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Abstract

Atopic Dermatitis (AD) is the most common pruritic inflammatory skin disease which causes economic and social
burden. AD is not curable and therapeutic options are limited. Currently, the therapeutic approaches to AD include
topical treatment, phototherapy, and systemic treatment. Although traditional therapeutic strategies are efficacious in
ameliorating the symptoms of AD in most patients, sometimes it is a tough challenge for physicians as AD is
catastrophic and difficult to treat. Several potential treatments for AD are being studied owing to a clearer
understanding of its pathogenesis. Additionally, animal models of AD allow comprehensive and thorough
investigation of pathogenesis and provide more options of therapeutic interventions. The purpose of non-classical
treatment strategies for AD is to decrease skin inflammation, re-direct the imbalanced immune polarization, and
induce immune tolerance to allergens. Generally, the intervention for mouse model of AD can be classified into 1)
monoclonal antibodies, 2) anti-oxidants, 3) allergen-specific immunotherapy, 4) herbal medicine, 5) treatment with
materials extracted from food or micronutrients, 6) microbiota/probiotics, 7) bio-composites films, and 8) others.
Since half of the patients with AD lack specific immunoglobulin E against allergens, the pathogenesis of different
phenotypes still needs to be clarified. Through novel therapies such as cytokine-targeting therapy, miRNA or
suppression of thymic stromal lymphopoietin, patients with AD could have better quality of life with less morbidity.
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Introduction
Atopic dermatitis (AD) is the most common pruritic inflammatory

skin disease which causes economic and social burden. AD affects
about one-fifth of the world’s population [1] and primarily appears
under the age of six; half of the patients develop symptoms within one
year of birth [2]. The symptoms of AD relieve spontaneously in around
75% paediatric patients before adolescence. However, infants with AD
have a higher risk of developing asthma and allergic rhinitis later in
life, a phenomenon called atopic march [3,4]. The diagnosis of AD
depends on clinical presentation of the skin, and the most widely used
diagnostic criteria were developed in 1980, revised by the American
Academy of Dermatology [5].

AD is not curable and therapeutic options are limited. Currently, the
treatment of AD aims to prevent exacerbations and reduce their
duration and severity [6]. Prevention is best achieved by reducing the
dryness of the skin and maintaining an intact skin barrier, via daily use
of skin moisturizing creams or emollients. Therapeutic approaches to
AD include topical treatment, phototherapy, and systemic treatment.
Corticosteroid creams are used both for treating acute exacerbation
and as maintenance therapy, but their use is associated with cutaneous
and systemic side effects, such as thinning of the skin, teleangiectasies,
and appearance of striae. Topical calcineurin inhibitors, a newer
medicine, can also be used for acute flares and for maintenance
therapy of AD [7-9] without the side effects of corticosteroids. UV

radiations (UVA1 and UVB311 nm) can treat widespread eczema
[10-12] but may cause prematurely aging skin and raises the risk of
skin cancer on continual exposure. Oral corticosteroids are
recommended only to patients with acute flares of severe, wide spread
AD for a short time. A second immunosuppressant drug, for example,
azathioprine, methotrexate, or cyclosporine A, should better be added
into the treatment when tapering oral corticosteroids [13]. Allergen-
specific immunotherapy (ASIT) for patients with AD was considered
in some physicians. In opposite to allergic rhinitis and upper airway
symptoms, however, the evidence base for the effectiveness of specific
immunotherapy on the activity of eczema is controversial [14,15].
Currently, H1 anti-histamines are being used as monotherapy for
treatment of AD; its effect is not confirmed due to lack of randomized
controlled trials. Although traditional therapeutic strategies are
efficacious in ameliorating the symptoms of AD in most patients [16],
sometimes it is a tough challenge for physicians since AD is
catastrophic and difficult to treat.

Several potential treatments for AD are being studied due to a
clearer understanding of the pathogenesis of AD. Additionally, animal
models of AD also allow comprehensive and thorough investigation of
pathogenesis and provide more options of therapeutic interventions.
Currently, mouse models are primarily used. This article reviews some
clinically potential trials and therapeutic reports of AD in animal
models.
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Pathophysiology
The pathogenesis of AD remains incompletely understood. AD is a

complex skin disease caused by the interaction between genetic and
environmental factors. Colonization of Staphylococcus aureus on the
skin was also found to be an important factor for aggravating skin
lesions. However, two major pathophysiological mechanisms are 1)
abnormalities in the epidermal structure and function, and 2) skin
inflammation due to different causes such as inappropriate immune
response to encountered antigens. The primary and key driver of AD,
out of the two mechanisms, is still under debate. It is believed that
these two hypotheses are not necessary mutually exclusive but may
assist each other. Figure 1 gives the summary of the multifactorial
pathogenesis of AD.

Figure 1: The pathogenesis of atopic dermatitis. AD is caused by the
interaction between genetic and environmental factors. Two major
pathophysiological mechanisms are 1) abnormalities in the
epidermal structure, and 2) skin inflammation due to inappropriate
immune response Epidermal TSLP is a factor link the two major
pathogenesis.

The skin barrier dysfunction
The skin barrier dysfunction has a key role in the beginning of AD.

An impaired and dry skin barrier leads allergens more easily penetrate
into the skin, resulting in allergic sensitization [17-19].

Filaggrin is essential for the regulation of epidermal homeostasis
[20]; mutations in the filaggrin gene have been associated to increased
risk of developing AD [21,22]. In addition to mutations, Th2 associated
cytokine interleukin-33 (IL-33) [23] and thymic stromal
lymphopoietin (TSLP) [24] were reported to down regulate filaggrin
expression. Defects in functions of tight junction (TJ) or enzymatic
proteins of the skin can also contribute to enhanced permeability of
defective barrier function and impaired anti-microbial defense in
patients with AD [25,26]. The polymorphism of Claudin-1, a protein in
tight junction, was reported to be associated with AD in early life when
exposed to mold [27]. Recently, Pellerin et al. [28] reported that
downregulation of bleomycin hydrolase gene expression in patients
with AD could lead to dryness of the skin via decreased production of
amino acids, which act as natural moisturizing factors.

