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Probiotics, Definition and General Health Benefits

The term probiotic, popularized by R. Fuller in 1989, was 
recently defined by a committee of experts as “living microor-
ganisms, which, when consumed in adequate amounts, confer a 
health effect on the host.”1,2

Specific strains of probiotic lactic acid bacteria, have been 
shown to beneficially influence the composition and/or meta-
bolic activity of the endogenous microbiota3-7 and some of these 
strains have been shown to inhibit the growth of a wide range of 
enteropathogens.8,9 Competition for essential nutrients, aggre-
gation with pathogenic micro-organisms,10 competition for 
receptor sites,11 and production of anti-microbial metabolites8,9 
have also been reported as probiotics properties.

Probiotics can be consumed in various forms of fermented 
or non-fermented food products. As a common feature, after 
ingestion, probiotics become transient constituents of the gut 
microbiota capable of exerting their biologic effects, thus giving 
a rationale for their use as a component of functional foods. 
Weaning, stress, dietary changes, use of antibiotics, and intesti-
nal infections are all conditions that affect the natural balance 
of the intestinal microbiota for which the application of probi-
otics might be beneficial.

The most commonly used probiotics in humans and animals 
are enterococci, lactobacilli and bifidobacteria, which are natural 
residents of the intestinal tract.

Multiple criteria have been defined for the selection of probi-
otic strains (reviewed in ref. 12). The most evident criterion is 
that the selected strains must be safe for use to the host and for 
the environment. One of the most commonly reported selection 
criteria is the ability to survive during passage through the gastro-
intestinal tract (GIT) of the host for which the capacity of a strain 
to remain unaltered under conditions prevailing in the stomach 
(acidity) and intestinal tract (bile acids, pancreatic and other 
digestive enzymes) is crucial. Adhesion to intestinal epithelial 
cells is considered important for immune modulation, pathogen 
exclusion and prolonged residence time in the GIT. Metabolic 
activity may be crucial for the expression of anti-pathogenic 
activity. There is increasing evidence that bacterial compounds 
such as DNA (some CpG motifs) or cell-wall fragments and/or 
inactivated bacteria can elicit certain immune responses.13-16

The first aim of using probiotics has been to improve the com-
position of the intestinal microbiota from a potentially harmful 
composition towards a composition that would be beneficial to 
the host. Indeed, this approach is particularly relevant since the 
intestinal microbiota is known to play a major role in the physi-
ological balance, the intestinal development and maturation of 
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Specific strains of probiotic, have been identified as beneficial to influence the composition and/or metabolic activity of 
the endogenous microbiota and some of these strains have been also shown to inhibit the growth of a wide range of en-
teropathogens. The first aim of using probiotics has been to improve the composition of the intestinal microbiota from a 
potentially harmful composition towards a composition that would be beneficial to the host.

Beyond their capacity to influence positively the composition of the intestinal microbiota, several lines of evidence sug-
gest that some probiotic bacteria can modulate the immune system both at the local and systemic levels thereby improving 
immune defense mechanisms and/or downregulate immune disorders such as allergies or intestinal inflammation.

Skin reflects the general health status and aging. Different human trials widely suggest that probiotic supplementation 
might be useful in the management of atopic dermatitis. Based on these properties it appears that, beyond the gut, probi-
otics might exert their benefits at the skin level.

In a randomized double blind placebo-controlled clinical trial, we investigated whether the probiotic bacteria Lactoba-
cillus johnsonii Ncc 533 (La1) could modulate the cutaneous immune homeostasis altered by solar-simulated UV exposure 
in humans. after, UV exposure to twice 1.5 MED, we demonstrated that La1 intake facilitated an earlier recovery of 
Epidermal cells allostimulatory function. Thus, this clinical data strengthen the assumption that certain probiotics can 
contribute to modulate skin immune system leading to the preservation of the skin homeostasis. altogether the data 
affords the possibility of designing new strategies based on a nutritional approach for the prevention of UV-induced dam-
aging effects.
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In this context, the skin can undergo various changes includ-
ing immune dysfunction, inflammation, photoaging, dryness, 
wrinkles, dyschromia and a variety of hyperplasia.40,41

The skin is continuously challenged by diverse environmental 
stress which can later induce important alterations of the cutane-
ous homeostasis. Indeed, the skin is known to be an immune-
competent tissue and thus it is important for the protection 
against infections and the control of cell disorders.42 These skin 
disorders associated with dysregulation of immunological and/
or neurosensitive mechanisms could be modulated or prevented 
by nutritional support and in particular by the use of certain 
probiotics.43

