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[ Abstract] Objective To investigate the effects of using Bifidobacterium bifidum TMC3115 in early life on
intestinal microbiota and immune functions and the long-term impact on inflammatory bowel disease.
Methods Fourteen pregnant BALB/c mice were purchased and 84 newborn BALB/c mice were subsequently obtained.
Then, the newborn mice were randomly assigned to a normal saline (NS) group and a TMC3115 group, given via oral
gavage normal saline and TMC3115, respectively, at a daily volume of 0.2 mL for each mouse. About 42 mice were
assigned to each group. The gavage was stopped after 3 weeks. At this point, half of the mice in each group were sacrificed,
and then the remaining mice in each group were randomly divided into NS-water group, NS-DSS group, TMC3115-water
group, and TMC3115-DSS group, with about 10 mice in each group. The mice were given regular feed until the end of
week 6 when they were given 3% dextran sulphate sodium (DSS) ad libitum for 4 days to establish the enteritis model,
while the non-modeling groups were given pure water ad libitum. The experiment ended after 6 weeks and 4 days. The
weekly body mass changes of the mice were documented. The intestinal tissue at the end of the experiment and the fecal
samples, spleen and serum of the mice at 3 weeks and at the end of the experiment were collected to determine the
pathology scores of colonic inflammation, the composition of fecal gut microbiota, spleen organ index and the mass
concentration of serum cytokines. Results 1) At the end of the experiment, the inflammatory pathology score was
significantly lower in the TMC3115-DSS group compared with that of the Saline-DSS group (P<0.05), with less disruption
of colonic crypt structures and other structures, less inflammatory infiltration, and more intact epithelial structures. 2) At
3 weeks, in comparison with those of the NS group, the relative abundance of Bifidobacterium was significantly higher in
the feces of the TMC3115 (P<0.05), the relative abundance of both Enterococcus and Staphylococcus was lower (P<0.05),
the splenic organ index was significantly higher (P<0.05), and interleukin (IL)-10 was significantly decreased (P<0.05),
while there was no significant change in IL-6 or TNF-a (P>0.05). At the end of the experiment, in comparison with those
of the NS-DSS group that undergone DSS induction, the TMC3115-DSS group had reduced relative abundance of
Staphylococcus, Staphylococcus tumefaciens and Escherichia/Shigella in the feces (P<0.05), while the splenic organ index
was significantly higher (P<0.05), and there were no significant changes in IL-6 or TNF-a (P>0.05). Conclusion The use
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of TMC3115 in early life promotes the construction of gut microbiota in neonatal mice, thereby producing a long-term

effect that alleviates colitis in mice, but the mechanisms involved are still not fully understood.
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Fig 1 Experimental intervention group assignment of the mice
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Fig 2 HE staining images and the inflammatory pathology scores of the colon tissues of the mice in the different groups at the end of the experiment
A: In the NS-water group, the colonic mucosa had normal morphology and regular structure; B: In the NS-DSS group, the crypt structure was significantly damaged,
the glands was atrophied, and the epithelial morphology was abnormal and showed inflammatory infiltration; C: In the TMC3115-water group, the crypts were structurally
intact, the glands developed normally, and the structure was regular; D: In the TMC3115-DSS group, different degrees of inflammatory reactions were seen, but crypt
destruction and inflammatory infiltration were less severe than those in the normal saline group; E: Inflammatory pathology score at the end of the experiment (n=6). The

arrows showed the typical pathological changes after the intervention. ** P<0.01, *** P<0.001.

