http://dx.doi.org/10.3345/kjp.2012.55.6.193
Korean ] Pediatr 2012;55(6):193-201
elSSN 1738-1061 - pISSN 2092-7258

Effects of probiotics on the prevention of atopic der-

matitis

Nam Yeun Kim, MS, Geun Eog Ji, PhD

Department of Food and Nutrition, Research Institute
of Human Ecology, Seoul National University College
of Human Ecology, Seoul, Korea

Received: 13 February 2012, Accepted: 27 February 2012
Corresponding author: Geun Eog Ji, PhD

Department of Food and Nutrition, Seoul National University
College of Human Ecology, 1, Gwanak-ro, Gwanak-gu, Seoul
152-742, Korea

Tel: +82-2-880-8749, Fax: +82-2-884-0305

E-mail: geji@snu.ac.kr

Copyright © 2012 by The Korean Pediatric Society

Atopic dermatitis (AD) is an immune disorder that is becoming
increasingly prevalent throughout the world. The exact etiology of AD
remains unknown, and a cure for AD is not currently available. The
hypothesis that appropriate early microbial stimulation contributes to
the establishment of a balanced immune system in terms of T helper
type Th1, Th2, and regulatory T cell (Treg) responses has led to the
use of probiotics for the prevention and treatment of AD in light of
various human clinical studies and animal experiments. Meta-analysis
data suggests that probiotics can alleviate the symptoms of AD in
infants. The effects of balancing Th1/Th2 immunity and enhancing
Treg activity via the interaction of probiotics with dendritic cells have
been described in vitro and in animal models, although such an
effect has not been demonstrated in human studies. In this review, we
present some highlights of the immunomodulatory effects of probiotics
in humans and animal studies with regard to their effects on the
prevention of AD.
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Introduction

prevalence area to a high-prevalence area and is higher in urban areas

than in rural areas. These observations emphasize the importance

Atopic dermatitis (AD) is a common, chronic, and refractory
skin disease manifesting as eczema and pruritus with repeated
exacerbations and regressions”. The prevalence of allergic diseases such
as AD, asthma, and allergic rhinitis (AR) has increased throughout
the world during the last 30 years, with the cumulative prevalence of
AD in children reaching 8 to 20%”, although the eczema symptom
prevalence for children 13 to 14 years of age has decreased in some
previously high-prevalence areas in the developed world, such as
the United Kingdom and New Zealand”. The prevalence of allergy
tends to be lower in a family with a higher number of siblings; the

incidence of allergic diseases increases when one moves from a low-
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of environmental factors in the development of allergic diseases,
as well the role of genetic factors and the maturity of epithelial cell
barrier functions”. A systematic review found no strong evidence
of a protective effect of exclusive breastfeeding for at least 3 months
against eczema, even in those with a positive family history of
atopy”. Environmental factors that may contribute to the increased
development of AD include decreased microbial exposure due to
urbanization, the use of vaccines and antibiotics, and improved infant
sanitation. Exposure of infants to farm animals, pets, and daycare
environments is known to be helpful for the introduction of benign

challenges, including various non-pathogenic microorganisms,
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which leads to the establishment of protective immunity against
allergic disorders”. The intestinal immune system comprises the
largest portion of the overall immune system and remains exposed to
intestinal bacteria, thus accounting for the largest source of microbial
exposure in humans. The immune system of neonatal infants is not
fully developed and is prone to an immature T helper type Th2-
dominant state. Infants undergo environment-driven maturation
to establish a balance between Thl1, Th2, Th17, and regulatory T
cell (Treg) responses; appropriate microbial stimulation in early life
contributes to the establishment of a balanced immune system®. In
AD, the onset of acute skin lesions is initiated by Th2-dominant cells.
If this initial Th2 cellular response is not suppressed, a subsequent Th1
response is induced, consisting of inflammatory reactions resulting
in chronic inflammation due to the secretion of pro-inflammatory

cytokines by dying keratinocytes”.
The effect of probiotics in human studies

Probiotics administered in sufficient amounts can have a beneficial
effect on the health of the host”. Probiotics can relieve travelers’
diarrhea, antibiotic-associated diarrhea, atopic eczema, and irritable
bowel syndrome (IBS)”. Infants with AD or other allergic diseases

