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Commentary

Among the reasons of childhood mortality, cancer is the 
leading cause of death [1,2]. Of all paediatric cancers diagnosed, 
soft tissue sarcomas account for 7%, of which approximately 
50% are rhabdomyosarcoma (RMS), with an incidence of 4.71 
per million children and adolescents [3,4]. Rhabdomyosarcoma 
(RMS) is the most common soft-tissue tumour in children and 
adolescents. This aggressive childhood cancer originates in 
normal skeletal muscle from myogenic cells that have failed 
to fully differentiate [5]. RMS can occur anywhere in the body, 
originating from mesenchymal cells destined to differentiate 
into skeletal muscle cells [6-8]. Treatment includes surgical 
resection, chemotherapy and radiotherapy, combined or 
not, depending on the location and tumour size, and the 
presence of metastases, in the latter case clinical outcomes 
are unsatisfactory [9]. Currently, the need for new treatments 
is emphasized, aimed at minimizing the long-term impact of 
therapy and improving patient life quality. One particularly 
notable characteristc of cancer cells is the loss of molecular 
markers associated with the differentiated state. As cancer 
progresses, some cells appear to be in a de-differentiated 
state closer to early developmental stages, similar to that of 
normal stem cells, with increased potential for self-renewal 
[10]. In this context, the ability to induce cell differentiation 
of tumoral cells is particularly valuable, as it can provide an 
alternative approach to combat the uncontrolled growth and 
malignant behavior of undifferentiated cancer cells. 

Muscle cell differentiation, defined by the transition to a 
mature muscle cell phenotype, emerges as a critical process 

to counteract uncontrolled tumour proliferation and increase 
the efficacy of therapeutic treatments.

It´s known that the mechanisms driving skeletal muscle 
formation include transcription factors called MRFs (myogenic 
regulatory factors) such as, MyoD (myogenic differentiation 
protein 1), Myf5 (myogenic factor 5), Myogenin and Myf6 
(myogenic factor 6), which regulate skeletal myogenesis, in 
which pluripotent mesodermal precursor cells proliferate and 
differentiate into myofibres, elongated multinucleated mature 
skeletal muscle cells specialised for contraction [11,12]. The 
muscle differentiation markers MyoD and Myogenin are 
expressed in RMS cells, but inappropriately bind to their 
target genes, avoiding the differentiation into mature skeletal 
muscle [13,14].

The importance was demonstrated that modulation of 
the Phospholipase C/Protein kinase C (PLC/PKC) pathway is 
related to skeletal muscle differentiation, through regulation 
of transcription factors involved in myogenesis such as 
activated T-cell nuclear factor, C1, C2 and C3 [15-18].

Interestingly, a recent work from our laboratory, focusing 
on the embryonic subtype of rhabdomyosarcoma (eRMS), 
since is the most commonly occurring subtype [19], 
revealed that indole family compounds (staurosporine and 
bisindolylmaleimide) and neomycin sulphate induce myogenic 
differentiation of RD (established human tumour cell line 
derived from an eRMS) and of C2C12 cell lines, both derived 
from a mesenchymal lineage. Our laboratory has extensive 
experience using both cell lines. They represent an adequate 
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experimental model; specifically, the use of the RD cell line to 
study the pathology of rhabdomyosarcoma at a molecular 
level has been supported by numerous investigations. 

