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The effects of non-pathogenic bacteria on the production of cytokines by circulating mononuclear cells from 
healthy subjects were studied both in vivo and in vitro. Feeding a diet containing fermented dairy products, 
induced a significant increase of 2-5A synthetase activity in these cells suggesting a production of interferons. 
An in vitro study showed that mononuclear cells produced interferon-y in presence of lactic bacteria like 
Lactobacillus acidophilus, Streptococcus lactis, and Streptococcus thermophilus. S. thermophilus induced also 
the production of interleukin-Ifi. All the studied bacteria, including Bifidobacterium and Lactobacillus casei 

induced the production of interleukin-6. In the presence of S. therrnophilus, 74% and 62% reduction of inter- 
feron-y was observed when anti-CD4 co-receptor and anti-CD8 co-receptor antibodies were added in the 
medium, respectively. Thus, the recognition of S. therrnophilus involved the two pathways of major histocom- 
patibility complex, and muramyl dipeptide a component of bacterial wall could explain the part recognized by 
CD4+ lymphocytes. 0 Elsevier Science Inc. 1997 (J. Nutr. Biochem. 8:25-31, 1997.) 
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Introduction 

Eating latic acid bacteria or fermented milks to healthy 
human or to experimental animals has been reported to 
stimulate several functions of the immune system such as 
peritoneal macrophage activity, antibody and cytokines pro- 
duction.i4 The property to increase in vitro the production 
of several cytokines of blood mononuclear cells (BMC) is 
also shown by non-pathogen bacteria from the human gut 
flora.4*5 In conventional mice, BMC show a higher activity 
of 25A synthetase, a marker of the production of interferons 
(IFNs), than germ-free animals, suggesting a role of the gut 
flora in the production of these cytokines.6 Interestingly, 

Dr. Aattouti was supported by grants from EU (STD3 program No TS3- 
CT94-0282). Syndifrais and Pilege. 
Address reprint requests to Dr. Aattouti Najat at IN’RA-Unite de Nutrition 
Humaine et Physiologie Intestinale, Faculte des Sciences Phartnaceutiques 
et Biologiques, 4 Avenue de l’observatoire, 75270 Paris CEDEX 06, 
France. 
Received April 12, 1996; accepted October 2, 1996. 

feeding 10” lactic bacteria from yogurt increased the 2-5A 
synthetase activit of circulating mononuclear cells from 
healthy subjects. Y This would indicate that eating non- 
pathogen bacteria is susceptible to stimulate the production 
of IFNs and that this production is added to that spontane- 
ously observed in healthy subjects. In vitro, a significant 
production of IFN-y, but not IFN-o by blood mononuclear 
cell was induced in the presence of bacteria from yogurt, 
this effect being due to their wall, but not to their cyto- 
plasm.4 The walls of gram-positive bacteria, which include 
the bactic bacteria, are mainly composed of peptidoglycans 
and polysaccharides or teichoic acids (or both).’ Several 
studies’-l2 have reported data on the effect of surface com- 
ponents of gram-positive bacteria on the cellular release of 
various cytokines. Mummy1 dipeptide (MDP), a common 
component of peptidoglycans, stimulates macrophage to re- 
lease IL-l, mainly concerned with activation of T lympho- 
cytes.13-15 Similarly, MDP induces IFN-y production by 
lymphocytes.” The mechanism by which surface compo- 
nents activates these cells have not been elucidated yet. 
Levy et al. have demonstrated that lipoteichoic acid isolated 
from Streptococcus faecalis and Streptococcus pyrogenes 
caused direct activation of the respiratory burst in human 
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peripheral blood monocytes.16 This activity appears to be 
related to the ability of lipoteichoic acid to bind to the 
monocyte membrane. 

In this work, we have studied the effect of a regular 
ingestion of yogurt on the production of IFNs in healthy 
subjects. In in vitro studies, we have compared different 
species of dairy bacteria on their ability to induce the 
production of cytokines by human mononuclear cells. 
Furthermore, we attempted to explain the mechanisms 
whereby Streptococcus thermophilus induces the produc- 
tion of IFN-y. 

Materials and Methods 

Subjects 

Samples of BMC, for 2-5A synthetase activity determination were 
prepared from blood of eight healthy subjects [2 females and 6 
males (26 f  6 years)], who were included in a crossover protocol 
during two periods of 15 days each, during which they were asked 
not to change any of their dietary practice, except during one 
period to eat at least one yogurt per day and the other period not 
to eat any fermented milk. Samples of blood were taken at the end 
of each period. 

The in vitro study was carried out on four healthy volunteers. 
All gave their informed consent. They were free of disease and 
took medications during the month before as well as during the 
study. Procedures on human subjects had been approved by the 
INSERM ComitC National d’Ethique. 

2-5A synthetase activity in BMC 

Cells extracts were prepared by resuspending the BMC in 100 pL 
lysis buffer: 10 mM HEPES buffer pH 7.6, 10 mM KCl, 2 mM 
Mg(OAc)2, 4 H,O, 7 mM 2-mercaptoethanol, with 0.5% Nonidet 
P-40. The suspension was incubated at 4°C for 10 min and cen- 
trifuged 10 mitt at 5000 x g. The cytosol was used immediately for 
the enzyme assay. 

