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Summary

Our aim was to assess anti-inflammatory effects on the peripheral blood of
subjects with inflammatory bowel disease (IBD) who consumed probiotic
yogurt for 1 month. We studied 20 healthy controls and 20 subjects with IBD,
15 of whom had Crohn’s disease and five with ulcerative colitis. All the sub-
jects consumed Lactobacillus rhamnosus GR-1 and L. reuteri RC-14 supple-
mented yogurt for 30 days. The presence of putative regulatory T (Treg) cells
(CD4+ CD25high) and cytokines in T cells, monocytes and dendritic cells (DC)
was determined by flow cytometry from peripheral blood before and after
treatment, with or without ex vivo stimulation. Serum and faecal cytokine
concentrations were determined by enzyme-linked immunosorbent assays.
The proportion of CD4+ CD25high T cells increased significantly (P = 0·007) in
IBD patients, mean (95% confidence interval: CI) 0·84% (95% CI 0·55–1·12)
before and 1·25% (95% CI 0·97–1·54) after treatment, but non-significantly in
controls. The basal proportion of tumour necrosis factor (TNF)-a+/
interleukin (IL)-12+ monocytes and myeloid DC decreased in both subject
groups, but of stimulated cells only in IBD patients. Also serum IL-12 con-
centrations and proportions of IL-2+ and CD69+ T cells from stimulated cells
decreased in IBD patients. The increase in CD4+ CD25high T cells correlated
with the decrease in the percentage of TNF-a- or IL-12-producing monocytes
and DC. The effect of the probiotic yogurt was confirmed by a follow-up study
in which subjects consumed the yogurt without the probiotic organisms.
Probiotic yogurt intake was associated with significant anti-inflammatory
effects that paralleled the expansion of peripheral pool of putative Treg cells in
IBD patients and with few effects in controls.
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Introduction

There is evidence to suggest that probiotic bacteria may have,
in a species- or even strain-dependent manner, a potential
use as anti-inflammatory agents in some chronic inflamma-
tory diseases [1,2]. The most promising clinical results have
been obtained in the prevention and management of atopic
eczema and the management of inflammatory bowel disease
(IBD) and post-operative pouchitis [3,4]. On the basis of
experimental data, the anti-inflammatory effects of pro-
biotics may be a consequence of antagonism against poten-
tially pathogenic/proinflammatory endogenous microbiota;
modulation of the balance between T helper 1 (Th1), Th2
and regulatory T (Treg) cells; down-regulation of proinflam-
matory [e.g. interleukin (IL)-12, tumour necrosis factor

(TNF)-a] and/or stimulation of anti-inflammatory (e.g.
IL-10) cytokine production; as well as effects seen such as
enhanced elimination, modified degradation, permeation
and presentation of proinflammatory antigens [3–5].

Data accumulated in the past few years have emphasized
the central role of Treg cells in the formation and mainte-
nance of tolerance to mucosally encountered antigens and
down-regulation of ongoing inflammation [6,7]. Accord-
ingly, their deficient activity, in contrast to enhanced Th1 or
Th2 action, has been implicated in chronic inflammatory
conditions, including allergic diseases and IBD [7–9]. Den-
dritic cells (DC) are thought to be the primary regulators in
determining the balance between the different T cell subtype
activities in a manner that is dependent upon multiple
factors, including the DC subtype and local cytokine milieu,
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with the presence of IL-10 and IL-12 having particular
importance [10–12]. Interestingly, a recent study in mice
demonstrated that probiotic bacteria may confer protection
against chemically induced intestinal inflammation by
induction of Treg cells [5]. Whether any probiotic strains have
this ability in humans is unknown, but is feasible based upon
in vitro data and indirect evidence from clinical studies dem-
onstrating that the intake of certain probiotics may enhance
the production of IL-10 [13] and transforming growth factor
(TGF)-b [14,15] which could, theoretically, promote the
induction of Treg cells or be indicative of enhanced Treg func-
tion [16–18].