Previous studies have shown that in conditions with low 
concentration of horse serum [20] or serum-free medium [21], 
C2C12 cells differentiate towards a mature cell profile (aligned, 
elongated and multinucleated cells). We were able to observe 
the same effect in RD cell line. However, the novelty of our 
work is that under proliferative conditions (DMEM with 10% 
fetal bovine or horse serum), and in precense of PKC inhibitors 
(bisindolylmaleimide 1nM or staurosporine 0.05 mM) or of 
indirect inhibitors of the kinase, through PLC, (neomycin 
sulphate 6 mM) we induced cell differentiation in the RD 
and C2C12 lines. We observed elongation and fusion of the 
cells from mononucleated to multinucleated, with increased 
alignment and directional uniformity. In addition, by Real 
Time PCR we determined the relative mRNA levels of myosin 
heavy chain 1 (MHC1, a specific marker of skeletal muscle 
differentiation), MyoD (an early expression molecule in the 
differentiation of myoblasts to myotubes) [11] and Integrin-α9 
(a transmembrane glycoprotein, highly expressed in RMS) 
[22], using RD and C2C12 cells in a proliferation medium 
aconditionated with staurosporine, bisindolylmaleimide 
or neomycin sulphate. The results demonstrated that the 
different treatments with the PLC/PKC modulators affect the 
gene expression; particularly MHC1 and MyoD [19]. Data 
indicated that MHC1 mRNA was significantly increased in 
RD and C2C12 cells in presence of modulators, being more 
signficative with neomycin sulphate. Likewise, MyoD gene 
expression was upregulated by PLC/PKC modulators; this 
effect being more evident in presence of bisindolylmaleimide 
and neomycin sulphate. The Integrin-α9 mRNA levels clearly 
decreased in C2C12 cells. However, the results showed greater 
variability in RD cells. Thus, we decided to evaluate the protein 
level of integrin-α9. The results suggested that the treatments 
with staurosporine, bisindolylmaleimide or neomycin sulphate 
induce a decrease in protein expression levels.

The data obtained are relevant since new anti-cancer 
therapeutic strategies called ‘differentiation therapies’ focus 
on the induction of tumour cell differentiation signalling 
pathways, with the aim of inhibiting uncontrolled tumour 
growth and the invasion and metastasis mechanisms [23]. 
A differentiated tumour cell acquires morphological and 
functional characteristics specific to normal mature cells. 
Specifically, in RMS cells, this differentiation leads to a 
skeletal muscle cell, elongated multinucleated myotubes 
with sarcomeric structures. RMS cells do not express genes 
encoding the contractile apparatus (myosin, troponins, 
tropomyosins, myomesins and actinins) [27]. 

In RMS tumor cells, the ability to complete differentiation is 
impaired [24-26]; for example, RMS cells fail to express genes 
that encode the contractile apparatus [27].

Although studies have focused on developing therapies 
capable of restoring muscle differentiation potential in RMS 
cells [28-31], not all of them include the management of the 
signaling cascade involved.

We observed cell differentiation to mature skeletal muscle 
fibre in RD and C2C12 cells cultured in both low serum and 
serum-free media. Then, we propose that the cells, under 
stress caused by the absence of certain essential growth 
factors, and with the consequent arrest of cell proliferation, 
are forced to adopt a developmental path different from that 
initially programmed. This state of cellular stress activates two 
possible response pathways: it could be apoptosis, or it could 
promote survival through a differentiated phenotype. In the 
latter case, the cell transitions from the active cell cycle to a 
metabolically less demanding state, analogous to the G0 phase 
of the cell cycle. This shift involves less energy consumption 
and a functional focus on cell specialisation, allowing the cell 
to adapt to adverse conditions while retaining its integrity.

Of importance for the bases of new therapies, we 
demonstrated that treatments with staurosporine, 
bisindolylmaleimide or neomycin sulphate in a proliferative 
medium induced RD and C2C12 cells to a mature muscle 
phenotype. Indeed, we observed in both cell lines, stretched 
and multinucleated fibres distributed in a uniform direction, 
coupled with an increased expression of myodifferentiation 
markers such as MHC1 and MyoD. In addition, and very 
relevant, the treatments induced a decrease in the expression 
levels of integrin-α9 (protein overexpressed in the more 
aggressive phenotypes of RMS cells).

The differentiation process involves the loss of the hallmarks 
that are essential for tumour establishment and progression 
[32]. Hallmarks include sustained activation of proliferative 
signalling pathways, the ability to evade inhibitory signals of 
cell growth, and the acquisition of mechanisms that facilitate 
invasion of healthy tissues. These properties, intrinsically 
linked to the malignant phenotype, represent pivotal points 
in the establishment and the aggressiveness of tumor cells.

