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The host's intestinal flora provides the first line of
defense against pathogens by preventing them from

developing in the gastrointestinal tract, for instance by
generating an inhibitory medium. Beneficial bacteria
within the flora are able to interact with the adhesion and
toxic effects of pathogens. Ingested probiotic strains have
a proven effect on the composition and metabolic activity
of the intestinal microflora in healthy humans.

The intestinal epithelium constitutes a second line of
defense and a true barrier against pathogens, by the com-
bined effect of the mucus layer and the epithelial cells
themselves. Recent results support the hypothesis that
consumption of probiotics may improve intestinal barrier
function. However, these effects seem strain-specific and
need to be further investigated.

The immune system constitutes the third defensive barrier
against invasion. The innate immunity reacts immediately
but unspecifically.The adaptive immunity takes longer but is
specific and keeps memory of previous aggressions.A mild
inflammatory state is necessary to keep the defense ena-
bled, but the system must remain balanced in order not to
start an inflammatory disease. Current scientific knowledge
supports the hypothesis that consumption of lactic acid
bacteria may modulate immune response, which in turn
increases resistance to immune-related diseases.

summarySummary

Adaptation to the constraints of one's environ-
ment is vital for the survival and development of

living species. Certain of these constraints may be
classed as aggression, in other words forms of exter-
nal attack that can result in damage to individuals: free
radicals, pathogenic microorganisms, as well as diverse
kinds of challenging situations classified under the gene-
ric name of "stress"... For each of these types of
aggression, the body has a number of defense
systems, often very complex, which it uses either to
destroy the aggressive agent or to minimise or repair
the consequences of any harmful action by the latter.

Pathogenic bacteria and viruses are kept away
from the body by the barriers formed by the
skin, mucosa and endogenous intestinal flora. If
these physical barriers are overcome, the immune
system and its many components spring into
action in order to stem infection and its conse-
quences.These defense systems may just be described
as "natural defenses" as opposed to more medicinal
external approaches.

Natural defenses rely on precise physiological
mechanisms which, for the most part, are genetically
programmed into our body’s cells. However, the efficacy
of these mechanisms is dependent upon the presence
of certain specific elements coming from the outside
environment: nutrients for instance, or friendly bac-
teria called probiotics (see Box for definition). More
generally, everything that helps maintain the body in
good general condition, particularly a healthy lifestyle
and a balanced diet, assist in maintaining the body’s
defense systems at a sufficient level of stimulation to
allow effective response to external aggression.

The defense systems in the gut can be split into
three lines, for the sake of clarity: the gut flora,
the gut mucosa and epithelium, and the related
immune system, as shown in Fig.1.We will describe
each line, and for each we will then focus on the possible
helpful role played by probiotics.

introductionIntroduction
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Figure 1: Illustration of the natural defense systems of the intestine (Source: Danone Vitapole)

The intestine, composed of villi and crypts, is coated with mucus that protects the intestinal cells. At the
bottom of the crypts lie specialised cells known as Paneth cells that are able to release antimicrobial molecules
into the gut lumen.The intestinal flora, present mainly in the colon, forms a natural barrier to pathogens.The
intestinal immune system comprises cells disseminated beneath the epithelium and also between epithelial cells
(intraepithelial lymphocytes). Lymphocytes are also found within more organised structures, lymphoid follicles,
with a central region of B lymphocytes and a lateral region of T lymphocytes.Above these structures, we find
M cells, which are specialised in transporting particles to the follicle.These areas of the intestine are known as
Peyer’s patches.When a lymphocyte is activated by a dendritic cell presenting an antigen, it leaves the mucosa
in lymph and enters the bloodstream via the thoracic canal.This activated lymphocyte then colonises either
the same mucosa or other mucosal effector sites.

What is a probiotic ?
The definition of probiotics has changed over the course of time (this subject has been discussed in detail in our
issue n°18), but there appears to be consensus about the definition recently approved by the National Yogurt
Association (NYA) or the International Life Science Institute (ILSI) in the USA: “Probiotics are living micro-
organisms which upon ingestion in sufficient numbers, exert health benefits beyond basic nutrition."