Cytoplasmic activity of 2-5A synthetase was determined as 
described previously.” Briefly, poly(rI):(rC)-agarose beads (Phar 
macia Fine Chemicals, Uppsala, Sweden) were washed with sev- 
eral volumes of 5 mM Mg(OAc)2, 1 mM dithiothreitol, 25 mM 
KCl, 10% glycerol, 1 mM EDTA, 20 mM Tris-HCl pH 8, (buffer 
A), and 30 pL aliquots were placed in microtiter tubes. Aliquots 
(100 FL) of cytosol were mixed with the beads and incubated for 
15 min at room temperature. The beads were washed three times 
with buffer A and all liquid carefully removed. The beads were 
then incubated with 10 p,L reaction mixture: 25 mM Mg(OAc)2, 
0.25 mg/mL bovine serum albumin, 12 pg poly(rI):(rC), 7 mM 
“ATP (50 mCi/mL > 15 TBq/mmol, Amersham, UK), 0.25 mg/ 
mL creatin kinase, 0.01 M creatin phosphate, in 20 mM Tris-HCl 
buffer pH 8 for 2 h at 27°C. The reaction was stopped with 20 pL 
of 50 mM EDTA and 6 p,L samples of incubation mixture were 
spotted onto PEI cellulose plate. The plates were chromatographed 
for 16 hr in 2 M Tris-HCl, pH 8.6 to separate 2-5A oligoadenylates 
from ATP. The radioactivity spots were located using x-ray film, 
cut out, collected in scintillation liquid and counted in the 32P- 
channel of a scintillation counter. The percentage conversion of 
ATP to oligoadenylates was calculated as pmoles ATP incorpora- 
tion/min per 10’ ceils. Tubes containing cells extracts from BMC 
stimulated with IFN and tubes containing no cell extract were 
included in each assay to minimize the variations due to the batch 
of 32ATP used or other experimental parameters. 

Bacteria strains 

S. thermophilus (strain 158) was kindly provided by Centre de 
Recherche International Daniel Carasso (Plessis-Robinson, 
France). Bifidobacterium, Lactobacillus, acidophilus, Streptococ- 
cus lactis, and Streptococcus casei were obtained from Pilege 
(Champtoceaux, France). Before use, the bacteria were washed 
three times with DMEM medium without fetal calf serum (FCS) 
and antibiotics. S. thermophilus was chosen because of its high 
efficiency to stimulate the production of IFN-Y.~ 

Preparation of cells and cultures 

Blood was drawn in heparin (40 U/mL) and the mononuclear cell 
fraction (BMC) was obtained by density gradient centrifugation on 
Ficoll-Hypaque (Pharmacia Co. Fine Chemicals, New Jersey, 
USA).‘* BMC were washed three times with phosphate buffered 
saline and counted. 

In some experiments, BMC were enriched in lymphocytes 
(EBMC) and used instead of BMC. Preliminary experiments have 
shown a higher and well standardized production of IFN-?/ (mainly 
produced by lymphocytes T) with EBMC. EBMC were obtained 
by incubating the BMC with L-leucine methyl ester (Leu-OMe, 
Sigma, France): Leu-OMe was dissolved in phosphate buffered 
saline (PBS, Flow Laboratories, Ivrine, UK), and filtered through 
a 0.45 pm filter immediately before use. Cells were suspended in 
PBS at concentration of 5 x lo6 cells/ml. They were incubated in 
17 x 100 mm polypropylene culture tubes (Becton Dickinson, 
Rutherford, New Jersey, USA) with 5 mM Leu-OMe at 22°C for 
40 min.” When incubation interval was completed, 10% of FCS 
was added, the cells were washed twice with PBS. The population 
remaining was found to contain 6% monocytes as shown by flow 
cytofluorometry analysis. 

EBMC were suspended in DMEM medium (Flow Laborato- 
ries) containing 10% FCS, 200 mM glutamine, 2 g/L sodium bi- 
carbonate, 100 pg/mL streptomycin, 100 U/mL penicillin. The 
proportion of viable cells before culture was determined by trypan 
blue exclusion. Samples containing 2 x lo6 BMC or EBMC were 
incubated with 2 x 10’ bacteria, 10 p,g/mL of muramyl dipeptide 
(MDP) or 10 p.g/mL of teichoic acid (TA) from Streptococcus 
aureus, in a total volume of 1 mL in 24-well plates. Incubation was 
performed for 48 hr at 37°C in a humifified 5% CO, incubator. It 
was previously established that IL-l, TNF-a, and IFN-y were at 
their maximal level at 48 h.4 MDP and TA were purchased from 
Sigma (Paris, France). BMC incubated with 10 pL of ConA (mi- 
togen) for T lymphocytes) (250 pg/mL) was used as a positive 
control for IFN-7. Anti-CD4 and anti-CD8 (Immunothec, Mar- 
seille, France) were monoclonal IgG type antibodies for CD4 co- 
receptor of T helper lymphocytes and CD8 co-receptor of T cyto- 
toxic/suppressor lymphocytes respectively, synthetised in mice. 
Anti-IL-2 was produced in rabbits, using highly purified recom- 
binant human IL-2 as immunizing antigen (Tebu, Paris, France), 
IgG type. Ten pg/mL of each antibody were added 1 hr before 
addition of bacteria and 24 hr after incubation. At the end of the 
incubation, cell-free supernatants were obtained and stored at 
-80°C until assayed for cytokines. 

