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Metastasis, which accounts for the majority of all cancer-related
deaths, occurs through several steps, namely, local invasion,
intravasation, transport, extravasation, and colonization.
Glycyrrhizin has been reported to inhibit pulmonary metastasis
in mice inoculated with B16 melanoma. This study aimed to
identify the mechanism through which glycyrrhizin ameliorates
the extravasation of melanoma cells into mouse lungs. Following
B16 melanoma cell injection, mice were orally administered
glycyrrhizin once every two days over 2 weeks; lung samples
were then obtained and analyzed. Blood samples were collected
on the final day, and cytokine plasma levels were determined.
We found that glycyrrhizin ameliorated the extravasation of
melanoma cells into the lungs and suppressed the plasma
levels of interleukin-6, tumor necrosis factor-α, and transforming
growth factor-β. Furthermore, glycyrrhizin ameliorated the lung
tissue expression of high mobility group box-1 protein (HMGB1),
receptor for advanced glycation end products (RAGE), Toll-like
receptor (TLR)-4, RAS, extracellular signal-related kinase, NF-
κB, myeloid differentiation primary response 88, IκB kinase
complex, epithelial-mesenchymal transition markers, and vascular
endothelial growth factor-A. Our study demonstrates that
glycyrrhizin ameliorates melanoma metastasis by regulating the
HMGB1/RAGE and HMGB1/TLR-4 signal transduction pathways.
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M etastatic cancer is associated with the highest rate of
cancer-related deaths. Metastasis occurs through several

steps, namely, local invasion, intravasation, transport, extravasa‐
tion, and colonization.(1) Identification of the mechanisms
that underlie cancer cell extravasation could lead to the
development of new therapeutic strategies to mitigate metastasis.
Evidence suggests that epithelial-mesenchymal transition (EMT)
influences extravasation,(2) and metastases can undergo EMT,
thereby exacerbating extravasation.(3) Acquisition of the EMT
phenotype by tumor cells not only increases their migration and
invasion potentials, thereby facilitating their ability to infiltrate
blood vessels and produce circulating tumor cells (CTCs), but
also promotes CTC survival in the bloodstream and their ability
to extravasate out of the circulatory system.(4,5) For example,
melanoma can induce invasive phenotypes through EMT.(6)

Licorice, an important herb, has been used in both western
and eastern medicine. Glycyrrhizin, a major active constituent of

licorice (Glycyrrhiza glabra), is composed of one glycyrrhetinic
acid and two glucuronic acid molecules. Glycyrrhizin has
numerous pharmacological effects, including anti-inflammatory,
anti-viral, anti-carcinogenic, and hepatoprotective activities, and
it has been widely used in Asia as injections or oral tablets
to treat patients with allergy and chronic hepatitis. Further,
it has several biological activities, including anti-carcinogenic
activities.(7,8)

Skin melanoma arises from unregulated melanocyte growth,
forming tumors, and invading neighboring tissues. Although
melanoma is one of the least common skin cancer types, it
accounts for 79% of all skin cancer-related deaths, and it
is an aggressive cancer that disseminates from small primary
tumors through the blood or lymph and metastasizes to various
sites.(9,10) The increasing trends in recreational unprotected
sun exposure and the depletion of stratospheric ozone have
resulted in an increase in the incidence and mortality rates of
malignant melanoma.(11) While previous studies have investigated
alternative therapeutic strategies for melanoma, no study has
yet investigated the therapeutic value of glycyrrhizin against
melanoma.(12)

The protein high mobility group box 1 (HMGB1), released
during necrosis from the nucleus into the cytoplasmic and
extracellular space of cancer cells,(13,14) is involved in cell
proliferation, activation of angiogenesis, cell motility, and
inflammatory condition.(15,16) Released HMGB1 interacts with
the cell-surface receptor for advanced glycation end products
(RAGE), which is a primary signaling pathway triggering
the onset of various diseases.(17) HMGB1 binds to RAGE
thus activating several signaling molecules including NF-κB,
extracellular signal-regulated kinase (ERK1/2), and p38.(18)

HMGB1 can bind to Toll-like receptor (TLR)-2 and TLR-4,
activating the expression and release of pro-inflammatory
cytokines such as tumor necrosis factor (TNF) and interleukin
(IL)-6.(19) Therefore, the inhibition of HMGB1 activity
during treatment may positively affect antitumor therapy.(20)

Glycyrrhizin has been reported to inhibit HMGB1, including the
box A domain of HMGB1.(21)

This study aimed to identify the mechanism through which
glycyrrhizin ameliorates the extravasation of melanoma cells
into the lungs of mice and how HMGB1 exerts its effects.
Therefore, we established a mouse model by intravenously
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injecting melanoma cells. This model is useful for cancer
metastasis studies and drug discovery.

