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Osteosarcoma is the most common primary malignant tumor of bones. Most osteosarcoma patients currently
receive combinatorial treatment of doxorubicin, cisplatin, and methotrexate as the first-line therapy; however, local
recurrence and lung metastasis rates remain high. Despite the numerous trials conducted to evaluate novel
therapies for metastatic osteosarcoma, the long-term survival of patients remains dismally bad. Studies have
reported abnormal activation of the NOTCH signaling pathway in most clinical specimens of osteosarcoma, which
is closely related to a poor prognosis. Similarly, studies have reported that NOTCH signaling affected the biological
behavior of osteosarcoma through various molecular mechanisms. NOTCH-targeted therapy has shown potential

for the treatment of osteosarcoma in clinical research.

osteosarcoma NOTCH signaling prognosis molecular targeted therapy

| 1. Introduction

Osteosarcoma is the most common primary malignant tumor of boneslll. Most osteosarcoma patients currently
receive combinatorial treatment of doxorubicin, cisplatin, and methotrexate as the first-line therapy; however, local
recurrence and lung metastasis rates remain highl2E!4, Despite the numerous trials conducted to evaluate novel
therapies for metastatic osteosarcoma, the long-term survival of patients remains dismally bad®B. Tyrosine
kinase inhibitors such as regorafenib have been the major drug for treating metastatic osteosarcomal8l. Other drug
classes have been trialed for metastatic osteosarcoma based on promising pre-clinical data but have yielded

generally disappointing outcomes!2Ii29,

A potential relationship exists between the occurrence and progression of osteosarcoma and bone differentiation
defectstll12l. NOTCH signaling is an important mechanism regulating the normal development and differentiation
of bonel22!, Clinical studies have reported abnormal activation of the NOTCH signaling pathway in most specimens
of osteosarcoma, which is closely related to a poor prognosis. Similarly, NOTCH signaling has been proved to
affect the biological behavior of osteosarcoma through various molecular mechanisms. Recent clinical trials have
reported suitable efficacy for the treatment of osteosarcoma with the strategy of inhibition of the expression and
function of the NOTCH pathway. Therefore, evaluating the potential of therapeutics targeting NOTCH for the
treatment of osteosarcoma is of practical clinical importance. However, the positive or negative effect of the
pathway on cancers has not been identified clearly. Recent clinical trials have reported suitable efficacy for the
treatment of osteosarcoma with the strategy of inhibition of the expression and function of the NOTCH pathway. To

date, systematic reviews24I13l16] nplished have not been concerned with the topic of the clinical significance of
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the alteration of the expression and the dysfunction of the NOTCH pathway in osteosarcoma. Furthermore, the

latest research advances in the NOTCH pathway in osteosarcoma were summarized in this research.

| 2. Composition of NOTCH Signaling

The NOTCH signaling pathway is composed of NOTCH ligand, NOTCH receptor, related enzymes, transcription
factor CSL, regulatory factor, and NOTCH signaling downstream moleculesi:Z! (Figure 1). NOTCH ligands, namely
Delta/Serrate/Lag2 (DSL) family, belong to one-way transmembrane proteins. Mammals have five DSL ligands:
DlI1, Dll4, and DII3 are members of the delta-like ligand family; Jagl and Jag2 are members of the serrate ligand
family28. The NOTCH receptors, a series of transmembrane glycoproteins, are composed of extracellular regions,
transmembrane regions, and cytoplasmic regions®2.The NOTCH receptors (NOTCH1-4), encoded by different
genes, differ in structures and can be degraded by a variety of proteases22. The cleaved NOTCH intracellular
domain (NICD) is released into the cytoplasm and then transported to the nucleus to form the NOTCH transcription
complex (NTC), which is composed of NICD, DNA binding factor, and transcriptional coactivators2d. After
combining with NOTCH regulatory element (NRE), NTC recruits transcription coregulatory factors and starts the
transcription of the specific target genes (such as Hes1, Hes5, etc.)29. The signaling cascade of the NOTCH
pathway often begins with the interaction between the NOTCH receptor and the DSL ligand2ll. DSL ligands
activate specific NOTCH receptors and induce their cleavage. Then NOTCH intracellular domain (NICD) is
released and transported to the nucleus, thus forming NOTCH transcription complex (NTC) with transcription factor

CSL, which acts as a transcription coactivator to start the transcription of NOTCH target genes!22.

signaling cell

NOTCH1-4 /I DSL— %

receptor cell

Figure 1. The Notch signaling pathway.
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| 3. Biological Functions of NOTCH Signaling

The NOTCH pathway modulates cell fate through adjusting signal intensities and dynamics as well as the diversity
of ligand-receptor binding[2223l24]. Under physiological conditions, NOTCH signaling regulates and determines the
fate of different tissues and cells during embryonic development2Y. The NOTCH signaling pathway also has a

profound effect on tumors, however, the positive or negative effect has not been identified clearly.

