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Probiotics Reduce Gut Microbial Translocation and
Improve Adult Atopic Dermatitis

Enrico Iemoli, MD,* Daria Trabattoni, MD,t Serena Parisotto, PhD,{ Linda Borgonovo, MD,*
Marco Toscano, MSc,} Giuliano Rizzardini, MD,* Mario Clerici, MD,1§ Elena Ricci, PhD,*
Alessandra Fusi, MD,* Elena De Vecchi, MSc,|| Stefania Piconi, MD,* and Lorenzo Drago, PhD |

Background: It has been suggested that probiotics modulate atopic
dermatitis (AD) progression, but no data are actually available on
their mechanisms of action and on their ability to act as immuno-
modulators in this pathology.

Objective: The aim of this randomized double-blinded active
treatment versus placebo study was to evaluate clinical efficacy of
an intake of a combination of 2 probiotics (Lactobacillus salivarius
LS01 and Bifidobacterium breve BRO3) for the treatment of aduit
AD patients.

Methods: Forty-cight patients were enrolled in the study
(randomization ratio 2:1) and treated with a combination (LSOl
and BRO3) or placebo (maitodextrin) for 12 weeks. Clinical efficacy
was assessed from baseline by changes in the SCORAD index and
DLQ index improvement. Analysis on the gut permeability barrier,
immunologic parameters, and changes in fecal microbiota and
recovery of probiotics were performed at baseline, at the end of
therapy, and 2 months later.

Results: Patients receiving probiotics showed a significant improve-
ment in clinical parameters (SCORAD, P < 0.0001 and DLQ index,
P =0.,021) from baseline. The probiotics reduced microbial trans-
location (P = 0.050), immune activation (P < 0.001), improved
T-helper cell (Th)17/regulatory T cell (Treg) (P = 0.029) and Thl/Th2
(P = 0.028) ratios. None of these changes were observed in the placebo
group.

Conclusions: Our results suggest that this specific mixture of pro-
biotics (LS01 and BRO3 strains) may induce beneficial effects for
clinical and immunologic alterations in adult AD. This combina-
tion could be considered as adjuvant therapy for the treatment of
AD in adult patients.

Key Words: atopic dermatitis, probiotics, microbiota, T-helper
cells, regulatory T cells

(J Clin Gastroenterol 2012;46:533-S40)

topic dermatitis (AD) is an inflammatory and pruritic
chronic relapsing skin disorder. There is direct and
indirect evidence that its prevalence has increased 2- to 3-fold
over the last 30 years.! The barrier defects in AD seem to go
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beyond the skin and involve the intestinal mucosa® where
indigenous intestinal microflora contributes to the mucosal
barrier function and stabilizes intestinal permeability.’

Probiotics were used in irritable bowel syndrome® and
seemed to be able to modulate mucosal immune responses
and reduce gastrointestinal inflammation in infants with
food allergies.” These observations are likely to be secon-
dary to the fact that the normal gut microflora plays a
critical role in developmg and maintaining normal immune
functions and tolerance.

Probiotics have additional immunomodulatory action®
by exerting stimulatory effects on the intestinal innate and
adaptive immune system,’'0 enhancing mucosal barrier
functions,'! inducing the production of anti-inflammatory
cytokines,'? and facilitating the maintenance of immune
tolerance.!3:14

Some studies suggest that ;)I‘OblOllCS could prevent the
development of atopic diseases!>!® and ml%ht have beneficial
effects in the treatment of these disorders.!” !° These effects
were not observed in all studies and, to date, probiotics
cannot be recommended for treating atopic eczema.?’ The
different probiotics strains used, the study designs, the char-
acteristics of populations enrolled, and the duration of
treatments may justify these contrasting results. Moreover,
few studies are actually available for the adult population,
despite demonstrating the positive effects of probiotics.?! 20
Thus, clinical trials are needed to evaluate the effects of
probiotics on AD in adults and to explain their biological and
immunologic mechanisms of action.

We chose the Lactobacillus salivarius (patented
L. salivarius 1L.S01 DSM 22775) strain that, in a preclinical
evaluation, reduced the release of type 2 cytokines and
induced an improvement in the T-helper cell (Th)l/Th2
ratio.?” Furthermore, type 2 cytokmes [interleukin (IL)-4
and IL-13] play an important role in the pathogenesis of
AD and dominate inflammatory milieu in atopic skin
lesions by reducing filaggrin production.?

