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Inhibitory effects of isoliquiritin on an atopic dermatitis model
through the CD177/JAK2/STAT pathway in vitro and in vivo
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Background: Atopic dermatitis (AD) is a complex inflammatory skin condition characterized by the
proliferation and activation of immune cells in skin. Isoliquiritin (ISO) is an active component purified from
Glycyrrhiza glabra. This study aimed to test the therapeutic potential of ISO for AD and verify its potential
molecular mechanism.

Methods: This study investigated the potential effects and possible underlying mechanisms of ISO against
AD in vitro (HMCI.1 cells stimulated by phorbol-12-myristate-13-acetate and calcium ionophore A23187)
and 7z vivo (AD-like mouse model induced by 1-chloro-2,4-dinitrochlorobenzene).

Results: ISO dose-dependently suppressed the viability of HMCI.1 cells. ISO inhibited the secretion of
the proinflammatory factors IL-6 and IL-8 and induced the apoptosis of HMCI.1 cells. ISO suppressed the
phosphorylation of CD177, JAK2, STAT'1, STAT3, and STAT', and upregulated the protein expression of
BAX and cleaved caspase-3 i vitro. ISO administration markedly diminished the infiltration of immune cells
(mast cells, eosinophils) in cutaneous lesions. Simultaneously, ISO treatment alleviated the formation of skin
lesions and affected other AD symptoms (thickness of the epidermis and dermis, ear edema, lymph node
weight, spleen index, dermatitis score) but increased the thymus index iz vivo, and downregulated expression
of IL-4, IL-6, IgE, and thymic stromal lymphopoietin (T'SLP).

Conclusions: Collectively, our findings showed that ISO administration decreased skin lesion formation
by inhibiting inflammation and enhancing immunomodulation through the CD177/JAK2/STAT signaling
pathway.
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Introduction

Atopic dermatitis (AD), a chronic, inflamed skin
condition, is characterized by recurring eczematous
lesions, intense pruritus, markedly increased immune
cell numbers (mast cells, eosinophils, lymphocytes), and
high levels of inflammatory mediators such as thymic
stromal lymphopoietin (T'SLP), interleukin (IL)-4, and
immunoglobulin (IgE) in serum (1,2). In general, AD has
seasonal variations. The prevalence of AD is 2.0-7.3% in
adults and 20% in children (3-5). Several studies have indicated
that AD is the skin manifestation of systemic disease and food
allergies, hidradenitis suppurativa, asthma, conjunctivitis, or
allergic rhinitis (6-10). With its high prevalence, comorbidities,
and disease-related disabilities, AD imposes a considerable
burden on global public health (5,11).

AD pathogenesis is multifactorial and complex. It
involves genetic changes, skin-barrier disorders, skin
disturbance due to microbes, as well as an imbalance in the
number of T helper type 1 (Th1) and/or Th2 cells. Studies
have shown that a T cell-mediated immune response can
increase the secretion of proinflammatory cytokines. This
action results in the activation and proliferation of mast
cells and other immune cells, which leads to further T-cell
activation. (12,13). In particular, Th2 cells have been shown
to be involved in disease progression in AD patients in Asia
and Europe (1). Th2 cells release cytokines (e.g., IL-4)
resulting in the activation and proliferation of mast cells and
eosinophils (14).

The human mast cell line HMCI.1 carrying a mutation
in cluster of differentiation 177 (CD177; C-KIT V560G)
has been shown to lead to the spontaneous proliferation
and activation of cells coupled to the Janus kinase/signal
transducer and activator of transcription (JAK/STAT)
signaling pathway (15,16).

Topical or systemic treatments with anti-inflammatory
or immunosuppressive agents (such as corticosteroids,
methotrexate and calcineurin inhibitors) are usually
employed to alleviate AD symptoms (17-19), but do not
lead to a cure. Moreover, several negative side effects are
associated with the topical application of corticosteroids
or calcineurin inhibitors, including erythema, papules,
pustules, repeated flares of photosensitivity, and intense
burning and itching (18,20). This limits their use as long-
term therapies and leads to a poor quality of life, increased
economic burden, and reduced work productivity.

Research has shown that natural ingredients with few
side effects can be employed to treat AD. There have been
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Figure 1 Chemical structure of isoliquiritin.

several studies demonstrating the effectiveness of Chinese
medicine formulations in treating AD for many years
(21-26). The Chinese medicine formulation Pei Tu Qing
Xin (PTQX) has been investigated in AD treatment for
over a decade. PTQX has demonstrated potent anti-AD,
anti-inflammatory, immunomodulatory, and antipruritic
efficacy in moderate-to-severe AD patients in assessor-
blinded, placebo-controlled, three-arm randomized clinical
trials (27-29).