Cytokines assay 

IL-lB, IL-6, IFN-7 and TNF-(w were measured by specific immu- 
noradiometric assays (Medgenix, Fleurus, Belgium); the sensitivi- 
ties of the assays were: >5 pg/mL, >6 pg/mL, >6 U/mL and >5 
pg/mL, respectively. Radioactivity was measured in an automatic 
gamma counter (LKB-Wallac, Turku, Finland). 

Statistics 
Statistical significance was calculated using paired t test and 
Mann-Whitney test. The results are reported as means + SEM. 
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of IFN-y was minimal with either L. casei and Bifidobac- 
terium, large quantities of IFN-7 were induced by S. lactis, 
L. acidophilus and to a lesser degree by S. thermophilus 
(Table 1). As expected, the production of IFN-y was in- 
duced by ConA mitogen. A significant TNF+ secretion 
was observed from LPS stimulated cells, this quantity re- 
mained small compared to BMC stimulated by S. ther- 
mophilus (Table 2). 

IFN-7 production: Effect of antibodies (anti-CD4 
co-receptor, anti-CD8 co-receptors) 

I 

Without 
I 

With 

Yogurt 

Figure 1 2-5A synthetase activity of blood mononuclear cells from 
healthy subjects consuming a diet containing or not at least a yogurt 
per day during two periods of 15 days. n = 8 The activity of 2-5A 
synthetase in the BMC was significantly higher when the diet con- 
tained yogurt (265 * 33) than that of the period without yogurt (192 
i 24)(P < 0.05). 

Results 

2-5A synthetase activity 

The production of IFN--y was 16 fold increased when 
EBMC were incubated in presence of S. thermophilus. The 
addition of anti-CD4 co-receptor and anti-CD8 co-receptor 
antibodies reduced this production by 76% and 62%, re- 
spectively. However, adding the two antibodies together, 
did not inhibit completely the production of IFN-y. Anti- 
CD4 co-receptor and anti-CD8 co-receptor in the absence of 
S. thermophilus did not change the production of IFN-y 
when compared to that observed with cells alone (Figure 2). 
The incubation of ConA with EBMC stimulated the pro- 
duction of IFN-y, this production was not reduced by the 
addition of anti-CD4 co-receptor and anti-CD8 co-receptor 
antibodies (Figure 3). To explain the remaining production 
of IFN-y, we tested the effect of anti-IL-2 upon this pro- 
duction. This production by EBMC in presence of S. ther- 
mophilus was significantly decreased when anti-IL-2 was 
added to the medium (32.2 f 7.9 U/mL vs 25.4 & 6.61 
U/mL, p = 0.036). 

Eating yogurt for 15 days roughly doubled the levels of 
2-5A synthetase found in the circulating BMC of five sub- 
jects. The enzyme activity increased modestly in two sub- 
jects and declined in one subject (Figure I). However, a 
significant increase was shown when considering all of 
them (192 f 24 vs 265 f 33, P < 0.05). 

The production of IFN-y by EBMC was also stimulated 
by both MDP and TA. These stimulations were higher than 
those induced by S. thermophilus. The CD4 blockade was 
able to reduce IFN-y stimulated by MDP to 38% compared 
with that of EBMC (Figure 4). Anti-CD4 co-receptor and 
anti-CD8 co-receptor had no effect on the production of 
IFN-7 by EBMC induced by teichoic acid (Figure 5). 

Cytokines production by different bacteria 
Discussion 

A high production of IL-lp was observed when BMC were 
incubated with S. thermophilus, whereas, a small, but sig- 
nificant secretion was shown for others bacteria (Table 1). 
All the bacteria induced a high production of IL-6. Secretion 

The data presented here confirm that the ingestion of yogurt 
by healthy subjects was able to increase the level of 2-5A 
synthetase in circulating mononuclear cells which the num- 
ber and phenotypes are unchanged by consumption of yo- 
gurt or fermented milk.20Y21 2-5A synthetase is an enzyme, 

Table 1 IL-lp, IL-6 and IFN-y productlon by BMC (2 x 106) in the presence of lactic bacteria 
(2 x 107) for up 48 hr, n = 8 

IL-1p IL-6 IFN-y 
ng/mL ng/mL U/mL 

BMC 0.59 + 0.02 2.20 + 0.06 3.46 * 0.10 
BMC + S. thermophilus 29.01 f i.w* 72.20 + 1.96** 13.69 * 0.40** 
BMC + Bifidobacferium 1.02 f 0.02* 13.84 + 0.42** 4.14 i 0.33 
BMC + L. acidophilus 0.96 * 0.05* 46.35 f 0.80*' 40.94 i 1.38** 
BMC + S. lactis 1.73 zt 0.07* 56.88 + 1.34** 48.10 + 1.31** 
BMC + L. casei 0.72 r O.Ol* 14.79 * 0.52** 3.97 * 0.09* 

