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Abstract — The review explores one year of the most important, accessible and relevant original scientific publi-
cations published between April 2020 and March 2021 exploring the microbiome of infants, children and adoles-
cents. This review encompasses 40 studies describing changes in microbiota composition observed in paediatrics
in a wide spectrum of pathologies in addition to the development of the microbiome during infancy and early
childhood and the impact of nutritional intervention and antibiotics on the gut microbiome.
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DIETARY IMPACT IN IBD — EVIDENCE FROM PRECLINICAL STUDIES

The role of diet and dietary components in the pathogenesis, prevention, progression, and
remission of colitis is a central area of current IBD research. The role of diet on inducing or
preventing inflammatory response through various mechanisms, such as gene regulation, mi-
crobial regulation, and inflammatory pathways are being explored. Most dietary studies are
conducted using modified murine models to replicate states of colitis as seen in IBD.

A randomised controlled trial utilised an IL-10 knockout mice model to explore the impact of
pomegranate extract supplementation (PomX) on colitis development and progression'. Mice
were fed a high fat high sucrose (HFHS) diet with or without PomX for 8 weeks. Compared to
the control group, mice fed with supplement revealed prominent decreased incidence in rectal
prolapse, improved inflammatory histological scores, significantly lower serum interleukins,
regulation of genes associated with inflammatory response and neutrophil degranulation, and
an increase in microbiota alpha diversity scores with no alteration in beta diversity measures.
An increased abundance of Verrucomicrobia with a simultaneous decrease in Epsilonbacter-
aeota and Actinobacteria in PomX fed mice was seen. The results revealed that PomX exhib-
ited an overall anti-inflammatory effect which resulted in reduced inflammatory markers and
improved colitis scores.

Other studies were conducted using dextran sulphate sodium (DSS) induced acute colitis
murine models to explore the effects of various nutrients on IBD pathogenesis. The effect of
rice protein peptides (RPP) on this model was explored by Yang et al?2. The study demonstrat-
ed that treatment with RPP alleviated inflammatory symptoms such as significant decrease in
weight loss, colon shortening, lowered disease activity index (DAI) score, improved regulation
of inflammatory pathways and anti-inflammatory gene expression. The study also found that
RPP increased Akkermansia abundance which was known to be an important short chain fatty
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acids producing bacterium. The impact of ceramide compared to glucosylceramide (GlcCer)
also depicted similar results to suppression of decreased body weight®. However, dietary cera-
mide improved the DAI scores more than GlcCer. It was also noted that ceramide consumption
resulted in decreased proinflammatory gene expression, thereby inhibiting neutrophil infiltra-
tion and reducing inflammation. The supplementation also resulted in restoration of bacterial
abundances which were increased or decreased by DSS. Bacteroidetes and Firmicutes levels
were maintained with ceramide while they were decreased by DSS. y-Proteobacteria, which
was increased by DSS, was reduced by ceramide and/or GlcCer. Further, an independent
study conducted in China explored the impact of bioactive substance Oxymatrine (OMT)*.
The results were similar to other studies that used the same model wherein the DAI scores
improved along with reduced symptoms of colitis. Moreover, OMT was found to decrease den-
dritic cell numbers involved in pro-inflammatory pathways with a simultaneous regulation of the
enteric microbiome. OMT administration after DSS seemed to correct the dysbiosis caused
through an increase in Muribaculacear and Ruminococcaceae with simultaneous decrease
in Staphylococcaceae, Bacteroidaceae and Prevotellaceae. The effect of another compound,
oryzanl (ORY) was also explored by using the same mouse model®. The findings also showed
a significant improvement in colitis symptoms which was regulated by the inhibition of inflam-
matory gene expression and upregulation of anti-inflammatory gene expression. Alterations in
gut microbiota profiles were also observed with ORY increasing abundance of Alloprevotella,
Roseburia, Treponema, Muribaculaceae, and Ruminococcus genera which are known to con-
tain several SCFA producing species.

