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Abstract
Isoliquiritigenin (ISL) is an important flavonoid component of
licorice and has been reported to possess anti-inflammatory
and antioxidant properties, but its exact mechanism of action
remains poorly understood. Previously, we demonstrated that
ISL could suppress IL-6 expression in multiple myeloma.
Here, we further characterized the anti-inflammatory effects
of ISL in several psoriasis models, including the keratin 14/
vascular endothelial growth factor (VEGF) transgenic mouse,
the imiquimod (IMQ)-induced psoriasis-like mouse, and the
human keratinocytes HaCaT and NHEK in vitro. We found
that ISL ameliorated the inflammatory process in psoriasis
models but not in their respective controls. Moreover, the
anti-inflammatory effects of ISL were attributed to the sup-
pression of nuclear factor-κB (NF-κB) activity, which conse-
quently resulted in the reduction of pro-inflammation

cytokines IL-6 and IL-8 expression. In conclusion, ISL exhib-
ited anti-inflammatory effects in psoriasis models, by down-
regulating IL-6 and IL-8 via suppression of NF-κB activity,
suggesting that ISL might serve as a potential candidate for
treatment of psoriasis and other autoimmune inflammatory
diseases.

Key message
& ISL could ameliorate the inflammatory process of

psoriasis.
& ISL could suppress NF-κB and subsequent production of

a series of pro-inflammatory cytokines.
& Dual-inhibitory activity against IL-6 and IL-8 of ISL is

implemented via inhibiting NF-κB.
& ISL exerts no inhibitory effects on normal human

keratinocytes or wild-type Balb/c mice, implying its low
toxicity and safety.
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Introduction

Glycyrrhiza uralensis Fisch, commonly known as Blicorice,^
has been used as a medicinal plant with detoxification, antiul-
cer, and anti-inflammatory effects for 4000 years [1–4]. In Chi-
na, licorice is used in at least 75 % of Chinese medicine formu-
lae. It is also a natural flavoring, sweetening agent for food
additives, tobacco, and beer flavors [5–8]. Isoliquiritigenin (2′,
4′,4-trihydroxychalcone, ISL) is one flavonoid component of
licorice, which possesses various pharmacological activities,
including antioxidant, antivirus, antitumor, and anti-
inflammatory activities [9, 10]. We have shown that ISL could
inhibit the growth of myeloma via reduction of the expression
of inflammatory cytokine IL-6 [11], suggesting its potential use
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in other disorders such as psoriasis that involve inflammatory
cytokines.

Psoriasis is a common chronic autoimmune disease, and it
is characterized by hyperproliferative keratinocytes,
parakeratosis, raised plaques, and massive infiltration of in-
flammatory cells [12, 13]. The prevalence of psoriasis is up to
approximately 3%, and the disease severely affects the quality
of life [12, 14, 15]. Traditional treatments include psoralen
plus UVA irradiation (PUVA), acitretin, methotrexate, and
cyclosporine, but they have limited therapeutic effects [16].
Therefore, investigating the mechanism of pathogenesis and
developing effective treatment of psoriasis are still needed.

Nuclear factor-κB (NF-κB) is thought to play a pivotal role
in immune and inflammatory responses through the regulation
of pro-inflammatory cytokines, chemokines, and growth fac-
tors [17, 18]. Increasing evidence has suggested the critical
involvement of NF-κB and its regulatory cytokine in the path-
ogenesis of psoriasis [19]. The cytokine micromilieu in in-
flamed skin of psoriasis is composed of multiple pro-
inflammatory mediators, including IL-6 and IL-8. Both of
them are regulated by activation of transcription factor
NF-κB and have been identified as key players in the patho-
genesis and course of psoriasis [15, 20].

Here, to explore the therapeutic benefits of ISL and its
possible mechanism of action, we investigated the effects of
ISL in multiple psoriasis models and its potential interaction
with NF-κB and downstream cytokines in the same systems.
We found that ISL could prevent the progression of psoriasis-
like symptoms in psoriasis models both in vivo and in vitro,
suggesting that ISL might be a potential anti-psoriasis drug
candidate.

