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Abstract: (1) Tomentosin is the most representative sesquiterpene lactone extracted by I. viscosa.
Recently, it has gained particular attention in therapeutic oncologic fields due to its anti-tumor
properties. (2) In this study, the potential anticancer features of tomentosin were evaluated on human
Burkitt’s lymphoma (BL) cell line, treated with increasing tomentosin concentration for cytotoxicity
screening. (3) Our data showed that both cell cycle arrest and cell apoptosis induction are responsible
of the antiproliferative effects of tomentosin and may end in the inhibition of BL cell viability.
Moreover, a microarray gene expression profile was performed to assess differentially expressed
genes contributing to tomentosin activity. Seventy-five genes deregulated by tomentosin have
been identified. Downregulated genes are enriched in immune-system pathways, and PI3K/AKT
and JAK/STAT pathways which favor proliferation and growth processes. Importantly, different
deregulated genes identified in tomentosin-treated BL cells are prevalent in molecular pathways
known to lead to cellular death, specifically by apoptosis. Tomentosin-treatment in BL cells induces
the downregulation of antiapoptotic genes such as BCL2A1 and CDKN1A and upregulation of the
proapoptotic PMAIP1 gene. (4) Overall, our results suggest that tomentosin could be taken into
consideration as a potential natural product with limited toxicity and relevant anti-tumoral activity
in the therapeutic options available to BL patients.

Keywords: tomentosin; Burkitt lymphoma; BCL2A1; CDKN1A; PMAIP1

1. Introduction

Burkitt’s lymphoma is a highly aggressive B cell non-Hodgkin lymphoma (NHL),
which originates from mature germinal or post germinal center B cells. BL is classified into
three clinical entities, all of which are marked by chromosomal translocations such as t(8;14)
(q24;q32) and its variants, t(2;8) (p12;q24.1) and t(8;22) (q24.1;q11.2), involving c-MYC
oncogene. Properly, the constitutive activation of the c-MYC is followed by the abnormal
transcriptional regulation of downstream genes, resulting in cellular transformation, inhi-
bition of cell cycle checkpoints, and resistance to apoptosis [1,2]. Recently, next generation
sequencing analysis has identified numerous somatic mutations in patients with BL, with
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the highest frequency for transcription factor TCF3 or its negative regulator ID3 [3]. BL
accounts for less than 5% of lymphomas in adults. It also constitutes 40% of all childhood
NHL, showing significant differences in clinical outcomes, with adult patients’ prognosis
being extremely poor [4]. Moreover, over 70% of newly diagnosed patients display a
stage III or IV disease at diagnosis [5]. Polychemotherapy plus immunotherapy at high
“dose intensity” represents the most widely used approach for the different BL variants,
considering the high biological aggressiveness of the disease [6,7]. In spite of the advances
in clinical management of BL patients, many challenges persist above all in the context
of treatment of immunocompromised patients, elderly individuals and patients with re-
lapsed/refractory disease [8]. These data support the conviction that more effective or
synergistic therapeutic approaches undoubtedly represent an unmet clinical need. Recently,
Inula viscosa extracts revealed a potent anti-lymphoma activity, causing cell proliferation
arrest and cell apoptosis induction in Raji cell line, and suggesting the involvement of cell
cycle- and apoptosis-related genes known to be deregulated in BL cells [9]. A growing
body of evidence shows that herbal medicines such as Inula viscosa (L.) Aiton consists of a
multitude of sesquiterpene lactones (SL), representing excellent biologically active natural
products with powerful therapeutic effects, which could be used in the treatment of several
diseases. Recent works have displayed the potential anticancer effects of sesquiterpene
lactones inducing antiproliferative effects in human cancer cell lines [10–13]. Xiang et al.
have isolated five SL exhibiting remarkable cytotoxicity and inducing apoptosis associated
with cleaved procaspase-3 and PARP against HEp2, SGC-7901 and HCT116 human cancer
cell lines [14]. Interestingly, Yang et al. showed that tomentosin, a sesquiterpene lactone
extracted by Inula viscosa, induces antiproliferative and proapoptotic events in leukemia
cancer cells through the inhibition of mTOR/PI3K/AKT pathway [15].

