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ORIGINAL ARTICLE
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Myung Hwa Kim, Seung-Phil Hong

Department of Dermatology, Dankook University College of Medicine, Cheonan, 1Department of Dermatology, Chungnam National 
University College of Medicine, Daejeon, 2Department of Dermatology, Chung-Ang University Hospital, Seoul, Korea

Background: Atopic dermatitis (AD) is a chronic disorder, 
with a vicious cycle of repetitive inflammation and deterio-
ration of the epidermal barrier function. Adiponectin, an adi-
pokine, has anti-inflammatory effects on various metabolic 
and inflammatory disorders. Recently, its level was found to 
be reduced in serum and tissue samples from AD patients.  
Objective: We aimed to investigate the effects of adiponectin 
on epidermal inflammation and barrier structures in AD skin.  
Methods: A three-dimensional in vitro epidermal equivalent 
model mimicking AD was obtained by adding an inflam-
matory substance cocktail to normal human epidermal equi-
valents (HEEs). The expression of epidermal differentiation 
markers, primary inflammatory mediators, and lipid bio-
synthetic enzymes was compared between adiponectin- 
treated AD-HEEs, untreated control AD-HEEs, and normal 
HEEs. Results: Adiponectin co-treatment 1) inhibited the in-
crease in mRNA expression of major inflammatory media-
tors (carbonic anhydrase II, neuron-specific NEL-like protein 
2, thymic stromal lymphopoietin, interleukin-8, tumor ne-
crosis factor-alpha, and human beta-defensin-2) from kerati-
nocytes in AD-inflammatory HEEs, 2) enhanced the ex-
pression of lipid biosynthetic enzymes (fatty acid synthase, 

HMG CoA reductase, and serine-palmitoyl transferase), and 
3) promoted the expression of differentiation factors, espe-
cially filaggrin. We also found that the expression of adipo-
nectin receptor-1 and -2 decreased in the epidermis of chron-
ic AD lesion. Conclusion: Activation of the adiponectin path-
way is expected to enhance epidermal differentiation and 
barrier function as well as attenuate inflammatory response 
to AD as a therapeutic approach. (Ann Dermatol 31(2) 186∼
195, 2019)
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INTRODUCTION

Atopic dermatitis (AD) is a complex disorder that involves 
both inflammation and skin barrier dysfunction. Reduced 
skin barrier function, specifically caused by abnormalities 
in filaggrin expression and lipid synthesis, can lead to the 
release of thymic stromal lymphopoietin (TSLP) from kera-
tinocytes, inducing T helper 2 (Th2) immune response1. 
Subsequently, Th2 cytokines, such as interleukin (IL)-4 
and IL-13, and pro-inflammatory cytokines, such as IL-8 
and tumor necrosis factor-alpha (TNF-α), are secreted, re-
sulting in a dermal inflammatory reaction. 
Both IL-4 and IL-13 cause abnormalities in lipid product-
ion and epidermal differentiation2,3 as well as inhibition of 
antimicrobial peptide synthesis in the epidermis4, which 
allows microbial invasion that is damaging the epidermal 
barrier. Furthermore, IL-8 (CXCL8), a pro-inflammatory cy-
tokine that directly affects immune cells, including poly-
morphonuclear cells, is secreted by immune cells after an-
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tigen sensitization5,6. Keratinocytes are considered another 
major source of IL-8 that is overexpressed in AD skin6,7, 
leading to a vicious cycle of repetitive inflammation and 
deterioration of the barrier function. 
Adipocytes and sebocytes secrete adiponectin, an adipo-
kine, which reaches a concentration of 3∼30 μg/ml in 
the plasma8,9. Adiponectin functions as signal molecule via 
at least two adiponectin receptors, AdipoR1 and AdipoR2, 
on target cells10. Because it acts primarily as a metabolic 
mediator of insulin sensitivity and glucose homeostasis, 
adiponectin has been implicated in various diseases, espe-
cially metabolic disorders such as diabetes and obesity 
and cardiovascular diseases10-12. It has been demonstrated 
that the adiponectin level in the plasma is negatively asso-
ciated with the accumulation of body fat, particularly vis-
ceral fat, and that the plasma adiponectin levels are low in 
obese individuals13. In addition, adiponectin plays a role 
in controlling inflammation during immune responses and, 
therefore, it has emerged as an important therapeutic tar-
get for chronic inflammatory disorders due to its pleio-
tropic activities in regulating inflammation and immune 
response, and vascular homeostasis14-16. Several studies 
have reported on the association between psoriasis and 
adiponectin in relation to inflammation and metabolic ab-
normalities as well as the possibility to exploit the adipo-
nectin signaling mechanism as a therapeutic target17-19.
Recent advances in three-dimensional (3D) skin equival-
ent models have facilitated the development of AD-like 
3D skin equivalent models by subjecting the cells to a 
treatment with major cytokines involved in AD pathoge-
nesis6,20,21. These models can be used to study the inflam-
mation and barrier function of the epidermis. Specifically, 
epidermal equivalent models of AD consisting of keratino-
cytes enable studies that are focused on epidermal physio-
logical phenomena, such as morphogenesis, proliferation, 
and differentiation and the properties of stratum corneum 
lipids.
In the present study, we investigated the effects of adipo-
nectin, which has anti-inflammatory and cytoprotective ef-
fects, on inflammation, lipid synthesis, and epidermal dif-
ferentiation in the 3D epidermis equivalent model expo-
sed to the inflammatory condition of AD.

