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Probiotics in dermafology

Probiotics are live microorganisms that, when administered in adequate amounts, may confer a health benefit on the host.
We already know that their use is positively influencing key factors in the development of dermatological diseases such as
oxidative stress or inflammation. The most popular use of probiotics in dermatology refers to atopic dermatitis (AD). As
it is already demonstrated and widely accepted that probiotics can help to decrease the incidence and severity of AD in
infants, much remains to be investigated about its usefulness in the treatment of AD, as well in infants/children as in adults.
Similarly, promising data show that probiotics could be of help in acne, but also in wound healing and tissue repair. Much
lesser, or even nothing is known about their potential interest in other inflammatory diseases such as rosacea or psoriasis.
Besides their demonstrated activity in photoprotection, probiotics appear to be effective on the prevention and even
management of skin aging and its more frequent symptoms, such as collagen loss, dry skin and skin barrier function
impairment. Normalization of intestinal microflora with the use of probiotics and prebiotics has a positive effect on several
skin conditions. Given the special status of the skin, which is directly accessible for topical applications, probiotics may be
used as well as systemic course as local one.

There is still a long and promising way ahead for investigation, before probiotics can be a daily prescription in
dermatology.

We are in a preliminary stage when using probiotics in dermatology, and much investigation is needed. With this condition,

one day will come, when probiotics will be fully part of the prescription in dermatology.
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Probiotics are live microorganisms that, when
administered in adequate amounts, may confer
a health benefit on the host [1]. They must not be
confused with prebiotics, which are nondigestible
carbohydrates that stimulate the growth of probi-
otic bacteria in the intestine. The most common
prebiotics are indigestible oligosaccharides [2]. As
we can observe, both words, although being very
similar, are not synonyms and have very different
meaning. Probiotics have been widely reported in
gastroenterology and are gaining space in dermatol-
ogy along the recent years. Given the special status
of the skin, which is directly accessible for topical
applications, probiotics may be used as well as sys-
temic course as local one.

Probiotics and inflammation

Inflammation is a process present in many der-
matological diseases, which may be the causative
factor, but also a consequence of the disease itself.
For instance, in bacterial infections, the cause will
be an infectious one, and inflammation will only be
a consequence of this infection. Chronic inflam-

mation is the common denominator in many mu-
cocutaneous pathophysiologic processes including
extrinsic skin aging.

Probiotic stains susceptible of displaying an
anti-inflammatory activity in vitro are summarized
in Tabl. 1. This list must not be considered as
exhaustive but is only indicative.

Probiotics and oxidative stress

Oxidative stress defines a condition in which the
prooxidant—antioxidant balance in the cell is
disturbed, resulting in DNA hydroxylation, protein
denaturation, lipid peroxidation, and apoptosis,
ultimately compromising cells’ viability. Various
probiotics possess an ability to improve the anti-
oxidant system and to decrease radical generation.
Probiotics bacteria strains can exert antioxidant
capacity in different ways.

o Metal ions chelating properties

Metal ions are catalysts of oxidation reactions, and
for this reason chelating them may improve Redox
balance. Various strains were shown to chelate Fe**
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Table 1. Probiotic stains susceptible of displaying an anti-inflammatory activity in vifro

Authors Cell type  Strain Main outcome
L - Pre-treatment with these probiotics could prevent or inhibit
‘l;tr:islc%ridaro IEC-6 ]Li fzz n]z\Z 28315312167 Enterocyte apoptosis and loss of intestinal barrier function induced
) ) y 5-FU
Rodriguez-Brito . Decreased cytokine release against Salmonella infection in the
et al. [4] Human DC L. paracasei CNCM presence of Lactobacillus paracasei upon TLR activation
DCdfrom ulcergtlive C(Elitis patie(rllts samples have an increase of 1L-4
i Chi production and loss of IL-22 and IFN-y secretion. L. casei Shirota
Mannetal [5]  Human DC L. casei Shirota treatment restored the normal stimulatory capacity through a
reduction in the TLR-2 and TLR4 expression
L delbrueckii The activation of MAPK and NF-kB ]pathways induced by E. coli 987P
Wachi et al. [6]  PIE cells TUAA408L were downregulated through upregulation of TLR negative
regulators, principally by TLR2
L. plantarum decreased transcript abundances of IL-8, TNF-q,
Wuet al. [7] EO%S]J 2 [é é’]l\%g%’?g and negative regulators of TLRs. Moreover, L. plantarum treatment
decreased the gene and protein expression of occludin
' . L. reuteri reduced the expression of IL-8 and hBD-2 induced by
gla(%y[zginan HacCat cells Ilzl'Trng;?B 0 exposure to Streptococcus mutans ATCC-25175 and Porphyromonas

gingivalis ATCC-33277

Human DC: Human dendritic cells — PIE cells: intestinal epitheliocyte cells — IPEC-J2: intestinal porcine epithelia cells.

