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- Irritable bowel syndrome (IBS)
IS probably the most common disease
of the gastrointestinal tract. It is
diagnosed in about 50% of patients
who consult a doctor because of

gastrointestinal complaints [1].



Typical signs of IBS are chronic abdominal pain, which may occur in combination with con-
stipation, diarrhea, and flatulence [2]. It is estimated that around 10 - 15% of the population

worldwide suffers from IBS, with women being more frequently affected [3].

Chronic stress promotes the development of an irritable bowel syndrome [4]. It can disrupt
the regulation of central pain pathways and alter motility and permeability throughout the
gastrointestinal tract [5]. In the presence of stress-related disorders the risk of developing
IBS is even twice as high [6, 7] (see FIG. 1).

IBS considerably impairs the quality of life of those affected. It is frequently associated with
psychological-psychiatric disorders such as anxiety disorders and depression [8-10]. According
to studies, 50-60% of IBS patients suffer from severe psychiatric problems such as anxiety

disorders, panic states, social phobias, or depression [11-13].

In current medical practice the treatment of IBS is mostly based on symptomatic measures
with limited efficacy [8, 11, 13]. Time and again, studies have been conducted to find better

treatment strategies, so far with little success.

With this information brochure, we aim to use molecular mechanisms to explain how intestinal
bacteria are involved in the pathogenesis of IBS. Once the etiology has been understood,

causal therapeutic approaches can be derived.
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Gut-brain axis at the center of irritable bowel syndrome

(Bron: Own representation based on Martin et al., 2018 [14]).




Role of intestinal microbiota in the pathogenesis
of irritable bowel syndrome

The human gastrointestinal tract is home to trillions of microorganisms, the gut microbiome. The
largest proportion of intestinal bacteria, the commensals, live in symbiosis with the body and there-
fore play an important role not only in maintaining the intestinal balance (homeostasis), but also for
the general human health. However, if there is an overgrowth of pathogens and thus an imbalance
between beneficial (symbionts) and harmful bacteria (pathogens), a so-called dysbiosis is present,

which can cause diseases [15, 16].

Anintact gut microbiome produces important metabolites and enzymes that are crucial for the supply
and absorption of essential nutrients and vitamins [17]. They play an active role in the development
and function of the mucosal immune system (MIS). The MIS protects against pathogens [18, 19], while

remaining tolerant to harmless food antigens or commensal microorganisms [20, 211.

Dysbiosis is found in a variety of intestinal diseases, including IBS [22, 23]. It is often associated
with a decrease in the biodiversity of bacteria [24, 25]. Some studies also point to an increased
Firmicutes/Bacteroidetes ratio, a rough indicator for a change in the microbial composition, espe-
cially when patients complain of bloating symptoms [26, 27]. A meta-analysis in stool samples
eventually demonstrated low levels of Lactobacilli, Bifidobacteria and Faecalibacterium prausnitzii,

together with elevated levels of Escherichia coli and Enterobacteria [28, 29] (see FIG. 2).

biovis’ EXPERT INFORMATION 04 /2021 IRRITABLE BOWEL SYNDROME (IBS)



IBS patients often show a bacterial overgrowth of the small intestine (Small Intestinal Bacterial
Overgrowth, or SIBO) by colon germs, including Klebsiella, Escherichia coli, or Clostridia [30, 31].
This overgrowth has its consequences: It leads to increased intestinal permeability, low grade
inflammation, disruption of intestinal motility as well as reabsorption of bile acids. Archaea
species such as Methano brevibacter smithii can also overgrow the small intestine. They pro-
duce methane gas in the small intestine, which inhibits intestinal maotility and thus delays the

passage of the intestinal contents.
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FIG. 2

Microbiota changes in the stool of irritable bowel syndrome (IBS)

IBS patients have a reduced bacterial species diversity (diversity [28,29]), an increased dysbiosis [22,23], and small intestinal
bacterial overgrowth (SIBO) [30,31]. (Bron: (left) Jeffery et al., 2020 [32]; (right) Own representation based on Pittayanon et
al, 2019 [29])



How does the microbiota influence intestinal homeo-
stasis and IBS pathogenesis?

Increasing evidence suggests a bidirectional communication between the gut microbiota and
the enteric (ENS: enteral nervous system) and central nervous system (CNS), referred to as
the “brain-gut-microbiome axis” (gut-brain axis for short) [14, 33, 34]. This tight communica-
tion suggests that gut bacteria can influence human brain activity indirectly or directly via
the ENS. Whether the brain function is positively or negatively influenced is depending on
the microbiota composition of symbiotic or pathogenic bacteria [14]. Each bacterial strain
metabolizes the available food components in different ways. Therefore, the composition of
the bacteria determines the number and variety of bacterial neurotransmitters, metabolites,
enzymes, and endocrine factors produced that are beneficial or harmful to human health. In
dysbiosis, the overgrowth of pathogens leads to an increased release of harmful rather than
beneficial bacterial metabolites. As a result of dysbiosis-related changes, the permeability of
the intestinal mucosa increases, allowing microbial products (TLR ligands, etc.) or antigens to
enter submucosal areas and activate immune cells. Inflammation is the consequence, result-
ing in the release of further pro-inflammatory substances, such as cytokines. Like bacterial
metabolites and neurotransmitters, these proteins can affect ENS as well as CNS functions

and increase or inhibit intestinal motility (see FIG. 3).

