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A B S T R A C T

Cancer is one of the major threats to human health and, due to distinct factors, it is expected that its incidence
will increase in the next decades leading to an urgent need of new anticancer drugs development. Ongoing
experimental and clinical observations propose that cancer cells with stem-like properties (CSCs) are involved on
the development of lung cancer chemoresistance. As tumour growth and metastasis can be controlled by tumour-
associated stromal cells, the main goal of this study was to access the antitumor potential of five bromoterpenes
isolated from Sphaerococcus coronopifolius red alga to target CSCs originated in a co-culture system of fibroblast
and lung malignant cells. Cytotoxicity of compounds (10–500 μM; 72 h) was evaluated on monocultures of
several malignant and non-malignant cells lines (HBF, BEAS-2B, RenG2, SC-DRenG2) and the effects estimated
by MTT assay. Co-cultures of non-malignant human bronchial fibroblasts (HBF) and malignant human bronchial
epithelial cells (RenG2) were implemented and the compounds ability to selectively kill CSCs was evaluated by
sphere forming assay. The interleucine-6 (IL-6) levels were also determined as cytokine is crucial for CSCs.

Regarding the monocultures results bromosphaerol selectively eliminated the malignant cells. Both 12S-hy-
droxy-bromosphaerol and 12R-hydroxy-bromosphaerol steroisomers were cytotoxic towards non-malignant
bronchial BEAS-2B cell line, IC50 of 4.29 and 4.30 μM respectively. However, none of the steroisomers induced
damage in the HBFs. As to the co-cultures, 12R-hydroxy-bromosphaerol revealed the highest cytotoxicity and
ability to abrogate the malignant stem cells; however its effects were IL-6 independent.

The results presented here are the first evidence of the potential of these bromoterpenes to abrogate CSCs
opening new research opportunities. The 12R-hydroxy-bromosphaerol revealed to be the most promising
compound to be test in more complex living models.

1. Introduction

Despite the advances on biology and therapeutics achieved during
the last decades, cancer remains one of themajor cause of death across
the world, mostly due to aging, lifestyle changes, widespread of
smoking habits and the increasing accumulation of atmospheric pollu-
tants. In fact, the most recent statistics show 18.1 millions of new cases
and 9.6 millions of deaths in 2018 [1]. Moreover, in 2018, lung cancer
remains as one of the lowest 5-year relative survival rate pathologies
(18 %) [2].

One of the main factors contributing for the high cancer mortality is
therapy failure and consequent tumour relapse [3,4]. Mechanistically,

resistance relies either on an inappropriate pharmacological design of
the therapeutic approach, or more frequently, on the development of
drug resistance [5–7]. Several mechanisms are known to be drug re-
sistance, including drug efflux, detoxification, inactivation, changes in
the drug targets, highly efficient DNA repair mechanisms, apoptosis
blockage and formation of highly resistant cancer stem cells (CSCs) as
result of therapy [8–10]. Moreover, tumour microenvironment and
tumour cellular content were also identified as important players in the
therapeutic outcome of tumours [11,12]. In fact, studies from the last
decades revealed that a cellular population residing inside the tumours
and designated CSCs are fundamental in tumorigenesis, tumour main-
tenance, metastatic widespread and resistance to conventional
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therapeutics [13–15]. CSCs are tumour-associated stem cells that are
responsible for tumours’ heterogeneity and boosted aggressiveness. In
agreement, it has been showed that current therapeutic strategies em-
ployed to combat cancer are extremely effective in targeting the rapidly
dividing bulk of tumour cells, but spare the slow-dividing quiescent
CSCs, that subsequently repopulate a new tumour mass with more re-
sistant tumour cells [16–19]. The aetiologies of this cellular population
remain controversial, but recent work from different laboratories defi-
nitely confirmed that they can arise from dedifferentiation of terminally
differentiated tumour cells, through the action of microenvironment-
released paracrine cytokines, particularly IL-6, and Activin-A and G-CSF
[20–24]. These observations had tremendous impact in the scientific
community, as new therapeutics should not only address the tumour
cell mass, but also CSCs and the tumour microenvironment [15,23,25].
Corroborating this idea are some recent in silico studies demonstrating
that the presence of CSCs biomarkers was associated with a poorer
patient prognosis [26–28].