Comparison between BMC and BMC + bacteria. 
‘P < 0.01 
l *f< 0.005 
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Table 2 IL-18 TNF-a and IFN-y production by BMC (2 x 10”) in 
the presence of S. fhermophilus (2 x lo’), ConA (2.5 ug/mL) or LPS 
(10 ug/mL) for up to 48 hr, n = 6 

IL-18 TNF-(U IFN-?/ 
(w/W (w/W (U/mL) 

BMC 0.5 + 0.2 0.3 * 0.1 3.73 f 0.8 
BMC + ConA 0.9 * 0.4 1.7 * 0.1** 24.4 * 2.7** 
BMC + LPS 1.9 It 0.3* 1.9 i 0.2** 13.8 + 2.5* 
BMC + S. thermophilus 24.8 + 3.7** 9.5 * l.i** 17.6 f 2.6 

As compared to BMC 
**P < 0.001 
*P < 0.01 

which converts ATP to oligonucleotides with a 2-5A phos- 
phodiester bond, and inhibits protein synthesis by activating 
a nuclease. The 2-5A synthetase activity is specifically in- 
duced by IFNs and remains long after the IFNs has disap- 
peared.*” Thus, the observed increase level of 2-5A synthe- 
tase suggest an augmentation of a spontaneous production 
of IFNs. However, the change observed here was less than 
that observed previously in healthy subjects.’ In this previ- 
ous work, the subjects ingested once in the lab a controlled 
yogurt enriched in bacteria (2 x lO”/g). Here, the subjects 
were allowed to buy commercial yogurts of their choice and 
to eat them at home. Thus a precise control of the quality 
and quantity ingested was not possible. Nor was it possible 
to be sure that no fermented dairy products were fed during 
the control period. Interestingly, there was a significant in- 
crease in the activity of the 2-5A synthetase, indicating that 
a regular ingestion of yogurt is compatible with the main- 
tenance of a higher level of the enzyme activity and prob- 
ably with higher production of interferons. In agreement 
with this, Muscettola et al. showed in vitro a higher pro- 
duction of IFNs from spleen cells of mice fed live bacte- 
ria.*” These authors suggest that lactic bacteria could inter- 
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Figure 3 Effect of anti-CD4 co-receptor and anti-CD8 co-receptor 
antibodies on IFN-y (U/mL) produced by EBMC stimulated by Con- 
canavalin A (ConA). EBMC (BMC enriched in lymphocytes popula- 
tion) (2 x 106) incubated 48 hr with ConA (2.5 ug/mL) in the pres- 
ence of anti-CD4 co-receptor and anti-CD8 co-receptor antibodies 
(10 ug/mL). The results are Mean r S.E.M. n = 4. 

act with M cells, which activate Peyer’s patches lympho- 
cytes. These cells might be liberated from the intestine and 
reach systemic circulation as indicated by a higher level of 
2-5A synthetase. A nearby mechanism due to gut flora 
might be involved to explain the spontaneous level of 2-5A 
synthetase observed in these subjects when they were not 
eating fermented dairy products. Other dietary substances, 
like lectins from peas, have been suggested to explain this 
level of 2-5A synthetase,24 but it is more likely that this is 
the result of a stimulation in the large intestine of the colon 
flora.6 Indeed, it has been shown that some of these bacteria 
are able to induce the production of IFNs in vitro.4,5 Taken 
together, these data suggest that the spontaneous -thus 
physiological- production of IFNs, indirectly detected by 
the spontaneous activity of the 2-5A synthetase, might be 
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Figure 2 Effect of anti-CD4 co-receptor and anti-CD8 co-receptor 
antibodies on IFN-?/ (U/mL) produced by EBMC stimulated by S. 
thermophilus. EBMC (BMC enriched in lymphocytes population) (2 
x 106) incubated 48 hr with S. thermophilus (2 x 107) in the pres- 
ence of anti-CD4 co-receptor and anti-CD8 co-receptor antibodies 
(10 ug/mL). The results are Mean * S.E.M. n = 4; *: P < 0.05 (com- 
parison between EBMC + bacteria and EBMC + bacteria + antibodies). 

Alone AC-CD4 AC-CDS AC-(CD4+CD8) 

Figure 4 Effect of anti-CD4 co-receptor and anti-CD8 co-receptor 
antibodies on IFN-y (U/mL) produced by EBMC stimulated by MDP. 
EBMC (BMC enriched in lymphocytes population) (2 x 106) incu- 
bated 48 hr with MDP (muramyl dipeptide) (10 ug/mL) in the pres- 
ence of anti-CD4 co-receptor and anti-CD8 co-receptor antibodies 
(10 ug/mL). The results are Mean * S.E.M. n = 4, *: P < 0.05. 
!;i)mparison between EBMC + MDP and EBMC + MDP + antibod- 
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Figure 5 Effect of anti-CD4 co-receptor and anti-CD8 co-receptor 
antibodies on IFN-y (U/mL) produced by EBMC stimulated by TA. 
EBMC (BMC enriched in lymphocytes population) (2 x 106) incu- 
bated 48 hr with TA (thecoic acid) (10 ug/mL) in the presence of 
anti-CD4 co-receptor and anti-CD8 co-receptor antibodies (10 ugl 
mL). The results are mean * S.E.M. n = 4. 

regulated by dietary non-pathogen bacteria. 2-5A synthetase 
can be induced by interterons (Y, B, and y. Previously, in our 
laboratory, Solis et al4 have shown that bacteria used in 
yogurt do not induce the production of IFN-cx by blood 
mononuclear cells from healthy subjects. Thus, the increase 
in the level of 2-5A synthetase activity observed in the in 
vivo study could be due to the production of IFN-y and/or 
IFN-B. 