Any change in the composition of these factors may be involved in the pathogenesis of IBS
and cause one of the major IBS subtypes assigned on the basis of the leading symptoms:
Predominantly diarrhea (IBS-D), predominantly constipation (IBS-C), mixed (IBS-M)/alternat-
ing (IBS-A) diarrhea and constipation, as well as other undefined symptomatology, such as

flatulence and visceral pain (IBS-U) [35].



Therefore, the diagnosis of the microbial groups, producing various neurotransmitters,
metabolites, and vitamins, is a valuable approach for establishing appropriate therapeutic

options for the treatment of IBS based on different causes.
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FIG. 3

Intestinal dysbiosis as a cause of irritable bowel syndrome

In a dysbiosis (bacterial imbalance), the ratio of commensals to pathogens tilts, together with the type and amount of microbially
produced metabolites in the gut. Studies revealed the causal relationship between IBS symptomatology and dysbiosis-
altered levels of microbial neurotransmitters (Histamine, GABA, serotonin), metabolites (short-chain fatty acids (SCFASs),
vitamins, tryptophan and its Stoffwechsel products), bile acids, TLR ligands, and proteases.

(Bron: Own representation based on Mishima et al, 2020 [36])

Explanation: BA bile acids (1° primary, 2° secondary); His, Histamine; Trp, tryptophan, 5-HT, serotonin, IAld, indole-3-alde- hyd;
Kyn, kynurenine; KynS, kynurenic acid; GABA, y-aminobutyric acid; SCFA, short chain fatty acids. short chain fatty acids, Vit D+B6,
vitamin D+B6, AhR, aryl hydrocarbon receptor; PARs, protease-activated receptors; TIP, tight junction proteins; TLRs, toll-like re-
ceptors; EC cells, enterochromaffin cells (purple); TPH1, tryptophan hydroxylase; IDO, indoleamine 2,3-dioxygenase; ENS, enteric
nervous system, CNS, central nervous system.
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Microbial neurotransmitters

Neurotransmitters produced by microbiota play an important role in the development of irritable

bowel symptoms, especially visceral pain, but also flatulence, diarrhea and constipation [37, 38].

Histamine
Neurotransmitters produced by microbiota play an important role in the development of irri-

table bowel symptoms, especially visceral pain, but also flatulence, diarrhea and constipation ?

Histamine is a biogenic amine responsible for important physiological functions [37] like cell
proliferation, cell differentiation and hematopoiesis [39]. However, it also promotes immune
responses associated with allergies and inflammation. Histamine additionally has an influence
on the motility in the gastrointestinal tract. It increases mucosal permeability in the intestine

and affects ion secretion at the mucosa as well [40, 41].

Besides host cells (mast cells, basophils), intestinal bacteria can also synthesize Histamine.

These include, for example, E. coli, some Klebsial

species and Morganella morganii, [42]. Other 1 Hi -forming bacteria
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bacteria carry genes for the synthesis of the

enzyme histidine decarboxylase (HDC), which T Stress
converts the amino acid histidine to Histamine [43]. \+ +/
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have to be caused by a dysbiosis. They can also
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be triggered by stress, a Histamine-rich diet or a
reduced Histamine degradation by the enzyme
diaminooxidase (DAO) (see FIG. 4).
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Serotonin

Serotonin (5-hydroxytryptamine, 5-HT) is a multifunctional neurotransmitter, predominantly
produced in enterochromaffin cells in the small intestine. The starting substance is trypto-
phan[44, 45]. Additionally, some intestinal bacteria are also capable of synthesizing serotonin [46].
These include Corynebacteria, Streptococci, Enterococci or Enterobacteriaceae [47, 48]. Some
probiotic strains are capable of this as well. It has been described for Lactobacillus planta-
rum - [49] or Lactococcus lactis strains [50]. Spore-forming bacteria are not able to synthesize

of serotonin, but they can affect serotonin formation by the host [51].

Enteric serotonin appears to be one of the key molecules in the pathogenesis of irritable
bowel syndrome, as elevated levels trigger the typical IBS symptoms. These include increased
permeability of the intestinal mucosa, visceral hypersensitivity, activation of immune cells,
and acceleration of intestinal transit. In some patients with IBS a decreased expression of
the serotonin transporter (SERT) can be found, which also results in an increased serotonin
level [52, 53].

But IBS patients do not always show high serotonin levels. A lack thereof can also pro-
mote the occurrence of pain or constipation via insufficient activation of 5-HT3 or 5-HT4

receptors [54] (see FIG. 5).
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Increased pain sensitivity in IBS patients with low serotonin (5-HT)
and kynurenic acid (KynA) levels in the intestinal mucosa
(Bron: Keszthelyi, D. et al., 2013 [54])



y-Aminobutyric acid

GABA is an inhibitory neurotransmitter regulating the perception of visceral pain [55]. GABA
is formed from glutamate primarily in the central nervous system via the enzyme glutamate
decarboxylase (GAD). However, some bacterial strains, such as Lactobacillus brevis and
Bifidobacterium dentium, are also able to synthesize GABA in the intestine [56]. In the con-
text of IBS, Aggarwal et al. (2020) demonstrated that a reduced GABA concentration and an
altered GABA signaling system contribute to the pathogenesis of IBS [57]. Supplementing
GABA-producing probiotics (Bifidobacterium dentium) often has a favorable effect on hyper-

sensitivity. The same applies to visceral pain symptoms associated with GABA deficiency [58].