show less frequent intestinal colonization with probiotics such as

Lactobacillus or Bifidobacterium and more frequent colonization
with Clostridium relative to non-allergic infants'”. Recently, the
administration of probiotic bacteria was reported to help maintain
anti-inflammatory and tolerant immunity, which resulted in a
lower prevalence of allergy in human subjects (Table 1). Potential
mechanisms explaining the health-promoting actions of probiotic
bacteria may include modulation of the intestinal immune system
and displacement of potential pathogens via competitive exclusion
or the production of antimicrobial agents. The efficacy of probiotics
in the prevention of AD was primarily observed in infants who
were administered probiotics during the perinatal period. Hattori
etal.”” reported that children with AD and with a low degree of
intestinal Bifidobacterium colonization experienced an amelioration
of their allergic symptoms when lyophilized Bifidobacterium was
administered orally. Systematic analysis in some clinical studies
suggested that the intake of probiotics by mothers during pregnancy
reduces the incidence of subsequent eczema’. Young children with
immunoglobulin E (IgE)-mediated atopic eczema, in particular,
showed more significant improvement with the administration of
probiotics™. Other studies have also shown that the adult immune
system is more difficult to modulate by the administration of
probiotics. An analysis of systematic reviews suggests that there is

little evidence to support a clinically useful benefit of using probiotics

Table 1. The Effects of Probiotics on Allergic Diseases in Human Clinical Trials (since 2009)

Definition of subjects

Intervention

Time of

Year Group Strains (formula) completad the trl method Dose reatment Outcome
2012 Gore, L. paracasei CNCM I- 2116 or B. 137 Infants with ecze- Placebo-con- 10" CFUs of either lyo- 12 Weeks No effect on treatment
etal." lactis CNCM 1-3446 ma at age 3-6 months  trol trials philized powdered CNCM and secondary prevention
[-2116 or CNCM [-3446 effects
daily
2011 Roessler, A probiotic mixture (L. paracasei 15 Healthy adults,15 A randomized, 2x100 mL/day of either 8 Weeks Reduction of genotoxic
etal.” Lpc-37, L. acidophilus 74-2, B. patients with AD placebo-con- a probiotic or a placebo activity of faecal water in
animalis subsp. factis DGCC 420) trolled study ~ drink patients with AD
2011 Larsen, L. acidophilus NCFM, 50 Young children RDC 10"°CFU daily 8 Weeks No affect on the compo-
eta® B lactis BI-07 with AD sition and diversity of the
main bacterial populations
in feces
2011 Morisset, A non-hydrolyzed, fermented milk ~ After birth until 2-year- RDC B, breve C50 (4.2x10° bac- 12 Months Reduction of digestive and
etal" formula containing heat-killed B. old, 124 children at teria per 100 g of powder respiratory events
breve C50, S. thermophilus 065 high risk of atopy formula), S. thermophilus
(HKBBST milk) 065 (3.84x10" bacteria per
100 g of powder formula)
daily
2011 Tori, L. acidophilus L-92 Japanese children with A double-blind- - Long-term Shown a complementary
etal.” (L-92) AD ed, placebo- administration  effect on the standard me-
controlled study dical therapy in patients
with AD through the al-
teration in the Th1/Th2
2011 Boyle, L. rhamnosus GG (LGG) 250 Pregnant women  RCT LGG (1.8x10"° CFUs) daily From 36 weeks Not sufficient for preven-
etal” carrying infants at high gestation until ting eczema