The aim of the current study was to assess whether intake
of yogurt supplemented with two probiotic strains, Lactoba-
cillus rhamnosus GR-1 and L. reuteri RC-14, with docu-
mented efficacy in controlling mucosal infections [19] and
the ability to pass through the gastrointestinal tract alive,
may promote an anti-inflammatory immunological milieu
in subjects with active chronic inflammatory conditions,
namely Crohn’s disease or ulcerative colitis. These condi-
tions are characterized by chronic intestinal inflammation
that is thought to result from exaggerated effector T cell
responses towards endogenous bacterial antigens [9]. There
were two reasons for using a yogurt delivery system. First,
patients with chronic inflammation are often receiving a
range of pharmaceutical agents, some of which have side
effects including diarrhoea and loss of appetite. Potentially,
yogurt could provide an excellent nutritional supplement
that reduced diarrhoeal problems. Secondly, we wanted to
test the effect of probiotic yogurt on peripheral immunity as
a step towards taking this food to populations that have little
access to, and no buying power for the purchase of, pharma-
ceutical products. One such application is to developing
countries, and to that end we have established active collabo-
rations in Tanzania and Nigeria where, in the former case,
local people have begun to produce the probiotic yogurt
themselves in order to support the health of their families
and community (http://www.westernheadseast.ca).

Materials and methods

Subjects

It should be noted that the principal aim of this project was
not to cure IBD or study clinical outcomes, as the aim was to
determine if any effects arose with a nutritional change that
did not require any alteration in the standard medical man-
agement of the patient. To that end, no effort was made to
control for use of steroids, although no subjects received
antibiotics during the study. The study population com-
prised 20 subjects with IBD and 20 healthy controls with no
known or suspected intestinal abnormalities. The mean
age � standard deviation (s.d.) of IBD patients was
44 � 11·7 (range 26–63) years and that of controls 51 � 6·4
(38–61) years. Of the IBD patients, 15 had Crohn’s disease,

five had ulcerative colitis and all had subjective symptoms,
including liquid or very soft stools and/or abdominal pain,
indicative of active IBD. To reduce patient-to-patient vari-
ability, all the subjects were women. Exclusion criteria
included pregnancy, use of antibiotics, lactose intolerance
and premature termination of the study (only three of 23
healthy subjects were excluded due to inability to comply
with the study protocol). All subjects were asked to continue
with their habitual diet but to refrain from taking any other
yogurt or probiotic supplements 2 weeks before and during
the study. The patient group did not alter any ongoing medi-
cation being given for their IBD. Informed consent was
obtained from all subjects and the study was approved by the
Review Board for Health Sciences Research involving
Human Subjects, at the University of Western Ontario,
London, Ontario, Canada.

Design

In this open-label study, all subjects consumed 125 g of pro-
biotic yogurt per day for 30 days. The researchers were
blinded regarding the study groups. To rule out the influence
of yogurt alone, the treatment regimen was repeated in an
exploratory study using unsupplemented yogurt with a sub-
population of the same IBD patients (n = 8; six with Crohn’s
disease, two with ulcerative colitis) after a washout period of
6 months.

The main outcome parameters measured were changes
in the prevalence of putative Treg cells (CD4+ CD25high) and
TNF-a- and IL-12-producing monocytes and DC in
peripheral blood (PB) during treatment. Secondary
outcome measures included changes in the presence of T
cell surface activation markers, serum and faecal cytokine
concentrations and ex vivo proliferative responses of PB
mononuclear cells (PBMC). Individual stool and blood
samples were collected before (day 0) and after (day 30) the
treatment period.

The patients were asked to note in a diary any changes in
symptoms, including bloating, gas, abdominal pain and
constipation/loose stools throughout the study as possible
side effects of the yogurt consumption.

Preparation of probiotic yogurt

To prepare a probiotic mother culture, dried L. rhamnosus
GR-1 (GR-1) and L. reuteri RC-14 (RC-14) were added to
Man, Rogosa and Sharpe broth (EM Science, Gibbstown, NJ,
USA) at a rate of 1·5% and grown anaerobically at 37°C
overnight. Then a mixture of milk (1% fat), 0·33% yeast
extract and 0·4% inulin was autoclaved for 15 min, cooled to
37°C, and inoculated with the probiotic culture at a rate of
1% and incubated anaerobically at 37°C overnight.

