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ABSTRACT

Probiotics are defined as live microbial food ingredients that produce several beneficial ef-
fects to human health. Probiotic bacteria have been mostly investigated in the prevention and
treatment of different gastrointestinal diseases and allergies. Probiotic products, however, are
usually consumed by the general, healthy population but not much is known on their immu-
nomodulatory effects in healthy adults. It is not fully clear how probiotics exert their benefi-
cial effects on health, but one of the most probable mechanisms of action is the modulation of
immune responses via the mucosal immune system of the gut. Yogurt is one of the products
that produce several beneficial effects on human health. The potentials of yogurt in various
ways like improving immune system balancing gut micro flora, enhance immunity. The pur-
pose of the present study was to review the immunomodulatory properties of yogurt contain-
ing probiotic strains. Role of yogurt as probiotic in improvement of immunity, production of
cytokines and on immune function has been evaluated. Taken together, all the beneficial im-
munological potentials of yogurt in probiotic immunotherapy could be of clinical signifi-
cance. The mechanisms of specific host-probiotic interactions in the gut resulting in systemic
and clinical effects warrants further investigations.
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INTRODUCTION benefits beyond inherent basic nutrition"

Probiotics are defined as “living micro- (Guarner and Schaafsma, 1998). Literature
organisms” that confer a health benefit on survey reveals beneficial potentials of yo-
the host (FAO/WHO, 2002) and they have gurt in various ways like lowering choles-
been mostly studied in the prevention and terol levels, improving immune system,
treatment of gastrointestinal disorders balancing gut micro flora and preventing
(Adolfsson et al., 2004; Meydani and Ha, constipation, diarrhea and bloating, pre-
2000). Probiotic bacteria are defined as venting fugal infection and improving di-
"living micro-organisms", which upon in- gestibility of food constituents and im-
gestion in certain numbers, exert health proves immune response and anticarcino-
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genic activity (Ganjam et al., 1997). The
immunological potentials of Lactobacillus
acidophilus (LAB) have raised a lot of in-
terest in recent years due to their immune-
stimulating properties. Several strains of
LAB were reported to display stimulatory
properties on cells of the innate immune
system in vitro, including macrophages and
NK cells (Weid et al., 2001). Probiotics
comprise of approximately 65 % of the
world functional food market (Agrawal,
2005). The growing popularity of yogurt
over the years has largely been due to its
perceived health benefits. However, the pu-
tative health benefits of yogurt consump-
tion in humans have not been thoroughly
investigated. The present study is aimed to
review the capacity of yogurt in improve-
ment of immune system and their anticar-
cinogenic potentials (Perdigon et al., 1995).
Yoghurt contains viable cells of two spe-
cies of lactic acid bacteria, Lactobacillus
delbrueckii ssp. Bulgaricus and Streptococ-
cus thermophilus in a concentration of
10%cells/ml. Yogurt has long been recog-
nized as healthy milk product with higher
nutritional value and significant health
beneficial effects (Wood, 1992). Fermented
milk product yogurt is one of the best-
known foods that contain a huge amount of
calcium, 40 % of the daily value and con-
sidered as staple food everywhere
(Adolfsson et al., 2004). A typical com-
mercial yogurt contains fat (0-3.5 %), milk
solids, non fat (8.25-14 %), sugar (0-10 %)
and stabilizer (0-2 %). Yogurt containing
ingredient and their functions are 1. Dairy
ingredients are milk cream, milk powder,
condensed milk as a source of protein lac-
tose and minerals 2. Sweeteners: are su-
crose, fructose and aspartame for sweet
taste 3. Stabilizers such as gelatin, modified
food, starch, pectin, whey protein concen-
trates for control water and texture 4. Func-
tional ingredients are tri calcium phosphate,
citric acid, potassium sulfate for buffering
and mold inhibition (Parvez et al., 2006;
Baroja et al., 2007). Yogurt results from the
fermentation of milk in presence of live
Lactobacillus bulgaricus, Streptococcus
thermophilus and L. acidophilus (Jaya-