Immunological hypothesis
The immune responses to antigen/pathogen are imbalanced and

differentially polarized in patients with AD. The research involving
immunological pathogenesis of AD mainly focuses on T helper/
regulatory cells [29] and epidermal cells. In AD, particularly in acute
eczema, the Th2 differentiation of naive CD4+ T cells is the
predominate immune response. The upregulated Th2-related products
including IL-4, IL-5, and IL-13 lead to an increased level of
immunoglobulin E (IgE) and inhibited Th1 differentiation with
inconsistent increased level of Th17-related cytokine [30]. Although
Th2 polarization is the main immunological response, allergic
sensitization and elevated IgE are observed in only about half of the
patients with AD [31]. In addition to Th2 cytokines, IL-22 was already
reported in several studies to be involved in the pathogenesis of AD
[32]. Pediatric AD was found to mainly an imbalance of Th2/Th1
immune response, whereas adult patients acquire a stronger Th22
reaction. So that the therapeutic approaches to treat AD in children
and adults may different [33,34]. Human mast cells were also studied
to understand their role in pathogenesis. A recent study showed that
the human skin mast cells are major producers of IL-22 in patients
with AD. The authors established that the skin mast cells also produce
IL-17 in chronic inflammatory skin disorders [35].

Some researchers suggest that AD is an autoimmune disease. The
human skin-associated autoallergen, thioredoxin, which released from
dermal or epidermal cells, was found to induce IgE-dependent
upregulation of the Th2 cytokine IL-13 and impaired upregulation of
IL-10 in sensitized patients with AD [36].

Epidermal TSLP: A factor link two major pathogenesis in AD
The skin plays a critical role in its immuno-pathogenesis. When the

skin is damaged, epidermal keratinocytes are activated to release of
cytokines, chemokines, and antimicrobial peptides. Among them,
TSLP, an IL-7-like chemokine/cytokine promotes the generation and
maintenance of Th2 cytokine responses to allergic reaction in the skin
and lungs. Over-expression of TSLP in transgenic mice presented an
AD-like phenotype [37] and the skin epidermis of AD patients highly
secreted TSLP [38,39]. TSLP influences local network of dendritic cells
to secrete chemokines like eotaxin and IL-8, and primes naïve T cells
into Th2 cells [39-41]. TSLP signaling was also reported to recall the
memory of Th2 response in established mouse model of AD [42].
Furthermore, TSLP was found to downregulate filaggrin expression via
activating the janus kinase-STAT3 pathway that influenced the skin
barrier function [24,43]. The TSLP isoform (short/long) ratio is altered
in several inflammatory disorders, which has implications for the
treatment and prevention of AD [44]. However, attention in reducing
TSLP synthesis or release as a therapeutic strategy is limited.

Non-Classical Treatment Strategies for Atopic
Dermatitis

Therapeutic trails of patients with AD
The purpose of therapeutic trails of AD is to decrease skin

inflammation, re-direct the imbalanced immune polarization, and
induce immune tolerance to allergens. There are few reports that
investigated the role of the skin barrier protection in influencing the
further immune reaction. Czarnowicki et al. [45] reported that the
common moisturizer, petrolatum, used in patients with AD could
increase the thickness of the stratum corneum and significantly reduce
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skin T-cell infiltration. Interestingly, petrolatum also robustly enhances
expression of the skin anti-microbial peptides to prevent skin
infection.

Decrease skin inflammation
Wawryzyniak had reported a detailed review about novel treatments

linked to mechanisms of AD and allergic disease [46]. From the
experience of clinical trial for psoriasis, cytokine-target therapy (IL-23)
was reported to have a good therapeutic effect [47]. Human
monoclonal antibody specific for cytokines in the pathogenesis of AD
may also have a good therapeutic effect in the future. Supplementation
of long-chain omega-3 fatty acids, the essential human nutrition, was
reported to be a promising way in the prevention of AD since the anti-
inflammatory effect. However, this concept still cannot be confirmed
and needs more randomized controlled intervention studies [48,49].
MicroRNAs (miRNA) are a class of non-coding RNA molecules that
modulate gene expression post-transcriptionally. Few studies have
investigated the expression of miRNAs in AD [50]. Recently, Rebane et
al. demonstrated that miR-146a alleviates chronic skin inflammation
in AD through suppression of innate immune responses in
keratinocytes [51]. Besides miR-146a, miR-155 and dozens of other
miRNAs have been found to be related to AD lesions [51,52].
Lovendorf wrote an expert review about miRNA in inflammatory skin
diseases and concludes that miRNAs will lead to new diagnostic and
therapeutic applications in dermatology [53].

Since the properties of sleeping induction and anti-inflammation,
melatonin was studied for the management of AD with sleep
disturbance [54]. The initial results showed that melatonin
supplementation is a safe and effective to improve the sleep onset
latency and disease severity in children with AD [55]. Therefore,
melatonin has also been regarded as a potential and alternative
therapeutic approach in patients with AD [56].

Re-direct the imbalanced immune polarization
Nowadays macrophages are characterized by phenotypical and

functional heterogeneity [57]. Functional plasticity of macrophages has
emerged as an important aspect of disease progression in several
pathologies [58]. Like AD, contact hypersensitivity has complex
pathogenesis and mannose receptor-positive M2 macrophages were
reported to be associated with the development of it. These results
suggest that manipulation of the polarization of macrophages may
provide a new strategy for the treatment of AD [59,60].

Vitamin D has known to modulate both innate and adaptive
immune systems, which makes vitamin D supplementation a field of
interest in the prevention and treatment for AD. However, the
literature on vitamin D and AD have resulted in controversial findings;
the role of vitamin D in AD is far from clear [61-64].

“Hygiene hypothesis” suggests that changes in immunoregulatory
infectious environment and the patterns of microbial exposure of
children increase the severity and prevalence of atopic disorders
[65,66]. A number of studies have explored the potential efficacy of
probiotics in the prevention and treatment of AD. However, there is
still no reliable evidence and needs further investigation for
clarifications [67].

Induce immune tolerance to allergens
The induction of oral tolerance by oral immunization has been well

recognized. Oral tolerance can be mediated by orally activated
humoral and cellular factors. In allergy, oral administration of certain
allergens may prevent and reduce both contact dermatitis and AD.
Numerous independent experiments using different antigens have
resulted in a distinct effector for the induction of oral tolerance. The
study group of The German Infant Nutritional Intervention (GINI)
recently reported their results revealing allergic manifestation after 15
years of early intervention with hydrolyzed formula. The report
revealed that in high-risk children, early intervention using different
hydrolyzed formulas has variable preventative effects on asthma,
allergic rhinitis, and eczema up to adolescence [68]. Furthermore, the
results of an animal study conducted by Chiang showed that the
preventive oral administration of ovalbumin (OVA) protected β-
lactoglobulin (BLG)-conjugated-OVA (B-O)-sensitized mice from
BLG-induced airway hyper-responsiveness. The study revealed that
non-antigen-specific effect of oral tolerance could be applied as an
immunotherapy for allergic disease if the mechanism could be
investigated further [69].

