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Abstract
The aim of this study was to determine possible anticancer effect of tomentosin, a natural sesquiterpene
lactone, on pancreatic cancer cells. The cytotoxic effect of tomentosin on human pancreatic cancer cells
was determined by XTT analysis. After treatment with tomentosin, apoptosis rate was determined and
migration, invasion and colony formation analyzes were performed. Reactive oxygen species (ROS) level
and the change in mitochondrial membrane potential (MMP) were evaluated. The effect of tomentosin on
expression levels of apoptosis-related genes was determined by qRT-PCR. The levels of Caspase-3 and
Caspase-9 were analyzed by western blot. The IC50 dose of tomentosin was found to be 31.11 µM in
PANC-1 cells and 33.93 μM in MIA PaCa-2 cells for 48 hours. Treatment with tomentosin induced
apoptosis and ROS production in pancreatic cancer cells. And, after tomentosin treatment, MMP
decreased and migration, invasion and colony formation of pancreatic cancer cells were suppressed.
While tomentosin affected expression level of apoptosis-related genes, an increase was observed in
Caspase-3 and Caspase-9 protein levels. Considering all the data together, this study reveals that
tomentosin has anticancer effects on pancreatic cancer cells, and therefore it predicts that tomentosin
can be evaluated as an effective agent against pancreatic cancer.

Introduction
Pancreatic cancer is one of the deadliest malignancies with a death rate close to the number of cases.
Despite the development of treatment methods in recent years, pancreatic cancer is one of the cancers
with the lowest 5-year survival rate, only 10%. And, it is thought that pancreatic cancer will rank third in
cancer-related deaths by 2025 (Ferlay et al., 2016; Siegel et al., 2021; Sung et al., 2021). Pancreatic cancer
has a rather poor prognosis and is often not detected at an early stage due to the lack of symptoms until
it has developed significantly. Accordingly, the feasibility of surgical resection in pancreatic cancer
patients is limited. In addition, the recurrence rate after resection is quite high. Therefore, chemotherapy is
an important part of pancreatic cancer treatment (Kieler et al., 2020; Yang et al., 2021). Gemcitabine is
used in the first-line treatment of pancreatic cancer. However, gemcitabine has a very short half-life and is
rapidly converted to fluorodeoxyuridine which is inactive metabolite of gemcitabine. In addition, uptake of
gemcitabine into cells is low. Because of these properties, gemcitabine should be given in high doses that
can cause systemic toxicity. And also, resistance to gemcitabine is observed in some cases (Binenbaum
et al., 2015; Affram et al., 2015; Amrutkar et al., 2020). Therefore,  there is a clear need to develop new
treatment strategies for pancreatic cancer. 

Natural products with various pharmacological properties can inhibit or suppress carcinogenesis process
by various mechanisms such as regulation of reactive oxygen species (ROS) level, control of gene
expression, inhibition of cell proliferation, induction of apoptosis and modulation of signaling pathways
(Kaur et al., 2018). One of these natural products with anticancer activity is sesquiterpene lactones, which
are natural terpenoids with a 15-carbon skeleton containing a lactone, generally found in genera from
Asteraceae family (Babaei et al., 2018). Tomentosin, a natural sesquiterpene lactone with various
pharmacological properties such as anti-inflammatory and anti-fungal, as well as neuroprotective effects,



Page 3/16

is found in Inula sps belongs to Asteraceae family (Cafarchia et al., 2001; Park et al., 2014; He et al., 2020;
Fan et al., 2021). In recent years, it has been shown that tomentosin causes anticancer effects on cervical
cancer (Merghoub et al., 2017), osteosarcoma (Lee et al., 2019), gastric cancer (Yang et al., 2020),
multiple myeloma (Virdis et al., 2021), Burkitt’s lymphoma (Virdis et al., 2021), leukemia (Yang et al.,
2021) and hepatocellular carcinoma (Yu et al., 2021) by various mechanisms. 

In this study, it was aimed to investigate anticancer activity of tomentosin in PANC-1 and MIA PaCa-2
human pancreatic cancer cells. For this, the cytotoxic and apoptotic effects of tomentosin in pancreatic
cancer cells were determined, and its effects on migration, invasion and colony formation capacities of
cells were evaluated. In addition, while the expression levels of important genes and proteins that play a
role in apoptosis were determined at the molecular level, changes in the ROS level and mitochondrial
membrane potential (MMP) were also investigated.