Probiotics must possess the following key characteristics:
• they must be food grade
• they must be present in the form of live cells, preferably in high quantities, prior to ingestion 
• they must be stable and able to remain viable for the entire shelf life of the product
• they must bring health benefits to their host.
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Among the gut flora, many strains are more or less
putrefactive or pathogenic; these are the so-called
"harmful bacteria" that may form substances that are
noxious to the host, including certain putrefactive sub-
stances such as ammonia, hydrogen sulphide, amines,
phenols, indoles and secondary bile acids. These sub-
stances may injure the intestine directly and are also
partially absorbed, potentially contributing to disease.
On the other hand, some bacteria such as the lactic acid
bacteria do not produce putrefactive products, and are
consequently referred to as "beneficial bacteria"
(Fig.2).

The populations of microorganisms within the indige-
nous gut flora exert strong forces to maintain the
statu quo of the community.
A variety of factors related to the host, the bacteria
and the environment help to maintain the composition
and the proper functioning of the gut flora.
Conversely, the gut flora possesses a range of different
enzymes that perform extremely varied types of meta-
bolisms in the intestine and influence the host's health
and diseases (43).
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The human large intestine is an extremely
diverse microbial ecosystem. At least 400-

500 bacterial species are thought to be pre-
sent in the human faecal flora, at concentrations of up
to 1011 microorganisms per gram of faeces. The
endogenous gut flora amounts thus approximately to
1014 bacteria, equivalent to 10 times the number of
human cells in the entire body. Exogenous bacteria pass
through the gut following ingestion and make up the
transient flora. In adult faecal samples representing the
colonic microflora, the 4 major groups of bacteria
belong to the following genera: Bacteroides,
Bifidobacterium, Eubacterium and Peptostreptococcus at
concentrations of around 1010 - 1011 cfu/g. They are
called the dominant flora.

The subdominant flora consists of bacteria belonging
to the genera Streptococcus, Lactobacillus and, in smaller
numbers, Enterococcus, Clostridium, Bacillus and yeasts
(106-108 cfu/g).

ecosystemWhat is the intestinal microflora?

The first intestinal line of defense: the gut flora

Pasteur postulated that microorganisms are necessary for human life (12) and Metchnikoff confirmed the
importance of microbes and the interactions between host and bacteria for normal life (39). In recent
years, using modern techniques, scientists have gained more understanding about the composition of the
normal microflora in humans (31) and about the ways in which it forms a real defense barrier (50). A wide
range of studies is still needed to better understand this complex ecosystem and its functions.

Figure 2: Description of beneficial and harmful microflora, after (42).
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It has been suggested that commensal bacteria
may interfere with microbial pathogenesis

(8)(64) i.e. they are able to protect their host
against microbial pathogens by interfering with
their adhesion and toxic effects. Some of these
pathogens are already part of the endogenous gut flora,
whereas others,such as Salmonella, are truly foreign invaders.

The gut flora indeed provides protection against a
broad range of enteric pathogens, including certain
forms of Clostridia, Escherichia coli, Salmonella, Shigella and
Pseudomonas, as well as yeasts such as Candida albicans
(52). The mechanisms of this protection have not yet
been fully elucidated. However, a number of explanations
have been proposed (4)(6)(7)(15)(16)(17).They include:

• Depletion and/or competition for substrates

The consumption, by the friendly bacteria, of a nutrient
which is present in limited quantities in the intestinal
tract and which is necessary for the growth of the
pathogen, limits the establishment of the latter.

• Competition for receptor sites (competitive  
exclusion)

Some bacteria are able to inhibit the adhesion of patho-
gens to receptor sites, either by steric hindrance, either
by specific blockade of the receptor. This has been
studied extensively using cultured human intestinal
cells as the test model.

• Generation of a restrictive physiological 
environment

Some bacteria can generate a physiological environment
that is inhibitory to potential competitors. This can be
accomplished by producing volatile fatty acids, which
results in a change in local hydrogen ion concentration
(pH) or by producing hydrogen sulphide or changing the
oxidation-reduction potential.
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There is experimental evidence to support
the influence of ingested probiotic strains on

the composition and metabolic activity of the
intestinal microflora in healthy humans.

• Probiotics modulate the composition of the
intestinal microflora...

The survival of ingested probiotics in different
parts of the gastrointestinal tract differs between
strains. Some strains are rapidly killed in the stomach
while specific strains of lactic acid bacteria can pass
through the entire gut in high quantities. As a result of
their concentration in the lumen, they contribute to
transient modulation of the microflora ecology, at least
during the period of intake. This specific change may be
seen for a few days after the start of consumption of the
probiotic preparation, depending on the capacity of the
strain in question to modulate the functioning of the
gastrointestinal tract.