®1 EAMNMNRBERS VK EMREKEHNHEOENEE (XL 5)
Table 1 Relative abundance of gut microbiota at phylum and genus levels at 3 weeks (X £ §)

Phylum/Genus NS group (n=5) TMC3115 group (n=5)

Phylum Firmicutes/% 50.50+2.62 49.02+7.68
Actinobacterial% 2.610.45 11.76+3.34"
Proteobacterial% 3.44+0.84 1.12+0.09
Bacteroidetes/% 42.93+2.53 37.25+6.11
(Bacteroidetes/ Firmicutes)/% 0.87+0.09 0.93+0.27

Genus Lactobacillus/% 29.19+2.14 40.97+9.25
Bifidobacterium/% 1.79+3.34 17.45+5.99""
Staphylococcus/% 3.64+0.68 2.32+0.28"
Enterococcus/% 9.95+3.62 4.12+0.54"
Ruminococcus/% 0.36+0.07 0.25+0.05
(Escherichia/Shigella)/% 2.25+1.45 0.20+0.08

* P<0.05, *** P<0.001, vs. NS group.

x2 RRERFDDNRFEEREVKENREXENYFHFEHEANEE (X+5)

Table 2 Relative abundance of gut microbiota at phylum and genus levels at the end of the experiment (X % §)

Phylum/Genus NS-water group (n=5) NS-DSS group (n=5) TMC3115-water group (n=5) TMC3115-DSS group (n=5)

Phylum Firmicutes/% 29.46%1.62 35.91+£3.55 47.77+3.56 47.44+4.99
Actinobacterial% 1.31+£0.39 0.93+0.24 0.52+0.08 0.33+£0.05
Proteobacteria/% 6.75+2.41 18.14+8.61 4.31+1.09 4.31£0.42"
Bacteroidetes/% 61.12+4.43 44.15+6.51 45.63+2.61 47.52+5.19
(Bacteroidetes/ Firmicutes)/% 2.13+0.26 1.24+0.14 0.99+0.13 1.10+0.24

Genus Lactobacillus/% 7.11+1.11 6.81+2.25 34.92+48.89 35.69+5.04"
Bifidobacterium/% 0.02+0.01 0.03+£0.01 0.002+0.002 0.24+0.11
Staphylococcus/% 2.09+0.58 1.49+0.19 0.29+0.09 0.04+0.01"
Enterococcus/% 0.01+£0.003 0.02+0.02 0.004+0.002 0.06+0.03
Ruminococcus/% 0.65+0.09 0.44:0.07 0.09+0.03 0.003+0.001"
(ESCheriChiu/Shigellu)/% 0.72+0.68 13.50+8.43 0.35%£0.33 0.83+0.25"

# P<0.05, ## P<0.01, ### P<0.001, vs. NS-DSS group.
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Fig 3 Alpha diversity of gut microbiota at 3 weeks (A) and at the end of

Shannon

the experiment (B)
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Fig 6 Serum cytokine levels at 3 weeks (A) and at the end of the experiment (B)
** P<0.01, n=6.

— 24 R AT A B 3 PR AF EL, IBD AR v B FLAF B
Ja& « OBUBCFT R S5 4 1A 2 i T R, I ER TR L A Bk
JREAR FEW TS, WREERLE S T RIER LA
Jig29 . GEREMIASE MRS 4 B, SUBCH AT LA 3ot 7
A PR IE AR Cn R 25 0 . TR ) IR T
SSRGS TEABHTE D, SCHE3)R] I, TMC31152
55 LKA LY, A 2 1A CAnSUBFF R e . LA 1 ) AH
XFE BT, A EE B (A R e i AR A Bk B R ) AR
JEREAK . 151k Hil— Bt a], DSSIF T LA 45 R 5 (52
A5, S5NS-DSSZLAH L, TMC3115-DSSAABA A 1
o B B 25 TR CA LT DA ) R AR = B2 A 3 1 (A
HWAIRAEIE ) o BRICZA, 453 98 Az ik, B8
TMC311519/)N BREA BAR A B 19 R R L S e [G
FEERJE R CRR R . WFoT & 3N, 5 1 BR B RN B (28
P [T T 8 S IBD A IE JOAE A A B VIR O il
VR 22 MR PR B BHE Sl s, 7 S 0 55 3 ] R S 3 2 R
TMC3115 1 Fil 2H /)N 5 38 78 7 79 Shannon 5 BRI
Simpsonfg B ML FHE T Hidl /N o Shannon?s £ Al
Simpsonfg AU R HHE 2 HEAE P IS AR IR, 4R
TMC3115 A GEARXT I A= /I BRI /0 B 8 AR
PR (CHTSUEAT TR ) , 18 PR A4 &) BE R R, X 5 i T TR
2H B ES SAR L. 25 1, R TMC3 11588 — & 72
JE F A BT AE /I BRI T TR A AL, (AT 2 TR

Fhis, A H RN T AEHTMC3115)5, R
B RGP R LSt Rra g 2 . e R Rk E
B, W 1B R SR A5 A i A X B 2, A 3 TR A G
b, HAREA G RFAL A IRAS . Rk, £ i B 400 2
FER AR 1 25 A B T 38U A0S AT BAT — 2 1 i
HRAVEH .