ISO a flavonol glycoside contained in licorice (Glycyrrhiza
glabra), is an essential biologically active ingredient of
PTQX (30). ISO (Figure I) has been reported to possess
anti-hyperalgesic, antioxidant, anti-inflammatory,
immunomodulatory, anti-cancer, anti-depression,
antifungal, wound-healing, and antiallodynic effects (31-37).
These effects may play a substantial role in modulating AD’s
pathological mechanism. It is unclear, however, whether
ISO can be used to treat AD (and, if so, what mechanisms
underlie the effect of ISO). In addition, the effect of ISO on
AD has not been reported.

Therefore, we investigated ISO’s effect and explored
its potential underlying molecular mechanisms in AD. A
benzene derivative, 1-chloro-2,4-dinitrochlorobenzene
(DNCB), which is highly electrophilic and cytotoxic, can
induce clinical conditions similar to AD in mice (38,39).
The aim of this study was to test the inhibitory effects
of ISO on AD in NC/Nga mice induced by DNCB, and
at the same time, test its effects in the human mast cell
line HMCI.1 treated by calcium ionophore A23187/
phorbol-12-myristate-13-acetate (PMA). We present the
following article in accordance with the ARRIVE reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-3989/rc).
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Methods
Reagents

ISO (Chemical Abstracts Service number: 5041-81-6; purity
>98%) was obtained from Chengdu Must Bio-Technology
(Chengdu, China). We dissolved ISO in dimethyl sulfoxide
(DMSO) at a concentration of 100 mM, and we further
diluted it in culture medium before each experiment
in vitro. As a precaution against cytotoxicity, DMSO
was diluted to less than 0.1% in all experiments. From
Gibco (Grand Island, NY, USA), we purchased Iscove’s
modified Dulbecco’s medium (IMDM), phosphate-buffered
saline (PBS), penicillin, fetal bovine serum (FBS), and
streptomycin. DNCB (purity 299%), calcium ionophore
A23187, DMSO, polyvinylidene difluoride (PVDF)
membranes (0.45 pm), PMA, and dexamethasone (DEX)
were acquired from Millipore Sigma (Burlington, MA,
USA).

Multi Sciences Biotech (Hangzhou, China) provided
us with an annexin V-fluorescein isothiocyanate (FITC)/
propidium iodide (PI) apoptosis kit. We used the Cell
Counting Kit 8 (CCK8) and RIPA buffer both from
Beyotime Institute of Biotechnology (Shanghai, China). An
assay kit for bicinchoninic acid (BCA) was obtained from
Thermo Fisher Scientific.

Mouse ELISA kits for IL-4 (RAB0299) and IL-6
(RAB0308) were from Merck Millipore (Waltham, MA,
USA). An IgE ELISA kit (catalog number: ab157718) and
TSLP ELISA kit (ab155461) were purchased from Abcam
(Cambridge, MA, USA). In addition, ELISA kits for IL-6
(ab178013) and IL-8 (ab46032) for cell supernatants were
obtained from Abcam.

From Cell Signaling Technology, we procured antibodies
against phosphorylated (p)-STAT1 (Tyr701), p-STATS
(Y694), p-C-KIT (Tyr703), p-STAT3 (Tyr705), STAT3,
STAT1, STATS, BAX, and cleaved caspase-3. Antibodies
against p-JAK2 were obtained from Abcam. We obtained
a BCA assay kit from Thermo Fisher Scientific (Waltham,
MA, USA).

Culture and stimulation of cells

Both of Millipore Sigma’s mast cell lines, HMC1.1 (KI'T
V560G mutation) and HMC1.2 (KIT V560G and D816V
mutations), are derived from human mast cells. A humidified
incubator maintained at 37 °C with 5% CO, was used to
maintain human mast cell lines. For cell culture, IMDM
containing 1% (v/v) penicillin/streptomycin and 10% (v/v)
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FBS was used as the medium. Following preincubations
with or without ISO for 2 h, calcium ionophore A23187
(1 mM) and PMA (0.05 mM) were added.

Cell viability

After plating into 96-well plates, HMC1.1 cells (1.0x10%/200 pL)
and HMCI1.2 cells (1.0x10%200 pL) were cultured in a 37 °C
incubator for 24 h with various concentrations of ISO. For
the CCKS8 assay, HMCL1.1 cells in 96-well plates underwent
addition with CCKS8 solution (10 pL) and were incubated
for an additional 1 h at 37 °C. The optical density (OD) at
490 nm in 96-well plates was measured using a microplate
reader (SpectraMax™ M2; Molecular Devices, Silicon
Valley, CA, USA). The OD of untreated control cells was
taken to indicate 100% viability. Relative cell viability was
calculated using the formula ODsample/ODcontrol x
100%.