Materials And Methods
2.1. Cell culture

PANC-1 (CRL-1469™) and MIA PaCa-2 (CRL-1420™) human pancreatic cancer cell lines obtained from
ATCC. Cells were grown in high glucose DMEM medium containing 10% fetal bovine serum, 1% penicillin-
streptomycin, 1% non-essential amino acids and 1% sodium pyruvate at 37°C, 5% CO2 and 95% humidity. 

2.2. Cytotoxicity assay

The cytotoxic effect of tomentosin on pancreatic cancer cells was evaluated by XTT analysis. PANC-1
and MIA PaCa-2 cells were seeded at 2x103 cell in 96-well plates. After 24 hours, varying concentrations
of tomentosin (0-300 µM) were treated to cells for 24, 48 and 72 hours. At the end of the specified hours,
XTT solution (Biological Industries, 20-300-1000) was added to wells and after approximately 4 hours,
absorbance value of each well was read in a microplate reader (BioTek Epoch) at 450 nm wavelength and
630 nm reference range. % cell viability was calculated and IC50  doses of tomentosin in PANC-1 and MIA
PaCa-2 cells were determined with GraphPad Prism 8.0.2 software. 

2.3. Apoptosis assay

After tomentosin treatment, % apoptosis rate was determined by a flow cytometry using FITC Annexin V
apoptosis kit (BioLegend, 640.922). Cell suspensions (1x106 cells/ml) were prepared from control and
dose group cells with Dulbecco’s PBS. And, 5 µl of FITC Annexin V and 5 µl of 7-ADD dye were added to
100 µl of cell suspensions. After incubation at room temperature for 15 minutes in the dark, 400 µl of
Annexin V binding buffer was added to cell suspensions and % apoptotic cells were determined in a flow
cytometer (BD FACSAriaTM III).

2.4. Wound healing assay
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The effect of tomentosin on cell migration in pancreatic cancer cells was determined by wound healing
assay. For this, an artificial wound was created with the help of a yellow pipette tip in control and dose
group cells, which were seeded in 24-well plates (1x105 cells/well). Cell migration was evaluated by
imaging under the microscope at 24, 48 and 72 hours. Wound areas were measured using ImageJ
software and % rate of wound closure was determined.

2.5. Invasion assay

The effect of tomentosin on invasion of pancreatic cancer cells was determined using the 24-well
Corning BioCoatMatrigel Invasion Chamber (Corning, 354480) Cell suspensions (2.5x105cells/ml) were
prepared with serum-free medium from control and dose group cells. 500 µl of cell suspension was
added to upper chamber and medium containing serum was added to lower chamber. After 22 hours at
37°C, non-invasive cells were removed from upper surface of membrane with a swab, while invasive cells
that migrated to lower part of membrane were fixed with 100% methanol and stained with 0.1% crystal
violet. After washing, three random fields were counted under a light microscope.

2.6. Colony assay 

For the colony assay, control and dose group cells, which were seeded in 6-well plates (2x103), were
cultured for 10 days and medium changed every 2 days. At the end of 10 days, washing was done with
PBS and 100% methanol was added to wells for fixation. After 10 minutes, methanol was removed and
5% crystal violet was added to wells. Colonies were counted after washing.

2.7. Measurement of mitochondrial membrane potential (MMP)

The effect of tomentosin on MMP in pancreatic cancer cells was performed according to manufacturer's
instructions (Abcam, ab113850). Briefly, control and dose group cells (2x104 cells/well) were washed with
1X dilution buffer in 96-well plates. Then, cells were stained with dilution buffer containing JC-1 dye. After
washing with 1X dilution buffer, 100 μl of medium was added to wells. The fluorescence of JC-1 was
measured at Ex/Em = 475/530 nm for green fluorescence and Ex/Em = 535/590 nm for red fluorescence
in a fluorescent microplate reader (BioTek Epoch).

2.8. Intracellular reactive oxygen species (ROS) detection

After tomentosin treatment, intracellular ROS level was determined using ROS red dye, which reacts with
cellular ROS to produce a red fluorescent signal (Abcam, ab186027). For this, 100 µl of ROS Red Working
Solution was added to control and dose group cells (2x104 cells/well) in 96-well plates and plates were
incubated for 1 hour at 37°C. After incubation, 20 µL of Assay buffer was added to wells. After 15
minutes, the red fluorescence measured in a fluorescent microplate reader (Ex:520 nm/Em:605 nm)
(BioTek Epoch). 