Materials and Methods

Experimental animals. The homograft study was conducted
using specific-pathogen-free (SPF) male, 8-week-old C57BL/6j
mice (SLC, Hamamatsu, Japan), which were housed in
individual cages in an air-conditioned room at 23 ± 1°C under
SPF conditions with a 12-h light/dark cycle. The B16 mouse
melanoma cell line established from these tumors were used
at passages 5 to 15. All cells were cultured in Eagle’s
minimal essential medium (Sigma-Aldrich, Darmstadt, Germany)
supplemented with 10% total value of serum and l-glutamine.
Cells were routinely examined to ensure that they remained
free from mycoplasma and murine viruses. For tumor injection,
sub confluent monolayers were harvested following a 1-mm
treatment with 0.25% trypsin-0.02% ethylenediamine-tetraacetic
acid (Sigma-Aldrich). The trypsinized cells were washed and
resuspended in phosphate-buffered saline (PBS; Ca2+, Mg2+,
free-phosphate buffered saline: Sigma-Aldrich). The animals
were randomly assigned to one of the four study groups (n 
= 6 per group): Control, glycyrrhizin treatment (group A),
B16 melanoma treatment (group B), and B16 melanoma +
glycyrrhizin treatment (group C). The B16 melanoma cells
were intravenously injected into the tail vein (1 × 105 cells/
mouse). Mice were examined for tumor metastasis at 2 weeks
following injection. This study was conducted in accordance
with the recommendations of the Guide for the Care and Use
of Laboratory Animals of Suzuka University of Medical Science
(approval number: 34). All surgeries were performed under
pentobarbital anesthesia, and all efforts were made to minimize
animal suffering.

Glycyrrhizin treatment. Following B16 melanoma cell
injection, approximately 15 mg/kg of glycyrrhizin (Cokey Co.,
Matsusaka, Japan), dissolved in PBS (pH 7.4), was orally
administered once every two days over 2 weeks. Control animals
were administered PBS.(22) To evaluate treatment toxicity, mice
were orally administered glycyrrhizin for 18 consecutive days;
the toxic dose low was 90 mg/kg, which indicates that this dose
is safe.(23)

Lung preparation and staining. We obtained the lung
samples 2 weeks after study initiation. The lung specimens were
fixed in phosphate-buffered paraformaldehyde (4%); embedded
in frozen Tissue Tek, an optimal cutting temperature compound;
and cut into 5-μm sections. The sections were stained with
hematoxylin-eosin in accordance with the established procedures
to enable histological analysis of the lung. To assess dopa-
positive melanocyte expression, specimens were incubated at
37°C for 3 h in PBS containing 0.1% l-dopa (Sigma-Aldrich).
Then, the specimens were washed in PBS for microscopic
examination.(24)

Western blot analysis of the lungs. The lung samples
were homogenized in lysis buffer (Kurabo, Osaka, Japan)
and centrifuged at 8,000 × g for 10 min; the supernatant
fluid was collected. Western blot analysis was performed as
previously described.(22) The membranes were incubated at room
temperature for 1 h with primary antibodies against HMGB1
(1:1,000; Abcam, Cambridge, MA), T-cell immunoglobulin and
mucin domain 3 (TIM-3) (1:1,000; Cell Signaling Technology
Inc., Danvers, MA), RAGE (1:1,000; Abcam), TLR-2 (1:1,000;
Abcam), TLR-4 (1:1,000; Cell Signaling Technology Inc.), RAS
(1:1,000; BD Biosciences, Franklin Lakes, NJ), p-extracellular
signal-regulated kinase (p-ERK) (1:1,000, Bioss Antibodies Inc.,
Woburn, MA), p-NF-κB (1:1,000; Cell Signaling Technology
Inc.), myeloid differentiation primary response (MyD) 88
(1:1,000; R&D Systems Inc., Minneapolis, MN), inhibitor of
κB kinase (IKK) γ/NF-κB essential modulator protein (NEMO)