Advancement in Potential Treatment using Mouse
Model of Atopic Dermatitis
The mouse models of AD can be categorized into three groups [70]:

1) Models induced by epicutaneous application of sensitizers; 2)
Transgenic mice that either over-express or lack selective molecules; 3)
Mice that spontaneously develop AD-like skin lesions [71]. These
models could be used for dissecting mechanisms underlying the
pathogenesis of AD. For example, IL-4 over-expressing transgenic mice
develop spontaneous pruritus and chronic dermatitis [72]. From this
model, IL-4 was also found to have a pronounced negative influence
on the wound healing process, even though enhanced epithelial cell
proliferation which may help explore new potential therapeutic
strategies [73].

Generally, the intervention for mouse model of AD can be classified
into 1) Monoclonal antibodies; 2) Anti-oxidants; 3) Allergen-specific
immunotherapy; 4) Herbal medicine; 5) Extracted materials from food
or micro-nutrition; 6) Microbiota/ probiotics; 7) Bio-composite films;
8) Others. Most of the interventions improved the lesions/symptoms
by suppressing Th2 response in local or systemic conditions with
various effects on Th1 or Th17 immune response. Few interventions in
animal models inhibited the skin secretion of TSLP secretion and
suppressed skin inflammation [74,75]. Our group was the first to
report that in Th2 environment, the production and secretion of TSLP
from human keratinocyes was inhibited by recombinant heat shock
protein 70 (rHSP70) [76]. Recently, we further subcutaneously injected
rHSP in mouse model of AD (ovalbumin epicutaneous application on
BALB/c mice). The initial results showed that rHSP70 improved the
histological morphology by decreasing allergic inflammation and
TSLP expression of AD-like lesions with increased serum Th1 immune
responses (Not published). Our data suggested that rHSP might also be
a promising approach for the treatment of AD. From the results of
allergen specific immunotherapy via succinylated antigen or high-dose
antigen exposure in epicutaneous application mice model, increased
IgG titer (IgG1/IgG2 ratio) not IgE was reported to be associated with
clinical improvement [77,78]. To find a more efficient way to modify
allergen being an IgG inducer and further elucidate role of Fc receptors
involved in this intervention could help to develop new strategy for
AD. Therefore, ASIT was proved as a promising treatment [76].
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Increased reactive oxygen species (ROS) and oxidative stress has been
reported in AD. In addition to Th2 suppression and Th1 enhancement,
anti-oxidant treatment in mice model demonstrated the increased
regulator T cells [79]. The results imply oxidative stress direct the
imbalanced immune polarization and which could be the therapeutic
target in the future.

Finally, extracted materials from food like algae or chitin were
reported to have anti-inflammatory function and were used for
treatment of AD in mouse model. Some results showed that the
suppressive effects were equal to those induced by corticosteroids and
suppress inducible nitric oxide synthase (iNO) synthase [75,80,81].

Figure 2: The potential treatments for atopic dermatitis. Therapeutic
approaches in the treatment of AD include anti-inflammation,
correction of Th2/Th1 or Th22/Th1 imbalance, and induction of
oral tolerance to antigen.

Conclusion
AD is a complex genetic disease arising from several gene-gene and

gene-environment interactions. A mechanistic advance in AD could be
achieved by establishment of mouse models of AD and by oral
tolerance. Therapeutic approaches in the treatment of AD include anti-
inflammation, correction of Th2/Th1 or Th22/Th1 imbalance, and
induction of oral tolerance to antigen (Figure 2). Since half of the
patients with AD lack specific IgE against allergen, the pathogenesis of
different phenotypes still needs to be clarified. Through novel therapies
such as cytokine-targeting therapy, miRNA or suppression of thymic
stromal lymphopoietin, patients with AD could have better quality of
life with less morbidity.

References
1. Asher M, Montefort S, Björkstén B, Lai CK, Strachan DP, et al. (2006)

Worldwide time trends in the prevalence of symptoms of asthma, allergic
rhinoconjunctivitis, and eczema in childhood: ISAAC Phases One and
Three repeat multicountry cross-sectional surveys. Lancet 368: 733-743.

2. Treloar V (2005) Atopic dermatitis. N Engl J Med 353: 1069-1070.
3. Spergel JM, Paller AS (2003) Atopic dermatitis and the atopic march. J

Allergy Clin Immunol 112: S118-127.

4. Lowe AJ, Carlin JB, Bennett CM, Hosking CS, Abramson MJ, et al. (2008)
Do boys do the atopic march while girls dawdle? J Allergy Clin Immunol
121: 1190-1195.

5. Hanifin JM, Cooper KD, Ho VC, Kang S, Krafchik BR, et al. (2004)
Guidelines of care for atopic dermatitis, developed in accordance with the
American Academy of Dermatology (AAD)/American Academy of
Dermatology Association "Administrative Regulations for Evidence-
Based Clinical Practice Guidelines". J Am Acad Dermatol 50: 391-404.

6. Ring J, Alomar A, Bieber T, Deleuran M, Fink-Wagner A, et al. (2012)
Guidelines for treatment of atopic eczema (atopic dermatitis) part I. J Eur
Acad Dermatol Venereol 26: 1045-1060.

7. Broeders JA, Ahmed Ali U, Fischer G (2016) Systematic review and meta-
analysis of randomized clinical trials (RCTs) comparing topical
calcineurin inhibitors with topical corticosteroids for atopic dermatitis: A
15-year experience. J Am Acad Dermatol 75: 410-419.

8. Chia BK, Tey HL (2015) Systematic review on the efficacy, safety, and
cost-effectiveness of topical calcineurin inhibitors in atopic dermatitis.
Dermatitis 26: 122-132.

9. El-Batawy MM, Bosseila MA, Mashaly HM, Hafez VS (2009) Topical
calcineurin inhibitors in atopic dermatitis: a systematic review and meta-
analysis. J Dermatol Sci 54: 76-87.

10. Majoie IM, Oldhoff JM, van Weelden H, Laaper-Ertmann M, Bousema
MT, et al. (2015) Narrowband ultraviolet B and medium-dose ultraviolet
A1 are equally effective in the treatment of moderate to severe atopic
dermatitis. J Am Acad Dermatol 60: 77-84.

11. Gambichler T, Othlinghaus N, Tomi NS, Holland-Letz T, Boms S, et al.
(2009) Medium-dose ultraviolet (UV) A1 vs. narrowband UVB
phototherapy in atopic eczema: a randomized crossover study. Br J
Dermatol 160: 652-658.

12. Williams HC, Grindlay DJ (2008) What's new in atopic eczema? An
analysis of the clinical significance of systematic reviews on atopic eczema
published in 2006 and 2007. Clin Exp Dermatol 33: 685-688.