4. Clinical Significance of NOTCH Signaling Dysfunction in
Osteosarcoma

The clinical significance of the dysfunction of the NOTCH signaling pathway in osteosarcoma was confirmed by the
results of many published studies involving several proteins of the pathway signaling. Those results showed that
the NOTCH signaling pathway played an important role in promoting osteosarcoma, and its abnormal activation
rather than inactivation accelerates the malignant progression. Therefore, evaluating its expression level and
functional status might be significant in predicting the development and prognosis of osteosarcoma. In conclusion,
the results showed that the NOTCH signaling pathway played an important role in promoting osteosarcoma, and its
abnormal activation rather than inactivation accelerates the malignant progression. Therefore, evaluating its
expression level and functional status might be significant in predicting the development and prognosis of

osteosarcoma.

| 5. Effects of NOTCH Signaling Pathway on Osteosarcoma

Studies found that the effects of the NOTCH pathway varied among different osteosarcoma cell lines, including
effects on proliferation, migration and invasion, drug resistance, and cancer stem cell characteristics. In addition,
NOTCH signaling also has an important impact on the microenvironment of osteosarcoma via modulating immune
function, tumor angiogenesis, and osteogenic differentiation, which indirectly affect the biological behavior of

osteosarcoma (Figure 2).
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Figure 2. Effect of the NOTCH signaling pathway on osteosarcoma.

| 6. NOTCH Signaling in Animal Models of Osteosarcoma

An ideal animal model of cancer is of extreme significance for the understanding of the mechanism of tumor
occurrence as well as for the development of new drugs@]. To date, the commonly used animal model of
osteosarcoma is the tumor transplantation model, which can be divided into the xenograft model (human
osteosarcoma animal transplantation) and the allograft model based on the different cell line sources of the host
and cells (or tissues)[2—7]. Currently, the model of concern is the emerging genetically engineered animal tumor
model28. The following sections review the research progress on the NOTCH signaling pathway in animal models
of osteosarcoma.
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7. Osteosarcoma Treatment Strategy Based on NOTCH
Signaling

The NOTCH pathway, a potential target for tumor therapy, is actively involved in tumor growth, metastasis,
chemoresistance, tumor immunity, and other functions. The current therapeutic strategies mostly inhibit the
NOTCH pathway to exert antitumor effectsi22l. There are mainly two types of NOTCH inhibitors: selective and non-
selective. Selective inhibitors include the application of antisense RNA, interfering RNA, and monoclonal
antibodies, while non-selective inhibitors include ligand-blocking agents, y- Secretion inhibitors, and some natural
compounds. Selective inhibitors have strong specificity, minimal side effects, and do not easily induce drug
resistance. Non-selective inhibitors are more toxic; however, considering the diversity of the NOTCH pathway in
cancers, these inhibitors have more clinical value in some cases. Furthermore, numerous natural products and
their extracts have been found to inhibit the NOTCH pathway to exert anticancer effects.

References

1. Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics, 2018. CA Cancer J. Clin. 2018, 68, 7-30.

2. Yui, Y.; Itoh, K.; Yoshioka, K.; Naka, N.; Watanabe, M.; Hiraumi, Y.; Matsubara, H.; Watanabe, K.-
l.; Sano, K.; Nakahata, T.; et al. Mesenchymal mode of migration participates in pulmonary
metastasis of mouse osteosarcoma LM8. Clin. Exp. Metastasis 2010, 27, 619-630.
https://doi.org/10.1007/s10585-010-9352-x.

3. Lallier, M.; Marchandet, L.; Moukengue, B.; Charrier, C.; Baud’Huin, M.; Verrecchia, F.; Ory, B.;
Lamoureux, F. Molecular Chaperones in Osteosarcoma: Diagnosis and Therapeutic Issues. Cells
2021, 10, 754. https://doi.org/10.3390/cells10040754.