(IKKγ/NEMO) (1:1,000; Abcam), EMT antibody sample kit
(Snail, 1:1,000; vimentin, 1:1,000; N-cadherin, 1:1,000; β-
catenin, 1:1,000; Cell Signaling Technology Inc.), vascular
endothelial growth factor (VEGF)-A (1:1,000; BioLegend,
San Diego, CA), or β-actin as a loading control (1:5,000;
Sigma-Aldrich). The immune complex on the membranes was
visualized using horseradish peroxidase-conjugated secondary
antibody (Novex, Frederick, MD) and detected with ImmunoStar
Zeta reagent (Wako, Osaka, Japan). The images of the
membranes were acquired using a multi-grade software program
(Fuji-film, Greenwood, SC).

Measurement of the plasma levels of HMGB1, IL-6, TNF-
α, and TGF-β. Blood samples were collected from mice on
the final day. The plasma HMGB1, IL-6, TNF-α, and TGF-β
levels were determined using an enzyme-linked immunosorbent
assay kit (HMGB1: Arigo Biolaboratories, Hsinchu City, Taiwan;
IL-6, TNF-α, and TGF-β: R&D Systems) in accordance with the
manufacturer’s instructions.

Statistical analyses. All data are presented as the means 
± SD. Data were entered into Microsoft Excel 2010. One-way
analysis of variance (ANOVA) followed by Tukey’s post-hoc test
was used for analysis. All statistical analysis were performed
using SPSS ver. 20 (IBM, Armonk, NY), and p<0.05 was
considered statistically significant.

Results

Effects of glycyrrhizin treatment on the infiltration and
proliferation of melanoma cells. Glycyrrhizin was admin‐
istered once every two days; 2 weeks following treatment, the
infiltration and proliferation of melanoma cells were observed
through a microscope. Compared with the melanoma group,
the melanoma + glycyrrhizin group showed an improvement
in melanoma symptoms (Fig. 1). Tyrosine induces melanin
production in dopa-positive cells. Since the proportion of dopa-
positive cells is increased in melanoma, these cells serve as a
parameter for this disease.(25)

Effects of glycyrrhizin treatment on the plasma levels of
IL-6, TNF-α, and TGF-β in mice treated with melanoma cells.
The plasma levels of IL-6, TNF-α, and TGF-β increased in mice
treated with melanoma cells and decreased in the melanoma + 
glycyrrhizin treatment group (Fig. 2).

Effects of glycyrrhizin treatment on the expression and
plasma levels of HMGB1 in lungs treated with melanoma
cells. We examined the expression and plasma levels of
HMGB1 (Fig. 3A) in the lungs (Fig. 3B). The HMGB1 plasma
levels in the lungs were increased following melanoma cell
treatment, but these levels decreased following glycyrrhizin
administration (Fig. 3).

Effects of glycyrrhizin treatment on the expression
of TIM-3, RAGE, TLR2, and TLR4 in lungs treated with
melanoma cells. Next, we measured the expression of TIM-3,
RAGE, TLR2, and TLR4, which are all glycyrrhizin receptors;
the expression of these receptors was increased upon melanoma
cell treatment. RAGE and TLR4 expression decreased following
glycyrrhizin administration compared with the melanoma group
(Fig. 4B and D). However, the expression of TIM-3 and
TLR2 remained unchanged in the melanoma + glycyrrhizin and
melanoma groups (Fig. 4A and C).

Effects of glycyrrhizin treatment on the expression of
RAS, p-ERK, and p-NF-κB in lungs treated with melanoma
cells. We examined the signal transducers downstream to
RAGE when combined with glycyrrhizin. Melanoma cell
treatment increased signal transducer levels, while melanoma +
glycyrrhizin treatment restored them to the control group levels
(Fig. 5).
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Fig. 1. Effect of glycyrrhizin treatment on infiltration and proliferation of melanoma in the lungs, 2 weeks after study initiation, (A) Macroscopic
images of the lungs. The number of dopa-positive cells (B) are shown. Histological analysis of lung sections (scale bar = 100 μm) (C). Values are
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Effects of glycyrrhizin treatment on the expression of
MyD88 and IKKγ/NEMO in lungs treated with melanoma
cells. We examined the signal transducer downstream to TLR4
when combined with glycyrrhizin. The expression of MyD88 and
IKKγ/NEMO was increased following melanoma cell treatment,
while it was decreased following melanoma + glycyrrhizin
treatment (Fig. 6A and B).