Microbial metabolites

Microbiota produced metabolites influence a variety of physiological factors in the intestine
and body [59]. An altered enteric metabolic profile of intestinal bacteria is another common
cause of IBS [60]. The most important microbial metabolites include tryptophan, short-chain

fatty acids (SCFAs), bile acids and vitamins. They are briefly described below.

Tryptophan

Tryptophan is an essential amino acid with significant functions in the brain-gut-microbiome
axis based on its three main metabolic pathways. A distinction can be made between the
serotonin, kynurenine and indole-aryl hydrocarbon receptor (AhR) metabolism. The latter in

particular can be strongly influenced by intestinal bacteria [61].

In the human body, only 2% of the ingested tryptophan is converted to serotonin, while the
majority is further converted to kynurenic acid (KynS) and quinolinic acid (QS) by the TDO or
IDO1 enzymes [62]. Therefore, alterations within the tryptophan metabolism also represent

an important reason for development of irritable bowel syndrome [63].

An important metabolite within the kynurenine pathway is kynurenic acid (KynS). It has a reg-
ulatory function in both the CNS and the gastrointestinal tract. Via binding to the G-protein
receptor GPR35, kynurenic acid has analgesic and anti-inflammatory properties [64]. Decreased
levels of this metabolite are frequently found in the intestinal mucosa of IBS patients [54]

and are often accompanied by pain symptoms [54] (see FIG. 3 and 5).



Intestinal bacteria such as E. coli, Achromobacter spp. or Bacteroides spp. metabolize trypto-
phan to indole aldehyde (IAld), which shows positive effects on intestinal functions via the
aryl hydrocarbon receptor (AhR) [65]. AhR-mediated signaling promotes gut health through
multiple pathways: It improves the mucosal defense barrier, activates Th17 cells and neutro-
phils, and promotes the production of interleukin 22. IL-22 enhances biodiversity, promotes
mucosal regeneration, and improves the epithelial barrier through the formation of tight
junction proteins (TJP) [66, 67]. Not only the just mentioned intestinal bacteria can activate
the AhR signaling pathway. Some probiotic strains are also capable of doing so, especially
Lactobacillus reuteri and Lactobacillus bulgaricus. They are an important option to counteract

inflammation and dysbiosis [68] to successfully treat IBS.

Short-chain fatty acids (SCFAS)

Short-chain fatty acids, mainly produced by microbial degradation of dietary fiber in the large
intestine, are of great importance for intestinal health. They are significant for the energy supply
of colon epithelia, to strengthen barrier function, to promote wound healing, to contribute
to training and maturation of the immune system, and to reduce the sensitivity to pain [69].
Decreased SCFA levels facilitate the occurrence of irritable bowel syndrome [69, 70]. Butyrate,
one of the major SCFAs, has mucosal protective and anti-inflammatory effects by inducing
regulatory immune cells and controlling proliferation and apoptosis of colonocytes [71].

Therefore, to treat IBS effetively an adequate supply of SCFAs is mandatory.

Vitamins

Vitamin D

Vitamin D plays a crucial role in intestinal health by strengthening the mucosal barrier, regu-
lating immune responses, and acting as an antimicrobial itself [72, 73]. Vitamin D deficiency
instead induces the release of proinflammatory cytokines, such as TNF-a and IFN-y, dam-
aging mucosal barrier function and downregulating the formation of tight junction proteins
(TJP) [74]. Additionally, the vitamin can interact directly with intestinal bacteria and improve
an already existing dysbiosis by strengthening useful bacteria and inhibiting pathogenic
or potentially pathogenic ones [74]. By promoting the secretion of anti-microbial peptides,
such as B-defensin-2 and lysozyme, vitamin D also has an antimicrobial effect [75]. On the
contrary, vitamin D deficiency weakens the host defense system. Patients with IBS often
have low vitamin D levels. In summary, this illustrates why supplementation often leads to a

decrease in disease activity [76].



Vitamin B6

Vitamin B6 is a water-soluble vitamin that occurs in various forms. The bioactive form, pyridoxal
5-phosphate, serves as a coenzyme in numerous processes [77]. Bacteria or their enzymes

are able to influence the vitamin B6 metabolism [77, 78].

A deficiency of vitamin B6 often leads to inflammatory reactions [79], whereby it may be
involved in the development of IBS. The low vitamin B6 levels can also aggravate IBS symp-

toms. Substitution of vitamin B6 instead has an alleviating effect on the symptoms [80].

