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Atopic dermatitis (AD) is a chronic cutaneous disorder that is characterized by severe eczematous inflammation, swelling,

and lichenification. Activation of T helper (Th)-22 cells by allergens leads to epidermal hyperplasia with hyperkeratosis at

the chronic phase of AD. Derma-Hc is composed of five natural herbs with anti-AD effects, such as Astragalus

membranaceus BUNGE, Schizonepeta tenuifolia Briq., Cryptotympana pustulata Fabr., Angelica sinensis Diels, Arctium

lappa L. In this study, the ameliorative effect of Derma-Hc on cutaneous lichenification in 2,4-dinitrochlorobenzne (DNCB)-

induced AD was investigated. The dorsal skin of mice was sensitized with DNCB to induce AD-like skin lesions. The

dermatitis score and frequency of scratching were evaluated. Thickness of epidermis and dermis was measured by

staining with H&E. In addition, infiltration of the mast cell was observed by staining with toluidine blue. Then, desmosomal

cadherin, DSC1 was examined by immunofluorescence. Pathological mechanisms involved in lichenification were

analyzed in AD-like skin lesions and TNF-α + IFN-γ-treated with human keratinocytes including keratinocyte differentiation

genes and JAK1-STAT3 signaling pathway with IL-22 by RT-PCR and western blotting. Topical treatment of Derma-Hc

improved AD-like symptoms such as dryness, edema and lichenefication and decreased the number of scratches.

Histopathological analysis demonstrated that Derma-Hc significantly inhibited epidermal hyperplasia, hyperkeratosis, and

mast cells infiltration. 
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1. Introduction

Atopic dermatitis (AD) is multifactorial inflammatory skin disease characterized by pruritus, edema, eczema, xerosis cutis,

and lichenification . The cause of AD has not been fully understood, however, genetic factors, hygiene theory, allergen

and abnormalities in the immune system are highly involved in pathogenesis of AD . The incidence of AD has been

increasing, affecting up to 20% of children and 10% of adult in industrialized countries . The psychological and economic

burdens lead to deterioration of the quality of AD patient’s life . Exacerbation of itching-scratching cycle result in

lichenification . Atopic skin becomes leathery, scaly, and thickened by continuously scratching or rubbing skin lesions

due to chronic irritation . Therefore, molecular mechanisms in lichenified skin lesions should be elucidated to manage

chronic AD.

The pathomechanism of AD is featured by dysregulation of immune responses that are related to T-cell dominant

inflammation and allergen hypersensitivity . Especially, T cells, such as T helper (Th)1, Th2, Th17, and Th22 cells are

critical mediators which initiate progression of AD in response to an allergen . Upon sensitization to an allergen, IgE

produced by B cell bound high affinity-IgE receptors and increased mast cell degranulation to release histamine and

cytokines . Th2/Th22 cell polarization produces cytokines, interleukin (IL)-4, IL-13, IL-31, and IL-22 in the acute

phase of AD. On the other hand, Th1, Th17, and Th22 cells are activated, and associated cytokines were secreted in the

chronic phase . In addition, Th22 cell is highly contributed to chronic pruritus, dermatitis and skin barrier impairment by

amplifying inflammation on keratinocytes . IL-22 derived from Th22 cells specifically binds the heterodimeric receptor

and activates janus kinase 1 (JAK1), signal transducer and activator of transcription 3 (STAT3) leading to the inhibition of

terminal differentiation of keratinocytes and induces epidermal hyperplasia . Stimulation of IL-22 in keratinocytes

downregulates the expression of filaggrin (FLG), which further worsens activity between protease and protease inhibitor

such as kallikrein-related peptidase 5 (KLK5), kallikrein-related peptidase 7 (KLK7) and serine protease inhibitor Kazal-

type 5 (SPINK5) . Then, KLK5 and KLK7 induced proteolysis of desmocollin 1 (DSC-1), one of corneodesmosonal

components, which is involved in hyperkeratosis . In this study, IL-22/Th22 cells-mediated epidermal thickening and the

underlying mechanism as a major route of lichenification observed in chronic AD phase was investigated in vivo and in

vitro models.

Therefore, therapeutic management of AD has been practiced through targeting T cell pathways that block specific

molecules involved in itching and inflammatory cascade . Treatment with the corticosteroids and monoclonal

antibodies classified into immunosuppressive drugs have been prescribed to reduce itching and skin inflammation for AD
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patients . However, long-term use of corticosteroids induces side effects including local skin atrophy, thinning skin,

osteoporosis, and thrombosis . Although calcineurin inhibitors, alternatives to corticosteroids, exert anti-inflammatory

effects without local skin atrophy, the risk of malignancy, gingival hyperplasia and facial flushing is increased by prolonged

usage . Therefore, complementary therapies with natural herbs might be pivotal strategies for the treatment of AD.