2.9. RNA extraction and qRT-PCR analysis
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qRT-PCR analysis was performed to determine the effect of tomentosin on expression levels of apoptosis-
related genes in pancreatic cancer cells. Firstly, total RNA isolation was performed using RiboEx (GeneAll,
301-001) from control and dose group cells seeded in 6-well plates (3x105 cells/well). Then, cDNA
synthesis was performed from total RNAs in accordance with the manufacturer's instructions (Bio-Rad,
170-8891). Primers for target genes and ACTB used in qPCR analysis were designed with IDT
PrimerQuest (https://eu. idtdna. com/ Prime rquest/ Home/ Index). 5 μl of BrightGreen 2X qPCR
MasterMix, 5 pMol forward primer, 5 pMol reverse primer and 2 μl cDNA were used in qRT-PCR. The PCR
protocol, consisting of 10 minutes at 95˚C, 15 seconds at 95˚C and 60 seconds at 60˚C, was carried out in
Bio-Rad CFX ConnectTM Real-Time System as 40 cycles. The analysis was performed with 2–ΔΔCT

method using "RT2 Profiler ™ PCR Array Data Analysis" software.

2.10. Wetern blot analysis

The effect of tomentosin on Caspase-3 and Caspase-9 protein levels in pancreatic cancer cells was
evaluated by western blot analysis. Protein isolation was performed using RIPA solution (Cell signaling,
9806) from control and dose group cells, which were seeded in 6-well plates (5x105 cells/well). 50 µg of
protein was separated in 8-15% SDS-PAGE and transferred to PVDF membrane. After blocking with 5%
non-fat milk, membrane was incubated with anti-Caspase-3 (StJohn’s Laboratory, STJ92021, 1:500), anti-
Caspase-9 (StJohn’s Laboratory, STJ92027, 1:500) and anti-β-Actin (Bioss Antibodies, BS-0061R, 1:1000)
primary antibodies at +4°C overnight. At the end of the incubation, washing was done with TBST and
membrane was treated with secondary antibody (Jackson Immuno Research, 211-035-109) for 2 hours.
After washing, chemiluminescence solution (Biovision, K820-500) was added to membrane for imaging
and chemiluminescence was detected on Azure Biosystems™ c280. ImageJ software was used for
analysis.

2.11. Statistical analysis

All experiments were performed in triplicate and data were presented as mean ± standard deviation.
Comparison between control and dose groups was performed with GraphPad Prism version 8.0.2 using
Student's t test. In all analyzes, p < 0.05 was considered statistically significant.

Results
3.1. Tomentosin inhibits cell proliferation and induces apoptosis in pancreatic cancer cells

The effect of tomentosin on cell proliferation in PANC-1 and MIA PaCa-2 cells was determined by
cytotoxicity analysis. For this, cells were treated with 5 µM, 10 µM, 15 µM, 20 µM, 25 µM, 30 µM, 40 µM,
50 µM, 75 µM and 100 µM of tomentosin for 24, 48 and 72 hours. The effect of tomentosin on viability of
pancreatic cancer cells is presented in Fig.1A. Accordingly, tomentosin inhibited proliferation of
pancreatic cancer cells in a dose- and time-dependent manner. In addition, IC50 dose of tomentosin in
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PANC-1 and MIA PaCa-2 cells was found to be 31.11 µM and 33.93 µM for 48 hours, respectively. In
further analysis, cells were treated with IC50 doses of tomentosin for 48 hours. 

To evaluate the effect of tomentosin on apoptosis in pancreatic cancer cells, cells were treated with IC50

doses of tomentosin for 48 hours and apoptosis rates were determined with FITC Annexin V. Accordingly,
apoptosis rates in PANC-1 cells were found to be 5.3% in control group and 15.2% in tomenstosin-treated
group. In MIA PaCa-2 cells, apoptosis rate was 13.73% in tomenstosin-treated group, while it was 6.26%
in control group. According to the apoptosis analysis results, tomentosin significantly increased
apoptosis rate in PANC-1 and MIA PaCa-2 cells compared to control group (Fig. 1B) (p < 0.05). 

3.2. Tomentosin inhibits migration, invasion and colony formation of pancreatic cancer cells 

The effect of tomentosin on cell migration was evaluated by wound healing analysis in pancreatic cancer
cells. After treatment of tomentosin at IC50 doses, migration of PANC-1 and MIA PaCa-2 cells was
evaluated for 24, 48 and 72 hours. According to the wound healing analysis results, tomentosin did not
cause a significant change on cell migration in both cell lines for 24 hours. However, it was determined
that tomentosin significantly reduced migration of PANC-1 and MIAPAa2 cells for 48 and 72 hours when
compared to control group (Fig. 2.) (p < 0.05).

