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    Abstract
Background/Aim: Recently, the prevalence of atopic dermatitis (AD) has increased in developed countries. This study aimed to examine the usefulness of a moisturizing cream containing lipopolysaccharide derived from Pantoea agglomerans (LPSp) in patients with mild AD. Patients and Methods: A moisturizing cream containing LPSp or its placebo was randomly assigned and continuously used for 4 weeks in patients with mild AD. AD severity was evaluated in a double-blind manner by a dermatologist using the Eczema Area and Severity Index (EASI) score and by the patients' self-evaluation of itching and skin condition using a visual analog scale (VAS). Results: Although there was no difference in the EASI score between the two groups, the VAS scores showed significantly greater symptom alleviation in the LPSp group than in the placebo group. Conclusion: A moisturizing cream containing LPSp may be effective for routine skin care and could help alleviate symptoms of mild AD.

	Skin
	itching
	LPS
	innate immunity

Atopic dermatitis (AD) is an allergic skin disease with eczematous lesions and severe itching. The prevalence of AD is estimated to be 15-20% for children and 1-3% for adults and has increased 2-3 times in developed countries over the last few decades (1). With this background, daily skin care is very important to avoid worsening of symptoms in patients with AD. The underlying pathology of AD includes impaired skin barrier function, which is often linked to reduced expression of filaggrin, abnormal proliferation of gram-positive bacteria, and an increase in T-helper cell type 2 (Th2) cytokines (2). Therefore, skin care for patients with AD must involve not only cleanliness and prevention of dryness but also desirably assists in increasing the barrier function, suppressing bacterial multiplication, and developing an ideal Th1/Th2 balance.
Gueniche et al. reported that the lysate of a gram-negative bacteria isolated from hot springs is effective as a skin care ingredient for preventing AD aggravation (3). Myles and colleagues also reported that patients with AD had fewer gram-negative bacteria on the skin than did healthy individuals and that transplanting gram-negative bacteria collected from the skin of healthy individuals to the skin of patients with AD improved the symptoms of AD (4, 5). Gram-negative bacteria and their lysates contain a large amount of lipopolysaccharide (LPS). LPS is a well-known endotoxin that acts on blood monocytes to induce inflammation (6). LPS is also ubiquitous in the environment and is found in edible plants used as health foods and in traditional Chinese medicine (7, 8). It is now clear that LPS is not only associated with no oral percutaneous adverse events, but also induces various beneficial physiological effects, which include natural suppression of the allergic response (9-11).
According to an epidemiological investigation by Braun-Fahrlander et al., a decline in the natural intake of LPS in early childhood and the onset of allergic disease are inversely correlated (12). There are conflicting reports on this study (13). However, an experimental study that induced AD by applying mite antigen to NC/Nga mice showed that LPS administration reduced serum IgE, periostin, and thymus and activation-regulated chemokine (TARC/CCR7), suppressing atopic symptoms (14). It has also been shown that intradermal administration of LPS inhibits edema in the mouse ear in an immunoglobulin E (IgE)-dependent allergy test system (15). These results suggest that LPS has anti-allergic and anti-inflammatory effects. However, the effect of LPS via external application in human AD has not been verified.
Therefore, in order to verify the usefulness of LPS in the remission of patients with mild AD, we evaluated the Eczema Area and Severity Index (EASI) scores (16) and self-evaluation of itching and skin condition, using a visual analog scale (VAS), following the use of a moisturizing cream containing LPS derived from Pantoea agglomerans (LPSp), which has been confirmed to be safe by oral and percutaneous application, in a randomized double-blind trial.
Patients and Methods