The different bacteria tested were able to induce the pro- 
duction of cytokines in vitro. Their effect vary with species 
and the kind of cytokine considered. Indeed, S. thermophi- 
lus was the only bacteria that induced a high production of 
IL-lB, and large quantities of IFN-), were induced by S. 
lactis, L. acidophilus, and S. thermophilus. All these bacte- 
ria induced a high production of IL-6 (Table I). This sug- 
gests that there might be different mechanisms involved 
depending on the composition of the bacteria. 

presenting cell (APC). In all likelihood, exogenous antigens 
from non-pathogen bacteria taken up from the extra cellular 
environment by macrophages and other APC should be pro- 
cessed in endocytic compartment. Association of processed 
antigen with class II MHC gene products should be ex- 
pressed on the cell surface for subsequent recognition by 
CD4+ T cells.2”29 Indeed, this pathway seems to be impli- 
cated in our study because the anti-CD4 co-receptor anti- 
body blocked this way, which cause a dramatic inhibition of 
the production of IFN-y by CD4+ lymphocytes. This is 
strengthen by the data obtained with ConA. The increase in 
the production of IFN-y induced by ConA (known to act by 
a non-MHC pathway) was not modified by the addition of 
the two antibodies. This suggests that a possible side effect 
of this antibodies such as the induction of the production of 
cytokines like IL-10 known to inhibit the production of 
IFN-y was not present in our incubating conditions. Thus, 
the decrease in IFN-y production observed in Figure 2 
could be attributable to the implication of the MHC path- 
way. In contrast, processed antigenic proteins synthesised 
within APC (as in the case of viral infection) are associated 
with class I MHC gene products and recognized by CD8+ T 
cells.30*31 Interestingly, we showed that here S. thermophi- 
lus could induce IFN-1/ production by CD8+ lymphocytes in 
vitro via CD8/ICR/HLA class I complex, as this production 
was markedly inhibited by anti-CD8 co-receptor antibody. 
Here also, the addition of the CD8 co-receptor antibody had 
no effect in the presence of ConA indicating that its inhibi- 
tory effect on the production of IFN-y was due to the im- 
plication of MHC I. Thus, S. thermophilus could be pro- 
cessed not only by class II pathway but also by class I 
pathway, and could stimulate T lymphocytes (CD4+ and 
CD8+) to produce the largest part of IFN-y observed in 
vitro. The involvement of the two pathways is now accepted 
for virus32 such as Influenza virus and very recently for 
pathogen micro-organisms like Listeria monocytogenes.33 
We showed that these mechanisms could also be applied for 
non-pathogen bacteria. 

The mechanisms of presentation of non-pathogen bacte- 
ria have been poorly studied. Monocytes are known to be 
necessary to present antigen to lymphocytes.25*26 We have 
observed that a decrease in the proportion of monocytes 
from BMC to 2% of total leucocytes decreased the produc- 
tion of IFN-y (data not shown). Moreover, pure T lympho- 
cytes, obtained by positive selection using magnetic beads, 
could not produce IFN-y (data not shown). In this study, 
we examined whether anti-CD4 co-receptor or anti-CD8 
co-receptor antibodies could inhibit the stimulation of 
EBMC cells by S. thermophilus to produce IFN-71. This 
production was reduced by 76% and 62% when anti-CD4 
co-receptor and anti-CD8 co-receptor antibodies were 
added in the medium, respectively. It is known that T cells 
activation requires the interaction between antigen and 
products of major histocompatibility complex MHC, HLA 
(Human Leukocyte Antigen for human) and the antigen- 

The walls of gram-negative bacteria contain as major 
components lipopolysaccharide and relatively little peptido- 
glycans (10% of the total cell wall), whereas, walls of gram- 
positive bacteria are composed mainly of peptidoglycans 
(30 to 70% of the total cell wall), polysaccharides or/and 
teichoic acid. Little is known about the immunogenic struc- 
tures of gram-positive bacteria, which includes the lactic 
bacteria. It has been reported that a molecule such as mur- 
amyl dipeptide (MDP) constantly present in the peptidogly- 
cans in this type of bacteria can induce cytokines production 
in vitro.“’ ’ MDP is known to be a minimal effective struc- 
ture for adjuvant activity peptidoglycans.34935 Tufano et 
al.” have shown that MDP stimulates in vitro the produc- 
tion of IL-l, IL-6, and TFN-(w by monocytes, and of IL-4 
and IFN-1, by lymphocytes. Our results showed that MDP 
caused the release of IFN-?/ and that this production was 
reduced by anti-CD4 co-receptor (Figure 4) and by deple- 
tion of monocytes (data not shown). Thus, MDP could 
stimulate EBMC to produce IFN-?/ through CD4/TCR/HLA 
complex and could be the component of S. thermophilus 
wall who was recognized by monocytes and presented to 
CD4+ lymphocytes via HLA context. In contrast, MDP was 
not implicated in the CD8/TCR/HLA pathway because anti- 
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CD8 co-receptor did not reduce the IFN-)I production 
stimulated by MDP. Other component(s) of S. thermophilus 
should be involved to explain the observed production of 
IFN-?/ by way of CDX/I’CR/HLA complex. 