Many studies have demonstrated significant shifts in
bacterial counts in human faeces following consumption
of specific probiotic strains, generally resulting in increa-
sed numbers of health-promoting genera (Lactobacillus
and Bifidobacterium) and decreased numbers of potential-
ly harmful ones (several strains of Clostridium and
Enterococcus).

• Production of antimicrobial substances

Some bacteria of the flora are able to produce metabo-
lites toxic for pathogens. Some of these antimicrobial
compounds seem to be related to the bacteriocin
family, i.e. proteinaceous compounds generally active
against closely related bacteria. Others appear unrelated
and most still need to be further characterised (17).
Many lactic acid bacteria are able to produce such
compounds.

As a result of these four mechanisms, the gut flora actually
exerts a barrier effect that provides protection against
a broad range of pathogens. This barrier may be either
"drastic" (leading to the total elimination of exogenous
strains) or "permissive" (allowing the microorganism to
become implanted at a low level).

The microflora can thus act against pathogens directly,
but it also plays an important role in the modulation of
both the epithelium and the immune system, the two
other lines of defense of the host.

protectionWhy is the gut flora considered as
part of the host defense system?

influenceEffects of probiotics on the
intestinal microflora
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The three lines of defense in human intestine

)Effect of probiotics on body's natural defenses(

The expression of many bacterial enzymes is influenced
by the pH of the medium. Probiotics, being able to lower
the pH in the intestinal tract, may thus be able to interfere
with the enzymatic activity of the flora (37)(59). However,
this mechanism has not yet been proved in vivo.

It has been demonstrated that probiotic strains reduce
the activity of procarcinogenic enzymes produced
by the intestinal flora.This effect has been extensively
demonstrated in animal models and human studies mea-
suring the activity of certain bacterial enzymes involved in
colonic carcinogenesis in faeces after ingestion of specific
probiotic strains (21)(58).These studies, however, reflect
only the biochemical situation in the faecal material and
do not give an accurate picture of the situation throu-
ghout the entire colon. Because the pH cannot be mea-
sured within the intestine, in vivo assessment of the effects
on carcinogenesis of acid production by lactic acid bacteria
is difficult. Due to the complexity of the development of
colonic tumours in humans, it is not possible to infer any
positive benefit from this result in the prevention of
colonic cancer.

Probiotics modulate the metabolic activity
of the gut flora

These studies, however, reflect the bacteriological situa-
tion in faecal matter only and do not provide an accurate
picture of the situation in different parts of the gastroin-
testinal tract or in the mucosal layer of the gut.
Furthermore, many species of intestinal bacteria from
faecal samples cannot be cultured on specific plates.

New methods recenty established open up new perspec-
tives for research and will contribute to accurate description
of changes in the composition of microbial populations, as
yet uncharacterised, within the microflora.

... by several mechanisms

Animal experiments and in vitro studies have proved that
specific probiotic strains have a protective action against
the adherence, establishment, reproduction and/or patho-
genic action of specific enteropathogens, through the four
mechanisms previously described:

• rendering specific nutrients unavailable to pathogens;

• rendering specific binding-sites unavailable for
adhesion. For instance, different Lactobacillus strains were
tested for their ability to adhere to Caco-2 cell cultures
and inhibit the adhesion of pathogens such as Escherichia
coli or Salmonella typhimurium (9), most likely by mere
steric hindrance of enterocytic pathogen receptors.

• reduction of luminal pH through the production of
volatile short-chain fatty acids; production of hydrogen
peroxide under anaerobic conditions; and of course,
production of lactic acid (Bifidobacterium, Lactobacillus,
Streptococcus), leading to a reduction in colonic pH; this is
regarded as being the major mechanism by which lactic
acid bacteria inhibit the growth of various facultative or
mandatory anaerobic bacteria (59).

• and/or production of a broad spectrum of specific
antimicrobial substances such as bacteriocins (17).

Lactobacillus bulgaricus 
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The intestinal epithelium is a single cellular layer
which comprises various epithelial populations, including
primarily columnar cells (enterocytes and colonocytes)
and goblet cells as well as the less abundant entero-
endocrine cells and Paneth cells, in addition to other
minor cell populations.This epithelium is entrusted with
the difficult task of protecting the underlying biological
compartment.To this end, the intestinal epithelial cells are
equipped with a group of defense mechanisms, both
constitutive and inducible. This chapter focuses only on
those defense mechanisms initiated and executed by the
intestinal epithelial cells.

