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Purpose: Atopic dermatitis is characterized by chronic inflammation and dryness accompanied by severe itching. The combined use
of moisturizers and topical anti-inflammatory drugs is essential for alleviating atopic dermatitis. We have developed a topical anti-
inflammatory drug with a steroid and a moisturizer with heparinoid, both in lamellar structure-based formulations containing synthetic
pseudo-ceramides. Here, assessed the efficacy of this combination in the treatment of atopic dermatitis.

Methods: We included 22 patients with mild to moderate atopic dermatitis and subjected them to a seven-week treatment with the test
formulations, followed by a four-week post-treatment period.

Results: Clinical findings and the quality of life of participants remarkably improved after one week of treatment. Furthermore, skin
hydration and transepidermal water loss considerably improved at weeks one and three, respectively. The Cer [NP]/[NS] ratio, an
indicator of epidermal turnover, substantially increased during the treatment period and remained elevated even thereafter. The
improvement in stratum corneum function was distinctive in participants with lower barrier function.

Conclusion: These findings indicated that the combined use of the anti-inflammatory drug and moisturizer, both in lamellar structure-
based formulations, is effective in treating atopic dermatitis in patients with fragile barrier function.
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Introduction

Atopic dermatitis (AD) is a complex disease characterized by chronic inflammation accompanied by intense itchiness.'
Scratching behavior is induced by intense itchiness, which can disrupt the skin barrier. Compromised barrier function
results in moisture loss and dehydration as well as increased invasion of external stimuli (allergens) and subsequent
inflammation. This creates a cycle wherein itchiness is aggravated, leading to further deterioration of symptoms (itch—
scratch cycle).”® Chronic inflammation exacerbates the skin color of patients,” thus impacting their psychological well-
being due to the associated changes in appearance.’

The stratum corneum (SC) plays a crucial role in maintaining the skin barrier function,® preventing water loss from
within the skin and allergen entry.” These functions are imparted by the intercellular adhesion between keratinocytes and
intercellular lipids. Ceramide, a sphingolipid composed of sphingosine and fatty acid, is a major component of
intercellular lipids. It forms a lamellar structure wherein layers of lipids and water molecules overlap regularly.®’ The
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skin of patients with AD exhibits abnormal turnover due to chronic inflammation.'® Compared to that of individuals with
healthy skin, the stratum corneum of patients with AD contains less ceramide content,'' exhibiting an immature state
with a low ratio of NP to NS type ceramide in the stratum corneum (Cer [NP]/[NS] ratio), which is an indicator of
epidermal turnover.'? As a result, the skin of patients with AD loses its barrier function, affecting both water retention

and the ability to prevent allergen entry.”'

The use of moisturizers along with topical anti-inflammatory drugs is central to the treatment of AD patients.'*"
Heparinoid, which belongs to the mucopolysaccharide family, is used as a moisturizer because of its high capacity to
absorb water and moisture. On the other hand, the compromised stratum corneum also makes normalizing barrier
function a priority.'® Barrier repair therapy, which is an approach that replenishes intercellular lipid components such
as ceramide, is effective in maintaining a healthy SC in patients with AD.'®'” Ceramides, pseudo-ceramides (synthetic
compounds similar to ceramide in the stratum corneum), and ceramide precursors have been reported to be effective
against AD symptoms such as dry skin.'®?? Recently, we evaluated a steroid formulation containing synthesized
pseudo-ceramide (SLE: N-(3-hexadecyloxy-2-hydroxypropyl)-N-2-hydroxyethyl hexadecanamide) and a steroid,
which comprised a lamellar structure that mimics intercellular lipids. We showed that although the anti-
inflammatory effect was equivalent to that of a formulation without a lamellar structure, the changes in skin hydration
and transepidermal water loss (TEWL) were significant.>® Furthermore, we found that a formulation containing
synthetic pseudo-ceramides and a heparinoid that formed a lamellar structure after application and drying exhibited
physical barrier function, effectively inhibiting allergen permeation.>* Our assessment of the above-mentioned
heparinoid formulation during AD remission revealed notable improvements in skin hydration and a reduction in
the TEWL, accompanied by alleviation of itchiness. Taken together, these observations demonstrated that steroid and
heparinoid formulations with a lamellar structure exhibit greater efficacy as therapeutic agents for AD than formula-
tions without a lamellar structure. Based on these observations, the combination of a formulation that forms a lamellar
structure with drug treatment and skin care could effectively improve SC function while preventing allergen entry.
However, such a study has not been undertaken yet.

