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ABSTRACT

Bifidobacterium breve is an abundant commensal bacterium in the infant intestine and an important component of
many probiotic formulations. Th17 correctness, its plenitude is related to gut harmony and its decline relates to
numerous inflammatory and autoimmune pathologies. We draw on a rapidly accumulating body of evidence
describing the effects of B. breve on the immune system and revealing the molecular mechanisms underlying these
effects. We describe its contribution to improving gut barrier function, modifying the systemic and mucosal
immune systems via interaction with Toll-like receptors (TLRs), as well as the better regulation of the intra- and
post-translational cytokine landscape, which in turn promoted an anti-inflammatory milieu by inducing IL-10 and
TGF-B, while suppressing pro-inflammatory TNF-a, IL-6 and IL-1p. We further discuss its strain-dependent
functions with reference to the extensively characterized B. breve M-16V in the treatment of NEC, allergic
inflammation and IBD. This review provides detailed insights into these mechanisms and demonstrates the
therapeutic potential of B. breve for the treatment of immune-related disorders, and emphasizes the necessity of
comprehensive characterization of strain-specific effects in future research and clinical application. Finally
Increasing evidence shows that probiotics and gut microbiota can modulate human immune function and protect

against diseases mediated by impaired gut barrier or chronic inflammation.
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1 Introduction

IFIDOBACTERIUM  breve is a common
commensal bacterium in the infant gut and is a
mainstay in probiotic preparations [1]. What is
unique about this species is that it has co-
evolved with humans, being established by vertical
transmission from mother to child [2]. B. breve ranks
among the most prevalent of probiotic organisms with
Lactobacilli, reaching its highest levels in infancy and
diminishes systematically with aging, a change often
associated with increased mucosa permeability and
inflammatory diseases [3].
The processes that generate well-known key metabolites
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such as Short-Chain Fatty Acids (SCFAs)—acetate and
butyrate [4] —are central to its beneficial effects on health.
Instead of passive end products of fermentation, these
short-chain fatty acids represent essential mediators that
reinforce gut barrier function and modulate the host
immune system6. Morphologically, these Gram-positive,
anaerobic bacteria can be rod- or bifid (Y-shaped) [5]. This
review will first discuss its interaction with the intestinal
mucus layer and its possible role in gut Dbarrier
strengthening, and then its immunomodulatory signaling
via pattern-recognition receptors. Lastly, we talk about the
therapeutic application of the extensively characterized
strain B. breve M-16V for immune-mediated diseases [6].

A microbial ecosystem found in the human
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gastrointestinal tract, the gut microbiota plays a key role in
mediating host health by affecting immunological
development, nutrient metabolism, and pathogen
resistance [7]. Among these microorganisms are
bifidobacteria, a class of Gram-positive anaerobes that
play a significant role in the gut microbiota, especially in
the early years of life [8]. Breastfed infants are the primary
host of the early gut colonizer Bifidobacterium breve,
which is established by vertical transmission [9]. The host
immune system must be "taught" by this colonization
during infancy [10].

The prevalence of many diseases, such as autoimmune
disorders, inflammatory bowel disease (IBD), and
allergies, has been correlated inversely with
Bifidobacterium (including B. breve) populations, which
decrease from infancy to adulthood and continue to
decline into old age [11]. Since probiotics are defined as
"live microorganisms, which when given in a suitable
dose, result in a health benefit on the host," this association
has generated a lot of interest in using B. breve as a
therapeutic probiotic [12]. In this sense, B. breve has
emerged as a promising candidate with particular health-
beneficial characteristics and co-evolution with humans.
Probiotic effects are strain-associated [13].

Bifidobacterium species, which are part of the GIT
microbiota, are known to live within the intestinal mucus
layer and provide the host with a number of advantageous
effects. Gram-positive anaerobic bacteria belonging to the
phylum Actinobacteria are known as bifidobacteria. They
can be rod-shaped or have the characteristic bifid (or Y)
shape. As of right now, Bifidobacterium has 55 known
species and subspecies [6]. The advantages of
Bifidobacterium strains, which include gut-brain-axis
crosstalk, immune cell activation, and epithelial
maturation, are particularly noticeable in the early stages
of life [14].