The mucus layer

The surface of the intestinal epithelium is coated by a
visco-elastic layer, which consists largely of intestinal

glycoconjugates. The mucus gel is formed by high
molecular weight mucins secreted by the goblet cells,
and the glycocalyx is formed by other glycoconjugates,
mainly glycoproteins and glycolipids synthesized by most
of the epithelial cells.

Mucins and glycoconjugates play a key role in the
barrier effect mechanism. Not only the mucus layer
forms a physical barrier, but the glycoconjugates
also interfere with the adhesion of pathogenic bacteria to
their targets (3)(11). Due to their location on the cell
surface, and their inherent variability, mucins and the
glycan portion of certain glycoconjugates provide
a wide range of binding sites for bacteria and
toxins (44). In addition, those complex carbohydrates also
serve as nutrients for the intestinal microflora (18) (Fig.3).

barrierWhat is the intestinal epithelium
and why is it considered as part of
the host defense system?

The second intestinal line of defense:
the intestinal epithelium
The intestinal epithelium encounters a unique environment consisting of microbes, both commensals
and pathogens, as well as dietary nutrients and a number of antigens.This complex composition
necessitates the presence of a dynamic system of defense to contain both pathogenic and commensal
bacteria within the lumen and to allow for nutrient absorption.

Figure 3: Microbial attachment to glycoconjugates in intestinal epithelial cells.

NucleusNucleus
Bacteria�
binding to�
receptor

Glycoconjugate�
receptor

Bacteria

For details of the tight �
junction see Fig. 4�

Source : Freitas M., PhD thesis, 2001; adapted from (63)



The three lines of defense in human intestine
Effect of probiotics   (

D A N O N E  N U T R I T O P I C S  •  N ° 2 5  /  J U L Y  2 0 0 28

Although adherence to gastrointestinal mucins and specific
glycoconjugates may protect the host by preventing orga-
nisms from attaching to the underlying mucosa, it may
also paradoxically favour pathogens, providing them with
an anchor to the gut wall, thereby delaying clearance,
favouring colonisation, and facilitating infection
(28)(54)(61).
Whether a harmful or beneficial outcome results from
the attachment of microbes to intestinal glycoconjugates
may depend on other factors, including the composition
and quantity of mucins, intestinal motility and the rate of
intestinal fluid flow.

The role of intestinal mucins in intestinal defense
is highlighted by recent publications demonstrating that
the protective effects of Lactobacillus species may lie in
their ability to stimulate mucin production (34).
Other findings indicate that the intestinal microflora and
certain pioneer microorganisms may be able to modify
the cellular carbohydrate pattern so as to promote colo-
nisation of specific beneficial bacteria (25)(26).

In conclusion, the carbohydrate and mucin repertoire
present on the host cell surface is a key factor in suscep-
tibility to microbial infection and colonisation (34)(44).

Intestinal cellular permeability

A major function of the polarized epithelium is to sepa-
rate tissue spaces and regulate the exchange of materials
between them. Tight junctions are highly regulated
macromolecular protein structures that link the epithelial
cells one to another. They form an intercellular barrier
that maintains balanced intestinal permeability.

In a normal state, this complex structure controls the
movement of solutes between the intestinal lumen and
the intestinal mucosa, without compromising the overall
epithelial barrier (Fig.4). In specific disease states, tight
junction proteins are redistributed as a result of bacterial
products and other immune mediators, allowing permea-
tion of luminal contents through this space.

Certain pathogens and immune mediators act in this way
(e.g. enteropathogenic Escherichia coli, Salmonella sp., IL-4,
TNF-α). On the contrary, cytokine IL-17 and the non-
pathogenic yeast Saccharomyces boulardii enhance the
epithelial barrier function (10)(29).

Pathogens might have developed mechanisms to subvert
the integrity of the tight junction barrier; however, pro-
tective mechanisms are also activated in an attempt to
restore the barrier by up-regulation of the expression of
key tight junction proteins.

Figure 4: Model of a tight junction between two
epithelial cells.
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Intestinal antimicrobial peptides

Various products secreted by the epithelium play an
essential role in protecting the mucosa from injury.

