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SUMMARY
Treatment of chronic inflammatory gastrointestinal conditions such as inflammatory bowel 
disease (IBD) is difficult due to the ambiguity surrounding their precise etiology. Complex 
interaction of genetic, microbial and environmental factors leads to sustained activation of 
the mucosal immune system resulting in active inflammation. Despite the efficacy of conven-
tional therapy, significant side effects can occur, highlighting the need for novel treatment 
approaches to IBD. Since gut microflora appears to play a significant role in IBD, manipulation 
of its composition and activity by administering beneficial bacteria - probiotics, has been 
identified as a potential therapeutic option. Probiotic bacteria are able to modify and improve 
the intestinal environment and subsequently reduce the severity of intestinal inflammation 
associated with IBD. Clinical evidence suggest that probiotics can maintain remission in 
Ulcerative colitis (UC) and Crohn’s disease (CD) but there are no convincing reports on the 
effectiveness in patients with more severe active forms of IBD. This review will explore various 
mechanisms how probiotics may affect IBD and summarize the current knowledge regarding 
the role of probiotics in IBD.
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INTRODUCTION

Although much is known about the pathogen-
esis of inflammatory bowel disease (IBD), our 
understanding in that field still remains incom-
plete. As a consequence, IBD conditions are 
chronic debilitating states without cure [1]. The 
best accepted hypothesis is that the complex 

interaction of genetic, microbial and environ-
mental factors results in a sustained activation 
of the mucosal immune system leading to active 
inflammation and tissue damage [2]. Under 
normal conditions, the host immune system is 
tolerant towards the antigens of the commensal 
gut microflora. Deregulation of the immune 
responses directed towards commensal bacteria 
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is known to be involved in the initiation and 
development of IBD [3]. Although there is an 
increasing evidence that dysbiosis is consider-
ably implicated in the etiology and pathogenesis 
of IBD, it is still unclear whether dysbiosis is 
a direct cause of the inflammation in IBD, or 
merely the result of disturbed environment in 
the gastrointestinal tract [4].

As the intestinal microflora appears to play 
a significant role in IBD, manipulation of its 
composition and activity by administering ben-
eficial bacteria - probiotics, has been identified 
as a potential therapeutic option [5]. Positive 
effects of probiotics are generally attributed to 
their ability to normalize host intestinal flora, 
modulate the intestinal epithelial barrier of the 
host, block pathogen binding to or penetration 
of mucosal surfaces, prevent the pathogenic 
bacterial growth, stimulate mucosal barrier 
function, and equilibrate the balance between 
proinflammatory and anti-inflammatory cyto-
kines and subsequently reduce the severity of 
the intestinal inflammation associated with IBD 
[6, 7]. This review will explore various mecha-
nisms by which probiotics may affect IBD and 
summarize the current knowledge regarding 
the role of probiotics in IBD.

INFLAMMATORY BOWEL DISEASE

Ulcerative colitis (UC) and Crohn’s disease 
(CD) are two major forms of the inflamma-
tory bowel disease (IBD). The hallmark of 
IBD is chronic, uncontrolled inflammation of 
the intestinal mucosa with potentially severe 
complications and even mortality. Diagnosis 
is based on the architectural distortion and/or 
acute inflammatory cells [8]. Clinical symptoms 
of IBD include abdominal pain, diarrhea, rectal 
bleeding, malaise as well as systemic symptoms 
of weight loss, fever and fatigue [3]. The main 
difference between CD and UC is the location 
and nature of the inflammatory changes. CD 
can involve any part of the gastrointestinal tract, 
although the majority of cases originates from 
the terminal ileum. Diseased segments are fre-
quently separated by intervening normal bowel, 
leading to the term “skip areas”. Inflammation 
can be transmural, often extending through 
to the serosa, resulting in sinus tracts or fis-
tula formation. UC, in contrast, is limited to 
the colon and rectum. Inflammation is limited 
primarily to the mucosa and consists of con-
tinuous involvement of variable severity with 

ulceration, edema and hemorrhage along the 
colon [9]. The symptoms are similar to CD, 
although there is no development of fistula. 
A great diversity of symptoms within UC and 
CD suggests distinct underlying pathogenetic 
mechanisms [10].