The effect of tomentosin on invasion of pancreatic cancer cells was evaluated with Matrigel invasion
chamber. After 48 hours with IC50 doses of tomentosin, invasion of PANC-1 and MIA PaCa-2 cells was
significantly reduced compared to control group (Fig. 3A) (p < 0.05). In addition, according to the colony
analysis results, colony forming capacities of PANC-1 and MIAPACA cells were significantly suppressed
after treatment with IC50 doses of tomentosin for 48 hours (Fig. 3B) (p < 0.05).

3.3. Tomentosin increases intracellular ROS level and decreases MMP in pancreatic cancer cells

After tomentosin treatment, intracellular ROS level and MMP were evaluated in pancreatic cancer cells.
Accordingly, treatment of tomentosin at IC50 doses significantly increased intracellular ROS level and
significantly decreased MMP in pancreatic cancer cells (Fig. 4A-B) (p < 0.05).

3.4. Tomentosin effects expression level of genes and proteins associated with apoptosis in pancreatic
cancer cells

The effect of tomentosin on apoptosis in pancreatic cancer cells was evaluated at the molecular level by
qRT-PCR and western blot analysis. After tomentosin treatment, the expression levels of BAX, BCL2,
CASP3, CASP7, CASP8, CASP9, CYCS, PPARG, FAS, FADD, TNF and TNFR1 genes, which are associated
with apoptosis, were determined by qRT-PCR analysis at mRNA level. Accordingly, in PANC-1 cells,
tomentosin treatment at IC50 dose for 48 hours caused a significant increase in the expression level of
BAX, CASP3, CASP7, CASP8, CASP9, CYCS, FAS, FADD and TNF genes. On the other hand, in MIA PaCa-2
cells, a significant increase was seen in the expression level of BAX, CASP3, CASP7, CASP8, CASP9, CYCS,
FAS, FADD, TNF and TNFR1 genes after tomentosin treatment (Fig. 5A) (p < 0.05). The effect of
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tomentosin on Caspase-3 and Caspase-9 protein levels was evaluated by western blot analysis.
Accordingly, a significant increase in Caspase-3 and Caspase-9 protein levels was detected in tomentosin-
treated PANC-1 and MIA PaCa-2 cells, compared to control group (Fig. 5B) (p < 0.05). 

Discussion
In recent years, both in vitro and in vivo studies have shown that various natural products have
chemotherapeutic activity in a wide variety of cancers, including pancreatic cancer (Yue et al., 2017;
Chamberlin et al., 2019; Kashyap et al., 2021). In this respect, investigation of anticancer effects of
various natural products constitutes an important area in cancer studies and the results are considered
promising. In this study, we investigated anticancer effect of tomentosin, a sesquiterpene
lactone, on PANC-1 and MIA PaCa-2 human pancreatic cancer cells. 

According to our results, tomentosin inhibited proliferation of pancreatic cancer cells in a dose and time
dependent manner. And, IC50 doses of tomentosin in PANC-1 and MIA PaCa-2 cells were 31.11 µM and
33.93 µM for 48 hours, respectively. The possible anticancer effect of tomentosin on pancreatic cancer
cells was evaluated by apoptosis, wound healing, invasion and colony formation assays.
Accordingly, treatment of tomentosin at IC50 doses induced apoptosis in both cell lines and suppressed
migration, invasion and colony formation capacity of pancreatic cancer cells. These results are
consistent with studies investigating the anticancer effect of tomentosin. In a study with human cervical
cancer cells, it has been shown that tomentosin induces apoptosis and arrests cell cycle at G2/M
(Merghoub et al., 2017). Lee et al. (2019) stated that tomentosin induces apoptosis, arrests cell cycle in
G2/M and suppresses migration, invasion and colony formation of MG-63 human osteosarcoma cells.
Similarly, it has been observed that tomentosin stimulated apoptosis and decreased invasion and
migration in AGS gastric cancer cells (Yang et al., 2020). Yu et al. (2021) also showed that tomentosin
induces apoptosis, arrests cell cycle in G2/M and inhibits colony formation in hepatocellular carcinoma
cells. 