To prepare probiotic yogurt, a mixture with milk (1% fat)
and 5% sugar was heat-treated at 87°C for 30 min, cooled to
37°C, inoculated with 4% of the probiotic mother culture
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and 2% of standard plain yogurt containing L. delbreukii ssp.
bulgaricus and Streptococcus thermophilus, fermented at 37°C
for 6 h and stored at 4°C. After 2 days 11% strawberry fla-
vouring (Sensient, Rexdale, ON, Canada) was added and the
yogurts were packaged. Viable counts and quality assurance
was tested at regular intervals. A new batch of yogurt was
produced every 2 weeks to ensure consistency in viable
counts of probiotic bacteria, especially as those of RC-14
decreased rapidly with time. After 2 weeks at 4°C the total
counts were consistently at 1 ¥ 103 for RC-14 and 2 ¥ 107

colony-forming units (cfu)/ml for GR-1. No contaminants
were isolated at any time in the study.

Analysis of intracellular cytokine production

Intracellular cytokine detection was performed by flow
cytometry as described previously, with some modifications
[20,21]. PB samples in lithium heparin were supplemented
one-to-one with RPMI-1640 medium (Invitrogen, Burling-
ton, ON, Canada), incubated at 37°C in a 5% CO2 humidi-
fied atmosphere with brefeldin A (10 mg/ml, Sigma, St Louis,
MO, USA) in the presence or absence of lipopolysaccharide
(LPS, 100 ng/ml; from Escherichia coli, serotype 055:B5,
Sigma) plus interferon (IFN)-g (100 units/ml; R&D Systems,
Inc., Minneapolis, MN, USA) for stimulation (6 h) of cytok-
ine production by monocytes and DC; ionomycin (1 mg/ml,
Sigma) plus phorbol 12-myristate 13-acetate (PMA, 25 ng/
ml, Sigma) for stimulation (4 h) of cytokine production by T
cells. For identification of the whole DC population [major
histocompatibility complex (MHC) II+/lineage-/CD33+/–],
their highly and intermediately CD33-expressing myeloid
(CD33high, CD33intermed) and no or weakly CD33-expressing
plasmocytoid (CD33–/low) subsets and monocytes (MHC II+/
CD14+/CD33+), PB cells were then incubated for 15 min
at room temperature (RT) with anti-human leucocyte
antigen D-related (HLA-DR)-Cy-chrome, anti-CD33-
allophycocyanin (APC) and each of the following fluorescein
isothiocyanate (FITC)-labelled lineage marker antibodies:
anti-CD3, anti-CD19, anti-CD56 and anti-CD14 (BD Bio-
sciences, San Diego, CA, USA). Stained cells were washed
with phosphate-buffered saline (PBS, pH 7·5) and centrifu-
gation (5 min at 540 g), fixed, permeabilized and stained
with anti-TNF-a-phycoerythrin (PE, clone MAb11) and
anti-IL-12-PE (C11·5) using the Fix & Perm reagent (Caltag,
Burlingame, CA, USA) following the manufacturer’s
instructions. T cell cytokines were analysed accordingly, but
the cells were identified with anti-CD3-FITC and their
cytokines detected with anti-IL-2-PE (clone MQ1-17H12),
anti-IFN-g-PE (B27), anti-IL-4-PE (8D4-8) and anti-IL-
10-PE (JES3-19F1). Data acquisition was performed in two
consecutive steps with a flow cytometer (FACSCalibur™,
BD Biosciences). First, 30 000 events/test corresponding to
the whole PB cellularity were collected for analysis of cytok-
ines produced by T cells and monocytes. Secondly, only
events in a HLA-DR+/CD3–/CD19–/CD56–/CD14– live gate

were stored and a minimum of 300 000 events from the total
PB cellularity were acquired in order to obtain at least 1000
MHC II+/lineage– cells for the analysis of cytokines produced
by DC subsets. CellQuest™ software (BD Biosciences) was
used for data acquisition and analysis. Representative acqui-
sition dot plots demonstrating the identification of mono-
cytes and DC are presented in Fig. 1.

Analysis of T cell surface markers

For the expression of early activation marker CD69 on T
cells, RPMI-1640 diluted PB was incubated with or without
PMA and ionomycin as described above, whereas only the
unstimulated sample was used for Treg cell analysis. The per-
centage of CD4+ CD25+ Treg cells are enriched within the
1–2% of PB CD4+ T cells expressing high levels of CD25,
while the population expressing lower levels of CD25 is
thought to consist mainly of activated effector T cells [22].
Thus, using flow cytometry we gated on small lym-
phocytes and CD4+ T cells were subdivided into bright
(CD4+ CD25high/Treg) and intermediate (CD4+ CD25+/
activated T cell) populations based on their CD25 expression
(Fig. 2a). The stimulated and/or unstimulated samples
(200 ml each) were stained with 3 ml of anti-CD3-FITC in
combination with anti-CD69-PE or anti-CD4-FITC plus
anti-CD25-PE (BD Biosciences) for 15 min at RT. Data were
acquired with a flow cytometer (30 000 events/test) and
analysed as described above.

