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In-depth analysis of metabolomics diversity of marine species through advanced mass 
spectrometric analysis is one of the most promising new tools for the development of 
marine drugs against mild and life-threatening diseases. Neurofibromas are a common 
type of tumor in the peripheral nervous system. Currently, there are very limited treatment 
options for neurofibromas. In our course of exploring potential therapeutic agents for 
neurofibroma treatment, the multi-informative molecular networking (MIMN) approach 
was proposed. The MIMNs of the Lendenfeldia sp. sponge extract and sub-fractions were 
established according to their inhibitory activity against several inflammatory chemokines 
(CCL3, CCL4, CCL5, CXCL1, CXCL8, and CXCL10) in neurofibroma cell line hTERT-NF1-
ipNF95.11b-C (CRL-3390). The visualized MIMN revealed the anti-inflammatory potential 
of scalarane-enriched fractions, and the follow-up annotation and isolation led to the 
identification of a scalarane, 24-methyl-12,24,25-trioxoscalar-16-en-22-oic acid (2). Our 
results revealed that the most abundant scalarane (2) dominated the anti-chemokine 
effect of Lendenfeldia sp. extract together with other scalaranes, indicating the potential 
application of sponge-derived scalaranes to be developed as therapeutic agents  
for neurofibromas.

Keywords: neurofibromas, multi-informative molecular networking, anti-inflammation, Lendenfeldia sp., scalarane

INTRODUCTION

Recent advances in spectroscopic analysis led to the development of many applied strategies and 
techniques for the discovery of novel secondary metabolites from marine sources. Among these 
techniques are the “MS/MS molecular networking (MN) approaches” (Watrous et al., 2012) that 
help in the secondary metabolites identification as well as the “spectroscopic coupled bioassay 
screening strategies” (Faleschini et al., 2019) that aid in the identification of the most potent natural 
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components. These techniques drew most of the scientific 
community’s attention and led to significant advances in bioactive 
metabolites discovery (Allard et al., 2016; Caesar et al., 2018; Woo 
et al., 2019; Olivon et al., 2020; Peng et al., 2021). MN is a visual 
computational strategy that can be intuitively implemented using 
LC-MS/MS data (Watrous et al., 2012). The visual computational 
strategy of MN is based on comparing the theoretical to 
raw MS/MS spectra to establish a relative network. Similar 
structures are clustered together with similar MS/MS spectra. 
Unlike traditional mass spectrometry techniques that focus on 
the annotation of known metabolites, MN is more focused on 
exposing the structural relationships between metabolites with 
visualized “clusters”, which is conducive to the systematic and 
comprehensive study of metabolites (Kang et al., 2019; Beniddir 
et  al., 2021; Yu et  al., 2022). In the current study, we took the 
advantage of mastering these complex spectroscopic techniques, 
to design a useful multi-informative molecular networking 
(MIMN) platform for analyzing and refining the valuable 
information in structural diversity and bioactivities of marine 
sponges. Moreover, based on this metabolomic information, we 
will be able to suggest the lead chemical skeletons with the most 
significant bioactive potential through primary fractionations, 
bioassays, and bioactive score calculations.

Neurofibroma is a type of nerve sheath tumor developed 
in the peripheral nervous system. It is the most prevalent 
tumor associated with the tumor predisposition syndrome 
neurofibromatosis type 1 (NF1), an autosomal dominant genetic 
disorder (Gutmann et  al., 2017). NF1 patients are associated 
with germline monoallelic NF1 mutation, and their somatic cells 
could acquire the potential to give rise to a tumor when the only 
normal NF1 allele is mutated. This process is known as NF1 loss 
of heterozygosity (Gutmann et al., 2017).

The tumor cells of neurofibroma are derived from 
NF1 mutant Schwann cells. Neurofibroma is featured by a 
heterogeneous and complex tumor microenvironment; among 
the microenvironmental cells, immune cells are emphasized 
for their critical contributions to neurofibroma development 
and progression (Staser et al., 2012; Jiang et al., 2021). In mice, 
Nf1-/- Schwann cells require the support of immune cells to 
give rise to a neurofibroma. Furthermore, the Nf1 status of 
microenvironmental immune cells determines their ability to 
sustain neurofibroma development; the Nf1-/- Schwann cells are 
driven to form a tumor by blood cells with Nf1+/- but not Nf1+/+ 
status (Yang et  al., 2008). This is critical evidence showing the 
indispensable contribution from immune cells to neurofibroma 
tumorigenesis and highlights Nf1 status (Table S1).

