.1)
100, Enterococcus cecorum strain A60 (NR 024905.1)

93

1 QEE cecorum LGM
100 Enterococcus columbae strain NBRC 100677 (NR 113926.1)
Enterococcus gallinarum strain LMG 13129 (NR 104559.2)
99\ _Enterococcus avium strain NBRC 100477 (NR 113899.1)
85| . Enterococcus durans strain JCM 8725 (NR 113257.1)
8 Enterococcus hirae strain ATCC 9790 (NR 075022.1)
99J Enterococcus faecium strain DSM 20477 (NR 114742.1)
100! E. faecium LGM
100,—Selenomonas ruminantium strain GA192 (NR 044734.1)
100 Mitsuokella jalaludinii strain M9 (NR 028840.1)
L M. jalaludinii LGM
Longibaculum muris strain MT10-315-CC-1.2-2 (NR 144615.1)
Catenibacterium mitsuokai strain DSM 15897 (NR 027526.1)
Kandleria vitulina strain JCM 1143 (NR 041305.1)
91 Eggerthia catenaformis strain OT 569 (NR 042228.2)
99 | Sharpea azabuensis strain ST18 (NR 041304.1)
L S. azabuensis LGM

100

86

65

—
0.050

E1 SBEENRSSEERNERBURELZEN  WHIRAEFRHERELE 0.050 MZH IR Al 2t ;
O SCRVBE N B RAEL; 55 N iz  BRAE NCBI s %2 NR 2

Figure 1 The maximum similarity phylogenetic tree of isolated and reference bacteria. The scale bar indicates
0.050 inferred nucleotide substitutions per position; The intersection value is the bootstrap value; The number
in brackets is the NR number of the strain in the NCBI database.
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0.0 : : ; v.u! : : ; vyt : : ;
0 10 20 30 0 10 20 30 0 10 20 30 ©-pH 8.5
Time (h) Time (h) Time (h)
0.0 : : ; u.uL : : : ; u.uL : : ;
0 10 20 30 0 10 20 30 40 0 10 20 30
Time (h) Time (h) Time (h)
B 60
=
E
g 40
3
g
220
g
—
0

B 2 A[E pH THIAEKMZEEIES 24 h HEKRINESE

(P<0.05). T[]

RIR/ING 45 2 SAT AL 2 7

Figure 2 Growth curves at different pH and lactic acid accumulation after 24 hours of cultivation. Different
lowercase letters mean significant differences (P<0.05). The same below.

2.3 MEMEFR /RSN

E. cecorum LGM, L. amylovorus LGM F1 M.
jalaludinii LGM B R 7E A A0 Ho J 80 HE X S
DRk i fi e, DRI R 3 bR o BT
/N SXTIRAAHE, DSS S/ RAE
5% 67 KRR G Z 5T, Mg, R
2R, M. jalaludini LGM 20/ RUAEE 2% T
DSS #H( 4, P<0.05). DSS &S/ KE R
ENR, RZ LR, DA, AR,
KRR, F28E84 S, PR
/(B SA, P<0.05), 5 DSS i, E. cecorum

e v

LGM #il L. amylovorus LGM & B 20 /)N U
FE2EF AR, E cecorum LGM 4414 bR,
FEE B A A SR AE V%, L. amylovorus
LGM I Jz 451515 0 BH 2. i35, TG b Rz dn i 7%
MW, R R (K 5B). M. jalaludinii LGM
PR A VR 1 2/ U R I B SRR, B A A
JTE T, BN, LR AR, 4
SR LAGAN K I B S, R AN 11 (P<0.05) .
s K E ), 5 DSS 448, L. amylovorus
LGM WRVE B /NS K E B ER N, B
T X RRZ (B 5C, P<0.05),
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Figure 3 The effects of different bacterial culture supernatants on the expression of transcription factors,
cytokine genes, and cell viability of Caco-2 cells.

19.5 - -» Control -+ DSS+E. cecorum . BRI . DSS 41/ B4 5 A 7
CRE 1 DSS v DSS+L. amylovorus
s [ DEBEM.Talabgnd ; (T-bet, GATA-3, ROR-yt Fil Foxp3) mRNA ik
§ 185} . , o
2 i B3 FIE 6A, P<0.05); 4R F IL-4 . 1L-17 .
=I] Mo
ERt! TGF-B mRNA £ik % i, IL-10 mRNA £k
§ 17.0 | BETHE 6B, P<0.05).

