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Abstract

Background: Vitiligo is a long-term skin disease characterized by the loss of pigment in the skin. The current
therapeutic approaches are limited. Although the anti-vitiligo mechanisms of Vernonia anthelmintica (L.) remain
ambiguous, the herb has been broadly used in Uyghur hospitals to treat vitiligo. The overall objective of the
present study aims to identify the potential lead compounds from Vernonia anthelmintica (L.) in the treatment of
vitiligo via an oral route as well as the melanogenic mechanisms in the systematic approaches in silico of
admetSAR and substructure-drug-target network-based inference (SDTNBI).

Results: The results showed that the top 5 active compounds with a relatively higher bioavailability that interacted
with 23 therapeutic targets were identified in Vernonia anthelmintica (L.) using admetSAR and SDTNBI methods.
Among these compounds, Isorhamnetin and Kaempferide, which are methyl-flavonoids, performed 1st and 2nd.
Isorhamnetin and Kaempferide significantly increased the expression of melanin-biosynthetic genes (MC1R, MITF,
TYR, TYRP1 and DCT) and the tyrosinase activity in B16F10 cells. Isorhamnetin and Kaempferide significantly
increased the mRNA-expression of melanin-biosynthetic genes (MC1R, MITF, TYR, TYRP1 and DCT), the protein level
of MITF and the tyrosinase activity. Based on the SDTNBI method and experimental verification, Isorhamnetin and
Kaempferide effectively increased melanogenesis by targeting the MC1R-MITF signaling pathway, MAPK signaling
pathway, PPAR signaling pathway (PPARA, PPARD, PPARG), arachidonic acid metabolism pathway (ALOX12, ALOX15,
CBR1) and serotonergic synapses (ALOX12, ALOX15) in the treatment of vitiligo from a network perspective.

Conclusion: We identified the melanogenic activity of the methyl-flavonoids Isorhamnetin and Kaempferide, which
were successfully predicted in a network pharmacological analysis of Vernonia anthelmintica (L.) by admetSAR and
SDTNBI methods.
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Background
Vitiligo is an acquired, progressive depigmentation dis-
order characterized by the appearance of circumscribed
white macules on the skin [1]. Approximately 1% of in-
dividuals are affected by vitiligo worldwide [2]. Some
populations have rates as high as 2–3% [3]. Many theor-
ies, such as autoimmunity, neural and genetic theories,
impaired melanocyte migration and/or proliferation, and
oxidative stress, have been proposed to explain the
mechanism of pigmentation loss [4].
Currently, the main purpose of clinical treatment is to

increase the melanogenesis of melanocytes in skin le-
sions and restore skin color to the normal level [5]. Sev-
eral treatment options aim to restore pigmentation,
including excimer laser, vitamin D analogs and steroid
therapy [6]. Unfortunately, these treatments are not
widely employed because they induce long-term side ef-
fects [7]. Thus, increasing research has focused on the
identification of novel therapeutic medicine and the as-
sessment of multi-targets to explain the complex net-
work of the therapeutic mechanism of vitiligo.
Traditional Uyghur Medicine (TUM), particularly Ver-

nonia anthelmintica (L.), which only grows in the high
altitude localities in the northwest of China, has been
successfully used in the treatment of vitiligo in China
[8]. According to the TUM theory, Vernonia anthelmin-
tica (L.), a traditional herb medicine, can treat vitiligo by
eliminating abnormal Balgham Hilit (damp and cold) in
Uyghur hospitals [9]. However, as a result of the

complexity of multi-ingredients and the lack of system-
atic approaches, its mechanisms remain unclear.
Recently, systematic approaches in silico based on net-

work pharmacology have made a significant contribution to
disclose the multi-targets of modern medicine through
pharmacokinetic evaluation, target prediction and network/
pathway analysis [10]. The admetSAR and substructure-
drug-target network-based inference (SDTNBI) methods
have been validated as successful for the study of Western
medicine, particularly in the new use of old drugs and the
development of new indications [11, 12]. However, these
powerful tools are rarely employed in TUM.
The systematic in silico approaches of admetSAR and

SDTNBI were employed in the present study. Key mole-
cules were further identified via in vitro methods. The
network pharmacological mechanism of Vernonia
anthelmintica (L.) will provide a novel understanding for
vitiligo treatments.

Methods
The entire pathway-based on SDTNBI and admetSAR
methods is illustrated in Fig. 1.

Chemical library construction
Based on a review of Vernonia anthelmintica (L.), all chemi-
cals of Vernonia anthelmintica (L.) were collected from the
TCMID database (http://www.megabionet.org/tcmid), the
Chinese academy of sciences Chemistry Database (http://
www.organchem.csdb.cn) and the TCMSP database (http://

Fig. 1 Diagram of the pathway-based SDTNBI and admetSAR approaches developed to identify the network pharmacological mechanisms of
Vernonia anthelmintica (L.) for the treatment of vitiligo
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ibts.hkbu.edu.hk/LSP/tcmsp.php). All of the compounds
collected were normalized to the canonical SMILES format.

Potentially active compounds sorting via admetSAR
method
TUM has been successfully used via the oral route in the
treatment of vitiligo in China. Among the pharmacoki-
netic properties of ADME, the absorption and metabolism
were the most important factors that affected oral bio-
availability [13]. A better therapeutic drug or lead com-
pound should not only have positive parameters of human
intestinal absorption (HIA) and Caco-2 permeability
(Caco-2) in absorption but also inhibitory parameters of
the five major CYP isoforms (CYP450 1A2, CYP450 2C9,
CYP450 2C19, CYP450 2D6 and CYP450 3A4) in metab-
olism. We used an open source, comprehensive computer
readable database, namely, admetSAR, to filter or predict
the absorption and metabolism-associated properties of all
molecules (http://lmmd.ecust.edu.cn/admetsar1/) [13].
The metabolism of drugs and the calibration of the inhibi-
tory parameters of the five major CYP isoforms were com-
prehensively calculated with the following equation [14].

score ¼
X

k
resultð Þ Qð Þ ð1Þ

Equation (1) sums the results and overall predictive
accuracy (Q) of each compound, with five major CYP
isoforms (index k). The overall predictive accuracies
were as follows: CYP450 1A2 Inhibitor (Q = 0.8147),
CYP450 2C9 Inhibitor (Q = 0.8018), CYP450 2D6 Inhibi-
tor (Q = 0.8551), CYP450 2C19 Inhibitor (Q = 0.8054)
and CYP450 3A4 Inhibitor (Q = 0.6450).