manne and Adams, 2004). Scientific evi-
dence suggests that probiotic bacteria con-
sumed at a level of 10°-10'"" cfu/day can
decrease the incidence and severity of some
intestinal illnesses (Zubillaga et al., 2001).
Conventional and commercially available
yogurt, both  contain  Lactobacillus
bulgaricus and Streptococcus thermophilus
with additional Lactobacillus casei (Meyer
et al., 2007). Furthermore, Lactobacillus
plantarum demonstrated beneficial
immunomodulatory activity by increasing
IL-10  synthesis and secretion in
macrophages and T-cells derived from the
inflamed colon of human (Pathmakanthan
et al.,, 2004). Some of the health benefits
which have been claimed for probiotics in-
clude the following: improvement of the
normal microflora, prevention of infectious
diseases and food allergies, reduction of
serum cholesterol, anticarcinogenic activ-
ity, stabilization of the gut mucosal barrier,
immune adjuvant properties, alleviation of
intestinal bowel disease symptoms and im-
provement in the digestion of lactose in in-
tolerant hosts (Galdeano et al., 2007).

Probiotic bacteria interact with three
components of the gastrointestinal tract in-
cluding intestinal epithelial cells, luminal
flora, and the mucosal immune cells. Yo-
gurt containing LAB plays critical role on
the immune system and the ability to fight
off an infection (Conge et al., 1980; DeSi-
mone et al., 1993; Halpern et al., 1991;
Perdigon et al., 1988). The present investi-
gation was to explore the immuno-
modulatory and anticarcinogenic activity
exerted by yogurt. However, the mecha-
nisms by which intestinal bacteria modulate
the immunity are complex and incom-
pletely understood.

Role in immunity improvement

Yogurt containing Lactobacillus spp.
Lactobacillus (acidophilus, casei, planta-
rum, delbrueckii, gasseri) and Bifido-
bacterium (longum, bifidum, adolescentis,
infantis) produce certain bioactive peptides,
which stimulate the proliferation and matu-
ration of T lymphocytes and improve im-
munity by increasing the number of IgA
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through producing plasma cells (Malin et
al., 1996; Schiffrin et al., 1995; Gill et al.,
2000). Moreover, muramyl dipeptide, a low
molecular weight product of the pepti-
doglycans, which stimulates production of
pro and anti inflammatory cytokine by
macrophages, monocytes and lymphocytes
(Isolauri et al., 2001). Yogurt, induce adju-
vant activity at the mucosal surface and
improve phagocytosis by increasing the
proportion of lymphocytes and natural kil-
ler cells (Mc-Cracken and Gaskins, 1999).
Moreover, monocytes play critical roles in
the induction of cytokines following the
augmentation of NK cell activity during the
stimulation of human peripheral blood
mononuclear cells with L. casei strain Shi-
rota (Shida et al., 2006). Yogurt, stimulate
the production of teichoic acid, which re-
duces IgE-mediated disorders and liberates
low molecular weight peptides in gastro
intestinal tract, that trigger the immune sys-
tem and produce conjugated linoleic Acid,
which has immunomodulatory and anticar-
cinogenic activity (Isolauri et al., 2001;
Perdigon et al., 1995). Yogurt, produce
conjugated linoleic acid, which has immu-
nomodulatory activity (McCracken and
Gaskins, 1999). Furthermore, yogurts pos-
sess properties that potentiate the release of
interferon-y (IFN-y) by immunocompetent
cells (DeSimone et al., 1986). The immu-
nomodulatory effects of LABs were also
shown in the cytoplasmic fraction of Lac-
tobacillus acidophilus, Lactobacillus casei
and Bifidobacterium longum. Enhanced
number of total T cells, NK cells and MHC
class II+ cells and CD4-CD8+ T cells were
also demonstrated (Lee et al., 2004). The
immunoregulatory functions of L. casei, a
well-known probiotic strain, have been ex-
tensively studied using in vitro and in vivo
murine models. L. casei stimulates murine
macrophages to secrete IL-12, which in-
duces T cells to produce IFN-y and also
promotes the differentiation of naive CD4+
T cells. Administration of L. casei to mice
enhance the production of IL-12, TNF-a,
and IFN-y and augmented NK cell activity,
leading to the prevention of influenza virus
infection and cancer (Shida et al., 2006).

