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of change for serum TGF-β (p = 0.03). Ratios of change for 
serum TGF-β rose significantly (p = 0.04) in patients showing 
mitigated symptoms with L-92 administration.  Conclusions:  
Administration of heat-killed L-92 was effective for AD symp-
toms in adults. L-92 may contribute to the suppression of 
Th2-dominant inflammation. Our preliminary trial is the first 
to report the effects of L-92 on adult AD. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 Atopic dermatitis (AD) is a chronically relapsing in-
flammatory skin disease with allergic and immunological 
abnormalities, including increased serum IgE levels. Var-
ious factors are involved in the onset of AD, such as a ge-
netic predisposition that causes a poor skin barrier  [1]  
and sustained antigen ingress through defective barriers, 
leading to Th2-dominant inflammation. Various envi-
ronmental factors also contribute to the development of 
AD. Kalliomäki et al.  [2]  were first to show the effects of 
probiotics separated from enteric microflora on lowering 
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 Abstract 

  Objectives:  Several studies on lactobacilli have demonstrat-
ed they are effective against atopic dermatitis (AD) in chil-
dren, but there are very few reports of their effects in adults. 
We investigated the changes in AD symptoms in adults after 
the ingestion of the  Lactobacillus acidophilus  strain L-92 (L-
92), which has been shown to have a curative effect on AD 
in children.  Methods:  A double-blind, parallel-group, place-
bo-controlled comparison was performed on 49 AD patients 
aged  ≥ 16 years using heat-killed L-92. Skin lesions were as-
sessed using the SCORing AD (SCORAD) index before the 
start of L-92 ingestion and 4 and 8 weeks after ingestion. 
Serum cytokine and blood marker levels were measured 
8 weeks after the start of L-92 ingestion.  Results:  The group 
that ingested L-92 had lower SCORAD scores than the con-
trols (p = 0.002). The L-92 group also had decreased ratios of 
change for eosinophil count (p = 0.03) and increased ratios 
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the incidence of AD. It has been reported that intestinal 
inflammatory reactions and disruptions in intestinal bar-
rier function are involved in the pathogenesis of AD  [3] . 
Betsi et al.  [4]  suggested that changing the pattern of in-
testinal colony formation in infants would affect the im-
mune system and mitigate future AD symptoms; how-
ever, this has not been fully elucidated. Although there 
have been some clinical studies, including intervention 
studies on probiotics in AD patients, the curative effects 
remain a topic of controversy  [5] .

  Several probiotics have been reported to have certain 
antiallergic effects in humans, for example,  Lactobacillus 
acidophilus   [6–9] ,  L. plantarum   [10] ,  L. rhamnosus  GG 
(LGG)  [11, 12]  and  L. casei   [13] . However, based on a once-
yearly follow-up cohort study on children up to the age of 
5 years, Loo et al.  [14]  found that the early use of probiotics 
had no significant effect on eczema, asthma, allergic rhini-
tis, food allergy or sensitization to dust-mite allergens.

  The most studied probiotics, in terms of treating and 
preventing allergic diseases, belong to the genera  Lacto-
bacillus  and  Bifidobacterium . Effective probiotics are be-
lieved to have immunoregulatory properties and mediate 
immunomodulation  [15] . In addition, the immunoregu-
latory materials produced by the probiotics, including the 
bacterial cells themselves, even when heat-killed, have 
immunoregulatory potential  [6] .

  Several studies have indicated that  L. acidophilus  strain 
L-92 (L-92) has immunoregulatory properties. L-92 has 
been reported to mitigate the symptoms of Japanese cedar 
pollen allergy  [16]  and perennial allergic rhinitis and to 
improve blood test scores  [17] .

  There have been only a few clinical studies on probi-
otic administration in Japanese AD patients. It has been 
reported that administration of L-92 to children (aged 
1–12 years) ameliorated the severity of AD and decreased 
levels of serum thymus and activation-regulated chemo-
kine (TARC) and Th2 cytokine in 8 weeks  [12] . The effect 
of   L-92 administration on adults with AD has not been 
reported, so we examined whether administration of this 
strain mitigates the symptoms of AD in adults and inves-
tigated how it affects serum cytokine levels.

