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Background: We speculated that an emollient supplemented with a biomass of nonpathogenic
bacteria such as Vitreoscilla filiformis (Vf), grown in a medium containing thermal spring water
(LRP-TSW); (LRP-Vitreoscilla filiformis biomass [LRP-VFB]), could have a beneficial effect
for patients with atopic dermatitis (AD).

Patients and methods: This double-blind, randomized, comparative study was conducted
with 60 patients with moderate AD. Before starting the study, participants were pretreated for
15 days with drug therapy to improve their SCORing Atopic Dermatitis (SCORAD) by at least
25%. On Day 1, the eligible patients were randomized to either the emollient containing LRP-
VFB associated with mannose (Product A) or another emollient (product B) and were treated
twice daily for 1 month. Recurrence of flare-ups and microbial communities were character-
ized from swabs taken at Day 1 and Day 28, under axenic conditions, from affected (AF) and
proximal unaffected (UAF) skin areas.

Results: At Day 1, the average SCORAD of each group and the microbial communities of AF
and UAF areas for each participant were similar. One month after the end of the therapeutic
treatment (Day 28), the average evolution of SCORAD at Day 28 compared to Day 1 of patients
treated with product A was significantly lower than that of the patients treated with product B.
A significantly increased level of Xanthomonas genus was noticed in the group treated with
product A (versus product B). On the other hand, the level of Staphylococcus genus increased
between Day 1 and Day 28 in the group treated with product B, but not in the group treated
with product A. Interestingly, these differences were more pronounced for patients in relapse,
and the associated SCORAD worsening was less in the group treated with product A versus
the group treated with product B.

Conclusion: This study demonstrated that a specific emollient containing a biomass of non-
pathogenic bacteria Vf grown in a medium containing TSW and associated with a selected carbon
source is able to normalize skin microbiota and significantly reduce the number and severity of
flare-ups compared with another emollient.

Keywords: skin microbiota, atopic dermatitis, emollient, Vitreoscilla filiformis, thermal spring

water, Xanthomonas genus

Introduction

Changes in the composition of microbial communities that colonize skin have been
linked to several dermatological diseases, in particular atopic dermatitis (AD)."?
Staphylococci colonization or infection has been associated with this pathol-
ogy. It has been described that the proportion of Staphylococcus sequences, par-
ticularly Staphylococcus aureus, is greater during disease flares than at baseline or
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post-treatment.> However, the change in the bacterial com-
munities associated with AD and their responses to therapy
remain poorly understood.

We previously demonstrated that bacterial communities
vary between closest affected (AF) or lesional and unaffected
(UAF) or non-lesional skin from the same individual, thus
providing a deeper insight into the bacterial communities
involved in the skin dysbiosis associated with AD.* We con-
firmed that staphylococci and a lower microbial diversity
dominate lesional skin compared with adjacent UAF skin.>*
We also showed that applying an emollient can return the
compositional balance of an AF area to a state similar to that
of a nearby UAF area.* Last, but not the least, the propor-
tion of a bacterial family such as Xanthomonadaceae with
a keratolytic activity, which is naturally present on the skin,
increased due to better access to keratin, which is favorable
to their growth.*?

Numerous clinical trials have attempted to demonstrate
that supplementation with preventive probiotics (living non-
pathogenic bacteria) has an action on the initial development
and/or flares and severity of AD, but the results have been
controversial.* ! However, applying prebiotics (ie, nonliving
extracts from nonpathogenic bacteria) onto the skin, as it has
been reported for some acute intestinal diseases and based on
previous publications,'? ' has been suggested as an interest-
ing therapeutic approach to modulate or balance the immune
system and manipulate the different populations of the cuta-
neous microbiota." This hypothesis was based on results from
in vitro, animal and clinical studies. An in vitro model on
a reconstructed epidermis revealed that, surprisingly, lysate
from the Gram-negative bacterium, Vitreoscilla filiformis
(V)), stimulated the B-defensin production and other innate
immune defense mechanisms through activation of toll-like
receptor 2 (TLR2)." A mouse model of AD revealed that the
Vf lysate is able to reduce clinical inflammatory symptoms
and the inflammatory reaction to an allergen when it was
applied, suggesting a significant modulation of the immune
response.'® In addition, a randomized trial demonstrated that
the severity of AD significantly improved by using a formula
containing Vflysate.'?