Prevention of infections

Relation between fermented milk and
immune responses has been demonstrated
by various research groups, either in mice
or in human (Meydani and Ha, 2000).
However, yogurt mediated stimulation of
immune response has been recently ex-
plored (Meyer et al., 2007). Breakthrough
comes after induction of cytokines in pres-
ence of foods also (Adolfsson et al., 2004).
Significant impairments of several aspects
of immunity, including phagocytosis, cell-
proliferation response to mitogens, T lym-
phocyte number, and cytokine production
have been described in nutritional deficien-
cies (Meydani and Ha, 2000). Yogurt has
several beneficial effects on human health
such as enhancement of immunity against
intestinal infections as well as production
of certain compounds which stimulate the
immune system, enhance specific and non-
specific immune response. Many recent
studies have focused on the possible effects
of LAB on the immune system and the abil-
ity to fight off infections (Conge et al.,
1980; DeSimone et al., 1988; Halpern et
al., 1991; Perdigon et al., 1988). Yogurt
containing LAB activates both a systemic
and local immune response by increasing
the percenttage of B-lymphocytes and
lipopolysaccharide induced proliferative
responses of peyer’s patches in the intestine
(DeSimone et al., 1987). In addition to po-
tentiate effects of the organism itself, the
peptide products of the microorganism may
possess immunomodulating activity, pro-
duce a systemic effect. Identified as hexa-
peptide that exert an anti-infectious immu-
nostimulatory response on alveolar macro-
phages in mice and there was a significant
increase in the resistance to pneumonia in-
fection (Parker et al., 1984; Matar et al.,
1996). Thus use of probiotic needs to be
considered as a supportive therapy for im-
munocompetent patients.
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Production of cytokines

Cytokines induced by LAB are con-
sidered to play key roles in immuno-
regulation. Several studies have revealed
that some specific strains of lactobacilli can
induce proinflammatory cytokines such as
interleukin-1 (IL-1), IL-6, IL-12, tumor ne-
crosis factor alpha (TNF-a), and gamma
interferon (IFN-y) as well as anti-inflamma-
tory cytokines such as IL-10 and transform-
ing growth factor B (Christensen et al.,
2002; Niers et al., 2005; Weid et al., 2001).
In these cytokines, IFN-y and IL-12
potently augment the functions of macro-
phages and NK cells, which may be a pos-
sible mechanism of their anticarcinogenic
and anti-infectious activity (Biron et al.,
1999; Trinchieri, 2003). On the other hand,
induction of IL-10 and transforming growth
factor B by lactobacilli is assumed to par-
ticipate in the down-regulation of inflam-
mation, since these cytokines can inhibit
the functions of macrophages and T cells
and promote the development of regulatory
T cells (Levings et al., 2002).

Cytokines, which are protein mediators
produced by immune cells, are involved in
the regulation of cell activation, growth and
differentiation, inflammation, and immuni-
ty. Induction of proinflammatory cytokines,
such as interleukin- 12 and tumor necrosis
factor alpha has been well documented.
Stimulation of innate immune functions has
been explored in human fed with fermented
milk products containing probiotics (Weid
et al., 2001). On the other hand yogurt fed
mice shown an increase in B lymphocytes
IgA”, induction of IFN-y and TNF-o re-
lease. Production of cytokines in vitro
model as blood mononuclear cells cultured
in the presence of yogurt bacteria, produced
interleukin 1-f, tumor necrosis factor, and
interferon o and y both in human and mice
(Pereyra et al., 1997). According to Blok-
sma et al. (1979) in germ-free animal in-
gesting yogurt, shows nonspecific increase
of immunoglobulin (Ig) 3G1, 1gG2, IgG2a,
IgG2b, and IgM antibodies. Yan and Polk
(2002) proposed that many probiotic effects

are modulated through immune regulation
of pro and anti-inflammatory cytokines.

Studies suggest 63 % and 24 % in-
creased production proinflammatory cyto-
kines TNF-a in 100-200 g of probiotic and
conventional yogurt treated women, respec-
tively in two weeks. On the other hand
40 % and 108 % significant stimulation of
IL-1B and IFN-gamma in conventional yo-
gurt treated women. Furthermore, 129 %
increased production of I0-10 in conven-
tional yogurt fed women was shown.
Therefore it was concluded both conven-
tional and probiotic yogurt enhanced the
stimulated production of pro inflammatory
cytokines (Meyer et al., 2007).