Flow cytometry

In HMCI1.1 cells, we detected apoptosis using an annexin
V-FITC/PI apoptosis kit. After harvesting, washing, and
collecting cells in PBS, they were centrifuged at 1,000 xg
for 5 min at 4 °C and resuspended in 10 pL of 1x binding
buffer. Next, cells were stained with annexin V (5 pL) and
PI (10 pL) for 5 min on ice. Subsequently, we used a flow
cytometer (Quanteon; NovoCyte ACEA Biosciences, San
Diego, CA, USA) to determine the relative fluorescence
intensity. Apoptotic cells were then analyzed using
NovoExpress 1.4.1 (Agilent Technologies, Santa Clara, CA,
USA).

Western blotting

In this experiment, we firstly collected lysates (total-cell
protein) using RIPA lysis buffer. Then, we transferred
whole-cell protein lysates to PVDF membranes after
electrophoresis through a sodium dodecyl sulfate (SDS)
polyacrylamide gel. Following blocking with 5% (w/v) skim
milk in Tris-buffered saline and Triton 100 (TBST) for 1 h,
the PVDF membranes were incubated overnight at 4 °C
using specific primary antibodies. The following day, we
washed PVDF membranes thrice in TBST. After washing,
the membranes were incubated with a secondary antibody,
conjugated to horseradish peroxidase in 5% TBST for 1 h
at room temperature, then washed again with TBST. Bands
were quantified using Image Lab 5.2.1 software (Bio-Rad
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Laboratories, Hercules, CA, USA).

ELISAs

ELISA kits for IL-8 and IL-6 were used to measure
the levels of proinflammatory cytokines in cell-free
supernatants. Briefly, supernatants were collected after
centrifugation at 2,000 xg for 10 min at 4 °C. Each sample
was loaded onto a 96-well plate (50 pL/well). Then,
50 pL/well of an “antibody cocktail” (mixture of capture
antibodies and detector antibodies prepared immediately
before experimentation) was added to each well,
followed by incubation for 60 min at room temperature
on a plate shaker set to 400 rpm. Then, 100 pL of
3,3%,5,5 -tetramethylbenzidine (TMB) Development
Solution was added to each well, followed by incubation
for 10 min in the dark on a plate shaker set to 400 rpm.
Subsequently, stop solution (100 pL) was added, and the
OD at 450 nm was measured immediately by a microplate
reader (SpectraMax M2; Molecular Devices). Mouse ELISA
kits for IgE, TSLP, IL-4, and IL-6 were used according to

the manufacturer’s instructions.

Animals

A total of 12 male and 12 female specific pathogen-
free (SPF) NC/Nga mice (weighing 18-20 g; aged 6 to
8 weeks) were obtained from Riken BioResource Center
(Tsukuba, Japan). Before experimentation, mice were
allowed to acclimatize to laboratory conditions for 1 week.
Animal experimental procedures were conducted following
protocols approved by the Laboratory Animal Research
Committee of Guangdong Provincial Hospital of Chinese
Medicine (No. 2020081), in compliance with the Animal
Welfare Policy of Guangdong Provincial Hospital of
Chinese Medicine of Guangzhou University of Chinese
Medicine.

We housed mice in a condition-controlled room
where the temperature was 22+3 °C and the humidity
was 55%=5%. Under a 12-h light-dark cycle, mice were
fed autoclaved chow and filtered tap water. Throughout
the experiment, the same experimenter raised all animals
in the same location at the same time. The sample size
was determined from a similar experiment reported in
the literature (40,41). Prior to the study, a protocol was
prepared without registration. In the experiment, any
symptoms caused by DNCB unrelated to the disease model
were recorded as adverse events, which would terminate
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the experiment, and the mice were immediately euthanized.
Animals were excluded if they died prematurely, preventing
sample collection. After the NC/Nga mice were numbered
by one researcher, another researcher took the numbers
from a sealed, opaque envelope and randomly divided them
into 4 groups of 6: control (vehicle group without DNCB
treatment), model (with DNCB treatment), ISO (oral
administration of ISO plus DNCB sensitization), and DEX
(oral application of DEX plus DNCB treatment). Random
numbers were generated using the standard = RAND ()
function in Microsoft Excel (42).

Animal experiments were performed under
2,2,2-tribromoethanol (Avertin, Sigma-Aldrich, USA)
anesthesia. In order to make a stock solution, we dissolved
10 g of 2,2,2-tribromoethanol in 10 mL of tertamyl alcohol.
Using a dilution of 1 ml of stock solution with 39 mL
of 0.9% NaCl, a final working solution was prepared.
The working solution was injected intraperitoneally (i.p.;
12-15 puL/g of body weight) into each mouse as part of
the anesthesia process. On day 26, various tissue and
blood specimens of mice were collected immediately
after 2,2,2-tribromoethanol anesthesia. No animals were
excluded from this study. Researchers collected and
analyzed data in no specific order using blinded mice and
samples.

Induction of AD-like inflamnmation in the back skin of
mice

As previously reported, DNCB induces skin inflammation
similar to AD in NC/Nga mice (30). In brief, the dorsal skin
area (6 cm®) of mice was shaved with an electronic clipper,
and any remaining hair was cleared using hair-removal
cream (Nair™; Church and Dwight, Ewing, NJ, USA)
1 day before DNCB treatment.