Enzyme-linked immunosorbent assays (ELISA)

Faecal extracts were prepared by mixing 3 g of stool with
3 ml of PBS followed by centrifugation (30–45 min at
20 000 g) at 4°C and filtration of the supernatant through a
0·45-mm pore-size filter [23]. Serum samples and faecal
extract aliquots were stored at -70°C until analysis. The con-
centrations of TNF-a, IL-12 and IL-10 were measured with
BD OptEIA™ ELISA sets (BD Biosciences) according to the
manufacturer’s instructions.

Proliferation assay

Cell-free extracts (CFE) of RC-14 and GR-1 were prepared
from capsules containing 1 ¥ 109 cfu of RC-14 and GR-1
[24,25]. The bacteria were washed twice and suspended in
PBS (1 ml) and then bead-beaten with 300 mg of zirconium
beads (0·1 mm) (3 min at 2300 g) using a mini-bead beater
(Biospec Products, Bartlesville, OK, USA). Particulates were
removed by centrifugation (10 min at 12 000 g) and the
protein concentration in the supernatants (CFE) determined
with the bicinchoninic acid (BCA) protein assay kit
(Pierce, Rockford, IL, USA), with bovine serum albumin as
the protein standard. PBMC were isolated from PB in
sodium heparin by Ficoll-Hypaque (Pharmacia Biotech,
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Uppsala, Sweden) gradient centrifugation. PBMC (0·5 ¥ 106/
ml) were cultured in RPMI-1640 with 2 mM l-glutamine,
penicillin (100 U/ml), streptomycin (100 mg/ml) and 10%
fetal bovine serum supplemented with CFE in the presence
or absence of ionomycin (100 ng/ml) plus PMA (100 ng/ml)
for 4 days at 37°C in a 5% CO2 humidified atmosphere.
Cultured cells were then incubated further on 96-well plates
(200 ml/well in triplicate) for 4 h at 37°C with 20 ml of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT, Sigma) (2·5 mg/ml in PBS) per well. The plates were
centrifuged (5 min at 500 g) and supernatants were
removed. Hydrochloric acid (HCL) (0·04 N) in isopropanol
(100 ml) was added to each well and absorbance measured at
575 nm (reference wavelength 650 nm) with a microplate
reader (Bio-Rad Model 550).

Statistics

Statistical analysis was performed with GraphPad Prism®
version 4 (GraphPad, Software, Inc., San Diego, CA, USA)
and StatView® version 4·57 (Abacus Concepts, Inc., Berkeley,
CA, USA) with the exception of the Exact unconditional test
for 2 ¥ 2 tables, which was used for comparing frequency of
symptoms before and after treatment [26]. Changes in
immunological measurements between two time-points
within a subject group were compared with the paired two-
tailed t-test if the data were parametric with or without
natural logarithmic transformation and by the Wilcoxon
signed-rank test if the data were nonparametric and non-
transformable. Differences between subject groups were

compared with the unpaired two-tailed t-test if the data
were parametric and with Mann–Whitney U-test if the data
were nonparametric and non-transformable. Correlations
between two continuous variables were analysed by Spear-
man’s rank correlation test. P-values < 0·05 were considered
statistically significant.

Results

Effect of probiotic yogurt intake on T cells

The percentage of CD4+ CD25high cells increased significantly
following treatment with probiotic yogurt from the
group mean (95% confidence interval, CI) of 0·84% (95% CI
0·55–1·12) to 1·25% (95% CI 0·97–1·54) (P = 0·007, Fig. 2b).
In controls the response was significantly different (P = 0·03)
with little increase from before, 0·69% (95% CI 0·50–
0·87%95% CI), to after, 0·73% (95% CI 0·59–0·87) the treat-
ment (P = 0·09) (Fig. 2c). Similarly, the change in the
percentage of CD4+ CD25+ T cells was significantly different
between the groups (P = 0·01) with an increase from 9·1%
(95% CI 7·2–11·0%95% CI) to 11·0% (95% CI 9·5–13·1)
(P = 0·003, Fig. 2c) in IBD patients and no change from
before, 6·68% (95% CI 5·78–7·59), to after, 6·47% (95% CI
5·69–7·24) the treatment in controls (P = 0·36, Fig. 2e).