The main immune cell types observed in the neurofibromas 
microenvironment are mast cells and macrophages (Prada et al., 
2013; Liao et al., 2018). The data from the genetically engineered 
mouse models showed that mast cells and macrophages are 
attracted to neurofibroma tumors by SCF/KIT and CXCL10/
CXCR3 signaling respectively, and the chemokine/cytokine are 
derived from the tumor cells (Liao et al., 2018; Fletcher et al., 2019). 
Taken together along with the fact that immune cells are essential 
drivers for neurofibroma tumorigenesis (Yang et  al., 2008), we 
proposed compounds with the potential to downregulate the 
chemokine/cytokine expressions in neurofibroma cells might 

be developed as anti-neurofibroma candidates. Therefore, we 
designed a useful strategy to analyze and define the valuable 
information on structural diversity and anti-neurofibroma 
activity of marine invertebrates. In the current study, the 
Lendenfeldia sp. sponge was screened for anti-chemokine activity. 
Multi-informative molecular networking (MIMN) approach was 
carried out to simultaneously map the chemical and biological 
profiles based on the reduction of CXCL10 expression and some 
other chemokines, including CCL3, CCL4, CCL5, CXCL1, and 
CXCL8. These data demonstrated a potent anti-inflammatory 
ability of the sclaranes identified from Lendenfeldia sp. sponge 
and suggested a neurofibroma therapeutic potential by targeting 
the tumor cell-initiated inflammatory microenvironment.

MATERIALS AND METHODS

Animal Material
The original specimen of Lendenfeldia sp. was collected via 
scuba diving off the coast of Southern Taiwan in April of 2019. 
The sponge was aquacultured in a seawater cylinder (four tons) 
with a cooler to control temperature (25–28°C) and a LED lamp 
(9–12 h light support per day) at the National Museum of Marine 
Biology & Aquarium (Pingtung, Taiwan). The sponge samples 
were collected and freeze-dried in September of 2021 before 
extraction.

Extraction, Fractionation, and Isolation
The freeze-dried Lendenfeldia sp. material was minced and 
extracted three times with a 1:1 mixture of dichloromethane 
(CH2Cl2) and methanol (MeOH). The crude extract was 
evaporated under reduced pressure to afford a residue for further 
fractionation. A Shimazu LC-2050 HPLC system (Shimazu, 
Kyoto, Japan) was utilized to profile the crude Lendenfeldia sp. 
extract. Liquid chromatography was performed using a Galaksil 
EF-C18-H (5 μm, 120 Å, 10 × 250  mm, C18) column (Galak 
Chromatography, Jiangsu, China). The mobile phase was prepared 
by mixing MeOH (A) and water (W, containing 0.1% formic acid) 
gradient sequence: 0–10 min, 65–70% A; 10–45 min, 70–80% 
A; 45–55 min, 80–100% A; 55–70 min, 100% A. The flow rate 
was fixed at 2 mL/min, the column temperature was maintained 
at 40°C, and the detection wavelengths were set from 190 to 
500 nm. To prepare the fractionation sample, the sample was 
dissolved in methanol and filtered through a 0.45 μm membrane 
filter before loading into the column (with concentration of 1 
mg/μL). The sample injection was implemented manually with a 
20 μL volume per injection. Further fractionation was performed 
based on the retention time.

The fractions BRW7 was selected for the further produced 
in large scale and isolation due to its anti-chemokine potential. 
The purifications of scalarane 2 from BRW7 were executed 
using the isocratic elution [MeOH–water (75:25, v/v)]. The 
identification of isolated compounds was completed based on 
the comparison between the obtained spectra [nuclear magnetic 
resonance (NMR) and mass (MS) spectra] and previous reported 
ones (please check the spectra from Supplementary Materials:  
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Table S2, Figures S1–S12). The purity of 2 was further 
qualitatively analyzed (Figure S13) using UPLC.