This study aims to analyze the potential antitumoral activity on the human Raji
cell line of the major representative sesquiterpene lactone extracted by I. viscosa, such
as tomentosin. Furthermore, we tried to highlight possible insights into the molecular
mechanisms involved in tomentosin anticancer properties, through an array-based gene
expression analysis, thus potentially contributing to the identification of novel molecular
markers and to an advancement in the therapeutic scenario of BL.

2. Materials and Methods
2.1. Cell Culture

Raji cells (ATCCCL-86, passage 11–25) were cultured as previously described [9].
Normal fibroblast cell line (MRC5) was obtained from IRCCS University Hospital San
Martino-IST National Institute for Cancer Research (Genova, Italy) and cultured in DMEM
high glucose (Euroclone) supplemented with 10% FBS (Euroclone), 2 mM L-Glutamine
(Merck, Darmstadt, Germany), Non-essential amino acids, Sodium Pyruvate 1 mM (Merck),
and Antibiotic/Antimycotic Solution. Cells were maintained at 37 ◦C in a 95% humidified
atmosphere and 5% CO2 in T25 filtered flasks.

2.2. Cytotoxicity Assay

First, 7000 Raji cells or 1600 MRC5 cells were seeded in each well of a 384-multiwell
microplate in a final volume of 25 µL. The day after, cells were treated with 50 µM, 25 µM,
12.5 µM, 6.25 µM, 3.125 µM, 1.56 µM or 0.75 µM Tomentosin (Mcule.com P-25953579) or
Cisplatin (Merck C2210000), or with DMSO at 0.5% (vehicle) at 37 ◦C. After 48 h, cell
viability was determined by CellTox Green Cytotoxicity (Promega Corporation, Madison,
WI, USA G8731) and CellTiter-Glo (Promega G7571) assays using sequential multiplex
protocol following manufacturer’s instructions. CellTox Green Dye was added to samples
at the same time of treatment. Green fluorescence intensity (GFI) was quantified with
Cytation 5 (BioTek, Winooski, VT, USA), covering the entire area of each well. Subsequently,
CellTiter-Glo luminescent cell viability assay was performed, and relative luminescence
units (RLU) were quantified with GloMax Discover (Promega). The half maximal inhibitory
concentration values were calculated using R software version 3.2.2. (loess/approx func-
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tions), [16] given 100 to RLU observed in samples treated with vehicle solution and 0
to samples without cells (absolute IC50). The IC50 calculation was performed by using
drug concentrations adjusted on compound purity (0.93× tomentosin). All assays were
performed in triplicate.

2.3. Apoptotic Assay

Then, 10,000 cells were seeded in a 384-multiwell microplate in 20 µL per well. The
day after, cells were treated with 50 µM, 25 µM, or 12.5 µM Tomentosin, or with DMSO
0.1% (vehicle). After 24 h, Caspase-Glo 3/7 (Promega G8090), Caspase-Glo 8 (Promega
G8200), or Caspase-Glo 9 (Promega G8210) assays were performed as per manufacturer’s
instructions. Luminescence reading was carried out with GloMax Discover Microplate
Reader (Promega). All assays were performed in triplicate.

2.4. Cell Cycle Analysis

Then, 1 × 106 Raji cells were seeded in 5 mL in T25 flask. The day after, cells were
treated with 50 µM or DMSO 0.5% (vehicle). Samples were collected after 6, 12, 18,
or 24 h of treatment. Samples were washed in PBS, fixed with 70% ice-cold ethanol
and incubated at −20◦ overnight. Fixed cells were washed in PBS and stained with 7-
aminoactinomycin (7-AAD; Bioscience, San Diego, CA, USA). DNA content of at least
10,000 cells for sample was evaluated with BD FACS CANTO II (BD Biosciences-US, Mylan,
Italy), and values are presented as mean ± standard deviation (SD) of the percentage
of three independent experiments. Data were analyzed with R-Bioc Manager software
(flowCore/flowViz package) version 1.56.0 (https://bioconductor.org/packages/flowViz/,
accessed on 23 October 2021) [17].