In IBD patients, but not in controls, the treatment was
followed by a reduced percentage of CD3+ T cells responding
to polyclonal ex vivo stimulation by production of IL-2. In
IBD patients the mean percentage of IL-2+ CD3+ T cells was
42·3% (95% CI 35·4–49·2) before and 38·2% (32·2–44·2%)

Fig. 1. Identification of monocytes and

dendritic cells (DC) by flow cytometry. A

representative example of the identification of

monocytes based on the expression of (a) CD33

and (b) CD14 antigen. (c) Identification of DC

as a human leucocyte antigen D-related

(HLA-DR)+ lineage– (CD3–, CD56–, CD14–,

CD19–) population. (d) After acquiring a higher

number of cells within the HLA-DR+ lineage–

live gate, three different dendritic cell subsets

were identified on the basis of CD33

expression: myeloid CD33high, CD33intermed and

plasmocytoid CD33–/low.
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(P = 0·03) after the treatment, while the respective values for
controls were 42·4% (95% CI 36·7–48·0) and 44·4% (95% CI
39·3–49·4) (P = 0·50). The difference in the change between
the groups was not significant (P = 0·20). No other signifi-
cant effects were observed in the intracellular cytokine pro-
duction by CD3+ T cells (data not shown). However, the
percentage of stimulated T cells expressing CD69 decreased
in the IBD patients (P = 0·02), but again, not in the control
group (P = 0·77, Fig. 3a,b). This difference between the
groups approached statistical significance (P = 0·07).

Effect of probiotic yogurt intake on monocytes and DC

The basal proportion (before treatment) of monocytes and
DC which produced TNF-a or IL-12 was higher in the IBD

patients compared to controls, with some differences reach-
ing statistical significance (P < 0·05; Table 1). The propor-
tion of monocytes or DC populations in PB per se did not
change following treatment with probiotic yogurt, whereas
significant decreases were observed in the percentages of
unstimulated TNF-a- and IL-12-producing monocytes and
myeloid DC subsets in both IBD patients and controls, as
summarized in Table 1. In unstimulated and/or stimulated
plasmocytoid DC subset the production of these cytokines
was very low or undetectable with no significant changes
during the treatment (data not shown). Significant correla-
tions were observed between the change in the proportion of
Treg cells (increase) following the treatment and the change
(decrease) in the proportion of unstimulated TNF-a-
and IL-12-producing monocytes (r = -0·59, P = 0·01 and

3·0

(b)

(a)

IBD (n = 20)

2·5
*

2·0

1·5

1·0

0·5

0
0 30

Day

%
C

D
4

+
C

D
2
5

h
ig

h

3·0

(c)

Controls (n = 20)

CD4  FITC

104

102101

101

102

CD4+CD25high

CD4+CD25+

C
D

2
5
 P

E

103

103 104

2·5

2·0

1·5

1·0

0·5

0
0 30

Day

%
C

D
4

+
C

D
2
5

h
ig

h

20

(d)

IBD (n = 20)

15

*

#
10

5

0
0 30

Day

%
C

D
4

+
C

D
2
5

+

20

(e)

Controls (n = 20)

15

10

5

0
0 30

Day

%
C

D
4

+
C

D
2
5

+

Fig. 2. (a) A representative example of the

analysis of CD4+ CD25+ cells by flow cytometer.

Lymphocytes were gated according to their

particular small forward-/side-scatter profile

and the CD4+ CD25high and CD4+ CD25+ cells

identified based on the concentration of CD25

expression. (b–e) Percentage of CD4+ CD25high

and CD4+ CD25+ cells in peripheral blood

before (0 day) and after (30 days) probiotic

yogurt treatment in inflammatory bowel disease

(IBD) patients and controls. Data are shown as

box plots with median and 10th, 25th, 75th and

90th percentiles. *Significant (P < 0·05) increase

in CD4+ CD25+ and CD4+ CD25high cells in IBD

patients following treatment. #The basal (0 day)

percentage of CD4+ CD25+ cells was

significantly higher in IBD patients than in

controls (P = 0·04).
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r= -0·58, P = 0·01, respectively) and DC (r = -0·53, P = 0·02
and r= -0·61, P = 0·008, respectively) (Fig. 4).