and Cu** anions, such as Streptococcus thermophi-
lus 821 |9], Lactobacillus casei KCTC3260 [10], or
Lactobacillus helveticus CD6 [11].

e [Expression of enzymatic antioxidants

Strains of probiotics are capable of expressing their
own antioxidant enzymatic systems. Thus,
Lactobacillus fermentum E-3 and E-18 are able to
express at high level Mn-SOD to resist oxidative
stress [12]. Other strains like Lactococcus lactis can
express catalase [13]. Moreover, probiotics can also
stimulate the antioxidant system of the host and
elevate the activities of antioxidants efficiently.
Studies in pigs showed that dietary Lactobacillus
Jermentum supplementation could increase serum
SOD and GPx and enhance hepatic CAT, muscle
SOD, and Cu and Zn-SOD compared to the control
group [14].

o Antioxidant metabolites

Probiotics can produce various metabolites with
antioxidant activity, such as glutathione (GSH),
butyrate, and folate. Evidence showed that the
folate-producing Bifidobacteria enhanced the folate
status in humans [15]. It was also found that the two
antioxidative Lactobacillus fermentum strains E-3
and E-18, contained remarkable levels of GSH [12].

o Mediation of Nrf2-Keap1-ARE pathway

Nrf2 activation upregulates a series of genes in-
cluding those involved in xenobiotic and ROS
detoxification in order to resist oxidant and elect-
rophilic environmental stressors. Both in vivo and

in vitro reports have indicated that probiotic bac-
teria could protect against oxidative stress through
regulating the Nrf2-Keap1-ARE pathway. This is
the case for Lactobacillus plantarum SC4, but also
Lactobacillus plantarum FC225 [16, 17].

e Action on NFkB pathway

Bacillus sp. strain LBP32 was shown to prevent LPS-
induced inflammation in RAW 264.7 macrophages
by inhibiting NFkB and ROS production [18].

e Action on Mitogen-activated protein kinases
(MAPKs)

Pre-treatment of epithelial cells with Lactobacillus
GG-CM alone activated all three MAPKSs inves-
tigated [19].

e Regulation of The Enzymes Producing ROS

Lactobacillus fermentum CECT5716 and Lacto-
bacillus coryniformis CECT5711 (K8) plus Lacto-
bacillus gasseri CECT5714 (LC9) (1 : 1) were able
to decrease NADPH oxidase (NOX) activity and
mRNA expressions of NOX-1 as well as NOX-4 in
spontaneously hypertensive rats [20]. Patel et al.
demonstrated that Lactobacillus acidophilus pre-
treatment decreased COX-2 expression in catla
thymus macrophages [21].

Probiotics in atopic dermatitis (AD)

This is probably the area in dermatology where the
biggest number of reports were published, as well in
the prevention as in the treatment of atopic der-
matology.
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Possible mechanisms of action of probiotics
strains in atopic dermatitis are as follows [22]:
— Inhibition of Ty2 response.
— Stimulation of Ty1 response.
— Upregulation of regulatory T cells.
— Acceleration of skin and mucosa barrier function.
— Increase in intestinal microflora diversity.
— Reduction of fermentation products.
— Inhibition of Staphylococcus aureus attachment.

Prevention of atopic dermatitis

Tabl. 2 is listing the trials reported along years. To

summarize, let’s tell that [54]:

— Probiotic treatment begun in gestation and
continued through the first 6 months of life was
shown to have benefit in preventing atopic
dermatitis (AD).

— Probiotic supplementation was beneficial in
both high risk and unselected subjects.

— Mixtures of probiotics, including Lactobacillus,
Bifidobacterium and Propionibacterium strains,
significantly decreased the risk of AD.