Then, the shaved dorsal skin was sensitized by topical
application of 1% DNCB (200 pL) in a 3:1 acetone/olive
oil (w/v) mixture on days 1 and 5. In addition, aliquots of
a DNCB working solution (20 pL) were applied to each
side of the ears on dayl and 5. Then, lesioned mice were
rechallenged with 0.5% DNCB 3 times per week.

For in vivo experiments, ISO (2.5 mg/mL) was dissolved
in sterile PBS and administered (50 mg/kg/day, p.o.) for a
second sensitization, which was determined from a similar
experiment reported in the literature (43). Simultaneously,
mice in the DEX group received DEX (1 mg/kg, p.o.,
once-daily). Control-group mice were administered with
vehicle.
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Hematoxylin and eosin (HE) and toluidine blue (TB)
staining

On anesthesia day, we collected the dorsal skin from each
mouse. After fixation in cold 4% paraformaldehyde for 24 h,
skin tissues were embedded in paraffin. Paraffin-embedded
skin tissues were then cut into 4 mm-thick sections.
Afterwards, we mounted sectioned tissues on a silane-coated
glass slide and stained them with HE or TB. In subsequent
sections, a computer-aided image-analysis program (Image-
Pro Plus 6.0; Media Cybernetics, Rockville, USA) was used
to calculate the number of infiltrating inflammatory cells.

Clinical characteristics and ear thickness of DNCB-induced
AD-like model mice

Deterioration of the back skin of mice due to AD was
evaluated by the Merkmal of symptom score once weekly.
This is based on 4 main clinical characteristics of AD
(edema, erythema or hemorrhage, scaling or dryness,
and excoriation or erosion) as described by Sone and
colleagues (44). Clinical scoring was based on the following
classification: 0, no lesions; 1, mild lesions; 2, moderate
lesions; and 3, severe lesions. A high dermatitis score
indicates more severe conditions than a low score, and a
dermatitis score can range from 0 to 12. The ear thickness
of mice was measured by an electronic micrometer (Guilin
Guanglu Measuring Instrument Co., Ltd., Guangxi, China)
every week.

Statistical analysis

Three parallel tests were conducted to obtain each
measurement. Data were presented as mean = standard
deviation (SD) for all experiments. GraphPad Prism 8
(GraphPad La Jolla, USA) was used for statistical analysis.
In our study, we performed Student’s 7-test or one-way
analysis of variance (one-way ANOVA), followed by
Dunnett’s test. A P value of 0.05 was deemed significant.
The animal experiment was performed only once.

Results

Effects of ISO on the viability of the mutated mast cell
lines HVMIC1.1 and HMC1.2

Local infiltration and activation of mast cells in skin are
important features of the immune response, especially
in AD. Mutated human mast cells (HMCI1.1 cells and
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HMC1.2 cells) with spontaneous proliferation and
activation are regarded as good models for AD research. We
aimed to ascertain whether ISO can be employed to treat
AD.

Firstly, we examined the effects of ISO on the growth
of mutated human mast cells. The cytotoxic effects of ISO
were evaluated after treatment with ISO (0-100 pM) for
24 h using the CCKS8 assay. The half-maximal inhibitory
concentrations for ISO in HMC1.1 cells and HMC1.2 cells
were 13.04 pM and 303 pM at 24 h, respectively. Hence,
ISO had a minimal effect on the viability of HMC1.2
cells at concentrations of 5, 10, 25, 50, and 100 pM
(Figure 2A-2C). In particular, the viability of HMCI.1 cells
exposed to ISO was significantly lower compared with that
of control cells at low concentrations in a dose-dependent
manner (Figure 2D-2F). Therefore, ISO concentrations of 5,
10, 25, 50, and 100 pM were considered suitable for further
study in HMCL1.1 cells.

ISO increases the apoptosis of HMCI.1 Cells

We aimed to explore whether ISO induces the apoptosis
of HMCI1.1 cells. We seeded cells (3x10° cells/well) into
each well of 6-well plates. Then, we treated cells with the
indicated concentration of ISO for 2 h before they were
stimulated with PMA (0.05 pM) and calcium ionophore
A23187 (1 pM). Apoptosis induction was assessed using flow
cytometry after 24 h of exposure to different concentrations
of ISO. ISO treatment could induce apoptosis in a
concentration-dependent manner (Figure 3).

To verify our flow cytometry results, we investigated
caspase cleavage produced by the cells after 24 h of
exposure to different concentrations of ISO. As a result of
ISO treatment, BAX and caspase-3 cleavage levels increased
dose dependently (Figure 44,4B). Overall, data matched the
results obtained by flow cytometry.