Effect of probiotic yogurt intake on serum and stool
cytokines

The serum IL-12 concentration decreased significantly in
both IBD patients and controls following the intake of pro-
biotic yogurt, the group mean (95% CI) decreasing from
51·6 (95% CI 38·4–64·8) to 44·9 (95% CI 34·5–55·4) pg/ml
(P = 0·02) in IBD patients and from 50·1 (95% CI 41·5–
58·8) to 46·1 (95% CI 38·9–53·3) pg/ml in controls
(P = 0·03). The concentrations of TNF-a and IL-10 were
variable in IBD patients and no significant changes were
observed (data not shown). In controls, the serum concen-
trations of TNF-a decreased from group mean (95% CI)
7·6 (95% CI 4·7–10·5) to 5·6 (95% CI 3·4–7·8) pg/ml
(P = 0·002), while the faecal concentrations increased from
9·3 (95% CI 3·6–15·0) to 14·2 (95% CI 5·6–22·9) pg/ml
(P = 0·006) after treatment.

Patient diaries

Analysis of patient diaries revealed two findings. One of
20 IBD patients reported excess intestinal gas at the time of
recruitment and six at the end of the treatment period
(P = 0·02), while one of 20 reported subjectively low
abdominal pain at the recruitment and six at the end of the
treatment period (P = 0·02). These latter six patients had
significantly lower mean (95% CI) faecal concentrations of
IL-12, 9·1 (95% CI 0·65–17·5) than the remaining IBD
patients (n = 14), 13·0 (95% CI 8·9–17·0) pg/ml (P = 0·04) at
the end of the treatment period. No other significant changes
or correlations with immunological variables were noted
regarding the subjective symptoms.

In vitro proliferative responses of PBMC to CFE of
RC-14 and GR-1

Addition of RC-14/GR-1 CFE to PBMC cultures induced
only a marginal increase in proliferation compared to
unstimulated PBMC from healthy controls, whereas it
appeared to inhibit the PMA + ionomycin-induced prolif-
eration (Fig. 5). Similar results were seen with PBMC from
IBD patients and controls before and after consumption of
probiotic yogurt (data not shown).

Immunomodulatory properties of unsupplemented
yogurt

In the follow-up of eight IBD patients no significant changes
were observed in the percentage of Treg cells, activated T cells
or TNF-a/IL-12-producing monocytes or DC following the
30-day intake of unsupplemented yogurt. The lack of
changes were contrary to the significant changes that fol-
lowed the intake of probiotic yogurt, as indicated in Fig. 6.

Discussion

The results of this study demonstrate that the consumption
of probiotic yogurt can result in an increased proportion of
putative CD4+ CD25+ Treg cells (CD4+ CD25high) in the
peripheral blood of IBD patients. This effect has not been
reported previously in humans, although a recent study in a
mouse colitis model showed that a dried probiotic cocktail
protected against chemically induced intestinal inflamma-
tion by the induction of CD4+ TGF-b-bearing Treg cells [5].
Expansion of the peripheral pool of CD4+ CD25high cells is
particularly interesting in light of recent data, suggesting that
in active Crohn’s disease and ulcerative colitis these cells
have adequate suppressive function, but the peripheral pool
is numerically insufficient in supplying enough of them to
the intestinal inflammatory lesions [27]. The expansion of
peripheral CD4+ CD25+ Treg cells in IBD patients may there-
fore have fundamental importance for promoting and main-
taining remission. It is noteworthy that the percentages of
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Table 1. The ex vivo intracellular production of tumour necrosis factor (TNF)-a and interleukin (IL)-12 by unstimulated and stimulated peripheral

blood (PB) monocytes and dendritic cells (DC) from inflammatory bowel disease (IBD) patients and controls before and after treatment with probiotic

yogurt.

Cell type/cytokine

% Cells in total in PB (mean � s.e.)/% cytokine-producing cells (mean � s.e.)