Treatment of atopic dermatitis

Although data exist showing the protective effect
of probiotics in the incidence of paediatric AD,
there is less convincing information about their
effects as treatment. The meta-analysis by Lee et al.
[23] and Michail et al. [55] failed to find clinically
significant changes in the severity of paediatric AD
with the use of probiotics. However, in a random-
ized, double-blind, placebo-controlled study where
either L. plantarum CJLP133 or placebo where
given to children aged 12 months to 13 years twice
a day for 12 weeks, the results suggested that sup-
plementation with probiotic L. plantarum CJLP133
was beneficial in the treatment of paediatric AD
[56]. There are few data about the role of probiotics
in adult AD. All of them include a small number of
patients, which makes difficult to make an opinion
about this matter. Let’s mention a study where
LKM512 yogurt was given for 4 weeks to 10 adult
AD patients, in which scores of itch and burning
tended to improve [57]. In another study [58],
38 patients aged from 18 to 46 years with moder-
ate/severe AD were randomized to receive or not
active treatment with L. salivarius LS01. Treatment
with the L. salivarius LSO1 strain seems to posi-
tively modify clinical and immunologic status and
dermatology life quality in a group of adults affect-
ed by moderate/severe AD. Further [59], 34 adult
type AD subjects who were treated with conven-
tional topical corticosteroid and tacrolimus where
given Lactobacillus paracasei K71 (LAB) diet or
placebo over 12 weeks. The skin severity scores
were significantly decreased from baseline at week

8 (p < 0.05) and at week 12 (p < 0.01) in the LAB
diet group but not in the placebo group. Finally,
48 patients with moderate to severe AD were
enrolled in a study and treated with a combination
of Lactobacillus salivarius LS01 and Bifidobacterium
breve BRO3 or placebo for 12 weeks [60]. Patients
receiving probiotics showed a significant improve-
ment in clinical parameters (SCORAD, p < 0.0001
and DLQ index, p = 0.021) from baseline.

Probiotics in acne

The pathophysiology of acne involves excess se-
bum production, follicular hyperkeratinization,
Propionibacterium acnes hypercolonization, and
inflammation. In acne patients, topical Lactoba-
cillus extract was effective in reducing skin ery-
thema, repairing skin barrier, and reducing skin
microflora, thereby exhibiting an effective reduc-
tion in acne lesion size and erythema at 5%, but
not at 1% [61]. Ingesting fermented milk with
200 mg of lactoferrin daily, acne showed impro-
vement in these patients by significant decreases
in inflammatory lesion count by 38.6%, total
lesion count by 23.1%, and acne grade by 20.3 %
at 12 week. Furthermore, sebum content was
decreased by 31.1% [62]. In an ancient study, an
80 % clinical improvement was reported in acne
patients after oral supplementation of Lactobacillus
acidophilus and Lactobacillus bulgaricus [63]. The
application of a base cream containing Streptococ-
cus thermophilus in the forearm skin of 17 healthy
volunteers for 7 days led to a significant and
relevant increase of skin ceramide amounts [64].

Probiotics in psoriasis

It seems clear that the skin microbiota may have a
role in the pathogenesis of chronic plaque psoriasis.
Corynebacterium, Propionibacterium, Staphylococ-
cus, and Streptococcus have been identified as the
major bacterial genera [65]. In a randomized, doub-
le-blind, placebo-control study, it was observed that
patients who are administered a daily oral dose of
Lactobacillus paracasei NCC2461 exhibit decreased
skin sensitivity, have a hastened barrier function
recovery, and are more efficient in preserving the
skin moisturizing agents urea and sodium lactate
[66]. Moreover, it has been demonstrated that mice
fed Lactobacillus pentosus developed a milder form
of imiquimod-induced psoriasis when compared to
mice fed with a vehicle control [67].

Probiotics in rosacea

There is currently no published study about the use
of systemic or topical probiotics in rosacea.
However, their activity on both oxidative stress and
inflammation previously reported in this paper, as
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Table 2. Published studies about use of probiotics in atopic dermatitis