13. Ricci G, Dondi A, Patrizi A, Masi M (2009) Systemic therapy of atopic
dermatitis in children. Drugs 69: 297-306.

14. Slavyanakaya TA, Derkach VV (2016) Sepiashvili RI. Debates in allergy
medicine: specific immunotherapy efficiency in children with atopic
dermatitis. World Allergy Organ J 9:15.

15. Ginsberg DN, Eichenfield LF (2016) Debates in allergy medicine: Specific
immunotherapy in children with atopic dermatitis, the "con" view. World
Allergy Organ J 9: 16.

16. Lio PA, Lee M, LeBovidge J, Timmons KG, Schneider L (2014) Clinical
management of atopic dermatitis: practical highlights and updates from
the atopic dermatitis practice parameter 2012. J Allergy Clin Immunol
Pract 2: 361-369.

17. De Benedetto A, Kubo A, Beck LA (2012) Skin barrier disruption: a
requirement for allergen sensitization? J Invest Dermatol 132: 949-963.

18. Thyssen JP, Tang L, Husemoen LL, Stender S, Szecsi PB, et al. (2015)
Filaggrin gene mutations are not associated with food and aeroallergen
sensitization without concomitant atopic dermatitis in adults. J Allergy
Clin Immunol 13:1375-1378.

19. Brough HA, Liu AH, Sicherer S, Makinson K, Douiri A, et al. (2015)
Atopic dermatitis increases the effect of exposure to peanut antigen in
dust on peanut sensitization and likely peanut allergy. J Allergy Clin
Immunol 135: 164-170.

20. Ovaere P, Lippens S, Vandenabeele P, Declercq W (2009) The emerging
roles of serine protease cascades in the epidermis. Trends Biochem Sci 34:
453-463.

21. McAleer MA, Irvine AD (2013) The multifunctional role of filaggrin in
allergic skin disease. J Allergy Clin Immunol 131: 280-291.

22. Palmer CN, Irvine AD, Terron-Kwiatkowski A, Zhao Y, Liao H, et al.
(2006) Common loss-of-function variants of the epidermal barrier
protein filaggrin are a major predisposing factor for atopic dermatitis. Nat
Genet 38: 441-446.

Citation: Kao JK, Shieh JJ, Lee CH, Lee MS, Hsu TF, et al. (2016) Potential Treatments for Atopic Dermatitis. J Immuno Biol 1: 110. doi:
10.4172/2476-1966.1000110

Page 4 of 6

J Immuno Biol, an open access journal
ISSN:2476-1966

Volume 1 • Issue 3 • 1000110

http://dx.doi.org/10.1016/S0140-6736%2806%2969283-0
http://dx.doi.org/10.1016/S0140-6736%2806%2969283-0
http://dx.doi.org/10.1016/S0140-6736%2806%2969283-0
http://dx.doi.org/10.1016/S0140-6736%2806%2969283-0
http://dx.doi.org/10.1056/NEJMc051779
http://dx.doi.org/10.1016/j.jaci.2003.09.033
http://dx.doi.org/10.1016/j.jaci.2003.09.033
http://dx.doi.org/10.1016/j.jaci.2008.01.034
http://dx.doi.org/10.1016/j.jaci.2008.01.034
http://dx.doi.org/10.1016/j.jaci.2008.01.034
http://dx.doi.org/10.1016/j.jaad.2003.08.003
http://dx.doi.org/10.1016/j.jaad.2003.08.003
http://dx.doi.org/10.1016/j.jaad.2003.08.003
http://dx.doi.org/10.1016/j.jaad.2003.08.003
http://dx.doi.org/10.1016/j.jaad.2003.08.003
http://dx.doi.org/10.1111/j.1468-3083.2012.04635.x
http://dx.doi.org/10.1111/j.1468-3083.2012.04635.x
http://dx.doi.org/10.1111/j.1468-3083.2012.04635.x
http://dx.doi.org/10.1016/j.jaad.2016.02.1228
http://dx.doi.org/10.1016/j.jaad.2016.02.1228
http://dx.doi.org/10.1016/j.jaad.2016.02.1228
http://dx.doi.org/10.1016/j.jaad.2016.02.1228
http://dx.doi.org/10.1016/j.jdermsci.2009.02.002
http://dx.doi.org/10.1016/j.jdermsci.2009.02.002
http://dx.doi.org/10.1016/j.jdermsci.2009.02.002
http://dx.doi.org/10.1016/j.jaad.2008.08.048
http://dx.doi.org/10.1016/j.jaad.2008.08.048
http://dx.doi.org/10.1016/j.jaad.2008.08.048
http://dx.doi.org/10.1016/j.jaad.2008.08.048
http://dx.doi.org/10.1111/j.1365-2133.2008.08984.x
http://dx.doi.org/10.1111/j.1365-2133.2008.08984.x
http://dx.doi.org/10.1111/j.1365-2133.2008.08984.x
http://dx.doi.org/10.1111/j.1365-2133.2008.08984.x
http://dx.doi.org/10.1111/j.1365-2230.2008.02906.x
http://dx.doi.org/10.1111/j.1365-2230.2008.02906.x
http://dx.doi.org/10.1111/j.1365-2230.2008.02906.x
http://dx.doi.org/10.2165/00003495-200969030-00005
http://dx.doi.org/10.2165/00003495-200969030-00005
http://dx.doi.org/10.1186/s40413-016-0106-3
http://dx.doi.org/10.1186/s40413-016-0106-3
http://dx.doi.org/10.1186/s40413-016-0106-3
http://dx.doi.org/10.1186/s40413-016-0107-2
http://dx.doi.org/10.1186/s40413-016-0107-2
http://dx.doi.org/10.1186/s40413-016-0107-2
http://dx.doi.org/10.1016/j.jaip.2014.02.015
http://dx.doi.org/10.1016/j.jaip.2014.02.015
http://dx.doi.org/10.1016/j.jaip.2014.02.015
http://dx.doi.org/10.1016/j.jaip.2014.02.015
http://dx.doi.org/10.1038/jid.2011.435
http://dx.doi.org/10.1038/jid.2011.435
http://dx.doi.org/10.1016/j.jaci.2015.01.001
http://dx.doi.org/10.1016/j.jaci.2015.01.001
http://dx.doi.org/10.1016/j.jaci.2015.01.001
http://dx.doi.org/10.1016/j.jaci.2015.01.001
http://dx.doi.org/10.1016/j.jaci.2014.10.007
http://dx.doi.org/10.1016/j.jaci.2014.10.007
http://dx.doi.org/10.1016/j.jaci.2014.10.007
http://dx.doi.org/10.1016/j.jaci.2014.10.007
http://dx.doi.org/10.1016/j.tibs.2009.08.001
http://dx.doi.org/10.1016/j.tibs.2009.08.001
http://dx.doi.org/10.1016/j.tibs.2009.08.001
http://dx.doi.org/10.1016/j.jaci.2012.12.668
http://dx.doi.org/10.1016/j.jaci.2012.12.668
http://dx.doi.org/10.1038/ng1767
http://dx.doi.org/10.1038/ng1767
http://dx.doi.org/10.1038/ng1767
http://dx.doi.org/10.1038/ng1767


23. Seltmann J, Roesner LM, von Hesler FW, Wittmann M, Werfel T (2015)
IL-33 impacts on the skin barrier by downregulating the expression of
filaggrin. J Allergy Clin Immunol 135: 1659-1661.