UV and photoprotection. Several epidemiological studies 
demonstrated that UV exposure induce dramatic changes in 
immune functions. Among these changes, a decrease in number 
and morphological modifications of the Langerhans cells as well 
as an alteration of their capacity to present antigens have been 
proven.44-47 An increase in immune-suppressive cytokine levels 
such as IL-10 was also reported.48

These skin disorders associated with dysregulation of immu-
nological and/or neurosensitive mechanisms could be modulated 
or prevented by nutritional support and in particular by the use 
of certain probiotics.43

Lactobacillus johnsonii NCC 533 (La1), was isolated from 
healthy adult microbiota and was shown to have strong anti-
pathogenic activity against a wide range of entero-pathogens.49 
In a randomized double blind placebo-controlled clinical trial, 
we investigated whether the probiotic bacteria La1 could modu-
late the cutaneous immune homeostasis after solar-simulated UV 
exposure in humans. For this purpose, 54 volunteers were ran-
domized in two groups (n = 27 per group) taking either La1 or a 
placebo daily for 8 weeks before UV exposure to 2 x 1.5 MED. 
Skin biopsies were analyzed to investigate whether this specific 
probiotic may interfere with allostimulatory function (using the 
mixed epidermal cell lymphocyte reaction (MECLR)) and in situ 
activation/maturation phenotypic status of skin dendritic cells 
after solar-simulated UV exposition (Fig. 1).50

Results show that La1 intake did not prevent the early 
UV-induced phenotypic activation of LCs. The results confirm 
previous in vivo studies by Laihia and Jansen,51 by showing that 
a large number of LCs not only acquire expression of activation 
markers such as CD86, but also express DC-Lamp as early as 
Day 1 post UV exposure and most probably reflect a population 
that matured within the epidermis (Fig. 2). Despite in vivo phe-
notypic activation/maturation known to favor T cell priming,52 
LCs displayed reduced in vitro allostimulatory function on Day 
1 post UV exposure (Fig. 3). This is in agreement with many 
reports53,54 and might be due to rapid in situ LC death following 
phenotypic maturation or, alternatively, to increased sensitivity to 
trypsin treatment during isolation procedure and, subsequently, 
to increased in vitro cell death.

Although UV-induced LC depletion has been widely 
reported, little is known about the kinetics of reconstitution of 
skin immune function. In the placebo group UV exposure to 
twice 1.5 MED, still induces significant inhibition of EC allo-
stimulatory function 4 days post-UV-exposure (p < 0.001) and 

the host immune system.4-6,17 An adequate balance of the micro-
biota is crucial to maintain good health conditions. In that sense, 
a decrease in clostridia and coliforms and an increase in lacto-
bacilli and/or bifidobacteria has often been seen as evidence of 
healthy gut conditions.18 In contrast, changes of the intestinal 
microbiota composition are associated with certain types of 
pathologies, in particular gastro-intestinal infections, inflamma-
tions and allergies.12,18

Different studies showed that specific probiotic strains are 
able to positively influence the microbiota composition.19 In that 
respect, some probiotic strains have been successfully used to 
improve the outcome of gastrointestinal diseases, in particular 
diarrhea or H. pylori infections and related gastritis.20-24

Beyond their capacity to influence positively the composition 
of the intestinal microbiota, several lines of evidence suggest that 
some probiotic bacteria can modulate the immune system both 
at the local and systemic levels5,17 thereby improving immune 
defense mechanisms and/or downregulate immune disorders 
such as allergies or intestinal inflammation.5,25-27

Indeed, several strains of lactic acid bacteria were shown to 
modulate cytokine and growth factor production in vitro and in 
vivo.28-31 Moreover, results from different pre-clinical and clini-
cal trials have shown the capacity of various probiotic strains to 
enhance non-specific and specific immunity.32-37

Probiotics and Skin

Skin aggression—Environmental stress. Different human 
trials widely suggest that probiotic supplementation might be 
useful in the management of atopic dermatitis.25,27,38,39 Based 
on these properties it appears that, beyond the gut, probiotics 
might exert their benefit at the skin level. Thus, it is assumed 
that some specific probiotic strains may be useful for the main-
tenance of cutaneous homeostasis and regulation of the skin 
immune system.