Clinical trial and design. This clinical trial was conducted according to the ethical regulations of the World Medical Association (Helsinki Declaration) and was approved by the review committee of the Kagawa University Hospital (approval number: E011CS013). The diagnosis of the skin condition for each trial participant and explanation of the examination to the participant was performed by a dermatologist of the Department of Dermatology, Kagawa University School of Medicine. Informed consent was obtained from all participants before the start of the study, which was conducted as a randomized double-blind parallel group comparison.
Inclusion criteria. Participants satisfied the following criteria: i) men and women between 16 and 65 years of age, ii) a diagnosis of AD according to a standard guideline (16) by a dermatologist, iii) moderate or mild symptoms (an EASI score ≤2) for more than 2 weeks, iv) no regular use of steroids or tacrolimus for 4 weeks prior to the start of the study, and v) written consent to participation in the research.
Diagnosis of AD. The symptoms of AD were diagnosed by a dermatologist. The diagnosis was scored according to the EASI as follows: for each of the four body parts (head and neck, trunk, upper limbs, lower limbs), a numerical value was obtained by evaluating four signs (erythema, papules, scales, and lichenification) at four levels (0: none, 1: mild, 2: moderate, and 3: severe) and adding the scores. These were then multiplied by a numerical value obtained by evaluating the ratio of the area of the eczematous part to that of each body part at seven levels (0: 0%; 1: 1-9%; 2: 10-29%; 3: 30-49%; 4: 50-69%; 5: 70-89%; and 6: 100%) which was then multiplied by the factor for the body part (head and neck: 0.1; trunk: 0.3; upper limb: 0.2; lower limb: 0.4). Finally, obtained numerical values for each of the four body parts were summed up as the EASI score.
VAS analysis. The effectiveness of the cream was investigated by self-evaluation for itching and skin condition using the VAS. The participants rated the severity of itching using a 10-cm VAS from 0 (no itching) to 10 (severe itching) and the skin condition from 0 (no problem at all) to 10 (worst state). The skin conditions were judged comprehensively and visually and included redness, swelling, eczema, dryness, etc.
Moisturizing cream. The placebo control moisturizing cream contained water, olive oil (Croda Japan KK, Tokyo, Japan), glycerin (Miyoshi Oil & Fat Co., Ltd., Tokyo, Japan), squalane (Nikko Chemicals, Tokyo, Japan), jojoba oil (Nikko Chemicals), butylene glycol (Daicel Corporation, Osaka, Japan), stearic acid (Kao Corporation, Tokyo, Japan), cetearyl alcohol (Kao Corporation), dimethicone (Shin-Etsu Chemical Co., Ltd., Tokyo, Japan), polysorbate 60 (Kao Corporation), glyceryl stearate (SE) (Nikko Chemicals), PEG10 stearate (Nikko Chemicals), carbomer (Fujifilm Wako Pure Chemical Corporation, Tokyo, Japan), tocopherol (Riken Vitamin Co., Ltd., Tokyo, Japan), potassium (Fujifilm Wako Pure Chemical Corporation), and methylparaben (Ueno Fine Chemicals Industry, Ltd., Osaka, Japan).
The test moisturizing cream containing LPSp was prepared by blending 2% of cosmetic raw material (INCI name: Pantoea agglomerans/wheat flour ferment extract) (Macrophi Inc., Kagawa, Japan) containing LPSp as the main ingredient into the placebo cream described above. The final concentration of LPSp in the LPSp cream was 2 μg/g.
The LPSp cream or placebo was packed in a 30-g capacity plastic container.
Test method. Participants were assigned numbers in the order of registration and then assigned to the LPSp group or placebo group by the central registration center using a randomized table.
Participants received 60 g (two plastic containers) of LPSp or placebo cream, which was to be applied to the affected area in the morning and evening for 4 weeks. A dermatological diagnosis and self-evaluation were conducted at baseline and at 2 and 4 weeks. Participants filled out self-check sheets every day for the use of their cream and other drugs (such as steroids and tacrolimus). Participants who used steroids or tacrolimus for more than 3 days during the 4-week trial period were excluded from the analysis. Participants who were taking internal medicine (antihistamine) prior to the study continued to take this medicine during the study.
Statistical analysis. Intra-group comparisons were performed using the Wilcoxon signed rank-sum test, and inter-group comparisons were performed using the Mann–Whitney U-test. Calculations were made using Excel add-in software for statistical analysis (Excel Statistic 2012; Social Survey Research Information Co., Ltd., Tokyo, Japan). Differences with p-values of less than 0.05 were considered statistically significant.