MS/MS Non-Targeted Fragment Ions 
Collection Using Ultra-Performance Liquid 
Chromatography Quadrupole Time-of-
Flight Mass Spectrometry
The MS2 data collection was carried out based on a Waters 
SYNAPT G2 LC/Q-TOF (Waters Corporation, Milford, MA, 
USA) system. The chromatographic separation before the MS 
spectra was performed using a C18 column of Waters Acquity 
UPLC BEH (Waters, 1.7 µm, 2.1  mm × 100  mm). The mobile 
phase was prepared with a MeCN (A, containing 0.1% formic 
acid)/water (W, containing 0.1% formic acid) gradient sequences 
as follows: 0–1 min, 5% A; 1–16 min, 5–99.5% A; 16–26 min, 
99.5% A; 26–26.1 min, 99.5–5% A; 26.1–28 min, 5% A. The flow 
rate was set up at 0.4 mL/min, and the temperature of the column 
part was maintained at 40°C in the oven. The extract (5 mg) was 
dissolved in 1 mL of methanol (5,000 ppm) and filtered through 
a 0.45 μm membrane filter. The sample injection was executed 
automatically with a 5 μL volume per injection. The non-targeted 
MS1 and MS2 data were collected within the range of m/z 
100–2000. The automated data-dependent acquisition (DDA) 
approach was applied in the MS2 scans, and the non-targeted 
selections of 5 precursor ions were fragmented with ramping 
of the collision energy from 10−50 V. The acquired MS data 
were finalized by Waters MassFragment software (MassLynx4.1, 
Waters, MA, USA).

GNPS-Based Molecular  
Networking Analysis
A GNPS web-based platform (https://gnps.ucsd.edu) was applied 
to analyze and output the MS/MS molecular networking data 
(January 27th of 2022). The MS/MS spectra were window-filtered 
according to the top 5 strongest ion peaks in the ± 50 Da window 
throughout the spectrum. A network was then created in which 
linkages between nodes were filtered by a cosine value above 
0.70 and at least four matched peaks. Then the appeared nodes 
in the network were annotated based on the experimental MS2 
fragmentations of isolates. The molecular network was visualized 
and was laid out using Cytoscape 3.8.2 (Cytoscape 3.8.2, NRNB, 
CA, USA).

Bioactivity Score Calculation
The multi-informative molecular networking (MIMN) presented 
in the current study revealed the bioactivity, distribution, 
and putative chemical class of specific precursor ion nodes, 
representing the bioactive probability of a group of compounds 
clustered in MIMN. In order to quantify this chemical structure-
relevant bioactive probability, the bioactivity scores were 
calculated based on their bioactivity levels together with relative 
abundances (pie chart of the precursor nodes).

Bioactivity scores (BS) = anti-chemokine level (1: inhibition 
rate ≥ 50%; 0: inhibition rate < 50%) x relative abundances (%)

Neurofibroma Cell Culture
The neurofibroma cell line hTERT-NF1-ipNF95.11b-C (CRL-
3390) was obtained from the American Type Culture Collection 
(ATCC, Manassas, VA, USA). CRL-3390 cells were cultured in 
Dulbecco’s Modified Eagle Medium (DMEM) with high glucose 
(Gibco, Thermo Fisher Scientific, Waltham, MA, USA), and 
were supplemented with 10% fetal bovine serum, L-glutamine, 
penicillin-streptomycin, and sodium pyruvate (HyClone 
Laboratories Inc., UT, USA). CRL-3390 cells were maintained in 
an incubator at 37°C with 5% CO2 and were passaged every 3-4 
days. CRL-3390 neurofibroma cells were cultured in a 6-well or 
a 96-well plate for qPCR or MTT assay. When the cells reached 
about 60-70% confluence, the culture media were replaced by 
compound-containing media for the drug treatment.

Quantitative Polymerase Chain Reaction
For qPCR assay, the CRL-3390 cells were treated with compound-
containing media for 24  h. At the time of cell harvesting, the 
media were aspirated and were gently washed with phosphate-
buffered saline. The attached cells were lysed by 1 ml of TRIzol 
Reagent (Invitrogen, Waltham, MA, USA) for RNA extraction. 
A total of 1 µg RNA was subjected to reserve transcription by 
the iScript cDNA Synthesis Kit (Bio-Rad, Hercules, CA, USA). 
The cDNA was used as a template for qPCR with the iTaq 
Universal SYBR Green Supermix (Bio-Rad, Hercules, CA, USA) 
in a StepOnePlus Real-Time PCR System (Applied Biosystems, 
Waltham, MA, USA). All the above procedures were performed 
according to the manufacturer’s protocols. The primer sequences 
used for this study were listed in Table 1.

MTT Cell Viability Assay
The MTT assay is a colorimetric assay to determine the cellular 
metabolic activity by analyzing the NAD(P)H-dependent 
cellular oxidoreductase enzymes. We used the MTT assay as a 
readout to determine any potential cytotoxicity to the CRL-3390 
neurofibroma cells from the tested compounds. Briefly, 5,000 
cells in 100 µl media were plated in each well of a 96-well plate. 
When the cell density reached 60-70 confluence, the media were 
replaced by drug-containing media. The cells were treated with 

TABLE 1 |  qPCR primer sequences used in this study.