FEIBDIY At FE o, 1 W1 B AL TS R A e
PEUIRERRAT S5 T RS R RO, A0 4 S e A DG A L R
B 43I o WIOJR S S0E 2B I A R DI R PT R E T
B FIRIT S5 I R B TR Z — o SR A K S e
L BEE SRR 0T LU AR S T R S A AR A
259 5% U I 25 18 55 me v ] LI S F 9 sh ) S e 24
B2 N E B 7 =T i ¢ N 1 e SN M ) B M e
SR, i FH I TMC3 115091 T2 /)N B i) ILAEE FUEE 95 55005
FAETTRL . EAE L A0 P /K S5 T, S50 55 3 ] A
FHLHRR T IL-10 &SP, TNE-afIIL-63 0 B84k #F
GEC IR, RUBCHF e 114 G2 18 1 2 R85 B 28 T 240
1(Thelperl cell, Th1) [ 5 f vy, 30 il 4 B 59T 4 il
2(Thelper2 cell, Th2) F 5 S0, FEMTRERIL-107KF-, 3X
AR 45 R AR . Th2 /2 1gEN T SU I Y56
R 280, T el A 49 T Ao B Th 1/ Th2 (8 P 2% ik aod
PEFRREIR 1, Y S2IZE I, NS-water 5 NS-DSSH £ 7]
FINS-DSS5TMC3115-DSSHZH [] Y TNF-a, IL-10, IL-



840 PUNT S22 (B2 )

5 53%

6T EAE ., DL SRR, A R FHTMC3115
A 8 23 S M HLAA T 0 SR ) S 2 68 77, (EL I 20 B 1R
T AR AL, T LA S a6 T4 S LR Uk B AT
BRI B R B A%, 00 25 26 TR AT BE AR 235 AL
A s B S R XU o 55— THT, DSSIFE 45 1 2 i IfiL
TE A T B ARk, HEIU R S5 1 48 S AE AR BR T/
BREE RN, K514 B K2R, W] 7 5 250
56 v I 5 i AL SURE OGN L PR T I mRN A R ik 1, #R5Y
AE KA/ INERZE I N e TR KT AR Ak

25 b, A R TMC3 1 1568 E— e TR B 2%
it FH DA I 391 45 1 6 A SE SR, X P RE S TMC3115
WU U 3 R A RS E A G . EARIRR D,
FRATTX R PR B G2 Ty R AR Ak RS B 9 E 22 ] 140G 2R
HEFTRI2E 50T, AR LA AN B, T 2t — R .

FlEWZE I fEE R U AER 55 e

2 % X o

[1] FANL, QIY, QUS, et al. B.adolescentis ameliorates chronic colitis by
regulating Treg/Th2 response and gut microbiota remodeling. Gut
Microbes, 2021, 13(1): 1-17.

[2] NG S C. Epidemiology of inflammatory bowel disease: Focus on Asia.
Best Pract Res Clin Gastroenterol, 2014, 28(3): 363-372.

[3] YANGH, LIY, WUW, et al. The incidence of inflammatory bowel
disease in Northern China: A prospective population-based study. PLoS
One, 2014, 9(7): €101296[2021-11-05]. https://doi.org/10.1371/journal.
pone.0101296.

[4] BENCHIMOLEI, FORTINSKY K J, GOZDYRA P, et al. Epidemiology
of pediatric inflammatory bowel disease: A systematic review of
international trends. Inflamm Bowel Dis, 2011, 17(1): 423-439.