Here, we conducted a clinical study to verify the efficacy of a combination of topical anti-inflammatory drug with
steroid and topical moisturizer with heparinoid (both of which form a lamellar structure after application) for the
treatment of mild to moderate AD.

Materials and Methods

Study Design

This clinical study was conducted as a single-arm, open-label study. The study protocol was approved by the Review
Board of Kao Corporation (Tokyo, Japan) and the Medical Corporation Kojinkai Sapporo Skin Clinic (Sapporo, Japan)
(UMIN registration no. 000031190). This study complied with the basic ethical principles set out in the Declaration of
Helsinki. All the participants provided informed consent prior to participation in the study.

After a 1-week washout period with topical agents prohibited, the test formulations were applied for 7 weeks,
with a 4-week post-treatment period (Figure 1). The 7-week treatment period was as follows: in week 1, the
steroid and heparinoid formulations were applied together twice a day; from week 2 to week 7, the heparinoid
formulation was generally used twice a day, but combined use with the steroid formulation was permitted when
symptoms worsened. The amount of formulation used complied with the fingertip unit, and participants were
allowed to use their own topical formulations during the post-treatment period. Efficacy and safety assessments
were conducted at weeks 0, 1, 3, 5, 7, and 11 (Figure 1). The study was conducted from February to May 2018 in
Hokkaido, Japan.

Study Participants
Dermatologists screened Japanese male and female patients with AD having mild to moderate skin eruptions on their
arms. Of the 33 participants, 23 individuals aged 2548 years participated in the study.
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Figure | Study design.

Notes: After washout (week 1), the test formulations (steroid and heparinoid) were administered twice a day for one week. Thereafter, the heparinoid formulation was
applied twice a day for six weeks. Moreover, steroid formulation use was also permitted depending on the skin condition of participants. Thereafter, the participants used
their usual formulations for four weeks (post-treatment period).

Materials

The steroid formulation was an oil-in-water (O/W) cream formulation with 0.15% prednisolone valerate acetate (PVA)
and 3% synthetic pseudo-ceramide. The other components included cetyl alcohol, stearyl alcohol, polyoxyethylene
sorbitan monostearate, sorbitan monostearate, glycerin, and water. The heparinoid formulation was an O/W cream
formulation containing 0.3% heparinoid and 2.5% synthetic pseudo-ceramide, along with other components such as
stearyl alcohol, stearyl monoglyceride, glycerin, and water.

Efficacy/Safety Assessment and Skin Measurements

The AD severity, dryness, erythema, and scratch marks at the test site (upper arm) were scored by a dermatologist on
a scale of 0—4. The severity was scored based on the severity classification of atopic dermatitis by the Japanese
Dermatological Association (simple me‘[hod):25 none, 0; slight, 0.5; mild, 1; between mild and moderate, 1.5; moderate,
2; between moderate and severe, 2.5; severe, 3; between severe and profound, 3.5; profound, 4. Dryness, erythema, and
scratch marks were scored according to the following conditions: none, 0; between none and slight, 0.5; slight, 1;
between slight and mild, 1.5; mild, 2; between mild and moderate, 2.5; moderate, 3; between moderate and severe, 3.5;
and severe, 4.

All adverse events during the study period were recorded, and severity was judged by a dermatologist. All
instrumental measurements were conducted in an air-conditioned room at 20 + 2°C and 40% =+ 5% relative humidity
after acclimatization for 20 min. The same location (inside the forearm) was measured each time, aided by a transparent
sheet indicating the measurement site for each participant. Skin color (a*) and melanin content in the forearm were
measured using Antera 3D (Miravex, Ireland). TEWL in the forearm was measured using a Tewameter TM300 (Courage
+ Khazaka Electronic, Koln, Germany). The moisture content of the SC on the forearm was measured using SKICON-
200EX (IBS, Hamamatsu, Japan).