Bi-directional communication along the gut-brain axis
via the vagus nervel3 Secondly, this axis is influenced by
the modulation of systemic inflammation by B. breve,
which can potentially affect brain function14. In particular,
the B. breve suppresses pro-inflammatory cytokines
(TNFa, 1IL-1, and IL-6) [15]. Thereby relieving
neuroinflammation which is a major cause of degenerative
diseases [16].In addition, these microbial interactions send
signals through the vagus nerve to influence stress and
emotional processes in the brain [17].

After weaning and the introduction of solid food,
intestinal bifidobacteria levels steadily decline until
adulthood, when they are sustained at a relative
abundance of roughly 10% for the duration of adulthood
[11]. In particular, probiotics based on Bifidobacterium
have shown promise in treating gastrointestinal disorders
like Helicobacter pylori infections, irritable bowel
syndrome (IBS), antibiotic-associated diarrhea,
constipation, and inflammatory bowel disease (IBD). By

altering the gut microbiota, increasing immunological
impact, and fortifying the gut barrier, these advantages are
realized [18].

Of all the probiotic organisms, lactobacilli and
bifidobacteria are the most common and extensively
utilized. The health benefits of bifidobacteria are well
established, and they co-evolved with humans,
contributing significantly to the early gut microbiota [19,
20]. Bifidobacteria are actually thought to be crucial for
controlling the immune response and promoting and
sustaining gut physiology, including the synthesis of
mucin. Similarly, these microbes may live in the human gut
because the host produces prebiotic molecules like mucin
that aid in their colonization and survival [6, 21].

Bifidobacteria levels further decline in elderly people,
reaching a relative abundance of 0% to 5%. Age-related
changes in lifestyle and surroundings have been connected
to the decline in bifidobacteria levels in the elderly. It's
interesting to note that intestinal mucus thickness decreases
and permeability increases in tandem with this drop in
Bifidobacterium abundance [11, 22].

Although a direct correlation between reduced mucus
and Bifidobacterium is still unknown, this intriguing
finding raises the possibility. Although they are more
prevalent in the colon, Bifidobacterium species are present
in both the small intestine and the colon regardless of age.
It has been noted that a number of Bifidobacterium species
interact with intestinal mucus, colonize the mucus layer, eat
mucus glycans, and modify the mucus layer in ways that
are strain-specific. The following Bifidobacterium-mucus
interactions are covered in this review of the literature:

e Adhesion of mucus;

e Degradation of mucin glycan;

e Positive modulation of goblet cell cells;

e Retention of goblet cells during inflammation; and

e Inhibition of pro-inflammatory cytokines and
generation of anti-inflammatory IL-10 [6].

This connection and the evidence that these microbes are
passed from mother to child via vertical transmission
mechanisms [18] highlight how bifidobacteria and their
human host co-evolved. Numerous illnesses, such as
autoimmune diseases, IBD, and possibly cancer, have been
adversely associated with the decline in this bacterial
population in the gut microbiota of both adults and
children [2, 18]. These microbes are therefore thought to be
essential for preserving gut health and general homeostasis
throughout adulthood [23].

Probiotics, including bifidobacteria, have positive effects
on human gut health and have a role in sustaining a
balanced microbiota community [17, 18]. Similarly, due to
their ability to modulate gut microbiota, improve intestinal
barrier function and exert anti-inflammatory properties
also play an important hole as relevant ingredients in
probiotic formulations. Bifidobacteria have been shown in

numerous studies to be effective in promoting immune
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function, improving gut health, and
gastrointestinal disorders [23]

The majority of known and applied probiotic
microorganisms in supplements are members of the
genera Bifidobacterium and Lactobacillus as well as other
lactic acid bacteria from the Lactococcus and Streptococcus
genera, the bacterial species Escherichia coli (E. coli) Nissle
1917, Enterococcus fecium, Bacillus coagulans and the
yeast Saccharomyces boulardii [24]. Bifidobacteria
produces several metabolites, such as lactate, acetate, and
indigenous vitamins. and is involved in producing SCFAs,
such as butyrate, with the help of cross-feeding
interactions with other gut microbes that metabolize
acetate, providing health benefits [25, 26].