N Population
Authors of cases treated Results
Lactobacillus rhamnosus GG, Lactobacillus acidophilus LAVRI-A1,
Lee et al. 1581 Erfg%g?r]lﬁ f\«: r? gl €M and a combination of probiotics with a prebiotic showed a decrease
(2008) [23] < 6months old in the incidence of pediatric AD; Lactobacillus reuteri showed
a paradoxical increase in sensitization to allergens
Rautava et al Infants Administration of the probiotics Lactobacillus GG and Bifidobacterium
(2006) [28] : 72 <12 months old lactis Bb-12 at the time of introduction of cow’s milk in the infant’s diet
S results in cow’s milk-specific IgA antibody responsiveness
A combination of L. rhamnosus GG(ATCC 53103), L. rhamnosus LC705
Kukkonen et al. 1993 Eéggirﬁ;ﬁt\:omen (DSM 7061), Bifidobacterium breve Bb99(DSM 13692)
(2007) [29] <94 months old and Propionibacterium freudenreichii ssp. shermanii JS(DSM 7076)
significantly prevented eczema and especially atopic eczema
Kalliomaki et al. 159 Eéggi?l?ﬁt\gomen Taking during the first two years L. rhamnosus GG (ATCC 53103)
(2007) [30] <94 months old the overall risk of developing AD was significantly decreased
s . Taking L. reuteri ATCC 55730 during pregnancy and for 1 year after
Abrahamsson 939 Eéaéi?gét\gomw delivery, the treated infants had less IgE-associated eczema at 2 years
(2007) [31] <12 months old gf age and therefore possibly run a reduced risk to develop later allergic
isease
After taking Lactobacillus GG (ATCC53103) during pregnancy and
Kopp et al. 94 Eéggi?l?;lgt\glomen 6 months a%ter delivery, the control at 2 years showed that it neither
(2008) [32] < 6 months old reduced the incidence of atopic dermatitis nor altered the severity
of atopic dermatitis in affected children
Huurse et al Pregnant women  The combination of L. rhamnosus GG (ATCC53103) and Bifidobacterium
2008) [33] 171 and infants lactis Bb12 made that the risk of sensitization at 12 months could be
( ) [33] <12 months old reduced
Wickens et al Pregnant women It was found that supplementation with L. 7hamnosus, but not B. animalis
(2008) [34] : 512  and infants subsp. lactis, substantially reduced the cumulative prevalence of eczema,
< 24 months old but not atopy, by 2 years
Soh et al Pregnant women  Bifidobacterium longum (BL999) and L. rhamnosus showed no effect
(2009) [35] 253 and infants on prevention of eczema or allergen sensitization in the first year of life
< 6 months old in Asian infants at risk of allergic disease
Osborn et al. 1477 fégégi?ﬁfr; ls)gzshers It found a significant reduction in infant eczema (typical RR 0.82,
(2009) [24] <12 months old 95 % C10.70—0.95)
West et al. 179 Infants from 4 to Feeding Lactobacillus F19 during weaning could be an effective tool
(2009) [36] 13 months old in the prevention of early manifestation of allergy, e. g., eczema
Niers et al Pregnant women  Combination of Bifidobacterium lactis and Lactococcus lactis shows
(2009) [37'] 102 and infants a preventive effect on the incidence of eczema in high-risk children,
<12 months old which seems to be sustained during the first 2 years of life
Preenant women A probiotic mixture (2 lactobacilli, bifidobacteria, and propionibacteria)
Kuitunen et al. 1293 an dginfants conferred no allergy-preventive effect that extended to age 5 ]ycars
(2009) [38] < 6 months old to high-risk mothers and children. It conferred protection only
to cesarean-delivered children
Prenatal and postnatal supplementation with a mixture of B. bifidum
. Pregnant women BGN4, Bifidobacterium lactis ADO11, and L. acidophilus AD031 is an
Kim et al 112 and infant ffecti hi ting the development of in infant
(2010) [39] and infants effec 1ve.aEproac in preventing the development of eczema in infants
<6 months breast-fed at high ris
of allergy during the first year of life
Preenant women Probiotic milk containing L. vhamnosus GG, L. acidophilus La-5
Dotterud et al. M5 an dgd uring breast- and Bifidobacterium animalis subsp. lactis Bb-12. given to non-selected
(2010) [40] feedin (ngontils) mothers reduced the cumulative incidence of AD, but had no effect
8 on atopic sensitization
Prenatal treatment with L. 7hamnosus GG was not sufficient for
Boyle et al. 250  Pregnant mothers preventing eczema. If probiotics are effective for preventing eczema,

(2011) [41]

then a postnatal component to treatment or possibly an alternative
probiotic strain is necessary

102
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Confinuation of Table 2

N Population

Authors of cases treated Results

Doege et al. 9843 Eégﬁlﬁ%;gt?mhers Lactobacilli showed a significant reduction of the development of atopic

(2012) [25] <12 months old eczema; no effect with strain mixtures

. Pregnant mothers ~ The RR of AD was lower in infants/young children with no family

(P)Zeélﬁc)h[IQ%t] al. 3092 and infants history of allergic diseases; global 20 % reduction in the incidence of AD

< 24 months old and IgE-associated AD

Wickens et al. 474 Eégﬁg?gﬁt\gomen The protective effect of L. rhamnosus HN0OOT against eczema, when given

(2012) [42] < 6 months old for the first 2 years of life only, extended to at least 4 years of age

Jensen et al. 178 Infants Re%ular dosing with L. acidophilus strain from 0 to 6 months of age had

(2012) [43] < 6 months old no long-term benefits at 5 years
Prevention regimen with specific probiotics administered to the pregnant

Rautava et al. 205 Eigfsrfge E}Sﬁ? and breast-feeding mother, that is, prenatally and postnatally, is safe

(2012) [44] mothers 8 and effective in reducing the risk of eczema in infants with allergic
mothers positive for skin prick test
An exgerimental formula characterised by the presence of two strains
of probiotics (L. rhamnosus LCS-742 and Bifidobacterium longum subsp.