Bifidobacteria strains were selected, because they were
present in a lesser proportion in atopic eczema infant
feces?® 3! and, in particular, a supply of Bifidobacterium
breve was found to be effective.? Clinical, immunologic,
and microbiological parameters were evaluated before
treatment, at the end of treatment and 2 months later. This
aimed to assess the effectiveness of a new combination of
these probiotics (LSO1 and BRO03).

4

MATERIALS AND METHODS

Patients and Study Design
Sixty adult patients suffering from AD were enrolled
at the Allergy Unit of Ospedale Sacco in Milan. Forty-eight

www.jcge.com | S33



lemoli et al

J Clin Gastroenterol * Volume 46, Supp. 1, October 2012

were assessed for eligibility. The study was conducted from
April to September 2010. Patients were randomized with a 2:1
ratio in a double-blinded placebo-controlled study to receive
active treatment (probiotic, n = 32, group A: 14 males and 18
females; aged, 32.44 4+ 1.47y or placebo, n = 16, group B: 6
males and 10 females; aged, 30.91 + 2.79y; Fig. 1).

Thirty-two patients (23 in group A and 9 in group B)
had respiratory allergy and 6 (3 in both groups) had food
allergies. Contact allergy dermatitis was reported by 5
patients (3 in group A and 2 in group B). Seven patients had
no history of allergies (5 in group A and 2 in group B).

Probiotic and placebo sachets were matched for size,
shape, and volume of contents. Group A received a mixture
of Lactobacillus 1.S01 DSM 2275 and Bifidobacterium
BR03 DSM 16604 at a dose of 1 x 10° colony-forming units
(CFU)/g each in maltodextrin and group B received mal-
todextrin alone, twice daily for 12 weeks. Supplements were
stored as stable freeze-dried powder (in sachet packets
provided by Probiotical Spa, Italy). Compliance was
monitored through a dose count (returned sachet packets).
During the study, patients were allowed to use oral anti-
histamines or emollient cream and were asked to limit their
exposure to the sun as much as possible, at least in the first
3 months. None of the patients changed their diet, but they
had to avoid any fermented food products containing live
microorganisms and antibiotics administration. The data
on allergic sensitization were obtained from clinical symp-
toms together with the results of skin prick tests for respi-
ratory or food allergens and through the CAP system test
(IgE > 0.35kU/L were considered positive).

Patients who were receiving probiotics, antibiotics, or
immune-modulating agents 6 months before the study

period or oral steroid treatment 1 month before enrollment
were excluded from the study.

The study was approved by the Local Ethics Com-
mittee, and all patients gave their written informed consent
when assessed for eligibility.

Symptom Scores and Quality of Life
Questionnaire

The diagnostic criteria of AD were confirmed follow-
ing published clinical guidelines in 2004.3* The clinical
severity was evaluated using the SCORAD index, as it is
one of the most validated scoring systems.3* This system
considers both objective signs (severity and extension) and
subjective signs (pruritus and loss of sleep). The range of
the SCORAD score is 0 to 80, and the eczema was graded
as mild (SCORAD score 0 to 15), moderate (SCORAD
score 16 to 40), or severe (SCORAD score > 40).

To measure how much patients evaluated the
improvement of AD disability symptoms during the study,
they had to answer the DLQ index (DLQI) questionnaire.>?
The questionnaire was structured with each question hav-
ing 4 alternative responses: “not at all,” “a little,” “a lot,”
or “very much” with corresponding scores of 0, 1, 2, and 3,
respectively. The DLQI was calculated by summing the
score of each question, resulting in a maximum of 30 and a
minimum of 0. The highest score corresponded to the
greatest impairment of quality of life. A single investigator,
blinded to the treatment arm, performed all SCORAD
assessments, whereas the DLQI was performed by the
patients at weeks 0, 12, and 20.

[ Recruited = 60 pts ]

[ Excluded = 12 pts

]_

( Assessed for eligibility = 48 pts }

[ Randomized 2:1 = 48 pts J

. .