Bifidobacterium species are present in breastfed
newborns starting on the second day of life and quickly
become the predominant genus in the gut by the second
week. Bifidobacterium species continue to dominate until
the introduction of solid foods and the weaning away
from breast milk [20]. In addition, C-section infants are
still deficient in bifidobacteria at 3 days of age, despite
such breastfeeding [27]. The anti-allergic effects of this
species have been demonstrated in many in vitro and
experimental animal studies [28]. Bifidobacterium breve
M-16V  was most effective among strains of
Bifidobacterium breve, Bifidobacterium infantis,
Bifidobacterium animalis, Lactobacillus plantarum and
Lactobacillus rhamnosus to induce an anti-allergic
mechanism in experimental models of FA to ovalbumin
(OVA) in mice [20].

Only Bifidobacterium breve M-16V (given via oral
route) significantly decreased acute allergic skin reactions
to OVA and inhibited airway reactivity to methacholine,
in contrast to other assessed bifidobacteria. Additionally,
this strain decreased peripheral blood levels of OVA-
specific IgE and IgGl, decreased the number of
eosinophils in bronchoalveolar lavage fluid, and
prevented splenocyte cultures from producing pro-allergic
cytokines like IL-4 and IL-5 [28]. In vitro studies revealed
that, in more detail, Bifidobacterium breve M-16V
influenced the status of systemic Th1/Th2 equilibrium via
simultaneous induction of IFN-gamma (but not IL-12) as
well as IL-10 secretion along with inhibition of total IgE
and IL-4 production in response to OVA stimulation [29].

These findings imply that even in premature newborns,
Bifidobacterium breve M-16V can stimulate the
production of regulatory TGF-p1 by Treg cells. Since
preterm newborns are more likely to develop NEC and
late-onset sepsis, the capacity to activate Treg cells is
crucial. By colonizing the gut and causing the epithelial
barrier to mature, Bifidobacterium breve M-16V may
guard against harmful bacteria and their spread. This
strain can also trigger anti-inflammatory processes, such
as by boosting IFN-gamma secretion [20].

On the other hand, Treg cells elaborate suppressive

averting

cytokines such as TGF-p1 or IL-10 ultimately antagonizing
the activation of pro-inflammatory cytokine profiles [30].
Alternatively, modification of toll-like receptor (TLR)
expression may be a method whereby Bifidobacterium
breve modulates the activation of inflammatory processes
in the gut epithelium of premature infants. Bifidobacterium
breve M-16V strongly diminished TLR-4 and increased
TLR-2 expression, and inhibited expression of pro-
inflammatory cytokines including IL-1 beta, IL-6, and
tumor necrosis factor alpha when NEC was induced in
experimental rats, and this was revealed when the probiotic
was given orally [31]. TLRs are the major receptors that
mediate the interactions between gut microbiota and gut
epithelium that promote the immune response and
intestinal epithelial barrier development [25], which is well
established. In addition, the total number of
Bifidobacterium was greater in the colon and caecum in all
neonates as compared to the controls, and in neonates the
increase lasted through weaning [32]. Furthermore,
compared to the control groups, there was a significant
increase in Bifidobacterium numbers in the colon and
caecum during the neonatal period but not during weaning
[32].

The objective of this review is to summarize the currently
available knowledge about the immunomodulatory effects
of Bifidobacterium breve. We will review its mechanisms of
action, namely interaction with the intestinal mucus layer,
gut barrier modulation and specific tailoring of the host
immune system and, therapeutic potential in inflammation
related diseases.

2 Bifidobacterium breve aids in Gut Barrier
Function

B. breve promotes host health mainly by reinforcing the
intestinal barrier [33]. It engages with the inner mucus layer
by means of adhesion, glycan utilization, and goblet cell
functional modulation [34]. Importantly, B. breve strains
have been demonstrated to enhance the expression of key
tight junction proteins, such as Occludin and ZO- [35].
Through these physical barriers, B. breve strengthen
intestinal ~permeability, thereby avoiding pathogen
translocation and pro-inflammatory substances, such as
lipopolysaccharides (LPS), from passing into systemic
circulation [36].

Strengthening the function of the intestinal barrier is one
of the main ways that B. breve promotes its positive effects.
The first line of defense against luminal pathogens and
antigens is the gut epithelium, which is protected by an
elastic and relatively viscous layer of mucus [37] as shown
in Figure 1. It has been demonstrated that Bifidobacterium
species, such as B. breve, are found in the inner mucus
layer and interact with it through the following
mechanisms:

e  Mucusal adhesion,
e Glycan consumption, and
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e Advantageous modulation of the goblet cell
function [6].