Therefore, we speculated that an emollient supplemented
with a biomass of Vf'grown in a medium containing La Roche-
Posay (LRP) selenium-rich thermal spring water (TSW;
LRP-Vitreoscilla filiformis biomass [LRP-VFB]) could have
a clinical value in the management of AD. Furthermore, we
associated a specific carbon source, mannose, with LRP-VFB
to promote the growth of members of Xanthomonadaceae
family. This sugar used in laboratory culture medium has

been shown to boost the growth of this bacterial family unlike
other families such as Staphylococcaceae, Streptococcaceae,
Corynebacteriaceae, and Propionibacteriaceae.'®

Patients and methods

Ethics statement

This study protocol complied with the ethical guidelines
of the 1975 Declaration of Helsinki, was approved by the
DOST ethical committee and was conducted according to
ICH Guidelines for Good Clinical Practice. Written informed
consent and photography consent were obtained from each
subject before enrollment.

Emollients

The emollient A (product A) was a lipophilic cream contain-
ing 20% shea butter, 4% niacinamide, LRP thermal spring
water (LRP-TSW), mannose, and a biomass of V'f grown in
amedium containing TSW (LRP-VFB), (Lipikar Balm AP+;
La Roche-Posay Dermatological Laboratories, Asniéres,
France). The emollient B (product B) was a commercial prod-
uct prescribed for AD and containing triglyceride, glycerin,
shea butter, and ceramide. Patients were randomized to apply
either emollient A or emollient B. They were then instructed
to apply their allocated product to their entire body twice
daily, once in the morning and once in the evening. They
were also instructed not to change their hygiene practices or
to apply any other emollient (or any drugs, including corti-
cotherapy or antibiotherapy) during the study.

Patient recruitment and sampling

This double-blind, randomized, comparative study included
60 patients (27 males and 33 females; aged from 6 months to
63 years) diagnosed with moderate AD. Clinical assessment
of disease severity and skin microbiota sampling were con-
ducted on three separate visits, a screening visit on January
6 or 7,2014 (Day —15) and two visits on January 21 or 22,
2014 (Day 1) and February 18 or 19, 2014 (Day 28). At the
screening visit, patients received a medical treatment (either
corticoids, immunosuppressive, or phototherapy), according
to the discretion of the dermatologist, to improve their SCOR-
ing Atopic Dermatitis (SCORAD) by at least 25% between
Day —15 and Day 1 (Figure 1). At Day —15, at the first visit
(Day 1) and at study end (Day 28), the same investigating
dermatologist evaluated the severity of symptoms using the
SCORAD index and clinical signs of erythema, dryness,
and desquamation of one or more typical lesional (AF) skin
areas and a proximal non-lesional (UAF) site (scored as
absent =0, light =1, moderate =2, or severe =3). Each area
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Figure | SCORAD at Day | in each treatment group A (n=26) and B (n=27).
Notes: Bold line represents the median value (p-value =0.8658). Group A patients
used product A (emollient containing LRP-VFB associated with mannose) and Group
B patients used product B (another emollient) between D1 and D28.
Abbreviations: SCORAD, SCORing Atopic Dermatitis; LRP-VFB, La Roche-
Posay-Vitreoscilla filiformis biomass.

was identified and photographed to ensure that the same area
was sampled at each visit. Only individuals with SCORAD
values between 0 and 40 at Day 1 and with at least a reduced
SCORAD score of 25% between Day —15 and Day 1 were
included in the study (n=53).

Skin microbiota samples were collected by the same
sampler using aseptic techniques as previously described.*
Swabs were rubbed firmly for 20 seconds over 1 cm? skin areas
identified as being the most representative of AF. Similarly,
samples were also collected from the closest UAF area. The
cotton tip samples were stored at —80°C until being shipped
on dry ice to the University of Colorado for processing.