Building the compound-target interaction via the SDTNBI
method
The targets of the potentially active compounds were
predicted using the SDTNBI method, an integrated
network and chemoinformatic tool for the systematic
prediction of compound-target interactions, particu-
larly new chemical entities [11]. For this purpose,
the canonical SMILES format was converted into the
substructure fingerprint (FP4) format using PaDEL-
Descriptor software (version 2.18) [15]. For each
compound, the top 20 predicted targets were stored
as putative targets. The targets were subsequently
normalized to the official gene name using the Uni-
Prot database (http://www.uniprot.org/) as previously
described.
The detailed command lines for prediction, cross valid-

ation and external validation are presented on our website
(http://lmmd.ecust.edu.cn/methods/sdtSDTNBI/).

Identification of keratinocyte- and melanocyte-specific
targets
To analyze the target distribution within the keratino-
cytes and melanocytes, we examined the protein expres-
sion data from the Human Protein Atlas database
(http://www.proteinatlas.org/), a database of tissue
microarray images labeled with antibodies against 11,250
human proteins [16]. We selected the human species
and sorted the target expression based on their protein
expression levels in keratinocytes and melanocytes.

Network construction and bioinformatics analysis
For the sake of interpreting the therapeutic mechanisms
of Vernonia anthelmintica (L.) for vitiligo at a network
level, we constructed the compound-target interaction
(CTI) network. All active compounds in Vernonia anthel-
mintica (L.) and their screening targets were utilized to
generate a bipartite graph of CTIs, in which a compound
and a target are linked with each other if the compound
targets the protein or relevant regulators. The bioinfor-
matic functional interaction network analysis of the kera-
tinocyte- and melanocyte-specific targets was determined
using the DAVID database (https://david.ncifcrf.gov/
home.jsp) [17]. The Protein-Protein interaction network
was identified by the STRING database (http://string-
db.org/) [18]. All visualized network graphs were con-
structed by Cytoscape v3.4.0, an open software package
project used to visualize, integrate, model, and analyze
molecular and genetic interaction networks [19].

Cell culture
The B16F10 melanoma cell line was purchased from the
Cancer Cell Repository (Shanghai Cell Bank, China).
Cells were cultured in DMEM containing 10% fetal bo-
vine serum and 1% penicillin/streptomycin in a 5% CO2

humidified incubator at 37 °C (Gibco BRL, USA).

Cell viability assay
The general viability of the cultured cells was determined
through the reduction of 3-(4,5-dimethyl-thiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) to formazan [20].
Exponentially growing B16F10 cells were trypsinized, har-
vested and equal numbers of cells (2 × 105 cells/ml) in
100 μl medium were plated in 96-well microplates. After
overnight incubation, 100 μl of different concentrations
(8, 16, 32 μM) of Isorhamnetin and Kaempferide (purity
>98%; Shanghai yuanye Bio-Technology Co., Ltd., China)
was added to the well for 24 h. The untreated controls
were exposed to fresh medium. Following this, 50 μl
5 mg/ml MTT solution was added to each well and incu-
bated for 4 h. After aspirating the culture medium, the
resulting formazan was dissolved with 150 μl dimethyl-
sulfoxide (Sigma, USA). The plates were then placed on a
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shaker for 5 min and measured at 570 nm by using a mi-
croplate reader (Thermo Varioskan Flash 3001, USA).

Measurement of melanin contents
The melanin contents were measured in extracellular and
intracellular according to a previously described method
[21]. The B16F10 cells were treated with 100 μM 8-MOP
(purity >98%; Shanghai yuanye Bio-Technology Co., Ltd.,
China) and Isorhamnetin and Kaempferide (8, 16, 32 μM)
for 24 h. The cells and the supernatant were collected re-
spectively. In extracellular assay, one milliliter each of
400 μM 2-[4-(2-hydroxyethyl) piperazin-1-yl] ethanesulfo-
nic acid buffer (pH 6.8) and EtOH (9:1, v/v) was added to
1 mL medium. The optical density (OD) was measured at
405 nm after a calibration curve obtained from a synthetic
melanin solution. The cells were collected pelleted and
washed twice with PBS (Shanghai Sangong Co., China).
Cells were collected by centrifugation at 5000 rpm for
10 min. After digestion in 1 mL of 1 N NaOH solution for
1 h at 80 °C, the intracellular melanin was measured as de-
scribed above.

Cellular tyrosinase activity assay
Tyrosinase activity was assayed by measuring the L-3,4-
dihydroxyphenylalanine (L-DOPA) oxidase activity using a
previously described method [22]. The B16F10 cells were
incubated with 100 μM 8-MOP and Isorhamnetin and
Kaempferide (8, 16, 32 μM) for 24 h. At the end point of
this treatment, the cells were washed twice with ice-cold
PBS, lysed with 50 mM sodium phosphate buffer (pH 6.8)
containing 1% Triton X-100 and phenylmethylsulfonyl
fluoride (0.1 mM), and frozen at 80 °C for 30 min. Tyrosin-
ase activity was analyzed spectrophotometrically. The dopa-
chrome concentration in the reaction mixture was
measured at 475 nm (Thermo Varioskan Flash 3001, USA).
The reaction mixture containing 140 μL freshly prepared
substrate solution (0.1% L-DOPA in 0.1 M sodium phos-
phate, pH 6.0) and 70 μL enzyme solution was incubated at
37 °C. The change in absorbance was measured for the first
2 h of the reaction. Corrections were made for the auto-
oxidation of L-DOPA in the control. The tyrosinase activity
was normalized against the protein content of the samples,
which was determined using a commercial Bradford assay
kit (Shanghai Sangong Co., China).