The PKC pathway plays a key role in the regulation of 
cell differentiation through precise modulation of gene 
expression and interaction with multiple intracellular 
signalling cascades [33]. These cascades, in turn, influence 
processes essential for cellular architecture and functionality, 
including the reorganisation of the cytoskeleton, the 
dynamics of intercellular adhesions and the remodelling of 
the extracellular environment. PKC acts as an integrating 
node that coordinates biochemical and mechanistic signals, 
adjusting the transcriptional machinery and signalling 
networks to the specific needs of the differentiated state, 
underlining its relevance in the maintenance of homeostasis 
and in the adaptive responses of cells to external stimuli. 
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PLC modulates signalling cascades that, among other 
actions, control intracellular calcium release, and PKC 
activation. In addition, PLC is involved in the regulation of 
gene expression, the establishment of cell-cell connections 
and the interaction with the extracellular microenvironment. 
Its role as a signal integrator allows it to act as an essential 
regulator in physiological processes such as cell proliferation, 
differentiation and migration [34].

Based on the results obtained, we propose that the PLC/
PKC-mediated signalling pathway could play a significant 
inhibitory role in the process of cell differentiation. This 
effect was evidenced by using both direct (staurosporine 
and bisindolylmaleimide) and indirect (neomycin sulphate) 
inhibitors of PKC kinase, resulting in an increased commitment 
of the RD and C2C12 cell lines towards a differentiated 
phenotype. This finding suggests that modulation of 
PKC activity alters critical signalling pathways involved in 
differentiation, possibly by regulating transcription factors 
involved in myogenic process. 

These results are promising in the development of cell 
differentiation-based therapeutic strategies specific for 
eRMS. Further studies are required to unravel precisely the 
molecular mechanisms and specificity of the observed effects, 
including detailed analysis of the interactions between PLC/
PKC signalling pathways and other potential mediators. 

In conclusion, our work provides insight into the molecular 
mechanisms regulating cell differentiation in C2C12 and 
RD cell lines, the latter being representative of embryonal 
rhabdomyosarcoma. Our research highlights staurosporine, 
bisindolylmaleimide and neomycin sulphate as molecules 
capable of inducing muscle cell differentiation through 
inhibition of PLC/PKC-mediated signalling pathways, even 
under proliferative culture conditions. These results underline 
the importance of understanding the mechanisms involved 
in cell differentiation and their modulation as a strategy to 
reverse the malignant phenotype, opening new possibilities 
for the design of therapeutic interventions aimed at addressing 
tumour resistance and improving clinical outcomes in patients 
with embryonal rhabdomyosarcoma.

Conflicts of Interest

All the authors declare that they have no conflict of interest.

References

1.	 Jemal A, Siegel R, Ward E, Murray T, Xu J, Smigal C, et al. Cancer 
statistics, 2006. CA Cancer J Clin. 2006 Mar-Apr;56(2):106-30.

2.	 Steliarova-Foucher E, Stiller C, Kaatsch P, Berrino F, Coebergh 
JW, Lacour B, et al. Geographical patterns and time trends of 
cancer incidence and survival among children and adolescents 
in Europe since the 1970s (the ACCISproject): an epidemiological 
study. Lancet. 2004 Dec 11-17;364(9451):2097-105.

3.	 Martin-Giacalone BA, Weinstein PA, Plon SE, Lupo PJ. Pediatric 
rhabdomyosarcoma: epidemiology and genetic susceptibility. J 
Clin Med. 2021;10(9):2028.

4.	 Siegel DA, King J, Tai E, Buchanan N, Ajani UA, Li J. Cancer incidence 
rates and trends among children and adolescents in the United 
States, 2001-2009. Pediatrics. 2014 Oct;134(4):e945-55.