risk of allergic disease

delivery
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Table 1. The Effects of Probiotics on Allergic Diseases in Human Clinical Trials (since 2009) (Continued)
Year Group Strains (formula) ng':f:g?eqeﬂc tsr?gt?i(;tls Intne]r(;/;rcl)t!jon Dose trLlar?ggr:t Outcome
2011 Kukkonen, L. rhamnosus GG (ATCC53103), 1,018 Mothers with high  RDC L.rhamnosus GG (5x10° From 36 weeks ges- No immunomodulatory
etal.” L. rhamnosus LC705 (DSM7061), risk and their 688 infants CFUs), L.rhamnosus tation after delivery 6 effect
B. breve Bb99 (DSM13692), P atage 2 LC705 (5x10° CFUs), 8. months
freudenreichii ssp.shermanii JS breve Bb99 (2x10°CFU),
(DSM7076) P freudenreichii ssp.
shermanii JS (2x10°
CFUs), twice daily
2011 Nermes, L. rhamnosus GG (LGG) 39 Infants with AD A double-blind  LGG (3.4x10° CFUs) 3 Months Improvement of gut
eta” design daily barrier function
2011 vanderAa, A formula with B. breve M-16V, 75 Infants with AD, RDC, multicen- - 12 Weeks Preventive effect on the
etal.” a galacto//fructooligosaccharide age<7 months tre trial asthma-like symptoms
mixture immunofortis) in infants with AD
2011 Moroi, Supplementarydiet containing 34 Adult patients with RDC - >12 Weeks Beneficial effect on
eta®  heat-kiled lactic acid bacterium AD adutt type AD
L. paracase K71
2010 Hoang, L. rhamnosus cell lysate 14 Patients (age 8-64 Open label 300-500 mg standar- - Effective on the treat-
etal? months) with a history non-rando- dized L. rhamnosus cell ment and prevention
resistant eczema for mized clinical lysate daily of childhood eczema
a period of at least 6 observation
months
2010 Dotterud, Probiotic milk containing L. Children from a non Randomized, 250 mL probioticlow  From 36 weeks of No effect on atopic
etal” rhamnosus GG, L. acidophilus - selected maternal, wo- double-blind  fat fermented milk (5x gestation until 3 sensitization
La-5, B. animalis subsp. /actis men from 36 weeks trial 10° CFUs each bac- months postnatally
Bb-12 (Biola) of gestation to 3 mon- terium) daily
ths postnatally during
breastfeeding (pregnant
women=415) (children
=278)
2010 Chen, L. gasseri A5 10° Asthmatic children RDC One capsule (2x10° 8 Weeks Clinical benefits
etal” with AR (6-12 years) CFUs) through the clinical
symptom and immu-
nological parameters
including cytokine
production
2010 Gerasimov, L. acidophilus DDS-1, B. 90 Children aged 1-3 RDC 5 Billion CFUs twice 8 Weeks Clinical improvement
eta®  Jactis UABLA-12 with fructo years with moderate- daily with corresponding
ligosaccharide to-severe AD lymphocyte subset
changes in peripheral
blood
2010 Rose, L. rhamnosus GG 131 Children (6-24 Double-blind 10" CFUs twice daly ~ >6 Months No clinical effect
eta® months old) at high risk  dietary sup-
of allergic sensitization, plement
asthma
2010 Kim, A probiotic mixture (B. bifidum 112 Pregnant women RDC BGN4 (1.6x10° CFUs), 8 Weeks before the Effective on the pri-
eta®  BGN4, B Jactis ADO11, L. with a family history of ADO11 (1.6x10° CFUs), expected delivery mary prevention of
acigophilus AD031) allergic diseases and ADO031 (1.6x10° CFUs) to 3 months after eczema
their infants once daily delivery following
breast-feeding until
3 months of age and
formula-feeding of a
probiotic mixture until
6 months of age
2010 Woo, L. sakei KCTC10755BP 75 Chidren aged 2-10 RDC Daily 12 Weeks A substantial clinical
etal? years with AEDS improvement




196

NY Kim and GE Ji » Prevention of atopic dermatitis by probiotics

Table 1. The Effects of Probiotics on Allergic Diseases in Human Clinical Trials (since 2009) (Continued)