Mucusal
adhesion

B. breve-
inner mucus
layer
interaction
mechanisms:
/' Advantageous
modulation of SSE Glycan

| thegobletcett |
function

Fig. 1. B. breve-inner mucus layer interaction mechanisms.

Maintaining barrier function requires this kind of
interaction. Notably, as people age, their permeability
increases at the same time that their Bifidobacterium
abundance declines and their intestinal mucus becomes
more rarefied. This correlation has causal implications
[38]. According to reports, strains of B. breve increase tight
junction proteins like occludin and ZO-1, which can
reduce intestinal permeability and prevent the
translocation of pathogens and pro-inflammatory
chemicals (lipopolysaccharides, or LPS) [39]. In addition to
preventing the common [29] systemic inflammation linked
to a leaky gut, B. breve strengthens this physical barrier,
which supports gut homeostasis [40]. Systemic
inflammatory disorders linked to gastrointestinal loss [41].
This intricate and dynamic pathway is modulated mainly
by the gut microbiota. The gut-brain axis includes
mechanisms of communication plus the influence of
microbes via neural, immunological, endocrine and
hormonal links between the gut and brain. This
communication takes place through the vagus nerve,
which is a crucial pathway that links the brain and the
gut. Signals emitted from the gut including ones that are
microbially- mediated or mechanically- induced by
stretching- are sent to the brain via the vagus nerve. This
pathway influences many brain processes including stress
reactions and emotional processes [40]. Thus, it can
transmit signals between the brain and help regulate the
gut while the gut communicates with the brain by means
of the vagus nerve (which has sensory fibers that report on
the state of the gut, including fullness and distress).

Additionally, by controlling systemic inflammation, the
gut microbiota affects the immune system, which in turn
impacts brain function. Neuroinflammation, a crucial
aspect of neurodegenerative diseases, is linked to chronic
type of low-grade inflammation, which is defined by the
ongoing production of pro-inflammatory cytokines such
as TNFa, IL-1, IL-6, and interferon-gamma (IFNy) [42]. In
addition, B. breve increased tight junction (T]) proteins,
decreased intestinal epithelial cell damage, and inhibited

pro-inflammatory factors. Bile acid profiling suggested B.
breve increased bile acids regulatory genus (such as
Clostridium sensu stricto 1 and Bifidobacterium) in gut
niche and benefited intestinal bile acid deconjugation based
on the gut microbiota and metabolome analysis [43].
Products made  from  Bifidobacterium longum,
Bifidobacterium bifidum, Bifidobacterium breve,
Bifidobacterium infantis, and Bifidobacterium lactic are
among them. Benefits vary depending on the type.
Bifidobacteria aid in the synthesis or production of B
vitamins, such as folate [44]. B vitamins aid in your body's
energy production. Additionally, bifidobacteria aid in the
digestion of nutrients, increasing their availability to your
body. Finally, Bifidobacteria contribute to the synthesis of
short-chain fatty acids (SCFAs). SCFAs have been praised
by researchers for their ability to improve blood sugar
levels and the gut lining., blood pressure, inflammatory
response, immune system, and lipid metabolism [45].

3 Immunomodulatory Mechanisms

Bifidobacterium is a Gram-positive, anaerobic,
saccharoclastic, and non-motile genus of commensal
bacteria. To date, it has the broadest range of any
mammalian gastrointestinal tract parasite and ten
phylogenetic clusters [46]. Due to Bifidobacteria's need of
an oxygen free environment and metabolic precursors,
cultivation in vitro requires highly specific conditions [47].
The genomic variations seen in Bifidobacterium are
partially due to the gene acquisition processes necessary for
the bacteria to flourish in various host ecological niches.
Bifidobacterium's varied function in host immunological
control is supported by its tropism and niche adaptation.

Bifidobacterium has been identified as a biomarker or
immunomodulator of human disease, acting as both a
protector and a driver. Many strains are frequently
employed as live biotherapeutics and exhibit advantageous
anti-inflammatory and immunomodulatory qualities as
shown in Figure 2. These include enhanced intestinal
barrier function and an increase in suppressive Foxp3+
regulatory T cells (Tregs) [48] and suppression of the Th2
and Th17 processes in the intestines.