Methods

Reagents and antibodies

Cell Counting Kit-8 (CCK-8) and Hoechst 33258 were pur-
chased from Dojindo (Japan). Both iScript cDNA Synthesis
Kit and SsoAdvanced SYBR Green Supermix were obtained
from Bio-Rad (USA). All human and mouse IL-2, IL-4, IL-6,
IL-8, IL-12p70, IL-23p40, and IL-17A ELISA kits were pur-
chased from NeoBioscience Technology Co., Ltd (China).
Recombinant human IL-1α, IL-17A, IL-22, TNF-α, OSM,
and NF-κB were obtained from PeproTech (USA).
Imiquimod (IMQ) was purchased from 3M Pharmaceuticals
(UK). Nuclear and Cytoplasmic Extraction Kit was from
CWBiotech. The primary antibodies against NF-κBp65, p-
NF-κBp65, IκBα, and β-actin were acquired from Cell Sig-
naling Technology (Beverly, MA, USA), CD4 and CD11b/c
from Novus (UK), CD8 and F4/80 from Biorbyt (USA), vas-
cular endothelial growth factor (VEGF) from Abcam (UK),
and the NF-κB inhibitor Bay11-7082 from Selleck Chemicals

(Houston, TX, USA). Anti-rabbit and anti-mouse IgG anti-
bodies conjugated with horseradish peroxidase were pur-
chased from Zhongshan Biological (China). Isoliquiritigenin
(purity >98 %) provided by Chengdu Must Bio-Technology
Co. Ltd (China) was prepared in DMSO at a concentration of
10 mg/ml until use.

Cell lines and culture

Human keratinocyte cell line HaCaT was cultured in RPMI
1640 (Gibco, USA) supplemented with 10 % fetal bovine
serum (Biowest, France), 100 units/ml penicillin, and
100 units/ml streptomycin at 37 °C, in a humidified atmo-
sphere containing 5 % CO2. In the research, in vitro psoriatic
models were induced using human keratinocytes HaCaT and
NHEK, respectively. Human keratinocyte cell NHEK (sixth
passage) were cultured in keratinocyte basal medium (KBM-
2; Lonza) supplemented with KGM-2 SingleQuots (Lonza,
USA). The keratinocytes were stimulated with M5 to induce
inflammation that recapitulates numerous features of psoriasis
as described in [28], respectively. Briefly, HaCaT or NHEK
(3×105/well) was seeded in six-well plates and cultured for
24 h according to the method described previously. Next, the
supernatant fluids were replaced by serum-free medium sup-
plemented with M5 which is a combination of recombinant
human IL-1α, IL-17A, IL-22, TNF-α, and OSM (10 ng/ml of
each cytokine), respectively, and then cultured in the same
conditions for another 24 h.

Cell viability assay

Keratinocytes were stimulated with and without M5 for 24 h
and then treated by ISL at different concentrations; next, cell
viability was determined by the CCK-8 Kit. Briefly, cells (5×
103/well) were seeded in 96-well plates with different concen-
trations of ISL (0, 2, 4, 8, and 16 μg/ml) treatment for 24, 48,
or 72 h in triplicates, respectively. The supernatant was

�Fig. 1 ISL showed remarkable anti-psoriasis activity in K14/VEGF
transgenic mice. a ISL attenuated development of psoriasis-like lesions
in mouse models. Macroscopic characteristics of the psoriatic lesions
after treatment with ISL. b Histopathological changes of ear lesions of
each group. The right panel depicted higher magnifications of them. (Left
panel, ×200, scale bars, 50 μm. Right panel, ×400, scale bars, 20 μm). c
ISL treatment led to significant decrease in the serum levels of IL-6 and
IL-8 in a dose-dependent manner in this model of psoriasis, data are
presented as mean±SEM (*P<0.05, **P<0.01, ***P<0.001). d Baker
score of H&E staining of ears for each group, pathological score revealed
that ISL treatment groups exhibited lower score than that of control, data
were presented as mean±SEM (*P<0.05, **P<0.01, ***P<0.001). e–f
Immunohistochemical analysis of ears in K14/VEGF transgenic mice.
ISL treatment could significantly downregulate expression of CD4 (Th
cells), CD8 (CTLs), CD11b/c (DC), F4/80 (macrophages), VEGF, and
NF-κB in the ear of psoriatic mice in a dose-dependent manner. The
bottom panel depicted higher magnifications of them. (×400, scale bars,
20 μm). WT Balb/c, wild-type Balb/c mice
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removed, and 10μl of CCK-8 regent was added per well filled
with 90 μl medium and incubated for 3 h at 37 °C away from
light. The effect of ISL on cells viability were typified by
absorbance values determined on the Microplate Reader
(Thermo Scientific) at 450 nm wavelength. The effect of ISL
on the proliferation of cells was represented by the percentage
of cell growth inhibition, which is calculated using the follow-
ing formula: Inhibitory rate=([OD control group−OD exper-
iment group]/OD control group)×100 %.