  Materials and Methods 

 Forty-nine patients with AD (28 males and 21 females), aged 
 ≥ 16 years, were enrolled in the study. A randomized, double-blind, 
placebo-controlled comparison was performed using age- and sex-
matched groups. Patients were randomly allocated to the L-92 ad-
ministration group (n = 24) and the placebo group (n = 25), re-
spectively, and the physician and patients were blinded to this al-

location. Patient characteristics are listed in  table 1 . Distribution 
of age and sex were well-balanced between the 2 groups. All pa-
tients had been treated with topical corticosteroid ointment 
(strong/very strong-class steroids for the body including the ex-
tremities and mild-class steroids for the face and neck) with mois-
turizer and one or two oral antihistamines, according to the guide-
lines for the management of AD  [18] . These treatments were con-
tinued during the entire study period (and for 2 more weeks 
without changes).

  L-92 was administered as 20.7 mg/day in tablet form for 
8 weeks. Placebo tablets contained maltose, starch, vegetable oil 
and fat. Heat-killed and dried L-92 powder was included in the 
L-92 tablets. Written informed consent was obtained from all 
patients.

  Assessment of Clinical Conditions 
 All patients were evaluated by experienced dermatologists for 

the general severity of their AD using the SCORing AD 
 (SCORAD) index  [19]  before intervention and after 4 and 8 
weeks. SCORAD scores are the total of the severity and extent of 
eczema and subjective symptoms on pruritus and insomnia. We 
also evaluated the number of eosinophils in the peripheral blood 
and the levels of serum IgE, lactate dehydrogenase (LDH) and 
TARC, in order to reflect AD progression.

  Cytokine Detection 
 Several cytokines were also measured before and after 8 weeks 

of intervention, because they had been reported to relate to the 
pathogenesis of AD  [20, 21] .

  Venous blood samples (5–10 ml) were taken from patients us-
ing vacutainer tubes under sterile conditions. Serum was obtained 
from freshly drawn, rapidly centrifuged samples. It was quickly 
frozen at –80   °   C and stored until required.

  The Bio-Plex Pro Human Cytokine 27-plex assay (M50-
0KCAF0Y; Bio-Rad, Hercules, Calif., USA) was used according to 
the manufacturer’s instructions to evaluate the concentrations of 
IL-2, IL-4, IL-5, IL-6, IL-10, IL-12p70, IL-13, IL-17, eotaxin/CCL1 
and interferon-γ (IFN-γ).

  IL-18 levels were measured using the human IL-18 ELISA kit 
(MBL, Nagoya, Japan). Transforming growth factor-β (TGF-β) 

 Table 1.  Clinical characteristics of the L-92 and placebo groups

L-92 group Placebo group

Participants, n 24 25
Age, years

(mean ± SD) 29.6±13.8 29.7±14.5
Male/female 14/10 14/11
SCORAD score 46.95 (75.5–29.5) 39.50 (74.2–12.0)
TARC, pg/ml 2,310 (14,220–160) 1,283 (2,921–226)
LDH, IU/l 239.5 (472–143) 213 (767–131)
Eosinophils, n/μl 475 (1,902–114) 425 (4,510–31)
Total IgE, IU/ml 10,060 (33,522–806) 5,977 (22,820–2)

Figures are expressed as medians with minimum and maxi-
mum values in parentheses, unless indicated otherwise.
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levels were measured using the LEGEND Free Active TGF-β1 kit 
(BioLegend, San Diego, Calif., USA). These assays detected only 
human cytokines.

  Statistics 
 Statistical significance was determined using the Mann-

Whitney U test and accepted as p < 0.05. Statistical analysis was 
performed using SPSS version 17.0 (SPSS Inc., Chicago, Ill., 
USA).