Rozé et al. 97 Infants infantis M63) and by the addition of prebiotics: 96 % %alacto-

(2012) [45] < 6 months old oligosaccharides and 4 % short-chain fructo-oligosaccharides. guaranteed
a similar growth, was better tolerated at 1 month and had a protective
effect against the development of atopic dermatitis
Lactobacillus GG; ATCC 53103 administration beginning at the second

Ou et al. 191 gnﬂeglrll;lﬁ‘gaomen trimester of pregnancy reduced the severity of maternal allergic disease

(2012) [46] of %e nane through increment of Th1 response, but not the incidence of childhood

preg y allergic sensitization or allergic diseases

Allen et al Pregnant women A %robiotic consisting of two strains of lactobacilli and two strains

(2012) [ 47 I 454  and infants of bifidobacteria reduced the frequency of atopic eczema and atopic

< 6 months old sensitisation and promoted a Th1 orientation of the immune system
Following at 8—9 years of age showed that there was no long-term effect
ggits(;t[zlé] 179 %gff gtrilénths old of L. paracasei ssp paracasei F19 on any diagnosed allergic disease, airway
inflammation or IgE sensitization

Abrahamsson Sgesgrﬁgﬁt‘ﬁ())gfg The effect of L. reuteri on sensitization and IgE-associated eczema in

etal. 232 et infancy did not lead to a lower prevalence of respiratory allergic disease

(2013) [49] < 12 months old in school age (7 years)

Prenatal administration followed by postnatal administration

Pandury et al Pregnant mother  was protective (OR, 0.54; p = 0.001), unlike exclusive postnatal

(2014) [27] : 3495 and infants administration (OR,0.89;

< 13 months old p = 0.59); Lactobacillus alone and Lactobacillus with Bifidobacterium
are protective against AD
A combination of Bifidobacterium longum (BL699) and L. rhamnosus

Loo et al. 953 Infants in early childhood did not play a role in the prevention of allergic

(2014) [50] < 6 months old diseases. Early-life supplementation with probiotics did not change
allergic outcomes at 5 years of age
Receiving daily the probiotic (Lactobacillus salivarius CUL61,

Pregnant women Lactobacillus paracasei CULOS, Bifidobacterium animalis subspecies lactis

Allen et al. 436 an. dginfant\: CUL34 and Bifidobacterium bifidum CUL20 did not provide evidence that

(2014) [51] < 6 months old it prevented eczema during the study or reduced its severity. However,
the probiotic seemed to prevent atopic sensitisation to common food
allergens and so reduce the incidence of atopic eczema in early childhood

5265%%?3;310111611 The risk of developing eczema/atopic dermatitis (AD) during the first
Enomoto et al. 130 of prenanc 18 months of life was significantly reduced in infants receiving B. longum
(2014) [52] ang ingfants y BB536 and B. breve M16-V (OR: 0.231 [95 % CI: 0.084—0.628] and 0.304
< 6 months old [0.105—0.892] at 10 and 18 months of age, respectively)
For high-risk infants, early L. rhamnosus + inulin supplementation
Cabana et al. 184 Infants for the first 6 months of life does not appear to prevent the development

(2017) [53]

< 6 months old

of eczema or asthma at 2 years of age
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well as encouraging results in acne, should path the
way to a strong research in this field.

Probiotics in seborrheic dermatitis

An imbalanced proportion of the major bacterial
and fungal populations colonising the scalp, a skin
barrier dysfunction, and hyperseborrhoea are three
main etiological factors of dandruff and seborrheic
dermatitis. The efficacy of Lactobacillus paracasei
NCC2461 ST11 (ST11) to manage dandruff and to
restore a balanced scalp microbiome was recently
assessed [68]. Sixty healthy male volunteers aged
18 to 60 years with moderate to severe dandruff
consumed on a daily basis a probiotic containing
ST11 or a placebo for 56 days. Free and adherent
dandruff, erythema and the global clinical score
improved significantly (all p < 0.05) over time in
the ST77 group and as compared to the placebo at
day 57 compared to day 1.

Probiotics as photoprotectors

Bifidobacterium breve (BB) supplementation to
hairless mice prevented changes induced by UVA/
UVB in skin elasticity and skin appearance by
preventing increases of elastase and 1L-B1 [69]. BB
also suppresses changes of TEWL, skin hydration,
epidermal thickening and attenuated the damage to
the dermal-epidermal junction (DEJ) induced by
UVR-exposure [70].