Trefoil peptides are one of the most widely studied
examples. It is a group of small protease-resistant pro-
teins, secreted by goblet cells throughout the gas-
trointestinal tract, and their expression is induced in
response to injury.
These peptides can protect the epithelium from a
variety of agents, including bacterial toxins, chemicals
and drugs. Trefoil peptides also play a key role in restitu-
tion, the process through which epithelial continuity is re-
established after injury.

Paneth cells, which are specialized cells regrouped in
clusters at the bottom of the crypts between intestinal
villi, are able to release antimicrobial substances that dis-
solve the cell membrane of pathogenic bacteria (19)(48),
in response to the presence of specific bacteria (2)(33),
lipopolysaccharides and after cholinergic stimulation that
normally signals the arrival of food.

Recent studies have demonstrated probiotic
effects on intestinal epithelium by different

mechanisms, all dependent upon specific bacterial
species and strains.

Probiotics modify the mucus layer

Several in vitro and in vivo studies have demonstrated that
specific bacterial species and strains produce extracellular
glycosidases that degrade intestinal glycoproteins or
mucins (51)(53) and that some other are able to sti-
mulate mucus secretion (5)(24) although data specific
for probiotics are relatively scarce. One in vitro study has
recently demonstrated a direct probiotic effect through
the induction of intestinal mucin gene expression
in epithelial cells, caused either by cell wall determinants
or secreted products from probiotic bacteria (34).

The biological role of alteration in complex glycoconjugate
and mucus expression has yet to be determined.
Nevertheless, recent studies have shown that the bio-
chemical changes induced by probiotics might
inhibit binding of pathogen bacteria to cultured
intestinal cells in vitro (5). Specific modifications of the
mucus layer could be either beneficial (through destruc-
tion of receptors for some pathogens) or detrimental (by
unmasking receptors buried in the mucus layer, providing
pathogens with an anchor on the gut wall) (18).There is
thus a great need to continue research in this field in
order to understand both the overall impact of modifica-
tions in intestinal glycosylation on humans and the
underlying mechanisms.

It is hypothesized that Paneth cells can sense bac-
teria entering the crypt and attack them to prevent
proliferation of pathogens in the close space of crypts.
The antimicrobial activity of these molecules remains high
even when the secretions are diluted a million-fold relative
to the estimated concentration in the crypt. This means
that the secretions probably protect not only the cells in
the crypt but also the more mature cells that have
migrated outside the crypt onto the villi.

biochemical changesEffects of probiotics on the 
intestinal epithelium
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Probiotics influence epithelial permeability and
enhance barrier integrity

A recent study has demonstrated that some probiotics
produce metabolites that directly alter epithelial permea-
bility and enhance barrier integrity in vitro (35). Evidence
from both animal and human studies showing that
probiotics may restore disturbed epithelium per-
meability also supports such a mechanism (10). This
capacity may protect the host against bacterial transloca-
tion and invasion by pathogenic bacteria. Further investi-
gations are needed to gain insight into the specific effects
of probiotic strains.

Although very recent, the abovementioned investigations
relating to the direct effect of probiotics on intestinal
epithelium have already led to important in vivo and in
vitro results and open promising perspectives.

The most recent knowledge provides strong support for
the hypothesis that consumption of probiotics in healthy
humans may improve intestinal barrier function. However,
there is still a great need to carefully study these effects,
and to provide evidence of the actual beneficial effects in
well-controlled clinical trials.

Innate immunity

Once pathogens enter the body, they are initially
countered by innate defense mechanisms that act

within minutes of invasion (27).

Many microbes share pathogen-associated molecular pat-
terns that are recognized by evolutionarily conserved
receptors. Tissue macrophages and neutrophils bear
these classes of receptors on their surface.When patho-
gens are recognized, they are engulfed and destroyed in a
process called phagocytosis.This response can be suffi-
cient to prevent an infection, new phagocytic cells being
recruited if needed to adapt the response to the size of
the infection.

In the case of intracellular pathogens like viruses,
infected cells produce interferon-alpha (IFNα) and
interferon-beta (IFNβ) that block viral replication and
that activate NK cells (natural killer cells). NK cells
release the contents of their granules, that kill both infec-
ted cells and the intracellular pathogen.