Quantitative real-time PCR (qRT-PCR)
The total cellular RNA was isolated using a commercial kit
(Shanghai Sangong Co., China). RNA quality was tested
using the A260/A280 ratio and 1.5% agarose gel electro-
phoresis. The cDNA synthesis was performed using Molo-
ney murine leukemia virus reverse transcriptase with a First
Strand cDNA Synthesis Kit (Thermofisher, US). The cDNA
synthesis system was performed according to the manufac-
turer’s instructions. The abundance of MC1R (241 bp),

MITF (414 bp), TYR (223 bp), TYRP1 (116 bp), DCT
(132 bp), and GAPDH (183 bp) mRNA in the samples were
quantified using SYBR Green-based Rotor-Gene Q (Qiagen,
German) and quantified using the 2-ΔΔCt method. The
mRNA expression was normalized using GAPDH as an en-
dogenous control. The amplification was performed for
45 cycles (denaturing at 95 °C for 10 min, annealing at 95 °
C for 5 s, and extension at 60 °C for 45 s). The primers
were synthesized by Sangong Co. Ltd. (Shanghai, China).
The forward and reverse primer sequences were as
followed: 5′-GCTAAGGTCAGAGGGAGGGA-3′ and 5′-
TCACCATAGAGGCACGAGGA-3′ for MC1R, 5′-CCCG
CTTCTGGAAACTTGATCG-3′ and 5′-CTGTACTCT-
GAGCAGCAGGTG-3′ for MITF, 5′-TGACAAATGGCT
GCGAAGGC-3′ and 5′-GGCTTGTTCCAAGTAAGGA
TC-3′ for TYR, 5′-TCAGGTTTGG GCTCAGTTTC-3′
and 5′-ATGAGCCACAAGGGTCAGTC-3′ for TYRP1,
5′-CGTG CTGAACAAGGAATGC-3′ and 5′-CGAAG-
GATATAAGGGCCACTC-3′ for DCT, 5′-GGTTGTCT
CCTGCGACTTCA-3′ and 5′-TGGTCCAGGGTTTCT-
TACTCC-3′ for GAPDH.

Western blot analyses and antibodies
Adherent cells were treated with 100 μM 8-MOP and Iso-
rhamnetin and Kaempferide (8, 16, 32 μM) for 24 h, washed
once with DPBS, and lysed with 1% NP-40 buffer (150 mM
NaCl, 50 mM Tris, pH 7.5, 1 mM EDTA, and 1% NP-40)
containing 1X protease inhibitors (Shanghai Sangong Co.,
China) and 1X phosphatase inhibitors (Shanghai Sangong
Co., China). Lysates were quantified (Bradford assay), nor-
malized, reduced, denatured (95 °C) and resolved by SDS
gel electrophoresis on 12% Tris/Glycine gels (Shanghai San-
gong Co., China). Resolved protein was transferred to PVDF
membranes (Millipore, Billerica, MA) using a Semi-Dry
Transfer Cell (Bio-Rad), blocked in 5% BSA in TBS-T and
probed with primary antibodies recognizing MITF (Cell Sig-
naling Technology, #12590, 1:1000, Danvers, MA) and β-
Actin (Cell Signaling Technology, #3700, 1:4000). After in-
cubation with the appropriate secondary antibody, proteins
were detected using EC3™ 510 Imaging System Manual
Platform (Ultra-Violet Products Ltd., Cambridge, UK).

Statistical analysis
All data are expressed as mean ± standard error of the
mean (SEM). The means, standard errors, and Student’s t-
test results were performed using the SPSS 19.0 for Win-
dows. P < 0.05 was considered statistically significant. All
experiments were done at least 3 times with similar results.

Results
All compounds in Vernonia anthelmintica (L.) collecting
and sorting
Forty-eight compounds were collected from Vernonia
anthelmintica (L.) (Additional file 1: Table S1). These
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compounds may be divided into several main categories
according to their structure, as follows: Steroids (18/48),
Terpenes (13/48), Flavonoids (11/48), Fatty Acids (3/48),
and others (3/48).
By evaluating the absorption associated properties of the

compounds, 37 potential active compounds, which ac-
counted for 77% of all compounds, were sorted according
to their positive results evaluated by both the HIA and

Caco-2 models (Additional file 2: Table S2). By evaluating
the metabolism-associated properties of potential active
compounds and the pharmacokinetic data sorting of active
compounds, the top 5 active compounds were maintained
as lead compounds for a further pharmacological mechan-
ism study (Table 1; Additional file 2: Table S2). Among
these compounds, Isorhamnetin and Kaempferide, which
are methylated flavones, performed 1st and 2nd.

Table 1 The ADME properties in silico of top 5 compounds via admetSAR Prediction

Compounds Absorption Metabolism (CYP450 isoforms Inhibitor)

HIA Caco-2 CYP450 1A2 CYP450 2C9 CYP450 2D6 CYP450 2C19 CYP450 3A4 score

Isorhamnetin +0.9783 +0.8866 +0.9218 +0.7560 −0.6993 +0.8648 +0.7348 1.92963575

Kaempferide +0.9783 +0.8866 +0.9218 +0.7560 −0.6993 +0.8648 +0.7348 1.92963575

Isoliquiritigenin +0.9894 +0.8867 +0.935 +0.8949 −0.9231 +0.8994 +0.7959 1.92766477

Apigenin +0.9887 +0.8541 +0.9222 +0.7746 −0.9231 +0.7043 +0.9580 1.76820103

Liquiritigenin +0.9915 +0.7142 +0.8739 +0.9352 −0.8850 +0.8456 +0.5207 1.72194393

Fig. 2 Compound-Target-Pathway interactions. By evaluating the absorption-associated properties of compounds, the 37 potential active
compounds with 72 targets were used to construct the CTI network (a). The Potential Active Compound-Target and Pathway association
network (b). By evaluating the metabolism-associated properties of compounds, the top 5 active compounds with 23 targets were used
to construct the CTI network (c). Isorhamnetin and Kaempferide with 17 targets were used to construct the CTI network (d)
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Analysis of compound-target-pathway interactions
We obtained 102 candidate targets for the 37 potential ac-
tive compounds with 713 connections between them using
the SDTNBI method (Additional file 3: Table S3). After
mapping the tissue-specific targets, we identified 72 targets
related to keratinocytes and melanocytes, including 12 tar-
gets that are only expressed in keratinocytes and 5 targets
that are only expressed in melanocytes (Additional file 4:
Table S4). This tissue-specific problem had been ignored for
a long time in previous studies. The 37 potential active
compounds with 72 targets were subsequently used to con-
struct the CTI network (Fig. 2a). We then performed the
pathway analysis for the 72 candidate targets using the DA-
VID database (Additional file 5: Table S5). The results
showed that the Neuroactive ligand-receptor interaction
pathway, cAMP signaling pathway, arachidonic acid metab-
olism pathway and serotonergic synapses were related to fla-
vonoids (Fig. 2b). Overall, 36.1% of the targets belonged to
each pathway targeted by flavonoids and other compounds.
After the pharmacokinetic data sorting of active com-

