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(57) Abstract: The present invention is directed to the direct application of beneticial or probiotic bacteria to the skin for maintenance of
a healthy skin microbiota and to help restore an unbalanced skin microbiota. The application is based on the use of selected Lactobacillus
strains as anti-5 pathogenic agents, in particular L. plantarum, L. pentosus and/or L. rhamnosus, against common skin pathogens,
whereby produced acids such as lactic acid are important antimicrobial factors.
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DERMATOLOGICAL PREPARATIONS FOR MAINTAINING AND/OR RESTORING
HEALTHY SKIN MICROBIOTA

FIELD OF THE INVENTION

The present invention is directed to the direct topical application of beneficial or probiotic
bacteria to the skin for maintenance of a healthy skin microbiota and to help restore an
unbalanced skin microbiota. This restoration of a healthy microbiota falls under the term
probiotherapy, defined as the use of beneficial micro-organisms or probiotics to restore a
healthy microbiota at a site where microbial dysbiosis occurs. The application is based on the
use of selected Lactobacillus strains as anti-pathogenic agents, in particular L. plantarum, L.
pentosus and/or L. rhamnosus, against common skin pathogens, whereby produced acids such

as lactic acid are important antimicrobial factors.

BACKGROUND TO THE INVENTION

Hence, it was an object of the present invention to provide a solution for subjects suffering from
skin conditions due to an aberrant microbial balance on the skin. Thereto, it was found that the
topical use of L. plantarum, L. pentosus and/or L. rhamnosus species on the skin is very
effective in restoring and/or maintaining a healthy skin microbiota, and is thus very suitable in

relieving skin conditions in subjects in need thereof.

Oral formulations comprising Lactobacillus strains have been used before in the treatment of
skin conditions like atopic dermatitis. However, oral administration versus direct topical
administration are different administration routes and each have a completely different
underlying mechanism. In oral administration, in particular a beneficial effect on the general
health via immuno-stimulation is intended, whereas by direct dermatological (skin)

administration, competition with ‘unwanted’ microorganisms occurs.

Like the gastrointestinal tract, our skin harbours a unique microbial ecosystem. The type of
micro-organisms found on the skin depends on a combination of host factors, environmental
factors but also topographical location. The role of this microbiota in skin disorders is still not
completely unravelled. However, it seems that, at least, some skin disorders are linked to a
disturbed microbiota as antimicrobial treatments can improve clinical symptoms (Grice & Segre
2011). For example, in acne vulgaris a correlation has been found with the presence of
Propionibacterium acnes (Beylot et al. 2014). Although acne vulgaris is a multifactorial condition
and is, among other factors, influenced by hormonal factors, these P. aches bacteria seem to
induce inflammation resulting in inflamed pimples also called papules or pustels. As P. acnes is
also found on a healthy skin not causing acne, this suggests that other factors are involved,
tipping the balance of the composition of the skin microbiota towards an overgrowth of this

bacteria.
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Another example of a skin disorder where the microbiota seems to be important is dandruff
(Wang et al. 2015; Sugita et al. 2015; Grice & Segre 2011). In people with dandruff, the fungus
Malassezia is often overrepresented. Indications that it is this fungus that is a possible cause of
the condition, come from the fact that antimycotic treatment improves the symptoms. In
contrast, antibacterial therapies do not improve dandruff. Again, other factors are expected to

be involved in this skin disorder but the correlation with Malassezia is intruiging.

Similarly as for dandruff, fungal skin infections with Candida albicans or dermatophytes, like
Trichophyton spp., seem to be skin disorders linked to a dysbiosis in the skin microbiota as
these species are also present on healthy subjects. In the case of Tinea pedis or ‘athlete’s foot’

overgrowth of Trichophyton rubrum or T. mentagrophytes is often observed.

The production of lactic acid in combination with possibly other antimicrobial compounds like
bacteriocins seems to give protection against aforementioned infections and dysbiotic
conditions and lactic acid seems to be active against bacterial, fungal and even viral pathogens.
It is for this reason that lactobacilli are considered to be important in the homeostasis of the
dynamical dermatological ecosystem. Potential health promoting mechanisms of lactobacilli are
i) to preserve a healthy skin pH (+/- 5.5), mainly by production of lactic acid; ii) production of
antimicrobial compounds and competitive exclusion of pathogens; iii) modulation of immune

response and iv) strengthening of the epithelial barrier.

Hence, it was an object of the present invention to provide a solution for subjects suffering from
dermatological conditions due to an aberrant microbial balance of the skin. Thereto, it was
found that the topical dermatological use of L. plantarum, L. pentosus and/or L. rhamnosus
species is very effective in restoring and/or maintaining a healthy microbiota on the skin, and is

thus very suitable in relieving dermatological conditions in subjects in need thereof.

Oral formulations comprising Lactobacillus strains have been used before in the treatment of
dermatological disorders. However, oral administration versus direct topical administration are
different administration routes and each have a completely different underlying mechanism. In
oral administration, in particular a beneficial effect on the general health via immuno-stimulation
is intended, whereas by direct administration on the skin, competition with ‘unwanted’

microorganisms occur.
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SUMMARY OF THE INVENTION

In a first aspect, the present invention provides a topical skin composition comprising one or

more live Lactobacillus species; wherein at least one of said Lactobacillus species is L.
plantarum; more in particular a L. plantarum strain having at least 97% sequence similarity with
SEQ ID N° 4 in its 16S rRNA gene.