Some pathogens have elaborate strategies to escape inna-
te immunity. Encapsulated bacteria are not recognized
by phagocyte receptors. In this case, the innate immune
response is not sufficient to eliminate the pathogen. For
an adaptive immune response to take place, macrophages
must act as antigen-presenting cells.The cytokines relea-
sed in response to infection play a role in determining the
nature of the adaptive immune response.

responseThe components of immunity

[ Once pathogens enter the body,
they are initially countered by innate 
defense mechanisms that act within 
minutes of invasion

]

The third intestinal line of
defense: the immune system 
The immune system comprises a complex array
of interacting mechanisms. A number of cells in
the immune system communicate via soluble
molecules called cytokines.There is local immune
tissue (mucosa-associated lymphoid tissue –
MALT) and the systemic immune system (in
blood, spleen, liver and bone marrow). Both com-
ponents can be artificially divided into two types
of response: innate (non-specific) and adaptive
(specific) immune response.

The three lines of defense in human intestine
Effect of probiotics  (
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Adaptive immunity

Adaptive immune response is triggered if pathogens escape
innate immune response and this occurs 4 to 7 days after
the beginning of infection. This time is required for
antigen-specific T and B lymphocytes to proliferate
and differentiate. After an adaptive immune response to a
pathogen, response to re-infection with the same pathogen
is much more rapid thanks to immune memory cells.

The body reacts specifically to antigens in two ways (27):

• Humoral immunity, which is mediated by circulating B
lymphocytes. Upon activation, B cells produce antibodies
(immunoglobulins) that are involved in specific host
defense against infection.

• Cell-mediated immunity, which involves T lymphocytes.
T lymphocytes have specific receptors on their surface
that are able to recognize antigenic peptides. After this
recognition, naive TCD4 cells differentiate into either Th1
or Th2 cells.Th2 cells are the most effective activators of
B cells, whereas Th1 cells are crucial for activating macro-
phages. TCD8 are able to kill pathogen-infected cells
directly.

Gut-associated lymphoid tissue (GALT)

Most antigens enter the body through mucosal surfaces.
The mucosa-associated lymphoid tissue contains around
80% of cells within the immune system. GALT contains
more lymphocytes than all of the secondary lymphoid
organs combined (47).

Soluble proteins and microbes cross the epithelial barrier
through a specialized type of epithelial cell known as the
M cell. M cells are contained within Peyer's patches,
composed of groups of lymphoid follicles found primarily
in the ileum of the small intestine.

The mucosal surface is also characterised by high
amounts of dimeric IgA, produced by B cells and
transported by mucosal epithelial cells onto the surface.
Dimeric IgA binds to pathogens in the lumen and prevents
their adhesion to the epithelial surface.

Immune mechanisms generated in the intestinal epithe-
lium are able to mobilise the body’s immune system
in general. Induction of mucosal immune responses can
often result in both cell-mediated and antibody responses
in the peripheral lymphoid compartment (47).
Antigen uptake by M cells results in the initial induction
of the immune response. Antigen-activated B-cells and
T-cells in the GALT migrate via the lymphatic system to
the bloodstream.These migrating cells home to mucosal
effector sites where they perform their respective func-
tions to protect mucosal surfaces.

Mucosal inflammation

The GALT must constantly distinguish harmless
antigens present in food or on commensal bacteria from
pathogenic microbes. However, the essential microbial
structural elements that are recognized are common to
both the commensal flora and pathogens.
The mechanism by which the immune system
distinguishes between commensal and pathogenic
flora is not yet understood. One explanation is that
commensals cannot gain access to Peyer's patches and
remain trapped in the mucus. Pathogenic bacteria may
also induce maturation and migration of dendritic cells,
whereas commensals do not.

To trigger an immune response against potential patho-
gens, the GALT must monitor antigens in the lumen.
There is good evidence that immunosurveillance by the
small intestine depends on transport of antigens across
the gut. However, such transport must occur in a controlled
manner to avoid harmful immune response.
The cell types involved in mucosal inflammation are
macrophages, neutrophils, lymphocytes and epithelial
cells.These cells secrete large amounts of pro-inflamma-
tory cytokines (e.g. IL-1,TNF-α, IL-12) and chemokines
(e.g. IL-8, MCP-1).The surface properties and permeability
of blood vessels are modified and allow the recruitment
of immune cells at the inflammatory site.The inflammatory
response is useful for elimination of pathogens from the
body but this reaction must be tightly controlled to avoid
the risk of widespread inflammation.