MATERIALS AND METHODS
Reagents and antibodies

Recombinant human full-length adiponectin protein was 
obtained from Biobud (Seongnam, Korea). We obtained 
antibodies against AdipoR1 and AdipoR2 from Santa Cruz 
Biotechnology (Santa Cruz, CA, USA); filaggrin from Abcam 
(Cambridge, UK). Polyinosinic-polycytidylic acid [Poly(I:C)] 

was purchased from Sigma-Aldrich (St. Louis, MO, USA), 
and TNF-α, IL-4, and IL-13 were from R&D Systems (Min-
neapolis, MN, USA).

Immunohistochemical staining 

Subjects were not recruited specifically for this study to 
obtain human skin samples, but the usage of skin samples 
from subjects who had previously provided informed con-
sent for research, was approved by the Dankook 
University Hospital Institutional Review Board (DKUH- 
2015-02-017-001) and the analysis was performed retros-
pectively.
For examination by light microscopy, full-thickness hu-
man skin specimens or epidermal equivalents were fixed 
in 10% formalin solution. After dehydration with a graded 
series of ethanol and xylene, the tissues were embedded 
in paraffin and cut into 4-μm thick sections. After de-par-
affinization and rehydration, hematoxylin and eosin (H&E) 
stains were used for histological examination.
Standard immunohistochemical (IHC) protocol was fol-
lowed after de-paraffinization and rehydration. Subsequ-
ently, each 4-μm section in 10 mM sodium citrate (pH 6.0) 
was heated in a microwave oven for antigen retrieval, af-
ter which endogenous peroxidase activity was blocked 
with blocking serum solution (Dako, Carpinteria, CA, USA). 
Thereafter, adjacent sections from the same paraffin block 
were incubated with the primary antibodies: AdipoR1, 
AdipoR2, and Filaggrin (diluted 1:100) at 4oC overnight, 
followed by incubation with secondary antibody. Signals 
were developed with two-component high-sensitivity dia-
minobenzidine (DAB) chromogenic substrate (Dako Cyto-
mation Liquid DAB Substrate Chromogen System; Dako). 
The slides were covered with cover glass and then exam-
ined using a light microscope (BX43, Olympus, Tokyo, Japan)

The 3D in vitro AD-like human epidermal equivalent 
model

The 3D in vitro epidermal equivalent model based on cul-
tured HEEs was exposed to an AD-inducing inflammatory 
cytokine cocktail to create atopic conditions according to 
a previously published method (Fig. 1)6,20,21. The 3D hu-
man epidermal equivalents (HEEs) were supplied by TEGO 
Science Inc. (Seoul, Korea) on days 9∼10 of the experi-
ment. Briefly, to construct epidermal equivalents, kerati-
nocytes were seeded into culture inserts. After culturing 
the cells for 3 days, the constructs were cultured at the 
air-liquid interface for 10 days. On day 11 after the air-lift 
culture of constructs, the inflammatory cocktail (10 μg/ml 
Poly(I:C), 3.5 ng/ml TNF-α, 30 ng/ml each IL-4 and IL-13) 
was supplemented (AD-like model, AD-HEEs) or not sup-
plemented (normal-HEEs) to the culture medium until har-
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Fig. 1. Schedule to develop in vitro
cultured human epidermal equi-
valents (HEEs) model mimicking 
atopic dermatitis (AD). During the 
preparation of reconstructed three- 
dimensional epidermis, the cocktail
containing Poly(I:C) and inflamma-
tory cytokines was treated on the 
11th day after air-lift to generate 
AD-HEEs. Adiponectin was co-tre-
ated with the cocktail at the same 
time to investigate the effect of adi-
ponectin on AD conditioned epi-
dermis. And then the samples were 
harvested for analysis 3 days later. 
Tx.: treatment, TLR: Toll-like recep-
tor 3, TNF-α: tumor necrosis fac-
tor-alpha, IL: interleukin.

vest after 72 hours on day 14. The constructs were in-
cubated at 37oC and 5% CO2, and the medium was 
changed every 2 or 4 days. The culture medium was sup-
plied by TEGO Science Inc.