Improvement of intestinal barrier, tight junction, and gut motility
Bifidobacterium
Prevention of pathogen attachment

Productlon of anti-microorganisms substances

Y —%

Modulatlon of immune responses Tf

Th1 — TGF-B, IL10, . Treg  Beell SigA

< >,\

Fig. 2. Immunomodulatory action of Bifidobacterium.
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However, a number of autoimmune and
autoinflammatory diseases in humans have been linked to
the lack or decrease of Bifidobacterium species. For
example, the microbiome fingerprint of treatment-naive
Crohn's disease (CD) is linked to lower gut levels of many
Bifidobacterium species in people [49]. There is growing
evidence that the composition of the infant's gut
microbiome plays a crucial role in immunological
development, especially in the first three months of life,
when abnormalities in gut microbial composition have the
greatest impact on the immune system's development. In
fact, a number of studies have shown how early gut
microbiome dysbiosis, which is defined as an excess of
proteobacteria [50] and lack of ecosystem function are
linked to both acute and chronic immune imbalances,
which can result in less common but dangerous immune-
mediated disorders like Crohn's disease and type 1
diabetes as well as common conditions like colic, atopic
asthma, and allergies [51]. Because it is difficult to collect
samples from neonates, human immune development has
been poorly known.  Recent advances in systems
immunology allow for the unraveling of immune cell-
regulatory interactions and the tracking of immune
development at the systems level [52].

Finding microbial elements that help promote healthy
immune system imprinting and potentially prevent cases
of autoimmunity, allergies, and possibly other immune
system disorders is of tremendous interest [53]. Early-life
loss of Bifidobacterium has been linked to a higher
incidence of autoimmunity, according to a Finnish birth
cohort [54]. Immune development is one of the many
physiological processes that depend on the gut-associated
bacteria. Acquisition of our earliest pioneer microbial
communities, including the dominant early life genus
Bifidobacterium, occurs at a critical stage of
immunological maturation and training. Bifidobacteria
are constituents of the resident microbiota during [55]. The
biggest mass of lymphoid tissue in the human body is
found in the gut-associated lymphoid tissue (GALT),
which is home to a range of immune cells, including T and
B lymphocytes, as well as antigen-presenting cells like
macrophages and dendritic cells (DC).

The gut mucosa and luminal microbes are shielded by
intestinal epithelial cells. For example, to improve defense
against luminal bacteria in the gastrointestinal system,
Goblet and Paneth cells release mucus layer and
antimicrobial peptides, respectively.  Additionally, B
lymphocytes' secretory immunoglobulin A  (sIgA)
provides defense against the luminal microbiota [5].

3.1 Interaction of Pattern Recognition Receptors
(PRRs)

B. breve primarily interacts with the host immune

system through Pattern Recognition Receptors (PRRs),

such as Toll-like receptors (TLRs) found on immunological

and epithelial cells. Controlling immunological responses
depends on this conversation. For instance, when B. breve
M-16V was given orally to rats with NEC, it dramatically
decreased the expression of pro-inflammatory TLR-4 while
increasing the expression of TLR-2, which is associated
with tissue healing and homeostasis [56]. Ultimately, this
shift in TLR expression profile caused microglia to generate
less main proinflammatory cytokines (IL-1f3, IL-6, and TNF-
a) [57]. One of the most significant ways that B. breve
reduces excessive pro-inflammatory reactions is through
this particular modification of TLR signaling [58]. It has
been demonstrated that bifidobacteria interact with human
immune cells and alter particular pathways related to both
innate and adaptive immunity responses [59]. Responses
triggered by the interactions between cells can activate
different immune pathways, in a regulated or exaggerated
context, and lead to a spectrum of diseases such as
allergies, host behavioural alterations, and gut and skin
pathology [5]. Recognition receptors are highly expressed
in intestinal epithelial cells (IECs) and include pattern-
recognition receptors (PRRs), nucleotide-binding and
oligomerization domain (NOD)-like receptors (NLRs), toll-
like receptors (TLRs), C-type lectin receptors (CLRs), RIG-I-
like receptor (RLR), absent in melanoma 2 (AIM2)-like
receptors (ALRs) and the oligoadenylate synthase receptor
(OAS) [60, 61]. Interplay between host and microbe
influences T cell development (to TH1, TH2, TH17, and
regulatory (Treg) cells dictated by pro-inflammatory (and
anti-inflammatory cytokines) such as transforming growth
factor-p (TGF p) and interleukin-10 (IL-10) [62].
Bifidobacterium strains are also capable of modulating
pro-inflammatory and anti-inflammatory  cytokines.
Consumption of the dairy products containing B. lactis and
other favorable strains increased serum levels of pro-
inflammatory  cytokines (interferon-y (IFN-y) and
interleukin 12 (IL12), and immunoglobulin (Ig)), and
increased the activity of natural killer cells, indirectly
suggesting that Bifidobacterium may play a role in the
enhancement of the immune response and NK cell
activities [63]. Bifidobacterium strains also can impact host
immune responses and release mediators of macrophage
function. Moreover, B. pseudocatenulatum, isolated from
faecal samples grown with dendritic cells and
macrophages, was shown to be a histocompatibility
complex (MHC) class I enhancer and TNF, IL1 and nitric
oxide (NO) producer [5].

