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Abstract

Tomentosine and the HER2 gene are important molecules in cancer research. HER2 is a protein
receptor on the cell surface that mediates cell growth signals. This protein encoded by the HER2
gene can cause excessive growth and spread of tumor cells, especially in some types of cancer
such as breast cancer. Tomentosine, as a plant-derived compound, attracts attention with studies
on its biological effects. The study evaluated the propensity of HER2 protein to bind to
tomentosine and the therapeutic potential in cancer cases. The interactions of the molecules
were analyzed using AutoDock 4.0. As a result, it was found that there is a multidirectional
binding between HER2 and tomentosine, which was measured to be -8.47 (Gibbs free energy).
These findings show that there is a high affinity and binding potential between HER2 protein
and tomentosine. Therefore, it is thought that this study will provide a pioneer for future in vitro
studies.
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Introduction

HER2 (Human Epidermal Growth Factor Receptor 2) is a receptor protein found on the cell
surface. It is coded from the HER2 gene, which is responsible for regulating cell growth and
division. Overexpression or amplification of the HER2 gene leads to aggressive disease
progression in various cancer types, especially breast cancer (Cheng X., 2024). HER2 has an
abnormally increased expression in approximately 25-30% of breast cancer cases. HER2
positive breast cancer usually grows and spreads more rapidly, thus worsening the prognosis of
the disease (Slamon et al., 2001). HER receptors exist in monomeric form and dimerize by
ligand binding. Although no HER2-specific ligand has been identified, HER2 is the preferred
heterodimerization partner for other HER receptors. Heterodimers containing HER?2 are strong
and long-lived. The strongest dimerization partner of HER2 is known as HER3 (Yarden, 2001).
In normal cells, there are few HER2 molecules on the cell surface and a limited number of
heterodimers are formed. Accordingly, growth signaling is weak and unregulated. When HER2
is overexpressed, more HER2 heterodimers are formed and cell signaling becomes stronger.
This results in a more pronounced response to malignant growth. HER2 overexpression
therefore indicates a worse prognosis in breast tumors and may be a determinant of response to
treatment. HER2 has emerged as a promising target for breast cancer therapies (Rubin and
Yarden, 2001).
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Detection of HER?2 is critical for determining treatment approaches. Traditional methods such
as immunohistochemistry and fluorescence in-situ hybridization are commonly used to evaluate
HER2 expression (Pathmanathan and Bilous, 2012). Both tests are effective in accurately
identifying the presence and overexpression of the HER2 gene and help in determining
treatment options (Wolff et al., 2018). In addition, new technologies have been developed in
recent years that are more sensitive and practical, such as chromogenic in-situ hybridization
(Jahanbin et al., 2023).

Tomentosine is found in some medicinal plants of the Asteraceae family, such as Inula viscosa.
It is a compound belonging to the class of sesquiterpene lactones and its chemical formula is
Ci5sH2003 (He et al., 2020).

Tomentosine is a compound that shows particular potential in cancer treatment. In numerous
studies, tomentosine has been observed to induce apoptosis in cancer cells and inhibit the
proliferation of cancer cells. For example, it was reported that tomentosine induced apoptosis
in MOLT-4 leukemia cancer cells via caspase-facilitated proapoptotic pathway and inhibited
cell proliferation (Yang et al., 2021). Similarly, cell number decreased in hepatocellular
carcinoma HepG2 and Huh7 cells treated with tomentosine in a dose-dependent manner. It was
determined that tomentosine showed antiproliferative effect by decreasing the number of cell
colonies (Yu et al., 2021). In another study, tomentosine was also effective in programmed cell
death in AGS gastric cells (Yang et al., 2020).

Studies have also reported that tomentosine is effective on the cell cycle. Tomentosine induced
cell cycle arrest in SiHa and HeLa cervical cancer cells in the G2/M phase in a dose-dependent
manner (Merghoub et al., 2017). In addition, tomentosine was found to stop the cell cycle,
inhibit proliferation and induce apoptosis in human melanoma cell lines (SK-28, 624 mel, 1363
mel) (Rozenblat et al., 2008).