Results
Participants in this study were males and females with mild AD between the ages of 20 and 52 years. Those who used steroids or tacrolimus for more than 3 days or who discontinued the study during the 4-week trial period were excluded from analysis. The final number of patients to be analyzed was 25 in total, with 12 in the LPSp group (three males, nine females) and 13 in the placebo group (three males, 10 females). The average age for the LPSp group was 31.5 years, whereas that for the placebo group was 31.2 years. The history of AD in all participants analyzed ranged from several years to more than 20 years. The symptoms of AD were most commonly observed in the upper limbs (23 participants), followed by those in the trunk (five participants), lower limbs (four participants), and head (three participants) (Table I).
Figure 1 shows the EASI scores of both groups as evaluated by a dermatologist. In both groups, the EASI scores had improved significantly after 4 weeks of cream application. In the inter-group comparison, there was no statistically significant difference between the two groups at baseline or at 4 weeks; thus, the improvement in EASI scores in both groups was attributed to the moisturizing effect of the creams.
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Table I. Baseline demographics of patients with atopic dermatitis (AD).



Figure 2 shows the VAS scores for the self-evaluation of skin conditions in both groups. As with the EASI scores, both groups showed improvements with significant differences after 4 weeks. However, the placebo group did not show an improvement beyond 2 weeks. In the inter-group comparison, there was no significant difference between the two groups at the baseline of the study; however, after 4 weeks, the LPSp group showed significantly greater improvement than the placebo group.
Figure 3A shows the VAS scores for the self-evaluation of itching in both groups. In the LPSp group, improvements were observed with significant differences between baseline and at 2 weeks, at 2 and 4 weeks, and at baseline and 4 weeks. However, in the placebo group, although there was a significant improvement at 2 weeks, the improvement stopped from 2 to 4 weeks and no significant difference was observed between scores at baseline and at 4 weeks. In the inter-group comparison, there was no significant difference between the two groups at baseline, but after 4 weeks, the LPSp group showed significantly greater improvement than the placebo group.
Figure 3B is a plot of the self-evaluation of itching in all patients, which shows a gradual improvement in almost all patients in the LPSp group throughout the 4 weeks. In contrast, there were many patients from the placebo group in whom itching had worsened from 2 to 4 weeks. This suggests that the LPSp component of the cream had an itch-suppressing effect.

Discussion
In this randomized double-blind trial on the daily usefulness of an LPSp-blended moisturizing cream in patients with mild AD, improvements were observed in three evaluation items in both the treatment and placebo groups within 4 weeks. This indicates that the moisturizing cream itself had a beneficial effect on the improvement in patients with mild AD. In the inter-group comparison, no difference was found in the EASI scores, but there was a strong tendency for greater alleviation with the LPSp cream according to the self-evaluation scores for itching and skin conditions.
The LPS used in this study was derived from P. agglomerans, which coexists with edible plants. It has been reported that various diseases are improved by oral or transdermal administration of LPSp (11) and, since 2007, raw materials for food and cosmetics containing LPSp as an active ingredient have been marketed. The chemical structure of LPSp has been well researched: the number of fatty acid residues in Iipid A, an active center of LPS, is 6-7 (17), the sugars in the O antigen polysaccharide are rhamnose and glucose (18), and the molecular weight is 5000-20000 Da (19). Like LPS derived from Escherichia coli, LPSp binds to toll-like receptor 4 (TLR4) in order to exert its biological activity. Normally, substances the size of LPS do not penetrate the tight junction of the granular layer of the epidermis (20). However, the lipid feature of the LPSp molecule seems to confer an affinity for the stratum corneum of the epidermis in which sebum exists, allowing interaction with cells in the stratum corneum.
It was notable that the tendency for self-evaluated improvement in itching was more remarkable in the LPSp group than in the placebo group in our study. Itching significantly affects the quality of life of patients with AD and further worsens AD by destroying the skin's barrier function. Itching in AD has been a focus of recent attention with research on the expression of interleukin 31 (IL31) by Th2 cells (21), nerve activation by thymic stromal lymphopoietin (TSLP) (22), and the increase in number of nerve fibers related to the relative expression state between nerve growth factor and the nerve repulsion factor semaphorin 3A (23, 24). The relationship between these phenomena and LPS has not yet been investigated, but there are some relevant findings.
Although regulatory T-cells (Tregs), which suppress helper T-cells, exist in the epidermis of a healthy person, the