In this study, we also demonstrated that tomentosin increases intracellular ROS level and decreases MMP
in pancreatic cancer cells. Similarly, in cervical cancer, osteosarcoma, leukemia and gastric cancer, it has
been reported that tomentosin induces ROS production and causes a decrease in MMP (Merghoub et al.,
2017; Lee et al., 2019; Yang et al., 2020; Yang et al., 2020). Although it is known that abnormal ROS
production increases cell proliferation and stimulates the transformation of normal cells into cancer cells,
high ROS level in cancer cells arrests cell cycle and induces cell death (Chio and Tuveson, 2017; Wang et
al., 2021). Pancreatic cancer cells may also become sensitive to oxidative stress-induced cell death with
increased ROS levels (Zhang et al., 2016). Therefore, induction of ROS production in cancer cells is an
important therapeutic strategy and numerous natural products, like some chemotherapeutics, exert
antitumor effects on human cancer cells by increasing ROS level (Prasad et al., 2017; Du et al., 2021; Liu
et al., 2021). 
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A successful anticancer agent should kill cancer cells without damaging normal cells too much. This is
achieved by inducing apoptosis in cancer cells in a controlled manner. Therefore, a natural product
thought to have anticancer activity is also expected to induce apoptosis (Taraphdar et al., 2001).
Apoptosis occurs in cells by two main pathways, extrinsic pathway mediated by death receptors and
intrinsic pathway mediated by mitochondria (Jan and Chaudhry, 2019). The extrinsic pathway is initiated
by binding of death ligands such as Fas, TRAIL and TNF-α to their receptors. Then, with the activation of
adapter proteins such as FADD and TRADD, caspase-8 or -10 initiator caspases are stimulated and cell
death occurs via caspase cascade (Daniel et al., 2006). In intrinsic pathway of apoptosis, mitochondrial
membrane permeability changes as a result of activation of BCL-2 family members Bax and Bak, and
various proapoptotic molecules such as cytochrome c are released from the mitochondria to the
cytoplasm. Binding of cytochrome c to Apaf-1 forms an apoptosome and apoptosome activates
caspase-9. Then caspase-3 and caspase-7 are activated and cell death occurs (Brentnall et al., 2013).
Increased ROS production can stimulate intrinsic apoptosis pathway, as well as extrinsic apoptosis
pathway (Falone et al., 2019). And, occurrence of a decrease in MMP is an important step in intrinsic
pathway (Kroemer, 2003). In this study, the decrease in MMP as well as an increase in ROS production in
pancreatic cancer cells after tomentosin treatment indicates that mitochondria-mediated intrinsic
pathway may be induced.

On the other hand, apoptotic effect of tomentosin on pancreatic cancer cells was determined at the
molecular level by evaluating expression levels of genes encoding proteins involved in the intrinsic and
extrinsic pathways of apoptosis. In this context, CASP8, PPARG, FAS, FADD, TNF and TNFR1 genes for
extrinsic pathway and BAX, BCL2, CASP3, CASP7, CASP9 and CYCS genes for intrinsic pathway were
evaluated in gene expression analysis. In addition, Caspase-3 and Caspase-9 protein levels were also
analyzed by western blot method. The gene expression analysis results show that tomentosin
significantly increases expression of genes involved in both intrinsic and extrinsic pathways of apoptosis
in pancreatic cancer cells. Western blot analysis results also reveal that protein levels of Caspase-3 and
Caspase-9, which are important regulators of apoptosis, increase after tomentosin treatment. In the study
performed with multiple myeloma cells in which antiproliferative and apoptotic effects of tomentosin
were investigated by gene expression analysis at the molecular level, it has been shown that tomentosin
affects the expression of genes involved in neoplastic processes such as growth, proliferation, migration,
invasion and apoptosis. In the same study, it has been stated that tomentosin induced both intrinsic and
extrinsic pathways of apoptosis in multiple myeloma cells (Virdis et al., 2021). In the study of the same
researchers with Burkitt lymphoma cells, it was determined that tomentosin stimulates both intrinsic and
extrinsic pathways of apoptosis in these cells, and it was revealed that tomentosin regulates the
expression of genes involved in proliferation and cell growth as well as immune system pathways (Virdis
et al., 2021). When the results of ROS, MMP, gene expression and western blot analyzes are evaluated
together in this study, it is thought that tomentosin can induce both intrinsic and extrinsic pathways of
apoptosis in pancreatic cancer cells as in multiple myeloma and burkit lymphoma cells. 