24. Kim JH, Bae HC, Ko NY, Lee SH, Jeong SH, et al. (2015) Thymic stromal
lymphopoietin downregulates filaggrin expression by signal transducer
and activator of transcription 3 (STAT3) and extracellular signal-
regulated kinase (ERK) phosphorylation in keratinocytes. J Allergy Clin
Immunol 136: 205-208.

25. Irvine AD, McLean WH, Leung DY (2011) Filaggrin mutations
associated with skin and allergic diseases. N Engl J Med 365: 1315-1327.

26. Elias PM, Wakefield JS (2014) Mechanisms of abnormal lamellar body
secretion and the dysfunctional skin barrier in patients with atopic
dermatitis. J Allergy Clin Immunol 134: 781-791.

27. Yu HS, Kang MJ, Kwon JW, Lee SY, Lee E, et al. (2015) Claudin-1
polymorphism modifies the effect of mold exposure on the development
of atopic dermatitis and production of IgE. J Allergy Clin Immunol 135:
827-830.

28. Pellerin L, Paul C, Schmitt AM, Serre G, Simon M (2014) Bleomycin
hydrolase downregulation in lesional skin of adult atopic dermatitis
patients is independent of FLG gene mutations. J Allergy Clin Immunol
134: 1459-1461.

29. Eyerich K, Novak N (2013) Immunology of atopic eczema: overcoming
the Th1/Th2 paradigm. Allergy 68: 974-982.

30. Correa da Rosa J, Malajian D, Shemer A, Rozenblit M, Dhingra N, et al.
(2015) Patients with atopic dermatitis have attenuated and distinct
contact hypersensitivity responses to common allergens in skin. J Allergy
Clin Immunol 135: 712-720.

31. Havstad S, Johnson CC, Kim H, Levin AM, Zoratti EM, et al. (2014)
Atopic phenotypes identified with latent class analyses at age 2 years. J
Allergy Clin Immunol 134: 722-727.

32. Czarnowicki T, Gonzalez J, Shemer A, Malajian D, Xu H, et al. (2015)
Severe atopic dermatitis is characterized by selective expansion of
circulating TH2/TC2 and TH22/TC22, but not TH17/TC17, cells within
the skin-homing T-cell population. J Allergy Clin Immunol 136: 104-115.

33. Czarnowicki T, Esaki H, Gonzalez J, Malajian D, Shemer A, et al. (2015)
Early pediatric atopic dermatitis shows only a cutaneous lymphocyte
antigen (CLA)(+) TH2/TH1 cell imbalance, whereas adults acquire
CLA(+) TH22/TC22 cell subsets. J Allergy Clin Immunol 136: 941-951.

34. Noda S, Krueger JG, Guttman-Yassky E (2015) The translational
revolution and use of biologics in patients with inflammatory skin
diseases. J Allergy Clin Immunol 135: 324-336.

35. Mashiko S, Bouguermouh S, Rubio M, Baba N, Bissonnette R, et al.
(2015) Human mast cells are major IL-22 producers in patients with
psoriasis and atopic dermatitis. J Allergy Clin Immunol 136: 351-359.

36. Hradetzky S, Roesner LM, Heratizadeh A, Crameri R, Garbani M, et al.
(2015) Differential cytokine induction by the human skin-associated
autoallergen thioredoxin in sensitized patients with atopic dermatitis and
healthy control subjects. J Allergy Clin Immunol 135: 1378-1380.

37. Yoo J, Omori M, Gyarmati D, Zhou B, Aye T, et al. (2005) Spontaneous
atopic dermatitis in mice expressing an inducible thymic stromal
lymphopoietin transgene specifically in the skin. J Exp Med 202: 541-549.

38. Wong CK, Hu S, Cheung PF, Lam CW (2010) Thymic stromal
lymphopoietin induces chemotactic and pro-survival effects in
eosinophils: implications in allergic inflammation. Am J Respir Cell Mol
Biol 43: 305–315.

39. Liu YJ (2006) Thymic stromal lymphopoietin: master switch for allergic
inflammation. J Exp Med 203: 269-273.

40. Ito T, Wang YH, Duramad O, Hori T, Delespesse GJ, et al. (2005) TSLP-
activated dendritic cells induce an inflammatory T helper type 2 cell
response through OX40 ligand. J Exp Med 202: 1213-1223.

41. Soumelis V, Reche PA, Kanzler H, Yuan W, Edward G, et al. (2002)
Human epithelial cells trigger dendritic cell mediated allergic
inflammation by producing TSLP. Nat Immunol 3: 673-680.

42. Wang Q, Du J, Zhu J, Yang X, Zhou B (2015) Thymic stromal
lymphopoietin signaling in CD4(+) T cells is required for TH2 memory. J
Allergy Clin Immunol 135: 781-791.

43. Amano W, Nakajima S, Kunugi H, Numata Y, Kitoh A, et al. (2015) The
Janus kinase inhibitor JTE-052 improves skin barrier function through
suppressing signal transducer and activator of transcription 3 signaling. J
Allergy Clin Immunol 136: 667-77.

44. Fornasa G, Tsilingiri K, Caprioli F, Botti F, Mapelli M, et al. (2015)
Dichotomy of short and long thymic stromal lymphopoietin isoforms in
inflammatory disorders of the bowel and skin. J Allergy Clin Immunol
136: 413-422.

45. Czarnowicki T, Malajian D, Khattri S, Correa da Rosa J, Dutt R, et al.
(2016) Petrolatum: Barrier repair and antimicrobial responses underlying
this "inert" moisturizer. J Allergy Clin Immunol 137: 1091-102.

46. Wawrzyniak P, Akdis CA, Finkelman FD, Rothenberg ME (2016)
Advances and highlights in mechanisms of allergic disease in 2015. J
Allergy Clin Immunol 137: 1681-1696.

47. Krueger JG, Ferris LK, Menter A, Wagner F, White A, et al. (2015) Anti-
IL-23A mAb BI 655066 for treatment of moderate-to-severe psoriasis:
Safety, efficacy, pharmacokinetics, and biomarker results of a single-
rising-dose, randomized, double-blind, placebo-controlled trial. J Allergy
Clin Immunol 136: 116-24.

