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Immunology of pre- and probiotic supplementation

(First published online 25 June 2008)

The notion that ingestion of so-called ‘good’ bacteria (“probio-
tics’) or food components favouring growth of probiotic bac-
teria (‘prebiotics’) can have advantageous effects on human
health arouses strong opinions, both in agreement and against.
Remarkably few data have been fuelling this debate. Never-
theless, two important studies have now appeared, one pub-
lished in The Lancet showing that probiotic supplementation
in patients with acute pancreatitis is deleterious”’ and one in
this issue of the British Journal of Nutrition by Arribas
et al. @, showing the beneficial effects of Lactobacillus fer-
mentum in an experimental model of septic shock. Together
with existing studies on the immunological effects of pre-
and probiotic food supplementation, the main effects of such
treatment seems localised to inducing anergy in the T cell
compartment. Health claims of pre- and probiotic treatment
should be interpreted within this framework.

The mucosal surface of the intestine represents the major
contact of the body with microbiological stimuli and in this
compartment is most of the immunological activity of the
body. Despite the bewildering number of bacteria in the intes-
tine, especially the colon, in most cases the human immune
system acts to tolerate harmless bacteria while eliminating
pathogenic bacteria. A variety of immunological mechanisms,
which include the existence of an efficient colonic columnic
epithelial barrier, the production of antibacterial peptides
(for example, the production of a-defensins by the Paneth
cells), constant sentinel-like surveillance by CD16"% mono-
cytes and efficient recruitment of granulocytes to areas in
which barrier integrity has been compromised mediates pro-
tection of the body against the microbiological onslaught on
the mucosal surface®. Counterintuitively, reduced activity
of these innate mechanisms, as a consequence of genetic
defects, seems responsible for chronic intestinal inflammation
in Crohn’s disease, which is associated with an abnormally
exaggerated mucosal immune response to an otherwise
normal intestinal flora®”. The sheer size of the mucosal
immune system as compared with other parts of the immune
system makes the notion that influencing the mucosal
immune system by dietary means plausible.

It usually assumed that the flora along the intestinal tract is
established early in life and in mammalian organisms resembles
the flora of the mother and is stable. Nevertheless, pre- or probio-
tic treatment seems capable of at least temporally altering this
composition. Probiotics are a group of bacteria of which the Lac-
tobacilli and Bifidobacteria are the most prominent members
and it is claimed that they have anti-inflammatory properties.
Accordingly, such probiotic bacterial strains protect against
experimental colitis in rodents®~" as well as exacerbations of
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inflammatory bowel disease’™ and topical allergy in
human patients. In agreement, food supplements specifically
enhancing the growth of probiotic bacteria are recognised to
be beneficial in a variety of inflammatory conditions including
inflammatory bowel disease"""'? and genetically engineering
plants for the production of prebiotics has become an industry
in its own rightm’”) despite limited insight into the immuno-
logical mechanisms induced by such food supplementation. In
contrast to most micro-organisms, some probiotic bacteria are
capable of impairing the immunological reaction to their muco-
sal presence in particular and have a dampening effect on the
adaptive immune system in general. To a certain extent probio-
tics exert their action by niche occupation and thus preventing
colonisation of the bowel by pathogenic bacterial species ">~
Moreover, it has become clear that probiotic bacteria directly
influence host physiology, especially barrier function'819),
but their anti-inflammatory effects in inflammatory bowel dis-
ease®” and topical allergic disease®*2V suggest that a direct
effect on the immune system is involved as well. As inflamma-
tory bowel disease displays mainly Thl characteristics and
topical allergies are characterised by a Th2 phenotype and
both benefit from probiotic supplementation, the immunological
effects of probiotic bacteria probably do not involve altered Th1/
Th2 polarisation. There is evidence from a double-blind pla-
cebo-controlled study that Lactobacillus reuteri protectis
reduces short-term sick-leave from work caused by respiratory
or gastrointestinal infections®*~?*. This effect is also not
easily explained via an influence on altered Th1/Th2 polaris-
ation but suggests effects of probiotic treatment at a more funda-
mental level of human immunobiology.