Real-time quantitative PCR

Total RNA was isolated using TRIzol reagent (Invitrogen)
according to the manufacturer’s instructions. Reverse tran-
scription and qPCR were performed using iScript cDNA Syn-
thesis Kit and SsoAdvanced SYBR Green Supermix (Bio-
Rad) according to the manufacturer’s instructions, respective-
ly. Primers used in this study are listed below: human NF-κB
p65, sense 5′-GCT CCT GTG CGT GTC TCC AT-3′ and
antisense 5′-TTA CGT TTC TCC TCA ATC CGG T-3′
(119 bp) and human β-actin, sense 5′-CCA CGA AAC TAC
CTT CAA CTC C-3′ and antisense 5′-GTG ATC TCC TTC
TGC ATC CTG T-3′ (132 bp). PCR was performed using the
following conditions: 95 °C for 3 min, 44 cycles of 10 s at
95 °C and 30 s at 58 °C, and melting curve analysis. All real-
time PCR were performed in duplicates.

Western blotting

Sections of keratinocytes treated with and without M5 and
psoriatic lesion tissues from animal models were prepared
according to the method described above, and proteins were
extracted using Nuclear and Cytoplasmic Extraction Kit ac-
cording to the manufacturer’s instructions. The resulted pro-
teins were subjected to 10 % SDS-PAGE and transferred to
PVDF membranes (Millipore). After blocked with 5 % BSA
at 37 °C for 2 h, the membrane was probed with the primary
antibodies: rabbit anti-NF-κB, p-NF-κB, and IκBα (diluted
1:1000) at 4 °C overnight, respectively. After washing out
non-specific binding with TBST, the blots were incubated
with secondary antibody (diluted 1:10,000) conjugated with
horseradish peroxidase at 37 °C for 1.5 h. Blots were visual-
ized by enhanced chemiluminescence reagents (Amersham
Biosciences). β-Actin was used as an internal control.

Animal studies

Herein, animals were treated in accordance with National In-
stitutes of Health guidelines for animal care and use, and
in vivo experimental procedures were approved by the Insti-
tutional Animal Care and Treatment Committee of Sichuan
University. One model was human keratin 14 (K14)/VEGF
transgenic mice (K14/VEGF transgenic mice), which were

purchased from Jackson Laboratory, and the mouse spontane-
ously develops a chronic inflammatory skin disease with
many characteristic features similar to human psoriasis
[21–23]. The other was IMQ-induced (Aldara; 3M Pharma-
ceuticals) psoriasis mouse model which was established ac-
cording to the method described in [27]. Briefly, some weeks
before the formal experiments, several preliminary experi-
ments were conducted. Then, 8–10-week-old female mice
exhibiting psoriasis-like lesions were used, and treatments
were given i.p. with NS, ISL (500 μg/kg/day), ISL
(1 mg/kg/day), and ISL (2 mg/kg/day) for 30 days in K14/
VEGF transgenic psoriasis models. While, in IMQ-induced
psoriasis mouse model, treatments were given i.p. with NS
(DMSO <1‰), ISL (1 mg/kg/day), and ISL (2 mg/kg/day)
for 15 days. Then, mice were sacrificed, ears or skins were
removed, cleaned from adjacent tissues, fixed in 4 % poly-
formaldehyde, paraffin-embedded, and then sections (thick-
ness 4 μm) were prepared. Some sections were stained with
H&E and others for subsequent immunohistochemical analy-
sis. Besides, at the end of the experiments, levels of cytokines
of each group in the murine sera from retro-orbital sinus were
measured using ELISA (NeoBioscience, China) following the
manufacturer’s instructions.