16.5 - s x . 5 DSS A, E. cecorum LGM i i

3 4 6
’ Time (d) 5% A7 T-bet Fll Foxp3 mRNA ik, [FIH} T E

4B R F- IFN-y F1 IL-10 mRNA Fik, TR

SRR TR PR hs, *, apig O T GATASS MIATEIN T IL-4. IL-17 fi
S A S S R P<0.05, TGF-p mRNA #ik(P<0.05), L. amylovorus LGM
Figure 4 The effect of different bacterial #5252 [ GATA-3. IFN-y fll Foxp3 mRNA
suspensions on the body weight of DSS colitis model £1K(P<0.05), {HAFEZERIE, M. jalaludinii

mice. Data are shown as meantstandard error of y R I
mean. *: Significant differences exist between the LGM 41 IFN-y mRNA ik B, IL-10

control group and other groups (P<0.05). mRNA £k B % N, IFN-y, IL-4, TGF-pB

4 AEEZRXT DSS i KARENRIKER
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Figure 5 Effects of different bacterial suspensions on the clinical phenotype of DSS-induced colitis in mice.
A: representative paraffin sections of colonic tissues stained with HE (200%). B: The body weight alteration at
the end of the orally administrated experiment. C: Colon length in each group.

FIIL-17 mRNA Rk O34 35 5 T 25 O R
20, IL-10 mRNA £ ik I 2 Ik T X R4
(P<0.05). %% 5% A7 F 240 B R 7 %) 2 AR AR Ak s
g5k 3,

3 WwE54£&#

AT INIELGE NGB 6 BRANT , fHiH]
LPS i S AR AERLELF DSS 153/ NRZ R
HEE TR PPA 8 435 W 4 25 TR RT3 2 S DR 4 i
PRl - PR R 1R 52

Lactobacillus mucosae #1 Lactobacillus
amylovorus ¥ J& TFLERE , H Lactobacillus
mucosae HA i A RCR , AT DAJE AT IR PR AL 5
g T 53 0 ZEARIRSE S B AR AT I TR R
', L. mucosae LGM. L. amylovorus LGM fEf%
HRBGESS M RAE . 7€ LPS 3 RAEM Caco-2
ZifEH, L. amylovorus LGM K g ACBRR]

7 T-bet Il IL-17 mRNA #£3K, 285 L. amylovorus
LGM HJREMIHI Th1/2 A% . T-bet,
GATA-3 Fil ROR-yt 43 %/lJ& Th1, Th2 1 Th17 4H
ML FR &N T, T-bet 1 GATA-3 FILIFE T
MG N Ik, T-bet B9 EIREHLA T 40
LI 7 S A BT AR, Foxp3 AT HE T 4
¥ Faecalibacterium prausnitzii /5, 1% DP8o”
PEHE T AR S R, RIETRIERD.
1E DSS i S48 I RId L. amylovorus LGM
3 Foxp3 1 IFN-y mRNA %k, XAlfe5#
Bzl CD28 i AL PTAXT 25 1 4 () DR AP A 13
s Ag B9 s, L. amylovorus LGM | i
GATA-3 mRNA 23k .ROR-yt fil GATA-3 1] LA
5 RAE, Foxp3" ROR-yt™ T 44 19815 % 1Y
GPE TN, TESE I AR A rh R I i 2 b 4% g
J1B3, ks Ay 2B L. amylovorus LGM X i
P Al e HA TR PE .
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Figure 6 The effect of gavage with different bacterial suspensions on the mRNA expression levels of
transcription factors (A) and cytokines (B) in colon tissue of DSS induced colitis mouse model.
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Table 3 Summary of variation of mRNA expression of transcription factors and cytokine genes

Index Enterococcus cecorum Lactobacillus amylovorus Mitsuokella jalaludinii
LPS+cells DSS+mice LPS+cells DSS+mice LPS+cells DSS+mice

T-bet l 1 l > ! P
GATA-3 1 ! 1 1 1 -
ROR-yt — o > > — -
Foxp3 ! 1 o 1 1 o
IL-4 o ! ) o ! o
IL-17 1 l l N ! N
TGF-B ! ! o o ! o
Body weight gain NA — NA “ NA l
Colon length NA > NA i NA >

AETT IR | NI 5

13R Fil; o3RS LPS AP A4 R DSS 755 1945 I 48/N BUAH FEEAE M s NA Fon o8

Direction of change: | means decreased; 1 means increased; <> means unchanged, compared with LPS-treated cells or

DSS-induced colitis mice. NA: Not available.