Bile acids

Primary bile acids are synthesized in the liver from cholesterol and coupled to the amino acids
taurine or glycine. After intermediate storage in the gallbladder, the conjugated bile acids enter
the intestine, where bacteria partially dissolve the amino acid coupling again. Free primary
bile acids can be further converted into secondary bile acids by other intestinal bacteria
(e.g., eubacteria, clostridia) [81]. Only a small fraction of bile acids is eliminated in the stool.
A large proportion is reabsorbed in the terminal ileum and re-enters the liver via the portal
vein (entero-hepatic circulation) [82]. Dysbiosis or disorders of the bile acid transporter can
cause increased amounts of bile acid in the colon. As a consequence, fluid and electrolyte
secretion is enhanced [83, 84]. These processes can lead to an irritable bowel syndrome of
the diarrhea type (IBS-D) [85]. In support of this, bile acid malabsorption can be observed in
about 30% of IBS-D patients. Additionally, the administration of cholestyramine (adsorbent)
has a beneficial effect [86] (see FIG. 3).




Diagnostic approaches to irritable bowel syndrome

The previous sections discussed how intestinal bacteria are directly or indirectly involved
in the pathogenesis of IBS. In order to understand the possible causes leading to IBS in a

patient, the factors mentioned above should be investigated (see FIG. 3).

Microbiome analysis

Microbiome analysis are suitable for identifying dysbiosis in IBS patients. The microbiome
mini already shows all frequently occurring changes. Moreover, Histamine-forming bacteria

or a deficiency of butyrate-forming bacteria can also be detected.

Complementary profile to exclude digestive disorders

Itis always strongly advisable to check supplementary parameters, such as digestive residues,
pancreatic elastase, a-1-antitrypsin, calprotectin and secretory immunoglobulin A. This allows
diseases associated with digestive disorders, for example malabsorption or maldigestion, to
be detected or ruled out. The supplementary parameters include quantitative detection
of bile acids, which can be used to determine increased amounts of bile acids in the colon
as well as bile acid deficiency.



Irritable Bowel Profil:
Detection of Neurotransmitters and significant Tryptophan Metabolites

Anew addition to the Biovis’range of analyses is the irritable bowel profile for detecting
pathogenetically relevant neurotransmitters and metabolites in stabilized stool, thus offering
opportunities for targeted causal therapy approaches. Histamine, tryptophan, serotonin
and GABA measurements are included. The profile is based on the results of a pilot study
in which samples from 45 IBS patients were examined [Schitz et al., 2019] (see FIG. 6). As
many as 81% of the patients showed abnormalities in one or more parameters. 31% of
the patients had increased Histamine levels, 57% sufferd from decreased tryptophan
and 47% had insufficient serotonin levels. GABA was absent in 48% of the patients.
The consequences of the described findings were described for each parameter in the
introduction. Changes in neurotransmitters or metabolites enable targeted therapeutic
strategies. Some of these are summarized in Table 1. In addition to dietary measures or
the substitution of tryptophan, 5-HTP, GABA or missing cofactors, individualized probiotics
offer a chance to compensate existing deficiencies or to block the Histamine effect. So far,
only a few probiotics are currently available for this purpose, but this is about to change
rapidly. Which probiotic strains are able to block the Histamine effect and which ones

should better be avoided in patients with Histamine intolerance, is presented in Table 2.

IBS Patient Acquisition

L, IBS Pilot Study: IBS Diagnostic
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FIG. 6
Pilot study with 45 IBS patients verificates valuable diagnostic parameters
(Source: Own representation based on Schiitz et al., 2019)



IBS
Diagnostic

Parameter /1 His [>900 ng/g] 1 5-HT [>2500 ng/g]
Frequent = Diarree = Diarree
symptoms = Buikkramp = Viscerale

Physiologische
oorzaken

Effect

Serotonin
excess

Histamine
excess

= winderigheid

- Reaction to
Infection

/M Stress

A His-rich food

A His-forming bacteria

J His-degradation by
DAO (Histamine-
intolerance)

Histamine-1 receptor 5-HT.receptor

hypersensitiviteit

GABA-
deficiency

Tryptophan
deficiency

J Trp [<20 pg/g]
4 5-HT [<500 ng/g]

4 GABA [<13,6 pg/g]

= Obstipatie
= Buikpijn

= Pijngevoeligheid

- Malabsorption 4 Stress
> AT, CP J GABA-forming
- Fructose- bacteria
Malabsorption/
overconsumption

- I Trp-uptake
- Inflammation
MDO-Activity

- Induction of the
infalmmatory
cascade

= Histamine free diet

= DAO-substitution,
cofactors (DAO)

= ,Histamine-blocking
probiotics”
[L. reuteri?,
B. infantis¥,
B. longum]

= Classically:
AntiHistamine
therapy

Therapy

Tab. 1
Therapy approaches to IBS (*=strain dependent)

- Diarrhea

= Classically:
5-HT, receptor
antagonist

5-HT. receptor
-> Constipation
5-HTs receptor
- Pain

= Trp of
5-HTP
administration
= Trp or 5-HTP-
probiotics
[L. plantarum?,
L. brevis,
L. reuteri*]
= Regulier:
5-HT, receptor
agonisten

GABA-receptor
- Pain

= GABA-substitution
= GABA-forming
[L. plantarum*,
L. brevis, L. lac
tis*, B. dentium]



Histamine-lowering Histamine-neutral Histamine-forming
probiotics probiotics probiotics

M L. delbrueckii

S M L casei
Probiotics for 3 B. infantis - Bifidobakterien 2 L. fermentum
. - y > L. gasseri A L. plantarum*
histamine i f ;23‘5571 - L. rhamnosus A L. reuteri*
intolerance ’ > L. salivarius 1‘ L. lactis*
A E. faecialis
M E. coli

Tab. 2

Differentiated use of probiotics in histamine intolerance (*=strain dependent)

SIBO Breath Test Analysis

IBS patients frequently show a bacterial overgrowth of the small intestine (SIBO) with
colon germs. This has the following consequences: increased intestinal permeability, low
grade inflammation, motility disturbances and/ or impaired reabsorption of bile acids.
The SIBO breath test reliably detects an overgrowth syndrome and therefore provides

the possibility for a targeted therapy.

