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Summary

Background Oral Lactobacillus rhamnosus GG ingestion for 5 days to 4 weeks has been
shown to alleviate clinical symptoms of gastrointestinal inflammation and atopic
dermatitis.

Objective To determine whether oral Lactobacillus rhamnosus GG may act by
generating immunosuppressive mediator in atopic children.

Methods Lactobacillus rhamnosus GG (ATCC 53103) at a daily dose of 2 x 10'° cfu
was added for 4 weeks to the diets of nine children (mean age, 21 months) with atopic
dermatitis. Blood and faecal samples were collected before supplementation and at early
(2 weeks) and late stage (4 and 8 weeks from the beginning). The concentrations of
interleukin-6 (IL-6), IL-10, IL-12, tumour necrosis factor-a (TNFa) and interferon-vy
(IFNw) in sera, as well as the production of IL-2, IL-4, IL-10 and IFN+ in mitogen-induced
peripheral blood mononuclear cells, were assessed. Secretory IgA and TNFa were also
determined in faeces.

Results The serum IL-10 concentration differed significantly between before, early
and late samples (P < 0.001) due to the elevation of serum IL-10 in the later phase of
oral Lactobacillus rhamnosus GG ingestion. The enhancement of IL-10 production in
mitogen-induced cultures preceded the rise in serum IL-10.

Conclusion The enhanced IL-10 generation in vivo substantiates the anti-inflammatory
properties of specific probiotic bacteria strains, and provides an additional reason for
considering such treatments for patients with intestinal inflammation.
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Introduction

Probiotics are defined as live microbial food ingredients
which beneficially affect the health of the host [1]. The
extensively studied probiotic strain, Lactobacillus rhamnosus
GG (ATCC 53103), has been shown to alleviate the
symptoms of gastrointestinal inflammation [2] and atopic
dermatitis with food allergy [3]. These clinical findings have
been associated with the promotion of IgA-secreting cells
[2,4] and suppression of proinflammatory cytokine tumour
necrosis factor-a (TNF-a) in the gut, respectively [3,4]. It
is evident that Lactobacillus rhamnosus GG stimulates in
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vitro mononuclear cells to generate both proinflammatory
cytokines, including interleukin-6 (IL-6), IL-12, interferon-
v (IFNv), TNFa and anti-inflammatory mediators, such as
IL-10 [5]. The question of the net effect of such immune
stimulation and whether probiotics promote suppressive
immunomodulatory effects in vivo has remained open.
IL-10 is produced by a variety of cells such as
monocytes, activated B cells, macrophages, mast cells,
keratinocytes, dendritic cells and T cells [6]. IL-10 inhibits
its own cytokine synthesis and synthesis of IL-2, IL-4, IL-6,
IL-12, TNFa and IFNvy [6,7]. It upregulates the growth of
mast and B cells and downregulates IgE synthesis by
enhancing the switch to IgG4 synthesis [6,8]. In atopic
diseases, overexpression of IL-10 has been demonstrated
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spontaneously and after allergen challenge [9,10]. Atopic
dermatitis is a chronic inflammatory skin disease associated
with IL-4-mediated IgE synthesis [11]. In atopy, IL-10 is
thought to mediate anti-inflammatory effects partly via its
downregulatory effect on cytokines and the IgE switch.
Earlier studies have revealed immunoregulatory
properties in oral Lactobacillus rhamnosus GG during
[4], immediately after [3,4] or 4 weeks [2] after its
inclusion in the diet. Accordingly, a follow-up study of
8 weeks was devised to assess IL-10 generation in vivo
subsequent to an oral Lactobacillus rhamnosus GG
supplementation of 4 weeks. The concentrations of IL-6,
IL-10, IL-12, TNFa and IFNv in sera, and faecal TNFa
and faecal secretory IgA, were determined before supple-
mentation and at early and late term. The production
of IL-2, IL-4, IL-10 and IFNy in mitogen-induced
peripheral blood mononuclear cells was assessed to clarify
the implications of the data obtained via the serum samples.

Materials and methods

Study design

Lactobacillus rhamnosus GG (ATCC 53103, Valio Ltd,
Helsinki, Finland) containing peptide residues of (-lacto-
globulin (<0.005 wg/capsule) at 10'° colony-forming units
(cfu) was given orally, twice daily, for 4 weeks to nine
children aged 7—-42 months (mean, 21 months) with atopic
dermatitis and cow’s milk allergy. The patients fulfilled the
Hanifin criteria [12] for atopic dermatitis in children. In all
cases, cow’s milk allergy was confirmed by double-blind,
placebo-controlled food challenge as previously described
[13]. Six patients had multiple food allergy, i.e., allergy to
basic foods such as egg, oats, wheat, barley or rye, in
addition to cow’s milk allergy. The pertinent elimination
diets were followed. At the time of enrolment, serum total
IgE ranged from 6 to 5980 kU/L (median 276 kU/L). None
of the patients received systemic corticosteroids during the
follow-up period of 8 weeks.