Extract of oolong tea and betaine supplementation were also found to alleviate inflamma-
tory responses through downregulation of proinflammatory cytokines and upregulation of an-
ti-inflammatory cytokines in the DSS model®’. It was also shown that the tea extract reduced
pathobiont abundance (Escherichia and Shigella) while promoting levels of Lachnospiraceae
and therefore exerting an overall protective effect against intestinal inflammation. In contrast,
betaine altered gut microbiota profiles with a decrease in Firmicutes and Proteobacteria
alongside an increase in Bacteriodota and Campylobacterota. Mulberry extract (MAS) was
also proven to be effective against DSS induced colitis®. MAS was shown to suppress colonic
oxidative stress while restoring protein expression to uphold the tight junction integrity. Like
other supplements, it also reduced DSS induced dysbiosis with decreased Escherichia-Shi-
gella, increased Akkermansia, Muribaculaceae and Allobaculum resulting in improvements
in colitis scores.

A Citrobacter rodentium (CR)-induced colitis model was also utilised to examine the effect
of barley leaf (BL)®. BL was shown to improve inflammatory scores with lowered DAI scores and
colitis symptoms. Similarly to other dietary compounds, BL was also found to impact gut mi-
crobiota profiles with an increase in Lactobacillus and a decrease in Proteobacteria. However,
unlike the other dietary components, BL was shown to be effective more so as a pre-treatment
and therefore could be used as a prevention strategy.

One study looked at the microbial strains found in a traditional Chinese fermented food,
jlang-shui, and whether the strains exerted a protective factor against IBD pathogenesis™.
They isolated 38 lactic acid producing strains and tested their effects using the DSS model.
Their study found one strain, Lactobacillus plantarum JS19 exerted similar effects in alleviating
colitis as seen in other DSS model studies with reduced DAI scores, inhibition of weight loss
and amelioration of colon damage. The strain was found to improve inflammation through re-
ducing lipid peroxidation and inhibition of TNF expression along with other pro-inflammatory
pathways. It also reverted the gut dysbiosis caused by DSS.

A randomised controlled study evaluating the impact of maternal diet on the offspring gut
microbiome and colitis development showcased that a maternal high protein diet had a signifi-
cant impact on gut microbial diversity and abundance whereas high fat diet did not impact the
microbial population to the same extent''. Offspring from each group were then divided into
two groups; one would continue the maternal diet and one converted to control diet. Offspring
who continued a HFD after birth had increased weight gain and a higher disease activity index
(DAl) score after DSS challenge compared to control diet counterparts. In contrast, offspring
from maternal high protein diet group presented with a lower body mass, significant decrease
in colon length with DSS, and a significantly greater DAl scores regardless of continuation or
alteration of their diet. A greater dysbiosis was also prominent in the HFD group.
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Another study using a mouse model using germ free Tnf AARE mice and wild-type (WT)
mice looked at the impact of diet on Segmented Filamentous Bacteria (SFB) as they have been
associated with severity of IBD'2. The murine model used here has been shown to develop in-
testinal inflammation resembling the transmural ileal disease phenotype as seen in CD. Their
results depicted that the presence of SFB significantly impacted the severity of colitis devel-
oped in the mice. It was also elucidated that a purified diet inhibited the development of intes-
tinal inflammation in the mice as compared to chow diet. The levels of SFB were significantly
lower or not detected in those treated with purified diet (PD). Mice under purified fibre-rich diet
(FRD) also emitted similar results to PD group.

There were variations in TNF-a expression levels which correlated with SFB colonisation
and diet group. SFB was seen growing close to intestinal epithelium of mice on chow diet and
to a lesser extent in the FRD group. There was no visible SFB growth near the epithelium on
PD diet-fed mice suggesting that diet played a crucial role in SFB colonisation and disease
pathogenesis.

A systematic review and meta-analysis of preclinical studies investigating the potential ther-
apeutic effects of licorice in UC was published during the reporting period'. Lu et al'® identified
27 relevant studies and found that licorice and its bioactive compounds, such as glycyrrhizin
and liquiritin, have anti-inflammatory, antioxidant, and immunomodulatory effects that may be
beneficial in treating UC. The study also used network pharmacology to identify potential tar-
gets and pathways involved in the therapeutic effects of licorice in UC. The results suggest
that licorice may exert its therapeutic effects through multiple mechanisms, including regulat-
ing cytokines, oxidative stress, and the gut microbiome. The study highlights the potential of
licorice as a natural product for treating UC. It provides a basis for further research in this area
but cautions that the potential non-reporting of negative findings and variability in study design
and quality must be addressed.