2.5. Gene Expression Analysis

Next, 3 × 106 Raji cells were seeded in 15 mL in T75 flask. The day after, cells were
treated with 25 µM Tomentosin or DMSO 0.05% (vehicle). Samples were collected after 18 h
of treatment. Three biological replicates were performed. Expression of 2559 cancer-related
genes was assessed by high-throughput mRNA quantitation (HTG EdgeSeq Oncology
Biomarker Panel, HTG Molecular Diagnostics, PMID: 30327311). Counts were normalized
and analyzed using the R-Bioc Manager software (DESeq2 package) version 3.0 [18]. Genes
with fold change >1.5 or <0.66 in treated samples and false discovery rate (FDR) < 0.05
were considered as differentially expressed genes (DEGs). For Gene Set Enrichment Anal-
ysis (GSEA), normalized counts were uploaded into the GSEA-Broad Institute website
(PMID: 16199517). 2257 gene sets from the Gene Ontology Biological Processes database
(c5.bp.v7.1.symbols.gmt) were used as a library for analysis (PMID: 21546393). The statisti-
cal significance (nominal p value) of the normalized enrichment score (NES) was estimated
by running 1000 gene set permutations.

2.6. Functional Classification and Pathway Analysis of DEGs

KEGG pathway analysis were executed to survey biological functions of all DEGs
identified by the online software ToppCluster (https://toppcluster.cchmc.org/, accessed
on 23 October 2021). Terms with FDR-corrected enrichment p-values < 0.05 were con-
sidered. While the interaction between altered genes and their matching terms were
visualized by the Cytoscape program version 3.8.2 (http://www.cytoscape.org, accessed
on 23 October 2021).

2.7. Statistical Data Analysis

R software, version 3.2.2 [16] was used to perform statistical analysis. All data are
presented as mean ± SD from experiments in triplicate, and statistical significance between
cell lines treated and untreated cells was set at p values < 0.05. Data analysis was performed
by Kruskal and Wally test for the statistical analysis of cell viability and caspase activity,
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two-way ANOVA followed by Tukey’s post hoc test were applied for the statistical analysis
of cell cycle.

3. Results
3.1. Effects of Tomentosin on Cell Viability in Human Burkitt Lymphoma Cells

To evaluate whether tomentosin could decrease the survival of human BL cells, we
treated human BL and MRC5 cell lines (control) with increasing concentrations of the
drug. Specifically, the cell lines were treated with tomentosin and cisplatin (50 µM, 25 µM,
12.5 µM, 6.25 µM, 3.125 µM, 1.56 µM, 0.75 µM) for 48 h and cell viability was determined.
The IC50 values for each cell line were shown in Table 1.

Table 1. IC50 values of Tomentosin and Cisplatin after 48 h of treatment.

Cell Line Treatment IC50 Confidence Interval 95%

Raji Tomentosin 42.62 µM 39.53–46.47 µM

MRC5 Tomentosin >50.00 µM —

Raji Cispaltin 9.43 µM 8.23–11.21 µM

MRC5 Cispaltin 14.77 µM 13.1–16.48 µM

Figure 1 shows the effects of dose-dependent inhibitory growth activity of the tomen-
tosin on cell viability at 48 h after treatments (blue lines). In details, it has been observed
that tomentosin treatment did not produce changes in cell viability at low concentrations (in
the range from 0.75 µM to 10.0 µM), while Raji cell viability dramatically decreased during
tomentosin treatment, inducing cytotoxic effects beginning from 25.0 µM, and growing
with the highest concentration. We therefore concluded that tomentosin exerts preferential
antiproliferative activity towards the Raji cell line compared to normal fibroblast.

As shown by a red line in Figure 1, the proportional increase of cell death by tomen-
tosin treatment in cell Raji agreed with the proportional decrease in cell viability following
the increase of tomentosin concentrations.

3.2. Effects of Tomentosin on Apoptotic Cellular Processes in Human Burkitt Lymphoma Cells

Human BL and MCR5 cell lines were treated with tomentosin at concentrations of
12.5 µM, 25.0 µM, 50.0 µM, for 24 h to establish whether the cytotoxic effects of tomentosin
depends on its ability to activate the apoptotic process.

The enzymatic activities of caspase-3/7 (main effector caspases) and caspase-8 and
9 (initiator caspases) were measured using the Caspase-Glo 3/7, 8 and 9 assay. The RLUs
revealed that tomentosin treatment increases the effector caspase activity (p < 0.05), such as
those of caspase-8 and caspase-9 (p < 0.05), which are representative as initiator caspases
in the apoptotic death receptor-mediated and mitochondrial pathways (Figure 2). Our
findings suggest that tomentosin promotes apoptosis-induced death on Raji cells, facilitated
by both the death receptor and the mitochondrial pathways activation.