In conclusion, with this study, we showed for the first time that tomentosin causes anticancer effects in
pancreatic cancer cells. And, we revealed that tomentosin stimulates apoptosis, reduces migration,
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invasion and colony formation abilities, causes a decrease in MMP and increases ROS production in
pancreatic cancer cells. Our results reveal the in vitro effect of tomentosin on pancreatic cancer cells, and,
we hope that this study will pave the way for future in vivo studies and contribute to development of new
therapeutic strategies against pancreatic cancer.

Declarations
Author contributions 

Ebru Güçlü: Conceptualization, Investigation, Methodology, Formal analysis, Writing - Original Draft,
Writing - Review & Editing, Visualization. İlknur Çınar Ayan: Conceptualization, Investigation, Methodology,
Formal analysis, Writing - Original Draft, Writing - Review & Editing, Visualization. Hatice Gül Dursun:
Resources, Writing - Review & Editing, Supervision. Hasibe Vural: Resources, Writing - Review & Editing,
Supervision. 

Acknowledgements

The authors received no financial support for the research, authorship, and/or publication of this article.

Declaration of Competing Interest

The authors declare no conflicts of interest.

References
Affram K, Udofot O, Agyare E. Cytotoxicity of gemcitabine-loaded thermosensitive liposomes in
pancreatic cancer cell lines. Integr Cancer Sci Ther. 2015;2(2):133-142. 

Amrutkar M, Vethe NT, Verbeke CS, Aasrum M, Finstadsveen AV, Sántha P, Gladhaug IP. Differential
Gemcitabine Sensitivity in Primary Human Pancreatic Cancer Cells and Paired Stellate Cells Is Driven by
Heterogenous Drug Uptake and Processing. Cancers (Basel). 2020;12(12):3628. 

Babaei G, Aliarab A, Abroon S, Rasmi Y, Aziz SG. Application of sesquiterpene lactone: A new promising
way for cancer therapy based on anticancer activity. Biomed Pharmacother. 2018;106:239-246. 

Binenbaum Y, Na'ara S, Gil Z. Gemcitabine resistance in pancreatic ductal adenocarcinoma. Drug Resist
Updat. 2015;23:55-68

Brentnall M, Rodriguez-Menocal L, De Guevara RL, Cepero E, Boise LH. Caspase-9, caspase-3 and
caspase-7 have distinct roles during intrinsic apoptosis. BMC Cell Biol. 2013;14:32.

Cafarchia C, De Laurentis N, Milillo MA, Losacco V, Puccini V. Attività fungistatica di un sesquiterpene
lattone (tomentosina) isolato dai fiori freschi di Inula viscosa (Asteraceae) della regione Puglia



Page 10/16

[Fungistatic activity of a sesquiterpene lactone (tomentosin) isolated from fresh Inula viscosa
(Asteraceae) flowers from the Puglia region]. Parassitologia. 2001;43(3):117-21. 

Chamberlin SR, Blucher A, Wu G, Shinto L, Choonoo G, Kulesz-Martin M, McWeeney S. Natural Product
Target Network Reveals Potential for Cancer Combination Therapies. Front Pharmacol. 2019;10:557. 

Chio IIC, Tuveson DA. ROS in Cancer: The Burning Question. Trends Mol Med. 2017;23(5):411-429. 

Daniel PT, Koert U, Schuppan J. Apoptolidin: induction of apoptosis by a natural product. Angew Chem Int
Ed Engl. 2006;45(6):872-93. 

Du J, Jiang F, Xu SS, Huang ZF, Chen LL, Li L. Tephrosin induces apoptosis of human pancreatic cancer
cells through the generation of reactive oxygen species. J Cancer. 2021;12(1):270-280. 

Falone S, Lisanti MP, Domenicotti C. Oxidative Stress and Reprogramming of Mitochondrial Function and
Dynamics as Targets to Modulate Cancer Cell Behavior and Chemoresistance. Oxid Med Cell Longev.
2019;2019:4647807. 

Fan Y, Maghimaa M, Chinnathambi A, Alharbi SA, Veeraraghavan VP, Mohan SK, Hussain S, Rengarajan T.
Tomentosin Reduces Behavior Deficits and Neuroinflammatory Response in MPTP-Induced Parkinson's
Disease in Mice. J Environ Pathol Toxicol Oncol. 2021;40(1):75-84. 