Definition of subjects

Intervention

Time of

Year Group Strains (formula) completed the il method Dose treatment Qutcome
2009 Niers, A probiotic mixture (5. Pregnant women with a RDC 3x10° CFUs (1x10° CFUs of 6 Weeks before the Preventive effect on the
eta®  bifidum, B.lactis, Lac- family history of allergic each strain) once daily expected delivery incidence of eczemain
fococcus lactis; Ecologic diseases and their in- to 12 months after high-risk children and
Panda) fants delivery maintenance during
the first 2 years of life
2009 Soh, B. longum (BL999), L. Asian infants at risk of RDC BL999 (1x10" CFUs/g), LPR For the first 6 months No effect on prevention
eta®  rhamnosus (LPR) allergic disease (2x10" CFUs/g) daily of eczema or allergen
sensitization
2009 Kuitunen, A probiotic mixture (2 lac- 1,223 Mothers with A double- A capsule of LGG (5x10° During the last month No allergy-preventive
eta®  tobacill, bifidobacteria, infants at high risk foral- blinded, CFUs), L. rhamnosus (5x10° of pregnancy and effect except in ce-
propionibacteria) lergy placebo- CFUs), B. breve (2x10° theirinfants to receive sarean-delivered chil-
controlled CFUs), R freudenreichii ssp. a probiotic mixture dren
study shermanii JS (2x10° CFUs) from birth until age 6

twice daily months

L., Lactobacilus; B., Bifidobacterium; S., Streptococcus; P., Propionibacterium; CFU, colony-forming unit; AD, atopic dermatitis; AR, allergic rhinitis; AEDS, atopic
eczema-dermatitis syndrome; RDC, a randomized, double-blind, placebo-controlled study; RCT, a randomized, placebo-controlled trials.

in patients with established eczema, although immunomodulation
may also occur in adulthood”. No beneficial effect was found
from B. lactis or L. paracasei supplementation in the treatment of
eczema when given as an adjunct to basic topical treatment, and
no effect on the progression of allergic disease from age 1 to 3 years
was noted'”. The preventive effect of probiotics is strain specific;
when L. rthamnosus HNO01 and B. animalis subsp. lactis HN019
were compared, only L. rhamnosus HNOO1 reduced (by 2 years)
the cumulative prevalence of eczema in infants at risk of allergic
disease™. In various studies, the tested probiotic mixtures contained
different strains, and individual strains were not tested. Therefore,
it is still premature to conclude that individual component strain
can have a synergistic effect when combined into a mixture, as
comparisons of the effect of a probiotic mixture with that of one or
more of its component strains have not been performed, particularly
for severe diseases. Early life administration of a cow's milk formula
supplemented with B. longum BL999 and L. rhamnosus LPR
showed no effect on the prevention of eczema or allergen sensitization
in the first year of life in infants at risk for allergic disease™.
Occasionally, an identical strain shows contradictory results. In the
case of L. rhamnosus GG, early reports suggested that L. rhamnosus
GG (1x10" colony-forming units [CFUs] of L. rhamnosus GG
daily) administered to pregnant mothers and subsequently to infants
after delivery reduced the incidence of AD by half relative to those
treated with placebo’™. However, a more recent study that employed
a nearly identical study design showed that supplementation of L.
rhamnosus GG (5%10° CFUs twice daily during pregnancy and
early infancy) did not reduce the incidence and the severity of AD in

affected children. Rather, probiotic supplementation was associated

with an increased rate of recurrent episodes of wheezing bronchitis™.
Moreover, oral administration of L. thamnosus GG in a prospective,
double-blind, randomized, placebo-controlled study had no clinical
effect on AD or asthma-related events in young children (6 to 24
months old) with recurrent wheezing and a family history of atopy™.
Although a meta-analysis revealed the positive potential of
probiotics, the mechanism of action or biomarkers related to their
anti-AD effect were not clarified. The reduction of AD prevalence in
infants with a family history of allergic diseases by the administration
of a probiotic mixture (B. bifidum BGN4, B. lactis AD011, and L.
acidophilus AD031) was associated with significant increases in the
capacity of transforming growth factor beta (TGF-f) production by
peripheral blood mononuclear cells™”. When 62 mother and infant
pairs were supplemented with probiotics during pregnancy and their
breastfeeding period, the level of TGF-, was higher in the breast
milk from mothers in the probiotics group than in that from mothers
in the control group””. Compared with a placebo, the administration
of L. sakei KCTC 10755BP to children aged 2 to 10 years with atopic
eczema-dermatitis syndrome and a minimum SCORing of Atopic
Dermatitis (SCORAD) score of 25 resulted in a decreased SCORAD
total score associated with lower pretreatment-adjusted serum levels
of chemokine (c-c motif) ligand CCL17 and CCL27, which are
chemokines involved in the process of establishing inflammatory
infiltration of cells””. Oral administration of combined L. rhamnosus
and L. reuteri improved the extent of the eczema and decreased
serum eosinophil cationic protein levels in children™; this effect was
more pronounced in patients with a positive skin prick test response
and elevated IgE levels. Supplementation of B. lactis Bb-12 or L.