The study of Arribas et al. @ which documents a preven-
tive effect of Lactobacillus fermentum in a murine model of
septic shock, provides important clues as to what these mecha-
nisms might be. The authors document markedly reduced sple-
nic T cell responses, suggesting that the T cell compartment
might be the relevant target for many of the effects observed
by probiotics. Also, the earlier observation reported by the
same laboratory that different probiotic bacteria, as well as
prebiotics, are beneficial in a trinitrobenzenesulfonic acid
model of rat colitis (which represents a classical T cell-
mediated inflammation) points in this direction. Interestingly,
both in vitro as well as in human volunteers or patients
with Crohn’s disease, Lactobacillus rhamnosus induced an
anergy-like T cell hyporesponsiveness which was apparently
mediated via reduced co-stimulatory activity in dendritic
cells®, which fits well with a scheme that pre- and probiotics
act through diminished T cell activation®. This hypothesis
also proves exceedingly useful in explaining the clinical
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efficacy in Crohn’s disease of Lactococcus lactis expressing
IL-10 where intravenous application of this IL is clinically
not useful®®?”; the bacterial context of the IL-10 might
result in combined T cell anergy and IL-10-dependent induc-
tion of tolerance and thus be synergistic. In this context it
should prove highly interesting to compare the efficacy of
Lactococcus lactis expressing IL-10 to the mother organism
not expressing IL-10 in Crohn’s disease, but such a study
has not been performed.

The molecular basis of the immunological modulation by pre-
and probiotics on T cell reactivity remains unaddressed, but may
lie in the secretion of soluble factors interfering with dendritic
cell specific intercellular adhesion molecule 3-grabbing noninte-
grin (DC-SIGN)®®. This may provide the bacterium with an
evasive strategy with respect to the immune system and hence
a competitive advantage at the mucosal surface and thus provide
the bacterium with a niche for cell growth in the bowel.
How bacteria prevent other micro-organisms from profiting
from this niche is unclear, but evidence exists, for instance,
that Lactobacillus rhamnosus is able to suppress the growth of
a diverse range of other bacteria via a variety of strategies'® ",

Strikingly, in the recent trial of probiotics in human acute
pancreatitis'”’ the supermortality in the probiotic-treated
group seemed mainly due to enhanced bowel ischaemia in
these patients. Since there is good evidence linking bowel
ischaemia severity to reduced T cell reactivity*”, effects of
probiotic bacteria on T cell reactivity may be linked to nega-
tive effects of probiotics in this disease.

In conclusion, also based on the study by Arribas er al. ®, a
picture emerges in which pre- and probiotics exert a class
effect on reactivity in the T cell compartment, possibly
mediated via reduced co-stimulatory activity of dendritic
cells. In view of this class effect, the current emphasis in
the field that each different pre- and probiotic should be con-
sidered individually and that results obtained with different
strains should not be extrapolated to related strains may be
somewhat overemphasised. In other words, the bioanalytical
profiling of both host microbiota and probiotic will be crucial
for defining how best to apply prebiotics and probiotics: opti-
mal dosage, frequency, duration, and consequently providing a
rational basis for supporting the belief that their consumption
results in health benefits.

The authors have no conflict of interest to declare.

Maikel P. Peppelenbosch

Department of Cell Biology

University Medical Center Groningen
University of Groningen

A. Deusinglaan 1

9713 AV Groningen

The Netherlands

email M.P.Peppelenbosch@med.umcg.nl

Carmen V. Ferreira

Biochemistry Department

Biology Institute (IB)

University of Campinas (UNICAMP)
13083-970 Campinas

Sdo Paulo

Brazil

ww.cambridge.org/core/terms. https://doi.org/10.1017/S0007114508020746

References

L.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Besselink MG, van Santvoort HC, Buskens E, et al. (2008)
Dutch Acute Pancreatitis Study Group. Probiotic prophylaxis
in predicted severe acute pancreatitis: a randomised, double-
blind, placebo-controlled trial. Lancet 371, 651-659.