48. Reese I, Werfel T (2015) Do long-chain omega-3 fatty acids protect from
atopic dermatitis? J German Soc Dermatol 13: 879-885.

49. Best KP, Gold M, Kennedy D, Martin J, Makrides M (2016) Omega-3
long-chain PUFA intake during pregnancy and allergic disease outcomes
in the offspring: a systematic review and meta-analysis of observational
studies and randomized controlled trials. Am J Clin Nutri 103: 128-143.

50. Sonkoly E, Wei T, Janson PC, Sääf A, Lundeberg L, et al. (2007)
MicroRNAs: novel regulators involved in the pathogenesis of psoriasis?
PLoS One 2: e610.

51. Rebane A, Runnel T, Aab A, Maslovskaja J, Ruckert B, et al. (2014)
MicroRNA-146a alleviates chronic skin inflammation in atopic dermatitis
through suppression of innate immune responses in keratinocytes. J
Allergy Clin Immunol 134: 836-47.

52. Sonkoly E, Janson P, Majuri ML, Savinko T, Fyhrquist N, et al. (2010)
MiR-155 is overexpressed in patients with atopic dermatitis and
modulates T-cell proliferative responses by targeting cytotoxic T
lymphocyte-associated antigen 4. J Allergy Clin Immunol 126: 581-589.

53. Løvendorf MB, Skov L (2015) miRNAs in inflammatory skin diseases and
their clinical implications. Expert Rev Clin Immunol 11: 467-477.

54. Chang YS, Chou YT, Lee JH, Lee PL, Dai YS, et al. (2014) Atopic
dermatitis, melatonin, and sleep disturbance. Pediatrics 134: e397-405.

55. Chang YS, Lin MH, Lee JH, Lee PL, Dai YS, et al. (2016) Melatonin
Supplementation for Children With Atopic Dermatitis and Sleep
Disturbance: A Randomized Clinical Trial. JAMA Pediatr 170: 35-42.

56. Marseglia L, Cuppari C, Manti S, D'Angelo G, Salpietro C, et al. (2015)
Atopic Dermatitis: Melatonin as potential treatment. J Biol Regul
Homeost Agents 29: 142-149.

57. Wang XF, Wang HS, Zhang F, Guo Q, Wang H, et al. (2014) Nodal
promotes the generation of M2-like macrophages and downregulates the
expression of IL-12. Eur J Immunol 44: 173-183.

58. Biswas SK, Chittezhath M, Shalova IN, Lim JY (2012) Macrophage
polarization and plasticity in health and disease. Immunol Res 53: 11-24.

59. Goldenberg A, Silverberg N, Silverberg JI, Treat J, Jacob SE (2015)
Pediatric Allergic Contact Dermatitis: Lessons for Better Care. J Allergy
Clin Immunol Pract 3: 661-667.

60. Nakagomi D, Suzuki K, Meguro K, Hosokawa J, Tamachi T, et al. (2015)
Matrix metalloproteinase 12 is produced by M2 macrophages and plays
important roles in the development of contact hypersensitivity. J Allergy
Clin Immunol 135: 1397-1400.

61. Debinska A, Sikorska-Szaflik H, Urbanik M, Boznanski A (2015) The role
of vitamin D in atopic dermatitis. Dermatitis 26: 155-161.

Citation: Kao JK, Shieh JJ, Lee CH, Lee MS, Hsu TF, et al. (2016) Potential Treatments for Atopic Dermatitis. J Immuno Biol 1: 110. doi:
10.4172/2476-1966.1000110