Pi et al'* found that alginate (ALG) — a naturally occurring biodegradable polymer extracted
from marine brown algae and commonly used as an additive in food, medicines and cosmetics
industries alleviated DSS-induced colitis. While the reparatory effects of ALG in the context of
IBD have been previously established, this study suggests that the mechanism involves se-
lective enrichment of the probiotic Bifidobacterium animalis and hyodeoxycholic acid (HDCA).
HDCA arises from converting the primary bile acid b-muricholic acid (bMCA) via the multistep
7a-dehydroxlyase pathway in various intestinal bacteria. Pi et al'* observed a reciprocal change
in HDCA and bMCA in response to ALG — a significant increase in the former and suppression
of the latter — in mice colonic digesta, which was additionally correlated with a threefold in-
crease in B. animalis, making the species the most abundant in the colon (21.5%). Their work
confirmed previous findings, including a strong correlation between HDCA and Clostridium sp.
and the downregulation of pro-inflammatory cytokines interleukin (IL)-13, IL-6 and TNF-a in the
mouse colon.

Chen et al®® investigated the effect of tea polysaccharides (TPS) and tea polyphenols (TPP),
both individually and in combination (TPS + TPP), in a DSS-induced mouse model of colitis.
TPS and TPP separately administered significantly reduced the relative abundance of Entero-
bacteriaceae. No such effect was observed in the group receiving TPS + TPP, which instead
showed enrichment of Lactobacillaceae. When comparing the three treatment combinations,
they found that the best reparatory effects on DSS-induced body weight, disease activity index,
colon length and colonic tissue damage were attributed to the TPS + TPP treatment group.
Likewise, the most remarkable improvement was observed in this group when assessing mucin
and tight junction protein expression.

The correlation between intestinal barrier repair in DSS-induced mouse colitis and nutri-
tional therapy appears consistently across the papers included in this section. Specifically:
royal jelly’®, mannose', spermidine'®, and the dietary oligopeptide lle-Arg-Trp'°, in addition to
the above TPS/TPP. Royal jelly (RJ) — a milk-like substance secreted by worker bees for the
nourishment of larvae and the colony’s queen — was assessed for its therapeutic potential in
a DSS-induced mouse model of colitis'®. The most beneficial effect was observed in the high-
est dosage group (2.0 g/kg) which resulted in a significant decrease in intestinal permeability
which also correlated with an increase in mucin and tight junction protein expression. This
treatment group also showed an increased level of anti-inflammatory cytokines IL-10 and sIgA
within colonic tissue. An increase in the relative abundance of Erysipelotrichaceae of the Fir-
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micutes phyla, in conjunction with a decrease in typically inflammatory constituents, including
Parabacteroides and Proteobacteria, was also observed in the 2.0 g/kg RJ group compared to
the untreated DSS group.

A similar reparatory effect on tight junction protein expression was observed by Dong et al'”
in DSS-induced mice treated with mannose, a monosaccharide involved in protein glycosyla-
tion in mammals. They found that mannose supplementation specifically disrupted the phos-
phorylation of myosin light chain two, which is established in the disruption of the tight junction
barrier. In combination with the first-line IBD treatment mesalazine, the therapeutic effect was
enhanced in the mouse model.

Niechcial et al'® assessed the therapeutic capacity of the naturally available polyamine
spermidine, found in ribosomes and living tissue, in a T cell transfer colitis model in Rag2-/-
mice. Their results demonstrate that spermidine treatment ameliorated intestinal inflammation.
However, the efficacy of spermidine hinged on the presence of the anti-inflammatory molecule
protein tyrosine phosphatase non-receptor type 2 (PTPN2) in intestinal epithelial cells and my-
eloid cells. This finding is consistent with existing research on spermidine’s potency in PTPN2
activation and confirmed that this receptor’s upregulation increased the expression of anti-in-
flammatory M2 macrophages. Beta diversity analysis of microbial communities (using principal
coordinates of analysis) in mouse faeces revealed that spermidine-treated colitis mice and
healthy controls clustered closer than the untreated disease group, suggesting spermidine’s
potential to ameliorate intestinal microbial dysbiosis.