A significant production of IFN-y was still existing in 
presence of both anti-CD4 co-receptor and anti-CD8 co- 
receptor antibodies, suggesting the involvement of (an) 
other pathway(s) in this production. Interactions between 
several cytokines have been reported.36337 For example, 
IL-2 is known to play an important role in IFN-y secre- 
tion.38 To explore this possibility anti-IL-2 was used. In- 
deed, the addition of an anti-IL-2 antibody reduced signifi- 
cantly the production of IFN-)I induced by S. thermophilus, 
which could explain the remaining production of IFN-?/ 
observed in presence of anti-CD4 co-receptor and anti-CD8 
co-receptor. IL-l can stimulate IFN-y synthesis. In our ex- 
periments, IL-lB, was produced in vitro in presence of S. 
thermophilus. Non proteic components of S. thermophilus 
could also stimulate immune cells, independently of HLA 
system. Here, we showed an effect of a commercially avail- 
able teichoic acid from S. aureus on the production of IFN-?/ 
by EBMC. Several studies have established that these tei- 
choic acids stimulate more or less the production of IFN-y 
by EBMC. Several studies have established that these tei- 
choic acids stimulate more or less the production of IL-l, 
TFN-o and IL-6 by monocytes in vitro depending in their 
structure.9-‘2’39 Further experiments are necessary to eluci- 
date the structure and composition of the walls of lactic 
bacteria including those of teicoic acid. Another mechanism 
has been suggested by De Simone et al.: these authors 
showed that Lactobacillus bulgaricus and S. thermophilus 
bind spontaneously to CD4+ and CD8+ lymphocytes, sug- 
gesting the presence of receptor-binding sites for lactic bac- 
teria on human lymphocyte membranes.40 Moreover, Dzi- 
arski demonstrates the presence of specific peptidoglycan- 
binding protein in lymphocytes and macrophages.41 This 
protein could be the site for S. thermophilus to stimulate 
directly the production of IFNq. However, when we incu- 
bated pure CDS+ lymphocytes in presence of S. thermophi- 
/us, no production of IFN-y was observed (data not shown). 

In conclusion, non-pathogen (gram-positive) bacteria 
such as those used in dairy products were able to stimulate 
in vitro the production of different cytokines from circulat- 
ing mononuclear cells of healthy subjects. The regular in- 
gestion of a diet rich in some of these bacteria (yogurt) 
appeared to increase the level of 2-5A synthetase in circu- 
lating mononuclear cells, suggesting an in vivo increased 
production of IFNs. It was also shown that in vitro, S. ther- 
mophilus could stimulate CD4+ and CD8+ lymphocytes and 
involved class II and class I histocompatibility system. Mu- 
ramyl dipeptide, a component of the walls common to these 
bacteria, could be a possible candidate to explain the part 
recognized by CD4+ lymphocytes. However, the role of this 
IFN-), production is not yet clear. It is known, for example, 
that eating lactic bacteria renders laboratory animals more 
resistant to Salmonella infection,42’43 but the underlying 
mechanism has not been established. Such protection to 
infection, might be compatible with a role of the induction 
of the production of cytokines in a system of immune sur- 
veillance, but this has not been yet demonstrated. 

30 J. Nutr. Biochem., 1997, vol. 8, January 

Acknowledgments 

We thank Pr Foumiat, from the Facultt de Pharmacie de 
Chatenay-Malabry for the preparation of bacteria from Pi- 
lege Laboratory, Unit INSERM 245 Paris for the prepara- 
tion of plates for 2-5A synthetase assay. 