Barrier function and the increased 
intestinal epithelial permeability in IBD

This important defensive task of the intestine is 
based on three essential constituents: the micro-
flora, the mucosal barrier, and the local immune 
system [11]. As we have already mentioned, all 
these factors have an important role in IBD that 
will be discussed in this chapter.

The intestinal epithelium constitutes the 
largest and most important barrier between 
the host and the luminal content of the intes-
tine. It prevents the passage of harmful intra-
luminal entities, including foreign antigens, 
microorganisms, and their toxins. At the same 
time, the intestinal barrier has to be perme-
able for essential dietary nutrients, electrolytes 
and water, absorbed from the intestinal lumen 
into the circulation because of their importance 
for growth and development [12]. Healthy 
epithelium, with its highly evolved tight junc-
tions (TJ) and transporter proteins, normally 
provides an effective barrier against luminal 
microbes and antigens [10]. Barrier function 
is regulated by a variety of factors produced by 
mucosal cells, enteric bacteria, and epithelial 
cells themselves. The role of enteric bacteria 
in regulating the barrier function has particu-
larly become a very active area of research [13]. 
Disruption of this barrier can lead to loss of the 
immune tolerance to microflora and an inap-
propriate inflammatory response, as is thought 
to occur in the IBD [14].

Multiple molecular mechanisms of the 
increased intestinal permeability in patients 
with IBD have been reported, including reduc-
tion of TJ strands, strand breaks, alterations 
of TJ protein content and composition, and 
increased epithelial cells apoptosis [15]. Initial 
studies reported a downregulation in occludin 
expression in patients with IBD, with no change 
in claudin-1 expression [16]. However, these TJ 
modifications might be a consequence of disease 
pathogenesis rather than a cause, as they were 
not altered in patients with inactive IBD [17].

Furthermore, several cytokines are known 
to increase permeability in the intestinal epi-
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thelial monolayer by modulating TJ protein 
expression and localization [18]. CD is asso-
ciated with a Th1-type immune response with 
excessive production of tumor necrosis factor 
(TNF)-α, interferon (IFN)-γ and interleu-
kin-12 (IL-12), whereas ulcerative colitis is the 
result of a mainly T-helper (Th) 2, response 
with abundant IL-5, IL-10 and IL-13 produc-
tion [19]. In IBD patients, the nuclear factor 
kappa B (NF-κB) was identified as a key factor 
in the pro-inflammatory response, resulting in 
strongly enhanced expression of pro-inflam-
matory genes and recruitment of the excess 
inflammatory cells to the intestinal wall [20].

Current and emerging drugs for the 
treatment of the inflammatory bowel 
disease

Treatment of IBD is difficult due to the 
ambiguity surrounding its precise etiology. 
Treatment of IBD includes conservative mea-
sures as well as surgical approaches in those 
who are non-responders to medical treat-
ment. Pharmaceutical treatment of the disease 
includes anti-inflammatory drugs (mesalazine, 
corticosteroids), immunosuppressives (metho-
trexate, cyclosporin, azathioprine and 6-mer-
captopurine), biologic agents (tumor necrosis 
factor alpha blocking strategies – infliximab, 
adalimumab), antibiotics (ciprofloxacin, met-
ronidazole, ornidazole, clarithromycin), and 
drugs for symptomatic relief [21]. These agents 
vary in their ability to maintain the control of 
symptoms as well as in tolerability and toxic-
ities. None of these treatments is effective in 
all patients and all treatments are associated 
with a number of disadvantages, including a 
considerable burden of side effects, highlight-
ing the need for novel treatment options in 
IBD [22]. Accordingly, future therapy should 
focus not only on symptomatic relief, but also 
on rectifying the disturbances in body phys-
iology and associated short and long term 
complications. The future therapy should also 
focus on normalizing gut disturbed immune 
response, which can be achieved through nor-
malizing the composition of gut microflora, 
gut immune-response and microflora-epithe-
lial interactions towards maintaining normal 
biochemical reactions and healthy body phys-
iology. Recently, the applications of probiotics 
that selectively manipulate the gut microflora 
have gained great interest due to the feasibility 

of their administration and their safety as well 
[23]. These agents may become a component 
of treating IBD in combination with traditional 
anti-inflammatory and immunosuppressive 
agents [24].