Quantitative real-time reverse transcriptase polymerase 
chain reaction analysis

The total RNA from HEK was extracted using TRIzolⓇ re-
agent (Invitrogen, Carlsbad, CA, USA), and the amount of 
RNA was determined using the Nanodrop 2000 spectro-
photometer (Thermo Fisher Scientific, Carlsbad, CA, USA). 
The total RNA (1 μg) was reverse transcribed using 
M-MLV reverse transcriptase (Promega, Madison, WI, USA) 
according to the instruction of the manufacturer. The qu-
antitative real-time reverse transcriptase polymerase chain 
reaction (qRT-PCR) was performed with SYBR Green PCR 
master mix (Applied Biosystems, Foster City, CA, USA) us-
ing Quantstudio 3 (PCR Instrument system, Thermo Scien-
tific Inc., Waltham, MA, USA). The PCR gene expression 
level was normalized to GAPDH expression. Quantifica-
tion was performed by the critical threshold (CT) method. 
The primer sequences for the qRT-PCR are presented in 
Table 1.

Statistical analyses

The data are expressed as mean±standard error. The data 
were analyzed by the paired Student’s t-test and analysis 
of variance (ANOVA) with Bonferroni’s post hoc correction 
for comparison between the mean of two numeric values. 
Statistical significance was defined at p-value ＜0.05 and 
the statistical analyses were performed using PASW Stati-
stics ver. 18.0 (IBM Co., Armonk, NY, USA).

RESULTS
Expression of adiponectin receptors decreased in the 
lesions of AD

To investigate the changes in the expression of AdipoR in 
the lesional skin of AD, IHC staining was performed with 
anti-AdipoR1 and AdipoR2 antibodies in three skin sam-
ples each from young normal adults and same-aged adults 
with AD. The expression of AdipoR1 and AdipoR2 was re-
duced in the lesional epidermis of patients with AD, sug-
gesting that the adiponectin signal transduction activity 
may be weakened in the AD epidermis (Fig. 2). 

Adiponectin treatment reduced AD-specific inflammatory 
mediators in the inflammatory HEEs with AD features

By the qRT-PCR analysis, the changes in the expression of 
major inflammatory mediators in AD were evaluated after 
adiponectin treatment in the 3D AD-like model. Carbonic 
anhydrase II (CAII) and neuron-specific NEL-like protein 2 
(NELL2) have been reported as epidermal molecular mark-
ers of AD owing to their specific up-regulation in the atop-
ic lesional epidermis21,22. Therefore, the increase in the ex-
pression of CAII and NELL2 in our AD HEEs indicated that 
it is similar to the epidermis of AD. This increase was sub-
sequently decreased to the control level in the reconstruct-
ed epidermis co-treated with adiponectin for 72 hours 
(Fig. 3A, B). In keratinocytes, the increased expression of 
two cytokines, TSLP and IL-8, typically secreted during 
Th2 immune responses, was also significantly normalized 
after adiponectin treatment (Fig. 3C, D). Moreover, the ex-
pression of TNF-α, a pro-inflammatory cytokine, and hu-
man beta defensin 2, an anti-microbial peptide, was sim-
ilar to that of TLSP (Fig 3E, F). These results suggested that 
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Table 1. Primer sequences for real-time polymerase chain reaction

Gene Nucleotide sequence (5'-3')

CAII
Sense AAC AAT GGT CAT GCT TTC AAC G
Antisense TGT CCA TCA AGT GAA CCC CAG

NELL2
Sense TAA GGG TAT AAT GCA AGA TGT CCA ATT
Antisense AGA TCT GGG CAC TGA GCA ATA AA

TSLP
Sense CAG GCT ATT CGG AAA CTC A
Antisense GTG CTG TGA AAT ATG ACC A

IL-8
Sense TTG GCA GCC TTC CTG ATT
Antisense AAC TTC TCC ACA ACC CTC TG

TNF-α
Sense CAG AGG GCC TGT ACC TCA TC
Antisense GGA AGA CCC CTC CCA GAT AG

hBD2
Sense GGA TGA CAT ATG GCT CCA CTC TT
Antisense GAT GCC TCT TCC AGG TGT TTT T