ARG NIE LS oyl 2 kD WL T bR
Sharpea azabuensis fil Mitsuokella jalaludinii, Fif
- Morita 48 IR H o3 B IR TR XVIT R
(1) Sharpea®, AHIFST B IR MG 45 i N 2590 b 4
B S azabuensis, HF W LGP FIH Caco-2
S AR A A F(IL-4 F1 IL-17)f 363k, 8
NHERER NP ENH TG, S
azabuensis /&2 5 ¥R B FLIR )" AE A FH ) 2L 20
W, ATRES S54RI TR A 2R, Wik
S azabuensis 1 A RETESE 45 W A B ol F vh 2 #5 E
SAEM . eAh, AW EL M. jalaludinii LGM
IR INREE I R AR, B0 RIAE
f i i U, B M. jalaludinii LGM H.
HIERVEA . Levine S5k MU IAE TR M.
jalaludinii w] Ll RAOTFEVP TR ARG, &
R AT AR 7 35 SR 09 SR 1 S i S g v 2 #5
e, HEEXETHREASRE, M. jalaludinii
LGM J& & A] LAVE h 45 26 T il id A Rk — 25
Ik

AR T B S DXL R0 A4 B DXL 0 B R
PE, AWFR LI, S aszbuensis LGM 1] LLiFES:
ROR-yt £k, 1 L. amylovorus LGM Hl M.

jalaludinii LGM "] L5 LPS i &5 41U T-bet
ik, PORAFREMRAE T s fbad fe b i gs
SPEYEAY . 25 M, Lactococcus lactis | iEHAE
ke H £ 738 FP Foxp3 . IL-10 25 A7 mRNA ik,
Lactobacillus plantarum I & 2% 42 3 4 58 K A
(T-bet. IL-1B 1 IFN-y)#l CD18 mRNA 35",
X Bk SR B AR TR G S 1 1 Y TR R AR Sk

A G e PR 45 W LR T TR A T4 A1 AR E BR
B A P Ak PR 1 AATE 25 5 L. amylovorus
LGM F1 M. jalaludinii LGM 7EAN ] LT {2 4
YRR FRyRik, M7E DSS 5 S:45 M R /N BUAE
N, L. amylovorus LGM 1f LIZEfR&s %, 45
HL N GATA-3 F1 Foxp3 ) mRNA | i#3B#%
L. amylovorus LGM ] figili & 1 1# Foxp3 #
GATA-3 MR IF R ARG TE IR

BT LI ARPY RSP SRAE R R T
W 18 43 15 TR AAE [R5 240 L ERL - 7 A () )
WAEA . HrAr, L amylovorusLGM. L. mucosae
LGM 1] LIZZfR 451748, M. jalaludinii LGM il
S, s A R . XSS O I 1
4 TR Xo] B 57 R~ R A4t IR Rk ) 911 L 4
it &%,

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



R F | BERESBRAMEBR/ D REEMREE T RE T RIZIAT

2611

REFERENCES

[1]

(2]

XUE C, LI GL, GU XY, SU YS, ZHENG QX, YUAN X,
BAO ZY, LU J, LI LJ. Health and disease: Akkermansia
muciniphila, the shining star of the gut flora[J]. Research,
2023, 6: 0107.

QUINTANA-HAYASHI MP, NAVABI N, MAHU M,
VENKATAKRISHNAN V, FERNANDEZ HR,
HAESEBROUCK F, PASMANS F, LINDEN SK.
Neutrophil elastase and interleukin 17 expressed in the
pig colon during Brachyspira hyodysenteriae infection
synergistically with the pathogen induce increased

mucus  transport speed and  production  via

mitogen-activated protein kinase 3[J]. Infection and
Immunity, 2017, 85(8): €00262-¢00217.

CANDELLI M, FRANZA L, PIGNATARO G, OJETTI
V, COVINO M, PICCIONI A, GASBARRINI A,
FRANCESCHI F.

lipopolysaccharide and gut microbiota in inflammatory

Interaction between
bowel discases[J]. International Journal of Molecular
Sciences, 2021, 22(12): 6242.

HEQNM,BIJ,DUN, LIU S, YANG K, LI H, YAO J,
DU Y, DUAN Y. Protective effect of Bacteroides
fragilis on TNF-a- induced inflammatory changes in
human colon epithelial cells and in inflammatory bowel
disease mouse model [J]. Science Report, 2023, 13(1):
15842.