Derma-Hc consists of five herbs including Astragalus membranaceus BUNGE (AM), Schizonepeta tenuifolia Briq.

(ST), Cryptotympana pustulata Fabr. (CP), Angelica sinensis (Oliv.) Diels (AS), and Arctium lappa L. (AL), which have

been traditionally used for treating skin disorders in Korea. In addition, the above five medicinal herbs have efficacy in

maintaining coordination and balance by inhibiting blood heat and blood stasis in AD-like skin in terms of traditional

Korean medicine . Previous study has reported that Derma-H, mixture of AM and ST exerted anti-inflammatory and

anti-pruritus effects by inhibiting the production of cytokines on AD skin . In particular, AM reduced epidermal

hyperplasia and hyperkeratosis in AD skin lesions . ST topical treatment suppressed inflammatory factors in the serum

of AD . Furthermore, CP, AS, and AL were determined addition to Derma-H based on our research. CP has been

known for treatment of allergic skin diseases according to analyzed prescription database . In addition, AS improved

skin inflammation by downregulating secretion of cytokines . AL has anti-allergic activity on IgE-mediated

hypersensitivity . Therefore, Derma-Hc consisting of five medicinal ingredients might be expected to verify the

phytotherapeutic potential of AD. We put emphasis on the IL-22-associated mechanism including characterized

keratinocyte differentiation markers as well as AD-like phenotype.

2. Discussion

AD is the most common chronic inflammatory cutaneous disease related with skin hyper-reactivity to pathogenic triggers

. AD is caused by complex immunological pathways including skin barrier dysfunction, genetic susceptibility and

dysregulation of the immune system . Clinically, consequent symptoms such as pruritus, facial or extensor eruptions,

relapsing dermatitis and lichenification were described as a diagnostic standard of AD by Hanifin and Rajika .

Alternative treatments from natural herbs have been suggested to prevent and improve AD in recent studies . In our

previous study, Derma-H as an effective topical ointment reduced pruritus and inflammation by inhibiting NGF-TrKA signal

pathway in DNCB-induced AD skin lesions . A polysaccharide from Cryptotympana pustulata of Derma-Hc has been

used for retaining the moisture in skin . In addition, another study demonstrated that Angelica sinensis has an effect on

preventing abnormal epidermal proliferation . In addition, Arctium lappa has been known for improving quality and

texture of skin by circulating blood into the skin surface . For that reason, Derma-Hc including Derma-H with three

herbs was assumed to improve chronic AD symptoms such as hyperkeratosis and lichenification, resulting from severe

itching.

The key signs of AD including erythema/hemorrhage, scarring/dryness, edema, and excoriation/erosion were evaluated

by proportionally assigned dorsal skin to assess the accurate development of AD-like skin lesions . The sum of

individual scores was increased in the negative control group. The administration of Derma-Hc remarkably improved signs

of AD by approximately half. These results demonstrated that Derma-Hc suppressed the development of AD by inhibiting

the symptomatic intensity of AD. In addition, itching, a typical feature in AD, is an uncontrollable sensation which provokes

scratching . A constant ‘itch-scratch cycle’ causes more inflammation and rash, which further disrupts the cutaneous

barrier . In this study, topical treatment of Derma-Hc reduced scratching movement resulting in ameliorating pruritic

symptoms.

Excessive scratching and rubbing also induce epidermal hyperplasia in lichenified AD skin . Epidermal hyperplasia,

called acanthosis, is described as excessive proliferation of keratinocytes in the chronic phase of AD . Hyperkeratosis

associated with hyperplasia is dominant in the stratum corneum, which is the outermost layer of the epidermis .

Therefore, thickness of epidermis and dermis was measured to evaluate the effect of Derma-Hc on the extent of

epidermal hyperplasia and hyperkeratosis by staining with H&E. Moreover, mast cells play an important role in the

immediate hypersensitivity to allergic diseases . It has been known that the activation of mast cells increased the

number of mast cells . We further performed toluidine blue staining to confirm the effect of Derma-Hc on the infiltration

of mast cells. Our data provided that Derma-Hc has an inhibitory effect on the release of mast cells and epidermal and

dermal thickening.

During the process of epidermal differentiation, expression of desmosomal cadherin, also called desmocollin, has an

effect on the cutaneous morphological phenotypes . One of the components of intracellular desmosome junctional

protein, DSC1 is expressed between granular and spinous layers mediating the cohesion of HaCaT cells . However,

according to activation of protease such as KLK5 and KLK7, the junctional structures are degraded in cell-cell adhesion

. Consequently, loss of keratinocyte adhesion was correlated with hyperkeratosis in the uppermost corneocytes .