Blood and faecal samples were collected before
supplementation (0 weeks) and at early (2 weeks) and late
stage (4 and 8 weeks from the beginning of oral
Lactobacillus rhamnosus GG supplementation). Additional
samples (12 weeks from the outset) were collected from
four patients.

The study was carried out in the wintertime between
years 1996 and 1998, and it was approved by the Ethical
Review Committee of Tampere University Hospital.

Determination of cytokines

To determine IL-6, IL-10, IL-12, TNFa and IFNvy in
sera, and IL-2, IL-4, IL-10 and IFNv in culture supernatant
fluids, the relevant ELISA kits were used according to the

manufacturers’ instructions: Human IL-2, CLB, Amster-
dam, The Netherlands; Human IL-4, CLB, Amsterdam,
The Netherlands; Human IL-6, CLB, Amsterdam, The
Netherlands; Human IL-10, Genzyme Corporation, Cam-
bridge, MA, USA; Human IL-12, R & D System
Europe Ltd, Oxon, UK; Human IFNvy, Endogen Inc.,
Cambridge, MA, USA; Human TNFa, CLB, Amsterdam,
The Netherlands.

Preparation and culture of mononuclear cells

Peripheral blood mononuclear cells (PBMCs) from four
patients were isolated by Ficoll-Paque (Pharmacia Fine
Chemicals AB, Uppsala, Sweden) density-gradient centri-
fugation. The cells were suspended at 1 x 10° cells/mL in
complete medium consisting of RPMI 1640 with 10% FCS,
10 mm HEPES, 2 mm L-glutamin (Gibco Life Tech-
nologies, Paisley, UK), 50 U/mL benzylpenicillin (Sigma,
St Louis, MO, USA) and 10 mg/mL gentamycin (Roussel
Laboratories Ltd, Uxbridge, UK). Culture wells were pre-
coated with mitogen, antiCD3-antibody containing ascites
fluid (a kind gift from Dr M. Kaartinen, Department of
Bacteriology and Immunology, University of Helsinki,
Finland) at a pre-tested optimal dilution. After 24 h of
incubation in a humidified 5% CO, atmosphere at 37 °C,
supernatant fluids were collected and stored at — 70 °C for
cytokine assays.

Determination of secretory IgA and TNF « in faeces

Deep-frozen faecal samples were thawed at room tempera-
ture, suspended 1:1 (w/v) in physiological saline and
allowed to sediment. Of the supernatant fluid, 0.5-1.0 mL
was transferred to an Eppendorf tube and centrifuged at
2 500 g for 10 min. The supernatant fluid was then used for
the determination of TNFa (Human TNFa ELISA Kit,
CLB). Faecal secretory IgA (sIgA) was determined
according to the method of Sorensen [14]. SIgA from
human colostrum was used as standard.

Statistics

The distribution of data was skewed and logarithmic
transformations were used. Data are presented as geometric
means with 95% confidence intervals (CI), or as individual
numbers in figures. Analysis of variance (ANOvA) for
repeated measurements with post hoc comparisons was
used to compare before (0 weeks), early (2 weeks) and late
samples (4 and 8 weeks from the beginning) in sera and
faeces.
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Results

Follow-up of cytokine profiles in samples before and at
early and late stages of oral Lactobacillus rhamnosus GG

As shown in Fig. 1, IL-10 concentrations in serum samples
differed significantly in before, early and late samples
(P < 0.001, anova). This was attributed to an increase
in the serum concentration of IL-10 in the late samples, i.e.
in two out of nine patients the increase manifested at
4 weeks and in seven out of nine patients at 8 weeks. The
rise was observed to be transient. In cases with an extended
follow-up period up to 12 weeks, the mean (95% CI) serum
IL-10 decreased from 10.2 (5.64-18.64) pg/mL (at
8 weeks) to 4.3 (3.42-8.74) pg/mL. IL-10 production in
antiCD3-stimulated cultures increased in late samples
(Fig. 1 insert). The rise in these stimulated cultures at
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Fig. 1. Interleukin-10 concentration in sera and production by
antiCD3-induced peripheral blood mononuclear cells (insert) of
children with atopic dermatitis before supplementation (0 weeks)
and at early (2 weeks) and late term (4 and 8 weeks from the
beginning of oral Lactobacillus rhamnosus GG). Horizontal lines
represent the geometric means of pg/mL of nine experiments. (#),
Patient 1; (M), patient 2; (A), patient 3; (X ), patient 4; (@), patient
5; (<), patient 6; (1), patient 7; (A), patient 8; (O), patient 9.

4 weeks was followed by upregulation in serum IL-10
concentrations at 8 weeks in four out of four patients.