  Results 

 Comparison of Changes in SCORAD Score and Blood 
Marker Levels between the L-92 and Placebo Groups 
 We compared the changes in SCORAD scores be-

tween the L-92 and placebo groups. Seventeen patients 
(70.8%) showed an improvement in the L-92 group and 
11 patients (44%) showed an improvement in the placebo 
group. The SCORAD scores were significantly reduced in 
the L-92 group compared with the placebo group (p  < 
0.01;  fig. 1 a). Each component of SCORAD was signifi-
cantly decreased in the L-92 group in comparison with 
the placebo group (p < 0.01;  fig. 1 c).

  Changes in blood marker levels were also compared: 
the eosinophil count was significantly lower in the L-92 
group than in the placebo group whereas for serum IgE, 

LDH and TARC levels, there were no significant differ-
ences between the groups ( fig. 2 ).

  No abnormal clinical changes were noted in any of the 
patients during the study.

  Comparison of Changes in Serum Cytokine Levels 
between the L-92 and Placebo Groups 
 Serum cytokine levels before intervention in each 

group are shown in  table 2 . To clarify the change in cyto-
kine levels in each patient, we calculated the ratio of 
changes in serum cytokine levels after 8 weeks interven-
tion, and then compared these ratios between the L-92 
and placebo groups. TGF-β was significantly increased in 
the L-92 group compared with the placebo group (p = 
0.03) and IL-12p70 also tended to be increased (p = 0.06), 
but no other cytokines showed significant differences 
( fig. 3 ).

  Comparison of Changes in Serum Cytokine Levels 
between Improved and Nonimproved Patients with 
L-92 Administration 
 To clarify the effects of L-92 on mitigated symptoms 

relating to cytokine production, serum cytokine levels 
were compared between the improved patients and non-
improved patients in the L-92 group, i.e. 17 vs. 7 patients. 
Significantly greater changes were found in the TGF-β of 
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  Fig. 1.  Comparison of changes in SCORAD 
( a ), intensity of eczema ( b ), spread of ec-
zema ( c ) and subjective symptoms ( d ) be-
tween the L-92-administered group and 
the placebo group before treatment and at 
4 and 8 weeks after treatment. Data was an-
alyzed using the Mann-Whitney U test. 
 *  p < 0.05 and  *  *  p < 0.01 were statistically 
significant. 
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improved patients compared with nonimproved patients 
(p = 0.04;  fig. 4 ).

   Other cytokines measured showed no significant dif-
ferences between these groups. In addition, a comparison 
between improved and nonimproved patients in the pla-
cebo group showed no significant differences in any of 
the cytokines (data not shown).

  Discussion 

 In this study, we investigated the supportive effects 
of L-92 on the symptoms of AD in adults by means of a 
double-blind, parallel-group, placebo-controlled study 
using heat-killed L-92 tablets and a placebo. Serum cy-
tokine levels were measured in both groups to study the 
mechanism of effectiveness of L-92 administration. Ad-
ministration of L-92 improved cutaneous symptoms 
and decreased eosinophil count ( fig. 1 ,  2 ) in association 
with changes in the cytokine profile ( fig. 3 ,  4 ). In our 
study, L-92 did not adversely affect the health of any 
patients.

  In another parallel-group, placebo-controlled com-
parison, the administration of sterilized milk fermented 
with L-92 significantly improved the nasal symptoms 
of Japanese cedar pollinosis patients in 6–10 weeks  [16] . 
In another such comparison of 49 allergic rhinitis pa-
tients, 8-week administration of sterilized milk fer-
mented with L-92 significantly improved the scores for 
rhinitis symptoms (sneezing, runny nose, stuffy nose, 
itchy eyes and watery eyes) and blood marker levels (to-
tal IgE, mite-specific IgE, house dust IgE, Th1/Th2 ratio 
and eosinophil   count)  [17] .   Various studies on the ef-
fects of probiotics on AD in children have been report-
ed. Torii et al.  [7]  investigated the effects of 8 weeks of 
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  Fig. 2.  Comparison of changes in labora-
tory parameters between the L-92-admin-
istered group and the placebo group. Ratios 
of change are shown for blood eosinophil 
counts ( a ) and levels of serum IgE ( b ), LDH 
( c ) and TARC ( d ) in both groups. Data 
were analyzed using the Mann-Whitney U 
test.  *  p < 0.05 was statistically significant. 