Immunohistochemistry

Immunohistochemistry was performed to detect the expres-
sions of NF-κB, CD4, CD8, CD11b/c, F4/80, and VEGF in
the ear or back skin tissue. Briefly, sections from the formalin-
fixed, paraffin-embedded tissues were cut to 4 μm thick and
deparaffinized in xylene followed by treatment with graded
ethanol solutions and rehydration in PBS. Endogenous perox-
idase was blocked with 3 % hydrogen peroxide for 15 min,
followed by microwave antigen retrieval, and then, slides
were incubated with rabbit monoclonal antibodies against
NF-κB (at a dilution of 1:800), CD4 (1:100), CD8 (1:30),
CD11b/c (1:150), F4/80 (1:250), and VEGF (1:200) at 4 °C

�Fig. 2 ISL repressed skin inflammation in the IMQ-induced psoriasis
mouse model. a ISL attenuated development of psoriasis-like lesions in
the back skin of mice. Macroscopic characteristics of the psoriasis skin
lesions after treatment with ISL. bHistopathological changes of back skin
lesions of each group. The right panel depicted higher magnifications of
them. (Left panel, ×200, scale bars, 50 μm. Right panel, ×400, scale bars,
20 μm). c Baker score of H&E staining of ears for each group,
pathological score revealed that ISL treatment groups exhibited lower
score than that of control, data were presented as mean±SEM
(*P<0.05, **P<0.01, ***P<0.001). d ISL treatment led to significant
decrease in the serum levels of IL-6 and IL-8 in a dose-dependent manner
in this model of psoriasis, data are presented as mean±SEM (*P<0.05,
**P<0.01, ***P<0.001). e–f Immunohistochemical analysis of the back
skin in IMQ-induced psoriasis mouse model. ISL treatment could
effectively decrease expression of CD4 (Th cells), CD8 (CTLs),
CD11b/c (DC), F4/80 (macrophages), VEGF, and NF-κB in the back
skin of psoriatic mice in a dose-dependent manner. The bottom panel
depicted higher magnifications of them. (×400, scale bars, 20 μm)
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overnight, followed by incubation with secondary biotinylat-
ed polyclonal antibody goat anti-rabbit (1:2000) at 37 °C for
1 h. Positive reaction was observed with 3,3-diaminobenzi-
dine as chromagen (DAB Substrate Kit; Vector Laboratories),
then sections were counterstained with hematoxylin. Positive
reaction was analyzed on an OLYMPUS microscope (magni-
fication ×400).

Statistical analysis

All values were reported as means+SEM. Statistical analysis
was performed using GraphPad Prism 6 software. Two-tailed
Student’s t test was used to compare differences. Significance
level was set at P<0.05.

Results

ISL attenuated the development of psoriasis-like lesions
in mouse models

To investigate the therapeutic potential of ISL against psoria-
sis in vivo, two psoriasis animal models were used including
the human K14/VEGF transgenic mouse model and the IMQ-
induced psoriasis mouse model. On the one hand, the K14/
VEGF transgenic mice spontaneously developed a chronic
inflammatory skin disease with many characteristic features
similar to human psoriasis, including increased density of tor-
tuous cutaneous blood capillaries, psoriasis-like lesion on the
ear of the mouse, dermal mast cell accumulation, and leuko-
cyte recruitment to the sites of inflammation [21–24]. Here, 8–
10-week-old K14 mice were randomly separated into four
groups (n=6), and psoriasis-like lesions on the ears were ob-
served in 100 % of treated animals. After 30 days of treatment
with different doses of ISL, the thickness of the ears were
decreased and psoriasis-like plaque on the ears tended to be
improved in the ISL-treated groups than those in the control
group in a dose- and time-dependent manner (Fig.1a, also see
Supplemental Figure 1a), especially in 2-mg/kg group. H&E
staining of skin sections from the ear showed exciting de-
creased parakeratosis and hyperkeratosis and reduced severe
lymphocyte infiltration into the dermis and epidermal layers in
the ISL treatment group versus the control group (Fig. 1b).
Pathological score by the Baker score system [25, 26] re-
vealed that ISL treatment group exhibited lower score than
that of control (Fig. 1d). On the other hand, the IMQ-
induced psoriasis mouse was recently established experimen-
tal model of psoriasis-like dermatitis induced by daily appli-
cation of IMQ, a TLR7/8 ligand and potent immune activator,
on the back skin of the mouse. IMQ-induced skin lesions
manifest psoriatic changes such as increased epidermal prolif-
eration, abnormal differentiation, epidermal accumulation of
neutrophils in microabcesses and infiltrates consisting of CD4

T cells and CD11b/c dendritic cells [27]. In this study, the
IMQ-induced psoriasis model was established and treated
with different doses of ISL. Consistent with the data above,
similar protective effects in these mice with ISL treatment
were obtained (Fig. 2a–c). Taken together, these results dem-
onstrated that ISL possessed significant effects on slowing
down psoriatic disease process in these mouse models.