5.	 Hettmer S, Wagers AJ. Muscling in: Uncovering the origins of 
rhabdomyosarcoma. Nat Med. 2010 Feb;16(2):171-3.

6.	 Kashi VP, Hatley ME, Galindo RL. Probing for a deeper 
understanding of rhabdomyosarcoma: insights from 
complementary model systems. Nat Rev Cancer. 2015 Jul; 
15(7):426-39.

7.	 Hettmer S, Li Z, Billin AN, Barr FG, Cornelison DD, Ehrlich AR, et al. 
Rhabdomyosarcoma: current challenges and their implications 
for developing therapies. Cold Spring Harb Perspect Med. 2014 
Nov 3;4(11):a025650.

8.	 Chen J, Liu X, Lan J, Li T, She C, Zhang Q, et al. Rhabdomyosarcoma 
in Adults: Case Series and Literature Review. Int J Womens Health. 
2022 Mar 28;14:405-14.

9.	 Miwa S, Hayashi K, Taniguchi Y, Asano Y, Demura S. What are the 
Optimal Systemic Treatment Options for Rhabdomyosarcoma? 
Curr Treat Options Oncol. 2024 Jun;25(6):784-97.

10.	 Magee JA, Piskounova E, Morrison SJ. Cancer stem cells: 
impact, heterogeneity, and uncertainty. Cancer Cell. 2012 Mar 
20;21(3):283-96.

11.	 Chal J, Pourquié O. Making muscle: skeletal myogenesis in vivo 
and in vitro. Development. 2017 Jun 15;144(12):2104-22.

12.	 Klimczak A, Kozlowska U, Kurpisz M. Muscle Stem/Progenitor 
Cells and Mesenchymal Stem Cells of Bone Marrow Origin for 
Skeletal Muscle Regeneration in Muscular Dystrophies. Arch 
Immunol Ther Exp (Warsz). 2018 Oct;66(5):341-54.

13.	 Kumar S, Perlman E, Harris CA, Raffeld M, Tsokos M. 
Myogenin is a specific marker for rhabdomyosarcoma: an 
immunohistochemical study in paraffin-embedded tissues. Mod 
Pathol. 2000 Sep;13(9):988-93.

14.	 Sebire NJ, Malone M. Myogenin and MyoD1 expression 
in paediatric rhabdomyosarcomas. J Clin Pathol. 2003 
Jun;56(6):412-6.

15.	 Faenza I, Ramazzotti G, Bavelloni A, Fiume R, Gaboardi GC, 
Follo MY, et al. Inositide-dependent phospholipase C signaling 
mimics insulin in skeletal muscle differentiation by affecting 
specific regions of the cyclin D3 promoter. Endocrinology. 2007 
Mar;148(3):1108-17.

16.	 Horsley V, Pavlath GK. NFAT: ubiquitous regulator of cell 
differentiation and adaptation. J Cell Biol. 2002 Mar 4;156(5):771-
4.

17.	 Witwicka H, Nogami J, Syed SA, Maehara K, Padilla-Benavides 
T, Ohkawa Y, et al. Calcineurin Broadly Regulates the Initiation 
of Skeletal Muscle-Specific Gene Expression by Binding Target 
Promoters and Facilitating the Interaction of the SWI/SNF 



                                                                                                                                                      
  Blanco N, Frattini N, Pronsato L, Milanesi L, Vasconsuelo A. Exploring Cell Differentiation, Induced by Inhibition 
of Phospholipase C/Protein Kinase C Cascade, as a Potential Therapeutic Strategy against Rhabdomyosarcoma. Arch 
Cancer Biol Ther. 2025;3(1):1-4.

Arch Cancer Biol Ther. 2025
Volume 3, Issue 1 4

Chromatin Remodeling Enzyme. Mol Cell Biol. 2019 Sep 11; 
39(19):e00063-19.

18.	 Gobbi G, Galli D, Carubbi C, Neri LM, Masselli E, Pozzi G, et al. 
PKC proteins and muscular dystrophy. Journal of Functional 
Morphology and Kinesiology. 2018 Feb 7;3(1):12.