rhamnosus GG to infants with atopic eczema during the weaning
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period reduced the extent and the severity of atopic eczema, which
was accompanied by the reduction of serum cluster of differentiation
(CD)4 and urine eosinophilic protein X*. Taken together, the results
from the 3 clinical studies described above suggest that probiotics
improve the symptoms of inflammatory responses in allergic diseases
beyond the intestinal milieu™. An increase in the traffic of circulating
CD34+ hematopoietic precursor cells (HPCs) was suggested to be
a factor in systemic allergic inflammation™. In 14 allergic patients
who were 6 to 48 years old with clinical symptoms of asthma and/
or conjunctivitis, rhinitis, urticaria, AD, food allergy, and IBS, the
number of circulating CD34+ HPC was decreased when a mixture
of L. acidophilus, L. delbrueckii, and Streptococcus thermophilus
was administered for 30 days*”. A study to assess whether the
administration of probiotics affects the microbiota and its genotoxic
activity in healthy subjects and patients with AD revealed that the
administration of a probiotic mix containing L. paracasei Lpc-37, L.
acidophilus 74-2, and B. animallis subsp. lactis DGCC 420 decreased
the genotoxic potential of fecal water in AD patients. The fecal C.
pertringens cluster I-1I levels remained unaffected, suggesting eicher
a change in their activity or that other bacterial species are responsible
for the reduced genotoxic activity of fecal water'”. In an allergic
condition, the function of Tregs and their production of cytokines
such as interleukin (IL)-10 and TGF-f are dysregulated compared
to the normal condition, resulting in prolonged inflammatory
responses against environmental allergens'”. The intestinal epithelial
cells secrete thymic stromal lymphopoietin, TGF-B, and retinoic
acid, which induce the development of resident CD11b regulatory
dendritic cells (DCs), which in turn induce the development of
naive T cells into forkhead box family transcription factor Foxp3*
Tregs*™”. One plausible reason as to why the administration of
probiotics can downregulate both Th2-related allergy and Th1-
related inflammarory symptoms is related to the action of probiotics
to improve regulatory immune activity, as evidenced by the results
of animal experiments™. Actually, low-grade inflammation was
suggested as a key factor, not only in the pathogenesis of AD but
also in IBS. Consistent with this, the administration of B. bifidum
BGN4-containing probiotics improved both AD and irritable
syndrome in 2 separate clinical trials, as described below. In double-
blind, randomized, placebo-controlled human trials, infants who
were perinatally administered a combination of B. bifidum BGN4,
B. lactis ADO11, and L. acidophilus AD031 showed significantly
lower prevalence and cumulative incidence of AD than a placebo
group”. In a prospective, double-blind, randomized, placebo-
controlled clinical study, IBS patients that received composite
probiotics (B. bifidum BGN4, B. lactis ADO11, L. acidophilus
ADO031, and L. casei IBS041) showed significant reductions in

their IBS symptoms, including abdominal pain, after 8 weeks of
treatment. This was observed particularly in the patients with mixed
or diarrhea-predominant ailments*. However, an analysis of the
function of the Tregs and the expression of Foxp3" does not have
close clinical relevance when judging the efficacy of probiotics in
AD patients, due to the various conflicting results pertaining to the
relationship between the function of the regulatory cells and the
occurrence of allergic symptoms. The suppressive function of the
Tregs was diminished in infants with egg allergies”. Paradoxically,
CD4+CD25+ Tregs expressing Foxp3" were increased in patients
with AD compared to normal individuals™. Likewise, children with
AD had significantly higher induced Foxp3" expression following
stimulation with both house dust mites and ovalbumin (OVA)
allergens compared to those without AD, which was suggested to
reflect secondary compensatory mechanisms””. In addition, the
administration of L. acidophilus LAVRI-A1 did not have significant
effects on CD4+CD25+CTLA4+ cell numbers or Foxp3" expression
in high-risk children”.