ISL inhibited levels of IL-6 and IL-8 in mouse models
of psoriasis

In pathologic process of psoriasis, several keratinocyte-
derived pro-inflammatory cytokines have major roles in con-
tinuing the recruitment of leukocytes invading the inflamma-
tory sites [12]. Among these, IL-6 and IL-8 have been identi-
fied as key players in the pathogenesis and course of cutane-
ous inflammation in psoriasis. To determine the effects of ISL
on these cytokines in two psoriasis animal models above, we
treated K14 mice for 30 days, while 15 days for IMQ-induced
mice with different doses of ISL, respectively. At the end of
the experiments, the levels of several cytokines of each group
in the murine sera from retro-orbital sinus were measured
using ELISA. As shown in Figs. 1c and 2d, both psoriatic
mice models produced higher levels of IL-6 and IL-8 and
ISL treatment led to significant decrease in their levels in a
dose-dependent manner. In addition, as shown in Supplemen-
tal Figure 1b and Supplement Figure 2e, the levels of IL-2 and
IL-12p70 in K14 mice and IL-23 and IL-4 in IMQ-induce
mice were tested by ELISA, respectively. We found that the
expression of cytokines tested was decreased after ISL treat-
ment. Furthermore, we also measured serum IL-17 levels of
mice treated with ISL; however, the levels were too low to be
detected (data not shown).

ISL decreased psoriasis-like skin inflammation in mice

To elucidate the possible mechanisms whereby ISL attenuated
psoriasis-like skin inflammation in mice, we characterized
psoriasis-like skin inflammation, resembling clinical features
of the human psoriatic lesions including increased epidermal
proliferation, abnormal differentiation, epidermal accumula-
tion of neutrophils in microabcesses, neoangiogenesis, infil-
trated with CD4+ T cells, CD11c+ dendritic cells, and
plasmacytoid dendritic cells in the K14/VEGF transgenic
mice and IMQ-induced psoriasis mice. In this study, several
critical inflammatory markers including CD4, CD8, CD11b/c,
F4/80, and VEGF in the ear and back skin of psoriatic mice
were determined by immunohistochemical analysis in these
two psoriasis animal models. Results showed that ISL could
decrease expressions of CD4, CD8, CD11b/c, F4/80, and
VEGF in the ear and back skin of psoriatic mice in a dose-
dependent manner compared to those in control mice
(Figs. 1e–f and 2e–f, also see Supplemental Figure 2c–d).
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These results suggested that ISL attenuated the psoriatic dis-
ease process by decreasing psoriasis-like ear or skin inflam-
mation in mice.

ISL inhibited the proliferation of inflammatory
keratinocytes in vitro

Accumulating studies have demonstrated that keratinocytes
play a key role in the regulation of skin inflammation, and
they respond to environmental and inflammatory factors as
well as multiple cytokines stimuli, such as IL-1, IL-6, IL-17,
IL-22, TNFα, and OSM [28–32]. The immortal human
keratinocyte cell line (HaCaT) and normal human epidermal

keratinocytes (NHEK) are commonly used as a paradigm for
in vitro skin keratinocytes study [33, 34]. To further investi-
gate the therapeutic potential of ISL in vitro, inflammatory
keratinocytes were established using HaCaT and NHEK cells
to mimic the inflammatory response between keratinocytes
and immune cells in the pathogenesis of psoriasis according
to the method described previously [28]. CCK-8 assay was
used to examine the effect of ISL on the proliferation of
keratinocytes with or without IL-1α, IL-17A, IL-22, TNFα,
and OSM (namedM5 combination) treatment. After treatment
with ISL for 24, 48, and 72 h, ISL showed more significant
dose- and time-dependent inhibitory effects on the growth of
keratinocytes stimulated with M5 as compared with the

Fig. 3 ISL inhibited the proliferation of inflammatory keratinocytes
in vitro. a Effects of ISL on the proliferation of normal keratinocytes
and inflammatory keratinocytes, respectively. After treatment with ISL
at different concentrations for 24, 48, and 72 h, ISL showed more
significant dose- and time-dependent inhibitory effects on the growth of

keratinocytes stimulated with M5 as compared with the one stimulated
without M5. b After M5 treatment, both IL-6 and IL-8 level of
keratinocytes were significantly upregulated versus normal one as well
as NF-κB and p-NF-κB
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untreated ones (Fig. 3a). Additionally, we also observed sig-
nif icant morphological changes of inflammatory
keratinocytes treated with different concentrations of ISL for
48 h compared to the control group (Supplemental Figure 4b).
These results indicated that ISL not only attenuated the in-
flammation in mouse psoriasis model through inhibiting the
expression of IL-6 and IL-8 but also inhibited the proliferation
of inflammatory keratinocytes in vitro.