19.	 Milanesi L, Vasconsuelo A, Pronsato L, Frattini N, Blanco N. Indole 
Family and Neomycin Sulfate: Inductors of Differentiation in 
C2C12 and RD cell Lines. Journal of Cellular Signaling. 2024 Oct 
30;5(4):195-207.

20.	 Gili V, Pardo VG, Ronda AC, De Genaro P, Bachmann H, Boland 
R, et al. In vitro effects of 1α,25(OH)₂D₃-glycosides from Solbone 
A (Solanum glaucophyllum leaves extract; Herbonis AG) 
compared to synthetic 1α,25(OH)₂D₃ on myogenesis. Steroids. 
2016 May;109:7-15.

21.	 Lawson MA, Purslow PP. Differentiation of myoblasts in serum-
free media: effects of modified media are cell line-specific. Cells 
Tissues Organs. 2000;167(2-3):130-7.

22.	 Masià Fontana A. El papel de la vía Notch en Rabdomiosarcoma. 
2013. Doctoral Thesis.

23.	 Jin X, Jin X, Kim H. Cancer stem cells and differentiation therapy. 
Tumor Biology. 2017 Oct; 39(10):1010428317729933.

24.	 Keller C, Guttridge DC. Mechanisms of impaired differentiation in 
rhabdomyosarcoma. The FEBS journal. 2013 Sep;280(17):4323-
34.

25.	 Yu PY, Guttridge DC. Dysregulated Myogenesis in 
Rhabdomyosarcoma. Curr Top Dev Biol. 2018;126:285-97.

26.	 Saab R, Spunt SL, Skapek SX. Myogenesis and rhabdomyosarcoma 

the Jekyll and Hyde of skeletal muscle. Curr Top Dev Biol. 
2011;94:197-234.

27.	 Schaaf GJ, Ruijter JM, van Ruissen F, Zwijnenburg DA, 
Waaijer R, Valentijn LJ, et al. Full transcriptome analysis of 
rhabdomyosarcoma, normal, and fetal skeletal muscle: 
statistical comparison of multiple SAGE libraries. FASEB J. 2005 
Mar;19(3):404-6.

28.	 Sroka MW, Skopelitis D, Vermunt MW, Preall JB, El Demerdash O, 
de Almeida LMN, et al. Myo-differentiation reporter screen reveals 
NF-Y as an activator of PAX3-FOXO1 in rhabdomyosarcoma. Proc 
Natl Acad Sci U S A. 2023 Sep 5;120(36):e2303859120.

29.	 Barlow JW, Wiley JC, Mous M, Narendran A, Gee MF, Goldberg 
M, et al. Differentiation of rhabdomyosarcoma cell lines using 
retinoic acid. Pediatr Blood Cancer. 2006 Nov;47(6):773-84.

30.	 Wachtel M, Schäfer BW. PAX3-FOXO1: Zooming in on an 
“undruggable” target. Semin Cancer Biol. 2018 Jun;50:115-23.

31.	 Hettmer S, Li Z, Billin AN, Barr FG, Cornelison DD, Ehrlich AR, et al. 
Rhabdomyosarcoma: current challenges and their implications 
for developing therapies. Cold Spring Harb Perspect Med. 2014 
Nov 3;4(11):a025650.

32.	 Hanahan D, Weinberg RA. Hallmarks of cancer: the next 
generation. Cell. 2011 Mar 4;144(5):646-74.

33.	 Kawano T, Inokuchi J, Eto M, Murata M, Kang JH. Activators and 
Inhibitors of Protein Kinase C (PKC): Their Applications in Clinical 
Trials. Pharmaceutics. 2021 Oct 20;13(11):1748.

34.	 Kanemaru K, Nakamura Y. Activation Mechanisms and Diverse 
Functions of Mammalian Phospholipase C. Biomolecules. 2023 
May 31;13(6):915.