3.2 Cytokine Modulation and T-Cell Regulation

A Th bias in the cytokine milieu is another aspect of B.
breve's immunomodulatory function, and its capacity to
raise secretory immunoglobulin A (sIgA) levels is an
essential part of its advantageous action [64].

Probiotics can enhance intestinal epithelium and also
modulate innate and adaptive immunity through immune
mediators such as Toll-like receptors (TLRs), cytosolic
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signaling receptors that includes nucleotide-binding
oligomerization domain leucine-rich repeat-containing
and pyrin domain-containing (NLRP) and anti-
inflammatory cytokines [5]. Intracellular immunological
receptors have an amazing ability to detect microbe
signals and pathogen-associated molecular patterns
(PAMPs). Toll-like receptor (TLR) expression is high in
immune (dendritic, macrophage and natural killer (NK)
cells) and non-immune (endothelial and epithelial) cells.
Accumulation of inflammatory cytokines and other
immune mediators triggered by TLRs when they
recognize such microbe-related substances drives both
innate and adaptive immune responses, through various
pathways by TLRs triggering downstream immune
responses [65]. Enterocytes (intestinal absorptive cells)
express TLR4 as many proteins on their surface and are in
close contact with microbial substances in the gut lumen;
the outer membrane of the intestine is lined by
enterocytes. TLR4 (Toll Like Receptor 4) recognizes LPS
(lipopolysaccharide: from Gram-negative bacteria) and
activates MYD88 (myeloid differentiation primary
response 88) intranuclear protein. Activation of MYD88
leads to degradation of the NFxB/IKB dimer (nuclear
factor kappa-light-chain-enhancer of activated B cells)/ (a
NFxB inhibitory protein). At this point, the NFxB complex
is translocated into the nucleus, where upon the
disintegration of the NF-xB/IKB dimer a large number of
pro-inflammatory cytokines, tumor necrosis factor-alpha
(TNFa), and interleukin gene transcription occur [66].

Bifidobacterium probiotics and bacterial metabolites
have been shown to influence innate immune response in
the intestine and transcriptional activity of enterocytes.
Methods of PCM, such as a diet with a single probiotic
strain or a combination of probiotic strain, for example, B.
infantis and L. acidophilus produced high expression of
inflammatory inhibitors (Tollip and SIGIRR) and
significantly decreased expression of IL-1p, IL-8, IL-6,
TLR2 mRNA, and high expression of TLR4 mRNA
(Thiyagarajan et al. 2023). It was also shown that Tollip
and SIGIRR mRNA levels were up-regulated and IL-6, IL-
8, and TLR2 were down-regulated in primary enterocyte
cultures of NEC tissue exposed to PCM [67].

3.3 Reducing Pro-Inflammatory Cytokines

The ability of B. breve to reduce production of pro-
inflammatory and pro-allergic cytokines. In ovalbumin
(OVA)-induced allergy models, treatment groups
supplemented with B. breve M-16V demonstrated a
decrease in OVA-specific IgE and IgGl in plasma
peripheral blood levels and inhibition of IL4 and IL5
producing splenocytes [68]. At the level of the gut mucosa,
bifidobacteria also have an impact on immunological
responses. Gene expression analysis of the colon
homogenates of Bifidobacterium adolescentis-treated mice
showed decreased levels of proinflammatory cytokines