SATO N, GARCIA-CASTILLO V, YUZAWA M,
ISLAM MA, ALBARRACIN L, TOMOKIYO M,
IKEDA-OHTSUBO W, GARCIA-CANCINO A,
TAKAHASHI H, VILLENA J, KITAZAWA H.
Immunobiotic Lactobacillus jensenii TL2937 alleviates
dextran sodium sulfate-induced colitis by differentially
modulating the transcriptomic response of intestinal
epithelial cells[J]. Frontiers in Immunology, 2020, 11:
2174.

BN, HHFE, Ka. —#HEMHIE Lactobacillus
animalis LGM X455 % /)i Th 4 70 b 5% s 9 73k
FFRIRM W], BAdY2EH, 2019, 59(9): 1765-1777.
CHENG YZ, MU CL, ZHU WY. Effects of
Lactobacillus animalis LGM on transcription factors
gene expressions in DSS-induced colitis mice[J]. Acta
Microbiologica Sinica, 2019, 59(9): 1765-1777 (in
Chinese).

BAHRIA-SEDIKI IB, YOUSFI N, PAUL C, CHEBIL M,
CHERIF M, ZERMANI R, EL GAAIED AB,
BETTAIEB A. Clinical significance of T-bet, GATA-3,

(8]

[9]

and Bcl-6 transcription factor expression in bladder
carcinoma[J]. Journal of Translational Medicine, 2016,
14(1): 144.

COLAMATTEO A, CARBONE F, BRUZZANITI S,
GALGANI M, FUSCO C, MANISCALCO GT, Di
RELLA F, de CANDIA P, de ROSA V. Molecular
mechanisms controlling Foxp3 expression in health and
autoimmunity: from epigenetic to post-translational
regulation[J]. Frontiers in Immunology, 2020, 10: 3136.
EBERL G. RORyt, a multitask nuclear receptor at
mucosal surfaces[J]. Mucosal Immunology, 2017, 10(1):
27-34.

[10] KREUZER S, RIEGER J, STRUCKEN EM, THABEN

N, HUNIGEN H, NOCKLER K, JANCZYK P, PLENDL
J, BROCKMANN GA. Characterization of CD4+
subpopulations and CD25" cells in ileal lymphatic tissue
with  Salmonella
Typhimurium with or without Enterococus faecium
feeding[J]. Veterinary
Immunopathology, 2014, 158(3/4): 143-155.

of weaned piglets infected

Immunology and

[11] SALEHIPOUR Z, HAGHMORAD D, SANKIAN M,

RASTIN M, NOSRATABADI R, SOLTAN DALLAL
MM, TABASI N, KHAZAEE M, NASIRAIl LR,
MAHMOUDI M. Bifidobacterium animalis in
combination with human origin of Lactobacillus
plantarum ameliorate neuroinflammation in
experimental model of multiple sclerosis by altering
CD4" T cell subset balance[J].

Pharmacotherapy, 2017, 95: 1535-1548.

Biomedicine &

[12] #h25, Pk, RIgK, T8, Mk, BkiRar, Wil

FEURFLIR B AT 1 ISP i A SSCRPPAN Kok /N Bl g i
BREASSZ R[], P& B, 2016, 52(19): 66-70.
SUN H, LU ZC, WU YF, WANG X, LIU Y, YAO XH,
TANG JW. Isolation and probiotic assessment of lactic
acid bacteria strains from piglets and it’s in vivo effects
on intestinal microbial population of mice[J]. Chinese
Journal of Animal Science, 2016, 52(19): 66-70 (in
Chinese).

[13] MIYAZAKI K, MARTIN JC, MARINSEK-LOGAR R,

FLINT HJ. Degradation and utilization of xylans by the
rumen anaerobe Prevotella bryantii (formerly P.
ruminicola subsp. brevis) B(1)4[J]. Anaerobe, 1997, 3(6):
373-381.

[14] XIONG H, ZHANG ZG, TIAN XQ, SUN DF, LIANG

QC, ZHANG YJ, LU R, CHEN YX, FANG JY.
Inhibition of JAKI1, 2/STAT3

apoptosis, cell cycle arrest, and reduces tumor cell

signaling induces

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



2612 WA

2

FiE Rk

Microbiol. China

invasion in colorectal cancer cells[J]. Neoplasia, 2008,
10(3): 287-297.