FAS
Sense TCG TGC AGG TGC TTG CGG AG
Antisense GCC GAA GCC ACC CAG ACC AC

HMGCR
Sense ACG GTG GGT GGT GGG ACC AA
Antisense TCC TGC TGC CAA TGC TGC CA

SPT
Sense AGT GGG TTC TGG TGG AGA TG
Antisense TTT GGG ACA GGA GGA ACA AG

SREBP1a
Sense GCT GCT GAC CGA CAT CGA A
Antisense ATG TGG CAG GAG GTG GAT AC

SREBP1c
Sense GGA GCC ATG GAT TGC ACT TT
Antisense ATG TGG CAG GAG GTG GAT AC

SREBP2
Sense TGG CTT CTC TCC CTA CTC CA
Antisense GAG AGG CAC AGG AAG GTG AG

Filaggrin
Sense GGA TCC TCT CAC CGC GAT AC
Antisense GCC TTT CAG TGC CCT CAG AT

Involucrin
Sense GAT GTC CCA GCA ACA CAC AC
Antisense TGC TCA CAT TCT TGC TCA GG

Loricrin
Sense GGA GTT GGA GGT GTT TTC CA
Antisense ACT GGG GTT GGG AGG TAG TT

GAPDH
Sense CGG ATT TGG TCG TAT TGG G
Antisense CTC GCT CCT GGA AGA TGG

CAII: carbonic anhydrase II, NELL2: neuron-specific NEL-like 
protein 2, TSLP: thymic stromal lymphopoietin, IL: interleukin,
TNF-α: tumor necrosis factor-alpha, hBD2: human beta defensin
2, FAS: fatty acid synthase, HMGCR: HMG CoA reductase, SPT:
serine-palmitoyl transferase, SREBP: sterol regulatory binding 
protein.

adiponectin has the effect of counteracting the in-
flammatory responses of AD.

Adiponectin reduced the histological inflammatory 
response

In the H&E-stained sample used to evaluate the degree of 
morphological changes, the AD-HEE group (treated with 
AD cocktail only) showed intercellular spongiosis, and 
lack of keratohyalin granules and stratum corneum forma-
tion (Fig. 4B). In contrast, the adiponectin-treated AD-HEEs 
demonstrated less spongiosis and relatively well-devel-
oped corneal layer with basket-weave structure (Fig. 4C), 
and they stabilized to a relatively normal epidermis (nor-
mal-HEEs) (Fig. 4A).

Adiponectin increased the expression of lipogenic 
enzymes and transcription factors in AD-like inflam-
matory conditions

We further evaluated the epidermal lipid synthetic poten-
tial closely related to skin barrier function. The expression 
of the rate-limiting enzymes for fatty acid, cholesterol, and 
ceramide biosynthesis (fatty acid synthase [FAS], HMG 
CoA reductase [HMGCR], and serine palmitoyl transferase 
[SPT], respectively) was decreased in AD-HEEs but signifi-
cantly upregulated by adiponectin treatment (Fig. 5A∼C). 
In addition, the mRNA expression of the transcription fac-
tors encoding the genes related to the biosynthesis of fatty 
acid or cholesterol, sterol regulatory element binding pro-
tein-1c (SREBP1c), and -2 (SREBP2), was restored to nor-
mal control level in adiponectin-co treated AD-HEEs (Fig. 
5D∼F). These results suggested that the lipid synthesis 
ability of reconstructed epidermis, which was reduced in 
the AD condition, can be restored by the adiponectin 
effect.

Adiponectin potentiated the epidermal differentiation 
markers in the inflammatory state of AD

The mRNA expression of filaggrin, involucrin, and lor-
icrin, the major epidermal differentiation proteins, was sig-
nificantly decreased due to AD inflammation, but the ex-
pression was increased above the normal control level af-
ter adiponectin treatment (Fig. 6A∼C). Further, the ex-
pression of filaggrin protein in HEEs, which is important 
for the pathogenesis of AD, was further examined by 
immunohistochemistry. Adiponectin-treated AD-HEEs de-
monstrated the increased expression of filaggrin in the via-
ble layer of epidermal equivalent compared with that in 
AD-HEEs (Fig. 6D). Thus, adiponectin might control epi-
dermal differentiation abnormalities under AD inflamma-
tory conditions.
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Fig. 2. Immunohistochemical staining of normal skin and atopic dermatitis lesional skin for adiponectin receptors. Protein expression 
of (A) adiponectin receptor-1 (AdipoR1) and (B) -2 (AdipoR2) in human epidermis were diminished in 3 atopic dermatitis patients, 
compared to control epidermis from 3 normal young adults (n=3 in each group). Bar=100 μm.