IBD patients (n=20) Controls (n=20)

Before treatment After treatment Before treatment After treatment

Monocytes 4·9 � 0·4 4·4 � 0·4 4·0 � 0·3 3·9 � 0·4

TNF+ basala 6·4 � 2·4* 1·6 � 0·5‡ 2·7 � 0·4 1·5 � 0·3§

TNF+ stimulatedb 58·1 � 4·7 49·7 � 3·3‡ 50·7 � 4·2 49·6 � 3·7

IL-12+ basal 3·4 � 0·7 1·5 � 0·3‡ 2·1 � 0·2 1·2 � 0·2‡

IL-12+ stimulated 21·7 � 2·5 16·3 � 2·0† 17·2 � 2·5 14·2 � 2·5

Dendritic cells (all) 0·7 � 0·1 0·7 � 0·1 0·8 � 0·1 0·7 � 0·1

TNF+ basal 5·9 � 1·7* 1·4 � 0·3‡ 2·2 � 0·3 1·2 � 0·2§

TNF+ stimulated 35·9 � 3·5 27·3 � 2·0‡ 26·8 � 3·7† 29·3 � 2·4

IL-12+ basal 2·1 � 0·5 1·1 � 0·2‡ 1·2 � 0·2 0·8 � 0·1

IL-12+ stimulated 15·5 � 1·9 9·6 � 1·4§ 11·5 � 2·1 10·6 � 2·4

DC CD33high 0·4 � 0·1 0·4 � 0·1 0·4 � 0·05 0·3 � 0·05

TNF+ basal 7·8 � 2·5 1·9 � 0·5‡ 5·0 � 1·2 1·2 � 0·2§

TNF+ stimulated 46·5 � 4·4* 42·5 � 3·5 33·4 � 4·0 37·1 � 3·7

IL-12+ basal 3·0 � 0·8 1·4 � 0·3 2·0 � 0·4 1·0 � 0·6§

IL-12+ stimulated 22·6 � 3·3 14·7 � 2·1‡ 15·8 � 2·1 9·7 � 1·1

DC CD33intermed 0·2 � 0·03 0·2 � 0·03 0·3 � 0·03 0·5 � 0·03

TNF+ basal 5·4 � 1·4* 1·5 � 0·4§ 2·2 � 0·4 1·5 � 0·3‡

TNF+ stimulated 24·8 � 4·0 22·3 � 3·9 25·1 � 4·9 24·4 � 3·4

IL-12+ basal 3·3 � 1·0 1·3 � 0·3§ 1·1 � 0·4 0·6 � 0·2

IL-12+ stimulated 11·9 � 2·5 7·7 � 1·7‡ 7·4 � 1·5 7·4 � 1·5

s.e.= Standard error; aunstimulated PB culture (6h); blipopolysaccharide + IFN-g-stimulated PB culture (6 h); *concentration before treatment

significantly different (P < 0·05) from that of controls; †change significantly different (P < 0·05) between IBD patients and controls; ‡significant change

during treatment at significance concentration of 5% (P < 0·05); §significant change during treatment at significance concentration of 1% (P < 0·01).

Fig. 4. Correlation between the changes in the

percentage of putative regulatory T cells (Treg,

CD4+ CD25high) and in the percentage of

tumour necrosis factor (TNF)-a- or interleukin

(IL)-12-producing dendritic cells (DC) and

monocytes (MC) in peripheral blood of

inflammatory bowel disease (IBD) patients

following treatment with the probiotic yogurt.
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CD4+ CD25high cells in the patients before and after treatment
in the present study are consistent with the values reported
by Maul and co-workers [27] for patients with active and
inactive IBD, respectively.

The probiotic yogurt intake was associated with a number
of potentially anti-inflammatory changes that are in
harmony with the putative immunosuppressive role of the
expanded CD4+ CD25high cell population. The treatment was
followed by a decrease in serum IL-12 concentration and a
decreased percentage of TNF-a- and IL-12-producing
monocytes and myeloid DC. Monocyte-produced TNF-a is
one of the central final mediators in the inflammatory
cascade of IBD. Its aetiological significance is well demon-
strated by the success of TNF-a antibody treatments in
inducing and maintaining remission [28]. IL-12 is the
primary cytokine in directing T cell differentiation towards
Th1 effector cells and thus is considered to be among the
major cytokines in the pathogenesis of Crohn’s disease [9].
An indirect correlation was observed between production of
TNF-a and IL-12 by monocytes and DC and the numbers of
CD4+ CD25high cells in IBD patients. The causal relationship
in such a correlation may be bidirectional. On one hand, low
numbers of IL-12-producing monocytes and DC may indi-
cate the expansion of an immature population of these
potential antigen-presenting cells, DC in particular, which
may then direct the T cell differentiation towards Treg cells
[29]. There is some indication that this would be a charac-
teristic immunosuppressive response to Gram-positive com-
mensal bacteria - an unlikely threat to the host [30]. On the
other hand, established expansion of the Treg cell population
is likely to suppress the proinflammatory responses by
monocytes and DC [31,32]. The increase in CD4+ CD25high