ISO inbibits CD177/fAK/STAT signaling in a
phosphatase-dependent manner in HMC1.1 cells

Next, we explored the molecular effects of ISO on the
proteins involved in intracellular signaling. JAK2 and its
downstream factors STAT'1, STAT?3, and STATS (JAK2-
STAT signaling pathway) were triggered by stimulation
with PMA and calcium ionophore A23187. This activation
of the JAK/STAT signaling pathway can stimulate
proinflammatory factors and promote the proliferation of
mutated mast cells. Proinflammatory factors can, in turn,
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Figure 2 ISO treatment reduces the viability of human mast cells. (A) Viability of HMCI.2 cells was examined by determining the OD
at 450 nm from the CCK-8 assay. (B) Viability of HMC1.2 cells expressed as a percentage of viable cells with various concentrations of
ISO under control conditions for 24 h at 37 °C. (C,D) Graphs showing the cell viability of each indicated population to ISO treatment
quantified by the CCKS assay as the percentage of viable cells in the control group. (E) Viability of HMCI.1 cells expressed as a percentage
of viable cells with various concentrations of ISO under control conditions for 24 h at 37 °C. (F) Viability of HMCI.1 cells was examined
by determining the OD at 450 nm from the CCK-8 assay. Results are the mean + standard deviation (SD); one-way ANOVA; Data in bar
charts are the mean + SEM of 3 independent experiments (***P<0.001 vs. control group). ISO, isoliquiritin; OD, optical density; CCK-8,
cell counting kit 8; ANOVA, Analysis of Variance; SEM, standard error of mean.

trigger multiple intracellular signal transduction pathways, inhibit phosphorylation of CD177, JAK2, STAT1, STATS3,
such as the JAK/STAT pathway, which is a proinflammatory and STAT'S (Figure 4C,4D). As a result of ISO treatment, a
and apoptotic pathway. dose-dependent reduction of tyrosine phosphorylation was

Western blotting revealed that ISO (5, 10, 25 pM) could observed for CD177, STAT3, JAK2, STAT'1, and STAT'S.
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Figure 3 ISO potentiates the apoptosis of HMCI.1 cells. (A) After pretreatment with phorbol-12-myristate-13-acetate (PMA, 0.05 pM) and

calcium ionophore A23187 (1 pM), HMCI.1 cells were either treated (or not treated) with varying amounts of ISO for 24 h. After staining

with annexin V-FITC/PI, flow cytometry was used to detect apoptotic cells. (B) The percentage of living (annexin V-/PI-), early apoptotic

(annexin V+/PI-), and late apoptotic (annexin V+/PI+) cells is shown. The percentage of total apoptotic cells in each sample is the sum of

early apoptotic cells and late apoptotic cells. Results are the mean + SD; one-way ANOVA; Data in bar charts are the mean = SEM of 3
independent experiments [**P<0.01, ***P<0.0001 vs. control group; “P<0.05, #P<0.01, *P<0.0001 vs. calcium ionophore A23187/phorbol-
12-myristate-13-acetate (P/A) group)]. ISO, isoliquiritin; DEX, dexamethasone; SD, standard deviation; ANOVA, Analysis of Variance;

SEM, standard error of mean.

A reduction of JAK2 phosphorylation can compromise its
effectors (STAT1, STAT3, STATYS).

ISO downregulates expression of proinflammatory factors
in HMC1.1 cells

ISO was tested for its anti-inflammatory effects by
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measuring IL-6 and IL-8 production in HMCI1.1 cell
supernatants. When exposed to PMA and calcium
ionophore A23187, HMCI.1 cells consistently secreted
large amounts of IL-6 protein and IL-8 protein. In PMA-
and calcium ionophore A23187-stimulated HMCI1.1 cells,
ISO (5-25 mM) increased the expression of IL-6 protein
and IL-8 protein (Figure 54,5B).
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Figure 4 Isoliquiritin induces the apoptosis of HMCI.1 cells by inhibiting CD177 (C-KIT)/JAK2/STAT signaling. (A,B) Western blotting
was employed to quantify the protein expression of cleaved caspase-3 and Bax. (C,D) Western blotting was employed to quantify the protein
expression of p-JAK2, p-STAT3, p-C-KIT, p-STAT1, and p-STATS. In this figure, results are the mean + SD; one-way ANOVA; Data in
bar charts are the mean + SEM of 3 independent experiments [*P<0.05, **P<0.01, ***P<0.001 vs. control group; "P<0.05, *P<0.01, *P<0.001
vs. calcium ionophore A23187/phorbol-12-myristate-13-acetate (P/A) group)]. ISO, isoliquiritin; DEX, dexamethasone; SD, standard

deviation; ANOVA, Analysis of Variance; SEM, standard error of mean.

Effect of 1ISO on DNCB-induced infiltration of immune cells

A clinical feature of AD is the impaired barrier function
of the epidermal layer of skin. This feature contributes to
increased infiltration of immune cells (especially mast cells
and eosinophils) (13). Mice treated with ISO had fewer mast
cells (Figure 6A4,6B) and eosinophils (Figure 6C,6D) on their
back skin than mice in the control group.