DISCUSSION

The present study was conducted to investigate the effects 
of adiponectin on Th2 inflammatory cytokine-induced 3D 
HEEs. The results revealed that adiponectin inhibits the ex-
pression of major inflammatory mediators from keratino-
cytes, enhances lipid synthesis ability, and promotes epi-
dermal differentiation, which might help to improve AD. 
CAII is involved in the maintenance of cellular pH, water 
transport, and ion homeostasis; therefore, it could also 
contribute to pathological changes that are characteristic 
for AD, such as spongiosis23. NELL2 is a neural tissue-spe-
cific epidermal growth factor-like repeat domain-contain-
ing protein22. The pathophysiological role of NELL2 in AD 
has not been elucidated. However, it is known that the ex-
pression of NELL2 is elevated by Th2 cytokines (IL-4 and 
IL-13) similar to CAII expression and is specifically incre-
ased in AD lesions22,24. Thus, CAII and NELL2 are consid-
ered molecular epidermal markers of AD25.
The 3D model used in this study was established accord-
ing to the existing model described in previous studies, 
which showed that the increase of CAII and NELL2 mRNA 
is a relatively specific event for AD epidermal inflam-
mation6,21-23. Similar to the observations documented in 
these previous reports, we also observed an increase of in-
flammatory cytokines related to AD, such as TSLP and IL-8, 

and the increase of CAII and NELL2, as well as AD-asso-
ciated histopathological changes in our 3D model. There-
fore, we reconstructed the AD-like inflammatory condi-
tions in our in vitro experiments.
Adiponectin exerts anti-inflammatory actions on several 
cell types including macrophages, endothelial cells, car-
diomyocytes, and fibroblasts9. Adiponectin reduces lip-
opolysaccharide-induced expression of TNF-α in cultured 
macrophages through the inhibition of nuclear factor-κB 
(NF-κB) signaling and also exhibits anti-inflammatory ef-
fects via the direct modulation of the macrophage pheno-
type26-28. The expression of TNF-α and matrix metallo-
proteinase-12 in macrophages in the lung decreased by 
adiponectin treatment and the infiltration of CD4+ T lym-
phocytes into atherosclerotic lesions was attenuated via 
the suppression of T cell chemoattractants in macroph-
ages29,30. In endothelial cells, adiponectin also attenuates 
the inflammatory response in vascular walls by reducing 
adhesion molecules and IL-6 expression31. Furthermore, 
adiponectin attenuates TNF-α expression in cardiomyo-
cytes and fibroblasts, leading to reduced cellular apopto-
sis32. Therefore, adiponectin has a protective effect on var-
ious organs, including the heart, vasculature, and lung, by 
balancing the excessive inflammatory response, such as 
the inhibition of TNF-α induced NF-κB activation.
In the case of psoriasis, a typical chronic inflammatory 
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Fig. 4. Representative microscopic finding of (A) normal untreated control, (B) control for reconstructed epidermal atopic dermatitis 
(AD) model (only the inflammatory cocktail treated), and (C) the adiponectin treated sample (the inflammatory cocktail and adiponectin 
co-treated). HEEs: human epidermal equivalents, Tx.: treatment.

Fig. 3. Effects of adiponectin on inflammatory markers in three-dimensional skin atopic dermatitis (AD) model. The quantitative real-time 
reverse transcriptase polymerase chain reaction analysis showed the changes in the expression of major inflammatory markers by 
adiponectin treatment. (A) carbonic anhydrase II (CAII), (B) neuron-specific NEL-like protein 2 (NELL2), (C) thymic stromal lymphopoietin 
(TSLP) were evaluated as the specific inflammatory markers for atopic dermatitis. Others, (D) human beta-defensin 2 (hBD2), (E) 
interleukin (IL)-8, and (F) tumor necrosis factor-alpha (TNF-α) were assessed as the primary inflammatory markers. *p＜0.05, **p＜0.01.