Tomentosine is thought to induce apoptosis by increasing intracellular Reactive Oxygen
Species (ROS) levels (Lee et al., 2019). In a study conducted in 2022 with pancreatic cancer
cells, it was concluded that tomentosine increases ROS production, stimulates apoptosis,
reduces migration, invasion, and colony formation abilities (Gtiglii et al., 2022).

Tomentosine also draws attention with its anti-inflammatory properties. There are studies
showing that tomentosine shows anti-inflammatory effects by reducing the production of
inflammation-related cytokines (He et al., 2020; Park et al., 2014).

Molecular docking is a process that uses computer programs to simulate how two or more
molecules will interact with each other. Through simulation, the binding site, binding strength
and other interaction properties of one molecule on another molecule are predicted. This
information is used to design potential drugs or to better understand biological processes (Paggi
et al., 2024).

The potential of tomentosine to inhibit the HER2 receptor may be a promising area for new
therapeutic strategies effective in the treatment of HER2 positive cancer. Our aim is to reveal
the therapeutic potential of tomentosine, especially against cancer types caused by the HER2
receptor. For this reason, the binding affinity, and binding modes of tomentosine with HER2
protein were investigated by computer-aided molecular docking modeling.

Materials and Methods

The crystal structure of the HER2 receptor (PDB ID: 8U8X) was obtained from the Protein
Data Bank (PDB, https://www.rcsb.org/). The crystal structure of the HER2 protein with a
resolution of 1.69 A was chosen as the target (receptor) molecule. The pdb file of SUSX was
prepared using chains A and B and imported into AutoDockTools. Water molecules were
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removed and the pdbqt file of the 8U8X coded domain was saved. The chemical structure of
the tomentosine ligand having the molecular formula C15sH2003 was obtained from the National
Library of Medicine/National Center for Biotechnology Information,
https://www.ncbi.nlm.nih.gov/ (PubChem CID: 155173). The ligand files were saved in pdbqt
format using AutodockTools. The best binding pose between receptor and ligand was obtained
using AutoDock 4.0. The resulting binding pose was analyzed using BIOVIA Discovery Studio
Visualizer 2016 (Husunet et al., 2022).

Results and Discussion

In our study, the binding energy, amino acid interactions and chemical bond types of
tomentosine ligand with HER2 protein were extensively investigated. As a result of the
calculations, the binding energy (Gibbs free energy, AG) between tomentosine and HER2 was
calculated as -8.47 kcal/mol. This negative value indicates that the reaction occurs
spontaneously, and the binding process is a thermodynamically stable process.

The different docking positions of the interaction between tomentosine and HER2 are shown
as detailed in figures 1, 2, 3 and 4. These images clearly show how the ligand binds with the
receptor and the positions of the interactions. During the interaction of the ligand with the HER2
receptor, 4 different types of chemical bonds were observed with a total of 16 different amino
acids (Figure 2). These interactions demonstrate that the binding mechanism between the
molecules is complex and multifaceted. The analyzed results revealed that tomentosine ligand
performed several important amino acid interactions with the HER2 receptor. Tomentosine
ligand established conventional hydrogen bonds with some amino acids in the HER2 receptor.
These bonds were particularly observed with amino acids ASP867, ARG872 and PHE868
(Figure 2). Conventional hydrogen bonds are interactions between molecules in which a
hydrogen atom bonds with an electronegative atom. In addition, van der Waals interactions
were also observed between tomentosine and HER2. GLY 869, TYR776, LEU845, ALA779,
MET778, THR866 and SER787 are amino acids involved in van der Waals interactions (Figure
2). These bonds increase the physical proximity and stability between ligand and receptor. In
addition, amino acids such as LEU873, LEU870, VAL777, ARG788, VAL781 and LEU789
formed alkyl bonds with the ligand (Figure 2). Alkyl bonds are the interactions of alkyl groups,
usually containing hydrogen and carbon atoms. These bonds are one of the important factors
that strengthen the interaction between molecules and make the binding more stable. The amino
acid PHE868 was found to establish a Pi-alkyl bond between tomentosine and HER2 (Figure
2). Such interactions occur between aromatic rings and alkyl groups and increase the attractive
forces between molecules.
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Figure 3. Electric field interaction between Figure 4. Ligand Interaction between
HER?2 and Tomentosine HER2 and Tomentosin
Conclusion

The binding mechanism between the tomentosine ligand and the HER2 receptor is highly
complex as it involves multiple and different types of interactions. Each type of interaction
contributes to specific steps in the binding process of tomentosine with HER2. Conventional
hydrogen bonds are considered a weak force between molecules, but are often of great
importance in biological, chemical, and physical processes. Van der Waals and alkyl bonds are
weak interactions that increase the stability of binding. Pi-alkyl interactions are another
important type of bonding that reinforces the structural organization and binding efficiency of
the ligand.