In a further aspect, the present invention provides a live Lactobacillus species for use in
restoring and/or maintaining a healthy skin microbiota, by topical route, said Lactobacillus
species being L. plantarum; more in particular a L. plantarum strain having at least 97%
sequence similarity with SEQ ID N° 4 in its 16S rRNA gene.

In yet a further aspect, the present invention provides the use of one or more live Lactobacillus
species, in the preparation of a topical skin composition for restoring and/or maintaining a
healthy skin microbiota; wherein at least one of said Lactobacillus species is L. plantarum; more
in particular a L. plantarum strain having at least 97% sequence similarity with SEQ ID N° 4 in
its 16S rRNA gene.

The present invention also provides a method for restoring and/or maintaining a healthy skin
microbiota; comprising at least one step of administering by topical route, to an individual, an
effective amount of one or more live Lactobacillus species; wherein at least one of said
Lactobacillus species is L. plantarum; more in particular a L. plantarum strain having at least
97% sequence similarity with SEQ ID N° 4 in its 16S rRNA gene.

In yet another aspect, the present invention provides a composition comprising one or more live
Lactobacillus species for use in restoring and/or maintaining a healthy skin microbiota, by
topical route, said Lactobacillus species being selected from the list comprising L. plantarum, L.
pentosus and L. rhamnosus; more in particular a L. plantarum strain having at least 97%
sequence similarity with SEQ ID N° 4 in its 16S rRNA gene, a L. pentosus strain having at least
97% sequence similarity with SEQ ID N° 1 in its 16S rRNA gene and a L. rhamnosus strain
having at least 97% sequence similarity with SEQ ID N° 5 in its 16S rRNA gene.

The present invention further provides a Lactobacillus strain being L. rhamnosus YUN-S1.0
deposited under accession number LMG P-29611 (deposited at BCCM on May, 12 2016).

In a particular aspect, the present invention provides a composition comprising one or more

Lactobacillus strains as defined herein above.

In a particular embodiment, the composition of the present invention is a topical skin

composition, more in particular in the form of a gel, cream, foam, lotion or ointment.
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In another particular embodiment, the present invention provides the Lactobacillus strain as
defined herein above or the compositions as defined herein above; for use in restoring and/or

maintaining a healthy skin microbiota, by topical route.

In a particular aspect, the present invention provides a topical use of one or more live
Lactobacillus species in probiotherapy of the skin; wherein said Lacfobacillus species are
selected from the list comprising L. plantarum, L. pentosus and L. rhamnosus; more in
particular, said probiotherapy consists of restoring and/or maintaining a healthy skin microbiota

in a subject in need thereof,

In another particular embodiment, said Lactobacillus species in the topical uses, methods and
compositions as disclosed herein, is a Lactobacillus strain selected from the list comprising L.
plantarum YUN-V2.0 deposited under accession number LMG P-29456 (deposited at BCCM on
Mar, 09 2016), L. pentosus YUN-V1.0 deposited under accession number LMG P-29455
(deposited at BCCM on Mar, 09 2016); and L. rhamnosus YUN-51.0 deposited under accession
number LMG P-29611 (deposited at BCCM on May, 12 2016).

BRIEF DESCRIPTION OF THE DRAWINGS

With specific reference now to the figures, it is stressed that the particulars shown are by way of

example and for purposes of illustrative discussion of the different embodiments of the present
invention only. They are presented in the cause of providing what is believed to be the most
useful and readily description of the principles and conceptual aspects of the invention. In this
regard no attempt is made to show structural details of the invention in more detail than is
necessary for a fundamental understanding of the invention. The description taken with the
drawings making apparent to those skilled in the art how the several forms of the invention may

be embodied in practice.

Fig. 1: Characteristics of lactobacilli in reference to growth, production of D- and L-lactic acid

(LA) and lowering of the pH of the medium.

Fig. 2: Time course experiment for the analysis of the antipathogenic effect of spent culture
supernatant of lactobacilli against Propionibacterium acnes. Growth of the bacteria (optical
density at 600nm; Y-axis) is measured in time (X-axis). Each graph shows replicates of growth
of P. acnes. It can be clearly noted that without any addition of antibiotic or SCS, P. acnes
quickly starts to grow (NC1). Similar as when erythromycin at 50ug/ml is added, SCS of all
lactobacilli prevents growth of P. acnes while SCS of streptococci or staphylococci does not
inhibit growth. *Erythromycine (50ug/ml); #Erythromycine (5ug/ml); §Minocycline (20 pg/ml)
NC1=medium control; NC2=MRS at pH4.3; Numbers 1 to 22 = lactobacilli strains (for details
see table 1); St=Streptococcus thermophilus; Ss=Streptococcus salivarius; Se=Staphylococcus
epidermidis; T0.5=0.5% Tween 80; T1=1% Tween 80.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention is based on the discovery of specific Lactobacillus strains that can
compete with growth of Propionibacterium acnes, Candida albicans, Malassezia spp.,
Trichophyton spp. and bacteria or fungi that are linked with skin conditions like acne vulgaris,
dandruff, tinea pedis or other fungal skin infections. These selected strains are herein generally
termed “YUN” strains and are capable of competing with skin pathogens and thereby restore a
healthy skin microbiota. This restoration of a healthy microbiota falls under the term
probiotherapy, defined as the use of beneficial micro-organisms or probiotics to restore a

healthy microbiota at a site where microbial dysbiosis occurs.

Hence, in a first aspect, the present invention provides a topical skin composition comprising
one or more live Lactobacillus species; wherein at least one of said Lactobacillus species is L.
plantarum; more in particular a L. plantarum strain having at least 97% sequence similarity with
SEQ ID N° 4 in its 16S rRNA gene.