skin disease, serum adiponectin levels were found to be 
inversely correlated with disease severity in patients with 
psoriasis33,34. This finding is convincing while considering 

a series of reports that suggest psoriasis is associated with 
metabolic syndromes as well as reports of low blood adi-
ponectin levels in obese individuals and patients with dia-
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Fig. 5. Effects of adiponectin on expression of lipid synthesis related gene in atopic dermatitis reconstructed epidermal model. By 
using the quantitative real-time reverse transcriptase polymerase chain reaction analysis, major rate-limiting epidermal lipid biosynthesis 
enzymes (A) fatty acid synthase, (B) HMG CoA reductase, and (C) serine palimitoyl transferase, and the transcription factors encoding 
for lipid synthesis enzymes (D) sterol regulatory binding protein 1a (SREBP1a), (E) SREBP1c, and (F) SREBP2 were assessed. *p＜0.05, 
**p＜0.01.

betes19. Moreover, it has been recently reported that adi-
ponectin level in the skin tissue and subcutaneous fat de-
creased in patients with psoriasis, and adiponectin regu-
lates psoriasis-induced skin inflammation by suppressing 
IL-17 production from human CD4+ or CD8+ T cells17. 
These observations suggested that adiponectin signaling is 
a candidate mechanism to explain the relationship bet-
ween psoriasis and metabolic disorders, and it plays a role 
in controlling cutaneous inflammation.
In relation to allergic inflammatory disorders, including 
AD, interest in adipokines is increasing in an effort to 
identify the mechanism of increased prevalence or sever-
ity of metabolic problems, such as obesity, as in psoriasis. 
The serum and tissue transcriptional levels of adiponectin 

were lower in patients with AD (especially in patients with 
extrinsic AD) than in normal subjects, and they were in-
versely correlated with the total IgE level35-37. Furthermore, 
in asthma, an airway allergic condition, lower levels of 
adiponectin were associated with uncontrolled or greater 
risk for asthma38,39. However, there is also a report that 
implicates the negative effects, that is, adiponectin does 
not protect against the development of inflammation in 
asthma and might exacerbate the disease via its anti-TH1 
inflammatory effects, allowing increased TH2 differenti-
ation and more severe allergic response40. Although there 
is only limited data available to exactly determine the ef-
fect of adiponectin, considering the present results that the 
expression levels of inflammatory mediators, such as TSLP, 
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Fig. 6. Effects of adiponectin on epidermal differentiation in atopic dermatitis (AD) reconstructed epidermal model. The mRNA expression 
of the major epidermal differentiation markers (A) filaggrin (FLG), (B) loricrin, and (C) involucrin was quantified using real time reverse 
transcriptase polymerase chain reaction. (D) Representative immunohistochemical staining of untreated normal epidermal equivalent 
(normal-HEEs), and AD mimicking epidermis equivalent (AD-HEEs), and adiponectin treated AD mimicking equivalent (AD-HEEs+ 
adiponectin) with human filaggrin antibody. Tx.: treatment. Bar=50 μm. *p＜0.05, **p＜0.01.

IL-8, and TNF-α, were reduced in AD-HEEs by adipo-
nectin treatment, it can be assumed that the normalization 
of the serum adiponectin level by lowering its level in 
obese patients by weight control might improve skin in-
flammation and epidermal barrier function. 
We also found decreased expression of adiponectin re-
ceptors in the epidermis of patients with AD, which might 
result from the suppression exerted by the inflammatory 
cytokines. If this is true, further studies are necessary to 
confirm whether the reduction in skin inflammation se-
verity by anti-inflammatory agents leads to the normal-
ization of receptor expression.
Adiponectin increased the mRNA expression of differ-
entiation proteins (filaggrin, loricrin, and involucrin) and 
the major epidermal lipid biosynthetic enzymes (FAS, 
HMGCR, and SPT) in the AD-like epidermis. The differ-
entiation promotion, especially the increase in filaggrin 
expression is consistent with the findings of previous stud-
ies that adiponectin directly upregulated filaggrin expres-

sion in normal human epidermal keratinocytes through 
the sirtuin 1-mediated pathway41,42. 
Accordingly, for an effective AD therapy, it is expected 
that the activation of the adiponectin pathway might en-
hance epidermal differentiation and barrier function as 
well as attenuate the inflammatory response of keratino-
cytes. Therefore, the development of an adiponectin-like 
agonist of adiponectin signals or receptors might be bene-
ficial for the treatment of AD. Further studies are needed 
to validate our findings and elucidate the underlying mech-
anisms.
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