Ferlay  J,  Partensky  C,  Bray  F.  More  deaths   from   pancreatic   cancer   than   breast  cancer  in  the
 EU  by  2017.  Acta Oncol. 2016;55:1158-1160

He J, Wu H, Zhou Y, Zheng C. Tomentosin inhibit cerebral ischemia/reperfusion induced inflammatory
response via TLR4/ NLRP3 signalling pathway - in vivo and in vitro studies. Biomed Pharmacother.
2020;131:110697. 

Jan R, Chaudhry GE. Understanding Apoptosis and Apoptotic Pathways Targeted Cancer Therapeutics.
Adv Pharm Bull. 2019;9(2):205-218. doi:10.15171/apb.2019.024

Kashyap D, Tuli HS, Yerer MB, Sharma A, Sak K, Srivastava S, Pandey A, Garg VK, Sethi G, Bishayee A.
Natural product-based nanoformulations for cancer therapy: Opportunities and challenges. Semin Cancer
Biol. 2021;69:5-23. 

Kaur V, Kumar M, Kumar A, Kaur K, Dhillon VS, Kaur S. Pharmacotherapeutic potential of phytochemicals:
Implications in cancer chemoprevention and future perspectives. Biomed Pharmacother. 2018;97:564-
586. 

Kieler M, Unseld M, Bianconi D, Schindl M, Kornek GV, Scheithauer W, Prager GW. Impact of New
Chemotherapy Regimens on the Treatment Landscape and Survival of Locally Advanced and Metastatic
Pancreatic Cancer Patients. J Clin Med. 2020;9(3):648. 



Page 11/16

Kroemer G. Mitochondrial control of apoptosis: an introduction. Biochem Biophys Res Commun.
2003;304(3):433-5. 

Lee CM, Lee J, Nam MJ, Choi YS, Park SH. Tomentosin Displays Anti-Carcinogenic Effect in Human
Osteosarcoma MG-63 Cells via the Induction of Intracellular Reactive Oxygen Species. Int J Mol Sci.
2019;20(6):1508. 

Liu Y, Shi C, He Z, et al. Inhibition of PI3K/AKT signaling via ROS regulation is involved in Rhein-induced
apoptosis and enhancement of oxaliplatin sensitivity in pancreatic cancer cells. Int J Biol Sci.
2021;17(2):589-602. 

Merghoub N, El Btaouri H, Benbacer L, Gmouh S, Trentesaux C, Brassart B, Attaleb M, Madoulet C, Wenner
T, Amzazi S, Morjani H, El Mzibri M. Tomentosin Induces Telomere Shortening and Caspase-Dependant
Apoptosis in Cervical Cancer Cells. J Cell Biochem. 2017;118(7):1689-1698.

Park HH, Kim SG, Kim MJ, Lee J, Choi BK, Jin MH, Lee E. Suppressive effect of tomentosin on the
production of inflammatory mediators in RAW264.7 cells. Biol Pharm Bull. 2014;37(7):1177-83. 

Prasad S, Gupta SC, Tyagi AK. Reactive oxygen species (ROS) and cancer: Role of antioxidative
nutraceuticals. Cancer Lett. 2017;387:95-105. 

Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer Statistics, 2021. CA Cancer J Clin. 2021;71(1):7-33. 

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global Cancer Statistics
2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA
Cancer J Clin. 2021;71(3):209-249. 

Taraphdar AK, Roy M, Bhattacharya RK. Natural products as inducers of apoptosis: Implication for
cancertherapy and prevention. Curr Science 2001;80:1387–1396

Virdis P, Marchesi I, Fiorentino FP, Migheli R, Sanna L, Bordoni V, Pintore G, Galleri G, Muroni MR, Bagella L,
Fozza C, De Miglio MR, Podda L. Tomentosin a Sesquiterpene Lactone Induces Antiproliferative and
Proapoptotic Effects in Human Burkitt Lymphoma by Deregulation of Anti- and Pro-Apoptotic Genes. Life.
2021;11(11):1128. 

Virdis P, Migheli R, Bordoni V, Fiorentino FP, Sanna L, Marchesi I, Pintore G, Galleri G, Muroni MR, Bagella L,
Fozza C, De Miglio MR, Podda L. Clarifying the molecular mechanism of tomentosin‑induced
antiproliferative and proapoptotic effects in human multiple myeloma via gene expression profile and
genetic interaction network analysis. Int J Mol Med. 2021;48(6):213. 

Wang Y, Qi H, Liu Y, Duan C, Liu X, Xia T, Chen D, Piao HL, Liu HX. The double-edged roles of ROS in
cancer prevention and therapy. Theranostics. 2021;11(10):4839-4857. 