DNA extraction, polymerase chain
reaction (PCR) amplification, and
sequencing

Genomic DNA was extracted from each swab, and the V1-V2
region of 16S rRNA genes was amplified using PCR with
the primer set (27F/338R).* All sequences were processed as
previously described.*

Statistical analysis of clinical data

Statistical analysis of clinical data was performed using
StatView 5.0 (StataCorp LP, College Station, TX, USA).
Continuous variables were described by mean and stan-
dard deviation (SD) or standard error of the mean (SEM).
Qualitative variables were described by absolute numbers and
corresponding percentages. Features of AD were compared
at Day 1 and Day 28 using the McNemar’s chi-square test.

For each feature, the number of cases with improvement
was described. For quantitative values of the SCORAD,
comparisons between Day | and Day 28 were performed
by the Wilcoxon rank-sum test for paired observations. To
determine the differences between product A and product B
at Day 1 and Day 28, SCORAD and delta SCORAD values
were compared using the Wilcoxon rank-sum test for paired
samples.

Statistical analysis of sequence data
Statistical analysis was performed using R-2.15. Statistical
tests were done on the raw count of rarefied sample (10000
reads per sample). Stratification of samples was performed
using the following parameters: UAF and AF zones under
A or B treatment (four groups), patient status at Day 28
compared to Day 1 (remission if SCORAD decreased or was
equal between Day 1 and Day 28 (two groups) and relapse if
SCORAD increased) and treatment (A or B).

Results

This study enrolled 60 patients (27 males and 33 females;
13£14 years [0.5-63 years]) diagnosed with moderate form
of AD (SCORAD =2148). At Day 1, 53 patients presented
with a SCORAD of 1146 and were included in the study
(Table S1). Seven patients presented with an improvement
<25% and were excluded from the study.

After eliminating those individuals who lacked paired
samples (SCORAD and microbiota) from both visits, 30
paired samples remained and were analyzed for their rela-
tion between SCORAD evolution and microbial community.
Thirty-four paired samples were analyzed for microbiota
communities at Day 1 and 48 paired samples at Day 28
(n=22 for A treatment and n=24 for B treatment). Interest-
ingly, the weight of the product used during the study was on
average 192176 g for product A and 224+102 g for product
B (p=0.0871).

Microbiota of UAF and AF skin at Day |

Before any emollient treatment (at Day 1), the average
SCORAD of each treatment group was similar (115 and
106, respectively; p-value =0.8658; Figure 1). The microbial
communities of AF areas and closest UAF areas for each
participant were also similar (Figure 2).

Microbiota of UAF and AF skin at Day 28

One month after the end of the therapeutic treatment
(Day 28), the average SCORAD of the patients treated with
product A was lower than that of the patients treated with
product B (SCORAD =9.316.1 and 13.219.6, respectively;
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Figure 2 Average taxonomic composition (30 main genus) of the skin microbiota associated with UAF and AF areas in AD patients at Day | (n=34).

Abbreviations: UAF, unaffected; AF, affected; AD, atopic dermatitis.
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Figure 3 SCORAD variation between Day | and Day 28 in each treatment group
A (n=26) and B (n=27).

Notes: Bold line represents the median value (p-value =0.01884). Group A patients
used product A (emollient containing LRP-VFB associated with mannose) and Group
B patients used product B (another emollient) between DI and D28.
Abbreviations: SCORAD, SCORing Atopic Dermatitis; LRP-VFB, La Roche-
Posay-Vitreoscilla filiformis biomass.

p-value =0.182). SCORAD variation between Day 1 and
Day 28 was significantly different between treatments
(p-value =0.01884; Figure 3) corresponding to —11% for
product A versus +35% for product B. Interestingly, in
the product A-treated group, nine of the 26 patients (30%)
showed an aggravation (relapsing patients) versus 18 of the
27 (60%) in the product B-treated group, and 17 of the 26
remained in remission or improved in the product A-treated

group versus only nine of the 27 in the product B-treated

group. Of particular note, the associated SCORAD in relaps-
ing patients worsened less in the group treated with product
A (46%) versus the group treated with product B (79%).

At Day 28, the microbial landscape of AF and UAF areas
was similar in both groups but very different between each
treatment (Figure 4). Particularly, a significantly increased
level of Xanthomonas genus (p-value =2.57¢—02) was
noticed in the group treated with product A (versus prod-
uct B; Figure 5). On the other hand, the level of Staphylo-
coccus genus increased between Day 1 and Day 28 in the
group treated with product B (p-value =0.1534 on UAF
and p-value =0.2642 on AF), but was not observed in the
group treated with product A (p-value =0.7697 on UAF and
p-value =0.9729 on AF). Interestingly, these differences in
the microbial landscape were more pronounced for patients
in relapse (patients with an increased SCORAD at Day 28
versus Day 1).