Vitamins
Vitamin D and vitamin B6 are of particular significance in patients with an irritable bowel
syndrome. Therefore, serum levels should always be examined and, in the event of a defi-

ciency, the vitamins should be substituted. A considerable clinical effect will be achieved.

Conclusie

Irritable bowel syndrome (IBS) is probably the most common disease of the gastroin-
testinal tract. Worldwide, 10-15% of the population is affected, and significantly more
in the course of a crisis or chronic stress. Unclear gastrointestinal complaints can have
many causes. Thus, a profound differential diagnosis is essential.

Clearly, a maldigestion or malabsorption should be ruled out first. A severely decreased
pancreatic elastase may suggest exocrine pancreatic insufficiency, whereas an increased
bile acid excretion may indicate a bile acidosis syndrome. A malabsorption is indicated
by abnormal inflammatory markers. High calprotectin levels may be due to invasive
mucosal diseases. Slightly raised a-1-antitrypsin or calprotectin levels, on the other hand,

are often due to food intolerances or carbohydrate malabsorption.



In addition to maldigestion or malabsorption, intestinal bacteria can also be responsi-
ble for a variety of gastrointestinal complaints. Understanding how they influence the
pathogenesis of IBS will help derive causal therapeutic approaches for better treatment
strategies to offer better help to the patients. The new irritable bowel profiles (Basis
A670 & Complete A671), offer a targeted analysis of important neurotransmitters and
metabolites. Together with the already known microbiome, breath test and vitamin anal-
yses, a clear picture of the causative factors of IBS can be provided. A causal therapy

becomes possible.

Reference list:

(1 Lee, V. T. et al. Risk of psychiatric disorders following irritable bowel syndrome: A nationwide population-

based cohort study. PLoS One 10, (2015)

(2] Quigley, E. M. M. Changing face of irritable bowel syndrome. World Journal of Gastroenterology vol. 12 1-5
(2006)

[3] Quigley, E. M. M., Bytzer, P, Jones, R. & Mearin, F. Irritable bowel syndrome: The burden and unmet needs
in Europe. Digestive and Liver Disease vol. 38 717-723 (2006)

[4] Qin, H. Y., Cheng, C. W, Tang, X. D. & Bian, Z. X. Impact of psychological stress on irritable bowel syndrome.
World J. Gastroenterol. 20, 14126-14131 (2014)

[5] Moloney, R. D. et al. Stress and the Microbiota-Gut-Brain Axis in Visceral Pain: Relevance to Irritable Bowel
Syndrome. CNS Neurosci. Ther. 22, 102-117 (2016)

(6] Sibelli, A. et al. A systematic review with meta-analysis of the role of anxiety and depression in irritable

bowel syndrome onset. Psychol. Med. 46, (2016)

[7] O'Mahony, S. M., Clarke, G., Dinan, T. G. & Cryan, J. F. Irritable Bowel Syndrome and Stress-Related
Psychiatric Co-morbidities: Focus on Early Life Stress. in (2017). doi:10.1007/164_2016_128

[8] Zamani, M., Alizadeh-Tabari, S. & Zamani, V. Systematic review with meta-analysis: the prevalence of

anxiety and depression in patients with irritable bowel syndrome. Aliment. Pharmacol. Ther. 50, (2019)

9] Fond, G. et al. Anxiety and depression comorbidities in irritable bowel syndrome (IBS): a systematic review

and meta-analysis. Eur. Arch. Psychiatry Clin. Neurosci. 264, (2014)

[10]  Lee, C.etal The Increased Level of Depression and Anxiety in Irritable Bowel Syndrome Patients
Compared with Healthy Controls: Systematic Review and Meta-analysis. J. Neurogastroenterol. Motil. 23,

(2017)

[11] Fadai, F,, Farzaneh, N., Ghobakhlou, M., Moghimi-Dehkordi, B. & Naderi, N. Evaluation of psychological
aspects among subtypes of irritable bowel syndrome. Indian J. Psychol. Med. 34, 144-148 (2012)

[12] Hausteiner-Wiehle, C. & Henningsen, P. Irritable bowel syndrome: Relations with functional, mental, and
somatoform disorders. World J. Gastroenterol. 20, 6024-6030 (2014)



[13]

[14]

[15]

[19]

[20]

[21]

[22]

[26]

[27]

[29]

[30]

(31

[32]

[33]

Zhang, Q. E. et al. Depressive symptoms in patients with irritable bowel syndrome: A meta-analysis of
comparative studies. Int.J. Biol. Sci. 14, 1504-1512 (2018)

Martin, C. R.,, Osadchiy, V., Kalani, A. & Mayer, E. A. The Brain-Gut-Microbiome Axis. Cell. Mol. Gastroenterol.
Hepatol. 6, (2018)