Page 12/16

Yang H, Liu R, Xu Y, Qian L, Dai Z. Photosensitizer Nanoparticles Boost Photodynamic Therapy for
Pancreatic Cancer Treatment. Nanomicro Lett. 2021;13(1):35. 

Yang H, Zhao H, Dong X, Yang Z, Chang W. Tomentosin induces apoptotic pathway by blocking
inflammatory mediators via modulation of cell proteins in AGS gastric cancer cell line. J Biochem Mol
Toxicol. 2020;34(8):e22501. 

Yang L, Xie J, Almoallim HS, Alharbi SA, Chen Y. Tomentosin inhibits cell proliferation and induces
apoptosis in MOLT-4 leukemia cancer cells through the inhibition of mTOR/PI3K/Akt signaling pathway. J
Biochem Mol Toxicol. 2021;35(4):e22719.

Yu SH, Lee CM, Ha SH, Lee J, Jang KY, Park SH. Induction of cell cycle arrest and apoptosis by
tomentosin in hepatocellular carcinoma HepG2 and Huh7 cells. Hum Exp Toxicol. 2021; 40(2):231-244.

Yue Q, Gao G, Zou G, Yu H, Zheng X. Natural Products as Adjunctive Treatment for Pancreatic Cancer:
Recent Trends and Advancements. Biomed Res Int. 2017;2017:8412508. 

Zhang L, Li J, Zong L, Chen X, Chen K, Jiang Z, Nan L, Li X, Li W, Shan T, Ma Q, Ma Z. Reactive Oxygen
Species and Targeted Therapy for Pancreatic Cancer. Oxid Med Cell Longev. 2016;2016:1616781. 

Figures



Page 13/16

Figure 1

Effect of tomentosin on cell viability and apoptosis in PANC-1 and MIA PaCa-2 cells. A Cells were treated
with different doses of tomentosin for 24, 48 and 72 hours and cell viability was determined by XTT
analysis. The IC50 dose of tomentosin in pancreatic cancer cells was found using XTT data. B Cells were
treated with IC50 dose of tomentosin for 48 hours and apoptosis rates were determined with FITC Annexin
V. ***p < 0.001
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Figure 2

Effect of tomentosin on migration of PANC-1 and MIA PaCa-2 cells. Cells were treated with IC50 doses of
tomentosin and cell migration was evaluated with wound healing assay. Wound areas were measured
with ImageJ software and % rate of wound closures were calculated for 24, 48 and 72 hours. *p < 0.05;
**p < 0.01; ***p < 0.001. 
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Figure 3

Effect of tomentosin on invasion and colony formation of PANC-1 and MIA PaCa-2 cells. A Cells were
treated with tomentosin at IC50 doses for 48 hours and cell invasion was evaluated with Matrigel invasion
chamber. Invaded cells were stained with crystal violet and counted. B Cells were treated with IC50 doses
of tomentosin for 48 hours and cultured for 10 days. Colonies were stained with crystal violet and
counted. *p < 0.05; **p < 0.01; ***p < 0.001. 

Figure 4

Effect of tomentosin on intracellular ROS level and MMP. A Cells were treated with IC50 doses of
tomentosin for 48 hours and ROS level was evaluated by measuring the red fluorescence at Ex/Em =
520/605 nm. B The change in MMP was evaluated with JC-1 dye after treatment of tomentosin at IC50

doses for 48 hours. Readings were taken at Ex/Em = 535/590 nm for red fluorescence and at Ex/Em =
475/530 nm for green fluorescence. The change in MMP was determined by ratio of red fluorescence to
green fluorescence and results are presented as % of control. **p < 0.01; ***p < 0.001. 
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Figure 5

Effect of tomentosin on level of genes expression and proteins associated with apoptosis. A The effect of
tomentosin on the expression levels of important genes associated with apoptosis was evaluated by qRT-
PCR analysis. RNA was isolated from control and tomentosin-treated cells, and cDNA synthesis was
performed. After qRT-PCR, fold changes were determined by 2–ΔΔCT method. ACTB was used as a
reference gene. B The effect of tomentosin on Caspase-3 and Caspase-9 protein levels was evaluated by
western blot analysis. Band thicknesses were calculated with Image J program. The results were
presented as relative protein level by normalizing with β-actin. *p < 0.05; **p < 0.01; ***p < 0.001.