Page 5 of 6

J Immuno Biol, an open access journal
ISSN:2476-1966

Volume 1 • Issue 3 • 1000110

http://dx.doi.org/10.1016/j.jaci.2015.01.048
http://dx.doi.org/10.1016/j.jaci.2015.01.048
http://dx.doi.org/10.1016/j.jaci.2015.01.048
http://dx.doi.org/10.1016/j.jaci.2015.04.026
http://dx.doi.org/10.1016/j.jaci.2015.04.026
http://dx.doi.org/10.1016/j.jaci.2015.04.026
http://dx.doi.org/10.1016/j.jaci.2015.04.026
http://dx.doi.org/10.1016/j.jaci.2015.04.026
http://dx.doi.org/10.1056/NEJMra1011040
http://dx.doi.org/10.1056/NEJMra1011040
http://dx.doi.org/10.1016/j.jaci.2014.05.048
http://dx.doi.org/10.1016/j.jaci.2014.05.048
http://dx.doi.org/10.1016/j.jaci.2014.05.048
http://dx.doi.org/10.1016/j.jaci.2014.10.040
http://dx.doi.org/10.1016/j.jaci.2014.10.040
http://dx.doi.org/10.1016/j.jaci.2014.10.040
http://dx.doi.org/10.1016/j.jaci.2014.10.040
http://dx.doi.org/10.1111/all.12184
http://dx.doi.org/10.1111/all.12184
http://dx.doi.org/10.1016/j.jaci.2014.11.017
http://dx.doi.org/10.1016/j.jaci.2014.11.017
http://dx.doi.org/10.1016/j.jaci.2014.11.017
http://dx.doi.org/10.1016/j.jaci.2014.11.017
http://dx.doi.org/10.1016%2Fj.jaci.2014.01.022
http://dx.doi.org/10.1016%2Fj.jaci.2014.01.022
http://dx.doi.org/10.1016%2Fj.jaci.2014.01.022
http://dx.doi.org/10.1016/j.jaci.2015.01.020
http://dx.doi.org/10.1016/j.jaci.2015.01.020
http://dx.doi.org/10.1016/j.jaci.2015.01.020
http://dx.doi.org/10.1016/j.jaci.2015.01.020
http://dx.doi.org/10.1016/j.jaci.2015.05.049
http://dx.doi.org/10.1016/j.jaci.2015.05.049
http://dx.doi.org/10.1016/j.jaci.2015.05.049
http://dx.doi.org/10.1016/j.jaci.2015.05.049
http://dx.doi.org/10.1016/j.jaci.2014.11.015
http://dx.doi.org/10.1016/j.jaci.2014.11.015
http://dx.doi.org/10.1016/j.jaci.2014.11.015
http://dx.doi.org/10.1016/j.jaci.2015.01.033
http://dx.doi.org/10.1016/j.jaci.2015.01.033
http://dx.doi.org/10.1016/j.jaci.2015.01.033
http://dx.doi.org/10.1016/j.jaci.2014.10.038
http://dx.doi.org/10.1016/j.jaci.2014.10.038
http://dx.doi.org/10.1016/j.jaci.2014.10.038
http://dx.doi.org/10.1016/j.jaci.2014.10.038
http://dx.doi.org/10.1084/jem.20041503
http://dx.doi.org/10.1084/jem.20041503
http://dx.doi.org/10.1084/jem.20041503
http://dx.doi.org/10.1165/rcmb.2009-0168OC
http://dx.doi.org/10.1165/rcmb.2009-0168OC
http://dx.doi.org/10.1165/rcmb.2009-0168OC
http://dx.doi.org/10.1165/rcmb.2009-0168OC
http://dx.doi.org/10.1084/jem.20051745
http://dx.doi.org/10.1084/jem.20051745
http://dx.doi.org/10.1084/jem.20051135
http://dx.doi.org/10.1084/jem.20051135
http://dx.doi.org/10.1084/jem.20051135
http://dx.doi.org/10.1038/ni805
http://dx.doi.org/10.1038/ni805
http://dx.doi.org/10.1038/ni805
http://dx.doi.org/10.1016/j.jaci.2014.09.015
http://dx.doi.org/10.1016/j.jaci.2014.09.015
http://dx.doi.org/10.1016/j.jaci.2014.09.015
http://dx.doi.org/10.1016/j.jaci.2015.03.051
http://dx.doi.org/10.1016/j.jaci.2015.03.051
http://dx.doi.org/10.1016/j.jaci.2015.03.051
http://dx.doi.org/10.1016/j.jaci.2015.03.051
http://dx.doi.org/10.1016/j.jaci.2015.04.011
http://dx.doi.org/10.1016/j.jaci.2015.04.011
http://dx.doi.org/10.1016/j.jaci.2015.04.011
http://dx.doi.org/10.1016/j.jaci.2015.04.011
http://dx.doi.org/10.1016/j.jaci.2015.08.013
http://dx.doi.org/10.1016/j.jaci.2015.08.013
http://dx.doi.org/10.1016/j.jaci.2015.08.013
http://dx.doi.org/10.1016/j.jaci.2016.02.010
http://dx.doi.org/10.1016/j.jaci.2016.02.010
http://dx.doi.org/10.1016/j.jaci.2016.02.010
http://dx.doi.org/10.1016/j.jaci.2015.01.018
http://dx.doi.org/10.1016/j.jaci.2015.01.018
http://dx.doi.org/10.1016/j.jaci.2015.01.018
http://dx.doi.org/10.1016/j.jaci.2015.01.018
http://dx.doi.org/10.1016/j.jaci.2015.01.018
http://dx.doi.org/10.3945/ajcn.115.111104
http://dx.doi.org/10.3945/ajcn.115.111104
http://dx.doi.org/10.3945/ajcn.115.111104
http://dx.doi.org/10.3945/ajcn.115.111104
http://dx.doi.org/10.1371/journal.pone.0000610
http://dx.doi.org/10.1371/journal.pone.0000610
http://dx.doi.org/10.1371/journal.pone.0000610
http://dx.doi.org/10.1016/j.jaci.2014.05.022
http://dx.doi.org/10.1016/j.jaci.2014.05.022
http://dx.doi.org/10.1016/j.jaci.2014.05.022
http://dx.doi.org/10.1016/j.jaci.2014.05.022
http://dx.doi.org/10.1016/j.jaci.2010.05.045
http://dx.doi.org/10.1016/j.jaci.2010.05.045
http://dx.doi.org/10.1016/j.jaci.2010.05.045
http://dx.doi.org/10.1016/j.jaci.2010.05.045
http://dx.doi.org/10.1586/1744666X.2015.1020301
http://dx.doi.org/10.1586/1744666X.2015.1020301
http://dx.doi.org/10.1542/peds.2014-0376
http://dx.doi.org/10.1542/peds.2014-0376
http://dx.doi.org/10.1001/jamapediatrics.2015.3092
http://dx.doi.org/10.1001/jamapediatrics.2015.3092
http://dx.doi.org/10.1001/jamapediatrics.2015.3092
http://dx.doi.org/10.1002/eji.201343535
http://dx.doi.org/10.1002/eji.201343535
http://dx.doi.org/10.1002/eji.201343535
http://dx.doi.org/10.1007/s12026-012-8291-9
http://dx.doi.org/10.1007/s12026-012-8291-9
http://dx.doi.org/10.1016/j.jaip.2015.02.007
http://dx.doi.org/10.1016/j.jaip.2015.02.007
http://dx.doi.org/10.1016/j.jaip.2015.02.007
http://dx.doi.org/10.1016/j.jaci.2014.10.055
http://dx.doi.org/10.1016/j.jaci.2014.10.055
http://dx.doi.org/10.1016/j.jaci.2014.10.055
http://dx.doi.org/10.1016/j.jaci.2014.10.055
http://dx.doi.org/10.1097/DER.0000000000000128
http://dx.doi.org/10.1097/DER.0000000000000128


62. Quirk SK, Rainwater E, Shure AK, Agrawal DK (2016) Vitamin D in
atopic dermatitis, chronic urticaria and allergic contact dermatitis. Exp
Rev Clin Immunol 12: 1-9.

63. Vestita M, Filoni A, Congedo M, Foti C, Bonamonte D (2015) Vitamin D
and atopic dermatitis in childhood. J Immunol Res 2015: 1-7.

64. Wadhwa B, Relhan V, Goel K, Kochhar AM, Garg VK (2015) Vitamin D
and skin diseases: A review. Indian J Dermatol Venereol Leprol 81:
344-355.

65. Martinez FD (2001) The coming-of-age of the hygiene hypothesis. Respir
Res 2: 129-132.

66. Strachan DP (1989) Hay fever, hygiene, and household size. BMJ 299:
1259-1260.

67. Rather IA, Bajpai VK, Kumar S, Lim J, Paek WK, et al. (2016) Probiotics
and Atopic Dermatitis: An Overview. Front Microbiol 7: 507.

68. von Berg A, Filipiak-Pittroff B, Schulz H, Hoffmann U, Link E, et al.
(2016) Allergic manifestation 15 years after early intervention with
hydrolyzed formulas--the GINI Study. Allergy 71: 210-219.

69. Chien CH, Yu HH, Chiang BL (2015) Single allergen-induced oral
tolerance inhibits airway inflammation in conjugated allergen immunized
mice. J Allergy Clin Immunol 136: 1110-1113.

70. Jin H, He R, Oyoshi M, Geha RS (2009) Animal models of atopic
dermatitis. J Invest Dermatol 129: 31-40.

71. Matsuda H, Watanabe N, Geba GP, Sperl J, Tsudzuki M, et al. (1997)
Development of atopic dermatitis-like skin lesion with IgE
hyperproduction in NC/Nga mice. Int Immunol 9: 461-466.