Dominguez-Bello, M. G., Godoy-Vitorino, F., Knight, R. & Blaser, M. J. Role of the microbiome in human
development. Gut 68, (2019)

The Integrative Human Microbiome Project. Nature 569, (2019)
Zhang, Y.-J. et al. Impacts of Gut Bacteria on Human Health and Diseases. Int. J. Mol. Sci. 16, (2015)

Buffie, C. G. & Pamer, E. G. Microbiota-mediated colonization resistance against intestinal pathogens. Nat.
Rev. Immunol. 13, (2013)

Sorbara, M. T. & Pamer, E. G. Interbacterial mechanisms of colonization resistance and the strategies

pathogens use to overcome them. Mucosal Immunol. 12, (2019)

Lloyd-Price, J., Abu-Ali, G. & Huttenhower, C. The healthy human microbiome. Genome Medicine vol. 8 1-11
(2016)

Mishima, Y. & Sartor, R. B. Manipulating resident microbiota to enhance regulatory immune function to

treat inflammatory bowel diseases. J. Gastroenterol. 55, (2020)

Holtmann, G.J., Ford, A. C. & Talley, N. J. Pathophysiology of irritable bowel syndrome. Lancet
Gastroenterol. Hepatol. 1, (2016)

Cryan, J. F. et al. The Microbiota-Gut-Brain Axis. Physiol. Rev. 99, (2019)
Drago, L., Valentina, C. & Fabio, P. Gut microbiota, dysbiosis and colon lavage. Dig. Liver Dis. 51, (2019)

Simpson, C. A, Mu, A., Haslam, N., Schwartz, O. S. & Simmons, J. G. Feeling down? A systematic review of

the gut microbiota in anxiety/depression and irritable bowel syndrome. J. Affect. Disord. 266, (2020)

Rodifio-Janeiro, B. K., Vicario, M., Alonso-Cotoner, C., Pascua-Garcia, R. & Santos, J. A Review of Microbiota

and Irritable Bowel Syndrome: Future in Therapys. Adv. Ther. 35, (2018)

Duan, R, Zhu, S, Wang, B. & Duan, L. Alterations of Gut Microbiota in Patients With Irritable Bowel
Syndrome Based on 16S rRNA-Targeted Sequencing: A Systematic Review. Clin. Transl. Gastroenterol. 10,
(2019)

Wang, L. et al. Gut Microbial Dysbiosis in the Irritable Bowel Syndrome: A Systematic Review and Meta-
Analysis of Case-Control Studies. J. Acad. Nutr. Diet. 120, (2020)

Pittayanon, R. et al. Gut Microbiota in Patients With Irritable Bowel Syndrome—A Systematic Review.

Gastroenterology 157, (2019)

Takakura, W. & Pimentel, M. Small Intestinal Bacterial Overgrowth and Irritable Bowel Syndrome - An
Update. Front. Psychiatry 11, (2020)

Shah, A. et al. Small Intestinal Bacterial Overgrowth in Irritable Bowel Syndrome: A Systematic Review and

Meta-Analysis of Case-Control Studies. Am. J. Gastroenterol. 115, (2020)

Jeffery, I. B. et al. Differences in Fecal Microbiomes and Metabolomes of People With vs Without Irritable

Bowel Syndrome and Bile Acid Malabsorption. Gastroenterology 158, 1016-1028.e8 (2020)

Gupta, A, Osadchiy, V. & Mayer, E. A. Brain-gut-microbiome interactions in obesity and food addiction.

Nat. Rev. Gastroenterol. Hepatol. 17, (2020)

Zhu, X. et al. Microbiota-gut-brain axis and the central nervous system. Oncotarget 8, 53829-53838 (2017)



[35]

(36]

(37]

[38]

(39]

(401

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[52]

(53]

(54]

Bruta, K., Vanshika, Bhasin, K. & Bhawana. The role of serotonin and diet in the prevalence of irritable

bowel syndrome: a systematic review. Transl. Med. Commun. 6, 1-9 (2021)

Mishima, Y. & Ishihara, S. Molecular Mechanisms of Microbiota-Mediated Pathology in Irritable Bowel

Syndrome. Int.J. Mol. Sci. 21, (2020)

van Thiel, I. A. M., Botschuijver, S., de Jonge, W. J. & Seppen, J. Painful interactions: Microbial compounds

and visceral pain. Biochim. Biophys. Acta - Mol. Basis Dis. 1866, (2020)

Lomax, A. E., Pradhananga, S., Sessenwein, J. L. & O'Malley, D. Bacterial modulation of visceral sensation:

mediators and mechanisms. Am. J. Physiol. Liver Physiol. 317, (2019)

Barcik, W., Wawrzyniak, M., Akdis, C. A. & O'Mahony, L. Immune regulation by Histamine and Histamine-
secreting bacteria. Current Opinion in Immunology vol. 48 108-113 (2017)

Fabisiak, A., Wtodarczyk, J., Fabisiak, N., Storr, M. & Fichna, J. Targeting Histamine Receptors in Irritable
Bowel Syndrome: A Critical Appraisal. J. Neurogastroenterol. Motil. 23, (2017)

Potts, R. A. et al. Mast cells and Histamine alter intestinal permeability during malaria parasite infection.