[5] ROSEN M J, DHAWAN A, SAEED S A. Inflammatory bowel disease in
children and adolescents. JAMA Pediatr, 2015, 169(11): 1053-1060.

[6] KELSENJ, BALDASSANO R N. Inflammatory bowel disease: The
difference between children and adults. Inflamm Bowel Dis, 2008,
14(Suppl 2): S9-S11.

[7] SHEN X, WANG M, ZHANG X, et al. Dynamic construction of gut
microbiota may influence allergic diseases of infants in Southwest China.
BMC Microbiol, 2019, 19(1): 123.

[8] NGSC, TANGW, LEONG R W, et al. Environmental risk factors in
inflammatory bowel disease: A population-based case-control study in
Asia-Pacific. Gut, 2015, 64(7): 1063-1071.

[9] TIMMS, SVANES C, JANSON C, et al. Place of upbringing in early
childhood as related to inflammatory bowel diseases in adulthood: A
population-based cohort study in Northern Europe. Eur ] Epidemiol,
2014, 29(6): 429-437.

[10] KAYAMA H, OKUMURA R, TAKEDA K. Interaction between the

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

microbiota, epithelia, and immune cells in the intestine. Annu Rev
Immunol, 2020, 38: 23-48.

FIOCCHI C. Genes and 'in-vironment": How will our concepts on the
pathophysiology of inflammatory bowel disease develop in the future? Dig
Dis, 2012, 30(Suppl 3): 2-11.

FRANKE A, MCGOVERN D P, BARRETT J C, et al. Genome-wide
meta-analysis increases to 71 the number of confirmed Crohn's disease
susceptibility loci. Nat Genet, 2010, 42(12): 1118-1125.

CHENG R, GUOJ, PUF, et al. Loading ceftriaxone, vancomycin, and
Bifidobacteria bifidum TMC3115 to neonatal mice could differently and
consequently affect intestinal microbiota and immunity in adulthood. Sci
Rep, 2019, 9(1): 3254.

KHAN I, ULLAH N, ZHA L, et al. Alteration of gut microbiota in
inflammatory Bowel disease (IBD): Cause or consequence? IBD
Treatment Targeting the Gut Microbiome. Pathogens, 2019, 8(3): 126.
HEUVELIN E, LEBRETON C, GRANGETTE C, et al. Mechanisms
involved in alleviation of intestinal inflammation by bifidobacterium
breve soluble factors. PLoS One, 2009, 4(4): €5184[2021-11-05]. https://
doi.org/10.1371/journal.pone.0005184.

SEPEHRI S, KOTLOWSKI R, BERNSTEIN C N, et al. Microbial
diversity of inflamed and noninflamed gut biopsy tissues in inflammatory
bowel disease. Inflamm Bowel Dis, 2007, 13(6): 675-683.

LUN, WANG L, CAO H, et al. Activation of the epidermal growth
factor receptor in macrophages regulates cytokine production and
experimental colitis. ] Immunol, 2014, 192(3): 1013-1023.

YODA K, MIYAZAWA K, HOSODA M, et al. Lactobacillus GG-
fermented milk prevents DSS-induced colitis and regulates intestinal
epithelial homeostasis through activation of epidermal growth factor
receptor. Eur ] Nutr, 2014, 53(1): 105-115.

LIR, ZHANGY, POLK D B, et al. Preserving viability of Lactobacillus
rhamnosus GG in vitro and in vivo by a new encapsulation system. J
Control Release, 2016, 230: 79-87.

ARRIETA M C, STIEMSMA LT, AMENYOGBE N, et al. The intestinal
microbiome in early life: Health and disease. Front Immunol, 2014, 5:
427(2021-11-05]. https://doi.org/10.3389/fimmu.2014.00427.
JAGODZINSKI A, ZIELINSKA E, LACZMANSKI L, et al. The early
years of life. Are they influenced by our microbiome? Ginekol Pol, 2019,
90(4): 228-232.

ANANTHAKRISHNAN A N. Epidemiology and risk factors for IBD. Nat
Rev Gastroenterol Hepatol, 2015, 12(4): 205-217.