ISL downregulated the levels of IL-6 and IL-8
in inflammatory keratinocytes in vitro

As shown above, ISL could attenuate the inflammation
in psoriasis mouse models, and the significant decrease
of IL-6 and IL-8 contributed to ISL anti-inflammation
effects. To further confirm this finding, we evaluated the
secretion levels of IL-2, IL-6, IL-8, and IL-12p70 by
ELISA assay in keratinocytes stimulated with and

without M5. As shown in Fig. 4b (left panel), apparent
fold changes of IL-6 and IL-8 were observed in
keratinocytes after M5 treatment versus normal one,
while, IL-2 and IL-12p70 were below the detection
limits of the assay (data not shown). To evaluate the
effects of ISL on the inhibition of IL-6 and IL-8 ex-
pression in normal keratinocytes and inflammatory
keratinocytes, respectively, ELISA was employed to de-
termine the changes of IL-6 and IL-8 levels in the cul-
ture supernatant. Consistent with the observation in pso-
riatic mice, ISL also significantly downregulated the ex-
pression of IL-6 and IL-8 in inflammatory keratinocytes
(Fig. 5a, Supplemental Figure 4c–d), while there were
no significant changes in the expression of IL-6 and IL-
8 in normal keratinocytes after treatment with ISL
(Fig. 5a, Supplemental Figure 4c–d). These results fur-
ther supported the idea that ISL assuaged inflammation
by inhibiting the expression of IL-6 and IL-8.

Fig. 4 ISL inhibited the expression of NF-κB in psoriasis animal models.
a Protein levels of NF-κB, p-NF-κB, and IκBα were determined by
Western blotting in K14/VEGF transgenic mice; results showed that
ISL could distinctly decreased protein levels of NF-κB and p-NF-κB in
the ear of the K14/VEGF transgenic mice (top panel) but not IκBα.
While in wild-type Balb/c mice (bottom panel), none of the differences
reached statistical significance. b Protein levels of NF-κB, p-NF-κB, and

IκBα were determined by Western blotting in skin of IMQ-induced
psoriasis mouse model. Consistent with the data above, results showed
that ISL could effectively decreased protein levels of NF-κB and p-NF-
κB in back skin of the IMQ-induced mice but not IκBα. Pairs of total
protein were normalized by β-actin. Correspondingly, quantification of
Western blot analysis images was performed using Image J software
(NIH) and was presented in graphical form (*P<0.05)
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ISL decreased the expression of NF-κB in psoriasis in vivo
and in vitro

NF-κB is a crucial mediator involved in the pathogenesis of
psoriasis, and psoriasis is marked by elevated levels of active,
phosphorylated NF-κB. Accumulating studies have also
linked psoriasis to mediators in the NF-κB pathway. NF-κB
has been hypothesized to connect the altered keratinocyte and
immune cell behaviors that characterize the psoriatic milieu.
Consistent with previous reports, both NF-κB and phosphor-
ylated NF-κB in inflammatory keratinocytes were significant-
ly upregulated after stimulation withM5 (Fig. 3b, right panel).
To test the influence of ISL on NF-κB pathway, we monitored
the changes of NF-κB signaling by Western blotting. Results
showed that both NF-κB and phosphorylated NF-κB were
significantly reduced after ISL treatment in psoriatic models
in vivo and in vitro in a dose-dependent manner, typically in
the group treated with 2 mg/kg ISL in vivo (Fig. 4a–b,

Supplemental Figure 3) and in the group treated with
16 μg/ml ISL in vitro (Fig. 5c). Additionally, no significant
changes of IκBα were detected in vivo (Fig. 4a, b) as well as
in vitro (Fig. 5c). Immunohistochemical analysis also showed
that ISL could significantly downregulate expression of
NF-κB in the ear or back skin of psoriatic mice in a dose-
dependent manner (Figs. 1g and 2g and Supplemental
Figure 2d). Interestingly, there were no significant changes
of NF-κB, p-NF-κB, or IκBα either in wild-type Balb/c mice
or in normal keratinocytes treated with different concentra-
tions of ISL (Figs. 4a and 5c). Furthermore, qPCR revealed
that ISL not only inhibited NF-κB protein expression but also
repressed NF-κBmRNA levels in inflammatory keratinocytes
(Fig. 5b, right panel). However, we did not detect any signif-
icant changes in normal keratinocytes after ISL treatment
(Fig. 5b, left panel). Together, ISL inhibited NF-κB at both
the protein and mRNA levels only in the psoriasis model, but
not in wild-type Balb/c mice or normal human keratinocytes,