 Table 2.  Serum cytokine levels (pg/ml) before the administration 
of L-92 and placebo

Cytokine Median  Range

placebo L-92 pl acebo L-92

IL-4 5.55 4.87 3.87–8.88 3.30–7.65
IL-5 3.01 3.02 1.33–6.60 1.13–5.85
IL-6 9.73 7.53 5.11–144.22 4.54–19.11
IL-10 8.63 8.76 0.76–37.79 3.01–19.74
IL-12p70 29.04 29.49 10.61–221.25 11.39–75.81
IL-13 9.14 8.56 4.82–33.32 4.59–15.52
IL-17 91.15 87.81 0.99–183.93 3.03–269.62
IL-18 108.57 141.69 63.10–178.56 77.18–278.78
Eotaxin 80.45 67.18 14.38–235.62 25.37–158.37
IFN-γ 155.76 140.39 107.76–299.34 109.76–262.93
TNF-α 34.82 28.93 18.88–99.10 13.31–87.20
TGF-β 210.48 178.10 30.77–345.71 9.47–465.91
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administration of L-92 to Japanese children. One study 
reported that 8-week administration of LGG to 102 in-
fants with AD showed no significant lowering of 
 SCORAD scores  [22]  and 6-month administration of 
 L. acidophilus  to 231 babies whose mothers had allergic 

symptoms resulted in no significant difference in the 
onset of AD when compared to a placebo group  [23] . In 
addition, administration of LGG to 59 infants over a 
period of 12 weeks did not lower the SCORAD scores 
significantly when compared to the placebo group, al-
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  Fig. 3.  Comparison of changes in serum cytokine levels between the 
L-92-administered group and the placebo group. Rates of change 
are shown for IL-4 ( a ), IL-5 ( b ), IL- 6 ( c ), IL-10 ( d ), IL-12p70 ( e ), 

IL-13 ( f ), IL-17 ( g ), IL-18 ( h ), eotaxin ( i ), IFN-γ ( j ), TNF-α ( k ) and 
TGF-β levels ( l ) in both groups. Data were analyzed using the 
Mann-Whitney U test.  *  p < 0.05 was statistically significant. 
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though it did improve the scores in those with food al-
lergies  [11] .

  The mechanism of the apparent anti-inflammatory 
impact of probiotic organisms is unclear: some studies 
suggest that they act on human intestinal epithelial cells, 
affecting intracellular signal transduction and promoting 
the secretion of TGF-β, IL-8 and prostaglandin E2  [24] . 
Studies using humans and mice indicated that probiotics 
and their products are engulfed by M cells in Peyer’s 
patches, the major immunoregulatory tissue in the intes-
tinal epithelium, and are presented to immunocompetent 
cells. Dendrocytes receive the presented information and 
induce the differentiation and maturation of undifferen-
tiated and immature T cells. Macrophages also receive 
information from the M cells and can regulate IFN-γ, 
IL-4 and IL-5 production as well as affect the functional 
differentiation of Th cells  [19] . It is likely that IFN-γ, 
TGF-β and IL-10 signals induced by probiotics induce T 
cells to differentiate and mature properly, prevent allergic 
inflammation and lead to oral desensitization to foods 
 [19] .

  L-92 induces apoptosis in mice Th1 and Th2 cells 
upon antigen stimulation in vitro. L-92 regulates B7-H1 
and B7-H2 production by dendrocytes and induces 
apoptosis of these cells  [21] . Oral administration of L-92 
to ovalbumin (OVA)-sensitized DO11.10 mice, i.e. 
transgenic mice overexpressing T cells that react specifi-
cally to OVA, increased the CD4+T cell apoptosis of Th2  
 cells  [25] . Consecutive administration of heat-killed 