THE ROLE OF INTESTINAL 
MICROFLORA AND PROBIOTICS  
IN IBD

Gut microflora

Gut microflora is a complex ecosystem which 
consists of various microorganisms residing in 
or passing through the gastrointestinal tract 
[4]. The human microflora contains upwards of 
1014 microorganisms. It has been suggested that 
the collection of microbial genes in our bodies 
exceeds our own genes by a factor of 100 [25]. 
The microflora colonizes our skin, genitouri-
nary, gastrointestinal, and respiratory tracts. By 
far the most heavily colonized organ is the gas-
trointestinal tract; the colon alone is estimated 
to contain over 70% of all the microbes in the 
human body [26]. The human gut microflora 
comprises a diverse collection of species that 
are mostly bacteria [27]. The intestinal bacte-
ria consists mainly of obligate anaerobes such 
as Bacteroides, Eubacterium, Lactobacillus, 
Bifidobacterium and Clostridium. Facultative 
anaerobes, e.g. Escherichia coli, are also pres-
ent [28]. Each individual organism presents a 
specific “bacterial fingerprint,” which is affected 
by a number of factors including host genotype, 
antibiotic treatment, diet and the maternal envi-
ronment [29].

Commensal microorganisms have 
co-evolved with their host and are essential for 
development of healthy gut and normal daily 
function of the human gastrointestinal tract 
such as digestion, absorption, function of the 
immune system as well as protection against 
pathogen colonization [3]. They synthesize 
compounds such as vitamin K and B vitamins, 
break down cholesterol, produce short chain 
fatty acids such as butyrate, and digest dietary 
polysaccharides that would not otherwise be 
salvageable for energy use [30]. A well balanced 
diversity of gut microflora is an important 
aspect of health. In the healthy state, potentially 
pathogenic bacteria are kept under control by 
the non-pathogenic flora, so called colonization 
resistance. Diversity is, however, challenged in 
some states such as IBD. When such changes 
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occur, they affect the host through the intestinal 
flora’s interplay with the body’s immune system 
and through bacterial translocation [31]. As gut 
microflora appears to play an important role 
in the pathogenesis, complications and symp-
toms of IBD, its manipulation by administering 
beneficial bacteria-probiotics, has been identi-
fied as a potential therapeutic option for IBD. 
Probiotics offer a method to potentially alter 
the intestinal microbiome exogenously or may 
provide an option to deliver microbial met-
abolic products to alter the chronicity of the 
intestinal mucosal inflammation characterizing 
the IBD [32].

Probiotics

General aspects
Probiotics are dietary supplements containing 
bacteria which, when administered in adequate 
amounts, confer a health benefit on the host. 
Combinations of different bacterial strains 
can be used but a mixture of Lactobacilli and 
Bifidobacteria, which have a long and safe his-
tory in the manufacture of dairy products, is a 
common choice [23]. Less commonly used are 
the bacterial strains of Enterococcus, Bacillus, 
Streptococcus, Lactococcus, and Escherichia 
among others. The yeast Saccharomyces boulardi 
is also used as a human probiotic, in the forms 
of capsules or powders rather than in food form 
[33]. The use of probiotics has many potential 
benefits including modified host metabolism, 
immuno-stimulation, anti-inflammatory reac-
tions, exclusion and killing of pathogens in the 
intestinal tract, enhanced nutrient absorption 
and performance, and ultimately decreased 
human health risk [34].

Mechanism of probiotic action in IBD
Probiotic bacteria have been shown to be able to 
modify and improve the intestinal environment 
and subsequently reduce the severity of intesti-
nal inflammation associated with IBD. Clinical 
evidence suggests that probiotics can maintain 
remission in UC and CD but there are no con-
vincing reports on effectiveness in patients with 
more severe active forms of IBD [3].

Several probiotic mechanisms of action, rel-
ative to inflammatory bowel disease, have been 
elucidated: (1) competitive exclusion, whereby 
probiotics compete with microbial pathogens 
for a limited number of receptors present on the 
surface epithelium; (2) probiotic-induced sup-

pression of pathogen growth through release of 
antimicrobial factors such as lactic and acetic 
acid, hydrogen peroxide, and bacteriocins; (3) 
immunomodulation of an immune response 
of gut-associated lymphoid and epithelial 
cells; and (4) enhancement of barrier function. 
Furthermore, positive effects may be achieved 
through active constituents of bacteria such as 
different enzymes, secreted protein factors and 
bacterial formulated peptides [35]. Each probi-
otic has a different mechanism of action and as 
such, not all probiotics will have the same effect 
after ingestion. Some beneficial effects are com-
mon to several probiotic species, while others 
are specific to particular species [6].