lle-Arg-Trp (IRW), a peptide derived from egg ovotransferrin with a demonstrable anti-in-
flammatory effect, was the focus of an investigation by Fei et al’® in the context of intestinal
injury and microbial impact using a DSS-induced colitis mouse model. IRW intervention (0.04
mg/mL group specifically) significantly inhibited the depletion of goblet cells and therefore
maintained mucus layer integrity compared to the untreated DSS mice group. Their microbial
analyses suggest that IRW can remodel the gut microbiota by increasing the relative abun-
dance of Firmicutes and Lactobacillus and suppressing the abundance of Bacteroides. IRW
also regulated the relative abundance of Odoribacter. Fei et al'® also found that IRW treatment
significantly increased SCFA content in mouse faeces.

Plasmon-activated water (PAW) has been found to have anti-inflammatory properties.
Chang et al*® examined the effects of PAW on colonic immune activity and microbiota in mice
with IBD induced by 2,4,6-trinitrobenzene sulfonic acid (TNBS)?'. PAW consumption was found
to mitigate IBD symptoms and increase the abundance of Akkermansia muciniphila, a potential
next generation probiotic species?2. Furthermore, the study revealed that TNBS-induced IBD
reduced the abundance of Akkermansia spp. in the gut, while PAW consumption restored lev-
els. PAW also increased the microbial diversity and abundance of beneficial species including
Akkermansia spp., Roseburia spp., and Oscillibacter spp., while reducing the abundance of
Marvinbryantia spp. Additionally, another study showed that A. muciniphila played a protective
role in the colon by regulating immune responses and maintaining gut homeostasis. TLR4-defi-
cient mice exhibited enhanced susceptibility to colitis and a reduced proportion of suppressive
RORyt+ Treg cells, while the administration of A. muciniphila mitigated colitis in both wild-type
and TLR4-deficient mice®. The findings suggest that A. muciniphila and PAW have beneficial
effects on colonic cells and can potentially alleviate IBD symptoms by modulating the gut mi-
crobiota and immune responses.

PROBIOTICS AND IBD — EVIDENCE FROM PRECLINICAL STUDIES

Several strains of Lactobacillus have shown potential in relieving colitis symptoms and
have been the focus of numerous IBD studies. Studies conducted in the period of interest
demonstrated that the potential is strain specific with Lactobacillus acidophilus CCFM137
and FAHWH11L56 in improving colitis symptoms on DSS-Induced Colitis models, while
L. acidophilus FGSYC48L79 did not provide protection. L. acidophilus NCFM and FAH-
WH11L56 had similar effects, increasing levels of the anti-inflammatory cytokines IL-10 and
IL-17, as well as modifying the CCL2/CCR2 and CCL3/CCR1 axis. L. acidophilus CCFM137
had different effects by down regulating the relative expression of CCL2 and CCL3 in the
colon, while L. acidophilus FGSYC48L79 had negative effects by increasing harmful bac-
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teria abundance and promoting chemokine signalling. Lactobacillus plantarum strains im-
proved dysbiosis, increased levels of beneficial bacteria associated with SCFA production,
reduced pro-inflammatory cytokines, and increased anti-inflammatory cytokines?*. Lacto-
bacillus rhamnosus strains BY-02 and L. plantarum BY-05 combination (“LS treatment”)
suppressed weight loss, improved intestinal barrier damage, altered microbial compaosition,
increased SCFA content, and suppressed inflammatory signalling®®. Lactobacillus salivar-
ius UCC118TM reduced disease severity, upregulated anti-inflammatory markers such as
upregulation of tissue IL-10 levels and increased expression of macrophage M2 markers,
and accelerated recovery in DSS-induced colitis?®. Lactiplantibacillus plantarum subsp.
plantarum SC-5 alleviated colitis symptoms, reduced pro-inflammatory cytokines, strength-
ened the intestinal barrier, restored flora balance, and increased beneficial microbiota.
It also attenuated the inflammatory response by inhibiting the protein expression of NF-
kB and MAPK signaling pathways?’. Lactobacillus gasseri G098 effectively reversed coli-
tis-associated symptoms, prevented mortality, balanced serum cytokines, and modulated
the gut microbiome?8. These studies highlight the heterogeneity of Lactobacillus strains in
mitigating colitis symptoms, improving gut microbiota composition, and regulating immune
responses. The G098 treatment also significantly increased the relative abundance of gut
Firmicutes while reducing the proportion of Bacteroidetes species?®.