Arribas B, Elena Rodriguez-Cabezas M, Comalada M, Bailon E,
Camuesco D, Olivares M, Xaus J, Zarzuelo A & Galvez J
(2008) Evaluation of the preventative effects exerted by Lacto-
bacillus fermentum in an experimental model of septic shock
induced in mice. Br J Nutr 101, 51-58 (epublication ahead of
print version 29 April 2008).

Braat H, Peppelenbosch MP & Hommes DW (2006) Immu-
nology of Crohn’s disease. Ann N Y Acad Sci 1072, 135-154.
Comalada M & Peppelenbosch MP (2006) Impaired innate
immunity in Crohn’s disease. Trends Mol Med 12, 397-399.
Peran L, Camuesco D, Comalada M, Bailon E, Henriksson A,
Xaus J, Zarzuelo A & Galvez J (2007) A comparative study
of the preventative effects exerted by three probiotics, Bifido-
bacterium lactis, Lactobacillus casei and Lactobacillus acido-
philus, in the TNBS model of rat colitis. J Appl Microbiol
103, 836-844.

Madsen KL, Doyle JS, Jewell LD, Tavernini MM & Fedorak
RN (1999) Lactobacillus species prevents colitis in interleukin
10 gene-deficient mice. Gastroenterology 116, 1107—1114.
Schultz M, Veltkamp C, Dieleman LA, Grenther WB, Wyrick PB,
Tonkonogy SL & Sartor RB (2002) Lactobacillus plantarum
299V in the treatment and prevention of spontaneous colitis in
interleukin-10-deficient mice. Inflamm Bowel Dis 8, 71-80.
Gionchetti P, Rizzello F, Venturi A, Brigidi P, Matteuzzi D,
Bazzocchi G, Poggioli G, Miglioli M & Campieri M (2000)
Oral bacteriotherapy as maintenance treatment in patients
with chronic pouchitis: a double-blind, placebo-controlled trial.
Gastroenterology 119, 305-309.

Kalliomaki M, Salminen S, Poussa T, Arvilommi H & Isolauri
E (2003) Probiotics and prevention of atopic disease: 4-year
follow-up of a randomised placebo-controlled trial. Lancet
361, 1869-1871.

Kalliomaki M, Salminen S, Arvilommi H, Kero P, Koskinen P &
Isolauri E (2001) Probiotics in primary prevention of atopic disease:
a randomised placebo-controlled trial. Lancet 357, 1076—1079.
Camuesco D, Peran L, Comalada M, Nieto A, Di Stasi LC,
Rodriguez-Cabezas ME, Concha A, Zarzuelo A & Galvez J
(2005) Preventative effects of lactulose in the trinitrobenzene-
sulphonic acid model of rat colitis. Inflamm Bowel Dis 11,
265-271.

Ritsema T & Smeekens S (2003) Fructans: beneficial for plants
and humans. Curr Opin Plant Biol 6, 223-230.

Ritsema T & Smeekens S (2003) Engineering fructan meta-
bolism in plants. J Plant Physiol 160, 811-820.

Weyens G, Ritsema T, Van Dun K, et al. (2004) Production of
tailor-made fructans in sugar beet by expression of onion fruc-
tosyltransferase genes. Plant Biotechnol J 2, 321-327.

Bernet MF, Brassart D, Neeser JR & Servin AL (1994) Lacto-
bacillus acidophilus LA 1 binds to cultured human intestinal
cell lines and inhibits cell attachment and cell invasion by
enterovirulent bacteria. Gur 35, 483—-489.

Mack DR, Michail S, Wei S, McDougall L & Hollingsworth
MA (1999) Probiotics inhibit enteropathogenic E. coli adher-
ence in vitro by inducing intestinal mucin gene expression.
Am J Physiol 276, G941-G950.

Tuomola EM, Ouwehand AC & Salminen SJ (1999) The effect
of probiotic bacteria on the adhesion of pathogens to human
intestinal mucus. FEMS Immunol Med Microbiol 26, 137—142.
Ouwehand AC, Salminen S & Isolauri E (2002) Probiotics: an
overview of beneficial effects. Antonie Van Leeuwenhoek 82,
279-289.

aded from https://www.cambridge.org/core. IP address: 217.120.36.38, on 09 Nov 2018 at 11:57:18, subject to the Cambridge Core terms of use, available at


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007114508020746
https://www.cambridge.org/core

MS British Journal of Nutrition

Downl
https:/.