Due to the success of natural products (NPs) and their derivatives in
cancer treatments, as well as their ability to mediate several signalling
pathways and cause fewer side effects, there is a growing interest to
understand their potential as anti-CSCs agents [29]. Numerous studies
have reported the great potential of NPs to interfere with CSCs, in-
cluding extracts or marine natural products [30–33]. For instance,
marine extract of Crambe crambe sponge inhibited the resistance to
apoptosis, self-renewal ability, and proliferation of pancreatic cancer
cells with CSCs phenotype [34]. Moreover, its co-administration with
gemcitabine drove total tumour abolishment on an in vivo cancer model
[34]. Additionally, compounds extracted from the red alga Plocamium
cornutum showed selective activity to inhibit the development of MCF-7
sphere structures, without cytotoxicity on either adherent MCF-7 cells
or MCF-12A non-transformed cells [35]; brown alga Saccharina japo-
nica, extracts suppressed sphere-forming ability of glioblastoma stem
cells [36]. Finally, fucoxanthinol derived from fucoxanthin induced
apoptosis and suppressed CSCs, as well as in vivo tumorigenesis in
human colorectal CSCs [37,38]. Therefore, the main goal of this study
was to understand the potential of S. coronopifolius bromoterpenes to
suppress CSCs on an in vitro co-culture cellular model of human lung
cancer, as well as to assess the role of IL-6 in the overall suppression
process. According with our best knowledge, it is the first study to ac-
cess the antitumor potential of sphaerococcenol A, 12R-hydroxy-bro-
mosphaerol, 12S-hydroxy-bromosphaerol, bromosphaerol and sphaer-
odactylomelol to target CSCs and the tumour microenvironment.

2. Material and methods

2.1. Extraction and isolation of Sphaerococcus coronopifolius compounds

Five bromoterpenes (Fig. 1) were extracted from the red alga S.
coronopifolius collected in Berlenga Nature Reserve, Peniche, Portugal,
according to the procedures described by Rodrigues and co-workers
[56]. Subsequent purification was accomplished by chromatographic
methods, and structure characterization was performed by NMR and
MS techniques. Compounds were dissolved in DMSO, whose con-
centration in all the performed experiments was lower than 0.2% to
avoid toxicity. Controls were always treated with higher concentrations
of DMSO.

2.2. Cellular systems

Four cellular systems were used in this study namely, BEAS-2B
(immortalized human bronchial epithelial cells), RenG2 (malignant
human bronchial epithelial cells), SC-DRenG2 (derivative RenG2 cells)
and HBF cells (non-malignant human lung fibroblasts). BEAS-2B cells
were acquired from the European Collection of Cell Cultures (ECCAC,
Salisbury, UK; ECCAC no. 95,102,433). RenG2 and SC-DRenG2 cells
were produced by the group of Alpoim, as previously described by

Rodrigues and co-workers [24]. BEAS-2B cells were cultured in LHC-9
medium (Gibco, USA). SC-DRenG2 cells were cultivated in cancer stem
cell propagation media (DMEM:F12) supplemented with the same
concentration of bFGF and EGF [24]. HBF cell line was obtained from
non-malignant human lung tissue from a patient at the Centro Hospi-
talar e Universitário de Coimbra (CHUC) following protocols estab-
lished in the laboratory. Appropriate informed consents were signed
according to the ethical procedures approved by the Ethical Committee
of the Faculty of Medicine of the University of Coimbra. HBF cells were
maintained in DMEM medium supplement with 10 % FBS (Biochrom,
Germany), 20 U/mL penicillin, 20 μg/mL streptomycin and 50 ng/mL
amphotericin B (Biochrom, Germany). Cells were kept at 37 °C in a 95
% air, 5% CO2 incubator. Culture flasks were coated with a 2% gelatin
solution 2 h before use and, cells were seeded at recommended initial
density . Subculture was performed using a 0.25 % trypsin-1 mM EDTA
solution (Biochrom, Cambridge, UK) whenever cultures reached 80%
confluence.

2.3. Cytotoxic assays using the isolated compounds

To assess the compounds cytotoxic capacity in monocultures all the
cell lines were seeded at a density of 4 × 103 cells/ well in 96-well
plates (SPL-Biosciences®), in the corresponding culture medium, and
incubated overnight. Cells were then treated with the compounds at 10,
50 and 500 μM for 72 h. After treatment, the medium was removed and
the cells were washed twice with PBS buffer and incubated at 37 °C for
1 h with a PBS-dissolved MTT solution (1.2 mM). After washing off the
excess of MTT, cells were disaggregated with DMSO and the absorbance
of the crystals of formazan was measured at 570 nm using a spectro-
photometer plate reader (Bio-Tek Synergy plate reader, Bedfordshire,
UK). Control experiments were performed in parallel in the absence of
the algae compounds. At least three independent experiments were
performed each in triplicate and results expressed as percentage of
control.