[15] WIRTZ S, POPP V, KINDERMANN M, GERLACH K,
WEIGMANN B, FICHTNER-FEIGL S, NEURATH MF.
Chemically induced mouse models of acute and chronic
intestinal inflammation[J]. Nature Protocols, 2017, 12:
1295-1309.

[16] WANG LL, TANG PH, SHI CG, WAN YH, TANG W,
HOU XX, PAN NL, SHI YB, TAO QL. Expression of
CD39 mRNA is altered in the peripheral blood of
patients with allergic asthma[J]. Biomedical Reports,
2014, 2(1): 75-78.

[17]LIU YY, XIA TT, JIN CH, GU DM, YU J, SHI WQ,
ZHANG KE, ZHANG LP, YE JX, LI L. FOXP3 and
CEACAMG6 expression and T cell infiltration in the
occurrence and development of colon cancer[J].
Oncology Letters, 2016, 11(6): 3693-3701.

[I8]NILSEN EM, LUNDIN KE, KRAJCI P, SCOTT H,
SOLLID LM, BRANDTZAEG P. Gluten specific,
HLA-DQ restricted T cells from coeliac mucosa produce
cytokines with Thl or ThO profile dominated by
interferon gamma[J]. Gut, 1995, 37(6): 766-776.

[19] MARDEGAN GP, SHIBLI JA, ROTH LA, FAVERI M,
GIRO G, BASTOS MF. Transforming growth factor-f,
interleukin-17, and IL-23 gene expression profiles
associated with human peri-implantitis[J]. Clinical Oral
Implants Research, 2017, 28(7): e10-¢15.

[20] SHIBATA SI, MARUSHIMA H, ASAKURA T,
MATSUURA T, EDA H, AOKI K, MATSUDAIRA H,
UEDA K, OHKAWA K. Three-dimensional culture
using a radial flow bioreactor induces matrix
metalloprotease 7-mediated EMT-like process in tumor
cells via TGFbetal/Smad pathway[J]. International
Journal of Oncology, 2009, 34(5): 1433-1448.

[21] GLARE EM, DIVJAK M, BAILEY MJ, WALTERS EH.
Beta-Actin and GAPDH housekeeping gene expression
in asthmatic airways is variable and not suitable for
normalising mRNA levels[J]. Thorax, 2002, 57(9):
765-770.

[22] LIU NS, OHNISHI N, NI L, AKIRA S, BACON KB.
CpG directly induces T-bet expression and inhibits IgG1
and IgE switching in B cells[J]. Nature Immunology,
2003, 4: 687-693.

[23] ZHANG CL, GUI L, XU YJ, WU T, LIU D. Preventive
effects of andrographolide on the development of
diabetes in autoimmune diabetic NOD mice by inducing

immune tolerance[J]. International Immunopharmacology,

2013, 16(4): 451-456.

[24] ZHU M, XU Q, LI XL, HE Q, WANG WF. Modulating
effects of leflunomide on the balance of Th17/Treg cells

arthritis ~ DBA/1
Central-European Journal of Immunology, 2014, 39(2):
152-158.

[25] ZHONG YC, WANG X, JT QW, MAO XB, TANG HX,
YI GW, MENG K, YANG XF, ZENG QT. CD4'LAP+
and CD4"CD25'Foxp3+ regulatory T cells induced by
nasal oxidized low-density lipoprotein suppress effector

in  collageninduced mice[J].

T cells response and attenuate atherosclerosis in
ApoE—/— mice[J]. Journal of Clinical Immunology, 2012,
32(5): 1104-1117.

[26] BAY-RICHTER C, JANELIDZE S, SAURO A,
BUCALA R, LIPTON J, DEIERBORG T, BRUNDIN L.
Behavioural and neurobiological consequences of
macrophage migration inhibitory factor gene deletion in
mice[J]. Journal of Neuroinflammation, 2015, 12: 163.

[27] JIN WY, HUANG W, CHEN LQ, JIN MJ, WANG QM,
GAO ZG, JIN ZH. Topical application of JAK1/JAK2

exhibits

anti-inflammatory responses in DNCB-induced atopic

inhibitor momelotinib significant
dermatitis model mice[J]. International Journal of
Molecular Sciences, 2018, 19(12): 3973.

[28] ZHAO SH, YANG YY, LIU W, XUAN ZQ, WU SM,
YU SF, MEI K, HUANG YJ, ZHANG P, CAI JM, NI J,
ZHAO YX. Protective effect of hydrogen-rich saline
against dysfunction[J].
Journal of Cellular and Molecular Medicine, 2014, 18(5):
938-946.