Improvement of immune function

It has been shown that some strains of
probiotic lactobacilli are effective in reduc-
ing the incidence of cancer and infectious
diseases, ameliorating inflammatory bowel
diseases, and preventing allergies in ex-
perimental animal models and in humans
((Kallioméki and Isolauri, 2004; Rafter,
2002; Sartor, 2004). LAB protects against
pathogen by means of competitive inhibi-
tion. Animal models and human studies
provide a baseline understanding of the de-
gree and type of probiotic-induced immune
response. Probiotic bacteria are able to en-
hance both non-specific and specific im-
mune responses by activating macrophages;
viable probiotic cells, dead cells. L-cysteine
acts as precursor in the biosynthesis of the
tri-peptide glutathione and glutathione has
antioxidant activity and is involved in the
detoxification of many xenobiotics, includ-
ing carcinogens. Hydroxymethyl glutarate,
which may inhibit hydroxy-methyl-
glutarate co A reductase activity (Ganjam
et al.,, 1997). During milk fermentation of
yogurt in presence of LAB various biologi-
cally active metabolites or compounds re-
leased in the medium. These products can
inhibit enzyme activities and prevent can-
cer for example B-glucuronidase and ni-
troreductase (de Moreno de leBlanc and
Perdigon, 2005). The end products and the
highly reactive intermediates derived from
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these reactions such as reactive nitroso and
N-hydroxyintermediate = and  aromatic
amines are mutagenic and carcinogenic
(Gillette et al., 1968). The reduction of
aromatic nitro- and azo-compounds result
from the activity of the intestinal flora
(Zachariah and Juchau, 1974; Peppercorn
and Goldman, 1972).

Immunomodulatory and anticancer ef-
fects of yogurt as probiotic on human

Role of yogurt as probiotic in immunity
improvement potentials has been well
documented. Reports reveals fermented
food or yogurt enhance phagocytic activity
in presence of Streptococcus thermophilus
with Lactobacillus johnsonii and prevent
infections, in a required dose of 10°/d
(Donnet et al., 1999). Yogurt containing
Streptococcus thermophilus with Lacto-
bacillus delbrueckii subsp. bulgaricus in-
crease 2°-5 A synthetase activity (Pereyra
et al., 1997). On the other hand Lactobacil-
lus brevis subsp. Coagulans increases a-
IFN (Kishi et al., 1996). In contrast, Yogurt
doesn’'t improve immune function in
premenopausal women and in breast cancer
(Campbell et al., 2000). Furthermore, it has
also been shown that yogurt containing
Lactobacillus GG or Bifidobacterium lactis
increase IgA secreting cells in human
model in a required dose (2x10'"
CFU/day) (Malin et al., 1996; Fukushima et
al., 1998; Kaila et al., 1992). Lactobacillus
GG is found to increase IgM secreting cells
(Isolauri et al., 1995). Yogurt containing
Streptococcus thermophilus with Lactoba-
cillus delbrueckii subsp. bulgaricus; is
demonstrated to increase 2°-5’ A synthetase
activity as well as increase blood serum
IFN-y, B lymphocytes and NK cell activity
(DeSimone et al., 1993; Pereyra and
Lemonnier, 1993). Furthermore, fermented
milk with L. johnsonii or Bifidobacterium
bifidum increase phagocytosis of Es-
cherichia coli as well increased serum IgA
response to Salmonella typhi (Schiffrin et
al., 1995; Amster et al., 1994). Moreover,
random clinical trials revealed that oral in-
gestion of L. casei prevent bladder cancer,
colorectal tumors, restores NK cell activity.

Therefore, suggested that orally ingested L.
casei enhance innate immunity and sup-
press the occurrence of cancer (Shida et al.,
2006).

CONCLUSION

In this review we are presenting the
beneficial potentials of yogurt in context
with immune response. Studies document-
ing probiotic effects of yogurt in humans
are limited. Probiotic immunotherapy using
yogurt could be an emerging field of dis-
ease management through the diet. How-
ever, molecular mechanisms leading to yo-
gurt-induced immunomodulation are poorly
understood. Thus, we strongly recommend
that yogurt could be further developed as a
possible potential universal antineoplastic
agent for multitargeted therapy, which is
not only cost effective but also easily avail-
able and clinically safe for human trials.
Thus, application of yogurt may provide a
mechanism  through which probiotic
bacteria ameliorate inappropriate inflam-
mation and induce tolerance.