pounds, these top 5 active compounds with higher scores
could be used as lead compounds in the treatment of viti-
ligo. These 5 active compounds with 23 targets were used
to construct the CTI network (Fig. 2c). We subsequently
performed the pathway analysis for these 23 targets using
the DAVID database. The results included Arachidonic acid
metabolism (ALOX12, ALOX15 and CBR1) and the PPAR

signaling pathway (PPARA, PPARD and PPARG). Recent
studies have indicated the cooperation between the PPAR
family and the melanocyte-stimulating hormone receptor
(MC1R)-microphthalmia-associated transcription factor
(MITF) signaling pathway, which resulted in enhanced me-
lanogenesis in melanocytes and melanoma cells. Further-
more, MC1R, which was predicted with Isorhamnetin
(Score = 1.92963575) and Kaempferide (Score = 1.92963575)
using SDTNBI, was related to the positive regulation of the
cAMP biosynthetic process and the expression of melanin-
biosynthetic genes. Isorhamnetin and Kaempferide along
with 17 targets were subsequently used to construct the
CTI network (Fig. 2d). Their were 13 common targets,
which were ACHE, ALOX12, ALOX15, AKR1B1, CA2,
CYP1A1, CYP1B1, ESR1, HSP90AB1, MAPK14, MC1R,
PPARD, and XDH. Moreover, STRING identified a large
potential interaction network between 56 vitiligo risk gen-
etic loci and 13 common targets (Additional file 6: Figure
S1) [23, 24]. We determined that MC1R was not only a viti-
ligo risk genetic locus but also was targeted by Isorhamne-
tin and Kaempferide.
Based on the admetSAR and SDTNBI methods, Isorham-

netin and Kaempferide from Vernonia anthelmintica (L.)
were sorted and could be used as lead compounds in the
treatment of vitiligo. To determine whether Isorhamnetin
and Kaempferide increased melanin production, Isorham-
netin and Kaempferide were selected for further research.

Fig. 3 Effects on the cell viability of B16F10 melanoma cells following treatment with Isorhamnetin and Kaempferide. The structure of Isorhamnetin
(a). Effects on the cell viability of B16F10 melanoma cells following treatment with Isorhamnetin (b). The structure of Kaempferide (c). Effects on the
cell viability of B16F10 melanoma cells following treatment with Kaempferide (d). The B16F10 melanoma cells were incubated with medium that
contained various concentrations (8–32 μM) for 24 h. Cell viability was determined using the MTT assay and is expressed as the means ± standard
errors of at least 3 independent experiments performed in triplicate. *P < 0.05 vs. the control
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Effects of Isorhamnetin and Kaempferide on the viability
of B16F10 cells
The effects of Isorhamnetin and Kaempferide on the viabil-
ity of B16F10 cells were examined using the MTT assay.
Treatment with 8 μM Isorhamnetin and Kaempferide
slightly stimulated B16F10 cell viability. Isorhamnetin and
Kaempferide were not significantly cytotoxic to B16F10 cells
at the concentrations of 16–32 μM for 24 h (Fig. 3b, d).

Effects of Isorhamnetin and Kaempferide on melanin
synthesis in B16F10 cells
To investigate the effects of Isorhamnetin and Kaemp-
feride on melanin synthesis, B16F10 cells were exposed
to Isorhamnetin and Kaempferide in a range from 0 to
32 μM for 24 h. Isorhamnetin significantly increased

intracellular and extracellular melanin synthesis in a
dose-dependent manner (Fig. 4a, b). Kaempferide also
increased the intracellular and extracellular melanin syn-
thesis in a dose-dependent manner (Fig. 4c, d). These re-
sults indicate that Isorhamnetin and Kaempferide have
strong stimulating effects on melanin production by
B16F10 cells.

Effects of Isorhamnetin and Kaempferide on the
melanogenic pathway in B16F10 cells
As Isorhamnetin and Kaempferide increased melanin
synthesis, we further explored whether Isorhamnetin
and Kaempferide affected tyrosinase activity, the expres-
sion of melanin-biosynthetic genes (MC1R, MITF, TYR,
TYRP1 and DCT) and the protein level of MITF. Our

Fig. 4 Effects of Isorhamnetin and Kaempferide on melanin production in B16F10 melanoma cells. Appearance of the recovered cell pellets in test tubes
by Isorhamnetin (a). The intracellular melanin contents in Isorhamnetin-treated B16F10 melanoma cells for 24 h (b). Extracellular melanin contents in
Isorhamnetin-treated B16F10 melanoma cells for 24 h (c). Appearance of the recovered cell pellets in test tubes by Kaempferide (d). Intracellular melanin
contents in Kaempferide-treated B16F10 melanoma cells for 24 h (e). Extracellular melanin contents in Kaempferide-treated B16F10 melanoma cells for
24 h (f). Data shown represent the means ± standard error of at least 3 independent experiments performed in triplicate. *P< 0.05 vs. the control, #P< 0.05
vs. 8-MOP (100 μM)
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data showed that Isorhamnetin and Kaempferide signifi-
cantly increased tyrosinase activity in a dose-dependent
manner (Fig. 5a, c). The mRNA expressions of MC1R,
MITF, TYR, TYRP1 and DCT also increased by Isorham-
netin and Kaempferide treatment in a dose-dependent
manner (Fig. 5b, d). Among these effects, Kaempferide
induced the expression of more melanin-biosynthetic
genes (MC1R, MITF and TYR) than Isorhamnetin. Fur-
thermore, the protein level of MITF was increased via
Isorhamnetin and Kaempferide treatment in a dose-
dependent manner (Fig. 6). Thus, the melanogenic path-
way was activated by Isorhamnetin and Kaempferide.