Discussion

Using a high-throughput sequencing approach that targets
two portions of the 16S rRNA gene (V1-V2), as recom-
mended by Meisel et al,'” to study cutaneous bacterial com-
munities and dysbiosis associated with the severity of AD
and comparing an AF skin area to the closest UAF area per
patient is a sensitive method to evaluate product efficacy.
With this approach, we have previously shown that an
emollient can equalize the bacterial composition of an AF
area to a state similar to that of an adjacent UAF area.* Very
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Figure 4 Average taxonomic composition (30 main genus) of the skin microbiota associated with UAF and AF areas in each treatment group at Day 28 (n=22 for product

A and n=24 for product B).

Notes: Product A = emollient containing LRP-VFB associated with mannose. Product B = another emollient.
Abbreviations: UAF, unaffected; AF, affected; LRP-VFB, La Roche-Posay-Vitreoscilla filiformis biomass.
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Figure 5 Xanthomonas genus in each treatment group A (n=17) and B (n=13).
Notes: Bold line represents the median value (p-value =2.57e-02). Group A
patients used product A (emollient containing LRP-VFB associated with mannose)
and Group B patients used product B (another emollient) between DI and D28.
Abbreviation: LRP-VFB, La Roche-Posay-Vitreoscilla filiformis biomass.

recently, the same strategy was used and exactly the same
results were obtained after a 4-week treatment period with a
topical corticosteroid.®

Prebiotics were initially defined as nondigestible food
ingredients that beneficially affect the host by selectively
stimulating the growth and/or activity of one or a limited
number of bacteria.'” Prebiotics that might be included in
topically applied skin products also have the potential to
support normal skin microbiota maintenance or normalize

dysbiosis if it occurs.?’ Relatively little is known about the
benefits of this approach, but it has been shown that applying
a biomass lysate of the nonpathogenic Gram-negative pro-
teobacterium, V', helped to improve symptoms in patients
with atopic or seborrheic dermatitis.'>!32! It is interesting to
note that VFB prepared from organisms grown in a medium
enriched with TSW (LRP-VFB) resulted in more potent
stimulation of mRNA expression for antimicrobial peptides
and other innate immune defense mechanisms through acti-
vation of TLR2 in reconstructed epidermis.'* This original
biological activity should be mainly explained by the specific
structure of the lipid A moiety of the lipopolysaccharide part
of Vf (Vf~LPS).%

In the present study, treating the symptoms of AD
with an emollient containing LRP-VFB and mannose as
a carbon source versus another recommended emollient
yielded greater clinical improvement. This was associated
with a significantly increased population of Xanthomonas
genus, a Gram-negative proteobacteria (Figures 4 and 5).
In contrast, the comparator product was associated with
an increase in Staphylococcus genus bacteria. For the first
time, this study demonstrated that the topical application
of a prebiotic (ie, nonliving extracts from nonpathogenic
bacteria) is an interesting therapeutic approach to modu-
late or balance the immune system and so normalize the
cutaneous microbiota for at least 1 month after the end of
a therapeutic treatment.
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It is known that staphylococci are present on both healthy
and AF skin of >90% of patients with AD. This presence is
at least partially explained by an antimicrobial peptide defi-
ciency and the poor quality of the skin barrier, which allows
easy access to complex substrates.?>** Furthermore, during
flares, the loss of bacterial diversity and the predominance
of Staphylococcus species, Staphylococcus epidermidis and
S. aureus, worsen in correlation with severity,>* as shown
in this study in relapsing patients. In this study as in the two
previously published ones, we highlighted that an increase
in bacteria from the Xanthomonadaceae family was induced
by LRP-TSW either alone® or in high concentration in an
emollient* or with LRP-VFB and mannose. This was asso-
ciated with a pathology improvement and a decrease in the
proportion of staphylococci. Nevertheless, to distinguish the
singular effect of each component of the product, it would
be necessary to perform other in vivo and/or in vitro studies.