[ Active group = 32 pts }
I |

[ Placebo group = 16 pts ]
[

E Lost to follow up for low compliance = 1 pt J [

Lost to follow up for inefficacy = 1 pt

)

( Analysed = 31 pts }
| |
[ Follow up after 2 months = 31 pts j

[ Analysed = 15 pts ]

[ Follow up after 2 months = 15 pts }

FIGURE 1. CONSORT flow diagram: Enrollment and follow-up diagram of patients included in the study.
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Stimulation of Peripheral Blood Mononuclear
Cell (PBMCO)

PBMC were isolated from whole-blood samples using
a lymphocyte separation medium (Cedarlane Laboratories
Limited, Hornby, ON, Canada). The PBMC were incu-
bated for 18 hours in the presence/absence of the LPS
antigen (Sigma-Aldrich, St. Louis, MO). For the cytokine
analysis, 10 ug/mL Brefeldin A (Sigma-Aldrich) was added
to cell cultures during the last 6 hours to block protein
secretion.

Immunophenotypic Analysis

Activated CD8 * T lymphocytes were evaluated using
50uL of EDTA-treated peripheral blood incubated for
10 minutes at room treatment with flourochrome-labeled
monoclonal antibodies (mAbs): CD8 PC5, CD38PE, and
CD45RO FITC. After incubation, erythrocyte lysis and
fixation of stained cells were performed using the Immuno-
Prep EPICS Kit and Q-prep Work Station (Coulter Elec-
tronics, Miami Lakes, FL). Samples were then analyzed in
flow cytometry as previously described.

Identification of Th1, Th2, Th17, and Regulatory
T Cells (Treg) Lymphocyte Subpopulations

Thl lymphocytes were identified as interferon (IFN)-y-
secreting, Tbet-expressing CD4 * T cells using the following
mAbs: CD4 PC7, Tbet PCS5, and IFNy FITC and Th2 sub-
sets were identified as IL-4-secreting, GATA3-expressing
CD4 * T cells using the following mAbs: CD4 PC7, GATA3
PCS5, IL-4 PE FITC mAbs. mAbs specific for CD4 FITC,
RORYT PE, and IL-17 PC5 were used for Th17 identification
(IL-17-secreting, RORyT-expressing CD4 * T cells) and Treg
were identified with CD4 PC7, CD25 ECD, FoxP3 PCs,
TGF-B PE, and IL-10 FITC mAbs (IL-10-secreting and
TGF-pB-secreting, Foxp3-expressing CD25 © CD4 ™ T cells).
Unstimulated and stimulated PBMC were washed in phos-
phate-buffered saline and stained with CD4 and CD25 mAbs
for 15 minutes in the dark. The intracellular staining was
performed following the manufacturer’s protocol (eBioscience
Inc., San Diego, CA).

Plasma LPS Concentration

Plasma LPS concentration was measured with the LAL
Chromogenic Endopoint Assay (Hycult biotechnology,
Uden, the Netherlands) according to manufacturer’s instruc-
tions. LPS concentration was expressed in pg/mL and cal-
culated based on a standard curve.

Quantification of Cultivable Bacteria in Fecal
Samples

Fecal samples were collected at baseline, after 3 months
treatment, and 2 months after suspension of treatment, and
stored at — 80°C until analysis. Quantification was performed
for Enterobacteriaceae, Staphylococci, Lactobacilli (in par-
ticular Lactobacillus LS01 DSM 2275) and Bifidobacteria (in
particular Bifidobacterium BR03 DSM 16604). The total
aerobes were also quantified.

The weighed fecal samples were serially diluted in a
sterile physiological solution (NaCl 9 g/L). The appropriate
dilutions were plated onto all media and incubated at 37°C
in accordance with the following schedule: total aerobes:
AS, 10% CO, for 24 hours; enterobacteriaceae: MC, aer-
obiosis for 24 hours; staphylococci: MSA, aerobiosis for 48
hours; lactobacilli: MRS, 10% CO, for 48 hours; bifido-
bacteria: BSM, anaerobiosis for 72 hours.
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All colonies of differing morphology were identified
according to: growth on selective medium, Gram staining,
colony and cell morphology, and the catalase and oxidase
tests.

The gut microbiota composition was expressed as
counts (mean + SD of log,o CFU per gram of wet feces) of
each bacterial group.

Changes in the colony counts of the different groups of
microorganisms were calculated as follows: [(log;s CFU/g
at T12 or T16)—(log,o CFU/g at TO)].