The skin plays a crucial role in protecting against dehydration 
and damage or insults from external aggressions, e.g., chemical 
(pollution, tobacco, xenobiotics), mechanical, physical (ultravio-
let exposure (UV), changes in temperature and hygrometry) or 
infections. It is composed of a stratified epithelium with various 
cell types, including keratinocytes whose differentiation results 
in building barrier function and, in a lower proportion, dendritic 
cells, melanocytes and Langerhans cells. Each of these cell types 
contributes to skin protection. Moreover, the underlying dermal 
compartment harbors leukocytes, mastocytes and macrophages 
that are key actors of cell defense.

Skin reflects the general health status and aging. Although skin 
ageing is genetically programmed, the health and functions of 
the skin are also influenced by environmental factors, especially 
in exposed areas such as the face. Indeed, lifestyle, food, climate 
conditions, the extent and frequency of UV exposure, free radi-
cals, toxins and allergens, xenobiotics and mechanical damage are 
all exogenous factors suspected to alter skin health. Furthermore, 
hormonal status, immunological status, and psychological stress 
are endogenous factors that can also alter skin quality and biologi-
cal functions.



www.landesbioscience.com Dermato-Endocrinology 277

described.55 Alternatively, we show here that CD36+ monocytic 
cells that colonize the exposed epidermis completely disappeared 
on Day 10 in the La1 supplemented group, whereas CD36+ 
cells could still be observed in biopsies from the placebo group  
(Fig. 2). This might suggest that the monocytic cells could have 
served as potential LC precursors and that La1 intake favors their 
differentiation. Indeed, there is now evidence in murine models 
that LCs arise from monocytes following severe skin injury.56

It can be speculated that La1 is somehow able to modulate 
local or systemic cytokine levels.54 Whether La1 favor the pro-
duction of TGFβ, known to promote LC differentiation,57 or 
some chemokines that favor the homing of skin LC precursors 
require further investigations.

In conclusion, in this randomized double blind clinical 
study, we show that the intake of L. johnsonii La1 contributes 

this inhibition correlates with significant decrease in CD1a+ cells 
in the epidermis (Fig. 3). In agreement with previous studies by 
Cooper et al.54 concomitant epidermal infiltration with CD36+ 
macrophages was observed in both groups, beginning on Day 1 
and still visible on Day 4 post-UV-exposure. The important result 
is that La1 intake facilitated an earlier recovery of EC allostimu-
latory function, a process that correlated with recovery of basal 
CD1a+ cell staining within the exposed epidermis. The origin of 
these CD1a+ cells remains an open question. It is likely that acti-
vated LCs had disappeared from epidermis either by apoptosis or 
migration, a process that might be facilitated by La1 supplemen-
tation. Accordingly, the recovered EC allostimulatory function 
in the La1 supplemented group might be related to repopulating 
cells, most probably to CD1a+ cells derived from precursor cells. 
These might be local proliferative precursor cells as previously 

Figure 1. Study protocol: schematic representation of the exposed and non-exposed buttock areas used for MED determination, biopsy and blister 
collection. D0 is Day 0 of the study before the start of La1 supplementation, D57, D60 and D66 are Day 1, 4 and 10 after UV exposure, respectively.
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In conclusion, this clinical data strengthen the assumption that 
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that such probiotics can contribute to modulate skin immune 
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Altogether the data affords the possibility of designing new 
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to reinforce cutaneous immune homeostasis following UV 
exposure in humans and may thus represent a new strategy for 
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Mechanisms. The maintenance and protection of the gas-
trointestinal tract contributes to the overall host equilibrium. 
Although a direct relationship between probiotics and the bio-
availability of nutrients has not yet been established, probiotics 
nonetheless positively influence the gastrointestinal homeostasis 
which contributes to promote the absorption of dietary nutrients 
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tial nutrients for cell metabolism and the synthesis of the various 
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Bars = 100 µm. 

Figure 3. Results from MEcLR: mean cpm ratios from exposed 
versus non-exposed skin samples. The ratios were calculated from the 
54 volunteers (a) or from the UV-sensitive (UVS) and UV-resistant 
(UVR) subjects (B) distributed among the La1 and placebo groups. *** 
Statistically significant differences at p < 0.001; ** statistically significant 
differences at p < 0.01; * statistically significant differences at p < 0.05 
between exposed and non-exposed sides. BT: before treatment.
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