References 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Perdigon, Cl., De Macias, M.E.N., Alvarez, S., Olivier, G., and De 
Ruiz Holgado, A.A.P. (1986). Effect of perorally administered lac- 
tobacilli on macrophages activation in mice. Infect. Immun. 53,404- 
410 
Conge, G.A., Gouache, P., Desormeau-Bedot, A., Loisillier, A., and 
Lcmonnier, D. (1980). Effets compares d’un regime emichi en yo- 
ghourt vivant ou thermise sur le systeme immunitaire de la souris. 
Repr. Nutr. Dev. 20, 929-937 
De Simone, C., Bianchi Salvadori, R., Negri, R., Ferrazzi, L., 
Baldinelli, L., and Vesely, R. (1986). The adjuvant effect of yogurt 
on production of gamma-interferon by ConA-stimulated human pe- 
ripheral blood lymphocytes. Nutr. Rep. Int. 33, 419433 
Solis Pereyra, B. and Lemonnier, D. (1993). Induction of human 
cytokines by bacteria used in dairy foods. Nutr. Res. 13, 1127-l 140 
Rusch V. (1994). Mikrobiologische therapie: ein wissenschaftlich 
begrundetes Konzepts zur Immunomodulation. Erfahrungsheilkunde 
9,472482 
Galabru, J., Robert. N., Buffet-Janvresse, C., Riviere, Y., and Ho- 
vanessian, A.G. (1985). Continuous production on interferon in nor- 
mal mice. Effect of anti-interferon globulin, sex, age, strain an en- 
vironment on the levels of 2-5A synthetase and p65 Kinase. J. Gen. 
Virol. 66, 711-718 
Solis Pereyra, B. and Lemonnier, D. (1991). Induction of 2-5A syn- 
thetase activity and interferon in humans by bacteria used in dairy 
products. Eur. Cytokine Nehv. 2, 137-140 
Schleifer, K.H. and Kandler, 0 (1972). Peptidoglycan types of bac- 
terial cell walls and their taxonomic implications. Bacteriological 
Reviews. 36, 407477 
Heumann, D., Barras, C., Sevrin, A., Clauser, M.P., and Tomasz, A. 
(1994). Gram-positive cell walls stimulate synthesis of Tumor Ne- 
crosis Factor Alpha and IL-6 by monocytes. Infect. Immun. 2,2715- 
2721 
Bhakadi, S., Klonosch. T., Nuber, P., and Fisher, W. (1991). Stimu- 
lation of monokine production by lipoteichoic acids. Infect. Zmmun. 
59,461&4620 
Tufano, M.A., Cipollaro De Lero, G., Innielo, R., Galdiero, M., and 
Galdiero, F. (1991). Protein A and other surface components of 
Staphylococcus aureus stimulate production IL-lo, B-6, TNF and 
FN-y. Eur. Cytokine Netw. 2, 361-366 
Riesenfeld, O., Wolpe, S., Garcia-Bustos, J.F., Hoffman, M.K., and 
Tuomanen, E. (1989). Production of interleukine 1 but not Tumor 
Necrosis Factor by human monocytes stimulated with Pneumococcal 
cell surface components. Infect. Immun. 57, 1890-1893 
Iribe, H., Koga, T., Onoue, K., Kotani, S., Kusumoto, S., and Shiba, 
T. (1981). Macrophage-stimulating effect of synthetic mummy1 di- 
peptide and its adjuvant-active and inactive analogs for the produc- 
tion of T cell-activating monokines. Cell. Immunol. 64, 73-83 
Iribe, H., Koga, T., and Onoue, K. (1982). Production of activating 
monokine of guinea pig macrophages induced by MDP and partial 
characterisation of the monokine. J. Immunol. 129, 1029-1032 
Oppenheim, J.J., Togawa, A., Chedid, L., and Mizel, S. (1980). 
Components of microbacteria and mummy1 dipeptide with adjuvant 
activity induce lymphocyte activating factor. Cell. Immunol. .50,71- 
81 
Levy, R., Kobt, M., Nagauker, O., Majumdar, G., Alkan, M., Ofek, 
I., and Beachey, E.H. (1990). Stimulation of oxidative burst in hu- 
man monocytes by lipoteichoic acids. Infect. Zmmun. 58, 566568 
Justensen, J., Ferbrus, D., and Thang, M.N. (1980). Elongation 
mechanism and substrate specificity of 2-5A oligoadenylate synthe- 
tase. Proc. Natl. Acad. Sci. (USA) 77, 46184622 
Boyum, A. (1968). Isolation of mononuclear cell and granulocytes 
from human blood. Scund. J. Clin. Lab. Invest. 21, 77-89 
Thiele, D.L., Kurosaka, M., and Lipsky, P.E. (1983). Phenotype of 