Molecular Identification of Lactobacillus LSO1
DSM 2275 and Bifidobacterium BRO3 DSM 16604

Lactobacillus LSOl DSM 2275 and Bifidobacterium
BR03 DSM 16604 were previously identified according to
their particular morphology: L. salivarius LS0! forms round,
sharp-shaped, cream-white colonies of a 2 to 4 mm diameter
on MRS agar; B. breve BR03 forms round, sharp-shaped,
fuchsia colonies of a 1 to 2mm diameter on BSM agar.

On each plate containing supposed colonies of
L. salivarius and B. breve, 10 of these colonies were ran-
domly selected and identified by polymerase chain reaction
(PCR) using specific primers and conditions for L. sali-
varius and Bifidobacterium spp. according to the Italian
Superior Institute of Health standards.?” All the colonies
identified as L. salivarius or B. breve by PCR were further
analyzed using PFGE to ensure they belonged to the LS01
or BRO3 strains. Pulsed-field gel electrophoresis (PFGE)
was performed as previously described.?-* PFGE profiles
were compared with those obtained with the reference
strains L. salivarius LS01 and B. breve BRO03.

Statistical Analysis

Clinical data were analyzed according to the intention-
to-treat approach. If there were no data for the last visit,
the tests were repeated twice, assigning the variable: (1) the
last value observed that is hypothesizing no further
improvement and (2) the mean value for the whole sample.
To account for the potential confounding effect, the anal-
ysis of variance was performed including the clinical vari-
able initial value (SCORAD and DQLI) in the model.

Variations in bacterial counts were analyzed by means
of the Wilcoxon-Mann-Whitney test and immune responses
in the 2 groups of patients were evaluated using a ¢ test.

Statistical analysis was performed using the SPSS
statistical package (SPSS Inc., Chicago, IL).

RESULTS

Clinical Results

Forty-six patients completed the trial; 2 patients (1 in
each group) were lost at follow-up and were excluded by
final analysis (Fig. 1).

No significant adverse event was recorded during the
study in the 2 groups and compliance was similar. Anti-
histamine treatment was similarly used by individuals in the
2 groups.

Patients receiving probiotics showed a significant
reduction of SCORAD at the end of treatment (P = 0.001).
This persisted after suspension (P = 0.006) (Table 1) and an
improvement in DLQI (baseline vs. 3mo after treatment:
P = 0.024; baseline vs. 2mo after suspension: P = 0.001).

As compared with baseline, DLQI decreased sig-
nificantly in the active treatment arm, whereas we did not
find any difference in the placebo arm.
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TABLE 1. SCORAD score and DLQ Indexf

Probiotic Pts (n = 31)

Placebo Pts (n = 15)

After 3-mo 2mo After After 3-mo 2mo After
Baseline Treatment Suspension Baseline Treatment Suspension P*
SCORAD 46.25+3.70 29.45 + 2.0l 22.63 + 281 4500+ 260 4021 =153 3843138 Baseline vs after 3-mo
score treatment: P < 0.001
baseline vs. 2mo after
suspension: P = 0.006
DLQ index 9.16 £0.80 6.58 & 1.25 4.73+£0.75 652040 8.50 % 1.27 5.29 +£0.97 Baseline vs. after 3-mo

treatment: P = 0.024
baseline vs. 2mo after
suspension: P = 0.001

*Significant differences in probiotic patients.

+SCORAD score and DLQ index in probiotic and placebo patients analyzed at baseline, after 3 months of treatment, and 2 months after suspension. Mean

values and SE are shown.
DLQ indicates Dermatology Life Quality; pts, patients.

No significant differences were reported in placebo
individuals either for SCORAD or DLQI (Table 1).

Plasma LPS

Plasmatic LPS concentration is a marker of altered gut
barrier permeability, and it was reported to be associated
with Toll-like receptor—dependent immune activation.
Patients receiving probiotics showed a reduction in LPS
plasma concentration that was maintained after suspension
of treatment (baseline vs. 3-mo treatment: P = 0.050;
baseline vs. 2mo after suspension: P < 0.001; 3-mo treat-
ment vs. 2ms after suspension: P < 0.001) (Fig. 2A). In
placebo patients, plasma LPS levels increased during the
study (baseline vs. 2mo after suspension: P = 0.004; 3-mo
treatment vs. 2mo after suspension: P = 0.016) (Fig. 2A).
Plasma LPS concentrations were significantly higher in the
placebo group compared with the probiotic group at the
end of study period (P < 0.001).