Discussion
Vitiligo is the most common depigmentation skin dis-
order. It is caused by dysfunction or destruction of mela-
nocytes, which are the main pigment-producing cells
[25]. Although it is not physically harmful or contagious,
vitiligo is often psychologically devastating. The available
therapeutic treatments, including excimer laser, vitamin

D analogs and steroid therapy, are unsuitable for many
patients because they may be complex, time-consuming
and ineffective [7]. Large-scale genome wide association
studies, principally in European-derived white and Chin-
ese individuals, have discovered approximately 56 differ-
ent genetic loci that contribute to vitiligo risk, and some
loci also contribute to autoimmunity, oxidative stress
and the melanogenesis of melanocytes [23, 24]. There-
fore, a better understanding of the underlying
mechanisms should make the therapeutic treatments
more-specific and more-effective.
TUM has been successfully used for the treatment of

vitiligo in China, particularly Vernonia anthelmintica (L.).
It has been reported that Vernonia anthelmintica (L.) in-
jection has a significant therapeutic effect on vitiligo [26].
Moreover, the ethanol extract from Vernonia anthelmin-
tica (L.) has been identified to enhance melanin synthesis
by activating the p38 MAPK signaling pathway in B16F10
cells and primary melanocytes [27, 28]. Although previous
studies have shown that Vernonia anthelmintica (L.) could

Fig. 5 Effects of Isorhamnetin and Kaempferide on tyrosinase activity and melanin-biosynthetic genes in B16F10 melanoma cells. Effects of Isorhamnetin
on tyrosinase activity in B16F10 melanoma cells (a). Quantified RT-PCR (QPCR) results in Isorhamnetin treatment via relative gene expression ratios to
GAPDH (b). Effects of Kaempferide on tyrosinase activity in B16F10 melanoma cells (c). Quantified RT-PCR (QPCR) results in Kaempferide treatment via
relative gene expression ratios to GAPDH (d). Data shown are the means ± standard errors of at least 3 independent experiments performed in triplicate.
*P< 0.05 vs. the control, #P< 0.05 vs. 8-MOP (100 μM)
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promote melanogenesis, the key active compounds had
not been investigated in depth. This issue hindered the
modernization development of Vernonia anthelmintica
(L.) for the treatment of vitiligo.
The admetSAR will be helpful for the in silico sort-

ing of ADMET profiles of drug candidates and envir-
onmental chemicals. The admetSAR integrated high
quality and predictive QSAR models to predict ap-
proximately 50 ADMET end-points, including HIA
and Caco-2 permeability (Caco-2), as well as the in-
hibitors of CYP450 1A2, CYP450 2C9, CYP450 2C19
and CYP450 3A4. The area under the receiver operat-
ing characteristic curve (AUC) was used to evaluate
the reliability of the predictions of 22 classification
models via 5-fold cross validation [13].
Using admetSAR, the top 5 active compounds with

positive absorption and a higher score could be used as
potential lead compounds in treatment. These top 5 ac-
tive compounds included Isoliquiritigenin, Apigenin,
Liquiritigenin, Kaempferide and Isorhamnetin. Among
these compounds, Kaempferide and Isorhamnetin,
which are methylated flavones, exhibited the best pa-
rameters in absorption and metabolism. Dr. Thomas
Walle has also proved that methylated flavones had
substantially higher metabolic stability than those of
the unmethylated forms [29]. Therefore, Isorhamnetin
and Kaempferide were regarded as melanogenesis stim-
ulators and potential agents for vitiligo.

In the early work of Si et al., Isorhamnetin (0–
1500 μM) showed depigmentation activity via a biochem-
ical tyrosinase-inhibitory experiment and a computational
simulation approach [30]. However, additional pharmaco-
dynamic evidence in vitro supported Isorhamnetin’s mela-
nogenic activity. Maimaiti et al. have reported the
melanogenic activity of Isorhamnetin at a concentration
of 50,000 μM in a B16 cell line [8]. Ayako Kumagai et al.
have reported the melanogenic activity of Isorhamnetin at
a concentration of 10 μM in a B16F10 cell culture [31]. In
the present study, we determined that Isorhamnetin
(ranged from 0 to 32 μM) increased the tyrosinase activity
and promoted melanogenesis in a B16F10 cell culture.
The supporting binding data had showed Isorhamnetin
and Kaempferide docking with tyrosinase to display their
potential relevance (Additional file 7: Figure S2). Further-
more, an Isorhamnetin-similar compound, Kaempferide,
displayed similar melanogenic effects. Based on three
different experimental conditions and two similar com-
pounds, we agree with the observation of the melanogene-
sis activity of Isorhamnetin.
Our pharmacological data in vitro showed that both

Isorhamnetin and Kaempferide significantly increased
the mRNA-expression of melanin-biosynthetic genes
(MC1R, MITF, TYR, TYRP1 and DCT), as well as the
protein level of MITF and the tyrosinase activity. All
results supported the melanogenesis activity of Iso-
rhamnetin. However, the melanogenic mechanisms of

Fig. 6 Effects of Isorhamnetin and Kaempferide on the protein level of MITF in B16F10 melanoma cells. Representative Western blot of MITF in
Isorhamnetin-treated B16F10 melanoma cells for 24 h (a). Relative quantitative analysis of MITF in Isorhamnetin-treated B16F10 melanoma cells
for 24 h (b). Representative Western blot of MITF in Kaempferide-treated B16F10 melanoma cells for 24 h (c). Relative quantitative analysis of MITF
in Kaempferide-treated B16F10 melanoma cells for 24 h (d). Data shown are the means ± standard error of at least 3 independent experiments
performed in triplicate. *P < 0.05 vs. the control, #P < 0.05 vs. 8-MOP (100 μM)
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Isorhamnetin and Kaempferide have not yet been
reported.
As a result of the rapid development of network

pharmacology, the identification of new drug-target inter-
actions (DTIs) will help investigators understand the mo-
lecular mechanisms of drugs and identify new uses for old
drugs [32–34]. The SDTNBI method is a powerful
network-based approach that predicts potential targets for
potential active compounds on a large scale [11]. System-
atic evaluation based on a 10-fold cross validation, leave-
one-out cross validation and external validation showed
the high accuracy and robustness of SDTNBI.
Based on the SDTNBI method and experimental

verification, Isorhamnetin and Kaempferide effectively
increased melanogenesis by targeting the MC1R-MITF
signaling pathway, MAPK signaling pathway, PPAR
signaling pathway (PPARA, PPARD, PPARG), arachi-
donic acid metabolism pathway (ALOX12, ALOX15,
CBR1) and serotonergic synapses (ALOX12, ALOX15).
We were more concerned that the MC1R activated ad-
enylate cyclase and increased the cAMP level. More-
over, the secondary messenger cAMP activated a
cascade of downstream transcriptional events, which
led to the expression of melanin-biosynthetic genes