Immunobiology 221, (2016)

Barcik, W. et al. Bacterial secretion of Histamine within the gut influences immune responses within the
lung. Allergy 74, (2019)

Landete, J. M., De Las Rivas, B., Marcobal, A. & Mufioz, R. Updated Molecular Knowledge about Histamine
Biosynthesis by Bacteria. Crit. Rev. Food Sci. Nutr. 48, (2008)

Cremon, C. et al. Intestinal serotonin release, sensory neuron activation, and abdominal pain in irritable

bowel syndrome. Am. J. Gastroenterol. 106, 1290-1298 (2011)

Gershon, M. D. 5-Hydroxytryptamine (serotonin) in the gastrointestinal tract. Curr. Opin. Endocrinol.
Diabetes Obes. 20, (2013)

Roshchina, V. V. Evolutionary considerations of neurotransmitters in microbial, plant, and animal cells. in
Microbial Endocrinology: Interkingdom Signaling in Infectious Disease and Health 17-52 (Springer New
York, 2010). doi:10.1007/978-1-4419-5576-0_2

Asano, Y. et al. Critical role of gut microbiota in the production of biologically active, free catecholamines in

the gut lumen of mice. Am. J. Physiol. Liver Physiol. 303, (2012)

Ozogul, F. Production of biogenic amines by Morganella morganii, Klebsiella pneumoniae and Hafnia alvei

using a rapid HPLC method. Eur. Food Res. Technol. 219, (2004)

OZOGUL, F, KULEY, E., OZOGUL, Y. & OZOGUL, I. The Function of Lactic Acid Bacteria on Biogenic Amines
Production by Food-Borne Pathogens in Arginine Decarboxylase Broth. Food Sci. Technol. Res. 18, (2012)

Clarke, G. et al. Minireview: Gut Microbiota: The Neglected Endocrine Organ. Mol. Endocrinol. 28, (2014)

Yano, J. M. et al. Indigenous bacteria from the gut microbiota regulate host serotonin biosynthesis. Cell 161,

264-276 (2015)

Tada, Y. et al. Downregulation of serotonin reuptake transporter gene expression in healing colonic
mucosa in presence of remaining low-grade inflammation in ulcerative colitis. . Gastroenterol. Hepatol. 31,
(2016)

Jin, D. C. et al. Regulation of the serotonin transporter in the pathogenesis of irritable bowel syndrome.

World Journal of Gastroenterology vol. 22 8137-8148 (2016)

Keszthelyi, D. et al. Decreased levels of kynurenic acid in the intestinal mucosa of IBS patients: Relation to

serotonin and psychological state. J. Psychosom. Res. 74, (2013)



[57]

(61]

[62]

[63]

(64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

de Leon, A. S. & Tadi, P. Biochemistry, Gamma Aminobutyric Acid. StatPearls (StatPearls Publishing, 2020).

Barrett, E.,, Ross, R. P, O'Toole, P. W., Fitzgerald, G. F. & Stanton, C. y-Aminobutyric acid production by
culturable bacteria from the human intestine. J. Appl. Microbiol. 113, (2012)

Aggarwal, S., Ahuja, V. & Paul, J. Dysregulation of GABAergic signalling contributes in the pathogenesis of
diarrheapredominantirritable bowel syndrome. J. Neurogastroenterol. Motil. 24, 422-430 (2018)

Pokusaeva, K. et al. GABA-producing Bifidobacterium dentium modulates visceral sensitivity in the

intestine. Neurogastroenterol. Motil. 29, (2017)
Rooks, M. G. & Garrett, W. S. Gut microbiota, metabolites and host immunity. Nat. Rev. Immunol. 16, (2016)

James, S. C, Fraser, K., Young, W., McNabb, W. C. & Roy, N. C. Gut microbial metabolites and biochemical
pathways involved in irritable bowel syndrome: Effects of diet and nutrition on the microbiome. Journal of

Nutrition vol. 150 1012-1021 (2020)

Kennedy, P.J.,, Cryan, J. F, Dinan, T. G. & Clarke, G. Kynurenine pathway metabolism and the microbiota-gut-
brain axis. Neuropharmacology vol. 112 399-412 (2017)

Keszthelyi, D., Troost, F. J. & Masclee, A. A. M. Understanding the role of tryptophan and serotonin
metabolism in gastrointestinal function. Neurogastroenterology and Motility vol. 21 1239-1249 (2009)

Li, P. et al. Characterization of kynurenine pathway in patients with diarrhea-predominant irritable bowel
syndrome. Eur. J. Histochem. 64, 14-21 (2020)

Wang, J. et al. Kynurenic acid as a ligand for orphan G protein-coupled receptor GPR35. J. Biol. Chem. 281,
22021-22028 (2006)

Gao, J. et al. Impact of the Gut Microbiota on Intestinal Immunity Mediated by Tryptophan Metabolism.
Front. Cell. Infect. Microbiol. 8, (2018)

Metidji, A. et al. The Environmental Sensor AHR Protects from Inflammatory Damage by Maintaining

Intestinal Stem Cell Homeostasis and Barrier Integrity. Immunity 49, 353-362.e5 (2018)

Bock, K. W. Aryl hydrocarbon receptor (AHR) functions: Balancing opposing processes including

inflammatory reactions. Biochemical Pharmacology vol. 178 (2020)