Other probiotic strains were also assessed during the reporting period. Clostridium bu-
tyricum was shown to provide protection against colitis by preventing weight loss, reducing
disease activity, shortening the colon, improving gut barrier function, and decreasing levels of
pathogenic bacteria including Escherichia/Shigella. Additionally, there was an increased abun-
dance of beneficial bacteria and butyrate-producing species detected in C. butyricum treated
DSS-induced colitis murine model®. Studies confirmed that the gut microbiota and metabolites
produced by C. butyricum played crucial roles in attenuating colitis. Furthermore, C. butyri-
cum-derived extracellular vesicles (EVs) were found to protect the gut barrier function, improve
gut microbiota homeostasis, and contribute to overall colitis alleviation. Another aspect of the
study focused on C. butyricum Prazmowski (CB) specifically®. C. butyricum feeding was found
to decrease disease activity scores, colon inflammation/injury score, and cell apoptosis in an
experimental colitis mouse model. C. butyricum also elevated levels of short-chain fatty acids
(SCFAs) in cecal faeces. C. butyricum exhibited the ability to balance inflammatory cytokines,
protect tight junctions, increase the number of goblet cells, and promote MUC2 production.
The study concluded that C. butyricum could protect the gut barrier and alleviate experimental
colitis through transactivation of EGFR signalling in intestinal epithelial cells. Overall, the study
shed light on the potential efficacy of C. butyricum as preventive strategies for IBD and their
prospects as food supplements. However, in the context of the C. butyricum Miyairi (CBM) in-
tervention on AOM/DSS mice, it failed to improve colitis and colitis-associated neoplasms, al-
tered microbial composition, and unexpectedly increased proinflammatory IL-17A expression3'.
The heterogeneity between C. butyricum strains again highlights the need to evaluate strain
specific potential of gut microbes.

A three-species consortium called BAC (bile acid consortium), consisting of Clostridium AP
sp000509125, Bacteroides ovatus, and Eubacterium limosum was also assessed for its anti-in-
flammatory potential. BAC converted primary bile acids to secondary bile acids and showed
protective effects against colitis®2. Oral gavage BAC treatment reduced weight loss, increased
colon length, improved intestinal barrier function, and modulated the gut microbiota. BAC also
restored dysregulated bile acid metabolism, promoted the activation of the bile acid receptor
TGR5, improved gut barrier integrity, and reduced inflammation. A further three-species con-
sortium comprising Bifidobacterium bifidum H3-R2, Propionibacterium freudenreichii B1, and
Clostridium butyricum C1-6 increased colon length, reduced weight loss, decreased splenic
index, and improved disease activity index (DAIl) scores and myeloperoxidase (MPO) activity
in a DSS murine colitis model®. The strain consortium also reduced levels of proinflammatory
factors (IL-8, IL-1B, and TNF-a), increased the production of the anti-inflammatory factor IL-
10, and enhanced the expression of tight junction proteins (ZO-1, occludin, and claudin-1) in
the colon. B. bifidum H3-R2 and P. freudenreichii B1 were shown to exert their protective ef-
fects through TLRs/RHO kinase (ROCK1) and Wnt/B-catenin pathways. Furthermore, all three
strains increased the abundance of Lactobacillus and Bifidobacterium species abundance and
increased the production of short-chain fatty acids (SCFAs).
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Another study investigated the effects of a potential new probiotic species Coprococcus
eutactus to reduce colitis development®4. Administration of C. eutactus ameliorated colitis
symptoms, including weight loss and proinflammatory cytokine reduction. It enhanced goblet
cell maturation, mucin expression, and restored tight junction protein expression including
claudin-1, occludin, and ZO-1. C. eutactus also increased levels of secretory immunoglobulin
A (SlgA), which specifically coated Enterobacteriaceae pathogens, resulting in a restored and
remodelled gut microbiota.