The antiCD3-stimulated cultures from three patients
showed a transient upregulation in IFNvy production in
early samples (Fig. 2). In the late samples (at 4 weeks)
there was a decline in IL-4 and IFNv production. This was
associated with a concomitant IL-2 decline (Fig. 2). The
concentrations of IL-6, IL-12, IFNy and TNF« in sera were
low, and remained comparable throughout the study period
(data not shown).

Follow-up of faecal TNFa and sIgA in samples before and
at early and late stages of oral Lactobacillus rhamnosus
GG

The mean (95% CI) sIgA concentrations in faeces in
before, early and late samples were 20.4 (15.19-27.51),
19.9 (13.55-29.30) and 209 (15.00-29.42) mg/mL,
respectively (P = 0.89). Faecal TNFa remained below
1.4 pg/mL throughout the follow-up period, comparable
with the concentration previously documented for atopic
children with food allergy who followed a therapeutic
elimination diet [15,16].

Discussion

The present study demonstrated a transient upregulation of
IL-10 in the sera of atopic children at the late stage of oral
Lactobacillus rhamnosus GG intake, this being preceded by
enhanced IL-10 production by their mitogen-stimulated
PBMC:s. Oral consumption of Lactobacillus rhamnosus GG
has previously been shown to enhance anti-inflammatory
IgA generation 1 month after the cessation of 5 days’
supplementation, as well as immediately after 4 weeks’
supplementation [2,4]. In this study, the rise in IL-10
secretion was unlikely to be due to the allergenicity of
supplemented Lactobacillus rhamnosus GG, since oral
Lactobacillus rhamnosus GG has been successfully used in
atopic patients to alleviate the symptoms of cow’s milk
allergy [3]. Neither does the allergenicity of the diet explain
the induction of IL-10, since these patients were on their
pertinent elimination diet and TNFoa was undetectable,
indicating that no sensitization had occurred during the
follow-up period [15,16]. The type of antigen influences
the kinetics of expression of IL-10; allergen induces early
IL-10 mRNA production and hapten induces late induction
[17]. Induction of IL-10 at the late stage of oral
supplementation implies that orally ingested Lactobacillus
rhamnosus GG would appear to function as a late inducer
of IL-10.

Earlier studies have demonstrated that both the immu-
nological status of the host and the immunogenicity of the
diet influence the immune responses induced by probiotics
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Fig. 2. (a) Interleukin-2 (IL-2), (b) interleukin-4 (IL-4) and (c) interferon-y (IFNvy) production by antiCD3-induced peripheral blood
mononuclear cells of children with atopic dermatitis before supplementation (0 weeks) and at early (2 weeks) and late term (4 and
8 weeks from the beginning of oral Lactobacillus rhamnosus GG). Logarithmic scale. (#), Patient 1; (M), patient 2; (A), patient 3; (x),

patient 4.

[18,19]. In healthy subjects, oral probiotic supplementation
may act as an adjuvant [18] whereas in patients with
inflammatory conditions, suppression of the inflammatory
response ensues [3,18]. Likewise, the demonstration of
an enhanced generation of IgA in subjects with gut
inflammation points to the anti-inflammatory potential of
probiotics. Undetectable faecal TNFa may imply that no
major gut inflammation existed in the present patients
and that a stable IgA concentration was expected. Probiotic
administered with a diet including native protein immuno-
genic to the host stimulates the immune system [19,20],
while in conjunction with pre-hydrolysed proteins non-
immunogenic to the host, it suppresses the immune
responses [3,19]. Thus, the demonstration of the induction
of anti-inflammatory IL-10 consequent upon probiotic
supplementation supports the concept that all patients were
on a tolerated diet, and may indicate one mechanism by
which such suppression is initiated.

In atopic dermatitis, the excessive production of IL-4 and
the diminished capacity to produce IFNvy promotes the
synthesis of IgE [12]. In the absence of IL-4, IL-10 does not
enhance IgE but in its presence, IL-10 contributes to IgE
production [8]. Transient upregulation in mitogen-induced
IFNy production in the early phase, and a decline in IL-4

production in the late phase of oral Lactobacillus
rhamnosus GG ingestion, may mitigate the inductive effect
of IL-10 on IL-4-induced IgE synthesis. In patients with
atopic asthma who may have diminished IL-10 production
[21,22], induction of IL-10 is thought to be more
advantageous by reason of its antagonistic effect on
eosinophilic inflammation and IgE-dependent activation
[6]. In patients with Crohn’s disease, recombinant IL-10
immunotherapy has been successfully used to alleviate
chronic intestinal inflammation [23]. The clinical relevance
of oral Lactobacillus rhamnosus GG in controlling
inflammatory responses by inducing IL-10 provides an
additional reason for considering such treatment strategies
for patients with allergic inflammation.
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