)   on body's natural defenses
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A very mild inflammatory response develops in the
mucosa, allowing it to tolerate the endogenous flora. Such
stimulation ensures that this line of defense is perma-
nently enabled. This equilibrium is governed by complex
regulatory mechanisms involving various messengers, the
best-known of which are the cytokines. Each of them
acts to either dampen or stimulate response, or provide
feedback resulting in harmonisation of the activities of the
various effectors. Not all bacteria have the same ability to
induce an inflammatory response. In particular, the resi-
dent flora provokes only a mild response while
modification of the flora induces a more marked
response.
Furthermore, it is currently thought that under special
circumstances, particularly following aggression of the
gastrointestinal mucosa, the resident flora may induce
excessive inflammatory response resulting in diseases
such as inflammatory bowel disease (IBD). Despite
extensive research, the aetiology of this disease remains
unknown. There is, however, increasing evidence that
commensal flora play a role in the pathogenesis of IBD.
Administration of antibiotics often leads to remission in
patients with IBD. Furthermore, when kept in germ-free
conditions, animal models of colitis fail to develop intesti-
nal inflammation. Control of inflammatory response
is consequently a critical function in which the
flora is involved in several stages.The result may be
determined histologically or by measurement of cytoki-
nes, which provide an indication of local pro- or anti-
inflammatory response.

Probiotics modulate mucosal inflammation

The central design paradox of mucosal immunity is avoi-
dance of unnecessary, potentially harmful reactivity
to commensal flora coupled with the capacity for rapid
responsiveness to episodic challenge from infection.
This is accomplished by continual antigen sampling of the
luminal environment, discrimination between pathogenic
danger signals and innocuous stimuli by indigenous flora,
and rigorous control of immune effector mechanisms.

There have been few human studies using different strains
of lactic acid bacteria. Since the immunopotentiating acti-
vity of lactic acid bacteria may be strain-dependent, it
is difficult to draw any firm conclusions with regard to the
effects of probiotics on immune response in humans.
Nevertheless, there is increasing experimental evidence
to support the effect of orally administered probiotics on
the immune system.

The results of human and animal studies sup-
port the notion that lactic acid bacteria exert

immunomodulatory effects, although there have
been few studies in humans (40).To date, the overall fin-
dings of studies on the immunological effects of lactic acid
bacteria provide strong support for the hypothesis that
consumption of lactic acid bacteria may modulate immu-
ne response, which in turn increases resistance to immu-
ne-related diseases.

Probiotics modulate immune parameters 

In human studies, cytokine production (1)(13)(57),
phagocytic activity (55), antibody production (32)
and NK cell population (13)(14) have been shown to
increase with yogurt consumption.
It has also been demonstrated that probiotics are able to
modulate lymphocyte proliferation in vitro (30)(45)
as well as production of both specific (23)(60) and non-
specific (38)(62) antibodies in humans and mice.
Ex vivo and in vitro results also show that probiotics
enhance cytokine production (49).

[Consumption of lactic acid bacteria
may increase resistance

to immune-related diseases ]

modulationEffects of probiotics 
on the immune system
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Errors in these regulatory processes disrupt mucosal
homeostasis and are associated with mucosal inflam-
mation (56).
Since the gastrointestinal luminal microflora pri-
mes and drives mucosal inflammatory response,
modification of this environment by probiotics
presents a possible health benefit by inducing host
protective immune responses against the production of
inflammatory cytokines.

Clinical observations and genetically engineered rodent
models (which develop spontaneous colitis similar to
human colitis) show that:

• The normal flora is implicated in the initiation of intes-
tinal inflammation in colitis (36)

• Lactobacillus and Bifidobacterium intake may lead to
partial remission of colitis (20)

• Inflammatory response may be modulated by enteric
flora (and thus probably by several probiotics) 

• Probiotics also appear to downregulate the inflamma-
tory response observed in colitis.

However, the exact role of modulation of immune
response in clinical response to probiotics remains
unclear. It is difficult to establish this with certainty since
it is unclear how the immune system recognizes and
responds to Gram+ enteric bacteria (e.g. Bifidobacterium
and Lactobacillus).