Fig. 5 ISL downregulated the expression of IL-6 and IL-8 at both protein
and mRNA levels. a Effects of ISL on levels of IL-6 and IL-8 in
supernatant of keratinocytes stimulated with and without M5,
respectively. Results demonstrated that ISL significantly downregulated
the IL-6 and IL-8 levels of inflammatory keratinocytes simultaneously,
but not the normal keratinocytes. Results are represented as the mean±
SEM (*P<0.05, **P<0.01, ***P<0.001). b In normal keratinocytes and
inflammatory keratinocytes, RNA level of NF-κB was detected by
quantitative PCR analysis, respectively. Data illustrated that ISL

reduced the RNA level of NF-κB in inflammatory keratinocytes;
however, in normal keratinocytes, none of the differences reached
statistical significance. c Protein levels of NF-κB, p-NF-κB, and IκBα
were determined by Western blotting in vitro, compared with normal
keratinocytes, ISL could obviously reduce levels of NF-κB and p-NF-
κB in inflammatory keratinocytes. Pairs of total protein were normalized
by β-actin. Correspondingly, quantification of Western blot analysis
images was performed using Image J software (NIH) and was presented
in graphical form (*P<0.05)
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suggesting that ISL could be a promising candidate for chron-
ic inflammatory disorders such as psoriasis.

ISL suppresses the expression of IL-6 and IL-8
by downregulating NF-κB activation

To further explore the inhibitory effects of ISL on the
expression of IL-6, IL-8, and NF-κB, two individual
experiments were performed. Briefly, we measured the
expression of IL-6 and IL-8 by ELISA. To this end,
inflammatory keratinocytes were first established using
human keratinocyte cell line HaCaT by treatment with
M5. To induce the expression of IL-6 and IL-8, inflam-
matory keratinocytes were stimulated with recombinant
human NF-κB (rHuNF-κB). In the meantime, we treated
cells with bay11-7082 which could selectively and irre-
versibly inhibit NF-κB activation in the presence or ab-
sence of ISL. The abolishment of NF-κB signaling by
bay11-7082 significantly decreased the expression of IL-
6 and IL-8, and ISL treatment also showed similar IL-6
and IL-8 reduction albeit to a lesser degree (Fig. 6a).
Notably, rHuNF-κB treatment could not rescue the ex-
pression of IL-6 and IL-8 in inflammatory keratinocytes
treated with ISL or bay11-7082 (Fig. 6a). The rescue
failure by rHuNF-κB was due to the inhibition of

NF-κB act ivat ion by ISL and bay11-7082, as
rHuNF-κB successfully activated NF-κB signaling indi-
cated as NF-κB phosphorylation at Ser536 in the ab-
sence of ISL and bay11-7082 (Fig. 6b). These results
further supported our finding that ISL inhibited the ex-
pression of IL-6 and IL-8 by blocking NF-κB
activation.

Discussions

Licorice products are consumed daily in many countries [6,
35]. In traditional Chinese medicine, licorice is one of the
most frequently employed botanicals [5]. Several components
of licorice, such as glycyrrhetinic acid and glycyrrhizin, have
been used clinically as an antiallergic and antihepatitis agent
in UK and Japan [1]. Although its relatively low contents,
ISL, a flavonoids in licorice, has been reported to possess
anti-inflammatory, antioxidant, and antitumor properties
[9–11, 36]. Of note, ISL exhibited antitumorigenic activity
and estrogen receptor (ER) α-dependent growth promoting
effects on breast cancer cells [37]. Animal study indicated that
the LD50 of ISL in mouse is approximately 6 g/kg (i.g.), ad-
ditionally, at the concentrations employed in this study, no
changes in gross measures, such as weight loss, feeding,