function of Tregs is thought to be depressed in patients with AD (25, 26). On the other hand, Tregs express TLR4 and respond to LPS in survival and proliferation (27). It has also been reported that LPS-stimulated Tregs affect neutrophils in an immunosuppressive manner, so that they suppress inflammation (28, 29). From this, it is also conceivable that LPS activates Tregs to suppress helper T-cells and reduce the expression of IL31, which causes inflammation and itching.
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Figure 1. Eczema Area and Severity Index (EASI) scores in the lipopolysaccharide derived from Pantoea agglomerans (LPSp) and placebo groups. Average EASI score, as evaluated by a dermatologist over time (0; baseline, 2 weeks, 4 weeks). Data are presented as the mean±standard error (SE). Statistical analysis was performed using the Wilcoxon signed rank-sum test (intra-group comparison) and Mann–Whitney U-test (inter-group comparison). Significance is shown only where a statistically significant (p<0.05) difference was found.
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Figure 2. Visual analog scores (VAS) for the self-evaluation of skin condition in the lipopolysaccharide derived from Pantoea agglomerans (LPSp) and placebo groups. Average VAS scores for skin condition were self-evaluated over time (0, baseline; 2 weeks; 4 weeks). Data are presented as mean±standard error (SE). Statistical analysis was performed using the Wilcoxon signed rank-sum test (intra-group comparison) and Mann–Whitney U-test (inter-group comparison). Significance is shown only where a statistically significant (p<0.05) difference was found.
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Figure 3. Visual analog scores (VAS) for self-evaluation of itching in the lipopolysaccharide derived from Pantoea agglomerans (LPSp) and placebo groups. A: Average VAS values for itching, as self-evaluated over time. Data are presented as mean±standard error (SE). Statistical analysis was performed using the Wilcoxon signed rank-sum test (intra-group comparison) and Mann–Whitney U-test (inter-group comparison). B: Individual VAS values for itching as self-evaluated over time in the LPSp group (left) and the placebo group (right). Significantly different at p<0.05 versus *corresponding baseline value (0 weeks), #corresponding value at 2 weeks, ‡corresponding LPSp value.



Although many of the interactions between LPS and other cells present in the epidermis are still not understood, there have been some elucidating reports. Keratinocytes express TLRs, including TLR4 but not TLR7 and TLR8, and react to LPS stimulation. The induction of inflammatory cytokines in keratinocytes is lower (30) compared with that in monocytes in the blood. However, Isard et al. showed that stimulation of keratinocytes with LPS increases the expression level of filaggrin, a barrier function protein (31). In addition, keratinocytes produce β-defensin, an antimicrobial substance, in vivo in response to stimulation by LPS (32). From these findings, LPS may act on keratinocytes to enhance the skin's barrier function and suppress abnormal bacterial multiplication.
Langerhans cells protrude dendrites into the stratum corneum (33). In Langerhans cells, there is no induction of inflammatory cytokines in response to LPS stimulation (34). Rather, LPS stimulation suppresses the expression of Th2 chemokine TARC (35). This suggests that the action of LPS on Langerhans cells leads to suppression of the allergic response.
In the present study, it was shown that moisturizing cream, a basic cosmetic, was useful in the daily skin care of patients with mild AD. Furthermore, the results suggested that blending LPS into moisturizing cream is effective for improving itching. LPS, a lipoglycan peculiar to gram-negative bacteria, is also an endotoxin and induces strong inflammation when brought into the body by infection or by artificial injection. However, LPS is ubiquitous in the environment, including edible plants and herbal medicines used for health foods. Because toxicity from oral and dermal ingestion of LPS is not observed, it is obvious that physiological response to LPS by the cells of the intestinal tract and skin that are in contact with the environment and resident bacteria is quite different from that by immune cells in the body.
This clinical trial was conducted as the first test in humans to verify the usefulness of LPS; however, the sample size was small. In the future, clinical trials with larger sample sizes are necessary. In addition, in order to clarify the mechanism of the effect, it will be necessary to study the interaction between LPS and skin cells.
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