REFERENCES

Adolfsson O, Meydani SN, Russell RM.
Yogurt and gut function. Am J Clin Nutr
2004;80:245-56.

Agrawal R. Probiotics: An emerging food
supplement with health benefits. Food Bio-
technol 2005;19:227-46.

Amster LH, Rochat F, Saudan KY, Mignot
O, Aeschlimann JM. Modulation of a spe-
cific humoral immune response and
changes in intestinal flora mediated through

fermented milk intake. FEMS Immunol
Med Microbiol 1994;10:55-64.

Baroja ML, Kirjavainen PV, Hekmat S,
Reid G. Anti-inflammatory effects of pro-
biotic yogurt in inflammatory bowel dis-
ease patients. Clin Exp Immunol 2007;
149:470-9.

181



EXCLI Journal 2008;7:177-184 — ISSN 1611-2156

Received: September 29, 2008, accepted: Oktober 19, 2008, published: October 28, 2008

Biron CA, Nguyen KB, Pien GC, Cousens
LP, Salazar-Mather TP. Natural killer cells
in antiviral defense: function and regulation

by innate cytokines. Annu Rev Immunol
1999;17:189-220.

Bloksma NE, H de Heer, Dijk V, Willers
JM. Adjuvancy of Lactobacilli 1. Differen-
tial effects of viable and killed bacteria.
Clin Exp Immunol 1979;37:367-75.

Campbell CG, Chew BP, Luedecke LO,
Shultz TD. Yogurt consumption does not
enhance immune function in healthy

premenopausal women. Nutr Cancer 2000;
37:27-35.

Christensen HR, Frokiar H, Pestka JJ. Lac-
tobacilli differentially modulate expression
of cytokines and maturation surface mark-

ers in murine dendritic cells. J Immunol
2002;168:171-8.

Conge GA, Gouache P, Desormeau BJP,
Loisillier F, Lemonnier D. Comparative
effects of a diet enriched in live or heated

yogurt on the immune system of the mouse.
Reprod Nutr Dev 1980;20:929-38.

de Moreno de LeBlanc A, Perdigon G. Re-
duction of p-glucuronidase and nitro-
reductase activity by yogurt in a murine
colon cancer model. Biocell 2005;29:15-24.

DeSimone C, Bianchi-Salvadori B, Negri
M, Ferrazzi M, Baldinelli L, Vesely R. The
adjuvant effect of yogurt on production of
gammainterferon by Con A stimulated hu-
man peripheral blood lymphocytes. Nutr
Rep Int 1986;33:419-33.

De Simone C, Vesely R, Negri R, Bianchi
Salvadori B, Zanzoglu S, Cilli A, Lucci L.
Enhancement of immune response of mur-
ine Peyer’s patches by a diet supplemented
with yogurt. Immunopharmacol Immu-
notoxicol 1987;9:87—100.

DeSimone C, Jirillo E, Bianchi-Salvadori
B. Stimulation of host resistance by a diet
supplemented with yogurt. Adv Biosci
1988;68:229-33.

DeSimone C, Vesely R, Bianchi-Salvidori
B, Jirillow E. The role of probiotics in
modulation of the immune system in man
and in animals. Int J Immunother 1993;9:
23-8.

Donnet HA, Rochat F, Serrant P, Aeschli-
mann JM, Schiffrin EJ. Modulation of non-
specific mechanisms of defense by lactic

acid bacteria: Effective dose. J Dairy Sci
1999;82:863-9.

FAO/WHO. Guidelines for the evaluation
of probiotics in food. Report of a joint
FAO/WHO working group on drafting
guidelines for the evaluation of probiotics
in food. Vol 2002. London, Ontario, Can-
ada: World Health Organization, 2002.

Fukushima Y, Kawata Y, Hara H, Terada
A, Mitsuoka T. Effect of a probiotic for-
mula on intestinal imunoglobulin A pro-
duction in healthy children. Int J Food Mi-
crobiol 1998;42:39-44.

Galdeano CM, LeBlanc M, Vinderola G,
Bibas MEB, Perdigon G. Proposed model:
mechanisms of immunomodulation induced

by probiotic bacteria. Clin Vaccine Immu-
nol 2007;14:485-92.