(MITF, TYR, TYRP1, and DCT) [35]. The expression
of tyrosinase and its related proteins (TYRP1 and
DCT) was mainly regulated by MITF, which has previ-
ously been demonstrated to be important to the regu-
lation of melanocyte differentiation, proliferation and
survival [36]. A therapy for vitiligo must not only pro-
mote the repopulation of melanocytes but also increase
melanogenesis. Zhou also reported that the transcrip-
tion regulation of MITF was regulated by several sig-
naling pathways, such as the MAPK signaling pathway
[37]. In a previous study, Kang and co-workers investi-
gated the expression and function of the PPAR signal-
ing pathway, which belongs to the superfamily of
nuclear receptors that heterodimerize with the retinoic
X receptor and were initially known for their import-
ant role in melanocyte proliferation, differentiation
and melanogenesis [38]. The arachidonic acid metabol-
ism pathway and serotonergic synapses existed in kera-
tinocytes, as well as pigment cells, which excreted
regulative factors, such as PGE2, HETE and 5-HT.
These regulative factors stimulated the proliferation of
melanocytes and enhanced melanogenesis [39, 40].
The melanogenic pathway was activated by Isorhamne-
tin and Kaempferide (Fig. 7).

Fig. 7 The melanogenic pathway of Isorhamnetin and Kaempferide from Vernonia anthelmintica (L.) for the treatment of vitiligo. The blue nodes
represent the targets predicted by SDTNBI. The red nodes are closely related to melanin-biosynthetic genes and vitiligo pathogenesis
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The melanogenic pathway based on the admetSAR and
SDTNBI approaches was developed to identify the net-
work pharmacological mechanisms of Vernonia anthel-
mintica (L.) for the treatment of vitiligo. Compared with
traditional experimental assays, the systematic in silico ap-
proaches of admetSAR and SDTNBI have enabled us to
rapidly identify potential lead compounds and CTIs. Fur-
ther studies are required to validate whether the active
compounds promote melanogenesis in vivo.

Conclusions
In summary, the admetSAR and SDTNBI methods were
combined to disclose the complex network pharmaco-
logical mechanism of Vernonia anthelmintica (L.) for viti-
ligo treatments in silico and in vitro, which provides a
novel understanding of TUM for the treatment of vitiligo.

Additional files

Additional file 1: Table S1. Chemical properties of 48 compounds
from Vernonia anthelmintica (L.). (DOC 54 kb)

Additional file 2: Table S2. The ADME properties in silico of 48
compounds from Vernonia anthelmintica (L.) via admetSAR Prediction.
(DOC 166 kb)

Additional file 3: Table S3. The Compounds-Targets interaction
information based on SDTNBI method. (DOC 1319 kb)

Additional file 4: Table S4. The information of tissue-specific targets.
(DOC 144 kb) (DOC 144 kb)

Additional file 5: Table S5. The pathway analysis of 72 candidate
targets via DAVID database. (DOC 51 kb)

Additional file 6: Figure S1. STRING identified a large potential
interaction network between 56 vitiligo risk genetic loci and
Isorhamnetin/Kaempferide with 13 common targets. The purple nodes
represent the targets predicted by SDTNBI. The yellow nodes are closely
related to vitiligo risk genetic loci. (TIFF 458 kb)

Additional file 7: Figure S2. Computational Docking Simulations of
Binding between Tyrosinase structure and Isorhamnetin/Kaempferide/8-
MOP. The three different crystal structures (PDB ID: 2y9x; 4p6r; 5i38) were
used to simulate the 3D tyrosinase structure. The Yellow dotted line
represented possible hydrogen-bonding interactions of Isorhamnetin/
Kaempferide/8-MOP by the software SYBYL-X 2.0. (TIFF 1550 kb)

Abbreviations
ADRB: beta adrenergic receptor; ALOX12: arachidonate 12-lipoxygenase, 12S–
type; ALOX15: arachidonate 15-lipoxygenase; Caco-2: Caco-2 Permeability;
CBR1: Carbonyl reductase [NADPH] 1; CTI: Compounds-Targets interaction;
DCT: L-dopachrome tautomerase; DTI: drug-target interaction; HIA: Human
Intestinal Absorption; HPA: Human Protein Atlas; L-DOPA: L-3,4-
dihydroxyphenylalanine; MC1R: melanocyte-stimulating hormone receptor;
MITF: microphthalmia-associated transcription factor; MTT: 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyl tetrazolium bromide; PPARA: Peroxisome proliferator-
activated receptor alpha; PPARD: Peroxisome proliferator-activated receptor
delta; PPARG: Peroxisome proliferator-activated receptor gamma;
SDTNBI: substructure-drug-target network-based inference; TUM: Traditional
Uyghur Medicine; TYR: Tyrosinase; TYRP1: Tyrosinase-related protein 1

Acknowledgements
This study was supported by the National Natural Science Foundation of
China (U1603122, 81460566), and the Pairing Program of Shihezi University
with Eminent Scholar in Elite University (SDJDZ201503). We thank Laboratory
of Molecular Modeling and Design for their assistance during building the
systematic approaches of admetSAR and SDTNBI in silico.

Funding
This Study was supported by the National Natural Science Foundation of
China (No. 81460566, U1603122), the Pairing Program of Shihezi University
with Eminent Scholar in Elite University (SDJDZ 201503).

Availability of data and materials
The datasets used and/or analyzed during the current study available from the
corresponding author on reasonable request. All data generated or analyzed
during this study are included in this published article and its supplementary
information files (Additional file 1: Table S1; Additional file 2: Table S2;
Additional file 3: Table S3; Additional file 4: Table S4; Additional file 5: Table S5;
Additional file 6: Figure S1 and Additional file 7: Figure S2).