(TNFa, IL-6, IL-13, IL-18, IL-22, and IL-9) but increased
levels of an anti-inflammatory cytokine (IL-10) as well as
Th2-type cytokines (IL-4 and IL-5) as compared with
controls. Likewise, colons of colitic mice treated with
ATCC15703 show greater numbers of Tregs. Likewise,
germ-free mice that were colonized with Bifidobacterium
bifidum strain PRI1 have an increased frequency of Tregs
in the colonic lamina propria [69]. Colon lamina propria
dendritic cells (DCs) show increased expression of early
activation markers in mRNA following PRIl treatment
including IL-10, GM-CSF, TGFp1, Indoleamine 2,3-
dioxygenase, PTGS2, and PD-1 along with the co
stimulatory markers CD86 and CD40. Upon in vitro
treatment of DCs with PRI1 and subsequent co-culture with
naive CD4 T cells, enhanced Treg induction and elevated
IL-10 production are observed [47]. At the level of species
and strains, Bifidobacterium immunomodulatory programs
are diverse in phenotype and robustness, with pro-
inflammatory effects reported (70). The phylogeny of
Bifidobacterium was proven to be wunrelated to its
immunomodulatory effect [71]. Cross-feeding is the
manner in which microbial species eat through and release
metabolites. Bifidobacteria are key genera for metabolite
production used in other genus as well as in several
Bifidobacterium species and strains [72]. Probiotics have
specific cell envelope molecules with immunomodulatory
properties that can reduce pro-inflammatory cytokines and
increase production of the anti-inflammatory IL-10, induce
T regulatory cells (Tregs), and facilitate improvement in
protection from radiation response. One of the most
extensively studied anti-inflammatory probiotic substances
is the capsular polysaccharide A (PSA) of Bacteroides
fragilis. Oral administration of PSA, a zwitterionic
polysaccharide, is both protective and therapeutic in
murine models of multiple sclerosis and colitis, by
stimulating IL-10 secretion from Tregs. The requirement of
TLR2 and MHCII for PSA protection is likely due to TLR2
signaling in plasmacytoid dendritic cells, which induces
Tregs and IL-10 [73]. Furthermore, in a murine colitis
model, glycosphingolipids from B. fragilis decrease the
levels of invariant natural killer T cell (iNKT) in the
intestinal lamina propria (74). Recently, B. fragilis PSA was
shown to enhance resistance to viral infection in a mouse
model through colonic DC activation and TLR4-dependent
IFN- production by [75].

3.4 Stimulation of Pathways that Promote Anti-
inflammatory and Regulatory Pathways
The second function is that B. breve can produce anti-
inflammatory cytokines at the same time. It has been
shown that this particular strain causes systemic release of
IFN-y and IL-10, which biases the systemic Thl/Th2
balance toward a more advantageous, controlled
phenotype [47]. Furthermore, B. Breve can stimulate
regulatory T cells (Tregs), a master regulator of
7
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immunological tolerance, to secrete TGF-p1 [76]. Its
therapeutic promise for conditions including IBD and
allergies is based on the activation of Treg cells, which
plays a crucial role in regulating inflammatory processes
[77].

3.5 Production of Beneficial Metabolites

Some of the metabolites that B. breve releases, including
lactate and acetate, can crossfeed on other gut
microorganisms and produce short-chain fatty acids
(SCFAs), like butyrate, which are advantageous for host
health [78]. SCFAs have anti-inflammatory characteristics
that include strengthening epithelial barrier, promoting
Treg development, and inhibiting histone deacetylases
[79]. Additionally, colonocytes, which support intestinal
health, use butyrate as their primary energy source [80].
ndustrial applications of Bifidobacteria, one of the
dominant genera in the human gut microbiota, include
several probiotic strains.

Hexose carbohydrates are fermented by bifidobacteria
to produce lactic and acetic acids among other beneficial
metabolites [81]. These  metabolites support
immunological function and intestinal barrier integrity
[82]. Bifidobacterial species carry a metabolic pathway to
generate aromatic lactic acids (ALAs) from the
consumption of dietary aromatic amino acids. Aromatic
lactic acids such as indole-3-lactic acid (ILA) have also
been found to have anti-inflammatory activities through
the aryl hydrocarbon receptor (Ahr) [83, 84]. Some
bifidobacteria also create conjugated linoleic acid and
vitamins in addition to the metabolites mentioned above
[84] which have the ability to influence host physiology
and function as signaling molecules [81, 85]. Small
intestine microbes are crucial to host physiology,
including immunity, metabolism, and gastrointestinal
motility [86]. Bifidobacteria have been shown to produce
SCFAs and SCFA precursors, such as lactic acid, as well as
vitamin B12 and amino acids through fermentation [70].
However, studies have also shown that bifidobacteria are
able to shuttle vitamin B12 into the cytoplasm [87].