2.4. Experimental assays using co-culture systems

To better mimic lung cancer anatomy transwell co-culture systems
were implemented as previously described by Rodrigues and colla-
borators [24]. HBF cells were seeded as feeder layers in 6-well plates
(SPL-Biosciences®) at a density of 1.4 × 104 cells/ well. After 3 days,
RenG2 cells were seeded in Transwell® inserts (SPL Life Sciences,
Korea) at a density of 8 × 103 cells/ well. Co-cultures were kept in the
incubator at 37 °C in a 95 % air, 5% CO2 for two months, and mediums
were changed every 15 days. After two months, both cell lines were
treated with the algae compounds for 72 h, at the previously defined
concentrations. The sphere-forming assay was subsequently employed
to evaluate the ability of the bromoterpenes to supress CSCs. Control
experiments were performed in parallel in the absence of the algae
compounds. At least three independent experiments were carried out in
triplicate and results expressed as percentage of control.

2.5. Sphere-forming assay as a screen tool for CSCs

CSCs were isolated using a protocol previously described by
Rodrigues and collaborators [24]. 6-well plates were coated with a 2%
poli-(2-hydroxyethyl methacrylate) (Sigma, USA) solution to ensure
low adherence conditions, and CSCs’ isolation medium with appro-
priate supplements was prepared containing a 2% methylcellulose
(Sigma, USA) solution (1:1). CSCs isolation was accomplished after
compounds treatment for 72 h. The cells housed in the upper com-
partment were washed twice with PBS buffer, detached using a 0.25 %
trypsin-1 mM EDTA solution (Biochrome, Cambridge, UK) and col-
lected by centrifugation at 380 g for 5 min at room temperature. Cells
were then resuspended in the isolation medium at a concentration of 3
× 104 cells/ mL, and 2 mL of this suspension were added to each well
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of the plate. The isolation medium was supplemented with 10 ng/mL of
both human EGF (E9644, Sigma-Aldrich) and bFGF (100−18B, Pe-
proTech, London) and cells were maintained at 37 °C in a 95 % air, 5%
CO2 incubator. Supplements were replaced every two days. Whenever
sphere formation was observed and spheres reached a satisfactory vo-
lume (which normally happens around 15 days after platting), they
were collected and analysed using an optical microscope (Axio observer
z1 Carl Zeiss; Camera AxioCam HR R3; Fiji ImageJ software, Wayne
Rasband, National Institutes of Health, USA). The spheres’ size was
registered and photos were taken (Fiji ImageJ software, Wayne Ras-
band, National Institutes of Health, USA). At least three independent
experiments were carried out in triplicate.

2.6. IL-6 levels assessment

The IL-6 levels present in the supernatant of both the upper and
bottom compartments were evaluated by enzyme-linked im-
munosorbent assay (ELISA), using the Human IL-6 Quantikine ELISA
Kit (#D6050, R&D Systems) accordingly to the manufacturers’ in-
structions. At least three independent experiments were carried out in
triplicate.

2.7. Statistical and data analysis

Statistical analysis was performed using one-way analysis of var-
iance (ANOVA) with Dunnett’s multiple comparison of group means to
determine significant differences relatively to control treatment. The
Tukey's test was applied for the remaining multiple comparisons. All
data were checked for normality and homoscedasticity. Results are
presented as mean ± standard error of the mean (SEM). Differences
were considered statistically significant at level of 0.05 (p < 0.05).
Calculations were performed using IBM SPSS Statistics 24 (IBM
Corporation, Armonk, NY, USA) and GraphPad v5.1 (GraphPad
Software, La Jolla, CA, USA) software.

3. Results

3.1. Evaluation of the cytotoxic activity of the algae-extracted compounds

To ascertain the ideal concentration of the bromoterpenes isolated
from S. coronopifolius to be used in the co-culture experiments, HBF and
RenG2 cells were monocultured for 72 h in the presence either 10, 50 or
500 μM of the isolated compounds (Fig. 2).