Ceramide Analysis

SC specimens were sampled from the forearm via the tape-stripping method at baseline (week 0) as well as at the end of
weeks 7 and 11. Five consecutive tapes using polypropylene tape (465#40; Teraoka Seisakusho; Tokyo, Japan) were
collected from inside of the forearm, and part of each SC-stripped tape was used for ceramide analysis, as previously
described.?® The SC-stripped tapes were stored at —20 °C until lipid extraction. Each SC-stripped tape was cut into two
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equal pieces; one was used for lipid extraction, and the other for protein extraction. One piece was immersed in methanol
and sonicated. Extracted lipids were dried, and re-dissolved in chloroform/methanol/2-propanol (2/9/9). Lipid solution
was analyzed via reversed-phase LC-MS using an Agilent 6130 Series LC/MSD system equipped with a multi-ion
source, the ChemStation software, an Agilent 1260 Infinity Series LC (Agilent Technologies), and an L-column
octadecylsilyl (2.1 mm inner diameter x 150 mm; Chemicals Evaluation and Research Institute). The remaining tapes
were immersed in a buffer composed of 0.1 M NaOH and 1% sodium dodecyl sulfate. Extracted soluble proteins were
quantified using a BCA protein assay kit (Thermo Fisher Scientific, Waltham, MA, USA). The ratio of Cer [NP] (ng/ug
protein) to Cer [NS] (ng/ug protein) was calculated.

Subjective Evaluation

Forearm itchiness was assessed by each participant using a visual analog scale (VAS) ranging from 0 to 100 mm; 0 (no
itching) to 100 (maximum intensity of itching). The quality of life (QoL) was analyzed using the Japanese version of
Skindex29,?” which evaluates QoL in three domains (emotions, symptoms, functioning), and the average score was taken
as the QoL score. Global skin condition score on the forearm was rated as follows: good, 1; slightly good, 2; cannot say
which, 3; slightly bad, 4; bad, 5. dryness. Erythema score on the forearm was rated as follows: none, 0; slight, 1; weak, 2;
moderate, 3; strong, 4; very strong, 5; cannot tolerate, 6.

Statistical Analysis

The eligibility of participants included in the analyses was determined based on their adherence to the study plan. The
extent of change (4) was calculated by subtracting the values of skin properties quantified on the starting day (week 0)
from the values on each measurement day. Skin measurements, VAS data, and Skindex29 data were statistically analyzed
using Dunnett’s multiple comparison test. Visual assessment score and subjective evaluation were analyzed using Steel’s
multiple comparison test. All statistical analyses were performed using BellCurve for Excel version 3.20 (Social Survey
Research Information Co., Ltd., Tokyo, Japan). p-values less than 0.05 were considered significant.

Results

A total of 23 patients with AD were enrolled in the study. One participant was excluded from the analysis due to lack of
compliance with the study protocol. Another participant could not attend the visual assessment and skin measurements at
week 3. Thus, the number of participants for the evaluation was 22 at weeks 0, 1, 5, 7, and 11 and 21 at week 3.

Visual Assessment of Efficacy and Safety

At the commencement of the study (week 0), 21 of 22 participants exhibited substantial AD severity, which was
classified as mild, severe, or very severe (Figure 2A). However, after one week of using the test formulations (steroid and
heparinoid), a notable and significant improvement (p < 0.01 vs week 0) was observed in symptoms (Figure 2A). All the
participants sustained significantly improved symptom states throughout the subsequent treatment (p < 0.01 vs week 0)
and post-treatment periods (p < 0.05 vs week 0) (Figure 2A). Dryness, erythema, and scratch marks were significantly
reduced after one-week use of the test formulations (p < 0.01, p < 0.05, p <0.05, vs week 0, respectively), and remained
in good condition thereafter (Figure 2B-D). No adverse events were observed during the study period.