ISO ameliorates DNCB-induced AD-like symptoms

The in vivo experimental regimen is shown in Figure 7A.
The lymph node weight decreased significantly under ISO
treatment (Figure 7B). DNCB application induced thymic

© Annals of Translational Medicine. All rights reserved.

atrophy (decreased thymic weight index, Figure 7C), and
ISO administration could alter these changes and spleen
swelling (increased spleen weight index, Figure 7D).

When mice were treated with DNCB locally, the ears
(Figure 7E) were significantly thicker than those in the control
group. The ISO group and DEX group had a reduced ear
thickness more than mice in the model group (Figure 7E).

ISO downregulates the expression of proinflammatory
cytokines in serum in AD-like model mice

Molecular features of AD patients include increased
expression of IL-4, IgE, TSLP, and IL-6. Downregulated

Ann Transl Med 2022;10(18):980 | https://dx.doi.org/10.21037/atm-22-3989
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Figure 5 Isoliquiritin downregulates the expression of proinflammatory factors in HMCI.1 cells. Concentrations of IL-6 and IL-8

in supernatants were determined by ELISA. Results are the mean + SD; one-way ANOVA; Data in bar charts are the mean + SEM of
3 independent experiments. **P<0.01, ***P<0.001, ****P<0.0001 vs. control group; "P<0.05, *P<0.01, "*P<0.001, **P<0.0001 vs. calcium
ionophore A23187/phorbol-12-myristate-13-acetate (P/A) group. ISO, isoliquiritin; DEX, dexamethasone; SD, standard deviation;

ANOVA, Analysis of Variance; SEM, standard error of mean.

expression of these cytokines was documented in ISO
-treated mice (Figure 84-8D).

Effect of ISO on DNCB-induced thickness of the epidermis
and dermis

Repeated application of ISO or DEX was undertaken in
NC/Nga mice for 3 weeks. DNCB-induced AD lesions
(edema, hemorrhage, excoriation, scaling) were diminished
by treatment with ISO or DEX (Figure 9A).

The dermis (Figure 9B) and epidermis (Figure 9C,9D)
of DNCB-treated mice were thicker than those of control
mice. In the DNCB-treated group, the dermis (Figure 9B)
and epidermis (Figure 9C,9D) were thicker than those of the
normal control group. Repair of the epidermis and dermis
in the positive control group and ISO group resembled that
of normal skin (Figure 94-9D).

Discussion

Our study identified the regulatory mechanisms of ISO
‘s inhibitory effects on AD mice treated with DNCB and
HMCI.1 mast cells stimulated by PMA/A23187. We found
that ISO significantly suppressed the severity of the AD
model both 7z vitro and in vivo, which suggested that it may
exhibit protective properties against AD.

Early studies indicated that HDM (45), DNCB (46),
ovalbumin (47), and calcipotriol (48) cause exacerbation
of AD. DNCB is often used to induce AD in mouse

© Annals of Translational Medicine. All rights reserved.

models of AD, as the results are highly reproducible and
repeatable (49-51).

As a representative iz vivo model that mimics human
AD symptoms, the NC/Nga mouse model is widely used
to investigate drugs or natural candidates for AD treatment
(52-54). Here, we treated NC/Nga mice with DNCB as an
AD model based on the modified method described by our
previous work (30).

The cause of AD can be attributed to a variety of factors.
A crucial role for mast cells and their local infiltration in
AD is to facilitate immune and inflammatory responses (13).
According to several studies, mast cells (the primary source
of histamine in skin) are critical to AD pathogenesis (55,56).
It is important to identify agents that target these cells in
order to develop new strategies for treating AD.

A potential way of carrying out this strategy is through
regulation of the number and activation of mast cells,
thereby affecting the initiation, perpetuation, and severity
of inflammation. Therefore, we first investigated the
therapeutic potential of ISO in mutated human mast cells
(HMC1.1 and HMC1.2).

It was surprising to find that ISO can decrease the
proliferation of mutated mast cells and induce their
apoptosis, especially for HMCI1.1 cells with the C-KIT
V560G mutation, in a dose-dependent manner. Hence,
we hypothesized that ISO’s immunomodulatory and anti-
inflammatory effects might be focused on mast cells in
AD. A23187 and PMA can induce cytokine and chemokine

changes in human mast cells, while downregulating them

Ann Transl Med 2022;10(18):980 | https://dx.doi.org/10.21037/atm-22-3989
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Figure 6 Histology to assess the effect of ISO on the infiltration of eosinophils and mast cells. (A) Representative toluidine blue-stained
sections of the back skin of mice (x100; scale bar: 200 pm). Red arrowheads indicate mast cells. Mast cells were counted under a light
microscope and normalized to per unit area of tissue. (B) The number of mast cells in the back-skin sections of mice was observed. (C)
H&E-stained back-skin sections (x400; scale bar: 50 pm). Black arrowheads indicate the number of eosinophils. (D) The number of
eosinophils in the back-skin sections of mice was observed. Values in the bar graphs are the mean = standard error of mean (SEM) of sections

derived from 3 mice of each group (****P<0.0001 vs. control group; **P<0.0001 vs. model group). ISO, isoliquiritin; DEX, dexamethasone.