Activated T Lymphocytes

The percentage of CD8/CD38/CD45RO T cells indi-
cates systemic immune activation. A progressive reduction
of activated lymphocytes was observed during the study
period in probiotic-treated individuals alone (baseline vs.
2mo after suspension; P < 0.001; 3-mo treatment vs. 2mo
after suspension: P < 0.001) (Fig. 2B).

Tregs

Tregs play a crucial role in tolerance and in immune
regulation. Tregs were evaluated both in unstimulated
conditions and after stimulation with LPS. Unstimulated
Tregs were significantly increased by probiotics; this effect
persisted 2 months after treatment suspension (baseline vs.
2mo after suspension: P = 0.002; 3 mo treatment vs. 2mo
after suspension: P = 0.034) (Figs. 3A, B). A similar trend
was observed for LPS-stimulated Tregs. These results sug-
gest that probiotic supplementation is effective in reducing
gut alterations, improving its tolerogenic functions.

Th1, Th2, and Th17 Subpopulations

Probiotics induced a significant increase in Thl and
reduction of Th2 and Th17 T-cell subpopulations. In par-
ticular, IFN-y-secreting Tbet-expressing CD4* T cells
(Th1) significantly increased in individuals receiving pro-
biotics both in basal and in stimulated conditions
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(unstimulated: baseline vs. 3-mo treatment: P = 0.003;
LPS-stimulated: baseline vs. 3-mo treatment: P = 0.025;
baseline vs. 2 mo after suspension: P = 0.019) (Figs. 4A, B).
Two months after suspension, a significant rereduction in
Th1 cells was observed in probiotic patients (P < 0.001).
Th2 cells (IL-4-secreting, GATA3-expressing CD4 *
T cells) were significantly reduced by probiotics but rein-
creased after treatment suspension (unstimulated: baseline

A
140 p<0.001
p=0.016 T
120 1 p=0004
p <0.001
100 4 p<0.001
— _ p=0050
E 80
-~
g 60
40 4
20
0 T T )
Baseline 3ms treatment 2ms after suspension
B .. p <0001
B Probiotic
p <0.001 O Placebo
® 2.5 1
E:
o 27
2
2 15
=%
k]
* 1
0.5
0~ T T 1
Baseling 3ms treatment  2ms after suspension

FIGURE 2. LPS and activated T cells: Plasma LPS concentrations
(A) and percentage of CD38-CD45R0O-CD8-expressing T cells (B)
in probiotics and placebo patients analyzed at baseline, after 3
months of treatment, and 2 months after suspension of treat-
ment. Mean values, SE, and P-values are shown.
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FIGURE 3. Regulatory T cells: TGF-B-secreting and IL-10-secret-
ing regulatory T cells in unstimulated (A) and LPS-stimulated
conditions (B) in probiotics and placebo patients analyzed at
baseline, after 3 months of treatment, and 2 months after sus-
pension of treatment. Mean values, SE, and P-values are shown.
IL indicates interleukin; TGF, transforming growth factor.

vs. 3-mo treatment: P = 0.016; 3-mo treatment vs. 2mo
after suspension: P = 0.005; LPS-stimulated: 3-mo treat-
ment vs. 2mo after suspension: P = 0.045) (Figs. 4C, D).

In individuals receiving probiotics IL-17-secreting,
RORyT-expressing CD4 * T cells (Th17) reduced after 3
months of treatment (unstimulated: baseline vs. 3-mo
treatment: P = 0.037; LPS-stimulated: baseline vs. 3-mo
treatment: P = 0.046) (Figs. 4E, F).

Two months after treatment suspension, significant
differences were observed between probiotic and placebo
patients in Th2 and in Th17 cells (P = 0.008 and 0.031,
respectively). No significant differences were reported in
Thl, Th2, and Th17 subpopulations in the placebo group.

In analyzing the Th subpopulations ratios, we
observed that a significant increase in the Th1/Th2 ratio
was detected after 3 months of probiotics (P = 0.028)
(Fig. 5A). This effect was lost after treatment suspension
(P = 0.002). On the contrary, the Th17/Treg ratio pro-
gressively decreased in the probiotic group, and this
reduction was maintained even 2 months after the suspen-
sion of probiotic treatment (P = 0.029). Neither Th1/Th2
nor Th17/Treg ratio changed in the placebo group during
the study period, whereas the Th17/Treg ratio was sig-
nificantly higher in the placebo group compared with the
probiotic group after 3 months of treatment (P = 0.037)
(Fig. 5B).
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These data suggest that probiotics are able to restore a
favorable balance between the different Th subtypes
involved in the AD pathogenesis.