3.3. Effects of Tomentosin on Cell Cycle in Human Burkitt Lymphoma Cells

We performed DNA cell cycle analysis by flow cytometry in Raji cells treated with
tomentosin or vehicle to analyze whether the anti-proliferative effect of tomentosin on
BL cells was associated with cell cycle deregulation. Incubation with 50 µM tomentosin
for 6, 12, 18 and 24 h showed a decrease of cell number in S-phase at 24 h (11.68% vs.
19.86% in control, p ≤ 0.0007) and an intense increase of cell number in G2/M-phase,
which starts at 12 h (at 24 h: 54.5% vs. 33.46% in control, p ≤ 0.0431), accompanied by a
corresponding decrease in the proportion of cells in G0/G1 (at 24 h: 27.57% vs. 44.44%
in control, p ≤ 0.0046) (Figure 3). Our data demonstrates that the tomentosin treatment
blocks Raji cells in G2/M phase, suggesting that both cell cycle arrest and cell apoptosis
could explain the anti-proliferative effects of tomentosin.
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Figure 1. Cell viability reduction after tomentosin treatment. Cell viability scatterplots were obtained after 48 h of treatment
with tomentosin or cisplatin at 50 µM, 25 µM, 12.5 µM, 6.25 µM, 3.12 µM, 1.56 µM or 0.8 µM. Relative luminescence units
(RLU), obtained by addition of CellTiter-Glo reagent and representative of the number of living cells, were normalized to
samples treated with vehicle solution (left y axis, blue lines and dots). The total, obtained by addition of CellTox green dye
and representative of the number of dead cells, was divided by 10E8 (right y axis, red lines and dots). Mean ± SD values
are shown. Kruskal-Wallis test was applied to test whether RLU values or GFI values obtained in treated and untreated
samples originate from the same distribution. *** p-value < 0.010.
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Figure 2. Increased caspase activities by tomentosin treatment. Histograms showing caspases 3/7, 8 or 9 cell-based
enzymatic activity after 24 h of treatment with tomentosin at 12.5, 25 and 50 uM. Caspase activity in cells treated with
vehicle solution is indicated as concentration zero. Mean ± SD values are shown. Kruskal-Wallis test was applied to test
whether RLU values obtained in treated and untreated samples originate from the same distribution. * p-value < 0.05.
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Figure 3. Effects of tomentosin on cell cycle progression in the Raji cell line. (A) Histograms show cell cycle profiles of
tomentosin-treated Raji cells. X axis and y axis correspond to DNA content and fraction of events, respectively. (B) Raji
cells treated with tomentosin 50 µM or vehicle solution (DMSO 0.05%) for 6, 12, 18, and 24 h have been blocked in the
G2/M phase. Two-way ANOVA and Tukey’s post hoc test were applied for the statistical analysis of the cell cycle. The bars
represent the mean and the standard deviation of the percentage of three independent experiments. Tomentosin treated
cells vs control non treated, * p ≤ 0.0431; ** p ≤ 0.0046 and *** p ≤ 0.0007.

3.4. Effects of Tomentosin on Gene Expression Profiling in Human Burkitt Lymphoma Cells

The HTG EdgeSeq Oncology Biomarker Panel was used to analyze the expression of
2559 cancer-related genes by high-throughput mRNA quantitation analysis, to identify
differentially expressed genes contributing to tomentosin effects on Raji cells and identify its
possible mechanisms of action. Sixty-five genes were shown to be differentially expressed
by comparing global gene expression between Raji cells treated with 25 µM tomentosin or
untreated (vehicle). From 65 DEGs identified 42 genes were overexpressed and 23 genes
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were downregulated (Table S1). An unsupervised hierarchical clustering analysis of the
65 DEGs allowed to clearly separate tomentosin-treated Raji cells versus untreated cells
(Figure 4).