[29] LI HD, ZHANG ZR, ZHANG QX, QIN ZC, HE DM,
CHEN JS. Treatment with exogenous hydrogen sulfide

radiation-induced immune

attenuates hyperoxia-induced acute lung injury in
mice[J]. European Journal of Applied Physiology, 2013,
113(6): 1555-1563.

[30] ZHAO JY, ZHUANG FF, WANG HY, WU D, ZHANG
JS. Msx2 plays a critical role in lens epithelium cell
cycle control[J]. International Journal of Ophthalmology,
2013, 6(3): 276-279.

[311RYAN PM, STOLTE EH, LONDON LEE, WELLS 1M,
LONG SL, JOYCE SA, GAHAN CGM, FITZGERALD
GF, ROSS RP, CAPLICE NM, STANTON C.
Lactobacillus mucosae DPC 6426 as a bile-modifying
and immunomodulatory microbe[J]. BMC Microbiology,
2019, 19(1): 33.

[32] CLAY SL, BRAVO-BLAS A, WALL DM, MacLEOD
MKL, MILLING SWF. Regulatory T cells control the

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



R F | BERESBRAMEBR/ D REEMREE T RE T RIZIAT 2613

dynamic and site-specific polarization of total CD4 T

cells following Salmonella infection[J]. Mucosal
Immunology, 2020, 13: 946-957.

[33] TOUCH S, GODEFROY E, ROLHION N, DANNE C,
OEUVRAY C, STRAUBE M, GALBERT C, BROT L,
ALONSO SALGUEIRO I, CHADI S, LEDENT T,
CHATEL JM, LANGELLA P, JOTEREAU F, ALTARE
F, SOKOL H. Human CD4'CD8a+ Tregs induced by
Faecalibacterium prausnitzii protect against intestinal
inflammation[J]. JCI Insight, 2022, 7(12): e154722.

[34] CHEN 1J, XIE L, TOYAMA S, HUNIG T, TAKAHARA
S, LI XK, ZHONG L. The effects of Foxp3-expressing
regulatory T cells expanded with CD28 superagonist
antibody in DSS-induced mice colitis[J]. International
Immunopharmacology, 2011, 11(5): 610-617.

[35] YANG BH, HAGEMANN S, MAMARELI P, LAUER
U, HOFFMANN U, BECKSTETTE M, FOHSE L,
PRINZ I, PEZOLDT J, SUERBAUM S, SPARWASSER
T, HAMANN A, FLOESS S, HUEHN J, LOCHNER M.
Foxp3(+) T cells expressing RORyt represent a stable
regulatory T-cell effector lineage with enhanced
suppressive capacity during intestinal inflammation[J].
Mucosal Immunology, 2016, 9(2): 444-457.

[36] MORITA H, SHIRATORI C, MURAKAMI M,

TAKAMI H, TOH H, KATO Y, NAKAJIMA F,

TAKAGI M, AKITA H, MASAOKA T, HATTORI M.

Sharpea azabuensis gen. nov., sp. nov., a Gram-positive,

strictly anaerobic bacterium isolated from the faeces of

thoroughbred horses[J]. International Journal of
Systematic and Evolutionary Microbiology, 2008,
58(Pt 12): 2682-2686.

[37] KAMKE J, KITTELMANN S, SONI P, LI Y,
TAVENDALE M, GANESH S, JANSSEN PH, SHI WB,
FROULA J, RUBIN EM, ATTWOOD GT. Rumen
metagenome and metatranscriptome analyses of low
methane yield sheep reveals a Sharpea-enriched
microbiome characterised by lactic acid formation and
utilisation[J]. Microbiome, 2016, 4(1): 56.

[38] LEVINE UY, BEARSON SMD, STANTON TB.
Mitsuokella jalaludinii inhibits growth of Salmonella
enterica Typhimurium[J].
Microbiology, 2012, 159(1/2): 115-122.

[39] BECK BR, SONG JH, PARK BS, KIM D, KWAK JH,
DO HK, KIM AR, KIM WIJ, SONG SK. Distinct
immune tones are established by Lactococcus lactis
BFE920 and Lactobacillus plantarum FGL0001 in the
gut of olive flounder (Paralichthys olivaceus)[J]. Fish &
Shellfish Immunology, 2016, 55: 434-443.

serovar Veterinary

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