Gene Sequence

ACTB-F TTCTACAATGAGCTGCGTGTG
ACTB-R GGGGTGTTGAAGGTCTCAAA
hCCL3-F CGGCAGATTCCACAGAATTTC
hCCL3-R AGGTCGCTGACATATTTCTGG
hCCL4-F GCTTCCTCGCAACTTTGTGGTAG
hCCL4-R GGTCATACACGTACTCCTGGAC
hCCL5-F CCTGCTGCTTTGCCTACATTGC
hCCL5-R ACACACTTGGCGGTTCTTTCGG
hCXCL1-F GCGCCCAAACCGAAGTCATA
hCXCL1-R ATGGGGGATGCAGGATTGAG
hCXCL8-F CTTGGCAGCCTTCCTGATTT
hCXCL8-R TTCTTTAGCACTCCTTGGCAAAA
hCXCL10-F TGCCATTCTGATTTGCTGCC
hCXCL10-R TGCAGGTACAGCGTACAGTT
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each compound for 24 or 48  h. For the MTT assay, each well 
was added with 20 µl of 2.5 mg/ml MTT and was incubated for 
30 min at 37°C. The media were then sucked away and the purple 
crystals in cells were lysed by 100 µl DMSO followed by 20 min 
incubation. The relative cell viability was determined by the light 
absorbance at 570 nm.

Statistics
The qPCR and MTT data were presented by mean ± SEM from 
3-5 independent samples. The statistics were performed by a 
two-tailed Student’s t-test with the Prism (GraphPad, San Diego, 
CA, USA).

RESULTS AND DISCUSSION

Multi-Informative Molecular Networking 
Platform for Anti-Neurofibroma  
Lead Discovery
To facilitate the discovery of anti-neurofibroma leads from 
the Lendenfeldia sp. sponge, we designed a workflow based on 
chemical molecular networking (MN) and anti-chemokine 
assessments (Figure  1). First, a primary chromatographic 
separation and collection were performed to obtain fractions 
from the crude extract. Then the chemical and bioactive profiles 
of these fractions were constructed based on the MS/MS MN 
analysis and anti-neurofibroma assessments, respectively. The 
followed-up clustering, classification, and annotation were 
performed through the Global Natural Product Social (GNPS) 
MN platform. Then bioactive probabilities of each identified 
compounds or specific chemical clusters were calculated based 
on their bioactivity levels together with relative abundances. 
Moreover, the target isolation was designed and executed based 
on the results from the visualized multi-informative molecular 
networking (MIMN). Finally, the ultimate correlation between 
bioactivities, single compounds, fractions, and crude extracts was 
generalized to suggest the lead single compounds or chemical 
skeletons with the most significant anti-neurofibroma potential.

Establishing a High-Performance Liquid 
Chromatography-Based Anti-Chemokine 
Profile
The fractionation methods with the traditional column 
chromatography usually deal with problems of high content 
overlap that reduces the accuracy of bioassay-guided isolation 

toward searching for anti-neurofibroma biomarkers. Herein, 
high-performance liquid chromatography (HPLC) was employed 
to assure the distinction of the tested fractions during the 
bioassay. In the current work, the chromatogram retention time-
based fractionation of the extract of a Lendenfeldia sp. sponge 
was performed within 70  min. The collected eleven fractions 
(BRW1–11, at concentrations of 1 and 4 μg/mL) were further 
subjected to a quantitative polymerase chain reaction (qPCR) 
assay with the CRL-3390 cells to scheme a high-resolution 
anti-chemokine profile against CCL3, CCL4, CCL5, CXCL1, 
CXCL8, and CXCL10 (Figure 2A). Among all tested fractions, 
BRW5, 7, 9, and 10 showed inhibitory activity against most of 
the chemokines at a concentration of 4 μg/ml (Figure  2B). 
When treating CRL-3390 cells by BRW fractions at 1 μg/ml, we 
observed that CXCL10 mRNA expression was suppressed by the 
BRW1 (11%), BRW7 (70%), BRW8 (37%), BRW9 (34%), BRW10 
(32%), and BRW11 (64%). Of note, the BRW7 (p = 0.0012) is 
the most potent fraction to significantly inhibit CXCL10 gene 
expression, implying the presence of major biomarkers in BRW7. 
To assess the chemokines inhibitory properties, the viability of 
CRL-3390 cells treated with these fractions was evaluated using 
MTT cell proliferative assay at various concentrations (2, 4, and 
8 μg/ml) (Figure 3). Since BRW10 and 11 showed cytotoxicity 
at 4, and 8 μg/ml, the bioactivity of these two fractions was not 
considered nor was discussed in the current study.