Changes in Skin Properties Due to Measurement Device

Assessment of the skin condition at the test site revealed that skin hydration significantly increased after one-week use of
the test formulations, remaining in the same state during the subsequent treatment period (Table 1). TEWL significantly
decreased in week 3 and remained in the same state during the subsequent treatment and post-treatment periods (Table 1).
Values related to skin color, a*, which is an indicator for redness, did not exhibit significant changes (4) throughout the
study period, but its value at week 7 was significantly reduced in comparison to week 1 (Table 1). Additionally, the
average melanin level, which is an indicator of pigmentation, was significantly reduced at weeks 7 and 11, in comparison
to week O (Table 1).
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Figure 2 Visual assessment of efficacy.

Notes: The skin condition of the test site was visually scored by a dermatologist. Changes in the severity of atopic dermatitis (A). Atopic dermatitis severity was scored
from 0 to 4 as follows: none, 0; slight, 0.5; mild, |; between mild and moderate, |.5; moderate, 2; between moderate and severe, 2.5; severe, 3; between severe and
profound, 3.5; and profound, 4. Changes in dryness (B), erythema (C), and scratch marks (D) were scored from 0 to 4 as follows: none, 0; none to slight, 0.5; slight, |;
between slight and mild, 1.5; mild, 2; between mild and moderate, 2.5; moderate, 3; between moderate and severe, 3.5; and severe, 4. Statistical analysis was conducted using
Steel’s multiple comparison test, with week 0 as control. *p < 0.05, **p < 0.01.

Changes in the Ratio of Ceramide Molecules in the Stratum Corneum

We analyzed the abundance ratio of NP to NS type ceramide (Cer [NP]/[NS] ratio), which is an indicator of epidermal
turnover, from the SC collected by tape stripping. No significant changes were observed in the Cer [NP]/[NS] ratio throughout
the study period, but the amount of change (4) from week 0 significantly increased after the treatment period, and was
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Table | Instrumental Analysis of Skin and Ceramide (Cer) Analysis

Parameter Unit Treatment Period Post-Treatment
Period
Week 0 Week | Week 3 Week 5 Week 7 Week 11
Skin color® AU Raw data 142+ 1.8 13.6 £ 2.5 138+ 1.9 139 £ 26 134 +22 138+ 1.9
4 0 -0.6 £ I.1 -04 £ 0.8 04+ 1.3 -0.8 £ 1.2* -0.5 £ 0.9
Average AU Raw data 0.57 + 0.08 0.56 + 0.09 0.56 + 0.08 0.57 + 0.08 0.56 + 0.08 0.56 + 0.08
melanin level
4 0 -0.01 £ 0.01 -0.01 £ 0.01 -0.01 £ 0.0l -0.02 £ —0.02 £ 0.02%*
0.02%*
TEWL g/mZ/h Raw data 88 37 77 £25 5.9 + |.8* 6.3 £ |.5%* 6.2 £ |.7%* 6.3 £ |.9%*
4 0 =1.1£32 -2.8 £ 3.1*% -2.5 £ 3.7% -2.6 * 3.6% —2.5 £ 3.4%
Skin hydration uS Raw data 52.2 + 40.4 156.3 £ 126.1% | 114.0 + 69.2* 128.4 + 75.1** 121.4 £ 71.6* 732+ 493
(Conductance)
4 0 104.1 £ 112.2% 60.9 + 52.2%* 76.2 £ 61.3%* 69.2 £ 75.7%* 21.0 £ 52.6
Cer[NP]/[NS] AU Raw data 224 £ 0.79 - - - 2.53 £ 0.63 2.58 £ 0.71
ratio
4 0 - - - 0.29 + 0.47* 0.34 £+ 0.47**

Notes: The skin conditions at the test site were assessed. The extent of change (4) was calculated by subtracting the skin property measurement value recorded on day |
(week 0) from the skin property measurement value recorded on each measurement day. Values are shown as mean * standard deviation. Statistical analysis was conducted
using Dunnett’s multiple comparison test, with week 0 as the control. *Redness; *p < 0.05, **p < 0.01.