Said composition according to the present invention may comprise further Lactobacillus species
such as for example selected from the non-limiting list comprising L. pentosus, L. gasseri, L.

crispatus, L. acidophilus, L. jensenii, L. fermentum, L. rhamnosus.

In the context of the present invention, the term “topical” is meant to be the local delivery at a
specified location of the body, in particular the application to a particular place on the body. In
particular, it includes the application via non-solid formulations such as creams, foams, gels,
lotions or ointments. The term “topical” is not meant to include the delivery in the form of solid

preparations such as capsules, tablets, ...

Hence, the term “topical skin” is meant to include the local delivery using non-solid formulations
directly onto the skin of the body. Preferably, the compositions according to the present

invention are applied over a large area of the skin in order to be most effective.

In the context of the present invention the term “live Lactobacillus species” is meant to be viable
Lactobacillus species, and is not meant to be fragments, culture supernatants, or killed forms

thereof.

In a further aspect, the present invention provides a live Lactobacillus species for use in
probiotherapy of the skin, by topical route, said Lactobacillus species being L. plantarum; more
in particular a L. plantarum strain having at least 97% sequence similarity with SEQ ID N° 4 in
its 16S rRNA gene. As already defined herein above, said probiotherapy is meant to be the

restoration and/or maintainance of a healthy skin microbiota in a subject in need thereof.
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Subjects that may benefit from such probiotherapy are for example people/persons with a skin
conditions linked to a disturbed skin microbiota possibly due to bacterial or yeast infections
and/or any dysbiosis caused by overgrowth of specific pathogenic micro-organisms, like acne

vulgaris, tinea pedis, dandruff, rosaceae, impetigo,...

Hence, in a further aspect, the present invention provides the use of one or more live
Lactobacillus species, in the preparation of a topical skin composition for restoring and/or
maintaining a healthy skin microbiota; wherein at least one of said Lactobacillus species is L.
plantarum; more in particular a L. plantarum strain having at least 97% sequence similarity with
SEQ ID N° 4 in its 16S rRNA gene.

The present invention also provides a method for restoring and/or maintaining a healthy skin
microbiota; comprising at least one step of administering by topical route, to an individual, an
effective amount of one or more live Lactobacillus species; wherein at least one of said
Lactobacillus species is L. plantarum; more in particular a L. plantarum strain having at least
97% sequence similarity with SEQ ID N° 4 in its 16S rRNA gene.

In yet another aspect, the present invention provides a composition comprising one or more live
Lactobacillus species for use in restoring and/or maintaining a healthy skin microbiota, by
topical route, said Lactobacillus species being selected from the list comprising L. plantarum, L.
pentosus and L. rhamnosus; more in particular a L. plantarum strain having at least 97%
sequence similarity with SEQ ID N° 4 in its 16S rRNA gene; a L. pentosus strain having at least
97% sequence similarity with SEQ ID N° 1 in its 16S rRNA gene and a L. rhamnosus strain
having at least 97% sequence similarity with SEQ ID N° 5 in its 16S rRNA gene.

The present invention further provides a Lactobacillus strain selected from the list comprising L.
pentosus YUN-V1.0 deposited under accession number LMG P-29455 (deposited at BCCM on
Mar, 09 2016); L. plantarum YUN-V2.0 deposited under accession number LMG P-29456
(deposited at BCCM on Mar, 09 2016); and L. rhamnosus YUN-51.0 deposited under accession
number LMG P-29611 (deposited at BCCM on May, 12 2016)

The microbiological deposits mentioned herein, have been made with the BCCM/LMG Bacteria
collection (“Belgian co-ordinated collections of micro-organism”) with correspondence address:
Laboratorium voor Microbiologie, Universiteit Gent, K.L. Ledeganckstraat 35 — 9000 Gent,

Belgium

Lactobacillus pentosus YUN-V1.0 is a single colony isolate obtained in our lab after subculturing
of a strain, that was originally a vaginal isolate of healthy woman. The 16S rRNA gene
sequence (SEQ ID N° 1) for strain L. pentosus YUN-V1.0 was determined by PCR using
primers 8F (5-AGAGTTTGATCCTGGCTCAG-3' — SEQ ID N° 2) and 1525R (5'-
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AAGGAGGTGATCCAGCCGCA-3' — SEQ ID N° 3).

YUN-V2.0 and YUN-V3.0 are single colony isolates obtained in our lab after subculturing of
Lactobacillus plantarum strains that were originally isolated from human saliva and a maize
silage respectively. The 16S rRNA gene sequence (SEQ ID N° 4) for strain L. plantarum YUN-
V2.0 was determined by PCR using primers 8F (5-AGAGTTTGATCCTGGCTCAG-3' — SEQ ID
N° 2) and 1525R (5’-AAGGAGGTGATCCAGCCGCA-3' — SEQ ID N° 3).

YUN-S1.0 is a single colony isolate obtained in our lab after subculturing of a Lactobacillus
rhamnosus strain that was originally isolated from a healthy person. The 16S rRNA gene
sequence (SEQ ID N° 5) for strain L. rhamnosus YUN-S1.0 was determined by PCR using
primers 8F (5-AGAGTTTGATCCTGGCTCAG-3' - SEQ ID N° 2) and 1525R (5'-
AAGGAGGTGATCCAGCCGCA-3' — SEQ ID N° 3).

These particular “YUN” strains can either be used as such, or are preferably formulated in a
composition comprising such strains. Said compositions are topical skin compositions more in
particular in the form of non-solid formulations such as creams, foams, gels, lotions or

ointments.