Therefore, bifidobacteria, which produce lactic acid and
acetic acid via the bifidus shunt where 2 moles of glucose
yield 3 moles of acetic acid and 2 moles of lactic acid. In
the end, genomic analysis has suggested for bifidobacteria
the production of all 20 amino acids, with serine being

intermediated via glycerate-3-phosphate or proline
through 2-oxoglutarate.11 [88].
4 Strain-Specific Effects and Clinical

Implications
The therapeutic effects of B. breve are strain-specific, the
well-characterized strain B. breve M-16V is superior to
other lactobacilli and bifidobacteria in eliciting anti-
allergic mechanism potentials [64]. Because it has been
shown to reduce allergic skin reactions, suppress airway

reactivity, and offer protection against NEC, it is also
advantageous in experimental models [89].

Through epithelial barrier maturation and TLR-4
mediated inflammation suppression, B. breve (M-16V)
protects preterm newborns against pathogenic bacterial
translocation and NEC development, according to
preclinical efficacy findings in this work [1].

It may be useful in preventing and treating allergy
illnesses including asthma and atopic dermatitis because of
its capacity to restore the Th1/Th2 balance and stimulate
Treg function [77]. Breastfed infants' guts are dominated by
B. breve, which has also been isolated from human milk. It
is non cytotoxic, has immune-stimulating properties, has
antibacterial efficacy against human infections, and lacks
transmissible antibiotic resistance characteristics.  The
applications of B. breve strains, mostly for the prevention
and treatment of pediatric diseases, are discussed in this
review. The target pathologies include celiac disease,
obesity, allergy and neurological illnesses, and common gut
ailments including diarrhea and infant colic [90]. Breve
Bifidobacterium A popular probiotic strain for babies is M-
16V. It has been shown that M-16V may be able to prevent
children from contracting allergy disorders and the deadly
necrotizing enterocolitis (NEC). This study understands
the potential advantages of M-16V for newborn health,
namely in the prevention and treatment of immune-
mediated diseases in neonates and premature birth
difficulties [1]. Inflammatory bowel disease (IBD): B. breve
can target IBD by altering damage-associated molecular
patterns (DAMPs), TLR signaling pathways, and immune
responses. IBD is characterized by chronic intestinal
inflammation and associated disruption of the epithelial
barrier function [77, 91]. Analysis of a randomized
experiment on the impact of Bifidobacterium breve M-16V
supplementation on fecal bifidobacteria in growth-
restricted extremely preterm infants [92]. Early M-16V
treatment may improve bifidobacterial colonization in
preterm infants (gestation < 33 weeks), according to several
implementation cohort studies for babies with low birth
weights [92, 93].

5 Conclusion

This review demonstrates that Bifidobacterium breve
does not only play a role of a symbiotic organism but a key
modulator of intestinal immunity and inflammationl?7. Its
action modes are multiple: direct strengthening of the gut
barrier, intricate host-microbe communication through
Pattern Recognition Receptors (PRRs), and exquisitely
tuned cytokine matrix conducive to tolerancel8. Here, we
confirm the prevention and treatment of immune-mediated
diseases19 with specific strains M-16V. Large human
clinical trials and the evaluation of synergistic synbiotic
combinations are warranted to fully exploit the therapeutic
potential of this microbial partner20202020

Bifidobacterium breve is an important
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immunomodulator for normal gut homeostasis and gut
immune system development; Bifidobacterium breve. It
acts by several mechanisms: direct reinforcement of the
gut barrier and elaboration of complex signaling with the
host through PRRs as well as masterful modulation of the
cytokine matrix to inhibit excess inflammation and
promote tolerance.

Compelling support exists for B. breve use—especially
specific strains such as M-16V—for the prevention and
treatment of immune-mediated diseases. Nonetheless,
future studies should focus on several aspects, including:

e Large-scale and robust human clinical trials to test
the efficacy in target populations;

e More precise understanding of the molecular
pathways activated by different B. breve strains;
and

e The synergistic combinations between B. breve
with a prebiotic (synbiotics) or other probiotic
strains to promote its beneficial effects.

Overall, Bifidobacterium breve is a permanent proof by
showing how our microbial friends can be used much
more creatively for treating many types of inflammatory
and immune-related diseases.
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