can protect against inflammatory skin diseases (57,58).
Then, we observed the anti-inflammatory effects of ISO.
Based on the data, A23187/PMA induced upregulation of
inflammatory cytokines IL-6 and IL-8 in HMCI.1 cells,
and ISO reduced the levels of these inflammatory cytokines,
which supported our speculation.

Reports have suggested that the JAK2/STAT signaling
pathway has an essential role in cellular processes and
immune functions (59). Serving as an upstream effector
of JAK2/STAT signaling, CD177 plays a vital role in
regulating cell proliferation (60). Furthermore, 3 members

© Annals of Translational Medicine. All rights reserved.

of the STAT protein family (STAT1, STAT3, STATS)
are integral transcription factors that translocate into the
nucleus upon phosphorylation by receptor-associated
kinases. Once activated by these receptors, phosphorylated
STAT proteins can modulate nuclear gene expression,
thereby having important roles in the cell growth and death
of abnormal cells (61-63). Thus, our next objective was to
determine whether ISO affects HMCI.1 cells and if any
potential targets (CD177, JAK2, STAT1, STAT3, STATYS)
exist. We demonstrated that ISO inhibits autonomous
proliferation, apoptosis promotion, and the inflammatory

Ann Transl Med 2022;10(18):980 | https://dx.doi.org/10.21037/atm-22-3989
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Figure 7 Efficacy of ISO on DNCB-induced AD-like skin lesions in NC/Nga model mice. (A) The experimental schedule of the AD-like
mouse model; (B) weight of lymph nodes; (C) Thymus index expressed as spleen weight (mg)/body weight (g); (D) spleen index is expressed
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SEM of 6 mice per group (*P<0.05, **P<0.01, ****P<0.0001 vs. control group; "P<0.05, **P<0.0001 vs. model group). ISO, isoliquiritin;
DEX, dexamethasone; DNCB, 1-chloro-2,4-dinitrochlorobenzene; AD, atopic dermatitis; SD, standard deviation; ANOVA, Analysis of

Variance; SEM, standard error of mean.

response of HMC1.1 cells by blocking CD177/JAK2/STAT
signaling. Besides, ISO increased the expression of caspase-3
cleavage and BAX in HMCI1.1 cells, which strengthens
the evidence that ISO induces the apoptosis of mast cells.
Hence, improving apoptosis could be an additional anti-AD
effect of ISO.

Furthermore, we examined the therapeutic effects of ISO
against a mouse model of AD induced by DNCB, as well
as its anti-inflammatory and immunomodulatory effects.
Disruption of Th1/Th2 cytokine secretion is considered a

© Annals of Translational Medicine. All rights reserved.

pathological factor in AD (1). The cytokine IL-6 is produced
by keratinocytes and was shown to play an essential role
in inflammatory disorders such as psoriasis and AD (64).
According to the study, IL-6 is expressed in response to
a wide range of inflammatory stimuli (65). Researchers
have demonstrated that human primary keratinocytes
from AD patients have an intrinsically reduced capacity
to produce 1L-6 (66), and the levels of IL-6 in serum are
markedly increased in AD patients (67). According to this
study, ISO decreased the serum levels of IL-6 in AD-like

Ann Transl Med 2022;10(18):980 | https://dx.doi.org/10.21037/atm-22-3989
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Figure 8 Isoliquiritin downregulates the expression of proinflammatory factors in an AD model using NC/Nga mice. Concentrations of
IL-4, IgE, TSLP, and IL-6 in serum were determined by ELISA. Results are the mean + SD; one-way ANOVA; data in bar charts are the
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deviation; ANOVA, Analysis of Variance; SEM, standard error of mean.

mice, indicating that ISO may have anti-inflammatory
properties. AD involves inflammation and atopic
responses triggered by type 2 cytokines, such as IL-4 (1).
We found that ISO significantly inhibited serum IL-4
levels, which are thought to be responsible for triggering
AD’s type 2 immune response. Results from previous AD
studies are in agreement with these results (68,69).

An increase in IgE levels along with immune cell
infiltration are the hallmarks of AD-like skin inflammation
mediated by activated Th2 cells (70,71). The role of mast
cells in skin inflammation is well known. High levels of
IgE have been shown to activate mast cells. An allergic
reaction involves the release of histamine from mast
cells due to the FceRI IgE receptor on their surface (72).

© Annals of Translational Medicine. All rights reserved.