In particular, the present invention provides the above defined “YUN” strains for use in

probiotherapy of the skin, i.e. for restoring and/or maintaining a healthy skin microbiota.

In yet a further aspect, the present invention provides a topical use of one or more live
Lactobacillus species in probiotherapy of the skin; wherein said Lacfobacillus species are
selected from the list comprising L. plantarum, L. pentosus and L. rhamnosus; more in
particular, said probiotherapy consists of restoring and/or maintaining a healthy skin microbiota

in a subject in need thereof,

In a specific embodiment, the Lactobacillus species in the topical uses, methods and
compositions as disclosed herein, is a Lactobacillus strain selected from the list comprising L.
plantarum YUN-V2.0 deposited under accession number LMG P-29456 (deposited at BCCM on
Mar, 09 2016); L. pentosus YUN-V1.0 deposited under accession number LMG P-29455
(deposited at BCCM on Mar, 09 2016); and L. rhamnosus YUN-51.0 deposited under accession
number LMG P-29611 (deposited at BCCM on May, 12 2016).
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Bacterial strains and growth conditions

Lactobacillus strains (Table 1) were grown at 37°C in de Man, Rogosa and Sharpe (MRS)

medium (Carl Roth). All bacteria were grown in non-shaking conditions and inoculated from

glycerol stocks (-80°C). Solid media contained 1.5% (w/v) agar.

Table 1: Bacterial strains used in this research

Species # Strain Relevant genotype or description Reference
and/or Source
LACTOBACILLI
Lactobacillus |1 | ATCC334 Single colony isolate obtained in our lab | ATCC
casei from a stock culture of ATCC334
Lactobacillus | 2 | DN-114001 | Single colony isolate obtained in our lab | Commercial
casei from a commercially available fermented | probiotic product
drink (Actimel®) containing L. casei DN-
114001, confirmed by sequencing
Lactobacillus | 3 | Shirota Single colony isolate obtained in our lab | Commercial
casei from a commercially available fermented | probiotic product
drink containing L. casei Shirota
(Yakult®), confirmed by sequencing
Lactobacillus | 4 | YUN-V1.0 Single colony isolate
pentosus
Lactobacillus | 5 | LMG1284 Single colony isolate from L. plantarum | ATCC
plantarum ATCC8014 or LMG1284
Lactobacillus | 6 | RC-14 Single colony isolate obtained in our lab | Commercial
reuteri from a commercially available probiotic | probiotic product
supplement containing L. reuteri RC-14,
confirmed by sequencing
Lactobacillus | 7 | YUN-51.0 Clinical isolate
rhamnosus
Lactobacillus (12 | GR-1 Single colony isolate obtained in our lab | (Chan et al.
rhamnosus from a commercially available probiotic | 1984; 1985;
supplement containing L. rhamnosus GR- | Reid 1999; Reid
1 & Bruce 2001),
ATCC
Lactobacillus {14 | AMB-2 single colony isolate Commercial
helveticus probiotic product
Lactobacillus {15 | YUN-V2.0 Single colony isolate
plantarum
Lactobacillus (16 | 5057 Single colony isolate
plantarum
Lactobacillus (17 | LMG12586 | Single colony isolate obtained in our lab | BCCM/LMG
paracasei from a stock culture of LMG12586
Lactobacillus (22 / Single colony isolate
plantarum
Lactobacillus |25 | LMG8041 Single colony isolate BCCM/LMG

pentosus
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PATHOGENS

Trichophyton 2 / Clinical isolate BCCM/LMG

rubrum

Malassezia / Clinical isolate BCCM/LMG

furfur

Candida / Clinical isolate

albicans

Preparation of spent culture supernatant (SCS) of selected strains

To obtain spent culture supernatant (SCS) containing the secreted active antimicrobial
products, growth medium specific for each species was inoculated from a preculture and
incubated for 24h. SCS was obtained by centrifugation for 30 min. at 6797 g (8000 rpm) at 4°C.
Afterwards, the SCS was filter sterilized (0.20 um cellulose acetate, VWR).

Antimicrobial activity assays for co-cultures of live lactobacilli against Malassezia furfur,
Trichophyton rubrum, Propionibacterium acnes and Candida albican.

The antimicrobial activity of the selected bacteria was explored by standard antimicrobial tests
with some minor modifications. The antimicrobial activity of the selected bacteria was explored
by spot assay (Schillinger and Liicke 1989). Briefly, 1-3 yL of each culture was spotted on an
agar plate. These plates were incubated for 24h up to 72h depending on the strain. Next, an
overnight culture of the pathogen was diluted into 7 mL of soft agar of the medium of the
pathogen and poured over the plates with the spots of the selected strains. The plates were
incubated overnight at 30-37°C, after which the inhibition zones were measured. A spot of
miconazole (for fungi) and/or 0.1% hexetidine and/or tetracycline (for Propionibacterium acnes)

was added to the spot plate as positive control before the soft agar was poured.

Radial diffusion test of SCS of lactobacilli

In addition, the antimicrobial activity of spent culture supernatant (SCS) was investigated with a
protocol as previously described for the competition assays between lactobacilli and gastro-
intestinal pathogens (Coconnier et al. 1997). Miconazol (for fungi) and tetracycline (for
Propionibacterium acnes) was used as a positive control. Sterile growth medium was used as a

negative control.

Time course analysis of the antimicrobial activity of SCS of the selected strains against
Candida, Propionibacterium acnes, Malassezia furfur and Trichophyton spp (further
referred to as ‘pathogens’).