Interferon induction by lactic bacteria: Aattouri and Lemonnier 

20 

21 

22 

23 

24 

25 

26 

21 

28 

29 

30 

31 

accessory for mitogen stimulated T and B cell responses in human 
peripheral blood: Delineation by its sensitivity to the lysosomotropie 
agent, L. Leucine methyl ester. J. Immunol. 131, 2282-2290 
Schiffrin, E.J., Rochat, F., Link-Hamster, H., Aeschilmann, J.M., 
and Donnet-Hughes, A. (1995). Immunomodulation of Human 
Blood Cells flowing the ingestion of lactic acid bacteria. J. Da@ Sri. 
78,491-497 
De Simone, C., Bianchi Salvadori, B., G., Jirillo, E., Baldinelli. L., 
Di Fabio, S., and Vessely, R. (1989). Yogurt and the immune re- 
sponse. In Les lairs fermentk. Actualit& de la recherrhe (Syndifrais, 
ed.), pp. 63-67, J. Libbey, Paris 
Samanta, H., Dougherty. J.P., and Lengyel, P. (1980). Synthesis of 
(2’-5’)(A), from ATP. Characteristics of the reaction catalyzed by 
(2’-5’)(A)n synthetase purified from mouse Ehrlich ascites tumor 
cells treated with interferon. J. Biol. Chem. 255, 9807-9813 
Muscettola, M., Massai, L., Tanganelli, C., and Grasso, G. (1994). 
Effects on lactobacilli on interferon production in young and aged 
mice. Ann. N.Y. Acad. Sri. 717, 226232 
Bocci. V., Paulesu, L., Pessina, G.P., and Nicoletta, C. (1988). The 
physiological interferon response. IX. Interferon activity in rabbit 
lymph after intraduodenal administration of alimentary lectins. Lym- 
phokine Res. 7, 49-59 
Unanue. E.R. (1972). The regulatory role of macrophages in enti- 
genie stimulation. Adv. Immunl. 15, 95-165 
Rosenthal, AS.. Blake, J.T., Ellner, J.J., Greineder, D.K., and 
Lipsky. P.E. (1975). The role of macrophage in T lymphocyte anti- 
gen recognition. In Immune Reco&tion (A.S. Rosenthal. ed.), pp. 
539-554, Academic Press Inc.. New York, NY USA 
Germain, R.N. (1986). The ins and outs of antigen processing and 
presentation, Nature 322, 687489 
Babbit, B.P., Allen, P.M., Matsneda, G., Haber, E., and Unanue, E.R. 
(1985). Binding of immunogenic peptides to Ia histocompatibility 
molecules. Nature 317, 359-361 
Buus, S., Sette, A., Colon, S.M., Miles, C.. and Grey, H.M. (1987). 
The relationship between major histocompatibility complex (MHC) 
restriction and the capacity of Ia to bind immunogenic peptides. 
Science 235, 1353-1358 
Morrison, L.A., Lukacher, A.E., Braciale, V.L., Fan, D., and Bra- 
ciale, J. (1986). Differences in antigen presentation to class I- and 
class II-restricted influenza virus-specific cytoiytic T lymphocyte 
clones. J. Exp. Med. 163, 903-9 11 
Moore, M.W., Carbone, F.R., and Bevan, M.J. (1988). Induction of 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

soluble proteins into the class I pathway of antigen of processing and 
presentation. Cell 54, 777-785 
Nutchtem, J.G., Biddison, W.E., and Klausner, R.D. (1990). Class II 
MHC molecules can use the endogenous pathway of antigen pre- 
sentation. Nature 343, 374-376 
Kaufmann, H.E. (1995). Immunity to intracellular microbial patho- 
gens. Immunology Today 16, 338-342 
Ellouz, F., Adam, A., Ciorobaru, R., and Lederer, E. (1974). Mini- 
mal structural requirements for adjuvant activity of bacterial pepti- 
doglycan derivatives. B&hem. Biophys. Res. Commun. 59, 1317- 
1327 
Chedid, L., Audibert, F., and Jonshon, A.G. (1978). Biological ac- 
tivities of muramyl dipeptide, a synthetique glycopeptide analogs to 
bacterial immunoregulatory agents. Prog. Allergy 25, 63-105 
Dy, M. (1986). Cytokines. In Immunologic (J.F. Bach and P. Le- 
savre, ed.), pp. 431-452, Flammarion Medcine Sciences, Paris, 
France 
Reyers, V.E., Ballas, Z.K., Singh, H., and Klimpel, G.R. (1986). 
Interleukine 2 induces interferon o/B production mouse bone mar- 
row cells. Cell. Immunol. 102, 374-385 
Croll, A.D., and Morris, A.G. (1986). The regulation of y interferon 
production by interleukins 1 and 2. Cell. Immunol. 102, 3322 
Yamamoto, A., Usami, H., Nagamuta, M., Sugawara, Y.. Hamada, 
S., Yamamoto, T., Kato, K., Kakeguki, S., and Kotani, S. (1985). 
The use of lipoteichoic (LTA) from Streptococcuspyrogen to induce 
a serum factor causing tumor necrosis. Br. J. Cancer 51, 739-742 
De Simone, C., Grass, P.P., Bianchi Salvadori, B., Miragoliotta, G., 
Vessely, R., and Jirillo, E. (1988). Adherence of specific yoghurt 
microorganisms to human peripheral blood lymphocytes. Microbial. 
55,49-57 
Dziarski, R. (1991). Demonstration of peptidoglycan-binding sites 
on lymphocytes and macrophages by photoaffinity cross-linking. J. 
Biol. Chem. 266,4713-4718 
De Simone, C., Jirillo, E., Bianchi Savadori. B., Baldinelli, L., 
Tzantzoglou, S., Difabio, S., Grassi, P.P.. and Vesely, R. (1988b). 
Stimulation of host resistance by a diet supplemented with yogurt. 
Adv. Biosciences 68, 279-284 
Hitchins, A.D., Wells, P., McDonough, E.F., and Wong, N.P. (1985). 
Amelioration of the adverse effect of gastrointestinal challenge with 
Salmonella enteritidis on weanling rats by a yogurt diet. Am. .I. Clin. 
Nutr. 41, 92-100 

J. Nutr. Biochem., 1997, vol. 8, January 31 