The results revealed that only 10 μM sphaerococcenol A induced a
significant reduction (55 %) in HBF cells' viability. Moreover, all
compounds mediated a marked cytotoxic effect on HBF cells at con-
centrations above 10 μM (Fig. 2A). Regarding RenG2 malignant cells
(Fig. 2B), their viability decreased as the compounds’ concentration
increased, and the strongest cytotoxic effect was observed with 12S-
hydroxy-bromopshaerol and bromosphaerol, both at a concentration of
10 μM. The treatment with 50 and 500 μM concentrations decreased
cells' viability in more than of 95 %.

Together, these results revealed that drugs concentrations higher
than 10 μM mediated marked non-selective cytotoxic effects on both
cell lines. Therefore, only the 10 μM concentration proceed to tests in
SC-DRenG2 and BEAS-2B cells (Fig. 3).

Unexpectedly, the non-malignant BEAS-2B cells turned out to be
resistant to both bromosphaerol and sphaerodactylomelol, but 12R-
hydroxy-bromosphaerol (1.01 ± 0.28 % of viable cells), 12S-hydroxy-
bromosphaerol (5.70 ± 2.07 % of viable cells) and sphaerococcenol A
(0.82 ± 0.29 % of viable cells) decreased their viability in more than of
90 % (Fig. 3A). However, at a 10 μM concentration, all the compounds
decreased significantly SC-DRenG2 cells’ viability, with bromosphaerol
(3.75 ± 0.54 % of viable cells) and sphaerococcenol A (6.16 ± 1.15 %
of viable cells) depicting the highest effect and sphaerodactylomelol
(67.25 ± 7.34 % of viable cells) exhibited the lowest effect (Fig. 3B).

Altogether, the results attained so far show that 10 μM of 12R-hy-
droxy-bromosphaerol and 12S-hydroxy-bromosphaerol reduce the via-
bility of both BEAS-2B and RenG2 cells but are non-cytotoxic towards
HBF. Therefore, it was decided to perform dose-response assays on
BEAS-2B cells with these two steroisomers compounds. Drug con-
centrations tested ranged from 2 to 10 μM, and the results are depicted
in Fig. 4.

Treatment of BEAS-2B cells with different concentrations (2−10

Fig. 1. Chemical structures of bromoterpenes isolated from Sphaerococcus coronopifolius collected in the Berlenga Nature Reserve, Peniche, Portugal (Atlantic coast).
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μM) of 12R-hydroxy-bromosphaerol and 12S-hydroxy-bromosphaerol
for 72 h revealed that the cytotoxic effects were concentration-depen-
dent, with an IC50 of 4.30 μM (Fig. 4A) and 4.29 μM (Fig. 4B), re-
spectively. As the 2 μM 12S-hydroxy-bromosphaerol did not affect
BEAS-2B cells’ viability, it was decided to study the effects of 4μM 12R-
hydroxy-bromosphaerol, 12S-hydroxy-bromosphaerol and bromo-
sphaerol on SC-DRenG2 cells’ viability (Fig. 5)

All the aforementioned compounds induced a decrease in SC-
DRenG2 cells' viability superior to 80 %, with 12R-hydroxy-bromo-
sphaerol and bromosphaerol showing the strongest cytotoxic effect (>
90 %) (Fig. 5). It was then decided to proceed for the co-culture assays
with only these two compounds.

3.2. Effects of 12R-hydroxy-bromosphaerol and bromosphaerol on CSCs’
formation and IL-6 levels in co-culture systems

According to the results obtained in monocultures, 12R-hydroxy-
bromosphaerol and bromosphaerol were selected to be tested in
transwell® co-cultures of RenG2 and HBF cells. Cells in the co-culture
system were treated with 4 μM of the aforementioned compounds for
72 h, and the presence of CSCs, as well as the IL-6 levels on the cell
culture media were screened through the sphere-forming assay and
ELISA, respectively (Figs. 6 and 7).

The exposure to 12R-hydroxy-bromosphaerol totally abolished
CSCs, while bromosphaerol only slightly decreased the number of CSCs.
The co-administration of both compounds, on the other hand, reverted
the effects of 12R-hydroxy-bromosphaerol, as no CSCs’ inhibition was
observed (Fig. 6).

Previously published results evidenced that high levels of IL-6 are
mandatory for CSCs formation [24]. In light of such results, it was
decided to investigate whether the effects of bromosphaerol and 12R-
hydroxy-bromosphaerol relied on alterations of the IL-6 levels in the co-
culture systems (Fig. 7).