A further study examined the effects of heat-killed Bifidobacterium bifidum B1628 (HB1628)
on DSS-induced colitis®®. HB1628 administration reduced disease severity, tissue damage,
and pro-inflammatory cytokine levels (IL-1 and TNF-a) while increasing anti-inflammatory cy-
tokine levels (IL-13). It also improved gut dysbiosis through modulation of gut microbiota com-
position, increasing Lactobacillus abundance, and decreasing unfavourable taxa associated
with IBD including Porphyromonadaceae and Subdoligranulum. HB1628 intervention also in-
fluenced metabolic pathways (namely, the aerobic respiration | [cytochrome c] pathway and
L-tryptophan biosynthesis) and mitigated colitis severity by regulating cytokine balance and
reducing inflammation in gut tissue.

One study assessed the effectiveness of Saccharomyces cerevisiae isolated from Tibetan
kefir grains, known for its probiotic properties, in improving colitis in a murine model induced
by Fusobacterium nucleatum infection and DSS treatment®¢. When administered to mice with
experimental colitis, S. cerevisiae supplementation led to increased body weight and expres-
sion of anti-inflammatory cytokines (IL-4 and IL-10), while reducing disease activity and ex-
pression of proinflammatory cytokines (TNF-a, IL-6, and IL-17F). The S. cerevisiae-fed group
also exhibited improved gut barrier function, as evidenced by increased levels of tight junction
proteins and goblet cells. The mechanism behind S. cerevisiae’s effectiveness in ameliorating
F. nucleatum-DSS-induced colitis involved a decrease in reactive oxygen species levels in the
colon, inhibition of endoplasmic reticulum stress, and modulation of gut microbiota.

PRECLINICAL STUDIES OF GUT MICROBIOTA CHANGES AND
IBD - NON-BACTERIAL FACTORS

Sinha et al®” investigated the role of bacteriophages in modulating gut bacterial communities
and disease outcome in IBD. They performed in vivo cross-infection experiments in human mi-
crobiota-associated (HMA) mice by transplanting fecal virus-like particles (VLPs) isolated from
UC patients and healthy controls. The VLPs isolated from healthy controls and UC patients
differentially altered the composition of the gut microbiota where the UC virome was dominated
by Microviridae. Furthermore, UC bacterial communities enhanced DSS colitis severity com-
pared to bacterial communities from healthy controls.

Echinococcus granulosus sensu stricto parasite infection was also assessed for its ability
to ameliorate DSS-induced colitis in a mouse model®. Both the average body weight and the
disease activity index (DAIl) score improved post E. granulosus infection. The authors then
purified antigen B (AgB), which is the major source of secreted protein of E. granulosus in echi-
nococcal cyst fluid (ECF), and re-injected it into the DSS mice, resulting in similar decreased
symptoms. Focusing on the effect of AgB, they found that AgB significantly decreased iNOS
expression and increased Fizz1 expression. In terms of the gut microbiota composition, five
genera (Paraprevotella, Odoribacter, Clostridium XIVa, Oscillibacter and Flavonifractor) were
significantly increased in the AgB inoculated DSS mice. Their results suggested that AgB may
be a drug candidate for IBD treatment.

Deng et al*® investigated the effects of prior colonization with two microscopic parasitic Blas-
tocystis subtypes in DSS-induced colitis murine models. The microbiota composition analysis
showed that prior infection with Blastocystis ST4 increased the abundance of beneficial bacteria,
including Lachnospiraceae NK4A136 group and Clostridia vadin BB60 group which can produce
short-chain fatty acids (SCFA); on the other hand, Blastocystis ST7 prior infection caused a re-
duction in beneficial bacteria Lachnospiraceae UCG-001 and Lactobacillus, and an increase in
the sulphate-producing bacteria Desulfovibrio. Moreover, the increased severity of experimental
colitis in the ST7-infected mice, including progressive weight loss, disease activity and shortened
colon lengths, were not observed in the ST4-infected group. IL-4 and IL-10-producing CD4+ T
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cells were significantly increased in the ST4-colonized mice while pro-inflammatory IL-17A and
TNF-a-producing CD4+ T cells were enriched in the ST7 group. Furthermore, FMT of ST4- and
ST7-altered microbiota showed similar results suggesting that the Blastocystis-altered microbio-
ta could affect DSS-induced colitis even without Blastocystis present.