Correlations

A negative correlation was only observed in probiotic
patients at the end of treatment between SCORAD and
LPS-stimulated Treg (P = 0.020) and between the per-
centage of CD8/CD38/CD45RO T cells and LPS-stimu-
lated Thl cells (P = 0.046). Again, in the same group of
patients, a significant positive correlation was detected
between plasma LPS concentrations and unstimulated Th2
cells (P = 0.016) and LPS-stimulated Th17 (P = 0.004) and
between the percentage of CD8/CD38/CD45RO T cells and
LPS-stimulated Th17 (P = 0.037) (data not shown).

These correlations suggest that both microbial trans-
location and immune activation are associated with differ-
ent Th subtypes in AD and can worsen the disease (Th2 and
Th17). However, clinical improvement induced by probiotic
treatment is related to a recovery of the immune system’s
tolerogenic functions (Treg).

Changes in Fecal Microbiota and Recovery of
Lactobacillus LS0O1 DSM 2275 and Bifidobacterium
BR0O3 DSM 16604

In placebo patients, there was no significant change in
fecal flora. A significant decrease in the staphylococcal load
was observed in treated patients after 3 months of treat-
ment (P = 0.037). This decrease is significant when com-
pared with placebo patients (P = 0.047). This reduction
remained statistically relevant 2 months after probiotic
suspension. Significant changes were not detected in other
bacterial groups.

The recovery of probiotic strains in feces from treated
patients is shown in Table 2. All colonies with the typical
morphology, identified by PCR and analyzed by PFGE,
corresponded to the previously identified Lactobacillus
LS01 DSM 2275 and Bifidobacterium BR03 DSM 16604
strains.

L. salivarius LS01 was recovered in all subjects after
3 months of treatment, in quantities of 10% to 10°CFU/g.
B. breve BR03 was found in 90% of treated subjects after
3 months of treatment, in quantities of 10° to 108 CFU/g.

Both strains were also isolated 2 months after pro-
biotic suspension in some patients, but in a lower quantity
than the quantity observed immediately after the end of the
treatment.

DISCUSSION

The combination of probiotics (Lactobacillus LSO01
DSM 2275 and Bifidobacterium BR03 DSM 16604) studied
here improved clinical and immunologic parameters in
adults suffering from moderate to severe AD. At the end of
probiotic treatment, we particularly observed: (1) a sig-
nificant improvement in SCORAD and DLQI; (2) a
reduction in microbial translocation (plasma LPS levels)
and immune activation (CD8/CD38/CD45RO cells); (3) an
increase in Tregs; and (4) an improvement in Th1/Th2 and
Th17/Treg ratios. Notably, this mixture was able to colo-
nize the gastrointestinal tract of patients and reduce
staphylococcal load in the feces. No significant differences
were reported by dividing patients in terms of presence or
absence of respiratory or food allergies and contact
dermatitis.
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FIGURE 4. Th1, Th2, and Th17 cells: IFN-y-secreting Tbet-expressing Th1 cells in unstimulated (A) and LPS-stimulated conditions (B);
IL-4-secreting GATA3-expressing Th2 cells in unstimulated (C) and LPS-stimulated conditions (D); 1L-17-secreting RORyt-expressing
Th17 cells in unstimulated (E) and LPS-stimulated conditions (F) in probiotic and placebo patients analyzed at baseline, after 3 months of
treatment, and 2 months after suspension of treatment. Mean values, SE, and P-values are shown. IFN indicates interferon; IL, inter-

leukin; Th, T-helper cell.

Clinical improvement was evident after 3 months of
probiotic treatment and continued for 2 months after
treatment suspension. We also observed the continuance of
the 2 bacterial strains in the gastrointestinal tract even after
the suspension of treatment, suggesting its ability to colo-
nize the intestine for long time.