Effects of glycyrrhizin treatment on the expression level
of EMT in lungs treated with melanoma cells. We examined
the expression of EMT (vimentin, snail, N-cadherin, and β-
catenin), which was increased following melanoma cell treatment
and decreased following melanoma + glycyrrhizin treatment
(Fig. 7A–D).
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Effects of glycyrrhizin treatment on the expression level
of VEGF-A in lungs treated with melanoma cells. We
assessed the expression of VEGF-A induced in another pathway

associated with TLR4. The expression of VEGF-A increased
following melanoma cell treatment and decreased following
melanoma + glycyrrhizin treatment (Fig. 8).
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Discussion

In this study, we confirmed the inhibitory effect of glycyrrhizin
on experimental pulmonary metastasis in mice inoculated
with B16 melanoma. However, the mechanism through which
glycyrrhizin ameliorates the extravasation of melanoma cells
into the lungs remains unclear. Further, this study demonstrated
that glycyrrhizin inhibited the expression of HMGB1 and its
receptors RAGE and TLR4, as well as RAS, ERK, NF-κB, and
EMT markers, which are downstream to RAGE, and VEGF-A,
MyD88, and IKKγ/NEMO, which are downstream to TLR4.
Glycyrrhizin targets HMGB1, which plays an important role

in maintaining genome stability and autophagy activity during
tumor growth.(26,27) HMGB1 can also be released into the extra‐
cellular space during necrosis, apoptosis, and autophagy.(28,29)

In this study, necrosis and apoptosis were observed upon
intravenous injection of cancer cells, which increased the release
of HMGB1 to the extracellular space. Extracellular HMGB1 has
cytokine, chemokine, and growth factor activities, thus acting
as a protumor protein.(30) Once released, HMGB1 stimulates
pro-inflammatory responses by binding to several cell surface
receptors, including RAGE, TIM-3, TLR2, and TLR4. It then
activates downstream signaling pathways, such as NF-κB,
ERK1/2, and Akt, and the IL-6/signal transducer and activator
of the transcription 3 (STAT3) pathway.(28,29,31) In this study,
glycyrrhizin inhibited the expression of RAGE, which is a
member of the immunoglobulin gene superfamily of cell surface
molecules and the first reported receptor for HMGB1.(17,32)

RAGE is expressed on immune cells, activated endothelial
cells, vascular smooth muscle cells, and several cancer cells.(33)
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Glycyrrhizin inhibited the expression of downstream RAS, ERK,
and NF-κB by suppressing RAGE activity, along with the
extravasation/proliferation of melanoma.
TLR4 expression was also inhibited in this study; TLR4s are

typical pattern recognition receptors expressed on cells of the
innate immune system. HMGB1 binds to TLR4 and mediates
MyD88-dependent activation of the canonical IKK complex
and nuclear translocation of NF-κB, which in turns induces
the release of various pro-inflammatory cytokines, including
TNF-α, IL-1, and IL-6.(34–36) Further, glycyrrhizin suppressed
the expression of MyD88 and NF-κB and inhibited the signal
of the HMGB1/TLR4 pathway and TLR4/VEGF-A expression.
HMGB1 activates TLR4 and induces VEGF-A. Reymond
et al.(36) have reported that myeloid cells, such as monocytes
and macrophages, secrete VEGF locally, which stimulates
cancer cell extravasation. VEGF, secreted by various types
of primary tumors, can induce pulmonary hyperpermeability
prior to carcinoma cell metastasis into the lungs, facilitating
the extravasation of circulating tumor cells.(37) In this study,
glycyrrhizin inhibited cancer cell infiltration by suppressing the
expression of TLR4/VEGF-A.