Characterizing the Bioactive Chemical 
Classes Using Tandem Mass 
Spectroscopy and MIMN Approach
Tandem MS is the most commonly used platform in the holistic 
profiling of natural products because it provides meaningful 
information related to the structural characterization of complex 
mixtures. Recently, the tandem MS-derived MN approach 
has been used in studies on natural products derived from 
microorganisms, marine organisms, fungi, plants, and other 
biological sources (Allard et  al., 2016; Caesar et  al., 2018). To 
clarify the relationships between the chemical diversity and anti-
chemokine properties among these sponge-derived fractions, we 
combined the MN approach with bioactivity data to characterize 
the potential anti-neurofibroma constituents in terms of their 
chemical classes from the fractions and extract the Lendenfeldia 
sp. sponge.

First, an ultra-performance liquid chromatography 
quadrupole time-of-flight mass spectrometry (UPLC-
QTOF-MS) was applied for the MS2 fragmentation collection 
in data dependent analysis (DDA) mode. The acquired MS2 

FIGURE 1 |  The multi-informative molecular networking (MIMN) workflow for discovering anti-neurofibroma leads.
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data was then subjected to the Global Natural Product Social 
(GNPS) MN platform (https://gnps.ucsd.edu) for fragmentation 
similarity analysis. The compounds with similar chemical 
skeletons were clustered and visualized using Cytoscape 
software. In the constructed MIMN (Figure 4A), the pie charts 
were colored according to their CXCL10 inhibition (or rough 
distribution in each fraction). The compounds annotations 
and chemical classifications were carried out through GNPS 
database (or our in-house library) matches and ClassyFire 
software, which led to the putative identification of several 
major chemical classes (prenol lipids, benzenes, steroids, 
carboxylic acids, and organooxygen compounds) (Figure  4B) 
and four scalararane-type sesterterpenoids (Figures S1–S12): 
felixin B (1), 24-methyl-12,24,25-trioxoscalar-16-en-22-oic acid 
(2), 12α-acetoxy-22-hydroxy-24-methyl-24-oxoscalar-16-en-
25-al (3), and 16-β-hrydroxy-24-methyl-12,24-dioxo-scalaran-
25-al (4). These results suggested the prolific chemical diversity 
of scalarane-type metabolites (classified as prenol lipids). The 
anti-CXCL10 potential of these scalaranes was revealed due to 
their high average bioactivity scores [cluster A (83), B (85), and 
C (72); (Table S3)] presented in those clusters.

MIMN-Guided Isolation and Validation of 
Anti-Neurofibroma Leads
After completing the comprehensive analysis of the anti-
chemokine chemical skeletons, figuring out the biomarker and 
the most potent lead compound became the primary topic for 
the future development of Lendenfeldia sp. sponge as clinical 
anti-neurofibroma agents. Therefore, another MIMN was 
drafted based on the inhibition of CXCL10 expression (1 μg/ml) 
in CRL-3390 cells (Figure  5A). This multi-informative MIMN 
spectroscopic map indicated that the scalaranes from BRW7 
possessed the most significant anti-CXCL10 potential. The most 
abundant annotated scalarane, 24-methyl-12,24,25-trioxoscalar-
16-en-22-oic acid (2) was suggested to be the major bioindicator 
(Figure  5B). Then a series of isolation and purification 
experiments were conducted to probe compound 2 from BRW7. 
The ultimate validation of the anti-neurofibroma activity of 2 was 
achieved through the qPCR assay against CCL3 (55%), CCL4 
(27%), CCL5 (74%), CXCL1 (24%), CXCL8 (35%), and CXCL10 
(61%) expressions in CRL-3390 cells (Figure 5A). Among these 
genes inhibited by 2, we would like to highlight that the CCL5 

A

B

FIGURE 2 | The anti-neurofibroma assessment of the Lendenfeldia sp. sponge extract. (A) The high-performance liquid chromatography (HPLC) bioassay profiling 
was performed using the retention time-based fractionation approach together with (B) the assessment of chemokine inhibition (1 and 4 μg/ml) in neurofibroma cells 
CRL-3390. Results are presented as mean ± S.E.M. (n = 3). *p < 0.05, **p < 0.01, *** p < 0.001, ****p < 0.0001 compared with the control (DMSO) on the  
reduction samples.
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FIGURE 3 | The CRL-3390 neurofibroma cell viability at various concentrations (2, 4, and 8 μg/ml) of BRW1–11 treatments. Results are presented as mean ± 
S.E.M. (n = 5). ****p < 0.0001 compared with the control (DMSO).