Authors’ contributions
JY Wang and B Zhang designed the study and wrote the manuscript, YY
Wang and Y Tang made the network pharmacological analysis. JY Wang, H
Chen and M Zhang participated in RT-PCR, Western Blot and data analysis,
XQ Wang and HY Chen performed melanin biosynthesis analysis, cell culture
and improving the quality of manuscript. All authors reviewed the manu-
script. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Ethical approval (NO. A2016–083) was given by the medical ethics
committee of the First Affiliated Hospital of medical college, Shihezi
University.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Pharmacology department, School of Pharmacy, Shihezi University, Shihezi
832002, China. 2Key Laboratory of Xinjiang Phytomedicine Resource and
Utilization, Ministry of Education, Shihezi University, Shihezi 832002, China.
3Shanghai Key Laboratory of New Drug Design, School of Pharmacy, East
China University of Science and Technology, 130 Meilong Road, Shanghai
200237, China.

Received: 18 April 2017 Accepted: 9 November 2017

References
1. Ezzedine K, Eleftheriadou V, Whitton M, Van GN. Vitiligo. Lancet. 2015;

386(9988):74–84.
2. Whitton M, Pinart M, Batchelor JM, Leonardi-Bee J, Gonzalez U, Jiyad Z,

Eleftheriadou V, Ezzedine K. Evidence-based management of vitiligo:
summary of a Cochrane systematic review. Br J Dermatol. 2015;174(5):962–9.

3. Krüger C, Schallreuter KU. A review of the worldwide prevalence of vitiligo
in children/adolescents and adults. Int J Dermatol. 2012;51(10):1206–12.

4. Xu P, Su S, Tan C, Lai RS, Min ZS. Effects of aqueous extracts of Ecliptae
herba, Polygoni multiflori radix praeparata and Rehmanniae radix praeparata
on melanogenesis and the migration of human melanocytes. J
Ethnopharmacol. 2017;195:89–95.

5. Birlea SA, Goldstein NB, Norris DA. Repigmentation through Melanocyte
regeneration in Vitiligo. Dermatol Clin. 2017;35(2):205–18.

6. Li K, Shi Q, Yang L, Li X, Liu L, Wang L, Li Q, Wang G, Li CY, Gao TW.
The association of vitamin D receptor gene polymorphisms and serum
25-hydroxyvitamin D levels with generalized vitiligo. Br J Dermatol.
2012;167(4):815–21.

7. Picardo M, Dell'Anna ML, Ezzedine K, Hamzavi I, Harris JE, Parsad D, Taieb A.
Vitiligo. Nat Rev Dis Primers. 2015;1:15011.

8. Maimaiti Z, Turak A, Aisa HA. Two new compounds from the seeds of
Vernonia Anthelmintica. J Asian Nat Prod Res. 2017;19(9):862–8.

Wang et al. BMC Systems Biology  (2017) 11:103 Page 11 of 12

dx.doi.org/10.1186/s12918-017-0486-1
dx.doi.org/10.1186/s12918-017-0486-1
dx.doi.org/10.1186/s12918-017-0486-1
dx.doi.org/10.1186/s12918-017-0486-1
dx.doi.org/10.1186/s12918-017-0486-1
dx.doi.org/10.1186/s12918-017-0486-1
dx.doi.org/10.1186/s12918-017-0486-1


9. Tuerxuntayi A, Liu Y, Tulake A, Kabas M, Eblimit A, Aisa HA. Kaliziri extract
upregulates tyrosinase, TRP-1, TRP-2 and MITF expression in murine B16
melanoma cells. BMC Complement Altern Med. 2014;14:166.

10. Csermely P, Korcsmáros T, Kiss HJM, London G, Nussinov R. Structure and
dynamics of molecular networks: a novel paradigm of drug discovery: a
comprehensive review. Pharmacol Ther. 2013;138(3):333–408.

11. Wu Z, Cheng F, Li J, Li W, Liu G, Tang Y. SDTNBI: an integrated network and
chemoinformatics tool for systematic prediction of drug–target interactions
and drug repositioning. Brief Bioinform. 2017;18(2):333–47.

12. Wang YY, Li J, Wu ZR, Zhang B, Yang HB, Wang Q, Cai YC, Liu GX, Li WH,
Tang Y. Insights into the molecular mechanisms of Polygonum Multiflorum
Thunb-induced liver injury: a computational systems toxicology approach.
Acta Pharmacol Sin. 2017;38(5):719–32.

13. Cheng F, Li W, Zhou Y, Shen J, Wu Z, Liu G, Lee PW, Tang Y. admetSAR: a
comprehensive source and free tool for assessment of chemical ADMET
properties. J Chem Inf Model. 2012;52(11):3099–105.

14. Yousofshahi M, Manteiga S, Wu C, Lee K, Hassoun S. PROXIMAL: a method
for prediction of Xenobiotic metabolism. BMC Syst Biol. 2015;9:94.

15. Yap CW. PaDEL-descriptor: an open source software to calculate molecular
descriptors and fingerprints. J Comput Chem. 2011;32(7):1466–74.

16. Uhlen M, Fagerberg L, Hallstrom BM, Lindskog C, Oksvold P, Mardinoglu A,
Sivertsson A, Kampf C, Sjostedt E, Asplund A, et al. Tissue-based map of the
human proteome. Science. 2015;347(6220):1260419.

17. Huang DW, Sherman BT, Tan Q, Kir J, Liu D, Bryant D, Guo Y, Stephens R,
Baseler MW, Lane HC. DAVID bioinformatics resources: expanded annotation
database and novel algorithms to better extract biology from large gene
lists. Nucleic Acids Res. 2007;35:W169–75.

18. Von MC, Huynen M, Jaeggi D, Schmidt S, Bork P, Snel B. STRING: a database
of predicted functional associations between proteins. Nucleic Acids Res.
2003;31(1):258–61.

19. Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, Amin N,
Schwikowski B, Ideker T. Cytoscape: a software environment for integrated
models of biomolecular interaction networks. Genome Res. 2003;13(11):2498–504.

20. Moreira CG, Horinouchi CDS, Souza-Filho CS, Campos FR, Barison A, Cabrini
DA, Otuki MF. Hyperpigmentant activity of leaves and flowers extracts of
Pyrostegia Venusta on murine B16F10 melanoma. J Ethnopharmacol. 2012;
141(3):1005–11.