72. Chan LS, Robinson N, Xu L (2001) Expression of interleukin-4 in the
epidermis of transgenic mice results in a pruritic inflammatory skin
disease: an experimental animal model to study atopic dermatitis. J Invest
Dermatol 117: 977-983.

73. Zhao Y, Bao L, Chan LS, DiPietro LA, Chen L (2016) Aberrant Wound
Healing in an Epidermal Interleukin-4 Transgenic Mouse Model of
Atopic Dermatitis. PloS one 11: e0146451.

74. Yang G, An D, Lee MH, Lee K, Kim B, et al. (2016) Effect of Acer
tegmentosum bark on atopic dermatitis-like skin lesions in NC/Nga mice.
J Ethnopharmacol 177: 53-60.

75. Yang G, Oh JW, Lee HE, Lee BH, Lim KM, et al. ( 2016) Topical
Application of Dieckol Ameliorates Atopic Dermatitis in NC/Nga Mice
by Suppressing Thymic Stromal Lymphopoietin Production. J Invest
Dermatol 136: 1062-1066.

76. Kao JK, Lee CH, Lee MS, Hsu CS, Tsao LY, et al. (2016) Heat-shock
pretreatment reduces expression and release of TSLP from keratinocytes
under Th2 environment. Pediatr Allergy Immunol 27: 62-69.

77. Shershakova N, Bashkatova E, Babakhin A, Andreev S, Nikonova A, et al.
(2015) Allergen-Specific Immunotherapy with Monomeric Allergoid in a
Mouse Model of Atopic Dermatitis. PLoS One 10: e0135070.

78. Hirai T, Yoshioka Y, Takahashi H, Handa T, Izumi N, et al. (2016) High-
dose cutaneous exposure to mite allergen induces IgG-mediated
protection against anaphylaxis. Clin Exp Allergy 46: 992-1003.

79. Shershakova N, Baraboshkina E, Andreev S, Purgina D, Struchkova I, et
al. (2016) Anti-inflammatory effect of fullerene C60 in a mice model of
atopic dermatitis. J Nanobiotechnol 14: 8.

80. Izumi R, Azuma K, Izawa H, Morimoto M, Nagashima M, et al. (2016)
Chitin nanofibrils suppress skin inflammation in atopic dermatitis-like
skin lesions in NC/Nga mice. Carbohydr Polym 146: 320-327.

81. Kang H, Lee CH, Kim JR, Kwon JY, Seo SG, et al. (2015) Chlorella
vulgaris Attenuates Dermatophagoides Farinae-Induced Atopic
Dermatitis-Like Symptoms in NC/Nga Mice. Int J Mol Sci 16:
21021-21034.

 

Citation: Kao JK, Shieh JJ, Lee CH, Lee MS, Hsu TF, et al. (2016) Potential Treatments for Atopic Dermatitis. J Immuno Biol 1: 110. doi:
10.4172/2476-1966.1000110

Page 6 of 6

J Immuno Biol, an open access journal
ISSN:2476-1966

Volume 1 • Issue 3 • 1000110

http://dx.doi.org/10.1586/1744666X.2016.1171143
http://dx.doi.org/10.1586/1744666X.2016.1171143
http://dx.doi.org/10.1586/1744666X.2016.1171143
http://dx.doi.org/10.1155%2F2015%2F257879
http://dx.doi.org/10.1155%2F2015%2F257879
http://dx.doi.org/10.4103/0378-6323.159928
http://dx.doi.org/10.4103/0378-6323.159928
http://dx.doi.org/10.4103/0378-6323.159928
http://dx.doi.org/10.3389%2Ffmicb.2016.00507
http://dx.doi.org/10.3389%2Ffmicb.2016.00507
http://dx.doi.org/10.1016/j.jaci.2015.04.018
http://dx.doi.org/10.1016/j.jaci.2015.04.018
http://dx.doi.org/10.1016/j.jaci.2015.04.018
http://dx.doi.org/10.1038/jid.2008.106
http://dx.doi.org/10.1038/jid.2008.106
http://dx.doi.org/10.1046/j.0022-202x.2001.01484.x
http://dx.doi.org/10.1046/j.0022-202x.2001.01484.x
http://dx.doi.org/10.1046/j.0022-202x.2001.01484.x
http://dx.doi.org/10.1046/j.0022-202x.2001.01484.x
http://dx.doi.org/10.1371/journal.pone.0146451
http://dx.doi.org/10.1371/journal.pone.0146451
http://dx.doi.org/10.1371/journal.pone.0146451
http://dx.doi.org/10.1016/j.jep.2015.10.033
http://dx.doi.org/10.1016/j.jep.2015.10.033
http://dx.doi.org/10.1016/j.jep.2015.10.033
http://dx.doi.org/10.1016/j.jid.2015.12.046
http://dx.doi.org/10.1016/j.jid.2015.12.046
http://dx.doi.org/10.1016/j.jid.2015.12.046
http://dx.doi.org/10.1016/j.jid.2015.12.046
http://dx.doi.org/10.1111/pai.12482
http://dx.doi.org/10.1111/pai.12482
http://dx.doi.org/10.1111/pai.12482
http://dx.doi.org/10.1371/journal.pone.0135070
http://dx.doi.org/10.1371/journal.pone.0135070
http://dx.doi.org/10.1371/journal.pone.0135070
http://dx.doi.org/10.1111/cea.12722
http://dx.doi.org/10.1111/cea.12722
http://dx.doi.org/10.1111/cea.12722
http://dx.doi.org/10.1186/s12951-016-0159-z
http://dx.doi.org/10.1186/s12951-016-0159-z
http://dx.doi.org/10.1186/s12951-016-0159-z
http://dx.doi.org/10.1016/j.carbpol.2016.03.068
http://dx.doi.org/10.1016/j.carbpol.2016.03.068
http://dx.doi.org/10.1016/j.carbpol.2016.03.068
http://dx.doi.org/10.3390/ijms160921021
http://dx.doi.org/10.3390/ijms160921021
http://dx.doi.org/10.3390/ijms160921021
http://dx.doi.org/10.3390/ijms160921021

	Contents
	Potential Treatments for Atopic Dermatitis
	Abstract
	Keywords:
	Introduction
	Pathophysiology
	The skin barrier dysfunction
	Immunological hypothesis
	Epidermal TSLP: A factor link two major pathogenesis in AD

	Non-Classical Treatment Strategies for Atopic Dermatitis
	Therapeutic trails of patients with AD
	Decrease skin inflammation
	Re-direct the imbalanced immune polarization
	Induce immune tolerance to allergens

	Advancement in Potential Treatment using Mouse Model of Atopic Dermatitis
	Conclusion
	References