Ocansey et al*® established a DSS-induced IBD model of BALB/C mice and assessed gut
microbial metagenomic and metabolomic profiles to assess the regulatory effect of mesen-
chymal stem cell-derived exosomes (MSC-Ex). Gut bacteria community profiles in the DSS
model were restored by MSC-Ex in terms of increasing the alpha diversity and levels of ‘ben-
eficial bacteria’. Functional analysis showed that MSC-Ex not only enhanced the function of
key cellular activities including transcription, carbohydrate transport and metabolism, signal
transduction mechanisms, cell motility, cytoskeleton, and RNA processing and modification
but also decreased cancer function. Moreover, the reduced expression of bile acid receptor
FXR caused by DSS-induced colitis was largely restored by MSC-Ex treatment. These factors
suggest that MSC-Ex can assist in mitigating colitis in mice by modulating the gut bacterial
community and led the authors to suggest that the MSC-Ex-regulated FXR could provide a
potential therapeutic target for IBD.

Wang et al*' investigated the effects of Dectin-1 and Dectin-2, which are receptors for fungal
cell wall components, on DSS-induced colitis. Knockout of both Dectin-1 and Dectin-2 exhibited
a strongly decreased disease severity, including lower weight loss and disease activity, how-
ever, deletion of either receptor alone did not reveal significant ameliorated effects. FMT from
double knockout mice into wild-type resulted in reduced colitis severity while transplanting the
wild-type microbiota into double knockout mice increased colitis severity, suggesting that the
protection of double knockout against DSS-induced colitis was largely due to the gut microbio-
ta. Combining the double knockout with antifungal drugs did not affect inflammation symptoms.
16S sequencing data analysis indicated an enrichment of the Lachnospiraceae family in the
double knockout mice, suggesting that bacterial but not fungal gut microbiota were involved in
the protection induced by Dectin-1 and Dectin-2 deficiency in intestinal inflammation.

PRECLINICAL STUDIES OF GUT MICROBIOTA CHANGES AND
IBD - NON-MICROBIAL FACTORS

Liu et al*? utilised the DSS colitis mouse model to assess gut microbiota changes caused by
sleep interruption and subsequent electroacupuncture (EA). Beta diversity analysis indicated
that the EA treated group had the closest microbiota profiles to controls, with colon length
and body weight significantly improved by EA compared with DSS colitis mouse without EA.
According to immunohistochemical staining results, one possible explanation for the EA effect
on ameliorating colitis severity was its capability of upregulating the expression of Vasoactive
Intestinal Peptide (VIP) receptors hence mediating tight junction proteins reservation.

In a study undertaken by da Silva et al*}, C57BL/6 mice that were exposed to DSS and
treated with MLT showed a significant increase in colitis severity compared to those treated
with DSS only, suggesting that the DSS-induced inflammatory effects were potentiated by MLT.
MLT regulated the immune response in the spleen and mesenteric lymph nodes, increasing
the proportion of various immune cell subtypes. In terms of the impact of MLT on the faecal
microbiota, MLT treatment reduced Bacteroidetes abundance and increased Actinobacteria
and Verrucomicrobia phyla, respectively. The mice treated with antibiotics followed by MLT
presented a remarkable reversion of the colitis phenotype, including a counter-regulatory im-
mune response, reduction in tumour necrosis factor (TNF) and colon macrophages.

CONCLUSIONS

This review details the highlights in a year of important advances in mechanistic studies of the
gut microbiota and IBD. Further understanding of the modulation of gut microbiota by dietary
factors including nutritional manipulations and pre/probiotic factors. The significance of non-bac-
terial factors of the gut microbiota continue to challenge current concepts but further studies
which embrace the holistic microbiota rather than individual contributors need to be encouraged.
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