Therefore, we hypothesized that the expression of DSC1 affects AD-like skin lesions by activating KLK-associated
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peptidases. In this study, the expression level of DSC1 is downregulated in the epidermis of DNCB-induced skin,

whereas, distribution of DSC1 is increased by Derma-Hc treatment. This result confirmed that Derma-Hc restored the

expression of DSC1 by inhibiting induction of weakened adhesion.

In regard to skin barrier function, the epidermal barrier is composed of highly flattened and differentiated keratinocytes,

thereby protecting against pathogens and avoiding loss of moisture from skin . FLG is a critical gene for the structure of

the epidermis which is located in epidermal differentiation complex (EDC) . FLG degraded by proteolysis maintains

epidermal hydration, the normal pH gradient of epidermis and skin barrier function . FLG deficiency or null mutation

leads to epidermal dysfunction, resulting in vulnerability and sensitization to allergen and epidermal hyperplasia . In

this study, the mRNA level of FLG was decreased in DNCB treated with dorsal skin of mice and T+I-treated HaCaT cells.

However, Derma-Hc recovered the expression of FLG both in vivo and in vitro level. These results suggested that Derma-

Hc facilitated keratinocyte differentiation by restoring the EDC marker.

Recent studies have illustrated that FLG involved in proteases and protease inhibitor become dysregulated in

keratinocytes of AD, altering the balance between them, inversely . Hyperkeratosis in epidermis is thoroughly regulated

by serine proteases such as KLK5 or KLK7 and serine protease inhibitors such as SPINK5 . KLK-associated

peptidases, also known as stratum corneum enzyme are activated at a slightly alkaline pH beyond the normal pH range of

4.5 to 5.5 . KLK5 has a tryptic activity regulating the KLK cascade in the stratum corneum which induce increases of

skin permeability and inflammation . In addition, KLK7 is a key chymotryptic enzyme in AD-like lesion that destroys the

epidermal barrier homeostasis . Conversely, SPINK5, also known as lymphoepithelial Kazal-type 5 serine protease

inhibitor (LEKTI) is responsible for pH-dependent regulation in allergic manifestation . Overall, the pH value of skin is

increased by lowering the expression of FLG. Activation of KLK families is elevated, thereby SPINK5 is downregulated in

response to pH dependency. Expressions of mRNA levels of serine protease enzymatic activities including KLK5 and

KLK7 were increased, thereby the expression of SPINK5 was declined in DNCB-treated mice and human keratinocyte

treated with TI, whereas Derma-Hc treatment down-regulated the gene expressions of KLK5 and KLK7. In addition,

Derma-Hc restored SPINK5 level in dorsal skin and HaCaT cells. From these findings, Derma-Hc exhibited ameliorative

effect against lichenification by modulating epidermal barrier homeostasis.

JAK1-STAT3 signaling is greatly involved in terminal differentiation in keratinocytes . JAK-STAT signal pathway has

been known to induce epidermal hyperplasia and hyperkeratosis . Hyperactivation of JAK1 is followed by increasing

the expressions of KLK families . In addition, STAT3 regulates genes associated with EDC markers including FLG .

For that reason, targeting JAK1-STAT3 signal pathway could interrupt the progression of AD. JAK1 was mainly bound on

receptors of IL-22 to initiate phosphorylation of JAK1. Then, phosphorylated JAK1 phosphorylates STAT3 in sequence,

thereby phosphorylated STAT3 translocate into the nucleus in keratinocyte . Topical application of Derma-Hc

downregulated expressions of phosphorylated JAK1 and STAT3 compared to the control group. In addition, Derma-Hc

treatment dose-dependently decreased the p-form of JAK1 and STAT3 in HaCaT cells. These data suggested that Derma-

Hc effectively prevents transducing signals as an inhibitor of JAK1 and STAT3 pathway.

Stimulation of the JAK1-STAT3 signal pathway upon IL-22 derived from the Th22 cell is predominantly activated in chronic

AD skin . Conversion of the acute phase to the chronic phase in AD is demonstrated by not only activation of Th1 and

Th17 cell but also Th22 cell activity . In particular, Chronic AD is characterized by recruitments of Th1, Th22, and Th17

subsets, which disrupt activation of keratinocyte differentiation markers . The role for IL-22 in pathological AD promoted

abnormal epidermal hyper-proliferation and impaired keratinocyte differentiation, resulting in epidermal hyperplasia and

skin barrier dysfunction . Thus, the molecular level of IL-22 was evaluated in dorsal skin tissues and human

keratinocytes. Derma-Hc treatment significantly reduced the expression of IL-22 compared with DNCB-induced mice and

T+I-treated HaCaT cells, respectively. Our study demonstrated that Derma-Hc inhibited the main driver of chronic AD as

for IL-22.
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