HIIRR-BIAR RO, S, WWIEHT, AF. SAEVEI I A
SRR A 2R, 2014, 22(7): 1027-1032.

KONG C, YAN X, LIUY, et al. Ketogenic diet alleviates colitis by
reduction of colonic group 3 innate lymphoid cells through altering gut
microbiome. Signal Transduct Target Ther, 2021, 6(1): 154.

CHEN D, CHEN G, CHEN C, et al. Prebiotics effects in vitro of
polysaccharides from tea flowers on gut microbiota of healthy persons
and patients with inflammatory bowel disease. Int J Biol Macromol, 2020,
158: 968-976.

PITTAYANONR, LAUJ T, LEONTIADIS G, et al. Differences in gut


http://dx.doi.org/10.1080/19490976.2020.1826746
http://dx.doi.org/10.1080/19490976.2020.1826746
http://dx.doi.org/10.1016/j.bpg.2014.04.003
https://doi.org/10.1371/journal.pone.0101296
https://doi.org/10.1371/journal.pone.0101296
http://dx.doi.org/10.1002/ibd.21349
http://dx.doi.org/10.1001/jamapediatrics.2015.1982
http://dx.doi.org/10.1002/ibd.20560
http://dx.doi.org/10.1186/s12866-019-1489-4
http://dx.doi.org/10.1136/gutjnl-2014-307410
http://dx.doi.org/10.1007/s10654-014-9922-3
http://dx.doi.org/10.1146/annurev-immunol-070119-115104
http://dx.doi.org/10.1146/annurev-immunol-070119-115104
http://dx.doi.org/10.1159/000342585
http://dx.doi.org/10.1159/000342585
http://dx.doi.org/10.1038/ng.717
http://dx.doi.org/10.1038/s41598-018-35737-1
http://dx.doi.org/10.1038/s41598-018-35737-1
http://dx.doi.org/10.3390/pathogens8030126
https://doi.org/10.1371/journal.pone.0005184
https://doi.org/10.1371/journal.pone.0005184
http://dx.doi.org/10.1002/ibd.20101
http://dx.doi.org/10.4049/jimmunol.1300133
http://dx.doi.org/10.1007/s00394-013-0506-x
http://dx.doi.org/10.1016/j.jconrel.2016.04.009
http://dx.doi.org/10.1016/j.jconrel.2016.04.009
https://doi.org/10.3389/fimmu.2014.00427
http://dx.doi.org/10.5603/GP.2019.0041
http://dx.doi.org/10.1038/nrgastro.2015.34
http://dx.doi.org/10.1038/nrgastro.2015.34
http://dx.doi.org/10.1038/s41392-021-00549-9
http://dx.doi.org/10.1016/j.ijbiomac.2020.04.248
http://dx.doi.org/10.1080/19490976.2020.1826746
http://dx.doi.org/10.1080/19490976.2020.1826746
http://dx.doi.org/10.1016/j.bpg.2014.04.003
https://doi.org/10.1371/journal.pone.0101296
https://doi.org/10.1371/journal.pone.0101296
http://dx.doi.org/10.1002/ibd.21349
http://dx.doi.org/10.1001/jamapediatrics.2015.1982
http://dx.doi.org/10.1002/ibd.20560
http://dx.doi.org/10.1186/s12866-019-1489-4
http://dx.doi.org/10.1136/gutjnl-2014-307410
http://dx.doi.org/10.1007/s10654-014-9922-3
http://dx.doi.org/10.1146/annurev-immunol-070119-115104
http://dx.doi.org/10.1146/annurev-immunol-070119-115104
http://dx.doi.org/10.1159/000342585
http://dx.doi.org/10.1159/000342585
http://dx.doi.org/10.1038/ng.717
http://dx.doi.org/10.1038/s41598-018-35737-1
http://dx.doi.org/10.1038/s41598-018-35737-1
http://dx.doi.org/10.3390/pathogens8030126
https://doi.org/10.1371/journal.pone.0005184
https://doi.org/10.1371/journal.pone.0005184
http://dx.doi.org/10.1002/ibd.20101
http://dx.doi.org/10.4049/jimmunol.1300133
http://dx.doi.org/10.1007/s00394-013-0506-x
http://dx.doi.org/10.1016/j.jconrel.2016.04.009
http://dx.doi.org/10.1016/j.jconrel.2016.04.009
https://doi.org/10.3389/fimmu.2014.00427
http://dx.doi.org/10.5603/GP.2019.0041
http://dx.doi.org/10.1038/nrgastro.2015.34
http://dx.doi.org/10.1038/nrgastro.2015.34
http://dx.doi.org/10.1038/s41392-021-00549-9
http://dx.doi.org/10.1016/j.ijbiomac.2020.04.248