Lactobacillus johnsonii (L]) leads to protection
against UV-induced immunosuppression by pre-
venting decreases of interleukin-10 levels and
influencing the number of Langerhans cells [71]. In
human dermal fibroblasts and hairless mice, L. plan-
tarum HY7714 treatment effectively rescued UVB-
reduced procollagen expression through the inhi-
bition of UVB-induced MMP-1 expression in hu-
man dermal fibroblasts. In the same study it also
inhibited UV-induced epidermal thickness increase
[72]. Lactobacillus acidophilus, in a hairless mouse
model, was proven to lessen epidermal thickness
and TEWL, but also skin collagen bundles, MMPs,
and proinflammatory cytokines expression induced
by UVR-exposure [73]. Various other probiotics
are also displaying similar activity in prevention of
UV-radiation.

Probiotics in tissue repair

Topical L. plantarum inhibited Pseudomonas aeru-
ginosa colonization, improved tissue repair, and
enhanced phagocytosis in burn wounds in mice
[74]. Clinical studies on patients with second- and
third degree burns found that the application of
L. plantarum was as effective as silver sulfadiazine
in decreasing bacterial load, promoting the appea-
rance of granulation tissue, and wound healing [75].

Probiotics in skin aging
Skin aging can be divided in two categories: intrin-
sic aging, merely related to genetic factors (res-
ponsible for around 30 % of global skin aging) and
extrinsic aging such as sun exposure (UVA/UVB
but also visible light and infrared radiation), smo-
king, environmental pollution, poor diet and stress.
These extrinsic factors are responsible for around
70 % of global skin aging, and we can act to prevent
and limit them. Along skin aging process, the skin
becomes rougher (less hydrated) and slack. The loss
of the elastic tissue (elastin) in the skin with age
causes the skin to hang loosely. The skin becomes
more transparent. This is caused by thinning of the
epidermis. Finally, the skin becomes more fragile,
this being caused by a flattening of the DE].

To help our fight against skin aging, probiotics
may interfere at various levels:

Dermal fibroblasts and collagen

L. acidophilus, but also L. plantarum were shown to
inhibit MMPs expression [72,73].

Various strains of Lactobacilli display strong anti-
elastase activity (for instance L. casei, L. diolivorans
or L. rhamnosus) [76]. Among 60 Lactobacilli exopo-
lysaccharides (LEPS) isolated from herbal plants
and dairy products, all of them exhibited significant
anti-collagenase activity and selected LEPS showed
high anti-collagenase properties (up to 100 %) [76].
On cultivated human dermal fibroblasts, most of
LEPS treatments exhibited high potential in both
proliferation and migration of dermal fibroblasts
compared to controls.

Inflammation

Chronic inflammation is aetiology of extrinsic
aging [77]. Chronic inflammation appears strongly
linked to many preventable and treatable skin
diseases and conditions such as visible skin aging.
Mucocutaneous inflammation as the final common
pathway of many systemic and mucocutaneous
diseases including extrinsic aging has been estab-
lished at the molecular and cellular levels [77].
Hence, a convenient anti-aging strategy includes
inhibition of primary activators of mucocutaneous
inflammation such as stratum corneum permeabi-
lity barrier disruption, blocking any pro-inflam-
matory environmental insult such as ultraviolet
radiation, and quenching tissue responses to these
insults [77].

Anti-inflammatory properties of probiotics have
been shown on cell homogenates of L. rhamnosus
GG, L. rhamnosus LC705, B. animalis Bb-12, L. aci-
dophilus NCFB-L61748, L. bulgaricus ATCC11842,
S. thermophilus T101, and P. freudenreichii Sherma-
nii strain |S [78].
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Oral administration of Lactococcus lactis [79],
but also Lactobacillus acidophilus [73] in mice were
shown to decrease levels of IL-1p in the skin. The
latter was also able to decrease the levels of 1L-6
[73]. Lactobacillus reuteri BM36301 was shown to
reduce TNF-a in serum and skin of mice fed with
this probiotic [80]. Addition of L. paracasei
NCC2461 to lymphocyte culture has been shown to
strongly induce the anti-inflammatory cytokines
IL-10 and TGF-beta [81]. Similarly, mice treated
with Lactobacillus casei had an increased ability to
produce IL-10 [82].