4. Bacci, G.; Longhi, A.; Versari, M.; Mercuri, M.; Briccoli, A.; Picci, P. Prognostic factors for
osteosarcoma of the extremity treated with neoadjuvant chemotherapy: 15-year experience in 789
patients treated at a single institution. Cancer Interdiscip. Int. J. Am. Cancer Soc. 2006, 106,
1154-1161.

5. Chawla, S.P.; Goel, S.; Chow, W.; Braiteh, F.; Singh, A.S.; Olson, J.E.G.; Osada, A.; Bobe, |.;
Riedel, R.F. A Phase 1b Dose Escalation Trial of NC-6300 (Nanoparticle Epirubicin) in Patients
with Advanced Solid Tumors or Advanced, Metastatic, or Unresectable Soft-tissue Sarcoma. Clin.
Cancer Res. 2020, 26, 4225-4232. https://doi.org/10.1158/1078-0432.ccr-20-0591.

6. Davis, L.E.; Bolejack, V.; Ryan, C.W.; Ganjoo, K.N.; Loggers, E.T.; Chawla, S.; Agulnik, M.;
Livingston, M.B.; Reed, D.; Keedy, V.; et al. Randomized Double-Blind Phase Il Study of
Regorafenib in Patients with Metastatic Osteosarcoma. J. Clin. Oncol. 2019, 37, 1424-1431.
https://doi.org/10.1200/jc0.18.02374.

https://encyclopedia.pub/entry/42294 5/7



NOTCH Signaling in Osteosarcoma | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Duffaud, F.; Mir, O.; Boudou-Rouquette, P.; Piperno-Neumann, S.; Penel, N.; Bompas, E.;

Delcambre, C.; Kalbacher, E.; Italiano, A.; Collard, O.; et al. Efficacy and safety of regorafenib in
adult patients with metastatic osteosarcoma: A non-comparative, randomised, double-blind,
placebo-controlled, phase 2 study. Lancet Oncol. 2018, 20, 120-133.
https://doi.org/10.1016/s1470-2045(18)30742-3.

. Blay, J.-Y.; Duffaud, F.; George, S.; Maki, R.G.; Penel, N. Regorafenib for the Treatment of

Sarcoma. Curr. Treat. Options Oncol. 2022, 23, 1477-1502.

. Tawbi, H.A.; Burgess, M.; Bolejack, V.; Van Tine, B.A.; Schuetze, S.M.; Hu, J.; D'Angelo, S.; Attia,

S.; Riedel, R.F.; Priebat, D.A.; et al. Pembrolizumab in advanced soft-tissue sarcoma and bone
sarcoma (SARC028): A multicentre, two-cohort, single-arm, open-label, phase 2 trial. Lancet
Oncol. 2017, 18, 1493-1501.

Grignani, G.; Palmerini, E.; Ferraresi, V.; D’Ambrosio, L.; Bertulli, R.; Asaftei, S.D.; Tamburini, A.;
Pignochino, Y.; Sangiolo, D.; Marchesi, E.; et al. Sorafenib and everolimus for patients with
unresectable high-grade osteosarcoma progressing after standard treatment: A non-randomised
phase 2 clinical trial. Lancet Oncol. 2015, 16, 98-107. https://doi.org/10.1016/s1470-
2045(14)71136-2.

Tang, N.; Song, W.-X.; Luo, J.; Haydon, R.C.; He, T.-C. Osteosarcoma Development and Stem
Cell Differentiation. Clin. Orthop. Relat. Res. 2008, 466, 2114—-2130.
https://doi.org/10.1007/s11999-008-0335-z.

Haydon, R.C.; Luu, H.H.; He, T.C. Osteosarcoma and osteoblastic differentiation: A new
perspective on oncogenesis. Clin. Orthop. Relat. Res. 2007, 454, 237-246.

Zieba, J.T.; Chen, Y.-T.; Lee, B.H.; Bae, Y. Notch Signaling in Skeletal Development, Homeostasis
and Pathogenesis. Biomolecules 2020, 10, 332. https://doi.org/10.3390/biom10020332.