ERE

B2 /2 D9 S ISR AT T TMC3 115 338 A= i -5 30 3 1 o) 2 B JEL )38 4 4 R P M I 11 5 i 841

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

microbiota in patients with vs without inflammatory Bowel diseases: A
systematic review. Gastroenterology, 2020, 158(4): 930-946.e1.
MANICHANH C, RIGOTTIER-GOIS L, BONNAUD E, et al. Reduced
diversity of faecal microbiota in Crohn's disease revealed by a
metagenomic approach. Gut, 2006, 55(2): 205-211.

SHEN ZH, ZHU CX, QUANY S, et al. Relationship between intestinal
microbiota and ulcerative colitis: Mechanisms and clinical application of
probiotics and fecal microbiota transplantation. World J Gastroenterol,
2018, 24(1): 5-14.

GEREMIA A, BIANCHERI P, ALLAN P, et al. Innate and adaptive
immunity in inflammatory bowel disease. Autoimmun Rev, 2014, 13(1):
3-10.

SCHIRMER M, GARNER A, VLAMAKIS H, et al. Microbial genes and
pathways in inflammatory bowel disease. Nat Rev Microbiol, 2019, 17(8):
497-511.

THAISS C A, ZMORA N, LEVY M, et al. The microbiome and innate
immunity. Nature, 2016, 535(7610): 65-74.

HOUY]J, ZHAO Y Y, XIONG B, etal. Mycotoxin-containing diet
causes oxidative stress in the mouse. PLoS One, 2013, 8(3): €60374[2021-
11-05]. https://doi.org/10.1371/journal.pone.0060374.

WANG S, CHEN C, YANG Z, et al. Targeted disruption of influenza A
virus hemagglutinin in genetically modified mice reduces viral replication
and improves disease outcome. Sci Rep, 2016, 6: 23746[2021-11-05].
https://doi.org/10.1038/srep23746.

JIANG S, QIU L, L1Y, et al. Effects of Marsdenia tenacissima

[35]

(36]

(37]

(38]

(39]

[40]

polysaccharide on the immune regulation and tumor growth in H22
tumor-bearing mice. Carbohydr Polym, 2016, 137: 52-58.
TAKAHASHI N, KITAZAWA H, IWABUCHI N, et al. Oral
administration of an immunostimulatory DNA sequence from
Bifidobacterium longum improves Th1/Th2 balance in a murine model.
Biosci Biotechnol Biochem, 2006, 70(8): 2013-2017.
HIDALGO-CANTABRANA C, DELGADO S, RUIZ L, et al.
Bifidobacteria and their health-promoting effects. Microbiol Spectr,
2017, 5(3)[2021-11-05]. https://doi.org/10.1128/microbiolspec. BAD-
0010-2016.
HE F, MORITA H, OUWEHAND A C, et al. Stimulation of the
secretion of pro-inflammatory cytokines by Bifidobacterium strains.
Microbiol Immunol, 2002, 46(11): 781-785.
BOSNJAK B, STELZMUELLER B, ERB K], et al. Treatment of allergic
asthma: Modulation of Th2 cells and their responses. Respir Res, 2011,
12(1): 114.
PASCAL M, PEREZ-GORDO M, CABALLERO T, et al. Microbiome
and allergic diseases. Front Immunol, 2018, 9: 1584[2021-11-05]. https://
doi.org/10.3389/fimmu.2018.01584.
HOUGEE S, VRIESEMA A J, WIJERING S C, et al. Oral treatment with
probiotics reduces allergic symptoms in ovalbumin-sensitized mice: A
bacterial strain comparative study. Int Arch Allergy Immunol, 2010,
151(2): 107-117.