The time course analysis was performed similarly as described previously (De Keersmaecker et
al. 2006) with minor modifications. Briefly, an overnight culture of the pathogen was added to
the wells of a microplate filled with 50-80% the proper medium supplemented with 50-5% SCS
of lactobacilli. MRS at pH 4,3 and antibiotics or antimycotics at the proper concentration were
used as a negative and a positive control, respectively. Bacteria or fungi were grown and the

optical density (OD) was measured at 590 nm each 30 min during 3 days using a Synergy HTX
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multi-mode reader (Biotek). Each test was measured at least in triplicate and the average OD
was calculated. The antimicrobial activity was expressed as the relative optical density reached

after 24h (stationary phase) compared to the negative controls.

Antibiotic susceptibility

Antibiotic sensitivity was evaluated using the Kirby-Bauer disc diffusion test. In short, antibiotics
were spotted on paper discs and the bacterial inhibition zone was measured on agar plates.
The antibiotics tested were erythromycin, normocin, tetracyclin, ampicillin and clindamycin at

relevant concentrations.

Proof-of-concept human clinical trial in patients with acne vulgaris

A proof-of-concept clinical trial was performed on 20 patients with acne vulgaris. Patients were
men between 12-25 years with mild inflammatory acne. The aim of this proof-of-concept trial
was to assess the impact of a topical probiotic cream (containing +-10-8 colony forming units
(CFU) of L. pentosus YUN-V1.0, +-10-8 CFU of L. plantarum YUN-V2.0 and +-10-8 CFU L.
rhamnosus YUN-S1.0 per application of 1g of the topical cream ACN) on the skin microbiota
and on the acne severity. Patients were asked to apply the cream twice daily for 56 days (8
weeks). The patients were seen by a dermatologist at start (before the therapy), week 4, week 8
and week 10. A skin swab was taken at each visit. Bacterial DNA was isolated from these
samples by the commercial MoBio Powersoil kit (cfr. Human Microbiome Project). Isolated DNA
was analysed via 16S rRNA amplicon sequencing with MiSeq lllumina and a bio-informatical
analysis was performed. Moreover, a clinical scoring was performed and a photograph taken at
each visit.

Proof-of-concept human clinical trial in patients with tinea pedis (Athlete’s foot)

A proof-of-concept clinical trial was performed on 20 patients with tinea pedis. Patients were
between 18-65 years having tinea pedis. The aim of this proof-of-concept trial was to assess the
impact of a topical probiotic cream (containing +-10-8 colony forming units (CFU) of L. pentosus
YUN-V1.0, +-10-8 CFU of L. plantarum YUN-V2.0 and +-10-8 CFU L. rhamnosus YUN-51.0 per
application of 1g of of the topical cream FNG) on the skin microbiota and on the Trichophyton
infection. Patients were asked to apply the cream twice daily for 56 days (8 weeks). The
patients were seen by a dermatologist at start (before the therapy), week 4, week 8 and week
10. A skin swab was taken at each visit. Bacterial DNA was isolated from these samples by the
commercial MoBio Powersoil kit (cfr. Human Microbiome Project). Isolated DNA was analysed
via 16S rRNA amplicon sequencing with MiSeq lllumina and a bio-informatical analysis was
performed. For analysis of the presence of the fungi, swabs were also plated out on
Trichophyton specific medium (medium suggested by BCCM). Colony PCR using universal ITS
(‘internal transcribed region’) primers ITS1 (SEQ ID N°6) (5-TCCGTAGGTGAACCTGCGG-3')
and ITS4 (SEQ ID N° 7) (5-TCCTCCGCTTATTGATATGC-3') followed by sequencing was
performed to identify the fungi. Moreover, a clinical scoring was performed and a photograph

taken at each visit.
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RESULTS

Growth characteristics and lactate production

Possible beneficial or probiotic strains were characterized in terms of growth characteristics,
lactate production and ability of lowering of the pH of the medium. These characteristics are
expected to be important for the antipathogenic activity. These data show that Lactobacillus
pentosus YUN-V1.0 and L. plantarum YUN-V2.0 and L. rhamnosus YUN-S1.0 produce the

highest amount of lactic acid (Fig 1).

Antipathogenic activity against Propionibacterium acnes

Time course experiments were performed analyzing the antimicrobial activity of spent culture
supernatant (SCS) of the selected strains against Propionibacterium acnes. SCS of all tested
strains inhibited the growth of Propionibacterium acnes while SCS of other bacterial species like
Streptococcus thermophilus and S. salivarius, both also lactic acid bacteria, and Staphyloccus
epidermidis did not inhibit growth of P. acnes. This suggests species and perhaps strain specific
properties of the selected lactobacilli to be important for the antipathogenic activity against P.

acnes (Fig 2).

Antipathogenic activity against Malassezia, Trichophyton and Candida
In a next phase, the beneficial or probiotic bacteria were screened for their antipathogenic effect
against specific skin pathogens. The results of a spot assays against Malassezia furfur,

Trichophyton rubrum and Candida albicans are shown in table 1, 2 and 3 respectively.

Table 1: Spot assay of selected lactobacilli against Malassezia furfur.

Malassezia furfur

Strain Exp 2

*three independent repeats are shown
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Table 2: Spot assay of selected lactobacilli against Trichophyton rubrum.

Trichophyton rubrum
Strain Exp 1 Exp 2 Exp 3

*three independent repeats are shown

Table 3: Radial diffusion assay of selected lactobacilli against Candida albicans.