Mechanisms involved in immune modulation by
probiotics

The normal microflora contains components (surface or
secreted substances) able to downregulate synthesis of
pro-inflammatory cytokines, to upregulate the release of
anti-inflammatory cytokines and to neutralize the biological
activity of pro-inflammatory cytokines.

The molecular mechanisms involved in bacteria-induced
cytokines have been poorly characterized. However,
recent results open up new avenues for research and
show that bacterial components (such as peptidogly-
cans or lipopolysaccharides) of commensal bacteria may
downregulate cytokine response (22)(41)(46).

The three lines of defense in human intestine

)Effect of probiotics on body's natural defenses(

The host intestine provides a barrier against
aggression through these three principal systems.

First, the host's natural flora provides a line of defense
against pathogens by preventing them from developing in
the gastrointestinal tract, for instance by generating an inhi-
bitory medium. Bacteria within the flora are able to inter-
act with pathogens at certain sites within the mucosa.

The intestinal mucosa constitutes a second line of defense.
The mucus, a complex medium of macromolecules secre-
ted by the epithelial cells, forms a sort of “safety net” for
the epithelium which is also able to interact with patho-
gens and limit their adhesive capacity.The epithelial cells
themselves have developed the ability to react to aggres-
sion. Maintenance of a tight junction between cells restricts
penetration of pathogens into the bloodstream, thus limi-
ting their ability to spread throughout the body. Paneth
cells synthesise molecules with potent bactericidal pro-
perties, thereby reducing the pathogenic load within the
intestinal lumen.

Finally, the immune system constitutes the third defensive
barrier against invasion. The immune system within the
intestine is the most important in the body in terms of
numbers of cells present. These immune cells can very
rapidly react through their own innate response while
simultaneously triggering production by B and T lympho-
cytes of antibodies specifically directed against the identi-
fied aggressor. The bloodstream can carry this response
to the remainder of the body under aggression and the
appropriate response can be stored in the immune
memory.

Thanks to this system of overlapping defense strategies,
the intestine is far from a simple tube through which
nutrients are absorbed. It is our first and principal system
of defense against the different forms of aggression to
which the body is subjected every day. Optimal functio-
ning of these three lines of defense is essential to good
health of the host.

There have been relatively few studies to date of the
effects of probiotics on these three lines of defense.This
is an active research field. Results obtained so far are very
promising and suggest that several strains of lactic acid
bacteria are active on various functions of the gut.

conclusionConclusion
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with dietary and microbial antigens in the gut.Authors show that the administration
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Lymphocytes: a class of white blood cells that bear
variable cell-surface receptors for antigens.There are
two main classes of lymphocytes, B lymphocytes and
T lymphocytes, which mediate humoral and cell-media-
ted immunity respectively.

Macrophages: large mononuclear phagocytic cells
important in innate and adaptive immunity.They play a
crucial role in host defense as antigen-presenting cells
and as effector cells in humoral and cell-mediated
immunity.They are found in most tissues in the body.

Neutrophils: also known as neutrophilic poly-
morphonuclear leukocytes. Major class of white blood
cells in human peripheral blood. They have a multilo-
bed nucleus and neutrophilic granules. They play an
important role in killing extracellular pathogens.

Phagocytosis: internalisation of particles by cells.The
major phagocytes are macrophages and neutrophils.
The ingested material is contained in a vesicle called
phagosome, which fuses with one or more lysosomes.
The lysosomal enzymes are important in pathogen
destruction and degradation in small molecules.

Replication: (virology) the duplication of DNA or
RNA viral genomes.
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cfu: colony forming unit; unit used in counting viable
bacteria.

Clearance: rate of clearance or purification, normal-
ly expressed in ml/min.

Colonisation: persistent, or permanent implantation
in a particular site (in this case the colon).

Dendritic cells: cells with a dendritic morphology
that are the most potent simulators of T-cell response.
They derive from bone marrow precursors.

Epithelium: a continuous layer of polarised cells
(consisting of the basement, or lower part of the cell,
and the apex, or upper part of the cell) found at the
surface of an organ, and constituting the boundary of
the organ.
The epithelial cells composing the epithelium possess
specific properties (e.g. absorption, secretion).

GALT: gut associated lymphoid tissue.

Glycocalyx: part of the mucus bound to the surface
of the intestinal cells.

IgA: secretory immunoglobulin.

glossaryGlossary and abbreviations

Lactobacillus casei

Streptococcus thermophilus

Bifidobacterium
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