Alteration in gut permeability plays a key role in the
AD pathogenesis and in other inflammatory diseases.*! We
observed a significant reduction of microbial translocation
during and after probiotic treatment. These data indicate
that microbial translocation is effectively involved in the
AD pathogenesis and that recovery of gut barrier functions
could improve the clinical outcome of AD.
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Studies on the human immunodeficiency virus infec-
tion have shown an association between microbial trans-
location and immune activation with an excessive turnover
of T cells. The percentage of CD8/CD38/CD45RO T cells,
considered to be an important prognostic parameter in
human immunodeficiency virus, is one of largely accepted
markers of LPS-mediated immune activation.*> As
expected, in AD patients enrolled in our study, we observed
that plasma LPS reduction is associated with a decrease in
CD8/CD38/CD45RO cells. These data demonstrate that
our probiotics combination has strong immunomodulatory
activity as a consequence of their ability to improve gut
barrier functions.
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FIGURE 5. Th1/Th2 and Th17/Treg ratios: Th1/Th2 (A) and
Th17/Treg (B) ratios in probiotic and placebo patients analyzed
at baseline, after 3 months of treatment, and 2 months after
suspension of treatment. Mean values, SE, and P-values are
shown. Th indicates T-helper cell; Treg, regulatory T cell.

p = 0.087

p=0.029

A decrease in Tregs has been reported in patients with
AD and asthma, and the number of Treg is inversely cor-
related with IgE, eosinophilia, and IFNy levels.#3* Our
probiotics combination induced a significant increase in
Treg percentage. The beneficial effects of probiotics could

TABLE 2. Fecal Flora Compositiont

After 3-mo 2mo After
Baseline  Treatment Suspension
Probiotic patients
Total aerobes 7710 79+£09 82+0.7
Enterobacteriaceae 6.8 £+ 1.3 73+1.2 6.7+2.6
Staphylococci 40+ 1.6 2.8 £ 1.5%** 2.3 £ 1.6%**
Lactobacilli 54+£20 51138 55+04
Bifidobacteria 9.1+06 88+£0.5 84+0.6
Placebo patients
Total aerobes 7115 75+1.2 7.7+£13
Enterobacteriaceae 5.8 £ 1.7 6.7 1.6 62+1.5
Staphylococci 4109 39=xI1.1 40 1.1
Lactobacilli 54+19 5216 54+ 1.8
Bifidobacteria 85+1.1 86=x0.6 8.6 +0.9

*Significant decrease (P < 0.05) compared with baseline.

**Significant difference (P < 0.05) compared with placebo patients at
the same time.

tEffect of probiotic administration on fecal flora. Bacterial counts are
expressed as mean + SD of log,o per gram of wet feces.
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be due to a recovery of Treg-mediated immune tolerance.
Moreover, a negative correlation was detected between
Treg and SCORAD score, suggesting a protective role of
these cells in AD evolution.

Th2 cells play a critical role in the pathogenesis of
allergic reactions and are responsible for the acute phase of
AD, whereas Thl cells have a protective function associated
with the chronic phase of disease. Thl7 cells are increased
in acute, but not in chronic, lesions of AD skin® and
positively correlate with disease severity.*6 These data show
that this probiotic formulation upregulates Thl functions
and downregulates Th2 and Th17 activity, improving Thl/
Th2 and Th17/Treg ratios.

Th2 and Th17 were positively correlated with plasma
LPS levels, suggesting an interaction between microbial
translocation and the activation of unfavorable Th subtypes
in the pathogenesis of this disease. In our study, we did not
observe a significant change in microbial composition
between the different groups, with the exception of staph-
ylococci that was found to be correlated with disease severity
that could be due to IgE hypersensitivity*”*® or the produc-
tion of exotoxins with superantigen properties.**0 We specu-
late that this genus could play a crucial role in the skin and in
the intestine of patients with AD and that administration of
our probiotics combination can rebalance it.

The main limitations of this study include the low
patient number and the absence of data on filaggrin, actually
considered the most recent pathognomonic marker of AD.
Nevertheless, immunologicy and microbiology data support
the clinical results and encourages the use of probiotics in
adult AD.

Further studies are required to investigate the use of
probiotics in adult AD, to explore whether a single strain
works better than an association, the duration of treatment,
and overall safety.

The higher number of patients with respiratory allergy
observed in the probiotic group is a further limitation of
our study and could be responsible for the increased LPS
concentration and immune activation reported in this
group at baseline.

In conclusion, this novel probiotics mixture was well
tolerated and resulted in the colonization of gut microbiota
and beneficial clinical effects in AD that are associated with
a beneficial immune modulation. Overall data suggest that
this treatment could be a beneficial adjunct therapy for
treating AD in adults.
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