IL-6 levels in the bottom and upper compartments of co-culture did
not show significant change following the treatment with 12R-hydroxy-
bromosphaerol. The treatment with bromosphaerol, however, exhibited
a significant increase in IL-6 levels on the upper transwell® compart-
ment. Again, the concomitant treatment with both 12R-hydroxy-bro-
mosphaerol and bromosphaerol did not exhibit significant differences
compared to control (Fig. 7).

4. Discussion

One of the major challenges in cancer diseases is associated with
resistance to conventional therapeutics, being of utmost importance to
improve the current strategies and to develop new approaches to fight
this burden [39]. Advances in cancer biology showed that this disease is
much more complex than the simple continuous uncontrolled pro-
liferation of cancer cells, which is sustained by several factors that
contribute for cancer resistance and relapse [40]. Amongst them, tu-
mour heterogeneity, which relies on the presence of CSCs and on the
tumour microenvironment, has been shown key players in cancer de-
velopment and resistance [41,42].

The results attained in the present work revealed that despite the
ability of 12R-hydroxy-bromosphaerol, 12S-hydroxy-bromosphaerol,
and bromosphaerol target CSCs (SC-DRenG2) in monoculture, only

Fig. 2. HBF (A) and RenG2 (B) cells' viability following 72 h of exposure to the Sphaerococcus coronopifolius compounds (10, 50 and 500 μM) expressed as % of the
control. The values correspond to mean ± SEM of at least three independent experiments were carried out in triplicate. Symbols represent statistically significant
differences (p < 0.05) when compared to: * control of respective concentration; # 10 μM treatment; † 10 and 50 μM treatment.

Fig. 3. BEAS-2B (A) and SC-DRenG2 (B) cells'
viability following 72 h of exposure to the
Sphaerococcus coronopifolius compounds (10
μM) expressed as % of the control. The values
correspond to mean ± SEM of at least three
independent experiments were carried out in
triplicate. Symbols (*) represent statistically
significant differences (p < 0.05) when com-
pared to control.
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12R-hydroxy-bromosphaerol retained that capacity in co-cultures of
malignant human bronchial epithelial cells with normal human bron-
chial fibroblasts. These results, once again, highlight the importance of
the tumour microenvironment in modulating the therapeutic response,
since the presence of a normal stroma inhibited the action of 12R-hy-
droxy-bromosphaerol and bromosphaerol over CSCs. They are in line
with current literature as, for instance, the doxorubicin antitumour
activities were attenuated in prostate cancer cells when co-cultivated
with cancer-associated fibroblasts (CAFs). According to the authors,
CAFs blocked doxorubicin accumulation in the prostate cancer cells,
avoiding ROS production and consequently DNA damage and apoptosis
activation [43]. Similar results were observed in co-cultures of breast
cancer cells with breast-cancer-tissue-derived mesenchymal stem cells
(BC-MSC) treated with cisplatin [44]. According to the authors the re-
sistance of breast cancer cells in co-culture seemed to be associated to
IL-6 released by BC-MSC. To progress from bench to bedside, potential
therapeutic agents must fulfil a complex and long list of criteria that is
updated along the process [45]. Even though the microenvironment
plays a pivotal role in the early steps of the carcinogenic process, most
of the in vitro studies to test new drugs neglect that. In fact most of the
preclinical studies of anticancer drugs employ 2D monoculture of
cancer cells, where no intercellular communications were considered
[46]. Elegant co-culture systems as the one developed by Rodrigues and
collaborators [24] and others, allow the addition of complexity to

preclinical drug studies, perhaps leading to lower number of drugs that
fail to perform in the clinic.