McManus, M.M.; Weiss, K.R.; Hughes, D.P.M. Understanding the Role of Notch in Osteosarcoma.
Curr. Adv. Osteosarcoma 2014, 804, 67-92. https://doi.org/10.1007/978-3-319-04843-7_4.

Zhang, J.; Na Li, N.; Lu, S.; Chen, Y.; Shan, L.; Zhao, X.; Xu, Y. The role of Notch ligand Jaggedl
in osteosarcoma proliferation, metastasis, and recurrence. J. Orthop. Surg. Res. 2021, 16, 226.
https://doi.org/10.1186/s13018-021-02372-y .

Hughes, D.P.M. How the NOTCH Pathway Contributes to the Ability of Osteosarcoma Cells to
Metastasize. Pediatr. Adolesc. Osteosarcoma 2009, 152, 479-496. https://doi.org/10.1007/978-1-
4419-0284-9 28.

Kopan, R.; llagan, M.X.G. The Canonical Notch Signaling Pathway: Unfolding the Activation
Mechanism. Cell 2009, 137, 216-233. https://doi.org/10.1016/j.cell.2009.03.045.

Kopan, R.; llagan, M.X.G. The Canonical Notch Signaling Pathway: Unfolding the Activation
Mechanism. Cell 2009, 137, 216-233

https://encyclopedia.pub/entry/42294 6/7



NOTCH Signaling in Osteosarcoma | Encyclopedia.pub

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Sprinzak, D.; Blacklow, S.C. Biophysics of Notch Signaling. Annu. Rev. Biophys. 2021, 50, 157—-
189

Sprinzak, D.; Blacklow, S.C. Biophysics of Notch Signaling. Annu. Rev. Biophys. 2021, 50, 157—-
189. https://doi.org/10.1146/annurev-biophys-101920-082204.

Sprinzak, D.; Blacklow, S.C. Biophysics of Notch Signaling. Annu. Rev. Biophys. 2021, 50, 157—
189.

Gama-Norton, L.; Ferrando, E.; Ruiz-Herguido, C.; Liu, Z.; Guiu, J.; Islam, A.B.M.M.K_; Lee, S.-U.;
Yan, M.; Guidos, C.J.; Lopez-Bigas, N.; et al. Notch signal strength controls cell fate in the
haemogenic endothelium. Nat. Commun. 2015, 6, 8510.

Nandagopal, N.; Santat, L.A.; LeBon, L.; Sprinzak, D.; Bronner, M.E.; Elowitz, M.B. Dynamic
Ligand Discrimination in the Notch Signaling Pathway. Cell 2018, 172, 869—-880.e19.
https://doi.org/10.1016/j.cell.2018.01.002.

Van de Walle, I.; Waegemans, E.; De Medts, J.; De Smet, G.; De Smedt, M.; Snauwaert, S.;
Vandekerckhove, B.; Kerre, T.; Leclercq, G.; Plum, J.; et al. Specific Notch receptor—ligand
interactions control human TCR-a3/yd development by inducing differential Notch signal strength.
J. Exp. Med. 2013, 210, 683-697.

Artavanis-Tsakonas, S.; Muskavitch, M.A. Notch: The past, the present, and the future. Curr. Top.
Dev. Biol. 2010, 92, 1-29.

Mendes, N.; Carvalho, P.D.; Martins, F.; Mendonga, S.; Malheiro, A.R.; Ribeiro, A.; Carvalho, J.;
Velho, S. Animal Models to Study Cancer and Its Microenvironment. Tumor Microenviron. Main
Driv. Metab. Adapt. 2020, 1219, 389—-401. https://doi.org/10.1007/978-3-030-34025-4_20.

Guijarro, M.V.; Ghivizzani, S.C.; Gibbs, C.P. Animal Models in Osteosarcoma. Front. Oncol. 2014,
4, 189. https://doi.org/10.3389/fonc.2014.00189.

Maynard, L.H.; Humbert, O.; Peterson, C.W.; Kiem, H.-P. Genome editing in large animal models.
Mol. Ther. 2021, 29, 3140-3152. https://doi.org/10.1016/j.ymthe.2021.09.026.

Shih le, M.; Wang, T.L. Notch signaling, gamma-secretase inhibitors, and cancer therapy. Cancer
Res. 2007, 67, 1879-1882.

Retrieved from https://encyclopedia.pub/entry/history/show/95491

https://encyclopedia.pub/entry/42294 717