Ganjam LS, Thornton WH, Marshall RT,
Macdonald RC. Antiproliferative effects of
yogurt fractions obtained by membrane di-
alysis on cultured mammalian intestinal
cells. J Dairy Sci 1997;80:2325-9.

Gill HS, Rutherfurd KJ, Prasad J, Gopal
PK. Enhancement of natural and acquired

immunity by Lactobacillus rhamnosus
(HNOO1), Lactobacillus  acidophilus
(HNO17) and Bifidobacterium lactis

(HNO19). Brit J Nutr 2000;83:167-76.

182



EXCLI Journal 2008;7:177-184 — ISSN 1611-2156

Received: September 29, 2008, accepted: Oktober 19, 2008, published: October 28, 2008

Gillette JR, Kamm JJ, Sasame HA (1968).
Mechanism of p-nitrobenzoate reduction in
liver: the possible role of cytochrome P-450
in liver microsomes. Mol Pharmacol 1968;
4:541-8.

Guarner F, Schaafsma GlJ. Probiotics. Int J
Food Microbiol 1998;39:237-8.

Halpern GM, Vruwink KG, van de Water J,
Keen CL, Gershwin ME. Influence of long-
term yogurt consumption in young adults.
Int J Immunother 1991;7:205-10.

Isolauri E, Joensuu J, Suomalainen H,
Luomala M, Vesikari T. Improved immu-
nogenicity of oral D x RRV reassortant ro-
tavirus vaccine by Lactobacillus casei GG.
Vaccine 1995;13: 310-2.

Isolauri E, Sutas Y, Kankaanpaa P, Arvil-
lonin H, Salminen S. Probiotics: Effect on
immunity. Am J Clin Nutr 2001; 73:444—
50.

Jayamanne VS, Adams MR. Survival of
probiotic bifidobacteria in buffalo curd and
their effect on sensory properties. Int J
Food Sci Technol 2004;39:719-25.

Kaila M, Isolauri E, Soppi E, Virtanen E,
Saine S, Arvilommi H. Enhancement of the
circulating antibody secreting cell response
in human diarrhea by a human lactobacillus
strain. Pediatr Res 1992;32:141-4.

Kalliomédki MA, Isolauri E. Probiotics and
down-regulation of the allergic response.
Immunol Allergy Clin N Am 2004;24:739—
52.

Kishi A, Uno K, Matsubara Y, Okuda C,
Kishida T. Effect of the oral administration
of Lactobacillus brevis subsp. coagulans on

interferon a-producing capacity in humans.
J Am Coll Nutr 1996;15:408-12.

Lee JW, Shin JG, Kim EH, Kang HE, Yim
IB, Kim JY, Joo HG, Woo HJ. Immuno-
modulatory and antitumor effects in vivo
by the cytoplasmic fraction of Lactobacil-
lus casei and Bifidobacterium longum. J
Vet Sci 2004;5:41-8.

Levings MK, Bacchetta R, Schulz U, Ron-
carolo MG. The role of IL-10 and TGF-y in
the differentiation and effector function of
T regulatory cells. Int Arch Allergy Immu-
nol 2002;129:263-76.

Malin M, Suomalainen H, Saxelin M, Iso-
lauri E. Promotion of IgA immune response
in patients with Crohn’s disease by oral
bacteriotherapy with Lactobacillus GG.
Ann Nutr Metab 1996;40:137-45.

Matar C, Amiot J, Savoie L, Goulet J. The
effect of milk fermentation by Lacto- bacil-
lus helveticus on the release of peptides
during in vitro digestion. J Dairy Sci
1996;79:971-9.

McCracken BJ, Gaskins HR. Probiotics and
the immune system. In: Tannock GW (ed.):
Probiotics: a critical review (pp 85-111).
Norfolk: Horizon Scientific Press, 1999.

Meydani SN, Ha WK. Immunologic effects
of yogurt. Am J Clin Nutr 2000;71:861-72.

Meyer AL, Elmadfa 1, Herbacek I,
Micksche M. Probiotic, as well as con-
ventional yogurt, can enhance the stimu-

lated production of proinflammatory cyto-
kines. J Hum Nutr Diet 2007;20:590-8.