In addition to probiotics, prebiotics have also shown some effi-
cacy in ameliorating AD. When the effects of L. salivarius and
fructooligosaccharide (synbiotic) with fructooligosaccharide alone
(prebiotic) were compared in children with moderate to severe AD,
the synbiotic combination was superior to the prebiotic alone for
treating moderate to severe childhood AD™.

Preschool children receiving synbiotics (L. acidophilus DDS-
1, B. lactis UABLA-12 with fructooligosaccharide) showed a
greater decrease in the mean SCORAD score and need for topical
corticosteroids than children in the placebo group after 8 weeks.
Interestingly, a flow cytometric analysis of lymphocyte subsets in
the peripheral blood of patients in the probiotic group showed that
the percentage of CD4 and the percentage and absolute count of
CD25 decreased whereas the percentage and absolute count of CD8
increased™”.

While most of the clinical studies used live forms of probiotic
bacteria, Hoang et al.”” used the cell lysate of L. rhamnosus,
reporting a substantial improvement in the quality of life, skin
symptoms, and day and night-time irritation scores in children
that received supplementation; however, this study was limited in
its meaningfulness due to its open label, non-randomized clinical
observation. The skin severity scores of AD decreased in the adult
patients from baseline values at week 8 and week 12 when the subjects
were given a diet containing heatkilled L. paracasei. However, the
effect was largely limited because there was no significant difference
between the Lactobacillus and placebo groups™. The administration
of heatkilled Lactobacillus or administration onto established eczema

may be a factor related to its weak effect observed in the study.
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An effect of probiotics on the improvement of allergic diseases
other than AD has also been reported. Daily supplementation
with L. gasseri A5 for 8 weeks improved the clinical symptoms and
immunoregulatory changes in school children suffering from asthma
and AR™. The prevalence of "frequent wheezing" and "wheezing
and/or noisy breathing apart from colds" was significantly lower in
the synbiotic (B. breve M-16V and a galacto/fructooligosaccharide
mixture) than in the placebo group, despite the fact that the total IgE
levels did not differ between the groups”.

The efficacy and actions of probiotics in
animal studies

Recently, numerous publications have supported the effect of

probiotics on the prevention and treatment of allergic diseases in

animal studies. However, the suggested mechanisms related to their
anti-allergic effects were variable. The action of probiotics to shift
the immune system from the pathogenic Th2 response to a Th1/T
regulatory response was demonstrated (Fig. 1). Oral treatment with
the probiotic mixture VSL#3 was effective in redirecting allergen-
specific Th2 polarized immune responses towards Th1/T regulatory
responses. This treatment also offered protection against allergen-
induced anaphylactic reactions in a murine model of food allergy™.
The oral administration of L. rhamnosus GG in OVA-immunized
rats induced OVA-specific hyporesponsiveness and reduced the
OVA-induced proliferative response in mesenteric lymph nodes
(MLN:E) associated with CD4"CD25Foxp3" T cell expansion and
increased IL-10 and TGF-B secretion™. Exposure to the commensals
and saprophytes in the absence of true danger signals from invasive