Pernomian, L., Duarte-Silva, M. & de Barros Cardoso, C. R. The Aryl Hydrocarbon Receptor (AHR) as a
Potential Target for the Control of Intestinal Inflammation: Insights from an Immune and Bacteria Sensor

Receptor. Clin. Rev. Allergy Immunol. 59, (2020)

Tan, J. et al. The Role of Short-Chain Fatty Acids in Health and Disease. in (2014). doi:10.1016/B978-0-12-
800100-4.00003-9

Dalile, B., Van Oudenhove, L., Vervliet, B. & Verbeke, K. The role of short-chain fatty acids in microbiota-

gut-brain communication. Nat. Rev. Gastroenterol. Hepatol. 16, (2019)

Corréa-Oliveira, R., Fachi, J. L., Vieira, A., Sato, F. T. & Vinolo, M. A. R. Regulation of immune cell function by

short-chain fatty acids. Clinical and Translational Immunology vol. 5 €73 (2016)

Fakhoury, H. M. A. et al. Vitamin D and intestinal homeostasis: Barrier, microbiota, and immune

modulation. J. Steroid Biochem. Mol. Biol. 200, (2020)

Clark, A. & Mach, N. Role of Vitamin D in the Hygiene Hypothesis: The Interplay between Vitamin D, Vitamin

D Receptors, Gut Microbiota, and Immune Response. Front. Immunol. 7, (2016)



[75]

[76]

(771

[78]

(80]

[82]

(83]

(84]

Bruewer, M., Samarin, S. & Nusrat, A. Inflammatory bowel disease and the apical junctional complex. in

Annals of the New York Academy of Sciences vol. 1072 242-252 (Blackwell Publishing Inc., 2006).
Hewison, M. Antibacterial effects of vitamin D. Nat. Rev. Endocrinol. 7, (2011)

El Amrousy, D., Hassan, S., El Ashry, H., Yousef, M. & Hodeib, H. Vitamin D supplementation in adolescents
with irritable bowel syndrome: Is it useful? A randomized controlled trial. Saudi J. Gastroenterol. 24,
109-114 (2018)

Cellini, B. et al. Pyridoxal 5'-Phosphate-Dependent Enzymes at the Crossroads of Host-Microbe
Tryptophan Metabolism. Int.]. Mol. Sci. 21, (2020)

Rosenberg, J., Ischebeck, T. & Commichau, F. M. Vitamin B6 metabolism in microbes and approaches for

fermentative production. Biotechnology Advances vol. 35 31-40 (2017)

Huang, S.-C., Wei, J. C-C.,, Wu, D. J. & Huang, Y.-C. Vitamin B6 supplementation improves pro-inflammatory
responses in patients with rheumatoid arthritis. Eur. J. Clin. Nutr. 64, (2010)

Ligaarden, S. C. & Farup, P. G. Low intake of vitamin B6 is associated with irritable bowel syndrome

symptoms. Nutr. Res. 31, (2011)

Wahlstrom, A., Sayin, S. I, Marschall, H. U. & Backhed, F. Intestinal Crosstalk between Bile Acids and
Microbiota and Its Impact on Host Metabolism. Cell Metabolism vol. 24 41-50 (2016)

Ding, L., Yang, L., Wang, Z. & Huang, W. Bile acid nuclear receptor FXR and digestive system diseases. Acta
Pharm. Sin. B 5, (2015)

Walters, J. R. F. Bile acid diarrhoea and FGF19: new views on diagnosis, pathogenesis and therapy. Nat. Rev.

Gastroenterol. Hepatol. 11, (2014)

Oduyebo, I. & Camilleri, M. Bile acid disease: The emerging epidemic. Current Opinion in Gastroenterology
vol. 33 189-195 (2017)

Peleman, C. et al. Colonic Transit and Bile Acid Synthesis or Excretion in Patients With Irritable Bowel

Syndrome-Diarrhea Without Bile Acid Malabsorption. Clin. Gastroenterol. Hepatol. 15, 720-727.e1 (2017)

Cangemi, D.]. & Lacy, B. E. Management of irritable bowel syndrome with diarrhea: a review of

nonpharmacological and pharmacological interventions. Therap. Adv. Gastroenterol. 12, (2019)

Do you have further questions?

Please, contact us! We are happy to help you!

Biovis’ Diagnostik MVZ GmbH
Justus-Staudt-Stralie 2

65555 Limburg
Tel.: +49 6431 21248 0

info@biovis.de



Photo credits:

© Alex - stock.adobe.com

© Chinnapong - stock.adobe.com

© j-mel - stock.adobe.com

© Kateryna_Kon - stock.adobe.com

© Maksym Yemelyanov - stock.adobe.com
© Rawpixel.com - stock.adobe.com

© taa22 - stock.adobe.com

© Thomas Reimer - stock.adobe.com

© Trueffelpix - stock.adobe.com

© vchalup - stock.adobe.com

© biovis’ Diagnostik MVZ GmbH

biovis’
Diagnostik MVZ GmbH
Justus-Staudt-StralRe 2
65555 Limburg
Tel.: +49 6431 21248 0
Fax: +49 6431 21248 66
info@biovis.de
www.biovis.de

© biovis 2021