L-92 to OVA-sensitized mice lowered IgE levels and re-
duced IFN-γ, IL-4, IL-10 and IgE production in the sple-
nocytes and Peyer’s patches. Induced production of 
TGF-β and IgA was observed in the Peyer’s patches, sug-
gesting that L-92 induces the differentiation of naive T 
cells into regulatory T (Treg) cells via TGF-β  [6] . Oral 
administration of L-92 to mice that developed contact 
dermatitis on the ears after application of dinitrifluoro-
benzene was found to increase the ratio of 
Foxp3+CD4+CD25+ cells in the cervical lymph nodes 
and spleen, and was reported to increase Foxp3, IL-10 
and TGF-β mRNA expression in the ear tissue  [26] . It has 
been reported that TGF-β induces Foxp3+ Treg cells in 
peripheral blood mononuclear cells (PBMCs)  [27] . Re-
cently, oral administration of a mixture of 5 probiotic 
strains  (L. acidophilus ,  L. casei ,  L. reuteri ,  Bifidobacteri-
um bifidium  and  Streptococcus thermophilus)  was report-
ed to increase levels of IL-10 and TGF-β, suppress the 
differentiation of Th2 and Th17 cells and promote the 
differentiation of CD4+Foxp3+Treg cells in mice  [28] . 
Furthermore, when milk fermented by various species 
and strains of lactic acid bacteria was administered to 
OVA-sensitized mice, L-92 was found to strongly sup-
press IgE production  [29] . It was also reported that mice 
treated by oral administration of heat-killed L-92 exhib-
ited lower levels of mast cells, eosinophil infiltration and 
Th1/Th2 cytokine expression and the L-92 acted as an 
antiallergic agent in vivo  [30] . L-92 also showed a higher 
enteron recovery rate than other species and strains and 
became more strongly established  [27] . These results in-
dicate that oral administration of L-92 might clinically 
be more useful than other species and strains of lactic 
acid bacteria.

  In humans, it has been reported that the administra-
tion of  L. acidophilus  induces Foxp3+ Treg cells in PBMCs 
 [24, 25] . These findings strongly suggest that some  Lacto-
bacillus  species also stimulate Treg induction in humans. 
It is also suggested that, in humans, this induction by 
some species   of  Lactobacillus  is via a signaling pathway 
mediated by dendritic cell-specific intracellular adhesion 
molecule 3-grabbing nonintegrin (DC-SIGN)  [31] . Stud-
ies on both mice and humans suggest that L-92 may in-
duce Treg cells via TGF-β to induce Th1 predominant 
conditions in vivo.

   In this study on adult AD patients, the increases in 
TGF-β were significantly higher in the L-92 group and 
IL-12p70 also tended to increase when compared with the 
placebo group ( fig. 3 ). Our results are consistent with a 
recent report that L-92 acts on human intestinal cells via 
protein A and promotes the release of IL-12  [32] .
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  Fig. 4.  Comparison of changes in serum cytokine levels between 
patients with improved and nonimproved SCORAD scores in the 
L-92-administered group. Ratios of change are shown for TGF-β 
levels. Data were analyzed using the Mann-Whitney U test.                          *  p < 
0.05 was statistically significant. 
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  When L-92 cells were cultured at a low pH, the release 
of IL-12, IFN-γ and IL-10 was increased, but IL-4 release 
was decreased from splenocytes in mice  [33] .

  The results of L-92 administration on adult AD sug-
gest an activation of Th1 or/and Treg cells. The improve-
ment in AD patients by ingestion of L-92 might be, at least 
partly, due to the promoted differentiation of PBMCs 
into Th1 and/or Treg cells, and the resulting suppression 
of Th2 differentiation.

  In conclusion, our preliminary trial is the first report 
demonstrating that L-92 is effective against AD in adults. 
No serious side effects were observed in any of the pa-
tients. We suggest that L-92 could be used as a food sup-
plement to reduce the dose of steroidal anti-inflammato-

ry ointments required for atopic treatment. However, 
further studies with different strains of  Lactobacillus  are 
necessary to confirm its beneficial role in AD and to clar-
ify the immunological mechanisms.
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