Competitive exclusion
One general mechanism of probiotic action is 
an adherence to the intestinal epithelium, which 
not only stimulates the immune system but also 
blocks pathogenic bacteria binding to epithe-
lium and subsequent infection. Evidence for this 
mechanism has been demonstrated in various in 
vitro systems, for instance, Lactobacillus rham-
nosus GG, L. rhamnosus LC705, Bifidobacterium 
breve 99, and Propionibacterium freudenreichii 
ssp. shermanii JS have all been demonstrated to 
reduce the adhesion of a number of pathogenic 
species to human intestinal mucus [36].

Probiotic-induced suppression  
of pathogen growth
Some probiotics can directly kill or inhibit 
growth of pathogenic bacteria through the 
release of antimicrobial factors such as lactic 
and acetic acid, hydrogen peroxide, and bacte-
riocins [14, 35, 37]. The bacteriocin family is a 
group of proteins which vary in size, biochem-
ical properties, microbial target and mode of 
action. Generally, they are most active against 
closely related bacterial species occupying the 
same ecological niche and thus have a relatively 
narrow killing spectrum [38]. The bacteriocin 
gains entry into the target cell by recognizing 
the specific cell surface receptors and then kills 
the cell by several mechanisms: formation of 
ion-permeable channels in the cytoplasmic 
membrane, inhibition of protein synthesis 
through the specific cleavage of 16s rRNA, 
nonspecific degradation of cellular DNA, or 
cell lysis [39].

Spinler et al. [40] identified production 
of the potent, broad-spectrum antimicrobial 
compound reuterin as a mechanism by which 
Lactobacillus reuteri could exert a beneficial 
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effect in the gastrointestinal tract. Furthermore, 
live L. reuteri exhibited greater pathogen-inhib-
itory activities than reuterin alone, suggesting 
that other microbial factors were also impli-
cated in the inhibition of bacterial pathogens, 
and future studies are needed to identify and 
investigate these compounds [40].

Furthermore, the mechanisms by which 
probiotic microorganisms are able to modify 
the intestinal microflora include reduction of 
luminal pH, thus interfering with the enzymatic 
activity of the gut flora [4].

Modification of the intestinal  
immune response
One of the most interesting characteristics of 
probiotics is their ability to modify intestinal 
immune responses that is highly disturbed in 
patients with IBD. Some strains can interact 
directly with T cells or can modify host immune 
responses indirectly via the modulation of anti-
gen-presenting cells. These actions in turn lead 
to downstream effects, e.g. they may induce a 
switch in the T cell response or modify cyto-
kine profiles [6]. Probiotics can increase levels 
of IgA-producing cells in the lamina propria 
and promote secretory IgA secretion into the 
luminal mucous layer. These antibodies limit 
epithelial colonization by binding the bacte-
ria and their antigens, thus contributing to 
gut homeostasis [14]. Some probiotics may 
modulate the in vitro expression of pro and 
anti-inflammatory molecules in a strain-de-
pendent manner. For instance, Lactobacillus 
sakei induces the expression of IL-1β, IL-8 
and TNF-α, whereas Lactobacillus johnsonii 
stimulates the production of transforming 
growth factor (TGF)-β in Caco-2 cells [41]. 
Lorea Baroja et al. [42] described a number of 
potential mechanisms for the antiinflamma-
tory effect of probiotics, such as modulation of 
the balance between Th1, Th2, and regulatory 
T cells; downregulation of proinflammatory 
cytokine production (e.g., IL-12, TNF-α) and/
or stimulation of antiinflammatory cytokines 
(e.g., IL-10); enhanced elimination and per-
meation of proinflammatory antigens; and as 
a response to antagonism against potentially 
pathogenic or proinflammatory endogenous 
bacteria. The probiotic Bifidobacterium longum 
down-regulated secretion of proinflammatory 
TNFα and IL-8 and decreased NF-kB activa-
tion in lamina propria mononuclear cells from 
the inflamed tissues of patients with the active 
ulcerative colitis [43].