Figure 4. A 65-gene expression signature reveals changes between Raji cells treated and untreated
with tomentosin. Unsupervised hierarchical clustering analysis of Raji cells treated and untreated
with tomentosin was performed using 65 differentially expressed genes. Dendrograms of clustering
analysis for samples and genes are displayed on the top and left, respectively. The relative up and
down regulation of gene is indicated by red and green, respectively. Upper colour bar represents
sample classes, black represents treated sample group (18 h treatment, 25 µM), grey represents
untreated sample group (cells treated with vehicle solution).
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A functional enrichment analysis was performed to analyze the biological role of
the 65 DEGs deregulated by tomentosin treatment in Raji cells. We identified that the
upregulated ASNS, ATF4, DDIT3 genes in tomentosin-treated Raji are involved in the
biological process defined ER nucleus signaling pathway. Additionally, the significant
identified DEGs were enriched in proteins that have key roles in cellular pathways such as
NF-kappa B, PI3K/AKT, and JAK/STAT signaling pathway, transcriptional mis-regulation
in cancer, apoptosis, ferroptosis, toll-like receptor signaling pathway, cytokine-cytokine
receptor interaction, etc. (Table S2, Figure 5).

Figure 5. Human Burkitt lymphoma interactome network developed using Cytoscape. The 65 differentially expressed genes
identified were first submitted to KEGG pathway enrichment analysis using ToppCluster and then displayed using Cytoscape.

4. Discussion

Sesquiterpene lactones represent the most abundant and globally distributed groups
of plant-derived bioactive compounds [14,19,20]. Our previous study, focused on the
screening of antineoplastic activities of natural products, showing that I. viscosa extract
exercises powerful antiproliferative and cytotoxic activities on human BL, showing a dose-
and time-dependent decrease in cell viability, obtained by cell cycle arrest in the G2/M
phase and an increase in cell apoptosis. The molecular mechanisms underlying such an
antineoplastic activity are based on targeting and downregulation of genes involved in cell
cycle and apoptosis cell processes [9].

In this study, we focused on investigating if tomentosin, the most representative
natural potent bioactive compound extracted from the I. viscosa plant, might be responsible
for the bioactivity of I. viscosa extract in the same tumor.

Our study showed that tomentosin exerts a powerful antiproliferative and cytotoxic
activity against human BL cell line. Especially, the treatment of this tumor with increasing
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concentrations of tomentosin induces dose-dependent decrease in cell viability, followed
by a reduction in cell proliferation due to cell cycle arrest in the G2/M phase. Concurrently,
the same concentrations of tomentosin did not induce cytotoxic effects in normal MRC5
cells, suggesting a selective activity of the tomentosin against BL cells. Additionally, a
dose-dependent increase in cell apoptosis was observed, by activating both the death
receptor and the mitochondrial pathways on Raji cells. These findings suggest that both
cell cycle arrest and cell apoptosis could be the main mechanisms explaining the anti-
proliferative effects of tomentosin, resulting in the inhibition of Raji cell viability. As
support, Yang et al. demonstrated that tomentosin induces apoptosis in human leukemia
cells by caspase-facilitated pro-apoptotic pathway, and inhibition of the NF-κB-stimulated
Bcl-2 [15]. Furthermore, tomentosin is identified as one of the most beneficial natural
therapeutic agents against various solid tumors [10–13].

In order to assess the molecular mechanisms involved in tomentosin anti-neoplastic
activity, a high-throughput mRNA expression profiling on 2559 cancer-related genes was
performed. We identified 65 DEGs showing different activities in human BL cells treated
or untreated with tomentosin. Deregulation of various biological pathways is a hallmark
in tumor biology. Our data emphasize that a great number of DEGs deregulated by
tomentosin treatment influence functional cell processes, which is absolutely crucial to
determinate and support the BL phenotype.

In more detail, we determined that overexpressed genes identified in tomentosin-
treated BL cells are prevalent in pathways known to lead to cellular death, specifically
via apoptosis and ferroptosis processes, and protein processing in endoplasmic reticulum.
Genes down-regulated in BL cells are known to manage pathways that regulate growth, dif-
ferentiation, migration and also apoptotic cell processes, such as PI3K-Akt and JAK/STAT
signaling pathway. Downregulated genes are also involved in immune-system processes,
as well as NF-kappa B pathways, toll-like receptor signaling, cytokine-cytokine receptor
interaction (CCL4, CD40, LTB, VCAM1, CSF3R, IL2RB and FOS genes).