Probiotics and skin barrier

Streptococcus thermophiles increase stratum cor-
neum ceramide levels when applied topically to the
skin, thus leading to an improvement in barrier
function and maintenance of stratum corneum
flexibility [83]. Lactobacillus plantarum KB lysates
were also shown to dramatically improve skin
barrier function [84]. A similar benefit was found
with oral administration of Bifidobacterium breve
B-3in mice irradiated with UVR [70].

Probiotics and skin hydration

Bifidobacterium fermented soy milk was able to
enhance hyaluronic acid production in cultures of
human keratinocytes and skin fibroblasts, as well as
in hairless mouse skin topically [85]. Oral Lacto-
bacillus acidophilus increased skin moisturizing in
hairless mice [73]. Oral Lactobacillus plantarum
improves skin hydratation in face and forearms of
human volunteers after 4 weeks [85, 86]. Volunteers
taking orally L. plantarum HY7714 [86] were found
to have significant increases in skin water content
in the face and hands at week 12 and TEWL
decreased significantly at weeks 4, 8 and was
suppressed at week 12 on the face and forearm.
They had a significant reduction in wrinkle depth
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K. AiA

Yuieepcumem Iynvenvmo Mapxoni, Pum, Imanis

[1p0oBIOTNKN B AEPMATOAOTI

[IpoGioTrku — 11e JKUBi MiKPOOPTaHi3aMu, SIKi 1P BBEIEHHI B a[eKBATHUX KIJIBKOCTSIX MOKYTb IIPUHECTU KOPUCTD JIJIsI
3/10poB’s Tocnoziapsi. Mu Bke 3HaEMO, 110 iX BUKOPUCTAHHS MO3UTUBHO BIJIMBAE HA KJIIOYOBI YMHHUKY B PO3BUTKY JlepMa-
TOJIOTIYHUX 3aXBOPIOBaHb, TAKUX SIK OKHCHIOBAIBHUN cTpec abo 3arnaientst. Haiibiibir momy isipHe BAKOPUCTaHHS IPO6io-
THUKIB y IepMaTOJIOTi1 BifHOCUTBCS /10 aTorivHoro aepMaTuTy (A/l). Ockisbku BjKe TPOAEMOHCTPOBAHO i IMUPOKO BU3HAHO,
1110 TIPOGIOTUKY MOKYTb JIOIIOMOITH 3HU3UTHU YacTOTY i TsKKicTb AJl y miTeil rpysHOro Biky, oTpiGHO 1ie 6araTo Aoci-
JKyBaTH HOTO KOPUCTb 11pH JiKyBaHHI A/l y HEMOBJIST/IiTEl, a TAKOXK 1 Y A0POCAUX. AHAJIOTIYHUM YUHOM OaraToobisoui
JIaHi TI0Ka3ytoTh, 1[0 HPOGIOTHKKM MOXKYTb JIONOMOITU [IPU BYIPOBiil BUCHIII, B 3arOEHHI PaH i BiJIHOBJIEHHI TKaHUH.
Ha6araTo meHIie abo HaBiTh HIYOTO He BiZOMO TIPO iX MOTEHIHIHNN eeKT IPH IHIINX 3amaJbHUX 3aXBOPIOBAHHIX, TAKUX
SIK po3ariea abo 1copias. KpiM mpogeMoHCTpoBaHOT akTHBHOCTI B rary3i poTo3axXUCTy, TPOGIOTHKH, MaOyTh, ePEKTUBHI /IS
nopyurerHst 6Gap’epHoi (hyHKII. 3 oAy Ha 0cOOIMBUIL cTaTyC MIKipH ii ZOCTYII /ISl MiCIIEBOTO HAHECEHHS TIPenaparis,
pOGIOTUKYI MOKYTh BUKOPUCTOBYBATUCS SIK CCTEMHO, TaK 1 JIOKAJIBHO.

Hopwmastizanist Mikpohiopn KullleyHIKa 3 BAKOPUCTAHHAM TIPOOIOTHKIB i pe6ioTHKIB pOOUTH TO3UTUBHUIT BIJIMB Ha JA€sAKi
NIKipHi 3aXBOPIOBAHHSI.

[Tonepeny e AoBruii i 6araToOBIUAIOUNIT MIISX [JIs1 AOCALKEHHS, epIl HisK POOIOTUKU CTaHyTh IOACHHUM PEIelITOM
B JIepMaTOJIOTi].

Mu nepebyBaeMo Ha TIOTIepeHi cTail TP BUKOPUCTaHHI TPOOIOTHKIB y AepMaToJIoTii, 1 e oTpibHo HaraTo A0CIiIKEHb.
Onroro pasy poOIOTHKY CTAHYTh YACTHHOIO JIEPMATOJIOTIYHOTO PEIleNTa.