Consequently, methods that reduce mast cell counts and
inhibit mast cell activation may be effective in alleviating
AD symptoms. Our data revealed that the dorsal skin tissues
of DNCB-sensitized mice had high levels of inflammatory
cell infiltration (mast cells, eosinophils), while application
of ISO can reduce these cells. Previous research supports
that serum levels of epithelial cell-derived TSLP were
significantly elevated in AD patients, which can initiate
the Th2 and Th22 immune response (73) and activate
neurons to induce itch (74). ISO reduced serum IgE and
TSLP levels in mice induced by DNCB to produce AD-
like symptoms. We also noted a marked alleviation of skin
lesion manifestation (edema, hemorrhage, excoriation,
scaling) and ear thickness upon ISO administration in AD-

Ann Transl Med 2022;10(18):980 | https://dx.doi.org/10.21037/atm-22-3989
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Figure 9 Clinical analyses and histology to assess the effect of ISO. (A) The dermatitis score was calculated each week as the sum of scores

of 4 clinical symptoms (edema, hemorrhage, excoriation, scaling); (B) dermal thickness was quantified; (C) representative sections of the

dermis and epidermis by H&E staining (x100; scale bar: 200 pm); (D) epidermal thickness was quantified. Values in the bar graphs are the
mean + SEM of sections derived from 3 mice in each group (**P<0.01, **P<0.001, ****P<0.0001 vs. control group; *P<0.01, **P<0.0001 vs.
model group). ISO, isoliquiritiny DEX, dexamethasone; H&E, Hematoxylin and eosin; DNCB, 1-chloro-2,4-dinitrochlorobenzene; SEM,

standard error of mean.

like model mice induced by DNCB. Skin lesion recovery
was associated with a decrease in mast cells and infiltrating
eosinophils.

An inflammatory response to DNCB causes lymph nodes
to enlarge. Using the lymph nodes and spleen morphology
as a method of comparing ISO treatment results, we
observed the lymph nodes and spleens of the AD-only and
ISO-treated groups. By comparing the AD-only group to
the control group, Figure 7B shows a drastic increase in
lymph node weight due to AD induction. Compared to
the AD group, ISO and DEX treatments decreased the
weight of lymph nodes. We propose that the alleviation
was achieved by the transdermal route, in which medicine
penetrated the skin and transferred to the lymph nodes

© Annals of Translational Medicine. All rights reserved.

through lymphatic drainage, which controls antigen cells
and lymphocytes. As a result of this, the adaptive immune
system is also activated (75). Our study suggests that ISO
treatment reduced enlargement of lymphatic-related
organs, including lymph nodes, by minimizing immune
overreaction.

Aside from causing skin lesions and lymph node
enlargement, AD can also affect the spleen and thymus. As
shown in Figure 7D, among AD-only mice, the spleen index
increased significantly compared to the control group due
to induced AD. Compared to the AD group, ISO and DEX
treatment decreased the spleen index. As shown in Figure 7C,
DEX treatment decreased the thymus index, while ISO
application increased the thymus index. Compared to the

Ann Transl Med 2022;10(18):980 | https://dx.doi.org/10.21037/atm-22-3989
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Figure 10 Schematic.

normal control group, the DNCB-treated group tended to
have a thicker dermis and epidermis. The epidermis and
dermis of the DEX group and ISO group were repaired
similarly to normal skin. These data are consistent with the
reduction in infiltrated mast cells and eosinophils.

Opverall, ISO, as demonstrated in the present study, exerts
positive effects on AD-like lesions stimulated by DNCB.
The results indicated that ISO inhibited proinflammatory
chemokines and promoted cell apoptosis in PMA/A23187-
treated HMCI.1 cells through inhibiting the CD177/JAK/
STAT signaling pathway (Figure 10) in in vitro experiments.

There were some limitations to the present study.
Firstly, our results confirmed the inhibitory effect of ISO
on AD in vive and in vitro, but due to the small number
of animals, there were still some errors. In addition, there
are also differences between nude mice and humans. The
effectiveness and safety of ISO in alleviating AD are worthy
of analysis in humans.

Conclusions

We demonstrated that ISO suppresses the proliferation,
facilitates the apoptosis, and reduces the levels of
proinflammatory cytokines in HMC1.1 cells by inhibiting
the CD177/JAK/STAT signaling pathway. Furthermore,

© Annals of Translational Medicine. All rights reserved.
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ISO treatment reduced immune cell infiltration (especially
mast cells), ameliorated skin inflammation (alleviated skin
lesions, reduced the thickness of the epidermis, dermis, and
ear, and reduced the spleen index but increased the thymus
index), and significantly reduced the expression of AD-
related cytokines (IL-4, IgE, IL-6, and TSLP) in NC/Nga
mice with AD induced by DNCB. Our study provides a
foundation for the development of ISO-based agents based
on the CD177/JAK2/STAT signaling pathway.
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