21. Chen X, Zhang B, Yuan X, Yang F, Liu J, Zhao H, Liu L, Wang Y, Wang Z,
Zheng Q. Isoliquiritigenin-induced differentiation in mouse melanoma
B16F0 cell line. Oxidative Med Cell Longev. 2012;2012:534934.

22. Mi YC, Song HS, Hur HS, Sang SS. Whitening activity of luteolin related to
the inhibition of cAMP pathway in α-MSH-stimulated B16 melanoma cells.
Arch Pharm Res. 2008;31(9):1166–71.

23. Jin Y, Birlea SA, Fain PR, Ferrara TM, Ben S, Riccardi SL, Cole JB, Gowan K,
Holland PJ, Bennett DC, et al. Genome-wide association analyses identify 13
new susceptibility loci for generalized vitiligo. Nat Genet. 2012;44(6):676–80.

24. Jin Y, Andersen G, Yorgov D, Ferrara TM, Ben S, Brownson KM, Holland PJ,
Birlea SA, Siebert J, Hartmann A, et al. Genome-wide association studies of
autoimmune vitiligo identify 23 new risk loci and highlight key pathways
and regulatory variants. Nat Genet. 2016;48(11):1418–24.

25. Kemp EH, Gavalas NG, Gawkrodger DJ, Weetman AP. Autoantibody
responses to melanocytes in the depigmenting skin disease vitiligo.
Autoimmun Rev. 2007;6(3):138–42.

26. Huo SX, Wang Q, Liu XM, Ge CH, Gao L, Peng XM, Yan M. The effect of
Butin on the Vitiligo mouse model induced by hydroquinone. Phytother
Res. 2017;31(5):740–6.

27. Zhou J, Shang J, Ping F, Zhao G. Alcohol extract from Vernonia
Anthelmintica (L.) willd seed enhances melanin synthesis through activation
of the p38 MAPK signaling pathway in B16F10 cells and primary
melanocytes. J Ethnopharmacol. 2012;143(2):639–47.

28. Niu C, Aisa HA. Upregulation of Melanogenesis and Tyrosinase activity:
potential agents for Vitiligo. Molecules. 2017;22(8):1303.

29. Wen X, Walle T. Methylated flavonoids have greatly improved intestinal
absorption and metabolic stability. Drug Metab Dispos. 2006;34(10):1786–92.

30. Si YX, Wang ZJ, Park D, Jeong HO, Ye S, Chung HY, Yang JM, Yin SJ, Qian
GY. Effects of isorhamnetin on tyrosinase: inhibition kinetics and
computational simulation. Biosci Biotechnol Biochem. 2012;76(6):1091–7.

31. Kumagai A, Horike N, Satoh Y, Uebi T, Sasaki T, Itoh Y, Hirata Y, Uchio-
Yamada K, Kitagawa K, Uesato S, et al. A potent inhibitor of SIK2, 3, 3′, 7-
trihydroxy-4′-methoxyflavon (4′-O-methylfisetin), promotes melanogenesis in
B16F10 melanoma cells. PLoS One. 2011;6(10):e26148.

32. Cheng F, Liu C, Jiang J, Lu W, Li W, Liu G, Zhou W, Huang J, Tang Y.
Prediction of drug-target interactions and drug repositioning via network-
based inference. PLoS Comput Biol. 2012;8(5):e1002503.

33. Hopkins AL. Network pharmacology: the next paradigm in drug discovery.
Nat Chem Biol. 2008;4(11):682–90.

34. Zhang B, Fu Y, Huang C, Zheng C, Wu Z, Zhang W, Yang X, Gong F, Li Y,
Chen X, et al. New strategy for drug discovery by large-scale association
analysis of molecular networks of different species. Sci Rep. 2016;6:21872.

35. San-Jose LM, Ducrest A-L, Ducret V, Simon C, Richter H, Wakamatsu K,
Roulin A. MC1R variants affect the expression of melanocortin and
melanogenic genes and the association between melanocortin genes and
coloration. Mol Ecol. 2017;26(1):259–76.

36. Gaggioli C, Buscà R, Abbe P, Ortonne JP, Ballotti R. Microphthalmia-associated
transcription factor (MITF) is required but is not sufficient to induce the
expression of Melanogenic genes. Pigment Cell Res. 2003;16(4):374–82.

37. Zhou J, Song J, Ping F, Shang J. Enhancement of the p38 MAPK and PKA
signaling pathways is associated with the pro-melanogenic activity of
interleukin 33 in primary melanocytes. J Dermatol Sci. 2014;73(2):110–6.

38. Kang HY, Chung E, Lee M, Cho Y, Kang WH. Expression and function of
peroxisome proliferator-activated receptors in human melanocytes. Br J
Dermatol. 2004;150(3):462–8.

39. Zhou J, Ling J, Ping F. Interferon-γ attenuates 5-Hydroxytryptamine-induced
Melanogenesis in primary Melanocyte. Biol Pharm Bull. 2016;39(7):1091–9.

40. Karl G, Rhodes LE, Margaret B, Haylett AK, Mojgan M, Thody AJ, Anna N,
Tobin DJ. Prostaglandin-E2 is produced by adult human epidermal
melanocytes in response to UVB in a melanogenesis-independent manner.
Pigment Cell Melanoma Res. 2010;23(3):394–403.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Wang et al. BMC Systems Biology  (2017) 11:103 Page 12 of 12


	Abstract
	Background
	Results
	Conclusion

	Background
	Methods
	Chemical library construction
	Potentially active compounds sorting via admetSAR method
	Building the compound-target interaction via the SDTNBI method
	Identification of keratinocyte- and melanocyte-specific targets
	Network construction and bioinformatics analysis
	Cell culture
	Cell viability assay
	Measurement of melanin contents
	Cellular tyrosinase activity assay
	Quantitative real-time PCR (qRT-PCR)
	Western blot analyses and antibodies
	Statistical analysis

	Results
	All compounds in Vernonia anthelmintica (L.) collecting and sorting
	Analysis of compound-target-pathway interactions
	Effects of Isorhamnetin and Kaempferide on the viability of B16F10 cells
	Effects of Isorhamnetin and Kaempferide on melanin synthesis in B16F10 cells
	Effects of Isorhamnetin and Kaempferide on the melanogenic pathway in B16F10 cells

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