Enhancement of epithelial barrier
One of the proposed mechanisms how probi-
otics act in the treatment of IBD is through the 
enhancement of epithelial barrier. Numerous 
studies have shown that probiotics have the 
potential to modulate many of the processes 
involved in mucosal barrier [3] by affecting 
the signalling pathways that lead to enhanced 
mucus or defensin production, or by prevent-
ing apoptosis or they may increase TJ function 
[44]. First, probiotics may promote mucin 
expression and secretion by goblet cells [14]. 
Mucins function, in part, by protecting the 
epithelial surface from the chemical, enzy-
matic, and microbial damage and have also 
been shown to inhibit bacterial transloca-
tion. In dextran sulfate sodium (DSS) colitis, 
expression of the goblet cell mucin MUC2, the 
primary constituent of the colonic protective 
mucus layer, and trefoil factor 3, a bioactive 
peptide involved in epithelial protection and 
repair, were decreased during the active dis-
ease but returned to normal levels during the 
regenerative phase [13]. Several Lactobacillus 
species increased mucin expression in the 
human intestinal cell lines Caco-2 (MUC2) 
and HT29 (MUC2 and 3), thus blocking the 
pathogenic E. coli invasion and adherence [32]. 
Rats fed with VSL#3 (mixture of 8 different 
species of bacteria, namely Streptococcus sali-
varius subsp. thermophilus, Lactobacillus casei, 
Lactobacillus plan tarum, Lactobacillus acidoph-
ilus, Lacto bacillus delbrueckii subsp. bulgaricus, 
Bifidobacteria longum, Bifidobacteria infantis, 
and Bifidobacteria breve) for seven days had 
elevated MUC2 gene expression leading to an 
increase in the total mucin pool [45].

Schlee et al. [46] demonstrated that pro-
biotic bacteria (lactobacilli and VSL#3) may 
stabilize gut barrier function via induction 
of anti-microbial peptides such as defensins 
through the induction of proinflammatory 
pathways including NF-κB and activator pro-
tein-1 (AP-1) as well as mitogen-activated pro-
tein kinase (MAPK).

Furthermore, probiotics can enhance TJ 
stability, which decreases epithelial permeabil-
ity to pathogens and their products [14]. The 
probiotic mixture VSL#3 was demonstrated 
to up-regulate the expression of proteins of 
the TJ, namely of occludin, zonula occludens 
(ZO)-1 and claudines 1–5, thus protecting the 
rats against an increased intestinal permeability 
caused by DSS [47]. Ukena et al. [48] showed 
that treatment with the probiotic E. coli Nissle 
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1917 resulted in an increased expression of the 
TJ molecule ZO-1 at both mRNA and protein 
levels, and reduced intestinal barrier permea-
bility in mice with DSS-induced experimental 
colitis. Eun et al. [49] found that probiotic, L. 
casei, prevented TNF-α and IFN-γ - induced 
epithelial barrier dysfunctions including TER, 
paracellular permeability, and ZO-1 expression 
in the intestinal epithelial cells. Randomized, 
crossover study in humans confirmed the role 
of L. plantarum WCFS1 in relocation of ZO-1 
and occludin of duodenal cells [50].

Probiotic active constituents
Recently, there has been a growing interest in 
the use of probiotic supernatants for the treat-
ment of gastrointestinal disorders. Probiotic 
supernatants are separated from bacterial 
cells, but contain a mixture of secreted bacte-
rial products such as short chain fatty acids, 
phospholipids, bacteriocins and proteins. The 
advantage of supernatant use would be reduced 
risk of sepsis associated with the administration 
of live bacteria as well as facilitated delivery of 
these secreted products in a more controlled 
manner, which does not require colonization 
and survival of bacteria. The exact composition 
of the secreted products is still unknown, but 
presumably would vary dependent on species, 
strain, and culture conditions [51].

Two soluble proteins from Lactobacillus 
rhamnosus GG, p75 and p40, were demonstrated 
to promote cell survival and growth in human 
and mouse colon intestinal epithelial cells. These 
proteins inhibit TNF-α induced cell apoptosis by 
activation of the anti-apoptotic factor Akt and 
protein kinase B. Consequently, colon epithelial 
damage was significantly reduced by both, p75 
and p40 indicating the potential for their use as 
a new therapeutic for cytokine-mediated gas-
trointestinal diseases [52].