The findings of this study show that the binding between the tomentosine ligand and HER?2 is
based on a multifaceted network of interactions and reveal that the binding energy is due to the
total of these interactions. It can be argued that each of these interactions provides tomentosine
with high affinity and binding potential with HER2. Such binding energies and types of
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interactions may play an important role in the development of potential therapeutic strategies
for the HER2 receptor.

References

Cheng, X. (2024). A Comprehensive Review of HER2 in Cancer Biology and
Therapeutics. Genes, 15(7), 903. https://doi.org/10.3390/genes15070903.

Giiglii, E., Cnar Ayan, 1., Dursun, H. G., & Vural, H. (2022). Tomentosin induces apoptosis in
pancreatic cancer cells through increasing reactive oxygen species and decreasing
mitochondrial membrane potential. Toxicology in vitro : an international journal
published in association with BIBRA, 84, 105458.
https://doi.org/10.1016/].tiv.2022.105458

He, J., Wu, H., Zhou, Y., & Zheng, C. (2020). Tomentosin inhibit cerebral ischemia/reperfusion
induced inflammatory response via TLR4/ NLRP3 signalling pathway - in vivo and in
vitro  studies. Biomedicine @ &  pharmacotherapy @ =  Biomedecine &

pharmacotherapie, 131, 110697. https://doi.org/10.1016/j.biopha.2020.110697

Husunet, M. T., Misitl,, R. C., Istifly, E. S., & Ila, H. B. (2022). Investigation of the genotoxic
effects of patent blue V (E131) in human peripheral lymphocytes and in silico molecular
docking. Drug and chemical toxicology, 45(4), 1780-1786.
https://doi.org/10.1080/01480545.2021.1878208

Jahanbin, B., Soleimani, V., Azmoude-Ardalan, F., Afshar, S., & Safaei, M. (2023). Evaluation
of HER2 Gene Amplification using CISH in Patients with HER2 2+ (equivocal) Breast
Carcinoma based on Immunohistochemistry in Imam Khomeini Cancer Institute from
2016 to 2018: HER2 amplification in breast carcinoma. Archives of Breast
Cancer, 10(2), 131-137. https://doi.org/10.32768/abc.2023102131-137

Lee, C. M., Lee, J., Nam, M. J., Choi, Y. S., & Park, S. H. (2019). Tomentosin Displays Anti-
Carcinogenic Effect in Human Osteosarcoma MG-63 Cells via the Induction of
Intracellular Reactive Oxygen Species. International journal of molecular
sciences, 20(6), 1508. https://doi.org/10.3390/ijms20061508

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. (2017).
Tomentosin Induces Telomere Shortening and Caspase-Dependant Apoptosis in
Cervical Cancer Cells. Journal of cellular biochemistry, 118(7), 1689-1698.
https://doi.org/10.1002/jcb.25826

Paggi, J. M., Pandit, A., & Dror, R. O. (2024). The Art and Science of Molecular
Docking. Annual review of biochemistry, 93(1), 389—-410.
https://doi.org/10.1146/annurev-biochem-030222-120000

Park, H. H., Kim, S. G., Kim, M. J., Lee, J., Choi, B. K., Jin, M. H., & Lee, E. (2014).
Suppressive effect of tomentosin on the production of inflammatory mediators in
RAW264.7 cells. Biological & pharmaceutical bulletin, 37(7), 1177-1183.
https://doi.org/10.1248/bpb.b14-00050

Pathmanathan, N., & Bilous, A. M. (2012). HER?2 testing in breast cancer: an overview of
current  techniques and recent developments. Pathology, 44(7), 587-595.
https://doi.org/10.1097/PAT.0b013e328359cfYa.