pathogens and/or injured host cells were reported to induce the

sigA Thi Thi7

Commensal/probiotic bacteria

DC precursor

Pathogenic micro-organisms
(B) TLR

Fig. 1. Schematic view of the potential mechanism of action by which commensal
bacteria and pathogenic bacteria interact with Toll-like receptors (TLRs) and elicit
different immune responses. (A) Commensal and probiotic bacteria interact with intestinal
epithelial-cell barrier and dendritic cells (DCs) resident in the intestine. Some cytokines,
including interleukin (IL)-10, transforming growth factor beta (TGF-B) and thymic stromal
lymphopoietin (TSLP), are expressed in intestinal epithelial cells, as a result of their
interactions. Stimulation of cell TLR mediated by bacteria leads to up-regulation of TGF-
and IL-10, which in turn may limit the responsiveness of intestinal DCs resulting in the
expansion and/or survival of T-cells with regulatory capacities, and limiting the ability of
driving Th1, Th2 and Th17-cell responses. (B) Pathogenic bacteria have virulence factors
that interact with intestinal epithelial-cell barrier and DCs resident in the intestine. Invasion
of epithelium and direct interaction with DCs lead to activation of TLR and enhanced
production of pro-inflammatory cytokines including interferon-gamma (IFN-y) and IL-12,
which are capable of driving Th1, Th2 and Th17 response. RA, retinoic acid; slgA, secreted
Ig A; Th, T helper cell; Treg, T regulatory cell (Reprinted from Gomez-Llorente C, Munoz S,
Gil A. Proc Nutr Soc 2010; 69:381-9, with permission of Cambridge University Press)™.
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actions of regulatory network™” such as Tregs and inducible
Tregs (Th3, Trl) as well as Foxp3'. Foxp3" is crucial for both the
differentiation of Tregs and the maintenance of their suppressive
function™. The induction of bacterial strain-specific Foxp3" Tregs
was evident in mice treated with B. Jongum AH1206 but not in mice
treated with L. salivarius AH102, suggesting that the induction of
Foxp3' Tregs was strain specific’”. The regulatory network including,
in addition to Tregs, DCs and the cytokines produced by these cells
is essential in the development of tolerance. Kwon et al.”” showed that
IRT5, a probiotic mixture, exerted potent immunomodulatory effects
by upregulating or enhancing the generation of Tregs by tolerogenic
DCs in MLN. Moreover, the migration of CD4 Foxp3" Tregs to
sites of inflammation effectively suppressed disease progression. The
enhanced therapeutic efficacy was associated with an increase in anti-
inflammatory cytokines (IL-10 and TGF-) as well as a decrease in
pro-inflammatory cytokines.

The effect of L. casei in inhibiting allergic inflammation by acting
at the effector phase of adaptive immune responses instead of at the
initiation phase was also reported’”. The suppressive effects of L.
gasseri OLL2809 on inflammatory responses was associated with
the suppression of CD4" T cell proliferation through a MyD88-
dependent signaling pathway and by L. gasseri OLL2809 and its
RNA”.

The oral treatment of neonatal pigs with L. lactis significantly
reduced the subsequent frequency of allergy to ovomucoid and
was associated with lower IgG(1)/IgG(2) and IgE/IgG(2) ratios,
indicating a Th1 bias and a reduced Th2 immune response™. Kim
etal.” showed that B. bifidum BGN4 and L. casei appeared to be
useful probiotic bacteria for the prevention of allergy, suggesting that
these bacteria induce anti-allergenic processes through the induction
of the Thl response and the regulatory lymphocyte. Pochard et al.”®
demonstrated that L. plantarum, L. lactis, L. casei, and L. thamnosus
GG suppressed 1L-4 and IL-5 (Th2 cytokines) and increased
interferon-gamma (IFN-y) and IL-12 (Th1 cytokines) in a dose-
dependent manner, suggesting a more balanced Th1/Th2 response in
vitro with human polymorphonuclear cells.

The observation that probiotics enhanced the production of Thl
and regulatory cytokines in vitro but slightly decreased the ex vivo
production of IL-10, tumor necrosis factor-alpha, and IL-6 suggests
that the effect of probiotics with regard to the immunomodulatory
potential differed depending on the in vitro or ex vivo treatment™.
Moreover, changes in the production of various cytokines and the
activation of immunoregulatory cells as observed in animal studies

have not been revealed in human studies.

Conclusions

Various meta-analysis and systematic review studies have shown
positive effects of probiotics with regard to the prevention of AD,
particularly in infants who were administered probiotics during
the perinatal period. However, further studies regarding the
optimal dose, effective probiotic strains, the timing and duration of
supplementation, the additive/synergistic effects between probiotics
and prebiotics, and patient populations that would most benefit from
the use of probiotics need to be more thoroughly investigated. While
there is substantial evidence for the amelioration of AD by probiotics
from in vitro experiments and animal studies, the results from human
clinical trials are more complicated. Thus elucidating the effects and
mechanisms of action of probiotics is difficult due to the variation
of results derived from human studies. Therefore, the mechanism
involved in the preventive effect of probiotics in humans and the long-
term effects of probiotics on the developing immune system remain

to be proven.
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