Candida albicans
Strain Exp 1 Exp 2 Exp 3

*three independent repeats are shown

Spent culture supernatant from L. pentosus YUN-V1.0 and L. plantarum YUN-V2.0 was also
tested in radial diffusion assays and demonstrated to be efficient in inhibiting Malassezia,
Trichophyton and Candida growth. L. rhamnosus YUN-S1.0 was not as efficient in inhibiting

growth of Malassizia but was able to inhibit growth of Trichophyton and Candida.
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Antibiotic susceptibility

The selected bacteria were also tested for their antibiotic susceptibility as to prevent spreading

of antibiotic resistance genes. All lactobacilli were susceptible to erythromycin, normocin,
5 tetracyclin, ampicillin and clindamycin, except for L. plantarum 5057, which was susceptible to

tetracyclin. For this reason, strain L. plantarum 5057 was found not to be suitable to use as a

strain for probiotherapy.
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<120> DERMATOLOGICAL PREPARATIONS FOR MAINTAINING AND/OR RESTORING HEALTHY

SKIN MICROBIOTA

<130>

<150>
<151>

<170>

<210> 1

1406
RNA

<211>
<212>
<213>
<223>

<400> 1

cttaggcggce
gtgtgacggg
attactagcg
gctttaagag
cgtgtgtagce
tttgtcaccg
tgcgectegtt
cacctgtatc
gacctggtaa
gccccegtca
atgcgttagce
ggtatggact
agttacagac
ccgctacaca
cttectteggt
acgcccaata
gttagccgtg
tcttctttaa
catcagactt
cgtgtctcag
gtgagccgtt
aagccatctt
tccaggtgtt

tcactcaaat

2016-

YUN-002

BE2016/5454

06-21

BiSSAP 1.3.6

tggttcctaa
cggtgtgtac
attccgactt
attagcttac
ccaggtcata
gcagtctcac
gcgggactta
catgtcceeg
ggttcttege
attcctttga
tgcagcactg
accagggtat
cagacagccg
tggagttcca
tgagccgaag
aatccggaca
getttetggt
caacagagtt
tcgteccattyg
tcccaatgtyg
accccaccat
tcaaactcgg
atccceeget

gtaaatcatg

Lactobacillus pentosus

16S rRNA sequence

aaggttaccc
aaggcccggy
catgtaggceg
tctcgegagt
aggggcatga
cagagtgccc
acccaacatc
aagggaacgt
gtagcttcga
gtttcagcct
aagggcggaa
ctaatcctgt
ccttegecac
ctgtcetett
gctttcacat
acgcttgcca
taaataccgt
ttacgagccg
tggaagattc
gccgattacc
ctagctaata
accatgcggt
tctgggcagy

atgcaa

caccgacttt
aacgtattca
agttgcagcc
tcgcaacteg
tgatttgacg
aacttaatgc
tcacgacacg
ctaatctctt
attaaaccac
tgcggecgta
accctccaac
ttgctaccca
tggtgttett
ctgcactcaa
cagacttaaa
cctacgtatt
caatacctga
aaacccttct
cctactgetyg
ctctecaggte
cgccgeggga
ccaagttgtt
tttceccacgt

gggtgttaca
ccgeggeatg
tacaatccga
ttgtaccatc
tcatccceac
tggcaactga
agctgacgac
agatttgcat
atgctccacc
ctcececagge
acttagcatt
tactttcgag
ccatatatct
gtttccecagt
aaaccgcctyg
accgcggetyg
acagttactc
tcactcacgc
ccteceegtag
ggctacgtat
ccatccagaa
atgcggtatt

gttactcacc

aactctcatg
ctgatccgeg
actgagaatg
cattgtagca
cttcecteegg
taataagggt
aaccatgcac
agtatgtcaa
gettgtgegy
ggaatgctta
catcgtttac
cctcagegte
acgcatttca
ttccgatgea
cgctegettt
ctggcacgta
tcagatatgt
ggcgttgete
gagtttggge
cattgccatg
gtgatagccg
agcatctgtt

agttcgccac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1406
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<210> 2
<211> 20
<212> DNA
<213>

<223>

<400> 2
agagtttgat

<210> 3
<211> 20
<212> DNA
<213>

<223>

<400> 3
aaggaggtga

<210> 4
1425
RNA

<211>
<212>
<213>
<223>

<400> 4

ggttcctaaa
ggtgtgtaca
ttccgactte
ttagcttact
caggtcataa
cagtctcacc
cgggacttaa
atgtccccga
gttcttcgeg
ttcectttgag
gcagcactga
ccagggtatc
agacagccgc
ggagttccac
gagccgaagg
atccggacaa
ctttctggtt
aacagagttt

Primer 8F

cctggcteag

Primer 1525R

tccagccgea

16S rRNA

aggttacccc
aggcccggga
atgtaggcga
ctcgegagtt
ggggcatgat
agagtgccca
cccaacatct
agggaacgtc
tagcttcgaa
tttcagectt
agggcggaaa
taatcctgtt
cttcgecact
tgtcctette
ctttcacatc
cgcttgecac
aaataccgtc

tacgagccga

Artificial Seqguence

Artificial Seqguence

Lactobacillus plantarum

accgactttg
acgtattcac
gttgcagect
cgcaactcegt
gatttgacgt
acttaatgct
cacgacacga
taatctctta
ttaaaccaca
gcggecgtac
ccctccaaca
tgctacccat
ggtgttette
tgcactcaag
agacttaaaa
ctacgtatta
aatacctgaa

aacccttcett

-16 -

ggtgttacaa
cgcggeatge
acaatccgaa
tgtaccatcc
catccccacce
ggcaactgat
gctgacgaca
gatttgcata
tgctccaccyg
tcccecaggeg
cttagcattc
actttcgage
catatatcta
tttcccagtt
aaccgcctge
ccgcggetge
cagttactct

cactcacgcg

actctcatgg
tgatccgega
ctgagaatgg
attgtagcac
ttccteeggt
aataagggtt
accatgcacc
gtatgtcaag
cttgtgcggg
gaatgcttaa
atcgtttacg
ctcagcgtca
cgcatttcac
tccgatgeac
gctecgettta
tggcacgtag
cagatatgtt
gcgttgetee