19.

20.

21.

22.

23.

24.

25.

Invited Commentary

Madsen K, Cornish A, Soper P, McKaigney C, Jijon H, Yachi-
mec C, Doyle J, Jewell L & De Simone C (2001) Probiotic bac-
teria enhance murine and human intestinal epithelial barrier
function. Gastroenterology 121, 580-591.

Shanahan F (2002) Probiotics and inflammatory bowel disease:
from fads and fantasy to facts and future. Br J Nutr 88, Suppl. 1,
S5-59.

Pochard P, Gosset P, Grangette C, Andre C, Tonnel AB, Pestel J
& Mercenier A (2002) Lactic acid bacteria inhibit TH2 cytokine
production by mononuclear cells from allergic patients. J Allergy
Clin Immunol 110, 617-623.

Tubelius P, Stan V & Zachrisson A (2005) Increasing work-place
healthiness with the probiotic Lactobacillus reuteri: a random-
ised, double-blind placebo-controlled study. Environ Health 4,25.
Peran L, Sierra S, Comalada M, et al. (2007) A comparative study
of the preventative effects exerted by two probiotics, Lacto-
bacillus reuteri and Lactobacillus fermentum, in the trinitrobenze-
nesulfonic acid model of rat colitis. Br J Nutr 97, 96—103.
Lara-Villoslada F, de Haro O, Camuesco D, Comalada M,
Velasco J, Zarzuelo A, Xaus J & Galvez J (2006) Short-chain
fructooligosaccharides, in spite of being fermented in the
upper part of the large intestine, have anti-inflammatory activity
in the TNBS model of colitis. Eur J Nutr 45, 418—-425.

Braat H, van den Brande J, van Tol E, Hommes D, Peppelen-
bosch M & van Deventer S (2004) Lactobacillus rhamnosus
induces peripheral hyporesponsiveness in stimulated CD**'T

26.

27.

28.

29.

30.

31.

cells via modulation of dendritic cell function. Am J Clin Nutr
80, 1618-1625.

Braat H, Rottiers P, Hommes DW, Huyghebaert N, Remaut E,
Remon JP, van Deventer SJ, Neirynck S, Peppelenbosch MP
& Steidler L (2006) A phase I trial with transgenic bacteria
expressing interleukin-10 in Crohn’s disease. Clin Gastroenterol
Hepatol 4, 754-759.

Fukatsu K, Sakamoto S, Hara E, Ueno C, Maeshima Y, Matsu-
moto I, Mochizuki H & Hiraide H (2006) Gut ischemia—reper-
fusion affects gut mucosal immunity: a possible mechanism for
infectious complications after severe surgical insults. Crit Care
Med 34, 182-187.

Martin E, O’Sullivan B, Low P & Thomas R (2003) Antigen-
specific suppression of a primed immune response by dendritic
cells mediated by regulatory T cells secreting interleukin-10.
Immunity 18, 155-167.

Boris S, Jimenez-Diaz R, Caso JL & Barbes C (2001) Partial
characterization of a bacteriocin produced by Lactobacillus del-
brueckii subsp. lactis UO004, an intestinal isolate with probiotic
potential. J Appl Microbiol 91, 328—-333.

Fernandez MF, Boris S & Barbes C (2003) Probiotic properties
of human lactobacilli strains to be used in the gastrointestinal
tract. J Appl Microbiol 94, 449—455.

Rogelj I, Bogovic Matijasic B, Canzek Majhenic A & Stojkovic S
(2002) The survival and persistence of Lactobacillus acidophilus
LF221 in different ecosystems. Int J Food Microbiol 76, 83-91.

aded from https://www.cambridge.org/core. IP address: 217.120.36.38, on 09 Nov 2018 at 11:57:18, subject to the Cambridge Core terms of use, available at
ww.cambridge.org/core/terms. https://doi.org/10.1017/S0007114508020746


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0007114508020746
https://www.cambridge.org/core