Fig. 6 The suppression of NF-κB activation by ISL is responsible for
downregulation of IL-6 and IL-8. a ISL downregulated the expression of
IL-6 and IL-8 by suppressing NF-κB activity in HaCaT stimulated with
M5. After stimulation with human recombinant NF-κB (rHuNF-κB,
10 ng/ml) for 24 h, the expression of IL-6 and IL-8 of inflammatory
keratinocytes were induced, simultaneously. In contrast, blocking NF-
κB signal by bay11-7082 (10 μM) for 24 h led significant decreases of
IL-6 and IL-8 levels. Importantly, rHuNF-κB treatment could not rescue
the expression of IL-6 and IL-8 in psoriasis-like cells after treated with

ISL or bay11-7082. Data are shown as mean±SEM (*p<0.05, **p<0.01,
***p<0.001). b Effects of ISL on NF-κB, p-NF-κB, and IκBα in the
presence of rHuNF-κB or bay11-7082. Western blotting showed that
upon rHuNF-κB stimulation on inflammatory keratinocytes, NF-κB
signaling substantially activated, and this was also partially abolished
by ISL or bay11-7082 treatment. Pairs of total protein were normalized
by β-actin. Correspondingly, quantification of Western blot analysis
images was performed using Image J software (NIH) and was presented
in graphical form (*P<0.05)
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behavior, or other significantly side effects were observed,
suggesting that ISL might be of low toxicity [38].

Recently, increasing evidence has shown the potential of
ISL in preventing and treating disease. ISL lowers VEGF
levels of breast cancer via PI3K/AKT signaling, targets
GPR78 to chemo-sensitize breast cancer stem cells, and
downregulates EGFR signaling to induce apoptosis both in
wild-type and L858R/T790M mutant human lung cancer
[39–41]. However, the precise mechanisms have not been
fully investigated. Previously, we demonstrated that ISL could
suppress IL-6 expression in multiple myeloma [11], implying
that ISL might have potential therapeutic effects on inflamma-
tory disease such as psoriasis. Studies have indicated that the
serious impairment of the quality of life caused by high inci-
dences of psoriasis equals or even exceeds that of other major
illnesses such as rheumatoid arthritis or cancer [12, 14].
While, traditional treatments have limited effects, with incon-
venience and toxicity. Hence, developing more effective and
reliable approaches to psoriatic therapy is urgently needed. In
this study, the results showed that ISL could effectively pre-
vent the inflammatory progress in psoriasis models both
in vitro and in vivo.

Aberrant cytokine expression has been proposed as an un-
derlying cause of psoriasis. In addition to IL-2, IL-12, IL-23,
the proinflammatory cytokines IL-6 and IL-8 also play key
roles in the pathogenesis and the course of psoriasis [37, 42].
NF-κB, an inducible transcription factor, plays a pivotal role
in the induction and function of many cytokines in psoriasis. It
produces and regulates many pro-inflammatory cytokines, in-
cluding IL-6 and IL-8, which expresses in high levels in pso-
riasis [20, 43–45]. Hence, either specifically targeting NF-κB
signaling or decreasing levels of pro-inflammatory cytokines
and regulating balance among them might be helpful for im-
proving the pathologic process of psoriasis. Here, the experi-
mental results have shown that ISL could effectively prevent
the inflammatory progress in psoriasis in vivo and in vitro. In
the mouse model of psoriasis, results displayed that ISL could
significantly improve psoriatic lesion and slow down the path-
ologic process of psoriasis by decreasing IL-6 and IL-8 levels
in the serum in addition to the reduction of CD4, CD8,
CD11b/c, F4/80, and VEGF expression in the ear and back
skin of psoriatic mice in a dose-dependent manner, respective-
ly. Furthermore, we found that ISL not only significantly sup-
pressed NF-κB expression but also inhibited its activation by
correspondingly downregulating phosphorylated levels of
NF-κB, which subsequently resulted in the reduction of pro-
inflammatory cytokines IL-6 and IL-8, while IκBα had no
obvious changes. Similar results were also obtained in vitro,
and ISL not only reduced NF-κB at the protein level but also
reduced mRNA levels in vitro. However, obvious inhibitory
effects of ISL on NF-κB, IL-6, and IL-8 were not observed in
normal keratinocytes and wild-type Balb/c mice, implying
that ISL had low toxicity both in vitro and in vivo.

In conclusion, our studies indicated that ISL had signifi-
cantly anti-inflammatory effects by downregulating both IL-6
and IL-8 via suppression of NF-κB activity, suggesting that
ISL might be a promising NF-κB inhibitor and a potential
candidate for treatment of psoriasis and other autoimmune
inflammatory diseases.
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