PCT/EP2017/065006
20
20
tgtgacgggc 60
ttactagcga 120
ctttaagaga 180
gtgtgtagcc 240
ttgtcaccgg 300
gcgctcegttg 360
acctgtatcc 420
acctggtaag 480
ccceccgtceaa 540
tgcgttaget 600
gtatggacta 660
gttacagacc 720
cgctacacat 780
ttctteggtt 840
cgcccaataa 900
ttagccgtgg 960
cttctttaac 1020
atcagacttt 1080
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cgtccattgt
cccaatgtgg
ccccaccate
caagctcgga
tcceeegett

taaatcatga

<210> b
<211> 1403
<212> RNA
<213>

<223>

<400> b

gtcgacgagt
ggacgggtga
atgctaatac
atcgettttyg
caatgatacg
aactcctacg
acgccgegtyg
cggcagagta
gccagcagec
gagcgcagge
cggaaactygg
tgcgtagata
tgaggctcga
cgatgaatge
attccgectyg
caageggtyg
atcttttgat
tggttgtegt
tatgactagt
ggaaggtggg
caatggatgg
tcagttcgga
atcagcacge

gagtttgtaa

ggaagattcc
ccgattacce
tagctaatac
ccatgeggte
ctgggecaggt

tgcaagcacc

16S rRNA

tctgattatt
gtaacacgtg
cgcataaatc
gatggacccg
tagccgaact
ggaggcagcea
agtgaagaag
actgttgteg
gcggtaatac
ggttttttaa
gaaacttgag
tatggaagaa
aagcatgggt
taggtgttygg
gggagtacga
agcatgtggt
cacctgagag
cagctcegtgt
tgccagcatt
gatgacgtca
tacaacgagt
ctgtaggctyg
cgcggtgaat

cacccgaage

ctactgctge
tctcaggteg
gccgcgggac
caagttgtta
ttccecacgtyg

aatcaatacc

Lactobacillugs rhamnosus

gaaaggtgct
ggtaacctgce
caagaaccgc
cggcgtatta
gagaggttga
gtagggaatc
gctttegggt
gcgtgacggt
gtaggtggea
gtctgatgtg
tgcagaagag
caccagtgge
agcgaacagg
agggtttcecg
ccgcaaggtt
ttaattcgaa
atcaggtttc
cgtgagatgt
tagttgggca
aatcatcatg
tgcgagaccg
caactcgect

acgttccegg
Ccgg

-17 -

ctcecegtagg
gctacgtatce
catccaaaag
tgcggtatta
ttactcacca

agagttcgtt

tgcatcttga
ccttaagtgg
atggttettyg
gctagttggt
tcggecacat
ttccacaatg
cgtaaaactc
atccaaccag
agcgttatcc
aaagcccteg
gacagtggaa
gaaggcggcet
attagatacc
cccttecagtyg
gaaactcaaa
gcaacgcgaa
cccttegggg
tgggttaagt
ctctagtaag
ccecttatga
cgaggtcaag
acacgaagtc

gcettgtaca

agtttgggec
attgccatgg
tgatagccga
gcatctgttt
gttcgeccact

cgact

tttaattttg
gggataacat
gctgaaagat
gaggtaacqgg
tgggactgag
gacgcaagtc
tgttgttgga
aaagccacygg
ggatttattg
gcttaaccga
ctcecatgtgt
gtctggtetyg
ctggtagtcc
ccgcagctaa
ggaattgacg
gaaccttacc
gcaaaatgac
cccgcaacga
actgccggtyg
cctgggcetac
ctaatctctt
ggaatcgcta

caccgcceegt

PCT/EP2017/065006
gtgtctcagt 1140
tgagccgtta 1200
agccatcttt 1260
ccaggtgtta 1320
cactcaaatg 1380

1425
aacgagtggc 60
ttggaaacag 120
ggcgtaagct 180
ctcaccaagg 240
acacggccca 300
tgatggagca 360
gaagaatggt 420
ctaactacgt 480
ggcgtaaagce 540
ggaagtgcat 600
agcggtgaaa 660
taactgacgc 720
atgccgtaaa 780
cgcattaagc 840
ggggcccgca 900
aggtcttgac 960
aggtggtgca 1020
gcgcaaccct 1080
acaaaccgga 1140
acacgtgcta 1200
aaagccattc 1260
gtaatcgcgg 1320
cacaccatga 1380

1403
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<210> ©

<211> 19

<212> DNA

<213> Artificial Sequence

<223> Primer Seguence

<400> ©
tccgtaggtyg aacctgegg

<210> 7

<211> 20

<212> DNA

<213> Artificial Sequence

<223> Primer Seguence

<400> 7
tcctecgett attgatatge

-18 -
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A topical dermatological composition comprising one or more live Lactobacillus
species; wherein at least one of said Lactobacillus species is a L. plantarum strain

having at least 97% sequence similarity with SEQ ID N° 4 in its 16S rRNA gene.