cells was also paralleled by reduced ex vivo production of

IL-2 by T cells in response to polyclonal stimulus, a charac-
teristic in vitro effect of CD4+ CD25+ Treg cells [33]. Down-
regulated T cell responsiveness was indicated further by
reduced expression of the early T cell activation marker
CD69 in response to ex vivo stimulus. However, the lack of
influence on other T cell cytokines than IL-2 implies that the
treatment did not have any considerable influence on the
peripheral Th1/Th2 balance.

The data with unsupplemented yogurt indicate that the
anti-inflammatory effects seen in the current study were
dependent upon the presence of the Lactobacillus probiotic
strains GR-1 and RC-14. The immunosuppressive capacity
of these strains is supported by the finding that CFE of GR-1
and RC-14 inhibited the proliferative response of PBMC to
polyclonal stimulus in vitro. Notably, the anti-inflammatory
effects seen here are also consistent with previous in vitro
data from our group, indicating that spent media from
GR-1 culture inhibited the production of proinflammatory
cytokines, including TNF and IL-12, with no effect on IL-10
production by murine macrophages exposed to E. coli or LPS
[34].

The ability to expand the peripheral pool of CD4+ CD25+

Treg cells could be beneficial in a wide variety of applications:
in addition to the presumable ability to prevent and treat
IBD, as suggested by animal studies [5,35], these cells can
prevent and limit reactions to allergens, inhibit organ trans-
plant rejections [36,37] and prevent autoimmune diseases,
including arthritis [38] and insulitis as well as autoimmune
thyroiditis and gastritis [39,40]. Further studies will
determine whether or not significant expansion of the
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CD4+ CD25high cell population, associated with the intake of
probiotic yogurt, is evident only in IBD patients. In the
current study, only a minor expansion was seen in healthy
controls. Such a difference to IBD patients is in agreement
with previous studies indicating that probiotic therapies
have commonly distinct effects on subjects with healthy
versus inflamed mucosa [41]. Overall, fewer and generally
more moderate changes in immunological parameters were
observed in healthy subjects in this study. The effects were,
however, in line with the anti-inflammatory effects seen in
IBD patients, including a decrease in basal concentrations of
IL-12- and TNF-a-producing monocytes and myeloid DC as
well as a decrease in serum TNF-a concentrations. In con-
trast, faecal TNF-a concentration increased during the treat-
ment, a reminder that peripheral effects and local effects in
the intestine can be dramatically different.

Conclusion

Short-term consumption of yogurt supplemented with Lac-
tobacillus strains GR-1 and RC-14 promoted the formation
of a desirable anti-inflammatory environment in the periph-
eral blood of IBD patients, and showed no harmful effects in
these patients or control subjects. This effect was associated
with an increase in the presence of CD4+ CD25high cells, a
putative population of CD4+ CD25+ Treg cells. Further clini-
cal studies are now warranted to confirm the immunosup-
pressive functions and assess whether these peripheral effects
are reflective of beneficial anti-inflammatory action locally
in the intestine, resulting in clinical benefits such as pro-
longed remission of IBD.

In terms of the potential application of this nutritional
supplement to patients with underlying complaints, such as
HIV/AIDS patients with chronic diarrhoea or undernour-
ished adults and children in developing countries, the find-
ings supported at least acceptability of the taste and texture
of the yogurt [42,43], and its safe use for 1 month. A pre-
liminary study of its use by HIC/AIDS patients with chronic
diarrhoea in Nigeria has shown that cessation of the diar-
rhoea occurs within 2 days of its use [44].

In short, probiotic yogurt can have nutritional as well as
beneficial immune modulatory effects in patients with
serious underlying disease.
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