Considering previous observations indicating IL-6 as a mediator of
CSCs formation, we hypothesized that drugs targeting this cellular po-
pulation may decrease IL-6 levels in the tumour microenvironment. Our
results did not corroborate this hypothesis, as no significant variation
was observed on IL-6 levels, in the co-culture systems, following the
12R-hydroxy-bromosphaerol treatment. Nonetheless, they are in line in
previous observations revealing that this cytokine, present in the tu-
mour microenvironment, is involved in tumorigenesis by regulating
various cancer hallmarks and multiple signalling pathways, being also
involved in chemoresistance [47,48]. Of particular interest is the failure
of the treatment with bromosphaerol in co-cultures, as compared to the
results achieved in monocultures. Apparently, the high levels of IL-6 in
the co-culture experiments triggered some pro-survival pathways and
circumvented the cytotoxic effect of some CSCs-targeting agents. Fi-
nally, our findings are also in agreement with other reports in the lit-
erature supporting the potential of extracts or compounds from marine
origin to mediate anti-inflammatory and anti-CSC effects[35,37,49–52].
For instance, diterpene glycosides isolated from the soft coral Antillo-
gorgia elisabethae were shown to block NF-κB signalling pathway in
triple-negative breast cancer and monocytic leukaemia cells [53].
Moreover, two polyhalogenated monoterpene stereoisomers (RU017
and RU018) and one sesquiterpene (smenospongine) isolated from the
red alga Plocamium cornutum and the sponge Spongia pertusa esper, re-
spectively, prevented tumour sphere formation in in vitro breast cancer
models [35,54]. In the specific case of smenospongine, it promoted cell
cycle arrest and intrinsic apoptosis, as well as mediated the down-
regulation of specific stem cell markers, namely Nanog, Sox2, and Bmi1
[54].

Our results suggest that 12R-hydroxy-bromosphaerol is a potential
CSCs-targeting therapeutic agent, whose cytotoxic action seems to be
independent of the IL-6 levels in the tumour microenvironment.
Although, the cytotoxic effects of some of these bromoterpenes were
assessed in monocultures of human lung cancer cells [55], to the best of
our knowledge, this is the first study that evaluate the capacity of S.
coronopifolius compounds to impact CSCs dynamics in a human lung
cancer in vitro cellular model. Subsequent studies will be needed to
confirm the reproducibility of the attained results in more complex
living models, and to assess the potential suitability of 12R-hydroxy-
bromosphaerol to undergo clinical studies. The present study opens
new research lines to evaluate the therapeutic potential of these com-
pounds, namely 12R-hydroxy-bromosphaerol. In order to understand
the mechanism of action underlying the activities observed, the ex-
pression of stemness factors (Nanog, oct4, sox2, STAT3), expression of
anti-apoptotic proteins (Survivin, XIAP), analysis of cell cycle and
hallmarks linked to apoptosis (e.g. mitochondrial depolarization, cas-
pases activity, DNA fragmentation) should be studied. On the other
hand, the combination of these compounds with anticancer drugs (e.g.
salinomycin) to improve the therapeutic regimens efficacy as well as
their ability to sensitize cancer cells and CSCs to radiotherapy should be
addressed in future studies to understand the potential of these com-
pounds to inspire/ create new therapeutic options that contribute to
increase the anticancer treatments efficiency.
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Fig. 4. BEAS-2B dose-response curve following 72h exposure to 12R-hydroxy-
bromosphaerol (A) and 12S-hydroxy-bromosphaerol (B) at concentrations be-
tween 2 and 10 μM. Values correspond to mean ± SEM of at least three in-
dependent experiments were carried out in triplicate. Symbols (*) represent
statistically significant differences (p < 0.05) when compared to control.
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Fig. 5. SC-DRenG2 cells' viability following 72 h of exposure to 4 μM 12R-
hydroxy-bromosphaerol, 12S-hydroxy-bromosphaerol and bromosphaerol.
Results are expressed as % of the control. The values correspond to mean ±
SEM of at least three independent experiments were carried out in triplicate.
Symbols (*) represent statistically significant differences (p < 0.05) when
compared to control.

Fig. 6. Spheres attained following the co-culture treatment with 4 μM 12R-hydroxy-bromosphaerol, bromosphaerol or both for 72 h. The images are representative of
each treatment accomplished (A). Perimeter analysis (μm) of the attained spheres after 2 weeks in culture under low-adherence conditions (B). Twenty spheres were
measured per treatment. The results were revealed by the sphere-forming assay. Values correspond to mean ± SEM of at least three independent experiments were
carried out in triplicate. Symbols (*) represent statistically significant differences (p < 0.05) when compared to control.

Fig. 7. IL-6 levels assessed by ELISA on the bottom (HBF cells) and upper
(RenG2 cells) compartments of the co-culture system, following treatment with
4 μM 12R-hydroxy-bromosphaerol, bromosphaerol or both for 72 h. The values
correspond to mean ± SEM of at least three independent experiments carried
out in triplicate. Symbols (*) represent statistically significant differences (p <
0.05) when compared to respective control.
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