A live Lactobacillus species for use in restoring and/or maintaining a healthy skin
microbiota, by topical route, said Lactobacillus species being a L. plantarum strain

having at least 97% sequence similarity with SEQ ID N° 4 in its 16S rRNA gene.

Use of one or more live Lactobacillus species, in the preparation of a topical
dermatological composition for restoring and/or maintaining a healthy skin microbiota;
wherein at least one of said Lactobacillus species is a L. plantarum strain having at
least 97% sequence similarity with SEQ ID N° 4 in its 16S rRNA gene.

Method for restoring and/or maintaining a healthy skin microbiota; comprising at least
one step of administering by topical route, to an individual, an effective amount of one
or more live Lactobacillus species; wherein at least one of said Lacfobacillus species
is a L. plantarum strain having at least 97% sequence similarity with SEQ ID N° 4 in its
16S rRNA gene.

A composition comprising one or more live Lactobacillus species for use in restoring
and/or maintaining a healthy skin microbiota, by topical route, said Lactobacillus
species being selected from the list comprising L. plantarum, L. pentosus and L.
rhamnosus; wherein said L. plantarum is a L. plantarum strain having at least 97%
sequence similarity with SEQ ID N° 4 in its 16S rRNA gene, said L. pentosus is a L.
pentosus strain having at least 97% sequence similarity with SEQ ID N° 1 in its 16S
rRNA gene, and said L. rhamnosus is a L. rhamnosus strain having at least 97%
sequence similarity with SEQ ID N° 5 in its 16S rRNA gene.

A Lactobacillus strain being L. rhamnosus YUN-S1.0 deposited under accession
number LMG P-29611 (deposited at BCCM on May, 12 2016.

A composition comprising a Lactobacillus strain as defined in claim 6.

The composition as defined in claim 7; wherein said composition is a topical skin

composition.

The use according to claim 3, or the composition according to anyone of claims 1, 5, 7

or 8 wherein said composition is a topical skin composition in the form of a gel, cream,



WO 2017/220525

10

15

20

10.

1.

12.

13.

PCT/EP2017/065006
22

ovule, suppository forms, foam, lotion, or ointment.

A Lactobacillus strain as defined in claim 6 or a composition as defined in any one of
claims 7 or 8; for use in restoring and/or maintaining a healthy skin microbiota, by

topical route.

Topical use of one or more live Lactobacillus species in probiotherapy of the skin;
wherein said Lactobacillus species are selected from the list comprising L. plantarum,

L. pentosus and L. rhamnosus.

Topical use according to claim 11; wherein said probiotherapy consists of restoring

and/or maintaining a healthy skin microbiota in a subject in need thereof.

Topical use as defined in anyone of claims 11 or 12, the use as defined in claim 3, the
method as defined in claim 4, the live Lacfobacillus species as defined in claim 2, or
the composition as defined in claim 5; wherein said Lacfobacillus species is a
Lactobacillus strain selected from the list comprising L. plantarum YUN-V2.0
deposited under accession number LMG P-29456; L. pentosus YUN-V1.0 deposited
under accession number LMG P-29455; and L. rhamnosus YUN-S1.0 deposited under
accession humber LMG P-29611.
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KIM SUNG OK [KR]) 6 July 2015 (2015-07-06)
claim 4
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claims 1-15
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Box No.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:' Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. I:' Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:' As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-4(completely); 5, 9, 11-13(partially)

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-4(completely); 5, 9, 11-13(partially)

Claims relating to Lactobacillus plantarum: Topical use of
Lactobacillus plantarum in probiotherapy of the skin (claim
11). Topical dermatological composition comprising
lactobacillus plantarum and corresponding uses.

2. claims: 5, 9, 11-13(all partially)

Claims relating to Lactobacillus pentosus: Topical use of
Lactobacillus pentosus in probiotherapy of the skin (claim
11). Topical dermatological composition comprising
lactobacillus pentosus and corresponding uses.

3. claims: 6-8, 10(completely); 5, 9, 11-13(partially)

Claims relating to Lactobacillus rhamnosus: Topical use of
Lactobacillus rhamnosus in probiotherapy of the skin (claim
11). Strain YUN-S1.0 (claim 6) and its use in restoring or
maintaining healthy skin.
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EP 2149368 Al 03-02-2010
US 2011014248 Al 20-01-2011
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EP 1736537 Al 27-12-2006
EP 1893744 A2 05-03-2008
EP 1995307 Al 26-11-2008
JP 5495559 B2 21-05-2014
JP 5826241 B2 02-12-2015
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JP 2012070745 A 12-04-2012
JP 2014057600 A 03-04-2014
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US 2017202889 Al 20-07-2017
WO 2006136420 A2 28-12-2006

WO 2013188626 A2 19-12-2013  NONE

EP 2332521 Al 15-06-2011 BR 112012013720 A2 04-04-2017
CN 102762194 A 31-10-2012
EP 2332521 Al 15-06-2011
EP 2509581 Al 17-10-2012
FR 2953407 Al 10-06-2011
JP 2013512947 A 18-04-2013
KR 20120116429 A 22-10-2012
SG 181510 Al 30-07-2012
US 2012294841 Al 22-11-2012
WO 2011070509 Al 16-06-2011

KR 20120089530 A 13-08-2012  NONE

KR 20150075447 A 06-07-2015  NONE

WO 2016023688 Al 18-02-2016  CN 106573023 A 19-04-2017
EP 3180012 Al 21-06-2017
US 2017224750 Al 10-08-2017
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