(2021 - 11 - 08Uk, 2022 - 06 — 024& 1))

Hifl A


http://dx.doi.org/10.1053/j.gastro.2019.11.294
http://dx.doi.org/10.1136/gut.2005.073817
http://dx.doi.org/10.3748/wjg.v24.i1.5
http://dx.doi.org/10.1016/j.autrev.2013.06.004
http://dx.doi.org/10.1038/s41579-019-0213-6
http://dx.doi.org/10.1038/nature18847
https://doi.org/10.1371/journal.pone.0060374
https://doi.org/10.1038/srep23746
http://dx.doi.org/10.1016/j.carbpol.2015.10.056
http://dx.doi.org/10.1271/bbb.60260
https://doi.org/10.1128/microbiolspec.BAD-0010-2016
https://doi.org/10.1128/microbiolspec.BAD-0010-2016
http://dx.doi.org/10.1111/j.1348-0421.2002.tb02765.x
http://dx.doi.org/10.1186/1465-9921-12-114
https://doi.org/10.3389/fimmu.2018.01584
https://doi.org/10.3389/fimmu.2018.01584
http://dx.doi.org/10.1159/000236000
http://dx.doi.org/10.1053/j.gastro.2019.11.294
http://dx.doi.org/10.1136/gut.2005.073817
http://dx.doi.org/10.3748/wjg.v24.i1.5
http://dx.doi.org/10.1016/j.autrev.2013.06.004
http://dx.doi.org/10.1038/s41579-019-0213-6
http://dx.doi.org/10.1038/nature18847
https://doi.org/10.1371/journal.pone.0060374
https://doi.org/10.1038/srep23746
http://dx.doi.org/10.1016/j.carbpol.2015.10.056
http://dx.doi.org/10.1271/bbb.60260
https://doi.org/10.1128/microbiolspec.BAD-0010-2016
https://doi.org/10.1128/microbiolspec.BAD-0010-2016
http://dx.doi.org/10.1111/j.1348-0421.2002.tb02765.x
http://dx.doi.org/10.1186/1465-9921-12-114
https://doi.org/10.3389/fimmu.2018.01584
https://doi.org/10.3389/fimmu.2018.01584
http://dx.doi.org/10.1159/000236000
http://dx.doi.org/10.1053/j.gastro.2019.11.294
http://dx.doi.org/10.1136/gut.2005.073817
http://dx.doi.org/10.3748/wjg.v24.i1.5
http://dx.doi.org/10.1016/j.autrev.2013.06.004
http://dx.doi.org/10.1038/s41579-019-0213-6
http://dx.doi.org/10.1038/nature18847
https://doi.org/10.1371/journal.pone.0060374
https://doi.org/10.1038/srep23746
http://dx.doi.org/10.1016/j.carbpol.2015.10.056
http://dx.doi.org/10.1271/bbb.60260
https://doi.org/10.1128/microbiolspec.BAD-0010-2016
https://doi.org/10.1128/microbiolspec.BAD-0010-2016
http://dx.doi.org/10.1111/j.1348-0421.2002.tb02765.x
http://dx.doi.org/10.1186/1465-9921-12-114
https://doi.org/10.3389/fimmu.2018.01584
https://doi.org/10.3389/fimmu.2018.01584
http://dx.doi.org/10.1159/000236000

	1 资料与方法
	1.1 实验动物与试剂
	1.2 动物实验分组及干预
	1.3 结肠组织病理切片及炎症情况评价方法
	1.4 粪便微生物测序分析
	1.5 Luminex检测血清细胞因子水平
	1.6 统计学方法

	2 结果
	2.1 实验动物一般情况
	2.2 实验结束时各组小鼠结肠炎炎症情况
	2.3 早期使用TMC3115对肠道菌群的即时影响和远期影响
	2.4 早期使用TMC3115对小鼠全身免疫功能的影响

	3 讨论