Abbreviation: AU, Arbitrary units.

maintained in the post-treatment period (Table 1). The median TEWL value at week 0 was used as a basis to divide the study
participants into high-TEWL (group with weak SC barrier function at the outset, n = 11) and low-TEWL groups (n=11), and
analyses were conducted on each group. The TEWL of the low TEWL group showed no significant change throughout the
study period, whereas that of the high TEWL group decreased after one-week use of the test formulations, with the decrease
maintained even in the subsequent treatment and post-treatment periods (Figure 3A and B). Additionally, the Cer [NP]/[NS] of
the low TEWL group exhibited no significant changes throughout the study period, whereas that of the high TEWL group
significantly increased (Figure 3C and D).

Changes in Subjective Assessment by the Participants

The study participants assessed the condition of the test site and their QoL. Both the itchiness VAS score and QoL
assessment score significantly decreased after one-week use of the test formulations, and this decrease was maintained
even in the subsequent treatment and post-treatment periods (Table 2). The study participants also evaluated the condition
of the test site in terms of overall assessment, dryness, and redness. A significant improvement was observed in all the
three parameters after one-week use of the test formulations (Table 3). The significantly improved state relative to that at
week 0 was maintained even in the subsequent treatment period.

Discussion
The skin of patients with AD becomes dry and loses its barrier function, both in terms of water retention and allergen-
entry control.”'? Therefore, AD treatment requires improvement of stratum corneum function as well as the suppression
of inflammation.'® Previous research evaluated the efficacy of steroid and heparinoid formulations that form a lamellar
structure after application and drying for the treatment of mild to moderate AD cases, with a significant improvement in
stratum corneum function compared to that achieved by formulations without a lamellar structure.?*-*

This study verified the efficacy of the combined use of a topical steroid drug and a moisturizer with heparinoid (both
containing synthetic pseudo-ceramide that form a lamellar structure after application and drying). The combination
treatment reduced the severity of dermatological findings within one week, which was maintained throughout the
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Figure 3 Cluster analysis of skin properties and epidermal turnover based on the skin types of the participants.

Notes: The median TEWL value at week 0 was used as a basis to divide the participants into high-TEWL (group with weak barrier at outset, n = | 1) and low-TEWL groups
(n = 1), whereafter stratification analysis was conducted. Changes in TEWL (A and B) and the ratio of ceramide molecular species in the stratum corneum (Cer [NP]/
[NS]), which is an epidermal turnover indicator (C and D). Statistical analysis of TEWL results (A and B) was conducted using Steel’s multiple comparison test, with week 0
as control. Statistical analysis of the Cer [NP]/[NS] results (C and D) was conducted using Dunnett’s multiple comparison test, with week 0 as the control. *p < 0.05, **p <
0.01, o: individual participants, — median.
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Table 2 Subjective Evaluation of Skin Conditions ()

Parameter Unit Treatment Period Post-Treatment Period
Week 0 Week | Week 3 Week 5 Week 7 Week |1

Itchiness (VAS) | AU | 452 £24.1 | 19.8 £ 19.2% | 169 + [9.3% | 18.1 £20.2* | 19.4 = 20.0%* 24.1 £ 19.0%*

QoL AU | 45.1 £12.1 | 329 £9.3% | 358+ 10.7* | 35.6 £ 12.9% | 34.6 + 12.0% 362 % | 1.7%

Notes: Values are shown as the mean * standard deviation. Statistical analysis was performed using Dunnett’s multiple comparison test, with week 0 as the
control. *p < 0.05, **p < 0.01.
Abbreviation: AU, Arbitrary units.