Conclusion

This study highlights the long-lasting efficacy for managing
AD (reducing flare-ups and decreasing the flare severity) of
amoisturizer containing emollient, humectant, moisturizing,
or occlusive agents that restore skin barrier function; having
acceptable cosmetic quality and excellent dermatological
tolerance and supplemented with ingredients that provide
nutritional supplements to revive natural cutaneous defenses
and normalize the cutaneous microbiota.

These data suggest that a prebiotic made of a nonliving
extract of a specific Gram-negative proteobacterium, with
an original nontoxic LPS structure (ie, Vf) grown in a con-
trolled medium and associated with a selected carbon source
(mannose), onto the skin is a new therapeutic approach to
modulate or balance the immune system and would enable
normalization of the cutaneous microbiota that could be
beneficial in various immune-mediated skin diseases. This
could be useful in the treatment of AD and potentially other
chronic inflammatory skin diseases such as acne, rosacea,
and psoriasis.
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Supplementary material

Table S1 Summary of patient demographics and clinical assessment of disease severity (SCORAD) during the time course of the study
(treatment A in red, n=26, and treatment B in black, n=27).

Subject Body site Gender Age SCORAD SCORAD SCORAD
sampled (years) Day - 15 Day | Day 28
| Arm F 4 27,5 13.4 14.6
3 Arm F 6 15.9 9.7 0
5 Hand F 10 19.4 6.8 13.2
8 Wrist M 19 24.1 9.1 7
10 Neck F | 332 19.4 14.5
I Cheek F | 28.5 18.6 21.6
13 Wrist F 16 27 12.8 12.7
16 Wrist F 7 16.7 4.6 6.2
21 Neck F I 26 17.8 13
24 Elbow fold F 5 22.7 10.6 16.4
26 Elbow fold F 21 304 14.9 84
27 Elbow fold F 2 13.5 8.8 5.6
29 Thumb F 2 319 19.8 12.8
33 Cheek M 0.7 34.4 16.9 79
34 ND F 28 24.2 17.7 15.7
36 Elbow M 50 17 84 0
37 Elbow fold F 43 14.3 7.9 42
41 ND M 9 16.3 6.3 4.6
42 Finger articulation F 39 8.4 3.6 37
43 Elbow M 9 10 4.3 4.2
49 Arm F 6 20.8 6 0.2
51 Arm M 9.8 19.9 9.8 3.9
54 Hand F 12.3 232 12.3 17.4
56 ND M 18.3 41.6 18.3 16.4
57 Side belly M 4.5 10.7 4.5 5
60 Wrist M 5 10.4 5 12.5
2 Calf F 31 20.8 1.4 12.2
4 Hand F 25 19.4 5.6 18.4
7 Back M 18 24.9 12.7 9.1
9 Chin F 3 13.5 8.2 1.5
12 Cheek F 5 19.4 8.5 1.1
14 Knee (fold) F 2 20 10.4 5.9
17 Elbow (fold) M 15 74 72 17
18 Finger articulation M 5 30.5 326 18
22 Elbow F 10 335 347 22
25 ND F | 214 1.2 18.5
28 Elbow fold F 8 10.3 47 7.3
30 Leg M 0.7 10 43 20
31 Forearm M I 16.6 7.7 25
32 Leg M 35 17.6 8.4 37
35 Elbow fold F 29 14.3 9.4 0.2
38 Cheek F [ 28.1 20 16.3
39 Index finger M 2 22 13 16.1
40 Elbow M 15 1.2 5.8 9.7
44 Thigh F [ 30.3 19.5 4.6
45 Chest (upper) M 0.8 223 9.4 5.1
48 Arm M 25 10.9 2.1 |
50 Chin F 23 12.6 5.9 9.3
52 ND F | 27.6 14.1 26.6
53 Cheek M 7 293 19.8 20.4
55 Arm/elbow M 16 20 10.5 13.9
58 Thigh M I 13.5 5.9 82
59 Elbow fold F 20 21.8 14.7 313

Notes: Treatment A = treatment with emollient containing LRP-VFB associated with mannose. Treatment B = treatment with another emollient.
Abbreviations: SCORAD, SCORing Atopic Dermatitis; F, female; M, male; ND, no data; LRP-VFB, La Roche-Posay-Vitreoscilla filiformis biomass.
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