Interestingly, our data identify the induction of apoptosis processes through different
molecular pathways. The pro-apoptotic PMAIP1 (NOXA) gene was upregulated in human
BL cells treated with tomentosin. Yee et al. demonstrated that latent EBV in B cells inhibits
apoptosis induced by ionomycin and/or staurosporine in BL-derived B cells, modifying
the NOXA expression levels [21]. Moreover, upregulation of DNAJB2 and DNAJC5 genes
were identified in human BL cells treated with tomentosin, which control protein folding
and misfolded protein degradation, intracellular trafficking, regulating cellular signaling
pathways and immune responses [22,23]. Additionally, ATF4 and DDIT3 overexpression
was observed, whose proteins are enriched in protein processing in the endoplasmic reticu-
lum pathway. In neoplastic disease, the chronic activation of ER stress response can trigger
apoptotic signals, leading to the expression of downstream signaling, which damages the
target cells [24]. It should be suggested that the ATF4 and DDIT3 overexpression induced
by tomentosin in human BL may be responsible for the activation of the unfolded protein
response PERK/eIF2a/ATF4/DDIT3 pathway. The tomentosin-induced overexpression
of the transcription factor ATF4, which further activates the proapoptotic CHOP (DDIT3),
also activated by the drug, suggests that in presence of tomentosin the protective cell
mechanisms activated by the unfolded protein response signaling is not sufficient to restore
normal ER function and cells can be induced to apoptosis.

Interestingly, tomentosin treatment in human BL induces downregulation of BCL2A1
gene, which is a highly regulated NF-kB target gene, involved in major pro-survival func-
tions. Physiologically, BCL2A1 is mainly expressed in the hematopoietic system, facilitating
survival of selected leukocyte subgroups and inflammation. Besides, BCL2A1 is overex-
pressed in various neoplastic cells, including hematological malignancies [25–29] and solid
tumors [30–32], and is known to contribute to tumor progression [33–35]. Considering that
the main BCL2A1 function is to control the release of cytochrome c from mitochondria in
the intrinsic apoptotic pathway, it may be an attractive target for anti-cancer therapies. The
gene expression profile performed on tomentosin-treated human BL shows as tomentosin
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deregulates the BCL2A1 gene expression and could promote mitochondrial apoptosis
pathway in BL cells.

The CDKN1A (p21) protein seems to perform contrasting tumor suppressor or onco-
genic functions in neoplastic cells. Recently, a growing amount of evidence indicates their
oncogenic properties, mechanistically based on protection from apoptosis [36]. Accordingly,
the accumulation of cytoplasmic p21, stimulated by AKT- or IKKβ-dependent pathways,
suppresses programmed cell death [37]. Interestingly, studies on tumor development in
mice have demonstrated that the deletion of CDKN1A inhibits lymphoma [38,39]. In
agreement with the CDKN1A oncogenic activity, lymphomas arising in CDKN1A-deficient
mice demonstrate a high rate of apoptosis [40]. Our data show the CDKN1A downregu-
lation induced in human BL from tomentosin and suggest that this pathway represent a
mechanism to induce neoplastic cell apoptosis.

The pharmacologic effects of Tomentosin on BL progression are exclusively based
on gene expression profiling and enrichment analysis obtained in in vitro experiments,
representing a limitation of our work. Based on previous results, our future investigations
will include in vivo experiments to analyze the molecular mechanisms by which tomentosin
induce its pharmacologic effects in human BL.

5. Conclusions

In summary, our results demonstrate that tomentosin has a potent anti-tumoral ac-
tivity on human BL cells mediated by cell proliferation inhibition and cell apoptosis
induction. Furthermore, in a gene expression profiling analysis we investigated the molec-
ular mechanisms responsible for tomentosin effects on human BL. Tomentosin induces
the downregulation of genes enriched in immune-system pathways, as well as pathways
which favor proliferation and cellular growth processes. Importantly, we demonstrated
that different deregulated genes identified in tomentosin-treated BL cells are prevalent in
molecular pathways known to lead to cellular death, especially by apoptosis. Our results
further suggest that tomentosin could be taken into consideration as a potential natural
product with limited toxicity and relevant anti-tumoral activity among the therapeutic
options available for BL patients.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/life11111128/s1, Table S1: List of differentially deregulated genes targeted by Tomentosin
in Raji cell line, Table S2: The enriched pathways of differentially expressed genes targeted by
Tomentosin in RAJI cell line.
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Abbreviations

BL: Burkitt’s lymphoma, NHL: non-Hodgkin lymphoma, SL: sesquiterpene lactones, MRC5:
normal fibroblast cell line, GFI: green fluorescence intensity, RLU: relative luminescence units, 7-
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