Table 3 Subjective Evaluation of Skin Condition (2)

Treatment Period Post-Treatment
Period
Score Week 0 Week | Week 3 Week 5 Week 7 Week |1
Global Good 3 9 Il Il 10 2
Slightly good 5 12 5 6 9 13
Cannot say 4 | 4 4 2 5
Slightly bad 9 | | |
Bad | 0 0 0
p-value - < 0.0l < 0.0l < 0.0l < 0.0l NS
Dryness None 0 5 4 7 6 2
Slight 2 8 12 10 10 4
Weak 9 4 3 2 12
Moderate 10 0 | 2 4 4
Strong 2 0 0 0 0 0
Very strong | 0 0 0 0 0
Cannot tolerate 0 0 0 0 0 0
p-value - < 0.0l < 0.0l < 0.0l < 0.0l < 0.05
Redness None 0 5 4 7 6 2
Slight 8 12 10 10 4
Weak 7 9 4 3 2 12
Moderate 10 0 | 2 4 4
Strong 2 0 0 0 0 0
Very Strong | 0 0 0 0 0
Cannot Tolerate 0 0 0 0 0 0
p-value - < 0.0l < 0.0l < 0.05 < 0.05 < 0.05

Note: Statistical analysis was conducted using Steel’s multiple comparison test, with week 0 as the control.
Abbreviation: NS, Not significant.

treatment period (Figure 2A). Furthermore, no adverse events were observed, nor was significant worsening of AD
symptoms noted. The QoL of the participants significantly improved within one week of the combination treatment, and
this increase was maintained throughout the treatment period (Table 2). Furthermore, the combination treatment
significantly improved the TEWL, skin hydration, and Cer [NP]/[NS], an indicator of epidermal turnover (Table 1).
These results suggest that the use of the test formulations that form a lamellar structure after application and drying is
conducive to AD treatment. Moreover, the results of the present study showed that perceived itchiness by patients and
scratch marks observed by dermatologists were both significantly suppressed within one week, and these effects persisted
throughout the treatment period (Table 2, Figure 2). Thus, the combined use of the test formulations improved itchiness
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and continuously suppressed scratching behavior. The combined use of the test formulations also improved erythema and
pigmentation (Tables 1 and 3). The beneficial effects of the combination use may include reduced inflammation achieved
through suppression of the above-mentioned itchiness and scratching,” which in turn reduced pigmentation.”® Improving
the skin barrier function and preventing allergen entry are important for reducing itchiness in patients with AD. The
reduced itchiness achieved by the test formulations (Table 2) is thought to be due to enhanced SC function. It should be
noted that coatings of formulations with lamellar structure also have a physical barrier function that suppresses allergen
entry.”* Interestingly, the improvement in SC function in the present study was most prominent in the participants with
weak barrier function at the outset (Figure 3A). These participants experienced a significant decrease in the TEWL and
an improved Cer [NP]/[NS] ratio, which is an indicator of epidermal turnover (Figure 3C). These benefits could be
attributed to the pseudo-ceramides contained in the formulations. Patients with AD who exhibit low TEWL have low
ceramide levels;*’ the pseudo-ceramides are introduced between stratum corneum cells, thereby improving barrier
function. Another factor contributing to these benefits could be attributed to the coating effect from the lamellar structure
of the formulation. Improvements in TEWL have been reported by coating the skin.** Although the primary factor
2324 indicated the

importance of base formulations in the development of topical agents. Validation with larger sample sizes and long-term

underlying the above-described beneficial effects is unclear, the present study and our previous study

randomized controlled trials will be necessary to further strengthen the evidence.

AD has a high incidence in infants, and has been proposed to cause different allergic symptoms, a phenomenon
known as atopic march.’ Allergen protection is also important from the perspective of suppressing of atopic march.
Moreover, barrier care from the neonatal period and early childhood can not only prevent the onset and exacerbation
of AD but may also suppress the occurrence of various allergic diseases.™'”*! Considering the benefits described herein,
although our findings are limited to adults, the combined use of topical anti-inflammatory drug with a steroid and topical
moisturizer with heparinoid in lamellar structure-based formulations may be particularly useful for treating AD in infants
and newborns. This aspect will be worth considering in our future studies.

Conclusion

The efficacy of the combined use of a topical steroid drug and a moisturizer with heparinoid, both in lamellar structure-
based formulations, was confirmed. The test formulations improved the QoL of the participants and their skin hydration
and TEWL, which are important for skin barrier function during the treatment in AD patients. To treat AD, which is
referred to as a barrier disease, the topical agents form a lamellar structure is suitable as topical agents, which is able to
improve skin condition.
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