HMGB1 has been shown to induce EMT (markers of
vimentin, snail, N-cadhelin and β-catenin) cancer cells.(38) EMT
is the process through which stationary epithelial cells become
migratory and invasive mesenchymal cells, thus influencing the
initiation and development of cancer metastasis.(39–41) In this
study, glycyrrhizin suppressed the induction of EMT. HMGB1-
induced EMT is mediated by RAGE.(42,43) HMGB1/RAGE axis
signaling increases the secretion of primary growth factors
associated with EMT, including TGF-β1, platelet-derived growth
factor, and connective tissue growth factor.(43,44) Relevantly, Tsai
and Yang have previously reported that platelets play a critical
role in maintaining EMT activation in CTCs by providing
the TGF-β signal. HMGB1 exacerbates TGF-β production
and triggers Smad2/3 phosphorylation, which upregulates Snail
1, thereby inducing EMT.(45,46) Similarly HMGB1/RAGE axis

signaling increases ERK1/2 phosphorylation, which in turn
increases tumor cell invasion and metastasis.(46,47) HMGB1
binding to RAGE enhances NF-κB expression, phosphorylation,
and nuclear translocation, all of which induce EMT and
invasion.(42,46,48) Activated NF-κB increases the expression of
Snail and IL-8, which promotes EMT.(42,49,50) Furthermore, the
production of IL-6 and TNFα by RAGE/ERK/NF-κB signaling
stimulates TGF-β secretion, which in turn increases EMT.(51–53)

The TLR4/MyD88 complex mediates NF-κB signaling-
induced cancer cell invasion and EMT.(54) The results of
this study show that glycyrrhizin controls the HMGB1/RAGE/
TGF-β/EMT and HMGB1/RAGE/ERK/NF-κB/EMT systems,
inhibiting the transposition and onset of melanoma. Moreover,
glycyrrhizin inhibited the expression of TLR4. HMGB1 binding
of TLR2 and TLR4 plays an important role in tumor
metastasis.(6,55,56) TLR4 is overexpressed in melanoma, colon
cancer, and breast cancer, while the expression of its downstream
adaptor protein, MyD88, is elevated in melanoma and colon
cancer.(57,58) HMGB1/TLR4-mediated activation of IKKγ/NEMO
signaling contributes to NF-κB activation.(59,60) The IKKγ/
NEMO-dependent NF-κB canonical pathway maintains RAGE
expression.(59,60) Therefore, HMGB1 plays an important role
in regulating EMT. HMGB1-RAGE/TLR4-induced EMT is
mediated by Snail, NF-κB, and STAT3 through the activation
of signaling pathways, including TGF-β, phosphatidylinositol 3-
kinase/AKT, mitogen-activated protein kinase, and IKK.(42,46,48,49)

The mechanism can be summarized as follows: HMGB1, binding
to TLR4, mediates MyD88-dependent activation of the canonical
IKK complex and nuclear translocation of NF-κB. This signaling
induces the release of various pro-inflammatory cytokines
and mediates Snail activation of EMT.(35,36,61) Glycyrrhizin
may also inhibit the HMGB1/TLR4/EMT pathway; however,
it does not influence the expression of TLR2 and TIM-3.
TLR2 induces inflammatory cytokines, EMT, and TLR4.(42,56,62)

Further, TIM-3 regulates B cell lymphoma, leukemia 2, and
Bax and exerts an inhibitory effect on cancer.(63) However, the
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Fig. 9. Flowchart of the mechanism through which glycyrrhizin inhibits the infiltration and proliferation of melanoma.
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association of glycyrrhizin, TLR2, and TIM-3 warrants further
investigations.(63) In addition, as mechanisms underlying the
inhibitory action of glycyrrhizin against melanoma, signaling
pathways involving phosphatesitol-3-kinase (PI3K), p38, and
protein kinase A (PKA),(64,65) along with the inhibition
of ROS released from mitochondria have been previously
reported.(66) In this study, we reported a glycyrrhizin-controlled
signal transduction pathway consisting of HMGB1/RAGE and
HMGB1/TLR4. However, whether it is also associated with other
control pathways warrants further investigations. Therefore,
identifying a control pathway through which melanoma is
inhibited by glycyrrhizin is essential.
Glycyrrhizin suppresses the infiltration and proliferation

of melanoma by inhibiting HMGB1 expression, which itself
results in EMT and inflammatory cytokine suppression (Fig. 9).
Glycyrrhizin suppresses HMGB1 expression, which is increased
during anticancer treatment, thereby enhancing the therapeutic
effect of the anticancer treatment. Collectively, these findings
suggest that glycyrrhizin can be potentially used for cancer
prophylaxis and treatment. Our findings should be validated in
prospective trials.
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