KiouoBi cioBa: 1po6GioTuku, 1pebGioTHKY, MIKIpa, 3aajeHHs, aTOIYHUI 1epPMaTHT, CTaPiHHS IIKIPU.

K. AVA

Ynusepcumem Iynvenvmo Mapxonu, Pum, Umanus

[1POBUNOTUKM B AEPOMATOAOTUN

HpOéI/IOTI/IKI/I — 9TO JXUBbIC MI/IKpOO]Z)I‘E[HI/ISMI)Iy KOTOPI)IG HpI/I BBC/ICHUU B a/ICKBATHbBIX KOJIMYECTBAX MOI‘yT HpI/IHGCTI/I I10JIb-
3y JJIA SLIOPOB])H X03dgdu1Ha. Mbl y}KB 3HaeM, 4YTO MX HMCIIOJIb3OBaHUE ITOJIOKUTEJIbHO BJIMACT Ha KJIIOYEBbIC (baKTOpbl B pa3—
BUTHH JIEPMATOJIOTMYECKUX 3a60JIeBaHmii, TAKNX KaK OKMCIUTENbHbBII cTpecc mian Bocnasenue. Hambosee momyasiproe
WCTIOTb30BaHME TIPOOMOTHKOB B IEPMATOJOTHH OTHOCHTCS K atorndeckomy aepMatuty (AD). TTocKoIbKy yiKe TpogeMOH-
CTpI/IpOBaHO n HII/IpOKO HpV]SHaHO, qTo ]'[pO6I/IOTI/IKI/I MOT‘yT ITOMOYb CHU3UTH ‘IaCTOTy "N TAXKECTb AH y neTeﬁ T‘py[IHOT‘O
BO3PacTa, IPEACTOUT ellle MHOTOe HCCIe0BaTh OTHOCUTENIBHO €ro Mojie3HocTn pu JedeHun A/l y MiazieHieB/netei, a
TAKKE M Yy B3POCJIbIX. AHAJIOTMYHBIM 06PAa30M MHOTOOOEIIAOIIME JaHHBIE TTOKA3bIBAKOT, YTO IIPOOHMOTUKU MOTYT TIOMOYb
Ilpl/l preBOP’I CbIIIN, B 3a’KUBJICHNU paﬁ " BOCCTAaHOBJICHUU TKaHeﬁ. HaMHOFO MEHBbIIIE UJIN [[aKe HUYEro He n3BECTHO 06 nx
MOTEHITHATBHOM a(h(eKTe TPU APYTUX BOCHATUTETBHBIX 3a00JI€BaHMSIX, TAKMX KaK posaliea Win rmcopuas. I[loMumo mpo-
JIEMOHCTPUPOBAHHON aKTUBHOCTH B 06J1aCTH (hDOTO3ALINTHI, IIPOOUOTUKH, O-BUAUMOMY, 3 (EKTUBHBI 15 TPOGUIAKTUKI
U JIajKe JICYEHUsT CTaPeHNUsT KOKK U ee G0JIee YaCThIX CUMIITOMOB, TAKUX KaK II0TePs KOJLIATeHa, CyXOCTh KOKK U HapylIeHKHe
GapbepHOiTl PYHKIMU. YUUTbIBast 0COOBIN CTATYC KOXKHU, €€ IOCTYII /Il MECTHOTO HAHECEHUSI [TPENapaToB, IIPOOHOTUKI MOTYT
HMCITONIb30BAThCS KaK CUCTEMHO, TaK M JIOKAJIbHO.

HOpMaJII/IS}lI_[I/IH MI/IKpO(p]IOpI)I KUIlIeYHUKa C UCII0JIb3OBaHUEM HpO6I/IOTI/IKOB u Hpe6I/IOTI/IKOB OKa3bIBa€T IIOJIOKHUTEIIbHOE
BJIMAHNE Ha HEKOTOPbIE KOKHbBIE 3a00J1€BaHN.

MbI HaXOAMMCS Ha TIPEBAPUTEIbHO CTAZUK IPU UCIIOJIb30BAHUU IIPOOGUOTUKOB B IEPMATOJIOIUH, U €llle TPeOyeTCcst MHOTO
uccrepoBanuii. OHAKIbI TPOOUOTHKY CTAHYT YACTBIO IEPMATOJOTHYECKOTO PelerTa.

Kmouesbie ciioBa: HpO6I/IOTI/IKI/I, Hpe6I/IOTI/IKI/I, KOJ’Ka, BOCIIaJieHHue, aTONMMYECKHI JAE€PMATUT, CTaPpEHUE KOKHU.
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