Niers LEM, Timmerman HM, Rijkers GT,
van Bleek GM, van Uden NOP, Knol EF,
Kapsenberg ML, Kimpen JLL, Hoekstra
MO. Identification of strong interleukin-10
inducing lactic acid bacteria which down-
regulate T helper type 2 cytokines. Clin
Exp Allergy 2005;35:1481-9.

183



EXCLI Journal 2008;7:177-184 — ISSN 1611-2156

Received: September 29, 2008, accepted: Oktober 19, 2008, published: October 28, 2008

Parker F, Migliore-Samour D, Floch F, Ze-
rial A, Werner GH, Jolles J, Casaretto M,
Zahn H, Jolles P. Immunostimulating
hexapeptide from human casein: amino
acid sequence, synthesis and biological
properties. Eur J Biochem 1984;145:677—
82.

Parvez S, Malik KA, Kang Sah, Kim HY.
Probiotics and their fermented food prod-
ucts are beneficial for health. J Appl Mi-
crobiol 2006;100:1171-85.

Pathmakanthan S, Li CK, Cowie J, Hawkey
CJ. Lactobacillus plantarum 299: Benefi-
cial in vitro immunomodulation in cells

extracted from inflamed human colon. J
Gastroenterol Hepatol 2004;19:166-73.

Peppercorn MA, Goldman P. The role of
intestinal bacteria in the metabolism of
salicylazosulfapyridine. J Pharmacol Exp
Ther 1972;181:555-62.

Perdigon G, de Macias ME, Alvarez S,
Oliver G, de Ruiz Holgado AA. Systemic
augmentation of the immune response in
mice by feeding fermented milks with Lac-
tobacillus casei and Lactobacillus aci-
dophilus. Immunology 1988;63:17-23.

Perdigon G, Alvarez S, Rachid M, Agiiero
G, Gobbato N. Immune system stimulation
by probiotics. J Dairy Sci 1995;78:1597—
1606.

Pereyra BS, Lemonnier D. Induction of
human cytokines by bacteria used in dairy
foods. Nutr Res 1993;13:1127-40.

Pereyra BS, Aattouri N, Lemonnier D. Role
of food in the stimulation of cytokine pro-
duction. Am J Clin Nutr 1997;66:521-5.

Rafter J. Lactic acid bacteria and cancer:
mechanistic perspective. Br J Nutr 2002;
88:S89-S94.

Sartor RB. Therapeutic manipulation of the
enteric microflora ininflammatory bowel
diseases: antibiotics, probiotics, and pre-
biotics. Gastroenterology 2004;126: 1620—
33.

Schiffrin EJ, Rochat F, Linkmster HL,
Aeschlimann JM, Donnet HA. Immuno-
modulation of human blood cells following
the ingestion of lactic acid bacteria. J Dairy

Sci 1995;78:491-7.

Shida K, Suzuki T, Shibata JK, Shimada S,
Nanno M. Essential roles of monocytes in
stimulating human peripheral blood mono-
nuclear cells with Lactobacillus casei to
produce cytokines and augment natural kil-
ler cell activity. Clin Vaccine Immunol
2006;13:997-1003.

Trinchieri G. Interleukin-12 and the regula-
tion of innate response and adaptive immu-
nity. Nat Rev Immunol 2003;3:133—46.

von der Weid T, Bulliard C, Schiffrin J.
Induction by a lactic acid bacterium of a
population of CD4(+) T cells with low pro-
liferative capacity that produce transform-
ing growth factor B and interleukin-10. Clin
Diagn Lab Immunol 2001;8:695-701.

Wood BJB (ed.). The lactic acid bacteria in
health and disease. London: Elsevier Appl.
Sci. 1992;151-339.

Yan F, Polk BD. Probiotic bacterium pre-
vents cytokine-induced apoptosis in intesti-
nal epithelial cells. J Biol Chem 2002;
277:50959-65.

Zachariah PK, Juchau MR. The role of gut
flora in the reduction of aromatic nitro-
groups. Drug Metab Dispos 1974;2:74-8.

Zubillaga M, Weill R, Postaire E, Goldman
C, Caro R, Boccio J. Effect of probiotics
and functional foods and their use in differ-
ent diseases. Nutr Res 2001;21:569-79.

184