Lee et al. [53] demonstrated the efficacy of 
supernatants from L. plantarum HY115 and L. 
brevis HY7401 in DSS-induced experimental 
colitic mice by the regulation of the inflamma-
tory cytokine expression via the activation of 
transcription factor NF-kB. Namely, oral admin-
istration of supernatant repressed the mRNA 
expressions of IL-1β, TNFα, IFN-γ mRNA, 
re duced protein levels of IL-1β and IL-6 in the 
colon, and reduced bacterial degradation activ-
ities of chondroitin sulfate and hyaluronic acid.

Active constituents of bacteria that manip-
ulate the mucosal immune system include 

enzymes; secreted protein factors; bacterial for-
mulated peptides such as N-formylmethionine- 
leucine-phenylalanine and lipopolysaccharide 
and peptidoglycan cell wall constituents 
including the muramyl dipeptide MurNAc-L-
Ala-DisoGln, gamma-D-glutamyl-meso-di-
aminopimelic acid and bacterial DNA [35].

These mechanisms indicate that effects of 
probiotics are strain-specific and they do not 
act through the same mechanisms [30] but it 
is obvious that, besides conventional therapy, 
they might be used as new therapeutic option 
in patient with IBD.

CONCLUSIONS

In recent years, a growing body of evidence has 
implicated gut microflora in the pathogenesis of 
IBD. Therapeutic manipulation of the intestinal 
bacteria by administering the beneficial bacte-
ria-probiotics seems to represent a way to treat 
IBD. The ability of probiotics to increase both 
intestinal barrier function and antiinflamma-
tory cytokine production makes a promising 
therapeutic option for IBD. Overall, the existing 
studies suggest that probiotic use is associated 
with the similar efficacy profile compared with 
currently used anti-inflammatory drugs. It is 
clear from the experimental models that pro-
biotic strains differ greatly in their mechanisms 
of action, and that a single mechanism of action 
is unlikely to be responsible for their clinical 
effects. Future researches need to be focused 
on obtaining more precise information on the 
mechanisms of action of probiotics. These find-
ings must be supported by large controlled ther-
apeutic trials using standardized methodology 
before widespread clinical acceptance.
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KRATAK SADRŽAJ
Le če nje hro nič nih za pa ljenj skih ga stro in te sti nal nih obo lje nja, kao što je in fla ma tor na bo lest 
cre va (IBC), te ško je zbog ne do u mi ca u ve zi s nji ho vom eti o lo gi jom. Slo že ne in ter ak ci je ge net-
skih, mi kro bi o lo ških i fak to ra sre di ne do vo de do ak ti va ci je mu ko znog imu no lo škog si ste ma, 
što iza zi va ak tiv nu in fla ma ci ju. Upr kos de lo tvor no sti kon ven ci o nal ne te ra pi je, mo gu da na sta nu 
zna čaj na ne že lje na dej stva, či me se is ti če po tre ba za no vim te ra pij skim pri stu pi ma u le če nju 
IBC. Bu du ći da crev na mi kro flo ra ima va žnu ulo gu u na stan ku IBC, ma ni pu la ci ja nje nog sa sta va 
i ak tiv no sti pri me nom ko ri snih bak te ri ja – pro bi o ti ka usta no vlje na je kao te ra pij ska mo guć-
nost. Pro bi ot ske bak te ri je mo gu da mo di fi ku ju i po bolj ša ju sre di nu u cre vi ma, te ta ko ubla že 
za pa lje nje po ve za no sa IBC. Kli nič ki do ka zi uka zu ju na to da pro bi o ti ci mo gu da odr že re mi si ju 
u ul ce ro znom ko li ti su i Kro no voj bo le sti, ali ne po sto je ube dlji vi do ka zi o efi ka sno sti pro bi o ti ka 
kod bo le sni ka s te žim ob li ci ma IBC. U ovom ra du da ti su pre gled raz li či tih me ha ni za ma na ko je 
pro bi o ti ci mo gu da uti ču u IBC i re zi me sa vre me nog zna nja u ve zi s ulo gom pro bi o ti ka u IBC.
Ključ ne re či: crev na mi kro flo ra; pro bi o ti ci; in fla ma ci ja; in te sti nal na ba ri je ra; in te sti nal na 
per me a bil nost
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