Rozenblat, S., Grossman, S., Bergman, M., Gottlieb, H., Cohen, Y., & Dovrat, S. (2008).
Induction of G2/M arrest and apoptosis by sesquiterpene lactones in human melanoma

51


https://doi.org/10.3390/genes15070903
https://doi.org/10.1016/j.tiv.2022.105458
https://doi.org/10.1016/j.biopha.2020.110697
https://doi.org/10.1080/01480545.2021.1878208
https://doi.org/10.32768/abc.2023102131-137
https://doi.org/10.3390/ijms20061508
https://doi.org/10.1002/jcb.25826
https://doi.org/10.1146/annurev-biochem-030222-120000
https://doi.org/10.1248/bpb.b14-00050
https://doi.org/10.1097/PAT.0b013e328359cf9a

cell lines. Biochemical pharmacology, 75(2), 369-382.
https://doi.org/10.1016/].becp.2007.08.024.

Rubin, 1., & Yarden, Y. (2001). The basic biology of HER2. Annals of oncology : official
journal of the FEuropean Society for Medical Oncology, 12 Suppl 1, S3-S8.
https://doi.org/10.1093/annonc/12.suppl_1.s3.

Slamon, D. J., Leyland-Jones, B., Shak, S., Fuchs, H., Paton, V., Bajamonde, A., Fleming, T.,
Eiermann, W., Wolter, J., Pegram, M., Baselga, J., & Norton, L. (2001). Use of
chemotherapy plus a monoclonal antibody against HER2 for metastatic breast cancer
that overexpresses HER2. The New England journal of medicine, 344(11), 783-792.
https://doi.org/10.1056/NEJM200103153441101.

Wolff, A. C., Hammond, M. E. H., Allison, K. H., Harvey, B. E., Mangu, P. B., Bartlett, J. M.
S., Bilous, M., Ellis, I. O., Fitzgibbons, P., Hanna, W., Jenkins, R. B., Press, M. F.,
Spears, P. A., Vance, G. H., Viale, G., McShane, L. M., & Dowsett, M. (2018). Human
Epidermal Growth Factor Receptor 2 Testing in Breast Cancer: American Society of
Clinical Oncology/College of American Pathologists Clinical Practice Guideline
Focused Update. Journal of clinical oncology : official journal of the American Society
of Clinical Oncology, 36(20), 2105-2122. https://doi.org/10.1200/JC0O.2018.77.8738.

Yang, H., Zhao, H., Dong, X., Yang, Z., & Chang, W. (2020). Tomentosin induces apoptotic
pathway by blocking inflammatory mediators via modulation of cell proteins in AGS

gastric cancer cell line. Journal of biochemical and molecular toxicology, 34(8),
€22501. https://doi.org/10.1002/jbt.22501.

Yang, L., Xie, J., Almoallim, H. S., Alharbi, S. A., & Chen, Y. (2021). Tomentosin inhibits cell
proliferation and induces apoptosis in MOLT-4 leukemia cancer cells through the
inhibition of mMTOR/PI3K/Akt signaling pathway. Journal of biochemical and molecular
toxicology, 35(4), €22719. https://doi.org/10.1002/jbt.22719.

Yarden, Y. (2001). Biology of HER2 and its importance in breast cancer. Oncology, 61(Suppl.
2), 1-13. https://doi.org/10.1159/000055396

Yu, S. H,, Lee, C. M., Ha, S. H,, Lee, J., Jang, K. Y., & Park, S. H. (2021). Induction of cell
cycle arrest and apoptosis by tomentosin in hepatocellular carcinoma HepG2 and Huh7
cells. Human & experimental toxicology, 40(2), 231-244.
https://doi.org/10.1177/0960327120943935

52


https://doi.org/10.1016/j.bcp.2007.08.024
https://doi.org/10.1093/annonc/12.suppl_1.s3
https://doi.org/10.1056/NEJM200103153441101
https://doi.org/10.1200/JCO.2018.77.8738
https://doi.org/10.1002/jbt.22501
https://doi.org/10.1002/jbt.22719
https://doi.org/10.1159/000055396
https://doi.org/10.1177/0960327120943935