A

B

FIGURE 4 | The multi-informative MN illustrated the relationships between scalarane diversity and anti-neurofibroma property in the Lendenfeldia sp. sponge 
extract. (A) The constructed MIMN is based on the inhibition of CXCL10 expression (4 μg/ml) in CRL-3390 cells; (B) the molecular network spectral nodes are 
colored according to ClassyFire classes.
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(p = 0.0024) and CXCL10 (p = 0.0092) are the most highly 
suppressed chemokines with reliable statistical significance. 
These results confirmed the indicative role of scalarane (2) in the 
anti-neurofibroma activity of the Lendenfeldia sp. sponge extract.

The neurofibroma tumor is well recognized for its 
heterogeneous tumor microenvironment, especially in the 
immune cells (Yang et al., 2008; Prada et al., 2013; Brosseau et al., 
2018; Liao et al., 2018). In this study, we strategically explored the 
anti-inflammatory potential of compounds extracted from the 
Lendenfeldia sp. sponge (Peng et al., 2020a; Peng et al., 2020b) 
in neurofibroma cells by analyzing their chemokine expressions 
after the compound treatment. Our results indicated that eight 
out of the eleven BRW fractions and the identified scalarane 
(2) demonstrated potent activities against the expression of 
CXCL10, a key tumor derived-molecule mediating the tumor-
sustaining macrophage chemotaxis (Prada et al., 2013; Fletcher 
et  al., 2019). This finding suggested the potential of 2 as well 
as other scalarane-type sesterterpenoids to serve as natural 
products to manage clinical manifestations caused by the 
overexpression of CXCL10, such as tumorous diseases (Liu et al., 
2011b), autoimmune diseases (Lee et  al., 2009), and infectious 
diseases (Liu et  al., 2011a). These scalarane-type sesterpenoids 
have drawn much attention due to the recent findings as potent 
anti-inflammatory agents (Peng et al., 2020a; Chakraborty 
and Francis, 2021; Peng et al., 2021). However, research has 

been carried out herein to illustrate for the first time the anti-
neurofibroma potential of these sponge-derived scalaranes. In 
addition to CXCL10, we also found that chemokines CCL3, 
CCL4, CCL5, CXCL1, and CXCL8 can be suppressed by certain 
extracts from the Lendenfeldia sp. sponge, and a single molecule 
2 targeting all except CXCL1. These chemokines have also been 
implicated in the development of diseases (Raman et al., 2011). 
The data emphasized the anti-inflammatory activity of these 
sponge-derived natural products by downregulating chemokine 
expressions. Most current anti-chemokine approaches focus 
on developing small molecules against chemokine receptors 
(Mollica Poeta et al., 2019). Our data in this study revealed a 
relative uncommon success to directly downregulate chemokine 
expressions by a series of scalarane-enriched natural products 
extracted from the Lendenfeldia sp. sponge.

CONCLUSION

The breakthrough development of marine medicinal resources 
will be achieved through the application of new strategies 
and advanced spectroscopic technologies such as the novel 
multi-informative molecular networking (MIMN) application 
demonstrated in our current study. Through this promising 
approach, a significant anti-chemokine property of scalarane-type 

A

B

C

FIGURE 5 | The visualized MIMN revealed the most potent anti-chemokine scalarane, 24-methyl-12,24,25-trioxoscalar-16-en-22-oic acid (2). (A) The MIMN was 
established according to the inhibition of CXCL10 expression (1 μg/ml) in CRL-3390 cells. (B) The isocratic HPLC-PDA chromatogram of BRW7 at 190 nm. (C) The 
assessment of chemokine inhibition (1 μM). Results are presented as mean ± S.E.M. (n = 3). *p < 0.05, **p < 0.01 compared with the control (DMSO).
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sesterterpenoids from the Lendenfeldia sp. sponge extract was 
suggested. Further biomarker investigation revealed a promising 
scalarane lead, 24-methyl-12,24,25-trioxoscalar-16-en-22-oic 
acid (2). Based on this achievement, the MIMN strategy will be 
employed to address holistically chemical-biological correlations 
and causations, which can be applied for future new drug 
discoveries.
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